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INTRCDUCTION

Water is an important natural resource. In many areas,
insufficient water limits the development of agriculture and
industry, aﬁd the growth of population. In the western half
of Kansas, the main water supply is ground water, most of
which is used for irrigation. According to Hay and Pope
(1974), the U.S. and Kansas Geological Survey and the State
Board of Agriculture, Division of Water Resources, have re-
ported that the ground water level is being lowered contin-
uously. The reason is that the ground water is being
depleted faster than it is recharged. Since the available
ground water is insufficient to supply all the water required
and the development of irrigation is still increasing, it
becomes essential to improve irrigation management and
develop alternative scources of water at a competitive price.

Considering the management of irrigation water, it is
notiged that 27 to 43 percent of the irrigation water is
lest by evaporation, deep percolation, and runcoff (Fischbach
& Somerhalder, 1971). Many tailwater recovery systems have
been built to collect the water from irrigation runoff and
then pump it back onto the field for reuse. Taillwater is
the term commonly used in the gravity irrigation industry
to describe water accumlating at the lower (tail) end of the
irrigation run (Hay & Pope, 1977). Reuse of surface runoff

from furrow irrigation can improve irrigation application



efficiency from a range of 60 to 75 percent to a range of 85
to 95 percent, which would be very desirable. Although tail=-
water pits are only designed to handle the runoff from irri-
gation, thevy do catch some runoff from precipitation. Since
the soil moisture content is higher in the irrigated land
than in the non-irrigated land, greater rainfall runoff is
expected from irrigated land. A study of the effect of
irrigation on runoff by Brill and Blake (1558) showed that
about 23 percent more runoff is produced from irrigated
land than from non-irrigated land. Therefore, it becomes
worthwhile to study the possibility of using runoff from
precipitation as a source of irrigation water.

The only way to utilize the runoff from precipitation
is to excavate a pit larger than the normal tailwater pit
in order to trap and use this water. The economic feasi-
bility of increasing the pit size depends upon the volume
of water utilized, pumping lift, type of energy, and its
current price. The purpose of this study was to estimate
the amount of runoff utilized by different sizes of tail-
water pits and to determine the optimum size for different

soils and locations in Western Kansas.



REVIEW OF LITERATURE

After a broad search of the current literature, it was
found that no work had been done previously to determine the
optimum size of tailwater recovery systems to utilize runoff
from precipitation. However, there are many studies about
the reuse of surface runoff from furrow irrigation. These
studies provide the background for the design and management
of tailwater recovery systems. There are a few studies on
the determination of rainfall runoff from irrigated land
which point out that the runoff from precipitation can be

considered as a water source.

Design and Management of Tailwater Recovery Systems

Causes of Tailwater

Large streams move water through the field quickly and
provide a more uniform penetration throughout the run than
smaller streams. In a non-cutback system, 20% to 30% of the
irrigation water may runoff (Fischbach and Somerhalder,
1970). Davis (1964) stated that the occurrence of tail-
water may be an economic necessity after comparing the cost
of capital, labor, and water. Fischbach and Somerhalder
(1971) also indicated that if a small stream is used for
each furrow (avoiding runoff at the end of the field), crop

vield may be reduced at both ends; the upper end because of



excessive deep percolation and the lower end because of insuf-

ficient water penetration into the soil.

Svstem Description

Tailwater recovery systems normally consist of a channel
or ditch to collect the runoff at the lower end of the field,
a small reservoir or pit to store runoff, and a pump and a
pipeline to return the runoff water back to the field. A
dike should be built around the pit to prevent the entrance
of excess runoff from heavy downpours. The depth of the pit
should be at least 5 feet in order to discourage the growth

of aquatic plants.

System Management
Bondurant (1969) classified tailwateﬁ recovery systems
according to the method of handling runoff water. If the
water is returned to a field at a higher elevation than
the collection point, it is called a return-flow systen.
If the water is applied to a field at a lower elevation than
the collection point, it is termed a sequence system. Hay
and Pope (1977) identified the following four types of
systems:
(1) Continuous Pump System: This system utilizes a pit
with enough storage capacity to collect the runoff
from one or two irrigation setg., The pit stores the

runoff volume in excess of the tailwater pump



(2)

(3)

capactiy. The stored water is then pumped during
times when the rate of runoff is small. The tailwater
pumping rate is selected to be slightly larger than
the average rate of runcff.

Intermittent System: This system is designed with
enough pit wvolume to store runoff water from several
irrigation sets. The water can then be used to
irrigate one separate set every few days when enough
water has accumulated. This type of system is well
adapted to irrigate a separate field rather than
returning runoff to the field from which it was
collected.

Cycling Sump Svstem: This system usually has an
automatically cycled pump to return the runoff

water immediatelv. Because of the small storage
capacity of the sump, a relatively large pump is
required to pump at the highest runoff rate.
Rainfall and Tailwater Reuse: This system involves
the construction of a larger than normal storage pit
to collect not only runoff from irrigation, but

part or all of the runoff from rainfall. The pump
and other system components should be opsrated

in the same manner as Type 1l or Type 2 during

normal irrigation runoff.



Stringham and Hamad (1975) presented a désign for an
irrigation runoff recbvery system that provides a constant
furrow discharge. This is accomplished by irrigating the
first set entirely from supply water and the last set entirely
from pumped runoff water. All of the remaining sets are
irrigated by both supply water and runoff water. This design
provides procedures for determining the number of furrows
to be irrigated from supply and runoff water, number of sets

and number of furrows in each set, etc.

amount of Runoff from Irrigation

The amount of runoff water is the main factor in determin-
‘ing the volume of the storage facility, the diameter of the
pipeline, and the capacity of the puﬁp. Many investigations
have been made to determine the amount of runoff by direct
measurement or by estimation from the analysis of field
conditions and irrigation practices.

Bondurant (1969) presented a graphical method for esti~
mating the amount of runoff. The data required are intake
rate and stream advance for the particular field.

Ohmes and Manges (1972) estimated irrigation runoff rate
from a graded furrow by hydrographic techniques and confirmed
them by direct measurement. They found that the runoff
volume can be determined by integrating the runoff rate

equations which are in terms of runoff time for the rising



portion of the hydrograph and the maximum runoff rate for
the constant runoff rate portion.

Pope and Barefoot (1973) investigated the amount and
time distributicon of surface runoff from six furrow irrigated
fields in Oklahoma. The runoff percentages for the individual
irrigation sets were found to approximate a log-normal
distribution. The runoff varied from 4.2 to 28.2 percent for
different conditions.

Wilke (1973) constructed a theoretical eguation to
estimate irrigation tailwater volume. The equation was quite
complicated so he prepared a dimensiocnless graph for its
solution. The graph gives the ratio of runoff generated to
water applied. Parameters needed to estimate runoff are time
of progression of flow down the furrow, furrow length and in-
flow rate to the furrow. The equation was derived undexr the
assumptions that runoff ceases when the furrow inflow ceases
and inflow is constant during the irrigation period.

Figschbach and Somerhalder (1971) used an automatic sur-
face irrigation system with a runoff reuse system to simulate
cut-back type furrow irrigation. They selected 35 percent
of the well pumping capacity as the re-use pumping rate and
three times the basic intake rate as furrow size, which can
not exceed the maximum allowable furrow stream size for

prevention of erosion. Water application efficiency was



64.8 and 91.9 percent with and without a reuse system,

respectively.

Runoff from Precipitation

The concern of this study was toward the amount of
surface runoff from precipitation. Laflen and Saveson (1970}
investigated rainfall runoff from lands of low slope in
Louisiana. They expressed peak rate and total amount of
surface runoff as functions of precipitatiocn, row slope, row
length, and antecedent scil moisture. The prediction egua-~
tions obtained by multiple regression analysis to estimate

peak rate of surface runoff and total runoff were:

Q= -.297 + P35(0.206-+1313 5/L} + O.lS?MC (1)

1
(R2 = 0.63; standard error = 0.38)
Qt =«0,087 + Pt(OJB9-%637(S/L} -+ O.lBOMC) {2)
(R® = 0.59; standard error = 0.30)
where
Q.. = peak rate of surface runoff, inches per hour
T
Qt = total runoff, inches
Pag = maximum storm intensity for a duration of 35

minutes, inches per hour

8 = gslope, percent



L = length, feet

M, = antecedent available soill moisture in the top
12 in, inches

Pt = total precipitation, inches

Kincaid and Swanson (1974) used field-plot rainfall
simulators to study rainfall runcoff from irrigation furrows
in Nebraska. Rainfall intensity, rainfall amount, soil
type, and soil water depletion were the main factors considered.
Prediction equations were developed by multiple regression
analysis. The equation for vercent runoff for silt or clay

loam soil is:

P_=31.2 + 9.0I -~ 33.3D (3)
i B
(R = 0.56)
where
Pr = total rainfall occurring as runoff, percent
I = rainfall intensity, inches per hour
DP = s0il water depletion in the upper foot of soil,

inches

The equation for total runoff for the silt and clay loam

soil is:

= - -+ .41 =
Dr 0.14 + 0.10T 0.4 (Da Dp) (4}
(R = (G.78)



where

D
r

D
a

total runcff, inches

total rainfall applied, inches

Since equations obtained for the two methods were
developed by regression analysis under specified field
conditions and climates, the coefficients should be modi-

fied for different locations and soil types.

Watershed Models

Bean (1976) developed a continuous watershed simulation
model to evaluate and design feedlot runoff control systems.
The three main components in Bean's model are the feedlot,
the storage reservoir, and the disposal area. Figure 1
shows a schematic cf the feedlot runoff model as reported
by Zovne et. al. (1977) and Figure 2 gives the general
algorithm for the model (Bean, 1876}.

Peterson (1977) modified the disposal area portion of
the model from a single plot to multiple plots to better

simulate actual irrigation practices.

10
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INVESTIGATION

Study Constraints

First of all, it should be pointed out that in this
study the evaluation of runoff was only from precipitation
and did not include the evaluation of runoff from irrigation.
Wells are the main water supply for irrigation in the western
half of Kansas. It is further assumed that tailwater re-
covery systems for handling runoff‘frcm irrigation will be
built regardless of whether runoff collected from precipita-

tion will be efficiently used for irrigation.

Objectives

The objectives of this study were:

(1) To estimate daily runoff from irrigated land
in Western Kansas using actual ciimatological
data

{(2) To estimate the amount of runoff stored in
tailwater recovery pits of various sizes on a
daily basis

{3) To simulate distribution of the storea runoff
back onto the land using a continuous pumping
system

(4) To determine the amount of runcff recoversd by

various sizes of systems
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(5) To determine the sizes of tailwater recovery
pits that would be economically feasible under
various conditions of well pumping lift, type

of fuel, and fuel price

Procedures

Development of the Model

The continuous watershed simulation model developed by
Bean (1976) and modified by Peterson (1977) was adapted to
this study. To fulfill the specified purpose of this research,
two main revisions were made to the original feedlot model.
One revision removed the feedlot portion of the model so that
the source of water entering the pit was changed to runoff
from precipitation on irrigated land. The other revision
was that the management of irrigation for both ground water
from the well and runoff collected by the pit took the place
of the disposal scheme. Figure 3 is a schematic of the tail-
water management model.

Figure 4 shows the modified general algorithm for the
tailwater manaqemeﬁt model. A detailed description of the
.original feedlot model was provided by Zovne et. al (1977).
Peterson (1977) described the expansion of the disposal area
from one to multiple plots. In the following description
of the tailwater model, emphasis is placed on revisions and

additions to Beans's model.
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Model Description

The model consists of two parts. One part consists of
the hydrological considerations for irrigation areas and the
other is the tailwater recovery system. A scheme of irri-

gation management is also presented.

Hydrological Ccnsiderations for Irrigated Area

In this model, potential evapotranspiration (PET) is
calculated by the Penman Combination Egquation. The advantage
of this equation is that it can derive the PET for lake water,
bare soil, and vegetated areas by using different coefficients
and then directly estimate actual evapotranspiration for
each case. The actual evapotranspiration (AET) is obtained
by multiplying the Blaney-Criddle factor (K} and the PET.

When the soil moisture content is below 0.3 of the maximum

!

available moisture (gmay}' AET becomes:

AET = PET x K x

where

ea = actual available moisture

Evaporation from soil occurs in two stages. When soil is
very wet, the soil evaporation rate is equal to PET calculated
for bare soil. When soil moisture content reaches a threshold

amount U, Stage 2 evaporation (ES) occurs and is expressed as:
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1 L
E_=c't? - o (e-1)° (6)
where
t = time after Stage 1 evaporation
¢' = hydraulic coefficient

Values of U and ¢' depend upon soil type.

The interception storage volume is fixed as 0.1 inch in
this model. The soil layer is allowed to take on an equivalent
amount of water to raise storage tc a level of 0.9 saturation
with any excess amount being cascaded to the next successive
layer. This continues until all water available for infiltra~
tion is stored. As to distribution, the upper soil zone (1
foot) can hold the total field capacity moisture content,
while the excess will percolate to the next zone in two days.
The lower zone (1 to 4 feet) can hold a moisture content up
to 80 percent of field capacity, then the excess becomes deep
percolation. In addition, snowmelt is also considered in this
model .

The Soil Conservation Service (SCS) method was selected
to estimate surface runoff from precipitation. By introducing
soil-complex curve number (N), land use, irrigation practice,
hydrologic ceonditicon, soil group, and antecedent soil content
can all be considered.

Antecedent Moisture Conditions (AMC) are classified in

three groups. When the soll moisture content is between 0.5
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and 0.8 of the available moisture content durihg.

the growing season, or between 0.6 and 0.9 of the

available moisture content during the dormant season, it

is termed as AMC II. If the soil moisture is less than 0.6
or 0.5 of the available moisture content, depending upon

the season, it is defined as AMC I; if the soil moisture
concent is greater than the upper limit set for the season,
it is defined as AMC III. The values of the runoff curve
number (N) used in this program for different soils and crops
for AMC II are shown in Tables 1 and 2. The curve number

for AMC I is:

N, = N x 0.39¢”(0-009 x M) (7)

where

NI = runoff curve number for AMC I

The curve number for AMC III is:

= (-0.00663 x N
Nipr = N x 1.95e (8)

where

NIII = runoff curve number for AMC III

The equation to estimate surface runoff from rainfall is

(p -0.25)°2

(P +0.859) (9)

Q:



Table 1. SCS Runoff Curve Numbers for Condition IT.*
(Reproduced from Bean, 1976)

Soil Class Row Crops Alfalfa  Wheat Pasture Fallow

1 86 83 84 80 84
2 86 73 84 80 84
3 82 78 81 74 78
4 82 78 81 74 ' 78
5 75 69 73 61 69
6 75 69 713 61 69
7 75 69 73 61 69
8 75 69 73 61 69
9 (i 69 73 61 69
10 75 69 73 61 69
11 75 69 73 61 69
12 65 55 61 38 61l

*Condition II - During the growing season, soil moisture in
the top 1' is between 0.5 and 0.8 of field capacity. For
the non-growing season, the range is 0.6 to 0.9 of field
capacity.
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Irrigation Design Class Descriptions for Soil in the Irrigated:
Area. (Reproduced from Bean, 1976)

Irrigation
Soil Class

Profile
Depth
(£, ) Soil Class Description

1

O

-3

10

3! Deep soills with silt loam or silty clay loam surface
layers and slowly to very slowly permeable heavy clay
and claypan subsoils.

3 Deep soils with silty clay or clay textures throughout.
Surface infiltration and subsoil permeability are very
slow when the scil is moist. Shrinkasge from drying
causes extensive cracking, resulting in high infiltra-
tion rates until swelling occurs.

5! Deep soils with silt lcam, loam, clay loasm, or silty
clay loam surface layers and clay lcam, silty clay loem,
or silty clay subsoils. Subsoll permeability is slow
to moderately slow. Shrinkage cracks resulting from
drying in the soils with more clayey subscil textures
give a relatively high initial infiltration rate.

2,451 Moderately deep soils with =silt loam, clay loam, or sil-
ty elay loam surface layers and clay loam or silty clay
subsoils with predominately moderately slow permeability.

51 Deep z0ils with silt loam, loam, clay loam, or silty
clay loam surface layers and subsoils. Subscil perm:
moderate to moderately slow.

3! Moderately deep soils with silt lcam or loam surface
layers and loam, clay loam, or silty clay loam sub-~
soils with moderate to moderately slow permeability.

5! Deep scils with silt loam, loam or very fine sandy loam
surface layers and moderately permeable, mediunm textured
subsoils.

A ot Moderstely deep soils with silt lcam, lcam or very fine
sandy loam surface layers and moderately permeable clay
loam, or silt loam subsoils.

5! Deep soils with fine sandy lecam and loam surface layers
and subscils that have moderately rapid permeability.
Available water capsacity is moderate to low.

it Solls are moderately deep over sand with sandy loam %o
loam surface layers and moderately rapid to rapidly
permeable subscils with low available water capacity.
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Table 2, cont.

Profile
Irrigation Depth
Soil Class _ (£t.) Soil Class Description
11 5t Deep solls with loamy fine sand or loamy sand surface
layers and moderately rapid to rapidly permeable sub-
solils.
12 57 Deep rapidly permeable soils wilth sand or fine sand

textures throughout.
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where

direct surface runoff, inches

0
i

P = storm rainfall, inches

193]
il

maximum potential difference between rainfall and

runoff, inches

S can be obtained by substituting the runoff curve number in

the following eguation:

s = l%\?-ﬂ - 10 (10)

Runoff and soil meisture content are calculated for each
plot in a daily loop. The program first checks whether irri-
gation took place during the previous day; if yes, it recalcu-
lates the soil moisture content for the irrigated plot which
had the lowest scil moisture content for the previous day.

The total amount of runoff generated is the summation of the
runoff from all of the irrigated plots. A flow chart for

calculating this runoff is shown in Figure 5.

Tailwater Recovery System

From the point of wview ¢f controlling more runoff and
investing less capital in pump facilities, a continuous pump-
ing system was deemed economical, and so has been selected in
this study.

The storage volume for a typical tailwater pit is designed

to be able to hold the runcff from one day's irrigation. The
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Figure 5. Flow Chart for Calculation of Runoff for Multiple
Irrigated Areas.
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percentage of runoff is affected by the soil type. Hay and
Pope (1977) predicted normally 15 percent runoff will occur
for high intake soils (sandy and sandy loams), 20 percent
runoff will occur for medium intake soils (fine sandy loams,
silt loams, etc.), and 25 percent runoff will occur for
heavier soils with slow intake (clay loam, silty clay loam,
etc,) and for fields with short lengths.

Table 3 shows the relationship between ground water
pumping rate and tailwater pumping rate, and also the storage
lvolumes required. Because it assumes that the tailwater would
be pumped back to the upper end of the field, additicnal run-
off would be produced. Therefore, the actual amounts of runoff
are 17, 24, and 31 percent of the original water delivered.

Although in this study various sizes of pits are tested
to evaluate the percentages of runoff utilized, the pumping
rate and pipeline size still remain the same as what are
used in normal tailwater recovery systems.

This study assumes that the ground water application
efficiency increases to 85 percent by using the tailwater
recovery system. Since all the water eventually soaks into
the soil, it does not matter whether it comes directly from
the well or from recovered runoff. We do not simulate the
operation of the tailwater recovery system; we presume that
where such a system is used, ground water application

efficiency will increase to 85 percent. This assumption
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implies that the tailwater recovery system is already included
in the system. Therefore, whenever this paper mentions the
water in the storage facility, it only deals with the surface

runoff from precipitation.

Irrigation Management

Before the criteria for irrigation management were
established, it was decided that for each irrigation, only
one kind of water supply would be used. To determine when
and what source of water should be used for irrigation, the
following three steps should be checked.

When the soil is not frozen, and the mean daily tempera-
ture is greater than 0°C (32°F), there exists the possibility
of executing irrigation.

Next, we need to examine whether there is enough water
in the pit for one day's pumping, and whether the scoil can hold
the irrigation water from the pit without éxceeding the field
capacity of both soil zones. If these two conditions are met,
water will be pumped from the pit. Since these criteria allow
the pumping of water not only during the growth stage but also
during winter, more water can be utilized from the pit.

If water is not pumped from the pit, then ground water
will be utilized during the growing season if the soil
moisture content is below 50 percent of the available moisture
from both zones. A flow chart of the schedule of irrigation

management is shown in Figure 6.
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Testing of Model

The model was tested for two locations in Kansas, Garden
City and Larned, which allowed the comparison of the effects
from different climates. Soil Types 2 and © were tested.
These represent soils with low intake rates and medium intake
rates, respectively. The normal field-size irrigated area
is 150 acres, excluding the ditches. 1In order to minimize
the investment in irrigation equipment, longer irrigation
frequency is desirable. For instance, for corn and Scoil
Type 5, the peak use rate for corn is approximately 0.3 inch
per day. With 9.2 inches of available moisture in the top 4
feet of soil, irrigation when one-half the available moisture
remainsg will give a frequency of 15 days. Assuming 85 percent
irrigation efficiency, 5.4 inches of water must be applied to
each plot (10 acres) for each irrigation. Therefore, the
pump on the well should have a pumping rate of 1018 gallons
per minute.

For Soil Type 5 (medium intake rate), it is predicted that
24 percent runcff will occur‘frcm irrigation. The storage volume
of a normal tailwater recovery system has a holding capacity
of one day's runoff. This volume is at least 12.96 acre-inch
and is defined as 1V,

The program was run using various sizes of tailwater
recovary systems. Considering the loss due to evaporation,

slightly larger values were used such as 13.15 acre-inch
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for one day's runoff of 12,96 acre-inch. The‘shape of the
tailwater recovery pit is as shown in Figure 7, The maximum
depth of the pit is 8 feet and the slope of the pit sides is
3:1. The storage volume is determined by the length of the
pit sides. The dike around the pit is designed to be
9 feet long at the top, 3:1 side slcpes, and three feet above
the maximum water level of the pit. For the sake of having a
small surface area, a square shaped pit is adopted.

The general equation for the volume of the storage

facility is:

x=7%h (B, + 4B+ B) (11)
where
X = volume of the storage pit
h = height of the storage pit
B, = bottom surface area
B = top surface area
Bm = area éf a plane at % above the bottom

By substituting the specified design in this study,

Equation (11) takes the following form:

2

x=2 (L% +4 (L+24)%+ (L+48)2 (12)

oo

where

L = length of the bottom, feet
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VN <

Figure 7.

<

—T-

Configuration of Tailwater Recovery Pit.




Equation (12) can be expressed as:

L2 + 48L + (768 - 453.75X) = 0 (13)

where

X = volume of the storage pit, acre-inch

Solving Equation (13) for length L gives

L = =24 + v453.75X - 192 (14)
After adding the area of the dike, the total land area
required for the pit, and adjacent dikes become :

A(X) = (L + 48 + 54 )2 (15)

where

A(X) = total land area, square feet

Using Equation (14), the total area expressed as a

function of X is:

A(X) =5892 +453.75X +156v453,75X =192 (16)

Results and Discussion

The model requires daily climatoclecgical data as input.
Input for Garden City, Colby and Larned in Kansas, available
from the Kansas Agricultural Experiment Station Weather Data

Library, were used in the model. Initial computer runs
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indicated that the results for Colby and Garden City were
essentially the same. Succeeding analyses were limited to

Garden City and Larned.

Runoff Produced

The climatological data used in this study came from a
25-year period (1949-1973). The average annual precipitation
at Garden City, Kansas, was 18.61 inches. The average annual
runoff estimated from précipitation on irrigated land was
1.55 inches for Scil Type 5 and 2.7 inches for Soil Type 3.

At Larned, Kansas, average annual precipitation was 24.35
inches. Runoff of 2.47 inches was produced from precipitation
on Soil Type 5, and 4.13 inches of runoff was produced from
Soil Type 3.

For Soil Type 5, about 8.3 percent of the precipitation
was predicted to become runoff on irrigated land at Garden
City, while about 10 percent of the precipitation was
predicted to be runoff at Larned. Seven percent more precipi-
tation was predicted to be runoff at both stations for Soil
Type 3 than for Scil Type 5. A greater percentage of the
precipitation is expected to become runoff as the precipita-
tion increases,'and also for the soil with the lower infil-
tration rate.

When the model was tested with the case of zero irrigatiocn
rate and only one irrigation plot, it was equivalent to a dry

land area. Table 4 compares the runoff produced from irrigated
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areas and non-irrigated areas. More runoff was produced
from irrigated land than from non-irrigated land. Because
irrigation increases the moisture content of the soil, a

higher runoff curve number (N) will be selected.

Runoff Utilized

Table 5 lists the amount and percentage of runoff utilized
for various sizes of tailwater recovery systems for different
cases. Figures 8 and 9 show the major factor determining the
percentage of runoff utilized is the size of the pit. The
amount of runoff produced from precipitation is slightly
affected by the pit size. A larger pit allows more chances
to pump water as a kind of preirrigation during the non-grow=-
ing season, which raises the soil moisture content and runoff
curve number.

Generally speaking, when the pit size increases to 5V,
the amount of runoff utilized increases from 25 to 70 percent,
but the additional amount of runoff trapped by each succeeding
increment of pit size is reduced. This characteristic is
indicated by the curves in Figures 10 and 11.

The relationship between pit size and runoff utilized
was sought through simple linear, pcolynomial linear, and non-
linear regression models by the process of statistical
analysis. It was found that the data fit best on a second-

order regression model with a high multiple correlation
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coefficient (R squared) value and the smallest mean square
residual.

The runoff utilized equation was:

N 2
R, = By + ByX + BX (17)

where
Ru = total annual runoff utilized, acre-~inches
X = pit volume, acre-inches
BO' Bl,B2 =constants,; depending upon the climate and

soil type

Total Water Use

The total irrigation consists of the water pumped from
the pit and from the well, as shown on Table 6. At Garden
City, the average annual amount of irrigation water was 25.28
inches for Soil Type 5 and 27.07 inches for Soil Type 3. The
amount of runoff utilized was up to 7 percent of the total
amount of water used. At Larned, the total average annual
water use was 23.16 inches for Soil Type 5 and 25.26 inches
for Soil Type 3. The amount of runoff utilized was up to
11 percent of the amount of water needed for full irrigation.
Soil Type 3 always produces more runoff than Soil Type 5
because of its lower permeability.

The irrigation requirement was less at Larned than at
Garden City. The amount of rainfall at Larned was also higher

~than at Garden City, supplyving more water for the needs of
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the crop. This is also the reason that, althoﬁgh the per-
centage of runoff from precipitation was greater at Larned
than Garden City, the percentage of runoff utilized was
less at Larned.

The amount of ground watef pumped decreases when the amount
of runoff utilized increases. The relationship between water
pumped and pit size can be expressed best in a second-order

linear regression model gimilar to Equation (17), expressed as:

_ 2
G0 = BO + le + 82X (18)

=

where

Gp = total annual ground water pumped, acre-inches

The parameters are significant at 5 percent level. These

equations are listed in Table 7.

Performance of Tailwater Recovery System

The average annual storage equation for the pit can

be expressed as

I -0 = AS {19)

where

I = inflow

o
i

outflow

107 ]
]

storage
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The units are in volume. Inflow comprises the direct
precipitation received at the pit surface and runoff produced
from irrigated land. Outflow comprises runoff pumped,
evaporation, and discharge. As is always smaller than one
day's pumping capacity of the pit.

A comparison of the last columns in Tables 5 and 8
indicate that the percentage of runoff control was higher
than the percentage of runoff utilized. Although the surface
area of the pit increases as the size of the pit increases, the
additional direct precipitation is smaller than the additional
evaporation lost from the pit. Part of the profit is thereby
lost when a larger pit is used, and this affect has a tendency
to increase as the pit size increases.

Table 9, based on yearly averages, shows that precipi-
tation occurs as a few single events with relatively high
intensity, instead of an even distribution of occurrences,.
This is the reason why the increment of control percentage

improves gradually.

Percolation

The percolation for various stations and soil types is
shown on Table 10.

About 15 percent of the total water used becomes perco-
lation. Note that the model is set so that the lower zone
can hold only 90% of field capacity, but the irrigation
rate selected can f£ill the soil moisture content of both

zones to field capacity. The difference between this 10
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Table 10. Average Annual Percolation for Various Locations
and Soil Types (inches).

Pit Size Garden City Garden City Larned Larned
Soil Type 5 Soil Type 3 Soil Type 5 Soil Type 3

v 3436 3:73 3 #02 . 3udd
2V 3.43 3.85 317 3.36
Y 3.43 3.92 3.25 3.49
4v 3.42 4.00 333 361

5v 3.47 4.02 3.34 3.70
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percent of lower zone at field capacity and one day's actual
evapotranspiration will be percolated. However, from the
standpoint of leaching requirement, this amount of water is
required to keep a favorable salt balance for a permanently
irrigated field. This leaching requirement is defined as the
fraction of the irrigation water that must be leached through
the root zone to control soil salinity at a specified level.
For soils where there is no salinity problem, the irrigation
rate can be decreased so as to only fill the upper zcne to
field capacity and the lower zone to 90% of field capacity.
Percolation will then be reduced.

Since the irrigation rate used can f£ill the soil moisture
reservoir to field capacity, any rainfall occurring after
irrigation is expected to have higher percolation. Also
when the total water use increases with the increase of pit

size, more percolation is expected to occur.

Other Types of Soils

Comparison of rainfall runoff generated for different
soils showed that 70 percent more runoff is generated from
Soil Type 3 than Soil Type 5.

Soils are classified into twelve types according to
their characteristics as shown in Table 2. As the soil type
number decreases the permeability decreases, due to the

decrease in quantity of interconnected pores. Therefore,
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for locations with lower soil type numbers, the feasibility

of making larger tailwater recovery pits is expected to improve.

Water Conservation

In Western Kansas, ground water agquifiers are being
depleted faster than they are being replenished by local
recharge. Proper management of the limited water resources
must be made in order to maximize the value of the water and
prolong the life of the ground water supply.

The results showed that, in addition to the increase of
irrigation efficiency from 70 to 85 percent, a normal size
tailwater recovery pit can reduce by 2 to 5 percent the volume
of ground water needed for irrigation. For the best and wis-
est use of water, it might be necessary to enforce the
construction of regular tailwater recovery systems in areas
of limited water supplies.

The results also showed that, as a maximum estimate, 11
percent of the full irrigation water requirements could be
supplied by rainfall runoff (Larned, Soil Type 3). Therefore,
for locations with high precipitation and low soil intake
rates, strict regulations regarding the sizes of tailwater
recovery systems could prolong up to 10 percent of the possible

ground water life.
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Economic Analysis

Total Cost

In order to determine whether it 1s economically feasible
to build a large tailwater recovery pit to catch and utilize
runoff from precipitation, a study of the economic factors
is presented.

Normally, annual irrigation costs are separated into
fixed costs and operating costs. The total irrigation costs
for this system, including the well and the pit, can be

stated as:

T==(Fw-+PW)-+(Fp-+FE +FA-+PP) (20)
where

T = total costs of irrigation, §/vear
F, = fixed costs of well, pump, and power unit, $/year
P, = operating costs of water pumped from well, $/year
Fp = fixed costs of pump, power unit, and pipeline

for tailwater recovery system, $/year
FA = fixed costs of land (surface area of pit), §$/vear
FE = fixed costs of pit excavation, $/vear
Pp = operating costs of water pumped from pit, $/year

This analysis assumes that the tailwater recovery system

is already in place or would be constructed anyway.
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The fixed costs Fw for the well, pump, and power unit are
independent of the volume of water pumped annually and was

designated K Likewise, the fixed costs Fp for the pump,

0"
power unit, and pipeline for the tailwater recovery system
are independent of the volume of water pumped annually and
was designated Kl'

The amount of water pumped from the pit and from the
well can be expressed as a function of the storage veolume
of the pit R, and GP' For the consistency of the analysis,
the relationship between land area and pit volume is also
established in a second-order polynomial model similar to

Equation (17) by the Methcd of Statistical Analysis. The

equation obtained was:

A1|=0.300425 +0.019531X —0.000033}{2 (21}
. 2
(with R™ =0.999871)
where
A_. = land area, acres

L

The operating costs for pumping water consist of costs
for fuel, lubricating oil and grease, engine repairs, pump
repairs and attendance. The fuel consumption costs depend
upon the volume of water pumped, pumping lift, type of
energy source used, and fuel price. Table 11 shows the unit

fuel consumption required (F) for various energy sources.
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Table 11. Fuel Consumption by Indicated Irrigation Energy
Source. (Reproduced from Dickerson et. al., 1964)

Energy Source Units Consumed per acre-foot
per foot of lift

Diesel 0.12 to 0.16 gallcen
LP gas | 0.21 to 0.27 gallon
Natural gas 21 to 29 cubic feet
Gasoline 0.6l to 0.20 gallon

Electricity 1.55 to 1.92 kilowatt-hours
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The total costs of lubricating oil and grease are assumed as

a percentage N of the total fuel consumption costs. All the

rest of the terms, including annual engine repairs and annual

pump repairs and attendance, are approximated as M$ per acre-

foot of water pumped per foot of pumping lift. Therefore, the

operating costs of the pit are expressed as:

where

M

P, = (R,¥G,-P) 7 - HL(LH)F- CHI] (22)
total dynamic head of pit, feet

unit cost of fuel, $/gallon or $/kw-hr

percentage of irrigation water recovered, expressed

as a decimal

total annual runoff utilized, acre-inches

total annual ground water pumped, acre-inches

unit fuel consumption required per gallon or f£r3

or kw-hr/acre-foot/foot lift

ratio of total costs of lubricating o0il and grease to
the total fuel consumption costs, expressed as a decimal
costs of annual engine repairs and annual pump repairs

and attendance, $/acre-foot of water pumped/foot of

pumping lift

It should be kept in mind that the total amount of runcff

pumped from the tailwater recovery pit is the sum of the run-

off utilized from precipitation, and tailwater recovered

from irrigation. The volume of tailwater recovered is one of
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the following perceptages (P): 17%, 24%, 31% of irrigation
water, depending upon soil type.

The operating costs of the well can also be expressed as:

P =C ._.]...'...

- p 12 ~h-[(1 +N)F-C +M] (23)

where -

h = total dynamic head of well, feet

The fixed costs of land and excavation are represented

as:
Fy=hA *Cy I (24)
Fp=X 134.4 - Cp - CRF (253
where
CA = land cost per unit area, $/acre
I = interest, expressed as a decimal
Cq = excavation cost per unit volume, $/yard
CRF = capital recovery factor, expressed as a decimal
134.4 = coefficient for converting acre-inch to cubic

yard

By substituting Equations (22), {(23), (24), and {25)

into Equation (20), we obtain:
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L

‘13 +H « [(1l +N)F-C +M]

T = Ky +X; + (R, +Gp-p)

1
+Gp 13 h [(1L+N)F+C +M] +AL -cA =¥

+ X-134.4 -CE « CRF

1 . DY . .
T35 [{(L+N)F-C 4+M] [(Ru+Gp P) «H +c1p hl
+ AL'CA-I +X-134.4 -CE « CRF (26)

Equation (26) is a general form which 1s applicable to

any case occurring in the foreseeable future.

Optimum Tailwater Recovery Pit Size

In order to minimize the irrigation costs, the optimum

size of the tailwater recovery system should be determined.
Substituting the general forms F(X) =BO'+ElX +BZXZ

of Ru' Gp, A_ into Equation (26), we obtain

L

T = K. 4K, +-

« [(L+N)F-C +M] [ (B, +B X

0 1012 1R
+8. X%+ (B. .+ B, X+B. X*)P]-H
" ¥2R 0G 15 26 e
+ (6. . +B, X+ B X2%h+(B + B, ., X+ B K%C-I
0G 1.6 2G 0A 1A 22 A
+ X-134.4-CE-CRF (27

Differentiating with respect to X and equating to zero:
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1 .

i3 ° [{(L+N)F-C +MJ[(BlR +2BZRX + (BlG +282GX)P] -H
+ {BlG-f- 2B2GX) *h + (BlA +2B2AX) -CAoI

+ 134.4-CE.CRF= 0 (28)

from which

[(1 +N)F-C+M] [(BlR+BlGP) -H+BlG-h] +B1A-CA-I +134.4-CE-CRF

'h]—F2BZA-CA-I (29)

~laisty

[{(L+N)F.C+M] [ (ZBZR+2BEGP) «H 4+ EBZG

X is the critical point for minimizing total costs,

under the condition

2

o]

7 L

5 +C +I>0 (30)

[(L+N)F-C+M][(2B,_+2B -P)-H+2}32G-h]+252A A

2R 2G

&

The optimum size for any situation can be determined by
the above equation. If the optimum size X obtained is smaller
than 1V, we still choose 1V because it is the basic size of
the tailwater recovery system recuired to accomplish the reuse
of irrigatidn runcff. If the optimum size obtained is larger
than 5V, it needs further wverification since these equations
were derived within the 5V range. If the optimum size ob-
tained is not an integer, the management of the pump at the
pit should be modified by reducing the pumping.rate so that

the time needed to empty the pit is one or more full days.
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For instance, if the optimum size is 1.5V, thén a pumping
rate of 0.75V per day is chosen in order to use the full
design capacity.

The optimum tailwater recovery pit sizes for various
fuel types are summarized in Table 12. The construction
cost is $0.50 per cubic vard. Land cost is $800 per acre
at Garden City and $900 per acre at Larned. The capital
recovery factor is based on 8 percent interest and 25
year expected equipment life., We assume that N is 15%
of the total fuel, and M is 0.75¢ per acre-foot of water
pumped per foot of total dynamic head. Only when fuel
type is electricity; N and M are assumed to be 0 and 0.5¢
per acre-foot per foot of total dynamic head respectively.

Table 12 shows that at current fuel prices with the
wells up to 275 feet of total dynamic head, it is not economi-
cal to use a larger pit to utilize runoff from precipitation.
The amount of runoff available to be utilized is limited by
the nature of runoff. Even though the energy requirement
of pumping runoff from a pit is much less than pumping from
a well, the reduction of energy costs is not enough to
compensate for the extra costs of excavation and increased
land area.

As the price of fuel rises in the future, it might become

economical.- to have a larger pit to utilize rainfall runoff
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Table 12. Optimum Pit Sizes (acre-inches) for Variocus Well
Depths, Fuel Types, and Prices.

TDH of RPit = 25 feet

Garden City, Soil Type 5

Total Dynamic Fuel Price

Head of =~ - LP Gas $/qallon

Well . 0.35 0.70 1.05 1.40 o ry 2.10
75 feet 13 15* 13.18% 13.15* 13.,15%* 1.3. 15% V3. 0%
175 feet 13.156% 13:15% 29.45 41.79 49,19 54.12

275 feet 3. 15% 34.77 49.40 56.77 61.21 64.18

Total Dynamic Diesel $/gallon

Head of

Well .50 1.00 1.50 2.00 2.50 - 3.00
75 feet Ty in® 13.15% 135 8% 13; 158" T3.15% EML
175 feet 1'3.15% 13.15% 19.57 34.38 43.27 49.19

275 feet 13. 15 26.05° 43.53 52.35 57.66 61.21

Total Dynamic Electricity §/kw-hr

Head of

Well Q.03 0.06 Q.09 0.12 0,15 0.18
/5 feet 13.1h% 135 TE* 13.t8% 13: 8% T3: 5% 13.15%

175 feet 13.15* 14.158* 13.15* 13.15* 23.31 32.64

275 feet 13.15% 13.15* 2ds 08 37.42 45,75 571.30

Total Dynamic Natural Gas §$/MCF

Head of

Well 1.00 2.00 3.00 4.00 5.00 6.00
75 feet 13.1%* 13.1a% 13.15% 13.15*% 13.15% 13.15%

175 feet 13.15*% 13.15% 13.186*% 13,158% 12 .18% 13.715*

275 feet 13.15%* 13.15% 13:15* 13,15* 19.81 29.53

Garden City, Soil Type 3

Total Dynamic LP Gas S$/gallon

Head of Well 0.35 0.70 1.056 1.40Q0 1.75 2.10
75 feet 17.49%* 17.49% 17.48% 1/7.49* 17.49% 17.49*
175 feet 17.49%* 17.48% 25.04 43,23 54.08 6130

275 feet 17.49* 34.84 55.81 66.32 72.63 76.84

Total Oynamic Diesel S/gallon

Head of Well 0.50 1.00 1:580 2.00 2.50 3.00
75 feet 17.49* 17.49% 17.48%  17.49% 17.49% 17.49%
175 feet 17.49% 17.49%* 17.49*% 32.33 45.40 54.08

275 feet 17.49* 22.29 47.42 60.01 67.58 72.63

Total Dynamic Elactricity §/kw=-hr

Head of Well 0.03 0.06 0.09 0.12 0.15 0.18
75 feet 17.49%* 17.49%* 17.49% 17.469*% 17.49%* 17.49*
175 feet 17.493%* 17.49%* 17.49* 17.409* 17.49%* 29.75
275 feeat 17.49* 17.49* 18.68 38.66 50.59 58,53
Total Dynamic Natural Gas S/MCF

Head of Well 1.00 2.00 3.00 4.00 5.00 6.00
75 feet 17:49%* 17.49% 17.49*  17.46%* 17.49* 17.49
175 feet 17.49% 17.49* 17.49*  17.49%* 17.49* 17.49
275 feet 17.49* 17.49%* 17.49% 17.49* 17.49* 27,31
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Table 12 (Continued)

Larned, Soil Type 5
Total Dynamic

Fuel Price

Head of LP Gas $/gallon
Well 0,35 0,70 1.05 1.40 1.75 . 2.10
15 feet fa.15% 13,15%* 13.15% 13.15* 13, 15% 13.156%
175 feet 13.78"* 13.15% 18.16% ° 23,17 43.56 56.97
275 feet 13.15%* 13.156* 47.10 64.56 74.97 81.88
Total Dynamic -Diesel $/gallon
Head of Well 0.50 1.00 1.50 2.00 2.50 3.00
75 feet 13.15% i3.15% 13.15% 13.15%* 13.15*% 13.15%
175 feet 13.158% 13.15* 13. 15 13.15* 27.28 43,56
275 feet 13.15% 13.15*% 33.02 54,10 66.65 74.97
Total Dynamic Electricity S/kw=hr
Head of Well 0.03 0.06 0.09 0.12 0.15 0.18
75 feet 13, 15% 13.15* 13.15% 13,15% T3:15% 13.15*
175 feet 13, 15" 13.15% 13.75% 13.15%* T3, 156* 13.15%*
275 feet 13.15% 13.15* 13.15*% * 18,22 38, 36 51,6
Total Dynamic Natural Gas §/MCF
Head of Wel] 100 2.00 3.00 4.00 5.00 6.00
75 feet 13,15% 13.15% 13.15*% 13.15% 13.]15% 13.15%
175 feet 13.15*% 13.15* 13.15%* 13.15% 13.15% 13:.15%
275 feet 13.15*% }13,156%* 13.156* 13.15* 13.15% 13,15
Larned, Soil Type 3
Total Dynamic LP Gas S/gatlon
Head of Well .35 0.70 1.05 1.40 1.75 2,14
75 feet 17.46% 17.49% 17.49% 17.48%* 17.49% 27.16
175 feet 17.49* ¥l 32 49,26 58.29 63,72 67.35
275 feet 22.86 54.34 65.09 70.51 73.78 75.97
Tatal Dynamic Diesel $/gallon
Head of Well 0.50 1.00 180 2.00 2,50 3.00
75 feet 17.46% 17.49% 17.49~ 17.49= 17.49% 17.49*
175 feet 17.49%* 20.45 42.04 52.87 59,38 53,72
275 feet 17.49% 47.95 60.77 67.25 7117 73.78
Total Dynamic Electricity S/kw=hr
Head of Well 0.03 0.086 0.09 0.2 0.15 0.18
75 feet 17.49* 17.49* 17.,49% 17.49% 17.49%* 17.49*
175 feet 17.49%* 17.49* 17.49* . 34,52 44,77 51.59
275 feet 17.49* 25,81 46.13 6,24 62.40 66,446
Total Dynamic Matural Gas §/MCF
Head of Well 1.00 2,00 3.00 4.00 5.00 6.00
75 feet 17.49%* 17.,49%* 17.49~* 17.49%* 17.49%* 17.49%*
175 feet 17.49* 17.49%* 17.49%* 17.49* 17.49* 24.768
275 feet 17.49%* 17.49%* 17.49% 32.81 43,38 50.58
* Shows that the optimum size is smaller than 1V ~°
13.15 acre-inches or 17.49 acre-inches, depending

cn soil type.



(for a given depth of well). The higher the price of fuel,
the greater the possibility that it will be economical to

construct a pit larger than the normal size.
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CONCLUSICONS

The following conclusions are presented from the results

of this investigation:

l-

The amount of runoff produced from furrow irrigated
land is affected by the quantities of precipitation
and by the soil type. Due to the higher soil moisture
content of irrigated land, about 50 to 60 percent
more runoff 1s predicted for irrigated land than for
non-irrigated land.

The amount of runoff utilized mainly depends upon the
size of the pit. The runoff can be expressed by a
second-order pelynomial equation for values within

the test range. When the volume of the tailwater

pit increases to five times the normal éit volume,
about 70 percent of the runoff from precipitation can
be utilized.

Runoff from rainfall usually occurs as an event with

a relatively high volume of short duration, rather than
one that is evenly distributed in Western Kansas.
Therefore, the additional amount of runoff utilized

by each succeeding increment of size is reduced.

The. quantity of ground water supplied decreases when
the quantity of runoff pumped from the pit increases.

Nevertheless, total water use also increases when
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water is pumped from the pit during a non-growing
season.

According to the irrigation management scheme, perco-
lation accounts for about 15 percent of the total
irrigation water used. For a location without a
salinity problem, a smaller irrigation applicatioh
should be used to reduce the amount of percolation.
By proper management of normal size tailwater recovery
systems, about 25 percent of the runoff from precipi-
tation can be utilized. This additicnal benefit makes
the construction of typical recovery systems
attractive.

At present, it is not economical to build a larger
size pit to utilize runoff from precipitation. If

in the future, the price of fuel used, and the total
dynamic head of the well rise above a certain level,
it might become economical to construct a larger

pit to use runoff from precipitation.

From the standpoint of conserving water resources and
prolonging the life of ground water supplies, strict
regulations regarding the size of tailwater recovery
systems can be instigated without considering the
economic feasibility of a particular system. This
depends upon the decisions of the State Legislature

and the Diwvision of Water Resources.
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SUMMARY

Runoff from precipitation on furrow-irrigated land in
Western Kansas is considered as an alternative source of
irrigation water, in order to prolong the life of ground water
supplies.

A modified watershed simulation model was used to estimate
the amount of runoff generated from field-size furrow irri-
gated areas. The runoff was then routed through variocus sizes
of tallwater recovery pits to determine the amounts of runcoff
utilized, based on continuous pumping systems. Twenty-five
years of continuous records of climatological data were used
to simulate the long-time performance of the management and use
of this water resocurce.

The tailwater management model was tested for two locations
in Kansas, Garden City and Larned, for both Soil Type 3 and
Scil Type 5. The particular crop that was tested was corn.
About 10 percent of the annual precipitation is estimated
to become runoff from Soil Type 3, and 15 percent is expected
to become runoff from Soil Type 5. A greater percentage of
precipiﬁation is estimated to become runoff at Larned than at
Garden City.

Pit size is the main factor affecting the percentage of
runoff utilized. When the storage volume of the pit increases

to 5 times the normal tailwater pit size, about 70 percent of
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the runoff was utilized. This is up to 10 percent of the total
amount needed for full irrigation. However, the additional
amount of runoff trapped by each succeeding increment of pit
size 1s reduced, due to the nature of runoff.

The gquantity of ground water used decreases as the
guantity of runoff utilized increases. Both of these terms
can be expressed in a second-order polynomial equation of pit
gize {within the test range).

The sum of all the costs affecting the use of runoff
from precipitation were expressed as a function of pit size.
By differentiating this equation, the optimum pit size can be
obtained for varicus conditions. The factors that determine
the optimum pit size are the guantity of runoff available to
be utilized, pumping lifts of the well and the pit, type
of energy used, and energy price.

The results of this study show that it is not economical
to build a larger pit to utilize runoff from precipitation
on irrigated land at present. If the fuel price and
well pumping l1ift continue to rise in the future it might
become economically feasible to construct a larger pit to

utilize runoff from precipitation.
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SUGGESTIONS FOR FUTURE RESEARCH

The climate of Kansas varies widely from the semi-arid
west to the humid east. The amount and percentage of runoff
produced from precipitation, which is available for irri-
gation, is expected to increase from west to east. A similar
model is recommended to test the possibility of sizing a
larger storage facility to utilize the runoff from precipita-
tion in Eastern and Central Kansas.

It is also suggested to study the effects of various
irrigation managemenﬁs on the tailwater management model.

For instance, the application of irrigation water when the
root zone soil moisture is greater than 50 percentage

of field capacity might be tested. The applicatidh of a small
irrigation to £ill the soil moisture content to a moisture
content less than field capacity might also be tried. They
are expected to increase the amount of runoff and reduce the
amount of percolation.

A study to directly measure the quantity of runoff gener-
ated from irrigated land is recommended. Then the results

of this model can be verified.



67
REFERENCES

Bean, T.A. 1976. Continuous watershed model for ewvaluation
and design of feedlot runoff control systems. Unpublished
M.S. Thesis. Kansas State University Library. Manhattan,
Kansas.

Bondurant, J.A. 1969. Design of recirculating irrigation
systems. Transactions of the ASAE 12(2): 195-198.

Brill, G.D. and G.R. Blake. 1958. Residual effect of irri=-
gation on soil physical properties and on runoff.
Agronomy Journal 50: 615-621.

Davis, J.R. 1964. Design of irrigation tailwater systems.
Transactions of the ASAE 7(3): 336-338.

Dickerson, J.D., G.H. Larson, and J.W. Funk. 1964. Irriga-
tion water costs correlated with total pumping lift.
Kan. Agr. Exp. Sta., Engineering for Agricultural, Report
of Progress No. 93. :

Fischbach, P.E. and B.R. Scomerhalder. 1971. Efficiencies of
an automated surface irrigation system with and without
a runoff re-use system. Transactions of the ABAE
14(4): 717-719.

Hay, D.R. and D.L. Pope. 1977. Irrigation tailwater manage~
ment system. Xansas Cooperative Extension Service, I-3
revised.

Hay, D.R. and D.L. Pope. 1974. Groundwater management dis-
tricts in Kansas. Kansas Cooperative Extension Service,
C-495,

Kincaid, D.C. and N.P. Swanson. 1974, Rainfall runoff from
irrigation furrows. Transactions of the ASAE 17 (2):
340-341.

Koelliker, J.K. 1976. 8Sizing tailwater recovery systems to
utilize precipitation runoff. Paper No. MC76-201 presented
at 1976 Mid-Central Section of ASAE Meeting. St. Joseph,
Michigan. #

Koelliker, J.K., H.L. Manges, and R.I. Lipper. 1975. Modeling
the performance of feedlot-runoff-control facilities.
Transactions of the ASAE 18(6): 1118-1121.



68

Laflen, J.M. and I.L. Saveson. 1970. Surface runoff from
graded lands of low slopes. Transactions of the ASAE
13(3): 340-341.

Ohmes, F.E. and H.L. Manges. 1972, Estimating runoff from
furrow irrigation. Paper No. 72-229 presented at 1972
Symmer Meeting of ASAE. St. Joseph, Michigan.

Peterson, M.J. 1977. Application of a computer mcdel in
design Kansas feedlot waste control system. Unpublished
Master's Thesis. Kansas State University Library.
Manhattan, Kansas.

Pope, D.L. and A.D. Barefoct. 1973. Reuse of surface runoff
from furrow irrigation. Transactions of the ASAE 16(3):

1088-1091.

Stringham, G.E. and N.H. Hamed. 1975. Irrigation runoff in
the design of constant furrow discharge irrigation
systems. Transactions of the ASAE 18(1l): 79-84.

U.S.D.A, Soil Conservation. 1964, Hydrology, National
Engineering Hand Book, Section 4, pt. 1, Watershed Planning.

Washington, D.C.

Wilke, 0.C. 1973. Theoretical irrigation tailwater veolumes.
Journal of the Irrigation and Drainage Division ASCE

99 (IR3): 415~420.

Zovne, J.J., T.A. Bean, J.K. Koelliker, and J.A. Anchutz.
1977. Model to evaluate feedlot runoff control systems.
Journal of the Irrigation and Drainage Division, ASCE.
103 (IR1}): 79-92.



APPENDIX T

Computer Program Input/Output
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Input Data

CROP
HMAX
INDST
IRRATE
L
MONEND
MONST
NPLOTS

PSMN

PSUNS

PTLV

SOIL

TPAREA
WIND

YEND

¥YSTART

number corresponding to a specified crop
maximum pit height, feet

number corresponding to a specified station
depth of irrigation water applied, inches/time
pit length, feet

month growing season ends

month growing season starts

number of separate plots

irrigation management level, percentage of field
capacity

percentage of sunshine, %

percentage of runoff generated from irrigation, %
extra-terretrial solar radiation on a horizontal
surface, millimeters of water evaporated/day
mean relative humidity, %

side slope of pit, feet/foot

number corresponding to a specified soil

total irrigated area, acres

pit widtﬁ, feet

mean wind speed at 2 meters above the ground,
miles/day

year the data is ended for the computer test run

year the data is started for the computer test run



k%4

Output Form

The computer output consists of annual summaries for
each simulation year and a final summary for the total period.
An annual summary includes water accounts for both the
storage facility and the irrigated area. The water account
for runoff storage facility lists the monthly values of
precipitation, runoff, amount of runoff pumped, and amount of
runoff discharged. Following is a list of water balance for
the irrigated area which includes the yearly sum of ground
water pumped, interception, deep percolation and actual
evapotranspiration. At last, a final summary gives the
long term average of the meterologic data, pit operation
and irrigated land performance. These provide informaticn
on average annual runoff produced, average percentages of
runoff utilized and runoff controlled for each size of

systems, .. .etc.
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Computer Printouts for Tailwater Management Model
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ABSTRACT

~Runoff from precipitation on furrow irrigated land is
considered as an alternative source of irrigation water in
Western Kansas. This helps to prolong the life of ground
water supplies.

A continuous watershed simulation model was used to esti-
mate the amount of runoff generated from field-size furrow
irrigated areas. The runoff was then routed through various
sizes of taillwater recovery pits tb determine the amounts of
runoff utilized, based on continuocus pumping systems.

According to the results from Garden City and Larned for
both Soil Type 3 and Soil Type 5, it was found that a greater
percentage of precipitation is expected to become runoff as
the quantity of precipitation increases and the permeability
of the soil decreases.

Pit size is the main factor affecting the percentage of
runoff utilized. When the storage volume of the pit increases
to 5 times the normal tailwater recovery pit size, about 70
percent of the runoff from precipitation was utilized. This
is up to lO‘percent of the total water used for irrigation.

The quantity of ground water used decreases as the
quantity of runoff utilized increases. Both of these terms can

be 24pressed in a second-order polynomial equation.



The sum of all the costs affected by the use of runoff from
precipitation determines the optimum pit size. The factors
which determine the optimum pit size are quantity of runoff
available to be utilized, pumping lifts of well and pit, type
of fuel used, and fuel price.

The economic analysis showed that at present, it is not
economical to build a larger pit to use runoff from precipita-
tion on irrigated land. However, if the fuel price and well
pumping lift rise above a certain level, it might become
economically feasible to construct a larger pit to utilize

runoff from irrigated land in the future.



