
 
 
 

A METHODOLOGY FOR ENVIRONMENTAL PROTECTION OF ONTARIO 
WATERCOURSES WITH RESPECT TO THE PERMIT TO TAKE WATER 

PROGRAM 
 
 
 
 
 
 
 

by 
 
 
 
 
 

SEAN PATRICK WATT 
 
 
 
 
 
 
 

A Thesis submitted to the Department of Civil Engineering  
in conformity with the requirements for the degree of  

Master of Science (Engineering) 
 
 
 
 

Queen’s University 
Kingston, Ontario, Canada 

October 2007 
 
 
 
 
 
 
 

Copyright © Sean Patrick Watt, 2007 



  i 

Abstract 

The Ontario Water Resources Act requires a Permit To Take Water (PTTW) for 

withdrawals greater than 50,000 L/day.  The permitting process includes a requirement to 

minimize the environmental effects of the withdrawal, but does not include a specific 

framework to do so.  A methodology is proposed for estimating the water supply, the 

water demand, both anthropogenic and ecological, and the amount available for 

withdrawal.  Water supply is estimated using statistical analysis of recorded daily flows 

in the watershed of interest, in adjacent watersheds, and in the region.  Anthropogenic 

demand is given by the Ontario Ministry of the Environment’s PTTW database. 

Ecological demand is also estimated using statistical analysis of recorded daily flows, and 

through field measurement methods such as the Wetted Perimeter method. A case study 

of Millhaven Creek in eastern Ontario shows that the methodology is appropriate for this 

area and, with minor modifications, would apply to the rest of Ontario.   

Evaluation of the existing methods for water supply estimation showed that using 

long-term data for analysis is the best method, and that the regional analysis work 

completed for Ontario is out of data and needs revising.  Estimation methods for 

ecological demand are not necessarily appropriate for all areas.  A single instream flow 

requirement based on the Mean Annual Flow is not appropriate for Millhaven Creek, and 

even a set of flows based on Mean Monthly Flows needs modification to be acceptable 

for Millhaven Creek.  Supply minus demand varies from month to month, and therefore 

the decision on whether to issue a permit depends on the season as well as the duration of 

the withdrawal (e.g. seasonal vs. continuous) and type of use proposed (e.g. golf course 

irrigation vs. municipal drinking water).  
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Chapter 1 Introduction 
 

Linsley (1992) provides an excellent summary of the scope of water resources 

engineering, and its importance to all aspects of daily life. 

Water is controlled and regulated to serve a wide variety of purposes.  Flood 

mitigation, storm drainage, sewerage, and highway culvert design are applications of water-

resources engineering to the control of water so that it will not cause excessive damage to 

property, inconvenience to the public, or loss of life.  Municipal water supply, irrigation, 

hydroelectric-power development, and navigation improvements are examples of the 

utilization of water for beneficial purposes.  Pollution threatens the utility of water for 

municipal and irrigation uses and seriously despoils the aesthetic values of rivers - hence 

pollution control or water-quality management has become an important phase of water-

resources engineering.  Finally, the potential of non-structural measures such as zoning to 

avoid flood damage and the preservation of natural beauty are factors the water resources 

engineer must consider. 

This summary provides an overall context to begin the discussion of the problem. 

1.1 Statement of the Problem 

Perhaps the most important of the above noted purposes is the utilization of water, 

as water is a necessity for all life.  It is used for basic life needs, industry, agriculture, 

recreation, etc.  In most countries, the use of water is regulated by government to 

maintain balance among uses and users.  Without an ample supply of water, communities 

and industry cannot survive.  However, the withdrawal of water from rivers and streams 

can also result in problems, including drying of fish spawning beds, insufficient water for 

downstream uses, reduction in sediment transport, decrease of channel forming capacity, 

and concentration of pollutants.   

In Ontario, this regulation is conducted through the Permit to Take Water (PTTW) 

program, which is administered by the Ontario Ministry of the Environment (MOE).  The 

process currently used to decide the quantity of water that can be removed from a stream 
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is outlined by the manual “Permit to Take Water (PTTW) Manual, April 2005” (MOE, 

2005), but is often carried out in the absence of site-specific data, as very little exist.  

Work conducted on instream flow requirements is often applicable only on a local scale, 

and each consequence (hydraulics, fisheries, sediment transport, downstream users, etc.) 

of the withdrawal is examined in isolation, rather than within an integrated system.  The 

hydrologic, hydraulic and ecological needs, as well as associated assistance tools to 

quantify these needs, must be reviewed, or created if these tools do not exist, and should 

form part of an integrated assessment.   

Important parts of the integrated assessment are the hydrology and hydraulics of 

the stream, which vary both spatially, and temporally, and are very intricate.  The timing, 

and magnitude, of extreme high and low flows and levels, drought conditions, sediment 

movement, and channel shaping flows, as well as topography and geology, all influence 

the structure of a stream.  Further, facets of the stream such as road crossings, control 

structures, water treatment plant intakes, sewage plant outfalls, and fish and fauna 

communities can put restrictions or requirements on stream flow and depth, and influence 

the quantity and quality of water available for use. 

The existing methods to examine water availability range through rough estimates 

done using approximation techniques, hydraulic model estimates, statistical distribution 

analyses, and extensive biological/geomorphologic/hydraulic models that include many 

different field monitored parameters.  There are no set guidelines. 

In most cases, the governing flow condition of the models has been that of low 

flow, the one that occurs over the summer months in the southern part of the province, 

when minimal rainfall and maximum evaporation are experienced.  From a flow 
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magnitude perspective, this is the time when the least amount of water is available for 

use, and the time when the greatest use is desired.  However, fish spawning occurs during 

both spring and fall months, channel-forming forces usually occur with higher flows, and 

water quality parameters are most critical during summer low flow times, when dissolved 

oxygen and dilution are at their lowest, and temperature is at its highest.  These additional 

times of the year cannot be overlooked when considering water withdrawals from a 

watercourse. 

The PTTW program, and indirectly this research, has two main objectives: 1) 

minimize potential adverse impacts to streams through water withdrawals, and 2) ensure 

fair distribution of available water. 

Consider the first objective.  In general, the impact to a stream increases with the 

ratio of withdrawal to flow at the withdrawal point.  However, in most cases flow is not 

known, which causes increased uncertainty.  In addition, withdrawal amounts may not be 

known.  Permits under the PTTW legislation are required only for withdrawals greater 

than 50,000 litres/day, and direct livestock watering and domestic uses are exempt from 

the process, regardless of the size of the withdrawal.  Further, the permitted withdrawal is 

typically greater than what is actually taken, and until recently there has been minimal 

required reporting of actual withdrawals.  The impact also depends on the needs of other 

users and the needs of the natural environment.  These are also not known with any 

degree of certainty. 

Now consider the second objective.  There is currently no clear statement in 

Ontario as to what constitutes "fair" distribution.  The statement contained in the 

regulation is: 
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 "The purpose of this Regulation is to provide for the conservation, protection and 

wise use and management of Ontario’s waters, because Ontario’s water resources are 

essential to the long-term environmental, social and economic well-being of Ontario."   

Ontario, 1990. 

However, there are policy directives for other jurisdictions; the Newfoundland & 

Labrador Policy for Allocation of Water Use (2001) and the Manitoba Water Rights Act, 

(2000) outline priorities for water allocation.  There are political aspects of distribution, 

including job creation, tax base, etc., and there is a problem with decision-making 

regarding fairness under (sometimes) large uncertainty.  If a finite amount of water is 

available, can it all be given to one user, or is there a need to maintain some available 

capacity for a future use?  In the absence of a finite value for available water, how much 

can be distributed?  There are further problems with the process in Ontario, including 

lack of information on watercourses, flora and fauna, workload of approval staff, and lack 

of enforcement towards violators. 

1.2 Study Region and Objectives 
 

This study will focus on surface water withdrawals from streams, creeks and rivers 

in the province of Ontario.  The conclusions and recommendations of this work will 

relate to the PTTW program.  Examples from across Canada and elsewhere, as well as a 

specific case study of Millhaven Creek, west of Kingston, Ontario will be used. 

Millhaven Creek is a small (drainage area to the mouth of 175 km2, drainage area to 

the gauging station of 143 km2) regulated creek that flows generally southwest from the 

Canadian Shield, through a limestone plain to Lake Ontario 15 km west of Kingston.  

The watershed land use is mostly agricultural (40% of drainage area to crop cultivation, 

20% pasture and unimproved lands), and forest (30%), with two small hamlets (Odessa 
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and Sydenham, 1%), and rural residential areas scattered throughout the watershed.  The 

creek has been regulated to power various mills for close to 150 years, as its name would 

suggest (Mill Haven), although its flow record closely resembles the natural streams to 

both the east and west (CRCA, 2005).  There are currently only a few small PTTW in the 

watershed, and one large PTTW, a municipal supply withdrawal from Sydenham Lake 

for the Village of Sydenham. 

The objective of this research is to develop a methodology and criteria for use a) in 

estimating water availability in streams across Ontario as it applies to withdrawals and b) 

estimating water demand (anthropogenic and ecological) and what information and/or 

methods should be used to do so.  These will then be compared to estimate how much 

water is available for withdrawal, while still protecting control of water, utilization of 

water, water-quality management, and other environmental aspects. 

1.3 Organization of Thesis 

Chapter 1 provides an introduction to this research, identification of the problem, 

the objective, and the general outline of the research.  Chapter 2 is the review of literature 

on: 

• existing techniques for estimating water availability, both statistical and 

ecological based, in Canada and abroad, 

• water use in Canada, and 

• water licensing practices.   

In Chapter 3, the proposed methodology to estimate the water available for 

withdrawal is explained and detailed.  The methodology is then used in Chapter 4 in a 

case study relating to Millhaven Creek.  A discussion of the results and how they relate 
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across the province of Ontario is presented in Chapter 5.  Chapter 6 provides conclusions 

and recommendations. 
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Chapter 2 Literature Review 

2.1 Overview 

Various methods have been used to regulate and allocate water use; those used in 

Canada, the U.S., the UK, Australia and New Zealand are summarized in this chapter.  

These methods range from no regulation at all, to rather rigorous regulation and 

allocation methods.   

The use of water varies widely, both in Canada and around the world, with 

drinking water being the most important use.  Other uses can range from life dependent 

uses such as livestock and crop watering, and carrying waste away, to non life-dependent 

uses such as dust suppression on roadways, hydroelectric power production, and street 

cleaning.  Typically, non life-dependent water uses are limited to water rich, developed 

countries such as Canada and the United States, as undeveloped countries do not yet have 

the industry that makes use of water in this way.   

Some water uses require withdrawal from a watercourse.  Much of what follows 

is based on Ontario experiences, but can be extrapolated generally to developed countries 

in North American and Europe, as well as Australia and New Zealand.  Before allowing 

water to be removed from the source, the amount of water available for withdrawal needs 

to be determined.  This determination can be done using a variety of techniques, some 

based on statistics, some based on the direct measured requirement of the stream, and 

some using industry-accepted estimation techniques.  Depending on the amount of water 

being removed, the location of the withdrawal and the purpose, a licensing/permitting 

process may also be a requirement for the withdrawal.  This requirement is to ensure 
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there are no negative impacts, to the environment or other users, because of the 

withdrawal.  The process varies from jurisdiction to jurisdiction. 

In addition, some types of withdrawals could be expected on almost any size of 

watercourse, while other types will be restricted by river size, or by region.  Instream uses 

such as fish spawning, or sediment movement, can be expected on all size of 

watercourse, as could agricultural uses.  However, a hydroelectric project will probably 

not be proposed for a small stream, and a withdrawal for a municipal water supply will 

probably not be proposed for an area in Northern Ontario used only for logging, or in 

smaller systems.  The level of watershed development, and the stream size, will 

determine the withdrawal needs. 

2.2 Water Use in Canada 

2.2.1 General Uses with a Consumptive Component 

Canada is the number two user of water, per capita, in the world, second to 

Australia (Chapagain and Hoekstra, 2004, 2006).  The five main water withdrawal uses in 

Canada are thermal power generation, manufacturing, municipal use, agriculture, and 

mining (Table 2.1).   

Table 2.1 – Annual Water Withdrawal Use in Canada (1996) 
 

Sector Water Withdrawal 
(% of Total) 

Consumptive 
Portion  

(%) 

Consumptive 
Portion Overall 

(%) 
Agriculture 9 85 7.7 
Manufacturing 14 0  
Mining 1 0  
Municipal 12 20 2.4 
Thermal Power Generation 64 0  
Total 100  10.1 
Source: Environment Canada, 2005 
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Much of the water withdrawals are recirculated (44 percent) for multiple uses in 

sectors such as thermal power generation, manufacturing, and mining, but 10% of water 

withdrawals in Canada are “consumed”.  

“Water is said to be consumed when it is evaporated, transpired, incorporated into 
products or crops, consumed by people or livestock, or otherwise made unavailable for 
further reuse.”  (Masters, 1991) 
 
“Consumptive use means that portion of water withdrawn or withheld from the Basin that 
is lost or otherwise not returned to the basin due to evaporation, incorporation into 
products, or other processes.” (Great Lakes States and Provinces, 2005) 
 
In general, “Consumptive” water uses are industrial and agricultural uses, where 

the water is removed from a water body and incorporated into a product, or evaporated, 

not being returned to the receiving waters, and therefore made unavailable for further 

downstream use.   

2.2.2 Instream Uses 

Instream uses of water are non-consumptive, in that water is not removed from 

the stream.  The main instream water uses are hydroelectric power generation, water 

transport, freshwater fisheries, wildlife, recreation and waste disposal.   

Hydroelectric Power Generation 

Hydroelectric power generation is typically created using dams, though run-of-

the-river generation also exists.  Both may change the natural flow pattern of a 

watercourse, though run-of-the-river would be expected to have a lesser effect.   

Water Transport 

Water transport was the foundation of the country, moving goods and raw 

materials around the country, and is still the most economical means of moving Canada’s 

main exports: wheat, pulp, lumber and minerals (Environment Canada, 2005). 
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Freshwater Fisheries and Wildlife 

The least quantifiable, yet possibly the most common (and important) of the 

instream uses are fisheries and wildlife requirements.  Over the years, research has been 

done to estimate the quantity of water needed to support fisheries and wildlife, and their 

habitat, as well as the geomorphic requirements of a stream.  These requirements include 

water depth and flow for spawning (Lane et al., 1996c, Gibbins et al., 2001, Humphries et 

al., 2002), movement of sediment and nutrients (Trenhale, 1990, Richter et al., 1997b, 

Knighton, 1998), and the use of historical (undisturbed) streamflow characteristics as a 

comparison to current (disturbed) conditions (Richter et al., 1996, 1997a). 

Recreation 

Recreation uses include swimming, boating, canoeing and fishing, and are 

enjoyed by 36% of the population (Environment Canada, 2005). 

Waste Disposal 

Rivers and streams are often used to provide dilution for waste discharges, 

including discharges from sewage treatment plants and industrial plants.  Other diffuse 

sources of pollution (agricultural runoff) are also diluted by streamflow. 

2.3 Streamflow in Ontario 

Streamflow has been measured at hydrometric stations across Canada since the 

early 20th century.  These data are gathered by Water Survey of Canada (WSC), currently 

a part of Environment Canada (EC), and published in the HYDAT database.  These data 

include daily, mean, maximum and minimum water levels and flows, and can be used for 

statistical analyses, and estimation of both high flow and low flow quantiles either 

instantaneous or averaged over durations ranging from one day to one year.   
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2.3.1 Variability of Supply 

Streamflow varies from year to year and over the course of any given year.  The 

typical annual hydrographs of southern and northern Ontario watercourses are different, 

as are the hydrographs of natural and regulated streams.  Of interest in this study are low 

flow conditions, which typically occur due to reduced input of water to the system.  This 

could be due to the water being held in storage (behind a dam, or frozen in the 

snowpack), or because there has been a prolonged period of low water input.  

In southern Ontario, higher flows occur in spring (March/April/May) with the 

freshet caused by rising temperatures melting the snow.  Flow then recedes over the 

summer due to reduced water inputs because of higher soil moisture deficits, rises again 

in the fall with rain, and drops and stabilizes over the winter.  In southern Ontario, the 

lowest flows typically occur during the summer months (Fisheries and Environment 

Canada, 1978). 

In northern Ontario, the higher flows occur in June with the freshet, then drop off 

in summer, rise somewhat in the fall, then fall off again during the winter.  Over the 

winter, precipitation (water input) is stored as snow, causing flows to fall, as no water can 

get to the stream.  This reduction in available runoff means low flows typically occur 

during later winter, before the spring melt (Fisheries and Environment Canada, 1978).  

Regulation of a watercourse can also result in changes to flow patterns.  The 

purpose of operation of water control structures is twofold: (1) reduction of maximum 

outflow by discharging stored water before a peak event, thereby increasing available 

storage, and then storing flow during the event, and (2) increasing low flows by storing 

water during higher flow periods to augment flow when less water is available to enter 
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the stream.  They also act as a barrier to the movement of fish, sediment, nutrients, etc.  

While these interruptions in the natural system can modify the temporal scale of flow 

characteristics, a regulated system does not necessarily result in a change to the timing of 

flow variation, but rather the magnitude of that variation. 

Supply of water in a stream can also vary over time, and with respect to drainage 

area and characteristics such as geology.  The Moira River at Foxboro, Ontario has 

approximately 90 years of streamflow records, which is generally deemed sufficient for 

long-term statistical analyses.  However, the regional analysis work done by Cumming 

Cockburn Ltd. (1990) established a low flow extreme which was surpassed in 1999, and 

then again in 2001, being one-third and one-half the previously recorded lows 

(Environment Canada, 2007).  The South Nation River at Plantagenet, Ontario 

experienced its record lows in the 1930s, when the river was essentially dry during the 

winter (Environment Canada, 2007), and these lows have not been experienced since.   

It is accepted that many streams of small drainage area or surface-runoff driven 

streams are more likely to run dry during times of minimal water input.  Streams flowing 

over coarse-grained sediment are more likely to stay wet due to ground water discharge 

than streams flowing over clay, or bedrock substrates, where groundwater discharge is 

minimal to non-existent.  There is no specific minimum drainage area of a watershed that 

is expected to generate flow all year long. 

2.3.2 Flow Estimation for Water Taking (Supply) 

In Ontario, the Ministry of Environment (MOE) typically used a 10% guideline 

for water availability; that is, 10% of the instantaneous flow was available for withdrawal 

through a Permit to Take Water (PTTW) (Gartner Lee Ltd, 2002).  This has been 
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changed with the passing of amended legislation (Ontario Water Resources Act, 1990, as 

amended 2007, Regulation 387/04) to reflect a process that includes consideration of the 

variability of flow and ecology of a stream.  There is no set standard for the amount 

available for use, but rather the amount is to be determined on a site-by-site basis, and 

can be changed based on new evidence discovered, even after the permit has been issued. 

The new MOE PTTW Regulation (MOE, 2004) spawned a manual (MOE, 2005) 

which identifies “an ecosystem approach that considers both water taker’s reasonable 

needs for the water and the natural functions of the ecosystem.”  The manual also makes 

clear that the supportive science for permits will be dependent on the natural functions of 

the ecosystem, water availability, and use of water.  

Specific flow estimation techniques related to the natural function demands of the 

ecosystem have been examined for other parts of the world, though they are limited in 

applicability to those areas where the data were gathered.  Many of these techniques are 

detailed in technical reports (Collings et al., 1972; Tessman, 1980; Milhous et al., 1989; 

Instream Flow Council, 2002; Gartner Lee Ltd., 2002; CRCA, 2005; GRCA, 2005; 

LPRCA, 2005) and journal articles (Tennant, 1976; Nathan and McMahon, 1992; Karim 

et al., 1995; Jowett, 1997; Richter et al., 1997a). 

2.3.3 Low Flow Estimation: Single Station and Regional Analyses 

The low flow quantile DQT can be used to characterize the T year average low 

flow of a stream over D-days (e.g. 7Q20, D=7 days, T=20 years, is used for estimating 

sewage effluent dilution in Ontario).  If the stream is gauged, 7Q20 can be estimated using 

single station low flow frequency analysis (SSLFFA) (Maidment, 1993), though 

regulation can lead to problems with the analysis.  Low flow estimates can be calculated 
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for areas in Canada with the LFA (Low Flow Analysis) computer program (Environment 

Canada, 1990).   

Using stream gauge data, a variety of statistics can be calculated, to give an idea of 

the flow variation over the course of the year.  These include mean annual flow, median 

flow, standard deviation of flow, flow duration curve data (monthly and annual), as well 

as low flow frequency analysis (7Q2, 7Q20, etc.).  The RVA method, as outlined by 

Richter et al. (1996), is integrated into the computer program called “Indicators of 

Hydrologic Alteration” (IHA) (Nature Conservancy, 2005) that calculates 33 statistics 

that are useful to identify the flow regime, including low flow magnitude, timing and 

duration over the period of record at the stream gauge station.  This program can also 

compare two conditions, an existing condition without the withdrawal and a proposed 

condition that includes the withdrawal, and identify specific flow impacts.  Where no 

gauge station is available, regional low flow frequency analysis (RLFFA) can be used 

(Maidment, 1993).  McLean (2002) compiled a list of work completed with regard to 

regional low flow frequency analysis. 

Reports that have been prepared for Ontario provide information on regional 

estimates of both high and low flows.  Moin and Shaw (1985) conducted a regional 

analysis pertaining to flood flows for all of Ontario.  Cumming Cockburn Ltd. (CCL) 

(1990) prepared a single station low flow frequency analysis for stream gauges across 

Ontario, and this was further expanded to a regional low flow analysis in CCL (1995).  

The Ministry of Natural Resources released a GIS based flow estimation program called 

Ontario Flow Assessment Techniques (OFAT) in 2003 (MNR, 2003).  McLean and Watt 

(2005) published a regional low flow analysis for the Oak Ridges Moraine area.   
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While these estimates are available and useful, there are some inconsistencies with 

the previous work.  A particular Eastern Ontario stream (Moira River at Foxboro) had an 

estimated 100-year low flow established in the CCL (1990) work, but lower flows 

occurred in 1999 and again in 2001.  The reason is thought to be the lower boundary 

condition used for the analysis (W.E. Watt, Pers. Comm., 2004) and with some 

modifications to the methodology, this could be corrected.  The OFAT (MNR, 2003) 

program is a GIS based model, which incorporates isoline mapping from many previous 

studies and reports.  The model then provides estimates of watershed characteristics, and 

flows (flood flows, low flows, bankfull flows and mean annual flows) based on these 

previous maps.  The model cannot consider regulation, wetland storage, or other unique 

site characteristics.  This can result in poor flow estimates (Aquafor Beech Ltd., 2005). 

A number of researchers have developed relations for estimating low flow 

statistics using watershed characteristics, specifically baseflow index and drainage area, 

but also taking into account areas of wetlands and storage, slope, etc.  These can then be 

extrapolated to any point on a stream where those watershed characteristics are known. 

Researchers in the United Kingdom were some of the first to explore low flow 

regionalization through watershed characteristics (Beran and Gustard, 1977; Institute of 

Hydrology, 1980; Gustard et al., 1987a, 1987b; Gustard, 1989; Gustard et al., 1992; 

Young et al., 2000a, 2000b; Holmes et al., 2002a, 2002b).  In North America, researchers 

have looked at low flow regionalization in both the U.S. (Prakash, 1981; Dingman and 

Lawlor, 1995; Vogel et al., 1999; Wiley and Curran, 2003; Kroll et al., 2004; Gingerich , 

2005) and Canada (Leith, 1978; Hamilton, 1985; Pol, 1985; Pelletier et al., 1986; Pilon & 

Condie, 1986; Cumming Cockburn Ltd., 1990; Janowicz, 1990; Cumming Cockburn 
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Ltd., 1995; Lawal and Watt, 1995; McLean and Watt, 2005; Bradford et al., 2007).  

Smakhtin (2001) provides a good review of low flow hydrology research in general, as 

well as providing outlines and references for specific low flow estimation method 

calculations. 

The general finding of these works is that multiple regression analyses with a 

variety of watershed characteristics provided reasonable regional estimation techniques 

for low flows. 

2.4 Demand 

Much work has been done to estimate how much water, or streamflow, may be 

required to maintain the environmental aspects of a stream.  These vary from statistical 

methods based on flow data, to ecologically or hydraulically based field methods, to 

industry accepted estimation techniques. 

The various demands on a stream include: current withdrawals, ecological 

demands such as instream flow requirements and geomorphological needs, and the 

proposed withdrawal. 

As the supply of water can vary, so can the characteristics (rate, timing, location) 

of the withdrawal.  Water withdrawals vary with respect to the rate and timing of the 

withdrawal from the source.  Some water uses require a finite volume withdrawn, only 

once or twice (pipe pressure tests), some require variability of the rate and timing 

depending on the season (agriculture and golf courses) and some require a constant 

withdrawal over a long period (municipal water treatment plants).  The following are 

examples of fixed and variable demand: 
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• Municipal water use rises in summer months.  Residents water lawns and 

gardens, and the daily water demand will typically peak at specific times, 

around breakfast and dinner (Chin, 2000). 

• Agricultural uses also peak in the summer. 

• Mining processes are a full year, constant user of water.  

Once the supply and demand are quantified, the proposed withdrawal can then 

make use of a portion of the remaining water that has not been allocated to current 

permits, or ecological needs. 

2.4.1 Current Withdrawals 

Existing water uses must be considered for a proposed new withdrawal.  If there 

is a municipal water supply on the watercourse, then any impact from a new withdrawal 

could be deemed too great, as it may limit the water supply for humans, and domestic 

purposes are generally regarded as the highest priority over all others.  The various 

existing water uses can also be used to determine the possible impacts to a stream due to 

a withdrawal.  The existing uses, as well as the proposed use, can be prioritized. 

Manitoba has set use priorities in their Water Rights Act, (Manitoba, 2000) in 

order of importance: domestic purposes, municipal purposes, agricultural purposes, 

industrial purposes, irrigation purposes, and other purposes.  It has also set terms on 

instream flow requirements, license expiry, and license transfer that could be used to 

alleviate conflicts over time.   

Jacobs and Vogel (1998) provide a method for allocating withdrawals based on 

various characteristics of the withdrawal (use, volume, location, etc.).  Wang et al. (2003) 

may also provide a reasonable process for water allocation principles, which allow for 
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initial allocation based on existing rights, but reallocation based on efficiency of use.  

However, this does not provide conflict resolution after the fact. 

Gartner and Lee Ltd. (2002) argue that the 2000 Guideline on Consultation for 

Environmental Assessments in Ontario is transferable to the water allocation issue.  In 

addition, the South Saskatchewan River Basin Instream Flow Needs Determination 

document (Alberta Environment, 2001) sets out priorities for water use, which can be 

used to avoid future conflicts.  Household uses have priority over all other uses (1250 

m3/year), agricultural uses have a traditional allocation of 6250 m3/year, and all other 

“allocations” (permits) are given a priority number based on the earliest use of that 

allocation.  In some instances, an agricultural use could have priority over a municipal 

use (Alberta Environment, 2005). 

2.4.2 Ecological Needs 

Instream uses, mainly habitat needs, vary over the course of the year, depending 

on the specific use.  Instream needs include hydraulic needs (geomorphology, sediment 

and stream movement, and floodplain maintenance) and the specific species needs such 

as habitat maintenance, connectivity, depth and velocity. 

In many cases, the estimation of the amount of water available for withdrawal 

(gross supply) is done with no specific consideration for habitat needs (demand).  The 

water demand for habitat uses, typically referred to as the “Instream Flow Requirement” 

(IFR), is determined based on the perceived or measured needs of the habitat in the 

watercourse (Karim et al., 1995, Jowett, 1997, Instream Flow Council, 2002).  In the past, 

this has been a single flow that was to be maintained as a lower threshold at all times, 

though more recently a flow curve that reflects the variability of habitat flow needs over a 
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typical year has been used (Karim et al., 1995, Jowett, 1997, Instream Flow Council, 

2002). 

While instream flow requirement studies have been conducted since the 1940s, 

formal legislation came into force in the U.S. in 1971 with the Environmental Policy Act 

(1969) (Symphorian et al., 2003).  It is only since then that the ecology of the stream has 

been taken into account for most practices.  The baseline of today’s research appears to 

be the work of Collings et al. (1972) based on cross-section geometry, and Tennant 

(1976) and Tessman (1980) based on mean monthly and annual flows.  Milhous et al. 

(1989) created the Physical HABitat SIMulation computer program (PHABSIM).  

PHABSIM relates streamflow to habitat use by various aquatic species life stages.  In 

1997, Richter published his Range of Variability Approach (RVA), using historical flow 

data to prescribe a range of flows to be maintained, thereby protecting habitat.  The RVA 

has been used with success in southwestern Ontario (GRCA, 2005; LPRCA, 2005; 

Bradford et al., 2007).  Karim et al. (1995), Jowett (1997) and the Instream Flow Council 

(2002) detail additional work.  

Recent work in Ontario by CRCA (2005), GRCA (2005) and LPRCA (2005) 

linked flow statistics, ecology, biology, and geomorphology to the PTTW process in 

Ontario.  The studies examined various instream flow requirement techniques, and found 

that existing methods are not necessarily acceptable for Ontario, as they are based on data 

gathered from watercourses dissimilar to Ontario watercourses.  However, they found 

that the general methodology appears to be worthwhile.   

In order to use the general methodology, a link between the flow regime and 

species or habitat must be made. 
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The three leading threats to freshwater fauna in the U.S. have been identified by 

Richter et al. (1997b) as: i) altered sediment loads and nutrient inputs from agricultural 

non-point pollution, ii) interference from exotic species (where a change in flow regime 

allows exotic species to flourish, and limits native species), and iii) altered hydrologic 

regimes associated with impoundment operations.  These threats all point towards flow, 

and changes due to flow alteration (sediment and geomorphology), as the leading cause 

of ecological loss.  In consideration of withdrawals and low flows, withdrawals are linked 

directly to changes in flow. 

As the presence of fish can indicate suitable habitat, suitable habitat can indicate 

the possible presence of fish (Gozlan et al., 1999).  Particular species can be linked 

directly to flow needs (Walker, 1992, Power et al., 1996), though it is impractical to 

collect habitat information for all species, therefore key species or habitats must be used 

as indicators (Bowen et al., 1998).  However, an estimated 10 years of monitoring are 

considered necessary to get accurate predictions.  Plants species can also be good 

indicators of suitable habitat (Stromberg and Patten, 1990, 1991, 1996; Richter and 

Richter, 2000; Bovee and Scott, 2002). 

Physical stream properties such as depth, substrate, velocity, etc. have all been 

linked to habitat protection (Keeley and Slaney, 1996; Lane et al., 1996a, 1996b, 1996c; 

Gozlan et al., 1998; Scott and Crossman, 1998; Lamouroux et al., 1999; Gibbins et al., 

2001; Richter et al., 2003) though the effects of change are not really well known by 

ecologists (Cardinale et al., 2002).  While flow characteristics are important to fish and 

habitat creation (Fausch et al., 2001; Humphries et al., 2002; Irwin & Freeman, 2002), 

this dependence is not necessarily geographically dependent (Lamouroux et al., 2002). 
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Lane et al. (1996a, 1996b, 1996c) in particular, and Scott and Crossman (1998) 

can provide species-specific requirements for habitat, depth, and flow.  In addition, the 

Department of Fisheries and Oceans (DFO) has a computer-modeling program that can 

estimate impact to fish habitat.  The stream and current habitat conditions are measured, 

and input into the program, with the proposed change to flow/depth, and the program will 

analyse the change, and output the expected habitat conditions with the proposed change 

(T. Beaubiah, Pers. Comm., 2007). 

In addition to consideration of the flora and fauna in a stream, scientists generally 

look at key components of the flow regime when trying to identify an instream flow 

requirement.  These include: wet and dry season baseflows, normal high flows, extreme 

drought and flood conditions that do not occur every year, rates of flood rise and fall, and 

interannual variability in each of these elements (Richter et al., 2003).   

While flow is generally the first thing looked at, its links to the ecosystem, and its 

quality, are not necessarily known or well understood (Irwin and Freeman, 2002).  The 

viability of the fauna population also depends on a number of other ecosystem 

characteristics/conditions, which are influenced by, though sometimes unrelated to, flow 

variations.  The flow needs that shape the ecosystem itself (flood flows, sediment 

movement flows, erosion flows, drought flows, etc.) appear to be as important as the flow 

needs of a particular species.  Therefore, to maintain an ecosystem, any flow 

requirements should mimic the natural flow characteristics as much as possible, and in so 

doing, the needs of the species will be met. 

The scientific community lacks the data to prescribe a natural condition sufficient 

to protect biota.  Adaptive management may be the answer.  However, certain industries 
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are not necessarily going to be keen on adaptive management (such as the power 

generation industry) as they cannot be assured there will be limits to their costs, or future 

yields.  Stream regime parameters can include flow/water level regime, channel 

geometry, water chemistry, geomorphology, stream geometry, basin characteristics, and 

climate. 

Direct linkage between habitat and flow has been made by Collings et al. (1972), 

Strange et al. (1992), Lane et al. (1996a, 1996b, 1996c), Richter et al. (1996, 1997a), 

Bowen et al. (1998), Kondolf (2000), Richter and Richter (2000), Olden & Poff (2003), 

and Lytle & Poff (2004).  It has been found that the amount of habitat available is directly 

related to the flow in the stream.  Using this relationship, maintenance of habitat can be 

achieved through maintenance of flow.  In particular, Collings et al. (1972) recommends 

the wetted perimeter approach, where a chart of water depth versus wetted perimeter 

(cross-section) is used to estimate the amount of habitat available under particular flow 

conditions.  Inflection points in this chart indicate depths where available habitat changes 

to a large degree.  This depth is then related to a flow through a stage-discharge curve, 

and can then be used as an instream flow requirement. 

2.5 Regulation of Withdrawals  

In Canada, regulation and allocation of water is a provincial responsibility.  Each 

province has its own requirements, and methods to determine how much water may be 

taken, as well as when, where, and why. 

In Ontario, the Ontario Water Resources Act (1990, as amended 2007) regulates 

the large-scale use of water (withdrawals greater than 50,000 L/day).  The MOE reviews 

the PTTW applications.  Similar legislation exists in other provinces and in other 
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countries.  Generally, permits are not required for domestic uses (in the home), livestock 

watering, or fighting fires.  In almost all cases and jurisdictions, some basic information 

on the location, use, and amount of a proposed withdrawal is required for the application.   

The PTTW Manual (MOE, 2005) identifies three categories of water takings.  

Category 1 is a renewed permit.  Category 2 is a permit where a previous assessment has 

been completed, or the taking is less than five percent of the 7Q20 on a third order or 

higher stream, or where the water is removed for a short time only and replaced at a 

nearby point with no significant change in quality or quantity.  Category 3 is for all 

permits that do not meet Category 1 or 2 requirements, and any new takings from first or 

second order or intermittent streams. 

The Alberta Water Act (Alberta, 1996) provides a statutory right (with priority 

above all licenses and traditional agricultural uses) that allows for the diversion of up to 

1250 m3 per year per household (less than 10% of the Ontario limit) for the purposes of 

human consumption, sanitation, fire prevention and watering animals, gardens, lawns and 

trees.  Licenses are then required for any other withdrawals, with application and 

reporting requirements similar to Ontario. 

In Australia, regulation of the withdrawal of water is similar to Ontario and 

Alberta, although there are two distinct areas with regard to water withdrawals, 

“proclaimed surface water areas" and “not proclaimed” areas (Western Australia, 2001).  

Proclaimed areas can be controlled through licensing, and riparian rights (where a stream 

or lake flows through or abuts a property, there is a right to take water for specific non-

commercial purposes) apply.  However, commercial uses may require a license.  There is 

again a maximum withdrawal per year that applies to riparian rights, varying from 1200 
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m3 along the southern coast to 2000 m3 in the north.  These limits are similar to Alberta’s 

requirements, but are still much lower than those in Ontario.  Many “proclaimed areas” 

have a plan which defines the rules for allocating water among users. 

In non-proclaimed areas, riparian rights are similar, with three main differences: 

i) withdrawals must not noticeably diminish flow, ii) there is no provision for licensed 

use, and iii) there is no provision to approve any interference in the flow.  It is more 

difficult to ensure equitable use in these areas for these reasons. 

 Water withdrawals in New Zealand also require a licensing process (Auckland 

Regional Council, 1991, Northland Regional Council, 2005), and while the application 

and reporting requirements are similar to those in Ontario, they appear to be much 

stricter, and require more information, and in more detail. 

In the U.S., the degree of water withdrawal management varies widely from state 

to state.  South Carolina and Tennessee require users to be registered with the state and 

report water withdrawals, but do not have specific controls on quantity or timing 

(Tennessee, 2003, South Carolina, 2004).  Delaware has similar requirements to Ontario 

and Alberta for water withdrawals (Delaware Department of Natural Resources and 

Environmental Control, 1987).  Maryland has regulations controlling all aspects of water 

withdrawals, New York controls withdrawals from surface and groundwater, but only by 

public water suppliers, while Pennsylvania controls only surface water withdrawals, and 

only by public water suppliers (Susquehanna River Basin Commission, 

http://www.srbc.net/docs/Protecting_Health_reg_gaps.pdf).  Illinois has no surface water 

withdrawal laws (Eheart, 2000). 
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In the UK, the Water Act 2003 by the Environmental Agency for England and 

Wales (2003) has linked withdrawals to instream requirements, making withdrawals 

subject to watercourse sensitivity and flow regime changes. 

 It can be seen that much information is needed to establish how much water may 

be removed from a watercourse.  Moreover, jurisdictions around the world are at 

different stages of policy development, which will hopefully move towards stable, 

sustainable water withdrawal practices.  This work will provide a method to update the 

policy to include full considerations of environmental protection with respect to water 

withdrawals. 
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Chapter 3 Proposed Study Methodology 

This chapter outlines the proposed methodology to provide human and ecological 

protection with respect to a water withdrawal.  It details the five steps in the process to 

identify the amount of water that flows in a watercourse, the existing water demands in 

that watercourse, and finally the amount that may be available for withdrawal.  The 

calculation of the amount of water in the watercourse uses accepted hydrological 

techniques.  The existing water demands include existing quantified allocations 

(anthropogenic), and estimated demands through calculations related to instream 

requirements (ecological/hydraulic).  The amount available for withdrawal is the 

difference between the two (equation 3.1).  The steps and corresponding details are given 

in Table 3.1. 

Water available = Water supply – Existing anthropogenic – Ecological/Hydraulic (3.1) 
 for withdrawal                                     water demands               water demands  
 

Table 3.1: Five Steps to Consider for a Water Withdrawal 
 

Step Attribute Details 
1 General Withdrawal 

Information 
• location 
• type of taking: one time, seasonal, continuous, etc.
• volume/rate of taking 
• taking category (as per MOE, 2005) 

2 General Watercourse 
Information 

• “high use” watershed 
• intermittent watershed 
• stream order 

3 Water Supply • availability of water at the location 
• flow data and statistics, stage discharge relation, 

general flow information 
4 Water Demand • existing requirements/demands for flow 

Steps 1 through 4 will result in the water available for withdrawal. 
Step 5 will determine whether the desired withdrawal is acceptable. 

5 Comparison • desired taking greater than the amount available? 
• only 10% of the existing flow to be taken? 
• necessity to leave flow for others? 



  27 

3.1 General Information 

The PTTW Manual (MOE, 2005) identifies three categories of taking, as 

mentioned in Chapter 2.  Category 1 takings are outside the scope of this methodology, as 

enough information is already known to make reasonable decisions regarding the 

withdrawals.  Some Category 2 takings will also be outside the scope of this 

methodology; similar to Category 1, those takings that are located on a watercourse that 

has already had adequate assessment work completed are also outside of this 

methodology.  All of the Category 3 takings fall within the scope of this methodology. 

The basic information known as part of any proposed withdrawal are the proposed 

location of the withdrawal, proposed type/timing of the withdrawal, and proposed 

volume/rate of the withdrawal.  Acquisition of this information is the first step in the 

determination process. 

The second step requires the consideration of the obvious constraints to water 

withdrawals that take precedence over the calculation of existing water supply and water 

demand.  Those streams which experience zero flow on a regular basis over the course of 

the year (intermittent streams), first and second order streams (as defined by MOE, 2005) 

and those streams that have been defined as “high-use” watersheds (as defined by MOE, 

2005) are immediately noted to need more detailed study to determine the potential for 

water withdrawal.  This would mean using methods with a lower overall uncertainty.  If 

the proposed taking is to be year-round, the decision can be made for an intermittent 

stream that the supply will not meet the demand. 
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Once the initial permit details are known, the streamflow present at the site of 

interest is calculated (step 3). Section 3.2 identifies that part of the methodology to 

estimate water supply. 

Then the amount of water already allocated/needed for other demands is 

calculated (step 4).  Section 3.3 identifies that information and methodology that 

identifies existing demand, stream regime, and anthropogenic and ecological demands.   

3.2 Water Supply 

When estimating how much water may be available for withdrawal, the streamflow 

available in general (supply) must first be estimated.  Table 3.2 lists the techniques for 

this estimation in order of preference. 
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Table 3.2: Water Supply Estimation Techniques 
 

Technique Details 
Single station low flow 
frequency analysis 
(SSLFFA) 

This is the best possible way to estimate streamflow 
quantiles.  LFA program (EC, 1990) is suitable for this 
application. 

Anecdotal information Historical newspaper records or talking to long-time 
residents of the area can give an indication of water levels 
from the past.  These are always useful, and should be 
considered early in the process. 

Site visit/site flow 
measurements 

Specific site flow data give an idea of the flows at the site, 
and can be compared with other, long-term data.  Site visits 
are always important, and can be very useful for all aspects 
of a withdrawal study. 

Data transfer between 
sites on same watercourse 

Care must be taken to ensure that the watershed 
characteristics at both sites are similar; otherwise, 
comparison is not valid. 

Data transfer between 
watercourses 

Care must be taken to ensure that the watershed 
characteristics of watercourses are similar; otherwise, 
comparison is not valid. 

Regional low flow 
frequency analysis 
(RLFFA) 

This option is used where specific streamflow data are not 
available.  However, the existing work covering all of 
Ontario (CCL, 1995) does not consider the last 20 years of 
data, which influences the low flow estimates, and therefore 
may no longer be entirely representative of the watercourse.  
CCL (1995), MacLean and Watt (2005) are good sources of 
RLFFA data. 

Field measurement 
program 

In all instances, a field visit should be made to identify any 
particular constraints, but in some cases, a field 
measurement program will be the only means of estimating 
flow values.  However, only one year of field measurement 
is of minimal use, unless that year is a dry year. 

*Note: Consideration of the seasonal aspects of the desired withdrawal and the seasonal aspects of the flow characteristics are 
important.  If the withdrawal is meant to be in the summertime, and the stream dries up every summer, there is no need to look for 
stream gauge information, or transfer data from one site to another, the two cannot work together.  There also needs to be 
consideration of regulation (water control structures) in the system.  Depending on when the structure was constructed, and where it is 
located with respect to the site of interest and the available data, the available data may not represent the flow characteristics of the 
site. 
**Note:  SSLFFA is only applicable if the proposed withdrawal is close to the hydrometric station.  If not, then a transfer must be 
used. 
 

If the proposed withdrawal site is near a gauge station with an adequate period of 

record (~25 years), then the LFA (EC, 1990) program is suitable to do single station low 

flow frequency analysis.  In addition, the IHA (Nature Conservancy, 2005) program can 

highlight low flow periods, their magnitude and duration.  The period of record at the 

stream gauge station may not be long enough to highlight flow periods of the past, and 
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adjacent gauge stations with longer periods of record, as well as anecdotal information, 

should be used to outline these conditions. 

If the proposed withdrawal site is not close to a stream gauge station, the stream 

gauge data can be related to other sites on the creek through the simple relationship of 

flow to drainage area as shown in equation 3.2 (Watt et al., 1989, Maidment, 1993). 
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The proposed withdrawal being located between two existing stream gauge stations 

is best, as a long-term relationship between the two sets of data will help establish a value 

of “n”.  In most cases, there is only one station nearby, which makes an estimation of “n” 

much more difficult.  Watt et al. (1989) state that the ratio of Au to Ag (ungauged site to 

gauge site) should be between 0.5 and 2, and the value of “n” should be between 0.6 and 

0.9.  If no other data are available, a preliminary value of 0.8 is recommended.  

Maidment (1993) states that “n” should be less than 1.   

It is accepted that low flows are directly related to drainage area, so if there is no 

gauge station on the creek, then the flow data from an adjacent watercourse stream gauge 

station can be related through a simple area relationship (equation 3.3), or through a 

multiple regression technique (as referenced in Chapter 2), though more costly due to 

increased time and data demands, it is more accurate. 
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An alternative is to compare field measured flows to adjacent stream gauge data.  

The ratio between the SSLFFA data of the adjacent stream gauge, and the flow from the 

stream gauge the same day as the measurement, for a unit area, should be similar to the 
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ratio for the other watercourse (equation 3.4).  Measuring the flow at the site of interest 

can then give an indication of the 7Q20 using this ratio. 
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If no gauge station data exists, or it is not appropriate to use, then a Regional 

Analysis can be used.  Only one RLFA is available across the entire province, the CCL 

(1995) work.  Additional regional analysis work may be available in other areas of the 

province. 

If all other information is unavailable, then the best option is to conduct field 

measurements of the site to estimate the supply using Manning’s equation and a stage-

discharge curve. 

Table 3.3 details where to find the data useful for estimating water supply.  Figure 

3.1 is a flow chart showing the general decision making process for estimating water 

supply. 
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Table 3.3: Water Supply Estimation Data 
 

Method of Estimation Where to find the data 
Hydrometric station 
records/site flow data 

• EC – HYDAT Database 
• Local CA 
• MNR (where there is no CA) 
• Municipality 

Anecdotal information • Newspapers 
• Local CA 
• Local government 
• Long-time residents 

Transfer from adjacent 
watershed 

• EC – HYDAT Database 
• Local CA 
• MNR (where there is no CA) 
• Municipality 

Regional analysis1 • CCL (1990)2 
• CCL (1995) 3 
• OFAT - MNR(2003) 3 
• McLean and Watt (2005) 4 
• Local CA 

1: Moin and Shaw (1985) may include useful information, including BFI, MAR, etc. 
2: Single station low flow frequency analyses for many Ontario stream gauge stations 
3: For all of Ontario 
4: For the Oak Ridges Moraine only 
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Figure 3.1: Water Supply Flow Chart 
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3.3 Water Demand 

Once the supply has been estimated, the existing demand must be quantified.  This 

demand ranges from municipal drinking water withdrawals to requirements for fisheries, 

to requirements for flood and geomorphology maintenance flows.  These ecological, 

recreational, and hydraulic maintenance flow requirements must be removed from the 

water supply amount to properly consider the water for withdrawal.  In some cases, the 

demands may be coincident, for instance, dilution flow for a wastewater treatment plant, 

and flow to maintain fish habitat. 

Although in most cases proposed water takings will be either yearlong (e.g. 

municipal supplies) or summer season (e.g. agriculture, golf course), in some cases they 

may be at the same time as flood or sediment mobilization flows (e.g. reservoir filling).  

Therefore, in the interest of generality, the impacts of these flows are to be included. 

3.3.1 Stream Regime 

  As mentioned in the literature review, the physical attributes of the stream should 

be maintained.  Table 3.4 details the locations where information pertinent to stream 

regime demands may be found.  The demand of each must be included in the overall 

water demand of the watercourse.  These stream regime demand requirements vary over 

the course of the year, and may not be pertinent to the proposed withdrawal timing. 
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Table 3.4: Stream Regime Demand Requirements 
 

Existing Requirement Where to find the data 
Flood flows • Local watershed managers 

• Local CA 
• MOE 
• Local researchers1 

Geomorphology • Local watershed managers 
• Local CA 
• MOE 
• Local researchers1 

Low flows • Local watershed managers 
• Local CA 
• MOE 
• Local researchers1 

1: Local researchers from a university, federal department (DFO, EC, NWRI, NRC) or a provincial department (MOE, MNR) who 
may be gathering data on the stream of interest. 

3.3.2 Anthropogenic Requirements 

Human uses of the water must also be considered in relation to a proposed 

withdrawal.  All existing PTTW in the watercourse are added to the water demand 

consideration.  In Ontario, existing permits take precedence over new permits.   

There are also existing users who do not have a PTTW, and must be considered 

with respect to additional water withdrawals.  These users may be very difficult to track 

or estimate.  The use of property roll, Official Plan, Zoning By-Law maps and air photos, 

as well as a site visit to the watercourse and travelling upstream and downstream to look 

for intakes may be the only way to identify these users for the purposes of inclusion in 

the study.  Table 3.5 outlines some of the anthropogenic water demands, and where to 

find detailed information about them. 
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Table 3.5: Anthropogenic Demand Requirements 
 

Existing Requirement Where to find the data 
Permitted (PTTW) Uses  
Domestic withdrawals • MOE 
Municipal systems • MOE 

• Municipality 
• OCWA (Ontario Clean Water Agency) 
• Plant Operator 

Agricultural withdrawals • MOE 
• deLoe (2002) 
• Ministry of Agriculture, Food and Rural Affairs 

Industrial withdrawals • MOE 
Commercial withdrawals • MOE 
Non-Permitted (PTTW) Uses  
Domestic withdrawals • Municipality 

• Estimation through property roll mapping 
• Official Plan mapping 
• Zoning By-Law mapping 
• Air photos 
• Site visits 

Agricultural withdrawals • Municipality 
• deLoe (2002) 
• Ministry of Agriculture, Food and Rural Affairs 

Fire fighting withdrawals • Municipality 
Sewage treatment plant 
dilution 

• MOE 
• Municipality 
• OCWA 
• Plant Operator 

Other uses without a permit • Municipality 
• MOE 
• Local CA 
• Site visits 

 

Some streams are also highly sought after for recreational purposes.  Table 3.6 lists 

examples of the types of recreational uses to be considered, and where the information 

will be found. 
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Table 3.6: Recreational Demand Requirements 
 

Existing Requirement Where to find the data 
Boating • Municipality 

• Recreation clubs 
• Marina 

Swimming • Municipality 
• Recreation clubs 

Fishing • MNR 
• Local fishing clubs 
• Federation of Anglers and Hunters 

3.3.3 Ecological Requirements 

There are a number of ecological uses that could be affected by a withdrawal, but 

that do not necessarily have a data record, or a set requirement for use.  Table 3.7 lists 

some specific ecological requirements, and where to find information pertaining to them. 
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Table 3.7: Ecological Demand Requirements 
 

Existing Requirement Where to find the data 
Fish habitat, spawning and 
rearing 

• MNR 
• DFO 
• Fishing clubs 
• Federation of Anglers and Hunters 

Fish requirements: depth, 
velocity, temperature, oxygen, 
etc. 

• DFO  
• Textbooks (Scott & Crossman, 1998) 
• Local research 

Existing commercial fisheries • MNR 
Existing distressed fisheries • MNR  

• DFO 
Invasive species • MNR  

• DFO 
Benthic invertebrates • Local CA 

• EC 
• MOE 

Other aquatic species • MNR  
• Local CA 

Flora • Local CA 
• Local nature clubs 

Wetlands • MNR  
• Local CA 

Other plants which have 
particular water requirements 

• MNR  
• Local CA 

Water chemistry • MNR  
• MOE 
• Local CA 

 

Particular requirements related to ecological needs may already be identified from 

previous work; and these could include a specific flow or condition (depth) which relates 

to flow.  A variety of simple IFR methods can be used to estimate demand, or a more 

complex method can be used.  There is a need to know what fish species are present in 

the watercourse, and the location of any critical habitat, in order to provide sufficient 

protection. 
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3.3.4 Specific Demand Steps 

The above noted information can be considered in the following step-wise 

fashion, as shown in Figure 3.2.  The individual existing demands are in most cases 

added up to calculate the overall demand.  However, some demands are coincident, and 

do not need to be added.  For instance, a PTTW withdrawal removes water from the 

watercourse, and it must be added to the overall demand.  But a required flow for fish 

spawning upstream of the PTTW withdrawal does not necessarily need to be added to the 

overall demand (assuming the spawning flow is lower than the PTTW withdrawal) as the 

flow is already accounted for by the PTTW demand.  Consideration for the variation in 

timing of the demand (time of day, season) must be included in the overall demand.  

Hydraulic Requirements 

• Some watercourses will have specific hydraulic needs that need to be maintained, 

such as flow for dam operations, hydroelectric power generation, low flow 

augmentation, geomorphology, sediment movement, and floodplain management.  

These specific flow needs, if they exist, will be accessible through the MNR, 

MOE, local CA, or DFO. 

Are there PTTW in the watershed? 

• The PTTW list maintained by MOE is the place to find the relevant information 

such as location, volume of taking, timing of taking, etc.  The permitted taking is 

in some cases the maximum amount expected to be withdrawn, and is not 

necessarily the actual amount being taken.  In some cases, actual use data will 

exist (water treatment plants, large industrial users). 
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Figure 3.2: Water Demand Flow Chart 
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• In addition, the consumption of the withdrawal must be considered.  In some 

cases, the water is withdrawn from the watercourse, and much of it is returned a 

short distance downstream.  In this case, only the “consumed” portion of the 

withdrawal is added to the demand.  Estimates of percent consumption for various 

water taking uses are given in AquaResource Inc. (2004) and MOE (2006). 

Are there unpermitted/nonpermitted withdrawals in the watershed? 

• In addition to the PTTW, not all takings are issued permits, and there may be 

some withdrawals that cannot be noted through contact with the MOE.  A site 

visit will give an indication of any existing withdrawals in the vicinity.  Using 

parcel fabric, Official Plan, and Zoning By-law maps for the general area of the 

taking will give an indication of the number of lots that abut the watercourse and 

their designated land use.  An approximate estimate of the number of possible 

withdrawals can be obtained by assuming specific takings per lot (domestic, 

agricultural, commercial, or industrial).  Possible future users must also be 

estimated.   

Dilution Requirements 

• In some cases, the Certificate of Approval for a wastewater treatment plant 

includes a requirement for a minimum dilution flow in the watercourse to allow 

proper assimilation of the treated wastewater.  This information will be obtained 

through MOE or the operator of the plant.  Industrial discharge information 

should also be considered at this point. 
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Recreational Requirements 

• In most cases, recreational requirements will only be considered on larger 

watercourses.  These could include downstream boating requirements for depth, 

or sufficient flow for safe white-water rafting.   

Ecological Requirements 

• In most cases in Ontario, the ecological requirements of a stream are not known; 

however, some indication of the type of aquatic species present can be obtained 

through MNR, local CA, or DFO.  Knowing the species present will provide a 

general guideline to the volume, depth, and timing of flow required.  Lane et al. 

(1996a, 1996b, 1996c) and Scott and Crossman (1998) are very helpful in this 

respect.  This requirement may include flows to encourage fish spawning, flows 

to maintain adequate depth over spawning beds, or maintaining connectivity 

during low flow periods.  Some specific flow statistics could be used to estimate 

an ecological flow, including Tennant (1976), Tessman (1980), Flow Duration 

Curve (Karim et al., 1995) and PHABSIM (Milhous et al., 1989) among others.  

The Source Water Protection guidelines recommend a minimum ecological flow 

requirement of the monthly lower decile flow (similar to the Flow Duration Curve 

method), or the use of the Tessman (1976) method (MNR, 2007). 

3.4 Comparison of Supply to Demand 

Once both the existing supply and demand are known, a comparison with relation 

to the proposed withdrawal, and a determination of whether the withdrawal will or will 

not affect the watercourse, and to what degree, is made (step 5). 

Water available for withdrawal = Water supply – Existing water demands  (3.1) 
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If the water supply is greater than the water demand, the difference is the amount of 

water available for withdrawal.  As long as the proposed withdrawal is less than the 

amount available, then the proposed withdrawal would be expected to maintain 

protection of the watercourse and other users.   

However, using the entire amount of water available may not be allowed, as MOE 

may want to consider other future users of the water, and maintain capacity for additional 

future use.  MOE may also require a monitoring program be initiated to re-evaluate the 

supply versus demand relationship in the future, in order to reconsider existing PTTW, 

and properly consider future proposed withdrawals. 

The data available and the estimation techniques that can be used with that data will 

result in differing uncertainty in the estimated values of both supply and demand.  The 

relative risk available for the withdrawal must also be considered to decide which supply 

and demand values are the most appropriate estimates.  A water treatment plant, or 

another proposed use with a large expense of infrastructure, will need to have minimal 

risk of the withdrawal being cancelled or temporarily suspended; therefore the certainty 

of the supply must be maintained.  In this case, work that is more detailed must be done, 

and using longer-term data such as hydrometric station data is needed to estimate the 

supply.  Conversely, a proposed withdrawal that is less at risk if the withdrawal must be 

temporarily suspended (agriculture, recreation, etc.) can allow more uncertainty in the 

supply estimation, and less work (and data) is needed to estimate supply. 

The same is true on the demand side.  The existing demands on the watercourse 

need to be quantified in a much more detailed manner if the risk associated with 

suspension is higher.  A water treatment plant cannot afford to be shut down for any 
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length of time due to shortage of intake water, as in Ontario older withdrawals take 

preference over newer withdrawals.  Similarly, an industrial user that relies on sufficient 

water to run their manufacturing processes must also have a reliable supply.  An 

irrigation operation, or a recreation operation, has much more leeway when it comes to 

supply. 

If the withdrawal is high risk related to suspension, and minimal supply and 

demand data exits, the proposal should not be approved without further work, including 

field monitoring to increase confidence in the data. 

In the absence of any quantifiable existing requirements, the general MOE 

guideline “established the concept that no single taking can exceed 10% of the 

instantaneous streamflow present at the time and location of the taking” (Gartner Lee 

Ltd., 2002).  This may be used if necessary, but it is not recommended unless no other 

options are available. 
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Chapter 4 Case Study – Millhaven Creek 

The methodology as outlined in Chapter 3 is brought together in this chapter with 

a case study relating to Millhaven Creek, west of Kingston, Ontario.  In addition, two 

other creeks adjacent to the Millhaven Creek watershed are used for comparison purposes 

(Collins Creek to the east, and Wilton Creek to the west). 

4.1 General Information 

For the time being, the proposed withdrawal information will be ignored.  It will 

be used later to compare supply and demand values. 

Millhaven Creek is not a “high-use” watershed, as defined by MOE (2005).  It has 

run dry only once in the period of record (1968-2005) and that was in 2001, one of the 

driest summers in recent years, so it is not an intermittent watercourse.  The main portion 

of the creek, where the case study will focus, is greater than a second order stream (as 

seen in Figure 4.1), though some tributaries to the main watercourse are first and second 

order streams.  There is a municipal drinking water intake on the creek, as well as a 

wastewater treatment plant discharge.  The municipal drinking water intake is from 

Sydenham Lake, in the upper portion of the watershed, and does not directly affect flows 

in the lower free-flowing portions of the creek (downstream of Wilton Road Dam).  The 

wastewater treatment plant is in the lower portion of the creek.  There are four water 

control structures located on Millhaven Creek.  The Wilton Road Dam operates from 

April to October, and stores spring freshet flows to provide augmentation of flow 

throughout the summer months.  This raises the summer low flow values, and changes 

the relation between adjacent watercourses.  The Sydenham Lake Dam operates all year 

round, maintaining the level of Sydenham Lake; the flows over the dam do not 
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necessarily influence the flows downstream of the Wilton Road Dam (M.M. Dillon, 

1991) due to storage in a large wetland acting as a buffer between the two.  The other two 

dams (Potters and Babcock Mill) have minimal influence on flows, and have rarely been 

operated in recent years.  Figure 4.1 shows the general layout and features of the creek. 



47 

 
Figure 4.1: Millhaven Creek General Layout 

Data from CRCA, MNR (2006) 
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Hydrometric Station 

There are two streamflow gauging stations on Millhaven Creek that are 

maintained by the WSC.  One (02HM006) has been in operation since 1968 (continuous 

since mid-June 1970), and the other (02HM011) has operated since mid 2006 

(Environment Canada, 2007).  The older station will be used for calculating flow 

statistics, as the more recent station has not been operating long enough to provide 

sufficient data.  Figure 4.2 shows the average daily flows (thin light line) compared to 

2005 daily flows.  This gives an indication of the general flow variation over the year.  

For comparison, 2000 (wet year) and 2001 (dry year) are shown in Appendix A. 

Figure 4.2: Millhaven Creek Average Annual and 2005 Hydrograph 
Source: Environment Canada, 2007 
 
Table 4.1 lists some of the statistical flow values calculated from the gauge station 

data.   
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Table 4.1: Millhaven Creek Flow Statistics (1970 – 2005) 
 

Duration Statistic Value  
(m3/s) 

Mean 1.99 
Maximum 2.70 

Annual 

Minimum 1.20 
Maximum 4.70 (April) Monthly 
Minimum 0.31 (August) 
Maximum 26.4 
Minimum 0 

Daily 

Median 1.05 
 7Q20 0.02 

 
A table of the monthly means is presented in Appendix A, as is a table of annual 

and monthly flow duration values.  Both tables can be used to indicate how often 

particular flows can be expected. 

4.2 Water Supply 

Following the methodology of Chapter 3, the initial estimation of water supply 

will use the hydrometric station data, and SSLFFA, with the LFA program (EC, 1990).  

Table 4.2 outlines various low flow frequency analysis data.  This assumes that the 

proposed withdrawal is located at or near the hydrometric station. 
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Table 4.2: Millhaven Creek Low Flow Analysis Values 
 

Flow Statistic 1 Day 
Duration 

(m3/s) 

3 Day 
Duration 

(m3/s) 

7 Day 
Duration 

(m3/s) 

15 Day 
Duration 

(m3/s) 

31 Day 
Duration 

(m3/s) 
Mean 0.084 0.095 0.108 0.123 0.150 

Minimum 0 0 0 0.001 0.005 
1.005 year 0.284 0.292 0.316 0.357 0.469 
1.010 year 0.260 0.269 0.293 0.330 0.431 
1.111 year 0.166 0.180 0.198 0.224 0.283 
1.250 year 0.131 0.145 0.161 0.183 0.227 
2.0 year 0.074 0.086 0.099 0.113 0.135 
5.0 year 0.032 0.039 0.050 0.057 0.067 
10 year 0.016 0.021 0.031 0.035 0.042 
20 year 0.007 0.009 0.018 0.021 0.026 
50 year no value no value 0.008 0.010 0.014 
100 year no value no value 0.003 0.004 0.008 
200 year no value no value no value 0 0.005 

Return Period 
of Zero Flow 

42 years 44 years 180 years 219 years  

* The “return period of zero flow” is the expected probability (in years) that the stream will run dry.  The term “no value” indicates 
that the stream is expected to run dry before this expected return period.   
Data that is more detailed is presented in Appendix A. 
 

The IHA program (Nature Conservancy, 2005), as noted in Chapter 3, can also be 

used to provide similar information about the flow regime of the watercourse, using 

stream gauge data as available.  This information includes 7Qmin for any given year, the 

duration of low flow periods, and monthly mean flow values.  These can all be very 

useful to identify expected flow conditions, and can be used as input to LFA (EC, 1990) 

for SSLFFA.  Appendix B contains excerpts from the data output of IHA for Millhaven 

Creek.   

Anecdotal Information 

There is not much anecdotal information available for Millhaven Creek relating to 

low flow conditions.  Available information is summarized in the reports for the 

Millhaven Creek Flood Risk Mapping Study (M.M Dillon, 1989), the Millhaven Creek 

Low Flow Study (M.M. Dillon, 1991), and the Millhaven Creek Instream Flow 
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Requirements Pilot Project (CRCA, 2005).  Possibly the most important piece of 

anecdotal information to this work is that the creek historically experienced low flows in 

the late August to early October period.  The Wilton Road Dam was constructed in 1974 

to store the spring freshet and provide low flow augmentation through the summer 

months for the drinking water intake, and dilution for wastewater discharge.  Since the 

dam was constructed, the low flow period has moved to July and August. 

The other very important piece of anecdotal information is the fact that the creek 

ran dry in 2001, no longer being able to meet the downstream riparian demands, or the 

dilution requirements of the wastewater treatment plant. 

Transfer Gauge Data to Another Site on the Watercourse 

If the proposed withdrawal is not at the hydrometric station location, then a 

transfer of the data from the station to the site of interest is necessary. 

In addition to the stream gauge station, specific site flow measurements have been 

made for a variety of sites along the creek from 2003 to 2007.  It can be seen from the 

monthly means table in Appendix A that these years are approximately average flow 

years, with the summer of 2005 being a reasonably dry period.  Figure 4.3 shows the 

location of the monitoring sites.  Table 4.3 identifies the locations, site name, and 

drainage area to the site.  Appendix C details the sites, dates, and comparison to the 

average daily flow recorded at the Millhaven stream gauge the day of the measurement.  

It should be noted that during low flow measurements, the error associated with the 

velocity meter’s rating curve might be as large as or larger than the measured velocity (G. 

MacCulloch, Pers. Comm., 2007).  This is due to the velocity in the stream being so close 
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to the intercept of the meter rating curve equation.  This is an additional uncertainty to 

consider in the process. 

Figure 4.3: Millhaven Creek Flow Measurement Sites 
Data from CRCA 
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Table 4.3: Flow Measurement Sites on Millhaven Creek 

 
Site Name Location Drainage Area (km2) 

MC1 Behind Township works yard 179 
MC2 Doyle Road bridge 175 
MC3 Ham Road bridge 168 
MC4 Stream gauge station 143 
MC4a Tributary joining near stream gauge station 8.0 
MC5 Millhaven Road bridge 142 
MC6a Tributary joining downstream of Lucas Road 4.8 
MC6 Lucas Road bridge 132 
MC7 Babcock Mill pedestrian bridge 127 
MC8 Lennox & Addington County Road 2 bridge 126 
MC9 Rock Outcrop downstream of Highway 401 124 
MC10 Frontenac County Road 5 bridge 62 
MC11 Below Sydenham Dam 57 

* Area calculated using OFAT (MNR, 2003) 

 The flow at each site can be estimated using equation 3.2.   

n

g

u

g

u

A
A

Q
Q

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=        (3.2) 

The value of “n” was estimated using each individual flow measurement at the 

sites, however in these cases, the value of “n” varies greatly (ranging from -14.0 to 12.9), 

making the relationship not very useful (The full data set is presented in Appendix D).  

The calculated values of “n” are in many cases not within the expected ranges given by 

Watt et al. (1989) and Maidment (1993) (between 0.6 and 1).  Using the recommended 

value of 0.8 for “n” instead to estimate 7Q2 and 7Q20 for the sites, Table 4.4 shows the 

estimated 7Q2 and 7Q20 values for the sites. 
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Table 4.4: Flow Estimations for Measurement Sites using “n” = 0.8 
 

Site Name 7Q2 
(m3/s) 

7Q20 
(m3/s) 

MC1 0.118 0.022 
MC2 0.116 0.021 
MC3 0.113 0.020 
MC5 0.099 0.018 
MC6 0.093 0.017 
MC7 0.090 0.016 
MC8 0.090 0.016 
MC9 0.090 0.016 
MC10 0.051 0.009 
MC11 0.048 0.009 

 
Using a variation of this concept, if flow and area are assumed perfectly 

proportional, then the value of “n” would equal 1.  An estimate of Qmodelled (Qu) can then 

be made with equation 3.2, and can be compared to Qmeasured (Qg).  The box and whisker 

plot of Figure 4.4 shows the variation of Qmodelled/Qmeasured at each site; the upper whisker 

is the maximum value, the lower whisker the minimum value, the upper box extent the 

75th percentile and the lower box extent the 25th percentile.  Some values are close to 1, 

where they should be for a perfect flow to area relationship.  However, most values are 

not close to 1, as the relationship is not perfect.  There is error in the measurement of 

flow at the gauge, particularly in the low flow areas of the rating curve.  There is error in 

the measurement at the individual sites, through possibly uncalibrated meters, or staff 

measurement errors.  Moreover, additional characteristics of the watershed other than just 

area (geology, storage, etc.) also affect the flow at the sites. 
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Site to Gauge Flow Ratio Estimates 
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Figure 4.4: Site to Gauge Flow Ratio Estimates on Millhaven Creek 

 
In this case, the transfer of 7Q2, 7Q20 or other flow statistics can be made using 

this flow:area relationship.  Given the variation in the value of “n”, the variation of 

Qmodelled/Qmeasured, and the fact that the values of 7Q2 and 7Q20 using “n” = 0.8 appear very 

close to the SSLFFA estimates, using “n” = 0.8 is the best transfer method for the 

Millhaven Creek watershed. 

Transfer from Adjacent Watercourses 

There are watercourses to either side of Millhaven Creek which also have long 

term (~ 40 years) streamflow gauging station records, Collins Creek to the east 

(02HM005, from 1969) and Wilton Creek to the west (02HM004, from 1965) 

(Environment Canada, 2007).  Figure 4.5 shows the relative locations of the three 

watersheds. 
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Figure 4.5: Wilton, Millhaven and Collins Creek Watersheds and Stream Gauge Locations 
 
Data from CRCA 
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Wilton and Collins Creeks, while adjacent to Millhaven Creek, do not necessarily 

have the same watershed characteristics, though they are similar in a number of ways.  

Millhaven Creek is regulated, and neither Wilton nor Collins Creeks are regulated.  

Millhaven Creek has a large proportion of wetland/storage area; Wilton Creek has almost 

no wetland/storage area, while Collins Creek is between the two in terms of 

wetland/storage area.   

It is assumed that 7Q2 and 7Q20 are proportional to area.  If 7Q2 and 7Q20 are 

calculated for Collins and Wilton Creeks (Table 4.5) using LFA (EC, 1990), then those 

values can be transferred to Millhaven Creek using the area weighting method of 

equation 3.3.   

Table 4.5: Collins and Wilton Creek Transfer Statistics 

Statistic Collins Creek Wilton Creek 
7Q2 (m3/s) 0.0162 0.0158 
7Q20 (m3/s) 0.0001 0.0005 
Area (km2) 159.7 105.9 
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=        (3.3) 

Again assuming the site of interest is at the gauge station (for comparison 

purposes), then three estimates for 7Q2 and 7Q20 on Millhaven Creek can be calculated, 

one using Collins Creek data, one using Wilton Creek data, and one using a weighted 

average of the two combined (Table 4.6). 

Table 4.6: Estimated Millhaven Creek Flow Statistics  
from Other Stream Gauge Data 

 
Flow Statistic From Collins 

Creek 
(m3/s) 

From Wilton 
Creek 
(m3/s) 

From Area 
Weighted 
Average 

(m3/s) 

Calculated 
with LFA 

(m3/s) 

7Q2 (m3/s) 0.018 0.012 0.015 0.099 
7Q20 (m3/s) 0.0001 0.0004 0.0002 0.018 
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The estimated values are off by a considerable amount, an order of magnitude.  

This could be largely because the Millhaven Creek watershed is a regulated watershed, 

and neither Collins nor Wilton Creeks are regulated.   

In most cases, the watershed characteristics are very similar.  However, the flows 

themselves do not appear to be very similar.  This could again be due to regulation and 

the flow augmentation that occurs in the Millhaven Creek watershed, which creates 

higher flows during the typical low flow months.  Collins and Wilton Creeks both dry up 

more often, and earlier in the year, than Millhaven Creek.  Otherwise, the flow regime 

timing is very similar between the three creeks, though the magnitude may not be 

(CRCA, 2005).  This can be illustrated by comparing flow duration curves and 

hydrographs between the three creeks.  These are presented in Appendix A. 

Regional Analysis 

In this case (Millhaven Creek), a regional analysis is not needed, as estimates 

based on stream gauge data are much more reliable.  However, in the interests of a 

complete case study, it can be assumed for the moment that there is no hydrometric 

station, and the regional flow analysis option can be assessed. 

Three regional flow analysis reports may be useful for estimating flow on 

Millhaven Creek, Moin and Shaw (1985), Cumming Cockburn Ltd (1990) and Cumming 

Cockburn Ltd (1995).  As mentioned in Chapter 3, caution should be exercised when 

using regional analysis work that does not include recent data. 

The CCL (1995) study provides four different techniques for low flow estimation, 

a regression method, an index method, a proration method, and an isoline mapping 

method.  However, it was also found that only the isoline mapping method provides 
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satisfactory low flow value estimations for south-eastern Ontario (others typically 

overestimated) (CCL, 1995).   

Isoline Method 

Table 4.7 shows the multipliers, and estimated low flows, for the flow 

measurement sites along Millhaven Creek, based on the isoline figures in the CCL (1995) 

report. 

Table 4.7: Low Flow Frequency Analysis Isoline Values (CCL, 1995) 
 

Site Drainage Area 
(km2) 

7Q2 
(m3/s / 1000 km2) 

7Q2 
(m3/s) 

7Q20 
(m3/s / 1000 km2) 

7Q20 
(m3/s) 

MC1 178.8 0.5 0.089 0.25 0.045 
MC2 174.7 0.5 0.087 0.25 0.044 
MC3 168.1 0.5 0.084 0.25 0.042 

MC4** 142.9 0.5 0.071 0.25 0.036 
MC4a* 8.02 0.5 0.004 0.25 0.002 
MC5 142 0.5 0.071 0.25 0.036 
MC6 132.2 0.75 0.100 0.25 0.033 

MC6a* 4.76 0.75 0.004 0.25 0.001 
MC7 126.5 0.75 0.095 0.25 0.032 
MC8 126.3 0.75 0.095 0.25 0.032 
MC9 124 0.75 0.093 0.25 0.031 
MC10 57.3 0.5 0.029 0.05 0.003 
MC11 57.3 0.5 0.029 0.05 0.003 

* Tributaries to Millhaven Creek.  ** Stream Gauge Station 

 The estimated low flow values at the gauge station using this method compare 

reasonably well to those calculated using low flow frequency analysis and the updated 

flow data, though still overestimating the flows at less frequent return periods. 

Field Measurement 

If all the other methods are unusable due to lack of data, the remaining option is 

to go to the proposed withdrawal site and conduct cross-section and profile surveys of the 

watercourse, along with flow and depth measurements on a recurring basis.  Flow can 

then be estimated using these data and Manning’s equation.  In effect, with multiple 
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depth measurements, or flow measurements, over the course of time, a rating curve can 

be constructed at the site.  In some cases, the installation of a temporary hydrometric 

gauging station may be warranted. 

Regulation 

The SSLFFA can be done with regulated streams (as is seen here), but the 

analysis is worthwhile only if the regulation has been the same over the period of record, 

and will continue to be the same for the future.  In addition, a regional analysis has a 

higher uncertainty for regulated streams, as usually only naturally controlled streams are 

used for such analyses.  When comparing between two streams, one regulated, and one 

not, this is a less reliable method to estimate flows, as can be seen here. 

Table 4.8 summarizes the various water supply estimates calculated for Millhaven 

Creek.  The “best” estimate will depend on the particular withdrawal use, as discussed in 

Section 4.5. 

Table 4.8: Water Supply Estimates 
 

Method Water Supply 
(m3/s) 

SSLFFA : 7Q2 0.099 
SSLFFA : 7Q20 0.018 
SSLFFA : 7Q50 0.008 
SSLFFA : 7Q100 0.003 

RLFFA : 7Q2 0.071 
RLFFA : 7Q20 0.036 

Lowest Average Monthly Flow 0.31 (August) 
Lowest Daily Flow 0 

Anecdotal Low 0 
Watershed Transfer: Collins 7Q2 0.018 
Watershed Transfer: Wilton 7Q2 0.012 

Watershed Transfer: Combined 7Q2 0.015 
Watershed Transfer: Collins 7Q20 0.0001 
Watershed Transfer: Wilton 7Q20 0.0004 

Watershed Transfer: Combined 7Q20 0.0002 
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4.3 Water Demand 

As the methodology recommends, there are three general components to 

consideration of water demand, stream regime, anthropogenic use, and ecological use. 

4.3.1 Stream Regime 

During the winter months, there is concern by the CRCA, local municipality and 

residents along the creek that flows not fall below 1 m3/s at the stream gauge on 

Millhaven Creek, to minimize frazil ice formation, and possible ice-jam flooding (Paine, 

1999).  There is however no way to augment flow at this time of the year if it falls below 

this value. 

There is also an interest in keeping the areas of flat bedrock substrate wetted 

during extreme temperatures to minimize cracking and erosion during hot, dry periods 

and cold, freezing periods (CRCA, 2005).  However, this is not felt to be crucial for 

Millhaven Creek. 

4.3.2 Anthropogenic Uses 

Millhaven Creek has existing allocations of water, including dilution flow for the 

wastewater treatment plant (0.07 m3/s), water to run the Babcock Mill demonstration site 

(mean flow need varies over the April to October operating season, April: 0.109 m3/s, 

May: 0.063 m3/s, June: 0.100 m3/s, July: 0.031 m3/s, August: 0.031 m3/s, September: 

0.016 m3/s, October: 0.016 m3/s,) and other riparian (domestic and commercial) uses 

(0.007 m3/s) (M.M Dillon, 1991).  The location of these uses is shown in Figure 4.1.  At 

the time of the M.M. Dillon (1991) study, there was also a withdrawal allocation of 0.02 

m3/s from the creek for the Odessa water treatment plant.  This plant was 

decommissioned in 2000.  The M.M. Dillon (1991) study recommended a minimum 
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discharge from the Wilton Road Dam of 0.12 m3/s, which has been maintained (when 

possible) since that time.  There have also been seven historic PTTW issued in the 

watershed, of which three were longer-term direct withdrawals from the main creek 

channel.  There were two withdrawal permits still active as of September 2005, one is for 

the Water Treatment Plant in Sydenham (Q ~ 0.022 m3/s), which draws directly from 

Sydenham Lake and has minimal effect on the downstream creek flow, and the other is 

for a residential building water supply well near the creek in Sydenham (Q ~ 0.002 m3/s).  

Table 4.9 summarizes the existing anthropogenic demands. 

Table 4.9: Anthropogenic Demands 
 

User Existing Demand 
(m3/s) 

Wastewater Treatment Plant 0.07 
Babcock Mill (max) 0.11 

Babcock Mill (summer) 0.10 
Riparian Uses 0.007 
Total (April) 0.12 

Total (Summer) 0.11 
 
4.3.3 Ecological Uses 

The Millhaven Creek watershed is ideally suited for warm water fish species 

(M.M. Dillon, 1991).  The water level behind the control structures must be balanced 

with any flow augmentation to ensure adequate depth of water within the wetland areas to 

accommodate spawning, and consideration of connectivity throughout the watercourse to 

maintain sufficient habitat for rearing and feeding of the fish.  CRCA (2005) ran the 

HEC-RAS hydraulic water surface profile model created for the floodplain study by 

M.M. Dillon (1989), at a variety of low flow values, and found that the critical portion of 

the creek from a depth perspective is downstream of the Wilton Road Dam (flow site 

MC9) to the mouth.  It was seen that a large variation in flow does not correlate to a large 
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variation in depth in most cases.  The fish species present in the watershed are detailed by 

CRCA (2005), and presented in Appendix E.  Using Lane et al. (1996a, 1996b, 1996c) 

and Scott and Crossman (1998) to consider habitat water depths, most of the species will 

rely on the deeper water levels controlled by the structures and lakes of Millhaven Creek, 

while the very small fish such as minnow species will use the shallower sections of the 

creek.  As such, the water depth requirement for the stream portion of the creek is 

reasonably shallow, and therefore the required flow is not in fact very large to maintain 

this condition. 

Statistical Estimation Methods 

Three of the simplest statistical instream flow recommendation techniques are the 

Tennant (1976), Tessman (1980) and Flow Duration Curve (Karim et al., 1995) methods.  

These three methods are all based on stream flow records, and must have hydrometric 

station data to be calculated.   

The Tennant (1976) recommendations are based on the mean annual flow (MAF), 

in this case 1.99 m3/s.  The specific recommendations of the Tennant (1976) method are 

detailed in Table 4.10.  Table 4.11 compares the existing flow conditions to the Tennant 

(1976) recommendations. 

Table 4.10: Tennant Method Flow Recommendations 
 

Percent of MAF Millhaven Creek 
Recommendation (m3/s) 

Flow Rating 

Oct - Mar Apr - Sep Oct - Mar Apr – Sep 
Flushing 200 200 3.97 3.97 
Optimal 60-100 60-100 1.19 – 1.98 1.19 – 1.98 

Outstanding 40 60 0.79 1.19 
Excellent 30 50 0.59 0.99 

Good 20 40 0.40 0.79 
Fair or Degrading 10 30 0.20 0.59 
Poor or Minimal 10 10 0.20 0.20 

Severe Degradation  <10  <10 <0.20 <0.20 
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Table 4.11: Tennant Method Comparison to Monthly Flows 
 

Month Mean 
Flow 
(m3/s) 

Category Median 
Flow 
(m3/s) 

Category Minimum 
Daily 
Flow 
(m3/s) 

Category 

Jan 2.38 Optimal 1.60 Optimal 0.24 Fair 
Feb 2.45 Optimal 1.59 Optimal 0.26 Fair 
Mar 4.57 Flushing 3.56 Optimal 0.34 Fair 
Apr 4.71 Flushing 4.18 Flushing 0.22 Poor 
May 1.66 Optimal 1.35 Optimal 0.06 Severe Degrad.
Jun 0.86 Good 0.59 Fair 0.04 Severe Degrad.
Jul 0.34 Poor 0.23 Poor 0.01 Severe Degrad.

Aug 0.31 Poor 0.17 Severe Degrad. 0.00 Severe Degrad.
Sep 0.77 Fair 0.22 Poor 0.00 Severe Degrad.
Oct 1.05 Outstanding 0.60 Excellent 0.01 Severe Degrad.
Nov 1.98 Optimal 1.62 Optimal 0.05 Severe Degrad.
Dec 2.77 Optimal 2.30 Optimal 0.43 Good 

 
As can be seen by Table 4.11, the Tennant (1976) recommendations do not fit 

with the flow variation of Millhaven Creek.  While the recommendations appear to be 

reasonable for the higher flow months, the low flow months of the summer are classified 

as severe degradation with existing flows.  Given that the creek is not in a state of severe 

degradation over the summer, and that the ecosystem has been stable for many years 

(CRCA, 2005) it can be concluded that the Tennant (1976) method is not appropriate for 

this creek. 

The Tessman (1980) recommendations are based on mean monthly flows (MMF) 

as well as MAF.  Table 4.12 details the specific monthly Tessman (1980) 

recommendations. 
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Table 4.12: Tessman Method Flow Recommendations 
 

Month MMF 
(m3/s) 

MMF < 
0.4MAF 

MMF > 
0.4MAF 

0.4MMF 
< 

0.4MAF 

0.4MMF 
> 

0.4MAF 

Recommended 
Flow 
(m3/s) 

Exceedance 
(%) 

Jan 2.38 N Y N Y 0.95 76 
Feb 2.45 N Y N Y 0.98 66 
Mar 4.57 N Y N Y 1.83 74 
Apr 4.71 N Y N Y 1.88 74 
May 1.66 N Y Y N 0.79 65 
Jun 0.86 N Y Y N 0.79 38 
Jul 0.34 Y N Y N 0.34 30 

Aug 0.31 Y N Y N 0.31 26 
Sep 0.77 Y N Y N 0.77 27 
Oct 1.05 N Y Y N 0.79 44 
Nov 1.98 N Y N Y 0.79 74 
Dec 2.77 N Y N Y 1.11 83 

*MAF = 1.99 m3/s If MMF < 0.4MAF, then monthly minimum recommendation is MMF. 
If MMF > 0.4MAF, then monthly minimum recommendation is 0.4MAF. 
If 0.4MMF > 0.4MAF, then monthly minimum recommendation is 0.4MAF. 

 
As was seen with the Tennant (1976) recommendations, the Tessman (1980) 

recommendations are also not necessarily regularly achievable over the low flow months 

(June to October).  As such, this method should also be rejected for use as an IFR for 

Millhaven Creek. 

The Flow Duration Curve method (Karim et al., 1995) relies again on the 

hydrometric station data, but it uses the monthly flow duration curve values (Appendix 

A) to estimate an IFR value.  The 90% exceedance value is recommended for normal 

months, and the 50% exceedance value is recommended for high flow months (in this 

case assumed to be mean monthly flows above the mean annual flow).  Table 4.13 shows 

the monthly-recommended values. 
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Table 4.13: Flow Duration Curve Method Recommendations 
 

Month 50% Exceedance 
Flow 
(m3/s) 

90% Exceedance 
Flow 
(m3/s) 

Recommended Flow 
(m3/s) 

January 1.60 0.66 1.60 
February 1.59 0.60 1.59 
March 3.56 0.87 3.56 
April 4.18 0.81 4.18 
May 1.35 0.19 0.19 
June 0.59 0.14 0.14 
July 0.23 0.08 0.08 

August 0.17 0.06 0.06 
September 0.22 0.07 0.07 

October 0.60 0.10 0.10 
November 1.62 0.33 0.33 
December 2.30 0.96 2.30 

Note: Italics indicate the recommended flow value. 
 

The recommendations from the Flow Duration Curve method fit much better to 

the actual flow conditions on the creek. 

The Tennant recommendations are based on the mean annual flow, and in the case 

of Millhaven Creek, do not appear to be reasonable as ecological protection flows, as 

they are not regularly achievable in any month.  The Tessman recommendations appear 

more reasonable for some months, but are still not regularly achievable during the low 

flow summer months.  The Flow Duration Curve values fit much better with the actual 

flow conditions of Millhaven Creek, and over the summer months fit well with the 

Wetted Perimeter recommendations (as shown in the next sub-section). 

Field Measurement Estimation Method 

Just as some IFR estimation techniques are based on flow records, others are 

based on specific site geometry.  A number of sites in the Millhaven Creek watershed 

have been the subject of cross-section surveys, which can be used to relate the 



67 

recommended flows to depths, and the changes in usable habitat area as detailed by 

Collings et al. (1972) and the Instream Flow Council (2002).  The inflection point in a 

chart of flow versus wetted perimeter indicates a significant change in useable habitat, 

and the related flow can be used as a recommended minimum flow requirement for 

habitat protection.  In addition, the flow required to maintain a particular connectivity or 

particular habitat site water depth could also be used as a recommended minimum flow. 

The cross-sections to be used here are: Doyle Road (MC2), which is rocky, with a 

varying cross-section, and reasonably deep water, Babcock Mill (MC7), which is a flat 

bedrock substrate, with quite shallow flow, and below Sydenham Dam (MC11), which is 

a sandy-gravelly substrate, with varying flow, and also home to Northern Pike rearing 

habitat, as it is just upstream from a large wetland area used for spawning.  The stage-

discharge relations were created through cross-section and profile surveys of the creek, 

and the use of Manning’s equation. 

Doyle Road 

Figures 4.6a and b are the cross-section at Doyle Road, and the stage-discharge, 

and flow versus wetted perimeter charts for the Doyle Road station. 
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Doyle Road Cross-Section 
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Figure 4.6a: Doyle Road Cross-Section 
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Figure 4.6b: Doyle Road Stage-Discharge-Wetted Perimeter Chart 
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There are four inflection points on the wetted perimeter chart, at flows of 0.1, 1, 

1.2 and 6.8 m3/s.  These flows correspond to depths of 0.32, 0.60, 0.65 and 1.3 m.  These 

depths in turn correspond to the first shelf in the channel, the second shelf in the channel, 

and the upper shelf and spill point.  The lower shelf also corresponds to the flow that is 

maintained down the creek through most of the summer months (0.12 m3/s). 

Babcock Mill 

Figures 4.7a and b are the cross-section, the stage-discharge, and flow versus 

wetted perimeter charts for the Babcock Mill station. 
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Figure 4.7a: Babcock Mill Cross-Section 
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Figure 4.7b: Babcock Mill Stage-Discharge-Wetted Perimeter Chart 

 
There is only one inflection point for Babcock Mill, at a flow between 0.02 and 

0.06 m3/s, where the wide, flat channel bottom fills with water.  The corresponding depth 

is between 0.03 and 0.06 m.  The next inflection would be when it spills its banks onto 

the floodplain, which is above the surveyed cross-section.  The inflection point flow 

maintains the entire width of the bedrock channel underwater, thereby protecting against 

drying and cracking, and is below the flow maintained in the creek during the summer 

months. 

Below Sydenham Dam 

Figures 4.8a and b are the cross-section, the stage-discharge, and flow versus 

wetted perimeter charts for the Below Sydenham Dam station. 
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Figure 4.8a: Below Sydenham Dam Cross-Section 
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Figure 4.8b: Below Sydenham Dam Stage-Discharge-Wetted Perimeter Chart 
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There are three inflection points on the Sydenham cross-section.  The lowest, at a 

flow of 0.08 m3/s, corresponds to a depth of 0.16 m, the second and third at a flow around 

2.5 m3/s, and a depth of 0.8 m.  These correspond to filling the bottom of the channel, and 

another depth that may spill onto the floodplain in a nearby section of the creek. 

Summary 

There is a much greater variety in ecological demand estimates than in the other 

use categories, or the supply estimates.  Table 4.14 summarizes the existing water 

demands.  As stated previously, the water demands are sometimes coincident in that they 

do not need to be added one on top of the other, but rather one demand can use the same 

water as another. 

Table 4.14: Existing Water Demands 
 

Use Water Demand 
(m3/s) 

Stream Regime 1.0 
Anthropogenic 0.12 

Ecological 
Doyle Road 0.1 

Babcock Mill 0.06 
Wetted Perimeter 

Below Sydenham 
Dam 

0.08 

Statistical Methods Tennant (1976)* Tessman (1980) Flow Duration 
Curve 

January 0.40 0.95 1.60 
February 0.40 0.98 1.59 
March 3.97 1.83 3.56 
April 3.97 1.88 4.18 
May 0.79 0.79 0.19 
June 0.79 0.79 0.14 
July 0.79 0.34 0.08 

August 0.79 0.31 0.06 
September 0.79 0.77 0.07 

October 0.40 0.79 0.10 
November 0.40 0.79 0.33 
December 0.40 1.11 2.30 

* assuming “Good” rating, except March and April, where “Flushing” rating is used. 
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Many of the IFR recommendation techniques are based on values calculated from 

the records of a hydrometric station.  Further, many of these recommendations are 

monthly value recommendations.  If no station data exist, then these values cannot be 

calculated, and a field method such as the wetted perimeter method should be used.   

This creates a new problem in that if there is a gauge station, then a variable IFR 

can be calculated, and transferred to different locations of the creek such as was 

discussed with water supply calculations.  If there are no hydrometric data, then the 

single site-specific values must be used.  The single IFR value is not recommended, as 

the variability of the supply, and the possibility of a withdrawal occurring at any time 

over the course of the year, means that a single IFR calculated for the summer months 

will be much too low for other months of the year.   

However, using just the one value could work as a lower bound condition, and 

when the streamflow falls below this value, all takings must then be stopped.  A similar 

concept to this has been used on Big Creek in the Long Point Region Conservation 

Authority (LPRCA, 2005), and has also been used for PTTW issued by the MOE in 

recent years, specifically on the OMYA withdrawal from the Tay River (W.E. Watt, Pers. 

Comm., 2007). 

4.4 Comparison of Supply to Demand 

 The existing water supply estimates are highly variable, depending on whether 

hydrometric data are available, and whether the proposed site is close to the station.  The 

actual water supply value to choose will be dependent on the data available, as well as the 

allowable risk associated with the withdrawal.  Table 4.15 shows the various water 
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supply estimates from Section 4.2 which can be compared to the supply estimates 

summarized in Table 4.14. 

Table 4.15: Water Supply Estimates 
 

Method Water Supply 
(m3/s) 

SSLFFA : 7Q2 0.099 
SSLFFA : 7Q20 0.018 
SSLFFA : 7Q50 0.008 
SSLFFA : 7Q100 0.003 

RLFA : 7Q2 0.071 
RLFA : 7Q20 0.036 

Lowest Average Monthly Flow 0.31 (August) 
Lowest Daily Flow 0 

Anecdotal Low 0 
Watershed Transfer: Collins 7Q2 0.018 
Watershed Transfer: Wilton 7Q2 0.012 

Watershed Transfer: Combined 7Q2 0.015 
Watershed Transfer: Collins 7Q20 0.0001 
Watershed Transfer: Wilton 7Q20 0.0004 

Watershed Transfer: Combined 7Q20 0.0002 
 
Table 4.16 shows the various existing water demands, as identified in Section 4.3. 
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Table 4.16: Existing Water Demands 
 

Use Water Demand 
(m3/s) 

Stream Regime 1.0 
Anthropogenic 0.12 

Ecological 
Doyle Road 0.1 

Babcock Mill 0.06 
Wetted Perimeter 

Below Sydenham 
Dam 

0.08 

Statistical Methods Tennant (1976)* Tessman (1980) Flow Duration 
Curve 

January 0.40 0.95 1.60 
February 0.40 0.98 1.59 
March 3.97 1.83 3.56 
April 3.97 1.88 4.18 
May 0.79 0.79 0.19 
June 0.79 0.79 0.14 
July 0.79 0.34 0.08 

August 0.79 0.31 0.06 
September 0.79 0.77 0.07 

October 0.40 0.79 0.10 
November 0.40 0.79 0.33 
December 0.40 1.11 2.30 

* assuming “Good” rating, except March and April, where “Flushing” rating is used. 
 
One obvious problem with comparison of the two estimates is that the water 

supply is typically estimated over 7 days, while the demand is typically estimated on a 

daily (PTTW) or monthly (ecological) basis.  The capability of LFA (EC, 1990) does 

allow for estimates on both daily and monthly scales, as well as any other day-based 

duration.  However, the longer the duration, the higher the flow value, as this is the 

average value over the duration.  This does not mean that the flow will not fall below that 

value for a shorter period within that duration.  Table 4.2 illustrates this, as the 1-day 

duration flows are the smallest. 
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4.5 Consideration of A Proposed Withdrawal 

As was stated previously, the specific risk related to a withdrawal being 

suspended is used to decide which method of supply and demand estimates are to be 

used.  In the case of a water treatment plant, which must maintain a reliable supply at all 

times, the gauge station analysis is critical.  Without these continuous data, the estimated 

supply cannot be adequately determined to ensure a reliable supply.  Other methods 

significantly underestimate the supply available. 

If a stream gauge station is present, supply can be estimated on almost a daily 

basis.  This is not the case if no stream gauge is in place on the watercourse.   

From a demand perspective, the stream regime and anthropogenic water uses are 

reasonably straightforward to quantify.  However, the ecological demands in particular 

are very hard to estimate.  As such, a larger degree of uncertainty is associated with them, 

and a larger factor of safety is associated with them. 

If the proposed use is to be a water treatment plant intake, the reliability of supply 

should be high; if the withdrawal is for a short one-time taking or a taking that can be 

easily stopped for a period of time, the reliability is much less important.  The amount of 

water available at other sites along the creek is easily estimated using the additional site 

flow data to compare between the flow duration data at the stream gauge station.  

However, other methods are not as reliable.  The CCL (1995) isoline method is 

reasonable, but may be an overestimate of the actual amount of water present during less 

frequent events.  This method can be estimated through the CCL (1995) mapping or from 

OFAT (MNR, 2003).  The transfer of flow values from one watershed to another using a 

simple area relationship does not appear to work well for the Millhaven Creek watershed. 
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The existing anthropogenic demands on the watercourse add up to approximately 

0.1 m3/s during the low flow months (dilution, Babcock Mill, riparian uses).  The stream 

regime demands are approximately 1 m3/s during the ice jam months (Dec., Jan, Feb), 

and appear to be around 0.06 m3/s during the low flow months to maintain wetting of the 

bedrock substrate. 

The Flow Duration Curve recommendation over the summer months is between 

0.06 and 0.08 m3/s, depending on the month.  This flow value is close to the M.M. Dillon 

(1991) recommended flow which has been maintained in the creek since that time (0.12 

m3/s), and corresponds to the inflection points of various cross-section wetted perimeter 

vs. flow relationships along the creek, which represent adequate habitat. 

In this case, the existing demand does not meet the existing supply for a portion of 

time over the course of the summer months.  As such, no additional PTTW can be 

approved for this period.  However, if there were a proposal to withdraw water during 

other times of the year, it could be considered, as the supply is greater than the demand.  

For those months, the Tessman (1980) recommendations could be sufficient, but may 

result in the withdrawal not having adequate water during certain periods.  The better 

recommendation would be the Flow Duration Curve method recommendations (Karim et 

al., 1995), which can be met 90% of the time over the summer months and 50% of the 

time over the higher flow months, and provide adequate water for the existing demands, 

as well as an amount for withdrawal. 

Comparing specifically to some examples of proposed withdrawals, the existing 

water treatment plant withdrawal in Sydenham is 0.022 m3/s, and the original water 

treatment plant withdrawal in the village of Odessa was 0.02 m3/s.  This could be 
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assumed a reasonable estimate of a future water treatment plant withdrawal as well.  In 

most months, a withdrawal of this rate could be met, given the existing supply and 

demand.  However, it could not be met throughout the year.  Table 4.17 summarizes the 

existing supply and demand considerations.   

Table 4.17: Existing Monthly Supply and Demand  
 

 Jan 
(m3/s) 

Feb 
(m3/s) 

Mar 
(m3/s) 

Apr 
(m3/s) 

May 
(m3/s) 

Jun 
(m3/s) 

Jul 
(m3/s) 

Aug 
(m3/s) 

Sep 
(m3/s) 

Oct 
(m3/s) 

Nov 
(m3/s) 

Dec 
(m3/s) 

Supply 
(Mean) 

2.38 2.45 4.57 4.71 1.66 0.86 0.34 0.31 0.77 1.05 1.98 2.77 

Supply 
(Med) 

1.60 1.59 3.56 4.18 1.35 0.59 0.23 0.17 0.22 0.60 1.62 2.30 

Supply 
7Q2 

     0.099 0.099 0.099 0.099 0.099   

Supply 
7Q20 

     0.018 0.018 0.018 0.018 0.018   

 
Demand 
(Str.) 

1.0 1.0    0.06 0.06 0.06 0.06   1.0 

Demand 
(Ath.) 

0.08 0.08 0.08 0.11 0.08 0.10 0.08 0.08 0.08 0.08 0.08 0.08 

Demand 
(Eco.) 

1.60 1.59 3.56 4.18 0.19 0.14 0.08 0.06 0.07 0.10 0.33 2.30 

Demand 
(Ex.) 

1.60 1.59 3.56 4.18 0.19 0.14 0.08 0.08 0.08 0.10 0.33 2.30 

* Low flows typically occur June to October 

As can be seen, the supply can meet the demand in most cases from November to 

May.  From June to October, the supply is greater than the demand on average, as well as 

50% of the time.  The average supply over 7 days will meet the existing demand in June 

and October, but approximately every 2 years will not be met from July to September.  

Further, the average supply over 7 days will not be met approximately every 20 years, 

from June to October.  Given that a water treatment plant will be expected to run every 

day, all year long, the additional withdrawal of 0.02 m3/s cannot be met by the supply on 

Millhaven Creek.  This is of course one of the reasons the Odessa water treatment plant 

was closed and the intake was moved to Lake Ontario. 
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Considering an agricultural use, in most cases these uses in the general Millhaven 

Creek area are less than 50,000 L/day, as they do not require a PTTW (CRCA, 2007).  

Assuming that the maximum volume is withdrawn, and the withdrawal is spread over 

approximately 4 hours each day, that equals a constant withdrawal of 0.003 m3/s.  

Looking back to Table 4.17, while the supply may not always meet the existing demand, 

one agricultural withdrawal can be met on average over 7 days almost every year.  

However, if six agricultural users were to take water at the same time, they could 

potentially dry up the stream during dry conditions.  This is an issue that has been seen in 

the Big Creek watershed in the Long Point Region Conservation Authority (LPRCA, 

2005).  The local users have agreed to stagger their withdrawals such that they do not 

take at the same time and dry the stream up. 

Considering residential uses, CRCA (2007) estimates water use of 0.2 

m3/person/day and estimates an average of 2.7 persons per household.  If this residential 

taking were spread over 6 hours, the constant withdrawal would be 0.00003 m3/s.  Again 

comparing to Table 4.17, this taking is so small as to not impact the existing demand at 

all.  However, if a number of new residences were built (around 100), and all took water 

from the creek, there could be an impact similar to one agricultural user.  This particular 

aspect could be considered for future water use on the stream.  In the case of Millhaven 

Creek, it is expected that the number of new residences along the creek will be minimal 

(CRCA, 2005). 

Considering an industrial use, it is assumed that the withdrawal would be 

somewhere greater than an agricultural use, but perhaps smaller than the municipal use.  

In that case, the withdrawal could not be met on a regular basis. 
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As was mentioned previously, these estimates were made using long-term 

hydrometric station data, and are the best supply estimates available.  Transferring these 

data to another site on the creek, or having to use one of the other supply estimation 

techniques would increase the uncertainty of the estimate, and a greater margin of safety 

should be used. 
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Chapter 5 Discussion and Summary 

This chapter starts with discussion of the case study itself, and problems that were 

not addressed in the case study.  In addition, the problems with the case study are 

discussed. 

The methodology as proposed worked reasonably well for Millhaven Creek.  

There are a variety of options in each step of the methodology, and these steps are where 

individual watercourse data will be needed, and where the specific methods may or may 

not work sufficiently. 

There were some obvious problems related to regional analyses that do not 

incorporate recent, important data, and comparing flows between regulated and 

unregulated watercourses. 

5.1 General Information 

The general information is the first part of the withdrawal proposal that must be 

obtained, and it is the easiest part to complete.  The proposed withdrawal information is 

an essential part of the permit application, and the “high-use” watershed designation map 

is provided in the PTTW Manual (MOE, 2005).  The first or second order watercourse 

designation can easily be determined through Ontario Base Mapping (MNR, 1999), or the 

MNR GIS hydrology mapping layer (MNR, 2006).  The intermittent watercourse 

designation probably requires a site visit, as well as discussion with the local 

conservation authority, or municipality. 

5.2 Water Supply 

The water supply estimation methods are accepted scientific techniques, but they 

can only be used if the appropriate data are available.  A sufficient period of record (~25 
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years) is needed to properly estimate return period flows using LFA (EC, 1990).  The 

IHA program can be used to minimize the analysis time of the HYDAT data.  It can 

provide estimates of the input values for LFA (EC, 1990) rather than using a spreadsheet 

to manipulate the data. 

The anecdotal information for Millhaven Creek was not sufficient to provide a 

specific water supply estimate on its own, but was helpful to support the other estimation 

methods. 

Transferring data from one location on a watercourse to another works reasonably 

well in this case, but is not as accurate as having long-term flow records at the site.  The 

recommended value for “n” of 0.8 works well.  In this case, the field data that was 

gathered in order to calculate values of “n” were gathered over the course of five field 

seasons, but they were generally during the drier part of the field season.  In addition, at 

least two of the five years were considerably drier than average.  The high variability of 

the calculated values of “n” can be attributed to this.  The problem associated with using 

small periods of field data is also highlighted by this, in that the period of measurement 

may not be representative of long-term conditions. 

There is a problem with prorating from one watershed to another in that more 

watershed characteristics than just area need to be considered to make this a feasible 

option (multiple regression), and in some cases the scope of the withdrawal would not 

warrant this extent of study.  The most appropriate use of the multiple regression method 

is through the creation of a regional analysis such as CCL (1995) or others mentioned in 

Chapter 2.  One significant problem in this case is transferring data from a non-regulated 

watercourse to a regulated watercourse. 



83 

The regional analysis work appears to be appropriate for the case study, but only 

the CCL (1995) isoline method works sufficiently for south-eastern Ontario, and may 

overestimate flows due to lack of recent data. 

The option of field measurement alone may be the only one available, but it 

cannot be relied upon to provide reasonable estimates of water supply unless it has been 

continued for a number of years. 

5.3 Water Demand 

5.3.1 Stream Regime Demands 

The stream regime demand considerations are straightforward, and should be 

easily discovered through consultation with local agencies. 

5.3.2 Anthropogenic Demands 

The anthropogenic demand considerations are also straightforward, and will 

mostly be found through the PTTW listing.  The non-permitted uses are more difficult to 

estimate, as they may only exist during very dry weather, when local residents install 

pumps in the watercourse to irrigate lawns and gardens, or water livestock.  In some 

cases, these non-permitted uses may be the only existing withdrawals from a watercourse.  

Estimation of future use may also be difficult, especially when considering residential 

uses on large properties that could be subdivided in the future. 

5.3.3 Ecological Demands 

The ecological water demands are much more difficult to estimate, and the 

methods may be entirely inappropriate for the site, as is seen with the case of Millhaven 

Creek and the Tessman (1976) method.  However, there are other existing methods than 

mentioned here that could be used to estimate a water demand based on the information 
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that can be gathered about a watershed.  Those methods based on a single flow statistic 

(Tennant, 1976 and mean annual flow) are probably not appropriate.  Even those methods 

that are based on a small number of flow statistics (Tessman, 1980, monthly mean flows) 

may also not be appropriate.  In this case, the flow method based on the full range of flow 

data (Flow Duration Curve, Karim et al., 1995) and then confirmed through additional 

means, is the best option for the stream.  In most cases, a statistical estimation technique 

based on the full range of flow is the best option for streams in Ontario.  However, there 

are places where more information is available (such as detailed habitat information) or 

more in-depth study is needed to address the withdrawal (such as a drinking water 

supply) where a more intensive method (such as PHABSIM) would be more appropriate. 

As was mentioned previously, no existing IFR methods have been derived using 

Ontario data, and therefore cannot be assumed to work in Ontario.  The inclusion of data 

up and downstream of the existing gauge station does prove more difficult using existing 

regional analysis methods, but the use of site specific flow measurement can be very 

useful in estimating flow at sites where hydrometric data do not exist. 

5.4 Comparison of Supply to Demand 

The comparison of supply to demand is not an easy task given the diversity of 

estimation techniques available, sometimes providing conflicting estimations.  In 

addition, in some cases there is a lack of data, which increases the uncertainty of the 

estimates.  It can also be made more difficult by the variation of both supply and demand 

over the course of the year.  It is best to consider the hydrograph and flow duration curve 

data, if available, which provide a way to consider variation in flow over the course of the 

year, and with respect to the proposed withdrawal. 
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data, if available, which provide a way to consider variation in flow over the course of the 

year, and with respect to the proposed withdrawal. 

The different time period for the supply and demand estimates can also be a 

problem.  Typically, the supply is estimated based on 7-day average flows, while the 

demand is estimated based on daily or monthly average flows.  The two can be used 

together, but the supply can also be estimated using any duration of day, provided 

adequate hydrometric data exist, and the use of the LFA (EC, 1990) program.   

Further consideration is needed with respect to the additional requirement of 

future use estimates.  It is unclear in the PTTW Manual whether a component of the 

available flow must be left for the consideration of future users, or whether the entire 

available flow may be allocated to one proposed withdrawal.  This may depend on the 

specific location of the creek, and the ownership of the land in the drainage area of the 

watershed.  If there were only one owner of all the land accessible to the creek, then it 

would be fair to award that owner all the water available for withdrawal.  If there are 

many owners, then future use will probably need to be considered.  It must be recognized 

however, that Ontario does not prioritize an allocation based on the specific use, or the 

watershed, but rather an allocation is prioritized purely on its order of permit issuance 

(MOE, 2005).  The Ontario Water Resources Act (Ontario, 1990) does provide the 

Minister the power to revoke, or modify, existing permits, if it is felt in the best interests 

of the watercourse, and the province. 

Future work could include a probabilistic approach where both supply and 

demand are represented by random variable to reflect uncertainties including the potential 

impacts of climate change. 
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The inclusion of a lower boundary flow, where the taking must be temporarily 

suspended, can also be used, and has been, to protect environmental demands.  In the 

case of Millhaven Creek, the lower bound condition would be 0.1 m3/s, and no 

withdrawals would be allowed when flow reaches that lower boundary. 

5.4.1 Consideration of Averaging Period and Storage 

One aspect of this problem that has not been addressed is the consideration for the 

averaging period, and storage.  Consider two farmers, one that must remove water 

directly from a creek for irrigation, and one that removes water from the creek to fill 

storage ponds, which are then used for irrigation withdrawals.  If the storage ponds can 

provide two weeks worth of storage, then even during the 7-day low flow, when the flow 

is too low for a withdrawal, that farmer will always have adequate irrigation water.  

However, the farmer that must remove water directly from the creek will not have 

adequate water when this low flow condition occurs. 

In these cases, the averaging periods used to consider supply and demand are 

critical to maintaining adequate water for the farmers.  In addition, consideration of 

storage is directly related to the averaging period that should be used. 

In addition, there is the need for consideration of the vulnerability of the 

withdrawal use.  A golf course, when water cannot be obtained, will be forced to stop 

watering the grass, and it will dry up and go into dormancy.  When water is again 

supplied, it will come out of dormancy and start to grow again.  If the withdrawal use is 

for a drinking water supply, the highest priority use of water as stated in Chapter 2, when 

the source cannot provide adequate water for withdrawal, it could create a human 

catastrophe, and this is to be avoided. 
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Chapter 6 Conclusions and Recommendations 

The objectives of this research are to develop a methodology and criteria for use 

a) in estimating water availability in streams across Ontario as it applies to withdrawals 

and b) estimating water demand (anthropogenic and ecological) and what information 

and/or methods should be used to do so.  Based on these objectives, the following 

conclusions are made: 

1. The estimations of available water for withdrawal is best achieved where long-term 

flow records are available for analyses. 

2. The Tennant (1976) method is not appropriate for Ontario streams.  The Tessman 

(1980) method is also not appropriate in its current form, but the general form could 

be used to prepare a specific Ontario version. 

3. Site visits are vital to any project such as this.  Without the site-specific flow 

information to compare to, these estimates would be much harder, and would have a 

much larger uncertainty. 

4. It must be noted that the existing Ontario wide regional analysis is based on old data, 

and there are 20-25 additional years of data available for use.  Those additional 20 

years of data change the frequency analysis data quite significantly, as has been 

shown here. 

5. Regulation of water control structures is an important factor to be considered when 

using models such as explored here.  Most models do not properly consider the 

change in flows that are a result of regulation.  This increases the uncertainty of the 

models on regulated watercourses. 
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6.1 Recommendations for Future Work 

There are a number of refinements that should be considered for future work 

concerning this methodology.   

The regional analysis work is outdated, and should be updated with the additional 

20 to 25 years of data that has been gathered since the time of the original work.  The 

hydrometric network has also changed, and is now a denser network than at the time 

these studies were prepared.  Updates of this work will provide much better flow 

estimation tools for PTTW consultants, as well as other watershed managers, and 

researchers. 

A full study to provide further verification of the Tessman (1980) method, and 

whether it can be modified to be used for Ontario watercourses. 

Modification of the PTTW Manual to include consideration of the averaging 

interval for the supply estimates, and the related consideration of storage. 

Consideration should also be given to uncertainty in the estimates of supply and 

demand, including that due to the potential impacts of climate change.  This will allow 

consideration of risk assessment and vulnerability.  As was discussed, a watercourse that 

provides drinking water to a municipality requires a greater degree of certainty in the 

supply and demand data than one that provides irrigation for a golf course, but other uses 

will have varying degrees of risk and vulnerability associated with them. 
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Table A.1: Millhaven Creek Monthly Mean Flows (m3/s) 
 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ann 
1968       0.43 0.15 0.78 0.36    
1969     2.55 1.46 0.63 0.73 0.23 0.30 1.53   
1970       0.31 0.15 0.18 0.42 1.58 1.55  
1971 0.69 0.78 3.84 8.57 2.01 0.58 0.34 0.30 0.18 0.16 0.27 1.67 1.61 
1972 1.06 0.93 1.95 11.50 3.18 2.30 1.30 0.67 0.31 1.54 3.37 4.43 2.70 
1973 4.69 3.57 6.47 5.22 2.23 0.99 0.23 0.15 0.16 0.24 1.13 2.72 2.31 
1974 7.08 3.06 4.08 6.91 2.64 0.91 0.38 0.17 0.11 0.10 0.48 1.58 2.29 
1975 2.55 1.80 5.72 5.25 1.48 1.16 0.21 0.08 0.21 0.14 0.66 2.26 1.79 
1976 1.45 4.65 12.90 5.02 1.87 1.45 0.60 0.26 0.19 0.44 0.66 0.61 2.50 
1977 0.36 0.53 8.13 2.81 0.62 0.30 0.18 0.29 0.48 2.56 2.48 3.21 1.84 
1978 4.20 2.77 5.16 8.33 1.43 0.59 0.10 0.04 0.14 0.20 1.12 2.39 2.20 
1979 2.69 2.34 7.45 4.96 1.39 1.05 0.24 0.19 1.10 2.39 2.85 3.83 2.54 
1980 2.10 0.73 5.13 4.64 3.11 0.41 0.22 0.79 1.42 1.73 2.37 3.92 2.22 
1981 0.74 9.02 2.99 1.01 0.97 0.63 0.43 0.65 5.82 2.61 2.92 1.23 2.36 
1982 1.36 0.64 3.90 7.60 0.56 2.42 0.36 0.09 0.82 1.37 2.08 3.33 2.04 
1983 2.17 3.26 2.33 3.44 3.54 0.23 0.07 0.15 0.15 0.64 2.65 4.59 1.93 
1984 1.21 5.71 2.87 6.02 1.28 0.66 0.27 0.82 1.48 0.75 0.92 1.44 1.93 
1985 1.45 2.83 6.85 3.22 0.26 0.18 0.20 0.15 1.25 1.76 2.93 1.65 1.89 
1986 2.44 1.62 5.10 1.72 1.07 2.01 0.32  2.38 4.44 2.04 3.27  
1987 1.37 0.54 5.08 5.31 0.26 0.20 0.27 0.31 0.80 1.06 2.69 5.72 1.97 
1988 1.47 2.04 4.14 2.96 0.46 0.21 0.13 0.09 0.26 0.37 1.38 1.00 1.20 
1989 1.06 1.22 3.28 3.15 2.31 0.67 0.24 0.15 0.17 0.38 2.71 1.16 1.37 
1990 2.32 3.62 4.56 3.86 2.44 0.99 0.30 0.17 0.14 1.59 1.39 5.08 2.20 
1991 3.62 2.61 5.19 5.49 1.70 0.43 0.16 0.16 0.21 0.79 0.33 1.11 1.81 
1992 2.07 1.62 5.59 5.25 1.68 0.26 0.43 1.01 2.02 2.28 4.99 3.17 2.53 
1993 4.19 1.56 3.16 8.68 1.55 1.74 0.86 0.21 0.21 0.37 2.09 3.11 2.31 
1994 0.91 1.22 3.04 6.00 1.50 0.64 0.27 0.23 0.19 0.25 1.17 1.72 1.42 
1995 4.38 1.26 2.06 0.58 1.03 0.53 0.16 0.16 0.18 1.35 4.26 1.93 1.49 
1996 3.87 5.17 2.58 2.22 3.51 0.74 0.22 0.22 2.04 2.93 4.10 3.99 2.62 
1997 3.09 3.54 5.09 5.23 1.68 0.48 0.29 0.25 0.65 1.25 2.40 1.56 2.11 
1998 3.71 2.78 5.72 2.50 0.18 0.17 0.15 0.11 0.09 0.94 0.62 1.09 1.50 
1999 2.41 3.56 4.77 3.02 0.16 0.14 0.15 0.11 0.12 0.17 1.42 2.64 1.54 
2000 2.78 2.52 2.65 4.54 2.52 1.74 1.25 1.77 1.35 0.53 0.91 2.25 2.06 
2001 1.06 2.06 3.59 4.39 0.16 0.15 0.03 0.01 0.01 0.07 0.43 2.47 1.20 
2002 1.99 2.41 3.14 4.28 5.09 2.67 0.65 0.05 0.05 0.60 1.66 1.20 1.98 
2003 0.39 0.66 4.93 2.66 0.81 1.33 0.23 0.24 0.24 1.10 4.31 5.84 1.90 
2004 2.55 0.72 4.56 2.88 1.52 0.37 0.26 0.40 3.20 1.67 1.29 4.13 1.97 
2005 3.68 2.29 1.82 5.46 1.10 0.21 0.09 0.03 0.03 0.14 3.25 6.95 2.08 
2006 5.12 3.83 2.64 0.77 0.54 0.54 0.50 0.27 0.62 3.08 6.44 6.63 2.60 
2007 3.70 3.13 5.35 4.50 0.29 0.42 0.17       
Avg 2.49 2.50 4.54 4.59 1.60 0.84 0.34 0.31 0.77 1.10 2.10 2.88 2.00 
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Figure A.1: Millhaven Creek Average Annual and 2000 Hydrograph 
Source: Environment Canada, 2007 
 
 

Figure A.2: Millhaven Creek Average Annual and 2001 Hydrograph 
Source: Environment Canada, 2007 
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Table A.2: Millhaven Creek Annual and Monthly Flow Exceedance Values (m3/s) 
 

Exceed. 
(%) 

Ann Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

100 0.00 0.24 0.26 0.34 0.22 0.06 0.04 0.01 0.00 0.00 0.01 0.05 0.43 
99 0.03 0.29 0.30 0.42 0.32 0.08 0.06 0.02 0.01 0.00 0.04 0.10 0.50 
95 0.09 0.48 0.50 0.64 0.55 0.14 0.11 0.06 0.03 0.03 0.08 0.22 0.73 
90 0.13 0.66 0.60 0.87 0.81 0.19 0.14 0.08 0.06 0.07 0.10 0.33 0.96 
85 0.18 0.77 0.68 1.04 1.11 0.25 0.17 0.11 0.08 0.09 0.14 0.45 1.08 
80 0.23 0.86 0.75 1.38 1.34 0.39 0.20 0.12 0.10 0.11 0.19 0.59 1.22 
75 0.30 0.96 0.85 1.75 1.79 0.53 0.26 0.13 0.11 0.12 0.24 0.75 1.36 
70 0.41 1.04 0.92 2.10 2.40 0.65 0.31 0.15 0.12 0.14 0.27 0.92 1.50 
65 0.57 1.14 1.02 2.40 2.94 0.79 0.38 0.16 0.13 0.16 0.34 1.07 1.67 
60 0.72 1.25 1.16 2.70 3.39 0.94 0.46 0.18 0.15 0.18 0.40 1.20 1.90 
55 0.88 1.40 1.31 3.00 3.80 1.14 0.51 0.21 0.16 0.19 0.49 1.40 2.11 
50 1.05 1.60 1.59 3.56 4.18 1.35 0.59 0.23 0.17 0.22 0.60 1.62 2.30 
45 1.25 1.92 1.78 4.10 4.48 1.54 0.66 0.25 0.19 0.25 0.76 1.76 2.44 
40 1.51 2.15 1.96 4.53 4.88 1.70 0.77 0.28 0.22 0.30 0.90 1.99 2.65 
35 1.81 2.38 2.20 5.12 5.22 1.89 0.87 0.30 0.24 0.37 1.03 2.27 2.88 
30 2.18 2.65 2.48 5.77 5.80 2.12 1.03 0.34 0.27 0.56 1.24 2.49 3.21 
25 2.55 2.95 2.75 6.40 6.28 2.37 1.23 0.38 0.32 0.95 1.51 2.74 3.65 
20 3.06 3.44 3.17 7.37 7.04 2.67 1.40 0.46 0.41 1.23 1.80 3.15 4.08 
15 3.85 4.25 3.76 8.27 7.95 3.06 1.63 0.56 0.58 1.51 2.13 3.60 4.60 
10 4.94 5.66 4.97 9.64 9.24 3.49 1.92 0.74 0.79 2.15 2.66 4.32 5.18 
5 6.86 7.04 7.90 12.00 11.94 4.55 2.57 1.02 1.10 3.25 3.41 5.15 6.61 
1 12.05 9.09 14.47 16.40 15.59 6.59 4.02 1.94 2.13 6.67 5.42 6.63 9.75 
0 26.40 15.40 26.40 21.20 25.50 11.30 6.47 3.17 2.84 11.00 6.92 13.80 13.00 

 
 

Table A.3: Collins Creek Annual and Monthly Flow Exceedance Values (m3/s) 
 

Exceed. 
(%) 

Ann Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

100 0.00 0.23 0.37 0.24 0.92 0.10 0.01 0.00 0.00 0.00 0.00 0.07 0.28 
99 0.00 0.26 0.42 0.31 1.17 0.15 0.03 0.00 0.00 0.00 0.00 0.11 0.37 
95 0.01 0.54 0.51 0.77 1.71 0.27 0.05 0.00 0.00 0.00 0.02 0.26 0.68 
90 0.03 0.64 0.58 1.00 2.08 0.42 0.10 0.01 0.00 0.00 0.07 0.38 0.92 
85 0.09 0.71 0.64 1.30 2.42 0.55 0.13 0.01 0.00 0.00 0.11 0.55 1.06 
80 0.17 0.75 0.69 1.66 2.79 0.70 0.17 0.02 0.00 0.01 0.13 0.75 1.16 
75 0.29 0.84 0.74 2.24 3.20 0.84 0.21 0.03 0.00 0.01 0.20 0.90 1.33 
70 0.40 0.93 0.84 2.55 3.65 1.03 0.26 0.04 0.01 0.02 0.26 1.13 1.60 
65 0.56 1.02 0.96 2.94 4.08 1.19 0.31 0.05 0.01 0.03 0.33 1.33 1.80 
60 0.71 1.14 1.04 3.23 4.39 1.35 0.35 0.07 0.02 0.04 0.39 1.62 2.04 
55 0.89 1.30 1.16 3.73 4.77 1.57 0.38 0.08 0.03 0.06 0.46 1.89 2.31 
50 1.10 1.47 1.30 4.30 5.16 1.74 0.43 0.11 0.04 0.09 0.54 2.19 2.57 
45 1.37 1.65 1.46 4.76 5.68 1.94 0.48 0.14 0.07 0.13 0.63 2.53 2.83 
40 1.70 1.83 1.62 5.45 6.17 2.13 0.57 0.16 0.09 0.19 0.75 2.77 3.12 
35 2.09 2.10 1.81 6.33 6.71 2.32 0.67 0.21 0.11 0.25 0.86 3.06 3.48 
30 2.56 2.42 2.05 7.38 7.48 2.59 0.81 0.26 0.15 0.29 1.05 3.39 3.92 
25 3.11 2.81 2.50 8.50 8.40 2.91 0.99 0.33 0.20 0.37 1.31 3.83 4.36 
20 3.87 3.40 3.06 9.97 9.75 3.31 1.25 0.43 0.29 0.51 1.74 4.33 4.97 
15 4.82 4.44 4.10 11.58 11.70 3.72 1.56 0.52 0.42 0.76 2.28 5.15 6.04 
10 6.51 6.00 5.82 14.10 14.30 4.20 2.02 0.67 0.65 1.74 2.98 6.43 7.14 
5 9.73 9.83 8.75 18.65 18.21 5.27 3.72 1.00 1.03 3.41 4.86 8.32 9.60 
1 19.10 18.43 19.94 30.60 25.63 8.78 6.81 2.11 2.59 10.74 8.82 12.12 16.46 
0 57.50 30.30 51.00 57.50 35.20 17.00 10.90 7.82 4.68 25.30 13.00 28.80 29.70 
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Figure A.3: Collins Creek Average Annual and 2005 Hydrograph 
Source: Environment Canada, 2007 
 
 

Figure A.4: Collins Creek Average Annual and 2000 Hydrograph 
Source: Environment Canada, 2007 
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Figure A.5: Collins Creek Average Annual and 2001 Hydrograph 
Source: Environment Canada, 2007 

 
 

Table A.4: Wilton Creek Annual and Monthly Flow Exceedance Values (m3/s) 
 

Exceed.  
(%) 

Ann Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

100 0.00 0.05 0.10 0.06 0.45 0.04 0.02 0.00 0.00 0.00 0.01 0.04 0.08 
99 0.01 0.12 0.11 0.10 0.49 0.09 0.03 0.01 0.00 0.00 0.01 0.06 0.19 
95 0.02 0.17 0.17 0.27 0.65 0.19 0.05 0.01 0.00 0.01 0.02 0.10 0.33 
90 0.03 0.24 0.24 0.40 0.80 0.26 0.08 0.02 0.01 0.01 0.03 0.20 0.44 
85 0.06 0.29 0.26 0.52 0.98 0.31 0.11 0.02 0.01 0.01 0.05 0.29 0.52 
80 0.09 0.32 0.29 0.66 1.14 0.37 0.13 0.03 0.01 0.01 0.07 0.39 0.60 
75 0.14 0.35 0.33 0.88 1.30 0.42 0.14 0.03 0.02 0.02 0.09 0.52 0.67 
70 0.20 0.40 0.36 1.13 1.45 0.48 0.16 0.04 0.02 0.02 0.10 0.61 0.77 
65 0.27 0.43 0.40 1.36 1.65 0.55 0.18 0.05 0.02 0.03 0.13 0.69 0.90 
60 0.34 0.47 0.47 1.55 1.87 0.63 0.20 0.06 0.03 0.03 0.16 0.85 1.02 
55 0.42 0.54 0.54 1.85 2.08 0.73 0.23 0.07 0.03 0.04 0.20 0.99 1.15 
50 0.52 0.63 0.59 2.19 2.34 0.81 0.26 0.07 0.04 0.05 0.24 1.13 1.32 
45 0.64 0.75 0.66 2.58 2.58 0.89 0.30 0.08 0.04 0.06 0.28 1.28 1.46 
40 0.80 0.85 0.76 3.00 2.90 0.99 0.35 0.09 0.05 0.09 0.33 1.47 1.62 
35 0.99 0.98 0.93 3.60 3.26 1.11 0.40 0.11 0.07 0.12 0.42 1.68 1.85 
30 1.23 1.15 1.12 4.41 3.69 1.22 0.46 0.12 0.08 0.16 0.49 1.89 2.13 
25 1.56 1.50 1.44 5.39 4.27 1.38 0.55 0.14 0.11 0.21 0.62 2.14 2.50 
20 2.00 1.90 1.86 6.49 5.10 1.59 0.65 0.18 0.15 0.28 0.77 2.53 2.86 
15 2.69 2.66 2.95 8.10 6.51 1.88 0.77 0.22 0.22 0.39 1.04 3.15 3.48 
10 3.79 3.83 4.68 10.10 7.95 2.47 1.04 0.31 0.35 0.78 1.60 4.06 4.71 
5 6.51 7.00 7.94 14.30 10.60 3.56 2.25 0.47 0.56 1.67 2.48 5.43 7.25 
1 13.40 13.83 16.11 22.10 18.41 7.66 8.16 1.57 2.00 5.59 4.82 10.02 10.92 
0 44.30 25.80 34.00 44.30 24.20 13.80 19.80 6.98 2.99 13.60 6.18 19.20 19.10 
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Figure A.3: Wilton Creek Average Annual and 2005 Hydrograph 

Source: Environment Canada, 2007 
 
 

Figure A.4: Wilton Creek Average Annual and 2000 Hydrograph 
Source: Environment Canada, 2007 
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Figure A.5: Wilton Creek Average Annual and 2001 Hydrograph 
Source: Environment Canada, 2007 
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Appendix B 
 
 
 

IHA Output 
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Table B.1: Monthly Average Flows 
 

Year 
Jan 

(m3/s) 
Feb 

(m3/s) 
Mar 

(m3/s) 
Apr 

(m3/s) 
May 

(m3/s) 
Jun 

(m3/s) 
Jul 

(m3/s) 
Aug 

(m3/s) 
Sep 

(m3/s) 
Oct 

(m3/s) 
Nov 

(m3/s) 
Dec 

(m3/s) 
1971 0.61 0.64 3.96 8.67 1.79 0.55 0.34 0.29 0.19 0.36 1.67 1.47 
1972 1.03 0.92 1.36 9.73 2.44 1.87 1.05 0.63 0.28 0.17 0.20 1.78 
1973 4.81 2.89 6.23 3.92 2.08 0.90 0.23 0.13 0.12 0.95 2.86 4.53 
1974 6.77 2.31 3.00 6.05 2.24 0.80 0.36 0.17 0.11 0.18 1.06 1.93 
1975 2.70 1.16 3.06 4.86 1.13 1.06 0.14 0.09 0.08 0.09 0.25 1.23 
1976 1.15 2.66 11.90 3.51 1.06 1.08 0.66 0.23 0.19 0.13 0.65 2.04 
1977 0.36 0.41 7.65 1.69 0.45 0.30 0.19 0.25 0.37 0.43 0.61 0.58 
1978 3.31 2.25 4.53 7.02 1.52 0.61 0.04 0.04 0.08 2.70 2.37 2.72 
1979 2.50 2.13 6.87 4.94 1.28 0.83 0.23 0.17 1.20 0.11 0.62 2.32 
1980 1.99 0.70 0.54 4.89 3.33 0.48 0.08 0.90 1.36 2.36 2.57 3.63 
1981 0.69 7.53 1.55 1.03 0.83 0.59 0.40 0.56 6.19 1.51 2.47 4.01 
1982 1.21 0.62 3.50 6.10 0.39 2.24 0.29 0.08 0.76 2.22 2.77 0.98 
1983 2.01 2.35 2.14 3.46 3.76 0.13 0.07 0.11 0.15 1.37 2.10 3.18 
1984 1.12 4.65 2.82 5.82 1.20 0.60 0.20 1.10 1.43 0.56 2.56 3.76 
1985 1.38 0.69 6.48 3.36 0.12 0.17 0.19 0.14 0.93 0.76 0.87 1.28 
1986 0.99 1.43 4.45 0.89 0.35 1.98 0.26 0.60 2.24 1.78 3.01 1.47 
1987 1.33 0.53 4.24 4.00 0.21 0.19 0.30 0.32 0.73 4.83 1.91 2.83 
1988 1.25 1.90 2.73 1.40 0.38 0.16 0.12 0.09 0.31 1.03 2.24 5.33 
1989 0.84 0.98 2.65 0.93 1.64 0.64 0.26 0.14 0.12 0.33 1.37 0.94 
1990 1.35 3.39 3.97 4.23 2.42 0.80 0.27 0.17 0.13 0.38 3.40 0.72 
1991 2.80 2.51 4.56 4.86 1.93 0.40 0.15 0.16 0.18 1.57 1.39 4.55 
1992 1.95 1.22 4.95 4.96 1.48 0.23 0.46 0.87 2.12 0.77 0.32 1.12 
1993 3.45 1.41 1.08 9.28 0.94 1.23 0.57 0.18 0.20 2.35 5.10 2.95 
1994 0.80 0.83 1.30 6.66 1.46 0.63 0.28 0.23 0.16 0.28 1.34 2.91 
1995 4.05 0.85 0.76 0.47 0.73 0.54 0.15 0.16 0.18 0.25 1.01 1.71 
1996 1.41 3.90 2.51 1.45 3.47 0.65 0.16 0.16 2.52 1.01 4.36 1.64 
1997 2.93 1.66 4.46 5.30 1.73 0.34 0.19 0.24 0.54 2.70 3.78 4.02 
1998 2.90 2.00 5.48 1.27 0.16 0.16 0.14 0.10 0.09 1.11 2.18 1.42 
1999 1.10 3.71 4.78 1.28 0.16 0.13 0.13 0.11 0.10 1.04 0.66 1.10 
2000 2.38 1.14 1.91 5.36 2.32 1.64 0.99 2.02 1.29 0.14 1.27 2.51 
2001 1.00 2.35 2.96 4.93 0.16 0.15 0.03 0.01 0.00 0.53 0.58 1.82 
2002 2.01 2.27 2.76 4.47 4.85 2.23 0.46 0.05 0.03 0.07 0.24 2.46 
2003 0.34 0.70 0.73 1.52 0.56 1.32 0.21 0.18 0.18 0.60 1.67 1.21 
2004 2.00 0.70 2.89 2.68 1.49 0.29 0.19 0.34 3.41 0.71 3.79 5.90 
2005 2.90 1.18 1.13 1.97 1.08 0.14 0.09 0.02 0.01 1.58 0.96 4.10 
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Table B.2: Monthly Average Flows 

 
Year 1-day 

min 
(m3/s) 

3-day 
min 

(m3/s) 

7-day 
min 

(m3/s) 

30-day 
min 

(m3/s) 

90-day 
min 

(m3/s) 

Zero 
days 

Base 
flow 

(m3/s) 

Min. 
Flow 
Day 

(Julian 
Date) 

Number 
of Low 
pulses 

Low 
pulse 
Dur. 

(days) 

1971 0.076 0.095 0.127 0.180 0.271 0 0.073 272 11 4 
1972 0.054 0.058 0.064 0.131 0.692 0 0.030 309 2 10 
1973 0.076 0.083 0.089 0.105 0.174 0 0.032 256 3 11 
1974 0.085 0.091 0.097 0.109 0.212 0 0.040 261 3 22 
1975 0.023 0.040 0.049 0.062 0.140 0 0.029 200 3 39 
1976 0.096 0.110 0.115 0.140 0.339 0 0.044 291 2 32.5 
1977 0.119 0.124 0.127 0.156 0.249 0 0.098 209 6 8 
1978 0.026 0.029 0.033 0.037 0.089 0 0.013 254 3 14 
1979 0.059 0.061 0.065 0.172 0.271 0 0.031 298 4 21 
1980 0.063 0.067 0.073 0.088 0.441 0 0.032 208 2 20 
1981 0.203 0.234 0.271 0.391 0.561 0 0.110 170 4 4 
1982 0.070 0.073 0.074 0.091 0.356 0 0.037 231 3 13 
1983 0.045 0.058 0.061 0.069 0.112 0 0.033 174 2 57.5 
1984 0.110 0.114 0.134 0.210 0.530 0 0.057 213 8 1.5 
1985 0.040 0.049 0.062 0.113 0.176 0 0.038 163 7 13 
1986 0.140 0.149 0.164 0.225 0.798 0 0.084 217 6 4.5 
1987 0.078 0.107 0.146 0.173 0.222 0 0.073 164 8 3 
1988 0.069 0.073 0.081 0.087 0.113 0 0.046 253 7 2 
1989 0.055 0.056 0.065 0.120 0.185 0 0.052 290 5 8 
1990 0.070 0.104 0.122 0.131 0.192 0 0.065 275 3 16 
1991 0.095 0.115 0.126 0.135 0.164 0 0.055 177 7 2 
1992 0.078 0.092 0.135 0.191 0.492 0 0.073 184 8 2 
1993 0.139 0.146 0.153 0.175 0.391 0 0.056 245 2 36.5 
1994 0.103 0.108 0.110 0.167 0.224 0 0.068 266 6 9.5 
1995 0.075 0.087 0.117 0.145 0.161 0 0.104 256 4 10 
1996 0.075 0.085 0.104 0.161 0.272 0 0.045 211 5 9 
1997 0.105 0.113 0.122 0.224 0.273 0 0.047 196 8 6.5 
1998 0.053 0.057 0.074 0.085 0.114 0 0.043 266 3 39 
1999 0.063 0.070 0.084 0.104 0.126 0 0.060 138 5 35 
2000 0.077 0.078 0.084 0.171 1.387 0 0.040 284 2 10 
2001 0.000 0.000 0.000 0.004 0.017 5 0.000 260 2 106 
2002 0.014 0.018 0.027 0.038 0.218 0 0.014 278 1 76 
2003 0.025 0.034 0.069 0.140 0.232 0 0.055 238 9 8 
2004 0.059 0.078 0.101 0.234 0.316 0 0.044 208 9 4 
2005 0.004 0.006 0.009 0.023 0.049 0 0.005 231 2 58 
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Table B.3: Monthly Low Flows 

 

Year 
Jan 

(m3/s) 
Feb 

(m3/s) 
Mar 

(m3/s) 
Apr 

(m3/s) 
May 

(m3/s) 
Jun 

(m3/s) 
Jul 

(m3/s) 
Aug 

(m3/s) 
Sep 

(m3/s) 
Oct 

(m3/s) 
Nov 

(m3/s) 
Dec 

(m3/s) 
1971 0.61 0.64   1.15 0.55 0.34 0.29 0.19 0.36 0.58 1.43 
1972 1.03 0.92 0.95  1.37 1.40 1.03 0.62 0.28 0.18 0.22 1.46 
1973  2.03  2.30 1.94 0.89 0.23 0.13 0.18 0.78 2.02 2.47 
1974  1.61 2.01  1.87 0.80 0.36 0.17 0.11 0.18 0.96 1.42 
1975 0.97 0.97 1.70  0.69 0.77 0.17 0.11 0.17 0.12 0.31 1.13 
1976 0.95   2.15 0.78 1.04 0.66 0.23 0.19 0.14 0.61 1.98 
1977 0.36 0.35  1.06 0.44 0.30 0.19 0.25 0.36 0.43 0.61 0.58 
1978 2.45 1.61 1.12  1.46 0.61 0.25  0.25 1.22 1.78 2.39 
1979 2.35   1.86 1.22 0.83 0.23 0.17 0.21 0.24 0.42 2.30 
1980 1.61 0.70 0.42 1.32 0.80 0.49 0.19 0.89 1.34 2.19 1.78 2.37 
1981 0.69 0.72 0.70 1.00 0.75 0.57 0.40 0.55 0.92 1.40 1.85 1.92 
1982 0.85 0.62 0.46 0.51 0.37 1.88 0.32 0.13 0.95 1.78 2.55 0.96 
1983 1.47 1.95 1.79 2.25 0.67 0.42 0.12 0.13 0.15 1.08 1.97 2.42 
1984 1.12 0.88 1.82  1.10 0.60 0.20 0.32 1.47 0.49 0.87 2.41 
1985 1.35 0.68  1.76 0.17 0.19 0.23 0.19 0.93 0.83 0.82 1.26 
1986 0.78 1.67  0.63 0.27 1.70 0.26 0.60 1.25 1.78 1.42 1.42 
1987 1.19 0.53 0.92 1.30 0.21 0.19 0.30 0.32 0.73 2.32 1.91 2.31 
1988 1.10 1.32 2.20 0.88 0.38 0.16 0.12 0.12 0.35 0.92 1.10  
1989 0.81 0.95 0.73 0.75 0.82 0.64 0.26 0.14 0.13 0.42 1.37 0.94 
1990 0.68  1.22 1.51 2.32 0.80 0.27 0.17 0.13 0.38 0.30 0.69 
1991 2.24 2.13   1.13 0.40 0.15 0.16 0.18 0.91 1.39 1.11 
1992 2.18 0.85 1.06  0.72 0.25 0.52 0.69 0.49 0.77 0.32 1.02 
1993 2.45  1.05  0.57 1.04 0.57 0.18 0.20 1.44   
1994 0.78 0.72 0.96 1.56 1.46 0.60 0.28 0.23 0.17 0.28 1.13 1.75 
1995 0.70 0.83 0.64 0.47 0.70 0.54 0.15 0.16 0.20 0.25 0.92 1.59 
1996 1.22 2.45 2.25 0.87 1.80 0.45 0.22 0.16 0.43 0.94  1.56 
1997 2.38 1.35 1.30 0.48 1.37 0.34 0.19 0.24 0.42 2.00 2.47  
1998 2.05 1.79  0.88 0.16 0.16 0.14 0.13 0.12 0.96 1.95 1.25 
1999 0.78 2.02 2.42 0.63 0.18 0.15 0.13 0.12 0.12 1.00 0.66 1.05 
2000 1.68 1.10 1.01 0.90 2.20 1.45 0.92 1.14 1.20 0.18 0.50 2.32 
2001 1.00 1.05  0.43 0.16 0.16    0.53 0.53 1.74 
2002 2.01 2.00 1.70 2.42 2.13 1.34 0.46  0.15 0.14 0.23 2.28 
2003 0.34 0.70 0.65 1.29 0.54 1.21 0.21 0.19 0.25 0.53 1.32 1.21 
2004 1.10 0.70 2.11 2.41 1.42 0.29 0.20 0.34 0.56 0.52   
2005 1.93 0.97 0.87 1.41 1.08 0.26 0.11 0.20 0.16 1.52 0.88 2.35 
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Appendix C 
 
 
 

Millhaven Creek Flow Site Measurement Data 
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Table C.1: Flow Measurement Data on Millhaven Creek 
 

Average Daily Flow at Gauge (m3/s) Location Date Measured 
Flow (m3/s) Millhaven Collins Wilton 

MC6 3-Sep-2003 0.21 0.07 0.12 0.01 
MC7 3-Sep-2003 0.13 0.07 0.12 0.01 
MC8 3-Sep-2003 0.14 0.07 0.12 0.01 
MC6 5-Sep-2003 0.33 0.13 0.11 0.01 
MC7 5-Sep-2003 0.19 0.13 0.11 0.01 
MC8 5-Sep-2003 0.27 0.13 0.11 0.01 
MC2 16-Sep-2003 0.81 0.48 0.06 0.01 
MC7 16-Sep-2003 0.47 0.48 0.06 0.01 
MC8 16-Sep-2003 0.48 0.48 0.06 0.01 
MC6 19-Sep-2003 0.13 0.05 0.04 0.01 
MC7 19-Sep-2003 0.06 0.05 0.04 0.01 
MC8 19-Sep-2003 0.08 0.05 0.04 0.01 
MC6 9-Oct-2003 0.56 0.38 0.22 0.04 
MC7 9-Oct-2003 0.44 0.38 0.22 0.04 
MC8 9-Oct-2003 0.45 0.38 0.22 0.04 
MC11 9-Oct-2003 0.20 0.38 0.22 0.04 
MC6 17-Oct-2003 0.32 0.38 2.23 0.47 
MC7 17-Oct-2003 0.16 0.38 2.23 0.47 
MC8 17-Oct-2003 0.15 0.38 2.23 0.47 
MC11 17-Oct-2003 0.37 0.38 2.23 0.47 
MC2 7-Nov-2003 3.76 3.26 3.59 1.7 
MC7 7-Nov-2003 2.93 3.26 3.59 1.7 
MC11 7-Nov-2003 0.92 3.26 3.59 1.7 
MC2 16-Nov-2003 3.65 3.26 5.94 2.98 
MC7 16-Nov-2003 2.67 3.26 5.94 2.98 
MC11 16-Nov-2003 1.08 3.26 5.94 2.98 
MC7 19-May-2004 1.09 1.12 1.16 0.63 
MC11 19-May-2004 0.45 1.12 1.16 0.63 
MC5 20-May-2004 1.88 1.05 1.03 0.57 
MC7 28-May-2004 1.21 1.34 2.60 2.61 
MC2 31-May-2004 1.41 0.89 1.29 0.99 
MC3 31-May-2004 1.33 0.89 1.29 0.99 
MC9 31-May-2004 1.11 0.89 1.29 0.99 
MC11 31-May-2004 0.52 0.89 1.29 0.99 
MC9 4-Jun-2004 0.92 0.71 0.84 0.64 
MC3 8-Jun-2004 0.63 0.40 0.59 0.36 
MC6 8-Jun-2004 0.59 0.40 0.59 0.36 
MC10 8-Jun-2004 0.35 0.40 0.59 0.36 
MC11 8-Jun-2004 0.33 0.40 0.59 0.36 
MC3 15-Jun-2004 0.41 0.29 0.33 0.28 
MC3 16-Jun-2004 0.17 0.29 0.33 0.28 
MC7 16-Jun-2004 0.35 0.29 0.33 0.28 
MC11 16-Jun-2004 0.31 0.29 0.33 0.28 
MC5 21-Jun-2004 0.16 0.14 0.23 0.15 
MC6 21-Jun-2004 0.19 0.14 0.23 0.15 
MC9 21-Jun-2004 0.16 0.14 0.23 0.15 
MC11 21-Jun-2004 0.14 0.14 0.23 0.15 
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Table C.1: Flow Measurement Data on Millhaven Creek (cont) 
 

Average Daily Flow at Gauge (m3/s) Location Date Measured 
Flow (m3/s) Millhaven Collins Wilton 

MC6 30-Jun-2004 0.69 0.58 0.24 0.09 
MC9 30-Jun-2004 0.74 0.58 0.24 0.09 
MC11 30-Jun-2004 0.09 0.58 0.24 0.09 
MC7 1-Jul-2004 0.56 0.60 0.23 0.08 
MC9 1-Jul-2004 0.74 0.60 0.23 0.08 
MC11 8-Jul-2004 0.08 0.54 0.15 0.08 
MC11 15-Jul-2004 0.10 0.40 0.09 0.05 
MC11 20-Jul-2004 0.05 0.20 0.09 0.09 
MC2 3-Aug-2004 0.91 0.59 0.42 2.07 
MC3 3-Aug-2004 0.80 0.59 0.42 2.07 
MC7 3-Aug-2004 0.52 0.59 0.42 2.07 
MC9 3-Aug-2004 0.70 0.59 0.42 2.07 
MC3 4-Aug-2004 0.37 0.42 0.43 2.99 
MC11 6-Aug-2004 0.31 0.27 0.37 1.10 
MC7 26-Aug-2004 0.26 0.18 0.07 0.03 
MC11 26-Aug-2004 0.17 0.18 0.07 0.03 
MC7 10-Sep-2004* 3.04 6.28 18.4 0.83 
MC11 10-Sep-2004* 1.18 6.28 18.4 0.83 
MC3 1-Oct-2004 2.79 2.48 0.87 0.21 
MC7 1-Oct-2004 2.30 2.48 0.87 0.21 
MC11 1-Oct-2004 1.73 2.48 0.87 0.21 
MC2 15-May-2006 0.54 0.18 2.36 1.35 
MC4 15-May-2006 0.29 0.18 2.36 1.35 
MC4a 15-May-2006 0.08 0.18 2.36 1.35 
MC6a 16-May-2006 0.06 0.16 2.38 1.27 
MC7 16-May-2006 0.03 0.16 2.38 1.27 
MC9 16-May-2006 0.03 0.16 2.38 1.27 
MC1 30-May-2006 1.76 1.52 0.81 0.45 
MC10 15-Jun-2006 0.52 0.28 0.59 0.41 
MC9 9-Aug-2006 0.00 0.23 0.10 0.01 
MC2 22-Aug-2006 0.13 0.12 0.03 0.01 
MC7 22-Aug-2006 0.11 0.12 0.03 0.01 
MC2 11-Sep-2006 0.66 0.48 0.09 0.01 
MC7 11-Sep-2006 0.30 0.48 0.09 0.01 
MC10 11-Sep-2006 0.44 0.48 0.09 0.01 
MC2 18-Sep-2006 0.63 0.37 0.19 0.02 
MC7 18-Sep-2006 0.21 0.37 0.19 0.02 
MC10 18-Sep-2006 0.38 0.37 0.19 0.02 
MC2 27-Sep-2006 1.12 1.12 0.60 0.04 
MC7 27-Sep-2006 0.62 1.12 0.60 0.04 
MC10 27-Sep-2006 0.63 1.12 0.60 0.04 
MC2 5-Oct-2006 1.71 1.36 1.96 0.37 
MC7 5-Oct-2006 1.18 1.36 1.96 0.37 
MC10 5-Oct-2006 0.54 1.36 1.96 0.37 
MC10 6-Oct-2006 0.53 1.27 1.65 0.33 
MC2 16-Oct-2006 2.25 1.69 2.73 1.09 
MC7 16-Oct-2006 1.42 1.69 2.73 1.09 
MC7 13-Jun-2007 0.75 0.61 0.26  
MC10 13-Jun-2007 0.39 0.61 0.26  
MC1 14-Jun-2007 0.62 0.51 0.22  
MC2 14-Jun-2007 0.77 0.51 0.22  
MC4 14-Jun-2007 0.70 0.51 0.22  

* Flow as a result of the remnants of Hurricane Francis, not used in regression analyses. 
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Appendix D 

 

Area-Flow Relationship Data



  120 

The relationships between area and flow are all calculated using equation 3.1. 
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Table D.1: Flow to Drainage Area Relationship –  
Doyle Road (MC2) to Stream Gauge Stations 

 
Millhaven Date Flow at Site 

(m3/s) Gauge Flow (m3/s) “n” 
16-Sep-2003 0.81 0.48 2.59 
7-Nov-2003 3.76 3.26 0.71 
16-Nov-2003 3.65 3.26 0.56 
31-May-2004 1.41 0.89 2.25 
3-Aug-2004 0.91 0.59 2.13 

15-May-2006 0.54 0.18 5.56 
22-Aug-2006 0.13 0.12 0.28 
11-Sep-2006 0.66 0.48 1.54 
18-Sep-2006 0.63 0.37 2.62 
27-Sep-2006 1.12 1.12 0.00 
5-Oct-2006 1.71 1.36 1.14 

16-Oct-2006 2.25 1.69 1.42 
14-Jun-2007 0.77 0.51 2.05 

Note: DA at Doyle Road is 174.7 km2, DA at Millhaven stream gauge is 142.9 km2.  
 

Table D.2: Flow to Drainage Area Relationship –  
Lucas Road (MC6) to Stream Gauge Stations 

 
Millhaven Date Flow at Site 

(m3/s) Gauge Flow (m3/s) “n” 
3-Sep-2003 0.21 0.07 -14.02 
5-Sep-2003 0.33 0.13 -12.61 
19-Sep-2003 0.13 0.05 -11.90 
9-Oct-2003 0.56 0.38 -4.92 

17-Oct-2003 0.32 0.38 2.13 
8-Jun-2004 0.59 0.40 -5.03 
21-Jun-2004 0.19 0.14 -3.68 
30-Jun-2004 0.69 0.58 -2.28 

Note: DA at Lucas Road is 132.2 km2, DA at Millhaven stream gauge is 142.9 km2.  
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Table D.3: Flow to Drainage Area Relationship –  
Babcock Mill (MC7) to Stream Gauge Stations 

 
Millhaven Date Flow at Site 

(m3/s) Gauge Flow (m3/s) “n” 
3-Sep-2003 0.13 0.07 -4.77 
5-Sep-2003 0.19 0.13 -3.31 
16-Sep-2003 0.47 0.48 0.19 
19-Sep-2003 0.06 0.05 -1.36 
9-Oct-2003 0.44 0.38 -1.17 

17-Oct-2003 0.16 0.38 7.17 
7-Nov-2003 2.93 3.26 0.88 
16-Nov-2003 2.67 3.26 1.64 
19-May-2004 1.09 1.12 0.20 
28-May-2004 1.21 1.34 0.82 
16-Jun-2004 0.35 0.29 -1.57 
1-Jul-2004 0.56 0.60 0.57 

3-Aug-2004 0.52 0.59 1.11 
26-Aug-2004 0.26 0.18 -2.96 
10-Sep-2004 3.04 6.28 5.96 
1-Oct-2004 2.30 2.48 0.61 

16-May-2006 0.03 0.16 12.85 
22-Aug-2006 0.11 0.12 0.56 
11-Sep-2006 0.30 0.48 3.94 
18-Sep-2006 0.21 0.37 4.54 
27-Sep-2006 0.62 1.12 4.84 
5-Oct-2006 1.18 1.36 1.17 

16-Oct-2006 1.42 1.69 1.43 
13-Jun-2007 0.75 0.61 -1.70 

Note: DA at Babcock Mill is 126.5 km2, DA at Millhaven stream gauge is 142.9 km2. 
  

Table D.4: Flow to Drainage Area Relationship –  
Frontenac County Road 5 (MC10) to Stream Gauge Stations 

 
Millhaven Date Flow at Site 

(m3/s) Gauge Flow (m3/s) “n” 
8-Jun-2004 0.35 0.40 0.15 
15-Jun-2006 0.52 0.28 -0.75 
11-Sep-2006 0.44 0.48 0.12 
18-Sep-2006 0.38 0.37 -0.02 
27-Sep-2006 0.63 1.12 0.69 
5-Oct-2006 0.54 1.36 1.10 
6-Oct-2006 0.53 1.27 1.04 
13-Jun-2007 0.39 0.61 0.53 

Note: DA at County Road 5 is 61.7 km2, DA at Millhaven stream gauge is 142.9 km2.  
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Table D.5: Flow to Drainage Area Relationship –  
Below Sydenham Dam (MC11) to Stream Gauge Stations 

 
Millhaven Date Flow at Site 

(m3/s) Gauge Flow (m3/s) “n” 
9-Oct-2003 0.20 0.38 0.73 

17-Oct-2003 0.37 0.38 0.02 
7-Nov-2003 0.92 3.26 1.39 
16-Nov-2003 1.08 3.26 1.21 
19-May-2004 0.45 1.12 1.01 
31-May-2004 0.52 0.89 0.60 
8-Jun-2004 0.33 0.40 0.22 
16-Jun-2004 0.31 0.29 -0.07 
21-Jun-2004 0.14 0.14 0.04 
30-Jun-2004 0.09 0.58 2.02 
8-Jul-2004 0.08 0.54 2.09 
15-Jul-2004 0.10 0.40 1.48 
20-Jul-2004 0.05 0.20 1.51 
6-Aug-2004 0.31 0.27 -0.12 
26-Aug-2004 0.17 0.18 0.08 
10-Sep-2004 1.18 6.28 1.83 
1-Oct-2004 1.73 2.48 0.39 

Note: DA below Sydenham Dam is 57.3 km2, DA at Millhaven stream gauge is 142.9 km2.  
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Table E.1: Millhaven Creek Fish Species 
 

Common Name Latin Name 
Shallow water species 

banded killifish  Fundulus diaphanous 
black nosed shiner Notropis heterolepis 
bluntnose minnow Pimephales notatus 
central mudminnow Umbra limi 
common shiner Luxilus cornutus 
creek chub  Semotilus atromaculatus 
Fallfish Semotilus corporalis 
golden shiner  Notemigonus crysoleucas 
iowa darter Etheostoma exile 
johnny darter Etheostoma nigrum 
longnose dace Rhinichthys cataractae 
rainbow smelt  Osmerus mordax 
stonecat Noturus flavus 
tadpole madtom Noturus gyrinus 

Deeper water species 
bluegill Lepomis macrochirus 
black crappie  Pomoxis nigromaculatus 
brown bullhead  Ameiurus nebulosus 
largemouth bass  Micropterus salmoides 
northern pike  Esox lucius 
pumpkinseed Lepomis gibbosus 
rock bass  Ambloplites rupestris 
smallmouth bass Micropterus dolomieu 
sunfish (green) Lepomis cyanellus 
walleye  Stizostedion vitreum vitreum 
white sucker Catostomus commersonii 
yellow perch Perca flavescens 
 
 
 
 
 




