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INTRODUCTION

The Ontario Ministry of Agriculture
and Food requested a study of runoff
volumes from a beef feedlot to provide
engineering design information for feed-
lot runoff control structures. Townshend

et al. (6) had concluded that most
feedlots in Ontario are situated so that

drainage does not cause pollution, yet
some serious cases of runoff contamina

tion were documented. The cooperator
was interested in possible groundwater
contamination from a holding pond and
this aspect was also investigated.

The cooperator, AJ. Zehr, operates a
conventional feedlot near Bright, Oxford
County, Ontario. The beef population of
the feedlot fluctuated from zero to 250

from October to June. An adjacent swine
barn held 32 sows. The arrangement of
the feedlot and manure handling system
is shown in Figure 1.

EXPERIMENT

Feedlot Description

All manure was handled in solid form.

Yard manure on the paved feedlot was
scraped weekly to a ramp and directly
into a manure spreader for immediate
distribution on cropland. Manure was
spread year round. The cooperator stated
that about four loads of 7m3 each were
removed weekly. There were more loads
if the manure was sloppy; therefore, he
strove to remove the manure prior to
heavy rain. Straw bedding was used in the
sow barn and that manure was stored on

a concrete pad and spread when conveni
ent, usually monthly.

The beef feedlot is 32 X 27.5 m, or
880 m2. The gradient of the feedlot
toward the ramp is 1%. A concrete
sedimentation and drainage channel
carries runoff from the feedlot ramp to a

concrete storage pad at the swine barn.
The drainage channel is 45.7 X 3.7 m, or
169 m2 and the storage pad is 15.3 X
12.2 m, or 187 m2. The total paved area
draining into the sump is about 1,240
m2.

Sump and Pump

All roof water and outside drainage is
diverted from the feedlot. Runoff from

the paved areas is collected in a sump and
pumped to a holding pond, a distance of
275 m. The stored liquid is disposed of
by irrigation on surrounding cropland.

The sump, located at the lower side of
the manure pad at the swine barn, is 1.83
m long X 1.27 m wide. The pump,
located in the sump, is a fully automatic
Barnes Simplex Submersible pump (SE-
201, 3 inches, 2 hp) with a liquid level
control starter. The starter switch is set so

that the depth of liquid removed is 0.15
m. A calibration of the pump showed
that the average discharge rate was 9.84
liters/sec. The removal of 1 mm of runoff
depth required 2.1 min of pump opera
tion.
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A General Electric time meter was

installed on the pump starter October 2,
1972 to provide a digital record of the
total time the pump was in operation.
The cooperator recorded the time meter
readings following precipitation and inter
mittently as his schedule permitted.

Precipitation

A standard rain gauge was installed at
the site September 8, 1972 and was used
during nonfreezing weather. Records for
winter months were estimated from
recording gauge stations at Tavistock and
Drumbo, 15 km distant.

In addition t o precipitation, it should
be noted that the Canada Animal Waste

Management Guide Committee (2) state
that a beef feeder steer produces, on the
average, 0.015 m3 of manure daily. The
urine portion, which may reach the sump,
is 25% or about 3.5 liters/day, or 700
liters/day for 200 head of stock. This
element is equivalent to about 0.5 mm of
runoff depth daily.

RECEIVED FOR PUBLICATION SEPTEM

BER 23, 1975 Figure 1. Layout of beef feedlot and runoff system.
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Holding Pond

The sump pump forces the liquid
through 275 m of 0.1-m ABS pipe to the
holding pond. The pond is 34 X 18 m at
ground level with 1:1 side slopes and 2:1
back slopes. The banks are about 0.9 m
above ground level and the pond bottom
is about 1.2 m below the soil surface, but
above a sand layer described below. The
depth of liquid varied but averaged about
1.5 m.

Water Table Observations

Water table pipes were installed
September 10, 1972 to observe ground
water elevations on a regular basis and to

remove water samples for analysis of
water quality. Their locations are shown
in Figure 1.

Soil

The soil at the holding pond is a
Tavistock silt loam which has about 0.25

m of top soil, clay to 0.5 m, and a more
dense clay layer below that depth. A deep
layer of coarse sand is encountered at 1.5
m. Soil properties measured were:

Depth
(m)

0.2

0.3

0.5

Dry density
(g/cc)

1.40

1.38

1.58

Water content

(%)

24

24

19

TABLE I PRECIPITATION AND RUNOFF FROM BEEF FEEDLOT

Runoff during Precipitation1* during
Period period period Ratio runoff/

beginning (mm) (mm) precipitation

Oct. 1, 1972 7 20 .35

15 41 82 .50
Nov. 1 21 50 .42

15 7 20 .35
Dec. 1 42 68 .62

15 26 50 .52
Jan. 1, 1973 9 29 .31

15 18 30 .60

Feb. 1 29 51 .57

15 9 32 .28
Mar. 1 71 103 .69

15 55 89 .62

Apr. 1 15 31 .48

15 18 34 .53

May 1 30 55 .55

15 20 42 .48

June 1 8 23 0.35

15 20 24 0.83

July 1 18 No cattle 25 0.72

15 29 on feedlot 48 0.60
Aug. 1 32 during 41 0.78

15 14 this 16 0.88
Sept. 1 14 period 1 14.00

15 22 4 0.54
Oct. 1 29 23 1.26

15 47 84 .56

Nov. 1 41 69 .59

15 45 77 .58
Dec. 1 16 28 .57

15 12 61 .20

Jan. 1, 1974 6 35 .17
15 46 73 .63

Feb. 1 8 33 .24

15 55 76 .72

Mar. 1 35 50 .70

15 25 42 .60

Apr. 1 23 74 .31

15 5 47 .11

May 1 42 63 .67

15 30 60 .50
June 1 5 18 .28

Total 1,045 1,879 .56

* Precipitation includes 0.5 mm/day for the urine portionof the manuiu.

Field Management

The field adjacent to the holding pond
was used to grow corn. The field was
manured heavily during the winter of
1972. Regular fertilizer was applied with
the corn at planting time. In the spring of
1973, anhydrous ammonia was applied
and the field was disced.

The pond overflowed from November
20 to 30, 1973 and there was some
spillage near pipes 7 and 8 during the
pumping down operation.

Groundwater Sampling and Analysis

Over a 1-yr period commencing in
June 1973, water samples were taken
weekly from each pipe containing water.
Immediately upon return to the labora
tory (or after refrigeration for 18-24 h),
the samples were analyzed for nitrate-
nitrogen, Kjeldahl nitrogen and Chemical
Oxygen Demand (COD) using the
methods of the American Public Health

Assoc. Inc. (1).

RESULTS

Runoff

The runoff depth, R was calculated
using the time meter data from the
sump pump operation and the pump
calibration characteristic. Information

was not collected from which the

relationship between runoff and storm
precipitation could be developed on a
storm or event basis. The data from the

project was therefore divided into
15-day periods (Table I) and an analysis
was made of the relationship between
measured runoff depth, R mm, and
measured precipitation, P mm, for each
15-day period. For the period October
1, 1972 to June 15, 1974, the regression
equation to predict runoff from
precipitation is: R = 0.64P - 5.35. The
correlation coefficient was 0.87. The

confidence limits (5%) at the mean are
0.60 to 0.78. Runoff did not occur unless

precipitation exceeded 8.36 mm.
Gilbertson et al. (3)(4)(5) reported the
relationship between runoff, R inches,
and storm precipitation, P inches, for
1968 and 1969 in Nebraska to be R =

0.694P - 0.201; and for 1971 to be R =
0.71P-0.23.

The ratios of runoff to precipitation in
Table I reflect a general averaging of
weather conditions over the 15-day
periods. Low depths of runoff during
January and February reflect storage in
the form of snow and ice which was

removed in solid form during the weekly
cleaning and the increment was not
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Figure 2. Nitrate-nitrogen levels.

carried into the subsequent period. The
livestock population was reduced to zero
in June and much of the summer

precipitation falling on the feedlot
evaporated rather than appearing as
runoff. The ratios which exceeded unity
in September and October 1973 reflect
the addition of water used to cleanse the
feedlot prior to the new beef population
arriving in October.

The total measured precipitation was
1,623 mm for the period of record and
the urine portion of the manure was 156
mm for a total of 1,879 mm. The
long-term average precipitation for
Tavistock is 1,311 mm; therefore the
experiment period was one of above-
average precipitation. The total measured
depth of runoff was 1,045 mm.

The mean outflow was equivalent to a
depth of 1.7 mm/day. The maximum
monthly depth was 125 mm in March
1973. The average volume of runoff was
2.1m3/day.

The pump design was satisfactory
since the sump did not overflow. The
longest daily periods of operation were
48 min on March 14, 1973 resulting from
21.34 mm of precipitation; 40 min on
December 5, 1973 resulting from 19.30
mm of precipitation and 34 min on
October 23, 1972 from 45.21 mm of
precipitation.

Groundwater Quality

Kjeldahl nitrogen levels (organic nitro
gen plus ammonium nitrogen) in the

samples of groundwater were consistently
higher during the summer of 1973 than
later in the year or early in 1974. Values
in mid-summer were about 20 mg/liter.
There were no consistent differences
between sample locations and there was
no reason to believe that the higher values
observed in the summer of 1973 repre
sented nitrogen from the holding pond.
The samples were frequently turbid, due
to sampling small quantities, and it seems
likely that the high values for Kjeldahl
nitrogen represent nitrogen in soil solids.
The high nitrogen values were accom
panied by high COD values which
occasionally exceeded 500 mg/liter. As
the soil around the water table pipes
became stabilized, turbidity of the
samples became less obvious and both
Kjeldahl nitrogen and COD values de
clined to about 0.5 - 2.0 and 10 - 20
mg/liter, respectively.

Nitrate-nitrogen varied with both sea
son and sampling location and monthly
means, as shown in Figure 2, indicate
levels of nitrate-nitrogen consistent with
the fertilizer regime and location of the
pipes, i.e. whether in sod or cropped land.
There was no indication that nitrogen was
moving through the soil in the ground
water intercepted by the sampling grid.

While there are precedents for using
this criterion, measurement of nitrogen
concentration in groundwater may not be
the best way of detecting seepage from a
holding pond. Nitrogen moving into the
soil is most likely to be in the form of
ammonium ion or organic nitrogen, from
which ammonium may be released on
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decomposition. Ammonium will be rapid
ly immobilized by adsorption to soil
colloids and, since nitrification would be
prevented by the anaerobic conditions,
nitrogen would not be expected to appear
in groundwater at a distance from the
pond. Where possible, a better procedure
to follow may be to sample the soil
beneath the holding pond. Tests for
ammonium nitrogen would then indicate
the distance to which seepage had
occurred.

SUMMARY

Precipitation and runoff volume were
measured from a conventional paved beef
feedlot from which manure was removed
in the solid form on a weekly basis. The
regression equation to predict runoff
from precipitation was: Runoff depth
(mm) = 0.64 Precipitation depth (mm) -
5.35. Groundwater quality analysis did
not indicate that nitrogen was moving
through the soil from the holding pond.
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