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PREFACE 

This report presents results from a joint Ministry of the Environment/Upper Thames
River Conservation Authority Implementation Program.

The study began in April 1984 and continued for one year. Funding was furnished
by the Ministry of the Environment.

Major focus for the program was aimed at the reduction of the environmental
impact of agricultural practices on water quality in the Pittock Watershed of the
Thames River Basin, through the implementation of "Individual farm soil
conservation and water quality improvement plans".

In addition, the program emphasized the provision of technical assistance and the
utilization of available government grants to stimulate adoption of related corrective
measures to deal with waste impacts on water quality, including those associated
with contaminated tile drainage. In conjunction with the latter, field investigations
including water sampling and analyses assisted in locating farm operations
displaying environmental problems. In-field work was shared by Ministry of the
Environment and Upper Thames River Conservation Authority field staff.

This report is an accumulation of in-field observations, not a statement of policy.
Interpretation of the presented material is that of the authors and does not
necessarily reflect the opinions of all agencies and individuals associated with the
program.



1. SUMMARY AND RECOMMENDATIONS  

1.1 Summary 

The second year of water quality investigations and farm management analyses in the Pittock
Watershed has provided additional insight into the mechanisms of agriculturally-related water
quality problems.

The major impacts creating water quality impairment consisted of soil erosion, improper
management of livestock and livestock manure, milkhouse wastes and artificial drainage.

The indication from 1983 work that illegal hook-ups into sub-surface drainage systems were a
major cause of poor water quality was confirmed through work in the study Sub-basin. Over 25
percent of all livestock operations were found to have some form of illegal hook-up. Sixty-five
percent of the dairy operations within the Sub-basin study area had direct hook-ups.

Seventy percent of the Sub-basin agricultural land is tile drained with 117 outlets servicing 1450
hectares of cropped fields.

Twenty of the 31 farms were rated, based on surface considerations, to have a high or medium
potential to transport surface wastes to open watercourses.

Although there appears to be an adequate land base for the spreading of manure it was learned
that approximately 40 percent of the farmers spread in the winter when land retention is reduced.

Water quality sampling focused on the 117 tile outlets. A sufficient data base was developed for
25 outlets allowing for a crude ranking of water quality based on waste sources to tiles.

Sampling of the 15 river stations produced results very similar to the previous year confirming
water quality well in excess of Ministry of the Environment Objectives and guidelines .

The bacterial pathogen Salmonella was looked for, and found at two river stations, one at the
mouth of the study Sub-basin and one immediately upstream from the Pittock Reservoir.
Salmonella were also detected in three tiles. The antibiotic resistence patterns of these bacteria
indicated that they were from livestock.

A special study of milkhouse wastes showed high numbers of bacteria and high concentrations
of phosphorus present.. This situation likely reflects the ability of bacteria to grow on the
excessive nutrients.
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1.2 Recommendations 

The drainage of wastewater at the farmstead, especially milkhouse wastes, has proven to have
a significant impact on nearby receiving watercourses. Ministry of Environment Water Quality
Objectives were exceeded in all cases where illegal hook-ups existed. It is recommended that:

ALL ILLEGAL FARMSTEAD HOOK-UPS (EG. MILKHOUSE DRAINS) BE ELIMINATED.

In addition to direct connections, it is apparent that uncontrolled runoff from manure storages is
gaining access to sub-surface tile systems. This occurs where (i) natural depressions leading from
manure storages become saturated with nutrients, and (ii) catchbasins or damaged tile systems
allow for the direct passage of contaminated flow into the systems. It is recommended that:

MANURE STORAGE FACILITIES BE IMPROVED OR ALTERED TO COMPLY WITH O.M.A.F.
RECOMMENDATIONS AND MANURE SPREADING PRACTICES COMPLY WITH THE
AGRICULTURAL CODE OF PRACTICE.

Tile systems draining only manure spread fields (ie. no illegal hook-ups) have shown bacterial
contamination. An experiment involving the monitoring of precipitation as it passes through the
soil profile, and into sub-surface tile has been underway since the fall of 1984. To assist in
understanding how nutrients pass through the soil, it is recommended that:

MONITORING OF EXPERIMENTAL SITES ON MANURE-SPREAD FIELDS BE CONTINUED.

The 1984 Sub-basin study attempted to further increase landowner awareness of environmental
concerns in the agricultural field. Staff were made available to assist in the implementation of
remedial measures. This type of effort should be continued.

A 1986 program could include information seminars and practical on-farm demonstrations
involving current technology in manure management. The Joint Agricultural Soil and Water
Conservation Program would be an obvious means of carrying out this program. This program
includes the following agencies: the Ontario Ministry of Agriculture and Food (O.M.A.F.), the
Ontario Ministry of the Environment (M.O.E.), the Ontario Ministry of Natural Resources (M.N.R.),
the Ontario Soil and Crop Improvement Association and the local Conservation Authorities.

A POSITIVE APPROACH INTRODUCING THE BENEFITS OF GOOD MANURE
MANAGEMENT PRACTICES SHOULD BE CONTINUED.

-2-



In addition it is recommended that:

INCREASED FINANCIAL INCENTIVES BE MADE AVAILABLE BY THE GOVERNMENT
AGENCIES INVOLVED.

Erosion prone areas comprised approximately 15% of the Sub-basin. These areas tended to be
located either on the complex slopes in the southern part of the basin, or in the major natural
overland flow paths on the flat plains to the north.

With the Sub-basin being primarily comprised of livestock operations, crop rotations involving
forages were widely practiced. Conservation cropping practices on the steep southern slopes
included permanent pasture, cross-slope farming and cross-slope strip cropping. However,
conventional tillage in combination with row crops (corn) does exist on many farms, therefore it
is recommended that:

SOIL CONSERVATION INFORMATION AND EDUCATION BE INTRODUCED TO
LANDOWNERS FARMING EROSION-PRONE AREAS.

Research has shown, that streambank erosion may account for up to 30% of a stream's sediment
load. The existing open municipal drainage network was in respectable shape throughout the
entire basin. Causes of streambank erosion included: unlimited cattle access, inadequate buffer
strips and improperly maintained streambanks.

In addition to streambank breakdown, livestock pose a potential health hazard by direct
defecation into a watercourse. As a result it is recommended that:

LIVESTOCK BE RESTRICTED FROM OPEN DITCHES.
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2. INTRODUCTION 

2.1 Background to the Study 

The 1975 Thames River Basin - Water Management Study introduced a series of recommendations
concerning water quality in the headwaters of the Thames River Watershed. In particular was the
urgent need to control pollution sources from agricultural land.

Sub-surface tile systems, overland runoff of nutrient-laden sediment, unlimited livestock access
to open watercourses, and inadequate containment of liquid runoff from manure storages and
feedlots are some principle agricultural sources of pollutants which lead to water quality
degradation.

In 1983, the "Diffuse Source Pollution Control Program" at the Upper Thames River Conservation
Authority through funding from the Ontario Ministry of the Environment, undertook a study to
assess and define the manure management practices in the Pittock Watershed. The impact on
water quality was also monitored.

The 1983 Pittock Watershed: Livestock Manure Management and Water Quality Study concluded
that the water quality throughout the headwaters of the South Branch of the Thames River was
unacceptable. The sources of contamination were similar to those previously noted in the 1975
Thames River Basin Study.

One alarming conclusion of the 1983 Study was the severe impact that sub-surface the systems
were having on rural water quality. Through questionnaires and ground truthing, it appears as
though farm management practices have not kept pace with the increased intensity of livestock
operations. The greater amount of waste being handled coupled with the magnitude of artificial
drainage systems have led to the ease with which polluted runoff gains access to surrounding
watercourses.

Additional studies were recommended for 1984.It was suggested that future programs should
include bacteriological analysis of water and sediment, as well as chemical analysis of water.
Municipal drainage works, especially sub-surface tile systems, were investigated for sources of
contamination.
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2.2 Goals and Objectives 

The 1984 Pittock Watershed: Sub-basin Study was a continuation of the 1983 Pittock Watershed:
Livestock Manure Management and Water Quality Study. As in the previous year, the Ontario
Ministry of the Environment made available funding for the project. In addition, and once again
similar to 1983, the Upper Thames River Conservation Authority was contracted to assist in the
study. The Ontario Ministry of Agriculture and Food participated through their regular programs.

As recommended in the 1983 study, the principle focus for 1984 was to select a manageable
sub-watershed, representative of the Pittock Basin. Once the Sub-basin was chosen, a detailed
water sampling program, and land management investigation were to be carried out.

Sub-basin 2 was selected for the study, which began in April, 1984 (Figure 1): Sub-basin 2 outlets
eventually into the Thames River Improvement Drain. The basin, 1650 hectares in size, is
completely agricultural. Livestock operations comprise 80% of the farms in the basin.

As confidence was gained from the 3I residing landowners within the Sub-basin, each farm
operator was solicited for detailed information relating to their management practices. Knowledge
acquired through personal conversation was then combined with the physiography of the farm
to estimate what impact a particular operation may be having on the environment.

Concurrent with the examination of pollution potential corresponding to land use activities, an
intensive sampling program was carried out on the effluents from drainage tiles.

The results of the field investigations and water quality analyses would allow for a more thorough
understanding of the impacts of landuse activities and management practices (in particular
livestock operations) on water quality. In addition, remedial measures in the form of conservation
plans could be recommended to abate agricultural contaminant sources, in hope of improving the
Great Lakes Basin water quality, as well as the more obvious local water quality benefits.
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Figure 1. Pittock Watershed and Sub-basin 2 in relation to Southern Ontario.
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3. THE SUB-BASIN 

3.1 Location 

Pittock Sub-basin 2 is located just west of the village of Tavistock in South Easthope Township,
Perth County (Figure 2).

The Schafer Municipal Drain, which serves as the basin outlet, drains 1650 hectares into the
Thames River Improvement Drain.

The entire watershed is agricultural with 80 percent of the 31 farmsteads being livestock
operations.

Table 1: Sub-basin Farm Types and Associated  Numbers of Each 

Farm Type Number of Operations

Dairy 10

Beef 2

Swine 4

Dairy/Swine 2

Beef/Swine 4

Dairy/Beef 1

Dairy/Beef/Swine 1

Graze 1

Idle 1

Cash Crop 5

Total 31

-
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Figure 2. Pittock Sub-basin 2.
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3.2 Geology 

Till plains make up the majority of Sub-basin 2. These generally level plains comprise
approximately 75 percent of the watershed. Perth silt loam and Brookston silt loam are the
prevalent superficial materials with interspersed pockets of clay (Figure 3).

The remaining 25 percent of the basin (found in the southeast) consists of  till moraines. Slopes
in this area range from 2 to 9 percent and elevation differences exceed 25 metres. The surface
geology is much broader with sands, clay loams, silts and silt learns, and recent alluvial deposits
of bottom land peat and mucks. The parent material is Huron clay loam.

The open watercourses in the Sub-basin flow from generally man-made ditches on broad flat
plains at the headwaters into a well defined valley at the outlet. The elevation difference is
approximately 25 m from source to mouth.

Silt learns comprise over 75 percent of the soils in the basin. In the southeast, clay loam
predominates (20 percent) and the remaining 5 percent are bottom land soils. Sixty percent of
the soils are considered imperfectly drained, while 2U percent are poorly drained. Moderately
well-drained soils make up the rest.

Generally the agricultural capabilities are high throughout the basin with no major limitations to
cropping alternatives.
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Figure 3. Sub-basin 2 : Soil types.
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3.3 Drainage

The open watercourse in Sub-basin 2 originates from a series of municipal tile drains. The Krantz,
Schwartzentruber and Mogk Drains serve as outlets for the headwater tiles (Figure 4).

These three open drains connect in the mid-western part of the watershed to form the Wilhelm
Drain. This municipal drain flows across concessions III, IV and V, and then outlets into a swampy
depression where the Schafer Municipal Drain begins. The watercourse veers southwest where
it outlets into the Thames River Improvement Drain.

Eighty percent of the open drainage system is municipal which has been designed and constructed
for the quick drainage of storm water. The exception to this is the Schafer Municipal Drain, which
lies near the outlet and is still relatively natural in appearance.

The drainage density is 7 - 8 metres of open channel per hectare of drainage area. Over 70
percent of the agricultural land is tile drained with 117 outlets serving over 1450 hectares of
cropped fields. There are approximately 9.5 tile outlets/km of open drain. The artificial drainage
system is shown in Figure 5.

Over 25 percent of the livestock operators exhibit some form of illegal hook-up which may include
milkhouse, domestic or barn drains as the contaminant source.

Five of the landowners allow cattle unlimited access to the open watercourses. This allows for the
potential of ditchbank erosion and siltation as well as added nutrient and microbial input from
animal wastes.
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Figure 4. Sub-basin 2 : Municipal drainage works - Tile drains and open ditches.
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Figure 5. Sub basin 2 : Pattern of artificial tile drains.
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3.4 Land Use 

Sub-basin 2 is completely agricultural. Table 2 and Figure 6 illustrate the main land use activities.

The basin is comprised of 31 farms, all of which are family-owned and run. Farms range in size
from 40 to 80 hectares.

Woodlots cover 11 percent of the basin and are found towards the back of the homesteads.
Generally the woodlots continue across more than one farm to form a strip appearance in an
east-west direction.

Cropland makes up 1355 hectares or 82 percent of the basin. Of this, 30 percent is corn, 25
percent is small grains, 24 percent is hay and presently 3 percent is idle.

Six percent of the watershed consists of pasture and is usually found adjacent to the farm
buildings.

Table 2: Sub-basin Land Use Activities
Total Area (hectares) 1650
Land Use (% of total area)

Built-up      1
Woodlot    11
Pasture      6
Crops: corn    30

small grain    23
winter wheat      2
hay    24
other      3

Tile Drained Area
(% of total area)    70

No. Farms: Total    31
Livestock    25
Cash      5
Idle      1

Livestock Type (% operations)
Dairy    40
Beef      8
Swine    16
Beef/Swine    16
Dairy/Beef/Swine      4
Dairy/Beef      4
Dairy/Swine      8
Other      4

Cropping System
Cash Crop Rotation    16
Rotation with forages    81
Other      3
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Figure 6. Sub-basin 2 : Land use activities.
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All of the farm operators practise crop rotations involving forages or pasture. Table 3 presents the
sub-basin cropping systems.

Table 3: Sub-basin Cropping Systems 

System Percent of Total Operation

Grain/Hay/Corn or Sorghum 66

Grain/Corn 17

Hay/Corn 5

Hay/Pasture 3

Hay/Grain 3

Pasture 3

Idle 3

Eighty percent of the farms are livestock operations. One-half of these involve dairy cattle, while
another 30 percent have beef cattle. Sixteen percent of the farms are swine operations. Mixed
enterprises involving dairy, beef, swine, poultry and horses make up the remainder of the farms.

There are approximately 1275 Animal Units of manure produced in the basin. (The Agricultural
Code of Practice defines an Animal Unit as the number of livestock that would yield between 68
- 77 kilograms of nitrogen in their manure annually.) This results from an Animal Unit density of
0.8 A.U./hectare. Based on the Agricultural Code of Practice, none of the livestock operators
applies excessive amounts of manure on his or her available cropland (uniform spreading
assumed). The average application rate is 12 tonnes/hectare. However, one disturbing practice
is that forty percent of these livestock operators spread manure in the winter. Figure 7 illustrates
the animal units of manure produced on each farm.

Seventy six percent of the manure storages do not comply with the Ministry of Agriculture and
Food recommendation for 200 day liquid runoff retention. Of the 27 manure storage facilities, 21
are solid systems, 3 are liquid and 3 are semi-solid. In addition, 9 of the 25 storage facilities are
close enough to an open watercourse to create a severe contamination threat in the case of
accidental spillage or mismanagement. Manure is stored in the basin on different operations
anywhere from one month to one year.

Forty-two percent of the livestock farmers have their soil tested regularly, while only 3 landowners
have their manure analyzed.
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Figure 7. Sub-basin 2 : Manure production.
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4. LAND USE MANAGEMENT

4.1 Pollution Potential 

Mapping carried out by Environment Canada - Lands Directorate to determine high priority
management areas in the Thames River Basin provided background information for the Sub-basin
erosion potential. Erosion carries wastes into watercourses and hence erosion potential can reflect
pollution potential.

This mapping takes into account soil types, slope classifications, vegetated buffers, climate and
distances to open water courses, while omitting management practices and the extent of
sub-surface drainage, in calculating the potential soil loss and the potential for this eroded
sediment to be transported to nearby open watercourses.

Ten percent of the Sub-basin is considered to have a high soil erosion and sediment delivery
potential based on calculations using the Universal Soil Loss Equation. Another 15% has a
moderate erosion potential but high sediment delivery potential, while 15% has a high erosion,
moderate sediment delivery potential. The remaining area is considered to have minor erosion and
sedimentation potential. Figure 8 illustrates potential priority areas in the Sub-basin.

4.2 Priority Farms 

The process of ranking each farm as to its pollution potential was completed during the 1983
Pittock Watershed Study.

Factors such as field management and tile drainage are not included in the priority rating system.
Figure 9 shows the priority areas, based on surface consideration only, for the Sub-basin.
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Figure 8. Sub-basin 2 Potential annual average soil loss from rural areas.
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Figure 9. Sub-basin 2 : Priority rating of pollution potential from livestock farms.
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4.3 Soil Erosion Potential 

The Universal Soil Loss Equation (USLE) was the basis for  estimating soil losses due to erosion
in Sub-basin 2. The information gathered and the soil losses calculated, although similar to the
Lands Directorate Mapping for potential soil erosion sediment delivery, carries the process a step
further by applying  actual farm management practices as input data.

The USLE is:
A  =  R K LS P C

where  A  = computer soil loss per unit area
H  = rainfall factor
K  = soil erodibility factor
LS = slope degree and slope length factor
P  = support practices factor 
C  = land use cropping factor

Rainfall Factor 

The rainfall factor is 110 for the watershed. This is based on the map of iso-erodent values
published in the Atlas of Canada. The following figure displays rainfall factors for Southern
Ontario.

Figure 10. Rainfall factor "R" for Southern Ontario.
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LS Factor 
The LS factor is based on the following two equations: 

L =   (1/22) X

and S =   (0.43 + 0.30S + 0.43S2) 
6.574

where  X = 0.5 for slopes > 4% 
= 0.4 for slopes = 4% 
= 0.3 for slopes < 4%

L = slope length
s = field slope percent

Soil Erodibility Factor 

Average K values are given in the following table: 

Table 4: Estimated K - Values

Textures K - Values
Sand (s) 0.08
Loamy Sand (Ls) 0.11
Sandy Loam (SL) 0.16
Fine Sandy Loam (FSL) 0.22
Very Fine Sandy Loam (VFSL) 0.35
Loam (L) 0.30
Silt Loam (SiL) 0.38
Silty Clay Loam (SiCL) 0.32
Clay Loam (CL) 0.29
Silty Clay (SIC) 0.24
Clay (C) 0.20

Support Practices Factor

Table  5: Support Practices Factors

Slope
Up & Down

Slope

Cross-slope
Farming 

Without Strips

Contour 
Farming

Cross-slope
Farming 

With Strips

Contour 
Strip-cropping

0-2 1.0 1.0 1.0 1.0 1.0  
2.7 1.0 0.75 0.5 0.37 0.25
7-12 1.0 0.80 0.6 0.45 0.30
12-18 1.0 0.90 0.8 0.60 0.40
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Land Use Cropping Factor 

Table 6: Crop cover in Sub-basin 

CROP C - FACTOR

Bare Soil 1.00

Beans 0.47

Continuous Corn

- Fall Plowed 0.45

- Spring Plowed 0.39

- Chisel Plowed (Spring) 0.27

- Disk-plant (Spring) 0.12

- Zero Tillage 0.08

Rotational Grain Corn 0.29

Rotational Silage Corn 0.32

Mixed Grains 0.27

Winter Wheat 0.25

Rye 0.31

Hay Pasture (In Rotation) 0.06

Permanent Pasture -0.03

The USLE was applied to each individual farm field in the Sub-basin. The parameters involved in
determining soil loss were estimated based on available technical data and maps. Information
gathered through conversation with the landowners in addition to ground investigations verified
other factors.

The shaded areas in Figure 11 depict sections of the Sub-basin where existing annual soil losses
exceed 6 tonnes/hectare. Less than this level is considered tolerable in terms of soil regeneration.

The results of these calculations help to verify the mapping as done by the Lands Directorate. The
application of the USLE to the Sub-basin is more involved than the Lands Directorate Mappings
as it takes into account actual farm management practices such as cropping and tillage.

-
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Figure 11. Sub-basin 2 : Existing annual average soil loss based on 1984 management
practices.
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4.4 Contaminant Sources 

Eroded soil is only one potential source of water quality impairment. Other contaminant sources
in Sub-basin 2 include:

1. Leaching of nutrients from feedlots or manure storages.
2. Livestock with unlimited access to watercourses.
3. Disposing of liquid wastes (milkhouse, barn drains) into sub-surface tiles which outlet into

open watercourses.

To determine more precisely the effect that a particular farm operation may have on a nearby
stream the inputs must be investigated.

4.4.1  Manure Storages 

Table 7: Manure Storages 

Storage Type Number

Solid 21 

Liquid 3

Semi-Solid 3

Only 24 percent of these storages have adequate liquid retention. In addition 35 percent of the
manure storage facilities with no liquid runoff control are displaying nutrient overload to
surrounding municipal drains.

This contaminated effluent appears to gain access to nearby open drains either from direct
overland runoff, or through leaching into tiles which extend up to the farm buildings.

4.4.2 Livestock Access 

Five of the livestock operations allow unlimited cattle access to the open drains.
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4.4.3 Illegal Hook-ups 

There are 14 farms associated with dairy cattle in the Sub-basin. Two of these farms are cream
producers and dispose of liquid wastes as feed. Another of the operator's barn and milkhouse
drain to an adjacent watershed. Most surprisingly however, is that 65% of the dairy operations
within the Sub-basin have milkhouses which have direct hook-ups in sub-surface drainage tiles
that lead to open watercourses.

4.4.4 General

After interpreting the soil erosion potential for the Sub-basin, and relating it to the manure storage
location an approximation can be made as to a farm's pollution potential for this source. As well,
management controls such as manure storage, contaminated liquid retention, manure land
disposal and handling practices, cattle access and illegal hook-ups to inground drains are
considered to determine whether or not a farm operation contributes to stream water. pollution.

These different diffuse source contaminants are illustrated in the following figure for Sub-basin
2.
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Figure 12. Sub-basin 2 : Potential diffuse source contaminant locations.
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5. PITTOCK WATER QUALITY PROGRAM 

5.1 The Sampling System

A concurrent water sampling program was established to evaluate the environmental impact of
landuse activities in the Pittock Watershed. Surface water quality was monitored bi-weekly
throughout the entire Pittock Basin at 15 locations (Figure 13) as one part of the study, while
sub-surface tile effluent sampling, restricted to within the Sub-basin, made up the balance.

Standards set by the Ontario Ministry of the Environment in the form of- Provincial Guidelines and
Objectives, were used to assess the water quality.

5.2 The Sampling Analyses 

The chemical and bacterial analyses performed on the water samples included :

Chemical: Total phosphorus
Soluble phosphorus
Total Kjeldahl nitrogen
Free ammonia
Nitrite
Nitrate
pH
Biochemical oxygen demand (5 day) 
Suspended solids

Bacterial: Total coliforms
Fecal coliforms 
Fecal streptococci
Pseudomonas aeruginosa

Special sampling was carried out for Salmonella spp., a group of disease-causing bacteria to both
man and animals. The sampling technique consisted of Moore swabs placed either behind the
rodent grate in the steel outlet pipe, or in the stream.
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Figure 13. Pittock Watershed : Location of 15 bi-weekly sampling stations.
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5.3 Pittock Basin Water Quality 

Bi-weekly surface water sampling was continued at the 1983 main river and tributary stations,
from March '84 through to November '84. These sites as shown in Figure 13, measure the
integrated impact that landuse activities have on water quality.

Figures 14 through 16 depict comparative 1983 versus 1984 average concentrations of total
phosphorus and geometric mean numbers of total coliform and fecal coliform bacteria
respectively, for the 15 sampling stations.

Interpretation of the total phosphorus data indicates all values exceeded the 0.03 mg/L Ministry
of the Environment guideline. These elevated levels of phosphorus promote excessive aquatic
plant and algal growth. Phosphorus loading to the Thames River from Sub-basin 2 was
approximately 47 kilograms for the period of June 12 to November 2, 1984. Concentrations
averaged 0.108 mg/L at the Sub-basin mouth from March 21 to December 13, 1984. This
exceeded the Provincial guideline of 0.03 mg/L by more than 300%. Total phosphorus levels
ranged from 0.019 mg/L to 0.520 mg/L..

Results of the bacterial analyses also revealed levels of contamination far above the Ministry of
the Environment objectives. The acceptable concentration for safe human bathing is noted on the
corresponding figures.

Salmonella spp. were tested for at stations 2 and 15. They were recovered once at Station 2
(Sub-basin 2 outlet), and twice at Station 15.  Salmonella spp., were found commonly throughout
the Pittock watershed in 1983. This organism is potentially dangerous to the health of both
livestock and humans. Morbidity and mortality in livestock due to infection are well documented
in Ontario.
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Figure 14. Average concentrations of total phosphorus (mg/L) measured at the 15 main
river and tributary stations, 1983-1984.
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Figure 15. Numbers of total conform bacteria (per 100 mL) measured at the 15 main river
and tributary stations, 1983-1984.
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Figure 16. Numbers of fecal coliform bacteria ( per 100 mL) measured at the 15 main river
and tributary stations, 1983-1984.
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5.4 Sub-basin Water Quality 

Open drain investigations located 117 sub-surface the outlets. The location and size of each outlet
is shown in Figure 17. In addition to the tile outlets search, visual observations of the drain and
the drain water were recorded. Indicators of water quality impairment included: the presence of
filamentous slime producing bacteria, excessive algal and aquatic plant growth, accumulation of
solids and aquatic wildlife stress.

An attempt at establishing a bi-weekly tile effluent sampling program involving 40 stations began
in June 1984. However, as a result of low rainfall during the summer months, an adequate data
base was obtained for only 25 stations. Rainfall events provided for the majority of samples taken.

The 25 tiles with an adequate data base were grouped into: (a) those which drain manure spread
fields, (b) those which are connected to milkhouse drains, (c) those which receive contaminated
effluent from manure storage or feedlot runoff, and (d) those which receive both milkhouse
wastes and manure. Figures 18 through 23 display sample analyses results for the 25 Sub-basin
tile stations.
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Figure 17. Sub-basin 2 : Location and size of sub-surface tile drain outlets.
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5.4.1 Sub-basin Water Quality Analyses Chemical Analyses 

It is well known and well documented that surface runoff waters contain high amounts of nitrogen
and phosphorus. In contrast, there is little published literature to date on the amounts of nutrients
being washed through the soil column and out into our rivers via underground tile systems. Bolton
et al (1970) stated that the main factor influencing nutrient loss through drainage was the amount
of water that flows through the soil column. He also stated that soil texture, crop cover and slope
influence the quality of subsurface drainage water.

Total Phosphorus 

A seven year study (Hergert, et al, 1981) showed that heavy manure applications (200 metric
tons/ha) greatly increased the phosphorus concentrations in tile drain effluents. In that study,
results indicated that 95% of the sampled tiles had concentrations of total phosphorus less than
0.03 mg/L prior to manure spreading. After manure spreading, only 53% of the sampled tiles had
concentrations of total phosphorus less than 0.03 mg/L.

Balint (1985) collected samples from non-livestock tile drains and contaminated tile drains in the
Parkhill Creek area (Southern Ontario). A non-livestock tile drain was considered to be a tile
draining areas where livestock were not a factor, while contaminated tile drains were those which
exhibited the presence of sewage fungus (filamentous slime-producing bacteria). The soils in the
area were predominantly Huron clay loam. He reported concentrations of total phosphorus
ranging from 0.002 mg/L to 0.3 mg/L in non-livestock tiles and 0.08 mg/L to 50.0 mg/L in
contaminated tiles.

Figure 18 displays average total phosphorus concentrations found in the Sub-basin area. There
is no phosphorus effluent guideline for tiles, however, the Ministry of the Environment surface
water guideline is displayed for reference purposes. As indicated in Figure 18, 96% of the tile
systems displayed have concentrations above the 0.03 mg/L surface water guideline. Average
concentrations ranged from 0.02 mg/L to 27.6 mg/L. The most notable problem appeared to be
illegal milkhouse hook-ups, where total phosphorus concentrations were three orders of
magnitude above the surface water guideline.

Soluble Phosphorus 

Average concentrations of soluble phosphorus are shown in Figure 19. Concentrations ranged
from 0.010 mg/L to 10.408 mg/L. The highest concentrations were found in tiles receiving
milkhouse wastes. The data are of particular interest as the trend follows a similar pattern to that
of total phosphorus and indicate that much of the total phosphorus is in the soluble form.

-36-



Figure 18. Average concentrations of total phosphorus (mg/L) measured from various
sub-surface tile drainage systems. (where N: # of tiles sampled).

-37-



Figure 19. Average concentrations of soluble phosphorus (mg/L) measured from various
sub-surface tile drainage systems.        (where N = # of tiles sampled).
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Soluble phosphorus, is that portion of the total phosphorus which is readily available for plant
uptake.

Nitrate 

In a study of the nutrient content of subsurface drainage water in Ontario (Miller, 1979) it was
found that nitrate levels were seldom below 10 mg/L in fields fertilized in amounts over the
recommended rate. Fields fertilized at (or below) the recommended rate seldom rose over 10
mg/L.  Nitrate, if overabundant in the soil tends to leach through the soil and contaminate nearby
open watercourses. Like soluble phosphorus, nitrate is readily available for utilization by aquatic
plants.

Figure 20 illustrates average concentrations of nitrates found in subsurface drains. Concentrations
ranged from 1.77 mg/L to 8.95 mg/L. Sampling locations where milkhouse wastes, or where
manure runoff gained access to the tile drains indicated higher levels compared to manure spread
fields.

Bacterial Analyses 

Most studies relating to livestock manure and water quality have been initiated due to concerns
over bacterial contamination, microbial pathogens and the presence of pathogenic organisms in
livestock manures (Meehan 4 Platts, 1978, NRCC, 1983). McElroy et al (1975) concluded that the
discharge of pathogens into streams is most clearly associated with livestock production. Pollution
of water may arise from the leaching of nutrients from feedlots or storage areas to groundwater
as well as from surface runoff from barnyards and feedlots and also the spreading of manure on
fields (Miner, J.R. and Willrich T.L., 1970). A great deal of research has been carried out on the
impacts associated with surface runoff, however, there is very little published information relating
to the bacterial quality of subsurface drainage tiles. Patni et al (1984) concluded that the potential
for bacterial pollution of tile drainage water due to manure incorporation in cropped land is not
much more than that resulting from chemical fertilizers, and is low most of the time. He also
stated that the effect of precipitation or flow rate on bacterial concentrations was not consistent
and no precise relationship could be established due to the many factors which influence bacterial
survival and transport in fields. McCoy (1969) stated that both coliform and enterococci bacteria
were efficiently removed during percolation through soil. In contrast, Evans and Owens (1972)
found a 30 - 90 fold increase in fecal bacteria levels in tiles draining a sandy loam pasture field
within 2 hours of spraying pig slurry. Bacteria levels returned to their normal level within 2 to 3
days. Balint (1985), who collected samples from non-livestock tiles and contaminated tiles,
indicated higher levels (up to 3 orders of magnitude greater) of total coliforms, fecal coliforms and
fecal streptococci in contaminated tiles than in non-livestock tiles.
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Figure 20. Average concentrations of nitrate (mg/L) measured from various sub-surface
tile drainage systems. (where N # of tiles sampled).
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Total Coliforms

This group of bacteria originate in soil, vegetation and fecal wastes of man and animals and hence
their presence in subsurface tile drainage systems indicate a combination of source inputs.

Subsurface tile effluent data are displayed in Figure 21 in reference to both the Ministry of the
Environment's Surface Water Objective (1000 per 100 mL) and the proposed Effluent Design
Objective (2500 per 100 mL).

Seventy-six percent of subsurface tile drainage systems draining fields spread with manure had
levels of total coliform bacteria above the proposed Effluent Design Objective.

Levels in those tiles ranged from 268 to 32,942 per 100 mL. Levels of total coliforms got
progressively higher in tiles receiving milkhouse wastes (maximum 39,531 per 100 mL), manure
runoff (maximum 74,311 per 100 mL) and finally a combination of milkhouse wastes plus manure
runoff (maximum 1,105,940 per 100 mL) respectively. Balint (1985) reported levels ranging from
100 to 5,000,000 per 100 mL in contaminated tiles and levels of 50 to 15,000 per mL in
non-livestock tiles.

Fecal Coliforms 

Fecal coliforms, unlike total coliforms are associated exclusively with feces and the presence of
pathogenic.  (disease causing) bacteria. Both total and fecal coliform bacteria can readily grow in
milkhouse wastes thereby increasing the bacterial impact of drainage contaminated with
milkhouse wastes. The pathogenic bacterium, Pseudomonas  aeruginosa, although not a coliform,
has also been shown to grow in milk and other organically rich environments.

Effluent data are displayed in Figure 22 in reference to both the Ministry of the Environment's
Surface Water Objective (100 per 100 mL) and the proposed Effluent Design Objective (200 per
100 mL). Twenty-nine percent of subsurface tile drainage systems draining fields spread with
manure had levels of fecal coliform bacteria above the proposed Effluent Design Objective.

The highest level found in those tiles was 2,181 per 100 mL. Balint (1985) reported levels ranging
from 4 to 1,000 per 100 mL. Levels increased drastically in tiles receiving direct input of milkhouse
waste and manure runoff (maximum of 84,406 per 100mL). Balint (1985) reported levels ranging
from 10 to 36,000 per 100 mL in contaminated tiles.

Fecal Streptococci

Fecal Streptococci, found in greater numbers in animal feces than in human feces, are also
pathogenic bacterial indicators.
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Figure 21. Average levels of total conforms (per 100 mL.) measured from various
sub-surface tile drainage systems. (where N= # of tiles sampled).
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Figure 22. Average levels of fecal coliforms (per 100 mL) measured from various
sub-surface tile drainage  systems. (where N = # of tiles sampled).
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Figure 23 illustrates the levels of fecal streptococci found in subsurface drainage systems. The
results range from 33 to 4,015 per 100 mL in tiles draining field spread with manure. Balint (1985)
reported levels ranging from 4 to 2,000 per 100 mL in fields spread with manure. The highest
level (24,449 per 100 mL) was observed in a tile known to receive direct input of both milkhouse
wastes and manure runoff. Balint (1985) reported levels ranging from 10 to 30,000 per 100 mL
in contaminated tiles. It is highly probable that other pathogenic bacteria (pathogenic to man and
animals) are present in these subsurface drainage systems based on the high levels of fecal
streptococci observed.

Salmonella spp.

Salmonella spp., a health risk to both humans and livestock, were sampled at 14 tile outlets within
the Sub-basin. Three tiles exhibited the presence of the organism, as did the Sub-basin outlet
(river Station 2) and river Station 15.

5.4.2 Milkhouse Waste Impact

Through the co-operation of a Sub-basin landowner, a special sampling effort was undertaken to
investigate the impact that hook-ups of milkhouses have on the stream environment.

Various wastes involved in the milking process were sampled and analyzed. Table 8 displays the
analytical results. Interpretation of the Table follows:

Bucket Wash Water 

A gallon of warm water mixed with the recommended amount of liquid Iodopher cleaner/sanitizer
is used as an udder wash prior to milking. This waste water showed extremely high levels of the
various indicator bacteria.

First Cycle 

A rinse of the pipeline system is carried out using warm water during the first cycle. A high
bacterial count was present as were elevated amounts of BOD and suspended solids due to the
milk wastes.

Second Cycle 

A chlorinated alkaline cleaner/sanitizer is circulated with hot water through the pipeline during this
cycle. The phosphates involved with this cleaning product appear to reduce bacterial counts to
a minimum. However, the levels of total and soluble phosphorus increased substantially.
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Figure 23. Average levels of fecal streptococci (per 100 mL) measured from various
sub-surface tile drainage systems. (where N= # of tiles sampled).
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Third Cycle 

An acidic liquid cleaner is circulated with water through the system to further rinse and remove
water spotting of lime from the pipeline.

Bacterial levels were again minimal, but phosphorus levels increased significantly over the
previous cycle. Also of interest is that the phosphorus was almost completely in the soluble form.

Table 8. Sample results from various washing cycles during cleaning of milkhouse
pipelines.

Milkhouse
Wastes

Bucket Wash
Water

First Cycle Second Cycle Third Cycle

Number of

Gallons 2 8 8 8

Total Coliforms G490000 33000 L10 L100

  ( #/ 100mL)

Fecal Coliforms G142000 G17200 L4 L10

  (# / 100 mL )
Fecal Streptococci
  (# / 100 mL)

6300 9200 L4 L10

Total Phosorus
  (mg/L)

18 10 280 440

Soluble

Phosphorus (mg/L) 2 4 136 435

Biochemical

On Demand (mg/L) 441 2790 - - - -

Suspended

Solids  (mg/L) 163 1096 L0.1 1.8

G - Actual count is greater than that reported 
L - Actual count is less than that reported
- -  - Chlorine present - no results
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5.4.3 Land Application of Manure - Impact on Field Tiles 

To assist in better understanding the operation of soil and sub-surface tile drains in the
purification of applied manure, experiments were arranged in co-operation with two Sub-basin
landowners.

Observation wells were constructed on two farm fields, one which had not received manure for
three years, while the other was spread annually. These wells were positioned between tile runs
[Figure 24(ii)]. To collect and analyze water as it passes through the soil, wells were established
to sample depths of 33 cm., 66 cm., and 1 metre. In addition, an observation well was also
located in an adjacent tile [Figure 24(i)]. Installation details are also shown in Figure 24.

Testing began in the fall of 1984 and will be continued in the upcoming season. The data base
however is minimal at this point and is therefore not incorporated into this report.

Figure 24.  Installation details to sample (i) sub-surface tile flow, and 
(ii) the unsaturated zone. Dietrich Farm, Sub-basin 2,1984.
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6. REMEDIAL MEASURES 

Solutions to existing problems range from management changes to designed control structures.

Areas of concern and costs relating to the remedy of problems follow in Sections 6.1 to 6.4.
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6.1 Containment of Manure Runoff 

An efficient, well-managed manure storage and handling system will ensure that no manure gets
into nearby watercourses. However, due to the landowners who neglect to upgrade outdated
systems, many farms are contributing to water pollution as a direct result of improper runoff
control.

Runoff originates from the following sources:

1) Feedlots or solid manure storages constructed with no consideration given to the collection
and/or separation of manure and precipitation.

2) Any manure storage which does not have the needed capacity to contain all of the manure
and overflowing results.

3) Earth-lined manure storages in porous soils.

4) Inadequate manure transferring techniques.

5) Catch basins located at low spots near manure storages of feedlots.

The correction of existing runoff problems include:

1) Re-directing of eavestrough water and overland flow away from the barnyards either
through sub-surface tile or re-grading of the existing landscape.

2) Constructing retaining walls or curbs and gutters to re-direct liquid runoff (manure and
precipitation) from manure storages or feedlots, into liquid storages. These liquid storages
can either be concrete tanks or earth-lined ponds.

3) Designing and constructing of manure storages which incorporate all possible liquid runoff
for a period of at least 200 days. These facilities can contain both solids and liquids in a
single or separate storage.

4) Ensuring earth-lined liquid manure storages are constructed in soils with high clay content,
or are lined, with clay to minimize seepage. Also all sub-surface tiles should be located at
a safe distance away from earth-lined storage ponds.

5) Catch basins leading to sub-surface tiles which outlet into a watercourse should be located
such that no contaminated runoff enters them.
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6) All manure transferring locations should be constructed to offer protection against
accidental spillage. The handling location should have the ability to contain any
mishandled manure.

Costs associated with runoff retainment ponds include:  

Earthen Storage 1¢/gallon
Concrete Storage 6-10¢/gallon uncovered

15-29¢/gallon covered
Curbing for runoff
retainment $18/foot

Prices may vary depending on site conditions and material availability.
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6.2 Prevention of Livestock Access to Watercourses 

Recent studies have proven that livestock activity in and around streams can contribute to
severely impaired water quality. Allowing cattle- free access to a watercourse can significantly
affect bacterial levels, phosphorus concentrations and sediment delivery.

Bacterial contamination results from the direct deposition of manure into the stream as well as
runoff from the adjacent banks. Disease-related bacteria, viruses and parasites can present a
major health risk to both livestock and humans who came in contact with these polluted waters.

Phosphorus in the manure can stimulate plant growth. Excessive plant growth can lead to oxygen
depletion in the water which impairs both fish habitat and overall water quality.

Sediment delivery into the watercourse is greatly accelerated when livestock are allowed to roam
in the stream channel and trample the adjacent banks, often leaving them devoid of vegetation
and very susceptible to erosion.

A properly constructed livestock access will effectively reduce sediment delivery by improving
bank stability. Various materials such as barn slats, concrete slabs, crushed stone or
pre-fabricated interlocking block systems can each be used to construct access ramps leading to
the watercourse. If a crossing is preferred, ramps leading up both banks are required. Protection
may also be called for across the channel bottom depending on site conditions. This type of
access is relatively inexpensive, requires minimum maintenance and can easily be modified to also
serve as a machinery crossing (Figure 25). Fencing acts to restrict livestock to protected access
points along the watercourse. A controlled livestock access, however, does not greatly reduce the
risk of bacteria or phosphorus pollution originating from livestock manures.

To provide maximum water quality protection, livestock should be fenced completely away from
the watercourse. Fencing may be permanent or temporary depending on the flow characteristics
of the stream and pasturing schedules. If an alternative watering facility is required, a mechanical
nose pump can be installed at minimal cost.

The farmer must review a number of factors when deciding upon a design for a livestock access
or crossing. Bank slope, channel size, soil conditions, intensity of livestock use, alternate land
uses, alternate water facilities, cost and erosion and pollution control benefits, are all worth
careful consideration.
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Figure 25. Low-level livestock crossing.
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Costs for Cattle Access Control Include

Suspension fencing 65¢/ft installed
Barbed wire 6 strand $1.00/foot installed
Page wire $1.50/foot installed
Electric fencing 25¢/foot installed
Mechanical nose pump $300. installed
Low Level crossings $1,500. installed

Note: Prices may vary depending on landowner material selection, installation charges, and size
of project.
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6.3 Prevention of Overland Runoff 

The mismanagement of livestock manures in the field can result in serious water quality problems
downslope and represents a shear waste by the farmer of a valuable nutrient resource.

To prevent potential water pollution while at the same time maximizing the benefits derived from
livestock manures, common sense management practices must be followed.

Avoid over-application. The farm manager must be aware of the nutrient concentration of both
the manure which is to be spread and the nutrient up-take requirements of the receiving crop.
This information can be obtained through manure analysis and soil testing facilities, respectively.

Applying manure (particularly liquid) in excess of what the soil can absorb can lead to crop yield
damage and even impair the operation of a tile drain system.

The timely incorporation of manures into the soil limits the runoff potential and helps to maintain
the nutrient availability (especially nitrogen) for the receiving crop. Depending on the method of
application, the farmer must also be aware of soil moisture conditions to minimize soil
compaction.

Farmers wisely managing livestock manures can realize considerable savings in fertilizer dollars.
The added benefit of using manures is to build up the soil's organic matter content. This improves
soil structure and tilth and can reduce the soil erosion potential.

Simple management practice changes would control nutrient loss due to overland runoff. Costs
would be insignificant, as compared to benefits.
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6.4 Disposal Systems for Milkhouse Wastes 

Field work carried out since April of 1984 has shown that waste from milkhouse drains is proving
to be a major contributor to the poor water quality in the Pittock Watershed.

We have encountered situations where the wastes were either simply being dumped out onto the
ground surface or flushed through a field drainage system and directly into a nearby watercourse.
These practices have severe impacts on the environment. There are two systems available which
can safely dispose of milkhouse wastes and require minimum maintenance.

1) Liquid Manure Tanks 

Wastes from the milkhouse and milking parlor may be emptied into a manure tank if
either the dairy herd manure is handled entirely as a liquid, or runoff from a solid manure
storage is contained and stored. Of course, extra storage space must be made available
to accommodate the additional volume of wash-water wastes.

2) Sediment Tank and Disposal Field System

This system, shown in Figure 26, works satisfactorily over a long period of time in most
soils. Sediment tanks should be constructed to allow for easy inspection and removal of
sediment. The amount of sediment depends on sources such as sanitizing additives in the
wash-water, waste feed or manure from the milking parlor. This combination makes the
wastes difficult to treat. Bacterial action is slow and therefore an abnormally rapid
accumulation of sludge occurs in the sediment tank.

The sediment tank must be large enough to retain the wastes until the solid particles can
settle out. The tank should also provide storage for 6 months of accumulated sludge. Once
the waste passes through the sediment tank it will pass into perforated tiles within stone
filled trenches. The disposal field will give the bacteria an opportunity to remove most of
the contaminants from the wash-waters prior to it percolating into the surrounding soils.

The total length of these trenches will depend on the soil type and the number of cows
being milked.

The entire disposal system should be designed to accommodate any foreseeable future
herd expansion.
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Figure 26. Milkhouse waste disposal system.
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Section 6.4 was based on information from Agriculture Canada's Publication entitled "Planning
Your Milkhouse". Publication 1620E, 1983.

Milkhouse Disposal System

Filter Bed System $1,500. - $2,000.
Earthen Pit 1¢/gallon
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APPENDIX I

SAMPLE QUESTIONNAIRE 
INFORMATION PACKAGE
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Upper Thames River
Conservation
Authority

April 24, 1984

To: All Livestock Operators in the Pittock Watershed

Recent agricultural studies in the Stratford-Avon River drainage basin and the Thames River
Watershed draining into the Pittock Reservoir near Woodstock, have shown that our natural drainage
ways are becoming carriers of soil, nutrients and bacteria in numbers that present a potential health
hazard to livestock and people. More importantly to the farm, these conditions reflect a loss in
productivity of the land.

As a result information packages are being sent out to assist the farmer in re-evaluating the manure
and fertilizer value on the farm. Good livestock manure management should involve utilizing most
economically the nutrients manure contains in order to protect the environment from unnecessary
pollution. And of course, manure is also a valuable resource for crop production.

Everyone in the rural community has to take responsibility for the streams in their area. This may
involve measures to improve management on the farm such as manure storage improvements,
eliminating winter spreading of manure, rerouting tiles away from barnyards, directing water away
from feedlots, installing milkhouse waste systems, severing any connections of household septic
systems, and/or installing disposal fields, using restricted livestock crossings across streams, soil tests
to eliminate over-fertilization by manure and commercial fertilizers, and, using crop rotations or
leaving more crop residue near the soil surface to reduce runoff and increase the soil's water holding
capacity.

Technical and/or financial assistance can be obtained through the agencies mentioned in the package
to evaluate your farm's Member of toe Association of (Conservation potential for pollution and to
discuss remedial measures that could improve the situation on your farm.



Every effort is being made to provide practical solutions to the rural community so they will have the
initiative and concern to take voluntary action before more forceful government controls are
implemented.

Please take the time to fill in the comment and/or assistance sheet to provide us with your reaction
and concerns so that we may direct you to the appropriate agency.

Yours truly,

UPPER THAMES RIVER CONSERVATION AUTHORITY
A.W. Bos, P. Eng.,
Diffuse Source Control Program Co-ordinator

AWB/dc 
Encl.
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COMMENT SHEET

Please fill out this sheet and return it to:

Upper Thames River Conservation Authority 
P.O. Box 6278, Station D
London, Ontario
N5W 5S1

NAME :  ________________________________________________
ADDRESS:  ________________________________________________

LOT:__________  CONC.: _________  TWP.:  __________

TELEPHONE #: ________________
TYPE OF FARM OPERATION:  __________________________________________

ACREAGE: _______________________________________________________

1. Do you think water pollution from manure handling and storage is a problem?
YES / NO

2. a) Do you feel you could take steps to improve water quality on your farm?
YES/NO

b)  (If YES) what do you feel is the problem and the appropriate solution? 

___________________________________________________________

3. What percentage of agricultural pollution control measures should be paid by government
through grants for the farmer?     ___________________

4. Further comments:

______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
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REQUEST FOR ASSISTANCE 

I would like to obtain information or assistance on the following.: 

PLEASE CHECK

G My Farm's Pollution Potential

G Soil Erosion - Remedial Measures 

G Conservation Tillage

G Windbreaks

G Manure Storages and Retaining Walls

G Upgrade Household Septic System

G Installing Milkhouse Waste Disposal Field 

G Cattle Crossings

G Reducing Runoff From Feedlots

G Other:  ____________________________________________

NOTE: Indicate whether financial assistance would be required.

*** Please make sure your address and phone number are included.
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QUESTIONNAIRE FOR LIVESTOCK OPERATIONS

Date: __________________________
Livestock Operator:  ______________________________ Phone No.:  _________________
County:  ____________________ Township:  _______________
Lot: _______   Concession: _______________
No. of Tillable acres: _____________________
No. of Tillable acres where manure is spread:  ________________________________

1) TYPE OF LIVESTOCK ENTERPRISE
Livestock Total Number Details 
Dairy ____________ No. of Young Cattle   ___________

Mature Cows ____________
Beef ____________ (Cow-Calf or Feeder Cattle)
Swine ____________ (Farrowing or Feeder Pig or 

Farrow to Finish)
Poultry ____________ (Broiler, Laying hen, Breeder)
Horses ____________
Sheep ____________
Other ____________

2) CROPS GROWN
On what crops do you apply manure

Crops No. of Acres as a fertilizer? (Please check) 
_____________ __________ _________________
_____________ __________ _________________
_____________ __________ _________________
_____________ __________ _________________
_____________ __________ _________________
_____________ __________ _________________
What % of your crops are grown as feed for your livestock?   _____________

3) TILING
Acreage of land that is tiled   _____________
Acreage of tiled land where manure is spread  _______________ 
What type of tiling system? Systematic ________________

Random ________________
How many open catch basins are there? ________________
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4) MANURE STORAGE
a) Type of Manure System 

Dry Solid  __________________
Semi Solid __________________
Liquid __________________ Description: Circular ________

Rectangular ________
Inground ________
Aboveground ________

b) Do you have any of the following? (Please check)
 Retaining Walls _____________ Concrete  ___________

Earthern ___________
Wooden ___________

Concrete Pad _____________
Runoff Containment Tank or Pond  _______ 
Others not mentioned - Describe: _________________________________________
____________________________________________________________________

c) Is Storage area covered? Yes  _______  No _______
d) Storage capacity  ____________________________
e) Is runoff from the yard and/or manure storage areas collected for manure application? 

Yes  _______  No _______
f) What types of diversion systems do you have?  _______________________________

_____________________________________________________________________
5) MANURE APPLICATION

a) Type of Spreader or Applicator 
Box __________________
Liquid __________________
Injection __________________
Irrigation __________________
Other: Please specify __________________
Capacity of spreader  __________________  (gals., litres, tons)

b) Time of Application 
Season: Spring __________________

Summer __________________
Fall __________________
Winter __________________

If applied in winter, is spreading done on worked  ________
or unworked  ________ fields or both  ________
Give an estimate of your rate of application

________ gals/acre
________  tons/acre
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c) Do you incorporate your manure after spreading?   Yes ________
No ________

If yes, approximately how long between the application and plowing? ________

d) Do you have your soil analyzed? Yes ________   No   ________
If yes, how often?  ______________________
Do you have your manure analyzed? Yes ________   No   ________
If yes, how often?  ______________________

e) How much do you feel your manure is worth? _____________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________

 ___________________________________________________________________
___________________________________________________________________
___________________________________________________________________

6) PRESENT MANURE SYSTEM 

** Have you changed or improved your manure handling and storage system within the last
30 years?    Yes  ___ or No  ____

If YES Go to Section A 

If No Go to Section B 

SECTION A

i) What improvements or changes were made?

___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
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ii) Why did you make these changes? (Please check)
•  expansion of herd ________
• increased amount of manure ________
• containment of runoff ________
• diversion of runoff or snowmelt ________
• containment of nutrients for use on land ________
Other: Please explain  _______________________________________________
__________________________________________________________________
__________________________________________________________________

iii) Are you satisfied with the system? Yes  ________   No   ________
If yes, how is it an improvement?  ______________________________________
__________________________________________________________________
__________________________________________________________________
If no, explain?    ____________________________________________________
__________________________________________________________________
__________________________________________________________________

Technical Information 

Did you receive technical assistance in planning, designing and construction of your manure
system? Yes  ________   No   ________
If yes, from whom?   ______________________________________________________
Was the assistance adequate? Yes  ________   No   ________
If no, what was the problem?   ______________________________________________

__________________________________________________________________
__________________________________________________________________

Financial Information 
Please give an estimate of your construction costs..
Structural  _____________  Hired Labour  __________________
Did you receive financial assistance? Yes  ________   No   ________
If yes, what percentage of your costs were subsidized?  __________
Would you have implemented alterations to your manure handling system
without financial assistance or subsidization? Yes  ________   No   ________
Comments:  ___________________________________________________________
______________________________________________________________________
Construction 
Did you experience problems during the construction phase? Yes  ________   No   ________
If Yes, explain:  _________________________________________________________
______________________________________________________________________
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SECTION B Answer No from page 3
Would you be interested in improving or changing your manure storage system?
Yes - Reasons:

__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

No - Reasons:
1) economics _________
2) near retirement _________
3) operation too small _________
4) not required _________
5) present system is, adequate _________
Other, please explain: _____________________________________________________
_______________________________________________________________________

7) LIVESTOCK WATERING
a) Does your farming operation and/or livestock rely on a nearby stream for livestock

watering? Yes  ________   No   ________

If YES, please complete this section.

b) Is there limited/unlimited access to the watercourse for livestock watering purposes?
c) What percentage of your livestock require water from the stream? _________%
d) If you have a limited access available to your livestock, please describe your structure.

i.e. ramps, pump system, fenced off area, bridge etc.
Description:   _____________________________________________________
_________________________________________________________________
_________________________________________________________________

e) What time of year do your livestock water directly from the stream? (Please check)
Spring ________
Summer ________
Fall ________
Winter ________

f) Are livestock allowed access to a stream during
wet -  Yes  ________   No   ________
dry -   Yes  ________   No   ________ conditions

g) Would you be interested in receiving further information on the types of structures
used in limited livestock crossings? Yes  ________   No   ________
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8) GENERAL QUESTIONS
1) To what extent do you think farming activities contribute to water pollution?

very great extent ________
considerable ________
a minor extent ________
not at all ________

2) Do you view manure as a major contributor to water pollution? 
Yes  ________   No   ________
Reasons: _________________________________________________________
_________________________________________________________________

3) Should the government provide farmers with more information on the control of water
pollution from farming activities? Yes  ________   No   ________
Reasons: _________________________________________________________
_________________________________________________________________

4) What are the 2 best sources of information to you concerning manure management?
Factsheets ________
Farm News paper/magazines ________
Extension Staff ________
Demonstrations ________
OMAF Canada Plan Services ________
Equipment Dealers ________
Other, explain ___________________________________________________

5) Have you or your farming operation experienced any adverse effects from water
pollution? Yes  ________   No   ________
If yes, was the source due to farming activities?  ____________

6) Do you feel your present farm management practices are adequate for controlling
water pollution?   Yes  ________   No   ________

7) Thinking of the cost of water pollution control on your property, what portion (%) of
this cost should a farmer pay themselves? ________
Reasons:    ___________________________________________________
_____________________________________________________________

8) Are you familiar with the general guidelines of the 
Ontario Agricultural Code of Practice? Yes  ________   No   ________
Certificate of Compliance? Yes  ________   No   ________

9) Would you be willing to co-operate in a subsidized program to establish water pollution
control measures on your farm.  Yes  ________   No   ________
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If you have any further questions or comments, please indicate below.

__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________

Thank you for your time and co-operation in filling out this questionnaire

Ministry of the Environment
Stewart Thornley, Regional Biologist and Associate 
Surface Water Evaluator
985 Adelaide Street South
London, Ontario
N6E 1V3 (519) 681-3600

Upper Thames River Conservation Authority
Art Bos, Diffuse Source Control Program Co-ordinator
Christine Murray, Agricultural Technician P. O. Box 6278, Station "D"
London, Ontario
NSW 5S1 (519) 451-2800

Ministry of Agriculture and Food 

Bob Milne, Agricultural Engineer, Oxford County 
Box 666
Woodstock, Ontario
N4S 7Z5 (519) 537-6621

Norman Bird, Agricultural Engineer, Perth County 
Box 398
413 Hibernia Street
Stratford, Ontario
N5A 6T3 (519) 271-0280
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APPENDIX  II

QUESTIONNAIRE RESULTS





Questionnaires were given to each of the 31 landowners in sub-basin #2. The results which follow
represent 100 percent of the farm operations.

Livestock Enterprises

Operation
Type

Number
Average Animal Units of

Manure Produced
Average tillable

acres in sub-basin
Dairy 10 45 110 

Beef 2 31 103 

Swine 4 69 100 

Beef/Swine 3 44 55

Dairy/Swine

Beef 1 43 90

Diary/Beef 1 46 177

Beef/Swine

Poultry 1 23 110 

Dairy/Swine 1 69  70

Dairy/Swine

Poultry 1 30 95

Graze 1 -- 80

Idle 1 -- 100 

Cash Crop 5 -- 105 

31

Manure type, spreading, incorporation

Solid Liquid Semi-solid Combination

Dairy 9 -- 3

Beef 2

Swine 1 2 1

Beef/Swine 3

Dairy/Beef/Swine 1

Dairy/Beef -2

Beef/Swine/Poultry 1

Dairy/Swine 1

Dairy/Swine/Poultry 1

21
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Comment: Solid manure systems are generally found in operations where cattle are present.

Solid systems have a minimum 8 percent bedding while liquid systems have at least
85% moisture content.

Of interest also is that only 6 manure storages contain all of the liquid portion of the
manure and contaminated runoff. One of these operations is a solid storage facility.

Spreading

Number of Operations

Time of Application

Spring 21

Summer 12

Fall 22

Winter 10

Comments: Obviously some operations spread more than once a year. Storage facilities range in
length of storage of 1 month to 12 months, with the average length of time being 5½ 
months. Keep in mind that only 6 of these facilities contain the liquid portion of
contaminated runoff.

Only 4 landowners have the desired 6 month storage. Two of the 6 who retain liquids
spread in the winter because of inadequate storage capacity.

Ten landowners have their soil analyzed annually. Six have never had their soil tested.
In addition only 3 operations have ever had their manure analyzed.
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Based on 1984 cropping practices no livestock operations over-spread manure
(based on Agricultural Code of Practice). However, due to the different nutrient
requirements of forages, grains and row crops, care should be taken to meet
specific crop needs. Also, the residual amount of nitrogen, phosphorus or
potassium in the soil should be taken into account when spreading manure.

Manure Storages 

Fifteen of the livestock operators are completely satisfied with their storage
facilities. Of the remaining twelve landowners, some would like improvements
to control liquid runoff from the storage, while others would be interested in
changing their storage systems completely.

Economics seems to be the major reason for not improving existing systems.
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Livestock Along Streams

Number

Livestock operations with stream on
property 12

Unlimited cattle access  5

Comments: Two of the five livestock operations which offer livestock 
unlimited access to the stream have alternate watering 
facilities available. 

General Questions

Number

Very great extent 2

Considerable 7

Minor extent 13  

Not at all 9

Comment: In addition 15 farmers view manure as a major pollution 
potential source depending on management practices.
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APPENDIX III

COMPUTER PRINTOUTS/PROGRAMS



Computer Printouts/ Programs

The farm plan (FP-2) program was used in determining soil los for individual fields in
sub-basin #2.  The program also calculated annual manure production.

A printout of the program is included.
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APPENDIX IV
SUB-BASIN LANDOWNERS





Sub-basin 2 : Landowners.
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MAP INDEX
Corresponding 
Map Number

Landowner
Lot Concession

1 Klaus Machmueller 27 6

2 Paul Steinman 26 6

3 25 6

4 Gordon Wettlaufer 23 5

5 Carmen Wettlaufer 24 5

6 Wayne & Melvin Wagler 25 5

7 Curtis Zehr 26 5

8 Dietrich Farms Ltd. 27 5

9 Robert Trachsel 28,29 5

I0 Ron Bender 3I 5

11 Wilfred & Robert Clemmer 32 5

12 Anthony Danen 32 4

13 Willis Otto 29 4

14 Lloyd Wietzel 28,27 4

15 Richard Yantzi/Sanford Kropf 26 4

16 Bill Smith 25 4

17 Floyde Smythe 23 3

18 Walter Berg 24 3

I9 Shlagel/Blind Acres Farms 25 3

20 Ewalt Negrazis 26,27 3

21 Franciscus Kuttschrutter 28 3

22 Carl & Larry Krantz 29 3

23 Grenfell & George Wilson 30 3

24 Sebbon Farms 31,32 3

25 David Hudson 33 3

26 Larry Pletsch 31 2

27 Glen Herlick 30 2

28 Mohr 29 2

29 Allan Neeb 28 2

30 Allan Sheerer 27 2

31 V.Faulafer 26 2

APP-IV-2


