
sauble river watershed
drainage study

    sauble valley conservation authority

ecologistics limited
waterloo ontario

december 1984



ecologistics limited CONSULTANTS IN ENVIRONMENTAL RESOURCE MANAGEMENT
Westmount Place , 50 Westmount Road N., Suite 225 , Waterloo , Ontario N2L 2R5 Tel. (519) 886 - 0520

December 28, 1984

Sauble Valley Conservation Authority
RR #4, Inglis Falls Road
Owen Sound, Ontario   N4K 5N6

Attention: Mr. J.W. Manicom
General Manager.

Dear Sir:

We are pleased to submit herewith our final report on the Sauble River Valley Drainage Study.
This report presents the results of our analysis of opportunities and constraints for future
agricultural land drainage in the Sauble River watershed upstream of Allenford. Included in the
study is an assessment of the potential benefits and costs of agricultural drainage and potential
effects on stream flows and important environmental resources.

Since the Conservation Authority wishes to carry out its, watershed management responsibilities
in a way that both protects watershed residents from flooding and enables the natural resource
base to be put to best use, we have proposed a management strategy for the Authority that
strives to realize this goal. The strategy recommends three management zones which differ in
their opportunities and constraints for drainage. We suggest that the Conservation Authority
undertake discussions with the Townships and landowners to try to achieve a consensus on
procedures for evaluating drainage prospects in ways that recognize the different opportunities
and constraints in each zone.

We trust that this report will become a useful tool in assisting the Conservation Authority and
the local municipalities in evaluating agricultural drainage proposals. The study area has much
potential for expanded agricultural drainage and it should be possible to realize most of this
potential without conflicting with other watershed residents and resources, provided that a more
holistic planning approach is taken in drainage development.

It has been a pleasure working with the Authority on this project and we would like to express
our appreciation to the members and staff who provided valuable input and assistance during
the study.

Yours truly,

ECOLOGISTICS LIMITED

D.R. Cressman, M.Sc., P.Ag. President
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EXECUTIVE SUMMARY

This report presents the results of a watershed drainage study conducted for the Sauble Valley
Conservation Authority. The purpose of the study was to identify both positive and negative
consequences of land drainage on the resources of the upper Sauble River watershed. More
specifically, the purpose of the study was to: a) document and analyze historical trends in
drainage work in the study area and in-stream flow, groundwater supply, water quality and
aquatic habitats; b) provide information on the possible impacts of potential future drainage
changes; and c) provide recommendations on possible means of alleviating potential impacts
of existing and future drainage alterations.

Field surveys were conducted during the summer months to document existing drainage
conditions, water quality and biological resources within the study area. Soils, agriculture,
hydrology and hydrogeology were analyzed mainly from existing data sources. Data were also
obtained on the construction costs, frequency of clean outs, etc. of agricultural drains from the
engineers' reports filed with Conservation Authority and Township offices.

The results of the study are presented as recommended management zones. These zones
subdivide the study area based on the potential degree of constraints to drainage. The first zone
has none-to-few significant constraints to drainage; in the second zone, drainage would be
marginally viable and/or there is potential for significant consequences; the third zone appears
to be economically non-viable and/or would have a high probability of causing serious hydrologic
or biologic problems.

These zones are presented on a map to aid the Conservation Authority and Township Councils
in evaluating future drainage proposals. It provides the Authority with information which can be
used in attempting to avert potential problems related to land drainage before they happen. In
some cases this may be achieved through the engineering design work. In a minority of cases,
it may involve alternatives other than drainage and/or non-conventional approaches to drainage.
The information in the cost-benefit analysis should help Township Councils to evaluate the
economic viability of proposed drainage schemes at an early stage in the process.

The field survey information on drain conditions was also summarized in map form. This map
indicates watercourses that are in poor condition and in need of minor (repair) or major (clean
out) remedial work. This information may be used as a guide for the Authority and Townships
in focusing on priority areas for remedial work. From both a cost and an environmental
viewpoint it is preferable to undertake minor repairs as needed rather than wait until a full-scale
clean out is required.

The study concludes with recommendations for future investigations within the study area.
These recommendations point out the need for more detailed analysis of specific unresolved
questions regarding drainage and its effects in portions of the watershed.
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The following is a summary list of major study findings:

• The amount of cropland in the study area for corn, small grains and hay has shown a
steady increase since 1961 although the total amount of farmland in the study area has
decreased in all areas but Elderslie Township.

• In terms of the best quality soils, Arran has 45%, Derby has 55%, Sullivan has 57%, and
Elderslie has 83% of their respective areas rated as capability Classes 1, 2 and 3.

• Large blocks of Class 1 and 2 soils that could benefit from drainage are located in the
northwest part of Sullivan Township, southern Derby Township and in Arran Township
northwest of Tara.

• Although artificial drainage began prior to 1900, drainage activity has been greatest since
1950.

• Artificial drainage has, in the past, been concentrated in Arran and Elderslie Townships.

• Costs of all municipal drainage projects since the early 1970's have been increasing
significantly.

• Of existing drainage channels, 16% are considered to be in poor condition, 51% in fair
condition and 33% in good condition. The poor and fair condition categories are
dominated by artificial channels while the majority of channels in good condition are
natural.

• No significant trends in streamflow draining from the study area exist; flows are neither
increasing or decreasing significantly with time.

• Many of the areas that would benefit from drainage are drained by watercourses with a
fast drainage response to rainfall runoff.

• Flooding at a major channel constriction of bedrock in the main Sauble River just
upstream of Tara is aggravated by the fast drainage of rainfall runoff from upstream
areas.

• Total phosphorus levels and nitrate concentrations within study area watercourses are
generally higher than the Ministry of the Environment (M.O.E.) guidelines. Concentrations
of fecal coliforms were also generally higher than the M.O.E. guidelines and appear to be
related to livestock access to streams.

• Brook trout populations exist in only three areas and may be in danger of disappearing
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in at least two of these areas.

• Low base summer flows, poor water quality and high sediment loads significantly reduce
the quality of aquatic habitat.

• Arran Lake, its surrounding area and the Tara wetlands along the county line, have been
designated as environmentally significant.

• The potential for expanded agricultural activity in the study area appears to be quite
significant but much is based on the need for improved drainage outlet and tile drainage.

• On existing stream networks blockages, sedimentation, cattle access and erosion are the
major problem categories.

• The cost of proper design and construction of a drain to prevent erosion may be more
than recovered from savings gained through less frequent repair and clean out works.

• It is important that drainage occur only in areas where a net benefit can be realized.

• The implementation of a cooperative management strategy between the Conservation
Authority and its member municipalities can provide a tool by which the potential benefits
of drainage can be assessed in light of potential consequences to other natural resources
and downstream residents.

• A drainage superintendent employed by the Township could ensure that small repairs are
carried out prior to costly clean outs being necessary.
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1.0 INTRODUCTION

Detrimental changes in flood levels, low flows, water quality and aquatic habitats can, under
certain circumstances, result from increased agricultural drainage. The Sauble Valley
Conservation Authority is concerned that such changes could potentially result from future
drainage activity in the upper Sauble River watershed. While the Conservation Authority
recognizes that agricultural drainage is needed to realize the full potential of the agricultural
land resource base, it is striving to ensure that such drainage is conducted in a manner that
is not harmful to other watershed resources and their users.

To this end, the Conservation Authority retained Ecologistics Limited to undertake a study
of potential effects of agricultural drainage on the resources of the 140 mi2 (339 km2) Sauble
River watershed upstream of Highway 21 (see Figure 1). The purpose of the study was to
develop and recommend a management plan which the Authority could use in negotiating
with its member municipalities a new approach for dealing with potential problems related
to drainage. The objective of such a plan would be to assist all parties involved in
recognizing potential problems before they arise and in developing satisfactory solutions.

The report documents the background studies leading up to the recommended plan. It also
assesses the condition of the existing drainage network and highlights areas in need of
remedial attention. The drainage network was further assessed in respect to its ability to
support fish and its existing water quality. The biologic and aquatic information used in the
study was developed from a parallel, but more in—depth, study by Ecologistics Limited that
was commissioned by the Ministry of the Environment (M.O.E.) and carried out in
cooperation with the Conservation Authority. That study assesses more specifically the
impacts of drainage on water quality and the fish resources of the study area. It is being
prepared under separate cover, but is intended as a support document to the current study.

The steering committee and the public within the study area provided input and comments
to the study through both committee and public meetings. Their input and feedback were
utilized in checking the data base and in testing the potential acceptability of the study
recommendations. The list of committee members and meeting dates are given in Appendix
F.

Most of the maps contained in this report have been generalized from the larger scale
originals and presented at a small scale. The original maps that were used in the analysis
at the larger scale are on file with the Conservation Authority.
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FIGURE 1:  Sauble River Watershed Study Area 
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2.0 BACKGROUND

2.1 Agricultural Land Use

As with most of southwestern Ontario, agriculture in this study area has undergone
considerable change during the past twenty. years. Selected statistics from the current and
past Census of Agriculture provide, at the township level, an overview of changes in
agricultural land use during this period.

Information from the 1961, 1971, 1976 and 1981 census periods has been used in Figure
2 to show changes in agricultural land use and cropping patterns for each of the four main
townships with land in the upper Sauble River basin. The Other category includes items such
as farm buildings, fallow land and idle land. Comparisons can be made between the relative
proportions in each land use category for each township in any of these four years. As well,
rates of change in each category can be compared among townships. This may be done by
noting the relative width of the individual land use bands in Figure 2 for any particular year,
and comparing the change in a particular band width over the various years.

Figure 2 shows that the total amount of farmland has been decreasing since 1961 in all but
Elderslie Township. This is represented by the line along the top of the band representing
Other. However, the total amount of cropland (corn, small grains and hay) has shown a
steady increase, represented by the line between the Hay and Pasture bands. This suggests
an intensification of cropping practices with much of the new cropland coming from pasture
lands and/or unimproved land with a relatively small portion from farm woodlots.

Especially evident is the increase in corn acreage between 1961 and 1976. This again
suggests an intensification of cropping practices. However, the slight decline in corn acreage
from 1976 to 1981 in Arran, Derby and Sullivan Townships may reflect a diminished
enthusiasm for corn, especially as a monoculture crop. At one public meeting, it was
suggested that some farm operators are reducing corn acreages in favour of better rotation
systems because of concern about soil degradation.

At the sub—township level one can identify variations in agricultural land use by using 1981
census data. Map 1 presents 1981 land use data for each of the major enumeration areas*
in the upper Sauble River basin. This data, together with the field—level mapping of
agricultural land use systems in Map 2, shows specific variations in the intensity of
agricultural cropping across the drainage basin. Row crops are most prominent in the north
end of Elderslie Township and in the area west of Tara.
_________________
* Enumeration areas are the smallest census units for which data about agriculture is available

in the census.
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FIGURE 2:  Township Trends In Agricultural Land Use , 1961-1981.
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2.2 Soil Capability

The potential for growth in the agricultural sector can, in part, be gauged by comparing the
soil capability ratings of an area with its existing agricultural land use. This, in turn, may be
useful in anticipating areas in which there may be interest in agricultural drainage activity.

Map 3 is a generalized map of soil capability for agriculture. This was developed from a recent
1:50,000 scale mapping of soils in the area. The information comes both from the Ontario
Institute of Pedology (covering the area south of Tara) and from aerial photo interpretation
work in the remainder of the area that was carried out as part of this study.

The types and amounts of soil capability classes in the study area are best viewed in the
context of the townships which encompass most of the study area. Table 1 presents
information on the percentage of each township occupied by Classes 1 to 7 and by organic
soils. In terms of the best quality soils, Arran has 45%, Elderslie has 83%, Derby has 55%
and Sullivan has 57% of its area rated as Classes 1, 2 and 3. Arran and Derby have the
largest areas of organic soils. These organic soils generally have very low potential for
common field crops and for specialty crops such as vegetables.

Map 3 shows the Class 1 and 2 soils that have poor internal drainage under natural conditions
and that require improved drainage for optimum crop production. These are shown on the
Map as 1W and 2W. (Map 4, inside the back cover, shows the extent to which the area has
already been tile drained.)

The "drainable" soils are widely scattered throughout the study area, but large blocks occur
in the northwest part of Sullivan and in southern Derby Township and in an area in Arran
Township northwest of Tara.

Map 3 also shows areas which are Class 2 or 3, which are generally well drained and are less
in need of improved drainage. Some drainage may be needed in cases such as side—hill
seepage or other isolated wet pockets which slow up spring field work, delay seeding and
reducing crop yields.

2.3 Drainage System

Artificial drainage in the study area was taking place before the 1900's. The main branch of
the Robinson Drain (Arran Township Concession X, Lot 17; Concession XI, Lots 18 and 19;
Concession XII, Lots 19 and 20; Concession XII, Lot 20) was originally constructed in 1897.
Drainage increased in the area until the late 1920's. During the 1930's and 1940's there was
little drainage activity, although the Sim Award Ditch (Arran Township Concession IV, Lots
33, 34 and 35) went in during 1941. From the 1950's to the present, drainage activity has
increased with the construction of more new drains and clean outs of old drains.

7



8



TABLE 1: Percentage Of Township Area By Soil Capability Class

Township
Soil Capability Classes

1 2 3 4 5 6 7 Organic

Arran 20 18 7 5 38 1 <1 11

Elderslie 50 24 9 4 10 2 -- 1

Derby 25 21 9 15 11 1 5 13

Sullivan 28 13 16 6 29 4 <1

Source: "Acreages of Soil Capability Classes for Agriculture in Ontario," D.W. Hoffman and H.F.
Nobel, for the Rural Development Branch of the Ministry of Agriculture and Food and the
Department of Regional Economic Expansion of Canada, Report No. 8, October, 1975.

Artificial drainage has in the past been concentrated in the townships of Arran and Elderslie.
Only recently, since the 1970's, has drainage been undertaken in the townships of Derby and
Sullivan.

Available engineering reports provide information on the timing of clean outs of existing
drains. The average elapsed time between clean outs was 27 years; maximum and minimum
periods were 74 and 7 years, respectively. For all recorded drains, the average time since
construction or the most recent clean out is 19 years. Of the 29 drains on record, only 6 had
not been cleaned out within the last 27 years.

Municipal drainage costs in engineer's reports were updated to 1984 dollars and analyzed.
Summary statistics are provided in Table 2. Project costs increased after the early 1970's,
possibly due to the introduction of features such as rip-rapping and erosion control measures
or to an increase in the size of drains being excavated.
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TABLE 2: Historical Municipal Drainage Costs.

Average Unit Costs in 1984 Dollars

Period and Description Cost/ac Cost/ha Cost/mi Cost/km

1925-1982 - all projects $63 $156 $25,600 $15,900

1925-1973 - all projects $45 $110 $17,200 $10,700

1974-1982 - all projects $74 $184 $34,800 $21,600

1925-1982 - new construction $81 $191 $30,100 $18,700

1925-1982 - repair and clean out $14 $ 35 $16,400 $10,200

To assess the existing physical condition of the drainage system, a survey crew inventoried
the drainage network of both natural and artificial watercourses. Sample points were selected
along watercourses and the physical channel conditions were recorded. A total of 503
locations were sampled and much of the drainage system was walked by the survey crew.

A two page survey sheet was used to record the physical dimensions and characteristics of
each sample point. Included were the cross-section dimensions, channel bank and bottom
material and cover, and erosion, sedimentation and blockages, among other characteristics.
A sample of the survey sheet is in Appendix C. The drainage network was simultaneously
plotted in the field on an airphoto base map.

The survey also differentiated between natural watercourses and artificial (man-made) drains.
Such a classification was sometimes difficult to apply due to overgrown channels.

Municipal tile drains were located using Artificial Drainage System maps of the Ontario
Ministry of Agriculture and Food (OMAF). If a drain was marked on the map but could not be
located in the field during the survey it was assumed to be a buried municipal drain.

Map 4 (inside the back cover) presents the study area drainage system as it was mapped
during the field survey. This map was presented to the public and the steering committee
members at various meetings for their review.
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The general condition of the study area drainage network was assessed by subdividing the
drainage network into sub-networks, each representing a natural or artificial system. The
survey sheets from each sub-network were used to classify each sub-network into one of the
following categories:

Good -  predominantly stable with grassed banks
-  very little channel blockage

Fair -  equal amount of unstable and stable banks
-  channel blockages (primarily vegetation)

Poor -  predominantly unstable banks

Figure 3 indicates that the majority of channels, approximately 51%, are in fair condition. Of
these, 69% are artificial drains and 31% are natural channels. In good condition are 33% of
the channels; 20% are artificial and 54% are natural channels. Sixteen (16) percent of the
channels are in poor condition; 87% of these are artificial and 13% are natural.

In general, the channels within the study area appear to be in good to fair condition. The poor
and fair categories are dominated by artificial channels while the majority of channels in good
condition are natural. Of the channels that have been classified as poor, 87% are artificial
channels.

2.4 Streamflow

Streamflow data and precipitation data were used to assess existing streamflow conditions
in the study basin. They were used to investigate any trends that may exist in streamflow as
well as to establish the range of possible streamflows that pass through the study area outlet.

Upon review and analysis of the existing data, it was concluded that no significant trends in
streamflow from the study area exist. The flows are neither increasing or decreasing
significantly with time.

The mean daily flow from the study area was estimated to be about 223 ft /sa (6.3 m /sb)
ranging from maximum daily to minimum daily flows of 3,214 ft3/s (91.0 m3/s) to 7 ft3/s (0.2
m3/s), respectively. The estimated flows for various return periods range from a five-year flow
of 4,68 ft3/s (118.0 m3/s) to a 100 year flow of 7,629 ft /s (216.0 m /s).

________________
a ft3/s - cubic feet per second 
b m3/s - cubic metres per second
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FIGURE 3:  Summary Of Drainage Network Conditions.

12



Also investigated was the response time of various portions of the basin to channel inputs
of runoff. This information is useful for a preliminary analysis of runoff and flooding. This
information is explained in general, a more complete discussion of the hydrologic analysis
appears in the Appendix B.

The study area was subdivided into 14 sub-basins, based upon the type of drainage within
each area. The basins were then classified as having relatively fast, moderate, or slow
response to the channel input of runoff (see Map 5). Of the basins upstream of Tara, almost
all are of the fast response type. With these basins all responding quickly to runoff inputs,
the flooding situation through the slow response area upstream of a major channel
constriction in the main Sauble River just upstream of Tara is aggravated. This constriction
is caused by a large bedrock outcrop in the main river in Arran Township, Concession VI, Lot
33.

During the summer field survey, low flow rates were recorded at 15 of the water quality
sampling stations in July and August, 1984. Since this monitoring occurred during only one
summer, it is not possible to give a complete assessment of low flows within the study area.
These data do, however, indicate the relative amounts of low flow contributed by the study
area sub-basins. A general relationship between low flows and the groundwater system
appears on the groundwater map (Map 6). The low flow amounts are shown as ft /mi to
show the strength of unit area discharges. The data were split into three categories based
upon the range of flows measured during the sampling period. It is apparent from the map
that there is a general correlation between streams that have low flows greater than 0.03
ft3 /mi 2 (0.0003 m3 /km2 ) and streams designated as groundwater discharge.

2.5 Groundwater

An assessment of the groundwater flow system within the study area was used to delineate
general areas of significant groundwater recharge and discharge. These areas are important
since they provide both coldwater aquatic habitat and base flow to the drainage system. The
analysis used in the delineation of the groundwater flow (Map 6) is given in the Appendix
E.

Groundwater flows from areas of high to low pressure. Recharge areas are found where the
piezometric contours* diverge. The amount of recharge depends on the type of surficial
geology. The most significant infiltration occurs in deposits of sand and gravel. As may be
seen on Map 6, many of these sand and gravel deposits are located at piezometrically high
elevations.

______________
* A piezometric contour joins subsurface points of equal groundwater pressure.
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Areas where the piezometric contours converge on the groundwater map are probable areas
of groundwater discharge. Areas of probable groundwater discharge are also suggested by
large wetlands, cold and cool water streams. Springs are clear evidence of groundwater
discharge. Map 6 shows, as part of the major groundwater discharge channel reaches
shown, cold and cool water streams and groundwater springs that were identified during the
field survey of aquatic habitats. These are situated within converging piezometric contours,
some of which are very pronounced.

Within some of the converging piezometric contours are other watercourses that probably
have water discharging directly into the stream bottom. However, these streams are not
classed as coldwater since their flow is slow and the surface water temperatures rise quickly.

There are only two major wetland complexes in the study area that appear to be
hydrogeologically connected to groundwater. These are located at the north and south ends
of Arran Lake. Both appear to be groundwater discharge areas because of converging
piezometric contours. The northern area also contains a coldwater stream. Although the
stream through the southern wetland area did not contain a sample station, it is likely
receiving discharge water.

2.6 Biological Features

2.6.1 Water Quality

The terms of reference for this study stated that the water quality component would rely
upon existing data to identify coldwater streams, fish spawning areas and baseline water
quality. Early in the study process, coldwater streams and important fisheries areas were
identified through consultation with the Owen Sound District of the Ministry of Natural
Resources (M.N.R.) and the Sauble Valley Conservation Authority. At this time, it became
apparent that very little was known about the water quality in the main Sauble River and
that there was no water quality information for the tributary streams.

Due to the lack of baseline water quality data, the London office of the M.O.E. commissioned
a study to determine baseline quality and hopefully determine the impacts of agricultural
drainage on water quality. Although this study is not yet complete, certain preliminary
conclusions can be made about the general water quality conditions in the study area.

Water samples were collected from 49 stations on 5 occasions between July 11 and August
21, 1984 and analyzed for chemical parameters by the London office of the M.O.E. Map 7
shows the locations of the sampling stations and the average concentrations of total
phosphorus and nitrate nitrogen.
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Total phosphorus concentrations were generally above the objectives of 0.3 mg/L as
recommended by the M.O.E., except near the headwaters of the Sauble River in Sullivan
Township. Concentrations were notably higher in the western tributaries and drains
originating near Keady and north of Tara. On a regular basis, total phosphorus levels were
2 to 10 times the recommended concentration.

There are a number of potential sources of phosphorus: sediments, fertilizers, plant and
animal decomposition and wetlands. Phosphorus released from sediments is probably the
major cause of the high concentrations noted in the Sauble watershed. The headwaters of the
Sauble River exhibited the lowest phosphorus levels and it is one of the few areas where the
stream substrate has a high proportion of cobble and boulders as opposed to silt or clay. In
addition to phosphorus released by the sediments on the stream bottom, phosphorus levels
may be increased when cattle disturb the bank and substrate of a stream or when
streambank and overland erosion occur. Cleaning out drains results in downstream turbidity
and increased levels of phosphorus during the work, and may cause continued increased P
concentrations in the downstream areas where sediments are deposited.

Agricultural fertilizers are often a source of phosphorus in streams. Since the water samples
were collected in late summer, this is not considered to be a major contributing factor to the
observed phosphorus concentrations. However, it is a potential source in the spring.

Aquatic macrophytes and algae utilize nutrients during the growing season and may be
effective in reducing phosphorus concentrations in summer. In late summer their growth rates
slows and in the fall, when they die, the nutrients are released back into the watercourse.
This may result in increased phosphorus concentrations in the fall.

Most local wetlands are effective in trapping phosphorus during the summer, but in spring and
fall they may be sources of phosphorus as nutrients from decomposing plants are released.
On an annual basis, the inflow of phosphorus to swamps, such as those in the study area, is
usually equal to the outflow. Swamps in which the water table is lowered because of drainage
may release significant quantities of phosphorus until new plant communities are established.

Map 7, Average Nutrient Concentrations, shows one significant anomaly. On August 2, the
water at Station 19 was brown with suspended solids at 810 mg/L; total phosphorus
concentration was 2.6 mg/L. If this value is excluded, the average total phosphorus
concentration at this station would be 0.061 mg/L and would then approximate the averages
of adjacent stations. This clearly illustrates how suspended solids can affect phosphorus
concentrations.

With some exceptions, nitrate concentrations were within the guideline of 0.50 mg/L as
recommended by the M.O.E. Higher concentrations were found on the eastern side of the
watershed and in isolated areas on the west side.
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Two major sources of nitrates are groundwater and livestock wastes. Groundwater often
contains high concentrations of nitrates, and it is likely that the elevated levels at Station 9,
the upper Sauble and possibly the stream south of Keady are a result of the presence of
groundwater discharge. The concentration of cattle in these areas is not high. High nitrate
levels at other stations are mainly due to the influence of livestock, and some contamination
due to livestock may also be occurring in the stream south of Keady.

Bacterial samples were collected from 36 stations of the 49 on Map 7, on September 30,
November 5 and December 3. The first run was done during dry weather, the second during
heavy rainfall and the final during a snow storm.

In September, 8 of the 36 stations met the M.O.E. objective of 100 fecal coliforms/100 ml.
Only 2 stations exhibited concentrations in excess of 1000/100 ml, and the overall average
for the watershed was 413/100 ml. In November, only 2 stations met the objective, 26 had
concentrations of 1000/100 ml or higher, and the overall average was 2466/100 ml. In
December, 25 stations met the objectives, only 1 had a concentration as high was 1000/100
ml, and the overall average was 125/100 ml.

The first sampling run was conducted during an extended dry period when cattle were still out
in the fields. Due to the generally dry conditions, fecal coliforms collected in the samples
would have been deposited directly in or immediately adjacent to the watercourse. Even
under these conditions, only 22% of the samples had acceptable fecal coliform
concentrations, although few extremely high concentrations were experienced. The second
run was done during a prolonged and heavy rain storm while cattle were still in the fields. The
overland flow of water is likely to wash more fecal coliforms into streams. This probably
accounts for the fact that only 6% of the stations met the objective for fecal coliforms and
that a high proportion exhibited very high concentrations. On the third run, most cattle were
off the fields and the ground was frozen and covered with snow. Therefore, most stations had
acceptable fecal coliform concentrations and only one had an excessively high concentration.

Fecal coliforms originate in the intestinal tract of warm blooded animals. As none of the
stations are situated downstream of urban areas, the coliforms must primarily be due to
livestock wastes. Stations 1 and 2 on the tributary which empties Arran Lake were the only
two that had acceptable coliform levels during all samplings, Station 32 had an acceptable
average. Bacterial concentrations appeared to be highest in areas where livestock had access
to watercourses, but this aspect will be discussed in more detail in the second report.
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2.6.2   Stream Conditions

Map 8 depicts the cold and cool water streams in the study area and the range of important
fish species.

Brook trout populations were found in or reported in only three areas: a tributary flowing into
the southern end of Arran Lake, the southwestern branch of Tara Creek and a very small
tributary entering the Sauble River on Concession XI—XII of Sullivan Township. The latter two
populations appear to be very small and may be in danger of disappearing. The headwaters
of Tara Creek have been drained, cattle have access to a large proportion of the stream, and
much of the substrate is covered with silt. During the summer, this stream becomes warm
throughout much of its length, so that trout are probably confined to areas adjacent to
springs in the woodlots. The small tributary originates in a pond in which the landowner is
keeping a flock of geese. Enrichment and turbidity caused by the geese may make the stream
less suitable for trout.

There are three coldwater streams which do not appear to support trout: the tributary flowing
out of Arran Lake, the tributary originating about 3 miles (5 km) north of Desboro, and a
small area near the headwaters of the main Sauble River. The surface water of the Arran Lake
tributary is quite warm but the bottom is cold, thus indicating groundwater discharge. As the
pockets of cold water may be quite localized and the substrate is silt, trout spawning habitat
may be lacking and the stream may be marginal habitat.

The headwaters of the tributary north of Keady are grazed and the habitat has become
unsuitable for trout. With proper rehabilitation, this stream might support a small,
self—sustaining trout population. The coldwater area on the main river occurs where the river
resurfaces after running underground. Since the area is shallow and warms up quickly, it is
marginal summer habitat for trout. However, the cobble substrate was the best trout
spawning habitat observed during the field survey.

Most of the cool water streams support populations of sculpins and some have the potential
to support small populations of trout if proper management techniques are applied.

The main river from the county line to the Tara dam is sluggish and turbid with a silt bottom
and supports a viable northern pike population. Below Tara, the substrate is more bouldery
and the river contains smallmouth bass, rock bass and pumpkinseeds in addition to pike. The
longear sunfish was also reported in this area by the M.N.R. in 1973. The status of this
species in Ontario and Canada is uncertain, and the Committee on the Status of Endangered
Wildlife in Canada has put it on its priority list for a status report.
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In addition to the pressures that land use has imposed on water quality and stream
conditions, there are a number of natural constraints to high quality aquatic habitat:
topography, bedrock and low base flows in the summer.

Most of the study area is flat to gently rolling and streams have a very shallow gradient.
Therefore, the flow of most streams is sluggish and stagnant conditions occur in many areas,
notably in the main Sauble River south of Tara. The shallow gradient also promotes the
deposition of silt in the channels.

In two areas, the main river flows over exposed limestone bedrock. When summer base flows
are low, the entire river runs into fissures in the bedrock and reappears about half a mile
downstream. This sudden lack of water imposes severe constraints on invertebrate and fish
populations.

The quantity of water contributed to base flow from springs appears to be relatively low.
Although few of the headwater streams dried up in the summer of 1984, flow was negligible.
This resulted in streams quickly warming up to ambient temperature, with coldwater fish
species being restricted to the immediate areas of groundwater discharge.

Coho and chinook salmon presently migrate into the lower Sauble River. There is a potential
to increase the spawning run by using the upper Sauble as a nursery area. As spawning
occurs in fall and the smelts run to the lake the next spring, water quality is not as great a
constraint as for other salmonid species. This work would be co-ordinated by the Owen Sound
District of M.N.R. and may be implemented by local sportsmen's clubs through the Ministry's
Community Fisheries Involvement Program. If enough interest were generated, remedial work
to improve spawning areas might also be undertaken.

2.6.3   Historical Perspective

Clearing of the forested land to create agricultural areas commenced around 1860 in the
study area and as early as 1910 forest cover was reduced to approximately 10-15% of the
area. There has been no appreciable change in the area of forest since then, although a small
decline is evident.

It is probable that water quality and aquatic habitat declined shortly after conversion of
forested land to agriculture. Another name that was commonly applied to the Sauble River
was the Mud River, in reference to its turbid waters. Present day turbidity problems may not
be as great as they were at the turn of the century, as some land that proved unsuited to
crop production has been converted to permanent pasture.
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It is interesting to compare the map of biological stream conditions in 1958 to the data
gathered in this study. In 1958, the tributary running out of Arran Lake was cool water to its
mouth, but in 1984 it was warm water below the thirteenth concession. As in 1958, the
western arm of Tara Creek was cold water and the upper eastern portion was cool water. The
cool water persisted to County Road 17, but now ends prior to reaching the 21st sideroad.
The tributary to the upper Sauble in the vicinity of our Stations 41-43 was cold or cool water;
this stream is now warm water.

More surprising are the cool or cold water streams which were identified in the study which
were warm water or even intermittent in 1958. The stream just north of Keady was
considered intermittent down to Concession X-XI, but it flowed continuously in 1984. The
entire stream south of Keady was warm water, but now a high proportion of it is cold or cool
water. The upper Sauble River above our Station 39 was intermittent.

An analysis of precipitation records indicates that 1958 was an exceptionally dry year. At
Chatsworth, a total of 15.3 inches (389 mm) of precipitation fell in 1958, compared to the
mean annual total precipitation of 30.0 inches (762 mm) for the period 1953-1959, a decline
of 48.9% below the average rate of precipitation. This has significant management
implications as streams that may be suitable for trout one year have the potential to be dry
in a year of low precipitation rates.

2.6.4   Other Biological Resources

Map 8 shows three other types of biological resources: environmentally significant areas, deer
wintering areas, and the Tara Wetlands.

Areas north and south of Arran Lake have been designated environmentally significant in
southern Bruce County*. The northern portion fulfilled all 12 E.S.A. selection criteria and the
southern portion met 10 of the criteria. Items of significance included rare plant species,
significant plant associations, high diversity, waterfowl habitat, important hydrological
functions and hazard lands.

The Owen Sound District of the M.N.R. has identified five areas in the watershed that are of
importance to wintering white-tailed deer. Two are in the Arran Lake complex and the
remainder are near Keady and Desboro. Maintenance of dense tree cover in these areas is
essential if they are to remain important to deer. Drain construction through these areas
would remove tree cover while the resulting drainage would adversely affect the tree cover.

________________
* Environmentally Significant Areas of Southern Bruce County, S.G. Hilts and M. Parker (editors),

Centre for Resources Development, University of Guelph, Pub. No. 101, April, 1980.
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The Tara Wetlands have been evaluated by the Sauble Valley Conservation Authority using
the second edition of the wetland evaluation system prepared by Environment Canada and
M.N.R. As a result of the evaluation, it was determined to be a Class 1 wetland of provincial
significance. According to M.N.R.'s guidelines for wetlands management, Class 1 and 2
wetlands should be protected from incompatible activities, although development may occur
under carefully considered circumstances where it can be demonstrated that the natural
amenities can be adequately managed. Significant functions and values of the Tara Wetlands
include provision of habitat for furbearers, bait fish, spring migrating waterfowl, and spawning
northern pike and its flow stabilization during spring runoff.
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3.0 IMPACTS OF ARTIFICIAL DRAINAGE

3.1 Agricultural Potential 

The potential for expanded agricultural activity in the study area appears from this overview
analysis of watershed resources to be quite significant. The study area has a large acreage
of potentially good quality land that could be converted from unimproved or rough pasture
to cultivated crops and/or improved pasture. The key to realizing most of this potential is
improved drainage outlet and tile drainage systems.

The existing land use and analysis of soil capability in Sections 2.1 and 2.2 highlighted the
potential for more intensive use of soil resources in much of Sullivan and Derby Townships
and in scattered parts of Elderslie and Arran Townships.

Recognition of the constraint posed by poor drainage conditions is evident from the
information presented in Section 2.3. The extensive network of open agricultural drains and
the considerable use of tile drainage in Elderslie, Arran and Derby Townships illustrate the
concern of farm operators to be free of excess water which limits crop growth.

To assess the extent to which further interest may exist in developing better drainage
systems, one needs to compare the extent of the high capability lands that have not yet been
tile drained. This analysis was performed by measuring the areas presently drained and the
areas needing drainage but which do not appear to have tile drainage in place.

Table 3 is a summary of the extent of tile drainage within the study area by township. It
indicates that both Arran and Elderslie Townships are the most active in drainage. The
townships of Derby and Sullivan both have large areas of drainable soils yet to be drained and
as such have potential to experience greater drainage activity.

An economic analysis of systematic tile drainage (see Appendix A) revealed that prospects
for profitability were highly dependent on crop prices and yields as well as cropping systems.
Generally, yields tend to be somewhat higher in Bruce County than in Grey County. Yield
improvements resulting from systematic tile drainage were assumed to range between 25%
and 50% for various crops on Class 2 soils with drainage limitations. Based on observed farm
operations, three crop systems were considered: continuous hay, a hay/grain rotation, and
a hay/corn/grain rotation. Low and high price levels were used, the low estimates being more
representative of recent conditions. High price estimates are generally close to maximum
values observed since 1973. Crop production cost data were based primarily on published
O.M.A.F. estimates.

Systematic tile drainage was generally not justified at low price levels and was only marginally
acceptable at high levels. Prospects were better with high price levels, especially where a shift 
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TABLE 3: Summary Of The Extent Of Tile Drainage

Township
Total 
Area

Tiled 
Area

Drainable 
Soil

Drainable
Soil Drained

Well
Drained Soil

Drained

Proportion of Drainable
Soil Drained to

Drainable Soil  (%)
Amabel: area:acres 2,547 112 700 100 12

(hectares) (1,031) (45) (283) (40) (5)
% of Township 100 4 27 4 >1 14
% of Study Area 3 1 3 2 >1

Arran: area:acres 37,698 5,288 6,887 2,010 3,278
(hectares) (15,256) (2,140) (2,787) (813) (1,327)
% of Township 100 14 18 5 9 29
% of Study Area 43 47 30 42 50

Derby: area:acres 8,190 1,155 3,088 472 683
(hectares) (3,314) (467) (1,250) (191) (276)
% of Township 100 14 38 6 8 15
% of Study Area 9 10 13 10 10

Elderslie: area:acres 10,270 2,992 3,450 1,278 1,714
(hectares) (4,156) (1,211) (1,396) (517) (694)
% of Township 100 29 34 12 17 37
% of Study Area 12 26 15 26 26

Sullivan: area:acres 28,570 1,823 9,054 968 851
(hectares) (11,562) (738) (3,664) (392) (344)
% of Township 100 6 32 3 3 11
% of Study Area 33 16 39 20 13

Total: area:acres 87,275 11,370 23,179 4,828 6,538
(hectares) (35,319) (4,601) (9,380) (1,954) (2,646)
% of Study Area 100 13 27 6 7 21
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to higher value crops was made possible due to improved drainage. A shift to higher value
crops made drainage marginally attractive even at the low prices if low interest costs prevail.
While improving the on—farm outlook for drainage somewhat, grant and subsidy programs
do not have that great an impact on tile drainage costs which make up the bulk of land
drainage costs. Generally, the profitability of systematic tile drainage relies critically on
improved crop prices.

The use of random tile systems is frequently encountered in the basin. This case was not
subjected to an economic analysis here since circumstances involved in individual cases are
so variable. Since tile drainage costs may be considerably lower for random systems, the
conclusions reached above cannot be applied to random systems. In particular, random tiling
that increases field accessibility by drying out wet areas can be particularly attractive.

3.2 Streamflow

The effects of agricultural drainage on streamflows are seldom obvious and straightforward.
They tend to be site and time specific, thus making it difficult to make generalizations about
the effects. Therefore, the following is a review of the effects of drainage in a general sense
without specific reference to the study area. The discussion of this problem can be simplified
by first considering generalized effects by site, with time not considered. These
generalizations can then be expanded upon when the effects of time are considered.

As an agricultural drainage system is developed in a watershed, it often begins with the
channelization of a main natural watercourse that is currently too shallow to provide adequate
outlet for subsurface drains. Such channelization tends to straighten, deepen, widen and
generally increase the drainage efficiency of the watercourse. This normally leads to increased
peak flows from rainfall within the channelized watercourse because there is less resistance
to the flow. It also tends to shorten the time taken for rainfall runoff to pass through the
watercourse. Downstream flooding may be increased due to the higher peak flows if the
channelized watercourse flows into a less efficient one.

Another type of drainage is the installation of small surface drains that provide outlet for
subsurface drains and deliver the flow to a major watercourse. The effects of these small
secondary surface drains on streamflow is minor. Their effects tend to be overshadowed by
the main watercourse they drain into. When this watercourse is a natural channel any effects
of the small surface drain are removed through the natural channel routing of the larger
watercourse. If they drain into a larger surface drain, the effects are negligible compared to
the effects of the large drain on the stream flow.
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The purpose of subsurface drains is to lower the water table, thus providing better plant
growth conditions in poorly drained soils. As the watertable is lowered, the storage volume
for infiltrating water is increased. Subsurface drainage will therefore reduce surface runoff,
unless the rainfall intensity is greater than the infiltration capacity of the soil, or the soil
becomes saturated. Peak flows may also be reduced because of the longer time required for
surface water to percolate to the tile and then out to a surface drain than for direct surface
runoff to reach the surface drain. This is also dependent on the efficiency of the surface
drainage system. In general, subsurface drains tend to lower peak flows and lengthen time
of flow up to the point where the soil becomes saturated; thereafter, it probably increases
peak flows slightly by adding the subsurface outflows to the surface runoff.

When the three types of drainage systems exist together, a variety of effects may take place.
Since the channelized watercourse increases peaks and the subsurface drains decrease them,
their combined effects on streamflow may be such that the peak flows remain unchanged
from their pre-drainage size. This effect is dependent upon the relative size of the surface and
subsurface drainage systems.

Large drainage systems will generally increase the annual volume of water flowing from a
watershed through increased drainage efficiency. Base flows will tend to be higher than
pre-drainage after rainfall events but they will tend to be lower during dry periods. This is
dependent on the hydrogeology of the watershed and the strength of the groundwater flow
system. It is possible that installation of a drain will increase the low flow by tapping into a
confined aquifer.

Time is re-introduced at this point by looking at the differences between spring and summer
runoff events. If spring runoff occurs before the frost is out of the ground and subsurface
drainage is not operating, any increase in peak flows due to surface drainage may not be
noticeable during the spring flooding. If, however, the subsurface drainage systems are
operating, the combined increase of subsurface and surface flows may increase peak flows
and flooding to a level higher than pre-drainage.

During the dryer summer months, the effects of drainage depend upon the duration and
intensity of rainfall. As long as soil-water storage is available, increases in peak flows from
summer storms are unlikely. Even for high intensity storms that may either fill the soil-water
storage or exceed the infiltration capacity of the soil, they are normally of short duration and
drainage will therefore not cause serious increases in peak flows when compared with the
pre-drainage flows.
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3.3 Aquatic Habitat 

In this section, the impacts of drainage on water quality and the benthic invertebrate fauna
are discussed. The discussion addresses the effects of channelization on stream fauna in
general, without reference to specific areas in the Sauble watershed.

Channelization increases turbidity and sedimentation during and immediately after a stream
is cleaned out. This may be temporary, but can be long—term and erosion may persist until
an equilibrium of the channel bank occurs and the slope returns to its approximately original
slope. Channelization also removes stream meanders and increases the velocity of the water
and the capacity of the stream to scour the bottom and transport sediments. Increased
turbidity inflames fish gill membranes, increases their probability of infection, reduces their
visual feeding range, increases drift rates of benthic invertebrates, decreases dissolved
oxygen concentrations and primary productivity, and increases phosphorus concentrations.
Deposition of suspended sediments destroys habitat for benthic invertebrates adapted to
clinging to stones and eliminates spawning habitat for many species of fish or results in
suffocation of eggs and fry.

Channelization may increase water temperatures as the canopy of trees and bank vegetation
that shades the water is removed. This results in higher water temperatures plus larger daily
fluctuations in temperature. If phosphorus concentrations are not limiting, excessive algae
growth may occur. It has been demonstrated that shading is an effective method of reducing
or eliminating algae. Increases in water temperatures result in decreased dissolved oxygen
concentration and affect the growth rate and metabolism of fish and invertebrates. Increased
temperatures may also reduce resistance to disease.

Shaded undisturbed headwater streams provide leaf litter to the watercourse which is
shredded by benthic invertebrates. They convert large pieces of leaf litter to small particulate
matter which is used by collector—type benthic invertebrates as food further downstream.

Extensive channelization in headwater streams removes an important source of food for
benthic invertebrates and can adversely affect the productivity and total energy of a stream
ecosystem. The removal of riparian vegetation also may reduce the density of terrestrial
insects which are an important source of food for fish.

Channelization removes obstructions in the stream, thereby reducing the amount of shelter
available to fish and invertebrates. Fish spend much of their time in dead water areas behind
boulders or logs, or in deep pools to avoid fast currents which consume much energy. Large
obstructions are important to invertebrates as they alter stream currents and provide
attachment areas in silty stream bottoms. The absence of pools affects the occurrence of
typical pool invertebrates and decreases diversity in the stream reach.
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Through removal of obstructions and meanders, the substrate typically becomes uniform and
is usually of small particles which are prone to being shifted by the current. The density of the
bottom fauna is influenced by the substrate material, with rocks 1.8 to 3.5 inches (46 to 89
mm) in diameter yielding the highest numbers of insects, with larger and smaller rocks having
lower densities. A shifting substrate discourages benthic invertebrate colonization.

In summary, the fauna in drains is likely to be restricted to species which can withstand high
water temperatures, low dissolved oxygen levels and a soft, shifting substrate. Diversity of
species and numbers of organisms present are likely to be quite low.

Aquatic invertebrates were collected from 51 stations in the Sauble study area. The diversity
of invertebrates from channelized and natural streams will be compared as part of the M.O.E.
commissioned water quality study. It is hoped that it will be possible to break the
invertebrates collected into broad groups such as those tolerant or intolerant of organic
pollution, preferring soft substrates or rock areas, preferring still water or rapidly flowing
water, etc. and make further comparisons between drains and natural streams. Selected
water quality parameters in drains and streams will also be compared.
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4.0 PRELIMINARY REMEDIAL STRATEGIES FOR EXISTING ARTIFICIAL DRAINS

4.1 Existing Problems 

The field survey information was used to assess the condition of the agricultural drainage
network within the study area. The specific information used from the field survey sheets
includes locations of erosion, sedimentation, channel blockages and cattle access.

Drain networks for which a majority of survey points indicated a particular problem were
classified as requiring some level of remedial work to correct the problem. It was assumed
that drains with blockages, most of which are vegetation overgrowth, and sedimentation
problems require clean outs, while drains with erosion and cattle access problems only require
repairs. The categories used to classify the drains were:

• clean out required due to channel blockages and/or sedimentation or repair required
due to erosion;

• clean out or repair required depending on specific channel requirements;

• repair required due to channel bank erosion;

• no information on which to base assessment;

• currently does not require major remedial works.

Map 9 (inside the back cover) presents these drainage networks and their condition category.
This map identifies, in a general sense, those drains that should be looked at more closely for
possible remedial work.

4.2 Remedial Strategies 

Based upon the types of problems found in the existing drainage network, the types of
remedial measures required to correct the problems are organized in four categories:
blockages, sedimentation, cattle access and erosion.

Correction of these problems now requires repair to portions of the drains and, in some cases,
a complete drain clean out. To prevent frequent recurrence of such problems, remedial
strategies for each of the four problem categories are needed. The following are remedial
strategies that could be applied to the existing drains:
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Blockages 
• keep vegetation growth to a minimum, allowing it to provide erosion protection but not

grow tall and thick enough to become a restriction to flow

• periodically inspect the drains for blockages and remove any that are found

• blockage material removed from a drain should not be placed in the flood plain but
removed altogether

Sedimentation 
• locate and remove areas of sediment deposition

• locate the source or sources of the sediment (either bank or overland erosion) and
apply appropriate measures to reduce or prevent sediment generation

Cattle Access 
• although not all drain locations of cattle access cause erosion problems, they generally

do cause water quality problems such as increased turbidity and bacteria levels

• cattle should be restricted from accessing drains that have banks and bottoms that are
susceptible to erosion by fencing and providing alternative watering

• where no watering alternatives are viable, provide the cattle with controlled and
protected access areas

•
Erosion 
• when bank erosion sites are repaired they should be regraded to a stable side slope,

dependent on the bank soil type

• regraded banks should be lined with a suitable cover of vegetation or rip rap

4.3 Design and Construction Guidelines 

Often the extra money invested in the proper design and construction of a drain will be more
than recovered from savings gained through less frequent repair and clean out works. An
example of this would be the use of flatter side slopes on a drain in an unstable soil. The
initial cost would be higher due to the increased size of the excavation but the now more
stable side slopes should increase the time between repair or clean out, thus reducing the
long—term maintenance costs. The specific approach is dependent on both the physical and
hydrological characteristics of the area through which the drain is run. Of assistance to the
drainage engineer in the design of open drains are a number of recent publications (available
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for review at the Conservation Authority office):

Design and construction guidelines for work under the Drainage Act, Ontario Ministry of
Agriculture and Food, Capital Improvements Branch, September 1981.

Design of open—channel waterways, Ontario Ministry of Agriculture and Food, Publication 55.

Erosion control guidelines for use in construction of municipal drains and similar watercourse
channelization projects, Kawartha Region Conservation Authority, August 1982.

Practical guide for municipal drains, Thames River Implementation Committee, Upper Thames
River Conservation Authority.
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5.0 POTENTIAL RESOURCE USE AND MANAGEMENT STRATEGY

5.1 The Need for Management Zones 

Certainly if the agricultural resource base in the upper Sauble River watershed is to achieve
its full potential, a further increase in the amount of agricultural drainage will be necessary.
It is, therefore, important that drainage of agricultural land be provided, but' it is equally
important that the drainage occur only in areas where a net benefit can be realized. The
implementation of a cooperative management strategy between the Conservation Authority,
its member municipalities and the Ontario Ministry of Agriculture and Food can provide a tool
by which the potential benefits of drainage can be assessed in light of potential consequences
to other natural resources and to downstream residents. Management zones which provide
information on potential constraints to drainage enable the affected parties to more
objectively assess the full implications of a proposed drain early in the planning process. If
landowners are made aware of the management zones, they may better appreciate the
potential benefits and costs of a drainage project before signing a drainage petition.

5.2 The Management Zones 

The background information collected during the study was compiled and integrated to
develop a list of natural constraints to drainage within the study area. These constraints
incorporate both the physical and natural resources of the area. The study area was
subdivided into 22 homogeneous sub-basins based on drainage for application of these
constraints. It should be noted that these sub-basins cover fairly large areas and that the
constraints identified in any particular one may not occur uniformly throughout the entire
sub-basin. Other more local constraint areas have also been identified.

Table 4 presents the constraints used in the zone classification of the 22 sub-basins along
with their zone category. The three types of management zones are defined below.

Zone A - Drainage appears to be economically viable and is unlikely to have significant
hydrologic and/or biologic consequences.

Zone B - Drainage would be marginally viable and/or potential exits for significant
environmental consequences.

Zone C - There is a high probability that drainage would cause serious hydrologic or
biologic problems and/or appears to be economically non-viable.
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TABLE 4: Summary Of Management Zone Constraints.

Sub-
Basin

Ground-
water

Bedrock
Good Quality

Streams
Trout

Habitat
Deer Yard on
Drainable Soil

Wetlands and
ESA's

Above Sauble
River Channel
Constriction1

Management
Zone

Category
1 * B
2 A
3 A
4 * * * * C
5 A
6 A
7 A
8 A
9 * * B
10 * * * B
11 A
12 * * * C
13 A
14 * * * B
15 * * * * C
16 * * * B
17 * * * B
18 * * * * C
19 * * B
20 * * B
21 * B
22 * B

1 This channel constriction refers to the bedrock in the Sauble River upstream of Tara in Arran Township, Conc. VI, Lot 33. Any
sub-basin upstream of this point has been categorized as at least a Management Zone B because of this major hydraulic constraint.

35



These zones are shown graphically on Map 10. Also located on this map are local constraint
areas. Delineation of these areas was based upon the local constraints, either moderate or
high, on the economies of drainage and the potential impact on biological resources. The
biological resources consist of deer wintering areas and significant wetlands. This map
illustrates the level of constraints against drainage in an area and therefore, may be used to
assess the practicality of a potential drainage project when it is first discussed.

An area not specially marked on the management zone map, but worthy of special mention
is the Sauble River between Tara and the downstream study limit. This reach of the river is
believed to provide aquatic habitat for the longear sunfish, a fish that may become
provincially significant in the near future. This area has not been placed within a special zone,
but should be studied further with the Ministry of Natural Resources to address this concern.

5.3 Recommendation for Implementation of a Management Strategy

The information on management zones is best put to use before a drainage petition has been
completed. The Authority should initiate discussions with the Townships involved and
negotiate means of responding to drainage proposals in these zones. This response must, of
course, be developed in relation to the normal procedures under the Drainage Act. An outline
of the Drainage Act procedures is given in Appendix D. The Authority should adopt the
following courses of action on drainage proposals within each of the identified zones:

Zone A — follow the normal drainage proposal review procedures.

Zone B — encourage the townships to require proper design, construction supervision and
maintenance as standard practice for future drainage projects

— townships should have a drainage superintendent who works closely with the
Authority

Zone C — investigate with the townships alternatives to drainage such as the following
examples:
• pumping up to a natural outlet;
• using a sealed buried pipe until an adequate natural outlet is available

further downstream
• install a drain that bypasses the natural water course or sensitive area
• drain water to infiltration and evaporation ponds
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5.4 Other Recommendations 

This study has brought to light the value of investigating further a number of related
problems. It is recommended that further study in these areas be carried out by appropriate
agencies to answer some specific questions raised by this study:

— Undertake a hydrologic/hydraulic study of the portion of the study area upstream of
the main channel bedrock constriction upstream of Tara to assess the need and
benefits of channelization of this area versus alternative methods of flood control such
as agricultural stormwater management.

— Perform erosion hazard mapping of the basin to determine the principal areas of sheet
and rill erosion which yield sediment to the drainage network.

— Investigate further the problems of direct cattle access to the streams and develop
procedures for cattle management, perhaps through the Conservation Authority's
conservation services programs.

— Study in more depth the fish resources of the study area and in particular the main
Sauble River, in conjunction with the Ministry of Natural Resources.
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APPENDIX A

BENEFIT COST ANALYSIS OF DRAINAGE

INTRODUCTION

This appendix documents the method, assumptions and results of a benefit—cost analysis of
tile drainage in the Sauble River basin. The general approach is outlined below. This is
followed by sections dealing with cropping and budgeting assumptions and, finally, the results
of the analysis.

The approach to economic analysis in this study reflects, in large part, the data sources that
are available. Throughout, an attempt has been made to obtain local information that
describes conditions in the area of the study. Where necessary, this has been supplemented
from sources of information that are more general in nature. Throughout, assumptions are
clearly presented and are subject to review. Critical comments are invited since the analysis
is sufficiently straightforward that alternative assumptions about inputs can be readily tested.

The data requirements include information on cropping systems, yield and production costs,
crop values and tile drainage impacts. The primary sources of cropping information were local.
Four farm operators were interviewed. With such a small sample, detailed information could
not be derived on yields, for instance. Moreover, based on responses obtained from these
operators, it was apparent that farm operation would not generally be able to provide the sort
of information that was required. However, these interviews did generate necessary
information on cropping practices and drainage problems.

Local crop specialists with the Ontario Ministry of Agriculture and Food (OMAF) were also
interviewed. Information drawn from these interviews and from OMAF publications provides
quantitative data inputs to the analysis.

The quantitative analysis attempts to assess the overall economic viability of tile drainage
under various conditions. This is done by estimating crop budgets with and without tile
drainage showing changes in production costs and crop revenues. The benefit derived from
tile drainage is measured as the change in net cropping revenue caused by the installation
of tile drains. A break-even cost for tile drainage is estimated as the maximum total
installation cost that could be justified, given the net revenue that is produced.
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CROPPING ASSUMPTIONS

The typical cropping system for the study area is a rotation involving hay, pasture, a small
grain such as barley or oats and, possibly, one or two years of fodder corn. Some
disillusionment with corn as a suitable crop for the area was found. Barley was the most
commonly identified grain in use though both oats and mixed grains were mentioned as well.
For purposes of analysis here, assumed cropping systems are as follows:

1. continuous hay
2. 4 years hay/3 years barley
3. 4 years hay/1 year fodder corn/2 years barley

Improvements are determined for a) each cropping system assuming no change, b) for shifts
from continuous hay to either of the rotations, and c) from idle land into any of the three
systems.

Average annual yields are published for each crop by OMAF. These averages will cover
production throughout each county on various classes of soils. They were not suitable for the
problem at hand since typically tile drainage would be considered for poorly or imperfectly
drained areas producing low yields; the county average yields would not be representative
of such area. An alternative approach to determining yields was therefore used. Local OMAF
crop specialists were asked to provide information on optimum yields that could be expected
on well—drained, well managed Class 1 soils. These yields were then adjusted to measure
yield on a Class 2, well—drained soil using crop yield factors associated with the Canada Land
Inventory System (see footnotes to Table A-1 for references). A further adjustment was then
made to estimate yields attainable on poorly or imperfectly drained Class 2 soils. The yields
that were, thus, determined are provided in Table A-1 along with average county yield data
for purposes of comparison.
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TABLE A-1: Yield Data And Assumptions

Average
County Yieldsa

Optimum Yields 
with Good Drainage

Yields Without
Drainage

Improvements
CROP (1973 - 1982) Class 1b Class 2c Class 2 d

GREY COUNTY:
grain corn (bu/ac) 72 100 80 57
fodder corn (t/ac) 12 16   12.8     9.4
barley (bu/ac) 54 80 64 49
oats (bu/ac) 58 90 72 48
mixed grain (bu/ac) 57 85 68 49
hay (t/ac)     2.7   4     3.2     2.6

BRUCE COUNTY:
grain corn (bu/ac) 81 110 88 63
fodder corn (t/ac) 13 17   13.6 10
barley (bu/ac) 58 80 64 47
oats (bu/ac) 63 80 64 43
mixed grain (bu/ac) 63 80 64 46
hay (t/ac)     2.9     4.4     3.5     2.8

Notes:
a. Based on annual yields published in "Agricultural Statistics for Ontario", 1973 to 1982.

b. Personal Communications with: 
Terry James, OMAF, Markdale Office 
Barry Tolton, OMAF, Walkerton Office

c. 80% of class 1 yield, based on D. Hoffman, "The Assessment of Soil Productivity for
Agriculture" Canada Land Inventory Program, ARDA, Nov, 1971 (pg. 40, Table 13)

d. Assumed % increments are given by R. Irwin, "On Farm Drainage Benefit", OMAF
Research Program 39, Project A-39-742. Values are: grain corn - 40%; fodder corn -
36%; barley - 30%; oats - 50%; mixed grain - 40%; hay - 25%.
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PRODUCTION COSTS AND REVENUES

Production cost information was taken from 1984 OMAF "Crop Budgeting Aids." Fixed costs
associated with land, equipment, insurance and management were not considered in the
analysis since they are assumed to be unaffected by the introduction of tile drainage. Costing
assumptions are noted in the footnotes to Table A-2.

An analysis of crop values published in annual editions of the OMAF publication, "Agricultural
Statistics for Ontario" revealed a strong downward trend in constant dollar crop values. The
average of crop values for the past 10 years expressed in 1982 dollars was high in
comparison to recent crop prices. This average was therefore used as the high estimate of
crop value. A low value was estimated as the average of nominal dollar crop values observed
over the past 5 years. These alternative values are given in Table A-3.
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TABLE A-2: Production Cost Assumptions a

CROP
Costs for Materials, 

Pre-harvest and Combining 
($/ac)

Harvest Costs 
(net of combining) 

($/ton)
grain corn 182 24.29 

(164 after hay)b

fodder com c 182  5.90d

(164 after hay)b

barley 110 5.90
oats 114f  5.90 e

mixed grain 114f 5.90e

hay   48 34       

Notes:
a. Based on OMAF Crop Budgeting Aids for 1984.
b. Nitrogen costs are cut in half in the first year of corn production following hay.
c. Grain corn costs are used for fodder corn as well.
d. Based on grain corn net of drying and storage costs.
e. Based on barley trucking costs.
f. Based on barley costs adjusted for differential seed costs using the following information.

seed corn 
(certified)

price/50 kg application rate

barley 18.4 85 lb/ac
oats 27.5 75 lb/ac
mixed grain 23.5 85 lb/ac

(Price and planting data were obtained from the Waterloo Farm Coop sales
representative, March 26, 1984.)
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TABLE A-3: Crop Value Assumptions.

CROP LOW a HIGH b

grain corn   3.05/bu   4.27/bu

fodder corn 17.4/ton 23.64/ton

barley   2.34/bu  3.41/bu

oats   1.68/bu  2.37/bu

mixed grain  2.00/bu  2.94/bu

hay 43.40/ton 62.23/ton

a. Average of 1978 to 1982 nominal crop values for Grey and Bruce Counties.

b. Average of 1973 to 1982 annual crop values for Grey and Bruce Counties expressed
in 1982 constant dollars.
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NET INCREASES IN ANNUAL CROP REVENUES

Using the information in Tables A-1, A-2 and A-3, crop budgets were calculated and are
presented in Tables A-4, A-5 and A-6. The three crop systems mentioned above are evaluated
with and without tile drainage on Class 2 land (the predominant class of land that would be
subject to drainage improvement in the Sauble River basin).

The crop revenue impacts of tile drainage are summarized in Table A-7. The figures here
show the expected increase in annual net cropping revenue or operating profit resulting from
the drainage. As will be apparent from the preceding discussion, these figures reflect only
crop yield impacts. These would result from earlier planting dates, improvements in available
moisture levels throughout the growing season, etc. Other benefits related to improvements
in the efficiency of field operations for instance are not accounted for, though such
improvements are often the principal motivation for tile drainage.

Results in Table A-7 must, therefore, be interpreted with caution.
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TABLE A-4: Crop Budgeting For Continuous Hay System On One Acre Of Class 2 Land.

COUNTY BEFORE TILE DRAINAGE AFTER TILE DRAINAGE

Yield
(ton/ac)

Production
Cost

Revenue Operating Profit Yield
(ton/ac)

Production
Cost

Revenue Operating Profit

Low High Low High Low High Low High

Grey County 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42

Bruce County 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
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Table A-5: Crop Budgeting For A Hay/barley Rotation On One Acre Of Class  2 Land.

COUNTY
AND

CROP YEAR

BEFORE TILE DRAINAGE AFTER TILE DRAINAGE
Yield

(bu or ton/ac)
Production

Cost
Revenue Operating Profit Yield

(bu or ton/ac)
Production

Cost
Revenue Operating Profit

Low High Low High Low High Low High
GREY COUNTY
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
BARLEY 54    118 126 184 8 66 70    120 164 239 44 119 
BARLEY 49   117 115 167 -2 50 64    119 150 218 31 99
BARLEY 49   117 115 167 -2 50 64    119 150 218 31 99
MEAN -13 39 5 69

BRUCE COUNTY
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
BARLEY 54    118 126 184 8 66 70    120 164 239 44 119 
BARLEY 49    117 115 167 -2 50 64    119 150 218 31 99
BARLEY 49    117 115 167 -2 50 64    119 150 218 31 99
MEAN -11 41 7 74
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TABLE A-6: Crop Budgeting For A Hay/corn/barley Rotation On One Acre Of Class 2 Land.

COUNTY
AND

CROP YEAR

BEFORE TILE DRAINAGE AFTER TILE DRAINAGE
Yield

(bu or
ton/ac)

Production
Cost

Revenue Operating Profit Yield
(bu or
ton/ac)

Production
Cost

Revenue Operating Profit

Low High Low High Low High Low High

GREY COUNTY
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
HAY 2.6 136 113 162 -23 26 3.2 157 139 199 -18 42
FODDER CORN 9.4 219 164 222 -55 3 12.8 240 223 303 -17 63
BARLEY 49    117 115 167 -2 50 64    119 150 218 31 99
BARLEY 49    117 115 167 -2 50 64    119 150 218 31 99
MEAN -22 30 -4 61

BRUCE COUNTY
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
HAY 2.8 143 122 174 -21 31 3.5 167 152 218 -15 51
FODDER CORN 10.0  223 174 236 -49 13 13.6  244 237 322 -7 78
BARLEY 49    117 115 167 -2 50 64    119 150 218 31 99
BARLEY 49    117 115 167 -2 50 64   119 150 218 31 99
MEAN -20 34 -1 69
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TABLE A-7: Net Increase In Cropping Revenue - Dollars/Acre.

Cropping System Before
Tile Drainage

CROPPING SYSTEM AFTER TILE DRAINAGE

Hay Hay/Barley Hay/Corn/Barley

GREY COUNTY:

idle -18 to 42 5 to 69 -4 to 61

hay 5 to 16 28 to 43 19 to 35

hay/barley -- 18 to 30 9 to 22

hay/corn/barley -- -- 18 to 31

BRUCE COUNTY:

idle -15 to 51 7 to 74 -1 to 69

hay 6 to 20 28 to 43 20 to 38

hay/barley -- 18 to 33 10 to 28

hay/corn/barley -- -- 19 to 35
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DRAINAGE COSTS  

Tile Drainage 

The following costs were obtained for installation of 4 inch tile drains (personal
communication, K. Mullen, OMAF):

tile — $.23/ft
filter sock — $.11/ft
couplers and other materials — $.07/ft
installation — $.20/ft

Additional assumptions include:
- 40 and 50 foot, spacings, and
- annual maintenance costs equal to 0.5% of total installation costs

Using these assumptions, tile drainage costs in Table A-8 were estimated. A filter sock is not
included in the estimates.

TABLE A-8: Tile Drainage Costs In The Sauble River Watershed — 1984 Dollars.

40 foot spacing 50 foot spacing

Installation $544/ac $436/ac

Maintenance $2.72/ac $2.18/ac
Total capitalized value for a 
discount rate = 3%

$607/ac $486/ac

= 5% $591/ac $473/ac

= 7% $580/ac $465/ac

= 10% $571/ac $457/ac

The capitalized values shown in Table A-8 are estimated as the installation cost plus the
capitalized value of future annual maintenance costs. A 40 year life is assumed for tile drains.
The discount rates used, ranging from 3% to 10%, are measured net of inflation and
represent interest rates ranging approximately from 8% to 15% under current inflationary
conditions (i.e. inflation of about 5%).
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Municipal Drainage 

Estimates of municipal drainage costs are based on total historical costs (i.e. including grants)
expressed in 1984 dollars. These are the costs incurred by farmers and government and
amount to $81/ac for new construction and $14/ac for repairs and reconstruction (see Table
2, Section 2.3). A 27 year period between clean outs and a 19 year period elapsed since the
last clean out are assumed based on historical statistics (see Section 2.3).

For existing drains, this implies one clean out in year 8 and another in year 35 over the 40
year lifespan of tile drains. For a new drain, municipal drainage costs over a 40 year period
include construction in year one and reconstruction in year 27. Municipal drainage costs are
summarized in Table A-9.

TABLE A-9: Municipal Drainage Costs Over The Life Time Of A Tile Drainage System
In The Sauble River Watershed — 1984 Dollars.

New Drain Existing Drain

Repair/construction $14/ac (year 8) $81/ac (year 1)

Repair $14/ac (year 35) $14/ac (year 27)

Repair (pro—rated) $2.6/ac (year 40) $6.7/ac (year 40)
Total Capitalized value for a
discount rate = 3%

$17/ac $87

5% $12/ac $82

7% $10/ac $78

10% $7/ac $75

The Impact of Drainage Cost Subsidies 

Drainage costs incurred by the farmer are subsidized by capital grants and low cost loans as
follows (personal communication, W. Wood, OMAF, 1984):

• 30% capital grant on municipal drainage costs incurred under an engineer's report on
the orders of a drainage superintendent.

• loans for tile drainage at approximately 3 — 9% below prime interest rates cover up
to 60% of capital costs, and about 75% of tile drainage projects receive the subsidy.
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To estimate on-farm costs, capital costs for municipal drainage are, therefore, reduced by
30% and discounted using an inflation-free average annual prime lending rate of 4.5% (based
on 1978 to 1983 data). Capital costs for tile drainage are discounted using a weighted
average discount rate as follows:

(subsidized rate) x (proportion of costs that are subsidized) 
+ (prime rate) x (proportion of costs not subsidized)
= ((4.5% - 3%) x (0.60 x 0.75)) + (4.5% x (1 - (0.60 x0 .75))) 
= 3.15%

A tile drainage loan rate 3% below prime is assumed to be typical under normal conditions.
Using these assumptions, the present value of drainage costs are outlined in Table A-10.

TABLE A-10: Present Value Of On-farm Drainage Costs.

40 foot spacing 50 foot spacing

Tile Drainage 605/ac 485/ac

Municipal Drain new 60/ac 60/ac

existing 9/ac 9/ac

Total Drainage Costs 
new municipal drain

665 545

existing municipal drain 614 494

Comparison of Costs and Benefits 

For sake of comparison in Figure A-1, the following assumptions are made:

- a 5% discount rate (net of inflation).

- total drainage costs include tile and municipal drainage costs (i.e. municipal
drainage is required to provide an outlet for tile drains).

- annual benefits are estimated as the net increase in cropping revenue, and

- tiles are spaced on 40 foot centers.
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FIGURE A1:  Comparison Of Drainage Costs And Revenues. 

A- 15



With this assumptions, the break-even value for net increases in crop revenue are $35 and
$39 per acre depending on municipal drainage costs. Crop revenues would have to increase
by these amounts in order to justify drainage investments. Break-even values for a wider
range of assumptions are provided in Table A-11.

TABLE A-11: Break-even Values Required For Annual Increases In Net Crop Revenue
In Order To Justify Drainage Investments.

Tiles on 40 foot Centers Tiles on 50 foot Centers

Discount Rate Existing Drain New Drain Existing Drain New Drain

FOR TOTAL COSTS

3% 27 30 22 25

5% 35 39 29 32

7% 44 49 36 41

10% 59 66 47 54

FOR ON-FARM COSTS

4.5% 33 36 27 30

Comparing break-even revenue requirements to net revenue information in Table A-7 it is
evident that drainage is difficult to justify from society's perspective if the low estimates of
revenue increases prevail. These estimates correspond to the low crop price estimates for
which operating profits were generally estimated to be negative, so that even from the
farmer's perspective drainage would be difficult to justify economically.

If higher prices prevail, and drainage is economically justifiable from society's point-of-view.
From the farmer's perspective, the economic outlook for drainage is more favourable since
cost subsidies lower the break-even value below the level associated with total costs.
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APPENDIX B

HYDROLOGIC ANALYSIS OF EXISTING STREAMFLOW CONDITIONS

TREND ANALYSIS

Alterations in the physical characteristics of a drainage basin can effect changes in the basin's
precipitation:runoff regime. The significance of basin changes is often reflected in the
long-term precipitation:runoff patterns of the basin. Therefore, an analysis of trends in such
long-term patterns may indicate that changes have occurred in a basin's physical
characteristics.

The trend analysis for this study has involved stream flow data for the Sauble River at Sauble
Falls, the only flow data available on the drainage system. Although these data are from a
basin approximately three times the size of the study area, they were considered adequate
for the type of overview trend analysis performed.

The precipitation:runoff variable selected for study in the trend analysis was the annual runoff
coefficient (i.e. the total annual discharge divided by total annual precipitation). The runoff
coefficient is a measure of the proportion of precipitation a basin converts to direct runoff.
Within a climatic region, significant trends in the coefficient are indicative of significant basin
alternations. This coefficient was computed for the Sauble River at Sauble Falls and for three
other nearby systems (the Syndenham River, the Saugeen River and the North Saugeen
River). Data for these systems are presented in Tables B-1 through B-4, respectively.

Table B-5 presents the rainfall data used in the analysis. Plots of the annual runoff coefficients
for the four basins are shown in Figure B-1.

Although the plots of Figure B-1 vary from year to year, they follow much the same pattern.
The plots for the Saugeen and North Saugeen Rivers, are seen to be too short for any further
analysis.
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TABLE B1: Runoff Coefficients For The Sauble River.

Sauble River at Sauble Falls (Stn. No. 02FA001)
Area = 927 km2 (358 mi2)

YEAR TOTAL DISCHARGE
TOTAL DISCHARGE

(mm)
TOTAL PRECIP.*

(mm)
DISCHARGE/

PRECIP
80 513,000 dam3 553 1181 0.47
79 556,000 600 1177 0.51
78 275,000 ac-ft 369 899 0.41
77 409,000 548 1184 0.46
76 376,000 504 1188 0.42
75 320,000 429 1023 0.42
74 359,000 481 984 0.49
73 389,000 522 939 0.56
72 353,000 473 1036 0.46
71 359,000 481 953 0.50
70 359,000 481 977 0.49
69 405,000 543 1020 0.53
68 351,000 471 993 0.47
67 474,000 636 1150 0.55
66 279,000 374 790 0.47
65 393,000 527 1029 0.51
64 210,000 282 825 0.34
63 312,000 418 1004 0.42

62
36 620 ac-ft 
      + 11.04 in

330 904 0.37

61 16.99 in 432 798 0.54
60 17.84 453 849 0.53
59 19.04 484 1026 0.47
58 9.80 249 815 0.31

* From stations at Owen Sound, Paisley, Southampton, Wiarton and Chatsworth.
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TABLE B2: Runoff Coefficients For The Sydenham River.

Sydenham River near Owen Sound (Stn. No. 02FB007)
Area = 181 km2 (70 mi2)

YEAR TOTAL DISCHARGE 
TOTAL DISCHARGE

(mm) 
TOTAL PRECIP.*

(mm) 
DISCHARGE/

PRECIP 
80 125,000 dam3 691 1266 0.55
79 139,000 768 1244 0.62
78 68,500 ac-ft 470 986 0.48
77 97,500 669 1266 0.53
76 92,700 636 1302 0.49
75 74,700 512 1107 0.46
74 82,600 566 1037 0.55
73 79,700 547 953 0.49
72 82,100 563 1046 0.54
71 71,200 488 983 0.50
70 65,900 452 963 0.47
69 92,300 633 1062 0.60
68 77,600 532 1044 0.51
67 83,150 570 1202 0.47
66 57,348 393 856 0.46
65 75,334 517 1055 0.49
64 38,725 266     670** 0.40
63 47,383 325     918** 0.35

62
7,700 ac-ft
      + 12.30 in

365    973   0.38

61 17.68 in 449     846** 0.53
60 18.91 480     933** 0.51
59 19.51 496   1040** 0.48
58   9.04 230    835** 0.28

* From stations at Owen Sound and Chatsworth. 
** From station at Wiarton.
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TABLE B3: Runoff Coefficients For The Saugeen River.

Saugeen River: near Durham up to 1976 (Stn. No. 02FC014) Area = 381 km2 (147 mi2)
above Durham 1977 to present (Stn. No. 02FC016) Area = 329 km2 (127 mi2)

YEAR TOTAL DISCHARGE 
TOTAL DISCHARGE

(mm) 
TOTAL PRECIP.*

(mm) 
DISCHARGE/

PRECIP
80 147 000 dam3 447 1266 0.35

79 172 000 523 1305 0.40

78   98 900 ac-ft 374 984 0.38

77 126 000 476 1299 0.37

76 159 000 519 1297 0.40

75 149 000 487 1150 0.42

74 147.000 480 1037 0.46

73 148 000 483 939 0.51

72 130 000 424 1046 0.41

* From stations at Chatsworth and Paisley.
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TABLE B4: Runoff Coefficients For The North Saugeen River.

North Saugeen River near Paisley (Stn. No. 02FC013) 
Area = 262 km2 (101 mi2)

YEAR TOTAL DISCHARGE
TOTAL DISCHARGE

(mm)
TOTAL PRECIP.*

(mm)
DISCHARGE/

PRECIP
80 157,000 dam3 599 1266 0.47

79 167,000 637 1305 0.49

78   89,400 ac-ft 425 984 0.43

77 121,000 575 1299 0.44

76 118,000 561 1297 0.43

75 121,000 575 1150 0.50

74 115,000 547 1037 0.53

73 113,000 537 939 0.57

72 110,000 523 1046 0.50

* From stations at Paisley and Chatsworth.
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TABLE B5:  Study Area Rainfall Data.

Annual Precip. (mm)

YEAR Owen Sound Paisley Southampton Wiarton A Chatsworth Avg.

80 1299.2 1299.6E 891.5 1182.0 1232.5E 1181.0
79 1186.4E 1309.4 911.2 M 1300.8E 1177.0
78 943.1E 938.7 703.7E 881.3 1029.0 899.2
77 M 1332.1 960.8 1177.5 1265.8 1184.0
76 1363.8 1354.4 950.2 1033.7 1239.9 1188.4
75 1044.9 1131.6E 848.7 919.9 1168.9 1022.8
74 990.2 990.1 867.2E 987.5 1084.5E 983.9
73 917.8E 890.2 795.9 1102.8 988.2 939.0
72 1076.2 1137.7 842.1E 1106.9 1014.8 1035.5
71 967.3 1059.1 855.4E 885.7 999.5E 953.4
70 948.0E 1108.7 849.6 998.5 978.0 976.6
69 1036.6E 1076.5 916.5E 982.2 1086.9 1019.7
68 1074.4E 1069.6E 819.1 990.5 1013.4 993.4
67 1225.9E 1240.1 943.4 1164.6 1178.1E 1150.4
66 751.4 962.5 641.3 636.9 959.8 790.4
65 926.9E 1292.4 834.6 908.2 1182.5 1028.9
64 M 979.1 M 670.3 M 824.7
63 M 1090.1 M 917.7 M 1003.9
62 M 1108.7 802.1 831.9 872.8 903.9
61 M M 749.6 845.8 M 797.7
60 M - - 765.1 933.0 M 849.0
59 M - - 1012.9 1040.1 M 1026.5
58 M - - 794.6 834.8 M 814.7
57 1048.1 - - M 986.4 1155.2 1063.2
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FIGURE B1:  Annual Runoff Coefficients. 
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Closer examination of the plots for the Sauble and Sydenham Rivers reveals some
interesting observations. During the years of 1958 to 1962, the runoff coefficients for the
Sauble are consistently higher than those for the Sydenham. From 1963 to 1971 the
coefficients for these two systems fluctuate about each other; while from 1972 to 1980 the
Sydenham coefficients are consistently above those of the Sauble. This set of changes within
each system is an indication that one (or both) of the two basins have likely undergone
some sort of change in their precipitation:runoff regimes, possibly as a result of some
change in physical conditions.

To further analyze the above observation, the mean runoff coefficient for each river was
calculated for each of the time periods . The mean values are shown in Table B-6. It is
evident that from 1958 to 1962 and from 1963 to 1971 both basins experienced a similar
increase in their mean runoff coefficient values. During the interval 1972 to 1980 the mean
value for the Sauble is virtually the same as the mean for the previous period; while the
mean for the Sydenham for the interval 1972 to 1980 has increased. Although the mean
values for the Sauble are larger in the last two time periods than in the first, a change in the
mean by 9% may not be significant, particularly with virtually no change in the last two
periods. The Sydenham, however, has had its mean value increase 20% over the three time
periods, indicating a more significant change, especially during the last two time periods.
J.D. Eddie* observed a similar trend on the Sydenham in his review of streamflows and the
possible influence of agricultural land drainage.

To further investigate the Sauble River flows for significant trends, the annual minimum,
maximum and mean daily flows were considered. The flow data are summarized in Table
B-7. For reference, the data are plotted in Figure B-2 along with the total annual
precipitation. Visual inspection of the three plots yields no definitive indication of any
existing trends, other than what might occur due to somewhat cyclical climatic patterns.

_________________
* Eddie, J.D. 1982. Temporal Variations of Southwestern Ontario Stream Flows and The Possible

Influence of Agricultural Drainage, 0.M.O.E. Water Resources, Paper 15, Toronto.
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TABLE B6:  Runoff Coefficients Of The Sauble And Sydenham Rivers.

Mean Runoff Coefficients

YEAR SAUBLE RIVER SYNDENHAM RIVER

1958 - 1962 0.44 0.44

1963 - 1971 0.48 0.47

1972 - 1980 0.47 0.53

1958 - 1980 0.47 0.49

A- 25



TABLE B7: Daily Flow Summary For The Sauble River.

Sauble River at Sauble Falls
Area = 972 km2 (358 mi2)

YEAR
Min. Daily Flow

(m3/s)
Max. Daily Flow

(m3/s)
Mean Daily

(m3/s)
Max. Inst.

(m3/s)
Total Discharge

(mm)
83 0.59     59.3 13.8 66 468
82 1.32 156 15.4 168 523
81 1.40 142 13.8 148 470
80 2.72     84.6 16.2      87.0 553
79 1.11 114 17.7 116 600
78 0.65     90.0 10.7      92.3 369
77 0.95 198 16.0 203 548
76 0.77 148 14.7 154 504
75 0.86 132 12.5 135 429
74 1.14     84.4 14.0     88.9 481
73 1.55     80.7 15.2     86.4 522
72 1.95 142 13.8 148 473
71 1.51 121 14.0 126 481
70 2.09 120 14.0 122 481
69 1.71 102 15.8 104 543
68 2.94    92.9 13.7     99.1 471
67 1.92 172 18.6 183 636
66 0.42 159 11.1 - - 374
65 1.01 148 15.7 - - 527
64 0.62     55.5  8.2 - - 282
63 1.38 170 12.1 - - 418
62 0.53 117  9.7 - - 330
61 0.85     80.1 12.7 - - 432
60 1.05 153 13.4 - - 453
59 0.91 141 14.2 - - 484
58 0.68     55.5  7.3 - - 249
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FIGURE B2:  Daily Flows And Precipitation On The Sauble River At Sauble Falls. 
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From this analysis of precipitation:runoff regimes in the Sauble River, it must be concluded
that no significant trends appear to exist. Flows and runoff coefficients are neither increasing
or decreasing significantly with time. This conclusion is the same as that reached by the
Ministry of Natural Resources Southwestern Region. Their independent analysis of the
Sauble River data also concluded that no significant trends exist.

RANGE OF FLOWS

To further characterize the hydrology of the basin, a range of possible flows that could
emanate from the study area was developed. This range includes the magnitude of daily
flows and larger flood flows of various return periods.

The annual minimum, maximum and mean daily flows of the Sauble River at Sauble Falls,
as shown in Table B-7, were used to establish the possible range of daily flows for the study
area. The flows for the study area were derived from the Sauble River flows using the
following areal proportioning equation:

q = Q (a/A)n

where q = study area flow
Q = Sauble River at Sauble Falls flow
a = study area watershed area
A = Sauble River at Sauble Falls watershed area
n= power of 0.8

Table B-8 shows the ranges of daily flow that may be expected from the study area.

The flood flows that could be expected from the study area for various return periods were
derived from data presented in a hydrologic and flood line mapping study of the Sauble River
report prepared by Crysler and Lathem Ltd.* The study subdivided the Sauble River basin
into subbasins for flow analysis.

___________________
* Hydrology Study of the Sauble River Basin, Crysler and Lathem Ltd., Consulting Engineers.

Report for the Sauble Valley Conservation Authority, undated.

A- 28



TABLE B8: Range Of Study Area Daily Flows.

Sauble River at Sauble Falls Study Area

FLOW TYPE FLOW (m3/s)* STD. DEV.(m3/s) FLOW (m3/s) STD. DEV.(m3/s) 

maximum daily 198 - - 91  - -

mean annual
maximum daily

120 39  55   18  

mean daily 13.6 2.6 6.3 1.2

mean annual
minimum daily

1.26  0.65 0.58  0.30

minimum daily 0.42 - -  0.19 - -

* Annual minimum, maximum and mean daily flows for Sauble River at Sauble Falls from
1958 to 1983.
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Although the present study area was not one of these, there was a subbasin outlet just
upstream and another just downstream of the study area outlet. An interpolation was
performed on their data to solve for the expected flood flows at the outlet. of the study area.
The reported flows derived in the report for the two subbasins are shown in Table B-9.

The areal proportioning equation presented earlier was used for the interpolation. The areas
and flows of the two subbasins were substituted into the equation to solve for n, the power.
The value of n was computed to be 0.57. This value of n was then used in the equation
along with the area and flows of the subbasin just downstream of the study area to calculate
the study area flows. These flows are also presented in Table B-9.

CHANNEL FLOW RESPONSE TO RUNOFF

A characteristic that is useful in understanding a watershed's hydrologic response is the
channel flow response to runoff, or the runoff time of concentration. This is the time required
for water to travel from various parts of the watershed through the drainage network to the
outlet. It may be used to identify areas of fast or slow response in the study of watershed
flooding.

The study area was divided into subbasins whose outflows were determined using the areal
proportioning equation on a bank full flow of 49 m3/s at the study area outlet. From Table
B-8, this flow is within the range of the study area's mean annual maximum daily flow. A
field visit was used to obtain simple channel cross-sections and roughness coefficients while
1:50,000 scale topographic mapping was used to determine channel slopes. Mannings
equation was used to determine the depth and velocity of flow in numerous homogeneous
channel reaches.
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TABLE B9: Study Area Flows For Various Return Periods.

Flow for Various Return Periods (m3/s)

WATERSHED AREA (km2) 5 yr 10 yr 25 yr 50 yr 100 yr

just upstream* 
of study area

320.6 112.3 134.6 161.3 184.4 205.6

just downstream* 
of study area

388.0 124.5 149.2 178.7 204.4 227.9

Study Area 353 118 141 169 194 216

* Data from: Hydrology Study at the Sauble River Basin, Crysler and Lathem Limited, Consulting
Engineers, report for the Sauble Valley Conservation Authority, undated.

A- 31



The hydraulic information developed for each channel reach was used to develop the flow
travel time through each reach, based upon uniform flow characteristics for each channel
section. The variable storage coefficient method as used in the HYMO hydraulic model was
used to determine the average channel reach travel times. These times were then
accumulated, starting at the outlet and moving upstream through the reaches, to give the
total travel times from numerous points in the study area.

The hydrologic response of the subbasins was characterized as either fast, moderate or slow,
relative to each other. The classification of each of the subbasins is shown in Map 5 in the
main report. This information may be used in a preliminary manner to locate areas where
the hydrologic conditions do not provide adequate drainage. Of the basins upstream of Tara,
almost all are of the fast response type. With these basins all responding quickly to runoff
inputs draining into the slow response area upstream of Tara, the flooding situation in this
area is aggravated. The slow response in this area is caused by the bedrock outcrop in the
Sauble River in Arran Township, Concession VI, Lots 33. The outcrop constricts channel flow
and is responsible for the main river upstream of it having a flat channel gradient.
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APPENDIX C

FIELD SURVEY SAMPLE SHEET

SAUBLE RIVER WATERSHED DRAINAGE STUDY  

Land Drainage Field Survey 

Sheet Number: _________ Date: ________________
Survey Point: ___________
Road Crossing: _________________ Surveyed By: ____________________
Channel Type: natural watercourse _______

agricultural drain     _______

Size at closest road crossing (measured in feet looking downstream):

T1 = ____ T3 = ____  T2 = ____

Y1 = ____ Y2 = ____

b  = ____ 
Z1 = T1/Y1 ____
Z2 = T2/Y2 = ____

Size of channel if not at road crossings (measured in feet):

- sketch cross-section or if it is an undefined flat waterway ____wide.
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View the channel reach at sample point and check the following: 

General
- bedrock outcrop _______ - flow: none ______

(mark on overlay) ponded ______
- cattle access damage _______ slow ______
- in shade _______ fast ______
- depth of water (ft) _______ - date of construction ______
-  water: clear _______ - date of last clean out ______

   cloudy _______

Channel 

- bottom: bare _______ - sedimentation ______
     gravel or rock _______ - blockage: none ______
     vegetated _______ grass ______

- watercourse: straight _______ shrubs ______
  curving _______ debris ______
meandering _______ other ______

 ___________________________
Banks

- seepage _______ - condition: stable ______
- material: clay _______ eroded ______

sand _______ - cover: bare ______
gravel _______ grass ______

shrubs ______
other ______

_____________________________
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APPENDIX D

DRAINAGE ACT PETITION DRAIN PROCEDURE
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APPENDIX E

GROUNDWATER FLOW DETERMINATION

The local groundwater flow system was determined from the static level information for wells
terminating in the upper 100 feet of overburden. Ideally, to best represent the groundwater
flow regime, one should refer only to well log information of wells installed during the same
season and year. Unfortunately, the number of wells fitting this criteria are too few for
analysis. It was thus necessary to assume that seasonal and yearly fluctuations in the static
levels of the wells are negligible and that the static water levels represent the piezometric
surface.

A further constraint used where there was insufficient well data was to keep the elevation of
the groundwater surface below ground elevation. Also, at intersecting streams the elevation
of the water table was assumed to equal the elevation of the stream.
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