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INTRODUCTION

In compliance with Public Law 92-500, the Environmental Protection
Agency (EPA) has set guidelines to control the problem of feedlot pollution.
The effluent guidelines that are to be met by 1983 state that no discharge
will occur except in thé case of an extreme rainfall event (25 year - 24 hr
storm or greater).

The Kansas feedlot industry is one of the major industries of the
state [in 1975 - 2,264,000 animals, worth approximately $747 million (1)].
The resulting pollution hazard is of major concern. The magnitude of the
problem for the United States as a whole might be best understood if the BOD
loads from feedlots are compared to BOD loads caused by wastewater discharged
by municipalities. Figure 1 is a comparison between these two sources, in
which the two percent curves for feedlois represent the percentage of the
total animal waste BOD generated which could be considered to be invelved
with the feedlot runoff (2). The two curves give a range for the expected
BOD loads, since the exact quantity is not known. Fizure 1 indicates the
magnitude of the environmental problem associated with feedlots, is a
matter of concern in an agricultural state such as Kansas. Presently, very
few feedlot runoff control systems exist. This problem may be due in part
to the lack of any type of design values for sizing control facilities and
the effects management would play in their operation.

The objective of this thesis is to provide a uniform hasis for the
evaluation of feedlot runoff control systems and to propose a method for

preliminary design of such facilities.
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BACKGROUND

Through a grant from EPA, a computer meodel to simulate feedlot waste-
water production and disposal techniques was developed at Kansas State
University by Bean (3). The main objective of the grant was to develop a
computer simulation program to evaluate the performance of feedlot disposal
facilities for any location in Kansas. In addition, the program was to
generate design criteria for sizing feedlot pond storage, and evaporation or
land disposal facilities in Kansas.

An equation was postulated to establish the design criteria for the case
of disposal to a cropped disposal area. The equation determines the pond
size required to meet specific levels of wastewater control as a function of

important variables as follows,

- VLocationQS__lOO % CSoil * CCrop * CDA/LA
* Cpgpare * Cu/max * Ceavwu (1)
where V = volume of the pond;
VLocation = a basic pond volume which depends on climate

95-100 (location)} and percent control required

CSoil = a coefficient for the particular disposal

area soil
C = a coefficient related to the crop grown on
Crop ,
the disposal area
CDA/LA = a coefficient to account for the ratio of

disposal area to feedlot area

C = a coefficient reflecting the effect of disposal
DSREATE ;
rate to the disposal area
C = a coefficient to account for variability of
H/HMAX ; :
pond evaporation with pond shape



C = g coefficient accounting for the level of
PAVLU R \
management, which in turn depends upon the
available soil moisture (AVSM), where AVSM is
. defined as Field Capacity (FC) minus Permanent
Wilting Point (PWP).
The case of feedlot disposal by pond evaporation was tested only
where climatic conditions permit disposal in this manpner. An equation
for pure evaporation similar to Eq. (1) is

SA = £(V ) (2)

Location
where SA = surface area, which depends only on location {(that is, climate),
if the pond depth is assumed constant.

In addition to these disposal techniques, this thesis also deals with
revision of the program to incorporate multiple disposal areas into the
program. The original computer program consisted of a single disposal area
for irrigation from the pond. The revised multiple dispusal area program
has four disposal plots instead of only one. A more detailed description
is given later on its operation. With the revised ﬁultiple disposal area
program, comparisons are made to the original single area program to inves-
tigate the effect it has on the amount of water used for irrigccion and the

percent of wastewater controlied.

L



PROGRAM DESCRIPTIONS

The main components represented in the model are the feedlot, the pond,
and the disposal area as shown in Fig. 2 (4).

The operation of each of these components is briefly described in this
text, a more detailed description has been presented by Bean (3). Figure 3
(3, p.5) is a flow chart showing the components of the program to be

described.

Feedlot.——In the operation of the feedlot runcff section the first item
to be considered is whether the precipitation or the soil is frozen, in which
case it would be allocated to the snow accumulation account. If the average
temperature is <-1°C (30°F), the precipitation is snow. If the sum of the
previous two day's average temperatures are <0°C (64°F), the soil is frozen.
If the combined teﬁperatures are greater than 0°C (64°F), precipitation
from rainfall on that day or snowmelt from the pack, or a combination of
both, are involved in the runoff event. However, when conditions are dry,
that is, the 3-day antecedent moisture conditions (AMC) and the precipitation
is <1.3 em (0.5 in.), the runpff is considered to be zeroc in the program.

A modified version of the Soil Conservation Service (SCS) equation is
used to calculate runoff from the feedlot. During the dormant season
(November-March), a runoff curve number N=91 is used when the 3-day AMC <
1.3 cm (0.5 in.) and a maximum runoff of 2.5 em (1.0 in.) is calculated by
the equation. The fraction of any rainfall >2.5 em (1 in.) is added to the
runoff for the day. During the growing season (April-October), a maximum
runoff of 3.2 cm (1.25 in.) is calculated using N=91 when AMC < 1.9 cm.

(0.75 in.). Precipitation >3.2 c¢m (1.25 in.) is allocated to runoff.
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A runoff curve number N=97 is used in either season when AMC > 1.3 em (0.5
in.) in the dormant season, or > 1.9 em (0.75 in.) in the growing season

The N values are used as follows

s = 1900 _ 49 (3)
N
where S is substituted into the SCS equation
2
Q- G @
where Q = direct surface runoff
P = precipitation
8§ = the maximum potential difference between precipitation and

runoff.

Figure 4 is a flowchart of the described operations of the feedlot.

Pond.--In the pond storage section, the inputs are wastewater runoff
from the feedlot and direct rainfall. The losses from the pond are
evaporation, irrigation disposal, and overflow discharge. The configuration
of the standard pond is shown in Fig. 7.

Evaporation from the pond is at the lake evaporation rate. Irrigation
water depends upon disposal area wetness and ather factors to be discussed
subsequentlf. Overflow discharge occurs when the pond's maximum depth

is exceeded. Exfiltration losses from the pond are considered to be zero.

Disposal Arvea.--The variables included 1n the moisture balance of the

disposal area is shown in the Disposal Area section of Fig. 2. The soil
horizon is divided into an upper 30 cm (1 ft) zone and a lower 90 cm (3 ft)
zone. Soil moisture is increased by the infiltrated portion of precipitation

and runoff, and decreased by percolation and evapotranspiration (ET).
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Potential evapotranspiration is calculated using the Penman Combination

Equation,
PET = 0.039 Ta® %73 [(1-r) Ra(0.22 + 0.54 PSUNS)
- 2.010 x 1077 T (0.98 -~ a - b VES x RHD)
. (0.1 + 0.9 PSUNS)] + (1 - 0.039 Ta®* &7
x 0.26(e + 0.01 WVD)(ES - ES x RHD) (5)
where PET = potential evapotranspiration, in inches
Ta = mean daily air temperature, in °F
T = mean daily air temperature, in °K
Ra = solar radiation, in mm of water
PSUNS = percent sunshine, in %/100

ES = saturated vapor pressure at Ta, in millibars
RHD = relative humidity, in %/100

WVD = wind travel, in miles/day.

The variables a, b, e are constants determined for the location. The vari-
able r is the reflectance coefficient (albedo). A wvalue of r = 0.05 is used
for free water surfaces (pond evaporation), 0.23 for crops, and 0.20 for bare
soil (5). The variable ES is the saturation pressure of air at the mean

daily air temperature and is calculated by (3)

ES = 33.9[(0.00738 Ta + 0.8072)8 - 0.000019|1.8 Ta + 48| + 0.001316
(6)
The total evaporation budget of the disposal area is composed of
evaporation from water in interception storage, bare soil evaporation, and
crop transpiration. Evaporation from interception storage is accomplished at

the PET rate, with r = 0.20.
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Evaporation from the bare soll and crop transpilration is in two phases.
When available soil moisture (Ba) is greater than (.3 of the maximum availl-
able so0il moisture (Bmax)’ rates of water losses are at the PET rate.

In the second phase, when Ga < 0.3 Bmax’ water losses of the bare soil

are calculated by the following equation

E = c'tt? - ot (e-1)/2 )
where 'Es = soil evaporation
¢' = a hydraulic coefficient of the soil
t = the time after phase 1 evaporation.

The c¢' values for the twelve SCS Soilé have been tabulated by Bean (3, p.l14).
Crop transpiration and evaporation from the soil upon which the crop

is grown is designated as actual evapotranspiration (AET). In the second

pbase of evaporation, AET from the disposal area is calculated by the

Blaney-Criddle Method (6)

]
AET = PET x K x (G55 (8)
max
where 8 = actual available soil moisture
K = cfop coefficient which depends upon crop stage of growth.

The SCS equation, Eq. 4, i1s also used to compute runoff from the
disposal area. N values for the various soils have been tabulated by Bean
(3, p.14). The initial abstractions (IA) must first be satisfied before
surface runoff can occur. The IA consists of surface storage, interception
losses, and water that infiltrates the soil prior to runoff. The maximum
amount of this storage is fixed at 2.54 mm (0.1 in.).

The SCS method involves assigning runoff curve numbers to specific
antecedent moistures, soll types, and land~use and conservation practices

(4. The input N values are based on condition II antecedent moisture.
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Condition TI is an upper zone soil molsture between 0.6 and 0.9 of available
moisture.during the dormant season, and 0.5 to 0.8 during growing season.

When the soil moisture is less than 0.5 or 0.6 of available moisture, depend-
ing upen the season, N is assumed to be a condition I antecedent soil moisture
given by

¥, = N x 0.39 e(~0:009 x N) (9)

When the soil moisture is greater than the upper limit set for the season,
the condition III curve number is obtained by

_ (-0.00663 x N)
NIII =Nx1.95 e

(10)
The N values are then used in Egs. 3 and 4 (4).

After runoff and interception amounts are deducted, the remaining
excess precipitation infiltrates into the upper soil zone. The amount of
water in this zoue is limited to 0.9 of saturation, with any excess amounc
being released directly to the lower zone. If infiltration causes the upper
zone moisture to be greater than field capacity, the moisture in excess of
field capacity and not depleted by AET is cascaded in two days to the lower
zone, When the field capacity of the lower zone is exceeded, the excess
moisture above 0.9 field capacity and not depleted by AET is also cascaded
dovnward im two days. Moisture in excess of 0.9 saturation is released

directly downward. Excess from this zone is considered to percolate out

of the root zone and is sometimes called groundwater recharge.

Snowmelt.-—Snowmelt from the snowpack on the disposal area is approached
on a degree day basis. As defined previously, precipitation occurring on
a day with an average temperature < 0°C (32°F) is considered snow. The
snowmelt functicen (4) used in the model is

M= C(Ta - Th) {11)
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in which M = snowmelt
C = degree day coefficient
Ta = mean daily aémospheric temperature
Tb = base temperature.

This computes snowmelt as a result of atmospheric conditions. If snow is
initially considered to be at 0°C (32°F), the equation to compute snowmelt

by rainfall (4) is

D = (1/144)(P)(Ta - 32) (12)
in which D = snowmelt by rainfall
P = amount of precipitation
Ta = mean daily temperature,.

The constants used in this equation are 79 cal/g (144 BTU's/1lb) for the heat
of fusion of ice and 1 cal/g (1 BTU/1b) for the specific heat of water.
The total snowmelt runoff (M+D) is added to the precipitation and disposal

wastewater for the day.

Multiple Disposal Areas.--The program developed by Bean (3), used a

single disposal area. As an attempt to more closely approximate typical
agricultural management practices, a program having multiple disposal areas
was developed from the original program.

Figure 5 is a flowchart of the multiple disposal area subroutine. The
disposal area section of the program is set up so that it cycles through
this section the number of times equal to the number of plots. If irriga-
tion water is available, irrigation will occur on the plot having the
lowest available soil moisture. If only one plot is used, the program is
equivalent to the single area disposal program. If multiple plots are

used, the individual plot area is specified and the size can be varied from
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plot to plot. Each individual plot can have any one of the seven crops on
any one of the 12 solls programmed into the computer package. From the
practical standpoint, however, plots should have equal areas and the same

soll type.
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CALIBRATION

The model was tested on five base stations; Colby, Ellsworth, Garden
City, Independence, and Topeka. Five supplemental or satellite stations
were required to adequately define irrigation facility requirements for
Fig. 8. They are Belleville, Dodge City, Goodland, Hays, and Horton. They
represent a good geographical cross-section of the state. In addition, they
cover the statewide variations in the moisture deficit, which is defined as
the difference between the long-term mean annual lake evaporation and the
long—-term mean annual precipitation. Each of these stations has the long
term climatological data required for the simulation program. These are the
maximum and minimum daily temperature and daily precipitation. TFour of the
base stations have at least 60 years of continuous data, while Topeka has a
record on file of only 25 years.

Calibration of the model is an important first step in any simulation
program. The most important calibration factor in the model is the adjust-
ment of the computed average annual lake evaporation to the published values
(7). Table 1 gives values for the ten stations.

In a calibration method developed by Bean (Personal communication},
appropriate values of a, b, and e are selected for use in the Penman equation
for PET. To justify calibration with respect to evaporation (lake), it should
be noted that evapeoration accounts for 80% loss from rainfall and streamflow
into the state (personal communication -~ Hyde S. Jacobs, Prof. of Agronomy,
Kansas State University). In western Kansas, where rainfall and streamflow
are both small, 987 is assumed to be lost by evapotranspiration. Calibra-
tion with respect to evaporation is not only justified, but vital, inasmuch

as it plays such a large part in the water budget.



TABLE 1.--Meteorological Values

BASE STATIONS

Estimated Annual Annual Moisture Deficit

Location Lake Evaporation Precipitation (2)-(3)

(1) {(cm (in) em (in) cm (in)

(2) (3) 4

Colby 139.4 (54.9)  46.2 (18.2) 93.2 (36.7)
Ellsworth 115.1 (45.3) 68.6 27.0 46.5 (18.3)
Garden City 153.4 (60.4) 46.2 (18.2) 107.2 (42.2)
Independence 108.5 (42.7) 91.2 (35.9) 17.3 ( 6.8)
Topeka 110.7 (43.6) 87.1 (34,3) 23.6 { 9.3)

SUPPLEMENTAL STATIONS

Belleville 103.1 (40.6)  76.2 (30.0) 26.9 (10.6)
Dodge City 158.0 (62.2)  52.6 (20.7)  105.4 (41.5)
Goodland 130.8 (51.5)  40.4 (15.9) 90. 4 (35.6)
Hays 146.8 (57.8)  59.4 (23.4) 87.4 (34.4)

Horton 94.5 (37.2) 93.2 (36.7) 1.3 { 0.5
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In calibrating the program, deep percolation and surface runoff averages
from the disposal area were adjusted to reasonably expected values for
the climate at the location. Since these values are indirectly determined,
there is no way of confirming them, except to say they are reasonable.
In Table 2, the long-term percolation and runoff averages for each base
station are compared. Values are compared for natural conditions (that is,
no irrigation), and when the disposal area is irrigated. Under irrigated
conditions, both percolation and runcff increase. Since irripgation rates
are assumed to produce no runoff, the increased runoff is attributable to

days when both irrigation and rainfall occur.
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TESTING

Evaporation.--The first phase of testing was to evaluate the percentage
of wastewater controlled when disposal was by means of evaporation from
the pond. The only variable of importance for this system is the pond’s
surface area, which is governed by the maximum depth and volume. In all
runs, the pond maximum depth (HMAX) was held constant at 1.8 m (6 ft). The
pond side slopes are 3:1 (rum:rise) and length to width of base of the pond

is 3:1, in all the test runs.

Single Disposal Area.--This phase of the testing was concerned with

irrigation from the pond onto a single disposal area. The testing procedure
was conducted to establish constants for use in Eq. 1.

The initial step was to establish standards for comparison. For a
location, the standard run yielded the smallest pond volume required for
100% wastewater control. The latest 25 years of data for a given location
was used as a standard testing period. Of these 25 years, the worst 10-12
vear period was used for all comparison runs. The worst years were those
requiring the greatest utilization of the pond storage capacity.

In the standard run for each location the crop on the disposal area was
c¢orn, the soil was a Type 5 with medium permeability for Kansas, the fgedlot
was 16.2 ha (40 ac) and the disposal area was 32.4 ha (80 ac), the irriga-
tion rate was 1.3 cm/day (0.5 in/day), the irrigation management level was
90% (comparisons for Ellsworth were made at the 50% level), the maximum pond
depth was 2.7 m (9 ft), and no irrigation occurred if the volume of water in
the pond was less than 5% of the maximum volume. Table 3 shows the resulting

dimensions.
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In the comparison runs, one of the standard variables was changed to
obtain the range in percent wastewater controlled from a wide range of
crops, soils, irrigation rates and management levels, and feedlot to disposal
area ratios. The crops consisted of corn, wheat, grain sorghum, soy beans,
pasture, and alfalfa. The twelve irrigation soil classes described in
reference (3) were tested. The disposal rates tested were 1.3 cm/day (0.5
in./day), 2.5 cm/day (1.0 in./day), 3.8 ecm/day (1.5 in./day), 5.1 em/day
(2.0 in./day). The feedlot area to disposal area ratios were 1:1, 1:2, 1:3,
and 1:4., The irrigation management levels were 50% and 90% of available
soil moisture. The 50% level represents a normal irrigation scheme in which
water is only put on the crop when it is needed. The 90% level represents a
high rate disposal option which puts water on the field whenever there is

available storage.

Multiple Disposal Areas.--The third and final phase of testing was the

use of the multiple disposal area program. Tﬁe program was tested with these
same standard variables, with the exception that the disposal area was
subdivided into 4 equal sized are¢as each having the same crop on the same
soill and 50% Management Level w:.. used. It was not possible to consider
different crops or soils within tne plots. With 6 crops and 12 soil types
the number of combinétions is alwmost infinite and not seriously worth con-
sidering. The disposal rate in all runs was held constant at 5.1 cm/day (2

in./day) over the 4 hectares (10 acre) disposal area.
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RESULTS

Evaporation.--The climatic variables for each station are given in
Table 1 for comparison. Evaporation is governed by moisture deficit, so
moisture deficit was used to develop a relationship between pond size and
percent control. A large variation in this parameter (moisture deficit) is
evident for Kansas, although more humid climates can have negative values.

From the test runs, Fig. 6 was constructed to show the resulting
relationship between moisture deficit and the required pond size for design
purposes. For any particular value of moisture deficit (LKET-PREC), a value
of maximum pond surface area to feedlot area (ordinate value from Fig. 6)
can be chosen within the 95-100% control limits. The pond area thus com-
puted would control 95-100% of the total feedlot runoff generated over a
long period of time. This range was used because below 957, the number of
discharges that occur are qulte numerous. Caution must be taken, that the
graphs are not extrapolated past there present points, especially at lower
moisture deficits.

From this plot, meteorological averages for any location in Kansas can
be used to size the necessary pond for wastewater control by evaporation.
The only necessary data are the annual lake evaporation, precipitation, and

the feedlot size.

F(VLocation) = (Feedlot Area)[F(MD)] (13)
SA = F(Vﬂocation) (14)
where SA = pond surface area for a 1.8 m {6 ft) depth
MD = moisture deficit
F(MD) = the ordinate value from Fig. 6, given the moisture deficit.
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TABLE 4.--Data Used to Construct Evaporation
Design Curve (Fig. 6).

Percentage  Feedlot Maximum Max. Pond Area
Location Obtained Area Pond Surface Area Feedlot Area
(1) A in acres in acres (4)/(3)
(2) (3) (4) (5)
Topeka 99.8 40 52.6 1.32
97.8 40 41.2 1.03
83.9 40 33.6 0.84
Ellsworth 98.5 40 20.4 0.51
96.8 40 18.1 0.45
93.6 40 16.4 0.41
Independence 99.4 40 62.1 | 1.55
98.8 40 58.8 1.47
97.0 40 52.6 : 1.32
Garden City 100.0 40 7.2 0.18
97.7 40 5.9 0.15
94.5 40 5.2 0.13

Colby 99.5 40 Te2 0.18
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To illustrate the use of Fig. 6 and Eq. (14), the deslign of a pond for
Ellsworth will be shown.

At Fllsworth, LKET = 115 em (45.3 in.) and PREC = 69 em (27.0 in.).
Taking the difference between the two, moisture deficit = 46 cm (18.3 in.).
With value from the abscissa of Fig. 6, values of 0.39 (95% wastewater
control) and 0.55 (100% wastewatér control) are read from the graph. With a
feedlot size of 8.1 ha (20 ac), Eq. 13 yields a pond surface area of 3.2 ha
(8 ac) for 95% control and 4.4 ha (11 ac) for 100 control.

To determine the pond volume from this surface area, the equation for a

gencral prismatoid shown in Fig. 7 is used (5).

v =-% h(Bl + 4Bm + B2) (14)

It

in which V = volume, in m3 (fts)
h = height, in m (ft)

2 2 2
bottom surface area, in m~ (ft7)

Bl =
; 2 2
B2 = top surface area, in m~ (ft™)
Bm = area of a plane at h/2 above the bottom.

The computed values for Ellsworth with 95% contrel are,
B2 = SA = 3.2 ha (8.0 ac)
B2 =L x W
L = 3W (assumed)
B2 = 312
W= 103.9 m (340.8 £t)

L = 311.9 m (1022.5 ft)

V= %—(1.83)[(311.9 - 11.0)(103.9 - 11.0)

+ ((311.9 - 5.5)(103.9 - 5.5)) + (311.9)(103.9)]
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V = 55192 m3 (537 ac-in)

where L = length of pond at the maximum wet depth

W

width of the pond at the maximum wet depth

Single Disposal Area.--The results for the irrigation disposal tests are

summarized in Table 5. The numbers in Table 5 are ratios of the largest pond
volume required for the test run to the largest pond volume required for the
standard run. Both values were taken from the worst (requiring the largest
pond volume) year in a particular run. This approach was taken rather than
using the percent of wastewater controlled, as for evaporation, because it is
a better indicator of the effects of various assumptions on the systems
response.

In interpreting Table 5, the average of the values (Average of the
Locations——column 7) will correspond to the variable it represents in Eq. 1,
e.g., CSoil for a scil 2 is 0.8. This would indicate a pond volume require-
ment that was SO% of the standard volume at the location if the soil was the
only variable changed from the standard conditions.

For initial design purposes, Fig. 8 was constructed. In this graph, as
with pure evaporation, the moisture deficit was assumed to be the key variable
in determining pond volume. The two solid lines on Fig. 8 are to be used for
design. The solid line for 100% Control has an r2 = (.85, giving a correla-
tion coefficient of 0.92. These values are for all the stations except
Independence. With Independence, the dashed line represents an r2 = 0,7
for all ten stations. Comparing rz terms for both ploets, it was felt that
Independence was not a representative station, and was therefore dropped

from the plot. vLocation95_100 is evaluated from Fig. 8 and the following

relationship
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TABLE 5.~-Ratio of Pond Size for Other than Standard Conditlons
to Standard Conditions for Irrigation Disposal Design.

Barden Average
Parameter Topeka Colby Ellsw. - zit Indep. of
(1) (2) (3) (4) Y (6) the Locations
. (5)
| 7
Csoil
Soil 1 1.00 1.00 1.00 1.00 1.00 1.00
Soil 2 0.86 0.921 0.84 0.72 0.84 0.83
Soil 3 1.00 1.00 1.02 1.00 1.00 1.00
Soil 4 1.00 1.00 1.02 0.94 1.00 0.99
Sodil 5 1.00%* 1.00%* 1.00%* 1.00% 1.00% 1.00%
Soill 6 1.00 1.00 1.00 1.00 1.00 1.00
S0il 7 1.00 1.00 1.00 0.94 1.00 0.29
Soil 8 1.00 1.00 1.00 0.94 1.00 0.99
Soil 9 1.00 1.00 1.00 0.94 1.00 0.99
Soil 10 0.96 1.00 1.02 0.88 0.99 0.98
S0il 11 0.86 0.91 0.88 0.72 0.99 0.87
Soil 12 0.69 0.91 0.79 0.72 0.83 0.79
, Ccrop
Wheat 0.81  0.91  1.13 0.42 0.80 0.81
Sorghum 0.86 0.91 1:X5 0.83 1.02 0.99
Corn 1.00%  1.00%* 1.00% 1.00% 1.00% 1.00%
Beans 0.86 0.91 1.44 0.83 1.06 1.02
Pasture 0.79  0.91 0.91 0.54  0.82 0.78

Alfalfa 0.79 0.91 0.88 0.54 0.83 0.79



TABLE 5 (Continued)
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Disposal
e DSRATE

1.27 em/day 1.00% 1.00% 1.00* 1.00% 1.00% 1.00%
(0.50 in.)

2.54 cm/day 0.83 1.00 0.95 D.94 0.78 0.90
(L.00 in.)

3.81 cm/day 0.83 1.00 0.91 0.87 0.74 0.87
(1.50 in.)

5.08 cm/day G.83 1.00 .86 G. 84 0.73 0.85
(2.00 in.)

Disposal c
Area DA/LA

Lot Area
1:1 1.20 1.00 1.05 1.06 1.28 1.12
2:1 1.00%* 1.00% 1.00% 1.00%* 1.00% 1.00%
3:1 1.00 1.00 0.86 0.93 0.95 0.97
4:1 1.00 1.00 0.91 0.89 0.94 0.85
Depth

Rela§1on- CH/HMAX
ship

- 1.22 m 1.12 1.04 1.19 1.04 1.20 1.12

(4 ft)

1.83 m 1.05 1.02 1.08 1.02 1.13 1.06
(6 ft)

Maﬁagement CPAVLV

50% vs. 90% 2.36 1.38 1.27 1.06 1.14 1.44

*Standard Run
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v = P,__(Feedlot area)[E(MD)] . {(15)
Locationgs_loo 25

where st = the 25 vear-24 hour storm for the location (Table 6); and

f(MD) = the appropriate ordinate value from Fig. 8 for either 95%

or 100% control.
To determine if Eq. 1 is valid, comparisons are made between calculated
values using Eq. 1 and actual runs. The following three examples are included
to demonstrate the use of Eq. 1 and Fig., 8 for determining pond volume

requirements.

Example 1:

Location: Ellsworth, Kansas
Feedlot Area: 40 acres

Disposal Area: 40 acres; Sorghum, Soil Type 5; 0.50 in./day, 50% Management
Level

Design for 100% Control

other
Y= Viocation , * “paviv * “pasia * Ccrop [gs’f“‘i =
VLocationloo = (P-25) x (Feedlot Area)x(Ordinate Value from Fig. 8)
V=1(54 in. x 40 ac x 2.7) x (1.44) % (1.12) x (0.99)
V = 930 ac~in.

Actual Volume Required from Test Program:

V = 805 ac-in.

Example 2:

Location: Garden City, Kansas
Feedlot Area: &0 acres

Disposal Area: 40 ac; Corn; Soil Type 5; 0.50 in./day; 50% Management Level
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Deslgn for 100% Control

L vLocationlOO X Copviu * Cpasia

A

L]

(4.5 in. x 40 ac x 0.95) x (1.44) = (1.12)

v

]

276 ac-in.
Actual Volume Required from Test Program:

V = 334 ac-in.

Example 3:

Location: Topeka, Kansas

Feedlot Area: 40 ac

Disposal Area: 80 ac; Cornj Soil Type 3; 0.50 in./day; 90% Management Level
Design for 100Z Control

V=V . x C, .
Locatlonloo‘ Soil

<
i

(6.1 in. x 40 ac x 2.25) x (1.00)

<3
]

550 ac-in.
Actual Volume Required from Test Frogram:

V = 680 ac-in.

TABLE 8.~~Comparison of Design Equation to Actual Results

Volume from Volume from Equation Volume
Location Actual Test Eq. 1 & Fig. 8§ Actual Voluume
m3 {ac-in.) m3 (ac—-in.) x 100%
Ellsworth 82500 {805) 95300 (930) 116
Garden City 34200 (334) 28300 (276) 83

Topeka 69700  (680) 56400  (550) Bl
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These examples and Table 9 show that the design procedure will
result in a pond size within +20% of the value predicted by the simulation

program.

Multiple Disposal Areas.—-The final results are concerned with

comparisons of multiple disposal to single area disposal. Specifically,

the tests were performed to determine whether multiple disposal would
significantly reduce the size of facilities. Table 10 summaries the results
of these tests. All but one of the stations (Ellsworth) showed an increase
in the amount of wastewater used for irrigation, resulting in better waste-

water control.

TABLE 9.-~Comparison of Single to Multiple Disposal Area Programsa

Single Area Multiple Areas
Irrigation Irrigation N
NG (i Percentage Vo lume Percontage
Location over Disposal e over Disposal wE
Wastewater "77 Wastewater
(1) Area i Area
; Controlled : . Controlled
in em (in.) 3) in em (in.) (5)
(2) (4)
Colby 10.80 (4.25) 97.3 11.48 (4.52) 98.8
Ellsworth 16.89 (6.65) 100.0 16.10 (6.34) 90.3
Garden City 10.03 {(3.95) 100.0 10.46 (4.12) 100.00
Independence  18.59 (7.32) 78.5 24.31 (9.57) 89.1
Topeka 17.78 (7.00) 81.6 23.62 (9.30) 87.8

8Standard volumes and conditions used for both programs, except irrigation
management was at the 507 level instead of 90%, and a 40 ac disposal area
(4 plots at 10 ac each for the multiple disposal area program) was used
instead of 80 ac.
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CONCLUSIONS

Evaporation.-~A graphical method for selecting the pond surface area for
a given location was developed from the test runs. The relationship between
moisture deficit and pond volume requirements for 95-100% control was derived
as shown in TFig. 6. The preliminary sizing of evaporation ponds was shown to
be a relatively simple procedure which involves the determination of moisture
deficit from readily available published records of annual precipitation and
evaporation.

Figure 6 indicates that the pond size for wastewater conticl >95%
becomes very large for locations with a moisture deficits <51 cm (20 in.).

An irrigation control system may be the more viable alternative for these
locations.

In summary for control facilities for a 16.2 ha (40 ac) feedlot, the
range of required surface area of a 1.8 m (6 ft) deep evaporation pond for
Eastern Kansas 1s 10-17.8 ha (25-44 ac); for Central Kansas, the range is
approximately 6~10 ha (15-25 ac); and for Western Kansas, less than 6 ha (15

acres).

Single Disposal Area.--The results shown in Table 5 may be interpreted

as follows. 1) Soils. Essentially all soils except types 2, 11, and 12,
produce the same results as the standard type 5 soil. Type 2 and type 11 and
12 soils reduced pond volume requirements. Thus, the soils reallyliall into
only three major groups. The primary difference between types 2, 11, 12 and
the others is that they have a smaller capacity for water storage (as avail-
able soil molsture), hence, these soil profiles fill up and dry up faster than

the others, and more moisture is lost to percolation. 2) Crops. The difference
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for crops is mainly between small grains (wheat, pasture, alfalfa) and row
crops (sorghum, corn, soy beans). Small grains generally use more water

because of thelr longer growing season, therefore the C factors are

Crop
less than one and facility requirements would be somewhat smaller for these
crops. 3) Disposal Rate and Disposal Area. Increasing disposal rates or
disposal areas by the previously prescribed increments, such as 1.3 cm/day
(0.5 in./day) increased to 2.5 cm/day (1.0 in./day) produces the same change
as increasing the feedlot to disposal area ratio as from 1:1 to 1:2. This

is due to the fact that an equal amount of irrigation water 1s withdrawn from
the pond as a result of doubling either one of these variables. The effect
of increasing the disposal rate past 2.5 cm/day (1.0 in./day) or increasing
the disposal area to greater than twice the feedlot area is inconsequential.
This result appears due to the fact that the pond is pumped dry by the
increased rates. 4) Pond Depth. Decreasing the maximum pond depth resulted
in a larger volume requirement. As pond depth decreased (holding pond volume
constant), the surface area is increased. Although evaporation is increased,
so 1s the area exposed to precipitation. During wet periocds when LKET is
small, this larger surface area results in more water received from rainfall
as well as the water from feedlot runoff. 5) Irrigation Management. Dis~
posal Management shows that on the average, a pond having 44% more volume is
required when irrigation is at soil moistures less than 50% versus irriga-
tion at less than 90%. Topeka shows ex&reme changes due to management.

This is due to the moisture deficit. The pond will have water in it more
often and the disposal area will be wetter more oftgn (due to the lower
moisture deficit). The smaller moisture deficit keeps the available soil

molsture high, above the 50% level more often, which limits irrigation.
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Multiple Disposal Areas.--Using multiple disposal areas usually

increases the percentage of wastewater controlled, thus decreasing the
required pond size. The largest effect was at Independence where the
increase in percent controlled was 9.6%. Otherwise, multiple disposal

did not greatly effect facility requirements. On the average, a multiple
disposal scheme reduces the required pond volume by approximately 27, which
is not large enough to justify its inclusion to correct the pond volume as
calculated by Eq. 1.

One factor which should be discussed is Public Law 92~500 and control
of feedlot runoff by using the 25 year - 24 hour storm storarc criteria.
Table 6 lists six of these storms as occurring during the sinulation
period. These were not always a factor in producing the worst year for
runoff (that is, the year requiring the largest pond storage volume). In
looking at Ellsworth and Horton, where the storms occurred in the most
critical years, they were only indirectly responsible. They filled the
ponds, but a later rainstorm or generally wet condition produced the maximum

required storage.



SUMMARY

A feedlot runoff control model has been developed to improve the design
of these facilities In Kansas. The testing of the program has resulted in
guidelines and design approaches for sizing evaporation and irrigation
disposal systems. The program for irrigation disposal schedules irvigation
on the basis of soil moisture in the disposal area. This idealized control
operation can only be achieved in reality by good management of the system
by feedlot operators. Poor management would result in more frequently
occurring discharges. FEvaporation systems do unot require this level of
management, which makes this method attractive, particularly in Central
and Western Kansas. In Eastern Kansas moisture deficits are low and the
rainfalls high, which causes control facilities, either evaporation or

irrigation, to be much larger.
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APPERDIX IT,--INPUT/OUTPUT

Input.~-All input data, including dimensions of the facilities and

calibration constants are input by the namelist option. Namelists ALPHA

and BETA contain the following variables, which are grouped by type, as

follows.

Feedlot Variables

LTAREA -

feedlot area in acres

Pond Variables

L -

PCVMAX

1

Disposal Area

CROP

SOIL

DSAREA

DSRATE

PAVLU

pond length in feet

pond width in feet

maximum pond height in feet

side slope in feet/foot

minimum pond volume as a fraction of the maximum volume, below
which no irrigation will occur. A value of 0.05 (5%) is
normally used.

Variabhles

crop grown on the disposal area; wheat = 1, sorghum = 2, corn =
3, soybeans = 4, pasture = 5, alfalfa = 6, fallow soil = 7

(the number following the crop is the actual reference number
in the program).

soil type; SC5 Soils 1-12. The soil type is Inmput by ‘nteger
corresponding to type. Soil parameters are pre-prograumed into
the source deck by type number.

disposal area in acres

depth of irrigation waster applied to DSAREA in inches

percentage upper zone available soil moisture
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BRUNTA, BRUNTB, and E - values used for calibration of the model
(Penman Equation)

STORM - values used for 25 year-24 hour storm at the location.

Other Variables
YSTART -~ year the data is started for the computer test run
YEND - year terminating the run

INDST - the number corresponding to the data set of the tape input

Caution must be used with these variables. The program only operates

in the English system units tabulated above.

Multiple Disposal Area Program.--The only change in that CROP, DSAREA, and

SOIL must be input for each plot up to NPLOTS, which is the number of separate
plots.
As an aid to the programmer, the input variables are not only printed
/

at the beginning of the program output, but at the end as well. Figure 9

is an example of the format of the input parameter print-out.

Output.--The computer output consists of monthly and annual summaries
for each year, and a final summary for the total simulation period. Figure
10 is an example of an individual year (1958) account and the final summary
for the simulation period is shown by Fig. 11,

In interpreting the value from a yearly summary, discharges and storms
of a magnitude equal to or greatér than the 25 year-24 hour storm are
printed at the top. Figure 10 has one such storm. A water balance of the
pond is printed next. This balance is expressed in inches over the disposal
area. The number of disposal days in the actual number of days irrigation
occurred. As a chéck, the sum of the inflows will equal the outflows 3in

this account. As a comparison, the value for precipitation doesn't usually
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Figure 9.--Input Parameter Print-out.
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Figure 11.--Final Summary.
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equal the precipitation value for the disposal area because the former
values is the amount of rainfall on the pond surface divided by the disposal
area, which is usually larger.

The next account balance is that of the disposal area. SM is the soil
moisture. Input minus Outputs minus change in Snow Storage equals the
change in soil moisture. Below this account, account history pertaining
to snow storage is given.

After the monthly accounts an overall summary is printed, which includes
percent of wastewater controlled. This is calculated as follows;

Percent of Wastewater Controlled = ZInflovs ~ SRS reny % 100%
LInflows

Potential Disposal Days are the number of days in the year the soil
moisture falls below maximum available soil moisture times the management
level PAVLU. Maximum Pond Volume is the maximum volume the wastewater
occupies in a year as compared to the maximum pond volume. Values up to 100%
are only obtained, any additional water is discharged. Istimated lake
evaporation is the amount of water that would evaporate from the pond, if
water was always available.

In interpreting the values from the Final Summary, Fig. 11, values
labeled as averages are the yearly sums of that quantity divided by the
number of years involved in the computer run. Values labeled as totals
are sums of the yearly values for that particular quantity. In interpreting
values in the multiple disposal program, values for all the plots are summed
and then divided by the number of years and the number of plots, and are

then entered in the Disposal Section as was done in the single area program.



APPENDIX III.--NOTATION

a constant in the Penman Equation

AET actual evapotrénspiration, in inches

AMC antecedent soil moisture, in inches

b constant in the Penman Equation

C degree day coefficient for snowmelt, in in./day-°F
CCrop coefficient related to disposal area crop

CCA/LA coefficient related to ratio of feedlot area to disposal arsa
CDSRATE coefficient related to disposal rate

CH/HMAX coefficient to adjust for differing pond depths
CPAVLV coefficient related to management of disposal
CSoil coefficient related disposal area soil type

&' hydraulic coefficient of the soil, in mm day—llz
D snowmelt by rainfall

e constant in Penman Equation

ES saturation air pressure, in millibars

ES soil evaporation

ET evapotranspiration

K crop coefficient

M snowmelt, in inches

MD moisture deficit, 1n inches

N runoff curve number

P precipitation, in inches

PET potential evapotranspiration, in inches

PSUNS percent sunshine

Q direct éurface runoff, in inches

r ‘ reflectance coefficient
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Ra solar radiation

RHD ?elative humidity

S maximum potential difference between precipitation and runoff

SA pond surface area, In acres

T average daily temperature (°K)

Ta average daily temperature (°C)

v pond volume, in ac-in.

VLocation basic pond volume which depends on location and percent
95-100 control required

6 actual available soil moisture, in inches

— maximum available soil moisture, in inches
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ABSTRACT

With the use of continuous watershed models, Kansas stations were
tested to evaluate and design feedlot runoff control systems. The control
systems consisted of a pond and disposal area for controlling feedlot runoff
pollution. The testing was in three phases: 1) control was achieved by
evaporation from the pond, 2) control was achieved by irrigation disposal
from the pond to a single disposal area, 3) multiple disposal areas were
compared to a single area for irrigation dispesal. From these tests, design
of the control systems are pessible given the necessary data concerning the

control systems and the location (metecrological).



