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ABSTRACT 

More efficient water application is generally achieved 

when the design parameters match actual field conditions. 

On four sites, Kostiakov infiltration functions were derived 

from cylinder and blocked furrow infiltrometers and SCS 

(Soil Conservation Service) intake families according to 

soil type. An infiltration function was also developed 

using a hydrodynamic computer model to adjust equation 

parameters to fit field data. Computer simulations of level 

furrow irrigation, using each Kostiakov infiltration 

function, were compared to actual field data. Excluding 

those functions fit to the field data, Kostiakov 

infiltration functions obtained from blocked furrow 

infiltrometers generally provided the most consistent input 

for level furrow irrigation design and evaluation. 
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CHAPTER 1 

INTRODUCTION 

Agriculture, like many other industries, is continually 

expected to produce more with less, to achieve greater 

efficiency in its operations. Nowhere is this more true than 

in the area of arid lands irrigation. Efficient use of water 

not only increases the supply of water for additional fields 

or other uses, it also results in reduced drainage or 

groundwater contamination problems. 

The general method of irrigation by furrows has been in 

existence for thousands of years and its efficiency may not 

have changed much over that period of time. The relatively 

recent drive for greater efficiency has not bypassed furrows 

however. Improvements in water management and irrigation 

design have increased the level of efficiency which can be 

expected from furrow irrigation. Level furrows are the most 

recent design improvement in the constant search for greater 

efficiency; with proper management, level furrows provide 

the most efficient water application of any furrow design. 

Design of level furrows for maximum efficiency must 

take many factors into account, including soil type, 

cropping pattern, tillage practice which affects surface 

roughness, field length, and water delivery rate. The design 

is most affected by the chosen infiltration function, the 
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hardest factor to quantify in a field. Not only are there 

several forms of infiltration functions, there are several 

methods of arriving at that function once the form is 

chosen. Art often meets science when deciding this issue. 

The specific objectives of this study were to evaluate 

several methods for determining infiltration functions such 

that level furrow field data is most closely simulated; and 

to demonstrate that hydrodynamic computer models can be used 

to improve designs. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Infiltration is the passing of a fluid into a substance 

through small openings (Vianna, 1981), particularly water 

into soil. Although the direction of movement is generally 

assumed to be downward, a significant portion of the water 

in irrigation furrows moves horizontally into the soil 

through the furrow sidewalls (Ramsey, 1976). Because of 

this phenomenon, infiltration will be referred to as the 

passage of water through the soil surface without reference 

to horizontal or vertical components. 

Water moves into the soil under the forces of gravity 

(also known as pressure head) and suction head — the 

capillary potential gradient between the wetting front and 

dry soil. The pressure head influence is dependent on the 

depth of water and the relative surface area over which it 

is applied. The suction head is a function of the soil 

water gradient at the interface of the wetting front and dry 

soil, the size of that interface relative to the surface 

wetted area, the distance between the interface and the 

surface, and the soil conductivity (Aronovici, 1954). 

The infiltration rate is dependent on many factors, 

including furrow spacing, furrow shape, flow velocity and 

depth, differential compaction across the furrow profile, 
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soil texture and structure, soil water content, and the 

effects of cultural practices (Davis and Fry, 1963; Blair, 

1985). Note that the infiltration rate, as discussed in 

this manuscript, is defined as: 

_ Volume / Wetted Area _ Depth 
e ~ Time ~ Time (2.1.) 

2.1, Tnfiltrometers 

It is preferable to obtain infiltration data before 

irrigation water is available on the farm so that furrow 

irrigation systems can be designed without the necessity of 

conducting a field evaluation trial (Bondurant, 1957). 

Three different types of infiltrometers have been used to 

provide the needed data for this purpose — the cylinder 

infiltrometer, the blocked furrow infiltrometer (BFI), and 

the flowing furrow infiltrometer (FFI). As furrow and 

hydraulic influences make accurate evaluations of the 

infiltration rate difficult, the measurement method must be 

appropriate for the site conditions and intended design 

(Davis and Fry, 1963). 

The cylinder infiltrometer typically underestimates the 

true infiltration rate. Davis and Fry (1963) reported that 

the infiltration rates determined with cylinder 

infiltrometers were one-half to one-fourth those determined 

using inflow-outflow or volume balance methods. Marr (1967) 

recommended the use of cylinder infiltrometers in furrows, 
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but modified the standard method by surrounding the cylinder 

with water contained by the furrow, rather than a second 

buffer ring. Cylinder infiltrometers do not give 

infiltration rates equivalent to furrow infiltration rates, 

thus this method is not suited to quantitative evaluation of 

irrigation furrow performance (Aronovici, 1954). With 

prolonged water application, however, the infiltration rates 

from the cylinder and the furrow tend to approach a common 

value. The lateral flow of water from furrows presents a 

major reason for poor correlation between the infiltration 

functions determined from cylinder infiltrometers and 

furrows. 

The blocked furrow infiltrometer (BFI) compares more 

favorably to other methods. However, like the cylinder 

infiltrometer, the BFI involves ponded volumes of water 

which does not represent the true condition of the soil 

surface encountered in a flowing furrow (Davis and Fry, 

1963) . Aronovici (1954) found better correlation between 

the infiltration functions based on an early version of the 

blocked furrow infiltrometer and the furrow itself, although 

the furrow inf iltrometer was deemed to still be far from 

reliable. 

The flowing furrow infiltrometer simulates both the 

geometric and hydraulic conditions of the furrow. As in 

normal furrow irrigation, particles are kept in suspension 
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rather than being filtered at the soil surface during a 

ponded infiltration test, and forming a relatively 

impermeable soil surface layer (Walker and Skogerboe, 1987). 

Infiltration rates can be obtained from irrigation of 

the furrow, essentially treating the entire furrow as an 

infiltrometer. The above-mentioned infiltrometer tests have 

the advantage over the following methods by being easy to 

perform, requiring simpler data analysis methods, being 

capable of controlling the wetted perimeter in the furrow 

test section, and not requiring prior construction of the 

furrow for the test to occur (Blair, 1985). Inflow-outflow 

measurements are the most widely-used and most satisfactory 

method for determining infiltration rates; the resulting 

average infiltration value generally compensates for errors, 

inherent in the furrow, due to soil heterogeneity, furrow 

cross-sectional differences, cracks, and puddling effects 

(Michael, 1978). The volume balance method uses advance and 

flow depth data from a furrow irrigation to arrive at an 

estimate for the infiltration rate. This may be the most 

accurate of the accepted methods for determining furrow 

infiltration rates, although much of this analysis has been 

limited to sloping fields (Walker and Skogerboe, 1987). 

Several more recent volume balance computer models estimate 

the modified Kostiakov equation from advance, recession, 

and/or depth data gathered during a furrow irrigation and do 
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not have the restriction of positive slope (Manning, 1990; 

Reddell and Latortue, 1987). 

2.2. TnfiIt-ration Functions 

Many equations to describe infiltration have been 

proposed, ranging from physically-based to empirical. 

Physical models include the.Green-and-Ampt equation and the 

Richard's equation, a partial differential equation. For 

furrow design, the most widely-used infiltration equations 

are generally some form of the empirical Kostiakov equation: 

z = k ta (2.2.) 

where z = infiltrated depth [L], and t = time of wetting or 

intake opportunity time [T]. The constants k and a are 

empirically determined. Common units for z and t are mm and 

hr, respectively. While other infiltration functions may 

also depend on other soil variables, the Kostiakov equations 

are functions of time only. 

The modified Kostiakov equation, or Kostiakov-Lewis 

equation, includes a steady-state term: 

z = k t a + b t  ( 2 . 3 . )  



where b is yet another empirical constant (Clemmens, 1983). 

The general form of the Kostiakov equation adds a third 

empirical constant: 

z  =  k t a + b t  +  c  ( 2 . 4 . )  

By setting the coefficients to different values, other 

empirical functions can be included. For b = 0, this 

equation becomes the SCS (Soil Conservation Service) intake 

equation. Note that for the standard SCS approach, time is 

measured in minutes and c = 7.0 mm. For a = 1/2 and c = 0, 

this equation is known as the Philip equation. 

Infiltration data can be plotted on log-log paper and a 

line of best fit applied to the data points. The slope a of 

this line is dictated by data at higher intake opportunity 

time, while the vertical placement k, or intercept, of the 

line is controlled by data for low opportunity times, 

particularly those less than 30 minutes (Walker and 

Skogerboe, 1987). After an infiltration function has been 

estimated, the coefficient can be adjusted for a better fit: 
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where z' = measured infiltrated depth [L], z = predicted 

depth [L], and k' = adjusted empirical coefficient (Walker 

and Skogerboe, 1987). 

Hanson, et al. (1990) found, as a general rule, that 

the original Kostiakov equation grossly underestimates 

cumulative intake in furrow irrigation. On the other hand, 

if the constant rate term of the modified Kostiakov equation 

is included, the cumulative intake is slightly 

overestimated. This finding may be dependent on the method 

used to determine parameters though. 

Infiltration functions may also be determined without 

ever entering the field. SCS intake families can be found 

which correspond to the field's soil type indicated on soil 

surveys. Due to the great variability in infiltration and 

the many factors which affect infiltration in the field, 

this method provides a questionable basis for design. 

2.3. Hydraulic Model inp of T.evp.l Furrows 

The Saint-Venant equations are the governing 

mathematical equations of water flow in open channels, 

expressing the physical principles of mass conservation: 

ax , ay , av , az —  4 -  v  — 4 *  V  4 *  —  s  O  
at ax y ax at (2.6.) 

and momentum conservation: 
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3L3v vav oy__ _ v  dz 
g dt  g ax Ox ~ ° f + 2g y at (2.7.) 

where t = elapsed time [T], x = longitudinal distance [L], y 

= flow depth [L], z = infiltrated depth [L], v = velocity of 

—1 • • —2 flow [L][T ], g = gravitational acceleration [L][T ], So = 

longitudinal channel slope, and Sf = friction loss gradient 

(Clemmens, 1989). 

Various simplifications of the Saint-Venant equations 

have been developed. One of these, the zero-inertia method 

(Strelkoff and Katapodes, 1977), is based on the assumption 

that the inertia of flow is negligible. This permits the 

following simplification of the second, or momentum, 

Saint-Venant equation (Fangmeier and Strelkoff, 1979): 

— - Sq - Sf (2.8.) 

This approximation may be justified when velocities are low 

and ground slopes are relatively small. 

Strelkoff (1990) has developed a computer program for 

simulating surface irrigation flow. This model, SRFR, 

accommodates a wide range of design conditions. Channel 

cross-sections may be unit borders or furrows (all channels 

are assumed to be prismatic — flow varies directly with 

depth). Inflow hydrographs may include variable pulses. 

The user may use the full Saint-Venant equations or 
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approximations to these equations, including kinematic wave 

theory and the above-mentioned zero-inertia theory, in 

modeling surface irrigation problems. 

One drawback to this model is its dependence on 

empirical infiltration equations. Infiltration, as 

discussed earlier, is a highly-variable parameter; thus it 

is difficult to reduce to a single equation applicable to an 

entire field (Hanson, et al., 1990). This problem extends to 

any attempt to describe infiltration and is not restricted 

to this particular model however. 

Hydraulic modeling of surface irrigation provides a 

rational approach to analysis of the system. With entry of 

applicable variables, a model can compute the distribution 

of infiltrated water and application and/or requirement 

efficiencies (Ebo, 1990). SRFR is a model for analysis and 

does not provide design output. It serves as a predictive 

tool, using input values entered by the user to provide the 

runoff volume, distribution of infiltrated depths, and other 

information pertinent to that irrigation. However, 

systematic and repeated use of the model can provide design 

parameters and verification of designs before the expense of 

field installation is encountered (Strelkoff, 1990). 
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2.4. r.evel Furrow Design 

Level furrows have been defined as small irrigation 

channels, with blocked or diked ends, laid out with little 

or no grade. Water must be applied rapidly to these 

furrows, using as large a stream as can be contained by the 

channel. Assuming the furrow is perfectly level, the water 

is then ponded at a uniform depth along the furrow until the 

design volume is infiltrated (SCS, 1989). 

This method of water application has several 

advantages, including adaptability to different application 

depths, no need for disposal or reuse of tailwater and 

runoff, and maximization of any rainfall event. With 

proper, careful management, level furrows provide very 

efficient water application. 

As implied in the name, these furrows generally require 

extensive land preparation to achieve the minimal or zero 

slope assumed by the design method. They may also require 

more intensive labor while irrigating as the inflow rates 

are high, but set times are shortened. Proper management is 

crucial to the successful use of this method. 

The SCS makes several assumptions in the development of 

their level furrow design method. Water must be applied for 

sufficient duration to completely satisfy the irrigation 

requirement along the entire length of the furrow. This does 

not permit design optimization by comparing the decreased 
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water and energy costs from underirrigating the end of the 

field against the decrease in crop yield from the same 

action. It is commonly found to be more efficient to permit 

some deficit at the end of the field for the sake of 

reducing deep percolation losses from the upper portion of 

that field. 

Recession is assumed to occur at the same instant along 

the entire length of the furrow. On soils with low intake 

rates and perfectly level furrows, this assumption of 

instantaneous recession is valid due to the long ponding 

time between application of irrigation water and final 

recession. This assumption is generally not valid if the 

furrows have any slope or if the soil intake rate is high 

enough to prevent a uniform ponded depth along the furrow. 

The wetted perimeter calculated in the SCS design 

method is a constant value, derived from an average furrow 

shape, based on the selected inflow, roughness, and 

hydraulic gradient. Two deviations from field conditions 

occur because of this assumption. The furrow cross-section 

in the field can be significantly different from that 

computed using the SCS method. More importantly, the wetted 

perimeter is not constant along the furrow length. As 

advance proceeds down the field, more water is infiltrating 

into the soil and less water remains on the surface to 

continue the process of advance. Therefore, the wetted 
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perimeter must also decrease with advance down the furrow. 

This decrease can be modeled using SRFR and can result in 

significantly different predictions of irrigation 

performance. 



24 

CHAPTER 3 

MATERIALS AND METHODS 

3 t It Materials 

Level furrow experiments were conducted on four 

different fields. The first field was located at the 

Irrigation Laboratory, University of Arizona Campus 

Agricultural Center, Tucson, Arizona. The second and third 

fields were located on the research farm of the University 

of Arizona Maricopa Agricultural Center, Maricopa, Arizona. 

The fourth field was part of the demonstration farm also at 

the University of Arizona Maricopa Agricultural Center. 

3.1.1. Field Geometry 

Field length, station intervals, and furrow spacing 

were measured with a steel tape. Surveying instruments — 

dumpy level, Philadelphia rod, and wide-frame tripod — were 

used to determine field elevations. Steel stakes with 

attached staff gages were set at one-eighth intervals down 

the furrow at the furrow invert. These were used for 

measurement of flow depth and as markers for advance and 

recession. 
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All four furrows were constructed in leveled fields 

with a standard l m spacing and blocked outlets. The first 

two furrows were in bare, dry soil and had been freshly 

listed. The third furrow was newly constructed in bare soil, 

but rain occurred before tests could be conducted. The 

fourth furrow was located in a field growing cotton and had 

been previously irrigated. 

3.1.2. Infiltrometers 

Both cylinder and blocked furrow infiltrometers were 

installed in the furrow invert in a representative portion 

of the furrow, generally as close to the center of the 

furrow length as was feasible (limited by access and supply 

hose length) . The BFI consisted of two trapezoidal steel 

plates with bases of 38 cm and 76 cm and height of 33 cm. 

Each plate was driven vertically to a depth of 15 cm with an 

intervening distance of 1 m (Trout, et al., 1982). A staff 

gage was clipped to the center of the downstream plate to 

aid in monitoring depth of the ponded water. The upstream 

plate included a 2-cm pipe with a needle valve for precision 

control of inflow into the BFI and for hose attachment from 

the supply barrel. The supply barrel, 56.5 cm inside 

diameter and 85.4 cm high, was elevated on concrete blocks 

to provide head for the BFI test (Nyawakira, 1989). A staff 
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gage and piezometer for monitoring the height of water 

within the barrel were installed opposite the outlet. The 

upstream end of the hose was attached to a gate valve at the 

base of the supply barrel. 

Two steel cylinder infiltrometers, each with 25 cm 

inside diameter and 40 cm length, were placed 30 cm out from 

each end of the blocked furrow infiltrometer. The cylinders 

were driven to 15 cm depth below the soil surface, using 

care to ensure vertical alignment (Trout, et al., 1982). 

Buffer rings for the cylinder infiltrometers were not 

used as furrow geometry would have hindered their placement. 

As only one furrow was being irrigated, it was also 

desirable to match the infiltration tests to the method of 

irrigation. Thus, guard furrows were not used for any of the 

infiltration tests, either. For actual design purposes, 

guard furrows should be used to simulate multiple furrow 

irrigation. 

3.1.3. Soil Profile Board 

Furrow cross-section data were collected using a soil 

profile board (Ramsey, 1976). The board consisted of a 

series of 76-cm long aluminum rods mounted at 1.2-cm 

intervals in a plane parallel to and in front of a grid of 

2.5-mm squares, (it is similar in concept to the furrow 
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profilometer discussed by Walker and Skogerboe (1987).) The 

board was mounted level on stakes set at each of the nine 

stations, with the exception of station 0 where the inflow 

flume was installed. 

3.1.4. Inflow Measurement 

A RBC portable furrow flume with 75 mm throat (Bos, et 

al., 1984) was installed at the head of the furrow. An 

upstream orifice on the flume was connected to an adjacent 

stilling well by a short length of plastic tubing. Movements 

of a float within the well were transferred through a pulley 

and gears to a pen within a Belfort Portable Liquid Level 

Recorder. Movements of the pen were recorded on a paper 

strip chart mounted on a rotating, clock-driven drum. The 

pulley was sized and gears were arranged such that one time 

increment was equal to 1 minute and elevation was recorded 

directly. During the irrigation, erosion and water flow 

around and under the flume required some compaction and 

addition of soil around the flume. 
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3.1.5. Water Supply System 

At the Campus Agricultural Center, water for both the 

infiltration tests and the irrigation itself was supplied by 

an adjacent standpipe. The standpipe provided approximately 

1 L/s of flow for the irrigation. 

At the three different sites on the Maricopa 

Agricultural Center, water for the infiltration tests was 

transported to the field in large garbage cans and bucketed 

to the cylinders and BFI supply barrel. For the irrigations, 

water was supplied to the furrow from the adjacent 

distribution ditch using a combination of siphon tubes — 

2.5 cm, 5 cm, and 5 cm with valve — to achieve the highest 

flow rate which could still be contained within the furrow. 

3.1.6. Soil Water Measurement 

Soil water content samples were obtained using both the 

Oakfield probe and King tube, as required. Two bulk density 

samples, each with 30 mm height and 52 mm diameter, were 

also collected at each site using an Uhland sampler and 

hammer. 
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3 i 2  « M e t h o d s  

The general format of every run was as follows. 

Infiltration tests were run, instruments and markers were 

installed, and initial profiles, elevations, and soil water 

content samples were collected on the first day. The 

irrigation was performed on the second day. Final profiles, 

elevations, and soil water content samples were collected on 

the third day. 

3.2.1. Furrow Preparation 

The furrow length was measured and divided into eight 

equal portions. Staff gages were placed in the furrow bottom 

at the end of each portion, designated as stations 1 through 

8. The furrow flume and associated stilling well and liquid 

level recorder were installed at the beginning of the first 

measured portion (also designated as station 0) . Wooden 

stakes were driven in adjacent to each staff gage and 

leveled across the top to provide a benchmark for each soil 

profile board reading. 

The furrow was surveyed, setting the rod in the furrow 

bottom at each station, to determine field slope. The 

elevations of the soil profile board stakes were also 

recorded. This exercise was repeated again after the 

irrigation. 
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The soil profile board was set on these stakes at each 

station. The rods were lowered until one end contacted the 

soil surface. The rod tips superimposed on the background 

grid were photographed to record the furrow profile. This 

process was also repeated after the furrow was irrigated. 

3.2.2. Infiltration Tests 

Near one of the eight marked stations and astride a 

soil profile board benchmark, 2 furrow plates were installed 

1 m apart and 15 cm deep. The cylinder infiltrometers were 

driven to the same depth at a distance of 30 cm outside each 

plate. The BFI water supply barrel was filled to the top 

mark of the staff gage. The delimited furrow section was 

lined with a plastic sheet and then filled with water to a 

depth of 10.7 cm, roughly the same depth as occurred during 

an irrigation. The plastic lining, when carefully pulled out 

of the furrow, approximated instantaneous wetting over the 

area of the BFI. The initial water height in the BFI supply 

barrel was noted before beginning the infiltration tests. 

Almost simultaneously, the cylinders were filled with 

water, the plastic sheet was pulled from the BFI, and 

stopwatches were started. Water depths in each cylinder were 

measured using hook gauges and scales (Trout, et al., 1982). 

The change in water height in the BFI supply barrel was 
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recorded at the same time. Time increments started at 1 

minute and gradually increased to 1 hour as the tests 

proceeded. The infiltration tests were continued for at 

least 8 hours to arrive at a constant infiltration rate. 

When the depths of water in the cylinders approached 

the soil surface, the cylinders were refilled with a known 

volume, 4 L, of water. The BFI supply barrel was refilled by 

first shutting the outlet gate valve, adding water, and 

reopening the gate valve. Inflow into the delimited furrow 

section was closely monitored to maintain a constant depth; 

adjustments were made as necessary using the inlet needle 

valve. 

3.2.3. Run Procedure 

Before and after each irrigation, soil water content 

samples were collected at the midpoint of each field quarter 

(stations 1, 3, 5, and 7). Eight samples from 0-30 cm, 30-60 

cm, 60-90 cm, and 90-120 cm were obtained from the furrow 

bottom and from halfway up the side of the furrow. Samples 

were sealed in cans for weighing at a later time. The wet 

samples were weighed, oven-dried for 24 hours at 105°C, and 

reweighed as dry samples to determine gravimetric water 

content. 
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The stilling well adjacent to the inflow flume was 

filled with water and allowed to drain back into the flume 

to establish an equilibrium height with the bottom of the 

flume and clear any sediment from the connecting hose. The 

liquid level recorder was inked and supplied with paper. 

The water was turned into the furrow and stopwatches 

started when water reached the flume at station 0. The time 

of advance to each staff gage was recorded. Flow depths were 

periodically noted, with the final depths recorded just 

before turning off the furrow water supply. The time of 

recession at each staff gage was also documented. 
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CHAPTER 4 

FURROW DATA ANALYSIS 

Descriptions of the four furrows used in this study, 

including their abbreviations for identification, and 

pertinent data from their irrigation, are summarized in 

Table 4.1. The data analysis methods described below were 

applied identically to each case. 

4 . 1 .  Regression Methodology 

The data were entered into a format to permit 

comparison with SRFR output. For elapsed intake 

(opportunity) time data, this merely involved entering 

numbers into graphing software. Elevations, furrow 

geometries, water contents, and infiltration functions 

required further treatment. 

Log-linear regression was used in many portions of the 

data analysis, primarily in determining furrow topwidth, 

cumulative infiltration, and advance relationships. Taking 

the natural log of each side of the equation to be fit 

linearizes the scatterplot of the data. Then, a least-

squares linear regression procedure can be used to find a 

relationship between In x and In y (Ott, 1988). Equations 

commonly used to describe furrow shape, furrow wetted 
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Table 4.1. Furrow summary 

Location Abbr Length Slope 
Inflow 
Rate 

Inflow 
Time 

(m) (m/m) (L/s) (min) 

Campbell 
Ave 

CAF 92.0 6.27E-04 0.8 120 

Maricopa 
#77 

M77 167.6 5.84E-04 1.8 264 

Maricopa 
#10 

M10 243.8 5.83E-05 3.1 75 

Maricopa 
#23 

M23 365.8 1.58E-04 3.6 210 
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perimeter, and the original Kostiakov formulation are known 

as power law relationships: 

y = b'xm (4.1.) 

This equation is then linearized by taking the natural 

logarithm of both sides: 

In y = m In x + In b' (4.2.) 

such that it now fits the standard equation for a line: 

Y = m X + b (4.3.) 

where m = slope of the line, and b = vertical intercept. 

These two parameters are standard output from a linear 

T. 
regression procedure. By solving for b' = e , the power law 

relationship is also given. 

4 . 2 .  Soil Water Content 

The gravimetric water content, MC, was determined for 

each sample: 

MC = mwet ~ rcdry 
mdry - mtare (4.4.) 

where mwet = wet sample mass [M], mdry = dry sample mass [M], 

and mtare = container mass [M]. The initial gravimetric 

water content of each sample was subtracted from its final 
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water content and multiplied by the bulk density of the soil 

and the length of sample (30 cm) to obtain a depth of water 

added to that sample: 

dw = ds ©b (MCf - MCi) (4.5.) 

where dw = depth of water added [L], d3 = depth of sample 

(30 cm) [L], 0b = soil bulk density, MCi = initial water 

content, and MCf = final water content. More accurately, ©b 

should be labeled as bulk specific gravity as it has been 

divided by the standard density of water (1 g/cm ) and is 

therefore unitless. 

The samples from the four depths at each sampling 

location were summed to obtain a total depth of water added 

to the top 120 cm of soil. These total depths at each 

sampling location were averaged together to establish an 

average added water depth along the furrow. The number of 

water content sampling sites was insufficient for an 

accurate depiction of the infiltrated depth curve along the 

furrow length. 

Bulk density of the soil at each location was 

determined by: 

_ JL mdrV _ 4 mdry 
PW Vring pW x hring dring2 (4.6.) 
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where mdry = oven-dry soil mass [M], rw = standard density 

—3 of water [M] [L ], hring = height of sample cylinder [L], 

dring = diameter of sample cylinder [L] , and Vring = sample 

3 cylinder volume [L ]. The bulk density and soil textural 

class experienced at each location are listed in Table 4.2 

(Ramsey, 1976; Post, et al. 1988). 

The average applied depth, based on the inflow 

hydrograph averaged along the furrow, is computed as: 

Q ta 
D a = l T w  (4 . 7 . )  

where Da = average applied depth [L], Q = inflow rate 

3 — 1  . . .  
[L ] [T ], ta = application time [T], L = furrow length [L] , 

and W = furrow spacing [L] . If no losses due to runoff or 

evaporation are assumed, Da should also equal the average 

infiltrated depth. 

4.3. Power T.aw Profiles 

Following the method of da Silva (1990), the furrow 

cross-section was assumed to be symmetric. Post-irrigation 

furrow cross-section elevations from each station down the 

furrow were superimposed and averaged into one half-profile. 

Thus, a power law relationship between furrow depth and 
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Table 4.2. Field bulk densities and soil textural classes 

, , Specific Bulk 
Field „ _ Soil Type 

Density 

CAF 1.40 Aqua Fria Sandy Loam 

M77 1.47 Casa Grande Clay Loam 

M10 1.56 Casa Grande Clay Loam 

M23 1.43 Casa Grande Clay Loam 
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furrow half-width was simultaneously fitted for both sides 

using log-linear regression. When multiplied by 2, this 

relationship describes the top-width of the water surface in 

the furrow as a function of depth. This was then entered 

into the SRFR simulations. The average topwidth equations 

for each field are compared in Figure 4.1. 

The wetted perimeter was calculated by summing the 

distances between points, established using the Pythagorean 

theorem: 

n 
WP = 2 VAdi + Awl 

i = 1 (4.8.) 

where WP = wetted perimeter [L], n — number of data points, 

Ad = incremental depth [L], and Aw = incremental width [L]. 

A power law relationship between furrow depth and wetted 

perimeter was then determined also using log-linear 

regression. The wetted perimeter was calculated for the 

depth of water maintained in the BFI section for use in 

determining the BFI-derived infiltration function. Average 

wetted perimeter equations for each field are compared in 

Figure 4.2. The resulting full topwidth and wetted perimeter 

equations follow in Table 4.3. 
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Figure 4.1 Average topwidth equations 
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Figure 4.2 Average wetted perimeter equations 



Table 4.3. Average furrow topwidths and wetted perimeters 

Field Topwidth Wetted Perimeter 

CAF T = 7.549 y0-776 WP = 7.802 y0*806 

M77 T = 6.974 y0-839 WP = 7.206 y0'863 

M10 T = 8.140 y0'826 WP = 8.335 y0,845 

M23 T = 6.450 y0*985 WP = 6.892 y0*994 

T = topwidth (cm), WP = wetted perimeter (cm), y = flow 
depth (cm) 
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4. 4 ,  Furrow Infiltration 

The methods used to determine infiltration functions 

from the cylinder inf iltrometer data and from the BFI data 

were identical in all but one aspect. The cylinder data 

were recorded directly as depths, or volumes per unit area. 

The BFI data were recorded as depths in the supply barrel. 

These barrel depths were then multiplied by the 

cross-sectional area of the barrel, and divided by the 

wetted perimeter obtained above, to obtain infiltrated 

depths comparable to the cylinder method. 

The data for each inf iltrometer method were first 

plotted in the form of infiltration rates: 

• _ A z  

1 ~ At (4.9.) 

where i = infiltration rate [IJ][T_1], AZ = incremental 

infiltrated depth [L], and At = incremental elapsed time 

[T]. The plotted curves generally became flat toward the 

end of the infiltration tests; the final horizontal value of 

each curve was visually estimated and assumed to be the 

constant infiltration rate, or the b coefficient in the 

modified Kostiakov equation. The infiltration rate curves 

from which the values of b were chosen are shown in Figures 
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A.l through A. 4. The modified Kostiakov infiltration 

equation was rearranged as follows: 

z - b t = k ta (4.10.) 

This could then be linearized according to the above 

discussion to produce: 

In (z - b t) = a In t + In k (4.11.) 

Thus the log-linear regression procedure was used to develop 

the coefficients for the modified Kostiakov equation to 

describe infiltration. Note that this method is highly 

dependent on the value chosen for b; the estimated value was 

occasionally varied to improve the goodness of fit as 

measured by the coefficient of determination, R2. 

SCS intake families are indicated for each field in 

Table 4.4. The second column shows the expected range of 

intake families possible for this particular soil, while the 

third column shows the average intake family for that soil. 

This average intake family is that used in the subsequent 

analysis and comparison. 

SCS intake families were plotted alongside the blocked 

furrow infiltration function. From this plot, the intake 

family which most closely matched the plotted function was 

chosen as that which most closely approximates the field 
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Table 4.4. SCS intake families 

, Soil Survey Soil Survey Comparable to 
16 Range Average BFI Data 

CAF 0.4-0.7 0.5 1.5 

M77 0.1-0.4 0.3 4.0 

M10 0.1-0.4 0.3 1.0 

M23 0.1-0.4 0.3 2.0 
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infiltration. These intake families used in the comparable 

SCS level furrow design method are listed in Table 4.4 as 

those most comparable to the BFI data. 

4.5. HYdrodynamic Model Tnput 

The SRFR hydrodynamic surface irrigation computer model 

was used to analyze and compare theoretical irrigations 

using each cumulative infiltration function. The input data 

were entered as follows. 

Treating the field as a plane surface, the furrow 

invert elevations at each station down the furrow were 

entered into a linear regression procedure. The resulting 

slope, m, was used as the plane field slope. 

The water elevations marked on the strip chart were 

averaged over the time of application of irrigation water. 

The resultant height was entered into the appropriate rating 

table in Bos, et al. (1984) to obtain the inflow rate in 

L/s. 

The roughness was entered into the model as Manning's n 

(Hart, et al. 1983) and was constant for all simulations on 

the same field. For the three newly-listed furrows, n = 

0.04, while n = 0.03 for the previously-irrigated M23 

furrow. 
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The model's downstream boundary condition was chosen to 

be a completely blocked outlet. As mentioned earlier, the 

furrows were modified in the field, if required, to match 

this model condition of no outflow from the downstream 

outlet. 

Using SRFR, three simulations were run for each field, 

differing only by infiltration function. The zero-inertia 

algorithm and locally-wetted perimeter options of SRFR were 

used (Strelkoff, 1990). The respective infiltration 

functions were derived from the cylinder infiltrometer, the 

BFI, and the SCS intake family for the particular soil type 

as identified on a soil survey of the field. In addition to 

the infiltration function, each simulation included the 

field length and slope, furrow cross-section, inflow 

hydrograph, and an estimate of roughness. The fitted 

function was modeled by Fangmeier (1990) using otherwise 

identical input data. 

Application efficiencies computed by both the SRFR 

model and the SCS design method were based on an assumed 

depth requirement of 100 mm. This efficiency, as defined by 

the SCS (1989), is: 

Dr AE = 100 ~-
Da (4.12.) 

where AE = application efficiency (%) , Dr = required depth 

of application [L], and Da = applied depth [L]. This 
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definition does not account for an insufficient irrigation. 

If the required depth is not satisfied, this efficiency will 

be 100 percent or greater as Da would be less than or equal 

to Dr. 
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CHAPTER 5 

RESULTS AND DISCUSSION 

In choosing a preferred method of determining level 

furrow infiltration functions, several aspects must be 

considered. The advance curves, recession curves, flow 

depths, infiltrated depths, and efficiencies and 

uniformities predicted by the SRFR hydrodynamic model all 

differ depending on the infiltration relation used. The 

preferred function, and associated method of determination, 

is that one with model predictions that most closely match 

the field data. 

5.I.. Infiltration Functions 

Four infiltration functions were determined for each 

location. Field tests of infiltration were the basis for 

the cylinder (Cyl) and blocked furrow (BFI) functions. SCS 

soil information and soil surveys directly provided the SCS 

function (SCS). The fourth function was experimentally fit 

to produce curves which match the field advance and 

recession data (Fit). The infiltration equations follow in 

Table 5.1 and are graphically compared to field infiltration 

test data in Figures 5.1 through 5.4. 

The Fit infiltration equations were developed by 

manipulating the coefficient and exponent, then entering the 
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Table 5.1. Infiltration equations 

Method Field 

CAF 

Cyl z = 19.094 t0*295 + 14 t 

BFI z = 48.097 t0,534 + 20 t 

SCS z - 44.44 t0,785 + 7 

Fit z = 303.0 t0*260 

M77 

Cyl Z = 24.214 t°*263 + 85 t 

BFI z = 103.422 t0,663 + 90 t 

SCS Z = 25.57 t0*748 + 7 

Fit z = 200.0 t0*660 

M10 

Cyl z = 10.347 t0,130 + 2 t 

BFI z = 56.405 t0*385 + 8 t 

SCS Z = 25.57 t0,748 + 7 

Fit z = 39.7 t°"920 

M23 

Cyl z - 8.184 t0"462 + 11 t 

BFI z = 39.070 t°*446 + 45 t 

SCS z - 25.57 t°"748 + 7 

Fit z = 187.0 t0,315 

z = infiltrated depth (mm), t = elapsed time (hr) 
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resulting equation into the SRFR model to produce predicted 

advance and recession information for comparison with the 

field data. Repeated application of this method provided 

the final Fit equations listed in Table 5.1 (Fangmeier, 

1990). Generally, adjusting the coefficient k had the 

greatest effect on predicted advance, while the exponent a 

had a greater effect on predicted recession. 

SCS intake families (IF) were plotted against the BFI 

and Fit infiltration functions to estimate the true intake 

family for the given field. These families differed 

significantly from those predicted using soil survey 

information? refer to Table 4.4 for estimated intake 

families and ranges. It is interesting to note that the 

three locations on the Maricopa Agricultural Center were all 

predicted to have identical intake families according to the 

soil survey. The relatively low M10 intake family, shown in 

Figure 5.3, is at least partially due to the leveling work 

which took place in this field immediately prior to this 

experiment. This work significantly compacted the field, 

reducing the infiltration rate and thus the intake family. 

The corresponding high intake family of M77, depicted 

in Figure 5.2, cannot be so easily explained. Although the 

furrow had been recently listed, the field had been in 

production and did not have any known cause for this 

extremely high rate. In applying the SCS level furrow 
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design method to this field, the IF - 2.0 intake family was 

used as no advance coefficient data are available for 

greater intake families? the SCS design method does not 

extend to furrows constructed in soils with such high intake 

rates. 

5.2. Advance 

Advance trajectories were predicted with SRFR using the 

four different infiltration functions. The predicted 

advances were compared with field-measured advances and are 

shown in Figures 5.5 to 5.8. As would be expected, those 

advance trajectories predicted with the fitted infiltration 

function are, in all cases, closer to the field-measured 

data than those from the other infiltration functions. 

The predictions of three field-derived equations at the 

Campbell Avenue Farm, Figure 5.5, show faster advance than 

the fit equation prediction. This means that the lesser 

amount of water infiltrating into the soil at a given time 

is less for those three field-derived equations. Therefore 

more water is remaining on the surface to advance down the 

furrow channel. Although the BFI predicted advance is 

slightly slower than that of the cylinder or SCS, all three 

are significantly faster than that for the Fit equation or 

the field data. 
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In Figure 5.6, the predicted M77 advance trajectories 

of the cylinder and SCS equations behave in the same manner 

as at the CAF furrow, reaching the end of the field well 

before the measured data. The BFI is in very good agreement 

with the data for three-fourths of the furrow length. After 

that point, however, the BFI advance trajectory rises 

sharply above the field data and Fit equation prediction. 

Because the BFI infiltration equation developed for this 

field was so high, the modeled advance failed to even reach 

the end of the field, stopping 1.5 m short. The BFI 

predicted advance curve thus connects smoothly with its 

predicted recession curve, short of the furrow end. 

The MIO field had been laser-leveled immediately prior 

to installation of this furrow experiment. The furrow was 

also subjected to an intense rainstorm which smoothed the 

newly-constructed channel. As shown in Figure 5.7, the 

predicted advance times are all in general agreement with 

the field data. The lowest, provided by the cylinder 

estimate, is because that infiltration function has 

infiltration rates which are considerably less than the 

others. The general agreement of these functions indicates 

the smoothing and sealing of the furrow by the preceding 

rainstorm had a greater effect than the variation between 

infiltration functions. 
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As before, the three field-based infiltration functions 

predicted faster advance than did the Fit infiltration 

function for M23 (Figure 5,8). The BFI function performed 

better than either the cylinder or SCS functions, but still 

overpredicted the rate of advance. The advance predicted by 

the Fit infiltration function was actually slower than the 

field data for much of the field, although not significantly 

so. This may be due to the use of constant slope in the 

model as input of furrow elevations caused inconsistent 

solutions. The changing slope in the field could induce 

faster advance near the head of the field, a slowing rate of 

advance as water reached the end, and still be comparable to 

the predicted advance of the Fit infiltration function. 

The percent error of each of these methods for each 

field follows in Table 5.2. This value is based on the 

advance time to the end of the furrow only and is computed 

as: 

tfield - tmodel PE = — 100 
tfield (5.1.) 

where PE = error (percent), tfieid = measured time [T], and 

tmodel = predicted time [T]. 

Table 5.2 shows that the BFI infiltration equation 

provides a better prediction of advance to the end of the 

field than does either the cylinder or SCS equations. 

However, the predicted times may still vary widely from the 
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Table 5.2. Percent error of advance time prediction to end 
of field 

Field 
Source Mean error 

CAF M77 M10 M23 

Cyl 80.2 66.0 23.6 66.7 59.1 

BFI 76.4 -56.4 -6.2 42.6 14.1 

SCS 75.7 73.6 8.0 59.5 54.2 

Fit 3.6 3.3 2.8 7.6 4.3 
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data, thus lacking the degree of accuracy desired for design 

work. 

5.3. Recession 

Like the advance of water along the furrow, recession 

of the stored water below the soil surface is most affected 

by the infiltration function and the slope, or hydraulic 

gradient, along the furrow. If the hydraulic gradient is 

relatively uniform, the infiltration relationship dominates 

the remainder of the irrigation. 

Recession is more difficult to quantify than advance, 

particularly for level furrows. It does not progress down 

the furrow in an orderly manner as does advance, and is more 

subject to any irregularities in the elevation of the furrow 

invert. Small depressions increase the time required for 

recession in that spot, while even minute high points 

experienced accelerated recession in comparison with the 

furrow as a whole. While power law relationships are 

commonly derived to express the rate of advance, it is much 

more difficult to do the same for recession. Graded furrows 

typically have a better-defined recession curve as the slope 

of the field has the effect of shifting the water remaining 

on the surface toward the end of the field. Because of this 

difficulty in quantifying recession, it is also more 
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difficult to fit the infiltration equation to the variable 

field data and to compare the model results. 

Recession curves for the CAF study are shown in Figure 

5.9. The time required for recession to occur is directly 

affected by the infiltration function; lower infiltration 

functions result in higher recession times. The lowest 

infiltration function was derived from the cylinder 

infiltrometer, which also had the longest recession time. 

The highest function was that fit to the data; it predicted 

the fastest, and most accurate, recession. The BFI and SCS 

predictions ranged between these two extremes, with the BFI 

providing the best recession estimate of the three 

field-based functions. 

As shown in Figure 5.10, the recession on M77 was 

underpredicted by the BFI function. Recall that this 

function is so high that advance never reached the end of 

the field; thus the predicted recession would also be 

hastened by the high rate. The SCS function prediction of 

advance was very high, as would be expected given the low 

infiltration rate. The SCS recession curve is not shown on 

the graph as it exceeds 1128 minutes along the entire length 

of the furrow; omitting this curve was done to display the 

remaining curves more clearly. 

As expected, the recession curves for M10 in Figure 

5.11 follow the established pattern. The Fit infiltration 
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very closely models the flat field recession curve, while 

the BFI and SCS curves are offset higher, but still parallel 

to this curve. Once again, one curve is not shown on the 

graph due to its extreme nature. The cylinder predicted 

recession curve, again due to its extremely low infiltration 

rate, has been excluded as it ranges between 3373 and 3703 

minutes, significantly greater than the curves presented. 

Plotted in Figure 5.12, the M23 predicted recession 

curves vary according to the relative infiltration functions 

of each method. The cylinder and SCS infiltration functions 

are very similar and thus the predicted recession 

trajectories are also very close. It is interesting that 

although the BFI infiltration function is less than the Fit 

infiltration function for much of the time, the BFI 

infiltration function predicted much faster recession than 

did the fit infiltration function. The BFI infiltration 

rate does not decrease as rapidly as that of the Fit 

function; this higher rate resulted in the prediction of 

faster recession. 

As with advance, none of the three field-based 

infiltration relationships could adequately predict 

recession in the model when compared with the relationship 

which was fit to the data. However, of these three, the BFI 

generally provided a closer estimate than either the 

cylinder or SCS soil survey. 
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5.4. Infiltrated Depth 

The comparison of infiltrated depths with field data is 

hampered by a lack of sufficient field data for adequate 

analysis. The four sampling locations did not provide 

enough points along the furrow, and sampling at those 

locations was often restricted by hardpans, caliche layers, 

or soil that was so dry as to be impenetrable. Although the 

measured water added at each location does not provide 

sufficient information for overall distribution comparisons, 

the succeeding depths may approximate the slope of the true 

distribution along the furrow. 

As shown in Figure 5.13, the three field-derived 

infiltration functions at CAF predict a greater infiltrated 

depth at the tail of the furrow than at the head. Because 

these predicted accelerated advance down the field, this 

allowed the water to be ponded longer at the lower end, 

resulting in more infiltration because of the larger 

opportunity time. The Fit infiltration function predicted 

infiltrated depths opposite of the above functions. As 

advance required more time, the water was applied to the 

head of the field longer than any other point, so more 

infiltration occurred in this region than near the bottom 

end. 

At M77, the functions which predicted the fastest 

advance — cylinder and SCS — again predicted greater 
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infiltrated depths at the end of the furrow than at the 

head, as shown in Figure 5.14. The BFI and fit functions, 

both predictors of longer advance times, indicated that more 

water infiltrated at the head of the field than at the tail. 

The BFI predicted zero infiltration at the lower end of the 

furrow because the modeled advance never reached the end 

using this infiltration equation. 

Figure 5.15 indicates the infiltrated depths in M10 are 

in general agreement, differing according to the respective 

rate of advance down the furrow. Although the recession 

times varied widely, each function estimated similar 

infiltration depths. The infiltration rates of each method 

caused the recession times to vary, as the same volume of 

water was available for infiltration in each simulation. 

The predicted infiltration depths for M23, shown in 

Figure 5.16, follow the same trend as those for M77. The 

cylinder and SCS infiltration equations both predicted 

faster advance and thus greater infiltration at the end of 

the furrow. The BFI and fit equations had slower advance 

down the furrow, permitting more infiltration to occur at 

the head of the field than at the end. 

The infiltrated depths predicted by the BFI method 

better correspond with those of the fit infiltration 

relationship. As with previous comparisons, the cylinder 
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and SCS infiltration equations differ too widely from the 

actual condition to be of any use. 

Although the predicted infiltrated depth curves may 

vary widely according to the infiltration function used, 

they all indicate the same infiltrated volume. This is 

possible because the inflow hydrograph for each field is 

constant and no losses occur due to runoff or leakage from 

the furrow. 

5-5. Flow Depth 

In this study, flow depth prediction appears to be 

largely unaffected by the chosen infiltration function. The 

predicted depths, recorded at the completion of the advance 

phase, generally follow the same path for each field. It 

can be seen, in Figures 5.17 through 5.20, that the highest 

predicted flow depths are those modeled using the lowest 

infiltration rates, primarily the cylinder and SCS 

infiltration equations; less water is infiltrating into the 

soil, thus more water remains in surface storage, slightly 

elevating the flow depth. Conversely, higher infiltration 

rates, such as the BFI and Fit infiltration equations, model 

slightly lower water surface depths as a greater amount of 

the applied water is being infiltrated into the soil. 
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The BFI model for M77 is an exception to the above 

method. The flow depth was recorded when cutoff occurred at 

the upper end of the field because advance was still 

proceeding down the field. The modeled flow depth profile is 

a reasonable approximation of the measured depths, although 

the advancing tip is reduced. At this point, insufficient 

water is stored on the surface to further the advance. 

The field data may vary above and below the modeled 

flow depths. This is primarily due to the depressions and 

high spots along the furrow which were discussed previously. 

The predicted depths generally are in good agreement with 

the collected data, however. 

5.6. Efficiencies 

Application efficiencies computed by the SRFR model 

were compared to efficiencies calculated using the SCS level 

furrow design method (SCS, 1989). SCS efficiencies were 

determined for two design depths — 100 mm (SRFR input) and 

actual applied depth. These application efficiencies follow 

in Table 5.3. The efficiencies of the modeled irrigation 

are consistently higher than those from the SCS design 

process. One reason for this difference is that the 

application times of each irrigation were less than those 

recommended by the SCS design process; thus the volume of 
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Table 5.3. Predicted application efficiencies in percent 

Method CAF M77 M10 M23 

SCS-Dr 84 52 81 13 

SCS-Da 75 67 68 16 

SRFR-Cyl 100 60 100 81 

SRFR-BFI 100 51 100 79 

SRFR-SCS 100 60 100 81 

SRFR-Fit 100 60 100 81 

Dr = required depth (100 mm), Da = applied depth (refer to 
Table 5.4) 
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applied water was less and the efficiency greater. A 

comparison of actual application times and SCS 

recommendations follows in Table 5.4. 

The application times in the field were arbitrary. The 

water was cut off before the continued inflow would have 

caused the furrow to overflow at the bottom end. Therefore, 

these were not perfect irrigations. The poor application 

efficiency on M77 is related to the undersized inflow rate 

which permitted excess deep percolation at the head of the 

field, yet failed to adequately irrigate the lower end. The 

decreased efficiency of M23 may be at least partially due to 

breaks — discovered late in the irrigation — in the furrow 

ridges, permitting water to flow in parallel furrows while 

lessening the water available to advance to the end of the 

test furrow. The 100 percent application efficiencies may 

also indicate some degree of underirrigation as explained in 

the earlier definition of this efficiency. 

Comparisons of the SCS design method with actual 

conditions are based on intake families estimated from field 

infiltration information. These comparisons — including 

application and advance times, and applied and deep 

percolation depths — follow in Table 5.4. Generally, the 

advance time for the wetting front to reach the end of the 

furrow and the required application time are overestimated 

(advance times were unchanged between both SCS 
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Table 5.4. SCS design comparisons 

CAF M77 M10 M23 

Application time (minutes) 

Actual 120 264 75 210 

SCS-Dr 229 301 164 1302 

SCS-Da 162 397 111 1327 

Advance time (minutes) 

Actual 103 132 50 184 

SCS-Dr 90 245 118 1666 

Applied depth (mm) 

Actual 63 170 57 124 

SRFR-Fit 61.6 167.4 55.6 123.4 

SCS-Dr 119.3 193.9 123.3 777,3 

SCS-Da 84.4 255.6 83.7 792.3 

Deep percolation depth (mm) 

SRFR-Fit 0 67.5 0 23.4 

SCS-Dr 19.3 93.9 23.3 677.3 

SCS-Da 21.4 85.6 26.7 668.3 
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computations). This in turns allows excessive depths to be 

applied, resulting in excessive deep percolation and reduced 

efficiency. The most significant reason behind this 

overestimation is the requirement that the entire length of 

the furrow infiltrate at least the required depth of 

application. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

Four irrigations were conducted in single furrows at 

various locations. Infiltration volumes and times, advance 

and recession times, inflow rates, soil and water surface 

elevations, initial and final water contents, and furrow 

geometry were measured. From the infiltration data, 

infiltration functions were determined for cylinder and 

blocked furrow infiltrometers, as well as by experimental 

fit and soil survey consultation. These functions and other 

required parameters were entered into a hydrodynamic model 

for comparison of predicted performance. 

Comparisons of model results with field data were made 

of each function's predicted advance, recession, infiltrated 

depth, and flow depth curves along the furrow. These 

comparisons showed the following tendencies. High 

infiltration rates predicted slow rates of advance and 

faster recession of the applied water. Low infiltration 

rates permitted faster advance to the end of the furrow, and 

thus greater infiltrated depths at that point, while high 

infiltration rates showed greater infiltrated depths at the 

head of the furrow, due to the slower advance down the 

furrow. Flow depths calculated by the model varied little 

with rate of infiltration; high infiltration rates modeled 



88 

slightly lower flow depths than low infiltration rates, but 

the differences were generally insignificant. 

Of the three methods used for determining infiltration 

functions in the field — cylinder infiltrometer, blocked 

furrow infiltrometer (BFI), and SCS soil survey information 

— the BFI simulations were in closer agreement with the 

measured field data than those of either the cylinder or the 

SCS. Thus# the blocked furrow infiltrometer is the best 

field-based method, of those studied, for determining 

infiltration functions. 

The differences between the predicted and measured SCS 

intake families are notable. In all cases, the intake 

families measured in the field were significantly greater 

than those predicted by soil survey information for that 

same site. Additionally, different intake families were 

measured on different sites mapped within the same soil 

type. These wide variations show the unsuitability of this 

information source as a basis for design. 

The Fit infiltration equation predictions most closely 

track the measured advance, recession, and depth data, as 

was intended by the fitting process. Generally, the Fit 

equations do not specifically follow any of the 

field-derived infiltration functions. As was shown, 

improvements in design parameters can be verified and 

demonstrated, as can any alteration in management 
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parameters. Therefore, hydrodynamic computer models have a 

valid role in improving design methods. 

The discrepancies between the predicted and measured 

intake families, and between the Fit infiltration equation 

and those equations derived from field information, prove 

the need for gathering the best available field information 

before executing any design. No design can achieve its 

projected efficiency if the field information on which it is 

founded does not represent the true condition of that field. 
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APPENDIX A 

INFILTRATION DATA 

Data for each field includes progressive depths from 

both cylinders, volume of water added to each cylinder, 

progressive water height from supply barrel, and height of 

water added to barrel. 
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Table A.l. Cylinder and BFI infiltration tests, field CAF 

Time Cylinders Added BFI Added 

(min) (cm) (L) (ft) (ft) 

0 

1 8.5 9.0 1.78 

2 9.0 9.5 1.74 

3 9.2 9.8 1.69 

4 9.4 10.0 1.68 

6 9.5 10.2 1.67 

8 9.9 10.5 1.64 

10 10.0 10.7 1.62 

20 10.6 11.0 1.48 

30 11.1 11.9 1.46 

60 12.2 13.0 1.39 

150 14.4 15.5 1.11 

210 16.0 17.0 0.91 

270 17.3 18.0 0.27 

360 11.7 12.3 4 1.13 1.26 

420 13.1 13.4 0.85 

480 14.6 15.0 0.83 
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Table A.2. Cylinder and BFI infiltration tests, field M77 

Time Cylinders Added BFI Added 

(min) (cm) (L) (ft) (ft) 

0 2.00 

1 3.0 7.4 1.94 

2 3.6 8.1 1.89 

4 4.4 8.8 1.81 

6 4.8 9.7 1.76 

8 5.3 10.0 1.73 

10 5.9 10.4 1.67 

15 6.8 11.6 1.59 

20 7.5 12.9 1.43 

25 8.6 15.0 1.30 

30 0.1 4.7 5 1.23 

40 1.6 7.0 0.99 

50 3.7 9.4 0.79 

60 4.9 11.4 0.58 

97 1.0 6.6 5 0.00 

120 4.7 9.7 1.41 1.92 

180 2.9 5.9 5 0.36 

240 7.8 10.0 1.07 1.73 

300 8.0 8.5 6 0.15 

360 7.7 9.1 4 1.28 2.16 

420 8.5 10.3 4 0.66 

480 8.7 11.3 4 1.16 1.95 
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Table A.3. Cylinder and BFI infiltration tests, field MIO 

Time Cylinders Added BFI Added 

(min) (cm) (L) (ft) (ft) 

0 2.00 

1 3.1 2.1 1.95 

2 3.6 2.3 1.89 

4 3.9 2.5 1.81 

6 4.0 3.0 1.77 

8 4.2 3.1 1.74 

10 4.2 3.2 1.71 

15 4.2 3.2 1.67 

20 4.3 3.2 1.65 

25 4.3 3.2 1.64 

30 4.3 3.2 1.58 

40 4.3 3.2 1.48 

50 4.5 3.2 1.47 

60 4.5 3.3 1.46 

90 4.4 3.4 1.43 

120 4.7 3.4 1.20 

180 5.0 3.6 1.15 

240 5.5 4.0 1.12 

300 5.5 4.0 0.92 

360 5.7 4.2 0.79 

420 6.0 4.5 0.67 

480 6.2 4.6 0.57 
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Table A.4. Cylinder and BFI infiltration tests, field M23 

Time Cylinders Added BFI Added 

(min) (cm) (L) (ft) (ft) 

0 2.00 

2 0.4 7.3 1.92 

4 0.7 7.5 1.88 

6 1.1 7.6 1.82 

8 1.1 7.6 1.79 

10 1.2 7.7 1.75 

15 1.3 7.8 1.63 

20 1.7 7.9 1.58 

25 1.9 8.1 1.52 

30 1.9 8.2 1.49 

40 2.0 8.5 1.39 

50 2.1 8.6 1.32 

60 2.4 8.7 1.25 

90 3.0 9.5 1.05 

120 3.2 10.1 0.65 

180 5.7 11.3 1.45 1.37 

240 7.3 12.5 0.95 

300 8.8 13.7 0.50 

360 10.4 15.1 1.34 1.33 

420 11.8 15.9 0.83 

480 13 .5 17.2 0.35 
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Table B.l. Furrow irrigation, field CAF 

Station Distance Elevation Advance Recession 
depth 

(m) (m) (min) (min) (cm) 

0 0.00 0.00 0 164 6.1 

1 11.50 -0.04 2 220 10.1 

2 23.00 -0.03 7 189 7.6 

3 34.50 -0.03 15 189 9.5 

4 46.00 -0.02 31 164 7.6 

5 57.50 -0.02 44 164 9.8 

6 69.00 -0.03 60 189 6.7 

7 80.50 -0.02 81 165 6.4 

8 92.00 -0.12 103 240 0.0 



101 

Table B.2. Furrow irrigation, field M77 

Station Distance Elevation Advance Recession 
depth 

(m) (m) (min) (min) (cm) 

0 0.00 0.00 0 296 9.4 

1 20.96 -0.06 4 296 8.8 

2 41.91 -0.06 9 302 7.0 

3 62.87 -0.04 16 302 7.9 

4 83.82 -0.07 28 308 6.7 

5 104.78 -0.06 42 306 5.5 

6 125.73 -0.09 60 316 4.9 

7 146.69 -0.12 97 311 4.9 

8 167.64 -0.12 132 286 0.0 
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Table B.3. Furrow irrigation, field M10 

Station Distance Elevation Advance Recession 
depth 

(m) (m) (min) (min) (cm) 

0 0.00 0.00 0 260 14.5 

1 30.48 0.01 5 260 11.3 

2 60.96 0.00 9 260 11.0 

3 91.44 0.01 14 260 10.4 

4 121.92 -0.03 20 260 10.1 

5 152.40 0.00 26 260 10.1 

6 182.88 -0.00 33 260 7.6 

7 213.36 -0.00 41 260 5.8 

8 243.84 -0.01 50 260 0.0 



103 

Table B.4. Furrow irrigation, field M23 

Station Distance Elevation Advance Recession 
depth 

(m) (m) (min) (min) (cm) 

0 0.00 0.00 0 210 13.9 

1 45.72 -0.10 6 450 15.2 

2 91.44 -0.10 16 450 13.1 

3 137.16 -0.13 28 570 14.0 

4 182.88 -0.20 47 630 19.8 

5 228.60 -0.08 67 510 10.4 

6 274.32 -0.06 99 510 7.3 

7 320.04 -0.11 133 570 8.5 

8 365.76 -0.14 184 510 0.0 
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