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1. PREFACE

The "Livestock Manure Management and Water Quality Study", is a part of the Upper

Thames River Conservation Authority's (U.T.R.C.A.) "Agricultural Diffuse Source

Control Program".

Funding and technical expertise are provided by the Ministry of the Environment

(M.O.E.). The U.T.R.C.A. Diffuse Source Control Program is serving as a result of

recommendations of the Thames River Implementation Committee. In particular, this

study fulfills a recommendation of the 1975 Thames Basin Water Management Study

by assessing and defining the handling and storage of livestock manure and water

quality impacts of practices associated with livestock farming in Southwestern Ontario.
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Figure 1: Southern Ontario
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2. BACKGROUND

The U.T.R.C.A., in consultation with M.O.E., Southwestern Region, determined that a

complete Diffuse Source Control Program such as that initiated by the U.T.R.C.A.

should include consideration of management practices related to livestock farming.

Although existing grant programs of the Ontario Ministry of Agriculture and Food were

in place, it was not known if these were addressing a major pollution source nor even

if a major pollution source existed in the first place.

Thus, it was decided that an investigation should be undertaken to determine whether

or not livestock waste management practices have any significant impacts on water

quality and if so, where and what are the sources.

The Gordon Pittock Reservoir has had a history of bacterial problems as well as

associated beach closures by the Ministry of Health. The upstream watershed also has

a high density of livestock farms which was appropriate for study purposes. For these

reasons, it was decided to initiate the study in the 230km2 (90mi2) Thames River

Watershed upstream of the Pittock Reservoir.

The Ontario Ministry of the Environment provided funding and technical support to the

U.T.R.C.A. for this effort as well as considerable participation by their own staff.
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3. GOALS AND OBJECTIVES

The main objective was to assess the environmental impacts of livestock and practices

associated with the handling and storage of livestock manure on water quality in a

subwatershed of the Upper Thames River (Fig. 2) and to define what remedial

measures or financial incentives are required to reduce harmful impacts to acceptable

levels. The experience gained from this subwatershed would then be transferred to the

Thames as a whole and possibly to all livestock farms in Ontario.

In addition, the study goals were to:

(a) verify, quantitatively the effects of various practices.

(b) determine the views of the livestock farmers with respect to pollution, grants,

existing programs, and goals.

(c) determine existing practices related to livestock management.

(d) make relevant recommendation based on the above.
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4. METHODOLOGY

4.1 Identification of Livestock Farms

The first step in the identification (ie. location and characterization) of the livestock

farms involved the use of aerial photographs taken in April, 1978 at a 1:20,000 scale

enlarged to a 1:5,000 scale. These 1:5,000 scale aerial photos or chronoflexes were

used primarily to locate farms with livestock as the main enterprise. As the various

farms were located they were transferred to 1:50,000 topographic maps. The topo

maps were used because of the presence of buildings, roads and concessions which

were easier to use in the ground truthing.

Ground truthing of all the livestock farms was the second phase in identification. This

process provided additional information and helped clarify inconsistencies with the

aerial photos. Information such as the type of livestock farm and the consistency of the

manure (i.e. liquid, semi-solid, solid) were identified. Other characteristics such as

farm signs and livestock within barnyards and pastures helped in easy identification.

This was completed in early spring which was found to be most appropriate due to the

absence of leaves on trees allowing easier identification from the road.

The identification of the manure type involved the following process. If an operation

had a stable cleaner apparatus and solid manure pile the farm was labelled as having

a solid manure operation. If there was no solid manure pile at a dairy farm and a

rectangular storage pit was visible rather than a circular liquid tank, the manure

operation was assumed to be semi-solid in nature. It was assumed that most swine

and poultry farms would be liquid rather than semi-solid. Ground truthing verified any

apparent discrepancies.
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Further information on type of livestock buildings was obtained from personnel at the

local Ontario Ministry of Agriculture and Food as well as from a report completed by the

Ausable-Bayfield Conservation Authority (December, 1982).

Both the type of livestock farm and manure consistency, once ground truthed, were

given mapping symbols and placed on a 1:50,000 mylar base map. Several copies

were then obtainable from this map for subsequent use in the field. (Fig. 3)
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4.2 Ranking of Pollution Potential of Each Farm 

The process of ranking each farm as to its pollution potential involved three phases. They

were:

(i) Map Overlaying

(ii) Use of 1:20,000 Aerial Photos

(iii) Ground truthing

Various factors were used to determine whether a farm had a high, medium or low potential

to cause water quality problems.

(i) Map Overlaying 

Firstly, maps were obtained from the Lands Directorate in Burlington showing terrain

capability to transport runoff or delivery at a 1:50,000 scale. These show high, medium and

low areas of delivery based on the following factors:

(a) slope of the land

(b) distance to watercourse

(c) vegetation buffer

(d) hydrology of the area

(e) soil conditions.

The methodology for the different delivery ratios is included in the Appendix "C". It is

important to note that subsurface or tile drainage is not considered in this process.

The map identifying livestock farms was overlayed onto the delivery category map of high,

medium and low potential to transport surface runoff to watercourses to determine which

livestock operations were in high areas. Thus, if accidents or mishandling of livestock

manure occurs on a particular farm, the potential for surface flow to a stream is prioritized

for each farm in the Pittock watershed. This initial phase was expected to give an indication
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of where study efforts should be located in terms of surface water inputs.

(ii) Use of 1:20,000 Aerial Photos 

The second step was merely a check of the factors influencing each farm to determine the

validity of the delivery ratings. This entailed the use of 1:20,000 aerial photos and locating

each farm to double check drainage patterns of sloping land and location of farm buildings

with respect to the nearest watercourse. This was done to clear up any discrepancies related

to whether some farms were in a high or medium category.

(iii) Ground Truthing 

The final step involved ground truthing some farms to check each pollution rating, and to

determine if there were further discrepancies in overlaying and in the aerial photographs.

Also, additional factors such as livestock access to streams and location of pasture and/or

barnyard areas in relation to a stream were included based on field observations to update

anything that was not evident on the maps.

It must be noted that management practices were not taken into account in the ratings. For

example, some good manure management practices may exist on a farm categorized as

high priority, consequently, minimizing the risk of surface runoff of manure into

watercourses. This is where the term "potential" pollution should be clearly understood.

Moreover, seepage of manure into tiles from barnyard runoff, spills, field spreading

activities, and discharge of farm milkhouse washwaters into subsurface tiles leading to a

stream are not included in the priority ratings of each farm although these may be occurring.
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4.3 Water Sampling 

A topographic map of the Pittock watershed, at 1:50,000 scale, showing the extensive

drainage networks of the area was used to identify subwatersheds (Figure 4). Sampling

stations were established to sample the sub-watersheds and the entire watershed draining

into the Pittock Reservoir.

Initially, 15 stations were sampled weekly to describe the general water quality of the study

area (Fig. 5). The 15 stations were placed in the main river and along tributaries in such a

way that the integrated impact of all waste sources and other influences were being

monitored. Anticipated waste sources included manure piles, barnyards, cattle access points,

manure spread fields, field tiles and municipal drainage systems. Field reconnaissance

involving the cooperation of farmers was used to identify waste sources to be monitored.

Eventually, approximately 38 additional sampling sites were established to more specifically

monitor individual waste sources (Fig. 6). Weekly monitoring of the original 15 river stations

was continued through the entire study period from April 11 to November 22, 1983. Weekly

sampling of the 38 additional stations began in late June and continued to the end of the

study.

At this stage the study represented two levels of surveillance. Specific waste sources were

being monitored at or close to the source. Secondly, the integrated effect of all impacts were

being evaluated through the continued monitoring of the original 15 river stations. Analyses

performed on all water samples are listed in Table 1.

To compliment the information on water quality, the study measured water quantity (i.e.

volume of flowing water) at the 15 river stations. Flows were measured on 5 occasions

under varying flow conditions using a Marsh-McBirney flow meter. This permits the

correlation of flows at the river stations with the Federal Flow Gauge located near Innerkip.

The Innerkip station measures flows in the south branch of the Thames River continuously

(Fig. 5).
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Table 1: Chemical and Bacterial Tests Performed on Water Samples 

ANALYSES 

CHEMICAL BACTERIAL 

-  Free Ammonia - Total Coliforms

-  TKN - Background

-  Nitrate - Fecal Coliforms

-  Nitrite - Fecal Streptococci

-  Total Phosphorus - Pseudomonas Aeruginosa

-  Soluble Phosphorus - Salmonella

-  pH - Streptococcus Bovis

-  Chloride

-  Total Solids 

-  Suspended Solids

-  Dissolved Solids

-  Turbidity

-  DOC
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Information on flows helps both to characterize the nature of the basin for those reading the

report and also permits loading estimates to be calculated.

Additional bacterial sampling sites were established in and around the Gordon Pittock

Reservoir as part of an adjunct special study later in the survey. The special bacteriological

study was prompted by a rash of Lake Huron beach closures in August of 1983. The beach

in the Gordon Pittock Reservoir was also closed and consequently 33 sites were sampled in

and around the reservoir (Fig. 7) on two occasions (November 29 and December 6, 1983).

One of these sites was the most downstream river station (Station 15) allowing

documentation of the impact from the main watershed area.
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Figure 7: Stations monitoring the bacterial water quality of wet weather discharges to the Gordon Pittock Reservoir on

August 30, 1983.
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4.4 Questionnaire

A questionnaire was considered to be an important aspect of the program to gather

livestock and manure management information from all livestock operators in the

Pittock watershed.

Each livestock farm in the basin was identified from income tax assessment rolls

located at local township offices. A map indicating ownership of each livestock farm

was then developed. Addresses were obtained from the assessment rolls as well so

that questionnaires could be distributed. All livestock farms were sent the

questionnaires with a letter explaining the purpose of the program. A self-addressed

envelope was also provided.

A sample questionnaire form is contained in Appendix "A". Information derived from

the questionnaire included:

1) General statistical information including farm size, crops etc.

2) Manure and storage type

3) Management techniques

4) General opinions on the effect of livestock and associated practices of manure

handling on water quality.
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4.5 Information Extension

Various sources of information were gathered from the Ontario Ministries of Agriculture

and Food and Environment dealing with the topic of manure management and water

quality. This was developed into an information package to be used by extension

personnel when visiting farmers in the watershed or following a request by a farmer

from his questionnaire response for that information.

A booklet on remedial measures dealing with livestock access to streams was also

prepared due to a lack of publications on this topic. Approximate prices of materials for

different livestock crossings and methods for controlling livestock access are

documented. The source of the content came from demonstrations set-up by the

Thames River Implementation Committee and the Stratford-Avon Environmental

Management Program in the Thames River watershed.

As the study progressed, additional information in the form of press releases through

local newspapers and the "Talk of the Thames" tabloid helped to inform the area

residents of what was being discovered.

In addition, as questionnaires were received from various farmers, there were specific

requests for information contained in the above package and livestock booklet. These

were mailed to those particular farmers. Further to this, some farmers indicated

interest and obtained copies during a personal interview.

Finally, in late March of 1984, all livestock farmers in the watershed as well as those

previously contacted in the Avon Watershed by the Stratford-Avon River Environmental

Management Project were sent information packages including a brief response form.

This form identified specific types of assistance available and requested that each

farmer indicate their requirements, if any.
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4.6 Farmer Interviews and Extension Personnel Comments

Due to the lack of information available to farmers on the effect of livestock and

manure management on water quality and an increasing trend toward poor water

quality within rural areas, it was considered necessary to obtain farmer's comments

and views related to the topic. The end result would be an increased awareness of

some of the water problems being encountered throughout the area. Furthermore,

agencies of government would be more informed with respect to farmer's perceptions

of water quality and the conflicting areas of production and environmental concerns

encountered by the farmer. Also, it was hoped to locate existing remedial measures

controlling livestock and manure effects on streams being practiced by landowners.

Comments from other government ministry personnel were obtained with regard to the

goals of the program and possible technical and/or financial assistance that would be

available concerning manure management. Manure management and storage is an

important concern of the Ontario Ministry of Agriculture and Food (O.M.A.F.) It was

therefore considered vital that O.M.A.F. extension staff be consulted for any

management problems which would be encountered. Requests for assistance would be

referred to them. With the recent release of their new grant program called "Soil

Conservation and Environmental Protection Assistance Program" it was anticipated that

as farmers were visited in the watershed, interest would be generated. Local O.M.A.F.

offices were then contacted to determine the amount of assistance they would be able

to provide towards the Pittock Watershed study.
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5.0 OBSERVATIONS

5.1 Locations of Livestock Farms

Figure 3 illustrates the number and location of each livestock farm within the Pittock

watershed. A total of 308 farms (Table 2) were identified as explained in the

methodology.

It was recommended that for best results in up-to-date interpretation that aerial

photos less than three years old be used. However, due to the short time frame

involved for identification and interpretation of farms from aerial photos, 1978 photos

were used from the U.T.R.C.A. files. More ground truthing was carried out as a result

to double check some farms.

Approximately 80 to 90% of the livestock farms were correctly identified using the

1:5000 chronoflexes. Nevertheless, it was necessary that the identifier have some

knowledge of the buildings and other structures of various livestock enterprises to

achieve a suitable level of accuracy. The identification of crops in determining the type

of livestock enterprise from aerial photos was not used as suggested in the

Ausable-Bayfield Conservation Authority Report (December, 1982).

In identifying the manure consistency it was found that solid manure piles were visible

and commonplace in the Pittock watershed. In some cases liquid manure tanks were

seen easily from ground truthing as well as types of spreading equipment. This aided

in quick identification while ground truthing. There was some difficulty in identifying

semi-solid manure operations.
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TABLE 2: Livestock Farms In The Pittock Watershed

Drain/ River Name Or Location Dairy Beef Swine Poultry Horse Sheep Multiple Total

Sample Site #1 Watershed 4 2 1 -- -- -- 4 11

Sample Site #2 Watershed 11 9 3 -- 2 1 4 30

Town of Tavistock 3 2 3 1 -- -- 1 10

Small Watershed S.E. of Tavistock 3 1 -- -- -- -- 1 5

Shakespeare Drain-Sample Site #3 15 8 10 3 2 -- 6 44

Watershed S.W. of Tavistock 4 -- 7 1 1 -- -- 13

#4 Sample Site Watershed 5 2 5 -- -- -- 2 14

#14 Sample Site Watershed 2 2 1 -- -- -- __ 5

#5 Sample Site Watershed 12 3 1 1 -- -- 1 18

#9 Sample Site - Phelan Creek 20 10 16 -- 2 -- 8 56

Watershed East of Innerkip -- 2 -- -- -- -- -- 2

Most Southerly Watershed 18 17 8 2 1 -- 3 49

Other areas near Main Thames River 19 20 7 -- 3 -- 2 51

INDIVIDUAL TOTALS 116 78 62 8 11 1 32 308

Update November, 1983
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5.2 Number of Livestock Farms and Their Respective Pollution Potential Ratings 

Each farm in the Pittock watershed is categorized into high, medium and low potential

to cause water quality problems with respect to surface water runoff from their

property if mismanagement occurs (Figure 8). Out of a total of 308 livestock

enterprises, 25% of the farms have a high pollution rating, 48% are medium and the

remaining are low (Table 3).

Some of the smaller livestock farms which have very few livestock were still included

in the total number if it was determined that they were within 500 feet of a stream and

their barnyard location definitely indicated a high priority area. However, it must be

realized that the amount of runoff reaching the stream would be determined by the

manure management practices when comparing it to a larger livestock operation

beside a stream and its management practices in handling the respective volumes of

manure.

The "terrain capability" map used in identifying priority farms was a reproduction,

therefore some areas where farms were either high or medium because of boundary

discrepancies and distortion was encountered. Nevertheless, very few had to be double

checked by aerial photos and ground truthing to decide on the appropriate category.
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TABLE 3: Pollution Potential Ratings For Pittock Watershed.

Drain/river

Name Or Location
High Medium Low

Total # Of

Farms
Sample Site #1 Watershed 3 7 1 11

Sample Site #2 Watershed 10 15 5 30

Town of Tavistock Watershed 3 2 5 10

Small Watershed S.E. of Tavistock 2 3 5

Shakespeare Drain-Sample Site #3 11 27 6 44

Watershed S.W. of Tavistock 5 8 13

#4 Sample Site Watershed 1 11 2 14

#14 Sample Site Watershed 1 4 5

#5 Sample Site Watershed 7 10 1 18

#9 Sample Site - Phelan Creek 18 20 18 56

Watershed East of Innerkip 1 1 2

Most Southerly Watershed 2 19 28 49

Other areas near Main Thames River 15 21 15 51

INDIVIDUAL TOTALS 78 148 82 308

% of Total Watershed 25% 48% 27%
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5.3  Water Quality Conditions 

Results for selected parameters (phosphorus and bacteria) are presented in this

section.

Figures 9, 10 and 11 display the results of the 15 original river sampling locations

along with the results of monitored waste sources, for total phosphorus, total coliform

bacteria and fecal coliform bacteria. Also, on these figures are the respective Ministry

of the Environment water quality guideline and objective for general agricultural uses

such as irrigation and for the protection of aquatic life and recreation. It can be seen

that average concentrations from sample results are all in excess of the guideline and

objective set as indications of acceptable water quality. The 15 river stations are

ordered from left to right to correspond to distance from the headwaters. It can be

seen that even in the headwaters (stations closest to the left) the quality is

unacceptable. Point sources are of poorer quality than the 15 river stations. Average

concentrations from point sources ranged to three orders of magnitude higher than

respective MOE guideline and objective, while river stations were about one order

higher.

It is not surprising that samples of point sources were of poorer quality than the river

samples. What is surprising, however, is that 12 of the point sources are drainage tile

outlets. Tile drains are generally considered to be transporting only field drainage

waters. The implication is that drainage systems are receiving animal and/or human

wastes in addition to (presumably cleaner) field drainage.

Figure 9 presents the sample results for total phosphorus by breaking the point sources

into various categories. Barnyards, manure piles and some drainage tile outlets

produced concentrations well in excess of the typical river water quality. Phosphorus

in the river water generally ranged between 0.1 mg/L and 1.0 mg/L.
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Figure 9: Concentrations of total phosphorus (mg/L) measured at river stations ,

drain outlets , and other waste sources •.
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Figure 10: Numbers of Total Coliform bacteria (per 100 ml) measured at river

stations , drainage tile outlets , and other waste sources •.
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Figure 11:  Numbers of fecal coliform bacteria (per 100ml) measured at river stations

, drain outlets , and other waste sources •.
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Runoff from a manure pile averaged about 3.0 mg/L. Total phosphorus in barnyard

runoff and certain tile drains averaged about 10 mg/L (i.e. approximately 300 times

the phosphorus guideline). One tile drain, receiving milkhouse waste had a maximum

and average total phosphorus concentration of 184 mg/L and 14.3 mg/L respectively.

It can be seen that although the quality of drainage waters cover a wide range of

phosphorus concentrations, the average water quality of the monitored drains

(primarily large closed municipal drains) is very poor as further illustrated in Figures

12 and 13.

Figures 12 and 13 compare the average concentration of total and soluble phosphorus

in waters from tile drains and to put the findings into a different perspective, averages

of other sources of phosphorus are included. In these figures, it can be clearly seen

that the average tile water quality is strikingly poor. In fact, it approaches the quality

of untreated domestic sewage.

All domestic sewage requires and usually receives treatment. In municipalities, sewage

is usually carried by sewers directly from the sources to sewage treatment plants. In

some smaller communities and in rural areas, domestic sewage is commonly treated

by septic tanks. Any wastes, including farm wastes of this quality should receive

treatment.

The implication that wastes are entering the tile drains is strengthened by the

comparison in Figures 12 and 13, with water quality from "non-livestock drainage

tiles". These data came from a study in the Ausable River watershed where it was

possible to say with some confidence that only field drainage was being collected by

the tiles. The average quality from these tile drains met the phosphorus guideline.

Figures 12 and 13 also present a comparison between water quality in southern

streams versus northern streams. The watersheds of the southern streams are

generally more intensively farmed and drained. Subsequently, the water quality is

worse.
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Figure 12: Average Total Phosphorus concentrations (mg/L) from various

sources.
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Figure 13: Average Soluble phosphorus concentrations (mg/L) from various

sources.
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The bacterial scenario is quite similar. Figures 10 and 11 display the higher numbers

of bacteria in waste sources compared to the river water quality. Figures 14 and 15

compare average bacterial numbers (total coliforms and fecal coliforms) in drainage

water to other sources and again the quality of some tile drains approaches that of raw

sewage. Generally, the quality is comparable to unchlorinated sewage. Again, as

expected the northern streams are of better quality than the southern streams. Table

4 outlines the bacteriological similarity between raw sewage and the agricultural tile

drains in the study area.

Once the very poor drainage water quality became evident, meetings were held with

the township drainage inspectors in the study area. One purpose of the meetings was

to determine how representative were the monitored drains of other drains in the study

area. As a result of the meetings, a total of 130 municipal drain outlets were identified

in the study area (Fig. 16). Two special sampling runs (wet weather conditions) were

then made on November 29 and December 6, 1983, during which a total of 40

drainage outlets were sampled (Fig. 16). Results from those samplings are shown in

Figures 17 and 18 for fecal coliform bacteria and total phosphorus, respectively.

This sampling confirmed the poor water quality of the majority of drainage outlets.

Although the averages of chemical parameters were lower in comparison to the original

10 or so tile drain, it is difficult to make comparisons since this is based on only 2

samples. The original tiles were sampled about 20 times. Bacteriologically, there was

little change in the average numbers of bacteria.

It is the particularly poor bacterial quality of drainage water that is perhaps of greater

concern than the poor chemistry in the study area. The study area was selected in part

because of the known bacterial problems in the Gordon Pittock Reservoir forcing beach

closures in each of the last three years.
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Figure 14: Geometric Mean of Total Coliform bacteria from various sources of

water.
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Figure 15: Geometric number of Fecal Coliform bacteria from various sources

of water.
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Figure 16: Known Municipal Drain Outlet.
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TABLE 4: Tile Drain Effluent Quality Compared To Raw Sewage.

Raw Sewage 12 Tiles B 29 Tiles C

Total Coliform Bacteria per 100 ml 106 81,148 37,244

Fecal Coliform Bacteria per 100 ml 104-5 9,387 8,785

Fecal Streptococcal Bacteria per 100 ml 104 2,480 17,039

BOD5 mg/L 50-250 21.0 3.3

Total Phosphorus mg/L 2-10 1.9 0.4

Soluble Phosphorus mg/L 0.2-4.0 1.4 0.2

Ammonia mg/L 5-35 0.8 0.4

Nitrate mg/L 0 5.7 51.9

B Geometric means (for bacteria) and averages (for chemistry) of 20 samples

C  Averages of 2 samples
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Figure 17: Fecal Coliform results from the wet weather sampling of drainage tile outlets.
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Figure 18: Total Phosphorus results from the wet weather sampling of drainage tile outlets.
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Figures 10, 11, 14 and 15 have already shown the very high numbers of indicator

bacteria in waste sources (including tile outlets) and in the study area in general.

Figure 19 shows the bacterial results from the wet weather sampling on August 30 of

the Gordon Pittock Reservoir. In addition to the unacceptably high numbers of indicator

bacteria, the pathogen Pseudomonas aeruginosa was also detected.

In addition to regular sampling for indicator bacteria, special sampling was conducted

to look for Salmonella spp., a group of pathogenic bacteria. Nine locations were

sampled, using a modified Moore swab. Results from tests for Salmonella are

presented in Figure 20. Salmonella bacteria were found at all sites with a total of 9

different Salmonella serotypes documented.
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Figure 19: Bacterial results from wet weather sampling of inputs to the Gordon Pittock Reservoir on 

August 30, 1983.
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Figure 20: Salmonella serotypes found in the study area.
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5.4 Farmer's Perception of the Problems and Solutions 

When asked about the topic of agriculture and its effects on water quality, 65% of

farmers revealed their belief that farming practices only cause minor problems in

adversely affecting the water or that water pollution is non-existent in their area. The

excessive use of fertilizers and the mishandling of pesticides as well as the intentional

dumping of manure are recognized as being the major problems concerning farming

practices and their effects on water quality. Livestock manure cannot be seen as a

major water quality problem if managed properly for use on the land to improve the

soil structure and as a fertilizer additive.

In general, farmers consider it their responsibility to handle livestock manure on their

farms so that the environment is not affected. For instance, if manure is causing a

major problem, the particular farmer at the pollutant source should take the steps

necessary to improve his handling practices or storage facilities. In some cases manure

is considered a nuisance because of the labour and energy required in handling it. For

these farmers the value of manure decreases because there is no dollar or profit value

associated with it. This attitude seems to be more common among large livestock and

liquid manure operations. Commercial fertilizers appear to be taking over as a faster

more efficient way of adding nutrients to the soil to get greater yields and profits.

However, the use of fertilizers without additional soil maintenance will not continually

produce good yields. It is recommended that soil tests be used to obtain maximum

benefit from the nutrients in manures and fertilizers so that maximum yields are

obtained by the farmer. Only 16% of 92 farms get their soil analyzed yearly and 32%

of these do not have their soil tested at all.

Some of the main issues brought forward by the livestock operators were education,

government involvement pertaining to legislation and grants, conflicting areas of

production, and solutions to some of the pollution problems in agricultural areas.
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There seems to be confusion as to whether a problem exists, and if one does, whether

it can be solved with practical solutions that are economically feasible. Water quality

does not appear to be a management priority. With regard to any major problems

concerning manure pollution many indicate it is the few poor farm managers giving the

good managers a "bad name". Thirty six percent of the questioned farmers who think

manure is a major polluter, cite liquid manure operations as the worst offenders. For

example, some solid manure handling operators believe, a liquid system is the worst

offender of polluting streams because of heavy spreading equipment, overspreading

and no absorptive bedding to hold the manure in the soil. 

In addition, the air pollution problem may tend to result in stronger negative feelings

toward liquid operators. Also, it seems when manure pollution is a major issue it is

because of an intentional dumping. On the other hand, it is still common to see almost

50% of the responding farmers spreading in winter with the majority of these being

solid manure operations. This may be happening because a concrete barnyard area

does not have the capacity to store all of the manure collected over winter,

consequently; the manure is not confined to a single storage area. The livestock

number has increased but the storage area hasn't.

Manure spreading is a necessary part of a livestock operation and most farmers

consider it a natural product that is incorporated by the soil. Consequently, it shouldn't

be causing water problems. Forty seven percent of the farmers returning the survey

feel that their present manure handling system is adequate. Furthermore, even though

some surface runoff may occur after heavy rains this cannot be avoided in a farmer's

opinion because he cannot depend on the weather when storage space is limited.

From the questionnaire, it was determined that 35% of 92 farms did not have 6

months storage, and that 18 farms overspread manure on their fields. (Based on the

minimum number of acres that is necessary for spreading of the quantity produced by

livestock on their farm).

-44-



The livestock operators view industrial or urban discharge as causing major water

pollution problems because of the greater volume of waste as compared to a single

farm.

Many farmers are concerned that if manure happens to be causing a problem, there

needs to be more practical and economical alternatives to show how he can better

retain the valuable nutrients of manure in the soil. Forty farmers would like to see

more information regarding what happens when the manure breaks down, and, what

and how much of the nutrients are available for crop use during that year, how much

is lost or gained by spreading different manure types, and the effects different manure

systems have on soil type, tiles and streams. It was also mentioned that those farmers

who are major contributors of water pollution problems be sent this information.

With the increasing cost of fertilizers, it is important that a livestock operator gather

as much information as possible pertaining to the use of his manure to get maximum

use of the nutrients for crop production. Farmers consider it most beneficial to maintain

high production levels without causing environmental problems. It was suggested that

common sense workshops be set up to cover these topics. The questionnaire indicated

that over 60% of the farmers were unfamiliar with the Agricultural Code of Practice and

Certificate of Compliance. Those who did know were told by extension representatives

or had just built new storage facilities.

With regard to the enforcement of legislation, the majority of farmers are not in favour.

Twenty-six farmers state that the government should not be involved in the

management responsibilities of the farm of which they know nothing about. Only

stricter laws governing construction of manure storage and buildings near streams and

intentional dumpings are needed. In some cases farmers feel the authorities are too

lenient in regards to the latter. Only those farmers who need to be regulated should

be, but not all farmers.

Furthermore, 86% of 90 farmers believe their management practices are adequate for
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controlling water pollution off their farms. The remaining would in some way like to

improve their facilities, but lack the practical solutions and funds.

There are mixed feelings by livestock operators towards the allocation of grants or

subsidies. Forty-nine percent of the responding farmers indicated it is their

responsibility to control water pollution. Consequently, they would be willing to pay

greater than 50% of the cost for improvements. However, an equal number of

livestock owners think grants of greater than 50% from the government are necessary

because of the high cost of upgrading existing manure handling systems, while

depending on the present farm markets for their income. 

Furthermore, industries receive money for pollution control and it seems only fair that

farmers should also. On the other hand it was stated that the allocation of grants are

going to those farmers who do not necessarily need them. A suggestion brought

forward is the use of a weighted system of grant allocation that compares the farmers

need for a storage based on that farm's potential to cause water pollution. Others

would like to improve their existing operations; however economics is the biggest

drawback. Those farmers who indicated that more than 50% should be paid by the

government for water pollution control say that in order to get anything done or

provide incentives, grants have to be high. 

Some would like to see grants as tax deductions. Others feel that if there were no

grants, any environmental protection shown on a farm with respect to controlling

runoff or improving drains should be tax exempt. Seventy one percent of the farmers

from the questionnaires and interviews indicated they would participate if they were

causing a problem. In a few cases farmers have had problems with their manure

storage due to certain contractors. A suggestion would be to allow only reliable

contractors, who are recommended by certain ministries to put in manure storage

facilities.

Economics, the awareness of whether there is a problem, the use of subsidies, the
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involvement of government, and, the conflicting areas of management to suit

production on the farm and the environment are all necessary issues relating to the

concern for agriculture and water quality.

5.5 Reaction of Farmers to Information Extension

5.5.1.  Based on Farmer Interviews

Most of the farmers interviewed were interested in knowing whether they were losing

any nutrients off the land through their tile systems because it is very important to get

good yields from maximum nutrient retention in the soil.

The spreading of manure on the land is a necessary practice of any livestock operation.

Any suggestions regarding not spreading because it might rain tomorrow is ridiculous

in the eyes of the farmers. Manure is a natural product and is seen as a soil enhancer.

In many cases when storage space is limited there is no alternative but to spread in

winter, especially when economics dictates the storage area cannot be improved. For

example, 29% of 95 farms would like to improve or update their storage facilities and

9 indicated economics was the main drawback.

When streams are sampled on particular properties, farmers become very concerned

when they are not notified of what or who is on their property. In certain cases if a

farmer is uncooperative it is because he has had unpleasant dealings with government

in the past or he feels he is being centered out.

Many farmers are interested in cooperating in a subsidized program, however,

government should not get too heavily involved in the management responsibilities a

farmer takes as common sense.

A lot of the information distributed by ministries gets overlooked. A farmer would be

more interested in practical workshops and demonstrations at other livestock
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operations. Farm newspapers and magazines are another source of information

recognized by farmers to be more useful in updating the management of their farms.

5.5.2 Based on Interviews With Extension Personnel

Ministry of Agriculture and Food personnel indicated that manpower was limited;

however, the Pittock study would be given a certain amount of priority because of the

problems being encountered in the area. Landowners should be capable of determining

which type of manure storage best suits his farm operation. Extension personnel will

also be available to give technical advice and assist in the preparation of plans.

However, due to the limited amount of manpower, a landowner would be required to

provide supervision during the construction phase and only when questions arose

between farmer and contractor would an engineer be consulted. In some cases, after

an application is submitted it may take up to 2 years before assistance or funding

becomes available depending on the needs and urgency of that particular farm.

Many farmers are taking advantage of the O.M.A.F.'s "Soil Conservation and

Environmental Protection Assistance Program" by submitting applications but it has yet

to be determined what effects a shortage of manpower will have on farmer's

perceptions of this particular government assistance program.

Therefore, should funding be available for improving agricultural management practices

when technical assistance is decreasing? A farmer may become frustrated in his

attempt to get help.

The use of a weighted system with regard to grant allocation has been discussed.

Problems have arisen in determining factors which categorize farms as to the amount

of money that they should be eligible for. This is because of the many different cases

that could be causing water pollution, for example, surface runoff versus subsurface

tile water pollution.
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6. CONCLUSIONS

The quality of the water in the South Branch of the Thames River was found to be

unacceptable. As expected, known waste sources were found to be contributing to the

unacceptable water quality. The study was designed to monitor the impact of livestock

wastes and did find unacceptable impacts such as barnyard runoff, manure pile runoff,

cattle access and the tile drainage quality. The poor quality of the drainage from

underground municipal drain systems was unexpected. Both the bacterial and chemical

characteristics of the subsurface tiles were unacceptable and comparable in quality to

domestic sewage. 

Although the exact sources or causes of the poor quality in the tile drains are unknown,

illegal connections to municipal drainage systems are suspected as the primary

contributing factor. The study indicates that such connections are occurring both in

rural municipalities and agricultural communities. The magnitude of artificial drainage

works coupled with the pervasiveness of illegal connections probably makes municipal

tile outlets a major impact on water quality in the study area.

Education of the agricultural community as to the magnitude of the water quality

problem in the Pittock watershed is the first major step as was shown by the

questionnaire results. Seventy-seven of 90 farmers believe their practices are adequate

for the control of water pollution from their farms. Furthermore, over 60% believe the

problem is minor.

The use of tile drainage as routes to get rid of excess water from milkhouses or

barnyards has increased. This has certainly happened in the past but the volume of the

wastes was far less. Now the environment is beginning to show signs. The increase and

intensity of livestock on farms and their respective volumes of manure have not been

considered in the past to be a further stress. Factors such as overspreading and winter

spreading of manure, less than 6 months storage and not using soil tests all add to the

problem.
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Information on manure management distributed by government must contain practical

solutions. Workshops could be set up to provide this information.

It can be assumed that the impact on water quality from agricultural activity has

increased. Have past grants been allocated to areas of need concerning the

environment? Prioritized pollution problems must be cited in order to allocate funds to

reduce the problem. Concern was even expressed by farmers that past grants did not

go to areas of need.

Government involvement pertaining to legislation, is not necessarily the answer.

Livestock owners must be willing to correct problems such as barnyard runoff, silo and

manure leakage into tiles and old septic beds which have exhausted themselves. The

questionnaire indicates that 71% of the farmers would be willing to improve their

operation if they were found to be causing a problem.

The major improvements such as manure storages and retaining walls can be assisted

by grants, but not in the way they have been in the past. Future grant allocation must

be geared towards the areas that are not only maintaining the farmers productivity but

also improving the resources of land and water which are vital to agriculture's survival.

Environmental problems in water quality and land must be included in the

management responsibilities of the farm.
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7. RECOMMENDATIONS

(a) Additional investigative field work is required to identify the sources of wastes

to the municipal drainage works. Ratings for priority farms should incorporate

proximity to tile drainage systems in light of the findings.

(b) Preparations should be made to allow for the expedient repair of waste

discharges to municipal drainage works.

(c) The construction of new drains should ensure that no connections other than

those carrying land drainage are part of the works.

(d) Additional sampling of water and sediment is required to analyze for specific

bacterial pathogens and indicator groups.

(e) The bacteriological analysis of water and sediment is required to assess the role

of general rural sources as contributors to the contamination of receiving lakes

and reservoirs.

(f) Water and sediment phosphorus loadings in drainage waters need to be more

rigorously calculated in light of the extremely high concentrations found, as a

possible means of achieving IJC Great Lakes phosphorus loading reductions.

(g) Priority areas for grant allocation should be deciphered to correct the sources

of the problems. Co-ordination of the Ministries of the Environment, Agriculture

and Food, and the U.T.R.C.A. as to amounts and allocations of grants is

essential. The increasing of existing grants should be given serious

consideration.

(h) More information workshops should be set up on how agriculture can affect

water quality and what practical solutions are available to solve the problems.
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(i) Field staff should not be reduced to a point that farmers become frustrated in

their attempt to get assistance. More assistance is needed.

(j) More interaction is required with livestock associations and other rural

concerned groups.

(k) Conservation in agricultural programs should be a mandatory course offered at

all agricultural schools.

(l) A specific site plan should be developed for each farm indicated as high priority

for potential pollution by individual attention to each farm.
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APPENDIX A

Sample Questionnaire
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QUESTIONNAIRE SURVEY 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 ___________
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 ________

In ground ________
Rectangular  ________
Aboveground ________

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

Earthen  ________
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 ___
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?
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 ___ 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.
(i.e. structural and 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
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
1) Does your farming operation and/or livestock rely on a nearby stream for

livestock watering? Yes ___ No ___ 
If YES, please complete this section.
2) Is there limited/unlimited access to the watercourse for livestock watering

purposes?
3) What percentage of your livestock require water from the stream?   ______%
4) 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: __________________________________________
____________________________________________________
____________________________________________________
____________________________________________________

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

6) Are livestock allowed access to a stream during
wet -  Yes ___ No ___   conditions
dry -  Yes ___ No ___    “

7) 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 Newspaper/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 co-operation
Ministry of Agriculture and Food
Upper Thames River Conservation Authority 
Ministry of the Environment
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Ministry of 
Agriculture 
and Food

To: The Livestock Operators in the Pittock Watershed

The Ministry of the Environment in co-operation with the Upper Thames River Conservation
Authority and the Ministry of Agriculture & Food have initiated a study of water quality in the 50
square mile drainage area upstream from the Gordon Pittock Dam & Reservoir at Woodstock. More
specifically this particular study is to determine the effect that various livestock and manure
management practices have on water quality in the Thames River.

We believe that most farmers are aware of the importance and value of manure as a fertilizer for
crop production. As the price of commercial fertilizer increases the value of livestock manure also
increases and the costs associated with the storage and handling of manure for maximum fertility
retention are more readily justified. Efficient use of manure should also help protect our water
quality. However water quality in this and other rural watersheds is not presently at the level that
it should or could be. It is hoped that this study will help to identify the types of problems in water
quality that can be related to livestock management systems.

The following is a brief summary of what is happening so far and what is planned during the next
few months.

1) Water sampling at various sites in the watershed was initiated at the end of March.
2) The various types of livestock operations and their manure management system have been

identified.
3) A questionnaire for circulating to all landowners in the watershed has been developed. As

many farmers as possible will be personally visited to complete the questionnaire. Others will
be asked to complete and return it by mail. It is hoped that this questionnaire will provide a
better insight into farmers' attitudes on manure management and water quality and to find
management practices that have worked successfully and that might be useful to others.

4) To study water quality in the river and its tributaries it will be necessary to walk the rive:.
Your permission will be required to do this if the river or one of its tributaries crosses your
property. You may also be approached for permission to sample the stream near your
farmstead or elsewhere on your farm.

We hope you will participate in this study as it is for your information as well as the agencies
involved. What we learn from you can be passed along to other farmers. Your cooperation and help
will be greatly appreciated. Water quality is everyone's concern. The questionnaire will be
distributed within a couple of weeks. Please take the time to complete it.

Bob Milne, Agricultural Engineer 
Ontario Ministry of Agriculture & Food
Oxford County

Art Bos, Diffuse Source Control Program
Co-ordinator, U.T.R.C.A.

Norman Bird, Agricultural Engineer, Ontario Ministry
of Agriculture & Food Perth County

Stewart Thornley, Regional Biologist and Associate
Surface Water Evaluator Ministry of the Environment
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Upper Thames River
Conservation
Authority

PO Box 6278, Station “D”, London, Ontario N5W 4S1 Telephone: 451-2800

File No.: ES.2.3.7.0
June 6, 1983

To: All Livestock Operators in the Pittock Watershed

By now you have been informed of the Water Quality Study being undertaken in the Pittock
Watershed. As was mentioned in our letter, a questionnaire is now being distributed to obtain
your comments. The majority of the questionnaire involves yes or no answers and should only
take a small amount of your time. A self-addressed, stamped envelope has also been provided
for your convenience. The information collected should be useful to you as well as other
livestock operators, and we hope you will take advantage of this opportunity to express your
concerns.

Furthermore, the agencies involved will be better able to assess the relative impacts of farm
management practices on water quality.

Some farmers have already volunteered their operations as sites for data collection. If you
would be interested in partaking in a further interview or becoming a part of our study, please
indicate this somewhere on the questionnaire and Ms. Christine Murray will contact you. We
would appreciate your questionnaires by the end of this month (June 30).

We will be looking forward to your comments and to meeting some of you this year.

Yours truly,
UPPER THAMES RIVER CONSERVATION AUTHORITY

A. W. Bos, P. Eng.,
Diffuse Source Control Program Co-ordinator

CM/dc Encl.
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APPENDIX B

Questionnaire Results

-63-



Questionnaire Results

The questionnaires were mailed in the month of June to approximately 320 farmers
who had been identified as having livestock farms. Some of the questionnaires
indicated the operation was now cash crop only. Others were eliminated due to the
very small livestock number present. The final total became 308 livestock farms in the
Pittock watershed. Out of 308 livestock farms in the watershed, 98 questionnaires were
completed either by the farmers themselves or by personal interview. Therefore, this
report represents 32% of the farmers' opinions in the watershed within a span of seven
months.

Specific livestock enterprises are as follows:

Farm Type
Response
Number

For example of the 98
livestock farmers who
returned their questionnaires
39% of these are dairy
farmers.

Dairy 38
Beef 12
Swine 16
Poultry & Horse   3
Mixed 29

98

Number of Animals and Acreage 

The average number of animals and tillable acres of each farm is as follows:

Livestock Type Average No. of Animals Average Tillable Acres
Dairy    89  (N=36) 134
Beef 168 (N=12) 143
Swine 833 (N=12) 132
Poultry & Horse  -    (N=  2)   59
Mixed 600 (N=29) 180

Comments: Not all questions were answered by those who returned the
questionnaire, therefore N represents the response rate to that particular
question.
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Tiled Land

The following represents the % of land that is tiled on each type of farm.

Livestock Type Average % of Tiled Land Systematic Tiling
Dairy 68%  (N=33) 26
Beef 60%  (N= 9)   5
Swine 87%  (N=16) 12
Poultry & Horse 91%  (N= 2)   1
Mixed 68%  (N=27) 18

                       87= Total N          62 Total

Comments: 71% of the 87 livestock farms responding to the question have indicated
they have recent systematic tiling in their fields.

On the average 60-90% of the land of livestock farms in the Pittock watershed has
subsurface drainage.

Manure Type, Spreading, Incorporation

Solid Liquid Semi-Solid Combination
Response

No.
Dairy 23  3 11  -- N=37
Beef 8 2 2 -- N=12
Swine 4 8 2 2 N=16
Poultry &
Horse

2 - - --  N=  2 

Mixed 18  3 2 6 N=29

55S 16L 17SS
8

combined
96

Comments:   Over 50% of the farms have solid manure handling and storage. This
means the manure has greater than 8% bedding in it. A semi-solid system has less
than 8% bedding and a liquid system has 85% moisture content or greater (Canada
Animal Manure Mgt. Guide, Agr. Canada, 1980).

Solid manure systems tend to be mostly found on dairy farms and swine operations are
more likely liquid.
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More dairy farms are getting into a semi-solid manure type possibly with the
introduction of free-stall barns, pumps and pit systems and end gates for box
spreaders which allows spreading of semi-solid manure.

By switching to a semi solid or liquid system a farmer is able to store more manure
over a longer period of time, thus eliminating the work load and allowing for easier
handling, less trips to the field and therefore, saved energy. In some storages, nutrient
content is conserved; however, this would not be the prime reason to change storage
systems.

Farms Overspreading Manure 

The following table is based on the application rate of the manure from one "animal
unit" spread on one acre of land for optimum utilization of the nutrient content
(specifically nitrogen) of manure for crop production. This value used in calculation was
an application rate of 168-190kg N/ha. (Agriculture Code of Practice, 1976).

Livestock Type /Manure Type Solid Liquid Semi-Solid Response No.
D 2 1 -- N=40
B - 1 1 N=12
S 1 3 1 N=14
M 4 3 1 N=26

Totals 7 8 3 N=92

Comments:   Eighteen farmers out of 92 overspread manure on their fields based on
the minimum number of acres that is necessary for spreading of the quantity produced
by the livestock on the farms. This may be causing ground-water pollution problems
or reduced crop yields.

* Assumption:   If the acreage for spreading of the manure on these farms does not
increase over the years and nitrogen is being spread at a rate which is twice the
amount required for an acre of corn then it could also be assumed that phosphorus
could be built up excessively in these soils over the years with much of it seeping into
tile systems. Additionally, commercial fertilizers might be added in spring to get good
emergence, consequently resulting in phosphorus being highly excessive in the soil.
Not all the phosphorus in the soil will be used by that year's crop.
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In the Field Crop Recommendations 296 booklet the highest application for corn based
on O.M.A.F. soil tests for a soil test phosphorus rating which is LOW is 110kg/ha
required. Phosphorus tends to be half the value of nitrogen in the manure of livestock.
Therefore, if twice the nitrogen is spread (380kg/ha) the phosphorus amount would be
190/kg P/ha which is above the highest crop recommendation.

Many other factors could raise or lower the number of farms overspreading; for
example, accuracy in answers on the questionnaires with respect to number of
livestock on the farm during the year, a change in the number of acres spread from
year to year, accuracy in determining number of animal units on the farm. (See
Appendix C for Animal Unit Assumptions).
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NUMBER OF TIMES MANURE SPREAD/YEAR

Once Twice 3X 4X Sub Total
Dairy - 13 13 9 35
Beef 1 6 2 2 11

Swine 3 5 4 4 16
Mixed 5 14 10 3 32
Totals 9 38 29 18 N=94

Comments:   47 farms spread more than twice a year. For optimum utilization of the
nutrient contents of the manure for crop production the recommended season is spring
on dry land just before planting and incorporated within 24 hours. (Agriculture Code
of Practice, 1976).

18 farmers definitely have less than 6 months storage capacity. 

Assumption 

Of the farmers who spread 3 times a year assume if winter application is included, he
does not have 6 months storage. Also assume the farmers spreading manure in the
spring, summer and fall, do have 6 months storage. Consequently, half of the 29 farms
spreading 3 times a year do not have 6 months storage.

Therefore, 35% of the 94 farms do not have 6 months storage for the livestock manure
produced on their farms.
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Most Popular Manure Spreading Season 

Spring Summer Fall Winter
Dairy 32 20 30 19
Beef  7 6  9  6

Swine 15 6 13  7
Poultry & Horse  2 2  1  0

Mixed 24 7 22 13
80 41 75 45

Comments: The majority of farms spread in the fall and spring with any extra trips to
the field being done in summer and winter.

Dairy and mixed operations haul more in the winter. This may be because most solid
manure storages do not have the barnyard capacity to hold all of the manure over
winter.

Winter Spreading

Worked Fields Unworked Fields Both
D -- 11 8
B -- 4 2
S -- 3 4

P&H -- -- --
M 1 9 3

1 27 17

Comments:   47% of the farms on the questionnaires indicate they spread in the winter
season. Those farmers who do spread do so on unworked fields. These include hay,
pasture ground, and corn stubble. In most cases it is a solid manure handling operation
with some semi-solid operations having to spread in winter. Some of the farmers do
not spread in the winter unless they absolutely have to. This depends greatly on the
weather.
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Manure Incorporated 

Yes No
D 31 6
B   5 5

Sw 15 -
P&H   2 -
M 24 4

77 15 
N=92

Comments:   83% of the farms responding incorporate their manure after spreading.
However, this doesn't indicate how long a time period is left between when it is spread
and when it is incorporated. The next chart serves to clarify this.

Time-Period for Incorporation 

1 day As soon as possible <1 week Eventually or > 1 wk
D 7 19 2
B -   1 2

Sw 3   8 1
P&H -   1 1
M 5 14 1

15  43 7
N=75

Comments:   Weather is the main reason for not incorporating within 24 hours as
suggested in the Agriculture Code of Practice. Additionally, some farmers do not realize
that if incorporated right after spreading they will be getting maximum retention of
nutrients in the soil for crop production (spring applied). In the fall, 50% of the N will
be lost by leaching even if it is incorporated.

Incorporation can mean only 1 inch of soil covering the manure allowing more nutrients
to be retained than if left on the soil surface to change to a gas (in case of N) soon lost
through surface runoff.

13% of the 75 farmers answering this question did not incorporate at all.
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Soil Analyses 

Yes (i)Yearly (ii)2years (iii)3years (iv)N/A No
D 26 6 4 5 11 10 
B  6 2 1 2 1 5

Sw 12 4 2 2 4 4
P&H  1 - 1 - - 1
M 18 3 7 2 6 9

Total 63 15 15 11 22 29 
N=92

Comments:   Those farmers who do not get their soil analysed indicated it was
unnecessary if crop rotations are used. Other reasons include; not enough time, soil
was analyzed years ago and since their farming practices have changed little the
assumption is the soil nutrients are at a level they should be. In some cases there have
been conflicting results when samples have been sent via different testing laboratories.

Manure Analyses 

Only a few farmers have had their manure analyzed. These were farmers with liquid
manure handling systems. It is easier to have a sample mixed well and representative
of all the manure because liquid storages are usually agitated to mix any crust of solids
with the liquid portion for easier spreading.

Other deterrents might be the cost of a manure sampling kit and the time it would take
to mix a sample if the operation had solid manure.

Also, it was considered to be unnecessary in most cases if a farmer had his soil
analyzed because values of N,P,K content are adjusted for the manure spread on a
field, the time of year and the type of livestock.
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Value of Manure

Most farmers realize the value of manure as a soil enhancer and its role in providing
additional N,P and K nutrients. Some consider it to be half their commercial fertilizer
in economic value while others consider it to be worth more because it makes the soil
productive.

Those who do not feel it is of value have too much of it and would like to sell it.
Considering the time and energy it takes to haul the manure its economic value is less.

One farmer indicated it was worth more than his pigs but he couldn't sell it because
there is no set price for it or it is difficult to agree on a price.

Suggested Price Range: $200 - $5,000/year
$ 10 - $50/ton

Manure Storage Changes 

This question indicated changes that were made on a livestock farm within the last 30
years with respect to upgrading manure handling and storage systems.

Yes No
D 24 8
B  8 2

Sw 12 2
P&H - 1
M 21 3

65 16 
N= 81

Comments:   Most improvements or changes that were made involve installation of
stable cleaners and concrete pads for the barnyard area with the remaining changing
to liquid or semi-solid storages.
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Most Popular Reasons for Changing Storages  

Answers to Yes:

1. Expansion of Herd
2. Increased Amount of Manure
3. Containment of Runoff
4. Division of Runoff or Snowmelt
5. Containment of Nutrients for Use on Land
6. Other - Easier work, avoid spreading in bad weather, built new barn more

efficient.

1 2 3 4 5 6
D 13 14 7 2 12 6
B 6 6 1 1 2 1

Sw 6 5 3 0 7 3
P&H - - - - - -
M 11 10 10 2 10 5

36 35 21 5 31 15
N=82

Comments: Expansion of herds over the last 30 years has also resulted in
improvements with regard to manure handling and storage areas to offset the
increased amount of manure. Other reasons indicate that farmers believe nutrients are
contained better with improved storage areas because less is allowed to soak into the
ground or run off yard areas.

-73-



Technical Assistance for Manure Storage and Handling Systems

Yes No No Answer
D 12 11 15
B 1 6 5

Sw 4 8 4
P&H - - 3
M 8 13 8

25 38 35

Comments: Assistance was obtained from contractors or companies promoting their
equipment or storage and from agricultural engineers from the Ontario Ministry of
Agriculture and Food offices.

Financial Assistance

Yes No
D 8 16
B 1 6

Sw 4 7
P&H - -
M 7 11

Total 20 40
N=60

Comments:   Financial assistance for less than 50% of the cost was obtained by 17
farms who responded to the question and only one farmer obtained more than 50%.

Many farmers indicated they would still have improved their operation even without
financial assistance. This is probably due to the expansion of their herd 30 years ago
and the increased amount of manure to be handled.

(The question is based on whether the farmers have obtained financial assistance
within the last 30 years. However, most financial assistance programs have only been
available within the last 20 years.)
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Costs of Construction

Minimum Maximum Average
D $1,000. $30,000. $10,500
B    750.    8,000.     3,275

Sw 1,400.
70,000.

(combined farms)
19,000

P&H -- -- --
M 1,300. 30,000. 12,700

Total Average $11,400
N=37

Comments:   To improve barnyard areas prices range from $1,000 for a cement pad
to a maximum of $30,000 for larger concrete liquid tanks with covers.

Any problems which were encountered during construction were due to bad weather
conditions. One case had a groundwater problem.

Interest in Changing/Updating Manure Storage Area 

Yes No Yes & No
D 9 16 3
B 2  7 1

Sw -  5 3
P&H 1  2 -
M 7 11 2

19 41 9
N=69

Comments:   Those farmers who were unsure of whether they would change indicated
economics was the biggest factor. The next table indicates other limiting factors.
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Reasons for Not Changing 

1. Economics
2. Near retirement
3. Operation too small
4. Not required
5. Present system is adequate
6. Other - Displeased with government

1 2 3 4 5 6
D 3 3 - 3 15 -
B 3 3 1 4 4 -

Sw 4 1 2 3 4 1
P&H 1 - 2 - 2 -
M 3 3 4 3 8 -

N=52 14 10 9 13 33 1

Comments:   The most agreed upon reason for not changing is the present manure
system is adequate either because they have just improved or can see no reason to
improve.

Economics is the second reason for not improving. 11% indicated they would like to
upgrade their system. Some of these farmers may know about the O.M.A.F. grant and
others may not. Still others find improving their manure storage area even with the
grant is still expensive. It was also mentioned that a few livestock operators would
rather wait and be able to pay for a new storage themselves when it is needed rather
than obtain assistance from the government because the process involves more "red
tape".
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Livestock Along Streams 

Yes No
D 11 21
B 7  4

Sw - 10
P&H 1  2
M 4 18

23 77
N=78

Comments:   29% of the 78 livestock farms answering this question have cattle in
pastures with streams cutting through their property.

Only 7 of these farmers requested information pertaining to livestock control along
streams. These farmers were sent the livestock booklet by the Upper Thames River
Conservation Authority.

Only one farm indicated remedial measures such as fencing or crossings to keep cattle
off banks and/or out of the water were in place.

A range of 10% - 100% of a livestock herd were allowed to use the area along a
stream.
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GENERAL QUESTIONS

Farming Practices Effects On Water Quality 

(this includes farm chemicals, fertilizers as well as manure effects on streams)

1) very great extent
2) considerable
3) a minor extent
4) not at all

1 2 3 4
D 3 8 22 2
B 2 3 5 -

Sw 1 3 9 2
P&H - 2 1 -
M 1 -8 18 1

7 24 55 5
N=92

Comments:  Most farmers think farming causes minor problems in water quality
degradation. Because of the visible affects of the Tavistock lagoons discharging, some
landowners feel industries and situations such as this cause the most harm.

Farm chemicals and sprays are considered to be a worse offender of water pollution
than manure. Most believe that manure stays on the land and is filtered and used in
the soil and furthermore, doesn't reach tile systems. Only if there are heavy rains could
manure be considered as more of a problem, however, this cannot be helped. Only a
few unconscientious or poor farm managers are considered contributors to water
pollution problems giving good managers a "bad name".
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Manure is a major polluter? 

Yes No Don't Know (DN)
D 11 21 3

B 4 7 -
Sw 3 13 -
P&H 1 2 -
M 14 11 -2

33 4 5

W=92

Comments:   Manure is considered a polluter only if dumped intentionally or results
indicate mismanagement. Any manure spread on the land and then carried away
during a rainstorm cannot be helped in a farmer's opinion.

Major polluters are considered to be industries.

Some farmers are interested to learn more about how manure can be a polluter when
it is a natural product compared to chemicals and sprays.

36% of the farmers responding to the question, who think it is a major polluter, cite
liquid manure operations as the worst offenders. This is possibly due to air pollution
biasing their opinion and also hearing about major manure spills caused from
intentional dumpings by some liquid manure operators.

Some do not feel it is a problem in their area.
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Should government provide more information
related to water-pollution-control-from-farming activities?

Yes No
D 16 12
B   7 -

Sw 11 2
P&H   2  1
M 13 11

49 26
-N=75

Comments:   49 farmers would like to see more information especially on the value of
manure and what happens when it breaks down. It was also mentioned that this
information should be sent to those farmers who are the major contributors of water
pollution problems from agriculture.

The 26 who do not think it is a good idea feel government do not know anything about
farming and shouldn't get involved. Also, "only if the government has good advice and
practical solutions will farmers" listen.

"Even if there is information most farmers won't read it. Information is already
available and farmers know where to find it." They would rather have practical
solutions to problems and common sense workshops.
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Two Best Sources of Information Concerning Manure Management 

1. Factsheets
2. Farm Newspapers/magazines
3. Extension Staff
4. Demonstrations
5. O.M.A.F. Canada Plan Services
6. Equipment Dealers
7. Other - other farmers/neighbours

- common sense
- grant programs - own experience
- agriculture schools
- T.V. & Radio

1 2 3 4 5 6 7
D 11 14 4 10 2 3 8
B 1 5 1 3 5 - 3

Sw 3 11 4 2 2 4 1
P&H 1 2 1 - - - -
M 10 15 4 7 - 2 1

26 47 14 22 9 9 13
N=98

Comments:   The most popular areas where farmers receive information on manure
management are:

1. Farm newspapers/magazines 48% agreed
2. Factsheets
3. Demonstrations

Farmers Experiencing Adverse Effects of Water Pollution 

Farm Related - Silo leak into farm well - 6
- manure in stream
- cattle drinking water instream

Non-Farming - Lagoon discharge - 7
Total   13
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Are Your Farm Practices Adequate for Control of  Water Pollution?

Yes No DN
D 27 4 2
B 10 1 -

Sw 16 - -
P&H  3 - -
M 21 6

77 11 2
N=90

Comments:  86% of the 90 farmers responding to this question believe their
management practices are adequate for controlling water pollution off their farm.

11% would in some way like to improve but lack any practical solution.
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Cost of Water Pollution Control - Who Should Pay? 

This chart represents the amount of money that a farmer should pay towards water
pollution control on his property in a farmer's opinion.

<50% =50% >50%
Other Suggestions
Weighted System 2

D 5 4 7 2
B 1 1 2 --

Sw 4 3 3 --
P&H 1 - - --
M 4 2 14 --

15 10 26 2
N=53

Comments:   49% of the responding to this question farmers feel it is their
responsibility to improve their operation in any way to control water pollution if they
have been found to be causing a problem.

Some say that the less government is involved the better.

Other comments state that some grants are handed out to farmers who do not need
them.

Those who would like to see more than 50% paid by the government for water
pollution control have the opinion that in order to get anything done or provide
incentives, grants have to be high. Some would like to see grants used as tax
deductions or even if there were no grants, any environmental protection shown on a
farm with respect to controlling runoff or improving drains should be tax exempt.

Other livestock operators state the consumer is the one who should pay since they
want cheap food.
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Familiarity with the Agriculture Code of Practice (AC of P), 
Certificate of Compliance (C of C) and Acceptance of Subsidies

AC of P C of C
Farmers willing to participate in

a Subsidized Program
Yes No Yes No Yes No

D  7 24 6 23 22 5
B  1 7 0 6 6 3

Sw  7 7 6 7 1 3
P&H  2 1 2 1 1 1
M 12 14 6 17 16 7

29 53 20 34 46 19  
N=82 N=74 N=65

Comments:   67% of the farmers who answered this question were unfamiliar with
what the Agriculture Code of Practice is. In some personal interviews farmers asked
where they could obtain this information package. Most did not know it existed.

73% had never heard of the Certificate of Compliance. Most know that there are
certain township by-laws about buildings being constructed.

Those who were familiar with it have recently installed storages or barns and were told
about it by extension personnel etc.

71% of the farmers responding to the question would participate in a subsidized
program for water pollution control on their property if they were causing a problem.

Those who would not participate feel that subsidies are not going to help and that a
farmer should know how to manage his land to the best of his ability.
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APPENDIX C

Delivery Ratio Methodology
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Assumptions for Calculating Animal Units 

DAIRY & BEEF

1. 1 cow = 1 A.U. (same for beef)
2.3 heifers = 1. A.U.

2. Heifers aged 6-15 months for beef cow-calf operations

3. Use 2 feeder cattle = 1 A.U. for all feeder beef

4. 1 dairy heifer produces 28 kg N/year

5. 1 beef feeder produced 28 kg N/year

6. 1 beef cow produces 64 kg N/year (same as dairy)

7. Approximately 10 minimum manure spread acres for A.U. 30

8. Manure is spread evenly over the acreage suggested by farmers (not necessarily
the case)
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Assumptions For Calculating Animal Units 

SWINE

1. 1 sow produces 8 pigs on average/litter, 2 x a year

2. Number of finished pigs = number barn holds at one time

3. Farrow to Finish Operation produces 2½ groups of marketed hogs per year.
Therefore, multiply the number the barn holds by 2.5

4. Use 15 hogs (feeders) = 1 A.U. 
25 weiners (6-12 weeks) = 1 A.U.

5. Finish Operation: 1 Feeder pig produces 5.1 litres manure/day and 32 g of N/day
- Feeder (8-22 weeks)

Therefore: 1 feeder produces 5.0 kg of N/lifetime (22 weeks) Assume 2½  lots of
feeders marketed/year (Approximate 13 pigs) Use 1 A.U. = 15 feeder pigs as in
(AC of P)

6. Farrowing Operation: 1 weiner (6-12 weeks) use 25 pigs per 1 A.U.
producing 3.0 kg of N/lifetime on this farm (12 weeks)
(64 kg N - 3.0 g N/day = 3.0 kg N/lifetime)
(Assume shipped to Finish Operation 4 x a year)

7. Assume manure in liquid form.

8. To figure number of weiners for 60 sows 60 x 2/year x 8 average no piglets

9. If operation sells weiners only, therefore use 25 pigs to 1 A.U.

10. A swine farmer with just feeder pigs has no sows.

11. A farmer with farrow to finish has sows which should be calculated into A.U. based
on 3 & 8.
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DELIVERY RATIO METHODOLOGY 

1. Using a 1:50,000 NTS sheet, transfer township boundaries onto an overlay. Mark
corners.

2. This step is concerned with soil texture characteristics. Place the overlay on the
corresponding 'K' factor map, matching county boundaries and corners. The
characters on the 'K' factor map indicate the soil series and associated textural
characteristics. These characteristics are categorized as follows:

Fine Textures: clay, silty clay, sandy clay
Coarse Textures: sand, loamy sand, gravelly sand, gravel 
Medium Textures: all remaining soil textures

For example:    Pcl =  Perth clay loam
- medium textural classification

Shade areas of coarse soil texture in a dark colour. These areas are non-delivery
areas. Outline medium and fine textured areas, but leave blank for future
consideration.

3a. Transfer polygons classed as medium texture to the appropriate township
drainage map. This should be done by eye, using features such as roads and
drains to place features accurately.

3b. Using the scale of individual township maps, determine the distance that
corresponds to ½  km. When medium textured areas occur at distances of less
than or equal to ½ km from the watercourse, a 'contour' should be drawn at the
½ km limit. If the basin boundary, as defined on Twp drainage maps, is less than
½ km from the watercourse, no boundary should be drawn. Medium textured
areas found outside the ½ km limit are considered non-delivery areas and should
be deleted by means of cross-hatching. Transfer the deleted areas onto the
delivery overlay, using the features on a 1:50,000 base map as a guide for
transferring to the different scale. Indicate deleted areas on overlay by means of
crosshatching.

4. Place the delivery overlay on the corresponding drainage capability map. Poorly
drained soils, which do not deliver sediment to watercourses, should be marked
on the overlay.
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5. With regard to the slope factor, Yorke & Herb found that slopes greater than 10%
significantly affected sediment yield, with 60' slopes being the shortest slope
length noted. These two minima reflect a slope length factor of 1.0. Therefore, it
was assumed, that any area with an 'LS' factor greater than 1.0 would potentially
deliver to a watercourse.

In order to delineate these areas, review 1:50,000 slope length maps. Shade all
of the 'LS' polygons with a value $ 1.0.

6. It has been found that even with gentle slopes and good or imperfect drainage,
delivery could occur if the area was immediately adjacent to a watercourse. In the
Avon Basin Study, D. Coleman assumed a high delivery for each ¼ km2 cell that
had a watercourse flowing through it. The average distance from the stream in
such a cell would be c km. It was therefore assumed that areas within c km,
even if well drained and gently rolling were potentially capable of delivery. In
addition, it was assumed that both sides of all roads had some form of ditch
designed for carrying runoff water from the fields. These should be considered as
part of the drainage system.

For this step, use the township drainage maps, and 1:25,000 NTS sheets as
references for marking any drains not previously mapped on a 1:50,000 NTS
sheet. Place delivery overlay on the marked 1:50,000 map, and, within blank
areas, shade c km (corresponding to the map's scale) along both sides of every
road. Shade in a different colour, a c km width along both sides of every
watercourse including streams, drains, ditches, and impondments possessing
outlets.

The result of the preceding steps is an estimation of potential delivery based on
the terrain features.

7. The next steps reduce coloured areas previously built within the blank delivery
areas.

It is assumed that forest or permanent pasture of a width greater, than 60 m.
would filter out a large portion of sediment carried by overland runoff. On the
1:50,000 Land Systems maps shade the following symbols for filter areas:

-89-



HG = pasture
G = grazing
A1 = idle 5-10 years 
A2 = idle >10 years
Z = woodland

Zp = pastured woodland
X = wetland
R = recreation--unless it looks like

something without much ground cover.
To determine this, use NTS sheets as a
reference

Transfer the shaded areas to the delivery overlay, except those that fall in cross
hatched or coarse textured areas.

8. Place delivery maps over a 1:50,000 NTS base map. Sketch each transferred
system polygon onto a 1:25,000 topographic sheet. Determine from the contours
the 'sub basin' of terrain that flows into the systems polygon. Sketch and shade
these sub-basins on the delivery overlay. These areas are eliminated from
delivery and are comparable to the shaded areas from step 3.

9. The areas remaining blank are also non-delivery areas. Some parts of these
so-called delivery areas are up basin of non-delivery areas. Thus sediment
delivered from the upper areas would be caught, if the lower non-delivery areas
are sufficiently extensive. In order to determine these areas, the 1:50,000 map
sheets with drainage marked should be placed under the delivery overlay. Using
the indicated watercourses and checking the drainage basin maps with the
1:25,000 sheets, the delivery areas having non-delivery areas greater than c  km
across in the downslope direction, should be determined. Once areas of
non-delivery are identified as buffering delivery areas by this method, they should
be sketched on the delivery overlay.

10. In order to rank delivery areas high, medium and low, areas should be designated
as follows: Low delivery areas are those above non-delivery areas, while delivery
areas are divided by the ¼ km ranking distance from Dell Coleman's Avon map.
To achieve this, the delivery maps should be placed over 1:50,000 NTS sheets
with drainage systems indicated. On another mylar overlay, mark NTS corners,
township boundaries and names. Within the delivery areas, mark a ¼km
isodistance from all watercourses. This requires the use of township drainage
maps and/or 1:25,000 NTS sheets to confirm the measurement of the correct
sub-basin. Delivery areas closer than 4 km are considered high, medium delivery
areas are those at a distance of greater than ¼ km, and low delivery areas are
non-delivery areas as indicated on the delivery overlay.
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LEGEND: TERRAIN CAPABILITY TO TRANSPORT SEDIMENT TO A STREAM

1H: 1/10 KM of land on each side of watercourse
2H: Poorly drained soils within 250m of watercourse with no other conditions

abutting watercourse.
3H: Slope greater than 5%.
4H: Buffer zone, >5% slope, lower boundary of slope within 100m of stream.
5H: Buffered zone, >5% slope, lower boundary of slope within 100m of stream.
6H: Buffer zone #100m, between >5% slope and watercourse.
7H: Strip of Land <100m wide, between downslope boundary of >5% slope and

other high factors.
8M: Fine textured soils or doesn't have conditions considered by study to influence

delivery.
9L: Buffer zone, slope >5%.
10M: Drains into 4H or 5H.
11M: Buffered Zone, slope >5%, 100 #distance lower boundary of slope from

watercourse #250.
12M: >5% slope, downslope boundary >100m from 2H, 1H, 7H, or other >5% slopes.
13L: Depression or gravel pit.
14L: Coarse textured soils.
15L: Medium textured soils ½ km or more away from 1H.
16L: Buffer zone.
17L: Buffered zone.
18L Buffered zone, slope >5%.
19L: Buffer zones, medium textured soils. 
20H: Roadside ditch, slope >5%.
21M:  Land within 100m of roadside ditches which drain directly into watercourses.
22M: Zone #250m from watercourse, drains 23M or 11M area.
23M: Buffer zone, slope >5%, 100 <distance lower boundary of slope from

watercourse # 250m.
24M: Medium textured soils and 2lM.
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