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CHAPTER I
EXECUTIVE SUMMARY

This study addresses the problem of providing
sophisticated analytical tools for the analysis of
groundwater pollution problems to audiences with training
in areas other than computer science ahd hydraulic
engineering. Due to the "non-point" nature of pesticide
contamination of shallow groundwaters, the best management
approach often is the development of strategies for proper
chemical selection and usage as well as the utilization of
appropriate land use controls. Due to an overall lack of
monitoring data this often involves the application of
simulation models which may prove too complex for those
who would benefit most from the analysis. In the present
work a probabilistic expert system has been developed to
assist in the quantification of risk to groundwater
resources from pesticide applications and to evaluate
alternative management approaches. The Pesticide Root Zone
Model (PRZM) developed by the United States Environmental
Protection Agency (USEPA) was incorporated within a Monte
Carlo simulation approach to form the base for the expert
system [5]. PRZM was developed to predict the leaching of
pesticides from field size areas [3] and requires a
relatively large number of input parameters, the

availability of which can be a problem for some users.



The main objective for the subject expert system was
to make simulation simple and provide results in a more
useful and easy to interpret manner within a small amount
of time. The expert system developed allowed the user the
options of using existing databases or the development of
a separate, independent simulation set. The recommended
procedure is to complete a preliminary evaluation using
the existing databases to identify the range of possible
consequences at a location, then do a rigorous analysis
with a simulation series focused upon more site specific
concerns to allow for proper site selection. For Option 1
of this expert system, previously completed simulation
results were used [8]. The Monte Carlo technique was
applied for select input parameters to address inherent
uncertainties associated with them. Three main parameters
were fixed as constants creating a cause and effect
simulation approach. Also, these parameters provided the
user a greater degree of freedom to address the chemical
properties of pesticides and different land management
alternatives. The parameters fixed were: Soil Conservation
Service curve number (CN), for infiltration
characteristics of soils;decay coefficient (Ks), for decay
of pesticides by physical and chemical processes and
organic-carbon distribution coefficient (Koc), which
described the retardation potential of a compound. The 540
Monte Carlo simulations completed in this initial effort
were then pooled according to management practices,
plotted on log-normal probability paper, and converted

into equations describing these distributions.



While using Option 1 the user is asked to provide the
values of CN, Ks, and Koc. A number of user friendly help
screens are provided accompanied by brief introductions to
the parameterg and their values. For conditions
intermediate to those used to develop the original Monte
Carlo simulations upon which Option 1 was based, the means
and standard deviations from the pooled data sets are
accessed. A linear double interpolation between
distributions is completed for a series of probabilities.
Graphic and tabular outputs in terms of probability of
pesticide leaching past 30 cm of soil depth are presented

almost immediately.

For the second option, a user friendly pre-processor
for PRZM was developed. This pre-processor creates input
files for PRZM. Guidance is provided in selecting the
values of the parameters needed to create input files for
PRZM. The Monte Carlo technique is then applied to
randomize meteorological data for different years. PRZM
and the meteorological files are called until the user
specified number of simulations has been completed. As
with Option 1, the results are presented in the form of
percent of the applied pesticide leached versus
probability of this amount being leached in tabular and
graphical manner. This makes the interpretation of results
easy and more effective. In addition, Option 2 plots the
moving average and standard deviation versus the number of

simulations completed to determine if sufficient data have



been collected. The present work was developed for the

state of Oklahoma and in particular for winter wheat crop.



CHAPTER II

THE DEVELOPMENT AND APPLICATION OF A
PROBABILISTIC EXPERT SYSTEM TO
DETERMINE THE PROBABILITY

OF PESTICIDE LEACHING *

Introduction

In recent years there has been a general increase in
awareness of the importance of groundwater pollution [23].
This has led managers and researchers to develop
strategies for protection of groundwater from toxic and
hazardous materials [15]. These strategies have often
developed as a function of the nature of pollution
sources. In general, groundwater pollution can be

classified as either point or non-point in origin [1,15].

The discrete nature of point sources such as land
fills, hazardous waste sites and others has made it easierv
to remediate contamination while the management of non-
point sources is more problematic. The absence of discrete

sources and the presence of pollutants over large areas,

* Authored by Pankaj Arora and William F. McTernan,
Graduate Student and Professor, respectively, School of
Civil Engineering, Oklahoma State University,
Stillwater, Oklahoma 74078



sources and the presence of pollutants over large areas,
in usually small quantities, has produced control
strategies based upon best management policies where
pollution minimization and/or elimination replace after

the fact remediation.

Groundwater pollution from pesticides and other
agricultural chemicals is a classic example of non-point
contamination [24]. Dispersed over large areas at
relatively small concentrations, these chemicals could
place large water supplies at significant risk of
contamination. The presence of 46 different pesticides in
groundwater had been reported in 26 states [6,11]. In
other studies conducted by U.S. Environmental Protection
Agency (USEPA), 10.4% of U.S. community wells and 4.2% of
U.S. rural domestic water supply wells have been reported
to contain detectable levels of pesticides [30]. Limited
monitoring data suggest that the problem could be even

more widespread.

This lack of monitoring data has resulted in an
increasing reliance upon computer simulation to assess
risks and evaluate alternative management practices [25].
Frequently these computer models are misunderstood or
difficult to use for practicing professionals trained in
areas not dependent upon computer literacy. One way that
this problem can be addressed is by developing expert
systems where the user configures the model in response to
a series of questions presented by the system. The advent

of larger personal computers has allowed the development



of these systems which can be large and memory intensive.
Theée systems, when developed, should be easy to use while
requiring minimal computer training, thereby allowing
individuals with specific, highly valued skills to
participate in the simulation process. There are many
examples of previously developed expert systems including,
among others, First Response Expert System (FRES), GEOTOX,
DEMOTOX, and SEPIC [13]. The FRES provides information on
the acute and chronic toxicity of chemicals as well as
assists local fire fighters in responding to emergency
chemical spills [14]. GEOTOX was developed to rank
hazardous waste site remediation technologies for use at a
specific waste site [28]. Expert system DEMOTOX addresses
the potential of groundwater contamination from hazardous
waste sites [17]. For transportation of chemicals into the
soil and groundwater DEMOTOX considers factors such as
sorption, biodegradation and transformation rates, as well
as recharge through the soil. SEPIC was developed to
provide more consistent regulatory decisions to issue

permits for onsite private sewage disposal systems [12].

In the present work an attempt was made to develop a
prototype probabilistic expert system, EXSYS, for those
professionals with strong agricultural management skills
who also had computer deficiencies. The final output from
the combined programs was designed to produce probability
estimates of the amount of pesticide leaching to
approximately the base of the rooting zone of winter wheat

in Oklahoma. Pesticide passing this depth no longer yields



economic benefit to the farmer while representing a
potential for groundwater contamination. EXSYS is intended
to assist those individuals involved in site evaluation,
the identification of appropriate farm practices, and
final pesticide selections in configurihg a best
management approach to minimize the risk of pesticide
contamination of shallow groundwaters. It is assumed that
the intended audience for EXSYS is the professional highly
skilled in one or more areas of agricultural management
who may either lack adequate training in computer
simulation or may have insufficient time to assemble the
necessary data sets to properly apply current leaching
models. EXSYS is intended to be a screening tool to
evaluate leaching probabilities of potential pesticides
which can be used on a particular crop. A range of
pesticides, farm practices or site locations can be

evaluated for the probability of leaching.

THE DEVELOPMENT OF AN EXPERT SYSTEM

EXSYS was developed to provide results in an easy to
interpret manner and was structured to be interactive and
user friendly in a menu driven format. All of these
features attempt to make this program easy to learn for

those with little computer training.

The Pesticide Root Zone Model (PRZM) developed by
United States Environmental Protection Agency (USEPA) was

selected as the public domain code to determine the amount



of pesticide leached into the root zone [3]. PRZM, in
addition to being available to all potential users, is
widely used and supported by the USEPA [5]. Also, PRZM has
been validated against field data and found very effective
in predicting the leaching of chemicals into the root zone
[2,4,16, and 18]. The model includes hydrology and
chemical transport components that simulate runoff,
erosion, plant uptake, decay, leaching, and foliar washoff
of a single pesticide [5]. Figure 1, taken from the PRZIM
user manual presents an idealized cross-section of a farm
field illustrating the critical physical, microbial, and
chemical mechanisms involved in pesticide leaching. Even
with a model as generally easy to use as PRZM with its
relatively simplified input requirements, the untrained
user can become intimidated when attempting to configure

and interpret a simulation.

PRZM divides the soil profile into compartments
correspoﬁding approximately with horizons. Infiltration
and leaching are simulated in one dimension into and
through underlying unsaturated zones. Mass balance
equations for water and chemicals are developed for
surface and subsurface layers. The surface zone mass

balance equations used in PRZM are :

AAX ?(Cy ©)
at

A DX I(Cg Pg)
ot

= =Jp=Jy-JIpw—Jdu-JIorIapstIpestIapptIror (1)

= =JIps~JeErR"IpEStIaDs . (2)



Soil

Core

ond
Horizons

Figure 1. Pesticide Root Zone Model Schematic
(Source: PRZM User Manual [5] )
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where A

JADS
JpES

( source:

cross-sectional area of soil column, L2

depth dimension of compartment, L

dissolved concentration of pesticide, ML™3

sorbed concentration of pesticide, MM

-1

volumetric water content of soil, L33

soil bulk density, ML™3

time, T
mass rate
mass rate

mass rate
dissolved

mass rate
dissolved

mass rate

masi rate

mass rate1

soil, MT™

mass rate

of change by dispersion, mMr-1

of change by advection, mr-1

of change
phase, MT

of change
phase, MT

of change

of change

of change

of change

sorbed phase, MT™1

mass rate

recliments, MT

mass rate

mass rate

of chinge

of change

of change

by
by

by
by

by

by

by

by
by

transformation of
plant uptake of

removal in runoff, M1

pesticide application,
washoff from plants to

transformation of

removal on eroded

adsorption, MT~1

desorption, MT™1

U.S. Environmental Protection Agency PRZM user
manual [5] )

The subsurface equivalent is similar lacking only the

JQR' Jpopr and Jggp terms. Also,

pesticide is soil incorporated.

Japp is only used when

PRZM uses these mass

balance equations to develop an overall chemical transport
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equation, which is subsequently solved using a finite

difference method.

EXSYS uses the PRZM code unaltered. A shell of menu
screens, questions, guidance tables, and base maps for
Oklahoma conditions has been provided to assist the user
in configuring PRZM input files. Two options are provided:
the use of existing data or starting a new simulation
independently. The recommended procedure is to perform a
preliminary study assessing the probability of pesticide
leaching using the existing data of Option 1 and then
proceeding with an original simulation set in Option 2.
This allows one to configure a simulation for site
specific conditions rather than use the more generic state

wide data base used to prepare Option 1.
THE CODE STRUCTURE

The computer code for EXSYS was developed for IBM-PC
and compatible microcomputers and was written in GW basic
which allowed superior graphics capabilities in an easy to
use shell. The coding was divided into twelve sub programs
totalling approximately 786,000 bytes. All twelve sub
programs were compiled using Microsoft DOS version 3.1.
These sub programs are linked to the main program by user
responses to questions regarding input data and simulation
configuration and are called as needed. The flow diagram
giving an overall view of the EXSYS is shown in Figure 2,

while a list of all the files present in EXSYS with a
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brief description is provided in Table I. These
subprograms are called by the main program EXSYS.EXE in

response to answers given by the user.

The main program primarily handles Option 1 where
existing data are used for evaluating the probability of
leaching. During Option 1, a general introduction and
assistance in selecting the values of three critical
parameters [Soil Conservation Service Curve Number (CN),
pesticide decay rate (Ks), and soil partition coefficient
(Koc) ] is provided by subroutines from the main program in
response to answers provided by the user. The flow diagram
for Option 1 is presented in Figure 3, where the sequence

of operations performed in this option is shown.

For Option 2 a subprogram called OPTION2.EXE is
called by the main program. This program functions as a
preprocessor for creating input files to configure PRZM
for individual, site specific simulations. Again, help in
selecting critical parameters is provided by select sub
programs in response to answers provided by the user. If
the user wishes to simulate erosion losses, help is
provided in selecting appropriate parameters for the
Modified Universal Soil Loss Equation (MUSLE) [27,29]. The
erodibility (K), length slope and steepness (LS),
supporting practice (P), and cover management factors (C)
are called program EROSN.EXE. Further, to assist in
selecting the nearest Type 1 meteorological station, a
location map is provided within the option. The user is

required to provide the meteorologic data corresponding to

14



TABLE ). The flles present in EXSYS5S with brlef iIntroQuction

to their contents

file nawme

contents

EXEYS.EXE

OPTION2.EXE

BD.EXE

CN.EXE

KS.EXE

KOC.EXE

OC.EXE

FC.EXE

WP .EXE

FDK.EXE

EROSN.EXE

WETATN.EXE

msin progras, including option 1

preprocessor for PRIM, creates
input file MODIN.DAT. Monte Carlo
on rain fall Gata, TUNS programs
PRZM, abstracts amount of
pesticide present in the last
compartment and puts this value in
file IND.DAT

help progras for values of bulk
density for major solls of
Oklahoma

help program vith brief
introductjon and values for curve
number vith soll distribution map
of Oklahoma

help program vith brief
introduction and values for decay
coefficient for selected
pesticides used in Oklahoma

help program vith brief
introduction and values for
organic-carbon distribution
coefficient for selected
pesticides used in Oklahoma

help program for values of organic
carbon contents of major soils of
Oklahoma

help program for values of field
capacity for major solls of
Oklahoma

help program for values of vilting
point for major soils of Oklahoma

help program for values of foliar
decay coefficient for major group
of pesticides used

help program for selecting the
values of K, LS, P, and C to
simulate erosion losses

Oklahoma map with location of
veather stations, to assist in
selecting rain fall data reguired
to run PRIM

15
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Figure 3. Flow Diagram For Option 1

16



the station selected in the PRZM compatible format. For
convenience of the user fourteen diskettes containing
meteorologic data corresponding to the Type 1 stations in
Oklahoma are provided with the EXSYS. The flow diagram for
Option 2 is shown in Figure 4, which presents the basic

operating structure of this option.

Development of Option 1 for Preliminary Analysis

The first option is relatively simple to use and the
results are provided within seconds. The database needed
for this option was developed using the results obtained
by Daniels and McTernan [8]. The simulations in that study
were performed using PRZM to determine an overall
probability of leaching from Oklahoma's winter wheat areas
(Figure 5 shows the study area) and involved Monte Carlo
techniques to address the spatial variability of soil bulk
density, field capacity, wilting point, and soil organic
matter. Other parameters were fixed at three incremental
values to isolate pesticide selection (pesticide decay
rate, Ks and soil partition coefficient, Koc) as well as
land use management alternatives (Soil Conservation
Service Curve Number, CN) for additional analysis. Fixing
these three parameters at predetermined levels allowed the
user to incorporate various agronomic variables within the
simulations for comparisons while still bracketing the

majority of the situations found within the state.

The CN addresses the hydrologic soil group and such

17
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land use practices as plowing in straight or contoured
rows, or on contoured and terraced areas. The effects of
fallow conditions, row crop, and small grain selection,
among others, can be addressed by proper selection of CN.
A comparison of different hydrologic soil groups can also
be simulated by CN allowing the potential user to make
site comparisons. The range fixed for Soil Conservation
Services Curve Number (CN) was from 59 to 88, while the
pesticide decay coefficient (Ks) varied from 0.001 to 0.1,
and the soil partition coefficient (Koc) varied from 2 to
1200. A total of 540 simulations were completed combining
the random selection of soil properties and rainfall year
together with the incremental parameters describing land

use and pesticide selection.

To simulate Oklahoma's principal cash crop, winter
wheat, the planting date was fixed as February 1st and
corresponded to that time when the wheat emerges from
winter dofmancy [7]. This eliminated the need to simulate
across two hydrologic years. Similarly, the wheat
maturation and harvest dates were taken as April 20th and
June 15th respectively, while the pesticide application
date was established as February 1lst. These dates
approximated those cited in the available literature

[5,9].

Data from two zones approximating soil horizons were
described in the available literature [10];the top with
relatively high organic carbon contents was typically 30

cm thick while the second extended from 30 cm to 183 cm.

20



The depth to groundwater was not given in these records,
butlother data indicate groundwater levels from near land
surface to over several hundred feet [20,26]. For the
present work, which was concerned with shallow aquifers,
only the top horizon was considered. That is, only
leaching probabilities at 30 cm were determined. As
suggested by Daniels and McTernan [8], the number of
compartments in the soil horizon needed to run PRZM was
also set at 6. To facilitate interpretation of results
(which were shown as percentage of applied pesticide
leached), the amount of pesticide applied was fixed at 1
Kg/Ha. This was appropriate due to the use of linear
equilibrium adsorption within PRZM which assumed that the
amount of pesticide leached was always a constant ratio to
that applied. This is consistent with other works

in the area [21,22].

For the development of database for Option 1,
additional statistical analysis was done on the outputs
from the original 540 simulations. It was observed that
for a fixed combination of CN, Ks, and Koc the probability
distributions for the pesticide leaching outputs very
closely followed log normal type distributions. The
probability density function for log normal distribution

can be expressed as follows:

1 1
f(x)= — exp{ —— [1n(x) - 2} 3
()= T Rl 5 . A (3)

where,

X = non negative random variable
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mean of the log values of x

M

e

standard deviation of the log values of x
Log normal plots of original 540 simulations are shown in

Appendix A.

Equations of these distributions were developed and
the mean and standard deviation for each calculated. In
accordance with the user defined values of CN, Ks, and Koc
means and standard deviations of appropriate distributions
are retrieved from the database and substituted into the

standardized log normal equation, which has the form:

. = ln X - p (4)
o
where,
z = standard normal random variable
X = continuous random variable
M = mean of the log values of X
o~ = standard deviation of the log values of X

The equation is then solved for a series of incremental
probabilities. Double interpolation between existing
distributions allows the user to determine the probability
of pesticide leaching at CN, Ks, and/or Koc values
intermediate to those employed on the original effort. The
probability of pesticide leaching for a wide range of
generic conditions then can be obtained by solving these

equations. An example calculation is shown in Appendix D.
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Option 1 Example

Several of the guidance screens encountered by the
user during an interactive session using Option 1 of EXSYS
are shown in this section. Figure 6 describes the type of
input parameters required to run Option 1, while Figures 7
to 11 illustrate information needed to select a value of
curve number. Figures 7 and 8 give a brief introduction to
CN and the types of hydrologic soil groups respectively.
The user can select the soil type from the general soil
distribution map of Oklahoma (Figure 9) and subsequently
obtain hydrologic information from Figures 10 and 11. The
final selection of a CN is further facilitated with
information contained in Figure 12. A curve number of 71
was selected for this example. Similar guidance for the
selection of the pesticide decay and soil partition
coefficients is available within EXSYS. Appendix B
contains the complete set of guidance screens encountered

in Option 1.

The screen shown in Figure 13 provides the user a
final opportunity to change any parameter value. Figure 14
presents example output from Option 1 simulation. A plot
and corresponding table compare the percent of pesticide
leached to 30 cm with the percent of time exceeded. This
defines a probability of occurrence. For example, 30,50,
and 70% of the applied pesticide could be expected to
leach 0,50, and 5% of the time respectively, given the

results provided in Figure 14.
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Ity OPYION ONE, THE USER WILL BE ASXED YO PROVIDL @

a. 83 CUNME MUMBER ( CN )
b. FIRCY OHDER PTUTICIDE DPECAY COEFF. { Ns )
c. BOIL-0RGANTC CARBOM PIBY. COEFF. ( ¥oc )
THIS PORTIOR OF THE EFFORY LINITE THE CN SELECTION RAMNGE
Y0 53-8R, Xz YO 8.A01 T0 8.9, ANE Xoc TO 2 TO 12AB. GCUIIVNCE
OB THE SELECTION OF THESE PARAMETERS IS PROVIDED VITH IN THE DODE.

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCREEN

|
I

Figure 6. Example Screen Containing Inout Parameters Information for
Option 1 Simulation.

24



MNEXT FIVE SCREENS AR DIVEILOPID T0 HIAP SELECY THE UALUE
OF PARAMETRER CURUE MURRER (CN)

THE CURVE MMBERS (CM) BEVILOPER BY 5011 COMSERVUATION SERVICES
CAARRCTERIZE SOILS OR THE BRRIS OF IMFILYRATION PROPERIIES.

THERE ARE. FOUR DIFFERRRY HVDROLOCIC SOIT GROUFS (4,B,C, and B)
AND ARE IN ORDER OF DECREXSING PERCOLATION POYENTAIL.

Figure 7. Guidance Screen Providing General Information About
Curve Number (CN).
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A3 FOLLOWS

EMOUP A : DIEF SAND. DEET LOIB3. AGIRBGATIR SILYE. MINIMUM
INFILTRATION OF B.7L ~ 1.14 on/ir .

SROUP § © SHALLOU LOESHS, SANDY LOAM, WINIFMN TRFILYRATION
0.3 - 3.7 cw'hr .

CRUE € : CLAY LOANS, ZHALLOV SANPY LoaM. 30ILX LOW TN ORGANIC
CONIENSE, AND SOTLS NISUALLY HIGH IN ClaY, KINIMM

INFILTRATION €.13 ~ 8.3¢ o' .

GROUT B : EOILE TRT SULLL GICGHIFICANTLY UHIN UEY, HEAVY PLASTIC
CLAYE, AND CERTAIN BALINE BOILS. MINIMUNM IMFILTRATION
8.83 - 9.13 ewhr .

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT BCREEN

Figure 8. Guidance Screen Describing Hydrologic Soil Groups.
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S
ond

¥ (1) BETAMNY 3 ¥ s W NP
B (2) CLARKSVILLE [ e |

B2 (3) DEWNIS

BB (4) DOUGHERTY

[ (5) BUPALA

BB (6) HARTSELL

N (7) PARSONS

¥ (8) PONDCREEX

BB (9) QUINLAN

S5 (18) RENFROV

@8 (11) St.PAUL

BB (12) STEPHEWILLE
83 (13) sumIY

Em (14) 1TIv0L]

R (15) YAHOLA

Cacaccea

TYPE THE MUMEER CORRESPONDING 30 SOIL - 7 |}

Figure 9. Guidance Screen Displaying Predominant Soil Distribution
Map of Cklahama.
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THE SUIL TYFE FPOR CURRINT SIMILATION 13 = CLARKSVILLE

THE BYDROLOGIC GRCUF OF THIR BOIL 1B = D

DO YOU WANY 10 CHANGE THE SOIL SELECYED 9 (¥YA) 7 ]

Figure 10. Guidance Screen Defining Hydrologic Group of the Soil Selected.
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T0 INAL SELECTION OF “CN ° SOMT ADIITIONAL INFORMATION
IS NEXDED. A TABLE WAS BEEN PROVIBED ON NEXT SCREDN 30 ASSIST
IN PROVIDING THIS INFORTATION. PLEASE. POLLOV THE PROCEKDURE

1 .

ON TARLE YIND THE LAMD USE AND TREATMENT OR PRACTICES THAY
IS 10 BE SINRATED (e.g. P CROPS, STRAIGHT WOV) .

2. TROR DABLE YIRD THE HYBROLOGIC CONDITION OF THE SOIL THMAY
I8 10 BE SIMRATED (e.g. COOD) .

3. FWOR THR WABLE FiNb THE ° ON ' FOR ABOVE SBLECIED CONDITION:
KAANPLE © HYDRCLOGIC CROUP = R
TREATHENT PRACTICE 1€ STRAIGHY ROV
LAD USE 1C BOU CROPS
HYDRGLOGIC COMPITION IS GOOD

B QUAVE MRIEEX IS 67

PRESS P FOR
PRESS N FOR NEXT SCREEN

Figure 11. Screen Outlining Procedure To Select Curve Number (CN).
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T O R O N S Y I T Ty T T T T IR TR T T Y N TEY T Ty e ——
s i ninbalebli nhiA) bk ki AM.

OOVER RYDROLOCIC CROVP ¥

LW USE I[mmmmmcncx wypwoLos1C compiTion || o fl B c i |
PALLOV  ||BTRRIGHT Mou o QL 7 Waﬁ 911 %4/
RON CRUFS {|BTAAIGHT NOW PoOR z{ mi wi i
STAAICHT DOV £00D €7 {| M B5: @9{

CONTOUNED POOR »{ ™| eal esi

CORTOURKD CooD 6c j| 5 82 85

COMTOURZD & JERRACED POOR 6 {| ™ eoi |

CUNTOURER & YERRACKD 00D ﬂ' 6z {| 71 R e

i . T

i ; : : 5

1 N I T |

Figure 12. Guidance Screen Displaying A Partial Listing of Crop and Land
Use Practices For Curve Number Selection.
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NE VALULS SXLECTED FOR DIFFERINT PARAMETIRS AN :

THE CURVE MPBER (ON) FOR CURRENT SIMILATION 18 - 71

THE BECAY OJETFICIDNT (Ks) POR CUNREMI SIRLATION IS = .B863
THE ORG. OARDOM DISY. ONEFF. (Koc) POR CURREMT BIWRATION 16 = 173.79

DO YOU UANT TO CHAMCE THE VALLES 7 (Y 7§

Figure 13. Screen Giving An Opportunity To Change Selected Parameters
For Option 1 Simulation.
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PROUBABILITY

“TERESTSITL Y

4 LEAMHED

37.63861
43.25872
S W
47.96144
499.83641
51.785
53.7116
56 .18®%
£9.255%
65.85153
71.63814
94 .36249

e
PLOY BETVERN PERCEINT OF PESTICIDE LEACHED

A3 PERCEMT OF TINE EXCEXDED

X-AXIS - PERCENY OF PESYICIDE LEACHED
P-AXIS - PLRCEMY OF TIME EXCEEDED

DO YOU WiNT 0 JRW THE PROGRAN AGAIN 7 (YD) ¢ ]

Figure 14. Example Final Output For Option 1 Simulation.
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Development of Option 2 for S8ite Specific Analysis

The second option available within EXSYS allows the
user to cohfigure and complete Monte Carlo simulations for
a specific farm site of 1-2 Ha in size. For this option, a
user friendly pre-processor was developed to create the
input files needed to run PRZM. Crop planting, maturation,
harvesting and pesticide application dates were fixed,
however, as in Option 1. Similarly horizon depth and the
amount of pesticide applied was also maintained at similar
levels. Other inputs such as pan evaporation and snow melt
factors, depth of pesticide incorporation, curve number,
decay rate, soil partition coefficient, hydrodynamic
dispersion etc. needed to complete a PRZM simulation are
requested by EXSYS through a series of questions and
menus. Guidance in the form of tables, equations and
instructions accompanies these questions. As the user
defines site conditions the soil properties become fixed
to that site. Similarly, the chemical properties of the
pesticides used are also constants for a particular
pesticide. Monte Carlo randomization was applied only to
meteorological data where a 25 year period of record at
the 12 type 1 meteorological stations located throughout
Oklahoma was available. The data from these individual
stations were provided in PRZM format by the Oklahoma
Climatological Survey in Norman, Oklahoma. A period of
record from 1954 through 1978 was selected as it was the
only record consistent to all of the available stations

[19].
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Following configuration of the site specific
parameters, the user determines the number of simulations
to be employed and the location of the nearest type 1
weather station. EXSYS randomly accesses a single year of
meteorological data from a 25 year record at the location
specified and calls the PRZM module for simulation. The
process is repeated until the specified number of
simulations has been completed. The amount of pesticide
leached past the 30 cm depth is retrieved from an output
file, the mean and standard deviation calculated and
probability of leaching obtained using a log-normal
distribution equation. Figure 15 presents comparisons
between example output and these log normal
approximations. The use of the distribution seemed
justified when compared to a simpler plotting position

approach as it reduced demands upon available memory.

Option 2 Example

In this section a brief description of the guidance
screens appearing in Option 2 is provided. For the example
problem, erosion losses were not considered as pesticide
was incorporated into the soil at 10 cm depth. Atrazine
was selected as pesticide with decay and soil partition
coefficients (Ks and Koc) of 0.0063 and 173.82
respectively. The soil selected was a Clarksville series
on a field of row crop of good hydrologic condition with
CN values 66, 71, and 66 for fallow, cropping, and residue

conditions respectively. The number of simulations for the
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99.9 99.9 99 959 % 20 1865 21.5 .4 .8
”!9: T T ™ T ARRRS A0S RN M08 REY M A pa -

C —A— Theoretical E

t ¢ <> Actual Observations -
101 |

i CERRT ¢ )
10e-2 ] Ll N [TV WOSI R TS 8 W T T

0 1 1 5 18 0 80 99 9 99.9 99,99

X - Probapility axis

Y - Log of pesticide leached past 30 an (Kg/Ha)

Figure 15. Plot Showing Camparisons setween Example Output and the
Log normal Approximation
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Monte Carlo was established at 100 for illustrative
purposes. In cases, where the user does not have apriori
knowledge about the number of Monte Carlo simulations to
run, suggested number is 50. Afterwards the user can
increase or decrease this number by selécting the value
after which mean and standard deviation do not change
appreciably. The screens presented in Figﬁres 16 to 20
give the user general information about the pan and
snowmelt factors, pan evaporation flag, the minimum depth
for evaporative extraction and the condition of the land
surface. Assistance in defining acceptable ranges for
these parameters is included with the information given on
these.

In similar manner, Figures 21 to 27 present
information and request inputs for maximum interception
storage, plant rooting depth, and depth of pesticide
incorporation as well as for the maximum areal coverage
achieved by the crop and its uptake efficiency factor for
the pesticide. Where appropriate these are crop and/or
region specific. If the user requests help in selecting
soil organic carbon, soil bulk density, field capacity,
and/or wilting points of their soils, Figures 28 through

31 present representative values.

Hydrodynamic dispersion and initial water contents
are input as shown in the screens presented in Figures 32
and 33. If the user does not want to simulate hydrodynamic
dispersion, its value can be taken as 0 and the value of

initial water contents can range from wilting point to
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PO PRCTOR 13 A DINENIIONLESS MUMEER. THIS PACTOR IS WALTIFLIED
BY DaILY Pal BUAPURATION TO ERTIMATR WNILY TUNPOTRANAPIRATION (ET). :

17 DILY AIR TENPEMATURES ARE USED FOR “ET’, ANY DUNMY MUMBER CoN
BE T (e.g. B.75) .

THE SELECTION RANCE FOR PN PACTOR IS FROM 8.6 10 1.8 .
THE RANCE FOR OKLAHOMA (S FRON 8.69 Y0 B.72.

TYPE THE VALUE OF PaN FACTOR 7 €.71

PRESS P FOR PREVIOUS SCREEN |:
PRESS N FOR MEXT SCREEN

Figure 16. Example Screen Providing General Information Apout the Pan
Evaporation Factor.
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NOY FYCTIOR, on snomeli/deg. ¢ above fresxing. VALUES OF

SNOV PACTOR ARE IN THE ORDIEL OF B.45 . IF RMOUMELY IS NOY
CALCUIATED, ENTER B.88 .

WHER THE MEAR ATR TENFERATURE FPALIS BELOV B.8 deg. C,
ARY PRECIPITATION THAY FRLLE I8 CONSIDERED 10 BE IR THZ FORM
OF SN0U. WMEN THE MEAR AIR TENPEBATURT I3 ABOVT 8.8 doy. C
HOVEVER , THE SOV ACCIMULATION I3 DECHERSED BY A& SMOWMMELS PACIOR.
THE SELECTION RAMCE FOR SN0V PACTOR IS FROM 0.0 10 1.0 .

TYYPE THE UALUE OF SNOM FACIOR ? 8.1

Figure 17. Example Screen Providing General Information About the Snow
Melt Factor.
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AN EVUAPORATION FLAG. ITF THIS FLAG 18 SET 30 JU @, PN
RUAPLRATION DATH ARR READL. 17 REY RQML 20 1, TRMPERATURE BATH
ARE REAl AD USED YO CALOULAYE POTENTIAL ‘EY’. IF SET BQUAL 10 2,
THEM PAN DURPORATION , IF AMILARLE, IS GISED IN THE METEOROLOCIC
FILE: IF NOI, TRMPERATURE IS USED 10 COMPUTE POTENTIAL °EY’.

SUCCISTED VALUE FOR THIS F1AC IS 2.

TYFE THE VALUE OF Pri EVAPORATION YiAG ? 2

PRESS P FOR PREVIOUS SCREEN |
PRESS N FOR MEXT SCREEN

Figure 18. Example Screen Providing General Information About the Pan
Evaporation Flag.
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THE MINIMM DRPTH, cos , IN SHICH BWPURATION 18 EXTRACTRD

YEARLY (e.g. 20.8 ) .

NINIMRY 19.090
MIX IS 35.880

TYPE THE NININIM DXPTH 7 18

PRESS P FOR PREVIOUS SCREEN |
PRESS M FOR MEXT SCREE 5

Figure 19. Example Screen For Determining the Minimum Depth For Evaporative
Water Extraction.
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L T T

THE COMDITION OF SURFACE AFTIR WAWISY @

Fallov |
CROPP ING 2
RESIDUE 3

WL THE NMUNDER CORRESPORDING YO CONDITION AFTER MARVEST 7 1

Figure 20. Example Screen For Input of Surface Condition of land After
Harvest.
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RAY TR INTERCTPTION BTOWAGE OF THE CROF (cm). THIS PARARETER
RRTIMTIRS THE ANOIMTY OF MAINPALL THAT 18 INTERCEPIRD BY A RILLY
DIVILOPED PLAMT AMD ERTAINEE ON THZ PLANT BURFACE. VALIES FOR MAJOR
CROPE ARE PROVIDID 1N THE TABLE OM THE NEXI RCRERM.

PRESS P FOR PREVIOUS SCRERN
PRESS N FOR MEXT SCREEN

— e e——————d |

Figure 21. Example Screen Giving General Information About the Plant
Maximum Interception Storage.
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INYERCEPTION (cm)

HEAVE
HODERA TR
LIGH?
LIGHT
LY
LI1tHY
LIEHY
MOLERATE
HODERAYE

’ub'
e

-
o o B
R

srseswssa
BurFe

>
i
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FOR PREVIOUS SCREEN
T .

Figure 22. Example Screen Displaying Typical Values of Maximum Interception
Storage For Same Crops.
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RAXDEM ACTIVZ ROOY DEPTH OF YHE CROF (cn) MEASURED FORM T
LrD BURFACZ. CEMERALIZED INFORNATION FOR CORN, BOVREARS, WIAT,

TOBACCO, CRALM SORCHUR, POIATOER, PRAMUTS, ARD COTYON AKE PROVIDED
IR TRELE OM NEXT TNO SCREWNS.

PRESS P FOR PREVIOUS SCREDN |

PRESS K FOR MEXT SCREEN

Figure 23. Example Screen Presenting General Information About the
Maximum Plant Rooting Depth.
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BANCE OF ROOS BEPTH
{7 )]

in, 1L,
in, 1L,
n! ml MQ M) ﬂ

I8, &, O
N, N8, O4

»-8
n-98

Bl o‘l m; “D. KT
W, ™|, D

15-38

. JYYE THE MRX. ACTRYL BOUTING SEPTN = 7 35 oo

Figure 24. Example Screen Displaying Values of Rooting Depth For Some Crops

and locations.
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TYPE TME DEPTH OF PESY. INCORPORATION IN on.(IF DROADOREST THEN 8) = 7 18

Figure 25. Example Screen Requesting Input of the Depth of Pesticide
Incorporation In the Soil.
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THE PAMONRTRR MAX. ARBAL COVERAGK OF BHE CROP AT FULL GWGPY
ESTIMNTES THE GBOUMD COVER AE THE CROP GROUS TO SOME MAX IMIN UALIE.
17 DETERMINGE TRY YRACTION OF CROUND COVER AYFORDED RY THE CBOP AKD

THUS INFLUBMCEY, WL MASS OF PRXTICIDE THAT REACHMES THE CROIWD.

IYPE THE VALIE OF MAX. ARTAL COVERAGE (x) = 7 @

Figure 26. Example Screen Giving General Information About Maximum Areal
Coverage of the Crop.
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100004 004 &

THE PLANT (PIAXE KFFICIENCY PACTOR PROVIDES FOR RIMOVAL OF
PESTICIDES BY PLANT ARV 13 A FUNCTION OF CROP ROOT 2O0MT AND
THE INIEMACTION OF UATER AMIc CHEMICAL. PRUPERTIES OF THE PE3IICIDES.
FOR PRZ8 DE MMOVAL OF PESTICIDI BY PLANT UPTARE IS BRSED OB TIE
ASBUNPTION THAY UPYAKE OF FESTICIDE IS RELATED 10 THE IRANSY IRATION
RATE. SESTIIVITY TESTC IMDICATE AR INCREASE I¥ THE UPIAXE BY
PLAMTS A8 THE ROCT DEPTH INCREARES, AMD i BRCREARE AS SHE PARTITION
COEFFICIERY INCREAEES .

VALLES CAN BE FROM 6.0 10 1.8 (e.g. 6.19) INDICATES UPIAKE IS

h FRACTION OF CROP TRAMSPIRATION MATE.

IYPE THE PLART UPTAKE EYPICIENCY PACTOR = 7 0.1

PEESS P FOR FREVIOUS SCREEM
PREISS B POR MEXT SCREEN

Figure 27. Exémple Screen Giving General Information About Plant Uptake
Efficiency Factor.
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Q) IMLAN

-

DNSERTANRRN WG

. pall
STEPHRIWILLE

S

YIWLI |
WHOLA ;

IS THE WALIE = ¥ 8.51
VOULD P00 LIXE TO CHANGE DE WALUE (¥) 7

BONTCDIEHNSEB D - »

Figure 28. Example Screen Displaying Organic Carbon Contents of the Major
Soils Shown In Soil Distribution Map For the Region Selected For
Simulation.
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['———_——'—-r

BYTHAYY 1.14
CARAVILLE 1.37
PR3 | 1.19
DOUGHERTY
BIYALA
WRTSRLL,
PARBOMNE
PONDCRE X
QImAN
RENFRON

St. Paill,
STEPHEMVILLE
ST
TIVOLI
YAHOLA i

IPE THK WALUR = ¥ 1.3¢
WOULD POU LIXE YO CHAMGE THE VALUE (YM) 7 |

RaREREINRAS

Peecrrowastsceconecetestter e ee et oot Rt et nane

P o len b kb BB 8 A P Bt BB b

Figure 2Y. Example Screen Displaying Typical Bulk Densities of the Major Soils
Encountered In the Region of Simulation.
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~ e p———— — g ————— ——Y Y~ —

8.3 :

GARGVILIE 8.38 5
D13 9.3 :
DOUGHERTY 8.12 :
BUPAULA .20 ;
WRRTSELL .25 s
PRRCONS 8.3 ;
PONICEED .37 ;
K .15 ;
KENTROV B.37 ;
St. PAUL .29 :
STEPHEILLE 9.12 5
Sm1Y 8.48 :
YIVOLI 9.07 ;
WHOLA 8.18

TYPE THE OALUE = Y 8.38

WOULD YOU LIXE %0 CHARCE THE VALUE (v/M) 7

Figure 30. Example Screen Displaying Typical Field Capacity of Major Soils
Encountered In the Region of Simulation.
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BETHATY 5.14 ;
CAMEVILLE 8.12 :
DDMNI3 9.17 :
DOUGHERTY 8.04 3
BIPAULA 8.11 f
MARTELLL 8.12 :
PARSOMS 9.13 3
PONDCREEN .18 :
QULMLAN 8.0¢ 5
KENTROV 9.19 :
8t. PallL 8.14 ;
STEPHEMILLE 8.85 ;
smir 8.2 ;
TIVOLI 8.4 ;
YAHOLA 5.%8 :
TYFE THK VALUR = 7 9,22 :
WOULD YU LIXE TO CHAMGE THE VALUE (Y1) 7 [}

Figure 31. Example Screen Displaying Typical Wilting Point of Major Soils
Encountered In the Region of Simulation.
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17 Y0l UNMILD LIER TG RIMKATE DISPERSION, THER BNTER THE UALIR
FOR HYDRODYWAMIC LISPERSION {ca?/day) OTHEMIIEL ENTIR 8.

TITE THE VALUZ POR HYDRODTMANIC DISPERSION (cm2/day) = 7 ©

Figure 32. Example Screen to Input Values For Hydrodynamic Dispersion.
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THE SZLECTIOW BANCE FUR ISITIAL WMTIR CORTINIS IS FAOR
VILTING POINT 70 POROBITY,

TYPE INITIAL UATER CORTEXIS IN SOIL (emd/ced) = 7 8.165

Figure 33. Example Screen For Input of the Initial Water Contents of the Soil.
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soil porosity. Figure 34 displays the location of type 1
weather stations in Oklahoma to assist the user in
selecting the nearest station. With all of these guidance
screens, the user can either use the parameters directly
or can input a separate entry should another source

provide a more appropriate value.

To maintain consistency with Option 1, the final
results for Option 2 simulation are shown as plots of
percent of pesticide leached versus the percent of time
exceeded or probability. An additional screen is provided,
however, for Option 2 which plots the mean and standard
deviation of sequential, incremental simulations against
the number of simulations completed. These are calculated
for first 5,10,15,20... values and are intended to assist
in determining the number of simulations required to
achieve an acceptable level of precision. That is, as the
curves resulting from these determinations asymptote to a
constant level, there is additional certainty that a
sufficiently large sample of simulations was determined.
Figure 35 presents an example of these comparisons. In
Appendix C, all the guidance screens displayed in Option 2

are presented.
CONCLUSIONS
In the recent past simulation procedures were limited

to those individuals with good computer skills, serving to

reduce the contributions of those professionals with
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< 1.GREAT BALT DaN
eZ .OARTON DA
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o4 LAKE OVERHOLERR
o5 .QUMHRIE

o6 . STILLMATER A
* 7. KETSIONE DAR g T,
oB.HAASH It e i 5 : -
S L.CIBSON MY 2 N SN o
*18.CRAND RIVER baN '

¢ 11.TDOILLER FERRY P
® §2.QISTER DAn

TYPE THE WUMBIR CORRESPOMDING TO WEATHER BYATION - 7 ]

Figure 34. Screen Displaying lLocation of Type 1 Weather Stations In Oklahoma
User May Pick by Number and Input Appropriate Data Set.
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FLOT BETYEEN NEANM
ANRD RETBLE OF SIMHRLATION

X-AX13 - MIBELK OF SIBULATI(N

¥-AXIS = MDAN

PLOT BETVEER STaNDARD DEVIATION
AND NIRMAER OF SIMIRATION

X-fX1& = MIIRER OF BIMLATION
Y-fA1S = STANDARY DEVIATION

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR NEXT SCREEN

Figure 35. Screen Presenting Plot Between Mean, Standard Deviation
and Number of Simulations Completed
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useful skills, and knowledge in related fields. EXSYS was
developed to help eliminate this deficiency by attempting
to make modeling of pesticide leaching easier. EXSYS
affords planners, county officials, and other land use
managers access to current technologies available to
define the risks of groundwater pollution from pesticides
so that additional alternative management options can be
evaluated. A public domain, widely accepted deterministic
code (PRZM) developed by U.S. Environmental Protection
Agency was chosen to complete the simulations. The expert
system developed in this effort is a shell built around

the unaltered EPA code.

The Option 1 of EXSYS was developed for a quick
preliminary analysis of the probability of pesticide
leaching past 30 cm and is based upon statistical
distributions describing previous Monte Carlo simulation
outputs. This option requires only three simulation
parameters: curve number, pesticide decay and soil
partition coefficients (CN, Ks, and Koc). By proper
selection of these parameters the user can evaluate the
effects of chemical properties associated with pesticide,
land use and practices/treatment on leaching of the
pesticide. This helps in making decisions about proper
pesticide selection and farm practices so that the
probability of pesticide leaching can be minimized.
Assistance is provided in selecting the values of these

simulation parameters.

Option 2 allows the user to configure and complete
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simulations using Monte Carlo techniques for specific farm
conditions. A user friendly preprocessor was developed to
assist the user in creating input files for PRZM. The user
can seek guidance in selecting values of the input
parameters, and the preprocessor responds to these
requests by calling subprograms which provide general
information, values, and guidelines for proper selection

of these parameters.

The simplistic nature of Option 1 and user friendly
interactive menu driven preprocessor developed for Option
2 attempt to help professionals lacking adequate computer
training. The overall ease in using EXSYS could make this

expert system an effective screening tool.

This expert system was developed to address winter
wheat areas in Oklahoma. This approach could very easily

be applied to other crops and other areas.
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APPENDIX B

COMPLETE SERIES OF GUIDANCE
SCREENS FOR OPTION 1
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VELCOME T0 THE OBU EXPERY SYSTEM
FOR DETERMININCG THE PROBABILITY OF
PESTICIDE LEACHING IN OKLAHOMA VINTER WHEAT ARBAS

- |

PRESE ANY KEY TO CONTINUE
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THIS PROCRAN HAS BEEN EVELOFED Al

OXKLAHOMA SIATE UNIVERSITY
STILLMATER , OX 74078

PANKAJ ABOMA
and
VILLIAM F. McTERMAN

FRESS P FOR PRIVIOUS SCREEN
PRESS N FOR MEXT SCREDM
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...............................................

08U DXPERT SYSTEM \
—E(SYS-— \\.
PANNAJ ARORA :

VILLIAM F. McYERNAN g

PRESS P FOR PREVIOUS SCREIN
PRESS N FOR MEXT SCREEN
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THIS EXPERT SYSTEN ACCKSSRS THE *PRZA1’ PROCRW VRITTRN,

COMPILEE A RELEASZD BY EPn ATHINS LABORATORY. MO MOBIFICATIONS
Y0 THE PROCRAM VERE WADE. ALL EEYERRMCES TO RICROSOTT COKPILER :
LICDWE MMBER ARE 10 THE ORIGINAL ACREEMDNTS BETWEDN 'EPA’ AMD MICROSOFT. |

PEESS P FOR FREVIOUS SCREEN
PRESS N FOR MEXT SCREEN
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THER ARE WO OPTIONR POR UKER 10 BN THIS ROFTVORE |

1. UGE IXISTING Dadn

Z. EMRY W STRULATIONS

THE RECOMMENDED FROCEPURL 18 Y0 PERFOAR AN INITTAL ANALYSIS
WIN THE EXIVTING DATR. SHOULD IME USKR WISH T0 PURSUE & MORE
RIGOROUS SOLUTION THE SECOND OPIION 13 RECOMMENDED.

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR MIXT SCREEN

]
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FOR OPYI0N OME, THL PATA RERUIRED ARE TAKEN PROH THE WORK
OF B.7.DANIELS (M.S. THEBIS, OKLANDMA SI1ATE UNIVERSITY) AND

IMVOLVES MORSE CRILO SIMULATIONS.
FOR THIS EFTORT EQUATIONS DESCRIBING THE cdf’a OF NE

OUTPUTS VERX DEVELOPED AND RRE RCCESSED Y0 PROVIPE CHURRINY
RESINTS. A LINFAR INTREPOLATION IS PROVIDED FOR THORE CONDITIONS
UHERE THL USER SPECIFIES INTERMEKIATE REQUIREMENTS.

PRESS P FOR PREVIOUS SCRERN
PRESS N FOR MEXT SCREEN

e —————— —

—
e — —

(il
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G0 S00 AEEEEE T 0 LENE S Bes Letes SO0 s S onRanes 66 Ehs b Sas 0o S entas A e LaS b ais 0o &0 Soan aneas enss oo e Sotastns cnn can s Sasanes Sas Sate Ras S0 0 S0es Snatesets t aas tacs bass
——

THIS FROGRAM UTILIZES R 25 YEAR WETEOROLOGICAL BRTA SUPTLIED
BY THE 0X1AHOMA C1TMATOLOCICAL. SITRURY LOVATREY JN NOAMAK, GKI.AHOM .

THE YRARS 1954-1978 UBRL SFLECTED YO0 BYILIZE CONTINUOUS, OVERLAPP IMS
RECORDS AVATLARLY AT ALL TYPR 1 STXTIONS IN TME SINTE. SOME PRORLEMA

HAT BEEN OBSERVED WHEN LONG PERIODS OF RISSING DATR ARE RNCOUNTERED
BY THE CODE. SWOULP THE USER EXPERIEMCE SUCH YROUBLES, FLEASE CONIACY
THE ‘OCS’ 7O DEVELOP THE WOSY APFROFRIATE KESPONSE 9 MISSING DATa.

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR NEXT SCREEN

It

94




Ity OPYION ONE, YHE USER VILL BE ASKED YO PROVIDE

a. 83 CURJE NUMBEX ( CN )
b. FIRST ORDEIR FISTICIDE DECAY COEFY. € Ns )
c. BOIL-ORSANTC CARBON PIEY. COEFF. ( ¥oc )
RIS PORTION OF ZHE IFFORY LINITE THE CN SELECTION RANGE
70 59-85, Xz Y0 B.A81 T0 8.9, AKD Koo 1O & TO 128B. CUIDGMNCE
FOR THE SELEICTION OF THESE PARAMETERS IS PROVIDED WITH IX THE CODE.

PEESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCREEN

re—
—

I
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OPTION 1. EXISTING DATA

NOTE @ INSTANTAREOU3S KESULYS
OPYION Z. MEW SIRULATIONS
NOIE : UILL TAKE HOURE

SEIRCT THE OPYION (§/2) = 7 1

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR NEXT SCREEN
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Bl vDiov AREA REPRESINTS RECION SELECTED FOR SIMEATION

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCREEN
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THE SELECTION MAMCE POR RCE CIIWE MUMBER (ON) IS FROM K9 T0 R4

»0 YU MKB> HELF POR SELECTING (CM) T (¥/M)
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MEXT FIVE SCREENS ARE DIVILOPED T0 HELP SELECY THE UALUE
OF PaRAMEYRR CUURUE MIMRER (CN)

THE CURVE MMBERS (CH) SEVILOPER BY S01L COMSERVATION SERVICES
CABRCTERIZE SOILS ON THE BRS1S OF IMFALYRATION FBOPEI!I.BS.
THERE ART. FOUR DIFTERERT HVDROLOCIC SOI3 GROUPS (4,K,C, and D)
AND ARE IN ORDER OF BDECREASINS PERCOLATION POTENTWIL.

PEESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT BCREEN

O ——
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SOIL CHAMCTERIZTICS ASSOCIATED WITH BACH RYDROLOCIC GROUPS ARE
A3 FOLLOWS :

EMOUP A . DIEP SAMD. DEET LOIB3. NOGREGATER SILYE. MININUM
INFILTAATION OF B.70 ~ 1.34 on/Ir .

CROUP § : SHMALLOU LOESE, SANDY LOAM, WIRIMUM TRFILYRATION
8.3 - 8.7 cwhr .

CROUP € ' CLAY LOAKS, SHALLOW SONPY LdaM, 301AR LOW IN ORGANIC
CONTENTE, AKD ROTLS LISUALLY HIGH IN Clay, KIRIMN

INFILTRATION .13 ~ 0.3¢ on/hr

GROUT B : SOILE AT SWILL CIGKIFICANTLY UHEN UEYR, HEAUY PLASTIC
CLAYE, AND CERTRIN BALINE SOILS, MINIMUNM IMFPILTRATION
6.83 - 8.13 cwhr .

PRESE P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCRIEN
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DO YOU WANT 70 SELECY SOIL TYPE FROX SOIL DISTRIBUTION M ? (Y) ?
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1L MIETHNTIOS Wt YOR MEeloN SELECTED IN SPARATION

B '
b, y A

B (1) BETAHNY
% (2) CLARNSVILLE
B3 (3) DEWNIS
BB (4) DOUGHERTY
[ (5) BupaLA
BB (6) HARTSILL
I (7) PARSORS
i (8) PONDCREEX
BN (9) QUINAN
B (18) RENFROV
@B (11) St.PAUL
B (12) STEPHEWILLE
£33 (13) SUmIY
B (14) TIV0L]
B (15) YAHOLA
TYPE THE MUMBER CORRESPONDING 30 SOIL - 7 §
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—_———————————————

THE SUIL TYFE FOR CURRENT SIMLATION I3 = CLARKSVILLE

THE BYDPROLOGIC GRCUF OF MHIE BOIL 1B = D

DO YOU UANT T0 CHANGE THE SOIL SELECTED 9 (¥A) ? |}
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_—— — —— — — — —————
0 INAL SELECTION OF "CM ° SONT ADDITIONAL INFORMATION
IS NEXDED. A TABLE MAS BEEN PROVIBED ON KEXT SCREEN 30 ASSISY
IN PROVIDING THI MATION. FLEASE, POLLOV THE PROCEDURE

-

KENTIONED BELOV
1

FROR TAKLE YIND TME LAMD USE AND TREATMENT OR PRACTICES MY
IS 10 BE SINRAIID (e.g. PV CROPS, STRAIGIT WOV) .

2. TROR TAELE YIXD I HYBROLOGCIC CONDITION OF THE SCIL THaY
I8 10 BE SINRATRD (s.p. COOD) .

3. FHOR THE TABAE FIND WHE * ON ‘ FOR AROVE SRLECYED CONDITION:
DIATPLE @ HYDRILOGIC CROUP - R
TREATHENT PRACTICE IE STRAIGHY ROV

LAD USE 3T BOU CROFS
HYDROGLOGIC COMPITION IS GOOP

N CQUAVE MRTERX IS 67

PEESS P FOR FREVIOUS SCREEN
PRESS N FOR MEXT SCREEN

hl
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e e T T TR e ———————
RYDBOLOGCIC CROUP

-
]
w

[ T L LR R R L L R T Py § Y -
——ae—-

HYDHOLOGIC CONRITION || A

— - H

Poon [(4
£00D 67 1L

32

POOR ”
CooD (1
POOR (18
cOoD 'V

STA¥BA R
IR

=

beaca
e oeon
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HE EELECTION RANCE JOR BXCAYV COXVTICIENT (M) 15 FROM B.3 30 A.MAS

D0 TOU K> HELF FOR SEZLECTING (Xs) T (¥W)
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==
NEXT TWO SCREINS ARI BEVELOPED 10 HELP SELECT THE UALIE
OF PARMEYER DRCAY COEFTICIENT (Ks).

THE PROCESSES THAT CORTRIUTE TC PESTICIDE DISAPPEARANCE IN SO1LB

ARY. VARIED AND DZPEND OM EXVIRORNERTAL FACTURT RS WELL AS CHEMICAL
PROPERTIES. T0 BB ACCHMATE, Y= SHOUH.DER INGRPRNDENY OF ALl SOII

AND CLIMATIC TACYORS. IR THE MBLE ON MEXT SCREEN, Ne VALUES ARE

RT BZEY OMLY ESTIMAYES. Xs 15 ACSUMED IO BE YIRST-ORDER RATE CONCIANT.

FRESS P FOR PREVIOUS SCREEN
PRESE N POR MEXT BCRIEN
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PESTICIE Ke
ATRAZ, INE ».0063
CARIM e " 8 .AA4P
2.“‘ D .-m
PICANEN 8.8151
BISULFOYON 8.1084
DIURON 8. o0t
MALATHO TR 9.4152
METHYL PARATHOIN 8.8155
PREATHO TN 8.0045
PROPRZ INE .86
YRIZLIBY.IN B.R25
YYFE THK VALUE OF %z = T 8.0W53
PRESS P FOR PREVIOUS SCREEDN
PRESS N FOR MEXT SCRIR
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THE SILECTION RANCE POR ORQANIC-CARBON DISTRIRUTION COEFF. Olar) IS FRON
2 10 1288

DO T0U NKED HELF FOR SELECTING (Noc) T (/W)

l
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——————————————————
MEXT TYO SCREEN3 ARE DEIVELOPED TO HELP SELECT THE UALLE
OF PARAMETER ORCAMIC-CARBON DISY. COEFY.

YHE PATE OF PESTICIDES IN SOIL AND WATER 16 RIGHLY DEPEMDENT ON THE
SOVPTIVE QHRVACTERISTICS OF THE CORFUUND. THE SORPYIVE FROPERYIES
OF PECTICIDES GPNERALLY CORRFIATE WELL UITH THE ORGANIC CONTEN? OF
SOILS. PARMNETER Xoc DESCRIBES THE ANOUNY OF PESTICIDES WHICH OAM
BI ADGORBED IN THE SOIL OM ORGAMIC MATTER.

FRESS P FOR PREVIOUS SCREEIM
PRESS N FOR MEXT SCREEN
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PESTICIE Koc
ATRACIRE 173.78
CARBOPLIRN 159.82
24-D 396.11
DICAMBA 1.86
DISWLPOTON pia oR
DIURON 3se.11
MLATHION €78.6)
METHYL PARATHION 1268.25
PREATHION 61,87
YROPRCHGE 573.83
TRITLIBAL TN 3M,673.69

YR YHE VALUE OF Koc = 7 173,79

PRESE P FOR PREVIOUS SCREEM
PRESS N FOR MEXT SCREEN
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THE CURVE MLMBER (OM) FOR CURRENT SIMILATION 18 - 71

THE PECAY COETFICIENT (Ks) FOR CUNIREMI SIMULATION IS = 0863
THE ONG. CARDON DISY. ONEFF. (Boc) POR CUMNEMS SIWILATION IE = 173.70

DO YOU UANT T0 CHANCE THE VALIES 7 (YA) 7 ]
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PROBABILITY % LEAOHED

S

HHELE:

-~ ERYRESATLY
PNRBRETIANAY
L

e
3

PLOT BETVEEN PERCENT OF PESTICIDE LEACHED
N PERCENI OF TIME EXCEXDED

X-AXIS - PERCENY OF PESTICIDE LEACHED
$-AXIS - PERCEXY OF TIME RXCEEDED

=71
Rs = .0063
Roc = 173.78

DO YOU WGNT T0 IO THE PROGRAM AGAIN 7 (YA 7 |

.  — __ _— —__ _____ _—
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APPENDIX C

COMPLETE SERIES OF GUIDANCE
SCREENS FOR OPTION 2
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ettt ———————————————
e o e S et B s & B & s B . e & e o e B & T S B S § SN e e & e e e = S & B > et P > B 5 D s . S © St et St
.
.
]
.

PESTICIDE D00 ZONE BODEL (PRZ) 13 EEING USED FOP THIS OPIION.
USER 1S GOING 30 CHEATE JNPUT FILE 10 BUN PR2M. GUIDANCE JC PROVIDED
FOH SELECTION OF WORT OF THE PARAMETERG. THE INFORMATION APOUT PARAMETERS
IS TAXEM FROM FRZY USER MARUAL. USER 1S REQUESIED T0 LOOX AT USEH WAL
IF MORE INFORMATION 3S DESIRED ABOUY SELRCYION OF PARANEIERS.

S

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR NEXT SCREEN

— —

i
il

115



e e e e e e B e e e e e e e S S s e e )
PAR TRCTOR 1S A DINENGIONLESS MOMEER. THIS PACTOR IS WALTIPLIED
BY POILY PaR BUAPURATION TO EATIMATE BATLY RUNPUTRANAPIRATION (KT).

I? DoILY AIR TENPERATURLS ARE USED FOR *ET', AMY DUNMY MUMBTR CAN
B INPUT te.g. B.7%) |

THE SELECTION RANGE FOR PaN PACTOR IS FRON 8.6 30 1.8 .
THE MANCE FOR OKLAHONA IS PRON B.69 T0 8.72.

TYPE THE VALUE OF PaN FACTOR 7 €.71

W::
PRESS P FOR PREVIOUS SCREEN |
PRESE N FOR NEXT SCREEN

= — — ——— e ———————————————————————" —— M
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G000 000 000 LantI0 08 G0N0 UIAS GASS Shes LASEALSLLS bas SeeSERES 0 & s el S LA Lol LS LA At A s Ae sahs SosS s SADASSs L0 et st Lass Lose Sare bes
'
.
H

SNV FACT0R, cn stiwmeli/deg. ¢ abouve fresxing. VALUES OF
SN0V FACTOR ARE 1IN SHE ORDEE OF B.45 . IF RNOVMELY TS NOY

CALCILATED, ENTER 6.88 .

WEN THE NEAN ATR TENFERATURE FALLS BELOK R.8 deg. C,
ANY PRECIFITATION THAT FALLE 18 CONSIPERED 1O BE IR THE FORN
OF SN0U. WHEN THE MEAR AIR TENPEEATURE I3 ABO\T 8.8 duy. C .,
HOVEVER , THE SNOV ACCUMULATION I3 DECREASED BY A& SMOWMELY FACTOR.
THR SELECTION RANCE FOR SNOV PACTOR IS FROM 0.0 70 1.0 .

YYPE THE UALUE OF SNON FACTIOR ? 8.1

m—__———'—.——__—___——_—__——é
PRESS P FOR PREVIOUS SCREEN
PRESE N FOR NMEXT SCREEN

:&Eﬁl

'l
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AR EUAPORATION FLAG. IF THIS FIAG I8 SET 30 BE @, MY
RUAPLRNTTON DATA AR REAL. 17 KBY BQAL 30 1, TRNPERATURE B
ARE READ AMD USED TO CALOULAYE POTENTIAL ‘ET'. IF SET BQUAL 70 2,
THEM PAR DURPORATION , IF AVAILARLE, IS USED IM THE METEOROLOCIC
FILE: IF N01, IRMPLRATURE IS USED 10 CONMPUTE POTENTIAL ’EY’.

SUGCESTED VALUE FOR THIS FLAC I8 2.

YYFE THE VALUE OF Frid EVAPORATION YIAG 7 2

| —

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCREEN
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THE BINIM DEPTH, ca , IN URICH PWAPURATION I8 EXTRACTED
YEARLY (eg. 282.8 ) .

o=
MINIMRY 18.880
MRX TR 35.880

TYPE THE BININRIM DUPTH 7 18
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TME COMDITION OF SURFACE ATIER MARVEST :

FALIOY 1
CROPP ING 2
RESIDE 3

TYPL THE NUMBER CORREIPONBING TC CONDITION AFTER WAORUERY 7 2
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WOULD YOU LIKE Y0 COMSIDER THE EROSION LOSSES (Y/) 7 §
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— .
e
.
:

NAY TR INTERCEPTION ETORAGE OF THE CROF (om). THIS PAMANETER
RRTIMIIRS THE ANOIMS OF RAINFALL THAT IS INTERCEPIRD BY & RILLY
DIVILOPED PLAMT AHD ERTAINEE ON THEZ PLANT BURFACE. VALUES FOR MAJOR
CROPE ARE PROVIDED 1IN THE IARLE OM THE NEXT ECRERN.
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I T e
cRo? PENSITY il INYERCEPTION (c3)
Com E HEAVY 5 0.%-8.3
EOVBRANS ; MODERTK 5 0.28-8.25
WEAT g LIGHY 5 0.5-8.15
ORYS ; LIGHY s 0.8-8.15
BRRLEY ; LIgH? ; 8.8-8.15
POTATORS : LieH ; 6.8-8.15
PEANITS 5 LIcHY ; 8.8-8.15
COTION ; MOLEMATE g 8.28-8.25
YORACCO g NODERATE ; 8.23-8.25

TYYE THE VALUE PR MARX. INTEKCEPTION = 71 ©.31%
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HAXTMP ACTIVE B00Y DEPTH OF YHE CROF (ca) MEASURED FORM THE
LAND BURFACE. CENERALIZED INFONRATION POR CORN, BOVEEARS, WMEAT,

TOBACCO, CAAIN SORCHIM, POIATOES, PRAMUTE, AKD COTTON AKE PROVIMLD
IR TRBLE ON NEXT TWO SCREEINS.

PRESS P FOR PREVIOUS SCREER |
PRESE N FOR NEXT SCREEN
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BAJOR BTATES FROMUCTION

i, 1L, IN, KK, OH
i0, 1L, IR, N8, OH
n’ m' mq M) ”

! -

S, Ok, &, ND, K? 15-38

o, ™, D

IYYE THE MAX. ACTRL BOOIIME BEPTR = 7 15 I ,_,_,_,,,31
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THERE ARE TNO GPTIONS FOR THE APPLICATION OF PERTICIDE @
1. APPLICATION YO 3011, OMLY
2. YOLIAR APPLICATION UCING LINEAR MOREL

TIPE THE OPTION POR PESTICIDE APFLICATION (1/2) = ¥ 1

PEESS P FOR PREVIOUS SCRERM
PRESS K FOR NEXT SCRIEN

|

==}
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TYPE YHE DEPYY OF PESY. INCORPORATION IN on.(IF DROADOASY THEN 8) = 7 18
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THE MOANETER MAX. ARBAL COVERAGE OF B CROP AT FULL ONGPY
ESTIMATEE THE GDOIND COVEIR AS THE CROF CROUS TO SOME MAXIMUN UALIME.
1T DETERIINGE THY FRACTION OF CROUND COUTR AYFORDED BY THE CRGP AAD

™HUS INFLURNCTY IHE WABS OF PRYTICIDE THAT REACHMER THE CROUND.

IYPE THE VALIE OF MAX. ARIAL COVERACE (x) = 7 0
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THE PLANT {PIAXE EFYICIENCY PACTOR PROVIDES FOR RIMOVAL OF
PESTICIDES BY PiANT AW 13 & FURCTION OF CROF ROOT 20T AP
THE INIERACTION OF UATER ANI: CHEMICAL. PROPERTIES OF $HE PRSIICIDES.
FOR PRZ8 BE RMMWOVAL OF PISTICIDE BY FLART UPTARE IS BRSED OB TiE
ASBUNPTION THAT UPYAKE OF FPESTICIDE IS REIATED 10 THE YRAMST IRATION
BRYE. SENSITIVITY TESTIC IMDICATE AR INCREASE IN THE UPIAXKE BY
PLANTS A& THE ROGY DEPTH INCREAKES, AMD A BECREARE AS SHE PARTIVION
COEFFICIENY INCRRACES.
UALARES CAN BE FROM 8.0 10 1.8 (e.g. 8.18) IMDICATES UPIAKE IS
A FRACTION OF CROP TRMMSPIRATION RATE.

IYPE THE PLANT UPTAXE EXFICIENCY PACTOR = ¥ 0.1

PEESS P FOR PREVIOUS SCREEN
PRESS N FOR MEXT SCREEN

R R R R R R R R R RO BB TBZD—L?.?dZdmd/7Z/m/ ™ )
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W Yo NEFD HELP 1M SRLICTINC MULY PRNSITY (v/M) 1§
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el s L —————— :

BT THARY
CAMAVILLE
DDWI3
DOUGHERTY
BUYALILA
WRYSKLL
PRREONE
PONDCREEX
RIMAN
RENFROV

3t. palll.
STEPHIMILLE
ST
TIVOLI
YAHOLA

1.14

i

-

o e e ke e b pa 1 12 e e
SRERFBIIXNIAR

"
[ ]

IYPE VHK ORLUE = ¥ 1.3¢

YOULD YOU LIKE TO CHAMGE THE VALUE (¥/) 7§
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oot Gin 000 000000000000 SEAAMEESLES SEEESE IS SRS S SISO LSS A0S SCTLAMES S-AID-S SEDAAMSOOA-CONES SEhs SELS & D A4S0 SADS SETLASEL-AAEe SRS SIS Eais SR ERetE0es SINs Sonhe S50 3

17 Y0l UMD LI 3G RIMBATR DISPERSION, THEN PNTRR THE UALLR '
FOR HVDRODYNAMIC DISPERSION (cw?/day) OTHEIWISY ENTER 8. ;

ITPE THE VALUZ FOR HYDRODINARIC DISTERSION (cmZ/day) =7 0O
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PO YOU MRXD WIALP N DRLECTING CURUR MUNEER (CW) S4/N) 7 M

TYFE RIE VALME OF ‘CH’ TOR PALLOY COMDITION = ? &b

TIPE THE VALHE OF "W YOB CROPPING COMBITION = 7 71
TYPE THE UALIE OF LN’ FOBR RESIME OOMDITION = % 66

133

P FOR
N FOR

PREVIOUS SCREEN
NEXT SCRIEN




e T e e e e e e e e e e e e e e e e
e e e

» ™ HELP 1N SELECTING PECRY COEFFICIEMY (Ks) (¥/R)7 N
IYPE THE WIE OF 'Re’ = 7 B.0843

PRESS P FOR PREVIOUS SCREIN
PREISS N FOR MEXT SCREEN
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D SO St B SIS SAAPCAAD SEES S SIS S St SUD-S SDD S U St Ot D SENS SS DA S St & Ut & St Sl Sttt d Sttt S s ——--—-\'

DISTRIBIUTION CORFF. (Xd), I8 CALOULATED URINC FORMAA :
K4=Boow (PIACENT ORCAMIC CARBON/1B8)
THE VALUZ 07 B4 SHOULD BE MORE TWAN 8.8801. USER IS NEQUESTED i
Y0 SELECT THE WALLEES OF Roc AND »ORGANIC CAFBON SUGH THAT R4 IS
GREATER THAN B.8081.

30 Y0} MEE> HKiP IN SELXCTING RISY. COXFFTICIRNY (Kd) C¥A)T M
IVPE HE WLIE OF Xoc = ? 173.7B

- o)
i
x v
33
B

:




DO ¥l NEXh WP SZLECTING ORCARIC CARRBON CONYRNTS OF KOIL (91 1 [}
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BITHARY 8.% :
CLARMGVILLE 8.51 :

PDNI3 1.59 :
PRUGHERTY 8.38 :

BIPMRA 8.7 ;

WRISD.L 8.8S5 :

PARDOMS 9.96 :
POMCRELX 1.21 5

QU ANLAN 9.5 ;

RENFROM 1.54 :

St. Pl 8.85 :

STEPHEMS TLLK h 9.46 ;

ST , 2.98 ;

TIVOLI | 8.2 ;

YAHOLA ; 8.3 5

IYFE THE VALLE = ¥ 8.51 ;
VOULD #0U LIXKE TO CHANGE THE VALUE (¥ 7 ] :
-~ .. T
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THE SELICTION BANCE FUR IRITIAL WATER CORTINTS IS FIOR
WILTING POINI 70 POROBITY.

TYPE INITIAL UATER CORTERIS 1N SOIL (emd/ond) = 7 8.165

000 & 200 AARLAEN LRSS 6000 & 005 & 450 & LASLLLEAALS S SELS SULE SLLS SEAAD SRS EASHASD SRAE S SANS MAbs MEDALESEY

— e a——
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AP AP LABSIAATALSIRAALALELS Shb S S5 b MESLLADAS LAk SAnssamans oS bahs bty

=== :

DO POl NIFD HELP KELECYINC PIELL CAPACIIY OF ROIL (v/%) 7 §
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EUPALLA
WRTSD.L
PRREOMS
PONDCIE RN
XA
KENTROV
$t. PAUL
STEPHREMSILLE i
SUMN1Y
TIVOLI
WHOLA

Tessssswevewe
R BN PEEEET T

TYFE THE ORLUE = 7 08.39

WOULD YOU LIXE 70 CHARCT THE VALUE (v/N) 7 ]

140
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e ::

DG YOU NEXD MRLP KELECTINC UILTING POINT OF SOIL (VA7 |

141



.....................................................................................

QUINLAN

8t. PAlL
STEMHIWILLE
ST
TIVOLI
YWHOLA

TYFE THK VALUR = 7 9.12

| VILYING POINY (ond/end)

3 41 3

LY
eevecccvecsrececsereccrtseesneceo e ettt oo ..

.

BERREZIBER

WOULD YOU LIKE YO CHANGE THE VALUE (¥) 7 ]




sersmess nesen

<« 1 .GREAT SALY DN
oZ .CABRTON PAR
3. HICKB

o4 LAKE OVERHOLERR
o5 . QUMKIE

o6 .STILLBATER

o 7. XEYSTONE DAN St
.a'aum “ A A F e
.g‘n’ C)RSON ”ﬂ S AR :"'f::‘f'f':';:‘:_.‘.. S
* 18.GRAXD RIVER baN
o 11 YEMMILLER FEARY P
® 12 WISTER Dan

¢
L e s L L LT T Trapp—

TYPE THE MUMBIR CORRESPOMDING TO VEATHER STATION = 7 |
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THE UBATHER BIAYION SELECTIE 18 = 3 CHICRABHA
PO YOU UANT T0 CHANEE THE WRATHER STATION SELECYED (¢/M)7 W
PLEASE. PUY THE DISKRIIL QORRESPONDING I0 THE MREBER 1M DRIVE 4.

HAUE YOU FUT DISMETIR IN DRIVE & () 7 |}
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nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

SYPE THE WUMBLR OF TTMEC YOU WART TO WUN FRZR (EVEX MAYIPLE OF 12) = 7 180
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-_...__...___.._____...____. §

NOTE : AFTER COMPLETION OF SIMILRYION PO¥. BACR YBRK THE FOLLOWING

SYATORNT UILL APPRAR;
STOP-PROGI TERNINATED :
PLESSE, TONOMR THIS STATEMENT AND LET PROC/N M.

WEX MRGER OF SIULATIONS SPECIFIED BY USER ARD OVER A SCRERM |
VITH GRAPHS BETWERN NMEWR. STD. BEV. AND MPGER OF SIMULATIONS BILL

AFPRAR .
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FLOT DETVEEN BEAY
ANRD MITELE OF 3IMA.ATION

X-RX13 - MMBLE OF SIBULATIN
¥ -AXI8 = PALAN

8.1

8.07%
8.685F
R.B%

b

PLOT BETVEEN ST4NDARD DEVIATION
AND NRMER OF EIMLATION

X-fX1& = NIIEER OF SIMRATION
Y-f1S - STANDARD BEVIATION

PRESS P FOR PREVIOUS SCREEN
PRESS N FOR NEXT SCREEN

R.1

@.87%
8.6
¥.845
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PROPADILITY

SrSYEREEIRER

« LEACHED

2.484383
$.242621
7.179183
9.886403
18.93355
13.18242
15.708153
19.00114
23.912M4
32.74574
42 .45787
69.18329

PLOYT ELTVEEN PERCENT Q3 PESTICIDL LEACHLD
AND PIRCENI OF TIME EXCEEDED

108 [

% 1

8 S p1.

¥ - AXIS = PERCENT OF FESTICIDE LEACHED
¥ - AXIS - PERCENY OF TIME EXCEEDED

PRESE E T0 EXI17Y
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APPENDIX D

EXAMPLE CALULATION:LOG NORMAIL INTERPOLATION
OF PESTICIDE LEACHING

149



For the example problem, calculate the
percent of pesticide (Atrazine) leached past 30 cm 30,
50, and 70% of the time. The Ks, and Koc values for
Atrazine are 0.0063 and 173.78 respectively and a CN value
of 71. The first step in the calculations is to locate
combinations of CN, Ks, and Koc which bracket these
coefficients. The combinations obtained are:
combination 1. CN=59, Ks=0.001, and Koc=2
2. CN=73, Ks=0.001, and Koc=2
3. CN=59, Ks=0.05, and Koc=2
4. CN=73, Ks=0.05, and Koc=2
5. CN=59, Ks=0.001], and Koc=600
6. CN=73, Ks=0.001], and Koc=600
7. CN=59, Ks=0.05, and Koc=600
8. CN=73, Ks=0.05, and Koc=600
First linear interpolation is performed on the means
and standard deviations (S.D.) to obtain their values for
CN=71. By performing interpolation on mean and S.D. for
combinations 1 and 2:
CN=71, Ks=0.001, and Koc=2
Mean=[ ((6.76-6.68)/(59-73))*(71-73) ]+6.68
=6.6885
Similarly the S.D. value of 0.1312 is obtained.
In the similar manner from combinations 3 and 4
CN=71, Ks=0.05, and Koc=2
Mean=3.671 |
S.D.=1.1312
from combinations 5 and 6

CN=71, Ks=0.001, and Koc=600

150



Mean=2.6336
S.D.=1.7469

from combinations 7 and 8
CN=71, Ks=0.05, and Koc=600
Mean=-7.4299
S.D.=4.4997

The percent of Atrazine leached past 30 cm for 30,
50, and 70% of the time can be obtained by solving z-
variable equation for log normal distribution. The
equation can be written as follows:

In (amount of pesticide leached) - mean

z = (1)
S.D.

for CN=71, Ks=0.001, and Koc=2
for 30% probability z=0.524565, therefore,
In (amount of pesticide leached)=z*S.D.+mean
or amount of pesticide leached=exp(z*S.D.+mean)
amount of pesticide leached=exp(0.524565*0.1312+6.688)
=(860.33)*(100/1000)

During the initial calculations of means and S.D.
for the development of database all the values were
multiplied by 1000. Therefore, the value obtained above is
divided by 1000.

Similarly for 50, and 70% probability, z values are
0, and -0.524565 respectively. By substituting these z
values and corresponding mean and standard deviation in
equation 1 the percent of pesticide leached 50, and 70% of

the time is 80.31, and 74.97% respectively.
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In the similar manner for CN=71, Ks=0.05, and Koc=2
amount of pesticide leached (%) for 30,50, and 70%% of the
time can be obtained by using equation 1. In this case z
values will be the same, only mean and standard deviation
values will change corresponding to this combination. The
amount of pesticide leached (%) for 30, 50, and 70% of the
time calculated is 2.2, 3.9, and 7.12 respectively.

Similarly, for CN=71, Ks=0.001, and Koc=600
amount of pesticide leached (%) for 30, 50 and 70% of the
time obtained is 0.55, 1.39, and 3.48 respectively.

for CN=71, Ks=0.05, and Koc=600
amount of pesticide leached (%) for 30, 50, and 70% of the
time obtained is O.

The linear interpolation on the percent of pesticide
leached past 30 cm for the Ks value of 0.0063 on the above
four combinations will provide the results as follows:

for CN=71, Ks=0.0063, and Koc=2
amount of pesticide leached (%) for 30, 50, and 70% of the
time is 77.50, 72.05, and 67.1 respectively.

for CN=71, Ks=0.0063, and Koc=600
amount of pesticide leached (%) for 30, 50, and 70% of the
time is 3.1, 1.25, and 0.5 respectively.

The final result is obtained by performing linear
interpolation for Koc on the above two combinations.

CN=71, Ks=0.0063, and Koc=173.78
amount of pesticide leached (%) for the 30, 50, and 7% of
the time is 56.13, 51.7, and 47.96 respectively.

These results are consistent with the values obtained

from Figure 14.
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