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CHAPTER I 

INTRODUCTION 

The use of herbicides in food production systems has steadily 

increased over the past several years. There is little doubt that 

the use of these chemicals has contributed to increased yields and 

in many cases, reduced production costs. However, the effects of 

these chemicals are not always beneficial. In many instances, crop 

damage or failure has resulted from herbicide residues remaining in 

the soil from previous cropping systems. Also, environmental pollu-

tion is a possibility with the widespread use of any chemical. It 

would be very beneficial, therefore, to be able to predict what 

happens to a herbicide after it is applied to the soil surface in 

an agricultural system. Since many of the chemicals are applied to 

the soil or eventually reach the soil, it is of particular interest 

to know the behavior of the herbicide in the soil. Many soil factors 

may influence the movement and attenuation of the herbicide in the 
' 

soil. Many of these factors may be important at the time of chemical 

application as well as with time. If soil properties such as water 

content, pore size distribution, pore-water velocity, bulk density, 

organic matter content, pH, and biological activity could be charac-

terized as to their effects on herbicide displacement, much better 

predictions could be made of the fate of herbicides in the soil. 

The effects of some of these soil properties such as organic matter 
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content and pH can be characterized by determining the interaction 

of the herbicide with the soil. Soil-water content, pore-water 

velocity and other soil properties must be individually evaluated 

for their effect on herbicide displacement. 

Several mathematical models have been presented to describe 

chemical movement in soil for steady-state water flow. However, 

few attempts have been made at describing herbicide displacement 

for transient flow systems. Relatively little data are available 

for evaluating the influence of various soil parameters on the 

movement of herbicide through soils under these transient flow 

conditions. 

The objectives of this study were as follows: 

(1) To evaluate equilibrium adsorption and desorption between 

1,1-dimethyl-3-(a,a,a-trifluoro-m-tolyl) urea (fluometuron) and 

Cobb sand. 

(2) To determine the effect of initial soil-water content on 

the movement of fluometuron through Cobb sand during water infil­

tration. 

(3) To determine the influence of infiltration rate and its 

associated boundary conditions on the displacement of fluometuron 

through Cobb sand. 

(4) To evaluate the usefulness of a mathematical model for 

predicting the movement of herbicide through soil under conditions 

of transient water flow using independently measured parameters. 
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CHAPI'ER II 

LITERATURE REVIEW 

The extensive use of agricultural herbicides has resulted in 

greater attention being focused on their fate in the soil. The 

fate of herbicides is important to the user as well as the environ­

mentalist. The safest and most efficient use of these chemicals 

can be obtained only from a knowledge of what happens to them after 

application. Although much work has been done on the fate of her­

bicides, most of this work has been for conditions which seldom, if 

ever, exist under normal field conditions. 

The attenuation of soil applied chemicals influence the residue 

levels in the soil as well as the effectiveness of the chemical and 

its interaction with the soil material. Miscible displacement tech­

niques have been used extensively to study the movement and attenua­

tion of herbicides in soil-water systems. The primary factors 

influencing the attenuation and movement of these chemicals in soils 

are: pore-water velocity, adsorptive properties of the soil, soil­

water content, solubility of the herbicide, molecular diffusion of 

the herbicide, pore-size distribution, aggregate size, and biological 

degradation (Lindstrom et al., 1967; Lindstrom et al., 1968; Davidson 

et a 1. , 1968). 

Day ( 1956) and Day and Forsythe ( 1957) used Scheidegger' s 

statistical model to describe the process of hydrodynamic dispersion 
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in porous media. They discussed the significance of diffusion and 

dispersion in the longitudinal mixing of a solute moving through 

porous media. Von Rosenberg (1956) found that convection and radial 

diffusion played at least a part in controlling the shape of the 

invading front during miscible displacement. Biggar and Nielsen 

(1962), and Nielsen and Biggar (1963) concluded that molecular 

diffusion must be included in any general theory of dispersion in 

porous media. 

Pore-water velocity, soil-water content, bulk density, and 

pore-size distribution are soil physical properties which affect 

herbicide movement through soils. Miscible displacement techniques 

have been used to determine the relationship of these properties to 

solute movement (Biggar and Nielsen, 1963; Davidson et al., 1968; 

Kay and Elrick, 1967; Miller et al., 1965; Elrick et al., 1966; and 

Davidson and Chang, 1972). 

Nielsen and Biggar (1962) examined several theoretical models 

for the miscible displacement of solutes in porous material and 

presented the mathematical equations describing these models. 

They discussed the usefulness of these models in describing the 

individual mechanisms involved in miscible displacement. However, 

none of these models accounted for the interaction between the 

solute and the soil. 

The adsorption of herbicides to soil has been examined by 

several investigators (Kay and Elrick, 1967; Bailey et al., 1968; 

Biggar and Cheung, 1973; Hornsby and Davidson, 1973). In almost 

every case, adsorption was found to follow the simple Freundlich 

adsorption equation. Adsorption may be chemical or physical. 
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Leenheer and Ahlricho (1971) studying the adsorption of carbaryl (1-

naphtyl methylcarbamate) and parathion (0,0-Diethyl 0-p-nitrophenyl 

phosphorothioate) on soil organic matter concluded that the adsorption 

of these chemicals was a physical process with the formation of Van der 

Waals bonds. The effects of pH, temp.erature and nature of the adsor­

bent on the adsorption of various herbicides was investigated by Harris 

and Warren (1964). Variations were too great for a generalization to 

be made about the relationship between pH and adsorption, but adsorp­

tion was inversely related to temperature in most cases. 

Hance (1967) determined the length of time required for the 

establishment of equilibrium adsovption of herbicides on several absor­

bents. Adsorption equilibrium was reached between 4 and 24 hours in 

most cases. However, as a general rule, desorption took longer. 

Lindstrom et al. (1970) tested the adsorption of three organic com­

pounds and found that most of the adsorption occurred within the first 

hour. 

Most herbicide transport models require a single-valued relation­

ship between adsorption and desorption. These two processes do not 

always meet this requirement as was shown by Davidson and McDougal 

(1973) and van Genuchten et al. (1974). This non-singular relation­

ship for adsorption and desorption had been suggested earlier by Kay 

and Elrick (1967) and Davidson and Chang (1~72). 

Chromatography theory has been the source of most of the transport 

models used in describing herbicide movement. Lapidus and Amundson 

(1952) presented a model based on longitudinal diffusion and convective 

transport for ion exchange in chromatographic columns. Their model 

included an adsorptive sink term. 



6 

A mathematical description of miscible displacement with ion 

exchange using a retardation factor to account for adsorption was given 

by Hashimoto et al. (1964). This retardation factor is the ratio of 

the equivalent column volume to the actual pore volume of the column, 

and it represents the apparent change in pore volume due to adsorption. 

Equilibrium adsorption and a linear adsorption isotherm was assumed in 

this study. 

More recently, mathematical models for the movement of adsorbed 

chemicals through porous media have been given by Oddson et al. (1970), 

Lindstrom and Boersma (1971), and Lindstrom et al. (1971). Lindstrom 

and Boersma ( 1971) extended the theory presented by Lapidus and 

Amundson to include the pore-size distribution of the soil and a pore­

size dependent diffusion coefficient. Oddson et al. (1970) neglected 

hydrodynamic dispersion in their description of the transport process. 

Some studies have indicated that pointwise equilibrium may not 

exist at high pore-water velocities. (Abernathy and Davidson, 1971 

and Davidson and McDougal, 1973). However, van Genuchten et al. (1974) 

were unable to predict the movement of picloram (4-amino-3,5,6-tri­

chloropico linic acid) at high pore~water velocities with a kinetic 

adsorption model which also accounted for the non singular character of 

the adsorption-desorption process. Because of this, they suggested 

that only a fraction of the soil participated in the adsorption process. 

They found this fraction to be a function of the average pore-water 

velocity. 

Almost all of the solute transport studies presented to date have 

been for saturated and/or steady-state flow conditions. Little work 

has been reported on chemical displacement under transient flow 



conditions. In a study of solute displacement during infiltration, 

Evans and Levin (1968) pointed out that existing models derived for 

steady-state conditions do not apply to the case of infiltration. A 

brief theoretical analysis of some of the differences in solute trans­

port for infiltration and steady-state flow are given. 

Miller et al. (1965) studied the effect of water application 

method on the displacement of surface applied chloride. They found 

that the amount of chloride moved from a given depth was not uniquely 

related to the displacing water. Keller and Alfaro ( 1966) reported an 

inverse relationship between leaching efficiency and water application 

rate when they displaced chloride tht'ough. the soil. A reduction in 

hydrodynamic dispersion and an increase in transverse molecular diffu­

sion with lower application rates were the reasons given for this 

relationship between leaching efficiency and water application rate. 

The movement of lindane (c.5-1,2 ,3 ,4 ,5 ,6-Hexachlorocyclohexane) in 

soil during infiltration was studied by Huggenberger et al. (1972). 

They attempted to predict the observed chemical distribution using the 

model described by Oddson et al. (1970). Failure of the theory to 

predict the shape of the observed distribution curves was attributed 

7 

to hysteresis or non singularity in the adsorption-desorption isotherms. 

They also found that the quantity of lindane ap.plied .to the soil in 

their study had no effect on the depth of penetration. 

Equations describing solute movement under transient water flow 

conditions have been used by Bresler and Hanks (1969) and Warrick et al. 

(1971) to predict salt movement during infiltration. However, Warrick 

et al. (1971) assumed that steady-state flow occurred in the region of 

solute transport and solved this transient problem as a steady-state 
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system. They used their model to numerically study the effects of 

surface soil-water content and the initial soil-water content on solute 

transport. From the numerical analysis they concluded that solute 

mouement during infiltration was independent of initial soil-water con­

tent but highly dependent upon the boundary conditions during infiltra­

tion. Bresler and Hanks (1969) solved the water flow and solute 

transport equations simultaneously but they neglected the effects of 

dispersion and adsorption. 

Kirda et al. (1973) also found solute displacement to vary with 

water infiltration rate and boundary conditions during infiltration. 

They observed that for large pore-water velocities, predicted values of 

the apparent diffusion coefficient varied directly with the pore-water 

velocities. However, the apparent diffusion coefficient was a constant 

for pore-water velocities below 0.01 cm/min. 

Almost all of the work reported to date on solute movement in 

transient water flow systems has considered only non-interacting or 

non-adsorbing solutes. Few studies have been reported on the effects 

of soil physical properties such as initial soil-water content and 

infiltration rate on the displacement of adsorbed chemicals through the 

soil under transient water flow conditions. The objective of this 

study was to evaluate the influence of the surface soil-water content 

and initial soil-water content prior to infiltration on the movement 

of a specific herbicide in a soil system. Also, a model for describing 

the displacement of organic chemicals and water in soil for non steady­

state conditions was evaluated using the experimental data obtained in 

this study. 



CHAPTER III 

THEORY 

The general form of the equation describing soil water flow in one 

dimension is: 

a e . a -=-~ t · a z 
K (9) .1..!! a z 

(1) 

3 3 
where e is the volumetric soil-water content (cm /cm ), t is time (hr), 

z is depth (cm) measured positively downward, H is ~y.draulic head (cm), 

and K(9) is hydraulic conductivity (cm/hr) expressed as a function of 

water content. A numerical solution of (1) has been presented by Hanks 

and Bowers (1962). 

The partial differential equation for one dimensional solute trans-

port is: 

a(oc) =~a~ (en ...af)_ a<vc) 
a t az 0 az az (2) 

where C is the solute solution concentration (~g/cm3 ), S is the solute 

concentration (pg/ g) in the adsorbed phase, p is the bulk density of the 

soil (g/ cm3 ), D is the dispersion or apparent diffusion coefficient 
0 

2 (cm /hr), and V is the volumetric water flux (cm/hr). The D term 
0 

describes the combined effects of molecular diffusion and dispersion 

resulting from the pore-water velocity distribution. The three terms 

on the right hand side of (2) describe the contributions from disper-

sion, convective transport, and adsorption, respectively, to the dis-

placement of a solute through soil. 

9 

If D is assumed constant and the 
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. f . . av equation o continuity -a;= ~ is used, (2) is simplified to: 
at 

f.Y - J& ~) J.Q - p ...!§.. 
\e e az az at 
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. . 
(3) 

Equation (3) will be used to describe solute transport under transient 

soil-water flow conditions. 

Assuming a first-order kinetic reaction between the solution and 

adsorbed solute phases, the rate of mass transfer to the adsorbed phase 

during adsorption, :~ I z > O, is described by: 

_u = k fl(kA ~\ C1/N_ J (4) 
at D ~ kD P] J 

where kA and kD are the adsorption and desorption rate coefficients. 

When equilibrium conditions exist between the adsorbed and solution 

phases, ; ~ = O, and (4) becomes the Freundlich equation: 

S = K Cl/N 
A 

where KA=(kA9/kDp) is the distribution coefficient for adsorption. 

For desorption, : ~I z < O, the rate of mass transfer from the 

adsorbed phase can be expressed as follows: 

(5) 

~ ~ = kn• IT::: ~ j c • i/N ' - s J ( 6) 

where prime(') denotes desorption. When equilibrium conditions exist 

(6) can be written as: 

S' = K C 1 l/N 1 

D 

where KD=(k'A9/k'Dp) is the desorption distribution coefficient. 

Equations (5) and (7) are equal when the adsorption-desorption 

(7) 

process is single-valued. However, Davidson and McDougal (1973) have 

reported that adsorption and desorption of picloram (4-amino-3,5,6-



·tri.chloropicolinic acid) was not single-valued. In this case, the 

solution and adsorbed concentrations in equations (5) and (7) are 

equal only at the instant the adsorption process ceases, : ~I z = O. 

At this point, the solution and adsorbed concentration are maximums 

11 

(Cmax' Smax). Solving (5) for Cmax and substituting this into (7) and 

solving for KD gives: 

K_ = K C(1/N-1JN') 
--D A max (8) 

It is obvious from (8) that the desorption distribution coefficient, 

KD' is a function of the maximum .. solution concentration. 

In this study, numerical solutions of equations (1) and (2) were 

used to calculate fluometuron and water displacement through Cobb sand 

during infiltration. The boundary conditions were: 

(a) c = c. ;,; z: 7 0 O< t < t 
]_ 0 

(b) -D . :a..£ + VG = 0 z =O t > t 
0 0 a z 

(c) c = 0 z > I ( t) t >.o (9) 

(d) c = 0 z > 0 t =o 

(e) 0 = 8. 
]_ 

z > 0 t =O 

where t is the time required for the complete dissolution of the fluo­
o 

meturon spread on the soil surface, C. is the constant surface concen­
i 

tration (maximum solubility) maintained until t , I(t) is the depth 
0 

ahead of the displacing solution, and 0. is the initial soil-water 
]_ 

content. The value of C. was assumed to be equal to the maximum solu­
i 

bility of the herbicide in water. 

Equation (1) was solved implicitly using the finite difference 

scheme: 



= 

A t 

(ht-1 +ht + 2G _ ht.-1 _ ht) Kt-1/2 
i-1 i-1 i i i-1/2 

2 ( Az)2 c:-112 
i 
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(10) 

(ht.-1 +ht. + 2G ht-1 ht ) Kt-1/2 
i i - i+l - i+l i+l/2 

2 ( Az)2 c:-112 
i 

where h is pressure head, G is the gravitational term, the subscripts, 

i, refer to distance~ the superscripts, t, refer to time, and C is the 
' .f. . . ~ speci ic moisture capacity, ah • 

Equations (5) and (7) were used in the solute transport equation 

(equation 2) to describe adsorption and desorption of fluometuron dur-

ing the displacement of the chemical through the soil. After the addi-

tion of the appropriate adsorptive sink term, equation (2) was solved 

explicitly subject to conditions (9a) - (9d) with the finite difference 

analog: 

= 

For adsorption: 

and for desorption: 

D I 
1 0 

w ;:-;:z ~~+! - 2C~ + C~-~ 
1 J_ 
w AZ 

w=1+f ~ K Cl/N-1 
A 

( 11) 

( 12) 

P 1/N'-1 w =. 1 + 9 N, K0c < 13 ) 

D' in equation (11) is the coefficient D -D , where D is the correction o o n n 

for numerical dispersion introduced by. ac/az and oC/ot. These two terms 

were approximated by Taylor series expansion using only first and second 

order terms. 



CHAPTER IV 

MATERIALS .AND METHODS 

Packed soil colunms were used to study the influence of initial 

soil-water content and infiltration rate on the displacement of 1,1-

dimethyl-3-(a,a,a-trifluoro-m-tolyl) urea (fluometuron) through soil. 

To simulate field conditions, the herbicide was uniformily applied to 

the soil surface prior to the application of water. The quantity of 

fluometuron distributed on the surface of each colunm was equivalent to 

a field application rate of 3.24 kg/ha. All infiltration experiments 

0 were conducted at 25 + 1 C. 

Soil 

The soil used in this study was obtained from the top 15-cm of a 

profile classified as Cobb fine sandy loam. The sampling site was 

located on the Caddo Research Station near Fort Cobb, Oklahoma. As a 

result of the particle siz.e distribution and for convenience, the 

sampled soil will be referred to as Cobb sand in this paper. The soil 

was air-dried and passed through a 2.0 mm sieve. Gravimetric water 

content of the air-dry soil was 0.5crlo by weight. The pH, organic 

matter content and cation exchange capacity of the soil were 7.0, 0.5%, 

and 3.9 meq/100g, respectively. The soil had 91.8% sand, 6.crlo silt and 

2.2% clay. 

The air-dry soil was packed into rectangular acrylic colunms one 
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meter in length and having 13 by 13 cm inside dimensions. Soil was 

added to the column in 2-cm increments with each layer stirred into the 

top of the previous layer. After each soil addition, each side of the 

column was tapped four times with a rubber-faced mallet. This procedure 

was repeated until the total depth of soil reached 95 cm. The average 

bulk density of the soil in each column was 1.53 + 0.015 g/cm3 • 

Gamma-Ray Attenuation Equipment 

The volumetric water content and initial bulk density at various 

locations along the length of the soil was measured by gamma-ray atten­

uation. The apparatus, Figure 1, consisted of a 250 millicurie Cesium-

137 source, thallium-activated Nal crystal scintillation detector 

(Harshaw Type 484), and the following Harshaw electronic equipment: 

preamplifier (Model NB-11), linear amplifier (Model NA-11) single 

channel pulse height analyzer (Model NC-11), scaler (Model NS-30), 

timer (Model NT-29), and high voltage supply (Model NV-19). The scaler 

was coupled to a Hewlett Packard 5050B digital recorder. The system 

was found to have a resolving .time and .. mass adsorption coefficients for 

water and soil of 3.3 microseconds, 0.0855 cm2/g and 0.0797 cm2/g, 

respectively. A method similar to that described by Fritton (1969) was 

used to determine resolution time. 

Herbicide Application 

A substituted urea herbicide (fluometuron) was used throughout the 

study. A fluometuron concentration of 1.832 µg/ml in absolute ethanol 

was obtained by combining 80% wettable powder (technical grade) and. 

14c-labeled fluometuron (100pc/9.7mg) in proper proportions to yield a 
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14c activity of 0.556 µc per ml of solution. Three milliliters of this 

solution were applied uniformly to the soil surface prior to initiating 

infiltration. This was equivalent to an application rate of 3.24 kg/ha. 

The soil surface was divided into three equal areas and the solution 

containing the f luometuron was added dropwise at random to each area 

with a 1-ml pipette. The ethanol was allowed to evaporate prior to 

the application of water. 

Liquid Scintillation Technique 

Carbon-14 activity in the soil-water and leachate samples was 

measured by liquid scintillation. Aliquots of 0.5 ml were pipetted into 

counting vials containing 15 ml scintillation cocktail solution. The 

scintillation solution consisted of 120 g naphthalene, 4 g 2,5-Diphenyl­

oxazale (PPO) and 50 mg 1,4-bis-2-(5-Phenyloxazolyl)-Benzene (POPOP) 

made to one liter volume with p-dio~ane. 

Infiltration 

After application of the herbicide, a 2 cm layer of 0.5-1. 0 nnn 

diameter quartz sand was placed on top of the soil. This was done to 

achieve a uniform distribution of water at the soil surface for the 

low infiltration rates and prevent puddling of the soil surface. 

Constant application rates of 1 or 5 cm/hr of 0.01 N Caso4 solu­

tion to the soil surface were obtained with a constant volume pump. 

The pump supplied water to a manifold with thirteen outlets. Each out­

let was connected to a two-inch length of capillary tubing mounted in 

a 20 cm square acrylic plate, Figure 2. The capillary tubing had an 

inside diameter of 0.5 + 0.25 nnn. The plate was designed to fit on top 
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of the acrylic columns containing the soil. The plate was moved over 

the soil surface from time to time to achieve complete coverage of the 

soil area. In order to monitor the rate of water addition, the 0.01N 

Caso4 solution source was pumped from a flask positioned on a Mettler 

model P3 balance. 

A one centimeter head of water was maintained on the soil surface 

for the case where the infiltration rate was not controlled. Two four­

liter Erlenmeyer flasks containing 0.01 N Caso4 solution were used to 

maintain this head. These flasks were mounted on platforms attached • 

to the elevator of the gamma-ray attenuation apparatus. The flasks 

were weighed before and after infiltration to determine the total quan­

tity of water that had entered the soil. 

Sampling the Soil Solution 

Samples of soil-water were collected at various soil depths during 

infiltration through 10 nnn fine-porosity fritted-glass innnersion tubes. 

The tubes were located in the sides of the acrylic container beginning 

5 cm below the soil surface and extending to 75 cm in 5 cm increments, 

Figure 2. An additional tube was placed 2 cm below the soil surface. 

Rubber·septums mounted on the open ends of the innnersion tubes allowed 

soil solution samples to be drawn through the fritted discs. Glass 

syringes were used to draw samples from the soil after the wetting 

front had passed a given sampler. 

Sampling the Soil Column 

Innnediately after cessation of infiltration, the column of soil 

was removed from the elevator ori the gamma-ray attenuation apparatus. 
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One side of the acrylic column was removed and the soil was sampled at 

three centimeter intervals beginning at the wetted front. A#9 brass 

cork borer was used to remove the soil samples. The samples were 

transferred to fritted-glass filters, Figure 3, and centrifuged at 

approximately 800 x gravity for 15 minutes. The soil samples were 

removed from the column and placed in the centrifuge as quickly as 

possible to prevent additional changes in the composition of the soil 

solution. The solution sample obtained with this procedure was ana­

lyzed for 14c activity and represented the solution concentration. 

The samples were weighed following centrifugation to determine the soil-

water content of the sample. 

To remove the remaining herbicide, the soil samples were leached 

with two successive 5-ml increments of absolute ethanol with centrifu-

gation following each increment. It had been previously determined 

that 10 ml of leachate was adequate to remove all the fluometuron from 

the soil. The herbicide concentration in the ethanol leachate was 

d b 1 . ·d · · 11 · f 14c · · measure y iqui scinti ation or activity. The amount of her-

bicide remaining in the soil solution after the first centrifugation 

was substracted from the amount in the ethanol leachate to give the 

quantity of adsorbed herbicide. The concentration of ads,orbed fluo-

meturon (pg/g) was determined and expressed on an oven-dry soil basis. 

Sorption Studies 

The equilibrium adsorption of fluometuron with Cobb sand at 25 ± 
1°c was determined using 1:1 weight ratios of soil to volume of herbi-

cide solution. Ten milliliters of 0.01 N Cacl2 solution containing 

the desired concentration of fluometuron was added to 10 g of soil in 
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a 50 ml glass test tube, shaken for twelve hours, and centrifuged at 

800 · Th 14c ' . ' 0 5 1 l' f h x gravity. e activity in • m a iquots o t e supernatant 

solution was determined. Duplicate samples were run for each herbicide 

concentration. The difference in the initial herbicide concentration 

added to the soil arid the concentration in the supernatant was assumed 

to be the amount adsorbed by the soil. 

Equilibrium desorption of fluometuron from Cobb sand at 25 + 1°c 

was also evaluated. Again 1:1 soil-herbicide ratios were used by 

combining 10 grams of soil and 10 ml of various herbicide concentra-

tions. The samples were shaken for twelve hours and the amount of 

herbicide adsorbed was determined as in the adsorption experiment. A 

sample of the supernatant was removed and analyzed for herbicide con-

centration. The volume of supernatant solution extracted was replaced 

with herbicide-free 0.01 N Cacl2 solution. This procedure was contin­

ued for nine dilutions. 

Soil-Water Characteristics 

Soil moisture characteristics for Cobb sand packed to a density 

equal to that used in the soil columns were determined for both wetting 

and drying cycles. Soil cores 7.62 cm in diameter were placed on water 

saturated fritted glass plates in Buechner funnels. The soil was sat-

urated for 24 hours and then allowed to drain to an equilibrium water 

content at a pressure of -4 cm of water. By increasing. the pressure 

in the Buechner funnels by given increments and measuring the quantity 

of water drained from the soil between these increments, a soil-water 

content-pressure relationship for the drainage cycle was obtained. 

When the soil reached equilibrium at the last pressure increment, a 
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constant head burette was connected to the outflow end of the system. 

The pressure was then decreased by given increments and the amount of 

water flowing out of the burette and into the soil was measured. In 

this way, a soil-water content-pressure relationship was determined for 

a wetting cycle. The pressure at wliich wetting was initiated was varied 

in order to obtain several soil moisture characteristic curves for water 

adsorption scanning. curves. 

Soil moisture diffusivities were determined with the method out­

lined by Bruce and Klute (1956). ·Water was applied to air-dry soil 

packed in a 3.1 cm diameter acrylic column. The pressure at the inflow 

end of the column was maintained at -2 cm. At the end of infiltration 

the column was sectioned into one centimeter segments and the moisture 

content of each segment was measured gravimetrically. 



CHAPTER V 

RESULTS AND DISCUSSION 

The equilibrium adsorption and desorption isotherms given in 

Figure 4 were described by the Freundlich equation: 

S = KCl/N (14) 

As can be seen from Figure 4, adsorption and desorption were not de-

scribed by a single-valued relationship. For adsorption, the values 

3 
of KA and 1/N were 0.21 (cm /g) and 0.84, respectively. For desorp-

tion KD and 1/N' were dependent upon the maximum amount of herbicide 

adsorbed. Table I gives the K0 and 1/N' values for each Cmax studied. 

A reaction time of 10 min. was sufficient for equilibrium adsorption, 

however 12 hr. was used to obtain all adsorption and desorption data. 

N' appears to be a function of C (van Genuchten et al. 1974) max 

but for this study will be assumed constant. Using equation (8), the 

concentration dependent desorption distribution coefficient, KD' can 

be easily calculated in the numerical solution. From pre:l1iminary de-

sorption isotherm data for low herbicide concentrations, the average 

of the measured N' values was 1.7. This value was used to calculate 

the desorption distribution coefficient in the numerical solution. 

When all the desorption data over the concentration range given in 

Tab le I were collected the average N' was 1. 5. As shown in Figure 5, 

using an N' of 1. 5 resulted in much better agreement between measured 

and calculated values of KD at high fluometuron concentrations. 
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c max3 
g/cm 

0.42 

1.26 

2.12 

7.82 

15.8 

24.1 

32.3 

40.4 

TABLE I 

PARAMETERS ASSOCIATED WITH DESORPTION OF 
FLUOMETURON FROM COBB SAND AT 25 + 1°c 

Kd 

0.17 

0.22 

0.25 

0.25 

0.34 

0.48 

0.34 

0.36 

24 

1/N I 

0.60 

0.64 

0.63 

0.76 

0.66 

0.57 

0.68 

0.69 
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However, the measured desorption distribution coefficients for low 

herbicide concentrations were predicted reasonably well using. either 

1. 7 or 1.5. It was found that the calculated herbicide distributions 

were not significantly chang.ed by decreasing N' from 1.7 to 1.5. 
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The soil parameters associated with each experiment in this study 

are surrn:narized in Table II. The three water application rates used 

were: 1) i.ncm/hr, 2) 5.0 cm/hr, and 3) a variable rate achieved by 

maintaining one centimeter head of water on the soil surface. 

The numerical solution procedure given by Hanks and Bowers (1962) 

was used to solve equation (1) for the water infiltration process. 

The soil-water characteristic curves for Cobb sand are given in Figure 

6. Curves are shown for both wetting (broken lines) and drying (solid 

line). The relationship between soil-water content and head for wet­

ting is dependent upon the soil-water content prior to wetting. The 

soil characteristic curve used for each column was selected on the 

basis of initial soil-water content. 

Soil moisture diffusivities were determined with the method pre­

sented by Bruce and Klute (1956). Hydraulic conductivity values were 

then calculated using the relation: 

K(0) = D(e) (d8/dh) ( 15) 

Curve A in Figure 7 shows the relationship between hydraulic conducti­

V:ity and soil-water content calculated from this equation for an ini­

tially dry soil. This relationship for hydraulic conductivity and the 

appropriate soil-water characteristic curve were used in equation (1). 

Predicted infiltration proceeded too rapidly for the initially wet 

column when Curve A in Figure 7 was used. This was probabl}! caused by 

a change in the pore geometry of the soil as a result of pre-wetting 



Bulk 
Column Density 

g/cm3 

1 1.53 

2 1.52 

3 1.54 

4 1.54 

5 1.54 

6 1.53 

7 1.54 

8 1.53 

TABLE II 

EXPERIMENTAL PARAMETERS AND SOIL CHARACTERISTICS 

Initial Average Total Residual 
Water Infiltration Infiltration At Soil 
Co~ten~ Rate Time c 3 cm /cm cm/hr Min ·-,g/cm 

o. 005 18.1 90 

o. 005 29. 0 59 0.2 

o. 005 4.89 266 38.3 

o. 005 1. 00 980 44.2 

0.130 10.1 69 0.2 

0.140 17.6 62 0.5 

0.130 5.16 161 45.7 

0.125 1. 03 585 3.1 

Herbicide 
Surface 

s 
-µgig 

0.2 

16.7 

18.4 

0.3 

0.6 

10.3 

2.6 

"' CX> 
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the soil. In order to describe the infiltration into the wet columns, 

Curve B in Figure 7 was used. 

Fluometuron concentration with time at" various soil depths for 

column 8 in Table II are given in Figure 8. These concentrations were 

determined by collecting samples of the soil-water through the fritted 

filter discs during infiltration. The reduction in peak height and 

the increased spreading with depth shown in Figure 8 are a result of 

mixing by velocity dispersion and adsorption of the f luometuron on the 

soil. The tailing is an indication of the non-singular relationship 

between adsorption and desorp.tion. Additional soil solution data are 

given in Table III in the Appendix. 

Figures 9 and 10 give adsorbed and solution herbicide distribu-

tions for columns 2 and 5. These distributions were measured by taking 

samples from the soil columns immediately after the cessation of infil-

tration. The maximum adsorbed and solution concentrations generally 

occurred at approximately the same depth for all treatments. However, 

some lagging of the adsorbed phase is shown for the ponded infiltration 

into initially dry soil, Figure 10. This is an indication that non-

equilibrium conditions exist at the fast pore-water velocities asso-

ciated with this column. The data obtained from soil samples are 

g.iven in Table IV in the Appendix. 

The initial soil-water content prior to infiltration had little 

affect on the displacement of fluometuron for a given quantity of in-

filtrated water. This is illustrated in Figure 11 where fluometuron 

concentrations are compared for initial soil-water contents of o.oos 
3 3 (air-dry-) and 0.130 cm /cm • One centimeter of water was maintained 

on the soil surface of both columns throughout the infiltration process. 
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The fluometuron displacement depths are independent of the initial 

soil-water content, whereas the wetting front position is related to 

the initial water content. Apparently, the original soil solution in 

the top of the colurrm was displaced. by the infiltrating water. 

Figure 12 shows the influence of the water application rate and 

associated boundary conditions on the displacement of fluometuron. 

The cumulative infiltration is the same for both columns (columns 2 

36 

and 4). The inverse relationship between leaching efficiency and sur­

face water content shown here has been reported by several investiga­

to:r:s (Keller and.Alfaro, 1966;. Warrick et al., 1971, and Kirda et al., 

1973). However, this inverse relationship was not necessarily valid 

when comparing fluometuron displacement for ponded and 5.0 cm/hr appli­

cation rates. This was a result of the final soil-water content at the 

soil surface and in the transmission zone being only slightly different 

for these rates. Also, the smaller pore-water velocities during the 

5. 0 cm/hr application rate allowed more time for diffusion controlled 

adsorption to occur~ The areas under the herbicide distribution 

curves in Figure 12 are not equal as a result of some f luometuron re­

maining at the soil surface for the 1. 0 and 5. 0 cm/hr application 

rates. At least a portion of this residual fluometuron appeared to be 

in solution. However, the validity of the measured solution concen­

trations of fluometuron at the soil surface given in Table II are 

questionable since some herbicide may have gone into solution as a 

result of the sampling procedure. The residual adsorbed fluometuron 

concentration reported in Table II is a measure of the quant:i,ty of 

undesolved and adsorbed herbicide. 

Experimental data from this study were used to determine the 
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usefulness of a mathematical model for predicting herbicide displace-

ment for transient flow conditions. The model is similar to the one 

used by Kirda et al. (1973). However, the model used in this study 

included an adsorption or sink term. The solute transport and water 

flow equations (equations 1 and 3) were solved simultaneously in order 

to predict both fluometuron and.water distributions. Equilibrium ad-

sorption and desorption as described by equations (5) and (7) were also 

used. The dispersion coefficient, D , was assumed constant for each 
0 

column. 

Figures 13, 14, and 15 show comparisons of calculated and experi-

mental distributions of herbicide and water. The calculated fluo-

meturon distributions lagged behind the measured distributions in each 

case. However, the positions of the peak concentration and the tailing 

edge seem to be predicted somewhat better for the slower 4.89 cm/hr 

infiltration rate (Figure 15) than for the soil columns on which water 

was ponded. These calculated distributions were obtained using values 

of 0.22, 0.84, and 1.7 for KA, 1/N, and 1/N', respectively. The value 

of D used was dependent upon the water application rate and was 0.07 
0 

cm2 /hr for application rate of 1. 0 and 5. 0 cm/hr and 0.10 cm2 /hr for 

coiumns on which water was ponded during infiltration. Equation (8) 

was used to calculate values of the distribution coefficient, KD. 

The velocity and soil-water content terms used in the solute transport 

.. model were obtained from the numerical solution of the water flow 

equation (equation 1). 

As shown in Figures 13, 14, and 15, the numerical solution of 

equation (1) adequately described the measured soil-water content 

distributions (Table V, Appendix). A uniform soil-water content 
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Figure 14. Experimental and Calculated Fluometuron Solution 
Concentration and Wate:r Distributions After 30 
and 69 min Infiltrat1on. Initial Soil.-Water 
Content Was 0.130 cm /cm3 and Average Flux Was 
10.1 cm/hr. (Column 5, Table II). Solid Lines· 
Were Calculated Using Equations (10) and (11). 
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distribution was used to approximate the actual initial soil-water 

content distribution (Table VI, Appendix) for each initially wet soil 

column. 

van Genuchten, Davidson and Wierenga (1974) have suggested that 

at high pore-water velocities, equilibrium may exist, but that only a 

fraction of the soil participates in the adsorption process. If there 

was insufficient time for the fluometuron to diffuse into smaller pores 

at the high pore-water velocities existing in this study, then less 

adsorption than predicted would have occurred. To account for the 

non-adsorbing fraction, a term similar to the FREQ term used by van 

Genuchten et al. (1974) was add.ed to the model. Since the bulk density, 

p, is a measure of the mass of soil per unit volume, the FREQ term 

was multiplied by p to give a .measure of the mass of soil per unit 

volume which was actively adsorbing and desorbing herbicide. The 

value of FREQ was selected on the basis of its ability to describe 

the experimental data. It should be emphasized that a change in the 

p value as a result of multiplying it by FREQ does not indicate an 

actual change in the bulk density of the soil. Rather, it is an indi­

cation of a change in the surface area which was participating in the 

adsorption and desorption of fluometuron. For convenience and as a 

first approximation, the bulk density was used as a measure of the 

surface area of the soil. The model could be made more descriptive of 

the physical system by the addition of a surface area term. 

Figure 16 gives the calculated fluometuron distributions for an 

initially wet soil on which water was ponded (column 5) during infil­

tration. As can be seen, the tailing edge and the position of maximum 

concentration were described very well by using a FREQ value of 0.5, 
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but the calculated peak concentration was much larger than the measured 

concentration. However, the calculated and measured maximum concentra-

tions were approximately the same for column 6 (Table II). There also 

appears to be more dispersion of the displacing front than predicted 

by the model. The measured and calculated distributions of the ad-

sorbed fluometuron for the conditions in Figure 16 are given in Figure 

17. The solid line represents the distribution predicted for a value 

of p of 1.54 g/cm3 and the broken line is the calculated curve for a p 

3 of 0.77 g/cm (FREQ= 0.5). As with the solution herbicide, the model 

fails to describe the measured adsorbed distributions when all the 

soil is assumed to be in equilibrium with the herbicide. When it is 

assumed that only half of the soil material is actively participating 

3 
in the adsorption process ( p = O. 77 g/ cm ) , the calculated and experi-

mental curves agree very well. 

Similar comparisons of calculated and measured solution and ad-

sorbed distributions of fluometuron for ponded infiltration into ini-

tially dry soil (column 2) using FREQ values are given in Figures 18 

and 19. The solution distribution for an elapsed time of 15 minutes 

seemed to be predicted reasonably well. However, the data for this 

time was insufficient to make a good comparison. After 59 minutes of 

infiltration, the model described the tailing portion of the distribu-

tion adequately but failed to describe the location of the peak and 

the displacing front. Again the displacing front was more disperse 

than predicted by the model. The failure of the model to describe the 

location of the maximum concentration may have been due to non-equili-

brium conditions between the herbicide and .. the soil even for the soil 

fraction participating in the adsorption process. This non-equilibrium 
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is also indicated when the calculated and experimental adsorbed curves 

are compared, Figure 19. The predicted peak for the adsorbed concen­

tration is. at a greater depth than the measured peak. Also, the 

measured quantity adsorbed is less than predicted. The direction in 

which the calculated peaks are shifted from the experimentally observed 

peaks are opposite for the solution and adsorbed phases. This too 

would suggest non-equilibrium conditions. The non-equilibrium in this 

column was probably a result of the extremely large pore-water veloci­

ties. The average infiltration rate and·pore-water velocities were 

higher in this treatment than in any of the other treatments examined. 

The failure of the model to describe the shape of the displacing 

fluometuron front may be the result of using a.constant value for the 

dispersion coefficient or too low a value for this parameter. The 

velocity dependence of the dispersion coefficient has been shown by 

several investigators (Kay and Elrick, 1967, and Kirda et al., 1973). 

In general, the mathematical model adequately described the shape 

and position of the fluometuron and water distributions when a FREQ 

term was used to account for the fraction of the total surface area 

participating in the adsorption process. However, further studies 

need to be conducted on the influence of pore-size distribution and 

pore-water velocity on the adsorption and dispersion of herbicides 

moving through soil. Also, the usefulness of the mathematical model 

used in this study should be evaluated with additional laboratory and 

field data. Of particular interest would be the ability of this model 

to describe herbicide movement for infiltration rates and associated 

pore-water velocities small enough to allow radial diffusion of the 

herbicide. 



CHAPTER VI 

SUMMARY 

A laboratory study was conducted to evaluate the movement of 

surface applied f luometuron during infiltration through a soil column. 

The soil (referred to as Cobb sand) was the top 15-cm of a profile 

classified as Cobb fine sandy loam soil. Samples of the soil solution 

were collected at various soil depths during infiltration. Equilibrium 

adsorption-desorption between fluometuron and Cobb sand was measured 

and characterized by the Freundlich equation. The solution and ad­

sorbed herbicide distributions in the soil at the cessation of infil­

tration were obtained by collecting soil samples immediately after the 

infiltration process. Fluometuron distributions in the soil at various 

times during infiltration were obtained from the soil solution samples. 

Fluometuron distributions were measured for three water applica­

tion rates and two initial soil-water contents. It was concluded that 

fluometuron movement through the soil was independent of the soil-water 

content prior to infiltration as long as the soil surface water content 

was the same. This occurred because the invading or infiltrating water 

displaced the orginal soil water in the top of the column. 

The effect of the soil-water content at the soil surface during 

infiltration on the displacement of fluometuron was evaluated by using 

various infiltration rates. The depth to which fluometuron was moved 

for a given quantity of water was found to be dependent on the surface 
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water content during infiltration. Decreasing the soil-surface water 

content by reducing the water application rate resulted in a deeper dis­

placement of fluometuron for the same accumulative infiltration. 

The experimental data indicated that equilibrium adsorption and 

desorption occurred for all treatments except ponded infiltration into 

initially dry soil. The non-equil ibrlum conditions for this column 

were probably the result of very large pore-water velocities. The 

infiltration rates used in this sutdy were larger than those normally 

found over long periods of time under field conditions. It could, 

therefore, be concluded that equilibrium adsorption and desorpti9n 

processes between fl uometuron and Cobb sand would exist under most con­

ditions observed in the field. 

The mathematical model failed to predict the position of the fluo­

meturon distribution in the soil. However, when it was assumed that 

only a fraction of the soil was participating in the adsorption process 

and the surface-area related term (p} was adjusted accordingly, the 

model predicted the adsorbed and solution distributions of fluometuron 

reasonably well. The shape of the displacing front for the herbicide 

was inadequately described by the model. This was an indication that 

the dispersion term used in the model was too low and perhaps not a 

consta~t but velocity dependent. 
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TABLE III 

EXPERIMENTAL DATA FROM SOIL SOLUTION SAMPLES 

Column 1 

Flux• 18.1 cm/hr (Ponded) Initial 0 • 0,005 cm3/cm3 

~oil Elapsed Solution 
.oepth Ti:ine Cone 
(cm) (min) (1.1g/cm~) 

4;6 3,3 1.21 
406 7.6 0,58 
4.6 33.6 0,17 

10,0 6.1 5,44 
10.0 9,7 2.17 
10~0 35,4 0.31 
10.0 45,7 0,33 
lOoO 60,7 0,24 
15.0 11.6 3,35 
15.0 19,5 1.15 
15o0 29,5 0,52 
15.0 49.6 0.21 
20.0 14.8 9,84 
20.0 22.0 4,39 
20.0 26,9 2,86 
20~0 36.8 1.41 
20.0 44,5 0,93 
20.0 57,5 0,62 
20o0 71.8 1.24 
2406 23.9 4,23 
2406 28.3 0,52 
24.6 42.9 1,74 
24.6 48,'4 1.30 
24.6 55.7 1.03 
2406 67.5 o.68 
29.5 31,4 7.13 
29.5 38.8 4,81 
29.5 50.9 2.so 
29.5 70,5 1.70 
29o5 78,6 0.81 
29.5 87.3 o.86 
34.7 40.4 S,34 
340 7. 47 &.o ·~4<> 
34.7 59~3 ~,:4~ 
34~7 69.0 1.·7~ . ·.··-~ .:.: 

34.7 79.9 1,08 
34.7 88.7 o. 77 



TABLE III (Continued) 

Column 1 

· Flux • 18,1 cm/hr (Ponded) Initial 0 • 0.005 

Soil Elapsed 
Depth Time 
(cm) (min) 

40.0 4lo8 
40.0 52.5 
40.0 62.5 
40.0 76.7 
40.0 91.5 
44.8 54.4 
44.8 65.9 
4408 72,3 
4408 81,3 
so.a 64.0 
so.a 82.8 
ss.o 74.9 
ss.o 90.1 

3 3 cm /cm 

Solution 
.. Cone~ 

(µ.g/cm ) 

0.24 
4.80 
5.64 
3,19 
1.94 
0,16 
1.67 
2,58 
2.60 
0,07 
4.72 
0.02 
1.54 
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TABLE·III (Continued) 

Column 2 

Flux • 29.0 cm/hr (Ponded) Initial 0 • 0.005 cm3/cm3 

Soil Elap&ed Solution 
Depth Time .. Cone~ 
(cm) (min) (µg/cm ) 

5o0 7.7 0.52 
5,o. 49.3 0,04 

10.0 6,2 7,33 
lOQO 10,2 1,83 
10.0 16,3 0,61 
15.0 8,2 3,40 
15.0 12,7 1,21 
15.0 19,0 0,48 
15.0 32,4 0,17 
15.0 41,2 0,13 
15.0 51.6 0.21 
20o0 8,70 5,86 
20.0 11.8 7,75 
20.0 15~0 4,39 
2q.o 27,l 0,84 
20.0 34.8 0,45 
20.0 45,9 0,31 
24.6 11.3 0,67 
24.6 14,0 4,96 
24.6 24.7 2.01 
2406 35,9 0,87 
35o0 20.2 ** 
35.0 23,2 0,52 
35.0 30,4 2,31 
35.0 39,9 1,47 
35o0 47,0 0,86 
35.0 55,2 0,57 
40.o 29,0 2,37 
40.0 33.7 5,90 
40o0 37,9 5,39 
4Q.O 45,0 3,49 
4Q.o 54.3 2,10 
45.0 29,5 ** 
45.0 36,8 1,28 
45.0 42.8 3,27 
4~.o 50,3 2,86 
50,0 38,9 0,03 
50.0 48.4 6.95 
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TABLE III (Continued) 

Column 2 

Flux • 29,0 cm/hr (Ponded) Initial 0 • 0,005 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone, 
(cm) (min) (ug/cm3) 

50-~0 52,9 7.48 
60,0 56;9 0.22 

** Less than 0.01 
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TABLE III (Continued) 

Column 3 

Flux • 4.89 cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Elapsed Solution 
Depth Time .... Conc1 
(cm) (min) (µg/cm ) 

2.0 14.0 1.14 
2.0 25.<'> 0.10 
2.0 35.o o.o3 
2.0 53.0 0.01 
2.0 90.0 0.01 
2.0 226,0 ** 
5o0 20.0 0.01 
5.0 28.0 0.02 
5.o 37.0 0.04 
5.0 45.0 0.09 
5.0 56.0 0.15 
5o0 68.0 o.o9 
560 78.0 o.os 
s.o 134.0 o.o4 
5.0 22J>,O o.05 

10.0 42.0 0,02 
10.0 49,0 0.12 
10.0 58,0 l.oo 
10,0 10.0 2.13 
10.0 81.0 3,20 
10.0 96.0 5,87 
10,0 107.0 8.39 
10.0 186.0 2.19 
15.0 65,0 0.09 
15.0 75.0 o.48 
15.0 84.0 1.05 
15.0 94.0 1,33 
15.0 103,0 loll 
15.o 117.0 o.87 
15o0 152.0 0.32 
20.0 87.0 0.01 
20.0 99,0 0.02 
20.0 110.0 0.01 
20.0 122.0 0.01 
20.0 137.0 0,02 
20.0 161,0 0,01 
20.0 116~0 0.01 
20,0 190,0 0.01 
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TABLE III (Continued) 

Column 3 

Flux • 4.89 cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone. 
(cm) (min) ( µg/cm3) 

20.0 254.o ** 
25.0 113.0 0.01 
25,.0 125.0 ** 
25,.0 139.o 0.01 
25o0 1ss.o o.o4 
25.0 166.0 o.oa 
25.0 181.0 0.10 
25.0 196.0 0.01 
25.0 211.0 0.05 
25.0 232.0 0.03 
30,.0 130.0 0.01 
30,0 141,0 0.03 
30o0 157.0 0.01 
30.0 169.0 o.4o 
30,0 178.0 1.22 
30o0 193.0 3.65 
30.0 208.0 5.45 
30o0 234.0 5.74 
35.o 173.0 o.cn 
35o0 184.0 0.08 
35.0 199.0 o.31 
35.0 216.0 o.ss 
35.0 241.0 o.s9 
40o0 202.0 ** 
40.0 219.0 ** 
40.0 246.0 0.01 
45.0 222.0 ** 
45.0 252.0 ** 

** Less than 0.01 
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TABLE III (Continued) 

Column 4 

Flux • 1.00 cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone. 
(cm) (min) (µg/cm3) 

4.5 54.0 Oo07 
4.5 87o0 o.o3 
4o5 139.0 0.02 
4o5 195.0 0.01 
4o5 267.0 0.01 
4e5 355.0 0.02 
4.5 505.0 0.01 
4o5 864.0 ** 
9o7 184.0 0.02 
9.7 244.0 0.16 
9o7 28000 0.33 
9o7 318~0 1.23 
9o7 364.0 2.29 
9o7 406,0 2.47 
9o7 444.0 2.44 
9o7 513.0 1.67 
9o7 723,0 o.37 
9o7 869.0 0.25 

14.7 227.0 0.01 
14o7 297.0 0,05 
14o7 385.0 o.05 
14o7 418.0 Oo06 
14o7 457.0 0.08 
14.7 49000 0.01 
14o7 545.0 0,05 
14o7 622.0 0.01 
14o7 669.0 0,03 
14o7 915.0 0.01 
20.0 323.0 0.01 
20e0 374.0 0.02 
20 •. 0 412.0 0,04 
20.0 450,0 0.06 
20.0 498.a 0.02 
20.0 553.0 0.05 
20.0 631.0 0,07 
20,0 677,0 0,06 
20.0 713,0 0,06 
20.0 821,0 0,04 
24.5 ·:mo.o 0.03 
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TABLE III (Continued) 

Column 4 

Flux • 1,00 cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone 
(cm) (min) (.pg/cmj) 

24Q5 522.0 0.82 
24o5 566.0 1. 70 
24.5 614.0 1.72 
24o5 660.0 1.38 
24.5 707.0 1.03 
24.5 759,0 o.84 
24.5 799.0 0.75 
24o5 959,0 o.65 
2908 559,0 0.01 
2968 605,0 0.02 
2908 651.0 0.01 
2908 100.0 0.05 
2908 754.0 0.29 
29,8 789.0 0,57 
29.8 829,0 0,99 
2908 899.0 1.67 
34.5 763,0 0.02 
34.5 794.0 0.01 
40e0 806,0 ** 
40o0 849.0 ** 
40o0 892,0 ** 
40,0 945,0 ** 
44o4 81.4.0 ** 
44o4 858.0 ** 
44o4 909,0 0,03 
44.4 887.0 ** 

** Less than 0.01 
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TABLE III (Continued) 

Column 5 

Flux • 10,1 cm/hr (Ponded) Initial 0 • 0,130 cm3/cm3 

Soil Elapsed Solution 
Depth Time Conc1 
(cm) (min) (u,g/cm ) 

5.0 3,3 9.21 
SoO 10.5 2,08 
s.o 16,0 0.90 
5.0 33,5 0.21 
5.b 59,0 0.20 

10.0 5,0 20.21 
10.0 8.5 12,59 
10.0 18,5 3.15 
10.0 24,3 1,67 
lOoO 38.6 0,52 
10.0 59,5 0,21 
15.0 4.8 0,03 
15.0 12.2 12,91 
15o0 17.4 9,05 
1s.o 23,3 4,51 
15.0 29.0 2,92 
15.0 39.0 1,82 
15,0 45.0 o. 77 
15.0 66.0 0,24 
20.0 6.5 ** 
20.0 10.0 ** 
20.0 17.0 1,77 
20.0 22.2 12.39 
20.0 28,3 11.46 
20.0 35,0 6.79 
20.0 47o5 2,35 
20o0 33.0 0,95 
20.0 67.5 0.63 
25o0 9,3 *~ .. 
25.o 1:3o9 9.03 
25.o 19.o 0,03 
25.0 24,0 0,10 
25.0 31,3 2.33 
25.0 40,0 12,55 
25.0 47,2 8,11 
25.0 55.,0 4.78 
2s.o 68.0 1,82 
30.0 14,3 0,04 
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TABLE III (Continued) 

Column 5 

Flux • 10,1 cm/hr (Ponded) Initial 0 • 0,130 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone. 
(cm) (min) (µg/cm3) 

30o0 21.0 ** 
30.0 26.5 **. 
30.0 30.5 0.06 
30.0 41.0 l.70 
30o0 51 0 5 10.43 
30.0 65.5 4.89 
l,5.0 21.5 ** 
35.0 21.0 ** 
35.0 37.6 0.01 
35.0 43.0 o.os 
35.0 53o0 1,29 
35o0 61,5 7.67 
40.0 32.3 "'* 
40.0 36e5 ** 
40o0 43.5 ** 
40e0 49.5 o.o3 
40o0 56.5 0,03 
40o0 64.0 0.22 
44.0 35.5 ** 
44.0 49.0 0.03 
44.0 57.5 0.02 
44.0 63o2 0,05 

** Less than 0.01 
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TABLE III (Continued) 

Column 6 

Flux• 17.6 cm/hr (Ponded) Initial 0 • 0.140 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone. 
(cm) (min) (µg/cm3) 

5o0 t.8 9.95 
5o0 2.8 15,23 
5.0 4,2 5,59 
s.o 9,0 1,18 
s.o 12.l 0,41 
5,0 55,1 0.04 

lo.o 5.o ** 10.0 7.8 11,81 
10.0 14.4 s.62 
10.0 18.l 2,52 
lo.a 26.4 a.so 
lOoO 45.1 0.11 
is.o a.a a.o3 

"15o0 .10.1 0,06 
is.a 13,8 3.83 
15o0 17,0 17.59 
15,0 22,3 10.13 
15.0 26,6 5.80 
15.0 36,1 2.2~ 
15.0 47 o.5 0.1 
20o0 12,7 0.04 
20.0 16.4 0.02 
20.0 24,3 s .• 66 
20o0 38,9 ~~ 
20.0 ·42o3 .1.48 
20c0 52,3 0,66 
20.0 60,7 0,37 
25o0 20,7 ** 25o0 24o0 0,06 
2s.o 28,4 0.09 
25o0 33,7 3,86 
25o0 38.3 4,07 
2s.o 4lo2 2,70 
25o0 45.o 1.75 
25.0 50,5 0,91 
25,0 58.0 o.4.3 
30o0 22.2 ** 
30.0 21.2 ** 
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TABLE III (Continued) 

Column 6 

Flux• 1706 cm/hr (Ponded) Initial 0 • 0.140 cm3/cm3 

Soil Elapsed Solution 
Depth Time .~onc1 
(cm) (min) (~/cm ) 

30.0 3lo4 0.01 
30,0 3606 0.19 
30o0 4006 5.04 
30o0 47.4 10.33 
30o0 50,8 7.50 
30o0 53o2 5.82 
30o0· 57.2 3,95 
35o0 39.6 0.06 
35o0 42i7 0,05 
35o0 49-~l 1,z5 
35o0 52o7 4.37 
35o0 56,0 5,69 
35o0 59.5 4.91 
40o0 34.6 ** 
40o0 43.8 ** 
40o0 48,7 0,05 
40.0 55a4 0,04 
40o0 58,3 0.11 

** Less than 0,01 
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TABLE. !II (Continued) 

Column 7 

Flux • 5.16 cm/hr Initial 0 • 0,130 cm.3/cm3 

Soil Elapsed Solution 
Depth Time Conc1 
(cm) (min) (µg/cm ) 

5o0 15.0 o.05 
5.0 25.5 o.50 
5.0 4lo5 4.58 
5o0 7100 1.15 
5,0 114.0 0,95 
5o0 154.0 o.39 
9o5 28.5 14.50 
9o5 37.0 0,35 
9'05 55.5 o.os 
9oS 74o5 0.04 
9o5 96,5 ~- .. , 

9o5 121.0 0.01 
9o5 154,5 ** 15.0 44.5 0.02 

15.o 64.5 0.25 
15o0 81,5 o.36 
15o0 109,5 o.u 
15o0 146,0 0,06 
19o5 48,0 ** 
19o5 62,0 ** 
19o5 100,0 o.33 
19,5 139,0 2,07 
19o5 157.0 1.57 
25o0 53,0 ** 
25o0 67,0 ** 
25.0 85.5 0,01 
25 00 107.0 0,02 
25o0 131,0 3,75 
25o0 156,5 2,62 
30o0 79,0 0.01 
30o0 91.0 ** 
30o0 104.5 ** 
300.0 124.5 ** 
30q_O 143,5 o.08 
3~o~ 94.S ** 
3506 118.0 **· 

** Less than 0.01 

~ 
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TABLE III (Continued) 

Column 8 

Flux • 1.03 cm/hr Initial 0 • 0.125 cm3/cm3 

Soil Elapsed Solution 
Depth Time. .. Cone. 
(cm) (min) (µg/cm3) 

2o0 264,0 0.01 
2.0 313.0 o.o4 
2o0 53300 ** 
SoO 54.0 2.18 ' 
5o0 74o0 6.:n 
5o0 100.9 2.23 
s.o 137.0 0,59 
5o0 182i(} 0.21 
5o0 240.0 0.09 
5o0 30200 0.04 
SoO 38900 0.02 
SoO 514 •. 0 0.02 

lOoO 84.0 ** 
lOoO 121.0 o.05 
10,,0 150.0 2.41 
lOoO 176.0 4. 72 
lOoO 216.0 2.04 
lOoO 257.0 o.68 
10~0 290.0 Oo35 
10.0 353.0 0.11 
10.0 405.0 0.10 
lOoO 501.0 o.o4 
15o0 130.Q ** 
15 .o- 160.0 o.os 
15o0 18800 0.02 
15o0 247.0 0.12 
15.0 294.0 2.2(} 
lSoO 358.0 (}.91 
15.0 416.0 0.40 
lSoO 490.0 (}.20 
20.0 170.0 ** 
20.0 226.0 ** 
20.0 269,0 ** 
20.0 308.0 1.80 
20.0 361.0 ** 
20.0 427.0 0.18 
20.0 497.0 0.29 
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TABLE III (Continued) 

Column 8 

Flux • 1003 cm/hr Initial O • o.125 cm3/cm3 

Soil Elapsed Solution 
Depth Time Cone~ 
(cm) (min) (µ.g/cm ) 

25e0 275.0 ** 
25.0 315.0 ** 
25e0 37400 ** 
25o0 43900 1.49 
25.0 511.0 2.18 
30o0 281.0 ** 
30.0 398.0 ** 
35.0 384.0 ** 
35.0 481.0 ** 

** Less than 0.01 



TABLE IV 

EXPERIMENTAL DATA FROM SOIL SAMPLES 

Column 1 

Flux= 18.1 cm/hr (Ponded) 

Soil 
Depth 
(cm) 

'8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 

Adsorbed 
.Gone. 

(f.i.g/ g) 

o. 02 
o. 02 
o. 03 
o. 05 
o. 07 
o. 09 
0.10 
0.14 
0.18 
0.27 
0.35 
0.16 
0.11 

0 
0 

Elapsed Time = 90 Mino 

Initial 0 = 0.005 cm3 /cm3 

Solution 
.. Cone~ 

(µ~g/ cm ) 

o. 02 
o. 06 
o. 09 
0.15 
0.25 
0.37 
0.51 
0.86 
1.51 
1.87 
3.00 
3.42 
1.62 
o. 04 
o. 01 
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TABLE IV (Continued) 

Column 2 

Flux • ~.o cm/hr (Ponded) 

Elapsed Time • 59 Min 

Initial 0 • 0.005 cm3/cm3 

Soil 
Depth 
(cm) 

0 
4 
7 

10 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 

** Less than 0.01 

Adsorbed 
Cone. 

(ll.g/g) 

0.22 
** 
** 
** 

0.01 
0,02 
0,06 
0,06 
0,05 
0,06 
0,13 
0.12 
o.17 
0.31 
o.34 
0,47 
o.45 
0.21 
0.10 
** 
** 

Solution 
Cone~. 

(µg/cm ) 

0,18 
** 
** 
** 
** 

0,02 
0,07 
0,13 
0,23 
0.37 
0,35 
0,68 
0,84 
1,51 
1,79 
2.43 
2.69 
2,98 
1,64 
0.11 

** 
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TABLE IV (Continued) 

Column 3 Elapsed Time • 266 Min 

Flux • 4,89 cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Adsorbed Solution 
Depth Cone. Conc3 
(cm) (lJg/g) (µg/cm ) 

0 16.68 38.28 
4 0.02 o.05 
7 0.01 0.01 

10 0.02 ** 
13 0,03 o.05 
16 0.03 0,02 
19 0.04 o.u 
22 o.o5 O,ll 
25 0.06 0.16 
28 0.13 0.31 
31 0,08 Oo 14 
34 0,06 0,39 
37 0.11 1.12 
40 0.22 1090 
43 0,34 1.33 
46 0, 15 0.98 
49 0.02 0.04 
52 ** ** 
55 ** ** 
58 ** ** 
61 ** ** 

** Less than OoOl 
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TABLE IV (Continued) 

Column 4 Elapsed Time • 980 Min 

Flux • loOO cm/hr Initial 0 • 0.005 cm3/cm3 

Soil Adsorbed Solution 
Depth Conca Conc1 
(cm) (11g/g) (~g/cm ) 

0 18.35 44.20 
4 0,15 o.18 
7 0,23 0.25 

10 0.18 o.58 
13 0,05 o.45 
16 0,06 o.67 
19 0,06 0,60 
22 0.12 o.84 
25 0.01 o.79 
28 0.06 0.99 
31 0.22 1.39 
34 0.22 la85 
37 Oo26 2.07 
40 0.12 1.74 
43 Oo08 o.44 
46 ** 0.02 
49 ** 0.01 
52 ** *;~ 

55 ** ** 
58 ** ** 
61 ** ** 

** Less than 0.01 



Column 5 

Flux= 10.1 cm/hr 

Soil 
Depth 
(cm) 

0 
4 
7 

10 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 

** Less than 0.01 

TABLE IV (Continued) 

Adsorbed 
Cone. 

(µg/ g) 

0.32 
o. 02 
o. 03 
o. 04 
o. 06 
0.10 
0.14 
0.23 
0.39 
0.49 
o. 91 
1. 00 
0.51 

** 

** 

Elapsed Time = 69 Min 

Initial 0 = 0.130 cm3 /cm3 

Solution 
Concj 

(µ.g/cm ) 

0.19 
o. 05 
o. 07 
0.12 
0.18 
0.30 
0.56 
0.96 
1.14 
2.75 
3. 05 
3.52 
2.37 
0.16 
o. 02 
o. 02 
o. 01 

o. 04 

76 



77 

TABLE IV (Continued} 

Column 6 Elapsed Time • 62 Min 

Flux= 17.6 cm/hr Initial 0 • 0.140 cm3/cm 3 

Soil Adsorbed Solution 
Depth Cone, Cone 
(cm) ('µg/g) (µg/cm~) 

0 0.58 0,49 
4 o.o4 0,06 
7 0,04 0,11 

10 0,06 0,15 
13 Oe08 0,25 
16 0,10 0,35 
19 0,13 0,60 
22 0.19 1,05 
25 0,25 1,52 
28 o.35 2,92 
31 0.10 5,28 
34 OQ91 7.80 
37 o.48 4.55 
40 ** 0,03 
43 ** ** 
46 ** ** 
49 ** ** 
52 ** )°(* 
55 ** ** 
58 ** ** 
61 ** ** 

** Less than OoOl 
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TABLE IV (Continued) 

Column 7 Elapsed Time • 161 Min 

Flux • 5o16 cm/hr Initial 0 • 0.130 cm3/cm3 

Soil Adsorbed Solution 
Depth Cone. Cone 
(cm) (µg/g) (µg/cm3) 

0 10.28 45.69 
4 0.01 Oo46 
7 Ot07 o.34 

10 5.16 
13 0.22 o.63 
16 1.24 
19 0,28 13.55 
22 ** 10.01 
25 0,36 6.12 
28 0,16 1.52 
31 0,05 0, 15 
34 ** 0.02 
37 ** ** 
40 ** ** 
43 ** ** 
46 ** ** 
49 ** ** 
52 ** ** 
55 ** ** 
58 ** ** 
61 ** ** 

** Less than 0.01 



Column 8 

Flux= 1.03 cm/hr 

Soil 
Depth 
(cm) 

0 
4 
7 

10 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46 
49 
52 
55 
58 
61 

**Less than 0.01 

TABLE IV (Continued) 

_..Adsorbed 
Cone. 

( i.tg/ g) 

2.63 
0.11 
0.11 
o. 03 
o. 02 
0.13 
o. 06 
0.10 
o. 08 
o. 02 

** 

Elapsed Time = 585 Min 

Initial 0 = 0.125 cm3/cm3 

Solution 
Conc.3 

('jJg/cm ) 

3.15 
o. 09 
0.17 
0.23 
o. 20 
0.15 
0.33 
0.28 
0.37 
o. 04 
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U~Lf V 

EXPE~IMENTAL SCIL-WATER CONTENT DATA 

CCLLl'N 1 BULK D~~SITY = !.530 G/CC SCIL THICKNESS = 13.07 CH 

11-Elt Cf PT I- ELilFSEC Til'E Tl-ET A CEPTH ELAPSED TPIE THE TA DEPTH ELAPSEC TIME 
(:ti ICMJ I ,. I"- l I %l IC-'11 IM INI Ii I ICHI IMINI 

t.51 l.J 31.70 32.2E 2c.c Zc.30 32 .24 30.0 44.60 
t. E7 l.o 3~.::o 32.62 20.0 21.au 2 tl. 3~ 31. u 17. 50 
{;. i6 I• iJ 4 {;. {; c ::2. <; 1 2 c. () 30.80 32 .84 31.0 40.90 
7.49 1.0 Se. 40 33.0l 2c.c }~.40 32. 56 31. 0 50. 30 
7.~3 1. 0 12. ~I.. 32.7€ 2 c. u 45.20 32.31 31.0 56.50 
7. 7l 2 .\) 2.;. s a 30.6~ 21.c 8.60 32. 54 31.0 62.60 
{;. l 7 ~.c 32.lG 32.85 21.0 40.0U 32.59 31.0 75.80 
{;. < 4 ~.u :? 1. c; ~ 32.52 21.0 49.UO 28.29 32.0 lB.60 
5. 73 {; .o 36.70 32. 84 21.0 57.ZC 28.3'1 33.0 19.80 
-; . ~; t.c 41.20 33 .\)!) 21.0 o o. av- 30.06 35.0 24.40 
5.1:6 (:. ~ 5 s. c I: 32.75 ·21 • c 74.oO 30.52 35.0 25.40 
t.32 t: .o 72 .60 29. 14 22.c 9.CO 31. <;O 3 5. 0 29.00 
.: • i l lC .o 2.1c 3l.8E 22.G 9.au 32.17 35.0 34. 70 
3.75 10.0 2;:.00 32. 7<; 22. 0 10.60 32.22 35.1) 69.90 
4.49 lC.o 26.80 28.26 24.c 10. 20 32.40 31:. 0 36.50 
4.44 lC.J 3l.3C 25.o7 2 s. 0 11.ou 32.27 36.U 41.30 
4. 27 10 .\) 3 2·. so :: l. 0 I 2:. c 12.50 32. 23 216. 0 50.90 
4.4~ lC.O 45.cO H .20 25.u 13.40 32.33 31:. 0 63.30 
~.~c 11. \). 2.EC 32. '11; 2 5 • .; 23.5J 32.59 36.0 76.6J 
3.E3 l l • ') 39,20 33 .oo 2 ~. ~ 2a.20 28.57 40. 0 29. 50 
4.C~ ll.C 47,80 32.97 25.0 33.00 31.29 40.0 35.20 
4.!~ 11 • .:i 57, EO 33.0; 2~.c 70.70 31. 78 40.0 44.0U 
4. Co 11.0 59.oC 26.ol 2C. c 12.00 26. 13 41. 0 29.90 
lt. c 1 ll. c 73.~C 31 • l E 26.J 14.70 31.26 41.J 41.70 
(:. 70 12.J 2.50 32. OE 2t:. c 37.00 31.84 41.0 51.50 
~.Cl 15.J 22.5J 3 l .ao 26.U 40.50 31.57 41. 0 55,90 
3.Cc 15.0 < 7. : c 31.57 26.1.i 49.6U 31.74 41.0 63.90 
3.~ll 15.J 32. <;O :i.e~ 26.C 61.80 31.57 41.0 11.20 
3. t 4 i~.o 7l .4G 31,93 26.0 75.20 2b.35 45.0 35.60 
~.~CJ it.a {;. l c 26.U5 21.u 13. 00 31.31 45.0 69030 
3.10 11: .o 37.40 31.14 27.C 15. 40 23. 95 46.0 36.00 
;.24 16.0 39 .oO 26.23 20.0 l4 .20 3u.73 41:.0 42.20 
! • 1 ~ 11:. 0 48. "iO 2f, 5' 2 <;, c 15.CO 31.59 46.0 52.10 
3,45 16.C 60 .2J 31 • l ,. 29.C lS.lO 32.17 46.0 64.50 
;.~7 l f. c 74.C~ 26.7~ 3C.o lo .10 32 .63 46.ll 77.90 
2. c; 3 17.0 1.10 31. 77 3C.C 19.20 3J. 8~ 51.0 52.80 
<;, 4 E l c;. l) 6.60 32.84 30,0 24.00 30. 5<; 51. o 55,20 
c;. ~c zc.o 7.5C 32.82 3C.u 28.60 31.e.4 51.'J 65.10 
2.e5 2C.ll c;.30 32.20 3C.C 30. 30 32.13 51.0 78,oO 
2. !4 2c.c 2 3. o.o 32.72 30.0 34.30 o.1s 53.0 43. 10 

00 
0 



CCLUl'll l 

lrE TA CE?TH ELAPSEC- Til'E 
Ci~ I CCMI ll'INI 

(.. 21 ~5.C bll.7u 
s.cl Sc.O 53.4C 
c. c; e Sc .o b5.70 
(. ~5 st.c 79. !C 
l.26 59.0 54.0Q 

TABLE V ICCNTINUEOI 

BULK DENSITY = l.~30 G/(C 

THEH CEFT ... ELAPSEC Tll'E 
c ~) CCMJ C MINI 

l.2b ss.c 54.uu 
;2. 2t cc.c 90.bO 
0.87 bl .O ~4.60 

29.4C bl.\) b6.40 
;o. 7? tl.O 1c;. c;o 

SCIL THICKllESS = 13.07 CM 

THETA CEPTH ELAPSED TIME 
I ii CCl'I !MINI 

3Ll .22 be.C so.so 
27.4b '70.0 81.20 

i.21 75. c 82.60 
l.b5 78.0 89.10 

• ..... 



.TABLE v ICCNTINLEDl 

CCLLl'N 2 BULK DE~SITY = 1.522 G/CC SCIL HdCKll.ESS = u. 07 CM 

Tt-E TA C EPTl1 ELAFSEE Tll'E Tl-ETA CEPTH ELAPSED TIME THE TA OE PTH EUIPSEO TIME 
Ul ICM) ll'lt-.1 I% I I Cl" I (MINI "I ICMl IMI NI 

<2.S3 l.v o.o 33.4<; 21. 0 1C.C6 33 .37 31. a 34.98 
!E.~C l.O 15.85 33 .60 21.u 23.83 33 .65 37.0 41. "l 
:c;. 2c; 1.0 U.5C 3 3. qc; 21.c 31.49 34.08 31.0 54.70 
3S.~6 l.O 36.C9 34.H 21.c 4C.li4 0.74 41. c 20.60 
!9.CE 1.0 48~00 33. 74 21.0 53. 37 0.05 41.0 20.c;z 
3 7 .1 c; ~.;) l. 7<; l. 2 7 2~.c a.50 1. 66 41.0 21.62 
37.40 5.o l. <;O 0.37 25.0 0. so l9.C2 41. a 21. <;l 
17.(5 ~.o lt. IE c. (><; 2!>. (i 9.09 20.59 41.0 22.23 
3t. <; 1 ~.o l 'i .<;9 9.38 25.C 9.39 30.48 41.0 23.47 
:;;.;;z s.c 31 .er; 30.35 25.v 9.70 31 .31 41.C 24.63 
27.52 ~.u 3 t." c !2. H 2s.c 10.46 31 .99 41.0 25.99 
37 .11 . ,5 ·" 46.35 33.5<; 25.0 12. c;9 33. 70 41.0 34.26 
::~. <: ~ s.o 2.60 33 .98 25 .o 22.63 33 .e1 41.0 39.06 
:5.t'7 c; .o l c;. 14 3.4. 3: 25.C 31. tH 34.16 41.J 55.02 
35.(5 <;.J 26.92 B. 70 2~.c liC.74 l. le "5. c 24. CJ6 
H.H s.o H.12 34.43 .25 • .J 53.72 7.05 45 •. a 25.28 
!4 .<;3 <; .o 4B.t9 C. <; E 2s.o 11. 30 17.19 45.0 25 ~·57 
zc. 68 13.0 3.49 0.12 29.0 11.6 l 30. E3 45.C 28.16 
!4. u 1:.0 :: • <; c 3.9C 29. J ll.89 32.57 45.o 29.72 
34.05 13 .o 4.25 24.o2 29.C 12. 19 33.12 45.0 32.92 
!4.:<5 1::.0 12.eiO 32 .21 29 .u u. 35 33 .37 45.C 39. 39 
3:: .E6 l!.O 17. El 34.03 2s.c 24.24 33 .04 45 .o 45.58 
34 .CL 13.0 27.27 33.o7 29.0 41. c 5 -~3. 54 45.0 55.39 
!4. t3 u.c 30.43 34.67 29.v 54.07 0.55 49~0 28. 55 
3<t.S3 U.·:> 37.C5 0.9< 33.C 13. 75 5.03 49.J 29.28 
33.SE 13 .o 49 .Ou 0.40 ;3.c 14.CB 27.41 4<;. 0 30. 05· 

l •!I 11. c 4,75 0.64 33.0 14,40 3.J. 72 49.0 32. 26 
22.55 17 .J 5.60 l .3 7 33.C 14.70 31.12 4'l.O 3 3. 59, 
33.~8 l 7.0 8.01> 19.16 33.0 15.04 32. 4 E 4c;. 0 35. 34· 
!3 .13 11.J lC. E1 2<; .1 a 33. \,) 15.40 32. 73 49 .o 45.26 
!4. 23 17.o 1<;.54 H .11 ~ 3. a 16.64 32 .64 49.0 51.44 
.!4 •• 2 11.C 30.75 33.26 33.C 23.00 l. le 53.C 32. 5.a: 
!3. E2 17.0 "3. 41 ?3. 4 7 :3 ~. c 42. 91 J .19 53.0 33.25 
34.45 1 7 .u sz.c;q 34 .5<; 33.C :,t,. 39 25.21 53.0 33.90 

C.El 21.c 6.(;7 0.65 37.J 17.08 28. 73 53.0 34.65 
a.ea "l .o 6. 3<; o.s~ 37.C 17.38 29.38 53.0 35. 10' 
1.11 21.0 6076 26.6C 37.C lcl. 41 31. 33 53.C 38.30 

Jt,.ES 21.0 7. C7 29.67 37.0 lB.72 32 .so 53.0 40. lG. 
30.86 21.0 7.36 ::z.93 31. c 21.28 32. 77 - 53.0 44,95 
32.44 21.0 7.69° 34.69 37.0 27.78 33.39 53.c 51. 08 

00 .. 



TABLE V ICCNTINUEDI 

CCLU~ll 2 tllJLK JENS! h = 1.522 G/CC 

111E1A C::EPTH ELAPSEC Tl ~E THETA CEFTH ElAPSfC TIME 
ll l I CM I IM I fl. I (:() ((Ml I Ml NI 

l.45 £1.C 3 7. 5 <; 30.19 61.C 46.uJ 
<7.26 57.u 38.64 ~C.64 (; 1. c 4 7. 26 
<S.2'i 57.0 39. 77 31.97 61. 0 so.11 
!C. ~ E 57.L 41.1:3 32.93 61.J 56.62 
31. es 57.u 44. ;:c; 1.42 (; 5. c -46. 30 
:3.~3 57.C 50.56 0.89 65 .o 46.60 
2.c2 (; l. 0 42.l s l.b2 6~.c 46.90 
7.€6 61.0 42.50 19.U (; 5. J 4 7. 58 

~ l. ;5 l:l. c 43. SS 28.48 65.0 49.63 
a.t:1 (; 1.0 44.61 

SCIL THICK~ESS = 13.07 CM 

THETA DEPTH ELAPSED TIME 

'"' ICl'I IMINI 

32.15 65.0 56.30 
2.76 69.'.l 51.85 

15.Cl 6 s. 0 52.20 
24. 21 69.C 52.59 
29. 56 69.0 55.89 
30.€3 6S.C 57. 81 
10 .42 73.0 57.00 
23. ll 73.0 57.38 
26.35 73.0 58. 21t 

CX> 
w 



TAELE V ICCNTINUEOI 

CCLU~N 3 BULK OEf'.iSllY = l.S44 G/CC SCll Tl-ICKllESS = 13.03 CM 

l~ElA CEPTH ELAF~EC Tl~E HETA CEFTI- ELAPSEC TIME THElA DEPTH ELAPSED Tl.,E 
IU ICMI I~ 11'< I 

( ~· ICl'I (1"1111 ( :u (CMI (Ml Ill 

2.EC l.C 0.50 26.74 5.0 28.05 2 .15 13.C 3 7. 'iO 
2.~3 1. iJ I.CC 28.13 5.0 33.13 2.s1 13.0 39. 72 
2.16 1.0 l.60 28.77 5.U 38.47 3.35 13.0 40.25 
;.~5 l.C 2.2c 29 .s 7 s.o 42.57 2.49 13.0 40. Sl: 
2.E4 r.o 2.sc 31. u3 s.c 75. 2::1 2 .40 13.0 41. 37 
4 .12 l.o 3.45 32.14 ~.c <;(:. c 3 7.67 13.0 43.17 
7.,~ l.C 3. <;6 30.90 s.o 213. 35 11 .45 13.0 43.69 

11.:2 1 .o 4.5< :: c. <; c :.c 261.55 15.20 13.0 44 .20 
16.f? l.O 5.34 3 .3 2 c;. c t e. 60 l 7. 5 8 13. 0 44. 73 
< 1. f 2 l.C 7. C5 3.32 i;. c 19. 73 19.23 

13 ·" 
45.25 

25.28 l .o c; .17 3.lC <;. c 22.os 21.59 13.0 46.44 
<:5.t6 l.O 9.70 2 .97 c; .o 22.51 22.ie 13. 0 48015 
a.cc 1. 0 12. 21 2.86 <; .u 24.52 22. 74 13 .o 48.70 
29.<;8 1.0 14.55 3.35 9.0 26.37 23.18 13.0 50.70 
;c;. u t. 0 16.88 3 .14 9.0 26.93 24.77 i;.c 53.50 
1C • .? 4 1. c 2 :. H: 4 • .; 1 9.0 27.50 25.52 13.0 58.97 
32. 75 1.0 78.80 7.18 c;. 0 28. 64 27.55 .. 13.0. 66.40 
:! 2. 2C l.C 214.CO 9.70 c;. 0 29.22 28. 33 13. 0 75. 82 
:!2. ,5 l.c 261.CO 12.98 <;. c 2 c;. 80 29 .34 13 .o 93.02 

3.24 s.o 5.95 15.14 <;. c ~c.:: 3 29.53 13. c 212.02 
3.~2 5.0 6.4C 17.4G c;. 0 3u.B4 3.05 17.0 47. 01 
3.C9 ~.o 7,85 1 c;. 2 c <;. c 32, 00 3 .11 17. '.l 47.57 
3.<4 5.U e.55 20. 72 9 ,<) 32.57 2,c;7 l 7. c 49,95 
3.17 ~.u l c. 41: 22.93 c;.o . 3.3 .•.. 7u 3.29 . ll .• O .. 51.32 
3.51 !: .o 11.04 2 < • 7 c c;. c 34. 85 3.58 l 7. 0 54.20 
4.47 5.0 11.1:4 24.s1 9.0 36,65 3.15 17.0 54. 77 
1.~o 5.U 12. 77 24.35 c;. c n.2..i 3.47 17 .o 55.30 
7.S4 5.0 13. 35 24.59 c;.o 39.C8 4. 32 17.0 55. 92 
E. i2 5.C 13. 99 25.76 9.0 41.95 5.83 11.0 56.•4.5 
<;. 74 ~.u i;.11 21.2c c;. c 49.33 7.03 17 .o 56.48 

lC.43 5.0 l~.72 27.36 c;.c 52o7C 10. 17 11. c 57,j!O 
1;:.21: ~.c 16.30 29.04 c;.o .71.lll 14.30 11.0 58 •. a.a 
17.CO 5 .<) 17,4~ 2C.1C c;. c 79.41 21.41 17.o . 59 •. lilt 
l 9. C6 s.o 18,Cl 30.411 9.0 'l6. 60 21.76 11. a 60. l.8 
Ci.13 5.C l <;. l c 30.23 "· c 212.10 22.60 17.C 60.75 
24 .C4 ~ .1.J 20 .33 30.75 c;. a i62.l6 23,<;0 17.0 62.6.0 
24.54 s.o 20.91 2.39 u.o 31.42 22.c;5 17.o 63.18 
25.CC s.o 21. 4 e 2.87 13. c 34.26 23.67 11.0 65.02 
25.68 5,0 . 23.70 2.04 13.0 35.43 25. cs 17.o 68.12 
2Eo 1E s.o 2s. is 2 .90 13.0 35.95 25.78 17.0 70.52 

00 
·~ 



TAtlLE Y ICCl\TINUECI 

CCLLl'll 3 BULK DENSITY = 1.544 G/CC SGIL lHICKllESS = 13.03 CM 

11-ETA CEPTH ELAPSEC lll'E lHE TA DEF TH ELAFSEC Tll'IE THETA CEPTH ELAPSED T !ME 

'"' ICM I (MIN I I~ I ((M) (MINI '"' ICMJ I Ml NI 

27.S8 11.0 7 c;. c; c; 14 .31 25.C 87.28 29 .2 7 2 c;.o 230.44 
28. e'< 17 .o 92.41 18.27 2 ~. c 87.80 l.70 33.0 107.40 
;c;.13 l "i. c 128.80 20 .J l 25.0 di!.33 2. 11 33. c 109.19 
:c. c.; 17.u 18!. C7 2c.12 2: .o 88.88 3.25 33.0 111. 75 
29. c; 1 1 7 .o 211.37 21.48 25.C 8 c;. 4 5 1. 86 33.0 112. 36 
! c. -'6 17.0 262.75 22.13 2 5 .o 90.70 1.93 3~.o 113. Cl 
2.sa 21.0 61.38 23. 21 2 "· c 91.25 l.78 33.0 113. 70 
2.85 21.0 61.90 24.24 2:.c c;4.45 2.38 ~ 3. G 114.68 
2.~4 21.c 6 ! • 8 5 26.3 l 25.0 104.42 3 • 1 7 33.0 115.20 
2.9J 2 1 .o c4.44 u. 3€ 2:. c 111.lc 6. 52 33.0 115. 80 
: • Jc. 2l. 0 67.C2 26.Bil 25.o 124.94 13 .C7 33.0 116. 37 
,.~5' 21.J 1:1.u; 21. 93 2 5. 0 138.16 17.09 33.0 116. 89 
3.C9 n.o 68.1'9 27.95 25.C 15::. 43 19.60 33.0 ll 7. 40 

'· ~ c; 21.0 69.30 28.96 25.0 183.27 2U .09 33.U 111.c;2 
2.16 21 .J 6 S. S3 zc;. c;c 2.5. 0 263 .36 20 .54 33.0 118.44 
1.zo 21.0 71. 75 2.35 zc;. c 90.04 21. 83 3~.o 119• 60 

12. t 5 n.o 12. 35 2.20 2 c;. c 93. 70 21.93 33.0 120. 10 
11 .c;o 21.•J 72.92 2. 41 2>. a 95.08 22.59 33.0 122.12 
1S.t2 21.0 73.44 2.14 2s.c Sl7. 3il 25.e3 33.C 134.22 
2 C. E c; < l. u 13,n 2.86 2c;.o '17.86 26.69 33.0 l 5U • f4 
.21.35 21.0 74.cO 2. E7 2~.c c;s. 40 27,99 33.0 170.50 
22. 1'1 21.0 7c .45 2.36 29.0 99.90 21.c;1 33. a 184.60 
;3.~7 ;1.0 ?f. Si: 5.91 2 c;. 0 101.10 2!!.72 33 .u Z02.75 
24. 59 21.0 80.60 11.B 2 c;. c ICl.70 28.80 33.0 229.75 
~~.:!4 21.c 83.C6 15. 79 2<i .o 1J2.20 29.53 33.() 263. c;7 
25.~5 21.0 E!.14 18. 91 2 c;. c l 02. 77 l.42 37.J 120.89 
2b .15 21.0 86 .1s 20.13 2c;. o lG3.29 1.25 37.C 122. 77 
'1. 13 21.c 91.82 .20.98 2c;. c 103.82 o.9B 37.0 12 3. 7C 
21 .el 21.J 106.22 21. 7 5 2s.c lJ5. 02 1.15 37.U 12 5. 60 
28.ld 21.0 128.23 22.2<J 2~.c 105.60 1. C7 31. c 127.00 
47.42 2 1. 0 1~4.lE 23.U4 2'i. 0 lJ6.82 U.48 37.o 129. a 
29.25 21.J 210.1:0 22.99 2 <;. c 1cs.ao 7.14 37.0 130. 30 

2. c; 7 25.0 77,60 23 .44 29.J lJ8.57 11. 53 3 7. c 130. 89 
;.c9 2~.o 1e.1c 23.2C 2c;. a 109.90 14.56 31,0 131.43. 
2.79 25.0 81.'iO 24.07 29.0 llC.55 17.19 37.0 l3l,. 95 
~. c; f 25.C e2.46 25 .02 29.0 119.00 18.H 37.C 13l!.• 'i7 
2.57 ~ ~ .J E'i.32 25.57 2 c;. c 124.30 19.49 37.0 133:.00 
2.c;z 25.0 84.84 27.06 2c;.o 136.&0 19.~2 37.0 133~59 
:.~4 25.C s5.s:; 27.68 2c;.c 151.26 2J. 74 37.0 134. ea 
9.e3 zs.o 86.77 2 7. El 2s.c 171. 20 21.38 37.0 136 .02 

00 
V1 





TABLE II ICCf\TINUECl 

CCLU~f\ 3 BULK DENSITY = 1.544 G/CC 

lHTA CEPTH ELAPSEC Tl~E Th ETA C EFT!- ElAFSEC Tll'IE 
en ((Ml (MIN l ( i I ((Ml (Ml r>.l 

IE. 71 Clo U 22c. ;2 lG.21 6 5. c 234.05 
19.55 o I. J 221.(!5 15.04 ~ ~. c 234.55 
<e. <l fl. c n ! .de 17.50 65.u 235.10 
,0.(2 t 1. c 222. ~(. 18.87 65 .,c 235.60 
21.C7 61.0 224. 20 19.10 6 5. c 23t:. 20 
< 1. c <; c!.C 224.7C 19.26 . 6 5. () 236.76 
; 2. c j. ti .u 227.05 2J.EE 6 ~. c 238.b5 
23.34 c 1.0 231.25 21. 7d 65.C 241.40 
24.ES 1:1.c 237.40 22. 2 <; 65.C 244.35 
25.16 61.0 244.S7 2'. E!; c5.C 246.25 
~5.E8 bl .o 248 .35 23.79 65.0 249.00 
<c.t:Z cJ.o 2~~.C5 25 .1 <; 65.4' 252.42 
26.40 61.0 257.29 25.44 t: 5. c 258.04 

Co:: E c5 •. C 227.68 o.51 b9 .u 242 .ia 
C.ES 65.ll 2!1.S(; 

SOIL TH!CKl\ESS : 13.03 CM 

THETA CEPTH ELAPSED TIME 
(:ti ((l'l (Ml NI 

0.42 69.0 245.60 
15.ZC 69.0 249.66 
ts.co 6S.C 250. 26 
18.96 69.0 2 50. 7 8 
19. 73 69.0 251.30 
19.89 69.0 25 l.. 8C 
2\l .9<; 69.0 253.03 
21.43 6 s. c 254.30 
22.46 69.0 25b.50 
23.03 69.0 258.60 

o. 76 73.0 25.9 •. 2.0 
12.74 n.o 264.76 
15.61 73.0 265. 32 
18.44 7 ::. c 265. 87 

00 
........ 



TA eL E V ICCl';TINUECI 

C CllJl'I'; 4 BULK DENS ITV = 1. 540 GICC SCIL THICK~ESS = 13.10 CM 

THE TA DEPTH ELAPSEC TI 1'E Th ET A CEFT"' ELAPSEC TIME ThETA DEPTH ELAPSED TIME 
IU I CM I CM IN l 'ti ICMI I l'I NI Ii I ICMI IM 11\ I 

6. ::s c. 0 :. 5 c l.83 3.0 17.90 9,64 5.o 53.S5 
6. ~8 o.o 4. 90 1. 91 3.0 21. 45 12. 54 s.o 60.40 
6. 41 c.o 5.95 1.8 2 3.0 22. 55 13. 60 5.0 65.60 
6. 14 c.o 7. C5 2.40 3 ,\) 26.25 14.68 5,0 73.75 
5.<J9 o.o 8 .10 3,05 ~. c 27. 35 15.66 5,0 84.00 
e.1e c.o 9 .15 3. d 8 3.0 28.40 16. e6 5.0 92.45 
6. 21 c.o l c. 20 6. LlO 3.0 30,80 18 .22 5.0 105;05 
b ,SI> o.o 11. 25 6. 8 5 3.C 31,c;o 19.29 5.0 118.00 
S,Sb c.o 12 .35 s.39 3.o 33.05 20.11 s.c 130. <;5 
6.22 1.0 14. co l c. 81 3.C 350 55 20 .37 5,0 152.10 
7.11) 1.0 15.05 11. 5<; !.C 38.00 21. 70 5. 0 21S.95 
<;. 5 2 1. 0 l <;. ( c 12 .3 <; 3,0 40 .45 22.23 5.0 263.70 
9,64 l.O . 20. 10 12,'lC 3.0 42. c;o 22.58 5.0 305.55 

10. es 1.0 23.90 15 ,\) l 3,0 48. 60 23.29 s.c 31) 9. 20 
JC. <;7 1. 0 z 5. ca 15. 77 3.i.l 55. 20 23. 7l 5.0 432.20 
12 .61 l,O 29,60 lS.97 3. c 61. 5 5 23••86 5.0 503.80 
14• SC l.O 31),75 l<>.46 3.0 1>6.'10 23.82 5.0 562. 30 
JS.ES l.O 4 1. (: 5 16. 8 ~ ;.o 75,05 24 .15 5.0 622.10 
l7 ,C6 1.0 49. 75 17.01 ::.c 85.30 24.46 5. 0 687.00 
l 7. 7 c loO 56. 45 17 .54 3 .o 93.65 24.5S 5. 0 838.40 
17 ,86 l,O 62,90 l B, 3 e 3.0 106.50 24 .15 5.0 951.15 
18.19 l,O 6A.35 19 ,8 2 3.0 133.65 l.20 c;. 0 59,20 
1e. 23 1. 0 76. 2 c 21.2 5 3,G 211. 70 l.02 9.0 64.20 
18 .c; 3 1.0 86,60 21.93 3. o 2 6 5. 00 1.26 9.0 69.70 
19. 19 l.o 94.90 21.86 '.!.a 304.45 1.29 c;. c 70.90 
;c.5e l. 0 lC7.7C 23.2C 3. \) 433.50 1.32 9.0 72.00 
20. 77 1.0 135.00 22.95 :: • c 5C2. 7C 0,54 9.0 77,45 
< l. cl l.O l 50. 50 23.34 3.0 56 3. 5\) 0.69 9.0 78. 55 
21. l:C loO 2l0,C5 23. 4c; 3.0 623.40 0.67 9,() 79.75 
a .c;z l.O 266,35 23.75 3.0 688.40 o. 54 9.0 82.50 
22.47 loO 303. 35 23.76 3 .o 834.40 3.17 9. 0 88.15 
22.01 loO 375.30 23, 3 e 3.C 952.35 3.88 9.0 89.50 
23.25 l.o. 436.50 1.39 5.0 34,35 4. 51 c;. 0 90,60 
23.20 lo 0 5Cl, l:C l.52 5.0 39 .20 7.56 9.0 96,35 
23.54 1.0 564,90 l.33 s.o 44.10 8.40 9.0 99 .oo 
.C4,17 l.O 624.75 l.68 5.0 45. 20 10.40 9.0 103. 50 
.<:=.eo l.O 690.00 2.53 5.0 46.25 11. 76 9.0 110.10 
24.31 1.0 8 33. 20 3.08 s. a 47. 45 13.29 9.0 116.80 

'". i e 1. 0 ·953,55 7 .60 s.o 51.00 15.61 9.0 129.80 
1.52 ;.o lt:.eo e. 71 5.0 52. 85 18 .15 9.0 143.90 

co 
co 



TABLE v (CCl\TINUECI 

CCLUl'N 4 BULK OEl\SITY = 1.540 G/CC SOIL THICKl\ESS = 13.10 CM 

Tl-ETA CEPT r EL~PSEC TIME THTA DEPTH ELAPSED TIME THETA DEPTH El~PSEC T !ME 
1i1 < Cl'I (MIN l Ill (CM l IMINl (ii ICMI I Ml NI 

l 6. 16 c;. 0 141,40 e. 21 l!,C 153.60 lB.90 17.0 273 .30 
lf, 44 <;,Q 157.10 10. 35 u.u 15 a. bO 19, E4 l 7. c 298. 60 
11. 10 G.O 167.Cll 12.58 13.0 164.70 19 .87 l7 .o 309.30 
17.46 9.0 180 .22 14. l 0 l !. c l 7 c. 3 5 20. 3U 11.0 320.10 
17. 11 s.o 191,05 17.18 13. 0 181.80 20.50 17.0 347.70 
l7 ,<;4 c; .a I<;<;, 40 IE. l <; 13. c 189.50 21.13 l 7.0 3 7 8 .• 50 
20. 22 9.0 2l 7. 80 18 ,54 13.0 197.70 21. 19 l 7. c 408.40 
<C, E3 <;. 0 233.35 1€. H l 3. c 208.20 21.% 17.0 446.00 
2C, 85 9.0 249 • 50 19,89 1 ! • c 231.79 22. C3 17. 0 510.10 
zc. ~ c <;, 0 262.45 20.42 l3 .o 248.24 22. 11 17 .o 558.7C 
21.66 <; .o ~C6.7G 2c.e3 13. 0 261.15 21 .98 17.0 618.30 
2l.A7 9.0 358.80 20 .6 3 13 .o 275.10 22. 55 l 7. 0 682.45 
<2.72 c;. 0 42<i.3C 21,36 13.0 307.80 23 .11 11.0 844.30 
22. 70 c; ,I) 5C5.CO 19.54 u.c 319.40 22. 79 11.0 945.55 
22. <;5 c;.o 561.15 21.4 7 13,0 328.00 o .•. 56 21. 0 223.60 
;23.10 c;. 0 620.85 21.98 13.Q 387.90 29 .11 21.0 237~15 

23.27 9.0 685.25 22.25 l ~. c 448. so 2 • '• 7 21.0 243. 50 
23. 44 s.o 839.80 22 .84 13 .o 5oa.95 3. 16 21. 0 2io 5. 70 
23.ioO s ~o <;4<;. <; 5 2 2. 46 l 3. 0 559,90 5 .40 21.0 250.90 
o.s2 13 .o 97,60 23.05 13.C 619.bC 6. ca 21. 0 253.90 
C.47 1::. 0 1Cl.E5 23. ll 13 • .i 683.71) 6.32 21.0 255.40 
0.43 i::. ) lOG.15 23.22 13.C '843. G5 7. 04 21.0 258.60 
0.45 13.0 112.JO 23.55 l3 .o 946,80 11. ~3 21.c 211. 65 
C.45 13. ll 113.35 o.u2 17.J l41J.35 15.25 21.0 201.10 
0.1,1 l;.o 114.70 o.2e 17. c 141. 55 16,49 21.0 28 5. 00 
c. 6 8 u.o 119.25 0 .41 1 7. ll 155.30 l7 .68 21. 0 29'6. 90 
c.:1 13.0 12C,tC o. 4 5 l 7. 0 160.70 17 ,96 2 l .o 302.20 
0,51 13.0 121.90 0.42 17,C 172.75 18. 65 21. c 310.40 
c.~4 1 3. 0 123.20 O.b2 17.J 17 7. lO 18 ,<;9 21~0 318. 50 
0.87 l::.o 1Z3.40 2. 64 l 7. 0 185.00 19. 34 21.0 326.20 
l.14 13 .o 125.60 4.oc 11.c 18 7. 50 19. E7 21.0 33!!.00 
l. "4 1::.0 127,CC 4.95 11.0 192 .90 20.38 21.0 372.50 
2.13 1~.o 12€. ::o 7.41 1 7. 0 201. 50 20. 86 21.0 39'0. 30 
!. ~ l 13.0 132.20 8.43 17.0 205. c;o 20.e4 21.c 414. 60 
4. ]6 13.0 13t.4ll 12.98 11.0 211.10 21.38 21.0 444.40 
4.25 13.0 137 .90 14.64 l 7, c 230. C5 22.11 21.0 511.35 
4.6C 13.0 139.00 16.85 17.iJ 240.40 21.66 21.0 557. 40 
5. 4<; u.c 142.75 18. l 5 l ·7. c 247.00 2l.05 21.0 617 .as 
6.00 13.0 "145.10 18.16 11.0 252.45 22. 31 21. 0 681.15 
6.41 13.0 149.00 18.67 17.0 259.90 22.89 21.0 845.60 

00 

'° 



TABLE V ICCNT INUEDI 

CCLUl'N 4 BULK DENS ITV = l.:40 G/CC SCIL THICK~ESS z 13.10 CM 

THETA GEPTH ELAPSED Tll'E THETA CEFTH ELAPSEC TIME Tb ETA CEPTH ELAPSED TIME 
I 'l: I I CM I IM IN I I ~I ICMI I Ml NI l'l:I ICl'I !Ml NI 

23.C9 21.0 <;44.35 2. 77 2 <;. 0 31'>4.30 17 .82 33 .o 455.00 
0.42 2 5.0 257.10 4.34 2<;.C 367.40 18. 26 33.0 463.50 
c. £8 2 :. 0 2 70. 3\l 6.us 29 ,J 311.00 18.87 3?.o 4 71. 6C 
0.43 2: .o 279,00 8. l c 2<;,C 376.70 19 .27 33.0 490 .so 
0.44 25.0 286.75 11.47 29,0 380,00 19. St 33. 0 495. 05 
C.el 2 :. 0 2c;1.2~ 14.96 29,i) 3d3.2u 2U .02 33 .o 517. 60 
o.55 2 5 .o 2<;4,60 15. 6<; 2<;. 0 386, co 20,42 33.0 532. 25 
0.5! 2 5. 0 300.60 16.76 29.0 3'12.00 20.39 33. c 550. 75 
5. t:a 2:.0 !11,eC 17.52 2 9.0 396.00 20 ,85 3 3 .o 609.55 
6. 12 2 5 .J 313 .10 11. 5 e 2c;. c 4C2.CO 21,67 33.0 1'>77.60 
6. <<; 25.0 314.30 18 .9 3 29.0 4 l lo 90 22.32 3!.0 732. 15 
7. l 1 ·2:. 0 !17.2C l <;. 2 <; 2 c;. c 424.70 22.48 3 3 .o 853.90 
B,69 .25.o 321.50 1"·9 t: 2c;. c 43<;.50 22. 8 2 33. 0 940. 80 

11. ?C 2 5. c 32'" 10 20.33 29.0 45 l. 7J 0,<;4 37.0 4 5 3. 2 c 
14 .Otl 2: .o 32<;. EC 21. 3 3 2<;, c 516.45 a.so 37.0 460.50 
l :. ·41 2:.0 332.90 21.46 2c; .o 552. 45 o. 71 37.0 465. 20 
16.E'l 2 :. o B<;. 4C 21.93 2 'lo 0 614.60 l .o l 37 .') 469. l 0 
17.74 25~0 345.50 22.32 2<;, c 678.l?O l. Ill 37.0 475.80 
11. ~a 2 5. 0 350.40 22. 71 29.0 763.80 5.47 37.0 480,CC 
lE.:t: 2~.o 357.10 22. b2 2 <;. 0 799,90 6 .6 l 37.o 481.50 
18.86 25.0 365.70 22.84 2s. c 852.75 8.29 37.0 482. 80 
1e.~1: 2 :. 0 374.00 22.99 29.0 942.0J 10.22 37. 0 484.10 
19. 73 2 5 .o 381.t:O c. <;(: 33.0 384.50 11 • 8 7 37.0 485,60 
l9.t2 25.0 394.70 0.12 3 3 .o 3c;3. 40 13. 46 37. 0 487.00 
2C,47 2s.o 4le.2C o. 70·· 33.0 403.3\l 14.65 37.0 488.80 
21.09 2:.0 440.80 0.64 B.O 4C6,40 15.64 3 7 .o 491.90 
a. t5 2 :. 0 512.60 0 .80 3 3 .o 410.60 l 5. c; e 37.0 49 3. 2 5 
a.14 2 ~. J 553.65 0.51 33.0 413.30 16. 70 37.0 496.55 
21.c;s 25.0 bl5.85 0.95 33. c 417.50 l 7. 16 37.0 500. 40 

"'· 42 2 5. 0 68C,OO t.20 33.C 419,0u 17.63 3 7. 0 506.45 
23.14 2 5 •. ) 851. t: c lo 5 <; 33.C 421.10 18,60 37.0 515.20 
23 .14 25.0 943.15 3.27 3 ! • c 4·z2. BO 18.45 3 7. 0 518.90 

C.16 2c;.o 315. 7 c 6 .2 7 33.0 426.2u 18.95 37.o ~23.E5 
0,49 29.:l 331.40 7,35 3 3. c 428.00 19.08 37.0 529.45 
0.78 29.0 340.90 9 o lb· 3 3 .o 430.90 19,80 3 7, c 546.10 
c.e7 zc;. o 344,CC 14,45 33,0 435.iJO 21.11 37.0 607.75 
0.66 29.0 352.10 15.82 3 ~. 0 4 3 e. lo Zl.96 37.0 676.28 
c. '49 zs.o 355.80 16 .33 33 .o 442.20 21.e9 37.C 714. 40 
c.19 2s.J 3f·C.3C 17. 2t 33. c 447.50 22.64- 37.0 797.20 
1.57 29.0 363.00 17.53 33. 0 45C.30 22.20 37.0 861.60 

'° 0 



TABLE V ICONTINUEDI 

CCLU"N 4 BULK DE~SITY = 1.540 G/CC SCIL THCK~ESS = U.10 CH 

l11ETA CEFTH EUFSEC TIME T~ ET A CE FT11 ELAPSEC TIME THETA DEPTH E LAP SEO Tl ME 
I :t I ICM) (l'l/l;J (:ti IC"I ("I ~l '"' ICI' I (MINI 

23.lC 37.0 936.tlQ 0 .'l7 45.0 577. 00 l.Ce 49.C 632.00 
c.ea 41,0 4S7, es 0.92 45,l) 578,UO 0,97 49 .o 635.00 
1.03 41.0 507.65 1.07 45.0 579,CO 1.56 49,0 636.00 
c. El 41.0 513.95 1.07 45.0 579.00 1.25 4c;,o 637.CO 
c. ea 4 J .O s2c.1c 1. l 0 4 5. 0 580.00 1 ,40 49.0 638.00 
C.76 41.0 521.45 1.04 4 5. c 581.CO lo36 49.0 639.00 
c. E7 41.0 522.60 0.92 45.o 582.0J 2.25 49.0 641• cc 
C.55 4 I .o I:; - c - c 

... t. .... "'., l. 0 3 4 s. c 583.00 3.23 49.J 642.00 
o.sa 41 .o 526.70 1.28 45.C ~84.CO 4. 11 49.0 643.00 
c. P.5 4 1. 0 52E.1C I .64 45.0 585,u.:> 5,C4 49.0 t:44. cc 
o. 77 41.0 530.75 1. 9 ! 45.o 586,CO 6,32 49.0 645.00 
2. 13 41.0 533.55 2.40 45 .o 587,00 2.c3 4c;.o 646.00 
?. so 41.J 534,6C 2.69 4 5, l) 588.00 7 .38 49.0 646.00 
5 .t;9 41.0 535.70 3.47 4:. c 5il'i. co a. so 49.0 647.00 
E. 2 3 41.C 536,80 5.JO 45.0 590.00 9. 73 49.0 648. co 

ic.eo 41.J 537.SC 7. 0 E 4 5. c 591.00 10 .99 49 .o 649.00 
12.30 41.0 539.00 a. 51 45.C 5c;2.co ll.96 49. c 65.0. 00 
13. 53 41.0 540.40 lJ.97 45.0 593,l)O 12.69 49.0 651. 00 
14. 36 41 .o 541,C:S 12. 60 4 5. 0 594.00 13 .48 49.0 652.00 
14. 53 41.0 542.75 l3. 7C 45 .o 595.0.0 14. 33 4c;. 0 653.00 
15.C5 41.0 ~43. EC 14. 5 0 45.o 596 .• 0J 14.87 49,0 654,CO 
15. 5 1 41.0 546.70 l4o H 45.0 597. co 15 •. 05 49.0 655.00 
16. 9 7 41.0 556.10 14 .96 45.0 598,00 15.10 4c;,o 656.00 
lS. C4 41.0 56<;, cs 15.65 45.0 599,00 15 .51 49.0 657.00 
19.66 41.0 606,JO 15.6~ 45.C 6CC,OO 15.26 49.0 658.00 
<e. 22 41,C 629.15 15 .93 45.0 601. 00 15.67 49. 0 659,CO 
a.ce: 41.0 c 74. -,..; 16. 1 c; "s. 0 602.00 15. 78 49.0 660.00 
21. 59 41.0 713 .10 16. l 9 45.C 6Q3.CO 15. €9 4c;, a 661.00 
;z.cc 41.C 79 2. 2 c 16.18 45.C 6J4,()0 l6.C8 49,0 66.2.CO 
<2. ~6 41.() e 11. ~o 1 e. ie 45,C 62 7. 85 15.91 49.0 663.00 
22. 60 41.0 935.oO 18 ,60 45.0 630.40 16. 33 4c;, 0 664.00 
c.ec 4 ~. c ~4S. 3C 19.95 45.0 1>73.46 l7o07 49,0 61~. 25 
o.c;; 45.0 554.95 20.00 4S.O 71C. 20 18.62 49.0 TO • 70 
c. 92 4~.o 566.55 21.6 3 45,0 768.80 19.62 4c;.o 731.20 
c.ec 4 ~ .o S67. 7C 21. 8 E 45.C 1126.70 20.53 49.0 i'111. 50 
l.05 45.ll 572.0il ~2.02 45,C 872.50 zo. 99 49.0 825.30 
c. 71 45. 0 5 73. 00 22.28 45.0 934.40 21.16 49.0 875. 25 
O.'ll 45.0 574,CO lo 15 4<;, 0 611. 90 21.12 49,0 9()2.40 
0,78 45.0 575.00 0.12 49.0 613.05 21. sc; 1,c;, 0 933.20 
c.c;1 45.0 5 76. cc o. 71 49.0 626.60 0-oltO 5!.0 667.80 

'° I-" 



T ~Bl E V (CCl\T 11\UfCI 

CCLUl'N 4 BULK DENS ITV = 1.~4C G/CC SC!l THICK~ESS = 13.10 CH 

ll-E TA CEPTH ELAPSED 1! l'E THETA CEFTH ElAPSEC Tll'E Tl-ETA DEPTH El~PSEC T IHE 
IH I Cl' I (MIN I "I (CM I IMINI I %1 ICf"I I Ml 1\1 

c.~2 : :: .a t t <;. 45 8.22 57.0 760.50 0. 77 65.0 855.45 
o. 82 53.0 692.00 9. 7 :< 57. c 762. 30 o. 75 65.D 856.75 
c. = 3 53.0 693.0il 12.79 57.0 765.70 0.12 65. 0 858. C5 
c. 4" 5! .ll 6<;4. 00 15. 0 7 57.C 770.2'J v.61 65.0 859. 35 
0.54 53.0 695.00 15 .17 57.C 113. 7v o. c;9 65. 0 860.40 
c. C:6 ~!.O e<;e, cc 16.35 57.0 7 d 9. lil 2.15 65 .o E63.C5 
1.26 5 ~ .u 6<;7. Oil 18,0C 57,C 817. 80 2.10 65,0 864.20 
2. C9 53.0 698.00 19 ,9 2 57.0 879.CO 2.73 65.0 865.30 
2.49 ~3.0 !;,<;<;,GO 20.12 57.0 899.70 2. 79 65 .o 866,40 
3 .11 5~.J 700.CO 20.3C 57,C <;2<;. I; c 3,66 65.0 867.70 
7. 13 53.C 7C3,30 0 .9 3 59.0 736. 30 3. <;9 65. c E68,80 

. ?.· 79 5" .J ?C4. 5 c 0.21 el.C 77 5. Oil 4 .65 65,0 869,90 
11,49 53.0 707,00 Q,38 61. c 776, 20 7. 74 65.0 874.00 
1 ::. 14 53. c 708.70 0 .6 3 61.0 77 8. 50 10 .16 65.0 877. 7 5 
)4. <; 2 5::. 0 711. 70 0.23 ti. c 781.30 13.58 65.0 881.50 
15.56 53.0 716,00 0.4:! tl.C 785,40 15. 17 65. c 884 .15 
15.~5 s::.o 71<;,H 0 ,4 7 61.0 787.BO 1 s·. 79 65 .a ~85.15 
11:.06 5!.0 722.eC 0. 7 2 61. a 7 94. 10 15.61 65,0 886,15 
16.74 53.0 72 8. 30 0.49 6 l. 0 795.50 16. 2<; 65,C 887.15 
17, C2 ~:!. 0 135.CC o.56 61. 0 8il0,60 16 .02 65 .o 888. 15 
17. 74 5?.0 744,QO o.55 (: l. c ac2.co 16.34 65,0 889,15 
IE. t 5 53.C 767.3J 0.tl1 61.0 803.50 16.24 65.0 890.15 
l<;.57 s ~ .o 7<;C, 7C o.8e 61. 0 805.50 16.74 65.0 897. 10 
20.C9 53.0 820.90 1.24 t 1, C 8C6,70 17.4 7 6 s. 0 903,80 
( c. 5 2 53.0 876,45 1.45 61.u !:!08 .oo 18.74 6 5. 0 '127. 25 
<C.96 s~.o '10 I. CO 3. 2 3 el. c Bll,90 18.85 65.0 939,50 
:<l.43 53,0 932.05 1::.21:: 1::1.c 816,50 19. 75 65. c 956.65 

C.H 51.0 73c;.c;c 8.79 61 .o 8 l 9. 30 o.<;5 69.0 €82. 75 
0 .1:: 7 57,o 741.10 12. l <; l: l. c 8 2 2. 30 o.se 69.0 891, B 5 
0.54 57.0 746,00 13.79 61.0 824,00 O, E 5 1::<;. c 892.85 
C.48 51. 0 747,CC 15.50 61.J 828.40 0. 74 69.0 89 3. 8 5 
0.1,5 57.J 748.00 16. 02 6 t. 0 83C. CO o.95 69,0 894.85 

a.H 5 7. c 749.00 16.24 61.0 8 31 • 50 a.et 69,0 905. cc 
l.C4 57.0 15C.CC 11. 03 Cl. c 841.30 0 ,69 69.0 'lOb.00 
0 .36 57.0 751.00 17.3E 61. c 847.75 0.61 69.0 907.00 
l, E ~ 5 ;. c 753. 00 19 .26 61. c 88J.25 0.43 6'1. 0 <;OB. CO 
2.87 57.J 754.20 19. 7c; 61. c 898.40 o.54 69.0 909.00 
3.66 57 .o ~55.30 20.15 tl.C 928.lo5 o. 1't 6<;. c 91o.00 
s.n ~ 7. 0 157.CO 20.2 c; 61.0 955.50 - o.es 69.0 'ill.CO 
6.76 57.0 75'7. oc 0.2 ~ 65.C 849.0 5 O.'t5 69.0 912.00 

'° N 



TAliLE ~ ICCNTINUEOI 

CCLUl'N 4 BULK OE~SITY = 1.540 G/CC 

Tt-ET4 .C EPTt· EL~PSEC TIME Tl-ETA DEPTH ELAP SEO Tl ME 
1.ZI ICMI l"IM Pt I ICMI IMINI 

O.b9 69 .o 913.00 12. o e 6'i •. C 'i38.3C 
c. ~c;. 6~. 0 914.00 lb.23 b9.0 948.55 
l.Cl '6'i .o r;1s.oo u:. 6 2 6'i. 0 957.85 
loC4 6r;.o 916 .oo 0.51 7?.C r;5r;. 20 
i.37 6'i. 0 c; l 7. 60 0.7J 73.0 960.20 
1.99 6<; .o 919.00 c. t-5 73. 0 96 l. 20 
2.33 69.0 920.00 0.41 n.o 962.20 
2oE6 6~.o c;21.cc 0.31 73.0 9b3.20 
2.16 69.0 c;22.oo 0.38 13. c 964.20 
3.15 t:<;.O· ·9·23.00 0 .43 7?.0 965.20 
3. 1,9 6<;.0 924.CC 0~55 73. 0 966.20 
3.63 69.0 925.00 o. 26 H.C 'i67. 20 
4.Ce 6'i.O 926.00 0.36 n.o 968 .20 
5.c;7 t:c;.o c;3Q.90 

SOIL THICKNESS= 13.10 CH 

THETA DEPTH EL~PSEC TIME 
UI ICHI C Ml NI 

o •. 36 73.0 9b9.20 
(J .15 73. 0 no. 20 
0.40 73.0 971.20 
O. C7 7.?. 0 972.20 
0.37 7.? .o c;n.20 
0.60 73.0 974.20 
o. 79 13. 0 975 .• 20) 
0.96 73.0 976.20 
1.17 13.0 977.20 
2.:31 13.c Ha. 20 
2.55 73.0 979.20 
3.58 81.5 813.10 
s.22 81. 5 815. 00 

'° w 



TABLE V ICCNT!NUEDI 

CCLUf'N 5 BULK DENSITY = 1.539 GICC SCIL T~ICK~ESS = 13.0l CH 

THETA CEPTH EL~FSEC TIME HETA DfFTH ELAPSED TIME THE TA DEPTH ELAPSED Tl HE 
I~ I ICMI I"' IN I (%1 IC"' I ("' 11'1) l'.ll (CHI (MINI 

12.59 l.o o.o 33.38 17.0 53.67 35.eO 2 c;. c 62.95 
37.C6 1.0 c.10 l 7. 39 21.0 5.73 14 .41 33.0 11.06 
?8.47 l.O 2.6<> 25.94 21. c 1.12 14. 80 33.0 12.96 
:: 7. ~4 1.0 14.39 30 .5 3 21.0 8.55 16.68 33. 0 14. c;o 
?7 .19 1. \J 21. 2 5 31. 79 21.0 9.91 19 .22 33.0 16. 34 
37.C4 1.0 29 .10 32.7C 21.c 12.11 22.38 33.0 l7. 81 
! f. I c; 1.0 40. 74 32.17 21 • J 15.96 26.59 33.0 20.56 
~6 .t: 3 l.o 56. C6 31. 4 9 21. c 21.69 28. R l 33 .. ) 22.79 
27.25 3.0 14.82 32.24 21.0 24.60 31. 49 33. 0 26.08 
!~.~5 5.C 1.49 32.64 21. () 33.30 34.55 33.0 35.40 
19. 78 ~.o 2. 06 32.82 21.c 39.29 35.16 33.0 49.96 
::2.: c;' 5.0 2.20 32 .93 21.0 46.05 35.43 33.0 61. ce 
5. 74 ~.u 12.65 32. 3 5 21.c 63.66 13 .99 37.0 16. 67 

33. 71 5.0 14.08 14. 7C 2 5. c 6. C6 9.21 37.0 18. 83 
l 7. EB 5.0 14.36 14.09 25.0 6. 78 11. 38 37.0 20. 24 
3 3 .-3 2 5.0 19.74 15. 20 2 5. c 7.45 20.67 37.0 22.09 
?2 ~64 5.0 28.70 17 .9' 25.C 0. 20 24.C3 37.C 23.89 
?3. ( ~ 5.0 4l.C5 21.42 25.0 9 .25 27 .44 37 .O· 25. 75 
:: 3. 14 ~.o 5e.37 28. 'i2 2 5. c 11. 7 3 2 7 .'i4 37.0 27 .28 
32.15 9.0 3.07 31. l 7 25.0 13.6 7 30. e2 3 7. c 30.04 
?2.CS c;. 0 3.4C 33.12 2 s. 0 15.64 32.lB 37.0 35.09 
!3. 14 c;.o 4. ?6 33. 75 25.0 18. 4 7 32. 80 37.0 37.51 
?2 • f 6 s.o 12.49 34 .93 25.0 23.53 34. E3 37.o 49.66 
?3. ?2 c; .o 1 c;. 33 35.9 t 2 ~. c 32.09 34.74 37 .'.) 60. 77 
32.30 9.0 28.43 35.32 2 5. G 3 e. c;1 14. 55 4 l. 0 22.40 
?3.23 c;. 0 41. 37 35.19 25.0 46.44 15. c;3 4 l. 0 24. 22 
32.tl c; .o ~6. 6<; 3c.OC 2~.o 63.27 17.45 41.0 25.39 
;0.22 l 3 .o 3.85 14.3 2 29. c 6.39 19. c;e 41.C 26. 96 
; i. 5 c; 1:.0 5. C5 i3.92 2 9 .il 7 .so 22.41 41.0 21. c;c; 
32 .99 13 .o 10. 32 15.42 2 s. 0 9.58 25.52 41.0 Z9.70 
32.68 13.0 17 .39 16.41 29.0 10. 73 26. 38 41. 0 31). 74 
?2.?3 l ?. c u. 41 1 7.48 29.u ll .40 29.63 41.o 3"4. 7 8 
.?Z. ~3 l?.O 4?.67 22. 62 2c;. 0 13. 30 31.24 41.0 3-7.15 
:2. t7 13.0 54.ou 26 .21 29.0 15. 27 34.67 41. 0 49. 35 
; 7. ?.I li. c s. ? c; 29.75 29.0 lfl.12 35.02 41.0 5.9. 56 
33 .39 11.0 8.87 31. 77 2 c;. c 20.88 14. 84 45.0 26.67 
!3. 12 11. 0 17.03 33.03 29.0 23.18 17.38 45. 0 30.40 
32. 71 11.0 24.<;3 34. OE 2c;. o 31.78 19 .27 45.o 3'1.'t3 
?2 .62 11.0 . 33 .63 34.H 2c;.c 35.77 20. ~7 45. 0 32.52 
32. 5c; 11.0 1,3. c; 7 35.3 e 29.0 46.75 23.47 45.0 34.10. 

'° ~ 



UeLE V ICCNTINUEOI 

CCLU~ll 5 BULK DENSITY = 1. ~ 39 G/CC 

lHElA CEPTH HAP SEO Tl ~E lHETA CEFTH ELAPSEC TIME 
IU ICMI IM INI I ~O 1011 IMINI 

n .12 4~.o 3f. 82 19.95 53.u 43.33 
28 .49 45.0 38.59 22. 3 ~ 53. c 44.42. 
;c;.49 4 5. o 40.35 23.46 53 • .:i 45.39 
3c.c;s 45.:J 42.t2 21. oc; 53,C 47,20 
33.16 45.0 49 .05 27 .6 5 53.0 48.46 
~4.~5 4 5. 0 5c;.25 29.43 53.J 5J.97 
14. 55 49'.0 31.10 30.87 5 ~. c 52. 71 
14. 42 4<;. 0 32 .86 31.44 53.0 55.70 
lt. 16 4<;.0 34.41 32.55 53.o 58.63 
17. 77 49.0 36 .19 33.45 53.0 67. 18 
2C.t4 4c;.c 37.89 13 .11 57.0 43.l)O 
ii4.C7 4c;.,,; 40.04 13. 08 57.0 45,08 
27.211 49.0 42.28 ll, .97 57.c 47,51 
2c;. (6 4c;.o 1,4, 15 16.46 57.0 48 .16 
30.05 1,c; .o 1,5, 71 22.01 5 7. 0 50.66 
31.C8 49.0 48.76 24 .14 57.0 51,97 
31.€6 4<;, 0 51.3C 27,69 57.a 55,33 
32.31 49 .o 53.10 29.26 57. c 58. 32 
;3. 3 5 4<;. c 58.94 31.20 57.o 62.58 
13.14 53.0 3t. 51 32. 77 57.0 66.89 
13.38 53.0 38 .21 13.1,2 61.C 47.82 
1,4. cs 53.0 3S. 72 14.25 61.0 50.34 
16 .49 53.0 41.94 15. ll H.C 51.66 

SCIL THICXllESS = 13.0l CM 

THETA DEPTH EL~SEC TIME 
1:1 IC"I !MINI 

22 .09 61.0 54.97 
25.59 61.0 57.60 
28. u 61.0 60• 36 
29 .02 61.0 62.28 
30.36 61. 0 65.82 
14.47 65.0 52.38 
14.42 65.0 54,65 
16.15 65.C 57. 30 
22.27 65.0 60.04 
24. 86 65.0 61.95 
28.17 65.0 65. 53 
14.04 69.0 57.Cl7 
15. 12 6Cj. c 61.64 
20.65 69.0 64.28 
22. 72 69.0 65.23 
24. 48 69. 0 66.50 
25.45 69.0 67,91 
14. 51 73,0 64,60 
14.12 73.0 64.90 
14 .62 73.0 66.20 
17.16 73.0 67.60 
18. 73 73.0 68042 
19.26 73.0 68.75 

\0 
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TABLE V ICQNTINuEDI 

CCLUl'N (: BULK DEhSITY = lo529 G/CC SCIL T~~KhESS • 13010 CM 

THETA C:EPTH ELAfSEC TillE Tt-ET A CEFTl1 ELAPSEC TIME THETA DEPTH ELAPSED TIHE 
ltl ICMI (MINI l:U ICl'I Cl'lf\I UI ICMI PHNl 

l3oC4 loO OoO 20 ol4 2lo0 llo 72 300 4C 3 ?o a 2So ll 
13.11 lo 0 Co a 22.ee Zl olJ l2oll4 34 030 33o0 27.74 
~:. '44 i.o 0.30 24.22 2 lo c 12. 32 37.<;9 33,0 33oBS 
!So CE loC 0.10 2S ·" l 21.0 12 ol:2 16.21 n.c 2 s. 4 5 
11.11 ~.c l. 12 26.45 21.0 l3.3S 17 .68 37.0 2S.BO 
15.C4 5 oil l.43 34.61 21.c 15. c;5 18. 10 37.0 26. 02 
;s. CZ 5.0 i.10 35.70 21 .o 17 .18 l9.S6 37o0 26.-29 
a.e6 ~·.a lo c; s a. 2c; 21. c 18.95 2lo39 37.0 26.S8 
34,CO 5 .o 2.34 13. 3 7 2s.o 13. 72 22. 3<; 37. 0 26.84 
:n. ?2 ~.c 2. 7S 13.SB 2 5 .J 14 .oo 23.60 3 7. (, 21.11 
40 029 5.0 5.20 14.43 25. 0 14. 28 24.42 37.0 27.36 
u. 27 9.0 3.10 15. tl 3 is .o 14. 57 21.to 37.C 2s·. 14 
17. E 3 c;. 0 3. 37 l 7. 31 2 5. J 14.84 28067 37.0 28040 
zt,.<;5 c; .o 3. 70 19,lE 2 ~. c lSolC 2R. 82 37. 0 28.67 
2e. H c;.o 4.00 20 .96 25.0 15. 37 35,C4 37. 0 32. 52 
?l.t:E c; .o 4o3l 2z.4c; 2 s. o 15.63 15 ,53 41.0 29o0l 
32 oss 9o0 4o58 26022 25oC 16.28 16. 18 41. o Z9o28 
!3.~~ So 0 4·0 BB 27086 25o0 16.56 l6o40 41.0 29059 
40041 c;oo 7.60 2e.03 2 5. J 16.84 19o16 4lo0 30o17 
15,59 1300 5,s7 35045 25o0 2lo32 200 1l 4lo0 30.45 
2C.75 1::.0 .5. ES lS.58 29.J 17054 22.04 41.0 30.72 
23.37 l3o0 6 0 10 l S. 6S 2c;. o 1 7o 8 s 22086 41 oO 31 .llO 
~7. 0 ~ l?oO 6.38 16.76 29.0 18.CB 24. 74 41.0 31.30 
;e .t:'l l :. o 6, t:7 17.5 6 29.J le. 35 25.48 41.J 31.S9 
30,80 1:: .o 6.95 l'l.29 2c;. c 18. a 5 z 7. OS 41.0 31.86 
!l. H u.o 7.2S 21.94 2c;.o 19.25 26.81 41.0 32. 17 
:1.to 1.: .o lC,46 24. 33 2 c;. c 19.61 29 .5s 41.0 32.93 
l3 .19 17.0 7.'lS U, 14 2c; .c 19. c;5 28.92 41. 0 33.20 
15. C2 l 7. c a.22 30.07 29.ll 2u.94 30.06 41.0 33, 4S 
11.11 17.0 8.52 31. 40 2s. c 21. 75 3l.3l 41.0 36 .10 
20.50 11.0 e.ao 34.43 29 .o 24.17 36. t:3 41.0 40.33 
<3.4E 11. 0 c;. ca 17.88 33 .J 22.14 20.05 45.0 34,24 
25.30 17.0 9. !5 l<;.6e 33.C 22.42 21.96 4S.O 34.55 
n.23 11.0 <;.65 20 .66 33.0 22. 71 22. 73 4S.C 34. es 
a.c;9 l 7. 0 9. c;e 22 .21 33.0 22.99 24 .19 45.0 35.11 
3S.95 17.0 13.00 24.26 3 3. c 23.26 2s.17 4S.O 35.38 
H. ec 11.0 20.45 2s.21 33.0 23.54 26.70 45.0 3S. 75 
13 .42 21 ~o 10.88 2t:. 06 33.0 23.82 28 .53 45.0 36.40 
15.ll 21.0 11.11 2a.21 33.C 24.50 29, CZ 45.0 36.65 
11.1ic 21.0 11.45 28.90 33.J 24.85 29.46 1is. o 36.'i4 

'° °' 



TABLE v I CCNT INU EC I 

CCLU"'N 6 BULK DENS !TY = 1. !29 G/CC 

Tl-ETA CEPTH ELAPSED Tll'E THETA CEPTH ELAPSED Ti"'E 
('.i:I IC"'I (MIN I (!Ii I (011 !MINI 

3~.56 "~ .o 3 c;. 33 l 7. 1 5 57.0 44. 77 
34 .54 45.0 40.67 17.78 5 7. c 45. G7 
li.46 4c;.o 37. 30 18 .2 3 57.0 45.33 
18.? ~ .t,c; .o 3 7. 1:0 l E. 7 E 5 7. c 45.60 
19. 36 49.0 37.88 21.82 57.0 46.45 
~c.~~ 4S.C 3 8. l 7 19.86 57.u 46,75 
22.n 4<; .o 38.45 23.97 5 7. 0 4 7. 02 
2 2. 33 49,(J 30.12 25 .o l 57.0 47.34 
;4. c 1 4c;. a 3<;. GO 25.72 5 7. '.) 47.65 
2(:. 18 4c;.o 39.(>7 30.2c; 5 7. c 48. 87 
;(:. 71 4c;. 0 39.94 17 .21 61.0 48.00 
~c.c1 .t,<; .o 41,00 17. 74 61.0 48.33 
33. c <l 49.0 43 .10 17.90 (: 1. c 48.64 
ie. cc; 53.c 41. 3 1 18.08 61.0 48 .92 
18 .S3 53.0 41. 6 5 18.85 61.C 49.22 
19.69 53.0 41 .92 l 9 .41 61.0 49.52 
;c.!t: : ~. (; 42. 2 c 22. 97 61.0 50.70 
;i. 57 s~.o 42.47 23.85 (: 1. c 51. 02 
< 2. t l 53.0 42.74 24 .8 3 b 1.0 51.29 
;s. EC !:!. 0 43.oG 30. 45 61.0 53.88 
25.80 53.0 43.88 30. 81: l: 1. (l 54. 16 
: c. ! 2 53.0 46.v2 lb.So 65.0 51.60 
~ 5. !: 5 s~.o so. !2 it:. 8S l: 5. c 51.90 
16. 73 57.0 44.22 17.24 f5.C 52.2C 
H:. 1't 5 7. c 44. 4c; 17. 72 65.0 52 .52 
17 .15 57.0 44. 77 17.72 65. 0 52. 80 

SCIL THICK~ESS = l3ol0 CM 

THETA CEPTH ELAPSEC TIME 
1:1:1 IC~I (MINI 

19 .53 65.0 53.53 
22. 48 65. 0 54.52 
22.46 65. 0 54. SC 
23.51 65.0 55.10 
29.C5 65. c 57.52 
29.87 65.0 57 .• 85 
31 ,66 65.0 59 .31 
13. 10 6S.O 47.20 
17 .12 69.0 55.46 
l tl. 35 69.0 55.75 
17 .63 6<;. 0 56. C3 
18 .23 69.0 56.30 
18. C5 6<;. 0 56.60 
17. <;7 6<;.0 "56. c;3 
22, C3 69.0 58.19 
23. 20 6 c;. c 58.45 
23.39 b'1.0 58.72 
23.60 69.0 59 .oo 
21.01 6S.O 60. 41 
28.02 69.0 60.69 
lB.76 73.0 59.74 
18.47 73.0 60.02 
20 .15 73.0 61.03 
20. 36 73. 0 61.30 
zv.63 1~.o 61.58 

'° ....... 



TABLE V ICONTINUEOI 

CCLUl'N 7 BULK DEl\SlTY = 1.537 G/CC SOIL T~ICKl\ESS z 13.03 CM 

1HE1A CEPT H ELAFSEC TI~E Tl-ET A CEPT~ ELAPSED TIME THETA DEPTH ELAPSED TIME 
I *I ICMI (MINI (:U ICl'I 11'11\I ltl ICMI IMINI 

ll. 23 1.0 l .10 16 .u l 17.u 30.85 29. 71 33.C 111. 45 
11. ::c; 1. c 2.20 19.J2 11.0 34.40 3.1.54 33.0 142. 30 
ll .58 1.0 :! • ~o 23.88 l 7. c 3'l.2C 12.24 37.0 61.60 
12. i2 1.c 4.40 30.94 17.0 57.<;5 12.59 37. c 67. 55 '2. 1,3 1. 0 u:. 3 c 3 2. 12 11.0 75.85 13.25 37.0 71.05 
3G.SB l.O 17.25 32.15 17. c c;a. i 5 14.43 37.0 74. 75 
~4. s·c 1.0 52.oc 32.72 11.0 134 .61) 15.93 37.0 Bi!. <;O 
36 .30 1.0 ec. 30 14. 8 E 21. c 33.20 21.88 37.o 93. 30 
36.46 1,0 130.15 15.76 21.0 35,55 21. 54 37.o 11o.15 
12. c;e ?. a 5, t:C l 7.4 7 21.J 36.05 3·0 ,4 7 37.0 143.40 
14. 12 3.0 6.70 23.92 21. c 4 5. l 0 13. 81 41.0 81.70 
12.12 5.0 7.85 29.n 21 • .i 56.85 14.26 41.C as. 20 
l 5. 31 5.C 11. 43 31.09 21. \) 66.30 15 .50 41.0 89.95 
(1.53 5.0 16.10 30.90 21. 0 73. 45 16. Cl 41.0 92.15 
'~. '42 s.c 23.70 31.3 l 21.0 97.00 25.44 41. 0 109.CO 
a.c;:: ~.a 2c;. 60 31. 31 21.c 138 .95 27.41 41.0 116. 35 
28. 71 5.0 50,90 13. 8(: 2s.c 36.80 29.81 41. 0 145.90 
:;3. c6 5.0 79.15 14.86 2 5 •. o 41.60 13.04 45. 0 86. 4C 
!4. ~4 5.0 131.25 15. sc 2 5. 0 43.90 13. 37 45 .·) 91.05. 
11. ~8 c;.o 9.JJ 17.67 25.0 48.60 14.35 45.C 95.70 
12. 12 c;.o 12.cC 20.24 25.0 55.75 15.65 45.0 100.64 
12.16 c; .o 14. 9 5 23.<;3 2s.c 65. 15 19.98 45.0 107.80 
lt. 15 s.o 18.45 26.37 25.0 72. 30 23.55 45.0 115. 15 
liC.19 c;. 0 20.8c 30.15 25. l) 88.70 29 .26 45.0 147.05 
2t:.34 9.0 28.45 33.25 2 5. c l4G.10 14. 75 49.0 99.45 
zc;. CE c;.o 49.80 13 .05 29 .o. 42.75 14 .<;l 4c;. 0 103.15 
:: 3. 50 c; .o 18.CS 13. 4. 2c;. o 47.45 14.98 49.0 106.65 
33.38 9,0 132.35 15.l<; 2c;. c 54.65 18. 26 4 c;. 0 113. 90 
l c. c;a i.o o.o 18.22 2 <;. 0 64.00 20.e1 49.1) 117.51 
12 .'45 13 .') 13. 75 20. 51 2 c;. 0 69.90 28.96 49.0 148 .20 
13.24 13.0 19.61) 27.92 29.0 87. 55 15. 16 53. c 101.90 
U. E'i u.o 22.cc 30. 84 29.J ll2.6i) 14. 78 5?.0 105.55 
16 .22 l! .o 21, .c;o 32.0~ 2~.o 141. 20 17.07 53.0 llt1o85 
l ~. l c; 13.0 27.25 12.61 33.0 46.30 19.51 53.0 122. 65 
;?, 1C l ::. 0 ~2.CC 12.57 33.0 53.40 28 .52 53.i) 151.90 
27.19 13 .o 40.35 u. sc; B.C 60. 3 5 13.79 57.0 104. 35 
: 1. 1,3 13.C 59.05 14.42 33.0 62.75 14.58 57. 0 120.30 
!3.36 l:?.O 76.95 15. 6: 33.0 68. 70 14.68 57.0 121. 35 
33.67 13 .o 133.45 22.00 ~~.a 84005 15. 'i5 57. 0 126.50 
13.Ci! 11.0 26.10 26.48 33.0 99.45 17.77 57.0 129.00 

'° 00 



T.6 eLE V I CCNT INU EC I 

CCLU~ll 7 15ULK DENS!T't' • 1d:l7 G/c;C 

THE lA CEPTH ELAPSED TlllE lHEtA CHTH ELAPHC TIME 
I~ I IC"l 1 IM IN I Ii I IC.Ml IM!NI 

i? .i~ !1,o 15!, lC 2b11.i8 1:11.0 l51to30 
14 o4S b 1.0 124,00 14.H 6 5. c 125. 40 
14. 5 7 ci .o 121.so 17 .c 2 b 5. 0 144. 75 
17.!9 'H,O 1H. 05 23.~C 6 5, c 155 I 5 0 
z1:1 .ca b1 .o 154. 30 14.H 6~.c 137.50 

SCIL lH!CK~ESS • 13.03 CM 

Tl'iETA CEPTH ELAPSED TIME 
Ii I CCIII (Ml NI 

21,),41 69.0 lSl:J,65 
z l. 'il b1'60 159.55 
14. 31 1~.o 150. 60 
15169 7 3.0 f57 I 85 

"' "' 



TABLE v CCCNTINUEOI 

CCLIJ"'r>; e BULK uENSITV = 1.532 G/CC SCIL Tl-ICKr>;ESS = 13.07 CM 

lt-E lA C EFTH ELtiFSEC TIH THT/I CEPH ELAPSED TIME THETA DEPTH ELAPSE G TI ME 
I~ I ICMI ("''"'' "'' !Cf' I I I' I~ I I~ I ICMI CM IN I 

1C.7l ·1.0 o.o 14.97 ~.c ~~.sc 12.20 l:.o 11.00 
lC. i3 1.0 o.c 14. 92 5.C 35.UU 12.32 l 3. u 78.20 
11.CO 1.0 0, 5u 11:. 4 f ~.c 39. 90 12. 92 13.0 80 .10 
IG, 82 1.0 4. 30 17. 70 s.o 49.30 14, 1 S l 3. c 86, 90 
1~.s2 1. 0 c.2~ 17,8U s.u 5U,4u 14 ol2 13.0 88.CJO 
lO.S9 1.0 1 .;w 19,55 ~.c 6 7, 70 16. 22 13.C 96,90 
IC,~ 7 l.O a.20 20.12 5 .o 81. 40 16 .32 13.C 98,20 
11.11 1.0 s.;c ~ c. 12 !: • u 82.90 17.66 13.0 12 1 , 30 
11. el 1.0 lu.20 24 .• ii l . ' -. " 236.50 19. 11 13. 0 132.40 
13. 4 c 1.c 11. 20 24,45 5.J 237.5U 23.70 13.0 220. e o 
14 .11 1.0 12 .20 £4. 6 3 :.c 52 7, Ov 23.65 13.0 221. dO 
14.54 1.0 l3. 20 24.74 5.C 527.60 25. 15 13. 0 49ll, BO 
15. '1 1.0 14.2C 11.13 l • .:; 28.91.l 24. 84 13 .v 491.90 
1I:.10 I ,u 15.<0 l 0. 11 <;. c '31. 5 0 ll. 52 11. 0 89,50 
11. 5 s 1.0 17. 70 10.15 9. 1) 32.bO 11. 52 11. 0 89,50 
1e.cs l. 0 IE, SC 10.21: c;. \; 36.3v 11 ,87 17.0 90,60 
19. 15 1.0 2 3 .'10 10 .4 4 <;. c 41. l c 11. 52 l 7. 0 91. 90 

"· 2€ l.C 3C.l0 10.54 9.0 42.20 11.92 17.0 92.90 
20.56 l .o 37.50 ]0,75 <;. c 45.CO 12 .32 17 .o foo. 20 
a.c2 1,0 38.60 10.93 <;. c 41:.CO 12.69 1 7. c 104.10 
;1.f3 1.c 51.SO 11.21 <;. c ·4s.uu 13 .C3 17.0 106. 5 3 
21.so l.o 52.~0 12.4S <;,C ~4.30 14. 55 17.0 115. 50 
:i.2. tb 1.0 6<; • iJO 12.35 9.u 5s.;o 15. 12 17. c 119.70 
2:?.45 1.0 €4.4C 12.86 'J. v 56.30 15 .11 17.0 12 3. 10 
2 3. :?6 l.J e :i. 5 o 14. () 3 9, 0 6C.70 15. 82 17. 0 131.10 
~ c ':I: l.C 241.80 14 .30 'l. 0 61,80 '1'1. (;:: 11.c 142. 50 ~ ......... 
25.25 1.0 ;:4;, cc U:.J2 s.o 11. 90 17. 52 l7 .o 148. 60 
25.41 l.o 525.50 le.le <;.O 7 2. 90 22. C5 11.0 218.50 
2 ~. it l.C 526.10 16 .11 .9.J 73, 'lO 22.12 17.U 219.60 
10 .cc , ' _ .... c.o If. 4 4 ~.c 74. <;\) 24.82 17. 0 431.40 
l c. <; 5 3.0 2 .oo lti ,4 7 ".a 94.70 24. 79 1 7. c 432.50 

<;. ( 5 3.c ~. 10 lB.37 ~ . .; 95.7v 10.38 21.0 101.(;0 
12.99 3.0 16. 5 () 21. 0 7 <;. c 133.90 12.43 21.0 108. 0.0 
14.48 3.0 20.10 23 .97 9.0 229.60 12. 70 21. c 112.25 
14. i<; 3.0 21.~c 23. 71 <;. 0 2811.50 12 ,96 21.0 117. 00 
lf; .11 :? .o z·s. 2 o 24.37 c;.o 493.40 13. C2 21.0 124.10 
1€. GC ?.C 43.bC 24.46 9.J 't94,6U 13 .69 21.0 129.f·S 
11. 3 5 5 .ll 22.5~ 11. 21 u. c 57.70 13.95 21.0 135.25 
12.52 ;.o "26.40 11.12 1::. c 58.80 14.28 21. 0 136.40 
12. c 1 5.0 21.1c ll. 34 13 .o 70.40 14.45 21.0 140. 00 

..... 
0 
0 



HELE Y (CC f\ T I NU EC I 

CCLU~ll 8 BULK DENS ITV = 1.532 G/CC SGIL lHICKllESS = 13.07 CM 

lrETA CEPTH ELAPSEG ll~E THETA CEFTr ELAFSED TIME THETA CEPTH ELAPSEC TIME 
I~ I ((Ml (MIN I I t I (CMI (Ml NI (~) IC~I ( M 11\ I 

I:. :; E 21.c 14i. !C 15 .34 29.0 2 u4 .60 2.i.e3 33.0 31 l. 20 
l7 .03 21 .o 162.00 15.75 2s.c 2 0 5. 7tJ 23.42 33.0 362.10 
zc. 4C 21. 0 213.30 l 7 .5 3 29.0 233.<;0 24.55 33.0 54 7. 60 
.. ~ c (I ' -- . "" .. 21. i) ;1~.1c 11. 72 2 <;. ci 235.10 12 .38 37 .') 176.15 
23.25 21.0 276.10 19.96 29. 0 263. 30 12. 63 3 7. 0 179.25 
c 4. 2 'i 21.c 415.10 19.86 2'1 .o 2&4.30 12.59 37.o 161.CC 
(4. :!o 21.u 4lt.4C 24. 0 5 2 <;. c 3~8.00 12.76 37.0 162. 60 
25.~C 21 .c 555.40 23.90 2s.o 389.CC 12.61 37.C l 63. 6°0 
11. i8 2:.c llE.30 24.59 2 <;. il 552.5J 12. 78 37.0 184.60 
11.85 2 5 .J 125.EO 12. 71 33.C 165.50 12.58 37.J 165.60 
11. 71 2 5. () 126.85 12. 7 8 33.0 167.90 12. 64 37.C 189.10 
1;.c1· 2:.0 137. H 13 .lC 33.G 171.45 12.70 37.0 190.25 
l <. 11 2 5 .o 141.20 13 .22 3:?. c 173. 65 12.14 37.0 19 l. 30 
ll. 71 2:.c 144.70 12. 77 33 .o 174.90 12. 5 7 37.C 192. 40 
J<.31 2~.o l46.C5 l3 .01 33.0 175. c;; 12.65 37.0 1'13.55 
12.93 2 5.0 150.00 13 .10 3!.C 177.Cl 12.47 37.0 194.65 
1 t. c; 5 25.0 151.lC 12.~0 33.0 i00.45 12 .99 · ~'7.~o 199.10 
12. <; ~ 2~.o 153.<lO U.67 33. c 195.C!O 14.37 37.0 247.40 
13 .c2 2 5. 0 155.00 13.6S 33.0 1%.<;0 l4o1S 3 7. c 248. 50 
1::. l c; 2 ~. c 156. lC 13. 94 33.0 197.95 14.67 37.0 249.<;0 
l?.12 25.0 157.<C 13. 72 3 3. c 2G0.30 14. 97 37.0 255.80 
13045 25.0 158.30 13 .98 33.0 201.30 14.<;6 37.0 256.80 
l!.~~ 25.o HC. iC 13.~4 33.G zv2. 30 15.87 31.0 261.70 
17.80 25.J 211 .io 14. 0:: ~3.C 2C7.60 15.79 37.0 266.30 
11.ES 2~.o 212.10 14 .51 3 3 .v 208.80 15.10 37.c 267.60 
~1.~a 2~.u 22C.eC l4.4t 33.C 214.60 12 .91 37.0 211.00 
21.14 2 5 .o 21:9.60 14.57 3~.c 2lt. 60 lo.68 37.0 280.82 
• ? • t6 25.C 407.uO 15.17 33 oil 22 3 .30 16.41 37.o 281.8\l 
23.59 2 5 .o 4C8.00 15.28 33.C 224.70 17.86 37.0 .306.10 
24.36 25.0 55'+.60 15.8C 33.0 231.10 19.1:7 37. c 326.50 
12 .11: 2'io0 12E.2C 15.87 33.u 232.50 u .01 37.0 373.60 
12. 4 2 2c;.o 138.85 15. 9 5 33.C 23<;. 10 24.lC 37.0 545.20 
12. 10 29. c 152.45 16.24 33.u 240.10 13. 48 41.C 186.75 
12 .1; I 2 <;. u l5S.5C 1(:.54 33.~ 244.7.:J 13 .57 4 l oO 18 7 ~;75 
12. C!2 2c;.o 163.20 16 .61 ~3.0 246.80 15.35 41.0 278.30 
I 2. i c; 2'i.O ll:4.3G 17 .32 33.0 256.20 15.52 41.0 279.30 
12.47 2 <; .o lee. 7C 17.3:: 33. c 25'>.20 15.98 41.0 285.00 
13.13 2'i oil 169.20 18.30 ;~.c 27 2.10 15.1:8 41. 0 286.CO 
H·2 l 2s. c 17Co?.C 1Bo48 :n.o 273 .10 15.88 4 loll 290.40 
13 .37 29.0 ll2.70 20.92 33.C 310.20 lb. u 4lo0 291.40 

...... 
0 ...... 



TAi•:.;:: ~ ICCNTINLEUI 

CCLIJl'N t tlULK DF~SITY = l.~32 ~/CC SOIL THICKt.ESS = l?o07 CH 

11-E 1A CEFTH EUPSEC Til'E TH ET A CE i' Tt- ELAPSED TIME THElA DEPTH ELAPSEC T ll"E 
I %1 ICMI ll'Hd (.t) I Cl' I !MINI Iii ICMI IMINI 

lb.?4 41.0 299 .20 15. 7 < 49.~ 37C.70 lb.bfl 57.0 385.40 
H.H 41.C 30U.20 16.o1 49,U 37iJ.7J 17.37 51.0 40U.UC 
11.c1 41.0 307.70 18. 31 4c;.c j 11. 70 17.lb 57.0 4·JO .OO 
l(l .4b 41.0 3C!l.70 19 .21 4c;. c 3<;1.CC 17.'i7 57. c 409.7C 
J7. ~ 1 41. c 312.'iC 19. 54 4c:;.o 392.UO !B,09 57.0 4ltJ.80 
17.CB 4 l .J 313. c;o 21.21 4 ~. c 422. c;o IB.21 57.0 418.00 
1B.C7 41.0 325.0U 21.4 i 49,J 424.JiJ 18. 34 5 7. c 4i9 .. 10 
I~.€ I 41.0 ?H. l:C 22 • .,z 4c;. v .4d4.4U 19.51 57.J 429.90 
19. O<, "l .li 341.EJ 2J,c::.~ 4<;. a 5 j<;, dO l 9. e1 57.0 435. 70 
;:c. 1: 41.C 3b6.CO 15.25 5 3 .c 3 31. 20 19. 7 5 51.c 1.41.80 
<4~CE 41.G ~22.5C 15 .4 < 5 .l. J 332.20 2'). 02 57.0 443.10 
24.24 41.0 544.50 15. !'> l 53.C 338.tC 20. eb 51. a 451.CO 
15. ! C: 45.C 2S7.4C lb.02 53.C 34&,2U 2J.b6 57.0 452.CO 
15.34 4 5 .ll 20e.10 H.04 ~2.C 350.00 2J.64 57.J 453.00 
15.58 "5.0 293.00 lb .97 53.0 )bl.70 20.e1 57. 0 454.00 
15.55 4 ~ .o 2S4.CC lc.51 53. () 362.70 2'.J.53 51·.o ·455.00 
15. 54 45 .J 302.00 lc.E3 s~.c 368.2C 20. <;5 57.0 456.00 
15. ~ t 45.C 3C3.CO 14 .2a 53.C 3b9,2U 21.C4 51.·c 457".CO 
H:.35 4 ;. c ;1;.c:c lc.87 53.U 319.30 20.97 57.o 45tl.OO 
16.46 45.0 316.60 17 .03 53.C 380.30 21.31 57.C 459.00 
H.S5 45.C ?ie.c;o 18.19 53.u 393.60 21 .03 57.0 t.60.CO 
17. ~c; 4 ~ .c 3 33. EU le. 11 53.C 3c;4. eo 21 .13 57.'J 41>1.00 
17. 72 45.0 343.40 18.51 s::.c 4C3.30 21. 12 5 7. c 4b2.CO 
l 7. ~ c; 4=.c ?4t..40 ld.14 53.0 4 v4. 3J 21 .27 57.0 463.CO 
l'l.l:J 4 ~ .o )<>.; .1:0 l 9 .2 4 5.!. c 412.lC 21.55 57.G 464.00 
a. 1,5 4~.c 3'ib. Ell 19 .5 7 53.0 413.20 21. 71 57.0 4b5.CO 
<l .4E 4 5. 0 !S?.EC l.,. 6 c s~.c 420.40 20. 72 57.0 46b.OO 
23.S5 45.J 4Sl.7G 19.55 53.C '<21.50 21. 25 57.0 4o7.CO 
C?. f E 45.c '<83olC 20.tl4 53.J 434.10 21 o4'i 57.0 46tl.Cll 
24 .68 45.o ~43.50 ~2.5~ ~~.c 475.8() 2lo5b 57.0 48bo80 
14. El 4<; .o 29f>o20 22.4e s3 .c· 4 77. 40 22.;1 57.0 501.80 
14.::? 4S. c 2c; 1. 2C 23.17 53.0 )04.9.J zz. 71 51 oll 503.20 
15. 58 49 .o 322.50 23. 1t, s;.c 53<;.CO 23.79 57.0 538.00 
15.1: 7 4c;.J :32d.l:C 15.'Jl 57.J 351.40 17.41 61.C 425.50 
I 5 .t:3 4<;. 0 ?2'i. tC 15.35 57.C 352.51) 17.b9 61.0 428.30 
11:.11 4c; .I) 335.bO 11.51: 57.C 357.4C 18.27 6loC 436.90 
Jt.34 4S.O 33<>.60 15. 71 57.0 359.30 16.42 61.0 437. c;o 
It:. 72 49.0 34bo'i0 H.3€ 57.C 375.20 18.40 61.0 438.90 
H.1b 't'i.O 354.40 16.41 57.0 377.20 18. 52 61. c 439.90 
Ji.Ct: 4S.C ~:5.'tC l6o4G 57.0 384.40 18081 61.0 444.40 

.... 
0 

"' 



TAHLE V CC.CNT INUECI 

CC LU~~ 8 BULK DENS IH = 1.:.:2 G/CC SCIL THICK~ESS = 13.07 CM 

Tl-ETA CEPHi ELAP~ED TIME THETA DEFTH ELAFSEC TIME TnETA CE PTI- EL>'IPSEC TIME 
(:t) ((,lo!J ( f" Ir-. I 'l I (CM I IMIN I I.I;) IC"'l IMINI 

1 B. <;.: tl .u 44S.4C 23. 7E 65.u 578.31) 21.59 77.J 580.30 
18 .Sd o 1.0 446.40 20.40 t <;. 0 sic.co 15.17 81,0 517. 60 
H. E 1 (: l. c 4 .. 7.40 20 .2 3 6'i. 0 511. 00 15 .34 a 1.0 s2 e. 10 
I<; • .: 2 c J.O 44E.4C 21.92 l: ~. c 534.50 15.46 8 I .J 529.60 
l 9. 12 61.0 449.40 21. 7 5 l: <;. c 54!;. 70 17. 11 81.0 556.40 
~C.~E tl. 0 46'i.40 23 .OE 6 <;. IJ 577.71) l8. <;6 81.0 575.60 
20.BJ l: l .o 471.vO 18, <; G 73.~ 512. 30 l ti. 68 Bl.O 581.00 
2C,<;9 61. 0 478.% 17. 30 7 3 .o 513. au H.H 81.0 581.CO 
2.;.e9 6 1. 0 4EC.2C lb.59 73. \) 515.2J 13 .BB 85.J 518.90 
21 • .:1 61.0 4d5. f; iJ 19. l 4 73.C 522. 90 l4.'i6 85.0 557.80 
a. E'i 6 l. c 4'i6.l0 18 .t! 3 7 3 .u 523.60 12. i2 es.c 574. <;C 
a. 74 6 l • <i 4q, 2C l <;. 5 <; 73. c 531.60 16.53 85 .o 581. 70 
22.cu 6 l .u 501 • 70 20 .16 7.:. J ~32.50 14.58 B<;;, 0 520.30 
~ ~. 'f ti. c 5f.tl.40 20.75 73.i) 54 Ii. 70 14.96 89.0 560.10 
23. 16 cl .O 5.: c ~ <;O 21. 00 73. c 54<;. 70 14.81 d9.0 574.20 
24.25 61.0 579.00 20.65 73.C 550.30 15.55 es. o 562. 40 
;c • .:c c:. a 4Et.1C 21. 4 7 73 .l.i 562.9() 15.07 c; 3 .o 521.50 
20.61 {; 5 .I) 489.20 22. 5E 1~.c 577.10 15.17 93.0 569.30 
a. 22 65.C 4 <;<;. 10 22.16 7 3 .I) 579.70 15,St <;). c 569.60 
~U.S7 t 5. () 5CC.4C 16.82 11.0 516.40 14.89 93.0 570.30 
22. :s 65.0 535.40 17 .1c; 11.c 524.30 14. c;3 93.0 570.80 
..... t:'l 
4 ,. - ""' c:.o 542.EO 16.31 77.G 530.50 15.36 93.0 563.10 
~~.78 c: .c 578.30 l c;. 81 11.c ,51.40 

..... 
8 
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TABLE VI 

INITIAL SOIL..,WATER CONTENT DATA 

Column 5 Bulk Density "" 1054 g/cm3 

Theta Depth Theta Depth 
(%) (cm) (%) (cm) 

15c32 OoO 13.62 45o0 
13c38 1 oO 

' 
13008 47o0 

11068 3c0 13006 49 0 0 
Ha69 5o0 13003 5lo0 
12046 7o0 12062 53.0 
13.08 9o0 12045 55.o 
13076 lloO 12.57 57o0 
14035 13o0 13002 59o0 
14.80 15o0 13036 61 0 0 
14 0 5l. 17o0 13043 63.0 
14.99 19o0 13.89 65.0 
15090 2lc0 13.94 67~0 

15051 23o0 13078 69o0 
14052 25o0 13073 71.0 
14.67 27o0 13064 73o0 
14.24 29o0 13013 75.0 
13080 3lo0 13029 77o0 
l3c98 33QO 13014 79o0 
13081 35o0 12093 81 0 0 
13053 37o0 12.28 83o0 
13039 39.0 12.60 85.0 
13040 4lo0 12003 87o0 
13,63 43o0 Xlo69 9lc0 
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TABLE VI (Continued) 

Column 6 Bulk Density • lo53 g/cm3 

Theta Depth Theta Depth 
(%) (cm) (%) (cm) 

llo85 loO 14076 49o0 
llo94 5a0 15a20 53e0 
12007 9o0 15.49 57o0 
12051 13.0 16029 6lo0 
1Zo52 17o0 15a28 65.0 
12079 2lo0 16067 69e0 ... 
13al0 25e0 16.96 73.0 
13087 29a0 17080 77a0 
13055 33o0 18a47 81~0 
13090 37o0 19007 85a0 
13093 41.0 19.83 89e0 
14d69 45o0 22.01 93e0 
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TABLE VI (Continued) 

Column 7 Bulk Density • 1.54 g/cm3 

Theta Depth Theta Depth 
(%) (cm) (%) (cm) 

10.a4 a.a 12.57 43.a 
12.60 loa 12.72 45.0 
1a~95 3.0 12.46 47.0 
10. 73 5.0 13~81 49.0 
10.95 7.0 13095 51.0 
11.37 9.a 14.39 53.0 
12.a6 lloO 13.88 55.0 
12c68 13o0 13.22 57.0 
13~a3 15.a 13.21 59.a 
12,95 17.0 13.94 63~0 
13,,51 19.0 14.02 65.0 
13e89 2LO 13061 67.0 
13.27 23.0 13.79 69.0 
13.29 25.a 14oOa 71.0 
13031 27o0 13.64 73.0 
12.30 29.0 13.63 75.a 
12055 31.a 13.80 77 .o 
12.34 33.a 13.37 79.0 
12.29 35.a 13~93 81.0 
12~15 37.0 13.90 83.0 
12c47 39.0 14.16 85.0 
12066 41.0 14.67 87.a 
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TABLE VI (Continued) 

Column 8 Bulk Density • 1~53 g/cm3 

Theta Depth Theta Depth 
(%) (cm) (%) (cm) 

9o82 laO 13.96 49.0 
10.06 5o0 14.15 -53-eO 
9o54 9QO 14064 57e0 

10039 13o0 14048 61.0 
10.52 17 oO 15.01 65e0 
11058 21.0 15010 69.0 
11 063 25c0 14a49 73.o 
12025 29.0 14057 77~0 
12043 3300 14007 81.0 
12029 37~0 13091 85.o 
13037 4le0 14.17 89o0 
14015 4500 14077 93e0 
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