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ABSTRACT
A Hydro-Quality Model to Predict the Effects of
Biol‘ogical Transformations on the Chemical
Quality of Return Flow
by
V. A. Narasimhan, Doctor of Philosophy
Utah State University, 1975 |

Major Professor: Dr. J. Paul Riley
Department: Civil and Environmental Engineering

A computerized mathematical model has been developed to simulate
the system hydrology and water-salinity (as indicated by seven major
ions constituting the salt) of a river basin, in which irrigation is the ma-
jor beneficial water user. The overall system simulation model consists
of three submodels: (1) a general hydrologic submodel programmed on a
hybrid computer; (2) a chemical submodel to predict the quality of perco-
lated water through the soil profile; and (3) a biological transformation
submodel in respect of microbial nitrogen transformations, which is util-
ized by the chemical submodel. Both the chemical and biological submodels
are programmed on a digital computer and are cqmbined with the general
hydrologic submodel to form the system simulation model. The overall
model operates on monthly time intervals with variable spatial resolution.

The hydrologic portion of the model simulates the various hydrologic

processes which are linked togethe}:ﬁ by the continuity-of-mass principle



and predicts the monthly runoff from the arear. The chemical quality
component of the model considers the complex chemistry of soil-
water -plant system, including cation exchange on the soil complex,
the dissolution or precipitation of lime (CaCO3), and calcium and
magnesium sulphates ion pairs in solution.

The biological transformations submodel uses the kinetic ap-
proach in simulating the microbial nitrogen transformations within
the root zone of a soil profile. The transformation reactions in-
cluded are: (1) hydrolysis of Urea-nitrogen; (2) immobilization of
ammonium-nitrogen; (3) mineralization of organic-nitrogen; and
(4) immobilization of nitrate-nitrogen. The chemical composition
of return flow is a function of these chemical and biological processes
within the soil profile, in addition to blending of undiverted flows,
evapotranspiration, and mixing of subsurface return flow with ground-
water. Uptake of nitrate by aquatic biomass in the surface runoff of
return flow has also been considered, The seven ions considergd in
the study are calcium, magnesium, sodium, sulphate, chloride, bi-
carbonate, and nitrate. The total dissolved solids outflow is a
summation of these individual ions. |

In order to demonstrate its capabilities, the hydro-quality
model is applied to a large irrigated area of the Snake River Plains,
near Twin Falls, Idaho. The model successfully simulated measured
outflows of water and the concentration of seven ions for a 24 month

period., The correlation coefficients range from 0.79 to 0. 96 for the
xii



quantity and quality components of outflow, except for the sulphate
ion, the correlation coefficient of which is 0. 66. The model is
general in nature and with suitable adjustments it can be applied to
other areas and also to various kinds of management situations,
including land application of waste water and studies involving

nitrate pollution of groundwaters,

(201 pages)
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CHAPTER 1

INTRODUCTION

General

The current rapid growth of demand on the limited water resource
places emphasis on the quality of water being used as well as that which
returns to the supply to be reused in irrigation or other systems. The
water quality dimension, therefore, appears to be the limiting factor
in any water reuse. To be able to adequately describe this parameter,
it is necessary to identify and evaluate the impact of upstream uses on
the quality flow system occurring at downstream points.,

Proper evaluation of consequences downstream resulting from up-
stream changes is difficult because of the complex interrelation and the
variable nature of the combined hydrologic and quality flow systems. The
quality flow system is itself interrelated with the physical, chemical, and
biological subsystems. Any change which brings about a ‘new equilibrium
in the quantity flow system brings a corresponding alteration in the qual-
ity system. In other words, quantity and quality are the two dimensions
of the same problem, depending upon the dynamic characteristics of the
hydrologic system and the prevailing water use patterns within the sys-
tem. Therefor‘e, realistic analysis to this complex problem can lead to
increased use and better efficiency of the system.

Among the many water reuse systems, the one of relative importance



is an irrigation system. The acreage of land irrigated and the quantity
of water consumed are indicative of the magnitude of problems assoc-
iated with irrigation return flows. The problem of water quality degra-
dation in an irrigation cycle is not limited to the western United States,
but is a major problem in many areas of the world. This problem ap-
pears in a highly magnified scale, particularly in those portions of the
world facing the greatest population pressures requiring high food pro-
duction within the limited land and water resources.

The detrimental effects of an irrigation system on environmental
water quality are a consequ‘ence of the many processes involved. Inclu-
ded in these processes are the increased concentration of salts in the re-
turn flows on account of consumptive water use by plants and dissolution
in soil profile, resulting in both surface and grqundwater pollution (mainly
from nitrate). The problem of the system is, therefore, one of multi-
disciplined r‘equiring an analysis of both conservative and nonconservative

water quality parameters.

Importance and Timeliness of Research

The problem of water quality degradation has long been recognized,
but its impact is felt only in recent years on account of its gradual devel-
opment requiring research efforts to technically?olve this problem. Re-
cently, the Environmental Engineering Research Committee of the Envir-
onmental Engineering Division of the ASCE (1973) has emphasized the need

for improvements in the techniques for not only the flow characteristics



of the injected surface water, but also the distribution and concentration
of potential pollutants, namely the nitrate ion, in the percolating waters.
Suggestions have also been made in the proceedings of the Ninth Biennial
Conference on Groundwater (1973) that in the technique of analysis of the
problem, nitrate could popularly be considered as a conservative para-
meter. A comprehensive technique ciescribing the analyses of physical,
chemical, and biological effects on the quality of return flow is, therefore,
one of the current topics requiring pooling of knowledge from more than
one discipline.

In recent years there is a tremendous increase in the use of mathe-
matical modeling as a problem solving technique under such labels as
"systems analysis, ' ""operations research, ' and ''simulation techniques. "
The problem envisioned herein is, therefore, analyzed with the concepts
of systems analysis in developing a comprehensive hydro-quality simula-
tion model to predict the quantity and quality of return flow.

A comprehensivé hydro-quality (salinity) model has many advantages,
including some of the important ones as mentioned below,

1. It facilitiates inclusion of individual processes which contribute

to salinity flow in the system.

2. Sensitivity analysis on these individual processes can result in
knowledge of the relative contribution made by each process to
the system as a whole.

3. Such knowledge is necessary to make effiéient management de-

cisions and to develop control measures which would lead to



reducing the salinity level of return flow.

4. As stated by Orlob (1972), a well conceived comprehensive
model can better define a meaningful data program, one that
when coupled with a modeling capability, will provide the water
resources planner with the needed tools for reliable prediction

of future consequences,

Scope of Study

Return flows from an irrigation system can come from surface run-
off, or can return to the system through the soil profile. Mathemati-
cal models can be developed to represent either of the flow systems or
both, depending upon the area of study and the types of problems proposed
to be resolved. Also, there is no single factor, physical, chemical, or
biological which can be used alone to indicate the quality of a water body.
The indicies of water quality depend upon the specific purpose to which
the water is used. A basic list of water quality indices that will provide
the adequate information required by a large percentage of users is shown
by Table 1. Included in this list are some of the most important water
quality parameters that would be of concern in a comprehensive hydro-
quality model of the return flow system.

Several authors, including Hyatt et al. (1970), Jensen (1971), Thom-
as et al, (1971), and Hill et al. (1973), have developed mathematical mo-
dels to predict the quality and quantity of irrigation return flow. None of

these models, except that of Thomas et al. (1971), adequately describe a



Table 1.

A basic list of water quality indices or parameters,

Al

Usual Parameters

Temperature
Ammonia
Dissolved Oxygen
Nitrate

BOD

Phosphate

Fecal Coliform
Chlorophyll a
Fecal Streptococci
TDS

Turbidity

PH

ZooPlankton
Alkalinity

Hardness

Parameters for special purposes

Nutrients
Heavy Metals
Pesticides
Herbicides
Sediment
Toxics

Radioactive Nuclides

Parameters of concern in return flows

NO, cat®, Mg™, Nat, ¢, so° N
pH

Pesticides
Herbicides

Bacteria

POZ,

TDS.



majority of the water quality parameters listed in Table 1. The model
developed by Thomas (1971), however, does not consider the distribu-
tion of organic and inorganic nitrogen., This study, therefore, considers
the chemical quality parameters as effected by biological transformations
in respect of microbial nitrogenous species. It has made an effort to-
wards developing a comprehensive hydro-quality (salinity) computer sim-
ulation model. The individual ions considered are Ca++, Mg++, Na.+,
Cl , HCO; , NO,, and SO, .

The research work involved in developing such a model has been the
result of a contributing research of the Utah State University to the West-
ern Regional Research Project W-107, '""Management of Salt Load in Ir-
rigated Agriculture.! The dissertation of this writer involved the final

phase of research work in this project.

Objective

The purpose of this study is to develop a general hydroquality com-
puter simulation model in accordance with the following considerations.
1. Develop, list and improve, as required, the fundamental mathe-
matical equations for expressing:
a. The physical behavior of the dynamic hydrologic processes.
b. Chemical reactions involving dissolution and precipitation
phenomena of different ions in the soil profile.
c. Effect of biological processes on the chemical reactions,
with reference to microbial nitrogen transformations.

2. Utilize a computer to synthesize the various phenomena into a



working model of the hydrologic, chemical, and biological
transformation subsystems.

3. Make particular provision to the ability of the model to predict
the quantities of the individual ions which comprise the effluent
salts.

4, Apply the model so developed to all.'l existing irrigated area to
demonstrate the feasibility of this simulation approach for

predicting the quality and quantity of return flow,

Procedure

The model utilizes the following submodels:

1. A hydrologic submodel of the irrigated portion of the basin.

2. A chemical submodel to predict the chemical composition of
return flow that percolated through the soil profile.

3. A biological transformation submodel to predict the average
concentration of NO ; ion that will be utilized by the chemical
model for the various exchange reactions.

The chemical and biological submodels, including other quality func-

tions, are integrated into the overall hydrologic model. The overall
model is, however, verified by comparison of thg simulated results

~ with actual field data from an irrigated area near Twin Falls, Idaho

(Figure 1).

Discussion
Thomas (1971) has developed a mathematical model of the complex

physical and chemical processes occurring in a hydrologic system. The
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model, however, does not consider the behavior of organic and inorganic
nitrogen. Therefore, strictly no mathematical model considering the
physical, chemical, and biological processes occurring in a hydrologic
system has yet been attempted. This is because of limitations of data,
knowledge, and time. The model developed herein is an achievement to-
wards a comprehensive hydroquality model incorporating the physical,
chemical, and biological processes in an irrigated land. In order to
make the overall modeling procedure as practical as possible, attempts
were made to simplify quantitative relationships and reduce the data re-
quirements to an absolute minimum, while still retaining a useful and

reasonable representation of the hypothetical system.
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CHAPTER II

REVIEW OF LITERATURE

General Considerations

With the advent of legislation requiring the maintenance or improve-
ment of surface water quélity in a river regime within the United States,
there has been considerable research in recent years on comprehensive
water quality modeling, including both the conservative and non-conser-
vative parameters. Several publications, including the one edited by
Biswas (1972) and Hydrocomp (1973), describe the capabilities of various
water quality models. Hornsby (1973) reviewed the state-of-the-art of
prediction modeling for salinity control of a return flow system represen-
ted by Figure 2. King and Hanks (1973) developed two types of models,
one designed as an irrigation management tool, and the other to provide
a detailed understanding of the water and salt flow through the soil.

In terms of a comprehensive water quality model of the return flow
system shown by Figure 2, the soil-plant water system needs further an-
alysis to include the transport of es8ential nutrients, namely the nitrogen.
This chapter reviews the techniques evolved by various researchers in
respect of microbial nitrogen transformations within the zone of root in-

fluence in the soil profile.
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Nitrogen Transformation Models

General

Development of a mathematical model of nitrogen transforma-
tions within a soil profile and linking it with a general hydro-quality
system model requires pooling of knowledge from more than one dis-
cipline. Various soil scientists have studied the complex reactions
not only between the cations and anions in solutions, but also between
dissolved quality constituents and the soil and the use of these
constituents by the crops.

Many authors, including Broadbent (1958 and 1966), reported
valuable experimental data on the individual pathways of nitrogen
transformations. Kirkham (1954, 1955), McLaren (1969, 1971) and
a few others have formulated mathematical relationships for some of
these transformation processes. Relatively few authors, including
Dutt (1972), considered a majority of the nitrogen transformations

in terms of a mathematical model.

Model of hydrolysis of urea

Fertilizer application contributes significant quantities of N
to the soil. One of the forms in which N is applied is Urea, which
initially undergoes hydrolysis in the soil water system. Broadbent,
et al. (1958) and Overrein and Moe (1967) have conducted laboratory
experiments and presented data on the factors affecting the hydrolysis

of Urea. Shaffer et al. (1969) utilized these important kinetic factors
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and evolved a urea hydrolysis rate equation based on statistical
regression analysis. Temperature and concentration of Urea-N
were the variables considered in the equation.

Aviva Hadas and Kafkafi (1974) considered the slow-releasing
nitrogen fertilizer ""Improved Ureaform,' and developed the kinetics
of mineralization as influenced by temperature. The authors assumed
first order reactions of the Michaelis-Menton type and evolved the

rate constants which increased with temperature.

Mineralization and immobilization models

Kirkham and Bartholomew (1954 and 1955) derived theoretical
equations for determining rates of mineralization and immobilization
of plant nutrients in soil. The authors conceived a gross model rep-
resented by Figure 3. The model assumed the following first order

rate equation for the net rate of change of available nitrogen atoms.

— = m-~1i . e s s e e e s (2.1)

t = time
m= mineralization rate
i = immobilization rate

X = mass per unit mass of soil, of all available atoms,
tagged and untagged.

The following assumptions were made in solving equation (2.1).

1. Heavy and non-heavy atoms behave the same in the soil.
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2. Mineral atoms are so few in number (= 100 pounds/acre)
compared to the organic (= 3000 pounds/acre), that the
mineral atoms may be neglected as a source of rﬁineral-
izing material, once they are immobilized,

3. The rates of mineralization and immobilization are con-
stant during the time interval between successive meas-

urements,

Broadbent and Tyler (1962), and Broadbent (1966) have studied
the interchange between inorganic and organic N in soils. The ex-
perimental data indicated that both quantity and rate of N interchange
depend not only on the earlier C:N ratios, but also on temperature,
kind of inorganic N, activity of nitrifying bacteris, nature of clay
minerals, and other soil factors. Shaffer et al. (1969) utilized these
experimental data and evolved a rate equation for transformation using
statistical regression analysis, The variables considered in this equa-

tion were temperature and concentrations of organic N, and ammonia-N,

Effect of temperature on soil nitrogen mineralization: Stanford
and Smith (1972) concluded that cumulative N mineralized over time

conformed to the first order rate equation:

log (No - Nt) = log No - (2.2)

2.303¢¢) ¢ "7

in which
No = potentially mineralizable N
Nt = N mineralized in time, t (weeks)
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k = mineralization rate constant, per week

The equation (2. 2) gave best fit results for Portneuf silt loam
soils (the soil classification for the area in this study). Stanford et al.
(1973) proposed the following modified form of the Arhenius equation to
represent the relation between temperature and mineralization rate ap-

plicable over a wide range of soil classification .

B
logk = 1ogA - = v « 4 o« e e W W . (2.3

T
in which
A = a constant
B = slope of regression
T = absolute temperature

and k is as defined in equation (2. 2).
After substituting the derived values for the constants, the final

equation is as follows:

2
1ng = 7.71 ‘-—%5—8- . . . . . . . . (204)

in which T is defined in equation (2, 3).

Nitrification models

This pathway of the transformation received maximum attention
of many researchers, The kinetics of transformations are described by
many authors assuming Both the steady state systems and systems ap-
proaching steady state. Mathematical analysis and experimental data

are available in the literature.
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Steady state models

McLaren (1969a) set up an equation for steady state nitrification
considering an open soil system, The basic nitrification reaction con-

sidered is as follows:

+ -— —
NH4 NO2 NO, . . .« « .« « « .+ . (2.5)

k k,
in which
k1 = specific reaction rate for oxidation from NHZ to NO;
k2 = specific reaction rate for oxidation from NOE to NO_;

The bacteria responsible for rates k1 and kZ’ respectively,
are Nitrosomonas and Nitrobactor. In deriving the rate constants the
following assumptions were made.

1. The reaction rates could be considered as first order with

respect to nitrite or ammonium concentrations provided
these concentrations are not too high, in the consecutive

+ —
sequence NH4 NO2 NO3.

2. It was assumed that the supply of oxygen is kept in excess,
so as to be at constant activity.

3. The specific reaction rates k1 and k2, respectively,
also depend on concentrations of enzymes responsible for
the respective reactions, and these concentrations might

be taken as proportional to the numbers of respective

organisms present (Monod 1942, McLaren 1963).



18
Since the rate of nitrification (or nitrate accumulation in soils)
depends on many environmental factors, such as temperature, pH,
organic matter, and nitrifier population, Sabey et al. (1969) suggested
use of delay rate to account for these factors. The authors postulated

the following equation:

N=KR(t—tfrt). e V).

f 'k
in which

N = amount of NO-; - N in ppm accumulating in time ¢

Kf = characteristic nitrifying capacity in ppm NO-; - N/week
(which would have to be determined from an incubation
study). This is the maximum rate under optimum con-
ditions.

Rk = (a fraction) a composite factor or index based on the rel-
ative maximum NO; - N accumulation rates under less
favorable conditions of moisture, temperature, pH,
texture, aeration, etc.,

t = time in weeks from the date of ammonium application,

1:f = characteristic delay period under given nearly optimum
conditions, and

r = (usually greater than one) index based on the relative delay

periods under less favorable conditions.

Bazin and Saunders (1973) conducted further investigations to

study quantitatively the consecutive oxidation of ammonium to nitrite
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and nitrate, and proposed a more general model of the open system.
The best fit model proposed by Bazin and Saunders assumed that growth
of the organisms could be dgscribed by a modification of the Verhulst-
Pearl logistic equation, with the assumption that available particle

surface area (or nutrient in some cases) limits the growth.

Effect of temperature on nitrification: Sabey et al. (1969) re-

ported that actual rate of NO3 - N accumulation increased five times
with 10 - degree temperature increase in some soils, while in others
the change in actual rate was less than double with the same tempera-
ture increase. Knowles et al. (1965) used an electronic computer to
integrate the simultaneous differential equations (Michaelis type) for
bacterial growth, and thus determined the growth rate constants, sat-
uration constants, and initial numbers of bacteria. These studies in-

dicated a large temperature coefficient for growth rate constant for

both nitrosomonas and nitrobactor species.

Non steady state models

Usually the time taken to reach the steady state in soil is typical-
ly of the order of one to two weeks and one would not normally expect
more or less continuous rain for such a long period of time.

McLaren (1969b) proposed mathematical equations based on ex-
perimental work for nitrification. These equations are essentially for

an open system with a constant rate of entry of a solution of ammonium,



for concentrations of ammonium ions as functions of time of flow and
distance within a soil column.

Saunders and Bazin (1973) disagreed with the mathematical anal-
ysis of McLaren (1969b) and proposed another generalized model shown

by the following equation:

g—ts-+f%§-=Q (2.7)
in which
Q = chemical reaction term
S = concentration of solute
f = flow rate
t = time

The assumption made in formulating equation (2. 7) are the
following:

1. There is neither dispersion nor hydrodynamic diffusion,

2. Oxygen and other metabolites are present in excess.

3. Wastes are disposed of sufficiently efficiently so as not to
poison the organisms.

4. The transformations are of first order with respect to am-
monium and nitrite concentrations.

5. The specific rates of reactions are proportional to the bio-
mass densities of the relevant organisms.

Biological oxidation of ammonium has been simulated in laboratory

batch cultures under controlled conditions by Ardakani et al. (1974).
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The concentration profiles are described by a modified Michaelis-
+ —
Menten equation. Rate constants for oxidation of NH 4 to NO2 and

NO—Z— to NO; are 2.5 x 10-3 and 0,6 x 10_3 ppm/hour. c1rn3 of soil
per bacterium, respectively. Misra et al. (1974) have also found
similar differences in the two rates. The values of the rate constants
calculated from the field data are reported to be in good agreement
with those obtained under controlled laboratory conditions, The
authors suggested that these oxidation rate constants could be used
for predictive modeling of soil inorganic nitrogen transformation.
Broadbent et al. (1957) conducted studies on nitrification of am-
monical fertilizers in some California soils and reported that most
rapid and maximum nitrification rates were attained under optimum
conditions. Justice and Smith (1962) studied nitrification of ammon-
ium sulphate in calcarious soils as influenced by combinations of
moisture, temperature and levels of added nitrogen. Shaffer (1969)
utilized the experimental data reported by Broadbent et al. (1957) and
Justice and Smith (1962), and developed a rate equation for nitrifica-
tion based on multiple regression analysis. The variables considered

in the equation were temperature and concentrations of ammonia

nitrogen and nitrate nitrogen.

Nitrate immobilization models

One of the important pathways nitrate can take is the conversion

of NO_; - N to microbial cell material at C:N ratios greater than
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about 23, Broadbent (1966) conducted experiments with tagged cal-
cium nitrate as source of nitrogen for organisms decomposing added
straw, The results evidenced the incorporation of some tagged nitrate
with the organic fraction. Shaffer et al. (1969) utilized the experi-
mental data of Broadbent (1966) and derived a rate equation for ni-
trate immobilization, The variables included in this equation are

temperature and concentrations of organic -N and NOE - N.

Denitrification models

Many authors, including Starr et al. (1974), reported that dur-
ing continuous unsaturated leaching in a soil column there would be
simultaneous occurrance of nitrification and denitrification. Deni-
trification occurs when soils become water-logged and anaerobic
conditions prevail, so that the anaerobic organisms have the ability
to obtain théir oxygen from nitrates and nitrites. Gaseous nitrogen
and nitrous oxides are the end products of denitrification.

The probable pathways whereby these losses come about are

schematically indicated in the following equation (Tisdale and Nelson,

1966):

+2H
-2H_O
+4H +4H 2
2HNO, oo 2HNO, o HN,0,
Nitrate Nitrite Hyponitrous -HZO
acid
~No T som
-H.O
—’NZO 2 . . . . . . . . . (2. 8)

Nitrous oxide
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Starr et al. (1974) considered molecular diffusion together
with sources and sinks under gaseous phase., One dimensional equa-

tion of the Ficks Law type is proposed as shown below:

C ‘s
q = -D ./:—x-\for steady state conditions . . . (2.9)
L /
and
] 82
LoD+ F (x,t) for non steady state
ot 2
ox
conditions e 7 14))
in which
q = steady state rate at which a particular gas
diffuses.
D = apparent diffusion coefficient (assumed constant
for a given soil-water content), cm/day
C = concentration of nitrogen compound in soil
solution
F(x,t) = a source (production) term if it is positive in sign
and a sink (consumption) term if negative
X = distance within soil
t = time

The conclusion arrived at by Starr et al, (1974) is that most of
the oxygen removal takes place within the top 10-20 cm of soil, and
below a depth of about 30 cm the oxygen level remains nearly con-

stant. In the combined model developed by Dutt et al, (1972), gaseous



24

losses of nitrogen were assumed to be negligible, as aerobic condi-
tions were assumed to exist predominantly, Further discussion on
denitrification is, therefore, beyond the scope of the objectives and

is not reviewed further.

Combined Transformations Models

Kinetic approach was adopted in evolving a combined model in-
corporating all the pathways of nitrogen transformations because the
reaction times involved in these transformations are of the order of
days or weeks.

Dutt et al. (1972) developed a mathematical model of nitrogen
transformations and incorporated it into a chemical model of soil and
water system. The following pathways of transformations were con-
sidered in the model.

1. Hydrolysis of Urea.

2. Nitrogen immobilization and mineralization,
3. Nitrification.
4, Nitrate immobilization.

The rate equations were those developed by Shaffer et al. (1969)
based on linear regression analysis of observed experimental data re-
ported by various authors, including Broadbent et al, (1957),
Overrein and Moe (1967), and Broadbent (1957, 1966). The combined

model successfully predicted the concentration of nitrate reaching an
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unfluctuating water table below the root zone. Included in this model
is a factor for uptake of nitrogen by growing crops.

Endelman et al, (1972) applied a systems analysis approach to
terrestrial nitrogen cycle. They used the conservation of mass prin-
ciple to provide a theoretical basis for developing the systems math-
ematical model. The rate equations for biological transformations
of nitrogen are based on linearA regression of literature data for im-
mobilization and on Michaelis-Menten type equations for nitrification.
The authors feel that the approach is more sophisticated and can
yield more refined simulation than that achieved by Dutt et al, (1972).

Ferrari and Cuperus (1973) have developed a simulation model
of leaching non—adsérbed anions with special reference to nitrate.
The model assumes that transport of ions is only caused by mass
flow and hydro-dynamic dispersion, neglecting the effects of diffusion.
The model, however, does not consider the biological transformation
of nitrogen within the soil profile, and can compute the leaching or
accumulation of nitrate or chloride essentially at or above the
groundwater table,

Inasmuch as it is theoretically sound and adopted in soil-water
systems, the biological transformation model and its incorporation in
a general hydroquality model will form an important segment (.Jf this

modeling task (see Chapter IV).
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CHAPTER III

GENERAL HYDRO-QUALITY MODEL

Introduction

Systems approach is followed in formulating and analyzing the
problem of predicting the quality of return flow. Since the quality of
irrigation return flow is affected by éhemical and biological changes
during an irrigation cycle, a gross conceptual model representing
the basic structure of this hydrologic-chemical-biologic cycle of the
overall system (Figure 2) is shown by Figure 4. Described herein
are the computer simulation models of the three subsystems envision-
ed in the conceptual model. The various processes considered in
developing the overall computer model are the following:

1. Precipitation.

2. Snowmelt.

3. Evapotranspiration.

4, Surface water and groundwater movement.

5. Chemical changes of percolating water.

6. Biological processes to include microbial nitrogen

transformations.

7. Nitrogen uptake by crops and other aquatic biomass.

8. Mixving of irrigation return flow with surface and ground-

water.
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e Evapotranspiration

Overland flow

Net injected water into
the soil

Deep percolation

Subsurface return flow

Irrigation return flow

HYDROLOGIC
SUBSYSTEM

e Mixing of salt
concentrations
with soil

solution

™ (Not considered in this model)
e Equilibrium concentration
of soil solution

CHEMICAL
QUALITY
SUBSYSTEM

BIOLOGICAL

NO: SUBSYSTEM

e Cation exchange ® Hydrolysis
e Chemical dissolution e Immobilization of - N
e Chemical precipitation e Mineralization
e Ion pair formation e Nitrification
e Nutrient uptake
o Losses

Figure 4. A conceptual model of an irrigation return flow system --
component subsystems and linking processes.
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The chemical and biological simulation models have essentially
been developed utilizing techniques similar to those adopted by Thomas
et al. (1971) and Dutt et al, (1972). Theoretical considerations in de-
veloping these biological simulation model, however, are included in

Chapter 1IV.

Hydrologic Subsystem Simulation Model

The hydrologic portion of the model simulates the mathematical
descriptions of the various hydrologic processes. The continuity of
mass principle links the individual processes into a system simula-
tion model. The general model developed in the present study is
adopted from the works of Thomas et al. (1971) and Hill et al. (1973).
Particular changes applicable for a typical irrigated area are found in
representing the water conveyance and/or irrigation efficiencies, and
in the subsurface return flows.,

The basic mathematicalmodel of a hydrologic system is repre-
sented by the following continuity equation:

Inflow - Qutflow = Change in storage . . . . . . . + . (3.1)

A conceptual model of the various hydrologic processes shown
by Equation (3.1) is based on Hill et al. (1973) and is given in Figure 5.
Each block and the connecting line are represented mathematically in
the model,

A more explicit representation of Equation (3.1) for simulation
purposes is described by Wang et al. (1973) and is expressed by

Equation (3.2):



PRECIP'TATION
AT GROUND LEVEL

29

MAIN STEM IMPORTS
INFLOW
TEMP
YES ¢ SNOWFALL™\, NO { !
TEMP
4 E—-——— ‘
’ INFLOW FROM i
SNOW > - INFLOW
STORAGE RAINFALLY UNGAGED AREAS
DETENTION TOTAL
NO SNOW STORAGE [* | SURFACE >
MELT §- L_INFE]
CANAL WETLAND T
DIVERSIONS CONSUMPTIVE ?3
USE
N y l-
Y
, MUNICIPAL AND
IRRIGATIO} | INDUSTRIAL
‘ CONSUMPTION
- ¥
TOTAL RETURN
DIVERSIONS FLOW —"*
+

DEEP
ERCOLATIO

DIVERSION

IGROUNDWATE|
INFLOW

| INTERFLOW

- GROUNDWATER}-

STORAGE

OUTFLOW

Figure 5.

GROUNDWATER

OUTFLOW

Schematic diagram of hydrologic model.
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Qso = Qsi + Qri + Qrmi * Qbf B Wsd h Wsmi

FW. + W, . -W_ +ds. v v v v v v e .. W (3.2)
11 imi X

in which
Qso = surface outflow from the basin
si = surface inflow in streams

Qri = irrigation overland and interflow

Qrmi = municipal and industrial return flows

Qb £ = base flow

Wsd = surface diversions for irrigation

Wsmi = municipal and industrial diversions from surface
supplies

Wii = imports for irrigation

Wimi = municipal and industrial imports

WX = exports

ds = change in surface storage within the basin (increase

in ds being assigned a negative value)
For modeling purposes the Equation (3. 2) is further refined to
suit the study area and is written as:
SUMOUT (I) = SRF (I) + SNPC (I) + STRC (I) +
GWBF (I) +SUBSRF (I) « « « + « « « « « « .+ .(3.3)
in which
I = time interval under consideration (one month in this

model)
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SUMOUT = total surface runoff

SRF = direct runoff from surface channels

SNPC = ungaged runoff correlated to precipitation and
snowmelt

STRC = ungaged runoff correlated to canal diversion

GWBF = routed ungaged influent subsurface flow correlated

to precipitation and snowmelt
SUBSRF = quantity of routed deep percolation appearing as
surface runoff
The modeling procedure involved solving Equation (3.3) for
SUMOUT (I), the total surface runoff. The quantities on the right
hand side of Equation (3.3) are calculated as described by the follow-

ing equations:

SRF (I) = [1-EFF(D)]Qr (I) . . .« « « .« . (3.4)
in which
EFF(I) = proportion of water, Qr(I), applied to land
including crop requirements and canal seep-
age. This includes both conveyance and
application efficiencies
Qr(I) = quantity of canal diversion
SNPC (I) = Cl (PRE + SNMLT - CZ) .« e (3.5)
in which

PRE = precipitation
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SNMLT = snowmelt

C1 and C2 are constants

STRC (I) = C3 (Qr(I)—C4) e e e e e e (3.6)
in which

C3 and C, are constants

4
GWBE (I) = C5 (PRE + SNMLT - C6) . (3.7)
in which
C5 and C6 are constants
SUBSRF (I) = FK(I) (ARF) . . . . .. . . (3.8)

FK (I) is the fraction of routed subsurface return flow contribut-
ing to surface runoff,
ARF = average value of routed subsurface return flows of the

previous and the current time increments.

C C_., and

In the above equations, the constants Cl’ C C 4 Cs

2’ 73
C6 have been verified through modeling procedure and proved adequate
for the study.

Having known all the quantities on the right side of Equation (3. 3)
represented in the model by measured inputs or mathematical func-
tions, it is possible to calculate the outflow from the watershed and
compare the computed value with the observed value. Many parameters

are assumed initially and calibration of the model consisted of system-

atically varying the parameters till the model represents the observed



33

outflow of the specific prototype hydrologic basin over a specified

period of time.

Capabilities of the Hydrologic Model

After combining different characteristics of the models develop-
ed by Thomas et al. (1971) and Hill et al. (1973), the final model of
the subsystem has the important capabilities suitable to the particular
irrigation system investigated. Some of the more important
capabilities are listed below:

1. Data reduction program which inputs raw data and arranges
it into the proper order and location for use by the basic
models.,

2. Calibration algorithm which controls the hydrologic sub-
model during the parameter selection process. In this
process, monthly output values determined by the model
are compared with actual recorded values, and the para-
meters which produce an acceptable match between the
observed and computed data are identified.

3. Incorporating time variant parameters for the following:
a. Water application and/or conveyance efficiencies.

b. Fraction of subsurface return flow contributing to
surface runoff.

4, Linking of the hydrologic and chemical quality models to

produce the hydro-quality model.
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Chemical Quality Subsystem Simulation Model

The general principle followed in water quality modeling is that
each component portion of the surface runoff described by Equation (3. 3)
has a measurable quantity of quality parametér. Identification and pre-
diction of this quality component will describe the quality of return flow.
Since the return flows consist of surface and subsurface components, a
prediction model needs to consider the quality changes that occur in
both these components of return flows. In an irrigation system, how-
ever, the overland portion of return flow normally differs little in chem-
ical composition from that of the applied water because of limited con-
tact with soil. Neglecting the pickup of impurities like fertilizers,
pesticides, organic matter, sediment, and debris, the chemical quality
model envisioned in this study, therefore, considers the major changes
in the quality of applied water as it passes through the soil profile.

Represented by Figure 6 is a block diagram of the conceptual
model of the subsystem., Concentration of a water quality constituent
in any segment within a layered soil system has been described by

Tanji et al. (1967a, 1967b) as shown in the following equation.

PVi - FMi o FMi
Ci = Ci—l ——-15—\7,-——* + Ci BV, . <« +(3.9)
i i
in which
i = segment number of a soil profile
C = concentration of a solute species
PV. = saturated pore volume of segment i
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Legend:
N = Number of soil layers
DP = Depth of deep percolation water

Q = Aliquot depth = DP/N
PVi = Pore volume of soil layer i

FMi = Field moisture content of layer i

Ci = Concentration of species in the ith layer
Aliquot depth
DP/N=Q
Deep percola-
tion = DP Biological
Concentration Transformations
of species=C in top layer
Soil Layer ° P~
1 —
Soil Layer __ [ ™~ 2 C, )
2 [ e . Compute
| C, equilibrium
concentration
on each ion in
| every soil
7 layer
x PV. i f _ -~ - -
Soil Layer.——-—.- *FM, E:,' Ty e
i _.‘___!'__1___1_____r‘/
o
Soil Layer ___ FMn, Cn 1
N Cn

t— Subsurface runoff of each aliquot
percolating through soil

Figure 6. Conceptual model of chemical quality subsystem.
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H
<
1

field moisture content of segment i

initial concentration of C at field moisture content,

Q
n

The underlying assumption in deriving the Equation (3. 9), how-
ever, is that water movement takes place when the pore spaces in the
soil are completely filled with water. For modeling purposes, there-
fore, the concentration of a quality constituent of subsurface return
flow can be represented by the average concentratiof; of water leaving

the last segment at the bottom of soil profile. This can be represented

by the following equation:

1C_+2C_+... + Cn
CIi = = « % = = = §3,10)
in which
m = number of aliquots of applied water (deep percolation)
n = number of soil layers considered in the model
CIi = average concentration of a solute species i compri‘sing
the subsurface return flow in time increment I
1Cr1 = concentration of 1st aliquot after percolating through
n layers of the soil
m . th . ]
Cn = concentration of m aliquot after percolating through

n layers of the soil.

m
The quantity of Cn is computed each time from Equation (3. 9).
The modeling procedure involved in solving Equation (3. 10) for

C the concentration of a solute species comprising the subsurface

Ii ’
return flow. Each component of the right hand side of Equation (3. 10)
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will have to be computed taking into consideration the various chemical
reactions involved for attaining an equilibrium concentration of the
solute species within the soil water system of the segments under con-
sideration. The total quantity of a solute species in the subsurface

component of return flow is obtained by the following equation:
Qi = CIi + SUBSRF (I) - CONV , ., . . . (3.11)

in which

Qi = quantity of a solute species i comprising the sub -

surface return flow, say, in tons

CONV= a conversion factor

SUBSREF (I) and CIi are as defined in Equations (3. 8) and (3. 10),
respectively.

The accuracy of the total quantity of a solute species (ion), there-
fore, depends upon the nature and extent of ions describing the soil
water system., The specific solute species considered in this chemical
quality model are Ca't, Mg ', Cl_, Na', HCO,, SO,, and NO, .
The various .chemical reactions involving these ions are developed by
Dutt et al. (1972) and are shown by Figure 7. These chemical re-
actions are based on equilibrium concepts and solubility product prin-
ciples. Theoretical considerations in developing these equations have

been adequately described by Dutt et al. (1972), A discussion on the

theoretical development of the equations is shown by Appendix A ,
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Figure 7. Block diagram of chemical reactions considered in
the chemical quality model,
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The chemical quality model described above follows the general
principles adopted by Thomas (1971) and incorporates the improvements
suggested by Dutt et al. (1972). Described herein are the more impor-
tant improvements in the chemical quality model adopted in this study,

A technique to represent more exactly the true ionic concentra-
tion of initial soil colution is necessary for the following reasons:

1. Several authors, including Woolhiser (1973), have indicated
that, unlike in hydrologic modeling, the initial concentra-
tions are particularly important in the soil water system.,

It has also been verified in this study that the initial concen-
trations of ions in soil solution serve as driving parameters
for the chemical reactions and will effect the system for a
long time,.

2, Utilizing the concept of ion pair formation, the desirability
of correcting the measured ionic concentrations of soil so-
lution extracts to their respective activities has been sug-
gested by many authors, including Freci Adams (1971) and

Dhanpat Rai and Franklin (1973).

The ionic concentrations of particular interest in terms of this
model are those of the divalent cations and the sulphate ion. The true

concentrations of each of these ions can be represented as:

CCa = CCa+CCaSO e e e e s (3.12)
t 4
CMgt = cMg + CMgSO4 e e e e e (3.13)
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C = C + C + C .o (3. 14)

in which

C represents the concentration of the ion or the ion pair, while
the suffix t represents the total concentration of the respective ion.

Since no reliable analytical methods to find the concentrations of
exchangeable cations are available for calcarious soils (Dutt et al.
1972), these corrected ionic concentrations are adopted to compute the
concentrations of exchangeable cations in order to predict the soil
solute composition,

The computer algorithm based on the above principles has been
verified by Dutt et al. (1972) and Gupta (1972). The inputs to the chem-
ical quality model included the measured concentration of ions in gaged
surface inflows, estimated concentrations of ions in ungaged inflows
(both surface and subsurface), and measured or estimated concentra-
tions of ions in the initial soil solution. The concentration of nitrate
ion in the initial soil layer is, however, predicted from the biological

transformations model.

Biological Transformation Model

In terms of prediction modeling a soil-water system is not ad-
equately represented within the chemical quality subsystem without a
proper evaluation and inclusion of transport of the essential nutrients

through the soil-water system. Among the nutrients of major concern
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as pollutants are nitrogen and phosphorus. Pathways of movement of
nitrogen in the soil profile and its accumulation in the groundwater are
of concern in terms of pollution hazard of this nutrient. Phosphorus
is, however, not considered in this endeavor because of the relatively
lesser magnitudes both in terms of its concentration and pollution
hazard of groundwater,

Nitrogen in the groundwater is a part of the overall nitrogen
cycle. It can originate from the rain, soil, organic matter, manure,
an accumulation in the soils prior to irrigation, fixed by microrganisms,
fertilizers, and from the wastes in urban and industrial runoff. It is
removed from the soils by crop uptake, denitrification, volatilization,
and leaching through soil profile and in the dr;linage waters. The prin-
cipal form nitrogen takes in the soil is the highly oxidized form of
nitrate ion, which is water soluble and moves along with percolation
water in the soil profile, The various oxidation levels of N in soil
are brought about by biological transformations. The biolgical sub-
system, therefore, considers the various nitrogen transformations
and th’eir interrelationships. A conceptual model is developed by Dutt
et al., (1972) after combining the biochemical and chemical pathways
within the soil. The model includes those nitrogen transformations
which are performed biochemically by micro-organisms or chemically
by nonbiological reactions,

Represented by Figure 8 is the conceptual model for the biologi-

cal subsystem (Dutt et al, 1972), Nutrient transport within a soil -
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water system can be represented as follows., The continuity of mass
for an elemental segment of a soil-water system can also be shown by
Equation (3. 1) for a discrete time interval.

A more explicit transport equation developed by Endelman et al.

(1972) is as follows:

Rate of mass _ Rate of mass Rate of
accumulation | in mass out

[Net rate of appearancej

of mass by reaction .. (3.15)
This is expressed as a partial differential equation as:
Z(tec) = 'BZ(CV) + 8|eD (ac/azﬂ 8z + TR, (3.16)
L J
in which
c = concentration of a nitrogen compound (NO_;) in a
carrier (mass/unit-volume of carrier)
e = volume of carrier (water) per unit volume of soil
v = volume flux of a carrier (volume of carrier/unit
cross sectional area of soil/time)
D = dispersivity of a nitrogen compound in a carrier
(cross sectional area of carrier/time)
Ri = a rate reaction involving the nitrogen compound
(mass /unit volume of soil/time)
t = time

z = depth of soil column
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Neglecting dispersion for a discrete time interval, the Equation
(3.16) is represented for modeling purposes in this study by the fol-
lowing equation in respect of nitrogen accumulation within a soil

profile,

Mass of N at end _ Mass of N at beginning +

of time step " of time step
Mass of N accumulated Mass of N uptake
within the time step B by crop
Other

Losses e e e e e e (3.17)

For modeling purposes Equation (3, 17) is also written as:

AN2 = AN1 + AN - UPTK - LOSS. . . . (3.18)
in which

the elements in Equation (3. 18) have one to one correspondence

with the elements in Equation (3. 17).

The modeling procedure involves solving the above equation for
ANZ' the mass of nitrogen at end of a time step. Each of the quan-
tities on the right side of Equation (3. 18) must be measured, calcu-
lated, or estimated in order to solve the Equation (3. 18). Input
quantities to the model are the following:
1. Chemical composition of surface application of fertilizers
and organic matter turnover by the crops and their usual

C:N ratio to facilitate calculation of nitrogen content at

the beginning of a time step.
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An estimate of quantities of nitrogen uptake by growing

crops for the study area.

Mass of nitrogen accumulated within the time step AN

is predicted taking the biological transformations of ni-
trogen within the soil profile. The following transforma-
tions are, however, considered:

a. Hydrolysis of Urea,

b. Mineralization and immobilization of organic nitrogen.,
c. Nitrification of ammoniacal nitrogen.

d. Nitrate~-N immobilization to organic-N,

Nitrogen compounds assumed in Equation (3. 18) are NO_ and

3

NHZ , as these are the predominant inorganic forms that the crops can

uptake.

The quantity of nitrate ion present in soil solution is utilized

by the chemical quality model to calculate the equilibrium concentra-

tions of other ions from the increased ionic strength of soil solution.

The following assumptions are, however, made in the biological

subsystem model.

1.

Nitrogen transformations occur within the zone of root

influence only,

Percolation is slow enough for equilibrium to be established

in each soil stratum.
The behavior of nitrate is the same as that of a chloride
ion, in that it is assumed to be a conservative parameter

(does not enter into chemical or biological reactions),
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4, No appreciable denitrification occurs below the root zone
and within the groundwater system,
5. The rate of movement of NO,_ , below the zone of root

3

influence, is the same as that of water.

Linking of Chemical Quality and Biological Subsystems

The two models atre linked together using the principle of simi-
larity as '""Conservative parameters''in respect to NO_; and Cl ions,
as discussed herein,

Several authors, including Pratt et al. (1972), have measured
the NO; content within and below the effective rooting depth of crop to
evaluate the loss of NO; to the crop oi‘ for fertilizer management, and
to study the leaching losses. Represented by Figure 9 are some typi-
cal distributions of NO-; within and below the root zone for a typical
sandy loam type of soil. A similar distribution in respect of Cl ion
is also shown by Figure 9. It is seen from Figure 9 that the fluctua-
tions in the concentrations of NO-; are maximum within the root zone.

A majority of biological transformations are, therefore, assumed
to occur within the zone of root influence. In terms of the general and
gross nature of this modeling technique, however, the concentrations
of nitrate is evaluated treating the entire depth of root zone as one
layer. Thus, the computed concentration of nitrate 'is considered in

the topmost layer of the soil profile for evaluating the ionic strength

of soil solution for subsequent zquilibrium calculations of various ions.
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Agssuming further that nitrate is a conservative parameter as a
chloride ion, no biological transformations are assumed to occur

in th‘e subsequent layers of the soil profile. The modeling procedure
involved in linking the biological and chemical models is, however,

demonstrated in Figure 6.

Capabilities of the Combined Hydro-Quality Model

The combined model predicts the quantity and quality of the
return flow from an irrigation system., The model operates on monthly

time increments with a variable spatial resolution. The quality para-

+ + -

. + +
meters considered in the model are Ca++, Mg , Na, K, Cl,

= d '—"
HCO3, SO4, an NO3
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CHAPTER 1V

THEORETICAIL CONSIDERATIONS

Introduction

Theoretical considerations in developing the hydrologic and
chemical quality models are adequately discussed in Chapter III. Mod-
eling the biological subsystem takes the kinetic approach in the reaction
times involved in nitrogen transformations, Described in this chapter
are the theoretical considerations in developing the microbial nitrogen

transformation model,

Nitrogen Transformations in Soil Profile

General

Before considering the necessary transformations of N in the
soil profile, it is essential to consider the complexity of nitrogen in the
soil water system. Transformations of nitrogeneous species can be il-
lustrated by the overall nitrogen cycle shown by Figure 10 (Keeney and
Gardner, 1968)., Input of nitrogen to the soil can be grouped under pre-
cipitation, organic wastes and plant debris, fertilizers, and nitrogen
fixed biologically, in addition to the existing nitrogen content of soil
organic matter. Within the soil profile, nitrogen, which mostly occurs
as a part of the soil organic matter complex, undergoes complex trans-
formations between its various forms by means of chemical, physical,

and biological processes.
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The complicated role of nitrogen within the plant-soil-water
system with reference to its unusual number of oxidation levels or val-
ences, is shown by Figure 11 (Delwiche, 1970). These oxidation
levels explain the ability of nitrogen to combine with hydrogen, oxygen,
and other atoms to form a great variety of biological compounds, It is,
therefore, important to consider the various pathways and kinetics of
formation of these compounds to estimate the available forms of nitro-
gen, the inorganic nitrate, and ammonium, in the soil solution,

There are two opposing biological processes in principle which
continuously interchange between the organic and inorganic nitrogen
forms in the soil. Soil microorganisms decompose organic materials
to yield inorganic materials as byproducts. Soil microflora utilize in-
organic materials to synthesize new organic tissues, The conversion
of organic to inorganic is referred to as mineralization and the conver-
sion of inorganic to organic as immobilization. The magnitude of each
process for a given time interval depends on many factors, including
the nature of organic material and the gross size and activity of the
soil microflora during the time interval. In describing these process-
es in terms of a gross model, kinetic approach appears appropriate
because the reaction times involved in microbial nitrogen transform-

ations are of the order of several days or weeks.
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Model development

In deveioping the transformation model the following discussion
outlines the techniques adopted frorh Dutt et al, (1972). Described by
Figure 8 is a conceptual model of the biological transformations of ni-
trogen within a soil profile. The inputs and outputs of the system
model are illustrated in Figure 12, and the basic pathways of transfor-
mation conceived in the conceptual model are quantified by considering
the following rate equations.

1, = Hydrolysis of Urea.

é. Mineralization and immobilization of ammonium-nitrogen

and organic nitrogen.

3. Nitrification of ammonium-nitrogen.

4, Immobilization of nitrate-nitrogen,

Mathematical equations for the transforrﬁation pathways de-
scribed above have been developed from experimental data published
by several authors and shown by Table 2. These equations are ar-
rived at by computer oriented statistical analysis, namely least
squares multiple regression analysis.

For modeling purposes the basic equation of transformation of

a nitrogeneous species can be represented by the following equation:

R = {[TUREA, TNH3. AOR, TNO,, TEMP, TEN, CNR]. (4.1)

3

in which
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R = rate of transformation of N-species (unit/time)
TUREA = concentration of Urea-N

'I'NH3 = concentration of NH‘:

AOR = concentration of organic-N

TNO3 = concentration of NO,;—N

TEMP = soil temperature

TEN = soil moisture tension

CNR = carbon: nitrogen ratio of organic matter

Table 2. Source of experimental data adopted for transformation
pathways of nitrogen.

N T ti
ransformation Source of experimental data

Pathway
1. Hydrolysis of Urea Broadbent, Hill, and Tyler (1957)
Overrein and Moe (1967)
2. Mineralization and Broadbent (1957, 1966)
immobilization Alexander (1961)

2a, Correction for C:N ratio Alexander (1961), Broadbent (1957)

3. Nitrification Broadbent, Tyler, and Hill (1957a)
. Justice and Smith (1962)

4, Nitrate immobilization Broadbent (1966)

Using multiple linear regression technique, the general form
of the rate equation (4. 1) could be more explicitly written as:

R=c+b1x1+b2x2+...+bnx:n. e . . (4.2)

in which
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R = rate (dependent variable)

c = a constant (Y - intercept)

X = an independent variable

bn = a constant (regression coefficient)

Various combinations of independent variables were tried to
obtain the best fit as evidenced by the multiple correlation coefficient
and F-ratio. Only those variables or variable combinations making
significant contributions to the regressions were included in the final
equations. Interdependence of the independent variables, however,
was not considered in developing the rate equations, The regression
equations are valid even though there is interdependence of some of

the independent variables.

Development of .rate equations

1. Urea hydrolysis rate equation. The basic variables con-

sidered in the development of the urea equation were the
temperature (OC) and the concentration of urea-N
(microgram/gm of soil). The independent variables in

the final equation were log 1Otemperature (OC) and log 10

urea-N concentration, which gave best fit results,

2. Mineralization and immobilization rate equation. A single
+
equation was derived for the net rate of NH4 - N immo-

bilization or the net rate of organic - N mineralization

depending on the sign. A negative rate indicates loss of
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organic residue (mineralization). A positive rate shows
a sign of gain of microbial cell material (immobilization).
The basic parameters used in this equation are the
o . .
temperature ( C), the concentration of organic-nitrogen
. . + .
(micrograms/gm of soil), the NI—I4 - N concentration
(microgram/gm of soil), and the C:N ratio of the organic
residue. The final equation contains the temperature,

+

the organic - N concentration, and the 1og10 NH4 - N

concentration as the independent variables.

Nitrification rate equation. The nitrification rate equa-

tion represents the net transformation of NHZ - N to
NO; - N . This means that conversion of some NO-;- N
to NHZ - N is allowed in the model. However, the net
result always is assumed to be the appearance of NOE

- N. The basic variables used to develop the equation
were the temperature (OC) , and the concentration of
NH‘+1 - N (ug/g soil), the concentration of NO_:; - N (ug/g
soil, and the soil moisture tension (bars). The independ-

ent variables included in the final equation, however, are

. + .
temperature times the NH4 - N concentration, the log10

+ p—
NH4 - N concentration, and the log10 NO3 -N
concentration.

NO3 - N immobilization rate equation. The NO, - N

immobilization equation quantifies the conversion of
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NO; - N to microbial cell material, As in the case of
NH; - N immobilization, the process is assumed to take
place only at C:N ratios greater than 23. The equation
does not allow direct NO; - N formation from organic-N,
since this transformation pathway is highly unlikely. The

basic variables used to develop the final equation were

the following: ?

temperature (OC) (temperature)
(organic-N concentration)® ’
(ug/g soil)

and

temp. x (organic-N - NO; - N concentration)

organic - N concentration

Tables 3 and 4 describe in detail the various transfor-
mation equations developed by Shaffer et al. (1969).
Shown in these tables are also the correlation coefficients
indicating the goodness of fit of these equations with the
experimental data referenced in Table 2, Actual model
development necessitated certain corrections in the co-
efficients of the equations to provide a better fit with
observed data. Represented in Table 5 is a summary of
corrections made in the regression coefficients.

The rate equations so developed have limitations

with regard to the ranges of temperature, soil moisture



Table 3, Variables, constants, and statistical tests for the urea hydrolysis and mineralization-
immobilization rate equations. (After Shaffer et al., 1969.)

Equation Urea Hydrolysis Mineralization-Immobilization

Variable: log T T

r Value:# 6.22-10" -5.85-10""

Coefficient (bl): -1.56'102 , -2.16-1073
-Variable: loélo urea-N organic-N

r Value: _ 6.78-10" ;7.69'10-l

Coefficient (b2): -1.53-10° ~2.70+1072

Variable: | . ) © logyg ammonia-N

r Value: . 7.06-10_'

Coefficient (b3): . - | 3.92-107!

Constant: b.13‘102 . 8.92‘10_]

F Ratio: o 6.24-10" 3.89-10

RZ Value:** 7.23-107" 7.40°10"

SEE: ¥ 4.90-10! 2.45-107"

. Simple Correlation Coefficient
. Multiple Correlation Coefficient Squared
""" Standard Error of Estimate for the Rate

6S



Table 4. Variables, constants, and statistical tests for the nitrification and nitrate-N
immobilization rate equations. (After Shaffer et al., 1969)

Equation Nitrification Nitrate-N Immobilization
- Variable: T x (ammonia-N) T/(organic-N)2

r Value: 5.44.107) 4.18-107)

Coefficient (bl): 1.62-1073 1.52-100

-Variable: log,0 ammonia-N el

r Value: 3.61.107! -2.82-10"7"

Coefficient (b2): 2.38-10 -3.23-1071°

Variable: log;q nitrate-N (T x (organic=N)-(nitrate-N))/(organic=N)

r Value: -4.97.107! 3.24-107}

Coefficient (b3): -2.51-100 -4.,90-1073

Constant: b.64-100 0.0

F Ratio: 2.91-10 9.96-10°

RZ value: 3.84.107! 4.21-10""

SEE: 3.67-10° RIBIE

09



Table 5. Summary of corrections made in regression

Shaffer et al,, 1969.)

coefficients. (After

Equation C:N Ratio bl b2 b3
Urea Hydrolysis . NC* NC _
Mineralization- 0
Immobilization <23 NC -NC 1.60°10

z23 NC NC 7.83-10")
Nitrification <23 NC 4.50-10°  NC

223 8.00-1074 2.38-10'1‘ -2.10-10°
Nitrate-N .
Immobilization <23 NC NC NC

z23 NC NC NC

* NC = No Change.

19
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tension, and C:N ratio. The computed rate of a trans-
formation pathway is, therefore, corrected for each of
the above factors, as detailed below.

Correction for C:N ratio. The rate equation was derived

for an available data corresponding to a C:N ratio of 80,
The correction factor is derived using a linear equation

involving C:N ratio. The final equation form is as

follows:

M = -2,51+1.85x% 1og10 (C:N ratio) . . (4.3)
in which

M = correction factor, which is unity at C:N

ratio of 80 and zero at C:N ratio of 23
It is assumed that the net immobilization occurs above
C:N ratio of 23. The net rate at 23 is assumed to equal
zero,

Low temperature correction. Exponential rate functions

were used to adjust the output of the regression rate e-
quations for temperatures less than 100C, and the rates
become equal to zero at about 4OC. The original rates
were, therefore, multiplied by the output from a loga-
rithmic function based on the temperature. No upper
limits or corrections were necessary for higher temper-

atures because the equations appeared valid at most
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maximum soil temperatures occurring below the surface.

Moisture correction. Exponential moisture functions

were used to correct the regression equations for tensions
below about 10 bars. No correction was, however, ap-
plied to Urea hydrolysis equation, as there was no evi-
dence to suggest a moisture correction in the moisture
range considered in this study. It is assumed that the
rate equation is valid at field c;pacity (1/3 bar).

Prediction of C:N ratio in soil profile with time. Since

the C:N ratios of organic residues change as decomposi-
tion progresses, a method was developed to predict the
C:N ratios with time. Alexander (1961), and Buckman
and Brady (1960) have shown that microorganisms release
about 30 carbon atoms from organic residues for every

nitrogen atom consumed. The N may come from the

+

organic residue or from NH4 in the soil water or on the

exchange complex. The C either is released as CO2
or used to produce microbial cell material. The N may
be transformed to NHZ or used in the production of cell
material.

The initial amount of C in the organic residue is
estimated by multiplying the amount of residue by 0. 4.

Likewise, the initial amount of N in the residue is approx-

imated by multiplying the amount of residue by 0.4/C:N
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ratio, If the ratio is greater than 23, the amount of resi-
due carbon remaining after some time interval is approx-
imated by subtracting 30 times the predicted amount of
organic-N immobilized from the amount of residue C
present at the start of the interval. The amount of resi-

due N is assumed to remain constant. That is, it is

+

assumed that the microorganisms consume only the NH,

mineral form of N in this C:N ratio range. The new
C:N ratio is computed by dividing the amount of residue’
C by the amount of residue N.l

At C:N ratios less than or equal to 23, the resid-
ual amount of C is computed in the same manner except
that the amount of N mineralized is used as the compu-
tation base. The new amount of residue N is determined
by subtracting the amount of N mineralized during the
time interval. In this case the assumption is made that
the microrganisms derive N only from the organic resi-
dues in this C:N ratio range. Again, the ratio is com-
puted by dividing the amount of residue C by the amount
of residue N.

When the amount of organic residue becomes equal
to zero, the ratio is set equal to the average C:N ratio

for the soil (e.g., in the range 5-15), This allows for

mineralization of dead microbial cells with time,
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Temperature estimates in the root
zone of the soil profile

Temperature variation at the top of soil profile has marked ef-
fect on the fluctuation of temperature in the subsoil. It depends on
many factors, including soil-water content, the apparent thermal dif-
fusivity of the soil, and the depth below the soil surface. Prediction
of the temperature variation with depth is, therefore, quite complex.
Numerical procedures using digital computers is one of the easier
and reliable methods to solving this problem.

Wierenga and DeWit (1970) have developed a mathematical model
to simulate heat transfer through soils, In the present study, however,
no separate mathematical model is incorporated for temperature sim-
ulation within the soil profile on account of the following reasons:

1. The maximum range of fluctuation in temperature is

nearer the top soil. Thereisan averaging effect caused

by assuming the biological transformations to occur within
the root zone and also in assuming that these transforma-
tions are occurring in the topmost soil layer. This aver-
aging effect will smooth the temperature fluctuations.

2.  The overall system model is already too complicated and

addition of a temperature simulation model would call for
a higher degree of sophistication not intended in the

system model,
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3. The model has a monthly time increment with optional
spatial resolution which will further dampen the fluctua-
tion in temperature. A reasonable estimate is therefore
made with regard to the average temperature in the root
zone of the soil profile, within the time increment of the
model.

Sign convention and rate units

In all the basic rate equations a positive sign indicated a gain
and a negative sign a loss with respect to that particular constituent.
The rate units for all the rate equations used in this transformation

model were expressed in ppm/day.

Method of solving the rate equations

Since the rate equations predicted the changes in concentrations
of nitrogeneous species in ppm/day, the problem was one of computing
these changes in terms of the time increment of one month for the
overall system model. This problem was resolved with the following
considerations:

1, Fertilizer applications and organic matter turn over to
soil were assumed to have a spatial uniformity over the
entire study area. ILocal variations were ignored.

2. Since the developed model was general in nature with the
object of predicting the concentrations of ions in the

return flows, no special consideration was given to the



67

vertical distribution of concentrations of NO; within
the zone of root influence.

3. The majority of biological transformations were assumed
to occur within the root zone. Their effect below the root
zone was, therefore, neglected.

4, Time increments in the order of fractions of a day in pre-
dicting the transformations of nitrogeneous species, as
adapted in the dynamic model by Dutt et al. (1972), could
give the model a much higher degree of sophistication and
could involve in utilizing excessive computer time. This
was not worth the trouble in terms of the objectives of

this gross model.

In view of the above considerations, the non-linear system was,
for modeling purposes, linearized even beyond the stage of regres-
sion analysis of the experimental data. It was assumed that the pre-
dicted values of transformations of nitrogeneous species in ppm/day
‘were uniform within the time increment of the overall model. The
net rate of each transformation was, therefore, multiplied by the

days in a month,

Abstractions of .nitrogen from the system

The quantity of nitrogen in the soil water system is to be ac-
counted for loss and use processes, as shown in Figure 13 (Barth-

olomew, 1972). Losses due to denitrification are assumed to be



NATURAL SUPPLY
PROCESS

FERTILIZATION

Soil Organic Matter
Rain and Snow
Biological Fixation
Weathering of Minerals

TOTAL AVAILABLE

SUPPLY
PLLANT UPTAKE AND
LOSS PROCESS < USE PROCESSES
Volatile Losses Position in Root Zone
Leaching and/or v Soil Moisture Regime
Movement Season of Uptake
PLANT ABSORPTION
AND USE

Kind of Crop
Solar Energy and Water
Soil Productivity Factors

Figure 13. A perspective view of soil nitrogeh supply, loss, and use processes.
(After Bartholemew, 1972).

89



69

negligible as the system is generally considered aerobic within the
soil profile, The losses due to leaching of NO; - N to the ground
water is of interest in this study. The use processes consist of crop
uptake of nitrogen from the soil water system and also for the uptake
of nitrogen by the growing aquatic biomass in the overland flow.
Quantifying these use processes involves identification of many
parameters for both the processes as discussed below.

Crop uptake of nitrogen. Nitrate and ammonium ions are the

primary forms in solution that are used by growing crops. The
quantity of uptake depends on many factors, including the quantity

of available nitrogen in soil solution, growth stage of crop, moisture
content of the soil, kind of nitrogen carrier and climatic region. The
methods for assessing the uptake of nitrogen by crops considered in
this study are the following.

1, To assume that the uptake is directly proportional to the
root density in the soil profile. This requires extensive
data on the variation in root distribution with increase in
depth of the soil. It differs mostly from crop to crop and
also with the growth stage of crops.

2. To assume that the uptake is proportional to the consump-
tive use of water. In this case, a proportionality constant
is to be arrived at based on previous experiments, sound

engineering judgment, or by model calibration.
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3. To have a data on the average distribution of uptake of
nitrogen with time., This requires practical tests on the
nitrogen content of each crop at each stage. In arriving
at these figures, an assumption is made that the plant

root distribution is independent of time,

In this study the monthly uptake values are estimated on the
lines indicated by the last method as above. The estimated values
have similar trends presented by Dutt et al. (1972), and compare

favorably with the assessed annual quantities of uptake.

Nitrogen uptake by aquatic biomass. Loss of nitrogen in the

overland portion usually occurs by way of utilization by the growing
aquatic biomass, namely, algae and vegetation. The quantity of up-
take depends on many factors, including temperature, contact time,
amount of N available to the growing biomass, and the quantity of
biomass itself, Establishing this quantity of uptake is beyond the
scope of this study, as it involves collection of additional experi-
mental data. This can be a separate research by itself. However,
a correction factor is introduced in the model to represent the loss
of nitrogen in the overland flow of the return flow as shown in the

following equation:

Qi *UBIOM(I) . . . . . . . (4. 4)

Q

net

in which
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I = time increment
Qnet = net quantity of nitrate in the return flow
Qi = species (nitrate) concentration in the subsurface water

contributing to surface runoff as computed by Equation
(3.11)
UBIOM = f{raction of N after uptake by aquatic biomass (less
than or equal to one). This is correlated with the

average temperature of water.

All the quantities on the right hand side of Equation (4.4)
having been identified, the modeling procedure involved in solving

the equation for Qnet’ the net quantity of nitrate in the return flow.
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CHAPTER V

THE COMPUTER PROGRAMS OF THE SYSTEM

Introduction

The overall model of the system consists of three individual sub-
models. These are the hydrologic, chemical and biological transfor-
mation models. While the hydrologic portion of the program is writ-
ten specifically for the Snake River basin at Twin Falls, Idaho, the
chemical and ;biological programs are general in nature. With minor
changes, the entire model could be applied to other areas as well,

The hydrologic portion of the program utilized a hybrid com-
puter, while the chemical and biological programs operate on digital
computer. The EAI 580 Analog/Hybrid computing system and the EAI
640 Digital computing system are utilized for the hydrologic, chem-
ical and biological models, respectively. The program was written

in FORTRAN 1V.

The computer models for chemical reactions and biological
transformations are similar to those developed by Dutt et al. (1972).
The hydrologic portion of the model, however, is a combination of
the models developed by Thomas et al. (1971) and Hill et al. (1973).
A complete listing of the entire program and definition of variables
are shown by Appendices B and C, A detailed description of the
computer programs developed for the overall system envisioned

in this study is presented in this chapter,.
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The Computer Model

The combined system model consists of a main program and

twentyone subprograms. The subprograms are designated as:

(1) HYDSM, (2) BASIC, (3) HYDDAT, (4) PRETEM, (5) POTST,

(6) PARSET, (7) GRAPH, (8) QUAL, (9) CONINP, (10) EQEXCH,
(11) SOIL, (12) AVQLTY, (13) XCHNGE, (14)SALT, (15) ANDAT,
(16) UPTAKE, (17) TRNSFM, (18) RATE 1, (19) RATE 2, (20) RATE
3, (21) RATE 4.

Subprograms 1 through 7 pertain to the hydrologic portion of the
model, The chemical quality portion utilizes subprograms (8) through
(14), while the biological portion contains the subprograms (15)through
(21). A generalized flow chart for the overall program is represented

by Figure 14,

MAIN program

The main program is the driving program for the entire simula-
tion model. Figure 15 represents the general flow chart of the main
program. This program is similar to the techniques developed by
Hill et al. (1973). Major operations of the main program, listed in
the order of performance, include the following to suit the overall
system simulation.

1. Control the operation of analog computer through the

hybrid linkage routines QSHYIN, QSC, QSSECN, and

QSDLY.
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2, Simulate the output from the system hydrology through the
subroutine HYDSM and compute the objective function.,
(Data is, however, assembled by HYDSM through the sub-
routines BASIC, HYDDAT, and PRETEM, while the po-
tentiometers in the analog are set through subroutine
POTST.) The objéctive function adopted in this study is
sum squares of differences between computed and observed
outflows.,

3. Perform optimization of various parameters to minimize
the objective function through statement 80, (Pattern
search technique outlined by Hill et al. (1973) is adopted
in this program.) Each time the potentiometer values in
analog computer are set through subroutine PARSET.

4. Operate HYDSM with the optimum parameters and plot
(optionally) the outflow hydrograph, both the observed and
computed, through the subroutine GRAPH,

5. Chemical quality subprogram, QUAL, is called to predict
the chemical quality of outflow.

The input data list for the main program is shown in Appendix D,

Hydrologic model

The hydrologic model is programmed on a hybrid computer and
is described by the subroutine HYDSM. The general flow chart for

the basic hydrologic model is adopted from Figure 5 to suit the study
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area. The wiring diagram of the analog portion of the hydrologic
model is shown in Figure 16. The operation of HYDSM, in sequential
order, is as follows:

1. To compute the value of various hydrologic relationships
described in Chapter III in terms of the particular area
being modeled.

2. To control the analog computer timing and operation.

3. To predict the monthly quantity of outflow and compare it
with observed value.

4, To store the values of various quality parameters required

by the subprogram QUAL,

The program starts with assembling initial crop and hydrologic
data through the subroutines BASIC and SUBDAT. Then the quanti-
ties of snowmelt, precipitation and evapotranspiration (using modified
Blaney-Criddle method) are computed in the subroutine HYDSM.
These values are transferred as inputs to analog portion. Values of
component parts of the right hand side of Equation (3. 3) are computed
in the analog portion and transferred back to digital portion of HYDSM
to compute total surface runoff, (SUMOUT), during the month, The
process is repeated for all months and all years.

The analog portion of the hybrid simulation is a combination of
portions described by Hill et al.” (1973) and Thomas et al., (1971) to

suit the study area, and to facilitate usage of analog portion more
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efficiently., The analog portion performs essentially three major fun-
ctions: (1) it keeps an account of soil moisture; (2) it integrates and
routes the tieep percolation to simulate the subsurface outflow; and
(3) it routes the inflow groundwater and performs some miscellaneous
calculations that could be done equally well on either the analog or the
digital, but which are better performed on the analog during verifica-
tion. These three important functions are executed in the areas des-
ignated I, II, and III, respectively, on the wiring diagram (Figure 16).
The areas [ and II are discussed in detail by Hill et al. (1971, ,1973)’
while the area III is discussed by Thomas et al. (1971).

The input data list for the subroutines BASIC and HYDDAT
utilized by the subprogram HYDSM are shown in Appendix D.

Details of gquality simulation

program (subroutine QUAL)

After the observed and computed outflows are optionally plotted
in the hydrologic portion of the simulation program, the control calls
the quality program, QUAL. Hydrologic quantities needed to be used
in the quality program as input values are preserved in the common
storage of the computer. Shown in Table 6 is the list (;f parameters
required by QUAL as input from HYDSM. This list, incidentally,
describes the various quantities from the hydrologic subsystem that
are required as inputs to QUAL for an all digital program. Obser-

ved values of average monthly concentrations of individual ions in
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the surface outflows are computed separately to economize in the run-

time of computers,

Table 6. Parameters in common from HYDSM to QUAL.
Mnemonic Description
SRI:T‘I Overland portion of total runoff in month I,
SUBSRF Sub surface component of total runoff
GWBF Routed ground water inflow
SNPC Ungaged runoff correla;:ed to precipitation and snow
melt
DAL Quantity of water applied to land
STRC1 Ungaged surface runoff correlated to canal
diversion
DP Deep percolation
SUMOUT Computed quantity of total runoff
SMCH Change in soil moisture of root zone in time I
SM Average moisture content of root zone

These are read in first through subroutines CONINP, UPTAKE,

ANDAT, and SOIL, Details of data read in by these subroutines is
shown in Appendix D, Figure 17 shows the flow chart of the sub-
routine QUAL. The program proceeds into a Do loop to statement

3000 for each kind of soil modeled in the study area. The equilibrium
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concentrations of ions in the initial soil solution are computed through
the subroutines EQEXCH (from subroutine SOIL) for the first time
based on the initial soil analysis., Then the program consists in sim-
ulating the percolation of the applied water to the land (DP) each month
in a piston flow type of displacement vertically downward through the
assumed number of layers of the type of soil under consideration.

At this stage of the program the subroutine TRNSFM is called
to predict the nitrogen transformations in the root zone (the topmost
soil layer), The computed values of nitrate and ammonium ions are
then corrected for crop uptake of these ions. An assumption is made
here that the available quantity of nitrogen is the limiting value for
crop uptake. The resultant quantity of nitrogen after crop uptake is,
therefore, adjusted to zero for all negative values. The concentra-
tion of nitrate-N is:then utilized for all equilibrium calculations of
soil solution for purposes of computing increased ionic strength in
the subroutine XCHNGE. Ammonium is not considered in adding to
the ionic strength of soil solution as its concentration is usually
insignificant in value,

In each soil layer an equilibrium concentration is assumed to
be attained in respect to every ion. These equilibrium calculations
are performed in an iterative procedure through the subroutine
XCHNGE. For each layer the various equilibrium and exchange

reactions considered in the program are listed in Figure 7.



84

The average concentration of each of the ions in the subsurface
return flow is computed next through the subroutine AVQLTY. The
total quantity of salt outflow is then computed in the subroutine SALT
by multiplying the respective ionic concentrations with the correspond-
ing simulated quantities of outflow from the hydrologic portion of the
program, the BYDSM. The concentration of NO; is, however, cor-

rected for uptake of NO3 by aquatic biomass.

Biological transformation model
(subroutine TRNSFM)

A generalized block diagram of subroutine TRNSFM developed
by Dutt et al. (1972) is shown in Figure 18a. However, modifications
in the program developed by Dutt et al. (1972) were found necessary
to suit the gross nature and large time increments of this model.
Figure 18b represents the block diagram of TRNSFM followed in
the study and Figure 19 represents the corresponding flow chart of

this subroutine.

Construction and operation

The following discussion is adopted from Dutt et al. (1972) to
describe the construction and operation of TRNSFM developed in this
study.

The subroutine consists of Urea-N, organic-N-C:N ratio,

+

NH4 - N, and NO; - N sections. These sections are independent

of each other so far as sequence is concerned. That is, the order
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in which they are arranged in the subroutine makes no difference in
program operation,

The input séction in Figure 18b is concerned with establishing
basic constants, and control and input data, Unit conversions are
done to convert amounts in ug/segment to ug/g soil and moisture

— +
tensions in cm of H_O to bars., NO_ and NH,K6 are converted from

2 3 4
meq/l to ug/g soil,

The urea-N section includes routines for the initial time inter-
val length and the initial concentration of urea-N. Also, the urea
hydrolysis rate equation, an expression to compute the amount of
urea-N present at the start of the next time interval, special loga-
rithmic rate functions at limiting temperatures and urea-N concentra-
tions, and other> control loops are included in this subroutine section.
The computer passes completely through this section before proceed-
ing to the next,

The organic-N -C:N ratio section is the most involved part of
the program. The initial parts are concerned with the concentrations

of organic-N, NHZ - N, and No; - N present at the start of a time
interval. These data are necessary for the first set of calculations
pertaining to an interval. After this, the data for the remaining time
increments are generated entirely by the subroutine.

After establishing the initial C:N ratio range, the program

enters the mineralization-immobilization rate equation. The
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resulting rate is modified according to the C:N ratio and the limiting
temperatures, moistures, and concentrations,

Next is the NO-; - N immobilization rate equation, It is used at
this point so that its results can be used along with the output from the
mineralization~-immobilization equation to calculate the C:N ratio at
the start of the next time interval. Loops concerned with the limiting
temperatures, moistures, and concentrations follow the equation.

The C:N ratio is recalculated in the routine which follows.
Separate loops are ﬁsed for the C:N ratio ranges greater than 23 and
less than or equal to 23. The basic method of recalculation has al-
ready been described in Chapter III. The last part of the organic-N-
C:N ratio section is concerned with storing the amounts of residue
carbon and nitrogen present at the end of a call and computing the
amount of organic-N present at the start of the next time increment.

The NHZ - N section of the program contains the nitrification
rate equation along with the appropriate limiting rate functions and
control loops. Again, the last part is concerned with the computation
of the amount of NHZ - N present at the next time interval, The
NO_?: - N section is rather short since the appropriate rates have
already been calculated. The routine computes the amount of NOE—N
present at the start of the next time interval based on the initial

amount of NO; - N and the output from the nitrification and NO3 - N

immobilization equations,
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Rate adjustments for time

All the basic rates of transformations are in ppm/day. These
rates are adjusted for the monthly time increments assuming linear
relationship, This assumption is considered adequate in terms of
this gross model, and this procedure seemed to work well for the
overall system envisioned in this study,

The output area converts the value from ug/g soil to
ug/segment. NO_ and NH+ are, however, converted from ug/g

3 4

soil to meq/l in solution,
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CHAPTER VI

MODEL VERIFICATION

Introduction

Verification of a simulation model is performed in two phases,
namely calibration, or parameter identification, and testing of the
model, Both the phases of verification process require data from the
prototype system, The hydro-quality (salinity) model described in
the previous chapters is calibrated by applying it to the Snake River
basin at Twin Falls, Idaho., The calibration is done by adjusting the
various parameters in the equations used to describe the system,
until known output functions are accurately duplicated. While the
data for a period of one year is used for calibration purposes, the
model is tested over the second consecutive year using an independ-
ent set of data to determine the level of agreement between the ob-
served and computed output functions. This chapter relates to the

results of verification of the model with the prototype.

Choice of Prototype

The hydro-salinity model was applied to a large irrigated area
of the Snake River Plains in the vicinity of Twin Falls, Idaho (Figure
1). The reasons for selecting this area for verifying of the model

are as follows:
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1, Adequate hydrologic and salinity data for this area are
available for the period October 1968--September 1970.
These data have been collected and processed by the Snake
River Conservation Research Center at Kimberly, Idaho.

2. Water and salt balances have already been achieved on an
annual basis for this area for the period October 1968 --
September 1970 (Carter et al., 1971). )

3. Also, the application of the model to this area provided a
good opportunity to evaluate its performance, particularly
under conditions where groundwater flow is predominant,

and to improve the capability of the model as required.

Details of Prototype Basin

The information contained in the following section is adopted

from Carter et al. (1971 and 1973),

Development of the area

The study area (Figure 1) was developed by the Twin Falls
Canal Company and has been under irrigation for about 65 years.
Soon after irrigation, high water tables appeared in localized areas
throughout the tract. To alleviate this problem about 50 tunnels were
excavated into the basalt rock underlying the high water table areas.
These tunnels were terminated when fractures in the rock carrying

significant amounts of water were intercepted. The tunnels then
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served as effective drainage channels to convey excess water into
natural .surface drains for some time. Since the year 1930 some

tile relief wells were also excavated. The flow into the wells is by
hydrostatic pressure. Water from wells is connected to natural sur-
face channels by tile lines, All the surface and subsurface drainage
returns to the Snake River, which flows through a canyon about 500 ft.

deep forming the northern boundary of the project.

Water use pattern

Water is diverted from the Snake River to the study area and
allocated to farmers at the rate of approximately 0.5 cubic feet/sec
for each 40 acres continuously. Water is in the canal system from
about April 1 to November 15 each year., Canal flows in the early
spring and late fall are considerably lower than during the peak ir-
rigation season of June, July, and August because some crops do not

require early spring and late fall irrigation.

Soils and geology

Soils of the study area are wind deposited, calcareous, silt
loams, ranging from 0 to 15 m (0-50 feet) deep. A caliche and
silica cemented hardpan layer is found from 0, 30 to 0.45 m (12 to
18 in. ) below the surface over most of the area, The soils are
underlain by fractured basalt to depths of several hundred meters.
Water infiltration rates are fairly high and most crops are irrigated

by small furrows,



98

Vegetation and cropping pattern

The most important crops are alfalfa, dry beans, sugarbeets,
small grain, corn, and pasture. The row crops are normally seeded
in April and May, and normally the last crop harvested is sugarbeets,
which is generally in October. Crop rotation also is practiced, but

the relative acreages remained essentially the same.

Sources of Data

Climatological data

Precipitation and temperature records for the three stations
Kimberly, Twin Falls, and Buhl are obtained from the Weather
Bureau stations for the period of study.

Streamflow, canal diversions
and groundwater data

Sampling sites selected throughout the area included the project
diversion at Milner Dam on the Snake River, 15 drainage tunnel out-
lets, five tile-relief well network outlets, four main natural surface
drains (Rock Creek, Cedar Draw, Mud Creek, and Deep Creek), and
approximately 15 small natural surface drains returning water to the
Snake River. These sites, except the small surface drains, are
shown in Figure 1 by number. Water stage recording stations were
maintained on the main surface drains. Existing U. S. Geological
Survey gaging stations were utilized on Cedar Draw and Deep Creek,

New gaging stations were established on Lower Rock Creek and Mud
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Creek. Measurements from tile relief well network outlets and from
the drainage tunnel outlets constituted the groundwater measurements
for this study. Samples from each site, except the 15 small natural
surface drains, were collected at 2-week intervals for the Canal
Company water year, October 1, 1968, through September 30, 1969,
Surface runoff water samples were collected at irregular intervals
during the study year. The record of water diverted was provided by
the Twin Falls Canal Company in cooperation with the U, S,

Geological Survey.

Quality data

Water samples were collected at 2-week intervals for analysis

from all sampling sites, Samples were analyzed for Na+, K+, Ca++

’

fh

Mg++, Cl_, HCO?, SOZ-S, PO4 -P, and No; - N concentrations.

After analyzing all samples for all components for a few months, it

was found that the concentrations of some components were nearly

constant. Therefore, only PO, -P, NO3-N, total salt concentra-

S

tions, and water temperature at the site were continued at 2-week
intervals. Analyses for other components were made at 4-week in-
tervals, After 18 months, sampling was discontinued at some sites.
The remaining sites were samples for one more year at monthly
intervals, and the samples analyzed for all components. Concentra-
tions of the various components were determined in surface runoff

water at a number of sites throughout the tract.
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Table 7 shows a typical analysis of water samples in the study
area., Data on soils was not current for the period of study. Available
data from the SCS and the University of Idaho was used in the study.
Crop uptake of N and organic matter turned into soil were estimated
on an anpual basis., Monthly values were further estimated from
these annual figures. Average quantities of fertilizer applications

have been assessed based on local inquiries.

Results

Hydrology model

Since water quality and quantity are two interrelated dimensions,
accuracy in quality dimension calls for a corresponding accuracy in
the predicted quantity of flow, The problem is of concern in return
flow systems where subsurface flow is significant. This will, there-
fore, require a better understanding and adequate representation of
the components of the system. The prototype system of this study
has a significant amount of subsurface flow contributing to surface
runoff.

The following discussion is adopted from Carter et al. (1971),
in respect to behavior of drainage tunnels and ‘subsurface return flow,

""Normal flow in these drains from December through

March consisted of only subsurface drainage water from tun-

nels from tile-relief well networks, Canal company records

and flow measurements showed that the subsurface drainage

flows from these sources cycle yearly, with maximums in the
fall and minimums in the spring, "
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Table 7. Typical analysis of water samples in the study area.

Concentration Concentration
Ion in Ion in
Meq/1 Megq/1

A, Diversion water (inflow)

++ : -

Ca 2.54 cl 0. 66
Mgt T 1. 23 HCO; 3.38
Na' 0. 90 NO—; 0. 0086
k' 0.12 so” 0.91
4,79 , 4, 9586

B. Subsurface drainage water

Ca 4,27 c1 1.52
+ . -
Mg’ T 3. 14 HCO, 6. 61
Na' 3. 67 NO, 0.23
+ =
K 0. 15 so. 3. 00
11. 23 11. 36

C. Runoff water (Oct. 1969)

ca't 3. 44 cl 0. 80
Mg't 2. 30 HCO, 5. 46
Na' 2. 34 No; 0. 052
K 0.16 SO, 1. 05

8. 24 7.362
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The yearly cycling of flow suggested adoption of a time variant
parameter for the subsurface contribution to the total surface runoff,
Calibration of the hydrologic model, therefore, considered both the
time variant and fixed aparameters. Table 8 shows a list of time in-
variant parameters (both digital and analog) and their optimum values
obtained during the parametric identification process. Time variant
parameters of importance are (1) the percentage of subsurface run-
off contributing to surface outflow, FK, and (2) water application and
conveyance efficiency of the system, EFF,

The entire calibration procedure consisted of adopting both the
self calibration technique adopted by Hill et al, (1973) and manual
calibration adopted by Thomas (1971). This was required because
both time variant and fixed parameters were considered in the model,
Represented by Figure 20 is a typical distribution showing the per-
centage of subsurface flow contributing to surface outflow, A typical
time variant distribution is also obtained in regpect to efficiency of
water application, and is shown in Figure 21. The computed and ob-
served quantities of return flow are, however, shown in Figure 22,
The cox;relation between computed and observed outflows is high,
with a correlation coefficient near 0, 96. Appendix E contains the
computer output of the hydrologic model of the system for water

years 1968-1969.
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Table'8. Optimum time invariant parameters of hydrology model.

(A) DIGITAL PARAMETERS (DIG)

e e e

Mnemonic Description Optimum
Value
1 SNO Initial water equivalent of snow
pack 0.0
2 FMES Critical moisture content 4.0
3 FMCS Field capacity 8.0
4 SMC Snow melt coefficient 0.12
5 SPC Outflow constant to correlate
ungaged inflow with snow melt 0.70
6 FMIN Initial moisture content 8. 00
7 AGINIC Initial quantity of Ag. outflow 7.50
8 T Delay time of subsurface flow
(months) 3.0
(B) ANALOG PARAMETERS (PH)
1 C2 Constant to correlate ungaged flow
to (SNMLT + PRE) 0.0
2 C1 Constant to correlate ungaged flow
to (SNMLT + PRE) 0.01
FMCS /SKAL Scaled field capacity 0.40
4 QGTIC/SKAL Scaled initial subsurface flow 0.375
5 C4 Ungaged surface flow correlated
to canal diversions 0.0
6 C3 Ungaged surface flow correlated
to canal diversions 0.01
7 Initial ground water inflow . 001
8 C6 Ungaged ground water inflow correlated
with (PRE + SNMLT) ' .001
9 C5 Ungaged ground water inflow correlated
with (PRE + SNMLT) . 001
10 1/kg2 Ground water delay sequence

correlated to inflow

. 001
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Chemical and biological models

Since the chemical and biological subsystems are intensively in-
terconnected, the results discussed herein pertain to the combined
effect of both these models., The concentrations of each of the ions

++ ++ + = =

Ca , Mg , Na, Cl1, SO HCO_, and NO_ are predicted. In

4’ 3 3

arriving at the results, the initial concentrations of ions in the soil
solution played an important role, unlike the hydrology model. In this
study, the initial concentrations of ions in the soil water have been
estimated, The estimation is by trial and error based on the results
of soil analysis (for the top 6 feet of soil) conducted by the University
of Idaho a few years back. The concentrations of individual ions have
been estimated with the following considerations.

1. It has been found that large areas consisted of a hard layer
of caliche of varying thickness. Thé subsurface water from
the drainage tunnel outlets has different levels of concen-
trations indicating a spatial variability of the ionic concen-
trations. The model area has, thegefore, been divided
into two sectors to represent different levels of concentra-
tions of ions in the soil water, and .within the fissures of
basalt through which the water perpolates.

2. The carbonate water in the soil is assumed to have a

higher partial pressure of CO_ compared to the atmos-

2

pheric value, with consequent increase in concentration

of HCO3 .
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3. Weathering of the calcic plagioclase portion of the basalt
releases more sodium, resulting in a high concentration
of sodium in the soil water system.,

4, Presence of gypsum has not been assumed,

The initial ionic concentration of soil water finally adopted in
the calibration of the model is presented by Table 9. The results of
the chemical quality of the return flow are discussed below with
respect to individual ions comprising the total salts,

Calcium, Calcium ion accounted for about 11 percent of the
total effluent salts. Predicted concentrations of calcium in the sub-
surface runoff are within the range 4,78 - 3.07 meq/l. These values
are in agreement with the corresponding observed concentrations
(Carter et al,, 1973) at the drainage tunnels, The variations in the
concentrations may be attributable to different depths of water perco-
lation in the soil before being tapped by drainage tunnels. Deeper
percolation may have lesser and uniform concentrations as much of

the CO2 in the soil water may have been used up to form HCO3 .
Shown by Figure 23 are the computed and observed runoff of calcium
ion in tons, For the two year period computed calcium averaged ap-
proximately 11 percent less than the measured ‘outflow, with a

correlation coefficient of 0,89, n = 24.

Magnesium, The predicted concentrations of magnesium ion

in the subsurface runoff are in agreement with the observed values



Table 9. Initial values of ionic concentrations in soil water.

Soil Meq /1 CEC Lime G Soil
Layer Ca Mg N K  HCO CL SO, NO, meg/ Moles P

3 4 3 sum Type

100 gm /gm

1 1.50 1.20 10.0 0.11 10.0  1.40 1.50 0.50 12,5 3.0 0 1
2-15  1.50 1.20 10.0 0.11 10.0 1.40 1.50 0.25 12,5 3.0 0 1
1 2,50 2.0 12.5 0.11 11.5 1,40 4.0 0.50 12.5 3.0 0 2
2-15 2.50 2.0 12.5 0.11 11.5 1.40 4.0 0.25 12.5 3.0 0 2

60T
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and are within the range 3.92 - 2.51 meq/l. Figure 24 represents
the computed and observed quantities of magnesium ion in the runoff.
The computed quantity averaged approximately 6 percent more than
the measured flow, with a correlation coefficient of 0. 87, n = 24,

Chloride. Chloride ion has minimum variation in concentrations
both in the computed and observed subsurface runoff. Figure 25 illus-
trates the computed and observed quantities of chloride, having a cor-
relation coefficient of 0,78, n = 24,

Sodium. Sodium ion, like calcium, varies in concentrations in
the subsurface runoff, The computed values are within the range 3,78
- 2.96 meq/l and compare well with the observed values of concentra-
tions in the drainage tunnels. Figure 26 illustrates the computed and
observed quantities of sodium. The correlation coefficient is 0. 84,

n = 24,

Sulphate. Sulphate ion accounted for about 14 percent of the
total effluent salts. The range in computed concentrations of this ion
in the subsurface runoff is 3. 15 - 1, 31 meq/l, while that of the ob-
served values in drainage tunnels is 5.0 - 1.2 meq/l. The variation
in the computed and observed concentrations is probably a result of
not considering more complex ion pair formations of sulphate with
other ions, like Na.SO;l, in the equilibrium calculations, and also
due to difficulty in assessment of initial concentrations in the absence

of actual data. Figure 27 shows the computed and observed quantities
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of sulphate in the runoff, It exhibits a poor fit during the calibration
period with an overall correlation coefficient of 0, 66, n = 24. The
computed quantities of sulphate are low in the initial months and more
in subsequent months of the calibration period of one year., The com-
puted values have, however, a closer fit in the second year during
which the model is tested. This is probably due to difficulty in estab-
lishing the initial conditions,

Bicarbonate. Bicarbonate ion accounted for about 52 percent of

the total effluent salts, The computed concentrations of this ion in the
subsurface runoff are 8.15 - 6.48 meq/l, and these values compare
well with the observed values. The predicted and observed quantities
of biocarbonate in the runoff are shown by Figure 28, While there is a
good agreement during the calibration period, the computed quantities
are slightly higher during the testing phase, giving an overall excess
of approximately 7 percent when compared to measured quantity with a
correlation coefficient of 0.89, n = 24, This is probably a result of
difficulty in assessing the initial conditions.

Nitrate, Simulation of nitrate ion, a significant contribution in
this study, accounted for a small fraction of the total observed salts,
being less than 1 percent. However, the methodology of simulating
this ion along with other ions in the subsurface runoff, illustrated the
possible behavior of this ion in the overall system. The computed

concentrations of nitrate in the subsurface runoff are 0,25 - 0.22 meq/1
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while the observed values have a range of about 0,34 - 0,11 meq/1

(Carter et al,, 1973). The variations in the concentrations are prob-

ably a result of the following:

1-

Assumptions made in the biological transformation model
described in the preceding chapters.

Treating nitrate as a conservative parameter, similar to
chloride,

Difficulty in estimating the initial concentrations in the
soil solution.

Difficulty in estimating the fertilizer applications and
nitrate uptake by growing plants within the time increment
considered in the model,

Possibility of higher concentrations of nitrate in those

drainage tunnels that intercept shallow soil profile.

Figure 29 shows the predicted and observed quantities of nitrate

in the effluent waters, after considering the uptake by aquatic biomass

within the surface channels of the runoff, (The uptake by aquatic bio-

mass during the testing period is, however, assumed to have a linear

variation with respect to temperature.) While there is a reasonably

good fit during calibration period, the curve shows a porr fit during

summer months, The variation in computed quantities may be a

result of a possible change in management practices in the field with

respect to quantity of biomass. It is likely that the quantity of biomass
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is being altered during summer months (maybe in alternate years) on
account of its profuse growth in these months. This practice will,
therefore, yield higher quantities of nitrate in the surface runoff in |
the summer months, Further testing of the model is necessary to
establish the extent of such cyclic changes in the management prac-
tices in the field. The correlation coefficient obtained is 0. 81,

n = 24,

Total dissolved solids. In this study the total dissolved solids

is obtained by summation of individual ions. Figure 30 shows the
observed and computed quantities of total dissolved solids. For the
two years of study, the computed quantity of TDS is 2 percent higher
than the corresponding observed value, with a correlation coefficient

of 0.90, n = 24,

Model utility

Among the various uses the model can be put to is the study of
the effects of alternative management practices on the quality of water.
The particular management situations selected in order to demonstrate
the utility of the model are discussed below,

Effects of changing composition of fertilizers: The type of fer-
tilizers assumed in the calibration of the model were the urea and
ammonium types in equal proportions. Under the assumed manage-
ment situations the effect of applying only one type of fertilizer,

namely urea, has been considered. A typical distribution of the
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predicted concentration of NO.; in the top layer of the soil profile is
shown by Figure 31, It is seen that the average concentrations of NO-;
in the top layer with the application of urea alone is much less com
pared to the application of the combination of urea and ammonium type
fertilizers, This is probably due to rapid hydrolysis of urea in the
absence of any rate inhibiting cox.'npounds. The final quantity outflow
of NO-; in the runoff water did not, however, show any appreciable
difference, probably due to sufficient uptake of this nutrient by the
growing crops.

Effects of land application of a typical effluent from an oxidation

|
1

pond: In order to demonstrate the effects of this management situation,
|

the chara%cteristics of a typical effluent have been assumed to corres-
pond to the analysis indicated by Environmental Protection Agency
(1973) and shown by Table 10, Application of the existing source of
irrigation water and also the fertilizer application have not been as-
sumed in this study. Shown by Figure 32, is a typical distribution of

the predicted concentration of NO3 in the top layer of the soil profile

for the assumed management situation, It is seen from Figure 32 that

the concentrations of NO3 are much in excess to the corresponding
values under the existing management practice (Figure 31), namely
application of irrigation water and fertilizers, The predicted quanti-
ties of NO; and the total dissolved solids (TDS) in the runoff water

are shown by Figure 33 and Figure 34, respectively. The predicted
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Table 10. Typical characteristics of effluent from an oxidation
pond.
Concentration

Constituent Mg/l

Chemical
Specific conductivity,

pmhos/cm 1140

Total dissolved solids 780
PH, units 7.3
BOD 15
Total nitrogen 25,2
Nitrate-nitrogen 14,2
Ammonia-nitrogen 6.1
Total phosphorus 13.0
Chlorides 158
Sulfate 115
Alkalinity (CaCO3) 305
Boron 0.3
Sodium 150
Potassium 13
Calcium 30
Magnesium 49
Sodium adsorption ratio 3.9
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quantities of NO3 shown in Figure 33, however, did not consider the
nitrification in the overland flow, a feature not included in this model,
The predicted quantity of TDS is about 74 percent in excess compared
to the quantity with the existing management practice. The results ap-
pear to be in order as the average TDS of effluent from lagoon is
about 780 ppm, while the TDS of the irrigation water is about 350 ppm.

A similar increase has been noticed in respect to the remaining ions

constituting the effluent salts.

Conclusions

The management studies indicated the usefulness of the model in
predicting the effects of such changes in the basin on the effluent water
quality., The sensitivity of the biological and chemical models in
predicting the concentrations of NO—3_ within the root zone is also

demonstrated by the management studies.
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CHAPTER VII

SUMMARY AND CONCLUSIONS

Summary

A computer program was developed which combined the effects
of biological changes on the chemical quality of water percolated
through a soil profile, with a hydrologic model of an irrigated area
of a river basin where subsurface runoff is predominant. The model
was based on the work of Dutt et al, (1972) which incorporated im-
provements in chemical model and introduced a biological transforma-
tions model in respect to microbial nitrogen transformations within a
soil profile, The combined model developed in this study is a signifi-
cant improvement over the work of Thomas et al. (1971) in developing
a comprehensive water quality model. The composite model operates
the hydrology portion on a hybrid computer while the quality model is
entirely digital. A variable spatial resolution and monthly time incre-
ment have been adopted to simulate the outflow of water and specific
ions comprising the salt from an area in which irrigated agriculture
is the predominant user of water, The seven individual ions considered
in this study were calcium (Ca++), Magnesium (Mg++), sodium (Na+),
bicarbonate (HCO;), chloride (Cl_), nitrate (NO;), and sulphate (S‘Oz).

The model was verified on the Snake River Plains, Twin Falls,

Idaho, and it successfully predicted the quantities of water and the
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seven ions. All the predicted quantities of ions agreed within 10 per-
cent on a weight basis, except sulphate ion, which comprises approx-
imately 14 percent of total salts, showed significant variations for a
few months in the calibration period. The correlation coefficients for
the other ions for the two year model period, are withiﬁ a range of
0.78 - 0.90, The sodium ion showed a closer fit in this study com
pared to the results of Thomas et al, (1971). The results of nitrate
ion are reasonably good.

The hydrology model which presently uses the hybrid computer
can be entirely digital to make the composite model an all-digital
program, The present program utilizes almost all the memory avail-
able on the i32, 000 word digital computer. The program can handle
two years of data with five different soils in each basin with 15 layers
for each soil. Therefore, for longer periods of record or for other
water quality parameters it would be necessary to adopt a computer
with higher capabilities in addition to making the program entirely

digital, as required.

Applicability of the Model

The hydro-quality model developed in th_is study is general in
nature and has a variety of practical field applications. Some of the
typical problems for which the model is useful are given as follows:

1. An examination of the effects of various management

alternatives upon water quality (salinity) levels under
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conditions of both present and projected land use patterns.
Studies involving the impacts of the quality of irrigation
return flows upon downstream users.

Nitrate pollution of groundwaters.

Predictions of the quality of downstream waters when
municipal sewage effluent is used for irrigation purposes.
Studies involving fertilizer management practices to pre-
dict the nitrogen uptake by crops while minimizing

leaching losses to the groundwater.

Suggestions for Further Research

Invariably, all the research works lead to ideas and problems

to be resolved. The research work reported herein is an attempt in

terms of developing a comprehensive hydro-quality model. Further

work is necessary for completing this goal as detailed below.

1.

Improve the present model by making it an all-digital

program to reduce both the memory required and also

the operating time of the computer,

Test the model on areas where

a. the source of water is municipal sewage effluent to
demonstrate the prediction of the individual ions, and

b. the nitrate ion constitutes a significant quantity of

runoff,
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Improve the nitrogen transformation model to reduce the

number of assumptions made in this study and also to

include the following:

a.

c.

Include the effects of other ions, namely the PO

Study other types of equations with respect to rate of
nitrogen transformations suitable for a gross monthly
model, |
Develop rate equations for nitrogen transformations
on the overland flow to represent adequately the rate
of nitrification and uptake by aquatic biomass. This
will facilitate applicability of the model where there
is significant surface runoff compared to subsurface
runoff, It will also adequately describe the nitrifi-
cation process of a sewage effluent on land applica-
tion,

Include a temperature simulation model of the soil
layers to adequately describe the temperature
changes which affect the nitrogen transformations.
Include a pathway of denitrification at the junction of
soil water and groundwater table, a possibility that
can occur in some of the areas,

and

O ]

+ =
K, and C03.
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Include the effects of other users, such as municipal and
industrial, on the water quality parameters in the system,
Include other water quality parameters such as dissolved
oxygen, temperature, biochemical oxygen demand, pest-
icides, radioactive elements, heavy metals, and

coliforms,
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Appendix A

Theoretical development of equations
in chemical model

A, The mathematical relationships for the various chemical re-

actions considered in the chemical quality subsystem,

1.

Solubility and precipitation of gypsum

Gypsum is a slightly soluble salt which is often present
in the soil, added as a so0il ammendment or formed when
the solubility product is exceeded. The equation describ-

ing the relationship of gypsum with other constituents is

— .+
Ca.SO4 . ZHZO Ca +SO4+ ZHZO e« (A-1)

A, A AZHO

The solubility product Ksp = _Ca_504 2 2.4x10°
A .+ 2H_O
CaSO 2
4

Assuming that activities of CaSO4'.- ZHZO and HZO are
unity,

KSP = CCa CSO .ta -YSO . Y . . ° (A-Z)

4 4
Let M0 and M0 be initial molar concentrations
Ca SO4
. ++ =

of undissolved Ca and SO, .

4

Let x be the amount that dissolves into gypsum. Then

the final concentrations will be

o

I\dca - MCa + X . . '} L) . . . . (A-3)

M = M° + x (A-4)
SO4 SO4

Substituting in Equation (A-2) we get
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(¢ (o]
Kep = M, + XM 50, tx) Yoo 50, (A-5)

Assuming Yea = = <y and rearranging the terms

Y,
SO4

Equation (A-5) can be written in the quadratic form

.A.XZ + Bx + C = 0 . . . L] L] . . (A— 6)

in which
A =1
o o
B=M, *tMg
4
2
o o
C=M_ Mg, - Ksp/Y

The Equation (A-6) is solved for X, the change in con-

centration of Ca.-‘-+ and SO4 to reach equilibrium,

Undissociated CaSO 4

The dissociation constant K_  of the ion pair CaSO

D 4
can be expressed as
Me,: Mso4 " Yca yso4
K = . . . . (A"?)
D M o v o
Ca.SO4 Ca,SO4
. . -3
in which KD = 4,9x 10
YCaSOZ =1
o
MCa B Ca
M m° Y
SO4 SO4
M = M° + Y
CaSoO, ~ CasSO
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and Y is the quantity of CaSO, formed, The Equation

4

(A-7) can therefore be written in the form of a quadratic as

AYZ + BYXC = 0 . . . . . . (A-8)
in which
A = yz
o) 1) 2
B=-[M CaMSO4) Yy *E&p “/Caso‘;] (A-9)
o o 2 o
C = [MCaMso47 - ¥p VCaso‘;MCaso4]_(A'1°)

Solving for Y we get the amount of CaSO4 formed and
precipitated.

Undissociated MgSO4

The chemistry of undissociated MgSO4 is similar to that

of Ca.SO4 and the equations are similar with appropriate

dissociation constant of 6.3 x 10-3 for MgSO4 .

Dissolution or precipitation of lime

Lime is the least soluble salt in pure water without COZ’
with a solubility of about 14, 3 mg/1 for calcite and 15. 3
mg/1 for aragonite (Bathhurst, 1971) in the pressure-
temperature range of surface waters. With the addition of
CO2 to the water, solubilities can reach hundreds of mg/1.
The soiubilit;r product increases with increase in partial

pressure of CO_, and decreasing temperature,

2

The various equations describing the equilibrium of

Carbonate waters are:
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++ = -8.3
[ca™"][co]] = KCaCO3- 107° - Kep (A-11)
[H"] [HCO,] "

- Ky oo = 10004 -k (A-12)

[H,C0,] 2¢93
6] [CO})

HCO ]3 = Kycoo = 107193k A-13
[HCO, 3 ° =52 (A-13)

-14

[H'][oH ] = Ky o - (A-14)
H,CO, = Pco, ° ®co, (A-15)

Since CO.; is a function of partial pressure of CO2 and

Hco;' concentration is usually the predominant form in
which CO2 occurs in soilwater system, it is more con-

venient to consider the following reaction.

++

H2C03 + Ca.()'O3 — Ca + ZHCO3
++ — 2
[Ca™"] [HCO,]
K
[H,CO,] [CaCO,] (A-16)

K

1

= Ksp g,

in which Ksp' K1 and K2 are defined in Equations A-11),

(A-12), and (A-13), respectively,

Assuming constant pressure of CO_ and the activity

2

coefficient of H2C03 to be unity, the Equation (A-16) can

be written as
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++ — 2
Z = KCy oo = [Ca’ ][HCO,]
2-Y3
=M. *M . 2 (A-17)
~ Yca VHcoO, Yca Y HCO, -
z 2
and ZE = =M 2 M (A-18)
YCa 7HC032 Ca HCO,

in which M is concentration and VY is the activity of
associate ion, No attempt has been made in this study to
incorporate the changes in solubility of Ca.CO3 in the soil

and also variation of HZCO content with soil moisture.

3

If x is the change in moles to reach equilibria, then
M = M + x (A-19)
M = M + 2x (A-20)

The Equation (A-18) will therefore be

o o) 2
ZE = (MCa + x) (MHCO3 + 2 x) (A-21)
This can be written in the form
3 2
Ax + Bx + Cx + D=0 (A-22)
in which A = 4
o o
B = 4[MCa + MHCO3]
o 2 o o
c=mM HCO, tAaM oM HCO3]
o o
D =M HCO, Mca - 2F

The Equations (A-19), (A-20), and (A-22) are used
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++

to compute the equilibrium concentrations of Ca and
co, .
H 03
5. Cation exchange reactions
The cation exchange reactions considered in the model are
the Ca - Mg and Ca - Na reactions.
Ca - Mg exchange: An equation which has been extensively
. ++ + . ,
used to describe the exchange of Ca and Mg in soils
is represented by
Ratio of Cationic Ratio of equilibrium
species in the ex- _ [Equilibriunﬂ Concentration of the
ternal equilibrium - Constant absorbed cationic
solution species
or
M M!
MCa - K MlCa (A-23)
Mg Mg

Let Y be the number of moles of Mg++ per gram
of soil entering an exchange complex when a solution is
brought into contact with soil colloids., Assuming that sum

++ ++ . ey
of exchangeable Ca and Mg is constant, the initial

concentration of C‘.a.++ and Mg++ is b and b moles
Ca Mg

per liter in the sqlution, and BCa and BMg' moles per

gram of soil in the soil exchange complex. Then

] - - -
Mo, = B., - Y (A-24)

M! = B + Y A-25)
Mg Mg (
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= + -
M, = be, BY (A-26)
MMg = ng - BY (A-27)
in which p = Brams of ovendry soil _— ,q5, . o uedin

liters of solution

this study.

Combining all the above expressions with Equation
(A-23) we get

bCa+f3Y~KBCa-Y

- BY ¥
Prrg B Brg * ¥

(A-28)
Upon rearrangement we have:

2
B(l-K)Y +[[3(BMg+KB ) +b., + Kb ]j{

Ca Ca Mg
+ bCa BMg - K ng BCa = 0 (A-29)
which is of the form AY2 + BY + C = 0 (A-30)

The equation (A-30) is solved for Y to represent
) ‘ _ ++ ++
the changes in concentration of Ca and Mg to reach

equilibrium in the solution complex.

Ca - Na exchange: Gapon equation used for Ca-Na

exchange is

Na Na
= K-—rm== (A-31)
NCa N ACa
in which

A denotes the activity of the ions indicated by the
species,

K is the exchange constant, and
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N denotes the concentration of exchangeable ions
indicated by the species.
+H : . .
Let y moles of Ca per gm of soil that go into solution;

b are moles/liter of Ca'+ and Na' in solution phase,

bCa' Na

B B__ moles/gm adsorbed on the soil exchange complex.

Ca’ "Na
Therefore, the relative change in composition of solution

and adsorbed phases are:

Ne, = B, - ¥ - (A-32)
and NNa = BNa + 2 y in the adsorbed phase (A-33)
Cea = Pca t By (A-34)
and CNa = bNa - 2By, in the solution phase, in which

B is already defined,

Substituting the values for NCa’ NNa' CCa’ and
CNa in Equation (A-31),
NNa = K YNa CNa
NCa '\/5Ca Ca
or BNa + 2y Na (bNa - 2 By)
B, -y = Sy b TEY (A-36)
Ca Yca \Pca TPV
For a uniform ionic strength YCa = yNa . Denoting
yCa
Y = , the Equation (A-36) can be written:
yNa
4 3 2
Ay + By + Cy + Dy + E = 0 (A-37)

in which,
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A = -4K2t32
% .2 2
- 2
B 4!3(v+KbNa+ K BCaB)
C = 4 "‘(b +BB )—4K2B B(B . B+2b )_biz
= 27 Oc, Na Ca ' Ca Na Na
D ‘hB 4b __ +PB )+2K2b B_. (2B_ B+b__ )
=Y Na( Ca Na Na Ca Ca Na
and
E = vEBE b k% B2
=7 Na Ca Na ~Ca

The Equation (A-37) is solved for y, the change in
concentration required to reach equilibrium from initial or
approximate conditions.

B. Mathematical relationship for the equilibrium concentrations of *
ions in solution and on exchange complex, used in subroutine EQEXCH

1. Equilibrium concentrations of ions in solution

Considering the formation of ion pairs, the total

equilibrium concentration of the ions Ca++, Mg++ and SO,

4
are given by:
Cca, = ®ca * Ccaso (A-38)
t 4
CMgt = CMg + CMgSO4 (A-39)
Cso. = Cso, * Ccaso, * Cmgso (A-40)
4t 4 4 4

The thermodynamic equilibrium constant, K, for
equilibrium between the undissociated species in solution

and the appropriate ions would be
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A A A A
Keaso, = Aca 24, Kyveso, = ;\:I S04
4 CasO, &% MgSO,
. . . . . (A-41, A-42)

Combining the Equations (A-41)and (A-38)

Yso Yca €ca Cso
c . t 4 (A-43)
CaSO, K .50 . *Yea %0 . Cso .

and similarly combining Equations (A-42) and (A-39)

%o Mg Mg Cso
c - 4 t 4 (A-44)
MgS0,  Kyeso L+ Mg 50, Cso .

Assume that divalent activity coefficients are equal, namely

Yea * Yso, T Ymg

:’yz

Combining Equations (A-40, 43, and 44) it is found that:

Ax3 + sz + Cx + D = 0 (A-45)
in which
2
A = 'Yz
B = Y, [(Keaso, * Bamgso,) T Y2(CMmg T Cca " Cs0 ]
4 4 + ¢ 4
€ = Keaso, Bmgso, T Y2[Cmg Keaso, T €2 Bmgso
4 4 t 4 4
_C (K +K ) ]
8041: Ca.SO4 MgSO4
D= - C K K
SO4 MgSO4 CaSO4

t

Equation (A-45) is solved for x, the equilibrium

concentrations of SOZ ion. The equilibrium concentra-

tions of Ca and Mg ions are obtained from Equations

(A-39) and (A-40).
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2. Concentration of exchangeable cations

Total concentration of exchangeable cations is given by:
Nt = NNa + NCa + NMg (A-46)
in which N denotes the concentrations of ion indicated by

the subscript.

Ca - Mg exchange is described by

=2 (A-47)
Ay KX

A N

Na Na
Va_. = K x (A-48)
Ca Ca

Combining Equations (A-46), (A-47), (A-48):

A -
N = Na | NCa + K NCa AMg + N
t 'J'Aca K, 1 ACa Ca
A A
_ Na Mg
NealE w2 * ¥ & 1]
2 Ca Ca
or
A A
_ Na Mg
Nea = N [l VA *Hia 1 A9

Knowing the activity coefficients, the ionic concentrations
for an equilibrium soil extract for Ca, Mg, Na, and the total
exchangeable bases, the exchangeable Ca can be calculated from
Equation (A-49)., Exchangeable Na and Mg are calculated from
Equations (A-48) and (A-46) respectively.
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APPENDIX B



a0

a0 n

A MYDRO=GUALITY MODEL T0O PREDICT THE EFFECTS OF BIOLOGICAL

TRANSFORMATIONS ON THE CHEMICAL QUALITY OF RETURNFLOW

OPTIMAL VERIFICATION BY MODIFIED PATTERN SEARCH METHOD=OPVER

COMMON/BLK ) /AREA,CF),CF2,C0(5),D,0A,ECC28),ITX,L,LL, MM, NN,NS,PY,
1TAGSO(28),78(20),TC(20),TCA(20),TCAS0(20),TCL(20),TCOM (28}, TE(28),
2THCO3(20),TK(20),THG (20), TNAL20), TNO3(20),T80(¢20),T804(2a),
3TXX(20) , XLIME (20) , XM, 2E(20)

COMMON/BLK2/A,AACA(24) ,AANT(2,4),AAMTRC(3), AAMTRN(S) , AANDI (24),
1AMT(5,5) ,AMTRC (5) ,AMTRN(5), AN, ANH3, AOR(24) , AUREA (24) ,AACD3 (24),
2AASD4(24),AANHI(24),B1(S5),B2(5),B3(3),BB1(4),BB2(4),BB3(4),B80,D1,
3BNH4,C(5),CC(4),CCC,CN(5),CNL1(Y),ENOI(24) ,CNR,DELT,DELX,DNH4,ENHE,
4FMCS,G,NMO,0AHY (2,8) ,0RN,P,PLNH4(24) ,PLNO3 (24} ,R(5,5) ,RC{5),RN(S),
83M(24),5AMT(2,4),7(24),TEN(24), TNHI(24),TNHA(24), TTNRI (24),
STUREA(20) ,U1 (24) ,UPTK(24),UREA,UBTOM(24),V(5) .

COMMON/BLK3/PCA(24,5),PCL(24,5),PHCO3(24,3) ,PHG(24,5),PNA(24,5),
1PNO3(24,5),P804(24,5),08),CCA(73),CMG(70),CNA(78),CCL(7D),
2CHCO3(70),C804(78),CCNDI(70)

COMMON/BLKA/AK [24) ,AMG (24) , ANA(24) ,CA(24) ,CL (24),0AL (24),DP(24),
1GWBF (24) ;HCOI(24) ,SMC, SMCH (24) , SNPC (24),804(24) ,8PC,SRF (24),
23TRCY(24),8UBSRF (24) ,SUNOUT (24) , X1 (24),X3(24)

COMMON/BLKS/A8(9),AGINIC,ARF1,8(9),CAC(9),DDA(6),0CA(D),00(12),
40P (23),016(12),0UM(2,12,8),EFF(12),PK(12),1,11,11(9),J,JJ,LYRO,
2N, (23) ,NYR,XXX,081(25),088(2,25),PCP(9),POL(12),PN(29),PL(29),
IPM(25) ,PR(25),PVV(25),8CAC,8IM(2,253),3KAL, N0, SWKC(12),TT,
AXIN(B,25),XMN (25) , XPM(25),VV (13),WKC(9,12) ,EVT(24)

DIMENSION PT(18)

DATA PY(1),PT(2),PT(3),PT(4),PT(5),PY(6),PT(7),PT(8),PT(9),PT(L0),
1PY(11),PT(12),PT(33),PT(14),PT(13),PT(16)

2 /4HPB18, 4HPOLL, 4HP12, 4HPR13,4HPR14,4HPC1S, 4HPO16, 4NPDY 7,
J4HPR18, 4HPR19, 4HPR2D, dHPR21, 4HPD22, 4HPD2Y, 4HPR24, 4NPB2S/

CALL OSHYIN(IERR,389)

CALL 0GSC(1,IERR)

PAUSE 1§

CALL GSSECN(IERR)

CALL Q3pLY(19)

READ (6,108) ITY

IFLITY) 99,99,2

ITY®® G0 TO QUALITY SUBROUTINE

2 60 YO (5,9,1@,1080),1ITY

ITYs1 OPERATE AS ORIGINAL PROGRAM RETURN AFTER 238 IN HYDSM
ITYs2 OPTIMAL VERIFICATION ONLY

ITYa3 PLOT OBSERVED OUTFLOW AND COMPUTED OUTFLOW
ITYwd PROGRAM STOPS

IENTeY

IRETeg

60 Y0 80

READ NUMBER OF PHASES(NPH) AND NUMBER OF PARAMETERS
READ(6,109) NPH,NPR

00309 LLei,NPR

-

389 READ(E,301) L,XINCL,LI,PLIL) PM(L)  NLIL)
310 ORI(1)w0BY

INITIALIZE MINIMUM CONDITIONS
PRMNSQB)

PHMNS0BJ

DO 314 Lsy,NPR
XMN(L)=XIN(Y,L)
XPM(LYeXIN(1,L)
PRILYwXINCL,L)

334 OF(L)ePM(LI=PL(L)

TAKE & NEW PAGE WRITE PM,PL,NL
WRITE(6,302)

313

349

349

367
Ise

331
352

353
378

3I7e

380

384

hLY)
pLL]

387
k11

39a

DO 315 Ls},NPR

WRITE(6,303) L,PM(L),PLCL),DF (L),NL(L)
BEGIN PHASE LOOP

00 39p K3, ,NPH

TAKE NEw PAGE WRITE PHASE ONE INITIAL VECTOR
WRITE(6,304) K,PHMN
WRITE(A,3@5) (XIN(K,L),L=1,NPR)
WRITE (6,306)

BEGIN PAR LONOP

DO 388 Js1,NPR

NLOsNL (J)*1

NO OF LEVELS sNLO

IF(NLO,LE,2) GO To 380

BEGIN INCREMENT LQOP

00 370 IKs3,NLO

IFC(IK,GT,4) GO YO 340

XNLeNL (J)

D8®DF (J) /XNL

XIs(lkey)

INCREMENTED LEVEL
PR(J)sPL(J)eDSeXI

OPERATE MODEL AND DETERMINE 0BJ
CALL PARSET(J,PR(J))

CALL HYDSM(2,2,08))
WRITE(6,327) J,IK,PR{J),08J

IF NEW PAR INITIALIZE LOCAL MIN
IF(IK,GT,1)60 TO 387

PRMNSOBJ

XMN(J)aPR(J)

CHECK LOCAL AND PHASE MINS

G0 YO 351

IF(OBJ=PRMN) 330,381,351
PRMN®DBJ

¥MN(J) PR (J)

IF(0BJ=PHMN) 352,37p,370
PHMNROBYJ

DO 383 L1, NPR

XPMCLYSPR(L)

CONTINUE

RESEY PR(J) YO FIXEC LEVEL FOR NEXT PAR
PR{JYnXMN(J)

CALL PARSET(J,PR(J))

CALL HYDSM(2,2,08))

CONTINUE

SELECY BEST VECTOR NEXT PHASE
IF (PRMNePHHMN) 384,386,388
KPJsKey

DO 385 Lsi,NPR
XINCKFJ,L)mXMN(L)

PRCL)aXMN(L)

CALL PARSET(L,PR(L))

GO TO 388

KFJuKel

DO 387 Lwi,NPR
XINCKFJ,L)mxPM(L)

PRCL)mXPM(L)

CALL PARSEY (L,PR(L))

CALL HYDSM(2,2,08J)
NBI(Ke1)s0ORJ

CONTINUE

WRITE OUT INITIAL VECTOR TaBLE
NHPsNPH¢ L

WRITE(6,1P9) (OBI{L),Lm=1,NHP)

eal
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22"

se
10
[ 2]

108
108

189

110
11
3ot
302
303
Jo4
Je3
306
a7
308
1600

WRITE(®,110)

NPTENPHe]

DO 91 (wi,NPR

WRITE(A, 111)L, (XIN(M,L) ,MB1,NPT)
SET ALL PARAMETERS TO OPTIMAL VALUE AND QOPERATE
00 228 L=1,NPR

CALL PARSET(L,XIN(NHP,L))
WRITE(6,103)

CALL HYDSM(2,3,08J)

GO Y0 1

CALL WMYDSM(IENT,IRET,08BJ)

Go T0 1t

CALL GRAPH

G0 Y0 1

CALL QUAL

60 70 1

FORMAT (1813)

PORMAT (/746K I J GMES QRSIM pIF QGR SRF SUBSF GWBF,
128HSNPC  STRC DAL CPr17)

FORMAT (1H1//27X,1SHINITIAL VECTORS//10XSHPHASE,7X,1H1,9X,1H2,9X,
$1HI, 9%, 1H4, 90X, 1H8//12X,3H0BJ,5F10,4/)
FORMAT (12X,3NPAR/)

FORMAT (12X,15,%710,3)

FORMAT (12,3(F6,2,2X),12)

FORMAT (1M1//7/727%,IHPAR, 8X, 2HPH, 8%, 2HPL,8X, 2HDF , BX,2HNL///)

s

PORMAT(29X,17,3X,3P10,3,17)

FORMAT ({H1//20X,5HPHASE, 13,2%,54PMINE,F1Q,4)
FORMAT {SX,10F7,3)

FORMAY (//7/6X,20H1IP LV PAR 0B8J)

FORMAT (5X,13,2X,13,P11,3,5781,4)
FORMAT(S5X,13,2M »,13,F11,3,5F11,1)
sToP

END

BASIC DATA FOR BeC ET=SUSROUTINE BASIC

SUBROUTINE BASIC

COMMON/BLKS/AB(9) ,AGINIC,ARF1,B(9),CAC(9),DDA(S),DCA(S),0D(32),
le(zS).Dthli).DUthplzuai.EFP(lZ).PK(XEJ.1111.11(9):J:JJuLVan
2N (25) ,NYR, XXX, 0BT (25),088(2,25),PCP(5),PDL(12),RH(25),PL(25),
3PM(25) ,PR(25),PVV(28),8CAC,8IM(2,25),8KAL,N0,8wkC(32),TT,
ANIN(G,25) , XMN(25),XPM(25),VV(13),WKC(9,12) ,EVT(24)

READ(S,100) LYRO,NYR

READ(6,118) (VV(I),I»1,13)

READ(8,115) (B(I},1e1,9)

READ PERCENT DAYLIGHT HOURS LAT42«30N

REAQ(8,1m2) (PDL(K),Ke1,12)

READ USE COEFFICIENTS

pos21s1,9

82 READ(6,220) (WKC(I,J),J=1,12)

WRITE INITIAL DATA
WRITE(6,110) (VV(1),1s1,13)
WRITE(6,102) (PDL(K),Ke1,12)
WRITE(8,113) (B(1),Is1,9)
00 Seelsi,9

SeP WRITE (6,221) I1,B(1),(wKC(I,J),Js1,12)
100 PORMAT(1615)

192 PORMAT(12F6,2)

117 PORMAT(13(3X4A3))

115 FORMAT (S (IXA4))

220 FORMAT(18X12F5,.0)

221 PORMAT(1X,12,47,32F8,2)

239 RETURN

END

c

SURROUTINE FOR SYSTEM HYDROLOGY

SUBROUTINE HYNSMCIENT,IRET,08J)

COMMON/BLKY /AREA,CF1,CF2,C0(5),0,DA,ECC28), ITX,LobLL, M4, NN, NS, PY,
1Y4BSN(20) ,TA(20),TC(22),TCA(20) ,TCASO(20) ,TLL (22),TCON (27, TE (28),
2THCO3(28Y,TK (20) , TMG (20), TNA(2@), TNO3 (20), TSO(2@), 7504 (20),
3TXX(20),XLIME(2P),¥YM,2E(20) N

COMMON/BLK2/4,AACA(24), AAMT (2,4) , AAMTRC (5], AAKTRN (5), AANOD (24),
LAMT(S,5),AMTRC(5), AMTRN (5), AN, ANH3, AOR (24) , AUREA (24) , A4C03(24),
244804 (24),AMNKD(24),B1(5),82(5),B3(%),8B1(4),BB2(4),BK3(4),B0,01L,
3BNH4,C(5),CC(4),CCC,CN(5),CNL(5),CNO3(24) ,CNR,DELT,DELX,DNH4, ENNE,
4FMCS,G,NMD,0AMT (2,5) ,0RN,P,PLNHE(24) ,PLNOI(24) ,R(5,5) ,RC(S),RN(S),
58M(24) ,5AMT(2,4),T(24), TEN(24), TNHI(24),TNHA(24) , TTNHI (24),
STUREA(20),UL(24) ,UPTK (24) ,UREA,UBIOM{24),V(5)

COMMON/BLK4/AK(24),AMG(24) ,ANA(24),CAC24),CL(24),DAL C24),DP(24),
LGWBF (24) ,HCO3 (24),3MC, SMCH (24) ,3NPC(24),804(24),5PC, SRF(24),
2STRC1(24) ,SUBSRF (24), SUMOUT (24),X%1(24),X3(24)

COMMON/BLKS/AB(9) ,AGINIC,ARF1,B(9),CAC{9),DDA(6),DCA(9),D0(12),
10F(25),DI16(12),0UM(2,12,8),EFF(12),PK(12),1,12,11(9),4,JJ,LYRO,
2NL €25) ,NYR, XXX,081(25),0BS(2,25),PCP(9),POL (12) ,PH({28),PL(25),
3PM(25),PR(25),PVV(2%),8CAC,SIM(2,25),9KAL,SNO,SWKC(12),TI,
ANIN(E,25), XMN(25), XPM{25),VV(13),WKC(9,12),EVT(24)

GO TO (8,9),1ENT

CALL BASIC

CALL HYDDAT (IENT,IRET)

00 2 Ie1,8
DDA(I)=0,
CALL QWBDAR(DDA,,S,1ERR)
CALL 0GSTDA
INITIALIZE OBJECTIVE FUNCTION
9 08Jemp,
OBAs3,
ARF1sAGINIC
SET ANALOG TO INITYIAL MODE
CALL OSIC(IERR)
REPEAT PROCEDURE FOR EACH YEAR
K@
SUMHEQ,
SuMCep,
YSUMeg,
YSQRep,
1e0
IF(IRET.EQ,P) WRITE(S,S)
DO 223 IIsy,NYR
QMEASARD,
FE3LTY LN
REPEAT DPERATIONS POR EACH MONTH
D0 222 JJsi,12
Inley
KaKel
INITIALISE TEMP,POM,XKC,PRE
TEMPsDUM(II,JJ,7)
POH=PCL(JJ) /10E,
XKCnSKWKC(JJ) /100,
PRE=DUM(IX,JJ,8)
COMPUTE SNOWMELT
IF(TEMP,G7,32,) GO TO 606
SNOs INITIAL WATER EQUIVALENT OF S$NOW PACK
SNOwSNO¢PRE
PSHMug,
GO TO 608
808 WSaSNO+EXP(SMC* (TEMP=32,))

~

1471
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a5

611
612

613

150

MONTHLY SNCWMELTeFNR

FNR8SNO=WS

SNOsWS

PSMuPRE«FNR

SPEPSM

SNOWMEL T#PRECIP

ND&(1)wSP/SKAL

COMPUTE ET BY BLANEY CRINDLE= INCHES
EaXXCo(B,0173«TEMPe 314)wTEMP#POH/SKAL
NIVERSIONS TO LANDe INCHES

Qe (DUMIII,JJ,1)eDUM(IT,JS,6))%12,/ (AREACSKAL)

ODA(2)n=E

DDA(3) 00

INITIAL MOISTURE CONTENTeDIG(7)
DDA(4)#DIG(7)/SKAL
DDA(S)aDIG(2) /SKAL

IRRIGATION EFFICIENCYSEFF(JJ)
DOA(8)sEFF (JJ)*0DA (D)

TRANSFER DATA FROM DIGITAL TO ANALOG
CALL QWBDAR(DDA,P2,6,IERR)

CALL QSTDA

TEST SENSE LINE TO PRCCEED COMPYTATIONS
CALL ORLBB(ITEST,IERR)
IFCITEST,.ER, '200) GO YO 611%
CALL QRLBH(ITEST,JERR)
IF(ITEST,NF,'200) GO 7D 6312
CALL OSOP (IERR)

CALL QRLBB(IYEST,IERR)
IF(ITEST,.EQ,'202) GO TO 613
CALL OSHCIERR)

TRANSFER DAYA FROM ANALOG TO DIGITAL
CALL QRBADP (AB,2,9,1ERP)
DP(I)nSKAL«AB(})
EVT(I)eSKAL#AB(2)
SH{IYuSKAL®AB(I)
DAL(I)eSKaL+sB(4)
SRF(1)s=SKAL#AB(S)
SNPC(I)maB(8)*SKALeSPC
STRCI(I)weSKAL*AS(Y)

GHBF (1) sSKAL+AS(9)

ARF234B(8) #SKAL

ARFs (ARFieaRF2) /2,

SUBSRF (I)saRFFK(JJ)

COMPUTED QUTFLOW

SUMOUT (I)=SRF (I)#SNPCCI)+STRCI (1) +SUBSRF (1) «GWBF (1)
SIM(11,JJ)esUMOUT(I)

COMPUTE MEASURED SURFACE RPUNOFF = INCHES
QMEASRA,

00 1%g MMa2,8
QMEASEDUM(TT,JJ, MM) «OMEAS
AMEASIERMEAS#12,/7AREA
OBS(II,JJ)=gMEAS]
OQ0UT=SUMOUT (1) wAREA/12,

NEY CHANGE IN SOIL “OISTUFE
SMCH(I)sFNRePRESOAL (1) =EVTI (1)
COMPUTE RARE FLOW

GGOUT=GWRF (T)+SUBSRF (1)
ARF 1 mARF2

CALCULATE ORJ
DIFFeQMEAST=SUMPUT(])
GMEASASGMEASA+IMEAS]
RSIMARNSIMASSUMOUT(])

IF(IRET,EG,3) GO Tn 25¢
DIFFsABS(DIFF)
0BJw0BJ+(DIFF)ee2
IF(IENT,EQ,2) 60 TO 222

WRITE(6,103) 1I,JJ,5RF(I),SUBSRF(I),EVT(I),GWRF(]),SNPC(I),
1;7“0!(T)ISFCH(!).DAL(!)aD’(l):SUNOUTlI)'QHEAS!.DIFF
0 T0 222

2830 WRITE(6,123) II,JJ,CMEASI,SUMOUT(1),DIFF,QGOUT,SRF(1),SUBSRF (1),

IGWBF (I),SNPC(1),8TRCI(Y),DAL(I),DP(T)
222 CONTINUE
IF(IRET EQ,2) GO TO 225
OIFFASQMEASA=QSIMA
IP(IRET,EC,3) GO TO 251
WRITE(8,104) QMEASA,QSIMA,DIFFA
251 SUMMESUMM4QMEASA
SUMCESUMC+GSIMA
229 CONTINUE
1F(IRET.E0,2) GO TO 239
COMPUTE CORRELATION COEFFICIENT
NMOsK
XNORNMD
Y3QRis,
Dxea,
Dywp,
XBAR®SUMM/XNO
YBARSSUMC/XNQ
DO 1S IIwy,NYR
DO 1% JJwi,12
DIFFXa0BS(I1,JJ)=XBAR
DIFFYsSIM(II,JJ)=YBAR
YSQRSOIFFX#DIFFY
DIFFXsDIFFXeDIFFX
DIFFYRDIFFYeNIFFY
DXWOX+DIFFX
DYSDY+DIFFY
15 Y3GR1aYSOR]+YSAR
YSOR1sYSQRI#YSQRL
DNRaDX*DY
RReYSQRY/DNR
RRR3SQRT (RR)
SUMMBSUMMeAREA/12,
SUMCeSUMC#AREA/ 2,
WRITE(8,125) RR,RRR,SUMK,SUMC
8 FORMAT (544 YR MO SRF SUBSRF EVTY GW3F SNPC STRC SMCH
124K DP  SUMOUT QMEAS DIFF )
193 PORMAY(213,12F6,2)
104 FORMAT(2X,3F8,3)
105 FORMAT(//5H RwRm,F6,4,2X,2HR=,F6,4,2X,1{HTOTAL MEASS,Fi10,0,
12X, 11HTOTAL CALCH,F102,0)
232 RETURN
END

DAL ,

§Sq1
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54

55

57
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69
79

86

HYDROLOGIC DATA INPUT = SUBROUTINE WYDDAT

SUBROUTINE HYDDaAT

SUBROUTINE WYDDAT(IENT,IRET)

COMMON/BLKY/AREA,CF1,CF2,C0(5),0,04,EC(20) ,ITX, L LL MM ,NN,NS,PY,
1TAGSO (282 ,78(29),TC(20),TCA(20),TCASO(2),TCL(20),TCOM(28),TE(22),
2THCOY(29),TK (208),TMG(29), TNA(28),TNO3I(20),TSD(20),TS04(20),
ITxx(2e) , XLINE(20), XM, 2E(20)

COMMON/BLK&/AK (24) ,AMG (24) ,ANA(24),CA(24),CL(24),04AL(24),0P(24),
1GWBF (24) ,HCO3(24),8MC,SMCR(24),INPC(24),804(24),5PC,8RF(24),
28TRC1(24),3UBSRF(24),3UMOUT (24),X1{24),x3(24)

COMMON/BLKS/AB(9) ,AGINIC,ARF,B(9),CAC(9),004(6),DCA(9),0D(12),
10F (25),01G(12),DUM(2,12,8) ,EFF(12),FK(32),1,11,11(9),J,JJ,LYRO,
2N (25) ,NYR, xXX,081(28),085(2,2%),PCP(9),PDL(12),PH(2S),PL(23),
IPM(2%),PR(25),PVV(25),5CAC,9IM(2,25),3KAL, 9N0,SWKC(12),TT,
4XIN{B,28) ,XMN(23),XPM(28),VvV{13),WKC(9,12),EVT(24)

NIMENSTION PT(16)

OATA PT(1),PT(2),PT(3),PT(4),PT(5),PT(6),PT(7),PT(8),PT(D),PT(10),
1PT(11),PY(12),PT(13),PY(14),PT(15),PT(16)

2 /4MPALA, 4HPDL L, AHPAL2,dKPAL1Y, 4HPR14,4HPD 15, 4HPRL6, 4HPRY 7,
34KPQ18,4HPR19, 4HPB22,AKPAR1, 4HPR22,4HPR2Y,4HPR24,4HPR2S/

G0 YO (141,1@2),1ENT

INPUT CROP ACRAGES FOR BASIN

0o 54 Js=i,9

CaC(J)en.0

READ(6,221) (I3(J),0DCACY), st,9)

ScaCsg,o

0C 53Je1,5

Lsll(J)) ~ . I

IF(L.LE.®) GO TO S8
CAC(L)wDCACS)
SCACSSCAC4CAC(L)

CONTINUE

COMPUTE CRNP PROPORTIONS

DO 60 Jsi,9
PCP(J)SCAC(J)/SCAL

COMPUTE WEIGHTED USE COEFFICIENTS
Do 70Jwy,12

SCKCup, 0

DOS9LsY,9
SCKCESCKCWKC (L, J) *PCP (L)
SWKC(J)aSCKC

WRITE(6,222) (CAC(J),Ju1,9),3CAC
WRITE(6,223) (PCP(J),Js1,9)
WRITE (6,224) (SWKC(J),J81,12)
DIGITAL AND ANALOG PARAMETERS
READ(6,174) (EFF(L),L®1,12)
READ(6,1P4) (FK(L),L®:,12)
READ(6,1P8) (DIG(L),L®1,10)
READ(6,1A8) (PH(L),L®»1,18)
WRITE(S,104) (DIG(L),Lut,10)
WRITF(&,12%) (PH(L),L®1,19)
WRITE(6,124) (EFF(L),Lwl,12)
WRITE(S,104) CFK{L),Ln1,12)
AREAR202700,

CONVRN12,Aed3560,

SKMajgoo,

INITIALIZE Dum

noasIlIey,NYR

noB6IJIn1, 12

DoAsJEy, B

DUM(IT,J S, )80,

READ ALL INJTIAL DATA IN ACREFTITEMP IN F1 PRECP=INCHES,

2ee
282

203
a7
90
o1
9%
97

17

19
29

NOSOII=],NYR

DOSY Je1,8

IF(J=7) 200,98,98

IF(J=5) 202,202,203
READ(6,201) (DD(JJ),JJ s1,12)
GO TO 87

READ(6,204) (OD(JI),JJ0m1,12)
G0 TO 93

IF(J=3) 99,9@,95%

0p 9t JJ=1,12
DUM(II,JJ,J3)s(DUM(II,JJ,J)*DD(JJ)) #8KM
GoYo 97

00 968 JJ=i,12
DUM(II,JJ,J)uDUM(IT, S, 1400(JJ)
LeLYRO4+]Iley

WRITE(6,238) J,L, (DUM(II,JJ,J),00e8,82)
GO YO 9§

CALL PRETEM(L)

CONTINUE

DIGITAL YALUES

SNOeDIG (1)

FMINSDIG(I)

FMES=DIG(2)

SMC=DIG (4)

SPC=DIG(S)

SKAL=DIG(6)

FMCS®DIG(3)

AGINIC=DIG(8)

TIsDIG(9)

PH{4)Y=PH(4) /SKAL

PH(S)YsPH(3) /SKAL
PHC13)u,1ePH(15)/5KAL

DO 19 Lsi,18

CALL POTST (L,PH(L),PT)
CONTINUE

WRITE(6,303)

WRITE(E&,382) (PH(L),Lo1,15)
WRITE (6,301)

READ ANALOG COMPONENTS

CALL QSPS(IERR)

00 5 Lsi,18

PADREPT (L)

CALL ORAR(PADR,PVAL,IERR)
PVV(LINPVAL

WRITE(8,302) (PYV(L),L=1,13)
FORMAT (12F6,2)
FORMAT(12F6,2/12F6,2)

FORMAY (12F6,1)

FORMAT (12F6,0)

FORMAT (1OX,6(I3,F7,0)/10X%,3(13,F7,0))
FORMAT (1X7F9,R/1X3F9,0)
FORMAT(1X,7F9,5/1X,2F9,5)
FORMAT (1X12F6,2)
FORMAT(1X12,15,9F8,0/8%,3F8,Q)

FORMATY (35% POTS 10 THRU 24 ARE SEY AS FOLLOWS)

FORMAT (1 X8F8,5)

FORMAT(41H POYS 18 THRU 24 SHOULD BE SET AS FOLLOWS)

RETURN
END

9461
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OPTINN TN SET POT VALUES

SUBROLTINE PARSET(IX,PS)

COMMNN/BLXS/AB(G), AGINIC,ARF1,B(9),CAC(9),D04(6),DCA(9),0D(12),
1DF(25),016(¢12),0UM(2,12,8) ,EFF(12),FK(12),1,11,11(9),d,JJ,LYRO,
2NL (2%) ,NYR,XYXX,081(2%),085(2,25),PCP(3),PLL(12),PH(25),PLL29),
3IPM(25),PR(25Y,PVV(25),8CAC,SIM(2,25),SKAL,5N0,SwC(12),TI,
AXIN(8,25) , XMN(25), XPM(25),VvV(13) ,wKC(9,12),EVT(24)

DIMENSION PY(18)

NATA PT(1),PT(2),PT(3),PT(4),PT(5),PT(E),PT(7),PT(8),PT(9),PT(13),

1PT(11),PT(12),PY(13),PT(14),PT(15),PT(16)

2 74HPRLQ,4HPR11,4HPD12,44PB13,4HPA14,4HPR1S,4HPR18,4WPRL7,
34HPR18,4HPR19,4KHPR2Q,4HP021,4HPA22,4HPB23,4HPY24, 4HPORY/

GO T0(1,2,2,%,4,2,2,2,2,2,2,2,2,2,5,1),1X

CONTINUE

60 YO 1

2 Pyi_LePS

IXPsIX
CaLL PNYST(IXP,PVAL,PTY
50 10 ¢

3 IxPs4

10

N e

o~

FIELD CAPACITY =DIG(3)
PYALSPS/SKAL

DIG(3)aP8

CALL POTST(IXP,PVYAL,PT)
50 T0 12

1XPs5

PVALBPS/SKAL

CALL POTST(IXP,PVAL,PT)
60 YO 10

IxPai5

CRITICAL MOISTURE CONTENT sDIG(2)
DIG(2)ePY

PYVALSPS/SKAL

CaLL PATST(IXP,PVAL,PY)
RETURN

END

SUBROUTINE POTST (IXP,PVAL,PT)
COMMON/BLKS/AB(9),AGINIC,ARFY,8(9),CAC(9),DDA(S),DCA(9),00(12),
{OF(25),01IG(12),0um(2,12,0),EFF()2),PN(12),1,11,11(9),J,J0,LYRD,
2NL (2%) ,NYR,xXX,081(25),0B8(2,28),PCP(9),PDL(12),Pn(25),PL(2%),
IP™(25) ,PR(25),PVV(28),3CAL,SIM(2,25),9KAL,8N0,SwKC(12),TI,
4YIN(%,25),XMN(28) , XPM(25),VV(13),MKC(9,12),EVT(24)

DIMENSION PY(16)

PADRSPT(IXP)

G0 TO(4,8,4,4,4,1,2,%,4,4,4,4,4,4,8),1XP

PVALBPVAL/(],80TI0e2)

GO 10 4

PVALBPVAL/(T1#4,)

"0 TD 4

PVALSPVAL/(TIe6,)

CALL QWPR(PADR,PVAL,IERK)

RETURN

END

c

c
1e@

c

c
1@

c
to4

4
15

SUBPNUTINE FOR ARITHMAYIC PLOTTING

SUBROUTINE GRAPHM
COMMON/BLKS/AB(9),AGINIC,ARF1,B(9),CAC(S),DDA(E),0CA(S),00(12),
1DF (25),DIG(12),0UM(2,12,8) ,EFF(12),FX(12),1,11,18(9),d,JJ,LYRO,
2NL (25) ,NYR, XXX ,081(25),088(2,25),PCP(9),PDL(12),PH(28),PL(2D),
3PM(23),PR(25),PVYV(25),8CAC,SIM(2,28),SKAL,SNO,SWKC(12),TI,
4XIN(6,25),XMN(25),XPM(28), VYV (13),wKC(9,12),EVT(24)

DATA XSCALE,YSCALE,XREF,YREF , XVAL,YVAL,XP,YP, XN, YN/1,,1,,8./0,,
10,,04,24,974/0,,0,/

CALL PLTSET(XSCALE,YSCALE,XREF,YREF,XVAL,YVAL,XP,YP,XN,¥N)
ORAW XAXIS YAXIS

TYPE 1a¢

FORMAT (1 3HREADY PLOTTER/)

PAUSE

0CcT 25men

CALL 9RYVSET

CALL PENDN

CALL INPLODT(24,,0,)

CALL PENUP

CaLL INPLOT(Q,,0,)

CALL PENDN

CALL INPLOT(R,,7,)

CALL PENUP

CALL PLOT(P,,8,)

PLOTYTING OBSERVED FLOW

Ixug

DD 1@ Ks1,?2

D0 13 IMmy,12

IF(K,GT,1) IXei2

XelxeIM

Ya0BS (K, INM)

CALL PLET(X,Y)

CALL PENDN

CONTINUE

CALL PENUP

CALL PLOT(G,.8.)

PLOTTING SIMULATED FLOW

TYPE 184

FORMAT (1OQHCHANGE PEN/)

PAUSE

0CY 2%5ece

Ix=2

DO 1% K=jg,2

DO 15 IMmi,12

IF(K,GT,1) IXst2

Xalxelm

YuSIM{K,IN)

CALL PLOT(X,Y)

CALL PENON

CONTINUE

CALL PENUP

RETURN

END

LGl
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120
125

448

c
2003

“wan

SUBROUTINE QUAL

SUBROUTINE QUAL

CCMMO*.  _<1/AREA,CF1,CF2,C0(5),0,DA,EC(20),ITX,L,LL,MM,NN,NS,PY,
1TAGSO(2.), 3(23),TC(2@),TCA(20),TCASO(20),TCL(2@),TCOM(20),TE(22),
2THCO3 (20),:4{20),TMG(20), TNA(2@),TNO3(22),TS80(20),TS04(20),
3TXX(20), XL IME(20), XM, ZE(20)

COMMOKN/BLK2/A, AACA(24) ,AAMT (2,4) ,AAMTRC (5) , AAMTRN(S) ,AAND3 (24),
1AMT(5,5), AMTRC(S) ,AMTRN(S), AN, ANH3, AOR(24) ,AUREA(24) ,AACO3(24),
2AAS04(24) ,AANHD (24),81(5),B2(5),B3(5),BB1(4),BB2(4),BB3(4),BD,01,
3BNM4,C(5),CC(4),CCC,CN(5),CNL(5),CNO3(24),CNR,DELT,DELX,DNH4,ENH4,
4FMCS,G,NMO,0AMT (2,5),0RN,P,PLNH4(24),PLNO3(24),R(5,5),RC(S),RN(S),
SSM(24),SAMT (2,4),T(24),TEN(24) ,TNHI(24) , TNHA(24) , TTNHI(24),

S6TUREA (20) ,U1(24) ,UPTK (24) ,UREA,UBIOM(24),V(5)

COMMON/BLK3/PCA(24,5),PCL(24,5),PHCO3(24,5),PMG(24,5),PNA(24,5),
1PNO3 (24,5),P804(24,5),085,CCA(70),CMG(70) ,CNA(70),CCL(70),
2CHCO3(70),C804(70),CCNOJ(70)

COMMON/BLK4/AK (24) ,AMG (24) ,ANA(24),CA(24),CL (24),0AL(24),0P(24),
1GWBF (24) ,HCOY (24),8MC, SMCH(24) ,SNPC (24),804(24) ,SPC, SRF (24),
28TRC1 (24) ,8UBSRF (24),8UMOUT (24) ,X1(24),X3(24)

READ(6,120) NS,NMO,ITX,III

READ(6,125) (CO(I),Is1,NS)

FORMAT (12,13,212)

FORMAT (5F6,2)

CALL CONINP(III)

CALL UPTAKE

D0 32008 NNsy,NS$

CALL SOIL

XMEMM

ODPe2,

Le®
LLSCOUNTER TO CHECK FRACTIONAL VOLUMES OF DP
L

Lep

IS LIME PRESENT

DO 448 Jsy, MM

TE(J)n2,Eel

IF(XLIMECJ) ,EQ,Q,) GO TO 448
UsSGRT (2, *(TCACJ)¢TMG(J)«TSO4(J) ), 5S¢ (TNA(JI)*TCL(J)*THCOI(J)
1TNO3 (J)))
ZECJ)WTCA(J) ¢ THCOS(J) o e2¢EXP («2,341¢U/ (1,4U))
CONTINUE

L IS THE MONTH

Lele}

MNu|

IF(L=NMD) 2005,2009,93)
CONVERT MOL/L TO ME/L
UREASTUREA(Y)

ANSTNOI (1) eCFy
ANH3ISTNHI (1) eCP)

AsTCA(1)

GsT804(1)

IPCITX) 2,2,3

WRITE(6,5) AN,ANH3,A,G
FORMAT (4E10,4) -

CONTINUE

CALL TRNSFM(MN)

TNO3 (1) w (AN«PLNOI (MN)) /CF}
TNHI (1) 8 (ANHI=PLNHA(MN)) /CFL
IF(TNO3(1),LE,A,) TNOJ(i)=0,
IF(TNH3(1),LE.P,) TNH3I(1)se,
TUREA (1) mAAMT(2,1)

T804(1)eG

E WS

2006
c

2031

c
2032

c
2033

204
203
2e1

2111

TCA(L)wA

TNHA(1)=BMHE

IF(ITX) 4,4,6

WRITE(6,5) TNO3(1),TNH3(1),TS04(1),TNH4(L)
CONTINUE

DDP=DDP+NP (L)

NUMBER OF PORE VOLUMES: OF DP

XNSDNP/PV

XK®y, /XM

WRITF(6,22) L,XN,XK

FORMAT(/7r MONTHS,I3,3X,3HXN®,F?,3,3X,3HXKs,F7,3/)
IF(¥K,LE,XN) GO TD 204

IF(DAL(L),LE,2,) GO TO 2p31

NUMBER OF PQRE VOLUMES OF DAL APPLIED TO TOP LAYER«RO
RQODAL (L) #XM/PV

RESULTANT CONC OF IONS IN TOP LAYER
TCACL)STCA(1)«CACL) #RO
TMG(1)sTMG (1) +AMG (L) *RC

TNAC1)®TNACL) ¢ANA(CL) #RO
TCL(1)=TCL(1)+CL (L) *RO
THCO3(1)sTHCOI (1) ¢HCOI(L) *RQ
TS04(1)eTS04(1)+304(L)*RO
TNOI(1)=TND3 (1) +CNOJ (L) *RQ
TNHI(1)sTNHI (1) «TTNHI (L) «RQ

GO T0 209

IF(SMCH(L),GT,8,) GO TO 2032
SMCH(L)=ABS(SMCH(L))

CCFuSMCH (L) eXM/PY

IF(CCP,LT,1,) CCFe1,0

50 TO 2033

NUMBER OF PORE VOLUMES OF DILF TO TOP LAYER CCF
CCFePV/(XMeSMCH (L))

IF(CCF,GT.1,) CCPuy,

CHANGE IN CONC OF TOP LAYER DUE TO CHANGE IN MOISTURE
TCA(C1)sTCA(1)eCCF

TMG(1)mTMG (1) eCCF

TNA(C1)BTNA(L) #CCF

TCL(1)eTCL(1)eCCF

THCO3 (1) eTHCO3 (1) «CCF

TS04(1)sTSD4 (1) CCF

TNHI (1) s TNK3 (1) «CCF

TNOI(1)sTNB3 (1) eCCF

GO TO 2¢e

LLLIT N

FKe0,

Je

CHECK IF NO APPRECIABLE DAL -~
IF(DALCL).LE,,Q1) GC TO 2111

ADJUST CONCENTRATIONS IN APPLIED WATER PRIOR TO PERCOLATION

FFeDP (L) /DAL (L)
AsCA(L)/FF
FsAMG(L) /FF
SEANA(L) /FF
GuS04 (L) /FF
HeCL (L) /FF
WeHCOJ (L) /FF
ANSCNOJ (L) /FF
ANH3I®TTNHI (L) /FF
GO TO 2027

Asm,

Fa2,

§s0,

Gs0,

841



2027
202

77
10

He?,

Wed, &
POse,

ANeQ,

ANH3Emp

CASOs=p,

AGSOsQ,

JuJet

KKe2

IF(XLIME(J)LE,,R0PQ21) KK}
TESs,0P0001

RATIN OF GRAMS OF SOIL TO LITER OF SOIL SOLUTION
BsTB(J)

An(AeTCA(J)) /2,
Fa(FeTNG(J)) /2,
Su(S+TNACJ)) /2,
Gu(GeTS04(J)) /2,
He(HeTCL(J)) /2,

Wa (WeTHCO3(J)) /2, ¢
CASOs=(CASO+TCASO(J)) /2,

AGSO® (AGSD+TAGSO(J)) /2,

ETeYE(J)

CTeTC(J)

SAT=TSO(J)

ANE (ANSTNO3(J)) /2,

ANHI® (ANH3I+TNHI(J)) 72,

CONVERT XXT FROM MEQ/1Q@GM TO MOL/GM

XXTaTxx(J)/2,E8

CALL XCHNGE(J,A,F,S,H,G,W,CAS0,AGSO,XXT,B,8AT,ET,
ITES,KK,CT, AN, ANH3,BNH4,DONH4)

EQUILIBRIUM CONCENTRATIONS OF IONS IN MOLES/L

TCA(J)=A

TMG (J) aF c
TNA(J)eS

T804(J)eG

TCL(J) =M

THCOI (J) =W

TCASO(J)=CASO c
TAGSO(J)=AGSN

TXX(J)eXXT o
TE(J)=ET

TCCJ)eCT

TSO(J)sSAT

TNO3 (J) mAN

TNHI(J) sANKY

CHECK TC SEE THATY ALL LAYERS ARE ROUTED

IF (JeMM) 202,183,190

LLeLLet

LL COUNTS NUMBER OF FRACTIONAL PORE VOLUMES OF EFFLUENT
IFCLL,GT,77) TYPE 5¢99,LL

FORMAT (24WDIMENSION OVERFLOW LLs ,I)

STORE EQULIBRIUM CONCENTRATIONS OF EACH MONTH IN MEQ/L
CCACLL)®TCA(J)*CF2

CMG(LL)3TMG (J)*CF2

CNACLLY=TNA(J)#CFy

CCL(LL)=TCL(J)«CFy

CHEOI(LL)YSTHCON(J) oCFY

CS0A(LL)=TSC4(J)eCF2

CCNOI(LL)=TNO3(J) «CF1

FK COUNTS THE NUMBER OF FRACTIONAL PORE VOLUMES OF DP MONTH JJ
FKeFKel, /XM

CHECK TC SEE THAT ALL DP IS ROUTED

IF(FKeXN) 271,334,334

334
933
5923

3000
c

5111

18
30

CHECK YO SEE THAT ALL MONTHS ARE ROUTED

IF (L=NMD) 207,933,933

WRITE(6,5003)

FORMAT (//51H QUALITY OF PERCOLATED EFFLUENT IN ME/L TDS IN MG/L)
WRITE(6,5111)

CALL AVOLTY

CONTINUE

COMPUTE WEIGHTED CONC OF EFFLUENT IN EACH SOIL

CALL SALT

FORMAT (/6N MONTH,4H CA,6X,2HMG,6X,2HNA,5X,3H804,6X,2KCL, 4X,
1 4HHCO3, 6X, SHNOS, 4X, JHTDS, 5X, AHSOIL/)

RETURN

END

SUBROUTINE TO PREDICT UPTAKE OF NOJ AND NH4

SUBROUTINE UPTAKE
COMMON/BLKY1/AREA,CFy,CF2,C0(5),0,0A,EC(20),ITX,L,LL)MM,NN,NS,PY,
1TAGSO(20),7B(20),TC(20),TCA(20),TCASO(20),TCL(20),TCOM(20),TE(29),
2THCO3(20),TK(28),TMG(20),TNA(20),TNO3 (28),TS0(20),TS04(20),
3TXX(20) , XLIME (20), XM, ZE(20)
COMMON/BLK2/A,AACA(24) ,AAMT (2,4) ,AAMTRC(S5) , AAMTRN(5) ,AANO3(24),
1AMT(5,5) JAMTRC(5) AMTRN(5), AN, ANH3, AOR (24), AUREA (24) ,AACO3(24),
2AAS04(24) ,AANHD (24),B1(5),B2(5),B3(5),BB1(4),BB2(4),RB3(4),BD,D1,
3BNH4,C(5),CC(4),CCC,CN(5),CNL(5),CNO3(24) ,CNR,DELT,DELX,DNH4,ENHS,
4FMCS,G,NMO,0AMT(2,5) ,0RN,P,PLNH4(24) ,PLNO3(24),R(5,5),RC(S5),RN(S),
S58M(24) ,SAMT(2,4),T(24),TEN(24),TNHI(24),TNHA(24),TTNHI(24),
6TUREA (2@),U1(24) ,UPTK (24),UREA,UBIOM(24),V(5)

CONVERT LBS/ACRE TO MEQ/L

UKki=0,95

Uk2s=0,05

D0 5 Jsi,NMO

UPTK (J)sUPTK(J)*CCCoP/ (BD*DELX®14,*(1,=P))

ADJUST UPTAKE TO AVAILABLE MOISTURE

UL (J)sUPTK (J)eSM(J)/FMCS

PROPORTION UPTK BETWEEN NOJ AND NH4

PLNO3 (J)sUL (J)*UK]

PLNH4 (J) muy (J) vuK2

CONTINUE

IF(ITX) 6,6,30

WRITE(S,8)

DO 20 Jsi,NMO

WRITE(6,1@8) J,PLNO3(J),PLNH4(J)

CONTINUE

FORMAT (6H MONTH,5X, SHPLNO3, 5X, SHPLNH4/)

FORMAT (18,2E10,4)
CONTINUE

RETURN

END

“ .
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c

5

s

195

113
192

30
35

4an
sa
5%
182
108
11p
2re

SUBROUTINE FOR INPUT PARAMETERS

SUBROUTINE CONINP(III)

COMMON/BLKL/AREA,CF1,CF2,C0(5),0,DA,EC(20),I7X%, L LLMMINN,NS,PY,
1 TAGSO(22),T8(29),TC(28),TCA(20),TCASO(20),TCL (20),TCOM(20),TE(22),
2THCOI(20) , YK (20),TME(20), TNA(2R),TNO3I(20),T780(22),T504(29),
3TXX(20) , XLIME(2P) , XM, 2E (20)

COMMON/BLK2/A,AACA(24) ,AAMT (2,4) , AAMTRC (8], AAMTRAN(5),AAND3I(24),
TAMT(S,5), AMTRC(S5) ,AMTRN(S), AN, ANHY, AQR(24) ,AUREA(24) ,AAC03(24),
2AASDA4(24) ,AANH] (24),B1(5),B2(5),B3(5),BB1(4),RB82(4),BRI(4),BD,D1,
3IBNHA,C(5),CC(4),CCC,CN(5),CNL(5),CNOI(24),CNR,DELT,DELX,ONRA, ENHE,
4FMCS,6,NM0,0AMTY (2,5),0RN,F,PLNHa(24),PLNO3(24),R(5,5),RC(5),RN(S),
58m(24),54MT(2,4),7(24),TEN(24),TNRI(24) ,TNHA(24),TTNHY(24),
STURFA(27),U1(24),UPTK(24) ,UREA,UBIOM(24),V(5)

COMMOK /BLKA/AK(24) ,AMG(24) ,ANA(24),CA(24),CL (24),DAL(24),0P(24),
1GWBF (24) ,HCOD(24),8MC, SMCH(24),SNPLC(24),304(24),5PC,8RF (24),
2STRC1(24),SURSRF (24),5UMDUT (24),X1(24),X3(24)

AREA=2027¢40,

CFisipRQ,

CF2s2p0e,

READ INFLOW SURFACE WATERS CONCENTRATION IN MOL/L

REAR(6,102) (CA(I),AMG(I),ANA(T),S04(T),CL(I),RCOBCI),AKC(T),
1CROI(I), TTNHI(T) , I8 ,NMD)

READ PAKAMFTERS FROM HYDSM

IF(I11) &,F,5

READ(6,325) (SRF(1),SUBSRF(I),GWBF(1),38NPC(1),DAL(I),8TRCI(I),
10P(1),SUMOUT(I),SMCH{T),SM(I), Ing,NNO)

WRITE(6,108) (SRF(1),SUBSRF(L),GwBF(I),SNPC(I),DALLI),8TRCI(]),
10P(1),8UMOUT(T),SMCH(T),SH (1), In1,NHu0)

READ SURFACE WATER OUTFLOW CONC

WRITE(%,50)

DO 115 Juy,NMO

READ(6,110) (x1(I),Ie1,7)

WRITE (6,55) (J, (X1(1),I%1,7))

13(Jysp,

00 115 Key,7?

X3(JIaxI(J)eny(K)

IF(ITX) 198,198,200

WRITE (6,3¢)

WRITE (6,35)

WRITE(6,40) (1,CA(1),AMG(I),ANA(T),S04(1),CL(1),HCOI(T),AK(I),
1CNO3 (1), TTNHI(1),181,NMD)

FCRMAT (42 INFLOW SURFACE WATER CONCENTRATION=MOLS/L/)
FORMAT(51H MON Ch MG NA 504 Ccey
1204 HCOY K/,
220H NOY MH3/)

FORMAT(13,7E10,3/3%,2E12,3)

FORMAT (33H ORSERVED SURFACE QUYFLOW IN TONS/)
FORMAT(1Y,7F10,1/)

FORMAT(7E}0,3/2E1R,3)

FORMAT(18F6,2)

FORKAT(IF7,.1)

CALL ANDAT

RETURN

END

213

170

1e
25
39
35

162
188
269

SUBROUTINE ANDAT

COMMON/BLKY /AREA,CF1,CF2,C0(5),D,DA,EC(28) ITX,L,LL, MM, NN, NS,PV,
1TAGS0(20) ,TB(20),TC(28),TCA(28),TCASD(20),TCL(28),TCOM(20),TE(2D),
2THCO3(22),TK(20) ,TMG(20), TNA(28),TNO3(20),780(208),TS04(20),
ITXX(20)  XLIME(20), XM, ZE(20)
COMMON/ELK2/A,AACA(24) , AAMT(2,4) , AAMTRC(5) , AAMTRN (5], AANO3I(24),
LAMT (S, 5) ,AMTRC(5), AMTRN(B) , AN, ANH3, ACR(24) ,AUREA(24),AACO3(24),
2AASD4(24) , AANHI(24),B1(5),B2(3),B3(5),BBi(4),8B2(4),B83(4),80,0%,
3BNH4,C(5),CC(4),CCC,CN(S),CNL(3),ENOI(24) ,CNR,DELT,DELX,DONH4,ENHE,
4FMCS,G,NM0,0AMT(2,5) ,0RN,P,PLNHE(24) ,PLNDI(24) ,R(5,5),RC(5),RN(S),
SSM(24) ,5AMT(2,4),T(24),TEN(24),TNHI(24),TNN4(24),TTNHI(24),
STUREA(20),uU1(24),UPTK(24) ,UREA,UBIOH(24),V(5)

CCCai1,221387

FMCSs8,0

READ COEFFICIENTS FOR NITROGEN TRANSFORMATION RATE EQUATIONS
READ(6,34) (C(I),I=1,4)

READ(6,30) (B1(1),Is1,4)

READ(6,30) {B2(1),181,4)

READ(S,30) (B3(1),I=1,4)

DO 20Q Iwi,s .

ceclI)sc(l)

BBi(I)=B1(I)

8B2(1)eB2(1)

8B3(X)wBI (1)

READ(S,18) RN(1),RCCL),P,D1,CNR,DA,D,DNN4,BD,DELX,DELT

READ FERTILIZER APPLICATIONS ON SOIL SURFACE IN LBS/ACRE
READ(6,168) (AUREA(I),Imy,NMO)

READ(6,168) (AANH3(1),Iwy,NMO)

READ(6,160) (AANOI(1),Is1,NM0)

READ(6,16@) (AACA(I),Imi,NMNO)

READ(6,168) (AACO3(I),I=y,NMO)

READ(6,188) (AASDA(1),1s3,NMD)

READ(6,180) (AOR(1),Is1,NMO)

READ(8,180) (UPTK(I),Imsi,NMQ)

READ(E,18@) (T(I),le1,NMD)

READ(6,180) (UBIOM(I), In1,NM0)

DO 21¢ lwy,NMO

ADR({I)®=AOR(I)*CCC/ (BDeDELX)

TEN(T)we(]1,013)e8M(1)/ (3, sFNCS)

CONVERT YO UG/GM FROM PERCENT RESIDUE N AND C

RNC1)SAN(1)e1,0E4

RCC1)sRC(1)e) ,BES

ORNSRN (1)

IF(ITX) 250,250,260
WRITE(6,25)FMCS,SM(1),PN(1),RC(1),CNR,DA,D,B0,DELX,DNH4,DELY
WRITE(6,35)

No 170 Iwy,NMG

WRITE(S,180)1,AANHI(1),AANOI(I),AUREA(T) ,AACA(I),AACO3(I),
1AASD4(I),AORCI),UPTK (1), Y (1), UBIOM(T)

FORMAT(13F6,2)

FORMAT (2F6,2,F7,3,2F6,2,2F6,2,3F6,2,F7,3)

FORMAT (4E1D,3)

PORMAT (/5OM MO ANH4  AAND3 AUREA AACA  AACO3 AASO4  AOR,
121H LUPTK T UBOIM)

FORMAY (12F6,2)

FORMAT(IY,10F7,3)

CONTINUE

RETURN

END

091



4?2
712

ape
r52
3E3

34

712

41

an

7

QU2 TInF FNE ENUIL=CONC OF TONS IN INITIAL SOLIL SOLUTIIN

SLUVCUTINE EREXCH(ILU)

Vet /ELK | /AREA,CFL,CF2,00(5),0,D0A,ECC20), ITX,L,LLMMINN,NS, PV,
1TSS 22) , TR(24),TC(22),TCA(20),TCASO(22), TCL(22),TCAM(2R), TE(29),
ZTRCUR(00), TR(20), TG (20), TNAL2R), TND3(22),T5C(2R),1504(22),
3TxAL2.), XLIME(R?), XM, ZE(2P)

rasvrecel

AMGeTHA(])

30S=2TrA(T)

cLETOL

$N4sTSRA(T)

HCAIATHENZ(])

ArCxaTHLA(T)

FSsTE (1)

£SeTC(T)

SAS=TER(T)

CascsTCasg(l)

AGSAETALIC (D)

AFsEC (1)

Casrsy,

TCMIC STRENGTHe Umyee,5

HaS5rRT(2,¢(CA+AMG504)», 59 (SOS+CL+HCOI#ANDI))

AGSCar,

ACT sl vk (=0,366eU/(1,90))

TF(SNal 713,713,712

AAZACTZeACT2

A584CT2¢ (10, 2E=3+(ACT2» (AFG+LA=804)))

C328,91E~Ae(ACT2¢ (AMGed ,9E=de (CAeS 9E=3) = (504010,8E~3)))

Dhe=8N4e28,91Feh

7s8nes2,

7127

72%e({(A4w2+BE)«24CC)e2+DD)

2222 ( (3, *hAe2+2,98B)92+CC)

728877272

22202272

13le77

TF(aARS(222)=,201) 84p,84M,863

S04Tss04

Sgds?

IFISra) 710,710,711

$ndxsnaT

7:2)

GO YO BSY

CASya504wCaAwaCT2/(4,9E=3+4LT2e804)

fxsCa=faSy

AGSYaS504vaMGealT2/(5,0E=3+aCT2¢504)

AMXTAMBaAGSX

BRI T (2, ¢ (CXsAMNS5Nd) + 50 [SNS+HETIeCL+ANDY))

IF{2RS(LU/ V=, )=) ,PE=d) 42,4P,4}

sth.

$G4:=5na7

S0TR g2

faSTrCASX

AnSrzarSYy

CazlX

Arfzary

ACYIISAFT(ACTZ)

ArTHzSART (ACTY)

ALY SSNKT(ACTY)

TazCae?,

AvR=AMGeD,

rLovR OARE M E0y0

oM

52

51

51
72
71

72
1ea
23"
231
252

EXCHANGEABLE CALCIUM

ESaRE/ ((ACTMeSOS/ (DA#SORT (ACTI#CA)) )¢l ,+(D*ACT1eAMG/(ACTLeCA)))
EXCHANGEABLE NA

SASEACTH#SOSWES/ (SORT(ACTL#CA)#DA)
EXCHANGEABLE MAGNESIUM
CSsRE-ES=545

CONVERT EY ANDCT TO MOL/GM A AND F TO MOL/L
ESsES/2,

r£seCs/2,

CasCay2,

AMGRAMG/2,

TCA(I)eCA

THG (1) maMG

TNA(I)aS508

TCL(I)sCL

TS04(I)wS04

THCOJI (1) sHCO)

TE(I)aES

TC(I)sC5

TSO(I)=aS45

TCASO(I)=CASD

TAGSO(I)wAGSO

TNOJI(I)=ANDD

EC(I)s=BE

RETURN

END

SUBROUTINE FOR COMPUTING PRECIPITATION AND TEMP DATA

THIS SUEBROUTINE 1S REQUIRED IF DATA OF PRECIP AND TEMP IS

DIFFERENT FRO® THAT OF FIRST YEAR

SUBROUTINE PRETEM(L)

COMMON/BLKA/AK (24) AMG(24) , ANA(24),CA(24),CL(24) ,DAL(24),0P(24),
1GWBF (24),MC0O3(24),8ML,SMCH (24) ,3NPL(24),504(24),8PC,SRF(24),
28TRCY (24) ,SUBSRF {24),5UMDUT(24),X1C24),X3(24)

COMMON/BLKS/AB(9),AGTHIC,ARF1,B(9),CAC(9),D0A(6),0CA(9),00(12),
1DF (25),01G(12),DUM(2,12,8) ,EFF(12),FR(12),1,11,11(9),J,JJ,LYR0,
@NL(2%) ,NYR, xX¥,081(25),GRS(2,25),PCP(9),PDL(12),PH(2%),PL(2%),
IPM(25),PR(25),PVV(25),8CAC,SIM(2,25),5KAL,SNC, SwKC(12),T1,
AAIN(R/,25),XMN(25),XPM(25),VV(13),WKC(9,12),EVT(24)

IF(Il-1) %e,5¢,6"

N0 51 JJ=1,12

READ(S,102) T1,T2,73

OD(JJI)=(T1+72+73)/3,

BUM(II,JJ,0)8 DUMCIT,JJ,0)«DN(Jd)

IF(J.EQ,8) DUM(IT,JJ,J)s(DUM(II,JJ,])) 100,

CONTINBE

6C TO 72

REAR(S,103) (ND(JJ),JJ)=1,12)

00 61 JJ=1,12

OUM(TI,JJ,J)s DUM(IT,JJ,0)¢00¢J0)

IF(J,ER,8) DUMCII,JJ,J)3(CUMCIT, I, ))7108,

COCNTIMIE

IF(J«8) 71,72,72

WRITE(6,23R) J,L,{DUM(1I,JJ,J),J0=8,12)

30 10 25@

WRITE(S,231) J.L, (DUM(IT,JJ,J0),00s1,12)

FORMAT (12F6,1)

FNR¥AT(1X12,15,5F8,7/6X%,3F8 4)

FORMATI1X]12,15,9FR,2/8%,3F8,2)

REYIURM

EnP

191
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13¢
143
148
160

150

SUBROUTINE FOR INITIAL EGUILIBRIUM CONCENTRATION QF SOIL SOLN

SUBROUTINE SOIL

COMMON/BLKY /AREA,CF2,CF2,C0(9),0,DA,EC(20),1TX,LsLL,MH,NN,NS,PY,
tTAGSO(20),78(28),TC(2A),TCA(20),TCASOC(28),TCL(26),TCOM(22),TE(2d),
2THCO3 (20),TK (20),TMG(20), TNA(208), TNDI(20),T50(22),T804(27),
3TAX(20) ,ALIME (22), XM, 2E(20)

COMMON/BLK2/A,AACA(24) ,AAMT(2,4),AMMTRC(S), AAMTRN(5) ,AANCI (24),
1AMY(5,5) , AMTRC(5), AMTRN (5) ) AN, ANH3, AOR (24) , AUREA {24) ,AACO3 (24),
24AS04(24),AANHI(24),B1(5),B2(5),83(%),BB1(4),BB2(4),RB3(4),8D,0D1,
3BNH4,C(S),CC(4),CCC,EN(5),CN1(5),CNOI(24),CNR,DELT,DELX,DNH4, ENHA,
AFMCS,G,NM0,0ANT (2,5),0RN,P,PLNH&(24),PLNOI(24) ,R(5,5) ,RC(S) ,RN(S),
SSM{24) ,SAMT(2,4),T(24),TEN(24),TNHI(24),TNHA(24), TTNHI(24),
STUREAL(28),ul (24) ,UPTX(24),UREA,UBIOM({24),V(S)

READ NUMBER OF SOIL LAYERS AND PORE VOLUMES

READ(S,140) MM, Py

READ SOIL CHARACTERISTICS IN ME/L

READ(S,145) (TCACI), THGCI) , TNACI), TK(I), THCOI(I), TCL(I),TSO4CL),
1ECCI), TECTY,TCCI), TSOCI), TUX(I), XLIMECT), TB(LI), TCASD(L),
2TNOJCI), TNK3 (1), TUREA(T),TAGSO(I),Tu, M) -

READ(S,168) (TNMA(I),ls1,MM)

WRIYTE(6,130)

WRITE(6,155) (TCACL),TMG(T),TNACT), TK(1),TCLLL),T804(D),
JTHCOS(1),ECCI),TE(I),TC(I),TSOCY),TCASO(I),TAGSOCL),
2TNOILI), TNHI (1), TUREA(I), Ta),MH)

PORMAT (4OH CONCENTRATIONS OF INITIAL SOIL SOLUTION/)

FORMAT(12,F0,2)

FORMAT (1 1F8,2/8F8,2)

PORMAT(7EL@,3/7E1B,3/7E10,3)

CONVERT ME/L TO MOL/L

DO 150 Isy,MM

TCA{I)aTCALI)/CF2

THG{I)eTMG (1) /CF2

TNA(I)uTNA(I) /CFL

TKLIYaTK (1) /CFL

TCLLIYeTCL(T)/CFY

T804(1)eT8O4(I)CP2

THCOS(I)eTHCOI(I) /CFY

TNHI(I)eTNHI(I)/CPL

TNOJI(I)sTNODI(IY/CFY

CONVERT CEC FROM MEG/1QBGMS TO EQ/GM

EC(I)sEC(I) /1,088

CALL EQEXCH(I,U)

CONTINUE

IF(ITX) 1,1,181

1 WRITE(S,191)

151

153
181

FORMAT (/32+ EQUILIBRIUM CONCENTRATIONS OF INITIAL SOIL SOLUTION/)
WRITE(S,135) (TCACI),TMG(L1), TNACI), TX(1),TCL(1),TS04(1),
1THCO3(1),EC(T), TECI),TC(1),TS0(I), TCASD(I),TAGSO(L),
2TNO3 (1), TNH3I(L), TUREA(]), Iuy,MM)

FORMAT (/2X,7E10,4/2X,7E10,4/2X,2E10,4/)

CONTINUE

RETURN

END

c

OoOO0OoO00O0

SURRDUTINE TO PREDICT MITHOGEN TRANSFORMATIONS
SUBRNUTINE TRNSFM(N)

- COMMON/BLKY/AREA,CF3,CF2,CD(5),D,DA,EC(28),1TX,L,LL,M*,NN,NS,PY,

1TAGSD(2p) ,TB(2@),TC(20),TCA(27),TCASO(2R),TCL(28),TCOMC2R),TE(22),
2THCO3(20),TK120) ,TMG(28), TNA(20),TNO3(2R),TS0(22),T504(22),
ITXXN(28)  ¥LTME(20), XM, ZF (20@)

COMMON/BLKZ/A, AACA(24) , AAMT(2,4) , AAMTRC(5), AAMTRN(S), AANO3(24),
TAMT(5,5), AMTRC (8) , AMTRN(5) , a1, ANHY, AQR(24) , AUREA(24) ,AACO3 (24},
2AASD4(24) , AANKNI(24),88(5),B2(5),B3(5),BB1(4),8B2(4),RR3(4),B80,01,
IBNH4,C(5),CC(4),CCC,EN(S),CNL(5),CNO3(24),CNR, DELT,DELX,DNHA,ENHS,
4FMCS,G,NM0,DAMT(2,5),0RN,P,PLNHA(24) ,PLNO3(24) ,R(5,5),RC(5),RN(5),
58M(24),5AMT(2,4),7(24),TEN{24) ,TNHI(24),TNHA(24),TThHI(24),
STUREA(29) ,U1 (24) ,UPTX (24) ,UREA,UBIOM(24),V(5)

COMPONENT UNITS ARE IN UG/SEGMENT

SOIL YEMPERATURES IN DEGREE C , MOISTURE IN BARS

RATE UNITS ARE IN UG/GRAM OF SOIL/DAY

*VE RATE IS5 GAIN, =VE RATE IS LOSS WITH RESPECY TO THE

PARTICULAR CONSTITUENT

SET INITIAL VALUES

MNEN

Ms1

Kni

Jut

PVVePw(D}

CONVERT MEQ/L YO UG/SEGMENT OF ND3 AND AMMONIA IN SOLLTION

ANSAN® (| .oP)#14,+BDeDELX/P

ANHISANH3® {1 ,»P) ¢DELX#BDe14,8/P

CONVERT MOLES/G TO UG/SEGMENT OF EXCHANGEABLE AMMONIUM

BNHasTYNHA(])

ENH4sBNHA#DELX»BDv14,0E8

CONVRTEBODELX

CONVERT TO UG/SEGMENT AY PORE VOLUME SATURATION

CCCu1t,221367

SAVEImAANHI(N) #CCCeR, 7777

SAVE2mAANDI(N)#CCLeD, 2258

SAVEJWAUREA(N) «CCC

SAVE4sAACA(N)¢CCC

SAVE9sAACDI(N)«CCC

SAVE1PwAASO4(N)eCCC

ADD THE FERTILIZER YO PROPER ARRAYS

ANHIBANHI+SAVEL

ANWANGSAVER

UREASUREA®SAVED

CONVERT MOL/L TO UG/SEGMENT OF S30IL SOLUTION

AsAePYVedPRBD , +SAVES

GuGePVVe961080,+SAVELD

CONVERT TC UG/GM OF SOIL FROM UG/SEGMENT VOLUME

ANHI®ANH3I/CONVRT

ANWAN/CONVRT

UREASUREA/CONVRY

AsA/CONVRT

GuG/CONVRT

ENMERENHA/CONVRT

AAMT (1,1)sUREA

AAMT (1,2) 0PN

AAMT (1, 3)mANHI+ENHA

AAMT (1, 4) mAN

SAMT(1,1)mm,

SAMT({,2)8A0R(N)

SAMT(1,3)m0,

SAMT(1,4)m0,

AAMTRN (1) BRNI])
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3

L1
3

L}

1
1

618

78
ae
L]

32
32
3¢

2
L]

?

V(1)SARS (TEN(N))

AAMTREC (1)sRC(L)

CN1(1)aCNR

ENTER LOOP TN DO COMPUTATIONS FOR EACH TIME INTERVAL
DO 611 T,

UREA HYDROLYSIS

Lel

AMT (1, 1) WAAMT(M, L) *SANT(M,L)

CHECK FOR ZERQ AMOUNT OF UREA=N
IFCAMT(1,1).€60,0,08) GO YO 310

G0 TO 8¢l

SET RATE EOUAL TO ZERD FOR ZERQ AMOUNT OF UREA=N
R(I,L)eR,

GO YO 311

CALL RATEL (I,L,N)

AMT(To1,L)uAMT(I,L)eR(I,L)
IPCamMT(1+1,L))615,616,616

AMT(I+1,L) 00,

ENTER ORGANICoN ROUTINE

Le2

COMPUTE AMOUNT OF ORGANICeN ADDED
IF(CNL(M) Q. D,) OAMT(M,L)ea,

IF(CNL (M) ,GT,0.) OAMT(M,L)s8,4/CNS(H)eSANT(M,2)
COMPUTE THE AMOUNTS OF ORGeN,NWA=N,ND3I=N PRESENT AT START
AMY (1,L) SOAMT (M,L) ¢AANT (N, 2)

AMT (1, 3)n8AMT (M, 3)¢AAMT(M,3)

AMT (1, 4)08AMT (M, 4)SAANT (M, 4)

TFCANT(2,8),60,0,0) AMT(I,3)m0, 0001

COMPUYE INITIAL AMOUNTS OF RESIDUALeN AND RESIDUE=C
IF(CNL (M), EQ,B,0) AMTRN(1)SAAMTRN(M)
!!(cnt("!.st.l.a) AMTRN(1) 90 ,4/CN1 (M) #SAMT (M, 2) *AANTRN (M)
IPCCNL (M) ,EQ,0.8) Au?nc(;)-AAnvnc(n)
xr(cu:thi.sv.i.n) AMTRE (1) 9D, 403ANT (M, 2) ¢ AANTRC (M)
IFCAMTRC (1) LE,2,0,0R, AMTAN(),LE,0,8) GO TO 282
GO0 Yo 203

Cn(1)mie,.e

GO YO 204

CN(1)@AMTRC (1) /AMTRN (L)

MAKE CONSTANT ADJUSTMENT ACCORDING TO C/N RATIO
IPICN(1)aLT,23,0) B2(3) 4,5

IFCCN(1).LT,23.0) B3(2)my,6

IFCCN(1),GE,23,8) B3(2)s, 7832

IPLCN(1),GE,23,0) B1(3)w,0008

IFCCN(1)(GE,23,0) B2(3)s,P082304
IFCEN(1).GE,23.8) B83(3)s.2,]

CALL RATEZ (I,L,N)

IFIR(I,L)) 802,823,804

IPCAMY (I L)oLToABSCRCI,L))) R(I,L)®aAMT(I,2)

G0 TO 83 —
IPCAMTLTI D) LLTWRII,L)) RCILL)SAMT(L,Y)

ADJUST RATE FOR LENGYH OF TIME INTERVAL
R(I,LIORCI,L)/DELY

IFCAMT(I,2),60.8,8) AMT(I,2)wd,0801

CHECK FOR ZERO AMOUNT OF NOJeN

TP (AMT(1,4),E0,¢,8) GO YO 307

G0 TO 308

"(1,3)00,0

GO T0 309

CALL RATE3 (I,L,N)

ENTER BRANCH ACCOROING TO C/N RATIO

IFLCNCI) (LE,B3,8,AND,CN(I),GT,.23,0) GO TO 229

GO Y0 201

COMPUTE AMOUNT OF RESIDUE=C AT Tey

200

2¢

-

1832

1031
1022

822
821

Jes

Jes
622
823

908 IF(CN(T)oLEo1@,@,ANDAMT(T,4) LE,6,B)AMT(Ie1,2)9AMT(Ie¢1,2)=(R(I,5)

LL3Y

824
625
611

832

AMTRC (T+3)wAMTRC(I) = (32,0« (R(I,L)+R(I,5)))
COMPUTE RESIOUE=N AT Tey

AMTRN(T+1)aAMTRN(I)
IFCAMTRC(I+1) ,LE, D, ®#,OR AMTRN(I*1),LE,A,B) GO TO 12839
60 TO 1¢31

COMPUTE AMOUNY OF RESIDUE=N AND RESIDUE=C AT Te}
AMTRC(I+1)wAMTRC(1)= (30,0« (ABS(R(I,L)=R{I,5))))
AMTRN(Te1)sAMTRN(I)=ABS(R(I,L))

TF (CAMTRC(I+1),LE, 2.0 ,OR , AMTRN(I+1),LE,3,8) GO TO 1830
G0 Th 1034

CN(I+1)eip,0

GO 7O 1p22

COMPUTE C/N RATID AT Tel
ENCI@1)sANTRC(T+1) /AMTRN (141}
IF(AMTRC(I*1),LE,0,0) AMTRC(Ie¢1)sg,2
IFC(AMTRN(I®1) ,LE.0,D) AMTRN(I¢1)w@,D

IFCIEQ . K) AAMTRN(Mel)mAMTRN(Ie1)

IF(ILEQ,K) AAMTRC(Me]1)}®AMTRC(I+})
yAMT (To1,L)AMT(I,L)¢R(I,LI*R(I,S)
IF(AMT(I+1,L)) 620,621,621

AMT (Te1,L)88,2

ENTER AMMONIA=N ROUTINE

Le3

IF(AMT(3,4),EG,0,0) AMT(I,4)=0,R081

CHECK FOR ZERO AMOUNT OF NH4eN
IFCAMT(1,3),EG,0,3) GO TO 3@5

GO T0 753

R(I,L)eB,0

GO 10 308

CALL RATES (I,L,N)

COMPUTE AMOUNT OF NH3=N PRESENT AT Te}
AMT(Teg,L)0ANMT(T,L)eR(T,1)R(1,2)=R(I,3)
TFCAMT(I+1,L)) 622,623,623

AMT(I+1,L)e2,0

ENTER NOJ=N ROUTINE

Lad

COMPUTE AMOUNY OF NOJeN PRESENT AT Te}
IP(R(1,8),GT,R(1,3)) GO TO 9mQ

GO TO S0t

1=R(1,3))

IF(CNCT) LE, 10, @ AND AMT(I,4) ,LE,6,8) R{I,5)sR(I,})
CONTINUE
AMT(Te1,L)mAMTLI,L)+R(],3)=R(I,5)
IFC(AMT(I®1,L)) 624,625,625

AMY (Tey,L)eR,0

CONTINUE

CONTINUE

COMPUTE AMODUNTS FOR START OF NEXT TIME STEP
00 632 Lwi,4

AAMT (Mol ,L)BAMT(Key,L)

CNReCN(2)

ANCLYWAAMTRN(2)

RC(1)WAAMTRC (2)

ORNsRN (1)

CONVERT UNITS TO UG/SEGMENT FROM UG/G
00 60 Jui,s

AAMT (1,J)mAAMT (1, J)«CONVRT
AANT(2,J)sAANMT (2, ) «CONVRY
RATIORAAMY (2,3) /AAMT(1,3)

FIRSTSAAMT (1,3)=ENNA«CONVRYT
FINALSFIRST#RATIO

FINALISBNH4#RATID

-
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61

1@
13
62

BNHABFINALY

CONVERT AN AND ANH3I TO0 neﬁfL
ANBAAMT(2,4) 8P/ ((1,=P)v14,¢BDeDELX)
ANHIBFINALOP/((1.=P)*14,4BDeDELX)
CONVERT A AND 6 TO MOL/L
AsCACCONVRT) /{PVVvaRQ8R,)
Ge(GeCONVRY)/ (PVVe98100,)
UREASAAMT(2,1)

IFCITX) 63,631,622

DO 50 Ie1,2

WRITE(6,10) (AAMT(I,J),Js1,4)
WRITE(S,12) (R(I,J),Je1,5)
WRITE(S,10) (AMT(I,J),Jwy,4)
WRITE(6,10) (SAMT(I,J)),Je1,4)
WRITE(6,30) AAMTRN(I)

WRITE(S,18) CN(I)

WRITE(6,18) AAMTRC(I)

WRITE(8,15) CNR,RN(1),RC(1),BNH4&, AN, ANKI, UREA

FORMATY (6F12,2)

FORMAT (7E1R,3) N
CONTINUE S
LaMN

RETURN N

END

¢
o8

o -

c

SUBRNUTINE RATEI(I,L,M)

COMMON/BLK2/A, AACA(24), AAMT (2,4), AAMTRC(5) , AAMTRN(8) , AANO3 (24),
LAMT(3,5)  AMTRC(5), AMTRN(S) , AN, ANH3I, ADR(24) , AUREA (24),AACOY(24),
2AASD4(24),AANHD(24),B1(5),B2(5),B83(5),BB1(4),BR2(4),803(4),8D,01,
38NH4,C(5),€C(4),CCC,CNCS),CNL(S),CNO3(24) ,CNR,DELT,DELX,ONH4, ENNG,
4FMCS,6,NM0,0AMT (2,5),0RN,P,PLNHA4 (24) ,PLNO3(24) ,R(S,5),RC(S),RN(S),
58M(24) ,SAMT(2,4),T(24),TEN(24), TNH3(24), TNHA(24) , TTNHI(24),
6TUREA (20) ,U1 (24) ,UPTK (24) ,UREA,UBIOM(24),V(5)

COMPUTE RATE OF NO3=N IMMOBILIZATION

RCYT,BIm(BY(4)vEXP(T(M))) o {B2(4) 8T (MY/AMT(I,2)0e2)0(BI(4)»

L(T(M) e CAMT (T, 2)=AMT(1,8)))7AMT(1,2))

IF(CN(T),LE,10,0) GD YO i

GO T0 S

R(1,3)eR(I,5)*8,1

R(I,2)sR(1,2)92,2028

CONTINUE

CORRECT RATE FOR LOW TEMP

IFLT(M) LE,19,B) R(I,5)8R(I,S)eALOGIO(T(M)) /4,0

CORRECT RATE FOR LOW MOISTURES

IF(V(I),GE.10,0) RCI,S)sR(I,3)/ALOGLOCY (1)) 0,

IFCAMT (I, 4),LT,RC1,5)) R(Y,5)mAMT(I, &)

IFCRCI,5),LE,@,0) R(I,5)nABS(R(],5))

ADJUSY RATE FOR LENGTH OF TIME INTERVAL

R(I,3)=R(I,5)/DELY

RETURN

END

SUBROUTINE RATEA (I,L,M)
COMMON/BLK2/7A, AACA(24) ,AAMT(2,4), AAMTRC(S) , AAMTRAN(S) , AANDI(24),
1AMY(S,5) ,AMTRC (5], AMTRN(5), AN, ANH3, AUR(24) , AUREA(24) ,AACO3(24),
2AA304(24)  AANHI (24),B1(5),B2(5),03(5),0B1(4),B02(4),883(4),80,01,
38NH4,C(5),CC(4),CCC,CNES),CNE (D) ,CNDIC24),CNR,DELT,DELX, ONNE, ENHE,
4FMCS,G,NM0,0AMT (2,5) ,0RN,P,PLNHA(24) ,PLNO3(24) ,R(5,5),RC(S),RN(S),
S8M(24) ,8AMT(2,4),7(24),TEN(24), TNHI(24),TNHE(24), TTNHI(24),
STUREA(20),U1(24) ,UPTK(24),UREA,UBIDM(24),V(5)

COMPUTE RATE OF NITRIFICATION

753 Rt!,L)IC(L)‘(Bl(L)'Y(H)OAHT!!,3))0(82(t)'AL0G1!(AHT(l,l)))'{l!(LJ'

1ALDGI2 (AMTY(1,4)))

CORRECT RATE FOR LOW TEMPERATURE .

IF(T (M) LE,18,0) R{I,LIPRCI,LIeALDGLO(T(M)) /4,0
CORRECT RATE FOR LOW MDISTURES

IF(V(I).GE,10,8) RCI,LIWRCI,LI/ZALOGIO(V(I))*D,3
IFCRCI,LY) 815,816,817

813 IF(AMT(I,4), LT ABS(R(I,L))) RCI,L)®=AMT(],4)

G0 TD 816

817 IFC(AMT(I,3) LT4RLI,LYIR(I,LIBAMT(I,3)

ADJUST RATE FOR LENGTH OF YIME INTERVAL

816 R(I,L)eR(I,L)/DELY

00 1ePe Ilsy,d
C(ID)mCcC(ID)

B1(I1)=BBI(II)
B2(I1)sBB2(I1)
BI(I1)=BB3(II)

109 CONTINUE

RETURN
END
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See9

3490

5535

SURRQUTINE FOR CALCULATING AVERAGE QUALITY OF RETURN FLOW
SUBROUTINE AVGALTY
COMMON/BLKY/AREA,CF1,LF2,C0(5),DsDA,EC(20),ITX,LoLL MM, NN,NS,PY,
1TAGSO (20),vB(2@8),TC(2R),TCA(20),TCASO(20),TCL(2A),TCOM(2D),TE(RD),
2THCO3(20),TK(20) ,TMG(20),TNA(29),TNO3(20),TS0(22),7804(20),
ITxX(20), XLINE(2R) , XM, ZE (2¢)

COMMON/BLK2/4,AACAC24) , AAMT(2,4) ,AAMTRE(5) ,AAMTRN(S), AANDI(24),
1AMT (%, 5) ,AMTRC(58) , AMTRN(S8), AN, ANH3, AOR(24) , AUREA(24) ,AAC03(24),
2AASC4(24) ,AANH3 (24),B1(5),B2(5),B3(5),BB1(4),B02(4),08B3(4),80,01,
3BNM4,C(5),CC(4),CCC,CN(B),CN1(5),CNO3(24),CNR,DELT,DELX,ONHA,ENHA,
4FMCS, 56 ,NMO,DAMT(2,5) ,0RN,P,PLNH4 (24) ,PLNO3(24) ,R(S,5),RE(S),RN(S),
5SM(24),S5AMT(2,4),T(24) ,TEN(24),TNHI(24) ,TNNE(24),TTNHI(24),
STUREA(28),U1(24) ,UPTX(24),UREA,UBIOM(24),V(3)

COMMON/BLKI/PCA(24,5),PCL(24,5),PHCO3(24,5),PMG(24,5),PNA(24,5),
1PND3 (24,3),P804(24,5),08J,CCA(70),CMG(78) ,CNA(70),ECL(7a),
2CHCO3(78),CS504(73),CCNO3(70)

COMMON/BLKA/AK (24),AMG(24) ,ANA(24),CA(24),CL (24),0AL(24),DP(24),
I1GWBF (24),HC03(24),8MC,SMCH(24) ,SNPC(24),804(24),8PC,SRF(24),
2STRC1(24) ,BUBSRF (24),8UMOUT (24),X1(24),Xx3(24)

XNNed

NLOwng

DO 5500 Tsy,NMO

NUMBER OF PORE VOLUMES OF SUBSURFACE FLOW IN MONTH JwXNN

XNNSXNN+XMeSUBSRF (1) /PV

IFCXNN,LT,,58) GO TO 8333

XNNaXNNe 5

NNNBXNN

IFCLLLLE,NNN) TYPE 5299 ,NNN,LL,I

FORMAT (//730He*DANGER ,2X, 4HNNNu, I3, 3%, 3HLL®, I3, 3XEHMONTHu,I3)

IFCLL,LE.NNN) NNNsLL

BCisp,

B8MGea,

BNARD,

8304ss,

BCLeA,

BNCOde0,

8NO3e0,

XJso,

DD 5428 JaNLOW,NNN

COMPUTE TYOTAL CONS ME/L

RCASBCA+CCA(Y)

BNAWBNASENA(Y)

BMGeRMGCME(J)

BS04sRS04+LS04())

ACLaBECL+CCL ()

BHCDIsBHTOSSCHEOI(J)

BNOI®BNOI«CONGI(J)

XJoxlJey,

STORE AVERAGE CONC I®MONTH NNSNUMBER OF SOIL TYPE

PCA(I,NN)®BCA/X]

PMG (I, NN)2BNRG/X]

PNACT,NN)SBNA/XY

PS04 (1,NN)sBSD4/XS

PCLII,NNY=ECL/ XS

PHCOI(T,NN)aBHCO3I/XJ

PNO3(I,nNN)uBNIS/ XS

50 TO 5524

PCA(Y,NN) &,

PHG(I,NN)sR,

PNACT, NNYsR,

PCL(I,NKYsP,

PS04 (I, NN) =2,

c
5524

PHCO3(I,NN) =B,

PNO3 (I,NN) w3,

COMPUTE TDS IN MG/L
TTOSePCA(I,NN)/Q,0499+PHNG(I,NN)/70,08228+PNA(I,NN)/0,B435+
1P80&(I,NN) /0 ,020824PCL(I,NN) /P ,02824PHCOI(I,NN)/0,01635¢
2PNOJ(I,NN)/0,016812

WRITE(6,5006) I,PCACI,NN),PMG(I,NN),PNACI,NN),PSO4(I,NN),
1PCL(I,NN) ,PHCO3(I,NN),PNO3(I,NNI,TTDS,NN
FORMAT(13,7F8,2,F8,7,18)

IF(XNN,LT,.50) GO TO SSce

NLONSNNN

ANNRYXNNe,5

CONTINUE

RETURN

END
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3903
c

3008
§772
5110

SUBROUTINE TO COMPUTE SALTFLOW

SUBROUTINE SALT

COMMON/BLKY/AREA,CF1,CF2,C0(5),0,0A,EC(20),1TX,L,LL,MM,NN,NS,PY,
1TAGS0(20),7B(20),TC(20),TCA(20),TCASOC20),TCL (20),TCOM(20),TE(20),
2THCOY (28),TK (20), THMG (29), TNAL28), TNOI(20),T80(20@),TS04(20),
ITXX(20), XLIME (20), XM, 2E(28)

COMMON/BLK2/A,AACA(24),AANT (2,4), AAMTRE(5), AAMTRN(5), AANDS (24),
LAMY(S,8) , AMTRC (S) , AMTRN(8), AN, ANH3, ADR(24) , AUREA (24) ,AACD3(24),
2AA804(24),AANHI(24),81(5),B2(5),83(5),BB1(4),BB2(4),883(4),80,01,
3BNH4,C(5),CC(4),CCC,CN(5),CNL(5),CNO3(24) ,CNR,DELT,DELX,0NH4,ENHA,
4FMCS,G,NM0, DAMT (2,5 ,0RN,P,PLNH4(24) ,PLNO3(24) ,R(S,5),RC(S),RN(S),
S8M(24) ,8AMT(2,4),T(24), TEN(24), TNHI(24), TNHA(24) , TTNHI(24),
STUREA(20),U1(24),UPTK(24) ,UREA,UBION(24),V (%)

COMMON/BLK3/PCA(24,5) ,PCL(24,5),PHCO3(24,5),PHG(24,5),PNA(24,9),
1PND3(24,3),PSD4(24,5),087,D0CA(78),0MG(7@),ONA(78),DCL(78),
20KHCO3(79),D804(72),DNO3(Y0)

COMMON/BLK4/AK (24) ,AMG(24) ,ANA(24) ,CA(24),CL (24) ,DAL(24),0P(24),
1GWBF (24) ,HCO3(24),9MC,SMCH (24) ,SNPC (24) ,804(24) ,SPC,SRF (24),
23TRC1(24),8UBSRF (24),3UMDUT (24),X4 (24),X3(24)

DO 3086 Isy,NMO

DDCA(I)ea,

OnG () wd,

ONA(I)nE,

D804 (1) we,

0EL(1)ep,

OHCO3 (1) s@,

ONO3 (1)@,

DO 3385 NNwi,N$

DOCACI)=DDCALT)CO(NN) ePCACI,NN)

DMGCI)aDMG(I)+CO (NN) *PMG (I, NN)

DNACIIaDNACT)#COCNNI #PNA (T, NN}

0304 (1) 90804 (1) +COINN) oP8DA (T, NN) '

DCL(I)wDEL (1) 4CO(NN3oPCL (I,NN)

DNO3 (1) DNOI(I)*COCNN) «PNOI(I,NN)

DMCOS (I)SDHCOI (1) +CO INN) ePHCOI(I,NN)

CORRECT CONCENTRATION OF NO3 YO BIOMASS UPTAKE

DNO3 (1) aDNOI(I) sUBIOM(I)

CONTINUE

WRITE(8,5772)

PORMAT (///33H GQUANTITY OF SURFACE OUTPLOW,TONS/)

WRITE(E,5110) :

FORMAT (/6K MONTH,SH  CA,8X,2HMG,8X,2HNA, BX, 34804, 8X,2HCL, 4X,
14MHEOY, BX, IHNOI, 8X, IHTDS/)

CALCULATE QUALITY OF COMBINED EFFLUENT

SyYnCse,

SUMMsg,

YSGRisE,

Dxea,

Dysg,

0O 580D Jei,NMO

CONVERT MOLES/L Y0 ME/L

CALIYNCALIYoCF2

AMG (J)WAMG (J) *CF2

S04 (J)sS04(J)*CF2

CLCJIsCL(J)eCP)

HCO3 (J)nHCOI(J) oCFY

ANACJISANACJ) eCFY

CNO3(J)sCNOJ(J) ¢CF1

OBSERVED SURFACE WATER GUALITY

GCAsCA(])

GMGuAMG (J)

6S049504¢(J)

‘5686 NRITE(6,5115) J,U,VV,N,X,Y
c

GCLaCL (J)
GNAmANA(J)
GHCOReHCNI ()
GMNO3=CNOI(J)

c COMPUTED OUTFLOW CONCENTRATIONS

84 CxAxSUBSRF (J)

c ASSUME THAT CONC OF GWBF s CONC OF SURFACE INFLOW

CxBsGuBF (J)

CXCeSTRCL(J)+SNPC(JI+SRF (J)

CXDaSUMOUT (J)
ECAw(CXA®DDCA(J)+CXBaGCA+CXC¥GECA) 7CX0

EMGS (CXA*DMB(J)+CXBeGMG#CXCeGMG) /CXD
ESO4a(CXA+0S04(J)+CXBeGEQ4CXC*GI04) /CXD
ENAm (CXA®DNA(J)+CXBeGNAGCXCOGNAY /CXD

EHCO38 (CXACDHCNI(J) ¢CXBGHCDI*CXCHGHCOY) /CXD
ECLu(CXAYDLL (J)¢CXBoGCLSCXCOGEL) /CXD

ENDI® (CXA®DNOI (J)«CXBeGNOISCXC*GNOI) /CXD

€ COMPUYED OQUTFLOW OF IONS IN TONS

Un,00227+CXDECA®AREA
YV, A01384CXDYEMGRAREA
We,00261«CXDENAYAREA
X, 20544+CXDeESO4AREA
Ys,004B2¢EC_ +CXDeAREA
Is, 00693 «CXDEHCOIvAREA
IN®@,00722+CXD¢ENOI~AREA
TTUsVVeleXaYe2e2N
TCOM(J)»TT
2L,IN,TY
COMPUTE CORRELATION COEFFICIENT
XNDsNMO
00 10 Jsi,NMO
SUMMBSUMMeX3 (J)
10 SUMCeSUMCeTCOM(J)
XBARuSUMM/YND
YBARsSUMC/XNO
DO 15 J=i,NHD
DIPFXeX3(J)=XBAR
DIFFYsTCOM(J)eYBAR
YSGReDIFFYDIFFY
DIFFXeQIFFX#DIFFX
OIFFYSOIPFYSDIFFY
DXeDX+DIFFX
DYSDYeDIPFY
13 YSOR{sYSGR1+YSGR
YSQRIsYSQR|+YSQRY
DNRuDXeDY
RReYSQRY/DNR
R1=8QRT(RR)
WRITE(A,1103) RR,Ri,SUMM,SUMC
5115 FORMAT(IS,”Fe,0,F12,2)

1103 FORMAT(/3M ReRa,FG6,4,2%,3HR u,F6,4,2X,  1HTOTALMEAS =,F10,0,

12X, 12HTOTAL CALC »,F18,0)
RETURN
END
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1]

27

~

38
k14

e

44

184

494
492

SUBROUTINE TD COMPUTE EQUILIBRIUM CONCENTRATIONS
SUBROUTINE XCHNGE(J,A,F,8,H,G,%,CA80,AGSD,XXY,8,84AT,
L1EY,TES KX, CT,AN, ANH3 ,BNKA ,DNHA)

COMMON/BLK ) /AREA,CF1,CF2,C0(5),0,0A,EC(20) y2TX,LoLLsMM,NN,NS,PY,
1TAGSD(20),78(20),TC(20),TCA(20),TCAS0(20),TCL(2C),TCOM(22),TE(22),

2THCOI(20),TH(2A) , TMG(22), TNA(20),TNOS(2R),T3D(20),TS04(20),
ITux(20), XLIME(20) ,xn, 2E(20)

GYPSUM REACTIONS= EQUIL CONC OF CA=SO4 EQN 19
Ajna

XC1sQ

L2000

KC3wQ -
IF(XXTY 4,4,28 B
UsSQRT (2,0 (A+F+G) e, 5-(SonoquN)) -
AAREXP (»9,388eU/(1,4U))
l'tz.lE-S-A-GoAA) 26,18,18

Xe@,

UsSQRT (2,0 (AeFeG) o B (SemeneaN))
LLLTY

Exe(9,388¢L/(1,+U))

CCmAeG=(2,4E=9) vEXP(EX)
Rs3QRT(BB*BB=d,+CC)

A (=8B+R) /2,

QTY OF AODDL ION PAIR THWAT SHOULD BE PRESENY IN SAT GYPSUM SOLN
CAS1u4,897E=3=CA80

DELuBoxXTeCASY

IF(OEL~X) 27,28,28

XeXXTeB

XXTeQ,

CaSisp,

AmdeX

GuGeX

UsSQRT (2,0 CA*FsG) e, 5o (BeHeneAN))
UNDISSOCIATED (CA) (804) SOLVE EON 22
AASEXP (=9,3880U/(1,¢U))

BBea (4, DE30dhopshAAeG)
CCoaAereGoa , DE=3+CAS0
AXNAXSBBeBB=d,QrAASCE

TF(xxxx) 35,33,38

Xje@,

60 10 ¥7

X180 (=BB=SQRY (XXXK))/(2.9A4h)
CASOsCASOeXY

AskeXi

GebeX}

GO 70 44

IF(G) 1,1,6

IFCAY) 1,1,7

IFCCAS0) 44,44,7

AsAeX

GeGeX

XXTeXXTeX/B

CASOeCASOSCASY

XXTaXXT=CASY/0

AQuA

CA oNA EXCHANGE REACTIONS (SOLVE EQN 25)
Ir(s) se,183,80

IF(SAY) 892,515,682

1Js2

IF(SAT=ET) 402,403,403

Is8AT /18,

T1e?

423

81

303
In2

83
303

$382
551
sse
S0

512

513
514
9

7914
792

793 %

794
798

790

GO T0 8

IeET/10,

2182

EXSEYP (=2,3414U/ (3, ou)l

AAnwd #DAWDASRB
BBll.tB'(EX#!,GDA'DA-ETcBoDAODA'S)
CCud,oEX (A®SAT#B) =4 ,¢DAsDASBrET(B4ET42,05)0DAnDAeSeS
DDuSAYOEX« (4, 2A¢SAT+B) @2, eDAYDACETeSw (2, tBtETtS)
EE-sATwsAT-AcEx-DA.uA-s-s.:f.zf
ZIwe((1(AANZ+BB)eZ+ CC)o24DD) ¢Z+EE)
2220 (( (A, vAAeZ43 oBB)eZe2,9CC)#T+0D)
ITe22/222

1F(22Z~p,0) 302,303,302

IF(Z=2,0) 3IN2,515,302

212822/2

Zel+22

KCisKC1e)

IF(xC1,GT.30) TYPE s@f

PORMAY (//8HKCE = 8B/7/)
IF(ABS(222)-,081) 83,83,81

1 (Z,6F,2,0) GO TO 305
IFP(SAT, LY. ABS(Z+2,0)) 2ZmSAT/2,0
AsAeBe?

IF(A) S10,51@,512

SATaSAT«2,¢2

ETRET«2

3a8+2,wBe2

[YIYY.I'}4

Tney

GO T0 81

$88a2, 9807

IF(s) 550,552,513

ET8EY=?

IF(ET) 351,551,514

SATaSATe2, 02

IF(SAT) 832,552,313

AYea

CA=MG EXCHANGE REACTIONS SOLVE EQGN=24

AAeBe (], ,=D)

BOSA+Be (CTH+DSET) # (DeF)

CCm{AeLT=DeFeET)

ReSQRT (BB eBBeg, vAA*(()

YuleBBe*R) /(2,%AA)

AnAeBey

FaFelley

ET®ET=Y

CTeCTey

Adsi

UNDISSOCIATED (MG)(804) SOLVE EGN 22

IF(G) 790,790,791

IF(F) 790,790,792

AASEXP (w9, 3662U/(f,+U))

BB0= (5, 9E=30AAeFsAAWE)

CCaAAeFeGeS ,9E-3vAGSD

XXXXBBB+BBad,vAA#CC

IF(XXXX) 793,793,794

190,

GO TO 798

X1w («RR=SQRT(AXXN) )/ (2, 0AA)

AGSOSAGSO+X]

L4 LIS $1

GuGaXy

CONTINUE

LIt



o000

a1

782

a7

LIME REACTIONS

GO YO (60@,6M)),KK

IYLY'S

BBs4, e (WeA)

CCunwe2ed shen

ODoAsroe222E(J) ¢EXP(2,341+U/(1,+U))
IF(Wwa) 61,81,62

Ioeu/a4,

GO YO &35p

TewA/2,

Iye2
LIva(((AAwZeBB)eZeCC)*7oDD)
T2 ((3,vAAw2+2,4BB)e2+CC)
IIe22/122

Telel2

KC20KL2e}

IF(xC2,6T7,350) TYPE 306

PORMAT (//8HKE2 w 50/7)
IF(ABB(Z2).67,1,E~5) GD TO 63
Ashel

Weke2, 01

IP(W) 752,752,651

WaNwd o7

Ashel

} {TT 40

GO T0 &3

IF(A) 752,752,753

XLIME(I) oxLINE(J) =l
AB(AeNee2eEYP (2,34 eU/(1,00)))
IF{2ZX,GE,ZE(J)) KKew2

NCIPKCI+y

IP{nC3,67,108) TYPE S07,)
FORMAT (//79HKEY o 180,3X,4R) ,12//)
DELeA=A}

Ale NRIGINAL CA

A2 o CA AFTER SOLVING EGNS 19 AND 22
A3 » CA AFTER SOLVING EON 23
Ad s Ch AFTER SOLVING EON 24
1P (ABS(DEL) GT,1,8e3) GO TO 24
OELsA=A2

IP(ABS(DEL) ,GT.1,E=3) GO YO 24
DEL®AmAY

IPCABS(DEL) ,GT.1,E=3) GO TO 24
DELwA=A4

IF (ABS(DEL) ,GT,1,E=3) GO TO 24
RETURN

END

c
4

c
c
c

8e1

751

SUBROUTIME RATEYI(I,L,M)
COMMON/BLK2/A,AACAC24),AAMT(2,4) , AAMTRC(5), AAMTRN(S), AANG3 (24),
LAMT(5,8) ,AMTRC(5), AMTRN(S5) , AN, ANH3, AOR(24) , AUREA(24) ,AAC03(24),
ZAAS04(24),AANRDI(24),81(5),B2(5),83(3),B81(4),BB2(4),BR3(4),B0,0t,
38NHA,C(5),LC(4),CCC,EN(5),CNL(5),CNO3(24),CNR,DELT,DELX,DNHE,ENNG,
4FKCS,G,NM0,0ANT (2,5) ,0RN, P, PLNHA(24) ,PLNO3(24),R(5,5),RC(3).RN(S),
58K (24),8AMT(2,4),7(24),TEN(24),TNRI(24),TNHA(24),TTNRI(24),
STUREA(2@),U1(24),UPTK(24),UREA,UBIOM(24),V(5)

COMPUTE RATE OF UREA N MYDROLYSIS
RET,LYSCCLI+(BL(L)#ALOGIA(T(M)) )+ (B2CL)*ALOGIP (AMT(I,L)))
IF(ROI,L)WGE,=5,3) R(I,L)m=AMT(I,L)

CORRECY RATE FOR LOW TEMP

IF(T(M)LLE.18,0) RCI,LISREI,L)*ALOGLIACT(M)) /4,

ADJUSY RATE FOR LENGTH OF TIME

R(I,L)mR(I,L)/NELT

RETURN

END

SUBROUTINE RATE2 (I,L,™)
COMMON/BLK2/A,AACAC24) ,AAMT(2,4) ,AAMTRC(5), AAMTRN(5),AANDD (24},
LAMT(S,5)  AMTRC (), AMTRN (), AN, ANHI, ADR(24) , AUREA(24),AAC03 (243,
2AA804(24),AANM3(24),B1(5),82(5),83(3),BR1(4),BB2(4),B8B3(4),30,01,
3BNM4,C(5),CCL4),CCC,CNLS),CNT(5),CNOI(24) ,CNR,DELT,DELX,ONH4, ENHE,
4FMCS,G,NMO,0AMT (2,9) ,ORN,P,PLNHA(24) ,PLNDI(24),R(5,5),RC(8),RN(S),
58M(24) ,SAMT(2,4),T(24), TEN(24), TNHI(24) ,TNHA(24) ,TTNHI(24),
STUREA(20),U)(24),UPTN(24),UREA,UBIOM(24),V(5)

COMPUTE RATE OF MINERALIZATION=IMMOBILIZATION
AQT,LYIsCELIS(BYI(LIeT(M) )& (B2CLIwAMT (I, L))« (BI(LI~ALCGIBL{ANT(I,3))]
CORRECT RATE FOR LOW TEMP

TF(T(M),LE,10,8) R(I,L)®R(I,L)*ALOGLIR(T(M))/e,2

CORRECT RATE FOR LOW MOISTURES

IP(V(I).GE.19,P) R(I,L)®R(I,L)/ALOGIA(V(I)) @,
IF(RCILL)CLT,P,R,AND,CN(T),6E,23,0) R(I,L)*2,C

IF(RCI, L) oLT.@,P,AND,CNCT),LT,23,2) RCI,L)0ABS(R(I,L))

CORRECT RATE FOR C/N RATIOD
RCI,LYNR(I,LIo(1,848%AL0G10(CN(I))=2,518)

RETURN

END

891
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C. Definition of Variables

Input Variables

Mnemonic Description Units
ITY OPVER option specification
if ITY = 0 call QUAL
= 1 simulation
= 2 perform pattern search
optimization.
= 3 plot observed and simulated
flows.
VVI 13 element vector of row headings for out-
put tables, i,e. Jan, Feb, .... ANN,
BI 9 element vector of column headings for out-
put tables, i.e. Alfa, Bean, .... Peas.
PDLK Vector of proportion of daylight hours for
months in the same order as vector VV,
WKCIJ Array of crop use coefficients (in the same
order as vector B) for crops for modified
Blaney-Criddle equation. I is crop, J is
month.
DD.. JJ =1 monthly surface inflow from canal
3 diversions. Acft

= 2-5 monthly surface outflow from

channels. Acft
= 6 monthly tributary inflow. Acft
= 7 monthly temperature °F

= 8 monthly precipitation inches
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Mnemonic Description Units
NPH Number of phases to be run during pattern
search 1 <= NPH = 5
NPR Number of parameters 1 to 15
XINL Vector of initial parameters L =1to 14
PLL Vector of lower bounds for parameters
PML Vector of upper founds for parameters
NLL Vector of number of levels for each
parameter
xlI I = 1 Observed outflows Calcium Tons
2 pe N Mg++ Tons
= 3 T B Nat Tons
4 L i SO™ 4 Tons
= 5 & " Cl™ Tons
= 6 1 o HCO; Tons
= 7 v " NO3 Tons
CI Rate coefficients N-transformation equations
BlI Rate coefficients N-transformation equations
B2I Rate coefficients N-transformation equations
B3I Rate coefficients N-transformation equations
RN Residual Nitrogen in soil layer Percent
RC Residual Carbon in soil layer Percent
P, Porosity of soil layer 1
D1 Depth of soil layer 1 cm
CNR) Initial carbon nitrogen ratio of soil layer 1
DA Equilibrium exchange constant Ca-Na
D Equilibrium exchange constant Ca-Mg
TNH4 Initial concentration of exchangeable NHZ
in soil layer mol/gm
BD Bulk density gms/cm3
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Mnemonic Description Units
DELX Depth of soil layer cm
DELT Time increment for nitrogen transformation
rate equations days
AUREAI Fertilizer application Urea in month I lbs/Acre/month
AANH3I " " NH3 1" "
AAN03I " " NO.; 1 3]
AACA " n Catt 1 "
I
1" "
" " y
AACO3I CO3
AASO4 1" 1" So= 1" 1"
I 4
AORI Organic matter application " "
UPTKI Uptake of nitrogen by crops " "
TI Temperature of soil layer 1 " _OF
'I'NO3 Concentration of NO; in solution (at
pore volume saturation) in a soil
layer MEQ/L
TNH3 Concentration of ammonium in soil
solution in layer "
TCA Concentration of calcium in soil
solution in layer "
™G Concentration of magnesium in soil
solution in layer "
TNA Concentration of sodium in soil
solution in layer "
TK Concentration of potassium in soil
solution in layer "
TH CO3 Concentration of bicarbonate in soil
solution in layer "
TCL Concentration of chloride in soil
solution in layer "
TSO4 Concentration of sulphate in soil
solution in layer "
EC Cation exchange capacity MEQ/100 gms
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Mnemonic Description Units
TE Exchangeable ca’ in soil layer moles/gm
TC " Mg++ " "
TSO " Na® " "
TXX Gypsum in soil layer "
XLIME Lime content in soil layer "
TB Grams of soil/litre of soil solution gms /liter
TCASO Concentration of undissociated gypsum

in soil layer mol/liter
TUREA Concentration of urea in soil layer "
TAGSO Concentration of undissociated MgSO4

in soil layer . "
TEN Soil moisture tension bars
AORI Application of organic matter in month I lbs/acre
DNH 4 Equilibrium exchange constant Na-NH 4
CCC Conversion factor from lbs/acre to ug/sqcm
UBIOMI Fractional uptake of nitrogen by biomass

in month I
NMO Number of months of record
NS Number of different soils modeled
ITX Control option to print some additional

output
III Control option to read common data from

HYDSM
CO(I) Portion of irrigated area composed of

soil I
MM Number of soil layers
PV Pore volume of soil inches
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Mnemonic Description Units
I Month number
EVT Evapotranspiration by irrigated crops inches
SM Soil moisture content end of month I inches
DP(I) Deep percolation month I inches
SUMOUT Total calculated surface water outflow

month I inches
QMEASI Total measured surface water outflow

month I inches
DIFF QMEASI minus SUMOUT inches
SRF(I) Surface return flow inches
SUBSRF Subsurface return flow inches
GWBF (I) Correlated groundwater flow inches
SNPC(I) Ungaged flow correlated with snowmelt inches
STRCI1 Ungaged flow correlated with stream flow inches
RR R squared
RR, R1 Correlation coefficient
SUMM Total measured water or salt outflow ac-ft

for model period or tons
SUMC Total calculated water or salt outflow ac-ft

for model period or tons
PCA(I, NN) Average concentration of Ca+ in effluent

from soil NN for month I meq/L

o+

PMG(I, NN) Average concentration of Mg in effluent

from soil NN for month I meq/L
PNA(I, NN) Average concentration of Na+ in effluent

from soil NN for month I meq/L
PS0O4(1,NN) Average concentration of SO, in effluent

from soil NN for month I 4

meq/L
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Mnemonic Description Units
PCL(I, NN) Average concentration of Cl in effluent

from soil NN for month I meq/L
PHCO3(I, NN) Average concentration of HCO. in effluent

from soil NN for month I meq/L
PNO3(I,NN) Average concentration of NO_ in effluent

from soil NN for month I meq /L
TTDS Total salt concentration in effluent from

soil NN for month I PPM
8) Computed total Ca++ outflow month I tons
\'A' Computed total Mg++ outflow month I tons
w Computed total Na+ outflow month I tons
X Computed total SO‘=1 outflow month I tons
Y Computed total Cl outflow month I tons
Z Computed total HCO_; outflow month I tons
ZN Computed total NO3 outflow month I tons
TT Computed total salt outflow month I tons

equivalent inches over irrigated model area
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0CT  NOV DEC JAN FEB MAR APR MAY JUN JubL AUG SEP
7.68 6,59 6,35 6,38 6,63 8,80 9,00 19,16 10,27 10.88 9,64 8,40
ALFA BEAN SPGR PAST SuBT CORN FLGR POTA PEAS
1ALFA o®, 79, 6%, 63, 74, 86, 99, fi2, 119, tie, 103, 99,
2BEAN 2%, 29, 29, 29, 29, 28, 22, 67, 11y, 89, 75, 20,
3SPGR 22. 29, 29, 29, 29, 28, 74, 118, 127, 73, 42, 29,
4PAST 8e®, 74, 58, 55, 66, 8y, 86, 1°2, 99, 93, 91, 87,
SSuBT 1e2, 29, 29, 29, 29, 28, 22, 58, 95, 106, 120, iii.
6CORN 99, 2?9, 29, 29, 29, @28, 22, 6o, 73, 93, 108, 129,
7FLGR 99. 28, 29, 29, 29, 28, 22, 6@, 73. 93, 106, 109,
8POTA 22, 29, @29, 29. 29, @28, 22, 3P, 42, 88, 131, 134,
9PEAS 9?8, 79, 65, 63, 74, 86, 99, 112, 119, 110. 105, 99,
37811, 35333, 24392, 21623, 21069, 15765, 8100,
3997, 2130, 170130,
22224 272768 .14284 127029 12384 229266 ,04761
«B22349 oA1251
, 66,66 46,45 41,13 40,28 44,26 48,35 55,63 86,33104,70 94,79 92,31 74,77
20 6,20 8,00 =,12 .72 20,80 8,20 7,50 3,00 .28
.95 .20 .01 8,02 4,50 1,20 1,00 1.00 ,00 W01 .02 .21
.00 W90 4,20
.82 .90 50 .95 .99 .99 .86 «95 .92 .97 97 .88
23 .28 o35 .28 1] 45 43 .60 e 33 20 020 020
1 1969 84199, 35099, 7300, 2. 2, 4908, 124699, 224599,
227299, 227599, 156699,
2 1969 14599, 9399, 950a, 8000, 7520, 80092, 12699, 13799,
15699, 15500, (5799,
3 1969 6920, 3n0, 400, 2000, 1200, 600, 3208, 33joe,
ape@, 2600, 4920,
4 1969 REOY, 7700, 7302, 5800, 4200, 3409, 2000, 3gaee,
, 6500, 610808, 12000,
5 1969 11698, 7800, 6600, Joue, 25002, 2%00, 7728, 3800,
4300, 4800, 8899,
6 194K0 214, 200, 190, 700, 7eg, 312, 920, 620,
500, 2. 2,
7 1969 48, 37. 28, 31, 29, 35, 49, 59,
71, 71. 62.
8 1969 .39 1.50 1,70 .50 W67 .09 022 .06
.00 .49

ANN

196599,
14500,
3700,
6700,
save,
1320,
52,

1.13

LLT
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OBSERVED SURFACE OUTFLOW IN TONS '

1
2
3

ig
i1
i2

1971
1970
1972
1979

197n

63899,

228509,

13199,

13500,

4578@,

ces8en,

17299,

6pon,

ira0e.

4pee,

1979
1970

197@

3768,2
2456,7
2899 ,5
2577 .6
1663,0
1352.0
1918,5
2291.3
321%,5
3165,5
2705,2

4098,7

2.
'
a4,
72.
W52
.44

3uu9g,
2309599,
9799,
18000,
232e.
2700,
8300,
6600,
11000,
4500,
3oa,
2.

38.
72,
.60
.29

1387 .0
839.4
1077,.2
866,59
713.0
645,08
598,3
931,1
938,.2
1234,7
1823,0
2123.¢2

11899,
144000,
1a500,
17299,
25a@,
4500,
§3ee,
9399,
9299,
14699,
272,

A,

32,
535,
1.25
o78

2977,6
2278,1
2487,5
2172.0
1783,0
1541,0
1878,3
1933,2
2332,5
2454,3
2308,6
3682,0

1ee,
6820,
1408,
3s0a,
1400,
- P,
33,
J.22

5389,7
4273,5
5223,5
4131,.2
3121.0
2895,
2730.2
2678,2
3473,8
3258,7
3068,5
4397,5

1ee,
8199,
1100,
Jaoga,
1129,

g,
38,

27

2854,3
1578,.7
1837,2
1294.§

962,09
1175,9
1269,3
1216.2
1629,5
2132.1
18A5,3
20%4,0

6700,
6520,
1400,
28eo,
1109,

79798,
7802,
5122,
3000,
6900,

ai,

15756,2
12180,9
§12396,0
1ea213,0

7880,0

7883,0
13117,.02
11651,0
16203,
12865,0
16544,0
19620,9

1938909,
18199,
5200,
280a,
5500,
e.

535,
1.08

209.1
269,2
228,90
171,39
222,4

93,8

76,9

74,7
179,1
238,5
207,3
215,0

193899,
{3ace,
s60@,
5890,
8eea,
2,

64,

1.67

8LI



13
14
15
16
17
18
19
20
.2l
22
23
24

4016,1
3615.5
2846,.6
1581,.0
1897,2
1362,3
2895.,3
3516,0
31982

2699.¢0

2932,
A670.07

1562,
14e5,9%
1244,9
532,56
374,90
478,4
75443
1086,
1287,
969,2
1138,2
1393,0

2928,3
295%,2
2673,5
1226,8
14457
1169,7
1494,3
1502,5
1848,5
1894,8
2163,6
3353%,0

2832,6
4742,9
4199,0
1835,8

2275,9

1704,2
2455,2
3384,6
3852,2
3526,86
J3168,8
5391,2

INFLOW SURFACE WATER CONCENTRATION«MOLS/L

MON

Ca
NOJ3

s 137E=02
.7845-@5
0142E’@2
«853E~NR
0144E'92
e214dE=04

MG
NH3

«663E=DJ
JRPAE+QQ
+414E=23
+CERE+AD
2 722E=93

NA

2+ 958E=23
01195-32
«117E=32

S04

«B73E=03
e 118E=02
»140E=D2

1535,.,5
1667,5
1625,7
734,6
864,0
80@,6
1183,2
877.7
1372,n
1246,7
1316.5
2275,6

CL

«688E~D)
»817E=03
+912E=23

18395,8
15505,3
14632.1

7111.0

7926,7

4822,2
10006,8
12522,8
12088,5
11621,5
12186,0
18916,5

HCO3J

«343E=02
354E=-02
2 386E=02

214,
213.,9
223,92
14,2
147 .4
106,85
108,2
112,9
191.3

152.5 :

212,7
339,8

«110E=03
2 179E=03
¢ 129E~03

6L1



10
i1
12
13
14
15
16
17
18
19
2@
21
22

«525E=01
«215E=05
«550E=23
«120E-22
«730F=05
.9195-03
«351E=25
¢ 153E=02
«107E=0D58
«976E=03
«712E=05
«963E=33
l175E-05
v 105E=22
- 1785'n5
v 122E=02
«178E=05
o 137E=02
.7145'55
113E=-02
.198E-Bd
«149E=02
|2965’94
142822
.2286‘@4
W 1A5E=N2
«335E=05
01595'92
l714E-a5
+142E=22
022E+0QR
o 142E=02
+BANE+D
«137E=02
«178E=0%
o 130E=0Q
-3925'55

+165E=03
TBORARE+ND
v 2PPE=03
«OPRE+EQ
0412E'93
«RQNAF+AQ
«356E=03
«20RE+DD
«7A8E=DJ
«PEOE+0QQ
.547E-03
«BNPE+00
«G2BE=03
UENE+ND
.59@5'@3
«2AAE+R0
o 7I5E=A3
+VORE+92
«728E=23
«ARBE+NQ
«658E-03
PANESDD
B11E=-Q3
JUABESDD
o 775E=03
ARAESND
ACE-QY
«NEAE+DD
o 725E=03
«092E+22
«325E=03
BRPE+ND
«625E=03
«D@AE+20
«725E=03
«200E+00
«725E=03
«R20E+0QQ

e 168E=23
« 140E=-03
+B25E=03
«953E=23
e 53IBE=0R3
«S506E=DY
+679E=23
+E8PE=0Y
«920E=03
+105E=02
«136E=0Q2
e117E=0Q2
«118t=02
e 118E=02
«150E=02
¢ 102Een2
+850E=03
710E=23
+S10E=03

«100E=02
«312E=23
«395E=03
2 497E=03
«873E~03
+882E-0)
+748E=03
«750E=03
WA37E=03
W437E=03
+804E-02)
WB25E=03
«750E-23
+8B7E=D3
«J0QE=B3
«437E=023
«500E=D3
+562E=-03
2 437E=83

.210E~03
2 132E=23
451E=03
<645E=03
L 49BE~03
. 496E=03
.738E=03
660E=03
«610E=23
6BRE~23
732E=D3
640E=03
,750E=03
J70PE=03
.890E=03
BIVE=DY
. 482E=03
. 580E=03
 490E=D3

«161E=0Q2
«144E=02
447E=22
+4C8E=02
+386E=02
«382E=02
+285E-22
+344E=02
«325E-p2
«J86E=D2
+426E-02
«409E=02
+425E=0Q2
+452E=02
+343E=Q2
2 397E=-02
»338E=02
«3P4E=0Q2
«301E=22

» 100E~-B3
+ 180E=-03
+108E=0Q3
«139E=02
«999E-04
«110E=-03
« 120E=-03
»90BE=04
« 100E=-23
10BE=-23
2 S90E~C4
o 176E=-03
2 150E=03
«160E=03
2 242E=03
140E=-03
0 120E=03
+100E=-03
«110E=023

081



23 L122E=72 ,68PFeR3 ,68NE=R) ,L,3I76E«23 ,L4QPE~03 ,298E=02 ,110E=03
«392E=05 ,00RE+RQ
24 ,100E«P2 ,70RE=Q3 ,740E~03 L3I75E~03 ,L40PE«QY ,307E=02 ,1@QE=03
AOCE+3n  ,0PNE+0Q
8,00 7,98 49,999999,99 10,00 3,00 78 1,30152,e20 022 . 233
MO ANH4 AANO3 AUREA AACA  AACO3 AASO4 AOR UPTK T  UBOIM
1 4,200 202 3,500 .nen 200 .2079170,364 62,0800 9,500 400
2 .200 I ,200 nee .200 202 000 43,000 9,500 . 300
3 .00 .200 ,020 , 200 .000 200 000 d8,P00 7,000 450
4 208 200 200 .200 .000 .002 202 37,000 8,000 550
5 .200 .000 .200 000 .200 000 000 41,000 7,300 0750
6 9,800 ,000 16,500 .00n2 .0020 ,029 56,788 45,000 6,580 0400
7 9,000 200 16,500 .00e .308 «A0p 56,788 %2,000 9.0080 500
8 9,300 AV 16,500 .Pe0 820 .000 56,788 82,000 11,000 250
9 7,000 .07¢ 13,507 000 .000 .200 002 98,000 16,200 .500
10 209 .27 ,000 . 207 0200 .202 .000 87,000 17,200 » 500
11 200 . 200 000 P00 .0092 .J00 56,788 84,002 17,000 500
12 4,p00 220 3,500 A0 ,200 .200172,364 70,000 14,000 2500
13 4,990 002 3 520 . 000 .00 ,0001702,364 62,000 9,500 ,440
14 U0 A28 209 'L .000 . 200 330 43,002 9.52d 0490
15,200 203 200 .020 ,000 2004 .000 38,000 7.200 0390
16 009 .20y .00 .000 .200 . 207 000 37.000 8,200 500
17 .00 «N7Y .00 200 .00d , 809 200 41,802 7,500 »570
18 9,m22 .002 16,500 200 ,200 .202 %6,788 45,082 6.500 2360
19 9,000 «0%0 16,500 .200 ,200 000 56,788 52,000 9,02¢0 600
20 9.700 .02 16,500 N0 ,020 ,202 56,788 82,000 11.000 0270
21 7,000 .80 13,540 .200 .200 ,20Q 00 98,000 16,200 «490
22 .020 00 .200 .00 ,8720 . 220 300 87,000 17,200 « 480
23 .09 .0029 .000 000 ,000 ,N07) 56,788 84,000 17,020 . 490
24 4,200 .288 3,500 .200 ,000 A872173,364 70,000 14,000 0560

PLNQ3J

«1221E+020
«7086E-01
»85262E=n]
o 59B4E=01
«8515F=0)
2 7383E=2y
+8543E=21
«1346E+00
e 18620E+AQ
«1429FE+0Q
« 1379E+02
«1149E+82
«1318E+20Q
o 7BAESEmC
06241E'31
6081E=0Y
B631E=P]
7391{E=01
+B5AGE=DY
«1347E+00D
o 161@E+u
«1428E+20
1 380E+AN
«1150E+0G

PLNH4

<5377E=02
c3729E=02
 3296E=02
<3149E=p2
<3429E=02
L3891E=02
L4496E=02
J7088E=02
.8471E=D2
J7525Ew02
JJ261E=P2
L6051E=02
3361E=n2
.3718E=-02
<3285E=02
<3203E=02
<349AE=02
.3893E=02
.4498E=p2
JTA9IE=P2
LB477E=R2
,7523E=02
JT268E=D2
SP55E=D2
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«15C2E+01
olZEﬁE#@Z
300 2E~-n]

«1522E+21
«1250E+Q2
.30@GE~01

«13¢2E+n
«1250E+02
«3000E=-1

«1500E+01
«1250E+022

1500E+p
«1250E+22
-SGQQE-Gl

«150DE+DY
01255E¢92
«SOPIE=R1

«15A0E+n]
«1250E+02
.SEQBE-wl

« 1 20RE+T1
«7RBUE+AY
«OWECE+P0

e 12VPE+nY
7O20E+B1
JAAPBESNQ

o 12PNE@]
7TADPESD]
»DBQAPE+AD

»1200E+031
«7ARPE+H Y
JADARE SRR

s 12CPE+n}
e 7NCRESNY
LAANPF &2

W 120PE+Q]
e 7AAPE+A}
JRANRE+AQ

«1200E+YY
o7 POGE+N]
e ANACESGR

«lONAE+R2
OiB0E«D1

«1000E+D2
«J130E+21

«1000FE+D2
«J15PE+D]

«1000E+22
«I150E+0Y

«1000E+D2
«3150E+2Y

«1ANAE+R2

«3152E+0])

«100AE+Q2
«JI10PE«G

CONCENTRATIONS OF INITIAL SNIL SOLUTION

o 1100F+00
«SA0RE=D1

W1107E+pD
«60A0E=]

«1100E+02
«SUARE=~D!

«1120E+00
+6RABE=2}

.11@9E¢5@
«602B3E=Q1

«110GE+QQ

BPAAE~Q

«110CE+QQ
2SNAAE=D]

: 1400E+0 1
WACORE+QD

«1400QE+0}
«ADRBE+R?

«1400E+0Q1
«200RBE+QQ

+14008E+Q1
+ARVAE+DY

» 1400E+2]
«J200E+73

o J40BE+R]

+00VRBE~QQ

«1400E+0}
«N2008E+Q2

115@05*@1
«20PQE+00Q

+1500E+21
+0000E+0Q

«1500E+21
+O0002E+RD

» 1500E+01
00V0E +00

«1502E+2]
»0000E+D02

+1500E+0}

«00UAE+R0

1500F+01
«0200E+22

«1000E+0B2
+2500E+00

«1000E+Q@2
+2500E+20

+1000E+02
«2500E+0Q0

o 1000E+02
«2500E+Q0

«1BAQE+22
«2050RE+0BQ

«1000E+Q22

«2500E+RD

«1000E+02
0 250AE+00

281
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MO SRF
091
22
06
71
21
.02

1.05
.67
«94

04l
1.12
18,867

i «69
.20
.08
02!
1
.32
67
o 58
93
10 41
11 4?2
12 1,93
19,388

G e P i ol s B S B s pa s Y]
-
N D OONDIO L AN -

MOV NNVNNNONOR NN
WOWONIPARLUN

ReR® ,9344

241 -

SUBSRF EVT G
1.37 1.26
1.20 36
1,36 o1l

«89 18
77 o 16
55 045
32 1,30
76 3,78
98 5,23
1.24 6,86
1.28 35,81
1.41 3,03

18,952 -,085
1.62 1,91
1.72 .40
1.69 «20

98 22
«89 39
«86 «58
67 .33
.97 3.37
«88 5,63
1.08 6,596
1.15 5,88
1,33 2.19
19|9@@ ’.512
Rms ,9666

WBF
'.@ﬂ
-,00
-.00
- 00
~.00
=-,00
-,00
»,02
-,00
201
-, 00

-, 00
.01
-,00
- 20
-, 00
01
21
« 01
'.ﬂﬂ
21
« 81
01

SNPC
-,081

.21
-, 01
-,81
-,01

21

21
-,01
-,00
.01
'.01
-,01

-, 21
-,01

.00

21
-,01
-,21
»,01
-, 01

TOTAL MEASS

STRC SMCH
26 3,21
.23 3,00
21 1.97
«a1 «34
'91 .53
21 1,00
.09 6,86
14 9,15
13 6,66
14 6,46
14 7,24
«10 5,58
B4 2,59
@3 1,76
32 1,88
W21 2.98
21 v, 14
.01 o638
28 4,09
12 8,89
12 6,58
.14 6,58
15 7,43
.29 6,06

646199,

DAL
4,08
1.86
" 38
002
22

6,38
12,65
12,76
13,06
13,05

8,14

3,009
1,60
«83
.21
-'ml
38
4,04
10,89
12,595
13,14
13,22
7,48

]
3,20
2.99
026
=-,01
-, 71
99
6,87
6,66
6,45
7.23
5.,57

2,58
1.79
1.67
2.98
-,01

263
4,89
8,88
6,57
6,56
7.43
6,86

TOTAL CALC=

SUMOUT
2,33
1.46
1,43

« 91
o79
«60
1,47
1.57
2,05
1.79
1.85
2,83

2.33
1.96
1.8§
1.03

91

91
1,41
1,69
1.94
1,65
1.73
2,47

656292,

QMEAS DIFF
2.10 28
1,49 02
.40 .02
1.41 19

.91 .13

'85 .25
1.5 .23
1,46 ,190
2,00 « 05
.80 .01
178 W13
2,46 17
2,368 003
1.87 o9
1.69 o1l

W79 «24

«84 097

'69 .2‘
1,34 206
1.87 417
1.91 23
1.55 «@9
1,70 23
2.71 24
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QUALITY OF PERCOLATED EFFLUENT IN ME/L TDS IN MG/L

MONTH

CXNDER D GN -

Ca

J.19
¥, 19
3,19
3,20
3,20
3,29
3,20
4,21
J.21
3.21
3,21
3,21
3,24
3,27
3,19
3,18
3,17
J.18
3,186
3,14

3,13
3.11
3,39
3.%7

MG

2.61
2,61
2,61
2,614
2,62
2,62
2.62
2.62
2,62
2,62
2,63
2,63
2.62
2,82
2.61
2,60
2.59
2,58
2.58
2,57

2,56
2,54
2,53
2,54

NA

J,00
3.@%
3,01
3.0
3,01
3,02
.02
3,02
3,02
3.32
3.02
3.@2
J.02
J.02
.02
3,01
3.01
3,89
3. N0
2,99

2,99
2.98
2,97
2,90

S04

1.96
1.96
1,88
1.80
1.73
1.63
1.65
1,58
1.52
1.47
1.42
1,99
1,34
1,31
1,302
1,30
1,30
1.30
1.32
1,30

1,30
1.30
1,50
1.32

cL

1.40
1,44
1.39
1,39
1,39
1,39
1,39
1,39
1439
1,39
1,39
1,39
1,38
1.38
1.34
1;33
1.31
1,29
1.29
1,27

1.28
1,23
!.21
1.18

HCO3

6,52
6,52
6,52
5.51
6.50
8.5@
8.50
6,49
6,49
6.49
6,48
6,48
6,48
6.43
6.50
6.51
6.52
6,53
6,33
6.55

6,56
6,58
6,62
6,62

NO3J

225
25

o235
25
W25
025
025
25
028
' 25
25
.25
25

o 24
024
v 24
24
23

23
22
22
2l

TDS

722,
722,
718,
714,
711,
767.
707 .
703,
700.
698,
695,
694,
6§91,
689,
sas,
687.
686,
686,
686,
685,

685,
684,
683,
682,

o

O Gt Gl Pl Pt b Pl G P Gt P (=B Gl Poh P Pl Pt Pl P P

e pe pa
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QUALITY 0OF PERCOLATED EFFLUENT IN ME/L TDS IN MG/L

MONTH CA MG NA 504 CL HCOJ NOS TDS SOIL

1 4,78 3,82 3,78 J.15 1,40 7.83 25 925, 2
2 4,78 3,92 3,78 3,15 1,49 7.83 25 925, 2
3 4,77 3,52 3,78 3,15 1,39 7.83 25 925, 2
4 4,77 3,82 3,78 3,15 1.39 7.83 25 9285, e
5 4,77 3. 02 3.78 3.15 1,39 7.83 » 258 925, e
6 4,77 3,82 3,78 3,15 1,39 7.83 25 825, ']
7 4,77 3,02 3,78 3,15 1,39 7.83 25 925, 2
8 4,77 3,02 3,78 3,15 1.39 7,83 028 925, e
9 4,77 3,91 3,78 3,15 1.39 7.83 25 925, P
10 a.77 3.91 3.78 3,14 {30 7 .83 25 924, 2
1 4,78 3,01 3,78 J,.14 1,39 7.84 023 924, 2
i2 4,76 3,080 3.78 J.13 1.39 7,84 -3 924, 2
13 4,74 3,80 3.77 3.11 1,38 7 .85 25 923, 2
14 4,714 3.8 3,76 3.07 1,368 7 .87 25 921%, 2
15 4,67 J,A4 3.75 3,02 1,34 7.99 25 9i7. 2
16 4,6% 3,82 3,74 2.99 1.33 7,92 25 916, 2
17 A,62 3,79 Ja73 2,95 1,34 7.95 24 913, 2
18 4,%9 3.76 3.72 2,91 1.29 7.97 24 911, 2
19 4,50 3,76 3.72 2.91 1,29 7.97 24 911, 2
20 4,55 3,73 3,7@ 2.86 1,27 8,00 24 908, e
21 4,51 R, 7 3.69 2.81 1,25 8,23 23 9ge5, 2
22 4,46 31,864 3,67 2,74 1.23 8.07 23 924, e
23 4,42 3,63 3. 66 2,68 1.21 8,11 223 898, e
24 4,37 3. 5¢ 3.64 2.62 1,18 8.15 22 894, 2
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QUANTITY OF SURFACE QUTFLOW,TOMS

MONTH

OCONNABAD N -

17
18
19
2n
21
22
23
24

ReR=

Ce

3731,
2549,
2603,
1656,
1433,
1076,

1578,

2547,
2771,
2782,
2933,
3967,
812,
3393,
3233,
1842,

1632,
1815,
2172,
26780,
2901,
2569,
2650,
3332,

sR145

R.

MG

1611,
1162,
1286,
gee,
714,
522,
658,
1634,
1228,
1336,
1395,
1795,
1762,
1655,
1588,
9e7.

gie,
792,
B17.
1112,
izne,
1172,
1191,
1364,

g ,02

24

NA

2950,
2324,
25p4,
1615,
1397,
1826,
1171,
1627,
2116,
2449,
2522,
3142,
2293,
3a272.
3115,
1793,

1614,
1584,
1593,
2251,
1969,
2794,
2238,
2776,

S04

5729,
4980,
4919,
2503,
2101,
1540,
2132,
3561,
415@,
40980,
4176,
4719,
A648,
a6e4a,
4264,
ea16,

2138,
2072,
2282,
3033,
3331,
2871,
Joz8,
3829,

TOTALMEAS =

cL

2194,
1546,
1612,
1826,

886,

633,

978,
1199,
1553,
1754,
1765,
2210,
2211.
2084,
1940,
liea,

974,

954,
1218,
1297,
1412,
1317,
1329,
1658,

568220,

HCOD3J

18416,
133980,
14132,

9059,

7825,

5892,

9867,
1226¢,
15647,
14577,
15631,
19756,
20w7a8,
18788,
17804,
12262,

232,

9059,
10977,
13348,
13604,
135828,
14333,
iazeez,

TOTAL CALC =

205,
216,
22y,
178,
297,

8e,

64,

69.
166,
224,
234,
256,
263.
329,
242,

NO3

175. .

179,
199,
140,

89,
149,
178,
186,
2358,

TDS

34748,
23267,
26372,
16860,
14562,
18782,
16446,
ez208a,
27625,
27212,
28631,
35848,
36656,
34088,
3218¢,
18496,

16580,
16186,
19199,
23603,
24378,
23823,
24958,
32120,

588316,
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