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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.



