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CHARACTERIZATION OF INPUT PARAMETERS REQUIRED FOR

SIMULATING AGRICULTURAL CHEMICALS FATE AND

TRANSPORT IN UNSATURATED AND SATURATED ZONES

INTRODUCTION:

The exterlsive use of fertilizers arid e,ther

agricultural chernicals, a ...,d the pote...,t ial fe,r gre'u...,d-water

co....tami ....atio by water soluble chemicals has i ....creased the

...,eed for k e'wledge abe,ut chemical tra...,sport by subsurface

water moveme t. Leachi .... g of agricultural chemicals alo.... g with

the soil-water i ...,filtratie'..., a ....d deep percolatie...., i ..., rna ,y of

the cropped watersheds i .... Oklahoma a ....d other States i , the

Souther.... Plai ....s of the U.S. is of great co....cer.....

A field mo...,itori .... g strategy is pre'posed te. c.tilize

various tech .... iques to gather i .... formatio .... regardi .... g field

processes affecti ...,g the fate e,f agricultural chemicals i ...,

u ....saturated a ....d saturated zo....es. The site selected for field

testi .... g this strategy is the Agricultural Research Statio....

(Okl. State U.... iv.) at Perki ...,s (figure 1>. The cropped

watersheds are u ....derlai .... by sa...,dy soils a ...,d a shalle'w water

table. The parameters which are required for computer

simulatio.... i ...,clude u ...,sat urat ed saturated hydraulic

properties, physical a ...,d chemical properties e,f cmsaturated

zo....e, chemical-soi 1 i ...,teract io.... propert ies, d ispersi vi ty a ...,d

persistivity i .... grou....d water a ....d bou....dary co....ditio....s. Ma ....y of

these parameters are ....ot typically characterized fc,r a
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speci fic site. An expert system is being developed in order

to identify the appropriate field methods and modeling

strategies to establish a data base for computer model

simulat iOYIS for predicting chemical be,th

unsaturated and saturated zones.

PURPOSE:

Continued demand for water supplies in the Southwest,

including Oklahoma, has intensified the need for ir,forrnat iorl

regardir,g gre'ur,d-water quality associated with agricultl.,ral

practices. The main purpose of this research is to evaluate

the gre'und-water qual ity and to characterize the parameters

required for simulating the fate and transport of nutrients

arid pest icides through the unsat urated arid sat urated zor,es.

OBJECTIVE:

The primary objective of this research is to evaluate the

ground-water quality related to agricultural practices, arid

mainly ider,tify and characterize ir,put parameters required

for simulating fate and transport of nitrate-N and a selected

pesticide through the unsaturated ar,d saturated zor,e.

The ir,itial results of the st udy have beer, Pllbl i shed i r,

Proceed i ngs clf AmericaY"1 Water Resources Associat iCIY'1 Nar,ey

et. al., 1987) and presented at the Oklahoma Water Resources

CCIY"1 f erenee in September, 1987

3

(Kent, et. aI., 1987) •
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METHDOLOGY,

The r~ethe,ds ut iIi zed t e, acce'mp 1 ish the ob,j ect i ves set

in this study are cOl'"lducted i 1"1 various tasks.

TASK 1

TASK 2

Identify al'"ld select envire'l'"lmentally persistent al'"ld

mobile pesticides for field monitoring at the

Perkins site. The selectiol'"' of target pesticides

will be based on their half life and octanol water

partioning coffecient values.

RESULTS,

The selection of the target pesticides has been

accomplished, and the following pesticides and

insecticides have been chosen for field monitoring,

treflan, endosulfan, malathiol'"l, 2,4-D, 1 il'"ldal'"le,

aldrin, carbryl, and urea.

FUTURE PROPOSED RESEARCH,

None.

Utilize the data collection system which was

established this year between the Agricultural

Research Service (ARS), USDA and the Department of

Geology (OSU) (Naney, Kent, et.al., 1987).

RESULTS'

The site geology has been characterized based eon

test drillil'",g

geophysical data.

data, surface

Based elY,

al'",d

the

be'rehole

bClre helle

geophysical data (gamma ray) al'",d core log data

, I
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Table 1. Summary of Water Table Elevations. Bedrock Elevations.
and Saturated Thicknesses.

Elev.
E1ev. Land Depth of Depth E1ev.
of Stick Surface to Water- to of Sat.
Toe up E1ev. Water Table Bedrock Bedrock Thick.

Well ( ft 1 ( ft ) ( ft . ) ( ft . ) ( ft . 1 (ft.) ( 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 14.34 952.66 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

10 979 1.4 977.60 10.43 968.57 39 938.60 29.97

11 912 1. 29 910.71 11. 47 900.53 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.



crl:)ss-sect i OY"IS (f i gcn'es 3, 4) desc.'ibe the

subsurface geology at the site. The core log data

for different monitoring wells is included in

appendix A. Maps for saturated thickr,ess (figure

5) , water table e levat i elY"1 (figure 6) , aY"ld

transmissivity (figure 7) were ploted utilizing the

data obtained from the testhole drilling and pump

test ar,alysis. Table 1 pre'vides the summarized

data for water-table elevations, bedrock elevation

and saturated thickness.

Water Qual i ty:

The network of nested monitoring well has been

utilized for ce,llecting the grour,d-water quality

data since spring of 1986. Data for chemical

analysis of different inorganic elements present in

the different r,ested meoni tori r,g well s is showr, i r,

Appendix B. Ur,sually high valcles fe,r rlitrates ar,d

sulfates have been observed in the collected data.

The chemical data is beir,g further ar,alyzrd for

analysis of trends ar,d its correlatior, with water

level fluctuations, rainfall, croppir,g practices

and lar,d slope. Variation in the chemical quality

with time has beer, plotted (apper,d i x c) •

Preliminary analysis of data ir,dicated ger,erally

higher cor,cer,trations e,f the leached chemicals ir,

the shallow wells. A comparison of water level

fluctuations and nitrates over a period of 800 days

12.
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indicate a very good correlation

t

(figure 8).

Additional

i Yist all at iOY'1

well

with the assistarlce

drillirlg

of the ARS,

a.-nd

USDA

has been completed. The new monitoring well network

has been used for conductirlg a tracer test in the

unsaturated and the saturated zones complete set of

data has yet not been compiled for the tracer

tests.

Future Proposed Research.

Continuous cori..-,g of sc,il samples is proposed for

different monitored agricultural plots including

the tracer nest. In addition, a deep test well will

be dri lIed i r,tc. bedrock in order to provide

information or, hydraulics and water quality irl the

underlying bedrock.

TASK 3 Characterize hydraulics of the unsaturated zone.

Soil moisture levels will be obtained at different

depths utilizing neutron soil-moisture logging.

Results.

Volumetric ~oil moisture measurements were made

from March 3, to June 24 1988.

determinations were made at 0.5 interval to a depth

of 8.5 feet below the land surface. Sc.il moisture

gradients have beer. established by irlstall i..-,g

tensiometers at different soil depths. Data is

cureently being graphed and a..-,alyzed. Additic,r,al

lit
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soil rnoisture data is already available for the

Perkir,s site. The data obtair,ed has beer, used te.

deterrni r,e the values elf c.....saturated hydraul ic

conductivity for rnodeling in Task 6.

Future Proposed Research:

NOYle

TASK 4 Define ground water hydraulics for the Perkins

terrace aquifer. This would be accornplished by

utilizing aquifer purnping test data, potentiornetric

data and inforrnation regarding the aquifer

boundaries.

Results:

The rneonite'ring well netwe.rk figclre 9) has beer,

effectively utilized to obtain data to characterize

ground-water

rnethods were

hydraulics

ernployed

at

in

the site.

order tel

Several

determiYle

transrni ss i v i ty,

Perkins aquiferhydraulic

including,

pararneters for the

stoi t i vi ty. The

different techniques included Jacob'plot, Prickett

plot, and theis fit rnethod. The calculated aquifer

pararneters fe.r the site are tabulated ir, table 2

and 3. Ar, exarnple e.f each rnethod is showr, ir,

Append i x D.

Future Proposed Research:

None.



TASK 5 Develop expert system using the LOTUS system. The

expert system will cC1l'"fsist elf a bray,ched-decisiQl'"1

tree which will identify methods and procedures for

the developmer,t of a data base fe.r the trar,spe.rt

models.

Results.

The system is ir, the early stages eof developmer,t.

F,~t ,-,re Pre,pe.sed Research.

An additional year will be required to finalize the

expert system using the computer.

TASK 6 Computer modeling of nutrient ar,d pesticide

..

trar,sport in the cmsaturated ar,d the saturated

zoy,es.

Results.

A preliminary evaluation eof differer,t ce.mputer

models for chemical transpeort ir, the cmsatclrated

and saturated zones has been conducted. Two mo:,dels,

PRZM for the unsaturated zone, and KONIKOW for the

saturated have beer, selected for

calibration using existing data. Ir,put data base

for these models has beer, created ar,d ir,itially

simulations has been conducted.

Future Proposed Research:

These models will be clsed with the data collected

Ii
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in the 1988-1989 year fCrr cal i brat ie-YI aYtd

vel"'" if i cat i OYI.

TASK 7 Field calibratioY, aY,d verificatioY, of the rnc.dels by

mOYlitoring selected YlutrieYlts arid pesticides which

are pers i s t ey,t rnclbile i Y"' water.

Results:

Monitc1riYlg iY"1 the uYlsaturated zC.l'"le has iY"lvc,!ved the

installation of vacuum-pressure lysimeters at

different depths in the unsaturated soil. The

lysimetet' was desi gY,ed. CCIYISt r uct ed

installed to specifically monitor pesticides in the

soi 1 col umn.

pesticides has involved cc.llectiy,g grocmd water

samples from previously installed monitoring wells.

These wells are coY,structed c.f PVC casiy,g aYld

SCreeYIS aY',d are installed at both shallow ft)

and deep (48 ft) levels iY' the aquifer. Tracer

tests iY, the cmsaturated zone has beeY, coY,ducted

and ammonium-nitrate fertlizer. pc.ttasiuY,-scllfate.

sodium-chloride, and zinc-chloride has been used as

the tracer materiaL The variat ion of Y,i trate-n

with time at different depths below the

surface is shown iY, figure 10 fc.r test plot A aY,d

figure 11 for test plot B. Appendix E contains the

plotted data illustrating the movement of nitrate-n

and chlc.ride iY, the subsurface at differey,t times.

Soi 1 samples were takey, at differiimt times and



l

aYla.lyzed for l"litrate-l"l, chIc,ride, zirlC', pc,ttasium

arId suI fates.

verticl subsurface profile at differerlt times is

shown in figure 12. Data for distribution of

rlitrate-n, sulfates, phc'sphc1rol,.ts, pC1ttasiurn, irCIYI,

mangnese, and zinc is shown in appendix F.

Ground water samples collected to date have been

tested for r,utrier,ts (nitrates, chlorides etc.,)

and pest icides (carbryl, urea, 2, 4-d). Addit ie.....al

samples wi 11 be ce.llected arId wi 11 be tested for

treflan, endosulfan, malathion, and 2,4-d. Water

samples from the llnSat urat ed have been

.:obtained arId are currently beirlg ar,alyzed for

lindane, malathion, 2,4-0, treflan, and aldrin.

Future Proposed Research:

A similar protocal for ground water and soil

moisture sampling is proposed for model calibration

and verification during the 1988-1989 period.

SlWIl\RY

A hydrogeological site chracterizatior, is corlducted fe','

Perkins Terrace aquifer at the OSU Agricultural Research

Center, Perkir,s, Oklahoma. The Aquifer has a ....1 average

saturated thickness of 30 feet with an average transmissivity

of 10,000 gpd/ft and ar, average value e,f the hydraul ic

conductivity of 342 gpd/ft and a specific yield of 0.11.



t

Gr,:,ul'",d-water qual ity data regardil'",g the il'",c,rgal'",ic elemel'",ts

al"'td certai Y"l pest icides has beerl cClllected si rice sp-r"i rig c.ef

1986. The data is being plotted and currently being analyzed.

Tracer test using inorganic conservative tracers has beeY,

conducted in the unsaturated and the saturated zones at

Perkil'"ls test site. The database structured is beil'"lg used as

input parameters for simulating fate al'"ld

agricultural chemicals il'"l the unsaturated al'"ld the saturated

Three rH.,lfOer i ca 1 rnclde 1 s, CMIS arid PRZM for the

unsaturated zone and KONIKOW for the saturated zone are being

utilized for this purpose.

.' '':''1 c'
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