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ABSTRACT

Modifications, testing, and further development of the Pesticide Transport
and Runoff (PTR) Model have produced the Agricultural Runoff Management
(ARM) Model presented in this report. The ARM Model simulates runoff,
snow accumulation and melt, sediment loss, pesticide-soil interactions,
and soil nutrient transformations. The Model is capable of simulating
sediment, pesticide, and nutrient content of runoff from small
agricultural watersheds. The report discusses the major modifications to
and differences between the PTR and the ARM Models. Detailed presentation
of an energy-balance method of snow simulation, and a first-order
transformation approach to nutrient modeling are included. Due to lack of
data, the nutrient model was not tested with observed data; testing and
refinement are expected to begin in the near future.

Instrumented watersheds in Georgia provided data for testing and
refinement of the runoff, sediment and pesticide portions of the ARM
Model. Comparison of simulated and recorded values indicated good
agreement for runoff and sediment loss, and fair to good agreement for
pesticide loss. Pesticides which are transported only by sediment
particles were simulated considerably better than pesticides which move
both in solution and on sediment. These results indicate the need for
further study of methods to simulate those pesticides which are
transported by both mechanisms. A sensitivity analysis of the ARM Model
parameters demonstrated that soil moisture and infiltration, land surface
sediment transport, pesticide-soil interactions, and pesticide degradation
are the critical mechanisms in simulating pesticide loss from agricultural
watersheds. Recommendations are included for (1) additional research on
these mechanisms, (2) modification of the ARM Model to simplify
application and use, and (3) demonstration of the use of the ARM Model in
agricultural land planning and management.

This report was submitted in fulfillment of Research Grant No.
R803116-01-0 by Hydrocomp, Incorporated under the sponsorship of the
Environmental Protection Agency. Work completed as of September 1975.
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SECTION 1
CONCLUSIONS

The Agricultural Runoff Management (ARM) Model has been used
successfully for simulating runoff, sediment, and pesticide loss from
small agricultural watersheds. Model testing for sediment and
pesticide loss has been performed on watersheds in the Southern
Piedmont and is presently underway on watersheds in the Great Lakes
region.

The simulation of surface runoff with the ARM Model has been verified
by split-sample testing for the Southern Piedmont watersheds. The
hydrology parameters calibrated on six months of 1972 data allowed
the Model to simulate 1973 data with reasonable accuracy. Past
experience with the hydrologic simulation methodology indicates that
similar accuracy can be expected in other geographical regions.

The method of snowmelt simulation presented in this report has been
employed successfully on watersheds across the United States.
Although its use on small agricultural watersheds has been limited,
the methodology of energy balance calculations is conceptually valid.
Calibration and testing is presently underway on watersheds in the
Great Lakes region.

Tillage operations and practices have a significant impact on both
surface runoff and sediment loss from watersheds in the Southern
Piedmont. The effect is relatively greater on sediment loss than on
surface runoff and tends to decrease with time since the last tillage
operation. Both total sediment loss and peak sediment concentrations
are increased by frequent tillage operations while peak runoff is
generally reduced and delayed in time.

The ARM Model simulation of sediment production is relatively
accurate except for storms immediately following tillage operations.
In general, monthly sediment loss and storm concentrations are close
to observed values when the hydrologic simulation is accurate. The
sediment simulation methodoliogy allows for the inclusion of tillage
operations, but further testing and calibration are needed to more
reliably quantify tillage effects.

Simulation of pesticide loss from the Southern Piedmont watersheds
with the ARM Model indicates the following:

a. Simulation results are good for pesticides like paraquat that are
completely adsorbed onto sediment particles. In these cases, the
accuracy of the pesticide simulation is directly dependent upon
the accuracy of the sediment simulation.
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b. Simulation of pesticides that move both in water and on sediment
is dependent upon the partitioning between the two phases (water
and sediment) as specified by the adsorption/desorption function.
Simulation results for this type of pesticide (e.g. diphenamid)
using laboratory isotherm data is fair to poor. Initial
comparison of simulation results from single-valued (SV) and
non-single-valued (NSV) adsorption/desorption functions is
inconclusive. The SV function appears to simulate some storms
better than the NSV function, but the reverse is true for other
storms. Further comparisons and evaluations are warranted.

c. Pesticide attenuation processes are critical to the simulation of
pesticide loss since they determine the amount of pesticide
available for transport from the land surface. Storms, even
minor ones, occurring immediately or soon after pesticide
application are the major events for pesticide loss. The applied
pesticide has not attenuated to a significant extent; thus, it is
highly susceptible to transport. The first order degradation
rate presently used in the ARM Model appears to underestimate
attenuation at the beginning of the growing season and
overestimate it at the middle and end of the growing season.
Accurate simulation of pesticide attenuation would provide a more
valid base for the evaluation of adsorption/desorption functions
and improvement of the overall pesticide simulation.

The ARM Model provides a structure for simulating the transport and
soil transformations of plant nutrients. Testing and comparison of
simulated and observed results will provide a basis for modification
and refinement of the nutrient algorithms presented in this report.
Data from the Southern Piedmont and Great Lakes watersheds is expected
to be available for nutrient model testing in the near future.

A sensitivity analysis of the ARM Model parameters for hydrology,
sediment production, and pesticide loss indicates that the most
sensitive parameters are related to soil moisture and infiltration,
land surface sediment transport, pesticide-soil interactions, and
pesticide degradation. These mechanisms are the critical ones for the
accurate simulation of pesticide loss from agricultural watersheds.
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SECTION II
RECOMMENDATIONS

Application and testing of the ARM Model on watersheds in different
regions of the country is of primary concern at this time. The
hydrologic methodology of the ARM Model has demonstrated its general
applicability from the results of testing on hundreds of watersheds;
similar testing is needed for the sediment production methodology.
In this way, the simulation of the transport mechanisms (runoff and
sediment loss) for agricultural pollutants can be tested, refined,
and verified for general application. Moreover, the relationship of
the ARM Model parameters to climatic and edaphic characteristics
could be investigated.

Testing of the nutrient model is crucial to the reliable simulation
of plant nutrients. Although a nutrient model has been developed,
only testing and comparison with observed data can indicate the
validity of the model assumptions and the need for model refinements.

The impacts of different agricultural management techniques on the
transport mechanisms of runoff and sediment loss need to be further
investigated. Since the ARM Model will be applied to managed
agricultural lands, the relationships between land management
techniques and the ARM Model parameters must be established. This is
a necessity if the Model is to be used for evaluating the efficacy of
land and agricultural management plans. Also, for widespread use,
the Model must accommodate practices employed in different
agricultural regions of the country.

Pesticide-soil interactions and pesticide attenuation processes must
be further investigated in order to improve the accuracy and
reliability of the pesticide simulation. Both the single-valued and
non-single-valued adsorption/desorption functions warrant further
investigation, in addition to a kinetic, or non-equilibruim, approach
to the pesticide-soil interaction processes. First-order pesticide
degradation should be replaced with a more sophisticated degradation
model. Various candidate approaches are presently under
investigation. Environmental conditions (e.g. soil temperature, soil
moisture, and oxygen content) need to be included where they are
significant.

To promote the general use of the ARM Model for investigation,
evaluation, and management of agricultural runoff, the following
recommendations are extended:

a. The ARM Model structure should be modified to allow a
more user-oriented method of application. The acceptance and



use of the ARM Model by the user community is contingent upon
the ease of Model application, calibration, parameter
evaluation, data management, and output interpretation. To
date, Model development has concentrated on the testing and
evaluation of algorithms to simulate the physical processes.
Efforts should now be directed to the goal of making the
Model more amenable for use by potential users.

The use of the ARM Model as a tool for the planning and
evaluation of agricultural management techniques for the
control of sediment, pesticides, and nutrients should be
demonstrated. It is insufficient to develop and document a
model like the ARM Model without a clear demonstration of its
potential application in the planning and management process.
In addition, recommendations, guidelines, and a proposed
methodology should be developed to insure the effective

use and to avoid misuse of the ARM Model.



SECTION III
INTRODUCTION
MODELING PROGRAM

The development of models to simulate the water quality impact of nonpoint
source pollutants is receiving considerable attention by the engineering
and scientific community. One of the major reasons for this interest was
the passage of the Federal Water Pollution Control Act Amendments of 1972,
specifically requiring the evaluation of the contribution of nonpoint
source pollution to overail water quality. This report describes a
modeling effort whose goal is the simulation of water quality resulting
from agricultural lands. The beginnings of this research modeling effort
date from 1971 when the U.S. Environmental Protection Agency, through the
direction of the Environmental Research Laboratory in Athens, Georgia
(ERL-Athens), sponsored the development and initial testing of the
Pesticide Transport and Runoff (PTR) Model.! The Agricultural Runoff
Management (ARM) Model presented in this report is the combined result of
further nwodel testing and refinement, algorithm modifications, and
inclusion of additional capabilities not present in the PTR Model.
Moreover, the ultimate goal of the continuing ARM Model development effort
is the establishment of a methodology and a tool for the evaluation of the
efficacy of management practices to control the loss of sediment,
pesticides, nutrients, and other nonpoint pollutants from agricultural
lands. The present version of the Model, presented in this report, is a
'snapshot' of the ARM Model in its testing and refinement process. When
recomnended for public use, the final ARM Model will be a tool for
evaluating the water quality impact of agricultural management practices.

MODELING PHILOSOPHY

The guiding philosophy of the modeling effort is to represent, in
mathematical form, the physical processes occurring in the transport of
nonpoint source pollutants. The hydrologic and water quality related
processes occurring on the land surface (and in the soil profile) are
continuous in nature; hence, continuous simulation is critical to the
accurate representation of these physical processes. Although nonpoint
source pollution from the land surface takes place only during
runoff-producing events, the status of the soil moisture and the pollutant
prior to the event is a major determinant of the amount of runoff and
pollutants that can reach the stream during the event. In turn, the soil
moisture and pollutant status prior to the event is the result of
processes which occur between events. Cultivation and tillage practices,
pesticide and fertilizer applications, pesticide degradation and nutrient
transformations, all critically affect the mass of pollutant that can
enter the aquatic environment during a runoff-producing event. Models

ol



that simulate only single events cannot accurately evaluate agricultural
land management practices since between-event processes are ignored.
Although all between-event processes cannot be quantitatively described at
the present state of technology, continuous simulation provides a sound
framework for their approximation and for further research into their
quantification.

When modeling nonpoint source pollution, the above stated philosophy is
joined by the fact that the transport mechanisms of such pollutants are
universal. Whether the pollutants originate from pervious or impervious
lands, from agricultural or urban areas, or from natural or developed
lands, the major transport modes of runoff and sediment loss are
operative. (UWind transport may be significant in some areas, but its
importance relative to runoff and sediment loss is usually small.) In this
way, the simulation of nonpoint source pollution is analogous to a
three-layered pyramid. The basic foundation of the pyramid is the
hydrology of the watershed. UWithout accurate simulation of runoff,
modeling nonpoint pollutants is practically impossible. Sediment loss
simulation, the second layer of the pyramid, follows in sequence the
hydrologic riodeling. Although highly complex and variable in nature,
sediment modeling provides the other critical transport mechanism. The
pinnacle or final layer of the pyramid is the interaction of various
pollutants with sediment loss and runoff, resulting in the overall
transport simulation of nonpoint source pollutants.

The general goals of the research effort described in this report are (1)
to utilize the most advanced state of present technology in the simulation
of nonpoint source pollutants, and (2) to delineate critical areas for
further research and investigation. In addition, the final version of the
ARM [lodel will be designed for general applicability throughout the United
States and for use by state and local agencies for the water quality
evaluation of agricultural land management practices.

REPORT COMTENTS AND FORMAT

As stated previously, this report describes the progress of the continuing
ARM Model development work. Further testing and refinerent of Model
algorithms is in progress at the present time; thus, this report provides
a detailed Took at the existing version of the Modei and a glimpse at
projected future modifications. The major differences between the present
ARY llodel and its predecessor, the PTR Model, are as follows:
(1) fodifications of the input and output (I/0) procedures
(2) Modifications to the sediment model, SEDT, algorithms
(3) Option to utilize non-single-valued adsorption-desorption
function
(4) Simulation capability for snow accumulation and melt
(5) Simulation capability for plant nutrients (not tested
on observed data).



In order to prevent a duplication of material presented in the PTR Model
report,1 this report will be restricted to an explanation of the major
modifications l1isted above and a presentation of the results of testing
the ARM Model on new data. However, some duplication is necessary in
order to provide a cohesive presentation. The reader will be referred to
the PTR Model report for elaboration of material summarized here.

Modifications to the I/0 procedures will be described in the User Manual
(Appendix A) along with a complete explanation of Model operation and use.
Section IV provides a brief description of the overall ARM Model
structure, including modifications to the sediment model and the addition
of the non-single-valued adsorption/desorption option. Since major
efforts were devoted to addition of the snow accumulation and melt routine
and development of the plant nutrient model, Section V and Section VI
describe the respective physical processes and algorithms. Following a
brief presentation of the companion data collection programs in Section
VII, the results of Model testing are presented in Section VIII. A
sensitivity analysis of Model parameters is reported in Section IX.
Finally, Section X summarizes the overall conclusions and recommendations.
The appendices include a brief user manual, a sample input Tisting, and a
source code of the ARM Model.



SECTION IV
THE AGRICULTURAL RUNOFF MANAGEMENT (ARM) MODEL

The ARM iodel simulates runoff (including snow accumulation and melt),
sediment, pesticides, and nutrient contributions to stream channels from
both surface and subsurface sources. No channel routing procedures are
included. Thus, the Hodel is applicable to watersheds that are small
enough that channel processes and transformations can be assumed
negligible. Although the Timiting area will vary with climatic and
topographic characteristics, watersheds greater than one to two square
miles are approaching the upper limit of applicability of the ARM Model.
Channel processes will significantly affect the water quality resulting
from lTarger watersheds.

Figure 1 demonstrates the general structure and operation of the ARM Model
The major components of the [Mfodel individually simulate the hydrologic
response (LANDS) of the watershed, sediment production (SEDT), pesticide
adsorption/desorption (ADSRB), pesticide degradation (DEGRAD), and
nutrient transformations (NUTRNT). The executive routine, MAIN, controls
the overall execution of the program; calling subroutines at proper
intervals, transferring information between routines, and performing the
necessary input and output functions. Table 1 describes the functions of
each of the ARM Model components.

In order to simulate vertical movement and transformations of pesticides
and nutrients in the soil profile, specific soil zones (and depths) are
established so that the total soil mass in each zone can be specified.
Total soil mass is a necessary ingredient in the pesticide
adsorption/desorption reactions and nutrient transformations. Figure 2
depicts the zones and depths, assumed in the ARM Model. The depths of the
surface and upper soil zones are specified by the model input parameters,
SZDPTH and UZDPTH, respectively. The upper zone depth corresponds to the
depth of incorporation of soil-incorporated chemicals. It also indicates
the depth used to calculate the mass of soil in the upper zone whether
agricultural chemicals are soil-incorporated or surface applied. The
depths of the surface and lower zones are important because the active
surface zone is crucial to the washoff and degradation of agricultural
chemicals, while the extent of the lower zone determines to what degree
soluble pollutants will contaminate the groundwater. The zonal depths
will vary with the geology and topography of the watershed. Although the
relative specification of the soil depths indicated in Figure 2 is
reasonable, further evaluation of these zones is presently in progress.

The transport and vertical movement of pesticides and nutrients, as
conceived in the ARM Model, is indicated in Figure 3. Pollutant



ARM Model structure and operation
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Major
Program

MAIN

LANDS

SEDT
ADSRB

DEGRAD

NUTRNT

Table 1. ARM MODEL COMPONENTS

Component
Subroutine

CHECKR
BLOCK DATA

NUTRIO
OUTMON
OUTYR

DSPTN

TRANS

Function

Master program and executive control
routine

Checks input parameter errors

Data initialization for common
variables

Reads and checks nutrient input data
Prints monthly output summaries
Prints yearly output summaries

Performs hydrologic simulation and
snowmelt calculations

Performs sheet erosion simulation

Performs pesticide soil adsorption/
desorption simulation

Performs desorption calculations

Performs pesticide degradation
simulation

Performs nutrient simulation

Performs nutrient transformations

10



It

Assumed soil depths for pesticide and nutrient storage

. |

UZDPTH

~ SURFACE ZONE
PARAMETER

. UPPER ZONE

1.83 M LOWER ZONE

~ GROUNDWATER ZONE

Figure 2



Al

Pesticide and Nutrient movement in the ARM model
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contributions to the stream can occur from the surface zone, the upper
zone, and the groundwater zone. Surface runoff is the major transport
mechanism carrying dissolved chemicals, pesticide particles, or sediment
and adsorbed chemicals. The interflow component of runoff can transport
dissolved pesticides or nutrients occurring in the upper zone. Vertical
chemical movement between the soil zones is the result of infiltrating and
percolating water. From the surface, upper, and lower zones, uptake and
transformation of nutrients and degradation of pesticides is allowed. On
the watersheds tested, the groundwater zone has been considered a sink for
deep percolating chemicals since the groundwater flow contribution has
been negligible. However, on larger watersheds this contribution could be
significant.

HYDROLOGY

To truly comprehend the movement of pesticides and nutrients in the ARM
Model, one must have a basic understanding of the hydrology subprogram,
LANDS. A flowchart of LANDS is shown in Figure 4 (the snowmelt subroutine
will be described in Section V). The mathematical foundation of LANDS was
originally derived from the Stanford Watershed Model12, and has been
presented, with minor variations, in numerous subsequent publications.!.3
For this reason, the algorithms will not be fully described here. The
major parameters of the LANDS subprogram are defined in Table 2, and in
the User Manual (Appendix A). These parameters are identical to those in
the PTR Model and also in the Hydrocomp Simulation Program, HSP3, 1In
brief, the LANDS subprogram simulates the hydrologic response of the
watershed to inputs of precipitation and evaporation. LANDS simulates
runoff continuously through a set of mathematical functions derived from
theoretical and empirical evidence. It is basically a moisture accounting
procedure on the land surface for water in each major component of the
hydrologic cycle. The parameters (Table 2) within the mathematical
functions are used to characterize the land surface and soil profile
characteristics of the watershed. These parameters must be selected,
tested, and modified when LANDS is applied to a new watershed.

Calibration is the process whereby the parameters are modified as a result
of a comparison of simulated and recorded runoff data for the watershed.
The calibration procedure is described in the User Manual (Appendix A).

Modifications to the Stanford and HSP versions of the LANDS algorithms
have been discussed in the PTR Model Report.l The present version of
the LANDS subprogram of the ARM Model includes these modifications to
simulate the areal variation in agricultural chemical concentrations on
the land surface. For completeness and clarity, the following section
entitled, "Areal Zone Concept", describing the LANDS modification is
abstracted from the PTR Model Report.
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Table 2. HYDROLOGIC MODEL (LANDS) PARAMETERS

A A fraction representing the impervious area in a
watershed.

EPXM The interception storage parameter, related to vegetal
cover density.

UZSN The nominal upper zone soil moisture storage parameter.

LZSN The nominal Tower zone soil moisture storage parameter.

K3 Index to actual evaporation (a function of vegetal
cover].

K24L,

K24EL Parameters controlling the loss of water from

groundwater storage. K24L is the fraction of
groundwater recharge that percolates to deep groundwater
tables. K24EL is the fraction of the segment area

where shallow water tables put groundwater within reach
of vegetation.

INFIL This parameter is a function of soil characteristics
defining the infiltration characteristics of the
watershed.

INTER This parameter defines the interflow characteristics
of the watershed.

L Length of overland flow plane.

SS Average overland flow slope.

NN Manning's "n" for overland flow.

IRC,

KK24 The interflow and groundwater recession parameters.

KV The parameter KV is used to allow a variable recession

rate for groundwater discharge.
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Areal Zone Concept

The major concern in modifying the HSP LANDS module for pesticide
transport was the desire to accommodate the expected areal variation in
pesticide concentration over the land surface. It is generally accepted
in hydrology that infiltration is time and area dependent. Infiltration
capacity will vary even within small watersheds with reasonably
homogeneous soil characteristics. This areal variation in infiltration
results in source areas, or zones, with low infiltration capacity within
the watershed, contributing a large component of overland flow. Since
overland flow and sediment loss are the major mechanisms of pesticide
transport to the watercourse, the low infiltration source areas will also
experience a greater loss of pesticide than the remainder of the
watershed. Consequently, the pesticide concentration on the land surface
will vary, in spite of an initially uniform application. The pesticide
concentration within the soil profile will also vary as a function of the
volume of infiltration. Obviously, the extent of pesticide areal
variation depends upon the solubility and transport characteristics of the
specific pesticide applied and upon topographic and watershed
characteristics. Natural hydrologic conditions and watershed
characteristics are sufficiently non-uniform to justify the above
described mechanisms leading to areal variations in infiltration and
pesticide concentrations.

HSP LANDS employs a cumulative frequency distribution of infiltration
capacity to account for the areal variation. Figure 5a graphically
presents the infiltration function of HSP LANDS. A mean infiltration
capacity, f, is calcuiated and a linear approximation to the actual
cumuiative distribution is assumed. Interflow is determined as a function
of infiltration and lower zone moisture storage. It is evaluated in
Figure 5a as a second linear cumulative distribution denoted by f(c-1).
Since the X-axis is unity (i.e. 100 percent of watershed area), the area
of each wedge in Figure 5a represents the portion of the moisture supply
allocated to each component. During any time interval, the available
moisture supply is distributed to surface detention, interflow detention,
and infiltration. Overland flow and interflow are determined as losses
from surface detention and interflow detention respectively. Lower zone

moisture storage and groundwater components are derived from the
infiltration component.

The LANDS subprogram of the ARM Model employs the same infiltration
function as HSP LANDS, with one modification; the watershed is divided
into five zones, each representing 20 percent of the total area. The
zonal division is based on infiltration capacity. Schematically, Figure
Ob shows that zone 1 will infiltrate much less water than zone 5.
Conversely, zone 5 will provide less overland flow than zone 1. Thus, the
areal variation in infiltration capacity is approximated. Zones with
Tower infiltration capacity will serve as the major source areas for
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Figure 5a. Cumulative frequency distribution of infiltration
capacity showing infiltrated volumes, interflow
and surface detention
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overland flow, sediment, and pesticide loss. Generally, zones with high
infiltration will contain more pesticide in the soil profile because of
the greater amount of infiltrated water.

Conceptually, the zones are not necessarily concentric, continuous, or
contiguous. Each is connected directly to the stream channel by the
overland flow plane. As with any simulation model, this source zone
concept is an approximation. It is an attempt to portray mechanisms which
are known to occur, but are impossible to simulate in detail.

A full description of the operation and calibration procedures for the
LANDS subprogram is included in the User Manual (Appendix A).

SEDIMENT LOSS SIMULATION

The basis for sediment loss simulation in the PTR Model was derived from
work by Moshe Negev at Stanford University.* Although Negev simulated

the entire spectrum of the erosion process, only sheet and rill erosion
were included in the the PTR Model since gully erosion was not significant
on the small test watersheds. The two component processes of sheet and
rill erosion pertain to (1) detachment of soil fines (silt and clay
fraction) by raindrop impact, and (2) pick-up and transport of soil fines
by overland flow. These mechanisms were represented in the PTR Model by
the following algorithms:

Soil fines detachment:

RER(t) = (1 - COVER(T))*KRER*PR(t)"RER (1)
Soil fines transport:

SER(t) = KSER*SRER(t)*ovQ(t) SER (2)

ERSN{t) = SER(t)*F (3)
where RER(t) soil fines detached during time

interval t, tonnes/ha

COVER(T) = fraction of vegetal cover as a function of
time, T, within the growing season

KRER = detachment coefficient for soil properties

PR(t) = precipitation during the time interval, mm

JRER = exponent for soil detachment

SER(t) -~ transport of fines by overland flow, tonnes/ha
JSER exponent for fines transport by overland flow
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KSER = coefficient of transport

SRER(t) = reservoir of soil fines at the beginning
of the time interval, t, tonnes/ha

ovQ(t) = overland flow occurring during the time
interval, t, mm

F = fraction of overland flow reaching the
stream during the time interval, t

ERSN(t) = sediment loss to the stream during the

time interval, t, tonnes/ha

Since the original equations by Negev were designed for simulation on an
hourly basis, the coefficients KSER and KRER were modified to allow 5 and
15 minute simulation. In the operation of the algorithms, the soil fines
detachment (RER) during each interval is calculated by Equation 1 and
added to the total fines storage or reservoir (SRER). Next, the total
fines transport (SER) is determined by Equation 2 and the sediment Tloss to
the stream (ERSN) is calculated in Equation 3 by the fraction of overland
flow which reaches the stream. A land surface flow routing technique3
determines the overland flow contribution to the stream in each time
interval. After the fines storage (SRER) is reduced by the sediment loss
to the stream (ERSN), the algorithms are prepared for simulation of the
next time interval.

Although the general operation of the algorithms described above is
identical in the ARM Model, certain modifications have been necessary. A
more comprehensive vegetal cover function and an attempt to simulate the
effects of tillage operations have been included. Also, Equation 2 has
been modified to more closely represent the physical process of sediment
transport by overland flow. Table 3 defines the sediment parameters
included in the ARM Model.

The goal of simulating sediment washoff by overland flow is to approximate
the capacity of the flow to transport detached soil fines. Equation 2,
derived from Negev's formulation, actually calculates transport as a
continuous function of the detached fines. If Equation 2 is rearranged as
follows,

SER(t)/SRER(t) = KSER*ovo(t)JSER (4)

it becomes obvious that this formulation is calculating the fraction of
detached fines which can be transported in any time interval, regardless
of the physical transport capacity of the overland flow. This is
conceptually incorrect; transport capacity is a function of overland flow,
soil and surface characteristics>® As long as the transport capacity

is less than available detached fines, it should be independent of the
fines storage, SRER. Thus, the formulation of Equation 2 in the ARM Model
is
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COVPMO
TIMTIL

YRTIL

SRERTL

JRER
KRER
JSER
KSER
SRERI

Table 3. SEDIMENT PRODUCTION PARAMETERS

Fraction of land cover on a monthly basis (12 values).
Time when soil is tilled (Julian day, i.e., day of
the year, e.g., January 1 is 1, December 31 is 365 or
366, etc.), (5 dates).

Corresponding year (last two digits only) for TIMTIL
(5 values).

Fine deposits produced by tillage corresponding to
TIMTIL and YRTIL (5 values).

Exponent of rainfall intensity in soil splash equation.
Coefficient in soil splash equation.

Exponent of overland flow in sediment washoff equation.
Coefficient in sediment washoff equation.

Initial detached soil fines deposit.
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SER(t) = KSER*OVQ(t)YSER (5)

subject to
SER(t) < SRER(t) (6)

Although this remains a simple representation of the complex erosion
process, the formulation is conceptually sound and provides an opportunity
for future improvements. The effects of slope, surface roughness,
rainfall intensity, etc. on transport capacity can be included in this
formulation as required by future testing and research.

The vegetal cover or crop canopy function in the PTR Model required the
input of the maximum vegetal cover attained in the growing season and
dates of application (assumed to coincide with planting), crop maturity,
and harvesting. As shown in Figure 6a, the vegetal cover was assumed to
increase linearly from zero at the time of application (TIMAP) to the
maximum cover fraction (COVMAX) at the time of crop maturity (TIMAT). The
cover remained at the maximum value until harvesting when it returned to
zero. Land cover was assumed to be zero before and after the growing
season. This assumption proves to be invalid to varying degrees on most
agricultural watersheds. Consequently, the land cover algorithm shown in
Figure 6b is used in the ARM Model. Monthly cover values assumed to occur
on the first of the month, are specified by the user. Cover on any day is
determined by linear interpolation between the monthly values. This
algorithm allows greater flexibility than the original PTR Model
algorithm, but additional investigation into plant growth and crop canopy
functions is needed. Various research efforts”-89 have related the
concept of leaf area index (LAI) to 1ight interception by a crop canopy.
An analogy between light interception and rainfall interception could lead
to a more precise crop canopy function, if an algorithm for the changes in
LAI (for different crops and cropping patterns) with time could be
developed. Research on this topic by Watson!0 and McCollum!! appears
promising. At the present state-of-the-art, the cover function in the ARM
Model is adequate until a more physically representative function can be
developed.

Tillage operations and conservation practices have a major effect on the
sedirent Toss from an agricultural watershed. Although this is obvious,
the magnitude and mechanism of tillage operations could not be evaluated
with the seven months of data (July 1972-February 1973) available for the
PTR Model development. Minimum tillage practices were followed and
numerous non-runoff-producing events helped to compact the land surface
prior to the first major runoff-producing event. However, during the 1973
growing season several severe storms immediately following tillage and
planting operations (see Section VIII) served to dramatize the need to
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Figure 6a. Land cover algorithm in the PTR model
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Figure 6b. Land cover algorithm in the ARM model

JAN

Comparison of land cover algorithms in the PTR and ARM
models

Figure 6

22



accommodate tillage operations within the Model structure. With regard to
sediment production, the effect of tillage operations is to increase the
mass of soil fines available for transport and prbduce a reasonably
uniform distribution of fines across the watershed.  Consequently, the ARM
Model allows the user to specify the dates of tillage, planting, or other
land-surface disturbing operations. For each of these dates the user must
specify a new detached soil fines storage (SRERTL) resulting from the
operation. At the beginning of each tillage day the ARM Model resets the
fines storage in each of the areal zones to the new value, resulting in a
uniform fines distribution across the watershed. The amount of fines
storage produced by different tillage operations is related to the depth
and extent of the operation, and edaphic characteristics. Further study
is needed to develop guidelines for the specification of fines storage as
affected by tillage and other agricultural management operations.

In conclusion, the present version of the sediment loss algorithms of the
ARM Model 1is a stepping stone on the continuing path of model development.
As additional testing, refinements, and retesting is performed, a greater
understanding of the erosion process and methods for its simulation will
evolve.

PESTICIDE ADSORPTION/DESORPTION SIMULATION

Once the hydrology and sediment production of a watershed have been
simulated, the process of pesticide adsorption/desorption onto sediment
particles is a major determinant of the amount of pesticide Toss which
will occur. This process establishes the division of available pesticide
between the water and sediment phases, and thus specifies the amounts of
pesticide transported in solution and on sediment. The algorithm employed
to simulate this process in the PTR Model was described as follows:

s keCYN) 4 7)
where X/"M = pesticide adsorbed per unit soil, ug/gm
F/M = pesticide adsorbed in permanent fixed
state per unit soil. F/M is less than
or equal to FP/M, where FP/M is the
permanent fixed capacity of soil in mg/gm
for pesticide. This can be approximated by
the cation or anion exchange capacity for that
particular soil type.
C = equilibruim pesticide concentration in solution,
mg/1
N = exponent
K = coefficient

23



Basically this algorithm is comprised of an empirical term, F/!1, plus the
standard Freundlich single-valued (SV) adsorption/desorption isotherm
(Figure 7a). The empirical term, F/M, accounts for pesticides which are
permanently adsorbed to soil particles and will not desorb under repeated
washing. As indicated in Figure 7a, the available pesticide must exceed
the capacity of the soil to permanently adsorb pesticides before the
adsorption/desorption equilibrium is operative. Thus the pesticide
concentration on soil particles must exceed FP/M before the equilibrium
soil and solution pesticide concentrations are evaluated by the Freundlich
curve. An in-depth description and discussion of the underlying
assumptions is presented in the PTR Model report.!

A major conclusion of the PTR Model development work was that the above
algorithm did not adequately represent the division of pesticides between
the sediment and solution phases. This was especially true for pesticides
which are transported by both sedirment and surface runoff, i.e. soluble
pesticides which also adsorb onto soil particles. Research has indicated
that the assumption of single-valued adsorption/desorption (Figure 7a) is
not valid for many pesticides.!2-13. % 1In these cases, the adsorption and
desorption processes would follow different curves as indicated in Figure
7b. Although a controlled laboratory experiment cannot hope to duplicate
the vagaries of nature present in a field situation, the basic mechanisms
should be similar in both circumstances. Since field data has been
inconclusive, the present version of the ARM Model allows the user to
specify the use of either single-valued (SV) as in Figure 7a or
non-single-valued adsorption/desorption (Figure 7b). Table 4 defines the
pesticide simulation parameters in the ARM Model. The DESORP parameter
indicates the adsorption/desorption function to be used. The NSV
algorithm (Figure 7b) utilizes the above SV algorithm (path No. 1) as a
base from which different desorption curves are calculated. The form of
the desorption curve is identical to Equation 7 except that K and N values
are replaced by K' and N' respectively. The prime denotes the desorption
process. The user specifies the N' value as an input parameter (NP), and
the ARM Model calculates K' from the following expression based on work by
Davidson et al.l*

¢ = ((WNDg (1NN (8)
where K' = desorption coefficient
K = adsorption coefficient
N = desorption exponent
N adsorption exponent
max - solution pesticide concentration prior to

initiating desorption

When the desorption process is initiated, the maximum attained solution
concentration Spay, is utilized with K, N, and N' to calculate a value of K'.
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Figure 7a. Single—valued adsorption /desorption algorithm

T

FP

'l 1- ADSORPTION

n 2- DESORPTION
3-NEW ADSORPTION
4-NEW DESORPTION

PESTICIDE SOIL CONC., (X/M) MG/GM

—

Ii)
M
4

PESTICIDE SOLUTION CONC. (C) MG/ML

Figure 7b. Non-single—-valued adsorption /desorption algorithm

Adsorption /desorption algorithms in the ARM Model

Figure 7

25



APMODE

DESORP

SSTR
TIMAP
YEARAP
CMAX
DD

K

N

NP
SZDPTH
UZDPTH
BULKD
DEGCON

Table 4. PESTICIDE SIMULATION PARAMETERS
Application mode, SURF-surface applied, SOIL-soil
incorporated.

NO-single-valued adsorption/desorption algorithm used,
YES-non-single-valued adsorption/desorption algorithm used.

Pesticide application for each block (5 values).

Time of pesticide application (Julian day).

Year of pesticide application (last two digits only).
Maximum solubility of pesticide in water.

Permanent fixed pesticide adsorption capacity of the soil.
Coefficient in Freundlich adsorption equation.
Exponent in Freundlich adsorption equation.

Exponent in Freundlich desorption equation.

Depth of the surface zone.

Upper zone depth or depth of soil incorporation.

Bulk density of soil.

First-order pesticide degradation rate.
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As desorption continues (path No. 2), the Model continues to use the K'
and N' values to calculate the soil and solution concentrations. When
re-adsorption is initiated (path No. 3), the Model follows the desorption
curve back to the junction with the SV adsorption curve, and continues on
this curve until desorption again occurs. At the new occurrence of
desorption, a new K' is calculated resulting in a new desorption curve
(path No. 4). The process is continued indefinitely producing a series of
desorption curves emanating from the base SV adsorption curve.

The results of testing both algorithms is presented in Section VIII, ARM
Model Testing and Simulation Results. Further testing on different
pesticides on different soil types is presently in progress. Brownl5

has indicated that the equilibrium type algorithms presented above may not
be valid under field conditions. Consequently, a kinetic non-equilibrium
approach is another possibility for future investigations.

PESTICIDE ATTENUATION

The attenuation processes of degradation and volatilization of pesticides
are critical to the simulation of pesticide loss since these mechanisms
control the mass of chemical available for transport at any time following
application. Highly volatile or degradable pesticides can be reduced to
insignificant levels after only one month of exposure in the field (see
Section VIII). On the other hand, non-volatile or non-degradable
pesticides can continue to contribute to stream pollution months, or
possibly years, after the initial application. In addition,
volatilization and degradation, by microbial, chemical, or photochemical
means, often accounts for the great majority of the applied pesticide
removed from the soil environment; surface runoff and erosion removal of
pesticides is generally a small fraction of the total application amount.

The PTR Model included surface and soil-incorporated volatilization models
and a general pesticide degradation model. However, the volatilization
models, derived from work by Farmer and Leteyl® were not utilized in

the pesticide simulation due to lack of field data for testing purposes.
The degradation model assumed a simple first-order decay. It was needed to
estimate the amount of pesticide available for transport at any time

during the growing season. In this way the runoff and erosion transport
processes occurring during storm events could be evaluated. Neither model
allowed for the effects of environmental conditions on the attenuation
processes.

Due to the lack of data for testing, the volatilization models are not
included in the present version of the ARM Model. The simple first-order
degradation model remains so that the surface transport mechanism can be
simulated and evaluated. Further research on these attenuation processes
and on the effects of soil moisture, soil temperature, pH, etc. is needed
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before reliable models can be developed and utilized in the ARM Model.
Steen!7 has suggested a subsurface pesticide attenuation model which
attempts to account for soil temperature and moisture conditions. This
model is presently under evaluation for addition to the ARM Model.
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SECTION V
SNOW ACCUMULATION AND MELT SIMULATION

In the simulation of water quality processes, the mechanisms of snow
accumulation and melt are often neglected. The stated reasons for this
omission generally pertain to an assumed minor influence on water quality,
the extensive data requirements, and the extreme complexity of the
component processes. Obviously, in the southern latitudes of the United
States and at many coastal locations, snow accumulation during winter
months is often negligible. However, considering its location in a
temperate climatic zone, over 50 percent of the continental United States
experiences significant snow accumulation. In many areas streamflow
contributions Trom melting snow continue throughout the spring and well
into the summer. For many urban areas, the supply of water during the
critical summer period is entirely a function of the extent of snow
accurwlation during the previous winter. Section III stressed the
importance of continuous simulation in the modeling of agricultural
nonpoint source pollutants. Snow accumulation and melt is a major factor
in continuous hydrologic simulation. Thus, the consideration of these
processes is an important part of any hydrologic model which is to provide
a basis for the simulation of water quality processes.

PHYSICAL PROCESS DESCRIPTION

Snow accumulation and melt are separate but often concurrent mechanisms.
The initial snow accumulation is largely a function of air (and
atmospheric) temperature at the time of precipitation; whereas, snowmelt
is an energy transfer process in the form of heat between the snowpack and
its environment. Basically, 80 cal/cm?® of heat must be supplied to obtain
one centimeter of water from a snowpack at 0 °C (203 cal/cm? or 750 Btu/ft?
for one inch of melt at 32 °F). This heat or energy requirement is
derived from the following sources:

(1) Solar (shortwave) radiation

(2) Terrestrial (longwave) radiation

(3) Convective and advective transfer of sensible heat from
overlying air
Condensation of water vapor from the air
Heat conduction from soil and surroundings
Heat content of precipitation

o~~~
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The complexity of the snowmelt process is due to the many factors that
influence the contributions from each of the above energy sources. Figure
8 conceptually indicates the factors and processes involved in snow
accumulation and melt on a watershed. The combination of precipitation
and near or below freezing temperatures results in the initial
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accumulation of the snowpack. Although relative humidity and air pressure
influence the form of precipitation, temperature is the major determining
factor in the rain/snow division. The rain/snow division is important to
the hydrologic response of the watershed. Precipitation in the form of
rain can become surface runoff immediately, and will contain sufficient
heat energy to melt a portion of the snowpack. On the other hand,
precipitation in the form of snow will augment the snowpack, and is more
1likely to contribute to soil moisture, groundwater, and subsurface flow as
the snowpack melts.

Just as the snow begins to accumulate, the major melt processes are
initiated. Both solar (shortwave) radiation and terrestrial (longwave)
radiation are contributors to the snowmelt process, although solar
radiation provides the major radiation melt component. The effective
energy transfer to the snowpack from solar radiation is modified by the
albedo, or reflectivity, of the snow surface and the forest canopy in
watersheds with forested land. Terrestrial radiation exchange occurs
between the atmosphere, clouds, trees, buildings and even the snowpack
itself. Generally, solar radiation dominates the net radiation exchange
during daylight hours resulting in a heat gain to the snowpack.
Terrestrial radiation continues during the night causing a net heat loss
from the snowpack during the dark hours. The radiation balance, in
addition to the other heat exchange processes, allows melting of the pack
during the day and a refreezing during the night.

When air temperatures are above freezing, convective and advective heat
transfer to the snowpack producess another melt component. Condensation
of water vapor on the snowpack from the surrounding air, and the opposing
mechanism of snow evaporation from the pack, respectively add and subtract
a component in the snowpack heat balance. Wind movement is a significant
factor in all of these processes; its effect on heat transfer is readily
acknowledged by anyone who has experienced a chilling northeaster.
Depending on climatic conditions condensation and convection can
contribute to a significant portion of the snowmelt.

The remaining melt mechanisms include the ground melt component resulting
from heat from the land surface and surroundings, and rainmelt due to the
heat input of rain impinging on the snowpack. Ground melt is due to the
temperature difference between the snowpack and the land surface and
subsurface. Areas that experience relatively light snowfall and low
temperatures will have a small ground melt component due to the insulating
effects of frost and frozen ground conditions. On the other hand, ground
melt can be significant in areas with rapid accumulation and deep
snowpacks. Also, urban areas with heat input from roads, buildings, and
underground utilities, and special geologic areas (hot springs, volcanic
activity, etc.) can experience an unusually high ground melt contribution.

Snowmelt caused by rain on a pack is usually quite small. Twenty-five
millimeters (1 inch) of rainfall at 10 °C (50 °F) will produce only 3.2
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millimeters (0.125 inch) of melt. However, rain often occurs at high
atmospheric humidity when condensation of water vapor can take place;
condensation of 25 millimeters (1 inch) of water vapor (water equivalent)
can produce 190 millimeters (7.5 inches) of melt. Thus, water vapor
condensation can cause rapid snowmelt, and seems to be responsible for the
myth that rainfall causes rapid snowmelt.

The release of melt from the snowpack is a function of the liquid
moisture holding capacity of the snowpack and does not necessarily occur
at the time of melt. The snowpack contains moisture in both frozen and
1iquid form; spaces between snow crystals contain water molecules. As
melt occurs, more water molecules are added to the spaces in the snowpack
until the moisture holding capacity is reached. Additional melt will
reach the land surface and possibly result in runoff. As the snowpack
increases in depth over the season, compaction of the pack results in a
lower depth and a higher snow density. As density increases the moisture
holding capacity of the snowpack decreases due to less pore space between
snow crystals and a change in crystal structure.

Thus, the snowmelt reaching the land surface results from complex
interactions between the melt components, climatic conditions, and
snowpack characteristics. For the most part, the snowpack behaves 1like a
moisture reservoir gradually releasing its storage. However, the
combination of extreme climatic conditions and snowpack characteristics
can lead to abnormally high liquid moisture ho]ding capacity and sudden
release of melt in relatively short time periods.l® The damage which

can occur during such events emphasizes the need to further study and
understand the snowmelt process.

ALGORITHHM DESCRIPTION

The objective of snow accumulation and melt simulation is to approximate

the physical processes (described above) and their interactions in order

to evaluate the timing and volume of melt water released from the

snowpack. The algorithms used in simulating the processes shown in Figure 8
are based on extensive work by the Corps of Engineers,!® Anderson and
Crawford,2? and Anderson.?! Empirical relationships are employed when
quantitative descriptions of the process are not available. The

algorithms presented below are identical to those employed in HSP and have
demonstrated reasonably successful results on numerous watersheds22. 23. 24 25
A flowchart of the snowmelt routine is shown in Figure 9. The major
simulated processes can be divided into the two general categories of melt
components and snowpack characteristics. The algorithms for the

individual processes within each of these categories are briefly presented
below in computer format and English units to promote recognition of the
equations in the Model source code. The interested reader is referred to
the original source materials for a more in-depth explanation.
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Melt Components

Radiation Melt-
The total melt component in each hour due to incident radiation energy is

RM = (RA + LW)/203.2 (9)

where RM = radiation melt, in/hr

RA = net solar radiation, langleys/hr
LW = net terrestrial radiation, langleys/hr
203.2 = langleys required to produce 1 inch of melt from snow at 32 °F

The effects of solar and terrestrial radiation are evaluated separately.
An input parameter, RADCON, allows the user to adjust the solar radiation
melt component to the conditions of the particular watershed. Daily solar
radiation is required input data for the present version of the snowmelt
routine. Hourly values are derived from a fixed 24-hour distribution and
are modified by the effective albedo (calculations described under
'snowpack characteristics') and the watershed forest cover. An input
parameter, F, indicates the fraction of the watershed covered by forests.
On small agricultural watersheds F will usually be zero. However, forest
cover affects many snowmelt processes and must be included whenever the
snowmelt routine of the ARM Model is applied to forested watersheds or
forested portions of agricultural watersheds.

Terrestial radiation is not generally measured; hence, an estimate must be
obtained from theoretical considerations and modified by environmental
factors (e.g. cloud cover, forest canopy, etc.). The following
relationship for terrestrial radiation based on Stefan's Law of Black Body
Radiation is found in "Snow Hydrology".19

R = oTA*{F + (1-F)0.757} - oTS* (10)

where R = net terrestrial radiation, langleys/min
F = fraction forest cover
TA = air temperature, °K
TS = snow temperature, °K -10
o = Stefan's constant, 0.826 x 10 ", langleys/min/°K

The snowmelt routine employs a linear approximation to the above
relationship and modifies the resulting hourly terrestrial radiation for
cloud cover effects. Back radiation from clouds can partially offset
terrestrial radiation losses from the snowpack. Since cloud cover data
information is not generally available and transposition of data from the
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ssest observation point can be highly inaccurate, a daily cloud cover
rrection factor is estimated to reduce this radiation loss from the

ck. For days when precipitation occurs, terrestrial radiation loss from
2 pack is reduced by 85 percent to account for the effects of complete
oud cover; this reduction factor decreases to zero in the days following
a storm event.

ndensation-Convection Melt-

e melt resulting from heat exchange due to condensation and convection
often combined in a single equation. A constant ratio between the
efficients of convection and condensation (Bowen's ratio) is generally
sumed. Since the two mechanisms are operative under different climatic
tuations, the algorithms are presented here separately. Condensation
curs only when the vapor pressure of the air is greater than saturation,
ereas convection melt occurs when the air temperature is greater than
sezing. The algorithms are as follows:

CONV = CCFAC*.00026*WIN*(TX-32)*(1.0-0.3*(MELEV/10000)) (11)
CONDS = CCFAC*.00026*WIN*8.59*(VAPP-6.108) (12)
ere CONV = convection melt, in/h
CONDS = condensation melt, in/hr
CCFAC = input correction factor to adjust melt values to
field conditions
WIN = wind movement, mi/hr
X = air temperature, °F
MELEV = mean elevation of the watershed, 1000's ft
(Wote: the expression 1.0-0.3*(MELEV/10000) is a
linear approximation of the relative change in air
pressure with elevation, and corresponds to P/Po
in "Snow Hydrology".)
VAPP = vapor pressure of the air, millibars
6.108 = saturation vapor pressure over ice at 32 °F, millibars
0.00026,
8.59 = constants in the analogous expression in "Snow Hydrology"
(Note: 0.00026 corresponds to the daily coefficient,
0.00629, adjusted to an hourly basis.)
in melt-

enever rain occurs on a snowpack, heat is transmitted to the snowpack,
d melt is likely to occur. The quantity of showmelt from this ccmponent

calculated as follows, assuming the temperature of the rain equals air
mperature:
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RAINM = ((TX-32)*PX)/144 (13)

where RAINM = rain melt, in/hr

PX = rain, in/hr

X = air temperature, °F

144 = units conversion factor, ©F
Grourd melt-

As mentioned previously, melt due to heat supplied from the land surface
and subsurface can be significant in the overall water balance. Since
ground melt is relatively constant, an input parameter specifies the daily
contribution. Heat loss from the snowpack can result in snowpack
temperatures less than 32 °F. When this occurs, the ground melt component
is reduced 3 percent for each degree below 32 °F,

Snowpack Characteristics

Rain/Snow Determination-

The form of precipitation is critical to the reliable simulation of runoff
and snowmelt. The following empirical expression based on work by
Anderson?! is used to calculate the effective air temperature below

which snow occurs:

SNTEMP = TSNOW + (TX-DEWX)*(0.12 + 0.008*TX) (14)

where SNTEMP = temperature below which snow occurs

TSNOW = input parameter
X = air temperature
DEWX = dewpoint temperature

Variable meteorologic conditions and the relatively imprecise estimates of
hourly temperature derived from maximum and minimum daily values can cause
some discrepancies in this determination. For this reason, the use of
TSNOW as an input parameter allows the user flexibility in specifying the
form of precipitation recorded in meteorologic observation. The above
expression allows snow to occur at air temperatures above TSNOW if the
dewpoint temperature is sufficiently depressed. However, a maximum

variation of one Fahrenheit degree is specified resulting in a maximum
value for SNTEMP = TSHNOW + 1.

Snow Density and Compaction-

The variation of the density of new snow with air temperature is obtained
from "Snow Hydrology"!® in the following form:

DNS = IDNS + (TX/100)2 (15)
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where DNS = density of new snow
IDNS = density of new snow at an air temperature of 0 °OF
TX = air temperature, °F

Snow density is expressed in inches of water equivalent for each inch of
snow. With snow fall and melt processes occurring continuousiy, the snow
density is evaluated each hour. If the snow density is less than (.55,
compaction of the pack is assumed to occur. The new value for snow depth
is calculated by the empirical expression:

DEPTH2 = DEPTH1*(1.0-0.00002*(DEPTH1*(.55-SDEN))) (16)

where DEPTH2 new snow depth, in
DEPTH1 old snow depth, in
SDEN snow density

Areal Snow Coverage-

The areal snow coverage of a watershed is highly variable. Watershed
response differs depending on whether the precipitation, especially in the
form of rain, is falling on bare ground or snow covered land. The areal
snow coverage is modeled by specifying that the water equivalent of the
existing snowpack, PACK, must exceed the variable IPACK for complete
coverage. IPACK is initially set to a low value to insure complete
coverage for the initial events of the season and is reset to the maximum
value of PACK attained to date in each snownelt season. Since the ratio
PACK/IPACK indicates the fraction of the watershed with snow coverage,
less than complete coverage results as the melt process reduces the value
of PACK. An input parameter, MPACK, allows the user to specify the water
equivalent required for complete snow coverage. Thus MPACK is the maximum
value of IPACK, resulting in complete coverage when PACK is greater than
MPACK, and less than complete coverage (PACK/MPACK) when PACK decreases to
values less than MPACK.

Albedo-

The albedo or reflectivity of the snowpack is a function of the condition
of the snow surface and the time since the last snow event. During the
snow season, the maximum and minimum values for albedo are specified as
0.85 and 0.60, respectively. It is reset to approximately the maximum
value with each major snow event and decreases gradually as the snowpack
ages.

Snow_evaporation-

Evaporation from the snow surface is usually quite small, but its
inclusion in snowmelt calculations is necessary to complete the overall
water balance of the snowpack. The physical process is the opposite of
condensation occurring only when the vapor pressure of the air is less
than the saturation vapor pressure over snow. The following empirical
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relationship is used to calculate hourly snow evaporation:
SEVAP = EVAPSN*Q.0002*WIN*(VAPP-SATVAP )*PACKRA (17)

where SEVAP

snow evaporation, in/hr

EVAPSN ~ correction factor to adjust to field conditions
WIN = wind movement, mi/hr

VAPP = vapor pressure of the air, millibars

SATVAP = saturation vapor pressure over snow, millibars
PACKRA = fraction of watershed covered with snow

Snowpack Heat Loss-

Heat Toss from the snowpack can occur if terrestrial back radiation from
the pack is large, or if air temperatures are very low. Since this heat
is emitted by the pack, it is simulated as a negative heat storage,
NEGMLT, which must be satisfied before melt can occur. Any heat available
to the snowpack first offsets NEGMLT before melting can occur. The hourly
increment to NEGMLT is calculated from the following empirical relation
whenever the air temperature is less than the temperature of the pack:

GM = 0.0007*(TP-TX) (18)

where GM = hourly increment to negative heat storage, in
TP = temperature of tne pack, °F
TX = air temperature, °F

NEGMLT and GM are calculated in terms of inches of melt corresponding to
the heat Toss from the pack. The current value of NEGMLT is used to
calculate the temperature of the pack simulating the drop in temperature
as heat loss from the pack continues. A maximum value of NEGMLT is
calculated as a function of air temperature and the water equivalent of
the pack by assuming that the temperature in the pack varies linearly from
ambient air temperature at the snow surface to 32 °F at the soil surface.
This maximum negative heat storage is calculated as follows:

NEGMM = 0.00695*(PACK/2.0)*(32.0-TX) (19)
where NEGMM = maximum negative heat storage, in
PACK = water equivalent of the snowpack, in
TX = air temperature, °F (<32 °F)
0.00695 = conversion factor, °F-1
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Snowpack Liquid Water Storage-

Liquid water storage within the snowpack is limited by a user input
parameter, WC, which specifies the maximum allowable water content per
inch of snowpack water equivalent. Thus, the maximum 1iquid water storage
is calculated as WC x PACK. However, this value is reduced if high snow
density values are attained.

MODEL OPERATION AND DATA REQUIREMENTS

The snowmelt routine operates on an hourly interval calculating the
various components of the snow accumulation and melt process and providing
hourly values of the water released from the snowpack (Figure 9). Since
the LANDS simulation is performed on 5 or 15 minute intervals, the hourly
melt values are divided into the shorter time intervals to continue the
simulation. Because the snowmelt process is much slower than the runoff
process, the hourly time interval appears to be adequate.

In addition to precipitation and evaporation, the present version of the
snowmelt routine in the ARM Model requires continuous data series for
daily max-min air temperature, daily wind movement, daily dewpoint
temperature, and daily solar radiation. Since the routine operates on an
hourly basis, hourly values for each of these meteorologic values would be
preferable. However, with the exception of experimental watersheds, few
locations would have such detailed data on a regular basis. Consequently,
the routine provides an empirical hourly distribution for wind movement
and solar radiation, and assumes that dewpoint temperature is relatively
constant throughout the day. The daily max-min air temperature values are
fitted to a sinusoidal distribution assuming minimum and maximum
temperatures occur during the hour beginning at 6:00 AM and 3:00 PM.

Thus, daily values are required for the meteorologic data series.

Table 5 defines the input parameters required for model operation, many of
which have been discussed above. Parameter evaluation and model
calibration are discussed in Appendix A. An understanding of the physical
processes and the algorithm approximaticns is critical to the intelligent
use of the snowmelt routine. Consequently, the potential user is advised
to re-read and study the algorithm descriptions and parameter definitions
prior to attempting application of the snowmelt routine.
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RADCON:

CCFAC:

EVAPSN:

MELEV:
ELDIF:

TSNOW:
MPACK:

DGM:
WC:
IDNS:
SCF:

PETMAX:

PETMIN:

PETMUL:

WMUL :
RMUL:

KUGI:

Table 5. SNOWMELT PARAMETERS
Parameter to adjust theoretical solar radiation melt
equations to field conditions

Parameter to adjust theoretical condensation and convection
melt equation to field conditions

Parameter to adjust theoretical snow evaporation to
field conditions

Mean elevation of the watershed

Elevation difference between the temperature station and
the midpoint of the watershed

Wet-bulb air temperature below which snowfall occurs

Water equivalent of the snowpack required for complete
coverage of the watershed

Daily groundmelt
Maximum water content of the snow
Index density of new snow at 0°F

Snow correction factor to compensate for deficiencies in
the gage during snowfall

Temperature below which input potential evapotranspiration
is reduced by 50 percent

Temperature below which input potential evapotranspiration
is reduced to zero

Potential evapotranspiration multiplier to adjust observed
daily input values

Wind multiplier to adjust observed daily wind values

Solar radiation multiplier to adjust observed daily solar
radiation values

Fraction of watershed with forest cover

Index to the extent of undergrowth in forested areas
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SECTION VI
NUTRIENT MODELING

Water pollution from agricultural land has been increasing due to greater
use of machinery and chemicals to improve crop yields. Chemicals are
applied to prevent unwanted plants (herbicides) and animals (pesticides),
and to increase available plant nutrients (fertilizers). After
application, herbicides persist in the soil until they are degraded to
less harmful compounds or are removed from the soil by washoff or
leaching. Fertilizers on the other hand are applied as a supplement to
nutrients present in the soil profile. Plants do not absorb all the
applied fertilizer. Typically, only 5 to 10 percent of the applied
phosphorus and about 50 percent of the applied nitrogen is recovered in
the crop. The remaining nutrients can be retained in the soil in
unavailable forms or lost by volatilization, Teaching, and surface
washoff. Although greater fertilizer application will improve crop
yields, it will increase nutrients in the soil available for contamination
of streams and groundwaters.

Excess nutrient applications are undesirable from three viewpoints:
health, aesthetics, and economics. Drinking water containing high nitrate
concentrations may cause methomoglobinemia in small children. High
nitrates can result from natural soil conditions or excess fertilization
from agriculture or silviculture. The U.S. Public Health Service Drinking
Water Standards for nitrate were set to prevent the occurrence of this
disease. Aesthetically, addition of nitrogen and phosphorus in surface
waters can greatly accelerate the eutrophication process causing unsightly
algal blooms and preventing recreational and other uses of the water body.
The final point of concern is the efficient utilization of energy
resources. Ammonia, the most common nitrogen fertilizer, requires natural
gas for its production. Thus, unnecessary loss of fertilizer is a waste
of scarce energy supplies. Recent increases will tend to reduce
fertilizer use; this alone may not be sufficient to ameliorate the impact
of nutrients from agriculture on the aquatic environment.

Methods for nutrient control can be investigated and developed through
costly field experiments or through the use of a mathematical model of the
important processes occurring on and in the soil profile.

Nutrient simulation in the ARM Model attempts to predict nutrient losses
from erosion, surface washoff, leaching, and biological conversion. With
testing and calibration the Model could be used to develop fertilizer
management plans to maximize fertilizer efficiency and minimize the water
quality impact of fertilizer use.
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NUTRIENT CYCLES
Nitrogen

Many nitrogen compounds are indigenous to the soil and undergo chemical
and biological transformations of importance to crop production and
pollution control. A general nitrogen cycle for agricultural lands is
depicted in Figure 10. HMost soil nitrogen is in the organic form as
decaving plant residues and rather resistant soil humus.26® Organic
nitrogen can be broken down to ammonia through the process of
mineralization, also called ammonification. Ammonia is usually strongly
adsorbed to soil surfaces and can undergo nitrification to nitrite and
nitrate. Nitrite is rapidly converted to nitrate which is the most common
form of the mobile nitrogen compounds. Dissolved nitrates can be removed
by overland flow and interflow, and leached to groundwater. Biologically,
nitrate can be absorbed by plants, reduced anaerobically to various
nitrogen gases and immobilized by microorganisms in the presence of
nitrogen-deficient organic material. Nitrogen absorbed by plants is often
lost from the soil through harvesting. Nitrogen input to the soil occurs
by a number of pathways including rainfall, plant residues, dry fall of
dust and dirt, biological fixation of atmospheric nitrogen, and direct
application of fertilizer nitrogen. Although the soil nitrogen cycle is

quite complex, the major pathways can be sufficiently quantified to allow
mathematical simulation.

Phosphorus

While phosphorus does not exist in as many forms as nitrogen, phosphorus
compounds undergo transformations important to agriculture as shown in
Figure 11. Organic phosphorus can be mineralized to inorganic phosphates
and under special circumstances, the reaction can be reversed to
immobilization of inorganic phosphates to organic phosphorus. Inorganic
phosphates are either strongly adsorbed to clay particles, or present as
insoluble calcium, magnesium, iron or aluminum phosphates. Soluble
phosphate concentration rarely exceeds 0.2 mg/1. Thus, the major
mechanism for the loss of phosphorus compounds is soil erosion.?’

PAST WORK

A number of models have been developed recently to predict nutrient
washoff from agricultural lands. Models in which actual soil processes
were considered are discussed below.

A complex watershed model for irrigated land was developed by Dutt and
others2® at the University of Arizona. The model includes procedures
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for calculating moisture flow and chemical and biological nutrient
reactions. The nitrogen transformation rates were developed by regression
analysis on data from arid regions. The following assumptions were made:

(1) no denitrification or volatilization occurs

(2) soil pH is in the range of 7.0 to 8.5

(3) symbiotic and non-symbiotic nitrogen fixation is small compared
to other nitrogen transformations

(4) nitrite is only present in trace amounts

(5) fertilizers and other nitrogen additions are applied uniformly
and thoroughly mixed with the soil

(6) the microbial populations of different soils are approximately
equivalent in their responses to parameters associated with
nitrogen transformations.

The model would be difficult to use in non-arid regions because the
reaction rates are permanently fixed by the regression equations.

Hagin and Amberger?® have developed a computer model for predicting
nitrogen and phosphorus movement and transformations on agricultural land.
They used the IBY Continuous System lodeling Program (CSMP) for
simulating ecological processes and transport phenomena in the soil. The
model includes mineralization and immobilization of nitrogen,
nitrification, denitrification, sediment washoff of phosphate and
transport of oxygen and heat. The report is particularly useful because
it contains considerable information on the effect of various
environmental factors on the reaction rates. Graphs are included for
correcting reaction rates for temperature, pH, moisture and oxygen level.
Unfortunately, the model was not tested on observed data. Thus, the model
assumptions have not been verified.

The Agricultural Research Service has developed the Agricultural Chemical
Transport Model (ACTMO)30 which includes hydrologic, sediment, and
chemical transport simulation. The nitrogen simulation considers
mineralization of organic nitrogen to nitrate, plant uptake of nitrate,
and nitrate removal by overland flow and leaching. The mineralization
rate is a first-order reaction modified for temperature and moisture
levels. The rate of nitrate uptake by plants is a function of the
evapotranspiration rate. The model does not include the loss of nitrogen
by sediment transport or denitrification. ACTMO was tested with available
hydrologic, sediment and pesticide data on a small watershed, but no
testing of the nitrogen model was reported.

A preliminary model of nitrogen transformations in agricultural soils was
reported by Mehran and Tanji.3! They developed a complex nitrogen
transformation model for batch reactors assuming all reactions proceed by
first-order kinetics. The model will be added to a water movement quel
in the future to allow for advective movement of nitrogen compounds in the
s0il colum. The model did not adjust reaction rates for environmental
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factors such as temperature, pH, water content, aeration and organic
matter. Through adjustment of reaction rates, the model was able to
reproduce data collected in four different laboratory experiments.

ALGORITHM DESCRIPTIONS

In the ARM Model, as a first approximation, all chemical and biological
reactions are represented by first-order kinetics. The rate of a first
order reaction is proportional to the amount of the reactant; the
proportionality factor is the rate constant. Below is a general
discussion of first-order kinetics as they relate to biological and
chemical reactions. The method of temperature correction for the reaction
rates is also discussed, followed by a presentation of the algorithms
which represent the nitrogen and phosphorus transformations in the ARM
Model.

First-Order Kinetics
The biological conversion of compound A to compound B with reaction rate
constant k can be expressed as

k
A———B (20)

The rate of this reaction is expressed in terms of the rate of change in
A and B with time or

d . d _
- 7t (A} = g (B} = k{A} (21)

Solution of the differential equation for A and B yields

- -kt
A = Aoe (22)

w
"

A, (1 - e'kt) (23)

where R, = initial amount of compound A at time t = 0.

In chemical reactions there is als : .
expressed as 0 a backward reaction of B going to A,
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f
A =——————=35 (24)
Kp
and
d Ay 9 (B} - k. {A} - k_{B
- d€ ot g IAY =k {B) (25)
where k¢ forward rate constant

kp = backward rate constant

At equilibrium when the rate of change in concentration is zero,
Equation 25 becomes

0 = ke {A} - ki (B} (26)
On soiving for A, a linear relationship is obtained between A and B at

equilibrium

k

{A} = {B} (27)

Y
|

Chemical reactions that proceed rapidly can be viewed as instantaneously
obtaining equilibrium or quickly approaching equilibrium with rapid
forward and backward reaction rates. Modeling of adsorption-desorption
chemical reactions with first-order kinetics produces a linear
relationship between adsorbed and dissolved compounds at equilibrium.
This is a simplification of the equilibrium relationship defined by more
complex methods.

Two equations are commonly used to describe the equilibrium distribution
of a compound between adsorbed and dissolved states. The Freundlich
equation is

X _ KCI/n (28)
m

where X = amount adsorbed per unit weight adsorbent
m
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C = equilibrium concentration of adsorbate in solution after
adsorption
K,n = empirical constants

Usually n is greater than 1.0. However, if n js set to 1.0, the
equation reduces to a linear relationship between the qmoun@ adsorbed
and dissolved. The Langmuir equation is another relat1onsh19 re]qt1ng
adsorbed concentration to the dissolved concentration at equilibrium:

X 1 (29)
-Iﬁ = a{C/(b + C)}
X
where m = amount adsorbed per unit weight adsorbent
C = equilibrium concentration of adsorbate in solution after
adsorption
a,b = empirical constants

When the solution concentration is small such that 1/b >> C, the Langmuir
equation reduces to a linear isotherm

= abC (30)

3 |x

Thus, a first-order kinetic approach to adsorotion-desorption reactions
results in a Tinear isotherm which is also obtainable from the Freundlich
and Langmuir equations. A general discussign of adsorption-desorption
reaction kinetics is given by Oddson et al. 32

Temperature Correction of Reaction Rates

In chemical and biological reactions, an increase in temperature will
cause an increase in the reaction rate for a certain temperature range.
Reaction rates can be adjusted for different temperatures by a
simplification of the Arrhenius Equation:33

< 1 o(T-35)
kg = k356 (31)
where kT = reaction rate at temperature T
k35 = reaction rate at 35°C
8”" = temperature correction coefficient
T = temperature in degrees Celsius

Typically biological reaction rates will double with each t i
y D1o10¢ 0 en Celsius
degree rise in temperature. This corresponds to 6 = 1.07. For nutrient
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transformations in the ARM Model, the reaction rates are modified for
temperatures less than 35 °C. At temperatures of 35 °C or greater, the
reaction rates are assumed to remain constant. In this temperature range
the assumption of a constant temperature correction coefficient, o, is
doubtful, and different bacterial species demonstrate widely varying
behavior. Each nutrient reaction rate requires its own temperature
correction coefficient.

Nitrogen Transformations

Seven different forms of nitrogen and ten reaction rates are used to
represent nitrogen transformations in the soil. Figure 12a is a diagram
of the nitrogen forms, and their interaction. Table 6 presents the
resulting system of coupled differential equations. The reaction rate
equations for the specific transformations are developed below.

Mineralization and Immobilization-

These processes are difficult to measure independently so researchers
usually report only the net amount of mineralization or immobilization.
The basic mechanisms occurring in the soil can be visualized as

microbial
mineralization immobilization
Organic -N—NH4, NO3 ————protein complexes (32)
(uptake)

There is net mineralization when mineralization exceeds microbial uptake,
and net immobilization when uptake exceeds mineralization. The amount of
organic nitrogen in the soil far exceeds other nitrogen forms.
Mineralization, even at the slow rate, can have considerable impact on the
amount of inorganic nitrogen available for plant uptake and leaching. The
most significant studies to date on quantifying the rate of organic nitrogen
mineralization have been done by George Stanford and his co-workers at the
Agriculture Research Service, Beltsville, Maryland.3*: 3° 3% Stanford
incubated 39 different soils to determine the soil nitrogen mineralization
potentials and mineralization rates. The soil nitrogen mineralization
potential is the amount of organic nitrogen in the soil which is
susceptible to mineralization. The incubation studies found that 5 to 41
percent of the organic nitrogen was mineralizable, and that the
first-order decay rate was relatively uniform for the different soils.
Mineralization rates were also measured at different temperatures for
selected soils. The reaction rate approximately doubled for each ten
Celsius degree increase in the temperature range investigated.

The mineralization rate was also found to be dependent on soil moisture.
The rate increased up to a maximum, at about 80 to 90 percent fi]]ed pore
space, and then declined with higher soil moisture. At higher moisture
levels the rate of oxygen diffusion into the soil was retarded, resulting
in Tower mineralization due to the lack of oxygen.

49



09

Nutrient transformations in the ARM model

N2 PLNT-N
)
KD KPL
KK?2
NO2 ‘ - NO3
K2
K11 K1
L KA
NH4-A | NH4 -5
kSA
KAMf KIM KKIM
ORG-N [==*
A. Nitrogen transformations in ARM model
PLNT-P
KM ?KPL KSA
orc-P K _xm > Pos-s KAS PO4-A

B. Phosphorus transformations in ARM model

Figure 12




Table 6. COUPLED SYSTEM OF DIFFERENTIAL EQUATIONS
FOR NITROGEN TRANSFORMATIONS

Organic Nitrogen:

]

gf'{ORG-N} KIM {NH4-S} + KKIM {NO3} - KAM {ORG}

Solution Ammonia:

1}

%E-{NH4-S} KAM (ORG-N} - (KSA + K1 + KIM){NH4-S} + KAS {NH4-A}

Adsorbed Ammonia:

“ST (NHA-A} = KSA {NH4-S} - (KAS + KI1){NH4-A}
Nitrite:

d_(N02} = KL (NHA-S} + K1 (NHA-A} - (KD + K2)(NO2} + KK2({NO3)
Nitrate:

-gf (NO3} = K2 {NO2} - (KK2 + KKIM + KPL){NO3}

Nitrogen Gas:

4o} KDINO2)

Plant Nitrogen:

d -
gt (PLNT-N} = KPL{NO3}
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The mineralization rate equation used in the ARM Model is

d ~ (T-35)
a%{ORG-N} = KAM{ORG-N}eKAM (33)
where ORG-N = organic nitrogen mass, kg/ha
KAM = mineralization rate constant at 35°C, per day ' _
Oam = temperature correction coefficient for mineralization
T = s0i1 temperature, °C

The decrease in organic nitrogen will result in an increase of ammonia as
shown in Figure 12a. At this time corrections for oxygen and moisture
levels are not included. Work is presently underway to incorporate the
effects of these environmental factors.

Immobilization of inorganic nitrogen in the soil has been reviewed by
Bartholomew.37 When plant residues low in nitrogen are added to the

soil, ammonia or nitrate will be removed from the soil solution to make
more protein needed for larger microorganism populations. The
immobilization process has not been studied extensively and immobilization
rates are not readily available. Bartholomew indicated immobilization was
a first order redction with temperature and moisture dependence. More
reaction rate and temperature dependence data are needed to adequately
model this process.

The ARM Model represents immobilization as potentially removing ammonia
and nitrate according to the following equations:

d _ (T-35)
- qriNH4-S} = KIM(NH4-S)e -\ (34)
. d _ (T-35)

JriNo3} = KKIM{NO3}8\ 1 (35)

where KIM, KKIM
NH4-S, NO3
OKIM, 9KKI¥

innnbi]i;ation rate constants at 35 °C, per day
ammonia in solution and nitrate concentration, kg/ha
temperature correction coefficients

temperature, ©°C

Nitrification-

thrification is a two-step process in which ammonia is oxidized fi
nitrite qnd then to nitrate. This is an important soil reactign béggﬁsgoa
1arge1y immobile form of nitrogen, ammonia, is converted to a highly
mobile for@,‘n1trate, which may be absorbed by plants, lost by leaching
and denitrification, or removed by surface runoff. Alexander3®
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provided a good description of the nitrification process and an overview
of current research. Quantification of the nitrification process can be
approached from a simplification of the works of A. D. McLaren,3? of
U.C. Berkeley, who has published many articles relating nitrogen
transformations to enzyme kinetics and bacterial growth dynamics. The
basic equation is

dm k"g{s
- %{{S} = A a{* + qm + _ﬁkm§’£51 (36)
where {s} = nitrogen substrate concentration
m = biomass
A = nitrogen oxidized per unit weight of biomass synthesized
o = nitrogen oxidized per unit weight of biomass per unit time for
maintenance
B = amount of enzyme per unit biomass involved in waste metabolism
k" = proportionality constant
km = half saturation constant

The first term on the right side of Equation 36 represents consumption for
microbial growth, the second is for maintenance, and the third term
accounts for substrate oxidized by the enzyme system but not needed for
growth or maintenance. The basic equation can be simplified by assuming a
fully enriched soil where dm/dt = 0, and small substrate concentrations
(s<<Km). Following these assumptions, Equation 36 becomes

- 37
s} = am_ + K{s} (37)

[}
Q:_LQ-
o+

This equation can be simplified further when the first term is mgch
smaller than the second, resulting in the first-order rate equation.

d _
- g (s} = kis} (38)

Although MclLaren was able to evaluate the parameters agpearing in Equa;ion
36, parameter estimates are not available for other soil types under field
conditions. Alexander38 presented some discussion on the effects of
temperature, pH, aeration, and moisture on the nitrification process.
More quantitative information on environmental factors was published in a
report by Hagin and Amberger.?°
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e ad e _ ach
In the ARM IModel nitrification 1s represented as a two §tep process, e
step with its own rate constant and tempgrature.correc§1on factor. The
oxidation of solution and adsorbed ammonia to n1tr1?e is followed by the
rapid oxidation of nitrite to nitrate. These reactions are

(T-35)
- gf{NH4-s + NHG-A} = K1 {NH4-S + NH4-A}e, (39)

d _ (T-35) 40
- geiNoz} = k2 (NO2}6,, (40)

where NH4-S + NH4-A mass of ammonia in solution and adsorbad, kg/ha

02 = mass of nitrite, kg/ha
K1, K2 = first and second step rate constants at
35 °C, per day -
815 8 = first and second step temperature correction
K1’ “K2 e
coefficients
T = temperature, °C

Denitrification-

Until recently prediction of denitrification rates has not been possible
although the mechanisms have been known for some time. Denitrification is
favored in wet, poorly aerated soils that have sufficient decomposable
organic matter. The tremendous increase in the use of nitrogen
fertilizers and the possibility of losing over 30 percent of the applied
nitrogen through denitrification has sparked recent interest in
quantifying and predicting these losses."?

The most quantitative description of the denitrification process has been
pubTished recently by Stanford et al.*!'*2 Similar to the incubation
studies used for measuring mineralization rates and potentials, 30 soil
types were mixed with water and incubated at 35 °C following the addition
of nitrate. The rate of nitrate disappearance was used to measure the
denitrification rate. The authors found denitrification fit a first-order
process better than a zero-order process. Unlike the results from the
mineralization studies where the mineralization rate was relatively
constant awong the soils, the denitrification rate constant varied by a
factor of 30 from the slowest rate to the fastest rate. Seventy-eight
percent of this variation could be predicted by a regression equation
based on a soluble carbon index. The soluble carbon index was better than

a total carbon index because much of the total carbon of soils is highly
resistant to decomposition.

Stanford et al.*™ “2 also evaluated the denitrification rate constant
at temperatures other than 35 °C. They found the reaction rate increased
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about twofold for each ten Celsius degree increase in temperature over the

range 15 to 35 °C. There was Tittle change in the rate constant when the
temperature increased from 35 °C to 45 o(C,

Denitrification is represented in the ARM Model as a two-step process,
first reduction of nitrate to nitrite, and then reduction of nitrite to
nitrogen gas. The rate equations are

-4 - (T-35)
dt{NOB} = KK2 {NO3}eKK2 (41)
and
9_(No2} = kD (NO2)e, T35)
dt KD (42)
where NO3, NO2 = nitrate and nitrite mass, kg/ha
KK2, KD = first and second step rate constants at 35 °C,
per day
eKKz, eKD = temperature correction coefficients
T = temperature, ©C

In spite of the importance of oxygen level on the denitrification rate, it
was not possible to include a correction for oxygen level because it is
not simulated in the present model. Thus, at this time, the
denitrification reactions are either turned on or turned off all the time
depending on the values of KK2 and KD. Future work will attempt to
include oxygen uptake and diffusion in the soil and allow for internal
adjustment of denitrification rate as a function of oxygen level.

Plant Uptake-

The primary mechanism for removal of nitrogen from agricultural land is
through plant uptake. Viets“3 provided a general review of nitrogen
uptake by plants. Van der Honert and Hooymons“* showed that the rate of
nitrate uptake was a first-order reaction at nitrate concentrations less
than 5 mg/1 and a zero-order reaction at higher concentrations. The
effect of temperature and pH on the rate of uptake was also discussed.

The ARM Model represents plant uptake of nitrates according to the
following equation:

d(PLNT-N}  KPL (NO3Ye, ! 135 (43)
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where PLNT-N mass of nitrogen taken up by plants, kg/ha

NO3 = mass of nitrate, kg/ha

KPL = plant uptake rate constant, per day

8kpL = temperature correction coefficient
T = temperature, °C

A1l plant nitrogen is assumed to be removed during harvesting._ Future worg
will need to evaluate the extent to which plant nitrogen contributes to soil
nitrogen in the form of plant residues remaining on the watershed.

Ammonia Adsorption-Desorption-

Ammonia can exist in three different forms in the soil: dissolved in soil
water, adsorbed to surfaces of soil particles and fixed inside crystal
lattices. Mortland and Wolcott“® discussed the various ammonia

complexes with clays but did not present a general theory to allow
prediction of the different forms. Instead of developing a complex model
for specific soil types and conditions, a much simpler approach was used
that might represent a much broader range of soils. The ARM Model assumes
two forms of ammonia exist in the soil: the adsorbed ammonia attached to
the soil particles, and dissolved ammonia which moves with the soil water.
Rate of transfer from one type to the other is governed by first-order
reactions. These reactions can be represented by

KSA

{NHa-S} = = (NH4-A) (84)
KAS

and the rate equations are

d _d (T-35)
- GEiNHa-S} = Gr{NHA-A}  KSA{NH4-S}e,c,

(45)
- - (T-35)
KAS{NH4-A}e, , o

where NH4-S mass of ammonia in solution, kg/ha
NH4-A mass of ammonia adsorbed to soil, kg/ha
KSA first-order rate constant for adsorption
reaction at 35 °C, per day
KAS first-order rate constant for desorption
reaction at 35 °C, per day
Oksa> ®kas = temperature correction coefficients
T = temperature, °C

w

Usually very little ammonia is in solution; most is adsorbed to soil

particle surfaces. This would correspond to an adsorpti .
much greater than the desorption rate or KSA>>KAS. Ption reaction rate
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Phosphorus Transformations

Pnosphorus was assumed to exist in only four forms: oraanic phosphorus,
solid phosphate compounds, dissolved phosphates, and phosphorus absorbed
by p1an§s. The reactions of mineralization-immobilization,
adsorption-desorption, and plant uptake are modeled as first-order rates.
A diagram of the phosphorus cycle as represented by the AR! Model is given
in Figure 12b, and Table 7 contains the system of coupled differential
equations developed below.

"lineralization-Imnobilization-

Organic phosphorus is not as important in the phosphorus cycle as organic
nitrogen is in the nitrogen cycle. Larsen*® reviewed the literature on
soil phosphorus and did not present any general findings on mineralization
and inmobilization rates. In the ARM Model, phosphorus mineralization and
immobilization mechanisms were assumed to be similar to the corresponding
nitrogen processes. Thus, they are represented as

_d ] (T-35)
gE(ORG-P} - KM {ORG-P}6, (46)
d eq - ) (T-35)
GE(P04-S} = KIM (PQ4 S}, 1M (47)

where ORG-P mass of organic phosphorus, kg/ha

P04-S = mass of phosphate in solution, kg/ha
KM = first-order mineralization rate at 35 °C, per day
KIH = first-order immobilization rate at 35 °C, per day
O«M> ®xim = temperature correction coefficients
T = temperature, °C

Soil organic phosphorus is assumed to be insoluble and only leaves the
watershed with the eroded sediment.

Adsorption-Desorption- . .
Organic pnosphorus mineralization results in the release of inorganic
phosphates which can remain in the soil solution, precipitate as sparingly
soluble salts of calcium, magnesium, aluminum, or iron phosphates, or
adsorb onto the surface of clay or calcium carbonate soil particles.*®

The Model represents these three forms of phosphate in two categories;
that is, phosphates in solution, and phosphates in solid form including
both adsorbed and precipitated forms. Solid phosphates will be referred
to as adsorbed phosphates, and the transfer between solution and adsorbed

phosphates is modeled by adsorption and desorption reactions:
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Table 7. COUPLED SYSTEM OF DIFFERENTIAL EQUATIONS
FOR PHOSPHORUS TRANSFORMATIONS

Organic Phosphorus:

gf {ORG-P} = - KM {ORG-P} + KIM {P04-S}

Solution Phosphate:

gf {P04-S} = KM {ORG-P} - (KIM + KSA + KPL) {P04-S} + KAS {P04-A}

Adsorbed and Combined Phosphate:

4 {P04-A} = KSA {PO4-S} - KAS (PO4-A}

Plant Phosphorus:

gf {PLNT-P} = KPL {P04-S}
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KSA

{P04-S}e=———={P04-A} (48)
KAS

The resulting rate expressions are

(1-35)
KSA

(T-35)

d _d
- a-E{P04—S} = EE{P04-A} KSA{P04-S}e S

- KAS{P04—A}6KA

(49)

where P04-S mass of phosphate in solution, kg/ha

PO4-A = mass of phosphate adsorbed, kg/ha
KSA = first-order rate constant for adsorption
at 35 °C, per day
KAS = first-order rate constant for desorption
at 35 °C, per day
8kSA OKAS = temperature correction coefficients
T - temperature, °C

Fried et al.*7 studied the desorption reacticn and found that the data
fit a first-order rate equation. The reaction rate increased by 80
percent for a temperature increase of 12 Celsius degrees. Enfield and
Shew“8 studied both reactions and found that the magnitude of the
adsorption rate was much greater than the desorption rate, or KSA >> KAS.
At equilibrium, in most soils the dissolved phosphates rarely exceed 0.2
mg/1 and the majority of the phosphates are in solid form.

Plant Uptake-

Fried et al%7 also studied the rate of phosphate uptake by plant roots
under laboratory conditions and found that the absorption rate was
approximately proportional to the solution concentration, thus a first
order mechanism. Van der Honert et al.*“ showed that phosphate uptake
was a first-order reaction up to 1.0 mg P04/1. Since soil solutions
rarely exceed this concentration, a first-order uptake mechanism is a
reasonable assumption.

The rate expression used in the ARM lModel is

d_{PLNT-P} = KPL {P04-S}6KPET'35) (50)

where PLNT-P mass of plant phosphorus, kg/ha

P04-S = mass of phosphates in solution, kg/ha
KPL = first-order absorption rate,.kg/ha
Op. = temperature correction coefficient
T = temperature, °C
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The nutrient model assumes that plant phosphorus can be removed from the
watershed only by harvesting. This assumption ig valid for.plants, such
as grain crops, that contain phosphorus Targely in Fhe port1on_harvestgd.
Moreover, the conversion of phosphorus is plant res1dues.to soil organic.
phosphorus is a slow process especially in dry, cg1d regions. However, in
warm, humid areas and where substantial plant residues remain on the
watershed, the conversion of plant phosphorus to soil organic phgsphorus
may be significant. Further development of the nutrient model w11] need
to evaluate the importance of this process and possibly allow for its
simulation.

Review of Assumptions

The nutrient model required many assumptions in its development. A review
of these assumptions is essential to a full understanding of the model.
The assumption of first-order kinetics is generally valid for chemical and
biological reactions when the reactants are not in high concentrations.
From the literature cited, it appears conditions existing in the soil are
such that first-order kinetics is a reasonable assumption. Temperature
correction of reaction rates using a simplified form of the Arrhenius
equation is flexible and can closely approximate changes in rates reported
in the literature. The reaction rates were assumed to be constant for
temperatures greater than 35 °C because the behavior of chemical and
biological reactions is not well defined at high temperatures. Until the
ARH Model is able to simulate soil temperatures, the average daily air
temperature will be used to approximate soil temperatures.

The environmental factors of pH, moisture, oxygen, and organic matter are
not directly taken into account for reaction rate modification. Soil pH
is relatively constant due to the high buffering capacity of the soil
itself. Any pH correction could be done when the reaction rates are input
to the Model. Reaction rates should be corrected for moisture levels
because biological activity is dependent on soil moisture. Oxygen levels
in the soil are needed to determine if oxidative processes 1ike
mineralization and nitrification, or reductive processes, like
denitrification, will occur. Organic matter in the soil can deplete the
oxygen in the soil and accelerate the rate of denitrification.

Some of the Timitations in the nutrient model due to neglecting pH,
moisture, oxygen, and organic matter can be circumvented by having
separate reaction rates for each of the four soil layers. For example,
the denitrification rate could be set to zero in the surface and upper
zone because they are usually well aerated. Likewise the denitrification
rate would be close to zero in the groundwater zone because of low organic
content. Thus, the input of four values, one for each soil layer, is a

temporary correction for soil properties and environmental factors at
different depths.
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Numerical Solution Techniques

Tables 6 and 7 display the nitrogen and phosphorus rate equations which
result from the assumption of first-order kinetics. Analytic solutions of
coupled systems of equations for constituent concentrations are quite
difficult when advective processes, like leaching and sediment loss, are
simulated in addition to reaction rate adjustments for temperature.
Because of the problems with analytic solutions, the nutrient model
numerically solves the coupled system of differential equations for the
nitrogen and phosphorus masses in each soil layer.

There are numerous solution techniques available. The choice depends upon
the equations to be solved, the accuracy desired and the amount of
computer time available.*® The technique used in the nutrient model is

a simple Euler integration scheme illustrated by the following example.
Given the differential equation for a first-order reaction rate

4 y(t) = -ky(t) (:

(83}
[
~—

mass at time t
rate constant

where y(t)
k
the time derivative can be approximated by

%y(t)z_y(t + AZ% - y(t) (52)

when At, the time step, is small. Substitution of the derivative
approximation into the differential Equation 51, yields

y(t + AH - ¥(t) & - ky(t) (53)

Rearranging and solving for y(t + at) gives
y(t + at) ~ y(t) - atky(t) (54)

Thus, the mass at the next time step can be qpproximated with the mass at
the present time; the differential equation is integrated step by step to
obtain the mass for future time steps. The coupled system of differential
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equations of nitrogen and phosphorus transformations are solved by a
similar procedure in the ARM Model. The accuracy of the solution depends
on the size of the term atk which should be much less than one in order
to change the mass by only a small amount in each time step.

CONCLUSIONS

A preliminary model of nitrogen and phosphorus cormpounds has been
developed for agricultural lands. The model includes advective losses to
the stream through sediment, overland flow and interflow, and Teaching to
groundwater. An attempt was made to represent with actual first-order
kinetics chemical and biological transformations occurring in the soil.
Humerous assumptions were necessary for model development; verification
of the nutrient model must await the comparison of simulated results with
recorded field data. Further development of model algorithms and testing
with field data will be undertaken in a continuing research grant.
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SECTION VII
DATA COLLECTION AND ANALYSIS PROGRAMS

The ARHM Model development effort is supported by an extensive data
collection and analysis program sponsored by the U.S. Environmental
Protection Agency's Environmental Research Laboratory in Athens, Georgia
(ERL-Athens). Test sites located in Georgia and Michigan have been
instrumented for the continuous monitoring and sampling of runoff and
sediment. Collected samples are refrigerated on site and later analyzed
for pesticide and nutrient content. In addition, meteorologic conditions
are continuously monitored and soil core samples are taken and analyzed
immediately following application and periodically throughout the growing
season. Table 8 presents pertinent details on the test watersheds. The
individual programs in Georgia and Michigan are described below.

GEORGIA TEST SITE

This program is a joint effort between the ERL-Athens and the U.S.
Department of Agriculture's Southern Piedmont Conservation Research Center
(SPCRC) in Watkinsville, Georgia (see Location Map, Figure 13). Two test
watersheds (P1, P3) since 1972 and two additional test watersheds (P2, P4)
since 1973 have been instrumented, in addition to two small runoff plots
(SP1, SP3). A series of twelve 6 x 9 meter attenuation plots were
instrumented to study the degradation and vertical movement of pesticides
in the soil profile. Recording rain gages have been established at each
test watershed, and a weather station was set up at the attenuation plots
to record air temperature, pan evaporation, and wind data. The
attenuation plots were also instrumented to record soil moisture and
temperature at various soil depths, wind velocity and direction, solar
radiation, air temperature, and relative humidity at different heights
above the soil surface. This data is automatically recorded on magnetic
tape by a PDP-8 computer.

The SPCRC is responsible for the general care (pesticide applications,
planting, harvesting, etc.) of the test watersheds, the collection,
operation, and analysis of rainfall, runoff, and sediment da?a, and the
nutrient analyses of runoff samples. Automated stage recording and
sampling instrumention provides continuous monitoring of the wgtersheds.
Minimum-tillage procedures are followed whereby tillage operations are
performed only as preparation for planting. Runoff and sediment samples
are transferred to the ERL-Athens where pesticide analyses are pgrformgd.
The pesticide analyses are accomplished by an integrated method involving
gas chromatographic and calorimetric analysis techniques.S? At the end
of the 1975 growing season the joint ERL-Athens/ USDA program in Georgia
will have completed four seasons of continuous data collection and
analysis of agricultural runoff.
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Watersned
Designation

Pl

P2

P3

P4

006(East)

007 (Mest)

Location

Watkinsville,
Georgia

Watkinsville,
Georgia
Watkinsville,
Georgia
Watkinsville,

Georgia

East Lansing,
Hichigan

East Lansing,
Michigan

Table 8.

Owner/
Operator

USDA/EPA

USDA/EPA

USDA/EPA

USDA/EPA
Michigan

State Univ

Michigan
State Univ

TEST WATERSHEDS F(R ARM MODEL TESTING

Area
(ha)

2.70

1.30

1.26

1.38

0.80

0.55

Mean Soils
ETevatior.
{m above ms1)
238 Cecil
sandy loam
231 Cecil
sandy loam
239 Cecil
sandy loam
239 Cecil
sandy loam
272 Spinks

271

sandy loam,
Also Traverse

Conservation

non-terraced

non-terraced

terraced

terraced

non-terraced

Hillsdale, Tuscola

loam

Spinks

sandy Toam,
Also Traverse

non-terraced

Hillsdale, Tuscola

loam

1973 Growing Season

Crop

soybeans

corn

soybeans

corn

soybeans

soybeans

Pesticide Application

Applied (kg/ha)
paraquat 1.12
diphenamid 3.36
trifluralin 1.12
paraquat 1.12
atrazine 3.36
paraquat 1.12
diphenamid 3.36
trifluralin 1.12
paraquat 1.12
atrazine 3.36
paraquat 1.12
diphenamid 3.3
trifluralin  1.12
paraquat 1.12
diphenamid 3.36

trifluralin
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Experimental watersheds in Georgia
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MICHIGAN TEST SITE

The Michigan test site is operated by the Michigan State Universi@y's
Department of Crop and Soil Science and Department of Entomology in a
cooperative agreement with the ERL-Athens. The two test watersheds
(1isted in Table 8) are located approximately two miles south of East
Lansing, Michigan on the MSU Campus (Figure 14). Initially instrumented
in 1941, the watersheds have been operated since that time under various
research projects. A permanent weather station (East Lansing 3 SE, Index
No. 2395? adjacent to the watersheds provides continuous information on
rainfall, evaporation, solar radiation, air temperature, and wind
moverent.

Similar to the program at the ERL-Athens, the Michigan test watersheds are
instrumented for continuous monitoring and sampling of runoff and
sediment; a Coshocton wheel for sample splitting is included in the
automated instrumentation. Pesticides are applied and analyzed in soil
core and runoff samples by a gas chromatograph feeding directly to a
computer for data logging. In addition, snow depth and water equivalent
is recorded, and snowmelt runoff samples are analyzed for pesticide and
nutrient content. Pesticides have also been applied in the fall to
facilitate detection in the snowmelt. Initiated in 1973, the MSU project

is expected to continue in operation for both pesticide and nutrient
monitoring until Spring 1976.
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Experimental watersheds in Michigan
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SECTION VIII
ARM MODEL TESTING AND SIMULATION RESULTS

Model testing for runoff, sediment Toss, and pesticide loss was completed
on one additional year of data (January 1973-December 1973) from the P1
and P3 watersheds in Watkinsville, Georgia. Data for 1974 qnd fgr the
four remaining watersheds (Section VII) in Georgia and Michigan 1is o
presently being analyzed and prepared for testing purposes. In adq1t1on,
nutrient runoff data for 1974 from both the Georgia and Michigan sites
will become available for future testing of the nutrient portions of the
ARM Model.

Figures 15 and 16 present detailed maps of the P1 and P3 test watersheds
in Georgia. As indicated in Table 8, P1 is a natural watershed while P3
is a terraced watershed with a grass waterway. This difference is
especially important in the relative sediment loss from the two
watersheds. Pl and P3 received identical management practices during
1973: minimum tillage was employed, soybeans were planted, and the
herbicides paraquat %1,1'-dimethy1-4,4-b1pyridinium jon), diphenamid (N,
N-dimethyl-2, 2-diphenylacetamide), and trifluralin (a,a,a-trifluoro-2,
6-dinitro-N, N-dipropyl-p-toluidine) were applied at 1.1, 3.4 and 1.1
kg/ha, respectively. Pesticide simulations were performed for paraquat
and diphenamid; trifluralin was not simulated due to the lack of reliable
laboratory isotherm data. The following portions of this section discuss
the hydrology, sediment production, and pesticide simulation results for
the P1 and P3 watersheds. Results are presented and analyzed, and data
and simulation problems are enumerated. This section concludes with a

discussion on indicated future topics of research and major conclusions
from the ARM Model testing.

HYDROLOGY AND SEDIMENT PRODUCTION SIMULATION

The hydrologic subroutine, LANDS, is the most highly developed and tested
portion of the ARM Model. The algorithms have been employed and tested in
the Stanford Watershed Model and the Hydrocomp Simulation Program on
numerous watersheds of differing size across the country. Although their
use on extremely small watersheds has been limited, the simulation results
on the P1 and P3 watersheds are highly promising. Figures 17 and 18 and
Tqb]es 9 and 10 present the recorded monthly rainfall and recorded and
s1mu1atgd monthly runoff and sediment loss for the P1 and P3 watersheds,
respectively. gn both cases, monthly runoff is reasonably well simulated
for 1973, especially for the critical sunmer period, June through October.
Oq the Pl watershed, the summer period appears to be more accurately
simulated than the winter-spring period. This may indicate a possible
seasonal variation in hydrologic parameters that warrants further
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Table 9.

Month Rainfall

mm
Jan 135.4
Feb 69.

~N W

Mar 250.
Apr 127.

($)]

flay 174.0
Jun 135.1
Jul 65.

oo W

Aug  31.

O

Sep 119.
Oct 6.6
llov 44,5
Dec 196.1
Total

(in)
(5.33)
(2.73)
(9.87)
(5.02)
(6.85)
(5.32)
(2.57)
(1.25)
(4.72)

(.26)
(1.75)
(7.72)

1356.2 (53.39)

1.
7.
51.
15.
49.
43.

19

1.
23.

0
0

13.

231

* Estimated values due

Total Runoff

to equipment malfunction.

Recorded Simulated
mm (in) mm (in)
3 (.05) 7.9 (.31)
4 (.29) 8.6 (.34)
6 (2.03) 62.7 (2.47)
0 (.59) 40.1 (1.58)
8 (1.96) 66.3 (2.61)
9 (1.73) 41.9 (1.65)
.1 (.75) 14.7 (.58)
3 (.05) 2.3  (.09)
1 (.91) 20.3 (.80)

(0) o0 (0)
(0) .5 (.02)
5 (.73) 15.0 (.59)
.0 (9.09) 280.3 (11.04)

Recorded

0
.002
4.19
.83
16.9
16.6

42.56

1973 SUMMARY OF RAINFALL, RUNOFF, AND SEDIMENT LOSS FOR THE
P1 WATERSHED (RECORDED AND SIMULATED)

Sediment Loss

Simulated

tonne/ha ton/ac tonne/ha ton/ac
(0) .09 (.04)
(.001) .13 (.06)
(1.87) 3.43 (1.53)
(.37) .96 (.43)
(7.54)* 10.5 (4.70)
(7.42)* 7.7 (3.47)
(.89) 2.62 (1.17)
(.04) .11 (.05)
(.49) 1.64 (.73)

(0) 0 (0)
(0) .02 (.01}
(.38) .60 (.27)
(19.00) 27.97 (12.46)
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ffonth

Jan
Feb
Mar
Apr
lMay
Jun
Jul

Aug
Sep
Oct
Nov
Dec

Total

1235.8 (48.65) 219.6

Table 10,

1973 SUMMARY OF

RAINFALL, RUNOFF, AND SENIMENT 1.OSS FOR THE P3 WATERSHED
(RECORDED AND SIMMULATED)

Rainfall Total Runoff

mn (in) mgecor??g) m;imu1a%?g)
100.8 (3.97) 18.8 (.74) 6.4 (.25)
73.9 (2.91) 10.4 (.41) 9.9 (.39)
239.5 (9.43) 66.3 (2.61) 65.3 (2.57)
34.8 (1.37) © (0) 4.3  (.17)
156.0 (6.14) 35.3 (1.39) 45.0 (1.77)
120.4 (4.74) 20.0 (.79) 22.6 (.89)
123.2 (4.85) 35.3 (1.39) 41.7 (1.64)
22.9 (.90) O (1) 0 (0)
135.1 (5.32) 21.8 (.86) 20.1 (.79)
5.1 (.20) © (9) 0 (0)
43.2 (1.70) © (0) .8 (.03)
180.9 (7.12) 11.7 (.46) 14.0 (.55)

(8.65) 230.1 (9.05)

.31
.02
.61
0
2.77
1.48
1.48

.08

.11

Sediment Loss
Recorded

Simulated
tonne/ha ton/ac tonne/ha ton/ac
(.14) .09 (.04)
(.01) .13 (.06)
(.27) .83 (.37)
(0) .02 (.01)
(1.24) 2.02 (.90)
(.66) 1.16 (.52)
(.66) 2.37  (1.06)
(0) 0 (0)
(.04) 34 (.15)
(0) 0 (0)
(0) 01 (.01)
(.05) 18 (.08)
(3.07) 7.15  (3.20)

6.86



investigation. The terraces and grass waterway on P3 seemed to have
little effect on monthly runoff volumes. In fact, the LANDS parameters
initially calibrated on the P1 watershed performed somewhat better on the
P3 watershed as indicated by the monthly runoff volumes. In any case, the
runoff results presented in Figures 17 and 18 are a true verification of
the LANDS subroutine and the calibration. Verification refers to the
results of split-sample testing, i.e., a comparison of simulated and
recorded values for a period of record other than that on which a model is
calibrated. The results in Figures 17 and 18 were obtained with
parameters calibrated in the PTR Model development work on data for July
to December 1972. The agreement between the 1973 simulated and recorded
values verifies the hydrologic simulation by the LANDS subroutine.

The simulation of sediment loss continues to require algorithm refinement
and testing. Due to sediment algorithm changes (Section IV), the sediment
parameters were re-calibrated to obtain the results presented in Figures
17 and 18. Even with the re-calibration efforts, certain discrepancies
remain between recorded and simulated monthly sediment loss. The
simulated sediment values on P1 agree reasonably well with recorded values
except for the extremely large amounts in May and June. In these months,
a major portion of the monthly sediment loss was estimated because an
unusual sequence of events (described below) resulted in equipment
malfunctions on the Pl watershed. Consequently, the recorded values
contain a certain margin of error. The P3 monthly sediment loss (Figure
18) is substantially less than the P1 values due to the effects of
terracing and the grass waterway. The simulated monthly sediment loss for
P3 is somewhat closer to recorded values but further improvement is
needed. A more detailed examination of the effects of the grass waterway,
the terraces, and the existence of a winter cover crop on the P3 watershed
sediment loss is indicated.

Simulated and recorded storm hydrographs and curves of sediment
concentration (gm/1) and sediment mass flow (kg/min) for the P1 watershed
are presented in Figures 19-23 for the 1973 storms of May 28 (AM), June 6,
June 13, June 21, and September 9. Corresponding results for the P3
watershed are shown in Figures 24-28 for the 1973 storms of Hay 28 (AM),
June 6, July 8, July 14, and September 9. Although these storms occurred
during a five-month summer period, the simulation accuracy is
representative of the results obtained throughout the 1973 calendar year.
These storms were chosen because they (1) demonstrate the effects of _
tillage operations or (2) occur during the critical period for pesticide
loss, i.e. one to three months following application.

In general the agreement between recorded and simulated runoff is quite
good, while the agreement between recorded and simulated sediment loss is
fair to good. Numerous factors could be responsible for the dgv1at1ons in
both runoff and sediment loss. However, before a full evaluation of the
simulation results can be performed, the sequence of events which occurred
on the watersheds during this period must be specified. Table 11 presents

75



RUNOFF, CMS

SEDIMENT LOSS, GM/L

SEDIMENT LOSS, KG/MIN

0.4

0.2

60

40

20

1200

800

400

T
1
-
(4]
A
/]
/ \
I} A
\
I’ ‘\
LN I N )
- \
N\
\'s
1 L 1 i N LSk} ]
| | | ] )| I ] T | | 1
N
i . N ——— RECORDED
B! - - - SIMULATED
,' “ » EOUIPMENT MALFUNCTION
FA
= : 1 .
! i
i \
i \
o
- Iy =
} \
/ \
//‘_"‘\\_I \\\__-/,\\
- SR TR S RN N S R R
400 430 500 230
TIME, HOURS
Figure 19. Runoff and sediment loss from the P1 watershed

on May 28 (a.m.), 1973

76




RUNOFF, CMS

SEDIMENT L0SS, GM /'L

SEDIMENT L0SS, K6 /MIN

0.4

0.3

0.1

0.0
60

L)
[—]

~N
o

(- -]
[
[ —]

400

T
|
- | 1
RECORDED
- SIMULATED = = —=—~-
EQUIPMENT MALFUNCTIOR ¢
— MALFUNCTION CORRECTED K
I, \\‘\
l \)/
. ,[ \\ ]
! \ /ﬁ\\
/ >N
’I S
) 1 | 1 | ~do L 1 1
T T T T ] i T I T
[\x
— ,\ -
/ \
/ \
’ \
\
,' \
\
— H \ -
! \
' } \
! \
! \
: \\ S
Lo’ | ! [ D oves N | L 1 i
1200 1230 1300 1330
TIME, HOURS
Figure 20. Runoff and sediment loss from the Pl

watershed on June 6, 1973

77




8.4

8.3

0.2

RUNOFF, CMS

8.1

9.9

60

40

SEDIMENT LOSS, GM /L

20

1000

300

SEDIMENT LOSS, K6/ MIN

| ]
F
e ]
-
1
| |
- -
n RECORODED
SIMULATED - - == ==~
n
A
Il \
- ] ‘\ |
[} [}
] \
] \ -
! N \\
A
{ { { B Y “SPS 1 ) 1
U B T T I | T
P
!
]
i
L ST T A s B T S

1800 1830 1300 1930
HHE, HOURS
Figure 21. Runoff and sediment loss from the P}
watershed on June 13, 1973
78



]
RECORDED

SIMULATED ~- =< ===

T
=
!

!

,
\\\
:
-~ P~
-+
,',, -
e JdL
s 1k AL ]
U (] ud
~ ~ - = 8 e & S S S =

1/H9 'sS01 INIKIO3S

NIK /9% 'SS07 ININIQ3S

1800 1930
TIME, HOURS

1830

1800

Runoff and sediment loss from the Pl

watershed on June 21, 1973.

Figure 22.

79



1
|

RECORDED

SINULATED — - e = - -

.20

0.5

SHA "440NNH

.
0.00

1/ W9 '$S0T INIWIOIS

100

! i
(=] [—]
o -r

IR /9% 'SSO1 INIAI01S

2130 2200

HIME . HOURS

2100

2030

ershed

Runoff and sediment loss from the P1 wat
80

on September 9, 1973

Figure 23.



RUNOFF, CMS

SEDIMENT LOSS, GM/L

SEDIMENT LOSS, KG/MIN

0.12

0.08

0.04

0.00

60

40

20

| —— RECORDED
---- SIMULATED
L =1 Mo J | I
400 430 500 K30

TIME, HOURS

Figure 24. Runoff and sediment loss from the P3 watershed
on May 28 (a.m.), 1973

81



RUNOFF, CMS

SEDIMENT LOSS, GM/L

SEDIMENT LOSS, KG/MIN

0.16

0.12 -

0.08 -

0.04F

0.00

12}

80 |-

40 |-

ro—d

1200 1230 1300
TIME, HOURS

Figure 25. Runoff and sediment loss from the P3 watershed

on June 6, 1973

82

—— RECORDED
- = - SIMULATED

1330




SEDIMENT LOSS, GM/L RUNOFF, CMS

SEDIMENT LOSS, KG/MIN

0.15¢

0.05¢

0.00
120 ! i

N ——  RECORDED
I\ —== _ SIMULATED

80

a0}

ot & 4

v 1 i
430 500 530 600

TIME, HOURS

Figure 26. Runoff and sediment loss from the P3 watershed
on July 8, 1973

83



—
L
1

1930

RECORDED
—=—-SIMULATED

1
1900

1830
TIME, HOURS

I—-1__1

1
1800

SWJ “440NNY /W9 SS0T LNIWIA3S NIW/9% °SSOT LN3WIQ3S

s from the P3 watershed

Runoff and sediment los

on July 14, 1973

Figure 27.

84



_ _ T _ T T I
o o
g 3 o
) e PN
o v
-
| - =
_ 4
I Y
[ -
S
s
\l
\\
\\
- l-\‘ .
¢ P el Il‘“ll o
’I,’ ’I” =4
= ”', g
hnde P Jz
|
|
4
\\
< 48
: [ 1
= (= o o
~ N —
o

SWO “440NNY /W9 *SSOT LN3WIA3S NIW/9% “SSOT IN3WIA3S

HOURS
Runoff and sediment loss from the P3 watershed

on September 9, 1973
85

TIME,

Figure 28.



Table 11. SEQUENCE OF CRITICAL EVENTS AND OPERATIONS
ON THE P1 AND P3 WATERSHEDS DURING THE 1973 GROWING SEASON

Date Watershed Event/Operation
Prior to P1 Watershed was covered with soybean stubble and residue.
5-22-73
P3 Winter cover crop (barley) was harvested and removed.

5-22-73 P1, P3 Fertilizer was applied and incorporated with a

disc harrow.
5-28-73 P1, P3 Severe storms occurred (AM and PM storms) resulting

in high sediment loss from the freshly tilled land

surface.
6-4-73 P1, P3 Watersheds were refertilized and tilled (fertilizer

incorporation) with a disc harrow.

6-6-73 P1, P3 Severe storms occurred with high sediment loss from
the P1 watershed.

6-7-73 P1 Watershed was refertilized and tilled (fertilizer
incorporation) with a disc harrow.

6-13-73 Pl Watershed was planted in the morning. Planting
operation includes a rolling cultivator which
1ightly tills the soil. A severe evening storm
resulted in heavy sediment loss.

P3 No storm occurred.
6-15-73 P3 Egzgrsﬁed was planted and a rolling cultivator was
6-21-73 Pl Medium intensity storm occurred.

P3 No storm occurred.
11-7-73 P3 Soybeans were harvested.
11-14-73 P3 Winter cover crop, rye, was planted with a grain drill.
11-19-73 P1 Soybeans were harvested and residue remained on the

watershed. No winter crop was planted.
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the dates and corresponding events and operations which occurred on the Pl
and P3 watershed§ duripg the 1973 growing season. In light of these
events and the simulation results for runoff and sediment loss, the
following conclusions are indicated:

(1) Tillage operations have a major effect on runoff and sediment
loss from small agricultural watersheds. The effect on

sediment loss appears to be somewhat greater than the effect
on runoff,

(2) Peak flow tends to increase, and the rising limb of the
hydrograph becomes steeper as the time since tillage
operations increases, i.e., freshly tilled soil tends to
dampeq the peak and retard the overland flow. This is
especially noticeable when comparing early storms (Figures
19, 20, 21, 24, 25) with storms later in the season (Figures
22, 23, 26, 27, 28). Natural compaction of the Tand surface
and the compacting effect of rainfall tend to increase the
hydrologic responsiveness of the land surface as the growing
season progresses. The present version of the ARM Model does
not account for this phenomenon. Thus, the simulated
hydrographs indicate what might be expected from a no-tillage
cropping system.

(3) The storms of May 28 (Figures 19 and 24) and June 6 (Figures
20 and 25), especially on the P1 watershed, dramatize the
enormous influence of tillage operations prior to a storm
event. Although the recorded data is sketchy due to
equipment malfunction, the general indication is that the
simulated Pl sediment loss is considerable less than what
would have been observed. However, the June 21st storm on
P1, which occurred approximately one week after tillage
operations and after the June 13th event, is well simulated
for both runoff and sediment loss. Consequently, more
testing is needed to fully evaluate the discrepancies in
simulated and recorded sediment Toss for the early season
storm events.

(4) The combined influence of the terraces and the grass waterway on
the P3 watershed results in much lower sediment loss than on
the P1 watershed. In addition the winter cover crop on the
P3 watershed tends to lower the winter sediment loss from
what is observed on the P1 watershed. In general, the
simulated monthly sediment loss and storm sediment curves are
reasonably close but somewhat higher than recorded values.
Further research is needed into the effects of terracing,
contour planting, grass waterways and other management
practices on the ARM Model parameters.
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(5) The spatial variation in rainfall is a critical factor in
simulation, especially in thunderstorm-prone areas such as
Georgia. Although the P1 and P3 watersheds are only 2 miles
apart, the monthly rainfall shown in Figures 17 and 18 can
vary significantly. This is most noticeable in the months of
April and July. Also, the storms of June 13 and June 21 on
the P1 watershed did not even occur on the P3 watershed while
the July 14 storm on P3 completely missed the Pl watershed.
The spatial variation is especially critical if the rainfall
measured at the gage is not representative of what actually
fell on the watershed. The June 6th storm (Figure 20) on the
P1 watershed is a possible example. Runoff volume and peak
flows for all the other major summer storms are either well
simulated or slightly higher than recorded; both are below
recorded values on June 6. Since the ARM Hodel does not
recognize the hydrologic effects of tillage operations, one
would expect the June 6th simulated values to be higher than
recorded. Thus the spatial variation in rainfall is a prime
suspect. This aspect needs to be evaluated in all areas
where thunderstorms occur.

In summary, although some discrepancies exist between simulated and
recorded runoff and sediment loss, the results presented here indicate
that the AR Model can represent the general behavior of the P1 and P3
watersheds. This provides a workable foundation for the analysis and
evaluation of the pesticide simulation results presented below.

PESTICIDE SIMULATION

The goal of the pesticide simulations was to evaluate the use of a
non-single-valued (NSV) adsorption/desorption function (described in
Section IV) to represent the pesticide-soil interactions. A conclusion of
the PTR Hodel work was that the single-valued (SV) adsortion/desorption
fuqct1on did not appear to adequately simulate these interactions.! The
major problems were associated with the simulation of pesticides contained
in both the water and sediment components of surface runoff, and the
d1v1§19n betweeq the two transport phases. Since the goal of the
pesticide modeling effort is to use pesticide characteristics determined
from ]abqratory experiments, the pesticide parameters are not subject to
cal1brat1on. The values used to obtain the simulation results were those
derived from laboratory isotherm data. The parameter values are identical
for both the SV and NSV functions in order to provide a meaningful
evaluat1oq of the performance of the different functions. The simulation
rgsu]ts q111 be de§cr1bed separately for each pesticide since paraquat and
diphenamid have quite different chemical and transport characteristics.
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Paraquat

Simulated and recorded monthly paraquat loss is presented in Figure 29 and
Table 12 for the P1 and P3 watersheds. Paraquat is a highly ionic
herbicide that rapidly and essentially irreversibly adsorbs onto sediment
particles. Consequently, the question of single-valued versus
non-single-valued adsorption/desorption is irrelevant for paraquat
simulation since paraquat is entirely and permanently bound to the
sediment. Comparison of Figure 29 with Figures 17 and 18 will show that
the monthly paraquat loss closely follows the monthly sediment loss. This
is also true for the simulated curves. Deviations in the simulated
sediment loss are reflected by the simulated paraquat loss. This is also
evident in the storm graphs of paraquat concentration and mass removal
shown in Figures 30, 31 and 32 for the June 13, June 21 and September 9
storms on P1, and Figures 33, 34, and 35 for the July 8, July 14, and
September 9 storms on P3. For example, the June 21 storm on P1 is
accurately simulated for both runoff and sediment loss (Figure 22). The
simulated paraquat concentrations and mass removal for this storm (Figure
31) are also in agreement with recorded values. On the other hand, the
June 13 storm on Pl is under-simulated for sediment loss (Figure 21);
thus, the paraquat mass removal for this storm (Figure 30) is also
under-simulated, even though simulated and recorded concentrations are in
good agreement. This same relationship can be recognized in other storms
on both watersheds. In general, although concentration (ppm) is a
significant unit of measurement in terms of environmental effects, mass
removal (kg/min) is a more indicative measurement unit for simulating
pesticide transport. Pesticide concentrations can vary considerable
during a storm event for no apparent reason. This could be a result of
equipment problems leading to non-uniform application, or preferential
pesticide adsorption on particles passing the gage at any time. Pesticide
mass removal demonstrates the close association between pesticide loss and
the transport mechanisms of runoff and sediment loss.

For paraquat, the measured pesticide concentrations are almost independent
of the instantaneous flow and sediment concentrations. Comparison of the
paraquat concentrations measured on sediment from the Pl and P3 ]
watersheds, demonstrates that the P3 recorded paraquat concentrations are
considerably higher than those on P1. For pesticides like paraquat that
are permanently bound to the soil particles, the measured concentrations
are a direct function of the following factors:

(a) the amount of pesticide applied . o
(b) the amount of pesticide in the surface zone prior to application

(c) the depth of the active surface zone .
(d) the rate of pesticide attenuation and degradation

The present version of the ARM Model includes input parameters to
accommodate factors a, c, and d (above). However, the Model assumes no
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Table 12, MONTHLY PARAQUAT LOSS
FROM THE P1 AND P3 WATERSHEDS DURING THE
1973 GROWING SEASON

P1 Watershed P3 Watershed
Recorded Simulated Recorded Simulated
gm (1bs) gm (1bs) gm (1bs) gm (1bs)
703.5 (1.551) 298.7 (.658) 0.0 (0.0) .45  (.001)

153.9  (.339) 204.8 (.451) 98.2 (.217) 114.4 (.252)

9.1 (.020) 6.8 (.015) 0.0 (0.0)
45,0 (.099) 87.6 (.193) 4.3 (.010)
- - 0.0 (0.0) - -

- - 1.4 (.003) - -

- - 34.1 (.075) - -

0.0 (0)
14.5 (.032)
0.0 (0.0)
.45 (.001)
5.9 (.013)

all paraquat loss was detected on sediment, paraquat was not found

in solution for any events.

pesticide analyses were discontinued after 9/9/73.
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jcide is present in the soil prior to application; future
ggj?f?cationspwill include this capability. Thus, with the preseqt.Mode1,
some variation from measured concentrations was expected. The initial
simulation runs on the P1 watershed produced paraquat concentrations much
lower than recorded. The depth of the active surface zone (SZDPTH
parameter) was then reduced from 3.2 mm to 1.6 mm and the daily
degradation rate (DEGCON parameter) was increased from 0.0001 to 0.002 per
day. These changes produced the results presented here. The parameter
changes are within reasonable 1imits for these parameters since little
information is available on the extent of an active surface zone, and mass
balance calculations have not produced reliable information on degradation
rates for paraquat. These are two areas which require further
investigation,

Although the parameter changes gave reasonable results for the Pl
watershed, the same changes on the P3 watershed yielded low simulated
concentrations as shown in Figures 33, 34, and 35. These Tow
concentrations resulted in monthly paraquat loss close to recorded values
because simulated monthly sediment loss was much higher than recorded;
thus compensating errors occurred. Further investigation indicated that
prior to application, almost twice as much paraquat was present in the top
centimeter of the soil profile on the P3 watershed as compared to the Pl
watershed, i.e. approximately 6.8 kg/ha of paraquat was detected on the P1
watershed and 12.5 kg/ha on the P3 watershed in the top centimeter of the
soil. The terraced P3 watershed experiences only much less sediment loss
and corresponding paraquat loss, resulting in more paraquat remaining on
the watershed from the previous season. This additional paracuat would,
in effect, double the stated application rate on the P3 watershed when
proportioned to the depth of the active surface zone. The result would be
a doubling of the simulated paraquat concentrations in Figures 33, 34, and
35 and closer agreement between simulated and recorded values. This
phenomenon did not occur in the PTR Model work because 1972 was the first
year of paraquat application. Thus, inclusion of the paraquat present in

the soil prior to application would further improve the agreement between
sinulated and recorded values.

Diphenamid

The simulation of diphenamid loss allowed an initial evaluation and
comparison of the single-valued (SV) and non-single-valued (NSV)
adsorpt1pn/desorption functions. Since the majority of pesticides are
@ransportgd by both runoff and sediment, the behavior of these chemicals
in the soil-water environment is an important factor in simulating their
movemrent. The.division between the water and sediment phase is critical
to the.evaluqt1on of the impact of different pesticides. Highly soluble
pesticides will infiltrate to greater depths in the soil profile than less
soluble ones. 5911 erosion prevention practices will have a greater
effect on pesticides whose major transport mechanism is sediment loss
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while water-transported pesticides will be affected more by runoff
reduction practices. In addition, attenuation and degradation processes
are influenced differently by the solution and adsorbed states of the
pesticide. These processes determine the length of time following
application that a pesticide will be susceptible to transport by runoff
and sediment, and thus are critical to the simulation of pesticide
transport.

Figure 36 and Tables 13 and 14 (NSV function only) present the monthly
diphenamid loss for both the Pl and P3 watersheds. The results of
employing both the SV and NSV functions are included in Figure 36. The
storm event simulations for diphenamid concentrations and mass removal are
presented in Figures 37, 38, 39 and 40 for the June 13 and June 21 events
on the P1 watershed. Each figure presents the concentration (top graph)
and mass removal (bottom graph) for either the water or sediment phase.
Thus, for June 13, Figure 37 displays the diphenamid loss by sediment and
Figure 38 displays diphenamid loss by runoff. Figures 39 and 40 are the
analogous graphs for the storm of June 21. The corresponding results for
the P3 watershed for the July 8 and July 14 events are contained in
Figures 41, 42, 43 and 44. Results of employing both the SV and NSV
adsorption/desorption functions are displayed in all figures.

Since diphenamid is a highly degradable herbicide, recorded concentrations
in the runoff are essentially negligible within two months following
application. Consequently, the first runoff-producing storms after
application are the critical events for diphenamid loss. Since the major
storm events after application occurred in June on the P1 watershed,
essentially all the diphenamid loss occurred in June. However, July was
the major month for storms on the P3 watershed; thus, the recorded
diphenamid loss for P3 occurs in July.

In general, the simulation of diphenamid transport often shows
considerable deviation from the recorded values. The simulated monthly
diphenamid 1oss (Figure 36) on the Pl watershed is reasonably close to the
observed values, while on the P3 watershed the values are quite different.
The monthly diphenamid loss on P3 emphasizes the need for accurate
hydrology and sediment simulation on storms following pesticide
application, especially for degradable pesticides 1ike diphenamid. On
June 20, 1973 a relatively minor, but intense, thunderstorm (9.65 mm, 0.38
inches, in 9 minutes) on the P3 watershed produced a simulated peak flow
of 0.013 cms (0.46 cfs) although no actual runoff or sediment loss was
observed. This minor storm produced the entire simulated moqth]y
diphenamid loss for the month of June shown in Figure 36. Since the storm
occurred within five days of application, the diphenamid on the 1anq
surface was exceptionaily susceptible to movement even by the relatively
small amount of runoff simulated. Thus the diphenamid loss is
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Figure 36. Monthly diphenamid loss from the P1 and P3
watersheds during the 1973 growing season
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Table 13. DIPHENAMID LOSS FROM THE P1 WATERSHED
DURING THE 1973 GROWING SEASON

Month On Sediment In Water Total
Recorded Simulated Recorded Simulated Recorded
gm (1bs) gm (1bs) gm (1bs) gm (1bs) gm (1bs)
June 12.2 $.027) 49.9 .11) 636.5 (1.404) 667.4 (1.47) 648.7 (1. 44)
July .7 .002) 0.0 0.0) 2.7 (.006) .9 (.002) 3.4 {.007)
August .01 (0.0) 0.0 (0.0) .03 (0.0) 0.0 (0.0) .04 (0.0)
September* 14 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0  {0.9) .14 Q] 0)
October - - 0.0 (0.0) - - 0.0 (2.0) -
November - - 0.0 (0.0) - - 0.0 (0.9)
December - - 0.0 (0.0) - - 0.0 (9.0)
* pesticide analyses were discontinued after 9/9/73
Table 14. DIPHEMAMID LOSS FROM THE P3 WATERSHED
DURING THE 1973 GROWING SEASOM
Month On Sediment In Hater Total
Recorded Simulated Recorded Simulated Recorded
gm (1bs) gm (1bs) gn  (1bs) gm (1bs) gn  (1bs)
June 0.0 {0.0) 0.0 (0.0) 0.0 (0.7 32.2 (.om1) 0.9 {0.0)
July 1.1 (.002) 1.1 (.002) 24.0 (.053) 9.1 (.020) 25.1 (.055)
August 0.0 (0.0) 0.0 (0.0) 0.0 {0.9) 0.0 (0.0) 0.0 {0.0)
September * .001 (0.0) 0.0 {0.0) .15 (0.9) 0.0 (0.9) 15 (0.0)
October - - 0.9 (0.0) - - 0.0 (0.0) -
Hovember - 0.0 (0.9) - 0.0 (0.9) - -
Decenber - - 0.0 (0.0) - - 0.0 {0.0) - -

* pesticide analyses were discontinued after 9/9/73

Simulated
gn (1bs)
721.9  (1.59)

.9 (.002)
0.0 (0.2)
0.0 (0.0)
0.0 (2.0)
0.0 (0.0)
0.0 (0.0)
Simulated

gn (15s)
32.2 (.071)
10.0 (.022)
0.9 (0.0)
8.0 (0.0)
0.0 (0.G)
0.9 (0.9)
0.0 (0.0)
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Figure 37. Diphenamid loss on sediment from the P1

watershed on June 13, 1973
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Figure 39. Diphenamid loss on sediment from the P]
watershed on June 21, 1973

104



DIPHENAMID CONCENTRATION
IN WATER, PPM

DIPHENAMID REMOVAL
IN WATER, GM/MIN

T \ T T T T T T T T
\
]
)
L}
i
0.8} =
l‘ ——  RECORDED
\ ——— NSV SIMULATION
\ —— SV SIMULATION
0.4}
0.0 |
]
41.
2L
0 i D e £ | 1 l

TIME, HOURS
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Figure 43. Diphenamid loss on sediment from the
P3 watershed on July 14, 1973
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directly dependent on the timing and magnitude of the individual storm
events on the watershed.

From an analysis of the simulated and recorded results in Figures 37 to
44, the following points are indicated:

(1)

(3)

(4)

The results of comparing the SV and NSV adsorption/desorption
functions are inconclusive. The NSV function produces greater
diphenamid concentrations on sediment and less in solution than
the SV function. For the June 21 storm on the Pl watershed
(Figures 39 to 40) the SV function represents reasonably well
the mass diphenamid removal both on sediment and in solution.
While on the P3 watershed, the NSV function is generally closer
to the recorded values.

Although the June 13 simulated flow and sediment loss (Figure
21) are less than recorded, the simulated diphenamid loss is
much greater than recorded. Since the storm occurred
approximately six hours after pesticide application, the
discrepancy could be due to an inaccurate estimation of the
actual amount of pesticide applied or the amount lost by
degradation/volatilization in the intervening six hours. In
addition to the adsorption/desorption function, the assumed
depth of the surface zone has. a critical impact on diphenamid
concentrations, especially during the initial storm events.
Since the initial storms following pesticide application are the
important events for pesticide loss, the uncertainties and
behavior of the attenuation and adsorption/desorption be further
investigated during this time period.

Comparison of diphenamid concentrations for all four storms
indicates that simulated concentrations are greater than
recorded for the June storms (Figures 37 to 40) and less than
recorded for the July storms (Figures 41 to 49). Although the
storms occurred on different watersheds, this trend demonstrates
the possibility that the assumed first-order degradation rate
underestimates degradation during the initial month of the
growing season and overestimates degradation near the middle and
end of the growing season. A similar conclusion resulted from
the PTR Model work. The accurate representation of pesticide
attenuation processes is crucial to the evaluation of the amount
of pesticide available for movement by any storm event. Efforts
are presently underway to develop such a representation.

As noted in the discussion of the paraquat simulation, the unit
of pgs§1c1de mass removal (grams/minute) is more indicative of
pesticide loss than the instantaneous pesticide concentrations.
This is especially noticeable in Figure 41. The instantaneous
diphenamid concentrations vary erratically throughout the event
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while the diphenamid mass removal is similar to the hydrograph
and ?hg sediment mass loss. Thus the connection between
pgst1c1de loss and 1its transporting mechanisms is clearly
displayed by the pesticide mass removal graphs.

CONCLUSIONS

The testing of the ARM Model has indicated that the hydrology and sediment
simulations reasonably represent the observed data while the pesticide
simulations can show considerable deviation from recorded values. This is
especially true for pesticides that move by both runoff and sediment loss.
The effects of tillage operations and management practices need to be
further evaluated for hydrology and sediment production. Parameter
changes as a result of agricultural practices need to be quantified.
Although the results of sediment simulation have been promising, certain
deviations in the results indicate a lack of understanding of certain
aspects of the physical process. Other processes in the soil erosion
mechanism, such as natural compaction of the surface following tillage and
the effect of rainfall intensity on the transport capacity, need to be
evaluated for possible inclusion in the Model. Although the hydrology
model has been applied to hundreds of watersheds in the United States, the
accompanying sediment model has been applied to only a few. If the ARM
Model is to be generally applicable, the most immediate need is to
evaluate the sediment simulation capability in varying climatic and
edaphic regions.

For pesticide simulation, the results demonstrate the need to further
investigate the processes of pesticide degradation and pesticide-soil
interactions. Both the SV and NSV adsorption/desorption functions require
further research. A non-equilibrium approach should be investigated to
determine its applicability. The interactions in the active surface zone
appear to control the major portion of pesticide loss especially for
highly sediment-adsorbed pesticides 1ike paraquat. The depth of the
active surface zone and the extent of pesticide degradation in that zone
are critical to the simulation of pesticide loss for any storm event.

The need for testing the ARM Model in other regions also pertains to the
pesticide functions. The mechanisms recommended for further research
should be studied and evaluated in many regions of the gountry. .
Investigations of these mechanisms is presently continuing for the Ggorg1a
and Michigan watersheds. Other agricultural areas must be included in
future studies in order to establish the general applicability of the ARM
Model.
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SECTIOH IX
SENSITIVITY ANALYSIS

To fully evaluate, quantify, and display the effects of parameter changes
on simulation results, sensitivity analyses were performed for the
hydrology, sediment, and pesticide parameters of the ARM Model. The
sensitivity of the snowmelt and nutrient parameters will be investigated
in future work. The analyses involved a series of Model runs on the Pl
watershed in Georgia. Each run was performed while changing the value of
a single parameter. The calibrated parameter set provided baseline
simulation results. Two Model runs were performed for each parameter with
parameter values greater than and less than the calibrated value. Thus, the
change in simulation results obtained from a change in the parameter value
indicates the sensitivity of the Model to the specific parameter. Tables
15, 16, and 17 present the ARM Model hydrology, sediment, and pesticide
values respectively chosen for the sensitivity analyses. The hydrology
parameters were analyzed on a six-month period, April 1973 to September
1973, while the sediment and pesticide parameters were analyzed on the
critical summer period, June 1973 to September 1973. -The results are
presented in Figures 45 to 51 in terms of the effects of parameter changes
on (1) total runoff, sediment, and pesticide loss during the simulation
period, and (2) peak runoff, sediment mass, and pesticide mass removal (in
water and on sediment) for the storm of June 21, 1973. The ARM Model
parameters are defined in Section IV, Tables 2, 3, and 4. The sensitivity
results are displayed in terms of percent parameter change versus the
resulting percent change in runoff, sediment, or pesticide loss. Thus the
slope (positive or negative) indicates the relative sensitivity of the
parameters; i.e., steeper slopes correspond to the more sensitive
parameters. The shaded areas in each figure indicate the region where the
sta@ed parameter change produces a greater percent change in the quantity
of interest, e.g. a +44 percent change in JSER results in a +60 percent
change_1n sediment loss in Figure 46. The hydrology, sediment, and
pesticide parameter sensitivities are discussed separately below.

HYDROLOGY PARAMETERS

Figures 45 and 46 display the effects of changes in the hydrology
parameters on the total runoff for the April to September 1973 period and
the peak runoff for the June 21 storm, respectively, on the P1 watershed.
Infiltration (INFI;) and lower zone soil moisture (LZSN) characteristics
have the greatest impact on total runoff volumes. This is generally true
1n most areas of the country. For this reason, the INFIL and LZSN
parameters are most directly involved in the hydrologic calibration of a
specific watershed. Although the topographic (L, SS, NN) and vegetal
canopy (EPXM) parameters do affect runoff volume, their relative impact is
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Table 15. HYDROLOGY PARAMETER VALUES FOR SENSITIVITY ANALYSIS
(English Units)

Parameter Baseline Value Trial #1 Trial #2
UZSN 0.05 0.01 0.25
LZSN 18.0 14.0 22.0
INFIL 0.5 0.2 0.8
INTER 0.7 0.4 1.0

SS 0.05 0.02 0.08

L 160.0 100.0 220.0

NN 0.20 0.10 0.30
K3 0.40 0.20 0.60
EPXM 0.12 0.06 0.18

Table 16. SEDIMENT PARAMETER VALUES FOR SENSITIVITY ANALYSIS
(English Units)

Parameter Baseline Value Trial #1 Trial #2
JRER 2.2 1.4 3.0

KRER 0.17 0.10 0.24

JSER 1.8 1.0 2.6

KSER 1.2 0.8 1.6

CovpPMO 0?0, 0?0, 0625, 0?5, 0?7 increased 20% decreased 20%
SRERTL 5.0,:2.0 increased 20% decreased 20%
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Table 17. PESTICIDE PARAMETER VALUES FOR SENSITIVITY ANALYSIS
(English Units)

Parameter Baseline Value** Trial #1 Trial #2
CMAX 0.00026 0.00013 0.00052
DD 0.0 0.00010 0.00020
BULKD 103.0 93.0 113.0

K 1.8 0.6 3.0

N 1.6 1.0 2.2

NP 3.7 2.3 5.1
SSTR 5%4.002 5%2.0 5%6.0
UZDPTH 6.125 4.125 8.125
SZDPTH 0.125 0.062 0.250
DEGCON 0.08 0.04 0.12
DESORP YES NO

** Baseline pesticide values are for diphenamid characteristics
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less than what might be expected. The interflow parameter (INTER) is
generally thought_to have no effect on runoff volume. This is generally
true, especially in large watersheds. The runoff change shown in Figure
45 due to the interflow parameter is a result of the manner in which
interflow is calculated in the ARM Model. The interflow component is
subtracted from the moisture available for surface runoff, and reaches the
stream channel through a delaying storage mechanism. The remaining
surface runoff undergoes a kinematic overland flow routing technique which
determines the amount of surface runoff reaching the stream channel during
the time interval. The surface runoff which does not reach the stream is
available to infiltrate during the next time interval. Thus as interflow
increases a larger fraction of surface moisture is assured of reaching the
stream through the interflow storage mechanism resulting in a minor
increase in runoff volume.

The effects of parameter changes on peak runoff (Figure 46) are similar
but not as dramatic. Infiltration and soil moisture characteristics
remain important. However, topographic factors such as slope, length of
flow, and surface roughness have a significantly greater impact on peak
runoff rates as compared to runoff volumes. The relative ranking of the
parameters is much the same in both Figures 45 and 46, However, overland
flow length (L) and surface roughness ?NN) increase in importance, and the
impact of the interflow parameter (INTER) is reversed. An increase in
interflow will reduce peak runoff while slightly increasing total runoff.
In general, Figures 45 and 46 indicate that agricultural management
practices which influence land slope, surface roughness, and overland flow
length have a relatively greater impact on peak runoff than on total
runoff volumes.

SEDIMENT PRODUCTION PARAWETERS

The effects of sediment parameter changes on total sediment production
(June to September 1973) and peak sediment loss (storm of June 21, 1973)
on the P1 watershed are shown in Figures 47 and 48, respectively. A
review of the sediment algorithm and parameters described in Section IV
would be helpful to the understanding of this discussion. In general, the
washoff parameters (JSER, KSER) appear to have the greatest impact on both
total and peak sediment loss. Since the simulation period for the
sensitivity analysis was during the summer growing season, tillage
operations produced a large volume of detached soil fines. Thus, sediment
transport by flow was not restricted by the amount of soil fines available
for transport. The singular importance of the washoff, or transport,
parameters is because the washoff process was the controlling mechanism
during the simulation period. In areas where ti]]age operations are not
performed, or during seasons when the land surface is not.d1sturbed, @he
soil splash parameters (JRER, KRER) would have a greater impact than is
indicated in Figures 47 and 48. In such circumstances, the soil splash
mechanism could control sediment loss by limiting the amount of detached
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i1 fines available for washoff by overland flow, 1.e., detached soil
i?nes would be less than the transport capacity of overland flow. Since
the soil splash parameters determine the detachment of soil fines, their
effect on sediment loss would be greater than the effect of the washoff
parameters when the land surface is undisturbed.

The two remaining sediment parameters are the monthly Yegeta] cover.
fraction (COVPMO) and the detached fines produced by t1]1age operations
(SRERTL). The sensitivity of each of these parameters 1nd1§ated in
Figures 47 and 48 is influenced by the fact that thg analxs1s was
performed on a summer period. The major events dur1pg this period
occurred in June and July when vegetal cover was minimal; hence, the
effect of COVPMO on the total sediment loss is rather small. Since no
crop canopy had developed for the June 21 storm, the COVPMD sensitivity ir
Figure 48 was derived from the September 9 storm on P1. The impact of
cover would be much greater during the late fall when a full canopy would
exist. On the other hand, the impact of SRERTL as shown in Figures 47 and
42 is relatively greater during the summer period due to the possible
occurrence of storms following tillage operations. This is indicated by
the greater inpact of SRERTL on peak sediment loss (Figure 48) than on
totel sediment (Figure 47) because the June 21 storm occurred within one
week of planting and tillage operations. In reality little is known about
the absolute value of detached fines resulting from different tillage
operations. Logically, one would expect that the effects of tillage would
not extend more than one to two months, i.e. the amount of detached fines
from tillage operations would not limit transport of sediment by overland
flow until one to two months following the operation. However, further
investigation of this topic is needed.

Although the sensitivity of the sediment parameters is affected by the
per19d on Whlch the.analysis was performed, the summer period is the
critical time for simulation of pesticide loss. Consequently, the

analysis also 1qdjcates the relative importance of sediment parameters for
simulating pesticides transported by sediment particles.

PESTICIDE PARAMETERS

The results of sensitivity trials for the esticide

in F}Qgres 49, 50 and 51. The effects of garameter gﬁgﬁgzge;: :gia?hown
pesticide loss (June to September 1973) is presented in Figure 49 while
the‘correspond1ng effects on peak pesticide removal in water and on
sediment (June 21 storm on p1§ 1S shown in Figures 50 and 51
respectively. The relative positions of the parameter sensi%ivity lines

remain reasonably fixed in all three figur :
results, the following points are notewgrtﬁ;; From analysis of these

(1) Pesticide solubility has ne

within the range of values gligible impact on pesticide loss

tested for the present version of the
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(3)

(5)

jcic i i1ibrium pesticide
esticide algorithms. In effect, the equi Ppe
goncentration in runoff never approaches the pesticide
solubility.

As a corollary to (1), the adsorptiop/degcrption characteristics
for the specific pesticide-soil combination are ?hg major
determinants of pesticide Toss. Other than.pgst1c1de
application (SSTR) which obviously has a critical effect on
pesticide loss, the adsorption/desorption characteristics (K, N,
NP) have the greatest impact (i.e. steepest slopes in Figures
49, 50, and 51) on both total and peak pesticide loss.

The soil bulk density (BULKD) is an important parameter since it
determines the mass of soil involved in the pesticide-soil-water
equilibrium in each vertical soil zone. An increase in BULKD
results in a greater mass of soil in each zone. For pesticides
which move by both runoff and sediment loss, the larger surface
soil mass would retain more pesticide in the surface zone.

Thus, more pesticide would be available for transport from the
active surface zone. The increase in pesticide loss with BULKD
in Figures 49, 50 and 51 demonstrates this effect. On the other
hand, pesticides Tike paraquat that are completely adsorbed onto
sediment particles would behave differently. Since complete
mixing is assumed in the surface zone, the greater surface soil
mass resulting from a larger BULKD would produce lower pesticide
concentrations in the surface zone for the same application
rate. The Tower concentrations would result in less total and
peak pesticide Toss. Consequently, the relative impact of
changes in soil bulk density is dependent upon the
adsorption/desorption characteristics of the specific
pesticide-soil combination.

The dgpth of the active surface zone (SZDPTH) has essentially
1den§1ca1 effects on pesticide Toss as described above for bulk
dens1ty: Increasing SZDPTH results in a greater soil mass in
the active surface zone. The effects on pesticide loss
described above are due to the greater soil mass. Comparison of
the SZDPTH and BULKD sensitivity lines in Figures 49, 50 and 51
demonstrates the parallel effects. The differences between
these Tines are due to the effect of BULKD on all the soil zones
while SIDPTH pertains only to the surface zone. Thus, the

impact of SZDPTH is also a functi icide-50i
combination. 1on of the pesticide-soil

The depth of the upper s0il zone (UZDPTH) has a relatively minor

effect on pesticide loss within the ran

i ge of parameter values
:na]yged.h The only mechanism for pesticide loss from the upper
on$]1s the interfiow component of runoff. Since interflow is a
small portion of total runoff during the summer months on the Pl
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watershed, Figures 49, 50 and 51 indicate the minimal effect of
UZDPTH. However, for highly soluble pesticides in areas with
significant interflow, the UZDPTH parameter would have greater
impact.

(6) The pesticide degradation rate (DEGCON) has a greater influence
on total pesticide loss than is indicated in Figure 49.
Degradation determines the time during which significant
pesticide 1oss can occur. During the pesticide sensitivity
trials, the only significant events for the loss of degradable
pesticides occurred on June 13 and June 21. Since pesticides
were applied on June 13, the daily first-order degradation rate
nad no effect on pesticide loss for that storm. Figures 50 and
51 demonstrate the influence of degradation for the storm of
June 21 on peak pesticide loss in water and on sediment
respectively. Thus, the DEGCON sensitivity lines in Figures 50
and 51 are more indicative of the importance of degradation
rates on pesticide loss than the corresponding lines in Figure
49,

CONCLUSIONS

The utility of the sensitivity analyses performed on the ARM Model
parameters (excluding snow and nutrient parameters) is the information and
understanding gleaned from an analysis of Model behavior resulting from
parameter variations. Comparing the ARM iodel results with the physical
processes simulated can provide a sound base for further algorithm
refinements. Highly sensitive parameters indicate topics for additional
investigation. HMoreover, an understanding of the ARM Model is critical to
successful calibration and application to other areas. Although the
results presented here should not be extrapolated beyond the individual
parameter values in Tables 15, 16, and 17, the relative importance and
impact of the various parameters is generally valid for agricultural
watersheds in the southern Piedmont. Experience indicates that the
relative ranking of the hydrclogy parameters is more widely applicable
across the United States. However, testing in other climatic,
topographic, and edaphic regions, and with a larger range of parameter
values is needed before a similar claim can be made for the sediment and
pesticide parameters. In general, the results indicate that the most
sensitive parameters are related to soil moisture and infiltration, land
surface, sediment transport, pesticide-soil interactions, and pesticide
degradation. Study of these topics would provide the greatest benefit to
further algorithm refinement.
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SECTION X
CONCLUSIONS AND RECOMMENDATIONS

Unfortunately, as man acquires a greater understanding of his physical
environment, the number and complexity of the questions which probe his
mind tend to increase rather than decrease. In other words, research
often tends to raise more questions than it answers. In many respects
this is true for the research effort on the continued development and
refinement of the ARM Model described in this report. Some questions have
been answered while new problems have been uncovered. Perhaps the
greatest benefit derived from this work is the insight and increased
understanding of the processes controlling the quantity and quality of
agricultural runoff. As these processes are further studied, better
simulation methods will develop. This understanding is a significant
addition to the existing body of knowledge on this topic. This report is
an attempt to distribute this additional knowledge to the scientific
community for general review and comment. Thus, the major findings of
this research effort are as follows:

(1) The Agricultural Runoff Management (ARM) Model has been used
successfully for simulating runoff, sediment, and pesticide loss
from small agricultural watersheds. Model testing for sediment
and pesticide loss has been performed on watersheds in the

Southern Piedmont and is presently underway on watersheds in the
Great Lakes region.

(2) The simulation of surface runoff with the ARM Model has been
verified by split-sample testing for the Southern Piedmont
watersheds. The hydrology parameters calibrated on six months
of 1972 data allowed the Model to simulate 1973 data with
rgasonab]e accuracy. Past experience with the hydrologic
simulation methodology indicates that similar accuracy can be
expected in other geographical regions.

(3) The method of snowmelt simulation presented in this report has
been employed successfully on watersheds across the United
States. Although its use on small agricultural watersheds has
been Timited, the methodology of energy balance calculations
1s conceptually valid. Calibration and testing is presently
underway on watersheds in the Great Lakes region.

(4) Tillage operations and practices have a significant impact on
both surfage runoff and sediment loss from watersheds in the
Southern Piedmont. The effect is relatively greater on sediment
1955 than on surface runoff and tends to decrease with time
since the Tast tillage operation. Both total sediment loss and
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(5)

(6)

peak sediment concentrations are increased by frequent tillage
operations while peak runoff is generally reduced and delayed in
time.

The ARM Model simulation of sediment production is relatively
accurate except for storms immediately following tillage
operations. In general, monthly sediment loss and storm
concentrations are close to observed values when the hydrologic
simulation is accurate. The sediment simulation methodology
allows for the inclusion of tillage operations, but further
testing and calibration are needed to more reliably quantify
tillage effects.

Simulation of pesticide loss from the Southern Piedmont
watersheds with the ARM Model indicates the following:

a. Simulation results are good for pesticides like paraquat
that are completely adsorbed onto sediment particles. In
these cases, the accuracy of the pesticide simulation is
directly dependent upon the accuracy of the sediment
simulation.

b. Simulation of pesticides that move both in water and on
sediment is dependent upon the partitioning between the two
phases (water and sediment) as specified by the
adsorption/desorption function. Simulation results for this
type of pesticide (e.g. diphenamid) using laboratory
isotherm data is fair to poor. Initial comparison of
simulation results from single-valued (SV) and
non-single-valued (NSV) adsorption/desorption functions is
inconclusive. The SV function appears to simulate some
storms better than the NSV function, but the reverse is true
for other storms. Further comparisons and evaluations are
warranted.

c. Pesticide attenuation processes are critical to the
simulation of pesticide loss since they determine the amount
of pesticide available for transport from the land surface.
Storms, even minor ones, occurring immediately or soon after
pesticide application are the major events for pesticide
loss. The applied pesticide has not attenuated to a
significant extent; thus, it is highly susceptible to
transport. The first order degradation rate presently used
in the ARM Model appears to underestimate attenuation at the
beginning of the growing season and overestimate it at the
middle and end of the growing season. Accurate simulation
of pesticide attenuation would provide a more valid base for
the evaluation of adsorption/desorption functions and
improvement of the overall pesticide simulation.
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(7)

(8)

The ARM Model provides a structure for simulating the transport
and soil transformations of plant nutrients. Testing and
comparison of simulated and observed results will provide a
basis for modification and refinement of the nutrient algorithms
presented in this report. Data from the Southern Piedmont and
Great Lakes watersheds is expected to be available for nutrient
model testing in the near future.

A sensitivity analysis of the ARM Model parameters for
hydrology, sediment production, and pesticide loss indicates
that the most sensitive parameters are related to soil moisture
and infiltration, land surface sediment transport,
pesticide-soil interactions, and pesticide degradation. These
mechanisms are the critical ones for the accurate simulation of
pesticide loss from agricultural watersheds.

The questions that have been raised or left unanswered by this research
effort are presented below in terms of needs, or opportunities, for
further study of the simulation of agricultural runoff. It is hoped
that others in the research community will recognize the importance of
these topics and provide impetus for further research efforts.

(1)

(2)

(3)

Application and testing of the ARM Model on watersheds in
different regions of the country is of primary concern at this
time. The hydrologic methodology of the ARM Model has
demonstrated its general applicability from the results of
testing on hundreds of watersheds; similar testing is needed for
the sediment production methodology. In this way, the
simulation of the transport mechanisms (runoff and sediment
loss) for agricultural pollutants can be tested, refined, and
verified for general application. Moreover, the relationship of

the ARM Model parameters to climatic and edaphic characteristics
could be investigated.

Testing of the nutrient model is crucial to the reliable
simulation of plant nutrients. Although a nutrient model has
been developed, only testing and comparison with observed data

can indicate the validity of the model assumptions and the need
for model refinements.

The impacts of different agricultural management techniques on
the transport mechanisms of runoff and sediment loss need to be
further 1nvgstigated. Since the ARM Model will be applied to
managed agricultural lands, the relationships between land
management techniques and the ARM Model parameters must be
estab11§hed. This is a necessity if the Model is to be used for
evaluating the efficacy of land and agricultural management
plans. Also, for widespread use, the Model must accommodate

practices employed in different agricultural regions of the
country.
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(84) Pesticide-soil interactions and pesticide attenuation processes

(5)

must be further investigated in order to improve the accuracy
and reliability of the pesticide simulation. Both the
single-valued and non-single-valued adsorption/desorption
functions warrant further investigation, in addition to a
kinetic, or non-equilibruim, approach to the pesticide-soil
interaction processes. First-order pesticide degradation should
be replaced with a more sophisticated degradation model.
Various candidate approaches are presently under investigation.
Environmental conditions (e.g. soil temperature, soil moisture,
and oxygen content) need to be included where they are
significant.

To promote the general use of the ARM Model for investigation,
evaluation, and management of agricultural runoff, the following
recommendations are extended:

a. The ARM Model structure should be modified to allow a more
user-oriented method of application. The acceptance and use
of the ARM Model by the user community is contingent upon
the ease of Model application, calibration, parameter
evaluation, data management, and output interpretation. To
date, Model development has concentrated on the testing and
evaluation of algorithms to simulate the physical processes.
Efforts should now be directed to the goal of making the
Model more amenable for use by potential users.

b. The use of the ARM Model as a tool for the planning and
evaluation of agricultural management techniques for the
control of sediment, pesticides, and nutrients should be
demonstrated. It is insufficient to develop and document a
model like the ARM Model without a clear demonstration of
its potential application in the planning and management
process. In addition, recommendations, guidelines, and a
proposed methodology should be developed to insure the
effective use and to avoid misuse of the ARM Model.
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APPENDIX A
ARM MODEL USER MANUAL

MODEL OPERATION AND PARAMETERS

Tha general structure and operation of the ARM Model was discussed in
Section IV, and is depicted graphically in Figure 52. The Model
consists of a series of subprograms whose executicn is controlled by the
executive program, [IAIN. Table 18 1ists all subprograms of the ARM
Model, defines their functions, and includes the beginning line number
of each subprogram in the Model source listing (Appendix C). The Model
operates on a number of different time intervals. The major interval of
model operation is specified by the user and corresponds to the time
interval of available precipitation data; 5 or 15 minute intervals are
allowed by the present version of the ARM Model. For days on which
storms occur, the LANDS, SEDT, and ADSRB subprograms perform
calculations on the 5 or 15 minute interval. For days on which storms
do not occur, the LANDS subprogram continues to operate on the 5 or 15
minute interval while the remaining programs operate on a daily basis.
In the present version of the Model, the DEGRAD subprogram always
operates on & daily basis, and snowmelt calculations are performed
hourly. The time interval for nutrient transformations is determined by
a user-specified input parameter. The MAIN program monitors the passage
of real time and keys the operation of the separate subprograms at the
proper time intervals.

Table 19 includes a complete list and descriptions of the ARM Model
parameters. The 'control' parameters (i.e. HYCAL, INPUT, OUTPUT, PRINT,
SNOW, PEST, NUTR, ICHECK) and 'nutrient control' parameters (TSTEP, NAPPL,
TIMHAR) specify the mode of operation, the units and type of input and
output, and the simulation calculations to be performed in each Model run.
The HYCAL and PRINT parameters determine the mode of Model operation and
the frequency of printed output, respectively. The two modes of operation
allowed by the present version of the ARM Model are referred to as
calibration (HYCAL = CALB) and production (HYCAL = PROD) runs. The
monthly and yearly summaries obtained from calibration and production runs
are basically similar. The production summaries provide more detailed
information for pesticide and nutrient concentrations in the soil profile.
Tables 20 and 21 are sample monthly summaries for the calibration and
production modes of operation, respectively. Note that the word 'BLOCK’
is used to indicate the areal-source zones discussed in Section IV, in
order to prevent confusion with the vertical soil zones (i.e. surface,
upper, 10wer, groundwater). The basic difference between the calibration
and production modes is the type and form of information obtained for
simulation periods between the monthly summaries. A calibration run
provides detailed information on runoff, sediment concentration and mass
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Table 18. ARM MODEL COMPONENTS

Master program and executive
control routine

Checks input parameter errors

Data initialization for common

Reads and checks nutrient input

Prints monthly output summaries
Prints yearly output summaries

Performs hydrologic simulation
and snowmelt calculations

Performs sheet erosion simulation

Performs pesticide soil adsorption/
desorption simulation

Performs desorption calculations

Performs pesticide degradation

Performs nutrient simulation

Major Component
Program Subroutine Function
MAIN
CHECKR
BLOCK DATA
variables
NUTRIO
data
OUTMON
OUTYR
LANDS
SEDT
ADSRB
DSPTN
DEGRAD
simulation
NUTRNT
TRANS

Performs nutrient transformations
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Beginning

Line No.

10.

1200.
1600.

6200.

8000.
9000.
2000.

4000.
5000.

5800
6000.

7000.
7800.



TYPE

Control

Hydrology

Table 13. ARI WODEL INPUT PARAMETER DESCRIPTION

NAME
HYCAL

INPUT
OUTPUT
PRINT

SNOW
PEST
NUTR
ICHECK

INTRVL
HYMIN
AREA
BGNDAY
BGNMON
BGNYR
ENDDAY
ENDMON
ENDYR

UZSN
Uzs
LZSN
LZS

L

SS

NN

A

K3
EPXM
INFIL
INTER
IRC

DESCRIPTION

Specifies type of information desired

PROD-production run, prints full tables for each
interval as specified by PRINT

CALB-calibration run, prints removal values for
each interval as specified by PRINT

Input units, ENGL-english, METR-metric

Output units, ENGL-english, METR-metric, BOTH-both

Denotes the interval of printed output, INTR-each
interval, HOUR-each hour, DAYS-each day, MNTH-each
month

NO-snowmelt not performed, YES,snowmelt calculations
performed

No-pesticides not performed, YES-pesticide calculations
performed

NO-nutrients not performed, YES-nutrients calculations
performed

ON-checks most of the hydrology, snow (if used),
sediment, and pesticide (if used) input parameter
values and prints out error and warning statements
for input parameter values that are outside of
acceptable value limits, OFF-no check is made

Time interval of operation (5 or 15 minutes)

Minimum flow for printed output during a time interval

Watershed area

Date simulation begins-day, month, year

Date simulation ends-day, month, year

Nominal upper zone storage

Initial upper zone storage

Nominal lower zone storage

Initial lower zone storage

Length of overland flow to channel
Average overland flow slope
Manning's for overland flow

Fraction of area that is impervious
Fraction index to actual evaporation
Maximum interception storage

Mean infiltration rate

Interflow parameter, alters runoff timing
Interflow recession rate

139



Table 19.

Snow

Sediment

K24L

KK24
K24EL

SGHW
GWS
KV

ICS
OFS
IFS

RADCON
CCFAC
SCF
ELDIF

IDNS
F

DGM
WC
MPACK

EVAPSN
MELEV
TSNOW
PACK
DEPTH
PETMIN
PETMAX
PETMUL
WMUL
RMUL
KUGI

COVPMO
TIMTIL

YRTIL
SRERTL

SZDPTH
UZDPTH
BULKD
JRER
KRER

(Continued)

Fraction of groundwater recharge percolating to deep
groundwater

Groundwater recession rate

Fraction of watershed area where groundwater is within
reach of vegetation

Initial groundwater storage

Initial groundwater slope

Parameter to allow variable recession rate for
groundwater discharge

Initial interception storage

Initial overland flow storage

Initial interflow storage

Correction factor for radiation melt

Correction factor for condensation and convection melt

Snow correction factor for raingage catch deficiency

Elevation difference from temperature station to mean
watershed elevation

Initial density of new snow

Fraction of watershed with complete forest cover

Daily groundmelt

Water content of snowpack by weight

Water equivalent of snowpack for complete watershed
coverage

Correction factor for snow evaporation

Mean elevation of watershed

Temperature below which precipitation becomes snow
Initial water equivalent of snowpack

Initial depth of snowpack

Minimum temperature at which PET occurs
Temperature at which PET is reduced by 50 percent
Potential evapotranspiration data correction factor
Wind data correction factor

Radiation data correction factor

Index to forest density and undergrowth

Fraction of crop cover on a monthly basis (12 values)
Time when soil is tilled (Julian day, i.e. day of the
year, e.g. January 1 = 1, December 31 = 365/366)

(5 dates)
Corresponding year (last two digits only) for
TIMTIL (5 values)
Fine deposits produced by tillage corresponding to
TIMTIL and YRTIL (5 values)
Depth of the surface zone
Upperzone depth or depth of soil incorporation
Bulk density of soil
Exponent of rainfall intensity in soil splash equation
Coefficient in soil splash equation
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Table 19. (Continued)

JSER Exponent of overland flow in sediment washoff equation
KSER Coefficient in sediment washoff equation
SRERI Initial fines deposit

pesticide PESTICIDE Title word to begin the reading of pesticide input

parameters

APMODE  Application mode, SURF-surface applied, SOIL-soil
incorporated

DESORP  NO-single-valued adsorption/desorption used, YES-non-
single-valued adsorption/desorption algorithm used

SSRT Pesticide application for each block (5 values)

TIHAP Time of pesticide application (Julian day)

YEARAP  Year of pesticide application (last two digits only)

CMAX Maximum solubility of pesticide in water

DD permanent fixed capacity

K Coefficient in Freundlich adsorption equation
N Exponent in Freundlich adsorption equation
NP Exponent in Freundlich desorption equation

DEGCON  First order pesticide decay rate

Nutrient
Control TSTEP Timestep of chemical and biological transformations,
must be an integer number of time steps in a day,
and an integer number of simulation intervals
(INTRVL) in a TSTEP, range of TSTEP is 5 or
15 minutes to 1440 minutes
NAPPL Number of fertilizer applications, values may range
from 0 to 5
TIMHAR  Time of plant harvesting, Julian day of the year,
value may range from 0 to 366

Nitrogen Reaction Rates

K1 Oxidation rate of ammonia (dissolved and absorbed)
to nitrite
K2 Oxidation rate of nitrite to nitrate
KK2 Reduction rate of nitrate to nitrite
KD Reduction rate of nitrite to nitrogen gas
KPL Uptake rate of nitrate by plants
KAM Ammonification or mineralization rate
~ of ORG-N to ammonia
KIM Immobilization rate of dissolved ammonia
to ORG-N
KKIM Immobilization rate of nitrate to ORG-N
KSA Transfer rate of ammonia from solution to
adsorbed (adsorption)
KAS Transfer rate of ammonia from adsorbed to

solution (desorption)
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Table 19. (Continued)

Phosphorus Reaction

KM
KIM
KPL

KSA
KAS

Nitrogen Storages
ORG-N

NH3-S
NH3-A
NO2
NO3

N2
PLNT-N

Phosphorus Storages
ORG-P
P04-S
P04-A
PLNT-P

Chloride Storage

CL

Rates

Mineralization rate of ORG-P to PO4-P

Immobilization rate of P04-P to ORG-P

Uptake rate of phosphate (adsorbed and in solution)
by plants ,

Transfer rate of phosphate from solution to
adsorbed form

Transfer rate of phosphate from adsorbed to
solution form

Organic nitrogen assumed to be
solid or attached to soil

Ammonia in solution

Ammonia adsorbed to soil

Nitrite

Nitrate

Nitrogen gas from denitrification

Plant nitrogen

Organic phosphorus attached to soil
Phosphate in solution

Phosphate adsorbed to soil

Plant phosphorus

Chloride
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Table 20. CALIBRATION RUN OUTPUT - MONTHLY SUMMARY
(Pesticide Simulation)

SUPMARY.ECO. SONIH QF. . JNE .. 1923

sLOoCK 3 aLoCx 2 B8LOCK 3 LOCK & OLOCK 3 raaL
WATER, INCHES
RUNCFF
OVERL ANC FLOW 0.382 0.250 0.141% Co €47 0.007 0.163
INTEPFLON C.C34 0.061 0.003 0.08 0.064 0.06%
IPPERYICUS 0.0
ToT A 0.396 0,311 0.220 0.132 0.071 0.2290
BASE FLCW 0.0
CRDWATER RECHARGE 019
PRECIP ITAT ION 0. 75 0.7¢ 0.7% 0.73 0.75 0.75%
EVAFOTEINSPIRATION
PCTENT AL 0.27 0.27 €27 0.27 0.27 0.27
NET 0.27 0.27 0.27 €. 27 0.27 0.27
CROP COVER 1.00
STCRAGES
UPPER [UNE g.108 0.108 0.109 C.102 0.054 0.096
LCWER ICNE 0,233 20.333 20. 333 0,333 2¢.333 20.333
GROQUKUWAT ER 0.0 0.0 0.0 0.0 0.0 0.0
INTERCEPT DN C.118 J.110 c.it1e 0.118 0.118 o.l18
CVEPLAND FLOM 0.0 0.C 0.0 0.0 0.0 0.0
INTEQRFLOW 0.0 0.0 6.0 0.0 0.0 0.9
WATER BALANCE= 0.0
SEOIPENT, TONS/ACRE
ERQCEC S EO IMENT 0.901 0.566 0.218 0.063 0.089 0.363
FINES DEPISIT 1.C99 1.43¢ 1.729 1.935 1.991 1.637
PESTICICE, PCUNDS
SURFACE LAYER 1.8 1,297 1.313 1.323 1.328 6.3641
A(SORBED 1.278 1. 297 1.313 1.32% 1.3208 6.554
CPYSTALLINE 0.0 0.0 0.0 0.C 0.0 0.0
cissoLvep 0.0 0e0 0.0 0.0 0.0 0.0
UEPER IONE LAYER 0.0 0.0 0.0 .0 0.0 0.0
ADSORBED 0.¢ 0.0 0.0 0.0 0.0 0.0
CRYSTALLINE 0.0 0.0 0.0 0.0 0.0 0.0
OFSSOLVEC Q. 0.0 0.0 0.C 0.0 0.0
TATERFLON STORAGE 0.0 0.0 G0 0.0 Ce0 0.0
LONER IONE LAYER 0.0
S(SORSED 0.0
CRYSTALLINE 0.0
C1SSOLVED 0.0
GFCUNCRATER LAYER 0.0
ACSORBED 0.0
CRYSTALL INE 0.0
01SSOLVEC 0.0
PESTICIDE REMOVAL, LPS. 0.0%1 0.C32 0. 016 0.004 €.000 0.102
QVERLAND FLO RENOVAL 0.0 0.0 0.0 0.0 0.0 0.0
SECINENT RENOVAL 0.051 0.012 [ ) 0.000 0.000 0.102
INTERFLOS REMOVAL 0.0 0.0 0.0 0.¢ 0.0 0.0
¢EST ICIOE OEGRACATION LOSS. LOS.
TCTAL 0.026
FRCR SUAFACE 0.026
FRCP UPPER 2ONE 0.0
FRON LOWER ZCNE 0.0

PESTICIOE SAL 'KCf» 0.0
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Table 21. PRODUCTION RUN OUTPUT MONTI-!LY SUMMARY
(Pesticide and Nutrient Simulation)

SUEPABRY_ECB_BONIH_GE.__JSE___1323

BLOCK | BLOCK 2 BLOCK 3  BLOCK &  BOCK 3 TarAL
wATER, INCHES
RUNCFE
GVERL MIC FLOW 1.191  0.887  0.587  0.403 0,308 0.87
IATERFL O 0.412  0.e5% 0388 ©0.3%0  0.310 0.383
INPEAY]IOUS 0.0
ora 1606 1351 0.935  0.753 0.13 1,086
BASE FLOW 0.0
GRDWATER RECHARGS t.068
PRECIPITAT [OM 8. 740 4.740 4. 740 4. 740 4, 740 4. 740
EVAPOTRAHSPIRATION
POT ENT 1AL 30493 3.493  3.453 3.493 3.49) 3,493
RET 2.623 2.623 2422 2.£23 2.623 2.623
CHOF COVER 0.193
STORAGES
UPPER ZuNE 0.C02  0.002  0.002  0.002 0,002 0,003
LO4ER ZCNE 19,75  19.750  18.750  18.730 18750  18.730
£3 JUNDAATER 0.0 0.0 0.0 0.2 2.0 0.0
INTER CEPTION 0.0 0.0 0.0 0.0 0.0 0.0
CVERLAND FLOW 0.0 0.0 0.0 0.0 0.0 0.0
T ER ALOW 0.0 0.0 0.0 0.0 0.0 0.0
=ATER BALANCEs 0.000%
SEDIFENT, TOVS/ACRE
TOTAL' SECIPENT LCSS  0.899  0.934  0.340 G376 0,203 0.607
FINES OLPISIT 1.09  1.105 1138 1.0 1110 1.108
PESTICIDE, POUNS
SULFACE LAYER 0,596  0.596  0.397  0.397 0,597 2.9
SDSORPEL 0.556  0.5%  0.%%17  0.597  0.3%7 2.9
CRYSTALLINE 0.0 0.0 0.0 0.0 0.0 0.9
C1SSOLVED 0.0 0.0 0.¢ 0.0 0.0 0.0
USPER 20HE LAYER 0.0 0.0 0.0 0.0 0.0 0.0
A0S CRBED 0.0 0.0 0.0 0.0 0.0 0.0
CRYSTALLINE 0.0 0.0 0.0 0.0 0.0 0.0
CISSOLVEC 0.0 0.0 0.0 0.0 0.0 0.0
INTERFLCW STORAGE 0.0 .0 0.0 0.0 0.0 0.0
LOMER IONE LAYER 0.9
SDSOR BED 0.0
CAYSTALL INE 0.0
C15S0LvED 0.0
GRCUNDWATER L AYER 0.0
ACSCRBED 0.0
CAYSTALL INE 0.0
OISSOLVED 0.0
PESTICIDE REMCVAL, L8S.  0.000  0.000 0,000  0.000  0.000 0.001
OVEPLAND FLOW RENOWL 0.0 2.0 0.0 0 )
SEDINENT R EMOVAL 0:001  0:000  0:000  0:000  0:000 9:001
INTERFLOW REPOVAL 0.0 0.0 0.0 0.0 0.0 0.0
PESTICIOE DEGRADATION LOSSs LOS.
0.097
FACH SURFACE 04097
FRO¥ UPPER ZCNE .0
FRON LOWER 20NE 0.0

PESTICIDE _BALAMCE= 0.0
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Table 21.

MTRIENTS = LE/AC

ST(BAGE

SURFACE LAYER
BLOCK 1
sLCCK 2
sLeCck 3
BLOCX 4
eLCCK 35

WPER ZONE
RO 1
8LCCx 2
BLCCK 3
ELOCK 4
BLLCK 5

INTERFLOw
aock )
aLCek 2
BLOCK 3
Lotk &
sLCCK S

LOWER ZCAE
GRCULNDWATER
REPCVAL
SEVECT IVE

SEDIMENT
8LCCK
8LOCK
80CX
ELOCK
BLOCK

OVERL /ND
8LocK
sLeck
BLOCK
aLcex
BLOC K

uOuN—; VNP WN -
[~}
=

INTEPFLCW
eLOCK
eLCCK 2
BLOCK 3
aock 4
sLOCK S

TOTAL TO STREaN

PEFCCLATION TC
GRCUNOWATER

SICLOGICAL - TOTAL
SLREACE
UPFER ZONE
LOMER 20ME
GROWNCRATER

HARYEST

NASS saLance
M TSOGEN s =0.1é41
PUESPHCAUS «  =0,007
CHORIDE o ~¢,001

ORG =M

23,

11078.
0.

(Continued)

NH3=-$

0.052
0.090
9.051
0.092
0.093
0.053

6.701
9.480
6.97S
6.033
5760
5.256

0.0
0.0
0.0
0.0
0.0
0.0

55.912
0.321

0.0
0.0
0.0

0.0
0.0

0.000
0.001
0.000
0.000
0.00C
0.000

NH 3=A

9.181
0.177
J.179
0.181
0.103
0.184

9.117
9.273%
9.137
9.08¢
9.062
9.028

0.0
0.0
0.0
0.0
0.0
0.0

4.731
0.015

0.0
0.0
0.0
0.0

0.008

0.0
0.0

NO2

0.110
0.107
0.109
0.110
0.111
0.111

£.222
11.719
8.576
7.371
7.018
6,368

0.0
¢.0
0.0
.o
0.0
0.0

[1&]

9.060
0.C%¢
J.0%5
0.060
0.061
0.062

35.633
3.708
40.¢02
28,439
2. €5¢
12.¢39

0.0
0.0
0.0
0.0
0.0
0.0

AL. 749 685.735

0.301

0.0
0.0

C.0
0.0
.0

0.000
0.001
0.000
0.000
0.000
0.000

3.484
54617
1.141
6.7083
4,963
2.895

S.404

0.456
0.0
0.0
0.0
0.0

0.0

S.869

25,656
28.322
33.482
31.783
23,348
13.5¢8

Z.697
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N2  PLNT-N
0.3 0.069
0.0 0.069
0.0 0. 269
0.0 0.C69
0.9 0.069
0.0 C. 069
0.0 2.¢€31
0.0 3.988
0.0 3. 601
0.0 3.570
0.0 1. 206
0.0 3.409
0,0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 c.0
9.0 25.136
0.0 0. 050
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 6.0
9.0 0.0
0.0 C. 9
0.0 0.0
0.0 0.8
0.0 0.0
0.0 0.0
0.0 0.9
0.0 0.0
0.0 0.9
0.0 0.0
0.0 0.0
0.0 20,00
0.0 0.069
0.0 3. 631
0.0 2%.136
Q.0 0.0%0
0.0 %0

OR G-P

POA-S

0.020
0.019
0.019
0.020
0.020
0.020

1. 103
1.323
1.114
1.033
1.029
1.017

0.0
0.0
0.0
0.0
0.0
0.0

14,666
0.080

0.0
0.0
0.0
0.0
0.0
0.0

0.000
0.000
0.000
0.000
0.000
0. 000

0.313
0.321
0.407
0.387
0.284
0.163

0.313

POA=A

0.£00
0.586
0. 554
0.602
0.697
0.609

29. 72¢
29.904
2%. 746
29.¢88
29. 664
29.627

0.0
0.0
.0
0.0
0.0
0.0

117,145
0.052

0.010
0.024
0.015
0.007
0.002
0.000

0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.8

0.010

0.0

0.0
0.0
0.0
0.0
0.0

[ ]

PLNT.P

0.001
0.031
0.071
0.001
0.0M
0.021

0.00)
0.042
0.0%0
0.040
0.04)
0.039

0.0
0.0
0.0
0.0
0.0
0.0

0.378
0.030

) N

- 3-2-X-X-X-Br-¥-X-F-¥-X-1

000009 000000

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.417
0.001
0.0%)
0.373
0.030

0.0

«0.000
=3.000
=J.000
-0, 000
«J).070
3.0

15.108
36.986
13.53%
12.728
9.613
4. 727

3.)
3.0
3.0
3.)
0.0
J.2

68,790
0.443

14.379
14. 936
15.983
19.332
13.247
1«59

14,57

J. 443

Jed
2.0
3.0
%)
0.0

3.0



removal, and pesticide or nutrient concentrations and mass removal for
each simulation interval (5 or 15 minutes). Tables 22, 23, and 24 present
the type of output obtained from calibration runs w1§h various s1mg1ation
options. The goal of the calibration form of operation is to provide the
jnformation needed to compare simulated runoff, sediment loss, and
pesticide or nutrient loss with recorded values for storm events. Since
information is provided in each simulation interval the PRINT parameter
must be specified for interval output (i.e. PRINT = INTR) for all
calibration runs. Due to output printing limitations, pesticides and
nutrients cannot be run simultaneously in the calibration mode.

The production mode of operation provides summaries of runoff, sediment,
pesticide, and nutrient loss, in addition to the amount of pesticide and
nutrients remaining in the various soil zones. Thus, the production
mode provides a complete picture of the mass balance of pesticides and
nutrients applied to the watershed. Pesticide and nutrient simulation
can be performed simultaneously in the production mode. The production
output is printed in tables similar to the monthly summaries. The
frequency of printing is controlled by the PRINT parameter which allows
printing to be done on each interval (PRINT = INTR), each hour (PRINT =
HOUR), or at the end of each day (PRINT = DAYS) or each month (PRINT =
MNTH). Table 25 presents a sample production output for daily printout.
Generally, production runs will be employed for daily or monthly print
intervals. Use of the interval (INTR) or hourly (HOUR) printout in the
production mode should be restricted to short simulation periods due to
the large amount of printed output provided, e.g. over 500 pages of
output is provided each day of simulation for a production run which
prints output for each 5 minute interval.

The SNOW, PEST, and NUTR control parameters specify whether or not
snowmelt, pesticide, or nutrient calculations, respectively, will be
performed in each model run. As indicated above, pesticide and nutrient
calculations can be performed simultaneously in a production run but not
in a calibration run. An error message will be printed, and execution
will be prevented, if this rule is violated.

The remaining control perameters, IHPUT, OUTPUT, and ICHECK will he
discussed in the following section on Model input and output ([/0).

DATA REQUIREMENTS AND MODEL INPUT/OUTPUT (1/0)

Data requirements for use of the ARM Model include those related to
operation, parameter evaluation, and calibration. This section will
discuss the data requirements for Model operation and I/0 while the
following section will discuss parameter evaluation and calibration. Once
initial parameter values have been chosen, the driving force of Model
qperation is the input meteorologic data series. Table 26 describes the
input sequence and attributes of the meteorologic data series required for
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Table 22. CALIBRATION RUN OUTPUT - STORM EVENTS
(Hydrology and Sediment Simulation Only)

UATE TINME FLUW{CFS-CHMS) SEUIMENT (LBS-KG-KG/MIN-GM/L)} PESTICIOE (GM-GM/MIN-PPM)
WATER SEDIMENT

JuLy 8 4325 0.008 0.000 0.06 0.03 0.0l 0.38
JULY 8 4330 0.029 0,001 3.01 1.37 0. 27 5.62
JULY 8 4235 0.825 0,023 473.03 214,76 %2,95 30.63
JULY 8 4340 2.999 0.085 2J43.84% 927.90 185.58 36,42 *
JuLy 8 4345 2.770 0.078 L346.d0 611.45 122,29 25.98
JULY 8 4150 1.923 0.054 742.5% 337.11 67,42 20,64 *
JUuLY 8 4:55 2.717 0.077 Lddla.4l 481,88 96. 38 20.88 ¥
JUuLyY 8 5: 0 5.440 0.154 2271.869 1031.40 206, 28 22,32 e»
JULY 8 5: S 5.440 0.15 ¢J3l.%2 922.31 184,46 19.95 *»
JuLyY 8 5:10 3.500 0,099 97645 444,22 88, 84 14.94 »#
JULY 8 5:15 2.507 0.071 532.317 228,07 45.61 10.71 *»
JULY -] 5:20 1.977 0.056 31u.9l l41.15 28,23 8,40 s
JULY 8 5:25 2.658 0.C75 440.9 200.20 40, 04 8.87 #ss
JUuLYy 8 5:30 4.163 0,118 771.9% 350.48 7010 9.91 Sex
JULY 8 5:35 &£.539 J.128 w2l.063 375.74 75415 9. T4 #os¢
JuLy 8 5240 3.297 0.C93 Y3b.8d 199.24 39,85 Tell see
JUuLy 8 5345 1.705 0.050 143.43 65.12 13.02 4,34 ¢
JULYy 8 5:50 1.000 0.028 “ie92 19,03 3.81, 2. 24 %¢
JULY 8 5:55 0.638 0.018 15.49 6.99 1. 40 1.29 ¢
JUuLy 8 6: 0 De421 0.012 Tele 3.23 0. 65 0.90 »
JuLy 8 63 5 0.3900 J.008 5.09 2.31 0. 48 0.91 *
JuLYy 8 6:10 0.200 0.006 2+0% 0.93 0.19 0.55
JuLy B 6:15 0.136 0,004 [ RF- 2] 0.23 0, 05 0. 20
JuLy 8 6320 0.095 0.003 V.03 0,02 0, 00 0.02
JuLy 8 6:25 0.070 0.002 [ Y] 0.0 0.0 0.0
JULY 8 63230 0.046 0,001 0.0 0.0 0.0 0.0
JULY 8 6335 0.031 0.C01 0.0 0.0 0.0 0.0
JULYy 8 6340 0.021 0.001 0.0 0.0 0.0 0.0
JUuLyY 8 6345 0.014 0.000 0.0 0.0 0.0 0.0
JULY 8 6:50 0.009 0.000 Vel 0.0 0.0 0.0
JuLy 8 6355 0.006 0.000 0.0 0.0 0.0 0.0
JuLy 8 1: O 0.004 0.000 U.0 a.0 0.0 0.0
JuLy 8 7: 5 0.003 0.000 V.03 0.01 0.00 0.52
JULY 8 7:10 0.019 0,001 Va L2 0.01 0. 00 0.07
JuLy 8 7:15 0.019 0.001 0.9 0.0 0.0 0.0

Note: Asterisks (*) indicate that the detached fines storage is less than the overland flow

sediment transport capacity in an areal zone (or block), e.g. three asterisks (***)
indicate that this occurs in three such zones.
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Table 23. CALIBRATION RUN QUTPUT - STORM EVENTS
(Pesticide Simulation)

cave T IME FLOW(CF 5~CMS) SEDINENT (LBS~KG-KG/MIN-GM/L) RPES'l’I('.l DE (GM-GM/MIN-PPMU)

WA TE SEJTMENT
JULY 8 43125 0.010 0.000 0.02 0.0 0. 00 0.13 0.2 J.0 0.0 0.0J2 0.000 $0.8L1
JuLy 8 4330 0.032 0.001 1. 02 046 0.09 1.71 0.0 0.0 0.0 0.013 3.004 40.812
Juy 8 4335 0.877 0.025 146. 45 6€. 49 13.30 8.92 c.0 0.0 0.0 2.715 J.543 40.826
JUL Y 8 4:40 3.119 0.088 666461 30 2. 64 €0.53 11.42 0.0 0.0 0.0 12.30% 2. 6461 $).663
JUL Y 8 4345 2.847 0.081 405.25 183.98 36.80 T.61 0. 0.0 0.0 7.359 1.472 39.996
JuLy 8 4350 1.9¢€7 0. 050 228459 103.92 20.78 6.22 0.0 0.0 0.0 4.113 0.823 39.580
iy E 4355 2.766 0.07¢ 41E.41 190.05 36.01 8.09 0.0 0.0 0.0 7.433 1.500 39.459
WLy 8 53 € 54504 0.15¢ 1070.66 486.08 97.22 10, 39 0.0 0.0 0.0 19, 204 3.841 39,508
JULY 8 & S 5.583 O0.lf8 9 46. €0 429.76 85.95 9.06 0.2 nN.0 0.0 16. 678 3.336 38.808
JULY 8 £:10 3.662 0.104 475. 57 215.951 43.18 6.96 8.0 0.0 0.0 8.23) 1. 646 308.120
JUy 8 5:15 2.587 0.073 243.96 110. 76 22.15 o 5.04 C.0 0.0 0.0 40153 J.334 37. 639
JUL Y 8 5:20 2025 0.057 157.09 71.32 14.26 4.15 0.0 0.0 0.0 2.65% J.532 37. 28
JUL v 8 5:25 2.705 0.077 209.54 95.13 19.03 4.14 0.0 0.0 0.0 3.585 0.717 37.680
JULY 8 5330 44213 0.119 377.55 171.41 34.28 4.7S 0.0 0.0 0.0 6.512 1.302 37.991
JULY 8 5:35 4.581 0.130 36%.€4 181.43 36.29 4. 6¢ 0.0 0.0 0.0 6.891 1.376 37.928
JuLy 8 5:40 3.328 0.064 203 .65 92.46 18.49 3.27 0ed 2.0 0.0 3. 452 0.692 37.4%9
JULY 8 5245 1.752 0.05C 59.21 26 .88 5.38 1.81 0.0 0.0 0.0 0.93% 0.197 36.608
JuLy 8 5:50 1.006 0.028 18. &5 847 l.69 0.99 0.9 0.0 0.0 0.3)5 J.061 36.178
JLLy 8 5:55 0.644 V.31€ 6.99 3.17 C.63 0.586 0.0 0.0 0.0 0.11% J.J23 36.089
JuLy 8 €: 0 0.426 0.01¢2 3.73 1. 69 G. 34 0.47 0.9 3.0 0.0 0.051 J.o12 36.766
JUuLY 8 e s 0.306 0.00% l.77 0.80 0.1¢ 0. 31 0.0 0.0 0.0 0.029 0. 006 36.056
Juty 8 6310 0.205 0.006 J.62 D.28 0.06 0.16 0.0 0.0 0.0 0.010 0.002 364052
JULY 8 6:15 C.139 0.004 0.16 0. 07 0.01 0.06 0.0 0.0 0.0 0.033 0.001 35.05)
JuLy 8 6220 C.087 0.003 0.Cl 0.01 0.00 0.01 0.0 0.0 2.0 2. 02 9.309 35.905)
JULY 8 6325 0.071 0.002 0.0 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JuLy 8 6330 0.047 0.0C1 Ce( 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JULY 4 6335 0.022 0.3C1 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0
JuLy 8 €240 0.021 0.001 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
JULY 8 €245 0.014 0.000 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
JWy 8 6350 0.009 0.000 0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0 ) 0.0
JUL Y 8 6:55 C.G06 0.J900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.) J.9
July 8 s 0 C. 004 0.000 0.0 0.0 0.0 0.0 .9 0.0 0.0 0.0 0.0 0.0
LY 8 T8 5 0.003 0.0CC 0.0l 2.0) 0.00 0.15 0.0 0.0 0.0 0.000 0.000 36,050
JULY 8 7310 0.020 0.0C1 C.(l 0.00 0.00 0.02 0.0 0.0 0.0 0.032 0.000 35.059
JuLy 8 15 0.019 0.0C1 0.t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 N.0
JuLy 8 7: 20 0.013 0.000 0.0 0.0 0.0 0.0 0.2 0.0 0.9 0.0 0.0 0.0
JULY 8 T:25 0.009 0.000 0.0 0.0 0.0 D) 0.0 0.0 0.0 0.0 0.0 0.0
JULy 8 T7:30 0.006 0.000 0.0 0.0 C.0 0.0 2.0 0.0 0.0 0.0 J.) 0.0
JUL Y 8 7:35 0.004 0.000 0.0 0.0 ¢.0 0.0 G.0 0.0 0.0 0.0 ) J).J
JuLy 8 T:40 C.003 0.000 0.0 0.0 0.0 0.0 0. 2.0 0.9 0.0 0.0 0.0
JULY 8 T:45 0.002 0.00C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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CATE

TIME

FLOW
({CFS)

TILLACE CF TrE SCIL JCCLPS CN

NUTRIENT APPLICATICAN \C.

JUNE

JUNE

JUNE

JUNE

JUNE

JUNE

JUNE

JUNE

JUNF

JUMNE

JUukE

JUNE

13

13

13

13

13

13

13

13

13

13

13

1€:10

1€:15

18:20

18:25

1€330

1€3835

16240

18:%5

1€:%0

1€:8%

163 0

16t 5

Table 24.

(Nutrient Simulation)

|
SECIMENT NO3

ne)

JUME

1 OCCURS ON
2.374 14¢l,.82
5.791 2202.84
1.652 2:1.%4
2.217 452.3%
2.189 28C. 72
1.1¢62 56.18
0.729 17.34
G.47¢ 4.39
0.317 (.81
0.21¢ c.0
v.161 C.0
Jel07 C.0

(Le)
(PG/L)

DISSCLVED IN WATER
NO2 AH2

(N3]
tMG/L)

e)
(MG IL)

P04
ns)
(MG/L)

'
CcL

e)
{PG/L)

13 (TIMTIL=1¢€4)y RESLLYING IN A NEW FINES

JUNE

0.002
0.0

11.172
103.1

2€.888
£J2.0

22.179
£34.7

28,665
£34.5

23,079
1¢s1.0

1€.773
1275.7

13.5¢4
1223.4

10.022
1€69.3

1.627
1e87.0

£.026
2003, 2

4.0117
2092,2

13 (DAY = 164)

0.00C
0.0

2.384
22.¢C

4.458
122.1
4.753
114. 1

S.54¢€
135.4

4.925
226. 4

4.00¢
292.6

2.095
325.1

2.141
36).5

1.63¢C
402.7

1.28¢
427.2

0.857
427.%

€. 000
0.0

1l.721
15.6

0.000
0.0

0.136
1.3

0.254
7.0

€.270
6.5

0.317
7.1

2.281
12.9

C.228
l6.8

0.165
18.5

0.122
20.¢

0.093
23.0

0.073
24 .4

0.04¢9
24.4

0.001
04

€.338
5845

11.851
224.5

12.582
303.4

14,748
ELD Y

12,054
€02.0

1C.651
760.5

1696
86443

$.692
$5844

4.333
1€70.6

2.419
11265

2.279
112645

ADSORBRED TO SEDIMENT
NH3 ORG~=N PC4

Ls)
(PPN}

OEPOSIT

0.013
8.7

0.019
8.6

0.003
8.5

0.004
8.4

0.002
8.4

0.000
e"

0.000
8.3

0.J00
8.3

0.000

o
.
(- N~

o
.
.
o

CALIBRATION RUN QUTPUT - STORM EVENTS

(Ls)
tPPM)

STORAGE

0.740
506. 6

1.107
502.7

0.164
495.3

0.243
494.2

0.138
491.¢

0.027
488.7

0.007
487.5

0.002
487.4

0.000
487.4

o.o
0.0

e.0
0.0

0.0
0.0

el
(PPM)

OF 2.000 TONS/ACRE

0.019
13.3

0.029
13.2

0.004
1340

0.006
1249

0.004
12.9

0.001
12.8

0.000
1218

0.000
1258

0.000
12.8

0.0
0.0

0.0
0s0

0.0
0.0

t
ORG~P

{L8)
{PPN)

0.148
101.3

0.221
100.%

0.033
99.}

0. 049
98.8

0.020
98.3

o.oos
97 .'

0.001
97.5

0.000
97.5

0.000
97.%

0.0
0.)

0.9
o.o

0.0
0.2

TOT-N
(s)

0.73%9

16.404

28.731

30.576

35.688

31.588

25.680

18.551

13.720

10.443

0.240

5.493

Tov-»
Le)

0187

0.386

0.348

0.207

0.230

0.166

0.122

0.093

2.073

0. 049



Table 25. PRODUCTION RUN QUTPUT - DAILY PRINTOUT
(Pesticide Simulation)

2530 CN. 31 _JiCEMUukB.ludd_

BLUCK 1 BLUCK 2 8LJICK 3 nLACK &  RLICK 5 TATAL
WATER, INCHES
RUNCGFF
OVERLAND HLOW 0.853 Q. 360 0,230 0.13% 0.072 0.335
INYEPFLOW 0.7 Uelwy Ve 159y 0.157 0.156 0.196
IMPERVINUS 0.0
TOTAL 1.170 0.576 0.389 0.292 0.227 0.531
RASE FLOW 0.0
GROWATER RECHARGE 0.903
PRECIPITATIOM 2.0 2.10 2.10 2.10 2.10 2.10
EVAPCTPANSPIKATICN
POTENY AL 0.l J.017 0,07 0.07 0.07 0.07
NEY 0.7 V.ul deul 0.07 0.07 0.07
CRUP CNVER 0.59
STORAGES .
UPOER INF 0.132 0.119 v.lu> 0.10% 0.106 0,112
LEWE LONE 20,508 20.%00 20.9338 20.568 20.568 20.568
GRCOUNDWAYFE 0,0 VeV JeU 0.0 0.0 0.0
INTERCFPTINN 0.083 TIFE d.083 0.083 0.083 0.083
CVORLAMD FLGW J.0 e Ued 0.0 0.0 0.0
INTEPF| (W 0.0U3 .UV J.000 0.000 0.000 0.001
WATER BALAMCF= 0.0
SEDIMENT, TONS/ACEE
ERODED SENIMFYT 0.VbJ BT 0.059 0.059 0.033 0.054
+INES DFPASIY 0.0Vl 0.013 V.028 0.054 0.088 0.037
SURFACF LAYER PFSTICIDE
PESTICIDE, LRS 0.000 0.u0Y O.0l10 0.611 O0e613 3,052
CRYSTALLIME 0.u Vel Va0 0.0 0.0 0.0
CISSOLVFD DI 0.V v.0 0.0 0.0 0.0
PESTICIDE, PPM 42.21) “2.314 42.370 42,462 42.586 42,400
ANSCRRAED 42,210 424314 wZ2e 370 42.462 42,586 42,400
CRYSTALLINF 0.0 veu V.0 0.0 0.0 0.0
DISSLVED 0w 0.0 Jde 0.0 0.0 0.0
PEMOVAL, L8S 0,uu3 VeVl J.003 0.003 0.002 0.014
S=DIMENT 0.0ul 0.uv3 J.ud3 0.003 0.002 0.014
GVFRLAND FLOW 0.0 vev 0.0 0.0 0.0 0.0
PERCCLATION 0.0 0.0 v.0 0.0 0.0 0.0
UPPER ZONE LAYER PESTICICE
PESTICIDE, LAS 0.v 0.0 0.0 0.0 0.0 0.0
ADSNF3ED 0.0 0.9 V.0 0.0 0.0 0.0
CPYSTALL INF 0.0 0.0 0.9 0.0 0.0 0.0
CISSCLVFD 0,0 0.0 V.0 0.0 0.0 0.0
INTERFLOW STORAGE 0.9 OV ) 0.0 0.0 0.0
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Table 25. (Continued)

PESTICICE, FPM 0.0
ADSORBED 0.v
CRYSTALLINE 0.0
DISSCLVED 0.0

REMCVAL, LBS 0.0

0.2
0.0

INTERFLOW
PERCOLATION

LCWER ZNNE LAYER PFSTICIOE

PESTICICE, LRS
ADSORBED
CRYSTALLINF
NISSCLVED

PFSTICICE, PPM
ADSQRACD
CRYSTALLINF
CISSCLVED

RFMCVAL, LBS
PFRCCLATION

GRNAUNIWATER LAYFR PESTICIDE

PESTICIDE, LRS
AFRSORBED
CRYSTALLINE
DISSCLVED

PESTICIDE CEGPADATINN LLSS, LBS.
TNTAL
FROM SURFACL
FRCM UPPFR INNE
FROM LOWER ZUME
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Table 26.

Data Interval

Potential
Evapotranspiration Daily

fax=fin
Air Temperature Daily
Wind Daily

Solar Radiation Daily

Dewpoint Daily
Precipitation 5 minutes
15 minutes

METEOROLOGIC DATA INPUT SEQUENCE AND ATTRIBUTES™

Units
English Metric

in x 100 mm x 1000

degrees F degrees C

miles/day km/day

langleys/ 1langleys/
day day

degrees F degrees C

in x 100 mm x 1000

* A1l meteorologic data is input in integer form.

Comments

Assumed equal to lake evaporation and
lake evaporation = pan evaporation x pan
coefficient

1. Caution: Time of observation
determines whether the recorded values
refer to the day of observation or the
previous day.

2. Required only for nutrient and snow
simulation.

Required only for snow simulation.

1. Total incident solar radiation.
2. Required only for snow simulation.
3. 1 langley = 1 calorie/cm

1. Required only for snow simulation.
2. Average daily value since variations
during the day are assumed minor.

Format specifications are described in Table 30.



Model operation. Except for precipitation which is input on 5 or 15
minute intervals, daily meteorologic observations are needed. The extent
of data requirements is dependent upon the simulation options. Thus for
hydrology, sediment, and pesticide simulation, without snowmelt
calculations, only precipitation and evaporation are required in the
present version of the ARM Model. For nutrient simulation, max-min air
temperature is an additional requirement, and for snow simulation, the
required data series include max-min air temperature, daily wind movement,
daily solar radiation, and daily dewpoint temperature (in addition to
precipitation and evaporation).

The ARM Model accepts parameter and data input on a 'sequential' basis in
either English or Metric units, as specified by the INPUT parameter, i.e.
INPUT = ENGL or INPUT - METR. Table 27 presents the overall input
sequence for the ARM Model. Model parameters are input in two different
formats depending on the simulation options chosen. The majority of the
ARM Model parameters (except the control parameters) are input in the
FORTRAN 'namelist' format. The input sequence and attributes for these
parameters are described in Table 28. The nutrient parameters (except for
the 'nutrient control' parameters) are input under format control due to
the number of transformations, reaction rates, and storages which must be
defined. Table 29 describes the input sequence and attributes for the
nutrient parameters. Study of Tables 28 and 29 and comparison with the
sample input listing in Appendix B should clarify the ordering of the
parameter input sequence.

As described in Table 28, the first two lines of the input sequence
provide space for specifying the watershed name, pesticide or chemical
name, and other information describing the Model run. Next, eight
control parameters and three control namelists (CNTL, STRT, ENDD) are
input. The ICHECK control parameter allows the user to direct the ARM
Model to check for errors and reasonableness of the parameter values;
the CHECKR subroutine performs this function. With ICHECK = ON, the
Model checks the input sequence, indicates errors, and then stops if any
errors are found. After errors have been corrected the Model can be run
again with ICHECK = ON in order to check corrections and to perform the
simulations.

The control namelist statements specify the simulation interval
(INTRVL), the minimum flow for hydrograph output (HYMIN), the area of
the watershed (AREA), and the beginning and ending dates of simulation
(namelists STRT and ENDD respectively).

Next in sequence are the four hydrologic parameter namelist statements
(LND1, LND2, LND3, and LND4). If snowmelt simulation is specified by
the SNOW control parameter (SNOW = YES), the corresponding snowmelt
namelists (SNO1, SNO2, SNO3, SNO4) are next in line. Otherwise, the
sediment namelist statements (CROP, MUD1, DIRT, SMDL) would follow. If
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Table 27. INPUT SEQUENCE FOR THE ARM MODEL

ARM Model Parameters
Potential Evapotranspiration
Max-Min Air Temperature

Wind Movement

Solar Radiation

Dewpoint Temperature

Precipitation

Potential Evapotranspiration
Max-Min Air Temperature

Wind Movement

Solar Radiation

Dewpoint Temperature

Precipitation

etc.

154

> 1st Year

>2nd Year




Table 28.

(excluding nutrient input and parameters)

ARM MODEL PARAMETER INPUT SEQUENCE AND ATTRIBUTES

English Units

Watershed name (up to 80 characters)
Chemical name and/or run information (up to 80 characters)

Namelist Parameter Type
Name Name
HYCAL character
INPUT character
OUTPUT character
PRINT character
SNOW character
PEST character
NUTR character
ICHECK character
CNTL INTRVYL integer
HYMIN real
AREA real
STRT BGNDAY integer
BGNMON integer
BGNYR integer
ENDD ENDDAY integer
ENDMON integer
ENDYR integer
LND1 UZSN real
UZS real
LZSN real
LZS real
LND2 L real
SS real
NN real
A real
K3 real
EPXM real
LND3 INFIL real
INTER real
IRC real
K24L real
KK24 real
K24EL real

minutes
cubic feet/sec
acres

inches
inches
inches
inches

feet

inches

inches/hour

155

Metric Units

minutes
cubic meters/sec
hectares

millimeters
millimeters
millimeters
millimeters

meters

millimeters

millimeters/hour



Table 28.
LND4

SNO1

SNO2

SNO3

SNO4

CROP
MUD1

DIRT

SMDL

(Continued)

SGW
GWS
KV

ICS
OFS
IFS

RADCON
CCFAC
SCF
ELDIF
IDNS

F

DGM

WC
MPACK
EVAPSN
MELEV
TSNOW

PACK
DEPTH

PETMIN
PETMAX
PETMUL
WMUL
RMUL
KUGI

COYPMO

TIMTIL
YRTIL
SRERTL
SZDPTH
UZDPTH
BULKD
JRER
KRER
JSER
KSER
SRERI

PESTICIDE
APMODE
DESORP

real
real
real
real
real
real

real
real
real
real
real
real

real
real
real
real
real
real

real
real

real
real
real
real
real
integer

real

integer
integer
real
real
real
real
real
real
real
real
real

character
character
character

inches

inches
inches
inches

1000 feet

inches/day
inches

feet
degrees F

inches
inches

degrees F
degrees F

days
year
tons/acre
inches
inches

pounds/cubic foot

tons/acre

156

millimeters

millimeters
millimeters
millimeters

kilometers

millimeters/day
millimeters

meters
degrees C

millimeters
miTlimeters

degrees C
degrees C

days

year
tonnes/hectare
millimeters
millimeters
grams/cubic cm

tonnes/hectare



Table 28.
AMDL

DEG1

(Continued)

SSTR
TIMAP
YEARAP
CMAX
DD

K

N

NP
DEGCON

real
integer
integer
real
real

real
real
real
real

pounds/block

days

year

pounds/pound

1bs. pesticide/
1bs. soil

per day

157

kilograms/block

days

year

kilograms/kg

kgs. pesticide/
kgs. soil

per day



pesticide simulation is to be performed, the sediment namelists are
followed by the title word 'PESTICIDE' (starting in column 1), the
pesticide parameters APMODE and DESORP and the pesticide namelist
statements (AMDL, DEG1). This completes the parameter input sequence
for hydrology, sediment, and pesticides.

If nutrient simulation is to be performed, as indicated by the control
parameter NUTR (i.e. NUTR = YES) then the nutrient parameters must
follow in sequence. Reference to Table 29 and Appendix B is important
to understanding the nutrient input sequence. The sequence begins with
the title word 'NUTRIENTS' (in column 1) and is followed by the namelist
statement, NUTRIN. This is the only namelist statement in the nutrient
parameter input sequence. The remaining input of nutrient information
is done under format control. Also, character strings are input and
checked by the program to verify the accuracy of the input sequence.
The section begins with the character string 'REACTION RATES' and then
the words 'NITROGEN' or 'PHOSPHORUS' to indicate which rates are being
input. First order reaction rates may be input for both nitrogen and
phosphorus chemical and biological transformations. Separate rates are
allowed for the four soil zones: SURFACE, UPPER, LOWER, and
GROUNDWATER. Following the character string, 'NITROGEN', the word
'SURFACE' appears on the next line; then 10 reaction rates are listed in
F8.0 format on the following line. These reaction rates refer to the
various nitrogen forms described in Table 29. Following the surface
rates, the word 'UPPER' appears in column 1, and the reaction rates for
the upper zone are input on the next line. Lower zone and groundwater
rates follow in a similar manner. The word 'TEMPERATURE COEFFICIENTS'
appears after the groundwater rates and the following line contains the
ten constants used for correcting the corresponding reaction rates for
non-optimal temperatures. Phosphorus reaction rates and temperature
coefficients are input in a similar manner except that there are only
five reaction rates appearing in an F8.0 format (see Appendix B). The
word END terminates input of reaction rates. Specifying nitrogen or

phosphorus rates is optional, and if values are not given, the program
will default the rates to 0.0.

The next section of nutrient input specifies the initial nitrogen,
phosphorus, and chloride concentration present in the four soil layers.
The word 'INITIAL' begins this section; title words are used in the
manner described above. The seven different nitrogen forms, four
various constituents are described in Table 29. The sequence is
demonstrated in Appendix B. Nutrient concentration is input by soil
layer. If initial values are not given for the nitrogen, phosphorus, or

chloride fqrms, the program defaults them to 0.0. The character string
'END' terminates the initialization section.

The final section of the nutrient input sequence indicates the date and
amount of application of nutrients during the simulation period. Each
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65T

Block

NUTRIENT

REACTION RATES

Table 29.

Section &
Subsection

&NUTRIN

NITROGE!
SURFACE

Hame

TSTEP

NAPPL

TIIHAR

4END

KPL
KAM

KIM
KKIM

Type

Character
Character

Integer

Integer

Integer

Character

Character
Character
Character

Real

Real
Real
Real
Real
Real

Real
Real

Colum
Position

1-8
2-7
Any

Any

Any

Any

1-14

1-7
1-8

9-16
17-24
25-32
33-40
41-48

49-56
57-64

Units

English

minutes

day

per day

per day
per day
per day
per day
per day

per day
per day

Metric

minutes

day

per day

per day
per day
per day
per day
per day

per day
per day

ARM MODEL NUTRIENT PARAVETER INPUT SEQUENCE AND ATTRIBUTES

Comments

Name to indicate start of
nutrient input sequence.
Namelist name of nutrient
control information.

Length of timestep for
chemical and biological
transformations, There must
be an even number of time
steps in a day, and an even
number of simulation intervals
in a TSTEP. Range= 5 or 15
to 1440, )

iumber of nutrient applica-
tions over a year of simula~
tion. Values may range from
0 to 5.

Time of plant harvesting,
Julian day of the year.
Value may range from

0 to 366.

Indicate end of namelist
input of nutrient control
information.

Name to indicate start of
nutrient input sequence.
Indicates nitrogen reaction
rate will follow.

Surface layer reaction

rates follow.

Oxidation rate of ammonia
(dissolved and adsorbed) to
nitrite.

Oxidation rate of Nitrite

to nitrate.

Reduction rate of nitrate

to nitrite.

Reduction rate of nitrite

to nitrogen gas,

Uptake of nitrate by plants.

Ammonification or mineraliza-
tion rate of organic-N to
ammonia.

Irmobilization rate of dissolved
ammonia to organic-N.
Immobilization rate of nitrate
to organic-H.
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Table 29. (Continued)

Block Section &
Subsection

UPPER ZONE

LOWER ZONE

Name

KSA

K1

K2

KPL

KAM

KI¥
KKIN
KSA

K1

RS

KPL

KIM
KKIM
KSA

Type

Real
Real

Character

Real

Real
Real
Real
Real
Real

Real
Real
Real
Real
Character
Real

Real
Real
Real
Real
Real

Real
Real
Peal

Real

Column
Position

65-72
73-89

1-10
1-8

9-16
17-24
25-32
3349
41-48

49.56
57-64
65-72
73-89
1-10
1-8

49-56
57-€4
65-72
73-80

Units
Enqglish

per day
per day

per day

per day
per day
per day
per day
per day

per day
per day
per day

per day

per day

per day
per day
per day
per day
per day

per day
per day

per day
per day

Metric
ner day
per day

oer day

per day
per day
per day
per day
per day

per day
per day
per day
per day

per day

per day
per day
per day
per day
per day

per day
per day
per day
per day

Comments

Transfer rate of amronia from
solution to adsorbed (adsorption).
Trensfer rate of armonia from
adsorded to solution (desorption).

Upper 2one reaction rates follow.

Oxidatfon rate of armonia
{dissolved and adsorbed) to
nitrite.

Oxidation rate of Nitrite
to nitrate.

Peducticn rate of nitrate
to nitrite.

Peduction rate of nitrite
to nitrogen gas.

Uptake of nitrate by plants.

Arronification or mineraliza-

tion rate of organic-\ to

arwmonia,

Irmobilization rate of dissolved
armonia to crganic-N.
Irmobilization rate of nitrate

to organic-!.

Transfer rate of armonia from
solution to adsorbed (adsorption).
Transfer rate of ammonia from
adsorbed to solution (desorption).
Lower zone reaction rates folow.

Oxfdation rate of ammonia
(dissolved and adsorhad) to
nitrite.

Oxidation rate of Nitrite
to nitrate.

Reduction rate of nitrate
to nitrite.

Reduction rate of nitrite
to nitrogen gas.

Uptake of nitrate by plants.

Ammonification or mineraliza-
tion rate of organic-N to
ammonia.

Irmotilization rate of dissolved
amronia to organic-ii,
Immobilization rate of nitrate

to organic-N.

Transfer rate of ermonia from
solution to adsorbad (adsorption).
Yransfer rate of amonia from
adsorbed to solution (desorption).
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Table 29. (Continued)

8lock Section & Name
Subsection

GROUNDWATER
K1

K2
KK2
KD
KPL
KAM

KIH
KKIM
KSA
KAS

TEMPERATURE
COEFFICIENTS

THK1
THK2
THKK2
THKD
THKPL
THKAN
THKIM
THKXIM
THKSA
THKAS

Type Colurn
Position
Character 1-i1
Real 1-8
Real 9-16
Real 17-24
Real 25-32
Real 33-40
Real 41-48
Real 49-56
Real 57-64
Real 65-72
Real 73-89

Character 1-23

Real 1-8
Rea) 9-16
Real 17-24
Real 25-32
Real 33-40
Real 41-48
feal 49-56
Real 57-64
Real 65-72
Real 73-80

Units

English

per day

per day
per day
per day
per day
per day

per day
per day
per day
per day

per day
per day
per day
per day
per day
per day
per day
per day
per day
per day

Yetric

per day

per day
per day
per day
per day
per day

per day
per day
per day
per day

per day
per day
per day
per day
per day
per day
per day
per day
per day

per day

Comments

Groundwater reaction rates follow.

Oxidation rate of amgnia
(dissolved and adsorbad) to
nitrite.

Nxidation rate of nitrite
to nitrate.

Reduction rate of nitrate
to nitrite.

Reduction rate of nitrite
to nitrogen gas.

Uptake of nitrate by plants.

Ammonification or mineraliza-
tion rate of organic-} to

ammonia.

Immobilization rate of dissolved
erronia to organic-N.
Immcbilization rate of nitrate

to organic-N.

Transfer rate of ammoniz from
solution to adsorbed (adsorption).
Transfer rate of ammonia from
adsorbed to solution (desorption).

Temperature coefficients for
reaction rates.

Temperature coefficients for
corresponding nitrogen
reactions, should be greater
than or equal to 1.0.
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Table 29.

(Continued)

Block

Section &
Subsection

PHOSPHORUS
SURFACE

UPPER ZONE

LOWER ZONE

GROU!IDWATER

liame

KH
KIM
KPL

KSA

Kn

KIn
KPL

KSA

K1

KIM
KPL

KsA
KAS

K

Type

Character
Character
Reel
Real
Real

Real
Real

Character

Real

Real
Real

Real
Real
Character

Peal

Real
Real

Real
Real

Character

Real

Colum
Position

1-1i0
1-7
1-¢
9-16
17-24

25-32
33-49

1-10
1-8

9-16
17-24

25-32

33-40
1-10
1-8

9-16
17-24

25-32
33-4)

1-11
1-8

Units

English

per day
per day
per day

per day
per day

per day

per day
per day

per day

per day

per day

per day
per day

per day

per day

per day

Metric

per day
per day
per day

per day

per day

per day

per day
per day

per day
per day
per day

per day
per day

per day
per day

per day

Comm:nts

Indicates phosphorus
reacticn rates will follow.
Surface layer reaction
rates.

VYineralization rate of
QOrganic-P to P04-5
Immobilization rate of
dissolved PDA-P to Organic-P.
Uptake of phosphate
(dissolved and adsorbed)
by plants.

Transfer rate of phosphate
from solution to adsorbed.
Transfer rate of phosphate
from adsorbed to solution.

Upper zone reaction rates
follow.

Mineralization rate of
Organic-P to P04-P
dissolved.

Irmobilization rate of
dissolved P04-P to Organic-P.
Uptake of phosphate
(dissolved and adsorbed)
by plants.

Transfer rate of phosphate
from solution to adsorbed.
Transfer rate of phosphate
from adsorbed to solution.
Lower zone reaction rates
follow.

tineralization rate of
Organic-P to P04-P
dissolved,

Imnobilization rate of
dissolved P24-P to Organic-P,
Uptake of phosphate
(dissolved and adsorbed)
by plants.

Transfer rate of phosphate
from solution to adsorbed.
Transfer rate of phosphate
from adsorbed to solution.

Lower zone reaction rates
fcllow.

Hineralization rate of
Organic-P to P04-P
dissolved.
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Table 29. (Continued)

Block Section & Name
Subsection

KIM
KPL

KSA

TEMPERATURE
COEFFICIENTS

THKM

THKIN

THKPL

THKSA

THKAS
END

INITIAL
NITROGEN
SURFACE
NBLK

ORG-N
NH3-S

Type

Real
Real

Real
Real

Character
Real
Real
Real
Real
Real

Character

Character
Character
Character

Integer

Real
Real

Colum
Position

9-16
17-24

25-32
33-40

1-23
1-8
9-16
17-24
25-32
33-40
1-3

1-8
1-7
16

1-¢
9-16

Units
English

per day
per day

per day

per day

per day
per day
per day
per day
per day

1b/ac
1b/ac

tetric
per day
per day

per day
per day

per day
per day
per day
per day
per day

kg/ha
kg/ha

Corments

Imobilization rate of
dissolved P04-P to Organic-P.
Uptake of phosphate
(dissolved and adsorbed)

by plants.

Transfer rate of phosphate
from solution to adsorbed.
Transfer rate of phosphate
from adsorbed to solution.

Temperature coefficients
for reaction rates.

Temperature coefficients

for phosphorus reactions,
should be greater than or
equal to 1.0.

'END' terminates input of
rates. Nitrogen and phosphorus
rates are optional, program
defaults them to 0.0 if not
specified.

Initialization of soil
constituents follows.
Initial nitrogen forms follow.

Surface layer initialization
follows.

Number of blocks which will be
input. 0 or 1 indicate the
average concentration over the
surface layer in input on one
Tine, and NBLK=5 means five lines
of input follow, one line per
block. Only 0,1,5 alloved.

A blank in co. 16 is read as 0.
Potentially mineralizable nitrogen.

Ammonia in solution
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Table 29. (Continued)

Block Section &
Subsection

UPPER ZONE

LOWER ZONE

Hame

NH3-A
NO2
NO3
N2
PLNT-N

NBLK

ORG-N
HH3-S
NH3-A
NO2
NO3
N2
PLNT-N

ORG-N
NH3-S
NH3-A
NO2
NO3

N2
PLNT-N

Type

Real
Real
Real
Real
Real
Character

Integer

Real
Real
Real
Real
Real
Real
Real
Character
Real
Real
Rzal
Real
Real
Real
Real

Colum

Position
17-24
25-32
33-40
41-48
49-56
1-10

6

1-8
9-16
17-24
25-32
33-40
41-48
49-56
1-10
1-8
9-16
17-24
25-32
33-40
41-48
49-56

Units
English
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac

1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac

1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac

Metric

kg/ha
kg/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha
ka/ha
ka/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha

Comments

Ammonia adsorbed to soil.

Nitrite

fitrate

Nitrogen gas from demitrification.
Plant nitrogen

Upper zone initialization

follows.

Humber of blocks which will be
input. 0 or 1 indicate the
average concentration over the
surface layer is input on one
Tine, and NBLK=5 means five lines
of input follow, one line per
block. Only 0,1,5 allowed.

A blank in co. 16 is read as O.
Potentially mineralizable nitrogen.
Ammonia in solution

Ammonia adsorbed to soil,

Nitrite

Nitrate

Nitrogen gas from demitrification.
Plant nitrogen

Lower zone initialization.
Potentially mineralizable nitrogen.
Ammonia in solution

Ammonia adsorbed to soil.

Nitrite

Nitrate

Nitrogen gas from demitrification.

Plant nitrogen
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Table 29. (Continued)

8lock Section &
Subsection

GROUNDWATER

PHOSPHORUS
SURFACE

UPPER ZONE

LOWER ZONE

Name

ORG-N
NH3-S
NH3-A
No2
[ {1X]

PLNT-N

NBLK
ORG-P
P04-5
P04-A
PLNT-P

HBLK
ORG-P
PO4-S
PO4-A
PLNT-P

Type

Character
Real

Real

Real

Real

Real

Real

Real
Character
Character
Integer
Real

Real

Real

Real
Character
Integer
Real

Real

Real

Real
Character

Real

Colum
Position

1-11
1-8
9-16
17-24
25-32
33-40
41-48
49-56
:-10
1-7
16

9-16
17-24
25-32

--10

16

.-8

9-16
17-24
25-32

1-10

1-8

Units
English

1b/ac
1b/ac
tb/ac
1b/ac
1b/ac
1b/ac
1b/ac

1b/ac
1b/ac
1b/ac
1b/ac

1b/ac
1b/ac
1b/ac
1b/ac

1b/ac

latric

kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha
kg/ha
kg/ha

kg/ha

Comments

Groundwater zone initialization.
Potentially mineralizable nitrogen,
Amronia in solution

Ammoriia adsorbed to soil,
Nitrite

Nitrate

Nitrogen cas from demitrification.
Plant nitrogen

Initial phosphorus forms follow.
Surface layer.

Number of blocks which will

be input.

Organic phosphorus.

Phosphate in solution.

Phosphate adsorbed to soil.
Plant phosphorus.

Upper zone phosphorus
initialization.

Number of blocks which will

be input.

Organic phosphorus.

Phosphate in solution.

Phosphate adsorbed to soil.
Plant phosphorus.

Lower zone initialization.

Organic phosphorus.
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Table 29. (Continued)

Block Section & Name
Subsection
P04-S
P04-A
PLNT-P
GROUNDWATER
ORG-P
P04-S
P0O4-A
PLHT-P
CHLORIDE
SURFACE
NBLK
cL
UPPER ZONE
HBLK
L
LOWER ZONE
cL
GROUNDWATER
cL
END
APPLICATION
APDAY

Type

Real

Real

Rea)
Character
Real

Real

Real

Rea?
Character
Character
Integer
Real
Character
Integer
Real
Character
Real
Character
Real

Character

Character

Integer

Colum
Position

9-16
17-24
25-32

1-11

1-8

9-16
17-24
25-32

1-8

1-7

16
1-8
1-10

16

1-8

1-10

1-8

1-11

1-8

1-3

1811

14-16

Units
English

1b/ac
1b/ac
1b/ac

1b/ac
1b/ac

1b/ac
1b/ac

1b/ac

1b/ac

1b/ac

1b/ac

Metric
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha

kg/ha
kg/ha

kg/ha

kg/ha

kg/ha

kg/ha

Comments

Phosphate in solution.
Phosphate adsorbed to soil.
Plant phosphorus.

Groundwater initialization.
Organic phosphorus.

Phosphate in solution.
Phosphate adsorbed to soil.
Plant phosphorus.

Initial chloride levels follow.
Surface layer chloride.
tiumber of blocks which will be
input.

Chloride storage.

Upper zone initialization.
Number of blocks which will be
input.

Chloride storage.

Lower zone,

Chioride storage.
Groundwater.

Chloride storage.

"END" terminates input of
initial nutrient storages.
Hitrogen, phosphorus, and
chloride storages default to
0.0 if not input in this
SECTION.

Hame to indicate start of
nutrient application section,
expected the number of
applications is greater

than 0.

Application day of the year
(Julian Day).
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Table 29. (Continued)

Block Section &
Subsection

NITROGEN
SURFACE

UPPER ZONE

Hame

NBLK

ORG-N
NH3-S
NH3-A
No2
NO3
N2
PLNT-N

MBLK
ORG-N
NH3-S

HH3-A
NO2

NO3
N2
PLHT-N

Type

Character
Character

Integer

Real

Real

Real

Real

Real

Real

Real
Character
Integer
Real

Real

Real
Real

Real
Real
Real

Colum
Position

1-8
1-7
16

1-8
9-15
17-24
25-32
33-40
41-43
49-56
1-10

16

1-8
9-16
17-24
25-32

33-40
41-48
49-56

Units
English

1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
1b/ac
ib/ac

1b/ac
1b/ac

1b/ac
1b/ac

1b/ac
1b/ac
1b/ac

Metric

kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha

kg/ha
kg/ha

kg/ha
kg/ha
kg/ha

Comments

Nitrogen applications follow,
Surface applications follow.

Number of blocks which will
be input, 0 or 1 indicate one
line follows containing the
average application over the
watershed. A 5 indicates
five lines follow, one line
for each block.

Potentially mineralizable
nitrogen applied.

Ammonia in solution.

Armonia adsorbed to soil.
Nitrite

Hitrate

Nitrogen gas.

Plant nitrogen.

Upper zone applications follow
Number of blocks which will
be input.

Potentially mineralizable
nitrogen applied.

Ammonia in solution,

Ammonia adsorbed to soil.
Ritrite

Nitrate

Nitrogen gas.

Plant nitrogen.

Note: nutrients can only

be applied to surface and
upper zone.
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Table 29. (Continued)

Block Section &
Subsection

PHOSPHORUS
SURFACE

UPPER ZONE

CHLORIDE
SURFACE

UPPER ZONE

END

Name

NBLK
ORG-P
P04-$
P4-A
PLNT-P

NSLK
ORG-P
P04-S
P04-A
PLNT-P

NBLK

NBLK
CL

Type

Character
Character
Integer
Real

Real

Real

Real
Character
Integer
Real

Real

Real

Real
Character
Character
Integer
Real
Character
Integer
Real

Character

Colum
Position

1-10
1-7
16
1-8
9-16
17-24
25-32
1-10
16
148
9-16
17-24
25-32
1-8
1-7
16
1-8
1-10
16
1-8
1-3

Units
English

1b/ac
15/ac
1b/ac
1b/ac

1b/ac
1b/ac
1b/ac
1b/ac

1b/ac

1b/ac

Yetric

kg/ha
kg/ha
kg/ha
kg/ha

kg/ha
kg/ha
kg/ha
kg/ha

kg/ha

kg/ha

Cormments

Phosphorus applications follow
Surface layer application.
Number of blocks which will
be input.

Organic phosphorus.

Soluble phosphate.

Adsorbed phosphate.

Plant phosphorus.

Upper zone application,
Number of blocks which will
be input.

Organic phosphorus,

Soluble phosphate.

Adsorbed phosphate.

Plant phosphorus.

Chloride applications follow

Surface layer application.

Number of blocks which
will be input.
Chloride applied.

Upper zone applications.

Number of blocks which will
be input.
Chloride applied.

“END" terminates input

of applications for that
day.

Note: Nitrogen, phosphorus
and chloride do not need

to be specified on input
sequence if none are applied
that day. Program defaults
all applications to 0.0.



nutrient application begins with the word APPLICATION followed by the
Julian day of application (e.g. 164 in Appendix B). The words following
indicate which constituents are to be applied: NITROGEN, PHOSPHORUS, or
CHLORIDE. Below the constituent type, the application amounts are
entered for the surface and upper zone only. The character string END
terminates the input of the nutrient application at one time. For
multiple applications, the sequence is repeated with the character
string APPLICATION and the Julian day of application. Applications have
to be sequential with the first one applied in the year appearing first
in the input sequence. This completes the nutrient input sequence and
the entire ARM Model parameter input sequence.

As indicated in Table 27, the ARM Model parameters are followed by the
meteorologic data in the input sequence. The daily meteorologic data is
input as a block of 31 1ines (or cards) with 12 values in each line.
Thus, the 31 x 12 matrix corresponds to the 12 months of the year with a
maximum of 31 days each. Table 30 demonstrates the format for the daily
meteorologic data. The only modification to this is for daily max-min
air temperature since two values are input for each day. In this case,
the six spaces allowed for each daily value are divided in half. The
first three spaces contain the maximum, and the second three spaces
contain the minimum air temperature for the day. Table 31 indicates the
format for precipitation data input on 5 or 15 minute intervals. For
further clarification of these formats, see the sample input listing in
Appendix B.

The Model operates continuously from the beginning to the end of the
simulation period. To simplify input procedures and reduce computer
storage requirements, the meteorologic data is input on a calendar year
basis. Eacn block of meteorologic data indicated in Table 27 must
contain all daily values for the portion of the calendar year to be
simulated. Thus if the simulation period is July to February, the lModel
reads and stores all the daily meteorologic data for the July to
December period. The Model then reads the precipitation data, on the 5
or 15 minute intervals, and performs the simulation day-by-day from July
to December. When the month of December is completed, the lModel reads
the daily meteorologic data for January and February, and then continues
stepping through the simulation period by reading the precipitation and
performing the simulation day-by-day for the months of January and
February. Thus the input data must be ordered on a calendar year basis
to conform with the desired simulation period.

The major forms of Model output have been presented in Tables 20 through
25 with the discussion of the calibration and production modes of
operation. Daily snowmelt output for calibration runs is presented in
Table 32; the values are defined in Table 33. Prior to simulation, the
ARM Model prints a heading which contains run information, input
parameters, and initial storage values. Table 34 presents the heading
for the hydrology, sediment, and pesticide parameters, while Table 35

169



EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73
EVAP73

7

Notes:

~
<

Month
> = -
£ 3 3
13 266 131
13 70 163
14 65 140
4 70 156
202 171 145
99 8 185
100 72 87
34 70 145
135 37 62
210 108 185
202 68 175
219 142 133
145 132 185
176 90 154
192 156 246
222 121 140
171 160 89
173 70 58
159 72 80
72 161 46
103 84 168
198 149 129
154 183 136
232 62 141
1563 262 71
114 109 65
90 126 27
152 59 43
3 137 1428
153 213 155
19§ ' 10?
38 44 50

Columns 1-7 are ignored.
AN d@ta is input in integer form.
Identical format for evaporation, wind, solar radiation, and

dewpoint temperature.

Table 30.
= L0
L
18 74
18 90
18 A0
0 61
35 61
28 82
28 121
28 69
28 7
28 20
28 21
28 21
28 16
28 54
27 48
33 a7
19 45
41 45
41 46
54 46
54 81
55 83
118 101
32 45
24 46
24 46
24 28
25 60
25
91
1? .
14 20
1.
2.
3.
4.

Column Number

103
96

162
34
122
65
105
130

139
162

72
208
115
123

92

72
130
205
178
143
122
112
136

52
170

37
249

56

[~ 8
(T2}

19
63
189
124
115
24
161
92
145
218
185
145

211
125
158
191
139
112
119

73

132
152
112
92
33
66
79
165

SAMPLE INPUT AND FORMAT FOR DAILY METEOROLOGIC DATA

e
o

41
69
97
104
117
138
124
90
117
159
76
34
110
117
76
83
90
110
117
104

83
83
77
71
65

53

43
69

68

They can be used to identify the data.

For MaxtMin air temperature data, the six spaces allowed for
each daily value (above) are divided in half; the first three
spaces contain the maximum temperature, and the second three

Spaces contain the minimum temperature.

Appendix B.

170

See listing in

WLWOoONOHWN -

Day



Table 31. ARM MODEL PRECIPITATION INPUT DATA FORMAT

CoTumn No. Description and Format
1 Blank
2-7 Year, Month, Day (e.g. January 1, 1940 is 400101).
8 Card Number: each card represents a 3-hour period

Card #1 Midnight to 3:00 AM
#2 3:00 AM to 6:00 AM
#3 6:00 AM to 9:00 AM

.

#  9:00 PM to Midnight

A11 eight cards are required if rain occurred any
time during the day. A card number of 9 signifies
that no rain occurred during the entire day, and

no other rainfall cards are required for that day.

9-80 Precipitation data (000's of millimeters
(00's of inches)).
15-minute intervals:
6 column per each 15-minutes in the 3-hour period
of each card. Number must be right justified,
i.e. number must end in the 6th column for the
15-minute period.
5-minute intervals:
2 columns per each 5-minute interval, i.e. the
15-minute period still occupies 6 columns, but
it is broken down into three 5-minute intervals.
Notes: Appendix B contains a sample of input data.
At least one precipitation card is required for each day
of simulation.
3. Blanks are interpreted as zeros by the Model: consequently,
zeros do no need to be input.

N =
. -

171



¢Ll

Table 32. DAILY SNOWMELT OUTPUT
(Calibration Run, English Units)

DATE TIME FLCW(CFS=CMS) SEDIMENT (LbS-KL-Ku/MIN-GM/L. ) PESTICIDE (GM-GM/MIN-PPM]
WATER SEDIMENT
SNCWMELT QUTPUT FOR VECE MBEKR 1
HOUR PACK DEPTH SOEN ALPFDO CLDF NEGMEL T LIQW > RA LW PX MELY CONV RA I NM CONOS 1CE
1 0.6 3.0 0.204 0.735 1.000 U. Uk > v.018 23.77 0. -8. 0.0 0.0 0.0 0.0 0.0 0.4
2 0.6 3.0 0,204 0.734 1,000 U.017 J,018 22.61 0., -8, 0.0 0.0 0.0 0.0 0.0 0.4
3 0.6 3.0 0.204 C.733 1.000 0. 021 u.ul8 21.74 0. -8. 0.0 0.0 0.0 0.0 0.0 0.4
4 U.6 3.0 0.205 0.732 1.000 [* PRVPE) 0.018 21.16 0., -8. 0.0 0.0 0.0 0.0 0.0 0.4
5 0.6 3.0 0.205 C.721 1.00V 0.0z4 0.018 20.58 0. -9. 0.0 0.0 0.0 0.0 0.0 0.4
] 0.6 3.0 0.205 C.73V0 1.000 Ue 025 V. 018 20,00 0., -9. 0.0 0.0 0.0 0.0 0.0 0.4
7 0.6 3.0 0.204 0,730 1.000 V.0c4 v.018 20.38 1. -9. 0.0 0.0 0.0 0.0 0.0 0.4
8 0.6 3.0 0,204 C.729 1.000 0.02¢ v, 018 21.52 2. =8. 0.0 0.0 0.0 0.0 0.0 0.4
9 0.6 3.0 0.204 C.728 1.000 JeUle 0.018 24.18 3. -8, 0.0 0.0 0.0 0.0 0.0 0.4
10 0.6 3.0 0.2C4 C.727 1.00v Q. 0uy v.018 27.60 4. -7, 0.0 0.0 0.0 0.0 0.0 0.4
11 0.6 3.0 0,203 0.726 1l.0U00 Q. w1 0.018 31.40 5. ~7. 0.0 0.0 0.0 0.0 0.0 0.4
12 0.6 3.0 0,202 ©€.725 1.000 VU011 0.018 34,63 5. =-6. 0.0 0.0 0,002 0.0 0.0 0.4
13 0.6 2.9 0.203 C.725 1.000 U.0 v.018 37.10 5« <=beo 0.0 0.003 0.005 0.0 0.0 0.4
14 0.6 2,9 0,204 0.724 1.000 0.0 o.ul8 38.24 5. =5, 0.0 0.006 0.006 0.0 0.0 0.4
15 0.6 2.9 0.2C5 (.723 1,000 0.0 v.017 38.81 5« <=5. 0.0 0.007 0.C07 0.0 0.0 0.4
16 0.6 2.9 0.20¢ 0.722 1.000 v.0 0.017 39,00 5. =-5. 0.0 0,005 0.007 0.0 0.0 0.4
17 0.6 2.t 0.205 0.721 1.00V Oev 0.017 38.05 4. -5, 0.0 0,002 0,006 0.0 0.0 0.0
18 0.6 2.8 0.204 0.721 1,000 de ¥ 0.017 36.72 3., <=6. 0.0 0.0 0.004 0.0 0.0 0.4
19 0.6 2.8 0,204 C.72v 1.000 0.0 J.017 34.82 1. -6, 0.0 0.0 0,002 0.0 0.0 Oe4
20 0.6 2.8 0.2C3 C.719 1.000 Veu 0.017 32.35 G. ~T7. 0.0 0.0 0.000 0.0 0.0 0.4
21 0.6 2.0 0.203 C.718 1.000 Vs VU2 0.017 29.50 0. -7. 0.0 0.0 0.0 0.0 0.0 0.4
22 0.6 2,8 0.202 C.717 1,000 0.0u5 0.017 27.03 0. ~-T. 0.0 0.0 0.0 0.0 0.0 0.4
23 0.6 2.3 0.202 ‘0.717 1.000 V. 0VY 0.017 24,75 0. -8, 0.0 0.0 0.0 0.0 0.0 0.4
24 0.6 2.8 0.202 O0.710 1.000 Oevl e 0.017 23,23 0. -8. 0.0 0.0 0.0 0.0 g.0 0.4



HOUR:
PACK:
DEPTH:
SDEN:
ALBEDO:
CLDF:
NEGMELT:
LIQW:
TX:

RA:

LW:

PX:
MELT:
CONV:
RAINM:
CONDS:;
ICE:

Table 33. DAILY SNOWMELT OUTPUT DEFINITIONS
(calibration run, English units)

Hour of the day, numbered 1 to 24

Water equivalent of the snowpack, inches

Snow depth, inches

Snow density in inches of water per inch of snow
Albedo, or snow reflectivity, percent

Fraction of sky that is cloudless

Heat loss from the snowpack, equivalent inches of melt
Liquid water content of the snowpack, inches

Hourly air temperature, degrees Fahrenheit

Incident solar radiation, langleys

Net terrestrial radiation, langleys (negative value indicates
outgoing radiation from the pack)

Total snowmelt reaching the land surface, inches

Total melt, inches

Convection melt, inches

Rain melt, inches

Condensation melt, inches

Ice formation at the land surface, inches
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Table 34. ARM MODEL OUTPUT HEADING
(Excluding Nutrients)

THIS IS A PRCOUCTICN RUN FOR PESTICICES

WATERSHED: P-3 WATERSHED. NEAFR WATKIASVILLE, GEORGIA
CHEMI (AL: FAFACUAT (1 LB/AC APPL IED ON DECEMBER 30)
INFUT UNITS: ENGLISH

CUTPUT UMITSS BOTH ENGLISH ANC VMETRIC

PRINT INTERVAL: EACH DAY

SNCWMELT NOT P ERFORMED

ADSORPTION IND CESORPTION ALGCRITHMS USED

PESTICIDE AFCPLICATION: SULRFACE-APPLIED

INTRVLs 5 HYMIN=  0,601Q AREA= 3.0800

BGMCAYs 320 BGAMON= 12 BGNYR= 1973

ENCOSY= 21 ENDMCN= 12 ENCYR= 1973

U ISN= 0.2500 Uz S= 2.0020 LZSh= 18.0000 LISs 19.36%

L= 22(C.0000 S§§= 0.03CC NN= 0.2000 As 0.0 K3= 0.4000 €I XU 0.1200
INFILs 0.5¢CC INTER= 0.3700C IRC= 0.0 K24L= 110000 KK24>  0.6000 K24EL= 0.0

SGy= 0.0 GW S» %2.0 Ky= 0.0 ICS= 0.C OFS= 0.0 1=8= J.0



6.1

Table 34.

COVPHLs (.60 0.70 0.7
TIMTILs O 0 142
SZOFThs  0.0625

JRERs 2.2€C0

TIPAFs 364
CHaXs €.CCOC1C
OEGCON= 0.00:000

HY CAL=PRCO INPUYSENGL OUTPUTsBOTH PRINT=CAYS SACwWaNC

APMCDESSLRF DESDRPsYES

(Continued)

0 0.70 0.0
155 165
UZOPT He» 6.0625
KRER=  0.0720

YEARAP = 3
CD= 0.300300

0.C

YRTIL= 73 73 713 73 73

020 0.60 0.£65 0.0 0.70 (.30

SRERTL= 2.000 2.000 2.000 2.00)
BULKD= 103.CCC0

JSER= 1.8000 KSER= 0.3520 SRER 1= 0.0
SSTR= 0.&1¢ C.816 0.616 0.616 0.8616

K= 120.000) N= 2.0000 NP = 4. €009

PEST«YES NUTR=NO ICHECK=ON

1.0



9.1

Table 35.

THIS IS A PRCOUCTIEN RUN FOR NUTRIENTS

WATSRSHED: TEST INPUT SEQUENCE
CHEMICAL 2 NITROSEN, PHOSPHORLS,
INPUT UNITYS: ENGLISH

OLTPUT UNITS: ENGLISH

PRINY INTERVAL: EACH DAY
SACHMELT NOY PERFORMED

INTRVL=  § HYMI A= 0.C0L0 AREA » 6.6700
BGNCAY= 12 BGNMON= & BGNYR= 1973
ENCCAY= 13 ENCMON= & ENDYR= 1973
UZSN=  €.C5(0 UZS=  J.1000 LZSN=  18.0000
L= 16¢.000) $s=  0.9500 NN=  0.2000
INFIL*  C.5000 INTER=  0.700C IRC» 0.0

SGhs 0.0 Gus= 0.9 KVs 0.0

COVPMI= 1.,0C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.C0

TIFTILts O 0 0 155 164 YRTIL= 7373 73 73 73
SICPTre 0.12%0 CI0P TH= £.1250 8ULKD= 103.0000
JRER= 2.2000 KRER= €.1700 JSER= 1.8000

AND CFLORIDE

LIS 20.3900

Aw 0.0
K24L»
I1CS= 0

1.0000
-0

1.00 1.00

SRERTL=

KSER=

5.000

1.230

5.000

NUTRIENT SIMULATION OUTPUT HEADING

3= 0. 4000 3P XUs 0.1230

KK24= 0. 6000 K245L= 0.0

OFS= 0.0 158 0.0
5.000 54000 2.330

SRERI» 2.6307
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Table 35. (Continued)

HYCAL=FRCL INPUT=ENGL OUTPUT=ENGL PRINT=CAYS SNOWaNC PEST=NO NUTR=Y ES ICHECK=OFF

NUTRIENY SIMULATION IAFCRMATICN

AR REZ R RS2 SRR A YR 2 R A R L2 d 2t

*
* YARNING: NUTRIENT ALGORITAMS
= RAVE NOT SEEN VERIFIED wiTH
* CBSERVED DATA

®

-

L33 2 O )

PL IS E R R RTIA SIS I R 220 R 22 R A2 R R R YL 22

TINE STEP FOR TRANSFORMATIONS = 60 MIN
NJPBER CF NUTRIENT APPLICATIONS = )
CATE CF PLANT hARYESTING = 369

NI JRDGEN REACT ION RATFS K1 K2 KK2 KD KPL K AM KIM KK IM < SA KAS
SURFACE 2.0020) 4.CCC0 0.0 0.0 0.33¢&) 0.0077 0.0 0.0 0.2000 1.0000
UPPER ICNE 2.0000 4.0000 0.0 0.0 0.0365 0.0077 0.0 0.0 0.2000 1.0000
LCWER ZONE 243370 4.00C0 0.0 0.0 0.0362 0.3077 0.0 0.0 J.2020 1.0000
GREUNCWATER 2.00090 4.0000 C.O 0.0 0.03¢C 0.0C77 C(C.0 0.0 0.2000 1.0000
TEFFERATURE COEF. 1.050 1.050 1.050 1.050 1.G5¢C 1.050 1.05) 1.050 1.050 1.050
FACSFHIFLS RELCTION RATES KM KIM KPL KA Keg
SURFACE 0.0077 0.0 8.0180 2.0000 0.10CC
UPPFR ICAE 3.3077 .0 0.0180 2.0000 (1002
LG¥ER Z0ONE 0.0077 0.0 6.0180 2.0000 QC.l10CC
GRELNDWATER J.0077 C.C 6.0180 2.000) 0.109)
TENPERATURE CCEF. 1.250 1.050 1.C50 1.050 1. 059
NUTR IENTS -~ LB/AC ORG-N Nb3~$ NH3-A NO2 ND 3 N2 FLNT-N ORG-P PO4~S PO4-A PLNT-P cL

INITIAL STCRAGES
SURFACE LAYER

AVERAGE 24.

0.0 1.2LccC 0.0 0.0 0.0 0.0 Se 0.0 0.200 0.0 Je)
BLOCK L 24. 0.0 1.900 0.0 0.0 0.0 0.0 5. 0.0 0.200 0.0 PR
q0CK 2 24. 0.0 1. 000 0.0 0.C 0.0 0.9 S5e 0.0 0. 200 0.0 J.D
BLCCK 3 24, 0.0 1.€00 0.0 0.0 0.0 0.0 Se 0.0 0.200 0.0 3.
BLOCK & 24, 0.0 1.000 0.0 0.0 0.7 0.0 5. 3.0 0. 200 0.0 2.0
BLCCK 5 24, 0.0 1.000 0.0 0.0 C.0 0.0 Se 0.0 0.200 0.0 J.0
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Table 35. (Continued)

UPFER ZOANE
AVERAGE ll44. 0.0 43.000 C.0 0.0 0.0 0.0 228. 0.0 9.600 3.0 0.0
BLCECK ) 114 4. 0.0 48.C00 0.0 0.0 0.0 0.0 228 0.0 S. 600 0.0 2.0
BLCCK 2 114 4. 0.0 48.C00 C.d 0.0 0.0 0.0 228. 0.0 9.600 0.0 J.0
8LCCK 3 1144, 0.0 48.000 0.0 0.0 0.0 0.0 22 8. 0.0 9.600 J.0 2.2
ELOCK & 1144, 2.0 48.000 0.0 J.C 0.9 0.0 228. 0.0 9.600 0.0 0.0
BLLCK 5 1144, 0.0 43.00C 0.0 0.0 0.0 0.0 228. 0.0 G. 600 0.0 bR
LOWER ZONE
STCRACS 11250Q. 0.0 480,000 0.0 0.0 0.0 0.0 22175, 0.0 96.000 J3.0 3.0
GRCUNTRATER
STCRAGE J. 0.0 0.C 0.0 0.0 0.0 0.0 O. 0.0 0.0 0.0 )
TOTAL NITRDCGEN IN SYSTEM = 12347.700 LB/AC
TCTAL FHESPHORUS IN SYSTEM =3 2613.600 LB/AC
TIOTAL CHLGRIDZ IN SYSTEM = €. L8/AC
SUTRIZEMS - LB/AC CRG-N NF3=S NH3-A NO2 NC3 N2 PLNT-N DR G-~P PO4~S PO4~A PLNY-P cL
APPL TCAT ICN FCR DAY 1é4
SLRFLCE LAYER
AVERAGE Je c.C 4. 9000 0.2 0.0 0.0 0.0 0. 0.0 0.400 0.0 2.000
BLOCK L Jd. 0.0 4.0C0 0.0 0.0 0.0 0.0 0. 0.0 C.%00 0.0 2,23
BLOCK 2 Y 0.0 4. 000 0.0 0.0 0.2 0.0 0. 0.9 0. 400 0.0 2.020
8LOLK 3 Q. 0.0 *.000 0.9 J.3 C.0 0.0 O. 0.0 0. 400 0.0 2.200
BLOCK & Q. J.0 4.030 0.2 J.0 2.0 0.0 Q. 0.9 0. 400 0.0 2.3
sLLLX S5 Da 0.0 4.000 0.0 0.0 0.0 0.0 0. 0.0 0. 400 0.0 2.000
UPPER I0ME
BVERAGE 0. 0.0 1¢6.CCC 0.0 0.0 0.0 0.0 Q. 0.0 19.600 0.0 33.332
8LOCK 1 0. 0.0 165.00C 0.0 0.0 0.0 0.0 C. 0.0 19. 00 0.0 93.3))
ELOCK 2 Je 0.0 166. 000 0.0 C.C 0.0 0.0 0. 0.0 19. 600 0.0 93,000
BLCCK 3 [V 0.0 1%6.CCO 0.0 0.0 0.0 0.0 0. 0.0 15.600 0.0 93.3)
ELCCK 4 2. 0.0 166.000 0.0 0.0 0. 0.0 0. 0.0 19.600 0.0 98. 000
BLCCK 5 0. 0.0 166.000 0.0 0.0 0.0 0.0 Oe 0.0 19,600 0.0 98,030



presents the heading for the nutrient parameters. The control parameter
OUTPUT allows the user to specify Model output for the production mode
in English (OUTPUT = ENGL) or Metric (OUTPUT = METR) units, or both
(OUTPUT = BOTH). The option for output in both sets of units should be
used sparingly due to the vast amount of computer printout which
results. The calibration mode output for storm events is provided in a
mixed set of units (see Tables 22, 23, and 24) to simplify comparison of
simulated and recorded values in the calibration process.

PARAMETER EVALUATION AND CALIBRATION

The process of applying the ARM Model to a watershed requires a fitting
or calibration of the Model parameters to the specific watershed. The
large majority of the parameters are easily determined from topographic
maps, watershed and soil characteristics, or pesticide chemical
properties. Hydrology and sediment parameters which cannot be
deterministically evaluated must then be evaluated through the
calibration process as a result of comparison of simulated and recorded
results. The following discussion provides guidelines for estimating
the ARM Model parameters relating to hydrology, snowmelt, sediment, and
pesticide simulation. Nutrient parameters are excluded due to lack of
testing and experience with the nutrient model. In addition, the
parameters included below are limited to those which are not
self-explanatory by their definitions in Table 19. A complete 1ist of
the P1 and P3 watershed parameters is provided in Table 36.

179



Table 36. P1 and P3 WATERSHED PARAMETERS
Parameter P1 P3
Watershed Watershed
Hydrology
UZSN 0.05 0.05
LZSN 18.0 18.0
L 160.0 220.0
SS 0.05 0.03
NN 0.20 0.20
A 0.0 0.0
K3 0.40 0.40
EPXM 0.12 0.12
INFIL 0.50 0.50
INTER 0.70 0.70
IRC 0.0 0,0
K24L 1.0 1.0
KK24 0.6 0.6
K24EL 0.0 0.0
KV 0.0 0.0
COVPMO
January 0.30 0.60
February 0.30 0.70
March 0.30 0.70
April 0.30 0.70
May 0.0 0.0
June 0.0 0.0
July 0.0 0.20
August 0.25 0.60
September 0.50 0.85
October 0.70 0.70
November 0.70 0.70
December 0.60 0.30
TIMTIL, YRTIL, SRERTL
0, 73, 0.0 0, 73, 0.0
0, 73, 0.0 0, 73, 0.0
142, 73, 5.0 142, 73, 2.0
155, 73, 5.0 155, 73, 2.0
164, 73, 2.0 166, 73, 1.0
BULKD 103.0 103.0
JRER 2.20 2.20
KRER 0.17 0.07
JSER 1.80 1.80
KSER 1.20 0.35
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Table 36.(continued)

Pesticide

TIMAP 164 166
YEARAP 73 73
AREA 6.67 3.08
Pesticide-Diphenamid

SSTR - 5*4,002 1.848
CMAX 0.00026 0.00026
DD 0.0 0.0
K 1.8 1.8
N 1.6 1.6
NP 3.7 3.7
DEGCON 0.08 0.08
APMODE SURF SURF
SZDPTH 0.125 0.125
UZDPTH 6.125 6.125
Pesticide Paraquat

SSTR 5*1.340 5*0.616
CMAX 0.00001 0. 00001
DD 0.0003 0.0003
K 120.0 120.0
N 2.0 2.0
NP 4.6 4.6
DEGCON 0.002 0,002
APMODE SURF SURF
SZDPTH 0.0625 0.0625
UZDPTH 6.0625 6.0625

Initial Conditions (January 1, 1973)

UZS 0.02 0.2
LZS 19.51 18.0
SGW 0.0 0.0
GWS 0.0 0.0
ICS 0.0 0.0
OFS 0.0 0.0
IFS 0.0 0.0
SRERI 1.8 0.3
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HYDROLOGY PARAMETERS

A: A is the fraction representing the impervious area in the
watershed. Usually A will be negligible for agricultural
watersheds, except in cases of extensive outcrops along
channel reaches.

EPXM: This interception storage parameter is a function of cover
density.
Grassland 0.10 in.
Forest cover (1light) 0.15 in.
Forest cover (heavy) 0.20 in.
UZSN: The nominal storage in the upper zone is generally related to

LZSN and watershed topography. However, agriculturally
managed watersheds may deviate significantly from the
following guidelines:

Low depression storage,
steep slopes, limited
vegetation 0.06xLZSN

tloderate depression storage
slopes and vegetation 0.08xLZSN

High depression storage,
soil fissures, flat slopes,
heavy vegetation 0.14xLZSN

LZSN: The nominal lower zone soil moisture storage parameter is
related to the annual cycle of rainfall and evapotranspiration.
Approximate values range from 5.0 to 20.0 inches for most of the
continental United States depending on soil properties. The
proper value will need to be checked by computer trials.

K3: Index to actual evaporation. Values range from 0.25 for open
land and grassland to 0.7-0.9 for heavy forest. The area
covered by forest or deep rooted vegetation as a fraction of
total watershed area is an estimate of K3.

K24L, K24EL: These parameters control the loss of water from near
surface or active groundwater storage to deep percolation and
transpiration respectively. K24L is the fraction of the
groundwater recharge that percolates to deep groundwater
table. Thus a value of 1.0 for K24L would preclude any
groundwater contribution to surface runoff. K24EL is the
fraction of watershed area where shallow water tables put
groundwater within reach of vegetation.
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INFIL:

INTER:

SS:

NN:

IRC,
KK24 :

KV:

This parameter is an index to the mean infiltration rate on
the watershed and is generally a function of soil
characteristics. As for LZSN, approximate or initial values
will need to be checked by computer trials. INFIL can range
from 0.01 to 1.0 in/hr depending on the cohesiveness and
permeability of the soil.

This parameter refers to the interflow component of runoff and
generally alters runoff timing. It is closely related to
INFIL and LZSN and values generally range from 0.5 to 5.0.
Examples of its effect are discussed below and in Sectjon IX,
Sensitivity Analysis.

Length of overland flow is obtained from topographic maps and
approximates the length of travel to a stream channel. Its
value can be approximated by dividing the watershed area by
twice the length of the drainage path or channel.

Average overland flow slope is also obtained from topographic
maps. The average slope can be estimated by superimposing a
grid pattern on the watershed, estimating the land slope at
each point of the grid, and obtaining the average of all
values measured.

Manning's n for overland flow. Approximate values are:

Asphalt 0.014
Packed Clay 0.03
Turf 0.25
Heavy Turf and

Forest Litter 0.35

These parameters are the interflow and groundwater recession
rates. They can be estimated graphically (51) or found by
trial from simulation runs. Since these parameters are
defined below on a daily basis, they are generally close to
0.0 for small watersheds that only experience runoff during or
immediately following storm events.

_ Interflow discharge on any day
~ Interflow discharge 24 hours earlier

IRC

_ Groundwater discharge on any day
~ Groundwater discharge 24 hours earlier

KK24

The parameter KV is used to allow a variable recession rate
for groundwater discharge. If KV = 1.0 the effective
recession rate for different levels of KK24 and the variable
groundwater slope parameter GHS is as follows:
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GWS

KK24 0.0 0.5 1.0 2.0

0.99 0.99 0.985 0.98 0.97
0.98 0.98 0.97 0.96 0.94
0.97 0.97 0.955 0.94 0.91
0.96 0.96 0.94 0.92 0.88

For small watersheds without a groundwater flow component, a
value of 0.0 is generally used.

SHOWMELT PARAMETERS

RADCON,

CCFAC: These parameters adjust the 'theoretical melt' equations for
solar radiation and condensation/convection melt to actual field
conditions. Values near 1.0 are to be expected. RADCON is
sensitive to watershed slopes and exposure.

SCF: The snow correction factor is used to compensate for catch
deficiency in rain gages when precipitation occurs as snow.

Px(SCF-1.0) is the added catch. Values are generally greater
than 1.0.

ELDIF:  This parameter is the elevation difference from the temperature
station to mean elevation in the watershed in thousands of feet
(or kilometers). It is used to correct the observed air
temperatures for the watershed using a lapse rate of 3 degrees F
per 1,000 feet elevation gain.

IDNS: This parameter is the density of new snow at O degrees F. The
expected values are from 0.10 to 0.20. Equation 15 gives a
variation in snow density with temperature.

F: This parameter is the fraction of the watershed that has complete
forest cover. Areal photographs are the best basis for
estimates.

DGM: DGM is the daily groundmelt. Values of 0.01 in/day or less are
usual.

WC: This parameter is the maximum water content of the snowpack by

weight. Experimental values range from 0.01 to 0.05.

MPACK:  The estimated water equivalent of the snowpack for complete areal
coverage in a watershed.
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EVAPSN:

MELEV:
TSNOW:

Adjusts the amounts of snow evaporation given by an analytic
equation. Values near 0.1 are expected.

The mean elevation of each watershed segment in feet (meters).

Temperature below which snow is assumed to occur. Values of 31
degrees to 33 degrees F are often used.

PETMIN, PETMAX: These parameters allow a reduction in potential

evapotranspiration for air temperatures near or below 32 degrees
F. PETMIN specifies the air temperature below which potential
evapotranspiration is zero. For air temperature between PETMIN
and PETMAX, potential evapotranspiration is reduced by 50 percent
while no reduction is performed for temperatures above PETMAX.
Values of 35 degrees F and 40 degrees F have been used for PETMIN
and PETMAX, respectively.

PETMUL, WMUL, RMUL: These three parameters are used to adjust input

KUGI:

SEDIMENT

JRER:

KRER:

potential evapotranspiration, wind movement, and solar radiation,
respectively, for expected conditions on the watershed. Values
of 1.0 are used if the input meteorologic data is observed on or
near the watershed to be simulated.

KUGI is an integer index to forest density and undergrowth for
the reduction of wind in forested areas. Values range from 0 to
10; for KUGI = 0, wind in the forested area is 35 percent of the
input wind value, and for KUGI = 10 the corresponding value is 5
percent. For medium undergrowth and forest density a value of 5
is generally used.

PARAMETERS

JRER is the exponent in the soil splash equation (Equation 1) and
thus approximates the relationship between rainfall intensity and
incident energy to the land surface for the production of soil
fines. Values in the range of 2.0 to 3.0 have demonstrated
reasonable results on the limited number of watersheds tested.

(A value of 2.2 was chosen for the Georgia watersheds.)

This parameter is the coefficient of the soil splash equation and
is related to the erodibility or detachability of the specific
soil type. KRER is directly related to the 'K' factor in the
Universal Soil Loss Equation (52). Initial estimation of KRER
can be performed in the same manner as the evaluation of the K
factor (52, 53). However, this initial value will need to be
checked through calibration trials.
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JSER:

KSER:

JSER is the exponent in the sediment washoff, or transport,
equation (Equation 5), and thus approximates the relationship
between overland flow intensity and sediment transport capacity.
Values in the range of 1.0 to 2.5 have been used on the Timited
number of watersheds tested to date. (A value of 1.8 was chosen
for the Georgia watersheds).

This parameter is the coefficient in the sediment washoff, or
transport, equation. It is an attempt to combine the effects of
(1) slope, (2) overland flow length, (3) sediment particle size,
and (4) surface roughness on sediment transport capacity of
overland flow into a single calibration parameter. Consequently,
at the present time calibration is the major method of evaluating
KSER. Terracing, tillage practices, and other agricultural
management techniques will have a significant effect on KSER.
Limited experience to date has indicated a possible range of
values of 0.01 to 5.0. However, significant variations from this
can be expected. (The values determined on the P1 and P3 Georgia
watersheds were 1.2 and 0.35, respectively.)

SRERI, SRERTL: These parameters indicate the amount of detached soil

COVPHO:

fines on the land surface at the beginning of the simulation
period (SRERI) and the amount produced by tillage operations
(SRERTL). Very little research or experience relates to the
estimation of these parameters. Thus, calibration is the method
of evaluation. For SRERI, one would expect that spring and
summer periods on agricultural watersheds would require higher
values than fall and winter periods due to the growing season
disturbances and activities on the watershed. Values of SRERTL
are related to the severity or depth of the tillage operation, and
must be input to correspond with the dates of tillage operations
(TIMTIL, YRTIL). Values of these parameters on the Georgia
watersheds have ranged from 0.5 to 5.0 tons/ac.

This parameter is the percent land cover on the watershed, and is
used to decrease the fraction of the land surface that is
susceptible to soil fines detachment by raindrop impact. Twelve
monthly values for the first day of each month are input to the
Hodel, and the cover on any day is determined by linear
interpolation. COVPMO values can be evaluated as one minus the

C factor in the Universal Soil Loss Equation, i.e. COVPM0 = 1 - C,
when C is a monthly value. Evaluation methods for the C factor
have been published in the literature (52, 54).
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PESTICIDE PARAMETERS

DD, K, N, NP:  These parameters define the adsorption/desorption

CMAX:

DEGCON:

functions used in the present version of the ARM Model. Their
values must be determined for each pesticide-soil combination
from laboratory experiments or from published research results.

CMAX is the water solubility of the specific pesticide being
simulated. Literature values are generally used, and no
temperature correction is performed. As indicated in Section IX,
simulation results are relatively insensitive to CHMAX.

This parameter defines the daily first-order general attenuation,
or degradation, rate for the pesticide. Values can be derived
from observed field measurements or from the literature.

SZDPTH, UZDPTH: Although these parameters specify the depth of the

BULKD:

vertical soil layers, their major impact is on pesticide
simulation. Very little experience exists for evaluation of
these depths. UZDPTH is generally evaluated as the depth of
tillage or pesticide soil incorporation while SZDPTH is the depth
of the active surface zone. UZDPTH must be greater than SZDPTH.
Expected ranges for these parameters would be 2.0 to 6.0 inches
for UZDPTH and 1/16 to 1/4 inches for SZDPTH.

This soil parameter also has a major impact on pesticide

simulation. BULKD, the soil bulk density, can be evaluated in
the laboratory or from the literature.
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CALIBRATION

Calibration is an jterative procedure of parameter evaluation and
refinement as a result of comparing simulated and observed values of
jnterest. It is required for parameters that cannot be deterministically
evaluated from topographic, climatic, edaphic, or physical/chemical
characteristics. Fortunately, the large majority of the ARM Model
parameters do not fall in this category. At the present time, calibration
of the ARM Model generally involves only hydrolgy and sediment parameters.
As indicated in Section VIII, the goal of pesticide transport modeling is
to develop a model which can be used in various regions of the country
with pesticide parameters evaluated from laboratory experiements or from
the literature. If calibration is required for determining pesticide
parameters, then recorded pesticide data would be required for each
watershed simulated. This would limit application to few watersheds
across the country. Although future developments may require calibration
of pesticide parameters, the goal of the ARM Model development at present
is to 1imit calibration to hydrology and sediment parameters for which
data is more generally available.

Hydrology calibration must preceed sediment calibration since surface
runoff is the transport mechanism by which sediment loss occurs. The
procedure is to compare simulated and recorded monthly runoff volumes (as
indicated in Section VIII for the Pl and P3 watersheds) obtained from
initial parameter values. Calibration trials should not be performed for
periods of less than 9 months to avoid the effects of initial soil
moisture conditions. The hydrology parameters LZSMN, INFIL, and INTER are
the ones most directly evaluated by calibration; for managed, or
disturbed watersheds UZSN is often included in this list. LZSN and

INFIL have the greatest effect on runoff volumes and thus are most often
modified to increase agreement between simulated and recorded monthly
runoff volumes. When monthly values are in reasonable agreement, the
INTER parameter is often used to modify hydrograph shape to improve
simulation of storm hydrographs. HMinor adjustments to INFIL and UZSN (in
the case of small agricultural watersheds) can also be employed to improve
storm hydrograph simulation. Thus, hydrologic calibration involves
comparison and parameter modification for the simulation of both monthly
runoff volumes and storm hydrographs. The sensitivity analysis in Section
IX indicates the relative effects of parameter changes as an aid to
calibration. A detailed discussion of the hydrologic calibration process
js available to the interested user in other publications.!. 2- 3

Sediment parameter calibration is more uncertain than hydrologic
calibration due to less experience with sediment simulation in different
regions of the country. The process is analogous; the major sediment
parameters are modified to increase agreement between simulated and
recorded monthly sediment loss and storm event sediment removal. A
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balance between the generation of detached soil fines and the transport,
or removal, of soil particles must be developed so that the storage of
detached fines is not continually increasing or decreasing throughout the
calibration period. The KRER and KSER parameters are most directly
involved in sediment calibration and the development of this sediment
balance since they are relatively less well defined by theoretical and
physical considerations. Thus a balance must be established between the
KRER and KSER parameters in the agreement of simulated and recorded
monthly sediment loss. The SRERTL parameter has a major effect on
sediment simulation on agricultural watersheds since it specifies the
amount of detached soil fines produced by tillage operations. The soil
fines are then available for transport by overland flow from the
watershed. The value of SRERTL is also instrumental in the balance
between soil fines generation and transport. Storms occurring soon after
tillage operations would likely transport sediment at or near the
transport capacity of the overland flow, while storms occurring later in
the growing season would have sediment loss 1imited by the amount of fines
available for transport. SRERTL should be large enough to have a major
impact on sediment loss by storms soon after tillage, but small enough to
have a minor effect on sediment loss late in the growing season. As an
aid to calibration, an asterisk is printed in the ARM Model sediment
calibration output (see Table 22) whenever sediment removal is limited in
each areal zone (or block) by the availability of soil fines. Thus when
asterisks are printed, sediment removal is being controlled by the
generation and availability of soil fines. lhereas, when no asterisks are
printed, the washoff or transport mechanism is the major controlling
factor. When the washoff mechanism is controlling, the JSER parameter can
be modified to improve the shape of the simulated sediment removal graph.
In a similar manner, the JRER parameter will affect the sediment removal
graph when the generation and availability of detached soil fines is
controlling sediment removal.

In summary, the calibration process requires an understanding of the
physical process being simulated and of the impact of the critical ARM
Model calibration parameters. Study of the parameter definitions,
algorithm formulation, and sensitivity analyses results presented in this
report should allow the user to become reasonably effective in calibrating
and applying the ARM Model.
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APPENDIX B
ARM Model Sample Input Listing

7/CCB1568 JCE (C510+451041,530),° 7508BEYERLELN®
7/JOBLIB DD CSNAME=C5104CCB.JiSCELARM,DISP=(OLDyKEEP),
/i UNIT=2Z14,VAQL=SER=FILEC
JISTEPL EXEC FGM=ARVN
J/SYSPRINT CC SYSQLT=A
//7ETO6FCOL CC SYSGUT=A
//FTOS58CC1 CD *
SAMPLE INPUT FCR HYPCTHETICAL WATERSHED
CATA SET UP FCR SNCh, PESTICICE, EZND NUTRIENTS
HYCAL=PRCO
INFUT=ENGL
CLIPUT=ENGL
PRINT=CAYS
SACh=YES
PEST=YES
M TR=YES
1CHECK=CN
ECNTL INTRVL=S, HYMIMN=0.0Cl, £REA=3.08 &END
ESTRT BGNCAY=20, BGAMCN=12y ECGNYR=1973 EEND
EENDD ENOCAY=24, ENDFCN=2, ENCYR=1674 &END
ELND1l U2SMA=0.C5, UZ$S=0.00z, L2SN=18.0, LZ1S=19.36 EEND
ELND2Z L=2204y SS=0e03¢s NN=Ge20» A=0.00y K3=0.40y EPAM=0.12 EEND
ELND3 INFIL=C.50, INTER=047y 1RC=0.0, K24L=1.0y KKh24=0.6y K24SL=0.0 &END
ELND4 SGW=0.0, GWS=0.Cy KVv=Cu.Cy 1C$=0.0, OFS5=0.0, 1IFS5=0,0 &ENO
€SNO1 RADCCN=1409CCFAL=140+5CF=140,ELUIF=0.09IUNS=0.14,F=0.0 &END
ESNJ2 DGM=0.CyWC=0.03+MPACK=1.0,EVAPSN=1.0,MELEV=0.0,TSNOIW=32.0 E&END
§SNO3 PACK=C,Cy DEFTF=0.0 EENC
ESNO4 PETVMIN=4C.0,PETFAX=5C 0y FETMUL=1 o0 WMUL=Ls 0y RMUL=1.0,KUGI=0.0 EEND
ECROP CCVFNO2C.640e79CeT9luTyCeCpCa0y0a2,0:0690.85,0.8,0.7,0.3 EEND
EFUDL  TINMTIL=C,04142,155,1€¢, ,
YRTIL=E473, SRERTL=2e0926002.0,2.0,1.0 &END
GCIRT S2IDFTH=C.0625, LZCFIF=€.0€25, BULKD=103.0 &END
ESMOL  JRER=2.2, KRER=C.07, JSEF=1.3, KSER=Q.35, SRERI=0.0 EEND
PESTICICE
ARNODE=SURF
DESORP=YES
SAMDL SSTR=59(C.&16, TINAP=264, YEARAP=73, CMAX=0.00001,
’ DD=C.CC°3' K=120.y Nx2,C9 NP=4.6 LEND
SCEGL DEGCCA=(.0020 E£ENC

NLIRIENT
ENUTRIN TISTEF=60y NAPPL=1,y, TIMHAR=34, LEND
REACTICN RATES
NITROGEN
SLRFACE
2.0 4.C 0.0 c.C «0360 0077 0.0 0.0 0.2
UFPER ICNE
2.0 4.0 0.0 c.C «0360 «0077 0.0 0.0 0.2
LCWER ZCNE
2.0 4.0 0.0 C.C « 0360 « 0077 0.0 0.0 0.2
GFCUNCWATER
2.0 4.C 0.0 c.C « 0360 «0077 0.0 0.0 0.2
TENPERATURE CCEFFICIENTS
1.€5 l.C5 1,65 1.CS 1,05 1.05 1.05 1.05 1.05
FECSPHCRLS
SURFACE
-0C117 0.C «01E Z.C 0.1
LFFER 2CANE
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Appendix B (continued)

00177 Q.C «018
LCWER 2CNE

<0627 C.C <018
GRCUNCWATER

+0017 0.0 <018

TEVPERATURE CCEFFICIENTS
1.05 1.C5 1.05
END

INITIAL
NITROGEN
SURFACE
24. 0.C 1.0
UFPER ZCNE
1144. C.0 48.
LCRER ZCAE
11250. 6.C 480,
GRCUNCWATER
0.0 0.0 0.0

FHCSPHCRUS
SURFACE
4.8 0.¢ 0.2
UFPER ZCNE _
228. 0.0 S.6
LChER ZCNE
221¢. €.C T
GRCUNCWATER
0.0 0.0 0.0

CHLCRICE
SLRFACE
c.0
LPPER Z2CNE
Q.0
LCWER 2CNE
0.0
GRCUNCHWATER
C.0
Enc

AFFLICATICN 3¢€4
NITROGEN
SLRFACE

0.0 0.0 4.0
UFPER ZCNE

0.0 ¢.0 196.C

FFCSPLORUS
SLRFACE

0.0 0.C 0.4
UPPER 2CNE

0.0 0.C 19.6

CHLOR ICE
SURFACE
2.0
UFFER 2CNE
98,0

0.C
C.C
C.C
0.C

0.1
0.1
g.1
1.05

0.0
0.0
0.0
0.0

0.0

0.0
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Appendix B (continued)

ENC
EVAPT3
EVAPT3
EVAPT3
EVAPT3
EVAPT3
EVAPI3
EVAPT3
EVAPT3
EVAPT3
EVAPT3
EVAPT3
EvaPT73
EVAPT3
EVAPT3
EVAPTI
EVAPT3
EVAP73
EVAPT3
EVAPT3
EvVAPT3
EVAPTI
EVAPT3
EVAPT73
EVAPT3
EVAPT3
EVAPT3
EvAPT3
EVAP?3
EVAPT3
EVAP?3
EVAPT3
TEMPTI
TEMP T3
TEMP 73
TEMP T3
TEMP T3
1EMP 73
TEMPI3
TEMP I3
TEMPT3
TEMP 13
TEMP 73
TE¥PT3
TEMP 13
TENPI3
TEMPT3
TEMPT
TEMPT3
TEMP I3
TEMPT3
TEKP73
TEMP 13
TEMPT3
TEMP 13
TEMPTI
TENPTD
TEMP 13
TEMP 73
TEMP I3

12
12
€3

-

€2

20
€9
14
13
€7
€1
2
¢S
€9
49
€5
€5
&6
€7

12
€2
13
n
&7

15

192

82

117

76
34

€6
24



Appendix B (continued)

TEMP 3 £9 52 68 ST 719 55 9z 69 65 47 S5 22 39 19 36 22
TEMPT3 £7 45 72 55 81 60 85 08 65 41 51 36 49 24 24 16
TEMP T3 14 42 81 65 BS b5 51 36 69 12
WIND73 112 135 54 34 41 95 g0 120
WIND73 126 65 55 69 50 30 €0 110
WIND?3 205 100 44 52 35 10 120 25
wIND 73 155 63 8l 33 57 100 40 195
WIND?3 s7 61 39 27 52 100 S0 110
wIND73 103 33 46 49 l1¢ 49 220 250
WIND 13 S0 70 60 59 90 26 S0 50
WIND73 134 81 75 05 40 40 190 50
wWIND73 126 113 65 62 23 55 1¢€0 0
wWIND 13 103 95 60 65 57 60 120 200
wIND73 147 100 50 60  12¢ 70 50 50
WIND73 134 70 42 67 94 100 120 160
»IND13 80 85 118 2l 30 80 g0 190
wIND73 40 35 100 4l 63 150 120 100
wIND 73 65 60 60 46 64 90 110 100
WIND?3 125 50 40 34 88 78 130 100
wIND73 110  10S 30 32 73 12 20 100
WINDT3 39 49 30 l6 102 110 50 S0
WIND73 4% 89 52 38 T4 70 30 200
vIND 73 49 6l 41 100 124 80 €0 100
»IND?2 45 72 77 109 48 10 210 140
wWIND 73 21 80 80 48 147 35 140 110
WIND 73 71 70 80 13 101 35 10 100
W IND73 29 60 60 17 60 50 100 150
wWIND73 £ 58 35 40 14C 100 140 250
WIND 73 40 75 55 40 60 100 150 100
winND13 ao 67 98 79 62 50 110 150
WIND73 80 9l 137 74 78 110 g0 200
WIND73 23 91 71 50 5 92 220 200
wIND73 45 43 62 3 110 178 190 230
»IND?3 72 2 49 95 80 20
RADI?3 1s3 175
RACI 73 166 165
RADTI T3 241 175
RADIT3 149 75
RACI 73 160 15
RADIT?3 21% 125
RACI?3 107 72
RADIT3 178 80
RADI?2 155 67
RADI 73 155 8s
RADT?2 &1 117
RADI?3 112 161
RADIL73 15 29
RACIT73 169 166
RADI?3 24 152
RADI 72 115 193
RACIT3 158 215
RACI?3 €1 118
RACIT3. 44 15
RACI 73 125 88
RADI 73 25 183
RACTII2 1178 104
RACI?3 164 100
RADI 73 25 133
RAGI?3 35 32
FACI?3 21 56
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Appendix B (continued)

RACIT3

RACIT3

RAD1 113

RACET2

RADIT3

CEWP I3
CEwXPTT3
CEWPT?73
CEWPT?3
CEWPT?3
CEWPTI3
CEWPT?3
DEWPT13
CEWPTI3
CEWPTT3
DEWPTI3
CEWPTT3
CEWPY?3
CEWP T3
CEWPTI3
CEWPT13
CEWPT73
CEWPT13
CEWPTI3
CEWPT13
CEWPT3
CEWPT?3
CENWPT3
CEWP 1173
CEWPTI3
DEwWPT?3
DEwWPTI3
CEWPTI3
CEWPTI3
CEWPT13
CEWP 173
1212201
1312202
12122¢2
1212204
1312205
121220¢
13212207
312208
1212211
1212212
1212213
1212214
13212215
131221¢
1212217
1312218
1312228
1212226
1212249
1212251
1212222
1212223
1312254
1312285

OO OODOOONOO0O0O0OOOOONOOOODODONOOD

XXX - - -K-K-X-X-X-X-X-N-N-N-F-N-N-N-N-E-RK- NN N

0000000000000 00O00000COOOO

OO0 OOAAMAODOOOANAANADMNRDONONNHOD
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Appendix B (continued)

13122%5¢
1312251
121225¢€
12122¢€1
12122€2
1312263
132122¢4
1312265
131226¢
12122¢1
121226¢€
1312215
12122¢€1
1312262
12122¢€2
1212284
1312265
13122¢¢
1312221
12122¢¢
12122%9
1212201
1312202
1212303
1312304
1212305
12123C¢
1212207
131220¢
1212211
1312212
1212213
1312214
1212315
121231¢
1212217
1312318
EVAPT4
EVAP74
EVAPT4
EVAP74
EVAPT4
EVEPT4
EVAPT4
EVAPT 4
EVAP74
EVAP74
EVAPT4
EVAP74
EVAPT4
EVAPT4
EVAPT4
EVAPT4
EVAPT4
EVAPT4
EVAP74
EVAPT 4
EVAPT4
EVAPT4
EVAPT4

3
2

[ )
[N}

[ o ]

[ SI XY

[SE_N,']

1 41¢

1¢
1 11
2 2 1
1 1
12 21
1 11
2 2 1
1 1
12 21
76 12¢
69 141
88 126
69 111
158 14€
132 7
94 ]
82 155
65 111
94 12¢
132 118
50 148
50 133
94 170
69 176
69 141
19 104
50 86§
126 141
69 g1
107 8s
69 111
101 104

[\

LYW )

N e

[V

-

N s
NN
-

195

NN -
N -

NN -

W W=
P NN -

120
157
192

140
203

325
202
156

260
195
207

92
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211
271
276
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e s

-~

N -
-

Y

N o=
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N - W
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N W

N W
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Appendix B (continued)

EVAPT4
EVAPT4
EVAPT4
SVAPT 4
EVAPT4
EVAPT4
EVAPT4
EVAPT4
TEMP 14
TEFP T4
TEFP 4
TEMP 14
TEMP T4
TEMP T4
TEMP T4
TEMPT4
TEMP T4
TENP 14
TEMPT4
TEMP 14
TEMPI4
TEMP 4
TEMP 14
1EMPT4
TENP 74
TENP T4
YEMP 4
TEMP 14
TENP T4
TENP T4
TEMP 14
TEMP T4
TENP 4
TEMP 14
TEMPT4
TEMP 14
TEMPT4
1EMP 14
TEMP 4
wIAD 74
+ IND74
wINDT4
»IND 14
wIND 74
»INDT4
WIND74
WIND74
»IND74
" IND 74
»IND74
wWIND 74
WIND74
wIND 14
vIND14
WIND 74
WIND 74
»IND74
wINDT4
WIND 74
WINDT4

22

5
22
a2
43
€5
38
43
kXY
3C
33
3C
20
30
34
22
3C
30
3
34
34
34
3s
39
41
as

69
82
113
158
82

37

17¢
147
147
02
16¢
16€
16¢

103
1€8
239

171
165
147
156

196

211
171
122
365
530
134
181

13
236

20
16
136
140
300

126
1417
146
130
123
156
207

16

110
11
37
31
30

104

137



Appendix B (conti nued)

wiIND T4
WINDT4
WINDT4
PIND 4
WIND 74
WIND?4
wIND 4
wIND74
»IND T4
wIND T4
EACI T4
RADI 74
£AD174
FADI T4
RACI 74
FECIT4
EADL 14
RACI T4
RACIT4
RACI T4
RADI 74
FECI 74
RACI 4
REC1T4
FADIT4
RADIT4
KAC1 74
RADL 14
RACI Y4
RACT 74
RACI 74
RECIT4
RADL 14
RADI 4
FACIT4
RACL 4
RACI 14
RACI 14
RADI 74
FAC174
RADL 74
CEWTI4
CERPTI4
CEWPTI4
LEWPTI4
CENPTI4
CEWP TS
LEWPTI4
LEWPTI4
CEWPT 14
CEWPTI4
LEWPTI4
CEWPTI4
CEWPT 14
CEWP T4
CEWPTi4
CEWP 14
CEWP114
CENPTI4
CEWPT 74

140
10
100
14C
15C
110
8¢
220
150
30
163
1€6
<41
145
1¢€0
274
107
118
155
185
67
112
75
16S
24
115
16€
81
44
125
as
178
1é4
és
3¢
el
47
417
1C2

110
100
150
250
100
150
200

175
165
1715

125

197



Appendix B (continued)

CEWPT4
CEWP T4
CEWPT4
CEWPTI4
CEWPTI4
CEWPT74
CEWPT 4
CENPTT4
CEWPTI4
CEWP T4
CEWPT?74
CEWT14
1401019
1401029
1401C39
1401046
14010°¢9
1401069
1401C3S
14010¢€1
7401C82
1401083
1401C¢4
1401CES
71401CE6
14010€7
1401C88
1401055
14011CS
1401115
1401129
740113§
1401145
1401159
7401161
7401162
1401163
1401 1&4
1401165
1401166
74011617
1401 16¢
74011171
14011172
1401173
1401174
1401175
740117¢
74C1177
1401178
7401189
7401199
14012Cs
1401219
1401226
¥40123s
1401249
7401251
1401222
7401222

i

~

20

H]

2

198
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Appendix B (continued)

1401254
74C125%
740125¢
1401251
1401258
14012¢9
1401279
7401289
7401265
7401301
7401302
740123¢2
1401304
1401305
14013C6
74012(17
14013C8
7401316
7402011
1402012
7402013
1402014
7402015
7402016
14020117 €
7402018
7402029
7402C3¢
1402049
1402059
74602CE€S
1402079
1402¢89
1402C$S
14021C¢
1402118
140212%
7402135
1402149
1402159
14021 6¢
1402111
14021172
1402173
1402174
1402115
140217€10 5
14021177
740211¢
1402181
T4021€2
1402182
14021¢€4
1402165
14021¢6
14021¢€7
1402188
140216S
14022¢s
1402219

n

101010

14

13383911 5 4

2 62
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1402228

7402238

1402249
/*

200



APPENDIX C
ARM Model Source Listing

1. //CCRT508 JOB (CS51C¢51C 46,250, JT7504BEYERLEIN?
2. /% SERVICE CLASS=LAFCE
3. //STEF1l EXEC FCRTFCUL,LEVEL=BIGy PARM.FORT='0PT=] ,MAP ,XREF?
4, //FCRT.SYSIN CC *
10. C
11, c
12. c
13. C :‘t#t#‘t#t##l#‘i1t*tt#t*tt*#t#***#*###u##*##t*ttt#t#*tt#t##*tm&t
14. c * *
15. c * AGRICLLTURAL RUNOFF MANAGEMENT (ARM) MODEL *
16. C * *
17. c S 2 R R R R X R R R R RS EE R 2232 R 22 2 e e P e Y P Y SR LRI
18. c
16, c DEVELGPELU 8Y: HYCRCCOMP, INCCRPCRATED
20. c 1502 PAGE MILL ROAD
21, c PALC ALTO, CA. 94304
22. c 415-493-5522
23. C
24, c FOR: U.S. ENVIRONMENTAL
25, c PRCTECTIGN AGENCY
26, c UFFICE CF RESEARCH
217. c ANC DEVELOPMENT
28. c SUUTHEAST ENVIRCNMEATAL
2. c RESEARCH LABUFATQRY
30, c ATFENS, GA. 30601
21, c 404~546-3147
22, c
23, c
34, c
2s, c MAIN PRUGRAM
36. c
37, IMPLICIT FRE2L(L)
s, c
39. CINENSICN RESE(S),RESBLIS)sRISBID)SRGXIS)»INTF(5)4RGX(5)+INFL(5),
40, 1 LZSE(S)APERCB(S),RIB(5)ERSNIS)
4l. CIMENSICN SRER(ES),RCBTOM(5) yxGBTGT(5),INFTOM(S5) y INFTOT(S),
42, 1 ROITCNM(S5) +FCITCTIS) ¢RXBI5)yERSTCM IS Jo ERSTUTI5) ¢dMNAM{12) 4RAD( 24),
43 2 TEMPX(Z4) b INOXUZ4) pRAIN (2851 SRERMT 51 +EASNNMTIS)
44, CIMENSICN PESTCMUS),PRSTUT(5),PRCTUM(5),PRUTOT(S5),UPITCMIS),
45, 1 LPITOT(S) ¢STSUE ) UTS(5),SAS(5),SCS(51,305(5)95STR(S),
46. 2 LAS(5),UCS(5),LESES) yUSTRIS) JUPRIS(S5)
417. CIVMENSICN TF2IN(Z88), IRAG(12,31),
48. 1 TWINDU12,31)4ITEMP{12,31,2),6RAD(24)sRADDIS(24),WINDIS(24),
49, 2 TEVEP{12921),IC€ER(12,31)
50. DINMENSICN WSAZVNE(20) 4CHNAME(20),CUVPMOL12),DPM(12)
f;‘ c CIMENSICN TINTILIS) +YRTIL(5)ySRERTL(Y)
£3. COMMCN /ALL/ RUFYMIN,PRNTKE, HYCAL yOPST,OUTPUT,TIMFAC,LZSsAREA,
54, 1 RESB14RCSE¢SRGXoINTFSRGX ¢ INFLyUZSOy APERCB,KIByERSNy M, P3yA,
55 2 CALE,PROLC JPEST MLTR, ENGL yMETR,BCTHe RESHBYESe NCo IVMIN,IFRTF,
gg- 2 JCOUNT,PRINTZIMTR,DAYS HOURy MNTH
. c
£8. CCMMCN /LANC/ MMEM,PRTOT,ERSNTT, FRTUM,ERSNTM,CAY,
59, 1 RUTOM,NEPTCNMRCSTCM,RITOM,RINT UMy BASTUMyRCHTOM,RUTOT
60. 2 NEFTOT,RCSICT,FITCT,RINTOT 4BASTUT,RCHTOT TWRALEPTCM,EPTAT,
61, 3 UZSeUZSEN,LZEN g INFIL o INTEReIRCoNNoLs SS¢SGHL 9PRySGHWe GHS 9KV
€2, 4 K24L yKK244KZCEL 4EP s IFSoR3 4 EPXMyRESS Lo RESS,SCEP,SCEPL, SRGXT,
€3, 5 SRGXT1lpJRERKRERJJISERyKSER)SREKT yMMPINy METOPTSNOW, CCFAC,
€4. € SCFyICNS)F¢CCN yhCoMPACKyEVAPSNyMELEVy TSHOw¢PETHIN, PETVAX,ELDIF,
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Appendix C (continued)

€5.
€6.
&7.
6.
69.
10.
11.
12.
13.
T4,
5.
6.
17.
18.
15.
€0.
al.
82.
83,
84.
€5.
&6,
§7.
€.
£9.
90.
Sl.
S2.
%3.
S4.
S5,
SE.
S?.
58,
S5,
1C0.
i01.
102.
103,
104,
105.
106.
1C7.
lca.
1CS.
110.
lil.
1le.
113.
114,
115.
116.
117.
118.
116.
120,
121.
122.
123,
124,

[N s e Rale)

= BN D

O~ AN DWN

(L3¢ TN N

@ =i O AN D W AN

CEWXs.PACKCEFTH s MONTHySDEN, IPACKTMIN,SUMSNMPXSAM, XK 3,
MELRAM,RACNEV ,CCRMEM yCKA INMy CUNHEMy SGMMy SNEGMMy SEVAPM,SUMSNY,
PXSAY PELREZYJRICMEYoCORMEY s SGMY CUINMEY s LRAINY, SNEGMY, SEVAPY,
TSNBAL CCVER yCCVEMX ) ROBTOMsKOBTGT yRXB9yRIITCM,RCITOT, INFTCN,
INFTCToERSTCM o EFSTCToSRERyTEMPX sRAD yWINUKXK s KAINo INPUT

COMMCN /PESTC/ STISTHSPROTMSPRSTMySAST 4SCSTSCSTHUTSTHUAST,UCST,K,
UCSTsFFoCMAXgNT ySPRCTT,SPRSTT +MUL s FPULIUPRITW,
LPRITTWKGP LR sFFLZ W MLZJLSTRyLAS,LCS,LDSyGSTR,CAS,CGCS,GDS,y
APMCDE,TPEAL,
DEGSCF,DEGSCT,LECUCY,
DEGUOT CEGL,LECSHNIP,DEGCON,DEGLOMy DEGLOT ¢ NCCM,y
PRSTCMyPRSTICTFRCTCNMHPROTOT, UPITOMs LPITUT,,STS,UT Sy SAS,
SCSySCSSSTRGLASGLCSUUS yUSTRe UPRIS yUIST +TUTPAP,TIHAPy YEARAP,
DESORP ,SURF,£0IL,SULG

CCMMCN /NULT/ DOELT,STEMP,SNySNT »5NK>Me SNROMsUNJUNT,UNI ,UNIT,

INTEGER
INTEGER
INTECGER
INTEGER
INTEGER
INTEGER
INTEGER

REAL®E
REAL*8
REAL#*8

UNRTNMsNRSMyLNgLNRPMy GNySNRBM UINKBY o LNRBM,GANREN, TNRBM,
SNREYSSNROY sUNRIY yNRSY )L NRPY ¢y SNRBY s UNRBY ,LNREY, GNRBY,
TAREY s TARKHV TNRHVMy TNRHVY ¢ TNATPA,TCLA,

KNy THKA  KP, THKPyNBAL 9 PHBAL yCLBAL

TSTEF JNSTEP sSFLGYUFLGy LFLGHGFLG

BGMCAY, EGNMUN, BGNYRy ENDUAY, cNUMCA, ENDYR

CYSTRTy CYENCy YEAR, MGNTH, DAY, H, HYCAL, TIME

YR, PCy LY, CNy TF, PRNTKE, PKRINT, DA, APMQCE, CUTPUT
INFLT, SMCw, LESQRP, SUKF, SJIL, TINFAC, ON, CFF
CALEByPFCC,NUTR,PEST, ENGLoMETRyBUTH,, INTRyHOURyCAYSyNO,YES
WSNANME JCENBNELOPN

JCCULNTyTINMAPTIMTILs YRTIL sYEARAP yMNTH

KNAY
PESTIC/*FESTICID/
CHAF

REAL IRC, MM, KV, K24L, KK24s INFIL, INTERs INFL
REAL 1#S, 1CSy KZ4EL, K3, ANcPTOMy, NEPTOT

REAL JRER, KREF, JSER, KSER

REAL ¥y Ny Mo ky MUZy MU, ML, MLZ

REAL INFTCPM, IMFIQT

REAL MMFIN, METCFT, KGPLB

REAL SRRTMT, EFSNTT, ERSNMT

REAL NF, NIF, NCCW

REAL ILNMNS, MFACK, MELEV, KUGly MELKAM, MELRAY, IPACK

MUTRIENT VARIZBLES -- DECLAKED,DIMENSIUNCO, INITIALIZED

INTEGEFR#4 TYSTEF yASTEPySFLGYUFLG,LFLGyGFLG

REAL*4

CELTSTERPF(4,24),

SN(2C+5) ¢+SNT{20), SNRSM(2045) »SHROM(20,5),

UNCZCo5) oUNT(20) +UNI(20,5) sUNIT(20) JUNRIN{(2045),
NRSM(ZO,E), LN(20) ,LNRFM(20), GN(2C),
SANREMU2C+5) ¢ UNRBM{2095) yLNRDM(20) oGNREN(20) s TNRB¥(20) ¢
SNREY(2CoE) o SNKTY {20+ 5) ) UNKi YL 2U95) +NRSY(20,5) &
LAPFY(2C) ySNRBY(2095) yUNRbY(c04s5) yLNREY(20),GNRBY (20},
TNREY(2C) s TNRHV(20) ¢ THRHVM{Z0) s TNRHVY (20) ,TNA,TPA,TCLA,
KNE1004) o THEKNLLO)D oKP(5,54)» THKP(5) yNOBAL, PHBALyCLBAL
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Appendix C (continued)

125. C

126, 4

127 REAL#*4 SNAFL(2C1545) yUNAPL(205545) ¢ KNI(10,4) ,KPI(544)

28, C

:29, INTEGER®4  APLAY(5)yAPLCNT/1/ 1 JHUUR, NAPPL sJ, IBLK, TIMHAR,

130. 1 SELHV{(20)/C40+07000¢0919040,09090+0,1+0,0,0,0,0,07
121. INTEGER®4 CFEMML(12)/0430926¢3093043L930931431930,31+307

132 C

133, CATA  TIMTIL/E%C/YRTIL/5%0/¢ SRERTL/ 5%0.0/

134, CATA CCVFMC/12%C.0/

135, CATA ICS, CFS/21C.0/

136. c

127. CATA CNJ'CNY7 CFF/'CFFY/

138. c

139. CATA GRAC/0.C4,C.C4,0.03,0.02,

140. #00029Ce02900079CeCb90e149041350.2090.1790e1390.0640.03,0.01,0.05,
141. 4C4e074043000.124Ce15+0.13,0412,0.005/

142. CATA RACC1S/¢40.C,0.019,

142, ¥0.041,0.067¢0.C€E40010£90.110,0.110,0.110,0.10590.095,0.C81,0.055,
144, #0.017+5%0.0/

145, CATA WINCIS/7404€34,0.035,

146. #Ce037,0.04190eC2€,Ce050,0405350.054y0s058,0.057,0.056¢0.050,0.043,
147. 9C.040,0.02€,0.€3€,0,036,0.035/

148. DATA CPM/21,42€9%143Cy31,30,31,31,30,31,30,31/

149. CATA PETMLL,WPUL +FMUL/3*] .0/

150, c

151. c C#TA INPUT -- NAMELIST VARIABLES

152, c

153, MAMELIST /ZCMTL/Z INTRVL,HYMIN,AREA

154, MAMELIST /STR1/ BGNCAY,3GNMUN,BGNYR

15, NAMELIST /ENCC/ ENDDAY,EAUMON,ENDYR

156, NAMELIST /ZLMCL/  ULZSNYUZS,LZSNeLZS

157, NANELIST /LNCZ/ LySSseNNyA,K3,EPXM

158, NAMELISY /LMC2/ INFIL,INTER,IRCyKZ24L KK2%yK24EL

159, MAMELIST /LAC4/ SGhoGWSy)KV,ICSyLFSyIFS

1€0, NAMELISYT /SMCL/ FACCCNsCCFAC,SCFsELOIFyIDNS,F

161, NAMEL1ST /SNCZ/ LGMynCy»MPACKEVAPSN,MELEV, TSNOW

1¢2, NAVMELISY /SMNC3/ FACK,DEPTH

163, NAMELIST /SNC4/ FETNMIN,PETMAX,PETMULyWMUL ¢ RMUL9KUGI

164, MAMELIST /CECF/ (CGVEMO

1¢5, MAFMELISTY /MLC1/ TIMTIL,YRTIL,SRERTL

166. NAMELISY /CIR1/ SZCPTH,UZDPTH,BULKD

167, MAMELISY /SMCL/ JRER,KRERyJSER,KSERSRERI]

148, NAMELISY ZANCL/ SSTRTIMAPYEARAP,CMAX DDy Ks NyNP

165, NAMELISY /DEC1/ CEGCON

170. c

171, c INPLT PAFAFMETEF CESCRIPTION

172, C WSNAME: WATERSFEL MAME {80 CHARACTERS)

1713, C CFMAME: CFEMICAL NAME (80 CHARACTERS)

174, C FYCAL : INCICATES ¥#AT FALTURS ARE TG BE SIMULATED

175, c - FRCD FRCLLCYICA RUN:

176. c = CALE CALIERATIGN RUN

177. C INFLT 3 INFLY LNITS: ENGLISH(EANGL)y METRIC(METR)

178, € OULTPLT: QUIPLT LANITS: EAGLISHIENGL)y METRIC(METR), BCTHI(BOTH)

175, € PRINT : DEANCTES FREGCLENCY OF OUTPUT; EACH INTERVALUINTRI,

180, c EACH FCLE(FCUR), Ok EACH DAY(ULAYS),UR EACH MONTH{MNTH)

181, C SACW 2 (NC) SMACRMELT NCT PERFURMED, (YES) SNOWMELT CALC'S FERFCRMED
€2, C PEST : (NC) PESTICICES NOT PERFURMcD, (YES) PESTICIDE CALC'S PERFORFMED
183, C ALTR 2 (NC) MNLTRIEMTS NCT PERFURMED, (YES) NUTRIENT CALC*®S PERFCRMECL
184, C ICHECK: CHECKS MCST CF THE INPUT IF SET EQUAL TO CN, OTHERWISE SET
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Appendix C

1€5.
18¢€.
1€17.
188.
189.
160.
191.
152.
193.
1S4.
165.
166.
197.
168.
159.
¢00.
201.
202.
<03.
204.
208,
eCe.
<07.
ece.
CS.
210.
zll.
e12.
<13,
214.
<15.
€16,
<11,
<lé&.
<19.
¢20.
221.
222.
223.
cé4.
225.
r¥{:H
221.
228,
229.
220.
<1,
4322,
<23.
234,
238,
<3E,
2317,
<38,
239.
240,
241,
242,
243,
244.

ﬂﬁﬂﬁﬁﬁﬁﬂﬁnﬁﬁhﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁnﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂﬁﬁﬂﬁﬁﬁ

(continued)

INTRVL:
HYPIN ¢

K2
EF XM
INFIL
IMNTER
IRC
K24L

r
-4
o 60 60 €0 45 S5 20 e 46 6% s 00 60 B

KKZ4
K24EL

SCh
Ghe
KV

I1Cs
CFS
1fS

CMLY IF

RALCCCN:
CCFaC
SCF

ELCIF

ICNS

F

o1 ey J

1 ¢
FFACK
EVAF SN
MELEV
1SACH
PACK
CEFTH
PETMIN
FETMAX:
PETNUL
hWitl
FMLL
KLCI
CCVFNO
TIMTIL:
YRTIL:
SFERTL:
SZEPTH:

TC CFF

TIFE IMTERVAL ( 5 OR 15 MINUTES)

MINIFUP FLCW FCR QUTPUT DURING A TIME INTERVAL (CFS, CMS)
WATERSHFEC £FEA (AC, HA)

BCANCAN, EGMYR = DATE SIMULATION BEGINS

ENCNMCNy ENCYF 3 DATE SIMULATION ENODS

NCVNIMAL LPFER ZUNE STORAGE (INy MM)

INITIAL LFFER 2CNE STORAGE (IN, MM)

NCFINAL LCWER 2ZCNE STORAGE (IN, MM)

INITIAL LOWER ZCNE STORAGE (IN, MM)

LEAGTH CF C(VERLAND FLGW TQO CHARNEL (FT, M)

AVERAGE CVEFLAMND FLOW SLOPE

MAMNING'S M FOR CVERLAND FLOW

FRACTICM CF 2RE# THAT IS IMPERVIOUS

INCEX 1C ACTLAL EVAPORATION

MAXTNMUM INTERCEPTION STORAGE (INy MM)

INFILTRETICN RATE (IN/HRy MM/HK)

INTERFLCw FARAMETER, ALTERS RUNUFF TIMING

INTERFLCH FECESSION RATE

FRACTICN CF GROUNDWATER RECHARGE PERCOLATING TO DEEP
GFCUNCY2TEF

GRCUNCWATEFR FECESSION RATE

FRECTICN CF WATERSHED AREA WHERE GRUOUNDWATER IS WITHIN
REACH (F VEGETATION

INITIAt GRILNDWATER STORAGE (IN, MM)

CRCUNCHATEF SLOPE

PARAMETEF TC ALLCW VARIABLE RECESSION RATE FCR GRCUNCWATER
CISCHARCE

INITIAL INTERCEPTION STORAGE (IN, MM)

INITIAL CVERLAND FLOW STORAGE (IN, MM}

INITIAL IATEFFLCW STORAGE (IN, MM)

SNCw=YES SHECLLD PARAMETERS RADCCN THROUGH KUGI BE INPUTTED

CCRRECTICN FACTCR FOR RADIATICH

CCRRECTICN FEACTCR FOR CONDENSAT ION AND CONVECTION

SACh CCRRECTICN FACTGR FOR RAINGAGE CATCH DEFICIENCY
ELEVATICMN CIFFERENCE FROM TEMP. STATION TO MEAN SEGMENT ELEVATION
(1COC F1,y KkP)

CENSITY CF MNEW SNOW AT O DEGREES F.

FRACTICMN CF SEGMENT WITH COMPLETE FOREST COVER

CAILY GRCULMCPMELT (IN/DAY, MM/DAY)

MAXIMUM WATER CCNTENT OF SNuwPACK BY WEIGHT

ESTIFMATEL RWZTER EGUIVALENT OF SNUWPACK FCR CCMPLETE COVERAGE
CCRRECTICN FACTCR FOR SNCW EVAPLRATION

MEEN ELEVATICN CF WATERSHED (FT, M)

TEMPERATLRE BELOW wHICH SNCw FALLS (Fy C)

INITIAL WATER EQUIVALENT OF SNUWPACK (IN, MM}

INITIAL CEFTF CF SNOWPACK (IN, MM}

TEMFERATLRE AT whHICH ZERO PET UCCURS (F, C)

TEVPERZTILRE AT whlCH PET IS RELUCED BY 5C% (Fe C)

PCYEANTIAL EVAPCTRANSPIRATICN MULTIPLICATION FACTOR

WIND MULLTIFLICATION FACTOR

RACIATICM PLLTIFLICATICN FACTOR

INCEX 1C FCFREST DENSITY AND UNDERGRONTH (0.0-10.0)
FERCENTACE (FOP COVER ON MONTHLY BASIS

TIME (IN JULLIAN CAYS) wWHeN 301L IS TILLEC

THE CCRRESFCADING YEAR IN WHICH TIMTIL APPLIES

FINE CEFCS1TS FRCDUCED B8Y TILLAGE (TUNS/ACRE, TONNES/HECTARE)
SLRFACE LAYEF SOIL DEPTH (IN THE RANGE OF 1/8 INCF) (INs MM)
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Appendix C (continued)

245,
246,
241,
248,
49.
250,
%l.
é52.
253,
éc4.
255.
%6,
2517,
258,
259,
260.
€le
2¢€2.
263.
284,
265,
266.
2¢&7.
268,
2€S.
270,
1.
£12.
£13.
274,
215.
6.
1.
£18,
£75.
2€0.
28l.
82,
£83,
284,
2€5.
864
8.
2€8.
289,
£50.
a91.
292.
53,
94
€55,
256,
297.
258,
259,
300.
301.
302.
203,
304,

OO0 NAON

U2CFTHs
BLLKD
JRER
KRER
JEER
KSER
SRER1

as 96 00 o0 60 0o

CMY IF
THRCUGH

CEFTE (F SCIL INCORPGRATION AND UPPER 20NE (IN, MM)
BULK DENSITY OF SOIL (LB/FT(3))s (G/CM(3))

EXFCAENT CF RAINFALL INTENSITY [iv SOIL SPLASH EQUATICN
CCEFFICIENT IN SCIL SPLASH EQUATION

EXFCNENT QOF CVERLAND FLOW IN SUKFACE SCOUR ECUATICN
CCEFFICIENT IN SURFACE SCOUR EQUATION

INITIAL FIMES DEPOSIT (TOND/ACRE, TUNNES/HECTARE)

PEST=YES SHCULD TITLE PESTICIDE AND PARAMETERS APMOCE
DEGCCN BE IMPLTTED

TITLE WCRC PESTICILE MUST BE INCLUDED IN THE INPUT SEQUENCE
PRICR TO ANY PESYICICE INPUT PARAMETERS

AFNFODE:

DESORP:

APFLICZTICM PODE; SURFACE APPLIED (SURF),

SCIL INCORPURATED {SGIL)
(NC) CMLY ZCSORPTION ALGORITHM USED, (YES) BCTH ADSCRPTION
ANC DESCRPTICN LSED

SSTR s PESTICICE £FFLICATION FOR EAChH BLOCK (LB, KG)
TIFMAP : TIME CF FESTICIOE APPLICATIGN (JULIAN DAY)
YEARAP: T+E CCRRESFCMDING YEAR IN WHICH TIMAP APPLIES
CrAX ¢ PAXIMLM SCLUIRILITY GF PeSTICIDe IN WATER (LE/LB)
cc $ PERMANENTLY FIXED CAPACITY (LB PESTICIDE/LB SOIL)
K ¢ CCEFICIEM 1M FREUNULICH ADSORPTIUN CURVE
A 8 EXFCNEAT M FREUNLICH ADSGRPT IUM CURVE
NP 2 DESORPTICN EXFGNENT IN FREUNDLICH CURVE
CECCCN: FIFST CRLCEF FESTICIDE CECAY KATE (PER 0AY)

REAL (£,109€) (hEMAME(T)»1=1,20)

READ (5+,1C5¢€) (CHMANE(L)y1=1920)

REALC (£+1CS7) EYCAL

REAC (£,1CS7) IANFUT

READ (5,1C5€) (CLIPLT

REAC (£,1C€S97) FRINY

READ (£,1CS5S) EMCW

READ (£4+1C5S) FEST

REAC (£,1C65S) DMLIR

FEAC (S5,1C0S€) ICHECK

REAL (5,CATL)

REAC (Z4STR1)

REAL (Z,ENDLC)

REBC (Z,LAC1)

REBAD (S,LMDZ)

REAC (5,LNC3)

READ (£,LNC4)

IF (SNCkh .EC. NC) GG TO 400

REAL (£,SAC1)

READ (5,SMACZ)

REAL (5,SMhC2)

READ (£4+SNCK)

40C REAC (5,CRCF)

READ (£,MLC1)

REAC (Z,CIRT)

REAC (5.SrDL)

IF (PEST LEC. NC) GC TO 402

REAL

(Z+411CC) CFAR
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Appendix C (continued)

305.
206,
307.
acs.
309.
310.
ill.
z12.
:13.
214,
215.
z1¢.
z17.
218.
216.
220.
3z1.
222.
z23.
324.
225.
3ze¢.
e,
228.
229.
330.
231,
232.
3133,
334,
335.
236.
237,
23s.
a3s.
240.
341.
242,
243,
344,
345.
246.
341.
348,
349.
350.
351.
52,
253,
LT
285,
356.
257,
358.
a5s,
2&0.
3¢l.
a¢2.
3¢3,
¢4,

OOO

401

402

1002

1002

101¢C

IF (CHARLEC.FESTIC) GO TO 401
WRITE (&,112¢)
€C 10 1C&C

REAC (£,1CS€) AFMPODE
REAC (5,106¢&) CESORP
READ (S,ANCL)
REALC (5,CEC1)

PRINTING OF INPUT PARAMETERS

IF (FYCALLECL.CALE) CG TO 1002

WRITE (€,10¢1)

IF (PES1.EQ.YES.AND.NUTR.EQ.NO) WRITE
IF (PEST.EC.NC AND.NUTR.EQ.YES) WRITE
IF (PESTLECMNC ANDSNUTRL.EQend) WRITE
IF (PEST.EQ.YES.ANDNUTR.EQ.YES) WRITE
WRIVYE (€,1052)

GC 10 1C€02

WRITE (£,10¢€3)
IF (PEST1.EQ.YES.AND.NUTR.EQ.NO) WRITE
IF (PEST.EC.AC <AND.NUTR.EQ.YES) WRITE
IF (PESTLEC.NC <ANUDNUTReEW.NO) WRITE
WRITE (¢,1C¢2)
IF (PEST.EC.AC .GRe NUTR.EQ.NO)} GO TO
WRITE (€,.1121)
GG TC 1C€C

WRITE (€,11C7) (RENAME(L) ¢I=1,20)
WRITE (€,11C€) (CENAME(I)}»I=1,20)

IF (INFLTY JEC. EMGLY WRITc (6,1108)
IF (INPLT <ECe METR) WRITE (641109}
IF (CGUTFUT .EC. ENGL) WRITE (641110)
IF (OLTPLY .EC. METR) WRITE (o0y1111)
IF (CLTPLTY .EC. ECTH) WRITE (6,1112)
IF (PRIAT .EC. IMTR)} WRITE (6,1113)
IF (PRIANT .EC. FCLR) WRITE (641114)
IF (FRIAT oEC. [4YS) HWRITE (691115}
IF (PRINT .EC. PMTH) WRITE (6,1128)
IF (SNCw .EC. YES) WRITE (641116)
IF (SANCh oEC. NC) WRITE (691117)
IF (PEST .EC. NC) GO Ty 1010

IF (CESCRF .EC. YES) WRITE (6,1118)
IF (DESCRP LEC. MC) WRITE (641119}
IF (AFFCCE LEC. SCIL) WRITE (6,1105)
IF (AFNCCE +EC., SLRF) WRITE (6,1104)
WRITE (€,1C%2)

WRITE (€,11€4) IMTRVL,HYMIN,AREA
WRITE (€,11€Z%) BCMDAY,BGNMUN,BGNYR
WRITE (€,11€€) ENCOAY,ENDMON, ENDYR
WRITE (E411E67) LZSNyLLSHLZSN,LZS
WRITE (€9L1€E€) LoSSyNNyA9K3EPXM

(6,1123)
(6,1124)
(6,1125)
(641126)

(6,41123)
(6,1124)
(6,1125)

1003

WRITE (€,11€S) IMFIL,INTER,IRC»K24LyKK24sk24EL

WRITE (E¢1170) SCPyGuSsKV 4ICS,0FS,IFS
IF (SNCh oECe NC) GC TO 1011

WRITE (€91171) FACCON)CCFACySCF,ELUIF¢IDNSyF
WRITE (€9117Z2) CCFMonwC o MPACKIEVAPSNIMELEV ,TSNONW
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Appendix C (continued)

363, WRITE (€,1172) FACK,DEPTH
366, WRITE (€,1174) FETHIN.PEIHAX.PETHULohHULoRMULpKUGI
3€7e 1011 BRITE (€+1175) (CCVFMG(I) oI=1,12)
368, WRITE (6o11E2)UTINTILII) ) 1=145) o (YRTILUI) o1=1,5), (SRERTLUI),1=1,5)
369. WRITE (€,1176) S2CPTH,UZDPTH,BULKD
210, WRITE (€y1177) JFERJKKERy JSER9yKSER,SRER]
i1l. IF (PEST +EC. NC) GC TO 1012
172¢ WRITE (6,117E) T1PAP, YEARAP, (SSTR{I)¢I=1,5)
313, WRITE (€5117S) CPAX,DD 9Ky NoNP
274. KRITE (&,11€2) CECCON
375, 1C12 WRITE (6,1120) FYCAL,INPUT,O0UTPUT PR INT SNOWsPEST,NUTR, ICHECK
376. IF (PEST.EQ.YES) WRITE (641127) APMCOE DESORP
. WRITE (€,1C¢21)
2%18. IF (INPLT +€EC. FETR) GO TC 559
279. CO TC 445
2E0. c
281. C CCAVERSICN OF FETRIC TAPUT DATA TO ENGLISH UNITS
3g2. C
z€3. 556 hYMIN= FYMIN®35,2
384, LZSN = LZSN/MPE)D
ags. LZSN = LZSN/MPPIN
38¢&. INFIL= INFIL/PMFID
ag7. L = L*3,2€1
3t8. LIS = LZS/RMFID
2e9. LZS = LZS/MMFIN
290. SGw = SGR/MNEFIN
3sl. ICS ~ ICS/PNMFIN
292, CFS = CFS/MMFIN
353, IFS = IFS/PMFLN
394, EPXM = EPXN/MEPIN
365, UZCPTH= LZCFTH/PMFIN
266, SZDPTH= SZCFTH/MPFIN
3s7. C 2832€. = LMIT CCNVERSIUNy CN(3)/FT(3)
%8, BULKC = BULKC#2€328./45%
g9, SRERI= SRERI/Z(NEICPT#*2.,471)
400. ARES AREAZ,41
401, CO 451 1I=1,¢
402. 451 SRERTL(TI) = SRERTLII)/(METOPT*2.,471)
4C3. C
404, IF (SNChy LEC. N() GO TO 403
4CS. ELOIF = ELCIF*3.2¢€1
406. CGH = CGM/FPFID
4C7. MELEV NELEVE2,2E1
4C8. TSKNCh - L84TSNCH ¢ 32.0
40s, PACK = PACK/MMEEIN
410. CEPTH = DEPTF/FIMFIN
411. FETNAX= 1.83FETFLX ¢+ 32.0
§12. PETVNIN= 1.EAPETMIN + 32.0
413, (o
414, 4C3 IF (PEST JEC. NC) GQC TO 449
415, CO 501 I=1,%
4l6. 501 SSTR(1) = SSIRI1)*2,205
417. ¢
418. 44S IERRCR = @
:;g- IF (ICHECK JEC. CFF) GO TO 452
. c
4Z1. CALL CFECKR (fYPIA'INTRVLQUZSNnLZSN'1RC|NN'L’SS'AOUZSVLZSD
422. 1 K241 4KK24yK24EL K39 SSTR yUZDPTH,
423, 2 CN‘)QBULKDgAREA:HYCALvthUToOUTPLT'PRINT.PEST'
424, 2 SN(’!APHCDE'DESORP'ICHECKOENDYR'END"CN'ENDD‘Y.
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Appendix C (continued)

425,
4268,
427,
428,
429,
430,
431,
422,
433,
434,
4135,
436.
427,
438,
434,
440,
441.
442.
443,
444,
445,
§46.
447,
448,
449,
450.
41,
4%2.
453,
454,
455,
456,
457.
458,
459,
460,
4¢€1l.
482,
4¢3,
464,
465.
4¢6.
4¢7.
4€8,
4¢S,
470,
ATl.
472.
413.
474,
415.
476.
4717.
478.
478.
480,
481,
482.
483,
484,

[aNaXal

452

4¢C

601

100¢

1CC6

N OS>

BGAYRBGNMONyBGHDAY » IERKORyCAL B, PROD,

SCIL,CN,OFF  SZOPTH,COVPMU,TIMTIL,RADCCN,CCFAC,
SCH ELCIF,) TUNSoF yOGMIWC »eVAPSNyMELEV TSNOW,
FETMIN,PETMAX,y PETMUL » WMUL yRMUL ¢KUGT, TIMAP,
YEARAP,DEGCUNyNUTR)

IF (IERROR .CT. C) GG TO 1080

IF (NLTRE ,EC. NC)} CO TO 450

CALL NULTFIC (IOERR) INTRVL ¢NAPPL» SNAPL UNAPL,TIMHAR,
1 INFLTyOUTPUT yAPDAY » KNI oKPI )

IF (10ERF .EC. 1) &GO TO 1080

ACJLUSTMENT OF CONSTANTS

h = 60/INTRMW
TIMFAC = INTRVL
INTRVL = 244}

KRER = KRER¥F9% ( RER~1,)
KSER — KSER*F¢3{JSER-1.)

¥ 3 BULKD#*(S2CFIH/12.00%43560.%AREA*0.2
INITIALIZE TEMP DIST VARIABLES
TEMPI = 35,
CHANGE = -1%.
GRACI1)} = 0.04
GRAC({2) = Q.C4

I1PACK=0,01

JCOUNT = BCAMCAY
CC 601 I=1,ECMMCH
JCCULAT = JCOUNT + OPMMLI(])
CCNTINUE
IF (MCC(BCANYR+4)<EQe0 +ANDe BGNMGiveGTa2) JCCUNT=JCOUNT+]

DC 1005 I=],£
SRER(1) SRER1
UZSE(T) Lz
RESE(I) CFS
SRGX(I) 1F S

CCNTVINLE

RESS1 = OFS
RESS = CFS
SCEP = 1CS
SCEP1 = ICS
SRGXT = IFS
SRGXT1 = IFS§
SGhl = SGw
XK3 = K3
COVRMX = C.C
CC 1006 I=1,1
IF (CCVFFX.LT.CCVPMO(E)) COVRMX>COVPMO(T)

IF (PEST .EC. MC) GC TO 1007
IIFLAG = 0
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Appendix C (continued)

485.
4864
4€7.
4€8.
489.
490,
491,
462.
493.
456,
495,
456.
457.
"4S €.
49S.
£60.
£Cl.
502.
£03.
504.
505.
£06,
201,
scs.
5C9.
£10.
£1l.
sla.
£13.
£1l4.
£1s.
516.
£17.
£1s.
£19.
220.
tzl.
fa2.
523,
224,
Za2s.
526.
£21.
£as,
£2s.
£30.
£31.
53z,
£33,
534.
fis,
536,
£a7.
528,
£3s.
£40.
41,
242,
243,
544,

1JFLAG = 0

NI = 1.0/N
MNIP = 1.0/NF
ACCF = NIP/MI

c
MU = BULKO¥ ((LZLFTH-SZOPTH)/L2.01)
ML = BLLKL#¢.C
MUZ = MUS43E5€0.12REA®0.2
FLZ = PL¥43E5EC.H2FEA
C

CC 1000 1=1,°%5
1cCo TOTPAP - TCTFAF + SSTRII)

C
FP = DCoM
FPUZ = LC*NL2
FPLZ = CC#ML2Z
c

IF (AFFCCE.EC.SLFF) GO TO 1007
CC 969 I=1,¢
USTR(I) = SE1R(I)
SSTR{I) = SSTRUI)*{SZDPTH/UZOPTH)
LSTRI(1) = LSIF(I) - SSTR(I)
$56 CCONTINLE

PROGRAM EXECUTION

SO0

BEGIN YEARLY LGCOP
1CC7 CC 107C VYEZR=BCAYR,ENDYR
IF (YEAR +EC. BCNYR) JCOUNT = JCUULNT - 1
MASTFT = |
MNENC = 12
IF (YEAR .EC. EGAYR) MNSTRT = BGMON
IF (YEAR .EC. ENCYR) MNENO = ENUMON

EVAP, TEFPF(NMAX-FIN), RACy AND WIND UATA INPUT

anno

CC 1008 [A = [,31
1CCE REAC (5,1264) (IEVAP(MN,DA}y MN =l,12)

(e X al

IF (SACW.EC.MO .ANC. NUTK4EQ.NO) GC TO 610
CC 1013 (A = 1,31
1013 RE2D(E412¢5) UUITEMP{MN,DA,IT), IT=1,2),MN=1,12)

IF (SACh .EC. NC) €GO TO 610
DG 1014 C2 = ],31
1014 REAC(E,12€4) LIWINCIMN,DA)s MN=1,12)

c
DO ECC CA =1,21
60C REAL (5,12€4) (IRACI(MN,DA)y MN=L1,12)
C
CC 60% CA=1,31
605 REAC (5412¢4) (IDEwW{MN,DA)y MN=1,12)
c

61C IF {INPLT .EC. ENCGL) GO TO 625
DC 7CC CA=l,31
DC €SC MA=},12
TEVAF(FACA) = JEVAP(MN,DAI*3,937
IF (SACW EC.YES) InIND(MN¢DA) = IWIND(MN,DA)*0.6214
IF (SNCh EC.YES) IDEW(MN,DA) = L.B*IDEWIMN,DA} ¢ 32.5
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Appendix C (continued)

£45,
£46.
£47.
£48.
€4S,
££0.
551.
2.
g3,
€54.
555.
£56.
£57.
L32-N
559.
€£0,.
gé1.
562.
£e3.
5¢4,
£€S.
566,
s617.
see,
2¢S.
510.
1.
5172.
213,
14,
Si5.
£16.
517.
£18.
£19.
S€Eo.
£€lr.
€z,
£83.
t€4.
SES.
tes,
SEl.
1338
£ES,
£<C,
5s1.
£62.
£s63.
£S4.
£55.
556,
£s51.
€SE.
€SS,
€CC.
€01.
€02.
€C3,
€C4.

640

€sC
1¢C

625

o OO0 O

- XaNala

101¢€

1C1S

CC €4C 1T7=1,2
IF (SACRL.EQLYES «0OR. iNUTRe EQ.YES)
TTEPP{MNIDAIT) = Loo*ITEMPIMNsDALITY + 32.5
CCNTINLE '

CCATINLE

SAV TMIN OF JAN 1 CN 11731

BEGIN MONTHLY LOOGP

CO 1C60 NMUINTH=MNSTRTyMNENOD

CCVER] = (CVPPLIMONTHI
IF (MCATB.LTL12) COVERZ = COVPMO(MONTH+L)
IF (M(MYTh,EC.12) COVERZ ~ COVPMOL(L)

1f (+Y¥(AL .EC. PROD) 6O TO 1009
IF (ANLTE.EC.YES) GO Tu 800

WRITE (€,12€3)
WRITE (€,2€2)
WRITE (¢&y1(S82)
€C 1C 1€0¢

NUTRIENT CALIBRATION UUTPUT FORMAY

RRITE (€,4(C1)

1IF (CLTFLYLEQ.ENGL .OR. QUTPUT .cQ.BOTH) WRITE (6+4002)
IF (CLTFUY .EQe METR) WRITE (694003)

WRITE (€,4(C4)

CYSTRT = ]

CYENC = DFM(MCNTH)
IF (FCCUYE2R¢4) «EQeO.AND.MONTH.EQ.2) CYEND=29

IVDENC=CYENC
IF {YEARJEC.BGNYR .AND. MONTH.EQ.BGNMON) OYSTRT = BGNDAY
IF (YEARGCECLENDYR +ANDe MONTh.EQ.ENDMUN] CYEND = ENDDAY

BEGIN DAILY LCOP
CC 1CEC ([2Y=CYSTRT,DYEND
1F ((PCATH LEQ. 1) <AND. (DAY .c£Q. 1}) JCOUNT = O
TIFE = C
RAIMN = CoC
EP = PETMULSIEVAP{MUNTH,DAY)/1000.

IF (SACRLEC.NO LAND. NUTR.EJsNU) GO TO 1018

TEMP = (ITENPIMONTH, DAY, L)+ ITEMP (MONTHyDAY,2))%,.5
IF (SNCY .EGQ. NO} GO TO 1018
WIMC = IWINC(MONHTH,DAY)
CEwx = ICEW(MONTH»DAY)
CC 1C1S I=2l,InNTRVL
IFAIN(I) = O
RAINMI) = 0.0
CONTIMUE
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Appendix C (continued)

€05,
606¢
£C7.
¢C8.
€0S.
€10,
¢ll.
€12.
€13,
&l4.
€15.
€16,
€17,
€18,
£19.
€20.
¢21.
€22.
€23,
&264.
€2¢.
€26,
€27,
€2€,
€e9e.
630.
€31,
€32.
€33,
€34,
€35,
£€36.
€37.
€38,
€36.
t40.
&4,
£42,
€43,
€44,
£45,
(LT1-1%
€47,
€48,
€49,
€0,
£21.
€s2.
€53,
€54,
£S5,
£56,
£537.
€58.
£€5S.
€¢0.
€61l.
€¢2,
€¢€3,
€€4,

[x ¥ e NaNal

OOOANOOHNO

O A0

OO0

CHECK TC SEE IF SNOWMELT CALC®S WILL BE DONE - [F YES TFEN
g:tgt:g‘E CCNTINUOUS TEMP, WIND, RAD ANC APFLY CCRRES MULT

IF (SNChw LEC. N() GO TO 949
WINF=(1.0=-F) ¢ F*(.35-,03%KUGI)
WINF REDUCES WIND FCR FOQRESTED AREAS

/% KLGI IS IMDEX TO UNDERGROWTH AND FOREST DENSITY,*/
/% WITE VALLES O TO 10 - WIND IN FOREST IS 35% OF ¥/
/7* WINC IN CFEN WHEN KUGI=0, ANC 5% WHEN KUGI=10 - %/
/% WINC IS ASSUMED MEASURED AT l-> FT ABCVE GROUND */
/7* OR SACw SLRFACE »/

TMIN = ITEMF(MCMTH,CAY,2)
CERX = CEWX - 1.CHELDIF
DEWPT LSES A LAPSE RATE OF 1 LEGREE/Z1000 F1

IF ((PACK +LEs C(+C)ANDL(TMIN +GT. PETMAX)) GO TG 949
CALCULATE COMATVIMPLCUS TEMP, WIND, AND RAD

TGRAC = 0.0
£ = IRAC(FCANTE,CAY)
CO S48 I=1,24
IF €(1-7) <40, €CO, 910
scC CHANGE = ITEMF{MCNTH,DAY,1) -~ TEMPI
$10 IF (I<NE.17) €C TC 540
IMDEND IS LAST DAY OF PRESENT MONTH
IF (CAY .ME. IFCENC) CHANGE =ITEMP(MONTH,DAY+l,2) - TEMPPI
IF (MCANTHNELL2) GO TO 925
IF (LAY oEC. IMCENC) CHANGE = [TEMPI(lle31,2) - TEMPI
GO TO S40
$2% IF (CAY LEC. I1PCEND) CHANGE * ITcMP{MONTH+1,1,2} - TEMPI

540 IF (AESICHAMNGE)GT-0.00L) GO TO 945
TGRAC = 0.0
GO TC S41

S4E TGRAL = GFLC(TIVCHANGE

S41 TEMPX(I) = TEMPFI + TGRAD
WINEX(T) = WhLL*WIND*WINFEWINODIS( )
RACLI) * RFLLAE*RADCON*RADDIS( )
TEMPI = TENMPI ¢ TGRAD

S48 CONTINLE

CHECK OF TILLACE TINE
545 JCCULAT = JCCUNT + 1
CC SE1 1I=1,5
1€ (JCCUNTONETIMTIL(I) +ORe YEAR.NE.(YRTIL(I)+1900))
1 €C TG 951
WRITE (6,1082) MNAM(MONTH)» DAY, TIMTIL(I), SRERTLII)
CC S50 J=1,5
SFER(J) = SRERTLII)

S50 CCNTIMNUE
$51 CCPTINLE
CFCP CANGFY EFFECTS - ASSUMES LINEAR CHANGE BETWEEN MONTHLY VALUES

CGVER = CCVER] + (1.0 - (FLOAT(DYEND+1-0AY)/FLCAT(DYENC)))*
1 (CCVERZ-CCVERL)
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Appendix C (continued)

£€5. c
€66, IF (NUTR .EC. NC) GO TO 1020
€&, C
€68, C NUTREIENT DAILY CALCULATICNS.
€¢é9. C
£70. C FILL IN SOIL TEMP ARRAY WITH AVG. AIR TENP
671. c
¢12. CC E10 JKCLRsl,24
€13, DC €CE 12CMNE=1,4
€4, STEFPLI2CANE »JFQUR) = TEMP
¢15. §CS CCNTINLE
£€16. 10 CCONTINLUE
€117, C
678, c TEST FOR APPLICATION OF FERTILIZERS
€1S. C
€&Q. ElS IF (APLCAT 4GT. MAPPL) GO TO 860
é8l. IF (APCAY(AFLCANY) .CE. JCOUNT) GO TO 820
€E2. APLCAT = AFLCAT + )
LE€3, GO 71C €El1¢
eé4, 820 IF (JCCULNT JNEe. AFDAY{APLCNT)) GO TG 860
EES. C
€E6. Cc ADD NUTRIENT APPLICATICNS TO STORAGES
&€7. C AND INCREMENT MASS TOTALS IN SYSTEW
¢8s. C
£ges, CO €30 1eLk=1,¢
€90, CC €25 J=1,2C
€S1. SA{Je1ELK) = SN(JyIBLK) + SNAPL(J,iBLKyAPLCNT)
€S2, UN(Jy1BLK) = UNUJSIBLK) + UNAPLIJ,yIBLK,APLCAT)
£S3. €25 CCNTINLE
€S4. 820 CCNTINLE
€SS, c
£S6, CO 840 J=1,1
&s1. SUM = Q0,0
ESE, DC €25 1ELK=]1,5
€SS, SLM = SULVM ¢ SNAPLUJLIELK¢APLONT) + UNAPL(J, IBLKy APLCNT)
700. 835 CCATINLE
101. TNA = ThNA ¢ SLM/S,
702. 840 CCNTINLE
103, CC 850 J=11,14
704, SUM = Q.C
7CS. CC €45 1ELK=2],5
106, SLP = SUFM + SNAPLI(JS,IBLKysAPLCNT) + UNAPLLJ, IBLKy APLCNT)
1C17. 845 CCNTINLE
7C8. TPA = TFE ¢ SLM/S,
1CS. EEC CCNTINLE
110. Su¥ = C.0
111, CC €55 18Lk=1,E%
112. SUM = SULP + SMAPL(20,1BLK)APLCNT) # UNAPL {204 IBLKoAPLCNT)
113. EZS CCNTINLE
114, TCLA = JCLA & SLM/S.
115, c
116. WRITE (6,4CCS) AFLCNT, MNAMIMONTH), DAY, JCOUNT
17. APLCAT = APLCAT ¢+ 1}
118. (o
319. EEQ IF (JCCULNT NE. TIMHAR) 60 TO 881
20. C
121. C CCMPUTE AMOUNT HARVESTED AND LECREASE STCRAGES
1224 C
123. CO €710 J=1,20
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Appendix C (continued)

125.
126.
127.
128.
125.
i30.
131.
132,
133.
134.
i35.
136.
137.
138.
129,
740.
141.
1420
143,
144,
745
146,
147,
i48.
149.
120,
itl.
1£2.
153,
154,
1¢5.
%6,
i57.
58,
159.
1¢€0.
1€1.
162,
1€3,
164,
165,
166,
161,
168,
1¢S5,
170,
ille
na.
113,
14,
115,
16,
117,
178,
118,
1E0,
1€1,
182,
1€3,
184,

865

€10

OONHOON

8€2

ge3
Et4

VOO OMm

1czc

7C¢€
1CE

1621
1022

C
c
1023

IF (SELhV(.) .EQ. O) GO TO 870
SUV = 0,C
D0 €€5 181K=1,5
SLM = SLM + SMN(J,IBLK) + UN(J,IBLK)
SMJHYIELK) = 0.0
LAGJ, IRLK) = 0.0
CCNTINLUE
TNREV(J) = SLP/5. + LN(J) ¢ GNLJ)
LN{J) = C.C
GN{J) = C.0
TNRFVM{J) = TARHVM({J) + TNRHV(J)
CCNTINLE
WRITE (&,40C&) PMPMAM(MONTH), DAY

TRANSFER INPUT REACTION RATES (KNI,KPI) INTO
REACTIGN RATES In COMMON /NUT/ (KMh,KP)
PLANT UPTAKE KATES ARE TAPUT FOR 100% COVER,
RATES DECREASED LINEARLY FOR COVER < 100%.

CC EE4 IZCNMNE=l, 4
CC gg2 .z1,1¢C
KMN{(Jy IZCNE) = KNI{J,I23ONE)
CCATIANLE
DC €E3 o=,
KF{JeJ2CNE) = KPI(J,I20NE)
CCATINUE
CCNTIANLE

DO €85 IZCMEs] 4
KNCELTZCNED) = KN(SoIZONE)*COVER
KF(3412ZCME) = KP(3,1ZONE)*COVER
CONTINLE

PRECIP READ LOOP

00 1021 J=1,8
Jk = J*1EC/TIMFAC
Jd = JK - 18C/TIMFAC + 1
IF (TIFFACLEC.5) READ (5,1095) YRsMOsOY»CAy (IRAIN(I),I=dJd,JK)
IF (TINFACLEC.15) READ (5 1054) YRoMO,DYsCNe (IRAINIT) I=JJd,JK)
IF ((YR+16C0)oLE.BGNYR +AND. MOoLE<bGNMON <AND. DY.LT.BGNDAY)
GC 1C 1020
IF (INFLY.ECL.ENCGL) GO TO 708
DC 1CE T=ddyJk
IRAIN(I) = IRAIN(I)#3.937 + 0.5
CCNTINLE
Jdd = J
YR = YR ¢+ 19(C
IF (CN.EC.S) wJJ =9
IT = (YEZR-YF) + (MONTH-MO) + (CAY-0V) + (JJJ-CN)
IF (IT.AE.C) €C TO 1022
IF (CN.EC.S) €C TO 1025
COCNTIALE
G0 TC 1c22
WRITE (€91CS0) oJJo MCNTH, DAY YEAR,CNyMOsDYs YR
GO 10 1c80

CC 1024 I=1,INTRVL
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Appendix C (continued)

185, F2IMNII) & IRAINLTI)/100.

166, REINT = RAINT + RAIN(I)

187, 1024 CCNTINUE

128, C

189. IF (RAIM.CT.0.,0) GO TO 1026

790. c

iS1. C

152. C USE RAIN LCCOP IF MCISTURE STORAGES ARE NOT EMPTY
1S3, C

154. 1025 IF ((RESS.17,0.C01).AND.(SRGXT.LT.0.001)) GO TO 1040
155. C

i56. c

197. c FAIN LCOP

1S58, C

1SS. 102¢ CC 1C3¢ 1I=1,INTRVL

€00. TIME = TIME + 1

€01, TF = 1

€02. PR = RAINI(I)

£03. C

EC4&. IPIM = NOD(TIMEsH)

ECS. IFR = (TIME - IMIN)}/H

£C6. IMIM = TIMFAC#*IMIN

£C1. FENTKE = O

g8ca. IF (FRINTL.EQ.HOUR) GO TO 1028
EQS. IF (FRINT.EQ.DAYS) GU TO 1029
El0. IF (FFINTLEQeMNTH) PRNTKE = 2
El1l. 1F (FRIATLEQ. INTR) PRNTKE = |
£l2. ¢C TG 1030

El3. 1028 IF tIMIN «LTe 1) PRNTKE = )
€l4. ¢C T0O 1030

£15. 1€2s IF (IHWR <«EQe 24) PRNTKE =1
Elé. C

E17. 1020 IF (FENTKE oNEes 1) GO TO 1031
E18. C

€19. IF (FYCAL .EQ. CALB) GO TO 1031
£20. C

8zle. WRITE (€41101) 1IHR, IMINe DAY, MANBF({MCNTH) ,YEAR
£22. WEITE (6,11002)

€23, WRITE (691103)

€24. c

€25, 1031 CALL LANDS

£E26. 1F ((RESS .GEs 0.001).0R.(PR -GT. 0.001)) GC TO 1034
&a21. CC 1€23 J=1,5

£28. EFSN(J) = 0.0

€29. 1033 CCATIMUE

£30. IF (FENTKE .EQe O) GO TO 1035
€21, 1034 CALL SEDT

€32. o

&33, 103¢ IF (SLLG «.GE. 0.001) GO TO 1037
€34, IF (FEST .EQe. NO) GO TO 941 ’
£€35. IF (YEZR LT. (YEARAP+1S00)) GO YO 971
836, IF (JCCUNTLLT.TIMAP ,AND. YEAR.EQ. (YEARAP+1900))
£27. 1 ¢C 1C s71

€38, 1F (11FLAC .EQe O) GO TO 1037
£39. IF (SLLG .LT. 0.001) GG TO 971
£40. 1€21 CALL ACSRE

€4}, 11IFLLC = |

€42. 1F (1PR LEQ. 24) GO TO 1038

€43, CECS = 0.0

€44, CECL = 0.0
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Appendix C (continued)

£45. €C 1C 971

E46a 1c3¢ CALL CEGRAD

£417. s171 IF (M TF .EQ. NO) GO TO 1036
€48, c

£49. c

€50, CALL MUTRNT

£€1. c

£52. 103¢ CCNVINUE

££3. c

€54, GC 1C 1c%0

£55. C

£56. c NC FAIN LOOP

€57, c

£58. c

£59. 1C4C TF - INTEVL

£60. PR - 0.C

€€le £3  0.C

£€2. CC 104z 121,5

£63. 1042 FESEI(I) = 0,0

£€4, FRATKE = 1

€65, IF (FRIMT.EQ.MNTH) PRNTKE = 2
£€6. IMIN = GG

€€, IFR = 24

€68, IF (FYCALLEQ.CALB oOR. PRNTKE.EWeZ) GO TO 1043
e€s, WRITE (€,1101) IHR, IMIN, DAY, MNAM(MONTH), YEAR
€10, WRITE (€,1102)

£11. WRITE (€,1103)

€72 c

£73, 1C42 CALL LAMCS

574. SRER' = 0.0

E’Sc ERSI\T 3 C.O

£16. CC 1C41 J=1,5

£77. SREFT = SRERT ¢ SRER(J)*¥0.2
€78, ERSP(J) = 0.0

€7S. 1041} CCATIANUE

£80. 1F (FYCZLoEG.CALB oOke PRNTKEJEWe2) GO TO 1044
€8l. IF (CLIPLY.EC. METR) GO TO 1081
€82, WRITE (€,1209)

€€3, WRITE (€,1210) ERSN, ERSNT

£84. WRITE (€,1211) SRER, SRERT

€8s, 10€1 IF (CLTFLT.EC. eNCGL) GC TG 1044
€86, C METRIC CCAVERSICMS FCR CUTPUT

€87. ERSATT=ERSNT*METOPT*2.471

€88, SRRTP 1= SFERT®METOPT*2.471

€89, CC 1163 I=1,5

£50. ERSNMT (I )=ERSNII)*METUPT*2.471
8s1. SRERMTUI)=SRER(I)*METOPT*2.471
892. 1162 CCATINLE

£53, WRITE (€,12C8) )

€94, WRITE (€,1210) EKSNMT, ERSNTT
£S5, WRITE (€,1211) SRERMT, SRRIMT
€S6. c

£97. 1044 IF (SLLC <GE. 0.001) GO TO 1047
£sa, IF (FEST JEC. NO) GO TO 972

899, IF (YEAF .LT. (YEARAP#1900)) GO TO 972
$Q0. IF (JCCUMTLTTIMAP .AND. YEARK<EQ«(YEARAP+1900)) GO TC 972
s01. IF (1JFLAGC .EGe O) GO TO 1047
soz. IF (SLLC oLT. 0.001) GG TQ 972
$C3, 1047 CALL £CSFE

$G4e 1JFLAC = 1
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Appendix C (continued)

$05. CALL CECFAC

GCé6e. §$7¢ IF (NUTF JEC. NC) GO TO 1050

sC7. CALL MUIENT

sCa. Cc END DAILY LOOP

$09. 105C CCATIANLE

S10. C

S1l. C FCATHLY SUMMARY

s12, (o

S13. CALL CGUTMCON (YEAR)

€14, C

S15. C

€16, Cc END MONTHLY LOOP
Si7. 1C€C CCATIME

$l8. Cc

$15. C YEZRLY SUMMARY

$20. CALL CLTYR (YEAR)

S21. o

Sc2e AFLCNT = )

S23. C END YEARLY LOQGP

€24, 107¢C CCATINUVE

S25. Cc

526, 106G WRITE (&,12€C)

s217. (o

928, C FCRMAT STATEMENTS

5§26, C

$30. 1CSC FORMAT (*1* 243 32ERRCAR**s*%xx INCORRECT INPUT DATA DESIRED
$31. * YCARC "4114" FCR 9,012,/ % 129%/ %y 19¢"; REAL CARD *4yIl,* FOR v,
s32. 4 129%7% 12497 %,14)

$33, 1C82 FORMAT ('0°',"TILLAGE CF THE SOIL GCCURS ON®y1XsAB+1Xe1292Xy
S34. 1 *(TINTIL=,13,%), RESULTING IN A NEW FINES DEPOSIT &,
S35 1 "STCFAGE CF*4F6e3 4" TGOGNS/ACRE')

S3¢&. 1CS) FCRMAT (*10 25X4*THIS IS A PRUDUCTIUN RUN?®)

537. 1052 FCRMAT ('0")

936, 1C93 FCRMAT (*1%,c4X,*THIS IS A CALIBRATION RUNY)

€35, 1054 FCRMAT (1X,212411,1216)

S40. 1CSE FCRMAT (1X43212911,43€12)

Sa4l. 10S¢€ FCRMAT (20A4)

S42. 10S% FCRMAT (6Xx4,£24)

$43. 1CS8 FORNAT (7X424)

S44. 1055 FCRNMAT (5X,44)

$45. 11CC FCRMAT (AE)

S46, 1101 FCRMAT (*19,25Xs129%2%;129 ON "312:1XeA841Xy14%)

S41. 1102 FCRNAT (%49 ,25X%,* * )

S48, 1102 FCRMAT (0" 424X ,*BLCCK ) BLGCK 2 BLOCK 3 BLCCK 4 BLOCK 5°¢,
S4S. C SX,*TCTALY)

$50. 1104 FCRMAT (0" (Z2Xo"PESTICIDE APPLICATIGN: SURFACE-APPLIED')
$51. 1105 FCRMAT ('0%,ZcXy*FESTICIDE APPLICATICON: SOIL-INCCRPCRATED?Y)
$s2. 11C€ FCRMAT ('0',22X*CHEMICAL: 1,20A4)

$53. 11CT FORMAY (*Q',22X4+"VATERSHED: v 920A4)

$S4, L1CE FCRNMAT (*C*,22X,*INFUT UNITS: ENGLISH® )

§55, 1105 FORMAT (*C* 422X+ INFLT UNITS: METRIC?)

$56. 1110 FCRMAT (*0°,:2Xo'CUTPUT UNITS: ENGLISHY )

sS1. 1111 FORPAT (*0? (22X *CUTPUT UNITS: METRICY)

s58. 1112 FORMAT (*C?,22X,'CLTPUT UNITS: BCTH ENGLISH AND METRIC?)
$59. 1112 FORMAT ('0°',22X*FRINT INTERVAL: EACH INTERVAL?')

$6C, 1114 FORMAT (*C* 422X +'PRINT INTERVAL: EACHK HOUR? )

S6l. 1115 FORMAT (*0°*,Z22X,*FRINT INTERVAL: EACH DAY?')

€€2. L12E FORMAT (*Q*,ZsX+"FRINT INTERVAL: EACh MONTH®)

$63. 111€ FORMAT (%G 9Z2X s 'SNCRMELT CALCULATICNS PERFORNMECL?)

S$¢4, LLL7 FCRMAT (°0% 422Xy *SNCWMELT NOT PERFGCRMED')
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Appendix C (continued)

5§65,
S66.
667,
S68.
$€9.
Ss70.
s71.
$12.
s13.
ST4.
s15.
S76.
s77.
s78.
s19.
€0,
s8l.
S82.
SE€3.
SE4.
SES.
g&6.
sél.
S86.
$8S.
$50.
SSl.
$S2.
S$53.
554,
s$6¢c.
$S6.
$S7.
S$98.
$59.
1000.
1¢0l.
10a2.
1003.
1G04.
100s.
1006.
1€C7.
1¢08.
1G0S.
1010.
1011.
1012.
1C13.
1014,
1015,
1C16.
1017.
1c¢la.
101S.
1020,
10¢1.
1022,
10z3.
1024,

1118
1116
112¢C

1121

1122

1122
1124
112¢€
112¢
1127
1164
11€¢8
1166
1161

116¢
11€¢
117¢
1171
1172

1173
1174

113¢
L17¢€
11727

1178
117s

1182
1183

382
12C¢
12CS
121¢€
1211
12¢&C
12¢€2

12¢€
12¢€4
4CC1

FCRMAT (0 422Xx,*2ADSCRPTION AND OESOKPTION ALGORITHMS USED*)
FCRMAT (°0®yZ2X,"ADSCRPTION CALCULATED UNLY, MO DESORPTICN')
FCRMAT (*0"4/°0Q" s "HYCAL=? ;A4,2X, "INPUT=",A4,2X, *OUTPUT =" ,A%4,2X,

]'PRINT='9A4’ZXO'ShCh='.A‘0,2x,'PEST='OA"'ZX"NLTR"' ,AQ,ZX.
Z'ICHECK=%,A4)

FORMAT (*0°,'INFLT ERROR: IT IS NGT FOSSIBLE TD MAKE CALIERATION R
IUN WITH BCTF FESTICICES AND NUTRIENTS TOUGETHER',7/,' ¢ ,'CFANGE HYCA
<L TC PRLODy (R EITFER PEST OR NUTK FKCM Yc$ TC NO')

FCRMAT (*0*,*INFLY ERROR: THE FIRSI LINE OF THE PESTICIDE INPUT SE
1CLENCE MUST EE THE WCRD PESTICIUE, CCRRECT ANC RUN AGAIN')

FORMATY (*+°',5(CXx,'FOR PESTICIDES")

FORMAT (*+%,5CX,'FOR NUTRIENTS®)

FCRMAT (*4',5CX,*FOR HYDROLGGY ANC SEDIMENT OANLY?')

FORMAT (*+°',5CX,"FOR PESTICIDES AnD NUTRIENTS?')

FCRMAT (*0" 4" IFMCLE=? A%y 2X, ' DESURP=1,A%)

FORNMAT ('O 4" INTFVL= *312413Xy"HYMINS *,F8.448Xy"AREA= * ,F104)

FCRMAT (°0°,*ECACLY= *,12,13X,*BGNMUN= *y12,12X,?BGNYR= *,14)

FCRNAT (*O0°,*ENCLAY= 412 413X,ENDMON= *412,12X,*ENDYR= ',14)

FCRMAT (°*C®y/'C' o UZSN= * sFBe4s9Xy'UZS= " ,Fb.49l0Xy'LISN= ¢ ,F8.4,
16X9*L2S= *,FEa4)

FORMAT ('C*y'Ll= " F8,4512X9%S5= "F8a49l1Xy'NN= " ,FB.4411X,%A2 7,
1FBa4412X9'KZ= 9 ) FEo4plLlRe *EPXM= " ,FBo4)

FCRMAT ('0' 9" INFIL= ! ,F3e438Xs'INTER= *,FB.4yEX,*"IRC= *,F8.4,10X,
1'K24L= *sFE8a49SX¢'KK24= * yF8.499Xs'K24EL= ' ,FB8a4)

FCRNMAT (0% y"SGh= * FBa4ylOXy "'GHS= ' 3F8e4910Xy'KV= *,FB8,4,11X,
1°ICS= " yF8e441CXy'CFS= ", FBe4yl0X,'IFS= *,F8.4)

FCRMAT (*0%4 /%0, *RADCUN= " gF datsTXy "CLFAC= ' FB,4,8X,'SCF= 1,
1FBa4  1CX,'ELLIF= *3FB8e493X2?'IDNS= "2F84499X9'F= ?,F8.4)

FCRMAT (0% 4'CCM= ' 1FBe2pl0Xy'WC= "gFoe4s1lXys*FPACK= ? ,F8.4¢8Xy
IYEVAFSA= "y FEL4,TXy "MELEV= "y FB.0,8X,*TSNUWH= *,F8.4)

FORMAT ('C* y'FACK= ' yFue4 99Xy "DEPTH= * yFo.4)

FCRMAT (O ' FETFIN= ') FBe49TXy"PETMAX=  ,F 5.4 TXy"PETFUL= *,F8.4,
17X.'H’Ll= ;cFE-lO'SX"RMUL: '.FU."'gX"KUGl‘ "Faol!'

FCRMAT (*C'y /%0 *CCVPMU= *+ Lc(Fae242X) )

FORMAT ('0%,'SZCFTH= 9 ,F8e499TXy *ULDPTH= " 3F 8.4y TX+*BULKD= *,F8e4)

FORMAT (%0 y*JREF= " ,Fd.499Ks 'KRER= "3F3e4y9Xy'JSER= ¥ yF8ab9 9Ny
1'KSER= " ,FE.44SX,'SRERI= *,f8.4)

FCRMAT (*00 /%0 ,*TINAP= *,18,8X,*YEARAP= 1 418,7Xy
1 $SSTF= *95(F6.3193X})

FORMAT ('0° 4'(MEX= ", F84699XK4'00= "9 F3.69 11Xy
1°K= "4 FBa4912X4'0= " yF8.4 912Xy NP= ¢ 4FB.4)

FCRMAT ('0°*,'CECCCN= *,F8.6)

FORNMAT (10, TIPTIL= #,5013,2X)94Xs*YRTIL= *95(1242X)s4X,

1 PSREFTL= *35(F6.342X))

FORMAT (¢ ® ETXy"hATER" 924X 'SEDIMENT®)

FORNAT (°0" ¢EXy"SEODIMENT s TGANES/HECT ARE®)

FCRMAT (*0°', EXx,*SEDIMIT , TONS/ACRE")

FCRMAT (* *,11X,*ERCOED SEDIMENT 1,5(3X9FT7e3)94XyFT7e3)

FCGRMAT (' 9 ,11X,*FINES DEPUSIT! yoXsS(3X1FT7e3) 94Xy FT3)

FCRMAT (*1°¢,'ENC CF SIMULATION')

FCRMAT (%17 JEXo'CATE® ,4X " TIME® y4X* FLUN(CFS=CMS) ' ,6X,

x CSECINEMT (LBS-KG-KG/HIN-GM/L)"+23X,

X 'PESTICILE (GM=-GM/MIN-PPM)*)

FCRMAT (8X,2412)

FCRMAT (8Xqe121€)

FCRMAT  ('1',40X,°}*,10X, *DISSOLVED IN WATER' 411X | %y
6Xy *ACSCREED TO SEDIMENT? y5K+* |4/
O 4X G YCATE? y6Xy ' TIMC  » 7X, " FLOW SECIMENT®,
SXeWAL3® S Xy *AO2" 95X ' NH3® 95 X, 1P0OG" 16Xy *CLYy
5X9 "AF3? 42Xy *ORG-N"* 93X ¢ 'PU4® ¢3Xp ' ORG=P’* 36Xs

F XN ™
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Appendix C (continued)

1025. L STCYI-N® 42X, TCT-P*)

1026. 4002 FORMAT (" '424X ¢ (CFS) 95X  (LB)® 92 Xs9(4Xe ' (LBI*)oTX,"({LB),
LC27. 1 4xy.t(LE)")

1028. 4C03 FORMAT (' 424X (ChS)*sSXe " LKG)I® 32 X9 9(9Xs " (KG)*)eTXy"* (KG)?,
1€2s. 1 4X,'(kG))

1030. 4CC4 FCRMAT (" " 4402,S(2X," IMG/L)®) ¢4 (3X,* (PPN)"*))

1C21. 4005 FORMAT  ('0'y*NLIRIENT APPLICATIUN NCe. ',12,*' OCCURS ON v,
1022. 1 AE42X912,4% (DAY = 2,13,%)°* )

1023, 4C06 FCRMAT ('0*,'PLANY HARVESTING GCCURS ON " 4ABs1Xy12)

1C24. C

1C35. $10P

1C36. END

12G0. C

1z01. c

12C2. C

1203. C

12C4. SUBRGUTINE CHECKF (FYMINy INTRVL ¢UZSN L ZSNsIRCyNN,L+SSyAyUZS,L2ZS,y
1205. 1 K24L 1KK249K24EL ,K39 SSTRy LZDPTH,

120¢. 2 (MAX ,BULKDyAREAHYCAL,y INPUT,OUTPUT, PR INT,PEST,
1207. 3 SNGW»APMODE yDESCKP, ICHECK ENCYR, ENDNCA,ENDCAY,
1208. 4 EGAYR s BGNMU» BGNU AY » [TERKUR +CAL B, PROD,

120S. L ENMGL,METRyBOTH, INTR9yHOUR 9DAY S,y FNTH, YESyNO, SURF,
1210. € SOILsON,OFF 4 SZDPTHyCOVPMO, TIMTIL ,RADCCN,CCFAC,
1211, 1 SCFyELOIF s IONS+FyDGMyWC o EVAPSN,MELEVy TSNOW,
1z212. € PETMIN ) PETMAX PET MUL ¢ WMUL » FMUL . KUGI » T IMAP,
1213. S YEAKAP 9 DEGCON ¢ NUTR)

1214, C

1<15. DIMENSICN SSTRUSDoCCVPMULL2)TIMTIL(S)

1élé. C

1<17. REAL LZSENGIFRCNMLLZSyK24L 9KK24¢K24EL\K3

1218. REAL ICNS,FELEV,KUGI

1215. INTEGER FYCALyINFLT,CUTPUT yPRINT ¢ SNCWAPMODE yDESCORP, ICHECK
1220. INTEGER ENLYR,ENCNCN,ENDDAY,3GNYRyBGNMON,BGNCAY, FEST

1ézl. INTEGEF CALBFFCC,ENGLyMETRyBOTHy iNTRyHOUK yDAYS,YES NG

lcze. INTEGER SLRF4SCILCMN,OFF

1223. INTEGER  TIFTIL TIFEP,YEARAP,NUTR

1224, c

1225. IF (HYMIN €7« C.€) GG TO 1501

1226, PRITE (E41€LC) HYMIN

1227. IERRCR = IEFROR + 1

1228. 1501 IF (INTRVL «EC. £ .CRe INTRVL +€EGQ. 15) GO TG 1502

1229. WRITE (€6,1€01) INTRVL

1230. TERRCR ~ I1EFROR + 1

1231. 1502 IF (UZSN .LT1. LZSA) GO TO 1503

1z32. WRITE (€,1€C2)

1233. T1ERRCR = IERRCR + ]

1234. 1503 IF (IRC .LE. 1.C) GC TO 1504

1235, WRITE (€41€C2) IRC

1236. IEFRCR = IEFFQR + |

1231. 12C4 IF (AN .LE. 1.0) €CC TC 1505

1238. WRITE (£&41€6C4) NN

1239. TEFRCR = IEFFOF + |

1240, 150 IF (L .CT., 1.C) CC TG 1506

1241. WRITE (€,1€C5) L

1242. TIEFRCR = TEFFCR ¢+ 1

1243, 150€ IF (SS .L7. 1.C) GO TC 1507

1244. WRITE (€,16C€) SS

1245, TIERRCR = 1EFROR + }

124¢. 15CT IF (A .LE. (.C) CC T7C 1508

1247, WRITE (€41€CT7) A
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Appendix C (continued)

1248.
1249.
1250,
1251,
1252,
1253,
1254.
1252,
1226,
1251,
1258,
12£9.
1260,
1261.
12¢€2.
1z¢€3.
1264,
1265,
12€€.
12¢7.,
126¢.
1269.
1270.
1271.
1272,
173,
1274,
12175,
127¢.
12717,
121¢.
127s.
1z80.
12€1.
1282,
1z83,
1284,
1285,
1286,
1287,
12£8,
1289,
1290.
1261.
1292,
1263,
1254,
1295,
1256,
12%97.
125¢.
1265,
1200.
1301,
13ca2.
1303,
1204,
1205,
1206,
12C13.

150¢ IF

15CS IF

1£1C IF

1511 IF

1512 IF

1513 IF

1514 IF

1515 CC
IF

TERRCR = [EFROR ¢ ]

(LZS .LT. L2%) GC TO 1509
WRITE (¢€¢,1¢C8)
IEFRCR = 1EFFOR + |

(K24L LLE. 1.() GC TO 1510
PRITE (€41€(S) K24l
IEFRCR = TEFFOR + |

(KK24 .LE. 1.C) GC TO 151}
WRITE (€41€1C) KK24
IEFRCR = TEFFOR ¢ 1

(KZ4EL .LE. 1.C) GO TO 1512
WRITE (€,1€11) K24EL
IERRCR = IEFRCR + 1

(K3 <LE. 1.0) GO TC 1513
PRITE (€4,1€12) K3
IERRCR = TEFROR + 1

(LZCPT+ .C1. S2CPTH) GO TO 1514
WRITE (€,1€13)
IERRCR = [EFFOR + 1

(SZCFTF LLT, 1.0) GO TO 1519
WRITE (€91€14) SZDPTH
IERRCR= JEFRCR + 1

1516 I=1,12

(CCVFMCI]) JLE. 1.0) GO TO 1516
WRITE (€41€15) CCVPMO(I)
IEFRCR= IEFFCR + 1

151€ CCNTINLE

£cC
IF

152€ I=1,¢

(TIMTIL(I) .€€. O +AND. TIMTILUI) .LT. 367) GO TO 152¢
WRITE (€41€17) TIMTIL(I)
TIERRCR= 1EFFCR + 1

1£2¢ CCNYINLE

151¢ 1IF

11S IF

152C IF

1521 IF

1522 1IF
1

1223 1IF
1

1524 IF

152¢ IF
IF

152¢ 1F

(BLLKL .CT. €c.4) GO TQ 1519
PRITE (€41€1E) BULKD
IERRCR = [EFFOR + |
(AREA .CJ. 0.,C1) GC TO 1520
WRITE (€,1€1S) AREA
IERRCR = [EFRGR ¢+ )
(HYCAL .EC. CZLB oCR. HYCAL «.EG. PROD) GO TO 1521
WRITE 1€,1€2C) HYCAL
[EFRCR = [EFFOF + |
(INFLT .EC. ENGL oCR. INPUT .EQ., METR) GO TO 1522
WRITE (€,1€21) [INPUT
IEFRCR = IEFFOR ¢ |
(GLTFLT +EC. ENGL oORe OQUTPUT +EQ. METR oCR. OUTPUT .EQe. BOTH)
CC TC 1523
WRITE (&,1&22) CUTPUT
TERRCR = TEFFOR + 1
(PRINT .ECe IMTR wORe PRINT oEde HOUR .OR. PRINT .EQ. OAYS
«CF. FRIANT LEC. MNTH) GO TO 1524
WRITE (€.1€23) PRINT
IEFRCR = IEFFOR + 1
(SNCh .EC. YES .OR. SNOW .EQ. NG) GO TO 1525
WRITE (€41€24) SNOW
TERRCR 1EFROGR + |
(SACh .EC. NC) GO TO 1550
(RACCCN €T, C.0) GO TO 1529
WRITE (€41€2E) RAOCON
TEFRCR= JEFFCR #» ]
(CCFAC .€T. C.C) GC TO 1530
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Appendix ¢ (continued)

12C¢, WRITE (&,1€25) CCFAC

12Cs. TERRCR= 1EFFCR + ]

1310. 1830 IF (SCF .CT. C.() GC 1O 1531

1211. WRITE (€,41€20) SCF

1212, IERRCR= JERKCR + 1

1z13. 1521 IF (ELCIF .LT. 20.0) GO TO 1532
1Z14. WRITE (€,1€21) ELDIF

1215. IERRGR= IERFCR + 1

121¢. 1€32 IF (ICMS LY. 1.0) GG TO 1533
1217. WRITE (€,1¢22) IONS

1218. IEFRCR= TEFRRCR + 1

1215. 1222 IF (F «lLE. 1.0) GO TG 1534

1220. WRITE (€41¢33) F

1221. IERRCR= IEFFCR + 1

1z2c2. 1534 IF (CGM .LT. 1.C) GG TO 1535

1323. WRITE (€,1€Z4) DGM

1224. IEFRCK= JEFFCR ¢ ]

1225. 1£22 IF (WC .L7. 1.0) CO TC 1536

1326, WRITE (€,1€2%) WC

1227. TERRCR= IEFECR ¢+ 1

1z28. 153€& IF (EVAFSN .€T1. C.0) GO TO 1537
1325. RRITE (€,1€2€) EVAPSN

1230. IERRCR= IEFFCR # 1

1331. 137 IF (VMELEV .lL1. 2€C00.0) GO TO 1538
12322. WRITE (€41€37) FELEV

1333, IERRQR= [ERFC(R + ]

1234, 1838 IF (TSACh .CT. 0.0 LANDe TSNOW .LT. 4Usu) GO TO 1539
1225, WRITE (641€2E) TSNOW

1336, TEFRCR= YEFFCR + 1

1237. 152¢ IF (FPETMIN «CV. 3C.0) GO TQ 1540
133e. WRITE (€41€2S) PETHMIN.

1236, IEFRCR= JEFFCR + 1

1240, 154C IF (PETMAX oL1. €C.0) GO TO 1541
1241, WRITE (€,1£64C) PETMAX

1z42. IERRCR= JEFFCR + 1

1242, 1241 IF (PETMLL CT. C.0) GU TO 1542
1344. WRITE (€,1€41) PETMUL

1245, IEFRCR= I1EFFCR ¢ 1

1246. 1242 IF (WMLL <Cl. 0.C) GC TO 1543
1347. WEITE (€41€42) nNUL

134¢. TERROR= IEFRFCR + 1

1349, 1243 IF (RMLL .CT. 0.C) GG TG 1544
1350, WRITE (€,1€43) RMUL

1351, IERRCR= I1EFFCR ¢ 1

1352. 1844 IF (KUGI .GEo 0.C «AND. KUGI oLE. L0.0) GO TO 1550
13£3, WRITE (€,1€44) KUGIL

1354, TERRCR= JEFF(R + 1

1225, 155C 1F (FEST EC. YES +CRs PEST .EQe NGC) GU TO 1551
1226, WRITE (€,1€5C0) PEST

13257, TIERRCR= JEFFCR + 1

13¢%g, 1551 IF (PEST LEC. NC)} GO TO 1565
13£9. 1F (AFNCOE .EC. SLRF .OR. APMODE .EQ. SOIL) GC V7O 1553
13640, WRITE (€,1€%22) APMOD:

1z61. IEFRQR = JEFFCR + ]

13¢2. 152 IF (CESCRFP JEC. YES .CRe. DESORP +EQ. NO) GO TC 1554
1263, WRITE (€,1€£3) DOcSORP

1364, IERKCR = [EFRCR #+ |

1365. 1554 CO L155E 1=1,°%

13&é€. IF (SSTR(I) .CV. 0.0) GO TO 1555
1367. WRITE (€,1€24)
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Appendix C (continued)

1368€.
126S.
1370.
1211.
1372.
1373.
1374.
1275,
1376,
13717,
1278.
13276.
1380.
1381.
13€2.
13283,
1284,
1365,
13¢€é.
1387,
1288.
1286,
1390.
1291,
13s2.
1363,
1294,
1295.
13S6.
1297.
13s8.
1286,
1400,
1401.
1402.
1403,
1404,
140¢%.
140¢,
1407,
1408,
140S.
1410,
l4ll.
1412,
1413,
1414,
1415,
1416.
1417.
1418,
141S.
1420,
1421.
1422,
1423,
1424,
1425,
1426.
1427,

C
C
c

TEFRCR = JEFRCR + )
CONTINLE
IF (CMAX .LE. L40) GC TO 1557
WRITE (€416%5€) CMAX
IERRCR = ITEFFOR + )
1557 IF (TIMAP +CTe C ANC. TIMAP .LT. 367) GO TO 1558
WRITE (€,1€57) TIMAP
IERRCR= JEFFCR + |
155€ IF (YEARAP + 15(CC .GE. BGNYR .ANG. YEARAP + 1900 .LE. ENCYR)
1 GO TC 1:5§
RRITE (€,1€%E)
IERRCR= [EFFCR # ]
1556 IF (CEGCCN .LT. 1.0) GO TO 1565
RRITE (€+1€£S) DEGCON
IERRCR= [ERFCR + |}
1565 IF (NUTF .EC. YES .CR. NUTR .EQ. NL) GO TO 15¢€0
WRITE (€41€¢5) NUTR
IEFRCR= TEFRCR + 1
158C IF (ICHECK LEC. (M) GC TO 1581
WRITE (€41€€C) ICHECK
IERRCR = IEFFOR + |1
15€1 IF (ENCYR +CTs EGAYR) GO TO 1582
IF (ENCYR <.EC. ECAYR LAND. ENDMON -GT. BGWNMGN) GO TO 1582
IF (ENCYR o EC. ECAYR AND. ENDMON +E&s BGNMON ,AND. ENCDAY
1 «(E. ECANDAY) GO TO 1582
WRITE (€,1€E1)
IERRCR = [EFROR + |
1582 IF (IERRCR «CT. €) WRITE (641682) I[ERROR

-
11,
"
(1]

CHECKR ERRGR STATEMEMIS

16CC FORMAT ('0'4*ERFCR: FYMIN HAS BEEN INPUTTED AS *,FE.4y "5 IT MLST @
1E SET CREATER THAN 0.G*)

LEC1 FCRMAT ('0','ERFCR: INTRVL hAS BEEN INPUTTED AS *,l4,°; IT MUST BE
1 SET ECLAL 1C EITHER 5 OR 15 MINUTES*}

1602 FORMAT (*0°,'ERFCR: UZSN HAS BEEN INPUTTED GREATER THAN CR ECLAL T
1C LZSNy THIS 1S MY REALISTIC®)

16€C2 FCRNAT ('C*,'ERFCR: IRC HAS BEEN INPUTTED AS *4FBa4s'; IT MUST BE
LSET LESS THEM CF ECQUAL TOU 1.0")

16C4 FORMAT (%0' ,*ERFCR: AN HAS BEEN INPUTTED AS *+F8.4y'; IT MUST BE S
1ET LESS THAM 1.C%)

1605 FCRMAT (°0°,'EFFCR: L HAS BEEN INPUTTED AS '+FB8.4,+': THIS LOOKS RA
1THFER STRANGE - REFMEMBER THE UNITS AKE IN FEET CR PETERS?)

160€ FORMAT (*0'y*RAFMNING: S35 HAS BEEW INPUTTED AS '",FE.49'3 A LAND SLC
1PE CF 45 CECREES (R GREATER IS QUESTiuNASLE, FOWEVER IF THIS ACTUA
2LLY IS TRUE '/, ', *SET ICHECK=OFF ANU RUN AGAIN')

16CT FCRMAT ('0°,*VARNING: A HAS OEEN INPUTTED AS *yFB8.4,'; TVMPERVIOUS
12REA IS NCT CTASICERED IN SEDIMENT REMOVAL AS THE MODEL 1S BASICAL
2LY FCR 4,/ ,% ¢, *2CRICULTURAL AREA>, HUNEVER IF IMPERVICUS AREA IS
3DESIREC SET ICHECK=CFF AND RUN AGAIN')

16CE FORMAT ('0','ERFCR: UZS HAS BEEN INPLTTED GREATER THAN CF ECUAL TC
1 1L2S, THIS S NCT REALISTICY)

16CS FORMAT ('0%,'ERRCR: K24L HAS BEEN INPUTTED AS *,F8.4,'35 IT MUST BE
1 SET LESS THAM CR EQUAL TO 1.0")

161C FORMAT (1C','ERFCR: KK24 HAS BEEN INPUTTED AS *oF8.4.%: IT MUST BE
1 SET LESS THAM (F ECVUAL TO 1.0°')

1611 FORMAT ('0',"ERFCF: K24EL HAS BEEN INPUTTED AS "y FB8e4y 5 IT MLST B
JE SET LESS THAN CR EQUAL TO 1.0°) ]

1612 FCRMAT ("0 ,'ERFCR: K3 HAS BEEN INPUTTED AS °oF8.49°3 IT MUST BE ¢
1ET LESS THAM CR ECUZL TO 1.0%)
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Appendix C (continued)

1428,
1429,
1420.
1421.
14z2.
1433,
1424,
1435.
1426,
1437.
1436,
1436.
1440.
1441.
1442,
1443,
1444,
1445.
1446,
1447.
1448,
1449,
14£0.
1451.
1422.
1453,
144,
1455.
1456,
1457,
145¢&.
145S.
14¢0.
14¢1.
14¢€2.
14¢&3.
14¢€4.
1465.
l14¢€6.
14€7.
1468,
146S.
1430.
1471.
1472,
1473,
1474.
147€.
1416,
1477.
14178,
147S.
14¢€C,
1481.
14€2.
1483.
1484,
1485,
1486.
1487,

1613 FCRMAT ('Q°,'ERFCE: UZDPTH HAS BEEN INPUTTED LESS THAN CR EQUAL TC
1 S2CPTEH; THIS 1S NOT REALISTIC')

1614 FCRMAT (°C*,"ERFCF: S2DPTH HAS BEEN INPUTTED AS *,FB8.44'; IT MUST
18E LESS THAM 1.C INCHES?)

161€ FCRMAT (0" ,*ERFCR: {NE UF THE VALUES FOR CGVPMO FAS BEEN INPUTTEC
1 AS *yFE.4,'; COCVEMC MUST BE LESS THAN 1.0')

1617 FORMAT ('0',*ERFCR: Cht OF THE VALUES FUR TIMTIL HAS BEEN INPUTTED
1 AS *yI1E€y*3 TIMIIL MLST BE A PUSITIVE INTEGER LESS THAN 367%)

161€ FCRMAT ('0*,"ERFCR: BULKD HAS BEbw INPUTTED AS *4F8.4y'; IT MLST @
1E GREATER TEAM €2.4 LB/FT(3)')

1615 FORMAT (*0' 'ERFCR: AREA HAS BEEN INPUTTED AS ',F8.6,'5 IT SHCULD
1BE INPLTTEC IM ACRES, HOWEVER If THIS IS ACTUALLY THE CASE THEN SE
cT ICHECK=CFF'y/+* ", 'AND RUN AGAIN')

162C FCRMAT ('0°*',"ERFCR: HYCAL kAS BEcCN INPUTTED AS "oA4,°; IT MUST BE
1SET EQULAL TC CALE OR PROD')

1621 FCRMAT (*0','ERFCF: INPUT HAS BEEN INPUTTED AS '",A4,"; IT MUST BE
1SET ECLAL TC EMNCL OR METR?!)

162z FORMAT ('0Q' . *ERFCR: CULTPUT HAS BEEN INPUTTED S * 4A4,'; IT MUST BE
1 SET ECUAL TC EITHER ENGL, METRy GR BUTH')

1623 FCRMAT ('0","ERFCR: PRINT HAS BEEN INPUTTED AS *,A4,°: IT MUST BE
1SET EQLAL TC EITHER INTRs HOUR, CAYS, OR MNTH')

1624 FCRMAT ('0","EFFCRz SNOW HAS BEEN INPUTTED AS ®,A4,*;: IT MUST BE S
1ET EQL2ZL TC YES (R NC*)

162& FCRMAT (°0',*ERFCR: RADCON HAS BEEN INPUTTED AS ' F8.4,"; RADCON M
ILST BE CGREATER THAN 1.0°%)

1€2¢ FCRMAT ('0°*,*ERFCR: CCFAC HAS BEEN INPUTTED AS *,FB8.4,°; CCFAC MUS
17 BE GREATER THZN 0.0°)

1€2C FCRMAT (*0°,'ERFCR: SCF HAS BEEN INPLTTED AS *,F8.44'; SCF MUST BE
1 GREATER TH2N 0.C*)

1€21 FORMAT ('C'4*ERFCR: ELDIF HA> BEEN INPUTTED AS *,F8.4,': ELDIF SHC
1LLD BE INPLT IN THCUSANDS OF FEET AND CANNOT EXCEED 30.0°¢)

1€32 FORMAT (°0°,*ERFCF: ILNS HAS BEEN INPUTTED AS ',FE8e.4e'3 IDNS MUST
1BE LESS THAM 1.(*)

1633 FORMAT (*0°*,*ERFCR: F HAS BEEN INPUTTED AS *,F8.4,'; F MLST BE LES
1 THAN CR ECQLEL TC 1.0°)

1634 FGRMAT (*0* 4 "wARNING: DGM HAS BEEN INPUTTED AS *4F8.4s'; VALUES GF
1EATER ThAN 1.0 IPMCHES FOR DGM ARE QUESTIUNABLE®')

1€3% FCRMAT (%0°,"ERFCR: WC HAS BEEN INPUTTED AS *yF8.4¢'s WC MUST BE L
1ESS THAN 1.C*)

1€3€ FCRMAT ('0*,*ERFCF: EVAPSN HAS BEEN INPUTTED AS ',FB8.4,'; EVAPSN C
1ANNCT EE 2 MECGATIVE NULMBER?®)

1637 FORMAT (*0',*ERFCR: MELEV HAS BEEN INPUTTED AS *»F9.1y'; MELEV CAN
INCT RAVE 2 VALUE CREATER THAN 30000.0°)

163€ FCRMAT (0", 'EFFCR: TSNUN HAS BEEN INPUTTZD AS * ,FB8.44'5 TSNCW ML
1ST HAVE A VZLLE CREATER THAN 20.0 ANL LESS THAN 40.0°)

163¢ FORMAT (*0°,*ERFCFR: PETMIN HAS BEEN INPUTTED 2S * 4FBo4,*; PETMIN ¥
1LST BE GREATER THAN 30.0')

1€4C FORMAT (*C* *ERFCR: PETMAX HAS BEEN INPUTTED AS ' FBe.4,'; PETMAX ¥
ILST BE LESS THAM €0.0') .

1641 FCRMAT (0" ,*ERFCR: PETMUL HAS BEEN INPUTTED AS *,FB8.4,';: PETMUL M
ILST BE CREATER THAN 0.0°*)

LE€42 FORMAT (%0°,*ERFCR: WMUL HAS BEEN INPUTTED AS ",FE8.4,'; hMUL MUST
1EE CRELTER THAN (C.0°)

1643 FCRMAT ('0%',*ERRCR: RMUL HAS BEEN INPUTTED AS ",FB.4s'3 RNLL MUST
1€E GREZTER THEM CL,0°)

1644 FORMAT (*Q%,*ERFCR: KUGI HAS BEEN INPUTTED AS *sF8.4,"3 KUGI MNUST
1BE A PCSITIVE NLMEER LESS THAN 10.0°)

1€5C FORMAT (0" ,*ERFCR: PEST HAS BEEN INPUTTED AS 'oA4,*; 1T MUST BE §
1ET EQUAL TC YES (R NG*)

1652 FORMAT ('0','ERFCR: APMODE HAS BEEN INPUTTED AS *,A4,'; IT MUST BE
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Appendix C (continued)

148¢.
1489.
1450.
1491.
1492«
1493.
1494.
1455,
1496,
14617,
14G¢&.
1499.
15C0.
15C1.
1£02.
1£03.
1504.
L£05.
1£06.
1507.
1£0¢&.
1£08.
1£10.
1£11.
1212,
1513,
1¢00.
1£01.
1¢C2.
1€C3.
1€G4.
1€G5.
1¢06.
1£C7.
1€08.
1€05.
1€1Q.
1€ll.
1€12.
1613.
l€14.
1€15,
1616.
1€17.
1¢18.
1619.
1¢z0.
1621.
l622.
1623,
1624.
1é25,
€26,
Le217.
1628.
1625,
1€30.
l1é31.
le3z,.
1¢33,

©

O OO0 OO0

ce 1 SE1‘ECLAL ICESLRF CR SQIL)
1€E3 FORMAT (*0','ERFCFR: DESORP HAS BEEN PUT v '3
1 SET ECLAL 1¢ YES CR ron) INPUTTED AS »4A4y%; IT MUST BE

l€£4 FCRMAT ('0%,'wARNING: SOME OF THc FIVE SSTR VALUES INPUTTED ARE EC
}%ﬁ%)TC 0,05 IF THIS IS ACTUALLY DESIKED SET ICHECK=OFF AND RUN AG#
<

1€5¢ FCRMAT ('0°4'ERFCR: CMAX HAS BEEN INPUTTED AS ',F8.4,'; IT SHCULD
1EE SET LESS THAM CR EQUAL TG 1.01")

1657 FGRMAT ('CY'y'ERFCR: TIMAP HAS BEEN INPUTTED AS ",14,'; TIMAP MUST
1BE A FCSITIVE IMPTEGER LESS THAN 367Y)

1EZ€ FORMAT ('0','ERFCF: THE INPUTTED YEAK OF APPL ICATION DCES NOT OCCU
1R WITHIN THE FEFICD GF SIMULATION?)

1€5¢ FORMAT ('0°,*ERFCF: CEGCON HAS BEEN INPUTTED AS *,F8.4,'; DEGCON M
ILST BE LESS THAN 1.0¢)

LEEE FCRMAT ('0°',*ERFCR3 NUTK HAS BEEN INPUTTEU AS *,A4,'; IT MUST BE ¢
1ET ECLAL TC YES CF NC*)

168C FORMAT ('O°','ERFCR: ICHECK hAS BEEN INPUTTED AS ' ,A4,'; IT MUST BE
1 SET EQLAL 1C CM CR CFF')

1€6€1 FORMAT (°Q°,'ERFCR: THE INPLTTED END DATE (ENCDAY, ENDMCN,ENDYR) OC
1CURS BEFORE THE EEGIN DATE (BGNDAY ,6GNMON,BGNYR)?)

1€€2 FORMAT (*Q°',*1FE TCTAL NUMBER UF CETECTED £RRCRS IN THE INPUT SEQU
1ENCE EQUALS'"+13,%» FLEASE CORRECT ANC TRY AGAIN QR CONTACT HYECRGCC
2FP, INCe)

RETURN
END

ELCCK CATA
ELCCK CATA TGO INITIALIZE VARIABLES

IMPLICIT REAL(L)

CIFENSICN FESE(%),RESELI5)9ROSB(S5)¢SRGX(5)s INTF(51,RGX(5)4INFL(S5),
1 UZSE(E) yAPERCBIE)4RIBIS) yERSNIS)

CIMENSTICN SFER(E)4RCHTCM(S5)RUBTUT (5), INFTOM(S) s INFTOT(S),

1 RCITCNM(5) oFOLITCT(S5) yRXB(5) 4ERSTCM (5 }ERSTOT(5)yMNAM(12)4RAD(24),
2 TEMPX(24)+%INDX[24),RAIN(2838)

DIMENSICN FFSTCM(E),PRSTOT(5),PROTGM (5),PROTOT(5) ,UPITCM(S),

1 UPTTOT(S) 9STEUE)SLTS(5) 9 SASI5)5CS(5)+18DS(5) +S5TRIS),

2 UASI5),UCS(S)oLLS(S)yUSTRI5) yUPRISLS)

COMMCN ZALL/ RU JFYMINGPANTKEHYCALDFSTyOUTPUT, TINFACsLZS,AREA,
1 RESBLFCSBSRCX o INTF,RGXy INFLJUZSE, APERCA,RIB+ERSNyMoP3 A,

Z CALEByPRODyPEST JALTR,ENGL ¢METRyBCTHy RESBIYESs NCo IVINSTHR,TF,

3 JCCULNToFRINTIMNTFoCAYSyHOURy MNTH

CCMMCN /LANC/ MMAPPRTOT, ERSNTT,PRTGM,ERSNTM,CAY,
RUTCM oNEFTCN o RECSTCN ,RITOMyRINTOM, bASTOM, RCHTCM,RUTOT,
NEPTCT sRGSTICToFITCT RINTCT ,8ASTGT yRCHTOT »TWBAL ¢EPTOM, EPTET,
UZSoUZSAGLZSNo INFIL JINTERyAIRCoNNyLy SS9OGHL yPRySGKyGHS 9KV
K24L g KK24 g K24EL 4EP o [FSyK3 9 EPXMoRESS LyRESSySCEP¢SCEP Ly SRGXT
SRGXT 1y JRER ¢KRER yJSER9KSERySRERT ¢ MMPIN, METOP T4 SNCH,CCFAC,
SCF, ICNS oF ¢LCM yhCy MPACKy EVAPSNy MELEV, TSNOW yPETHIN, PETMAX,ELDIF,
DEWXyPACKyCEFTH¢MCANTHySDEN o JPACKs TMINISUMSNM yPXSAMoXK3,

ol (R AN D WA
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Appendix C (continued)

1624,
1€3%.
1€36.
1€37,
1£38.
1€3S.
1640.
1641.
1642,
1€43.
1€44.
1645.
1€4¢,
16417.
1648,
1649.
1£50.
1651.
1652,
1¢53.
1€£4,
1€25.
1656.
1€217,
1658.
1659.
1€6C.
1¢é61.
1€¢€2.
1€63,
1£64.
1€65.
1€€é¢.
16617,
l1écs.
1€¢€9.
1€70.
1671.
16172,
1€73,
1674,
1€175,
1€76.
16717,
1678,
1£79.
1¢€€0.
1681,
16€2.
1€€3.
1&E4.
1£85.
1686,
181,
1688,
168S.
1€50.
1651,
16S2.
1653,

8 FELRAVM RACKEN CUFNEM,CRAINMy CONMEMy SGMMy SNEGMM, SEVAPM o SUNSNY,
S PXSNY MELREYREICMEY(CORMEY ¢ SGMY yCGNMEY s CRAINY,SNEGMY, SEVAPY,
* TSNBAL CCVER CCVRMX,)RUBTGMyROBTUT oR XD ¢RUITUN ,ROTTOT,INFTICN,

1 INFTCTWERSTCP oERETCToSRERTEMPX ¢RAD oW aNUXy KAIN, INPUT

CCMMCN /PESTC/ STST o SPRUTMsSPRSTMySAST »3CST o SOST,UTSTo,UAST UCST,K,
UDST yFPyCMAXSN]L s SPRCTTySPRSTT sMUZFPULZYyUPRITH,
UPRITT KCGPLBoFFLZ MLZsLSTRYLASH)LLCSyLDSyGSTRyGAS4GCS,GLS,
AFMCDE,TFEZL,
DEGSCN,DECSCTSCECUCH,
DEGULCT,CECL CECSINIPDEGCON,DEGLGMy DEGLOT y NCCOM,
PRETCMPRETCT FFCTCM,PROTOT,UPITOM,UPITOT,,STS,UTS,SAS
SCEySCSySSTRHWLASHUCS UUS,USTRyUPRIS UIST, TOTPAP,TINAP,YEARAP,
DESGCRF 4SURF,SCIL,SULG

M el O NS A

CCMMCN /NUT/ CELT,STEMPy SNySNT ySNRSMy SNROMyUNyUNTHUNI ,UNIT,
LMRIPM gNRSPHLINgLARPMyGNyS NRBEM, UNKBM 4 LNRBM, GNREM, TNRBM,
SAMREYHSANROY JUNRIY ¢ NRSY yLINRPY o SNRBY UNRBY yLNREBYyGNRBY,
TAREY s TARKEV 9T NRHVMy TNKHVY s TNA,TPA,TCLA,
KNy THKN o KP s THKP 4yNBAL ¢ PHBAL »CLBALy
TSTEPNSTEPySFLGYUFLG»LFLG,GFLG

bW e

INTEGER PRMTKE »CLTPUTyHY CAL,CALB,PRCD,NUTR,yPEST» ENGLy METR, BOTH
INTEGER SURFySCILyTIMFAC yYESoNGyJCOUULNT o TINAP

INTEGER PRINT, INTRyHOURy DAYS 9 MNTH

REAL*E FARP

REAL ¥, Ky M, MLZy MLLZ

REAL L2SN, IFCy NNy Ls LISy KVy K24Ls KK24, INFIL, INTER
REAL IFS, KZ4ELls K3y NEPTOM, NEPTOT

REAL INFTIChP, IPMFICT, INTF, INFL

FEAL WMMPIN, PEICFT, KGPLB

REAL ANFy NIF, PCCM

REAL MELRAM, FELRAY

REAL®*4 DELT,STEPF(4924),
SNUZCoS) o ENT(20) 9y SNRSM(2095) +SNROM(20+5) 4
UNCZCy5)9UNTC20) ¢UNL(2045) sUNITL20) sUNRIMN(20:5)
NRSFM (2042, LN{20)LINRPM(20), GN(20),
SNREM(2Co5) yUNKBM{20,5) s LNRBEM(20) yGNRBM(20) » TNRBF(20)
SAREY(2C+5) »SNROY {200 5) o UNKIY(2045) +NRSY( 20,45},
LARFY(2C) »SNRBY{20¢5) yUNRBY (205 ) oLNFBY(20) yGNRBY (20)
TAREY(2C) oy TNREVI20) o TNRHVAL20) s TINRHVY {20) yTNA, TFAL,TCLA,
KN(1C94) s THEKN(LO0) yKPU5,4)+ THKP{5) sNBAL,PhBAL,CLBAL

MmN DUN -

CATA FFTCT, EREMTT/2%0,0/

CATA PRTCM, EREMNTM/2%0,0/

CATA RUTCM, FCESTCM, RITOMy, RINTCMy NEPTUM/5%0,0/

CATA RLTCT, FRCSTCT, RITOT, RINTCT, NEPTOT/5%0.0/

CATA RCBTCF, RCETOT, INFTOM, INFTCT, ROITOUM, ROITOT/30%0.0/
CATA FRCTCM,y FSCICT, PRSTUMy, PRSTOUT, UPLTUM, UPITOT/3C*0,0/
CATA TwBAL, FESEs SRGX, INTF, EKSTOM, EXKSTCT, SDST/27#0.0/
CATA RESEl, EAST(M, RCHTOM, BASTOT, RCHTUT/9%0.,0/

CATA SFRCTNM, SFRSTIM, £PTCM, EPTGCT/4%0.0/y» PRNTKE/ZO/

CATA S1S, S1ST, SAST, SCST, UTS, LTST, UAST, UCST,UDST/17%0.0/
CATA PE, F2, RXEy RCXy INFL, U258, APERCB, OPST/28%0,0/

CATA TIMFAC/C/s LZISNy LZSNy INFILs INTER, IRCy NNy L, $S/8%0.0/
CATA B, UZSy L2%e SGny GWS)y KV, K24Ly KK24/8%0.0/

CATA IFS, K24EL, K3, EPXM, COVERy, COVRMX/6%0,0/
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Appendix C (continued)

1694. CATA ERSN/S%C.(/y SRER/5%0,0/, SRERT7/0.0/

1655, CATA SAS/S5%0,0/9 SCS/5%0.0/y 505/5%0.0/, AREA, M, K/3%0.0/
1656. CATA NI, FFy CMAX, SSTR/8%0.0/

1667, CATA SFRCT1, SFFRSTT/2%0.0/ :

1658. CATA LAS/5%40.0/4 UCS/5*0.0/4 UDS/5%0.0/, USTR, MUZ, FPU2/T7%0.0/
1699. CATA LPRITT, UFRITV/2%0.0/, UPRIS/5%0.0/, UIST/0.0/

1700. CATA LSTR, LAS, LCS,y LDSy MLZ/5%0.0/

17C1. CATA GSTR, CASy GCS, GOUSy FPLZ/5%0.G/

1702, CATA MMAM/Y GADLARY! ,0FEBRUARY®,% MARCH ',* APRIL ¢,

1703. » ' VAN "yt JUNE L JULY *o* AUGLUST ¢,

1704. » YSEFTNBER y* OCTGBER® »*NUVEMBER' ' CECEMBERY /

1705. CATA MFPIN/25.4/, FETOPT/0.9072/y KGPLB/0.4536/

1706. CATA [CEGSCM, DECGSOT, UEGUUM, DEGUOT, DEGU, NEGS/6%0.0/

1707. CATA LCEGLCMy DEGLCT/2%0.0/,TOTPAP/Q 4O/

1708. CATA NIP, MCCM/2%0.G/y TPBAL/0.0/, SULG/0.0/

1709. CATA SUMSNM, FXSAM, MELRAM, RADMEM, CURMEM, CRAINM,

1710. * CCNMEN, SCPM, SNEGMM, SEVAPM, SUMSNY, PXSNY, MELRAY,
1711. 3 RACMEY, CLRMEY, CONMEY, CRAINY, SGMY. SNEGMY, SEVAPY,
1712, ] TSNELL/Z12C.0/PACK/040/ 4 SDENZ0.0/

1713. CATA CALB/*'CALB?*/,PRCD/*PROD/

1714, CATA ENCL/'ENCL'/74NETR/VMETRY/ 4BCTH/ 'B0OTHY/

1715. CATA NC/*NC*/7+YES/PYES?/ ySURF/YSURF*/,SOIL/*SCILY/

1716. CATA JCGULN1/C/,TIMAP/999/

L1117, CATA HCUR/*FCUFR*/7,CAYS/*DAYS '/ MNTH/YMNTH' /4 INTR/YINTR Y/

1718. C

1719. CATA SARSM/1CO¥CoC/,SNROM/L00%0.0/, LNRIM/LOO%0,.0/ NRSN/100%0.0/,
1120. 1 LARFF/2C*¥CoC/ 9y SNRBM/100%0 .0/ yUNKBM/ 100%0.0/ +LNRBM/20%0.C/
1721. é GNRBVM72C€#C.C/y TNRBM/20%0,0/ y SNK5Y/100%0,0/¢ SNRCY/100%0.0/,
1722. 3 LARIY/ZLCCAC 0/ ¢iNRSYZ100%0.0/ LNRPY/20%0.074SNRBY/1C0%0.C/,
1123. 4 LARBY/1009C .0/ yLNiBY/20%0.0/,GNREY/20%0.0/, TNRBY/20%0.0/,
1224. s TARHV/Z20%Co0/ yTAKHVM/ 20%040/ , TNKHVY/20%0.0/

1725. 3 INA/CeCry1F2/0.0/,TCLAZOLO/

1726, c

171217. END

2C00, (o

2C01. C

2C02. c

2C03. C

2C04, SUBRCUTINE LAMNDS

<00S. c

2CC6. C

2CC7. C HSP LANDS

2GGa, C

2CCS. C

£G10. INPLICIT REZLIL,K)

£011. C .

z012. CINENSICN FESE(5),RESBL(S),ROSB(5),SRGX(5)y INTFIS)4RGX{5)sRUZB(5)
2013. 1 L2SELS),APERCB(E)+RIB(5) yERSNI(S)

2014, CIVENSICN SREF(ES),RCHBTOMI 5),ROBTGT {5) ) INFTOMIS)INFTOT(S),

2015. 1 ROITCNMI5) FEITCT(5) 4RAB(5) JERSTLM(5),ERSTUT(5) ,MNAM(12),RAD(24),
2016. 2 TENPX({Z4)yWINDX (24) sRAIN(268)UZS5BMT(2) ¢RESBFT(5)sSRGXMTIS),
zC11. 32 SRERNT(S)

ZC18. CIMENSICN SHFRLCUE) RXX(5) ¢ DEEPL(S5)yUZRA(S) PREIS)y INFL(5)UZI(S)y
2C19. 1 EVCIST(24)RCSINT(5),PERCBL5),

2020, 2 ARCSE(S) AINTF(E)ARGSIT(5)sLAPSE(24),SVP{40),SNCUTI24,16)
2C21,

022, ¢ CCNMCN 7ALL/ FUsFYNIM,PRNTKE)HYCALDPST,0OUTPUT,TIMFAC,LZS,AREA,
2022, 1 RESB1,ROSBSKRGX,INTF 'RGX'{NFL|UZSB'APERCB'KIB|ERSN1"O P3sAy
2024, 2 CALB, FROC,PEST JALTRy ENGL ¢METRyBUTHRESB,YESsNCoIFINSIHR,TF,
2025, 2 JCCULANTPRIMNTLINTR,CAYS,HCURy MNTH



Appendix C (continued)

2026,
20217.
c028.
2029.
2(3C.
Z021.
2022.
2033.
2034,
203¢.
2036,
2031.
2038.
<€35.
2040.
2041.
2042.
2€43.
2044,
2C45.
2046.
2Q4t.
2048,
2C49.
2C=c0.
2051.
20%2.
<023,
2024,
<055,
2056,
-y
éCcs.
2(58.
2C€0.
2Cél.
zCe2.
2Cé&3.
2C¢€4.
20€5,
20€6.
20¢€7.
2C€8.
2C65.
2€70.
2071.
2Q072.
20173,
2C14.
<015,
2076,
2C77.
2078,
2(17s.
20&0.
2(81.
2C€2.
zC83,
2(84.
2C85,

C

[aX3N32]

COMFCN /LANL/ MMAF,PRTOT, ERSNTT, FRTOM ERSNTM,CAYy
RUTOM ¢ NEFTLVMsRCETCN,RITUM,RINTOM, BASTUM,RCHTCM,RLTOT,
NEPTCT, RCSTYCT,FITOTRINTOT,BASTOT ,RCHTOT ,TWBAL,EPTOM, EPTQAT,
UZSsUZENSLZSM o INFIL G INTERYIRCoONNILy S59SGN1l 9yPRySGWyGHWS yKV,y
K24L yKK24,Ke4EL 4EPyIFS9)K3,EPXMyRESSLyRESS,SCEP,SCEP], SRGXT,
SRGXT1oJREF oKREF yJSERKSERySRERT ¢y MMPINyMETUPTySNCH,CCFAC,
SCRyICNS oF ¢CCM yhC o MPACK) EVAPSNyMELEVyTINOWyPETMIN, PETNMAXLELDIF,
DEWX 9 FACKsLEFTH sPCNTH,SDENy IPACK» TM Iivg SUMSNM yPXSAMy XK 3y
MELRAVM,RADNMEN ,CCRPEN,CRAINMyCONMEM,) SUMM, SIiEGMM,SEVAPM, SUNSNY,
PXSNYoFELRAY yRECMEY yCURMEY ; SUMY yCGWREY s LRAINY  SNEGMY, SEVAPY,
TSNEBAL,CCVEFRyCCVFMX ROBTOMy R IBTCT ¢ kXD 9RUITOMHROITOT, INFIOM,
INFTCToERSTCM sEF STCT,SRERy TEMPX o kAU s WINDX,RAINy INPUT

- OMaa NS WA -

INTEGER TF 4FFNTKE,HYCAL LAY, OUTPUT s SNUW,HRFL 2GyHySFLACy INPUT
INTEGER CALEFFCLC,NLTRHyPESTyENGLyMETRBUTH,NC,YES,DESCRP,TINFAC
INTEGER FRIAT,IMNTR,RCUKy DAYS MNTH

REAL*8 MAAY

REAL INFILs INYER, Ah, INFLT, IRC, INTF, INFL

REAL 1RC4,s 1(S. IFS, NcPTGQOM, NEPTOT

REAL INFTCHk, IMFICT, QMETRC

REAL FMPIN, PETCFT, KGPLB

REAL L2SMET, L2SPET, SOWMET, SCEPMT, RESSMT

REAL TwBLMT, SFCXTN, RESHMT, SRGXMT

REAL ICNS, MFACHF, MELEV, KUGIs NEGMLT, NEGMM

REAL MELT, INCT, KCLD, IPACK, MELRAM, MELRAY, MELRAD

CATA JHRR,SFLAC,FRFLAG/3%0/

CATA PERC, IMFLT/0.0,0.0/

CATA SEAS/CoC/

CATA SMET1, SNET, SRCH/3%0.0/, NUMI/O/

CATA FCSINI/E*(.C/y REPIN, EPINL, AETRy KF/4%0.0/

CATA EVDIST1/6#C.C40401990.04150.007,0.00890.102,2%0.11+0.105,
C C.CGE'C-CEI,O-055y0.01705‘0o0/

CATA SVF/10#1.0C%41.01,1,0Ly1.01591.02,

.1003' loCQ'IOCt' ].C&.l.lyl.Z‘). 1-66'2. 1.‘) '&07‘0 '3.49'4."0' 5.55.6.81'
#E€.3691CeC99 120159140629 17051¢200809284679929+32934.61,40.67,447.68,
VEE.71,€4.E87

CATA LAPSE/€#2.592.T794e004e1
284030446947 94:814.5954015009%0894061%0%14021403328¢30793.6/
CATA AFR, AEFIN/2%C.0/ ’

CATA 2ARCSEy AIMNTF, ARCSIT/15%0.0/

CATA PFU, £RLI, £RCS, ARGXT, ASNET, AS0AS, ASRCH/T%0.0/

CATA SULMSh, INCT, KCLOs» FXGCHSNs SEVAPT, RACME, CORME, LICWL,
* CCAME, CREIN, MNEGMLT, SNEGM, HEGMM, LIQS, LIQW, XICE,

» XLAML1,5GF,y SPX, WBALy SEVAP/21%0.0/

CATA SNCLT/2E4%C.0/,CLOF/-1.0/,ALBECI/0.6/

CATA SLMSAC +FXSMC,MELRAU yRADMEDCURMED ,CONMEC,CRAIND, SGND»

1 SNEGNL ,SEV2PD/10%0.0/

ZEFCING OF VARIABLES

LZSt = 12§
LZS1 = L2S§
NUNMTI = 0

OPST = C.0

PACK1l = PACK
LICKL = LICh
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Appendix C (continued)

2086,
20¢€7.
2CE8.
2C89.
2650,
2Cs1.
20S2.
2C€S3.
2054.
2095.
2C56.
2067.
206¢€,
2C9S.
2100.
21Cl.
2102.
2103,
21C4.
2105.
2106.
Z2101.
2168,
21065.
2110.
2111,
<112,
¢113.
2114,
2115,
2116.
<111,
2118.
Z115.
2120.
2121.
cl22.
2123,
2124,
2125.
2126,
cl21.
2128.
2125.
2130.
€131.
2132,
2123,
<134,
<13%.
2136,
21217,
2138,
2139,
<140,
2141,
2142,
2143,
2144.
2145,

18

1€

(2 XaNa]

18

0O 66 0000

PRR = PR

CO 184 1=1,°%
4 APERCE(I) = (C.C

PA=1,.C~2
IRC4=IRC##(1.(/56.0)
LIRC4=1.C-1FC4
KK4=KKc4**(1.0/5€.C)
LKK4= 1.0 - Kk4§

IF ((1440./711IFF2C).LE.L100.) GO TG 187

LIRC4 - LIRC4/3.0
LKK4 = LKK4/3.0

DEC= Q.COSEZ*{{MN*L/SQRT(SS))I**0,.6])

SRC= 1CZ0.*SCRT(SS) /INN®L)

RESS = C.0

LNRAT=L2S/L 2SN
C3Fv=(2.0*IPFIL)/(LANRAT*LNRAT)
D4F= (TIMFAC/€C,)*D3FV

IF (SAC» .EC. NC) GO TO 138
D4Fx = (1.6 -XICE)

IF (D4FX L1. 0.1) D4FX = 0ol
D4F = C4F*C4FX

€ RATIC= INTERAEXF(C.653147*LNRAT)

IF ((RATIC).LT.(1.0)) RATIO=1.0
D4RA= LC4F*R2TIC
= TF/24

REUUCE INFILTRAYTION IF ICE EXISTS
AT THE oJTTOF OF THE PACK -
ATTeMPT TO CORRECT FCR FRCZEN LANC

TF IS 1 FUk RAIN DAYS, AND 96
OR 288 FOUR NON-RAIN DAYS

IF (TF .GT. 2) IFRR=0
CO 155 [1l=]1,TF

LMRAT = LZS/L2SM

IF (TF «L7e 2) CC TC 4
NUMI =ALMI ¢+ ]

IF (AUPF] ANEe b)) GC TO 4
AUNL = @

SgAS = 0.0
SRCH c.C
RCS = €C.0
fU = 0.0
CWF = C.0
RGXT = 0,0
PERC = C.0
INFLY = 0.0

TINFAC - TIME INTERVAL IN MINUTES

[2XaEaXa)

L
AN

- LENGTF OF CVERLAND SLOPE
- NANNING®'S N FCR OVERLAND SLOPE
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Appendix C (continued)

Zl4é.
2147.
cl48.
2149,
2150,
21%1.
Z1%2.
21¢%3.
21%4.
2155.
2156,
2151.
ZlEE.
2158,
Z1¢€0.
21¢€1.
2162,
21¢€3,
Z1¢€4,
21€5.
Z1é€¢.
21&1.
Z1€E,
21¢6S.
2110.
Zl1l.
el1?2.
2173,
c114,
21175.
c176.
21177.
clié.
217S.
2180,
2181.
2182.
2183.
2184.
2185,
21E6.
Z1€7.
21€8.
21ES.
£190.
c161.
z162.
2193.
2154,
<1S5.
zlsé.
z1s7.
21S8.
2159.
2200.
2201.
2z02.
22¢03,
2ZC4.
2205.

OO0 [a¥aXe] 2 X2XaXsXalnkakaKaXksXaXsEaXesNalaNeNaXaNaNale

[aXaXaKg]

s - IMPEFVIOLS AREA
F& - FERVICLS ZREA

PR IS INCCMING FAINF2LL

P3 1S RAIN REACHING SULRFACE(.00°'S INCHES)

P4 1S TOTAL MOISTULRE AVAILABLE( IN.)

RESS IS CVERLAMNC FLCh STGRAGE( INe)

C4F 1S 'B* IN CFo MAMLAL

RATIC IS *C* IN CF. FANUAL

EP - CAILY EVAF ( IMN.)

EFFR - HCURLY EVAF

EFIM - INTEFVAL EVAF

EPXX - FACTCR FCR RELLCIMG EVAP FOR SNOW AND TEMP

CETERMINE IF SNCRMELT IS TO BE DONE

HRFLAG=0

ITEST = IMIN/YIMFAC

IF (NLMI LEC. 1) HRFLAG =1
IF (ITEST.EC.1) HRFLAG — 1

FRFLAG=]1 INCICATES BEGINNING OF THE HOUR

IF (HRFLAG.EC.0) GO TG 999
1END C
1F (I+R.EC.24) CC TO 202
IHRR = THR + 1
GG 7O £C1
202 IHRR IRRE ¢+ 1
€C1 EPHR = EVCIST{IHFRR)*EP
IF (EPFR.LE.UC.CCO2)) EPHR=0.0
EFIN= EPFR
EPINISEPIN
IF (SNCh» LEC. NC) GC TO 999
IF {((FACK oLEs C.0).AND,(TMIN .GT. PETMAX)) GO TO 999
BERERRREREE R ERER R P NRE PRERE RS D RRE
BEGIN SNOWMELT
ERBERERREERRAEFEERER AR IR RDR AP H RN R
TSNOK1 = 1SMCH + 1.
SANTENP = 22,

SEVAP - (0.0
SFLAG - O
FRHR=0.0
EPXX = 1.0

IKENE = 60./1TIMFAC)
IPT = (IHRR-1)*]KkEND
SUM PRECIP FOR THE HGUR
PX=0.0
CO 202 II = 1,41KEMD
5C2 PRHR = FRHR + RZINUIPT+11)

CORRECT TEMP FCR ELEVATION OIFF
USING LAPSE RATE OF 3.5 CURING RAIN
PERIODSy ANU AN HOURLY VARIATION IN
LAPSE RATE (LAPSE(I)) FCR CRY PERIOC
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Appéndix C (continued)

22C6.
2207.
2208.
2205,
2210,
2éll.
2212
2213.
czl4e.
2215,
izlé.
czll.
2218.
£¢19.
2220.
2zz1.
<2224
2223.
2224«
2225.
2226,
2z21.
£228.
2229,
2220.
2z31.
2232,
2233,
2234.
223E,
222¢.
2237,
€228,
2239.
2240,
ezhl,
2242,
2243,
2244,
2245,
2246,
2247,
2248,
2249,
2250,
2z%1.
2252,
€et3,
22%4.,
2285,
2256,
22517.
225¢€,
2258,
2260,
<zkl.
2262,
2263,
4264,
2265,

C

OO0

A O0O

OO0 nN

OO0

AOOOO0 000 O

(2]

LAPS = LAPSE(IFFR)
IF (PRFR .GY. 0.05) LAPS = 3,5
1X = TEFPX(IFER) - LAPS*ELDIF

REDUCE REG EVAP FCR SAOWMELT
CONDITIUNS BASED CN PETMIN AND
PETMAX VALUES

IF (PACK.LELIFACK]) GC TO 504
EL1E=0.0
FACKRA = 1.C
GO TC £CS
£04 PACKRA = PACK/IF2CK
ELlE=1.0 ~ F2(KRA
ECE EPXX = (1.C~F)*ELlE + F
IF (TX<CELPETMAYX) €C TO 512
IF (EPXX .CTs 04%) EPXX=045

RcOUCE EVAP BY 50% IF TX IS BETWEEN
PETMIN ANC PETMAX
IF (TX.LT.PETFIM) EPXX = Q.0

51z EPKR = EPHRYEFX)
EFIN = EPINSEFXX
IEND=0
SNEAL = 0.0
IF ((1X oGT, TSACW) ANDe (PRHR oGTs +02)) DEWX = TX

SEY CERFT TEMF ECLAL TO AIR TEMP WHEN RAINING
CN SNCk TO INCREASE SAOWMELT

IF (DERX oCT1. TX) OEWX = TX
SNTEMP = TSACh ¢ (TXx-DEWX)*(0.12 + 0.008%TX)

RAIN/SMCW TEMF. C[IVISIGN - SEE ANJUERSON,» WRRy VOL. 4y NC. 1o
FEB. 16€8y Fo 27y EG. 28

IF (SNTEMF .Gl. 1SNCwWl) SNTEMP = TSNCW]
IF (TX.LT.SATENF) GC TO 521
IF  (PACK) €S, SS7, 525

51 SFLAG = 1

IF ((PACK.LE.C+C) +ANDs (PRHR.LE.D.0)) GO TQ 997
SKIF SNCWMELT IF BCTF PACK AND PRECIP ARE ZERO
FOR THE FGLR

£2% IENC = 1

SNCWMELT CALCLLATICNS ARE DONE IF IT IS SNOWING, CR,
IF A SNCWPACK EXISTS

PX = PRFR
IF (PX.LE40oC) €C TC 550
KCLD IS INDEX TO CLCUD COVER
KCLC = 2S5.
IF (SFLAG.LE.C) CC TO 555
SNOW IS FALLING

229



Appendix C (continued)

22¢¢€, PX = PX*SCF

2261, APR = AFR ¢ (SCF-1.0)%PRHR

z2¢€8, PRHR = FRFRAS(F

22¢&S., SLMSN = SULFSEN + FX

22170, ENS = ICNS

2271, IF (TX «GTa Co0) DONS = DNS + ((TX/100.)%%2)

222, C

£¢13, (o SNOW CENSITY BITF TEMP., - APPROX TU F1G. 4y PLATE B-1
2274, C ENCw HYCRCLCGY SEE ALSO ANUERSGCNy TR 30, P. 21
2275, C

2216, PACK = FACK + £

2¢17. c

2218. IF (FACK.LELIFACK) GO TO 548

2e15,. IPACK = PACK

<280, IF (IPACK CTa MFACK} IPACK MPACK

2281. C

2282, £4& DEPTIH = DEFTF + (PX/CAS)

2283, IF (DEPTF o€T. C.C) SDEN = PACK/ODEPTH

2284, INDT = INCT - L1CCQG*FX

228¢%, IF (INCT .Ll. 0.C) INDT - 0.0

2286, PX = 0.0

22€1, GO T0 £55

2288, 520 KCLD = KCLC - 1.

2286, €58 IF (KCLC L1, 0.C) KCLD = 0.0

2290. PACKRA = PACKsIFEACK

2251 IF (PACK .GT1. 1FACK) PACKRA = 1.0

£¢S24 c

2293, IF (PACK.CGE.C.C(E) GO TO 580

2254, C

2255, c IPACK IS AN IMDEX TC AREAL COVERAGE OF THE SNCWPACK
2296, c FCR INITIAL STCFMS 1PACK = 1*MPACKR SO THAT CCMPLETE
2287, c LREAL CCVERZCE FESULTSe IF EXISTING PACK > o1 *MPACK THEN
2268, C IPACK 1S SET EQLAL TC MPACK WHICH 1S THE WATER EQUl. FCR
2299. C CCMFLETE AREAL (CVERAGE PACKRA IS THE FRACTION AREAL COVERAGE
200, c AT ANY 1IPME.

22C1. C

2202, IPACK = O 18VMFA(K

23C3. XICE = C.C

2304. XLAMLY - 0.C

23C5,. AEGMLT = Cal

2306, PX = PX +# P2CK + LIQW

23C1. PACK 0.0

2208, LIQwW = C.0

2309, c 2ERC SNCWPFELT CLTFLT 2RRAY

é210. CO S70 I=1l,c4

2Z11. DC €70 PPM=),1¢

2212. 57C SNOLT(I,MM) = 0.C

2213, GG 10 sS7

2214. C

2:15. C

2z1¢. SEC PXCASN FXCAEN + PX

2317. IF (CEPTH «(Te. (C) SDEN = PACK/DEPTH

2218, IF (INCT L. 8CCe) INDT = INOT ¢ 1.

2319, Cc INDT IS INDEX TQ ALBEDC
23220, MELT = C.0

2321, IF (SDEM oLT. 0.55) DEPTH=CEPThH¥ (1.0 - 0.00002*(DEPTH*(.55-SOEN)) )
2222, c

2323, o EMPIRICAL RELATICASHIP FUR SNOW COMPACTION

2324, C

2325, IF (DEFTF <€C7. Co0) SDEN = PACK/DEPTH
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Appendix C (continued)

22260
22217.
2228,
2325,
2330.
2321,
23232,
2333,
2334,
2335.
2326,
2337.
21338,
2239,
2340.
2241,
2242.
2343.
2344,
2345,
224¢€.
2247,
234¢.
234S.
2350,
22¢1.
2352,
zz%3.
2354,
2255,
23%6.
2357,
22158,
23256,
23¢0.
23€l.
23¢2.
23¢€3.
23¢4,
23¢S.
23¢6,
23¢€1.
23¢8.
23¢€9,
2370.
<371,
2272,
2213,
2314,
2375,
2376,
2217,
2378
23279,
22EQ0.
2281,
2182,
€z83,
2284,
23§€5,

[aNeXel

OOOOD OO0

o0

[a X n)

¢1C

€40

€5C

66C

WIN = BINCX(IFRF)
FGURLY ®INC VALLE

LREF = (TXx 4 1C(.)/5
LREF = IFIX(LFEF)
SVPP = SVP (LEEF)

1ITX = IFIX(1X)
SATVAP = SVFP +(FCO(ITX,5)/5)% (SVPILKEF + L) - SYPP)

LREF = (CEwX ¢ 1CC.)/5
LREF = IFIX(LREF)
SVPP = SVF (LREF)

ICEWX = IFIX(CE®X)

VAPP SVFP + (MCL(ICEWX,5)/5)*#(SVP(LREF ¢ 1) - SVPP)
CALCULATICN OF VAPLK PKESSURE AT AIRTEMP
AMC CEWPOINT

SEVAP 3 0.0

IF {VAPP.LE.£.1(E) GC TG 610

CAM = E.5S5*% (VEPF - 6,108)

€O TC €<0

CAM = 0.0

OULMMY=(VAPP-SZT\LF)*FACKRA

IF (VAPP .L1. SETIVAP) SEVAP EVAPSN*U.0002 *WIN*DLMMY

PACK = FACK 4+ SEVZP

SEvVAPTY SEVAFT - SEVAP

CONDEMNSATICHM - CCNVECTION MELT, EQe T-29B,s P.176, SNOW HYDROLOGY
CCNV - CONVECTICN, CCNDS - CONDEINSATION
SEVAP - EVAF FRCM SNOnw (NEGATIVE VALUE)

NV = (.0
IF (TX «GTe 224) CNV = (TX-32.)%(1.0 - 0.3%(MELEV/10000.))
CCXC = CCFAC*.00CZ6*RIN

«C0C26 = .0(€25/24,y 1.E. 00026 IS5 ThHE DAILY CCEFFICIENT
(FRCM SNOW FYCRCLCGY) REDUCED TO HOUKLY VALUES.

CCNV = C(NV*CCXC
CCNCS = CANACCXC
CLCUD COVER
CLCF IS FRACTION OPEN SKY - MINIMUM VALUE Q.15
IF (IHRR.EC.]l oCFo CLUFOLT.0.0) CLOF {l.0 — 0,085%(KCLC/3.5))
ALBEDO
IF (NCMTHLCT1.5) €C TC 640
IF (MCMNTFWLT.4) CGC TG 640
ALBELG = Q.€& = C.1¥(SURT(INDT/24.))
IF (ALBECC .LT. Ca45) ALBEDO = 0.45
GG TC €£0
ALBECC = 0.5 - C.C7*(SQRT{INDT/24.0))
IF (ALRECC +LT7. (o6} ALBEDG = 040
SHCRT WAVE RADIAT JGN-RA - FCSITIVE INCOMING
RA RAC{I+FR)}®*{]1.0 -ALBEDO)*(1.0-F)
LCNG WAVE RAGCIATICN - LW - POSITIVE INCOMING
CEGHR = TX - 22.¢
IF (CECGHR.LE.C.C) GC TO 660
LW = F* Q0 2€%CECHF + (1.0 — F)*(0.2%0EGHR - 6.6)
GG TC ¢€é€5
LW = F¥C.2#LECHR ¢ (1.0 ~ F)*(0.,17#DEGHR = 6.6)

LW IS A LINEAR APPROX. TO CURVES IN
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Appendix C (continued)

2286.
2281,
2388,
Z2:8S.
2390,
2391.
2392,
2353,
2364,
2345,
23%6.
2261,
2358,
21299.
2400,
2401.
2402,
2403,
2404.
2405,
2406,
2407.
Z24C8.
2409.
2410.
2411,
2412.
2413,
Z4l4.
2415,
2416,
2417.
Z2e1E,
2419.
2420.
2421,
2422,
2423,
2424,
2¢25.
2426,
2421,
242¢.
2429.
2430.
421,
2432,
2433,
2424,
2435,
243¢,
2427,
2438.
24329,
2440,
2441,
2442,
2443,
2444,
2445,

(g N o] (o] OO o [aXaXaNaXy

AOODO AOO0O

anon

OO0 000

€€S

6EC

€55

7C€0

F16. 6, PL 5-3, IN SNUW HYDROLOGY. 6.6
IS AVe BACK RALIATIUN LCST FROM THE SNOWPACK
IN OPEN AKEASy IN LANGLEYS/FR.

CLUUD COVER CORRECTION
IF {Lh LT. Co0) LW = LW*CLDF

RAIN MELT
RALINY 0.0

RAINMELT IS OPERATIVE IF IT IS
RAINIING AND TEMP 1S ABOVE 32 F

IF ((SFLAG «LTe 1)e2NDelTX oGTe 324)) RAINM DEGHR%*PX/ 144,
TOTAL MELT

RM (Lw ¢+ F2)/2C2.2
20342 LANGLEYS REQUIRED TO PRODUCE T INCH
RUNGOFF FRCM SNGW AT 32 CEGREES F

1F (PACK.GE.IFACK) GO TO 680

RV = RMPPLCKEF2

CCNV = CCANVIPACKES

CCNDS CONCSHFLACKRA

RAINM = RATIMMIFL(KRA

IF (IFRR.NE.€E) (C TC 680

XLNEVM = 0.012(2Z.C - 1X)

IF (XLNEM €T DULANMLTY XLNMLT = XLNEM

RACVFE RACME + F¥

CORME CCRME + CCNCS

CCNME = CCAME + CCNV

CRAIN = CRZIM + FAINM

FELT = RM + CCAV 4 CCANDS + RAINM

IF (MELT.CE.0.0) €O TQ 700

ANEGMM = 04,0

I1F (X lLTe 22.) NEGIMN = 0000695*(PACK1200)‘(3200 - TX)

HALF CF PACK 1S USED TO CALCULATE
MAXIMUM NEGATIVE MELT

TP = 32,0 - (MNECPLT/(0.00695%«PACK) )

1P IS TEMF CF THE SMOWPACK
0.00€69E% IS INe. PELT/IN. SNOW/DEGREE F

IF (TP.LLE.T>) GC 10 €55
€M = 0.CCO72 (TP - TX)
MEGMLT = MNECGHMLY 4 GV
SNEGM = SNECGM 4+ CP

IF (NECMLT LCT. NEGMN¥) NEGMLT = NEGMM
FELT = C.C

MELT ING PROCESS BALANCE
FXBY = (1.C - PACKRA)*PX

PX PACKRAZFX
FXBY IS FRACTICM CF PRECLP FALLING OGN BARE GROUND
IF ((MELT + Px).lLE.C.0) GO TO 795

SATISFY NECGMLY FFCM PRECIP(RAIN) AND SNOWMELT
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Appendix C (continued)

2446, c

24417, IF (MELT.GELNEGMLT) GC TO 720

2446, NEGMLT = MNECMLT VELT

2445, MELT - Q.0

2450. CC 70 7e¢

2451, 72C NELT = MELT -~ NECNMLY

24%2. NEGMLT = 0.C

2453. C

24%4. 72¢ 1F (PX.CELNECPLYY GC TO 735

2455, NEGMLT -~ NECGMLT - PX

2456, FACK = FACK ¢ F)

24517, FX = 0.0

2458, GO TC 740

2459. 135 FX = PX = NECGKLT

24€0. PACK = FACK + NECPMLT

24€l. NEGMLT = 0.(C

24€2. c

24¢€3, 74C IF {(PX + MELT) .EQ. 0.0) GG TO 800
24€4. C

24¢€5, c CCMPARE SNCPMELT TC EXISTING SNOWPACK AND WATER CCNTENT CF
24€6. C THE FACK

24¢€1, C

24€EE, IF (MELT.LEL.FACK] GC TQ 750

24685, MELT = FACK + LICh

2410, CEPTH 0.0

2411, FACK - C.0

24172, LICw = 0.0

2413, INDY = C.C

2474, GQ TC 1¢S5

2415, TEC PACK = FACK ~ VMELT

24176, IF (SCEN «CTe O04C) DEPTH = DEPTH - (MELT/SDEN)
2411, IF (PACK Ctos (C.S*CEPTH)) DEPTH - lell*PACK
2478, IF (PACK.CE.C.CC1) GC TO 760

2419, LIQWw - LICW + PACK

2480, PACK - 0.0

248]. 7€¢C LIQS = WC*PACK

2482, IF (SCEN «CTa 0e¢) LIGS = WC*{3.0 - (3.33)%SDEN)*PACK
2483, IF (LICS oLTe 0.C) LIQS = 0.0

24E4. c

24E5, C CCMFPARE AVAILABLE MCISTURE WITH AVAILASBLE STORAGE IN SNOWPACK
2486, Cc -LIQS

24¢E7. C

<488, 7¢5 IF ((LICHh + MELT ¢ PX).LE.LIQS) GO TO 775
24E9, PX = NELT + PXx ¢ LICH - LIQS

2450, LICHW LICS

2451, GC TC 7¢0

2492, 775 LIQw = LICw + MELTY ¢ FX

24S3, FX = 0.0

2494, 7EC IF (PX.LE.XLMFLT) GC TO 750

2495, FX = PX - XLAMLT

2456, PACK FACK 4 XLMMLT

2491, »ICE = XICE + XUMMLY

2498, XLAMLT = 0.0

245S, CO 10 785

2€00. 76C PACK = FACK + F2

2:01. XICE = XICE + F?

2502, XLAMLY = XUMMLT - PX

2503, FX = 0.0

2504, 795 IF (XICE «GTV. P2CK) XICE - PACK

25CS. C



Appendix C (continued)

2506, c

2507, c END MELTING PROCESS BALANCE
2508, C

2805, 8CC IF (CEFTh (T, C.0)} SDEN = PACK/DEPTh
2¢10. 1Ff (SCEM L. Oel) SCEN = 0.1

2t1l. C GROUNDMELT
2%12. If (IHRR.NE.1l2) CC TG 830

2£13. CGMV = LGP

2%14. IF (TP .LT. £.C) TP = 5,0

2%15. IF (TP LT. 22.) DCMM = DGMM —~ DGM*,03%(32.0 ~ TP)
2%16, IF (PACK,LEL.CCMP) GC TO 825

2¢117. PX = PXx + CCMPY

2518, PACK FACK CChry

2%1S. CEPT+ - CEPTF - (CGMFM/SDEN)

ct20. SGM = SCM + CCMP

2%21. GO TC &30

ct22. €25 PX = PACK + FXx ¢4 LICk

2823, SGM = SCM ¢ FACK

cS24. PACK = C.0

2%25. CEPTH = 0.0

2526, LICh = 0.0

2827, NEGMLT = C.(

2£28. 83C CCNTINUE

2£2S. EX = FX2 ¢ FXBY

2£30. SPX = SFX ¢+ FX

2£21. C

2£32. C HOUR VALUE ASS IGNMENT
2833, §57 SUMSNH = SLPSKN

ct34. PXSAF - FXCASA

££35, SPXH = SpX

2536. RADMNEH = RACNME

2827, CCRNMEH - CLFRPME

2¢28. CCANMEH = CCPMME

2£39. CRAINH = CR2YP

2540, SG¥H = SGF

2841, SNECMK = SNECP

2842, SEVAPE = SEVZFT

2543, C

2544, c DAILY SUMS
2545, IF (FRIMNTMELLAYS) GG TO 996

2546, SUMSND = SLMSAD + SUNSN

cf4al. FXSAC = PXSAL 4 PXCNSN

2£48, MELRAD = MELRAC ¢ SPX

%49, RACMED RACVMEC + RAODME

2£50. CCRMEC CCFMEC 4 CLRME

Z<E%1. CCNMED -~ CCPMMEC ¢ CCANME

2552, CRAINE CREIND 4 CRAIN

2553. SGMD = SGMC + SCM

2£54. SNEGMD SNEGMD ¢ SNEGM

254 SEVAPC = SEVAFC ¢+ SEVAPT

2£56. C

2:¢1. C MONTHLY SUMS
2558, §GE& SUMSAM = SLFSAVP ¢ SLMSN

2559. FXSAM = PXSMM ¢ PXCNSN

25€0. MELRAY = FELFAM ¢ SPX

25€1. RADMEM = RALNMEM ¢ RADME

2%¢€2, CCRNEM - CCEMEM ¢ CCRME

2¢¢a. CCNMEM = CCrMEF 4 CCAME

2564, CRATINNM CRZIMY + CRAIN

25¢€5, SGKM = SCMV + SC¥
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Appendix C (continued)

25€6.
2%€1.
z5¢€8.
2569.
2570.
25171.
2%72.
2512,
2574,
2575,
2576,
2517,
2878,
25179.
2Z€0.
25¢el.
2582.
2%83.
25E4.
25E5.
2%86.
25€7.
25¢8.
25€S.
2550.
25S1.
2552.
2583,
25S4.
25$5.
2566,
25%17.
25$8.
2559,
2€00.
2€01.
2€C2.
2£C3.
28C4,
2605,
2606,
2607,
2608,
2€09.
2€10.
2€11.
2¢12.
2€13,
2€14,
2€15,
2¢€16.
2€17,
2¢l8.
c€ls,
2€20,
2€21.
2¢22,
2€23,
2624,
28285,

[aRaXalaka

ann

SENEGMM = SNECHMM
SEVAPM = SE\AFS
SUMSNY = SULMSAY
PXSNY = PXShY
FELRAY = NMELRAY
RADMEY = RACNMEY
CCRMEY = CCFMEY
CQAMEY - CCPMEY
CRAINY = CRAIMY
SGMY = SCMY
SNEGMY = SAECGHY
SEVAPY = SEVAPY
SUMSN = 0,0
PXCANSEN = Q.0
sex = 0.0

RACME = 0.0
CCRME = 0.0
CChNVME = (.0
CRAIN = 0.0

SGM = C.0

SNECM = 0.0

SEVAPT = Q.C

SNOUT(I+RR4 1)
SNOLT({IFRRyZ)
SENCLT(IH+RR,2)
SNOUT (IFRRy %)
ENCLT(IFRR,E)
SNOUT(IFRR,€)
SNCLT(IFRR,7)
ENOLUT(IFRR,E)
SNOUT(IFRR,€)
SNCUT{IFRR,10)
SNOUT(IFRR, 11}
SNOLT(IFRR 12)
SNCLT{I+RR,13)
SNOUT(IFRRy 14)
SNOLTCIHRR,15)
ENOLT({IFRR,1€)

[ N I DR B B

IF (CUTFLT .EC.
IF (CLTPUT LEC.

L 3

[ P S R A X

EAGLY) GO
ECTH

CCMVERSICM TC PETRIC

SNCLT(IFRE ,1) =

SNOUT{IHRE 42)
SNCUT {IFRF +€)
SACLT(IHRE 47}
SNCUT(IHRR 4 &)

W NN

SAEGM
SEVAPT

YEARLY SUMS

SUMSN
PXCNSN
SEX
RADME
CCRME
CCAME
CRAIN
SGM
SNEGM
SEVAPT

ZERO HOURLY VALUES

SNOWMELT QUTPUT

RAIAMN
Caros
XICE

TO 845
+AND. INPUT
SACw OUTPUT

PACK*MMPIN
DEPTH*MMPIN
NECMLT*MMPIN
LICwW*MMPIN
0.556%({ TX-32.0)

CC B4z ISANCLT=11,416
SNCUT (TFRR ¢ISACUT) = SNOUT (IHRR 4 SNOUT )*MMPIN
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Appendix C (continued)

2€26.
2621,
2628,
2€25.
2¢30.
2€31.
2¢32.
2¢33.
2614,
2¢35,
2€36.
2€37.
2618,
2€3s,
2640,
2¢41.
2¢42,
2¢43,
2644.
2¢45,
2¢46.
2€41.
2648,
2€49.
2€50.
€51,
2ex52,
26£3,
2¢54,
2¢5s,
2¢t6.
2¢57,
2¢c8,
2¢59.
2¢€0.
2¢é1.
2¢e€2.
2¢€3,
2¢¢€4.
2€€5.,
z€€6.
2¢61.
2ee8,
2¢e9,
2¢70.
2€11.
2¢12.
2€13,
2¢14.
2€15.
2¢76.
2¢77.
2¢18.
2679,
2¢¢€0.
2¢€1.
2682,
2¢€3.
Z€E4.
2685,

OO0 AOOONOHON

2 Xz XuXakaXaXe

[a¥a]

842

84c%

EEL
EEC

$s0
1
<
SG1
1
962
S94
x
X

s<s

SSE

566

EPXN

CCATINUE
IF (FYCAL.EC.FRCC) GG TO 998

IF (IRRR .ANE. 24) GC TO 998
IF (PACK.LE.C.0) GC TO 998
WRITE (€45S2) MMNAM{PENTH) o DAY
WRITELE,455C)

00 EEQ I=l,c4

WRITE (€+5G1) 1, (SNCUT(I)MM) MN=1,106)
CC 88L FFPP=],18

SNOLT(I,MMN) = (.0

CCNTINUE

WRITE (€4594)

WRITE (£,55%)

FCRMAY {°Q' . "FOLR PACK DEPTH SDEN ALBEDC CLDF
LICK X RA LW PX MELT CCNV
CCNES 1CE*)

FCRMAT (' *412y2X92{F8e192X)93(F0.391X)»2(F8e3¢1X)y
Flea2)y1X92(F4.041X)5(F8.341X) Foel)

FORMAT (*0',25X,*SNCRMELT GUTPUT FLR',4X,A8,2X,12)
FORMAT (*C* sSx,'LATE 44Xy ' TIME® 94X " FLUNWICFS-CMS)*y6X,
*SECIFMENT (LBS-Ku-KG/MIN-GM/L)® 23X,

*PESTICICE (GM-GM/MIN-PPM)?Y)
FCRMAT {* * (E£1Xs"RATER® 424X, SEDIMENT)

CORRECT wATEx BALANCE FOR SNOWMELT
PACK AND SNCW EVAP

PRR IS INCOMING PRECIP

PX IS MOISTUKE TO THE LANC SURFACE

SEVAP IS SNUW cVAP - NEGATIVE

IF (IENC.EC.1) SMhBAL PRHR+SEVAP-P X-PACK+PACK1-LIQW+L1IQWL

IF ((SNEAL.1T4CaCCOL)AND<(SNBALeGT.-0.0001)) SNEBAL=0,0
TSNBAL TSMPEAL ¢ SABAL

PACK1 = PACEK
LIQW1 = LIGh
I EEEERRREE LTSS R RIS R E RS R RS2 2 22 8 2]
END SNOWMELT
13430303 EXXXRFEXEBRRERE XEXSE R K

NEGMELT

RAINM

PXx IS TOTAL MGISTURE INPUT TO
THE LAND SURFACE FRCM PRECIP
AND SNOWMELT CURING THE HCUR

IF (TIENL .G1. O) FR=PX*TIMFAC/60.

IEND>O INDICATES SNOWMELT

OCCULRKED DURING THE HCUF

s » INTERCEPTICN FUNC. * > w

- KAX. INTERCEFYION STORAGE
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Appendix C (continued)

Z2¢6E6. C SCEF — EXISTING IMTEF, STCRAGE

2687, C EFX - AVAILABLE INVER. STORAGE

2€E8. C RLI ~ INMPERVICLS RUMCFF CURING INTEKVAL
26ES. c

2650, c

26S1. [

2652, IF (CCVER.CT,C.CCO01) GO TO 204

2693. SNET = SNET ¢ SCEP

2654, SCEP = 0.0

2695. pr = C-O

2696, GO TC 203

2¢57. c

2658, c

2659, 204 EFX=EFXNM* (CCVEF/COVRMX) -SCEP

2100. IF(EPXLT(C.CCCLl)) EPX=0.0

2101. IF (FR.LT.EPX) €GO TG 205

21C2. 2C2  P3a FR-EF)

2703, RL= P28A

2704, RLI=RY

2105, SCEP = SCEF+EF)

2106. GC TC 206

2107. 205  SCEP = SCEF+fF

21708, Pa=0,.C

21CY9. RU=0.0

2710- RLI=C,.0

2711. c

2112, c

2ila. c

2il4. c LI I INTERCEFTICN EVAP » % %
2715, C

é716. c _

2111, 206 IF ((MMILMNE,O).CR.{IMINJNE.O)) 4C TO 221
2118, IF (SCEP.LE.C.C) GC TO 221

2719. IF (SCEP.GE.EPIMN) GC TO 210

2120. EPIN = EFIMN - SCEP

2141, SNET ~ SNET ¢ SCEP

2122, SCEP = 0,0

2123, GC TC zZz1l

2724, 210 SCEP=SCEF-EFIN

2725, SNET=SAET4EFIN

2726, EPIN = 0.0

2121, C

728, c

2129, C "33  [NFILTFATICN FUNC. %%

27130, € P& IS TCTAL BPCISTUFE IM STORAGE BLOCK
2131, C SFRC(I) = SLRFACE CETENTICN AND INTERFLOW FROM BLCCK 1
2132, C RXX{I) = SLRFACE CETEANTICN FRCM BLOCK I
2123, C RGIX(I) - INTERFLCW CCPPCNENT FROM BLCCK I
2734, C RCEX(I) = VCLLME 10 INTER. DETEN STOR. FROM BLOCK I
2135, C

273¢&, c

2727, (o BEGINMNING CF BLCCK LOOP

27128, c

2139, c

2140, 221 CC 1C0 I=1,¢

2141, F4 = F2 ¢ FESE(])

2142, RESBI(I) = FESBLI)

2143, IF (({10.*F4) . LE.(L(2¢])-1)%D4F)) GO TO 10.
2144, SHRD(I) = (F4~-(11e*[)-1)%D4F/10.))
2745, IF ((1C.*P4).LE<({(Z*I)-1)*C4RA))} GO TQO 25
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Appendix C (continued)

2146,
2141,
2148,
2149.
21%0.
27¢%1.
21%2.
2153,
2154,
2155.
2756,
2157,
2158,
2955,
21¢0.
Zi€l.
2162,
27¢€3,
2¢4,
2165,
27¢€6.
21¢€1.
21768,
Z1€S.
2170.
2111,
z112.
2113.
2774
2115,
2i76.
2111,
2718,
2119
2180,
21El.
2182,
27€3.
2184,
21€s.
2166.
Z1€7.
2188.
21¢S.
2750,
2751.
2152.
2753,
2194.
2755.
2196.
2151.
2758.
2799.
2ec0.
2801.
26C2.
2€03.
2€04.
2805.

OO OOONO

OO0 Nn O

10
25
21

RXXUI) = (F4-{((29]1)-1)*D4RA/10.02
¢a 10 21

SERC(1) = Q.C

RXX(I) = C.(C

RGXX = SFRC(I)-FXX(1)

A%+ LFFEF 2ZCME FLMCTICN *x»

FRE(I) - % SURFACE CETEATION TO OVERLAND FLOMW
LZ2SE(I) - LPFEF 2CME STORAGE IN EACH BLCGCK
L2 - TOTAL UFFEFR ZCME STORAGE

RLZE(I) - ACDITICM TC UeZ. STORAGE DURING INTERVAL

REFIN - ACCUM C2ILY EVAF POT. FOR Lals AND GRDWATERs I.E

230

IF (LZSECI}elTaC.C) LZSB(I}=0.0
LZRA(TI)= LZSE(I)/LZSA
IF (UZRA(1).CT.£.C) GC TO 7
IF (UZRA(I)4CTozosC) GC TO 8
LZI{T)= 2.GHAESI(LIRA(]1)/2.0)0-1.0) +1,0
FRE(I)= (UZRE(I)/2.009((1.0/01.0+UZI(L)))**UZI(T))
GO T0 §
PRE(]) = 1.0
cC 10 §
LZICI)= (2.C*ABS(LZRA(1)-2.0))+¢1.0
FRE(I)= 1.0-{(1.C/(140+UZI(I)))*sULI(1))
RXB(I)= RXX(1)* FFE(L)
RGX{I)=RCIIIPFE(])
RCXX=C.0
RLZB(I) =SERE(1I-RGX(I)-RXB(I)
UZSE(I)=UZ2SELI)+RUZBIT)

RIBEL1) = F4 - EXB(I)

* * LFFER ZICNE EVAP s % ®

PCRYIGN MNCY SATISFIED FROM U.Z.

IF C(MUMTLMNEL()LCR.UIMINLNE.OQ)) GO TQ 290
1f (EPIAN.LE.(C.C)) GO TO 290
EFFECT=1.(C
IF(UCZRA(]1).LE.2.0) GO TO 230
IF (LZ2St(1).LE.EPIN) GO TO 270
LZSB(I)=LZ2SE(TI)}~EPIN
FUZB(1)= FUZE(I)-EPIN
SNET=SNET+F29EPIN0.20
€G YO 2¢¢C
EFFECT= C.51L2RA(I) .
IF (EFFECT.17.10.02)) EFFECT=0.02
IF (LZSE(1).LE.EPIN®EFFECT) GG 10 270
LZSB(I)=L2SE(I) ~ (EPIN®EFFECT)
RUZE(I1)= FUZE(I)-(EPIN*EFFECT)
EDIFF= (1.,0-EFFECT)*EPIN
REFP IN=REFIN ¢ ECIFF*0.20
ECIFF=0.0
SNET= SAEY ¢ (PASEPIN¥EFFECTI*0.20
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Appendix C (continued)

28C6.
2807,
2808.
2€09.
2810,
2811.
z€12.
<€13.
2€14.
2815,
2€16.
2€E17.
<818,
2819.
2820,
2821,
2€22.
2823,
2824.
ct2s.
<826,
2827.
2828.
z€29.
2€30.
2831,
2832.
2833,
2834,
2€35.
2E3¢.
2€37.
2838.
2€39.
2E40.
2t4l.
2€42.
2843,
2844,
2845,
2E46.
2E41,
2€E48.
2E49.
2ES0.
F133 B
2822,
2853,
2ES4,
2ESS,
2€%6.
2857,
2858,
2t<s,
2E¢€0.
2881,
2t€2,
28€3,
28¢4.
28&5,

OOOOOAOONHO

OO

OO0 ONONN

6C TC 250

21¢C EDIFF= EFIN - UZSB(I)

REFIN= FEFIM ¢ EDIFF*0.20
ECIFF=0.0

SNET= SMET 4 FAYUZSB(1)%0.20
UZSE(1)=0.0

RLZE(I)=0.0

LA INTERFLCW FUNCTIGON * * »
SRGX(TI) — IMTERFLCW CETENTICN STORAGE FROM BLECK 1

INTF{I) - IMTERFLCW LEAVING STORAGE FROM BLOCK I
SRGXY - TCTAL IMTERFLCW STORAGE

RGXT = TCTAL IMPTERFLOW LEAVING STCKAGE DURING INTERVAL

250 INTE(I) = LIRC4*SRGX(])

SRGX(I)=SRCX(1)4(RGX{I}*PA)~INTF(])
RU=RL + JNTF(1)*0.20

SRGXT= SRCXT 4 (RCX(I)*PA-INTF(1))%0.20

RGXT=RGXT + INTF(1)#0.20

%2 CVERLANC FLCP FOUTING #**¢

RXE(I) = VCLUME TC (VERLJND SURFACE DETENTION FROM BLCCK 1
RCSE(I) = VCLUME OF CVERLAND FLOW TG STREAM FROM EBLOCK I

RESE(I) = VOLUME CF CVERLAND Q REMAINING ON SURFACE
FRCP BLICK 1

Fl= RXELI)-(FESE(]))
F3= (RESE(1))+¢ RXE(D)
IF (RXE(IDSLEL(FESE(I})) GO TO 34
CE= DEC*((F1)93(.6)
GC TC 325
24 CE= (F3)/2.C
3¢ IF (F2.GT.(2.(*(E)) OE = F3/2.0
1F (F3.LE.0.CC5) CO TC 40
DULMV3{1.0+C.&4(F3/(2.0%DE))**3.)**),67
ROSE(I)=(TIPFAC/EC.I¥SRCE((F3/2.)%%1.67)%0UMV
IF (FOSE(I) .CT. C.95*RXB(I)) RUSBLI) = +95%RXB(I)
GG TQ 43
4C RGSE(I) = C.0
42 RESB(I)= RXE(I)-FCSE(I)
RCSE(1) RCSE(I)*PA
RCSINYI(1) = RCSE(I) + INTFLI)

& % & (LPFER 2CNE DEPLETICN * * *

DEEPLII) - CIFFEREMCE IN UPPER AND LOWER ZONE RATIOS
PERCB(I) - UPPER Z(ME CEPLETION FROM EACH BLOCK

FEFC - TCTAL L.2. CEPLETION

INFLT - TCTAL IMFILTRATICN

RCS =- TCTAL GVERLANC FLCW TO THE STREAM FROM ALL BLOCKS

IF ((NUMI .EC. 0)<AND.(IMIN .EQ. O)) GO TC 44
PERCE(1) = 0.0
60 TC 42
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Appendix C (continued)

2886,
2E€7,
2t€8.
2869,
<€10.
28171,
<€12.
2873,
2ET4.
28175,
28176,
€71,
2878,
2ET1S.
2€E€0,.
2881.
2te2.
2€83.
26E4,
2EES.
2686,
2E€7.
2EE6.
28E9.
2€S0.
2891.
2852.
2863,
2854,
2€E95.
289¢€.
2€S7.
ZESE.
28S9.
2500.
ésCl.
25C2.
2603.
2504.
2505.
2506,
2507.
2s08.
2509.
2S10.
2sll.
2sla.
2513.
2914.
2515.
2S16.
2517,
<518,
2519.
2520.
¢S21.
2522.
€523,
2524.
2525.

C

[a X aNg]

AOOOOOOOONHD

44 CEEFLLI)= ((L2SB(J)/UISN)-({LZS/LISN))
IF (CEEPL(I)<LE.0aCl) GO TO 41
PERCEB(I)=Co 1 INFIL*UZSN*(DEEPL(] )**3)

IF (SNCh .EC. YES) PERCB(I) = PERCB(I)*D4FX

IF (UZSE(T) CTLPERCB(I)) GO TO 48
PERCE(TI) = L2SEL1)*PERCBILII/Z(PERCB(II+UZSBITL))
GO TC 47

4¢€ LCZSE(I)=L2SE(1)-PERCB(])
PERC=PERC+PEF(B(1)*0.2
RL2E(I) = RLIE(I) - PERCB(I)
41 INFL(1)s F4-SHRDU(I)
INFLT=IAFLY ¢ IAFL(I }%0.20
RESS -~ RESS ¢ FESE(TI)%0.2
LZ2S= L2S + RLZE(1)20.20
ROS = RCS ¢+ RCSE(I)*0.2
1CC CCNTINLE
IF (UZS .LE. C.CCO1) UZS=0.0

ENC CF BLCCKk LCCF

RU=RL ¢+ R(CS
IF ((RESS)LEEL{CL0001)) GO TO 302
LZS = L2S + RESS
RESS = CoC
CC 30¢ 1Fr= 1,°

3C¢ RESE(IK)= C.0

30< IF (SRGXT.(E.((.0C01)) GO TO 305
LIS = L2S 4+ SFCXT/PA
SRGXT = 0.C

. 0O 204 1k= ],5
304 SRGX({1K)= 0.C

4 % % LCWER 2C(ME ZND GRCUNDHWATER #* * =

SEAS
SRCHk

EASE STREAPFLOM
SLM CF CROVATER RECHARGE

PREL - % CF INFILTR2ZTICN AND Uol. DEPLETION ENTERING L.Z

Fl2 —~ GRCUNCWATER FECHARGE — IE. PUKTION OF INFIL.
ANC U.2. CEFLETICN ENTERING GROWATER
Kz4L - FRACTICM CF Fl# LOST TO DEEP GRDWATER

30% L2I=1592BSH(L2S/LZSN)-1.0)+¢1.0
PREL=(1.C/7(1.0+#L21)) > L]
1F (LZ2SLT.L2SN) PREL=1.0-PREL*LNRAT
F2z FRELACINFLT)
F18 = (l1.C-FREL)*INFLT
IF ((ALFI.MNELO)LOR.({IMINC.NE.O)) GO TO 306
F2 = F2 + FFELSPERC
F1A = F12 4 (1.0-PREL)*PERC
3CS L28= LiS+F2
Fl= FlAs(1.0 - K24L)*PA
ChF=SCWPLKK4R (1,0 ¢+ KVEGHS)
RLU = RU ¢ COWF
SEAS= GWF
SRCh= FLlAIKZ4LEFA
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Appendix C (continued)

2526, SChaSGh ~ CWF + F1

25217. ChS=CHWS ¢ F1

2628, c

2629, c 1% 9 GRCULNEBATER EVAP ¢ % =

2630, C

2621, c

2532. C LCS ~ EVAP LCST FRCM GRCUNDWATER

2533, c _
2¢34. c NOTE: EVAP FRCM CRCWATER AND LZ IS CALCULATEC ONLY DAILY
2535, c

2636, IF ((FRFLZCLEC.C)oOR.(IHRR.NEL21)) GU TO 101
2637, IF (GRS «CTe (4C001) GWS = 0.97%GWS

2638, LCS= SGh*KZ4EULAFEF IN®PA

2539, SG¥=SCh - LCS

2540, ChS=ChS - LLS

2641, SAET= SNET1 4 LCS

2542 REPIN= REFIM - LCS

2643, IF (ChSeLT.(0.C)) GWS=0.0

2544, c

2645, C *» % = LChEF ICAE EVAP * % =

2646. C

2647, C AETIR - EVAP LCST FRCP LoZe

2548, c

2646, c

2650, IF (REFIN.LT.(C.COO0L)) GO TO 351

2651, LNRAT = L28/LZSH

2552, K3 = xKk3

2553, IF (CCVERLCE.XKZ) K3 = COVER

2554, IF (KZ.LT.1.0) €O TG 300

2655, KF=5C.0

2656, GC TC 320

25¢7. 3CC  KF=C.25/(1.C-22)

2658, 220 IF (FEPIN.CE.{KFRLNRAT)) GO TGO 340

2559. AETR= REPIN#(1,C-{REPIN/(2.0%KF*LNRAT)))
29£0,. GG TC 3¢C

2§€1. 340 AETRz 0O ,S4(KFALARAT)

25¢€2, asC IF (K2.LT.(Ca%C)) AETR=AETR*(2.0%K3)

29¢€3, LZS=L2S ~ AETR

25¢€4, SAET= SAET ¢ F2YAETR

25¢S, ASNET ASNET + LCS + PA®AETR

2566, 351 REFIN 0.0

25¢7. 11 SNETI = SMET - SNET1

2668. c

26¢S, o

£6170. ¢

2671. € wEAL WATER EALAMCE IN THE INTERVAL

2672, C ThELL — ACCLNLLATED V2TER BALANCE

2673, c

2574, c

25175, WBAL = (L2S-LZS1+L2S-UZSL+RESS-RESSL)I*PA+ (SNET~SNETL+SCW-SGH1+
29764 X SCEF-SCEP1+SRCH+SRGXT-SRGX TL+RU-PR)
25177, IF ((WPAL otE. C.0001).AND, (WBAL .GE. -0.0001)) HWBAL = 0.0
2678, THBAL=TREAL+WBAL

2s179, c

<SEQ. CPS = FlAsFs

2581, CPST = CPST + OFS

26¢2. c

25€3, c

2584, c RESETTING VARIABLES

2SE€5, c
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Appendix C (continued)

2586, L2S1=L2S

2%87. uz2si=uyzs

2SE8, RESS1=RESS

2589, SCEP1=SCEP

2550, SRGXT1=SREXT

26S1. SGH1=SGh

268S52. SNET1=SMNET

2563, C

2554. ASBAS = ASEAS ¢ SBAS

25655, ASRCH = ASFCF ¢ SRCH

25856, APR = AFR + FRR

25%17. ARU = ARL ¢ FL

25S8. ARUT = AFRL] 4 FUIL

€599. ARQS ~ AFCS + FQS

3cca, ARGXT = 2FEXT ¢ RGXT

3CC1. IF ((NUMIJMELC).CRoUIMIN.NE.O)) GO TO 148
3co2. AEPIN LAEFIM + EPINL

2003. ASKET = 2SNEY ¢ SNETI

3004. 148 CO 120 1I=1,%

3C€0s. APEFCRB(I) = ZFERCE(LI) + PERCB(I)
3006, ARDSE(I) - AFCSE(1) + ROSB(1)
3¢07. AINTF(I) - AIMIF(L) + INTF(I)
1cos. ARCSITUI) = 2FCSITUI) + ROSINT(I)
300s. 15C CCATINLE

3010. c

2. 158 CCNTIMLE

3012. C

2013. IF (FRMTKE .EC. C} GC TO 180

2C1l4. c

3015. C CLMULATIVE RECORODS
zZ016. C

32017. PRICM = PRT(M + AFR

2018. EFTCM = EFTIV ¢ 2EPIN

2C19. RLICGM = RLTCVM + fRU

32020. FCSTCP = RCSTCM 4+ ARQS

3czl. RITCF - RITCM + 2FUL

3cze. RINTCM RIMTICF + ARCXY

3Ca3. REPTCM = NEFTCF 4+ ASNETY

3024. BASTCM = EASTCM + ASBAS

2025. RCHTCM = RCETCM ¢ ASRCH

3Czs. C

3C21. DC 157 121,85

3o0as. RCETCM (1) = RCBTCM(I) + AROSB(I)
3029. RCETCTII) = FOBTCY(I) + AROSB(I)
3G20. INFTCMATY = INFTCM(1) ¢ AINTF(I)
3€31. INFTCTUI) = INFTCT(I) ¢ AINTF(I)
3022, RCITCHM(I) = ROITCMUL) + AROSIT(I)
3033, 1817 RCITCTUI) = FCITCT(L) ¢ ARDSIT(I)
2(34. C

3Q3s. PRTCT = PRYCT ¢ APR

3C36. EPTCT = EFTCY + REPIN

2¢37. RLTOT = RLICT + 2FV

3C3s8. RCSTCT = RCSTICT 4 ARCS

3039. RITCT = RITCT + fPUI

3C40. RINTCT =RINTCT ¢ £RCXT

3041, NEFTQT = NEFTCT & ASNET

3C42. BASTICY = BASICT ¢ ASEBAS

3043, RCHTCT = RCFTCT + ASRCH

3C44, C

3045, IF (PRATKE o.ECe 2) GO TO AT1
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Appendix C (continued)

3046.
30417.
3048.
3049.
3¢50.
3cC51.
20%2.
30%3.
30%4.
3G55.
3056.
3057,
acss.
2059.
30¢0.
3061.
20¢2.
30¢3.
3064.
2C¢S5.
30¢6.
3C¢t.
aces.
3C¢9.
3¢10.
3071.
acaz.
2Ci3.
3074.
30175.
3076.
2677,
(78,
3acis.
3CE0.
3CEl.
aceza.
3Ce3.
3CE4.
3CEeS.
2C8s.
3cs1.
3Ces8e.
3cCes.
2090.
2¢sl.
3gs2.
3C93.
2(%4,
305.
20%6.
3Cs51,.
3¢s8.
3(ss.
3100.
2101,
2102.
3103,
2104,
210s.

(e NaNaXal

LS

IF (FYCAL.EC.FRCC) GE TO 160

CLTFUT FOR HSP LANDS CALIBKATION RUAN

IfF {TF .6T. 21 ¢C TO 170

RU = (RURAREA#43€€C.)/(TIMFAC*720.)

IF (RU «LTe FYMIN) GC TG 170
CMETRC=FU»,(z82

IF {(NUTR .EC. YES) 60 TO 982

WRITE (&€927S) MMAM{NMGNTH) 9DAY sIHRy IMIN
WRITE (€,37&) RL,CMETRC

GO T4 117C

IF (CUTFLT.EC.ENCL +CR. OUTPUT.EGeEOTH)

BRITE (€,4SC1) MNAMIMONTH), DAY, [HR, IMIN, RU

IF (CUTFLY LEC. PETR)
WRITE (€,4501) MNAM(MONTH), DAY, LHR, IFIN,
GC TC 170

16C IF (SACR.EQ.NC LF. PRINT.NE.DAYS) GO TO 169

C
C
C

SUFSAR = SLNSM
PXSM - FXENC
SPXF = FELRACL
RADMEH = FLCPEL
CORMEF = CORMEC
CCAMEE = COMPEL
CRAIN = CRAINC
SGFE = SCMC
SNEGMr = SNECHD
SEVAPH = SEVAFC

CLTFUT FUR HSP LANCS PROOUCTIGN RUN AND SUMMARIES

166 IF (CUTFUT.EC. PETR) GO TO 161

WRITE (€,26C)
WRITE (€,3€2)
WRITE (€,3€2) AFCSByAROS
WRITE (€42€4) AIMIFoARGXT
WRITE (€,2€5) AFL]
WRITE (€42€¢€) AFCSITLARU
WRITE (€,3€C) ASEAS
WRITE (E,381) ASECKF
WRITE (€4361) AFF,APR,APKAPRyAPRyAPR
1F ((SNChEC.MC).CR. (PACK.LE.0.0)) GO TO 181
SNOWMELT OUuTPUT
WRITE (&,478) SULPENH
WRITE (€447S) FXENH
WRITE (€,48C) SFIF
WRITE (¢,481)
WRITE (&,482) RZLVER
WRITE (€,4E2) COMPEH
WRITE (€,48¢) CCFFEH
WRITE (€,4E5) CFEINH
WRITE (€,4E€) SCPH
WRITE (€,4ET7) SNEGMH
WRITE (€,4SC) FACK
CCVR = 1€0.
IF (FACK .LT. IPACK) COVR (PACK/IPACK)*100,.
IF (FACK.C1.(.Cl) GO TO 1078
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Appendix C (continued)

2106. CCVR=0.0

2101, SDEN=0.0

3108. 1CTE WRITE (€44S)1) SCEN

210S. WRITE (&,4S2) CCVF

32110. WRITE (€44EE) SEVAPH

a1ll. 181 WRITE (€436}

3112. WRITE (E93&E) AEFINJAEPIN)AEPINJAEPINJAEPINJAEPIN
3113, WRITE (€¢36S) ASNET,ASNET JASNET ASNET)ASNET oA SNET
3114. RRITE (€,382) CCVER

3115, WRITE (€437°C)

2116, WRITE (€+271) U2SE,LLZS

211%. WRITE (€9272) La€4L2S,LZSHLLS)L2SHLZS
3118. WRITE (€9372) SChySCh,SGW ySGU,SGH,SGh
z119. WRITE (6,274) SCEFsSCEP,SCEPsSCEP¢SCEP,SCEP
3120. WRITE (€,275) RESEByRESS

2121. WRITE (€437€) SFCXySRGXT

122, WRITE (€427%) THEAL

3123, IF ((SNCheEC.YES) AND(PACKSGTL0.01) WRITE (6+48S) TSNBAL
3124, 161 IF (CLTFUT.EC. EMNCL) GO TO 171

zl1z5. c '

3126. C NMETIRIC CCAVERSICMS FCR CUTPUT

z1e1. AFR = PR&EPNMEIN

3128, ARCS =AROSHPIPIM

2129. ARGXT =ARCXTapNMFIN

2120, ARLUI =ARULIAMMFIM

3131. ARV =ARUSPMFEID

3132. ASBAS =ASEASHMMEIN

3133, ASRCH =ASRCH4MFMEIN

3134, AEPIN =2EPINSPME]N

21325, ASNET sASAET*MNEIMN

2136, LZSMET=LZS*MMFIM

z1317. LZSMET=LZS*MNMEFIM

21328, SGRMET=SGhePNFID

3139. SCEFNMT=SCEPINIPIN

3140. RESSMT=RESSHPMFFIN

3141. THBLMT=TWEAL*MNMFIN

3142, SRGXTVM=SRCXT#MMEIN

2143, C SACH

Zl44. IF (SNC» .EC. NC) GC TO 163

2145, SUMSNE = SUFSAHAMMPIN

214¢€. PXSNH = PXSNH-#NPFIN

3147. SPXF = SPXFSNMPPIN

3148. RADMEH = RACNMEHMPIPIN

3149, CCNMEH = CCMMEFIPIMPIN

2150. CCRMEH = CCRNMEF*FFPIN

3151. CRAINH = CRZIANFENPPIN

a1sa. SGMF = SGNMEIMMPIN

z153. SNEGMH = SAECPHEMMPIN

21%4, PACKNML = PACK#NMPFIN

2155, SEVAFEF = SEVAFROPIPIN

21%6. TENEML = TSPELLEMPMPIN

3187, 1€2 D0 1€z [=1,¢

31£8. ARCSB(I) =2FCSE(I)*MMPIN

215S. AINTF(I) =AINTF(I)*FMPIN

3160. AFCSIT(I)=2AfCSITIII*MMP IN

31¢1l. UZSBEFT(I)=L2SE(I1)*MMPIN

2162. RESENMT(I)=RESE(1)*FMPIN

31¢3, SREXMPT(I)=SRGX{I)FNPIN

31é&4. 162 CCNTINLE

3165, WRITE (€,46C)
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Appendix C (continued)

2166. WRITE (6,342)
21¢€7. WRITE (€,3¢€2%)
ajes. WRITE (€,364)
21&9. PRITE (€,2€%5)
3110. WRITE (€&,36€¢)
3111. RRITE {(¢,38C)
3112. RRITE (€,38])
2173, WRITE (€43€1)
Z114. IF (SKCYLECWANC
31175. WRITE (€+47¢)
3176. RRITE (€,47%)
3177. WRITE (6,48C)
3118. WRITE (€,4E1)
2175. WRITE (€,482)
2180. WRITE (€,4E2)
3181. WRITE (64,484)
3182. WRITE (€,48%5)
3183. WRITE (€,4E¢)
3184. WRITE (€,4817)
2185. WRITE (€,49C)
3166. CCVR = }]CO0.
3187. IF (FACKGLLTY
218s8. IF (FACK.CGY
3189. CCVR = C.C
2150. SCEN = 0.C
1191. 1C1S WRITE (€,4%1)
3182, WRITE (€&4452)
2193, WRITE (&,4EE)
319%. 182 WRITE (€,26€7)
314S. WRITE (€,3¢6E)
2156. WRITE (€,3¢£¢)
3tist. WRITE (€4,382)
2158, WRITE (&,37C)
3169. SRITE (¢€,271)
3200. WRITE (6,372)
3201, WRITE (€,372)
3202, WRITE (€4374)
3403, PRITE (€427%)
3204, WRITE (£,37¢)
3405, WRITE (£€,377)
3¢C6. IF (SNCh.EC.YE
3201. c

3208. 171 IF (FRINTWAELC
3209, SUMSNE = (.0
3210, PXSAE = C,L0
3211, MELRAL = (,C
3212. RACVMEL = (.C
1213, CCRMEL = C,.0
<15, CRAINE = (.C
2cl6. SCrL = (,C
3z17. SNEGML = (.C
2z18. SEVAFL = C.0
2219, C

3220. C

zzél. C

3c22. 378 FORMAT (*+',21
3223. 37S FCRAMAT (* ',5¢
3224, 3&C FCRMAT (*0*,&>
3225. 3é&z FCRMAT ('C*»11

AFCS6,AR0S

AINTF,ARGXT

AFL]Y

ARCS1T9ARU

ASERS

ASRCH

AFF 4APRGAPR,APR, APR, APR
o(Fa PACKeLE.0.0) GO TD 182
SUMSAH
FXSNH
SEXH

F2CNEH
CCMMEH
CCRMEH
CFAIMK
$CMH
ENEGMH
FACKML
Q
« 1F2CK)
«C.C1)

COVR = (PACK/ IPACK)*100.
GO T0 1079

SCEN
CCWR
SEVAPH

AEFINJAEPIN» AEPIN,AEPINVAEPIN,AEPIN
ASNET,ASNET yASNET s ASNE TyASNET » ASNET
CCVER

UZ2SEMT, UZSMET

L2SMETe LISMEY), LZISMEY, LZSMET, LISMET, LISMET
SChMETy SGWMETe SGWMET y SGWMET, SGWFET, SGWMETY
SCEFMY, SCEPMT, SCEPMT, SCePMT, SCEPMT, SCEPMT
RESENT, RESSMT

SECIMT,y SRGXT

THELNMT

$ «ANDs PACK.GT.0.0) TSNBML

WRITE (6,9489)

AY¥s) GO TO 170

FCRMAT STATEMENTS

XsFéa242X,F6e3)
v1X012,2Xe12,%2%12)
»*PATER, INCHES')

X o "RUNGCFF* )
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Appendix C (continued)

3226, 3€3 FCRMAT (* * ,14X,'CVERLAND FLOW® 15X +5(F6e392X)91XsFBe3)
a2za1. 364 FORMAT (% * 14X " INTERFLOW® 99X 95(Fbe342X) 91lXeFBe3)
3228. 3€E FCRMAT (% = 14X, IMFERVIUUS® y59XyFbe3)

32¢S. 3€€ FORPAT (* = 414X *TOTAL y13X95(F8e3 42 X)9lXF8.3)
3230. 380 FCRMAT ('CP11Xe"BASE FLUNW' y03XyF8.3)

3z21. 3E]1 FCORMAT (* " 411X ¢*'CGRCHRATER KECHARGE®,55X,FB8.3)

Je32. 2€1 FORMAT (*0°' 411X, *FRECIPITATIUN? y8Xs5(FTal95X) 41X9FTe2)
3233, 47¢ FCRFAT (' = 14X, "SNCW® 65Xy FTa2)

32324, 47¢ FCRMAT (' ¢ 14X RAIN GN SNOW® yS57X,FT7.2)

3235, 4EC FCRMAT (¢ *,14X,'FELT & RAIN' y58X,F7.2)

323¢. 4E1 FCRMAT (*Q*411X,'MELT)

3231. 48z FORMAT (* *414X,'RADIATION® y60XyF7.2)

3238. 483 FCRMAT (' * 414X, *'CCAVECTION®+59X4F7,2)

2239. 484 FORMAT (* " ;14X "CCACENSATIGN' 4S5TXoFT7.2)

3240. 4LES FCRMAT ' * 414X, 'FAIN MELT' »60X4F7.2)

2241, 486 FCRMAT (' * 414X +*CRCUND MELT® 458XyF7.2)

3242. 4E7T FORMATY (' "414X4°'CUNM NEG HEAT' 957X ¢FT.2)

3243. 490 FCRMAT (07 11X s*SNCW PACK®463X4F742)

Zi44. 4€]1 FORMAT (* "o11X4'SNCh DENSITY® 60X,F7.2)

3245. 462 FORMAT (' ",]11Xs*% SNGW CGVEK' ,60X,F7.2)

3246, 4EE FORMAT (%00 ,11X,*SNCh EVAP? ,63X9F7.2)

3z47. 3¢€7 FCRMAT (°0°,11X,'EVAPCTRANSPIRATIGN® )

3248, 36E FCRMAT (% * 14X, *FOTENTIALY y9Xs5(F7.293X)91XyF7.2)
324S5, 3€6<S FORNMAT (* = y14X o NET Y 415X y5(FTe203X) ¢lXyFT7.2)

32£0. 3€E3 FCRMAT (°* v ,14X,'CROP COVER' 159X¢F7.2)

azsi. 27C FCRMAT (°0°411X4*STCRAGES® )

32¢%a. 371 FORMAT (* % ,14X,°UPFER ZONE® 18Xy5(F3.392X) 11X sF8.3)
3283, 372 FCRMAT (' = 414X, "LCWER ZONE' y8X95(Fue342X) s 1X4F8s3)
3254. 272 FCRMAT (" =~ 414X *CRCUNDWATER® y7X¢5(F8e3+2X) 91X,F8,.3)}
3255. 374 FCRMAT (' ",14X " INTERCEPTION® y6Xy5(F8e392X)11XyF8e3)
32¢%6. 275 FCRMAT ([ 0 ,14X,*CVERLAND  FLONW® y5X 95 (FBe392X) 91XeF843)
32£7. 376 FORMAT {* 414X o INTERFLONW® 19X95(F8e392X) 91XyF8.3)
3258, 377 FCRMAT ('0°+11Xo*WATER BALANCE=*,F8.4)

2259, 4ES FORMAT (° *,11X,'SNCh BALANCE= *,F6.4)

3260, 4€0 FCRMAT (%0 4€X,*PATERy MILLIMETEKS?)

3261. 4501 FCRMAT (*C" 42E,1X41292X9129%°3%91293Xy4F3e3)

32€2. C

32¢4. AEPIN = 0.0

3265. ARU = 0.0

32¢6. ARUT = 0.0

3z€1. ARQS = 0,0

32¢8. ARGXT = 0.0

32¢9. ASNET = (.0

3210, ASBAS = 0.0

3271. ASRCH = 0.0

3212, CC 172 1=1,°

3213, ARCSE(I) = 0

2274, AINTF(]1) = O

32175, ARCSIT(I) =

3276. 172 CCNTINUE

321717, C

32178. 18C IF (SNCh.EC.ANC) IC 190

3279. C

3280, C ZERU HOURLY VALUES
Je81. SLMSNH = 0.C

3z82. PXSNH = 0,0

32€3. RACMEH = 0,C

34t4. CDRMEF = 0,.¢

32¢&5. CCAPEF = Q.C
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Appendix C (continued)

3286.
32€7.
2z68.
32€9.
3250.
3281.
3252.
4C00.
4C01.
4CC2.
4003.
4004,
4CC5.
4006.
4007,
40C8.
4CCS.
4C10.
4011,
4012«
4013,
4014,
4015,
4016.
4017.
4018.
4019.
4020,
4021,
4022.
4C23.
4C24.
4025,
4026,
4027.
4028.
4045,
4C30.
4C2]1,
4032.
4033,
4034,
4035,
4C36.
4037,
4038,
4039,
4C40.
4041,
4042,
4043,
4044,
4045,
4C46,
4C47,
4048,
4C49,
4050,
4Cs1.
4Cs52.

OO0 OO0

AOOOOOO

1sC

1
1

Z

3

1
2

-

o Dl AN DY NS -

CRAINH
SGMH =

= e

C
SNEGMH =

0

0
-0
0.(
SEVAPH 0.C
0

SUBRCUTINE SECTY

SEDIMENT ERGSION MODEL

CIMENSICN RESE{ES),RESBL{5),ROSBI5))SRGX(5)s INTF(5),RGX(5),INFL(S},
LZSB(E)APERCB(S)+RIB(5)ERSNI(5)

CIMENSICN SFER(E),RCBTCM(5),ROBTUT(5)INFTOMIS) INFTOT(S),
ROITCHMIS) s FCITCYI5) yRXBI5) o+ ERSTLMIS )4 ERSTOT(S) 4 MNAM{12)4RAD(241),
TEMPX(24) 9P INC) (24) yRAINL288) yUZSBMT(5) +RESBNT(5)4SRGXNT(S),
SRERMT(5)

OIMENSICN AERSN{S),AERSNM(S)

CIMENSICN IST4RLE)

COMMCN /ALL/ RUHYMIN¢PRNTKESsHYCAL OPST,OUTPUT,TIVFAC,L2S,AREA,
RESBLyROSB ¢SFGXy INTFyRGX o INFLyULSEy APERCByRIByERSNyMyP3,A,
CALEByFRGLyFEST yALTRyENGL ¢METRy BLTHy RESBsYESINCy IFIN,IFR,TF,y

2 JCCUNTPRINT,INTRyCAYS,HOURyMNTH

CCMMCN /LANC/ MANEVPRTOT, ERSNTT, PRTUMEKSNTM,CAY,
RUTCM G NEFTIMyRCSTIONMyRITUMPRINTOM B4 STUMyRCHTCM,RUTOT,
NEPTCT RCETCT yFITOT JRINTOT y8ASTCT o/ LHTUT o TWB AL EPTOM, EPTOT,
UZSoUZSNGLZSN G INFIL G INTERpIRCyNNosLy SOS9SGWL sPRySGyGHS 9KV,
K24L ¢y KK24 ¢ KZ4EL yEP 9y IFS K3y EPXMyRESOLyRESS)ySCEP,SCEPL, SRGXT,
SRGXT19JRER yKREF g JSERyKSERySRERT yMMFINyMETUPTSNCW,LCFAL,
SCFyICNS F4CCMynCy ¥PACKy EVAPSNyMELEV,y TONUNW PETMI N, PETMAXLELDIF,
DERXyPACKyCEFTE FCATHoSOEN ) LIPACK, TM INySUMSNM yPXSAMy XK3y
FELRAVM RACFENM¢CCRMEM,CRA INMyCUONMEM, SGMMy SNEGVN , SEVAPY., SLNSNY,
PXSAY yNELRLZY yRILCPEYCORMEY » SGMY yCClyMEY y CKAINY, SNEGMY, SEVAPY,
TSNEALoCCVER 4CCVRMX,ROBTOMRUBTCT yRXByKIITCM,ROITOT INFTICH,
INFTCToERSTCM yERSTCT,SRERy TEMPX yRAD oW INUX,y RAINy INPUT

PRATKE 4+ YCAL »OUT PUT, CALB, PRGD,ENGL s METR, BOTH, TIFFAC
FEST,NLTR,YES,NO
MASM

INTECER
INTEGER
REAL»8

FEAL
REAL
REAL

JRER, KRER, .SER, KSER
EFSNTT, SERTMT
PMPIMN, PETI(FT, KGPLSB

ERSAT/C.0/sy AERSN/5¥0.0/
1ASTRK/*3%/7, T1BLANK/® %/

CATA
CATA

SEF = TRAASFCRT CAFACITY OF OVERLAND FLGW IN TUNS/ACRE
ERSN = ERCSICA REZ(FING STREAM
SRER = FINES CEFCSIT IN TONS/ACRE

ZEFCING OF VARIABLES
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Appendix C (continued)

4Cc3.
4Ct4,
4055,
40%6.
40517.
4058,
4059,
4C60.
4C¢l.
4C¢&2.
40613,
4CE4.
40€5.
4C¢6.
40&7.
4Cé68.
4C6S.
4C70.
4071.
4C12.
4073.
4C4,
4015.
4Cl6.
4CT17.
4C78.
40179.
4CE0,
4C8l.
4C¢€2.
4CE3.
4CE4,
4C€5.
40E6.
4CET.
40&8.
4CES.
4CS0.
4091.
4CS2.
4083,
4054,
4CsS.
4056,
4CS7.
4CS8.
4C99.
4100.
£101.
41cC2.
4103,
4104,
4105.
4106.
4107,
4108,
4109.
4110,
4]111.
4112.

444
445
c

C

445

(2 X 2N sl

(o]

(s XaNaNyl

SRERT = Q.0

CO 4595 1=1,°%
ISTAR(T) = 1ELAMK
ERSNT = 0.C

SCIL ERGSION LOGP

RER = (1.0 - CCVER)*KRER*PR**JRER
CO 4452 I=1,°%
SRER(I1) = SRER(I) + RER
IF ((RCSE(I)I4FESEL(]1)}.GT<0.0) GO TO 4444

EFSA(Y) = C.0
SER = C.
GC TC 444¢

4 SER = KSEF®{RCSB(I) +RESBII))**JSER
IF (SEF +LE. SRER(I)) GJ TG 4501
SER = SREF (1)
ISTAR(I) = 1ASTRK

1 ERSAN(I) = SER*RCSB(I)/(ROSH(1)+RESBII})
SRER(I) = SEFER(I) - ERSNI(I)
IF (SFEF(I) oLT. O.J) SKER(I) = Q.

é AERSAMII) = AEFENC(I) + ERSN(I)
< CCNTINLE

IF (PRATKE +ECe C) GG TO 4490

CC 445€ 1=]1,%
ERSAT = EFSNT # AERSN(I)*0.2
SRERT = SFERT # SRER(1)#%0.2
ERSTCPM(I) = ERSTGM(I) + AERSN(I)
ERSTCT(I) = ERSTOTLI) + AERSNLI)
é CONTIMLE

CLMLLATIVE RECOROS

ERSNTF = ERSATM & ERSAT
ERSNTT = EREMNIT + ERSAT

IF (PRATKE <EC. 2) GC TO 4487

ERSANTF = C.0
ERSNTK = (.C
ERSAKNF = (.0
ERSACH = (.C

IF (HYCAL .EC. FFOC) GO TGO 4460
IF (RL oLT. FYPIN) GO TO 4487

CCAVERSICN CF SECIPENT LOSS TO LBSey KGSes K&S/MINUTEs AND
GM/L FUR OUTPUT

ERSNTF = ERSAT4Z2(C0.*AREA

ERSATK = EFSATF1,454

ERSAKF = ERSATE/TIMFAC

ERSACPM = ERSATF#454./7(RUSTIMFAC*60,%28.32)
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Appendix C (continued)

4113.
4114.
4115,
4116.
41117.
4118.
4119.
4120.
4121.
4122.
£123.
$124.
£125.
4126,
§121.
4128.
4129.
4130.
4131.
4132,
4133,
4134,
4135.
4136,
4127.
4138.
4139.
4140.
4141.
4142.
€143,
4144,
4145,
4146,
4147.
4148.
4146,
4150,
4151.
4152,
4153,
4124,
41¢5,
4156,
4121,
4158,
4159,
41¢€0.
5C€00.
£001.
5Cc2.
5¢Co3.
sCC4.
5CCé6.
5C017.
5008,
$¢09.
f010.
54Q11.

C
€s2

C
£S3

4SSS

OO

44¢C

44¢2

44€1

laNal ol

4480
44€1
44E2
4484
4485
45Cz

44€17
448S
C

445C

(]

O OO0 OO0

IF (NLTR .EC. YES) GC TO 892

WRITE (694<E6) ERSNTP, ERSNTK, ERSNKM, ERSNCH
GO 1C &S3

IF (CUTFUTLECLEMCL 4OR. GUTPUTLEJCEUTH) WRITE (6,4902)
IF (OLTFUT .EQC. PETR) WRITE (60,4902} ERSNTK

IF (FYCALLECLCALE oANCe PESTLEQND . ANDe NUTR.EQL.NO)
1 WRITE (694999) (ISTAR(1),1=1,5)
FOCRM2T (*4°,74X,5A1)
GO TO 44281

FRIMNTING OF QUTPUT

IF (CLTFLT.EC. PETR) GU TO 4462

WRITE (&444¢8C)

WRITE (€,448)) (BERSN(I), I=1,5)9 ERSNT

WRITE (&,44t2) (SRER(I), I=1,5), SRERT

IF (OLTPLT.EC. ENCL) GO TG 4487

ERSNTI=ERSATISPETCFT22.47]

SRRTIMT=SRERT4PETCFTR2.471

€0 4461 1=1,¢
AERSANMIT)I=2EF EMLT I#METUPTH2 4471
SRERNT(I)=SRER(IV#NMETOPT#2.471

CCATINLE

WRITE (£444E5)

WRITE (€,44E1) AERSAM, ERSNTI

WRITE (€,44€2) SFERPMT, SRRTMT

FCRNAT STATEMENTS

FCRMAT (*C*,EXx,'SEDIMENTy TONS/ACRE')

FCRMAT (' ' 411X 4'ERCDED SEUDIMENT ' 4R 43 (3X,F743)94XsFTe3)

FORMAT (* 411Xy 'FINES DS PCSIT? 16X y5(3XsF743) 44X+FT.3)
FCRMAT ("4 42EX24(2X4F7.,2))

FCRMAT ('0°* sEXx,*SEDIMENTy TONNES/HECTARE')

FORMLAT ("+°,20X,FE.2)

CO 448S I=1,f
AERSN(I) = 0.0
CCNTINLE

CCNTINLE

RETURN
END

SULBRCUTINE ZLSFE

IMPLICIT REZL{L)

ERSNTP

DIVENSICN FESE(5).RESEl(S)pROSB(b)uSRGX(S)'lNTF(S)1RGX(5)vINFL(5)o

1 UZSPUS) JAFEFCEIS),RIBIS) JERSNIS)
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Appendix C (continued)

5012. CIMENSICN PESYCP (5) PRSTUT(5),PROCTOM(5),PROTAT(5),UPITOM(5),
5013. 1 UPITOT(S) oST1S(E),UTS(5)9SASED) 9SCSI5) +S0SI5) ¢SSTR(5),SPRP(5),
5C14. 2 UAS(S)sUCS{E)yLLSUEDIJUSTRIS) yUPKPIS)CT(5) yST(5)4JFLAG(S)+KD(S),
5015. 2 CACULE)sCTUILE) ySTL(S) shFLAG(S) s KDU(5)yCADULS) 4STSMET(S) o SASMETI(S5),
5016. 4 SCSMET(S5) s SCEPEY(5)oLTSMET(S) oUASMeT(5) UCSMET(S)UDSMETI(S5)
5C17,. CIMENSICN SAFS(S14SCPSI5) 9»SPRSI3)sSPRUILS)$sSPR(5)4SPS(5),SCSC(S5),
5018. 1 SASCU{E) ,SCEC(S)sSFCFS(5) yASPRIS5) 2ASPRS(5) y ASPRO(5),ASPRF(5)
£019. CIMENSICN UFFI(S)yJNFRIS5) JUDSC(5),UPRIS(3)UPRIS)UPS(5),UCSC(5),
5020. 1 UASCIE) yAUFR(E)9AUPRI(5) yAUPRP (5) yUPRISM(S5)

5021. CIMENSICN CTL(5) ¢FFLAGIS5) CADL(5)9STL(5)KDL(S)

€C22. C

5023. CCMMCN /ALL/ RU JFYMINPRNTKE HYCALUPSTOUTPUT,TINFAC,LZS,AREA,
5024. 1 RESEL JRCSB ySRCXoINTFoRGX ¢ INFLUZSBy APERCB,RIB,ERSNeM,P2,A,
5025. 2 CALByPRCC SFEST JALTR,ENGLyMETRyBCTHy RESBIYESoNCy IFINLIHR,TF,
EC26. 2 JCCUNTSFEIMNTSIMIR,CAYS,HOURy MNTH

5027. C

5028, CCMMCN /PESTC/s S1SToSPROTM,SPRSTN,SAST#SCST ¢SESTHLUTST,UASTHUCST K,
50265. 1 UDST sFFsCMAX G N 4 SPRCTT,SPRSTT MUZyFPUZyUPRITN,

5C30. 2 UPRITT KGPLEgFFL2ZyMLZSLSTRILASH LCSyLDSsGSTRyCAS,CCS,GOSy

5C31. 2 AFMCCE,TFRE2L,

£C32. 4 GECSCP,CEGSCT,CECUCNH,

5033, S DEGLCT,0EGULSICECSINIP,DEGCONyDEGLCMyDEGLUT » NCCHM,

5034, & PRSTCNM PRSTCT oFFCTCM,PROTOT,UPITOM,UPITOT,STS,UTS,S8AS,

€035, T SCSeSOSySSETR qL2SQLLSJUDS JUSTRYyUPRIS JUISTTGTPAP, TIMAPZYEARAPy
5G36. € DESORP,SURFLSCIL,SULG

£C21. C

5038. INTEGER PRMTKE +FYCAL OUTPUTCALByPRCUNUTR»PESTy»ENGLy METR,B0QTH
5039. INTEGER CESCFP,YES NC,TIMFAC

£C40. Cc

SC4l. REAL My NIy Ky KKk, INFW, INFL

£C42. FEAL STSTMT, SLSTMT, SCSTMT, SOSTMT

€043, REAL STSPET, S2SMET, SCSMET, SDSMET

5C44. REAL MMFIN, PEVCFT, KGPLB

5045. REAL MPy MNIF, MCCM, KDy CT, ST, CAD

€C46. C

£CA1. REAL LTSTMT, ULSTMTy UCSTMT, UDSTMT

5C48. REAL LTSMET, L2SMET, UCSMET, UDSNET

£C49. REAL MUZ,y JMhFu, INTF

£CsS0. REAL KkCU, CTL, $TU, CADU

SCEl. C

5Cs2. REAL KNFW, PLZ

€053, REAL LSTRMT, LASMET, LCSMET, LOSMET

50%4. REAL CSTRM1, GASMET, GCSMETy GDSMET

5055, FEAL KCL, CTL, STL

£Csé6. C

5057. REAL C o2y XoFFoFTICToFPUZyCAODL,FPLZ

5058. INTEGER PFLAG, JFLAG, KFLAG

£C5S. C

5060, (o

5061. CATA SPST, S$ASCTY, SCSCTs SPRTy SPKSTy SPRTT, SPRPTT/T#0.0/
sQ¢€2. CATA SPRCT, SPFFT1/2#20.0/9 INFW/0.0/

5C¢3, CATA ASFR, ASPFS, ASFROy ASPRP/20%0.0/

£C¢é4. CATA S0SCy SFCFS, SCSCT/11%0.0/

5C65. C

£Cé6. CATA LPST, L2SCT, LCSCT, UPRT/4*0,0/

S0é&7. CATA LCSCT, LPFF1/2%0.0/y JNFW/5%0. 0/, UPRIT/0.0/

£Cé6s8. CATA AUPR, AUPFI, AUPRP/L5%0.0/

5C¢€S. CATA ALPRF/(C.02

5C70. Cc

£C1l. DATA (T1/5%Co(/+JFLAG/5%0/¢CAD/5%0,0/45T/75%0.0/
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Appendix C (continued)

£Ci2.
5013.
5CT4.
€075.
5C16.
5C77.
£C18.
5(79.
5C60.
5C€le
SCE2.
€CE3,
€(E4.
SCES.
£CE6.
5081.
5088,
S5CEG.
5050.
5061.
£Cs2.
5CS3.
5CS4.
£0S5.
5CS6.
5(CsS7.
5Cs8.
€(CsS.
5100.
5101,
5102.
£103.
€104,
5105,
£106.
£107.
£108.
€109,
5114Q.
€111,
€112,
5113,
5114,
€115,
£116.
£111.
€118,
5119.
€120,
Slcle.
£l122.
£123,
5124.
€125.
£126,
£127.
£128,
£129.
5130.
5121,

OO

[aNaNaXal

[a Na¥Xg

\n
"W
-
\n

£31¢

£3z1
£3

CATA CTU/S52CaC/4KFLAG/5%0/,CADU/5%0.0/,STU/5%0.0/
CATA CTL/S90.C/+PFLAG/5%0/ CADL/5%0.0/,STL/5%0.0/,KDL/5%0.0/

SURFACE SOLUTICN ADSURPTION-CESORPTION MODEL
LEFCING VARIABLES

£1ST = Q.0
SAST = 0.0
SCST = C.0
SCST = 0.0
ERSNT = (.0

ESEPTCT = 0.C

ALSCRPTION-DESORPTION SOLUTION LOOP
WITH REVEKSIBLE UESORPTION

PA ~ 1.0 - 2
Z = 10CC000.39(N1~1)
KK = pa3KeZ
CC 2320 1I=1,°¢
INFW ~ C.24AFEL*(P3+RESBL(I))I*226512.
FTOT = S£S(T) ¢+ SCS(I) + SOS(I) + SSTR{I)
ASPICT = 2SFTCT + PTAT
IF (FTCT.CT.FF) GC TO 5315
SAS(I) = FICY
SCS(I) = C.C
ECS(1) = (.C
JFLAC(I) = @
CT¢1) = ¢
¢C TC £:z2¢C
X = KK$CPAXS$MN] + FP
FSLD = FICT - x - INFW*CMAX
IF (FSLC LT« C.0) GO TO 5316
SES(I) = )
SCS(1) = FSLD
SCS(1) = CFAXSINFHW
JFLAG(I) = C
€Ty =0
GG TC £:z2¢C

SCSt1) = (.C

IF (IMFRoCEL0.001) GO TO 5321
sas(1) = FICT

SCS(1) = C.0

JFLAGUI) = C

CT(1) =0

€C TC £z2¢

CCMPLTE C ZAC X BY THE ADSORPTICN cQUATICN

C = CMI*FICY/UX + INFWECMAX)
X = KK#(#aph] ¢ FP
€ - (FICV/(x+INFR*C)) ~ lo

IF (AES{C).LE.O0.01l) GO TO 5319
C = CHFTCT/(X + INFW*C)
GC 1C £217

IF (CESCFP oEQe NO} GG TO 5324



Appendix C (continued)

132,
£133.
5134.
£13s5.
£1ze6.
£137.
£13s8.
£13%.
5140.
S141.
142,
S143.
5144,
5145,
Z146.
£147.
£1448.
£149.
5150.
£151.
152,
£153.
5154.
155,
5156.
151,
51%8.
£159.
£1¢€0.
£1é6l.
fle2.
£163.
5164,
1¢€s.
£1é6.
£1¢€7.
51¢€8.
5169.
£110.
£111.
£172.
£173.
5174,
1175,
£1176.
£117.
118,
517S.
£180.
S1€1.
s182.
183,
£184.
£18S.
518¢€.
£1et.
£1€8.
51¢€9.
5160.
5191.

Ao o o 00

AN

(18}

in
(1]

W
(2]

CALL DSFTN (14CT4CyJFLAG,CAD+KDyKyZyNCON,

co

IF

SToX P yNIPFPyPTCT 4 INFNW)

SCS(I) = (CH*INFW)IR(PTOT/ (X¢C*INFW))
SAS(I) = X¥(PTOT/{(X+C*INFH))

CONTINLE

PESTICICE REMOVAL LOOP
5330 I=1,°%

GS = 4CO*2REL*ERSN(I} /N

IF (CS €Y. 1.0 CS = 1.0
SAPS(I) = SASUI)*QS

SCPSII) = SCS(I)*QS

SPRSUI) = SAFS(I) ¢+ SCPS(I)
SAS{I) = SAS(I) - SAPSI(I)
SCS(1) - SCSU1) - SCPS(I)

SFRC(I) = C.0
SFCFSt1) = 0.0
SPRP(1) = (.0
SPRIT1) = (.C
IF (FP3 +FESEI(1)oLE.O0.0) GO TO 5329
SPRC(I) = SCS(I)*RUSBIIN/((RESBLLI)#P3)*PA)

SPCFS(I) = SCS(ID*(RESB(IV/(RESBL(I)&P3))
SPRPI(I) SCE(I1) - SPRO(I) - SPCFS(I)
SPR(1]) SFRCUI) ¢ SPKS(I) + SPRP(1)
SCS(I) = SFCFE(D)

ASPR(I) = ASFR{I) + SPR(I)

ASPRS(T) ASFRS(1) + SPRS(I)
ASPRC(I) = ASFERCIL) + SPROLI)
ASPRPII) = ASFFF(1) + SPRP(I)

RESE1(1) = C.C
CCATINLE
(FRATKE .EC. C) GC TO 5390

PFEFARATION OF QUTPUT

CC £3222 1=21,°%
SFRTY = SFFY +ASPRII)
SFRCT SFECT #ASPRO(I)}
SFRST = SFFET +ASPRS{I)
SPRPT = SEFFT #ASPRP(I)

SAST - SAST ¢ SAS(I)
SCST = SCET ¢ SCS(I)
SDSYT = £DEV + SOS(I)

SASC(I) = (SAS(I)/M)*1900000.

SASCT = SASCT # SASC(I)*0.2
SCSC(1) - (SCS(1)/M)*1000000.
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Appendix C (continued)

£1S2.
£153.
£194.
£195.
£1S6.
£157.
5168,
5199.
£200.
£201.
5202.
£203.
£204.
5205.
£206.
£207.
£208.
£209.
5210.
tzll.
5212,
£el3.
Ssl4.
£215.
$2l6.
£elv.
£218.
€215,
£220.
fezl.
fe22.
5223.
£224.
£e25.
5226
£227.
£228.
£226.
£230.
sa31.
£z32.
£233.
£234.
£23s.
5236.
2237,
£238.
5239.
£240.
5241.
S242.
2243,
244,
2245,
£246,
£247.
t248.
£249.
£250.
5251.

(2 X o BN o B o }

C
C

c
c

£331

IF

SCSCT = s(sC
SCSCLI) = (S
SCSCT = scsC

STS(I) = SAS

T + SC5C1)*0.2
DS(1)/M)*1000000.
T » SDSC{I)*0.2

(1) ¢ SCS(I) + SOS(I)

SFS(I) = SASC(I) # SCSCUI) + $SOSC(I)

STST =
SPST =

£181
SPET

ERSAT = EFSM
CCATIMLE

CLrL
£237 1= 1,5
PRETCHP (I} =
FECTCM(I) =
PRCTCTLI)
FRSTCT(I) =

ocC

SFRCTY
SPRSTM =

SFRCTPY
SFRET)

SERTT = SFFIT ¢
SFRCTIT = SFRCYT
SPRPTIT . SFRETT
SPRETT = SFRSTT

(PRATKE <EC. 2)
IF (FYCAL JEC.
IF (RU .LT. FYE
SFRTCe = $FR
SPRICh - (SF
SPRICS = SFR
SFRTCS = C.0
IF (EFSAT.CT

= PROTOT(I) +

+ STS{I)
+ SPS(1)%0.2

T + ERSA(I)*0.2%AREA

LATIVE RESULTS

PRSTOM(I) +
PRCTCM(I) +

ASPRS(I)
ASPROLI)
ASPRGLI)
PRSTUT(I) ¢ ASPRSLI)
+ SPROT
+ SPRST

SPRT

¢+ SPROT
+ SPRPT
+ SPRST

GC TO 5370
PROL) GO Ta 5340
INd GO T0 5370
CT#454.
RCT/{RUXTIMFAC#60.%62.43))%*1000000.
ST#*454.

«0.0) SPRTICS = (SPRST/(ERSNT*2000.))*1000000,

TING OF OUTPUT

£340 IF (CUTFUT.EC. PETR) GO TO 5341

€C TC £27¢

PEIMN

PRITE (£.5325C)
WRITE (€,5351) £
PRITE (€,53%52) 52
WRITE (£€,5322) $C
RRITE (€,532¢€1) SCS
WRITE l€&€,5354) SF
WRITE (€,£252) £A
WRITE (€,53£2) £C
WRITE (€,53¢€1) <C
RWRITE (€453¢5) BS
WRITE (€,535€) £¢
BRITE (€.53517) A&
WRITE (€4535S) &S
£24) IF (OUTFLT.EC. EMC

S, STST

Sy SAST

Se SCST

v SOST

Se SPST
SCy SASCT
SCy SCSCT
SCy SOSCT
PRy SPRT
PRSy SPRST
PRECy SPROT
PRPy SPRPT
L) GO TO 5370

METRIC CCAVERSICPS FC(R CLTPUT
STISTMT=STSTHKGFLE

SASTMT=SASTHKCFLE
SCSTINT=SCSTAKCFLE
SDSTMT=SCSTHKCPLE
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Appendix C (continued)

t£2%2. SPRT =SPRT#K(CFLE

£283. SPRST =SPRSIsxGFLE

€254, SPRCY =SPRCI*KCFLE

£285. SFRPT =SPRFI*KkGFLE

5256. DO £342 I=1,%

5257. STSMET(I)=STS(1)*KGPLSB
£2£8. SASMET(ID)=SAS{1)*KGPLB
£2959. SCSMET(I)=SCSUI)*KGPLS
260, SCSMET(II=SLS]1)*KGPLB
S261. ASPR{I) =ASFF(])*KGPLB
5262. ASPRS(1) =ASPERS(I)*KGPLB
£263, ASFRC(I) =2SPFC(I)*KGPLB
£2¢4. ASPRP (1) =2SPFF(I)*KGPLB
£2¢€S. £342 CONTINLE

£2€6. PRITE (&,5385C)

5261. RRITE (€,53€3) STSMET, STSTMT
€2¢8, BRITE (€453€2) SESMET, SASTMT
£2¢9. WRITE (€453°2) SCSMET,s SCSTINT
52170. WRITE (€,53£1) SLEMET, SDSTMT
€ell. IF (CLTFLT.EC. ECTH) GO TG 5345
€212, WRITE (€453%54) SFS,y SPST
£213. RRITE (€,5252) S2SCy SASCT
5274. WRITE (¢,53£3) SCSCy SCSCT
£215. WRITE (€,53€1) SLSC, SDSCT
€216, €345 WRITE (€,5374) 2SFR4SPRT
€211, WRITE (€,52%¢) ASPRS, SPRST
£278. WRITE (€,53E27) £2SPRC, SPRAT
5275, PRITE (€,535¢) ASPRP, SPRPT
5280, C

£2El. Cc

£282. Cc ZERCING VARIABLES
52€3. (o

£c84. £37C CC 538C 1I=1,%

5285, ASFR(I) = C.C

£2€7. ASPRS(I) = 0.C

5288. ASPRF(I) = 0.C

SEES. £3¢eC CCATIALE

£2490. C

£2s2. SASCT = 0.0

£¢93. SCSCT = 0.0

£254. SDSCY = 0.0

$265. SPRT = C.0

$2S¢€. SPRST = 0.0

5257, SPRCYT = 0.0

£258. SPRPT = 0.0

2299. C

£200. CO £391 I= 1,5

5301. €361 SSTR(1) = Q.0

5202. C

§:¢3. C

£304. C

€3CS. C LPPER ZONE SOLUTICN ADSORPTICON-DESORPTICN MOCEL
£30¢6. C

8207, C

£208. c ZEFCING VARIABLES
53G09. C

£z10. LIST = 0,0

5211. LAST = C.0
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Appendix C (continued)

£212.
5213.
£314.
£215.
5216.
£217.
£z18.
£219.
£220.
£isl.
5322.
£323.
5324,
5325.
€226
£221.
£328.
£32S.
5330.
£aal.
£332.
5333.
8324,
§335.
£236.
£231.
£338.
5339,
5340.
£341.
£242.
£343.
£344.
£345.
£34¢.
5347.
5348,
£349.
£3s50.
£351.
£ac2,
5353,
$354.
2385,
£356.
187,
5258,
£3¢9,
£2¢€0.
5361,
t3¢a2.
5363.
£384,
2265,
23¢6.
5267,
£3268,.
5369,
52170,
£3171.

LCST = 0.0
LDST = C.0
LIST = C.C
AUPTCT = 0.C

SCLLTICN ADSORPTION-DESORPTIUN LOOP
4520244 ~ Ce ¥ 42%2¢C FT(2)/ACRE * 1 FT/12 INCHES * 62.4 LR/FT(3)
KK = FL2%K#?

O AOOO0O

CC 63220 131,
JAFR{T) = AREZ#PA*(UZSBLL) ¢APERCBUII+INFLII)#RGX(T))1%45302.4
FTCT = ULS(I]) + LCS(I) + UDS(I) + SPRP(I) + USTRI{I)
ALPTCT = ALFTCT + PTCT
C5 = 0.C
IF (INFW(1) «CGT,. 0.0) C5 = UCS(L)/JINFH(I)

IF (FTCT.CT.FFLZ) GO TO 6315
LAS(I) = FTCT
LCS(T) = (.C
LES(1) = C.C
KFLAG(I) = O
cTutry) = ¢
€C TC e€22¢C

€315 X = KK*CPAX##P] ¢ FPUZ
PSLE = PICT - Xx - JnNFW{I)*CHAX
IF (PSLEC .lT1. C.0) GO TO 6316
LES(I) = X
LCS(1) = FESLD
LCS(T) = CMAXAINFW(I)
KFLAG(I) = C

CTu(ly) = ¢
GC TC é€322¢
c
€21¢ LCSEI) = C.C
C
C =¢CS¢
IF (C .LE. C.0) C = 0.001
€211 X = KkaC*shl ¢ FPUZ
€ = (FIC1/(>+INFH(I)}*C)) ~ la
IF (AES(C).LE.O0.,0Ll) GG TO 6319
C = C*FICT/(X+INFHLID*C)
GC TC €:17
c
€318 IF (JNFW(I) JLE. 0.001) X = PTOT
IF (CESCFP LEWe NO) GO TO 6324
RJAFR = UNFW(T)
C
CALL DSFTN (I14CTL+CyKFLAGCADUsKLU K2 yNCOM,
1 STU 22 2MUZ JNIP ¢FPUZ 4 PTCT o RINFH)
C
€324 LOS(I) = (C*INFW(I))*(PTCT/ (X+C*INFWIIND)
UASII) = X*(PTOT/(X+CxINFW(I)I)
C
€32¢ CCNTINLE
C
C PESTICICE REMOVAL LOCP
c
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Appendix C (continued)

£aja.
€273,
5374,
£3175.
€376,
5377,
£318.
5379.
£380.
£281.
5382.
€3€3.
5384.
£3€5,
£386.
5387.
€3as.
£389.
£3g90.
£3sl.
53%92.
€283,
5394,
£13§5,
£2¢6.
5391.
c13ss.
5399.
5400.
54Cl.
5402.
5403,
5404.
5405.
5406,
5401.
5408.
5409.
5410,
5411.
S5412.
5413.
S414.
5415.
£416.
5417,
5418.
5419.
£420.
5421.
5422.
5423.
5424.
£425,
5426.
54217,
5428,
£429.
5430,
€431,

€327
€229

632¢

€33¢C

A O 0N

€323

-

€334

€332

(2 X a X TN 5 ]

cao

1F

€33C 1I=1]1,%

IF (INFW(1) .LE. 0.0001) GO TO 6327

CSFE = AREASFLF(IANSL(1)+APERCB(I)) #%45302.4/INFH(])
UPRF(I) = LCSLI)»*(SP

IF (SRCEX(I}*IMNTF(I) LT, 0.0001) GO TQO 6329
CS1 = AREASFA24520Q2.4*RGX(I)/JINFHLI)

LPRII = LLE(1)2CS]

LPRIS(I) = UFRISLI) + UPRIL

UPRI{I) = UFRISCUIDI*INTF(I)/(SRGX(II+INTF(T))
LPRIS(I) = LEEISLI) - UPRI(I)

GO TC é&22¢&

UPRP(I) = C.C

UPRII = C.0

UPRI(TI) = C.C

LES(1) = LES(1) - UPRPLI) - UPRII

UCPR(I) = LFRELI) + UPRI(I)

AUPR(I) = AUFF(1) + UPR(I)}
AUPRI(I) = ALFRI(I} + UPRI(I)
AUPRP(I) = ALFEP(I) + UPRP(I)
LIST = LIST ¢ LPRISI(I)

CCATINLE
(PRATKE .EC. €) GO TO 6380

FFEPARATION OF OUTPUT

DC €335 I=1,%
LPRT = LPRY + ALPR(I)
LFRIT = LFFIT # AUPRI(I)
LPRFT = UFFFT + AUPRP(I])

LAST = LAST + UAS(I)
LCST = LCET + LCSII)
LEST = LCSY < uDS(I)

LASC(1) = (LAS(I)/MUZ)*1000000.
LCSC(I) = (LCS(1)/MUZ)*1000000.

IF (U2SEL(]) oLE. 0.0001) GU TO 6333
UCSC(I) = (LDS(I}/(ULSE(]1)*AREA*45302.4))%1000000.
€C TC €334

LLSC(1) = C.0

LPS(I) = LASCII) + UCSCEI) + UDSCLI)
UASCT = U2SCY ¢ UASCI(])*0.2

UCSCT = UCSCT ¢ UCSC(I)#0.2

CCSCY = LLSCT + UDSC(I)*0.2

UPST = LPST & UPSLI)*0.2:

LCISEI) = LAS(I) ¢ UCSII) + UDS(1) ¢ UPRISII)
CISY = LTST ¢ UTS(I)

CCNTIMLE
CLFLLATIVE RESULTS

DC 6340 1= 1,°%
UPITOR(I) = UPITCM(I) ¢+ AUPRI(I)
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Appendix C (continued)

FITCT(I) = UPITGT(I) + AUPRI(IL)
N 6348 priTH - LFFITM + UPRIT
i:ii' GPRITT = UPEITT 4 UPRIT
;2;2: z IF (PRANTKE .EC. 2) GC TO 6365
£437. oL
: CAL .EC. FFCD) GU TG 6
;2;2' i: ::J.lT.PYPlh) €0_TG 6365

. h - 14454,
e UeRICH - &:z:ccc.*LPRll/(Rb*TIMFAC*bO.#62.43)
PPN TPRTGh = LPRICW + SPRTGW
P TPRTCh = LFRICVY + SPRTCM
e TPRTGM = TFR1Ch/TIMFAC
:eaes SPRIGN = SFR1ES/TIMFAC N
Gene WRITE (€,64€C) TFRTGHoTPRTGM, TPRTChy SPRTGS + § '
?22?2 6C TO €365
Ppbe < PEINTING OF QUTPUT
£449. c
P ce=4x IF (OLTFLT.EC. PETR) GO TO 6342
ey T WRITE (€,€3£0)
cenas WRITE (£,5381) LTS, LTST
P WRITE (€,5352) UAS, LAST
Sece: WRITE (€,53£3) LCS, UCST
rana WRITE (€,53€1) LCS, LDST
senge WRITE (€,63€2) UFRIS, UILST
rene. WRITE (€,5354) LFS, UPST
cane WRITE (€,5262) LASC, UASCT
seco. WRITE (€,5382) LCSC, UCSCT
2aels BRITE (€,5261) LCSC, UDSCT
PpEN WRITE (€,5355) ALPR, UPRT
reea: WRITE (€,€356) ALPRI, UPRIT
ceca: MITE (¢,8315) FLERP, UPRPT
522;: €342 IF (OUTFUT.EC. ENCL) GO TO 63
ceer. g METRIC CCNVERSICMS FCR CUTPUT
vies. LTSTMT=UTSTAKGFLE
PP LASTMTaLASTAKGELE
ity LCSTMT=LCSTAKCPLE
art LDSTNT=LOSTAKCFLE
car2. LPRT =UPRTKCFLE
Zers: UPRIT =LPRITAKGFLE
i LPRPT =LPRFISKECFLE
:472° UIST = LIST4KCPLS
ceres £C €344 I=1,5
i LTSMET(T)=LTS(1)1#KGPLB
Seres UASMET(I)=ULAS (1)*KGPLB
Tare UCSMET(1)=LCS (1)#KGPLB
seao. UDSMET(1)=LLS (1)%KGPLB
sqel. AUPR(I) =ELFF (1)4KGPLB
M ALPRI(I) =AUPFI(I)*KGPLB
ciaa: ALPRP(I) =ALPEF(1)#KGPLB
2222' UPRISK(1)=LFR 1S {I)%KGPL B
S4€5., €244 CONTINLE
287, “R§¥§ 12'33233 L1SMET, UTSTNT
aece. h:x1s (€.53£2) LLSMET, UASTHMT
e PRITE (€.5363) LCEMET, UCSTMT
2eco. WRITE (€.5361) LLSMET, ugg;ut
3222: WRITE (€,€3€62) LFRISM, U

257



Appendix C (continued)

5452. IF (OLTFLT.EC. ECTH) GO TG 6345
54$3. WRITE (€,53%54) LFS, UPST

5454, PRITE (6,53%2) LASC, UASCT
5465, WRITE (€,53%3) LCSC, UCSCT
5466, WRITE (€,52€1) (LCSC, UDSCT
€4S1. €345 WRITE (€,5274) 2LFR, UPRT

5468, WRITE (€,€35€) £2LPRI,y UPRIT
545G, ¥RITE (€,53£S) ALFRP, UPRPT
££00. o

5501. C

5£02. c ZEFCING VARIABLES
5£03. C

5504. €3¢S CC 6370 1=1,%

S£05. ALPR(I) = C.C

£s06. AUPRI(I) = GoC

££07. AUPRF(I) = 0,0

5¢£08. €317¢C CONTINLE

5£09. C

£¢10. €28C UPST = Q.0

5512. UCSCT = 0,0

€13, LCSCT = 0.0

5814, LPRT = C.0

5¢117. C

£fl18. CC €381 1= 1,°

£E16. €2E1 LSTR(I) = C.0

5t20. C

£gsl. C

£e22. o

5£23. Cc LOWER ZONE AND GKOUNDWATER
££24. c SGLUTION AUSURPTION-DESORPTION MODEL
5£25. C

££26. c

£L217. C

5¢c28. C

££2Se. C SCLLTICN ADSORPTIGN-Dz SORPT IUN LOOQP
5£30. c

££31. LCS = 0.0

£€32. LAS = 0.0

€£33. L0S = 0.0

€34, LFRP = 0.0

5£35, ALPTCT = Co€

5¢36. C

5¢8371. KNFW = ARE£2{L2S4CPST)I*226512.
5£38. KK = MLZ%K*}]

€€as, c

540, CO 7305 1I=1,°

5541. LSTR = LSTR ¢+ LPRP(I)

£€42. ALFTCT = ALPTICTY ¢ LSTR

€43, 13CE CCATINLE

5544, C

££45. IF (LSTR .lLE., C.0001) GG TO 7330
546, c

££42. I=1

€48, FICT = LSTR

££49. C5 = 0.0

£550. IF (KAFh .CTe Oe€) C5 = LAS/KNFNw
£€tl. IF (PTCT.CT.FFL2) GC 10 7315
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Appendix C (continued)

££52.
££53.
5554,
5555
5556,
5557,
5€58.

£££9.

€560,
5561.
55€2.
£€é€3.
€64,
5565.
£5¢€6.
5£67.
5568,
5569.
£570.
5571.
£cl2.
5573.
5S4,
5515,
5E76.
€S11.
55718.
5516.
55€0.
5581.
55€2.
5583,
55E4.
55€5.
5586,
5%€7.
55¢&8.
5589.
5550.
£5S1.
£tsa.
8£63,
5554,
5565,
5566,
5587.
5¢s8.
5599.
5600,
5601.
5€C2.
5¢03.
5€C4.
£€CS.
5€06.
£€07.
5¢C8.
560S.
s¢l0.
561l.

c

c

acto o

o

(e NuNaNal

OO

131%

-l
(183
-
~m

13117

7318

1224

1:2C

LAS = FTCT
LCS = ¢
LCS = 0

X = KK*#CMAXE4N] ¢+ FFLZ
FSLD = FTCY - X = KANFwsCMAX
IF (PSLC «LT. 0.C) GC TO 7316
LAS = X
LCS = FSLC
LDS CHMAXIKAFR
MFLACG(I) = 0
CTLILI) = C
G4 1€ 1220
LCS = Q0.C
C = CS
IF (C .LE. 0.C) C 0.001
X = KK*CA3N] ¢ FPLZ
C = (FTCI/(X4KMFWEC)) - 1.
IF (28S(C)<1E.C.Cl) GO TO 7319
C = CHFICT/UIX+KNFW=C)
CC 1C 1zl

IF (KhFW oLE. 0.CC1) X = PTOT
IF (DESCRF LEC. MC) GG TO 7324

CALL CSPIN (YoCTLsCoyMFLAGyCADL ¢ KDL oK yZsNCOM,
1 STL s XoPML2ZHNIP sFPLZ,PTUT 9 KNFW)

LDS = (CH*KPFW)IR(PTCT/(X+CRKNFH))
LAS XR(FICT/IX+C*KNFn})

CCATINVE
FPESTICICE REMOVAL LOCP

LPRP LCS*CFST/ ICPST#LZS)
LDS = LCS - LFRF

LSTR = LAS ¢ LCS ¢+ LDS
ALPRP = ALPFF ¢ LFRF

IF (PRNTKE .EC. 2) GO TO 7379
IF (PRATKE.PEo1l <CR. HYCAL.EQ.CALB) GO TO 7380

FFEFARATION OF QUTPUT

LASC {LAS/MLZ)%1C00C00.

Lcsc (LCS/MLZ)*10CC000.
LCsC (LCS/(L2S42REA3226512.))%1000000.

FEINTING OF OUTPUT

IF (CUTFLT.EC. FETR) GG TG 7340
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Appendix C (continued)

£e€la,. RRITE (€,7320)

5€13. WRITE (€47351) LSIR

5€14. WRITE (€,72%2) LAS

5¢15. PRITE (€,7323) LCS

5¢€16. WRITE (€,7254) LCS

5¢€17. PRITE (€,7355)

5¢€18. WRITE (€+7252) LASC

£€1S. WRITE (€,7352) LCSC

5€20. PRITE (€,7224) LCSC

5¢&21l. WRITE (€,7387) ZLPRP

5£22. WRITE (€,735S) ALPRP

5€23. 734C IF (GUTFLT.EC. ENCL) GO TQ 7379
5€24. C

5€25. C VMETRIC CCAVEFRSICMS FCR CUTPUT

5€26, LETRMT=LSTR¥KCPLE

5¢€27. LASMET=LAS*KRCFLE

5€28. LCSMET=LCS*MCFLE

5€2S. LDSMET=LOS#KCGFLE

£€30. ALPRF =LLFRFARCFLE

5€21. WRITE (€,73£C}

5€32. WRITE (€432€C) LSTRMT

5€33. PRITE (€47252) LASMEY

5¢&24. WRITE (€97352) LCEMET

5€35. WRITE (€,7354) LCEMET

Se€3e¢. IF (CLTFUT.EC. ECTH) GO TO 7345
5€317. WRITE (€,73:%)

5638 WRITE (€,7222) LASC

5€35. WRITE (€,73£2) L(CSC

5€40. WRITE (€,7254) LLSC

5¢4l. 7345 WRITE (€473€1) ZLFRP

£E42. WRITE (£€4+735S) ALFRF

S5€43. C

£ed4, c

5€45. C ZEFCING OF VARIABLES
5€46. C

S5¢€47. 7271S ALPRP = Q.0

5€48. C

£¢€4S. 13EC CCATINLE

5€£0, C

5¢&E1. C SULLG IS THE SUMMATICN CF PESTICIDE IN STURAGE IN THE SURFACE,
5¢c2. c LFPER, ANC LCVER ZCMES (1T DOES NOT INCLUDE PESTICICE IN
S€££3. c CFCUNDWATER STCRACE) AND IS USED AS A CHECK IN MAIN TO DECIDE
5€54. C PEETRER CF NCT TC CCNTINUE PESTICIDE CALCULATIONS
5¢€f5. c

5€56. StLE ASPTCT + 2LPICT + ALPTOT
5¢£7. C

5€£8. C

5¢59. C GROUNDWATER ADSORPTION-DESORPTICON MOOEL
5¢€0. c

Seél. C

5¢€¢2. GSTR = CSTR ¢+ LFFP

5€63, If (FPL2 .G1. 0.C) GO TQ 7520
5664, GAS = 0.C

£€é€S, GCS = GSTR

5666, GCS = C.(

5€67. c

5¢€é8, -ris GAS = GS1F

5€69. GCS = C.(

510, €DS = 0.0

S€71,. C
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Appéndix C (continued)

56172« IF ((FRATKE oAE, 1) sCR.(HYCAL.EQ.CALB)) GO TC 1580
5¢€132e C

9674 c PRIMTING OF QUTPUT

5€175. C

£€76. IF (OLTIPLT.EC. PETR) GO TC 7530

5677. WRITE (€4755C)

5&78. PRITE (&€,7351) CSTR

5€17S. WRITE (€,72%2) CAS

5&80. WRITE (6,73532) CCS

SE&EL. WRITE (€,73%54) ¢CCS

56€2. TE53C IF (OLTPLT.EC. ENCL) GO TO 7580

5¢€3. C

56E4. C MEIRIC CCAVERSICMS FLR CLTPUT

5€85. CSTRRT=CSTR*KCPLE

5€E6. GASMET=CAS*KCFLE

5€87. GCSMET=CCS*kCFLE

5688, CCSMET=CLS*KCFLE

5689 RRITE (€+755C)

5¢%0. WRITE (€,72¢C) CSIRMT

56%1. WRITE (€,7352) CASMET

5682 WRITE (&,73%53) CCESMETY

5&63, WRITE (€+73%54) CCEMET

56S54. Cc

5£95. TSEQC CCATINLE

56%6. C

5687, C FCFMAT STATEMENTS

56%8. C

5€59. €35C FORMAT ('0%, 5)>,*SLRFACE LAYER PESTICIDE"*)

57C0. £35]1 FORMAT ("G oEX'FESTICIDE, LBS" y8X95(3XyF7.3)93X,F8.3)
5701. £352 FORMAT (' 411> ACSCRBED® s11Xy5(3X9FT7e5)43X,F8.3)
5102 €352 FORMAT (' 5 lLlXxo'CRYSTALLINE® y8X95(3XsF7e3)93XeF8s3)
5703. €354 FCRMAT (*0°%,EX,*FESTICIDE) PPN dXy5(3X4FT7+3)93X,F8.3)
5704. £35S FCRMAT ('0",8X4'FENCVALy LBS*410X9D(3XyF7.3)93XsF8e3)
53105, £35€ FCRMAT (' *,11)+*SEODIMENT yl1Xy9{3XsFTe5)e3X,F8s2)
5706« £357 FCRMAT (* 9,11X%p'CVERLAND FLOW® 0XeS5(3XsFT703)93X4F8e3)
57C7. £3€6 FCRMAT (* 411X, 'PERCOLATION® 48X95(3XsF743)93X9FEa3)
5708. £2€1 FORMAT (* "o lIX¢'CISSOLVED® sl0Xy5(3XeFT7e3) 93X ,FB.3)
5109, £263 FCRMAT (*0° 4EX o *FESTICIDE )y KGS" ) 8Xe5(3A¢FTe3)93XyF8.3)
5710. £374 FORNMAT (°0° oEXy*FENCVALy KGS' y10X95(3X1FTe3)93XeFEL3)
5711. C

S112. €35C FORNMAT (%0°%, S5X,'UPPER ZCNE LAYER PESTICIDE®)

5213, €35E FCRMAT (* "o 11)y*INTERFLON® ¢10Xs5(3XsF7.3)+3XsFB8a3)
5714. €362 FCRMAT (' 311X, INTERFLOW STORAGE? 412Xy5(2XsF843),y3XyF843)
£115. €4€C FORMAT 1244722 42({ 23X yFBa392X4FBe392XyFT7.3))

5716. C

5117, 735C FORMAT (0%, Sy,'LCWER ZGNE L ZVER PESTICIDE®)

51718, 7351 FORMAT (*'C'EX,"FESTICIDE, LBS! 61X yF8.3)

5719. 7352 FCRMAT (® *,11X,'ACSCRBED" y64X,Fb.3)

5120, 72€3 FORMAT (' *,11Xx,'CRYSTALLINE"® ,61X+F8.3)

Si1zl. 734 FCRMAT (* *,11X,'DISSCLVED® y63XFbe3)

£lz2. T3EE FCRMAT  (*0*,8X,'FESTICIVDE, PPM*y61A4F8.3)

5723, 7357 FORMAT {'C',EX,*RENCVALy LBS®,03XsF8.3)

€724, 7256 FOQRMEAT (' ',11)>+"PERCOLATION® ,61XoF8.3)

5725 936C FCRMAT ('O EX,"FESTICIDE, KGS' 61X sF8.3)

51¢6. 9261 FCRMAT ('C' EX,'REMOVALy KGS® 63X F be3)

£i21. Cc

5128, T55C FORMAT (°Q%,SX,'CRCUNDWATER LAYER PESTICIDE®)

57129. RETURN

5730. END

5€&00. Cc
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Appendix C (continued)

S5EOQl.
ce02.
5e013.
5€EC4.
5E05.
58C6.
SeCT.
S€EC8.
5€0s.
€€10.
5€ll.
5812.
SE13.
S581l4.
S5€15.
5816,
SEl7.
5818.
5&19.
5e20.
5821.
5€22.
5823.
5824.
5€25.
5826.
5821.
5828.
5829.
5820.
£e2l.
5e32.
£E33.
5834.
£E€35.
5836.
5837.
S5€38.
5€39.
€£40.
5e41.
S5&42.
HLEN
5E44.
SE45.
€46,
5E47.
5¢48.
5E4S.
5¢&50.
S5€S1l.
5&52.
5€s3.
5¢E4.
S5ESS.
5€E56.
5¢627.
5€58.
5859.
S5t60.

(aNaXg]

o o0

e s s s akaXsiaiziaiaialkadalaiadakaXaXakaXakaXaka o aNaNaYaRoXaRaRa ooyl

SLBRCUTINE [SFETM (I1,CTyCy JFLAGCADyKDoKoZ o NCON,y
1 STa4XeMyNIPyFP»PTLT o INFHW)

CIMEMSICN CTUE) o FLAGIS),CADI5)KDI5),5T(5)

INTEGER I,JFLAC
REAL CToCoCLL oKL oKy 29NCOMyST Xy MoNIP,FP,PTOTy INFW

THE DESCRFTICN ALGCRITHM IS BASED ON THE FREUNDLICH EQUATION; THE
CIFFERENCE BEING THAT THE CONSTANT (K) ANU EXPONENT (N) OF THE
CESCRPTICN EQUATICM CIFFER FROM THE ADSORPTION VALUES. ODESCRPTICN
CCCURS WHEN THE CCPMPCENTRATIGN OF PESTICIuc IN WATER (C) IS LESS THAN
THE CCACENTRATICA (CT) AT THE LAST TIME STEP. ThE DESORPTICN
EXFCNENT (MNP -- INFLTTED BY THE USER) ANu THE DESORPTION CONSTANT
(kL ~- CALCULLATEC EY SETTING ThE DESORPTIUN EGUATION EQUAL TO THE
ACSCRPTICAN ECQLATICM ANC SOLVING FOR KU) THEN DEFINE THE NEW DESORP-
TICN CURVE. THE ASSLMFTICN OF REVERSIBLE OESOKPTION IS MADE. ONCE
CESORPTICA STCFS ACSCRPTION BEGINS 8Y MCVING BACK UP THE OESORPTION
CLFVE UNTIL IT IMNTERSECTS THE ADSORPTIUN CURVE (l.Ees WHEN C ECQUALS
CAC ~— THE CCNCEMPTFRATICN OF PESTICIUE IN WATER AT WHICH THE ADSORP-
TICN AND CESCRFTICM CURVES INTERSECT). THEN ADSCRPTION CCATINUES UP
THE ADSCRFTICN CLRVE UNTIL DESCRPTIGN UCCUKS AGAIN. DEFINTIONS CF
THE DESORPTICAN VEZRIZELES FOLLOW BELUGW.

€1 : CCNCENTRATION OF PESTICICE IN WATER (LB/LSB)
£1 THE LAST TIME INTZRVAL
CAL : CCMCENTRATION C AT wHICH THE AODSCRPTION ANOD
CESCFPTION EQUATIONS MEET, CAL IS SET
ECLAL TuU CT WHEN UESCGRPTION BEGINS AS A
MERKER TGO LATER DETERMINE WHEN THE ADSORP=-
TICN PHRCCESS LEAVES THE REVERSIBLE DESCRP~
TICN CUKVE AND RETURNS TO THE NON-REVERSIBLE
ACSCRPTION CURVE
ST ¢ CCNCENTRATION GF ADSORBED PESTICICE IM THE SCIL
(LE/LB) AT THE LAST TIME INTERVAL
JFLAG : FLAG WHICH NGTES wHETHEK C wAS CALCULATED CN THE
ADSGAPTION CURVE UURING LAST TIME STEP (JFLAG=0)
CR CN THE DESORPTIun CUKVE (JFLACG=1)
NP : DESCRFTICN EXPONENT, APPROXIMATELY 2.3 TIMES N
(IMNPUTTED BY USER)
NIP = INVERSE CF NP
KC ¢ CESCFFTICA CONSTANT FOR FREUNDLICH CURVE
ANCCFM : FRAT10 CF NIP TO NI

IF (CT(I).LE.C) CC TO 5396
IF (JFLAG(T).EC.1) GO TQ 5393

cap(I) = C1(I)
KOC(ID) = ((K3Z)24hCCM)IH(ST(I)**(Ll.~NCOMI)

€362 Xx = MRKC(I)A(C*4NIP) + FP

Q = (PTICT/{)+INF¥2C)) ~ 1.0

IF (ABS(C).LE.O0.C)) GO TO 5395
C = CHPICT/ (X+INFW2C)

GC TC £252
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Appendix C (continued)

58é1. C

562« £35S JFLAG(I) = 1

SEé3. CI(1) = ¢

58€4. GO TQ ®25¢&

5€6S. C

5€€6. £3€€ 1IF (JFLAGUI).EC.C) CO TO 5397

5867. IF (C.LT.CACL1)) €GO 10 5393

£EE8. C

EEEG. €367 JFLAGII) = ¢

5€70. CT(1) = C

EETl. STUI) = X/N

5¢12. CAD(I) = ¢

5¢713. C

SET4e £3SE FETLRN

5615, END

6C00. C

6CCle C

6002. [ o

€C03, c

€C04., SUBFCLTINE DEGRAD

6C0S. c

€CC6. C

60017. c OEGRADATICN MCOEL

6CC8, c

€CCSe c

£010. (o

€ClLl. c

€012, CIMENSICN RESE(E) yRESBLIS),ROSBIS)ySRGXIS),INTF(S),RGX(S),INFLISY,
6013, 1 UZSB(S) 4APEFCE(S)yRIBIS) 4ERSN(S)

6014. CINFENSICN FESTCK(S) ,PRSTOT(5),PRCTLM(5),PROTOT(S),UPITOM(S),
é015. 1 LPITOT(S) oSTSUEI4UTS(H)ySAS(D)} 95CS(5)+5S05(5) ¢SSTRIS),

é€C16. 2 LAS(5)yUCS(5)4LESCE)USTRIS) 4UPRISIS5)UPRISM(S),

6C17. 3 STSMET(5)4SASMET(S),

6C18. 4 SCSMET(5)9SCSNET(S)UTSMET(5) UASMET(2) yUCSMET(5)4UDSFET(5)
€C1Se. c

€C20, CCMMCM /ALL/ FUFYMIN,PRNTKZ HYCAL JUPST SUTPUT,TIMFAC,L2S,ARER,
6021. 1 RESBL RCSB,SREXyINTF,ROX) INFLoUZSbyAPERCE, RIB, ERSNo My P3,A,
6022 2 CALRGPRCCFESTSALTR,ENGL yMETRsBLTHyRESB,YES N IMIN,IFR,TF,
6023. 2 JCOUNTGPRINTLINTRyCAYSyHOURs MNTH

€C24. c

6C25. COMMCN /PESTIC/ STST,SPROTM,SPRSTMySAST,SCSTySLSTyUTST,UAST,UCST,K,
€026. L LCSToFFsCMEXoN] SFRCTTySPRSTT,MUZFPULJUPRITN,

6C27. 2 UPRITT ¢KGPLE sFFL29MLZyLSTRILAS,LCSyLDSyG3TReCASyCCS¢GOSy
6C28. 2 AFMCLCE,TFRZ2L,

6C2S. 4 CEGSCMoDEGSCT CEGUCHM,

€030, € DEGUGT,DEGL CECSyNIPsDEGCON, DEGLCM, CEGLOT ) NCCHN,

6031. € PRSTCM,PRSTCTyFFCTCNPRUTOT,UPLTOM s UPITGT ,,STS,UTS,SAS,

6032, 7 SCSeSDSSST1FL2SHUCSSUDSyUSTRyUPRIS sUISToTOTPAP, TIMAP yYEARAP,
6C33. 8 DESORP ¢4SURF4SCIL+SLLG

€C34, c

€C3s, C

€036. REAL LSTR yL2S,LLSoLLS

€C37. REAL NFMFIMN, PEICPT, KGPLB ,
6038, INTEGER AFMCEE S PFNTKE,HYCALy QUTPUT, CALBoPROC+ENGLs METR,BOTH
€C3S. INTEGEF SUFFoSCILsTIMFAC

€C40. C

€C41, C

€042, c DEGRAOATION OF PESTICIUE FROM ADSORBED (A),
€043, c CRYSTALLINE (C) s AND OISSCLVED (D) FCRMS
6044, c DEGCON = FIRST CRDER DECAY RATE (PER DAY)
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Appendix C (continued)

€045, Cc

&6C46. C UPPER ZONE
€Cal, C

€C48. DEGU = C.0

€C49. IF (LTST LE. C.C) GG TO 8021
€G650. LTIST = C.0

éCtl. CQ E02C 1=],¢

€(t2. CEGLEA = [ECCCMAYAS({I)

€6C53. LAS(I) = L£Stl) - CEGUA
6CS54. UAST = L2AST - CEGUA

€0¢5. CEGLC = CECCCA®UCS(I)

€056, UCsS(1) = LCS(1) - DEGUC
€CET. UCST = UCST - CEGUC

€Ct8. DEGLL = CECCCM2UDS(I)

€05S. UCS{I) = LCS(1) -~ DEGUD
60¢0. UCST = LEST - CECGUD

€0€1l. CEGU = CECL + LCEGUA + DEGUC + DEGUD
6062, LTS(I) = LAS(I) + UCS(I) + UDS(I) + UPRISI(I)
€0&3, LISTY = LIST + LTS(I)

6Cé4, 8020 CCONTINLE

€CES, C

&C66. C SURF ACE ZONE
6C67. c

6CE8. 8Ccl CEGS = C.C

6C¢9. IF (S1ST .LE. C.C) GO TO 8023
6€170. STST = 0,0

éCl1. 00 8C22 1=1,%

6C12. CECS2 = TLECCCM»SASI(I)

6C13. SAS(1) = S£S(1) - DEGSA
6Cl4. SAST = SAST - CEGSA

€C15. CEGSC - CECCCM*SCS(I)

€Cl6. SCS(1) = SCS{I) - DEGSC
&077. SCST = £CST - CEGSC

€018, CEGSLC = CECCCM*SDS(I)

6C19. SDS(1) = $CS(I) - DEGSO
6CEO0. SCSYT = SCE&T - CEGSD

€CEl, DEGS = CECS o« CEGSA + LEGSC + DEGSD
€CE2. STIS(I) = SAS(1) + SCS(I) ¢ SDOS(I)
€0E3. STST = STSY 4 STS(I)

6(E4, €Cz2 CCNTINLE

6C85, C

6CE6. c LOWER ZONE
6C87. C

6(E8. €023 CEGL = 0.0

€QES. IF (LSTF .LE. 0.C) GG TO 8090
6090. CEGLA = DEGCCA*LAS

€CS1. LAS = LAS - C[CEGLSA

6CS2. CEGLC = DEGCCA#LCS

6093, LCS = LCS - CEGLC

6(S54. CEGLC = DEGCUCM#LLS

€(SS. LCS = LCS ~ CEGLC

6CS6. DEGL = CECLL + CECLC ¢+ DEGLD
€057, LSTR = LAS 4 LCS 4 LOS

6CS8. Cc

€CS5Se. €050 CCNTIMLE

€¢1CQ. C

€1C1. Cc

é102. C

€1C3., c CLPULATIVE RESULTS
€104. C
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Appendix C (continued)

€165,
¢106.
&1C7.
6108,
£1C9.
6110.
€1ll.
ella.
6113,
&1l4.
é115.
€116,
€111,
€118.
£115.
E£120.
€l21.
€122.
€123,
€124,
£125,
€126,
é121.
6128.
€129.
€120,
€131.
€132,
€133,
€134,
€135,
€136,
€137,
€128,
€129,
€140.
€141,
€l42,
€143,
6144,
€200,
€eCle
€cC2.
€eC3.
€zC4.
€205,
€206,
€207.
€208.
€209.
€210.
€zll.
ézl2.
€213,
€214,
€z15.
€zlée,
€¢l1.
€z18,
€219,

C
c

(2}

AOON

OANOOOHOOONOOOOON

CEGSCM = DECS(M + DEG
CEGSOT CECSCT + DEG
CEGUCM - CECLC(NM + DEE
CEGLCY CECLCT + DEG
CEGLCM = CECLC(M + DEG
CEGLQOT = CECLCT ¢+ DEG
TCEG = CECGS ¢ DECL +

IF (

(FRATKE oMEa 1)

S
S
L
U
L
L

CEGL

«ORs (HYCAL.EQ.CALBI]) GO TQO E600

IF (CUTFUT.EC. METR) GO TG 8200
WRITE (€,4£505)
WRITE (€,€501) TODE
WRITE (€4£€02) DEG
WRITE (€,E5C2) DEG
WRITE (€,€507) DEG

€2CC IF (CLTFLT.EC. ENCL)

G
S
U
L
CO TC 8600

METIRIC CCNVERSICMS FCR GUTPUT

EsCl
€502
tcC3
£50¢
E5C¢
EECT

E€CC

TDEGMT
CEGSMT
CEGL¥T

=TDEGH*KCFLE
=CECS*KkCPLE
=CEGUMKCFLE

CEGLMT=CECL2KCPLE

WRITE
WRITE
WRITE
WRITE
WRITE

FORPAT
FCRMATY
FCRM2T
FCRMAT
FCRMAT
FORMAT

RETURN
END

(€,85C¢)

(€,65C1) 1CEGMT
(€.ESCZ) CECSMT
(€,85C32) CECUMT
{€,€65C7) CECGLNMY

(" *4EXy*1CTAL
(* =48>, 'FECM
(' " 4EXy"FFCH
(*C*EX,"FESTI
(f0'9yEXx,*FEST]
(* °4€>y*FRCY¥

Y971 XsFT7.3)

SURF ACE' +64X,F7.3)

UPPER ZONE' 161X ¢FT7.3)

CIUE DEGRADATIGN LUSSy LEBES.')
CIDE DEGRACATION LUSS, KCGSe')
LOWER ZONE® 161X sF7.31)

SUBROLTINE MLIRIC (ICERRy INTRVL yNAPP ySNAP Ly UNAPL, TIMHR,

1

IN

PUT,OUTPUT  APDAY KNI ¢KPI )

THIS SULBROUTINE ReADS NUJRIEANT INPUT SEQ.
FOR REACTIGN KATES, INITIAL STORAGES, AND
APPL ICATIONS. INPUT INFCRMATICAN IS SCANNED
FOR ERRURS WHICH ARE FLAGGED BY ICERR=l.

GN RETURN TU MAIN IOERR=1 WILL STOP THE RUN

SUBKOUTINE ALSO QUTPUTS REACTICN RATES,
INITIAL STORALcS, AND APPLICATIONS

CECL ARATIDNS

CCMMON VARJABLES
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Appendix C (continued)

6220. c INTEGER%4 1STEF ASTEPSFLGUFLGLFLG,GFLG

€c2l.

€222. REAL*4 CELY,STEPF(4424)

€223. 1 SN({Z0¢5) ¢ SENT(20) ) SNRSM(20,5) SNROM(20,+5)

€224, Z UN(2CeS ) o LAT(20),UNT(20,5),UNIT(20)sUNRIM(20,5),

€225, 3 NRSM(Z2(C 5}, LN{20) yLINKPM(20) » GN (20},
€226, 4 SNREMI2C oS} UNRBM {20+ 5) yLNKDBM(20) yGNRBM(20)  TNRB¥(20),
€227, 5 SAREY (20 98) ySNKUY (20,5) yUNRIY{(20,5) ¢yNRSY(20,5),

€228, ¢ LARFY(2C) oSAKBY(20,5) s UNRBY({2095) +LNRBY(20) yGNRBY(20),
€229. 1 TANRBY{(2C)TARFVI20Q) yTNRHVM(20) oTNRHVY (20} ,TNA, TPA,TCLA,
€230. 8 KN(1ICs4) s THKN(LO) yKP(5,4) s THKP(S) ¢NBAL,y PHBAL,CLRAL
€z3l. C

€2322. CCMMCN /NLTs CELT,STEMPySNoSNT»SNRSMySNROM,UNyUNTSUNT yUNIT,
€233. 1 LARINGJNRSMgLNyLNKPMyGN,SiNeBMyUNRBN LNRBM,GNREM, TNRBM,
€234, Z SARSEYSARCY JUNRIY o NRSY o LinRPY » SNRBY,UNRBY ,L NRPY, GNRBY,
€238, 3 TAREY yTARKVTNRHVMy TNRKHVY , TNA,TPALTCLA,

€236, 4 KNy THKA KPy THKP NS AL PHBAL ,CLBAL,

€237, s TSTEF JNSTEP SFLG,UFLG,LFLG,GFLG

€238, Cc

€236, c

€240, INTEGER#*4 DMAFPL NAPP,TIMHAR, TIMHR

€c4l. NAMELIST /NUTRIM/ TSTEP,NAPPLTIMHAR

€242, C

€z43. INTECER*44 NMNSTRT,NEND,APDAY(5)yICERR,ICHKy1ZCNE, IBLK+J

E244. 1 IAFPL, INPLT,,0UTPUT

€245, c

E246. REAL*4 SNAFL(2C¢545)s3NAPLT(20) yUNAPL(2095,5)UNAPLT(20),
€241, 1 TAMEToTFFET o TCLMET2KNI{LU94) oKPI1(544)

€248, (o

€249, REAL#*8 CCNC, LEFAC/%LB/AC*'/y KGPHA/'*KG/HA'/4s NTRT/*NUTRIENT®/,
€250, 1 CHARE, ELZNKB/! /

€zE1. C

£2£2. c CHARACTER STRINWGS USED TC COMPARE AND
€253. C INTERPRET INPUT SEQUENCE, NANES OF

€254, Cc REACTION RATESy AND INPUT UNITS OPTICN.
€255, c

€256 INTEGER®4 (CHER,TYPE,BLANK/® /9 REAC/*KEAC'/y NITR/*NITRY/,
€257. 1 PFCS/°PFCE*/y CHLO/®*CHLC'/, END/*EWND */+ SURF/'SURF'/,
€258, 2 UPPE/*LFFE*/, LOUWE/'LOWE'/ « GRUU/"GROU'/y TEMP/'TEMP '/,
€259. 3 INTT/INIT /o APPL/PAPPLY/y METR/'METR®/y ENGL/®ENGL®/,
€260, 4 KMNNAME(IC)/Y KLl's ' K2%', ' KK2%, ' KO', * KPL®,
€z61. 5 * KAM'y * KIM®, *KKIM®*, * KSA', * KAS*/,
€262, ¢ KENZFMELED /Y KM*, * KIM', * KPL'y ' KSA', ' KAS'/

€z63, C

E2t4. C INITIALIZATION OF STORAGES AND FLAGS

€2€S5. C

EZ€6, ICERR = 0

€2¢€17. SFLG = |}

€£2£8, LFLG = ]

62€9. LFLG = 1

€270. CFLG = |}

€2il. CC 130 J=1,2C

€212, DC 120 1BLK=1,5

E€213, SN(J,1BLK) = 0.0

€zl4. WAN(JLIELK) = Ca0

€215, LAI(J,1ELE]) = 0.0

€276, 120 CCATIMUE

€ci1. LN(J) = (€

€275 132C CCNTINLE
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Appéndix C (continued)

€280,
6281,
62€2.
62€3.
€284,
62€5.
628€,
62€7.
6288,
€ZES.
€250,
6251,
€252,
€253.
€254,
€255,
6296,
€257,
€z98.
€255.
63C0.
€301.
€z2c2.
€203,
€304,
€205,
€3C6.
€2C7,
€308,
€30S,
€210,
€311,
€312,
€213,
€214,
€315,
€316,
€211,
€3is.
€219,
€220,
€221,
€222,
€323,
€324,
€325,
€226,
€321,
€228,
6325,
€230,
€331,
€332,
6233,
€334,
€335,
€216,
€337,
€338,
€339,

142

AOOOOOOO

145

L XaXaKaXaXa)

\n
o

1€0

€0 135 IZCPEs],4
DC 122 .=1,41C
KhILJ,I2CME) = Q.0
CCNTINLE
LC 124 _[=],¢
KFI(Js12CPE) = 0.0
CCOMTINLE
CCNTYINLE

READ (£,2CC1) CHPRE
IF (CHARS .EC. ELANKS) GO TQO 136
IF (CHARB LEC. MET) GO TQ 142

ICERR = ]
WRITE (€,459¢) CHARS
RETLRN

REAC (ES4ALTFIN)

WRITE (€,46CC)

WRITE (&€,4CCE)

WRITE (€,4CCT)

WRITE (€,4CCE)

WRITE (€,4€1C) T1SYEF,NAPPL,TIMHAR
NAPF=NAFFL

TIMHR - TIMHER

CHECK TSTEP TO SEc IF AN INTEGER NUVMBER ARE
IN A DAY (1440 MIN) AND CHECK TEHAT T1STEP IS
AN INTEGER MULT iPLec UF THE SIMULATICN
INTEKVAL (5 Ok 15 MIN).

CELT IS THE TIME 3TcP IN HOURS BECALSE
REACTION RATES ARE PEK HCUR (INTERNALLY).

ICKK =~ C
IF ( MCC(144C+TSVEP) oNCe Q) ICHK=1
IF ( MCC(TSTEF,INTRVL) JNE. 0) ICHK=]
IF (ICHK .EC. 0) GC TO 145

WRITE (€46477C) TSTEP

TSTEF = €0
DELT = TSTEF/€0.
NSTEF 144C/VST1EF

INPUT REACTION RATES

REAC (5430CC) C(FHER
IF (CHAR L.EC. ELAMK) GO TO 150
IF (CHER LEC. REAC) GO TGO 160
ICERR = ]
WRITE (€,4€1€)
WRITE (&,463C) REAC, CHAR
RETLEN
REAC (£,3CCC) YFE
IF (TYFE +EC. EL£PK) GO TO 160
IfF (TYFE .EC. NITR)} GO TO 170
IF (TYPE .EC. PHCS) GG TO 220
IF (TYFPE +EC. EFC) 6GC TO 500
ICERR = ]
WRITE (&,4€19)
WRITE (€,4€4() TYPE
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Appendix C (continued)

€340.
€341,
€342,
€243,
€344,
€345.
&246,
€341,
€348,
£€349.
€250,
€351,
€352,
6283,
€354,
€355.
€356,
€387,
6358,
€359,
€360.
6361.
€2€2.
€363,
63¢4.
€3é€5.
63¢€6.
€261,
€3¢8.
6269,
€270,
€371.
€312,
€373,
€374,
€275,
€376,
62177.
€278,
63175.
€380.
€3E1.
€2E2.
€2¢2,
€3€4.
€3ES5,
€2€6.
€3817.
€3E8.
€3ES.
6350,
6zS1.
€352.
6363,
€394,
€255,
€39¢,
€391,
€358,
£39S.

—-OrO0

1E0

190

2¢0

2C5

210

220

230

RETURN
NITROGEN RATES

REAC (£,3CCC) CHAR

IF (CHAR .EC. SLRF) GO TO 180
ICERR = ]
WRITE (€,462C) TYPE
WRITE (€44€3C) SURF. CHAR
RETLRN

REAC (5,301C) (KAIUJyl)yJ=1,10)

REAL (£,3CCC) CFAR

IF (CHAR .EC. UFFE) GO TO 190
ICERR 1
WRITE (644€2C) TYPE
WRITE (6,4€2C) LUPPEy CHAR
RETURN

REAC (S,4301C) (KkNI(Je2)sJd=1,410)

READ (543CCC) CHeR

IF (CHAR +EC. LCWE) GO TO 200
ICERR = ]
WRITE (€,4€2(3 TYPE
WRITE (6,4€3C) LCKWE, CHAR
RETURN

REAC (S5+201C) (KNI(J4e3)yJ=1y10)

READ (£,2CCC) CHAR

IF (CHAF .EC. GFCL) GO TG 205
10ERR = ]
WRITE (€,4€2C) TYPE
WRITE (€&,4€3C) GRGU, CHAR
RETURN

REAC (2,301C) (KNI(Js4)yrd=1,s100

REAC (£,3CCC) CFeR
IF (CHAR <EC. TEFMF) GO T0 210
ICERR = ]
WRITE (€£,4€2C) TYPE
WRITE (€44€3C) TENP, CHAR
RETLRN
REAC (5,+201C) (TEKRN(J)4Jd=1,10)
GC TC 1¢€0

FHOS PHORUS RATES

REAC (£,3CCC) (CkER

IF (CHAR .EC. SLFF) GO TO 230
ICERR = 1]
WRITE (€£44€2() 1TYPE
WRITE (€44€3() SURF, CHAR
RETLRN

REAC (5¢301C) (KFI(uoll)ed=1,5)

REAL (5,300C) (KR

IF (CHAR L.EC. LFFE) GO TO 240
I0ERR = 1
WRITE (644€2C) 1YPE
WRITE (£4,4€3() LPPEy CHAR
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Appendix C (continued)

€400,
€401.
£402.
€403.
€404.
6405,
6406.
6407,
€408,
6405.
6410,
é411.
6412.
6413,
€414,
6415,
€416,
€417,
€418,
€416,
6420,
€421,
€422,
€423,
€624,
€425,
&426,
€427,
€428,
4429,
6420,
£421,
€432,
€433,
6434,
€435,
€436,
€431,
€438,
€439,
§440,
€441,
6442,
€443,
6444,
€445,
€446,
€441,
d448,
€449,
€450,
€41,
€452,
€453,
6454,
€455,
€456,
6457,
€458,
€459,

240
c

2€0

NN

201

1
1

RETURN

READ (%+301C) (KPI(Jy2),dm1,5)

REAC (£4200C) CH2R
IF (CFAR .EC. LCWE) GO TO 250

ICERR = ]

RRITE (&,4€2C) 1YPE

WRITE (€42£3C) LCWE, CHAR
RETLRN

REAC (£+3C1C) (KFI(J43) ¢Jd=L,5)

REAC (£,30CC) (k2R
IF (CFAR +EC. GFCL) GO TO 260

I0ERR = |}

WRITE (€,4€62C) TYPE

WRITE (€,£€63C) GRCU, CHAR
RETLEN

READ (£4+3201C) (KkPIlJy4)od=1,5)

READ [5,30CC) (¥2R
IF (ChAR LEC. TENF} GO TO 270

ICERR = |

WRITE (€,4€2C) TYPE

WRITE (€,4€3() TEMP, CHAR
RETURN

REAC (£+3C1C) (THKPLJ)yd=1,5)
¢Q 10 1€0

CUTPUT OF REACT ION RATES AND TEMPERATURE
CORRECTION FACTORS.

WRITE (6+4€5C) (KNNAMELJ) J=1410},

((XKNI(JsIZCNE) 9J=1 01009 IZUNE=1+4) o (THKN{J},J=1510)

WRITE (€94€€C) (KPNAME(JD yJ=1+95),

((KPJI(JsIZONE ) 9J=145) o IZONE=1 94} {THKP{J),J=1,5)

CGNVERT RATES FROM PER DAY T(C PER nCURy AND

CHECK REACTIOQON RAT&S BY ZIONE FOR

1} REASUNABLENCSSy loEe >= 0.0

Z) VALIDITY OF NJUMERICAL SOLUTION TECHNICQUE
THE EXPRESSIun KNL(J,IZONE)*DELT IS THE
FRACTION OF THE CONSTITUTENT REMCVED
DURING THE TIMESTEP. THIS NUMBER SHQULD
BE MUCH LESS THAN 1. FOR ACCURATE SOLUTION
CHECK SET AT 0.5.

3) UN QR OFF, IF KNI AND KPI ARE ALL ZERQ FOR
A IONE, THEN NO TRANSFORMATIONS #RE DUNE.
SsUsLy AND LFLG ARE FLAGS TO INCICATE
1F TRANSFORMATIONS ARE DONE (1) CR NOT{O).

CO 311 IZCRE=1.4

SUMN = (.C
€O 203 J=1,1C
KNI(J,T2CPE) = KNI(J,IZONEN/ 24,
IF (KMI(J412CNE) .GEe 0.0) GO TO 301
ICEFR = ]
WRITE (&,47801 KNMAME(J), 1ZONE, KNI(Jy IZONED
RETLFA
1F (CELT*¥MI(JoIZONE) +LT. 0.5) GO TO 302
WRITE (€+429C) KNMNAME(J), IZONE
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Appendix C (continued)

€460, 302 SUM = SLM ¢ KNI(J,1Z0OKNE)

461, 303 CCNTINLE

€482, Ca 20& 4=1,¢

€463, KFI(J,12CPE) = KPI(JyIZONEM 24
¢464. IF (KF1tJ412CME) oGEe 0.0) GO TO 304
€465, ICEFR = ]

€466, WRITE (€,4EC0) KPNAME(J)y» KZONEs KPI(J,IZCNE)
6467. RETLEN

€4¢€8, 3C4 IF (CELT#kFI(J,IZONE) .LT. Q0.5) GO TO 205
6469, WRITE (€,4810) KPNAME(J), IZUNE
€470, 3¢s SLM = SLNM 4 KPI(Jy1ZQONE)

€471, 3C¢ CCATINLE

é472. IF (SUFM «LT. C.0CCOl) GO TO (307,308,309+310), [ZONE
€413, ¢C TC 211

€414, 307 SFLE = C

64175, €C TC 211

€476, ace UFLG = 0

64117, €C 1C 211

€418, 3acs LFLG = O

£41S. GC TC =211

€4€0, 310 GFLG = 0

6481. 311 CCATIALE

6482, £Q 313 J=1,.1C

6483, IF (TEXN{J) .CE. 1.0) GO TO 313

€484, RRITE (&,4E812) KNNAME(J)

64E5. 313 CONTINLE

6486, €O 214 J=1,%

6481. IF (THKP{J) «CE. 1.0) GO TO 314

€488, WRITE (€,6€14) KPNAME(J)

€489, 314 CCNTIMLE

€450. C

€4S1. C

€452, C INPUT GF INITIAL NUTRIENT STORAGES
6493, C

£64S4. c

6455. 31s READ (£,3CCC) CHER

£496, IF (CRZR .EC. BLZPMK) GO TO 319

64S17. IF (CH2R .EC. IMITY GO TO 320

€498, T0ERR = ]

€436, WRITE (644€€5) CHAR

65C0. RETLRN

§501. 3¢0 READ (5,20CC) 1YFE

¢zq2. IF (TYFE +EC. ELZMK) GO TO 320

6503. IF (TYPE .EC. NITR) GO TQ 330

6504. IF (TYFE .EC. FFES) GO TO 340

6£05. IF (TYPE .EC. CHLC) GO TO 350

€506. IF (TYPE .EC. EMC) GO TO 560

6507. ICERR = 1]

65(08. WRITE (€4472%)

650s. WRITE (£+474C) TYPE

6510. RETLRAMA

€211. 33¢0 NSTRT = 1

ét12. NENC = 7

6£13. GO Ta 2¢&C

€El4., 340 ASTRT = 11

€£15. NENC = 14

6£16. GC 1C 3&C

62112, 320 NSTRT = 20

€£18. NEND = 20

€£19. c
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Appendix C (continued)

6220,
621.
6522,
6£23.
6224,
6225,
6526,
6521,
6528,
6529.
6£30.
6£31.
&£32.
€833,
6524,
6£35,.
6536,
6531.
€228,
€539,
6540,
6541,
¢E42,
£543,
E£44,
€545,
€tat,
1 3-L % I8
65438,
6£4s,
6550.
€S,
€222,
€553,
€54,
(31199
6556,
€%,
€558,
€255,
€560,
65¢&1,
€5¢€2,
€£€3.
6£¢q,
€265,
€266,
€567,
6568,
€569,
€570.
€£71.
€272,
6513,
€S74.
€515,
6576,
€271,
65178,
€575,

C
C
360

3¢5

310

380
3scC

4CQ

41C

42C

43¢C

440

450

4¢0

410
4&C

4SC
sCo

SURF ACE
READ (5,3020) CFAR, ABLK

IF (CHAR .EC. SLRF) GO TO 365

10ERF = )

WRITE (&,4€7C) TYPE
WRITE (€+4€3C) SURF, CHAR

RETURA

IF (NBLKGEC.C oCRe NELK.EQel «ORe NBLK<EQWS)

I0ERR = ]

WRITE (&,4€7C) 1YPE
WRITE (€,4€S() SURF, NBLK

RETURN

IF (MBLK LEC. S) GC TO 400

READ (£,201C) (SNT(J),J=NSTRT,NEND)

CC 350 J=NSTRT,MEND
0G 2€0 JELKk=1,5

EN(JyIBLK) = SNT(J4)

CCNTINUE
CCNTINLE
GO TG 440

CO 41C TIELEk=],¢

REAL (5,20101 (SAIJyIBLK)»J=NSTRT+NEND)

CCNTINLE

CC 430 J=NSTRT,LAEND
SLM = 0,C
DC 42GC 1E8LK=1,5

SLM = SL¥F ¢ SN(J
CCATINLE
SNT(J) - SLp/sE.
CGATINLUE

UPPER ZONE

1 IBLK)

READ (£5,2CcC) CHAR, ABLK

IF (CHAF .EC. UFFE) GO TO 450

ICERR =-]
WRITE (€44€7C) TYPE

WRITE (¢€,4€3C) LPPE, CHAR

RETURN

IF (NBLK.ECeO oCFe NELK.EQel +ORe NBLKZEQSS)

ICERR = ]

WRITE (€,467C) T1YPE
WRITE (€,46SC) LPPE, NBLK

RETURN

IF (NBLK oEC. £} GC TO 490

REAC (5,301C) (LAT(J},sJ=NSTRT,NEND)

L0 48C J=NSTFT,MEND
CC 470 I1ELK=1,5

LA(J,1BLK) = LANT(J)

CCATINLE
CCNTINLE
€C TC 220

€CC S0C IELk=],%

REAC (5,2010) (UN(J,yIBLK)yJ=NSTRT,NEND)

CONTINLE
CO 520 J=NSTRT,MEND
Sur = 0,.C
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Appendix C (continued)

££80,
65E1.
€582,
6583.
€CE4.
EEES,
€86,
€SET.
&5¢€8,
€589.
€580,
65S1.
€S2,
6553,
6594.
€555,
€556,
€287,
6£598.
65S9.
&€CC.
€€GL.
ecoe.
€€C3.
6€04.
6£05.
EECE.
¢€07.
6€08,.
66CS.
€el0.
€€11.
é€la.
€€13,
6€1l4,
€€15.
€€leé.
6€17.
é€18.
4619.
6€20.
€€zl,
é€22.
€€23.,
€€24.
6€25.
6£26.
6¢£217.
(Y ¥2-N
€£29.
6€30.
é€31.
€e22,
6€33.
6€324,
6625,
€€36.
€€e37.
6¢€38.
€¢3S.

510
c2C

530

OoOAOW

[aXa X o)

5€5

DC 510
SLM =

CCATINLE

LAT(J) =

CCATINLE

READ

{5,32CCC)

1BLK=1,5
SLFM ¢ UNLJ4IBLK)

SLdyt.

LOWER ZONE
CHAR

IF (CHAR <EC. L(RE) GO TQ 540
ICERR = ]
WRITE (€,4€7C) 1TYPE
WRITE (€44€3C) LCWE, CHAR
RETLRN

REAC (5,301C)

REAC (£,3CCC)
IF (CKFAR .EC.
ICEFF = 1
WRITE (€,4€T7C) TYPE
WRITE (£&,4¢3C) GRGU, CHAR
RETLRA
REAC (5,301C)

GO TC 220

WRITE
WRITE

(€,40C5)
(€44CCE)

CCNC = LEefFaC
1F (INFLT .EC.

(LMJ) 4 J=NSTRT yNEND)
GROUNDRATER
CHAR

GFCL) GO TO 550

(EM(J)yJ=NSTRT4NEND)

CUTPUT OF INITIAL NUTRIENT STORAGES

METR) CONC=KGPHA

WRITE (€,40CC) CCONC

WRITE (64,47CC)

RRITE (€,4010)

WRITE (€,402F5) (SNT{JD9J=0 T )y {SNTLJD)yJ=11,14),SNT{20)

WRITE (€4403C) (IBLK{SN(JIBLK) 9J=L1sTd e (SN(Je1BLK) J=11,148),
EN(204,1IBLK) e IBLK=1,5)

RRITE (€,4C<C)

WRITE (€,4025) (UINT(J)oJ=1sT7)s (UNTLJ) J=11,14),UNT(20)

WRITE (£4+402C) (IBLKZ(UNCJSIBLK)sJ=1s7)y (UN(JyIBLK) J=11,14),
LAN(20,IBLK)y IBLK=],5)

RRITE (€9411C)

WRITE (€9402C) (LNCJDoJ=1,sT7)s (LN(J) »Jd=11s14),LN{20)

WRITE (€&€941cC)

WRITE (654020) (CNLJ)od=1yT7) s (GNLJ) sJ=1Ls14),GN(20)

1F (INPLT LEQC.

CONVERSION OF METRIC INPLT TC ENGLISH (LE/AC)
EACL) GO TO 5173

€O 570 J=1,20
DO 5€5 TELK=1,5
SMN{JoIBLK) = SN(J,IBLK)%,.8524
UM J,TIBLK) = UN(J,IBLK)*.8924
CCATINMLE
LAN(J) = LD (J11.8524
Gh(J) - EMN(J)*.8S524

272



Appéndix C (continued)

£€40.
ceal,
6es2.
€¢43.
ée44.
€€4s.
6€46.
ée4t.
€eqs.
6€45.
€€so.
€€sl.
€€s2.
€ec3.
eesa,
6€s5.
6656,
eEsT,
£€58.
6655,
6€60,
6€61.
eee2.
6€€3.
6664,
6€€S.
6€66.
6€67.
6€6E.
6665,
6670.
6671,
6612,
6€13,
6674,
€els,
6676,
66117,
6€i8,
6619,
6680,
6EEL.
6EE2,
6€€3,
6€E4,
6€ES,
6€E6,
6EET,
6668,
6685,
6€90,
6691,
6€92,
6653,
6€S4,
€6ss,
66S6,
6€S7,
6€S8.,
6¢€SS,

570
C
c
c
C
C
5

13

n
-
o>

oy
-t
wm

565

COOOOO

610

CCNTIMNUE

CCMPUTE TOTAL M TROGEN (TMNA), TCTAL FFCSPFCRUS

(TPA),

AND TUTAL CHLURIUE (TCLA)

UNITS = LB/AC.

TNA = 0.0
CC 515 J=1,1
SUM = 0.C
CC 574 1ELK=],5
SLM =
CCATINUE

INA = TN2 ¢+ LMJ) + GNILJ)

CCNTINLE

TPA = (0.0
LC 5&5 J=11,14
SLM = C.C
DC E€EC 1ELK = 1,5

SLM = SLM 4 SM{J,IBLK)

CCNTINLE

SLM + SMN(J,IBLK)

+

UN(Jy IBLK)

-

SUM/5 .

+ UN(J, IBLK)

TPA = TPE 4 LMUJ) + GN(J)} + SUM/S.

CCNTINLE

TCLA = 0.0

CC 560 IELk=]1,¢
TCLA = TCLA +

CCATINUE

TCLA = LAN(2()

IF (INFLT .EC. PETR)
CCNC = LEPLC
WRITE (€.,4€2C)

GO 1C €CO
CCNC = KCPFA
TAMET = TMAA]1,.121
TPMET = TFA#*1,.121
TCLMET = TCLEA%]1.121
WRITE (6,482C)

TNMET, CCNC,

EN(20,1BLK) + UN(20,1IBLK]}
¢ CA(20) + TCLA/S.
GO TQ 595

TNAJCONCy TPA,,CCNCy TCLALCCNC

TPMcET oCONC

AUTRIENT APPLICATIONS

IF (NAFPL.GE.C AND. MNAPPL.LE.S5) GO TO 610

ICERR = 1

WRITE (€,471C) NAPPL

KRETLRA
IF (NAFEL +EC. C) GO TO S10
CCNC = LEPAC
IF (INFLY .EC. PETR} CONC=KGPHA

WRITE (€,4CCC) CCNC
DC 900 1AFFL=1,MAPPL
OC €14 J=1,2C
SAAFLT{J) = 0.0
LAAPLTIL)Y = 0.0
CC €12 1ELK=1,5

SNAFLUG L IBLK,IAPPL) = 0.0
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Appendix C (continued)

6700. UNAFL(.IBLEZIAPPL) = 0.0

6101. 612 CCATIMLE

61C2. 614 CCNTINLE

67C3. C

§17C4. 62C REAC (S42C2C) CHAR, APCAY(IAPPL)

617(5. IF (CHAR LEC. ELANK) GO TO 620

6706, IF (CHAR .EC. APFL) GO TO 630

61(7. ICERR = 1

6708. WRITE (€,+4720)

61CS. WRITE (€+€€30) APPL, CHAR

€710. RETLRAM

6711. €3¢ IF (APCAY(JAFFL).CE.O .AND. APUAY (1APPL).LE.366) GC TC 635
€il2. ICERR = 1}

€113, WRITE (€5472C)

6114. RRITE (€44730) IAPPL, APDAY(IAPPL)
€115, RETLRR

&116. 635 IF (IAPPL .EC. 1) GO TO 640 /
&117. IF (PPCAY(IAFFL) oGT. APDAY(IAPPL-1)) GO TO 640
€118, ICERR = ]

6119. WRITE (€,¢720)

€120, PRITE (€,4725) IAPPL

6121. RETLRA

6122, €40 REAL (S5,2€C0) TYPE

€123, IF (T1YPE .EC. ELAMK} GO TO 640

€124, IF (TYFE .EC. NITR) GG TO 650

6125. IF {IYFE .EC. FHCS) GO TO 660

6126. If (TYFE .EC. CHLC) 6O T0O 670

€127, IF (TYFE .EC. ENC) GO TO 870

€128, ICERR = ]

€12S. WRITE (€4+4720)

6130, WRITE (€44745) TYPE, IAPPL

6131. RETURD

€122, €0 NSTRY = }

€133, NENC = 7

6134, GC TC €£¢&0

€135, 6€C ANSTRT = 11

€336, NENC = 14

61317. GC TC €€0

6738, 617C NSTRT = 2(€

6139. NENC = 2C

6740, C

€41, C SURFACE

6742, c

€143, 68(C REAC (£,2C20) CHARy NBLK

6144, 1F (CFAR <EC. SURF) GO TO 690

€45, ICERR = 1

€766, PRITE (€54720)

61417. WRITE (€,47%50) JAPPL, TYPE, SURF, CHAR
6148, FETLRM

€149, 6sC IF (NBLK.ECeC .ORe NBLKeEwel oUR. NBLK.EQ.5) €O TO 700
6150. ICERFR = 1

6i51. PRITE (€,4720)

6152, WRITE (&,2€50) SURF, NBLK

61%3, FETURM

6154, 7C0 IF (NBLK .EC. £) GO 7O 730

6155, REAL (5,2C10) (SNAPLT(J)»J=NSTRTNEND])
6156, CC 72C .=PSTFTLNEND

61517, CC 71C 1Elk=1,5

6158, SN2FL{LyIBLK,IAPPL) = SNAPLT(J)
6759, 71C CCATIMLE
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Appendix C (continued)

6760.
61761,
61€2.
61€3,
61€4.
6165.
E1€6e
61617,
61768,
61769,
61170,
6111.
61172.
6113,
6174,
6115,
67176.
6117,
€118,
€i17S.
€180,
€1€El.
6182.
61E3.
6184,
¢7ES.
€186,
€1€7.
6788.
€788,
6150,
617S1.
6752
6793,
61S4.
675,
61756,
6757,
61798,
6199,
68C0.
6801,
6E02.
6EC3.
68C4.
6ECS.
68C6.
6EQ07.
6EC8,
6EC9.
E€l0.
€ELrL.
E€l2.
€EL13,
6El4.
6E15,
€ELl6.
E€ll.
6€18,
6€E19.

720

C
120

140

750
760

17C

78C

7sC

acc
810

8¢

830

84C

856
E€l

€70

N o=

CCATINLE
CC 1C 77°¢

CC 740 1ELK=1,5

REAC (£,2C1C) NAP =
CCNTINGE ’ (s L(JeIBLK1APPL) 4 J=NSTRT NEND)
OC 7¢0 =PSTETLNEND

SLM = C.0

CC 75C 1ELK=]1,5

SUP = SLV + SNAPL(J,IBLK,IAPPL)

CCATIMLE

SANAPLTLJD = SLM/S,.
CCNTINUE

LPPER ZONE

REALC (£,3C20) CHAR, NELK
IF (CHAR .EQC. LPPE) GO TO 780
ICERR = ]
WRITE (€+4720)
BRPITE (€94750) IAPFPL, TYPE, SUKF, CHAR
RETURP
IF (NBLKJEC.C .OR. NBLKeEWel «0OR. NBLKsEQ.5) €O TO 750
ICERR = ]
RRITE (€,4720)
WRITE (€,4€650) UPPEs NBLK
FETURM
IF [MNBLK LEC. 2) GO TOC 820
REAL (£42C10) (UNAPLT{J)yJ=NSTRT ,NEND)
CC €810 .=PSTETLNEND
CC &CC IELK=]1,5
UNZFLU{J,IBLK,JAPPL) = UNAPLT(J)
CONTINMLE
CCATIANUE
GC T1C €&

CC 820 1BLK=1,5
REAC (£,3C1C) (UNAPLUEJ,IBLK,1APPL)+J=NSTRT(NEND)
CCNTINLE
CO €S0 J=NSTFT,NEND
SLe = C.0
CC 84C TIELK=]1,5
SLE = SLF ¢ UNAPL(Jo1BLK, 1IAPPL)
CCATIMLE
UNAFLT(Z) = SLM/S.
CCATINMNLE
€C TC €4¢C

QUTPUT OF NUTRIENT APPLICATICNS

WRITE (&4426C) APCAY(IAPPL)

WRITE (€,4C1C)
WRITE (6+2025) (SNAPLT (J)sJ=1,7), (SNAPLT(J)sJ=11y14), SNAPLT(20)

RRITE (€44C3C) (lBLKn(SNAPL(J.IbLK'IAPPL,|J=117’v
{SNAPL(JoIBLK,JAPPL)sJ=11114),
SNAPL(20 IBLK,1APPL)s 1BLK=1e5)

WRITE (€,4C5C) .
WRITE (6:4025) (UNAPLT () 9 J=1,7), (UNAPLT (J)sJ=11,14),UNAPLT(20)

WRITE (6,4C3C) (1BLKs (UNAPL(J9iotKsJAPPL) 9J=1+T)y
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Appendix C (continued)

€€20.
6821.
€E22.
6823,
6€24.
€E25.
EE26.
EE217.
6€28.
€€29.
€€30.
6E31l.
6832,
6E23,
6834,
6€35,
6€lé6.
6E37.
€Ez8.
6E39.
6€E40.
6841,
6842,
£€43,
6E44.
€€45,
€E46,
6847,
6t48.
EE£49.
€€50.
6EEf1.
6€52.
éEZ3.
6EZS4.
6E55.
1 13118
EE57.
6tE8.
6ES59.
6€60.
6EE].
6tE62.
6E€3,
6884,
6865,
68€6.
6E67.
6E68.
6686S.
6E70.
6E71.
6E72.
6€73.
EEl4.
6E75.
6€76.
6ETT.
6678,
€E71S.

(s X3 ¥3g]

4CQ0s
4CC?

4C1C
4C20
4C2%
4C3C
4Cs0
411C
412C€
4ESS

4€CC
4¢10
4616
4€20

4¢€30
4€40

4¢€5¢C

4¢€6C

1
2

(UNAPL (JoIBLKoIAPPL) 311,14},
UNAPL(20,]18LKy1APPL), 1BLK=1,5)

CONVERT APPLICATIONS FROM METRIC TG ENGLISH

IF (INFUT .EC. ENGL) GO TO 900
CC €SO0 .=],y2(

CC E&C YELk=],5

SNAFL(J+IBLK,IAPPL)
UN2AFLIJ1BLK, IAPPL)

SNAPL (J41BLK,12PPL)*.8924
UNAPL (JIBLK, IAFPPL)*,8924

(')

CCATIMLE

COCNTIMNLE

CCNTIMLE

RETURN

FCRMAT
FORMAY
FCRMET
FCRN AT
FCRMAT

1

Z
FCRMAT
FORMATY

& W N e

FCRMAT
FCRMAY
FCRNMAT
FCRMAT
FGRMAT
FCRrVAT
FCRMY
FORNMAT
1
FCRM2Y
FCRMAT
1
2
FORMATY
FORMAT
1
FCRMAT
FCRMAT
1
FORMAT

[V SN e

FCRMNAY

Jet 2
Ie® *o'® HAVE NOT BEEN VERIFICD WITH® ¢ 7X, %%,
/,v v
/'l v

(A4)

(ae)
(1CFELQ)
(24,S5X,13)

(°C* 4/ CPo*ALTRIENTS - ? A5, 11Xy ORG-N® 3 Xy* NH3-S%,3X,

TAF3-A% 35Xy 'NC2" 95Xy " ND3*, 6X " N2 y2Xy *PLNT=-N* 43X ,'0RG-P*,
AXG'FCA-S% 32X 'P04—AY 2% ' PLNT-P? y6X,°CL")

(°Q*)
(20" 4CL28%) /0 0 ,0%0 ,38X,0%0,
2 12 WARNING: NUTRIENT ALGORITHMS® ,6X,'%7,

o' CBSERVED DATA' y21Xe%%?,

VB0 28X, 0%, /0 0, 40(%%%) )

(*0°% 423, *SLRFACE LAYER®)

(00 €Xs*STORAGE? 4 12X, F8.,096F8.3,F8.093F8.3,F8.3)
(P00 4€Xy "EVERAGE? y L2X ) FB U9 6F 60 39F B840y 3F8s2,F8,3)

(% * 12X ¢4 BLCCK? y1296X9FB8e046F8e39F8.093F8434F843)

(*C* 22X, LFPER ZCONE')
("C' 42Xy '"LCWER ZONE?*)
('C? yZXxy*CRCUNDWATER"®)
{°0',°--<-ERRGR=-—— EXPECTING THE WORD NUTRIENTY BYT ¢,
*REAC IM ',A8)
(91340 "NUTRIENT SIMULATION INFORMATICN®)
('0°%,2Xo*TIVME STEP FOR TRANSFURMATIONS = *,15,¢ PMINS,
Je' S2Z24'NLMBEK OF NUTRIENT APPLICATICNS = ',12
/e% "9 Xe"CATE OF PLANT HARVESTING = ?,14)
("C*y*---ERRGR=~= IN REACTIUN RATES SECTION OF INPUT®)
(*0%y*—~-ERFQR=—— [N *,A4," REACTIUN RATES SECTICN OF *,
TINFLT )
(¢ *,12X4'EXPECTING * 4A5¢4% BUT READ IN *,A4)
(* *212)+°EXPECTING NITRs PHOS, OR ENC, BUT READ *,
*IN v ,24)
(Y0O'y*NITFOGEN REACTION RATES',1U0(4XyA4)/,
§ C,EX9"SURFACE® 912X,10(2XyF0.4)/
"o€X 9 LFFCR ZONE® ¢9X9o LU XeFOo4)/
"9EX s 'LCMER ZUNE',9X9 LO(2XeF6e%)/
" 9€X 2 YCRCUNUWATER? 18XQ‘0(ZX.F6.‘D)/
Y9ZX 9 TEVPERATURE CJOEFe*s5X¢10F8.3)
C'y*FHCSPHOKUS REACTICNHN RATES', 5(4XsA43/
*9€X 3 *SURFACE® 9y12X95(2XyFbe4) /
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Appendix C (continued)

€¢EEQ. 2 Y Y4EX 4 'LPPER ZUNE® 49X ,5(2X4F6e4) /

6801, 3. ' Y9EXy'LOWER 2ZONE' 49X ,5(2X yFbe4) 7/

6882, 4 VOV EX s *CRCUNDWATER® y8X,5(2XsF6e4) ¢/

6EE3. 5 ' Y32X+*TEFPERATURE COEFe?y5K,5F8.3)

6884. 4€€5 FCRMAT (*0°'y*---EPROR--- EXPECTING INIT BUT READ IN ',A4)
6EES. 4€70 FORMAT ('0'y*---ERRCR-— IN INITIAL *,AS5,* STORAGE SECTION OF *,
6806, | TINFLTY)

6887, 4650 FORMAT (* *411X,°FCR ',AS5,* EXPECTING BLOCKS=0, 1, OR 5°,

6€88, 1 ¢ IMLT MVALUE = ,13)-

6889, 47CC FCRMAT (' ',2X,*INITIAL STCRAGES®)

6850, 4710 FORMAT (°0°,*~---ERFCR--— NUMBER OF KUTRIENT APPLICATICNS CAN °*,
€ES1. 1 'RANCE FRCM C TO 5 UNLY, INPUT VALUE = 9,13)

6852, 4720 FCRMAT (0% ,'~--ERRGR-—= IN NUTRIENT APPLICATION SECTICA')
6893, 4725 FCRMAT  ('0%.*~--ERRCR-—- IN INITIAL STURAGE SECTION')

6894, 4730 FCRMAT (' “,11Xx,°IN APPLICATICN NO. *,12,' THE DAY OF *,

6ES5, 1 SAFFLICAYICN IS NOT IN THE RANGE 1 TC 366, INPUT -,
6E56. 2 SVALLE = *,]13)

68S7. 4735 FCRNAT (* %,12>,°THE CAY OF APPLICATION NO. °o12,

6ES8. 1 ' CCES MCY EXCEED THE PREVICU> APPLICATICN DAY')

6855, 4740 FORFAT ('0',11),'EXPECTING WNITR, PHCS, CHLO, OR END, BUT *,
6500, 1 TREAL IN *,45)

6501, 4745 FGRMAT (°C*,11>,'EXPECTING NITR, PHCS, CHLO, OR ENC, BUT *
£$02. 1 SREZC IN "4A5,' FOR APPL. NUe #412)

65C3, 435C FORMAT ('0%,11Xx,"IN APPLICATION NO. *,12:% FCR %,A%,

65C4. 1 'EXFECTIMG *,A5, * BUT READ IN *,AS)

6505, 476C FCRMAT (*0°,*AFFLICATIGN FCR DAY *,13)

65C6. 477C FORMAT  ('C',*IMVALID TSTEP SPECIFIEG, INPUT WAS *,14,

6507. 1 ' EXECLTICA CONTINUING WITH TSTEP = €0 MIN.')

66(C8. 47€C FORMAT (*0°','---EFRCR—- [INVALID NITROGEN REACTION RATE FOR °,
65C9. 1 B4y IM 2CNE 9,12, INPUT VALUE = *,F8.6)

€510, 475C FCRMAT (*0°,"—--BARNING-—- NITKRGLEN REACTION RATE *,A4,

6S1l. 1 ' IN ZCME *4124/14X,

€512, 2 % 1S TCC LARGE FCR TIME STEP SELECTEL, CCNSIDER ¢
€513, : 'RECLCING TSTEP FCR MORE ACCURATE SOLUTICN®)

6514, 48C0 FORMAT (%0','=-=--EFFGR-— LiVALIV PFUSPHORUS REACTION RATE FCR *,
6515. 1 A4,' IM.20NE *,12,* INPUT VALUE = *,f8.6)

6516, 4810 FCRMAT (*0°y'---RARNING-=~ PHGSHURLS REACTICN RATE * A4,
€S17. 1 "IN 2CME Y ,12/714X,

6518, H * 1¢ TCC LARGE FCR TIME STEP SELECTEC, CCNSIDER *,
6519. 3 'RECLCING TSTEP FGR MOKRE AC CUATE SOLUTION')

6520, 4E12 FORMAT (*0°,%---WARNING--- TEMPERATURE COEFFICIENT FCR NITRCGEN®
65z1. 1 »* REACTICN RATE ®,A4,* SHUULU BE >= 1.0°)

€<22. 4814 FCRMAT ('0°,'---wARNING--~ TEMPERATURE COEFFICIENT FOR *
€523, 1 *FHCSPHCRLS REACTICN RATc ' ,A4y' ShCULD BE >= 1.0°)
6524, 4820 FCRMAT ('0°,32X,"TCTAL NITROGEN IN SYSTEM = 9,2X,FL0.3,42X,A5/
€525, 1 * 9,3X,91CTAL PHCSPHORUS IN SYSTEN = *,F10.3,2XyA5/
€S26. 2 * v,3Xy *TCTAL CHLORIDE IN SYSTEM = ¢ 42X,F10.32XA5)
€521, c

6528. c

6529, END

7€00. c

7¢01. c

7c02. C

7CC3. C

7€04, SULBROLTINE MLIRMT

3582: E THIS SUBROUTINE 1S CALLEC EVERY INTERVAL ON
7007. c A RAIN DAY UR ONLY ONCE A DAY ON A AC RAIN
7608, c CAY TO COMPUTE NUTKIENT LOSSES AND TRANS-
7C09. c FORMATIUNS. ADVECTIVE LCSS IS COMFUTED
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Appendix C (continued)

7010,
1011.
1C12.
7013,
7Cl4.
1015.
1016.
1C17.
7C18.
7019.
7C20.
7C21.
7022.
1C23.
7024,
7025.
7C26.
1C27.
7C28.
1€29.
7030.
1621.
1032,
7033,
7C34.
703S.
1C36.
7037.
7038.
7C39.
7C€40.
7041,
7042.
7C43.
1044,
1045.
1046,
7047.
1C48.
1C49.
7050.
10%1.
7C52.
7Cs3,
1Cs4.
7055,
1056.
1C517.
7C58.
7Cs9.
7C60.
7Cel.
70&2.
1C63,
1C€4.
7C¢5.
70¢6.
1Cet.
1C68.
1C&Se

O O0HOOOHOH

[z X aXgl

O 60 000

EVERYTIME SUBRQUTINE IS CALLED, WFKILE
CHEMICAL ANU BICLOGICAL TRANSFORMAT ICNS
ARE CONE AT SELECTED INTERVALS AS
SPECIFIED BY INPUT PAKRAMETER TSTEP.

CECL ARAT [ONS
CCGMMON VARIABLES

INTEGER®*4 YSTEF (ASTEP SFLG,UFLGyLFLG,GFLG

REAL#4 LELVSTENMF(4,24),
SNEZC+5) yENT(20), SNR3SM(20,5) +SNROM(20,5),
UN(Z20,5)9UNT(20)+UNIL2045)4UNIT(20)UNRIM(204+5),
NRSP (2045, L(20) o LNRPM(20), GN(20),
SANREM(2CHE) yUNRBM(20,5) sLNRBNM(20) yGNREM(20) » TNREM({20),
SAFSY{2C+5) o SANROY (209 5) ¢UNRIY{20¢5) 4 NRSY(20,5),
LARFY(2C) «SNRBY(2095) yUNRBY(20435) sLNRBY(20)+GNRBY (201D,
TAREY(2C)yTARRVL20) yTNRHVM(20) y TNRHVY (20) o+ TNA,TPA,TCL A,
KN€1094 ) s THKNLLO) ¢KP(554) o THKP(5) ¢yNBALy PHBAL,CLBAL

DN SUN =

CCMMCN /NUT/  CELT,STEMP, SNySNT ¢SRS My SNROMsUNyUNT,UNT JUNIT,
ULANR TP oNRSPyLNoLNRPMyGNeSNRBM; UNRBM,LNREM, GNR EM, TNRBM,
SAREY,SNRLCY UNRIY yNRSY o LARPY y SNRBY9UNRBY yLNREY o GNRBY,
TAREY ¢y TARHVoTNRHVM, TNRHVY o TNA,TPA,TCL A,
KAy TEFKN g KPy THKP yNBAL +PHOALCLBALY
TETEFINSTEPySFLGYUFLGeLFLGGFLG

AR WA

INTECER®*4 FRMTKE HYCALoQUTPUT, TIMFAC, IMIN, IHR, TF yJCOUNT,
1 CALEyFFOCyENGLIMETRyBOTH yYESeNOyPEST NUTR

REAL®4 RUFYMINCPST LIS JAREA,RESBL(5),ROSBIE),SPGXIS5 )y INTF(S),

1 RGX(S)e INFLUS)UZSB(5)4APERCBHIS5)+RIB(S5)2ERSN(S5),RESBI(S),
r3 VeFZy#

CCMMCA /JALL/ RUSFYFMINPRNTKE HYCAL,DPST,0UTPLTTIMFAC ,L2SyAREA,
FESB1,POSE)SROGXy INTFeRGXe INFLyUZSB,APERCByRIByERSN
F,F342,CALByPRCDJPEST I NUTRyENGLIMETRyBCTH)RESELYES ¢NQy
ININ o JER s TF o JCOUNT o PRINTy INTRyDAYS ¢HOURy MNTH

W A =

DECLARATIONS FGR INTERNAL STCRAGE ALLOCATION

REAL#*4 SNRS(Z20+5)ySNRGC(20,5) »SNRP(2045),ASNRS(20,5)17100%0.0/
ASNEST(ZC)sASNRU(2045)/71C0%0.0/, ASNRQT(20),
ASKRFF(2C45)1/71C0%0.0/,ASNRPT{20),UNTI(20+5)4UNRI(2045)>»
UNRF{Z0+5)sNR5(2095)9AUNRI (2U92) /100*0.0/+AUNRIT {20),
AUNFF(2C55)/7400%0.0/yAUNRPT(20),ANRS(20¢5)7100%0.,07,
ANRETL2C)LARP{20)ALNRP(20)/20%0.0/,
ASKNFE(Z2(+5)/7100%0.0/9yASNRBT(20)
AUNFE(2C45)/7100%0.0/,AUNRBT(20),

ALNRE(ZC)/20%0.0/, AGNRB(20)720%0.0/,ATNRB(20)/20%0.0/

N =N -

DECLARATIONS FOR OTHEK IMTERNAL VARIABLES
INTEGER?4 ITIME MCYCLE,IHOUR,18I10,1ZONE,IBLK
FEAL®*8 CCACLLRPFRC/'LB/ACY'/ KGPHAZ*KG/HAY/

REAL®4 FSoFCoFF  TW s TRIFILoFLIT(4),
1 CELPE(2C+5),DELN(20),
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Appéndix C (continued)

7€70.
7C¢71.
7€C72.
7073.
1C4.
1C75.
1C26.
1C17.
7678,
7¢79.
1C€0.
10€El.
7C82.
1C€3.
7(€E4.
1085,
7CE€6.
7CET.
70€8.
7C€S.
7CSs0.
7091.
7¢92.
7093.
1Cs4.
7CS5.
7C%6.
1C57.
7058.
705S.
7100.
7101,
7102.
7103,
7104,
7105,
71C6.
1107,
7108.
7108.
7110.
7111.
7112.
7113
7114,
7115,
1116.
1111.
7118.
1119.
7120.
7121.
7122.
7123,
1124.
1125.
1126.
1127,
1128,
1129.

OOOOOHNO

(3NN Nl o N e N u Y e N N e N e Na N e a N e Na Na e N o N e N e N e N a N e Na N e e Na N el a N aaYa s aNa N2 s XaKa X2 Xa X3

[ Y B TV N

INTEGER#*4

LAY

SUFySUPL,SUMBINDOSMI20) ¢NDSC{20) ¢ NASM{20),

MASC(Z0) +ERSNToCUNFCyCONFS,TUTN,TOTP,
CONVF/1.121/79SNMET(20,5) yUNMET (2095) +LNMET(20) oGAMET (20),
SNTMETLZC)oUNTMET (20Q) yUNITMT (200 s UNIMET (20,5),
PASCLIMV (2C) 4DUMA(20,5)

INITIALIZATION 4ND DECLARATICN OF SELECTCRS
USED FOK ADVECTING ANU REMCVING NUTRIENTS
8Y MEANS OF SEDIMENT (SDJ), OVERLANC FLOW
(OF)+ INTERFLOW (IF)y PERCOLATION (PC),
Bl10LUGICAL (BL).

SELSC(20)/140+1¢0005090940,3409190+140,50,040,0,04507,
SELCF(20)/09150491519000,090900041+090¢0¢0,09040417,
SELIF(20)/09190919190+40+¢04040+0¢19C909Cy0504040,41/
SELPC(ZC)/091909191+090+90:09320:1+0405,0+050,040,17,
SELBL(Z20)/70+40,090+041+1+0+0¢090,090519C+040,+0,0,0/

ERIEF DESCRIPTION OF VAR IABLE NAMING CONVENTION:

1)
2}
3)

4)

£)
£

€)

FIFST TWO LETTERS SNsUN,LN,GN STAND FOR SLRFACE,
LFFER ZONEs LOWER ZCNEse AND GRCUNDWATER NLTRIENTS
LM] INTERFLOw STORAGE OF OISSCLVED NUTRIENTS
FIFST LETTER A STANDS FOR AN ACCUMULATION QOF A
MLTRIENT LOSS OVER THe INTERVALS BETWEEN PRINTING
THE THIRD CR FOURTH LeTTEr *R' STANDS FCR REMOVAL
FCLLCWING THE 'R* A LETTER INDICATES THE CAUSE CF
FEMOVAL; *S*=SEDIMENT, *O0*=0UVERLAND FLCHW,
FI=FERCOLATIUN, 'I®*=INTZRFLOW, *B*=BIOLCCICAL
LETTERS *M* AND *Y* INVICATE MCNTELY AND YEARLY
$LMS OF REMOVALSs MCNTHLY SUM IS ACCUMULATED IN
PLIRNT ANU PASSED TC MAIN FOR CUTPUT, AND YEARLY
AFCUNTS ARE CALCULATED AND PRIATED IN MAIN

THE LETTEZR *T* APPEARING AT THE VEFRY ENC INDICATES
T+E TOTAL OR AVERAGE MASS OF THE 5 BLOCKS IN ThE
SLRFACE AND UPPER ZCNES

MLTRIENTS ARE STORELC IN VECTORS ANL ARRAYS IN THE
FCLLCWING SEQUENCE CF ELEMENTS:

1 = CRG-Ny ORGANIC NITRUGEN

¢ = NH3-35, AMMONIA IN SOLUTION

2 = NH3-Ay AMMONIA ACSORBEO TC SOIL

4 = NC2, NITRITE

£ = NO3y NITRATE

€ = N2-GAS, NITROGEN GAS FROM CENITRIFICATION
7 = PLNT-Ny PLANT NITROGEN

¢ = CPEN

< s CPEN

1 = CPEN

11 = GRG-P, ORGANIC PHOSPHORUS

l¢ = PC4e~-S, PHOSPHATE IN SOLUTION

12 = PC4-Ay PHAOSPHATE ADSORBEC T0 SCIL
14 = PLNT-Py PLANT PHCSPHURUS

1£ = QPEN

1€ = CPEN

17 = QPEN

1¢ OPEN

1S = CPEN

«C = CL, CHLORIDE
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Appendix C (continued)

7130, PA = 1.C - ¢

7121. C

T132. c AOVECTIVE LOSSES

1133, c

7134, C SURFACE ZIONE

1135. Cc

1136, 0O 120 1IBLk=]1,¢

7137, c

1138, c SEDIMENT REMOVAL

1139. C

1140, IF (ERSN{IELF) .LE. 0.0) GO TO 40

1141, FS = 2CCC.AAFEZ20.2*ERSN(IBLKI/M

1142. IF (FS «CT. leC) FS=1.0

7143, CC 20 J=1,2¢C

1144, SARS(JyIELK) = SELSD(JI®FS*SNLJ,IBLK)

7145, 2C CCATINUE

1146, 6C 1C ¢C

T147. 4C CO 2C J=1,2C

7148. SARStJs1ELEK) = 0.0

71149, 5¢C CCATINLE

7150. C

T1£1. C CVERLAND FLOW AND PERCOLATION
7152, (o

7153, 6C IF ((P2+FESEI(IBLK)) .LE. 0.0} GO TO 80

1154, FC = RCSE(IBLK)/ (PAX{P3¢RESBL(IBLK)))

7155. FP = RIB(IELK)}/(FIA+RESHL(IBLK))

7156. OC 1C J=1,2C

7157. SANRC(LoIBLKY = SELOF{J)*FO*SN( J,IBLK])

1158, SARF{LoIELK) = SELPC(JI*FP¥SN(Je IBLK)

1159, 7C CCATINLE

1160. €C TC 10C

T1€l. 8C 0C sC J=1,2C

7162, SARC(.,1BLK) = 0.0

7163, SARFl.y18LK) = 0.0

1164, sC CONTINLE

T165. C

1166, c CHANGE SURFACE STORAGES AND ACCUMULATE
11617. C REMOVALS

7168, C

11€S. 1C0 0C 110 <(=1,2C

1170. SNGJ,IELK) = SN(J,IBLK) - SNRS (JyIBLK) - SNRO(J, IBLK) -
7171, 1 SNRP (J » IBLK)

1172, LM(J,IBLK) = UN(J,IBLK) + SNRP(J,IBLK)

1113, EENRS{J,IELK) = ASNRS(J,IBLK) + SNRS(J, IBLK)
7174, ASNRC(J LELK) = ASNKO(J,IBLK) + SNRO(J. IBLK)
1175, ASNRF(J4IELK) = ASNRP{J,IBLK) + SNRP(Jy IBLK)
7176. 11C CCNTINUE

11711. 12C COANTIALE

7178. C

71179, C UPPER IONE

7180. C

7181. CO 220 IBL¥k=]1,°

11€2. C

7183, C PERCGLATION AND INTERFLCHW
7184, C UNTI < TRANSFER FROM UZ TO INTERFLCHh
7188, c

71€6. Th = UZSE(IBLEK) ¢ ROGX(IBLK) + APERCBUIBLK) + IMNFLUIBLK)
1187, Tl = SRCX(IELKY # INTF(IBLK)

71¢&8. IF (Tw .LE. C.C) GO 7O 140

7189. FI1 = RCGX(IBLK)/THW
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Appendix C (continued)

7190.
7161,
1152.
7193,
7154,
1195.
7156,
1157,
1158.
718S.
7200,
12C1.
1zC2.
1203,
1204
12€5.
7206.
i2C7.
7¢C8.
12CS.
7210,
1211,
7212,
1213,
1214,
1215,
71216.
72117,
118,
7219.
12<0.
1e2l.
1z22.
Te23.
1224,
7225,
122¢.
1221.
1228.
1229.
1230.
1221,
1232,
1233,
71234,
7228,
1236.
1¢3217.
1238.
723%.
1240.
1241,
1242,
1243,
1244,
1245,
1246,
1247.
1248,
T249.

110
1£C
1<C

2CC

LAN
[N =]

OO MmN

2320
24C

20
260
210
28(C

FP = (INFLUIELK) + APERCB(IBLK))/Tw

CC 120 J=l4y2C
UNTIC(L TELK) = SELIF(J)*FII%UN(J,IBLK)
UNI(J TELK) = UNI(J,IBLK) ¢ UNTI(J,IBLK)
UNRFRLL 1ELYK) SELPC{J)*FP®»UN( J,yIBLK)

CCNTINLE

GC 1C 16C

COoO 150 .=1,cC
LATI(us1BLK)
UARP L IELKD

CCNTINLE

0.0
0.0

LOSS FROM INTEKRFLOW STORAGE

IF (Thl JLE. C.0) GO TO 189
FLTI = INTF(IELK)/Tw]
EC 170 J=1,2C

ULNRI(LIBLE) = FLI®*UNI(Jo1BLK)
CCATIANLE
GC 1C 20¢
0C 150 J=1,2C

LhRI(d'lEl.‘) = 0.0

CCANTINMNUE
REMOVE AND ADD STORAGES AND ACCUMULATE

CC 210 J=lecl
CMN(JIBLK) = UNIJLIBLK) - UNTI(JsIblK} = UNRP(J,IBLK)
LMICGJSTELK) = UNI(JLIBLK) ~ UNRIUJoIBLK)
AUNRI (JsIELK) - AUNRI(JsIBLK} + UNRI(J,IBLK)
AUNRF U 1ELK) - AUIRP(J,» IBLK) + UNRP(J,IBLK)
LAN{J) = LPUGJ) ¢ UNRP(J,1BLKI*0.2

CCMTINLE

CONTINLE

COMPUTE NUTRIENT REMOVAL TO STREAM (NRS)
AND ACCUMULATIONS

CO 240 I1eLk=1,%
€O 230 J=1,cC
MRSCJo1ELKD) = SNRS(JyIBLK) + SMNRO(J,IBLK) + UNRI(J,IBLK)
ANRSUJ+IELK) = ANRS(J9IBLK) + NRS(J,IBLK)
CCATINUE
CCNTINLE

LCWER ZONE

Th = L2S + CFET
IF (Th .LE. C.C) GC TO 260
FP = CFET/Th
CC 250 J=1l,2C
LARP(J) = SELFC(JI*FP*LN(J)
CCATINLE
€0 YO 2¢C
£a 270 J=1,2C
LAFF(J) = 0.0
CONTINLE

pC 25C J=1,2C
LANCJ) = LAGd) - LNRPLJ)
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Appendix C (continued)

1250.
7¢¢1.
12%2.
1253,
12¢%4.
1255,
12564
1257,
12¢8.
1259,
12¢0.
1261,
1262,
7¢¢€3.
T2é4.
1265,
7266,
12¢€1.
1268,
T2€S.
1270.
1271,
1272.
12173,
1274.
1<75.
12176,
1211,
1278,
1215,
72€0.
1¢€1.
1282,
1283,
Te€E4e
T¢€S5.
7266,
12€1.
7288,
128S.
1¢50.
7291.
7252
7293.
1254,
12685,
1256,
1257,
1468,
71299.
12¢0.
1301.
1202.
7303,
130%.
1205,
13C6.
1207,
7208,
7309.

SO

2
c
C
c
C
C
C
C
C
c
C
C

OO O

GA(J) = C(M{J) ¢ LARPLI)
ALNRELJ) = ALMFP(J) + LNRP(J)
CCNTINLE

GRCUNDWATER
NO ADVECTIVE LOSS FROM GRCUNDWATER

CHECK TOQ SEcz IF PHYSICAL AND BIOLOGICAL
TRANSFCRMATIONS ARE TO BE DGAE THIS
INTERVAL UN A KAIN DAY, OR SETUP THE
MUMBER OF TIMES TU LOOP FOR A NO RAIN
CAY

IF (IF .GT. 1) €C TG 300

ITINE = INMIM ¢ ECH]IFR

IF ( MCOCUITIME,TSTEP) oNE. O) GO TO 810
ACYCLE = 1

GC TC 210

ACYCLE = NSTEF

CC 800 IBIC=1,MCYCLE

COMPUTE HOUR OF THE DAY TO ACCESS HCURLY
SOIL TEMP DATA FOR THE 4 SOIL ZONES:
SURFACE, UPPER, LOWER, GRCUNCWATER

IF (TF .€T. 1) GO TQ 320
IFCLE = JFF ¢ 1

GC TC 33¢C

IECLF = | + (1EIC*TSTEP)I/Z60
IF (IFCLF .EC. 25) 1HUUR=24
CC 240 1ZICMNE=1,4

T(IZ2CME) = STENMP(IZCONE, IHOUR)
CCMTINLE

SURFACE ZONE TRANSFORMATIONS

IF (SFLG .EQ. C) GO TO 450
1ZChE = )

CALL TRAMS (CELToIZONE»DUMVySNyKNTHKN¢KPy THKP »Ty DUMV,CELNB)

CCMPUTE AND ACCUMULATE ANMCUNT REMCVEL
BIOLOGICALLY

00 440 1ElLKk=1,5
£C 42C J=1,20

ASNRE(JIBLK) = ASNRBUJ,IEBLK) + SELBL{J)*DELNB(J,IBLK)
CCNTINLE
CCATINLE

UPPER IONE TRANSFORMATIONS

IF (LFLC .EC. C) GO TO 560
12CNE = 2

CALL TRANS (LELT, IZONEsDUMV,UNyKNoTHKNoKPy THKP 4T+ DUMVDELNE)
CC €50 I1ELK=1,5
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Appendix C (continued)

1210,
1211.
1212,
7:13.
1:14.
9215,
1216,
3.
1218.
1219.
1220.
1321.
1222,
1223,
1324,
1225,
1326,
7221.
1328,
1329.
1230.
1231,
1332.
1233,
1234,
1235,
i236.
1231.
7238,
1239.
1240.
1341,
1342,
1343,
1344,
1345,
1324¢€.
1341,
1348.
1249,
9350.
71351,
1282,
T3£3.
1254,
T35S,
71386,
7387,
1358,
7359,
13¢&0.
13¢1.
72¢€2.
13¢€3,
13¢4,
1365,
13¢6.
F3¢&1.
1368,
T2¢S.

\n

(4]
o [-]

AOOOOO OO

S10

SeC

940

CC S4C J=1,20
AUNRE( ., IBLK) = AUNRB(J,IEBLK) # SELBLIJI*DELNB(J,1BLK)
CCNTIALE
CCATINLE

LOWER ZONE TRANSFORMAT IONS

1f (LFLG .EC. C) GO TO 660
IZCME = = .

CALL TRAMS (CELT,1ZONELN)DUMASKN T HKNyKPy THKP, Ty DELN,CUMA )
CC €50 J=1l420
ALANRBU(J) = ELMNRE(J) + SELBL(J)*DELNI(J)
CCNTINUE
GROUNDWATER ZONE

1F (CFLG .EQ. C) GO TO 800
IZOMNE - 4

CALL TRANS (CELT ,IZONE 9GhyDUMA9KN oTHKNyKP 9 THKP , Ty DELN,CUMA)
CC 7150 J<=1,2¢C

ACNRE(J) - AGMRB(J) +« SELBL(J)*DeLN(J)
CCNTINLE

CCNTINLE

END OF NO RAIN INTERVAL LCOP

€E1C IF (PRMTKE < EC. C€) GC TO 1300

CCMPUTE 8l0LOGICAL REMOVALS

ACCUMULATE MUNTHLY VALUES CF ADVECTI]VE
AND BIGLGGICAL REMOVALS

ATNkb = ACCUM. TOTAL NUTR REPMOVAL E1ICL.

£C S20 J=1,20

SUM = Q.C
DC S10 1ELK=],5
SLM = SUM 4+ ASNRB(J,IBLK) + AUNRBIJIBLK)
CCNTINLE
ATNRE(J) SLM/S5. + ALNRB(J) + AGNRBLJ)

CCNTINLE
CC 940 J=1,20

DC €20 1ELK=],5
SARSP LJoIELK)
SANRCHM (volELK)
URRIM(CsIELK)
NESMILLIELK)
SNREM (U, IELK)
ULNREMIG IELK)

CCNTINLE

LARFNM{J) LMFFM(J) ¢+ ALNRP(JD

LNREN(J) - LMFREM(J) + ALNRB(J}

GNREP(J) CMNREN(J) + AGNRBLY)

TARENM(J) - TAFEMUJ) + ATNRBLJ)

SNRSM(J,IBLK) + ASNRS(J,IBLK)
SNKGM(J,IBLK) + ASNRO(J,I1BLK)}
UNKIM(J,IBLK) + AUNRI(J,1BLK)
NRSM{J,IBLK) + ANRS({Js1BLK)
SHRBM{J,IBLK) + ASNRB(J,IBLK)
UNRBM(J, IBLK) + AUNRB(J1IBLK)

Ll

CONTINLE
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Appendix C (continued)

1370,
1z71.
12172,
1273,
1274,
1315,
1276,
1311,
1278,
73279,
7280.
1381.
1:82.
71383,
1384,
1285.
T3¢E6.
12¢€7.
7388,
7289,
12s0.
7391.
732%2.
1293,
13S4.
1365,
1356,
1297,
9258,
1:29S.
140G,
1401.
1402,
7403,
14C4.
7405.
7406,
74C1.
14C8.
14CS.
7410.
T411.
1<12.
1413,
1414,
7418,
1416,
417,
7418.
141S.
1420.
i4cl.
1422,
1423,
1424,
1425,
1426,
1427.
1428,
1429.

C

(X2l

s X2 X2X2XaKaXaXaKaKaXgl

945

93¢0

(2 X s XaXal

[1,)
-)
[

-
[\\]

[aNaNaNaR")

SEOD

IF (FRATKE +EC. 2) GG TO 1200
CUTPUT OPTIONS

IF (HYC2L .EC. FFCD) GG TO 1100
IF (TF.GT.l CR. FUL.LT.HYMIN) GO TO 1200

CCMPUTE CONCENTRATIUNS AND MZSSES IN STREAM
FOR CALIBRATICN OQUTPUT
NADSM=NUTRIENTS CISSULVEC IN STREAN,MASS
NUSC=NUTRIENTS UISSOLVED IN STREAM, CCNC.
NASM=NUTKIENTS ADSDxBED IN STREAM, WMASS
NASC=NUTRIENTS ADSUKBEC IN STREAM, CCNC.
COIFC = CUNVERDION FACTCR TC GET NG/L UNITS
CONFS = CUONVe FACTUR TO CET ADSORBEL NUTR.
CONCe IN PPM UF SEDIMENT

ERSNT = Q.C
€O 645 1IBLKk=1,%
ERSANY = EFSENT + ERSN(IBLK)
CCNTINLE
ERSNY = ERSEMNI/S.
CCNFC = 454(CCC/{FUXTIMFAC*60.%28432)
IF (ERSAT .CT. C.C) CONFS = l.0E6/(ERSNT*2000.%AREA)
£C S70 J=1,2C
SUMEC = 0.C
SLr2 = C.C
CC <SE0 1BLK=1,5
SLFMC = SUML + ASNRO(J,IBLK) + AUNRI(J,IELK)
SLFA = SUPA + ASNRS(J,IBLK)
CCNTINMNLE
NCSk(J) = SUPMCTAREA/S.
NDSCU{J) - NCSMUJ)*CONFC
NASK{J) = SUMERAREA/S.
IF (ERSAT .LE. 0.0) GO TO 960
NBSClJ) = NBASM(JI*CONFS
GC T1C 97¢C
NASC(J) = (.
CCNTINUE

COMPUTE TOTAL MASS OF N (TCTA) AND F (TOTP)
IN STREAM

7
TN SNCSM(J) + NASMUJ)
CCATIALE
€O 972 J=11,14

TOTFE = TCTF 4 PDSK(J) + NASM(J)
CCNTIALE

MODIFICATIONS FGR METRIC OUTPUT
CGNVERT MASS FRCM LBe. TO KG. CONC. IN KMG/L

IF (CUTPLT.EC.ENCL .CR. OUTPUT.EW.EOTH) 6O TG 1000
CO 980 J=1,42C

NCSM(J) = PCEMIJN/2.,205

NASM(J) - NMASMEJ)/2.205
CCNTINLE
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Appendix C (continued)

7430, TCIN = TCTIN/2.2(CE

1431, 1CTP = ICTP/c.2CE

14324 C

7433, 1000 WRITE (€4412C) NCSP(5)sNDSV(4) ¢NDSM(2) ¢4NDSM(12),NDSM(20),

1434, 1 NASM(3) ,NASMIL) NASM(L3),NASM(Ll1l),y TOTN, TOTP
1425, WRITE (€94140) MNCSC(5),NDSC(4) NOSCLL)sNOSCL12)oNDSC(20),

7436, 1 P2SC(3)oNASC{LIeNASC{L3)yNASCI(11)

1437, GO T0 120¢

1438, C

1439, c PRODUCT ION QUTPUT

1440, C CCMPUTE WATcRSHED AVG. FROM BLCCK STCRAGES
F441. C

T442. 11CC CO 1120 J=1,20

T443. SNT(J) = C.0

1444, UNT(J) = 0.0

1645, LAIT(J) = CoC

1446, ASNRST(J) = C.C

T448. ASNRPT(J) = (.C

T449. ALARIT{J) = C.0

7450, ALNRPT(J) = (.0

T4%1. ANRET(J) = Q.C

2452, ASNRET(J) = C.0

1453, AUNFET(J) = C.C

T454. CC 111C JELF=1,5

455, SAT(J) = SAT(J) + SNUJ,1IBLKI®O W2

1456. LAT(J) = LAT(J) + UN(J,IBLK)*0.2

1457, CAITOL) - LMNIT(JY) + UNI(J,IBLKI)*0,2

1458, ASNRST(.) = ASMRSTU(J) + ASNRS(J,1BLK)*0,.2

1459. ASNRCI(e) — ASAROT(J) + ASNRU(J,1BLK)*042

14€0. ASNRFT (L) = ASARPT(J) + ASNRP(J,IBLK)*0,.2

T4¢€1. ALNRTIT(L) <~ AUNRITIJ) +# AUNRI(J,IBLK)*0,.2

T4€2. AUNRFT(.) = AUMRPT(J) ¢ AUNRF(JoIBLK)*0.,2

F4¢€3, ANRST(J) = ANPST(J)} + ANRS(J,iBLK)*0,2

T4€4. ASNRBT(.) = ASARBT(J) + ASNRE(J,IBLK)*0,.2

14¢&5, AUNRBY (L) = AUNRBT(J) ¢ AUNRBILJIBLK)®*0 42

7466, 1110 CCMNTINLE

T4¢7. 1120 CCATIANLE

T4€E. c

14¢€9. IF (CUTPLT .EC. PETR) GO TC 1130

1410. CCNC = LePa(

14171, WRITE (€,4CC5)

1412, RRITE (€04CCC) CCONC

1473, C

1474, Cc SURFACE ,

141¢. Cc

1416. WRITE (€+401C)

7417, WRITE (€,4020) (SNT(J)sJ=1sT) o ISNTL(J)vd=1Ls14),SNT(20)

1478, WRITE (€+402C) (IBLK (SN (JoIBLK)pJ=1,7) s (SN(JyIBLK) yJd=11s14),
14179. 1 EN(20,IBLK)y IBLK=1l,5)

7480. WRITE (€,404C)

1481. WRITE (€+405C) (PSKNRSTU(J) 9J=1e7) o {ASNRST{J) yJ=11,414)4 ASARST {20)
1482, WRITE (6,4020) (TELK,{ASNROLJIBLK)sJ=Ls7)s LASNRS(J,IBLK)yJ=11,14)
7483, 1 s£SNRS(23,1BLK)y LELK=1,4D)

7484, WRITE (&+40¢€C) (ASMRCT(J) 9J=14T7) 2 (ASNROT(JDyJ=11y14)ASNARCT(20)
7485, WRITE (69402C) (I1BLK,(ASNRO(J,IBLK)sJ=1e73y (ASNRO(J,IBLK}yJI=11y14)
1486, 1 1 FSNRG (204 IBLK) s 1bBLK=Lly))

1487. WRITE (€,407C) (ASNFEPT(J)9Jd=1sT)+(ASNRPT{J)od=114+14),ASNRPT{20)
7488. WRITE (E34C2C) (IEBLK olASNRPU(JyIBLK) 9 J=1sT7)y LASNRP (J, IBLK)yJ=11y14)
1489, 1 +£SNRP (204 IBLK)y [BLK=Ll,5)
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Appendix C (continued)

1450,
1491,
1492,
1453,
14S4.
1455,
14S6.
7497,
146 €.
1495,
1£00.
1501.
1£02.
7%03.
15C4.
1205,
1566,
1507,
1508,
1509.
7£10.
7511.
7512.
113,
1%14.
1215.
1516.
1517,
1£186.
1519.
7£20.
121,
1£22.
1¢23.
1524,
1525,
126,
1%27.
1£28.
1£29.
7£30.
1531,
1532,
1533.
1£34.
735,
T152¢.
1£37.
123€.
7229,
7540.
1241,
1542,
71543,
1544,
7545.
1246,
1547,
1248,
7549.

(e X2X3al

(s XaX3g]

OO =0

WRITE
WRITE
1

WRITE
WRITE
WRITE

WRITE
WRITE

WRITE
WRITE
WRITE

WRITE
WRITE

WRITE
WRITE

WRITE
WRITE
PRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

1IF (CL

CCNC =

Co 11&5C

{6¢4CEQ)
{€,4020)

(€04C<C)
(€,402C)
(644C2C)

(£,41C0)
(€,4C=C)

{€,404C)
{6,441CC)
(6,402C)

(€44070)
(6,+402C)

(6+40EC)
(&9402C)

(€+,411C)
(6¢4C2C)
(€,4C4C)
(E+4C7C)
(e,40¢€0)
(€441cC)
(6,4C2C)
(€,4C<0)
(6,40¢€0)

(2SMARBT(J ) 9Jd=1eT)e (ASNRBT(J )y J=11,14), ASARBT (20)
(JELKy (ASNRB(J o IBLK )9 J=197} s (ASNRB(J9 IBLK ) yJd=11,14)
21#SNRB(20s IBLK )y [BLK=1,5)

UPPER ZIUNE

(UNTLJ) pJ=LoTd o (UNTLJ) »d=114y14),UNT(20)
(JELK g (UNCJ 2o IBLK) 9J=1+97)9(UN(J,IBLK)sJ=11,14)
'LN(20,IBLK)y IBLK=1,5)
(UNIT(J)eJ=l 9T (UNITC(U)9J=11,14) ,UNIT (20)
CTELK o (UNI (JyIBLK) 9Jd=1o T s (UNT(JeTBLK)yJ=11,14)
LM (20,1BLK), I8LK=195)

(AUNRIT(J) 9d=197) s (AUNRITEJ) 9J=11,14), AUNRIT(20)
CIELK o (AUNRICJ ¢ IBLK)oJ=L19T7 )y (AUNRI(J,IBLK)yJ=11,14)
v2LNRI(20,1I8LK)y IBLK=]1,5)

(AUNGPTIJ ) oJd=19 7y (AUNKPT(J) oJ=11,14), AUNEPT (20)
(IBLK s (AUNRP(J»IBLK)»J=L19T7 )y (AUNRP (Jo IBLK)yJ=11y14)
»ALNRF(20,IBLK)y [IBLK=1,5)

(AUNRBT(J ) pd=1,Tde (AUNRBT (J)eJ=11,414), AUNRBT (20)
(I1ELK o (AUNRBI(J»IBLK) yJ=19T) s (AUNRB(J,IBLK)9J=11914)
sALNRE (20, IBLK ),y IBLK=]1,5)

LOWc R ZONE AND GROUNDWATER

(LNCJD)Jd=197) s (LNCJ) 2J=1i 01 4) +LN(20)

{ALNRP(J) 9»J=1y7) s (ALNRP(J) 9 J=11e14) ALNRF(20)
(2LARBIJ) yd=1 7)o (ALNREB(J )y J=1Ly14) s ALNRE(20)

(ENGJdeJ=197) 9 (GN(J) »J=11914),GN(20)
(AGNRB(J) od=197) ¢ {AGNRB(J) yJ=11¢14) s AGNRE(20)

TPUT .EC. EMGL) GO TO 1200

KGFF2

J=1,42C

METRIC CONVERSIONS FOR OUTPUT

SANTVMET(J) = EMTUJI*CONVF
ASARSTUY) =
ASNRCT () =

ASANRFT(J)
ASNRET(J)

UNTFET (D)
UNITKFTCJ)
AUNRIT(J)
ALNRET (J)
AUNREBT (J)

LAPET(J)

L}

ALARF(J)

ALNRE LD
GANET(J)
AGNEE (J)

cc

[ ]

LEPRST (J)*CONVF
LEMRCT{JI*CONVF
EENRPT (J)*CCONVF
ESARET(J)*CCNVF

LAT(J)*CONVF
LAMIT(J)*CUNVF
ALPMRITUJI*CONVE
ELNFPT (J)*CCNVF
ELMRET(J)*CONVF

2 LMIII*CONVE
ALMNEP (J)*CONVF
ALAFE(JI*CONVF
CM LJ)*CCNVF
2CPFBLJ)*CONVF

1140 1ELk=1,5
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Appendix C (continued)

1550.
1551.
1552,
1553,
1554,
1555,
i5%6.
18517,
1£58.
1559,
15¢0.
15€1.
15¢&2.
15€3.
18€4.
15€5.
1566.
15617.
15é€8.
1569,
1570.
171,
i572.
1213,
1514,
7575.
1576,
1571.
1578,
1519,
15¢&0.
1%€l.
15€2.
1£€3.
15€E4.
15€S5.
15€6.
1£81.
1€€8.
15€9.
1590,
1551,
1592,
1£S3.
1864,
1555.
1556,
15817,
1258,
1559.
7600.
T€01.
T€02.
7€03.
1€C4.
7€05.
1€C6.
1€07.
1¢6C8.
16CS.

WRITE
WRITE

(2 XaXg!

WRITE
WRITE
WRITE

WRITE
WRITE
WRITE

WRITE
WRITE

WRITE
WRITE

WRITE
WRITE

[aNaXg)

WRITE
WRITE
WRITE

LY

WRITE
WRITE

N s

WRITE
WRITE
WRITE

WPITE
WRITE

WRITE
RRITE

[z XaXg]

SANMET(JyIELK)
ASARS(UsIELK)
BSNRC (uoIELK)
ASNRFP {uoIELK)
ASNREB(JSIELFK)
LAMET (4 1ELK)

SN( Jy IBLK)*CUNVF
ASNRS (Jy IBLK )*CONVF
ASNRO(J o IBLK)*CUNVF
ASNRP(J, IBLK )*CONVF
ASNRB{J ¢ I2LK)*CUNVF
UN{ Jy IBLK) *CONVF

I nhHun

UMFMET(JHyJELK) = UNI{Jy IBLK)*CCNVF
AULNRTI(JyIELK) = AUNRI(J,IBLK)*CUNVF
AUNRF L o TELK) ~ AUNRP(JIBLK)*CONVF
AUNRE(LoIELK) = AUNRB(J,I1BLK)*CONVF
1140 CCANTINLE
115C CCNTINMNLE

(€,40CE)
(€+,40C0)

(64401C)
(€4402C)
(€+402C)

(€,404C)
(€+4CEC)
(€,402C)

(6,40€0)
(644020)

(£,4C7C)
(654C20Q)

(€¢4CEC)
{6,402C)

(€,4C50)
(€4402C)
(6,4C30)

(6441CC)
(€,402C)

(€44C4C)
(6,4100)
(&,402C)

(€+4070)
(€4402C)

(€,4CEC)
{(6,4C2C)

CCNC
SURFACE

(SNTMETHJ ) 9yJd=197 ) (SNTMET (J )9 J=11+¢14), SNTMET(20)
(IBLKs (SNMET(JyIBLK) ¢J=1+7),
(SNMET(J,IBLK) s J=11y 14),

SMMET(20,1BLK) e 1BLK=1,5)

(ASNRST(J ) 9J=1s7) s (ASNRST(J)+J=11,14),ASNRST(20)
(IELKy (ASNRSIJIBLK) sy u=LeTde (ASNRS{J,y IBLK)yJ=11,1%4)
+ASNRS(20,IBLK)y IBLK=L1,5)

(ASANRGT(J) od=137) 5 (ASNROT (J) 9y J=11,414), ASNROT(20)
(TELKy LASNROU(J »IBLK) 9 J=L97) s {ASNRO(J,IBLK),J=11,14)
'AENRG(20, IBLK)y 1IBLK=1,5)

(ASNRPT(J) 9d=1sT) s (LASNRPT(J)»J=11,14),ASARPT (20)
(IELK g LASNRP(J»IBLK) 9 J=197) o (ASNRP(J,IBLK) yJ=11,14)
ASNRFL20,IBLK)y 1BLK=195)

(2SNRBT(J) »d=19T) s (ASNRBT(J) 9y J=11,414), ASANRBT(20)
{JELKy(ASNRB(J IBLK )pJ=1s7)s (ASNRBIJ»IBLK}9J=11y14)
sAENRB(20,IBLK)y IbBLK=1,5)

UPPER ZONE

(LNTMETIJ) yJ=L1sT) o (UNTMET (J) »J=11+14) sUNTPMET (20)
(TELK y (UNMETUJ»IBLK) s d=1y7)y
(LMMET(J,IBLK) yJd=11414),
LNMET(20,1BLK)y 1BLK=145)
IUNITMT(J ) s J=1sT) s (UNITMT(J )9 J=11914),UNITMT(20)
CIBLE, (UNIMET(J9 iBLK)sJ=197 ),
(LMMET(JyIBLK) yJ=1l,y14),
LMIMET (20, IBLK), IBLK=1,45)

(AUNRIT(JI) 9Jd=1sT)p CAUNRIT(J)»J=11,+14), AUNRIT(20)
(JELKy (AUNRI(J o IBLK) pu=19T7 )y (AUNRI(J,IBLK)pJd=11914)
v2UNRI(20,18LK)y IBLK=1,5)

(ZUNRPT(J ) yJ=14+T73y (AUNRPTIJ )9y J=11,14), AUNRPT(Z0)
(IBLK,y (AUNRPIJIBLK)9J=137)y (AUNRP(J,IBLK)sJ=11,14)
sAUNRP (20, IBLK)y IBLK=1,5)

(AUNRBT (J) 9J=1 4709 (AUNRBT (J)y»J=11914)s BUNRBT (20}
(IBLKy (AUNRB(J 9IBLK)sJ=Le7) 9 L AUNRB{J,IBLK)oJ=11,y14)
+EUNRE (20, IBLK), IBLK=1,5)

LOWER ZONE AND GROUNDWATER
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Appendix C (continued)

7€10. WRITE (€4411C)

T€tl. WRITE (£44020) (ULNMET(J) 2J=l 7)o (LNMET(J)9eJ=11414),LNNET(20)
1€12. WRITE (€,404C)

1€13, WRITE (644070) (2UNRP(J) 9J=1,T), (ALNRP{J),J=11,414),ALNRP(20)
1€14. WRITE (€54CEC) (ZLANRBUJ) 9J=1,7) o (ALNRBI(I) yJ=11,14) yALNRE(20)
1€15. WRITE (6,412C)

T1€16. WRITE (€44G2C) (CAPET(J) 9J=l»T) o (GNMETH{J D9 J=11914),GNVET(20)
1€17. WRITE (6,404C)

1€18. WRITE (€,406C) (AGNRBLJ) yJ=1,7)y(AGNRB(J)I,JI=11,14),AGNRB(20)
7619, c

1€20. C ZERU OUT ACCUMULATIONS AFTER PRINTING
1€21. C

€22, 120C €O 122C J=1,2C

1€23. 0C 1210 IBL¥=],5

1€c4,. ASKRS(J41ELK) = 0.0

1€25. ASNRC (., 1ELK) = 0.0

1¢€21. ASKRE (.o 1ELK) = 0.0

1¢£28., AUNRI(J,1ELK) = 0.0

1€2S. AUNRP (v+1ELK) = 0.0

1¢€30. ALNREB(JJIELK) = 0.0

7‘31. ‘hRS(h'lEl’, = 000

1822, 121C CCNTINLE

7¢33, ALNEF(J) = 0.C

T1€34, ALANRE(J) = C.C

1€35. AGNRE(J) = 0.C

1€2€, 1220 CCATINLE

127, C

1¢38. C

1€29. 1200 RETLRA

7¢40, C

1¢4). C

€42, C

1643, 4CCC FORMAT (*CP,'AUTRIENTS = * yA5,11 Xy "ORG-N® 43X¢"NH3I-S? ;3 X, *NH3I-A®,
144, 1 SXe *RCZ"9EXy *NDO3® y6Xe "N2® 92Xy * PLNT-=N"® +3Xy "ORG~P? 43X,
1¢45. < SFPC4~S" 32X4°PO4—-A" 92K PLNT=P* ;0X,*CL"*)

1¢46. 4CC5 FCRMAT (*0*)

1€47. 4C10 FCRMAT {°C' ¢2X9*SLRFACE LAYER'*)

1¢48. 4C2C FORMAT (°GC* €xy"STORAGE® y12X9F8e0y6FB8e3,F8.043F8.3,F843)
1€49. 4C30 FCRMAT (' % 412X "ELCCK® y1206X4FB840,6FB8.3¢4F8.0,3F8.3,F8.3)
7€50. 4C40 FORMAT (9C* ,€Xy"FEMCVAL®)

1€51. 4C50 FCRMAT (°G* 9SXy "SEDIMENT® 4UXyF8.0+0F 6639F 840y :F8s.39F843)
1€52. 4CEC FCRMAT (%0° 4SXo'CVERLAND FLOW? 43X9F83e096F8.3¢F8.093F8,3¢FBe3)
1€£3, 4CT70 FCRMAT (*C* 9S> *FERCCLATICN® ¢ 5XoF3.096Fb.3,F8.093F8.3,F8.3)
€54, 40EQ0 FCRMAT (*C*,4S),'EICLCGICAL® y0XyFB84096F6239FB84093FB8.3,F8,3)
T€E5, 4CSC FCRMAT (*C*4ZXy"LFPER ZONE*)

1£56. 4100 FORNAT (0% ,SX,INTERFLOW® y7X4F340,6F3.3¢F8.093F8,3,F8,.3)
1€E7, 411C FORMAT (*0°43Xx4'LCHER ZONE®)

1€58. 4120 FGORMAT ('0"¢ZXe'CFCUNCWATER?®)

1€59,. 41320 FCRNAT (4% (4CX9SFB.3:4Xy2F863)

1€6¢€0. 4140 FCRMAT (' <44(Xx4SF8.1)

7¢€61. c

1€¢€2,. ENO

TECO. C

7€C1. C

1€C2. C

7¢03. C

1€04. SUBRCUTINE TRANS (DELToIZONE;NoNByKNTHKNoKP ¢ THKP Ty DELN,DELNB)
TECS. C

1€06. Cc TH1S SUBROUTINE
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Appendix C (continued)

1€C7. c 1} CORRECTS REACTICN RATES FOR SOIL Tewp
18C8. C LESS THAN 35 0&G C,

18C9. C KNC - VECTGr GF NITROGEN REACTION RATES
1810. C CORRcCTEL FUR EFFECTS CF ENVIR. FACTQRS
7€l1. C KPC = VECTOR UF PHOSPHURUS RATES, CCRRECTED
T€12. C 2) DEVELGPS COEFFLICIENT ARRAY OF CORRECTED RATES
7813, C

1&1l4,. c 3) THEN SOLVES A SYSTEM UF FIRSTY

1€15. c CRUER DIFFERENT IAL EQUATICONS FOR THE
1816. C CONSTITUTENT CUNENTRATIGNS AT THE AEXT
iElT. C TIME STEP.

1818, C

1£19. c CALL ING VARIABLES AKE:

1£20. c N(20) = VECTUR OF CONCENTRATIONS (LE/AC)
7€21. C DELT = TIME STEP {(DelLTA T) (HR)

1822. c IZONE = SOIL LAYERS 1 TO 4

7€23. C KN({10y94) = NITRCGEN REACTICN RATES 4T 35 C
1824, C THKN(10 = TEMF. CORRECTICN COEF FOR KN
1825, c KP(544) = PHGSPHORUS RATES AT 35 €

1826, c THKP (5) = TEMP. CUEF. FOR KP

1€217. c T(4) = SOIL TEMP AT 4 SOIL LAYERS, CEG C
1828, C DELN(20) ~ CHANGE IIi CONCENTRATION TEHIS
1829. C TIME STEP (LB/AC)

1E3Q. C

7631, c N3 (20,5) ARKAY OF CONCENTRATIONS,EY
1€32. C BLOCK (LB/AC)

71€33, C DELNBL(204+5) = ChHANGE IN NBy EY BLCCK
1834, C {LB/sac)

7625, C

1836, c SOLUTION TECHNIQUE CONSTCERED HERE IS A
7€37. C SIMPLE EULER INTEGRATION SCHEME:

TE3¢8. c Y{T¢}l) Y(T) + VDELT*DY(T)/DT

1€39. c WiTH

1840, C DY(TI/DT = C*Y{(T})

1841, c SUBRGUTINE COMPUTES AND RETURNS

1842, C DELN = DELT *» C = Y

1€43, C AND Y(T+1)

1E44. c

1E45., REBL#4 N(2C),DELY,DELNI20)+C(20,20)/7400%0.0/,

1E46. 1 KAC1C 34 ) o THRN(LO) sKP (534 ) 9 THKP (5) 4T (4)

1847, < NBLZCsE) CELABI2045) sSUMRELT,FTIN(LO) 4FTP(5),

1E48. 2 KNC{1C) 4 kFCL5)

1849, C

1€50. INTECER*4 I1F(w,1(GL,IBLK,IZONE

1¢ec1. IF (IZCMELEC.]) CR. IZONESEC.2) o0 TO 310

182, C

7€53. C TEMPERATURE COKRRECTION OF REACTION RATES
TES4, c

1€55. IF (TCIZCANE]) JCE. 253 GO TQ 37

1¢E6. RELT = T(IZCMNE) - 35

1E57. €O 38 J=1,1C

1¢e58. FTIN(J) = TeKP (JI**RELT

1€55. 3¢ CCNTINLE

7¢60. CC 36 J=1,¢

1861, FTP(J) = TEKF(JI*SRELT

1862, 3¢ CCNTINLE

18¢€3, CC TC 4¢C

1EE4. 37 CO 28 J=1,10

T€65. FTIN(J) = 1.0

1E€6. 3¢ CONTIALE
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Appendix C {(continued)

1€67.
7868,
TEES.
7870,
€.
1¢E12.
1€713.
1874.
T€75.
1E76.
1€ 7.
1€78,
1879,
7€€0.
7€81.
TEE2.
T€83,
1t ¢4,
7EES.
1EE6.
T1EET.
7888.
T€89.
1€50.
TESl.
1€52.
1€S3.
1€ES4.
7855,
T€S6.
1€&s1.
7858,
7€56.
1sC0.
7501,
7502.
7503.
1504,
7sCS.
75C6.
1507.
75C8.
7509.
7510.
7511,
1s12.
s13.
71514
7515.
7516,
7517.
7518.
7519.
1520.
7521,
1522,
123,
1524,
1925.
1526,

3¢

40

2 X Xa R

[ X Xg)

160
2C0

weaooOOOoOn g
[=]

™
(=]

CO 39 J=1,¢
FTF(J) = 1.0
CCNTINLE

CO 41 J=1,10

KNC(J) = kPM{JsIZCNEI*FTINIJ)
CCNTINLE
CC 42 J=1,%

KPCU(J) = KFl.oIZCNE)SFTP(J)

CCNTINLE
DEVELOP COEFFICIENT ARRAY
Cily1) = =KPCU6)
Cll,2) = KM
C(1,5) = KNC(E)
C(2,1) = KANC(E)
C(2,2) = ~(KMCLS) + KNC(1) ¢ KNC(T))
Cl2,2) = KANC(10)
C(342) = KMC(S)
Cl3,3) = (KM (1C) + KNC(1))
Cla,2) = KNC(])
Cl443) = KNC(1)
Clay,4) = -(KPCL4) + KNC(2))
Cl4s5) = KANC(2)
C(5¢4) = KNC{Z)
C(595) = —{(KNCLZ) + KNC(5) + KNC(8))
Cl644) = KAC(4)
C{T45) = KMC(E)
Cl11,11) = -kfCH1)
Cl11ly12) = KFCL2Z])
Cll2+11) = KFC(1)
Cl12412) = -(KFC(Z) + KPCl4) + KPC(3))
C(12412) = KFC(E)
Cl13,12) = KFC(4)
Cl12.,13) = ~KPC(E)
Cll4,12) = KFC{3)

SOLUTICN

DO 200 IRC¥=1,2C

SUM = 0.C

0C 100 1CC(L=1,20

SLM = SLM + CUIROW, ICCLIEN(ICOL)

COCNTINUE

DELA(IRCY) = CELT*SUM
CCNTINUE
€O 300 J=1,420

NIJ) = ANGJ) ¢ CELNWD)
CCONTIMLE
RETULRA

FOLLGWING SECTIGN IS FOR THE BLOCKS
USED IN THE SURFACE ANLU UPPER ZONE

TEMPERATURE CGRRECTION 'OF REACTION RATES
IF (T(IZ2CNE) .CE. 35) GO TC 370
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Appendix C (continued)

19217, RELT = T(IZCMNE) ~ 35,

1528, CC 350 J=1,1C

1529, FTIN(J) = THKP(J)**RELT

7530, 350 CONTINLE

1821, CO 360 J=1,%

1s32. FTP(J) = THKF(J)*#RELT

19213, 3¢0 COCNTIMNLE

1634, (0 TG 4CO

1635, 310 CC 380 J=1,10

1%$36,. FIN{J) = 1.0

15137, 3¢€C CCNYINLE

7538, CC 35S0 J=1,5

1536, FTIPLL) = 1,0

15940. 350 CCNTINLE

1941, C

71542. 4CO €0 410 J=1,1C

1543, KAC(J) = KN(LoIZCNE)SFTN(J)
1544, 410 CCNTINLE

1545. CC 420 J=1,¢

7546, KPC(J) = KF(LJICNEISFTP(J)
71941, 420 CCNTINLE

1548, Cc

7545. c DEVELOP COEFFICIENT ARRAY
1550. C

15¢1. C(ly1) = -KkPCL6)

7852. Cll1,2) = KNC(I)

7853, Cl14+5) KAC(E)D

7954 C(241) = KNC(E)

1655. C(242) = ~{KNC(S) ¢ KNC(1) + KNC(7))
1656, Cl2+3) = KACL1IC)

18¢7. C(3,2) - KANC(S)

9558. Cl3,2) = ~{KNCL1C) ¢ KNC(1))
1659, Cl4,2) = KANC(1)

15¢€0. Cl4,2) = KAC())

7%¢1l. Cl4a54) = ~(kKNC(€) ¢ KNC(2))

15¢€2,. Cl4,5) = KAC(2)

75¢€3, C(S5+4) = KNC(2)

1S€4e. CU545) = ~(kMC(2) ¢+ KNC(5) + KNC(8))
1565, ClEv4) = KMC(4)

18¢€6, C(7,5) - KANC(E)

ic€T. C

1¢£8. C(11,11) = ~-KFCI(1)

7965 C(l1,12) = KFC(2)

€70, Cl12,+11) KFC(1)

7911. Clleel2) = -(KPC(Z) ¢ KPC(4) + KPC(3))
16172, C{lcs12) EFC(E)

1573, C(12,12) = KFC(&)

1814, Cl13,13) = -KFC(%)

1515, C(l4,12) - #FC(Z)

1576, C

181717, Cc SOLUTION
1<18. C

75179, CO 7CO0 1eLk=1,%

7580, DC €00 1fCh=1,20

7681. SLM = (.0

15¢&2. CC 45C 1(CCL=1,20

T1S€3, SLM = SLM ¢+ C{IROWSICGL)®*No (1COL,18LK)}
15¢E4. 450 CONTIDMLE

1S E5. CELNB(IFCY,1ELK) = CELT*SUM
1€E6,. SCC CONTINLE
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Appendix C (continued)

15€7.
1588,
7589.
1660.
1661.
18S2.
1$S3.
gcco.
€CO1.
gcca.
8C03.
8CCa.
€C05.
€CC6.
a8cov.
ECC8.
ECcs.
8010.
ECll.
8Clz.
8C13.
€Cl4.
801S5.
8016.
8C17.
8cCls.
€C19,.
8C20.
8cal.
8Ca2.
§C23.
8024,
8025.
8C26.
8Ce7.
8028.
€C29.
8C30.
a021.
8622,
80233,
€C34.
8C35.
8C36.
EC37.
€C38.
8(3s.
8C40.
8C41.
8C42.
8043.
8C44,
8C45.
8C46.,
EC4T7.
8048.
EC4S.
8C50.
8cs1l.
gcea.

6CO
7¢C

o0 000N OO0

W N -

1

[NE

—— Mo NN N

MEOOOMBD AN S WN -

0C €C0 .=1,2C
NE(Jy1BLK) = NB(JyIBLK) ¢+ DELNB{(J,IBLK)
CCATINLE
CONTINUE

RETURN
ENC

SUBRGLTINE CLTIMCR (YEAR)

THIS SUBROUTLINE OUTPUTS MONTHLY
TABLES, AND ZEROS ACCUMULATICNS

INTEGER*4 VYEAR

CONMCA /ALL/7 RUGHFYMIN,PRNTKESHYCAL,GPST,0UTPUT TIMFAC 4LZS,AREA,
FESBLoFOSBySROXeINTFyROXy INFLYUZSBJAPERCB,RIBLERSN,
M F3224CLLEy PRCDYPESTyNUT Ry ENGLyMETR,BCTHyRESB,YES NO,
IMINGIFR ¢ TF o JCOUNT 2 PRINT» INTRy DAY S o FCUR MNTH

INTEGER#4 FRMTREFYCAL yOUTPUT,, TIMFAC, IMIN, IHR,TFoJCOUNT,
CALE+FRCD)ENGLIMETR,BOTH ¢YESyNO9yPESToNUTR

REAL#*4 RUSFYNMINJCPSTLLZSyAREA,RESBL (5))k0SB(5)+SRGX(5), INTF(5),
RGX(E )L INFLIS),UZSB(5),APERCB(5),RIBIS),ERSN(5),RESBI(S),
MyF3,A

CCMNCN /JLANC/ PMEMPRTOT, ERSNTT,PRTOM,ERSNTM,CAY,
RUTCM oNEPTCPr o FCSTCMoRITOMGRINTOMyBASTUMRLHTCM,RUTQT,
NEPTCTLRCETCYSFITCT ,RINTOTy0ASTOT JRCHTUT»TWBALLEFTCM, EPTYQT,
UZSyLZSNGLZSMN INFIL JINTERoIRCoNNy Ly SS950wWl sPRySGRGHS oKV,
K24L g KK24 oK Z4EL gEP s IFS9 K3 4EPXM RESSL1yRESS,SCEP,SCEPL, SRGXT,
SRGXT1 4 JRER yKREF yJSERIKSER)SRERT yMMPINyMETOPToSMCW, CCFAC,
SCFIICNSoF oCCVM yWC o MPACK)yEVAPSNyMELEV, TSNOW,PETMIN,PETFAX,ELDIF,
DEWXy FACKSLEFTF ¢FCATHoySUENe IPACKyTHM INy SUMSNM4PXSAMyXK3,
MELRANM RACKMEN qCLEPMEN ,CRAINMy CUNMEMy SGMMy SWNEGNMM,SEVAPMy SUMSNY
PXSNY o MELRLZY SR 2CMEY CURMEY o SGMY yCLNNMEY yCRAINY, SNEGNY, SEVAPY,
TSNEBAL,COCVER4CCVFMX g RUBTCMy KOBTCT yxXByRUOITOM,ROITOT, INFI0OM,
INFTOTHERSTCVMERETCTHSREKy TEMPX g RAL oWINDX s KAINy IAPUT

REAL*8 FAAML12)

REAL*4 PRTUTJEFSNTT ,PRTOM)ERSNTMeRUTOM,RITGM,RINTOM,BASTOM,
RCHILP 4 FLIOToNEPTCT yRCSTOT oK ITGT »RINTCT» BASTOT 4RCHTOT,
TREALJEFTCM EFTOT yULS yUZONyLLSNs INFIL »INTER,IRC,

ANgLsSS sSGWL 9PR9SGH s OGNS sKV yK24L 4 KK24 ) K24EL,EP, IF S,
K3,EFXV,FESSLRESS¢SCEP s SCLP 1y SKGXT y SRGXT 1y JRER¢XRER,
JSEF yKSEFSFERTyMMPIN,METUFT, NcPTULM,ROSTOM,
CCF2CsSCFoICNSyFyDGMynC 9 FPACK)=VAPSNy FELEV,TSNCW 4PETFIN,
PETFAY, ELCIF ,DEwX yPACK,yDEPTH ,SUEN¢ IPACK, TMIN,SUNSAM,
PXSMV XK2 MELKAMy RADMEM,CORMEM yCRAINMSGMFM, SNEGMV ySEVAPNM,
SUMSAY FXSAY MELRAY yRADMEY L URMEY y SGMY,CONNMEY

CRAIMY ZSPMEGPY,SEVAPY, TSNEAL, CUNMEM,y

CCVER,CCVFMX RUBTOM(5) yRCBTUT(5) 9pRXB(S)yRCITCM (S )y
RCITCTLE Y JINETGMIS5) s INFTUT(5) yERSTOM(5)2ERSTCT(S),
SREF(E) s TEMPX(24) yRAU(24)yWINDX(24) REIN(Z288)
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Appendix C (continued)

8C53.
8CS4.
ECE5.
€C56.
8C57.
8C58.
8¢=9.
8€60.
6C&1.
80¢€2.
8063.
8Céa,
8CéS.
EC66.
6CET,
acss.
8069.
8(10.
8011.
gcl2.
80173.
8C14.
80175.
€C16.
8C17.
8c178.
€CTS.
8C80.
8Csel.
8(€2.
8CE3,
84,
8CES.
6C86.
8cav.
acsas.
ac89.
8Cs0.
8CS1.
acs2.
8C93.
8CS4.
8(s5,
8CS6.
8€s7.
8Csée.
8(ss.
8100.
8101.
8102.
8103,
8104.
8105,
810é.
€107,
8108.
8109.
8110.
8111.
8112.

(X2

OO0 an

INTEGER®4 [AY,SPCW,MCNTH

COMMCA /sPESTIC/ STST o SPROTM,SPRSTMeSAST ySCSToSCSToUTST,UAST,UCST K,
UCST o FPsCMAX AT o SPRCTTySPRSTT sMULFPULSUPRITN,
UPRITToKGPLR sFFELZoVLZoLSTRyLASHLCSyLUSIGSTR CASyGCSGOS,
APNODE,TFRAL,
DEGSCN,CECSCTLCECUCH,
DEGLCT,CECLCECSNIP DEGCON, DEGLOM, DEGLOT y NCCM,
PRETCM,PRSETCY,,FFCYCNM ,PROTCT,UPITOM,UPITOT STSyUTS,SAS,
SCSoSCSoSSTER JULSHUCSyUDS USTRyUPKIS UIST,,TUTPAP, TIMAP ,YEARAP,
DESQRP,SLRF,SCIL,SLLG

M AR AN LAY

REAL*4 STSToSPRCTM,SPRSTMySAST »SCST,SDST UTST,,UAST,UCST,
KoUCST o FFoCMAXy NI g SPROTT 3 SPRSTTyMUZ yFPUZyUPRITW,
UPRITT yKCFLB yFPLL ¢MLLyLSTRGLAS+LCSoyLDSyGSTRyGAS,
GCEHCLS,TPBAL DG SAMYDEGSOTy UEGUUM,,DEGUOT 4 DEGU 9 CEGSy
NIPsCECCCNoDEGLIMyDEGLOT yNCOM,
PRSICM{E)+PRSTOT(5),PROTCM(S5) PRGTUT(S) yUFITOM(S),
UFITCT(E) oSTSI5), UTS(5)9SAS(5)+5CS{5)4SDS(5),SSTRI(5),
LASIE)oLCS(S)UDSE5) »USTRIS) yUPKLIS(5) 4UIST

ol AR S WA e

INTECER#?4 2FPCLEDESCRP,SURF+SOLIL T IMAP,YEARAP

COMMCAN /ALT/ LCELY,STEMP, SNySNT,SNRSM;SNROM,UN,UNT,UNT,UNIT,
LARIP (NRSM g LN LN PMyGN 9y SNROSMyUNRBF s LNRBM,GNREM, TNRBM,
SAREY ySNROYJUNRIY g NRSY o LNKPY s SNRBY ,UNRBY ,LNPEY,GNFBY,
TNFEY yTNRRV ,TNRHVM, TANRFVY s TNA,TPALTCLA,
KMy THKAyKP o THKP yHBAL yPHB AL ,CLBAL,
1STEFINSTEP,SFLGyUFLGYLFLG,GFLG

AN 5 W AY e

REAL*4 CELT.STEFF(4424),
SA{ZCs5)9SENT(20) 9 SNRSM(20,55) »SNRUM( 20,510,
UNCZCyS) 9y INT{20),UNIL20,5) »UNIT(20) sUNRIM(20+5),
ANRSK(20,5), LNL20) s LNKPM{20)» GN{(20),
SANRE¥(2C+S) JUNRBM(2055) y LNRBEM(20) yGNREM(20)+ TNREN(20),
SANREY(2CE5) o SNROY (2095) oy UNRIY{2U95) ¢NRSY(204+5) o
LAREY(ZC)ySNRBY (2045) yUNKBY (20,50 L NRBY (20) ,GNRBY {20},
TAREY(2() +TNRPV(20) y TNRHVM (2 0) o TNRHVY (20) ,TNA, TF2,TCL A,
KNCICs4) s THKNGLO) yKP{5,4)» THKP(5) yNBAL, PHEAL.CLEAL

[ VN WU R W N

INTECERA4  TSTEFWMSTEP)SFLGIUFLGILFLGsGFLG

HYDROLGGY AND PESTICIDE VARIABLES USED
INTERNALLY

REAL*4 PRY/C,0/FRTT,PRTTCM(5) yPRTTLT(5),0EGTOM, CEGTOT,
DEG1/CC/ePRALyCOVR yPACKMMN,T SNBMM
UZSMET o L2SMET,SOHUMET , SCEPMT )y RESSMT o TWBLMT ySRGX TN,
SRRIPT 4 STETMT 4 SASTMT ) SCSTMT » SDSTMT,UTSTHMT
UASTMY LCSTMTyUDSTMT,LSTRMT LASMET , LCSVET ,LDSMET,
GSTFMT 4 CLEMET ,GCSMET GUSMETy LEGTHT , CECSMT ,DEGUMT ,
DEGLMT 5 TFBALMJUZSEMT(5) yRESBMTL5) » SRGXMT{S),
SREFMT(E)STSMET(5) 9 SASMET (2 ), SCSMETLE) +SCSHET(S ),
LTSFET(E) JUASMET(5) yUCSMET (2 ) yUDSMET (5) yUPRISM(5)

Mol AN N
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Appéndix C (continued)

8113.
€114,
8l15.
gl116.
8117.
gi18.
6119.
8120,
8121,
£l22.
8123,
8124.
gles.
8126e.
8lci.
é128,
8129.
8120.
8131.
8132.
§123.
€134,
8135,
8136.
8137.
8128.
8139,
£140.
El4l.
8142.
6143,
€144,
8145,
€146,
8147.
€148,
£14S.
3150.
€151,
tlc2.
g1£3.
8154,
8155,
6156.
€157,
8158,
8156,
81€0.
glé6l.
gle2.
g163,
8164.
g8les,
81¢€6.
ELET,
€l68.
€1€Se
£170.
el171.
8172.

g AUTRIENT INTERNAL VARJIABLES
REAL*8 CCNC, LEF2C/*LB/AC'/y KGPHA/ 'KG/HA'/
C
REAL*4 NEALMT,FHELMT,CLBLMT,
1 SMMET(2C5)»SNTMeT120) yUNMET {20,5) yUNTMET (20},
< LAMET(Z2C) yGAMET(20) y SNRSMT (20) ¢ SNRONT (20)
3 UNRPIMT(Z2C)ySNRBMY (20)  UNREBMT (20) ¢« NRSNMT(20),
4 NRSYT(2C) ySNRSYT( 202, SNROGYT(2c0) ¢ SNRBYT(20),
£ UNRIYT(Z2C)+UNRBYT(20) s UNETMT (20) yUNIMET(20,5),
& TRUZ0)/72C20.0/9TNRyTPRyTCLRy TNS,TPS,TCLS,
1 ELPoSLMSEHSUNMD 9SUMI o SUNMB ySUMKSy CONVF/1.121/
C
o
c
Cc FOANTHLY SUMMARY
Cc
IF (PEST .EC. NC) GO TO 973
C
CC 1051 1= 1,5
1C51 ~PRITCM(I) = FRSTCMII) + PROTCM(I) + UPITOM(I)
C
C
CECTCM - CECSCM ¢ DEGUCM + DEGLOM
CECT = LECT +« DEGTOM
C
PRTM ~ SFRCTIM + SPRSTM + UPRITHM
PRTY PET + FEFTM
C
PEAL = $1ST + LYST + LSTR # GSTKk + PKT + CEGT - TOTPAP
IF ((FRAL oLE. 0.0).AND.(PBAL +GEs. =0.0005)) PBAL = 0.0
IF (JCCUATSLT.TIMAP .AND. YEAK.LE.(YEARAP#1900)) PRBAL = 0.0
TPEAL = TFEZL + PBAL
C
S13 IF (NLTR LEC. NC) GO TC 990
C
(o CGMPUTE MONTHLY NUTRIENT TOTALS BY IONE,
C ACCUMULATE YEARLY REMOVALS,
C COMPUTE TOTAL Ny Py CL MASS BALANCES
C
C SURFACE
DG 951 J=1,2C
SLFE = CoC
SLeC = 0.0
SLre = €0
SNT(J) = CaC
CC SES 1ELK=z]1,5
SLMS = SULMS ¢ SNRSMI(J,IBLK)
SLMC = SUMC + SNROMUJ,IBLK)
SLMB = SLME ¢ SNRBMIJ,IBLK)
SATLS) = SAYV(J) + SN{J,yIBLK)
SES CCATIALE

SNFSFTLS) = SLRS/S.
SNRCMT(J) = SLMO/S.
SNREBFT(J) = SLPMB/S.
SNT(J) = SAT(J)/S.
5s1 CCNTIALE
C

# UPPER ZONE

c
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Appendix C (continued)

€173, CC S92 J=1,2C

E1T4. SULMI = 0.0

£175. SUVB = C.C

al16. UNT(J) = C.0

El1. LANIT(J) = CoC

€1178. CC $S2 1ELK=],5

31179, SULMI = SUPL + UNRIM(J,IBLK)

8180. SLNMB = SUNMEB + UMNRBMU(J,IBLK)

g1€l. LAT(J) = LMT(J) + UN(J,IBLK)

8182. ULAMIT(J) = LNIT(J) + UNI(J,IBLK)

81413, ss2 CCANTINLE

8184, UNRIMT(J) = SL¥I/S,

81ES. UNREMT(J) = SLFB/S.

8186« ULNT(J) = LAT(J)/S.

EL1ET. UNIT(J) = LAITWJDIZ/5.

8188. $S3 CCNTINLE

8189. C

81S0. C TOTAL REMOVAL TG STREAM

El1sl. C

8162. €C S6S5 J=1l,20

8194. D0 S<4 1BLK=],5

81$5. SLMRS SLFFS # NRSM(J, IBLK)

g1sé€. SS4 CCNTINUE

81s7. NRSMT(J) - SLPFS/S.

8168, 56¢ CONTINLE

£159. Cc

8200, C YEARLY ACCUMULATIONS

8201. o

8202 CC §971 J=1,2C

82C3. CC 9S¢é 1ELk=],5

8204, SARSY (JoIELK) = SIRSY(J,1BLK) + SNRSM(J,I8LK])
8205. SARCY(J,IELK) = SNRGY(J,IBLK) + SNROM4(J,IBLK)
8206, SARBY (JIELK) = SNROBY(JsIBLK) + SNRBM(J,IBLK)
E207. Cc

geCa. LARIY{J IELK) = UNRIY(JyIBLK) + UNKIM(J,IBLK)
€209, UNRBY (JoIELK) = UNRBY(JoIBLK) + UNRBM(J,IBLK)
8210. Cc

8zlle. MRSY(JoIELKY = NRSY (JgeIBLK) + NRSM(J,IBLK)
8él2. S€6 CCATINUE

8z13, LNEFYU(J)Y = LAFFY(J) + LNRPM(J)

8¢l4. LNREBY(J) - LAREY(J) + LNRBM(J)

8é15. CAREY(J) = CMFEY{J) + GNRBMUJ)

8z16. TARHVY(J) = TMFHVY(J) + TNRHYM(J)

Ezl1. s$s1 CGNTINLE

8z18. o

8219. C MASS BALANCES AND TOTAL REMCVALS
e220. c TR(20) = TUTAL kEMOVAL OVER SIMULATICN PERIOC
8zz1. Cc TNR = TOTAL NITRUGEN REMCVAL
8222 C TPK = TOTAL PhUSPHORUS REMCOVAL
€223. c TCLKk: = TOTAL CHALORIDE RENMOVAL
8224, C INS = TOTAL NiITROGEN IN STCRAGE
8225. C TIPS ~ TUTAL PhOUSPHORUS IN STORAGE
8c26. Cc TCLS = TCTAL CHLURIDE IN STORAGE
82¢27. C TNA TOTAL NITROGEW ADDEDs AND INITIAL STRG.
8228, C TPA = TOTAL PhUSPHORUS ACOED
8229. (o TCLA = TUTAL CHLORIUE ADCED
€230. C

€231, DC 503 J=1,44¢C

&§232. SUME = (.C
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Appendix C (continued)

£z33.
8234.
£235.
8226,
8¢31.
8238.
£239.
€240.
c4l.
8242.
82z43.
8244.
Ez45.
824¢.
gz41.
£248.
£24S.
82£0.
8251.
82,
€zE3.
€224,
8255,
€256,
£257.
€58,
82£9.
€z¢0.
82¢1.
€c€2.
82¢&3.
82¢€4.
£2€5,
82¢é.
€2¢7.
gzés.
8269.
£2170.
8z11.
€212,
£213.
€4,
£2175.
E2i¢.
82117.
€zi18.
£z1S.
6§2&Q.
€c8le.
aaez.
82¢e3.
EzE4.
8285.
g2¢8é6.
82¢87.
82¢&8.
£289.
8250.
gasl.
8252,

502
502

CCN
TNR
co

CCN
TPR
co

CCN
TCL

TNS
co

CCN
AEA

1PSs
cc

CCN
PHE

SULM
o o

CCN
TCL
cLe

IF (CUTFLT.EC. FETR) GO TO 1053

wRI
wR 1
WRI
WR1
WRI
*R1I
WRI
wR1
wR1
IF
LY
wR1

CC 502 1ELks=]1,5

SLMB = SUME + NRSMUJ,IBLK)

CCATINLE

TRIJY = TFIJ) ¢ SUMB/S5 .« ¢ TNRHVM(J)

TINLE
= 0.0
SCa4 J=1,1
TAR = TAF ¢+ 1R{J)
TINLE
= C,.0
50 J=11,14
TJPR = TFF + T1F(J)
TINLE
R = TR(20)

= 0.0
S11 J=1,7
stMg = €C.0
CC €10 lBLK = 1,5
SULMB = SUME + SN(JyIBLK)
CCATINLE
TINS = TAS + SLPFB/S. ¢+ LN(J)
TINLE
L = TNS ¢+ TANF - 1INA

= (0
513 J=11,14
sSLve = C.C
CC £12 1ELK=]1,45
SLvB SUME ¢ Sh(Je IBLK)
CCATINLE
TES = TPE ¢ SLPFB/S. + LN(J)
TINLE
AL - TPS ¢ TFR - TPA

8 = C.0
S14 IBLK=]1,%

+

+

>

*

UN(Jo IBLK) + UNI(J,I1BLK)
GNLJ)

UN(JoIBLK) + UNI(J,18LK)
GN( J)

SLMB = SLME + SN(20,IBLK) + UN(ZO,IBLK) + UNI{(20,IBLK)

TINLE

S = SUMB/S. + LN120) + GN(20)

AL = TCLS ¢« TCLR - TCLA

PRITE (£,12C0) MNAM(MONTH), YEAR

PRITE (&,12C1)
WFITE (€,11C3)

TE (€436C)

TE (€,26€2)

TE (€,36Z) RCETCH, ROSTOM
TE (€,264) IMFICH, RINTOM
TE {(692€%) RITCM

TE (€,3€€) RCITCHM, RUTOM
TE (€43EC) ELSTCYH

TE (€,2E1) RCPICH

TE (€4361) FETCV,PRTOMyPRTOMyPRTGMy PRTOMyPRTOM

(SNCh .EC. NC) GO TO 1071
TE (6+478) SULPENP
TE (€+47%) FXSMM
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Appendix C (continued)

8293. WRITE (€,48C) PELEAN

82S4. WRITE (€,4E1)

€295, WRITE (€,4E2) RICPMENM

£2S6. WRITE (€,482) COCMMEM

8297. WRITE (€,48¢) CCRNEN

€¢58. WRITE (644ES) CFAINN

€299. WRITE (€,4E€) SCh¥

€200. WRITE (€,4E7) SNEGMW

81C1. WRITE (€,4SC) FICk

£303. IF (FACK tT. 1PACK) COVR = (PACK/IPACK)*100.
£304. IF (FACK.CT.C.C1l) GO TG 1078

€205. CCVF=0.0

£306. SDEMN=0.C

8201. 1C7€ WRITE (€,4S1) SCEMN

81C8. WRITE (€,45Z2) CCVE

8209, WRITE (E,4E€) SENLPY

8310. 1C71 WRITE (€,3€7)

g211. WRITE (€42€E) EFTCNLEPTOM,EPTOM,EPTUM,EPTOM,EPTOM
8zl12. WRITE (€,3€<) NEFI10P,NEPTCOMyNEPTOMyNEPTUM,NEFTOM, NEPTONM
8213. WRITE (6,382) CCVER

EZl4. hRITE (€,27C)

8215. WRITE (6,3271) L2SB,L2ZS

Ezl6. RRITE (€,272) L2S,LZSoLZ>94L25,L2S0L2S
8:17. WRITE (E€4272) SCV4SChsSOH¢sSGAsSGheSCO M
£3218. WRITE (64374) SCEF,SCEP,SCEP,SCEP,SCEPSCEP
€21S. WRITE (€,275) RESE,RESS

8320. WRITE (€,37€¢) SRCXy SRGXT

€321, PRITE (€,277) TwWEAL

§222. IF (SNCP.EC.YES) WRITE (6,489) TSNBAL
€323, PRITE (€,12CS)

£324. PRITE (€+1210) ERSTOM, ERSNTM
£325. WRITE (€,1211) SRERs SRERT
8326. C

£z27. IF (FEST +EC. NC) GO TGO 974
€328. c

E22S5. WRITE (€,1220)

8330. WRITE (€,1221) STSy STST

€231. WRITE (€,1222) SAS, SAST

§332. REITE (€91223) SCSy SCST

§333. WRITE (€,1227) SDS, SOST

8334, YRITE (€,1224) UTS, UTST

£335. WRIYE (€41222) UAS, UAST

8236. PRITE (€41223) UCSy UCST

£237. WRITE (€,1227) UDS, UDST

8338. PRITE (€41226) UPKRIS, UIST
8239, WEITE (€,1228) LSTR

£340. WRITE (€,1229) LAS

E341. WRITE (¢é,1230) LCS

8242, PRFITE (€,1221) LDS

8343, WRITE (¢,1222) GSTR

8344, RRITE (€,1229) GAS

81345, WRITE (€,1230) GCS

8346. BRITE (€,1221) GODS

€247, WRITE (€,1240) PRTTOM, PRTM
8348, WRITE (€,1241) PROTCM, SPROTM
83249, WRITE {€,1242) PRSTULM, SPRSTM
83£0. PRITE (€,1243) UPLTCM, UPRITM
8351, WRITE (€,1c48)

8382, PRITE (£€,1245) DEGTCM

297



Appendix C (zontinued)

8153,
€354,
83ss.
8256.
€357,
g3ss.
£359.
€360,
£2¢l.
£362.
€2€3.
€3¢4.
83¢5.
E2¢6.
€361,
83¢és8.
8269.
8370.
82171.
g1iqe.
€212,
€314,
82175,
£316.
€217,
€278,
£€317S.
€380,
£281.
8382.
8283.
€284.
€3€5.
8286.
g8387.
8288.
£389.
€3s0.
8291.
8392.
83s3.
8394.
83s5.
812S6.
83s7.
gass,.
8299.
£4C0.
£401.
€402,
£403.
€404,
€4C5.
e4Cé,
€407.
84CE.
£4CS,.
€410.
8411.
€412,

OO0 (o]

o
C

C

WRITE (&,1246) CEGSOM
WRITE (¢,1247) DEGUOM
WRITE (€,12%52) DEGLGM
WRITE (€y1266) TPBAL

S14 IF {(NLIR ,EC. NC) GO TG 1053

CCNC
WRITE
WRITE
WRITE
WRITE
RRITE
1
WRITE
WRITE
1
WRITE
WRITE
1
WRITE
WRITE

WRITE

WRITE

WRITE

WRITE
1

i
WRITE
WRITE

1

<
WRITE
WRITE

1

£
WRITE
WRITE
WRITE

DWW A e

WRITE
WRITE

LBPAC
(€,1C<2)
(€4,4CCC)
(€E,4CC%)
(€,4CC¢)
(€,402C)

(644GCT)
(€ +40ZzC)

(€4401%)
(€,4C20)

(6,4CC8)
(€,4CCS)

(€,4C11)
{(€,401%)
{€,4012)
(€44C2C)

(€,4014)
(644C2C)

(E+4C1%)
(€+4C=C)

(€,401¢)
(€44C17)
(€+401€)

{€94C1¢)
(€44021)

1082 IF (CLTFLT.EC.
C COMVERSICAMAS 1C METFIC
C NEb PARZMETERS CEFINED FCR VAHRIABLES NOT RESEF TO ZERO.

MONTHLY NUTRIENT QUTPUT

CCNC

(SENTUJ) 9J=147) o (SNT(3) sJd=11+14),SNT(20)
CIBLK o (SNCJyIBLK) 9J=147) s (SN{J+IBLK)»J=11y14)}
1EN(20+1BLK)y IBLK=1,5)
(UNT(J) ¢J=Ls7) s (UNT(J) »J=11414),UNT(20)
(IBLK o LUN(J o IBLK )} 9pJ=197) o (UN(J»IBLK)»JI=11,y14)
+UN(20,IBLK)y IBLK=1,5)
(LNIT(J)9Jd=1p 7)o (UNIT(J)»J=11,16),UNIT(20)
(TELKy (UNI(J2IBLK) 9J=197) o (UNTUJ,IBLK)yJ=11p1l4),
LAI(2041BLK)y IBLK=1,35)
(LN(J)gJd=19T) s (LNLJ) 9J=110s14),LN(20)
{GN(J)9Jd=197) o (GN(J) +J=11+14),GN(20)

(SNRSMT(J) 3J=197 ) (SNRSMT (J ) 9J=11,14), SNRSMT{ 20)
(IELK,y (SNRSMUJ IBLK) 9J=L14e7),
(SARSMUJHIBLK) »J=11yl4),
SAESM(20,16LK)y, IBLK=195)
(SNRCMT(J) 3J=197) 9 (SNROMT(J) 9 J=11914), SNRCMT (20)
{IELKy {SNROM(J L, IBLK )9 J=197 ),
(SARCM(JoIBLK) 9d=11914),
SNFOM (20,1 BLK) IBLK=1,5)
(UNRIMT (J) »Jd=LsT)e (UNRIMT (J)»Jd=11,14), UNRIMT (20)
(IELKy (UNRIMIJ 2 IBLK) s J=147),
(LARIMIJZIBLK) 3Jd=11914)y
LMNRIM(20,1BLK),y IBLK=1,5)
(NRSMT(J) 9J=19T7) o ANKSMT(J) 9J=11,14) oNRSMFT(20)
(LNRFEM(J) 9J=19T) g (LNRPM(J) s Ja1lly14)LNRPF(20)
CINFEN(J) 9»d=197) s EITWRBMIJ) »yJ=11,14) ,TNRBN(20)
(SNREMT (J ) 9J=Ls 7)o (SNREMT (J )eJ=11ly14), SNREMT(20),
(UNRBNT(J) 2J=19T7) o (UNKBNT (J) yJ=11,14)3UNRBMT (20},
(LNRBMLJ) yJ=L1s 7)o (LNKBMIJ) »J=11,14) yLNRBNM{20),
(CNREM(J) oJ=1 T )y (GNRBMIJ )y J=11y14),GNREN(20)"
CINRHVMIJ ) 9d=197) y (TNRHVM (J) ¢ J=11,14) , TNRKVM {20}
MNEAL, PHBAL, CLBAL

ENCL) GC TO 1055

PRTCM =FRICPINMMEIN
FOSTCM=FCSTCM*MPFIN
RINTCM=RINTCM2PPFIN
RITCVM =RITCFAMNMFIN
RLTCNM =FLTCH*PNFIN
BASTCF aBASTCMSPPFIN
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Appendix C (continued)

€413,
E4l4.
8415.
€416,
E41l7.
g418.
E419,
£420.
€421,
8422.
€423,
£424,
€425,
842¢.
£427.
€428,
§429.
€430.
€421,
8432,
€433,
€434,
€435,
€436,
€437,
€438,
€436,
8440.
8441,
€442,
8443.
€444,
8445.
€446,
€447,
€448,
€449,
€450,
g4,
€452,
E4E3,
€454.
€455,
8456.
€457,
£458,
€459,
t4¢0.
8461,
E4c2.
E4€3.
€ 4€4.
£465.
£ 4€6.
84¢€7.
E4¢€6.,
B4¢S.
€470.
E47l.
g4172.

RCHTCM=RCETUM*NMIFIN
EPTCVM =EFTCMPORMEILA
NEPTCHM =NEFT1CM*PIFIN
LZSMET=L2S*MNMFIN
LZSMET=LZIS*#MMFIN
SGWMET=SCuoMMFIR
SCEFMT=SCEPAMIF N
RESSNT=RESSAMNMF N
ThBLMT=TWRALRMNME]IN
SRGXTF=2SRGXTHNMNMF IN

C SECIMENT
ERSNTVM=ERSANTM*?METCPT32.471
SRRTVMTI=SRERTAMETICFT*2,471

C  SMw
IF (SNCw» .EC. NC) GO TO 970
SUMERNNM = SUPSPPAMPPRIN
PXSN¥ PXSMMPAFEEIN
MELRAY = FELREFPAMPPIN
RADNENM = RACMENSMMPIN
CCAMEM = CCHMEMAPIPIN
CCRMEM = CCFMEMABMMPIN
CRAINM = CREINFAMPPIN
SGMN = SGNNMANMMPIM
SNEGKF = SAKECMMAPPPIN
PACKMF = PACK#*FPEIN
SEVAFFM = SEVEAFMAFPPIN
TSAENMN TSMEALAMMPIN

C PESTICIDE

SI1C IF (PEST +EC. NC) CGC TO 975

STSTMT=STSTHKCFLE
SASTMTI=SASTAKCPLE
SCSTMNT=SCSTHKCFLE
SOSTMT=CSDSTHKCFLE
LTISTMT=LTSTAKCFLE
LASTHT=ULASTHKCFLE
LCSTPT=LCSTAKCFLE
LCSTVTY=LCSTAKCFLE
LIST=LIST*KCFLB
LETRMT=LSTR*KCPLE
LASMET=LAS*KCFLE
LCSVMET=LCS#KCPLE
LOSMET=LECS*KCFLE
GSTRMT=CSTR4KCGFLE
CASMET=GAS?KCPLE
CCSMET=CCS*kCFLE
CDSMET=CDS*kCFLE
PRTN =FRTMEKCGFLE
SFRGTF=SPRCTM*K(CFLB
SPRESTM=SPRSETMAKCFLD
LFRITM=LPRITM*KCFLB
CEGTMT=CEGT(MHKCFLB
CEGSMT=CECSCM*KCFLD
CEGUNT=CECL(MIKCFLB
CEGLMT=CECLCMIKCFLB
TPEALVM=TPEAL*KCFLE

C

C ARREY PETRIC MCCIFICZTICNS

STE CC 104E€ I=1,4%
RCBTCHM{T)=FRCBTICM(T)I*MHPIN
INFTCM(I)=INFICM(TI*MNPIN
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Appendix C (continued)

6413,
€414,
£415.
E4le6.
t4117.
€478,
t417S.
£4¢€0.
E4E1,.
8482.
E4E3,
8484,
84€ES.
84€6.
€487,
8488.
£4E9.
8450.
& 451,
8452.
€493,
84S4.
84S5.
£4S6.
£457.
£458.
£4S6.
€5Q0.
ESQ1.
€5C2.
E£C3.
EECq.
8€Cs.
§5C6.
€SC7.
E5cC8.
€5C9.
810,
8c11.
8c12.
8£13.
814,
€15,
8f1lé.
€517,
EclE.
8£19.
g£z0.
es2l.
Ecz2.
e£23.
8f24.
gz25.
€£26.
8£217.
€£28.
££29.
8£30.
8£21,
E£32.

1CEE

1C€S

RCITCHM(II=FCITCP(T)*MMPIN
UZSBMT(TI)=LZSECT)*NMPPIN
RESENT{I)=FESE(I)*FMPIN
SREXMTI(LD)=SEGY (1)*MNMPIN
ERSTCHMII)=EFSTCMI)*METOPT*2.4171
SRERFTI(IV=SREF(1)*McTOPT*2.471
IF (PEST «EC. PC) GC TO 1048
STSPET(I)=STS (1)*KGPLB
SASFET(T)=C2S(1)*KGPLB
SCSMET(1)}=SCSUI)*KGPLB
SCSMET(1)=SES{1)*KGFLB
LISMETUI)I=LTS{1)3KGPLB
UASMET{I)=LAS(1)*KGPLB
UCSFETLII=LCS{1)*KGPLS
CCSMET(I)=LCS(1)*KkGPLB
UPRFISM(I)=CLFRIS(I)*KGPLSB
PRTITCM{ID=FRTYICHM(I)*KGPLB
PROTCM(I)=FRCICM{I)*KGPLB
PRETCP(IN=FFSTCPITI)EKGPLE
LPITCMUI)=LFITCM(I)}*KGPLB

1048 CCNTIALE

WRITE
WRITE
PRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(€,46C)
(€y2€2)
(€,363)
(Ee2¢€4)
(E92€5)
(€,2E€)
(€y3EC)
(e,281)
(€,2€1)

IF (SNCh <EC.

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

CCvk = 1C0.

(€r,47¢)
(¢,47¢)
(€+4EC)
(£,481)
(Ey4E2)
(€,4832)
(€9484)
(E4s48%)
(€,48¢)
(€+4E7)
(E44SC)

RCETCK,ROSTOM
IMFICKF,RINTCOM
RI1TCM
FCITCP,RUTON
e2eICH
RCHICHK
FFIUVM,PRTOM sPRTUMy PRTOMy PRTOMy PRTOM
NC) GC TO 1089

SLPSAM

FXSNM

PELRAM

FACMEM
CCMMEN
CCFNEN
CRAINK
SCFN

SMNEGMP
FACKMM

0

IF (PACK .LT. IPACK) COVR = (PACK/IPACK)*100.
(FACK .€Ta 0.01) GO TO 1088

CCVR ~ 0.C
SCEN = 0.0

iF

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(E£44S1)
(€94S52)
(E948¢E)
(€+3€7)
(€s32€¢8)
(€,3¢€¢)
(€+3E2)
(€,27C)
(€+371)
(€+272)
(€+37Z2)
(E9374)
(£,27°5)

SCEN
CCVR
SEVAPM

EFTCMHEPTUMIEPTOM,EPTUNSEPTOM,EFTCM
NEFTCMoNEPTOMyNEPTUMINEPTUN)NEPTCMy NEPTOM
CCVER

UZ2SEMT,LZSMET
LZSVMEToLZSMET,LZSMET oL ZSMET #L'ZSMETLZSNET
SCYMETySLWMET ) SGHWMET ySGWMET  SGWMET y SGWME Y
SCEFMT ,SCEPMT 4 SCEPMT ySCEPMT ,SCEPMT, SCEPNT
RESBMT4RESSMT
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Appendix C (continued)

8233, WRITE (€4+27€) SECIMT,SRGXTM
8t34, WRITE (€5,277) TveLMY

€535, IF (SNCh oEC. YES) WRITE (64489) TSNBMM
££36. WRITE (€,12(E)

£537. WRITE (65161C) EFSTCM,ERSNTM
gs3¢. WRITE (€41211) SFEPMT,SRRTMT
g£3s, C

€£40. IF (FEST ,EC. MC) GO YQ 976
EZ41. C

842, WRITE (€£,12C7)

6243, WRITE (6412213 STSMET,STSTMTY
85644, WRITE (€41222) SASMET,SASTMI
€545, WRITE (€41223) SCSMET,SCSTMT
8t46. WRITE (641227) SCSMET,SDSTMT
€c47. WRITE (€41224) LTISMETUTSTMI
€48, PRITE (€,1222) L2SMET WASTMT
854S, WRITE (€41223) LCEMET,UCSTNY
£550. WRITE (€,41227) LLCEMET,UDSTMT
e£f1, WRITE (€9122€) LFRISP,UIST
€52, WRITE (€4122€) LETIRMTY

££53, BRITE (€,1225) LASMETY

EES4. WRITE (£€,122C) LCSEMET

£555. WRITE (&€,1231) LESMET

££56. WRITE (€41222) CESIRMT

€557. WRITE (€+122S) CASMET

gsse. WRITE (€£+1220) CCSMET

££59. WRITE (€,1231) CCEMET

£56&0. WRITE (€4122S) FFRITCM,PRTM
gcél. WRITE (€41241) FREUTICHKH,SPROTM
£5¢&2. WRITE (€4124€2) FFETCNM, SPRSTM
85¢€3. WRITE (£412€2) LFITCN,UPRITM
E£é4. WRITE (€,41249)

€565, WRITE (€,12¢5) CECTMT

€566, WRITE (€,1246) CECSMT

B8ZET. WRITE (€,1247) CEGUMT

€568, WRITE (€,1252) CEGLMT

€S6S. WRITE (€412€€) TFEALM

€£70. C

ES11. S16 IF (NULIR LEC. NC) GE€ TO 1055
g£la. C

££173. C CCNVF CONVERTS LB/AC TG KG/Hp
€E£14. C

££75. €0 €20 J=1,2C

£576. SNREMT(J) = SPESMTLJ)I*CONVF
€EE17. SNRCMTLJ) = SNFCMT(JI*CGNVF
€576, UNRIFTLJ) = LMFIMTUJI*CCONVF
€579. NESMTLJ) - NFSPTLJI*CONVF
tSEQ. LARFM{J) = LMEFMUJI*CONVF
8581. TARBNM(J) -~ TAFEM(J)I=CONVF
8582. SNEBFPTUJ) = SAFEMT(JI*CONVFE
85E3. UNRBMT(J) = LAFRBNT (J)*CCNVF
tf84. LANRENM(J) - LMREM(J)I®CUNVF
8s8S. GAREFM(J) =~ GMFEM(J)*CONVF
EZg6. TAREVNUJ) = TARHVMLJ)*CCNVF
8587. c

[ 3-23- 8 SNTVMET (L) - SAT(JI*CONVF
8589. LNTFMET(J) = LAT(J)*CONVF
€550, UNITNFTHEG) = LMITULJI®CONVF
8561. LAFMET(J) = LIN(JI*CCONVF
t552, GANMET({J) = CMLJI)IPCONVEF
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Appendix C (continued)

£5$3. BC 51§ IBLk=]1,5

£554. SARSVM{JSIBLK) = SHRSM(J,IBLK)*CONVF

&S5, SMRCM{JPIELK) = SNRUM(J,IBLK)*CONVF

€596, UNRINMIG2IELK) = UNRIMUJ,IBLK)I*CONVF

€597, C '

gss8,. 1€ (FYCAL J.EC. CALB) GO TO 519

£59S. SAFET(JLIELK) = 3SN(JoIBLKI*CONVF

geoc. LANET(JyJELK) UN(J IBLK)*CUNVF

£6Cl. LAIMETUIZIELK) = UNI(J41BLKI*CONVF

g6cC2. 516 CCANTINUE

£¢€03. 52C CCATINLE

E€04. NEBALNT = NEALACCMVF

8é&cCs. PHBLPMT = FHEAL®CCAVF

6€6C6. CLBLPFT = CLEALACCAVF

8607, C

c€eQe. (o

8¢€C9. CCNC = KGFH2

8¢€10. WRITE (€,1C52)

géll. RRITE (€,4CCC) (CNC

eelz. WRITE (€4,4CCE)

8¢€13. RRITE (€4,4CCE) (SNTMET(J) 9J=1s 7)o (SNTMET(J)»J=11+14), SNTMET(20)
E€l4. WRITE (694C=C) (IELK,(SNMET(J,IBLK)9Jd=1y97)y (SAMET({JyIBLK)eJI=11s14)
6€1l5. 1 1 SNMET(20,IBLK) sy 1BLK=L1+5)

g€lé6. WRITE (694CCT7) (ULNTMETUIJ) 9J=1+T) o (UNTMET (J )9 J=11,14),UNTMET(20)
8ell. WRITE (€,4032C) (IBLK,y(UNMET(J IBLK)»J=1+7) o (UNMET(Jo1BLK)9J=11+14%)
g€l8. 1 +LAMET(20,18LK)y 1BLK=1,5)

EElS. WRITE (£,4C15) (UNITMT(J) +J=19T7) o (UNITMT(J) ¢ J=11,14),UNITMT (20)
€€20. WRITE (£€4402C) (IBLKy(UNIMET(JyIBLK)sd=1,yT7),

£¢€2l. 1 (LNIFET(JyIBLK) 9J=1l41l4),

ge22. z LAIMET(204+IBLK) s 1BLK=195)

8€23, RRITE (€+,40C8) (LNFET(J) 2J=Lo 7)o (LNMET(J),J=114+14),LNNET(20)
8€z4. WRITE (€,4CCS) (CNMET(J) 9d=l 7)o {GNMET(U)»Jd=11914)4GNFET(20)
€€25. C

£€26. WRITE (£,4011)

£€27. WRITE (€,4C12)

e€28. WRITE (€,4012) (SNRSMT(J)1J=12T7)p(SARSMT(J)sJ=11y14%)y SNRSNT(20)
€¢2S. WRITE (€+4C=ZC) (1ELKy(SNRSK(J,IBLK)»J=19T)y

8¢€30. 1 (SARSM(J,IBLK) yJd=L1l4l4),

E€21. < SANRSNM{20,IBLK)y IBLK=1,5)

8€22. WRITE (644014) (SNRCMT(J) 9J=197)s (SAMRUMT (J)pJ=11,14), SNRCMT (20)
€¢€33., WRITE (644CZC) (ITELK,)(SNROM(J2IBLK)sJ=197),

E€34, 1 (SMRCMUJHIBLK) pJ=11,14),

££35, < SAFCV(cO0,1BLKYy IBLK=145)

€€36. WRITE (644015) (LNRIMTUJ)9d=L,T)o LUNRIMT{J)eJ=11,14),UNRIMT{20)
g€37. WRITE (644C2C) (JELKy (UNRIM(J2IBLKI»J=197),

€638, 1 (LMRIN(JoIBLK) yJ=11,14),

€39, s LANFIM(Z0,18LK)y IBLK=1,5)

8€40. WRITE (€,401€) (ARSMT(J) 9J=1,T) s (NKSMTLJ)»J=11,14),NRSMT(20)
8€4l. WRITE (€694017) (LNRFM(J) oJ=L 7)o (LINRPM{J)9J=11414) LNRPNM(20)
8¢€42. WRITE (€44C16) (TINREM(J) ¢J=1 7)o L TivikbMLJ ), J=11,14),TNREN{20),
8€43, 1 (ENRBMT(J ) 9Jd=1,T) s (SNRBMT (J) 2 4=11414), SNRBMT (20),
E€44, Z (UNRBMT (J) 9d=1+7)y (UNRBMT (J )y J=11,14),UNRBMT (20),
££45. 32 (UNRBM(J) oJ=L7) y LLNRBM(J ), J=11414) ,LNRENM(20),
€46, 4 (ENFEMIJ) 9J=1sT7 )y (GNRBMIJ) »J=11+14)4sGNRBN(20)
E€4T. WRITE (€44C1S)  CTNFHVM(J) ¢J=1,7), (TNIHVM(J )y J=11,14), TNRHVM{20)
848, PRITE (€94021) AMEALMT, PHOLMT, CLBLMT

E€46. C

£€50. c ZEFCING OF VARIABLES

8€sl. C

€€, 1CEs FRICKF = 0,.C
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Appendix C (continued)

8€53.
8€54.
€¢5S,
8€356,
£¢51.
8€58.
8€s9.
8660,
8€éla
£€€2,
8€£3,
€€ee,
E€€S.
££€66.
€EET.
E€68.
£€69.
€€170,
E&ll.
€672,
Ee13.
E€T4.
E€T5.
E€16,
E6117.
£E€178.
£€179.
8¢660.
ECEL.
8662,
EEE3,
8é64.
8€ES.
EEEG.
8687,
8¢€ES8.
EEES,
£¢90.
€€Sl.
€€S2.
8¢€S3.
E€S4e
E€SS.
E€S6.
£€S7.
€658,
££€5Se
87C0.
€101,
£1C2.
€103,
£7C4.
81Cs.
£17C6.
£707,.
8108,
§1709.
€710.
Elll.
8112,

RUTCH

NEPTCY
RGSTCM
RITCH

RINTCH
EASTCM
RCHYC¥

SUMSAV
PXSAM
FELRAM
RACMEY
CDRMEM
CONMEM
CRAINY
SGFP =
SNECMM
SEVAPY

1058
IF (NU

ano O

D0 522
LNF
LAR
GAR
TAR
TNR
(af4]

2l CCA
522 CCONTIA
C
1C6C  RETURM
C
C

= 0.0
= 0.C
= Qo
= 0.0
= Lo
= 0,C
= 0.C
EFTCE = Q,.C
EFSATF = (C,.C
FRTMd = Col
SPRCTPr = (o0
SFRSTF = €0
LPRITr = (.0
CEGSCr = (.0
CEGUCP = C.C
DEGLCH = (.0
a2 0.C
= 0,0
= 0.C
= 0.C ,
= QeC
= Q.C
= 0.C
c.0
= 0.C
= Q.(
£C 105€ 1=1,5
ERSTCNM(1) = 0.0
RCET(NM(Y) = 0.0
INFTINM{T) - 0.0
PRITCMII)Y = Co0
FRCICM(1) = 0.0
PRETCNM{Y) = 0.0
LPIICNM(I) = 0.0

RCITCM{1)= 0.0
TR .EC. NC) GO TO 1060
ZERO MONTHLY ACCUMULATICAS

J=l,2C
Fr(J} = 0.C
Er(J) = 0.C
EN(J) = 0.C
Er(J) = 0.C
Hvrd(J) = CoC
€21 IJELK=1,5
SARSFMUJH1ELK) = 0.0
SARCHF (Lo 1ELK) = 0.0
ULARIPF (Jo1ELK) = 0.0
ARSM(L.,1RLK) = 0.0
SAREBM (L L JELK) = 0.0
LARBP (., 1ELK) = 0,0
TINE
LE

FORMATS
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Appendix C (continued)

8113.
€114.
811¢%.
&116.
€i17.
e718.
€71S.
8720.
€121,
8i22.
8123.
8724.
€125,
8120,
81c7.
6128,
8129.
€720,
€131,
8132,
€133,
£134.
€335,
€136,
£737.
gi3a.
€139,
6740,
€i4l.
Ei42.
€143,
€144,
€145,
El46.
E147.
€948,
€749,
8150,
8751.
gisa2,
€153,
E€154.
€755,
£156.
8157.
8758.
€715S.
8760,
£l
g1¢€2.
87¢€3,
§764.
€1¢&5,
€l¢6.
81¢7.
ETE8.
3169.
£€7170.
E171.
£7172.

c

1€sz
12CC
12C1
1102

12C¢
12C€7
12Cs
121€

124%
124¢€
1241
1248
1245¢
125¢C
1252
l12¢¢
3¢C
3€2
3e€2
3¢4
2(‘
3€¢
38C
2El
3¢l
47t
479
48C
4€1
482
483
4E4
4t°c
4E¢
4E T
4s(C
4S1
452
4EE
3¢€1

FGRIF AT
FCRMAT
FORMAT
FORNMAT

t*oQ*
(*1*
(v
(g

|
125X 3 *SUMPARY FCR MONTH OF ',A8,1X,14)
0ZEXy *)

124X "ELCCK L BLOCK 2 BLOCK 3 BLGCK & eLoCck sv,

SXe®* TCTALY)

FORMAY
FCRMAT
FORM 2T
FCRMAT
FORMAT
FCRNMAT
FORMAT
FORMAT
FCRM AT
FORMAT
FCRP AT
FORMAT
FORMAT
FCRMAT
FORMAT
FCRPMAT
FCRIMAT
FORMAT
FCRMAT
FCRMAT
FORMAT
FORMAT
FCRMAT
FCRMAT
FORMAT
FCRMAT
FCRNFAT
FCRM21T
FCRNAT
FCRMAT
FCRMAT
FORMAT
FCRMAT
FORMAT
FORMAY
FCRMAT
FCRMAT
FCRNAT
FORMAT
FORMAT
FORMAT
FGRMAT
FORMAT
FCRMAT
FORMAT
FORMAT
FCRMVAT
FCRMAT
FCRM2T
FORMAT
FCRMAT
FCRNAT
FCRMAT
FCRMAT

tece
(lcl
{'Q?
(l L
(v
(000
(IOI
(' 1]
(v o
(*°Q*
{v o
(¢ =
(IOI
(¢ o
(I ]
(' »
(lo.
{*C?
(IOO
(l [}
[
[ L
{* +
(0 -
(. -
(.o.
(lOl
‘ll!
{* ¢+
(*C?*
(lol
(lc!
‘l L]
" L}
(r v
(. 1 ]
(.cl
[ L.
{*eQ*
(v ¢
(l )]
(¢ ¢
{(*C?*
(v ~
(. ) ]
(l v
(l L]
(° ]
(C v
(lcl
(l [ ]
(l L]
(lol
('00

2EXy YSEDIMENT y TGNNES/HECTARE?)

vEXH'FESTICIDE y KILOGRAMS ')

v EXL*SECIMENT, TUNS/ACRE*)

s 11X *ERCLCED SEDIMENT $95(3XsFTe3)o4XyFTa3)
111X *FINES DZPOSIT® 96X ¢5(3X9FTa3) 94X FT3)
1SEXe'FESTICIDE s POUNDS')

2 EX9"SURFACE LAYCR! p9X95(3XF7.3),3X,F8.3)
111X *ADSCRBED® ¢11Xs5(3A¢F743)43XyFB8.3)

s 11Xy *CRYSTALL INE? y8X35(3A3F7e3)9v3XsF8e3)

v EX3'LPPER ZUNE LAYER! y0Xy5(3XsFT23)+3X,FB.3)
s 11X * INTERFLUW STORAGEYy 2X15(2X ¢eFBe3) ¢3XyF8e3)
211X 4 'CISSCLVED?® 410X y5(3A yF7e3)33XyFB8.3)

s EXy*LOWER ZONE LAYER' 159X,F8e3)

211X Y2DSCRBEL® y64X9F843)

s 11X *CRYSTALLINE® y61X,F843)

211X *CISSCGLVED' y03XyF8.3)

v 8X,'CRCUNDWATER LAYER'95UX,F843)

98X "FESTICIDE REMOVALy KGSe' 92X yS(FTe393X) yF8.3)
v EXJVFESTICIDE REMOVAL, LB3."92X+5(FTe393X),FEe3)
s 11X *CVERLAND FLOW REMGVAL® 41X 95{FT<343X),F8.3)
s JIX 4P SECIMENT REMOVAL? y0X25{FT7e3+3X)yF8s3)
s11X s INTERFLONW REMUVAL' 95X 95(FTe3,3X)4FB8.3)
111X " TOTALY y0B8XeF Te3)

e11X s *FRCM SURKFACE® y81X,F7a3)

2 JIXs"FRCM UPPER ZONE' 156X9F743)
1EX4"FESTICIDE OEGRAGATION LOSS, LEBSH')
1EXNG*FESTICIOE DEGRACATIUN LUSS, KGS.')

125X+ "SUNNMARY FOR *,]14)

eLIXo9FRCV LUWER ZUNE'+56XsF743)

s 11X *FESTICIDE BALANCE=' yF8e4)

1EX L "HATER, INCHES®)

211X "FULNOFF*)

114X 3 "CVERLAND FLOM® 45X 45 (Fdea392X) 31XyF8.3)

s 14X o Y INTERFLUW?! y9Xs5(Fb6a392X) 9l Xy F8e3)

214X 4 INFERVIOUS® 159X 4Fba 3)

s 14X s "TOTAL y 13X sS5(FB8a392X) g1 XsF8e3)

111X, 'BASE FLOW® y63X,FBae3)

211X 4'CRCRATER RECHARGE?® 55Xx,F8.3)

s 11X ' FRECIPITATION' y0Xe5FT7.293X) 91XeFT02)
114X o *SNCW® 465X ,FT2)

s 14X s 'FATIN ON SNOW® ,57X,F7.2)

214X *PELT & KAIN" »58X,F7 o2)

W 11X, PMELT?) ,
.lﬁx,'FACIATION"OOX,F1.2)

214X 4 "CCAVECTION® y59X%XyF7.2)

9 14X o 'CCADENSATICH® »STXoF T 2)

,14X 1"Alh MELT?® 900X'F7.2'

214X o *CRCUND MELT® y58X,FT742)

s 14X 4 *CUM NEL HEAT®* ,57X,F7.2)

s 11X *ENCh PACK® 303X,F7+2)

111X *SNCh DENSITY® ,060X,F7.2)

+11X 402 SACW COVER! ,60X4F7.2)

2J1X 4 SNC EVAP? ;63X ,FTe2)

s 11X *EVAFOTRANSPIRATIUN' )
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Appendix C (continued)

E713. 3€E FORMAT (' "4 14X ' FCTENTIAL? 49X90(FTa2:93X) 1 XsFTe2)

€774, 3€S FCRMAT (' '3 14Xy 'NET "4 15X s5(FT42y3R) 9L X,FT.2)

ET75. 3€2 FCRMAT (* *,14X%X,*CRCP COVER® ,59X,FT7.2)

€276, 37C FORMAY (*0'41)1X4*STCRAGES? )

€117, 371 FCRMAT (* ", 14X ,*LPFER ZONEYy8KyS(Fba552X),1X,F8s3)

£i118. 372 FORMAT (' *,14X4°LORER LONE? y8X 12 (F0es12X)y1X,F843)

&171S. 372 FCRMAT (* *, 14X *CROUNDWATCRY y IX92(F0e3,2X) 3 1X,FB8.3)

87¢&0. 374 FCRMAT (* * 414X ' INTERCEPTIUN' yoAsS{Foe392X)s1XsF8.3)

8761, 375 FORMAT (' 'o14X*CVERLAND FLOW' 45X 35(F0a392X) 91X,F8.3)

8782. 37€ FCRMAT (' * 414X " INTERFLUW® 49Xy D(FDue3¢2XK) 31 XeFBe3)

€783, 377 FORMAT (*0* 411Xy *wATER BALANCE=",Fba.9)

8184, 4ES FCRMBT (* 311X 4*SNCw BALANCE= ",F8.4)

£185. 4€C FCRNMAT (20" +EX 4 'P2TERy MILLIMETERS?)

ETE6. C

ETET. C NUTRIENT FORMATS

£7E8. C

817189, 4C00 FORMAY (*0*','ALIFIENTS —~ *,A5,11X, *URG-NT ¢3Xy'NH3I=S? ,3 X, *ANH3-A?,
€150, 1 SXo "PC2* oSX9*NO3* yOXg* N2 sX ' PLINT=N"® 93Xy *ORG~P " ,3X,
81791. < YPCA-SY 42Xy '"PCu~A' 12Xy " PLNT-P" yoXy*'CL")

8152, 4C0S FCRMAT ('0',2X,'STORAGE")

€183, 4CC6 FORMAT ('C*,SX " SURFACE LAYER' y3X,F8.0,0F8e3,F8.,0,3F8.3,F8.3)
8194, 4C0T FCRMET (*0°,SX,*LPPER ZUNE" y0X1F3.0+6F8.3,F8.0,3F8,3,F843)
8765, 4C0E FORMAT  (°0'4SXy'LORER ZONE?' 16X 3F0e010FGe34F8.0y3F84,3,F2a3)
81S6. 4CCS FCRMAT ('C'QSXQ'GRCURDNATER"SXyFboO'DFO~3yF8-0y3F8-3,F803)
8157, 4011 FCRMAT (*0',32X,'RENMLVALY)

€758, 4C1l2 FGRMAT  ('C',EX,*AOVECTIVE")

817S9. 4012 FORMAT  (*0°*+SXy*SEDIMENT ' y8X,F8e0y0F8.3,Fde093F8.3,F8.3)
8£00. 4Cl4 FORMAT  ('Q'SXy*CVERLARD FLOW® 43X 4F 8s0+0F8e3+FB.043FB42,F8.3)
EEQL. 4015 FORMAT  (*Q' SXy*INTERFLOW® yTXsFdeOyoF8.3¢F8.0,3F8e3,F8.31)
8802. 4C16 FCRMAY (*C',SX,*10TAL TU STREAM *,Fc.0s0F8.3,F8.0,3F8.3,F8.3)
8€C3. 4C1l7 FQORMAT (Y0 4SX 4"FERCCLATICN TO */,* *',12Xy *CRCUNDWATER *42Xy
65040 l FEoC'6F£03thoO.3F8.3'Fd.3‘

88CS, 4C1& FORMAT ('C*',€6X,'BICLCGICAL - TOTAL ",F3.0,0F8.3,F8.0,3F6+3,F8.3,
8EC6. 1 /49" "9S)>s"SLRFACE® ySX FOeUs6FBe3,F3.043F8.3,F8.3
88Q7. 2 Fe" "SR e'UPPER ZONE® y6XyFoaUyoF0e3sFBa0y3FB8a34FEe3y
88c¢s8, 2 /9° "9SSy LCWck Z0ONE&! .ox.Fu.O,oFd.i’Fe.O. 3F8.34F8.3,
86C9. 4 74" 953 ¢ *"GROUNDWATERY ¢ 5Ky FbeUsbFBe39F8.0,3F8,3,F8.3)
8E10. 4C1S FORMAT (207 4€X 4*HARVEST! y12XyF8e046F8e3¢9Fde03FB843,F8.3}
atgll. 4Cz1 FCRMAT ('C',ZX4"MASS BALANCE?

88l2. 1 /9% *4EX,*NITRUGEN =~ Y3FBa3s

gela. < l9° " 4629 PHROSPHGRUS = * yFBe3,

8€1l4. 3 9% PHEXL'CHLECRIDE = *4FB8e3)

EE1S5. 4C3C FORFAT [* 5 12X 4'ELCCK® 912)0X1F8e4040F8.3,F8.043FB43,F8.31)
EEls, ENO

sCeo. C

SCCl. C

SC02. C

sC03, C

SC04. SUBRCLYINE LLYYR (YEAR)

9C05, C

$sCCé. C THIS SUSROUTINE OUTPUTS YEARLY

9CQ7. C TABLES, AND ZERG> ACCUMULATICNS

sccs., C

$CC9. INTEGER#4 YEAR

9C10. C

901l. C

S012. CCMMCN /JALLZ RUYPINIPRNTKE HYCAL,DPSTyOUTPLT . TIMFAC 4L 2S¢ AREA,
9013, 1 FESB1,RAOSEYySROXy INTFo&GXy INFLIUZSBLAPEPCB+RIBERSN,
SCl4. 3 ¥ oP3 32 4CALByPRGDIPESTyNUTRyENGLyMETR,BCTH,RESBIYES NG,
SG1l5. 2 IMINVIFR y TR o JCOUNT o PRINT» INTRy DAY S ¢HCURMNTH
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Appéndix C (continued)

SClée. C

S017. INTECER*4 FRATKE,,FYCAL,OUTPUT, TIMFAC,IMIN, IHR,TF,JCOUNT,

s018. 1 CALE FRCCyENGL METRyBOTH,YESyNO,PESTyNUTR

5019, Cc

9040. REAL#*4 RUHYMIN,CPST LZS»AREARESBLI(5),,K0OSB(S)sSRGX(S ) INTF(S),
9021. 1 REX(SE) S INFLIS),UZSuISYAPERLCE(S)yRIBIS),ERSN(5),RESB(S),
9Cz2. e MePZ,8

SC23. C

5C024. COMMCN /JLANC/ MMAF,PRTOTERSNTT 4PRTUNMERSNTM, CAY,

9025. 1 RUTCM JNEFTCNMyRUSTCMGRITOM RINTOMyBASTOMy RCHTCMRUTOT,

9026. 2 NEPTCT,RCSTCT oFITOTHRINTOT BASTUT ykCHTUT yTWBAL,,EPTOM, EPTOT,
scat. 2 LZSoWUZENJLZSN 2 IMFIL JINTERJIKCy NNy Ly SSoSOWL s PRySGH,GHWS oKV,

9028. 4 K24L ¢y KK24 9 KkZAEBL yEP o IFSI K3 yEPXMIRESSLyRESSSCEP,L,SCEP1, SRGXT,
9CcS. € SRGXT14JRER JKREF yJSER(KSERSRERTyMMPiIN,METOPT,SNCW,CCFAC,

9C30. € SCFeICNSyF JCCVywCoMPACK)EVAPSNyMELE Vy TSNOWsPETMIN,PETVMAXLELDIF,
9031. T DEWXoPACK G LEFTE o MONTHySDEN»IPACKy TMINgSUMSNM ,PXSNM, XK 3,

sC22. € NELRAFLRACPEN JCOEMEM CRATNM, CONMEM, SGMM, SNEGMM, SEVAPM ,SUNSNY,
sG33. S PXSNY,FELRZY RACMPEY CORMEY 9 SGMY yCONMEY yLRAINYy SNEGMY, SEVAPY,
SC24. * TSNBALZCCVER CCVEMX ,ROBTCM,ROBTGT yRXB,RUITGM,ROITOT, INFTGM,
S035. 1 INFTOTLERSTCNMERSTCTySRERyTEMPX yRAD oWINDX o RAIN,INPUT

SC3s. C

SC37. REAL®*E MAAM(12)

9(C38. C

S039, REAL*4  FRTCTEFSATT ,PRTOMERSNTNyRUTOMyRITOM,RINTOM,BASTON,
9040. 1 RCFICKM,fLIOT 4 NEPTOT ykASTCTHyRITOT »RINTCT,RASTOT,,RCHTOT
S041. < TREALIEFTCMLZEFTOT yUZSyUZSNILSNeINFIL.INTER,IRC,

5042, 2 ANl oSS sSCWL yPRySGW9GAS yKV yRZ4L ¢ KK24y K24EL,EP,y IF S,

SC43. 4 K2,EFXVFESSLIRCSSHSCEP,SCEP Ly SROGXT ySRGXT1,JRER,,KRER,
SCéh4. S JSEFRWKSEF ¢SRERTyMMPINSMETUPT 9y NEPTOM,ROSTOM,

9C45. [ CCFAC SCFoICNSF yOGMy WC g MPAC KoEVAPSNy FELEV,TSNCW PETMIN,
S046. 1 PETMAX ELLIF yOEWK yPACKyLEPTH »SDEN IPACKoTVMIN,SUNSNM,
SC47. S PXSMVMgXK3 JMELRAMyRACMEM yCORMEMyCRAINM,SGMIM, SNEGMNM,SEV APM,
SC48, [ SUNSMY o FXSNY L, NELRAY yRACMEY yCLRMCZY ¢ SGMY,CONNMEY,

5(4S. e CRAINY, SPEGMY,SEVAPY, TSNBAL,

9C<Q. C COVERCCVEMX ROBTAOMI3) »RGBTOT(S) yRXBIS)4RCITCM(S),

9CS1. C RCITCT{E)INFTGM(S)+INFTOT(5)9ERSTUM(E)HLERSTOTI(5),

9CEc2. E SREF(E) +TEMPX(24) yRAD(24) o wINDX{24) yRAIN({288)

9053, C

SCc4. INTEGER®4  [2Y,SMNCW,MCNTH

SCsS. Cc

s(56. Cc

s(57. COMNMCN /PESTCL/ STET ,SPROTM,SPRSTMySAST ySCST 4SCSTHUTST,UASTL,UCSToX
SCt8. 1 UDST FFCMAX N1 SPRCTT ,SPRSTT yMULFFULZIUPRITW,

s(56. Z UPRITT JKCPLBoFFLZoMLZILSTRILASILLS9LUS+GSTRyCAS,CCS4GDS,

SC&0. 2 APMCDE,TFEBEL,

sCol. 4 DEGSCNM,CECS(T,CECUCH,

9062, S CEGLCTLCECL LCECS JNIPDEGCCN,DEGLOMy CcGLOT » NCCHM,

9063. € PRSTCHM,PRSTCTFFCTCHM,PROTOT,UPITUMsUPITOT,STS,UTS,SAS,

GCé4. T SCSeSCSySSTFLLLS,UCS UUSyUSTRYUPRIS yUIST ,TGTPAP, TIMAP,YEARAP,
SCéS. € DESCRPySLRFSCIL,SLLG

G(Eb, C

SC&. C

9C¢8. REAL®*G STST,¢PFCIM,y SPRSTMySAST o SCST ySUSTHUTSTUAST,LUCST,

SC6S. 1 KoUCSTFFoCMAX,NI y SPRCGTT, SPRSTT yMUZ»FPUZ,LUPRITM,

SC70. < UPRITT4PCFLB oFPLG yMLZyLSTHLASLCSsLECS1GSTRHGAS

sC71. 2 GCSyCLS,TFBAL»DEGSOM,UEGSUT» DEGUUIM » DEGUOT yDEGU ¢+ DEGS»
SsC12. 4 NIFLCECGCCM,CEGLUMDEGLOT oNCOM,

SC713. £ PRSICM(E)yPRSTUGT(S) sPRGTCM(5),PROTOT(S5) 4UPITOM{S ),

SCl4. & UFTTCTIE) 4STSIS) UTSIS5) 9SASI5),SCSI5) +SDS(5)SSTRI(S),
s5C15. k| LAS(5),LCSUS),UDS(5)USTRLS) JUPRIS(5) 4UIST
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Appendix C (continued)

5C16. C

SCI17. INTECER®4 AFPCLEDESGRPy SURF,SOIL T IMAP,YE ARAP

s(18. C

9C79. CCMMCN /NLY/ CELY,STEMP, SNySNT o SNKSMySNHKDM)UN,UNTL,UNT JUNIT,
sC80. 1 CARTI¥™ JNRSM LN yLARPMyGNySNKBMyUNKBY yLNRBF.,GNREM, TNRBM,
sC8l. 2 SNRSY SSNRUY gUNRIY 9 NROY yLNKPY o SNRBY,UNRBY L NRRY,GNRBY,
SCE2. ] YBFEV,TthV.TNRHVM.TNKHVY,TNA.TPA,TCLA.

9CE3. L] KNy THEN,KP s THKP yNBAL ¢ PHBE AL yCLBAL,

SC84. £ TSTEFINSTEPySFLGIUFLGaLFLG GFLG

SCES. C

SC86. REAL*4 CELT,STEMF(4,24),

sC87. 1 SN(ZC+5) +SNT(20), SNRSM{204+5) ySNRUM(20,45),

SCes. Z UN(ZCeS) o UNT(20) yUNI(20,5) UNIT(20) ,UNRIM(20,5),
$C8S. 3 NESPL2C+5) LN{2OJsLNRPM(2U )y GN(20Q1),
6C90. 4 SANREBNM(2C,5) yUNRBM(20,5) yLNKBM(20) »GNREM{20),TNREM{20),
90S1. ] SNREY(2C+£) 4 SNROY (20,5 ) yUNRIY(20,5) ¢4NRSY(20,5),

9CS 2. € LARFY(2C) 4SNREY (20351 yUNRBY (D451 +LNREY (201, GNRBY (20},
9GS3. ? TAREY(2C) 2y INREV(20) yTANRHVM (< 0) o TNRHVY (20) 2 TNA, TP 2,TCL A,
5CS4. 8 Kh{(10y4 ), THKN(LO) oKP{35,4), THKP(S) ,NBAL,PHBAL,CLBAL
S(CSS. C

5CSé6. C

9(S7. INTEGER*4 1STEF,ANSTEP,SFLG.UFLG,LFLG,GFLG

9CsS8. C

SCSS. C

$1040. C HYDROLGGY ANU PESTICIOE VARIABLES USED
9101. C INTERNALLY

sica. C

$103, REAL*4 PRIV LFRTITCM{S5)PRTTOT(S5) ,DEGTUM,DEGTOT,

9104. 1 PEAL+CCVE P2CKMY,y TSNOMY,

S10%. 2 UZSMET o LASMETySOWMET o SCEPMT g RESSMT , TWELMT ,SRGX TH,
9106. 3 SRRIMT o STSTMT ,SASTMT 9 SCSTHMT y SOSTMT JUTSTMT o

S107. 4 UASTNT qLCSTMT yUDSTMT LSTRMT o LASMET o LCSMET ,LDSMET
9108. 5 CETEMY yCLSMET oGCSMET yGUSMNET  LEGTMT y UDEGSMT DEGUMT,
9109. [ DEGLMT, TERAL M, UZSBMT(5) sRESBNMT(5) y SRGXMT(S),

9110. 1 SREENMT(E) oSTSMET(5) o SASMET (5 ),5CSNMcTL5)SCSMPET(S5),
Sill. € CTSPET(S) JUASMET(5) ¢UCSKET (5 )UUSHET (S) ,UPRISM(S)
Sila. C

9113, C NUTRIENT INTERNAL VARIABLES

S114. Cc

9118. REAL*8 CCNC, LEF2C/*°LB/ACY/y KGPHA/ 'KG/HA"/

9116. C

9117. REAL®G  NEALPMT,LFHELNT,CLBLMTY,

5118, 1 SAFETL2C5) » SATMET(20) s UNMET (20+5) yUNTPFET(20),

9119. < LAMET(2C ) GAMET(20) 4 SNRSMT (201} » SNRAMT (201}

9120. 2 UNRIMYLZC) o SNRBMT £20) s UNRBMT (20),NRSMT(20),

9121. 4 ANRSYTL2C) ySNRSYT(20) o SNRGYT(2VU) »SNRBYT{20),

9122, ] UNRIYT(ZC)yUNRBYT (20) yUNITMT (20D UNINMET(20+5),

Sl<c2. & TARyTFR ,TCLR 4y INS 4 TPS» TCLS

S1l24. 1 SUMoSLMS,SUMDySUMT 3 SUMB 2 SUMRS, CONVF/1.121/

$125. C

912¢&. C YEARLY OQUTPUT

g127. C

S$12¢. IF (PEST .EC. NC)} CG TO 981

9129. £C 10¢1 1= 1,5

$13Q0. 10¢€1 FRTITCT(1) = FRSTOT(I) + PROTAT(I) + yPITOT(I)

5121, C

S132. DEGTCT = CECGSCT + DEGUOT + DEGLOT

9133. Cc

9134%. FRIT = SPRCTIT + SPRSTT + UPRITT

S5135. Cc
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Appendix C (continued)

$136. SEl IF (NLIR EC. NC) €0 TO 977
s137. Lo 526 J=1,2¢C

§138. SLFS = 0.C

$139. SUrC = C.C

Sl4l. DC £23 1BLKk=1,5

S142. SLMS = SLPS + SNASY(J,IBLK)
9143, SLML = SUMC + SNROY (J,1BLK)
S l44. SLMB = SLBRE ¢ SARBY (J4,]8BLK)
9145, $z23 CCATINLE

S146. SAREYT(J) = SLPMS/S,.

9147. SMRCYT(J) = SLPO/S.

9148. SNRBYT(J) = SLMBY/S.

5149, C

S150. SUFY = 0.C

S1cl. SLikE = C.C

91s2. OCC £c4 1BLKk=]1,5

9153, SLMI = SUMI & UNRIY (J,I8LK)
9154, SLMB 3 SLPFE + UNRBY (J,pIBLK)
91E&5. 5z4 CCNTINLE

G1£6, CARIYT(J) = SLHMI/S.

91517. LARBYT(J)Y = SLMB/S.

$158. C

S1£9. SLVMES = (.C

91¢€0. OC £25 IBLK=1,5

91€l. SULMRS = SULPFS ¢ NRSY(JsIBLK)
9162. €zt CCNTINLE

5183, NESYT(J) - SLPFS/S.

S1é4. 526 CONTINLE

S lés,. C

S166. C

Slét. s RRITE (€,125C) YEAR

S1¢8. WRITE (¢€,1£51)

S1é€Se. WRITE (€,1102)

s1170. C

S171. IF (CUTFUT.EC. PMETR) GO TO 1066
S1172. WRITE (€,3¢C)

3113, WRITE (€,2€2)

S174, RRITE (€,362) RCETOT, RQSTOT
S115. WRITE (€,2¢64) IMNFTCT, RINTOQY
9176. WRITE (€,2€5) RIVCY

Sl71. BRITE (€,26€¢) RCITCT, RUTOT

S178. WRITE (¢€¢,2€C) E£5107

S17%. WRITE (€,2€1) RCHIOT

91€0. WRITE (€43€1) PEICY,PRTOT PRTOY,PRTOT,PRTOT,,PRTCY
S181. c

5182. IF (SNCy .EC. NC) GC TO 1072
$183, WRITE (é,478) SLESNY

S1E4. WRITE (£€,47€) F)SAY

S1€&5, »RITE (€,48C) NELFRAY

91¢6. RRITE (€,94E1)

91¢817. WRITE (&,482) RELFEY

91€8. BRITE (€,4EZ) CCMVEY

S18S. WRITE (€,4E4) CCERFMEY

9190. WRITE (6448¢) CF2INY

9151, RRITE (€04E€) SCPY

9152. WRITE (&94E7) SNECMY

$153. WRITE (€,45C) F2(CK

9154. CCVR = 1(CC.

9195, IF (FACK LY. IPACK) COVR = (PACK/IPACK)*100.
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Appendix C (continued)

91S6. IF (PACK.C1.C.Cl) GO TO 1074

S1s1. CCvF=0.0

9158, SOEMN=0,0

$1S5S. 1C74 WRITE (€94S1) SCEN

9200, WRITE (€4452) CCVF

9¢01. WRITE (€4,4EEF) SEVAPY

9202. 172 WRITE (€,367)

9203, WRITE (€923&E) EFTCY EPTOTJEPTOT +EPTUT,EPTOT,EPTOT
9204. WRITE (€¢26S) NEFTOT,NEPTGTNEPTGToNEPTOT ¢yNEPTOT,NEPTOTY
5205. WRITE (6,382) CCVER

G2C6. WRITE (€427(C)

5207. WRITE (€&€,271) UL2%E4LZS

S208. WRITE (€9272) L2S,LZS,L2S,LZSoLZSLLS
S20s. WRITE (€9272) SC¥oSGWySGW ¢SGW»SGHySGW
s¢l0. WRITE (€9274) SCEF,SCEPySCEP,SCEPSCEP,SCEP
Gell. WRITE (64375) RESEBLRESS

9212. WRITE (€+237¢€) SFCXy SRGXT

Sc<l3. WRITE (€+2775) THEAL

9214, IF (SNCWoECL.YES) HRITE (60439) TSNBAL
szis. WRITE (€4126GS)

Sclé. WRITE (€,121C) ERSTOT, ERSNTT
s217. WRITE (641211) SRER, SRERT

G218, Cc

9219. IF (PEST .EC. ANC) GO TQ 978
S220. C

sz2l. WRITE (€41220)

9222. WRITE (€41221) ST1S, STSY

9223. WRITE (641222) SAS, SAST

Sc24. hRITE (&,1222) SCS, SCST

9225. WRITE (641227) SDS, SOST

922¢€. WFITE (&41224) LIS, UTST

§2217. WRITE (&s1222) UAS, UAST

Sz28. WRITE (€,1222) LCS, UCST

9229, WRITE (€,1227) LDS, UODST

9230. WRITE 1&,122€¢) UPRISy UIST

§231. WRITE (691228) LSTR

$232. RRITE (€,122%) LAS

9233. WRITE (€4123C) LCS

SZ34. WRITE (€,41231) LOS

9235. WRITE (€,1222) GSIR

Se3€. WRITE (€,122¢€) GAS

9237. WRITE (€,123C) GCS

9238. WRITE (€,1231) GODS

$23S. WRITE (€,124C) FRTTQT, PRTT

5240, WRITE (€,1241) FRCTOT, SPROTT
S241. WRITE (€+41242Z) FRSTUT, SPRSTT
5242 WRITE (€,1242) UPITOT, LPRITT
9243, RRITE (64124E)

G244, WRITE (€,124%) DEGTOT

9245. WRITE (€,124¢) DEGSAT

§246. WRITE (&,1247) DEGUOT

Sz417, WRITE (641252) DEGLUT

9248. WRITE (€,12€¢€) TPBAL

$24S. C

$2¢0. STE IF (NLTIR EC. NC) €O TO 1060

$ctl. o

9¢%2. C YEARLY NUTRIENT OUTPUT
$c<t3, C

92%4. C

$255. CCNC = LBFAC
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Appendix C (continued)

$256.
S257.
szfe.
§z5S.
§<€0.
$c6l.
92¢€2.
$2¢€3.
9264.
92¢€¢.
9266,
Sc617.
Sc€8.
92¢€9.
$210.
szll.
S2t2.
$213.
92i4.
S$2175.
S21¢&.
$277.
$218.
927S.
$2¢t0.
ge8l.
S2¢&2.
§2¢€3.
S284.
s28s.
S286.
ScET.
S286.
s289.
$250.
S¢91.
$292.
9293.
$294.
$255.
929¢.
$257.
52S8.
925S.
$300.
5z01.
s202.
$203.
9304.
$305.
9306.
$301.
9308.
$209.
$z10.
S211.
9z12.
9213,
9z 1l4.
9215.

WRITE
hRITE

RRITE
WRITE
WRITE
1
WRITE
WRITE
1
WRITE
WRITE
1
WRITE
WRITE

WRITE
WRITE
WRITE
hRITE

1

Z
WRITE
WRITE

1

2
RRITE
WRITE

1

2
WRITE
WRITE
WRITE

FAOE SN

WRITE
"RITE
C
C

(€91C82)
(E+4CCC)

(€,40C%)
(€,4CC¢)
(es4C2C)

(€+,4CCT)
(6,4020)

(€,4015)
(€,4030)

(6,4CC8)
(£44CC¢<)

(€,4C1l1)
(€44C12)
(€,4C13)
(€,4GC2C)

(€,4014)
(€4402C)

(¢€,4015)
(644C2C)

(¢,401¢)
(€44017)
(€44C1E)

(€94019)
(€44C2}))

1CE€€ IF (CLTFLTY .EC.

C COMVERSICAS
PRTCT =FRTCT#NMMEIN
RCSTCT=RCSTLT*MPFIN
RINTCT=RINTCT*NMMFIN
RITCT =RITCTI*MMEIN
FLTCT =RLTCTI*MPMEIN
BASTCT=EASTCTNMMFIN
RCHTCT=RCHFTCY4MMFIN
EPTGT =EPTCI*rNMEIM
NEPTCT=NEPTLTI*NMPFIN
UCZSHET=LZS#*PMFID
LZSPET=L2ZS*PFMFIN
SGuMET=SGhekNMFIM
SCEPMT=SCEPAMPFIN
RESSMT=RESS*MMFIN
ThEBLET=TWEALSMMFIN
SRGXTM=SRGXT#MMF N
ERSATT=ERSNTITANETICPT32,.471

CCNC

(ENTUJ) od=] 9 T) o ISNT(J) 9J=11,14),SKT(20)
(TELK o {SNUJ 2 IBLK) =L 97 )yl SN{J¢IBLK) yJ=11,1l%)

2SN(20,18LK), IBLK=1,5)

(ANTUJ) 9d=1 7D s (UNT(J) 2Jd=11,14) ,UNT(20)
CIELK o (UNCJ 2 IBLK) pJ=1 7)o (UN(J oIBLK)yJ=11,14)

+ULN(20,IBLK]}, I18LK=1,5)

(LNIT{J) 2J=1y Ty (UNLIT(J)9Jd=1]1,14) JUNIT (20)
(TELKp (UNI(JsIBLK) ¢Jd=1s7) o (UNI{J,IBLK)yJ=11,14),
LMNI(204,i8LK), 1IBLK=1,5)

(LM(J)sd=13T) o (LNUJ) 3d=11s14),H»LN(20)

(ENGJY9Jd=19T) o (GN(J) 9J=11,14),GN(20)

CSNRSYT(J) 9d=1sT) o (SANRSYT{J)9J=11,14), SNRSYT(20)
(IELKy (SNRSY(JIBLK)sJ=19T),
(SARSY(JoIBLK) ¢J=11s14),
SNFESY (20,1BLK) 18LK=1,5)
(SNFCYTUJ) 9J=19T) 9 (SNROYT(J )9 J=11,14)y SNRCYT (20)
{1ELK o (SNROY(JyIBLK) 9y J=Ls1),
(SNRCY(Js IBLK)yI=ll 9l 4),
SNFOY(20,18LK) sy IBLK=1,5)
(UNRIYT(J) pd=1sT) o (UNKIYT(J) s I=11+14),UNRIYT(20)
(TELKo(UNRIY(J,1BLK)»J=1,7),
(LARIY(JolBLK) pJ=1L9l4%d,
LARLIY(20,18BLK)y IBLK=1,5)
(ARSYTUJ) gd=) o T) o (NKSYT(J) »Jd=11,14) o NRSYT(20)
(LNRPY(J) od=L o 7)o (LLNKPY(J) 9 Jd=11,14) oLNRPY{(20)
{TNRBY(J) 9d=L o TI o {TNRBY(J ) yJ=11,14),TNRBY(20),
(SNRBYTUJ) 9d=197) o (SARBYT{J)+J=11,14),SNRBYT(20),
(UNRBYT{J) oJ=LeT)s tUNRBYT (J )9 J=11,14), UNRRYT(20),
(LNRBY(J) 9J=1 7)o (LNKBY(J) yJ=11914),LNRBY(20]),
(CNRBY(J) sd=119T7) o {GNRBY (J)} o J=11,14),GNRBY{20)
CINRHVY (J) 9J=1y 7)o (TNRHVY (J) 2 J=11,14) TNRHVY (20}
MEAL, PHBAL, CLBAL

ENGL) GO TQ 1065
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Appendix C {(continued)

5§16,
$2117.
SZ18.
$219.
$320.
$321.
922
5223,
93224,
§:25.
§226,
§:21.
9zz8.
5229,
9230.
¢33l.
§322.
§323,
$334.
$235,
§336.
s327.
933c.
$340.
S3241,
$342.
§ 343,
S344.
5345,
S$34¢,
$347.
$348.
5345.
$350.
s2:l.
G282,
$3&3.
$354,
$35s.
g3%6.
€227,
$358.
S3E5%9.
S3€0.
§3¢1.
S3¢2.
93¢3.
S3k4.
52¢€5.
$3¢é.
93617.
93¢e,
$3¢€S.
$2170.
$311.
s2t2.
$3173.
$374.
$315.

c

C

c

SRRTMT=SRERTHPEVCFTH2.671
SACh
1F (ShCW .EC. NC) CGC TQ 982
SLMENY = SLFSMNYAMPPIN
PXSNY = PXSMYINRFIN
FELRAY = PFELRAYARIMPIN
RAOMEY — RACNEYEIMMPIN
CCANMEY = CCPMEYRMPPIN
CCRMEY = CCFRMEYHMIMPIN
CRAINY = CRIINYSMFPIN
SCRY = SGHYRRMEIA
ENEGNMY SNECPY2RFPIN
PACKNMY PACK#*NMFEIN
SEVAPY SENZEYRMRPIN
TSNBMY = JSMEALAMNPIN
FESTICICE
GE¢ IF (PEST .EC. NC) GO TQ 979
STSTMTaSTSTAKEPLE
SASTNT=SASTHKCFLE
SCSTMTaSCSTHKCFLE
SDSYMT2SDSTHKCFLE
LISTMTaLTSTHKGPLE
LASTMT=LASTHKCFLE
LCSTMT=LCSTHKEFLE
LCSTHMY=LCSTXKCFLE
LIST=LIST#KCFLB
LSTRMT=LSTR*K(CPLE
LASMET=LAS¥KCFLE
LCSMET=LCS*KCFLE
LCSMET=LLS*KCFLE
CSTFM1=CSTIR4KCPLE
CASMET=CASHKCFLE
CCSMET=CCSekCFLE
GDSMET=CDS*KCFLE
PRIT =FRITHKCFLE
SPRCTT=SPRCTIT*KCFLB
SPRETT=EPRETT*K(PLB
LPRITT=UPRITT#KEFLD
CEGTMT=CECTCT4KCFLB
CEGSMT=LECSCTAKCFLB
CEGUMT=CECLCTHKCFLE
DEGLMT=CEGLCTEKCFLB
TERBALM=TPBALAKCFLE
PETRIC MCLIFICZTICA CF SRRAYS
$1S LA 1Cez j=1,°%
RCETCT(II=FCRICT(]I*MMP IN
INFTCTUI )= IAFICTLT ) #MNP IN
RCITCT(I)I=FCITCTLI)*MNP IN
U2SBMTEII=LZISELI)*MMPIN
RESEMT{I)=FESELT)*MMPIN
SRGXFTLY)=SRCI(1)2MNPIN
ERSTCT(II=EFRSTICTII)*METOPT*2.471
SRERNT(I}=SRER(II*METOPT*2.4171
If (PEST .EC. NCJ) GO TC 1062
STSMETIL)I=STIS(1)*KGPLB
SASVET(I)=SAS(]1)*KGPLB
SCSMET(I)=sSCSI1)*KGPLD
SCSMET(I)=STS(J)*KGPLD
LISFET{I)=LTS{]1)*KCPLB
UASMET(I)=L2S{1)*KGPLB

" Hou
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Appendix C (continued)

$31¢.
9311,
$378.
9279.
$280.
Satl.
$:82.
93€3.
S3lt4,
S3€S.
S3¢&e6.
s3¢.
S38¢&.
S3ES.
$260.
9391.
$3s2.
9293,
939%4.
$365,.
§$296.
$as1.
§368.
$3%9.
5400.
9401.
$402.
$403.
9404.
$4C05.
$406.
$407.
sace,.
540S.
9410.
9411.
§412.
$413.
S4l4a.,
G415,
S4l6.
S4117.
S418.
9419.
$420.
S421.
9422.
5423,
9424.
9425,
9426.
9427.
$428.
$429.
$430.
9421,
S432.
§433.
9434.
$435.

C

JCEE

1C8s

UCSMET(I)=LCS{1)eKGPLD

UDSMET(I)LCS(I)*KGPLB

UPRISM(I)=LFRISII)KGPLD
PRTITCI(ID)=FFTICT(I)*KGPLB
PRCTCT(I)=FRGICT(I)*KGPLB
FRSTCTUIDI=FRSILT(I)*KGPLB
LPITCTUI)=LFITCT(II*KGPLB
10£2 CCNTINLE

RRITE
WRITE
RRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(644€C)
(€.262)
(€4362)
(€42€4)
(€02€5)
(€02€8)
(€,2€6C)
(€,281)
(€y3€1)

IF (SNCw .EC.

WRITE
"RITE
WRITE
hRITE
RRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(€s41¢E)
(€+47¢)
(€+48(C)
(€r4E))
(Ce4E2)
(6+482)
(€e4E4)
(E¢48E%)
(E€44E¢)
(Er4E7)
(6+45C)

RCETCT,ROSTOT
IMFTOT,RINTQT
RIVLT
RCITOT,RUTOT
g2¢10a7
RCHICT
FEICT,PRTOT 4 PRTGT s PRTOT» PRTQT s, PRTCT
NC) GO TO 1089

SLFSANY

FXENY

PELRAY

F2CNEY
CCAMEY
CCFMEY
CFAINY
CPrY

SAEGNY
FACKMY

(FACK .LT. IPACK) COVR = (PACK/IPACK)=*100.
{FACK .CT. 0.0l) GO TO 1088

CCVR = Q.C
SDEN - 0.0

1F
IF

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(€4451)
(€+492)
(€v4EL)
(€,2€%)
(Ee32¢EE)
(€,3€¢)
(E43EZ)
(€+27C)
(€4271)
(6272)
(€¢3732)
(€¢374)
(€37%)
(€+37¢€)
(€4377)

IF (SNCw ok(C.

WRITE (€olc(E)

SCEN
COVR
SEVAPY

EFTCTLEPTOT »EPTOT ,EPTOT,EPTOT LEPTOT
NEFTOT o NEPTOT,,NEPTOT »NEPTOT NEPTOT,NEPTOT
CCVER

L2SEMT,UZSMET
LZSMEToLZSHET oL ZSMET 5L ZSMET »L ZSMET,LZSMET
SCYPET ySOGWME T oSGWMET o2 GWMET o SGWNET » SGWMET
SCEFMT ,SCEPMT »SCEPMT o SCEPMT » SCEPMT, SCEPMT
RESEMT ,RESSMT

SFCOIMT, SRGXTM

THELMT

YES) WRITE (6,489) TShBMY

WRITE (€,121C) EFSTCTLERSNTT

WRITE (&€41211)
IF (PEST
WRITE (&412€7)

SRERNMI,SRRTMT

«EC. NC) GO TO 980

WRITE (6+1221) STSMET,STSTMT
WRITE (&91222) SASMETSASTMT
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Appendix C (continued)

§43¢.
9431,
9438,
9439,
9440,
9441,
G442.
S443,
G444,
S445.
S44&.
S441,
$4484
S449.
5450,
S451,
9452.
9453,
€454,
G455,
$456.
$4517.
S458.
§459.
S460.
G461,
S462.
S 4£3,
S4é4h.
$ 465,
C4¢Ebe
S4617.
S4¢€E,
94¢&S.
$410.
S471.
$472.
9473,
S&T4,
9475,
S476.
8411.
$478.
94179,
S$480.
§481.
5482,
S483.
9484,
5485,
5486,
$487.
G488,
S489,
$4S0.
$491,
$492.
9463,
5454,
S495.

WRITE (€41223) SCSMET,SCSTMI
WRITE (641227) SCSMET,SDSTMT
WRITE (641224) UISMET,UTSTMT
WRITE (€41222) LASMET, UASTMIT
WRITE (€&€41223) LCSMETUCSTMT
WRITE (641227) LUSMET,UDSTMT
WRITE (&4122€) LFRISNM,ULST
WRIT. (€4122€) LETRNT

WRITE (€41226) LASMET

WRITE (€,122C) LCSMET

WRITE (&41221) LCSMET

PRITE (€£,1222) CSTRMT

WRITE (€y9122S) C(2SNMEX

WRITE (€41220) CCSMET

WRITE {€,1221) (USMET

wWRITE (€,122€) €RTVTCT,PRTT
WRITE {€,1241) FECTCT,SPRATT
WRITE (€41242) FFSTCT,SPRSTT
WRITE (€,41242) LFITCTL UPRITT
WRITE (&,1245)

WRITE (€4124%) CECTVMIT

WRITE (€4124€) CECSNMT

WRITE (€,1247) LECUMY

WRITE (€412%2) CECLMT

WRITE (€,12€€) TFEALM

SEQ IF (NLTE LEC. ML) CO TO 1065
CONVF CONVERTS Lo/AC TO KG/HA

OO0 60

€O £3C J=1l,2(
SNESYT L) - SARSYTI(J)*CCONVF
SNRFCYTUJ) = INFOYT{J)®CCNVF
UNFIYT(J) = ULMRIYT(JI*CONVF
NESYTLJ) NESYT {J)*CONVF
LARFY(J) - LMRFYU(J)*CONVF
TARBY(J) = TAFEY(JI*CUNVF
SNREYT(J) = SMFBYTU(J)I*CCNVF
UNRBYT(J) CARBYT (J)*CONVF
LARBY{J) = LMFEYUJI®CONVF
GAREY(J) GrFEY (J)*CONVF
TANFFVYLJ) - TMFHVY(J)*CONVF

SNIFET(J) = SAT(JI*CONVF
UNTFETtJ) = LATUJI*CUNVF
LATTIMT L) = LAIT1J)eCONYF
LAFETII) = LM(II*CONVF
GAMET(J) - CMIJI*CCONVF
CC 525 1ELK=1,5
SAREY UL TELK)
SNRCY (J o IELK)
LARIY (G IELK)

SNR'SY (J» IBLK }*CONVF
SNROY (J 4y IBLKI*CONVF
UNRIY (3, IBLK)*CONVF

¥ oo

IF (FY(2L .EC. CALB) GO TG 529
SAMET (L 21ELK) = SN(J,IBLK)*CONVF
LAMETLJ 2 IELK) = UN(J,sIBLKI*CONVF
LAIMETU(JH1ELK) = UNI(J,y IBLK )*CONVF

£2$ CCNTIANLE
520 CCNTINLE
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Appendix C (continued)

$456. NEALNT = NE2LSCUMVF

$497. PHBLNMT = FLEAL*CCAVF

G4SE. CLBLMT CLEAL®*CCMVF

5499. C

$5G0. c

S:Cl. CCNC = KGFhe

ssg2. WRITE (€,1C<2)

9503. WRITE (€,40C€0) CCNC

StC4. C

9505. WRITE (€4+4C(%)

SZ06. WRITE (€,40C€) (SPTMET(J) yJ=1y7)y(SNTMET(J),Jd=11,14), SNTMET(20)
St07. WRITE (€,402C) (JELK,(SNMET(J+IBLK) +J=19T)y (SAMET(J,IBLK)yJ=11414)
$S08. 1 2SNMET (20 ,1bLK)y IBLK=1,5)

SECS. WRITE (£,4CC7) (UINTMET(J) oJ=1yT) s (UNTMET (J)sJ=11,14),UNTMET(20)
St10. WRITE (6,4C2C) (IBLKe(UNMET(J IBLK) 1 J=157)y (UNMET(JyIBLK)yJ=11y1%)
S€1l. 1 sUNVET(20,1BLK)y 1BLK=145)

SEl2. WRITE (€44015) (UNTYMT(J) oJ=LyTds (UNITMT(J)sJ=11+14),UNITMT{20)
$513. WRITE (6+4020) (IBLKy(UNIMET(JIBLK)sJ=137),

9Z14. 1 (LNIMETU{J 9 IBLK)¢J=11 914},

St15. é LMPET(20,1BLK), 1IBLK=1,5)

5E16. WRITE (644CCE) (LNMET(J) oJ=147), (LNMET{J)+J=11+14),LNNET(20)
St17. WRITE (€6440CS) (CGANMET(J) 9J=L1sT)e (GNMET(J)yJI=11,14),GNNET(20)
S£18. C

SE19. WRITE (€44011)

9£20. RRITE (€44012)

9t21. WRITE (€,4C13) (SNRSYT(J)3Jd=197)» (SNRSYT(J)»J=11,14),SNRSYT(20)
st22. RRITE (€4+402C) (1ELKy (SNRSY(JyIBLK)»JI=1s7),

st23. 1 (SARSY({J,1BLK) yJ=11)rl4),

$%24. 2 SANRSY(20,18LK) e IBLK=L45)

stas, WRITE (€,4014) (SNRCYT(J) 9J=1s7)s (SNRUYT(J)eJ=114s14), SNROYT (20}
Stzé. WRITE (€+¢4C2C) (IELK,(SNROY(J»IBLK)»J=Ls7),

ge21. 1 (SMPCY(J,IBLK) yJ=1lel4),

st28. é SARCY(20,1BLK)y 1IBLK=1,45)

5£29. WRITE (€54015) (UNRIYT(J)yJ=1,7) o lUNRIYTLJ)9»J=11+14),UNFIYT(20)
S£30. WRITE (€+4C2C) (IELKy (UNRIY(J,IBLK)»J=1e71),

St3l. 1 (LMRIY(JpIBLK) 9pJ=1191l4),

Sf32. 2 LARIY(20,1BLK)}y IBLK=145)

§t23. WRITE (€44CL€)  (ARSYTUJ) 9d=1,7) o (NRSYTUJ)»J=11,14),NRSYT(20)
5234, WRITE (&,4017) (LNRPY(J) yJ=L47) y{LNKPY(J)9J=11414)+LNRPY{(20)
§£35. WRITE (€4401€) (TNREY(J) 9J=1,T)y(TNRBY(J)}9J=11414),TNREY(20),
$£36. 1 (ENRBYTUJ) 2J=1yT) o {SNRBYTJ)»J=11414),SNFEYT (20),
$5371. 4 (UNRBYT(J) 9J=1,7) o (UNKBYT(J)»J=11,414)y UNRBYT(20),
S£36. 3 (LNRBY(J) sJ=Lo7) s (LNRBY{J) »J=11914) ,LNRBY{20),
S£36,. 4 (CNREY(J) 9J=1+7 )y (GINRBY(J )9 J=11414),GNREY(20)
$£40. WRITE (€44C1S) (INRHVY(J) 9J=1,7) s (TANRHVY (J) 9 J=11+14) s TNFFVY (20)
SE41. WRITE (€44021) PMEALMT, PHBLMT, CLBLAMT

S£42. C

S£43. C ZEFCING OF VARIABLES

St44. C

S£45. 10€€ PRTCY = C.C

St46. RUTCT = 0.0

St41. NEPTCT = Q.C

$t48,. RGSTCT = Co(

$545. RITOT = 0.0

$£50. RINTCY = 0.C

9551. EASTCT = 0.C

$£52. RCHICT = Q.(€

983, EFTCTY = (.C

9E54. ERSNTT = C.0

SEES. PRTT = 0.0

314



Appendix C (continued)

§£56. SFRCTIT =~ (.0

SEE . SERSTY = 0.0

$558. UPRITT - C.¢

S£5S. CEECSCT = 0.0

€s¢el. CEGLCT = (.0

Stél. DECLCT = 0.0

Ste2. SUNSAY = 0.0

S864. MELRAY - Q.C

S€€S. RACFEY - 0.C

$5¢&6, CORFMEY = (.(

€5€. CCAMEY = 0.C

€té8, CRAINY = C.C

SE6S. SGMY — C.0

S£70. SNEGMY = 0.C

SE11. SEVAPY = (C,(

$572. C

$£13. BC 1CEE  j=1,%

Stla. ERSTCT{]) = 0.0

§575. fFCBTICTI{(I) = 0.0

Sc76a INFTCT(L) ~ 0.0

95117. PRTICTI(I) = 0.0

€£7S,. FRCTCT(I) = 0.0

€580, LFITCT(I) = 0.0

GEEl. 1Ceé8 FCITCTI) = 0.0

cfe2. C

S$Ce3, IF (NUIR EC. AC) CE€ TO 1070

Sf€4. C

95€5. c ZERQO YEARLY NUTRIENT ACCUNMULATIGNS
GSEEbL. c

9EET,. CC 524 J=1l,2C

$£88. LNREY(U) = C.C

9t89. LAREY(J) = 0.C

9561. TAREY(J) = 04C

S5£52. TANREVY (J) = C.C

9553, DC £23 1ELK=],5

9594, SARSY (L 1ELK) = Q.0

$5%5. SANECY{ s1ELK) = 0.0

5596, LARIY (S, TELK) = 0.0

5557, ARSY (L. IELK) 0.0

5558, SAREBY (. IELK) = 0.0

$599. LARBY (J,IBLK) = 0.0

S5€00. £33 CCATINLE

S€Cl. €24 CCNTINLE

S€C2. C

S¢03. 1(7C RETLRA

S¢C4, C

G€CS5. c

SEC6. C FORMATS

9607. C

SséC8. 10S2 FCRVAT ('Q*)

9609. 1103 FCRMAT ("0 ,24X,*BLOCK ) BLOCK 2 BLOCK 3 BLCCK 4 BLOCK 5¢,
9¢10. C SXy"TCTAL')

S¢éll. 12C€ FCRFMAY (*0',8X,*'SEDINERT, TCNAES/RHECT ARE®)
S€El2. 1207 FCRMATY ('0°* X, FESTICIDE , KILOGRAMSY)
€€l3. 12CS FCRMAT (*0°%, EX*SECINENT, TUNSZACRE"*)
S€l4a. 121C FCRMAT (' ¢ ,11Xx,"ERCOED SEDIMENT "32(3XeFTa3144XeFTe3)
S€15. 1211 FCRMAT Y ", 11X ¢'FINES DEPULIT 6X013XsFT1+3) »4X,FT1.3)
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Appendix C (continued)

Sélé.
S¢€ll.
S¢€l8.
S619.
S5¢20.
Sézl.
$622.
5623,
€624.
$€25.
S€E26.
s6217.
$€28.
S¢29.
5¢€30.
$¢&3l.
S¢€32.
9€33.
S€34.
§¢€3s.
9&2¢.,
S¢€37.
€€36.
G€39,
9¢€40.
Sé4ql.
Sé42.
S&E43.
Gé44.
$¢€45,
C€46.
Sé41.
Se48,
S€49.
9€50.
9¢€ci.
$652.
S€f3,
S¢€s4,
SESS5.
S€56.
9é51.
GeEceE,
SES5S.
S660.
S¢€6la
S662.
S€63.
S6€4.
Sé65.
G¢E€b.
S€61.
Sé68.
S €65,
S€10.
€élle
$6172.
S€13.
S674.
$6175,

122¢
lzz1l
lz22
12232
1224
léze
1c21
122¢€
1229
123¢C
1e21
l¢ze
122
1c4(
1241
le4z
1243
124°%
le4¢
1241
124¢
1249
125C
1221
1222
12¢6¢
3¢
3¢2
3€2
3¢€4
3¢s
3€€
3ec
zel
3¢l
47t
417
4€cC
4t
482
4€2
464
4EE
4€¢
4€1
4SC
451
452
4ttt
3¢17
3¢t
3¢S
382
27¢
371
21¢
273z
374
315
37¢

FCRMAT
FCRMAT
FCRM2T
FORMAT
FCRMAT
FORMAT
FCRMAT
FORMAT
FCRMAT
FCRMAT
FCRNAT
FCRMAT
FGRM LT
FORMAT
FGRF 2T
FORMAT
FORNMAT
FCRMAT
FCRMAT
FCRMAT
FCRMAT
FCRM AT
FCRMAT
FCRMAT
FCRNAT
FCRMAT
FCRMAT
FCRNMAT
FORMAT
FCRNATY
FORMAT
FCRMAT
FCRMAT
FCRMAT
FCRNAT
FORMAT
FORMAT
FCRMAT
FORMAT
FCRN2T
FORMAT
FORMAT
FCRMAT
FCRMAT
FORMAT
FORMAT
FCRMAT
FCRMAT
FORMAT
FCRMAT
FORMAT
FORMATY
FCRMAT
FCRMAY
FCRMAT
FGRMAT
FORMAT
FCRNMAT
FCRMAT
FCRMAT

("0°+EX4*FESTICIOE , POUNDS')
(°0%. EXy'SURFACE LAVER' 19X45(3XyFT+3)¢3XyF843)

(.
(°

v11X s *2DSCRBED® 211 Xy5(3 Xy 7 e3)¢3XyFBe3)
111Xy *CRYSTALLINC® y8X95(5X9FT723) 43X,F8.3)

(*0°*s B8Xy'LPFER ZOUNE LAYER';0Ke>(3XsFTe3)9e3X,F8,.3)

‘l
‘l

v 11X " INTERFLUNW STJURAGE®»2X 502X yF843) 43XyF8.3)
v 11Xy *LISSCLVED® ,LO0X,5(3X9sFTa3)y3XsF8s3)

(*0°%, EX4'LOWER ZONE LAYER® 459X,F8+3)

(l
(l
(l

t 11Xy "ADSCRBED ! y64XyFHde3)
111X *CRYSTALL INE® y61 Xy Fbe3)
p11Xy"CISSCLVED® y03X,F843)

('0%. EX,*CRCUNDWATER LAYER®,58X,F8.3)
("0 48X 'FESTICIDE ReMOVAL,y KGSa®9y2X95(FT.3,3X),F8.3)
(*GC?s EXW'"FESTICIUE REMGVALy LBSa®42X+5(F7.393X),4F8.3)

(e

(0
(l

s 11X s "CVERLAND FLUW REMGVAL 'y 1X,5(F74343X),F8.3)
011X 4 SEDINMENT REMOVAL® y0A35(FT7e3,3X),F8.3)
211X " INTERFLUW REMOVAL®»5Xy5(F7e343X),F8.3)
211X 4" TOTAL® y68XsFT7.3)

v11Xs'FRCM SURFACE® ,01X,,F7.3)

211X 'FRCM UPPER LONE®:158XyF743)

2EX S *FESTICIDE ODEGRACATIUN LGSS, LBS,.')
vEXGYFESTICIDE DEGRACATIUN LOSSy KGS.*)
225X *SUNNMARY FOR ',14)

veEXe v ___ ')

211X *FRCH LOWER ZONE®*9»58XeF7.3)

111X, *FESTICIDE BALANCE=? ,Fd.4)

1EX*HPATER, INCHES?)

111X *FULNCFF?®)

114X ¢ "CVERLAND FLOW® 95X 45 (FB0342X) +1X,F8.3)
e 14X * INTERFLUNW® 49X, 5(FbBe3+12X) 91 XyFB8e3)
014X 4" THFERVIUUS? 459X ,,F8e )

v14X 3 *TOTAL® y13X,5({F8e3y¢X)s1lX9F8a2)
¢11X P EASE FLOW® y63X,Fde3 3

211X+ *CRCWATER RECHARGE® y55X4F843)

211X s *FRECIPITATION® 9y0X92(F7e293X) y1XyFTe2)
214X 4 SNCw? y65X,FT.213

214X o "RAIN UN SNUNW' ,57X,F7.2)

e14X o MELT & RAIN' y53XoFT7e2)

(*CellX *FELT)

('
(
(l
{°
(l
(¢

a @ o a o

(*o’

(l
{(°

(lo.
'.cl

‘I
('
(l

(*qQ*

(I
(l
(l
(I
(.
(l

214Xy *FACIATION® y60X,FT7.2)

v14X ,*CCAVECTICN® 159X,F7.2)

v14X 9 "CONUENSATICON® 457X,F7.2)

214X o *RATN McLT'00XsFT7e2)

114X, CRCUND MELT® ¢58XyF762)

214X 4 'CUN Neb HCAT 3 57X,F7.2)

311X 4*SNCh PACK! y03X9FT7e2)

o 11X *SNCw DENSITY? y00X,f7e2)

211X+ SNCw CCVER® y60X9FT7e2)

s 11X, *SNCh EVAP* 403X,FTe2)

s 11X, *EVAPCTRANSPIRATION®)
.14X.'FGIENTIAL',9X.S(F7.2'3X).1X.F7.2)
214X 3 *NET* 4 L5XK 93 (FT1e293X) 91XyFT.2)

214X *CRCP COVER'¢59X%X,FT7.2)

111X, STCRAGES")

114X "LPFER ZUNE' y8X9S5(F84342X) ¢ 1X4F8.3)
114X1.LCHER ZONE'.8X.5(Fo.3.2X).1X,F8.3)
914X s "CROULNUWATER® ¢ TX 32 (F8e392X) 2 1X4FB.3)
214X g "INTERCEPTIGN y6X95(F0e3¢2X) 9 1XeFBe3)
114X s *CVERLAND FLUNW® 35X 95 (FB3322X) o1Xy F8e3)
914X o * INTERFLOW® 49X 5(F8s342XK),1X4F8.3)
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Appendix C {(continued)

SE76, 377 FORFAT (*0°,11X,*RATER BALANCE=®,F8.4)

$677. 486 FCRMAT (' ",11X,*SNCh BALANCE= *,F38.4)

$€18a 4€0 FCRMAT ('GP 48X "¢ ATERy MILLIMETERS®)

SE19,. C :

SEROQ, C NUTRIENT FORMATS

SEEl. C

S¢E2. 4CCC FGRMAT {*C*" ,*NLIFIEATS ~ "3 A5,11X¢'ORG-N? 43Xy 'NH3~-S* 43X,y *NH3-A",
$£83. 1 SXge *NCZY 95Xy 'NO3® s6Xg " N2% g 2X s "PLNT~N"® 43X *ORG~P* 43X,
S¢84, < 'FC“S'12)1'FC4'A"£XQ'PLNT‘P' 16X LLY)

SEES5, 4C08  FCRMAT  (%C*,3X,'STCRAGE®)

SEES,. €06 FORMAT (*0°,SX,"SURFACE LAYZR' y3X,F0s0,6F343,F8.0,3F8.32,F8.3)
GEET, 4007 FCRMAT  ('0'yCXx4'LFFER LONE' yOX1F 8.0 46F0e3¢F8.0,3FB8.3,F8.3)
S&EEL, 4GCE FCRMAT {'C*oSX o 'LOWER ZUNE' 30Xy FBaUyOF3a3,+7840,3F8.3,F843}
S£8S. 4CC9 FCRMATYT  (*'C*3SX y'CRCUNDNATER® y5X¢+FBsD90F8e39FB.093FB8e39FEe3)
9650, 4011 FORMAT (*C*',ZX,*FfcNCVALY)

S651. 4C12 FORMAT  ('G*4¢X*AOVECTIVE?)

$E€S52. 4C1l2 FCRMAT  (PC'ySX ' SEOIMENT? y8X41F3.0,)0F8439F8.0,+3F8.34F8.3)
$€63, 4C14 FCRMAT  ("0°+SXs*CVERLAND FLUNW® ¢3X3F8a090F343,F8.0,3F8,3,F8.3)
S€S4. 4015 FORMAT  (*0'  SX,'INTERFLONW® 47X+ F8,0,6F8e3,F8.0,3FB.3,FB,3)
S6S5,. 401€ FCRMAT (*0",SX,*'TOTAL TO STREAM ¢ ,FUdeu,0F3.3,F8.0,3F8.3,F8.3)
5€56,. 4C1T FCORMAT {'Q",SKo'FERCCLATICN TO */,* "51cXy 'CROUNDWATER® 92Xy
§&S17. 1 FELCyEFEL3,FELQy 3FBa3,yF8431)

$658. 401& FGRMAT (*0%4&X*BICLCGICAL ~ TOTAL "yFB3404+6F843,F8.0,3F8.3,F8a3y
9699. l /" ',S)Q‘SLRFACE"9X1F60006F0031F3.0'3F8-3'F803'
$100. < /3% *sSXy'UFPER ZLONE' 36Xy3F5.0,6F8.3,F8.0,3F8.,3,4F843,
S101. 3 Fy® " eGXy'LORER ZOUNC? yOAKpF8.016F3434FB8.0y2F8.3,4F8.3,
§$702. < /e’ "q)'.GRCUNUﬂATéK.15K.FO.U,OFB.J'F8-093F8o3'F8.3,
$903,. 4C01S FCRMAT [0 ,6X ¢ FARVEST? 12X 4F840,0F0e3¢sFd40,3FB83,F8.3)
$7C4e. 4021 FORMAT (*C',ZX,*PASS BALANCE®,

$7G5. 1 /»* *5€),"NITROGEN = *4,F8e3

S1C6. < f97 V€X' FRCSPHURUS = *,F8.3,

$i0?. 3 /3% "4EX,'CHLLKIDE = YyF8Ba3)

Sice. 4C2C FORMAT (' = 412X ,'BLOCKY y]1296X,F8.056F8e3,F8.0y3F8,.3,F8,.3)
$7C9. C

$110. END

9500. /2

Ss01l. F/LKELLSYSLMCL CC CSNEME=C510.DCBJT508.AMOA,D1SP=I{NEWKEEP),

5602. 1/ SFRECE=(TFK, (50,251 yRLSED JUNIT=2314,VOL=SER=FILED
Ss<C3. J/LKECSYSIN CC ¢

$SC4. MIVE  ARP

§505,. /4
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