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INTRODUCTION

The cattle industry has become a major contributor of agricultural
pollutants in the state of Kansas. For many years cattle have been produced
on the farm in relatively small concentrations. This production method has
not contributed a significant amount of poliution since wastes have tradi-
tionally been applied to surrounding cropland with minimal cost.

The more recent concept of cattle production is that of the feedlot
operation. Feedlot numbers and size have increased rapidly in Kansas during
the last fifteen years. A particularly rapid increase is that of the commer-
cial feedlot, which is defined as those operations with the capacity to feed
1000 cattle or more at any one time. Table 1 shows the number of commercial
feedlots and the total cattle being fed at those feedlots over the last fif-

teen years.

TABLE 1
GROWIH OF COMMERCIAL FEEDLOTS IN KANSAS

Number of Number of

Date Commercial Cattle on Reference
Feedlols Feed

1956 7 21,000 (L5)

196k 58 1l 000 (L6)

1966 88 260,000 (L46)

1967 - 311,000 (41)

1969 - 186,000 (L2)

1970 234 606,000 (L3), (42)

97 67970



Kansas State Board of Health regulations issued May 31, 1967, require
all existing confined feeding operations with a water pollution potential or a
capacity to feed 300 head or more at any one time to register with the Depart-
ment of Health. Operators of existing facilities were to register by January
1, 1968. Any new or proposed operations must also register. Table 2 shows
the sigze and quantity of cattle feedlot facilities registered as of July 2,

1970 (L3).

TABLE 2
- CATTLE FEEDLOTS REGISTERED AS OF JULY 2, 1970

Feedlot Capacity at Number of Feedlois

Any One Time
0 - 999 386
1000 - L4999 172
5000 - 9999 28
10000 - over 3k
Total 256-

/ ,?\‘ ;;‘ --"
On January 1, 1970, the lots with capacities below 1000 were feeding

i

i Py
286,000 cattle as compared with 606,000 cattle on feed in commercial lots.

During 1969, the number of grain-fed cattle marketed for slaughter totaled
1,7 million. Commercial feedlots with capacities above 10,000 accounted for
2/3 of the grain-fed cattle marketed for slaughter (L2). At the 1969 market
volume of 1.7 million, and considering that 2/3 of the volume came from lots
with over 10,000 head capacity, the average output per lot was over 33,000
head per year. With such large concentrations of cattle a large water pollu-
tion potential exists. Whether or not pollution actually occurs is dependent

upon management practices and the physical considerations of the feedlot.



Both ground water and surface waters are subject to quality deteriora-
tion from feedlot wastes. This study will primarily be limited to investiga=-
tion of those factors which may affect the quality of the surface waters.

Thus, the study will concentrate on characterization of runoff volume and

pollutant concentrations.



PURPOSE OF STUIY

The purpose of this study was as follows:

1. To determine the runoff quantity and variation of various
pollution parameters resulting from natural rainfall on a
commerclal cattle feedlot.

2. To evaluate methods for predicting runoff quantity, rate,
and pollutant concentrations.

3. To develop and evaluate equations for estimating hydrologic
and water quality characteristics of runoff from a beef

feedlot.



REVIEW OF LITERATURE

Hydrologic Considerations
The hydrologic characteristics that are of importance in evaluation of
feedlot pollution concern those factors affecting runcff volume and flow
rates. Runoff volume information is necessary for design of detention ponds
or lagoons and for determination of the amount of polluted water which must be
treated and/or disposed of. Maximum flow rate estimates are essential

criteria for design of runoff conveyance channels.

Runoff Volume

The factors affecting runoff are those associated with the storm charac-
teristics and those associated with the watershed (11). Storm characteristics
affecting runoff include intensity, duration, and total precipitation. Copley
et al. (5) studied the relationship of runoff to rainfall intensity and total
rainfall per stoerm. The results of the study revealed an increasing propor-
tion of runoff to rain as the intensity and the total precipitation per storm
increased.

Storm duration affects runoff volume in that infiltration to the soil or
feedlot surface may decrease with time in the initial stages of a storm.
Therefore, a storm of short duration may produce no runoff, whereas a storm of
equal intensity but of greater duration may result in runoff (11).

In general, watershed factors affecting runoff are soil, size of drain-
age area, plant cover, and management practices (6). Specifically applied to
feedlots, the main watershed consideration involves water infiltration or

detention on the lot surface due to minor depressions. Swanson et al. (13)



stated, "Infiltration on an established beef feedlot appears to be restricted
to water storage in the manure pack, with very limited water movement through
the profile." Norton and Hanson (12) reported infiltration to the ground
water is so small that it can be neglected when determining the total runoff
from cattle feedlots. Norton and Hanson go on to state that manure was
observed to be a dry hard crust, two to four inches below the surface of the
feedlot, after the runoff had ended. Theoretically, if the infiltration capa-
city of the feedlot surface were known, the volume of runoff resulting from a
given storm could be computed by subtracting infiltration and depression
storage from total rainfall (7). The reduced infiltration capacity of the
feedlol surface results in greater runoff volume., Swanson et al. (13) found
annual runoff from a beef feedlot may be two or three times that of adjacent
cropland.

Runoff volume from feedlots has been studied by several investigators
(1,4,13,18,19,21). Bergsrud (L) applied the Soil Conservation Service (SCS)
method of runoff prediction to feedlot surfaces. The SCS method expresses
watershed factors in terms of & hydrologic soil cover complex number (10).
This number is commonly referred to as the runoff curve number, CN. A CN is
calculated for a given watershed by determining soil types, land use, treat-
ment or practice, and hydrologic condition. Corrections may be applied to the
CN for differing antecedenﬁimoisture conditions. Once this information is
obtained, reference is made to tables to arrive at a CN (10,11,2).

Bergsrud (L), in determining a CN for feedlots, used fallow land use,
hydrologic soil group C for dirt surfaces and D for concrete surfaces, and
average antecedent moisture conditions. The corresponding runoff curve num-
bers were §1 for unsurfaced lots and 94 for surfaced lots. These values were

the same as Miner determined by selecting the CN which best fit his data (1).



Once the CN has been determined, runoff from a particular storm may be calcu-
lated by equation or from charts. Figure 1 is the graphical representation of
the SCS runoff equation. Bergsrud used thirty years of precipitation data
from twelve stations across Kansas to determine the total and temporal distri-
bution of cattle feedlot runoff for each station from the SCS runoff equation.
With this information he was able to plot cumulative runoff versus time for a
given percent chance occurrence. His calculations were limited to unsurfaced
feedlots since the majority of lots in Kansas are unsurfaced except for feed-
ing and watering areas. Partial results of the study are shown in PLATES
I-IIT.

A regression equation for calculating runoff was determined from one and
a half years of study in Nebraska (1l). The resulting equation with a corre-
lation coefficient, r, of 0,931 was:

R = +.694P - 0,201 (1)
where R = runoff, inches
P = rainfall, inches

The drainage area was about 1.6 acres with a stocking rate of approximately
250 sq. ft. per animal and a slope of about 6 percent. A sandy soil was
underlying the lots. The correlation coefficient, squared, indicates that
86,6 percent of the variation in runoff was explained by consideration of the
variation in precipitation amounts. Runoff resulting from winter thaw
amounted to 70 percent of the accumulated precipitation for that period.

Another study in Nebraska was undertaken to determine the effect of
animal density and surface slope on characteristics of runoff, and other
factors, from unpaved beef feedlots (21). Runoff versus rainfall regression
equations were determined for slopes of 3, 6, and 9 percent with stocking

rates of 100 and 200 sq. ft. per head. Gilbertson et al. (21) go on to state :









PIATE I

NORMAL ANNUAL PRECIPITATION IN INCHES (AFTER BERGSRUD, L).

PLATE 11

NORMAL ANNUAL FEEDLOT RUNOFF IN INCHES, BASED ON AN SCS CN
OF 91 (AFTER BERGSRUD, L).

PLATE II1

EIGHTY PERCENT CHANCE OCCUREENCE FEEILOT RUNOFF IN INCHES,
BASED ON AN SCS CN OF 91 (AFTER BERGSRUD, L)
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« « » Net differences in runoff, as affected by feedlot slope
and cattle density, was not apparent for rainfall accumulations.

- L > [ L ] » L) L] L - L L L L . L3 L * L L] . L] . L4 - > - - . L * * L

« o o An estimating equation computed from data for all treat-
ments was R = ,531P - ,135, [ = 0,847 . . .

Runoff resulting from winter thawing conditions indicates high
density lots (100 sg. ft. per head) yielded 130 to 170% greater
runoff quantities than low density (200 sq. ft. per head) lots.
High density lots yielded runoff averaging 81% of the precipita-
tion in the form of snow. Low density lots yielded an average of
ShZ of rainfall equivalent snowfall., Feedlot slope did not appear
to affect the quantity of runoff from snowmelt.

Norton (19) reported that he found no significant increase in runoff
from rainfall due to higher catile densities. However, his studies were
limited to summer conditions and for this reason he could not have detected
what Gilbertson et al. found regarding increased runoff, due to higher cattle

densitlies, from snowmelt.

Storage Volume Requirements

Dague et al. (18) proposed a method to determine storage volume neces-
sary to store feedlot runoff. The proposal involved plotiing precipitation
(assuming 100 percent runoff) versus itime throughout the year, which was
referred to as a mass inflow curve, A mass outflow curve would then be
plotted on the same graph to represent application of the runoff to land or
introduction to a stream or both. The storage volume required could then be
determined from the curve as Dague et al. demonstrated for controlled release
to land, Fig. 2. (18). The apparent advantages of this method for determining
volunme requirements are as follows:

1. If a limited area exists for runoff application, storage

volume can be balanced with application rate.
2. If a storage reservoir is already provided, the required

land mass may be determined for the desired application rate,



12

‘puet

(9T “ondeq I2q7e)

Trrerre

o

02
NI
‘NOILVLIGII3Yd
K4

o¢

ot

01 9sesTad PITTOIFUOD YITM Squsuwaarnbal sumpoa s8ea01s puod--*Z *STg
UVIA JO SHLOW
0 N 0 S v r r W v W 4 r

T T I T T T J 7 T T 7
v -
P 3
yd ;
> Ni 8228+ =FHTT0N ONO el =
m \\\\ 3
= S =
m MOTLL10—>3" MO =
= el 3
: :
- - 3
= 3
= -

0s



13

3. The method permits balancing of land available for runoff
applications with application rates, stream discharge
rates, and storage volume requirements.

The method of determining storage volume requirements may possibly be
improved by using a temporal distribution of cumulative runoff in place of
cumulative precipitation as the inflow mass curve. Use of a runoff inflow
mass curve instead of a precipitation inflow mass curve would result in a
smaller storage structure design. However, the increased cost of building a
larger structure may be more economical than future costs of removing
accumulated solids from the basin of a smaller sized structure. Hence,
management efforts to reduce solids accumulation will need to be considered.
Also, a decision must be made as to what percent chance rainfall or runoff
accumulation curve will be used. This decision must be weighed against
potential damages from overflow versus increased construction costs of the

storage structure.

Runoff Flow Hate

Schwab et al. (11) have listed several methods of predicting runoff
rates which are applicable to small agricultural watersheds. Cook's method
and the rational method will be briefly discussed.

Cook!s method. The method developed by Cook (50) for runoff rate esti-

mation uses an empirical relationship between drainage area and peak flow.
Watershed characteristics and geographical variations are accounted for in the
method. Peak flow is calculated by the following equation:
q = PRF (2)
where q = peak discharge in CFS

P = peak runoff for a lO-year frequency



R = climatic factor
F = return period factor
Values are obtained for P, R, and F from empirical curves and tables (2,11).
Rational method. The rational formula is:
q = CIA (3)

where q = peak discharge in CFS

C = a runoff coefficient
I = rainfall intensity in inches
per hour for a duration equal
to the time of concentration
of the watershed
A = drainage area in acres
One acre-inch per hour is equal to 1.008 CFS, hence, the equation is commonly
assumed to give peak flow in CFS. Linsley and Franzini (7) noted this method
is widely used for estimating design flows for structures conveying runoff
from small areas. The above qualification of use on small areas is important
because of the assumptions involved in this method (see Appendix I for a
listing of the assumptions). Linsley and Franzini mentioned the formula
ghould be used with caution for areas over 100 acres and probably should never
be used for areas in excess of 1200 acres.

Ward (22) stated the rational equation could only possibly apply to very
small areas and even then the coefficient C ignores the fact that the main
determinant of runoff is the continuous changing relatiounship between rainfall
intensity and infiltration. In an attempt to improve results, Gregory (23)
derived a formula for the runoff coefficient for impervious surfaces. His
equation is:

¢ = 0.175 £33 ()

where C = a corrected runoff coefficient
for a given duration t



t = duration of rainfall in minutes
One would expect this type of correction to improve results, however, for
specific application to feedlots it would probably be necessary to arrive at a
correction equation derived from feedlot runoff data.

The design return period for the rational method is inherent in the
choice of the value for intensity. DBefore design intensity can be determined
the time of concentration of the feedlot must first be estimated. Theoreti-
cally, maximum runocff occurs immediately following the portion of the storm
that the most rain falls for a period equal to the time of concentration. (24).
The rationale is that for a duration less than the time of concentration the
entire watershed will not be contributing simultaneously at the outlet, and
for a duration greater than the time of concentration one would expect a lower
intensity as supported by the U.S. Weather Bureau Technical Paper No. 4O (28).

Several methods are available for estimation of the time of concentra-
tion, Some of these will be discussed in a later section.

Once the time of concentration of the feedlot has been determined,
curves developed by the Weather Bureau can be used to determine the design
intensity for the desired return period. The Rainfall Intensity-Duration-

Frequency curves are available for first order weather stations, e.g. Fig. 3.
Water Quality Considerations

Description of Pollution Indicators

Prior to discussion of the results of current research related to beef
feedlots, one should be familiar with the significance of various pollution

indicators.

Biochemical oxygen demand (BOD). BOD is defined as the amount of oxygen
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