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CHAPTER I

INTRODUCTION

The boundary between sub-humid and sub-arid regions passes through
Kansas near the 100° meridian. The southeastern part of Kansas is in
the sub-humid region for which sufficient precipitation is received to
allow crop production to reach full potential under the gendition of
proper rainfall distribution over the growing season. However, uncertain
and poorly distributed vainfall is nearly always the case. Supplemental
irrigation has been practiced to ensure uniform maximum crop yields
because rainfall is inadequate in either amount or distribution, or
both, in most growing seasons.

Irrigation water may be taken from wells, streams, lakes or springs
and transferred to the point of application by pumping or by gravity.

In this region, the water source is often surface runoff from a small
watershed, while in Western Kansas, groundwater is used as the main
source for irrigation, If there 1s a suitable site on the farm, a
surface regservoir can be coastructed to store runoff for later use as
supplemental irrigation.

Supplemental irrigation systems have often been designed and oper-
ated without knowing the relifability of the system. An frrigation system
is restricted by various factors such as the site topography, climatol-
ogy, irrigable land area, watershed size, farm boundary, type of soil
and crop, and so on. A continuous watershed hydrologic yield model
originally developed by Zovne and Koelliker (1) and modified by Hayden
(2) can be used to study the site-specific performance of a supplemental

irrigation system. The model allows one to compute a2 continuous variation



of surface runoff, interception, actual evapotranspiration, soil
moisture, groundwater recharge, the flux of water to the pond, and
irrigation demand, by using meteorological data and some observations
on the soil and crop.

The purpose of this study is to examine the reliability of a pond
water supply for irrigation and the possibility of supplemental irri-
gation on a specified site. By means of a multi-purvose hydrologic
simulation model, the complex hydrologic interactions are analyzed.
The major considerations in design of a supplemental irrigation system
are runoff inputs to the pond, irrigation demands, and pond level
fluctuations. To study the hydrologic balance for a pond, the wari-
ability of surface runoff yields to the pond in response to precipita-
tion, and irrigation needs are examined, after overall hydrologic
characteristics of each component are cutlined as a result of a long-
term simulation (1948-1970). The reliability of the pond can, thereby,
be determined. The probability or risk of not enough water available
for this system can be predicted based on the pond level fluctuaticn
and irrigation demand,

In addition, a general method of crop management syatem sdaptable

to any typical cropping schedule for Southeasternm Kansas is designed,.



CHAPTER I
REVIEW OF KANSAS STATE UNIVERSITY
HYDROLOGIC YIELD MODEL (KSUHYDRO)
The objective of this chapter is to review the basic theory and
principles incorporated in each component of the hydrologic cycle
adopted in a continuous simulation model, which has been developed by

Zovne and Koelliker (1), and by Hayden (2).

Evapotranspiration

Transpiration is the loss of water from the stomatal openings in
the leaves of plants. When evaluating water loss from a vegetated
surface, it is always impossible to separate transpiration and soil
surface evaporation. These two mechanisms are combined and called
evapotranspiration, being synonymous with the term consumptive use fn
agronomy. The calculation of irrigation water requirement is based on
evapotranspiration both in the planning phase of a project and in the
control of water supply at the farm level.

When a vegetﬁted surface is losing water to the atmosphere at a
rate unlimited by source of water supply, it is called evapotranspira-
tion potential. If supply water is limited, actual evapotranspiration
may be less than the potential.

Several acceptable methods of computing potential and actual evapo-
transpiration have been developed and used. Bean (3) suggested using
the Penman formula for calculating evapotranspiration potential for
the simulation model. Penman (4) &eveloped his mathematical expression
predicting evapotranspiration from a vegetative cover by using energy

balance and mass transfer theory. The mathematical formula, known as



the Penman combination method, was calibrated by Bean and presented

as (1),
0.5673 .
PET = 0,039 Ta {(1-r) Ra (0.22 + 0.54 PSUNS) -

2.010 x 10”2 1% (0.98 - a - b /E5 % WD) x

0.673

(0.1 + 0.9 PSUNS)] + (1 -~ 0.039 Ta ) x

0.26 (e + 0,01 WWD)(ES - ES x RHD) (1)
where

PET = potential evapotranspiration, in inches

Ta = mean dailvy air temperature, in °F (Fahrenheit)

T = mean daily air temperature, in °K (Absclute)

r = reflectance coefficiant (albedo)
Ra = solar radiation, in mm of H70
PSUNS = percent sunshine, in percent

ES = gaturation vapor pressure of a water surface at
the Ta, in mb

a,b = empirical coefficients, which can vary zeographically

RHD = relative humidity, in percent

WVD = wind velocity, in miles/day

e = mass transfer coefficient

The reflectivity of a surface can be measured in the field with
an inverted pyrheliometer. Albedo varies with sun altitude and cloud
cover. However, in most studies, the albedo of water surface is
assumed to be constant of r = 0.05 which can obtain evapotranspiration
potential from free water surface, while the albedo for green crops
varies from 0.20 to 0.25. The geographic constants of ¢ and d can be

determined approximately by using the figure explained by Zovne and



Koelliker (1), and then can be calibrated so that they may reflect the
actual case of moisture deficit. Due to the lack of available data

on daily basis for che variables Ra, RHD, WVD, and PSUNS, mean monthly
values are used by interpolating data from nearby first order weather
station, while Ta and T are computed from the daily meteorological
records. The saturation vapor pressure of a water surface at the air

temperature can be obtained from Equation (2).

ES = 33.9 [(0.00738T + 0.8072)% - 0.0019 |1.8Ta + 48] +

0.001316] £23

where ES, T, and Ta were previously defined.

The actual evapotranspiration rate i3 governed by climate,
vegetation, and soill factors.

When moisture conditions in soil are suitable, the actual rate of
evapotranspiraticn is equal to the potential for either bare soil or
vegetated soil., The most common method to estimate actual evapotrans-
pirati&n ia through the calculation of potential evapotranspiration.
If there is enough water in the soil, the two cases are equal. Other-
wise, the potential rate is modified according to the amount of water
in the soil as following relatiomship (3},

AWy
AWC

AET = PET x f( - - weiee {3}

where
f = a certain function
AET = actual evapotranspiration
PET = potential evapotranspiratiocn
AW = the available so0il moisture

= (g0il moisture content - permanent wilting point)
x roct profile depth



AWC = available water capacity

= (field capacity - permanent wilting point)
x root profile depth |

The available soil moisture at any time is the amount of water
held at a moisture content above the permanent wilting point. The
avallable watar capacity is defined as the difference between field
capacity and permanent wilting point (6).

The actual rate of evapotranspiration for either bare or vegetated
soll is affected by soil and crop type. Ewvaporation from bare soil
differs in two stages (1). First stage evaporation occurs when the
soil {s sufficiently wet to readily transport water to the soll surface.
To estimate the first stage evaporation, Equation {1) iz used for the
bare soil conditlon with r equal to 0:20. When a threshold amount, U,
is reached, hydraulic properties of the soil begin to limit the evapor-
ation rate. The second stage evaporation from bare soil is computed

by following equation (4).

L 1
B o=c't? - ¢'(t-1)7 -~ (&)

Eg = s0il evaporation, in inches

1
= hydraulic coefficient of the soil, in inches/dayﬁ

'
i

time after the first stage evaporation, in days

The rate of evapotranspiration of a crop is dependent upon atmos-
pheric, plant, and soil factors. The atmospheric factors are incorpor-
ated in the computation of PET by the Penman method. A plant consumptive
use factor, K, by Blaney-Criddle method (7) is applied to the modifica-

tion of PET in accounting for a plant factor.



If a vegetated soil surface is considered, equation (5) is

uged to calculate evapotranspiration,

AET = PET x K x AW/0.,3 AWC e e e e e e (5)
where

AET, PET, AW, and AWC are previously defined,

K = crop consumptive use coefficient.

When the available soil moisture is greater than thirty percent
of the maximum available soil moisture, evapotranspiration will occur
at the maximum rate of the product of PET and crop consumptive use
factor, K. When the soill molsture f£alls below thirty percent of the
maximum available soil moisture, the actual evapotranspiration decreases
linearly from the maximum rate te zero at the permanent wilting point.

The crop ccefficients, K, in Equation (5) can be determined by
Blaney-Criddle method described in SCS, Technical Release No. 21 (7).
These crefficients incorporate Kt’ a climatic coefficient which is
. related to the mean air temperature (t) and Kc’ a coefficient reflecting
stage of crop growth. According to the procedure outlined in (7),
Zovne, et al. (1) developed a subrcutine_CROPCO to simply caiculate
crop coefficients as menthiv average values during the growing season.
Inputs to the subroutine are mean monthly air temperature, type of crop,
planting, and harvesting date.

The climatic coefficients are estimated by using mean monthly air
temperature. The growth stage coefficients are obtained from crop
growth stage curves illustrated in (7). However, these curves are in-
ternally programmed in the subroutine CROPCO by regression analysis.

Each curve has its oswn third or fourth order polynomial equation. The



crop coefficient (KCRCP) is finally generated by the product of K_
and Kc‘ When the soil lies fallow, or during the dormant season,

the K is8 zero.

Surface Runoff

For a given plot, surface runoff is calculated by the method

developed by the U.S. Soil Conservation Service (SCS)(8).

2

- G55
where

Q = surface runoff, in inches

P = precipitation, in inches

S = potential maximum difference between precipitation

and runcff, in inches

The initial abstraction, IA, consists of interception, infiltra-
tion, and surface detention. The empirical relationship 1s:

TA = 0,25 = - (7)

The unknown parameter S must be established from the soil-cover complex,
which relates antecedent moisture conditions, hydrologic soil groups,
land use, and conservation practices. For those soil-cover properties,
the curve number CN is obtained from Table I for Antecedent Moisture
Condition II (AMC II). The maximum potential difference, S, can be
evaluated by the equation,

1000

5 ik B - 8)

S =

where
S = maximum potential difference, Iin inches

CN = runoff curve number
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TABLE I SCS RUNOFF CURVE NUMBERS FOR AMC II

Soil Class Row Crops Alfalfa Wheat Pasture Fallow
v 1 86 83 84 80 84
2 86 83 84 80 84
3 82 78 81 74 78
4 82 78 81 74 78
5 75 65 73 61 69
6 75 69 73 61 69
7 75 69 73 61 h9
8 75 69 73 61 69
9 75 69 73 61 69
10 75 69 73 61 69
11 75 69 73 61 69
12 65 55 61 39 61

*AMC II - During the growing season, soil moisture in the top
1 ft is between 0.5 and 0.8 of field capacity, or for the
non—-growing season, 0.6 to 0.9 of field capacity.

AMC T occurs when soil moisturs less than 0.5(0.6) and
AMC ITII when soil moisture greater than 0.8(0.9).

** From BEAN(3)

%k :
TABLE II CROP CODES USED IN THE COMPUTER FPROGRAM

Crop Reference Number

Wheat

Grain Sorghum
Corn

Soybeans
Pasture
Alfalfa
Fallcow Soils

~Sd VWU B R

**%* From HAYDEN(2)
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F%
TABLE IIf IRRIGATION DESIGN CLASS DESCRIPTIONS FCR SOILS IN THE
DISPOSAL AREA (Kansas Irrigation Guide) (8)

Irri- Profile
4= o WA
SRESER.  RepEk Soil class description
soil in cm
class (£t)
1 a0 Deep soils with silt leam or silty clay loam surface
(3.0) lavers ancé slowly to very slowly permeable heavy clay
and claypan subseoils.
% 90 »  Deep soils with silty clay or clay textures through-
(3.0) out. Surface infiltration and subsoil permeability
are very slow when the soil is moist. Shrinkage from
drving causes extensive cracking, resulting in high
infiltration rates until swelling occurs.
3 i50 Deep soils with silt loam, loam, clay lcam, or silty
(5.0) clay loam surface layers and clay leam, silry clay
loam, or silcy clay subscils., Subsocoil prmeability is
slow to moderately slow. Shrinkage cracks resulting
from drying in the soils with more clayey subsoil
textures give a relatively high initial infiltratiom
rate.
4 75 Moderately deep soils with silt loam, clay locam, or
(2.53) silty clay loam surface layvers and clay loam or silty
clay subsoils with predominantly moderately slow per-
meability.
3 150 Deep soils with silt loam, loam, clay leam, or silcy
(5.0 clay loam surface layers and subsoils. Subscil per-
meability: moderate to moderately slow
6 g0 Moderately deep soils with silt loam or lcam surface
(3.0) lavers and leam, clay loam, or silty clay subscoils
with mcderate to moderately slow permeapility.
7 130 Deep seils with silt leam, leam or very fine sandy
(5.0} loam surface layers and moderately permeable, medium
textured subscils.
8 75 Moderately deep soils with silt clay leoam, loam or
(2.57 very fine sandy loam surface layers and moderately
permeable clay lecam, loam, or silt loam subscoils.
9 150 Deep s0ils with fine sandy loam and loam surface
(3.0) layers and subseils that have moderately rapid per-
meability. Available water capacity is moderate to
low.
10 150 Soils are moderately deep over sand with sandy loam
(5.0) to loam surface layers and moderately rapid to rapidly

ermezble subsoils with low available water capacity.
P ‘ P
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Irri- Profile

gaFlon QEPth Soil class description

soil in cm

cliass (ft)

11 150 Deep soils with loamy fine sand or loamy sand sur-
(5.0) face layers and moderately rapid to rapidly permeable

subsoils.

12 150 Deep rapidly permeable soils with sand or fine sand

(5.0) textures throughout.

*% FROM BEAN (3)
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For user convenience fnput CN'S shown in Table I are arranged by the
erop and soil types introduced in Table II and Table III, respectively.
The input CN is based on antecedent moisture condition (AMC Il) two.

The CN is modified for other molsture conditions (see footnete, Table I).

For AMC I,

CN, = CN x 0.39 x

(0.009 x CN)
1 € ’

(9)

and for the AMC III,

(-0.00653 x CN)

CN = CN x 1.95 x e - —— (%a)

111

Interception

All the precipitation does not reach the seil to supply plants or
generate surface runoff. A certain part of the precipitation is inter-
cepted by vegetation or other cover and is evaporated back to the atmos-
phere. The amount of interception depends on the nature of the surface
cover, the characteristics of the rainfall. Many different kinds of
interception measurement have been developed. However, for convenience
in computer simulation, Bean (3) suggested using an interception-storage
capacity of 2.54 mm (0.1 inch), which is evaporated at the free potential
rate. The maximum amount of water stored on the wetted surface of the
vegetation {s called interception storage capacity. The amount of iIn-
filtration into soil is assumed to be the remainder of the maximum

potential difference (5) which is not evaporated and intercepted.

Infiltration and Redistribution

Infiltration is the movement of watar into the soil. Infiltraticn
involves threz interdependent processes; entry through the soil surface,

storage within the soil, and transmission through the soil profile.
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Bean (3) aasumed that root zone is compesed of twe lavers; the
upper zone is 30 cm (one foot) thick and the lower zome is 90 cm
(three feet) thick, as shown in part (a) of Figure 1. Infiltrated
water would f111l each layer to ninety percent of maximum storage in
saturated condition and them any excess would be redistributed to the
next layer by gravitational force. Since field capacity is generally
defined to be a soil mecisture content evaluated two days after satura-
tion (9), the soll moisture of the upper zone is decreased to field
capacity in two days, redistributing the excess moisture to the lower
zone, Furthermore, if the soil moisture of the lower zone exceeds
field capacity, it is decreased to ninety percent cf field capacity
in two days and the excess is considered to percolate out of the root
zone, In this concept of moisture redistribution, the upward movement
of water was neglected, but reasonable estimates of vertical movement
of infiltrating water can be obtained.

Along with Bean's method, Hayden (2) developed another version of
soll moisture movement by using Darcy Equation for one-dimensional
flow.

q' = Kati - —- (10)

volume of water movement per unit area, in inches

~
]

hydraulic conductivity, in inches/day

At

time increment, in days

i = hydraulic gradient, in feet/feet
The hwdraulic conductivity, which can be evaluated from laboratory

test, is a function of the water coutent in the soil. The value of
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hydraulic conductivity 1s maximum pctential at saturation. As water
content in the soil decreases, its value decreases steeply.

The hydraulic gradient is the sum of the gravitational gradient
and the soil water potential,

Az + Ah
i = s e e e ——— s - (11)

where
Az = change in elevation, in feet
th = change in scil water potential over distance Az, in feet

i

hydrauliz gradient

For the do;nward movement of water in soil, the value of the soil water
potential is positive. Tor the upward movement of water flow, it is
negative.

To evaluate the redistribution of soil moisture using Darcy's
equation for one-dimensional flow, the root zone 1s divided into three
layers; the upper layer being 30 cm (1 foot) thick, the middle being
90 em (three feet) thick, the lower layer being 60 em (two feet)} thick.
Infiltration water fills each successive layer to field capacity, and
excess water, if any, eventually migrates out of root zone to ground-
water recharge at the unsaturated conductivity rate. The time increment,
At, is assumed to be equal to one day when no water infiltrates the soil

surface on a given dayv and equal to 1/6 day when an infiltration event

occurs.,

Irrigation Criteria

Irrigation from stcrage facility to an irrigation plot is not

allowed under the following conditions:
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1. When water stored in pond is less than one full day's

irrigation amount,

2., When the ground is frozen,

3, When the mean daily temperature is less than 0°C, and

4, When the upper zone soil moisture is greater than a

specified rercentage of available moisture capacity,
defined as the difference between the f£ield capacity
and the permanent wilting point.

The soil is considered to be frozen if the sum of the previous
two days average temperature is less than 64°F (0.0°C), while thawing
is assumed if the sum of the temperatures for any consecutive three
day period is greater than 114°F (10.0°C).

The percentage of available moisture capacity in the upper zone,
PAVLU, initiates an irrigation scheme, PAVLU can vary from zero, which
means a ''mon-irrigation' scheme. PAVLU = (0,90 tests an intensive Ilrri-
gation, while PAVLU = 0.50 tests a normal application of irrigation.

The application rate of irrigation water is arbitrarily determined
by the irrigation rate (DSRATE). It can vary from zero to a certain rate
not to cause direct surface runoff unless rainfall occurs on an irriga-
tion day. When DSRATE = 0, irrigation is not performed. Intake rate
family of the soil and pump sizes are important ccnsiderations in setting
DSRATE.

A watershed concerned can be divided up to nine sub-areas depending
upon crop and soil type, or irrigation implementation plan, After an
arbitrary number of plots are selected, an irrigation plan om each plot
is made. The order of application of water to each plot on an irriga-
tion day is automatically assigned by the loop mechanism in the program.

If 2 storage pond has a water volume less than a designated percent



L7

(PCVMAX) of the maximum capacity after the first-ordered field area
is irrigated, the second-ordered plot will not be irrigated.

It is more reasonable not to irrigates on a rainy day, but, by the
KSUHYDRO model, irrigacion may or may not occur depending upon the
amount of precipitation. If ome day has enough rainfall to meet the
fourth criteria for irrigation, water from the pond 1s not applied to
a plot. Otherwise, irrigation water is added to compensate for the

801l moisture deficit even on a rainy day.

Crop Management

Three schemes are used in crop management. The first is tc have
only one crop on each plot throughout the period, which 1s called con-
tinuous cropping. The second is to implement an annual crop/fallow
rotation, with fallow the first year followed ty a crop, or crop on the
first year followed by fallow. The third is a multiple cropping rotation
which allows three crops in two years and other very flexible options

as discussed in detail in Chapter III.

Storage Facility

A storage pond Iin the shape of an inverted frustrum of a pyramid
stores water from direct precipitation and from runoff, or optionally
from municipal waste water and other external sources. By specifying
the length, width, and side slope of the pond, the surface area can be
computed for any storage velume., The volumetric equation for a general

prismatiod is:

1
V=zh (B + 4Bm + B,) — e {123
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where
V = volume
h = depth
B1 = bottom surface area

Bm = area of a plane at h/2 above +he bottom

[»-]
]

top surface area.

Even if sesepage through the reservoir bottom is sugpected, a sealed or
zero exfiltration is assumed because of the difficulty in knowing seepage
rates. Outputs from the facility consist of irrigation, overflew, and

surface evaporatiomn.

Program Options

The KSUHYDRO model possesses multiple capabilities to simulate
actual field conditions. The model simulates climatological conditions
by using previously recorded daily precipitation and temperature patterns
for a specified location. In addition, the model can be used to predict
the effects of weather modification by cloud seeding. The modified
precipitation pattern is obtained from subroutine WIRMOD, which contains
four options designated variable name MODEL. When MCDEL is equal to 1,
there will be no modification of the precipitation data. When MODEL is
equal to 2, the 'B-Zero' modification is implemented. When MODEL = 3 ig
used, rainfall is increased by any specified percentage represented by
variable name WPCNT. The integer 4, indicates the implementation of
the 'B-Zero' modified alteration scheme.

Not only variations in terms of area, soil and crop type for each

irrigation plot, hut capability of vielding runoff to the storage
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facility and an irrigation plan can alaoc be incorporated in the program.

Each plot can be characterized under the following three conditioms:

1.

2.

A plot which vields runoff as inflow to the storage
facility and on. which irrigation 1Is not implemented,

A plot which yields runoff as inflow to the storage
facility and on-which Irrigation is Implemented, and

A plot on which only irrigation is implemented, without
runoff yield to the pond.

The model can also be used for the study of feedlot runoff and/or

munlicipal waste water control. The wvariable BYPASS éestablishes feedlot

runoff and/or municipal waste as a source of inflow to the facility.

BYPASS is represented by the integer 1,2,3, or 4 with each integer

establishing the following options:

BYPASS = 1; no feedlot runoff nof municipal waste,
BYPASS = 2; feedlot runoff,
BYPASS = 3; municipal waste, and

BYPASS = 4; both feedlot runoff and municipal waste.

When DARCEQ is equal to 1, the redistribution of socil moisture

within the soil proiile is evaluated by the Darcy equation for ome-

dimensional unsaturated flow. When DARCEQ is equal to 2, soil moigture

redlstribution is analyzed by the simplified method described previously.



CHAPTER ITI

DEVELOPMENT OF CROP MANAGEMENT FUNCTIONS

This chapter provides a descriptive account of the development of
a flexible technique for crop manasgement which allows multipie crop
rotations with single or double cropping for use in KSUHYDRO. This
was the major objective of this research.

To be able to simulate prevailing irrigation field plot operations,
and to examine a number of crop management alternatives for an indiv-
idual farmer, a very flexible crop management plan is required in
KSUHYDRO. Seven crops can be selected in the continuous simulation
model and various combinations of these crops can be used corresponding
to the crop management of fnterest.

Due to the variability in climate and soils in eastern Kansas, a
variety of cropping practices exist, although generally restricted to
one crop per year in dryland operations. However, it is possible for
farmers to adopt double cropping operations to obtain a greater return
from their investment with irrigation.

For the single-cropping management, a specified crop fer every year
is practiced on a farm field, depending upon crep rotaticn plan, which
mav be continvously same crop, biennially two different crops, three
different crops, or up to seven different types as already defined in
KSUHYDRO. 1In addition to that, more flexible crop rotation combinations
can be made: for example,

1. One crop in the first year, another crop for the next two
years, with this sequence repeated throughout the simulation,
and

2. Two different crops for two years, followed by fallow, followed

by two different crops for two vears, with this five-vyear
sequence repeated throughout the simulation.
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For the dcuble-cropping management, only wheat can be selected as
a winter crop, which can be combinesd with some crops chosen from the
summey row crop group to make the double-cropping concept., The wheat
crop as a counterpart to any summer crop is usually rotated with fallow,
so this flexibility is needed in the program.

A subroutine ROTATN for crop scheduling is developed with these
concepts in mind. Its generalized flow chart is illustrated in Figure
2. The purpose of this subroutine is to provide much more flexihility
in simulating supplemental irrigation systems. Subroutine ROTATN is
optional if the programmer desires this flexibility. TFirstly, a water-
shed is divided into several irrigation or runoff plots, currently
dimensioned up to nine, and then crop management on each area is
scheduled., Various rotation patterns can be decided by the wvariabla
name RCYCLE, Since seven kinds of crops, including fallow, are incor-
porated, it is capable of defining rotation schedules having up to seven
different crops. For instance, by specifying the value of RCYCLE equal
to seven, and arranging the sequence of crops in the following way;
corn - corn ~ corn - sovybeans - soybeans - soybeans - soybeans, this
rotation would be repeated every seven years. Likewise, any irregular
combination of less than seven vears can be made, such as corn - soybeans -
soybeans - corn - sorghum - corn - sorghum. Following the specification
of rotation cycle RCYCLE on an area, the variable name DOUBLE provides
for double-cropping. The term of double-cropping is typically character-
ized by a winter wheat-fallow rotation combined with a summer crop
rotation. When an irrigation area 1s to be double-cropped, the name
IFALWT specifies whether the simulaticn starts with a fallow term in

January of the first year, or begins with winter wheat. To avold some
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inconvenience in using the computer program, the area, soil type, and
irrigation implementation plan for each irrigation area can also be read
in the subroutine ROTATN rather than in the main program. Top type,
planting month and day, and harvesting =month and day are represented
by NRCROP, MGSBP, DGSBP, MGSEP, and DGSEP, respectively. The planting
and harvesting dates and monthly average temperature data are used to
evaluate the monthly average crop coefficlents necessary in the esti-
mation of the evapotranspiration om the irrigation or runoff plot under
consideration.

In addition to those irrigation management c¢riteria mentioned in
the previous chapter, an irrigation plot should not be irrigated in the
dormant seascn. This season is therefore defined as one with zero

value of crop coefficients.
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CHAPTER IV

CASE STUDY FOR FELT FARM

A continuous simulation model has been developed by Zovne, at al.
(1), to provide a means of designing various disposal control facilities.
This model is easily adapted to small watersheds for the particular
soil, climate and farm management operations that exist at that loca-
tion., The computer program, KSUHYDRO, is composed of the main program
and several subroutines which have various options as can be seen in
Appendix (I). Hayden (2) made a detailed description of program usage
and on the properties of each subroutine. From the generalized flow
chart on KSUHYDRO illugtrated in Appendix {I), the characteristics of
the program can be found.

Guideline for input data necessary to handle this multi-purposed
hydrologic yield model 1s prepared in Appendix (II), and definitions of
the variable names used in the program are arranged in alphabetical
order in Appendix (III), so as to be helpful to quickly understand the
program,

The main function of KSUHYDRO is to optimize the size of a surface
storage facility of a supplemental irrigation or land treatment system
which regulates various water sources of precipitation, feedlot input,
runoff from a watershed, municipal waste water, and external water
supply. It can be used to test the dependable supply of water by
examining interaction of components Iin the aystem. Accordingly,
possibility of water catchment from a specific watershed to mset a
supplemental irrigation requirzment can be studied by means of the

KSUHYDRO .
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In this chapter, the data required to run KSUFYDRO is discussed
in order to simulate the operation of Ronnie Felt's farm in Eourbon

County, Kansas.

Climatological Data

The sub-humid, continental climate of Bourbon County (94°59'W,
37°51'N) is characterized by abundant prescipitation, warm to hot summers,
generally mild winters, moderate to high humidity, light to moderate
winds, and low annual snowfall (10)}.

The selected experimental farm is about 10 miles to the north of
Uniontown located in the center cf this County. Since this specific
location does not have good meteorological data, Fort Scott, the county
seat, 1s chosen as a representative place to cbtain daily precipitation,
and maximum and minimum daily air temperatures, which can be secured
from tapes provided by the National Weather Service Climatic Center
in Asheville, North Carolina.

As directed in (1), the 12 monthlv values of relative humidity
(RHD), percent sunshine (PSUNS), wind velocity (WIND), and mean air
temperature (MMAT) are obtained from published records (11). These
are necessarily estimated through interpolation by using the records
of Topeka and Springfield, the nearest first-order weacher statioms
whose values are avallable ir (11). The interpolated data ars shown
in Table IV,

Moisture deficit (MD) is defined as the long—term average annual
lake evaporation minus the long-term average precipitation. The MD
can be computed using charts or figures provided by the U.S. Weather
Bureau. This value can be used to select tentative values of geograph-

ical coefficients, ¢ and d, for the Penman Combination Equatiom, by
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TARLE TV  MONTHLY CTLIMATOLAGTCAL DATA

Station : Fort Scott

L=37"51N
Month  Percent  Wind Relative  Mean Monthly Selar
Sunshine Velocity Humidity  Air Temp. Radiation
in km/h in °C
(%) (mph) (%) ("F) (mmH,,0/day)
PSUNS WIND RHD MMAT RA
Jan. 50 19.0 17 =03 6.54
(11.8) (31.4)
Feb. 54 19.2 78 1.9 8.77
(11.9) {35.5)
Mar. 56 21.7 78 &3 11.37
(13.5) (43.4)
Apr. 57 212 e 12.38 14.09
(13.2) (55.1)
May. 60 18.3 84 17.9 15.92
(11.4) (64.2) '
Jun. 65 177 86 2343 16.66
(11..0} (74.0)
Jul. 66 15.0 87 26.1 16.28
o (9.3) (79.0)
Aug. 70 5.1 87 25.4 14.91
( 9.4) (77.8)
Sep. 72 16.3 86 21.0 12.48
(10.1) (69.8)
Oct. 67 17.1 82 14.9 9,73
(10.6) (58.9)
Nov. 57 18.8 80 6.6 T2l
(11.7) {43.9)
Dec. 51 18.8 79 15 6.02
(11.7) (34.7)

* PSUNS,WIND,RHD,MMAT - Obtained from Climates of the States,
Vol. 2, Water Information Center, Inc. Port Washingten, N.Y.,1974

%% RA - Irrigation Principles and Practices, C.W.Israelson and V.E.
Hansen, John Wiley and Sons, Inc. , N.Y., 1962
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using Figure 3 in Zovne (l1). After running the program several times,

the values ¢ and d are adjusted slightly so that the average annual

lake evaporation for the simulation period corresponds to the published
value. An increase in ¢ of 0.01 results in a 25.4% 6.4 mm (1.0% 0.25 in.)
increase in lake evaporation while an increase in d of 0.001 results in
an increase of 10.2+ 2.5 mm (0.4* 0.1 in.) (1). For the Fort Scott
location the moisture defilcit is found to be 177.8 mm (7 inches) using
the evaporation charts (12) and (11). The geographic coefficients

eventually result in ¢ = 0.64 and d = 0.04.

Data for Soils

The drainage area of interest has gently rolling topography like
the prairie soils regions. They are characterized by a dark colored
silty loam to silty clay loam A herizon, a heavy silty clay loam B1
horizon, and a BZ horizon which {3 very high in clay content and forms
a layer which is very slowly permeable. The experimental site is con-
tained in the series of claypan soils prevailing from northeastern to
southwestern part of Missouri (13).

The claypan scils have a moderate available moisture halding capa-
city and crop yields are often low in seasons of deficient rainfall.
Also, claypan soils can cause the problems of excess moilsture, and
relatively greater runoff during the rainy season. The soil types are
generally classified by the Soil Conservation Service as having land
capability units II or III, which means that seills have moderate or
severe limitations that reduce the choice of plants or require moderate
or special conservation practices so as to be quite productive (10).

It is difficult to select a typical soil type which can be repre-

sentative for a watershed area. The total drainage area in question,
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including the pond, covers 166 hectares (410 acres) excluding 34.4
irrigated hectares (85 acres) which do not drain back into the pond.
The drainage area of concern is broken down in Table V according to

the area and the soil series located in Figure 3. Takle V indicates
that more than half of the drainage area consists of D hydrologic soil
group, while a quarter of the total area is C group and another quarter
B group. In other words, most of the area is composed of soil type 1
as defined in Kansas Irvigation Guide (8). Even though watershed
should be subdivided according to various types of soil, it is more
convenient to use a prevailing type throughout the area. Thus, soil

type 1 1s used in the program.

Crop Management and Irrigation Practice

The watershed area is subdivided inte 6 plots according to varicus
cropping and irrigation practices. Crops commonly grown in the county
are corn, wheat, sovbeans, and‘alfalfa‘ Sorghums are grown both for
ensilage and for grain. The cropping plans in Table VI for the plots
shown in Figure 3 were made simply on the basis of the owner's intenticn.
It is not common to practice double~cropping in this area, but for plot
1 double-cropping is managed Iin order to get early return on the in-
vestment in irrigation faecilities, The corn crop is planted in April
of the first simulation vear. Winter wheat {3 planted immediately
following the corn crop which is harvested the next summer, After
wheat harvest, soybeans are planted, followed by a fallow term during
the winter season. On finishing one cycle of rotation, corn is planted
again. Care should be taken in selecting proper planting and harvesting

dates for a preceding crop and for a following crop on a plo:f, in order
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not to have them overlapped. Planting and harvesting dates for the
crops are given in Table VII. On the plots except plot 1, a single-
cropping is practiced with only plot 2 crop-rotated.

The irrigation plan for each plot is illustrated in Table VI, A
watershed area of 410 acres contributes runoff to the storage pond
corresponding to plots 2-6 on Figure 3 and Table VI. Irrigation water
from the pond is applied to the area of 58.7 hectares {145 acres)
(plots 1-3) at a specified rate depending upon the previously described
irrigation criteria. When the pond storage on a day is less than 5
percent of its maximum storage capacity (PCVMAX = 0.05), when the upper
zone soil moisture is greater than 50 percent of maximum available
moisture (PAVLDU = 0,5), or when the temperature is below freezing,

irrigation is not allowed.

Study of Storage Facility

Although the water sources for a pond can be direct rainfall on the
gurface area, inflow from municipal disposal, feedlot runoff, and surface
runoff from the drainage area, only precipitation and runoff are con-
sidered as water sources for storage.

Information on the small farm reservoir was secured from Agricultural
Engineering Associates, Inc., Uniontown, Kansas, which participated in
construction in 1976. Figure 4 shows the relationships of volume-depth
and area-depth for this reservoilr.

In order to obtain pond parameters readily adaptable to the computer
program, the irregular shape of reservoir was modified to the shape of
an inverted prismatiod with the surface area and the volume at each

level of depth reflecting actual conditions as far as possible. It is
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necessary to adjust actual dimensions for each reservoir to make use of
the pond facility scheme already programmed in KSUHYDRO whenever a case
study on a specific site is pursued,

The desired dimensions were selected by a trial and error method
to minimize area-depth and volume-depth differences between the actual
and simulated pond. The dimensions of base width W = 19.5 meters
(65 £ft.), base length, L = 19.5 meters (65 ft.), side slope, S = 30,
and maximum height, HMAX = 4,2 meters (14 ft.) resulted in the corre-
spondence shown in Figure 4. The maximum surface area is reduced from
an actual value of 9,27 hectares (22.91 acres) to 7.6l hectares (18.81
acres) in the model, while the maximum volume increases from an actual
value of 11.42 ha-m (92.6 acre-ft) to 11.55 ha-m (94.5 acre-ft) in the
model. Accordingly, it can be supposed that the reduction of maximum
gurface area causes relatively a small decrease in evaporation loss
from the surface because of the small moisture deficit in the area.

The outputs from storage reservoir that are taken Into account are
overflows over spillway, evaporation, frrigation to the disposal area,
and seepage. The last factor, seepage, is difficult to estimate because
the storage-depth relationship is unique for each reservoir. Under
assumption that the reservoir was well-constructed by sealing pond
bottom with highly impermeable material like bentonite, zero seepage

was considered in this study.
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CHAPTER V

RESULTS AND DIECUSSTION

The capability of a farm irrigation supply pond may be restricted
by various factors, such as meteorology, the site topography, the size
of the irrigable crop land, the drainage area size, vegetation, and
so forth., Observations on Felt's farm were made for a 23-year simula-
tion period (1948-1970). This chapter presents the results cbtained
from this simulation. Hydrologic simulation is a tool that can be used
to manage or predict water budget between the income of water from
precipitation, and snowmelt and the outflow of water by evaporatiom,
transpiration, irrigation withdrawal, groundwater recharge, and stream-
flow. Water balance calculations are made on long-term—average climatic
data to obtain an approximate picture of the seasonal or annual trend
of hydrologiec characteristics.

The possibility of supplemental irrigation in Southeastern Kansas,
the main point of this study, was examined under three different con-
ditions with varying irrigation rates of 0.00, 6.35 (0.25), and 12.7
mm/day (0.50 inchea/dav).

In the first part of this chapter, general hydrologic aspects of
each irrigation rate are discussed, and then an interpretation on irriga-

tion demand is made combined with reservoir water budget.

GENERAL HYDROLOGY

The purpose of irrigation may be to increase crop yield by supple-
menting rainfall. Irrigation is an artificial method to overccme
deficiencies in the natural rainfall pattern., These deficlencies may

stem from lack of precipitation, or for other factors related with
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Station : Fort Scott Simulation Period : 1948-1970
Critical Event : 168 mm (6.6 inches) PAVLU : 0.5
Soil Type : 1
Irrigation Rate:$.35 mm (0.25 inches/day)
Precipitation in mm/vr (in/vyr) 977  (38.45)
High 1533 (60.36)
Low 669 (26.35)
Moisture Deficit in mm/yr (in/yr) 174 (5.86)
Lake Evaporation in mm/yr (in/yr) 1151  (45.3D)
Maximum Pond Depth in meters (ft) 4.2 (14)

Maximum Pond Volume in ha-m (ac~-in)

11.66 (1133.98)

Pond Dimensions in meters (ft)

19.5 ¥ 19.5 (65X65)

Mk

Direct Receiving Area in ha (ac) 7.6 (18.8)
Minimum Pond Depth in meters (ft) 117 €3.91)
Pond Discharges--No. of Years 23
Total No. of Discharges 668
Total Discharge in ha-m {ac-in) | 797 (77542.63)
Plots
1 2 3 4 5 6

Crop C-W-B C-§ B P C 5
Area in hectares 4.4 12.1 12.1 76.9 48.6 16.2

(acres) (85) (30) (30) (190) ((120) (40)
Irrigation in cm/yr 12.6 16.1 4.3 B 0 0

(in/yr) (4.95) | (6.32)](1.68)
Runoff in cm/yr 29.6 32.6 32.8 19.6 | 28.8 30.8

(in/yr) (11.66) [(12.82)((12.92) | (7.73) (11.34)!(12412)
Percolation in cm/yr 2.7 3.5 3.4 4.0 2.0 3.5

(in/yr) (1.06) | (1.37)|(1.32) (1.59)| (0.80) |(1.37)
Evapotranspiration 56.6 53.1 47.0 56.4 49.5 46.1
in cm/yr (in/yr) (22.28) [(21.68) | (18.49) [(22.27)| (19.48) | (18.14)
Interception in cm/yr 21.5 22.7 18.9 17.5 17.5 17.5

(in/yx) (8.45) | (8.95)| (7.44)| (6.88) (6.88) |(6.88)
Change in Soil moisture | -0.15 -0.13 | -0.13 | -0.10|=-0.13 |=-0.15
in em/vyr {(in/vyr) (-0.06) {(=0.05) | (=0.05) [(~0.03)] (-0.05)|(-0.06)
No. of Irrigation Days 19.8 25.3 6.7 - = &

%% (-Corn, W-Wheat, S-Sorghum, B-Soybeans, P-Pasture, ¥-Fallow
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TABLE VIII SUMMARY OF LONG-TERM SIMIILATION RESULTS (b)
Station : Fort Scott Simulation Period : 1848-1970
Critical Event : 168 mm (%.6 inches) PAVLU : 0.5
Soil Type : 1
Irrigation Rate: 2.7 mm (0.30 inches/day)

Precipitation in mm/vr (in/yr) 977 (38.453)
High 1333 (60.36)
Low 669 (26.35)
Moisture Deficit in mm/yr (in/yr) 174 (6.86)
Lake Evaporation in mm/yr (in/yr) 1151 (45.31)
Maximum Pond Depth in meters (ft) 4.2 (14)

Maximum Poud Volume in ha-m (ac-in) 11.66 (1133.98)

Pond Dimensions in meters (ft)

19.5 X 19.5 (85%65)

Direct Recaiving Area in ha (ac) 7.6 (18.8)
Minimum Pond Depth in meters (ft) 1.12 (3.73)
Pond Discharges--No. of Years ' 23
Total No. of Discharges 678
Total Discharge in ha-m (ac-in)| 810 (78846.94)
Plots
1 2 ¥ 4 5 6
"Crop C-W-B C~-5 B P C S e %
Area in hectares 4.4 12.1 12.1 76.9 48.6 16.2
(acres) (85) | (30) {(30) [(190) [(120)  |(40)
Irrigation in cm/yr 11,7 14.1 4.2 0 0 0
(in/yr) (4.60) | (5.55)| (1.65)
Runoff in cm/vyr 30.4 313.3 33.3 19.6 | 28.8 30.8
(in/yr) (11.98) [(13.11) ;(13.12) | (7.73) (11.34)|(12.12}
Percolation in cm/yr 2.7 3.5 3.3 4.0 D) 3.5
(in/yx) {1.05) | (1.39) ] (1.30) | (1.39) (0.80) |(1.37)
Evapotranspiration . 57.0 55.0 47,1 56.6 49.5 46.1
in cm/yr (in/yr) (22.45) [(21.76) |[(18.56) [(22.27) (19.48) | (18.14)
Intercepticn in ecm/yr 19,3 19.6 18.2 17.5 17.5 17.5
(in/yr) (7.61) | (7.78) | (7.15) | (6.88)| (6.88) |(5.88)
Change in Soil moisture | -0.13 | -0.13 | -0.13 -0.16 | -0.13 {-0.15
in cm/yr (in/vyr) (=0.05) {(~0.05) |(~0.05) |(=0.03)| (-0.05){ (~0.06)
No. of Irrigation Days 9.2 1.1 3.3 - - -

** C-Corn, W-Wheat, S-Sorghum, B-Soybeans, P-Pasturs, F-Fallow
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TABLE VIII SUMMARY OF LONG-TERM SIMULATION RESULTS (¢)
Station : Fort Scott Simulation Period : 1948-1970
Critical Event : 168 mm (6.6 inches) PAVLU : 0.5
Soil Type : 1
Irrigation Rate : 0 mm ( 0O inches/day)

Precipitation in mm/yr (in/vyr) 977  (38.45)
High 1533 (60.36)
Low 669 (26.35)
Moisture Deficit in mm/yr (in/yr) 174 (6.86)
Lake Evaporation in mm/yr (in/yr) 1151 (45.31)
Maximum Pond Depth in meters (ft) 4.2 {14)

Maximum Pond Velume in ha-m {(ac-in)

11.66 (1133.98)

Pond Dimensions in meters (ft)

19.5 X 19.5 (65X65)

tk &

Direct Receiving Area in ha (ac) 7.6 (18.8)
Minimum Pond Depth in meters (ft)
Pond Discharges--No. of Years 23
Total No. of Discharges 776
Total Discharge in ha-m (ac-in) 919 (89394.5)
Plots
1 2 3: 4 5 [ 6
Crop C-W-B | C-S B P c 5
Area in hectares 34.4 12.1 12,1 76.9 48.6 16.2
(acras) (85) (30) (30 (190) |(120) (40)

Irrigation in §m/yf 0 5 0 3 . 5

(in/vyr)
Runoff in cm/yr 27.0 29.6 31.5 15.6 28.8 30.8

{(in/vyT) (10.633 [(11.66) {(12.41) | (7.73) (11.34)!(12.12)
Percolation in em/yr 2.5 3,3 3,1 4.0 2.0 3.5

(in/yr) (0,98)| (1.28)| 1,23y | (1.59) (0.80) |(1.37)
Evapatranspiration 50,9 } 47 .4 45,7 56.6 49.5 46.1
in cm/yr (in/yr) (20.02) [(18,68) ! (17,98) |(22.27)) (19.48)|(18.14}
Interception in cm/yr 17.5 17.5 17.5 17.5 | 17.5 17.5

(in/yr) (6.88) | (6.88)| (6.88) | (6.88)| (6.88) |(6.88)
Change in Soil moisture| -0.13 | -0.13 | -0.13 -0.10 | -0.13 [-0.15
in cm/yr (in/yr) (~0,06) | (~0.05) | (~0,05) (-0.03)) (-0.05) (-0.06)
No. of Irrigation Days 0 0 0 = - =

%% C-Corn, W-Wheat,

S-Sorghum, B-Soybeans, P-Pasture, F-Fallow
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natural crop growth which requires more water than naturally provided.
The character of each component of hydrologic cycle at a location
should be examined in order to plan Intelligently for the use of the
avajlable water.

The long-term average hydrologic hbudgets for each irrigation rate
are tabulated in Table VIII (a-c)}. Table VIII briefly cutlines pond

operations, crop, plot hydrology, and precipitation characteristics,

Precipitation

The sub~humid region is normally considered to receilve sufficient
rainfall resulting from the interaction of warm and cold air masses,
The maln source of precipitation is affected by the Gulf of Mexico for
’this region (11).

The annual rainfall totals at Fort Scott ranged firom 669 mm
(26.35 inches) to 1533 mm (60.36 inches) during the simulation periad
(1948-1970). As can be seen in Figure 5, the droughts of 1852, 1953,
1963 and 1966 were recorded, and the average annual precipitation was
977 mm (38.45 inches). The annual precipitation data were arrayed and
plotted, using normal probability distribution. The ordinate of
Figure 6 is the ratio of the observed value divided by the mean value
for the simulation period and the abscissa is probability, as defined
by the equation m/{(n+l), where "m" is the order number or rank of the
plotted point with the largest value having m = 1, and "n'" is the total
number of points in the array (14). The 80 percent chance of rainfall,
i.e., once in 5 years, is 762 mm (30 inches) by Figure 6,

Distribution of rainfall through the year favors ecrop production,

with an average of 75 percent of the total annual rainfall occurring
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in the growing season of April to September. May and June were the
months of greatest rain, while a noticeable decrease in the average
rainfall occurs in July and to a greater extent in August. An increase
oceurs again in September, as shown In Figure 7 and Figure 8. The re-
duction in the amount of rainfall in August may be critical for some

crop such as corn.

Runoff

it is evident that more rainfall causes more runoff which can be
a major source to fill the reservelr. The response of runacff to annual
precipitation 1s explained in z simple linear regression equation in
Figure 9. A map of annual average runoff yield for Kansas was developed
by Kansas Water Resources Board (15) based on 1920-1956 records. The
runoff by this map is 277 mm (10.9 inches) in the southeast. The
average value of 250 mm (9.84 inches) under the conditiom of dryland
cultivation in Figure 9, may reasonably approximate the estimate of
277 mm (10,9 inches). Annual surface runoff amounts were arrayed and
plotted by the same method described previously in Figure 10. Feor a
90 percent probability of occurrence, 50.8 mm (2.0 fnches) runoff may
be estimated frem Plgure 11 based on a manual fit of data points.

Much of the runoff occurs in the early spring and the late fall
as does precipitation. Figure 11 shows monthly distribution of runoff

amount into the pond under consideration of non-irrigation.

Interception

It is difficult to estimate the amount of water intercepted.

Lull (16) reported the results of U.S. Department of Agriculture

experiments on total interception by various crops. In Missourti,
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biluegrass intercepted 17 percent of the rainfall during the month

prior to harvest. During the growing season, it was found to intercept
7 to 36 percent and during low vegetation development it was found

to intercept 3 to 22 percent for alfalfa, corn, soybean, and oats.

The total amnual interception based cn long—term simulation was

175 mm (6.88 inches) on an unirrigzated area, which would be equivalent
to 17.9 percent of the average annaul rainfall of 977 mm (38.45 inches).
The suggestion made by Bean (3) to use 2.54 mm (0.1 inch) interception-

storage—capacity in the computer program, may therefore be reasonable.

Evapotranspiration

Evapotranspiration (ET) includes bare soil evaporation and trans-
piration. As shown in Table VIII, long-term average annual ET varies
from 461 mm (18.14 inches) to 570 mm {(22.45 inches), depending upon the
schedule of crop management and the plan of irrigation. These values
indicate that approximately one-~half of the annual total precipitation
is digsipated by ET. The irripgation quantity on irrigation plots causes

an increase in ET, as would be anticipated.

Storage Facility

The average monthly runoff vclumes from the 166 hectare (410 acre)
watershed under natural conditions, are shown in Figure 11. The dis-
tribution of runoff throughout the year is very important with regard
to the irrigation water supply. The lowest expected runoff is in August
during the growing season from April to September. Neadless to say,
when runoff 1s low, the irrigation demands are greatest.

The rainfall volumes contributing to the increase of storage volume
are greatest in June and lowest In August. The lake evaporation is

relatively uniformly distributed fram year to vear.



48

puog ©31 jjouny pue

‘uoriviodeay ‘uopjeardyosiag jJo uoranqriasyq A{yiuoy ‘17 2andyg
yauoy
a N O S Y r r W Y H 4 r
03 T T ] T T ey T T e
rll.,ll....lu.l‘l;..J 1.;!||.Lﬂ...ll|||-
- N e
= —
rn.cL e i .....l__”.l..lu_
i I S _lot
i
> Joz
ot
=3
S &
g
= -10¢€
o ol
&
[n}
m® L
H
" - 0%
[ |—
. 408
T
L e
: puoq ©o3uf Jyouny -{09
pUOd WOIJ UOFIBIOdBAY -—~——
anduy uoplelTdIoligd — —-—

{(33-212e) awuniop I3JBH



49

The average monthly net available water for irrigation shown in
Pigure 12, was estimated by the summaticn of expected runoff yield and
direct precipitation on the pond and the subtraction of evaporation.
The net available water s always positive. The irrigation withdrawals
from the reservoir reduce the water available, but the pond was never
dry during the simulation period.

In order to impound all of the runoff without overflow for the
simulation period would have required a pond of 360 x 360 meter (1200 x
1200 ft.) base dimension with the height of 4.2 meter (14 ft.)} and the
side slope of 30 to 1, which is a pond volume 9.13 times the actual
pond volume. Through the year, the reservoir, however, accumulates
the monthly available water to the maximum degree of storage capacity
of 11.66 ha-m (94.5 acre-ft.). Thus, there is sufficient water avail-

able to irrigate more land.
TRRIGATION NEEDS

The timing of irrigations 1is determined by the irrigation limitation
criteria deseribed in previous chapter. The amount of irrigation applied
each time was at two rate levels of 6.35 (0.25) and 12.7 mm/day (0.50
inches/day). For the irrigation rate of 6.35 mm/day (0.25 inches/day),
as shown in Table VIII, the water depths irrigated were annually
12.6 cm (4.95 inches) for plot 1 double-cropped rotation management,

16.1 em (6.32 inches) for plot 2 single-cropped rotation management,

and 4.3 em (1.68 inches) for plot 3 of continuous soybeans. For the
12.7 mm/day (0.50 inches/day), average irrigation amounts were somewhat
smaller than for the 6.35 mm/day (0.25 inches/day) rate, It is suggested

that seasonal net requirements in Bourbon County are 7.4 em (2.9) for
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soybeans, 10,4 cm (4.1) for sorghum, 17.3 em (5.8 inches) for corn
by Kansas Irrigation Guide (3).

The monthly distributions of irrigztion amount are presented in
Figure 7 and Figure 8, on the basis of various plots. Figure 12 shows
the mean monthly overall irrigation water in units of hectare-meter
(acre~ft,). These values were modified by considering weighted value
of each plot and mean monthly irrigation depths on each plet shown in
Figure 7 and Figure 8, From Figure 12, it can be seen that irrigatioun

wacer for both irrigation rates were mostly needed in July and August.

The values in this study are lower than stated requirements, but the
differences are not large.

As can be seen in Figure 12, when the available water volume is
taken into consideration, August may be a critical month to have a risk
not to meet irrigation demand in a certain year. The ultimate purpose
of supplemental irrigation is to save crops from disaster of drought
and to increase crop yield even with a normal precipitation distribu-
tion. The monthly fluctuations of pond depth are presented in Figure
13 showing mean annual depths of 4.16 meters (13.86 ft.) for Zero-rate,
3.8 meters (12.68) for 6.35 mm/day (0.25 inch/day)-rate, and 3.87 meters
(12.89) for 12,7 mm/day (0.50 inch/day)-rate. For the latter two irriga-
tion rates, the mean pond depth in August was lowest. The observad
pond depths in August were arrayed and plotted by manual fitting of
curve, as shown in Figure 14 and in Figure 15, for the 6.35 (G.23) and
12.7 (0.50) rates, respectively,

By the irrigation criteria, when the reservoir storage volume is
lesgs than 5 percent of the maximum pond volume, irrigation is not allowed,

The maximum pond volume is 11.65 ha-m (94.5 acre-ft.). Its 5 percent



51

puewa( UOF3IBHTII] pur SwWNTOA IIIEM ITYRITEAY

{3uoN

"71 Pandig

812391 91400 0000T X

'
)
L1

2IBY-0S°0 10J
puewag UOTIRITIAA] -
238Y-G¢°0 103
puewsq uofledFaAY - ---
aunToA
199380 QTQUITRAY

—02

oY

09

{33-2108) 3WUNTCA IITEY



52

yadag puod o uoy3Inqriisyd Arylzuoy g 2indpg

HLNOH

b e -

L

(w 08-€)°33 89721 — ——+

I e 2

(u /8°¢) "33 68771

(= g1°%) "33 98°¢1

21wy ¢7'Q 103 yadag puoq Fo ucTINGTIIBYQ ATYIUOH
a3evy UOFI®3TI1T GZ°(Q I0F YyadaQ puog =3wasay Tenuuy
uopie8raag~uoy 1oz yydsg puog s3wasay Tenuuy

2318y 06°Q 203 yidag puog yo uoFanqgyaistq LTyjuoy
93wy uoplIedraar QC°Q a0y yideg puog 93wisay [enuuy

01

11

1

A

v1

(33) yadsg



53

(0L61-8%61) @38y voylwdpil]

Leq/soyoul G¢7°0 1oJ 3sniny Ul S8ITITIIQRQOIJ 2WNTOA IFOAI8EDdY °*H] 2Ind1g

sx93awW 2T4qnY Q00T X

(z) an1w»A 1981e] ® Jo L1¥[19vqoid

6°66 66 G6 06 08 0L 09 0S5 0% 0Of 0T 01 S 1 1°0
0 T LA LS B | I T T _ T T T | T 0
Q -
T -1 01
N] -
=102
£+ 4
-1 0¢
‘N s
G |- 4 -1 0%
9 — 0%
L .
109
g - ;
‘ -10L
mln
(s1339u ¢+¢) :
- "33 ZO°T1 = vyadeq uway -108
(s193°m 2Tqnd _01XS) i
- 33-98 [8°gY% = vwnTop uwsy -106
[ty

0ot

(33-210®) 1ToaI9sSaY 3jO sunjcap paalasqp



(0£6T-8%61) 23y uorledyaay
Aeqg/eayduy 0¢'Q Ioy 18nSny uy 83TITITIRqoIg 2ENTOA IToAISEaY *G]1 2Indyj

-t
wh
(%) =nywp 2981w ® 3o £IFTrgegoxg
6°66 66 S6 06 08 0/ 09 0S C% OC 0og 01 ¢ I 1°0
0 T _._—_:«_ T ] ] T 1 | | i I T T 0
o
”vl
101
| §
- 02
{20 5
4
. -10
3 vr m
S
2 .
1] =
2 s -1 0%
=
a -4
=] g
® -1 0%
@
5 .
L i
-1 09
m_l -4
- 0L
6
(sas3°m 4°¢) l
ot 33 GE°TT = yadeq uwey 08
(s3939W DTqND OTXYY*S) -
1T 3I-9® 776 = SUNTOA URIy -1 06
A o |

= 001

(33-21°8) 176AIR8TY jo amnyop paaissqQ



55

volume is 0.583 ha-m (4.72 acre-ft.). This volume i3 equivalent to the
pond depth of about 1.35 meters (4.5 ft.). Provided that the pond
depth falls below 1.35 meters (4.5 ft.) in a month, there may be a

risk not to meet the irrigation demand. It can be seen that the pro-
bability not to meet irrigation need in August is abcut 9 percent. The
9 percent risk can also be interpreted as one year out of 1l years. In
other words, 58.68 ha (145 acres) could be irrigated at a 9 percent

risk by the reservoir volume of 11.66 ha-m (94.5 acre-ft.).
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The aim of this research is to study the feasibility of supplemental
irrigation in sub-humid region by developing a general hydrologic crop
management model. This purpose was achieved by testing a continuous
watershed model. The runoff yield, precipitation to the storage pond,
and evaporation were evaluated by this model. In addlition, the irriga=-
tion demands were also estimated, Hence, the reliabiliry of the pond
was predicted. As a result of the model evaluation of Felt's farm,

1. an average of 75 percent of the total annual rainfall
occurs in the growing season of April to September, and
May and June are the months cf greatest rain, while a
noticeable decrease occurs in July and to a greater
extent in August,

2. the runoff yield is sufficient to fill the storage reservoir
so that the reservoir can be kept at the level of 3.80 meter
(12.68 £t.) on the average when irrigation is conducted at
the rate of 12.7 mm/day (0.5 inches/day),

3. the average annual water volume to be supplemented averages
6.17 to 6.78 ha-m (50 ta 35 acre-ft.) for the 58.68-hectare
(145-acre) irrigated area, and irrigation occurs mostly
in August,

4, although the existing pond faciliry was never dry during
the simulation period, in August it cannot meet the irri-
gation demand for the 58.68 hectares (145 acres) at the

9 percent probability level,

5. the model for general crop management is an effective tool

to simulate various altermative cropping schedule on
multiple irrigation plots.

Recommendations

In relation with future research, the following recommendations

ars made:
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1. At a favorable protability level fe meet irrigation demands,
the optimal arsa of irrigable land with a specific pond
should be studied.

2. Because of the assumption of no seepage loss from the reser-
voir yield budget, the net available water could be over-
estimated. Accordingly, a possaibility failing to satisfy

the water need might be neglected. A study for seepage
loss should be conducted.

During the research project period, a crop yileld model and an economic
model will be developed to determine the feasibility of supplemental
irrigation svstem bv exsmining investment and operating costs, cash

return from crop yield, and cash flow over an extended period of time.



AET

AW

AWC

cm

CN

ha-m

NOTATIONS

empirical coefficient, which can vary gecgraphically
actual evapotranspiration

available soll moisture (soll moisture content - permanent
wilting point)

available water capacity (field capacity - permanent wilting
point)

empirical coefficient, which can vary geographically

bottom surface area of a storage pond

area of a plane at h/2 above the bottom

top surface area of a storage pond

geographic coefficient for Brunt relation in Penman Eq.
hydraulic coefficient

centimeter

runoff curve number

geographic coefficient for Brunt relation in Penman Egq.
mass transfer coefficient

saturated vapor pressurs of a water surface at the Ta

soil evaporation

depth of a pond

hectare

hectare-meter, unit of volume
hydraulic gradient

initial abstraction

crop consumptive use coefficient

coefficient of crop growth stage

climatic coefficient for the caleculation of crop consumptive
uge cpefficient
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PET

PSUNS

RHD

Ah

AZ

meter

millimeter

precipitation

potential evaporation

percent sunshine

surface runoff

reflectance coeffilcient (albedo)
solar radiation

relative humidity

potential maximum difference between precipitation and
rurof £

time after the first stage evaporation

mean daily air temperature in °K (Kelvin)

mean daily air temperature in °F (Fahrenheit)
upper limit stage two evaporation

volume of a pond

wind velocity

change in soil water potential over digstance AZ

change in elevation
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FILE
+
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SUBROUTTVE STORAC

DETZRMINE 3 DAY |
ANTEZEDENT MOISTTRE ]
CRDITIONS :

PRECIPITATIC o _
S — 5N "
? i
- SETERMINE l
ACCTRATZATION OF

SNOW PACR
!

l CALCULATE FEEDLOT
1 2MIOFT DUZ TO RAIN
OR SNOW MELT , |

[ GENERATE QUANTITY |

OF MONICTPALITY DISPOSAL|
b

RETURN



SUBROUTINE WIRMOD SUBROUTTINE MOWRT

START

MODIFICATION

DETERMINE
MONTE
bl
CLouD
SEEDING

PRECIPITATIO
GREATER THAN

ZERD

CALCUI.AI'-_Q(
ACCTMUILATION

|
EVALUATE OF SNOW PACK |

AMOUNT
oF
PRECIPITATION

ADJUSY )
PRECIPTTATION DETERMINE

SNOW MELT
DUE TO

h—




SUBRCUTINE CROPCD

Coa )

DETERMINE MEDIAN DATES |
TOR MONTES IN GROWDNG
SEASON

DETIEMINE ACCMOLATIVE
WOMBER QF DAYS IN
GROWING STASOM

SUBRCUTINE DARCRT

START

68

.GENERATE DISTRIBUOTION
OF WATER ADDED TO
DISPUSAL ARFA

DETERMINE PERCOLATICN
TO GROUND WATESR ZONE

H

il
| cALCTLATE
CLIMATE
COESTICTENTS

CALCTLATE

COEFFICIENTS

RETURN

MOISTIURZ

DISTRIZUTION
UsTNG

DARCY Q. |

; H
REEVALTATE |
MOISTURE

TN GROUND
NATER. ZONE

Commms )
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APPENDIX II~(b) DEBCRIPTION QF INPUT DATA

1. Location snd modz2l identifiers

2. Simulation mcdel parameters

(1) NAMFLIST/SEED

MODEL=

1
2

3 Rainfall Increase (%)

4

No Cioud Seeding WPCNT=]1.0

B-Zero Modification

B~Zero Modified

Alteration Scheme

1.0

any value

1.0

(2) NAMELIST/ALPHA

DORM : Precipitation routed through SCS Eq. Usually 1.0 inch
from April through October
GROW : Precipitation routed chrough SCS Eq. Usuélly 1.25 inches
from Nevember through March
PCVMAX : Level of pond below which irrigation| Usually 0.0S
not allowed, expressed as a ratio of
max. vclume %
RCROP : Refiectance coeff. {(albedo) of crop Usually 0.23
~as a ratio
E : Wind coeff. & , in Penman Eq. when Usually 0.75
calculating potential ET.
PAVLU : Percentage (as a ratio) of available 0.9 : Intensive Irrigation
soil moisture in upper zone below .5 : Normal Irrigation
- which irrigation allowed 0.0 : Yo Irrigation
DSRATE : Irrigation disposal rate (inch/day)
MOROT : Identifier for rotation scheme 1 : Scheme I
2 : Scheme II
BRUNTA, BRUNTB : Cceff. , ¢ and d , réspec—
tively, for Brunt relation in Perman
Eq.
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Location BRUNTA BRUNTE [ Location BRUNTA | BRUNTB
Belleville 0.562 0.039 || Hays 0.78 0.035
Colby 0.79 0.035 r Horton 0.60 0.040
Dodge City 0.79 0.034 Independence 0.59 0.03¢9
Ellsworth Q.60 0.033 || Topeka 0.66 0.041
Garden City 0.80 0.034 || Chanute 0.62 0.039
Good Land 0.75 0.036 || F£. Scott 0.64 0.040

(3) NAMELIST/BETA

HMAY : Max. depth of pond (ft)

W o Sase width of pond (ft)

L : Base length of pond (ft)

S : Pond side-slope as a ratio of Run/Rise
INDST : Weather station identifier
MSTART : Beginning month of simulation
YSTART : Beginning year of simulation
YEND : Ending vear of simulation
ROTAYR : Parameter for rotation scheme I : Crop/Fallow )

| : Fallow/Crop
STORM : 25 year-24 hour stomrm
LTAREA : Total area of plots (acre)
NPLOTS : No. of plots in accordance with
land use plan

BYPASS : Source of inflow to the pond ¢ No feedlot and

No municipal input

: Feedlot and

No municipal input

: No feedlet and

Municipal input

: Feedlot and

Municipal input
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DARCEQ : Moisture redistribution 1 + Moisture redistribution
S within the soil profilé
by Darcy Eq. for one-di-
mensional flow.
2 : Moisture redistributiom
i by the simplified method
Location INDST YSTART YEND STORM
Belleville 0682 1949 1973 5:1
Colby 1699 1950 1962 4.5
Dodge City 2164 1949 1973 4.6
Ellisworth 2459 1946 1970 5.4
Garden City 2980 1950 1974 4.5
Goodland 3153 1949 1973 4.3
Hays 3527 1548 1913 4,7
Horton 3810 1946 197G 5.9
Independence 3954 1948 1972 6.7
Topeka 8147 1949 1873 6.1
Chanute 1427 19438 1973 6.7
Ft. Scott 2825 1348 1973 6.6
. Metreorological Data
PSUNS : Percent sunshine (%)
RHD : relative humidity (%)
WIND : Wind velocity (mph)
RA : Mid-monthly intensity of solar radiatien
MMAT : Mean monthly air temperature

. Disposal Area Data
Scheme I (when MOROT=1)

TAREA(i,i) : Name for crop and soil type
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: Crop type 3t Boil tvpe
: wheat Cne ameng 12 types of soil
sorghum clagsified by SCS

I Ccorm

IS T I

: soybean
! pasture ' _

: alfalfa

~ o

fallow

AREA : Area of a plot

TMAN : Plan implemented on disposal area 1 : Collect Runoff

[ 3]

Runcff and Irrigation

Irrigation ounly

— o

-

ROTATE : Parameter for rotation scheme I : Crop rotation with
' fallow

_ 2 : Same crop each year
MGSBP,DGSBP ,MG3SEP,DGSEP : Flanting and

harvesting dates

Scheme IT (when MORQT=2)

(1) Crop Rotation Data and Disposal Area Data

RCYCLE : Required number of year
for sequential crop rotation _

1 : No crop rotation , i.e.,same crop =ach vear

2 1+ Two-year crop rotation

Up to seven~year rotation
DOUBLE : 1 ¢ Single cropping

2 : Double cropping with one fallow term in two years (wheat)
IFALWT : 1 : For the first year of simulation periocd, begins with

wheat on a double-cropped area

i A

t For the first vear of simulation period, begins with
fallow on a double-crcpped area

IPLAN, IAREA,AREA @ previously defined




(2) Crop type and planting and harvesting dates

76

( N number of cards for each area : N= The value of RCYCLE )

NCROP : Name of crop
MGSBP,DGSBP ,MGSEP ,DGSEP : Plan ing and harvesting dates

(3) Wheat crop data

MGSBW : Month growing season begins, for winter wheat
DGSBW : Day growing season besgins, for winter wheat
MGSEW : Month growing season ends , for winter wheat
DGSEW : Day growlng season ends , for winter wheat

( Cards for some area which double cropping is considered )

5. Unsaturated flow data

CONDUZ,CONDLZ, CONDGW : Hydraulic conductivity for upper zone, lower
zone, and ground water zome, respectively

HUZ,HLZ,HGWZ : Soil water potential

6. Municipal waste water input to the pond

MUNDIS : Municipal disposal (gal/day) - ( One card per month )

7. Magnetic tape driver to handle TMAX(ND) ,TMIN(ND),and PREC(ND) data

for a location of simulation analysis

Note : TMAYX Daily maximum air temperature
TMIN Daily minimum air temperature
PREC  Daily rainfall

*ND Number of days in a month
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Variables

AREA
AVAILL
AVAILU
AET
AETLZ
Al

A2

A3

A4

A5
ACTIRR
ABST
APREC
AVGMD
ASTAT
AREA
AETU
AETL
AMONTH
AVLFCL
AVLFCU
AINTER
AAFTRS
ACHSOM
ALPHA

B2
BYPASS

BRUNTA
BRUNTB
BETA

CROP
CM
CTPDAY
CENT
CCROP
CONTRL
CNTR
CMNEW
COUNT
cowouz
CONDLZ
CONDGW
cTP

9

APPENDIX IIT

NOMENCLATURE OF VARTABLE NAMES
USED IN THE COMPUTER PROGRAM

Definition

Size of plot (acres)

Percent of availlable soil molsture remaining in lower zomne
Percent of available soil moisture remaining in upper zomne
Actual evapotranspiration

Actual evapotranspiration of lower zcne

Length times width of pond base

S* (L + W)

(4/3) * § *x 2

2 * A2

4 * § %% 2

Accumulated total irrigation

Average daily alr temperature in degree Kelvin

Average annual precipitation

Average annual moisture deficit

Alphanumeric input statistical occurrences of intensity
Size of plots

Actual evapotranspiration for the upper zone

Actual evapotranspiration for the lower zone
Alphanumeric names for months to make table

Available water capacity for the lower zone

Available water capaclty for the upper zone

Average annual disposal area interception

Average annual disposal area evapotranspiration

Average annual disposal area change in soil moisture
Feedlot parameters in NAMELIST

(W + 2SH) # (L + ZSH)

Establishes feedlot runoff and/or municipal waste as inflow
to pond

Geographical constant for radiation

Geographical constant for radiation

Pond and plot parameters in NAMELIST

Name of crop

Total number of discharges

Cumulative total of days rainfall occurred

Average dailly air temperature in degrees Centigrade
Type of crop on plot

Amount of control to stop pond from overflowing
Increment for number of times runoff occurred from plot
Average number of discharges

Average number of years having a discharge per year
Moisture conductivity of the upper zone

Moisture conductivity of the lower zone

Moisture conductivity of the ground water zone
Percent of days rainfall exceeded frequency



Variables

CNS1
CNS3
CNS5
CNS12
CTPR
CTRDAY

C

DGSB
DGSE
DGSBW
DSRATE
DOUBLE

DGSBP
DGSEP
DSCVOL
DSDAYS
DPERC
DARCEQ

DSDAY
DELTA
DSAREA
DORM
oV

DVDH

DSCHRG
DIM
DSNOW
DRY
DSCRG

DGSEP
DGSEP
DISVOL
DERNFF
DSPERC
DAYDS

EPRIM
EVAPLK
EXCESS
ES

ESA

Definition

Curve numbers cof
Curve numbers of
Curve numbers of soil type CS Method
Curve numbers of soil type 12 SCS Method
Name of month for statistical data

seil type

CS Method
soll type s

18
3 BCS Method
38

Number of days runcff occurred from plot during simulation

period
Degree~day coefficient in °F-day

Day growing season begins for crop

Day growing season ends for crop

Day growlng season begins for wheat

Disposal rate

Double cropping with wheat and some summer crop reserving
fallow term

Day of month crop is planted

Day of month crop harvested

Discharge volume

Number of disposal days

Amount of percolation out of lower zone

Integer that determines whether soil is saturated or un-
saturated for flow of water through the soil

Cumulative sum of disposal days

Slope of saturated vapor pressure-temperature curve
Area of plot on disposal area

Applies to feedlot runoff

Difference between actual volume and calculated volume
of zone

Difference between actual and calevlated volume with
respect to the difference between actual and calculated
height of pond

Amount of water overflowed from pond

(VC1 - VCB)*12

Change in snow storage

Lowest annual precipitation

Discharge to plots from pond, also uncontrolled discharge
for municipal control

Day of month crop is planted

Day of month ecrop is harvested

Disposal volume or irrigation volume

Average annual disposal area runoff

Average annual disposal area percolation

Average annual number of disposal or Irrigation days

E prime factor for Penman equation, wind ccefficient when
calculating lake evaporation

Cumulative sum of lake evaporation

Runoff and excess water

Daily caleulated actual saturated vapor pressure in
millibars (mb)

Daily calculated actual vapor pressure, mb

80



Variables

EA

E
EALAKE
ER
EVAP
EOQ

FREEZR

FROZE
FCGW
FREQ
FCL
FCU

GAMMA
GRCW

H
EMAX
HAPRX
HUZ

HLZ

HGW

I

1w
TAREA
LYRCRP
IWHT
IWI
LTEMP
IFALWT
IPLAN
TRRSUM
IA
IDAY

I

Ir
IDISDA
INDST
IPLGT
IRRVOL

INUMI
INUM
IYRCRP

81

Definltion

Convective losses, mm H,0

Emissivity

Convective lessca for a large body of water
Amount of water that coculd runcff, unadijusted
Average annual lake evaporation

Difference betweeso field capacity and actual soil
moisture in upper zone

Sum of three consecutive days average temperature,

if leae than 64°F, then soil is frozen

Condition of moisture in aoil

Field capacity in the ground water zone

Specified amount of rainfall for stacistical analysis
Field capacity cf ¢he lower zone

Fleid capacity of the upper zene

1 - DELTA, psychrometric constant
Applies to feedlot runoff

Height of water in pond or length of base of pond
Maximum depth of pend

Aprproximate height of surface of pond

Soil water potential wvariable for hydraulic conductiwvity
in upper zone

So0i1l watay potential vasriable for hydraulic couductiviry
in lower zone

Soil water potential variable for hydraulic conductivity
below lower zone

Integer increment for plots

Integer increment for plotas

Crop name defined monthly, and soil type

Name of crop defined vearly

Temporary storage for wheat or fallew for double crorping
Temporary etorage for wheat or fallow for double sropping
Temporary storage fcr crop name fcr data inputs

In firat year of simulation, begin with wheat 1 or fallow 2
Irrigation implementation plan

Cumulative sum of irrigation water applied

Amount of intercepted rain on surface (Inirial abstraction)
Number of irrigation davs

Number of individual plat integer Increment

Number of plot

Number of potential disposal days yearly

Index of station in question

Number of plot

Averages annual volums of 1lrrigation water, also average
annual depth of water apolied

Number of individual plots plus five

Humber of individual plots plus one

Name of crop defined vearly



Variables

IAREA
TPLAN
INCROP
TAADD
IAET

J

JJ
JDISDA
JH

K
KCROP
K
KAN
KI
KT
XCROP
KROP

LTAREA
LKEVPT
LAKEVP

MSTART

MGSB
MGSE
MGSBW
MGSEW
MMAT
MGSBP
MGSEP
M

M4
MR

MOROT
MAXVOL
MSTART
MONTH
MODEL
MQ

M8

MP
MMAT
MUNDIS
MGSBP
MGSEP

Definition

Crop name defined monthly for subroutine RCTATN
Trrizatien plan implemantation

Temporary storage for type of crop

Amount of interception sterage for each month
Initial absolute evaporation

Integer increment

Number of plot

Cumulative number of disposal days
Incremental number of plot

Integer increment for rotating crops for each year
Crop coefficient

Integer increment of plot

Name of state, Kansas

Incremental number of a plot

Number of plot

Crop coefficient from Blaney-Criddle Method
Alphanumeric name for crop of interest

Length of base of storage pond in feet
Feedlot area

Estimated lake evaporation yearly
Potential evapcration from lake

Number of month program starts

Required years of rotating crops on an individual plot
Month growing season begins for crop

Month growing season ends for crop

Month growing season begins for wheat

Month growing season ends for wheat

Mean monthly air temperature

Month crop is planted

Month crop is harvested

Snownmelt due to atmospheric conditicns and rain
Snowmelt due to atmospheric conditions
Snowmelt due to rain

Integer increment

Indicates type of rotation model

Percent of maximum pond volume required yearly
Month that program starts in

Month of data on tape

Denotas tvpe of crop management

Number of plot

Incremental integer of plot

Incremental integer of a plot

Mean monthly alr temperature

Munieipal disposal amount on a monthly basis
Month when crop is planted

Month when crop I3 harvested
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Variables

NPLOTS
NN
NDIM
NRCROP
NPLOTS
NY

NM
NDAYS
ND

NNN
NCNT
MR
NRCROP
NIA
NRNOF
NOPERC
NAMES

PLAREA
POT
PEAK
PREVDS
PACK
PACKPY
PDVOL
PERC
Pl

P2

P3
PLOT
PREVYR
PSAREA
PLAREA
PAVLU
PET
PETBS
PRECIP
PERCL
PCVMAX
PCNTRL
PCWW
PDACCT
PREC
PSUNS
PWPLZ
PWPUZ
PRECAC
PWG
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Definition

Number of plots

Firer vear af aimulation for 2 gingle plot
Number of days in month

Crop name for data inputs

Total number of plots

Number of years in loop

Number of month after MSTART te end of year
Number of days in month

Number of days in daily loop

Number of plot plus one

Incremental integer of plot that needs irrigated
Number of years in rctation period

Crop name for data input

Net intercepted amount for each plot
Monthly amcunt of direct stored runoff
Amount of deep percolation

Alphanumeric input for headings

Area of plot

Potential daily temperature

Greatest single discharge in-a given time period
Previous disposal carry over

Amount of snow on ground at end of year
Amount of snow on ground

Pond wvolume

Percolation

Previous day's moisture

2 day's previous moisture

3 day's previous moisture

Number of plot

Previous year before current year

The direct receiving area of the facility
Area of plet

Percentage of avallable water field capacity
Calculated potern*ial evapotranspiration
Potential svapcration from bare soil

Amoung of rainfall for a single day

Water cascaded to lower zone for storage
Usually five percent of pond volume

Percent of control te stop pond from overflowing
Percent of wastewater controlled

Pond account

Daily precipitation

Percent amount of sunlight each month
Permanent wilting point of lower zome
Permanent wilting point of upper zone
Accumulated precipitation by plot and month
Permanent wilting point of growing zone



Variables

RPAVLU
RCYCLE
KPAVLU

ROTAYR
R
RCROP
RN
RNSCIL
RNLAKE
RUNMDS
RAIN
RNOF
RUNOFF
RANGE
ROTATE
RCYCLE
RA

RCM
RCN
RHD ,
RUNACO

SOIL
SMMAXTL

SMUZPR
SMPREV
SNOW
SNOMLT
STRVOL
S
STCRM
STIND
SNOVAP
STRNOF
SI

SMMAXU
SEVAP
SHMPD
SM
SMUZ
SMLZ
SMGWZ
SMACCT
SMASTL
SMSATU
SMSATG
SEED

34

Definicion

Percentage of available water in soil
Required vears of rotaring erons on a plot
Percent of availabla moisture capacity in upper zone
to start irrigation

rop/fallow rotatioa plan
Equals RCROP

Shortwave reflectance
Daily calculated net radiation in mm water
Daily net radiation on soil
Daily net radiation on lake

Runoff from disposal area

Amount of rain for a single storm

Amount of water that could run off, unadjusted
Feedlot runoff
Annual preecipitation range for years of study
Crop rotation

Required years of rotating crops on a plot
Monthly average of solar radiation

Runoff curve number modified
Runoff curve number
Monthly average relative humidity
Accumulated runoff by plot and month

Tyre of soil *%%*SCS Method*#**

0.9 * FCL (SOIL) - SMLZ (JJ), % of maximum available water
in lower zone

Initial amount of soil moisture in the upper zone, 3.25 in.
S0il moisture initially in growing zone

Amount of snow covering secil

Amount of sncw melted =ach day

Cumulative amount of stored runoff

Run to rise of side slope

Size of eritical event

Station index

Amount of snow melted for a single day

Stored runoff per area of watershed

Maximum potential difference between rainfall and runoff
at start of storm

Present storage available in upper zone

Free surface evaporation of the pond

Soil moisture in the upper and lower zone, combined

Soil moisture in the growing zone

Soil moisture in the upper zomne

Soil moisture in the lower zone

So0il moisture in the groundwater zone

Soil moisture account (plot, crop, water, month)
Saturated soll molsture content of lower zone

Saturated soil moisture content of upper zone

Soil moisture at saturation in growing zone

Weather modification parameters in NAMELIST



Variables

TPAREA
TPREC
TOPERC
TRNOF
Tl

1d
THAWED

T

TAVG
TMAX
TMIN

UZSMCH
UZEVAP
i

VOLDIS
VLOMAX
VOLIRR
VOLCHG
v

VC
VOLMX1
VCB
vee
VCD

WASTWW
WET
WATER
W
WPCNT
WINDD
WIND

YSTART
YEARS
YEND
YEAR

85

Definition

Total disposal area

Total nrecipitarion

Total deep percolation

Total ruroff

Previous day's average temperature

Average temperature of two day's prior

Sum of three consecutive day's average temperature, if
greater than 114, them soil 1s thawed

Davs

The average daily air temperature degrees Farenheit
Highest temperature of the day °F

Lowest temperature of the day °F

Change in upper zone soil mecisture
Upper zone molsture evaporation
Upper limit of stage 2 evaporation

Amount of water disposed

Maximum volume held by storage facility
Volume for irrigation

Amount of change in volume for pond
Volume of pond in cubic feet

Caleulated volume of pond

Size of pond to stop overflowing

2 * S % HMAX

(4/3) * S %% 2 - (VOLMX1 * 3630/HMAX)
VCB ** 2 - (4 * VCC)

Cumulative sum of waste water controlled

Highest annual precipitation for years of study

Daily precipitation

Width of base of starage pond in feet

Percent increment

Monthly average daily windrun miles per day at 2 mtrs hgt
Monthly average windrun

Starting year of simulation
Number of years of simulation
Last year of simulation

Year of data on tape
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ABSTRACT

Supplemental irrigation has been increasingly popular in the
eastern half of the United States. In an area where a crop can be
grown by natural rainfall alone, but additiomal water produces improved
vields, irrigation 13 defined as supplemental,

The aim of this research is to study the feasibility of supple-
mental irrigation in subhumid regions by developing a general hydrologic
crop management model. This purpose can be achieved by testing a con-
tinuous watershed hydrologic model, which can estimate the effect of
each hydrologic component on a specified site. The actual site used to
test the model is owned by Ronnie Felt, located near Uniontown, Kansas,

_ in Bourbon County. The Felt site consists of a 11.66 x 10% m3 (94.5 ac-ft)
storage pond, and a 166 ha (410 acres) watershed, of which 57 ha {145
acres) are irrigated with three center pivot sprirnklers. To examine the
performance of a pond water supply for irrigation, meteorological data
(1948-1970) and various geographic input variables were used in the simu-
lation. The variability of surface runoff inm response to precipitation,
and irrigation demand are important factors to analyze the reliability of

a pond. A general method of crop management system is capable of simulat-
ing anv typlcal cropping schedule for Southeastern Kansas.

According to this simulation, the annual irrigation demand was
egstimated to be about 110 mm (4.3 inches) on the average. The precip-
itation produces sufficient runoff to the pond for use as supplemental
irrigation water. The storage pond can meet the irrigation needs at

the probability level of 91 percent.



