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ABSTRACT

Sediment yield was monitored from seven fields in southern Idaho
to determine the effects of crop type, soils, topography and other par
ameters. Regression techniques and application of the Universal Soil
Loss equation were used in attempts to develop predictive procedures for
sediment yield. Measured seasonal sediment yields varied from .34 to 37.0
tons/acre depending on the crop, soil type and field slope. Average sed
iment and nutrient removal efficiencies for farm settling ponds for an
irrigation season varied from 69 to 93 percent for sediment and from 25
to 78 percent for phosphate and nitrogen. A mathematical model was de
veloped as a tool for settling pond design and the model results verified
with measured data. Water quality parameters of effluent from four potato
fresh pack operations were measured and removal efficiencies determined
on four settling facilities. Removal efficiencies of 70 to 90 percent for
C.O.D., 63 to 99 percent for suspended solids and 13 to 80 percent for
total nitrogen were measured.
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INTRODUCTION

The purpose of this study was to develop and evaluate sediment
yield from cropped fields and design criteria for sedimentation basins
for irrigation return flow. An additional objective was to evaluate
water quality of effluent from potato fresh-pack facilities.

Irrigation return flow can contain large quantities of silt, salts,
nutrients and other matter resulting from farm irrigations and subse
quent runoff. Even though all constituents entrained by the flow do not
remain in transport, significant amounts eventually reach a receiving
stream. Upon entering the stream, these materials are deposited or re
main in the flow and are deposited at a later time and place. As a
result, turbidity and total suspended solids of the receiving stream
are increased by the influx of sediment, and the nutrient and salt con
tent may be increased significantly.

Because of concern for the quality of surface water runoff from
agricultural lands and pending regulations for control of water quality
from food processing facilities, this project was undertaken to determine
the quantities of sediment and nutrients generated from gravity irrigated
fields and potato shipping plants. Another concern is the feasibility
of remedial action by farmers, irrigation districts or potato shippers
to improve water quality of return flow and subsequently that of the
receiving stream. The University of Idaho College of Engineering, the
Agricultural Research Service, USDA, at the Snake River Conservation
Center at Kimberly, Idaho and the Northside Canal Company of Jerome,
Idaho were involved in this study.

OBJECTIVES

The objectives of this study were:

1. To determine sediment yield in tons per acre for several
irrigated fields as a function of soil type and local
topographysspecie and age of cover crop, and the quantity
and application rate of irrigation water.

2. To develop a procedure for determining the sediment input
function for a settling basin constructed on a drain or
farm ditch. This was to be accomplished by estimating
the quantity of sediment entering the drain using data de
veloped in objective 1.



3. To develop design criteria for determining geometric
dimensions of a settling basin as a function of inflow
discharge, associated sediment load, and the cleaning
frequency specified for the basin.

......

4. To determine the characteristics of effluent water qual
ity from potato fresh-pack installations for determin
ation of required treatment procedures.

Supervision for the experimental work and construction of facil
ities was divided among the three principal parties mentioned above.



SEDIMENT YIELD FROM IRRIGATED FIELDS

Scope of Study

The objective of this segment of the project was the development
of design curves or regression equations for predicting the sediment
production from irrigated fields. Sediment yield was to be determined
as a function of soil type and local topography, specie and age of cover
crop, and the quantity and application rate of irrigation water. A lit
erature review was conducted to find pertinent information concerning
sediment production from irrigated fields; however, few applicable ref
erences were found.

General Procedures

The hydrographs of total flow onto and from selected fields and
associated samples of water-sediment mixtures were obtained and sediment
production or yield for each irrigation determined.

Irrigation efficiencies and the effect of water quality on the sed
iment yield were obtained.

Field Sites

Eleven fields in the vicinity of Jerome and Twin Falls, Idaho were
monitored for the study; three in 1972, four in 1973, and four in 1974.

Of the eleven fields monitored, seven were selected for analysis.
Some fields were deleted because of nontypical irrigation practices or
inability to measure inflow or outflow for the total season.

Each field was surveyed and mapped. Slopes, furrow lengths, area
and other parameters were calculated for each field and for each irri
gation set. The survey established high and low points in the fields
and thus added in the selection of positions for monitoring devices.
Once these positions were chosen, three-inch Parshall flumes were in
stalled where needed for the purpose of measuring irrigation inflows
and outflows to and from the cropped lands. Details of each field are
outlined by (Oliver, 1974) and (Ballard, 1975). A summary description
of each field is outlined in Table 1.

Sampling and Data Collection

Measurements of inflow to the field, outflow from the field, and
sediment concentration were necessary for calculating sediment yield
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and for formulating predictive equations. During the 1974 irrigation
season, in addition to the above measurements, samples were collected
for the determination of phosphate, nitrate, total nitrogen, turbidity,
and conductivity.

The inflows and outflows were measured using several different
types of flumes, current meters, headgates, or calibrated siphon tubes.
Parshall and H flumes were used to measure the outflow from the field.
Water-stage recorders were used on all the outflow flumes in 1974 so
that continuous flow rate could be measured. Figure 1 shows a graph
of flow versus time from an actual irrigation.

Samples of dry soil were taken at various points across each
field for laboratory analysis to determine soil type and texture. Par
ticle size distributions of the soils were determined using the Buoy-
oucos hydrometer method and soil classifications determined.

The sampler shown in Figure 2 was designed and operated to obtain
a representative sample of the full vertical profile of the sediment-
water mixture at the end of the Parshall flume. The hydraulic jump
which occurs in the throat of the Parshall flume afforded adequate mix
ing of the flow and field samples were obtained at that point. The
sampler was rapidly placed into the flow at the downstream end so that
the vertical opening of the device was oriented directly into the flow.
Approximately one liter was obtained in each sample.

Sampling Procedure and Schedule

Sediment samples and flow measurements were taken once every 30
minutes or each hour for the first few hours and then at two to four-
hour intervals for the remainder of the irrigation period. This time
increment was selected because data from a previous study showedthe
changes over a period of four hours were slight except for the first
two hours of the irrigation (Oliver, 1974).

Frequency of irrigation was determined by the farmer and based
on antecedent moisture condition, crop, or other criteria. The potato
and bean fields were irrigated approximately every eight days through
out the season. The irrigations on the grain fields varied from seven
to sixteen days, with an average of ten to eleven days. Most of the
farmer cooperators were consistent in their watering schedule.

The phosphate determinations required two samples for eachob-
servation, an unfiltered and a filtered sample. The latter was fil
tered immediately after sampling using a millipore filter with a hand
vacuum pump. Both samples were then taken to the laboratory and HgCl2
added to each and then refrigerated. The HgCl2 was added to keep any
microorganisms in the sample from utilizing the phosphate.
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Reduction and Compilation of Data

The determination of total suspended solids was obtained by fil
tration using the procedure for nonfilterable residue (APHA Standard
Methods, 1971).

A computer program was developed and utilized to calculate and
print total flow and total sediment loss from a field for each half
hour increment of irrigation. When intervals between samples were long
er than one half hour, values at half hour intervals were interpolated
from measured data.

Input data for the program included the sampling interval in min
utes (variable between samples), the Parshall flume or measuring device
staff gage readings in feet and the sediment concentrations in parts per
million. The program calculates the mass sediment flow for each time
interval, integrates the total flow and prints the results. A sample
computer output is shown in Table 2.

Pertinent Variables

A number of parameters affect sediment yield. Parameters consid
ered for this study were as follows: flow onto field, flow from the
field, crop cover, soil type, slope, length of run, previous crop, cli
mate, antecedent moisture conditions, area under cultivation, tillage
and cultivation practices, and the type of irrigation. Some of the
above parameters were consistent from field to field or are included
within other variables; therefore, they were not used in the analysis.
Flow onto and flow from the field, duration of irrigation, area under
irrigation, soil type, crop cover, slope, and length of furrow were
considered the most important variables affecting sediment yields for
this study. Oliver (1974) found that by combining flow of water onto
the field, total time of irrigation, and area under irrigation, a term
Y could be formed which characterizes intensity or energy.

Y = Qt/A

where

Q = flow onto field in cubic feet per second
t = total time of irrigation in hours
A = area under irrigation in acres

Intuitively, the sediment yield from a given sized field will be
directly proportional to Q and t. With increased flow, the energy avail
able to erode and move sediment increases. Also the longer the water
runs down a furrow, the greater the sediment yield will be for that
field. This relationship must be referenced to a specific area to be
significant.



Table 2

Sample Computation for Sediment Yield

Discharge Computations

Desc: HB3 720-21 0930Z Q and Sed
Time Interval = 30 min
Previous Accumulation of Acre Feet = 0

Q=A+ BHg + of

Q = Discharge (cfs)
Ha is the gage height reading in the flume

Equation of Rating Curve: A B C RANGE N M
0. 0.99 0. 0. - 1.0 1.5 0.

Time Flow Ace. Flow Sed. Cone. Sed. Cone. Ace. Sed.
(hrs) (cfs) (acre ft.) (ppm) (lbs/sec.) (lbs)

0. 0. 0. 14485. 0. 0.

0.5 0.204 0.004 14485. 0.185 166.134

1.0 0.308 0.015 15193. 0.292 595.486

1.5 0.319 0.028 13861. 0.276 1105.798

2.0 0.329 0.041 15217. 0.312 1636.072

2.5 0.339 0.055 15572. 0.351 2233.205

3.0 0.345 0.069 15492. 0.333 2849.099

3.5 0.350 0.083 14412. 0.315 3432.359

4.0 0.355 0.098 13051. 0.289 3976.132

4.5 0.361 0.113 11689. 0.263 4473.362

5.0 0.366 0.128 13330. 0.305 4984.243

5.5 0.372 0.143 14971. 0.347 5570.661

6.0 0.382 0.159 14166. 0.368 6187.841

6.5 0.393 0.175 13361. 0.328 6786.671

7.0 0.388 0.191 12518. 0.303 7354.569

7.5 0.382 0.207 11675. 0.279 7877.996

8.0 0.388 0.223 11363. 0.275 8376.253

8.5 0.393 0.239 11051. 0.271 8867.962

9.0 0.366 0.255 10350. 0.251 9337.583

9.5 0.382 0.271 9648. 0.230 9770.240

10.0 0.382 0.287 8399. 0.200 10157.805

10.5 0.382 0.302 7149. 0.171 10491.702

11.0 0.382 0.318 7076. 0.169 10797.186

11.5 0.382 0.334 7002. 0.167 11099.514

12.0 0.386 0.350 6448. 0.156 11390.343

12.5 0.393 0.366 5893. 0.145 11660.999

13.0 0.393 0.382 6023. 0.148 11924.263

13.5 0.393 0.399 6152. 0.151 12193.250

14.0 0.388 0.415 5413. 0.131 12447.092

14.5 0.382 0.431 4674 0.112 12665.389

15.0 0.382 0.447 4728. 0.113 12867.295

15.5 0.382 0.462 4781. 0.114 13071.499



An increase in sediment yield should be expected if there is an
increase in slope. As the slope increases, the velocity of flow in
creases, thus causing more sediment to be eroded away. The effect of
furrow length on sediment yield is difficult to predict. As the furrow
length is increased, a larger stream is necessary to assure that the
entire furrow is wetted. This increase in energy at the beginning of
the furrow possibly erodes a greater amount of sediment, but whether
this eroded sediment is transported to the end of the furrow and into
the return flow is questionable. There is a possibility that in earlier
irrigations, length has a negative effect on sediment yield whereas in
subsequent irrigations the sediment eroded at the upper end of the fur
row may reach the end of the furrow thus increasing the sediment yield.

Summary of Irrigations

The number of irrigations for each field depended upon the crop,
weather, and antecedent moisture conditions. Each of the bean fields
(AB, WB, and BB) was irrigated six times not including a pre-irrigation
was not measured or used in the analysis because it is usually performed
early in the season and is not always necessary. Sampling was not
started until the early part of June when all the fields had been selec
ted. '

The CP field was irrigated twelve times over the season. The CS
and SG fields were irrigated six times, the WG field four times.

In 1973, logistics prevented the sampling of every irrigation.
This was due to several factors: communication between the farmer and
technician, distance between the study fields and research station, and
the inability to sample two fields at the same time. Therefore, it was
necessary to study ponds and fields in 1974 that were closer together
and nearer to the research station. It was also necessary to know when
the irrigations were to take place. During the summer of 1974, only two
and one-half irrigations were not sampled, whereas eight and one-half
were missed in 1973.

Analysis

Two methods of analysis were utilized in this study for sediment
yield prediction, a modification of the Universal Soil Loss Equation
and step-wise multiple regression.

The Universal Soil Loss Equation was developed for heavy rainfall
areas. In an attempt to correlate sediment yield from areas under fur
row irrigation and the yield given by the Universal Soil Loss Equation,
the Y value discussed earlier was investigated to see if there was a re
lationship between Y and R, the rainfall factor. Using the data avail
able from this study, no good correlation could be found. It was

10



concluded that the Universal Soil Loss Equation is not suitable for
sediment yield prediction for fields under furrow irrigation. Oliver
(1974) also found this to be true.

The basic regression program used was step-wise multiple regress
ion with the following characteristic equation:

Y = aQ + a^Xi + a2X2 + a3X3 + ... + anXn

where

Y = dependent variable
A- - constant
,iX. = independent variables

By using step-wise regression the effect of each variable in the predic
tive equation could be determined.

Independent variables, including the mean discharge onto the field,
time of set, area irrigated, slope, length of furrow, soil type, and crop
type, were considered for this analysis.

Crop type was deleted because there were not enough observations
for each individual crop to be analyzed. However, by observing the total
sediment yield from all fields, the potato fields were consistently
higher than the other crops studied. The bean and grain fields had
approximately the same range of values. Further observations are needed
in order to evaluate the effect of crop type. For the same reason, soil
type could not be used as a parameter. The CS field was the only sandy
loam soil. All others were either silt loam or loamy soils. Regression
was run on the loam soils first, and the CS field data was added later.
It was found that no significant differences existed. Therefore, no
attempt was made in the analysis to differentiate between soil types.

The data were tabulated according to irrigation and field and
are shown in Table 3. The data were too sporadic for regression to be
applied to the total sediment yield for the season; therefore, an
attempt was made to derive a predictive equation for each irrigation.
There were five to six observations available for each irrigation.
Predictive equations utilizing At/A(Y), length, and slope as the inde
pendent variables were found for each irrigation. The results of this
analysis are tabulated in Tables 4 and 5.

Inspection of the coefficients show no consistent trends in either
their magnitude or sign. The coefficients of determination do show
that a high correlation does exist between the sediment yield and the
independent variables. Irrigations two and six show the highest corre
lation and lowest standard error of the estimate, but the coefficients
are not consistent. Therefore, the predictive equations are not suf
ficiently accurate or reliable to be used at this particular time.

11
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