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ABSTRACT

Simulation of Contaminant Reactions and Movement (SCRAM) is
a computer simulation designed to predict the movement of pesti-
cides from agricultural lands. SCRAM is composed of determinis-
tic submodels which describe the following physical processes:
infiltration, percolation, evaporation, runoff, sediment loss,
pesticide adsorption and desorption in the soil profile, pesti-

cide microbial degradation in the soil profile, and pesticide
volatilization.

SCRAM predictions of these physical processes are compared
to experimental data furnished by the Southeast Environmental
Research Laboratory*in cooperation with the Southern Piedmont
Conservation Research Center. Simulated runoff for two small
watersheds (less than 3 hectares) near Athens, Georgia, agrees
reasonably well with experimental data. Sediment loss is not as
accurately predicted. Predictions of pesticide loss in the run-
off and on the sediment are in reasonable agreement with experi-
mental data if allowance is made for the effects of inaccurately
predicting sediment loss.

Simulated pesticide movement in the soil profile differs
from experimental measurements at the surface and below 10 cm.
Simulated degradation rates are below measured rates early in the
season but are in closer agreement by the end of the season.
Volatilization losses for a single pesticide agree qualitatively
with measured values. The evapotranspiration model was not
evaluated directly.

Further testing and development is recommended to improve the
sediment, degradation, and adsorption-desorption models. With
additional development SCRAM should prove to be a valuable re-
search tool to increase our understanding of how pesticides and
other agricultural pollutants are transported to the aquatic
environment.

This report was submitted in fulfillment of Contract No.
68-01-2977 by ESL Incorporated under the sponsorship of the
Environmental Protection Agency. Work was completed in January
1975.

*Now Environmental Research Laboratory
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SECTION I
CONCLUSIONS

1. Simulation of Contaminant Reactions and Movement (SCRAM),
a computer simulation based upon deterministic submodels, is a
valuable tool in understanding how pesticides are transported

from agricultural lands to the aquatic environment.

2. The use of deterministic submodels (rather than statis-—
tical submodels) significantly increases the amount of computer
storage and processing time required to simulate a typical grow-
ing season. SCRAM requires 372,000 words of storage on an IBM
370/145 and takes approximately two hours of CPU time to simulate
a 3-4 month growing season. However, the advantages of being
able to predict the pesticide distribution in the soil profile
and soil moisture profile are important in understanding how

pesticides are transported to the aquatic environment.

3. Simulation of surface runoff from small watersheds near
Athens, Georgia, agrees reasonably well with experimental mea-
surements. Additional refinement of the hydrologic submodel will

improve the results for the winter storms.

4, Sediment loss predictions do not agree with experiment-
al measurements. The reasons for the disagreement may reflect
(1) inadequacies of the modified Foster-Meyer submodel, and/or
(2) the physical design of the experimental watersheds, which

alters the natural flow of runoff.



5. Simulated diphenamid loss in the runoff water and on
the sediment for a small watershed of 2.70 hectares agrees with
exXperimental measurements. Atrazine loss from a 1.4 hectare
plot was not accurately predicted, primarily because of low

runoff and sediment loss predictions.

6. Pesticide movement in the soil profile depends on the
amount of water infiltrated, and percolated, and on the rate
of evaporation and transpiration. Accordingly, differences
between simulated and experimental pesticide distributions in
the soil profile depend on many processes other than the pesti-
cide adsorption/desorption submodel. Nevertheless, some general

observations are possible:

(a) Some diphenamid is transported below five

centimeters more rapidly than predicted.

(b) Some diphenamid remains in the upper five

centimeters longer than the predicted time.

(c) Initial movement of atrazine into the soil

profile is more rapid than predicted.

(d) Regardless of the pesticide type, the
simulated rate of removal from the soil

surface is too rapid.

7. Simulated degradation of diphenamid is in qualitative
agreement with experimental results. Simulated atrazine de-
gradation did not agree with experimental measurements. Adjust-
ments to the degradation submodel, plus the addition of a soil

temperature submodel, would improve the results.



8. Simulated volatilization losses of trifluralin are some-
what unsatisfactory. Total simulated losses agree with experi-
mental losses only for unexpectedly large values for the diffu-
sion coefficient. Trifluralin movement in the soil profile is in

close agreement with experimental results.

9. Further development and testing of SCRAM is required
before it can be used effectively to predict the water quality

impact resulting from applications of pesticides to agricultur-
al lands.

10. Simulation can be a valuable technique for developing
effective controls to reduce pesticide pollution of the aquatic
environment. Parameters determined from laboratory tests on
pesticides can be used to simulate the environmental impact.
Quantitative comparisons between pesticides can be developed
for the same simulated conditions. Pesticides which have a
high potential for transport may be restricted to uses where

there is little threat to the aquatic environment.



SECTION IT
RECOMMENDATIONS

In the future, nonpoint sources of water pollution will
be an increasingly significant factor in our nation's ability to
meet the water quality standards specified in the 1972 Federal
Water Pollution Control Act. Simulation is potentially a valua-
ble technique for quantifying the degradation of water quality
by nonpoint sources and for developing effective controls to re-
duce nonpoint source pollution.

Simulation of pesticide movement from agricultural lands
using deterministic (as opposed to statistical) models appears
feasible based upon the results of this project. Development
and testing of a large computer simulation program like SCRAM

leads naturally to the following recommendations:

1. Perform additional testing of the entire simulation
using existing experimental data. The results would
provide the necessary information to make changes and

improvements to SCRAM.

2. The hydrologic model should be modified to include
interflow and groundwater flow. Changes should also be
made to account for different hydrologic properties as

a function of soil depth.

3. Modifications should be made to the evapotranspira-
tion model to improve the algorithm which extracts and

redistributes water in the soil profile.



This algorithm affects the initial soil moisture
profiles for subsequent storms, thereby altering runoff
volumes, runoff rates, and sediment loads. Additionally,
it indirectly influences all the pesticide predictions by
altering the moisture profile used to degrade the pesti-
cide and by affecting infiltration velocities that deter-
mine adsorption-desorption profiles, thus altering the

pesticide in the runoff water and sediment.

4. A soil temperature predictive model should be
developed and incorporated into SCRAM to predict a soil
temperature profile as a function of such external
variables as crop canopy and meteorological conditions.
It is impractical to use experimental data, which will
generally not be available. Soil temperature profile

is an input to the degradation model.

5. The sediment model should be examined in detail

to determine why the simulated results do not agree
with the experimental results. This model is critical
to the overall success of the simulation. More testing
should be done and the impact, if any, of the present
experimental procedure on sediment loss should be

determined.

6. The pesticide adsorption-desorption model should
be modified to incorporate a pesticide application
algorithm. The pesticide cannot be assumed to dissolve
at the surface during the first rainfall. Also, the
present model requires soil depth increments of less

than 0.5 centimeters, which is incompatible with other



submodels. Finally, this model should be modified to
permit pesticide degradation and allow for pesticide

in a crystalline state.

7. SCRAM should be tested on watersheds larger than
three hectares. As part of this effort additional
models and algorithms should be developed to define

the interrelationships between each zone on the water-
shed and to permit different crop types and conservation

management practices on each zone.

8. Finally, the applicability of SCRAM to other types
of agricultural pollutants and other nonpoint sources
of pollution should be investigated and implemented if

appropriate.



SECTION III
INTRODUCTION

BACKGROUND DATA

Pesticides - with their capacity to kill insects, weeds,
rodents, and fungus - combine with machinery, fertilizers, and
new seed types to make American farmers the most productive on
earth. Economic savings due to increased crop production have
been estimated at more than 4.5 billion dollars per year. The
use of chemical pesticides has also stirred intense controversy
and concern over the real and presumed hazards they create in
the environment.

Pesticides differ widely in chemical and toxicological
characteristics. Presently there are thousands of registered
formulations incorporating nearly 900 different chemicals. U.S.
production of pesticides totaled 0.5 billion kilograms in l97l.l
Trends in production indicate an annual increase of 15 percent,
plus predictions of increasing demand during the next decade.2

The pesticides of greatest concern are those that are per-
sistent for long periods and therefore accumulate in the envi-
ronment. Chlorinated hydrocarbon insecticides are a notable
example. Regardless of how they enter organisms, chlorinated
hydrocarbons have an adverse effect on the nervous system.3
Mild concentrations cause headaches, dizziness, gastrointestinal
disturbances, numbness and weakness of the extremities, hyperir-
ritability, and apprehension. Higher concentrations are asso-
ciated with muscular fasciculations spreading throughout the

body, followed in some cases by convulsions and death.4



Due to the absence of human volunteers, most safe human
exposure levels are derived from studies with mice. In one
study using tumorsusceptible mice, increased incidences of tumors
were produced with large doses of DDT (46.4 mg/kg/day).5 Another
study with mice over five generations showed a greater incidence
of malignancies and leukemia after the second generation.6
Other studies involving a variety of chlorinated hydrocarbons have
demonstrated that some compounds are highly toxic while others
produced no effects in mammals (rats and dogs).

Organophosphorus (e.g., parthion) and carbonate insecticides
ingested over prolonged periods result in the dysfunction of
cholinesterase (destruction of acetylcholine, which prevents
reexcitation of muscle fiber) of the nervous system.8 Studies
involving the toxicity of the chlorophenoxy herbicides (2,4-D;
2,4,5-T; etc.) are inconclusive, but apparently adverse effects
are associated with very high doses.2

Documented ill effects of pesticides are not limited to
humans but include birds, shellfish, wildlife, and beneficial in-
sects. Between 1966 and 1968 more than 30 percent of the bald
eagles found dead in the United States had lethal levels of
dieldrin in the brain.9 Many of the 48 bald eagles found dead
in Wyoming in 1971 had been killed by thallium, a toxic poison
used in animal control.9 Coho salmon, lake trout, chubs, and
lake herring from Lake Michigan are not considered acceptable
for sale in interstate commerce because of high levels of DDT.4

An added complication exists in agquatic organisms which
accumulate ingested pesticides. The transfer of pesticide resi-
dues from prey to predator ultimately results in residues in
the higher trophic levels many thousand times greater than am-
bient water levels (biomagnification). The result may be lethal

to large predatory birds and mammals.9



Thus, while pesticides significantly contribute to agri-
cultural productivity, it has become apparent that the danger to
man and the environment may outweigh the benefits. Increased
knowledge of the effec®™s of pesticides on ecosystems has resulted

in pressure for new legislation governing the use of pesticides.

LEGISLATIVE BACKGROUND

Federal responsibility for the control of pesticides was
transferred primarily to the United States Environmental Protec-
tion Agency (EPA) when it was established in December, 1970.
Several major Federal laws are available to the EPA for control-
ling pesticides. 1In 1972 Congress passed the Federal Environ-
mental Pesticide Control ActlO (FEPCA) which amended the Federal
Insecticide, Fungicide, and Rodenticide Act (FIFRA) of 1947.
11 (Fweca)
(as amended in 1972) and of the Federal Food, Drug, and Cosmetic

Act12 are applicable to pesticide control.

Portions of the Federal Water Pollution Control Act

FEPCA continues FIFRA's use of product registration as a
basis for control. A full sample label and product formula must
be submitted. The label must contain a description of the pro-
duct's capability and clear directions for its use. Manufac-
turers must show that the product can perform its intended func-
tions without causing unreasonable adverse effects on the envi-
ronment.

A pesticide may be registered for general or restricted use
depending on the product's possible unreasonable adverse effects
on the environment. A product is registered for general use if
it is unlikely to have adverse effects if properly used. Pesti-
cides which may produce adverse effects are registered for re-
stricted use and may only be used under the direction of a certi-
fied applicator. Under this classification of pesticides, denial

of registration would only be possible if a pesticide would cause



unreasonable adverse effects on the environment regardless of
regulatory restrictions. However, FEPCA also provides for a
change in classification or cancellation after initial registra-
tion if evidence subsequently develops that the pesticide gener-
ally causes unreasonably adverse effects on the environment.

FEPCA also extends regulation to the manufacturer's premis-
es, which must be registered with the EPA. This requirement
provides information on the production and distribution of pesti-
cides. 1Inspection of registered premises may occur upon written
notice to the owner, whether or not a violation of the Act's
provisions is suspected.

Under the Food, Drug and Cosmetic Act, pesticides which are
used in a manner which leaves a residue on crops that provide
food for man or animal are subject to tolerance specifications.
Manufacturers are required to submit information to support the
amount of pesticide residue (tolerance) which can safely remain
on the crop after harvest. Where the supporting data is inade-
quate or a health hazard exists, zero tolerances may be specifi-
ed.

The amendments to the Federal Water Pollution Control Act
of 1972 contain several provisions directed toward nonpoint
source pollution control. Nonpoint sources are not defined in
the Act but are cited in several Sections and include agriculture,
silviculture, mining, and construction activities. Pesticides
are a predominant pollutant from nonirrigated farming and hence
the nonpoint source provisions of FWPCA are available to the

EPA to control pesticide pollution.
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EPA's efforts to control nonpoint sources involves two
approaches. The first is the identification and application of
the best practical control technologies through Federal, State,
and local mechanisms. The second element is a broad based effort
to assess and control the water quality impact of nonpoint
sources. These efforts should help to implement farm management
practices at the local level, such as terracing, diversions, con-
touring, stripcropping, crop rotations, and cover crops which
reduce water erosion on farm lands.l

In order to fully implement FWPCA 1972, the EPA will need to
develop and verify procedures for (1) estimating pesticide dis-
charges from agricultural sources, and (2) predicting reductions
in pesticide discharges resulting from implementation of specific
controls. A first step in this process will require an under-
standing of how pesticides are transported from agricultural

lands to the aquatic environment.

MOVEMENT OF AGRICULTURAL PESTICIDES TO THE AQUATIC ENVIRONMENT
The pathways pesticides follow from the time of application
to argricultural lands until they reach the aquatic environment

have been delineated in detail elsewhere.l’l3

Briefly, there are
two major pathways: dissolution in runoff water, and adsorption
on sediment carried by runoff water. Depending on the pesticide,
rate and mode of application, and soil type, one or both mecha-
nisms may be present.l4 Some pesticides are highly volatile and
are not readily transported in runoff water or on sediment.
Nevertheless, they may be deposited in the water systems. Other
pesticides which are persistent may be leached from the soil as
rainwater percolates through the soil. Eventually these pesti-
cides may reach groundwater and be transported into the rivers
and lakes. Finally, pesticides may be directly applied to water-

bodies via poor application techniques.
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Unfortunately, although the potential pathways for pesticide
movement are relatively easy to identify, their relationship and
significance to each pesticide is not easily quantified. Rainfall
occurs without producing runoff or heavy rainfall and runoff, may
occur shortly after application. Some pesticides are surface
applied and readily interact with runoff water; others are incor-
porated into the soil. Adsorption of some pesticides in the soil
is so strong that very little pesticide appears in the runoff
water. Tillage systems and conservation practices including
terraces, diversions, stripcropping, and contouring have a signi-
ficant impact on the amount of runoff and soil erosion. Pesti-
cides on the surface and in the soil undergo microbial, chemical,
and photochemical degradation. These processes in turn are in-
fluenced by solar radiation, relative humidity, and soil moisture.
Volatilization depends on the pesticide type, soil moisture, soil
temperature, and wind velocities.

Understanding these phenomenon and developing effect tech-
niques for controlling pesticide contamination of the environment
can be accomplished with the aid of systems analysis and mathe-
matical modelling.

SYSTEMS ANALYSIS AND MATHEMATICAL MODELLING OF PESTICIDE TRANSPORT
The systems analysis approach to problem solving involves a
number of more or less standard steps:

1. Formulation of the problem.

2. Construction of mathematical models that describe

the significant variables of the system.
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3. Development of a simulation structure compatible

with selected mathematical models.

4. Collection of data to allow estimation of the

model parameters.

5. Testing of the model, proposed solutions and
sensitivity analysis of the parameters, i.e.,

simulation of the system.

6. Identification of the best solutions.

The first step formulation of the pesticide problem has been
reviewed in this section and is covered in detail in the refer-

1,4,13 Construction of mathematical models to describe

ences.
runoff, sedimentation, and pesticide movement is discussed in
this report. The simulation structure developed to accommodate
the mathematical models is discussed in Section V. Data collec-
tion was performed independently but is presented in Section IV.
The initial testing of the simulation and models and the sensi-
tivity analysis comprise Section VII. The final step, identifi-
cation of the best control methodologies to reduce pesticide
contamination of the aquatic environment, will require additional

model development and simulation in the future.
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SECTION IV
EXPERIMENTAL PROGRAM CONDUCTED BY EPA/USDA

GENERAL

SCRAM was developed as part of a large program conducted
by the U.S. Environmental Protection Agency's sSoutheast Environ-
mental Research Laboratory (SERL). Data to support the model
development came from an extensive field investigation effort
conducted by SERL in cooperation with Southern Piedmont Conser-
vation Research Center of the Agricultural Research Service
(ARS), U.S. Department of Agriculture (USDA). This Section
summarizes the joint EPA/USDA field program to facilitate the
understanding of the entire project.

EPA/USDA FIELD SITES

The field program was started in 1972 with the establishment
of two watersheds, two small scale plots, and twelve attenuation
plots. The program was expanded with two additional watersheds
during 1973. The watersheds (P-01, P-02, P-03, P-04), subplots
(SP-1, Sp-3), and attenuation plots are within 3.5 kilometers
of each other in Oconee County, Georgia (Figure 1l). Soils are
predominately Cecil Sandy Loam with high acidity and clay content
and low organic matter.

Schematics of the four watersheds are shown in Figures 2-5,.
P-01 is the largest watershed at 2.70 hectares and like P-02
(1.29 ha.) represents poor conservation management practice.
P-03 (1.20 ha.) and P-04 (1.38 ha.) are representative of good
conservation management practice with graded terraces, grassed

waterways, and aerially seeded winter rye crop.
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P-01 and P-03 were planted in soybeans and three herbicides
were used: paraquat, diphenamid, and trifluralin. Atrazine and
paraquat were applied to P-02 and P-04, which were planted in
corn. Both subplots were planted in soybeans and paraquat,
diphenamid, and trifluralin were applied. Table 1 summarizes
the field site parameters for 1973 and Table 2 presents the
pertinent herbicide properties.

EXPERIMENTAL PROCEDURE (WATERSHEDS)

The watersheds were primarily designed to provide data on
pesticide movement during runoff producing events. Each water-
shed was equipped with a recording rain gauge. Runoff from the
watersheds was gauged with a 0.762 meter stainless steel H-
flume.lS During event runoff, samples were collected with a
traversing D.C. powered slot and a stationary splitter. The
runoff sample was allowed to flow by gravity to an adjacent
refrigerated collection compartment. The samples were collected
in 11.35 liter stainless steel beakers positioned on a rotating
platform. All conveyance and collection vessels were fabricated
with stainless steel to prevent pesticide sorption. A float
mechanism was constructed to energize (D.C. power) the rotating
beaker platform at sample completion. Relay circuits were
fabricated with the float device to record the sample collection
time and flume stage height. As described by Fleming and

16 each sample was sub-divided for separate chemical and

Leonard,
sediment analysis. Sediment concentration was determined for
each sample. The chemical analysis involved sediment separation
for pesticide analysis in both the water and sediment

fraction.l7’18
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Table 1.

EPA/USDA FIELD EXPERIMENTAL TEST
SITE DATA FOR 1973

WATERSHEDS SUB-PLOTS ATTENUATION
DESCRIPTORS P-01 P02 P-03 P-04 SP-1 SP-3 PLOTS
AREA 2.70 ha 1.29 ha 1.20 ha 1.38 ha 9X22m 26 X39m 6X9m
NUMBER OF
CORE SAMPLING 10 10 8 1 i 1 1/PLOT
AREAS
CONSERVATION - TERRACES TERRACE - -
PRACTICE & GRASS & GRASS
WATERWAYS WATERWAYS
SLOPE 2-6% 2-4% 3% INTO TERRACE - - FLAT
. 2% ALONG TERRACE

CROP SOYBEANS CORN SOYBEANS CORN SOYBEANS SOYBEANS SOYBEANS
PLANT DATE JUNE 13,1973 MAY 11,1973 JUNE 15,1973 MAY 11, 1973 JUNE 13,1973 JUNE 15,1973 JUNE 5, 1973
MATURITY DATE SEPT 12,1973 AUG 15,1973 SEPT 12, 1973 AUG 15, 1975 SEPT 12,1973 SEPT 12,1973 SEPT 12, 1973

PARAQUAT PARAQUAT PARAQUAT PARAQUAT SAME AS SAME AS PARAQUAT*

1.12 ka/ha 1.12 kg/ha 1.12 kg/ha 1.12 kg/ha- P-01 P03
PESTICIDES
AND DIPHENAMID ATRAZINE DIPHENAMID ATRAZINE SAME AS SAME AS DIPHENAMID*
APPLICATION 3.36 kg/ha 3.36 kg/ha 3.36 kg/ha 3.36 kg/ha P-01 P-03
RATE

TRIFLURALIN TRIFLURALIN SAME AS SAME AS TRIFLURALIN®

1.12 kg/ha 1.12 ka/ha P01 P-03 {INCORPORATED}

(INCORPORATED) (INCORPORATED}
CHLORIDE YES YES
FERTILIZER 5-10-15 6-6-24 5-10-15 SAME AS SAME AS 5-10-15
APPLICATION ON ON ON P-01 P-03
DATE & MAY 22,1973 MAY 11,1973 MAY 22,1973
RATE 428 kg/ha 640 kg/ha 428 kg/ha 448 kg/ha
WASHOUT YES NO
REAPPLICATION JUNE 4, 1973 JULY 23,1973 JUNE 4, 1973
DATE/RATE 500 kg/ha 112 kg/ha 500 kg/ha

SIDE DRESSING

*FOUR PLOTS WERE CONTROL

WITH NO HERBICIDE APPLICATION,

FOUR APPLICATIONS WERE THE SAME AS P-01 AND P-03, AND
FOUR APPLICATIONS WERE AT ONE-HALF THE P-01 AND P-03 RATES.
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Table 2.

EPA /JUSDA TEST SITES

PROPERTIES OF HERBICIDES APPLIED ON

PHYSICAL MELTING WATER VAPOR
HERBICIDE PROPERTIES POINT SOLUBILITY PRESSURE
2—-CHLORO—4—(ETHYLAMINO) c1
—6—{1SOPROPYLAMINO) /\
—S—TRIAZINE WHITE 173° 70 33 ppm
CRYSTALLINE 175°C
SOLID
C/N”: ATRAZINE
T/N:  AATREX 80W MOLECULAR WEIGHT
M/F:  CgH,, CiNg 2157
N,N — DIMETHYL—2,2 DIPHENY LACETAMIDE
WHITE TO OFF- 132°T0 260 ppm 3.0 X 107 mm Hg
HaC WHITE CRYSTALLINE 136°C at27°C AT 20°C
SOLID. 1.4 % 108 mm Hg
Y NO APPRECIABLE AT 30°C
HC PN
. ODOR
C/N:  DIPHENAMIDE L MOLECULAR WEIGHT
T/N: ENIDE 239.3
M/F:  CygHqg NO
4,4’ — BIPYRIDYLIUM—-2A, 1,7'—DIMETHYL
DICHLORIDE
HZC—N WHITE DECOMPOSES 100% <10 mm Hg
CRYSTALLINE SOLID AT 27°C
WHERE X~ = CI™
OR CH480,~
C/N:  PARAQUAT
T/N:  GRAMOXONE, ORTHO PARAQUAT MOLECULAR WEIGHT
M/F:  CqaHqg Ny Xy 186.2 (CATRON}
a,0,0- TRIFLUORO-2, 6—
DINITRO-N,N-DIPROPYL  CgH;—N-C3Hy
P—TOLUIDINE
O,N NO, ORANGE 48°c <1 ppm 1.99 X 10% mm Hg
CRYSTALLINE SOLID AT 29.5%C
CFy

C/N: TRIFLURALIN
T/N: TREFLAN
M/F:  Cq3H g F3N30,

MOLECULAR WEIGHT
335.3

« C/N =COMMON NAME
T/N =TRADE NAME
M/F =MOLECULAR FORMULA
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After a runoff event, soil core samples were collected from
each watershed to determine the pesticide distribution in the
soil profile and to provide mass balance information. Based upon
the size of the area, soil properties and slope, sampling units
were identified for each test site. A composite sample for each
unit was obtained by combining 12-15 discrete samples and mixing.
Each of the core samples were subdivided into seven depth incre-
ments'as follows: 0-1, 1-2.5, 2.5-5.0, 5.0-7.5, 7.5—15, 15—22{5,
and 22.5-30 cm.

EXPERIMENTAL PROCEDURE (ATTENUATION PLOTS)

The smaller attenuation plots (6x9 meters) located near
the P-03 and P-04 watersheds were highly instrumented to:provide
detailed data on pesticide attenuation and degradation between
runoff events. A PDP8/E minicomputer system housed in an air
conditioned trailer was programmed and interfaced to sensors
providing data on wind speed, wind direction, solar radiation,
relative humidity, air temperature, rainfall, soil temperature,
and soil moisture (Table 3). During operation some 53,000 data
points were collected and stored on magnetic tape each day. In
addition to the automated environmental data, manual systems
were employed to collect information on evaporation, rainfall,
runoff, sediment loss, and soil moisture content (gypsum block
and gravametric).

A stainless steel catchment trough was established at the
base of each of the six center plots to collect surface runoff.
Runoff from the plots flows by gravity to the collection facility.
Runoff coming from the trough moves through a five-to-one
splitter into a large holding tank. When this tank is full,
overflow is further divided by a ten-to-one splitter. Spill-

over from this divisor goes to a second holding tank. The total
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Table 3. ENVIRONMENTAL PARAMETERS RECORDED WITH
THE PDP8/E DATA ACQUISITION SYSTEM ON
SIX OF THE ATTENUATION PLOTS

PARAMETER LOCATION (cm)

Wind Speed 30.48, 121.9, 304.8

(3 Heights)

Wind Direction 121.9, 304.8

(2 Heights)

Solar Radiation 182.9

(Up and Down)

Relative Humidity 30.48, 121.9

(2 Heights)

Air Temperature 2.54, 61.0, 121.9, 304.8
(4 Heights)

Rainfall —-———

(Tipping Bucket)

So0il Temperature 0.0, 1.0, 2.54, 5.08, 15.24,
(7 Depths) 22.86, 60.96

Soil Moisture 5.08, 10.16, 15.24, 22.86,
(5 Depths) 38.1
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collecting system's capability is eight inches of runoff. A

representative sample was taken from each tank for pesticide
analysis in both the water and sediment fraction.

The following sections utilize some of the experimental
data (described above) collected by EPA/USDA to test the sub-

models which are presently incorporated into the SCRAM simula-

tion structure.
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SECTION V
SIMULATION STRUCTURE

INTRODUCTION

Simulation is the development and use of models to aid in
the evaluation of ideas and to study dynamic systems or situa-
tions. A model of a system is anything that is employed to
represent the system for some set of purposes. Parts of a sys-
tem (components) are often regarded as systems or subsystems of
the larger system. Thus models which represent subsystems may
be referred to as submodels or models if the context is clear.

Models can be divided into three classifications:

(1) models which seek to describe the environment in real terms
are categorized as "deterministic," (2) "stochastic" models, which
incorporate the concepts of risk, probability, and other measures
of uncertainty, and (3) "optimization" models, which find the best
possible solutions subject to specified constraints.

Deterministic models may be based upon mathematical equations
which describe the underlying physical processes. Alternatively,
the mathematical equations may be developed empirically- For
example, a model used to describe movement (infiltration) of
water through the soil surface into the soil profile may start
with a differential equation describing fluid flow in a non-
deformable media. The solution to the differential equation
becomes the infiltration model. By comparison, an empirical
model might simply assume that the infiltration rate is inversely

proportional to the cumulative infiltration.
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SCRAM was developed to simulate the movement of pesticides
from agricultural lands to the aquatic environment. Submodels
are based upon "first principles"; empiricism is avoided except
where knowledge of basic laws is insufficient or the simplifica-
tion is consistent with project objectives. The choice of models
based upon first principles does not imply that these models are
always superior to empirical models. However, simulation of
pesticide transport based upon empirical models has been described

elsewhere19 and therefore is not a concern of this study.

SIMULATION DESIGN

SCRAM has been designed to provide maximum flexibility for
the user. Two features provide this flexibility: the division
of the watershed into zones, and the modular nature of the
simulation structure.

An important aspect of SCRAM's organization is the provision
for watershed zones or subplots. At the present time a unique
zone is defined within the watershed if it has uniform topo-
graphical features, the same soil type, or the same rainfall
rate. As part of the simulation input the user must specify the
soil parameters, slope, and rainfall data for each zone. 1In
addition it is necessary to specify how runoff water moves among
zones.

SCRAM was designed around a modular format to facilitate
the addition of new models for processes not presently modeled
and to allow users to substitute and test alternative models for
existing models. To the extent possible, each component of the
system being modeled is programmed and coded in a separate sub-
routine. External environmental parameters are stored in a common
area of the computer which is accessible to all of the subrou-
tines. 1Internally generated parameters are also transferred to a

common area for access by other subroutines.
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The simulation is under the control of an executive program,
the Master Scheduler, which schedules and calls all of the sub-
routines. At the present time SCRAM contains two operational
routines and seven functional routines in addition to the Master
Scheduler. Operational programs control the input and output
during the system simulation. The functional programs correspond
to the physical processes of evapotranspiration, water movement,
sediment transport, pesticide degradation, pesticide adsorption
in the soil profile, pesticide volatilization, and pesticide mass
balance (see Figure 6).

A discussion of each of the major programs and associated
subroutines follows. Additional details are contained in Section
VII and the documentation and program listings in the appendices.
The potential application of SCRAM to large watersheds is

discussed in the last part of this section.

MASTER SCHEDULER

The Master Scheduler determines the time sequencing of the
simulation. By defining the time sequencing of the simulation,
the Master Scheduler controls all of the interrelationships among
the functional subroutines. Any modification to these relation-
ships or any addition to the set of functional subroutines
would require alterations in the Master Scheduler. For example,
in the present structure, the evapotranspiration functional
subroutine, EVAP, is not called during periods of rainfall or
immediately after rainfall ceases. If the user decided to acti-
vate evapotranspiration immediately after rainfall ceases,
changes would be made to the Master Scheduler, not the EVAP
subroutine.

The Master Scheduler initiates and terminates the simulation
at user specified times. After starting the simulation, the

Master Scheduler calls the input subroutines to read all
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necessary and available data. It then cycles through functional
subroutines according to the environmental conditions being
simulated. At present, SCRAM includes a water cycle and a
pesticide cycle. After each complete cycle, BALANC, the book-
keeping subroutine, is called. The Master Scheduler then
calculates a new simulation time increment, DT, and repeats the
cycle among the functional subroutines and BALANC. At user
selected intervals, the Master Scheduler calls the output
routines to print intermediate results. When the Master
Scheduler ascertains that the stop time has been reached, it
calls the output routines selected by the user and ends the

simulation.

INPUT ROUTINES

Several input subroutines are included in SCRAM to handle
the different types of data and the variable startup conditions.
During initial startup, simulation input is read from a card
reader and stored on disk files. Thereafter the system may
be restarted from the disk files. The major input subroutines
are associated with reading rain gauge cards, environmental data
cards, and simulation parameter cards.

SEQDAT reads all of the rain gauge cards, checks for format
errors (calls ERROR), calculates the rainfall rate between rain
gauge readings, and writes the rainfall history and rainfall
rates onto a disk file. SEQDAT also reads the environmental data
on wind speed, temperature, solar radiation, atmospheric pressure,
and relative humidity for storage on a disk file.

After SEQDAT, INPUT is called to read all of the simulation
parameters (namelist data), including the soil pressure head
'nd diffusivity tables, watershed zonal definition or subplot

lineation, and pesticide adsorption-desorption parameters.
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All units are converted to the metric system for internal use.
Finally, INPUT sets up the simulation start and stop times. If
the "warm start" option is utilized, INPUT detects this option
and sets up the simulation.

After INPUT, DATINT is called to make the final preparations
for starting the simulation. DATIN is called to read the appro-
priate rainfall cards into common storage. DATEPA reads the
appropriate environmental cards into common.

DATEIN is a special routine called by any of the input
routines which contain year, month, day, and clock time. All
conventional dates are converted to the standard computer Julian

time for internal use.

OUTPUT ROUTINES

The output routine provides printed, punched, and disk
storage output to the user. The output subroutines are DATOUT,
ERROR, OUTPLT, OUTPUT, PRINTH, and SETUP.

DATOUT calculates the calendar date from the Julian date
and writes both dates on each printout specified by the user.

ERROR is the output subroutine that prints one of the

following error messages and terminates the simulation:

ERROR = 1 input date error

ERROR = 2 time interval error

ERROR = 3 rainfall input data error
ERROR = 4 zone definition error
ERROR = 5 soil type number > 10
ERROR = 6 input temperature error
ERROR = 7 runoff definition error.
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OUTPLT produces printer plots on standard line printers
for SCRAM. Presently, six plots are produced which are related
to runoff and sediment loss from the watershed:

total runoff (liters) vs time (sec)

runoff rate (liters/sec) vs time (sec)
runoff/total rain (percent) vs time (sec)
sediment rate (kg/hr/hectare) vs time (sec)

sediment load (kg/hectare) vs time (sec)

sediment/runoff (kg/liter) vs time (sec).

A punched card option is included to produce card images of the
printer plot data on runoff rate (liters/min) vs elapsed time, and
sediment loss (kg/min) vs elapsed time. The punched cards were
used to generate CALCOMP plots for the major storms.

OUTPUT is the major simulation output subroutine. At user
specified time intervals it prints the state of the system. At
the specified time interval, state information is printed on the

line printer as follows:

° watershed identification data

[ date and time

° rainfall rate

® soil moisture profile for each watershed
zone down to 15 cm.
cummulative infiltration
pesticide distribution in the soil profile
runoff rate for each zone and at the confluence
of the watershed

° rate of sediment loss for each zone and at

the confluence of the watershed
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accumulated runoff for each storm
accumulated sediment loss for each storm
instantaneous pesticide loss in the runoff
instantaneous pesticide loss on the sediment
accumulated pesticide loss in the runoff

accumulated pesticide loss on the sediment

evapotranspiration water loss.

If print intervals are not specified, the default value is every
simulation time increment. OUTPUT also prints card images of the
input data set.

SETUP is a specialized output routine which prints the ESL

logo at the beginning of the simulation as an identifying symbol.

BOOKKEEPING

BALANC is SCRAM's bookkeeping subroutine. Its function
is to move runoff water and sediment between watershed zones and
keep a mass balance on the pesticide. BALANC is called at the
end of every time increment before the print routines are called.
Results from the BALANC subroutine are used as input to the next
cycle through SCRAM.

BALANC moves the runoff produced in every time increment
from the originating zone onto neighboring zones, according to the
watershed parameters specified by the user. The present structure
allows runoff from one zone to move onto a maximum of four
adjacent zones. This water movement is limited by a maximum run-
off rate which is another watershed parameter supplied to the

simulation. Sediment is distributed exactly like the runoff.
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Pesticides are moved according to the distribution of
runoff and sediment. When this is done, BALANC performs a mass
balance on the amount of pesticide in the upper soil layers and
in the runoff and on the sediment. 1In this way, pesticide mass
is conserved.

BALANC also performs a mass balance on the amount of water
in the simulation system. This is done by comparing the total
amount of water entering the system (rainfall) with the total
amount in the system (infiltration and storage) and leaving
the system (evapotranspiration). This comparison is one of the

printout options available to the user.

THE WATER CYCLE

The water cycle (Figure 7) is the major sequence called
by the Master Scheduler. During periods of rainfall the infiltra-
tion-percolation functional subroutine, WATER, is called. When
runoff is generated the sediment functional subroutine, SED, is
called. The evapotranspiration function subroutine, EVAP, is
called under user specified conditions.

Presently, the WATER and EVAP (evaporation and transpiration)
subroutines are mutually exclusive in the simulation structure.
The reasons for this are complex but are basically related to
simulation constraints and limitations of the pesticide
adsorption-desorption model. During periods of evaporation,
transpiration, and percolation, the concentration of pesticide
in the soil profile is being changed in a variety of ways. At
the same time the pesticide degradation model degrades adsorbed
and dissolved pesticide. The adsorption-desorption model cannot
handle this combination of changes and at the same time conserve

pesticide mass.
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To get around the problem the user must specify a thres-
hold moisture content for the soil surface. When the soil
moisture content drops below the threshold, WATER is no longer
called. Because EVAP functions by removing soil moisture starting
at the top soil layer, the potential error associated with this
procedure is minimized.

The WATER functional subroutine is based on the Darcy
continuity equation and is discussed in detail in Section VII.
WATER predicts the infiltration rate, soil moisture profile, and
runoff rate for each watershed zone. The velocity of water move-
ment between soil layers is stored in a common area for use by
the adsorption-desorption model. The soil moisture profile is
also stored in common for use by the pesticide degradation,
volatilization, and evapotranspiration models.

The parameters presently required by WATER include: initial
soil moisture profile, rain gauge data for each watershed =zone,
and the pressure head and soil diffusivity tables for each soil
type specified for a particular watershed zone. If the soil
parameters are not known, the tables in Section VII can be used to
develop reasonable tables for the simulation.

SED is the sediment functional subroutine. Its function
is to predict the amount of sediment washed off each watershed
zone during a runoff event. This quantity is also directly
related to the movement of pesticides. SED is called every
simulation time increment for each zone that has runoff water.

Several input values are required by the SED functional
subroutine. Presently, the SED functional subroutine receives an
input rainfall intensity from the input rainfall history, input
watershed parameters, sediment model parameters, and total amount

of runoff moved off each subplot during the time increment which
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is calculated by the WATER functional subroutine and distributed
by BALANC. The only output requirement of the SED subroutine

is the sediment load at the bottom of each subplot for each time
increment.

SCRAM presently employes a modified Foster-Meyer sediment
model as the basis for the SED functional subroutine. It is
sensitive to slope, depth of runoff, and indirectly, to crop cover.
The Foster-Meyer sediment model is fully described in Section VII
of this report.

EVAP is the evapotranspiration functional subroutine.

It determines potential evapotranspiration for each time increment.
Other related subroutines determine the actual water loss
depending on the cloud cover, relative humidity, time of year,

and ground cover. Moisture is extracted from the soil profile
beginning at the top layer and continuing down through successive
layers until a user specified depth is reached. The minimum
moisture content in a given soil layer is never reduced below the
minimum value in the tables of pressure head and diffusivity
specified by the user.

EVAP is called when the rainfall rate is zero and the
soil moisture content of the first soil layer (usually one centi-
meter) is below a user specified threshold (typically 0.3 to
0.4 centimeters, but the specified value depends on the soil
type). As noted above EVAP and WATER are mutually exclusive.

Several input values are presently required by the EVAP
functional subroutine. They are meteorological data, watershed
latitude, and vegetation ground cover. The sole output require-
ment for the EVAP functional subroutine is the potential evapo-
transpiration available for each time increment.

EVAP is presently based on a modified Penman equation

which is fully described in Section VII.
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THE PESTICIDE CYCLE

The other major cycle within SCRAM's simulation structure
is the pesticide cycle. This cycle introduces the pesticide into
the simulation and accounts for all the physical processes in-
volving the pesticide during the simulation. The present cycle
includes an adsorption-desorption functional subroutine, a
degradation functional subroutine, and a volatilization
functional subroutine. The pesticide is introduced and dispersed
in the soil profile by the adsorption-desorption functional sub-
routine. The degradation and volatilization functional sub-
routines remove pesticide from the soil profile. Figure 8 shows
a simplified flowchart of the pesticide cycle.

The pesticide cycle is dependent on the water cycle for
infiltration rate, water velocities in the soil profile, and
the soil moisture profile for each watershed zone. Both cycles
are called within the same simulation time increment (simu-
ltaneously) .

ADDE is the adsorption-desorption functional subroutine.
ADDE introduces the pesticide into the soil profile and moves the
pesticide into the soil profile according to its adsorptive-
desorptive properties. The pesticide concentration in solution
and adsorbed is calculated for each soil layer and each watershed
zone.

Introduction of the pesticide in the soil matrix occurs
during simulation of the first rainfall event after pesticide
application. The pesticide is moved vertically into the soil
profile in the solution state in the direction of the net moisture
flux. Once the pesticide is in a soil layer, adsorption occurs.
The continual movement of moisture throughout the soil profile,
due to infiltration, percolation, evaporation, and redistribution

transports the solution phase of the pesticide while the continued
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adsorption-desorption process simultaneously occurs. The con-
tinuous relationship between the adsorbed state and the dissolved
state is generally expressed as a Freundlich relationship.

Soil bulk density, soil water flux between soil layers,
pesticide solubility, pesticide adsorption and desorption
coefficients, a pesticide diffusion coefficient, and a pesticide
conductively parameter must be available to ADDE. The WATER
functional subroutine supplies soil water flux. The remaining
parameters must be specified by the user.

At the present time ADDE is based on a dynamic adsorption-
desorption model described by a one-dimensional differential
equation. The adsorption-desorption processes are described
by Freundlich equations. The fundamental equations are described
in Section VII. Modifications were made to interface ADDE with
WATER and account for the processes of evapotranspiration and

pesticide degradation.
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DEGRAD is the pesticide degradation subroutine. Its purpose
is to account for the degradation of the pesticide in the soil
profile. This degradation process has been shown to be dependent
on soil moisture and soil temperature.

The input values required by DEGRAD are watershed parameters,
soil properties, volumetric soil moisture content supplied by the
WATER functional subroutine, and the soil temperature profile.
The output required from DEGRAD is a multiplicative degradation
factor to be used by BALANC, the bookkeeping subroutine, to
degrade dissolved and adsorbed pesticide. An adequate DEGRAD
functional subroutine should calculate a single multiplicative
factor for the entire profile, whereas an ideal model should
calculate depth dependent degradation factors corresponding to
the depth dependent values of soil moisture and temperature.

DEGRAD is presently based on a first-order differential
equation which describes subsurface pesticide degradation as a
function of soil moisture and temperature.

VOLT is a specialized functional subroutine which is called
only if the pesticide is known to be highly volatile. At the
present time DEGRAD and ADDE are not called when VOLT is called.
Two options are provided according to whether the pesticide
diffusion coefficient is known or to be calculated from a linear
regression equation based upon soil moisture, temperature, and
bulk density.

VOLT requires input data on the pesticide application
rate, initial pesticide distribution in the soil profile, soil
bulk density, and the pesticide diffusion coefficient. If the
diffusion coefficient is calculated, the WATER program supplies
soil moisture profiles and the soil temperature profile is

presently taken as constant.
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VOLT is based upon solutions to the standard second order
differential equation of diffusion (Fick's Second Law). Modifica-
tions and approximations were made to account for nonuniform
incorporation of pesticide and interlayer diffusion. Details of

the mathematical formulations are in Section VII.

STIMULATING LARGE WATERSHEDS

Approaches

SCRAM was originally designed to simulate pesticide transport
on small watersheds of less than five hectares. However, during
the second phase of the project, the simulation structure was
drastically modified to provide greater flexibility and potential
application to large water basins. The essential feature of the
change is the introduction of watershed zones or subplots into
the simulation structure to allow for areal variations in soil
type, rainfall rate, and topography.

Two approaches were considered. The first was statistical
and involved assigning probability distributions to the rainfall
rate and infiltration capacity over the watershed area. The
second approach associates unique combinations of soil properties,
topography, and meteorological data with each zone. The first
approach requires very little additional programming and minimal
additional computer core storage. The second approach requires
significant additional programming and large amounts of additional
core storage. In addition, program execution time increases in
proportion to the number of zones. In keeping with the basic
SCRAM approach to avoid empirical and statistical models, the

second approach was implemented.
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WATERSHED ZONES

A maximum of 20 zones or subplots may be specified for a
watershed. On small watersheds each subplot should have homo-
geneous soil properties and uniform topographic characteristics.
Ordinarily the subplots all have the same rainfall rate and areal
variation in rainfall is not required. The user is required
to define the runoff relationship among the subplots, i.e., the
distribution of runoff water from each subplot to adjacent sub-
plots. Although primarily designed for simulating large water-
sheds, this procedure was used to simulate the runoff from the
EPA/USDA watersheds (<3 hectares).

Expanding the subplot concept to a larger watershed, the
user would divide the watershed into a maximum of 20 zones. Each
zone would have a unique rainfall history, soil hydrologic
properties, meteorology, and topography. As was the case for
small watersheds the user defines the runoff relationship among
the zones.

Even though the concept of zones has been introduced,
some uniformity over the entire watershed is still required.

The data needed for the total watershed is:
' Crop information

a) crop type
b) plant date

c) maturity date
d) harvest date
o Pesticide data
a) pesticide properties
b) application rate
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c) application method

a) application date.

Data for each zone is permitted for:

® Rainfall history
meteorology
a) temperature
b) relative humidity
c) wind velocity
d) cloud cover
e) barometric pressure
o Soil parameters
a) soil type
b) hydraulic conductivity or diffusivity
c) pressure head
° Average slope.

DATA REQUIREMENTS FOR WATER BASIN TESTING
In addition to the watershed zonal information specified

above, a minimal experimental data set is required with:

® Measured runoff rate and volume for a single

runoff event
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° Measured sediment loss for the same runoff event

° Measured pesticide concentrations in the runoff

and sediment.

Data for a complete growing season, rather than a single rain
event, would be desirable.

Efforts to establish a suitable data base with which to test
SCRAM included a literature search and attempts to acquire
unpublished data.

The literature search failed to disclose a single data
base possessing all the parameters required to test SCRAM.

In the search for unpublished data, inquiries were made
to several offices of the United States Department of Agriculture,
Agricultural Research Service. While portions of the required
data were available, notably from the South Great Plains Watershed
Laboratory in Chickasha, Oklahoma, a complete data set was
unavailable. To realistically assess the water basin capabilities
of SCRAM a complete data set is required. Simulation based on an

incomplete data base would be costly without providing meaningful

information.
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SECTION VI
SIMULATION TESTING

INTRODUCTION

The testing of any complex simulation like SCRAM is a
difficult process because of the interdependencies between sub-
models. For example, if the runoff is incorrectly predicted the
sediment loss should also be incorrect. If both the sediment and
runoff models are incorrect the error in predicting sediment loss
may be compounded. Similarly, if the runoff is incorrect too
much or too little water is infiltrated. The adsorption-desorp-
tion and degradation models depend on the amount of water infil-
trated. Pesticide loss in the runoff and on the sediment depends
on the runoff model, the sediment model, the adsorption-desorp-
tion model, and the degradation model. These relationships must
be kept in mind when testing the simulation and interpreting the
results.

Testing a simulation based upon deterministic submodels,
which purport to describe the underlying physical processes, is
somewhat different than testing a simulation designed around
empirical or statistical models. The distinction lies in the
way the simulation parameters are determined. Statistical and
empirical model parameters are determined by "calibrating" the
simulation against large masses of field experimental data. This
procedure is somewhat akin to curve fitting and least squares
analysis. As long as the number of parameters exceeds the
number of variables by a sufficient margin, good results are

reascnably assured.
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SCRAM utilizes deterministic models based upon scientific
principles. 1In theory, the model parameters can be determined
independently, usually in a laboratory experiment, and then used
in the simulation. Thus, the soil properties, pressure head and
diffusivity, pesticide adsorption-desorption parameters, and the
pesticide degradation parameters could be determined from
laboratory experiments. For some models such as the sediment
model this is not true. And of course the laboratory may be
the field test site. If the simulation does not produce good
results, the implication is that something is wrong with the
appropriate underlying model rather than the simulation para-
meters. The first adjustments should be made to the model itself
and only as a last resort should the parameters associated with
the model be changed.

It was not possible to test SCRAM against all of the EPA/
UsSDA field data as described in Section IV. Two watersheds,
P-01 (2.70 hectares; non terraced, soybeans) and P-04 (1.38
hectares, terraced, corn) were selected for testing because
of their relative sizes, locations, and crops. Diphenamid
(P-01) and atrazine (P-04) were selected as test pesticides.
Paraquat does not need to be simulated because it is strongly
adsorbed on sediment and hence the sediment model determines
the paraquat loss. A third pesticide, trifluralin, was used to
test the volatilization model.

The results of the simulation tests are described in the
remainder of this section. Runoff results (hydrographs) are
presented first, followed by sediment loss, pesticide loss in
the runoff and on the sediment, pesticide movement in the
soil profile, pesticide degradation, and pesticide volatilization.

The simulated results are compared to field measurements for the
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major runoff producing storms. However, the entire period
from plant date through December 31, 1973, was simulated as

a single four hour run on an IBM 370/145.

HYDROGRAPHS

In order to simulate the runoff from a small watershed using
SCRAM, the user must specify the soil parameters by providing
tables of moisture potential and diffusivity as a function of
soil moisture content. Because of the approximations contained
in the water model (e.g., soil depth increment, time step,
boundary conditions), experimental values of moisture‘potential
and diffusivity may not be an optimum choice. Selection of the
parameters is also complicated by the requirement that the evapo-
transpiration model work properly if runoff is to be accurately
predicted.

The predominate soil type in the area of the experimental
watersheds is Cecil Sandy Loam, a typical Hapludult. However,
based upon the results of the sensitivity analysis (Section VII),
it was clear that the diffusivity and moisture potential data
on Cecil Soils would not produce runoff for the storms recorded
during 1973. Because of this and the limited availability of
good hydrological data for a broad range of soil tYpes, the
initial simulation testing was accomplished using parameters
for Light Clay (Section VII, Figures 65 and 66).

The hydrographs have been plotted against elapsed time
rather than real time as recorded during the field measurements.
Elapsed time is measured from the start of runoff. By plotting
the hydrographs as a function of elapsed time differences which

are due to clock asynchronization between the rainfall gauge
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initial changes that have occurred due to channelization and
compaction. The six minute burst of rain on June 13 produced
40 minutes of runoff while the 20 minute peak rainfall period
of June 21 produced runoff for less than 30 minutes. This
effect is not simulated and the difference is not observed.
Total measured runoff was 112,397 liters or 22% of the total
rainfall. Expressed as a percentage of the 1.3 cm peak, 32%
was observed as runoff. Simulated runoff was 183,487 liters
(36%) .

On July 8, 1973, 1.8 cm of rain fell over a period of 96
minutes. The rainfall rate decreases from the beginning of the
storm (.05 cm/min) to the end of the storm (.007 cm/min). Hence,
the high intensity rainfall of June 13, 1973, and June 21, 1973,
is not present.

The actual hydrograph has two peaks of nearly equal magni-
tude, whereas the simulated hydrograph has a single peak of much
smaller intensity (Figure 11). Actual runoff was 132,821 liters
(27%) versus 32,938 liters (7%) simulated. Given the absence of
two peaks in the rainfall record it is difficult to reconcile
the measured hydrograph with the simulated hydrograph. Crop
canopy may begin to impact on the form of the hydrograph at this
time but the effect would be to eliminate peaks or smooth out
the hydrograph. (The P-04 hydrograph for July 8, 1973, has two
peaks, but the rainfall record also has two peaks.)

On July 30, 1973, a total of 2.8 cm of rain fell in 30
minutes. The actual hydrograph has an unusual flat top at the
peak flow for 8 minutes. Total measured volume'was 354,674 (47%)
vs simulated volume of 457,400 (61%) (see Figure 12). At this
point crop canopy may begin to reduce runoff volume, but the
magnitude of the difference suggests that the soil type is not

appropriate.
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The next big storm did not occur until Sept 9, 1973, when
4.1 cm fell over a period of 91 minutes. Simulated runoff
(641,508 liters, 58%) again exceeds the recorded volume (400,461
liters, 36%) as shown in Figure 13. Based upon the form of this
hydrograph and previous ones, the soil parameters for clay do
not provide sufficiently rapid percolation once the surface has
saturated.

On Sept 13, 1973, 1.0 cm of rain fell over a period of 110
minutes, followed by 108 minutes without rainfall, and then 2.0
cm of rain fell over 39 minutes. The first 1.0 cm of rain did
not produce any runoff. Both hydrographs have the same shape
(Figure 14), but the simulated runoff of 286,226 liters (53%)
exceeds the measured runoff of 224,742 liters (42%).

The largest discrepancy between simulated and observed run-
off occurred for the storm on December 5, 1973, (Figure 15).
Simulated runoff was 458,169 liters (42%) whereas measured run-
off was only 21,360 (2%). Part of the difference is due to the
small amount of rain that fell on December 4, 1973, late at
night, which is not adequately handled in the present structure.
However, at best this could only increase the runoff by 54,000
liters.

An examination of the rainfall rates does not produce an
explanation. Rates in excess of 0.06 cm/min were observed during
two periods (first two peaks in the simulated hydrograph) follow-
ed by a rate greater than 0.02 cm/min (third peak in simulated
hydrograph). Rates less than these produced substantial runoff
during other storms.

The final storm of the calendar year occurred on December
31, 1973. This storm came 14 hours after a storm on December 30,
1973, of 2.3 cm. Although the shape of the hydrographs (Figure
16) are in excellent agreement, the simulation using clay para-
meters predicts 657,600 liters (49%) of runoff whereas the mea-

sured runoff was 478,382 liters (36%).
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The four hour simulation run covering the period from June
13 through December 31, 1973, included a large number of smaller
storms in addition to the eight major events discussed above.

No particular pattern was evident from examining these storms.
Most produced no runoff either simulated or measured. Some pro-
duced simulated runoff below measured. Total simulated runoff
for the period June 13, 1973, through December 31, 1973, was
3,372,866 liters, whereas the recorded runoff was 2,179,497
liters.

The difference between total simulated runoff and recorded
runoff could be eliminated by adjusting the soil parameters.
However, the selection of total runoff as an optimization cri-
terion is, at best, only appropriate for the infiltration model.
For purposes of predicting the amount of pesticide washed off of
P-01 for the season, it would be optimum to adjust the soil para-
meters to increase the runoff simulated for the June 13, 1973,
storm. It would only be slightly more difficult to adjust the
soil parameters to match the June 13, 1973, storm and improve

the match between total simulated runoff and recorded runoff.

P-04 Hydrographs

In order to compensate for the overprediction of runoff on
P-01 using moisture potential and diffusivity for Clay and for
comparative purposes, soil types were changed before simulating
the P-04 watershed. Essentially, hybrid soil was constructed by
combining the moisture potential data for Clay with diffusivities
for Geary Silt Loam. To simplify notation the hybrid is called
SERL loam. Again, the necessity for the hybrid soil rather than
Cecil Soil is apparent from the sensitivity analysis in Section

VII of this report and from Figures 65 and 66 of that Section.
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The first runoff producing storm after planting on P-04
occurred on May 23, 1973. It was a small storm of 1.2 cm, occur-
ing over a period of 167 minutes. Simulated runoff was 6365
liters which exceeded the measured runoff of 2609 liters (Figure
17). This difference is not particularly significant because
less than 2% of the rainfall was runoff.

On May 28, 1973, two large storms occurred on P-04. During
the morning 4.8 cm fell over a period of 138 minutes. During
late afternoon 4.3 cm fell over a period of 319 minutes. Simu-
lated runoff shown in Figures 18 and 19 was below measured runoff
for both storms. The shape of the simulated hydrograph for the
morning storm is in excellent agreement with the measured hydro-
graph but does show a more pronounced response to the three peak
rainfall periods. 1In the afternoon, the simulated hydrograph has
three peaks whereas the measured hydrograph has four. However,
the rainfall record for this storm reveals only three peaks and
the fourth peak in the measured hydrograph is a mystery-

On June 6, 1973, 3.9 cm of rain fell over a period of 129
minutes. Simulated runoff was 241,810 liters vs measured runoff
of 280,593 liters (Figure 20). The faster response to changes
in the rainfall rate can again be seen in the simulated hydro-
graph. The spike at 44 minutes is reflected in the rainfall
record but is not noticeable in the measured hydrograph.

The largest storm of the season occurred July 8, 1973, when
6.4 cm fell over a period of 231 minutes. This time the simulat-
ed runoff (464,050 liters) exceeded the measured runoff (411,185
liters). The sharp peaks in the simulated hydrograph shown in
Figure 21 follow the sharp peaks in the rainfall record.
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During July and August there were a number of small storms
but most of them did not produce any runoff. Significant runoff
does not occur again until September 9, 1973, when 4.4 cm fell
on P-04 over a period of 108 minutes. Simulated runoff of
226,900 liters exceeded measured runoff of 163,449 liters and
the simulated hydrograph shows a dramatic response to a 20 minute
lull in the rainfall rate (Figure 22).

The best agreement between simulated runoff (130,700 liters)
and measured runoff (132,777 liters) was recorded for the Septem-
ber 13, 1973, storm. Characteristically, the simulated hydro-
graph shows a sharp response to the burst of rainfall that occur-
red late in the storm (Figure 23).

Between September 13, 1973, and December 5, 1973, a number
of small storms were recorded which did not produce any measured
or simulated runoff. On December 5, 1973, 3.9 cm of rain fell
over a period of 452 minutes, but most of the rain was concentra-
ted in a 200 minute period. Simulated runoff (52,000 liters)
exceeded measured runoff (11,016 liters) and the simulated hydro-
graph shows a sharp response to the three bursts of rainfall
which were recorded (Figure 24). This storm was equally trouble-
some on P-01 and the results suggest that there is something
unusual happening.

The final big storm of the year occurred on December 31,
1973, and extended into the morning hours of January 1, 1974.

For approximately two hours it rained lightly, then for 38
minutes it rained at a moderate rate and then it drizzled for
9-1/2 hours. Simulated results do not agree with the measured
results (Figure 25). The measured hydrograph shows runoff for
the entire storm, whereas the simulated hydrograph does not show
any runoff during the light drizzle. Rainfall rates of 0.004

cm/min recorded for this storm did not produce runoff during
the summer and fall.
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Total runoff for the period May 23, 1973, through the storm
of December 31, 1973, was approximately 2,400,000 liters. Simu-
lated runoff was approximately 1,900,000 liters. Thus simulated
runoff is 79% of actual on P-04, using SERL loam and 155% of
actual on P-0l1 using Clay parameters. By comparison the SERL
loam parameters on P-01 produce 1,419,231 liters of runoff or 65%
of actual.

Examination of the summary runoff figures shown in Tables
6 and 7 in the last part of this section does not reveal any
clear trend. Simulated results tend to be low the first couple
of months for both P-01 and P-04. Thereafter the simulated
results are consistently high on P-01 and somewhat the same

trend is seen on P-04. Simulated runoff on both P-01 and P-04
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during December is in poor agreement with measured runoff.

SERL loam on P-01 produced consistently low runoff except

for the December 5, 1973, storm which was twice measured.
There are a number of possible explanations for the disa-

greement between simulated and measured runoff:

° Poor gquality control on measured data

o Rain interception on crop canopy

) Evapotranspiration model is not working properly
¢ Improper specification of boundary conditions or

depth increment within model

® Stochastic changes in the watershed - tillage,

crusting, harvest - which are not simulated
® Nonuniform rainfall over the watershed

] Improper choice of soil type and/or improper
specification of uniform soil type throughout the
watershed.

Isolation and correction of the critical problems is a
complex process which will require additional simulation, collec

tion of data not presently available, and additional models for

the simulation.
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SEDIMENT

The Foster-Meyer (F/M) sediment model, which is described
in detail in Section VII of this report, requires that the user

specify three parameters denoted K and K,. K, is the

10 Kor 30 K
transport capacity parameters, K, is the detachment capacity para-
meter, and K, is the rainfall detachment parameter. Because the
F/M model has not been used extensively, Kl' K2, and K3 were set
to give reasonably good results on the first storm. In general,
it might not be a good idea to set the parameters for the first
storm because of the unusual soil conditions that may exist at
that time. However, most of the sediment and pesticide loss
occurred during the first storm on P-01 and failure to set up the
parameters properly would produce poor results.

Several problems developed during the initial tests of the

F/M sediment model within SCRAM:

1. The structure of the watersheds, which were
designed to enable the total runoff and sediment
loss to be measured, was basically incompatible
with the F/M model.

2. The F/M model does not allow for the effect of
crop canopy on the kinetic energy of rainfall

striking the ground.
3. The F/M model does not allow for the stabilization

of the soil after plowing, planting, rainfall and

of crop growth.
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The first problem is largely unavoidable. The F/M model
was designed for small rectangular plots with runoff along the
lower edge of the plot, while the experimental watersheds are
designed to empty through a flume. As a result, water and sedi-
ment are discharged into the flume from the upper portions of the
watershed. Water backs up behind the flume and the natural flow
off the watershed is lost. 1In addition, the total sediment which
is dumped onto the flume approach exceeds the capacity of the
flow and large amounts of sediment must be deposited.

Several modifications were made to the F/M model to account
for the above problems. In making the changes the basic struc-
ture of the model was maintained, since many users may want to
simulate watersheds without flumes.

A linear function was added to allow for crop canopy, which
causes the value of K, to decrease from plant date to harvest.

3

An exponent was then added which decreases the value of Kl from

plant date through six months, after which Kl is constant.
Finally, a limiting term (L) was added; L controls the ratio of
the sediment load at the upper end of a subplot to the sediment
load capacity of that plot at the lower end.

The limiting term L is necessary because the sediment trans-
ferred to the flume subplot may exceed the capacity of that sub-
plot by orders of magnitude. When this occurs the F/M model will
cause deposition, but on the flume subplot the rate of deposition
may be too small to reduce the sediment load at the output to

realistic levels.

P-01 Sediment Loss

In order for the sediment model to produce good results
it is necessary to accurately simulate the watershed runoff.

The F/M sediment model is not linearly dependent on the runoff
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volume and hence it is only possible to evaluate the sediment
model for those storms which have simulated hydrographs nearly
identical to the measured hydrographs.

The sediment loss for the eight major storms on P-01 between
June 13, 1973, and December 31, 1973, are shown in Figures 26
through 33. These curves correspond to the hydrographs using
clay soil parameters presented in the previous section.

One characteristic of the simulated sediment loss that is
absent in the observed curves is the large increase in sediment
concentration during the tail of the hydrograph. This result is
not unexpected. After it stops raining the water which is backed
up behind the flume is infiltrated rather rapidly. As a result
the volume of water drops and the simulated concentration of
sediment increases faster than the rate of deposition. This
error is not particularly significant since the total volume of
water remaining is generally small in comparison to the total
volume of runoff. A similar effect can sometimes be seen as
runoff begins.

Given the overprediction of runoff volume for most of the
storms using clay parameters, the sediment model is working
reasonably well. Simulated sediment loss for the June 13, 1973,
storm was 14,456 kilograms versus a measured loss of 16,388
kilograms. Since the simulated runoff was below measured runoff,
this is the expected result. Most of the other storms produce
results which appear reasonable considering the form of the
corresponding hydrograph. There are two storms which did not
produce reasonable results; they occurred on July 30, 1973, and
September 9, 1973.

The simulated sediment loss on July 30, 1973, was 21,468
kilograms (for 457,400 liters) whereas the measured loss was
only 3975 kilograms (for 354,674 liters). Much of the difference

is due to the 100,000 liters of excess simulated runoff over a
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very short period. However, even allowing for this, the differ-
ence seems too large. The July 30, 1973, storm produced 2.79 cm
of rain in 30 minutes. For comparison the June 13, 1973, storm
produced 1.9 cm in 27 minutes. Total runoff was nearly the same
for both storms but the July 30, 1973, runoff lasted for some

30 minutes while the June 13, 1973, runoff continued for almost
60 minutes. In addition, the July 30, 1973, hydrograph exhibits
the novel "flat" top during the peak flow. Even allowing for
stabilization of the watershed and crop canopy, the dramatic
drop from 16,388 kilograms on June 13, 1973, to 3,925 kilograms
on July 30, 1973, is a surprise.

The significance of runoff volume on sediment loss in the
Foster-Meyer model was assessed by running the P-01 storm
sequence with SERL loam hydrologic parameters. Simulated runoff
was 65% of measured but the simulated sediment loss was 53%
of measured. For the July 30, 1973, storm, simulated runoff
dropped to 286,663 liters (81%) and the sediment loss dropped
to 4,456 kilograms (114%). The change in simulated sediment loss
from 21,468 kilograms to 4,456 kilograms indicates the sediment
model may be working reasonably well. A similar result was
observed for the September 9, 1973 storm where simulated runoff
dropped to 368,933 liters (92%) and sediment loss dropped to
2,380 kilograms (115%).

These results demonstrate that the sediment model is highly
sensitive to runoff volume. Adjustment of the sediment parame-
ters can only be made after the runoff model is functioning
properly. If the water model parameters are artificially
adjusted to produce good results for total runoff, the sediment
model will produce good results for total sediment loss. How-
ever, runoff and sediment loss for the first storm on P-01 would

be grossly under-predicted under these conditions. Since almost
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all of the diphenamid loss occurred during the first storm it

would not be possible to predict the seasonal loss of diphenamid.

P-04 Sediment Loss

The P-01 sediment parameters were not changed during the
simulation of the P-04 storms from May through December 1973.
Figures 34 through 39 illustrate the simulation results for the
major storms. Without exception the simulated loss is below the
measured loss. Although the runoff was generally low the
simulated sediment loss is down by a factor of ten or more.

The only other explanation for the dramatic difference between
P-01 and P-04 is the difference in watershed geometries. P-01

is an unterraced watershed of 2.7 hectares with an average

slope of 4% whereas P-04 is terraced, 1.25 hectares with an
average slope of 2% toward the drainage channels. The difference
in runoff volume can account for a factor of five as was seen

by the results for P-01 using SERL loam. The remaining

difference is due to the nonlinear dependence of the sediment

model on slope.

PESTICIDE LOSS VIA RUNOFF AND EROSION

The simulation of pesticide loss in the runoff and on the
sediment is dependent on accurately predicting runoff, sediment
loss, the proper adsorption-desorption rates, and degradation
rates for the entire growing season. It is especially critical
for the storms immediately following the pesticide application
when pesticide loss is highest. Thus, evaluation of pesticide
loss predictions can only be performed by properly considering

the total system involved.
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At the present time a deterministic model to describe
the mass transfer of pesticide from the zone of erodibility,
i.e., across the boundary separating the moving runoff film
and soil surface has been conceptualized but not developed.
13 . .
(1) diffusion

plus turbulent transport of dissolved pesticide from the soil

Four mechanisms are potentially involved:

interstices, (2) pesticide desorption from sediment particles,
(3) dissolution of crystalline pesticide at the boundary, and
(4) dissolution of crystalline pesticide carried with the
sediment.

In the absence of an available deterministic model, a sim-
ple empirical approach has been utilized in SCRAM. Turbulent
transport is assumed to be related to the depth of runoff on a
subplot. Due to the formation of rills and the soil surface dy-
namics, runoff is assumed to interact with the dissolved
pesticide in the soil intertices to a depth of two centimeters.
The surface area of runoff interactions is assumed to decrease
exponential from plant date to harvest.

Mathematically, the pesticide mass transfer to the runoff

water is expressed as:

4 e—(MO)

Loss (H,0) = [RO + 2.2 + 10 ° + C - ] (1)
where Loss (H20) = grams loss in the runoff

RO = runoff volume (%)

2.2 - 10--4 = proportionality factor

c = average micrograms of pesticide in solu-
tion in the top two layers

¢~ (MO) = factor accounting for the crusting and
formation of rills thereby reducing
surface area affected by runoff

MO = months since plant date
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Pesticide Loss in the Runoff
Diphenamid was applied on P-01 on June 13, 1973. Figure

40 shows the simulated rate of pesticide loss in the runoff for
June 13, 1973, storm compared to the measured values. A loss
of 608 grams was measured. The general shape of the graphs
indicates that the predicted rate of diphenamid loss does not
significantly deviate from the loss actually observed.

Figures 41 and 42 show similar graphs of diphenamid loss
in the runoffs on June 21, 1973, and July 8, 1973, with measured
losses of 27.6 grams and l.77 grams, respectively. The model
overpredicts in the amount of diphenamid loss in the runoff on
June 21, 1973, (133 grams) and on July 8, 1973, (4.16 grams).

On July 21, 1973, however, WATER overpredicts the amount
of runoff and DEGRAD leaves more diphenamid in the soil profile
than was measured, causing the high loss predicted. On July 8,
1973, WATER underpredicts the volume of runoff but DEGRAD still
leaves more diphenamid in the soil profile than was measured.
Hence, SCRAM still overpredicts the diphenamid loss in the runoff
but not by as large a margin. Simulated and measured losses of
diphenamid during the period from July 8, 1973, through September
9, 1973 were not significant.

Figures 43 through 45 show the atrazine loss in the runoff
for the May 28, 1973 (AM), May 28, 1973 (PM), and June 6, 1973,
storms. SCRAM predicted losses of 87, 44, and 9 grams respec-
tively, whereas measured losses were 17, 14, and 3 grams.

Most of the difference in the totals can be attributed
to the degradation model. On May 28, 1973, approximately 90
percent of the atrazine was degraded, whereas simulated degrada-
tion was 53 percent. Similarly, by June 6, 1973, 93% was degrad-

ed, whereas simulated degradation was 75%.
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The difference between the shape of the curves is unexpect-
ed. Simulated atrazine losses are proportional to the runoff
depth on each subplot and hence the rate of loss increases during
peak runoff. The measured rate of atrazine loss is relatively
flat and does not show any significant response to peak runoff
flows. Since P-01 pesticide loss does show a response to runoff
rate, the change is probably related to the watershed topography,
crop type, and conservation practices. P-01 was planted in soy-
beans, was not terraced, and had an average slope twice that of
P-04, which was terraced and planted in corn. Runoff from P-04
will tend to interact with the soil surface to a lesser degree
than runoff does on P-01l. Once runoff flow begins on P-04 the
interaction with the soil may not change significantly even
though the average runoff depth increases. This would produce a
constant rate of atrazine loss.

Measured losses of atrazine in the runoff were insignificant
after June 6, 1973, because degradation was nearly complete.
Simulated losses were not significant because of degradation and
the simulated movement of atrazine into the soil profile which

rapidly depleted atrazine concentrations in the top soil levels.

Pesticide Loss on the Sediment

The amount of pesticide transported on the sediment will
depend on: (1) the origin of the sediment due to areal variation
in pesticide application (2) desorption of pesticide from the
sediment during runoff, (3) adsorption due to dissolution of
crystalline pesticide, and (4) the depth of the interaction zone

between runoff water and the soil profile.
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In the absence of a developed deterministic model an empi-
rical model is presently included in SCRAM. For each subplot
the concentration of pesticide on the sediment is assumed to be
proportional to the sediment load, the concentration of absorb-
ed pesticide in the upper two centimeters, and the elapsed time

since plant date. Mathematically:

Loss (SED) = [SED - 0.08 - § - e (MOJ, (2)
where Loss (SED) = grams of pesticide loss on sediment

SED = grams of sediment loss

0.08 = proportionality factor

s = average micrograms of adsorbed pesticide
in the top two layers

e-(MO) = factor accounting for the crusting and
formation of rills thereby reducing the
surface interaction area

MO = months since plant date.

Figures 46 and 47 show the simulated and measured diphenamid
sediment concentrations on P-01 for the June 13, 1973, and June
21, 1973, storms. Although the simulated curves do not have the
same shape as the measured curves, the total simulated losses
(8.8 and 2.8 grams) compare favorably with the measured losses
of 10.5 and 1.6 grams. Simulated and measured losses on the
sediment were not significant after June 21, 1973 (<7%).

Simulated losses of atrazine on the sediment exhibit the
same behavior as diphenamid on P-0l1l. However, the simulated
sediment loss is less than 10% of the measured loss, hence
simulated atrazine loss on the sediment is not significant.

Accordingly, the corresponding graphs are not shown.
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Figure 47. P-0l1 watershed: diphenamid loss on the
sediment (ug/g) for the June 21, 1973,
storm
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Simulated pesticide concentration on the sediment is con-
stant for several reasons: (1) the exponential factor in the
model does not change within a runoff event, (2) the average
concentration of adsorbed pesticide in the upper two centimeters
does not change significantly during the runoff period, (3) the
application of pesticide was assumed to be a constant over the
entire watershed, and (4) the present model averages the concen-
trations from each subplot at the confluence of the watershed.
Significant changes in the model and simulation structure will be

required to eliminate this effect.

PESTICIDE MOVEMENT IN THE SOIL PROFILE

The pesticide movement model (ADDE) (described in detail in
Section VII of this report) simulates the movement of pesticides
into the soil and the dispersal of the pesticide in the soil
profile. The pesticides modeled in the simulation were diphena-
mid and atrazine, which were applied, respectively, to water-
sheds P-01 and P-04. Both of the pesticides are water soluble
and were applied as a wettable powder at a rate of 3.36 kg/ha.

The adsorption-desorption model requires four input para-
meters: AB and N, the exponential coefficients; K, the adsorp-
tion coefficient; and D, the diffusion coefficient. The
adsorption-desorption model is also sensitive to the thickness
of the soil layer, which is a user supplied parameter determined
by the requirements of other submodels. The adsorption coeffi-
cient, K, was the only parameter assigned different values (see
Table 4) for diphenamid and atrazine. The movement of pesticides
into the soil profile interacts with several other processes
involved in the simulation of pesticide transport on a watershed.
The degradation model, DEGRAD, determines the remaining level of
pesticide, which is available for movement by the adsorption-

desorption model. The infiltration model, WATER, and
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evapotranspiration model, EVAP, provide the water movement
parameters which effect the rates of adsorption-desorption and
pesticide dispersion. 1In order to evaluate the results of ADDE,
while minimizing the effects of DEGRAD, pesticide concentrations
are discussed as the percentage per soil level of the total
pesticide concentration remaining in the soil. The dependence
upon infiltration velocities calculated by WATER cannot be
eliminated in the analysis of the ADDE submodel.

To compare the simulated results of ADDE to the core sample
data, the SCRAM results were adjusted from the 1 cm soil layers,
predicted by the model, to the experimental core sample intervals
(Figure 48). Model predictions were made to a soil depth of
15 cm, which corresponds to the first five core sample intervals
(0-1.0 em, 1-2.5 em, 2.5-5.0 cm, 5.0-7.5 cm, and 7.5-15.0 cm).
Experimental sample levels between 15-22.5 cm and 22.5-30 cm are
not shown because significant movement did not occur below 15
cm. The procedure used to convert pesticide concentration from
ppb to percent is shown in Table 5.

Both the measured and simulated data points were plotted
as bars and then a smooth curve drawn to reduce the distortion
caused by the sampling levels. The bars are not shown on the
graphs because they obscure the difference between the simulated
and measured profiles.

Diphenamid Movement and Dispersion on P-01

The first storm after diphenamid application occurred
on the same day, June 13, 1973. Significant amounts (6%) of
diphenamid were found below five centimeters, whereas the model

predicts all of the pesticide should be above five centimeters
(Figure 49).
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TABLE 4. ADDE PARAMETERS USED IN THE SCRAM SIMULATION
OF PESTICIDE MOVEMENT ON WATERSHEDS P-01

AND P-04
Watershed Pesticide Parameter Description Parameter Parameter Value
P-01 Diphenamid Exponential Coefficient AB 1.7
P-01 Diphenamid Exponential Coefficient N 0.9
P~-01 Diphenamid Adsorption Coefficient K 1.5
P-01 Diphenamid Diffusion Coefficient D 0.1
P-04 Atrazine Exponential Coefficient AB 1.7
P-04 Atrazine Exponential Coefficient N 0.9
P-04 Atrazine Adsorption Coefficient K 1.0
P-04 Atrazine Diffusion Coefficient D 0.1
TABLE 5. PROCEDURE FOR CALCULATING THE PERCENT PESTICIDE
PER SAMPLE LEVEL
Level Depth Concentration Mass* Percent
# cm ppb ng %
1 0-1 26,000 39,000 78
2 1-2.5 1,455 3,274 6
3 2.5-5.0 1,322 4,958 10
4 5.0-7.5 500 1,875 4
5 7.5-15.0 107 1,205 2

* Soil bulk density = 1.5 g/cm3
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Figure 48. Diagram of core samples used in analysis of

experimental data
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June 13, 1973
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There is no obvious explanation for the difference. The
storm produced 1.9 cm of rain over a 26 minute period and 1.37 cm
was runoff, leaving 0.53 cm to infiltrate into the soil profile.
This is not enough water to carry pesticide below 10 centimeters.
The residual diphenamid levels on P-0l1 measured on June 12, 1973,
are insignificant in comparison to the levels measured on June
13, 1973. 1Interestingly, the same type of distribution was
measured on P-03 on June 15, 1973, even though no rainfall was
recorded on that date (which was also the application date).
Hence, sample contamination seems probable, especially since the
surface concentration is fifty times the concentration below
5 cm.

A total of 5.0 cm of rain, most of which was infiltrated,
fell between June 13, 1973, and the next sample date, which was
July 9, 1973. The simulated distribution has started to move
into the soil profile, whereas the measured distribution still
shows the highest percentage at the soil surface (Figure 50).

By this time more than 90 percent of the diphenamid has been
degraded in levels one, two, and three (0-5 cm), while the
concentrations in levels four and five have returned to the
residual preplant concentrations. Hence, the portion of the
curves below five centimeters is of little significance, even
though this is a significant percentage of the total remaining
pesticide.

The next experimental core samples were taken on August 1,
1973. More than five centimeters of rain fell in the interim.
Dispersion has increased in the simulated pesticide distribution
and the peak is close to five centimeters. The measured distri-
bution retains the characteristic higher concentration at the
surface (Figure 51). The same type of distribution was observed
on the P-03 watershed.
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One explanation for this, which has been postulated by
SERL staff, is that some of the diphenamid may be permanently
attached to the soil particles. Although permanent attachment
would only occur for a small percentage of the pesticide, as
the season progressed the concentration at the Surface would not
be depleted by infiltration. |

The final core samples were taken on September 12, 1973.
By this time most of the diphenamid has degraded. There is‘ﬁery
little difference between the measured concentrations below one
centimeter and the residual concentrations measured before
application. The measured concentration in the first centimeter
is slightly higher than the preapplication residual, but is of
doubtful significance due to the effects of soil erosion and
sediment deposition. Simulated concentrations are zero in the
top few centimeters due to the effects of degradation and the

amount of water that has infiltrated into the soil.
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Atrazine Movement and Dispersion on P-04.

Atrazine was surface applied to P-04 on May 11, 1973. A
total of 13.98 centimeters of rain fell between the application
date and May 30, 1973. Approximately 8.4 centimeters of the
rain was infiltrated. The measured atrazine profile is dispers-
ed wider and deeper in the soil profile than in the simulated
profile (Figure 52). Since simulated runoff was below measured
runcff for the same period, the difference is not due to the
WATER model.

Between May 30, 1973, and June 8, 1973, an additional 9
centimeters of rain fell, of which approximately 6 centimeters
was infiltrated. The simulated atrazine distribution is reason-
ably close to the measured profile (Figure 53). There are two
differences: (1) the simulated atrazine concentrations are close
to zero and below measured concentrations at the surface, and
(2) the simulated atrazine concentrations below 8 centimeters
are less than measured levels. The difference at the surface
is probably partially due to the effects of sediment movement
and deposition and sampling difficulties. Atrazine movement
in significant amounts below 8 centimeters is not expected for
the present model and specified parameters.

On July 10, 1973, the final set of core samples were taken
on P-04. Ten centimeters of rain fell in the interim (6.4
centimeters on July 8, 1973) and approximately 7 centimeters
was infiltrated. The simulated and measured distributions
are markedly different (Figure 54). Very little atrazine
remains on the watershed at this time (< 3 percent), hence the
difference is not particularly significant. Nevertheless, the
characteristic presence of measureable levels of atrazine at

the surface and below ten centimeters is evident.

89



DEPTH {(cm}

SOIL DEPTH (cm)

10

15

% DIPHENAMID
20 40 60 80 100

— e SIMULATED

MEASURED

Figure 51. P-01 watershed: simulated and measured

distribution in the soil profile on
August 1, 1973

% ATRAZINE

0 20 40 60 80 100
Pi r l 1
rd
— — —— SIMULATED
MEASURED
5 —
/
/
/
ol
15
Figure 52. P-04 watershed: simulated and measured

distribution in the soil profile on
May 23, 1973

90



% ATRAZINE

o 20 40 60 80 100
D
—-— - -
z 5 - ~ — — .= SIMULATED
O
I MEASURED
'_
a
uJ
[a)]
=
o]
ol /
/
/
sl
Figure 53. P-04 watershed: atrazine soil profile
distribution on June 8, 1973
% ATRAZINE
60 80 100
] I L
— e e - SIMULATED
MEASURED
—
T Tt~
L ~
-~
F S
i 7
a 7
-l
= 7
g s
7
7~
7
Figure 54. P-04 watershed: atrazine soil profile

distribution on July 10, 1973

91



As noted above, the interdependences between the simulation
submodels makes it difficult to assess the adequacy of the
adsorption-desorption submodel. However, a few observations
are in order. The presence of pesticide is suspect below ten
centimeters immediately after application and before significant
rainfall has occurred. Sample contamination seems likely.

The persistence of pesticide in the upper few centimeters of
soil throughout the season is unexpected. This could be
explained if some of the pesticide is adsorbed permanently.

The permanently adsorbed pesticide would not be moved into the
soil profile and could be less susceptible to degradation
processes. Finally, significant distortion of the pesticide
profile may result from the sampling intervals used in the
measurement program. The effect is partially compensated by
distorting the simulated data in the same fashion. However,
considering the rate of degradation and the experimental problems
involved, sampling intervals of 0-2 cm, 2-4 cm, 4-6 cm, 6-8 cm,

8-10 cm, and 10-20 cm are preferable.

DEGRADATION

The simulation of the diphenamid degradation on the P-01
watershed utilizes two simplifying assumptions. The first
assumption is uniform application of the herbicide over the
watershed. The figure used in the simulation as the application
rate was 33.66 ug/cmz, based on a uniform application of 3.36
kg/ha.

The second assumption, which may have significantly
influenced the simulation results, involves the soil temperature.
A uniform soil temperature in the range of 25-28°C was assumed
throughout the soil profile. Temperature profile data from the

attenuation plots could not be used because of data gaps and
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inconsistencies. In addition, the number of input cards to the
simulation would be unmanageable if soil temperature profiles
were included.

As a result of assuming that soil temperature is uniform,
the degradation rate in the upper levels is below actual. During
periods when the soil is dry the degradation model is not partic-
ularly sensitive to soil temperature. During periods when the
soil is moist the temperature profile is more nearly uniform. As
the crop canopy develops the soil temperature gradient is reduced.
Finally, the adsorption-desorption model rapidly removes pesti-
cide from the soil surface and hence the uniform soil temperature
assumption will not have a significant effect on the simulation
results.

The experimental core samples were collected from each
of the ten subplots on P-0l1. There is a large variation among
samples from the same level but different subplots. Comparison
between simulated and measured levels on a subplot basis is also
difficult due to the effects of sediment transport and deposi-
tion. Because of this the simulated and experimental results
for each subplot and all levels were averaged to produce a
watershed degradation curve.

Diphenamid degradation for P-0l1, simulated and measured,
is plotted in Figure 55. Measured degradation is much more rapid
than simulated degradation. Within 30 days 95 percent of the
diphenamid has been degraded and within 60 days nearly 99 percent
has been degraded. Simulated degradation proceeds at a slower
rate but does approach 100 percent after 90 days, which is
consistent with the model.

The same model assumptions and parameters were used to simu-
late atrazine degradation on P-04 (Figure 56). Measured degrada-
tion is very rapid during the first 30 days (-~ 95%) and only
trace amounts remain after 60 days. The simulated degradation
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curve lags the measured curve but does approach the axis asym-
ptotically as required by the model. The simulated degradation
curve is offset from the vertical axis because the pesticide is
not introduced into the simulation until the first rain occurs
(May 19, 1973), whereas the application date was May 11, 1973.
Simulated degradation depends on the soil moisture profile,
the soil temperature profile, and the pesticide distribution in
the soil profile. The infiltration model and the evapotranspira-
tion model determine the soil moisture profile. At the present
time SCRAM does not contain a soil temperature model. The
adsorption-desorption model results suggest that pesticide is
moved into the soil profile too rapidly. The combined effect of
these three models on the degradation results is difficult to
determine because in this model parameters were not adjusted
from specified values to improve the results. Also, based upon
the sensitivity analyses (Section VII), even if the degradation
parameters are set for maximum degradation the simulated rate
of degradation would be below the measured rate. Because of this
the degradation model may require further development to improve

the simulated results.

VOLATILIZATION

Trifluralin (a, o, o-trifluoro - 2, 6-dinitro-N,
N-dipropyl-p-toluidine) was selected to test the volatilization
submodel included in SCRAM. Trifluralin was applied to both the
P-01 and P-03 watersheds. Data was available from the date of
application on the total amounts of trifluralin still on the
watershed and the amount of trifluralin distributed in the soil
profile.

The application rate on both watersheds was specified
as 1.12 kg/ha (incorporated). However, immediately after appli-

cation the average of the core samples indicated that a large
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amount of trifluralin had already been lost (38 to 56%) due to
volatilization or experimental error.

Uncertainty in the application amount and/or rapid
volatilization also creates uncertainty as to what the initial
pesticide distribution in the soil profile should be. Figure 57
is a graph of the initial pesticide profile at the time of the
first observation during 1973 on P-01 and P-03. Also shown in
Figure 57 is a starting profile distribution that was frequently
used during the simulation.

The simulation was started with a trifluralin profile
which was higher than measured in the upper layers and below
measured concentration in the lower layers. This is intended to
allow for losses and redistribution before the first samples
were taken. The simulated application amount was taken as 5700
ng/cm2 unless noted otherwise.

Initially, the diffusion coefficient for trifluralin at
each depth increment was calculated from the equation developed
by Bode20 for Mexico Silt Loam (2.5% organic matter, 75% silt,
22% clay and a pH of 5.6). This was not successful because at
the present time SCRAM does not contain a model to predict the
soil temperature profile and at a bulk density of 1.6 g/cc the
Bode equation generates diffusion coefficients which are less
than 3x107/

Diffusion coefficients for trifluralin in Lanton Silty

cm2/sec if the soil temperature is below 40°C.

Clay Loam between 0.2 and 0.5 x lO_7 cm2/sec have been reported.21
Diffusion coefficients less than 10-7 cm2/sec do not cause
significant losses of trifluralin with the present model.

One explanation for the unusually large diffusion coeffi-
cients required in the model would be the effect of significant
degradation. However, there is no positive evidence of photo-

decomposition on soils and microbial degradation is minimal.22
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Figure 57. Distribution of trifluralin in the soil profile

Because of this it was necessary to treat the diffusion coeffi-
cient as a constant independent of soil temperature and soil
moisture content. As a result the diffusion coefficient becomes
a simulation parameter.

There is very little difference between the P-01 and P-03
trifluralin losses as a function of time. Figures 58 and 59
show the percent of trifluralin remaining since the application
date for the P-01 watershed. The solid curves represent the
smoothed data for two different application rates. Curves
labeled "I" represent an application rate derived by adding 10%
to the amount found at the time of the first sampling. Curves
labeled "II" represent the amount remaining if 11,220 ng/cm2 was
applied.
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Since the diffusion coefficient must be treated as a
parameter independent of soil moisture, the only difference
between P-01 and P-03 is the application amount and the initial
distribution in the soil profile. Based on Figure 57 there may
have been different initial distributions. However, the different
rainfall records observed after application could also account for
the different profile distributions. Because of these uncer-
tainties the loss of trifluralin has been simulated for several
initial distributions and several values of the diffusion
coefficient. The results were then compared to both P-01 and
P-03 experimental data.

The first trifluralin distribution tested was similar to
that observed on P-03 on a percent per centimeter basis.
Represented as a vector basis, the distribution is as follows:
45.8, 27.5, 14.2, 6.4, 3.3, 1.8, 0.8, 0.2. The diffusion coef-

7 cmz/sec (6.9x10_2 cm2/day). As shown

in Figures 58 and 59 (curves labeled "A"), the simulated triflur-

ficient was set at 8x10

alin loss follows the observed loss closely for the first 25 to
30 days and then falls behind when compared to an application
rate ("I") near that observed on the day of application. If the
assumed application rate is near the specified rate, the
diffusion coefficient must be increased by a factor of 100 to
produce results which compare to those measured. See Figure 58
and 59 curves "II" and "C".

Regardless of how the initial profile is specified or how
large the diffusion coefficient is, the present model does not
adequately predict the loss of trifluralin. Observed losses drop
off rapidly during the first 20 days or so and then seem to drop
in a linear fashion during the remaining 70-80 days. None of

the available models will predict this behavior.
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The volatilization model designated as Model II (Mod 2) also
predicts diffusion of pesticide in the soil profile according
to the concentration gradient. Experimental data shown in
Figures 60 and 61 illustrate the tendency for the pesticide to
approach a nearly uniform distribution in the soil profile.
Simulation results for two different values of the diffusion
coefficient are shown in Figures 62 and 63. Although the
simulation results are calculated on a per centimeter basis,
they have been graphed to correspond to the experimental
depth increments.

The volatilization model predicts pesticide movement
in the soil profile in close agreement with the experimental
results. Simulated volatilization loss does not correlate
well with the periodic measured loss, and unusually large values
for the diffusion coefficient are required to predict total

losses which approach measured losses.

SIX MONTH SUMMARY

In the previous sections the simulation results were
discussed for each major runoff event. A large number of storms
occurred between the major events which were not discussed.
Runoff, sediment, and pesticide loss for the entire period
simulated are presented below as an aid in evaluating the
simulation results.

Table 6 displays the simulated and measured results for
P-01 (2.70 ha) between June 13, 1973, and December 31, 1973. A
total of 49.6 cm of rain was recorded, producing 2,179,497 liters
of runoff (16%) and 29,999 kilograms of sediment. Measured

diphenamid loss was 652 grams or 7 percent of the total
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Table 6.

P-01 WATERSHED:
SEDIMENT AND DIPHENAMID LOSS -

MEASURED VS. SIMULATED RUNOFF,

JUNE TO

DECEMBER, 1973

STORM DATE DIPHENAMID LOSS* (g)
AND
RAINFALL (cm) RUNOFF* (1) SEDIMENT* (kg) SEDIMENT RUNOFF TOTAL
13 JUNE 73 369,445 16,388 10.5 608. 618.5
(1.9) 335,297 14,456 8.8 556. 564.8
20 JUNE 73 - - - - _
(0.10) - - - - _
21 JUNE 73 112,397 2,367 159 276 29.2
(1.9) 183,487 7,257 2.76 133. 176.8
25 JUNE 73 - - - _ _
(0.51) - - - _ _
28 JUNE 73 - - - - _
(0.41) - - - - _
28 JUNE 73 16,763 259 0.05 1.02 1.07
(0.38) - - - - -
8JULY 73 132,821 1,361 0.22 177 1.99
(1.7 32,938 284 0.01 4.16 417
16 JULY 73 - - - - -
(0.89) - - - - -
17 JULY 73 25,824 133 0.05 0.26 0.31
(0.76) 11,187 99 0.002 0.05 0.052
25 JULY 73 - - - - -
(0.38) - - - - —
30 JULY 73 354,674 3,925 0.47 0.71 1.18
{2.79) 457,400 21,468 0.19 1.50 1.69
1 AUGUST 73 - - - — -
(0.64) - - - - -
17 AUGUST 73 2,099 13 0.008 0.02 0.03
(1.14) 35,223 1,922 0.0004 0.003 .0034
18 AUGUST 73 34,167 213 0.017 0.034 0.05
(0.89) 45,789 4,114 - - -
31 AUGUST 73 - - - - -
(0.51) - — - — -
3 SEPTEMBER 73 - - - - -
(0.69) - - - - -
9 SEPTEMBER 73 | 400,461 2,078 0.129 - 0.13
(4.06) 641,508 15,060 - - -
13 SEPTEMBER 73 | 224,742 958 - - -
(3.18) 286,226 3,493 - - —
14 SEPTEMBER 73 - - - - -
{0.69) 10,625 45 - - -

*MEASURED
SIMULATED
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Table 6. - Continued.

STORM DATE DIPHENAMID LOSS* {g)

AND
RAINFALL (cm) RUNOFF* (1) SEDIMENT* (kg) SEDIMENT RUNOFF TOTAL

17 SEPTEMBER 73 - - - - -
10.38) - — — — —

18 SEPTEMBER 73 - - - - -
{0.46) - - - - -

27 SEPTEMBER 73 — — — — —
(0.76)

28 SEPTEMBER 73 — - — - _
(0.38) - — . — _

31 SEPTEMBER 73 -
(1.40) 7,981 33 — — —

30 OCTOBER 73 — — — — —
(0.66) — — — — -

21 NOVEMBER 73 — — — _ _
(2.08) 61,956 318 — — _

25 NOVEMBER 73 - - — - -
(0.58) - — — — —

26 NOVEMBER 73 — — - — —
(0.38) - - — — —

28 NOVEMBER 73 — — — — _
(1.40) — — — — —

4 DECEMBER 73 — — — - —
(0.20) — — — — —

5 DECEMBER 73 21,360 12 - _ _
{3.99) 458,169 2,939 _ _ _

15 DECEMBER 73 - - - - —
(1.65) - - - - -

16 DECEMBER 73 — - - - —
{0.25) - — — — _

20 DECEMBER 73 7,362 7 - - —
(1.93) 84,076 367 — — -

25 DECEMBER 73 — — — — -
(1.19) — — — — _

26 DECEMBER 73 - — — — -
(0.64) — — — — —

30 DECEMBER 73 — _
(2.61) 63,404 1,743 — — —

31 DECEMBER 73 478,382 2,285 - - -
(5.26) 657,600 4,001 - — —

TOTALS 2,179,497 29,999 13. 639. 652.
3,372,866 77,599 11. 695. 706.

*MEASURED
SIMULATED
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application. Ninety-eight percent of the measured diphenamid
loss was in the runoff (639 grams), with only 2 percent (13
grams) on the sediment. Ninety-five percent of the loss
occurred on the application date as a result of a cloudburst
of 1.9 cm of rain which produced 72 percent runoff.

SCRAM used the 49.62 cm of rain as input and predicted
a total of 3,372,866 liters of runoff (25%) and 77,599 kilograms
of sediment using clay soil parameters. Simulated diphenamid
loss was 706 grams, 695 grams in the runoff, and 11 grams on the
sediment. Changing the soil parameters to SERL loam reduces
simulated runoff to 1,418,231 liters and sediment loss to
15,769 kilograms.

Summary results for the P-04 (1.38 ha) watershed between
May 19, 1973, and December 31, 1973, are presented in Table 7.

A total of 83.82 cm of rain was recorded on P-04, producing
measured runoff of 2,356,473 liters (20%) and measured sediment
loss of 5,525 kilograms. Total atrazine loss was 39 grams (<1%),
37 grams in the runoff and 2 grams on the sediment. The differ-
ence between P-01 and P-04, with respect to pesticide loss, is
probably due to the occurrence of heavy runoff on the application
date on P-01.

Simulated runoff on P-04 using SERL loam soil parameters
was 1,876,846 liters (16%). Simulated sediment loss was only
348 kilograms (6% of measured) using P-0l1 parameters. Simulated
atrazine loss was 164 grams (4%) all of which was in the runoff
because of the low sediment predictions.

The low simulated sediment losses on P-04 were unexpected.
Based upon the differences in slope and watershed size the same
rainfall on P-04 should produce approximately 25% as much sedi-
ment as on P-01l. Although no exact comparisons are possible,

the difference between simulated values is much larger than 25%.
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Table 7. P-04 WATERSHED: MEASURED VS. SIMULATED
RUNOFF¥, SEDIMENT, AND ATRAZINE LOSS -
MAY TO DECEMBER, 1973
STORM DATE ATRAZINE LOSS * (g)
AND
RAINFALL (cm) RUNOFF*(1) SEDIMENT* {kg) SEDIMENT RUNOFF TOTAL
19 MAY 73 - - - — —
{2.64) 13,361 6 TRACE 17.3 173
23 MAY 73 2.609 14 0.008 0.411 0.42
(1.22) 6,365 3 TRACE 453 453
24 MAY 73 — - - - -
0.97) - - - _ _
28 MAY 73 356,804 1,609 0.88 17.4 18.28
(4.83) 263,700 107 TRACE 87.2 87.2
28 MAY 73 337,243 1613 0.79 14.4 15.9
(4.32) 187.850 48 TRACE 440 440
1 JUNE 73 - - - - -
(0.84) - - _ _ _
5 JUNE 73 - - _ _ _
(1.02) - - - - -
6 JUNE 73 280,593 796 0.27 3.07 3.34
(3.94) 241,810 72 TRACE 9.3 9.3
7 JUNE 73 - - - _ —
(2.29) - - — _ _
7 JUNE 73 80,615 276 0.07 0.81 0.88
(1.12) 55,040 12 TRACE 1.21 1.21
13 JUNE 73 16,772 43 0.01 0.20 0.21
{0.89) 1,970 1 TRACE 0.08 0.08
20 JUNE 73 - _ _ _ _
0.97) - - _ _ -
21 JUNE 73 - - _ _ _
(0.48) - - _ _ _
28 JUNE 73 — - _ _ _
0.61) - - - _ -
28 JUNE 73 - - _ _ _
(0.58) 200 - - _ —
4 JULY 73 _ - _ _ _
{0.30) - - - _ _
8 JULY 73 411,185 756 0.04 0.41 0.45
(6.4) 464,050 78 TRACE 0.007 0.01
14 JULY 73 61,563 59 0.004 0.06 0.06
{(1.9) 49.800 7 — _ _
16 JULY 73 - _ _ _ _
{0.33) - - - _ _
17 JULY 73 9,327 12 _ _ _
(0.94) - _ _ _ _
* MEASURED
SIMULATED
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Table 7. -

Continued.

STORM DATE
AND
RAINFALL (cm)

RUNOFF* {1)

SEDIMENT* (kg)

ATRAZINE LOSS* {(g)

SEDIMENT

RUNOFF

TOTAL

23 JULY 73
(1.27)

25JULY 73
(0.89)

28 JULY 73
(0.25)

31 JULY 73
(0.25}

1 AUGUST 73
(0.32)

6 AUGUST 73
(0.13)

14 AUGUST 73
(0.64)

17 AUGUST 73
(0.25)

18 AUGUST 73
(0.38)

31 AUGUST 73
(0.25)

3 SEPTEMBER 73
(0.36)

9 SEPTEMBER 73
(4.45)

10 SEPTEMBER 73
(0.76)

13 SEPTEMBER 73
(3.43)

14 SEPTEMBER 73
(0.81)

17 SEPTEMBER 73
(1.32)

27 SEPTEMBER 73
(0.51)

28 SEPTEMBER 72
(0.64)

31 SEPTEMBER 73
(1.37)

31 OCTOBER 73
(0.51)

163,449
226.900

132,777
130,700

*MEASURED
SIMULATED
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Table 7.

Continued.

STORM DATE
AND
RAINFALL (cm)

RUNQOFF* {1}

SEDIMENT* (ka)

ATRAZINE LOSS* (g}

SEDIMENT

RUNOFF

TOTAL

21 NOVEMBER 73
(2.08)

25 NOVEMBER 73
(0.84)

26 NOVEMBER 73
(0.13)

28 NOVEMBER 73
(1.27)

4 DECEMBER 73
(0.13)

5 DECEMBER 73
(3.86)

15 DECEMBER 73
(2.01)

20 DECEMBER 73
(2.62)

25 DECEMBER 73
(2.11)

29 DECEMBER 73
(6.33)

30 DECEMBER 73
(1.88)

31 DECEMBER 73
(5.38)

11,010
52,000

49,062
33,100

8,050

13,188

422,236
150,000

»H

135

TOTALS

L

2,366,474
1,876,846

5,524.7
348.

2,071
TRACE

36.761
163.63

38.83
163.63

*MEASURED
SIMULATED
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Elimination of the limiting term (L) in the model did not change
the simulated sediment loss on P-04. Further work will be
required to isolate the reasons why the sediment model, as
implemented in SCRAM, predicts unusually low values on P-04.

Although the simulated results are not in complete agree-
ment with the measured values of runoff, sediment loss, and
pesticide movement, the potential utility of simulation in
understanding and developing pesticide control methodologies is
evident. If the processes which effect the movement of pesti-
cides are understood, they can be expressed mathematically and
used to develop a model which in turn can be used to simulate
the behavior of the system under a variety of conditions. If
the model parameters are related to physical quantities which
can be measured in the laboratory, rather than empirical fitting
parameters, then new pesticide formulations can be "field tested”
via simulation against a variety of simulated experimental condi-
tions in a matter of hours.

The next section of this report contains sensitivity
analyses of each of the submodels. This section is presented
last because it is highly technical and of primary utility to

the SCRAM user rather than the average reader.
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SECTION VII
MATHEMATICAL MODELS AND SENSITIVITY ANALYSIS

SCRAM includes a number of mathematical submodels to simu-
late the complex natural phenomenon associated with the trans-
port, movement, and attenuation of pesticides in the environment.
Each submodel is modular; only the necessary inputs and outputs
are passed between submodels. At the present time there are six

submodels:

1. WATER: An infiltration/percolation model that predicts
the amount of runoff on the watershed during each event,
and the movement of water into the soil profile during

and after an event.

2. SED: A sediment model that predicts the soil erosion
process.
3. ADDE: An adsorption/desorption model that predicts the

simultaneous concentration of pesticide adsorbed and in

solution within the soil matrix.

4. DEGRAD: A degradation model that predicts the amount

of pesticide loss due to chemical and microbial processes.

5. VOLT: A model that predicts pesticide loss due to the

pesticide's volatile properties.
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6. EVAP: An evapotranspiration model that predicts water
loss due to net solar flux, vapor pressure gradient, and

plant metabolisms.

This section includes a discussion of the mathematical
equations which are the basis for each of the computer submodels.
A sensitivity analysis, performed on each submodel prior to
incorporation into SCRAM, is included within the discussion of
the model. The SCRAM user should read these sections carefully

before attempting to set up the simulation parameters.

WATER SUBMODEL AND SENSITIVITY ANALYSES
The general equations for describing flow in a nondeforma-
ble media may be derived by substituting the components of V

(seepage velocity) from Darcy's law into the equation of

continuity.23'24 The net result for water as an incompressible
fluid is:
936 _ 2 2
= = V- [xee) Vol (3)
where ¢ = total potential defined in terms of energy per
unit weight of water. Using this definition,
potential has the dimension of length and is
referred to as "head"
Vo = the gradient of total potential
K(8) = hydraulic conductivity

<L
il

"del" or "nabla" is the vector differential oper-

ator.
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For purposes of simplifying the model we have only consider-
ed flow in the vertical direction (Z positive upwards). Equation

(3) then reduces to

6 _ 9 9¢
80 - ke ] (4

The system is further simplified by neglecting adsorption
potential, chemical potential, osmotic - pressure potential, and
thermal potential. Total potential is then the sum of capillary

(hydrostatic-pressure only) and gravitational potential so that
b= ¢ + 0@ (5)
On an energy-per-unit-weight basis:
¢g = Z = height of the water above the reference datum

Substituting into (4) and letting wp = h gives

30 _ o 3 (h-2)
5~ 32 [K(e) 37 ] (6)
Differentiating

20 _ o an] _ 2K (0)

5T 37 [K(e) az] 57 (7)

These equations assume a unique relationship between the
pressure or tension head h and moisture content 8. If this
assumption is valid it is possible to apply the chain rule of

differentiation to yield:
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90 _ (96\ /dh
Fr (3#)(5{) (8)
99\ _ _ e . .

where (§H>_ C = Specific Moisture Capacity.

Substituting into Equation (7) gives

dh _ 9 oh 9K (9)
C3t = 3% <K<9>§z> - 37 (9)

Using an adaptation of the Crank—Nicolson25 implicit method

for solving differential equations, the numerical form of
Equation (9) is:

j -1 5-1 -1 j> j-1/2
h! - nl <hi_l +hi_) + 282 - h] -] kI
At

2(AZ)2 Ci-l/z

j-1 J _wJ-1 _ .3 j-1/2
_ (hi +hy + 2 A2 - By hi+l>Ki+l/2

2 (A7) 2 cg'l/z

(10)

where the subscripts "i" refer to distance and the super-
scripts "j" refer to time.

The procedure used to solve Equation (10) is similar to the
technique of Hanks and Bowers26 and is outlined briefly below.

Compile tables which list moisture content 6 versus hydrau-

lic head, h, and diffusivity, D. Then proceed as follows:

. ] . A
(a) Estimate (At):’+l/2 = —93%17%
IJ
where 107172 = infiltration rate during the previous time

step.
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|
O
(-]
]
=
D

j
j=1/2 _ 3 i

(b)  Kj_31%» i—l/2<hj
1

j-1 j-1
e1—1 ei
S DA6- T DA®
. 6=60 6=
(c) Dj—l — L L
i-1/2 1 1
6J " —pJ
i-1 "1
j-1/2 _ [30est
(d) ¢3 = < 5h i

evaluated at 0fest <6i - 61_1>x 0.7 + 6%

(e) Compute hi from Equation (10)

(£) Compute new 63 from the corresponding hi

To implement the above procedure, Equation (10) is written
in matrix form with.all terms multiplying hg on the left and the
terms multiplying hi—l and the gravity terms on the right. The
resulting matrix on the left is tridiagonal and can be inverted
by Gauss elimination. There remains only the requirement for
initial and boundary conditions.

Initial conditions of 6 for all depths are specified by
the modeller or are based upon his knowledge of soil conditions
at the start of the simulation time period. The effect of im-
properly specifying the initial soil moisture profile is a complex
function of the soil type, evapotranspiration model, and nature of

the first storm. Generally, if the simulation is not started on
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the day of a big storm, little or no impact will result if the
evapotranspiration model is functioning properly. Usually a
period of dry soil can be picked to facilitate the choice of
initial 6s. If the last profile is available from the simula-
tion output it can be used to restart the simulation.

Figure 64 shows a representative soil column used for solving
Equation (10) as outlined above. The top layer is the rainfall
and runoff layer and ordinarily should have an initial value of
zero, i.e., no standing water.

The depth of the soil profile, NEND-1, is a simulation
parameter which determines where water transfer to lower zone
storage occurs. Water reaching this layer is transferred to
lower zone storage immediately. Thus the value of 8 at the
lower boundary does not change with time.

Equation (10) contains two terms on the right hand side.
The first term represents the movement of water between the soil
layer immediately above the ith layer (i-1) and the ith layer
itself. The second term represents the movement of water
between the ith layer and the layer immediately below (i + 1).
For i = 2, i.e., the first soil layer, the boundary condition is
specified by setting the first term equal to zero. Thus water
is not allowed to move into the top layer during a time step At
via any interaction between the i = 1 and i = 2 layers. Instead
the amount of rainfall during At is inserted before the time
solution to Equation (10) is determined. 1In effect this will
allow a small amount of water to move into the 2nd soil layer
during At. The error is not significant because At is small.

At the lower boundary, water is not permitted to move
during At between the i = NEND layer and the NEND + 1 layer.

That is, the second term on the right side of Equation (10) for
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C:::::::::::::> N=1  RAIN AND RUNOFF LAYER

Q’/
N=2 1ST SOIL LAYER

\\\\~_____ﬂ—//// N =NEND [(NEND — 1) SOIL LAYER]
0 NEND
LOWER ZONE STORAGE

Figure 64. Representative soil column for water
movement and storage.

116



1 = NEND is set equal to zero. However, water does not build up
in this layer because any water which enters the layer is trans-

ferred to lower zone storage.

Sensitivity Analysis of WATER Submodel

Three storms were selected from the 1973 (P-01l) data to
use while testing the infiltration submodel sensitivity. Strictly
speaking, it is not necessary to use actual storms, but the
sensitivity of the submodel should be tested within the range of
actual rainfall rates. In addition, the results of the sensitiv-
ity runs can also be used to set parameters for the final simula-
tion if the actual storm data is used. Table 8 summarizes the
rainfall data for the three storms selected.

The first event (May 28, 1973) represents a relatively
short storm of high intensity over the entire period. The
second event (September 9, 1973) is of moderate intensity over
a longer period and exhibits two peak rainfall rates. The third
event (December 31, 1973) is a low intensity storm over a long

period with a short peak rainfall rate.

Table 8. RAINFALL CHARACTERISTICS FOR THREE STORMS IN 1973

Peak

Total 1st Rainfall Peak
Storm Rain Duration Hour Rate Duration
May 28, 1973 5.4 cm 85 min 4.2 cm 0.14 cm/min 5 min
September 9,
1973 4,1 cm 138 min 2.4 cm 0.12 cm/min 5 min (twice)
Decembexr 31,
1973 5.0 cm 490 min 0.5 cm 0.233 cm/min 3 min
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Sensitivity to Rainfall Characteristics by Soil Type

A soil type is defined by a unique set of soil diffusivity
values and moisture potential values as a function of soil
moisture content. Hydraulic conductivity is calculated from
the tables of diffusivity and moisture potential as discussed
above. Representative values of pressure head and diffusivity
are shown in Figures 65 and 66.

Four soil types were tested for each of the storms:
(1) Geary Silt Loam,26 (2) Sarpy Loam,26 (3) Light Clay,2

and (4) Cecil Sand.28 Sensitivity to soil type is illustrated

7

by comparing the runoff hydrographs for each soil type for a
given storm (Figures 67, 68, and 69).

Initial moisture content was taken as dry (86 between 0.06
and 0.07) throughout the soil profile. The results are not
surprising. Clay produces the most runoff and exhibits the
greatest sensitivity to rainfall rate. Geary produces runoff
but considerably less than Clay. Sarpy and Cecil produce little
or no runoff. Table 9 summarizes the results and presents the
measured values for watershed P-0l.

Detailed comparisons between the actual and simulated
data are not appropriate because the initial moisture profile
was arbitrarily selected. However, the absence of any runoff
is significant for the first two storms because the choice of

initial moisture content is realistic.
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Figure 69. P-01 Watershed: WATER model sensitivity to soil
type for December 31, 1973, storm
Table 9. RUNOFF VOLUME (LITERS) BY SOIL TYPE
Runoff Volume in Liters

Storm :
Date Actual Clay Geary Sarpy/Cecil
May 28, 1973 803,670 1,033,785 383,614 - -

September 9,
1973 400,461 720,416 174,123 - -

December 31,
1973 475,000 583,054 129,711 2703 -
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Sensitivity to Soil Layer Thickness

Three sets of computer runs were made to test the sensitivi-
ty of the model to the thickness of the soil layers (AZ in Egqua-
tion 10 and G in the computer code). The impact of G can show up
in two ways; (1) an indirect effect via the treatment of the
upper boundary condition, and (2) an indirect effect via a
change in the simulation time step.

Changing G produces a significant effect on the simulated
runoff. For Clay, as G increases from 0.5 to 2.0 cm. the total
runoff tends to decrease except for the December 31, 1973,
storm (Table 10). Runoff is decreased for the May 28, 1973,
and September 9, 1973, storms because of the effect on the bound-
ary condition at the surface. The apparent anomaly in the
December 31, 1973, storm is caused by an indirect effect via the

lower boundary condition and should be ignored (see Figures 70 to
72).

Table 10. RUNOFF VOLUME (LITERS) AS A FUNCTION
OF SOIL LAYER THICKNESS FOR CLAY SOIL

Runoff volume in Liters

Storm

Date G=0.5 cm G=1.0 cm G=2.0 cm
May 28, 1973 1,052,675 1,033,785 946,027
September 9, 1973 720,015 706,416 633,107
December 31, 1973 403,710 538,054 470,544

A slightly different effect was observed when the model was
tested for Geary Soil (Table 11, Figures 73 to 75). Water moves
through the soil profile rapidly for Geary and the corresponding
sensitivity runs actually demonstrate the effect of the lower

boundary condition. For a fixed number of soil layers, water is
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Figure 70. WATER model sensitivity to soil layer thickness
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removed and transferred to lower zone storage more rapidly as G
decreases. Hence, for short duration storms runoff increased as
G increases, but for a long duration storm (December 31, 1973)

this effect is nullified and the runoff decreased as the soil

layer thickness increases.

Table 11. RUNOFF VOLUME (LITERS) AS A FUNCTION
OF SOIL LAYER THICKNESS FOR GEARY SOIL

Runoff volume in Liters

Storm

Date G=0.5 cm G=1.0 cm G=2.0 cm
May 28, 1973 269,746 383,614 419,806
September 9, 1973 126,719 174,123 164,165
December 31, 1973 132,176 129,711 119,592

In summary, as G increased from 0.5 to 2.0 cm, the runoff
decreases due to the effect on the upper boundary condition.
For soils with high infiltration rates, G should be set at or
above 2.0 cm and NEND should be 15-20. Soils with low infiltra-
tion, like Clay, will be very sensitive to G and numbers less

than 1.0 cm should be specified.

Sensitivity to Initial Moisture Content

The significance of the initial moisture content on the
runoff hydrograph will depend on the soil type. Soils which
exhibit high infiltration and percolation rates will not exhibit
much sensitivity to the initial soil moisture profile (assuming

the so0il is not saturated).
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Sensitivity to initial moisture profile was tested for each
of the three storms using Clay and Geary soils. Dry (& = 0.06),
moist (6 = 0.20), and wet (6 = 0.35) soil profiles were tested.

Figures 76 to 78 show the effect on the runoff hydrograph
for Clay. Similar less dramatic changes were observed for Geary
soil in Figures 79 to 81.

For both the May 28, 1973, and September 9, 1973, storms,
the runoff volume for Clay increased approximately 10 percent
when 6 was changed from 0.06 to 0.20 and increased another
12 percent when 6 was changed from 0.20 to 0.35. The effect
was more significant for the December 31, 1973, storm because
of the high intensity rainfall that occurred.

These results suggest that the runoff hydrograph is not
particularly sensitive to the initial soil moisture profile

unless there is a period of high intensity rainfall.

Specification of Boundary Conditions

The boundary conditions must be specified in order to

solve Equation (10). That is, the modeller must supply values
i .3 J
£or hys hypnp + 1 @9 O%mnp + 1-

Inf%ltration from a flooded surface may be represented by
having hi set to zero. This situation may occur at some time
during the storm, but it would not be true generally during the
early part of the storm. Accordingly, more water would be infil-
trated during a short time step than the amount that actually
fell on the ground. An adjustment would have to be made after
each time step to correct the water in the first soil layer in
a manner which is consistent with the rainfall rate during that
period. It would also follow that if the flooded infiltration
rate were less than the rainfall rate, runoff would occur regard-

less of the moisture content of the first soil layer.
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Another possible method of setting the upper boundary
J_

condition would be hl = constant, but not equal to zero. 1In
effect this would limit the infiltration rate to be less than or
equal to some number that depends on the choice of the constant.
The maximum moisture content of the first soil layer could

never exceed e(h%).

For selecting the upper boundary condition, each method
above 1is basically unsatisfactory because they do not correspond
to realistic expectations. During rainfall on a soil where the
moisture content is below saturation, the moisture content at
the surface should build up gradually until saturation is
reached or until the rainfall ceases, whichever occurs first.
For this reason the upper boundary condition is defined as

follows:

(1) For a small time interval (<1 minute) calculate

the rainfall that would occur
(2) Add the rainfall to the first soil layer

(3) If the first soil layer exceeds saturation, the

excess is runoff

(4) Solve Equation (10) without letting any additional

water infiltrate.

Actually, the simulation structure is more complex, since
any zone within the watershed may contain water which has run off
in the previous time step. Step (1) therefore includes any water
on the surface from the previous time step which has not run off,
in addition to that water which has run onto a zone from another

zone.
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As a result, the specification of the upper boundary condi-
tion is fixed by the constraint that the infiltrated water
must be less than or equal to the total rainfall at a given time.
The excess of rainfall over cumulative infiltration is runoff
for each zone.

At the lower boundary the situation is different. For soils
which have high infiltration and percolation rates, the water can
easily move 10-20 cm into the soil during a storm of moderate
duration. Once the wetting front has reached another soil hori-
zon with lower permeability the water will back up, reducing the
infiltration rate.

Using Geary Silt Loam as a test case, percolated water
was allowed to build up in the "NEND" layer. For the May 28,
1973, storm this condition generates 519,546 liters of runoff.
This can be compared to a boundary condition of transferring any
water that reaches the "NEND" layer to lower zone storage which
produces 383,614 liters of runoff.

If "NEND" is set large enough the water will not penetrate
to the bottom layer during the rainfall event. Using this condi-
tion the simulated runoff was 419,806 liters. This approach is
satisfactory if the choice of NEND does not require going below
the next soil horizon.

Another possibility would be to let the soil moisture
content build up to a specified level and then remain constant
by transferring water to the lower zone storage. This approach
increases runoff as the specified level is increased until the
519,546 liter figure is reached.

Based upon the results discussed above, the lower boundary
condition is specified to minimize the impact on runoff. NEND is
set between 15 and 20. When a soil layer thickness is 1.0 cm,

water generally will not infiltrate to this depth during a
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typical storm. Water that does reach this point, either during
the storm or during subsequent percolation, is transferred to
lower zone storage. This will produce some runoff error in

the long duration storms but it should not be significant over

a one year period.

SEDIMENT TRANSPORT SUBMODEL (SED) AND SENSITIVITY ANALYSES

The SCRAM simulation structure requires a microscopic
description of sediment yield for the upland phase of the soil
erosion process. The upland phase is closely related to the
individual precipitation events and the mechanics of these
events are important in determining the actual yield.

Generally, upland erosion is categorized as either rill or
interrill erosion. In rill erosion the runoff on an erodible
soil surface concentrates into many well defined small irregular
channels called rills. The erosion occurring on the area between
the rills is called interrill erosion.

For these areas the erosive agents are rainfall and runoff.
Consequently, the mechanics of sediment removal and transport

are describable by four different processes:

(1) detachment by rainfall (raindrop impact)
(2) transport by rainfall (raindrop splash)
(3) detachment by runoff
(4) transport by runoff.

Factors which must be considered in describing the yield

from these processes include:
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(1) Soil properties - soil type, texture, tilth, soil
moisture content, permeability, compactness, and
infiltration capacity. These conditions influence
the amount of runoff and the soil behavior when

subjected to rainfall impact and moving water.

(2) Vegetation properties - type of vegetation, primar-
ily as it effects the amount of rain reaching the
ground and the kinetic energy of the rainfall

reaching the ground.

(3) Topographic properties - slope, slope length,
average width.

(4) Human influencing properties - agricultural

practices.

(5) Meteorological properties - primarily the amount,

duration, and intensity of rainfall.

It is a difficult task to assemble a mathematical model at
the micro-level which includes all of the variables and param-
eters and describes the physics of the transport. Part of the
difficulty is in describing the intricate relationships involved
and in being able to quantify and measure values needed in order
to complete the description.

A search of the literature revealed several incomplete but
likely candidates. These models included stochastic sediment

29,30

yield models, models using kinematic wave theory (continuity
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and dynamic equations),31 conceptual models for computer simula-

34,35,40 which

tion,32 and models such as the Foster-Meyer
combines conceptual techniques with fundamental continuity
equations.

The Foster-Meyer model was selected for use in SCRAM
because it incorporates parameters which are available to or
generated during the simulation. Conversely, the model has not
been tested against field data and consequently the model param-
eters have not been developed or related to measurable soil
properties and characteristics. Some of these difficulties

were overcome with the assistance of Mr. Foster.33

Foster-Meyer Sediment Model

The development of the Foster-Meyer (F-M) sediment model

starts with the basic continuity-of-mass transport equation:

BGF
DF + Di = 5 (11)
where DF = rill flow detachment (deposition) rate at a
location (wt/unit area/time)

Di = delivery rate of detached particles from
interrill areas to the rill flow (wt/unit
area/time)

GF = sediment load of the flow at any location

on a slope; weight transport rate (wt/unit
width/time)

Deposition is viewed as the negative of detachment.
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GF is the independent variable of interest. To determine
values for it, an interrelationship equation is used involving

flow detachment and the weight transport rate:

D G
= o+ = = 1 (12)
c cC
where DC = detachment capability of the rill flow at a

location (weight/unit area/time)

TC = flow transport capability at a location (weight/
unit width/time)

Foster and Meyer34 caution that Equation (12) above has not been

experimentally verified, however, Bennett,36 Foster and Meyer35

present a qualitative argument for its usage.

As for the other terms needed to solve for GF' Foster and

34,35

Meyer cite empirical evidence as a basis for assuming that

both DC and TC are proportional to a power of the bottom sheer

stress (DC o« T3/2, TC o T3/2, where 1 is the tractive force or
bottom sheer stress). On the basis of empirical evidence, the

Di term in Equation (11) has been shown to be approximately
2

14

proportional to the square of the rainfall intensity (Dl a T
where I is the rainfall intensity.)

Except for the evaluating coefficients and proportionality
constants involved in the terms above, Equations (11l) and (12)
can be solved given knowledge of the rainfall conditions and the

overland flow.
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Sediment Model Output

The Foster-Meyer model predicts the following quantities:

(1) Sediment load at any location on the slope (weight/

unit area/time) and total sediment "yield" at the

bottom of the slope.

(2) Detachment/deposition rate at any location on the

slope (weight/unit area/time).

(3) Deposition and sediment load decay beyond the end

of the slope (weight/unit area/time).

Derivation of Working Equations

For convenience the equations describing the processes
being modeled (11) and (12) are repeated here as a single

equation.

3G \
§—F=DF+D
X 1
(13)
r_ Sr
Do To =1
)

Initial conditions at the top of the slope are assumed known or

determinable.
The solution of Eguation (13) parallels that of Foster and
4,35 . .
Meyer3 3 and employs the following notation:
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let

See Figure 82.

length of the slope (reference)

distance from the top (down the flow)
detachment capacity at the bottom of the slope
transport capacity at the bottom of the slope
X/L so that 0<X,<1

+ + + - REFERENCE SLOPE = 5

= APPROXIMATION TO SLOPE S(X)

- = = - ACTUAL SLOPE

Figure 82.

Schematic of upland area used to develop
Foster-Meyer sediment model
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Next, define

°
where Co

CT

S*
Next set:

S
and o

substituting into Equation

non dimensional detachment capacity as:

D C.X,S
C D7*
= = = X,S4 (14)
Do SpH)S,
T C.X,5
C T *
= = = X*S* (15)
Tco  Cr(D)S,
= Coefficient of flow detachment capacity and
CD(l) refers to the bottom of the slope.
= Coefficient of flow transport capacity and
CT(l) is the corresponding term at the bottom
of the slope.
= S/SO = Relative slope along a land profile.
LDi
T (a measure of the TCO that is filled by
o interrill rainfall detachment and transport)
LDCO
T (a measure of the flow's capacity to detach
Cco

a certain soil),

(13) and reducing:
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61 DF/DCO) <dg*
Tax, * (DF/DCO) - o\a&, -~ 9>

(16)
f

T = 9x - Dp/Dpg

Solution for a Constant Slope

For a single uniform slope, S(X) = S and making the

OI
reasonable assumption that Di = constant, we can integrate

Equation (16) to give:

DE(X*) _ <l - e) (l_e—aX*> + ¢ e Xy (17)

Cco

where C is a constant of integration and must be evaluated by

initial conditions, viz., perhaps DF(O) = 0, and
GF(X*) DF(X*)
T = X, - o (18)
CO CcO

Solution for the general case -

Assuming it is possible to "come straight down the
slope" as depicted in Figure 82, the general solution is derived

as follows:

let S reference slope

S. = slope of the jth increment; j = 1 at the top
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let K = Sy: = Sj/SO for the jth interval; then

] J
(3)
D (X,) K. - 6 _ -
P - (5 - ° - ) [1 - e %] + c.e™® s (19)
co J
o3 x,) p, ) (x,)
and —— = KXy = — 5 (20)
Co L co
where X, 1s now relative to the jth interval

Evaluation of the integration constant Cj

For the top interval, the initial conditions at the top of
the slope are needed as before, viz., DF(l)(O) = 0. Once

having gotten started, Cj has the form

j-1
D (X4.,) K. - 6 _
Cc. = F = U _ J q 1-e ax*u eax*u
J co
(21)
where X*u is at the upper end of the jth increment or the
lower end of the j—lSt.
Also note that the following condition must hold:
F *]J _ F *u
—5—— =KX, - —p (22)
Cco CO
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Equation (21) however allows DF to be continuous as the
transition is made from the (j-1) to the (j) interval. 1In
practice, we first maintain the continuity of the sediment load.

(3) - «(3-1)
Gp (X*u) = Gg (X*U) (23)

and from Equation (20)

(3)
Dp 7 (X)) . (X,
—p " = KX, - T (24)
co J

Substitution into Equation (19) produces the new C..

However, if DF(X*u) is negative, deposition is occurring.
In this case, if the slope increment is long enough, deposition
may cease and erosion may reoccur at a lower position.

The equations describing deposition are:

(3)
D (X,) K. _ ~
P 7o 1 - ] 4 e (25)
co @ J
Gp (Xy) DF(J) (X,)
— = KX, - (26)
Co ] Co
£ X, >X
or e *U

X*ejt interval
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(3-1)
D (Xg ) K. —aX X
where C. = F D H - 3 [l - e ¢ *u] e3%*y (27)
J co J
Also, since DF = 0 where deposition ends, say, at Xe’ solve for
Xe to give
X = 1 gn (K. - aé.) - 4nkK.
e ! J J J
Therefore, at X, = Xe compute a new value of Cj:
. <K - e) <1 _ e—axe> 0¥ (28)
J o

and proceed for X*er.
The procedure to evaluate constants to reduce accumulated

error is:

(1) Evaluate constants at each slope change
(2) Evaluate constants where DF = 0
(3) Evaluate constants where deposition ends and

detachment begins.

Model Parameters

The delivery rate of detached particles from interrill
areas to rill flow, Di' is a required model parameter. In
certain situations Di is assumed constant, e.g., uniform slope
and constant rainfall rate. In general, Meyer and Wischmeier32
have demonstrated that Di is proportional to the square of

rainfall intensity. 1In particular:

D, = A.K.I (29)
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where I = rainfall intensity
K3 = function of the soil type

Ai = area of the increment under observation

This approach has been adapted by ESL for use in the Foster-Meyer
Sediment Model.

Estimation of the detachment capacity of the rill flow
at a location, Dc, is more complicated. According to Yalin,37
sediment motion begins when the lift force of the flow exceeds a
critical 1lift force. Once the particles are lifted from the bed,
the drag force of the flow carries particles "downstream" until
the particle weight forces it out of the flow and back to the bed.
The average critical force for a number of agricultural soils35
appears to be about 1.0 g/cm.

For large tractive forces (1>>1.0 g/cm)

e 3/2
DT (30)
in general
D =¢C 3/2 (31)
c d
T =c, 2 (32)
c t
where Ct = coefficient depending on particle size and density

Cd = coefficient that is a function of soils resistance
to erosion by flow

34,35

In the Foster-Meyer model the average sheer stress

is defined as:
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YYS

=1
]

where = density of runoff

slope

I =<
I

= average flow depth

and where y and S are functions of X.

A more exact expression for bottom sheer stress is:

T = YRhSe
where Rh = hydraulic radius
Se = slope of the energy gradeline
Because of the small flow depths one can assume Se =S (S

is the slope of land profile at X), and assuming turbulent flow,

then flow depth = hydraulic radius (since the width of the
flow >> depth). Hence the expression

T = yyS (33)

By the Chezy form of the uniform flow equation39 the
average flow depth at location X is:
2/3
[o-X-l-(Sg S/f)l/z] (34)

9
Il

where 0 = excess rainfall rate = (rainfall intensity
infiltration rate)
S = slope at X
g = acceleration constant due to gravity

f = Darcy-Weisbach coefficient of friction
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The effective tractive force (bottom sheer stress) is then

proportional to T.

T = CrpT (35)

so that
1l/2
3/2 3/2 f

Dc Cd Crp (8g) S o X (36)
and

T — C . C3/2 . 3/2 (L)l/2 . S o g X (37)

c t rp Y 8g

Slightly different estimates for Dc’ Tc can be derived in terms
of X,. As noted by Foster and Meyer,35 the estimates of DC and
TC may be modified using discharge rates rather than excess rain-

fall measures.

1/2
_ 3/2 £ . . . -
D = Cd(cer) (8g) S X, 9, CpHSXy (38)
and
1/2
_ 3/2 £ S - X, * g = C. 58X, (39)
T, Ct( er) (8g) o T
where CT = coefficient for flow transport
CD = coefficient for flow detachment
o = discharge rate per unit width at the bottom of
the slope
X, = X/L
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Within the SCRAM simulation structure the average flow
depth is generated in the WATER subroutine. Accordingly, we can

combine Equations (31), (32), (33), and (35) to write:

D = c.(c__ sys)3/2

o d “rp
= K, (ys) /2 (40)
- ey 3/2
and TC = Ct(CrpdyS)
= K, (¥5)°/? (41)

Sediment Model Parameter Estimate

The first parameter of interest is K used in calculating

3!
the delivery rate of detached particles from interrill areas to

rill flow:

where I = rainfall intensity.

To obtain "ball park" estimates for K data from Molden-

'
hauer and Long41 were utilized. The Moldeihauer data were ob-
tained in laboratory experiments and are summarized in Table 12
below; the area of the test "beds" was 1394 cmz, the units have
been changed to the metric system, and the K

been added.

3 calculations have
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Table 12. EXPERIMENTAL VALUES FOR K..

3
. -4 -
Rainfall Rate I = 9.527 x 10 cm/sec I = 18.833 x 10 4 cm/sec
Dj (observed) K3 Dji (observed) K3
Soil Type g/cm?/sec Calculated g/cm2/sec Calculated
1. Liton Silty -5 5
Clay 1.72 x 10 18.94 4.59 x 10 12.93
2. Marshall Silty _5 <
Clay Loam 1.43 x 10 15.75 3.2 x 10 9.0
3. Ida Silt 5.02 x 10°° 5.5 2.25 x 10°° 6.34
4. Kenyon Loam 9.54 x 10 ° 10.5 2.3 x 107> 6.48
5. Hagens Fine Sand - - 2.55 x lO_5 7.18

The proposed relationship is not exactly satisfied for the
Moldenhauer data, but it does suggest a range for K3 between
7 and 20.
Similarly, if we use the data from Foster and Meyer34’35

shown in Table 13, a range for K, between 15 and 20 is derived.

3
As noted above, the detachment capacity DC = K2 (3—/'8)3/2
and the transport capacity TC = Kl(§S)3/2, where y is the average

flow depth at location X and S is the profile slope at X.

Ranges for K, and K, were estimated from the Foster-

1 2
Meyer data in Table 13. TCO was calculated from 6 = LDi/TCO with
L = 35 feet. Then D was determined from the relation

CO
a =L DCO/TCO'
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Table 13. PREDICTED VALUES OF SEDIMENT
LOAD FROM FOSTER AND MEYER34,35

(1) Soil Loss
GF Di
Case o 8 TCO tons/acre/hr Predicted Measured
tons/acre/hr tons/acre/hr
1. .046 057 0784 10.0 13.7 11.5
2. .250 .029 .1409 7.7 37.2 29.0
3. .065 .043 .0734 7.7 12.3 10.9

The calculated values for TCO were 1.164, 1.762, and

1.188 g/cm/sec for the three cases shown in Table 13. Corres-

ponding values for D.. were 5.025 x 1072, 4.127 x 10_4, and

-5 5 CO
7.23 x 10 g/cm”/sec.

Apparently. Table 13 contains an error because the program
predicted the same values for the first two cases, but predicted
13.14 tons/acre/hour for the third case.

With the above values as representative for TC and DC’

Kl was initially estimated to be in the interval (20,300) and K

in the interval (8.5 x 10_4, 8 x 1072

2
). The smaller values appear

to be better under the steady state and uniform rainfall excess
assumptions.

Based upon the results and the sensitivity analysis in
the next section, a suitable range of parameters can be developed

for running the simulation.
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Sensitivity Analysis of the Sediment Model

The general sensitivity of the sediment model to variations
of the several different parameters was checked analytically
where possible and also via computer runs to obtain numerical
estimates. For the analytical determinations the solution for

the sediment load reduced to its most basic form is:

Lo I X
1-"%49 L 2
GF(X*)=(K1C1) Xy X, 1l -e Ky X4 (42)
L g
1
where c, = (s7(1) 52
and the other notation is as used previously. (Note that § = 1.

This form is used and discussed further below.

For the computer checkout the following inputs, with
their assigned values shown, were used for tests. Except for
length and width of the slope, which remained constant through-
out the testing, each of the inputs were allowed to vary while

all others remained fixed.

Length 405 m

width 670 m

Slope .0375(3.75%)
Average Runoff Depth .5 cm
Rainfall Intensity .1 cm/min
K3 (Soil Type Constant) 8.

Ky 20. 3
K2 1. X 10
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These values of length, width, and slope were chosen to approxi-
mate the dimensions of the P-01 watershed. Average runoff depth
and rainfall intensity values were chosen after studying rainfall
data on P-01 as reasonable values during a storm. The values

chosen for K3, Kl, and K2 are discussed in the previous section.

Sensitivity to slope -

A plot of sediment load vs slope of the watershed is
shown in Figure 83. Slope was allowed to vary from 1% to 30%.
The model is not very sensitive to changes in slope in the ranges
of interest although, as expected, sediment load always increases
as slope increases.

From Equation (42) above, the sediment load for only S
variable has the form GF = le3/2 + Ny, where the Ns are con-
stants. This increasing function has the form noted in the

figure.

Sensitivity to rainfall intensity -

Figure 84 shows that the model is relatively sensitive
to rainfall intensity. As expected, sediment load is always an
increasing function of rainfall intensity. The curve is not
linear, as the rainfall intensity term is squared in the model
equations. Analytically, for only I variable the sediment load
has the general form GF = A + BI2.

If I =0, i.e., rainfall has stopped, then

K Ky
Gp(Xy) = (KiCy) [ X, - <—> 1l -e (43)
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| W

_ - S
where C, = (éy(l) >

therefore: wunless S = slope = 0, sediment load decreases con-

tinuously until y, the average depth, reaches zero.

Sensitivity to position on the slope

In Figure 85, sediment load was computed at 100 points
on the slope, beginning near the top and moving downward to the
bottom of the slope. This test was made primarily to show that
the model behaves reasonably well when the slope is cut into
pieces; this is necessary to determine when and if a new con-

stant of integration needs to be calculated.

Sensitivity to the number of increments down the slope -

In Figure 86 the sediment load was calculated when the
slope was divided into 1, 10, 50, and 100 equal area segments.
If the slope is divided into n equal area segments, the computer
model checks n times to see if it is necessary to calculate a
new constant of integration. The plot in Figure 86 shows that
sediment load remains constant, regardless of the value of n, at

least for the given input conditions.

Sensitivity to rainfall detachment parameter K3 -

Using Equation (42), it is easy to show that GF = A + BK
for all parameters except K

3
3 constant. B is always greater than
zero, and hence GF is a linear increasing function of K3_ This
relationship is verified by the computer analysis shown in Figure

87 where K3 was allowed to vary between 1 and 24.
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Sensitivity to detachment capacity parameter K, -

K2 is a complex parameter used to help estimate the detach-
ment capacity of the water flow. As previously noted, K2
includes a measure of a soil's resistance to erosion by flow
and a proportionality constant obtained by calculating the
tractive force of this flow from the average sheer stress.

For fixed X,, and only allowing K2 to vary, the sediment

load function can be written as:

X*
K, %c, (1-9) oy A
GF(X*) = KlClX* - I . (44)
K
2
so that
~WK -WK
G K 2C (1-9) W K.e 2 _ l-e 2>
s F _ _ 171 2 (45)
8K2 L K 2
2
LX,
where W = > 0
K _
1
-WK2 —WK2
and WK2e + e -1 <0.
BGF
For 0<6< 1, > 0

and hence G_ is an increasing function of K2;

for 0>1, 5?5 < 0 and hence GF is a decreasing function of K2.

2
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Figure 88 shows sediment load is K2 for four different values

of Kl' The function is increasing for values of K, which make

1
1 which make 6>1. The

physically meaningful values seem to occur for the case 0<6<Il.

<1, and decreasing for values of K

Sensitivity to the transport capacity parameter Ky -

Kl is a parameter used to help estimate the transport
capacity of the water flow. As previously noted, K is a complex
parameter which is a function of soil particle size and density
and includes a proportionality constant relating average sheer
stress to the tractive force of the flow.

An analytical expression for the sensitivity of GF to Kl
is difficult to develop but GF is an increasing function of this
parameter.

Figure 89 shows sediment load as a function of Kl' Four
curves were plotted, each with a different value of K2 {constant
associated with detachment capacity). All four of the curves
intersect where 6 = 1. (See model description.) The sensi-
tivity of the model to Kl shows a marked dependency on the value
of K2 because the ratio K2/Kl appears in the equation for GF'

For the special case of 6 = 1, G, = K;C;X, = K, (¥ s)3/2

F 171
and so all of the curves will intersect.

Sensitivity to average runoff depth -

With all other coefficients remaining fixed (except V),

the sediment load equation has the form:

-3/2 1
Gp (%) = K772 | %, - (Kl - Ky §3/2) <K4> (46)
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it is easy to show that

—

K
3G K183/2 K, ~L <KI> Xy 172
— = = L Xe =\ 1—e r3/2y >0

L\ J |

hence G, is an increasing function of y.

It can be seen in Figure 90, where sediment load vs average
runoff depth is plotted, that the model is extremely sensitive
to runoff depth. 1In order that actual conditions can be more
realistically simulated, it is important to take small time steps

to keep the runoff depth low enough to simulate actual conditions.

Sensitivity to vegetation parameters -

As coded for the sensitivity analyses, the sediment
model does not directly take into account the particular vegeta-
tion or mulch type(s) present on the watershed subplots. Foster
and Meyer studied certain aspects of this problem, e.g., measure-
ments with straw and wheat mulch, and suggested that the ratio of
the "unmulched" sheer stress of the flow to that of the "mulched”
was a constant raised to a power. The constant was the cube of
the ratio of the average flow velocity with mulch to that of the
unmulched flow - all other conditions being the same.

With no data available on this aspect of the problem,
it was decided not to modify the model during the sensitivity

tests to try to account for the "vegetation" type parameters.
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ADSORPTION - DESORPTION SUBMODEL (ADDE) AND SENSITIVITY ANALYSIS

Adsorption and desorption are the controlling processes
in the dispersal of pesticide in the soil. Pesticide dispersal
is dependent on the chemical properties of the pesticide, the
physical characteristics of the soil, the meteorological conditions,
and the type and stage of development of the plant cover. Once
the chemical properties have been understood and related to the
physical soil properties in the adsorption processes, pesticide
movement can then be predicted within the range of meteorological
events common to the watershed.

Various scientists have studied this problem. Numerous
experiments aimed at understanding portions of the adsorption-
desorption process have been carried out. Rifai, Kaufman and
Todd,42 Day and Forsythe,43 Nielsen and Biggar,44 and Rose and
Passioura,45 studied steady state displacement of water satura-
ted porous material and solutes which do not interact with the
solid soil matrix. Likewise, Biggar and Nielsen,46 Kay and
Elrick,47 and Huggenberger, Letey and Farmer48 experimented
with solutes that are highly adsorbed onto the solid soil matrix.
These studies do not address the simultaneous movement of water
and solutes that occur naturally.

A modified adsorption-desorption hybrid model developed
by Dr. J. M. Davidson49 was used in the simulation of pesticide
adsorption-desorption. Dr. Davidson's model addresses the
"combined effect of convection, adsorption, and dispersion" with
a correction for numerical dispersion. Modifications were
made to adapt the existing model for use within the simulation

structure.
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Description of the Adsorption-Desorption Model

The one dimensional transport of solute through soil is

described by:

@
—_
@
(@]
N

@

5C ) _ 3(gQ) _ _ 3S

37

where = solute concentration (ug/cc3)
= volumetric water content (cc/cc)

= time (hr)

N o @
|

= depth into the soil measured positive in a down-
ward direction (cm)

= apparent diffusion coefficient (cmz/hr)

= volumetric flux of water (cm/hr)

= so0il bulk density (g/cc)

”w g9 Q o
|

= adsorbed solute concentration (ug/g)

The adsorption and desorption processes of Equation (47) are
described by the Freundlich equations:
S = KACl/N adsorption (48)
S = KDCl/AB desorption (49)
where KA = adsorption distribution coefficient
KD = desorption distribution coefficient
N = adsorption exponent constant
AB = desorption exponent constant
Assuming that D is independent of soil depth, and follow-

ing the Davidson methodology,49

Equation (47) reduces to:
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where W=1+ %ﬁ KACl/N_l adsorption (51)
1/AB-1 .
W=1H+ §%§ KDC / desorption (52)

The equations are solved explicitly using a finite difference

procedure corrected for numerical dispersion described by

chaudhari (1971).°°
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and = time index
= sgpatial depth index

time increment

Nt ke
I

= spatial increment

There are a few restrictions in the use of the adsorption-desorp-
tion hybrid model. The time increment, At, must always satisfy

the following criteria:

(D-Dn) At

A22

< 1/2 (57)

and

D 2986
(3-8 s2]or <o e

When associated with an infiltration model that moves water
through the soil, the spatial increment, AZ, in the solute
equation must be an integer multiple of the spatial increment
in the water transport equation. This interaction of spatial
increments, AZ, and time increments, At, restricts the results
to compatible water models. This restriction is not significant
in the SCRAM simulation structure because of the small time

increments used in the simulation.

Sensitivity Analyses

Davidson's adsorption-desorption model was tested to
determine its sensitivity to variations in the input parameters.
Parameters were tested over two time regimes (one hour and five
hours of continuous infiltration). The model was most sensitive
to layer thickness. Variation of exponent constants, the
diffusion coefficient and the conductivity of the pesticide have

little effect on the model results.
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Sensitivity to layer thickness -

To test the sensitivity of the adsorption-desorption
model to variations in soil layer thickness, two soil layer
thicknesses, 0.5 cm and 1 cm, were compared for two time periods
of continuous infiltration: one hour and five hours. The soil
layer thickness affects the depth of pesticide penetration into
the soil profile and determines the depth of the maximum-
pesticide concentration in solution and adsorbed on the soil.

The solute portion of the pesticide concentration
penetrates deeper into the soil profile and the maximum pesticide
concentration occurs at a deeper soil depth with the larger soil
layer thickness (1 cm) for both the 1 hour and 5 hour time per-
iods. (See Figure 91). The difference in layer thickness
dependence of the depth of the maximum pesticide concentration
is reduced within five hours.

The adsorbed portion penetrates deeper into the soil
profile and a larger portion of the pesticide is adsorbed with
1 cm soil layer thickness. Figure 92 shows the concentrations
of the adsorbed pesticide. The relationships between soil layer
thickness and adsorbed pesticides exist for both the one hour and

five hour time period.

Sensitivity to the adsorption exponent constant -

N is the exponent constant in the Freundlich adsorption
equation. Its value is dependent on the pesticide being modelled.
Varying N from 1.0 to 9 (the values used for diphenamid and
atrazine) produces negligible change in the 1 hour and 5 hour
graphs of both the chemical concentration in solution and

adsorbed to the soil as seen in Figures 93 and 94.
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Sensitivity to the desorption exponent constant -

AB is an exponent constant associated with desorption
in the Freundlich equation. The value assigned to AB is pesticide
dependent. AB was varied over a range from 2.5 to 1.7 (the
values used for diphenamid and atrazine). As seen in Figures 95
and 96, the adsorbed and solute concentrations show negligible

dependence on the value assigned to AB.

Sensitivity to the diffusion coefficient -

D is the apparent diffusion coefficient in the pesticide
transport eguation. Varying D from .05 to 0.5 does not
significantly affect the solution concentration distribution or
the adsorbed concentration distribution as seen in Figures 97
and 98.

DEGRADATION SUBMODEL (DEGRAD) AND SENSITIVITY ANALYSES
Degradation of pesticides in the soil is a complex
phenomena involving a variety of mechanisms. Among the known
mechanisms are chemical, photochemical, and microbial degrada-
tion. The guantification of these mechanisms and the effects
of environmental factors on the degradation rates of pesticides
remains an area of active research.
Most research on degradation has explored the subject
under laboratory conditions. These studies have held environ-
mental conditions constant in order to examine specific

mechanisms.
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Moe51 investigated the kinetics of microbial degradation of
the herbicides IPC and CIPC. From an equation based on both
the herbicide concentration and the bacterial mass present in
the system, the reaction rate constants for the initial hydrolysis
reactions were calculated. Moe determined that the greater
persistence of the herbicide CIPC was more dependent upon the
degree of microbial activity rather than upon an activation energy
requirement.

Burschel and Freed52 studied the rate of micro-biological
decomposition of three organic herbicides in the soil. To
ascertain the kinetics involved in the process, the rate was
followed at two different temperatures. They reasoned from both
first principles and observations that since most microbiological
processes follow first order kinetics, then the decomposition of
the herbicides in the soil should also follow first order kinetics.
On this basis it would be possible to calculate the heat of
activation required for this breakdown, by applying the Arrhenius
equation. The data they presented supported this conclusion.

Schultz and Tweedy53 investigated the uptake and metabolism
of diphenamid in resistant (tomato) and susceptible (wheat) plants.
They proposed a degradation scheme for diphenamid in plants, and
examined the toxicity of the herbicide and its metabolism in
tomato and wheat plants.

Freed54 determined that as a first approximation, degrada-
tion of the herbicides examined followed a first order rate law.

Several mathmatical models have been proposed to describe
the degradation process: first order kinetics, Michaelis-Menton
kinetics, half-order kinetics, and more complex schemes.

Steen55 (from SERL/EPA) has developed a first order model

including soil moisture and temperature factors:
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dCp _
a - Xm,m)CP (59)

The equation is solved:

Ku,mt (60)

Cp = [Cp]oe
The model has been tested using a combination of laboratory and
field data. The herbicide used to calibrate the model was
diphenamid.
The temperature and moisture dependence of degradation

is expressed:

2
K(M T) Opte(AK(M(t)_MOpt) )e(BK(T(t)_Topt))
T _T(t) BK(Tmax_Topt)
% Tmax — (61)
max opt

Parameters AK and BK are herbicide dependent. Parameter AK is
determined by the relationship of soil moisture levels to the
herbicide decay rate.

AK assumes soil moisture has a Gaussian distribution
with time. BK is an empirical fitting parameter which includes

the effects of biological components of degradation. Environ-

mental parameters include: T'M’Kopt’ Topt’ Mopt’ and Tmax’ KOpt
is the decay rate at the optimal temperature. TOpt is the
optimal temperature expressed in degrees C. T is the maximum

max
temperature and Mopt is the optimal moisture level.
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The boundary conditions in the model involve the
temperature. An increased temperature increases the rate of
degradation. As the temperature approaches 40°C, the rate of bio-

logical degradation decreases. At higher temperatures (between
42° - 45°C) degradation ceases.

Experimental Degradation Data

Herbicide data was collected on the watersheds and
attenuation plots. Pesticide loss was plotted against elapsed
time in days of the watersheds. Both atrazine and diphenamid
appear to exhibit a first-order decay (Figures 99 thru 102).
Paraquat core sample data (Figures 103 thru 106) does not show a
consistent decay pattern with time. Paraquat levels within a
watershed will inexplicably increase over a period of time after
dropping to a lower level. Paraquat data was not simulated using
the herbicide degradation model because of fluctuations in the
degradation of the core sample data.

Averaged data for diphenamid (Figure 107) and paraquat
(Figure 108) from attenuation plots in 1972 have been plotted
against time. The two pesticides show erratic fluctuations.

An improved coring technique was devised to prevent contamination
of subsurface soil. This technique has provided remarkably
improved data for 1973.

Diphenamid core data from watershed P-0l1 and atrazine
core data from watershed P-04 were compared to simulated results
using only the degradation model (Figures 109 and 110). The
environmental parameters used in this simulation were optimal

moisture and a 20°C temperature.
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Degradation Sensitivity Tests

Sensitivity tests for the degradation model were per-
formed for two distinct groups of model parameters: (1)
environmental parameters, and (2) pesticide specific parameters.
All tests were run for a period of 80 days. All the parameters
examined in the sensitivity analysis are factors which determine

the decay constant K (Equation 61).

(M, T)

Sensitivity to environmental parameters -

The environmental parameters tested were moisture and
temperature. For these tests the pesticide specific parameters
AK, BK were assigned diphenamid values.

The parameters used to calculate K(M,T) were assigned

the following values:

K = .119676 T = 39.6065
opt max

MOpt = .173599 AK = 92.0040
T = 38.2344 BK = 0327710
opt

Moisture was found to be the more sensitive environmental
parameter. Moisture sensitivity of the degradation model
was tested over the range of 0% to 35% moisture. Figures

111 through 115 illustrate the effects on degradation of 0% of

moisture, 35% moisture, and 17.5% moisture. These three moisture
levels were plotted for five temperatures: 0°C, 1l0°C, 20°C,
30°C, and 35°C. Both maximal and minimal moisture produce minimal

degradation at all temperatures examined. A moisture level of
17.5% produces near optimal degradation at all temperatures
examined. The effect of moisture on degradation was graphed
over a range from 5 percent to 30 percent moisture in 5

percent increments (Figure 116). The extremes of this range, 5
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percent and 30 percent, produce relatively low degradation.
Moisture levels of 10 and 25 percent produce moderate levels of
pesticide degradation, while moisture levels of 15 and 20 percent
product rapid degradation.

Temperature variations, while not producing the dramatic
affect of moisture variation, produce significant effects.
Temperature sensitivity was tested over a range from 0-35 degrees.
Degradation produced at the temperatures examined (0°, 10°, 20°,
30°, and 35°) were plotted at minimal, optimal and maximal
moisture levels (Figures 117 thru 119). Degradation of pesticide
increases with temperatures up to 38°C. At 40°C, the degradation
rate is analagous to the degradation produced at 15°C. Biological
degradation ceases at temperatures between 40°C and 45°C. The
computer model currently uses 42°C pending the completion of

Dr. Steen's tests.

Sensitivity to Pesticide Specific Parameters

The environmental parameters were assigned the following

values for all pesticide specific sensitivity tests:

KOpt = 119676 TmaX = 39,6065
Mopt = .,173599 T = 20.000 |
opt = 38.2344 M = ,175000 for tests of BK

.05000 for tests of AK

AK characterizes the moisture dependence of pesticide
degradation. The value of AK is always negative; a value of
zero would produce optimal degradation at all moisture levels.
The effect of increasing the absolute value of AK is the
reduction of the degradation rate. AK was varied from 75

to -110 with little effect on the degradation rate (Figure 120).
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BK characterizes the temperature dependence of pesticide
degradation. As BK increases from 0.01 to 0.05 the rate of
pesticide degradation decreases (Figure 121). At BK = 0, the
rate of degradation is independent of temperature. Values of

BK greater than 0.5 result in little or no degradation.

VOLATILIZATION SUBMODELS (VOLT) AND SENSITIVITY ANALYSES

The volatilization of pesticides is one of the mechanisms
for the removal of the pesticide from the soil to the
atmosphere. Among others, Dr. Walter J. Farmer studied this
process in an attempt to develop models for predicting the loss

of pesticides from the soil due to volatilization.>> ©°
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His recent paper contained five models describing the volatili-
zation of pesticides with varying initial and boundary conditions
and transport processes.61

Farmer notes that the volatilization of pesticides can be
predicted by studying the physical and chemical processes
which control the pesticide concentrations at the soil surface.
When pesticide concentration at the surface is high, volatiliza-
tion is primarily governed by the pesticide vapor pressure and
degrees of adsorption in the soil. When concentrations at the
surface are lower, however, volatilization is governed by the
movement of the pesticides through the soil to the surface. The
pesticide transport can be by either one or both of the possible
transport processes of mass flow and diffusion.

The five Farmer models are more accurately designated as
distinct solutions to a single equation. The basic assumption is
that the movement of the pesticide in soils under concentration
gradient can be mathematically treated using the standard
equation. The change in concentration of the pesticide, as well
as the loss of pesticides due to volatilization at the surface,
is predicted by the solution of the diffusion equation using five
different sets of boundary conditions. Because of the similarity
of (1) the diffusion equation and the transfer of matter into a
concentration gradient described by Fick's second law and (2)
the heat transfer equation described by Fourier's law, it is
possible to use known solutions of the heat transfer equation to
describe pesticide movement. If the soil is assumed to be an
isotropic system, wherein a pesticide is uniformly mixed with a
layer of soil and is volatilized at the soil surface, the

diffusion equation is:
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3 C 1 3C _ . v,
a? 5 ?t_ = 0: Fick's Second Law (62)
where: C = the pesticide concentrated in the soil

(g/cm3 total volume)

N
Il

distance measured normal to the soil surface (cm)

o
I

diffusion coefficient (cmz/sec)

t = time (sec).

The solution of this equation with the five sets of boundary con-
ditions has been described by Farmer.61 The actual closed form

solutions are obtained through comparison to similar heat transfer
situations described in H.S. Carslaw and J.C. Jaeger.62
Portions of Farmer's paper are duplicated and discussed below

for the convenience of the user.

Model I

The first model assumes that the pesticide volatilizes
at the soil surface. Pesticide is initially incorporated uniformly
to a depth L at concentration Co(g/cm3). No pesticide diffuses

below L. Mathematically these conditions are:

lI

Co at t = 0; O_<_ZiL
0 at Z=0and t > 0

o O 0
Il

c _ —
—Z—OatZ—L

The solution to (62) by analogy to the heat equation is: (63)
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_ % & (1" | (-p(2n + 1)%7% /a1
€= = 25 (Zn+1)
n=o

(2n + 1) m™ (L-2)
X COs 5T, (64)
. oC . .
Pesticide flux, £ =D (55 is given by
z =0
D C = 2.2
fF=—2° __ |1+2 :S (-1)P e (Tn L7/DE) (65)
(nDt) 172
n=1
Model II
If the summation term in (65) is small compared to one,
the flux reduces to:
D CO
f = —> (66)
(nDt) 172

By analogy to heat flow in an infinite solid, the concentration

is given by:
c = c_ ert [z/z(Dt>l/2] (67)

A test for the validity of (66) suggested by Farmer is

C(z =L, t) > 0.99C_. For this to be true it is easy to show
that:

t < L%/14.4 D
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For L = 1 cm and D = 8.64 x lO_3 cmz/day, Equation (66) 1is valid

for 8 days. Bode20 et al reported diffusion coefficients

8

for trifluralin between 10 ° and 10_6 cmz/sec. Under conditions

which are likely to occur in the field, values larger than lO—7
cmz/sec (8.64 x 10_3 cmz/day) are unlikely. Accordingly, Equation
(66) would be valid for 8 days for L = 1 cm and for 200 days

L

= 5 cm.

Advanced Models

The remaining models discussed by Farmer attempt to
account for the weakness of the assumed boundary conditions
(Equation 63).

Farmer's Model III addresses the fact that diffusion

can occur across the lower boundary, i.e.,:
3C B
a—z' # O at 2 = L (68)

For reasons which will be discussed in detail below, this 1is
not a significant error because of a more fundamental problem.

The remaining two models discussed by Farmer deal with
the assumption that the pesticide concentration at the soil sur-
face is zero at t > 0. Both models have the effect of reducing
the pesticide flux at the surface.

Fundamental to all of the Farmer models is the assumption
that the pesticide is uniformly incorporated to a depth L. As
can be seen from Figure 122 (smoothed data) the pesticide is
far from uniformly incorporated. Hence the derivation of the
equations which are the basis for all of Farmer's models is
highly questionable. Accordingly, at this time we have only
coded the simpler models hereinafter referred to as Model I and

Model 1II.
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CONCENTRATION OF TRIFLURALIN (PPB)

Measured Trifluralin distribution in the
soil profile after application, 1973
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Adjustment for Non-Uniform Pesticide Application

In order to adjust for the lack of uniformity of
pesticide in the soil profile, Equations (65) and (66) were
applied in the following manner:

1. L was defined to be one centimeter and CO was set

equal to Cl, the concentration in the 0-1 cm layer.

2. When Cl was reduced to the concentration in the 1-2 cm

layer, CO was set equal to C2 and L was set to 2.0 cm.

3. This process was continued until the concentration in
the soil profile reached the concentration in the

lowest centimeter.

The effect of this modification can be seen in Figures 123 and
124. For comparison Model II has been plotted for two different
values of C_: 5000 ng/cm3 and 1400 ng/cm3. A value of 1.0 x 10~

cmz/sec was used for the diffusion coefficient.

7

Diffusion Coefficient for Trifluralin

A number of experiments have shown that the diffusion
coefficient D is a function of the soil moisture content, soil
temperature, and soil bulk density.

Bode20 used a multiple regression analysis to derive a
15 term equation for predicting the diffusion coefficient from

trifluralin:
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2

log D= - 0.313 - 1.051 8 + 0.054(6)

- 8.494 x 10 %3 - 8.997

+6.021 x 107°6T% - 7.359 x 10" leT>

+1.483 x 107 %% - 8.863 x 10" 8°T

+1.362 x 10776% + 1.5880p

~ 0.1080%0 + 2.880 x 107 °63p

- 2.560 x 107°6% + 4.664 x 10 %Tp

- 3.013 x 10 28Tp (69)
where 5 = soil moisture (% w/w)

T = soil temperature (°C)
bulk density (g/cm3)

The multiple correlation coefficient (R) for Equation (69) was
0.99, which is very satisfactory.

Equation (69) was derived from experimental results
for Mexico Silt Loam of varying bulk densities. The soil was
reported to be 2.5% organic matter, 75% silt, and 22% clay
and had a pH of 5.6.20

Equation (69) predicts that D will decrease with increasing
bulk density for constant temperature and moisture. For constant
moisture and bulk density, D increases as temperature increases.
For constant bulk density and temperature, D increases and then
decreases as moisture content is varied between 0 and 30% (see
Figures 125 and 126).

From Figures 125 and 126 and Equation (69) we can see that
the diffusion coefficient drops off rapidly as the moisture
content goes below 5% regardless of the soil temperature, and
when the soil temperature drops below 25°C there is very little

change in D regardless of the moisture content.
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Assuming that high soil temperatures will not be associ-
ated with high moisture content, a range of values for D can be
estimated for field conditions. For Mexico Silt Loam of bulk
density 1.4 g/cm3, this range would be approximately 9 x lO3

cm2/day (moist, 25°C) to 5 x lO2 cmz/day (dry, 45°C).

Model Sensitivity to the Diffusion Coefficient and Soil Profile

Distribution

In order to test the model sensitivity to the diffusion
coefficient D, an initial distribution of pesticide in the soil
profile must be assumed. Unless otherwise noted, the application
amount is assumed to be 11,220 ng/cm2, distributed in the first

eight centimeters as follows:

The flux predicted by Model II increases as the square
root of the diffusion coefficient. As D increases the non-uniform
incorporation of pesticide becomes more significant. For large
values of D the flux at the surface due to the high concentration
of pesticide in the 0-1 centimeter layer will be very large. As
a result the concentration in the 0-1 cm layer is reduced very
rapidly to the concentration in the 1-2 layer (less than two days
for the conditions outlined above). These results suggest that
between 5 and 10% of the total amount applied could be lost in
the first 4-8 hours after application. The sensitivity to D is
shown in Figure 127.

Because of the possible sensitivity to the initial pro-
file of pesticide in the soil, a series of computer runs were
made with D held constant at 8.64 x lO_2 cmz/day, and the total
application fixed at 11,220 ng/cmz. If we represent the profile

concentrations as percent of amount applied, in vector notation
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three profiles were checked: A: (73.5, 13, 6, 3, 1.5, 1,1,1),
B: (45, 28, 14, 6, 3, 2, 1, 1), and C: (12.5, 12.5, 12.5, 12.5,
12.5, 12.5, 12.5, 12.5).

The results are shown in Figure 128. Table 14 summarizes
the results for several values of the diffusion coefficient. The
effect of initial pesticide distribution is very pronounced. For
reasonable values of the diffusion coefficient significant amounts

of pesticide would be lost in the first few days after application.

Table 14. PERCENT PESTICIDE REMAINING AFTER 100 DAYS AS A
FUNCTION OF INITIAL DISTRIBUTION AND DIFFUSION
COEFFICIENT

Percent Remaining After 100 Days

Diffusion Coefficient (cmzday)

Pesticide -3 -2 -1
Distribution 8.64 x 10 8.64 x 10 8.64 x 10
A 36.4 15.9 2.49
B 64.0 29,2 6.0
C 86.9 58.5 0

Diffusion in the Soil Profile

None of the models discussed above predict any downward
(away from the surface) diffusion of pesticide. This result
would be expected for uniform incorporation but not for the non-
uniform case. To correct for this effect another modification
was added to Model II (Mod 2).

We assumed that the pesticide would move according to

the concentration gradient, i.e., Fick's first law:
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g=-D — (70)

The diffusion coefficient may be specified as constant throughout
the profile, or, using the equation by Bode,20 calculated from
the moisture content, temperature, and bulk density.

The effects of this modification are shown in Figures
129 and 130 for two different values of the diffusion coefficient.
The pesticide distribution was (60, 20, 10, 4, 2, 2, 1, 1, ) for
both cases. For values of D > 8.64 x lO_2 cm2/day the model
predicts significant interlayer diffusion. The total pesticide

loss is also changed but not significantly.

EVAPOTRANSPIRATION SUBMODEL (EVAP) AND SENSITIVITY ANALYSES

Moisture transfer from a vegetated surface through the
mechanism of evaporation is termed evapotranspiration. The word
combines the two similar but distinct processes of evaporation and
transpiration. Evaporation is the process whereby liquid water
passes directly into the vapor state, while transpiration is the
process whereby water passes from liquid to vapor via plant
metabolism. The two processes are usually combined due to the
fact that they are indistinguishable from one another in
experimental measurements.

The net transfer of water molecules into the air as
evaporation is a function of the vapor pressure gradient between
the evaporating surface and the air. The gradient implies that
the vapor pressure of the air adjacent to the surface is less
than that at saturation. The change of state from liquid to vapor
requires energy, about 582 calories per gram of water at 25°C,
which necessitates an external source of energy. This could be

solar radiation or sensible heat from the atmosphere on the
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ground. Alternatively, the energy may be drawn from the kinetic
energy of water molecules, thus cooling the water until equili-
brium with the atmosphere is established and evaporation ceases.
In general, however, solar radiation is the principal energy
source for evaporation.

The major controlling factors for evaporation are vapor
pressure deficit and available energy, although wind speed,
temperature of the evaporating surface, and purity of the water
also affect the occurrence and rate of evaporation. Wind speed
enables new parcels of unsaturated air to move over the evapora-
ting surface. At higher surface temperatures more molecules of
water can leave the surface due to their greater kinetic energy.
The purity of the water affects the energy of vaporization re-
quired per unit weight of water. Salt for example, depresses
the rate of evaporation about 3% in concentrations common to sea
water.

Transpiration, the water loss from plants, is also a
function of a vapor pressure gradient between the pressure
of the air and that in the leaf cells. About 90% of the diurnal
water loss occurs during daylight, because the water vapor is
transpired through small pores (stomata) in the leaves which
open in response to stimulation by light. Transpiration performs
a vital function in the plant by affecting the internal transport
of nutrients and the cooling of leaf surfaces. A complicating
factor affecting transpiration is the interaction between soil
moisture content and root development. If soil water is not
replenished over a period of weeks, vegetation with deeper roots
will transpire more than shallow rooted plants, other factors

being equal.
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When the moisture supply in the soil is limited, the factors
cited above as controlling evaporation and transpiration are not
as important, and the movement of the water through the soil is
the controlling factor. In this event, the actual rate of
evapotranspiration falls short of what is termed potential
evapotranspiration, the rate of evapotranspiration which would
occur if the supply of water to both the plants and the evapora-
ting surface was unlimited. Analytical approaches compute only
the potential evapotranspiration.

The relationship between these two terms - potential and
actual - is a controversial one. At field capacity, which means
maximum soil moisture content with free drainage, the ratio of
actual to potential transpiration proceeds at the maximum
potential rate. One view is that this potential rate is main-
tained until soil moisture content drops below some critical
value, after which there is a sharp decrease in evapotranspira-
tion. An alternate view maintains, however, that the rate
decreases progressively with diminishing soil moisture. Recent
experimental work has indicated that both views may be accurate
for varying soil types and climatic conditions. The former
applies in general to heavy soils in a relatively humid region,
while the latter applies to sandy soils in arid regions.

There are two analytical approaches for computing potential
evapotranspiration. The first approach is based upon aero-
dynamic principles and evaporation is regarded as due to
turbulent transport of vapor by eddy diffusion. The second
approach is based upon energy conservation and evaporation is re-
garded as one of the ways of degrading incoming radiation.

Mathematically the aerodynamic approach is expressed as:

E = f£(u,) (e, - e (71)

2)
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where E = evaporation
M, = mean wind speed at height 2
= saturation vapor pressure

€, = vapor pressure at reference height 2.

Equation (71) relates evaporation from large surfaces to the mean
wind speed and the vapor pressure difference between the evapora-
ting surface and the reference height 2. The function f(uz) has
been postulated in simple form depending only on Mo and in
complex forms which account for wind speed and turbulence.

The alternate approach is an energy balance about the
evaporating surface. From fundamental principles of the conser-
vation of energy, it follows that the net total of long and short
wave radiation received at the surface is available for three
processes. These three are the transfer of sensible heat to the
atmosphere, the transfer of latent heat to the atmosphere (this
energy is equal to the product of the latent heat of vaporization
and the amount of evaporization), and the transfer of sensible
heat into the ground. If the other variables can be determined,
then the evaporization can be computed algebraically.

A number of methods have been developed to combine the
aerodynamic and energy budget approaches, thereby eliminating
certain measurement difficulties which each presents in an effort
to obtain input parameters. This so called combination approach
was suggested by H. L. Penman in 1948 and has been the major

63 The actual Penman formula-

technique utilized since that time.
tion has been modified more recently to include a term describing
the stomata resistance as well as to correct some empiricism

used by Penman in his original approach. C. H. M. Van Bavel64
offered both changes to the Penman formulation as well as experi-
mental verification of his own formulation in l966.64 Van Bavel's

combination approach has been widely used since that time.
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Three major assumptions are made when using a combination
approach to compute potential evapotranspiration: (1) the
assumption that the vertical divergence of the fluxes between
surfaces and point of measurement, z is negligible, (2) the
assumption that the turbulent transfer coefficients for water
vapor and sensible heat are substantially equal and (3) the
assumption that the value of A/Y, (des/y dT) can be taken at the
temperature TZ rather than at the average of the unknown
surface temperature Ts and the elevated air temperature Tz'

The evapotranspiration model used in the simulation
structure utilizes the Penman combination approach with the Van

Bavel modifications. Evapotranspiration is computed as:

p.C d
boue o)
1 7 Y a

p. L T
v A+1+T_S
¥ a

where = potential evapotranspiration (cm/sec)
= density of water (g/cm3)

latent heat of vaporization (cal/g)

> B o |
I

= slope of the saturation vapor pressure versus

temperature curve (mb/°C)

=<
il

psychrometric constant (mb/°C)

H = net sum of radiative flux, soil heat flux,

heat storage changes in vegetation or ponded
water and photosynthetically used energy not
including the latent heat (LE) and the sensible
heat.
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where

density of moist air

specific heat at constant pressure of air :
vapor pressure deficit - the difference between
the saturation vapor pressure at a given temper-
ature and the actual vapor pressure

atmospheric resistance to diffusion computed as:

C Z
1 (ln Z—2> (73)
Hy 1

von Karman constant

wind speed at height 2

height above the ground where meteorological
variables are determined

roughness parameter - empirically derived to
account for the affect of vegetation on the flow
fields about the evaporation surface

surface and stoma resistance to diffusion - a
parallel combination of all the separate
resistances to moisture flux through the leaves
and soil surface - determined empirically -
varies seasonally according to the availability

of moisture

Evapotranspiration Model Inputs

There are three types of inputs for computation of the

amount of evapotranspiration:
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l. constants which have fixed value

2. parameters having a range of potential values which
are chosen with regard to the particular character-
istics of the evapotranspiration setting such as crop

type and size

3. <climatic variables which vary as a function of the

daily, even hourly situation.

a'}cp; and

Cl are used for all computations of potential evapotranspiration.

Tq and z are both functions of the vegetative surface and as

In the first category, constant values for pw, L, v, p

such are chosen from experimental reference data prior to each
computation. A and da are functions of the temperature of

the atmosphere at a specific height above the surface and

are read and computed from tables stored within the simulation
structure. Experimental field data required for each potential
evapotranspiration prediction then includes air temperature, wind
velocity, relative humidity, barometric pressure, and the height
above the ground where they each were measured. Solar radiation

is calculated as a function of latitude and the time of year.

Sensitivity Analyses

Precise diurnal measurements of all the aforementioned
variables are not available for all situations and approximate
values must be substituted. 1In order to assess the sensitivity
of the model to the precise values of the various parameters,

a series of sensitivity runs were performed. Each variable was
permitted to vary over a range of typical values in order to

ascertain the effect of that permutation on the computed
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evapotranspiration value. Each variable's relationship with that
value is depicted graphically in Figures 131 to 136. In add-
ition, a sensitivity coefficient was computed for each variable
as % variation/% change in potential evapotranspiration over the
entire range of permutation to indicate numerically the relative
sensitivity of the variables. Using this approach the most
sensitive variable requiring the most precise determination is
the net solar radiation followed in decreasing order of impor-
tance by the relative humidity, surface resistance, roughness
parameter from 1-20, temperature, wind velocity, and roughness

parameter from 0-1.

Sensitivity to Net Solar Radiation (H)

The graph illustrating the effect of changing net solar
radiation values on final evapotranspiration is linear, indicating
a direct proportionality (Figure 131). As noted above, the
sensitivity analysis indicates the value for net solar radiation
to be the most critical, raising concern over choice of its
value. Two types of measurements are currently being made to
determine net solar radiation: one direct measurement using a
Fritchen type transducer, and one indirect using an Eppley Block
and White Pyronometer. Sample 1973 data indicates differences
by as much as 20% in these two types of measurement. In addition
to the measurement anomalies, using an experimental value of
net solar radiation neglects energy used for heat storage and
photosynthesis. As H is increased by 100%, potential evapo-
transpiration increases by 167% with a corresponding sensitivity

coefficient of 0.60.
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Sensitivity to Relative Humidity h

The relative humidity h is another important meteorological
variable to which potential evapotranspiration is extremely
sensitive. The calculation of the vapor pressure deficit,
da= ey T e,y involves the relative humidity, as da = es(l—h).

As h is increased by 300%, potential evapotranspiration decreases
by 48% (Figure 132). The corresponding sensitivity coefficient

is -0.159. Field measurements of relative humidity are straight-
forward and should not produce significant errors in the predic-

tion of potential evapotranspiration.

Sensitivity to Surface Resistance

The surface resistance factor was varied over its range
for all situations from mature alfalfa to bare soil to prime
forest. While it is an important variable, its value can be
chosen from the data of Szeicz,65 et al to conform to the
particular situation and thus should not produce large errors.
As Tg is increased from .1 to 1.6, E decreases from 0.52 to
0.42 mm/hr (Figure 133).

Sensitivity to the Roughness Parameter

The roughness parameter z, was varied in two steps: from
0 to 1, and 1-20 to minimize distortion at the lower range.
Values of zq between 0 and 1 are associated with open water, wet
soil, and mown grass, whereas values greater than 1 are associated
with alfalfa (1.4), long grass (4-9), maize (2-22), sugar cane
(4-9), orange groves (50), and pine forests (65—300)24. As
zl is changed from wet soil (0.02) to 300 cm, maize (22) poten-
tial evapotranspiration increases from 0.4 mm/hr to 0.9 mm/hr

(Figures 134 and 135).
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Sensitivity to Wind Speed

Wind speed uzis in the denominator of the equation for
calculating Ta the atmospheric resistance to diffusion. Evapo-
transpiration, E, contains Tain both the numerator and denomina-
tor if TSiS greater than zero. Because the dependency of Tg
on wind speed is not known, sensitivity to p was evaluated

with TS= Zero (Figure 136).

Sensitivity to Air Temperature

Evapotranspiration potential increases linearly with

temperature (Figure 137) and is an important variable in making

accurate predictions.

Sensitivity to the Height of Meteorological Measurements - z,

The ratio of Z, to z, appears in the calculation of
T, Again T, is in both the numerator and denominator of the
equation for E, and hence, the effect on E is not straightforward.
As Z, increases beyond 60 cm, E decreases to a nearly constant

level as the corresponding terms approach zero (Figure 138).
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APPENDIX A
USER'S GUIDE TO SCRAM

SCRAM was programmed to allow the user flexibility through
the use of sequential data input and namelist data inputs.
Table A-1 lists the program job control language set up. The
user needs to set up a library with the program module. To
the cards listed in Table A-1, the user must supply the
library data set name, sequential data input and namelist
input. Table A-2 describes the sequential data required by
SCRAM including rain history and meteorology. This data is
required for every event to be simulated. Table A-3 lists
and describes the elements in the namelist input option.

By selecting the proper options and supplying the proper
parameter values, the user is able to run any event or sequence

of events he desires.
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User's Guide to SCRAM (Continued)

Table A-1. SCRAM JCL SET UP

INPUT DESCRIPTION
PROGRAM JOB CONTROL LANGUAGE SETUP

// JOB
//  EXEC GOSTEP,LIB='Your Library Name'
//GO.FT11F001 DD UNIT=SYSDA,SPACE=(TRK, (1,1))
//GO.FT12F001 DD UNIT=SYSDA,SPACE=TRK, (1,1))
//GO.FT04F001 DD *
(Sequential Data Input)
//GO.SYSIN DD *
&PESTI
(Namelist Input Data)
&END
//
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T

Card 1 - Header

Col 1-4

Col 11-4
Card 2 -

col 1-5
Card 3 -

Col 1-80

Cards 4,5,6,
Col

1-4

6-7

9-10
12-13
15-16
18-19
21-32

User's Guide to SCRAM (Continued)

able A-2, SEQUENTIAL DATA INPUT

RAINFALIL CARDS

- 'RAIN'

- Units flag for Rain Gauge
= cm

mm

m

in

ft

> W N O
i

Number of watershed zones or subplots
NZN (I5)

Multiplying factors for rainfall rate on
each zone

- RMF (I), I = 1, NZN
[IF RMF(I) = 1.0 program 13 is the same
as ESL 967. CONTM]
[If RMF(I) = -1.0, user must specify

raingauge cards for each zone]
- Raingauge data cards

Description

Year
Month
Day
Hour
Minute
Second
Rain Gauge Reading

May be Omitted if Same as Previous Card
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User's Guide to SCRAM (Continued)

Card 2 - Multiplying factors for each zone
Col 1-4 = EMF (1) (F4.0)
Col 5-8 = EMF (2)
; EMF (NZN)
Col 77-80 EMF (20)

If all EMF(i) = 1.0 program runs as
ESL 967. CONTM

Cards 3,4,5. . . Environmental Data
Col Description
1-19 Data - Same as Rain Cards
23-32 Wind Velocity
33-44 Air Temperature
45-56 ( F12.0 Cloud Cover
57-68 Barometric Pressure
69-80 Relative Humidity
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User's Guide to SCRAM (Continued)

Table A-2. SEQUENTIAL DATA INPUT (continued)
EPA WEATHER DATA CARDS

Card 1 - Header .
Col 1-4 - 'DAYS' or 'NITE' Indicate Whether Data

is for Day or Night. (Day Value Used
if No Night Data Specified.)
Col 12 - Units Flag for Wind Velocity
0 = cm/sec
1 = m/sec
2 = ft/sec
3 = mph
4 = knots
Col 14 - Units Flag For Air Temperature
0="10C
1 = °F
Col 16 - Units Flag For Cloud Cover
0-10 Scale
Col 18 - Units Flag for Barometric Pressure
0 = mb
1 = atmospheres
2 = PS1
Col 20 - Units Flag for Relative Humidity
0 = Fractional Hunidity
1l = Percent
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User's Guide to SCRAM ( Continued)

Table A-3.

NAMELIST INPUT DATA

ARRAY/
DIMENSION

ELEMENT

DEFAULT
VALUE

DESCRIPTION

PLOTNM
(5)

BLANKS

20 CHARACTER WATERSHED NAME

PESTNM
(5)

BLANKS

20 CHARACTER PESTICIDE NAME

STARTM
(6)

SIMULATION START TIME
YEAR, MO, DAY, HR, MIN, SEC

ENDTM
(6}

SIMULATION END TIME
YEAR, MO, DAY, HR, MIN, SEC

PRINT
(3)

WN =

600.
600.
86400.

OUTPUT PRINT INTERVALS, SEC
DURING RAIN

NO RAIN, SOIL MOIST

NO RAIN, SOIL DRY

ELE2
RUFF
SRES
DELGAM
(121)
SVPRES
(121)

ELEVATION 2

ROUGHNESS PARAM. CONSTANTS

SURFACE RESISTANCE USED

PARTIAL OF DELTA BY

W.R.T. GAMMA EVAPOTRANSPIRATION
SATURATION VAPOR MODEL

PRESSURE

DHARAY
(1520)

o+
NN =

DHTAB TABLE INPUT

SOIL TYPE NUMBER (1—10)
NUMBER POINTS IN ARRAYS (N)
N THETA VALUES

N DIFFUSIVITY VALUES

N PRESSURE HEAD VALUES

THETA
(27, 20)

O] 00000

SOIL MOISTURE PROFILE

ZONES
(14, 20)

SOV NOAR_WN

R

_.
N

13,1

14,1

CO0OOO0OO0O0O0

WATERSHED ZONE DEFINITION
SOIL TYPE NUMBER
1 LT CLAY
2=SERL LOAM
3 =
AREA
SLOPE, PERCENT
LENGTH
AVERAGE WIDTH
BULK DENSITY
NO. INCREMENTS (USED FOR SEDIMENT MODEL)
NO. LAYERS {USED FOR INFILTRATION MODEL)
LAYER THICKNESS
MAXIMUM RUNOFF VELOCITY
UNITS FLAG FOR AREA
0=cm?2
1=ft2
2 = ACRES
UNITS FLAG FOR LENGTH, WIDTH
0=cm
1=t
UNITS FLAG FOR LAYER THICKNESS, RUNOFF RATE
0 =cm, cm/SEC
1 = ft, ft/SEC
UNITS FLAG FOR BULK DENSITY
0 =gm/cm
1 = Ib/ft3
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User's Guide to SCRAM (Continued)

Table A-3. NAMELIST INPUT DATA (Continued)
ARRAY/ DEFAULT
DIMENSION ELEMENT VALUE DESCRIPTION
RUNOFF ZONE RUNOFF DEFINITION
(2, 4, 20) (FOUR PAIRS PER ZONE)
1,1,J 0 ZONE TO WHICH RUNOFF GOES
21,4 0 PROPORTIONAL AMOUNT
CON PROGRAM CONSTANTS
(50) 1 1.168E—3 MASDEN
2 582. LTHEAT USED BY
3 6.1E-4 BOWEN EVAPOTRANSPIRATION
4 0.48 SHEATP MODEL
5 25 VONK
6 0 THRSH1 — RAINFALL RATE THRESHOLD
7 0.100 THRSH 2 — SOIL MOISTURE THRESHOLD
8 1 WD — WEIGHT DENSITY (SEDI)
9 1 DTMIN — MINIMUM DELTA T IN SIMULATION
10 K
1" RHO
12 T
13 NEXP CONSTANTS USED
14 AB BY ADDE
15 co
16 PULSE
17 DVS
18 D
19 ALIM SEDIMENT LIMIT
20 ALAT LATITUDE OF SUBPLOT
21 MSR MAXIMUM SOLAR RADIATION
22 KOPT
23 MOPT
24 TOPT CONSTANTS
25 TMAX USED BY
26 AK DEGR
27 BK
28 CANOPY COVER — USED IN ADJUSTMENT OF K3 - ST
10PT PROGRAM CONTROL OPTIONS
(50) 1 0 COLD START OPTION
0= COLD START
1 = WARM START
2 o #0 TO PREPARE FOR WARM START
3 0 70 TO WRITE NAMELIST DATA
4 0 #0 TO PRINT DHTAB ARRAYS
5 0 #0 CARD PUNCH FOR CALCOMP PLOTS
6 0 #0 TIME O/P FROM BALANC
i 0 #0 O/P AT RAINFALL CHANGE TIMES
8 2 = NO READ — USED BY ADDE
9 1 =N #PRINTER - O/P
10 0 =1 O/P EVERY CYCLE
1 0 #0 DO NOT CALL DEGR IN MAIN
12 0 70 DO NOT CALL ADDE IN MAIN
13 0 70 DO NOT CALL VOLT IN MAIN
14 0 #0 DO NOT O/P WHEN IDRY =0
15 0 #0 DO O/P AT PRINT {I) EXACTLY
16 0 #0 DO VOLATILIZATION O/P ONLY
ENG 0 NANOGRAMS PESTICIDE APPLIED (VOLT)
ALFA 0 APPLICATION RATE (VOLT)
DV (27, 20} 0 DIFFUSION COEFFICIENTS (VOLT)
DIST (27, 20) 0 PESTICIDE PROFILE BY ZONE (VOLT)
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APPENDIX B

SCRAM PROGRAM LISTING

(FORTRAN 1V, IBM 370)

MASTER SCHEDULER
ADDE
BALANC
DATEIN
DATINTI
DATOUT
DEGRAD
EVAP
FILTR
INPUT
ITABLE
NEWRAP
OUTPLT
OUTPUT
PRNTTM
RK
RUNGE
SED
SEQDAT
SETUP
SIMPSN
SOLAR
VOLT
VPRNT
WATER
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SCRAM Program Listing (Continued)

[+ 00000010
o 0090020
C SIMULATION OF CUNTAMINANT KEACTIONS AMD MOVEMENT (SCRAM) 00000730
c 03000040
o 00000050
C Pe>STICIDE SIMULATION PROGRAM ——-MASTER SCHEDULER 00000260
C 00000070
<OMMON /TIMES/ TOLU,TNEW,DT,DTOLD,TOUT,TSTRT,TSTOP, TRAIN,PIN, 00000080

i EPATM, PRINT(3)}, PROGDT(3), PESTM ,DATPL+DATMAT,DATHAR 00000090
REAL*8 TOLD,TNEw,DT,DTOLD,TOUT,TSTRT,TSTOP,TRAIN,PIN,EPATM,PESTM 09000100
REAL*8 DATPL,DATMAT,DATHAR 00000112
EQUIVALENCE (PRINT(1)4PINR) ((PRINT(2),PINRO), {(PRINT(3),PINDRY), 00000120

1 (PROGDT(L),DTWET),{PROGDT(2),DTRO), (PROGDT(3},0TDRY} 00020132

c 000001490
COMMON /WATERD/ NIZN, RAINR{20), THETA(27,23)},THETN(27,20),CUMRO 00000150

i +CUMFLToDHTAB(50,4,10) yNUMDH{10) ,RINF{20),CIT(20),VELC(27,20)00000160

2z 20027420) 5, SUMRN, WATROT , SUMIN, ROR 00000170
COMMON /SEDATA/ $SUB(10,20),ABJ0L1(21) 00000180

c 00000190
-OMMON /CONST/ CON(50),I0PT(50) ,KPEST 00000200
cQUIVALENCE (THRSH1,CON(6)), (THRSH2,CON(T))} 00000210
DIMENSION RAING(20) 00000220

c 00000230
CALL SETULP 00000240

CALL SEQDAT 00000250

L CALL INPUT 00000260
VALL DATINT 00000270

VALL QUTPUT(L) 00000280

C CALCULATE NEXT QUTPUT CALL 00000290
TOUT =(IDINT(TSTRT/PINI+1.DO)*PIN 00000300

IDRY = 1 00000310

C START MAIN LOOP 00000320
10 ZONTINUE 00000330

DO 11 I=1,NIN 00000340

LF (RAINR(I) .GT. THRSHL) GO TO 30 00000350

11 CONTINUE 00000360

C CHECK FOR RUNOFF 00000370
IF (IDRY .Ew. 0) GO TO 14 00000380

DO 12 I=1,NZIN 00000390

IF (THETA(2,I) .6T. THRSH2) GO TO 20 00000400

12 CONTINUE 00000410
C NU RUNOFF, NJ RAIN 00000420
14 PIN - PINDRY 00000430
IORY 0 00000440

TNEW = OMINL(TRAIN,TOUT} 00000450
LF(IOPT(15) .EQ.0) TNEW=TRAIN 00000460

IF (TNEW-TULD .GT. DTDRY) TNEW = TOLD + DTORY 03000470

UT = TNEW-TOLD 00000480
LF(TNEW.LT.TOUT) TOUT= (IDINT(TNEW/PIN)+1.,D0) *PIN 00000490

sU TO 25 00000500

C RUNUFF PRESENT, NOU RAIN 00000510
20 PIN = PINRO 00000520
IDRY = 1 00000530

TNEW  DMINL{TRAIN,TOUT) 00000540
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SCRAM Program Listing (Continued)

IF(IOPT(15)4EQ.0) TNEW=TRAIN 00000550
[F(TNEW=-TOLD +GT. DTRD) TNEW = TOLD+DTRO 00000560
IF(TNEW.LT.TOUT) TOUT= (IDINT(TNEW/PINI+1.00) *PIN 00000579
CALL FILTR 00000580
TNEW  TOLD+DT 00000590

CALL SED 00000600

25 [F (TNEW .6T. EPATM) CALL DATEPA 00000610
JALL EVAP 00000620

o3 TO 40 00000630

C RAaLVING 00000640
33 PIN  PINR 00000650
IDRY 2 00000660

TNEW = DMINL(TRAIN,TOUT) 00000670
IF(IOPT(15) JEus0) TNEW=TRAIN 00000680

LF (TNEW=-TOLD .6T. DTWET) TNEW  TOLD + DTWET 00000690
IF(TNEW.LT.TOUT) TOUT= (IDINT(TNEW/PIN)+1.D0) *PIN 00000700

CALL FILTR 00000710
TNEW = TOLD+DT 00000720

iF (TNEW +GE. PESTM) KPEST = 1 00000730

CALL SED 00000740

40 IF {KPEST .EQ. O) GO TO 41 00000750
LFUIOPT{13) o NE.O) GO TO 51 00000760

CALL vOLT 00000770

51 IF(IOPT(11l). NE. 0) GO TO 50 00000780
CALL DEGRAD 00000790

50 IF(IOPTL12).NE.O) GO TO 41 00000800
CALL ADDE (IDRY) 00000810

41  CALL BALANC (IDRY,KPEST) 00000820
TOLD  TNEW 00000830
oTOoLD = OT 00000840

IF (TNEW .GE. TRAIN) GO TQ 44 00000850

42 IF (TNEW .LT. TOUT ,AND., IOPT(10) .EQ. O) GO TO 48 00000860
IF(IOPT(14).EQ.0 .OR. IDRY. NE.O) CALL QUTPUT(2) 00000870

TOUT =CIDINT(TNEW/PIN) + 1.D0)%PIN 00000880

GO TO 48 00000890

44  CONTINUE 00000900
00 13 I=1,NIN 00000910

13 RAINO{I)= RAINRCI) 00000920

. ALL DATIN 00000930

00 15 I=1,NZN 00000940
IF(RAINO(L).NE.O) GO TO 15 00000950
IF(RAINR(I ).EQ.0) GO TO 15 00000960

cALL DUTPUT(S) 00000970

0 TO 45 00000980

15 ZONTINUE 00000990
45 IF (IOPT(7) .EQ. 0) GO TO 42 00001000
LALL OUTPUT(3) 00001010

TOUT =C(IDINT(TNEW/PIN)+1.DO}*PIN 00001020

48 LF (TOLD .LT. TSTOP) GO TO 10 00001030
C FINISHED 00001040
CALL OUTPUT(4) 00001050

CALL OQUTPLT 00001060
REWIND 11 00001070
REWIND 12 00001080
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SCRAM Program Listing (Continued)

0 TO 1 00001090
cND pooollo0
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SCRAM Program Listing (Continued)

sLOCK DATA 00001110
00001120

00001130

VARLABLES ARE INTIALIZED AND DEFAULT VALUES ARE SET IN THIS ROUTINE 00001140
00001150

COMMON /INPUTD/ STARTM(6) ,ENDTMI6) ,PLOTNM(S),PESTNMIS), 00001160
i PESDAT(LL1)sCROPDT(10),Z0ONES{14,20) oRUNOFF{2,4,20) 00001170
00001180

COMMON /CONST/ CUNI(50),10PT{50),KPEST,NZPREV, NZEROQ 00001190
00001200

COMMON /EVAPIN/ ELE2,DATA{5,20), DATAN(5,20), 00091210
i RUFF o SRES,DELGAM{ 1213 ,SVPRES(121),VPRE2,VPDEF, 00001220
2 ATRES, POEVAP, TOTVAP 00001230
00001240

COMMON /TIMES/ TOLD+TNEW,DT,DTOLD, TOUT, TSTRT,TSTOP, TRAIN,PIN, 00001250
1 EPATM, PRINT(3), PROGDT(3), PESTM ,DATPL,DATMAT,DATHAR 00001260
REAL*8 TOLD, TNEW,DT,DTOLD,TOUT,TSTRT,TSTCP,TRAIN,PIN, EPATM,PESTM 00001270
RJEAL*8 DATPLoDATMAT,DATHAR 00001280
00001290

COMMON /WATERD/ NINs RAINR(20}, THETA(27,20),THETN(27,20),CUMRO 00001300
1 +CUMFLT ¢DHTAB(50,4,10) yNUMDH{ 10) +RINF(20),CIT(20)},VELC(27,20)00001310
¢ +Q27420) y SUMRN, WATROT, SUMIN,ROR 4ROT , XUNRO 00001320
00001330

COMMON 7/ SEDATA/SUB(10,20),ADJLI{21),ADJLO(20) 4RNF(4,20),INF(4,20) 00001340
L vSEDRAT ,HECT,AK1 U 10) 4 AK2(10),ST(10},ADJLL 00001350
¢ »XADJLI 00001360
00001370

({OMMON /ADDATA/ Ci27,20), 5(27,20), KNT, SS5{(27,20) 00001380

THETAT, SUMC(2T7)s SUMS(27},CUMAD, CUMDS,PTOT(20) +,C1(27,20)
» VPAST(Z27,20)+KSWI{20)sINTGER ,NOSTOP(20),ADRX,D5RX
+TOTAD,TQTDS,ZROC(27,20) L,CCLUE2T),SSLL27),TAT(27)

oV SN

COMMON /VOLTD/ ENGyALFA,DV(27,20),0IST(27,20}),1V1,PPB(27,20),
i DVSL2T7,20),P2

DATA SUB /200%0./

JATA ADJLL/21%0./ ADJLO/20%0./ +SEDRAT/0./

JATA AKl, AK2, ST/ 10%79.298, 10*.3418E-2, 10%*8./

OATA STARTM /6%0./

UATA ENDTM /6%0./

JATA PLOTNM /5% ¢/

JATA PESTNM /5% vy

JATA PESDAT /5%0.y 1999¢, lay l.y» 3%0./

JATA CROPDT/04+1999¢21491e¢p1999491.+1a919990y10yla /

UATA ZONES /280%.0/

OATA RUNDFF /160%0./

JATA PRINT /600.4600.y 86400./

JATA PROGDT /60y 900.,3600./

JATA CON /l.l08E-3, 582., 6,1E-4y 0.48, 2.5,
1e€E=5, 04255 ley lay

< Oedy 153, Oesr ley 2-5' 90-' 13.9 0uy Oul'

-
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+DCU2T)y VELUL2T)y THETJIL27), B{27),KDES(27,20)CMAXUM(2T7,20),00001390
THETXy XMAX, He KTIME,II, A, DENOM,DENAM, INDEX{ 20}, INDEX1(20),00001400
ANT, AX, IISAVE, IGOR, NVAL(20),DESKRO, XPONT,KLEW1(20),DV5T,00001410

00001420
00001430
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001530
00001540
00001550
Q0001560
3J00l570
00001580
00001590
00001600
070016190
00001620
00001630
00001640
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SCRAM Program Listing (Continued)

33.0 4008,

22%0./

«173599,

JATA [OPT/7*%04241eal1*0/
UwATA KPEST/OQ/
JATA ELE2s RUFF,
JATA TOTVAP /0./
UATA DELGAM /

¥ 0.670s U.690
¥ 0.860, 0.590,
* 1.100, 1.130
¥ 1.380, 1s420Q,
¢« 1.730, 1.780,
¢  Z.140, 2.200,
€ 2,640, 2.710,
® 3,230, 3.310,
& 3,930, ©.030,
® 4,750, 4,860,
¥ 5.700, 5.830,
& 6.800, 6.950,
* 8.070, 8,240,
¥  9.520s 9,720,
¢ 11.200, 11.400,
* 13.100/

OATA SVPRES /
4,579y 4.750.
¥  6.10ts 6.318,
® 8.045, 8.323,
« 10.518y 10.870,
* 13,634, 14.076,
* 17.535, 18.085,
® 22,377, 23.000,
¥ 28,349, 29.184,
* 35,663, 36.683,
¢ 44.563, 45,799,
® 55,324, 56.810,
* 684260, 70.050,
* 83,710, B85.850,

SRES /121.9,

0.720,
Ue 920,y
l.160,
l.460,
1.820,
24260,
2.780,
3.400,
4,120,
4.970,
5960,
7.100,
Be420,
94920
11.600,

4.926,
64543,
be 609,
11.231,
14,530,
18.650,
23.756,
30. 043,
37.729,
47.067,
58.340,
71.880,
886020,

3842344,

39.9065,

0.02, 0.5/
0.740, 0.760,
0.940, 0.970,
1,200y 1.230,
1.500, 1.550,
1.380, 1.930,
2.320y 2.380,
2.850, 2.920,
3.480, 3,570,
4,220y 44320,
5.090s 5.200,
6.090+ 64230,
7.260, 7.410,
8,600y B.T770,

10,100, 10.300,
11.900, 12.100,
5.107, 5.294,
6.775, 7.013,
8.905, 9.209,
11.604, 11.987,
14.997, 15.477,
19,231, 19.827,
24.471y 25,209,
30.923, 31.824,
38.801, 39.898,
484364y 49.692,
59.950,+ 61.500,
73.740, 75.650,
90.240+ 92.510,

=92.004%,

0790,
1,000,
1.279,
1,590,
1.980,
2.450,
3,000,
3,660,
4.430,
5.320,
64370,
7.570,
8.960,
10.500,
12.300,

5.4806,

Te259,

9.521,
12.382,
15.971,
204440,
25.964,
32.747,
41,023,
51.048,
63.130,
77.400,
94.860,

«032771,

0.810,
1.030,
1.300,
1.640,
2,030,
24510,
3.080,
3,750
4,530,
S.450,
6.510,
7.730,
9.140,
10.800.,
12.600,

5.685,

T.513,

9.844,
12.788,
15.477,
21.068,
26.739,
33,695,
42.175,
52.442,
64.800,
79.600,
97.200,

J.840,
1.060,
1.340,
1.680,
2.090,
2.58B0,
3.150,
3,840,
4.640,
54570,
6.650,
7.900,
9.330,
11.000,
12.800,

5.889,
T775,
10.176,
13,205,
16.999,
21. 714,
27.535,
34.667,
43.355,
53.867,
664510,
81.650,
99,650,

#102.090+104.650,107.200,109.860,112.,510,115.280,118.040+120.920,
$123.820+4126.8104129.820,132.950,4136.,0804139.3409142.600+145.990,

*149,380/

JATA THETA /540%0./
JATA THETN /540%0./
UATA CUMRU /0./

VATA CUMFLT /0./

OATA SUMIN /0./
JATA DHTAB /

R H KRR

6.00E-V2,
1.80E-01,
3.00E-V1ls
4.,20E-01,
1.00E-07.,
7.30E-05
T.00E-04,

Be VOE-02+
2. 00E-01,
3420€-01,
4.40E-01y
1. 00E-06,
9. 00E-05
8+ Q0E-04.

1.00E-01,
2.,20E-01,
3.40E-01,
4.60E-01,
6,00E-06,
1.50E~-04,
9.00E-04,

1.
2.
3.
4.80€E-01,
1.
3.
9.

20€-01,
40&-01,
60JE-01,

00E-05,

00E-04,
50E-04,

237

1.40E~-01,
2.60E-01,
3.80E-01,
5.00E-Cl,
3.00€E-05,
4.30E-04,
1.00E-03,

1.60E-
2.80E-
4.00E-
27%0.,
5.30€~
6.00E~
1.30€E~

01,
Ol
oL,

05,
04,
03,

00001650
00001660
00001672
00001680
00001690
00001700
00001710
00001720
00001730
00001740
00001750
00001760
00001770
00001780
00001790
00001800
Q0001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00gQotLslo0
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180



SCRAM Program Listing (Continued)

¢ 1.60E-03, 1.306-03, 2.00E-03, 7.00E-03, l.00E-02, 27%0., 00002190
$-6.00E 05,~9¢00FE J4s-%4.00FE 04,~1.00E 04,-7.00E 03,~4.70E 03, 00002200
€ =2.00F U3,-140CE U3,-8.00EF 02,-6.80E 02,-5.TIE 02,~4.50E 02, 00002210
$=3.30E 02,=2420F U24-1.00E 02,-9.00€ 01,-7.72E Ql+~6.,00E Ol, 00002220
¥-5.00E Ole-4,00E 014-2.00€ Ol,~-1.00E 01, 0.0 v 27%0., 00002230
*  50%0., 1800%0./ 00002240
DATA CoSsSUMC,SUMS/ 540%0., 540%0., 2T*0.¢ 27%0./ 00002259
JATA CUMAD, CUMDS /0es0./ 00002260
DATA KNT/O0/ 00002270
OATA VEL +NVAL/27%J.,» 20 *1 / 00002280
DATA PTUT.C1l/ 20%0.,540%2./ 00002290
JATA CMAaXUM, VPAST , KSW, INTGER, IGOR /540{0.. 540%0.,,20%0,0,0/ 00002300
OATA NOSTOP/20%0/ 00002310
DATA KLEWl, INDEX,INDEX1 /20%1, 20%2, 20%2 / 00002320
JATA RDT,ADJLL/2%0./ 00002330
OATA XUMRO/0./ 00002340
UATA TOTAD,TOTDS/2#%0./ 00002350
WATA XADJLI/O./ 00002360
VATA ZROC/540%0./ 00002370
OATA IVl, ENGs ALFA, DV/ 0,7000., 1.0, 540%0/ 00002380

JATA DIST /1¢926%00014926%009le926%0491e926%00910926%¥00y91.926%0., 00002390
Le026%00914926%0091e926%0avle 026%001¢1lev26%00914426%0.y 00002400
Levl0%0a91le026%D09ley26%0091e¢26%0491e926%00y1.,26%0.4 00002410

# ®

* 1.426%0491.426%0, / 00002420
UATA NZIPREVs NZERG/0,0/ 00002430
DATA CCL+SSLoTOT/27%04+27%0.,27%0./ 00002440
END 00002450

238
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SCRAM Program Listing (Continued)

3UBROUTINE ADDELIORY)

-OMMON /wATERD/ NINy RAINR,

THETA(27420) 4 THETN(27420) yCUMRY

00002460
30002470
00002480

yCUMFLT4DHTAB(50+4410) yNUMDH{10) »RINF(22),CIT{20),VELC(27,20)00002450

2Q(274+20) 4 SUMKN, WATROT , SUMIN, ROR 00002500
00002510

cOMMON /ZADDATA/ CH27,2D0)y S127420)¢ KNT, SS55{27,20) 00002520
+DC(27)s VEL(2T), THETJI(2T), B(27), KDES(27+20)+CMAXUM{2T7,20)000002530

e THET Xy XMAX s HoKTIME 4 I1,A,DENOM,DENAM, INDEX(20}), INDEX11{20}, 00002540
ANT + AX, [ISAVE, IGOR, NVAL{20),DESKRO, XPUNT,KLEW1({20),DVST,00002550
THETAT, SUMC(27), SUMS(27),CUMAD, CUMDS,PTOT(20}) ,C1l(27,20} 00002560

¢ VPAST(27,20) KSW(20),INTGER ,NOSTOP{20)+ADRO,DSRQ Q0002570
wOMMON /CUNST/ CON(50),10PT (501} 00002580
cQUIVALENCE (CON(12),T) 00002590
cQUIVALENCE (NOREAD,ICPT(8)) 00002600
00002610

DO 10 I=1,NIN 00002620
NOREAD=0 00002630
IFINVALLIT }.EQ.2) NOREAD=2 00002640
CALL CONTAM{1,IDRY) 00002650
D0 15 I=14NIN 00002660
IF(PTOT(I) .GT, .001) RETURN 00002670
« ONTINUE 00002680
00002690

PESTICIDE IS GONE, IN MAIN 00002700
DO NOT CALL ADDE ----10PT(12) NE © 00002710

DO NOT CALL DEGR=-=—==-- 10PT(11) NE O 00002720

IoPT(LIL)=1 00002730
10PT(12)=1 00002740
RETURN 00002750
END 00002760

239
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SCRAM Program Listing (Continued)

SUBROUTINE BALANC(IDRY,KPEST) 00002770
00002780

SUsxOQUTINE TO ACTUALLY MOVE 4ATER, SEDIMENT, AND PESTICIDE. 00002790
AL>J CALCULATES TOTAL AMOUNT OF wATER AND PESTICIDE TO CHECK 02002800
AGALNST PREVIOUS AMOUNT. 00002810
00002820

COMMON / SEDATA/SUB(13,20) +ADJLE(21),ADJLD(20) +RNFI4,20),INF(4,20) 00002830

I8 v SEDRAT 4HECTAKL(10) yAK2(10),ST{10),ADJLL 00002840

Z +XADJLI 00002850
00002860

COMMON /WATERD/ NIN, RAINR{20), THETA(27,20), THETN(27,20),CUMRD 00002870

i +CUMFLT,DHTAB(5044,10) ,NUMDH{10} ,RINF(20),CIT(20),QTOT(27,20000002880

< +Q(27420) ¢ SUMRNy WATROT, SUMIN,RORyRDT 4XUMRO 00002890
00002900

COMMON /TIMES/ TOLDyTNEW,DT ,DTOLD, TOUT,TSTRT,TSTOPyTRAIN,PIN, 00002910

i EPATH, PRINT{(3), PROGDT{3), PESTM ,DATPL,DATMAT,DATHAR 00002920
REAL*¥8 TOLDyTNEW.DT,DTOLD,TOUT,TSTRT,TSTOP,TRAIN,PINs EPATM, PESTM 00002930
REAL*8 DATPL,DATMAT,DATHAR' 00002940
00002950

COMMON /EVAPIN/ ELE2, DATA(5,20), DATAN(5,20}), 00002960

i RUFFy SRESy DELGAM( 121} ,SVPRES(121),VPRE2,VPDEF, 00002970

< ATRES,POEVAP,TOTVAP 00002980
00002990

COMMON /CONST/ CON(50),I0PT(50),KDUMM,NZPREY, NZERO 00003000
00003010

COMMON /ADDATA/ C(27,20), S(27,20), KNT, S$S85(27,20) 00003020

»DC(27)e VEL(27)s THETJ(27), B(27)+KDES(27,20),CMAXUML2T,20),00003030
THETXy XMAXy Hy KTIME,II, A, DENOM,DENAM, INDEX{20), INDEX1{20),00003040
ANT, AX, IISAVE, IGOR, NVAL(20),DESKRO, XPONT,KLEWL{20},DVST,00003050

i
<
3
“4 THETAT, SUMC(27}, SUMS(27),CUMAD, CUMDS,PTOT(20) ,Cl(27,20}
5 v VPAST(27+20)+KSW(20) ,INTGER ,NOSTOP(20),ADRXDSRX
[ ¢+ TOTAD, TOTDS ¢ ZROC{274203,CCLL2T),SSL(27),T70T(2T7)

DIMENSION SUMTH(20)

NAMELIST/BUGL/C+Sy THETN

NAMELEST/BUG2/EXX+RDT,ADJLL yCBARyDSRO,SBAR,ADRO,ES, EC
L »CUMAD,CUMDS +CUMRO
«  +XUMRO,TEMPAD¢ XADJLI,TEMPDS

PTOTV  TOTVAP
PRO = CUMRO
PSED = ADJLI(21}
WATROT = CUMRG

ADRX G
LDSRX 0.
RDT 0.

ADJLL = 0.

MOVE PESTICIDE

MOVE SEDIMENT & RUNOFF
00 10 I=1,NIN
ADJLI(I) = 0.
THETA(Ll,1} = 0.
SUMTHIT) THETN(L,1)
LIN = suBt8,I}

240

00003060
00003070
00003080
00003090
00003100
00003110
00003120
00003130
00003140
00003150
00003160
00003170
00003180
00003190
00003200
00003210
00003220
00003230
00003240
00003250
00003260
00003270
00003280
00003290
00003300
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SCRAM Program Listing (Continued)

vl 10 J=2,11IN
THETA{J. 1} = THETN(J, I}

SUMTH( ) SUMTH(IL) + THETN(J,I)
10 < ONTINUE
9 LF (IDRY .EQ. 0) GU TO 35
EMU= MONTHS SINCE PEST. DATE

EMO= (TOLD-PESTM)/ (60.%60,%24.%30.)
EXX= EXP{-EMO)
U0 25 1=1,NZIN

CHelK FOR MAX RUNOFF RATE

12

AOMAX = SUB(LU»[)*DT*THETN(L,1)

IF (THETN(l,§) JLE. ROMAX) GO YO 12

THETA(L, ) THETALL, I} + THETN{1l,1} ROMAX
THETN(L1,1) RUMA X

D0 20 J=1,4

IF (INF(Js1) .LE. 0) GO TO 20

{F CINFCJ,I) JLE. 20) GO TO 15

ALCUMULATYE RUNOFF AND
CHaNGE TO L ITERS

15

18
20
25

41

&2

Ca

CUMRO = CUMRD + THETN(1,1)*RNF{J,1)*SUB(2,1)*SUB(9,1)/1000.
KUMRD = XUMRU + THETN(1,I)*RNF(J,1)*SUB(2,1)*SUB(9,1)/1000.
RDT = ROT ¢ THETN(LsT)*RNF{Js1)*SUB(2,1)*SUBLS,1)/1000.
ADJLL = ADJLL + ADJLOUI) * RNF(J,I)
XADILI= XADJLI+ ADJLOCI) * RNFlU,I)
60 TO 18
THETACL, INF(J, 13} = THETA(LLINF(J,1)) + THETNCL,L)*RNF{JsI)
L *SUB(2,1)*SUB(9, 1)/ (SUB(2, INFIJ,1))%xSUBLT, INF(J,I)))
ADJLICINF(J1D) ADJLICINF(J,I}) + ADJLOCI)*RNF(J, 1)
CONTINUE
CONT INUE

CALCULATE TOTAL C AND S VALUES FOR EACH LAYER
V0 42 I=1,KNT
LeL(n) - o.
SSL(In) = 0.
00 41 J=1,NIN
CCL(I) = CCLAI) + CUI4J)*THETN(I+1,J)
SSLEI) = SSLUI) + S(I,J)*SUB(6.J)

COMPUYE AVERAGES

LCLIT) = CCLUI) / NIN
SSLII) = SSLii) / NIN
TOT(I) = CCL(I) + SSL(I)

LCULATE AMT. OF PESTICIDE IN RUNOFF AND SEOIMENT{ MICROGRAMS}

LBAR = (LCL(1) + CCLE2))/2.
USRO=RDOT*2,2E~4 #CBAR*EXX
SBAR = (SSL(1) + SsL(2))/2.
wDRO=ADJLL*0.08 * SBAR *EXX
ADRX = ADRX + ADRO

USRX = DSRX + DSRO

CUMAD = CUMAD + ADRO

LwUMDS = CUMDS + DSRO

241

30003310
00003320
00003330
003303340
00003350
00003360
00003370
00003380
00003390
00003400
00003410
00003420
00003430
00003440
00003450
00003460
00003470
00003480
00003450
00003500
00003510
00003520
00003530
00003540
00003550
00003560
00003570
00003580
00003590
00003600
00003610
00003620
00003630
00003640
00003650
00003660
00003670
00003680
00003690
00003700
00003710
00003720
00003730
00003740
00003750
00003760
00003770
00003780
00003790
00003800
00003810
00003820
00003830
00003840
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SCRAM Program Listing (Continued)

MALE ADJUSTMENTS TO FIRST LAYER OF C AND S
CALCULATE TOTAL AREA OF WATERSHED 5Q.CH.

UNITS OF DSRJ & ADRG --GRAMS
CRANGE TQ MICROGRAMS
JDDD=DSRU*L.E+6
AAAA=ADRQ
TAREA = 0.
U0 40 [=1,NZN
40 TAREA = TAREA + SUB(2,1)
CALCULATE PESTICIDE BALANCE
D0 43 I=1,NIN

FRACTION OF PESTICIDE LOSS FROM SPECIFIC WATERSHED
BY FRACTION OF AREA
AREA2 = SUB(Z+1) / TAREA

TOTAL GRAMS OF PESTICIDE DISSOLVED IN LAYERS 1 AND 2
(CUL D) *THETN(2,11+C (2, I)*THETN(3,1))
(SELeI)45(241))%SUBLGL)

eTOT
sTOT

REMOVE PESTICIDE FROM TOP 2 LAYERS
LF(ETOT.EQ.Q0.) GO 7O 83
cllsI) = (CULyI)*THETN(2,I)-C(1,I)}*THETN(2,[)/ETOT*DDDD/TAREA)
LITHETN(241)
CU2y1) = (C(2y I)*THETN(3, [)-(C(2,I)*THETN(3,1)/ETOV*DDDD/TAREA))
L/THETN(3,1}
83 IF(STOT.EQ.0.) GO TO 43
S(1+1) {SELe IV#SUBLG,I ) -AAAA/TAREA®S(1,1)/STOT)/S5UBLG6, 1)
3(2,1) (S€2,1)%S5UB(6,1)-(AAAA/TAREA*S(2,1)/STOT))/SUB(6,1)
43 CONTINUE

BALANCE WATER

35 00 24 I=1,NIN

WATER IN = SUMITHETA(O) + RAINR*DT)
RAIN RAINR(I)*DT*5UB(2,1)/1000.
SUMIN SUMIN + RAIN
SUMRN SUMRN + RAIN

WATER QUT SUM(THETA + RUNOFF)

i

24 WATROT WATROT + SUMTHI{TI)*SUB(2,1)%SUB{9,1)/1000.
99 CONTINUE

CALLULATE RUNOFF AND SEDIMENT RATES
A0R = (CUMRO-PRO) /DT
SEDRAT = (ADJSLIE21)-PSED) /DT
INCLUDE EVAPOTRANSPIRATION AND INFILTRATION LOSS TO WATER 0OUT
WATROT = WATROT + CUMFLT + PTOTV
LF {10PT(6) .NE. 0)
#C ALL DATOUT (TNEW,D,0)
NZPREV=NZERO
U0 205 I=1sNIN
KR THETN(L, 1 )%5UB{9,1)/DT

242

00003850
00003860
00093870
00003880
00003890
00003900
00003910
00003920
00003930
00003940
00003950
00003960
00003970
00003980
00003990
00004000
00004010
00004020
00004030
00004040
00004050
00004060
00004070
00004080
00004090
00004100
00004110
00004120
00004130
00004140
G0004150
00004160
00004170
00004180
00004190
00004200
00004210
00004220
00004230
00004240
00004250
00004260
00004270
00004280
00004290
00004300
00004310
00004320
00004330
00004340
00004350
00004360
00004370
00004380



SCRAM Program Listing (Continued)

cLF  ADJLO(I) / (SUB(5,11%0T) 00004390
IF((RR+EWe0a) oAND. (ELF.EQ.0. }) GO TO 205 00004400
~ZERO=1 00004410
GO0 TO 208 000044292

205> .ONTINUE 00004430
W2 ERO=0 00004440
LF(NIPREV.NE. 1) GN TO 208 00004450

JLALL OUTPUTIS) 00004460

206" . ONTINUE 00004470
RETURN 00004480
cND 00004490

243
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SCRAM Program Listing (Continued)

>UBROUTINE CONTAM(NZ,IDRY)

SUoROUTINE TO PREUICT THE SIMULTANEOUS CONCENTRATION OF PESTICIDE
AuSORBED AND IN SGLUTION WITHIN THE SOIL MATRIX.

C=adSOLUTE CONCENTRATION OF SOLUTE
S=a0SORBED VALUES
NEAP=THE CUNSTANT EXPUNENT ON THE TERM (C**N,NEXP=N
AB= THE CONSTANT IN THE EXPONENT ON THE TERM C**(1/AB)
USED FOR DESORPTION
VeL= VELOCITY
Rhu= RULK DENSITY OF SOIL
= THE CUNSTANT K
D= U IFFUSION COEFFICIENT
DvS= CONSTANT DIFFUSION COEFFICIENT FOR VAPOR PHASE OF C,USED FOR

00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
00004580
00004590
00004600
00004610
00004620
00004630
00004640

INFILTRATION AND REDISTRIBUTION TO CALCULATE SURFACE FLUX OF CHEMICAQQ004650

CO= MAGNITUDE OF INPUT PULSE
PUL>E= THE DISTANCE IN THE SOIL OF THE LEADING EDGE OF AN INITIALLY
DISTRIBUTED CHEMICAL

COMMON/CONST/CON(50}),10PT(50)
COMMON /SEDATA/S5UB{10,201}

REAL KsKTIME,NEXP +KRHO,KDES yKONDINFILT
DIMENSION VPAST(802)CLORID(8B02),TTIMER{200),DELXMT{(200)

COMMON /TIMES/ TOLD,TNEW,DT,DTOLD,TOUT,TSTRT,TSTOP, TRAIN,PIN,

i EPATM, PRINT(3), PROGDT{(3), PESTM .
REAL*8 TOLD+TNEW,DT,DTOLD,TOUT 4y TSTRT,TSTOP,TRAINsPINyEPATM,PESTM
COMMON /ADODATA/ C(27420), SU27,20)+ KNT, $55(27,20)

00004660
00004670
00004680
00004690
00004700
00004710
00004720
00004730
00004740
00004750
00004760
00004770
00004780
00004790
00004800

i 1DC(27), VEL{27), THETJ(27), B(27),KDES{27,20),CMAXUM(27,20),00004810
< THETXy XMAXy Hy KTIME.II, A, DENOM,DENAM, INDEX(20), INDEX1(20),00004820
3 ANT,» AX, IISAVE, IGOR, NVAL(20),DESKRO, XPONT,KLEW1(20),DVST,00004830
. THETAT, SUMC(2T)s SUMSL27),CUMAD, CUMDS,PTOT(20) ,C1(27,20) 00004840
2 s VPAST(27+420)yKSW{20),INTGER ,NOSTOP(20),ADRX,DSRX 00004850
o »TOTAD,TOTDS,» ZROC (27,20} 00004860
00004870

-OMMON /WATERO/ NIN, RAINR(20), THETA(27,20),THETN{27,20),CUMRO 00004880

1 +CUMFLT,DHTAB(50+4510) yNUMDH(10) ,RINF{20),CIT(20),VELC(27,20)00004890
¢ 2Q(27+20)» SUMRN, WATROT  SUMIN,ROR 00004900
00004910

EQUIVALENCE (CONC10) 4K} {CONUL1L),RHOD, {CON(12),T), 00004920

i (CONU(13)4NEXP), (CON(14)+AB),{CON(15},C0), (CON(16),PULSE}00004930
2 + (CONC17),DVS)o (CON(18B),D),(IOPT{8),NOREAD) 00004940
NAMELIST /DEBUG/NVAL,PTOT,[§,7TOTC1,TOTC,NOREAD 00004950

NAMELIST /SEE/CyAs8 00004960

’ 00004970

IF{INTGER.NE.Q) GO TO 650 00004980

INTGER=1 00004990

DESKRO= K /A8 00005000

IFUIOPT(1).NELQ) GO TO 7711 00005010

Ul 1150 J=1,27 00005020

V0 1150 I=1,20 00005030

244
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SCRAM Program Listing (Continued)

RDES(J 1= DESKRO
CONTINUE

JJ 1

$XT 2

UAY l.

KOND = 360

INT 1

INFILT=0

~NOCLOR=0

ARITE(6,10) NoNUMBER,NOREAD,NOCLOR

ARITE(6+20) DeKyRHOsTyNEXP,AByCOyPULSE,DVS

QENOM=0

VENAM=0

AX= NEXP-1l.

ANT = l./AB-1.

APONT= NEXP-1./AB

U= D *DAY

DVS=DVS*DAY

UABSD= ABS(D)

OXP= ABS(XPONT)

LF{DXP +LT. 1.E-60) XPONT= 1l.E-60

LF((ANT .LT. 1.E-60) <AND. {ANT .GT. -1.E-60)) ANT= 1.E-60

IFULAX oLT. 1.E-60) AND. (AX .GT. -1.E-60)) AX = l.E-60
CONT INUE

KT IME=DT/3600.

il IS NUMBER OF LAYERS + 3

i1 SUB(8yNZ)=2
LISAVE = 11
LIPl=11+1
00 115 I=1,11P1
THETJ(I) = THETN(I+1,NZ}
VEL{I) — VELCULIsNZ)
RHO = SUB(6,NL)
H = SUBLS9WNZ)
ADKH= D/H/H
XMAX = H*SUB{8,NZ)
THETJ(EI+1) = THETJLIT)
KRRHO = K *=NE XP
THETX= THETJ(11I}
CHECK EVAPOTRANSPIRATION ONLY FLAG

00005040
00005050
00005060
00005079
00005080
00005090
20005100
000051190
00005120
00005130
00005140
00005150
00005160
00005170
00005180
00005190
00005200
00005210
00005220
00005230
00005240
00005250
00005260
00005270
00005280
00005290
00005300
00005310
00005320
00005330
00005340
00u0u5350
00005360
00005370
00005380
00005390
00005400
00005410
00005420
00005430
00005440
00005450
00005460
00005470
00005480
00005490
00005500

IF YES, GN TO ROUTINE TO CALCULATE NEW CONCENTRATIONSO00005510

DEPENDING ON THE NEW THETA VALUES CALCULATED
IF (IDRY.EW.0) GU TO 6000
i{F (NOREAD) 590¢590.,600
CONTINUE

WRITE(64580) (CUJyNZ)yJ=1,KUICK)
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SCRAM Program Listing (Continued)

[ F(NOCLOR +EQ, 1} READ(5,580) (CLORID(J),»J=L,KUICK]

WRITE(64580) (S(JsNZ)4J=1+KUICK)

IF(KSWINZ).GT.0) GO TO 1140

RSWINZ)=1

KQUIT = 0

J0 1210 I=1,411

J= 11 - I + 1

IF(KQUIT) 1220,+1220,1230

THEK= S(JsNZ) /ZIC(J4NZ) **NEXP)

IF((THEK 6T. 1,015%K) .OR. (THEK .LT. .985%K}} KQUIT=y
LF{KQUIT +EQ.Q) GO YO 1210

CMAXUM(J,NZ) = CO

KDESUJoNZ)= S(JeNZ)/AB/LCTI,NZ)*%(1./AB))
CONTINUE

LF(XKQUIT .GT. 1} INDEXINZ)=KQUIT
INDEX1INZ)= INDEXINZ)+1

KLEWL(NZ)= INDEXI(NZ}

TIME= O

GG TG 1140

CONTINUE

IF(CMAXUMEL14NZ)EQ.0) CMAXUM(L,NZ)= CO
TIME= O

CALCULATE VELOCITY

420
1130

390

To

46U

< ONTINUE

DO 390 J=2.11

ATHET= (THETJ(J+1) -THETJ(J-1) V/2./H

JERIV= (VEL(J) -VPAST(J,NZ) )} /KTIME/THETJI())
VPAST(JWNZ}= VEL(J)

VEL(J) = VEL(JI/THETII)

56= [=VEL{J) *VEL(J) /THETJ(J) *XTHET-DERIV)I*KTIME/ 2.
(2= VELLJ) ~DxXTHET/THETJ ()

o(Jl= (ZZ~GGI*KTIME/H

JCUJ)= RHO/THETJ(J])

YPAST{1l.NZ)= VELIL)

VELIL) = VEL(1)/THETJ(1)}

UCI(1l)= RHO/THETJ(L)

A= ADKH*KTIME

VAVGR= (VEL(1) +VEL(2) 1%, 5

JENOM= (D+.08*VAVGR)/ (D+{ .08+H)*VAVGR)

JVENAM= (DABSD+.08%VEL(II) }/(DABSD+ (H+, 08)*VEL{IT) )
C{1,NZ)= CO

CL{LyNZ) co

CLORIDtL)= CO
JVST= DVS®THETJ(1)

CALCULATE TOTAL UG OF PESTICIDE IN ZONE
TOTCl = 0.
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00005580
00005590
00005600
00005610
00005620
00005630
00005640
< Juus 650
00005660
00005670
00005680
00005690
000925700
00005710
00005720
00005730
00005740
00005750
00005760
00005770
00005780
00005790
00005800
00005810
00005820
00005830
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00005850
00005860
00005870
00005880
00005890
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00005910
00005920
00005930
00005940
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00005970
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00005990
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00006010
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00006060
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00006110



SCRAM Program Listing (Continued)

W0 470 I=l,11

470 TOTCL = TOTCL + CUIsNZ) « THETA{I+14NZ) + S{I,NZ)} % SUB{6,NZ)

00 21 I=1.11

21 wlIeNZ)= CLEEsNZI}

CALL RUNGELII4+KRHU¢NZ)
IF(NOREAD.EQ.Q) C(1,NZ)= CO
V0 22 I=i.11

22 ClUT4NZ) = ClLoNZ)

TIME= TIME ¢+ KTIME
"NNV=NVAL {NZ)
o0 TO (48041600, NNV

48u LF{ PTOT(NZ) .GE.T} GO TO 60

w0 TO l60

1140 0C{(JJ)= RHO/THETJI(JJ)

C CALCULATE VELDCITY

[eXel

AOOOOOOO

DO 396 J=JXTsll

XTHET= (THETJ(J+l) = THETJUJ-1) V/2./H

DERIV= (VELLJ) =VPAST(J,NZ)) /KTIME/THETJ(J)

VPAST{JeNZ)= YEL(J)

VEL(J) = VEL(JI/THETJ(J)

w6= {-VEL(J) *VELLJ) /THETI(J) *XTHET-DERIV)*KTIME/ 2.
LI= VEL(J) ~D*XTHET/THETJ (J)

B8(J)= (ZZ-6GGI*KTIME/H

390 DC(J)= RHO/THETJ(J)

VPAST{1eNZ)= VEL(L}

VELIJJ) = VELIJJI)/THETICII)

A= ADKH®KTIME

VAVGR= (VEL(1) +VEL(2) 1%, 5
VENOM=(0¢,08%VAVGR )/ (D+( .08 +H)*VAVGR)

VENAM= (DABSO+.08=*VEL(IL) )/ (DABSD+{H#.08)=VEL(II)})
60 TO 460

6V LNDEXINZI)= 2

LNDEXL(NZ)=2
NVAL(NZ) =2
L ONT INVE

WRITE(6430) AloA4¢KyBTIME,THETAT,RHO,A2,L0,AB4NEXP

WwRITE(6,5000) D, A4

KNT=0

00 171 J=l,11SAVE
LF{IDRY,EQ.0) GO TO 363

IFtJ) .GE. INDEX{NZ)) GO TO 363

CALCULATE ADSORBED VALUES

SAJeNZ)= KOES(JeNZ)*ABXC(J,NZ)**(1./AB)
0 70 171

247

00006120
00006130
00006140
00006159
00006160
00006170
Q0006180
00006190
00006200
000062190
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
00006300
00006310
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SCRAM Program Listing (Continued)

363 S{JyNZ)= K*C(JsNZ)*%NEXP

171

350

i

CONTINUE

vl 179 Jd=

5S5S{JsNZ)

Ly IISAVELINT
= S{JyNZ)

IF(NOCLOR) 1180,1180,1190
C1190 WRITE(6,210) TIMMyXsPVOLCUJ4NZ) pSSeVELIJIyTHETALIGNZIHHI(I),

CLURID(J)

50 TO 170

LEAVE IN FOR NOW
C1180 WRITE{(64210) TIMMeXoPVOLsCUJeNZ) ySSeVELIJISTHETI(I)

170

DO

5005

5004

25

5003

KNT=KNT+1

CONTINUE

LF{IDRY.EQ.0) 60U TO 175
AVERAGE ON C

i IMl= I~

00 5 I=1,

SUIWNZ) =

CUI4NZ)
CUIIsNZ}
S{II«NZ)

1
IIM1
(SCIWNZ) + S(I¢14NZ)) * .5
(CLUIsNZ) + CLUI+1,NZ)) * 0.5
= CL(IL1+NZ} * 0.5
= S(I1,NZ) * .5

IF (NOREAD.EQ.O) GO TO 175
CALCULATE TOTAL UG OF PESTICIDE AFTER RUNGE

LL = 2
CONTINUE
L =Ll

1

IF(ZROC(LINZ) «NELQ.) C(L.NZ) = 0.
LIF(CILWNZ}.6T.0.) GO TO 5004

CLILWNZ)
S{LeNZ)

= Q.
O.

LL=LL + 1

IF{LL.GT.

I1}) GO TO 220

60 7O 5005

<ONTINUE

T0TC = 0.

00 25 I=LL,I1
TOTC= TOTC + CUI,NZ)*THETN(I+1,NZ) + S(I,NZ) * SUB{6,NZ)
rovci = TOTCl - TOTC

IF(TOTCL46T.0.) GO TO 5003
TOTC1 TOTC1l + TQOTC

L LL-1

CLLyNZ) O.

ClILyNZ) O.

SU(LyNZ) = 0.

ZROCILWNZ) = 1.
tL = LL + 1
60 TGO 5004

CONTINUE

CALCULATE NEW Cl{1,NZ)

ID = 2
L =1LL -

1
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00006660
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00006689
00006690
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00006770
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00006830
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SCRAM Program Listing (Continued)

LOLD = C(LsNZ} 00007200
CALL NEWRAP{L.NZ,1D,70TCL,COLD) 00007210
clULaNZ) = 24 * CULyNZ) ~ CLILL (N2} 00007220
SULyNZ)= KDES{LINZ)*AB*C(LyNZ)**(1./A8) 00007230

2+ CONTINUE 00007240

17> . ONTINUE 00007250
PTOTI(NZ} = O, 00007260

U0 230 I=1,I1 00007270

230 PTOTINZ)  PTOTINZ) + CUI,NZ) * THETN(I+L,NZ} + SUI,NZ) *SUB(6,NZ)0000T280

C 175 <ALL SIMPSN (SUM,IISAVE,NZ) 00007290

C ARITE(6,82) SUMCINZ),SUMSINZ),SUM 00007300

c 60007310

c AF(NOCLURJEG.1) WRITE(6,91) SUMCL 00007320

c 00007330

220 RETURN 00007340

c DURING EVAPORATION ONLY, CALCULATE NEW VALUES OF C 00007350

c USING NEW THETA VALUES 00007360

6000 CONTINUE 00007370

c 00007380

C CALCULATE A NEW VALUE OF C BY THE NEWTON- RAPHSON TECHNIQUE 00007390
D=1 00007400
u0 6010 L=1,II 00007410
LF(CILsNZ) +EQ. 0.) GO TO 6010 00007420
TOTCL = C(L,NZ) * THETJ(L) ¢ S(L.NZ)} * SUB(6,NZ) 00007430
CALL NEWRAP(L,NZ,[D,TOTC1,COLD) 00007440

6010 CONTINUE 00007450

c 00007460

C SET INDEX FLAG FOR ADSORPTION VS DESORPTION... WANT ONLY ADSORPTION 00007470

c 00007480

c 00007490

C GO TO ROUTINE THAT CALCULATES SORBED CONC. FROM SOLUTION CONC. 00007500

c 00007510
G0 TO 160 00007520

10 FORMAT (615) 00007530
20 FORMAT(S5F15.5) 00007540
30 FORMAT (19X, SVEL®'yF10e395X,"D="sFL0.3,5X, 'K="4F10.3,5X, 00007550
®KTIME=¢ (E1043¢5Xs {THETA= "¢ F1043,/19X, "RHO="'F10.3,5X,*T=",F10.3, 00007560
#¥5X"CO= 4 F9.3¢8Xy 1AB=*,F10.346Xs *NEXP=",F10.3, 00007570
$/77+T9 o "TIME®,T26,4°X* T35, PORE VOLUME®,T54,'C S=K#Cs*(N. OR 00007580
®1/AB)*,TB2,*VELOCITY® ,T99, ' THETA*,T109,'PRESSURE, H'.' CLORIDE:K= 00007590
®) Y nnnn7enn
v FURMAT(1Xs *THE TOTAL AMQUNT OF CONCENTRATION, C, PRESENT IS, C*THE00007610
€TA=%,T64,Flle4s/yLX, *THE TOTAL AMOUNT OF CONCENTRATION, S, PRESENT00007620
* IS, SKRHOS®y T64eFlLle34/,"¢,T64," *s/y1Xy *THE SUM OF00007630
* 5 AND C IS, RHO*S + CHTHETA='. T64,Fll.4) 00007640

¢ 00007650

C 91 FORMAT(1X,/+1X,*THE AMOUNT OF CLORIDE CONCENTRATION PRESENT IS CLO00007660

c *R [DE*THETA=*,T64,F11.4) 00007670

c 00007680

104 FORMAT (20A4) 00007690
109 FORMAT(LX,T23,84( %) o/ ¢1XsT2349%%,T25,20A4,1X,"%%,/,1X,T23,84(**%100007700

*) /) 00007710
210 FORMAT( 3Xy20F114504X)sF11.592E15.5,4X+2(F1l1.5,4X)eF11.3,EL2.5) 00007720

380 FORMAT(5Xe/+5X,*SINCE C/COyAFTER 100 INTERATIONS, IS .GT. O AND .LO00Q07730

249



SCRAM Program Listing (Continued)

€7« 1.0, THE CALCULATIONS WILL PROCEED USING THIS VALUE.*',/]) 00007740
380 rORMAT(1X+/ +5Xs*FOR THE PARAMETERS: K=',F12.,49 "'y NEXP=',Fl2.4,4", COO007750
*J=",Fl2.44%y RHO='4F1244y "'y THETA="',F1l2.4,5//+5X,*AND FOR AN INITIAQ0007760
®_LY DISTRIBUTED PULSE, CONVERGENCE DID NOT OCCUR ON THE ITERATIVE'0Q00Q7770
®y/+5Xs "CALCULATIONS OF THE INITIAL C/CO AND S/CO VALUES. AFTER 10000007780
¢ ITERATIONS THE VALUE OF C/CO0= ',E14.7+/) 00007790
390 FORMAT(5Xe/ ¢5X,'THE CALCULATION OF C/CO IS OUTSIDE THE ALLOWED RANOOCO7800
®GE.'e /s 5Xy 'THEREFGRE, YDU MUST READ IN THE VALUES JF C/CO AND S5/C009007810
# ON CARDS. THIS CAN 3E DONE BY SETTING THE VALUE OF NOREAD=1',/) 00007820
58v FORMAT(HF10.0) 00007830
398 FORMAT{1X,/+1Xs*FOR THE ABOVE, INFILTRATION RATE= ',Fl2.7,', ### 00007840
¢ CUMULATIVE INFILTRATION= *,Fi2.7,' INFILTRATION DELT, TINCER=*,F100007850

¥2.T/) 00007860
999 FORMATILHL) 00007870
5000 FORMAT(/// * DsA&* , 2F10.3 ///) 00007880
END 00007890

250
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SCRAM Program Listing (Continued)
SUBROUTINE DATEIN(DI.DPSEC)
JIC1) = YEAR {INPUT)
ul1(2) = MUNTH (INPUT)
ol1(3) = Day (INPUT)
vwIlS5) = MINUTE ( INPUT)
VI(4) = HOUR { INPUT)
JIt6) = SECONDS {INPUT)
UPSEC = DOUBLE PRECISION SECONDS FROM JAN 0, 1900 {OUTPUT)
JOUBLE PRECISIUN OPSEC,Y
U IMENSION (5}
O IMENSIUN Ji11),01t6)
wATA J/731+59490,120,1514181,212,243,273,3044+334/
U0 1 K=1,6

IF (DI(K) +.GT. Qs) GO TO 3
CONT INUE

WRITE(6,1000) 01
FORMAT(1X, 'SeR. DATEIN , DI=
CALL ERROR( 1)

1(3) = Di(3}

i(2) = DI(4)

1(5) -~ DIL5)
Y=60%(1(5)+60%1(2)}))

OPSEC = Y + DI(6)
1(3)=1(3)-1

1(4) - AMOD(D1(1),100.)
1(1) - INT(DI(2}) - 1

IF (I(1) .6T. 11) GO TO 2
IF (I(1)) 2513412

JJd = 11}

L(3)=1(3)+d(JJ)
L{S)=1(4)-4x(1(4)/4)

'y 6E12.5)

IF(I(11/72¢1(5)1LE.OQ) I{3)=1(3)~1

Y = 1(3) + (4+1461%[(4))/4
UPSEC=DPSEC+86400.00%Y
KETURN

END

251

00007900
00007910
00007920
00007930
00007540
00007950
00007960
00007970
00007980
00007990
00008000
00008010
00008020
000080392
00008040
00008050
00008060
00008070
00008080
00008990
060008100
oogosllo
00008120
00008130
00008140
00008150
00008160
00008170
00008180
00008190
00008200
00008210
00008220
00008230
00008240
00008250
00008260
00008270
00008280



a0 0

C

C

[

SCRAM Program Listing (Continued)

>UBROUTINE CATINT

REaU IN RAIN AND EPA CARDS UP TO START TIME
ANu PLACE RAIN RATE, EPA DATA, AND TIMES IN COMMON

10

20
25

30

49
45

L
<

i

i
2
3
4

2 OMMON /wATERD/ NIN, RAINR(20), THETA(27,20),THETN{27,20),CUMROD

00008290
00008300
00008310
00008320
00008330
00008340

¢sCUMFLTyDHTAB(50,4,10) s NUMDH(10) ,RINF(20),CIT(200,VELC(27,20000008350

1QU27420) ¢ SUMRN, WATRQOT s SUMINJRORRDT s XUMRU

COMMON /EVAPIN/ ELE2,DATA(5,20)+DATAN(5,20)

LOMMON /TIMES/ TOLD.TNEN,DTDTOLD, TOUT,TSTRT,TSTOP,TRAIN,PIN,

EPATM, PRINT(3), PROGDT{(3)

REAL*8 TOLD,TNEW,DT,DTOLD4TOUT,TSTRT,TSTOP, TRAIN,PIN,EPATM

LOMMON 7CONST/ CON(S50Q)

EQUIVALENCE (CON(6),THRSHL)}y (CON{T),THRSH2)

COMMON /SEDATA/ SUB(10,20),ADJLI(21)

COMMON /ADDATA/ C(27,203, S$(27,20), KNT, S55(27.,20)

00008360
00008370
00008389
00008390
00008400
00008410
00008420
00008430
00008440
00008450
00008460
00008470

WDC(27)y VEL(2T), THETJI(27)s BL2T)+KDES(27+20),CMAXUM(27,20),00008480
THETX, XMAX, He KTIME,II, A, DENOM,DENAM, INDEX(20), INDEX1(20}),00008490
ANT, AX, IISAVE, IGOR, NVAL{20) ,0ESKRO, XPONT,KLEW1(20),DVST,00008500

THETAT, SUMC(27), SUMS({27),CUMAD, CUMDS,PTOT(20}

DIMENSION RAIN(20)

REAL*8 SEC

RAIN DATA

22

31

00 22 I=1,NIN

RAINR(I)=0.

READ (11,END=20) SEC+(RAIN{I)sI=1yNIN}
IF (SEC .GT. TSTRT) GO TO 25

00 31 I=1,NIN

RAINR{I}= RAINCL )

GO To 10

SEC = 1.D30

TRAIN = SEC

EPA DATA

28

35

DO 28 J=1,5

DO 28 I=1.NZN

JATA{JHI1)=0.

READ (12 4END=40) SEC, [({(DATAN(J,I }44=1,5),1=1,NIN)
IF (SEC .GT. TSTRT) GO TO 45
D0 35 J=1,5

U0 35 I=1,NIN

JATA({J 1= DATAN(J.I)

w0 TO 30

SEC = 1.D30

EPATM = SEC

CUKRECT SOLAR RADIATION FOR LATITUDE AND MONTH

32

00 32 I=1sNIN

DATA(3,10= SOLAR(DATA(3,1),TSTRT )
w0 TO 56

ENTRY DATIN

252
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C
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C

60

70
75
c

SCRAM Program Listing (Continued)

ENTRY TO READ NEXT RAINFALL CARD

33

V0 33 [=1sNIN

RAINROI)=RAIN(I)

READ (11,END=50) SEC, (RAIN {[)4I=1,NZN}
GO TO 55

SEC 1.030

TRAIN SEC

CALLULATE NEW VALUE OF PRINT INTERVAL
56 .

PIN = PKINT(3)

U0 57 I=14NIN

IF (THETA(2,1) +G6GT. THRSH2) PIN = PRINT(2)
IF (RAINRII) .GT. THRSH1) PIN = PRINT(1)
LONT INUE

K ETURN

cNTRY DATEPA

ENTRY TO READ NEXT EPA DATA CARD

D0 60 I=1,NZN

00 60 J=1,5

DATA(J,1 1= DATAN(J,I)

READ (12 4+END=70) SEC, ((DATANUJ,1)+J=1¢5)+1=1,NIN)
60 TO 75

SEC = 1.030

EPATM = SEC

CIRRECT SOLAR RADIATION

DO 37 I=1.NIN

37 DATA(3,1)= SOLAR(DATA(3,1),TNEW)

RETURN
END
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SCRAM Program Listing {(Continued)

SUBROUTINE DATOUTI(DPSECDsK) 00009110

c 00009120
«OMMON /CONST/ CON{(50),I0PT(50) 000091390

C 00009140
c UPSEC DOUBLE PRECISION SECONDS FROM 1900 (INPUT) 00009150
C ot YR MO, FORMAT OF DATINP (OUTPUT) 00009160
c ot2) DAY hR MIN. FORMAT OF DATINP (OUTPUT) 090009170
C J{3) = SEC. FORMAT QF DATINP (JUTPUT) 00009180
c an= 0 GIVES CALENDAR DATE FORMAT QUTPUT 00009190
c 00009200
UOUBLE PRECISION OPSEC,TDUM,Y4,Y5,Y6,Y7,Y8 00009210

J IMENS IUN Cl12), D(3), IY(4) 00009220

c 00009230
C 00009240
c 00009250
JATA C/ 3HJAN, 3HFEB, 3HMAR, 3HAPR, 3HMAY, 3HJUN 00009260

ls 3HJUL, 3HAUGy 3HSEP, 3HOCT, 3HNOV, 3HDEC / 00009270

[ 00009280
601 FORMATIELH sA3 413 slHy9I5s1lHys1345H HRSy¢I3,5H MIN,yF9.544H SEC,5X, 00009290

i 39X, 11HJULIAN DATE,7PD22.8) 00009300

C 00009310
T OUM=DPSEC 00009320

YT = [DINT(TDUM/86400.00) 00009330
IF{TDUM.LE.O.)CALL ERROR(2) 00009340
TDUM=TDUM-Y7%*86400.D0 00009350
Y8=TDUM/ 86400.0D0 00009360

1Y(l) = v7 00009370

1Y(2) = Iv(1) /365 00009380

11 1Y(3) = IY{l)-1(1461%IY12)+3}/4 00009390

IF (IY{3).GE.Q) GO TO 12 00009400

Lye2) = 1v(2)-1 00009410

60 TO 11 00009420

12 1Y14) = IV(2) -—4%(IY(2)/4) 00009430

Jd =0 00009440

KD - 0 00009450

13 CONTINUE 00009460

MD = KD 00009470

JJd = JJ+l 00009480

90 TO (L4¢16914+15+14115:14+14415414415,414) 444 00009490

14 KD = KD+31 00009500

GO TO 17 00009510

15 KO - KD+30 00009520

60 T0 17 00009530

lo IF (IY(4).EQ.0) KD=KD+1 00009540

KD = KD+28 00009550

17 IF (KDJ.LELIY(3}) GU TO 13 00009560

20 LY(1) = Jv{3)-MD+1 00009570

Yl = ClJJ 00009580
DE1)=JJ+100%1Y(2) 00009590

LY{2) - 1Y(2)+1900 00009600

c 00009610
30 CONTINUE 00009620

Y4 IDINT{(TDUM/3600.D0) 00009630

TOUM TDUM - Y4*3600.D00 00009640
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Y5 = IDINT(TOUM/60.D0)

TOUM = TDUM ~ Y5%60,00

1Y(3) Yo

1Y{4) Y5

Y6 = TDUM
YY=IY(4)+100%(IY(3)+100%]Y(1)
ul2i=YY

D(3) Yo

LONTINUE

- TDUM YT ¢ Yo + 2415020.5D0

999

LF (K.NE.O} GO TO 999

(Continued)

WRITE (64,6000 Yl IY(L)oEY{2),1Y(3),1Y(4),Y6,TOUM

K ETURN
END
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SCRAM Program Listing (Continued)

>UBROUTINE DEGRAD

SUbROUTINE TO PREDICT AMT. OF PESTICICE LOSS DUE TO CHEMICAL,

PraaTOCHEMICAL s AND MICROBIAL PROCESSES
COMMON /CONST/ CON(50)
cQUIVALENCE (CUN(25),TMAX)
. OMMON /EVAPIN/ ELE2,DATA(S5,20)

COMMON /TIMES/ TOLDsTNEW,DT
EAL*8 TOLDTNEW,DT

COMMON /SEDATA/ 5UB(10,20)

COMMON /WATERD/ NZN, RAINR(20), THETA(27,20)THETN{(27,20)

COMMON /ADDATA/ C(27+20)s S(27+20) s KNT, 555(27,20)

Vi F v Ao

v VPAST(27,20)+KSW(20)+INTGER ,NOSTOP(20),ADRO,DSRO

QELTM = DT/86400.
U0 10 I=1,NIN
TEM2= DATA(2,1)
TEM = TEM2
IF (TEM.GT.42.) RETURN
IF{TEM2 .6T. 40.) TEM=10
IF (TEM2 +GT. TMAX) TEM=15,
ND = SuB(8,I)
D0 10 J=2,ND
R = RK{THETN(J+sI),TEM)
PReO ICT AMT . OF ADSORBED PESTICIDE
stJ-1, 1} S(Jd-1s1) * EXP{RXDELTM)
PKEDICT AMT. OF PESTICIDE IN SOLUTION
CONTINUE
CLid=1,1) CLJ=1,I}*EXP{R*DELTM)
RETURN
END
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SCRAM Program Listing (Continued)

S>UBROUTINE ERRORIN) 00010220
00010230

ARITE{64100) W 00010240

100 FORMAT(®* ERROR,» N=',12) 03010250
aTop 00010260

END 00010270
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SCRAM Program Listing (Continued)

2 UBROUTINE EVAP 00010280
00010290

SUSROUTINE TJ CALCULATE POTENTIAL EVAPOTRANSPIRATION 00010300
00010310

CUMMON /EVAPIN/ ELE2,DATA(5+,20)y DATAN{(5,20), RUFF, 00010320

i SRES¢DELLAM{121),SVPRES{121)+VPREZ,VPDEF,ATRES,POEVAP 00010330
2. TOTVAP 00010340
00010350

-OMMON /SEDATA/SUB(10,20),ADJLI(21),ADILO(20) ,RNF{4,20),INF(4,20) 00010360

i +SEDRAT ,HECT,AK1{10},AK2{10),ST(101},ADJLL 00010370
00010380

COMMON /wWATERD/ NINy RAINR(20), THETA(27,20),THETN(27,20),CUMRO 00010390

i +CUMFLT ,DHTAB{50+4410) +NUMDH{ 10} yRINF{20),CIT(20),QT0T(27,20)00010400

¢ Q{27,200 ¢ SUMRN, KATROTy SUMIN,RORsRDT » XUMRD 00010410
00010420

OIMENSION POTN(2Q) 00010430
00010440

ELEZ=ELEVAT[UN 2- HT AT WHICH MEASUREMENTS ARE MADE(CM) 00010450
WVL2=WIND VELOCITY (CM/SEC) 00010460
TEMZ= AIR TEMPERATURE(DEG. C) 00010470
SRu= NET SOLAR RADIATION{CAL/CM*%x2 SEC) 00010480
AlkP= BARDMETRIC PRESSURE 00010490
RHUM= RELATIVE HUMIDITY(ZX) 00010500
RUFF=ROUGHNESS PARAMETERI(CM) 00010510
SRES=SURFACE RESISTANCE{SEC/CM) 00010520
DELGAM=SATURATION VAPOR PRESSURE AS FUNC{DEG. C) 00010530
SVPKES=DELTA/GAMMA AS FUNC(DEG. C) 00010540
VPRE2= VAPOR PRESSURE 00010550
VPUEF=VAPOR PRESSURE DEFICIT 00010560
ATRE S= ATMOSPHERIC RESISTANCE TO DIFFUSION(SEC/CM) 00010570
POLVAP=POTENTIAL EVAPOTRANSPORATION {(CM/SEC) 00010580
TOTVAP=TOTAL WATER LOSS DUE TO EVAPGTRANSPIRATION (GM) 00010590
00010600

COMMON /CONST/ CONI50) 00010610
EQUIVALENCE (CON{1),MASDEN)+(CON(2),LTHEAT}, (CONI3),BOWEN), 00010620

1 {CON(4) o SHEATP) , [CON(5) » VONK) 00010630
REAL MASDEN.LTHEAT 00010640
00010650

COMMON /TIMES/ TOLD,TNEW,DT 00010660
REAL*8 TOLD+TNEW,DT 00010670
00010680

UIMENSION D{(3) 00010690
00010700

D0 100 K=1,NIN 00010710
WVL2= DATA(L,KI} 00010720
TEM2= DATA(2,K) 00010730
>RO0= DATA(3.K) 00010740
ATRP= DATA(44K) 00010750
RHUM= DATA(S5,K) 00010760
RUUND AIRT TO NEAREST 0.5 FOR USE IN TABLE LOOK UPS 00010770
L = 2.%TEM2 + 1.5 00010780

IF (1.6T. 121 +ORs I .LT. 1) CALL ERROR(6) 00010790
VPRESS= SVPRES(I)*1.333 00010800
UGAM = DELGAM(I) 00010810
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SCRAM Program Listing (Continued)

CuUMPUTE VARIAGLES

VPRE2 RHUMSVPRESS
? SYCON BOWEN®ALIRP
VPDEF VPRESS-VPRE2
Nu SOLAR RADIATIGN AT NIGHT
CALL DATOUT (TNEWsD,l)
SRA SRD
IHR = AMOD(D(2),10000.)/100.
IF (IHR .GT. 18 «0OR. IHR .LT. &) SRA = 0.

EvVALUATE MAIN EQUATIONS

ATRES = VONK*%2/WVL2 * (ALOGIELE2/RUFF))=%2
POEVAP = ((DGAM*SRA + MASDEN®SHEATP/(PSYCON®XATRES)*VPDEF})/
i {DGAM+]1.+SRES/ATRES) ) /L THEAT
1F (POEVAP .LT. 0.) POEVAP=0.
REMOVE WATER DUE TO EVAPOTRANSPIRATION EVENLY FROM FIRST TWO LAYERS
50 POTN(K) = POEVAP*DT
100 CONTINUE

DO 55 I=1eNIN
LIN = SUB(8,1)~1
AMT = POTNLI)/SUB(9+I)
NS = SUB(1,.,1)
DO 54 J=2,1IN
OIF = THETN(J1)-DHTAB(L,1sNS)
IF (DIF .EQ. Q0.) GO TO 54

51 IF (AMT-DIF) 52,52,53

52 THETN(J, 1) THETN(J,I) - AMT
TOTVAP = TOTVAP + AMT*SUB(2,1)*SUB(9,11/1000.
@ T4 55

53 THETN(Js1) = DHTAB(1,1,NS)
TOTVAP = TOQTVAP + DIF*SUBI{2,1)*SUB(9,1)/1000.
AMT = AMT-DIF

54 CONTINUE

55 CONTINUE

R ETURN
END
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SCRAM Program Listing (Continued)

>UBROUTINE FILTR

SUbrOUTINE TO CYCLE THROUGH THE ZONES, CALL ING WATER FOR EACH.

COMMON /wATERO/ RAINR( 201},
1 yCUMFLT,

< VELC(27.420),

NZNy
Q(27,20}

COMMON /TIMES/ TOLDsTNEW, DT
REAL*8 TOLDy TNEw, DT

LOMMON / SEDATA/SUBIL10,20) 4ADJLI(21),A0JLO(20) RNF(4,20),INF{4,20)

COMMON /CONST/ CONI(50)
cQUIVALENCE (CON{6),yTHRSH1) ,

ic =0

NEWFLG 0

UT = TNEW-TOLD
V0 5 I=1yNIN

IF(RAINR(I).LE.THRSH1) GO TO 15

5 CONTINUE
00 10 I=1,NIN
DELTA =

IF (DELTA .GT. DT) GO TO 10

UT = AMAXL(DTMIN, AINT(DELTA})
1C =1
CONTINUE

CALL WATER FOR CRITICAL ZONE FIRST
0) CALL WATER({IC+NEWFLG)

IF {IC.NE.

DHTAB(50,4410), NUMDH(10),

THETA(27420) ¢ THETN{(27+20) yCUMRO
RINF{20), CIT(20),

(CON(9) 4DTMIN)

(0.035%5UB(9+1)) /RAINR(I)

THEN CALL WATER FOR THE REST OF THE ZONES

D0 20 I=1sNIN
IF (I1.EQ.IC) GO TO 20

C CHEcK FOR PROFILE IDENTICAL TO REFERENCE

c

16

17

18
20

LZN = suB(s8,I)
D0 16 N=1s11IN
iF (THETA(N,I)

«ONT INUE

THE SAME, COPY
U0 17 N=1.1IN
VELCINoI} = VELCIN,IC)
QU(NsI) = QIN,IC)
THETNIN, 1) = THETNIN,IC)
RINF{I) - RINFLIC)
CITHI) = CITHLIC)
0 TO 20
CALL WATER (I,NEWFLG)
CONTINUE
RETURN
END

«NE. THETA(N,IC)) GO TO 18
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SUBROUTINE INPUT 00011720

00011730

COMMON /INPUTD/ 3TARTM(6) 4ENDTM(6) ,PLOTNM(S) ,PESTNM(5), 00011740

i PESDAT(LL)+CROPDT{10),20NES(14,20) ,RUNOFF(2,4,20) 00011750
00011760

00011770

COMMON /CONST/ CON(S50),10PT(50),KPEST 00011780

COMMON /EVAPIN/ ELEZ2sDATA(5,20), DATAN{5,20), 00011790

i RUFF,SRES,DELGAM(121),SVPRES(121),VPRE2,VPDEF, 00011800
Z ATRESyPLEVAP 23211810
00011820

COMMON /TIMES/ TOLDTNEW DT ,DTOLD, TOUT,TSTRT,TSTOP, TRAIN,PIN, 00011830

L EPATM, PRINT(3), PROGDT{3}, PESTM , DATPL,DATMAT,DATHAR 00011840
REAL*8 TOLO,TNEWsDT,DTOLO TOUT,TSTRT,TSTCP,TRAINJPIN,EPATM,PESTM 00011850

REAL*8 DATPL,DATMAT, DATHAR 00011860

00011870

<OMMON /WATERD/ NIZINy» RAINR(20), THETA(27,20),THETN(27,20),CUMRD 00011880

i yCUMFLT,DHTAB(50,4,10) ,NUMDH{10) ,RINF{20),CIT(20),QTOT(27,20)00011890
¢ #Q(27+20) s SUMRN, WATROT , SUMIN,ROR 4RDT y XUMRO 00011900
00011910

COMMON / SEDATA/SUB(104+20)4ADJLTI(21),ADJILO(20) RNF(4,420),INF{4,20) 00011920

L » SEDKAT 4HECT»AK1(10) »AK2(10),ST(10),ADILL 00011930
< +XADJLI 00011940
00011950

COMMON /ADDATA/ C(27,20)y S(27+20) 4+ KNT, S55(27,20) 00011960

THETAT, SUMC{27), SUMSL2T7) ,CUMAD, CUMDS,PTOT(20) ,C1(27,20)
» VPAST(27,20)+KSW(20)}+INTGER ,NOSTOP(20),ADRX,DSRX
»TOTAD,TOTDS

U N

COMMON /VOLTD/ ENG,ALFA,DV(27,20)+DIST(27,20)41V1,PPB(27,20),
1 DVS(274+20),P2

OIMENSION CONV(5)

DATA CONV /92940304, 40468564.4 30.48y 2.54, 62.4276/

O IMENSION DHARAY(1520)

UATA DHARAY /1520%0./

OIMENSION D{(3)

REAL*8 NAM(10)

DATA NAM/' LT CLAY'+* SERL LM®*4"3%,%47,'5%,'6%,°7T%,%8%,'9*,'10*/

UIMENSION TEMP (6}
UATA TEMP/6%0./

NAMELIST /PESTI/ STARTM, ENDTM, PLOYTNM, PESTNM, PESDAT, CROPDT,

1 ZONES . RUNOFF, CON, I0PT, ELE2, RUFF, SRES, DELGAM, SVPRES,
2 PRINT, PROGDT, THETA,AK1,AK2,ST,DHARAY,C,S
2 + ENG, ALFA, DV, DIST

READ(S,PEST1,END=999)
READ INPUT DATA FOR WARM START
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SCRAM Program Listing (Continued)

LF (IOPT(1}) +EQ. O) GO TO 5 00012260

READ (14) ADJLI, CUMRO, KPEST, THETA, C4Sy TSTRT,TOLD 00012270

i s CUMDS »CUMAD,VPASToCMAXUM(NOSTOP ¢ INDEX, INDEX14KLEWLyKDES,KSW 00012280

¢« W XUMRUsLLy TGTAD, TOTDS, XAOJLI 0T oCIT 00012290

5 o+ TNEW,SUMRN, SUMIN,TCTVAP,CUMFLT, NVAL , THETN 00012300
oTOLD= DT 00012310

5 IF (IOPT(3).NE.O) WRITE(6,PESTI) 00012320
CALL DATEIN (STARTM,TSTRT]) 00012330

CALL DATEIN (ENDTM,TSTOP) 00012340
WwRITE{6,1000) PLOTNM,PESTNM 00012350

1000 FORMAT (*'1', 59X *BEGIN PESTICIDE SIMULATION®// ' WATERSHED NOOO12360
LAME: '4544/7/ ¢ PESTICIDE NAME: *,5A4// ¢ START DATE:*) 00012370
LALL DATOUT(TSTRT,D,0) 00012380
aRITE(6,1001) 00012390

1001 FORMAT(*Q°, "END DATE:*) 00012400
LALL DATOUTITSTOP,D.0) 00012410

C CALCULATE NUMBER OF ZONES 00012420
00 20 I=1,20 00012430

IF (ZONES(1,1) .EQ. 0.) GO TO 25 00012440

20 CONTINUE 00012450
NIN = 20 00012460

0 TO 30 00012470

25 NIN = I-1 00012480
IF (NZN .LE. 0) CALL ERROR{4) 00012490

30 CONTINUE 00012500
C INITIALIZE TIMES 00012510
IF(IOPT(1).NE.O) GO YO 100 00012520
TNEW=TSTRT 00012530
TOLD=TSTRT 00012540

100 CONT INUE 00012550
CALL DATEIN (PESDAT{6}+PESTM)} 00012560

C CHANGE DATES TO DP SEC, DATPL IS DATE PLANTED 00012570
C DATHAR IS DATE HARVESTED 00012580
C DATMAT IS5 DATE OF MATURITY 00012590
V0 8l J=1,3 00012600

8L TEMP(J)= CROPDT(J+1) 00012610
CALL DATEIN(TEMP,DATPL) 00012620

DO 82 J=1,3 00012630

82 TEMP(J)= CROPDT(J+4) 00012640
CALL DATEIN(TEMP,DATHAR)} 00012650

DO 83 J=1,3 00012660

83 TEMP{J}= CROPDT(J+T) 00012670
CALL DATEINITEMP,DATMAT) 00012680
WRITE(6,20001 00012690

2000 FORMAT(*QPLANT DATE: ') 00012700
CALL DATOUT(DATPL,0,0) 00012710
WRITE(6,2001) 00012720

2001 FORMAT(*OMATURITY DATE: ') 00012730
CALL DATOUT(DATMAT,D,0) 00012740
WRITE(6,2002) 000121750

2002 FORMAT {* OHARVEST DATE: '} 00012760
CALL DATOUT( UDATHAR,D,0) 00012770

C SET UP SUB-PLOT DESCRIPTION 00012780
c 00012790
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SCRAM Program Listing

Suollel)= SOIL TYPE
Sub (24 1)=AREA(CHEx?)
Sud (3, 1)=SLOPE(X)
SuB (4, I)=LENGTH(CM)
SUB{S5.1)=wIOTH(CM]

Sud (8s1)=NU. OF LAYERS

(1=1+,NZN WwHERE NZN=NU. CF

OO0 00

WRITE(641002)

(Continued)

Susi{JI) IS DEFINED AS FOLLOWS:

SuB6e1)=BULK DENSITY (GM/CM*%3)
SJul{T7,1)=N0O. OF INCREMENTS FOR SED MODEL

Sud {9, I)=LAYER THICKNESS(CM)

ZONES)

1002 FORMAT (*0¢ 47Xy *WATERSHED ZONE DEFINITION®// * IONE #',2X,

1*SOIL TYPE's 8X,'AREA',
<*DENSITY?,5X, *SEUIMENT',

8Xo *SLOPE® »TX o 'LENGTH® ¢ TXy *NIDTH® 46X,
9Xy*NO.*y 8X,'LAYER'/ B85X,*INCREMENTS',

3 6Xs'LAYERS', 5X¢ 'THICKNESS' / 25X, *CM**2¢, TX,'PERCENT*, 8X,

@ "CM*,1LX,*CM'y 6X, "GM/CMx¥2¢,34X, 'CM' // )
HECT O
DO 40 I=14NIN
vo 35 J=1,10
35 SUB(LJ, 1) = IONES(J.1)
SUB(3,1) = SUB(3,11/100.
C CHANGE UNITS IF NECESSARY

00012800
00012810
00012820
00012830
00012840
00012850
00012860
00012870
00012880
00012890
00012900
30012910
00012920
00012930
00012940
00012950
00012960
00012970
00012980
00012990
00013000
00013010
00013020
00013030
00013040

IF (ZONES(11l,1) «NE. C.) SUB{2,I) = SUB(2,I)*CONV(INT{ZONES(11,1))00013050

1)
IF (ZONES (lz,1) .EQ. 0.) GO TO 36
SUB(4,1) - SUB(4,1)*CONVI(3)
SUB(S,1) = SUB(S5,11%CONVI3)
36 IF (ZONES(13,1) .EQ. 0.) GO TO 37
J = IZONES(13,I) + 2
SUB(9+1) = SUB(9,1)*CONV( )
SUB(10.1) = SUB(10,1)%CONV(Y)
37 LF (ZONES({1l4y[} .NE. 0.) SUB{6,1) = SUB(6,1) *CONV(5)
HECT HECT + SuB(2,1)/1.E8
SUB{L10e1) = SUB(10,I)1*SUB(3,1)/SUB(4,]1)
C TO PRINT OUT VALUES OF SUB(9+NZN)
K = SUB(1l,1)
40 WRITE(6,+1003) I,NAMIK)(SUB(Je1)sJ=2+9)

1003 FORMAT(1lX 12,3X A8,5X F13.0+2PF10.3,3X OPF1l0.3,5(3XF10.3)}}

C CHeCK RUNOFF ARRAY AND SET UP RNF AND INF
C RNF= T RUNOFF TG CORRESPONDING INF ZONE
C INF= ZONE TO WHICH RUNOFF FRCM ZONE I RUNS

U0 45 I=1.NZIN

>UM = 0.

00 44 J=1l.4

IF (RUNUFF(2sde1) .FQ. 0.) GO TO 44

SUM = RUNOFF(2,Js1) ¢+ SUM

IF (RUNOFF(1leJdsl) oLE. O.) CALL ERROR(T}
44 ~ONTINUE

If (SUM .LE. O.) CALL ERROR(T)

00 45 J=lv4

INFUJL 1) RUNOFF(1+J 1)
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SCRAM Program Listing (Continued)

WF CINFUJ#1).GT.21) CALL ERROR (T) 00013340

45 INFEI, 1) = RUNGFF(ZyJd 1) /SUM © 00013359
ARITE(6,1004) 00013360

1004 FORMAT('0', 5SUX,'RUNOFF DESCRIPTION'//' IZONE #'. 4(9Xs' TO *,11X,00013370
1% ')//) 00013380

C Tu PRINT QUT VALUES OF RUNOFF{2,4(NZN) 00013390
0O 50 I=1.NIN 00013400

50 WRITE (0,1005) I,(INF{JyI1),RNF(Js1)sJd=1,4) 00013410
100> FORMATI1X I2+45X 4([11,2PF15.3)) 00013420
IFUIOPT{1).NE.O) GO TO 501 00013430

C INATIALIZE THETN(J,1) 00013440
U0 500 I=1,NIN 00013450

V0 500 J=1,27 00013460

500 THETN(J,I)= THETA(J,I) 00013470
501 CONTINUE 00013480

C 00013490
C DE-INTERLEAVE DHARAY 00013500
c 00013510
o UHARAY () SOIL TYPE 00013520
[« UHARAY(I+1) NO. POINTS IN ARAY 00013530
o DHARAY(I+2) ON DATA 00013540
C 00013550
1 =1 00013560

51 J DHARAY (1) 00013570
IF (J .EQ. 0) GO TO 54 00013580

K DHARAY(I+1) 00013590
NUMDH{ J) K 00013600

I 1 + 2 00013610

V0 53 L2 = 1,3 00013620

D0 53 L1 1eK 00013630
DHTAB{LL,L2,J) DHARAY{I) 00013640

53 [ = I+1 00013650
G0 TO S1 00013660

54  CONTINUE 00013670
o 00013680
C TABLE DHTAB - COL 1 = THETA, COL2 = DIFFUSIVITY, COL 3 = PRESSURE 0001369¢C
c HEAD, COL 4 PARTIAL SUM D*DELTA(THETA) 00013700
C NDH NUMBER OF PUINTS IN TABLE, MAAX= 50 00013710
C 00013720
c CALCULATE PARTIAL SUM OF 0O * DELTA{THETA) 00013730
(o 00013740
DO 60 NS=1,10 00013750
NUMDH{NS)} = 0 00013760

1F (DHTAB(1,1,NS) .EQ. 0.) GO TO 60 00013770
UHTAB(1,44NS)= DHTAB(L1¢2¢NS) % (DHTAB(2,1,NS) DHTAB(1,1,NS)) 00013780

V0 55 I = 2,50 00013790

IF (DHTAB(1,1+NS) .EQ. 0.) GO TO 60 00013800
NUMDH{NS) = I 00013810
UHTAB{I,4,NS) = DHTAB(I-1,4,NS) +DHTAB{I,2¢NS) * (DHTAB(I,1,NS)~ 00013820

i OHTAB{I~1,1,NS} ) 00013830

55  CONTINUE 00013840
60 CONT INUE 00013850
C PhINT DHTAB ON OPTION 00013860
iF (I0PT(4) .EQ. 0) GO TO 64 00013870
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00 63 I=1l,410 00013880

IF (DHTAB(1l,1,s1) +EQ. 0.} GO TO 63 00013890

wRITE (6,1006) 1 00013900

1306 FORMAT('1%, 50X 'OHTAB ARRAY, SOQIL TYPE',13// 00013910
1L 20X*THETA®,10X'U(THETA) DIFFUSIVITY*, 3Xx *H{THETA} PRESSURE HEAD'00013920

2e 6X 'SIGMA D DELTA THETA' //) 00013930

N = NUMDHI(I) 00013940
WRITE(641007) (Jo(DHTAB(JIoKsI) yK=144)4J=1,N) 00013950

1007 FURMAT(14,4£25.06) 00013960
63 CUNT INUE 00013970
C INITIALIZE CITy CUMULATIVE INFILTRATION 00013980
C CALLULATE SUMIN, CUMULATIVE WATER IN Q0013990
c CAL(}ULATE SUMRN, CUMULATIVE RAINFALL 00014000
64 (L ONTINUE 00014010
IF(10PT(1).NEs O) RETURN 00014020
SUMRN Q. 00014030
SUMIN = 0. 00014040

00 TO I=1,NZN 00014050
CITLI) = 0. 00014060
SUMIN = SUMIN + THETA(L,I11*SUB(9,1)1%5UB(2,11/1000. 00014070

NS = SuB(8,1) 00014080
CITTI=0. 00014090

D0 65 J=24NS 00014100

65 CITTI CITTI + THETA(J,I)*SUB(9,1) 00014110
10 SUMIN = SUMIN ¢+ CITTI *sSUB(2,1)/1000. 00014120
KETURN 00014130

999 5TOP 00014140
END 00014150
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FUNCTION ITABLE (ARG, TAB, N) 00014160
c 00014170
C FUNCTION SUBPROGRAM CALLED BY SUBROUTINE WATER 00014180
c 00014190
UIMENSION TAB(NJ 00014200
IF(ARG - TAB(1)) Ly 1, 2 00014210
1 (TABLE = 1 00014220
RETURN 00014230
2 IFIARG - TAB(NI} 4y 3, 3 00014240
3 ITABLE = N - 00014250
KETURN 00014260
4 NL 1 00014270
43 N 00014280
10 N2 (NL ¢+ N3) /2 00014290
IF(N1 .EQ. N2) GO TO 100 00014300
IF(ARG - TAB(N2)) 20, 100, 50 00014310
20 N3 = N2 00014320
60 TO 10 00014330
100 ITABLE N2 00014340
RETURN 00014350
50 N1 = N2 00014360
60 TO 10 00014370
END 00014380
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SCRAM Program Listing (Continued)

SUBROUTINE NEWRAP(LyNZ,ID+ALF,CEST)

COMMON /ADUATA/ C(27:20)s S{27,20), KNT, 5$55(27,20)

LEalR S VIR LU g

s VPASTU27420)+KSW{20},INTGER ,NOSTOP(20),ADRO,DSRO
COMMON /WATERD/ NIN, RAINR{20), THETA(27,20),THETN{27,20)
{EAL KsNEXP+KDES
COMMON/CONST/ZCONISO)

00014390
00014400
00014410

+0C127), VELL2TY, THETJI(27), B(2T),KDES{27,20)CMAXUM(2T7,20),00014420
THETX ¢ XMAX, Hy KTIME,II, A, DENOM,DENAM, INDEX{20},INDEX1(20),00014430
ANT, AXy IISAVE, IGOR, NVAL(20) 4DESKRO, XPONT,KLEW1(20),DVST,00014440
THETAT, SUMC(2T7), SUMS{27),CUMAD, CUMDS,PTOT(20) ,Cl(27,20)

00014450
00014460
00014470
00014480
00014490

EQUIVALENCE (CON(L1)+RHD), (CON{13)4NEXP),(CON{10}+K),{CON(14),AB)00014500

WAMELIST /CEE/RHO,RHOKsPRWFESTFPESTKDES

THET A ARE ULD VALUES AND THETN ARE NEW VALUES WITH THE EFFECT OF
EVAPOT FROM THE PREVIOUS TIME STEP. AT THIS POINT EVAPOT HAS
ALREADY BEEN CALLED FOR THIS TIME , BUT BALANC IS NOT CALLED
UNTIL THE END UF PROGRAM~---EFFECT OF EVAPOT IS NOT INCORPORATED
UNTIL THEN FOR THE PRESENT TIME STEP.

(CUJNTY IN THETA [S OFFSET BY 1 -- BY THE DEFINITION OF LAYERS FOR
C AND THETA)

AD IS FLAG FOR ADSORPTION OR DESORPTION
IF(CEST.LE.O.} GO TO 25
IF(ID.GT.1) GO TO 30
RHOK= RHO *K
PR = NEXP
SET UP FIRST ESTIMATE FOR C
CEST = THETA(L+1,NZ) * CIL,NZ) / THETN(L+1,N2)
GO TO 40
DESORPTION
30 RHOK = RHO * KDES(L.NZ) * AB
PR = 1./AB
40 CONTINUE
v0 10 I=1,20
FEST= THETN(L+1,NZ) *CEST ¢+ RHOK* (CEST**PR} -ALF
FPEST= THETN{L#*1,NZ) + RHOK*{(CEST**(PR-1.}}* PR
CNEW= CEST - FEST/ FPEST
LF(CNEW.GT.0.) GO TO 41
CEST = CEST /7 2.
50 TO 10
41 CONTINUE
CTEST= CEST/CNEW
{F{ABS(ALOG(CTEST)}) .LE. 0.001) GO TO 20
42 LONTINUE
WRITE(6,100) CEST,CNEW,ALF
10u FORMAT (1X, 'S.R. NEWRAP', 3X, 'CEST=' E15.6,5Xs °*CNEW=' E1l5.6
Ls 5Xe 'ALF=* E15.6)
CEST - CNEW
10 CONTINUE

NU CONVERGENCE AFTER 20 STEPS--PRINT ERROR MESSAGE
VU NOT ALTER ORIGINAL C(L.NZ)
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SCRAM Program Listing (Continued)

aRITE(64200) LINZ+sCEL4NZ), CNEW

20y FORMAT (*'0 S.R. NEwRAP,
1 15, AND (UNE=?

25 «{LsNZ})=
RETURN

20 ClLeNZ)=
R E TURN
eND

J.0

CNEW

W15/ 10X,

NO CONVERGENCE

ClLyNZ)=

268

AFTER 20 STEPS,

13ELSe69 33Xy

CNEwW=?

LAYER="

El15.6)
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SCRAM Program Listing (Continued)

SUBROUTINE GUTPLT 00015020
00015030

MakcS PRINTER PLUTS AND PUNCHES radng FOR PLCTS OF: 00015040
TIME VS RUNOFF 00015050
TIME VS RUNOFF RATE 00015060
TIME VS RUNOFF/RAINFALL 00015070
TIME VS SEDIMENT 00015080
00015090

LUMMON /PLOTS/ KTPLT,ARAY(100,9) ,PC(27) 0Q0c15100
00015110

COMMON /COUNST/ CON(50),I0PT{50) 00015120
00015130

00015140

COMMON /ADDATA/ C(27,20)y S(27,20), KNT 00015150
00015160

DIMENSION VMAX(T7),VMIN(T) 00015170
UATA VMAX,VMIN /L14%0,/ 00015180
DATA ANEG/-1l./ 00015190
00015200

OIMENSION YLIST{(100) 00015210
OATA YLIST /100%1.E30/ 00015220
00015230

OIMENSION TITL(20,8) 00015240
DATA TITL /7 4% *, 00015250
1 'TOTA' ¢ 'L RU'+'NOFF*,~ (LI®2'TERS*."') *,14%xe 1, 00015260
2 TRUNO® o "FF RPy*ATE "4 *(LIT®,*ERS/*,"SEC)*,14%x* ?, 00015270
3 SRUNO* s *FF/T*, *OTAL*s* RAI*,'N (P*,'ERCE'y 'NT) ¢y 13%"' ¢, 00015280
4 SSEDI®, *MENT®,° RAT','E (K*+'G/HR*,*/HEC'+ 'TARE'. ") *y12%' 00015290
9 SSEDI®*, "MENT*," LOA''D (K*,'G/HE*y"CTAR*,'E) *,13%* -, 00015300
6 CSEDI* ¢ "MENT* o */RUN* ,'0OFF ', (GM/*,'LITE*,*'R) *, 9% *, 00015310
7 4% 8, %pESTe, 8, LO*,*SS O%,"'N SE*,"D. ', 11%' ¢, 00015320
8 4% Y, PESTA,¢, 10%,7SS 1°,*'N H2','0 fy, Llwt ¢ 00015330
00015340

FF{(IOPT(9) .EQ.1). AND. (IOPT(10).EQ.0 )) RETURN 00015350
IF (KTPLT .EQ. 0) 60 TD 99 00015360
WRITE (6.,1000) 00015370
DO 5 I=2,7 00015380
VHMIN{I) = 1l.E30 00015390
VMAX{I) = 0. 00015400
Vw0 10 I=14KTPLT 00015410
ARAY(l,1} = ARAY(I,1) + 5. 00015420
WRITE (6,1001) [,(ARAY(I,J),J=1,9) 00015430
DO 10 J=2,9 00015440
VMIN(J) = AMINLIVMIN(J), ARAY{1,+J)) 00015450
VMAX{J) = AMAXLIVMAX(J),ARAY(I,J)) 00015460
CONT INUE 00015470
VMIN(L) = INT{ARAY(1ls1}/25.)%25 00015480
VHMAX(1) = (INT(ARAY{(KTPLT,1)/25.)+1)%25, 00015490
IF (VMAX(4) .EQ. VMIN(4}) GO TO 15 00015500
VvMIN(4) = 0. 00015510
VMAX(4) = 100. 00015520
CONTINUE 00015530
00015540

DO 20 J=2,7 00015550

269



SCRAM Program Listing (Continued)

IF (VMIN{J)} EQ. VMAX(J)) GO TO 20
CALL PPLOT (TITL(LyJ-1)4ARAY(1,1),ARAY(1,J)KTPLT,YLIST,VMINIL),
1 VMAX {1} VMINCJ), VMAX(J) s 1)
290 CUNTINUE
C PUNCH CARDS IF REQUESTED
iF (IOPT(5}) .EQ. O} GO TQ 99
VMAX{3) = VMAX{(3)*560,
ud 35 1=2+9
IFU{IoEQe2)sORAt1.EQ.4) ORUILEQeSIeORL(I EQ.6)) GO TO 35
LF (VMIN{(]I) +EQ. VMAX(I)) GO TO 35
WRITE (7,1002) VMAX(1)
L1002 FORMAT(*TIME (MINJI',34XF10.0424X'10%)
WRITE(Ts1003M(TITL(JsI-1)4J=5,11),VMAX(I)
1003 FORMAT{7A4,16X F10.3,24X'28"'}
DO 30 J=1.KTPLT
LF (1.EQ.3) ARAY(Js»3) = ARAY(J43)%60.
30 WRITE(7,1004) ARAY(J,1),ARAY{J,T)
1004 FORMAT(2F9.2)
WRITE(7y1004) ANEG.ANEG
35 CONTINUE
C PUNLH CARDS FOR % PESTICIDE
WRITE{7,2000)
2000 FORMAT(* PROFILE DEPTH VS % PESTICIDE ')
DO 10U [=14KNT
El=1
WRITE(7+1004) EIL,PCLI)
100 CONTINUE
WRITE(T.1004) ANEG.ANEG
99 RETURN
1000 FORMAT(*]1 NGO.*,1Xs *TIME®*,* TOTAL RUNOFF®,' RUNOFF RATE',
L ' PERCENT RUNOFF*, * SEDIMENT RATE',* SEDIMENY LOAD',
¢ ' SEDIMENT/R.0.*, * PEST. ON SED's* PEST. ON WATER' //)
1001 FORMATU(I5,F9.2,8E12.5)
END
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SCRAM Program Listing (Continued)

SUBRQUTINE GUTPUTLITYP) 00015900

c 00015910
COMMON /TIMES/ TOU7WTNFW, 0T ,DTOLD, TOUT, TSTRT,TSTOP, TRAIN,P IN, 00015920

R EPATM 00015930
REAL*8 TOLDTNEw,DT,DTOLD,TCUT,TSTRT,TSTCP,TRAIN,PIN, EPATM 00015940

¢ 00015950
COMMON / SEDATA/SUB{10,20) ,ADJLI{21),ADJLO(20) yRNF(4,20),INF(4,20) 00015960

L +SEUKAT yHECTyAK1(10) 4AK2(10) 4ST(10)4ADJLL 00015970

2 ¢ XADJLI 00015980

¢ 00015990
COMMON /wATERD/ NZN, RAINR(2)), THETA(27,20)4THETN(27,20),CUMRO 00016000

i yCUMFLT OHTAG{50s4,10) +NUMDH{10) 4RINF(20),C1T(20),QT0T(27,20100016010

vQL 274200 y SUMRN, WATROT» SUMIN,ROR yRDT ,XUMRO 00016020

¢ 00016030
COMMON /EVAPIN/ ELE2, DATA(5,20), DATAN(5,20), 00016040

i RUFF,SRES,DELGAM(121),SVPRES{121),VPRE2,VPDEF, 00016050

2 ATRES,POEVAP,TOTVAP 00016060

c 00016070
COMMON /CONST/ CON(50),1QPT(50),KPEST 00016080

c 00016090
COMMON /ADDATA/ C(27423), $(27,20), KNT, S55(27,20)} 00016100

. yDC(2T), VELUZT), THETJ(27), B{27) ,KDES(27,20),CMAXUM{27,20),00016110

z THET Xy XMAXe Hy KTIME,II, A, DENOM,DENAM, INDEX(20),INDEX1(20),00016120

3 ANT, AX, LISAVE, IGOR, NVAL{20),DESKRO, XPONT4KLEW1(20),0VST,00016130

. THETAT, SUMC(27}, SUMS{27),CUMAD, CUMDS,PTOT(20} ,C1(27,20) 00016140

5 + VPAST(27+20),KSH{200,INTGER ,NOSTOP(20) 4 ADRX,DSRX 00016150

6 +TOTAD,TOTDS, ZROC(27,20),CCLL2T),SSL(27),TOT(27) 00016160

Cc 00016170
COMMON /PLOTS/ KTPLT,ARAY(100,9) ,PCL2T) 00016180

o 00016190
REAL%8 TGO /0./ 00016200

O IMENSION D(3) 00016210
REAL*8 TYPE(5)/' INITIAL',* NORMAL','RAINFALL',* FINAL', 00016220

1 'SPECIAL '/ 00016230

DATA IKT /-1/ 00016240

c 00016250
C I0PT(16) NE O IS TO PRINT VOLITALIZATION DUTPUT ONLY 00016260
IF(IOPT(16) .NE.O) RETURN 00016270

I 00016280
XSEDKG= XADJLI/1000. 00016290
SEDKG = ADJLI(21)/1000. 00016300

IKT = IKT + 1 00016310
(F(LITYP.EQ.3) .OR. (ITYP.EQ.5)) GO TO 207 00016320

LF (MOD(IKT, IOPT(9)) .NE, O .AND. ITYP .NE. 4} GO TO 30 00016330

207 CONTINUE 00016340
ARITE(6,1000) TYPE(ITYP) 00016350

1300 FORMAT(*1 ',A8,* CUNDITION QUTPUT*) 00016360
88 CONTINUE 00016370
CALL DATOUT{TNEW,D+0) 00016380
WRITE (6,1007) (RAINRCI), [=1+NZN) 000161390

1007 FORMAT('0  RAINFALL RATE =¢,'CM/SEC'/(1X410E12.4/)) 00016400
CALL PRNTTH 00016410

IF (I0PT(2) .EQ. O) GO TO 999 00016420

C SAVE DATA FOR WARM START 00016430
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REWIND 13
4RITE (13) ADJLI+ CUMRO, KPEST, THETA, C, S ,TSTRT,TOLD

&+ CUMDS,CUMAD,VPAST CMAXUMNOSTOP s INDEX ¢ INDEXLsKLEWL ¢KDES,)KSHW
¢ +XUMRO,Cls TOTAD, TOTDS, XADJLI ,OT CIT
3> yTNEW, SUMRN, SUMIN, TCTVAP,CUMFLT NVAL ,THETN
999 .ONTINUE
IF (ITYP.EQ.L) GO TO 30
C OulPUT SEDIMENT LOAD DISTRIBUTIGQON
WRITE (6+s10ul)
1001 FORMAT('1 ZUNE # SEDIMENT',8X 'RUNOFF*, 2X,*TOTAL* /
L 14X *LOAD* ,11X °RATE', 3X, 'PESTICIDE' /
¢« LL1X 'GM/CM/SEC*49X 'CM/S*, 3X, 'MICROGRAMS' //)
I1Sk=1
U0 20 I=1lsNZN
RR = THETN(1,1)*SUB{9,1)/DT
ELF = ADJLOA(I) / (SUB(5,1)*DT)
IF({RR.NEsDO.) oOR. (ELF.NE.O. 1)) ISW=0
20 WRITE{(6,1002) I+ELFsRR, PTOTI(I)
1002 FORMATI(I10,6E12.4)
IF{IOPT(12).NE.O) GO TO 202
WRITE(6,2000)
200U FORMAT (0" 412X +*AVERAGE® 45Xy "AVERAGE® , 7X,*TOTAL"/
4 3Xe'PROFILE' 43Xy *PESTICIDE® 43X, "PESTICIDE®,3X, *PESTICIDE"*/
2 SXe*DEPTH®*,3X,*DISSOLVED® 44X "ADSORBED*/
3 12Xy *MICRUGRAMS® 92X, *MICROGRAMS® ,2X, 'MICROGRAMS')

VALJES OF C AND S ARE BEFORE ADJUSTMENT TO FIRST LAYER

C{(LAYER,ZONE)
KNT IS MAX # OF LAYERS FOR C AND S
TPC=0.0
00 40 [=1,KNT
PCLI) = TOT(I}
TPC = TPC + TOT(I)
WRITE(6,51002) 1+CCLUTIDSSLUI),TOTID)
40 CONTINUE
VO 400 I=1,KNT
400 PClI)= PC(I)}/ TPC =*100.
22 CONTINUE
RATDS=0.
RATAD=0.
IFIRDT .NE.O+) RATDS = DSRX/RDT *1,F+6
IF(ADJLL «NE2O+) RATAD= ADRX/ADJLL
XDS= CUMDS /HECT
XAD= CUMAO*1.E-6 /HECT
202 CONTINUE
wRITE(6,1003}) XUMRO, XDS, RATDS, XSEDKGs XAD, RATAD

e NeNaNaNe Nal
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00016880
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1003 FORMAT{(*0', 3X, 'ACCUMULATED RUNDFF:', 33X, 'ACCUMULATED PESTICID00016920

LE LOSS:*, 18Xy *INSTANTANEQUS PESTICIDE LOSS*/3X,
'WATER =' ,F12,0, 'LITERS®, 28X,'IN WATER =',F12.2,
'GRAMS/HECTARE'.:X' F12,2, *MICROGRAMS/LITER®* /
E] 5Xy *SEDIMENT ='"4F12.0, "KILOGRAMS® ,22X,
4 'ON SEDIMENT =',F12.2, 'GRAMS/HECTARE'.

272

00016930
00016940
00016950
00016960
00016970



laNeNel

[aNeNal

c

SCRAM Program Listing (Continued)

> 5Xy Fl2.2, *'MICRCGRAMS/GRAM' / }

QLwu= RATE UF LOSS (UG/G/HR)
RLua= RATE OF LUSS (UG/L/HR )
RLAD= (RATAD/OT) * 3600,
RLOS= (RATOS/CT) =3600.
Cuinl 12) [S AMT OF PESTICIDE APPLIED ( UG/CMx=x2)
PLau +PCDS= % OF THE AMY QF PEST APPLIED
AR(M = TOTAL AREA OF WATERSHED((CM*x2)
ARCM=0.
V3 31 I=1.NIN
31 ARCM= ARCM + SuB(2,I)
LDSDS=CUMOS=]1,E+o
CADAD=CUMAD
PCDS= (CDSDS/(CON(12)* ARCM))=*100.
PCAD= (CADAD/(CON(12)*ARCM})*100.

wRITE(6+1004) PCDS, RLDS, TOTVAP, PCAD, RLAD

1004 FORMATI('Q TOTAL WATER LOSS', 36X, *% OF PESTICIDE APPLIED' ,23X,

L 'RATE OF PESTICIDE LOSS'/7X,*FROM EVAPOTRANSPIRATION®
»30Xs*IN WATER =¢, FT.4, 23X, Fl2.2,
'MICROGRAMS/LITER/HRY / TXy *='y F12.0, * LITERS',
30X, *ON SEDIMENT =', F7.4,23X,
Fl2.2, "MICROGRAMS/GRAM/HR® )

WRITE(6+1005) CUMFLT
1005 FORMAT('0 ACCUMULATED INFILTRATION® /

1 44X, *WATER LOSS ='y F1l2,0, * LITERS' )}

WRITE (6+1006) SUMIN,WATROT
1000 FORMAT('0 WATER BALANCE:'/' WATER IN = *4E14s74" LITERS'/

i ‘ WATER OUT =',El4.7y* LITERS")

DO 1009 I=1,NIN

WRITE(641008) I.RINF(I)
1008 FORMAT(® ZONE '4y12,5X,"INFILTRATION RATE=",E12.4,' CM/SEC*)
1009 CONTINUE
30 IF (CUMRO+SEDKG .EQ. 0.) GO TO 99

IF (TGO +EQ. 0.) TGO = TNEW

IF (KTPLT .iT. 100) GO TO 35

CALL OUTPLT

KTPLT = O
35 KTPLT = KTPLT + 1

T = TNEW-TGO

PCT = O.

LF (SUMRN .GT. 0.) PCT = CUMRO/SUMRN

& "Un

ARAY(KTPLT,L1) = T/60.
ARAY{KTPLTs2) = CUMRO
ARAY{KTPLT+3) = RUR
ARAY(KTPLT+4) = PCT*100.
ARAY(KTPLT,5) = SEDRAT*3,6/HECT
ARAY(KTPLT,6) = SEDKG/HECT
ARAY(KTPLT,T7) = Q.

ARAY(KTPLT,8)= CUMAD

ARAY (KTPLT 9)= CUMDS

IF (ROR. NE. 0.}
*ARAY(KTPLT,7) = SEDRAT/ROR
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99 CUONTINUE 00017520
LFUISWONELL)  RETURN 00017530
AUMRO=0, 00017540
XADJLI=0.0 00017550
LUMAD=0, 00017560
CUMDS=0. 00017570
RETURN 00017580
END 00017590
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>UBROUTINE PRNTTH 00017600
00017610

SUBROUTINE TO PRINT VALUES OF THETA, CIT, C, AND S 07017620
00017630

COMMON / SEDATA/SUBL10+20)yADJLTI(21),ADJILCI20) +RNF{4+20),INF(4,20) 00017640
00017650

COMMON /wATERL/ NINy RAINR(20), THETA(27,20),THETN{27,201,CUMRO 00017660

1 2y CUMFLT,DHTAB(50,44,10) +NUMDHI 10} RINF{20),CIT(20),QT0OT{27,20)00017670

Z e Q(27,20) 00017680
00017690

COMMON 7 ADDATA/ C(27,20), S{27,20), KNT 09017700
00017710

NTH =MAX VALULES OF THETA {NO. OF LAYERS) = Susi(8,I) 00017720
TU PRINT OUT VALUES OF THETA(NTH,NZN) 00017730
sRITE(6,1000) 00017740

1000 FORMAT('0', SOX'Z0ONE DEPTH PROFILE") 000177590
NTH=1 00017760

TH= 1.0 00017770

V0 40 [=1yNIN 00017780

40 TH = MAXL(TH.SuBL8,1) ) 00017790
NTH=TH 00017800
[SW=1 00017810

NA=1 00017820
NB=NZN 00017830
IF(NB.LE.10) GO TO S50 00017840
NB=10 00017850

50 CONTINUE 00017860
ARITE (6,310) 00017870

310 FORMAT(*0* +55X+'Z0ONE #* ) 00017880
WRITE (6,320) (I1,11=NA,NB) 00017890

320 FORMAT( * PROFILE®¢3X, 10{5X,12,4X) ) 00017900
WRITE(6,321) 00017910

321 FORMAT{®' THETA'") 00017920
00 340 I2=1,NTH 00017930

340 wRITE (6,330) 12,({THETA(IZ2,I1)s I1=NA,NB) ) 00017940
330 FORMATI{3X, 12,4X, 10Fll.3 ) 00017950
WRITE(6,333)(CIT(I1),I1=NAyNB) 00017960

333 FORMAT(! cIT *y10F1l.3) 00017970
IF {KNT +EQ. 0) GO TO 400 00017980
WRITE (6,430} 00017990

430 FORMAT(* DISSOLVED PESTICIDE") 00018000
D0 440 I2=1,KNT 00018010

440 WRITE {6,450} 12,(C(I12,11)+11=NA,NB) 00018020
450 FORMAT(3XxI2,4X10E11.3) 00018030
wRITE(6,460) 00018040

460 FORMAT{' ADSORBED PESTICIDE') 00018050
DO 470 I2=1,KNT 00018060

470 WRITE(6,450) I2,(S5(12,11),11=NA,NB} 00018070
430 »O0 TO (51,52), ISW 00018080
51 AF(NIN.LE.10) GO TO 52 00018090
NA= NB+l1 00018100

NB8= NIN 00018110

ISw 2 00018120

w0 TO 50 00018130
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52 CONTINUE 00018140
RETURN Q0018150
cND 00018160
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FUNCTION RK(M,T)

FunCTION SUoPROGRAM CALLED BY SUBROUTINE DEGR

REAL MyMOPT K, KGPT

L OMMON /CONST/ CON(50)
CQUIVALENCE (CON(22),KOPT),(CON(23},M0PT),{CON(24),TOPT),
i (CON{25), TMAX), (CON{26)4+AK )} ,(CON(27),8K }

RK =-KOPT*EXP (AK* ( M—MOPT ) *¥2)* EXP(BK*{T-TOPT})) *
1L ((TMAX-T)/(THAX-TOPT) ) *%(BK*(TMAX-TOPT))

RETURN

END
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SCRAM Program Listing (Continued)

SUBROUTINE RUNGE(L+KRHO,NZ)

KEAL KKRHU+KDES
NUT¢ CHANGES IN COMMON BETWEEN ADDE AND RUNGE
VARTABLES IN:

RUNGE ADDE
J C
J ocC
K KTIME
ovs DVST
L2 11

COMMON /ADDATA/ UL27,20), S(27,20)s KNT, SS5{27,20)

THETAT, SUMC(27), SUMS(27),CUMAD, CUMDS, PTOT(20) ,C1(27,20)
¢+ VPASTU27+20)4KSW(20) INTGER ,NOSTOP(20)

LU VU N g

DIMENSION R(27)
NAMELIST /BUG/UsL2,INDEX, INDEX1

CALCULATES NEW VALUES OF C/CO USING OLD VALUES FOR THE EXPRESSION
S=KADS*C**N, STATEMENTS UP TO 270 COMPUTE HERBICIDE OR PESTICIDE
CONC ENTRATIONSy AND STATEMENTS 280 TO 260 COMPUTE CLORIDE CONCEN-
TRAT IONS IF NOCLOR=1.

1 1=INDEX(NZ)}
CPAST= U(ll «NZ)
R(L)= 0
R(LI= 0
il11l= INDEX1(NZ)
60 30 I=2,111
IFIULLIWNZ)) 40,40,+50
40 RII)= As{ULI-1,NZ}+U(I+1,NZ))}+B(I)*U(I-1,NZ)
G0 TO 29
50 C= Lo+KDES(I+NZ)*D(1)*®ULI,NZ)*%ANT
E=8(I)/C
C=A/C
RUIY= UCToNZI#(CHLULT -1y NZ) -2 %U(I,NZ)+ULLI#1,NZ) )-E*(U(I,N2Z)
1 -UCI=14NZ}))
29 ULIsNZ)= ABSIR{IN)
30 CONTINUE
I1= INDEX(NZ)
DD 100 I=11 L2
LF(ULTWNZ)) 1G,10,20
lu RUII= A% (U(1-L,NZ}+ULI+L,NZ))+BCL)*U(I-1,NZ}
L0 TO 99
20 Cal ¢KRHO*D( 1)UL ToNZ)®%AX
E= B{I)/C
C=A/C
REDI= UCIyNZ)+(C*QULT-14NZ)=2.%U( T ,NZ)¢U(T+1,NZ)}~E*{U{IsNZ)
L —ULI=14NZ}))
99 ULLsNZI= ABS(R(I})
100 CONTINUE
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1l

6y

15u

140
270

270

289

250

26u

U{1yNZ)= ABS(U(2,NL)*DENOM)

LFUIREDLS +EQ. 2) UL 4NZ)} = U(L1,NZ)I-DVS*U(LyNZ)*K/H
JILeNZ )= ABSIU(L2,NZ)*DENAM)

LFANOSTOPINZ) .EQ. 1) GO TO 270

CMAX= 0

Kl= KLEW1l(NZ]}

00 60 I=Kl L2

LF(CMAXUMU T oNZ) oLT. UCGI,NZ)) CMAXUMUIZNZ)= Ut1,NZ)
IF{U{TI«NZ)-CMAX) 60,604,110
INDEX(NZ}=1
CMAX= ULTIsN2)
CONTINUVE

INDEX1INZ)= INDEX(NZ) +1

LFUINDEXLINZ) .GT. L2) NOSTOP(NZI=1
IFCINDEXL(NZ) .GT.L2) INDEX1(NZ) = INDEX(N2)
IFUKLENL(NZ) oLT. INDEX{NZ}) .AND. (INDEX(NZ) .GT. 2}) GO TO 150
{1= INDEX(NZ)

iFICPAST .LT. U(Il +NZ)) GO TO 270
INDEX{NZ)= INDEXLINZ}

WIDEX= [INDEX(NZ)-1

Kl= KLEWLlINZ)

D0 140 =K1l s NIDEX

KDES{IsNZ)= OESKRO®CMAXUM(I +NZ)**XPONT
ALEWLINZ)= INDEX(NZ)

CONTINUE

LF(NOCLOR oNEe« 1) RETURN
U0 280 I=2.L2
ROIV= A®(CLORIDCI+1)-2.%CLORIDC(II+CLORIDC(I-1))=-B(I)*(CLORID(I)~-

* CLORID(I-1})+CLORID(I)

CONTINUE

00 250 I=2.L2

CLORID(I )= RLI)

CLORID(1)= CLORID(2)*DENOM
CLORID(L)= CLORID(L2)*DENAM

RETURN
END
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SCRAM Program Listing (Continued)

SUBROUTINE SEO

SEJIMENT CALCULATIGON SUBROUTINE,

COMMON / SEDATA/SUB{10,20) ,ADJLI(21),ADJLOL20) +RNF{4,20),INF(4,20)

i » SEDRAT,

CALCULA

TES SEDIMENT FLOW

HECT, AK1(10),AK2(10},5T{10)

SUBEK,E)= SUBPLOT DESCRIPTION GOF EACH ZONE

ADJL I= INPUT ADJUSTED

SEDIMENT LOAD(GMI

ADJLO= OUTPUT ADJUSTED SEDIMENT LOAD(GM}
RNF(J 1)= T RUNOFF TO CORRESPONDING INF ZONE

INF(JsI)= ZONE TO wHICH RUNOFF FROM ZONE I RUNS
SEDRAT= SEDIMENT LOSS RATE{GM/SEC)
HECT= WATERSHED AREA (HECTARES)

COMMON /CONST/ CON{(50),10PT(50)+KPEST
EQUIVALENCE (CON(8)oWD), {CON(19)+ALIM)

COMMON /WATERD/ NIN,

RAINR(20), THET

Al27,20) +THETN{27,20)

COMMON /TIMES/ TOLD,TNEW,DT,DTOLD, TOUT,TSTRT +TSTOP+ TRAIN,PIN,
INT(3), PROGDT(3), PEST

1 EPATM, PR

REAL*8 TOLDs TNEWsDT+OTOLD,TOUT ,TSTRT,TSTUPyTRAIN+PINyEPATM,PESTM

REAL®8 DATPL,DATMAT,DATHAR

U IMENSION DF(2
D IMENSION TEMP

}sELF(2)
(10}

M ,DATPL » DATHMAT, DATHAR

NAMELIST /TEST/TOLD,TNEW,DT,TRAIN, TOUT,DTDRY ,EPATM, DTHWET,DTOLD

SAVE ORIGINAL VALUES

00 20 I= 1,10
20 TEMP ()= STL1}

ALLUW FOR MODICATION OF ST{=K3)},

CONSTAN

TO INCLUDE EFFECT OF CANOPY COVER.

VALUE FOR CANOPY COVER IS STORED

IN CONI(

RATIO= (DATMAT-TOLD )/ (DATMAT-DATPL)
ALF= CON(28)- RATIO *CON(28)

LF{{ TOLD .LT.

DATPL) .OR.{(TOLD

«GT.DA

IF{( TOLD .GE.DATMAT).OR.{ TOLD .LE.

vo 85 I=1,10
85 3T(I)= STU{I)=*{

FOLLOWING IS FOR CHANGING AKLU(I}

1.0-ALF)

TS FOR SEDI

28)--DEFAULT VALUE IS 0.9

THAR )) ALF=0.0
DATHAR)) ALF= CON{28)

DETERMINE # OF MONTHS SINCE PLANTING( TOLD,ETC. ARE IN DPSEC)

£MO= (TOLD-DATPL) /(60.%60.%24,%30. )

vl 95 I=1,10

AK1(I}= 10.+ 300.% EXP(-EMO)

LF (EMO.GT.6.1)

AK1(I)} =

10.
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SCRAM Program Listing (Continued)

95 . ONTINUE
c ARITE (6,99) EMO, AK1
99 FORMAT( * SEDI' , 5X, 11E10.3)
U0 10 N=1,NIN
ROMAX = SUBLLOWN)I=*DT
AVG = THETNU1yNI*SUB{9,N)*AMINL(1.,ROMAX)
L (WD®AVG*SUB{3,N)) **]1,5
ELFB ~ 0.
IF (Z.EQU.0.) GO TO 9
LTYP  SUB(1+N)
IF (ITYP.GT.10) CALL ERROR(5)
TCB - AKL(ITYP)*Z
OCB  AK2(ITYP)*Z
OFT  STUITYP)®RAINRIN)*%2
IF(RAINR(N) «EQ.0. ) DFl= STUITYP)*{S,E~-4%x%2)
ALPH = SUB(4,N)*DCB/TCB
THET = SUB(4«N)}*DF1/TCB
LF (ADJLIIN) +EQ. 0.) GO TO 12

C
C CALCULATE INITIAL CONSTANT OF INTEGRATION
C {USING LOAD CARKIED FROM LAST SLOPE BOTTOM)
c

ELFB — ADJLIIN)I/{SUB(S,N)*DTOLD)
C DRuP EXCESS SEDIMENT

iF (ELFB .GT. TCB*ALIM) ELFB = TCB*ALIM
12 C = -ELFB/TCB
X = la/SUBIT4N)

DF(L) = ({({le=THET)/ALPH)*{1.—EXP (—~ALPH®X}) ) +C*EXP (-ALPH*X))

L *=DCB

ELF(L) = (X-(DF(1)/DCB)II*TCB

ELF{2) = ELF(1)

IF(SUB(T¢N).EQ.1.) GO TO 6

LNCR = SUB(T7sN}

C CHECK DETACHMENT RATE AND LOAD INCR POINTS

00 5 K=2.INCR

DIST = (SUB(4+N)/SUB(TN))*K

X = DIST/SUB(4 4N}

OF(2) = ({L(L~THET)/ALPH)* (1. —EXP (~ALPH*X)}})4+C*EXP (—ALPH=*X))

1 =DCB
ELF(2) = (X-(DF(2)/DCB))*TCB
C CHEZK TO SEE IF NEW CONSTANT NEEDS TO BE CALCULATED
IF (DF(2)) 14342
1 IF (DF({ L1)+4DF{2).6T.,DF(2)) GO TO 3
L0 TO 4
2 LF (DF{ 1)+DF(2).LT.OF(2)) GO TO 3
vl TO 4
C CALCULATE NEW CONSTANT
3 X = X=(1le/(2.%SUB(TyNI))
C = ((THET=1e)/ALPH)®{1.~EXP{—ALPH*X) ) *EXP{ALPH®X)
4 CONT INUE
OF{l) = DOF(2)
ceLF{1l) = ELF(2)
5 CONT INUE
6 ELFB = ELF(2)
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c 00020320
C CAL.ULATE OQUTPUT ADJUSTED SEDIMENT LOAD(GM) 00020330
c 00020340
9 ADJLOIN} ELFB*SUBIS5,N) *DT 00020350
10 L ONT INUE 00020360
C Res>TORE ST(I) 00020370
ul 30 I=1,10 00020380

3u >TLI)= TEMPILL) 00020390
RETURN 00020400
00020410

£END
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SUBROUTINE SEQDAT 00020420

¢ 00020430
C REau SEQUENTIAL DATA 00020440
¢ 00020450
REAL*8 SEC,SECZ2 00020460
UIMENSION IFLGI5), DU6) 4CNVRTRIT),CNVRTW (4) oCNVRTS(2),CNVRTP(2]) 00020470

i 1 DS (6) g 00020480

¢ 00020490
OIMENS ION RAINR(20), RANL{20), RAINRT(20), RTP(20), WIND{20), 00020500

¢ TEMP(20), RAD(20}, PRES(20), HUM(20), RMF(20}, EMF(20} 00020510

¢ 00020520
JUATA RTP/20%1.E30/ 00020530

JUATA CNVRTR /10ey o1y 2454y 30.48, 3%0,/ 00020540

UATA CNVRTW 7100+ 30.48, 44,703, 5l.444/ 00020550

UATA CNVRTS /ley Lo/ 00020560

JATA CNVRTP /1013.3, 68.9507/ 00020570

DATA RAIN, DAYS, ANIYT / R L)) ¢, N '/ 00020580

c 00020590
c 00020600
1Sw=1 00020610

KTR=D 00020620
cTIME=0.0 00020630

C PUNCH 500 00020640
500 FORMAT(® ELAPSED TIME(SEC) VS RAIN RATE(CM/SEC) *) 00020650
KTEPA=0 00020660

C REaD HEADER CARD 00020670
10 READ (4,1000,END=50) TYPE,IFLG 00020680
1700 FORMAT(A1,9X 512) 00020690
SV = 0. 00020700

SV1 = 0. 00020710

$v2 = 0, 00020720

IF (TYPE .NE. RAIN) GO TO 30 00020730

C RAINFALL CARDS 00020740
WRITE {6,1004) 00020750

1004 FORMAT(*1 RAINFALL HISTORY'//* YEAR MONTH DAY HOUR MINUTE SEC00020760
1OND RAIN(CM/SEC)*//} 00020770

C 00020780
C THiIS NIN IS THE SAME AS THE ONE CALC. IN S.R. INPUT 00020790
C WE AHAVE TO READ IT HERE BECAUSE S<R. INPUT IS CALLED AFTER S.R.SEQDAT00020800
c 00020810
READ(4,5) NIN 00020820

5 FORMAT(IS) 00020830

C 00020840
C RMF(I) IS ARRAY OF MULTIPLYING FACTORS 00020850
C IF RMF(1) EQ ~1. » READ A SET OF RAIN CARDS FOR EACH TIME 00020860
c 00020870
READ(4+1010) (RMF{I)}, I=1,NZN} 00020880

1010 FORMAT(20F4.0) 00020890
LFIRMF({1).EQ. -l.) GO TO 68 00020900

[SHe2 00020910

READ (4+1001,END=22) D,RAINR(1) 00020920

DO 46 I=2,NIN 00020930

46 RAINR{I)= RAINR(Ll) * RMF(I)} 00020940
00020950

s0 TO 200
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68 U0 61 I=1,NIN 00020960
KEAD (4, 1001+END=22) D,RAINR(I} 00020979
IF{D(1}.EQ.0.) GO FO 200 00020980

61 CONTINUE 00020990

1001 FORMAT{F4,0,5(1XF2.0},1XF12.0) 00021000
200 CONTINUE 00021010
CALL DATEIN{ 0,SEC) 00021020

SV = D(1) 00021030

SV1 - D(2) 00021040

SV2  D{3) 00021050

C CUNVERT UNITS [F NECESSARY 00021060
1F({ IFLG(L).EQ.C) GO TO 301 00021070

DO 45 I=1,NIN 00021080

45 RAINR(I}= RAINR{I)} *CNVRTR{IFLG(1)) 00021090
301 CONTINUE 00021100

C READ NEXT DATA CARD TO DETERMINE RATE 00021110

14 0 TO(15,25), ISW 00021120

15 D0 62 I=1,NZN 00021130
READ (4 10019END=21) DS,RANLAI ) 00021140
IF(DS(1).EQ.0.) GO TO 300 00021150

62 CONTINUE 00021160
>0 TO 300 00021170

25 READ(4,1001,END=21)DS,RANL{1) 00021180
DO 47 I=1,NIN 00021190

47 RANL(I)= RANL(1) & RMF(I) 00021200

300 CONTINUE 00021210

C CHECK FOR END 00021220
DO 16 I=1,6 00021230

IF (DS{1) «NE. 0.} GO TO 17 00021240

16 CONTINUE 00021250
GO TO 20 00021260

17 IF (DS{1) .EQ. 0.) DS(1) = SV 00021270
IF (0S(2) .EQ. 0.) DS(2) = SV1 00021280

IF (DS(3) .EQ. 0.) DS(3) = SV2 00021290

CALL DATEIN (DS,SEC2) 00021300
IF(SEC.EQ.SEC2) GO TO 22 , 00021310

C CONVERT UNITS 00021320
IFCIFLG(1).EQ.0) GO TO 201 00021330

V0446 I=1,NIN ' 00021340

440 RANL(I)= RANL (I)*CNVRTRUIFLG(1)}) 00021350
201 CONTINUE 00021360

C DETERMINE RATE 00021370
DO 90 I=1,NIN 00021380
RAINRT(I )= (RANL{I)- RAINR{I))/ (SEC2-SEC) 00021390
IF(RAINRT(I) .GE. 0.} GO TO 90 00021400
IF(RANLCI} .NE. 0.) CALL ERROR{(3) 00021410
RAINRT(I) = 0. 00021420

90 CONTINUE 00021430
175 sV = 0S(1) 00021440
5Vl = DS(2) 00021450

SV2 = DS(3) 00021460

DO 100 I=1,NZN 00021470
IF{RTPII).NE.RAINRT(I)} GO TO 101 00021480

100 CONTINUE 00021490
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101

w0 TO 18
CONTINUE

ouiPuUT

1305

501

up

91
18

19
9¢
20

21

WRITE (0+s1005) Dy (RAINRT(I} ,I=L,NZN)
FORMAT (6F6.046EL5.7/ (36X,6E15.7/))
(TIME=ET iME/6G,

PUNCH 501y ZTIME, RAINRT

ETIME= ETIME+ (SEC2-SEC)

LTIME=ET IME/60.

PUNCH 501, ZTIME, RAINRT
FORMAT(F9.2+6943)

ARITECLL) SEC,{RAINRT {I1)},I=1,NZN)
KTR = KTR + 1
VATE TIME AND RAINFALL FOR NEXT CALCULATION
D0 91 I=1,NIN

RTP{I)= RAINRT(I)

SEC SECZ2

DO 19 I=1,6

JII) = OS{L)

vl 92 I=1+NZIN

RAINR(I)= RANL(I)

GO TO 14

REWIND 11

60 TO 10

REWIND 11

1F (KTR .NE. Q) GO TO SO

C CHECK FOR NEW STORM (GAUGE READING BACK TO ZERO)

22

222

00 222 I=1leNIN
LF{(RANL{I).NE.O.) CALL ERROR(3)
RAINRT(I)=0.

CONT INUE

60 TO 175

C DAY OR NITE EPA DATA CARDS
(UNLY DAY FUNCTIONING NOW}

c

30
1006

32

52

IF(TYPE.NE.DAYS .AND. TYPE.NE.ANIT) CALL ERROR(3)
WRITE(641006)

00021500
00021510
00021520
00021530
00021540
00021550
00021560
00021570
00021580
00021590
00021600
00021610
00021620
00021630
00021640
00021650
00021660
00021670
00021680
00021690
00021700
00021710
00021720
00021730
00021740
00021750
00021760
00021770
00021780
00021790
00021800
000218610
00021820
00021830
00021840
00021850

FURMAT(*1 EPA ENVIRONMENTAL DATA'// * VYEAR MONTH DAY HOUR MINQ0O021860
LUTE SECOND WIND V TEMPERATURE SOLAR RADIATION ATMOS PR0O0021870

2ES RELATIVE HUMIDITY*//)

READ{441010) (EMF(I)s1=1,NZN}

CONT INUE

IF(EMF(1).EQe—~1le) GO TO 52

READ (4, 10024END=41) D,WINDI(L),TEMP(1),RAD(L) +PRES(L) HUM(1]
U0 66 [=24NIN

WINDCIY= WIND(1) *EMF(I)

TEMP(I)= TEMP(1l) =* EMFI(I)

RAD (I)= RAD (1) * EMF(I)

PRES{I)= PRES(1) » EMF(I)

HUM (I)= HUM(1) * EMF(I)

C ONT INUE

60 TO 54

00 64 TI=14NZN

READ (4, 10024END=41) DyWIND(I),TEMP(I),RADII)PRES(I),HUM(I)
iF(DU1)s EQ.0.)GO TO 54
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SCRAM Program Listing (Continued)

64 LONTINUE 00022040
1302 FORMAT(F4.Js5(LXF2.0),1X5F12,0) 02022050
C CHECK FOR END J0022060
54 00 34 I=1.+6 00022070
[F(D(I) +nE. ue) GO TO 35 00022080

34 CONT INUE 00022090
60 TO 40 00022100

35 LF (D{1) +EQ. 0.) D(1) = SV 00022110
IF {(D{(2) +EQ. 0.) DE2) = SVl 00022120

1F (D(3) .EQ. 0.) D3} sv2 00022130

C CuUNVERT UNITS AS NECESSARY 00022140
D0 65 I=1+NIN 00022150
[FLIFLGEL) o NE. 02 WINDUI) = WIND(I)*®CNVRTW(IFLG(L1}) 00022160

IF (IFLG(2) «NE. 0} TEMPLI) 045555556*(TEMP(1)~-32,) 00022170
IF({IFLG(3) .NE. O) RAD(I) = RADUI}*CNVRTS(IFLG(3))} 00022180

1F (IFLG(4) .NE. 0) PRES(I) PRES{I)*CNVRTP(IFLG(4)) 00022190

LF (IFLG(5) oNEs Q) HUM(I) = HUM(1)/100. 00022200
WRITE (6,1005) De WIND(I),TEMP(I),RAD(I) PRES{I)yHUM(I} 00022210

65 CONTINUE 00022220
CALL DATEIN (DsSEC) 00022230

SV = D(1) 00022240

Svl = Di2) 00022256

Svz = D(3) 00022260
KTEPA = KTEPA + 1 00022270
ARITE(12) SEC,{WIND(I)},TEMP(I),RAD(I),PRES(I)+HUM(I}, I=1,NZN)} 00022280

60 TO 32 00022290

40 REWIND 12 00022300
GO TO 10 00022310

41 REWIND 12 00022320
50 CONTINUE 00022330
WRITE(641003) KTR,KTEPA 00022340

1003 FORMAT(*0',110+° RAIN CARDS AND *,15,* EPA DATA CARDS READ.'//) 00022350
RETURN 00022360

END 00022370
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SUBROUTINE SETUP

UVIMENSIUN D(2),T(2)
VIMENSION CARD(2D)

CALL TODAY(D)

CALL TIMEOQOD(T)
ARITE(6,4)0,T

WRITE (6,1)

ARITE(6,2)

dRITE(6,3}

WRITE(644)D,T

dRITE (6,1)

WRITE(6+2)

WRITE(643)

WRITE (6,1010)
READ(4,1005,END=20) CARD
WRITE(6,1006) CARD

50 TO 10

KEWIND 4

WRITE{6,1011)
READ(541005+END=40) CARD
WRITE(6,41006) CARD

GO TO 30

REWIND 5

RETURN

FORMAT(* 10/ 15X DATE:* 92A4 65X TIME:*,2A4)
FORMAT { //56X1TUE®) ¢ /SIX2TL E*)/4TX34( E*)/44X40(%E )/
L4L1X3S(E')elX,9(*S5%)/

WAFOOCNOC U BN

39Xy32(°E*),
37Xs30(%E*),

1Xe10(*S°%),
IxXys120°8%),

36Xe290L*E* )0l Xs131°S7%),

34Xs29('E*)
33IXe290 *E' dy
32X429('E* ),
31Xy29(*E* ),
30X+s30(%E" )
29X+30(°E"' ),
29X929( 'E* ),
28Xs30('E* ),

1Xela(*S*),
1Xe15¢*S*),
LXs15(°S*),
LXel6('S*),
1Xy15(°s*),
1Xs16(°S%),
1Xy16(*5%),
IXs1605%),

1X, 50°L*")/
1Xe10(°L")}/
1Xy12(L*}/
1Xe150(L)/
1Xelo(tL*)/
LXo18(°L*)/
1X,190L*}/
1Xe210L%)/
I1Xe22(°L")/
1Xy230°L")/
LXe24C'L")/

428XL3I('ET) ¢9X TUYES) p1X40*S*) 44X 8( S )y 1X3( L") e3X20( L")/
DZTXLACE 49X TUPE* )4 1X3{*S*),6X TL*S ), 1X3(*L"},3X20{" L")/
O2TXLAU E ) o 3XL2(E* ) 1X3L*S57),3X 2(%S*),3XS1*S ), 1X 4LtLY),
7 3x200°*'L")/

B26XLS(E*) ¢3XL2(E* ) 1X3(*S*),3XI00 S ), IXel L }o3X200 L")/
D26XLS{ *E '} 43XL20 E" ) 1X3(*S*),3X10(*S ), 1Xef L") ,3X21("L")
FORMATL

L26X1S(*E*) ¢ 3XLLLTE®) y1XS(TSY) (3X B(*S*), IXSCL ) 43X21( L")/
226XL5(%E*) 95X SEPE*) pIX6(*S*) 43X TL'S ) IXSLPL },3X201{ L")}/
326XL5( E*) ¢5X GUPEY)yLXTUPS*) 43X 6(*S* ), 1XS(*L},»3X21( L")}/
G26XL5UEY ) ¢3XLO0{'ET )4 1X9L S ) 43X 4(*S* ) 1X6( L) e3X21(LY)/
SCOXIS{YE ) e3XLO0(PE) 41X 9*S?),3X 4(*S*),IX6(*L"),3X210 L}/
026XLSI®EY) ¢ 3XLO(TE* ), 1X4l*S*) 43X 2(°S*),3Xal'S'),1X 6(1L"),
¢ 3X21t'L*)/
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SCRAM Program Listing (Continued)

BZTXL4(E*) »GXO3L E ) 1X6("S?) 46X 4L*S"), LXT( L },9X14( L")/ 00022920
GETXLAL"E* ) 9X BLCE )2 IXTU IS ) 44X 50'S ), LXT(*L*)9XLGL L")/ 00022930

o 28Xe25('E')s 1X,Ll61*°S*), 1Xs30(°L")/ 00022940

Y 28Xe240°'E')s LXe16(*S"), LX,300°L")/ 00022950

L 29X+23(%E*)s 1Xs16("5%),y 1X,30(°L")/ 00022960

¢ 29%X922('E* )y 1XelO{'S'), 1X,300°'L")/ 00022970

3 30Xs21(*CE* s L1Xe1601*'S%), 1X429(°'L")/ 00022980

4 31Xo19{*E' )y 1XylO60°S*), 1X,29(°L")/ 00022990

5> 32Xs18(*E')s 1IXs16(%S%), 1X,28('L") 00023000

3 FORMAT { 00023010
o 32X 1TL*E')s 1Xs15(°S")y 1Xy28(°L")/ 00023020

7 34Xy150'€' )y 1X914a{*S"), LX,29('L")/ 00023030

o 3IS5Xe13('E*)y 1Xe130(*S*'), 1X,300°L")/ 00023040

9 3TXeLLE'E* )y 1XoL0(*S*),y LX,31(°L")}/ 00023050

1 39Xy, S5(*E*)y 1X,110°S*), 1X,32(°L*)V/ 00023060

< 41X, 100"S*), 1X,35(0'L")/ 00023070

3 43Xe420°L%)/46X36(L")/50X28( L) /55X16(*L")) 00023080
1010 FORMAT(*1',40X°INPUT SEQUENTIAL DATA CARDS'//) 00023090
1005 FORMAT(Z20A4} 00023100
1006 FORMAT{15X20A4) 00023110
1011 FORMATU('1',40X*INPUT NAMELIST DATA CARDS'//) 00023120
END 00023130
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SUBROQUTINE SIMPSN (SUM.IS,NZ) 00023140
00023150
COMMON /ADDATA/ C(27,20)y S{27,20), KNT, $55(27,20) 00023160

2DCL27)y VEL(27), THETJL27}, B8(27),KDES(27,20),CHMAXUM(27,20},00023170
THETXy XMAXy Hy KTIME,II, A, DENOM,DENAM, INDEX(20),INDEX1{20),00023180
ANT, AXe LISAVE, IGOR, NVAL(20),DESKROy XPONT,KLEW1(20),DVST,00023190
THETAT, SUMC(27}, SUMS(27),CUMAD, CUMDS,PTOT(20) ,C1(27,20) 00023200

00023210

INTEGRATES S/CGC AND C/CO FOR QUTPUT VALUES FROM SUBROUTINE RUNGE 00023220
00023230

SUMCL=0 00023240
SUMC(NZ} = 0 00023250
SUMSINZ) [ 00023260

40 DO 13 NODD=2,1S 00023270
LF(NODD~135) 50+13,13 00023280

50 SUMS(NZ) = SUMSINZ) + 2.#*S{NCDD,N2) 00023290
SUMC(NZ) SUMC(NZ) + 2.*CL{NODD,NZ)*THETJ(NODD) 00023300
00023310

SUMCL= SUMCL+2.*CLGRID{(NODDI*THETA(NCDD,N2Z) 00023320
00023330

13 CONTINUE 000233490
SUMSI(NZ) H/2.#{ SUMS{NZ)+S(1,NZ)+SLIS+NI)) 00023350
SUMCANZ) = H/2.%{SUMC(NZ)+C1(14NZ)*THETJI(1) + CLlUIS,NZ)*THETJ(IS5))00023360
00023370

SUMCL= (SUMCL+CLORID{1I*THETA(1 ,NZ)+CLORID(II)*THETA(IL,NZ))*H/2. 00023380
00023390

SUM=SUMS (NZ) + SUMCINZ) 00023400
RETURN 00023410
END 00023420
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SCRAM Program Listing (Continued)

FUNCTION SULAR (A,T})
REAL*3 T

UTMENSIUN D(3)

COMMON /CONST/ CON(SO)
vALL DATOUT (T,D,1)

AMO = AMOD(D(l)+100.) + 9,
FACT = COS((CON(20) (23.45%SIN(6.283185%AMD/12)))*,017453)

30LAR = CON(21)*FACT*{1.-.09%A)
RETURN
eND
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SCRAM Program Listing (Continued)

SUBROUTINE VOLT 00023570
c 00023580
c 00023590
d SUBROUTINE TO PREDICT PESTICIDE LOSS DUE TO THE PESTICIDES! 0023600
c VOLATILE PKOPERTIES 00023610
c 00023620
COMMON /EVAPIN/ ELE2,WVL2,TEM2 00023630
COMMON /TIMES/ TOLO.TNEW,DT ,DTOLD, TOUT,TSTRT,TSTOP, TRAIN,PIN, 00023640

1 EPATM, PRINT(3), PROGDT{3), PESTM 00023650
REAL*8 TOLD, TNEW,DT,DTOLD,TOUT,TSTRT,TSTOP,TRAIN,PIN,EPATM,PESTM 00023660
COMMON / WATERD/ NZNs RAINR, THETA(27,20),THETN(27,20) 00023670
LOMMON / SEDATA/SUB(10,20) 00023680

o 00023690
wOMMON /VOLTD/ ENGeALFA,DV(27,20),DIST(27420) 4IVL,PPB(27,20), 00023700

1 DVS(27,20),P2 00023710

C 00023720
DIMENSTION XRYS(27,20) yXRYI(27+20),1C(20),C2(20) 4KFLAG(20},TP(2T), 00023730

i FLU27,20),F21274+20),FFL27,20) 00023740
00023750

00023760

00023770

00023780

(27.20) 00023790
(NLeNZ) = NL--LAYER 00023800
NZ--ZONE 00023810

00023820

00023830

ENb= NANOGRAMS OF PESTICIDE APPLIED (INPUT) 00023840
ALFa= APPLICATION RATE OF PESTICIDE (LBS/ACRE) (INPUT} 00023850
DIsT(27,20)= DISTRIBUTION OF PESTICIDE (INPUT) 00023860
DV(27,20)= DIFFUSION COEFFICIENTS (INPUT) 00023870

DV5{27,20)= DIFFUSION COEFFICIENTS (=DV IF DV NE 0.; OTHERWISE CALC) 00023880
VIIME= PREVIOUS ELAPSED TIME SINCE PESTM (DATE OF PEST. APPLICATION} 00023890
VIi = PRESENTS ELAPSED TIME SINCE PESTM {DATE OF PEST. APPLICATION) 00023900

[sEeNeaNaslaNsNeNelaleNsNalaReNelaNeRslaleNeNaNeNeNaNe Ne Xl

VT= DT TIME INCREMENT 00023910
IVi= FLAG FOR 1ST TIME THRU VOLT 00023920
P2= AMT. OF PESTICIDE REMAINING W/R TOTAL 00023930
BD=5UB(6,1)=BULK DENSITY OF SOIL (G/CC) 00023940
NL=SUB(B8,I)= NO. OF LAYERS IN ZONE(I) 00023950
DX=5UB{9,1)= LAYER THICKNESS(CM) 00023960
TENP=TEM2= TEMPERATURE IN 0-1 CM (DEG. C) 00023970
IC(NZY= LAYER NO. FOR THIS ZONE, ALL ABOVE IT HAVE EQUAL CONC. 00023980
PPB{27,20)= CONC. OF PESTICIDE IN PARTS/BILLION 00023990
(NEITHER IN SOLN. NOR ADSORBED) 00024000

KFLAGINZ)=1 , CHANGE CZ(NZ) NEXT TIME AROUND 00024010
00024020

VLF{TOLD.LT.PESTM) RETURN 00024030

C 00024040
C CHeuK FOR 1ST TIME THRU 00024050
LF(IV1.NE.Q) GO TO 90 00024060
ivi=-1 00024070

% 00024080
C SET UP FOR 1ST TIME THRU 00024090
VTIME= 0.0 00024100
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T2= VTIME

TOTP= ALFAXx ENG
PTOTAL=0.

TEMPI=TEMZ2

V0 113 J=1sNeN

80= SUB(64+J)

NL- SUB(8eu)-1

V0 13 I=1,NL

XRYS(1,J)= DIST(l,J) * TOTP/NIN
PTOTAL=PTOTAL+ XRYS(I,J)
ARYI{LoJ)= XRYSUI,J)
PPB(I,J)=XRYI(1,4}/BD
KFLAG(J)=0

icty=1

CZ(JI)=XRYE(1ed)

F2(1.J )= 0.0

CONTINUE

P2=PTOTAL/TOTP * 100.

PRINT INITI AL VALUES

20Qu FORMAT(']?.

i
2

WRITE(6,2000) ENG,ALFA

*INITIAL CONDITION OUTPUT® //

1X+eGl2.4¢42Xy *NANOGRAMS OF PESTICIDE APPLIED® /

1XsGl2.492Xy "APPLICATION RATE(LBS/ACRE)"

CALL VPRNT
Ivl=1l

90 ¥TT= TOLD-PESTM

CHeCK TO SEE IF ELAPSED TIME SINCE LAST CALC.

IFIVIT-VTIME +LT7.3000.) RETURN

PRUCEED WITH CALCULATION

5012

Tl=T2
T2= VTT
VT IME=VTT
VT=T2-Tl
PTOTAL=0.

D0 501 JJ=1,NIN
NL=SUB(8,4d)-1
B80=SUB(6,JJ)
NLL=NL-1
DX=SUB{9+JJ)

DO 5011 I=1.,NL

FLULodJ)= F2U14dJ)

TP({L}= TEMPI =~ (I-1) *0.5
LF(TEMPI.LT.35.) TP(I)= TEMPI
IFIOV{I,J4J).EQ.0.)GD TO 5012
DVS(IvJJi= DV(I,4JJ)

GO 70 5011

THl= THETN(I+1l,JJ) *100.

TH2= THLI*TH1

292
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SCRAM Program Listing (Continued)

TH3=TH2%*TH1 00024650
TH4=TH3»THI 00024660

TH5= THa®THI 00024670
TH6=THS*TH] 00024680
TEMP= TP({]) 00024690
TEMP2= TEMP*TEMP 00024700
TEMP3= TEMP2*TEMP 00024710
IVSUIyJd)= 10.%% ( -0.313-1,051 * TH1 + 0.054 * TH2 -8.494E-4 *TH300024720

L -8.997 * BD + 6.021E-5 * TYH1 * TEMP2 T«359E-7 * TH1* TEMP3 00024730

¢ +1.483E-6 * TH4 * TEMP ~8,863E-8% TH5 * TEMP + 1.362E-9 * TH6% 00024740

3 TEMP + 1,588 *# THL * BD ~-0,108 * TH2 * BD + 2.880E-3 * TH3 * BD 00024750

4 = 2.560E~5 % TH4 * BD + 4,664E-2 * TEMP * BD - 3,013E-3 * TH1l * 00024760

5 TEMP # BD ) 00024770
5011 CONTINUE 00024780
c 00024790
[CC= IC(JJ) 00024800

c 00024810
LF(KFLAG(JJ}.NE.1) GO TO 30 00024820
KFLAG(JJ }I=0 00024830

GO0 TO 200 00024840

30 CONTINUE 00024850

C 00024860
Z1= SQRT{DVS(ICC,dJ) / 3.1415927) 00024870
F2UICC,JJ)= Z1* CZ(JJ)/ SQRT(T2} 00024880

UEL= 2.%F2({ICCyJJ)I*T2-2.%FL(ICC+dJ) *= T1 00024890

C ALLJCATE LOSSES TO IC(JJ) LAYERS 00024900
C 00024910
00 25 Ii= 1l,1ICC 00024920

25 XRYS{IledJ)= XRYS{ILl,JJ}-DEL/ ICC 00024930

C 00024940
29 CONTINUE 00024950

Cc 00024960
VO 142 J=1s+NLL 00024970

l4e FF{J4JJb= DVSUJedd) * (XRYS{JyJJ)= XRYS(J+l,JJ)} / DX 00024980
00 442 J=1,NLL 00024990
XRYS(JsdJ)= XRYS{JeJdJd} -FF(I,JJ) * VT 00025000
XRYS(J+1:+JJd) = XRYS(JI+1,JJ) + FFE(J,JJ) *VT 00025010

442 CONTINUE 00025020

c 00025030
DO 52 I=1leNL 00025040
IF(XRYI{(1+JJ}s NE. O0.) GO TO 31 00025050

P1=0. 00025060

GO 10O 32 00025070

31 Pl= XRYS(I4JJI/XRYILI,JJ}*100. 00025080

32 PTOTAL- PTUTAL + XRYSI{I.JJ) 00025090
PPB(IlyJJd= XRYS{I,JJ)/BD 00025100

52 CONTINUE 00025110

C 00025120
IFLICC +EQ.NL} GO TO 501 00025130

C CHECK TO SEE IF TIME TO CHANGE CZ(JJ) 00025140
C 00025150
LF{XRYSL ICC sdJ ) «GELXRYI{ICC +1 L,JJ)IGO TO 501 00025160

C Skl KFLAG & MAKE ADJUSTHMENT NEXT TIME WHEN WE KNOW WHAT VT TO USE 00025170
KFLAG(JJ)=1 00025180
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«0 TO 501 00025190

200 I ONT INUE 00025200

c 00025210
€ kzaDY TO CHANGE CZ{JJ)--MAKE ADJUSTMENTS TO XRYS((I=1,ICC),dd) 00025220
¢ 00025230
€ CSAVE IS LAST VALUE OF XRYS(IC(JJ),JJ) < XRYILIC(J4)4dJ) 00025240
c 00025250
LSAVE = XRYS(ICC,Jdd) 00025260
FLIICC,JJ)= XRYI(ICC+1,4J) #F2(ICC,JJ) /XRYILICC,JJ) 00025270
LCHIN=ICIdd) +1 00025280
ICc=1Ctyd) 00025290
L2(4d)= XRYILICC,JJ) 00025300

Z1= SQRT(DVS(ICC,JJ) / 3.1%15927 ) 00025310
F2(1CCesd)= Z1 *CZ(JJI}/ SQRT(T2) 00025320

uoL = 2.%F2{ICC,JJ)* T2 =2.% FLIICC-L,JJ)% T1 00025330

VOLP = XRYI(ICC,JJ) =~ XRYS(ICC-1,J41 00025340

DO 35 I=1,1CC 00025350
XRYS(1,4Jd)= CSAVE - (ODL ~DOLP) /1CC 00025360

35 L ONT INUE 00025370

G0 TO 29 00025380

c 00025390
501 CONT INUE 00025400

c 00025410
P2= PTOTAL/TOTP * 100. 00025420

C  FINLSHED, PRINT BEFORE RETURNING 00025430
c 00025440
WRITE(6,8000) 00025450

8000 FORMAT('1') 00025460
CALL VPRNT 00025470

c 00025480
RETURN 00025490

END 00025500
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SUBRQUTINE VPRNT
SUBROUTINE TU PRINT VALUES GENERATED BY SR VOLT
COMMON / SEDATA/SUB(10,20)
COMMON /TIMES/ TOLDsTNEW,0T »DOTOLD, TOUT,TSTRT,TST™", TRAIN,PIN,
1 EPATH, PRINT(3), PROGDT(3), PESTM
REAL*8 TOLDsTNEW,DT,DTOLD,,TOUT4TSTRT,TSTOP, TRAIN,PIN,EPATM, PESTM

COMMON /VOLTD/ ENGyALFA,DV(27,20),D1ST(27,20),1V1,PPB(27,20),
1 DVS(27,201),pP2

COMMON /WATERD/ NIN
UV IMENSION D(3)
REAL*8 VLAP

NTH =MAX VALUES OF THETA (NO. OF LAYERS) suB(8,I)
LF{TOLD.LT.PESTH) RETURN

VLAP=TOLD~-PESTM
WRITE(6,2000)

2000 FORMAT{ SXe*VOLITALIZATION OQUTPUT® )

IFUIVI.EQ.~1) GO TO 10
CALL DATOUT(TNEW,D,0)
WRITE(6,2001) VLAP

2001 FORMAT(5X,*ELAPSED TIME: * ,Gl2.4,'SEC* )

10 #RITE(6,1000)

1000 FORMAT('0*, 50X*ZONE DEPTH PROFILE')

NTH=1
TH= 1.0
V0 40 I=1lyNIN
40 TH = MAXL({TH,SUB(8,I) )
NTH=TH -1
ISw=1
NA=1
NB=NZN
IF(NBsLE.1O) GO TO 50
NB=10
50 CONTINUE
WRITE (6,310)
31U FORMAT('O! ,55X,*Z0NE #* )
WRITE (6,4320) (I1,11=NA,NB)
320 FORMAT( ' PROFILE',3X, 10(5Xs12,4X) )
wRITE(6,321)
321 FORMAT(* VOLITALIZED PESTICIDE (PPB} '}
DO 340 I12=1,NTH
340 WRITE (6,330) 12,41 PPB(I2,11), I1=NA,NB} )
330 FORMAT(3X, 12,4X, 10Fl1.3 1}
[FUIV1.EQ.-1) GO TO 52
WRITE(6,431)
431 FORMAT('ODIFFUSION COEFFICIENTS'}
JO 440 12=14NTH
440 WRITE(6433 ) 12,((DVS(I2,11),11=NA,NB)])
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SCRAM Program Listing (Continued)

FORMAT{3X, [2+4X, 10G11l.3 )
GO TO (51452) 15w
LFINZNJLE.10) GO TO 52

NA= N8+l

NB= NIN

ISW = 2

L3 TO S0

CONT INUE

ARITE(6,70) P2

FORMAT('0 % PESTICIDE REMAINING W/R TOTAL",

RETURN
END
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SCRAM Program Listing (Continued)

SUBRQUTINE wATER(NZ,NEWFLG) 00026170
00026180

SubxQUTINE TG PREDICT THE AMT, OF RUNOFF ON THE WATERSHED DURING 00026190
taCH EVENT, ANU THE MOVEMENT OF WATER INTO THE SOIL PROFILE DURING 00026200
AsD AFTEK AN EVENT. 00026210

) 00026220
<OMMON / SEDATA/SUB{10,20) ,ADJLT(21),ADJLO(20) ,RNF(4,20),INF(4,20) 00026230
00026240

COMMON /WATERD/ NIN, RAINR{20)y THETA(27,20),THETN(27,20),CUMRG 00026250

i » CUMFLT,DHTAB(50454,10) yNUMDH{10) ,RINF{20),CIT{20),VELC(27,20)00026260

P2 +Q(27+20) 9 SUMRN, WATROT, SUMIN,RQR 00026270
00026280

LOMMON /TIMES/ TOLD, TNEW,DT,DTOLD, TOUT,TSTRT,TSTOP, TRAIN,PIN, 00026290

i EPATM, PRINT(3)}, PROGDT{3) 00026300
REAL*8 TOLDsTNEW,DT,DTOLD,TCUT,TSTRT,TSTOP,TRAIN,PINyEPATM 00026310
00026320

UIMENSION (30}, HH(27), WORK(27), 00026330

i RHS(27}, CAP(2T), COEFLTT) 00026340
00026350

NILN= NO.OF ZONES 00026360
RAINR= RAINFALL RATE(CM/SEC} 00026370
THETA= WATER PROFILE AT PREVIOUS CYCLE 00026380
THETN= NEW WATER PROFILE 00026390
CUMRO= CUMULATIVE RUNOFF AT BOTTOM (ZONE # 21) 00026400
CUMFLT= CUMULATIVE INFILTRATION LOSS 00026410
DHTAB= THETA,DIFFUSIVITY, PRESSURE HEAD TABLES 00026420
NUMDH= NO. OF ENTRIES IN CORRESPONDING DHTAB 00026430
RINF= INFILTRATION RATE 00026440
VELC= INFILTRATION VELOCITY 00026450
Q= INFILTRATION FLUX 00026460
00026470

NZ IONE NUMBER (SUPPLIED THRU CALL } 00026480
NS = SOIL TYPE (= SUB(1,NZ) IN COMMON /SEDATA/ ) 00026490
G =LAYER THICKNESS =SUB(9,NZ} 00026500
NDH= # OF VALUES OF DHTAB, MAX=50 00026510
00026520

NS=SUB(14NZ) 00026530
NDH = NUMDH(NS) 00026540
NENDL = SUB(B,NZ) 00026550
G=SUB(9.NZ} 00026560
00026570

TH1= THETA{1.N2) 00026580
00026590

HH(N) = PRESSURE HEAD AAT LAYER N 00026600
THETA(NsNZ) = MOISTURE (PERCENT)AT LAYER N 00026610
WHERE N=1 IS THE RAIN LAYER, N=2 IS THE TOP SOIL LAYER 00026620
NZ IS THE ZONE NUMBER 00026630
00026640

00026650

NEND (NZ)=NEND1 - NUMBER OF SOIL LAYERS 00026660
00026670

NENDP =NEND1-1 00026680
00026690

COMPUTE PRESSURE HEAD VALUES (HM) FROM TABLE FOR THETA 00026700
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SCRAM Program Listing (Continued)

[ VALUES VIA INTERPOLATION. ITABLE COMPUTES CORRECT ENTRY 00026710
C POINTS INTU TABLE FOR INTERPOLATION 00026720
c 00026730
c 00026740
c 00026750
€ THETAU(I,NZ) IS OLD VALUES OF THETA 00026760
C THETNUI,NZ) 1S NEW VALUES OF THETA 00026770
C W(h) IS THE WORKING ARRAY AND 1S = THETA(I,NZ) AT BEGINNING OF ROUTINOD026780
C 00026790
HH(1) = 0. 00026800
will= THETA(1,NZ) 00026810

20 50 N=2,NENDL 00026820

WiN) = THETAIN,NZ} 00026830

iz ITABLE(W(N) +DHTAB(1,1,NS),NDH-1) 00026840
AH(N)= DHTAB{I,3,N5) + (W(N) -~ DHTAB{I,1,NS))} / 00026850

i (DHTAB(I+1,1,NS) ~ DHTAB(I,1,NS)) *(DHTAB(I+1,3,NS) 00026860

¢ ~ DHTAB(I,3,NS)) 00026870

50 CONT INUE 00026880
THETA(NENDL+14NZ)= THETA{NEND1,NZ) 00026890
WINEND1+1) = THETA(NENDL ¢NZ) 00026900

c 00026910
C SETS BOUNDARY CONDITION AT EQUAL MOISTURE CONTENT LAYER 00026920
c 00026930
HH(NENDL+1) = HH(NEND1) 00026940

c 00026950
c DOES CALCULATED INFILTRATION EXCEED RAINFALL RATE? 00026960
(d 00026970
22 LONTINUE 00026980

c 00026990
c DOES RAINFALL EXCEED THETA SATURATION? 00027000
C 00027010
25 THETA(1.NZ) = THL + RAINRINZ)* DT/G 00027020
W(2) = THETA(2,NZ) + THETA(L,NZ) 00027030

c 00027040
C  UJES W(2) EXCEED THETA SAT? 00027050
c 00027060
LF(W(2)— DHTABINDH,1,NS)) 27,27,30 00027070

27  RINFINZ}  THETA(1.NZ)*G/DT 00027080
RUNOF=0. 00027090

GO TO 60 00027100

30  RUNOF = W(2) - DHTABI(NDH,1,NS} 00027110
RINFINZ) = (THETA(1,NZ) - RUNOF)*G/DT 00027120

wi2) =DHTAB{NDH,1,NS)} 00027130

60 1= ITABLE(W(2) +DHTAB(1,1,NS),NDH-1) 00027140

¢ 00027150
¢ DETERMINE NEW HH(2) 00027160
c 00027170
HH{2)= DHTAB(I,+3,NS} + (W(2) ~DHTAB(I,41,NS)) ‘00027180

L /(DHTAB(I+1,14NS) —DHTABIT,LoNS))*{DHTAB(I+1,3,NS)-DHTABI{I,3,NS)}00027190

c 00027200
c SET UPPER BOUNDARY CONDITION 00027210
c 00027220
62 wlil)l=nWi2) 00027230
AH{Ll) = HH{2) 00027240

298



C CAL.
C WOk
o
c
C

i

1
65

1

70

90
200

C SET
105

[aNa gl

i

110

SCRAM Program Listing (Continued)

JLATE CONOUCTIVITY FOR EACHDEPTH LEVEL

K1) = K=(I) = K+UI~1)
9=ITABLE(H(1) +» OHTABU 1,41 ¢NS) ,NOH)
C1l=DHTAB(J,44NS} +(W(1) ~DHTAB(Js1sNS) )}/ (DHTAB(J+14+14NS)

~OHTAB({Js» 1o NS)I*(DHTAB(J+L,4,NS}) CHTAB(Jy44NS})
CL = 0.
V0 200 N=1,NEND1
THEST = (Wi(N) +W{N+1) 1%.5
L=1TABLE(THEST DHTAB( 1,1 4NS),NDH-1)

CAPIN)=(DHTAB(I*+1+1oNS)- DHTAB(I,1,NS))/(DHTAB(I+1,3,NS)-

DHTAB(1+3,NS) )
ITABLE(WIN+L) +DHTAB{L,y14NS}+NDH-1)

4
CX= DHTAB(L1y4eNS)+ (W(N+1) ~DHTABIT,1,NS))/ (DHTAB(I+1,1,NS)

—DHTAB(L+14NS)) *{DHTAB(I+1,4,NS) —OHTAB(1,4¢NS))
AORK(N)= OHTAB(I,2,NS) #CAP(N)
IF(ABSIW(N) ~WIN+1) 1-1.E-6 ) 90,90,70

OIF = (CL-CX)/{HH{N) - HHIN+1))
WORK{N)} = DIF

Jd =1

1 = €X

1F(N.EQ. 1) CONl= OIF

CONT INUE

WORK(NEND1) =0.

WORK(1l) = 0.

JUP COEFFICIENT MATRIX AND RHS
M =13

UTDXS= DT/(G*G)

Cl= DTDXS*WORK{(1)/CAP(1}

cX DTOXS*WORK{2)/CAP(L])

c3 Cl+CX

MATRIX ELEMENT TOQ LARGE

IF (ABS(C3) «GE. 2. «AND. NEWFLG .EQ. O) GO TO 810
COEF(1) 2.¢C3

COEF(2) - -CX

RHS{2) (2e~C3)%HH{2) + CX*HH(3)

VO 110 N = 2¢NENDP

c1l DTDXS*WORK{(N) /CAP(N)

cx DTOXS*WORK{N+1)/CAP(N)

C3 =Cl ¢« CX

IF (ABS{C3) .GE. 2« «AND. NEWFLG +EQ. Q) GO TO 810

COEF (M) ~Cl

COEF(M+1) 2. + C3

COEF(M+2) -CX

RHS(N+1)} CL®HH{N) + {2.-C3)*HH(N+1} + CX*HHIN+2)
+t 2.%6 * (C1-CX)

M =M+ 3

CONT INUE

C SOLVE - NEW HH WILL BE IN RHS

[aNaNel

INVERT TRIDIAGONAL MATRIX

CALL GELB(RHS(2),COEF v NENDP, 1,141y 1leE-5, [ER}
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SCRAM Program Listing (Continued)

iF (IER) 400,115,400 00027790

11> CONTINUE 00027800

C 00027810
C .OMPUTE NEw THETAS AND CUMUNICATIVE INFILTRATION 00027820
C 00027830
JO 410 N= 2,NENDL 00027840

TERM = (RHSIN) - HHIN)})*CAP(N-1) 00027850
THETN{N,NZ} = W(N) + TERM 00027860

410 CONTINUE 00027870
THETN{ 1,NZ}= RUNOF 00027880

420 CITANZ)= CIT{NZ) + RINF(NZ) *DT 00027890

C ACCUMULATE WATER LOSS DUE TQO INFILTRATION 00027900
CUMFLT CUMFLT + (THETN{NENDL,NZ)-WINENDL))*G*SUB(2,NZ)/1000. 00027910

S>UML1 = 0. 000271920

SUMZ2 = Q. 00027930

U0 425 I=2,NENDIL 00027940

SUML = SUM1 + THETNII,NZ) 00027950

2UMZ = SUM2Z + W(I) 00027960

42> CONTINUE 00027970
VIF = SUML - SUM2 00027980
THETN(24.NZ) THETN{2,NZ) - DIF 00027990
THETN{NENDLWNZ) WINEND1) 00028000

c 00028010
C CALCULATE INFILTRATION VELOCITY-VELC 00028020
C CALCULATE INFILTRATION FLUX-Q 00028030
C 00028040
VELC{1,NZ) = RINF(NZ) 00028050
QU1eNZ) = RINF(NZ)*DT 00028060

00 440 I=2,NENDP 00028070
VELCUIINZ) = ((HH(1) + RHSUI) + 2.%G ~ HH{I+1) - RHS(I+1))/ 00028080

i (2.%G) )*WORK (1} 00028090

440 QUINZ) = THETA(IsNZ) + QUI-1,NZ) - THETN(I,NZ) 00028100
VELCU{NENDL,NZ) = (THETN{NEND1,NZ) - W(NENDOL)})=*G/DT 00028110

< (NEND1,NZ) = Q{NENDP,NZ) 00028120

w0 TO 900 00028130

40u ARITE(6,9000) IER 00028140
0 TO 115 00028150

8lu VT  =1.9*0T /ABS(C3) 00028160
w0 1O 22 00028170

900 CONTINUE 00028180
NEWFLG = |1 00028190
RETURN 00028200

9000 FORMAT (*OGELB ROUTINE ERROR CODE w121 00028210
eND 00028220

300
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G0g

RAIN

1.
1973
1973
1973
1973
1973
1973
1973
1673
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973

INPUT SEQUENTIAL DATA CARDS

1. 1. 1. 1.
0.0
0.41
.0
0.25
3.30
0.34
0.328
0.0
0.0
0.16
0.34
0.41
0.52
0.68
0.80
0.91
1.03
l.14
l.26
1.37
1.42
1.49
1.60
1.68
1.70
0.0
0.09
0.23
0.33
0.39
0.49
0.56
0.66
0.68
0.73
0.79
0.84
0.89
0.0
0.22
0.44
0.61
0.63
0.65
0.68
0.70
0.72
0.T4
0.76
0.0
0.13
0.18
0.25
0.32
0.38
0.0

0.0
29.95
J.0
84.27
2600.72
886.04
103.07
38.90
0.0
1760.52
4 62.07
3371.68
2464.52
1313.46
1647.32
5349.21
4184.10
3185.24
2229.42
27.14
26.33
24. 74
22 .44
20.97
16.87
0.0

COO0OCOOO0COOCOO0O0O0O
DR EEEEEEEREEEREER
CCOO0OOO0OOCOOOOOQO

0.0
95.31

3 35.31
1648.12
720.39
191.24
9.71

[=N=Ne-Ne¥-RoloX-N. ]

OOOOOOOO-;
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1973
1973
1973
1973
1973
1973
1973
1373
1973

DAYS

1973
1973
1973
1973
1973
1973
1975

.
[t

07 08
o1 17
07 30
09 01
0l 01

18
19
20
25
30
35
40
45
58

1.

1.

0.13
2.23
0.33
1.31
2429
2452
2.67
2.79
0.0
1. 1.
2.01
1.94
1.96
1.72
1.57
5.7
2.01

1.

1.

0.0
0.0
2.0
14932.17
22860.34
18552.59
9359.71
3651.77
0.0

5.
5a
5.
Se
5e
545
5.

ie
1.
1.

1.

penut3juo) - bur3isTT 3anding/andul wWvdDs o1dwes
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&PESTI

PLOTNM= 1D~
PESTNM=*DIPHENAMID?
STARTM=73,07,08,16,52
ENDTM=T3,07,16,21,30

INPUT NAMELIST DATA CARDS

CROPDT= 0,73,6,13,73,1141,73,9,12,

PESDAT=5%G., T3, 6, 13,
THETA=

0are500140619.062,.062,.0649.065,.066,.0674.068+.069y 4*,07,
De9a50)9eD6L4000624e263,.0644.0659.366,23674.268,.069y 4*.07,
0eve50054061,.0624.063,.064,+.065,.066,.067,.068,.069, 4*.07,
O0ue9pa50014061,.062,.063,.0649.0654.066,.067,.068,.069, 4*%.07,
Cere5009e00619e062ye063,.00649.0365443664.26T91.0689.069y 4%.07,
Dere5001eUhHl1e062,.062,.064+.0659.066+.0679.068,.069y 4%.07,
0eva5009.05149.062,4063,.064,.065,.066,.067,.068,.069, 4*.07,
De9eDD091ed619e)6294063,.0649.0659.0664e367,.06089.069y 4¥.0T,
0e1e5009e061900627.0634140644+.0659.066,.067,.0689.069, 4%¥,07,
DeraB00714061940621.063,.064%47.065,.0664.0674.068,.069, 4*.,27,

DHARAY=2,23,

0540792099 ellyal39al59alT90a199e219023+025942792299e319e334.35,.37,

«39,.4100430e45004T9a49,

«6BE~D4.862-5y413E-4,4.23E~4,4.40E~4,.68F~4,.12E~3,.18E-3,.28E~-3y.40E-3,
eD6C=3,3 4805394120240 1TE=29424E-2).32F~2,4.44F=24.60E-2,.80E-2,.11E~1,

«15F-14.19E~1,.26FE~1,

~e60Fby =.90E54=440E5,y=¢10ES)y~u TOEAy~e4TE44—220549-.10E4,~-.,80E3,~-.68E3,
~e5TE3,-445E3,-.33F3,-.22E3,~.1083,-.50%2,~.7752,-.60E2,-.50E2,~.40F2,

~e20E2+~4108240.0
FUNQFF=
21y 1, 6%,
Ly Ly 6%0,
1041, 10, 24 %%3,
3¢ 1s YOy T, 4%0,
Ay Zy Y04 1y 4%0,
Ty 2y 10y 1, 4%,
1, 1y 6%0,
1y 3, 10+ 1y 4%0,
S5¢ 14 10y 4. 4%0,
8y 50, 10, 50, 4%0,
7ONES=
2y o042, 4y BTua5s T5.4

Leby 34 155 1, 1500, 2,

2y U.941y 3, 856,25, 99.97y l.6y 34 15, 1, 1530, 2,

1y l.47, 4, 425, 187.5,

l.64 3, 15, 1, 1500, 2,

1y +659y 3, 2B7.5, 156.25+ 16y 34 15, 1y 1500, 2,

1, .49%6, 2, 300, 106.25,

1y 1.059y 2y 362.54 175.,

Ty o545y 4y 325, 1875,
1, 0,42y 4y 225, 125,
le 61y 24 112.5y 212.5,

1y, 0.428y 4, 225, 118,75,

l.6y 34 15, 1, 1500, 2,
la6y 34 154 1, 1500, 2,
1.6 3y 154 1y 1500, 2
le6by 3, 154 1y 1500, 2y
leb6y 34 15, 1, 1530, 2,
le6¢ 3, 15, 1, 1500, 2,

AK1=10%200+y AK2=10%1.E~24y ST=10%24.,

CON(6)=1.E=5, CON(T}= .40
CON(11)=1.6y CONI(12)=33.066,

CON{G)=1sy CON(1D)=1.5,

CON(14)=1.7, CON(15)=74.00, CON{16)=13, CON(LT7)=0.,

CON(19)= 10.
I0PT(8) = 0

PRINT({1)=300.,PRINT(2)=3600.,PRINT{3)=172800.
10PT(21=1, INPT(3)=0,I10PT{4)=1

10PT(2)=0,
[op7(13)=1

1y Oy
1' O'
1' O'
1, 0
1y O
1, O»
1, Oy
1y 0y
1, Oy
1+ Oy

QUOOOLOOoOOOO

12%0.,
12%04y
12%0.,
12%0.
12*0..
L2%0 .
12%0.,
12%0.,
12%0.y
12%0.4,

CON(13)=.9,

CON(181)=

.1,

- but3sT 3ndano/andul WYYDS o1duwes
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RAINFALL HISTORY

LEND

#a

YFAR MONTH DAY

1973,

1973,

1973,

1973,

1973,

1973,
1972,
1973.
1973,
1972,
1973,

1973.

1973.
1973.
1972,
1973.
1973,
1973.
1a73.
197z,
1973.
1973.
1973.
1973,
1973,
19732,

1973,

28.
28.
28.
28.
28.

28,

lé6.
16.
16.

l6.

HDUR

3.
3.
16.
16.
l6.
16.
16.
l16.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
17.
18.
18,
18.
20.
20.
20,
20.
20.

23 .

MINUTE

35,

40.

30.

35.

40.

50.

52.

55.

10.

15.

20.

25.

30.

35.

40.

45.

55.

10.

20.

23.

35.

40.

45.

48.

50.

53.

SECOND RAINICM/SEC)

0.

0.

0.

0.136666TE-02
0.1366667£-02
0.0
0.0
0.8333332E-03
0.8333332€-03
D.1666665E~03
0.1666665E-03
0.1333334€-03
D.1233334E-03
0.0
0.0
0.8838885E-03
0.8838885E-03
0.5999999E-03
0.59999995-03
0.5833332E-03
0.58333326-03
9.6111111E-03
0.6111111E-03
0.5333330€-03
9.5333330E-03
0.3999998E-03
C.3999998£-03
0.3666666E-03
0.36666665-03
0.3999991E-03
0.3999991£-03
0.3666654E£-03
0.2666654E=03
0.3995996E-03
0.3999996E-03
0.3666687E-03
0.3666687E-03
2.1666641E-03
0.1666641E-03
0.1166677E~03
0.116667TE-D3
0.1222218E-03
9.1222218E-03
0.1233332E-03
0.1333332E-03
0.1111137E-03
0.1111137E-03
0.9
0.0
0.2999997E-03
0.2999997E-u3
0.4666664E-03
0.4666664E~03
0.5555556E-03
0.5555556E=03
0.4999998E-03
0.4999998E-03
0.5555553E-03
0.5555553€E-03
0.5833332E~03

J.1366667E-02
0.136666TE-02
2.0

0.9

0.8323332F-03
0.8233332:5-03
0.1666665E~03
0.1666665E~-03
0.1333334E~-03
0.1333334E-03
0.0

0.7

0.8888885E-23
0.8838885€-03
0+.5999999E-233
0.5999999:-03
0.5833332E~03
0.5833332€-03
G.6111111E-03
J.6111111E-03
0.5333330F-03
J.5333330E-23
J.3999998E~03
0.39999985-03
0.3666606E-03
J.3666666F-03
0.3999991E~03
0.3999991E-03
Ve3666654E-03
0.3666654E-03
043999996E-03
043999996E-03
0.3666687E-03
0.366668TE-03
0.1666641E-03
0.1666641F-02
0.1166677E-03
0.11666T7£-03
0.12222185-03
0.1222218E-33
U.1333332F-03
0.1333332E-03
0.1111137€-03
0.1111137E~-03
0.0

0.0

0.2999997E£-03
042999997E~03
0.4666664E~03
) 4666664E-03
0.5555556E-03
0.5555556E-03
0.4999998E-03
0.4999998€£-03
0.5555553E~03
0.5555553E-03
0.5833332E-03

J.136666TF -02
0.136666T7E-02
0.0

0.0

0.8333332E~03
0.8333332¢-03
0.1666665E~-03
0.1666665E-03
0.1333334£-03
0.1333334€-03
0.0

0.0

2.8888885E-03
0.8388885:-~03
0.5999999E -03
1.5999999:-03
0.5833232F-03
0.5833232%-03
0.6111111F-03
0.6111111€-03
0.5333330% -03
0.5333333£-03
0.3999998E~-03
0.3999998E-03
Je3666666E-13
0.3h66666E-03
0.3999991E-03
0.3999991F-03
0.3666654E-03
0.3666654£-03
0.3999996E-03
0.3999996%-03
0.3666687E-03
0.,366668TE-23
0.1666641E-03
0.1666641E-03
0.11666770-03
0.116667T7E~03
0.1222218E-03
0.1222218E-03
0.1333332€-23
0.13233272€~02
0.1111137€-03
0.1111137€-03
0.0

0.0

0.2999997TE-03
0.2999997E-03
0.4666664E-03
0.4666664F-03
0.5555556E-03
0.5555556F-03
0.4999998E-03
0.4999998E-03
0.5555553E-03
0.5555553€-03
0.5833332E-03

Jel366667:-02
Q136656677 02
Jed
0e0
0.8335332F -03
0.83333320-03
0.16666655~03
0.166656655 232
0.1333334F-~)3
0.13333347-933
0.0
0.0
0.88883855~03
0.88888F5¢& 03
2.5999999F 03
J2+5999999E -03
0.5823552F 02
G.5833232fF 23
J.6111111E5-J3
Ne6l1121Y0-02
0.5333330€ 03
J. 53233200~ 33
0.2999998£~03
Q.3999998F )2
Ve3666666I-23
«2666666--03
Ve3999991% )3
J.2999991£-03
De3666654:-02
0.3666654F 03
042999996F~-)32
0.39999967~03
0.366668B7¢--02
De3666687-923
0.16666415-03
0.1666641E~03
J.116667TE-03
J.1166677£-03
0.1222218F-03
0.1222218£-03
0.13332322-903
0.13332:2£-03
0.1111137¢ 33
2.1111137E-03
0.0
0.0
0.2999997E-03
0.2999997F -03
0.46666647 -03
0.46666645-)3
0.5555556£-03
0.5555556E 03
0.4969998:~03
0.4999998E~02
0.5555553€-03
1.5555553F=-03
0.58335332€-03

Je12665670 -02

Jad

U.3333232F-03

Uel666665C -G

0.1333334F -32

Je.2

v.38888850- G2

J)e5999999[ (05

0.98225

Iy

P
JenllllllF-02
J.9233325F 03
V. 39999987 0O
Se3EL6BOOLE D
Je 396399510 3
Uel6666540 (2
). 1999696 -1, 3
02666667 0%
Vel bbbE41E U2
V.116667T7E-0C
Jelz222188 03
Ue 13333528502
J.1111137E-C3
Q.0
«2999997E-u3
Q.4t66664E 03
0.5555556F -0°=
J+4999998E~03
0.5555553F vz

J458332322F~02

Ce™ 3500677 0.
3.2

DeB82322727 97
JelhonbeS 07
Je123323247 -7
J.0

J.B:B88dd5 vl

J,. 5395953, -2

Ce3vg9Qud: 9
J.266E060E LA
J.3999961t >
CeFubhbe56- 10
Je39600Q96F - 7
Ue26666RT U
Oeltbtbedl = -
Jallbne77- - -
well2221uT-0un
UelAR2330 7y
Ua1111137 -33
9.0

Ue2993097F ~ 1
0.4666664% Qs
0+5555555 - Q™
Je 4994998 = 47
3455555537 05

0.5827337- 23
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20¢

EPa

YCAR

TAVIIANMENTAL DATA

AT TH

NAY

3U.

HOURF

0.

MINUTE SECUND

0.
Q.
0.
Ja
Ve
0.
0.
Ue
J.
0.
0.
0.
Q.
Q.
J.
O.
0.
0.

WIND V

Ve 1U34024E
0.1034024E
D.1034)24E
0.1534024E
0.1034024¢
0.1034024E
0.1034024E
0.1034024¢
0.1034024E
0.1034024E
0.9980130€
0.9980130€
0+ 9980130E
0.9980130¢
0.9980130€
0.9980130E
0.9980130F
0.9980130E
0.9580130E
0.9980130%
0.1008302€
0.1008302€
0.1008302F
0.1008302€
3.1008302€
0.1008302E
0.1008302¢
3.10083)2€
0.1008302¢
0.1008302€
2.8848361F
0.8848351F
0.8848361E
2.8848361¢
0.8848361F
0.8848351E
0.8848351¢
0.8848361%
0.8848361F
0.8848361E
9.8076703E
0.8076703€
0.8076703E
0.8076703E
0.8076703E
0.8076703¢
0.8G76703E
0.8076703E
0.8076703E
0.8076703E
0.2932305€
0.2932305E
0.2932305E
0.2932305€
0.2932305E
0.2932395€
9.2932305€

TEMPERATURE

0.2852777¢
J.2852777E
0.2852T77E
0.285277T7E
0.2852777%
J.2852777¢
J.2852777¢
0.2852777¢
0.2852777E
0.28%2777¢
Je2666666EC
0.2606666KE
0+2666666F
0.2666666F
0.2666666E
042666666E
0.2666666F
0.2666666F
D.2666666F
0.2666666E
0.2514444E
Je2514444E
0.2514444F
0.2514444E
0.2514444E
0.2514444E
0.2514444E
Q.2514444E
0.2514444E
0.2514444E
0.2645555¢E
0.2645555¢
0.2645555E
0.2645555¢€E
0.2645555F
0.2645555¢E
0.2645555E
0.2645555¢€
0.2645555E
0.2645555E
0.2747717E
0.274TTTTE
0.2747777€
D 2T4TTTTE
0.2T4T777E
0.2747T7T7TE
G.2T74TTT7E
0.2747T777F
0.2T74T7T777E
0.27T47TTTTE
0.2411110€E
0.2411110€
0.2411110€
0.2411110€F
0.2411110¢
0.2411110€
0.2411110E

02
02
02
0z
02
02
02
02
02
02
02
02
02
32
02
02
02
22
02
02
02
02
02
02
92
02
02
32
02
02
92
02
02
22
02
02
22
02
02
02
a2
02
02
22
02
02
02
02
02
92
02
02
02
02
02
02
02

SOLAF RADIATICN

0.5000000E
J.50023000E
J.5330uUd0E
0.5000000E
3.5000000F
9.5000000E
J.5000000¢&
0.5000000€E
J.5032000€
0.50J0000E
0.5000000€E
J. 50J0000E
J.5000000€
0.50230000%
0.500702002E
0.5000000¢E
0.5000000E
0.5000000¢F
0.5000000E
0.5000000E
0.5000090¢F
0.5000000E
0.5000000¢€
0.5000000E
0.5000000F
0.5000000E
0.5000000E
0.5000000¢E
0.5000000E
0.5000000E
0.5000000F
0.5000000¢E
0.5000002¢E
0.5000000E
0.5000000¢
0.5000000E
0.5000000€
0.5000000¢€
0.5000000F
0.5000000E
0.5000000€F
0.5000000€F
0.5900000E
0.5000000E
0.5000000¢F
0.5000000E
0.5000000€F
0.5000000¢
0.5000000E
0.5000000E
0.5500000E
0.5500000E
0.5500000E
0.5500000E
0.5500000E
0.5500000E
0.5500000E

0l
21
01
01
01
01
01
01
01
01
01
ot
01
0l
o1
01
01
o1
0l
01
01
01
01
01
ol
01
01
0ol
01
01
01
01
ol
01
01
0l
01
01
01
01
01
o1
01
01
0l
01
ol
01
01
01
01
o1
ol
01
ol
01
o1

0.1013300:C

0.1013300¢

2.10133008

0.1013300E

J.1013300C

0.1013302¢

0.1013300E
0.,1013303E
0.12133)0E

0.1013300€

0.1013300E
J.1013300E

0.1013300¢E
0.1013300E
0.10133093€
J.1013300¢€
0.1013300F
0.1013302¢
0.1013300¢€
0.1013300¢%
0.1013300%
0.1013300E
0.1013300F
0.1013303F
0.1013300F
0.1013300E
0.1013300E
0.10133007
0.1013300%
0.1013300C
0.1013300%
0.1013300E
0.1013300:=
2.1013330¢E
0.1013300c
0.1013300¢
0.1013300E
0.1013300¢E
0.1013300¢
0.1013300F
0.1013300F
0.1013300E
0.1013303E
0.1013300E
0.1013300¢
0.1013390F
0.1013300€
0.1013200¢t
J.1013300€
0.1013300E
0.1013300¢
0.1013300E
0.1013300¢E
0.1013300€
0.1013300€
0.1013300¢
0.1013300E

ATMNS PRES

04
04
Ca
04
04
J4
04
o4
J4
04
04
J4
04
04

RELATIVE HUMIDITY

2.5000000¢F
J.60720100F
Je630202E
0.6000000E
0.6000000E
PR N INIVEY] S
0.6000000%
0.6000000¢
J.50200230F
0.6000000°¢
0.6500000F
0.6500090¢F
0.6500000E
0.6500000E
0.65002J0¢
0.06500C00F
0.65C0000F
2.6500000¢
0.6500000E
0.6500000E
0.82009000¢
Je.B8200000F
J.8200000%
2.3200000F
0.8200000E
0.9200000F
0.8200000¢
0.8200000¢E
0.8200000E
0.8200000E
J.3000000E
0.80000C0E
0.8000000E
0.8000000E
0.8000000¢€
0.8000000¢C
0.8000000E
0.3000000E
J.3000000¢€
J.8000020F
0.8000000C
0.8000000¢€
0.8000000E
0.3000000E
0.3000000E
0.8000000E
0.8000000F
0.8000000E

" 0.8000000€

0.8000000E
0.7500000E
0.7500000E
0. 7500000€
0. 75000Q00E
0.7500000E
0.7500000€
0.7500000E

00
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VDTN W

L0E

DD ~NGN D W

DHTAB ARRAY, SOIL TYPE 1

THETA DITHETA) DIFFUSIVITY H{THETA) PRESSUXE HEAD SIGMA D DELTA THETA
0.600000£-01 0.100000E-06 -0.600000E Vb 0.200000z-08
0.800000E-01 0.,999999E-06 =0.900000E 05 0.220000E-07
0.100000% 00 0.600000E-05 -0.400000E 05 0.1420005-06
0.120000E 00 0.100200E-04 =0.10030J0€E D5 0. 342000E-06
0.1400008 030 0.300000E-04 =0.700000E 04 0.942001=-06
0.160000E 00 0.530000£~04 -0.470000E 04 0.200200€-05
0.180000F 00 0.T730000E-24% -0.200000€ 04 04346200E-05
J.200000E 00 0.900000E-04 -0.100000E 04 0.526200E-05
0.220000E 00 0.150000E~03 -0.800000E 03 0.8262008~05
0.240000E 00 U.300000E-03 =J.680000E 03 Je1426205~U4
0.260000F 00 0.430000E-03 -0.570000F 03 0.228620=-04
0.280000F 00 0.600000E-03 <0.450000E 03 2.3486206-04
0.300000t 09 V. TO000DDE-03 -0.330000F 03 }.4886195-04
0.320000F 00 0.800000E-03 -0.220000E 03 0.6486205-04
0.340000E 00 0.900000E-03 =0.100000% 03 0.828619¢% 04
0.360000F 00 0.950000E-03 -0.9000300E 02 J.121862%-02
0.380C00E 00 0.100000E-02 -0.T770000E 02 0.1z18625-03
0.400000E 0O 0.130000E-02 -0.600000F 02 Je147862C 03
0.4200020E 00 0.160000E-02 -2.502003E 22 J.1798625-03
0.440000FE 00 0.180000E~-02 -0.400000% 02 0.2158625-03
0.460000F 00 0.230000E-02 -0.200000€ 02 2.2558626~03
0.480C00E 00 0.700000E-02 -J.100000EF J2 1.395861c-03
2.500000F 0O J.100000€-01 0.9 Je. 5958625-03

DHTAB ARRAY, SOIL TYPE 2?2

THFTA D(THETA) DIFFUSIVITY H{THETA) PRESSURE HFEAD SIGMA O DELTA THETA
0.502C00:-01 0.680000E=-05 ~0.600000E 06 J.1260302-06
0.700300%-01 0.860200E-05 ~0.900000E 05 2.308022%-06
2.9032005-01 D.133J000E-04 ~0.400000% 05 J.5680005-06
0.110C00F 00 0.230000£-04 =0.100000E 05 0.102800£-05
U.130000€ 00 0.400000E-04 ~0.700002E D4 D.182800E-05
0.150009E 09 U.683200E-04 -J.470000F 04 J.318800:2-05
0.170000E 00 0.120000£-03 -0.200000E 04 0.558800£-05
0.190000E 00 0.180000E-03 -0.100000E 04 2.918800£-05
0.212003F 0D 0.289J30E-23 -2.8000923€ 23 0.147880C~04
042300008 32 0.400000E-03 -0.680000% 03 0.227880F-04
0.250000E 00 U.560000E-U3 -0.570000E8 03 3.339880E-04
0.270C00E 09 3.802390E-03 =2.450020¢€ 13 2.499880%-04
0.290000F 00 0.123000£-02 ~0.330000F 02 0. 7398795-04

«210000F 00 0.17T0000E~-02 =0.220000F 03 ). 107988%--03
0.330000E 0O 0.240000E-02 -0.1900092€ o» J.155988F=02
0.35J0000E 00 0.329000€-02 =0.900000E 02 0.2199882-03

«270C00F 0V 0.440000E~02 ~3.770000E 02 J.397938£ 03
0.390000E 0O 0.600000E-02 -J.60002308 02 Ja427988:-C3
U.4100600E 00 0.800000E-02 -0.500000F 02 0.5879672-02
0.43C000E 00 0.110000€~01 -0.400000E 22 0.807987£-03
0.450000E 00 0.150000£-01 =3.200009%F D52 24110799702
0.470000E 00 0.190000E~01 =0.100000¢ 02 0.1487995~02

0.490000E 00 0.260000E-01 0.0 ). 200799F 02
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80€

BEGIN PESTICIDE SIMULATION
WATERSHFD NAME: P-01

PESTICIDE NAME: DIPHFNAMID

STAPT DATE:

JUL 8, 1973, 16 HRS, 52 MIN, 0.0 SEC JULTAN DATE  2441872.202771778" 0O
ENND NATE:

JUL 16y 1973, 21 HRS, 30 MIN, 0.0 SEC JULIAN DATE 2441881.395e33230 00

PLANT DATE:
JUN 13, 1973, O HRS, 0O MIN, 0.0 SEC JULIAN DATE  2441847.500C00007 00

MATURITY DATE:
SEP 12, 1973, O HRS, 0 MIN, 0.0 SEC JULTAN DATE 2441938.500000000 WO

HARVEST DATFE:
NOV 1, 1973, O HFS, O MIN, 0.0 SEC JULTAN DATE 2441938.50000000" D0

WATE®SHED ZONE DEFINITION

IONE # SOIL TYPF AREA SLCPE LENGTH WIDTH DENSITY SEDIMENT ND,. LAYEF
INCREMINTS LAYERS THICKNITS
CM&xx%2 PERCENT CM CM GM/CMx%2 [
1 SFRL LM 1699679, 4.000 2667.000 22864009 1.600 3.0290 15.30) 1.0
2 SERL LM 38080912. 3.000 26098.496 3347.085 1.600 2.000 5,000 ~+020
3 LT CLAY 59488752, 4.000 12953,.996 5714.996 1.600 3.9J0 15.000 1.060
4 LT CLAY 26668768, 3.000 8762.996 4762.496 1.600 3.049 15.20u ladud
5 LT CLAY 20072400 3.000 9143.996 3238.500 1.600 2,000 15.000 i.000
6 LT CcLAy 42856160, 2.000 11948.996 5333,996 1.600 3.000 15.000 1.000
7 LT CLAY 22055360, 4.000 9905.9%6 5714.996 1.603 3.0 15,009 1.23¢
8 LT CLAY 16996784, 4.000 6857.996 3809.999 1.600 24000 15.000 1.000
9 LT CLAY 24685808, 2.000 3429.000 6476.996 1.5600 3.000 15,000 1.000
10 LT CLAY 17320528. 4.000 6857.996 3619.499 1.602 3.939 15.000 1.239

RUNDFF NDESCRIPTION

IONE # T0 L4 TO Z 70 k1 ™m v
1 21 100.300 0 0.0 0 0.9 0 0.0
2 1 100.000 0 0.0 0 0.0 ) 0.0
3 10 33.333 10 66,667 2 J.0 J Jal
4 3 12.500 10 87.500 0 0.0 2 0.0
5 [} 66.667 10 33,333 0 0.0 Q 0.0
[} 7 66,667 12 33.333 0 2.9 Q J.C
7 1 100.000 0 0.0 o] 0.0 o 0.0
8 1 15.000 10 25.000 0 0.0 Q 0.0
9 5 20.000 10 80.000 ] J.0 J .0

10 8 50.200 10 50.030 o] 0.0 3 v.0

penutiuo) - bur3zstT andang/andul Wyyds oTdwes
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INITIAL CONDITION NUTPUT
16 HRS, 52 MIN, 0.0

JuL 8, 1973,

RAINFALL RATFE =CM/SEC

0.8889€E~-03

PROFILE
THETA

0.8889E-03

0.0
0.500
0.061
0.062
0.063
0.064
0.065
0.066
0.067
0.068
0.069
0.070
V070
0.070
0.070
0.0

0.8889E~-03

0.0
0.500
0.061
0.062
0.063
0.064
0.065
0.066
0.067
0.068
0.069
0.070
2.070
0.070
0.070
0.0

IONE DEPTH PROFILE

SEC

0.8889E£-03

3 4
0.0 0.0
0.500 0.500
0.061 J.061
0.062 0.062
0.063 0.063
0.064 D.064
0. 065 0.065
0.066 0.066
0.067 0.067
0.068 0.068
0.069 0.069
0.070 0.070
0.070 0.070
0.070 0.070
0.070 0.070
0.0 0.0

0.8889F-03

IONE #
S

0.0

0.500
0.061
0.062
0.0632
D.064
0.065
0.066
0.067
0.068
0.069
0.070
0.070
0.070
0.070
0.0

0.8889E~03

0.0

0.500
0.061
0.062
0.063
0.064
0.065
0.066
3.067
0.068
0.069
0.070
0.0790
0.070
0.070
0.0

0.8889%-03

0.0

0.500
0.061
0.062
0.062
0.064
0.065
0.066
Q.067
0.068
0.069
D.370
0.079
0.070
0.070
0.0

JULTAN DATE

0.8883F-03

2441873.202777787

048RB9F~02

J.ubl

0.88R-[

A

NE
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NORMAL CONDITION QUTPUT

L 8, 197z, 17 HRS, 3 MIN, 0.0 SEC
RAINFALL RATE =CM/SEC
J.58322€-03  0U.58336~03 0.5833F-03 0.5833€-03 0.5833F-03 0.5833£-03 0.5833£~03
I0ONE DEPTH PROFILE
IINE 4
PROFILE ] 2 3 4 5 6 7
THETA
! Us T4 J.0 [VERe] 2.0 0.9 0.025 C.018
2 0.489 Je421 0.488 De404 0.490 0.495 0.495
3 0. 449 0.394 2.328 }.328 D.328 0.329 J.329
4 0,269 J.l44 0.068 0.068 0.068 0.068 0.068
5 0.065 0.0632 0.0632 J.063 0.063 0.063 0.063
5 0.264 D.064 C.064 J.064 Q.064 0.364 0.064
7 0. 065 ve0h5 0. 065 0.065 J.065 0.065 0.065
8 0. 066 C.066 C.066 0.066 0.066 0.066 0.066
Q 0.067 T.067 0.067 04067 0.067 0.067 0.067
12 ve 68 0.068 0.068 0.068 0.068 0.068 0.068
AR 0.069 0.069 0.069 0.066 0.069 G.069 0.069
12 U.270 0.0270 0.0790 3.070 0.070 0.070 0.070
12 vedTD 2.270 3.070 0.070 0.070 0.070 J.070
L4 c.070 0.270 0.070 0.070 0.070 0.070 0.070
15 0.070 0.070 0.070 2.070 0.070 0.070 0.070
orT C.568 2.337 J.262 J.257 0.264 0.259 0.269
NISSULVED PFSTICIDE
1 0.372% 02 0.373E 92 G.364E 02 0.366FE 02 0.363E 02 0.361E 02 O0.36lF 02
2 De2K9F 00 3.277% 00 0.298F Ju 0.298F 30 0.298E 20 0.298E 00 0.298F 00
2 0e263°-03 0.322E-032 0.32785-03 J3.278E-03 0.378E-03 O0.378E-03 0.378£-03
& 04233606 0.219E-06 0.242E=-06 0.242E=06 0D.242E-06 0.242E=-06 9.242E~06
5 Je2165-39  J3.216%5-29 0.,230F-09 J.230E-09 2.2302-09 0.230€E-09 0.230E~09
6 De226F-12 0.226E-12 0.236E-12 0.236E-12 0.236F-12 0.236£-12 0.236E-12
7 Ue23G6F=15 0.2392-15 0.247E-15 J.247E=15 0.247E-15 0.247E-15 0.,247E~15
8 0.2526~-18  3.253F-13 U0U.262E-18 J.262E-18 J.262E-18 (.262E-18 0.262F~-18
9 Je270F=21 0.270E-21 0.278BE-21 0.278E-21 0.278E-21 0.278E-21 0.278E-21
12 0.2B83"=24 0.2BBE~24 0.296E-24 0.296E-24 0.296E-24. 0.296E-24 0.296E~-24
11 N.309F-27 0.309E-27 0.,3185-27 ).3186-27 0D.3185-27 0.318E-27 J.318E-27
12 0.3235F-30 0.3356-30 0.344E-30 0.344E-30 0.244E-320 0.344E-30 0.344E-20
13 04362F=-32 (0.362E=33 0.3725-33 0J.3728-33 0.372E-33 0.372E-33 0.372€-33
ADSORAED PESTICINE
1 0.989t 91 0.987E 01 0.960F 01 0.963FE 01 0.958E 01 0.955E 01 0.955E Ol
2 D.458F 00 0.4415 00 0.298t5 00 0.298E V0 0.298E 00 0.298E 00 0.298E 00
3 0.118F-02 0L101E-02 O0.713E-03 DJD.713E-93 0.713E-03 0.713E-23 0.713€6~03
4 J.150F-05 J.142-05 0.111E-05 0.111E-05 0.111E-05 O0.111E-05 3.111E~05
5 0.28CE~-08 0.2B0E-08 0.219€-08 0.219E-08 0.219€E-08 0.219€E-08 0.219E-08
&6 0,5826-11 0.582E-11 0.452E-11 0.452€6-11 J.452F=-11 0.452E-11 0.452%5~11
7 0.122E-13 0.122E-13 0Q.944E-14 0.944E-14 0.944E-14 0.944FE-14 0.944E-14
8 0.257F=16 0.257E-16 C.199E-16 D.199E~-16 0.199€-16 0.199c-16 0.199E-16
9 0.542E-19 0.542€E=19 0.4195-19 0.419E-19 0.419E-19 0.419E-19 0.419E~19
10 D.1156-21 0.115E-21 0.885E-22 0.885E-22 0.885E-22 0.8B85E-22 0.885E~22
il 0.244E=-24 0.24%€E-24 0.188E-24 0.188E-24 0.188E-24 O0.188E-24 0.188E-24
12 0.523F-27 0.523E=27 0D.404F-2T7 DJ.404E-27 0.404E-2T7 0Q.404E-27 0.404E~-27
13 De112F=-29 0,1126-29 0.863E-30 0.863E-30 0.863E-30 0.863E-30 0.863E~30

JULIAN DATE

J.5833£-03

8

J.141
J4495
J).329
0.068
0.063
J.064
0.065
0.066
Je 067
3.068
0.069
J.070
J.079
J.0T0
Je0T)
U. 269

D.361E 02
v.298E 00

«278E~03
0.242F~-06
0.230E-09
0.236E~-12
0.24TE-15
0.262&-18
0.278F=21
0.29%t=-24
0.318E-27
0.344E=30
0.372E-33

0.9558 01
0.298E 00
0.713E-03
0.1112-05
0.219E-08
J.452%-11
0.944E-14
0.199E-16
0.419E-19
0.885e-22
0.188E-24
Q4V4E-27
0.863E-30

2441873,208333330 Du

0.5823F=03

9

0.0

0.47T6
0.327
0.068
0.063
G.J64
0.065
0.066
0.267
0.068
0.069
0.070
0.070
0.070
0.07T0
0.248

0.371E Q2
0.298E 00
0.378E~-03
0.242E-06
0.230E-09
0.236E-12
0.247E-15
0.2625-18
0.278E=-21
0.296E~24
0.318E-27

«244E-30
0.372€E-33

0.970E 01
0.298E 00
0. 7T13E-03
0.111€-05
0.219€-08
0.452E-11
0.944t-14
0.199E-16
0.419E-19
0. 885E-22
0.188E -24
0.404F-27
0.863E-30

0.5832¢8 Q:Z

190

0.268
0.495
0.329
0.068
0.063
0.264
0.065
0.066
0.267
0.068
0.069
0.370
0.070
0.070
C.UTY
0.269

0.3h1E 02
0.298F 00
0.378E-032
0.242E-2¢
0.230E-09
0.236F 12
0.247TE-15
Ve262E~18
0.278F -21
0.296E-24
0.318t-27
0.344E -30
0.372E-32

0.955E Ol
0.298E 00
0.7138-03
0.111E-05
0.219%5--08
0.452E-11
0.944E -14
C.199€E~16
0.419F-19
0.885F-22
0.188E-24
0.404E-27
0.863E-30

ponuTjuo) - Hur3isTT Indino/3ndul WWNOS o1dues
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FOME ¥ SECIMENT RUNOFF
LGOAC RATE
GM/CM/SEC CM/S
1 0.4691E-01 0.1849E-01
2 Uev G 0O
3 0.0 0.0
4 0.9 0.0
£ Jed Jeid
6 0.6593E-02 0.6980€-04
7 2.6314E-02 0.1134E-03
B Jel616F-71 Gal236E-92
9 0.C 0.0
10 0.3071F-01 90.2424E-02
AVERAGFE AVERAGE
ORNFILF PESYICIDE PESTICIDE
NPEPTH QISSCLVFN AOSOPSRED
MICROGPAMS  MICROGRAMS
1 J.1740F 0z 0.1544F 02
¢ 0.1020E 00 0.5250% 00
3 0.3559E~04 0.1262F-02
4 0.1507F-07 0.1885E-05
5 0.1455°=10 0.3696E-08
&6 0.1522E-12 (Q.7641E-11
T Ue.l621E-16 0.1599c-13
€ 0417426-19 0.3364FE-16
e 0.1879F=-22 9D.7098E-19
10 0.2021F-25 0.1500£-21
1L D.2214F-28 0.3194F=24
12 0423S7E-321 0.6B446F-27
12 0.2593E-34 u.l463F-29
ACCUMULATEDR FUNOFF 3
WATER = 7655.LITERS
SEDIMENT = 100.KILOGRAMS
TNTAL WATER 0SS
FROM EVAPUTRANSP IRATION
= « LITEKS
ATCUMULATED INFILTRATION
WATER LNSS = 0. LITERS
WATER BALANCE:

WATER IN = 0.4602187% 06 LITERS
WATER OUT = 0.4602207% 06 LITEFRS
IONE 1 INFILTRATION RATE=
IONE 2 INFILTRATION RATE=
IONE 2 INFILTRATION RATE=
INNE & INFILTRATION RATE=
IONE 5 INFILTRATION RATE=
IONE 6 INFILTRATION RATE=
IONE 7 INFILTPATION RATE=
INNE 8 INFILTRATION RATE=
7ONE 9 INFILTRATION RATE=
LONE 10 INFILTRATION RATE=

TOTAL
PESTICIDE
MICROGRAMS

0.3458F 902
V.3232€ 92
0.3372F 22
0.3372E 22
0.3372E 02
C.3372E 02
0.3372E 02
Je3372% J2

«2372F 02
0.3372E 22

TOTAL
PESTICIDE

MICROGRAMS
0.3304F 02
0.6270E 20
J.1298E-)2
0.1900E-05
0.3710€-28
J.76575-11
0.16G0E~-13
0.3366E~-16
0.7100E-19
0. 1560E-21
0.3194E-24
3.6846E=-27
U.1463E-29

0.4532E-32
0.6000E-23
0.2287E-02
J.1847E-22
0.2542E-02
0.3019E-02
0.3019E-02
0.3019E~02
0.9215E-03
0.3019E-72

CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC

IN WATER
ON SEDIMENT

IN WATER
ON SEDIMENT

BCCUUMULATED PFSTICIDE L0OSS:

2.30GF AMS/HECTARE
0.01GRAMS/HECTARE

won

¥ OF PESTICIDE APPLIED

= 0.0682
= 0.0J303

INSTANTAMELUS PESTICINE LOSS
826 62MICHFOGRAMS /LT TEF
C.2TMICKOGFAMS /GRAM

RATE OF PESTICINE LOSS
2975808, 38MICFRNGHAMS/LTTER /HER
A97.56MICROGR AMS/GF M /HF

penutiuod - BburisTI 3Inding/andur Wvygds o1dwes
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NOEMAL CONDITION NUTPUT

JuL 8, 1973, 17 HRS, 10 MIN, 0.0 SEC
RAINFALL RATF =CM/SEC
0.4000E-02 0.4000E-03 0.4000%-03 0.4000E-03 0.4000E-03 0.4C00E~-03
ZONE DEPTH PROFILE
ZONE #
PROFILC 1 2 3 4 5 6
THETA
1 1.234 0.9 0.033 0.027 0.038 0.077
2 0.457 0.436 0.482 0.482 0.482 0.482
3 0.452 0.427 0.455 J.455 0.455 J.455
4 0.412 0.376 0.166 J.165 0.166 3.166
5 0.291 0.123 0.063 0.063 0.063 0.063
6 0.069 J.064 0.064 0.064 0.064 Dedb4
7 0.065 0.065 0.065 0.065 0.065 0.065
8 0.066 0.066 0.066 0.066 0.066 0.066
9 0.067 0.067 0.067 3.067 0.067 D.267
10 N.068 0.068 0.068 0.068 0.068 J.068
i 0.069 0,069 0.069 0.069 0.069 0.069
12 0.070 0.070 0.070 0.070 0.070 0.070
13 J.070 24072 0.070 0.070 0.070 0.070
14 0.070 0.070 0.070 0.070 0.070 0.079
15 0.070 0.070 0.070 0.070 0.0790 0.072
ci7 0,931 D. 677 0.480 0.479 0.480 0.4890
DISSOLVED PESTICIDE
1 0.365E 02 0.378FE 02 0.361FE 02 0.361E 02 0.361F 02 0.361F 02
2 0.491E 00 J.532E 00 D.588E Q00 J.588F 00 J.588E 00 0.587% JJ
3 0.219F~-02 0.128E-02 (Q.208E-02 0.208c-02 0.208E-02 0.2085-)2
4 0.295E-05 O0.575E-06 0.730F-06 0.729E-06 0.730£-06 0.731E-06
5 0«541F-09 04243E-09 0.280E-09 J.280E=-39 D2.280E-09 (0.280&t-09
6 0.243E-12 0.233E-12 0.251€-12 0Q.251E-12 0.251E-12 0.25l€E-i2Z
7 0.245E-15 0.242E-15 0.255E~15 J.255E~15 0.255E-15 0.255E-15
8 0.257E~-18 0.,255E-18 0.266C-18 0.266E~18 0.2665-18 0.266E-18
9 0.272E-21 0.271E-21 0.280E-21 0.280E-21 0.280%-21 0.2805-21
10 0.289E~24 0.288E-24 0.297E-24 0.297E-24 0.297E-24 0.297E-24
11 0.310E=-2T7 0.309E-27 0.319€-27 0D.319E-27 D.319E-27 0.319E-27
12 0.335E-30 0.335FE-30 0.3456-30 0.345E=~30 0.245E-30 0.345£-30
13 0.362E~-33 (0.362€E-33 0.373F=33 0.373E-33 0.,373€-33 0.373E-33
ADSORBED PESTICIDE
1 0.980F 01 0.102E 02 0.955E 01 Q.955FE 01 0.955F 01 0.955F 01
2 0.485E Q0 0.593E 00 0.444F 00 0.444E 00 0.444E 00 0.444F 00
3 0.260E-02 0.248E-02 0.194E-02 0.,194E-02 0.1945-02 0.194E-)2
4 0.513E-05 0.234E-05 0.212E~05 V.212E~05 0.212E-05 0.212€-05
5 0.363F-08 0.231E-08 0.2456-08 0.245F-08 0.245F=-08 0.245E-~08
6 0.458E-11 0.450E-11 0.468E-11 0.468E-11 0.468E-11 0.468E~-11
T 0.934E-14 0.930E-14 0.961E-14 0.961Et-14 0.961E-14 0.961E-14
8 0.195E~-16 0.195€-16 0.200€-16 0.200E-~16 0.200E-16 0.200E-16
9 0.410E~19 0.410E-19 O0.421E-19 0.421E-19 0.421E-19 (0.421E-19
10 N.865F-22 0.865E-22 0.887E-22 0.887E-22 0.887E-22 0.887E-22
‘11 0.184E-24 0.184E=-24 0.189E-24 0.189E-24 0.189€-24 0.189E-24
12 0.394FE=-27 0,394E=27 0.404E~27 0,404E-27 0.404E-27 0.404E-27
13 0.842E-30 0.842F-30 0.863E-30 0.863E-~30 0.863FE-30 0.863£-30

0.4000E-03

7

0.068
0.482
J.455
0.166
0.063
J.064
0065
0.006
0.067
0.068
0.069
Oea07Jd
Je 070
0.07T0
2.070
0.489

0.361F 02
J.587E 20
0.208F -C2
0.731E-06
V«280E-09
0.25%E~12
D.255E--15
J.266E-18
0.280€E-21
3.297E-24
).319E~-27
0.345F=30
0.373€--33

0.955€ 01
D.444E Q0
Je194E=-02
0.212E-05
0.245E-08
J.468E-11
J.961E~14
0.200E-16
J.421E-19
0.887E-22
0.189E-24
J.404E-27
0.863E-30

JULTAN QATE

0.43008-0%

8

0.2'8
). 482
. 455
0. 166
J.363
)64
D065
Jeh6
2.067
0.068
0.069
D073
0.070
V.070
Je T3
Je48uU

0.361F 02
0.587% 0D
0.208F-02
2.7315-06
Ve?B8utb-u9
0.251t-12
0.255E=15
J.265c-18
0.280E=-21
0.,297E-24
De3198-27
0.245E~20
0.373E=33

0.955% 01
J.444F 00
Ul 194E-02
0.2128-05
0.245E-08
J.468E-11
0.961E-14
0.200t~16
3.4215-19
0.887E-22
0.1898-24
D.404E-27
0.863£=30

2441872,21527778) (v

0.40000-02

q

c.0l1
0.4R2
De455
0.165
0.063
Ua204
0.065
0.266
Je 267
0.0€8
0.069
D70
0.J70
0.070
0.270
0.470

0.261c 22
U. 5885 00
0.207£-02
0.727E-06
0.280E~09
D.251E~12
0.255E~15
0.266E-18
0.280E-21
0,257E~-24
0.319E-27
0.345F~30
0.373E-33

C.956F 0i
O.444E 00
Ce194E-02
0.212E-05
0.245£-08
0.468E-11
0.961L-14
0.200E-16
De421E-19
0.887E-22
0.189E-24
0.404E-27
0.B8632E~-30

Ue. 4Q00F 02

12

Q.42
0.482
JeubdH
. 166
N.2672
Jedbh
0.065
Gedbb
0. 067
N.0638
0.069
Jed T2
N.0T0
Q.070
JeCT)
0. 480

weZ61% 22
0.587% 0Ou
U.2UB8F 02
C.731E-2¢
Ve28GF-09
02518 -1c
Le255E-15
Ue266:-13
Oe2800-21
C.297F-24
U.316%-27
«245F-30
G.373E-32

0.955EF 0
0.444F T3
Cel94E~02
0.2.2F-05
0.245F~08
Q.468E-11
0.961F -14
0.200F 16
C.421E-19
0.88B7E~-22
0.189F -24
0.494E-27
0.863E~30

- but3ysTT 3nd3ang/andur WWNOS ordwes
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LONE # SEDIMENTY RUNOFF  TOTAL
LOAD RATE PESTICIDE
GM/CM/SEC CM/S MICROGRAMS
1 0.1702E 00 0.1951E-01 0.3334F 02
2 0.0 0.0 0.3405E 02
3 0.6441E-02 0.2049E-03 0.3368F 02
4 0.4663E-02 0.1981FE=03 0.3368F 02
5 0.53326-02 0.2422E-03 0.3368E 02
6 0.6346E-02 0.2345E~03 0.3368F Q2
7 0.8226E-02 0.4696F-03 0.3368E 02
8 0.2620E-01 0.1930E-92 0.3368E 02
9 0.21233€-02 0.2072F-03 0.3368E 02
10 0.6644E-01 0.3712F=-02 0.3368E 02
AVERAGE AVERAGE TOTAL
PROFILE PESTICIDE PESTICIDE PESTICIDE
DEPTH DISSOLVED ADSOPBEN
MICKOGRAMS MICROGRAMS MICROGRAMS
1 0.1724E 02 0.1544F D2 0.3268E 02
2 0.2590E 00 0Q.7407E 00 0.9997E 00
3 0.4134E-03 0.32985-02 0.3711E-22
4 0.1297E-06 0.3910€-05 0.4040E-05
5 0.1961E-10 0.4089&-08 0.4108E=-08
6 0D.1616E-13 J,7445F-11 0.7461€F-11
7 0.1667E-16 0.1528F-13 0.1529€E-13
8 0.1766E-19 0.3187E-16 0.3189E-16
9 0.1B92E-22 0.5697%~19 D.6699E-19
10 0.2038E-25 0.14128-21 0.1413E-21
11 0.2218E~28 0.3004F-24 0.2004E-24
12 0.2399E-31 0.64356~27 Q.6435€-27
13 0.2594E-34 0.12374E-29 0.13T74E-29
ACCUMULATED RUNOFF:
WATER = 24046.LITERS
SENIMENT = 2T79.KILOGRAMS
TOTAL WATER LOSS
FPOM EVAPOTRANSP IRATION
= 0. LITERS
ACCUMULATED INFILTRATION
WATFR LOSS = 0. LITERS
WATER RALANCE:
WATFR IN = Q0.5519909E 06 LITEPRS
WATER QUT = 0.5519946F 06 LITEPS
IONE 1 INFILTRATION RATE= 0.5569E-33
IONE 2 INFILTRATION RATE= 0.53322£-03
IONE 3 INFILTRATICN RATE= 0,3165£-03
IONE 4 INFILTRATION RATE= 0,3168E£-23
IONE 5 INFIt TRATION RATE= 0.3164€-03
IZONE 6 INFILTRATION RATE= 0,3162€6-33
I0NE 7 INFILTRATION RATE= 0,3162€-)3
IONE 8 INFILYRATION RATE= (Q.3162E-03
IONE 9 INFILTRATION RATE= (Q.3177E-03
IONE 10 INFILTRATIDON RATE= 0.3162E~-03

CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC

ACCUMULATED PESTICIDE LOSS:

IN WATER
ON SEDIMENT

¥ OF PESTICIDE

IN WATER
ON SEDIMENT

4o

APPLIED
0.2152
0.0008

T.25GFAMS/HECTARE
0.03GRAMS/HCZCTARE

INSTANTANECUS PESTICINE L DSS
BLlEBOHMICEOGREMS/LTT-F
Do2THICKOSRAAGFGL AN

“eTE OF PESTICINE LPSS
4901 L OZMICROGRAMS/LTTI R /HE
16, 4BMICHNGRAMS /SR AM /MR

- but3sTT Indano/andur wvyos oydures
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KDEMAL COKMDITIAON OUTOUT

L B, 1973, 17 HPS, 20 MIN, 0.0 SEC
FAINFALL PATE =CM/SFC
J.4907¢-03  0.4000%5-03 0.4000-03 0.4000E-02 0.4000E-03 0.4C00E-03
I0ONME JEPTH PROFILE
LONE #
PROFILF 1 2 3 4 5 6
THETA
1 V. 738 Jed Ga0la J.ull 0.016 0.043
2 0.472 J.440 Je491 0.491 0.491 Q.491
E 0.663 0.425 0.467 J.4ab7 D.467 J.467
4 0.436 J.392 J.307 Je307 0.307 0.338
5 C.794 0.318 0. 074 J.074 0.074 0.074
& 0.235% 0.082 0.064 2.064 0.064 ). 064
7 0.067 J.0b5 G065 0.065 J.065 0.065
R C.C66 0.066 0.06A 0.066 Q.066 0.066
S D.067 G.067 0.067 J.067 0.067 Dedb7
12 0068 e 068 v.068 V.068 O.u68 0.068
k) 0.069 0.069 0.069 0.069 0.069 0.069
12 C.010 0.070 0.070 0.070 0.070 2.070
13 DT 2070 0.070 v.073 0,070 0.070
RS 0.070 0.Q70 0.9070 0.070 0.070 0.070
15 0.070 0.070 0.070 0.070 0.070 0.070
ciT 1.253 e Q07 0.652 0.653 0.653 Je6573
DISSOLVED PESTICIPRE
1 0.352F Q2 0.371E 02 0.351€ 02 0.351F 22 02.351E 02 (.35l 02
2 Qo T03F 30 0L.727E 00 0.B889E 00 2.889E 00 2.388f 00 U.888C 00
2 Je5736-02 0.,411F-02 O0.825F=02 0.82%E5=02 0.8255-02 0.825E-02
4 J.286E 04 0.,927€-05 0.9995-25 ($.998E=05 0.100F=04 J.1005-04
5 0.271F=-07 J.7326-08 0.931£-09 J.930E-09 J.922F-29 0.933F-09
6 Yec24F=11 0.2B4F-12 (0.281€-12 0.281E~-12 2.28lE=-12 0.28lE-12
T 0.2655-15 0.250F~15 0.263E-15 0.263E=15 0.263F~1% 0.263E-15
R N.Z261E-18 D.259E-1R (0.270E-18 O0.270E-18 DJ.270E-18 0.270E-1R
9 0.274E-21 v.273FE-21 0.782FE=-21 0.282E-21 D.282E-21 0.282E-21
10 0.290F-24 (0.289E~24 0.798F=24 D.298f~24 0.298E-24 0.298E-24
11 0.210E-2T7  J.310E-27 0.3195=27 J.319E-27 3.319£-27 0.319E-27
12 Ua2355=30 0.335F-20 J.345E-30 0D.345E-30 0.345E-30 0.32452-30
13 N.2638-33 (0.3625-33 0.372E=-33 O0.373E~-22 0.373E=-33 0.373E-33
ANSCOFBFD PESTICIDE.
1 0.959E 01 0.101Fk 32 U.940F 01 0.940f 01 0.940FE 0] 0.940& 01
2 0.598E 00 J.713E 00 0.566E 00 0.566E 00 0.566E 00 0.566E 00
3 D.458F-02 D.494F-22 C.438F-02 DJ.,43BE-(32 2.4387-02 DJ.438E-32
4 0.195E~04 0.1205-04 0.988E-05 0.987E-05 0.988F-05 0.989E-05
S D.436F~-07 0.872F=08 0.497E~38 D.49T7E=08 0.4975~08 0.498E-08
[ 0.173E~10 0.505F-11 0.500E-11 0.50JE~11 J.500F-11 0.5J0E-11
7 0.978F-14 0.947E~14 O0.978E-14 0.978€E-14 0.978E-14 Q.978E-14
8 0.197E-16 0.196E-16 0.202E-16 0.202FE=16 0.202E-16 0.202E-16
9 D.412E-19 0.411E-19 0.423E-19 0.423E-19 0.423E-19 0.423E-19
10 D.867E=-22 0.B867E-22 (0.889E~22 0.B89E-22 0.889E~22 0.889E-22
11 0.184E-24 0D,184F=-24 0.189F-24 0.189E-24 0.189E-24 0.189E-24
12 043294E=27 0.394E~27 0.404E-27 0.404E-27 0.404E-27 0.404E-27
12 0.8426-30 0.842E-30 0.863E-30 J.863E-30 0.863E-30 0.863E-30

0.4000E=03

7

0.044
0.491
Je 467
0.308
V.074
D064
0.0065
0.066
2067
0.068
0.069
JeDTu
0.070
0.070
0.070
0.653

0.351€ 02
0.888E 00
0.825€-02
0.100E-04
06.933E-09
0.2810=-12
0.263E-15
D.270E-18
0.,282F-21
J.293BE=-24
J.319E=-27
0.345E=-320
0.373E~33

0.940E 01
0.566E Q0
0.438E-232
0.989F~05
0.498E-08
0.500E-11
0.978E-14
0.202E~-16
0.423E-19
0.889E-22
0.189E-24
0.404E-27
0.B863E-30

JULTAN DATE

0.4000C-03

3

0.181
J.491
o467
0.%08
JeUT4
o304
0.065
2.066
D67
0.068
J.069
JTD
J.072
0.070
PR N iN]
U.653

J.351% 02
J3.983% 00
0.825F=-02
0.100E-04
0.9335-09
0.281€E-12
3.263F-15
J.270E-1¢8
0.282E-21
0.29R8E=-24
J.3196-27
0.345E£-30
0.3730=-33

0.940E 01l
D.566E 00
J.438E-02
0.989E-05
J.498E~08
J.50JE-11
0.978F~14
0.202E-16
Q.423E-19
0.889€-22
0.189E-24
0.404E=27
0.863E~30

2441873.222222220 Gu

0.4000E-03

9

0.004
0.491
DeabT
0.307
0.074
Ve D64
0.065
U.066
S.067
0.068
0.066
Q.070
0.070C
V.070
Je2T2
0e552

0.351F 02
0.889% L0
V.825F=-02
0.995£-05
0. 927%=09
0,2818~12
0.263F-15
0.270E-18
0.282E~21
0.298E-24
0.319E-27
0.345€-30
0.373E~33

0.940E 01
0.566E 00
O«438E-02
0.985E=05
0.496E£~-08
0.52005-11
0.978E~-14
0.202E-16
Je.423E-19
0.889E~22
0.189€-24
De4DGE-27
0.863E£-~30

0.4000F O

19

0.309
0.491
D.467
0.308
0.074
Del64
0.065
0.366
Qe 67
0.06¢
J.069
Q.70
0.070
D.070
0.073
0.652

G.351F 22
0.888E 00
0.825F~02
0.100E~04
U.933E-06
0.281E-12
0.263F-15
0.270F-18
0.282E-21
0.298E-24
0.319E~-27
0.345E-20
0.373€-33

0.940E Ol
G.566E 00
0.438E-02
0.989F-05
0.498E-08 .
0.5930E-11
0.978E-14
0.202E-16
J.423E-19
0.88B9E-22
0.189E-24
0.404E-27
0.863£~30

- but3sTT 3ndano/andur Wv¥Ds ordues
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TOTAL
PESTICIDE
MICROGRAMS

0.3327E
0.3398E
0.3361F
0.3361E
0.3361E 02
0.3361E 02
0.3361E
0.3361E
0.2361F
0.3361E

02
92

TOTAL
PESTICIDE

MICROGRAMS
0.2228E 02
0.1330F 01
0.9564E-22
0.1971E-04
0.1568E-07
0.1001E-10
0.1562E-13
0.3217E-16
0.6729E-19
0.1416E-21
0.3008E=-24
2.6439E-27
0.1375€-29

0.6849E-03
0.32667E~-03
0.3760E-03
0.3762E-23
0.3760E-03
0.3760E-03
0.3760FE-03
0.3760E-03
043763E-03

ZIONE # SEDIMENT RUNOFF
LOAD RATE
GM/CM/SEC CM/S
1 0.7509E-01 0.1851E-01
2 0.0 0.0
3 0.2846E-02 0.7809E-04
4 0.2111€E-02 0.67615-04
5 0.2392E-922 0.9371E-04
6 0.2922E-02 0.1425E-03
7 0.3482E=-02 0.2870E-03
8 0.1478E-01 0.1638E-02
9 0.9819F-03 0.4623E-04
10 0.2829€-01 0.2839E-02
AVERAGE AVERAGE
PROFILE PESTICIDE PESTICIDE
DEPTH DISSOLVED ADSCRBER
MICROGRAMS MICROGRAMS
1l 0.1709t 02 0.1519E 02
2 0.3955F 00 0.9345E 00
3 D0.2440€-02 0.7124T-92
4 0.2011E-05 0.1770E-04
5 0.9401F-09 0.1474E=-07
6 0.3218E-13 D.9980F-11
7 0.1728E-16 0.1560E-12
3 0.1793E-19 0.3215€E~16
9 0.1906E-22 0.6727E-19
10 0.2046E-25 0.1416E-21
11 0.22228-28 0.3007E-24
12 0.,2401E-31 0.6439E-27
13 0.2595F-34 0.1375E-29
ACCUMULATED RUNOFF:
WATEP = 44430.LITERS
SEDIMENT = 492 .KILOGRAMS
TOTAL WATER LOSS
FRNOM EVAPNTRANSP IRAT ION
= G. LITERS
ACCUMULATED INFILTRATION
WATER LOSS = 0. LITERS
WATER BALANCE:

WATER IN = 0.6140701E 06 LITEFS
WATER DUT = 0.6140770E 06 LITERS
ZONE 1 INFILTRATION RATE=
I0NE 2 INFILTRATION RATE=
IONE 3 INFILTRATION RATE=
IONE 4 INFILTRATION RATE=
IONE 5 INFTILTRATION RATE=
IONE 6 INFILTRATION RATE=
ZONE 7 INFILTRATION RATE=
ZONF 8 INFILTRATION RATE=
IONE 9 INFILTRATION RATE=
IONE 10 INFILTRATION RATE=

0.3760E-03

ACCUMULATED PESTICIDE LOSS:

b 4

CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC

IN WATER
ON SEDIMENT

OF PESTICIDE

IN WATER
ON SEDIMENT

APPLIED
0.3982
0.0015

13.40GRAMS/HECTARE
0.05GRAMS/HT (TARE

INSTANTANEQUS PFESTICTIOE LUSE
B15.93MICROGEAMS/LIT -
0.27TMICROGRAMS /GRAM

FATE OF PESTICINE LSS
86227.00MICFOGFAME/LT T /HE
Z28.91MICROGRANS/GRAM/HF

penutiuo) - Hbur3istI Indang/andul WYIDS oTdwes
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NORMAL CONDITION QUTPUT

JuL 8, 1973, 17 HRS, 30 MIN, 0.0 SEC
RAINFALL RATE =CM/SEC
0.4000F-03 0.4000E-03 0.4000E-03 0.4000E-03 0.4000E-03 0.4000E-03
ZONE DEPTH PROFILE
LONE
PROFILE 1 2 3 4 5 6
THETA
1 0.803 0.0 0.024 0.019 0.027 0.061
2 0.471 0.447 0.490 0.490 0.490 0.490
3 0.467 0.439 0.473 0.473 0.473 0.473
4 0.446 0.414 0.389 0.389 0.389 0.389
5 0.417 0.371 0.130 9.130 0.120 0.130
6 0.371 0.214 0.064 0.0064 0.064 0.064
7 0.160 0.067 0.065 0.065 0.065 0.065
8 0.066 0.066 0.065 0.066 0.066 0.066
9 0.067 0.067 0.067 0.067 0.067 J.067
19 Q.068 3,068 0.068 0.068 0.068 0.068
11 0.069 0.069 0.069 0.069 0.069 0.069
12 0.070 0.070 0.070 0.070 0.070 0.070
13 0,070 D.070C 0.070 0.070 0.070 0.070
14 0.070 0.070 0.070 0.070 0.070 0.070
15 0.070 0.070 0.070 D.070 0.070 0.0790
cIT 1.516 1.137 0.795 0.795 0.795 0.795
DISSOLVED PESTICIDE
1 0.348E 02 0.362E 02 0.347E 02 D.347€E 02 0.34TE 02 0.347E 02
2 0.924E 00 0.931E 00 0.118F 01 2.118E 01 9.118E 01 0.118E &1
3 0.116E-01 0.861E-02 0.202E-01 0.20258-01 O0.2Z02E-01 0.202E-01
4 0.103F-03 0.521E~04 0.106E-03 0.106E-03 0.106E=-03 0.106E-93
5 0.629E-06 0.113E-06 0.3756-07 J.3T74E-07 3.375E-07 0.376E-07
6 0.100€-08 ©0.123E-10 0.121F-11 O0.12iE-11 0.121E-11 0Q.122E-11
7 045275=13 0.337E-15 0.279E~-15 0.279E-15 0.279E~-15 0.279E~-15
8 04396E-18 0.263F-18 0.274FE-18 0.274E-18 0.274E-18 0.274E-18
9 0.276E-21 0.275E-21 0.284E-21 0.284E-21 0.284E-21 0.284E-21
10 0.291E-24 0.290E~24 0.2995-24 0.299E-24 0.299E-24 0.299E-24
11 0.311E-27 0.311E-27 0.320E~27 DJ.32)E=27 0.320E-27 0.320€E-27
12 0.336E-30 0.336E£-30 0.345E-30 0J.345E-30 0.3456~-30 0.3455-30
13 0.363E-33 04363E-33 0.373E-33 0.3738-33 (0.373€-33 0.373£-33
ADSORBED PESTICIDE
1 0.953E 01 0.100E 02 0.933E 01 0.933E 01 0.933E 01 0.933€ 01
2 0.TO3E 00 0.825E 00 0.667E 00 0.667E 00 0.667E 00 0.667E 00
3 0.692E-02 O0.763E~-02 0.742E-02 0J.T7428-02 0.742E-02 0.742E-)J)2
4 0.416E-04 0.336FE~04 0.397E-04 0.397-04 0.397E-04 O0.397E-04%
5 0.231E=06 0.856E-07 0.437E=07 0.436E-07 O0.437E=07 0.437E-07
6 0.612E-09 0.463E-10 0.1185-10 0.118E-10 0.118E-10 0.11BE-1D
T 0.220E-12 0.113E-13 0.101E-13 0.101E-13 0.101E~-13 0.101E~13
8 0.251E-16 0.198E-16 0.204E-16 (0.204E-16 0.204E-16 0.204E-16
9 0.414E-19 04413E~19 0.425E-19 0.425E-19 0.425E-19 0.425E-19
10 0.869E-22 0.868E-22 0.891F-22 0.891E-22 0.891E-22 0.891E-22
11 0.184E-24 0.184E-24 0.189F-24 0.189E-24 0.189E-24 0.189€-24
12 0.395E-27 0.395€-27 0Q.405E-27 0.405E~-27 0.405E-27 0.405€-27-
13 0+842E-30 0.842E-30 0.864E~30 0.864E-30 0.864E-30 0.864E-30

0.4000E5-03

7

2.054
J.490
0.473
0.389
0.130
0.264
0.065
0.066
3067
0.068
0.069
Qe 270
0,070
0.070
0.070
0.795

D.347¢ 02
J.118E 01
0.202€-01
0.106E-03
0.376E~07
0.122F-11
0.27%E-15
0.274E~-18
0.284E-21
7.299%E=24
J.320€-27
04345E-20
0.373€6-33

0.933F 01
0.667E 00
0.T42E-02
0.397€-04
0.437E-07
J.113E-10
0.101E~13
0.204E-16
0.425E-19
0.891E-22
0.189E-24
0.405E=-27
0.864E-30

JULIAN DATE

V.4000E=-03

8

J.191
J.490
Je4T3
0.389
J2.130
).J364
0.065
0.066
J.067
J. 068
0.069
2,070
Yed TV
J.070
2.2370
Je 795

0.347E 02
0.118F 01
0.202F-01
0.106c-03
0.3T6E-07
0.122E-11
0.279€-15
J.274F-18

«284E=21
0.299E=-24
De320£-27
0.245£-30
0.373€=-33

0.933EF 01
0.667E 00
D. T42E-22
0.3972=04
0.437€-07
J.118E-10
0.101E-13
0.204E=16
0.4255-19
0.891€-22
0.189E=-24
0.405€E=-27
J.864E-320

2441873.229166670 Jv

0.4000F-02

9

0.009
0.490
D.473
0.388
0.129
Q.064
0.065
V.66
0.067
0.068
0.269
0070
0.070
0.070
G.OT0
Oe 794

0.347E J2
0.1185 Ul
0.202E-01
0.106E~-03
0. 372E-07
0.120&-11
0.279E~-15
J.274E-18
0.284E=21
D.299E~24
0. 320E-27
0.3455-30
0.373E-33

0.933F 01
0.668E 30
Q. 742E-02
0.397£-04
0.434E~07
0.118E-10
0.101E-13
0.204E~16
0.425E-19
0., 891E-22
0.189E-24
0.405€-27
Q.864E~-30

0.4000F- 02

10

0.353
0.490
0.4773
0.389
0.130
0.364
0.0695
G.066
Q.267
0.068
0.069
0.270
0.070
0.070
0.273
0e795

0.347F J2
G.118E 01
0.202E-01
C.106E-02
CoITEF~0T
0.1c2€~11
0.279E~15
0.274E~18
0.284F =21
0.299E-24
0.320E~-27
0.345F-30
0.373E-33

0.932F 01
0.667E 00
0.T42E-02
0.297E~04
0.437£-07
0.118E-10D
0.101€ 12
0.204E~16
0.425€E~19
0.891E-22
0.189E-24
0.425E-27
0.864E-30

penutiuo) - buristT 3Indino/Indul WYHDS oTdwes
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ATCUMULATED HUNOFF:
61704.LITEFS

WA

SEDIMENT
LOAD
GM/CM/SEC

C.1062E 03
Jed

0.2985E-02
0.2173€E-22
J424B2F-32
0.2663E-02?
0.3860E-22
2.1793F-21
0.9980t~0%
0.3424F=01

AVERAGE

PESTICINE
NISSOLVED
MICRCGR AMS
2.1685F 02
0.5297€ 00
TL.Tl64E~02
0.17°16-04
0e27€75-07
).1612E-1C
Je366TFE-15
J.1909€E~-19
J.1921€-22
0.2054F-25
0.2226E-28
0.2404E-31
J«2597E~34

TEE =

SENTMENT

TrTey

FEOM EVAPOTR AN

ACCUMULATED

wWATER

WATER 1
WATED |
WAT AL 0
INNE
INNE
I0GNFE
TONF
INNF
ZINF
TONF
ZONE
INNF
TONE

-

WATER LNSS

RUNIFF
RATE
cM/S

0.1920E-31
0.0

D.1268£-03
0.1287€-03
J.16226-03
0.1812F-03
2.3635€~03
2.1718E-)2
0.1240FE~03
0.3146E-22

AVERAGE
PESTICIDE
ADSNRRED
MICRIGRAMS
0.15078 22
Q.1099E 91
J.1183%-)1
0.62885-04
0.1065E~-36
J.12345-39
0.4990E-17
0.3330E-16
J.6757E~-19
Je1419F-21
0.3011F~24
De6443E-27
0.1375€-29

536.KILNGRAMS

SPIRATIIN

« LITERS

LNSS =

ALANCE:
N =
Ut =

O ODD®M~NCN WM

0.67614R88E 06
C.6761594F 06
1 INFILTRATINON
INFILTRATION
INFILTRATION
INFILTRATION
INFILTRATION
INFILTRATION
INFILTRATIONN
INFILTRATION
INFILTRATION
INFILTRATION

INFILIRATION

0. LITZPS

LITERS
LITEFS
QATE=
RATE=
FATE=
RATE=
RATE=
RATE=
RATE=
RATE=
RATE=
RATE=

TOTAL
PESTICIDE
MICRNGRAMS

0.3322F 02
J.3393E 02
0.2356F 22
D.33546E 22
U.3356E 22
0.3356% 02
0.3356% 92
J.3356E $2
D.2256F 02
0.3356E 92

TOTAL
PESTICINE

MICROGRAMS
0.31928 02
J.1628F 91
J.1895E-)1
0.80195-04
0.1342E8=06
J.1365F-)9
N.5026E~13
0.3331€~-16
J.57598~19
J.1419E-21
0.3011E~24
D.6443E-27
0.1375€E-29

0.4563E-03
0.3667E-03
Q.2442E-03
0.2444E-33
0.2443E-03
0.2442E-03
0.2442E-03
0.2442E-03
0.2444E~-03
0.2442E-03

ACCUMULATED PESTICINE

T OF PESTICIDE APPLIZD

CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CHM/SEC
CM/SEC

IN WATER
ON SEDIMENT

IN WATER
HN SEDNDIMENT

0.552¢6
0.0019

LOSS:
18,6056k AMS/HECTARE
N.06GRAMS/HECTARE

INSTANTANECUS PESTICIDE LSS
BlOL9LMICRUGRAMS/LTITFE
DL 2TMICROGRAMS /GHAM

RATE OF PESTICIDE LOSS
640214 34MICKOGRAMS/LITER /HR
21.65MICPAGRAMS /GR AM/ZHR

- but3ysTT 3Ind3ano/3andul WwNOS ordues
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NORMAL CONDITION OUTPUT

JUuL B, 1973, 17 HRS, 40 MIN, 0.0. SEC
RAINFALL RATE =CM/SEC
0.1667E~-03 0.1667F~03 0.166TE-03 0.1667E-03 0.1667E-03 0.1667E-03 0.1567E-03
ZONE DEPTH PROFILE
IONE #
PROFILF 1 2 3 4 5 6 7
THETA
1 0.902 0.0 0.023 0.017 0.027 0.066 0.958
2 0.488 0.457 0.499 V.499 0.499 0.499 24499
3 0.471 0.449 0.477 2.477 D.677 0.477 1.477
4 0.452 2.426 0.420 0.420 0.420 0.420 0.420
5 0.429 0.395 0.220 J.220 0.220 0.220 0.220
6 0.394 0.340 2.066 0.066 0.066 0.066 J.066
7 0.228 0.115 0.065 0.065 0.065 0.065 0.065
2 0.094 C.066 0.066 0.066 0.066 0.066 0.066
9 0.067 0.067 0.067 0.067 0.067 2.067 D.067
10 0.268 5.068 0.068 V. 068 0.068 0.068 J. 068
1 0.069 2.069 0.069 0.069 U.069 0.069 0.069
12 0.070 3.0790 0.072 0.070 0.070 0.079 3.370
13 0.079 0.270 0.070 0.070 0.070 0.070 0.070
P4 0.070 0.070 0.070 0.079 0.070 0.072 0.070
15 0.070 0.079 G.070 9.070 0.070 0.070 2.970
n1T 1.774 1.367 9.932 J.932 0.932 0.922 0.932
DISSILVED PESTICINE
1 0.336F 02 0.352F 02 0.338E 02 DJ.338E 02 0.338E 02 0.338F J2 ).3395 02
2 D.115E 01 9.114F 31 0.146F 21 2.146% Q1 2J.146E J1  0.146FE 01 0.146E J1
3 0.2017-01 0.153F=-01 0.370E-01 0.370F-01 0.370F=-01 0.370E=31 0.370£-01
4 0-26TE~03 0.157E=03 0.495F=03 0.435E=03 0.495E-93 0.4956~03 0.4956-03
5 0.284F~05 0.121E-35 0.127E-05 0.127E-95 J.127E-)5 0.127E-U5 0.127E-05
6 04229E-07 0.252E-08 0.2426-09 9.241E-09 0.262E-09 0.243E=)9 0.243E-09
7 0.614E=10 0.205E=12 0.327E=14 0.326F=14 9.328E-14 0.329E~14 0.3295~14
8 0.838E-14 0.8B93E-18 0.287F-18 N.286E-18 N.287E-18 5.287E-13 0.287f-18
9 0.323E-19 0.278E-21 0.:z86E-21 D.286E-21 0.286E-21 0.2RB6F-21 0.2865-21
10 0.3056-24 0.291E~-24 0.301E-24 0.301E-24 0.3201F-24 0.301F 24 0.301F -24
11 04311E=-27 0.3116-27 0.320=-27 2.3205-27 0.320€-27 0.320F-27 3.323E-27
12 0.336E=-30 0.336E-30 0.246E-30 0.346FE-30 0.346E-30 0.346E=-30 0.346E-20
13 0.363E-33 0.363E=-33 0.373E-33 0.373€E-33 0.373£-33 0.373E~33 0,373F-33
ADSORBED PESTICIDE i
1 0.933E 01 0.983F 01 0.9185 01 0.918F 91 0.918E 0l 0.918E J1 0.918F 01
2 0.800F 00 0.929F 00 O0.756E 00 D.757E 00 0.756E 00 0.756E 00 0.756E 00
3 0.9556-02 0.107E-01 0.106F-01 J.126E-~01 D.126E-01 0.196E~01 3J.136E-01
4 D.727E-04 0.636E-04 0.983E-04 0.983E-04 0.983E-04 C.983E-04 0.982E-04
5 0.560E~06 0.346E~06 04347E=06 0.347E=-06 0.347F-06 0.347E~06 0.347E-06
6 0.386E-08 0.106E=08 0.266E=09 2.265F=209 J.266E-09 0.266E-39 0.266E-99
7 0.140E-10 0.490E-12 0.430E-13 0.430E-13 0J.431€-13 0.432E-13 0.432E-12
8 0.880E-14 0.406E=-16 0.209E-16 0.209E-16 0.209E-16 0.209E-16 0.209E-1i6
9 0.681E=18 0.416E~19 0.,426E-19 0.426E-19 0.426E-19 0.426E-19 0D.426F-19
10 0.894E=-22 0.870E-22 0.893E-22 0.893E-22 0.893E-22 0.893E-22 0.893£-22
11 0.1856-24 0.1856-24 O0.189E-24 0.189E-24 0.189E-24 0.189E-24 0.189E-24
12 0.3956-27 0.395E-27 0.405E-27 0.4056-27 0.405€E-27 0.405E-27 0.4056-27
12 0.843E-30 0.842E-30 0.864E-30 0.864E-30 0.864E-30 O0.B864E-30 0.864E-30

JULTAN DATE

0.ib6TE~03

3

0.217
J.4993
Y471
0.429
J.22V
Je 06
0.065
2.066
JeJ67
Ved68
V.069
3o 3T
Ue 0TI
0.070
Je2T2
J.932

2.338% 22
J.l46F 01
0.370F =01
J.4955-013
Vel275=05
J.243F-09
0.329=-14
J.2875-18
0.286F -21
0.301F=-24
Je3205-27
0.246F-20
D.3735+-33

0.918% 01
D.756E 30
Je136E-31
0.983=-04
0.347F-06
$e266E-09
0.432E-13
0.2095=16
0.426E~19
0.893E-22
0.189E=-24
Js405€6-27
J.864E-30

2441873.236111110 ¢L

0.1667E-03

S

0.004
24499
Je417
C.420
0.219
Jedb6b
0.065
0.066
D.367
0.068
0.069
TedTD
0.0730
0.070
AN

0.931

0.338t 22
Ve l46F 01
0.z70E=01
044957 =02
Ue1265-05
J.2329c=09
0.323E-14
0.286E-18
0.2B6E~-21
3.301E-24
0.3220E-27
0.346F-3C
0.373E -33

0.918E 01
0.757c 00
J.136E-D21
0.982E-04
0.346E-06
0.264E-09
0.427E-12
0.2096~16
J.426E-19
0.8935-22
0.189E -24
0.405E-27
0.864F-20

U.1667E 02

19

J.409
Je499
Te4T1
Ce422
G.229
D doe
C.065
D.06¢4
Jedbd
0.26%
0.06%
Se2T2
.70
J.270
Se372
Ue937

J.338F )2
J.l46F J1
0.370F-21
U.495E-13
ColZTE-OS
Va243E-09
0.320E-14
U.Z28T7FR 1R
Uez 86F 21
0.201F-24
Ga220F-27
0.346F-30
0.373E-32

0.918F 01
0.756F 0C
Ueler-01
C.e9R2F 04
0.3476-06
U.266F-29
C.432E-10
0.209€E~16
C.426E-1¢
0.895F -2:&
0.189E 24
CeadSE-27
0.864E-30
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61¢

SFOIHFRLT
LDAD

GMICMS TR

Cozlwlv-3C1

[cin-

O ISS501LVFL
MICHRDSRANS
D..6T74F O
Q.6F2EF 00
Ge129%F =21
G.i04TF -0”
Ded2d2F 006
D TA73F =00
De5TT2F—-12
DeS56VTIE-16
0.2374F =271
0.2071F~25
Ue223208--218
G.2405F=31
0.259RF=34

RUNOFE
RAT =
/s

[
2N}

J447 -0l

-02
-04
-2

WD O
WO W g

O e

P VU R Y
S AN

-04

AN\ BRVo RS I
M A M MM MmN
\
>
N

(v
0
w

HICENGOAMS
D.1482F 07
C.1245€ O1
Jel6THR= 01
C.14765-07
J.589ZE 04
Jall2sk-u8
J.2270F-11
J.1441F - 14
JelTI3F-1R
O.14268-21
0.30147~-24
Debb46F-27
J.1375F-29

TCTAL
2ESTIF IDE
HLCE0GF 445

J.23167% 32
0.3337¢ 232
0.2250F )2
LL.32527 32
U.33557 D2
2.32252¢ 92
C.335%% 22
D.23508 J2
J.2352E 92
742359F )2
TOTAL

PESTICINE

MICKDGRAMS
D.2156F 32
2.1925€ 91
D.3277E-21
0.252%£-03
0.8J294E-26
J.19217-318
N.29 6L -11
Q16976 -14
Cvel7T25F-18
0.16426E-21
0.3014%-24
Jeb446E=217
ve1375E-29

FOCUMILATED BUNGEF : ACCUMULATEN PESTICINE LDSS: INSTANTERESUS PESTICINE LSS
WeTre = 41285, LITFRS IN WATEF = 24,5006 AMS/HECTARE BL1.72MICEQGELMS/LIT E
SEDIMENT = TT4 KTLIAZAMS ON SERIMENT = 0.0BGEAMS/HFCTARE G.2TMICLOGRAMS /GR AN
TOTL WATER LPSS 7 OF PESTICIGE APPLIED FATC OF PESTICIPT 10§75
FUTM O EVARPOTHANCP [RAT [N IN WATER = 0.7279 72895 . TEMICFNREAMS/LITE /HF
= 0. LITEFS (N SENIMENT = 0.0922 264 T4MICFIGR VS /GRAM/HE
ACCUMULATED INFILTRATINN
WATTE L0SS = 0. LITERS
WATF® PALANCF:
WATEF IN = U.T%82271F 06 LITEFS
WATFR NUYT = 0.7382417F 06 LITEFS
oNE ] INFILTPATION FATE= 0.4u44E-22 C¥/SEC
708 2 INFILTPATIAM FATE= 0.2667E-03 CM/SC
TONF 3 [NFILTRATION FATE= 0.2134E-U2 CM/SEC
ICNF 4 INFILTRATION RATE=  ).2135E-32 CM/SSC
InNE 5 INFILTRATION PATE=  0,2134E-02 CM/SEC
IONF 6 INFILTQATIUN PATE= 0.2134F-02 CM/SEC
CMe 7 INFILTPATINN RATE= 0.2134E-32 CM/SEC
JONF R INFILTRATINN PATE= (,2134E-02 CM/SEC
I0NE 9 INFILTRATION SATE= 0.2135€-02 CM/SEC
IGNF 10 INFILTRATION RATE= 0.2134E-02 CM/SEC

- but3isTtT andano/3andul WWNOS a1dues
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NORMAL CONDITION OUTPUT

JuL 8,

RATINFALL RATE

1973, 17 HRS,

50 MIN,

=CM/SEC

0.1167£~02 0.11676-03 0.11
PROFILF 1 2
THETA

1 0.166 0.0

2 0.476 0.432
E 0.473 0.425
4 0.458 0.412
5 0.438 0.392
[ O.413 0.356
7 0.372 0.247
8 0.238 0.072
9 0.071 0.067

10 0.068 0.068

i1 0.069 0.069

12 0.070 0.070

13 0.072 0.270

14 0.070 0.070

15 0.070 0.070

ciT 1.992 1.456
DISSOLVED PFSTICIDE

1 0.337E 02 0.361F 02
2 D.140F 01 0.136E 01
3 0.321E-0' 0.246E-01
4 0.583E-02 0.365E=03
5 0.87OE-05 0.490E-05
) 0.121E~06 0.473E-07
T 0.142€E-08 0.141F=09
8 04T45E-11 0.333E-13
9 0.661E-14 0.370E-18

10 0.909E=18 0.465E=24

11 0.406E-23 Q.3128-27

12 0.726E-30. 0.336F-30

13 0.363F-33 0.363F-33
ADSORBED PESTICIDE

1 0.935E 01 0.997E 01
2 0.894€ 00 0.103E Ol
3 0.126E-01 0.141E-01
&4 0.115FE-03 0.104E-03
5 0.108E~05 0.788E-06
6 0.103E-07 0.596E-08
7 0.888E-10 0.228E-10
8 0.478E~12 0.198E-13
9 0.907E-15 0.286E-17

10 0.574E~18 0.115E-21

11 0.486E-22 0.185E-24

12 0.621E-27 0.395€-27

13 0.843E-30 0.843E-30

30.56577 SEC

67E-03

J.0

0.483
0.472
0.431
0.306
0.083
0.065
0.066

0.063
0.069

0.341E 02
0.176E 01
0.585£-01
0.137E-02
0.147E-04
0.241%~-07
0.745E~11
0.149E~-15
0.455E-21
0.302E-24
J.321E-27
0.346E-30
0.3736-33

0.923E V1
0.841E 00
0.138E-01
0.179€E~03
0.146E-05
0.399E-08
0.406E~-11
0.828E-15
0.559E~19
0.896E-22
0.190E-24
0.405€6-27
0.864E-30

0.1167E-03

4

3.0

J.482
0aT2
Je431
0.306
0.083
0.065
Q.066
0.067
J. 068
0.069
0.070
Je070
0.070
0.070
1.023

J.341E 02
J.176E 01
0.585€E-01
0.137E-02
J.146E-04
0.241E-07
J.743E-11
J.148E-15
0.454€~-21
0.302E=24
0.321€E-27
0.346E-30
0.373E-33

0.924E 01
0.841€E 00
J.138E-91
0.179€=03
Oal46E=05
0.399E-08
0.406E~11
J.826E-15
0.559E~19
0.896E-22
0.190E-24
0.405E-27

0.1167£=-03

0.1167E£-03
ZONE DEPTH PROFILE
ZONE #

5 6

0.0 0.0
0.483 0.489
0.472 0.478
0.432 0.437
J3.306 0.307
J.083 0.083
0.065 0.065
0.066 0.066
0.067 Q.067
0.068 0.068
0.0069 0.069
0,070 0.070
3.070 0.079
0.070 0.070
0.070 0.070
1.026 1.044
J.341E 02 0.338£ 02
J.l76E 01 0.176E Ul
0.585E~01 0.585F=01
D.137E-02 0.137=-02
2.147E-04 0.147E-04
0.242E~07 0.242E-07
0.747E~11 0.749E~11
J.149E-15 Q.150E-15
0.4555-21 0.456F=21
0.302E-24 (0.302E=24
0.321E-27 0.321€E-27
0.346E-30 0.346E-30
0.373E-33 0.373€-33
0.923F 01 0.918& 01
0.841E 00 0.841t 09
2.138E-01 0.138E-01
0.179E-03 0.179E-03
0.146E-05 0.147E-05
J«399E-08 0.400E-08
0.407E-11 0.408E-11
0.830E-15 0.833E~15
0.560E-19 0.561E-19
0.896E=22 0.896E-22
0.190E-24 0.190E-24
0.405E=-27 0.405€E-27
0.864E-30 0.864E-30

0.864E-30

0.1167E=03

7

0.0

0.489
0.478
0.437
0.307
2.382
J.065
0.066
D467
2.068
V.069
J.070
0.070
0.070
0.070
1.044

0.338E 02
0.1765 01
0.585E-01
0.137€-22
J.14TE-04
0.2428-07
J.749E-11
0.150E-15
0.456E£=~21
0.332F-24%
Qe321E-27
0.346E-30
0.373E-33

0.919F 01
0.841E QO
0.138E-91
0.179€E-03
0.147E~05
0.400E-08
0.408E-11
0.833E-15
0.561€-19
0.896E-22
0.190E-24
0.405E-27
0.864E-30

JULIAN DATE

0.1167E-03

8

0.051
2,492
0.479
0.437
0.307
3.383
0.065
0.066
24267
5.068
0.069
Je97)
0.070
VRV V]
3.07)
1.049

0.336F N2
0.176€ J1
0.585E£~=01
0.127E-02
Uel472-04
0.2425=0T7
J.749E-11
ve150E~-15
0.456E-21
0.302E=24
J.321€-27
0.346F=30
0.373E-33

0.316F 0%
0.841c 00
0.138E~01
0.179€-02
0.147E~-05
0.403E£-08
0.408E-11
0.833E-15
0.561E-19
0.896E£-22
0.190c=24
0.4050=-27
0.864E=-30

2441873.,24340933D oo

U.1167£-03

9

0.0

0.481
JeaTl
0.428
0.305
0.083
0.065
0. 066
067
0.068
0.069
V.TTH
0.070
0.070
JeSTu
1.0!8

0.242% 342
0.1768 01
0.5852-01
0.127E-02
04 1462-04
0.240c~07
D.736E-11
0.1465-15
0.451c~21
0.3032E~24
U.321€8-27
0.346E-30
0.373E-32

0.924E O
0.842E 00
0.138E-01
0.179E=-02
0.146E-05
0.397€-28
0,404E~11
0.8196-15
0.557E-19
0.896E~22
0.190F - 24
J.4I5E=-27
0. B64E=-30

0.1167E-02

10

0.070
0.492
Q.47S
0.427
0.307
D.283
C.065
0.066
D067
0.05¢8
Q.069
D637
0.070
0.370
Qe
1049

J«136F 172
UelToE vl
0.585¢ 01
0.12Z7€E-37
0.147F -04
0.242€8-07
0.7498-11
0.1507-15
0.456E-21
0.302E-24
0.221€-27
0.346F-30
G.373E-33

C.97¢E 01
0.841E 00
G.138E-01
0.:79E=03
0.147F-05
U.400E-08
0.408E-11
0.833E-15
0.561F-19
O.896F~22
0.190F- 24
0.425€6-27
0.864F-30
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12€

JTONF &

PRITFILE
DEPTH

ACCUMULATEN PUNOFF:
WETEE =
SENTMENT =

s e et et

B RN

D WD N

SN =S DN TR N

SENIVENT RUNDFF
LOAD RATE
SM/CM/SEC CvM/s
0.95175E-02 0.41672-02
[VRV] J.9
0.0 c.0
0.9 0.9
2.2 0.0
c.0 2.0
0.0 0.0
Del365F-352 D.49256~-133
O.D 0.2
Ca3J40E+02 0.6922E-03
AVERAGE AVERAGE
PESTICINE PESTICIDE
OISSOLVED 4DSOFRED

MICROGRAMS
0.T626F 02

MTCPOGRAMS
0.1487F 02

C.79267 00 0.1385E 01
Ue22795-31  J.2196F-01
0.3747E~-02 0.2637%-03
0.15v9F~05% 0.2174E-05
Jeb920F-28  D.TT36C~

Ue3523E-13 U.2307E-10
0.53065-12 0.,8078F-12
0.4497M-16 0.1456F-15
J.627T4E-20 0.9199E-19
0.2842F-25 0.8041l%-23
J.26R1F- 0.6812E-27
0.2599F-34 0.1376F-29

TCTAL WATER LOSS
FOOM FVAPPTRANSPIRATION
O. LITERS

ACCHMINLATED

WATER LNSS =

WATE®
WATFkK
WATER
IONE
ICNE
IONE
IONF
ZNNE
LONE
IONE
IINF
IONE
7ONF

BALANCE:
= 0.7621281F 06 LITERS
NUT = 0.76214T71E 06 LITERS

I~

—

OO DN P WY

94818.LITERS
B46.KILOGRAMS

INFILTRATIUN

Je LITERS

INFILTFATIUON
INFILTRATION
INFILTRATION
INFILTRATION
INFILTRATION
INFILTPATION
INFILTRATION
INFILTRATION
INFTLTRATION
INFITLTRATION

RATE=
RATE=
RATE=
PATE=
RATE=
RATE=
RATE=
RATE=
RATE=
RATE=

TOTAL
PESTICINE
MICROGRAMS

0.3312F 22
0.3383€ 02
0.3345% 02
0,3345F 32
J.3345E€ 92
0.3345€ 02
0.3345E 02
D.33455 02
0.3345E D2
0.3345¢F 22

TITAL
PESTICINF

MICROGRAMS
0.2127¢ 22
0.2178E )1
De4475E-)1
0.6385E-03
0.3682E-05
De1463E~)7
0.5831E-10
0.1338F-12
0.1905F=15
0.9826F~-19
0. 8073F-23
D.6812E-27
0.1376E-29

J«3490E-23
J.1167€-03
0.,1167£-03
0.1167€-23
0.1167F=-03
0.1167E-03
0.1167E-23
0.1905E£~-03
0.1167E=03
0.1905E-03

CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC
CM/SEC

ON SSDIMENT

ON SEDIMENT

ACCUMULATED PESTICINC LOSS:

28 45 1GR AMS/HFCTARE
Q. 09GRAMS/HECTARE

Z NF PESTICIDE APPLITD

0.8469
0.002%

INSTANTAMECUS PESTICINF LLSS
T99.98MICPOGRAMS/LITAR
Use2BMICROGRAMS/GF AM

FATE OF PESTICINZ LOSS
69995.69MICROGRANMS/LITER /HE
24.12MICROGRAMS /5RAM/HR

penuT3juo) - buristI 3ndang/Indul WIDs o1dwes



444

SPEC

1AL CONDTITINN

JuL 8, 1972, 17 HF
RAINFALL F2TE =C
D.1222%5=303  wv.i22
PRIFILF 1
THETA
1 Jev
2 D.672
> Je 4t
4 0.455
5 0.443
[ N.421
7 0.399
&} Ce335
9 V.115
19 2.068
] 2. 169
12 J.073
12 JeuTd
V4 C.C790
15 Q.070
ciT 2.154
NISSCLVED PESTICIDF
1 Ue336% 02
2 D.1605 01
3 0e442-01
4 0.987F~03
5 Je1B2F-04
5 Je 305E-06
7 Je5235=08
8 ).8255-13
9 Je422t-12
13 J.1023¢=14
11 0.1286-17
12 0.430F-21
13 0.925F~26
ADSHORRBED PESTICIDE
1 0.933F 01
2 0.967¢ 00
3 0.152E-01
4 J.157€E-03
5 Q.167E=05
6 N.177E-0T7
7 0.191t-09
8 0.197F=-11
9 0.105€E-13
19 0.359E=-16
11 0.833E=-19
12 0.898£-22
13 Q.192E-25

CuUTPUT
Sy 59 MIN, 3.96273 SEC
M/5¢eC
25-03  0.1222F-03 0.1222FE-23 0..7226~032 J..2225-03
ZONF DIPTH PROFILE
INONE #
2 3 4 5 6
Qa0 0.9 0490 Q.0 0.0
Je4l25 0.48) Je489 0.4890 0.482
0.416 D.469 Je469 D.469 JebT2
0.404 Je 431 Je43D 0.431 Je429
0.386 0.338 v.328 0.239 0.343
0.357 0.118 0.118 J.113 J.119
Je305 J.065 0.065 0.065 J.065
0.105 C.066 0.066 0.066 0.066
0.267 0.067 0.067 0.0267 0.067
U.068 C. 068 0.068 0.068 0.068
0.069 0.069 0.069 0.069 0.069
0.273 0.07C 0.070 0.070 0.070
. 27D G.070 0.070 0.070 0.070
0.970 0.07C 0.070 0.070 0.0790
J3.070 ‘0. 070 0.070 0.070 0.070
1.517 1.286 1.084 l1.087 1.135
0.362E 02 C.339F 02 3.339E 02 0.339E 02 O0.338E 032
C.155F 01 02928 01 J.2J00E 01 J.230% 01 $.200F 01
0.3405~01 0.786F-01 0.786E-01 0.785F=01 0.787F=01
0«635E-03 0.244E-02 0.244F-02 J.244E-02 0.245E-02
J.108E-04 0.502E-24 J3.591E-J04 DJ.502E-D4 0.506E-04
G.170%-06 C.276E-06 J3.275F-06 0D.276E-06 0.279E-06
0.189F+08 0.527E-09 J.525E=09 0.527€-09 0.533E-09
D.494F-11 2.308E-12 0.3206FE-12 «208E-12 0.312€E-12
J.339F~-14 0.192E-16 J.190E-16 0.193E~-16 0.196F-16
0.292E~18 0.282E=22 0.279E=22 D.284E-22 0.291E-22
0.603E-24 D.327TE-27 3.327E£-27 J.3527E-27 0.327F-27
0.2925-30 0.346E-30 0.346E-30 0.346E-30 0.346C-30
04363E-33 0.374E=-33 J.374E=32 0.374E-33 0.374E-33
0.998E Ol 0.921E 01 0.921FE 01 0.920F 0! 0.919E 01
0.111€ 01 0.906F 00 J.906E U0 0.906E 00 0.905E 00
G.170E-01 0.164E-01 0Q.164E-01 J.164E-01 0.164E-01
0.144E-03 0.2505-03 0.250E-03 0.250E-03 0.251E-03
0.125F~05 0.3026=-05 J.302E-05 0.202E-05 0.304E-05
0.126F-07 0.167E-07 0.167€-07 0.168E~07 0.169E-237
0.105F-09 0.498FE-10 0.497€-10 0.498E-10 O0.501E-'0
0.376E=12 0.738F-13 0.736E-13 0.7396<13 Q.744E-12
0.612E-15 0.294E-16 0.292E-16 0.294E-16 0.297E-16
0.294F-18 0.,129F=-20 0.128E-20 0.129€-20 0.131E-20
0.158E~22 0.192E-24 0.192E-24 0.192F-24 0.192€E-24
0e432E=-2T 0.405E-2T7 Q.405€-27 0.405€E-27 0.405E-27
J.843E-30 0.864F-30 0.864E-30 0.864E-30 0.B64E-30

0.1222%-02

7

0.0

J.482
Je&T2
0.428
04343
J.119
0.065
0.066
04367
0.068
J.069
J.9070
3.079
0.070
0.070
1.1305

J3.338E 02
0.2008 01
0.T87E-01
0.245F-02
De506E=-04
0.279F~06
0.533E-09
Je312E-12
0.196E-16
0.291€E- 22
0.327E-27
0.346E-29
C.374E-33

0.919E 01
J.905F 00
Jal64E-01
0.251E-03
0.304E-05
D4169E-07
0.501€E-10
VeT44E-13
0.297E-16
0.131E-20
Us.192FE~24
0.405€6=-27
0.864E-30

JULTAN DATE

0.1222c=03

8

0.0

J.491
J).489
Je451
Je348
Jel22
74065
J.066
J.O67
0.068
J.069
0.079
0.070
J.070
J.07)
lol4l

0.334¢& 02
v.2035 01
0.788E-01
0.245E-02
J.5087=-04
0.280E-06
0.534E-09
0.312¢6~12
0.196E-16
J.291E=22
0.327E=27

«346F-30
0.374E-33

0.912F 01
0.905¢8 00
0.164E-01
0.251E-03
0.304E-05
0.169E-07
0.502E-10
0.745E-13
0.298E-16
0.131€E-20
0.192E-24
0.405E-27
0.864E-30

2441873.249351420 150

V.1222E-33

9

0.0

0.479
0.468
0.428
0.336
J.117
0.065
0.066
0.067
0.068
0.069
0.370
0.073
6.070
0.070
1.079

«239F 02
0.200E 01
0. 786E-01
0.243E-0?
0.500E~-04
0.273E-06
D.520E-C9
0.201E~12
0.186F~-16
0.268E-22
0.327€-27
0.346F-30
0.374E-33

0.921E 01
0.906E 00
Je164E-01
0.,250€-03
0.301E~05
Q0.166E-07
0.494€-10
0.730E-13
0.288E-16
0.1256-20
0.192E-24
0.405E-27
0.864E-30

0.1222E 02

17

0.C

0.492
0.481
0.45¢
0.348
0.120
0.065
0.066
J.067
0.0638
C.069
0070
0.0270
0.070
0.970
1.142

G.333E 02
U.200E 01
V. 788E-01
0.245€-02
0.508E-04
0.280E -06
0.534E-09
0.312€E-12
0.196€=16
0.291E-22
0.527E-27
0.3460-30
0.374F-33

0.911€ 01
G.905E 00
J.164E-01
0.251€-03
0.304E-05
J.169E-07
0.502E~10
0.745€-13
0.298BE-16
0.131E-20
0.192E~24
U.405E-27
0.864E-30
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INNE 4  SEDIMENT RUNOFF  TOTAL

54

90T79/969-499-9L61 301340 ONILNIHJ INIWNHIAOQD SN

LOAD RATE PESTICIDE
GM/CM/SEC CcH/S MICROGRAMS
1 0.0 0.0 0.3311E 02
2 0.0 0.9 0.3382€ 02
3 0.0 0.0 0.3345E 02
4 0.0 0.9 0.3345€ 02
5 0.0 0.0 0.3345E 02
6 0.0 0.0 0.3345E 02
7 0.0 0.0 0.3345E 922
8 0.0 0.0 J.3345E 02
9 0.0 .0 0.3345F D2
19 0.0 0.0 0.3345£ 02
. AVERAGE AVERAGE TNTAL
PROFILE PESTICIDE PESTIMIDZ PESTICINE
DEPTH DISSPLVED ADSURBED
MICROGRAMS  MICROGRAMS MICROGRAMS
L N.1613F 02 0.1484F 02 0.3097F 02
2 0.9120F 0U 0.1509E 01 2J.2421E 01
3 0.3241F-21 0.26875-01 ).5929€-01
4 0.B8083E-03 0.3877%-0% 0.1196E-02
S 0.7275F~05 O0.4768F-05 0.1204E-04
6 ).4002E-07 N.3136E-37 2.7138BE-97
7 0.2901E-09 0.1415£-09 0.4316E-09
B 0.1498F-11 0.6163E~12 0Q.2114E-i1
9 0.4T718BF-14 0.2497E-14 J3.7215E-14
1o 0.1405F-16 0.8741E-17 0.2279E-16
11 0.2549£-19 0.2471£-19 0.S5020E-19
12 0.18B6LF-22 0.4194F~27 J.H055€£-22
13 (0.1981F-26 0.2292E-25 02.2490E-25
ACCUMULATED RUNOFF: ACCUMULATED PESTICIDE LNSS: THSTANTANE JUS PESTICT O a8
WATFR = O0.LITERS IN WATER = 0.0 GRAMS/HECTARE Oed “ICHOGPAN S/ ITES
SEDIMENT = 0.KILOGPAMS ON SEDIMENT = 3.0 SRAMS/HECTARF D.) MIFTOIGELMS /5520
TOTAL WATER LOSS Z OF PFSTICINE APPLIED FATZ OF PESTICIC™ LTSS

FROY EVAPOTRANSPIRATION IN WATER = 0.0

= N.C MICRUGCLWS/LITER/HR
= 0. LITFRS ON SEDIMENT = 0.0

N.0 MICF JGEAMS/GOAM /4L

ACCUMULATED INFILTRATION
WATER LISS = 0. LITERS

WATER BALANCE:

WATERF IN = 0.7815300F 06 LITEFRS

WATFR QUT = 0.7815529F 06 LITEKS

INFILTRATION RATE= ©0.1222E-03 CM/SEC
IDNE 2 INFILTRATION RATE= 0.1222F-03 CM/SEC

IONE 3 INFILTRATION RATE= 0.1222E-03 CM/SEC
IONE 4 INFILTRATION RATE= 0.1222E-03 CM/SEC
IONE 5 INFILTRATION RATE= 0.1222E-03 CM/SEC
I0ONE 6 INFILTRATION RATE= 0.1222E-03 CM/SEC
IONE 7 INFILTRATION RATE= 0.1222E-03 CM/SEC
IONE 8 INFILTRATION RATE= 0.1222E-03 CM/SEC
IONE 9 INFILTRATION RATE= 0.1222E-03 CM/SEC
I0ONE 10 INFILTRATION RATE= 0.1222E-03 CM/SEC

panutjuo) - bur3lstT Inding/3andur WydDS o1dwes
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