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CHARACTERIZATION OF INPUT PRARAMETERS REQUIRED FOR
SIMULATING AGRICULTURAL CHEMICALS FATE AND

TRANSFORT IN UNSATURATED AND SATURATED ZONES

INTRODUCTION:

The extensive use wf fertilizers and cther
agricultural chemicals, and the potential for ground—-water
contamination by water soluble chemicals has increased the
need for knowledge about chemical transport by subsurface
water movement. Leaching of agricultural chemicals along with
the scil-water inmfiltratiorn and deep percolation in many of
the cropped watersheds in Oklahoma and other States inm the
Scuthern Plains of the U.S. is of great concern.

A field monitoring strategy 1is proposed to uwtilize
varicus technigques to gather information regarding field
processes affecting the fate of agricultural chemicals in
unsaturated and saturated zones. The site selected for field-
testing this strategy is the Agricultural Research Station
(Okl. State Univ.) at Perkins (figure 1}, The cropped
watersheds are underlain by sandy scils and a shallow water
table. The parameters which are required for computer
simulation include urnsaturated and saturated hydraulic
preperties, physical and chemical properties of unsaturated
zone, chemical-scil interaction properties, dispersivity and
persistivity in ground water and boundary conditions. Many of

these parameters are not typically characterized for a
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specific site. Ari expert system is being developed in order
to idernmtify the appropriate field methods and modeling
strategies to establish a data base for computer model
simulations for predicting chemical movement in bBoth

unsaturated and saturated zones.

FURFOSE:

Continued demand for water supplies in the Scuthwest,
including Oklahoma, has intensified the need for information
regarding ground-water guality asscciated with agricultural
practices. The main purpose of this research is to evaluate
the ground-water quality and to characterize the parameters
required for simulating the fate and trarnsport of nutrierts

and pesticides through the unsaturated ard saturated zornes.

OBJECTIVE:

The primary objective of this research is to evaluate the
ground-water guality related toc agricultural practices, and
mainly idertify and characterize input parameters reguired
for simulating fate and transport of nitrate-N and a selected
pesticide through the unsaturated arnd saturated Zore.
The initial results of the study have been published in
Froceedings of Americarn Water Resources Assaciation ( Narney
aet. al., 1987) ard presented at the Oklahwama Water Resources

Conference in September, 1287 (Kent, et. al., 1387).



METHDOLOGY :
The methods utilized to accomplish the objectives set
in this study are corducted ir various tasks.
TASK 1 identify and select envirormerntally persistent and

TABK 2

mobile pesticides for field monitoring at the
Farkins site. The selection of target pesticides
will be based on their half life and cctancl water
particning coffecient values.

RESULTS:

The selection of the target pesticides has been
accomplished, and the fcllowing pesticides and
insecticides have been chosen for field monitoring:
treflan, endosulfan, malathion, &,4-D, lirdane,
aldrin, carbryl, arnd urea,

EUTURE EBROPOSED RESEARCH:

Norne.

Utilize the data collection system which was
established this year between the Agricultural
Research Service (ARS), USDA ard the Department of

Geclogy (0OSU) {(Narney, Kent, et.al., 1387).

RESULTS:

The site geclagy has been characterized based onm
test drilling data, surface and borehole
geaphysical data. Based onn the bare hole

geophysical data {(gamma ray) and core log data

b
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Table 1. Summary of Water-Table Elevations, Bedrock Elevations,
and Saturated Thicknesgses,

Elev.
Elev. Land Depth of Depth Elev.
of Stick Surface to Water- to of Sat.,
TOC Up Elev. Water Table Bedrocck Bedrock Thick.
Well (f€) (ft) (£€.) (ft.) (Ft.] (£t . (ft.) (ft.)
1 974 1.42 972.58 16.91 957.09 30 942.58 14.51

2 974 1.38 972.62 17.05 956.95 -—- - -
3 964 1.5 962.50 15.91 948.09 25 937.50 10.59
4 967 1.46 965.54 14.234 952.66 46.5 919.04 33.62

5 967 1.39 965.61 15.12 951.88 —-- - -

6 962 1.2 960.80 13.55 948.45 -—- -—- . -——-

7 962 1.2 960.80 13.69 948.31 39 921.80 26.51

8 945 1.4 943.60 12.31 932.69 -—- - -

9 945 1.27 943.73 11.73 933.27 35 908.73 24.54
19 979 1.4 977.60 10.43 968.57 39 938.60 29.97
11 912 1.29 910.71 11.47 300.53 51 859.71 40.82
12 930 1.55 928.45 12.03 917.97 51 877.45 40.52
E-P 909 0.0 909.00 12.67 896.33 57 852.00 44,33

Note: --- = not applicable; the well borings did not penetrate bedrock.

i



cross—sections {(figures &, 3, 4) describe the
subsurface geology at the site. The core log data
for different monitoring wells is  included in
appendix A. Maps for saturated thickneés {figure
3, water table elevation {(figure 6), avrsd
transmissivity (figqure 7) were ploted utilizing the
data obtained from the testhole drillirng and pump
test analysis. Table 1 provides the summarized
data for water—table elevatians, bedrock elevation
and saturated thickness.

Water Quality:

The nrnetwoark of rnested monmitoring well has been
utilized for collecting the ground-water guality
data since spring of 13986. Data for chemical
analysis of different inorganic elements present in
the different rested monitoring wells is shown in
Appendix B. Ursually high values for nitrates and
syl fates have been cbserved in the cocllected data.
The chemical data is being further analyzrd for
analysis of trends arnd its correlation with water
level fluctuations, rainfall, ocropping practices
and land slope. Variation in the chemical guality
with time has been plotted {appendix c).
Freliminary analysis of data indicated pgernerally
higher corncentraticons of the leached chemicals iwn
the shallow wells., A comparison of water level

fluctuatiorns and nitrates over a pericd of 800 days

12
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TASK

&

indicate a very gocd correlation (figure 8 ).
Additional monitoring well drilling ard
installaticn with the assistarce of the ARS, USDA
has heen completed. The new monitoring well network
has been used for conducting a tracer test in the
unsaturated and the saturated zormes complete set of
data has yet nrnot been compiled for the tracer
tests.

Euture Proposed Research:

Continuwous caring of soil samples is proposed for
different monitored agricultural plcots including
the tracer nest. In addition, a deep test well will
be drilled intc Dbedrock in order to provide
information on hydraulics and water guality in the

underlying bedrock.

Characterize hydraulics of the unsaturated zone.
Soil moisture levels will be ocbtained at different
depths utilizing rneutron scil-moisture logging.
Results:

Valumetric scil moisture measuremernts were made
from March 3, to June 24 1988, Soil moisture
determinations were made at 0.5 interval to a depth
of 8.5 feet below the land surface. Soil moisture
gradients have been established by installing
tensiometers at different soil depths. Data is

cureently being graphed and arnalyzed. Additional

14
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TASK 4

soil moisture data is already available for the
Ferkins site. The data obtairmed has beern used to
determine the values of unsaturated hydraulic
conductivity for modeling in Task 6.

Future Froposed Research:

Nore

Define ground water hydraulics for the Perkins
terrace aquifer. This would be accomplished by
utilizing aquifer pumping test data, potenticmetric
data and informaticon regarding the aqui fer

boundaries.

Resultg:

The monitoring well network ( figure 9) has been
effectively utilized to obtain data to characterize
ground—-water hydraulics at the site. Several
methods were employed in order to determire
hydraulic parameters for the FPerkins aguifer
including, transmissivity, gstoitivity. The
different techwrniques included Jacob'plcoet, Prickett
plot, and theis fit method. The calculated aquifer
parameters for the site are tabulated in table 2
and 3. An example of each methad is shown in

Appendix D.

Future Propased Researchs

None.

\ g



TASK S

TASK &

Develop expert system using the LOTUS system. The
expert system will conmsist of a brarnched-decision
tree which will identify methods arnd procedures for
the development of a data base for the trarnsport
models.

Results:

The system is in the early stages of develapment.

Future Proposed Research:
An additional year will be required to finalize the

expert system using the computer.

Computer modeling of wutrient and pesticide
transport in the wunsaturated and the saturated
zones.

Besults:

A preliminary evaluation of different computer
models for chemical $ransport in the unsaturated
antd saturated zores has been conducted. Twao models,
FRIM for the urnsaturated zorne, ard KONIKOW for the
saturated zone have been selected for model
calibration using existing data. Irnput data base
for these madels has been coreated arnd initially
simﬁlaticns has beenn conducted.

Eutuwre Eroposed Research:

These models will be used with the data collected

'9
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TRSK 7

in the 1988-139873 year o calibraticon and

verificatior.

Field calibration and verificaticom of the models by
monitoring selected rutrients and pesticides which
are persistent ard moabile in grourd water.
Results:

Monitoring in the unsaturated zorme has involved the
installation of vacuwum—pressure lysimeters at
different depths in the ursaturated scil. The
lysimeter was desigred, and constructed and
installed to specifically monitor pesticides in fhe
sail  column. Saturéted*:@ne moenitoring <f  the
pesticides has irvelved collectirmg ground water
samples from previcusly installed momitoring wells.
These wells are constructed of RFVYC casing and
screens and are installed at both shallow (25 ft)
and deep 48 ft) levels in the aguifer. Tracer
tests in the urnsaturated zone has been conducted
and ammoriium—-nitrate fertlizer,; pottasiurm—sulfate,
sodium—chloride, and zinc-chloride has been used as
the tracer material. The wvariation of nitrate-n
with time at different depths below the land
surface is shown in figure 10 for test pleot A and
figure 11 for test plot B. Apperndix E comtains the
plotted data illustrating the movement of nitrate-n
antd chloride irn the subsurface at different times.

Socil samples were taken at different times arnd

22



analyzed for wnitrate-n, chloride, zinc, pottasium
arnd sulfates. Digtribution of nitrate-n in soil
verticl subsurface praofile at different times is
shaowr in figure 132, Data for distributicon of
riitrate-n, sulfates, phosphorous, pottasium, iron,
mangrnese, and zinc is shown in appendix F.

Ground water samples collected to date have been
tested for rnutrients (nitrates, chlorides etc.,)
and pesticides (carbryl, urea, 2,4-d). RAdditicnal
samples will be collected and will be tested for
treflan, endosulfan, malathion, and &,4—-d. Water
samples from the unsaturated 2one have been
obtained and are currently being analyzed for
lindare, malathiarn, &,4-D, treflan, and aldrin.
Future Proposed Research:

A similar protocal for ground water and scoil
moisture samplirng is proposed for model calibration

and verification during the 1388-1989 period.

SUMYARY

A hydrogeclogical site chracterization is cornducted for
FPerkins Terrace aquifer at the 0SU RAgricultural Research
Center, Ferkins, Oklahcma. The Agquifer has an average
saturated thickrness of 30 feet with an average trarmsmissivity
af 10,000 gpd/ft and an average value of the hydraulic

conductivity of 342 gpd/ft and a specific yield of Q.11.

<Y



Ground-water guality data regarding the irncrgaric elements
and certain pesticides has been collected since spring of

1986. The data is being platted and currently being amalyzed.

Tracer test usirng incrganic conservative tracers has been
conducted in the unsaturated and the saturated zornes at
Ferkins test site. The database structured is being used as
input parameters for simulating fate and transport of
agricultural chemicals in the unsaturated and the saturated
TCTIe. Three mumerical models, CMIS ard FRZM for the
unsat urated zone and KONIKOW for the saturated zone are being

utilized for this purpose.
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