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Indices calculated for the second long-term station 501150005 (West Credit at 8th Line 
Gauge Station) had values in the expected range for an unimpaired site, with exceptions 
in a few years to suggest possible impairment. Taxa and EPT richness and percent EPT 
were each within the ‘possibly impaired’ range on two occasions, while percent 
Oligochaeta and HBI were each within the ‘possibly impaired’ range on three occasions. 
In two of the sample years, there were no mayfly taxa encountered. Stonefly taxa were 
rarely present in the sample, with no occurrences since 2003. Some of the EPT taxa 
identified in the sample were from relatively sensitive genera such as the caddisfly 
Glossosoma and the mayfly Isonychia.

Station 15-04-01 (West Credit downstream 10th Line, upstream Winston Churchill Blvd) 
had indices that were generally within the range expected for an unimpaired site. 
Shannon Diversity was fairly low in the 2007 sample, likely due in part to the extremely 
high numbers of one taxa, the mayfly Tricorythodes. Because Shannon Diversity takes 
into consideration evenness of the taxa in a sample, the dominance of one taxon will 
skew the index to a lower value. The dominance of this taxon also contributed 
significantly to the percent EPT value of 82% in 2007. Other mayflies present at this site 
included the facultative taxa Caenis and Baetis. There were very few records of stonefly 
taxa, although caddisfly taxa were present in relatively high numbers and from a variety 
of taxa. The average HBI for the two years of sampling at this site was quite low (4.03) 
suggesting relatively good water quality. 

Results from station 15-08-02 (West Credit upstream 10th Line) showed index values 
indicative of an unimpaired site, except for percent Chironomid, which was slightly high 
at 14%. EPT taxa were diverse and present in high numbers, composing 42% of the 
sample. A number of sensitive EPT taxa were present in the sample including the mayfly 
Isonychia, the caddisfly Rhyacophila, and the stonefly Agnetina. The sample was 
dominated by Coleopterans (beetles), particularly from the family Elmidae. 

Indices calculated from station 15-08-03 (East branch downstream 10th Line) were within 
the expected range for an unimpaired site, with the exception of percent Chironomid 
(average of 27% for both samples). Mayfly taxa were mainly from the genus 
Tricorythodes, a relatively sensitive group. There was a good diversity of Caddisfly taxa 
in both years of sampling with individuals from ten separate families. One observation 
that would suggest possible impairment at the site is the high proportion of lunged snails 
in 2008. Lunged snails are considered tolerant of low dissolved oxygen conditions. 

Table 2.5.4 suggests that the indices calculated from the sample at station 15-08-05 
(South tributary downstream Main St., Erin Village) are for the most part within the 
range expected for an unimpaired site, with two exceptions including percent Chironomid 
and percent Isopoda (17%). The latter observation is particularly indicative of possible 
impairment as Isopoda have been known to tolerate high levels of organic enrichment. 
Another indication that the site may have some degree of impairment is the presence of 
the tolerant mayfly (i.e., Baetis) and caddisfly (i.e., Hydropsychidae) taxa. 
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Station 15-08-06 (West Credit at Woollen Mills, Erin Village) had a lower number of 
EPT taxa and percent EPT compared to most sites, although ranges were still indicative 
of an unimpaired site. Mayfly taxa present in the sample are fairly sensitive and included 
the genera Isonychia and Tricorythodes. Four caddisfly taxa were encountered and 
included some sensitive forms. There were no stonefly taxa in the sample. HBI and 
Shannon Diversity indices both indicated unimpaired conditions. 

Indices calculated from station 15-16-01 (West Credit upstream 8th Line and Orangeville 
St., Hillsburgh) indicated both unimpaired and possibly impaired conditions. Those 
indices that indicated possibly impaired conditions included percent Chironomid, 
Shannon Diversity and HBI. Both taxa and EPT richness were fairly high. The calculated 
percent EPT was lower than most sites, although still within the expected range for an 
unimpaired site. Mayfly and caddisfly taxa were dominated by tolerant forms, including 
Baetidae (a mayfly family) and Hydropsychidae (a caddisfly family). One observation 
that is suggestive of possible impairment at the site is the dominance of lunged snails 
(Physa sp), which composed 61% of the sample. This occurrence suggests that the site 
may experience low dissolved oxygen concentrations.

Station 15-17-01 (West Credit upstream County Rd 22, downstream Hillsburgh) appears 
to support a relatively healthy benthic community, as indicated by the metrics calculated 
for this site (Table 2.5.4). The number of EPT taxa at this site is fairly high (19 taxa 
encountered in 2008), and the presence of stoneflies from two separate families is 
suggestive of relatively good conditions. While both the number of EPT taxa and the 
percent EPT are relatively high, many of the EPT taxa are tolerant ones, including 
Baetids and Hydropsychids. The site may be experiencing some impact due to higher 
temperatures from the upstream dam. 

The benthic community at station 15-17-03 (West Credit downstream Hwy 25, 
Hillsburgh) had a very high percent EPT (63%), attributed mainly to the dominance of 
mayfly taxa in the sample (57% of the sample). Most mayflies are from the genus Baetis,
however, making up 53% of the entire sample. Caddisflies were less abundant, however 
more taxa were represented (8 taxa). Stoneflies were also present in the sample, albeit in 
low numbers. There are likely some natural habitat limitations at this site, as the substrate 
is dominated by sand, therefore reducing the likelihood that certain taxa (i.e., those that 
favour coarser substrate) would be present. 

Station 15-20-02 (Binkham Trib upstream 15th Sideroad) had indices that were generally 
suggestive of unimpaired conditions. Percent EPT was fairly high, at 29%, and while 
there were some fairly sensitive EPT taxa (e.g., Isonychia, Stenonema vicarium) in low 
numbers, there was a high proportion of the generalist mayfly Caenis. Habitat conditions 
may affect the benthic community at this site to some degree as the riparian community 
adjacent to the majority of the sampled reach is dominated by grasses, with trees present 
only in the upstream section. 
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2.5.4 Benthic Macroinvertebrates Characterization 

Sampling of the benthic macroinvertebrate community in the Erin SSMP study area has 
revealed the following: 

Nearly 300 benthic invertebrate taxa have been identified since the start of CVC’s 
long term monitoring; 

Metrics including taxa richness, EPT taxa richness, percent EPT, percent 
Oligochaeta, percent Isopoda, Shannon Diversity, and Hilsenhoff Biotic Index 
were generally within the expected range for unimpaired sites with some 
exceptions; 

Percent Chironomidae was relatively high in all samples; and 

Some stations may be somewhat impacted due to impoundments and/or 
agricultural activities. 

2.5.5 Next Steps 

Results from the Phase 1 benthic macroinvertebrate component will be used in the 
subsequent Phase 2 (Impact Assessment) to aid in identifying potential impacts as a result 
of future land use changes (i.e., water pollution control plant). Scenarios developed 
through the Impact Assessment will be ranked according to sensitive areas.  

2.6 AQUATICS

2.6.1 Introduction 

The objective of this study component is to identify and characterize the fish 
communities throughout the study area that provide integrative environmental indicators 
of the health of their respective subcatchments. The sensitivity of the fishery needs to be 
understood, including habitat requirements, in order to prevent any degradation as 
stipulated by the Department of Fisheries (DFO) Federal Fisheries Act and supported by 
the Ontario Ministry of Natural Resources (OMNR) and Credit Valley Conservation 
(CVC) policy.  

Fisheries management is a shared responsibility by all agencies and stakeholders as 
outlined in the Credit River Fisheries Management Plan (CRFMP) (OMNR and CVC 
2002). CVC’s role includes a formal agreement with DFO to review all water related 
applications for direct or indirect Harmful Alteration, Disruption, or Destruction (HADD) 
of fish habitats. CVC values and utilizes fish communities as indicators of watershed 
management. 

Specifically, hydrological linkages associated with land use change (e.g., agriculture, 
urbanization, and aggregate extraction), infrastructure/servicing (water and wastewater) 
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or other stresses on fish also need to be documented in order to predict potential impacts 
based on future scenarios and planning applications. This Settlement and Servicing 
Master Plan (SSMP) will focus on water and wastewater disposal needs of the Town of 
Erin. Likewise mitigation and restoration of fish habitat can be better implemented at the 
landscape and stream reach levels with such an integrated study. Fish community 
monitoring will confirm any long term trends in the health of the West Credit River in 
this study area. 

2.6.2 Fisheries Characterization 

2.6.2.1 Recreational and Commercial Fisheries 

These aspects of the fishery are regulated by OMNR and DFO for social and economic 
benefits. CVC has just completed an evaluation of the Credit River Fishery that further 
details recreational and economic values important for future management decisions 
(Hanna and CVC 2007 Draft). Licensed sport fishing along the West Credit River has 
been documented in creel surveys with very low angling pressure (upstream of 
Hillsburgh, Stanley Park ponds, and around 10th Line downstream of Erin Village). 
Angling pressure increases as the river approaches the Forks of the Credit (up to 30 
anglers/hour on opening weekend of trout season). Within the Town of Caledon much of 
the trout fishery is regulated under Special Regulations that have created a highly valued 
catch and release fishery. Within the Town of Erin a catch and possession limit of 5 trout 
exists. This may create added harvesting pressures within Erin. Lower limits are under 
review by the OMNR for brook trout throughout Southern Ontario. 

The West Credit River within the Town of Erin is licensed for commercial baitfish 
collection that is also permitted for licensed anglers. 

Two commercial fish farm operations that raise trout for stocking and food sales exist 
within the study area. These farms are dependent on groundwater sources to ponds and/or 
artificial races and tanks. 

It should be noted that CVC and the CRFMP place the greatest value on fisheries as 
integrative environmental indicators of watershed health. As an integral part of a greater 
Natural Heritage System they also indicate and contribute to a larger range of Ecological 
Goods and Services well beyond direct recreational and economic benefits. 

2.6.2.2 Fish Collection Records 

Fish collection records have been compiled for the study area since the 1980’s, with 
updates throughout the 1990’s mostly related to the West Credit Subwatershed Study. 
Additional  sampling  has  since  been  made  as  part  of  the  West  Credit  Appreciation, 
Rehabilitation and Enhancement (WeCARE) program and the Integrated Watershed 
Monitoring Program (IWMP). 
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All these records are useful in determining the distribution of the 25 fish species reported. 
Section 1.0 in the Aquatics Appendix lists all species found in the study area and their
corresponding stations. The locations of historic Fish Collection Records are illustrated in 
Figure 2.6.1. Figure 2.6.2 shows the 11 fish biomass sampling sites conducted as part of 
the Credit River Watershed Integrated Watershed Monitoring Program (IWMP).  

Each fish species has a different set of habitat requirements based on life stages and 
behavioural traits (e.g., feeding strategies, cover, water quality and temperature, 
swimming adaptations, etc) that reflect the conditions and health of the waters sampled. 
Detailed information on each species as it relates to preferred habitat conditions are 
available from literature sources and have been conveniently summarized as tolerant (1), 
moderately tolerant (2), and sensitive (3) in Table 1.0 in the Aquatics Appendix. All 
streams are colour coded in Figure 2.6.1 according to their community classification.  

There is an unconfirmed report in the 1998 West Credit Subwatershed Study of a redside 
dace record to be designated under the new Endangered Species Act of Ontario. A more 
recent confirmation placed redside dace habitat nearer to the Forks of the Credit and 
outside this study area. For management constraints and opportunities a Recovery Plan 
for this species will be approved shortly. In 2009 Atlantic salmon were sampled 
downstream of Erin Village as a result of stocking as part of the Atlantic Salmon 
Restoration Program for this Endangered Species. 

2.6.2.3 Fish Community Classification 

Based on fish species presence and their sensitivities, stream reaches can be classified 
into the following categories consistent with the Credit River Fisheries Management Plan 
(CRFMP) (OMNR and CVC 2002). It should be noted that although these communities 
are predominantly classified according to preferred thermal regimes as the names implies, 
other habitat factors also play an important role. These other factors may be correlated 
with temperature including dissolved oxygen, nutrient status, turbidity, and siltation. 
Riparian conditions, stream size, and channel structure are usually independent of 
temperature. Anthropogenic impacts may at times completely alter the fish community 
classification (i.e., dams and urbanization). 

Resident Coldwater
In the West Credit River these communities contain self-reproducing populations of 
resident brook trout. This species relies on significant groundwater contributions to 
incubate over-wintering eggs and to maintain summer temperatures, preferably not 
exceeding 20 ˚C for extended periods.  

In a few circumstances mottled sculpin have also been recorded and are likewise 
considered a coldwater indicator species. Given that these are the only known and 
isolated locations above the Niagara Escarpment within the Credit, their origin and 
significance remain unknown. 
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Cool Water
Species including northern redbelly dace and central mudminnow, although tolerant of 
warm temperatures are more often associated with riverine wetlands or groundwater 
discharge wetlands. These species are commonly found in coldwater reaches as well. 

Small Warmwater
This community is usually made up of species that are not habitat “specialists” and are 
adaptable to a variety of environmental conditions. Although found in other communities 
they will dominate small warmer water tributaries, ponds, intermittent tributaries, and 
seasonal wetlands.  

Large Warmwater
This classification is applied to larger riverine, lacustrine, and wetland habitats and is 
characterized by the presence of predators, such as bass or pike, often in association with 
sunfish, rock bass, or perch. Bullhead catfish and white sucker may provide added 
benthic diversity. Within the Credit River watershed only the lower reaches connected to 
Lake Ontario and the 2 largest impoundments, Fairy Lake in Acton and Island Lake in 
Orangeville, are managed for these communities. Elsewhere, including this study area, 
such communities are often associated with smaller online ponds and dams where 
sustained management is not preferred.  

Figure 2.6.1 conservatively extrapolates fish community classifications from sampled 
sites to illustrate the existing fish communities of the West Credit River subwatershed. 
This can be considered a local refinement to that in the CRFMP that had more generally 
mapped the entire watershed as coldwater. Present mapping of updated data now 
identifies reaches associated with online ponds and wetlands not suitable for brook trout. 
The greatest thermal impacts are represented by warmwater designations within and 
downstream of larger impoundments. Other reaches are designated cool water (with 
northern redbelly dace and central mudminnows as indicators that are also common to 
coldwater reaches), including the wetland reach upstream of County Road 24 and the 
reach upstream of Stanley Park ponds. Many of the smallest tributaries and headwaters 
remain unsampled, inaccessible, and not classified. They could be cold, cool water, or 
intermittent warmwater in nature. 

Physiographic mapping suggests those potential or historical fish communities are based 
on hydrogeology. The CRFMP, again, from a watershed perspective designated the West 
Credit River subwatershed as coldwater, except for some of the eastern tributaries outside 
the SSMP study area that tend to be intermittent in nature. The mapping from the 
Hydrogeology Section 2.1 provides an explanation for groundwater recharge and 
discharge areas related to bedrock, water table elevations, and soils.  The most 
underutilized trout reach within this study area is downstream of the Olesovsky Pond. 
Refer to Figure 2.6.6 for the location of this pond. The physiography of the study area 
reveals a pocket of till centered around County Road 24 (Highway 25) crossing. This area 
is known to be a broad valley wetland, fine sediments (C6 channel type3), and warmer 
                                                          
3 Refer to Figure 2.4.4 Rosgen Classification System for the definition of a C6 channel. 
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temperatures that discourage trout. The West Credit Subwatershed Study noted that such 
wetland reaches although sustained by groundwater may be naturally warmed or 
evapotranspirated as they move across the wide flat valley floors before entering the river 
channel (CVC 1998a).  

2.6.2.4 Fish Productivity and Community Health 

Quantitative information on fish abundance can provide data that can be analysed with 
other study components such as geomorphology and water quality and show long term 
trends over time. Fish data collected under a scientific protocol developed by the Ministry 
of Natural Resources is used in this study area. These 11 fish biomass stations are located 
on Figure 2.6.2. These stations provide good baseline data for long term studies.  

At these locations electrofishing equipment was used over a measurable area of habitat 
with fish species recorded by total weight or biomass in order to estimate biological 
productivity in terms of grams of fish per square metre in total and for each species. Fish 
biomass summary results per species collected annually since 1999 are presented in 
Section 2.0 in the Aquatics Appendix for each biomass site.  

All results have been analysed as an Index of Stream Health in A Methodology for 
Assessing the Biological Integrity of Fish Communities in the Credit River Watershed
(Morris and CVC 1999). The average IBI scores tabulated for the sites in the West Credit 
Subwatershed Study area ranked from poor to good in terms of fish community health in 
the Credit River watershed (see below).  

Although the majority of these sites have only recently been established there are 3 sites 
representing the upper, middle, and lower reaches of the main channel that were 
established having 4 to 10 years of data suitable for a regression analysis to detect trends 
over time. The following regression equations for IBI scores (n / Y = mX + b / R2 and ± 
SD) have been calculated where Y is the average IBI score over the number of years (n) 
sampled. R2 represents the strength or accuracy of the trend in time with values 
approaching 1 being the most predictable. The Standard Deviation (SD) best represents 
the amount of “scatter” in the data. M is the slope indicating whether the trend over time 
represents degradation in health (indicated by a negative value) or improvement (positive 
value). Stations remaining relatively stable in health will exhibit a value nearer to zero 
(positive or negative). The biomass stations and their IBI scores are summarized below 
along with a graphic presentation for those having a regression trend calculated. 

West Credit River downstream of 8th Line, Hillsburgh (Station ID No. 15-16-01) 
This site can be considered as the uppermost reach sampled on the main branch upstream 
of Hillsburgh. It is rated as fair for the one sample done in 2008. Brook trout do dominate 
the catch here. 
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West Credit River at Hillsburgh Public Library (Station ID No. 15-17-03) 
This site represents the upper reaches of the West Credit River just downstream of the 
built up area in Hillsburgh and upstream of the local impoundment and dam. Health is 
rated poor based on one sample in 2008. Although trout were present only 9 fish in total 
were caught. 

West Credit River at Elizabeth St. (Station ID No. 15-17-01) 
This site represents the upper main branch downstream of Hillsburgh and between two 
online impoundments. It also ranked poor but is closer to a fair ranking indicating some 
improved conditions than the site upstream in Hillsburgh. It was sampled once in 2008. 
Brook trout are present but rock bass likely originating from the ponds dominate the 
biomass here. 

Tributary of West Credit River upstream of Rail Trail / 8th Line (Station ID No. 
501150020) 
This site is a tributary entering the main branch between the Villages of Hillsburgh and 
Erin. Based on 4 years of data there appears to be an increase in health from good to 
excellent in the last 2 years (Figure 2.6.3). The overall average indicates excellent health 
and is dominated by brook trout. This site is no longer sampled due to lack of permission 
from landowners. 

IBI Score vs Year
(West Credit River Trib Upstream of Rail Trail and 8th Line)

R2 = 0.3184
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Figure 2.6.3 IBI Scores from 2004 to 2007 at Station 501150020, West Credit 
Tributary upstream of the Rail Trail / 8th Line 
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West Credit River at 8th Line Gauge Station (Station ID No. 50150005) 
This site is the last upper main branch site upstream of Erin Village and indicates poor 
overall health on average with a statistically significant decline (R2 = 0.56) from 1999 to 
2008 (Figure 2.6.4). There appears to be a bit of recovery in the last 3 years but ratings 
remain poor. Brook trout and longnose dace mostly influence the scores. The upstream 
watershed includes Hillsburgh and a number of large online ponds and some gravel 
extraction areas. Construction and unknown spikes in flow rates should be further 
investigated and may be related to water taking and discharge issues. The site is shallow 
and wide with a side channel indicative of erosion but cover and riparian vegetation seem 
good. 

IBI Score vs Year
(West Credit at 8th Line Gauge Station)

R2 = 0.5604
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Figure 2.6.4 IBI Scores from 1999 to 2008 at Station 50150005, West Credit River 
at 8th Line Gauge Station 

West Credit River at Woollen Mills (Station ID No. 501150021) 
This station is located on the main branch downstream of 2 impoundments and the core 
of Erin Village and has been sampled in 2007 with a fair rating that fell in 2008 to poor. 
Brook trout are represented by single individuals in both years indicating limitations 
likely related to urban land use and dams upstream.

East Branch of the West Credit River upstream 15th Sideroad, East of 10th Line 
(Station ID No. 15-20-01) 
This tributary was sampled in 2008 and ranked in fair health. It appears to be 
representative of a rural area dominated more by low gradients and few brook trout. Only 
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one brook trout was sampled here but spawning surveys indicate more exist further 
upstream. 

East Branch of the West Credit River, south of Credit River Rd. (Station ID No. 15-
08-03) 
This is the same tributary as above and is in good health for the one sample taken in 
2008. It enters the main river upstream of 10th Line. Although brook trout are the most 
dominant species they still represent a small portion of this diverse community totalling 
16 species. 

West Credit River west of 10th Line, north of Bush St. (Station ID No. 15-08-01) 
This site best represents recovery conditions downstream of Erin Village with a fair 
health rating sampled in 2008. It will now replace the site originally set up upstream of 
the second crossing of 10th Line (Station ID No. 501150003 - below). Brook trout 
dominate this site. 

West Credit River upstream of 10th Line, downstream of Erin (Station ID No. 
501150003)  
Overall this site is rated in good health over the 7 years sampled. There appears to be a 
slight trend of increasing health but it is not statistically significant (Figure 2.6.5). The 
last sample in 2006 was rated excellent health but continued access to the site has been 
denied by the landowner. A replacement site north of Bush St. (above) and downstream 
towards Winston Churchill Blvd. has been selected but neither has been sampled over 
sufficient years to suggest any overall trends. This site is downstream of Erin Village and 
experiences some angling pressure on brook trout that are responsible for overall 
community health. It is likely that groundwater upwelling in the area is able to moderate 
the negative impacts of Erin Village and its two online impoundments.   

West Credit River downstream of 10th Line, upstream of Winston Churchill Blvd. 
(Station ID No. 15-04-01) 
This site is the lower most reach of the main branch in the study area. The sample taken 
in 2008 rates the health of the fishery as fair with brook trout dominating the site. 
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IBI Score vs Year
(West Credit u/s 10th Line)

R2 = 0.1478
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Figure 2.6.5 IBI Scores from 1999 to 2006 at Station 50150003, West Credit River 
upstream of 10th Line  

2.6.2.5 Spawning Surveys  

Spawning nests or “redds” have been investigated in this study area since the late 1980’s 
as they represent critical habitats that often are the single limiting factor to fish 
production for specialized species such as brook trout. Brook trout are known to 
specifically seek out and detect groundwater upwelling areas for winter long egg 
incubation. The same areas also offer coldwater refuge during heat waves and drought 
conditions. 

Figure 2.6.6 summarizes spawning redds surveyed in the West Credit River 
subwatershed study area. The most productive spawning reach is on the main channel at 
the downstream end of the study area. This length of river extends unimpeded by dams 
for 6.5 km downstream to Belfountain and as such many trout throughout these lower 
reaches could migrate up into the study area. A self-sustaining population can not exist 
between barriers without “critical” spawning habitat conditions provided by strong 
upwelling groundwater.   

The next longest isolated reach (5.2 km) on the main channel is upstream of the Church 
St. and Charles St. Dams to the confluence below Roman Lake and the Olesovsky Pond. 
Unlike the Erin to Belfountain reach that is all coldwater habitat, trout have only been 
sampled over about 2.2 km in the reach upstream of the Erin Village. Furthermore no 
spawning area  has  been  located  along  this  main  channel  reach.  The  only  accessible  
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spawning area is provided around the confluence of tributaries along the rail trail 
(between County Road 24 and 8th Line north of 17th Sideroad).  

Next, the isolated reach in and upstream of the Village of Hillsburgh is 2.8 km in length 
with scattered observations of spawning, including just downstream of the headwater 
impoundments (also known to support stocked trout). The shortest and most isolated 
reaches with spawning are between Fish Club Dam and Olesovsky Pond (0.8 km),  
Ainsworth to Fish Club dams (0.3 km), and upstream of Roman Lake (0.4 km). 

From a subwatershed perspective the best brook trout populations and spawning areas are 
downstream of Erin Village. 

Areas identified by hydrogeologists as discharge zones should be further surveyed as 
potential spawning areas. This is particularly important for small tributary reaches 
isolated by online dams. 

2.6.2.6 Fish Habitat 

Fish species and abundance are determined by a variety of habitat factors. Observations 
and ongoing hydrological, geomorphological, and water quality surveys best describe fish 
habitat conditions. Physical habitat is described by valley confinement and gradient, and 
determines width/depth and pool/riffle ratios, and meander geometry. Other habitat 
features are represented by riparian conditions, woody cover, aquatic plants, and substrate 
composition. The water quality components most related to fish include nutrients, 
suspended solids, temperature, dissolved oxygen, and toxins. Natural and physical 
barriers directly affect the distribution of fish species. 

Hydrology and Hydrogeology describes the water cycle of the study area. Overall 
channel capacity and discharge rates ultimately determine available habitat space. This is 
most limiting at low flow in the summer that is released from storage and groundwater 
sources. Groundwater sources are particularly important for cold temperatures required 
by brook trout and upwelling zones for winter long incubation of eggs. Hydrogeology 
mapping provides the best correlation with brook trout communities in the study area. 

Water quantity concerns for fish life may be related to groundwater withdrawals during 
low flow conditions while uncontrolled runoff typical of older urban areas without 
stormwater management practices is a concern during storm and high flow conditions. In 
contrast, dammed impoundments along the river store and slow water and act as sediment 
traps. 

Stream gradient and valley confinement are typically moderate to low in the study area 
compared to a more defined valley and steep gradient of the lower reaches of the West 
Credit River. On moderate slopes there is a predictable meander alternating with deeper 
runs and pools and shallow turbulent riffles. Past surveys and literature suggest a ratio of 
40% pool – 60% riffle provides ideal fish habitat in river systems. There are some 
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reaches of the West Credit River that meander more widely over a broader floodplain or 
wetland. The most significant channel reach of this type is from the confluence below 
Roman Lake and the Olesovsky Pond downstream to County Road 24. The channels are 
known for their riparian wetlands, stable undercut banks, and finer sediments. The 
adjacent wetland communities can be the most diverse and productive habitats overall 
even though trout productivity may be lower. Fish communities here are likely limited 
more by oxygen rather than temperature. Flooding and beaver ponds are also more 
common in this area. Wetlands could contribute either cold or warmwater (but stable) 
baseflows depending on the groundwater discharge route and travel time. 

Online impoundments further reduce valley gradients and create more monotypical type 
wetlands of poorer quality. 

Substrates provide important fish habitats. The interstitial spaces amongst gravel riffles 
also provide habitat for macroinvertebrates utilized as food. Some fish species live and 
feed within these interstitial spaces. Of great importance are those areas used to deposit 
and incubate eggs that are free of siltation, which can smother fish eggs. Brook trout have 
been observed to spawn on finer sediments in locations where groundwater upwellings 
are particularly strong. There are sufficient gravel reaches within the study area to 
support brook trout populations. 

A lack of gravel riffles has been observed in lower gradient reaches of the study area. 
These areas are dominated with sand, silt, or organics that likely limit trout production. It 
should be realized that in some cases this is a natural limitation and whether preventative 
or rehabilitative actions are even warranted. Wetland reaches with finer substrates are 
more easily colonized and stabilized with plants providing habitat for many minnow 
species.  

Manmade dams and poor agricultural practices are known to negatively impact sediment 
regimes. 

Woody cover is an essential component within the stream system for increasing flood 
roughness and fish cover, reducing overall erosion especially along outside bends. Wood 
also provides a preferable surface to rock for many invertebrates. Log jams in high 
gradient streams may also provide dynamic functions related to grade control and 
sediment storage, yet are rough enough to permit fish passage. Many riparian animals 
such as mink also use log jams for cover and denning.  

Woody cover surveyed along the West Credit River estimated less than 3% surface area. 
In a few areas [e.g., downstream of County Road 24 (Highway 25)] levels approached 
6% which can sometimes be considered high and create issues for some landowners. In 
this reach, however, there is a recovery of better brook trout conditions and a healthy 
forest swamp in the valley. A few areas lack woody cover associated with rural 
landscaping and agriculture. The channelization and maintenance of infrastructure also 
affects the accumulation and distribution of woody cover. 
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Riparian vegetation provides important functions related to fish habitat including shade 
for temperature regulation, overhanging and instream cover, bank stability and erosion 
protection, water quality improvement through sediment trapping and nutrient uptake, 
and as buffer from adjacent land uses. It should be noted that there is an expectation of 
less canopy cover naturally in streams crossing large marsh areas. Past assessments of the 
West Credit River noted good connected riparian zones, although buffers have been 
impacted adjacent to urban areas and some farmlands. Historical and restoration potential 
should be investigated as they are often integral habitats for fish and wildlife connected 
along stream corridors. Further assessments are included in the Natural Heritage Section, 
Section 2.3, of this report. 

Aquatic plants can benefit fish communities by providing cover and food. Within stream 
habitats many fish species are adapted to wetland vegetation and the depressed oxygen 
supplies that occur at times due to plant respiration and decomposition. These species 
include stickleback, mudminnow, redbelly dace, and creek chub that can be abundant in 
the study area. 

In excess, however, plant growth may result in low oxygen supplies during night-time 
respiration that affects all aquatic life and water quality in general. Additional growth 
from further nutrient enrichment (septics, wastewater, urban, golf course, and farm 
runoff) may reduce fish and amphibian production. The dominance by algae rather than 
higher plant forms is more indicative of overly stressed aquatic ecosystems. Given their 
shorter nutrient cycling abilities there evolves a positive feedback loop and is known as 
the process of eutrophication. Algae growth observed in most online ponds indicate they 
are acting as nutrient sinks and possibly over-enriching downstream reaches. Phosphorus 
and dissolved oxygen water quality measures may confirm this as an issue. 

Water quality can also be affected by runoff carrying sediments and chemical toxins 
from farmlands and urban areas. Given that agriculture is not of an intense nature and that 
many good buffers exist in the study area it is urban runoff that is of particular concern 
especially in older urban areas that do not have effective stormwater management 
techniques.  

The WeCARE (West Credit Appreciation, Rehabilitation and Enhancement Project). 
2004 Watershed Information Summary and Project Recommendations report, also known 
as WeCARE, (CVC et al. 2004) documented maximum water temperatures of 30 ˚C and 
28 ˚C below Dundas St. and Charles St. in the Village of Erin. The next highest 
temperature was below the Hillsburgh impoundment (Fish Club dam) and at County Rd. 
24 (old Highway 25) below the wetland reach. In the West Credit Subwatershed Study 
the maximum water temperature of 25 ˚C was recorded at the County Road 24 crossing. 
Overall from a subwatershed scale the reach between Hillsburgh to just downstream of 
Erin Village is the most thermally stressed reach of the West Credit River. There is a 
quick recovery of temperatures and brook trout populations near 10th Line as 
groundwater baseflows improve along with a confluence of other tributaries. 
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Instream barriers mostly in the form of dams with impoundments alter stream habitats 
significantly for fish and further shift the community towards more wetland and lake 
adapted species. Impoundments act as nutrient traps and further depress oxygen levels. 
Impounded waters typically warm up and thus, trout are excluded for a distance 
downstream. As sediment traps, impoundments only pass suspended fine sediments. The 
loss of the coarser bedloads gives added power to water downstream of the dam leading 
to channel erosion. Often the greatest impact is the isolation of populations from 
spawning or refuge areas and the long term exchange of genetic material with other 
populations until stresses lead to their extirpation.  

The West Credit Subwatershed Study (CVC 2001a) identified a total of 270 on and off-
line ponds. A more recent Dam and Online Pond survey by CVC inventoried seven major 
dams or impoundments on the main branch of the West Credit River from Hillsburgh to 
the Village of Erin that have been named on Figure 2.6.6. The most significant barriers 
from a subwatershed perspective begin at the Stanley Park ponds and continue upstream 
with two more dams and impoundments in Hillsburgh. Roman Lake also has a dam on a 
tributary but is presently being assessed for mitigation opportunities with the landowner. 
The fish farm in the Village of Erin isolates a very small stream reach upstream but may 
have thermal and water quality impacts downstream. 

There about another 30 online ponds along tributaries within the study area. Many of 
these may be smaller, but when located at the more sensitive headwaters and natural 
springs have a different set of impacts in a cumulative manner. Many online ponds are 
located on former spawning habitats and thermal refugia and isolate relatively short 
reaches.  

The protection and restored connectivity of isolated stream populations of all native 
species are a priority in the Credit River Fisheries Management Plan (OMNR and CVC 
2002) and become more urgent with climate change or threats from spills (often 
associated with storm and wastewater effluent). Mitigation and restorations techniques 
that are promoted include fish ladders, by-pass channels, or dam removal. 

WeCARE and the Clean Up Rural Beaches (CURB) program recommended that 
restoration opportunities should focus on dam mitigation (e.g., bottom draw outlets), by-
passes, or removal. There are fewer opportunities related to riparian plantings that are 
normally a “best bet” restoration technique. This relates to the existing healthy and 
contiguous riparian corridor and recent planting efforts.  

Beaver activity and dams are common throughout the West Credit River and are a natural 
part of the ecosystem, by regenerating wetlands and providing fish habitat with built-in 
mitigation processes. In fact brook trout and minnows, such as redbelly dace, and beaver 
are often synonymous having evolved together. Beaver dams are hydraulically rough 
aiding fish migration along with side channels at certain flood stages. Their porous nature 
also allows for the seepage of colder bottom waters. They are generally small and 
relatively short lived. 
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2.6.3 Fisheries Characterization 

The fisheries of the study area are ideally used as integrative indicators of watershed 
characteristics and health. Indicator species are used to classify fish communities as 
warm, cool, or coldwater. The study area is managed for its potential for brook trout, a 
coldwater species. 

The reach above the Erin Village is influenced by wetlands and online ponds 
resulting in cool or warmwater communities. Brook trout access could be restored 
by addressing dam barriers in the Villages of Erin and Hillsburgh. 

Brook trout are directly dependent on groundwater resources and can be impacted 
by warmer temperatures (maximum temperature values recorded up and 
downstream of Erin Village), nutrient enrichment (leading to increasing algae), 
and reduced oxygen associated with online impoundments that affect water 
quality. Urban runoff is likely the next greatest limitation to brook trout. 

Fish community health (IBI) is variable throughout smaller tributaries. More 
conclusive data is available on the main branch upstream of Erin Village and 
downstream of Erin Village.  Upstream of Erin Village fish health was found as 
poor and declining with some recovery indicated in the last 3 years, while 
downstream of Erin Village fish health is good with stable or increasing health. It 
appears the recovery of brook trout populations downstream of Erin Village can 
be attributed to greater groundwater contributions.

From a subwatershed perspective the best brook trout spawning areas are also 
downstream of Erin Village. This is the longest reach of river uninterrupted by 
dams/barriers. The next longest reach is upstream of Erin Village but without 
access to adjacent spawning areas restoration potential may not be realized. The 
Stanley Park dams represent the most significant barriers at a subwatershed scale. 
Mitigation, by-pass, or removal would improve the resiliency of this population 
and improve the assimilative capacity of the river.

2.6.4 Next Steps 

The review of fish collection records provides adequate information to classify fish 
communities along the main branch and major tributaries. A number of very small 
tributaries and headwater features are not classified given these are unlikely to be 
affected by servicing plans. If any of these sites are identified as being potentially 
impacted, site level assessments can be completed at that time. Sites for spawning 
surveys could once again survey the main reach upstream of Erin Village but also in 
consultation with groundwater information.  

With respect to riparian zones, historical and restoration potential should be investigated 
as riparian zones are often integral habitats for fish and wildlife connected along stream 
corridors. 
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Some ponds represent data gaps due to either landowner access and/or inability to 
electrofish safely. Ponds most likely to be potentially influenced by servicing options 
(e.g., ponds located in Erin Village at Church St. and Charles St., refer to Figure 2.6.6) 
can be sampled for biomass using a hoop net method and analysed in a similar way to the 
stream based IBI. Data was collected in 2008 for the lower Stanley Park pond and the 
Hillsburgh online pond (refer to Section 3.0 in the Aquatics Appendix) but the sampling 
protocol for non-riverine ponds, lakes, and wetlands and an IBI analysis is still under 
development such that comparative conclusions on abundance and health cannot be made 
at this time. The species present (bass, perch, sunfish, and catfish) in these habitats are 
indicative of large warmwater communities. Some of these lacustrine species can have 
negative impacts on native stream species in adjoining reaches. 

Biomass surveys will continue on an annual basis through CVC’s Integrated Watershed 
Monitoring Program; through recommendations agreed upon as part of the Subwatershed 
Study; and through any monitoring required by MOE relating to Waste Pollution Control 
Plant (WPCP) discharge approvals. 

A more detailed impact analysis of land use change and proposed WPCP options will 
more specifically address fisheries of the study area in Phase 2 and 3 of this study. Areas 
identified by hydrogeologists as discharge zones should be further surveyed as potential 
spawning areas. This is particularly important for small tributary reaches isolated by 
online dams. 

2.7 WATER AND SEDIMENT CHEMISTRY

2.7.1 Introduction 

For the purposes of Erin SSMP Study, water quality will be defined as the chemical, 
microbiological, and physical condition of water and sediment. This section will provide 
an introduction to indicators of water quality; including a summary of long-term water 
and sediment quality conditions at the provincial water quality monitoring network 
station (PWQMN) and shorter term SSMP stations will be presented. This will include 
spatial and temporal comparison with maps and graphs in conjunction with appropriate 
guidelines.  

There are a number of existing programs and studies that have addressed the water 
quality of the West Credit River and its tributaries within the Erin SSMP study area. 
Available background information includes the annual reports from the Clean Up Rural 
Beaches (CURB) program (CVC and Soucek 1994; CVC and Soucek 1995); the 
WeCARE (West Credit Appreciation, Rehabilitation and Enhancement Project), 2004 
Watershed Information Summary and Project Recommendations report (CVC et al. 
2004); the Phase 1 Characterization report, Draft Phase 1 Addendum report, Draft Phase 
2 Impact Assessment report from the West Credit Subwatershed Study (CVC 1998a; CVC 
2001a; CVC 2001b); and the Long-term Provincial Water Quality Monitoring Data. The 
above information is summarized in the Erin SSMP Data Gap Analysis Report (CVC et 
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al. 2008), and were used to build understanding of water quality and determine where 
additional monitoring was required. 

Parameters of Concern 
Through the work on the Water Quality Strategy Phase 1 Report (CVC et al. 2003), 
Parameters of Concern (POCs) have been identified on a watershed scale for the Credit 
River. These parameters had to be associated with the major watershed-scale issues and 
relevant to defining cumulative and long-term impacts. The watershed POCs were used 
as indicators for characterization of the study area. In addition, a number of other 
parameters were identified as potential POCs, based on results of the previous SSMP  
studies that have occurred in the Credit Valley Watershed (Town of Caledon et al. 2008). 
Table 2.7.1 presents the parameters that were chosen for further analysis in this report, 
the current relevant guideline and the corresponding reference. 

Table 2.7.1 Parameters of Concern 
Category Parameters of 

Concern
Objective Objective 

Reference
Total Phosphorus  0.03 mg/L PWQO (MOE 

1999a) 
Nitrate Nitrogen  2.93 mg/L CCME (2003) 
Ammonia-Nitrogen 
un-ionized 

20 μg/L PWQO (MOE 
1999a) 

Nutrients  

Total Kjeldahl 
Nitrogen 

N/A N/A 

Oxygen Related  

Biochemical 
Oxygen Demand 
(BOD) 
Dissolved Oxygen 
Demand (DO) 

DO > 5 mg/L PWQO (MOE 
1999a) 

Aluminum 75 μg/L PWQO (MOE 
1999a) 

Copper 5 μg/L PWQO (MOE 
1999a) 

Iron 300 μg/L PWQO (MOE 
1999a) 

Metals 

Zinc 20 μg/L PWQO (MOE 
1999a) 

Absolute Maximum 
Summer Water 
Temperature 

26 oC (coldwater) 
28 oC (mixed water) 
30 oC (warmwater) 

CRFMP 
(OMNR and 
CVC 2002) Water Temperature 

Daily Maximum 
Summer Average  
Water Temperature 

20 oC (coldwater) 
23 oC (mixed water) 
26 oC (warm water) 

CRFMP 
(OMNR and 
CVC 2002) 

Physical 

Total Suspended 
Solids  25 mg/L 

CCME (1999) 

Other Chlorides 250 mg/L CEPA (1999) 
Microbiological Escherichia coli 100 CFU/100 mL PWQO (MOE 

1999a) 

These results were compared against the Provincial Water Quality Objectives (MOE 
1999a), Canadian Environmental Quality Guidelines (CCME 1999), and CVC’s criteria  
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for water temperature for the protection of aquatic biota.  Except for water temperature, 
these guidelines are all based on long-term conditions and chronic toxicity values.  
Typically, the results of surface water quality measurements are highly variable and 
therefore many measurements are needed before background conditions can be 
determined.  Therefore, the purpose of the statistical analyses is to look at composite sets 
of data to determine background water quality conditions to compare to the long-term 
exposures guidelines.  

2.7.2 Methodology and Data Analysis 

2.7.2.1 Sampling Methodology 

Five different assessments were conducted for the water chemistry analysis in the Erin 
SSMP study: 

1. Long-term water quality data assessment  

2. Local 2007 and 2008 field water quality data assessment  

3. Local 2008 sediment chemistry data assessment 

4. Diurnal 2008 water quality data assessment  

5. Water temperature logger deployment and assessment 

The large data set from the one long-term Ministry of Environment (MOE) Provincial 
Water Quality Monitoring Network (PWQMN) station in the study area is located on the 
West Credit River at Winston Churchill Blvd (Figure 2.7.1).  The PWQMN station on 
the West Credit River, is sampled on a monthly basis on a randomly chosen day near the 
end of each month.  The parameters chosen for analyses were those identified in Table 
2.7.1.

The long term PWQMN station on the West Credit River is located at the lower portion 
of the study area, which created a significant spatial gap in the remaining study area, as 
identified in the Erin SSMP Data Gap Analysis Report (CVC et al. 2008).  Therefore 
additional water quality data were collected across the study area during the 2007 and 
2008 field season to provide an estimation of water quality conditions throughout the 
study area.  Eleven additional stations were sampled on a monthly basis from September 
2007 to September 2008 for the full suite of parameters.  Figure 2.7.1 shows the 
locations of the water and sediment chemistry sampling and Table 2.7.2 gives a 
description of the type of monitoring at each station. 

Sediment chemistry monitoring was conducted in the 2008 field season at all 11 water 
chemistry sites.  This analysis allows a deeper look into the historical chemical 
compounds employed, their mobility, and ability to bioaccumulate in the subwatershed.   



Figure 2.7.1 Water Quality, Temperature, and
Sediment Chemistry Sampling Stations
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2.7.2.2 Data Analysis 

The large data sets from the long-term Ministry of Environment (MOE) Provincial Water 
Quality Monitoring Network (PWQMN) station, West Credit River at Winston Churchill 
Blvd., allowed for the evaluation of selected parameters for annual statistics, seasonal 
means, trend analysis, and guideline exceedance frequencies.  Monitoring began in 1975 
at the West Credit River at Winston Churchill Blvd station. Most parameters were 
sampled for the entire time period, however accurate E. coli, metals, and nitrate data are 
not available until after 1996.  Therefore the long term analysis focused on the time 
period of 1996-2008.  Parameters of Concern that were identified for further analysis and 
listed in Table 2.7.1 underwent the following analyses: 

Time Series Graphing; 

Means and geometric means (for E. coli); 

Five percentiles (10th, 25th, 50th, 75th, and 90th); 

Percent violation of the standard guideline; 

Seasonal means for selected parameters; and 

Trend analysis for selected parameters. 

A statistical analysis computer program, WQstat PlusTM (Intelligent Decision 
Technologies Inc, Co., US) was used for computation of water quality statistic and time 
trend analysis.  Typically, environmental information, including water quality data do not 
follow a normal distribution and therefore require non-parametric statistical tests.  To 
determine if water quality was improving, degrading, or stable non-parametric trend 
analyses were done using Sen’s Slope test. The trend value provides information on both 
the direction and magnitude of the trend. A 90% confidence level was utilized for the 
trend analysis.  

The Canadian Council for Ministers of the environment (CCME) adopted a water quality 
index (WQI) to help communicate complex water quality information to the public and 
provide a broad overview of environmental performance (CCME 2001). The CCME 
water quality index was used on the short term data set to give an overall rating of the 
general or ambient water quality and comparison between stations. 

Local 2007 and 2008 field water quality data assessment included time series graphing 
and summary statistical analysis (means and geometric means, maximum and minimum 
and percentile analysis).  Box and whisker plots were used to present the data graphically. 
Box and whisker plots can illustrate the distribution and statistics of a dataset. The box-
whisker plot in Figure 2.7.2 is an example to illustrate the 25th and 75th percentiles of the 
dataset, called the lower and upper quartiles, and the median (the 50th percentile). The 
whiskers represent the range of the data set to the 90th and 10th percentile (Peltier 
Technical Services). All stations listed from left to right within the box-whisker plots 
begin at the headwaters and move downstream. 
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Figure 2.7.2 Box and Whisker Plot Illustrating the 10th, 25th, 50th (median), 75th,
and 90th Percentiles and Outliers of the Data Set 

2.7.3 Results and Discussion 

Water quality measurements represent only a brief snapshot of the water quality 
conditions at the time of sampling. However, over a longer time period of sampling, 
general trends and patterns can emerge from the data sets. Averaged or summarized data 
can be compared against typical values and guidelines, such as those from the Canadian 
Council of Minister of the Environment (CCME 1999) and Provincial Water Quality 
Objectives (PWQOs) (MOE 1999a). CCME guidelines and PWQOs have been 
specifically developed based on long-term threshold water quality conditions. Therefore, 
median values for each parameter should not exceed their respective guidelines or 
objectives. Occasional samples that exceed the objectives or guidelines are not 
problematic as long as levels are not high enough to be acutely toxic. Under MOE’s 
Policy 2 statement, the MOE will not permit any further degradation of the water quality 
by a parameter that presently exceeds its PWQO (MOE 1999a). For those parameters that 
are below their PWQO, some minimal degree of degradation may be accepted; however, 
degradation beyond the PWQO is not acceptable. This approach is outlined in Policy 1 
(MOE 1999a). Typically, a 75th percentile value is used for comparison against the 
PWQO as it represents a conservative, ‘worse than average’ condition of the water body. 
The complete dataset for all measured parameters is presented in the Water Quality and 
Sediment Chemistry Appendix.
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2.7.3.1 Nutrient Related Parameters 

For most freshwater aquatic systems, total phosphorus is used for assessing the degree 
of nutrient enrichment as it is often the limiting macronutrient for the growth of aquatic 
plants.  Sources of phosphorus to the watershed include both point sources (stormwater 
discharge) and non-point sources (atmospheric deposition, fertilizer application, livestock 
waste, urban runoff, failing septic systems, and natural sources). In excessive amounts, 
phosphorus can increase aquatic plant growth to biomass levels that causes significant 
diurnal fluctuations in dissolved oxygen from photosynthesis and respiration processes.  
Dissolved oxygen levels below the PWQO of 5 mg/l for coldwater streams, will stress 
fish communities.  

Analysis of total phosphorus long-term data for the West Credit River at Winston 
Churchill Blvd. indicates that this reach of the West Credit River is not a Policy 2 
watercourse with respect to Total Phosphorus. At this station the overall 75th percentile 
and monthly 75th percentile concentrations fell below the PWQO set by MOE (Figure 
2.7.3) and the percent violation of the PWQO is 4%. Trend analysis demonstrates a  
slight decrease in phosphorus concentrations during period 1996-2008.  
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Figure 2.7.3 Summary Statistics of Total Phosphorus Concentrations for the West 
Credit River at Winston Churchill Blvd. from 1996-2008 

Total phosphorus data collected through the SSMP fieldwork in 2007-2008 revealed that 
the phosphorus levels are generally below the PWQO on the smaller tributaries and on 
the West Credit River although some exceedances were measured. The summary analysis 
found that higher levels are present in stations located near the urban centers of 
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Hillsburgh and Erin stations indicating that phosphorus contributions are likely coming 
from urban storm water runoff (Figure 2.7.4). 
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Figure 2.7.4 Box Plot of Total Phosphorus Concentrations for the SSMP Study 
Stations from 2007-2008 (PWQO = 0.03 mg/L) 
Note: Extreme outlier for station 15-20-03 removed from graph for Sept 26 2007 TP = 
0.510 mg/L) 

Nitrate-Nitrogen is typically a groundwater quality concern and commonly arises from 
surficial spreading of fertilizers or from septic systems. Nitrates in surface watercourses 
can also originate from Water Pollution Control Plant (WPCP) discharges, runoff from 
both rural and urban land uses, as well as precipitation.  Nitrate is a dissolved nitrogen 
species that acts as a nutrient to stimulate aquatic plant growth and may be toxic to 
aquatic biota at elevated levels. Excessive aquatic plant growth can lead to an unhealthy 
dissolved oxygen regime, since nighttime DO levels will be reduced by plant respiration. 
Because nitrate is soluble and does not absorb to soil particles, it is highly mobile in 
groundwater and can be a concern where groundwater discharges into creeks, especially 
in fish spawning locations.  Recently, the CCME approved a Canadian Water Quality 
Guideline (CWQG) for nitrate-nitrogen of 2.93 mg/L for the protection of aquatic biota in 
freshwater systems (CCME 2003).  The Ontario Drinking Water Objective for nitrate (as 
nitrogen) is 10 mg/L.  

The long-term nitrate data from the PWQMN station at the West Credit River and 
Winston Churchill Blvd. station indicates that the mean and 75th percentile are below the 
criteria of 2.93 mg/L nitrate-nitrogen (NO3-N). The percentage of samples which exceed 
the CWQG is approximately 4%, which is the same as the total phosphorus exceedance 
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results.  Although, statistical trend analysis portrayed a significant increasing trend in 
nitrate-nitrogen over the period of 1996-2009 (Figure 2.7.5).  

The seasonal analysis of the long term PWQMN dataset showed elevated nitrate levels 
approaching the CWQG during the winter months of January and February. This may be 
a result of the absence of aquatic plants and bacteria that can convert the nutrient into a 
food source. 

The nitrate-nitrogen data collected through the fieldwork in 2007-2008 revealed that the 
nitrate levels are elevated at many locations through the study area. The boxplot in
Figure 2.7.6 illustrates a similar trend as phosphorus with elevated concentrations in 
Hillsburgh where the median concentrations are consistently above the CCME guideline. 
Station 15-14-01 is located in a rural catchment and elevated results are likely due to 
agricultural practices.  

The un-ionized fraction of total ammonia (NH3) is considered one of the indicator 
parameters, as it has been shown to be toxic to aquatic life. The PWQO of 20 ug/l is 
based on the un-ionized ammonia fraction, which is related to the field water temperature 
and pH.  The concentration of un-ionized ammonia increases with pH and water 
temperature increases. The value of un-ionized ammonia was calculated using the 
Emerson equation based on total ammonia, field water temperature, and field pH data. 

The long-term un-ionized ammonia data from the PWQMN station, West Credit River at 
Winston Churchill Blvd., indicated that the mean and 75th percentile were well below the 
criteria of 20 ug/L and no samples exceeded this guideline (Figure 2.7.7).  Seasonal 
distributions illustrate higher concentrations in the summer months from May to August.  
Trend analysis shows a significantly decreasing concentration over the study period at a 
90% confidence level.  

Results indicate that levels of un-ionized ammonia (NH3) for the period of observation 
were also below the objective for un-ionized ammonia (Figures 2.7.8) for the full dataset 
at the eleven stations in the Erin SSMP study area. Ammonia concentrations were not 
recorded above the PWQO during the study period.  Also, a seasonal trend was not 
evident in the short term un-ionized ammonia concentrations. Refer to the Water Quality 
and Sediment Chemistry Appendix for the full dataset.  
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Figure 2.7.5 Nitrate-nitrogen Concentrations for the West Credit River at Winston 
Churchill Blvd. from 1996-2009 (CWQG = 2.93 mg/L) 
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Figure 2.7.6 Box Plot of Nitrate-nitrogen Concentrations for the SSMP Study 
Stations from 2007-2008 (CWQG = 2.93 mg/L) 
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Figure 2.7.7 Un-ionized Ammonia Concentrations for the West Credit River at 
Winston Churchill Blvd. from 2001-2009 (PWQO = 20 ug/L) 
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Figure 2.7.8 Box Plot of Un-ionized Ammonia (NH3) concentrations for the SSMP 
Study Stations from 2007-2008 (PWQO = 20 ug/L) 
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Total Kjeldahl Nitrogen (TKN) is the sum of organic nitrogen, ammonia (NH3), and 
ammonium (NH4

+).  TKN concentrations give information of the full nitrogen cycle but 
do not have an associated guideline or objective.  Figure 2.7.9 depicts a historical time 
series of TKN concentrations in the West Credit River at Winston Churchill Blvd.  TKN 
concentrations vary from 0.18 – 0.74 mg/L with no seasonal differences evident.  Trend 
analysis indicates that there is not a significant trend in the data.   

Total Kjeldahl Nitrogen data collected through the SSMP fieldwork in 2007-2008 
revealed no distinct differences between TKN concentrations at the eleven stations 
distributed throughout the study area (Figure 2.7.10).   

2.7.3.2 Oxygen Related Parameters 

A healthy dissolved oxygen regime is critical for fisheries and other aquatic biota. The 
PWQO for dissolved oxygen is 5 to 6 mg/L for coldwater fisheries and 4 to 5 mg/L for 
warmwater fisheries, within the temperature range of 10  oC to 25 oC. As opposed to most 
parameters, the standard for dissolved oxygen is a minimum, and therefore observed 
values should be above the PWQO.  Oxygen levels are a function of many variables 
including: 

oxygen demanding parameters including carbonaceous, nitrogenous, and benthic 
sediment oxygen demand (increased oxygen demand will decrease dissolved 
oxygen); 

water temperature and decreases in atmospheric pressure (increased water 
temperatures and decreased pressure will decrease the amount of oxygen the 
water can hold); 

re-aeration (increased re-aeration will increase dissolved oxygen when levels are 
below saturation and will decrease levels when above saturation); and 

plant photosynthesis and respiration processes (photosynthesis processes produce 
oxygen while respiration processes consume oxygen).

Diurnal Monitoring  
Although dissolved oxygen (DO) is measured during the water chemistry sampling 
events, these measurements are almost always taken during daylight hours and do not 
capture the period of lowest dissolved oxygen. Night time measurements of DO are 
important because if significant aquatic plant growth is present, DO levels can drop 
below healthy levels for fish just before dawn. During the day, aquatic plants use the 
sun’s energy to photosynthesize, a process that produces oxygen, and therefore increases 
the dissolved oxygen levels for fish. However, aquatic plants respire continuously, a 
process that consumes dissolved oxygen in the water. Therefore at night, plant respiration 
can cause a depletion of dissolved oxygen, which can stress or even kill fish. Water 
temperature, re-aeration rates, and the amount of oxygen demanding material in the water 
can also affect the dissolved oxygen levels. Sediment oxygen demand, carbonaceous 
biological   oxygen  demand,   and  nitrogenous  oxygen  demand  can  remove  dissolved  
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Figure 2.7.9 TKN Concentrations for the West Credit River at Winston Churchill 
Blvd. from 1996-2009 
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Figure 2.7.10 TKN Concentrations for the SSMP Study Stations from 2007-2008 
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oxygen in the water column. Warmer water holds less oxygen than colder water and also 
increases fish metabolism, which thereby increases the amount of oxygen needed by the 
fish. Higher re-aeration rates in turbulent, high gradient, fast moving water can reduce the 
impact on dissolved oxygen from aquatic plants and oxygen demanding materials.  
Because of the number of variables that can impact DO levels, diurnal surveys for 
dissolved oxygen are needed to measure both daytime and night-time dissolved oxygen 
levels. 

Two sets of diurnal monitoring tests for dissolved oxygen, pH, conductivity, and water 
temperature were completed at 4 stations across the study area, one in late June, and one 
in late August.  Figure 2.7.11 illustrates DO concentrations over the five days of 
Hydrolab deployment in June 2008. All concentrations surpassed the minimum DO 
objective of 5 mg/L.  The large variation seen in the West Credit River downstream of 
the Head Pond (also known as the Hillsburgh Dam) station in Hillsburgh (15-17-01) 
illustrates the influence of plant growth and respiration in the upstream pond in 
conjunction with re-aeration from the waterfall.  Some mechanical difficulty was 
experienced with the Hydrolab probe at the 8th Line Gauge Station (15-10-02) which 
resulted in a shortened DO measurement period.  
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Figure 2.7.11 Diurnal Survey Dissolved Oxygen Results for West Credit River 
Stations in June 2008  

The second diurnal sampling event was conducted in late August 2008, during a period of 
low flow conditions and warmer water temperatures. Figure 2.7.12 illustrates the DO 
profile showing similar trends to June, with concentrations well above levels considered 
to be harmful to aquatic life.  Station 15-17-01 is located downstream of the Head Pond 
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(also known as the Hillsburgh Dam) in Hillsburgh and the large variations in DO found at 
this station are an artifact of the aquatic macrophyte growth within the pond upstream. 
These macrophytes produce dissolved oxygen during the day through photosynthesis and 
consume oxygen during the night through respiration. The air and water temperatures 
were below normal in the summer of 2008 which likely had a positive influence on 
dissolved oxygen concentration as the water has the capacity to hold more oxygen in 
colder water temperatures.  
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Figure 2.7.12 Diurnal Survey Dissolved Oxygen Results for West Credit River 
Stations in August 2008 

Biochemical Oxygen Demand (BOD) is a measure of the amount of oxidizable organic 
substances in a water sample that can lower dissolved oxygen (DO). The standard 
oxidation (or incubation) test period for BOD is 5 days at 20 °C (BOD5). This test 
determines how organic matter affects the concentration of dissolved oxygen (DO) in a 
stream or lake and is integral to water-quality management. PWQO or CCME standards 
for BOD5 are not available at present time. 

Figure 2.7.13 depicts the long term time series of BOD5 concentration in the West Credit 
River at Winston Churchill Blvd.  There were no major variations in seasonal / monthly 
75th percentile values. However, fall and winter appeared to have slightly higher BOD 
concentrations (refer to the Water Quality and Sediment Chemistry Appendix).  BOD5
data collected through the SSMP fieldwork in 2007-2008 measured no values above the 
detection limit of 2 mg/L.  This is supported by the low levels of algal and aquatic 
macrophytes biomass observed in the study area.  
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Figure 2.7.13 BOD5 Concentrations for the West Credit River at Winston Churchill 
Blvd. from 1996-2008 

2.7.3.3 Physical Parameters  

Total Suspended Solids (TSS)  
The type and concentration of suspended matter controls the turbidity and transparency of 
water. Suspended matter includes silt, clay, fine particles of organic and inorganic matter, 
soluble organic compounds, and microscopic organisms. Total Suspended Solids (TSS) 
are defined as un-dissolved particles that vary in size from approximately 10 nm to 0.1 
mm in diameter, containing both biotic and abiotic components. Anthropogenic activities 
such as forest harvesting, road building, construction, dredging, and gravel pit operations 
can cause marked changes in the physical, chemical, and biological characteristics of the 
watercourses nearby, and areas downstream. Other major sources of anthropogenic 
sediment loading in streams include agricultural runoff, industrial, and municipal 
wastewater discharge. Urban runoff contributes dust and dirt collected on impervious 
surfaces. Also the increased rate of runoff from urban areas due to the impervious 
surfaces, and the efficient collection system of roadside curbs, gutters, catch basins, and 
sewers can increase channel erosion in natural stream banks and add to the TSS in 
streams during runoff events. 

Currently, there is no PWQO for suspended solids but it is recognized that high levels can 
clog critical spawning areas for fish, increase sediment oxygen demand which can 
deplete DO levels, and result in poor water clarity for aquatic life and recreational uses. 
The Canadian Water Quality Guideline (CWQG) for suspended solids suggests that 
during clear flow conditions suspended solids levels should not increase from 
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anthropogenic activities to over 25 mg/l of background levels for a 24 hr period and 5 
mg/l for a period of longer-term exposure (24 hr to 30 d). 

Suspended solids measurements are spot measurements similar to water temperature and 
can vary widely from wet to dry conditions (Figure 2.7.14). The data suggests that the 
West Credit River at Winston Churchill Blvd. station may occasionally receive large 
sediment loads through erosion, agricultural runoff, and stormwater flows but overall has 
a low suspended sediment loading as the 75th percentile is 3.6 mg/L, below the chronic 
toxicity CWQG. The seasonal distribution of the data demonstrated a slight increase in 
concentrations in the later winter and spring indicating that higher loading is likely 
associated with spring melt and runoff.  Also, trend analysis did not demonstrate a 
significant trend in the long term TSS data. 
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Figure 2.7.14 TSS Concentrations for the West Credit River at Winston Churchill 
Blvd. from 1996-2008  
Note: CWQG-a = 25 mg/L for a 24 hr period, while CWQG-c = 5.0 mg/L for a 24 hr to 
30 d period. 

Total suspended solids data collected through the SSMP fieldwork in 2007-2008 revealed 
that most of the TSS values were recorded below detection limits.  Isolated elevated 
samples were found in the late winter and spring and likely associated with spring runoff.  
The complete data set can be found in the Water Quality and Sediment Chemistry 
Appendix.  
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Chlorides  
Sources of chlorides (Cl-) include loadings from septic system effluent, road salting for 
ice in the winter (NaCl), use of a dust suppressant (CaCl2) on dirt roads in the summer, 
and water softeners. Because chloride has a high solubility and is a conservative 
parameter, it can readily move through groundwater systems and into surface waters 
through runoff or groundwater discharges (Bowen and Hinton 1998). Chloride does not 
have a freshwater guideline for the protection of aquatic biota, however the current 
aesthetic drinking water quality objective for chloride is 250 mg/l (MOE 2001b) which is 
within the range of the lowest concentrations observed to be harmful to aquatic biota 
(Environment Canada and Health Canada 2001).  

Figure 2.7.15 depicts the statistical characteristics and historical time series of chloride 
concentration in the West Credit River at the Winston Churchill Blvd. station.  The 
chloride concentrations measured well below the CVC Objective (250 mg/L) and had a 
long term annual 75th percentile at 43 mg/L with no recorded exceedances of the 
objective.  The time series graph demonstrates a slight seasonal distribution to chloride 
concentrations indicating influences from road salting contributions.  Trend analyses did 
not find a significant trend in chloride levels during the study period. 
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Figure 2.7.15 Chloride Concentrations for the West Credit River at Winston 
Churchill Blvd. from 1996-2008 (Lowest Observed Effect Concentration = 252 
mg/L) 

Chloride concentrations taken for the SSMP study indicate similar levels of chloride 
when compared to the long term results (Figure 2.7.16).  All chloride concentrations 
were well below guideline levels.  Slightly elevated concentrations are found in the 
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smaller urban tributaries with less ability to dilute road salting impacts as compared to the 
West Credit River main branch.   
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Figure 2.7.16 Chloride Concentrations for the SSMP Study Stations from 2007-2008  
(Environment Canada’s no effect concentration = 252 mg/L)  

2.7.3.4 Metals 

Most metals can be found naturally in soils and in the watercourses that discharge from 
these soils. Elevated levels of specific metals in watercourses and in soils can occur from 
naturally higher levels in geologic formations and from human activities, which can 
effectively concentrate metals directly and indirectly through urban, agricultural, and 
aggregate land uses, as shown in Table 2.7.3.

The metals aluminum, copper, iron, and zinc have been identified in the Water Quality 
Strategy Phase 1 Report (CVC et al. 2003) as the metal parameters of concern.  Elevated 
total metal levels may occur from urban runoff and are usually attached to suspended 
solids. Also, geological groundwater sources can increase iron concentrations in surface 
water.  Aluminum is associated with clay particles which form part of suspended solids. 
As the samples were not filtered before analysis, it is supposed that many of the high 
concentrations that violated the PWQO were due to clay particles in the sample. Copper
is an acutely toxic metal to most forms of aquatic life at relatively low concentration. The 
PWQO for unfiltered total copper is 5 ug/L.  The present potential anthropogenic sources 
of copper in the Erin SSMP study area include industrial and urban runoff (such as 
stormwater  runoff, septic effluent).  Iron is a naturally presented metal in groundwater 
and also occurs in urban runoff. Iron has a PWQO of 300 ug/L for the protection of 
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aquatic life.  Zinc is an acutely and chronically toxic metal to aquatic organisms, 
particularly for fish. The PWQO for unfiltered total zinc is 20 ug/L. The present potential 
anthropogenic sources of zinc in the Erin SSMP study area include industrial and urban 
runoff, and agriculture (fertilizers and pesticides). 

The summary statistics of total metal concentrations for the 1996-2008 data set are shown 
in the Table 2.7.4.  The 75th percentile values of all of the metal parameters were less 
than their respective PWQO for the PWQMN station, West Credit River at Winston 
Churchill Blvd.  The percent of violation occurrence ranges from 0% to 4%, indicating 
relative low contributions from urban, agricultural, and aggregate sources.   

Table 2.7.3 Examples of Metal Contributions to Watercourses from Natural 
Causes and Human Activities 

Natural Aggregate Urban Agricultural 

Direct NA NA 

Discharge of wastewater 
or stormwater with 

elevated metals (i.e., 
from industrial inputs); 

Landfills 

Application of metals, 
such as calcium, 

potassium, magnesium, 
sodium or other 

minerals/trace metals for 
crop nutrients or soil 

amendments 

Indirect

Naturally high 
deposits of metals 
can increase soil, 
groundwater, and 

surface water 
concentrations of the 

given metal 

Exposure of geologic 
formations to 

oxygen, which can 
release metals that 

would other-wise be 
‘locked’ into the rock

Increased flows eroding 
bed and bank soils with 

naturally high metal 
content 

Where cover crops are not 
used, erosion of clay soils 
with naturally high metal 

content 

Table 2.7.4 Summary Statistics of Metals Parameters of Concern for the West 
Credit River at Winston Churchill Blvd 

Aluminum (ug/L) Copper (ug/L) Iron (ug/L) Zinc (ug/L) 
Time Period 1996-2008 1996-2008 1996-2008 1996-2008
Guideline 75 5 300 20 
No. of Samples 127 127 127 127 
Average 22.2 0.6 51.4 1.8 
50th Percentile 15.9 0.5 38.8 1.6 
75th Percentile 23.4 0.72 59.4 2.1 
Exceedance (%) 3.9 0.0 0.8 0.0 

Trend analysis did not demonstrate any consistent pattern between the metal species. 
Aluminum demonstrated a significant downward trend while copper exhibited a 
significant upward trend both at 95% level of confidence.  Iron and zinc did not express 
significant trends over the period of 1996-2008 at the 95% or 90% confidence level.  
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2.7.3.5 Microbiological Parameters - Escherichia Coli

Although bacteria levels are typically more of a concern for the health of humans than 
fisheries, high bacteria levels can be indicative of an impaired watercourse. Livestock, 
wildlife, pets, and septic systems are the main sources of bacteria in the SSMP study area.  
Levels of Escherichia Coli (E. coli) are used as a surrogate indicator for the presence of 
pathogenic bacteria and nitrogenous waste that impair human uses of the water. The 
PWQO for E. coli is set for the safety of recreational uses, such as swimming and other 
water sports, and is therefore not necessarily an appropriate objective for fisheries health. 
However, since the previously mentioned sources of elevated bacteria levels can also 
contribute excessive nutrients and oxygen demanding materials, E. coli can still be 
considered a secondary indicator for fisheries health. In addition, the PWQO is meant to 
be compared to the geometric mean of five samples taken simultaneously. Geometric 
means (or geomeans) are used to measure ‘average’ bacteria values since this bacterial 
growth occurs at a logarithmic scale. For this analysis, long-term geometric mean results 
are compared to the PWQO for comparison of bacterial levels between stations. In 
general, the geometric mean value for E. coli at the Winston Churchill Blvd. station is 
below the PWQO of 100 counts/100 mL. However 27% of samples that exceeded the 
PWQO are assumed to have been associated with precipitation and urban runoff (Figure 
2.7.17).  Trend analysis does not indicate a significant trend over the study period. This is 
mostl likely due to the large range and variation in results. 
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Figure 2.7.17 E. coli Concentrations (logarithmic scale) for the West Credit River at 
Winston Churchill Blvd. from 1996-2008 (PWQO = 100 cts/100mL) 
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There is a strong seasonal distribution to the bacteria results as higher temperatures in the 
summer months present ideal conditions for bacterial growth.  Figure 2.7.18 portrays the 
elevated bacteria concentrations found in the summer months at the West Credit River at 
Winston Churchill Blvd. station with exceedances to the PWQO occurring in June, July 
and September.  It could be associated with increased biological activity from such 
sources as waterfowl, domestic animals, and livestock occurring in and around 
watercourses.  
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Figure 2.7.18 Monthly Geomean Values of E. coli Concentrations for the West 
Credit River at Winston Churchill Blvd. from 1996-2008 (PWQO = 100 cts/100 mL) 

E. coli data collected through the SSMP fieldwork in 2007-2008 revealed slight 
differences between concentrations at the eleven stations distributed throughout the study 
area (Figure 2.7.19). Elevated concentrations were found in the urban Villages of Erin 
and Hillsburgh which is possibly associated with urban runoff, pet and wildlife feces, and 
effluent from septic systems.  The relative rural station, East Branch downstream 
Wellington Rd 124 (15-20-03), recorded the highest concentrations in the study area. 
Specific sources are not able to be isolated in this study but waterfowl, septic effluent, 
and agricultural fertilizing practices are possible sources of bacterial contamination.  
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Figure 2.7.19 E.coli Concentrations on Logarithmic Scale for the SSMP Study 
Stations from 2007-2008 (PWQO = 100 cts/100 ml) 

2.7.3.6 Summary of Short Term Results 

Water Quality Index 
A water quality index provides a convenient method of mathematically summarizing 
complex arrays of multivariate water quality data into simple water quality descriptors 
that facilitates easy communication of the water’s status to general audiences. 

While numerous water quality indexing systems are in use throughout Canada and the 
United States, none provide the power and versatility seen in the Canadian Council of 
Ministers of the Environment, Water Quality Index (CCME WQI). The CCME WQI is 
based on 3 analytical factors that compare water quality data with their associated 
provincial or federal objectives or guidelines for each parameter: 

1. The number of variables whose objectives are not met (Scope – F1); 

2. The frequency with which the objectives are not met (Frequency – F2); and 

3. The amount by which the objectives are not met (Amplitude – F3). 

During the development of the CVC Water Quality Strategy a list of chemical and 
physical “Parameters of Concern” were identified. Those parameters provide the most 
relevant information pertaining to surface water quality changes relative to land use 
practices throughout the watershed. Since some of the identified parameters do not have 
provincial or federal “Objectives” they are not included in the index calculations (Table 
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2.7.1). Parameters included in the water quality index include: total phosphorus, nitrate-
nitrogen, TKN, un-ionized ammonia, zinc, copper, chloride, TSS, and E.coli.  Indexing at 
least 6 parameters per site is recommended by CCME. The WQI analysis is based on a 
two year record of data collected from fall of 2007 to fall of 2008.   

Results 
The WQI generates a score between 0 and 100, whereby a score of zero indicates poor 
water quality and 100 indicates ideal water quality. Results from the analysis of the WQI 
rank the eleven stations in the study area from Good to Fair (Figure 2.7.20).  The average 
WQI for all stations were calculated to be 79.3. 

Overall, the water quality in the upper portion of the study area is fair in terms of impact 
to the health of aquatic biota.  Elevated levels of bacteria, total phosphorus, and nitrate-
nitrogen resulted in the lowered rankings.  In the mid-portions of the study area the water 
quality ranking improved as downstream stations with significant groundwater discharge 
adds higher flows, which increases the streams ability to assimilate contaminants.  In the 
Village centers of Hillsburgh and Erin, the influence of roads, septic systems, and urban 
land use with higher population density is apparent because median concentrations of 
total phosphorus, bacteria, and nitrate are higher than in rural areas. The western 
Binkham tributary (150804) and the East Branch of the West Credit River (152003) 
ranked fair due to elevated levels of bacteria and total phosphorus associated with wet 
events.   



RR
3

RR
22

8t
h L
ine

wn
lin
e

Co
un
ty
Ro
ad

124

10
th
Lin
e

4t
h L
ine

W
.

Sh
aw
's
Cr
ee
k R

oa
d

th
Lin

e

13
th
Lin

e

Co
un
ty
Ro
ad

24

Hw
y2
4

Rd.

RR
52

27
Sid

erd
.

Tra
fa
lga
r R
d.

Hw
y 2
5

24
Sid

erd
.

17t
hS

ide
rd.

Mc
La
re
n R

d.

Hig
hp
oin

tS
ide

rd.

Bu
sh

St.

Ca
tar
ac
t

9S
ide

rd.

15t
h Sid

erd
.

Co
un
ty

Ro
ad

124

Du
nd
as
St.

W.

5t
h L

ine

M

9t
h L
ine

6t
h L
ine

9t
h L

ine

Eri
n/

Ea
st
Ga
raf

rax
aT

ow
nli
ne

Be
ec
hG

rov
eS

ide
rd.

15
th
Lin

e

Co
un
ty
Ro
ad

24

5S
ide

rd.

CP
R

6t
h L

ine
8t
h L

ine

10
th
Lin
e

W
ins
to
n C

hu
rch

ill
Blv

d

10
Sid

erd
.

4t
h L

ine

Th
eG

ran
ge

Sid
erd

.

27
Sid

erd
.

10
th
Lin
e

!!
!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

!!

To
wn

of
Ca
led

on

To
wn

of
Er
in

H

To
wn

shi
po

fE
ast

Ga
raf

rax
a

15
16

01

15
17

03 15
17

01

15
14

01

15
13

02

15
10

02

15
20

03

15
08

04

15
04

02
15

08
07

15
08

05

60
07

60
15
02

M
O
E/
PW

Q
M
N

Figure 2.7.20 Water Quality Index Ranking at SSMP Study Stations
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2.7.4 Water Temperature 

Water temperature is one of the most critical water quality parameters for the health of 
fisheries and can determine what species of fish can survive and thrive in a watercourse.  
Higher water temperatures are also associated with lower dissolved oxygen 
concentrations.  Routine sampling that occurs during normal working hours typically 
misses the critical period when the water is likely to be at its warmest (between 4 pm and 
6 pm). 

Continuous monitoring of water temperature took place in the 2008 field season at 12 
monitoring sites throughout the West Credit River subwatershed.  Water temperatures 
were recorded every half-hour using HOBO Water Temp Pro Version 2 loggers.  As 
temperatures are typically at their highest from June through September, the analysis of 
data is based on recorded temperature during this time frame.   

All West Credit River sites are managed as coldwater fisheries habitat according to the 
Credit River Fisheries Management Plan (OMNR and CVC 2002).  Not all tributaries in 
the study area have been classified, although those that have been are also managed as 
coldwater fisheries habitat.  More recent data and current mapping show areas associated 
with online ponds that may affect the thermal regime of particular reaches (CVC et al. 
2008).  This data suggests that reaches upstream (and slightly downstream) of County 
Road 24 and upstream of 9th Line in Erin Village show characteristics of cool water and 
warmwater fish community zones (CVC et al. 2008).  Two targets are recommended for 
water temperature in coldwater habitat: the average daily summer maximum (20 °C), and 
the overall summer maximum temperature (26 °C).  The average daily summer maximum 
and the overall summer maximum temperatures, as well as, the percent exceedances over 
the 26 °C overall target is presented in Table 2.7.5.

The West Credit River downstream of the head pond; West Credit River downstream of 
9th Line in Erin Village; and West Credit River downstream of County Road 24 exceeded 
both the overall target temperature of 26 °C and the average daily maximum target 
temperature of 20 °C (Figure 2.7.21).  The West Credit River downstream of the 9th Line 
station in Erin Village had the greatest proportion of exceedances beyond the overall 
target temperature of 26 °C.  All other monitoring locations exhibit temperature regimes 
that are consistent with coldwater fisheries habitat.  It should be noted that 2008 was a 
particularly wet and cool summer, which could possibly have affected marginal sites.  
The tributary downstream of 10th Line, north of the West Credit River, approached both 
target temperatures with an average daily max of 19.2 °C and a seasonal max of 25.6 °C.  
It is possible that during a warmer summer, this site would have exceeded the 
recommended guidelines.  Most other sites were well below the target temperatures, with 
4 sites not exceeding an average daily max of 16.9 °C.  The West Credit River upstream 
of Winston Churchill Blvd. is the location furthest downstream and it did not exceed 21.7 
°C.  The ability of this and other sites to maintain low water temperatures during the 
summer months suggest substantial groundwater input into these channels. 
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Several anthropogenic factors may play a key role in affecting water temperature within 
the study area. In particular, the presence of numerous online ponds in the Villages of 
Erin and Hillsburgh are likely to have the greatest affect on downstream water 
temperatures.  Figure 2.6.6 illustrates the series of ponds upstream of 9th Line (Church 
St. pond, Charles St. pond, and Stanely Park ponds) which would contribute to the large 
number of exceedances recorded immediately downstream of 9th Line.  The station 
located on the West Credit River downstream of the head pond in Hillsburgh (15-17-01) 
is another monitoring location directly downstream of a pond and it also exceeded both 
target temperatures.  Recent fisheries data suggests that the West Credit River location 
downstream of County Road 24 (15-13-02) is located within cool water fisheries habitat, 
which would suggest the results for that location may be considered acceptable (CVC at 
al. 2008).  Other factors influencing water temperature within the SSMP study area may 
include: the presence of dams, wetlands, increased impervious surfaces, and reduced 
riparian cover in urban areas.  

Table 2.7.5 Average Daily Maximum Temperature, Overall Summer Maximum 
Temperature, and Percent Exceedances over 26 °C in 2008  

Station ID Site Name 
Average Daily 
Max (Target: 

20 ºC) 

Seasonal 
Max (Target: 

26 ºC) 

Percent 
Exceedance 
over 26 ºC 

15-16-01 West Credit upstream Hillsburgh, 
downstream 8th Line 16.0 19.1 0.00% 

15-17-03 West Credit downstream Hwy 25, 
Hillsburgh 16.1 19.6 0.00% 

15-17-01 West Credit downstream head 
pond 21.2 26.8 0.31% 

15-13-02 West Credit downstream County 
Rd 24 18.3 22.8 0.00% 

15-14-01* West Credit Trib at Caledon Rail 
Trail, upstream 8th Line 19.4 24.6 0.00% 

15-10-02 West Credit at 8th Line Gauge 16.9 21.7 0.00% 

15-08-07 West Credit downstream Main 
St., Erin Village 22.0 28.3 2.24% 

15-08-05* South Trib downstream Main St., 
Erin Village 19.2 25.6 0.00% 

15-20-03* East Branch downstream 
Wellington Rd 124 18.5 23.8 0.00% 

15-08-04* East Branch downstream 10th 
Line / North of West Credit River 21.0 26.5 0.24% 

15-04-02 West Credit downstream 10th Line 16.7 20.4 0.00% 

06007601502 West Credit at Winston Churchill 
Blvd. 17.8 21.7 0.00% 

Note:  
Grey shaded cells indicate a violation over the target temperatures for managed coldwater 
fisheries habitat. 



Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report 188

0

5

10

15

20

25

30

01
-J

un
-0

8

12
-J

un
-0

8

23
-J

un
-0

8

05
-J

ul
-0

8

16
-J

ul
-0

8

28
-J

ul
-0

8

08
-A

ug
-0

8

20
-A

ug
-0

8

31
-A

ug
-0

8

12
-S

ep
-0

8

23
-S

ep
-0

8

W
at

er
 T

em
pe

ra
tu

re
 (°

C)

15-08-07 15-17-01 15-13-02 Maximum Summer Temperature Target

Figure 2.7.21 Water Temperatures at the West Credit River Stations with Water 
Temperatures Exceeding Guidelines, Summer 2008   

2.7.5 Sediment Chemistry  

Sediment chemistry monitoring was conducted in the 2008 field season at eleven sites in 
conjunction with the water chemistry and water temperature stations (Table 2.7.2).  
Sediment chemistry analysis allows a deeper look into the historical chemical compounds 
utilization, their mobility and ability to bioaccumulate.  Bioaccumulation occurs in the 
sediments which are consumed by benthic macroinvertebrates. These benthic 
invertebrates are then consumed by larger predators such as fish that are then consumed 
by carnivorous animals and humans. Bioaccumulation occurs with metals, 
polychlorinated biphenyls (PCBs), phenanthrene (PAHs), and organo-chlorides (OC), all 
of which were analyzed for within this study.  The complete dataset for all sediment 
parameters is presented in the Water Quality and Sediment Chemistry Appendix. These 
results are compared against the 4 standards described below: 

Federal Probable Effect Level (PEL) - level above which adverse effects are 
expected to occur frequently (CCME 1999);  

Federal Threshold Effect Level (TEL) – concentration below which adverse 
biological effects are expected to occur rarely (CCME 1999); 

Provincial Severe Effect Level (SEL) – level in sediments that could potentially 
eliminate most of the benthic organisms (MOE 1993); and 
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Provincial Lowest Effect Level (LEL) – level at which actually eco-toxic effects 
become apparent.  It is derived using field based data on the co-occurrence of 
sediment concentrations and benthic species (MOE 1993). 

PCBs were commonly used as ballast in electrical equipment such as transformers and 
capacitors due to their chemical stability.  Although the use of PCBs has been severely 
restricted in North America over the last two decades, the main sources to aquatic 
environments continue to be leaks, spills, municipal and industrial effluents, runoff from 
contaminated soils, leachates from unsecured landfills, and atmosphere deposition (WHO 
1992).  Like many other organochlorine compounds, PCBs are persistent, 
bioaccumulative and toxic.  Once released into the environment PCBs tend to change 
composition and bind to sediments. The majority of PCBs that are introduced into the 
aquatic environment are eventually incorporated into bed sediments (Baker et al. 1985). 
Therefore, sediment represents an important exposure route for aquatic biota to PCBs.  
They are the cause of the majority of the fish consumption advisories in each of the Great 
Lakes and are considered a priority pollutant by many authorities.  Total PCB were 
analyzed at all 11 stations in the Erin SSMP study area but were not detected above 
laboratory detection limits at any of the stations.

Polycyclic aromatic hydrocarbons are produced during the incomplete combustion of 
organic substances, most commonly the combustion of fossil fuels. As an indicator of 
human industrial activities, PAH contamination is relatively widespread throughout the 
Great Lake Basin.  This study included an analysis of 16 different PAH chemicals listed 
in Table 2.7.6.  Several stations recorded repeated exceedances for PAH chemical 
including stations located within and downstream of Erin Village.  Exact sources of the 
PAHs are difficult to determine as they persist and accumulate in the sediment over long 
time periods.  

The study also tested for a broad range of organochlorines including DDT and 
metabolites, and other common pesticides (dieldrin, chlordane, endosulfate, lindane, and 
mirex). These chemicals were all utilized for their pesticide properties, ranging from a 
broad spectrum pesticide to specific target receptors.  Concentrations of organochlorine 
pesticides were found to be below laboratory reportable detection limits for all stations.   

Total metal concentrations for a suite of commonly analyzed metals were analyzed in the 
sediment samples.  Elevated total metal levels may be from domestic and/or industrial 
wastewater, landfill leachate, erosional processes, and both rural and urban runoff.  Iron 
and aluminum are typically found in clay soils and can be present in other geologic 
formations.  Leaching minerals from rock and both the natural and anthropogenic erosion 
of clay soils can increase aluminum and iron concentrations in the local watercourse.  
Elevated levels of cadmium, copper, manganese, and zinc were detected and exceeded 
either guideline of the Lowest / Probable Effect Levels (LEL or PEL).  
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Table 2.7.6 Polycyclic Aromatic Hydrocarbons (PAHs) Occurrence in Sediments 
(2008) 

Federal Guidelines Provincial 
Guidelines 

Parameter 

Total 
Detected 
Number 

TEL 
(ug/g) 

Excee-
dance 

Number 

PEL 
(ug/g) 

Excee-
dance 

Number 

LEL 
(ug/g) 

Excee-
dance 

Number 

Percent 
of 

Violat-
ion 

Max 
Observed 
Concent-

ration 
(ug/g) 

Location 
of 

Exceeda-
nces 

Acenaphthe-
ne 0 0.00671 NA* 0.0889 NA  NA NA NA NA 

Acenaphthy-
lene 0 0.00587 NA* 0.128 0  NA NA NA NA 

Anthracene 0 0.0469 NA 0.245 0 0.22 NA NA NA NA 
Benzo(a)ant-
hracene 2 0.0317 2* 0.385 0 0.32 0 NA* 0.04 151401, 

150402 

Benzo(a)pyr-
ene 5 0.0319 5* 0.782 0 0.37 0 NA* 0.05 

151401, 
150807, 
150804, 
150402 

Benzo(g,h,i) 
perylene 0  NA  NA 0.17 0* NA* NA NA 

Benzo(k) 
fluoranthene 0  NA  NA 0.24 0 0 NA NA 

Chrysene 2 0.0571 0* 0.862 0 0.34 0 NA* 0.05 150402
Dibenz(a,h) 
anthracene 0 0.00622 NA* 0.135 NA 0.06 NA NA NA NA 

Fluoranthene 6 0.111 2 2.355 0 0.75 0 18.2 0.12 150807, 
150402 

Fluorene 0 0.0212 0* 0.144 0 0.19 0 NA* NA NA 
Indeno 
(1,2,3-cd) 
pyrene 

0  NA  NA 0.2 0* NA* NA NA 

Naphthalene 0 0.0346 NA* 0.391 NA  NA NA* NA NA 
Phenanthre-
ne 2 0.0419 2* 0.515 0 0.56 0 NA* 0.05 150807, 

150402 

Pyrene 6 0.053 4* 0.875 0 0.49 0 NA* 0.09 150807 
Total 23          
Note:  
* Indicates that Guidelines are below the Laboratory Reportable Detection Limit. 

Inorganic species such as Total Organic Carbon, Total Ammonia-N, and Total Kjeldahl 
Nitrogen (TKN) were also analyzed for sediment quality in this study. TKN 
concentrations exceeded Severe Effect Level guidelines at 9 sites in the study area with 
the West Credit River station upstream of Hillsburgh and downstream of 8th Line (15-16-
01) measuring more than twice the limit. Specific sources of the organic nitrogen would 
have to investigate further in the septic impact study.  

2.7.6 Water and Sediment Chemistry Characterization  

Overall, the water quality in the SSMP study area is good in terms of supporting healthy 
aquatic biota. In general, the tributaries that flow into the West Credit River are fair.  
These smaller tributaries have a lower population density and fewer roads and it would be 
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expected that this area would be subject to lower loads of stormwater runoff but they also 
have less flow of assimilate contaminant inputs.  In the Village centers of Hillsburgh and 
Erin, the influence of roads, septic systems, and urban land use with higher population 
density is apparent with median concentrations of the total phosphorus, bacteria, and 
nitrate higher than in rural areas.  The following points summarize the water and 
sediment chemistry results of this section:  

1. The long-term monitoring data indicates that the West Credit River is not 
considered a Policy 2 watercourse with respect to total phosphorus, as 
concentrations were determined to be below the PWQO set by MOE.  Although 
certain SSMP study sites showed elevated levels during wet events indicating 
urban stormwater sources.   

2. Seasonal distribution analysis for nitrate-nitrogen for the PWQMN long term 
data demonstrated elevated nitrate levels which approached CCME guideline 
during the winter months of January and February.  This may be a result of the 
seasonal absence of aquatic plants and bacteria that can utilize the nutrient as a 
food source.   

Nitrate-nitrogen data from the 2007-2008 field season revealed that the nitrate 
levels are elevated in the vicinity of Hillsburgh. A specific study would need to be 
conducted to determine and isolate possible sources.  Station 15-14-01 (West 
Credit Trib. at Caledon Rail Trail upstream of 8th Line) is located in a rural 
catchment and has a median concentration more than twice the guideline, which is 
likely due to agricultural practices.  

3. The dissolved oxygen regime is relatively healthy in the West Credit River study 
area.  There were no measured exceedances of the dissolved oxygen guideline. 
The greatest daily fluctuations were noticed at station 15-17-01, below the head 
pond in Hillsburgh, as the dissolved oxygen regime at this location is heavily 
influenced by the upstream pond’s plant growth and respiration and reparation 
from the upstream waterfall.  

4. Several anthropogenic factors may play a key role in affecting water 
temperature within the study area. In particular, the presence of numerous online 
ponds in the Villages of Erin and Hillsburgh are likely to have the greatest affect 
on downstream water temperatures.  There are a series of ponds upstream of 9th

Line (Church St. pond, Charles St. pond and Stanley Park ponds) which would 
contribute to the large number of exceedances recorded immediately downstream 
of 9th Line.  Station 15-17-01, the West Credit River downstream of the head 
pond in Hillsburgh, is another monitoring location directly downstream of a pond 
and it also exceeded both target temperatures. The coolest water temperatures 
occurred in the upper portion of the subwatershed and in the groundwater fed 
tributaries. 

5. Median chloride levels were below concentrations thought to be deleterious to 
aquatic life and no exceedance of the objective was recorded in the long-term 
data.  Chloride concentrations taken for the SSMP study indicate similar levels of 
chloride when compared to the long term results as all stations recorded levels 
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well below guideline levels.  Slightly elevated concentrations are found in the 
smaller urban tributaries with less ability to dilute road salting impacts when 
compared to the West Credit River main branch. 

6. Bacterial levels from the long term data set indicate that just over a quarter of E. 
coli concentrations exceeded guidelines for recreational uses, which are most 
likely associated with rain events.  Possible sources of the elevated levels include 
upstream agricultural sources, urban runoff, and from human sources (septic 
impacts).  There is a strong seasonal distribution to the bacteria results with high 
concentrations associated with higher temperatures in the summer months which 
present ideal conditions for bacterial growth. The short term data set demonstrated 
elevated concentrations in the vicinity of the urban Villages of Erin and 
Hillsburgh.  The higher concentrations were usually associated with rain events 
where stormwater runoff is possibly associated with urban runoff, pet and wildlife 
feces, and effluent from septic systems.  

7. Suspended solids concentrations at the longer term West Credit River station at 
Winston Churchill Blvd. exhibited values below levels thought to be deleterious 
to aquatic life with occasional spikes.  Suspended solids concentrations were 
highly variable at the short term stations over the study period.  There was not 
sufficient information to accurately characterize suspended solids levels at the 
short term stations.   

8. Pollution from metals is not considered to be a significant concern for most of the 
study area as a very low number of violations were observed for metals as 
compared to their respective PWQOs.  Copper may be of particular concern under 
future conditions since it can be highly toxic to aquatic biota and was found to be 
at levels close to its PWQO and is demonstrating a significant increasing trend. 

9. Sediment chemistry results generally indicated a healthy aquatic environment 
with minimal point source impacts. There was no indication of heavy metals or 
PCB accumulation in the study area.  PAHs were found at multiple sites and 
exceeded guidelines for multiple species at stations located within and 
downstream of Erin Village.  Exact sources of the PAHs are difficult to determine 
as they persist and accumulate in the sediment over long time periods.  

10. The results of the Water Quality Index summarized the short term Erin SSMP 
stations measured in 2007-2008. Water quality was ranked from fair to good 
across the study area.  

2.7.7 Next Steps 

Now that the background and existing conditions data has been gathered and reviewed, 
the next step is to complete the impact assessment. The steps required to fulfill this task 
are as follows: 

use population numbers, effluent criteria, 7Q20, and background water quality 
data (i.e., 75th percentile) to conduct mass balance calculations for the West Credit 
River; 
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if required, use the Dissolved Oxygen/Plant Growth Model to predict the impacts 
of effluent and other contaminants in municipal wastewater on the West Credit 
River;

analyze surface water quality data in conjunction with Septic Impact Study 
information  to isolate possible sources of contamination; and  

consider modelling the pond impacts on water temperature.

2.8 SEPTIC SYSTEM IMPACT ASSESSMENT 

2.8.1 Introduction 

The Town of Erin relies almost exclusively on private septic systems.  A septic system is 
a small waste water treatment system designed to treat water from single homes or 
buildings.  These systems were originally designed for houses widely separated from 
their nearest neighbour or where there are too few people to warrant a communal 
wastewater treatment system.  Approximately 25% of Canadians are served by septic 
systems (Chambers et al. 2001).  Concerns have been raised in the past by CVC (see 
Section 2.7) regarding the potential impact of septic system effluent discharging to the 
West Credit River through groundwater and/or surface water pathways.   

There are a number of known contaminants and potential contaminants generated from 
waste water effluent passing through septic systems.  It is difficult to assess the water 
quality impact from septic systems in a setting such as the Town of Erin, given the 
difficulty in isolating septic system impacts from other broader sources of contamination 
such as agriculture and urbanization.  This is due to the proximity and overlapping nature 
of a number of contaminant sources and the complexity of the local groundwater flow 
system, as previously discussed in Section 2.1.    

This section provides an overview of septic systems and water quality issues associated 
with septic systems and attempts to assess the potential impact of septic system effluent 
on the West Credit River, in the context of the Erin SSMP.   

2.8.2 Overview of Septic Systems and Potential Septic System 
Impacts on Water Quality 

2.8.2.1 Septic Systems  

A typical septic system in Ontario consists of a holding tank connected to a series of 
pipes located in trenches (Figure 2.8.1a).  In Ontario this is known as a Class IV leaching
bed system under the Ontario Building Code.  The piping area, where the septic effluent 
is dispersed, is typically called a field bed or septic drain field.  The sizing of the holding 
tank and field bed is based on the local geologic properties under the field bed and how 
much water will be used for a specific household or building, using criteria such as the 
number of bedrooms, bathrooms etc., or the number of employees at business.   There are  



Figure 2.8.1a Schematic View of a Septic System (Adapted
from Septic Smart, Province of Ontario Publication)
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very specific design criteria for septic systems, which are regulated under the Ontario 
Building Code. 

Wastewater flows from various plumbing fixtures in a household to a single pipe that 
discharges to the holding tank.  Heavier solids and sludge collect on the bottom of the 
tank (Figure 2.8.1b) while grease and other light material float on top to create a scum 
layer on top of the water (USEPA 2002).  These layers remain in the tank and are 
eventually broken down by micro-organisms in a properly functioning tank.  The 
wastewater or septic effluent is eventually “clarified” and flows, typically by gravity 
drainage to the drainage tile or field bed.  The effluent is evenly dispersed through these 
perforated drainage pipes (Figure 2.8.1a).   

A “biomat” forms at the bottom of the percolation trenches in a properly functioning field 
bed.  It is made up of living anaerobic organisms, which feed on organic matter in the 
septic effluent.  As the biomat matures, it thickens and slows the migration of the septic 
effluent through it.  As the effluent passes through a properly functioning biomat 
pathogenic organisms and viruses are removed.   

After treatment and percolation of wastewater through the biomat, the wastewater 
migrates downward through the unsaturated zone until reaching the water table.  Further 
chemical and biological processes occur in the unsaturated zone.  The treated wastewater 
will mix with the groundwater at the water table and create a “plume” of impacted 
groundwater.  This water will migrate with the general groundwater flow system.  The 
amount of mixing and dilution will depend on site-specific groundwater flow conditions 
(e.g. hydraulic gradients, local recharge conditions).  Figure 2.8.2a shows a schematic of 
a contaminant plume migrating with the groundwater flow system towards a local stream.  
Figure 2.8.2b shows a schematic of a series of septic system plumes recharging the 
groundwater and migrating along the groundwater flow system towards a local stream.  If 
there are a sufficient number of septic systems in a small area there may be mixing of 
these plumes, resulting in less potential for dilution of the septic plumes within the 
groundwater system. 

The degree to which nutrients and other constituents are retained in a septic field bed area 
will depend on a number of factors including, but not limited to: underlying soil 
characteristics such as adsorption capacity, permeability of the soils, natural drainage 
conditions, and the age of the field bed (Chambers et al. 2001).  Nitrate, phosphorus, and 
pathogens are present in significant concentrations in most septic system wastewater.  
Some metals, organic compounds, and other contaminants are also present in lower levels 
depending on what is in the wastewater entering the septic tank.  Most contaminants can 
be removed to substantially lower concentrations in a properly functioning septic system.  
Effluent quality is discussed in more detail in the next section. 



Figure 2.8.1b Schematic of how a Septic Tank Functions (Adapted
from Septic Smart, Province of Ontario Publication)
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Figure 2.8.2a Schematic Migration of a Septic Plume
in Groundwater (Adapted from Alley et al, 1999)
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Figure 2.8.2b Schematic Migration of Multiple Septic Plumes
in Groundwater (Adapted from USGS, 2008)
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2.8.2.2 Septic Effluent and Impacts on Water Quality 

As indicated in the previous section, a number of contaminants are generated in the 
wastewater stream going into a septic system.  Contaminants of varying concentrations 
are discharged to the environment after treatment within the septic system.  Table 2.8.1, 
from “Onsite Wastewater Treatment Systems Manual” (USEPA 2002), shows a general 
list of pollutants generated from wastewater in septic systems and the reason for concern 
for each contaminant.  The most prevalent contaminants of concern, with respect to 
groundwater contamination and potential loading to surface water, are nutrients (nitrogen 
and phosphorus), pathogens, and dissolved inorganic constituents, such as chloride and 
sodium.  Heavy metals and organic compounds may also be a concern, depending on the 
concentrations present within site-specific septic effluent. 

Table 2.8.1 Typical Wastewater Pollutants of Concern (from USEPA 2002) 

Table 2.8.2 shows a range of concentrations and mass loading of various constituents in 
typical wastewater effluent from residential dwellings, as presented in the USEPA (2002) 
document, “Onsite Wastewater Treatment Systems Manual”.  Table 2.8.3 shows 
minimum, maximum, and average concentrations of selected water quality parameters in 
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septic tank effluent as reported by Senior and Cinotto (2007), in a US Geological Survey 
report on the effect of on-site wastewater disposal on the quality of groundwater and 
baseflow in a watershed in south-eastern Pennsylvania. 

Table 2.8.2 Mass Loading and Concentrations in Typical Wastewater Effluent 
(from USEPA 2002) 
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Table 2.8.3 Minimum, Maximum, and Average Concentrations of Selected Water 
Quality Parameters in Septic Tank Effluent, as reported by Senior and Cinotto, 
USGS Open File Report, 2007-1253. 

Tables 2.8.4 and 2.8.5 show examples of site-specific effluent quality and water quality 
in the unsaturated zone (i.e., the soil zone above the water table) and at the water table, 
directly under a septic bed.  Table 2.8.4 shows the concentrations of various water 
quality parameters in a septic tank effluent and the soil water quality in the unsaturated 
soils at depths of 0.6 m and 1.2 m below the septic bed.  The following is noted: 

Total nitrogen, primarily ammonia, is quickly converted into nitrate within the 
shallow soils under the septic leaching bed. 

There is substantial reduction in total phosphorus, even at 0.6 m below the septic 
bed. 

There is almost a complete reduction of fecal bacteria within 0.6 m below the 
septic bed. 

Most total organic carbon (TOC) is removed before reaching a depth of 0.6 m 
below the septic bed. 

Dilution of chloride concentration is already occurring at 0.6 m below the 
leaching bed. 
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Table 2.8.4 Septic Tank Effluent and Underlying Soil Water Quality – Case Study 
(from USEPA 2002) 
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Table 2.8.5 Septic Tank Effluent, Background Groundwater Quality and Septic 
Plume Water Quality – Case Study, Cambridge, Ontario (Adapted from Wilhelm 
1992) 

Table 2.8.5 shows an example of the water quality of septic tank effluent and the water 
quality at the water table directly under a septic bed, as well as background water quality 
(i.e., water quality in the shallow groundwater upgradient of the septic tank).  The site is 
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located within a predominantly agricultural area near Cambridge, Ontario and has been 
well-studied for many years (e.g., Robertson and Cherry 1992; Robertson 1995; and 
Robertson et al. 1998).  The following is highlighted from the investigations: 

Ammonia is rapidly converted to nitrate by the time the effluent reached the water 
table.  It is noted that the background nitrate is actually higher than the under the 
septic bed, reflecting the impact of agricultural activities on the shallow 
groundwater, upgradient of the groundwater impacted by the septic effluent. 

Chloride concentrations decline somewhat at the water table, indicating some 
minor dilution from the mixing with the shallow groundwater. 

Sodium concentrations are elevated in the septic effluent and remain elevated at 
the water table.  The high sodium concentrations reflect the use of a water 
softener.  It is noted in the research studies that sodium was one of the key 
parameters used to assess the migration of the “plume” of septic effluent-impacted 
groundwater.  

There is a substantial decrease in Dissolved Organic Carbon (DOC) from the 
septic effluent by the time the effluent reaches the water table. 

Phosphate concentration also decreases slightly by the time the septic effluent 
reaches the water table. 

Once the septic effluent reaches the water table it moves and mixes with the groundwater, 
forming a contaminant “plume” of effluent-impacted groundwater, as previously shown 
in Figures 2.8.2a and 2.8.2b. The mobility and attenuation of contaminants within the 
plume are influenced by various physical, chemical, and biological factors. 

Physical factors affecting the movement or attenuation of contaminants in the subsurface 
include, but are not limited to the following: 

Permeability or hydraulic conductivity – The hydraulic conductivity of the 
underlying geologic material controls the rate of groundwater movement.  The 
rate of vertical movement of water through the unsaturated soils above the water 
table is important in attenuating various contaminants, through chemical and 
biological processes.   

Filtration – Particle size plays an important role in the removal of suspended 
solids, including bacteria, from septic effluent. 

Mineral composition – The mineral composition, especially of fine-grained 
particles, and their mineral coating affects both chemical and biological process 
that occur with the interaction between the septic effluent and the geologic 
material through which the effluent is moving. 

Chemical factors and processes that affect the migration or attenuation of contaminants 
include, but are not limited to the following: 
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Adsorption – Adsorption is a factor in the removal of phosphates, ammonium, 
organic compounds, bacteria, and viruses.  The physical factor of having clay size 
particles plays an important role in adsorption as does the mineral coating on the 
clay particles (e.g., iron, aluminum, and hydrous oxides).  Adsorption retards the 
movement of the contaminant. 

Precipitation – Precipitation is the separation of an insoluble product when two 
solutions are mixed together (e.g., septic effluent and groundwater).  Phosphate 
will precipitate out of the plume depending on the chemical composition of the 
groundwater and the pH of the soil.  

Biological factors and processes that affect the migration of contaminants include, but are 
not limited to the following: 

Aerobic and anaerobic conditions in the soil zone above the water table (i.e., the 
unsaturated or vadose zone) – Microbial decomposition of organic matter occurs 
rapidly in the aerobic zones (zones with oxygen) where micro-organisms in the 
soil use oxygen to decompose organic matter.  Anaerobic zones (zones without 
oxygen) also form underneath septic beds resulting in a growth in methanogenic 
bacteria. 

Nitrification and denitrification – The nitrogen content within the septic effluent 
in the holding tank is typically 70-90% ammonium and 10-30% organic nitrogen.  
Ammonium is quickly converted to nitrate as the effluent moves through the 
unsaturated zone through a process of nitrification, which requires oxygen.  
Denitrification occurs when there is a lack of oxygen and the presence of 
denitrifying bacteria and a readily available carbon source.  Denitrification often 
occurs where the nitrate rich effluent moves through organic rich soils such as 
when groundwater discharges to wetlands.  

Properly functioning septic systems and soil zones beneath the septic field beds will 
effectively treat or remove most chemical constituents from septic effluent.  Maintaining 
sufficient depth of unsaturated soil depth beneath the septic bed is crucial for effective 
treatment processes. Typically, almost all fecal coliform bacteria are removed (>99.99%), 
almost all organic chemicals such as solvents and pesticides (>99%), and most 
phosphorus (typically 85-95%) are removed, however only about 10-20% of nitrogen is 
removed (EPA 2002) making nitrate one of the key parameters of concern. 

Much of the scientific research has been conducted on the migration and behaviour of the 
migration of various chemical constituents from individual septic systems (e.g., Wilhelm 
1991; Robertson et al. 1998; Harman et al. 1996; Robertson and Blowes 1995; Godfrey et 
al. 2007). 

The extent of a contaminant plume from a septic system will depend on the physical and 
chemical factors previously discussed.  Detailed investigations on individual septic 
plumes’ plume lengths typically vary from 25 m up to 150 m, and usually not much 
wider than the septic tile bed (e.g., Minnesota Pollution Control Agency 1999; Harman et 
al. 1996; Robertson 1995; Robertson and Cherry 1992).  The extent of the plume is 
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primarily dependent on the velocity of the groundwater and the age of the septic system, 
although the migration of specific contaminants within the effluent plume will also be 
dependent on chemical and biological attenuation mechanisms.  

Based on the background studies, the focus of the current study is primarily related to 
nutrient loading (nitrate and phosphorus) from septic systems, and other potential 
sources, to the surface water regime within the West Credit River subwatershed, in 
particular downgradient of Erin Village and to a lesser extent downgradient of 
Hillsburgh.  The current study is a broad-based study, to investigate the potential larger-
scale contaminant loading from the major urban areas serviced by septic systems, rather 
than assessment of individual septic systems.  

2.8.3 Historical Water Quality Concerns 

Historically, potential water quality concerns have been raised with respect to the 
potential impacts of septic systems on water quality in the West Credit River 
subwatershed.  Many of these concerns have been previously discussed in the Erin SSMP 
Data Gap Analysis Report (CVC et al. 2008). The following is a summary of findings 
and comments or concerns, from previous reports/studies, as related to potential water 
quality impacts associated with septic systems in the urban areas of the Town of Erin.  
The summary provides the context for the approach to the assessment of the potential 
water quality impacts from septic systems.  The summary is divided into two sections, 
surface water quality and groundwater quality as the potential impacts, and pathways for 
impacts are different. 

2.8.3.1 Surface Water Quality 

Much of the historical focus of water quality concerns with respect to septic system 
impact has been related to the potential impact on surface water quality, as most data 
collected is from surface water.  A detailed discussion of surface water quality was 
presented in Section 2.7.   The following summarizes the comments or conclusions from 
previous studies specifically related to surface water quality and potential impacts from 
septic systems or other activities (e.g., agriculture or urbanization) that could generate 
similar water quality impacts as septic systems.   

Clean Up Rural Beaches Study (CURB study) 1993 and 1995 (CVC and Soucek, 
M. 1994; CVC and Soucek, M 1995):  The focus of the CURB study was to 
develop a water quality base for the West Credit River and its tributaries to help 
locate bacteria pollution sources within the subwatershed and also serve as 
background information for future studies.   Little information on general 
inorganic water quality was collected as part of this study.  Relevant conclusions, 
related to potential impacts from septic systems, included the following: 

Under dry weather conditions E. coli concentrations exceeded MOE 
guidelines for recreational water quality at 5 of the 18 sampling stations.   
Three of these stations were within or immediately downgradient of Erin 
Village.  The two sampling stations within the Erin Village were apparently 
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downgradient of an area shown to have malfunctioning septic systems 
resulting in “breakouts” (i.e., surface discharge of septic effluent) as well as 
a local hydraulic connection of shallow groundwater to storm sewer 
discharge. 
One of the other stations that exceeded MOE guidelines was in Hillsburgh; 
however the potential source of contamination was inconclusive, possibly 
attributed to cattle access, septic systems, agriculture, or urban runoff.   
The only other sampling station with high E. coli was in a rural tributary 
impacted by agricultural activities.  Portions of the subwatershed, draining 
areas that are primarily agricultural also showed E. coli impacts, primarily in 
wet weather.   
Sampling stations on the main branch of the West Credit River, both 
downgradient of Erin Village and within Hillsburgh, showed the presence of 
Pseudomonas aeruginosa, possibly indicating sewage impacts of human 
origin. 
Bacterial beach contamination at Ballinafad was interpreted to originate 
from upstream agricultural and urban sources.  Urban sources of bacteria 
could be from both faulty septic systems and urban runoff. 

West Credit River Assimilative Capacity Report (Triton Engineering Services
1995): including the Supplementary Report by Triton (December 1995).  The 
assimilative capacity study was performed as part of an assessment of options to 
resolve the issue of private sewage disposal in the Village of Erin.  One of the 
options that was considered was a communal sewage treatment system with direct 
discharge to the West Credit River.  An assimilative capacity study of the West 
Credit River was conducted to assess the viability of this option.  The following is 
noted with respect to the study: 

A winter sampling program was conducted in 1995 to supplement the 
summer data collected as part of the CURB studies. Nitrate-nitrogen (NO3-
N) collected in the winter did show consistently higher concentrations than 
during the summer. 
Surface water quality data were evaluated for data from 1976-1994 at the 
PWQM station, downstream of Erin Village.  It was interpreted that 
historical data indicated impacts from increased urbanization based on the 
increase in chloride concentrations, from about 15 mg/L to over 30 mg/L.  
There was no apparent trend in nitrogen species over time, however it was 
also concluded there was insufficient data to fully evaluate nitrate (NO3-N) 
trends. 
Phosphorus concentrations remained relatively constant over the 18 years of 
data collection, for the 75th percentile concentration. 

West Credit Subwatershed Study, Phase 1 Characterization report (CVC et al. 
1998a) and Draft Phase 1 Addendum report (CVC et al. 2001a):  A number of data 
sets, collected for the West Credit Subwatershed Study, have been previously 
described in Section 2.7.  Findings or comments related to septic system impacts 
included the following conclusions from the 2001 Addendum: 

Nitrates are high in the upper main branch of the subwatershed and some of 
the tributaries.  There is also a significant increase in nitrates downstream 
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of Erin, which cannot be accounted for by inputs from tributaries or 
biological transformation of nitrite and ammonia.  It appears that the 
groundwater discharging into the watercourse in this area has an elevated 
concentration of nitrate.  Two plausible sources of nitrates in groundwater 
are septic systems and farming activities but since much of the upstream 
land use is urban, septics seem the most probable source of nitrates.  Mass 
balance calculations indicate that groundwater concentrations may range 
from 2.5 to 5 mg/l, with values possibly as high as 10 mg/l.  This is a 
concern from both a fisheries perspective in the groundwater upwellings 
and from a drinking water perspective for residents downstream of Erin.
Nitrite levels have never been measured above the CCME guideline and 
violations of the un-ionized ammonia PWQO (based on chronic exposure) 
are rare.  Long-term nitrite and toxic ammonia (un-ionized) levels are a 
magnitude lower than the CCME guideline and PWQO, respectively, for 
aquatic health and therefore do not appear to be problematic for the West 
Credit River. 
Long-term conductivity and chloride data for the West Credit River show 
that these two parameters have been consistently increasing since 1975.  
Another trend observed within the subwatershed is an increase in chlorides 
and conductivity downstream of Erin, through the same location where 
nitrate increases were observed.  As in the case of the nitrates, tributary 
inputs and chemical and biological transformation could not account for the 
observed increase in chlorides. 

Draft Town of Erin Septic Investigation 2005 (MOE et al. 2005):  The study was 
completed by the Surface Water Unit of the Technical Support Section of the 
MOE at the request of CVC.  The MOE were requested to evaluate the water 
chemistry in the West Credit River in the Town of Erin, as part of an assessment 
of strategies for treating sewage generated in the Town of Erin.  CVC had 
previously indicated that studies on the West Credit River subwatershed identified 
the reach downstream of the Town of Erin as being of worse water quality than 
reaches upstream of the Town, as discussed above.  There were concerns that 
septic system effluent could be responsible for this water quality degradation.  
The following is noted from the report by MOE: 

Page 14 – Phosphorus: “Surprisingly, total phosphorus exceeded the PWQO 
at only a single station, C, during June and August 2005.  These results 
suggest that the water quality is generally good and based on phosphorus in 
the water column alone, the concentrations should not impair any use that 
could be made of this section of the West Credit River.” (see Figure 2.8.3
for sampling station locations) 
Page 15 – Phosphorus: “From a spatial perspective, the stations influenced
by agricultural areas were typically highest in total phosphorus.  
Furthermore, a positive relationship between total phosphorus and total 
suspended solids suggests that sediment load in the water column was a key 
factor driving the phosphorus concentration.” 
Page 16 – Nitrogen species, un-ionized ammonia: “Un-ionized ammonia 
levels were well below the PWQO of 20 µg/L at all stations, on all dates”; 
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“Generally un-ionized ammonia concentrations in the water column were 
highest in the summer months (June, August), reflecting the contribution 
from agricultural activities”; and, “Increasing un-ionized ammonia at the 
stations in and around the Town of Erin (stations, E, H, K), and in the 
background station (station L), suggest contributions from the adjacent 
lands, while the source of ammonia in the Town would likely be septic 
systems conveying poorly treated sewage to the West Credit.  It should be 
noted that while these trends were observed, the magnitude of impact on the 
river seems to be very low”. 
Page 16 – Nitrogen species, nitrate-nitrogen: “Nitrate nitrogen 
concentrations were below the CWQG value of 2.9 mg/L in this section of 
the West Credit River”;  “Typically the stations associated with agricultural
runoff had the highest concentrations of the stations sampled”; and, “In 
January, April and November, the concentration of nitrate in the West 
Credit River was fairly consistent among the stations, with stations E, H, K 
and L typically higher than the remainder of stations considered in this 
study.  E, K and H were located within the Town of Erin and likely are 
influenced by contributions from septic systems.  Station L was positioned 
upstream of the Town of Erin.  In June and August, the highest 
concentrations were found at stations C (agricultural) and D (septics 
immediate to the station, but drains agricultural upstream) and at station A 
which reflects cumulative contributions from the Town of Erin and areas 
upstream”.  
Page 20 – E. coli:   E. coli analysis was conducted however it was indicated 
that values can be highly variable.  Several comments were presented 
however, related to septic systems: “While variability was observed in the E. 
coli counts in the West Credit River, and relationships with immediate land 
use/sewage treatment strategies appeared in these data, the actual counts 
were typical of those found in surface water associated with failing 
individual septic systems (103 to 106; Edge and Schaefer 2006).” 
Page 24 – “Urban contributions can be treated as point-source and thus 
mitigative measures can be taken to further minimize these loadings to the 
West Credit.  Although the results of this study do indicate that septic 
systems are a contributor of nutrients to the west branch of the Credit River, 
the relative impact on the receiver was low in 2005.” 
Page 24 – “One recommendation is to investigate the state of septic systems 
in the older portion of the Town of Erin, because the water quality 
downstream of these areas was typically higher in nitrate and phosphorus.”  



Figure 2.8.3 MOE Septic Investigation Station Locations
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Section 2.7 Water and Sediment Chemistry, of this Erin SSMP Existing 
Environmental Conditions Report: The following is noted with respect to surface 
water quality comments as related to potential impacts from septic systems: 

Nutrient Related Parameters – Phosphorus.  Phosphorus levels are generally 
below the PWQO.  The summary analysis found that higher levels of 
phosphorus were present in stations located near the urban centres of 
Hillsburgh and Erin Village indicating that the contributions were likely 
coming from urban storm water runoff.  The highest levels of phosphorus on 
the main branch of the Credit River are upstream and downstream of 
Hillsburgh, at the most upstream end of the West Credit River. 
Nutrient Related Parameters – Nitrate-Nitrogen.  As previously discussed 
nitrate-nitrogen can originate from a variety of sources, including septic 
systems, agriculture and urban environments.  Because nitrate is soluble and 
does not absorb to soil particles, it is highly mobile in groundwater and can 
be a concern where groundwater discharges into creeks, especially in fish 
spawning locations.  Long-term nitrate data from the PWQMN station, 
located downstream of Erin Village (MOE Location A in Figure 2.8.3), 
indicated that the mean and 75th percentile concentrations were below the 
CWQG of 2.93 mg/L. Nitrate concentrations showed a similar trend as 
phosphorus with the most elevated concentrations occurring upstream and 
downstream of Hillsburgh. 
Nutrient Related Parameters – Ammonia.  Long-term un-ionized ammonia 
trends at the PWQMN station indicated that the mean and 75th percentile 
concentrations were well below the PWQO criteria and there was a 
decreasing concentration over the 8-year study period (2000-2008). 

2.8.3.2 Groundwater Quality 

As previously discussed in Section 2.1, there have been historical issues with 
groundwater quality in some areas in Erin, where there is limited protection of the 
bedrock aquifer system from surface sources of contamination.  Much of the aquifer 
system from which municipal water supplies are obtained appears to be well protected 
and shows no impact from septic systems.  The following is noted from previous 
investigations and ongoing water quality monitoring of existing municipal wells as well 
as groundwater contribution to surface water, as they relate to potential impacts from 
septic systems: 

Hydrogeological Assessment for Erin Sewage Works (Terraqua 1995): This study 
was conducted as part of the West Credit River Assimilative Capacity Study by 
Triton Engineering Limited (1995).  The study concluded the following: 

The primary water supply aquifer system (bedrock aquifer of the Amabel 
Formation) appears to be generally well-protected, showing little evidence 
of water quality problems related to septic effluent. 
The shallow overburden and bedrock aquifer in the eastern part of Erin 
Village is not considered viable for water supply use due to the limited 
protection from surface sources of contamination and the large number of 
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septic systems in the area.  (As noted in Section 2.1, several former 
municipal water supply wells were abandoned due to water quality 
problems). 
The storm sewer system in the Erin Heights subdivision, located in the 
western portion of Erin Village, appears to intercept shallow groundwater 
and cause short-circuiting of sewage effluent to the local surface water 
regime, ultimately discharging to the West Credit River within Erin Village. 
The majority of septic systems within and around Erin Village appear to 
currently function well (hydraulically), but likely result in degradation of 
shallow groundwater quality.  Attenuative mechanisms with the shallow 
aquifer appear to improve water quality prior to discharge to the West Credit 
River. 

Town of Erin Groundwater Management Study (Blackport Hydrogeology Inc.
2005):  From results of routine water quality analysis on the currently operating 
municipal wells for Erin and Hillsburgh it was concluded that there was no 
apparent influence from surface sources of contamination for Erin Wells E7 and 
E8, related to septic effluent or fertilizer application.  Water quality at Well H2 in 
Hillsburgh showed the possibility of minor impacts from road salting but no 
indication of impacts from septic system effluent.  This was previously discussed 
in more detail in Section 2.1, and the well locations are shown in Figure 2.1.15.

An assessment of potential contaminant loading from septic systems and 
agriculture was performed, as part of the Town of Erin Groundwater Management 
Study, using a groundwater flow model.  As part of the impact assessment, nitrate 
loading from septic systems in the Village of Erin was examined.  Simulations 
were conducted to assess nitrate loading to the groundwater system from existing 
septic systems, selecting various defined “points” throughout Erin Village to 
simulate changes in nitrate concentration over time at these locations.  Simulated 
concentrations achieved a maximum of 6 mg/L nitrate (NO3-N) in the western 
portion of the Erin Village but were typically 2-4 mg/L in other areas within Erin 
Village.  Concentration of nitrate in the groundwater discharging to the surface 
water was not assessed. 

Draft Town of Erin Septic Investigation 2005 (MOE et al. 2005):  There was 
limited discussion related to groundwater quality as the study was completed by 
the Surface Water Unit of the Technical Support Section of the MOE.  As 
discussed in the previous section, the MOE was requested to evaluate the water 
chemistry in the West Credit River in the Town of Erin.  One comment is noted 
however, with respect to groundwater, as taken directly from the report: 

Page 23 - “These results certainly demonstrate the influence of agricultural 
land use on water quality in the West Branch of the Credit River. Urban 
areas also consistently contributed phosphorus and nitrogen to the river, 
however, the contributions were more obvious when groundwater 
contributions to the river were proportionately higher (i.e., during the dry 
portion of the summer and the winter months)”.  It is noted that no flow data 
was collected as part of the MOE study so there was no ability to assess the 
relative contribution from surface water and groundwater or variations in 
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mass loading of phosphorus and nitrogen to the West Credit River between 
the various sampling dates.  This type of assessment is discussed in more 
detail in Section 2.8.7, as part of the current investigation. 

2.8.4 Approach to Septic Impact Assessment 

Previous sections in this report have indicated that nitrate is the major concern with 
respect to potential water quality impacts from septic systems, on surface water quality.  
Bacteria are also a concern but are not the focus of the current investigation.  The current 
investigation is examining the broader water quality issues related to the overall 
contribution of septic effluent to the surface and groundwater systems. The background 
hydrogeology section (Section 2.1) indicated that there were not any major water quality 
issues with the current municipal wells, which are located in the bedrock aquifer system.  
There have been historical issues, primarily elevated nitrate concentrations, with several 
former municipal wells located in the eastern part of the Erin Village, where there is 
limited natural protection of the bedrock aquifer.   

Previous investigations have not been able to determine the exact source of nitrate in the 
surface water or groundwater.  Historical water quality data shows some localized areas 
where there are elevated concentrations of nitrate as wells as sodium and chloride, 
indicating impacts from urbanization.   Conclusions from previous investigations have 
also indicated that agriculture is also a potential source of some of the nitrate impacts to 
the surface water system.  Some of these sources of nitrate can be organic (septic 
effluent, manure) or inorganic (mineral fertilizer).  There has been considerable research 
conducted using nitrogen isotopes to determine the source of nitrate in groundwater and 
surface water.  

The use of stable isotopes ratios of carbon, nitrogen, and sulphur can be used to identify 
sources of nitrogen in streams and groundwater (e.g., Cravotta 1997; and Bohlke 2002).  
There is a distinct difference between organic and inorganic nitrogen.  Unfortunately 
many studies have shown there are various chemical transformations that affect isotopic 
fractionation that can control the composition of nitrogen compounds.  Also, when 
multiple sources of nitrate are present it is difficult to estimate the relative amount of 
each source contributing to the total nitrogen loading.  In the case of Erin Village, there 
will be multiple sources both organic and inorganic, as a result of agricultural loading 
(organic and inorganic), septic loading (organic), and urban loading (organic and 
inorganic).  It is possible that stable isotopes may be useful in certain situations in Erin 
Village, and this is discussed in Section 2.8.9, Next Steps, based on some of the findings 
of the present assessment. 

Various trace level constituents have also been used to investigate septic system effluent 
and potential impacts on groundwater and surface water.   These include volatile organic 
compounds, trace level pharmaceutical compounds and caffeine (e.g., Godfrey et al. 
2007; Buerge et al. 2003; and Seiler et al. 1999).  Caffeine and human pharmaceuticals in 
groundwater with elevated nitrate will provide a clear indication that domestic 
wastewater is a source of at least some of the nitrate.  Many of these studies involved 
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looking at effluent from sewage treatment plants or in site specific septic systems.  Many 
of these constituents are found at extremely low concentrations within individual septic 
plumes ranging from the low ppb range to low ppt.  

A number of these compounds, such as caffeine, are not conservative and will 
breakdown, be adsorbed etc. as they migrate through the groundwater system.   As a 
result, it is difficult and costly to try to assess the impact of septic systems across a 
broader area, such as downstream of Erin Village, especially if the physical system is 
complex. Detailed sampling for these trace constituents could provide this answer, 
however this would require a major monitoring and sampling program.  It is possible that 
a very specific program may aid in the assessment of septic system impacts to the West 
Credit River, and this is discussed in Section 2.8.9, Next Steps, based on some of the 
findings of the present assessment. 

Other approaches have been investigated, such as the use of trace metals, salts, and 
various ratios of chemical constituents (e.g., Hyer 2006 – USGS paper SIR2006-5317 “A 
Multiple-Tracer Approach for Identifying Sewage Sources to an Urban Stream System”; 
and Senior and Cinotto 2007).  Examples include boron (from laundry detergent) and 
chloride/bromide ratio.  Some of these were examined, where sufficient data existed to 
determine whether the information provided any additional interpretation. 

The main approach to the assessment was to review existing data, primarily in the context 
of sources of nitrate loading to the West Credit River, as well as other water quality 
impacts, through reviewing historical trends and “snapshots” of water quality data.  The 
primary method of assessment was to look at variations in mass loadings of nitrate, and 
where possible chloride, sodium, phosphorus, and TKN.  Additional data was collected as 
part of this assessment, as a better understanding of the data gaps developed during the 
background review of the data.  The following sections present a summary of the septic 
impact assessments and overall findings of the current study. 

2.8.5 Historical Surface Water Quality Trends in the Context of 
Septic System and Urban Impacts 

Historical surface water quality data was further examined in this study to assess the 
impact of urbanization on the water quality of the West Credit River.  Since an increase 
in septic systems in Erin Village and Hillsburgh is the result of increased urbanization, 
looking at the impact of urbanization on water quality will aid in the determining impacts 
from septic system discharge on surface water quality and the potential source areas of 
water contributing to the West Credit River.  The impact of urbanization on groundwater 
quality was discussed in detail in Section 2.1.  The focus of this section is to assess trends 
in surface water quality in urban areas from either direct surface runoff or groundwater 
discharge to the surface water. 

To aid in assessing the potential impacts of septic systems on the surface water system 
general water quality impacts of urbanization on groundwater and surface water needs to 
be examined.   Primary impacts would include increases in sodium and chloride loading 
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from road salt activities as well as septic effluent and potential loadings of nitrogen and 
phosphorus from both septic systems and urbanization.  Since chloride is a conservative 
species (i.e., it does not breakdown or attenuate), trends in chloride concentration will be 
more representative of trends associated with impacts from urbanization.  Section 2.7 
discussed some of the current trends in surface water quality in the West Credit River.   
This section examines trends in specific water quality data over a longer-term with the 
focus of the assessment being the Village of Erin and the area downstream of Erin.  As 
discussed in Section 2.1, there is local recharge to the groundwater system in Erin, at 
least during certain times of the year.  Some of this recharge water discharges locally to 
the West Credit River immediately downstream of Erin Village.   

Long-term water quality data is available downstream of Erin Village at PWQMN station 
6007601502.  For reference purposes, Figure 2.8.4 shows the location of local sampling 
and monitoring stations in the vicinity of Erin Village.   Much of the discussion in this 
section is related to water quality and relative mass loading at the PWQMN station.  This 
station captures the water quality from the upper portion of the subwatershed, including 
tributaries that enter the main branch of the West Credit River downgradient of Erin 
Village.  Additional data was assessed from station 15-10-02, which is also the provincial 
flow monitoring station, upgradient of Erin Village.  Simple mass loading estimates were 
made using water quality data from the PWQMN station and the flow gauge at station 
15-10-02.  It is recognized that flow will be higher at the water PWQMN station, 
however the assessment conducted was related to looking at general long-term trends 
relative to the broader variations in mass loading.  A “multiplier” could be used to 
provide a more representative mass loading, however the same general trends would be 
present.  More accurate mass loading assessments have been conducted using 
“snapshots” of flow and water quality, where both sets of data were obtained, from a 
number of sampling stations throughout the subwatershed and these are presented in 
Section 2.8.7.   

2.8.5.1 Chloride Trends 

Figure 2.8.5 shows historical chloride concentrations at the PWQMN station, from 1976 
to 2008, a longer monitoring period then was presented in Section 2.7.  Figures 2.8.6 and 
2.8.7 show long-term trends for summer and winter chloride concentrations, respectively.  
Figures 2.8.8, 2.8.9, and 2.8.10 show relative long-term mass loadings of chloride for all 
data, summer loading only and winter loading only, respectively.  The following is 
highlighted with respect to chloride concentrations and loading in the West Credit River: 

The results show a good statistical linear correlation, with respect to a long-term 
increase in chloride concentrations, showing a three fold increase from about 15 
mg/L to 45 mg/L during the 30+ years of monitoring.  It is noted in Section 2.7 
that there was little increase in chloride concentration, using only data from 1996 
to 2008.  It could be interpreted that the chloride concentration increase may be 
levelling off, which may be a reflection of slow population growth during that 
time. 



Figure 2.8.4 Sampling Stations in the Vicinity of the Village of Erin
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Figure 2.8.5 Historical Chloride Concentrations at the PWQMN Station from 1976 
to 2008 

Figure 2.8.6 Long-term Trends for Summer Chloride Concentrations at the 
PWQMN Station from 1976 to 2008 
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Figure 2.8.7 Long-term Trends for Winter Chloride Concentrations at the 
PWQMN Station from 1976 to 2008 

Figure 2.8.8 Long-term Trends for Mass Loadings of Chloride for the Entire Data 
Set at the PWQMN Station from 1983 to 2003 
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Figure 2.8.9 Long-term Trends for Summer Mass Loadings of Chloride at the 
PWQMN Station from 1983 to 2003 

Figure 2.8.10 Long-term Trends for Winter Mass Loadings of Chloride at the 
PWQMN Station from 1983 to 2003 
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Trends in summer and winter chloride concentrations were basically the same, 
showing almost identical and strong statistical linear correlations (approximately 
R2 = 0.62) and a similar increase in concentration over time, from 15 mg/L to 45 
mg/L.   

Total mass loading indicates a steady increase in chloride loading over the 20-
year period, from 1983 to 2003, which both flow and water quality data were 
collected (Figure 2.8.8).  Statistically however there is only a weak linear 
correlation (R2 = 0.054) with respect to a trend showing a long-term increase in 
chloride loading.  The low linear correlation is likely due to the high variation in 
flow rates, and the resulting variation in mass loading, for specific sampling dates.  
There is an even lower statistical correlation (R2 = 0.018) for summer loading 
rates (Figure 2.8.9), again likely reflecting variable flow rates (i.e., wet and dry 
flows).  There is a more distinct linear increase in the winter loading rates (Figure 
2.8.10).  There is likely a better correlation with chloride concentrations from 
winter runoff when road salt is present.  Specific mass balance assessment were 
examined for more recent data, and presented in Section 2.8.7. 

Although it is a weak statistical correlation, the relative chloride mass loading 
assessment does show about a 70% increase over the 20 year period, using all data 
collected during that time.  Relative summer mass loadings showed only about a 
20% increase during that time while the relative winter mass loading showed 
about a 120% increase during the same time, indicating the majority of the 
loading is from winter road salting.  The increase in summer loadings would also 
indicate that there has likely been an increase in chloride loading to the 
groundwater over this time, as reflected in summer baseflow. 

Historical population levels for Erin, both the former Erin Township and the Village of 
Erin (Table 2.8.6) were typically collected every 10 years.  The population increase for 
the Town of Erin (including the former Township and Village, prior to amalgamation) 
was about 34% from 1981 to 2001, much lower than the relative increase in chloride 
loading (about 70%) during a similar time.  It is noted however that the increase in the 
Village of Erin population was only about 20% during that time.  Summer chloride 
loadings increased about 20%, which could be reflective of a general increase in chloride 
concentrations in the groundwater as a result of urbanization and loading from septic 
systems as previously system as discussed in Section 2.1. 

Table 2.8.6 Historical population levels for Erin, both the former Erin Township 
and the Village of Erin 
  1901 1911 1921 1931 1941 1951 1961 1971 1981 1991 2001

Erin Township 3,587 3,147 2,797 2,822 2,605 2,635 3,272 4,354 5,943 7,561 8,270
Erin Village 511 511 479 451 499 650 1,005 1,446 2,313 2,489 2,782
Total Population 4,098 3,658 3,276 3,273 3,104 3,285 4,277 5,800 8,256 10,050 11,052
Change in Total 
Population between 
every 10 Years 0 -440 -382 -3 -169 181 992 1523 2456 1794 1002

Information obtained from Sally Stall in the Town of Erin Planning Department, 5685 Wellington Rd. 24, R.R#2, 
Hillsburgh, ON, (pers. comm.) 
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Overall, increases in historical chloride concentrations and loading appear to reflect the 
increase in urbanization within the subwatershed.  It is noted that the PWQMN station 
reflects water quality contributions from the entire area upstream of the station.  A 
detailed assessment of water quality data collected upstream and downstream of Erin 
Village is presented in Section 2.8.5.3, to examine the potential impacts of the Erin urban 
area on the water quality of the West Credit River.

2.8.5.2 Nitrate Trends 

Figures 2.8.11 to 2.8.13 show historical nitrate (as NO3-N) concentrations at the 
PWQMN station, downstream of Erin Village.  Figures 2.8.14 to 2.8.16 show the 
historical relative mass loadings of nitrate (as NO3-N) at the PWQMN station.  The 
following is highlighted with respect to historical nitrate concentrations and loading 
trends. 

There is only a weak statistical linear correlation (R2 = 0.11) in nitrate 
concentration from 1976 to 2008 (Figure 2.8.11) with about a 35% increase in 
concentration, from 1.4 to 1.9 mg/L, during that time.  A slightly better statistical 
linear correlation (R2 = 0.2) is found in looking at historical nitrate concentration 
during summer months (Figure 2.8.12). The summer months also showed a 
similar 35% increase in nitrate concentration, from 1.25 to 1.7 mg/L.  Winter 
nitrate concentrations (Figure 2.8.13) show the poorest statistical linear 
correlation (R2 = 0.075), and shows a slightly smaller increase in concentration 
over time, about 30%, increasing from 1.7 to 2.2 mg/L.  Nitrate concentrations are 
higher in the winter as there is limited uptake by plants so more total nitrogen is 
remains in the water.  

The population increase in the Town of Erin from 1971-2006 was about 2.6 times 
the 1971 level while the Village of Erin population increase was about 2 times the 
1971 level. The relative increase in nitrate concentration was much lower (30-
35%), indicating no apparent correlation to the population increase.  It could mean 
that much of the nitrate from the septic effluent, entering the groundwater system, 
has not reached the West Credit River yet or the nitrate is attenuated before 
reaching the river. 

The relative mass loading of nitrate was estimated from available flow and water 
quality data over a 10 year period, from 1994 to 2003.  The relative mass loading 
shows no linear statistical correlation (R2 = 0.0003) or trend (Figure 2.8.14), 
either increasing or decreasing, during that time. 

Summer mass nitrate loading (Figure 2.8.15) shows a poor linear statistical 
correlation (R2 = 0.056), but does indicate an apparent increase of about 30% over 
the 10 year time, similar to the increase in concentration.  Mass loadings were 
highly variable, again likely reflecting wet and dry flow periods as well as 
variations in nutrient uptake by plants.  

Winter mass nitrate loadings (Figure 2.8.16) also showed no apparent linear 
correlation (R2 = 0.0009) and no apparent increase in loading during the time 
period assessed.  Relative mass loading of nitrate was more than double during 
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the winter months compared to the summer months, likely reflecting the limited 
uptake of nitrogen during the winter months.  

In summary, given the various sources of nitrate and various factors that can affect nitrate 
concentration and the potential variable sources areas of groundwater discharge to the 
West Credit River, downstream of Erin Village, it is difficult to establish the potential 
impact of septic systems on nitrate concentration and loading in the West Credit River on 
the basis of water quality data only, from the PWQMN station. It is noted again that the 
data is a reflection of entire upstream portion of the subwatershed and not just the urban 
areas.  The increase in nitrate concentration and loading over time does not compare to 
the increase in urbanization, and is less than the increase in chloride concentration and 
relative mass loading over time.  A more detailed comparison of historical nitrate 
concentrations upstream and downstream of Erin Village is presented in the next section, 
to further examine the potential impacts of the urban area on water quality in the West 
Credit River. 

Figure 2.8.11 Historical Nitrate (as NO3-N) Concentrations at the PWQMN Station 
from 1976 to 2008  
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Figure 2.8.12 Long-term Trends for Summer Nitrate (as NO3-N) Concentrations at 
the PWQMN Station from 1976 to 2008 

Figure 2.8.13 Long-term Trends for Winter Nitrate (as NO3-N) Concentrations at 
the PWQMN Station from 1976 to 2008 
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Figure 2.8.14 Long-term Trends for Mass Loadings of Nitrate (as NO3-N) for the 
Entire Data Set at the PWQMN Station from 1994 to 2003 

Figure 2.8.15 Long-term Trends for Summer Mass Loadings of Nitrate (as NO3-N) 
at the PWQMN Station from 1994 to 2003 
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Figure 2.8.16 Long-term Trends for Winter Mass Loadings of Nitrate (as NO3-N) at 
the PWQMN Station from 1994 to 2003 

2.8.5.3 Comparison of Upstream and Downstream Chloride and 
Nitrate Concentrations 

Historical water quality data exists for the monitoring station immediately upstream of 
Erin Village; however it is much less frequent than the data collected at the PWQMN 
station.   Figures 2.8.17 to 2.8.19 show a comparison of chloride concentrations between 
station 15-10-02, upstream of Erin Village, and the PWQMN station downstream of Erin 
Village (see Figure 2.8.4 for locations).   Figures 2.8.20 to 2.8.22 show a comparison of 
nitrate concentrations between the two same stations.  It is recognized that there will be 
variables that will affect concentration of chloride and nitrate in the surface water, such 
as different source areas and volumes of groundwater inputs downstream of Erin Village 
and the timing of sample collection (e.g. wet weather or dry weather), however a 
comparison of historical data from the two sampling stations do show some general 
trends.  The following findings are highlighted. 

Figure 2.8.17 shows a comparison of historical chloride concentrations between 
the two stations, upstream and downstream of Erin Village.  There is a high 
statistical linear correlation for chloride concentrations at both stations, with both 
stations showing a similar increase in concentration over time.  The chloride 
concentration is on average about 7.5 mg/L to 10 mg/L higher downstream of 
Erin Village compared to upstream.  The increase in chloride concentration 
downstream of Erin Village appears to be at a slightly faster rate than the increase 
upstream of Erin Village. 
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A comparison of summer chloride concentrations shows the same trends as the 
overall chloride concentrations, both upstream and downstream of Erin Village 
(Figure 2.8.18).  There has been no long-term collection of winter water quality 
data at station 15-10-02, however recent winter chloride data (Figure 2.9.19) 
shows a similar range of concentration as the summer data, with chloride 
concentrations about 10 mg/L lower, upstream of Erin Village.  

A comparison of historical nitrate concentration at both water quality stations 
(Figure 2.8.20) appears to show an apparent strong linear correlation and a 
substantial increase in nitrate concentration over time, upstream of Erin Village.  
The results are misleading however; as all of the early historical data are from 
summer sampling events while the more recent data is a combination of both 
summer and winter data.  As previously discussed there is a greater difference in 
nitrate concentration between summer and winter sampling periods then the 
increase in nitrate concentration over the last 30 years of monitoring.  A 
comparison of summer nitrate data only (Figure 2.8.21) shows a moderate linear 
statistical correlation for both water quality stations, showing a slight increase in 
concentration over time.  There appears to be a greater rate of increase in nitrate 
concentration over time upstream of Erin Village compared to downstream.  
Nitrate concentrations increased from about 1.5 mg/L to 1.75 mg/L downstream 
of Erin Village, between 1992 and 2008, while the nitrate concentration upstream 
of Erin Village increased from about 1.2 mg/L to 1.7 mg/L during the same time. 

There was insufficient data to assess long-term trends in winter nitrate 
concentrations upgradient of Erin Village (Figure 2.8.22), however the most 
recent data shows little difference in nitrate concentration upstream and 
downstream of Erin Village. 

In summary, based on the existing historical water quality data, upstream and 
downstream of Erin Village, chloride concentrations increase through the Erin Village, 
and the rate of increase appears to be similar to upstream of the Village.  Based on 
chloride data only, there is insufficient information to determine whether the impact from 
urbanization in Erin Village is greater than the general land use impact upstream of Erin 
Village, however it appears that there is a substantial increase in chloride contribution to 
the West Credit River from Erin Village.   The existing water quality data for nitrate does 
show a small increase in concentration over time both upstream and downstream of Erin 
Village.  Using this data only, there is insufficient information to determine if there is a 
greater impact on nitrate contributions to the West Credit River from septic systems, 
relative to nitrate contributions from other sources in the upper portion of the 
subwatershed. 

The impact of urbanization is examined in more detail in Section 2.8.7, through the 
collection and analyses of additional data upstream and downstream of Erin Village, 
including tributaries downstream of the Village. 
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Figure 2.8.17 Comparison of Chloride Concentrations between Station 15-10-02 
and the PWQMN Station for the Entire Data Set from 1976 to 2008 

Figure 2.8.18 Comparison of Summer Chloride Concentrations between Station 15-
10-02 and the PWQMN Station from 1976 to 2008 
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Figure 2.8.19 Comparison of Winter Chloride Concentrations between Station 15-
10-02 and the PWQMN Station from 1976 to 2008 

Figures 2.8.20  Comparison of Nitrate (as NO3-N) Concentrations between 
Station 15-10-02 and the PWQMN Station for the Entire Data Set from 1976 to 2008 
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Figure 2.8.21 Comparison of Summer Nitrate (as NO3-N) Concentrations between 
Station 15-10-02 and the PWQMN Station from 1976 to 2008 

Figure 2.8.22 Comparison of Winter Nitrate (as NO3-N) Concentrations between 
Station 15-10-02 and the PWQMN Station from 1976 to 2008 
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2.8.6 Simple Water/Mass Balance Assessment 

Prior to conducting a more detailed assessment of water quality, flows, and mass loadings 
of various water quality parameters, the potential impact of nitrate loading from septic 
systems was examined using a simple water and mass balance assessment for Erin.  
There are several ways to perform a simple assessment of the potential impact of septic 
system effluent on the West Credit River.  As indicated in Sections 2.8.2 and 2.8.3, 
nitrate loading and the subsequent addition to the concentration of nitrate in the surface 
water is the main concern with respect to the water quality impact from septic effluent.  
The following is a simple water balance assessment to determine the potential worst case 
loading of nitrate to the West Credit River, from septic systems in Erin Village.  The 
worst case assessment is based on the following conservative assumptions: 

all water taking from the municipal water system is discharged into septic systems 
in Erin Village; 

all effluent from septic systems stays within the shallow groundwater and is 
discharged directly to the main branch of the West Credit River, just downstream 
of Erin Village; 

there is no additional dilution or mixing with the groundwater from outside of 
Erin Village; 

no loss of nitrogen occurs in the septic tank; 

no denitrification occurs in the groundwater zone or within the riparian zone prior 
to discharge to the West Credit River;  and, 

there is no uptake of nitrogen, from septic effluent, by plants, during the growing 
season. 

Two approaches were taken to estimate the mass loading of nitrate to the West Credit 
River, using the following information: 

Number of households in Erin Village = 1030 (2006 population estimate, County 
of Wellington) 

Population of Erin Village = 3020 (2006 population estimate County of 
Wellington) 

Average number of people per household = 2.93 

Average nitrate loading 12 gm/person/day from Chambers et al. (2001) = 35.16 
gm/day/household (12 gm x 2.93 persons) 

MOE estimate of nitrate loading per septic system 40 mg/L x 1000 L/day (MOE 
design loading) 

Average daily water taking on an annual basis in 2008 = 900,000 L/day.  This 
equates to 874 L/day per household if all of the water was household use (e.g., no 
lawn watering, industrial use). 
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Using the MOE estimate, nitrate loading is 40 mg/L x 874 L/day = 34.96 
gm/day/household. 

The two loading estimates compare favourably at approximately 35 gm/household/day.  
Based on these loading estimates, daily loadings from the 1030 households would 
generate 36 kg/day of nitrate.  Using the worst case assumptions of no loss of nitrate 
through any process, as noted above, this would result in 36 kg/day mass loading to the 
West Credit, assuming and instantaneous continuous discharge to the West Credit River 
(i.e., the travel time to the West Credit River is instant and all of the effluent discharges 
locally to the West Credit River).  

A worst case assessment can be made for the potential increase in nitrate concentration to 
the West Credit River using a simple dilution approach as follows: 

36 kg/day nitrate loading from 900,000 L/day municipal pumping to septic 
systems, based on 40 mg/L nitrate loading 

900,000 L/day is and average of 10.4 L/sec 

40 mg/L x 10.4 L/sec = 416 mg/sec of nitrate entering the West Credit River 

Streamflow rates from the flow gauge upstream of Erin Village (station 15-10-02) 
are used to “mix” with Erin-generated groundwater discharging to the main 
branch of the West Credit River to assess the dilution factor. This is a 
conservative value for dilution as there is typically an increase in flow 
downstream of Erin Village and further dilution through mixing with water from 
several tributaries immediately downstream of Erin Village. 

Figure 2.2.2 shows various means, as an average daily streamflow in m3/sec. 

Table 2.8.7 shows the theoretical nitrate concentration increase to the West Credit River 
under different streamflow rates.  Three streamflow rates were used in the assessment: 
the annual mean daily flow, mean lowest flow month, and the mean lowest quartile for 
the lowest flow month.  Based on these flows the theoretical increase in “worst case” 
nitrate concentration in the West Credit River ranges from an annual average of 0.85 
mg/L to and increase of 1.59 mg/L for the mean lowest quartile for the lowest flow 
month.  These theoretical increases are significantly higher than the nitrate concentrations 
discussed in the previous section, where increases of 0.3 mg/L or less were estimated, 
between upstream and downstream of Erin Village. 

As indicated above, many conservative assumptions were used to look at theoretical 
increases in nitrate concentration to the West Credit River from septic systems in Erin 
Village.  It is difficult to determine the increased nitrate loading from septic systems to 
the West Credit River, however it appears that the loading is much less than the 
conservative theoretical calculations.  Additional more detailed work was conducted, 
using existing and new data from “snapshots” of local flow rates and water quality 
upstream and downstream of Erin Village, to attempt to estimate nitrate loading to the 
West Credit River.  Some additional work was also conducted in Hillsburgh to examine 
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the potential impacts of septic systems on the West Credit River.  The results and 
analyses are presented in the next section. 

Table 2.8.7 Theoretical Nitrate Concentrations to the West Credit River under 
Different Streamflow Rates 

Streamflow Parameter 
(from streamflow data 

1983-2008) 

Average Daily Streamflow 
Rate (L/sec) 

Theoretical Increase in 
Nitrate Concentration in 

the West Credit River 
(mg/L) 

Annual Mean Daily Flow 
Rate 480 L/sec 0.85 

Mean lowest Flow Month 
(August) 326 L/sec 1.24 

Mean Lowest Quartile for 
the Lowest Flow Month 
(August) 

252 L/sec 1.59 

2.8.7 Mass Balance and Mass Loading Assessments 

Considerable water quality data has been collected throughout the West Credit River 
subwatershed over the last 15 years, both along the main branch of the West Credit River 
and in many of its local tributaries.  In some cases, flow data was obtained at the same 
time as water quality data but this was typically not the case.  For example, the MOE 
septic investigation (MOE et al. 2005) did not obtain any flow data as part of the 
assessment, as previously discussed in Section 2.8.3, so it is difficult to interpret 
variations in nitrate concentrations between sampling stations.  Another problem with 
assessing mass loadings to the West Credit River is that long term water quality data has 
been collected at the Provincial Water Quality Monitoring Network station on Winston 
Churchill Blvd., downstream of Erin Village, while flow monitoring has been conducted 
at station 15-10-02, located upstream of Erin Village.  This was previously discussed in 
Section 2.8.5, related to a preliminary assessment of long-term trends in mass loading of 
chloride and nitrate.  This section provides a more detailed assessment of mass loadings, 
with the focus on the potential impact from urbanization, including septic systems. 

Historical flow and water quality data, as well as recent data collected as part of the 
SSMP study, were used to look at water balance and mass balance to attempt to assess 
potential impacts on the water quality of the West Credit River, from the Town of Erin 
urban areas (Erin Village and Hillsburgh).  The focus of the assessment was Erin Village 
as there is more data available for Erin and there were more historical concerns related to 
Erin, although there was some assessment completed for Hillsburgh.   

One of the ways the data was analyzed was to compare flow rates upstream and 
downstream of Erin Village, including flow from local tributaries entering the main 
branch of the West Credit River downstream of Erin Village.  If there was a reasonable 
match between the sum of flows entering and leaving Erin Village, then it was assumed 
that the flow data could be used for a mass balance assessment.   
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As discussed in Section 2.7 and 2.8.4, nitrate is not a conservative species and can 
undergo various processes that can result in a loss of nitrate through denitrification and/or 
uptake by plant species during the growing season. As a result, it is difficult to 
independently assess the accuracy of the flow data through mass loading comparisons 
using nitrate data.  Instead, chloride was used for a mass balance assessment as it is a 
conservative species.  If the mass balance comparison for chloride was similar to the flow 
balance this would provide an increased level of confidence in validity of the flow data 
and flow balance.  Chloride was also chosen as it is typically used as an indicator of 
impact from urban activities, primarily from road salting but also from septic systems, so 
chloride could aid in verifying nitrate contribution from urban impacts.   

A large variation between the flow balance and mass balance could be the result of 
inaccurate flow measurement or the result of different source areas of groundwater inputs 
and outputs between the stations, where flows are being measured.  This is discussed in 
more detail as part of the discussions for specific data sets. 

The focus of the flow and mass loading assessment was the area around the Village of 
Erin.  Figure 2.8.4 shows the various monitoring stations in the vicinity of Erin Village 
used in the assessment.  The locations were selected based on the data available and the 
potential for data from these locations to provide a reasonable water balance and mass 
balance.  The primary locations used are located: a) upstream of Erin Village (station 15-
10-02 for the SSMP study); b) in the central portion of Erin Village (station 15-08-07); c) 
downstream of Erin Village on the main branch of the West Credit River (station 15-04-
02); d) on the northern tributary, prior to it flowing into the area downstream of the Erin 
urban area (station 15-08-04); and, e) on the southern tributary, prior to it flowing past 
the main portion of Erin Village (station 15-08-05).  It is noted that the locations do not 
completely represent the contribution of flow and mass loading from Erin.  Station 15-08-
05 is downstream from several subdivisions in the southern portion of Erin Village and 
will represent a mix of urban and agricultural use upstream.  The portion of the southern 
tributary between station 15-08-05 and the West Credit River, as well as the portion of 
the West Credit River downstream of the confluence, will likely have flow and 
contributions from both urban and agricultural sources. 

As part of the more recent investigations, both flow and water quality data were collected 
from four additional stations downstream of Erin Village, previously identified in the 
Draft Town of Erin Septic Investigation 2005 report by MOE et al. (2005) (Figure 2.8.4).  
The locations are near the confluence of the main branch of the West Credit River and the 
two tributaries converging near each other, downstream of Erin Village (stations B, C, D, 
and E).  The rationale for the locations of the data collection and further analysis is 
discussed in the following subsections for each of the data sets analyzed. 

As well, additional data was collected from the Hillsburgh area, to assess potential 
impacts from septic systems and urban land use along the section of the West Credit 
River that flows through Hillsburgh.  Figure 2.8.23 shows the location of sampling 
stations used in the vicinity of Hillsburgh.   Stations  15-17-03 and  15-16-01  are  located  



Figure 2.8.23 Sampling Stations in the Vicinity of Hillsburgh
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downstream and upstream of the core area of Hillsburgh, respectively.  Additional 
stations were chosen for the current study to provide more detail on local flows 
(including local groundwater contributions or losses) and surface water quality trends in 
the core area of Hillsburgh.  As discussed in Section 2.1, it was previously determined 
that there were significant changes in flow rates between the downgradient and 
upgradient stations, due to the presence of a large volume tile drain contributing to the 
upstream area and the fact that this reach of the West Credit River is a “losing stream” 
through Hillsburgh.  As a result, less emphasis was placed on assessing the impacts of 
septic systems on the West Credit River given that the local groundwater contributes 
little, if any, to this reach of the West Credit River, although it may provide a substantial 
contribution further downstream of this reach.  Sufficient data was collected for this study 
to determine if this interpretation is correct. 

Data from the following data sets were analyzed with respect to mass balances and mass 
loadings:  

CVC 2000 flow and water quality data; 

CVC 2000 flow and water quality data, using manual and gauge flows from 
station 15-10-02; 

September 26, 2007 flow and water quality data; 

October 15, 2008 flow and water quality data; 

September 4, 2009 flow and water quality data; and 

September 18, 2009 flow and water quality data. 

2.8.7.1 Flow and Water Quality Data – 2000 

As part of the mass balance assessment, data previously collected by CVC in 2000 were 
re-examined.  The 2000 data set is the only extensive historical data set where surface 
water flows and water quality data were collected for most of the CVC monitoring 
stations.  Chloride concentrations were not obtained however, as the focus was on 
nutrient loading and physical water quality parameters.  Table 2.8.8 summarizes the flow 
data, collected by CVC on five separate occasions in the summer of 2000, and the total 
mass loading of nitrate, phosphorus, and TKN for five stations in the vicinity of Erin 
Village (see Figure 2.8.4 for locations).    
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The mass balance calculations were based on flow and water quality values obtained at 
each station.  In the first portion of the table (Columns 1-6) total flows and mass loadings 
are presented for each station for the five data collection dates (note that some data are 
missing for specific dates so a complete analysis could not be done).  In the second 
portion of the table (Columns 7-8) a comparison was made of flows and mass loading of 
each of the parameters, between the downstream station, station 15-04-02, and the sum of 
the upstream stations, stations 15-10-02, 15-08-05, and 15-08-04.  The third portion of 
the table (Columns 9-10) shows a comparison of flows and mass loadings between 
downstream station 15-04-02 and the sum of the upstream stations 15-08-07, 15-08-05 
and 15-08-04.  The first mass loading comparison uses the monitoring station on the 
West Credit River upstream of Erin Village (station 15-10-02) while the second mass 
loading comparison uses the monitoring station on the West Credit River in the centre of 
Erin Village (station 15-08-07).  The different West Credit River stations were used in 
the analyses to see if there was much variation in the assessment, as historical monitoring 
has shown a wide variation in flows between these two stations for different sampling 
events.  The following is highlighted for the 2000 data set: 

A comparison of flows, between station 15-04-02 (downstream of Erin Village) 
and the total combined “upstream” flows from stations 15-10-02, 15-08-05, and 
15-08-04, shows an apparent substantial increase in contribution to overall surface 
flow, for the main branch of the West Credit River and the downstream 
tributaries, within the Town of Erin.  Increases in flow through Erin Village 
ranged from 34% to 140%, with the greatest percentage increase occurring during 
periods of lower flows at station 15-10-02.  The results appear to show a 
substantial increase in baseflow through the Town of Erin from either 
groundwater discharge or contributions through sources such as flowing storm 
drains.  There may be errors associated with the flow data, as will be discussed 
later. 

A comparison of flow values between station 15-04-02 (downstream of Erin 
Village) and combined upstream flows from stations 15-08-07 (in central Erin), 
15-08-05 and 15-08-04 show a much closer comparison, ranging from a 2% to 
60% increase at station 15-04-02, compared to the combined flow from the three 
upstream stations.  This would indicate that there is less additional flow entering 
the West Credit River in the downstream portion of Erin Village (either from 
groundwater or stormwater discharge), compared to upstream of station 15-08-07 
in the central portion of Erin. 

Table 2.8.8 shows the percentage increase in flow and the percentage increase in 
mass loadings between station 15-04-02 and stations 15-10-02, 15-08-05, and 15-
08-04 (Column 8).  The assessment indicates a substantial increase in mass 
loading of nitrate between the downstream station and the combined upstream 
stations (i.e., the area covering most of Erin Village).  Figure 2.8.24 shows an 
example of the percentage of flow/mass loading at individual stations, as 
compared to the downstream station (station 15-04-02) using the July 2000 data to 
better illustrate the findings.  This figure illustrates that flow at the upstream 
stations (15-10-02, 15-08-05, and 15-08-04) accounts for 41.5% of the flow at the 
downstream station (15-04-02)  but  the  mass  loading only accounts for 30.2% of 



Figure 2.8.24 Percentage of Flow/Mass Loading at Individual
Stations, Compared to Station 15 04 02 Using July , 2000 Data
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the nitrate, indicating a higher loading of nitrate in the additional surface water 
flow gained through Erin Village, relative to the average mass loading from the 
portion of the subwatershed upstream of Erin Village. 

A comparison of the percentage increase in phosphorus mass loading typically 
showed a lower mass loading at station 15-04-02, relative to the percentage 
increase in flow, with the exception of the May 30, 2000 monitoring data.  A 
similar pattern was noted for TKN, although the June 28, 2000 monitoring event 
showed a slight increase in mass loading compared to what would have been 
expected based on flow data and mass loading from upstream stations.  This 
would indicate that there appears to be little difference in the average contribution 
of phosphorus and TKN between the Erin Village area and the average 
contribution from the upstream portion of the subwatershed.  Variations in mass 
loadings are more likely related to timing of sampling events relative to rainfall 
events and surface runoff. 

Table 2.8.8 also shows a comparison of flow/mass balance using station 15-08-07 
in central Erin (Columns 9-10), instead of station 15-10-02, for the contribution 
from the West Credit River to downstream of Erin.  Flow rates at this central 
station were substantially higher than flow rates measured at the upstream station.  
The flow data showed a much closer water balance for most monitoring events, 
between the downstream station and the combined upstream stations (Column 
10), using the flows obtained from station 15-08-07.  With the exception of the 
May 2000 monitoring event, all flows were within 26% of each other, between 
station 15-04-02 and the combined upstream flows (stations 15-08-07, 15-08-05, 
and 15-08-04) and were actually within 2% for two of the monitoring events.  
This would imply that there is not much additional flow contribution to the West 
Credit River along the East Branch in Erin Village and immediately downstream 
of Erin Village.    

Although the total flows, upstream and downstream of the eastern portion of Erin 
Village,  were shown to closer in volume using station 15-08-07 there was a 
substantial increase in the mass of nitrate at station 15-04-02, relative to the 
percentage increase in total flow. Figure 2.8.24 shows that the combined 
upstream flow for stations 15-08-07, 15-08-05, and 15-08-04 accounts for 78.9% 
of the flow at station 15-04-02 but only 45.7% of the mass of nitrate at the 
downstream station.  This would indicate a significantly greater contribution of 
nitrate from the eastern portion of Erin Village compared to the average 
contribution from the upstream portion of the subwatershed.   

As part of this analysis, the flow data was examined in more detail, with respect 
to the accuracy of “spot” flow measurements at each monitoring station.  Based 
on a review of flow data collected during other monitoring events, the percentage 
difference in flow between station 15-10-02 and station 15-04-02 was much 
greater for a number of the monitoring events in 2000.  Flow data obtained for the 
2000 monitoring program for station 15-10-02 was compared to flow data 
electronically obtained from the automated flow gauge at station 15-10-02.  Table 
2.8.9 provides a summary of the flow and mass loading assessment for the 2000 
data set using flows obtained from the flow gauge (02HB020)  at station 15-10-02  
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for each of the sampling event days.  Flows were available for four of the monitoring 
dates in 2000.  Automated flow rates were found to be higher than the manual flows 
obtained during the monitoring event, ranging from 18% to 85% higher.  There was still 
an increase in flow through Erin Village (Column 8 in Table 2.8.9) with a greater 
increase in nitrate mass loading relative to the percentage increase in flow (Column 8 in 
Table 2.8.9), although much less than using the manual flow data, as compared to the 
upstream portion of the subwatershed. 

2.8.7.2 Flow and Water Quality Data – September 26, 2007 

Flow and water quality data were collected for the four monitoring stations upstream and 
downstream of Erin Village.  Data was collected during a period of lower flow and dry 
weather to better assess the contribution from groundwater baseflow to the West Credit 
River and its tributaries, in the vicinity of Erin Village.  Table 2.8.10 shows the flows 
and the mass loading estimates for chloride, nitrate, TKN, and phosphorus.  It also shows 
a percentage comparison of upstream and downstream flows and mass loadings.  Figure 
2.8.25 shows a comparison of flow and mass loading at individual upstream stations 
relative to station 15-04-02 downstream of Erin Village.  The following is highlighted 
from the findings: 

The water balance shows that there appears to be only a slight gain in flow, 
through Erin Village showing about a 9% increase relative to the combined 
upstream flows. 

There is a decrease in the mass of chloride downstream of Erin Village, relative to 
upstream.  The upstream areas contribute about 91% of the flow to downstream 
but contribute about 32% more chloride than can be accounted at the downstream 
station (Figure 2.8.25).  Since chloride is a conservative species, the decrease in 
mass could represent sampling error or it could mean that there is a “mixed” 
source of water contributing to the downstream station.  There could be a “loss” 
of an urban source of groundwater recharge (discharging farther downstream) and 
a gain in a non-urban source of water through groundwater discharge into the area 
upstream of station 15-04-02, providing an overall water balance but not a mass 
balance due to the different sources areas of water. 

There is a much greater loss of nitrate mass through Erin Village, with the mass of 
nitrate at the downstream station only 55% of the mass from the three upstream 
stations, compared to 75% for chloride mass.  This would indicate that even if 
there is a percentage of flow that is from a different source area there is a 
substantial decrease in nitrate mass contribution downstream of Erin Village 
compared to the average mass loading in the upper portion of the subwatershed 
upstream of Erin Village.  The most likely explanation is that denitrification is 
occurring in the riparian area downstream of Erin Village but upstream of station 
15-04-02.  This is investigated in more detail in later monitoring. 

Mass loading estimates for TKN and phosphorus show that there is an increase in 
both parameters downstream of Erin Village, relative to upstream contributions, 
although they are not high.   Figure 2.8.25  shows  that there is an 18.2% increase  
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Figure 2.8.25 Percentage of Flow/Mass Loading at Individual
Stations, Compared to Station 15 04 02 Using September 26, 2007 Data
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in phosphorus and 24.1% increase in TKN downstream of Erin Village, as compared to 
less than 9% increase in flow.  Given the lower mass of chlorides and nitrate downstream 
of Erin it is likely that the increase is attributed to surface runoff or storm sewer 
contributions from the urban area. 

2.8.7.3 Flow and Water Quality Data – October 15, 2008 

Flow and water quality data were collected at the four MOE stations downgradient of 
Erin Village and at station 15-10-02 (MOE station L) upgradient of Erin Village (Figure 
2.8.4).  The MOE locations downgradient of Erin were selected to look more closely at 
the water balance and mass balance near the confluence of the main branch and 
tributaries of the West Credit River.  As discussed in Section 2.8.3, flow data was not 
collected at the MOE stations as part of the MOE assessment.  Given the proximity of the 
stations there is little opportunity for a substantial addition to flow volumes between 
stations so these monitoring locations would provide a good “check” on the accuracy of 
the flow measurements and balance.  Results of the analysis and assessment are presented 
in Table 2.8.11.  The following is highlighted from the findings: 

There is a good correlation between flows and mass loading at the MOE stations 
downgradient of Erin. There was a measured 10% increase in flow between MOE 
B and MOE C, E and D.  This could indicate a minor increase in flow or just be 
measurement error.  With the exception of TKN, the mass loading showed an 
increase of only 2-14% as compared to the 10% increase in flow.  The results 
would indicate that the flow and mass balances are reasonably accurate, although 
they are only a “snapshot” of conditions for the specific monitoring event. 

Flow data from the West Credit River upstream of Erin (MOE L) and 
immediately downstream of the core area of Erin (MOE E) shows an increase in 
flow of about 12% in the West Credit River reach through Erin Village.  There is 
an increase in chloride loading of about 33% indicating a substantially higher 
loading of chloride in Erin, compared to the average loading in the portion of the 
subwatershed upstream of Erin.  The mass increase of sodium was similar at 
about 37%. 

It is noted however that there is a good correlation between flow and mass loading 
for sodium and chloride between the downstream monitoring station, MOE B, and 
the combined upstream stations, MOE L and tributary stations MOE D and MOE 
C.  There is an 18% increase in flow and a 22% and 19% increase in chloride and 
sodium respectively.  This would indicate that there is not a substantial difference 
in chloride and sodium loading through Erin, relative to the overall loading in the 
subwatershed upstream of Erin.   Given the findings in the previous bullet, it 
would appear that there is potentially a mixing of groundwater from different 
source areas downstream of Erin (i.e., the some of the water from upstream of 
Erin is “lost” through Erin and additional groundwater is gained).  A more 
complete data set was collected to assess this, and is discussed in the next section. 

The ratio of chloride to sodium is generally indicative of impacts from road salt, 
which has a typical  chloride/sodium  ratio of  about 1.55.  Chloride/sodium  ratios   
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ranged from 1.55 to 1.83.  It is noted that the tributaries had the lowest ratios and 
also had the higher chloride and sodium concentrations, compared to the main 
branch of the West Credit River, indicating less dilution from non-urban impacted 
water.  

There is a much greater mass loading of nitrate to the West Credit River during 
this monitoring event as compared to the September 26, 2007 monitoring event, 
discussed in the previous section.  Although not the same downstream locations, 
flow and mass loading between monitoring events for station 15-04-02 and MOE 
B were compared. There was an increase in flow by 105% between the September 
26, 2007 monitoring event and the October 14, 2008 monitoring event.  However, 
there was also a 363% increase in nitrate loading, with the mass loading 
increasing from about 24 kg/day to 113 kg/day, much greater than the can be 
accounted for with the percentage flow increase.  The increase in mass loading is 
likely due to limited uptake of nitrate by plants during the October monitoring 
event.   

2.8.7.4 Flow and Water Quality Data – September 4, 2009 

A more complete set of flow and water quality data was collected in and around the 
villages of Erin and Hillsburgh to attempt to increase the understanding of surface water 
and groundwater contributions to the West Credit River through these areas.  Data was 
collected at MOE stations downstream of Erin Village (i.e., MOE B, C, D, and E)  and at 
CVC monitoring stations “upstream” of much of the urban area of Erin Village (i.e., 
stations 15-10-02, 15-08-05, and 15-08-04).  A more complete set of flows and water 
quality was also obtained in Hillsburgh, as previous flow data indicated that this portion 
of the West Credit River is likely a losing stream.  Table 2.8.12 provides a summary of 
water quality data and mass loading for chloride, nitrate, sodium and phosphorus.  To aid 
in the discussion for Erin Village, Figure 2.8.26 shows a comparison of the percentage of 
flow and mass loading between the CVC sampling stations. Figure 2.8.27 shows a 
comparison of flow and mass loading in the reaches between the CVC stations and the 
MOE stations.  Figure 2.8.28 presents a comparison of flow and mass loading between 
the stations in Hillsburgh.  The following is highlighted from the findings: 

Combined total flows for the MOE stations downstream of Erin Village compare 
reasonably well with flow at MOE B.  MOE B flow was estimated to be 86% of 
the flow at MOE C, MOE D, and MOE E (Table 2.8.12).  This could mean there 
is some loss in flow between stations or it is measurement error as discussed in 
the previous section.  A comparison of mass loading differences for chloride, 
sodium and phosphorus at the MOE stations show a very good correlation to the 
flow data.  A comparison of combined mass loading from MOE C, MOE D, and 
MOE E to the mass loading at MOE B shows 83%, 89%, and 87% for chloride, 
sodium and phosphorus, respectively, essentially the same as the flow percentage 
(86%).  The percentage of nitrate loading was slightly lower, at 74%, which may 
reflect some uptake of nitrate in the riparian zone, very locally.  

Combined flow from the upstream CVC stations (15-10-02, 15-08-05, and 15-08-
04) was 97% of the total flow at MOE B (Table 2.8.12).  Flow recorded at station 
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Figure 2.8.26 Percentage of Flow/Mass Loading at Individual
Stations, Compared to Station MOE B Using September 4, 2009 Data
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Figure 2.8.27 Comparison of Flow/Mass Loading Between
Stations Using September 4, 2009 Data
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Figure 2.8.28 Comparison of Flow/Mass Loading Between
Stations in Hillsburgh Using September 4, 2009 Data
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E was the essentially the same as flow measured at station 15-10-02, indicating no 
gain in flow to the West Credit River, through the Erin Village reach.  It is noted 
however that based on the measured flows, there is a loss of flow between station 
15-10-02 (upstream of Erin) and station 15-08-07 (in the core area of Erin) and an 
apparent gain in flow between station 15-08-07 and MOE E.   

A comparison of mass loading differences between MOE B and the total mass 
loading for stations 15-10-02, 15-08-05, and 15-08-04 (i.e., the area that 
encompasses much of the area of Erin Village) shows a large increase in sodium 
and chloride loading, relative to upstream of Erin.  Although there was not a 
measured overall increase in flow through Erin there was a 29% increase in 
chloride mass loading and a 45% increase in sodium mass loading through Erin.  
This would indicate that there are areas in Erin where there are losses of surface 
flows and areas where there are increases groundwater discharge, with more 
elevated sodium and chloride.  This appears to correlate with the gain and loss in 
flow discussed in the previous bullet.   

Figure 2.8.26 shows the relative contribution of flow and mass loading for each 
CVC station compared to MOE B, downstream of Erin Village.  The results show 
that MOE L upstream of Erin contributes 76% of the flow to MOE B but only 
55% and 48% of chloride and sodium loadings, respectively.  However, the 
results show a 92% contribution of nitrate loading, relative to MOE B.  At station 
15-08-07, in the central portion of Erin, flows and mass loadings have all 
decreased, with the exception of phosphorus.   

A comparison of nitrate and phosphorus mass loading differences show that there 
is a slight decrease in mass loadings through Erin Village from station 15-10-02 to 
MOE E.  The decrease in nitrate loading could be a reflection of nutrient uptake in 
the riparian zone. 

Figure 2.8.27 shows a comparison of flow and mass loading between stations on 
the West Credit River and the north and south tributaries, downstream of Erin 
Village, to assess the loading from specific surface water reaches in Erin.   Of 
note is: 

The upper reach of the West Credit River (between 15-10-02 and 15-08-07) 
shows similar percentage contributions for flow, chloride, and sodium but a 
much higher contribution for nitrate upstream of the reach.  Phosphorus 
loading is lower upstream.  The reach also shows a loss in flow. 
The downstream reach of the West Credit River within Erin Village 
(between 15-08-07 and MOE E), shows a gain in flow and a lower 
percentage contribution of chloride, sodium, and nitrate relative to flow, 
which would indicate higher chloride, sodium, and nitrate contributions 
within this reach, relative to the average upstream contribution. The 
exception to this is phosphorus, showing more than 100% contribution from 
upstream.   
There are increased contributions of chloride, sodium, and nitrate along the 
reach of the northern tributary (between 15-08-04 and MOE D), compared 
to upstream contributions.  The reach upstream of 15-08-04 contributes 56% 
of the flow to MOE D but only 26% of the chloride loading, 36% of the 
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sodium loading, and 19% of the nitrate loading.  The upstream reach 
contributes more than 100% of the phosphorus loading to the downstream 
reach.  This would indicate a substantially greater contribution of chloride, 
sodium, and nitrate locally, compared to the upstream portion of the 
tributary. 
There are also increased contributions of chloride, sodium, and nitrate along 
the reach of the southern tributary (between 15-08-05 and MOE C), 
compared to upstream, although there is a smaller increase in total flow and 
mass loading compared to the northern reach.  Again, phosphorus 
contributions are higher in the upstream reach, compared to the reach in Erin 
Village. 

Flow data obtained from the Hillsburgh area show that the West Credit River is a 
losing stream flowing through Hillsburgh.  This was discussed in previously in 
Section 2.1.  Table 2.8.12 shows that flows were essentially the same for stations 
15-16-01, upstream of Hillsburgh and station 15-17-03, downstream of the core 
area of Hillsburgh, with the downstream flow measured at 97% of the upstream 
flow measured.  Based on historical assessments of groundwater flow, additional 
stations were monitored in Hillsburgh as previously shown in Figure 2.8.23.
Downstream flow (station 15-17-03) is about 57% of the upstream flow (station 
15-16-03).     

The percentage difference in mass loadings for chloride, sodium, and nitrate are 
essentially the same as the percentage difference flow between each of the 
monitoring stations within Hillsburgh.  Figure 2.8.28 shows a comparison of flow 
and mass loading for reaches in Hillsburgh.  The results show that there is a 
decrease in loading through Hillsburgh, which generally matches the percentage 
decrease in flow (from 15-16-03 to 15-16-04; and from 15-16-04 to 15-17-03).  
The reach upstream of Hillsburgh (from 15-16-01 to 15-16-03) shows a higher 
percentage upstream flow relative to the percentage contribution of mass loading 
of chloride, sodium, and nitrate.  This reach has a major contribution from tile 
drainage and also is parallel to a major road, all adding to increased mass loading 
within this reach. 

A comparison of mass loadings for this monitoring event shows the variation 
between nitrate and chloride loadings moving downstream along the main Branch 
of the West Credit River.  Nitrate and chloride loadings (per day) for the reach 
entering Hillsburgh were 63 kg and 334 kg respectively (station 15-16-03), while 
loadings for the reach leaving the core area of Hillsburgh were 39 Kg and 191 Kg 
respectively (station 15-17-03).  Nitrate and chloride loadings for the reach 
entering Erin Village were 59 kg and 999 kg respectively (station 15-10-02), 
while loadings for the reach leaving Erin Village were 64 kg and 1814 kg 
respectively (MOE B).  

2.8.7.5 Flow and Water Quality Data – September 18, 2009 

Flow and water quality data were collected at the MOE monitoring stations in the vicinity 
of Erin Village.  As well, a stream-bed piezometer was installed adjacent to each of the 
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four downstream MOE monitoring locations (MOE B, C, D and E).  Water quality 
samples were collected from the piezometers to compare the groundwater quality with 
the surface water quality at each of these locations.  Water levels were also obtained to 
assess the vertical gradients at each location (i.e., determine recharge/discharge 
conditions).  Table 2.8.13 shows the flow data and water quality data used for the mass 
loading assessment.  Figure 2.8.29 shows a comparison of flow and mass loading 
between the MOE stations used for this monitoring event.  The following is highlighted 
from the findings: 

The combined flows upstream of MOE B (MOE E, C, and D) compare favourably 
to the flow at MOE B.  Flow at MOE B was about 93% of the combined upstream 
flow.  As previously indicated that could mean a slight loss in flow or 
measurement error.  It is noted however, water levels measured at piezometer 
locations MOE D, B, and C showed a downward gradient, indicating potential 
recharge conditions. It is also noted that there is considerable beaver activity in 
the area of MOE C and B resulting in surface water ponding and changes to 
surface water elevations.  Modifications to the surface water will have an impact 
on the local vertical gradients which will impact groundwater recharge/discharge 
conditions. 

Using flow data from upstream of Erin Village (MOE L) instead of MOE E, on 
the main branch of the West Credit River, shows a slight decrease in flow through 
Erin, with the measured flow at MOE B only 88% of the combined upstream flow 
(MOE L, C, and D). 

Mass loading estimates show that nitrate, TKN, and phosphorus are all greater at 
MOE B relative to contributions from upstream monitoring stations (MOE E, C, 
and D).  This would indicate an increased mass loading between these stations 
and MOE B (i.e., throughout Erin Village).   

Mass loading estimates, using upstream station 15-10-02 (MOE L) instead of 
MOE E on the main branch of the West Credit River, shows that nitrate and TKN 
contributions are lower at MOE B relative to contributions upstream of the 
monitoring stations.  This would indicate there is a loss of nitrate and TKN along 
the main branch of the West Credit River between the two sampling stations on 
the main branch. 

Figure 2.8.29 shows a comparison of flow and mass loading between stations.  
The variations along the main branch of the West Credit River show the 
complexity of assessing the impact of Erin Village on water quality.  A 
comparison of the upstream station (MOE L) to the downstream station (MOE E) 
shows that the upstream flow is 8% higher than the downstream flow, but has a 
mass loading more than 60% higher than downstream for nitrate, TKN, and 
phosphorus, indicating a substantial loss in mass in this reach through Erin 
Village. 
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Figure 2.8.29 Comparison of Flow/Mass Loading Between
MOE Stations Using September 18, 2009 Data
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Figure 2.8.29 also shows the variation in flow and mass loading between the two 
tributaries downstream of Erin Village.  The south tributary (MOE C) was only 
12% of the flow at MOE-B and had similar percentages of mass loadings as the 
flow percentage, with the exception of phosphorus which had a much higher 
contribution from upstream.  In contrast, the northern tributary (MOE D) provided 
20% of the flow at MOE B but also provided 36% of the chloride mass loading 
and 30% of the nitrate loading, indicating a significant source contribution to the 
water quality impacts on the West Credit River, along this reach.  The percentages 
of TKN and phosphorus loadings however, were much lower than the flow 
percentage. 

Water quality data was collected from stream-bed piezometers installed in the 
shallow groundwater zone at each of the four downgradient MOE stations to 
compare to the water quality at the adjacent MOE surface water stations.  At the 
time the water quality data was collected three of the four locations showed a 
downward gradient indicating recharge conditions.  MOE E showed a slight 
upward gradient, indicating groundwater discharge conditions.  MOE E and MOE 
C showed higher chloride concentrations in the groundwater than the surface 
water.  MOE D showed a much higher chloride concentration in the surface water 
compared to the groundwater.  It is interpreted that elevated chloride in the 
surface water along the northern reach is likely from groundwater discharge 
immediately upstream of MOE D as discussed in the previous section.   

There was only one groundwater location that that had detectable nitrate, at the 
MOE E piezometer.  It also had the highest chloride concentration and was the 
only location showing groundwater discharge conditions.  The nitrate 
concentration was 1.1 mg/L, which was lower than any of the surface water 
nitrate concentrations.  It is interpreted that there is considerable denitrification 
occurring or uptake by plants throughout the riparian area downstream of Erin 
Village. 

Dissolved phosphorus was non-detectable at three of the groundwater locations 
but was found a 0.17 mg/L at MOE B piezometer, an order of magnitude higher 
than the surface water concentration at this location.  It is noted that analyses were 
also conducted on unfiltered groundwater samples, which often have a high 
turbidity from suspended sediment when sampling piezometers installed in 
locations with organic material and some fine-grained sediments.  Results for 
unfiltered samples show high phosphorus, ranging from 2.5-23 mg/L in these 
samples, indicating the extent of phosphorus present in some of the fine-grained 
sediment or organic material. 

2.8.7.6 Summary of Findings from Mass Balance/Loading 
Assessments 

The following summarizes the findings and interpretations of the mass balance and 
loading assessments for the specific monitoring events discussed in the previous sections.  
It is recognized that there is variability in the results as all of the events are “snapshots” 
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over time.  There appear to be some general findings based on the assessment of all of the 
information and these are highlighted below. 

Hillsburgh 
The West Credit River is a losing stream through the main core area of Hillsburgh.  
Historically, data has been collected at stations 15-16-01, upstream of Hillsburgh near the 
8th Line, and at station 15-17-03, downstream of Hillsburgh near Highway 25.  Flows 
were similar at these locations and there was a slight increase in mass loading moving 
downstream.  Flow leaving Hillsburgh was only about 57% of the flow in the West Credit 
River entering Hillsburgh.  Percentage mass contributions of sodium and chloride were 
both about 57% while both nitrate and phosphorus were slightly higher indicating a small 
potential contribution to mass loading in Hillsburgh, likely from stormwater. 

Main Branch of the West Credit River in Erin Village 
Results of monitoring events at stations along the main branch of the West Credit River 
show variable flows and mass loadings.  Some flow data show consistent gains in flow 
through Erin Village while other sets, especially during lower flow periods show local 
losses and gains to flow along the main branch.  For some events there is a loss of 
chloride and sodium and for other events there is a gain in chloride and sodium. This 
would indicate that there are different source areas contributing directly to the West 
Credit River at different times.  It would also indicate there are areas where surface water 
is lost to the groundwater system under certain conditions, likely during low flow.  
Analysis of the data collected for the current study shows a decrease in nitrate 
contribution along the main branch of the West Credit River as mass loading of nitrate 
was lower downstream (above the confluence of the tributaries) compared to upstream.  
This data were collected during the growing season however and may reflect uptake of 
nitrate in the riparian zone along the West Credit River. 

It is noted that for the one major sampling event (September 4, 2009) conducted for this 
study the mass loading of nitrate was almost unchanged from just upstream of Hillsburgh 
(63 kg/day at station 15-16-03) to downstream of Erin Village (64 kg/day at MOE B).  
Chloride mass loading increased from 334 kg/day to 1814 kg/day between the same 
stations, factor of 5.4 times increase while flow only increased by a factor of 2.2. 

Phosphorus and TKN are highly variable and appear to reflect loadings primarily surface 
runoff and suspended solids associated with surface flows. 

Northern Tributary Reach in Erin Village 
The northern tributary flows into the main branch of the West Credit River downstream 
of Erin Village contributes on the order of 20% of the flow to the West Credit River at 
this location but contributes a much greater percentage mass loading of chloride, sodium, 
and nitrate, relative to the flow contribution.  It also appears to contribute a lower 
percentage of phosphorus mass loading relative to the flow contribution. 
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The reach of the northern tributary upstream of station 15-08-04 typically contributes a 
much smaller percentage of mass loading of chloride and nitrate relative to the 
percentage contribution of flow within the tributary. 

Flow increases by almost 50% in the reach of the northern tributary that flows through 
Erin Village.  Much of this increase is interpreted to be from local groundwater discharge 
or stormwater contribution from the urban area of Erin.  It is interpreted that there is 
substantial loading of chloride, sodium, and nitrate to this reach as a result of urban 
activities, including septic systems.  The relative contribution is much greater than the 
average contribution to the main branch of the West Credit River upstream of the 
confluence with the northern branch, at least during certain times of the year.  There is no 
winter data available to assess mass loadings in the winter. 

Southern Tributary Reach in Erin Village 
The southern tributary flows into the main branch of the West Credit River downstream 
of Erin Village and the confluence with the northern tributary.  The reach of the southern 
tributary that was assessed and considered primarily urban, with some agricultural 
contribution, was downstream of station 15-08-05.  It is recognized that there is some 
urban area upstream of this station. One of the urban areas has only recently been 
developed and was previously agricultural with historically high nitrate loadings.  There 
is also an aquaculture operation upstream of this station, so there is a mix of land use 
contributing to the loadings at station 15-08-05. 

Upstream flows at station 15-08-05 were typically on the order of 10% of the flow in the 
main Branch of the West Credit River, downstream of Erin (MOE B).  Results showed 
variable mass loadings from upstream but nitrate loadings were typically similar to the 
percentage contribution of flow, with the exception of one very low flow event, where 
nitrate contribution was higher upstream.  Phosphorus contributions from upstream of 
station 15-08-05 were consistently higher than the percentage contribution of flow to the 
West Credit River. 

Contribution from the entire southern tributary to the West Credit River appears to show 
similar overall mass loadings relative to the upstream area of the West Credit River, with 
a similar percentage of flow contribution relative to percentage mass contribution for 
chloride and nitrate, but again much higher for phosphorus. 

Data from upstream (15-08-05) and downstream (MOE C) of the primarily urban reach 
on the southern tributary showed that there was a substantially greater percentage mass 
loading of chloride, sodium, and nitrate relative to the percentage increase in flow for this 
reach, again showing a substantial impact from urban activities on this reach of the 
tributary, at least during the summer months. 
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2.8.8 Summary of Septic System Impact Assessment 

General Impacts of Septic Systems 

A number of contaminants are generated in the wastewater stream going into a 
septic system.  The most prevalent contaminants of concern, with respect to 
groundwater contamination and potential loading to surface water, are nutrients 
(nitrogen and phosphorus), pathogens, and dissolved inorganic constituents such 
as chloride and sodium.  Heavy metals and organic compounds may also be a 
concern, depending on the concentrations present within site-specific septic 
effluent. 

Most contaminants can be removed to substantially lower concentrations in a 
properly functioning septic system.   

Properly functioning septic systems and soil zones beneath the septic field beds 
will effectively treat or remove most chemical constituents from septic effluent.  
Typically, almost all fecal coliform bacteria are removed (>99.99%), almost all 
organic chemicals such as solvents and pesticides (>99%) and most phosphorus 
(typically 85-95%), however only about 10-20% of nitrogen is removed (EPA 
2002).  Total nitrogen, primarily ammonia, is quickly converted into nitrate within 
the shallow soils under the septic leaching bed making nitrate one of the key 
parameters of concern. 

Summary of Interpretation of Septic System Impacts in the Town of Erin 

The existing municipal wells show no apparent impact from septic systems 
and appear to be well protected.  Some historical locations of abandoned 
municipal wells in the eastern portion of Erin Village did appear to show 
water quality impacts from septic systems.  These wells were located in areas 
with little natural protection of the aquifer. 

Historical water quality data downgradient of Hillsburgh, along Highway 25, 
shows elevated levels of nitrate and chloride (still meeting Ontario Drinking 
Water Objectives) in the shallow and deep groundwater zones indicating 
urban impacts and potential impacts from septic systems. 

Historical water quality data show only a slight increase in nitrate 
concentration over time at the Provincial Water Quality Monitoring Network 
(PWQMN) station, downstream of Erin Village.  Nitrate concentration 
increased from about 1.5 to 1.75 mg/L downstream of Erin Village, from 1992 
to 2008, while the nitrate concentrations increased from about 1.2 to 1.7 mg/L 
upstream of Erin Village during the same time.   

Multiple potential sources of nitrate make it difficult to determine if the 
increase in nitrate concentrations is from septic systems only based on general 
water quality trends at the PWQMN station.  It is difficult to determine the 
source of nitrate so other indicators of urban impacts need to be used to aid in 
determining if the source of nitrate is from septic systems.   
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Chloride is a useful indicator of urban impacts.  Chloride concentrations and 
mass loading to the West Credit River have increased considerably during the 
last 20-30 years of monitoring, at a much faster rate than nitrate.   

Chloride is a conservative species whereas nitrate concentration and mass 
loading can be affected by denitrification and uptake by plants during the 
growing season. This will impact nitrate concentrations and mass loading.  
Long-term data indicate that there is a greater difference in nitrate 
concentration between summer and winter data than then the increase in 
nitrate concentration for data collected during the summer over the 20-30 
years of data collection 

A snapshot of mass loading of nitrate, chloride, and phosphorus from 
upstream of Hillsburgh to downstream of Erin Village, for a 2009 monitoring 
event, shows little increase in nitrate mass loading.  Nitrate mass loadings 
were 63 kg/day upstream of Hillsburgh, 59 kg/day upstream of Erin Village, 
and 64 kg/day downstream of Erin Village.  Phosphorus mass loadings were 
0.33 kg/day, 0.38 kg/day, and 0.54 kg/day for the same locations.  In contrast 
chloride mass loadings were 334 kg/day, 999 kg/day, and 1814 kg/day for the 
same locations.  It is obvious that chloride loadings reflect the impact of 
urbanization.  Phosphorus may reflect some impact from urbanization, but not 
likely from septic systems.  Nitrate mass loadings do not reflect any greater 
impact from above Hillsburgh to below Erin Village.  It is interpreted that 
there is considerable uptake of nitrate and/or denitrification throughout the 
length of the riparian system on the West Credit River.  A sampling event at 
the same locations in the winter may provide more representative results with 
respect to nitrate loading to the West Credit River.

Data collected for the present study does show that there are relatively higher 
impacts from urban activity, including septic systems, on reaches of both 
tributaries downstream of Erin Village immediately adjacent to the urban area.  
There is typically a much higher percentage of mass loading of nitrate and 
chloride, relative to the percentage increase in flow, compared to the main 
branch of the West Credit River.  The highest nitrate and chloride 
concentrations are found in the reach along the northern tributary. 

Phosphorus concentrations and mass loadings are high and appear to reflect 
contributions from surface runoff loadings rather than septic systems.  There 
has been no apparent historical increase in concentration over time, in the 
upper portion of the West Credit River.  Monitoring stations in areas upstream 
of Erin Village, on the main branch and the two tributaries, typically show a 
higher percentage of phosphorus mass loadings relative to the percentage 
contribution of flow to the area downstream of Erin Village. 

Limited data collected from the shallow groundwater system downgradient of 
Erin Village shows very little nitrate present in the groundwater zone, with 
three of four shallow piezometers showing no detectable nitrate.  The nitrate 
concentration in the other piezometer was less than the surface water 
concentration of nitrate at all four stations.  This would indicate little impact 



Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report 262

from groundwater with respect to nitrate loading in the riparian zone 
downstream of Erin Village.  It is noted however that, there was generally a 
downward gradient (recharge to the groundwater system) in this area during 
the monitoring event.  No data was collected in the winter to determine the 
potential for nitrate loading during periods of higher water levels and no use 
of nitrate by plants during the non-growing season.

2.8.9 Next Steps 

Data collected to date to assess the potential impacts from septic systems and urban land 
use in general, on water quality in the West Credit River subwatershed have not been 
conducted in any detail during the winter months.  Nitrate concentrations are known to be 
much higher in the winter time, likely due to less uptake by plants and less denitrification 
in the riparian zone, especially downstream of Erin Village.  Collection of flows and 
water quality data in the winter, at the monitoring stations around Erin Village would aid 
in assessing nitrate loading and changes to concentration, downstream of Erin Village. 

Additional data could be collected at site-specific locations to potentially determine the 
source of nitrate with a greater degree of confidence.  This could include isotope analyses 
as well as trace contaminants such as caffeine.  Potential areas include immediately 
upstream of Hillsburgh, downstream of the core area of Hillsburgh (in private wells along 
Highway 25) and downstream of Erin Village, along the two tributaries.   

Additional flow data should be collected from the monitoring stations around Erin 
Village as it is important to understand the variations in local flow within and 
downstream of Erin Village under different flow conditions.  Based on the existing data 
there are times when there some reaches are gaining streams and some are losing streams.  
The timing and location of these variations will potentially influence any decisions on 
future inputs to the West Credit River as part of any servicing option.  

Data collected from the present study indicate that the reach of the West Credit River 
through the core area of Hillsburgh is a losing stream.  The general groundwater flow 
system is to the south-southeast away from the core area and away from the municipal 
wells.  Historical groundwater quality data indicate the potential impact from septic 
systems downgradient of the core area of Hillsburgh, along Highway 25, showing 
elevated nitrate and chloride in this area.  This should be investigated in more detail, 
given the number of private water supplies located in this area. 

The assessment of the groundwater analysis (septic system impact) must be combined 
with the other component studies to determine the overall sensitivity of the environmental 
features, functions, and linkages within the Town of Erin.  This analysis will form the 
basis for the assessment of potential impacts and opportunities for future land use 
changes and servicing.
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2.9 SUMMARY OF ENVIRONMENTAL COMPONENTS

The following summary will provide an overview of the environmentally significant 
features, functions, and linkages throughout the Erin SSMP study area. The 
environmental disciplines discussed in Section 2.0 are integrated below to illustrate how 
each component is essential in order for the entire system to function in a sustainable 
manner.  

The physiographic features of the West Credit River subwatershed include the pervious 
soils which dominate among wetland and depressional storage features associated with 
the hummocky terrain. These features are a major influence on the groundwater recharge 
and discharge throughout the study area.  The subwatershed contains three main recharge 
areas, the Orangeville Moraine, the outwash gravels, and the Paris Moraine which have a 
high infiltration capacity. This allows the majority of the mean annual precipitation to 
infiltrate into the groundwater aquifers, such as the main bedrock aquifer system that is 
found throughout the entire study area.  The high recharge rates are also important for 
providing significant baseflow to the West Credit River through groundwater discharge.  
As a result, baseflows at the Erin Branch Water Survey of Canada gauge station 
(02HB020) are higher compared to other headwater areas in the Credit River watershed.     

The physiographic features of the study area also benefit the geomorphic conditions of 
the West Credit River and its tributaries. During storm events the permeable soils and 
hummocky topography facilitate water percolation into the ground, reducing runoff to the 
streams and reducing the erosive capacity of peak flows.  This contributes to the 
geomorphic conditions observed in many of the channel reaches which are considered to 
be stable or moderately stable with little erosion and infrequent flooding. Peak flows are 
further subdued as a result of the numerous online ponds, which provide temporary 
storage but also interfere with the sediment transport process. Therefore, aggradational 
channel conditions are common upstream of these ponds, and sediment starved 
conditions are common downstream of these ponds.  The most sensitive stream channels 
to increased flows are those where current and historic signs of stress (erosion) are 
apparent. These are typically stream channels where land use (e.g., urbanization) 
impinges upon the floodplain, such as along the West Credit River in Hillsburgh.  
Planform adjustment is also common throughout the subwatershed especially as these 
previously straightened channels seek to regain a meandering form.   

The stability of the stream channels is also a reflection of the largely intact vegetated 
riparian zone, where many of the wetland complexes, woodlands, and natural areas are 
found along the floodplain of the West Credit River and its tributaries.  The riparian 
zones and wetland communities are very dependent on the hydrologic regime for their 
functions and are the most sensitive to changes in that regime.  The other sensitive 
terrestrial components include the 125 large natural areas throughout the subwatershed 
and three regionally rare fen communities which provide habitat for provincially and 
regionally rare flora and fauna species.  There are six Environmentally Sensitive Areas, 
one Provincially Significant Life Science Areas of Natural and Scientific Interest (ANSI), 
and two Regionally Significant Life Science ANSIs.  These areas are considered 
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significant for providing substantial hydrological function to the West Credit River, such 
as headwater protection, groundwater recharge/discharge areas, and supporting large 
wetland complexes such as the five Provincially Significant Wetlands in the 
subwatershed.  These wetland complexes also contribute significant hydrological 
function to the subwatershed such as flood attenuation, water quality improvement, 
groundwater recharge and discharge, and contributions to baseflow.   

There are significant groundwater discharges contributing to baseflow in the West Credit 
River and thus the quality of the groundwater is important as it strongly influences stream 
health. Generally the groundwater quality is good with some indication of impacts from 
surface sources. The piezometers installed into the shallow groundwater system 
downstream of Erin Village in September of 2009 showed very little nitrate present in the 
groundwater zone, with three of four shallow piezometers showing no detectable nitrate. 
It is noted however that, there was generally a downward gradient (recharge to the 
groundwater system) in this area during the monitoring event.  In contrast, there is 
historical evidence of shallow groundwater contamination from urban and septic system 
sources of chlorides and/or nitrates, specifically in areas where there is a higher aquifer 
vulnerability to contamination such as in the eastern and southern portion of Erin Village 
and in the southern portion of Hillsburgh.  The deep groundwater zone in Erin and 
Hillsburgh also shows evidence of impact from surface sources with elevated chloride, 
however elevated nitrate levels were found only in Hillsburgh.  Despite these pockets of 
groundwater contamination, the source of municipal drinking water for the Erin and 
Hillsburgh Villages (the bedrock aquifer), appears to be reasonably well-protected by 
natural geologic conditions providing good water quality to the current wells (Wells E7, 
E8, H2, H3) and showing no apparent impacts from septic systems.  

However, the impacts from urban and septic system sources mentioned above are evident 
in the streams.  Reaches of both tributaries downstream of Erin Village immediately 
adjacent to the urban area are showing relatively higher impacts than the main branch of 
the West Credit River. There is typically a much higher percentage of mass loading of 
nitrate and chloride, relative to the percentage increase in flow, with the highest nitrate 
and chloride concentrations found in the reach along the northern tributary.  Of the 
nitrate, chloride, and phosphorus mass loading analysis on the main West Credit River 
from upstream of Hillsburgh to downstream of Erin Village only chloride loadings 
obviously reflected the impact from urbanization. The increase in phosphorus mass 
loadings appeared to reflect contributions from surface runoff loadings rather than septic 
systems. The minor increase in nitrate is interpreted to be due to the considerable uptake 
of nitrate and/or denitrification occurring in the stream riparian corridors.  

The surface water quality in the upper portion of the study area is fair in terms of impact 
to the health of aquatic biota. This lower ranking is the result of elevated levels of 
bacteria, total phosphorus, and nitrate-nitrogen. In addition, the West Credit River 
through Hillsburgh is a losing stream, thus reducing its assimilative capacity.  In the mid-
portions of the study area the water quality ranking improves as downstream stations with 
significant groundwater discharge contribute to higher flows, which increase the streams 
ability to assimilate contaminant inputs.  In the Villages of Hillsburgh and Erin, the 
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influence of roads, septic systems, and urban land use with higher population density is 
apparent because median concentrations of total phosphorus, bacteria, and nitrate are 
higher than in rural areas.  Downstream of the Village of Erin, at 10th Line, the water 
quality improves once again as a result of significant groundwater discharge into the 
West Credit River. This indicates that throughout this subwatershed the quantity of 
groundwater discharges contribute significantly to improving the surface water quality. 

The surface water quality is a reflection of the aquatic biota found throughout the 
subwatershed, in combination with but not limited to other factors such as peak and 
baseflows. Benthic invertebrate abundance and diversity were found to decrease as mean 
particle mobility increased.  Therefore the stable or moderately stable channel reaches 
throughout the subwatershed, as mentioned previously, benefit the benthic communities 
which were found to be generally healthy. The few impacted benthic sites found are a 
result of impoundments and/or agricultural activities but their impacts reach beyond 
benthics, also influencing the fisheries. 

The West Credit River subwatershed is managed for its potential for brook trout habitat, a 
coldwater heritage species. The reach upstream of Erin Village is influenced by wetlands 
and online ponds, and water temperature results indicate warmer water in these areas.  
Thus fish health was found as poor and declining with some recovery indicated in the last 
three years.  Fish health was also found as poor within the Village of Erin, likely a result 
of urban runoff contributing to the warm water temperature and fair water quality found 
here. Downstream of the Village of Erin fish health is good with stable or increasing 
health, likely attributed to increased groundwater contributions here.  This is also the 
most productive brook trout spawning area as this is the longest reach in the 
subwatershed uninterrupted by dams/barriers.  The Stanley Park dams represent the most 
significant barriers at a subwatershed scale.  Mitigation, by-pass, or removal of these 
dams would improve the resiliency of this brook trout population and improve the 
assimilative capacity of the river.   

In conclusion, the Erin SSMP study area appears to be relatively healthy and productive, 
despite some signs of impacts from septic systems, urbanization, and agriculture. During 
the process of determining community planning and municipal servicing alternatives it is 
important to keep in mind that watershed ecosystem health depends on maintaining the 
form and functions of key natural attributes and functions. The overall sensitivities of the 
features, functions, and linkages within the Erin SSMP study area need to be determined 
in order to assess the potential impacts from future land use changes and servicing.  
Details of the next steps to determine the overall sensitivities and to complete the impact 
analysis for each discipline can be found at the end of their sections. 



Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report 266

3.0 NEXT STEPS 

The information from this Environmental Component-Existing Conditions Report will be 
integrated with the Town of Erin’s Erin SSMP Phase 1 Background Issues Report to 
describe the existing environmental conditions and identify limitations and sensitivities 
(Triton Engineering Services Limited 2008). The preparation of the Erin SSMP Phase 1 
Background Issues Report will integrate all four of the components (Community Design, 
Form and Function Component; Community Planning Component; Environmental 
Component; and Water and Wastewater Servicing, Transportation and Stormwater 
Management Component) and will provide the information required to formalize a 
problem/opportunity statement. Where data gaps are identified in Phase 1, the 
development and completion of a supplementary work program to fill critical data gaps 
will be required prior to undertaking Phase 2 activities (Triton Engineering Services 
Limited 2008). 

During Phase 2, the Phase 1 results will be used to identify and evaluate various 
community planning and servicing alternatives in concert with environmental 
considerations and opportunities for public input. The alternatives will then be evaluated, 
and the preferred planning and servicing concepts will be selected and incorporated into 
the SSMP Report for the study area.  After community review of the plans, the 
recommended plans will be presented to Erin’s Council for adoption, with the Servicing 
Component also being taken to Council for approval. Any related amendments to the 
Official Plan and other relevant planning documents, will also be brought forward for 
approval at that time. 
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GLOSSARY AND ACRONYMS APPENDIX 

7Q20 - The lowest mean flow for 7 consecutive days that has a 20 yr recurrence interval 
period, or a 1 in 20 chance of occurring in any one year. 

Abiotic - Not relating to living things.  

Adjustment - A stream condition where the stream channel is considered unstable. The 
channel morphology is not within the consensual range of variance and evidence of 
instability is wide spread. The RGA Form Stability Index Value for a stream in 
Adjustment is > 0.4.  

Aggradation - To fill and raise the level of (the bed of a stream) by deposition of 
sediment.

Alluvial channel - Is a river channel cut in sediment deposited by flowing water; it is 
self-forming, in that its form reflects the load and discharge of the river rather than the 
constraints of a bedrock.

Alluvium - Sediment deposited by flowing water, as in a riverbed, flood plain, or delta. 
Also called alluvion.

amsl - Above mean sea level 

Anura - An order of the class Amphibia comprising the frogs and toads.  

ANSIs - Areas of Natural and Scientific Interest - Areas of land and water containing 
natural landscapes or features that have been identified by the Ontario Ministry of 
Natural Resources as having life (ecologic) science or earth (geologic) science values 
related to protection, scientific study, or education (Provincial Policy Statement, 2005). 
These areas are recognized and protected under the Ontario's Planning Act, Provincial 
Policy Statement, Oak Ridges Moraine Conservation Plan, Niagara Escarpment Plan, 
Greenbelt Plan, Growth Plan, and municipal official plans. 

Aquatic – Growing, or living in, or frequenting water. 

Aquifer - A saturated permeable geologic unit that can transmit significant quantities of 
water under ordinary hydraulic gradients. 

Artesian - Groundwater that is confined in an aquifer, but which may overflow on to the 
land surface via artificial boreholes or, sometimes, natural springs, because of the high 
hydraulic head that may be developed in a confined aquifer. 

Attenuation (Flow) - Flow that is lessened or weakened, or the severity reduced. 

Bank Stability - The ability of a stream bank to resist change. 

Environmental Component – Existing Conditions Report 1
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Base Flow - The water that flows into a stream through the subsurface (often seen as the 
flow during a dry period in the summer). 

Bedrock - The solid rock underlying unconsolidated surface material. 

Bedrock Geology - The science of the solid rock underlying unconsolidated surface 
material.  It includes magma petrology, sedimentary petrology, sedimentology, 
metamorphic petrology, structure geology, and related disciplines such as ore deposits and 
paleontology. 

Benthic Invertebrates - Organisms without an internal skeletal structure that live on or in a 
body of water, e.g., water insects. 

mbgs – Meters below ground surface

Bioaccumulation - The accumulation of a substance, such as a toxic chemical, in various 
tissues of a living organism 

Biodiversity - See Biological Diversity. 

Biogeomorphology - The science relating biota with geomorphic forms and processes. 

Biological Diversity - The variability among organisms and the ecological complexes of 
which they are a part. 

Biological Oxygen Demand – BOD – A measure of the oxygen consumed during the 
biochemical oxidation of organic oxidants, and organic nitrogenous matter.

Biomass - The amount of living matter, usually measured per unit area or volume of 
habitat. 

Biotic - Relating to or caused by living beings. 

BMP - Beneficial Management Practices 

BOD – See Biological Oxygen Demand.

Carbonaceous Biological Oxygen Demand - cBOD5 - Is the amount of oxygen required 
to biologically transform organic material to simpler end products.

cBOD5 - See Carbonaceous Biological Oxygen Demand.

CDWQG – Canadian Drinking Water Quality Guidelines - Developed by the Federal-
Provincial-Territorial Committee on Drinking Water.
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Channel – A feature that conveys water; a ditch or channel excavated for the flow of 
water. River, creek, run, branch, anabranch, and tributary are some of the terms used to 
describe natural channels, which may be single or braided. Canal, aqueduct, and 
floodway are some of the terms used to describe artificial (man-made) channels.

Chemical Oxygen Demand – COD - Measures the amount of oxygen consumed during the 
chemical oxidization of both organic and inert oxidants.

Climate - The average weather conditions of a place or region throughout the seasons. 

COD – See Chemical Oxygen Demand.

Communal Sewage Disposal System – CSDS - A Plant where, through physical-
chemical and biological processes, organic matter, bacteria, viruses and solids are 
removed from residential, commercial and industrial wastewaters before they are 
discharged in rivers, lakes and seas.

Conductivity - A water quality parameter that measures the flow of electrons through the 
water. 

Contiguous - Having contact with, or touching along a boundary or point. 

COSEWIC - Committee on the Status of Endangered Wildlife in Canada 

Creek - A small stream of water which serves as the natural drainage course for a 
drainage basin; a flowing rivulet or stream of water normally smaller than a river and 
larger than a brook. The term is often relative according to size and locality. 

Crepuscular - Becoming active at twilight or before sunrise, as do bats and certain 
insects and birds.

CRFMP - Credit River Fisheries Management Plan - Is a resource document that 
provides background information about the historic and current fish community and 
aquatic conditions within the watershed. The plan is used to set management directions 
for the fish community, fish habitat, and human use of the resource. 

CRWMS - Credit River Water Management Strategy - Is a plan of action that is designed 
to ensure that we have “abundant, clean and safe water” in the Credit River watershed, 
now and into the future.

CRWMSU - Credit River Watershed Management Strategy Update – Is the updated 
version of the CRWMS, which was finalized in 2007. 

CSDS – See Communal Sewage Disposal System.

CURB - Clean Up Rural Beaches Program

Environmental Component – Existing Conditions Report 3
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CWQG - Canadian Water Quality Guideline - Are a set of acceptable levels derived by 
Environment Canada for substances or conditions that affect water quality such as toxic 
chemicals, temperature and acidity. These are designed to protect all plants and animals 
that live in our lakes, rivers, and oceans and to protect sensitive crop species that may be 
exposed to toxic substances such as pesticides in irrigation water.

D50 - Median diameter of particle.  

D84 - Representative of the channel bed roughness, it is the diameter for which 84% of 
sediment is finer. 

Denitrification – is an anaerobic bacterial process where nitrates are reduced to release 
N2 gas as the end product:  NO3 -> NO2 -> N2O -> N2

DFO - Department Of Fisheries and Oceans 

Discharge Area - An area where water leaves the saturated zone across the water table 
surface.

Dissolved Oxygen – DO - The concentration of oxygen dissolved in water, expressed in 
mg/l or as percent saturation. 

DO – See Dissolved Oxygen.

Drainage Density - Length of watercourse per unit drainage area. 

Ecological - Relating to the totality or pattern relations between organisms and their 
environment.

Ecological Land Classification – ELC - Seeks to address all the dimensions of 
ecosystems and as such incorporates the interactions among landforms, soil, water, 
climate, fauna and human activities. In other words, this approach classifies natural 
environments based on a limited number of ecological factors, none of which is 
predominant.

Ecosystem - Systems of plants, animals and micro-organisms together with the non 
living components of their environment, related ecological process and humans. 

ELC – See Ecological Land Classification.

Elevation - The height of a portion of the earth’s surface in relation to its surroundings. 

Entrain - To draw in and transport through water. 
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Environmentally Significant Areas – ESA - Areas of land and water containing natural 
landscapes which contain or support natural forms, features, or attributes deemed to be 
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significant or essential, using a set of approved criteria, in the context of the watershed or 
municipality which have been designated by conservation authorities, and incorporated into 
conservation authorities’ policies and municipal official plans (Town of Caledon, 2004). 

Ephemeral stream - Streams which flow only in direct response to precipitation and 
whose channel is at all times above the water table.

EPT - Ephemeroptera, Plecoptera, Trichoptera – Categories of benthic invertebrates. 

Erosion - The wearing away of the land by the action of water, wind or glacial ice. 

ESA – See Environmentally Significant Areas. 

Eutrophication - a process where water bodies receive excess nutrients that stimulate 
excessive plant growth. 

Evapotranspiration - Discharge of water from the earth's surface to the atmosphere by 
evaporation from lakes, streams, and soil surfaces, and by transpiration from plants.

Exotic – A species that has been introduced from another geographic region to an area 
outside its natural range.

FDRP - Federal/Provincial Flood Damage Reduction Program Study 

Floodplain - A plain bordering a river, which has been formed from deposits of sediment 
carried down the river.  When a river rises and overflows its banks, the water spreads over 
the floodplain.   

Flow Regime - The pattern of how water levels change in a stream. 

Flow Stability  - Determined by measuring the ratio of surface discharge to groundwater 
discharge on an annual basis.

Fluvial - Relating to a stream or river. 

FRI - Forest Resource Inventory Mapping

GAWSER - Guelph All-Weather Simulation Events Runoff 

GBP – See Greenbelt Plan. 

Geology - The science of the composition, structure and history of the earth.  It thus 
includes the study of the materials of which the earth is made, the forces which act upon 
these materials and the resulting structures. 

Geomorphology - The scientific study of landforms and the processes responsible for 
landform evolution. 
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GGH – Greater Golden Horseshoe – Includes the cities of Toronto, Hamilton, Kawartha 
Lakes, Guelph, Peterborough, Barrie, Orillia, and Brantford, the regional municipalities 
of Halton, Peel, York, Durham, Waterloo and Niagara and the counties of Haldimand, 
Brant, Wellington, Dufferin, Simcoe, Northumberland and Peterborough. 

GIS - Geographic Information System  

Glaciation - The covering of an area or the action on that area, by an ice sheet or by 
glaciers.

Grading – see High Grading.

Gradient - The rate of regular or graded ascent or descent. 

Granular - Having a texture composed of small particles. 

Greenbelt Plan – GBP - Created through the Greenbelt Act, 2005 is enforced by the 
Ministry of Municipal Affairs and Housing. This plan protects about 1.8 million acres of 
environmentally sensitive and agricultural land in the Golden Horseshoe from urban 
development and sprawl. 

Groundwater - Water occurring below the earth’s surfaces that lies in the area of total 
saturation.  Groundwater can exist in bedrock, overburden, and underground spaces.  

Groundwater Table - Groundwater table is the level at which the ground water pressure 
is equal to atmospheric pressure. It may be conveniently visualized as the 'surface' of the 
groundwater in a given area where the aquifer is unconfined (i.e., at atmospheric 
pressure).

GUDI - Groundwater Under Direct Influence of surface water. GUDI refers to 
groundwater sources (wells, springs, infiltration galleries, etc.) where microbial 
pathogens are able to travel from nearby surface water to the groundwater source. A 
GUDI well means that there is a hydraulic connection that allows rapid recharge between 
the groundwater source and surface water. 

Habitat - The environment of an organism; the place where it is usually found. 

HADD - Harmful alterations, disruption or destruction - Section 35(1) of the Fisheries 
Act, which states that “no person shall carry on any work or undertaking that results in 
the harmful alteration, disruption or destruction of fish habitat” 

HBI – See Hilsenhoff’s Biotic Index. 

High Grading - Refers to the poor forestry practice of harvesting of the best individual 
trees in a woodlot. The best trees being those that are the most vigorous and healthy. 
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Often leads to a genetically inferior woodlot with low economic potential for forest 
products

Hilsenhoff’s Biotic Index – HBI - A benthic invertebrate index used as an indicator of 
impairment, and increased nutrients. 

Hydrogeology - consists of a package of closely related sciences, such as geology, 
groundwater hydrology and hydraulics, surface water hydrology, meteorology, water 
chemistry, dedicated to the study of the part of the water cycle under the ground surface. 

Hydrology - The science of waters of the earth, their occurrence, distribution, and 
circulation; their physical and chemical properties; and their reaction with the 
environment, including living beings. 

Hydromodification - consists of changes to the stormwater runoff characteristics of an 
area caused by changes in land use.

Hydroperiods - The pattern of water-level fluctuations in a wetland

Hydrophytic vegetation - is plant-life that thrives in wet conditions 

IBI – See Index of Biotic Integrity.

igpm – Imperial gallons per minute

Index of Biotic Integrity – IBI - Is a tool (index) which we use to determine the overall 
health and integrity of the fish and benthic community (biotic) in a given river.

Infiltration – Water entering the pores of the earth’s surface.

Intermittent Stream or Seasonal Stream – Streams which flow only at certain times of 
the year when it receives water from springs, rainfall, or from surface sources such as 
melting snow. 

Intrinsic Susceptibility Index – ISI - Is a calculated value that estimates the susceptibility
of a given groundwater aquifer to surficial contamination at a given point. 

Invasive Species – Species that intrude or encroach on the native species in the area 

Invertebrates – Animals lacking a spinal column. 

ISI – See Intrinsic Susceptibility Index.

Isohyetal map – A map with isohyetal lines, which are lines that join points of equal 
precipitation on a map. 
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IWMP - Integrated Watershed Monitoring Program – An intensive, long-term 
monitoring program implemented by CVC which measures key environmental indicators.

Lacustrine - Of or relating to lakes. Living or growing in or along the edges of lakes. 

Lake Ontario LaMP - Lake Ontario Lakewide Management Plan

Lepidopterans - Butterflies and moths 

Littoral - The topmost zone near the shore of a lake or pond is the littoral zone, often 
containing aquatic vegetation.

Local Discharge - Discharge to a watercourse that originates nearby.  The water moves 
through the upper layers of the groundwater system. 

LOD - Large Organic (woody) Debris 

Lowflow - The flows that exist a stream channel in dry conditions.  

Macroinvertebrates - Animals lacking a spinal column that are visible with the unaided 
eye.

Macrophytes - A macroscopic plant. 

Mbgs – Meters below ground surface

Meandering - A curve in the course of a river, which over time, moves from side to side. 

Meltwater Channel - A subglacial meltwater channel formed beneath an ice mass, like 
ice sheets and valley glaciers, roughly parallel to the main ice direction. Meltwater 
channels can have different sizes, ranging from very small channels of a meter deep and 
wide to big valleys which can be up to a kilometer wide. The sediments deposited by the 
meltwater channel are composed of well sorted gravel and sand in an elongated form. 

MNR - Ministry of Natural Resources

MOE - Ministry of the Environment 

MOEE - Ministry of Environment and Energy

Moraine - The debris or rock fragments deposited by a glacier.   

Morphology - The study of form or structure. 

MSC - Environment Canada’s Meteorological Service of Canada
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N/A - Not Applicable

Native Species - An animal or plant that occurs naturally in a particular region, state, 
ecosystem, and habitat without direct or indirect human actions.

NEP – See Niagara Escarpment Plan. 

NHIC – Natural Heritage Inventory Centre – Acquires, maintains, updates, and makes 
available data on the province's rare species, vegetation communities, and natural areas. 
The NHIC is part of the Ontario OMNR Fish and Wildlife Branch. The NHIC contributes 
to OMNR’s role in protecting the genetic, species and ecosystem diversity of Ontario. 

Niagara Escarpment Plan – NEP - Created through the Niagara Escarpment Planning 
and Development Act, 1990. The NEP serves as a framework of objectives and policies to 
strike a balance between development and preservation of this important resource.  

Nitrification – The conversion of ammonium (NH4+) or organic nitrogen into nitrate 
(NO3) by oxidizing the nitrite by nitrobacteria.  NH4

+ -> N20 -> NO2 -> NO3

Nitrogenous oxygen demand – NOD - is a quantitative measure of the amount of 
dissolved oxygen required for the biological oxidation of nitrogenous material, for 
example, nitrogen in ammonia, and organic nitrogen in waste water.

NOD – See Nitrogenous oxygen demand.

Nutrient - Something that nourishes and promotes growth.  It is possible to have too many 
nutrients in an ecosystem, which can result in an unhealthy imbalance or overgrowth of 
certain species. 

ODWS - Ontario Drinking Water Quality Standards – standards for drinking water 
quality in Ontario, prescribed in O. Reg. 169/03 under the Safe Drinking Water Act, 
2002.

OMNR - Ontario Ministry of Natural Resources

OP - Official Plans

Odonates - Dragonflies and damselflies 

Organic Matter - Of, relating to, or derived from, living organisms. 

Orthophotography - Aerial photographs of the earths surface that more precisely show 
the features of the landscape, including those that might be important for agriculture such 
as slope or size of gullies, because they are corrected for distortion caused by tilt, 
curvature, and ground relief.
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Ortho-rectified aerial photography – A satellite or aerial photographic image of the 
earth’s surface that has been digitally corrected to ensure ground features are depicted in 
their correct geographic location.

Percentile - Is the value of a variable below which a certain percent of observations fall. 
So the 20th percentile is the value (or score) below which 20 percent of the observations 
may be found.

Perennial Streams - Streams which flow continuously.

Permeability - The quality of having pores or openings that allow liquids to pass through. 

PESA - Potentially Environmentally Significant Areas designated using a set of criteria 
developed by CVC, incorporated into CVC policies, and if adopted by the municipalities 
they are recognized by the Provincial Policy Statement.

Physiography – also named physical geography, is the study and description of all 
natural phenomena on the ground surface in geographic ways. It is closely related to such 
disciplines as geomorphology, hydrology, climatology, and geology.  

Planform - The shape or form of an object (eg. A river), as seen from above, as in a plan 
view.

Planimetric (form) Adjustment – Changes to the horizontal position of features 
(without regard to elevation) within a watercourse. For example, a change in stream 
width. The planimetric view of various stream patterns may be qualitatively described as 
straight, meandering, or braided forms; and quantitatively defined through measurements 
of meander wavelength, radius of curvature, and belt width.

Planform Adjustment or Planform Development – See Planimetric Adjustment.  

POC - Parameters of Concern – Indicators of water quality for the Credit River 
watershed identified through the Water Quality Strategy Phase I Report (CVC, 2003)

PPS - Provincial Policy Statement - Is issued under the authority of Section 3 of the 
Planning Act.  It provides direction on matters of provincial interest related to land use 
planning and development, and promotes the provincial “policy-led” planning system.

Precipitation - The deposits of water in either liquid or solid form which reach the earth 
from the atmosphere.  It includes rain, sleet, snow and hail. 

Productivity - Rate of production, especially of food or solar energy by producer 
organisms.

Environmental Component – Existing Conditions Report 10

PSW – Provincially Significant Wetlands - Lands inventoried and assessed by certified 
professionals using the Ontario Wetland Evaluation System to calculate a score based on 
the wetland’s biology, hydrology, uniqueness, and social values. Wetlands are designated 
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to be provincially significant by the Ontario Ministry of Natural Resources based on the 
score calculated through the evaluation. Provincially Significant Wetlands are protected 
from development and site alteration by the Ontario's Planning Act, Provincial Policy 
Statement, Oak Ridges Moraine Conservation Plan, Niagara Escarpment Plan, Greenbelt 
Plan, Growth Plan, Conservation Authorities Act, and municipal official plans. 

PTTW - Permit to Take Water – A permit required when the total volume of water obtained 
from either a surface or groundwater source exceeds 50,000 L/day.

PWQMN - Provincial Water Quality Monitoring Network – Is a network of partnerships 
including MOE, conservation authorities, municipalities and Ontario Parks, who collect 
surface water quality information from rivers and streams across Ontario.

PWQO - Provincial Water Quality Objective - Are numerical and narrative criteria which 
serve as chemical and physical indicators representing a satisfactory level for surface 
waters (i.e. lakes and rivers) and ground water of the Province. The PWQO are set at a 
level of water quality which is protective of all forms of aquatic life and all aspects of the 
aquatic life cycles during indefinite exposure to the water. The Objectives for protection 
of recreational water uses are based on public health and aesthetic considerations.

Rapid Geomorphic Assessment – RGA - Is a type of channel assessment technique 
developed by MOE to assess reaches in urban channels. RGA’s involve recording 
evidence of channel instability. The instability features for each category are tallied and 
used to calculate a reach stability index, which corresponds to a stability classification

Reach - A stream segment with relatively repetitious and homogenous sequence of 
physical processes and habitat types (e.g., homogenous slope, discharge, habitat, channel 
type and riparian features.). Thus reach break is the upper and lower limits of a reach 
that delineates it from adjoining reaches. The reach break symbol is placed at the 
upstream limit of a reach.

Recharge Area - An area where water enters saturated zone at the water table surface.

Reconnaissance – Inspection/exploration conducted to gain information

Regime – A stream condition where the stream channel is considered stable knowing that 
streams continually adjust to maintain equilibrium with its environment. Evidence of 
instability is isolated or associated with normal river meander propagation processes. 
The RGA Form Stability Index Value for a stream in Regime is > 0.2.  

Regional Discharge - Water that has traveled deep beneath the ground through the 
saturated zone and resurfaces at the water table.   

Environmental Component – Existing Conditions Report 11

Return period - Is the mean number of such time units necessary to obtain a value equal 
to or greater than a certain value one time. For example, with a one-year interval between 
observations, a return period of 100 years means that, on the average, an event of this 
magnitude, or greater, is not expected to occur more often than once in 100 years. 
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RGA – See Rapid Geomorphic Assessment. 

Riffle:Pool System - A riverine (flowing) system that alternates cycles of shallow water 
(riffle) and deeper water (pool).

Riparian - Relating to or located on the bank of a watercourse, wetland, or body of 
water.

River - A natural stream of water of considerable volume, generally larger than a creek. 
Throughout this report River refers to the Credit River, or the West Credit River. 

SARO - Species at Risk in Ontario

Scale - A graduated series or scheme of rank or order. 

Seasonal Stream – See Intermittent Stream.

Sediment - Material deposited by water, wind or glaciers. 

Sediment Oxygen Demand – SOD - The rate of oxygen consumption exerted by the 
bottom sediment on the overlying water.

Sinuosity – Represents the ratio of channel length per unit length of valley. As such, it 
represents the degree to which a channel meanders. The lower the sinuosity value the 
straighter the watercourse or the less meandering the watercourse.

SOD – See Sediment Oxygen Demand.

Spawn - To produce or deposit eggs during the reproductive process, especially by aquatic 
animals).  

SS – See Suspended Solids. 

SSMP - Settlement and Servicing Master Plan 

Stream - A general term for a body of flowing water; natural water course containing 
water at least part of the year.

Stream Order -  The designation by a integer series (1, 2, 3, …) of the relative position 
of stream segments in the network of a drainage basin. 

Substrate - The base or surface on which an organism lives. 

Subwatershed - A region or area bounded peripherally by a water parting and draining 
ultimately to a tributary of a larger watercourse or body of water. 

Environmental Component – Existing Conditions Report 12
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Surficial Geology - Deals with the study and description of the forms on the outer layer of 
the earth. 

Suspended Solids – SS - Small solid particles which remain in suspension in water. 

SWM - Storm Water Management – the management of storm water run-off, often using 
water retention facilities to provide controlled release of water into receiving streams. 

TDS – See Total Dissolved Solids.

Terrestrial - Living on or growing on land. 

Thalweg - the path of maximum depth along the stream.

Thermal Regime - The characteristic behaviour and pattern of temperature. 

Till - A tough unstratified clay loaded with stones originating from finely ground rock 
particles that were deposited by glacial activity. 

TKN – See Total Kejdahl Nitrogen.

Topography - The description or representation of the ground surface shape and existing 
related natural and artificial features of an area. The result is usually presented in a 
topographic map. 

TOT - Time of travel - The time for groundwater to travel from a potential source of 
contamination to the well head.

Total Dissolved Solids – TDS - Comprise inorganic salts and small amounts of organic 
matter that are dissolved in water.

Total Kejdahl Nitrogen – TKN - Reduced forms of nitrogen such as organic nitrogen, 
ammonia nitrogen, ammonium nitrogen.

Total Phosphorus – TP - The sum of all phosphorus forms.

TP – See Total Phosphorus.

Transition/stress - A stream condition where the stream channel is considered 
moderately stable. The channel morphology is within the consensual range of variance 
for streams of similar hydrographic characteristics but the evidence of instability is 
frequent. The RGA Form Stability Index Value for a stream in transition or stress: 0.21< 
Stability Index >0.4. 
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Tributary - (1) A stream which joins another stream or body of water. (2) A stream or 
other body of water, surface or underground, which contributes its water to another 
normally larger stream or body of water. 
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USDA - US Department of Agriculture.

Valley - A long, narrow depression on the earth’s surface, usually with a fairly regular 
downward slope.  A river or stream usually flows through it. 

Watercourse - A depression formed by water moving over the surface of the earth; any 
natural or artificial channel through which water flows; a lake, river, creek, stream, wash, 
arroyo, channel or other topographic feature on or over which waters flow at least 
periodically. Watercourses include specifically designated areas in which substantial 
flood damage may occur.

Water Cycle - The continuous movement of water from the oceans to the atmosphere (by 
evaporation), from the atmosphere to the land by condensation and precipitation, and from 
the land back to the sea (via stream flow). 

Water Quality Indicator – A biological entity that provides information on the condition 
of water through it’s life cycle patterns. Water quality can also be determined through non 
living sources, like chemical sampling. 

Watershed - A region or area bounded peripherally by a water parting and draining 
ultimately to a particular watercourse or body of water. 

Weathering - The disintegration of the earth’s crust by exposure to the atmosphere, most 
importantly, rain. Other elements such as temperature, biological action and gravity also 
play important roles. 

WeCARE - West Credit Appreciation, Rehabilitation and Enhnacement (WeCARE) 
program

Wetland - Lands that are seasonally or permanently covered by shallow water, as well as 
lands where the water table is close to or at the surface. In either case, the presence of 
abundant water has caused the formation of hydric soils (formed under flooding or 
saturation) and has favoured the dominance of either hydrophytic (water-loving) plants or 
water tolerant plants. The four major types of wetland are swamps, marsh, fen, and bog 
(in order of abundance in the Credit River Watershed). Periodically soaked or wet lands 
being used for agriculture purposes which no longer exhibit wetland characteristics are 
not to be considered wetlands for the purpose of this definition (Provincial Policy 
Statement, 2005). 

WHPA - Wellhead Protection Area - Protection of all or part of the area surrounding a 
well from which the well's ground water is drawn. 

Winnowing - To separate or get rid of (an undesirable part); eliminate. 

Environmental Component – Existing Conditions Report 14
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WPCP – Waste Pollution Control Plant - The site where raw wastewater is processed 
before it is discharged back to the environment. 
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1.0 Low Flow Frequency Analysis 

The objectives of the low flow analyses are to determine the minimum flow rates for 
various durations and return periods. The low flow analyses determines streamflow rates 
that can be expected to occur on average once every 1.005 through 500 years.  A separate 
low flow frequency analysis was carried out for each duration of 7, 15, and 30 days.  The 
minimum streamflow rates for the various return periods are best determined using data 
recorded over long periods (50 to 100 years) from the basin where the predicted runoff 
rates are required.  Less accurate results would be expected for shorter periods of record 
or flow rates recorded on adjacent basins. 

The analyses involved first the determination of a series of annual minimum mean daily 
flow rates for durations of 7, 15, and 30 consecutive days (moving or rolling average) and 
then performed a frequency analysis with each data series.  A spreadsheet was used to 
abstract the minimum 7, 15, and 30 day flow values that occur within each calendar year 
of the recorded data.  The values are then averaged to generate an annual minimum mean 
daily flow rate for each duration. The minimum values must occur over a consecutive 
period of time.  For example, each non leap year of recorded data will contain 358 seven 
(7) day mean daily flow rates.  The minimum seven (7) day mean daily flow rates for 
each year will than be used in the frequency analysis, which results with the low flow 
indices such as the 7Q2, 7Q10, or 7Q20.  For example the 7Q20 flow can be interpreted 
as the 7-day low flow with a 20-year return period, using mean daily discharge data. 

The frequency analysis was carried out with the aid of the Low Flow Frequency Analysis 
Package (LFA) computer program maintained and distributed by the Water Resources 
Branch of the Inland Waters Directorate of Environment Canada.  The input data for the 
LFA program consists of a series of annual minimum data.  The output includes the 
following:

The ranked input and cumulative probabilities; 
Population statistics; and
Estimates of the minimum annual mean daily flow rates for the selected return 
periods.

Each annual series of minimum runoff rates are ranked in ascending order.  The 
following equation was used to assign a cumulative probability of occurrence as 
described by Cunnane plotting position: 

Probability of Occurrence = (m – 0.4) / (N + 0.2)          (1) 
Where  m = series rank of the value in ascending order 

N = sample size 

The LFA program fits the annual minimum data series to a Gumbel III distribution and 
determines values for return periods ranging from 1.005 to 500 years.  The Gumbel III 
distribution has been considered to be acceptable for drought analysis by the Water 
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Resources Branch although numerous distributions are available with which to determine 
the return period values. 

The return period flow rates are values that occur on average over a long period of record 
such as 200 to 300 years.  As an example a 60 day flow rate of 0.171 m3/s has a return 
period on average of 100 years.  There is a one (1) percent chance that the minimum 60 
day flow rate will be less than 0.171 m3/s in any one year.  The risk that the 60 day flow 
rate will be less than 0.171 m3/s in a given period, say 20 years can be estimated using the 
following equation: 

RISK = 1 – ( 1 – 1/RP )EP                                                        (2) 

Where  RP = return period, years 
EP = period of interest, years 

The following table describes the risk of exceedance for periods of interest and return 
periods of design: 

Table 1.0 Risk of exceedance for periods of interest and return periods of design 
Return
Period
(years)

R I S K (%) 
Period of Interest (years) 

2 5 10 20 50 100
5 67 89 98 99.9 99.9
10 41 65 88 99.5 99.9
20 19 34 56 87 98
50 10 18 33 64 87
100 4.9 9.6 18 40 63

As an example there is an 18 % risk that the minimum 60 day low flow rate with a return 
period of 100 years will be less than 0.171 m3/s in any 20 year period. 

The results of the low flow frequency analysis for the Erin Branch Gauge are illustrated 
in Table 1.1.
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Table 1.1 Low flow frequency analysis (durations of 7, 15, and 30 days) for the 
station, West Credit River at Erin Branch above Erin (period of record 1983 to 
2008)

           Return 
        Period 
       (years) 

Avg. Min. 
7 Day 

Flow Rate 
(m3/s)

Avg. Min. 
15 Day 

Flow Rate 
(m3/s)

Avg. Min. 
30 Day 

Flow Rate 
(m3/s)

      1.005 0.366 0.390 0.452
    1.01 0.352 0.375 0.430
    1.11 0.294 0.307 0.339
    1.25 0.268 0.279 0.303

    2 0.216 0.226 0.242
   5 0.165 0.178 0.192

    10 0.140 0.156 0.173
    20 0.120 0.140 0.160
    50 0.100 0.125 0.149

     100 0.088 0.117 0.144
     200 0.079 0.111 0.140
     500 0.069 0.105 0.137

Flows at one site where results of a frequency analysis are available can be transposed to 
another site using: 

QY = QX (AY/AX)n                                 (3) 

where QY is the flow (in m/s) at site Y with drainage area AY (km2) and QX and AX are 
the corresponding quantities at site X and n is an exponent [taken as n = 0.842, from 
Moin and Shaw (1985)]. 

Moin and Shaw (1985) developed regional flow estimates based on regression analyses 
of observed index floods (i.e., 2-year) for the whole province. For their Region 4, which 
contains the West Credit River subwatershed, the index flood is computed as: 

Q2 = 0.71 * (Drainage Area)0.842                    (4) 

Where Q2 is the index flood (in m3/s) and the drainage area is in km2.

For each monitoring station the low flow frequency values were determined for each 
duration series 7-day, 15-day and 30-day and return periods 1.005 to 500 years by 
transposing the values from the Erin Branch gauge station using equation 3. The results 
are presented in Tables 1.2 to 1.5.
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Table 1.2 Low flow frequency analysis at Beech Grove Sideroad 

Return
Period
(years)

Avg. Min. 
7 Day 

Flow Rate 
(m3/s)

Avg. Min. 
15 Day 

Flow Rate 
(m3/s)

Avg. Min. 
30 Day 

Flow Rate 
(m3/s)

1.005 0.213 0.227 0.263
1.01 0.205 0.218 0.250
1.11 0.171 0.179 0.197
1.25 0.156 0.162 0.176

2 0.126 0.132 0.141
5 0.096 0.104 0.112
10 0.082 0.091 0.101
20 0.070 0.082 0.093
50 0.058 0.073 0.087
100 0.051 0.068 0.084
200 0.046 0.065 0.082
500 0.040 0.061 0.080

Table 1.3 Low flow frequency analysis at 17th Sideroad 

Return
Period
(years)

Avg. Min. 
7 Day 

Flow Rate 
(m3/s)

Avg. Min. 
15 Day 

Flow Rate 
(m3/s)

Avg. Min. 
30 Day 

Flow Rate 
(m3/s)

1.005 0.214 0.228 0.264
1.01 0.206 0.219 0.251
1.11 0.172 0.179 0.198
1.25 0.157 0.163 0.177

2 0.126 0.132 0.141
5 0.096 0.104 0.112
10 0.082 0.091 0.101
20 0.070 0.082 0.094
50 0.058 0.073 0.087
100 0.051 0.068 0.084
200 0.046 0.065 0.082
500 0.040 0.061 0.080
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Table 1.4 Low flow frequency analysis downstream of 10th Line 

Return
Period
(years)

Avg. Min. 
7 Day 

Flow Rate 
(m3/s)

Avg. Min. 
15 Day 

Flow Rate 
(m3/s)

Avg. Min. 
30 Day 

Flow Rate 
(m3/s)

1.005 0.431 0.460 0.533
1.01 0.415 0.442 0.507
1.11 0.347 0.362 0.400
1.25 0.316 0.329 0.357

2 0.255 0.266 0.285
5 0.195 0.210 0.226
10 0.165 0.184 0.204
20 0.141 0.165 0.189
50 0.118 0.147 0.176
100 0.104 0.138 0.170
200 0.093 0.131 0.165
500 0.081 0.124 0.161

Table 1.5 Low flow frequency analysis at Winston Churchill Blvd. 

Return
Period
(years)

Avg. Min. 
7 Day 

Flow Rate 
(m3/s)

Avg. Min. 
15 Day 

Flow Rate 
(m3/s)

Avg. Min. 
30 Day 

Flow Rate 
(m3/s)

1.005 0.902 0.961 1.114
1.01 0.867 0.924 1.059
1.11 0.724 0.756 0.835
1.25 0.660 0.687 0.746

2 0.532 0.557 0.596
5 0.406 0.439 0.473
10 0.345 0.384 0.426
20 0.296 0.345 0.394
50 0.246 0.308 0.367
100 0.217 0.288 0.355
200 0.195 0.273 0.345
500 0.170 0.259 0.338

2.0 Flood Flow Frequency Analysis 

The object of the flood flow frequency analysis is to determine the maximum annual 
instantaneous peak flow rates that will occur on average at various return periods.  
Runoff from a subwatershed is a natural process, which is subject to large daily and 
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monthly fluctuations, which cannot be predicted to occur at any specific time.  However, 
using past occurrences of runoff rates, it is possible to predict on average when a specific 
runoff rate will occur. The analysis determined streamflow rates that can be expected to 
occur on average once every 2 through 100 years.  The various return period streamflow 
rates should be viewed with caution.  Predicted values of peak streamflow rates tend to 
decrease for return periods greater than twice the number of years of recorded data. 

The analyses involved first the determination of a series of annual maximum 
instantaneous flow rates for each year and then performed a frequency analysis of the 
flow rates. The frequency analysis was carried out with the aid of the CFA88 
(Consolidated Frequency Analysis Package) computer program that is maintained and 
distributed by the Water Resources Branch of the Inland Waters Directorate of 
Environment Canada. 

The input data for the CFA88 program consists of a series of annual maximum data that 
is described by the year and month of occurrence and the annual maximum peak 
streamflow rate.  In addition, the program requires the Water Survey of Canada gauge 
number, the drainage area in km2, and the number of data points and whether historic 
information is being used. 

The output includes the following: 

The ranked input series of annual maximum flood flows with high and low 
outliers and empirical probabilities; 
Estimates of population statistics and distribution parameters; 
Streamflow rates for various return periods; and 
Plots of the frequency curves and a display of non-parametric data. 

The program allows the user to conduct the following: 

Enter, modify (add, delete or change) and save data sets for future use; 
Perform non-parametric tests for homogeneity, trend, independence and 
randomness; 
Perform tests for low and high outliers; and  
Determines T year events for the straight forward case, samples with historic 
information, and samples with low outliers, samples with zero values. In addition 
any data sets can be combined. 

The following probability distributions can be computed: 
Generalized extreme value; 
Three parameter lognormal; 
Log Pearson Type III; and 
Wakeby.
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The Cunnane plotting position that follows is used to plot the data on probability paper: 

Probability of Occurrence = (m – 0.4) / (N + 0.2)       (5) 

Where m = series rank of the value in ascending order 
N = sample size 

The CFA88 program determines return period values for the four (4) frequency 
distributions mentioned above.  The CFA88 computer program does not select a 
frequency distribution and the resultant return period annual maximum peak flow rates. 
The user must determine which frequency distribution best fits the data.  Typically, a 
distribution is selected by reviewing the distribution statistics with the statistics of the 
data values and by comparing how closely the data plots with distributions. The computer 
program prints out the data values and plots the four distributions and ranked data values. 
The results of the flood frequency analysis for each distribution are tabulated in Table 
2.0.

Table 2.0 Flood flow frequency analysis (instantaneous peak flow rates) for the 
station, West Credit River at Erin Branch above Erin (period of record 1983 to 
2008)

Return
Period

Exceedance
Probability 

(m3/s)

Generalized 
Extreme

Value
(m3/s)

3 Parameter 
Log Normal 
Distribution

(m3/s)

Log Pearson 
Type III 

Distribution
(m3/s)

Wakeby
Distribution

(m3/s)

1.003 0.997 1.16 1.67 1.59 1.64
1.050 0.952 1.88 2.09 2.09 1.90
1.250 0.800 2.59 2.63 2.66 2.54
2.000 0.500 3.53 3.47 3.49 3.51
5.000 0.200 4.82 4.78 4.73 4.91
10.000 0.100 5.68 5.73 5.61 5.80
20.000 0.050 6.52 6.70 6.51 6.57
50.000 0.020 7.61 8.04 7.74 7.42
100.000 0.010 8.43 9.11 8.73 7.97
200.000 0.005 9.26 10.20 9.78 8.44
500.000 0.002 10.4 11.80 11.30 8.96

In the case of the Erin Branch Above Erin gauge, experience has shown that the 3-
Parameter Log Normal Frequency Distribution best fits the data. Using equation number 
3 the peak flow values for the Erin Branch station based on the 3-Parameter Log Normal 
Distribution were than transposed to each monitoring location. The results are tabulated 
in Table 2.1.
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Table 2.1 Flood flow frequency regime (instantaneous peak flow rates) at each 
monitoring location within the West Credit River subwatershed  

Location QBF
(m3/s)

Q2
(m3/s)

Q5
(m3/s)

Q10
(m3/s)

Q20
(m3/s)

Q50
(m3/s)

Q100
(m3/s)

Beech Grove 
Sideroad 1.62 2.02 2.78 3.34 3.90 4.68 5.30
Stream Gauge 2.78 3.47 4.78 5.73 6.70 8.04 9.11
17th Sideroad 1.62 2.03 2.79 3.35 3.92 4.70 5.3
D/S of 10th Line 3.27 4.09 5.63 6.75 7.90 9.48 10.7
Winston Churchill 6.84 8.55 11.8 14.1 16.5 19.8 22.4

The values QBF represent the bankfull flows. The bankfull flows were determined using 
the Annables’ model (1995). The bankfull flows were estimated by multiplying the 2-
year flood flow by 0.8 (ratio between bankfull flow and 2-year flood flow established by 
Annable for Ontario streams (1995). 
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1.0 Ecological Land Classification Community Types and 
Existing Land Use 

Table 1.0 Ecological Land Classification Community Types (Lee et al. 1998) 
Community Description 

Terrestrial Water table rarely or briefly above the substrate surface, saturation period not 
long enough to promote organic or hydric substrates; non-hydrophytic plant 
species making up more than 50 percent of total species composition.

Deciduous Forest A terrestrial vegetation community where deciduous trees comprise >75% of the 
canopy cover. 

Coniferous Forest A terrestrial vegetation community where coniferous trees comprise >75% of the 
canopy cover. 

Mixed Forest A terrestrial vegetation community containing a mixed composition of coniferous 
and deciduous tree species, between 25% and 75%. 

Plantation A treed community in which the majority of the trees have been planted. Like the 
forest communities, plantations can be coniferous (PLC), deciduous (PLD) or mixed 
(PLM).  Nurseries and orchards are not considered plantations, rather these are 
agricultural communities. 

Cultural  Vegetation communities that originate from, or are maintained by 
anthropogenic influences and culturally based disturbances.  They often contain 
a large proportion of non-native species. 

Cultural Meadow Open terrestrial communities characterized by grasses or forbs; usually originating 
from cultural disturbances such as mowing, burning, or grazing.  These communities 
may be maintained through infrequent or low-intensity disturbances. 

Cultural Savannah A terrestrial vegetation community that originates from, or is maintained by 
anthropogenic influences and culturally based disturbances.  Cultural savannah 
communities are similar to Cultural Meadow communities, except that CUS habitats 
will also contain 11 to 35% cover by tree species. 

Cultural Thicket A terrestrial vegetation community that originates from, or is maintained by 
anthropogenic influences and culturally based disturbances.  Cultural thickets are 
characterized by <10% tree cover and >25% shrub cover.  (*Note: a shrub is defined 
as a perennial plant usually with a woody stem, shorter than a tree, often with a 
multi-stemmed base; included small trailing woody species). 

Cultural Woodland Treed area where historical land use practices have severely affected the resulting 
substrate and vegetation. Tree cover is between 35 and 60%. Vegetation is stratified 
with scattered trees and is dominated by graminoids and forbs. 

Wetland  An area of land that is saturated with water long enough to promote hydric soils 
or aquatic processes as indicated by poorly drained soils, hydrophytic 
vegetation and various kinds of biological activity that are adapted to wet 
environments.  This includes shallow waters generally <2 m deep.  

Coniferous Swamp  Wetland areas where the tree cover is >25% and the coniferous composition is 
>75%.  

Mixed Swamp  
  

Wetland areas where the tree cover is > 25%, where neither the coniferous nor the 
deciduous composition of the community is <25%. 

Deciduous Swamp  Wetland areas where the tree cover is > 25%, and the deciduous composition is 
>75%. 
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Community Description 
Thicket Swamp  Wetland areas where the tree cover is <10%, and the shrub species cover is >25%. 

Meadow Marsh  Areas at the wetland-terrestrial interface, which are seasonally inundated with water 
and usually dominated by grasses or forbs. 

Shallow Marsh  Vegetation communities with a water table that rarely drops below the substrate 
surface and vegetation composed primarily of broad-leaved or narrow-leaved 
emergent species. 

Bog  A wetland community whose water source is confined to precipitation with no 
connection to groundwater, and very low in nutrients. They are acidic and often 
dominated by heath shrubs and Sphagnum mosses and may include open-growing, 
stunted trees. 

Fen  A wetland community with a peat substrate and nutrient-rich waters.  They are 
primarily vegetated by shrubs and graminoids. 

Shallow Aquatic Aquatic communities in which the permanent water is generally <2m deep and in 
which there is a vegetation cover of >25% composed mainly of submerged or 
floating-leaved species. 
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Table 1.1 Existing Land Use Communities (Non-ELC Community Types)  
Land Use Description 

Active Aggregate Resource extraction pits or quarries that are currently being excavated.  They 
are identified by pits, extraction machinery, an unvegetated landscape & piles 
of extracted materials.  They may or may not contain open water.  Note: Peat 
and top soil removal are also forms of extraction and are considered as a part 
of this category.   

Inactive Aggregate Resource extraction pits or quarries that are no longer under active excavation.  
These areas have often revegetated to and may appear as grasslands or shrub-
covered depressions.  Abandoned pits may also appear as ponds or lakes. 

Intensive 
Agriculture (IAG) 

Cultivated fields producing crops in varying degrees (e.g. corn and wheat).  
This includes specialty agriculture, which consists of orchards, market 
gardens, Christmas tree plantations, and nurseries.

Non-intensive 
Agriculture (NAG) 

Fields dominated with herbaceous vegetation and grasses with an understory 
of similar materials in various states of decay.  Pasture and grazing areas are 
considered NAG habitats if weedy hay and/or pasture cover more than 50 
percent of the area.  These areas are associated with extensive or unconfined 
grazing of livestock.  There should be minimal evidence of recent cultivation. 

Rural Development Rural development areas include lands that are between 0.5 and 2.0 ha in size, 
which contain residential, commercial or other buildings not directly 
associated with a farming operation, and manicured open space (e.g. estate 
residential or service station).  These lands are heavily impacted and still under 
intensive use.  Based upon canopy cover these areas will often appear as 
Cultural Savannah or Cultural Woodland; however, the presence of buildings 
and manicured lands identify the area as Rural Development. 

Urban Development The U/R (Urban/Rural) designation relates to the lands and structures 
associated with residential, commercial, and industrial development. This 
includes structures, lawns, landfills, and roads. It does not include barns, which 
are dealt with under the Agricultural classifications, but does include the farm 
house.   
Urban related uses include continuous ribbon development. They are 
interpreted from air photos by number of rooftops, and groupings of 5 or more 
residential units equaling 2 or more hectares (i.e. the presence of pavement, 
buildings and structures).   Single rural residential lots are not included as 
Urban Area unless part of a group of 5 or more units (OMAF, 1982). 

Manicured Open 
Space 

Areas that are often associated with Urban and Rural Development, in which 
vegetation communities are dominated by gardens, parklands, and lawn areas. 
For example, cemeteries, golf courses, urban parks, ski hills, and 
residential/industrial open space with a minimum size of 2 hectares. 

Wet Meadow (WM) Lands that are periodically "soaked" or "wet", and are currently being used for 
agricultural purposes (i.e. grazing).  These lands, by definition under the 
Ontario Wetland Evaluation System, are not considered to be wetlands.  Note:  
Wet Meadows are being mapped as part of the Natural Heritage Project to 
recognize their ecological function, such as groundwater recharge areas and 
wildlife habitat, and to identify areas of potential restoration in cooperation 
with the landowners. 
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Table 1.2 Aquatic Systems Descriptions 
Classification Definition Interpretation 
Natural Waterways 

Watercourse 

A watercourse is constituted when 
there is sufficient continuous flow of 
water to form and maintain a defined 
channel (with bed and banks) of a 
permanent, yet dynamic nature. 

Watercourses are interpreted from spring 
aerial photography by the presence of a 
defined channel observed to contain water. 

Intermittent 
and/or 

Ephemeral 
Watercourse 

An intermittent or ephemeral 
watercourse is constituted when there 
is sufficient periodic flow of water to 
form and maintain a defined channel 
(with bed and banks) of a permanent, 
yet dynamic nature. These 
watercourses often convey seasonal 
flows, and will generally flow with 
most rainfall events.  

Intermittent watercourses are interpreted from 
spring aerial photography by the presence of 
a defined channel observed not to contained 
water. 

Watercourse 
Not Visible 

Watercourse Not Visible refers to 
watercourses or intermittent 
watercourses where the exact location 
of the channel cannot be determined 
through air photo interpretation 
because they pass under the canopy of 
forests, swamps or other heavily 
vegetated areas. 
  

The location of these watercourses can be 
estimated from aerial photography based on 
topographic features or changes in vegetation 
patterns. 

Wetland Flow 

Wetland flow is formed when a 
watercourse dissipates as it enters a 
wetland. The water in these wetlands, 
flow through poorly defined channels, 
multiple braided channels, or outside a 
defined channel. 

Wetland flow is interpreted from spring aerial 
photography by the presence of poorly 
defined channels, multiple braided channels 
or as water moving across the surface as a 
sheet. Identify only major channels when 
mapping multiple braided channels. When 
mapping sheet flows, map the most direct 
route following topography between the point 
where the watercourse enters the wetland and 
where it exits the wetland. Do not map 
isolated wetland flows. 

Swales 

Swales are natural drainage courses 
without defined channels that contain 
intermittent or seasonally flowing 
water. These swales will generally 
only flow during large rainfall events 
or the snowmelt.  

Swales are interpreted from spring aerial 
photography by the presence of a linear 
depression observed to, or shows evidence of, 
containing water. Swales will require field 
investigations to ensure that they are not 
watercourses or intermittent watercourses. Do 
not map isolated swales. 
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Classification Definition Interpretation 
Modified Waterways 

Engineered 
Watercourse 

Engineered Watercourses are any 
watercourses that have hardened banks 
and/or beds, including concrete lining, 
gabion baskets, armour stone or riprap.  
These watercourses have usually also 
been straightened or smoothed. 

Engineered Watercourses are interpreted from 
spring aerial photography by the presence of 
a defined channel observed to have hardened 
banks and/or beds that may or may not 
contain water. 

Agricultural or 
Municipal 

Drain 

Agricultural Drains are straightened 
and/or widened watercourses or 
constructed drainage courses to drain 
wetlands and wet rural or agricultural 
land.  

These drains are interpreted from spring 
aerial photography by the presence of a 
defined channel that appears to be constructed 
or altered that may or may not contain water. 
Rural drains appear as straightened 
watercourses on agricultural or rural lands in 
aerial photography. Agricultural Drains do 
not have hardened banks and/or beds. 

Roadside Ditch 

Roadside Ditches are generally 
straight, constructed watercourses 
created adjacent to roads to deal with 
their runoff related to rainfall and 
meltwater. Roadside Ditches are 
considered to be part of the 
watercourse system if it receives flow 
from, and/or discharges flow to, a 
watercourse. 

Roadside Ditches are interpreted from spring 
aerial photography by the presence of a 
defined channel adjacent to roads that appears 
to be constructed and may or may not contain 
water. Do not map isolated roadside ditches. 

Lakes and Ponds 

Lakes  

A Lake is an extensive body of water 
lying in a depression that is 2 ha. in 
size or greater. A lake can be 
completely enclosed by land or can 
have either or both an in-flowing or 
out-flowing stream.  A lake can also 
be created by interrupting the normal 
flow of a watercourse with a dam.  

Lakes are interpreted from spring aerial 
photography by the presence of a body of 
water lying in a depression that is 2  
ha. in size or greater. Size is determined using 
a dot grid or Geographic Information 
Systems. 

Pond 

A Pond is an area of still water 
between 0.5 and 2 ha. in size lying in a 
natural or man-made depression. They 
can be completely enclosed by land or 
can have either or both an in-flowing 
or out-flowing stream. A pond can 
also be created by interrupting the 
normal flow of a watercourse with a 
dam.  

Ponds are interpreted from spring aerial 
photography by the presence of a body of 
water lying in a depression that is between 0.5 
and 2 ha. in size. Size is determined using a 
dot grid or Geographic Information Systems. 
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Classification Definition Interpretation 
Lakes and Ponds 

On-line Ponds 
(less than 0.5 

hectares) 

Ponds are areas of still water lying in a 
natural or man-made depression. They 
can be completely enclosed by land or 
can have either or both an in-flowing 
or out-flowing stream. A pond can 
also be created by interrupting the 
normal flow of a watercourse with a 
dam.  

These ponds are mapped as point data since 
the pond boundaries are too small to be 
accurately mapped at a 1:10,000 scale. The 
size of the symbol does not relate to the size 
of the pond. 
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Table 2.4 List of odonates (dragonflies and damselflies) recorded within the 
Erin SSMP study area 
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Table 2.5 List of lepidoptera (butterflies and moths) recorded within the Erin 
SSMP study area 
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3.0 Analysis of Natural Area Significance 

What follows is a brief summary of the criteria that have been used to evaluate the 
relative importance or significance of individual mapped natural area patches, or blocks 
of patches at a landscape or subwatershed scale and the resulting findings.   

As recommended by the Province (OMNR 1997), the majority of this analysis relies on 
the "Minimum Standards" evaluation method or as Smith and Theberge (1987) referred 
to as the "Disjunctive Method". This method ranks candidate sites based on whether they 
meet a minimum standard for at least one criterion, regardless of whether they meet 
minimum standards for any of the other criteria.  This approach is considered more 
ecologically and mathematically valid than other approaches (such as weighting and 
ranking) when comparing measures at different scales and/or of different ecological 
criteria (OMNR 1997).  In our approach, we rank each isolated patch or cluster of 
patches, as appropriate, based on each of the individual measures.  "Special Features" 
(such as old forest) are also considered when evaluating the natural areas. 

In order to facilitate the integration of this analysis of the terrestrial communities with the 
various component studies for the characterization of the subwatershed, a summary map 
was developed to identify the overall significance of the natural areas (Figure 2.3.9 in the 
Environmental Component – Existing Conditions Report). 

I. Community Diversity or Complexity  

Community diversity or complexity refers to the number of different communities within 
a given area or patch. The biodiversity of a particular community or patch is critical to its 
long-term stability. The identification of a set of sites which maximize diversity is an 
essential prerequisite for conservation evaluation (Margules et al. 1988).  
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Procedures:  
All terrestrial and wetland communities or “natural areas” 0.5 hectares and larger were 
mapped as polygons, whether partially or entirely contained within the subwatershed.  
“Natural area” boundaries (i.e. polygon clusters or isolated polygons) were identified 
based on breaks between patches (i.e. land use or roadways).  

An index can be used as a means of measuring proportional change or dispersion from 
the maximum possible diversity for a set of observations (i.e. communities mapped) 
distributed among a given set of categories (i.e. total number of different community 
types found). The data that has been collected cannot be considered a random sample. In 
fact, the data can be said to represent the entire population (i.e. all communities at this 
scale were mapped). On this basis the diversity index measure developed by Brillouin 
(1962) was used as set out in Zar (1984).  

Based on the results of these calculations, the data set was divided among 4 classes, with 
Class 1 having the highest diversity and Class 4 having the lowest diversity.  Refer to 
Figure 3.0.1 in this Appendix.  

II. Relative Community Size  

It is generally accepted that plant and animal diversity increases as the size of an area 
increases (Riley and Mohr 1994, OMNR 1997). It is important, however, to evaluate the 
size of a community within the context of the percentage cover, or frequency of 
occurrence, of that community within a study area. This is due in part to the fact that the 
viability of some wildlife is dependent not only upon the characteristics of the habitat in 
which they reside, but also upon the characteristics of the landscape in which the habitat 
occurs (OMNR 1999). Based on the example for woodlands recommended by the 
province (OMNR 1999) we utilized the following categories in determining potential 
significance of individual natural community polygons (excluding Cultural Communities 
and Plantations):  

Procedures:  
A. Where the community cover-type is less than 5% of the natural communities mapped, 

community polygons 2 ha or larger should be considered significant (or Class 1).  

B. Where the community cover-type is between 5 to 15% of the natural communities 
mapped, community polygons 4 ha or larger should be considered significant (or 
Class 1).  

C. Where the community cover-type is between 15 to 30% of the natural communities 
mapped, community polygons 40 ha or larger should be considered significant (or 
Class 1).  
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Where the percentage cover of a community type is greater than 30%, the size of 
individual polygons become less significant based on this measure (Figure 3.0.2 in this 
Appendix).  

It should be recognized that not all community types will be identified through this 
classification system because of the 2 ha minimum size requirement. Communities that 
are less than 5% of the total subwatershed area will be identified on the “Special Feature” 
map as a rare community (Figure 2.3.7 in the Environmental Component – Existing 
Conditions Report).  

III. Interior Habitat or Core Area  

Interior habitats are generally free from the often-negative effects found in edge habitats 
such as increased predation, competition, pollution, and wind. The literature suggests that 
on average, edge effects are felt at least 100 metres into a forest patch (Riley and Mohr 
1994). Some species require a 200-metre buffer from the edge of the patch (also referred 
to as deep core) (Environment Canada 2004). Interior habitat is critical to the survival of 
many species, particularly "forest-interior" birds (OMNR 1997). Parasitism and predation 
have been found to decline as the distance towards the forest interior increases (Riley and 
Mohr 1994).  

Procedures:  
Polygon clusters (i.e. patches) and isolated polygons or patches of Forest, Plantation 
and/or Swamp (i.e. treed wetland) Communities were used for the analysis. Of these 
communities, those that were completely or partially within the subwatershed were 
included. A 100-metre buffer from the edge of the clusters and isolated polygons was 
created to identify interior core area. A second and similar procedure was used based on a 
200-metre buffer to identify deep core area.  

Environment Canada (2004) has suggested guidelines for the amount of upland forest 
core area in a subwatershed:  10% or greater for core areas and 5% or greater for deep 
core areas.  It should be noted that the core area calculations for the subwatershed 
included areas that were not upland forest and therefore there would actually be less if 
measured against this higher standard. No minimum size was required in order for an 
area to be identified as core or deep core, however, core that was greater than 4 hectares 
was specifically noted. Refer to Figure 2.3.8 in the Environmental Component – Existing 
Conditions Report. 

IV. Special Features 

There are certain features or areas with certain designations that necessitate recognition 
and protection. Some of these sites are protected through Provincial Policy (e.g. 
Provincially Significant Wetlands), or Conservation Authority Policy (e.g. 
Environmentally Significant Areas), or are simply recognized locally as representing 
particular functions or values that warrant efforts for protection (e.g. rare communities).  
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The following communities or areas have been selected as representing special features 
within the study area. They are all automatically included as significant communities. A 
brief description of these areas was provided within the main text of the study.  

The following Special Features were included:  
Provincially Significant Life Science ANSI’s  
Provincially Significant Wetlands  
Species at Risk  
Environmentally Significant Areas   
Rare Communities within the Subwatershed  
Rare Communities at a Provincial Level  
Communities that contain 3 or more locally rare flora and/or fauna  
Communities that contain trees greater than 125 years of age  

3.1 Determination of Natural Area Priorities   

The Natural Area Significance Map (Figure 2.3.9 in the Environmental Component – 
Existing Conditions Report) consists of an overlay of the results of the analysis for 
Community Diversity, Core Habitat and Relative Community Size and Special Features.  

High Priority Areas – These are the most significant natural areas carrying out essential 
roles in maintaining the health of the subwatershed. The High Priority Areas have been 
defined as: 

Communities or patches containing a Special Feature
Natural Communities identified to be significant based on Relative Community Size 
Communities that are core, or contribute to core (i.e. the 100 m of “Forested Area” 
around the core area or 200 m of “Forested Area” around deep core),1 except where 
the core area is entirely within a plantation2

Forest and Wetland Communities (i.e. not Plantation or Cultural Communities) within 
patches that are Class 1 for Diversity.3  

Explanatory Notes: 
1 Impacts within core areas are minimized or buffered by the adjacent natural area. In 
addition, disturbances outside the core area and the calculated buffer area (that was 
required to create that core area) can ultimately affect the core functions. Therefore, by 
maintaining a natural area around the core area, the role of the buffer is recognized. In 
addition, forest interior species that use core area for breeding may use the balance of the 
community (beyond the calculated buffer) for other life processes. On this basis, the 
entire community is classified as High Priority.  

2 Plantations can provide important core area; however, many plantations are managed as 
a monoculture and are grown as a source of wood. In some instances, they have been 
recently planted and therefore are of young age and may not actually contain any core-
type habitat area. Therefore, core area that consists entirely in plantation is classified as 
Medium Priority.  



Erin Servicing and Settlement Master Plan, 2011

Environmental Component – Existing Conditions Report                                         
Appendix C – Natural Heritage

56

3 Although plantations and cultural communities add to the diversity of a patch, it must be 
recognized that these communities are anthropogenic and can potentially be utilized for 
agricultural purposes or for a source of wood. However, these areas do provide wildlife 
habitat, buffers to more natural areas and diversity to the natural patch; therefore, they are 
classified Medium Priority.  

Medium Priority Areas – are also significant, however, additional analysis is required to 
determine their overall role within the subwatershed.  The Medium Priority Areas are: 

Forest and wetland communities that connect High Priority communities4

Core areas that are entirely plantation 
Forest or Wetland Communities that are connected to a community that contributes to 
core area (i.e. connected to the buffer)5

Cultural communities and plantations that were part of a patch that was rated as Class 
1 for Diversity 
Cultural communities and plantations that were identified to be significant based on 
Relative Community Size 
Forest or wetland communities that are connected to a Class 1 Community based on 
its relative size and frequency 
Communities that are ranked as moderate for Diversity 
  

Explanatory Notes:  
4 Forests and wetlands that connect, or link, to High Priority Areas will increase diversity 
and maintain the integrity of the area; as well as providing a corridor for wildlife 
movement between the communities.  

5 Forest communities that are within patches that contain core areas provide an additional 
level of support to the core habitat functions, as well as increasing diversity of the patch. 
In addition, there forest interior birds or other wildlife may use communities for part of 
their life cycle.  

Low Priority Areas – based upon our analysis, have a lower functional role, but this does 
not mean that they are not important. In fact, in order to meet the targets for a healthy 
subwatershed, protection of these areas should be encouraged and additional natural areas 
created. The Low Priority Areas are:  

The remaining communities that were not classified as Special Feature or determined 
to be High or Medium Priority.  
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Figure D3.5.2_15-04-01.xls

WATERCOURSE West Credit River Tributary Aquafor Ref No: 64809
Reach: 15-001              Field Site 15-04-01

Date of Survey: August 20, 2007
Location of Field Site: Main branch of West Credit River upstream of Winston Churchill Boulevard crossing.

Surrounding landuse Dense wooded wetland area
and/or cover: Geologic deposit - alluvium

Channel Characteristics: Moderate to low sinuosity with coarse substrate in matrix of fine sediemnt.  
Well connected to floodplain with dense rooting structures tight to bank

Length Surveyed 138.9 m

Site Photos

CROSS-SECTIONS Min. Max. Avg.
Key Parameters
Width at Floodplain (m) 4.2 12.7 7.4
Depth at Floodplain (m) 0.5 99.6 66.6
Channel area (m2) 0.5 6.4 2.3
Bankfull Width (m) 7.4 12.7 11.3
Bankfull depth (m) 0.5 0.8 0.6
Width/Depth ratio (m/m) 16.8 31.6 25.5
Area (m2) 3.2 6.0 5.1
BF hydraulic radius 0.4 0.5 0.4
Wetted Width (m) 7.1 11.1 9.6
Water Depth (m) 0.2 0.3 0.3
wetted perimeter 7.8 11.2 10.0

Cross Section Profiles

Cross-Section 1 - Riffle
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Figure D3.5.2_15-04-01.xls

BANKS
Physical Dimensions Min. Max. Avg.

Left Bank Height (m) 0.5 0.7 0.6
Right Bank Height (m) 0.4 0.6 0.5
Angle (degrees) 5.0 63.1 25.5

Vegetation type Trees (cedars) 
Rooting depth (cm) Trees rooted 1.0 metres; grasses 0.5m
Rooting Density Cedars - moderate; grasses - dense

BED MATERIALS

Riffle Substrate (all sizes in mm)
Location A B C (All Data)
D90 160 155 150 160
D84 140 136 140 140
D75 120 116 110 120
D65 110 100 90 105
D50 100 42 65 80
D35 85 20 55 60
D25 80 16 45 32
D16 60 13 20 20
D10 30 11 17 15

Shape (All Data)
Flatness

min 9
max 440
avg 87

Roundness
min 1
max 10
avg 3

Sphericity
min 0
max 1
avg 1

General Shape
Discoid

Volume
min 59559
max 27489
avg 36652

SUBSTRATUM DATA

Location Sample D84 D50 D16
(Left to Right Bank)

Riffle 1 A 14 6.6 0.65
Riffle 1 B 13 5.3 0.5
Riffle 1 C 19 1.5 0.26
Riffle 2 A 15 13.75 0.63
Riffle 2 B 14.75 14 0.81
Riffle 2 C 14.5 9.2 0.43
Riffle 3 A 10 1.5 0.31
Riffle 3 B 20 5 0.3
Riffle 3 C 20 0.72 0.24

Grain size in mm
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Figure D3.5.2_15-04-01.xls

Long Profile

Notes: Large fluctuations in profile caused by accumulations of large woody debris

Physical Parameters
Riffle Grade 0.6 % Avg. Riffle Spacing 35.2 m
Inter - Pool Grade n/a % Avg. Riffle Length 16.3 m
Bankfull grade 0.2 %

HYDRAULIC FLOW PARAMETERS AND THRESHOLD DETERMINATION

Bankfull Boundary Shear stress 7.1 N/m2
Bankfull Discharge 3.4 m3s-1
Bankfull Velocity 0.7 m/s
Bankfull Stream Power 53.9 W/m 
Bankfull Unit Stream Power 4.8 W/m2

Longitudinal Profile:  Reach 15-04-01
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Figure D3.5.2_15-08-03.xls

WATERCOURSE West Credit River Tributary Aquafor Ref No: 64809
Reach: 15-003              Field Site 15-08-03

Date of Survey: August 20, 2007
Location of Field Site: Downstream of 10th Line Crossing near Dundas St East and 10th Line intersection

Surrounding landuse Dense cedar / poplar wooded wetland area approximately 200m in width.  Housing developments
and/or cover: beyond wooded area.  Geologic deposit glaciofluvial outwash.

Channel Characteristics: Moderate sinuosity with cobble bed in fine sediment matrix.  Dense herbaceous banks.
Channel slightly entrenched.

Length Surveyed 121.6 m

Site Photos

CROSS-SECTIONS
Key Parameters Min. Max. Avg.
Width at Floodplain (m) 2.4 9.3 4.4
Depth at Floodplain (m) 0.4 99.9 66.8
Channel area (m2) 0.5 2.8 1.2
Bankfull Width (m) 4.5 8.2 6.6
Bankfull depth (m) 1.2 2.3 1.8
Width/Depth ratio (m/m) 16.5 35.1 24.5
Area (m2) 4.5 8.2 6.6
BF hydraulic radius 0.1 0.3 0.2
Wetted Width (m) 3.1 5.6 4.3
Water Depth (m) 0.1 0.2 0.1
Wetted Perimeter 3.3 5.9 4.5

Cross Section Profiles

Cross-Section 5 - Riffle
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Figure D3.5.2_15-08-03.xls

BANKS
Physical Dimensions Min. Max. Avg.

Left Bank Height (m) 0.3 0.7 0.4
Right Bank Height (m) 0.2 0.6 0.4
Angle (degrees) 6.6 55.9 22.0

Vegetation type Trees (cedars) 
Rooting depth (cm) Trees rooted 1.0 metres; grasses 0.5m
Rooting Density Cedars - moderate; grasses - dense

BED MATERIALS

Riffle Substrate (all sizes in mm)
Location A B C D E (All Data)
D90 155 260 150 140 190 170
D84 140 210 130 135 180 155
D75 125 160 115 130 170 140
D65 120 140 105 115 170 120
D50 115 120 90 100 140 105
D35 100 110 80 75 120 85
D25 65 90 70 70 100 75
D16 25 27 53 60 90 60
D10 21 25 40 60 70 53

Shape (All Data)
Flatness

min 20
max 483
avg 112

Roundness
min 1
max 14
avg 3

Sphericity
min 0
max 1
avg 1

General Shape
Oblate or Discoid

Volume
min
max
avg

SUBSTRATUM DATA

Location Sample D84 D50 D16
(Left to Right Bank)

Riffle 1 A 21 13.5 0.6
Riffle 1 B
Riffle 1 C 7.3 1.1 0.315
Pool 1 A 1.2 0.43 0.175
Pool 1 B 5.4 0.77 0.31
Pool 1 C 9 0.72 0.3
Riffle 2 A 16 1.1 0.21
Riffle 2 B 14.5 3.5 0.22
Riffle 2 C 14.5 2.2 0.31

167879
198968
130900
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Figure D3.5.2_15-08-03.xls

Long Profile

Physical Parameters
Riffle Grade 1.3 % Avg. Riffle Spacing 31.0 m
Inter - Pool Grade 0.1 % Avg. Riffle Length 12.4 m
Bankfull grade 0.4 %

HYDRAULIC FLOW PARAMETERS AND THRESHOLD DETERMINATION

Bankfull Boundary Shear stress 4.4 N/m2
Bankfull Discharge 0.9 m3s-1
Bankfull Velocity 0.5 m/s
Bankfull Stream Power 13.6 W/m 
Bankfull Unit Stream Power 2.1 W/m2

Longitudinal Profile:  Reach 15-08-03
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Figure D3.5.2_15-13-01.xls

WATERCOURSE West Credit River Tributary Aquafor Ref No: 64809
Field Site: 15-13-01
Reach: 15-045
Date of Survey: August 27, 2007
Location of Field Site: Upstream of 8th Line and 17th Sideroad Intersection

Surrounding landuse Dense wooded riparian (cedar) setting in wetland area.
and/or cover: Geologic Deposit - Bog deposit.

Channel Characteristics: Moderate sinuosity with pool riffle development.  Banks well vegetated with exposed root structures.
Large woody debris is very abundant, consisting of trees (cedar) that have fallen into the channel.

Length Surveyed 104.5 m

Site Photos

CROSS-SECTIONS
Key Parameters Min. Max. Avg.
Width at Floodplain (m) 6.3 9.2 7.7
Depth at Floodplain (m) 0.7 99.6 66.6
Channel area (m2) 0.7 4.5 2.1
Bankfull Width (m) 8.0 14.2 9.6
Bankfull depth (m) 0.5 1.1 0.7
Width/Depth ratio (m/m) 12.6 37.6 20.5
Area (m2) 4.3 5.4 4.6
BF hydraulic radius 0.4 0.6 0.5
Wetted Width (m) 5.9 14.2 8.6
Water Depth (m) 0.2 0.4 0.3
Wetted Perimeter 6.2 10.2 8.3

Cross Section Profiles

Cross-Section 2 - Pool
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Figure D3.5.2_15-13-01.xls

BANKS
Physical Dimensions Min. Max. Avg. 

Left Bank Height (m) 0.4 0.8 0.6
Right Bank Height (m) 0.5 1.0 0.7
Angle (degrees) 13.1 85.6 38.5

Vegetation type Trees (cedars) and mixed poplars - brush and grass in open areas
Rooting depth (cm)
Rooting Density Cedars - moderate; grasses and brush - dense

BED MATERIALS

Riffle Substrate (all sizes in mm)
Location A XS3 XS1 D E (All Data)
D90 48 200 290 410 160 260
D84 45 160 260 350 140 210
D75 42 130 180 330 120 160
D65 40 110 160 310 100 125
D50 39 90 95 280 90 90
D35 33 68 40 240 70 60
D25 30 55 25 230 60 45
D16 22 40 20 230 45 35
D10 20 37 20 210 33 30

Shape (All Data)
Flatness

min 16
max 590
avg 123

Roundness
min 1
max 7
avg 2

Sphericity
min 0
max 1
avg 1

General Shape
discoid, spheroid

Volume (mm)
min 397411
max 1017876
avg 265072

SUBSTRATUM DATA

Location Sample D84 D50 D16
(Left to Right Bank)

Riffle 1 A 0.88 0.76 0.21
Riffle 1 B 14 4 0.19
Riffle 1 C 0.89 1.45 0.22
Riffle 2 A 14 1.1 0.15
Riffle 2 B 14 3.2 0.4
Riffle 2 C 14 1.1 0.38
Riffle 3 A 7.3 1.2 0.3
Riffle 3 B 9 0.99 0.15
Riffle 3 C 13.5 1.8 0.25
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Figure D3.5.2_15-13-01.xls

Long Profile

Notes: Large fluctuations in profile caused by accumulations of large woody debris

Physical Parameters
Riffle Grade 6.9 % Avg. Riffle Spacing 31.3 m
Inter - Pool Grade 0.3 % Avg. Riffle Length 8.3 m
Bankfull grade 0.3 %

HYDRAULIC FLOW PARAMETERS AND THRESHOLD DETERMINATION

Bankfull Boundary Shear stress 27.5 N/m2
Bankfull Discharge 4.9 m3s-1
Bankfull Velocity 1.1 m/s
Bankfull Stream Power 270.3 W/m 
Bankfull Unit Stream Power 28.2 W/m2

Longitudinal Profile:  Reach 15-13-01
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Figure D3.5.2_15-17-01.xls

WATERCOURSE West Credit River Aquafor Ref No: 64809
Field Site: 15-17-01
Reach 15-052
Date of Survey: August 21, 2007
Location of Field Site: West Credit River downstream of Town of Hillsburgh and Fish Club Dam

Surrounding landuse Dense wooded wetland area over 350 m wide with agricultural pastures beyond riparian area
and/or cover: Geologic deposit - alluvium

Channel Characteristics: Low sinuosity with coarse substrate in matrix of fine sediemnt.  
Well connected to floodplain with large accumulations of woody debris in channel

Length Surveyed 104.7 m

Site Photos .

CROSS-SECTIONS Min. Max. Avg.
Key Parameters
Width at Floodplain (m) 2.6 9.0 4.9
Depth at Floodplain (m) 0.6 99.9 66.8
Channel area (m2) 0.4 4.7 1.8
Bankfull Width (m) 5.7 8.0 6.8
Bankfull depth (m) 0.4 0.7 0.5
Width/Depth ratio (m/m) 13.4 24.3 19.4
Area (m2) 2.1 2.6 2.4
BF hydraulic radius 0.3 0.4 0.3
Wetted Width (m) 3.7 7.5 5.7
Water Depth (m) 0.1 0.9 0.3
Wetted Perimeter 0.0 7.8 5.0

Typical Cross Section Profiles

Cross-Section 2 - Pool
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Figure D3.5.2_15-17-01.xls

BANKS
Physical Dimensions Min. Max. Avg.

Left Bank Height (m) 0.2 0.6 0.5
Right Bank Height (m) 0.3 0.5 0.4
Angle (degrees) 8.4 83.1 34.8

Vegetation type Trees (cedars) 
Rooting depth (cm) Trees rooted 1.0 metres; grasses 0.5m
Rooting Density Cedars - moderate; grasses - dense

BED MATERIALS
Riffle Substrate (all sizes in mm)
Location A B C D (All Data)
D90 120 80 210 115 140
D84 105 60 210 100 110
D75 94 55 200 85 90
D65 69 50 200 70 65
D50 47 40 170 57 50
D35 25 30 150 45 40
D25 23 25 150 35 30
D16 16 15 140 30 24
D10 12 15 140 25 17

Shape (All Data)
Flatness

min 7
max 285
avg 68

Roundness
min 1
max 12
avg 2

Sphericity
min 0
max 1
avg 1

General Shape
Discoid or Spheroid

Volume
min
max
avg

SUBSTRATUM DATA

Location Sample D84 D50 D16
(Left to Right Bank)

Riffle 1 A 20 6.5 0.44
Riffle 1 B 13 5 0.84
Riffle 1 C 20 8.5 0.55
Riffle 2 A 14 7 0.61
Riffle 2 B 20 12 0.9
Riffle 2 C 14 5.8 0.42
Riffle 3 A 20 4.15 0.3
Riffle 3 B 19.9 7 0.55
Riffle 3 C 20.1 14 0.73

800844
1878672
1737301
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Figure D3.5.2_15-17-01.xls

Long Profile

Physical Parameters
Riffle Grade 0.8 % Avg. Riffle Spacing 30.3 m
Bankfull grade 0.6 % Avg. Riffle Length 17.8 m

HYDRAULIC FLOW PARAMETERS AND THRESHOLD DETERMINATION

Bankfull Boundary Shear stress 22.6 N/m2
Bankfull Discharge 2.5 m3s-1
Bankfull Velocity 1.0 m/s
Bankfull Stream Power 157.8 W/m 
Bankfull Unit Stream Power 23.3 W/m2

Longitudinal Profile:  Reach 15-17-01
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Figure D3.5.2_15-20-02.xls

WATERCOURSE West Credit River Tributary Aquafor Ref No: 64809
Field Site: 15-20-02
Reach: 15-065
Date of Survey: August 21, 2007
Location of Field Site: Downstream extent of Binkham tributaries, North of 15th Sideroad and East of 10th Line

Surrounding landuse Dense wooded wetland area, agricultural fields beyond wooded areas.
and/or cover: Geologic deposit glaciofluvial outwash and alluvium

Channel Characteristics: Moderate to low sinuosity with coarse substrate.  Dense herbaceous banks.  Long run and short pool.
Length Surveyed 107.3 m

Site Photos

CROSS-SECTIONS
Key Parameters Min. Max. Avg.
Width at Floodplain (m) 1.0 8.3 3.4
Depth at Floodplain (m) 0.3 99.6 66.5
Channel area (m2) 0.4 1.5 0.8
Bankfull Width (m) 3.6 8.3 5.5
Bankfull depth (m) 0.3 0.4 0.4
Width/Depth ratio (m/m) 13.3 42.6 22.7
Area (m2) 1.0 1.6 1.3
BF hydraulic radius 0.2 0.3 0.2
Wetted Width (m) 2.7 6.7 3.9
Water Depth (m) 0.1 0.2 0.1
Wetted Perimeter 2.7 6.9 4.6

Cross Section Profiles

Cross-Section 3 - Riffle
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Figure D3.5.2_15-20-02.xls

BANKS
Physical Dimensions Min. Max. Avg. 

Left Bank Height (m) 0.2 0.6 0.4
Right Bank Height (m) 0.2 0.5 0.4
Angle (degrees) 5.0 70.9 25.6

Vegetation type Trees (cedars) 
Rooting depth (cm) Trees rooted 1.0 metres; grasses 0.5m
Rooting Density Cedars - moderate; grasses - dense

BED MATERIALS
Riffle Substrate (all sizes in mm)
Location A B C D (All Data)
D90 380 130 135 95 190
D84 320 130 130 80 140
D75 290 120 130 75 130
D65 250 105 120 70 105
D50 175 95 110 60 85
D35 110 80 85 55 70
D25 90 65 60 50 60
D16 70 45 50 35 45
D10 70 55 60 40 50

Shape (All Data)
Flatness

min 16
max 527
avg 110

Roundness
min 1
max 11
avg 2

Sphericity
min 0
max 1
avg 1

General Shape
Discoid, Spheroid

Volume
min
max
avg

SUBSTRATUM DATA

Location Sample D84 D50 D16
(Left to Right Bank)

Riffle 1 A 13.5 1.7 0.32
Riffle 1 B 13.5 2.5 0.34
Riffle 1 C 8 1.1 0.4
Riffle 2 A 3.15 0.75 0.25
Riffle 2 B 8.9 3.15 0.31
Riffle 2 C 13 4.6 0.36
Riffle 3 A 15 0.64 0.04
Riffle 3 B 14 2.7 0.35
Riffle 3 C 20 5 0.26
Pool 2' A 0.8 0.25 0.1
Pool 2' B
Pool 2' C 12 2.6 0.31

549648
659734
1272345
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Figure D3.5.2_15-20-02.xls

Long Profile

Notes: 

Physical Parameters
Riffle Grade 0.8 % Avg. Riffle Spacing 27.5 m
Bankfull grade 0.4 % Avg. Riffle Length 20.2 m

HYDRAULIC FLOW PARAMETERS AND THRESHOLD DETERMINATION

Bankfull Boundary Shear stress 21.1 N/m2
Bankfull Discharge 1.0 m3s-1
Bankfull Velocity 0.7 m/s
Bankfull Stream Power 54.6 W/m 
Bankfull Unit Stream Power 10.0 W/m2

Longitudinal Profile:  Reach 15-20-02
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Erin SSMP Photo Pages - Main Branch of West Credit River

Aquafor Beech Limited 64735 Appendix B

E r i n  S e r v i c i n g  a n d  S e t t l e m e n t  M a s t

E n v i r o n m e n t a l  C o m p o n e n t  -  E x i s t i n g  C o
A p p e n d i x D  -  S t r e a m  G e o m o r p h o l o g y 1 6

2.0 Site Photos by Catchment



Erin SSMP Photo Pages - West Credit and Tributaries Upstream of Hillsburgh

Aquafor Beech Limited 64735 Appendix B

E r i n  S e r

E n v i r o n m e
A p p e n d i x 1



Erin SSMP Photo Pages - Winston Churchill Boulevard Tributaries

Aquafor Beech Limited 64735 Appendix B
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Erin SSMP Photo Pages - Binkham Tributaries

Aquafor Beech Limited 64735 Appendix D

E r i n  S e r

E n v i r o n m e
A p p e n d i x 1



Erin SSMP Photo Pages - Subwatersheds 10, 11, 12

Aquafor Beech Limited 64735 Appendix D
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Erin SSMP Photo Pages - Subwatershed 17

Aquafor Beech Limited 64735 Appendix B
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3.0  Biogeomorphic Assessment 

3.1 Data Collection in Erin SSMP Study Area  

During the course of the Erin SSMP study, field data were intended to be collected by 
various disciplines including benthic invertebrate sampling and geomorphology.   Field 
site locations that were considered to be mutually appropriate given the overall goals of 
the Erin SSMP study were identified.  Data collection was undertaken concurrently by 
both study disciplines at the 5 field site locations shown in Figure 2.4.3 within the 
Environmental Component - Existing Conditions Report.  An opportunity was thus 
provided to examine biogeomorphic relations at the field sites.

Details pertaining to the benthic field data collection program are provided in Section 2.5 
of the Environmental Component - Existing Conditions Report.  The geomorphic data 
collection program consisted of the following: 

A detailed topographic survey of channel planform, profile and cross-sections; 
Pebble counts at each riffle cross-section, along the same transect line as benthic 
invertebrate sampling; 
Substratum sediment sample collection – at each of the 5 field sites, 3 sediment 
samples at the three riffle transects coinciding with benthic data collection sites A, B 
and C (i.e., from left to right across channel, facing upstream) were collected below 
the surface or substrate layer on the channel bed.  (A total of 9 samples were taken at 
each field site). These samples were submitted for laboratory grain size analysis;  
Bank characterization – slopes, material characterization, soil consistency etc.; and 
Photographic inventory of field site. 

In total 3 riffles and 3 pools were included in each geomorphic field site.  This 
constituted one additional pool than was included in the benthic field sampling program.  
Once collected, the data were processed to quantify pebble count grain size distributions 
and Hydraulic parameters of both the low-flow and bankfull flow channels.  Where the 
bankfull flow elevation was considered to be lower than the top of the bank, then 
hydraulic parameters associated with the entire channel (i.e., greater than bankfull) were 
also calculated.  Field site data used in this analyses are summarized in Table 2.4.5
within the Environmental Component - Existing Conditions Report. Further detail 
including typical cross-section and profile, are provided in Section 1.0 of this Appendix. 

3. 2 Results 

Building on work previously completed by Aquafor Beech (e.g., West Credit 
Subwatershed Study (2001)), the intent of the biogeomorphic analyses was to link 
measurable channel parameters to benthic invertebrate diversity or abundance.  Four 
categories of analyses were defined and are described as follows: 

1) Bed materials – The Bed material mobility 
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2) Low-flow channel parameters 
3) Bankfull/Dominant discharge channel parameters 

The following definitions are used as they pertain to the benthic invertebrate data: 

Abundance: number or % of Ephemeroptera, Plecoptera, and Trichoptera (EPT) 
Diversity: number of taxa (at each site, number of distinct taxa were recorded and used to 
define the diversity, ie. a larger number of taxa, greater diversity.  Only presence or 
absence of the taxa is considered, not their abundance.) 

3.2.1 Bed Materials – Substrate and Substratum 

In this suite of analyses, the D16, D50 and D84 (called Dx for x% of the cumulative 
frequency curve) of the substrate and substratum grain size distributions were examined 
in relation to benthic abundance and diversity.  In addition, ratios of the different grain 
sizes of substrate samples were used in the analyses (i.e., D84:D50, D50:D16, D84:D16).  
The analyses were repeated using the substratum data.  Further analyses were undertaken 
by examining grain size ratios of substrate:substratum data (e.g., 
D84substrate:D84substratum, etc.).  Since substrate and substratum data were only 
collected at riffles, all results pertain to riffles. 

Substrate by site 
Site 15-13-01 has the largest substrate (d16, d50, d84) 
Site 15-17-01 has the finest substrate (d16, d50, d84) 
Site 15-20-02 has the largest range in substrate (d50, d84) and site 15-04-01 
(d16)

Substratum by site 
Site 15-17-01 has the largest substratum (d16, d50, d84), then 15-04-01 **15-
17-01 approx 100m d/s of Fish Club Dam 
Lot of scatter amongst the finer particles by site. 
Site 15-17-01 has the largest range in substratum (d16), site 15-04-01 (d50), 
site     15-08-03 (d84) 

Best Relationships (all data)

Total Number of Taxa vs Substrate 
R2 - d16 – 0.50; d50 – 0.40; d84 – 0.36 
General Trend – as substrate increases in size  total taxa decreases 
Site 15-13-01 has the least number of taxa and the largest substrate 
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Percent Chironomid Individuals vs Substrate 
R2 - d16 – 0.16; d50 – 0.17; d84 – 0.17 
R2 (without 15-13-01) - d16 – 0.41; d50 – 0.36; d84 – 0.33 
General Trend – as substrate increases in size  percentage of chironomid 
individuals increases 
Site 15-04-01 has the highest percentage of chironomid individuals 

Total Number of Individuals vs Substratum 
R2 - d16 – 0.12; d50 – 0.12; d84 – 0.06 
General Trend – as substrate increases in size  total number of individuals 
increases

General Relationships (all data)
(R2 = d16, d50, d84) 

As substrate increases 
Total Number of Individuals decreases (R2 = 0.15, 0.09, 0.09) 
Percent EPT Individuals remains constant 
Percent Chironomid Individuals increases (R2 = 0.16, 0.17, 0.17) 
Total Number of Taxa decreases (R2 = 0.50, 0.40, 0.36) 
Percent EPT Taxa decreases (R2 = 0.05, 0.02, 0.02) 
Percent Chironomid Taxa remains constant 

As substratum increases 
 Total Number of Individuals increases (R2 = 0.12, 0.12, 0.06) 
 Percent EPT Individuals increases (R2 = 0.03, 0.04, 0.02) 
 Percent Chironomid Individuals remains constant 
 Total Number of Taxa increases (R2 = 0.05, 0.04, 0.04) 
 Percent EPT Taxa increases (R2 = 0.01, 0.12, 0.10) 

Percent Chironomid Taxa increases (d16 : R2 = 0.01), decreases (d50 : R2 = 0.007, 
d84 : R2 = 0.03) 

Table 3.2.1 Summary of R2 values obtained through linear or power models 
between substrate and substratum parameters and benthic abundance or diversity. 

d16 d50 d84 d16 d50 d84
Total Number Individuals 0.15 0.09 0.09 0.12 0.12 0.06
Percent EPT Individuals 0.0006 0.001 0.001 0.03 0.04 0.02
Percent Chironomid Individuals 0.16 0.17 0.17 0.007 0.002 0.005
Total Number of Taxa 0.5 0.4 0.36 0.05 0.04 0.04
Percent EPT Taxa 0.05 0.02 0.02 0.01 0.12 0.1
Percent Chironomid Taxa 1.20E-06 0.007 0.002 0.01 0.007 0.03

Substrate Substratum
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In summary, while the statistical strength of the relations were typically, poor, the data 
revealed an overall positive correlation with increasing size of substratum and benthic 
indicators.

Section 4.0 of this Appendix contains all graphs of Benthic Indicators vs Substrate and 
Substratum. 

3.2.2 Bed Material Mobility 

The potential for a given flow to move the bed material of a stream is determined, in part, 
by the size and shape of the particles that comprise it.   

To assess the relationship between particle mobility and benthic invertebrate 
diversity/abundance, an index of particle mobility was defined as follows: 

Particle mobility =   where 

Equivalent diameter = the diameter of a sphere of equivalent volume to the particle; and 

Flatness = 

Where substrate samples yielded sufficient particles of bed material, the particle mobility 
of individual substrate particles was calculated.  Particle mobility data was available for 
most riffle cross-sections; representative cross-sections from each field site location (e.g., 
8th Line) were chosen to assess the relationship between particle mobility and benthic 
invertebrate diversity/abundance.  Nine cross-sections were selected for analysis (Table 
3.2.2).  Refer to Figure 2.4.3 within the Environmental Component - Existing Conditions 
Report for the location of each site. 
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Table 3.2.2 Representative cross-sections selected to assess the relationship 
between particle mobility and benthic invertebrate diversity/abundance.

Field Site 
Number Field Site Location Reference

Number
15-13-01 8th Line 1
15-13-01 8th Line 2
15-08-03 10th Line 3
15-08-03 10th Line 4
15-08-03 10th Line 5
15-20-02 15th Sideroad 6
15-07-01 County Road 22 7
15-04-01 Winston Churchill 

Boulevard 8

15-04-01 Winston Churchill 
Boulevard 9

The individual substrate particles of each cross-section were divided into three 
approximately equal groups (A, B or C) based on their location of collection from within 
the stream.  Facing upstream, these groups are defined as A = left third of channel, B = 
middle third of channel and C = right third of channel.   

For each cross-section, the mean, range and standard deviation of particle mobility were 
calculated for each collection site (i.e., A, B or C).  The same summary statistics were 
also calculated for the overall cross-section by pooling the data for collection sites A, B 
and C. 

For each cross-section, three measures of benthic invertebrate abundance (Table 3.2.3)
and three measures of benthic invertebrate diversity (Table 3.2.4) were calculated for 
each collection site (i.e. A, B or C).  These same six measures were also calculated for 
the overall cross-section by pooling the data for collection sites A, B and C. 

Table 3.2.3 Measures of benthic invertebrate abundance 

Measure Definition

Total number of individuals Total number of all benthic invertebrate individuals 
found during sampling 

Proportion of EPT individuals 
Proportion of the total number of benthic invertebrate 
individuals found during sampling that are members of 
the Orders Ephemeroptera, Plecoptera or Trichoptera 

Proportion of Chironomid 
individuals

Proportion of the total number of benthic invertebrate 
individuals found during sampling that are members of 
the Family Chironomidae 
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Table 3.2.4 Measures of benthic invertebrate diversity 
Measure Definition

Total number of taxa Total number of benthic invertebrate taxa of which one 
or more individuals was found during sampling 

Proportion of EPT taxa 
Proportion of the total number of benthic invertebrate 
taxa found during sampling that are elements of the 
Orders Ephemeroptera, Plecoptera or Trichoptera 

Proportion of Chironomid taxa 
Proportion of the total number of benthic invertebrate 
taxa found during sampling that are elements of the 
Family Chironomidae 

To assess the relationship between particle mobility and benthic invertebrate 
abundance/diversity, the six measures (Tables 3.2.3 and 3.2.4) were plotted against the 
mean and standard deviation of particle mobility for each collection site (i.e., A, B or C) 
and for the overall cross-section. 

Results
Section 5.0 of this Appendix contains all graphs of Benthic Indicators versus Mobility 
and Location. 

Particle mobility at the nine representative cross-sections was reviewed to assess the 
influence of field site location and collection site.  This assessment revealed the 
following:

Within the representative cross-sections, the mean, range and standard deviation of 
particle mobility does not vary consistently between collection sites (A, B or C) along 
the cross-sections.
The mean particle mobility of seven of the nine representative cross-sections is 
similar.  However, the mean particle mobility of Cross-sections 12 and 20 are 
approximately three and four times greater than the others, respectively. 
The range and standard deviation of particle mobility of seven of the nine 
representative cross-sections are generally similar.  The range and standard deviation 
of particle mobility are highest at Collection Site B of Cross-section 4 and Collection 
Sites B and C of Cross-section 20. 

Benthic invertebrate abundance at the nine representative cross-sections was reviewed to 
assess the influence of field site location and collection site.  This assessment revealed 
the following: 

The total number of individuals, proportion of EPT individuals and proportion of 
Chironomid individuals do not vary consistently between collection sites (A, B or C).
Cross-section 16 has the highest overall abundance of benthic invertebrates (2463 
individuals) while Cross-section 20 has the lowest (560 individuals).  The overall 
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abundance of benthic invertebrates of the remaining cross-sections varies from 1022 
to 1672 individuals.
The overall proportion of EPT individuals varies from 11.0% to 43.2% between the 
nine cross-sections. 
Cross-sections 16 and 25 have the highest overall proportion of Chironomid 
individuals (>78%).  The overall proportion of Chironomid individuals varies from 
31.4% to 43.9% at the remaining cross-sections. 
At most cross-sections, the overall proportion of EPT individuals and the overall 
proportion of Chironomid individuals are inversely proportional.  However, in cross-
section 20 the values are similar (43.2 % versus 42.7 %). 

Benthic invertebrate diversity at the nine representative cross-sections was also reviewed 
to assess the influence of field site location and collection site.  This assessment revealed 
the following: 

The total number of taxa, proportion of EPT taxa and proportion of Chironomid taxa 
do not vary consistently between collection sites (A, B or C).
Cross-sections 3 and 4 have the highest overall diversity (75 taxa each) while cross-
section 20 has the lowest (30).  The overall diversity of the remaining sections is 
similar (56-62 taxa).  
The overall proportion of EPT taxa varies from 20.0% to 33.9% between the nine 
cross-sections. 
The overall proportion of Chironomid taxa varies from 29.3% to 44.1% between the 
nine cross-sections. 
At most cross-sections, the overall proportion of EPT taxa and the overall proportion 
of Chironomid taxa are inversely proportional.  However, in Cross-section 1 both 
values are relatively low, while in Cross-section 25 both values are relatively high.

Finally, benthic invertebrate abundance and diversity at the nine representative cross-
sections was reviewed to assess the influence of particle mobility (Table 3.2.5).  This 
assessment revealed the following: 

Benthic invertebrate abundance (total number of individuals) and diversity (total 
number of taxa) are strongly correlated with mean particle mobility (r2=0.29 and 
r2=0.37, respectively).  Both benthic invertebrate abundance and diversity decrease as 
mean particle mobility increases.  However, this relationship does not hold for EPT or 
Chironomid taxa. 
The proportion of EPT individuals is strongly (r2=0.30) and positively correlated with 
mean particle mobility.  However, there is no correlation (r2=0.02) between the 
proportion of EPT taxa and mean particle mobility. 
The proportion of Chironomid individuals and the proportion of Chironomid taxa 
vary little with mean particle mobility. 
Benthic invertebrate abundance (total number of individuals) and diversity (total 
number of taxa) are correlated with the standard deviation of particle mobility 
(r2=0.16 and r2=0.29, respectively).  In general, both benthic invertebrate abundance 
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and diversity decrease as the standard deviation of particle mobility increases.  
However, this relationship does not hold for EPT or Chironomid taxa. 
The proportion of EPT individuals is weakly (r2=0.05) but positively correlated with 
the standard deviation of particle mobility.  The proportion of EPT taxa not correlated 
with the standard deviation of particle mobility. 
The proportion of Chironomid individuals and taxa are both weakly but positively 
correlated with the standard deviation of particle mobility (r2=0.03 and r2=0.07,
respectively).  

In summary, these results indicate the following: 

With some exceptions, particle mobility is generally similar between field site 
locations and within cross-sections. 
The abundance and diversity of benthic invertebrates varies between field site 
locations and cross-sections. 
In general, both benthic invertebrate abundance and diversity decrease as mean 
particle mobility increases.  However, the proportion of EPT individuals (but not the 
proportion of EPT taxa) increases with mean particle mobility.  This suggests that, 
relative to other benthic invertebrate taxa, certain EPT taxa can tolerate (or actually 
favour) environments of greater particle mobility.  In contrast, Chironomids do not 
appear to respond to particle mobility. 

Table 3.2.5 Relationships between measures of benthic invertebrate 
abundance/diversity and particle mobility. R2  values > 0.10 are shaded in grey. 

R2 Value
Benthic Invertebrate Measure 

Mean Particle 
Mobility

Standard Deviation of Particle 
Mobility

Total number of individuals 0.29 0.16

Proportion of EPT individuals 0.30 0.05

Proportion of Chironomid 
individuals 0.04 0.03

Total number of taxa 0.37 0.29

Proportion of EPT taxa 0.02 0.04

Proportion of Chironomid taxa 0.02 0.07
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3.2.3 Low-Flow Channel Parameters 

Recognizing that water depth and characteristics of flow are important invertebrate 
habitat parameters, analyses were undertaken to examine the relation between measurable 
low-flow parameters and benthic diversity or abundance.  The three specific parameters 
analyzed included: 

Water depth;
Width:depth ratio of wetted channel; and 
Wetted perimeter. 

The data were evaluated by riffles and/or pools per site and as a combined data set for all 
five field sites. Results revealed the following: 

Linear models were often better than exponential or power models; 
Relations were stronger for the combined data set (all site data) than for riffle only 
data (for all sites); and 
For most sites, R2 values were considered to be weak or moderately weak. 

Spatial variability in site characteristics will affect the diversity and abundance of 
species.  Findings revealed the following: 

8th line – had the lowest number of taxa and EPT in comparison to all other field sites; 
All sites showed distinction between number of EPT in riffle and pools; greater 
number in riffles than pools;  
In general, the number of taxa was typically greater in riffles than pools;   
22nd sideroad and 8th line – most marked distinction in number of taxa between riffle 
and pool; and 
Statistical strength of relations explored with low flow parameters (combined pool 
and riffle data) were strongest for 22nd Sideroad and weakest for 8th line. 

Low Flow Parameters

Width:Depth Ratios
For all field sites, the relation between # of Taxa or # of EPT and width:depth 
ratio was positive (i.e., # of Taxa and # of EPT increased with increasing 
ratio)
The strength of the relations varied by field site 
o Highest strengths (R2 in brackets): 

# of Taxa vs W:D ratio: 22nd Side Rd (0.67), 10th line (0.39) 
# of EPT vs W:D ratio: 22nd Side Rd (0.64), WCB (0.53), 10th line 
(0.76),

o Lowest strengths:
# of Taxa vs W:D ratio: 15th S.R. (0.15): WCB (0.32), 8th line 
(0.004)
# of EPT vs W:D ratio: 15th S.R. (0.21): 8th line (0.05) 
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When all data were combined 
# of Taxa vs W:D ratio: R2 = 0.05 
# of EPT vs W:D ratio: R2 = 0.14 

When 15th SR and 8th line data were removed from the combined data set: 
# of Taxa vs W:D ratio: R2 = 0.44 
# of EPT vs W:D ratio: R2 = 0.46 

Average Water Depth
For all field sites, the relation between # of Taxa or # of EPT and average water depth 
was negative (i.e., # of Taxa and # of EPT decreased with increasing water depth) 

The strength of the relations varied by field site 
o Highest strengths (R2 in brackets): 

# of Taxa vs avg water depth: 22 S.R. (0.66), 15 S.R. (0.67) 
# of EPT vs avg water depth: 22 S.R. (0.52), 15 S.R. (0.64), 10th

Line (0.63) 
o Lowest strengths:

# of Taxa vs avg water depth: WCB (0.27), 10th line (0.23), 8th line 
(0.18)
# of EPT vs avg water depth: WCB (0.33), 8th line (0.32) 

When all data were combined 
# of Taxa vs avg water depth: R2 = 0.33 
# of EPT vs avg water depth: R2 = 0.28 

When WCB and 8th line data were removed from the combined data set: 
# of Taxa vs avg water depth: R2 = 0.42 
# of EPT vs avg water depth: R2 = 0.18 

Wetted Perimeter 
For all field sites, the relation between # of Taxa or # of EPT and wetted perimeter 
positive with the exception of 15th Sideroad (where both relations were negative)

The strength of the relations varied by field site and were typically weak 
o Highest strengths (R2 in brackets): 

# of Taxa vs wetted perimeter: 22 S.R. (0.58) 
# of EPT vs wetted perimeter: 22 S.R. (0.58), WCB (0.42) 

o Lowest strengths:
# of Taxa vs wetted perimeter: 15th S.R. (0.07), WCB (0.14), 10th

line (0.01), 8th line (0.l3) 
# of EPT vs wetted perimeter: 15th S.R. (0.02), 10th line (0.004), 
8th line (0.26) 

When all data were combined 
# of Taxa vs wetted perimeter: R2 = 0.06 
# of EPT vs wetted perimeter: R2 = 0.19 

When 15th SR and 10th line data were removed from the combined data set: 
# of Taxa vs wetted perimeter: R2 = 0.002 
# of EPT vs wetted perimeter: R2 = 0.001 
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Riffle Samples

The analyses described above, were repeated using only the riffle samples, under the 
assumption that, for most invertebrates, riffle environments would determine abundance 
and diversity of species. 

In general,
there was some spatial diversity between samples A, B and C (i.e., from left to right 
across the channel) in each riffle.

The R2 values of the relations were not consistently better or worse than the 
combined pool/riffle data sets for each of the 3 parameters evaluated for each 
field site. 

o Riffle relations always weaker than combined data set: 22nd S.R.
o Riffle relations always better than combined data set: 8th line 

When the data for all sites was combined, the R2 values were higher than for the

Width:Depth ratio 
All relations between # of taxa or EPT and width:depth ratio for riffles were 
positive, with the exception of 15 S.R. # of taxa, which was negative 
The strength of relations varied by field site and were weaker than in the 
combined pool/riffle data sets 

o Highest strengths (R2 in brackets): 
# of Taxa vs W:D ratio: 10th line (0.44), WCB (0.37) 
# of EPT vs W:D ratio: 10th line (0.41), WCB (0.60) 

o Lowest strengths:
# of Taxa vs W:D ratio: 22nd S.R. (0.01), 15th S.R. (0.31), 8th line 
(0.30)
# of EPT vs W:D ratio: 22nd S.R. (0.33), 15th S.R. (0.00), 8th line 
(0.36)

When all data were combined, the relations were higher than individual sites 
# of Taxa vs W:D ratio: R2 = 0.44 
# of EPT vs W:D ratio: R2 = 0.46 

Average Water Depth
For all field sites, the relation between # of Taxa or # of EPT and average water depth 
was negative (i.e., # of Taxa and # of EPT decreased with increasing water depth) 
with the exception of 10th line # of taxa data, where the relation was positive. 

The strength of the relations varied by field site 
o Highest strengths (R2 in brackets): 

# of Taxa vs avg water depth: 8th line (0.43) 
# of EPT vs avg water depth: 15th S.R. (0.43), WCB (0.37), 8th line 
(0.52)

o Lowest strengths:
# of Taxa vs avg water depth: 22nd S.R. (0.06), WCB (0.29), 10th

line (0.03), 15th S.R. (0.13 
# of EPT vs avg water depth: 22nd S.R. (0.19),), 10th line (0.00) 
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When all data were combined 
# of Taxa vs avg water depth: R2 = 0.43 
# of EPT vs avg water depth: R2 = 0.35 

When 10th line data were removed from the combined data set: 
# of Taxa vs avg water depth: R2 = 0.36 
# of EPT vs avg water depth: R2 = 0.21 

Wetted Perimeter 
For all field sites, the relation between # of Taxa or # of EPT and wetted perimeter 
were positive with the exception of 15th Sideroad (where both relations were 
negative)

The strength of the relations varied by field site and were typically weak 
o Highest strengths (R2 in brackets): 

# of Taxa vs wetted perimeter: 8th line (0.47), 15th S.R. (0.48) 
# of EPT vs wetted perimeter: 8th line (0.57), 22nd S.R. (0.43 

o Lowest strengths:
# of Taxa vs wetted perimeter: 22nd S.R. (0.00), WCB (0.03), 10th

line (0.04) 
# of EPT vs wetted perimeter: 15th S.R. (0.04), WCB (0.14), 10th

line (0.00 
When all data were combined 

# of Taxa vs wetted perimeter: R2 = 0.14 
# of EPT vs wetted perimeter: R2 = 0.08 

Low Flow Summary

Section 6.0 of this Appendix contains all graphs of Benthic Indicators versus Low Flow. 

Results of the analyses suggest that low-flow characteristics do influence the abundance 
and diversity of benthic invertebrate species within the channel within the Erin SSMP 
study area.  Of the parameters evaluated, the width:depth ratio and average water depth 
correlations were stronger than the wetted perimeter data.   
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Table 3.2.6 Summary of R2 values obtained through linear or power models 
between low flow channel parameters and benthic abundance or diversity. 

Width:Depth Avg Water Depth Wetted Perimeter 

All data Riffles All data Riffles All data Riffles

22nd S.R 
Taxa 

EPT

0.67 

0.64

0.01 

0.33 

0.66 

0.52 

0.06 

0.19 

0.58 

0.58

0.00 

0.43 

15th S.R. 
Taxa 

EPT

0.15 

0.21 

0.31 

0.00 

0.67 

0.64

0.13 

0.43 

0.07 

0.02 

0.48 

0.04 

WCB 
Taxa 

EPT

0.32 

0.53 

0.37 

0.60 

0.27 

0.33 

0.29 

0.37 

0.14 

0.42 

0.03 

0.14 

10th line 
Taxa 

EPT

0.39 

0.76 

0.44 

0.41

0.23 

0.63 

0.03 

0.00 

0.01 

0.00 

0.04 

0.00 

8th line 
Taxa 

EPT

0.00 

0.05 

0.30 

0.36 

0.18 

0.32 

0.43 

0.52

0.13 

0.26 

0.47 

0.57 

All sites 
combined 

Taxa 

EPT

0.05 

0.14 

0.44 

0.46 

0.33 

0.28 

0.43 

0.35 

0.06 

0.19 

0.14 

0.08 

Taxa 

EPT

0.44 

0.46 

Remove 15th

SR and 8th

line data 

0.42 

0.18 

Remove 
WCB and 
8th line data 

0.36 

0.21 

Remove 10th

line data 

0.00 

0.00 

Remove  
15th and 10th

line data

3.2.4 Bankfull Channel Parameters 

Hydraulic conditions that occur during the bankfull or dominant discharge flow events 
are those that determine channel form and are responsible for the highest volume of 
sediment transport during the hydrologic regime.  As such, relations between bankfull 
channel parameters and benthic invertebrate abundance and diversity were examined.  
The four specific parameters that were analyzed included:

Width:depth ratio 
Bankfull perimeter 
Average bankfull depth 
Bankfull stream power 

The data were evaluated by riffles and/or pools per site and as a combined data set for all 
five field sites. Both linear and power regression models were examined to determine 
which yielded the strongest relations.  Results revealed the following: 

Linear models were often better than exponential or power models 
Relations were stronger for the average bankfull depth (all site data combined) than 
for any other parameter 
For most sites, R2 values were considered to be weak or moderately weak 
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Spatial variability in site characteristics will affect the diversity and abundance of 
species.  Findings revealed the following: 

Riffle only data – 8th line had strongest relations for average depth and width:depth 
ratio
All data combined – 22nd S.R. exhibited strongest relations for all but the stream 
power relation. 

Width:Depth Ratio 
For all field sites, the relation between # of Taxa or # of EPT and width:depth ratio 
was positive (i.e., # of Taxa and # of EPT increased with increasing ratio) with the 
exception of 15th S.R. and 10th Line where both the Taxa and EPT. 

The strength of the relations varied by field site 
o Highest strengths (R2 in brackets): 

# of Taxa vs W:D ratio: 22nd Side Rd (0.74) 
 # of EPT vs W:D ratio: 22nd Side Rd (0.85)

o Lowest strengths:
# of Taxa vs W:D ratio: all sites except 22nd S.R. (< 0.30) 
 # of EPT vs W:D ratio: all sites except 22nd S.R. (< 0.30) 

When all data were combined 
# of Taxa vs W:D ratio: R2 = 0.02 
# of EPT vs W:D ratio: R2 = 0.01 

Average Bankfull Depth 
For all field sites, the relation between # of Taxa or # of EPT and average bankfull 
depth was typically negative (i.e., # of Taxa and # of EPT decreased with increasing 
water depth).  Exceptions included site 15th S.R where the relation was positive. 
The strength of the relations varied by field site 

o Highest strengths (R2 in brackets): 
# of Taxa vs avg water depth: 22nd S.R.  (0.87) 
# of EPT vs avg water depth: 22nd S.R. (0.77) 

o Lowest strengths:
# of Taxa vs avg water depth: all sites except 22nd S.R. (< 0.25) 
# of EPT vs avg water depth: all sites except 22nd S.R. (< 0.20) 

When all data were combined 
# of Taxa vs avg water depth: R2 = 0.21 
# of EPT vs avg water depth: R2 = 0.14 

Wetted Perimeter 
For all field sites, the relation between # of Taxa or # of EPT and wetted perimeter 
were positive with the exception of 15th Sideroad (where both relations were 
negative)
The strength of the relations varied by field site and were typically weak 

o Highest strengths (R2 in brackets): 
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# of Taxa vs wetted perimeter: 22nd S.R. (0.48) 
# of EPT vs wetted perimeter: 22nd S.R. (0.68) 

o Lowest strengths:
# of Taxa vs wetted perimeter: : all sites except 22nd S.R. (< 0.20)
# of EPT vs wetted perimeter: : all sites except 22nd S.R.  (< 0.25) 

o When all data were combined 
# of Taxa vs wetted perimeter: R2 = 0.01 
# of EPT vs wetted perimeter: R2 = 0.00 

Stream Power 
For all field sites, the relation between # of Taxa or # of EPT and stream power were 
not consistently negative or positive amongst the field sites.   

o Relations were negative for: 22nd S.R., 15th S.R. EPT, 8th line 
o Relations were positive for: 15th S.R. taxa, WCB, 10th line 

The strength of the relations varied by field site and were typically weak 
o Highest strengths (R2 in brackets): 

# of Taxa vs stream power: WCB (0.39) 
# of EPT vs stream power: WCB (0.56) 

o Lowest strengths:
# of Taxa vs stream power: all sites except WCB (< 0.30)  
# of EPT vs stream power: all sites except WCB  (< 0.20) 

o When all data were combined 
# of Taxa vs stream power: R2 = 0.22 
# of EPT vs stream power: R2 = 0.04 

Riffles

The analyses described above, were repeated using only the riffle samples, under the 
assumption that, for most invertebrates, riffle environments would determine abundance 
and diversity of species. 

In general,
there was some spatial diversity between samples A, B and C (i.e., from left to right 
across the channel) in each riffle.

The R2 values of the relations were not consistently better or worse than the 
combined pool/riffle data sets for each of the 3 parameters evaluated for each 
field site. 

o Riffle relations always weaker than combined data set: 22nd S.R.
o Riffle relations always better than combined data set: 15th line,  8th line 

When the data for all sites was combined, the R2 values were higher for the riffle 
data than for the combined pool and riffle data set. 

Width:Depth Ratio 
For all field sites, the relation between # of Taxa or # of EPT and width:depth 
ratio was positive (i.e., # of Taxa and # of EPT increased with increasing ratio) 
with the exception of 15th S.R. and 10th Line (EPT only). 
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The strength of the relations varied by field site 
o Highest strengths (R2 in brackets): 

# of Taxa vs W:D ratio: 8th line (0.47), 15th S.R. (0.44) 
 # of EPT vs W:D ratio: 8th line (0.57), WCB (0.42), 22nd S.R. 
(0.36)

o Lowest strengths:
# of Taxa vs W:D ratio: 22nd S.R., WCB, 10th line (< 0.20) 
 # of EPT vs W:D ratio: 15th S.R. (0.02), 10th line (0.03) 

When all data were combined 
# of Taxa vs W:D ratio: R2 = 0.02 
# of EPT vs W:D ratio: R2 = 0.00 

Average Bankfull Depth 
For all field sites, the relation between # of Taxa or # of EPT and average 
bankfull depth was typically negative (i.e., # of Taxa and # of EPT decreased with 
increasing bankfull depth).  Exceptions included 22nd S.R. (EPT only), site 15th

S.R (Taxa only) and 10th line where the relation was positive. 
The strength of the relations varied by field site 

o Highest strengths (R2 in brackets): 
# of Taxa vs avg bankfull depth: 8th line  (0.52), 10th line (0.46) 
# of EPT vs avg bankfull depth: 8th line  (0.63), 10th line (0.64), 
WCB (0.45) 

o Lowest strengths:
# of Taxa vs avg bankfull depth: 22nd S.R. 15th line, WCB (< 0.30) 
# of EPT vs avg bankfull depth: 22nd S.R., 15th line (< 0.10) 

When all data were combined 
# of Taxa vs avg bankfull depth: R2 = 0.42 
# of EPT vs avg bankfull depth: R2 = 0.27 

Wetted Perimeter 
For all field sites, the relation between # of Taxa or # of EPT and wetted perimeter 
were positive with the exception of 15th Sideroad (where both relations were 
negative)
The strength of the relations varied by field site and were typically weak 

o Highest strengths (R2 in brackets): 
# of Taxa vs wetted perimeter: 15th S.R. (0.51), 8th line (0.36) 
# of EPT vs wetted perimeter: 8th line (0.43), 22nd S.R. (0.37) 

o Lowest strengths:
# of Taxa vs wetted perimeter: 22nd S.R., WCB, 10th line (< 0.11)
# of EPT vs wetted perimeter: 15th S.R.  WCB, 10th line (<0.31) 

o When all data were combined 
# of Taxa vs wetted perimeter: R2 = 0.02 
# of EPT vs wetted perimeter: R2 = 0.00 
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Stream Power 
Analyses for riffle only data were not completed for the stream power data. 

Bankfull Summary

Section 7.0 of this Appendix contains all graphs of Benthic Indicators versus Bankfull 
Parameters. 

Results of the analyses suggest that bankfull channel characteristics, for most field sites, 
do not appear to have a strong relation to the abundance and diversity of benthic 
invertebrate species within the channels of the Erin SSMP study area.  This may signify 
that low-flow channel characteristics, with respect to water depth, width:depth ratio and 
wetted perimeter are more important habitat parameters than the bankfull channel. 

Table 3.2.7 Summary of R2 values obtained through linear or power models  
Stream Power Width:Depth Avg BF Depth Wetted 

Perimeter
All

data Riffles All
data Riffles All

data Riffles All data Riffles

22nd S.R Taxa

EPT

0.28 

0.17 

0.74 

0.85 

0.01 

0.36 

0.87 

0.77 

0.24 

0.06 

0.48 

0.68 

0.00 

0.37 

15th S.R. Taxa

EPT

0.03 

0.00 

0.04 

0.00 

0.44 

0.02 

0.07 

0.02 

0.27 

0.01 

0.10 

0.03 

0.51 

0.07 

WCB Taxa 

EPT

0.39 

0.56 

0.26 

0.27 

0.18 

0.42 

0.23 

0.20 

0.20 

0.45 

0.11 

0.17 

0.10 

0.07 

10th line Taxa 

EPT

0.05 

0.15 

0.00 

0.06

0.00 

0.03 

0.00 

0.03 

0.46 

0.64 

0.19 

0.25 

0.11 

0.31 

8th line Taxa 

EPT

0.06 

0.03 

0.01 

0.07 

0.47 

0.57 

0.08 

0.20 

0.52 

0.63 

0.02 

0.06 

0.36 

0.43 

All sites 
combined 

Taxa

EPT

0.22 

0.04 

0.02 

0.01 

0.02 

0.00 

0.21 

0.14 

0.42 

0.27 

0.01 

0.00 

0.02 

0.00 
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4.0 Benthic Indicators vs Substrate and Substratum 

4.1 Benthic Indicators vs Substratum (D84) 
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4.2 Benthic Indicators vs Substratum (D50) 

Total # of Taxa vs D50
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4.3 Benthic Indicators vs Substratum (D16) 

Total # of Taxa vs D16
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4.4 Benthic Indicators vs Substrate:Substratum (D84) 

Total # Taxa vs Substrate:Substratum (D84)
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4.5 Benthic Indicators vs Substrate:Substratum (D50) 

Total # Taxa vs Substrate:Substratum (D50)

0

10

20

30

40

50

60

70

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

# Taxa

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

% EPT Taxa vs Substrate:Substratum (D50)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

% Taxa

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

% Chironomid Taxa vs Substrate:Substratum
(D50)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

% Taxa

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

Total # of Individuals vs Substrate:Substratum
(D50)

0

200

400

600

800

1000

1200

1400

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

# Individuals

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

% EPT Individuals vs Substrate:Substratum (D50)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

% Individuals

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

% Chironomid Individuals vs
Substrate:Substratum (D50)

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

Substrate:Substratum (D50)

% Individuals

10th R2

15th R1

15th R2

15th R3

WCB R1

WCB R2

WCB R3

SR22 R1

SR22 R2

SR22 R3

8th R1

8th R2

8th R3

43

Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report
Appendix D - Stream Geomorphology



4.6 Benthic Indicators vs Substrate:Substratum (D16) 

Total # Taxa vs Substrate:Substratum (D16)
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5.0 Benthic Indicators vs Mobility and Location 

5.1 Mobility Analysis vs Location 

Average Mobility Factor vs Location
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5.2 Benthic Indicators vs Location 

Total # of Taxa vs Location
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5.3 Benthic Indicators vs Mobility 

Total # of Taxa vs Average Mobility
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5.4 Benthic Indicators vs Mobility (Continued) 

Total # of Individuals vs Average Mobility
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6.0 Benthic Indicators vs Low-Flow Parameters 

6.1 Number of Taxa or EPT versus Width:Depth Ratio of Riffles and Pools 
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6.2 Number of Taxa or EPT versus Wetted Perimeter of Riffles and Pools 
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6.3 Number of Taxa or EPT versus Average Water Depth of Riffles and Pools 
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6.4 Number of Individuals found in Riffles and Pools 
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6.5 Number of Taxa or EPT found in Pools and Riffles 
Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report
Appendix D - Stream Geomorphology



57

Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report
Appendix D - Stream Geomorphology



58

6.6 Number of Taxa or EPT versus Width:Depth Ratio of Riffles 
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6.7 Number of Taxa or EPT versus Wetted Perimeter of Riffles 
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6.8 Number of Taxa or EPT versus Average Water Depth of Riffles
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6.9 Number of Individuals found in Riffles 
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6.10 Number of Taxa or EPT versus Width:Depth Ratio 
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7.0 Benthic Indicators vs Bankfull Parameters  

7.1 Number of Individual versus Water Depth; Width:Depth Ratio; and Wetted 
Perimeter
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7.2 Number of Taxa and EPT versus Width:Depth Ratio 

Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report
Appendix D - Stream Geomorphology



67

Erin Servicing and Settlement Master Plan, 2011

Environmental Component - Existing Conditions Report
Appendix D - Stream Geomorphology



68

7.3 Number of Taxa and EPT versus Wetted Perimeter 
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7.4 Number of Taxa and EPT versus Average Wetted Depth 
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7.5 Number of Taxa and EPT versus Specific Stream Power 
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7.6 Number of Taxa and EPT versus Width:Depth Ratio 
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7.7 Number of Taxa and EPT versus Width:Depth Ratio of Riffles 
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7.8 Number of Taxa and EPT versus Wetted Perimeter of Riffles 
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7.9 Number of Taxa and EPT versus Average Water Depth of Riffles 
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1.0 Fish Collection Records 

Fish collection records have been compiled for the study area since the 1980’s, with 
updates throughout the 1990’s mostly related to the West Credit Subwatershed Study.  
Additional sampling has since been made as part of the West Credit Appreciation, 
Rehabilitation and Enhancement (WeCARE) program.  

Table 1.0 lists all species found in the study area and their corresponding stations. The 
locations of the 72 Fish Collection Records are illustrated in Figure 2.6.1 within the 
Environmental Component - Existing Conditions Report. Figure 2.6.2 of the 
Environmental Component - Existing Conditions Report indicates the fish biomass 
sampling sites conducted as part of the Credit River Watershed’s Integrated Watershed 
Monitoring Program (IWMP).  

Table 1.0 does not include the biomass stations, see pages 4 to 24 of this Appendix for 
this data. 

Fish Collection Record Number Representation – eg. 23150102 
23 – represents the Credit River Watershed 
15 – represents the subwatershed, Subwatershed 15 is the West Credit Subwatershed 
01 – represents the station number 
02 – represents the sampling number 

Table 1.0 Fish species present in the West Credit River Study Area 
Indicator Species Number of Individual Fish Species 

Habitat Cd Cd Cl Cl Cl
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23150101 1       1     17             5   2             

23150102 1     2       87         1   35   21   2         

23150103 2       3     32             18   11   2         

23150104 4       1     15             56   11       1     

23150105 2           1 2               1               

23150106 1             4         5   9                 

23150201 2     33     1 10         2   33 4 12   2         

23150202 21     1     3 2                 2     1       

23150301 12 3 1         6             3   3             

23150401         1     2             9   7       2     

23150402       1 29                 5 10   21   5       21 

23150403       2                     2   4             
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Indicator Species Number of Individual Fish Species 

Habitat Cd Cd Cl Cl Cl
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Cl
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23150501 10       1                   1 3 1           2 

23150701 2    2   7     4 1 13 1 9    3 

23150702   4   2 9     5             3   19   2         

23150703               15       1 2   1 2 14         1   

23150704 4       1     14             30 1 11       1     

23150801 16 20 19 2 3     9             7       6         

23150802 3 36 2 20 2     3             1   4   10         

23150902 7   3   2     13         1 1 27 4 10   2         

23151001               12       30       47 6 6     2 2 3 

23151101 9 2       3   4                               

23151102 10 1   1 2     5             13   6   1         

23151103 6   6   1 1   41             9   9             

23151104 2       1     6             1   10             

23151105 4                           30   10   NA   NA     

23151106 16                                             

23151107     10   4     7   1   1     6       1         

23151201 1     1 1     4             8   6             

23151202         3     3             10   5       2     

23151203 1       9     14         6   13           2     

23151204       4 1     NA       NA 3   5   7     1 2     

23151301 37   2 2                   20 62     10 1   1     

23151601         8     18         22   106 2 73             

23151602     6 3 12     2     1     12       1           

23151603 14 25 4   3     15         6   40   30   10   8     

23151604                             4   4   4         

23151901 45             18       65 61   28   14     7 2 14   

23151903 17             24         12   12   35     6 3 1   

23151904         1     30       3 10 3 12 1 35 2   12 5 7 1 

23151905 32     3       6       2 17   14   3         7   

23151906 NA             NA     NA NA NA       NA       NA NA   

23151907 20             8         20   20                 

23151908                         20               55 1   

23152201               3             3   2             

23152301 4                               2             

23152501 1                               1             

23152601 29       1     2                 3             
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Indicator Species Number of Individual Fish Species 

Habitat Cd Cd Cl Cl Cl
Cd-
Cl
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23152602 33   12 1 8     5                 5   3         

23152701 25 5   6       NA                 2   4         

23152801 2                                             

23152901       1                             2         

23152902     2   7                 1     3 1 2   2     

23152903     4 16 17       1       1   11   33   11   10     
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Table 3.1 Raw Data for Nutrient and BOD Parameters of Concern West Credit River at Winston 
Churchill Blvd #06007601502 (1996-2008) 

Sample
Date 

Total
Phos-

phorus
(mg/L)

Nitrate 
(mg/L)

Total
Kjeldahl
Nitrogen 
(mg/L)

Total
Ammonia
NH3+NH4

(mg/L)

Field
Water 
Temp-
erature

Field
pH

NH3 
(ug/L)

BOD5 
(mg/L)

17-Sep-96 0.012 1.58 0.44         0.8
15-Oct-96 0.004 0.95 0.3         0.4
17-Dec-96 0.036 1.69 0.58         1.2
23-Jan-97 0.058 1.21 0.68         4.8
18-Dec-97 0.002 2.66 0.18         1
24-Feb-98 0.008 2.23 0.32         0.2
24-Mar-98 0.016 1.84 0.36         0.6
23-Apr-98 0.018 1.66 0.38         0.4

21-May-98 0.014 1.66 0.38         0.8
17-Jun-98 0.016 1.59 0.38         0.4
22-Jul-98 0.012 1.36 0.36         0.6

20-Aug-98 0.004 1.49 0.3         0.6
25-Sep-98 0.006 1.8 0.22         0.4
27-Oct-98 0.014 1.88 0.28         0.6
24-Nov-98 0.006 2.31 0.28         0.4
18-Dec-98 0.006 2.37 0.24         0.2
25-Jan-99 0.026 2.14 0.52         1
01-Mar-99 0.018 2.12 0.44         0.8
29-Mar-99 0.008 1.54 0.4         1.6
19-Apr-99 0.008 1.68 0.34         0.6

27-May-99 0.008 1.21 0.36         1.4
23-Jun-99 0.008 1.28 0.28         0.8
23-Jul-99 0.006 1.39 0.32         0.6

24-Aug-99 0.006 1.31 0.28         0.8
30-Sep-99 0.016 1.21 0.42         1.4
01-Nov-99 0.004 1.95 0.3         0.6
25-Nov-99 0.022 1.84 0.32         1
04-Jan-00 0.044 2.09 0.6         0.8
03-Feb-00 0.016 2.98 0.28         3.2
29-Feb-00 0.032 1.69 0.6         0.6
30-Mar-00 0.006 1.56 0.32         1.6
04-May-00 0.008 1.53 0.4         1.2
30-May-00 0.008 1.59 0.4         0.2
28-Jun-00 0.02 1.07 0.74         1
26-Jul-00 0.01 1.81 0.34         0.6

30-Aug-00 0.008 1.72 0.3         0.4
28-Sep-00 0.004 1.79 0.28         0.6
29-Nov-00 0.012 1.76 0.42         0.6
03-Jan-01 0.006 2.66 0.24         0.4
30-Jan-01 0.008 2.55 0.28         0.4
27-Feb-01 0.014 1.56 0.44         0.2
29-Mar-01 0.008 1.84 0.38         0.4
30-Apr-01 0.008 1.98 0.28         0.2
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Continued 
Table 3.1 Raw Data for Nutrient and BOD Parameters of Concern West Credit River at Winston 
Churchill Blvd #06007601502 (1996-2008) 

Sample
Date 

Total
Phosp
horus
(mg/L)

Nitrate 
(mg/L)

Total
Kjeldahl
Nitrogen 
(mg/L)

Total
Ammonia
NH3+NH4

(mg/L)

Field
Water 
temper
ature

Field
pH

NH3 
(ug/L)

BOD5 
(mg/L)

24-May-01 0.022 1.14 0.64 0.008 13.4 8.08 0.223 NA
26-Jun-01 0.008 1.64 0.4 0.002 17.1 7.96 0.056 0.2
25-Jul-01 0.014 1.56 0.4 0.008 18.1 7.96 0.241   

29-Aug-01 0.008 1.74 0.3 0.002 15.4 8.16 0.077 0.4
26-Sep-01 0.012 1.5 0.32  NA  NA  NA  NA 0.8
25-Oct-01 0.018 1.42 0.44 0.004 9.6 7.95 0.062 0.6
29-Nov-01 0.016 1.83 0.32 0.014 3.4 8 0.149 1
03-Jan-02 0.016 2.68 0.3 0.012 0.9 8.17 0.154 0.6
24-Jan-02 0.014 2.45 0.32 0.008 1.7 8.12 0.098 0.4
04-Mar-02 0.016 1.72 0.36 0.002 3.9 8.13 0.030 1.6
05-Jun-02 0.012 1.8 0.36 0.002 12.6 7.8 0.028 0.8
26-Jun-02 0.028 0.868 0.5 0.009 20.2 8.2 0.533 0.2
31-Jul-02 0.018 1.57 0.42 0.002 20.2 7.88 0.059 0.3

28-Aug-02 0.01 2.03 0.28 0.006 16.8 8.01 0.184 0.2
26-Sep-02 0.009 2.01 0.29 0.002 14.4 8 0.050 0.8
30-Oct-02 0.008 2.34 0.27 0.002 4.5 8.15 0.033 0.3
07-Jan-03 0.007 2.82 0.26 0.007 1.3 8.16 0.091 0.2
30-Jan-03 0.012 3.38 0.26 0.007 6 8.2 0.145 1.2
27-Mar-03 0.018 1.55 0.43 0.042 3 7.59 0.170 1.5
01-May-03 0.016 1.71 0.41 0.012 9.3 8.07 0.240 NA
22-May-03 0.017 1.65 0.39 0.016 11 8.16 0.446 0.6
26-Jun-03 0.013 1.83 0.35 0.002 21 8.32 0.162 0.7
31-Jul-03 0.01 1.79 0.31 0.011 17.3 8.23 0.568 0.6

28-Aug-03 0.006 1.8 0.28 0.02 14.6 8.28 0.950 0.4
30-Sep-03 0.013 1.72 0.38 0.004 8.6 8.22 0.106 0.3
30-Oct-03 0.007 1.85 0.36 0.003 7 8.36 0.096 0.9
27-Nov-03 0.007 2.09 0.36 0.002 3.2 8.16 0.030 1.1
08-Jan-04 0.008 2.43 0.32 0.009 6.1 8.14 0.164 3.1
25-Feb-04 0.037 2.89 0.53 0.013 0.4 8.19 0.167 0.2
30-Mar-04 0.029 1.46 0.44 0.022 5.1 8.02 0.282 0.5
28-Apr-04 0.011 2.04 0.37 0.01 5.7 8.08 0.154 0.2

26-May-04 0.015 1.25 0.5 0.009 12.9 7.96 0.185 0.8
29-Jun-04 0.014 2.18 0.29 0.003 13.8 8.17 0.105 0.6
28-Jul-04 0.01 1.82 0.38 0.002 15.5 8.13 0.073 0.4

31-Aug-04 0.021 1.4 0.43 0.003 15.3 8.12 0.105 0.4
23-Sep-04 0.008 2.16 0.27 0.004 13.7 8.18 0.143 0.9
27-Oct-04 0.006 2.47 0.21 0.002 9.1 8.09 0.041 0.4
30-Nov-04 0.008 2.17 0.33 0.002 2.7 8.11 0.026 0.3
10-Jan-05 0.007 2.22 0.33 0.012 1.6 8.51 0.350 0.3
27-Jan-05 0.015 3.02 0.31 0.031 0.3 7.76 0.148 0.2
24-Feb-05 0.015 2.73 0.32 0.006 0.1 8.04 0.053 0.7
31-Mar-05 0.025 1.22 0.41 0.022 1.7 7.78 0.124 1.6
28-Apr-05 0.016 1.41 0.35 0.004 6.1 7.97 0.050 0.7
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Continued 
Table 3.1 Raw Data for Nutrient and BOD Parameters of Concern West Credit River at Winston 
Churchill Blvd #06007601502 (1996-2008) 

Sample
Date 

Total
Phosp
horus
(mg/L)

Nitrate 
(mg/L)

Total
Kjeldahl
Nitrogen 
(mg/L)

Total
Ammonia
NH3+NH4

(mg/L)

Field
Water 
temper
ature

Field
pH

NH3 
(ug/L)

BOD5 
(mg/L)

26-May-05 0.014 2.06 0.34 0.002 13.7 7.99 0.047 0.9
29-Jun-05 0.018 1.68 0.44 0.002 20.2 8.52 0.232 1
28-Jul-05 0.01 1.78 0.26 0.002 15.6 7.31 0.011 0.6

31-Aug-05 0.026 1.31 0.37 0.002 17.6 7.18 0.010 0.9
29-Sep-05 0.013 1.33 0.5 0.01 12.7 7.48 0.068 0.6
27-Oct-05 0.016 2.12 0.49 0.002 6.4 7.99 0.027 0.4
30-Nov-05 0.024 0.94 0.55 0.002 2.6 7.45 0.006 0.7
05-Jan-06 0.013 1.72 0.36 0.02 1.6 7.76 0.106 0.8
26-Jan-06 0.015 2.1 NA NA NA NA NA 0.5
22-Feb-06 0.009 2.1 NA NA NA NA NA 0.5
30-Mar-06 0.004 1.9 NA NA NA NA NA 0.5
27-Apr-06 0.002 1.6 NA NA NA NA NA 0.5

25-May-06 0.006 1.8 NA NA NA NA NA 0.5
29-Jun-06 0.016 2.02 0.4 0.004 16.3 7.68 0.056 0.7
27-Jul-06 0.013 1.65 0.41 0.011 19.2 7.34 0.088 0.5

31-Aug-06 0.006 2.09 0.24 0.002 14 7.57 0.018 0.5
28-Sep-06 0.023 1.14 0.62 0.013 12.2 7.75 0.157 0.9
25-Oct-06 0.007 1.75 0.45 0.002 5.8 7.88 0.020 0.3
28-Nov-06 0.006 2.18 0.32 0.016 6.9 7.79 0.140 NA
04-Jan-07 0.006 2.14 0.28 0.005 2.7 8.09 0.062 NA
31-Jan-07 0.009 2.97 0.31 0.024 0.8 7.89 0.161 NA
28-Feb-07 0.008 3.15 0.26 0.021 2.0 7.94 0.174 NA
28-Mar-07 0.024 1.11 0.42 0.018 3.0 7.83 0.126 NA
25-Apr-07 0.011 1.47 0.44 0.022 9.1 7.98 0.353 0.3

30-May-07 0.011 1.88 0.34 0.013 15.5 8.03 0.379 0.6
26-Jun-07 0.012 1.90 0.35 0.02 18.4 8.08 0.803 0.6
25-Jul-07 0.012 1.63 0.37 0.002 16.6 8.07 0.069 0.9

29-Aug-07 0.009 1.65 0.25 0.007 18.2 8.14 0.316 0.4
26-Sep-07 0.011 1.50 0.33 0.002 16.9 8.04 0.066 0.4
31-Oct-07 0.005 2.11 0.22 0.002 8.5 8.06 0.037 0.8
26-Nov-07 0.005 2.37 0.3 0.005 3.1 7.96 0.048 0.4
03-Jan-08 0.010 2.63 0.33 0.012 0.1 8.88 0.703 1.9
31-Jan-08 0.008 2.33 0.39 0.005 0.7 7.59 0.017 0.5
27-Feb-08 0.004 2.40 0.27 0.002 0.7 7.79 0.011 0.2
26-Mar-08 0.007 2.31 0.37 0.002 2.1 7.7 0.010 0.5
29-Apr-08 0.010 1.80 0.39 0.003 7.6 7.43 0.012 0.8

28-May-08 0.007 2.07 0.31 0.002 10.8 7.76 0.022 0.7
25-Jun-08 0.012 1.60 0.47 0.002 15.2 7.88 0.041 0.7
30-Jul-08 0.019 1.71 0.41 0.01 16.5 7.44 0.082 0.2

27-Aug-08 0.003 2.02 0.35 0.01 13.4 7.82 0.155 0.5
30-Sep-08 0.012 1.82 0.37 0.013 12.6 7.71 0.148 0.5
29-Oct-08 0.004 1.97 0.36 0.01 4.4 7.76 0.067 0.4
26-Nov-08 0.011 2.17 0.33 0.011 2.5 8.08 0.131 0.2
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Table 3.2 Raw Data for Metals, Chlorides TSS and E. coli Parameters of Concern West Credit 
River at Winston Churchill Blvd #06007601502 (1996-2008) 

Sample
Date 

Aluminum
(ug/L)

Copper 
(ug/L)

Iron
(ug/L)

Zinc
(ug/L)

TSS
(mg/L)

Chloride
Dissolved 

E. coli 
(cts/100mL)

17-Sep-96 30.2 0.279 71.6 1.41 3 34 108
15-Oct-96 NA NA NA NA 2 35.2 12
17-Dec-96 191 1.48 353 12.7 26 60.8 128
23-Jan-97 148 1.79 291 5.96 24 209 124
18-Dec-97 15.5 0.5 29.2 1.42 1.5 34.4 16
24-Feb-98 19.2 0.0279 42 1.81 1.5 39.6 20
24-Mar-98 28.2 0.558 59 3.4 3.5 41 4
23-Apr-98 18.9 0.423 44.9 1.7 2.5 37 20

21-May-98 19.7 0.526 56.2 1.31 3 40.4 32
17-Jun-98 17.4 0.5 42 1.54 5 37.8 160
22-Jul-98 15.9 0.5 30.4 0.956 2 36.6 92

20-Aug-98 13.3 0.5 27.2 1.23 1.5 40.4 60
25-Sep-98 11 0.474 26.7 0.441 0.5 38.6 56
27-Oct-98 14.9 0.594 16.3 0.378 1.5 39.6 4
24-Nov-98 10.5 0.5 20.2 0.523 1.5 38 4
18-Dec-98 12.6 0.5 37 2.28 1.5 39.6 NA
25-Jan-99 41.1 0.0478 96 3.33 14 44 52
01-Mar-99 124 0.759 238 8.48 10.5 38.4 40
29-Mar-99 17.2 0.439 43.3 1.35 2 33.2 4
19-Apr-99 14.7 0.5 36.7 1.85 2 39 20

27-May-99 19.9 0.332 65.9 2.4 7 36.6 24
23-Jun-99 14.9 0.302 41.7 1.03 2.5 43.4 48
23-Jul-99 10.8 0.5 22.1 4.34 2 43.6 92

24-Aug-99 8.68 0.162 23.8 0.948 1.5 44.6 28
30-Sep-99 22.8 0.582 58.9 2.34 3 39.8 556
01-Nov-99 9.92 0.117 20.4 0.624 1 43.6 8
25-Nov-99 12.6 0.212 22.3 0.635 1 40.8 16
04-Jan-00 80.5 0.291 137 4.09 10 82.4 168
03-Feb-00 32.4 0.529 59.8 2.35 9 42.4 4
29-Feb-00 45.9 0.696 77 3.89 5.5 34.6 4
30-Mar-00 9.54 0.537 23.5 1.72 2 40.2 80
04-May-00 21.6 0.482 39.2 1.05 2.5 45 24
30-May-00 16.1 0.523 38.8 0.733 2 43.4 20
28-Jun-00 17.5 0.584 66.9 1.66 4 34.4 16
26-Jul-00 16.8 0.376 30 0.623 1.5 44.8 56

30-Aug-00 3.58 0.17 22.3 0.544 1.5 42.6 32
28-Sep-00 11.3 0.313 24.8 0.531 1 40.8 16
29-Nov-00 11.1 0.303 32 1.2 1.5 36.2 8
03-Jan-01 20.5 0.37 30.4 1.58 2.5 36.4 4
30-Jan-01 17.3 1.88 29.4 2.65 3 59.4 10
27-Feb-01 25.4 2 51.5 3.35 3.5 19.6 20
29-Mar-01 12.7 0.5 32.4 1.74 2 38.2 12
30-Apr-01 11.8 0.316 32.4 1.63 3 41.4 12

24-May-01 24.4 0.509 69.6 2.1 5.5 36 110
26-Jun-01 7.61 0.138 39.9 0.855 2.5 41.2 120
25-Jul-01 8.76 0.189 25 0.83 2.5 40.6 100
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Continued 
Table 3.2 Raw Data for Metals, Chlorides TSS and E. coli Parameters of ConcernWest Credit 
River at Winston Churchill Blvd #06007601502 (1996-2008) 

Sample Date Aluminum
(ug/L)

Copper 
(ug/L)

Iron
(ug/L)

Zinc
(ug/L)

TSS
(mg/L)

Chloride
Dissolved 

E. coli 
(cts/100mL

29-Aug-01 9.86 0.418 17.8 0.21 3 40.4 92
26-Sep-01 15.1 0.372 37.3 0.948 2 38.8 160
25-Oct-01 14.1 0.498 35.4 1.38 2 40.6 64
29-Nov-01 24.5 0.523 54.1 1.82 3 35.6 300
03-Jan-02 18.1 0.436 30.8 1.46 2.5 44.2 4
24-Jan-02 15.2 0.422 25 1.29 1 44.6 8
04-Mar-02 NA NA NA NA 4.5 36 8
05-Jun-02 22.6 0.455 58 1.48 5.2 38.6 160
26-Jun-02 16.9 0.0358 54.4 1.12 13.5 40.6 100
31-Jul-02 17.5 0.335 52.8 1.11 3.5 38 140

28-Aug-02 8.03 0.106 19.3 0.354 1.1 39.5 48
26-Sep-02 8.47 0.567 22.5 0.99 0.5 40 40
30-Oct-02 9.58 0.568 17.2 1.13 1 41.7 4
07-Jan-03 13.8 0.178 31.9 1.31 2 44.4 4
30-Jan-03 17.8 0.317 37.8 1.88 3.3 39.9 4
27-Mar-03 27.9 0.727 66 2.46 4 34.3 4
01-May-03 60.2 0.873 90.2 2.99 6.3 43.8 220
22-May-03 7.79 0.628 28.9 0.774 2.3 44.7 4
26-Jun-03 15.4 0.351 37.8 1.29 2.3 50.4 140
31-Jul-03 17 0.427 36.4 0.905 2.1 50.9 36

28-Aug-03 14.5 0.735 19.5 0.818 0.8 47.5 32
30-Sep-03 21.6 0.289 42.9 1.69 1.8 45.5 52
30-Oct-03 9.66 0.5 21.2 1.6 1.2 44.7 36
27-Nov-03 10.6 0.74 23.9 2.61 1.3 45.5 12
08-Jan-04 22.2 0.915 30.4 2.39 2.1 43.4 4
25-Feb-04 60.4 0.903 112 5.09 18.1 47.5 190
30-Mar-04 75.2 0.499 84.6 2.14 9.9 31.4 76
28-Apr-04 12.5 0.5 28 1.56 2.2 41 16

26-May-04 32.8 0.328 70.8 3.1 4.5 32.1 110
29-Jun-04 15.5 0.136 30.9 4.45 1.8 40.7 110
28-Jul-04 13.8 0.619 37 2.44 1.7 39.8 190

31-Aug-04 35.4 0.669 71.2 1.83 4.8 37 230
23-Sep-04 18.1 0.789 28.7 0.317 0.5 40.9 120
27-Oct-04 11.4 0.17 26 0.78 0.6 39.9 12
30-Nov-04 16.9 0.5 25.2 1.41 1.6 39.4 20
10-Jan-05 22 0.532 42.4 2.9 1.9 40.3 16
27-Jan-05 41 0.713 78.2 2 5.6 41.3 4
24-Feb-05 36.3 0.634 66.7 2.83 5.8 43.4 4
31-Mar-05 40.9 0.402 82.2 2.98 6.9 24.2 80
28-Apr-05 21.4 0.393 40.9 1.65 3.2 34.4 12

26-May-05 25.6 0.874 54.5 0.965 2.9 41.2 48
29-Jun-05 34.7 0.635 83.1 2.16 7.4 35.9 410
28-Jul-05 9.68 1.44 33.9 1.19 1.7 38.7 100

31-Aug-05 35.7 0.787 84.6 2.3 5.9 36.2 720
29-Sep-05 29.1 1.37 69.1 1.74 3.5 39.3 210
27-Oct-05 4.58 1.01 21.5 0.376 0.6 39.3 36
30-Nov-05 50 0.698 115 2.72 9.9 24.1 300
05-Jan-06 31.3 0.52 67.6 3.93 NA 37.2 100
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Continued 
Table 3.2 Raw Data for Metals, Chlorides TSS and E. coli Parameters of Concern West Credit 
River at Winston Churchill Blvd #06007601502 (1996-2008) 

Sample Date Aluminum
(ug/L)

Copper 
(ug/L)

Iron
(ug/L)

Zinc
(ug/L)

TSS
(mg/L)

Chloride
Dissolved 

E. coli 
(cts/100mL

26-Jan-06 16 1 74 6 3 45 10
22-Feb-06 17 1 75 2 1 40 10
30-Mar-06 13 0.5 30 2 1 35 10
27-Apr-06 23 0.5 30 2 3 37 50

25-May-06 21 0.5 71 2 1 37 20
29-Jun-06 9.58 0.49 46.1 2 2.8 37.8 170
27-Jul-06 6.27 0.951 50 2 5.8 35.8 240

31-Aug-06 1.33 0.805 20 2 1.1 39.3 130
28-Sep-06 33.2 1.28 131 1.59 8.2 35.9 450
25-Oct-06 1.00 0.512 26.6 2 1.1 37.9 230
28-Nov-06 1.00 0.322 25.0 2 1.2 38.8 100
04-Jan-07 2.00 0.124 26.2 0.061 1.4 36.30 24
31-Jan-07 1.00 0.213 25.3 0.273 2.3 40.90 4
28-Feb-07 15.8 0.086 30.1 0.611 2.1 39.20 4
28-Mar-07 30.1 0.891 80.6 2.190 3.6 25.50 4
25-Apr-07 5.49 0.656 38.1 0.025 3.1 36.50 60

30-May-07 18.9 0.887 55.7 0.984 3.2 40.80 56
26-Jun-07 13.6 0.387 48.1 0.673 3.3 39.50 110
25-Jul-07 14.0 0.584 40.7 0.806 2.2 36.10 120

29-Aug-07 11.6 0.744 28.8 0.186 1.3 38.40 120
26-Sep-07 14.2 0.016 51.9 0.894 2.1 37.20 760
31-Oct-07 9.55 0.617 33.5 0.628 0.6 39.40 28
26-Nov-07 2.54 0.5 23.5 1.100 0.9 43.40 52
03-Jan-08 23.70 0.908 45.6 1.590 3.9 44.50 12
31-Jan-08 26.60 0.826 60.4 1.960 3.7 47.50 8
27-Feb-08 8.50 0.544 23.9 0.945 1.8 46.80 4
26-Mar-08 6.05 0.687 29.8 0.875 1.7 48.50 32
29-Apr-08 8.36 0.742 39.6 0.682 2.2 44.40 52

28-May-08 11.50 1.060 39.3 0.807 2.2 45.10 32
25-Jun-08 13.30 1.440 56.1 0.232 3.6 39.80 40
30-Jul-08 48.40 0.732 102.0 0.739 7.0 41.30 820

27-Aug-08 3.82 0.910 19.6 2 1.3 44.30 72
30-Sep-08 20.40 0.499 55.6 1.870 2.2 39.20 500
29-Oct-08 2.27 0.277 19.8 0.578 0.7 38.70 16
26-Nov-08 14.90 0.225 49.7 1.260 3.4 40.20 12

Note: Blue highlighted values are Detectable Limit values which have been used instead of negative 
values. 
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Table 6.0 Summary Statistics of the West Credit River Water Temperature (Erin SSMP 
stations) for summer 2008 

Site Name Site ID 
Average 

Daily Max 
(Target: 

20ºC)

Seasonal Max 
(Target: 26ºC) 

%
Exceedance 

over 26ºC 

West Credit u/s Hillsburgh, d/s 8th Line 151601 16 19.1 0.0% 
West Credit d/s Hwy 25, Hillsburgh 151703 16.1 19.6 0.0% 
West Credit d/s Head Pond, Hillsburgh 151701 21.2 26.8 0.3% 
West Credit d/s County Rd 24 151302 21 26.5 0.2% 
West Credit Trib at Caledon Rail Trail u/s 8th 
Line 151401* 18.5 23.8 0.0% 
West Credit at 8th Line Gauge 151002 19.4 24.6 0.0% 
West Credit d/s Main St, Erin 150807 22 28.3 2.2% 
South Trib. d/s Main St., Erin  150805* 16.7 20.4 0.0% 
East Trib. d/s 17th Sideroad (Wellington Rd 
124) 152003* 16.9 21.7 0.0% 
East Trib. d/s 10th Line/North West Credit R. 150804* 19.2 25.6 0.0% 
West Credit d/s 10th Line 150402 18.3 22.8 0.0% 
West Credit at Winston Churchill Blvd. 501150002 17.8 21.7 0.0% 

Note: Water Temperature Raw Data (°C) for the Erin SSMP stations is available in the Excel format 
(season 2008).
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Table 7.0 Calculated values of CCME Water Quality Index (WQI) for the Erin SSMP 
stations (2007-2008) 

Station Name Station ID WQI Rank 
West Credit u/s Hillsburgh, d/s 8th Line 151601 73.8 Fair 
West Credit d/s Hwy 25, Hillsburgh 151703 73.0 Fair 
West Credit d/s Head Pond, Hillsburgh 151701 73.2 Fair 
West Credit d/s County Rd 24 151302 83.1 Good 
West Credit Trib at Caledon Rail Trail u/s 8th Line 151401* 83.3 Good 
West Credit at 8th Line Gauge 151002 91.3 Good 
West Credit d/s Main St, Erin 150807 79.1 Fair 
South Trib. d/s Main St., Erin  150805* 82.3 Good 
East Trib. d/s 17th Sideroad (Wellington Rd 124) 152003* 67.1 Fair 
East Trib. d/s 10th Line/North West Credit R. 150804* 78.8 Fair 
West Credit d/s 10th Line 150402 87.8 Good 
Average value  79.3
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Table 8.0 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 

2008-06-23 11:00:00 17.76 473 8.35 146.3 13.64      
2008-06-23 11:30:00 18.29 467 8.4 154.6 14.26      
2008-06-23 12:00:00 18.71 442 8.42 148 13.53 17.15 471 7.5 103.7 9.79 
2008-06-23 12:30:00 19.16 419 8.45 147 13.32 17.45 473 7.55 103.7 9.73 
2008-06-23 13:00:00 19.61 439 8.46 155.3 13.95 17.81 467 7.59 103.9 9.68 
2008-06-23 13:30:00 19.81 410 8.45 155.9 13.95 18.15 468 7.62 104.5 9.66 
2008-06-23 14:00:00 20 416 8.43 154.1 13.73 18.47 470 7.64 104.3 9.58 
2008-06-23 14:30:00 20.25 438 8.45 156.8 13.91 18.8 471 7.67 106.2 9.7 
2008-06-23 15:00:00 20.48 445 8.46 156.2 13.79 19.17 473 7.68 106.5 9.65 
2008-06-23 15:30:00 20.37 412 8.47 160.7 14.22 19.25 477 7.67 104.9 9.49 
2008-06-23 16:00:00 20.08 445 8.44 158.7 14.12 19.02 463 7.66 101.8 9.25 
2008-06-23 16:30:00 19.85 439 8.43 171.1 15.29 18.61 459 7.59 98.8 9.05 
2008-06-23 17:00:00 19.89 451 8.42 170.7 15.24 18.49 467 7.55 98.8 9.08 
2008-06-23 17:30:00 19.92 445 8.42 167.7 14.97 18.62 469 7.54 98.9 9.06 
2008-06-23 18:00:00 19.99 443 8.4 169.9 15.14 18.56 472 7.53 98.6 9.05 
2008-06-23 18:30:00 19.9 431 8.39 177 15.8 18.23 476 7.51 97.3 8.98 
2008-06-23 19:00:00 19.75 456 8.37 170 15.22 18.04 477 7.5 95.9 8.89 
2008-06-23 19:30:00 19.57 420 8.35 165.5 14.88 17.89 477 7.5 94.7 8.81 
2008-06-23 20:00:00 19.34 427 8.34 161 14.53 17.79 473 7.5 95.1 8.87 
2008-06-23 20:30:00 19.13 447 8.33 148.3 13.45 17.63 474 7.49 95.1 8.89 
2008-06-23 21:00:00 18.94 443 8.31 152.6 13.89 17.43 475 7.48 94 8.82 
2008-06-23 21:30:00 18.8 442 8.28 151.9 13.87 17.27 476 7.47 93.3 8.79 
2008-06-23 22:00:00 18.63 415 8.25 142.9 13.09 17.16 477 7.46 92.5 8.73 
2008-06-23 22:30:00 18.39 410 8.2 128.4 11.82 17.07 477 7.45 91.4 8.64 
2008-06-23 23:00:00 18.17 418 8.15 136.9 12.66 16.95 476 7.44 90.9 8.62 
2008-06-23 23:30:00 17.97 467 8.12 131.7 12.22 16.89 476 7.43 88.8 8.43 
2008-06-24 00:00:00 17.77 472 8.11 132.9 12.39 16.78 474 7.43 88.4 8.42 
2008-06-24 00:30:00 17.59 450 8.09 127 11.89 16.59 474 7.42 87.4 8.35 
2008-06-24 01:00:00 17.4 442 8.06 124.5 11.7 16.46 462 7.42 86.5 8.29 
2008-06-24 01:30:00 17.22 449 8.03 127 11.97 16.36 449 7.42 87.5 8.4 
2008-06-24 02:00:00 17.04 451 8.01 121.2 11.47 16.29 374 7.4 87.9 8.45 
2008-06-24 02:30:00 16.86 452 7.98 120.9 11.49 16.21 374 7.41 88.8 8.56 
2008-06-24 03:00:00 16.72 474 7.96 120.9 11.52 16.19 373 7.4 88.8 8.56 
2008-06-24 03:30:00 16.53 467 7.94 121.5 11.63 16.17 373 7.43 89.3 8.61 
2008-06-24 04:00:00 16.42 475 7.93 120.3 11.54 16.17 373 7.39 90.6 8.74 
2008-06-24 04:30:00 16.29 476 7.93 119.7 11.51 16.18 372 7.43 90.7 8.74 
2008-06-24 05:00:00 16.19 478 7.93 116.1 11.19 16.2 369 7.39 90.8 8.75 
2008-06-24 05:30:00 16.08 480 7.92 115.2 11.12 16.19 369 7.4 90.1 8.69 
2008-06-24 06:00:00 16 488 7.93 114.7 11.1 16.16 369 7.37 90.8 8.76 
2008-06-24 06:30:00 15.93 489 7.93 115.8 11.21 16.18 370 7.4 91.1 8.78 
2008-06-24 07:00:00 15.9 486 7.94 116.5 11.3 16.22 368 7.39 91 8.76 
2008-06-24 07:30:00 15.86 484 7.97 118.1 11.45 16.23 367 7.41 91.6 8.82 
2008-06-24 08:00:00 15.85 482 8 122 11.84 16.3 366 7.37 91.8 8.83 
2008-06-24 08:30:00 15.93 485 8.06 125.1 12.12 16.37 439 7.38 93.8 9 
2008-06-24 09:00:00 16.1 473 8.15 130.8 12.62 16.53 365 7.4 93.9 8.99 
2008-06-24 09:30:00 16.31 479 8.26 138.3 13.3 16.67 364 7.41 95.5 9.11 
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Continued 
Table 8.0 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
2008-06-24 10:00:00 16.68 464 8.36 124.7 11.89 16.82 364 7.42 96.8 9.21 
2008-06-24 10:30:00 17.18 462 8.41 134.6 12.7 17.05 364 7.4 97.7 9.24 
2008-06-24 11:00:00 17.64 462 8.46 153.1 14.31 17.35 364 7.41 98.8 9.29 
2008-06-24 11:30:00 18.17 459 8.49 145.3 13.44 17.65 364 7.42 99.1 9.26 
2008-06-24 12:00:00 18.75 450 8.51 151 13.8 17.97 364 7.43 99.6 9.25 
2008-06-24 12:30:00 19.29 439 8.53 170.7 15.43 18.38 364 7.43 101.8 9.37 
2008-06-24 13:00:00 19.83 422 8.52 177.1 15.84 18.75 364 7.41 102.8 9.4 
2008-06-24 13:30:00 20.22 444 8.49 155.8 13.82 19.17 364 7.39 103.7 9.4 
2008-06-24 14:00:00 20.71 445 8.49 154.8 13.61 19.55 363 7.39 104.9 9.43 
2008-06-24 14:30:00 21.15 423 8.48 153.7 13.39 19.97 364 7.37 103.7 9.25 
2008-06-24 15:00:00 21.59 441 8.47 156.6 13.53 20.21 364 7.33 101.6 9.02 
2008-06-24 15:30:00 21.73 403 8.45 157.1 13.53 20.51 366 7.31 100.3 8.85 
2008-06-24 16:00:00 21.88 424 8.43 155.8 13.38 20.79 366 7.28 100.6 8.83 
2008-06-24 16:30:00 21.97 435 8.42 152.7 13.09 20.96 365 7.26 99.3 8.68 
2008-06-24 17:00:00 22.07 419 8.42 154.5 13.22 21.01 366 7.24 98.4 8.59 
2008-06-24 17:30:00 21.97 402 8.41 159.4 13.67 21.07 366 7.22 95.5 8.33 
2008-06-24 18:00:00 21.92 428 8.39 155.1 13.31 21.03 365 7.2 92.9 8.11 
2008-06-24 18:30:00 21.85 415 8.41 156.6 13.46 20.87 365 7.2 90.3 7.92 
2008-06-24 19:00:00 21.72 419 8.4 161.3 13.9 20.71 365 7.2 90.4 7.95 
2008-06-24 19:30:00 21.48 394 8.4 159.1 13.78 20.57 364 7.19 85.2 7.51 
2008-06-24 20:00:00 21.29 412 8.36 193.8 16.84 20.39 362 7.19 83.8 7.41 
2008-06-24 20:30:00 21.03 435 8.35 152.3 13.3 20.14 363 7.19 83.6 7.44 
2008-06-24 21:00:00 20.71 435 8.33 154.7 13.59 19.91 362 7.19 81.2 7.25 
2008-06-24 21:30:00 20.39 399 8.29 166.3 14.71 19.69 363 7.19 81.6 7.32 
2008-06-24 22:00:00 20.06 459 8.25 145.4 12.94 19.44 363 7.19 82.7 7.45 
2008-06-24 22:30:00 19.77 446 8.21 149.8 13.41 19.22 362 7.18 82.4 7.46 
2008-06-24 23:00:00 19.49 457 8.16 137 12.33 19 362 7.18 82.1 7.47 
2008-06-24 23:30:00 19.23 431 8.13 131.3 11.88 18.8 362 7.18 81 7.39 
2008-06-25 00:00:00 19.02 467 8.1 126.6 11.5 18.57 360 7.18 75.7 6.95 
2008-06-25 00:30:00 18.81 462 8.05 120.9 11.03 18.37 360 7.17 75.3 6.94 
2008-06-25 01:00:00 18.59 466 8.01 117 10.72 18.19 359 7.17 75.3 6.96 
2008-06-25 01:30:00 18.38 441 7.99 113.5 10.45 18.01 358 7.17 71.8 6.66 
2008-06-25 02:00:00 18.19 460 7.96 111 10.26 17.81 361 7.16 75 6.99 
2008-06-25 02:30:00 18.01 479 7.96 109.5 10.16 17.67 360 7.16 75.1 7.01 
2008-06-25 03:00:00 17.84 472 7.95 111 10.33 17.54 360 7.15 74.4 6.97 
2008-06-25 03:30:00 17.67 488 7.94 108.3 10.12 17.4 359 7.15 74.5 7.00 
2008-06-25 04:00:00 17.52 488 7.93 108.3 10.14 17.28 359 7.14 73.9 6.97 
2008-06-25 04:30:00 17.37 487 7.93 110 10.34 17.16 359 7.14 73.8 6.97 
2008-06-25 05:00:00 17.23 488 7.93 106.8 10.07 17.06 360 7.14 73.4 6.95 
2008-06-25 05:30:00 17.1 490 7.93 106.9 10.11 16.96 359 7.13 72.8 6.91 
2008-06-25 06:00:00 16.99 489 7.93 106.4 10.08 16.9 359 7.13 72.1 6.85 
2008-06-25 06:30:00 16.92 491 7.93 105.9 10.04 16.81 359 7.12 71.6 6.81 
2008-06-25 07:00:00 16.86 491 7.94 106.1 10.08 16.74 359 7.12 71.9 6.85 
2008-06-25 07:30:00 16.8 490 7.96 106.7 10.15      
2008-06-25 08:00:00 16.78 490 7.99 119.3 11.35      
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Table 8.0 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
2008-06-25 08:30:00 16.86 491 8.05 111 10.54      
2008-06-25 09:00:00 17.04 491 8.12 115.2 10.9      
2008-06-25 09:30:00 17.35 487 8.21 120.1 11.29      
2008-06-25 10:00:00 17.77 482 8.28 124.2 11.57      
2008-06-25 10:30:00 18.28 479 8.34 151.4 13.97      
2008-06-25 11:00:00 18.84 477 8.38 138.6 12.64      
2008-06-25 11:30:00 19.44 471 8.42 146.5 13.2      
2008-06-25 12:00:00 20.08 465 8.42 157.9 14.05      
2008-06-25 12:30:00 20.76 453 8.42 162.2 14.24      
2008-06-25 13:00:00 21.37 414 8.42 196.1 17.02      
2008-06-25 13:30:00 21.93 380 8.42 176.3 15.14      
2008-06-25 14:00:00 22.42 379 8.42 186 15.81      
2008-06-25 14:30:00 22.84 390 8.42 187.9 15.84      
2008-06-25 15:00:00 23.25 410 8.41 190.1 15.91      
2008-06-25 15:30:00 23.49 299 8.41 193.9 16.16      
2008-06-25 16:00:00 23.7 366 8.4 195 16.18      
2008-06-25 16:30:00 23.85 387 8.4 196.5 16.26      
2008-06-25 17:00:00 23.97 390 8.39 198 16.35      
2008-06-25 17:30:00 23.87 398 8.39 199.6 16.51      
2008-06-25 18:00:00 23.72 388 8.39 200 16.75      
2008-06-25 18:30:00 23.56 405 8.38 200 16.82      
2008-06-25 19:00:00 23.28 403 8.36 198 16.56      
2008-06-25 19:30:00 22.94 339 8.35 196.3 16.53      
2008-06-25 20:00:00 22.59 361 8.31 189.4 16.05      
2008-06-25 20:30:00 22.13 414 8.31 188.6 16.13      
2008-06-25 21:00:00 21.75 378 8.27 183.2 15.77      
2008-06-25 21:30:00 21.43 362 8.22 176.4 15.29      
2008-06-25 22:00:00 21.12 396 8.19 174.8 15.24      
2008-06-25 22:30:00 20.86 406 8.12 164.5 14.41      
2008-06-25 23:00:00 20.64 374 8.06 155.5 13.69      
2008-06-25 23:30:00 20.43 397 8.02 147.7 13.06      
2008-06-26 00:00:00 20.29 382 7.99 141.4 12.53      
2008-06-26 00:30:00 20.18 424 7.96 135.3 12.01      
2008-06-26 01:00:00 20.05 455 7.93 128.2 11.41      
2008-06-26 01:30:00 19.87 447 7.92 142.4 12.72      
2008-06-26 02:00:00 19.69 453 7.9 121.2 10.86      
2008-06-26 02:30:00 19.56 449 7.89 115.7 10.4      
2008-06-26 03:00:00 19.47 440 7.87 123.9 11.16      
2008-06-26 03:30:00 19.4 439 7.85 127.8 11.52      
2008-06-26 04:00:00 19.34 458 7.88 125.3 11.31      
2008-06-26 04:30:00 19.27 457 7.85 109.5 9.9      
2008-06-26 05:00:00 19.17 443 7.85 104.4 9.46      
2008-06-26 05:30:00 19.08 461 7.86 104.2 9.46      
2008-06-26 06:00:00 19 459 7.88 102.9 9.35      
2008-06-26 06:30:00 18.94 426 7.86 103.4 9.41      
2008-06-26 07:00:00 18.9 459 7.85 102.3 9.32      
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Table 8.0 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
2008-06-26 07:30:00 18.86 450 7.86 101.8 9.28      
2008-06-26 08:00:00 18.86 451 7.88 115.3 10.51      
2008-06-26 08:30:00 18.85 468 7.9 119.9 10.94      
2008-06-26 09:00:00 18.88 464 7.92 104.7 9.54      
2008-06-26 09:30:00 19.01 460 7.99 109.3 9.93      
2008-06-26 10:00:00 19.2 451 8.06 118.4 10.72      
2008-06-26 10:30:00 19.54 446 8.16 117 10.52      
2008-06-26 11:00:00 19.99 468 8.23 126.2 11.25      
2008-06-26 11:30:00 20.43 454 8.25 132.8 11.74      
2008-06-26 12:00:00 20.87 436 8.27 141.5 12.4      
2008-06-26 12:30:00 21.33 367 8.32 154.5 13.41      
2008-06-26 13:00:00 21.66 412 8.33 161.2 13.91      
2008-06-26 13:30:00 22.2 391 8.33 182.6 15.59      
2008-06-26 14:00:00 22.83 339 8.36 175.1 14.78      
2008-06-26 14:30:00 23.43 333 8.36 182 15.18      
2008-06-26 15:00:00 24.05 384 8.35 184.4 15.2      
2008-06-26 15:30:00 24.58 309 8.34 188.1 15.35      
2008-06-26 16:00:00 24.84 347 8.3 189.3 15.38      
2008-06-26 16:30:00 25.05 294 8.31 188.8 15.28      
2008-06-26 17:00:00 25.07 255 8.32 195.1 15.79      
2008-06-26 17:30:00 25.13 298 8.32 188.9 15.27      
2008-06-26 18:00:00 25.01 331 8.3 188.8 15.29      
2008-06-26 18:30:00 24.9 330 8.27 185.2 15.03      
2008-06-26 19:00:00 24.68 348 8.27 165.3 13.47      
2008-06-26 19:30:00 24.44 302 8.27 164.5 13.47      
2008-06-26 20:00:00 24.07 340 8.26 164.1 13.52      
2008-06-26 20:30:00 23.67 313 8.24 163.1 13.54      
2008-06-26 21:00:00 23.29 308 8.22 159 13.3      
2008-06-26 21:30:00 22.92 321 8.19 153.6 12.94      
2008-06-26 22:00:00 22.58 302 8.14 147.9 12.54      
2008-06-26 22:30:00 22.28 456 8.08 140.9 12.01      
2008-06-26 23:00:00 21.99 449 8.03 136.2 11.68      
2008-06-26 23:30:00 21.74 444 7.98 130.3 11.22      
2008-06-27 00:00:00 21.51 432 7.95 124.1 10.74      
2008-06-27 00:30:00 21.32 416 7.91 118.4 10.28      
2008-06-27 01:00:00 21.17 435 7.87 114.6 9.98      
2008-06-27 01:30:00 21.04 402 7.86 111.5 9.74      
2008-06-27 02:00:00 20.9 443 7.84 108.4 9.49      
2008-06-27 02:30:00 20.73 451 7.82 105.8 9.3      
2008-06-27 03:00:00 20.58 429 7.79 103.1 9.09      
2008-06-27 03:30:00 20.41 419 7.77 100.2 8.86      
2008-06-27 04:00:00 20.26 479 7.77 98.3 8.72      
2008-06-27 04:30:00 20.08 467 7.77 96.7 8.6      
2008-06-27 05:00:00 19.96 460 7.77 95.8 8.54      
2008-06-27 05:30:00 19.88 447 7.75 94.9 8.48      
2008-06-27 06:00:00 19.81 437 7.74 94.9 8.49      
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Table 8.0 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
2008-06-27 06:30:00 19.76 429 7.75 94.8 8.49      
2008-06-27 07:00:00 19.76 424 7.76 95.1 8.51      
2008-06-27 07:30:00 19.75 397 7.79 95.3 8.54      
2008-06-27 08:00:00 19.73 376 7.81 96.4 8.64      
2008-06-27 08:30:00 19.71 353 7.84 98.2 8.8      
2008-06-27 09:00:00 19.78 340 7.9 101.5 9.08      

Note: Hydrolab lost power on June 25, 7:30 AM at the site “West Credit at 8th Line Gauge”. 
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Table 8.1 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 

2008-06-23 13:00:00 19.45 494 8.16 106.3 9.6           
2008-06-23 13:30:00 19.69 493 8.19 105.3 9.4           
2008-06-23 14:00:00 20.02 493 8.23 107.6 9.6           
2008-06-23 14:30:00 20.28 493 8.25 106.8 9.5           
2008-06-23 15:00:00 20.41 493 8.26 105.7 9.3 16.8 555 8.29 107.1 10.18 
2008-06-23 15:30:00 20.44 497 8.24 102 9.0 16.81 550 8.29 102.9 9.78 
2008-06-23 16:00:00 20.35 485 8.26 101.1 8.9 16.79 548 8.27 99.5 9.46 
2008-06-23 16:30:00 20.08 468 8.25 100 8.9 16.56 524 8.23 95 9.08 
2008-06-23 17:00:00 19.92 448 8.25 100.6 9.0 16.74 524 8.23 95.5 9.09 
2008-06-23 17:30:00 19.45 392 8.24 97.9 8.8 16.63 512 8.18 91.8 8.76 
2008-06-23 18:00:00 19.5 430 8.21 97.6 8.8 16.78 486 8.13 89.3 8.5 
2008-06-23 18:30:00 19.51 448 8.19 97.4 8.8 16.56 443 8.08 86 8.22 
2008-06-23 19:00:00 19.32 451 8.16 97.4 8.8 16.38 451 8.06 85.2 8.17 
2008-06-23 19:30:00 19.17 452 8.12 97.3 8.8 16.4 470 8.06 85.5 8.2 
2008-06-23 20:00:00 19.03 456 8.09 96.7 8.8 16.37 474 8.06 85.6 8.22 
2008-06-23 20:30:00 18.9 463 8.06 96.1 8.8 16.29 480 8.06 85.3 8.2 
2008-06-23 21:00:00 18.7 465 8.03 95.4 8.7 16.24 497 8.06 85.4 8.22 
2008-06-23 21:30:00 18.46 464 8 94.3 8.7 16.18 506 8.07 85.1 8.19 
2008-06-23 22:00:00 18.2 463 7.96 93.8 8.7 16.08 510 8.06 84.7 8.17 
2008-06-23 22:30:00 17.95 464 7.93 93.6 8.7 15.95 514 8.05 84.2 8.15 
2008-06-23 23:00:00 17.72 467 7.91 93.2 8.7 15.82 516 8.05 84.4 8.19 
2008-06-23 23:30:00 17.5 469 7.9 92.6 8.7 15.68 520 8.05 84.1 8.19 
2008-06-24 00:00:00 17.29 471 7.88 92.4 8.7 15.52 521 8.04 84.2 8.23 
2008-06-24 00:30:00 17.08 474 7.88 92.2 8.7 15.35 521 8.03 84.2 8.26 
2008-06-24 01:00:00 16.88 479 7.87 91.6 8.7 15.17 523 8.03 84.4 8.31 
2008-06-24 01:30:00 16.68 479 7.86 91.3 8.7 15 525 8.03 84.4 8.34 
2008-06-24 02:00:00 16.5 482 7.86 91.2 8.7 14.83 527 8.03 84.5 8.38 
2008-06-24 02:30:00 16.32 483 7.86 91.7 8.8 14.66 529 8.03 84.4 8.39 
2008-06-24 03:00:00 16.17 485 7.86 91.5 8.8 14.52 530 8.03 84.6 8.45 
2008-06-24 03:30:00 16.04 487 7.85 91.5 8.8 14.41 533 8.03 85 8.5 
2008-06-24 04:00:00 15.92 488 7.86 91.9 8.9 14.3 535 8.03 85 8.52 
2008-06-24 04:30:00 15.8 490 7.86 91.8 8.9 14.19 537 8.03 84.9 8.54 
2008-06-24 05:00:00 15.68 490 7.86 91.8 8.9 14.07 538 8.03 85.1 8.57 
2008-06-24 05:30:00 15.55 491 7.86 91.2 8.9 13.96 539 8.03 85.3 8.62 
2008-06-24 06:00:00 15.45 492 7.86 91.5 9.0 13.85 541 8.03 85.3 8.63 
2008-06-24 06:30:00 15.36 492 7.86 91.6 9.0 13.75 542 8.04 85.7 8.7 
2008-06-24 07:00:00 15.29 493 7.87 92.2 9.1 13.68 543 8.04 86.3 8.77 
2008-06-24 07:30:00 15.25 493 7.85 92.8 9.1 13.64 544 8.05 87.1 8.86 
2008-06-24 08:00:00 15.24 494 7.88 93.4 9.2 13.64 545 8.06 88.3 8.98 
2008-06-24 08:30:00 15.31 493 7.9 94.2 9.2 13.67 546 8.07 89.4 9.09 
2008-06-24 09:00:00 15.45 493 7.91 95.3 9.3 13.71 547 8.09 90.8 9.23 
2008-06-24 09:30:00 15.74 494 7.95 96.9 9.4 13.82 547 8.1 92.5 9.37 
2008-06-24 10:00:00 16.1 493 7.97 97.8 9.4 13.99 547 8.12 94.3 9.52 
2008-06-24 10:30:00 16.55 493 8 98.8 9.4 14.25 548 8.14 96.9 9.73 
2008-06-24 11:00:00 17.11 493 8.04 100.2 9.5 14.51 548 8.16 98.8 9.86 
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Table 8.1 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-06-24 11:30:00 17.67 493 8.07 101.4 9.5 14.81 549 8.18 100.7 9.98 
2008-06-24 12:00:00 18.32 492 8.11 102.8 9.5 15.17 549 8.2 102.9 10.13 
2008-06-24 12:30:00 18.93 491 8.14 104.2 9.5 15.58 549 8.22 104.6 10.21 
2008-06-24 13:00:00 19.45 491 8.17 104.8 9.4 15.86 549 8.23 105.1 10.19 
2008-06-24 13:30:00 20.07 491 8.2 105.6 9.4 16.3 550 8.25 106.7 10.25 
2008-06-24 14:00:00 20.71 490 8.23 107.4 9.4 16.77 549 8.27 108.3 10.3 
2008-06-24 14:30:00 21.2 490 8.25 106.6 9.3 17.11 549 8.28 108.3 10.23 
2008-06-24 15:00:00 21.69 489 8.27 107.5 9.3 17.46 550 8.29 108.7 10.2 
2008-06-24 15:30:00 22.12 489 8.27 106.7 9.1 17.75 550 8.29 108.3 10.09 
2008-06-24 16:00:00 22.39 488 8.26 104.4 8.9 18.03 550 8.3 107.5 9.96 
2008-06-24 16:30:00 22.66 488 8.29 106.1 9.0 18.29 550 8.31 107.5 9.91 
2008-06-24 17:00:00 22.77 488 8.29 105.4 8.9 18.3 551 8.29 104.8 9.66 
2008-06-24 17:30:00 22.84 487 8.29 105.4 8.9 18.38 551 8.29 103.2 9.49 
2008-06-24 18:00:00 22.8 487 8.28 103.5 8.7 18.4 552 8.27 100.3 9.23 
2008-06-24 18:30:00 22.72 487 8.28 103 8.7 18.4 552 8.26 98 9.02 
2008-06-24 19:00:00 22.58 487 8.26 101.3 8.6 18.37 552 8.24 95.2 8.76 
2008-06-24 19:30:00 22.38 487 8.24 99.6 8.5 18.32 553 8.22 92.6 8.53 
2008-06-24 20:00:00 22.14 487 8.22 99.5 8.5 18.3 553 8.21 91.9 8.47 
2008-06-24 20:30:00 21.87 487 8.2 97.8 8.4 18.15 553 8.18 89.1 8.24 
2008-06-24 21:00:00 21.55 488 8.17 96.9 8.4 17.99 553 8.16 87.6 8.12 
2008-06-24 21:30:00 21.21 488 8.14 96 8.4 17.83 554 8.14 86.2 8.02 
2008-06-24 22:00:00 20.88 489 8.11 95.3 8.3 17.64 554 8.12 85.3 7.97 
2008-06-24 22:30:00 20.55 489 8.07 94.7 8.4 17.45 554 8.11 84.7 7.95 
2008-06-24 23:00:00 20.22 490 8.05 93.9 8.3 17.25 555 8.11 84.4 7.95 
2008-06-24 23:30:00 19.91 491 8.02 93.6 8.4 17.03 555 8.1 84.3 7.98 
2008-06-25 00:00:00 19.61 491 7.99 92.8 8.3 16.8 555 8.09 84.4 8.02 
2008-06-25 00:30:00 19.33 491 7.98 92.5 8.4 16.57 556 8.08 84.3 8.05 
2008-06-25 01:00:00 19.05 492 7.96 92.1 8.4 16.34 556 8.08 84.3 8.09 
2008-06-25 01:30:00 18.77 492 7.94 91.6 8.4 16.11 557 8.07 84.5 8.15 
2008-06-25 02:00:00 18.5 492 7.93 91.3 8.4 15.88 557 8.07 84.6 8.2 
2008-06-25 02:30:00 18.24 492 7.92 90.6 8.4 15.66 557 8.06 84.7 8.25 
2008-06-25 03:00:00 17.98 492 7.91 90.9 8.4 15.44 558 8.06 84.8 8.29 
2008-06-25 03:30:00 17.74 492 7.9 90.7 8.5 15.25 558 8.05 84.9 8.34 
2008-06-25 04:00:00 17.5 492 7.89 90.6 8.5 15.05 558 8.05 84.7 8.36 
2008-06-25 04:30:00 17.28 492 7.88 90.4 8.5 14.86 559 8.05 85 8.42 
2008-06-25 05:00:00 17.06 492 7.88 90.4 8.6 14.69 559 8.05 85.1 8.47 
2008-06-25 05:30:00 16.87 492 7.87 90.4 8.6 14.52 559 8.05 85.1 8.5 
2008-06-25 06:00:00 16.69 492 7.87 90.2 8.6 14.37 559 8.05 85.4 8.56 
2008-06-25 06:30:00 16.56 492 7.87 90.8 8.7 14.25 559 8.05 85.9 8.62 
2008-06-25 07:00:00 16.44 492 7.88 91.1 8.7 14.14 559 8.06 86.9 8.74 
2008-06-25 07:30:00 16.35 492 7.88 91.8 8.8 14.07 560 8.07 88 8.87 
2008-06-25 08:00:00 16.28 491 7.89 92.5 8.9 14.05 560 8.08 89.6 9.03 
2008-06-25 08:30:00 16.29 491 7.9 93.1 9.0 14.07 559 8.09 90.9 9.16 
2008-06-25 09:00:00 16.38 491 7.92 94.6 9.1 14.16 559 8.11 92.8 9.34 
2008-06-25 09:30:00 16.58 490 7.94 95.7 9.1 14.31 560 8.13 94.7 9.49 
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Continued 
Table 8.1 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-06-25 10:00:00 16.91 490 7.97 96.6 9.2 14.53 558 8.15 96.6 9.64 
2008-06-25 10:30:00 17.35 489 8 98.5 9.3 14.8 560 8.17 98.8 9.8 
2008-06-25 11:00:00 17.9 488 8.03 98.6 9.2 15.15 559 8.19 101.3 9.97 
2008-06-25 11:30:00 18.55 488 8.07 101.5 9.3 15.56 559 8.21 103.9 10.14 
2008-06-25 12:00:00 19.21 488 8.1 102.4 9.3 15.99 559 8.23 106.4 10.29 
2008-06-25 12:30:00 19.86 487 8.13 103.6 9.3 16.24 559 8.25 106.8 10.27 
2008-06-25 13:00:00 20.47 486 8.16 105.6 9.3 16.65 558 8.27 108.7 10.36 
2008-06-25 13:30:00 21.18 486 8.19 106.1 9.2 17.12 559 8.28 110.3 10.42 
2008-06-25 14:00:00 21.73 485 8.22 105.3 9.1 17.51 561 8.3 111.6 10.45 
2008-06-25 14:30:00 22.27 485 8.24 105.1 9.0 17.93 560 8.31 111.9 10.39 
2008-06-25 15:00:00 22.73 484 8.25 106.8 9.0 18.17 561 8.31 110.6 10.22 
2008-06-25 15:30:00 23.1 483 8.27 105.9 8.9 18.47 561 8.32 110.4 10.14 
2008-06-25 16:00:00 23.47 483 8.28 104.7 8.7 18.74 562 8.32 109.8 10.03 
2008-06-25 16:30:00 23.84 483 8.29 103.6 8.6 18.99 557 8.32 109 9.9 
2008-06-25 17:00:00 24.12 482 8.29 102.8 8.5 19.08 558 8.32 106.7 9.68 
2008-06-25 17:30:00 24.37 481 8.29 104.4 8.6 19.17 558 8.31 105 9.51 
2008-06-25 18:00:00 24.47 481 8.29 101.9 8.3 19.24 558 8.3 102.6 9.28 
2008-06-25 18:30:00 24.5 480 8.28 99.5 8.1 19.16 558 8.27 98.6 8.93 
2008-06-25 19:00:00 24.43 480 8.27 100.2 8.2 19.05 559 8.26 95.7 8.69 
2008-06-25 19:30:00 24.26 481 8.26 98.5 8.1 19.03 560 8.24 94.4 8.57 
2008-06-25 20:00:00 23.98 481 8.24 97 8.0 18.93 560 8.22 91.7 8.34 
2008-06-25 20:30:00 23.67 481 8.21 96.2 8.0 18.8 561 8.2 89.1 8.13 
2008-06-25 21:00:00 23.33 481 8.18 95.3 8.0 18.68 561 8.17 86.9 7.94 
2008-06-25 21:30:00 22.97 482 8.16 94.3 7.9 18.58 561 8.15 85 7.79 
2008-06-25 22:00:00 22.61 483 8.12 93.7 7.9 18.48 562 8.13 83.9 7.7 
2008-06-25 22:30:00 22.25 484 8.09 92.6 7.9 18.38 562 8.12 83.4 7.67 
2008-06-25 23:00:00 21.92 484 8.05 92 7.9 18.29 562 8.1 83 7.65 
2008-06-25 23:30:00 21.62 485 8.02 91.3 7.9 18.15 563 8.09 82.9 7.66 
2008-06-26 00:00:00 21.35 486 8 91.3 7.9 18 563 8.09 82.6 7.66 
2008-06-26 00:30:00 21.11 487 7.97 90 7.9 17.84 563 8.08 82.9 7.72 
2008-06-26 01:00:00 20.88 487 7.95 89.7 7.9 17.64 564 8.07 83.2 7.77 
2008-06-26 01:30:00 20.67 488 7.93 89 7.8 17.45 564 8.07 82.9 7.78 
2008-06-26 02:00:00 20.47 488 7.92 88.7 7.8 17.25 564 8.06 83.1 7.83 
2008-06-26 02:30:00 20.31 488 7.91 88.8 7.9 17.08 565 8.06 83.3 7.88 
2008-06-26 03:00:00 20.16 488 7.9 89.2 7.9 16.93 565 8.05 83.2 7.89 
2008-06-26 03:30:00 20.02 489 7.88 89 7.9 16.8 566 8.05 83.4 7.93 
2008-06-26 04:00:00 19.89 489 7.87 89.3 8.0 16.69 566 8.04 83.5 7.96 
2008-06-26 04:30:00 19.76 489 7.86 88.4 7.9 16.56 566 8.04 83.5 7.98 
2008-06-26 05:00:00 19.63 489 7.86 88.2 7.9 16.45 567 8.04 83.5 8 
2008-06-26 05:30:00 19.51 489 7.85 87.3 7.9 16.36 567 8.03 83.6 8.02 
2008-06-26 06:00:00 19.4 489 7.84 87.7 7.9 16.27 568 8.03 83.6 8.04 
2008-06-26 06:30:00 19.29 489 7.83 87.9 7.9 16.18 568 8.02 83.8 8.07 
2008-06-26 07:00:00 19.18 489 7.83 89.2 8.1 16.13 568 8.03 84.3 8.13 
2008-06-26 07:30:00 19.11 489 7.84 88.8 8.1 16.11 568 8.04 85.9 8.29 
2008-06-26 08:00:00 19.06 489 7.84 88.7 8.1 16.11 568 8.06 88.1 8.5 
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Continued 
Table 8.1 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 

2008-06-26 08:30:00 19.02 489 7.84 90.9 8.3 16.09 571 8.07 88.2 8.51 
2008-06-26 09:00:00 19.04 488 7.85 92.9 8.4 16.11 573 8.09 90.3 8.71 
2008-06-26 09:30:00 19.12 488 7.86 94.2 8.5 16.23 569 8.12 94.2 9.06 
2008-06-26 10:00:00 19.29 488 7.87 95.5 8.6 16.39 567 8.15 96.3 9.24 
2008-06-26 10:30:00 19.58 487 7.89 97.4 8.8 16.63 566 8.18 100.1 9.55 
2008-06-26 11:00:00 19.91 487 7.92 99 8.8 16.88 566 8.21 103.3 9.81 
2008-06-26 11:30:00 20.26 486 7.94 98.5 8.7 17.08 565 8.24 104.8 9.9 
2008-06-26 12:00:00 20.73 485 7.98 101.8 8.9 17.42 565 8.26 108 10.13 
2008-06-26 12:30:00 21.33 484 8.03 103.6 9.0 17.77 565 8.29 109.8 10.23 
2008-06-26 13:00:00 21.8 483 8.06 101.8 8.8 17.88 565 8.29 109.3 10.16 
2008-06-26 13:30:00 22.49 482 8.08 103.8 8.8 18.45 566 8.31 112.4 10.32 
2008-06-26 14:00:00 23.1 481 8.1 104.5 8.8 18.95 568 8.32 113.5 10.32 
2008-06-26 14:30:00 23.73 481 8.11 105.2 8.7 19.34 566 8.34 114.3 10.31 
2008-06-26 15:00:00 24.35 480 8.14 104.9 8.6 19.76 560 8.35 114.8 10.27 
2008-06-26 15:30:00 24.92 480 8.13 104 8.4 20.14 557 8.36 114.9 10.2 
2008-06-26 16:00:00 25.39 479 8.15 102.8 8.3 20.35 557 8.35 112.7 9.97 
2008-06-26 16:30:00 25.78 478 8.14 102.3 8.2 20.45 558 8.35 110.9 9.79 
2008-06-26 17:00:00 26.05 478 8.13 101.6 8.1 20.54 558 8.34 108.4 9.55 
2008-06-26 17:30:00 26.23 477 8.15 99.7 7.9 20.59 557 8.32 105.1 9.25 
2008-06-26 18:00:00 26.34 477 8.17 98.1 7.8 20.51 558 8.29 100.4 8.85 
2008-06-26 18:30:00 26.34 477 8.17 97.9 7.7 20.5 558 8.28 98.7 8.7 
2008-06-26 19:00:00 26.3 477 8.17 94.6 7.5 20.48 559 8.26 96.4 8.5 
2008-06-26 19:30:00 26.16 477 8.13 94.2 7.5 20.43 562 8.24 93.6 8.27 
2008-06-26 20:00:00 25.93 477 8.12 93 7.4 20.35 563 8.22 91.4 8.08 
2008-06-26 20:30:00 25.6 478 8.1 91.6 7.3 20.27 563 8.2 89.1 7.89 
2008-06-26 21:00:00 25.27 478 8.09 91.9 7.4 20.12 565 8.17 86.4 7.67 
2008-06-26 21:30:00 24.89 478 8.07 88.7 7.2 19.96 565 8.14 84.3 7.51 
2008-06-26 22:00:00 24.53 479 8.04 88.7 7.3 19.83 566 8.12 83 7.41 
2008-06-26 22:30:00 24.19 480 8.02 89.4 7.4 19.66 566 8.1 82.1 7.36 
2008-06-26 23:00:00 23.83 480 7.99 88.6 7.3 19.5 567 8.09 81.6 7.34 
2008-06-26 23:30:00 23.48 481 7.97 88.4 7.4 19.33 567 8.08 81.5 7.36 
2008-06-27 00:00:00 23.15 482 7.94 87.6 7.3 19.14 566 8.07 81.6 7.4 
2008-06-27 00:30:00 22.87 482 7.92 87.4 7.4 18.96 567 8.06 81.7 7.43 
2008-06-27 01:00:00 22.59 483 7.89 86.9 7.4 18.79 567 8.05 81.7 7.46 
2008-06-27 01:30:00 22.37 483 7.88 86.5 7.4 18.6 567 8.05 81.8 7.5 
2008-06-27 02:00:00 22.14 484 7.86 86.4 7.4 18.42 568 8.05 82 7.54 
2008-06-27 02:30:00 21.93 485 7.85 85.6 7.4 18.22 567 8.04 82.1 7.58 
2008-06-27 03:00:00 21.74 485 7.83 86.9 7.5 18.02 567 8.04 82.2 7.61 
2008-06-27 03:30:00 21.53 487 7.82 86.7 7.5 17.82 567 8.04 82.2 7.65 
2008-06-27 04:00:00 21.35 487 7.81 85.6 7.4 17.63 568 8.04 82.4 7.7 
2008-06-27 04:30:00 21.16 487 7.8 86 7.5 17.45 568 8.03 82.4 7.73 
2008-06-27 05:00:00 20.97 487 7.79 86.5 7.6 17.28 568 8.03 82.6 7.77 
2008-06-27 05:30:00 20.8 486 7.79 86.7 7.6 17.16 568 8.03 82.7 7.8 
2008-06-27 06:00:00 20.63 487 7.79 86.8 7.6 17.05 569 8.03 82.8 7.83 
2008-06-27 06:30:00 20.48 486 7.79 87 7.7 16.96 569 8.03 83.3 7.89 
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Continued 
Table 8.1 Hydrolab deployment raw data for the Erin SSMP stations (June 23-27, 2008): Station 
Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-06-27 07:00:00 20.35 487 7.79 87.5 7.7 16.91 569 8.03 84.5 8.02 
2008-06-27 07:30:00 20.25 487 7.8 88.5 7.8 16.86 570 8.03 85.5 8.12 
2008-06-27 08:00:00 20.17 487 7.8 89.5 7.9 16.84 569 8.05 87.8 8.34 
2008-06-27 08:30:00 20.15 486 7.81 90.3 8.0 16.88 569 8.08 89.9 8.54 
2008-06-27 09:00:00 20.17 486 7.83 91.8 8.2 16.94 569 8.1 91.9 8.71 

2008-06-27 09:30:00 20.25 486 7.83 93 8.2 17.02 569 8.12 94.3 8.92 
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Table 8.2 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 

2008-08-25 10:30           17.45 532 8.07 93.5 8.77 
2008-08-26 11:00           17.53 531 8.09 95.2 8.91 
2008-08-25 11:30 17.24 490 7.66 90.7 8.55 17.64 530 8.11 96.9 9.05 
2008-08-25 12:00 17.41 491 7.68 93.7 8.8 17.83 530 8.13 98.4 9.15 
2008-08-25 12:30 17.58 492 7.69 93.2 8.72 18.07 529 8.15 99.8 9.24 
2008-08-25 13:00 17.84 492 7.72 95 8.84 18.38 528 8.17 100.7 9.27 
2008-08-25 13:30 18.14 493 7.72 104.7 9.68 18.67 528 8.18 102 9.33 
2008-08-25 14:00 18.52 493 7.73 103.5 9.5 18.91 528 8.19 102.5 9.33 
2008-08-25 14:30 18.9 494 7.74 100.5 9.15 19.17 527 8.2 102.9 9.32 
2008-08-25 15:00 19.26 493 7.75 99.8 9.03 19.45 527 8.21 103.1 9.29 
2008-08-25 15:30 19.64 492 7.76 99.1 8.89 19.69 527 8.21 102.8 9.22 
2008-08-25 16:00 19.96 492 7.78 103.9 9.26 19.79 526 8.21 102.3 9.15 
2008-08-25 16:30 20.2 491 7.79 106.7 9.47 19.73 524 8.21 101.6 9.1 
2008-08-25 17:00 20.38 490 7.79 116.3 10.29 19.45 522 8.19 100 9.01 
2008-08-25 17:30 20.47 489 7.79 119.2 10.52 19.36 531 8.17 98.2 8.86 
2008-08-25 18:00 20.49 489 7.78 111.5 9.84 19.44 535 8.15 96.5 8.69 
2008-08-25 18:30 20.42 488 7.77 119.1 10.52 19.45 536 8.14 95.4 8.59 
2008-08-25 19:00 20.28 487 7.77 119 10.55 19.39 536 8.13 94.1 8.48 
2008-08-25 19:30 20.06 487 7.76 111.7 9.94 19.25 536 8.13 92.8 8.39 
2008-08-25 20:00 19.81 487 7.77 111 9.93 19.09 536 8.12 91.5 8.3 
2008-08-25 20:30 19.55 486 7.77 101.6 9.14 18.91 536 8.11 90.8 8.26 
2008-08-25 21:00 19.24 486 7.75 118 10.67 18.68 536 8.09 89.7 8.2 
2008-08-25 21:30 18.93 486 7.74 111.4 10.14 18.42 536 8.08 89.2 8.2 
2008-08-25 22:00 18.64 486 7.74 118.2 10.82 18.13 535 8.08 88.7 8.2 
2008-08-25 22:30 18.36 486 7.76 108.8 10.02 17.86 535 8.07 88.4 8.22 
2008-08-25 23:00 18.08 486 7.76 112.5 10.42 17.6 535 8.06 88.3 8.25 
2008-08-25 23:30 17.81 487 7.76 105.2 9.8 17.36 535 8.05 88.1 8.28 

2008-08-26 0:00 17.58 488 7.76 107.6 10.07 17.13 535 8.04 87.9 8.3 
2008-08-26 0:30 17.39 489 7.76 103.9 9.76 16.93 534 8.03 87.9 8.33 
2008-08-26 1:00 17.22 489 7.75 105.8 9.97 16.75 533 8.03 87.9 8.36 
2008-08-26 1:30 17.06 490 7.76 105.9 10.02 16.56 532 8.02 87.9 8.4 
2008-08-26 2:00 16.9 491 7.76 103.1 9.78 16.39 532 8.02 87.9 8.43 
2008-08-26 2:30 16.77 492 7.76 93.8 8.93 16.22 532 8.02 87.9 8.46 
2008-08-26 3:00 16.62 492 7.76 102.9 9.82 16.08 531 8.01 88 8.5 
2008-08-26 3:30 16.48 492 7.75 98.5 9.43 15.91 531 8.01 88.1 8.53 
2008-08-26 4:00 16.32 493 7.75 102.4 9.84 15.77 531 8.02 88.1 8.56 
2008-08-26 4:30 16.18 493 7.74 100.6 9.7 15.64 531 8.01 88.2 8.59 
2008-08-26 5:00 16.04 492 7.75 100.4 9.71 15.52 531 8.01 88.1 8.61 
2008-08-26 5:30 15.9 493 7.75 99.2 9.62 15.4 531 8.01 88.4 8.66 
2008-08-26 6:00 15.77 493 7.75 97.4 9.47 15.28 531 8.02 88.3 8.67 
2008-08-26 6:30 15.65 493 7.75 97.8 9.53 15.16 531 8.01 88.4 8.7 
2008-08-26 7:00 15.51 493 7.75 93.6 9.15 15.05 531 8.02 88.4 8.72 
2008-08-26 7:30 15.42 492 7.74 94.6 9.26 14.96 532 8.01 88.8 8.78 
2008-08-26 8:00 15.35 492 7.74 98.4 9.65 14.9 532 8.02 89.1 8.82 
2008-08-26 8:30 15.29 492 7.74 95.4 9.37 14.9 532 8.02 89.8 8.89 
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Continued 
Table 8.2 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-08-26 9:00 15.31 492 7.75 95.6 9.38 14.96 533 8.03 90.5 8.95 
2008-08-26 9:30 15.44 492 7.75 96.1 9.41 15.09 533 8.04 91.8 9.05 

2008-08-26 10:00 15.66 492 7.75 93.9 9.15 15.24 533 8.05 93 9.14 
2008-08-26 10:30 15.94 491 7.74 96.6 9.36 15.44 533 8.06 94.1 9.2 
2008-08-26 11:00 16.25 492 7.74 96.4 9.28 15.67 533 8.07 95.4 9.28 
2008-08-26 11:30 16.59 492 7.74 93.6 8.94 15.92 532 8.09 96.5 9.35 
2008-08-26 12:00 16.98 492 7.74 95.9 9.09 16.22 532 8.1 97.6 9.4 
2008-08-26 12:30 17.37 492 7.74 100.5 9.44 16.57 531 8.11 98.7 9.43 
2008-08-26 13:00 17.79 492 7.75 99.9 9.31 16.93 531 8.12 99.7 9.46 
2008-08-26 13:30 18.16 492 7.76 100.5 9.29 17.32 530 8.13 100.7 9.47 
2008-08-26 14:00 18.53 493 7.76 100.8 9.25 17.72 530 8.14 101.5 9.46 
2008-08-26 14:30 18.85 492 7.78 103.6 9.45 18.11 530 8.15 102.1 9.45 
2008-08-26 15:00 19.18 492 7.77 104.9 9.5 18.48 530 8.16 102.2 9.38 
2008-08-26 15:30 19.5 492 7.77 103.8 9.34 18.83 531 8.16 102.3 9.33 
2008-08-26 16:00 19.78 491 7.77 105.4 9.43 19.1 531 8.16 102 9.25 
2008-08-26 16:30 20.09 491 7.78 105.7 9.4 19.3 531 8.16 101.5 9.16 
2008-08-26 17:00 20.29 491 7.78 105.3 9.33 19.45 531 8.16 100.3 9.04 
2008-08-26 17:30 20.39 491 7.76 103.3 9.13 19.51 531 8.16 99.3 8.93 
2008-08-26 18:00 20.41 491 7.75 101.5 8.97 19.53 531 8.15 98.1 8.82 
2008-08-26 18:30 20.37 491 7.76 103.5 9.16 19.45 531 8.14 96.7 8.7 
2008-08-26 19:00 20.26 491 7.76 100.5 8.91 19.31 532 8.13 95.4 8.61 
2008-08-26 19:30 20.11 491 7.77 100.6 8.94 19.1 532 8.12 94 8.52 
2008-08-26 20:00 19.91 491 7.78 101 9.02 18.85 532 8.1 92.6 8.44 
2008-08-26 20:30 19.62 490 7.79 102.4 9.19 18.56 532 8.09 91.4 8.38 
2008-08-26 21:00 19.28 491 7.77 100.1 9.05 18.23 532 8.08 90.5 8.36 
2008-08-26 21:30 18.93 491 7.75 99.6 9.07 17.84 531 8.07 90 8.37 
2008-08-26 22:00 18.58 491 7.75 98.4 9.02 17.52 531 8.06 89.5 8.39 
2008-08-26 22:30 18.24 491 7.74 97.5 9 17.25 531 8.05 89.2 8.4 
2008-08-26 23:00 17.93 492 7.73 95.9 8.91 17 532 8.04 88.8 8.41 
2008-08-26 23:30 17.64 492 7.72 93.6 8.75 16.78 533 8.03 88.6 8.42 

2008-08-27 0:00 17.41 493 7.73 94.7 8.89 16.58 533 8.02 88.3 8.44 
2008-08-27 0:30 17.19 493 7.73 92.8 8.76 16.38 533 8.02 88.4 8.48 
2008-08-27 1:00 16.98 494 7.73 93.8 8.89 16.2 533 8.02 88.3 8.5 
2008-08-27 1:30 16.8 493 7.74 95.7 9.1 16.02 533 8.01 88.2 8.53 
2008-08-27 2:00 16.62 494 7.74 93.3 8.91 15.84 532 8.01 88.4 8.58 
2008-08-27 2:30 16.46 494 7.75 91.2 8.73 15.67 532 8.01 88.5 8.61 
2008-08-27 3:00 16.3 494 7.74 92.5 8.89 15.51 531 8.01 88.4 8.64 
2008-08-27 3:30 16.15 494 7.76 92.5 8.92 15.36 531 8.01 88.6 8.68 
2008-08-27 4:00 16 494 7.75 92 8.9 15.2 531 8.01 88.5 8.71 
2008-08-27 4:30 15.86 494 7.74 92.9 9.01 15.07 531 8 88.6 8.74 
2008-08-27 5:00 15.72 494 7.75 93.4 9.08 14.95 531 8.01 88.5 8.76 
2008-08-27 5:30 15.59 493 7.75 93.5 9.12 14.83 531 8 88.6 8.79 
2008-08-27 6:00 15.48 494 7.75 92.3 9.03 14.72 531 8.01 88.6 8.81 
2008-08-27 6:30 15.36 493 7.75 89.6 8.78 14.62 531 8 88.6 8.83 
2008-08-27 7:00 15.27 493 7.75 92.6 9.09 14.52 531 8 88.7 8.85 
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Continued 
Table 8.2 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-08-27 7:30 15.2 493 7.75 92.1 9.06 14.45 531 8 89 8.89 
2008-08-27 8:00 15.17 492 7.75 93.5 9.2 14.44 531 8.01 89.9 8.99 
2008-08-27 8:30 15.18 492 7.75 91.9 9.05 14.47 531 8.01 90.5 9.04 
2008-08-27 9:00 15.22 492 7.75 92.4 9.08 14.55 531 8.02 91.5 9.13 
2008-08-27 9:30 15.36 492 7.76 91.5 8.97 14.71 531 8.03 93 9.25 

2008-08-27 10:00 15.54 492 7.76 92.3 9.02 14.92 531 8.04 94.2 9.32 
2008-08-27 10:30 15.74 493 7.77 91.2 8.87 15.16 531 8.06 95.4 9.39 
2008-08-27 11:00 16.02 492 7.77 92.2 8.92 15.38 532 8.07 96.3 9.43 
2008-08-27 11:30 16.34 493 7.77 92.5 8.89 15.65 531 8.09 97.5 9.5 
2008-08-27 12:00 16.64 492 7.77 93.5 8.92 15.99 530 8.1 98.9 9.56 
2008-08-27 12:30 16.9 493 7.78 94.7 8.99 16.25 529 8.12 100.1 9.63 
2008-08-27 13:00 17.2 493 7.79 94.7 8.93 16.51 529 8.13 100.9 9.65 
2008-08-27 13:30 17.49 492 7.79 97 9.09 16.76 529 8.15 101.8 9.68 
2008-08-27 14:00 17.8 492 7.8 97.5 9.08 17.02 529 8.16 102.1 9.66 
2008-08-27 14:30 18.12 492 7.81 97 8.97 17.37 529 8.17 103 9.68 
2008-08-27 15:00 18.34 491 7.82 97.5 8.98 17.61 530 8.18 102.9 9.62 
2008-08-27 15:30 18.59 491 7.83 99.8 9.15 17.92 529 8.19 103.8 9.64 
2008-08-27 16:00 18.84 490 7.82 99.5 9.07 18.18 529 8.2 104 9.61 
2008-08-27 16:30 19.02 490 7.82 100.3 9.11 18.42 529 8.21 103.6 9.52 
2008-08-27 17:00 19.16 490 7.82 100.9 9.14 18.61 529 8.21 103.4 9.47 
2008-08-27 17:30 19.23 490 7.82 98.4 8.9 18.69 529 8.21 102.2 9.34 
2008-08-27 18:00 19.26 490 7.82 99.7 9.01 18.7 529 8.2 100.7 9.2 
2008-08-27 18:30 19.27 490 7.83 100.4 9.08 18.64 529 8.19 99.2 9.08 
2008-08-27 19:00 19.2 489 7.82 99 8.97 18.57 529 8.18 97.5 8.94 
2008-08-27 19:30 19.09 490 7.84 97.5 8.85 18.5 529 8.17 95.9 8.81 
2008-08-27 20:00 18.96 490 7.82 97.8 8.9 18.4 529 8.15 94.3 8.68 
2008-08-27 20:30 18.76 490 7.82 95.7 8.74 18.27 530 8.13 92.7 8.55 
2008-08-27 21:00 18.52 490 7.81 94.3 8.66 18.1 530 8.11 91.4 8.46 
2008-08-27 21:30 18.29 491 7.8 95.3 8.79 17.91 531 8.1 90.5 8.41 
2008-08-27 22:00 18.06 491 7.79 92.5 8.57 17.73 531 8.08 89.7 8.37 
2008-08-27 22:30 17.85 491 7.78 91.5 8.51 17.53 531 8.07 89.4 8.37 
2008-08-27 23:00 17.67 492 7.77 91.6 8.55 17.29 531 8.05 89.1 8.38 
2008-08-27 23:30 17.51 493 7.76 90.6 8.49 17.09 531 8.04 88.8 8.39 

2008-08-28 0:00 17.38 493 7.74 89.6 8.42 16.95 531 8.03 88.5 8.39 
2008-08-28 0:30 17.26 493 7.73 88.5 8.33 16.86 533 8.02 88.3 8.38 
2008-08-28 1:00 17.17 493 7.72 89 8.4 16.8 535 8.01 88.1 8.38 
2008-08-28 1:30 17.09 493 7.72 89 8.42 16.76 535 8.01 88 8.37 
2008-08-28 2:00 17.01 493 7.72 88.9 8.42 16.72 535 8 88.1 8.39 
2008-08-28 2:30 16.95 494 7.71 89.2 8.46 16.67 534 7.99 88.1 8.4 
2008-08-28 3:00 16.88 494 7.72 89.7 8.52 16.64 534 7.99 88 8.4 
2008-08-28 3:30 16.81 494 7.71 89.9 8.55 16.63 534 7.98 88.1 8.41 
2008-08-28 4:00 16.74 494 7.71 88.2 8.4 16.61 534 7.98 88 8.4 
2008-08-28 4:30 16.68 495 7.7 87.8 8.37 16.59 534 7.98 88 8.41 
2008-08-28 5:00 16.62 494 7.7 86 8.21 16.58 534 7.98 88.1 8.42 
2008-08-28 5:30 16.56 494 7.7 86 8.22 16.56 534 7.98 88.1 8.42 
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Continued 
Table 8.2 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-08-28 6:00 16.5 495 7.7 85.4 8.17 16.55 534 7.97 88.1 8.42 
2008-08-28 6:30 16.45 495 7.71 84.5 8.1 16.52 534 7.97 88 8.41 
2008-08-28 7:00 16.38 494 7.7 86 8.25 16.48 533 7.97 88.2 8.44 
2008-08-28 7:30 16.31 494 7.69 85.2 8.19 16.44 533 7.97 88.3 8.46 
2008-08-28 8:00 16.29 495 7.69 86.8 8.34 16.42 533 7.97 88.9 8.52 
2008-08-28 8:30 16.29 495 7.68 84.8 8.15 16.46 533 7.98 89.9 8.61 
2008-08-28 9:00 16.33 495 7.68 84.8 8.15 16.56 533 7.99 90.9 8.68 
2008-08-28 9:30 16.38 494 7.68 86.2 8.28 16.66 533 8 92.1 8.78 

2008-08-28 10:00 16.49 494 7.68 85.4 8.18 16.78 533 8.01 93 8.84 
2008-08-28 10:30 16.69 494 7.69 85.5 8.15 16.96 533 8.02 94.7 8.97 
2008-08-28 11:00 16.95 494 7.69 85.8 8.13 17.2 533 8.04 95.8 9.04 
2008-08-28 11:30 17.27 494 7.7 88.5 8.34 17.4 533 8.05 97.3 9.14 
2008-08-28 12:00 17.67 495 7.7 89.9 8.39 17.65 533 8.06 98.5 9.2 
2008-08-28 12:30 18.09 495 7.71 89.4 8.28 17.86 533 8.08 100 9.3 
2008-08-28 13:00 18.44 495 7.72 90 8.27 18.04 532 8.1 100.7 9.33 
2008-08-28 13:30 18.7 495 7.72 89.8 8.21 18.11 532 8.11 100.2 9.27 
2008-08-28 14:00 18.83 494 7.73 89.5 8.17 18.11 532 8.12 99.2 9.18 
2008-08-28 14:30 18.84 493 7.73 92.3 8.42 18.18 532 8.12 98.1 9.07 
2008-08-28 15:00 18.8 493 7.75 91.8 8.38 18.23 533 8.12 97.3 8.98 
2008-08-28 15:30 18.69 493 7.75 91.1 8.33 18.31 533 8.13 96.6 8.9 
2008-08-28 16:00 18.53 492 7.75 91.5 8.4 18.33 533 8.13 95.8 8.82 
2008-08-28 16:30 18.36 492 7.74 90.3 8.31 18.3 533 8.13 95.1 8.76 
2008-08-28 17:00 18.18 491 7.74 90.4 8.36 18.2 534 8.12 94.2 8.7 
2008-08-28 17:30 18 491 7.75 89.6 8.32 18.08 534 8.11 93.1 8.62 
2008-08-28 18:00 17.85 491 7.76 89.9 8.36 17.95 535 8.1 92.1 8.55 
2008-08-28 18:30 17.72 490 7.76 90 8.39 17.83 535 8.09 91.3 8.5 
2008-08-28 19:00 17.6 490 7.75 89.1 8.33 17.69 536 8.08 90.7 8.47 
2008-08-28 19:30 17.49 490 7.74 88.8 8.33 17.57 536 8.07 90.4 8.46 
2008-08-28 20:00 17.39 491 7.73 89.2 8.38 17.46 536 8.06 89.8 8.42 
2008-08-28 20:30 17.29 492 7.72 87.5 8.24 17.37 536 8.05 89.3 8.39 
2008-08-28 21:00 17.2 493 7.7 86.1 8.13 17.28 535 8.04 88.8 8.36 
2008-08-28 21:30 17.11 493 7.69 87.4 8.26 17.2 535 8.03 88.4 8.34 
2008-08-28 22:00 17.03 494 7.69 85.1 8.05 17.15 535 8.03 88.2 8.32 
2008-08-28 22:30 16.96 494 7.68 84.2 7.99 17.1 535 8.02 88.1 8.32 
2008-08-28 23:00 16.88 494 7.67 84.1 7.98 17.06 535 8.01 88 8.32 
2008-08-28 23:30 16.82 494 7.67 83.3 7.92 17.03 535 8.01 87.9 8.31 

2008-08-29 0:00 16.77 494 7.67 84 8 17.01 536 8.01 87.9 8.32 
2008-08-29 0:30 16.72 494 7.68 82.8 7.89 16.98 536 8 87.9 8.33 
2008-08-29 1:00 16.68 494 7.68 83.5 7.96 16.96 536 8 87.9 8.33 
2008-08-29 1:30 16.64 494 7.68 82.2 7.84 16.95 536 8 87.9 8.33 
2008-08-29 2:00 16.59 494 7.69 81.3 7.77 16.93 536 8 87.9 8.34 
2008-08-29 2:30 16.55 494 7.68 82.1 7.84 16.94 536 7.99 87.8 8.33 
2008-08-29 3:00 16.52 495 7.68 81.2 7.76 16.94 537 7.99 87.8 8.32 
2008-08-29 3:30 16.48 494 7.69 81.5 7.8 16.95 536 7.99 87.8 8.32 
2008-08-29 4:00 16.45 494 7.68 81.8 7.84 16.95 536 7.98 87.8 8.32 
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Continued 
Table 8.2 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-17-01 and 15-10-02 

Site name West Credit d/s Head Pond, Hillsburgh West Credit at 8th Line Gauge 
Site ID 15-17-01 15-10-02 

date / time Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
Temp 
(°C)

SpCond 
(μS/cm) pH DO

(%) 
DO

(mg/L) 
2008-08-29 4:30 16.42 495 7.69 81.3 7.8 16.96 536 7.98 87.7 8.31 
2008-08-29 5:00 16.39 494 7.69 81.4 7.81 16.97 536 7.97 87.7 8.31 
2008-08-29 5:30 16.37 494 7.69 80.8 7.75 16.97 537 7.97 87.7 8.31 
2008-08-29 6:00 16.35 494 7.69 80.3 7.71 16.97 537 7.96 87.8 8.31 
2008-08-29 6:30 16.33 495 7.69 80.6 7.74 16.98 538 7.96 87.5 8.29 
2008-08-29 7:00 16.31 494 7.69 80.6 7.74 16.98 538 7.95 87.6 8.29 
2008-08-29 7:30 16.3 495 7.69 80.1 7.7 16.98 539 7.95 87.7 8.3 
2008-08-29 8:00 16.29 495 7.69 80 7.69 16.99 540 7.95 88 8.34 
2008-08-29 8:30 16.3 495 7.69 80.2 7.71 17.01 540 7.95 88.5 8.38 

2008-08-29 9:00 16.32 494 7.69 79.8 7.67 17.04 540 7.96 89.2 8.43 
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Table 8.3 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-08-07 and 15-04-02

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

2008-08-25 12:30 18.05 535 8.13 102.6 9.51           
2008-08-25 13:00 18.57 534 8.16 104.4 9.57           
2008-08-25 13:30 19.15 534 8.19 105.4 9.55           
2008-08-25 14:00 19.79 534 8.22 105.9 9.47 16.0 613 8.28 116.2 11.23 
2008-08-25 14:30 20.4 534 8.24 105.7 9.34 16.31 614 8.3 117.4 11.28 
2008-08-25 15:00 20.98 533 8.26 105.8 9.24 16.55 614 8.31 117.5 11.22 
2008-08-25 15:30 21.48 533 8.27 104.7 9.06 16.7 614 8.32 116.6 11.11 
2008-08-25 16:00 21.9 533 8.28 103.8 8.91 16.81 614 8.32 115.6 10.98 
2008-08-25 16:30 22.26 532 8.29 102.8 8.76 16.9 613 8.32 114 10.81 
2008-08-25 17:00 22.51 531 8.3 101.9 8.64 16.92 613 8.3 111.3 10.55 
2008-08-25 17:30 22.61 531 8.29 101.7 8.61 16.88 613 8.28 107.6 10.21 
2008-08-25 18:00 22.61 531 8.29 99.9 8.45 16.81 613 8.25 103.5 9.83 
2008-08-25 18:30 22.59 531 8.29 98.7 8.36 16.74 615 8.21 98.9 9.41 
2008-08-25 19:00 22.46 531 8.28 97.7 8.3 16.69 617 8.18 95.7 9.11 
2008-08-25 19:30 22.23 531 8.27 96.6 8.24 16.62 618 8.14 92.7 8.84 
2008-08-25 20:00 21.91 531 8.26 95.8 8.22 16.53 619 8.11 90 8.6 
2008-08-25 20:30 21.51 531 8.24 94.6 8.18 16.4 619 8.07 87 8.34 
2008-08-25 21:00 21.06 532 8.22 94.1 8.2 16.27 618 8.04 84.8 8.15 
2008-08-25 21:30 20.58 532 8.19 93.3 8.22 16.16 617 8.02 83.8 8.08 
2008-08-25 22:00 20.12 532 8.18 92.7 8.24 16.05 615 8.01 83 8.02 
2008-08-25 22:30 19.64 533 8.15 92.1 8.26 15.92 614 8 82.7 8.01 
2008-08-25 23:00 19.21 533 8.13 91.8 8.31 15.79 613 7.99 82.6 8.03 
2008-08-25 23:30 18.81 533 8.11 91.2 8.32 15.64 612 7.99 82.8 8.06 

2008-08-26 0:00 18.44 533 8.09 90.8 8.35 15.46 611 7.99 82.8 8.1 
2008-08-26 0:30 18.1 533 8.07 90.4 8.36 15.27 610 7.99 83 8.15 
2008-08-26 1:00 17.75 533 8.05 89.9 8.38 15.04 610 7.98 83.1 8.19 
2008-08-26 1:30 17.43 534 8.04 89.8 8.42 14.81 610 7.98 83.2 8.25 
2008-08-26 2:00 17.15 535 8.02 89.6 8.45 14.56 610 7.98 83.4 8.32 
2008-08-26 2:30 16.89 536 8 89.2 8.46 14.31 610 7.98 83.7 8.39 
2008-08-26 3:00 16.65 537 7.99 88.9 8.48 14.07 610 7.97 83.7 8.44 
2008-08-26 3:30 16.42 538 7.98 88.9 8.52 13.82 610 7.97 83.8 8.49 
2008-08-26 4:00 16.22 538 7.97 88.9 8.56 13.59 610 7.96 84.1 8.57 
2008-08-26 4:30 16.03 539 7.96 88.8 8.58 13.35 610 7.96 84.2 8.62 
2008-08-26 5:00 15.82 539 7.96 88.6 8.6 13.14 611 7.96 84.4 8.68 
2008-08-26 5:30 15.63 539 7.95 88.7 8.65 12.92 612 7.95 84.4 8.73 
2008-08-26 6:00 15.44 539 7.95 88.8 8.69 12.73 613 7.95 84.6 8.78 
2008-08-26 6:30 15.24 539 7.94 88.9 8.73 12.55 614 7.95 84.6 8.82 
2008-08-26 7:00 15.06 539 7.94 89.1 8.79 12.39 614 7.95 84.8 8.88 
2008-08-26 7:30 14.87 539 7.94 89.6 8.88 12.24 614 7.96 86 9.02 
2008-08-26 8:00 14.74 539 7.95 90.3 8.97 12.13 615 7.97 86.7 9.13 
2008-08-26 8:30 14.65 538 7.96 91.3 9.09 12.08 615 7.98 88.4 9.31 
2008-08-26 9:00 14.61 538 7.97 92 9.17 12.1 615 8 90 9.48 
2008-08-26 9:30 14.64 538 7.98 93.2 9.28 12.17 614 8.01 91.9 9.66 

2008-08-26 10:00 14.74 537 8 94.3 9.36 12.31 614 8.04 94.2 9.88 
2008-08-26 10:30 14.96 536 8.02 95.6 9.45 12.48 614 8.06 96.5 10.07 
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Continued 
Table 8.3 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

2008-08-26 11:00 15.32 536 8.04 96.9 9.51 12.73 614 8.09 99.2 10.3 
2008-08-26 11:30 15.77 536 8.07 98.3 9.55 13.04 613 8.12 101.9 10.51 
2008-08-26 12:00 16.32 535 8.1 100.2 9.63 13.43 613 8.15 105.1 10.74 
2008-08-26 12:30 16.99 535 8.13 102.6 9.71 13.85 612 8.19 108.3 10.96 
2008-08-26 13:00 17.68 534 8.16 104 9.71 14.26 612 8.21 111 11.14 
2008-08-26 13:30 18.32 534 8.19 105.1 9.69 14.67 612 8.24 113.1 11.25 
2008-08-26 14:00 18.95 533 8.21 105.6 9.6 15.03 611 8.26 114.5 11.3 
2008-08-26 14:30 19.54 533 8.22 105.7 9.5 15.36 610 8.28 115.6 11.33 
2008-08-26 15:00 20.07 533 8.23 105.4 9.37 15.66 610 8.29 115.9 11.29 
2008-08-26 15:30 20.53 532 8.24 104.7 9.22 15.9 608 8.3 115.4 11.17 
2008-08-26 16:00 20.96 533 8.25 103.4 9.04 16.1 606 8.3 114.6 11.06 
2008-08-26 16:30 21.32 532 8.26 102.8 8.92 16.24 605 8.29 112.6 10.83 
2008-08-26 17:00 21.58 532 8.26 102 8.81 16.32 605 8.28 110 10.56 
2008-08-26 17:30 21.76 532 8.27 101.1 8.7 16.35 604 8.26 106.6 10.23 
2008-08-26 18:00 21.85 532 8.26 99.2 8.52 16.34 605 8.23 102.3 9.81 
2008-08-26 18:30 21.86 532 8.26 98.2 8.43 16.31 606 8.19 97.7 9.39 
2008-08-26 19:00 21.77 532 8.25 97.2 8.37 16.29 607 8.16 94.5 9.08 
2008-08-26 19:30 21.58 533 8.25 96.2 8.3 16.24 608 8.13 91.9 8.84 
2008-08-26 20:00 21.29 533 8.24 95.2 8.27 16.16 609 8.1 89.3 8.6 
2008-08-26 20:30 20.93 533 8.22 94.1 8.23 16.03 610 8.07 86.7 8.38 
2008-08-26 21:00 20.52 533 8.2 93.1 8.21 15.91 611 8.04 84.9 8.23 
2008-08-26 21:30 20.07 534 8.18 92.6 8.23 15.76 612 8.02 84.1 8.17 
2008-08-26 22:00 19.63 534 8.16 91.9 8.24 15.64 613 8.01 83.5 8.13 
2008-08-26 22:30 19.19 535 8.14 91.4 8.27 15.49 613 8 83 8.11 
2008-08-26 23:00 18.77 535 8.12 90.9 8.3 15.33 613 7.99 82.9 8.13 
2008-08-26 23:30 18.37 535 8.1 90.3 8.31 15.16 613 7.99 83 8.17 

2008-08-27 0:00 18.01 536 8.08 90 8.34 14.96 613 7.99 83.1 8.21 
2008-08-27 0:30 17.67 536 8.06 89.6 8.36 14.74 613 7.98 83.3 8.27 
2008-08-27 1:00 17.37 536 8.04 89.3 8.39 14.51 613 7.98 83.6 8.34 
2008-08-27 1:30 17.09 537 8.03 88.9 8.4 14.28 614 7.98 83.6 8.38 
2008-08-27 2:00 16.82 537 8.02 88.6 8.42 14.04 614 7.97 83.8 8.45 
2008-08-27 2:30 16.59 537 8 88.2 8.42 13.81 614 7.97 84 8.51 
2008-08-27 3:00 16.37 538 7.99 88.4 8.48 13.58 614 7.97 84.1 8.56 
2008-08-27 3:30 16.18 537 7.98 88.3 8.5 13.36 614 7.96 84.3 8.63 
2008-08-27 4:00 15.98 537 7.97 87.9 8.51 13.15 614 7.96 84.3 8.67 
2008-08-27 4:30 15.8 538 7.96 87.9 8.53 12.95 614 7.96 84.3 8.71 
2008-08-27 5:00 15.59 537 7.96 88.2 8.6 12.75 614 7.95 84.4 8.76 
2008-08-27 5:30 15.41 537 7.95 88 8.62 12.58 615 7.95 84.7 8.82 
2008-08-27 6:00 15.21 537 7.95 88.2 8.67 12.41 615 7.95 84.9 8.87 
2008-08-27 6:30 15.02 536 7.94 88.1 8.7 12.26 615 7.95 84.7 8.89 
2008-08-27 7:00 14.83 536 7.94 88.1 8.74 12.13 615 7.95 85.2 8.96 
2008-08-27 7:30 14.66 536 7.94 89 8.86 12.05 614 7.96 86.5 9.12 
2008-08-27 8:00 14.53 536 7.95 89.7 8.95 12.01 614 7.97 88 9.29 
2008-08-27 8:30 14.44 536 7.96 90.5 9.05 12 614 7.99 89.5 9.45 
2008-08-27 9:00 14.41 536 7.97 91.1 9.11 12.03 614 8 90.8 9.58 
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Continued 
Table 8.3 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

2008-08-27 9:30 14.48 536 7.99 93.6 9.36 12.2 613 8.04 94.7 9.95 
2008-08-27 10:00 14.55 536 8 93.5 9.33 12.33 613 8.06 96.2 10.08 
2008-08-27 10:30 14.74 535 8.02 95.7 9.5 12.54 613 8.09 99 10.32 
2008-08-27 11:00 15.06 535 8.04 96.5 9.52 12.76 612 8.11 101.1 10.49 
2008-08-27 11:30 15.44 535 8.07 98.6 9.65 13.08 612 8.14 103.7 10.68 
2008-08-27 12:00 15.94 534 8.1 100.6 9.74 13.45 611 8.17 106.7 10.9 
2008-08-27 12:30 16.4 534 8.12 101.2 9.7 13.69 611 8.2 108.3 11 
2008-08-27 13:00 16.86 534 8.15 102.5 9.74 13.91 610 8.22 110.2 11.15 
2008-08-27 13:30 17.27 533 8.18 104 9.79 14.1 610 8.25 111.5 11.23 
2008-08-27 14:00 17.57 533 8.18 102 9.54 14.14 609 8.24 109.7 11.04 
2008-08-27 14:30 17.93 532 8.21 103.2 9.59 14.31 609 8.26 111.2 11.15 
2008-08-27 15:00 18.2 531 8.23 103.3 9.54 14.48 608 8.27 111.4 11.13 
2008-08-27 15:30 18.5 530 8.25 105 9.64 14.71 607 8.28 112.3 11.16 
2008-08-27 16:00 18.75 530 8.27 105.3 9.62 14.96 607 8.29 113.2 11.19 
2008-08-27 16:30 18.99 529 8.27 104.2 9.47 15.12 607 8.29 112 11.03 
2008-08-27 17:00 19.23 529 8.28 103.5 9.36 15.21 607 8.29 110.4 10.85 
2008-08-27 17:30 19.44 529 8.29 102.9 9.27 15.39 606 8.29 109.6 10.73 
2008-08-27 18:00 19.59 528 8.29 101.3 9.1 15.43 607 8.27 105.7 10.34 
2008-08-27 18:30 19.7 528 8.29 99.9 8.95 15.46 608 8.24 102.6 10.04 
2008-08-27 19:00 19.73 528 8.29 98.9 8.85 15.47 608 8.22 99.8 9.76 
2008-08-27 19:30 19.7 529 8.28 97.3 8.72 15.45 608 8.18 96.1 9.4 
2008-08-27 20:00 19.6 529 8.27 96.1 8.63 15.38 609 8.14 92.2 9.03 
2008-08-27 20:30 19.43 529 8.26 94.9 8.55 15.31 610 8.1 89.2 8.75 
2008-08-27 21:00 19.23 529 8.25 94.2 8.52 15.24 610 8.07 87.2 8.57 
2008-08-27 21:30 19 530 8.23 93.6 8.51 15.17 611 8.05 85.5 8.41 
2008-08-27 22:00 18.75 530 8.21 93 8.5 15.11 611 8.02 84.5 8.32 
2008-08-27 22:30 18.51 531 8.19 92.2 8.47 15.06 611 8.01 83.8 8.26 
2008-08-27 23:00 18.28 532 8.17 91.6 8.45 15 612 8 83.8 8.28 
2008-08-27 23:30 18.09 533 8.14 90.9 8.42 14.92 612 7.99 83.6 8.27 

2008-08-28 0:00 17.9 534 8.12 90.5 8.41 14.83 612 7.99 83.5 8.28 
2008-08-28 0:30 17.74 535 8.11 90.3 8.42 14.74 612 7.98 83.7 8.31 
2008-08-28 1:00 17.61 535 8.09 89.6 8.37 14.64 612 7.98 83.8 8.34 
2008-08-28 1:30 17.49 536 8.07 89.3 8.37 14.54 613 7.98 83.8 8.36 
2008-08-28 2:00 17.38 536 8.05 89.1 8.37 14.45 613 7.98 83.8 8.37 
2008-08-28 2:30 17.3 537 8.04 88.6 8.34 14.36 613 7.97 83.9 8.4 
2008-08-28 3:00 17.22 537 8.03 88.6 8.35 14.28 613 7.97 83.9 8.42 
2008-08-28 3:30 17.15 538 8.02 88.3 8.33 14.2 614 7.96 83.9 8.43 
2008-08-28 4:00 17.08 538 8 88.1 8.33 14.12 614 7.96 84.1 8.46 
2008-08-28 4:30 17.01 538 7.99 88.1 8.34 14.06 614 7.96 83.8 8.45 
2008-08-28 5:00 16.95 538 7.98 88 8.34 14 615 7.96 84 8.48 
2008-08-28 5:30 16.88 538 7.97 87.7 8.33 13.95 615 7.95 84 8.48 
2008-08-28 6:00 16.81 538 7.97 87.9 8.35 13.91 615 7.95 84 8.49 
2008-08-28 6:30 16.74 538 7.96 87.8 8.35 13.86 614 7.95 84 8.51 
2008-08-28 7:00 16.65 538 7.96 87.7 8.37 13.79 614 7.95 84.1 8.53 
2008-08-28 7:30 16.58 537 7.96 88.5 8.46 13.75 615 7.95 85.3 8.66 
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Continued 
Table 8.3 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

2008-08-28 8:00 16.51 537 7.96 89.2 8.53 13.76 615 7.97 87 8.82 
2008-08-28 8:30 16.46 537 7.96 89.7 8.59 13.76 615 7.98 88.3 8.96 
2008-08-28 9:00 16.46 537 7.97 91.4 8.76 13.82 614 8 91.8 9.3 
2008-08-28 9:30 16.55 537 7.99 93.5 8.94 13.96 614 8.03 94.7 9.57 

2008-08-28 10:00 16.61 537 7.99 93.3 8.91 14.04 614 8.04 94.9 9.57 
2008-08-28 10:30 16.76 537 8.01 94.2 8.97 14.16 614 8.07 98.2 9.88 
2008-08-28 11:00 17.03 537 8.03 95.9 9.07 14.36 613 8.11 100.6 10.07 
2008-08-28 11:30 17.41 537 8.06 98.2 9.22 14.56 613 8.13 103.3 10.3 
2008-08-28 12:00 17.83 537 8.09 99.7 9.27 14.83 612 8.16 105.4 10.45 
2008-08-28 12:30 18.37 536 8.12 102.4 9.43 15.24 611 8.2 110.2 10.83 
2008-08-28 13:00 18.77 536 8.13 100.1 9.13 15.34 611 8.21 109 10.68 
2008-08-28 13:30 19.13 536 8.14 99 8.97 15.36 611 8.22 108.1 10.59 
2008-08-28 14:00 19.36 536 8.15 98.2 8.86 15.35 611 8.22 106 10.39 
2008-08-28 14:30 19.5 536 8.16 97.3 8.75 15.28 611 8.2 102.7 10.08 
2008-08-28 15:00 19.6 535 8.18 97.4 8.74 15.26 611 8.19 101.2 9.94 
2008-08-28 15:30 19.62 535 8.19 97.7 8.77 15.29 612 8.18 99.8 9.8 
2008-08-28 16:00 19.55 534 8.19 96.3 8.66 15.3 612 8.15 96.8 9.49 
2008-08-28 16:30 19.44 534 8.19 95.3 8.58 15.29 612 8.13 94.6 9.28 
2008-08-28 17:00 19.3 534 8.19 95.3 8.61 15.3 612 8.13 93.7 9.19 
2008-08-28 17:30 19.13 534 8.19 94.2 8.54 15.32 612 8.11 91.8 9 
2008-08-28 18:00 18.98 534 8.18 93.5 8.5 15.32 613 8.08 89.2 8.75 
2008-08-28 18:30 18.82 534 8.17 93.1 8.49 15.31 612 8.07 88.5 8.68 
2008-08-28 19:00 18.66 534 8.16 92.7 8.48 15.32 612 8.06 87.3 8.57 
2008-08-28 19:30 18.5 536 8.15 91.7 8.42 15.29 612 8.04 86.1 8.45 
2008-08-28 20:00 18.34 535 8.13 91.3 8.41 15.25 612 8.03 85.4 8.39 
2008-08-28 20:30 18.17 536 8.12 90.7 8.38 15.19 612 8.02 84.8 8.34 
2008-08-28 21:00 18.02 536 8.1 90.4 8.38 15.13 612 8.01 84.6 8.33 
2008-08-28 21:30 17.87 536 8.09 89.6 8.33 15.05 612 8 84.2 8.31 
2008-08-28 22:00 17.74 537 8.07 89.6 8.35 14.98 612 8 84 8.3 
2008-08-28 22:30 17.63 537 8.06 89 8.32 14.92 612 8 84.2 8.33 
2008-08-28 23:00 17.53 538 8.05 89 8.33 14.85 612 8 84.1 8.34 
2008-08-28 23:30 17.45 538 8.03 88.6 8.31 14.78 612 7.99 84.1 8.35 

2008-08-29 0:00 17.38 539 8.03 88.5 8.31 14.71 613 7.99 84.1 8.36 
2008-08-29 0:30 17.33 539 8.02 88 8.28 14.64 613 7.99 84.1 8.38 
2008-08-29 1:00 17.28 540 8.01 88.1 8.29 14.57 613 7.98 84.4 8.41 
2008-08-29 1:30 17.24 540 8 87.9 8.28 14.51 614 7.98 84.4 8.43 
2008-08-29 2:00 17.2 540 7.99 87.8 8.28 14.45 614 7.98 84.2 8.42 
2008-08-29 2:30 17.16 541 7.99 87.5 8.26 14.4 614 7.97 84.3 8.43 
2008-08-29 3:00 17.13 541 7.98 87.5 8.26 14.35 614 7.97 84.5 8.46 
2008-08-29 3:30 17.08 541 7.97 87.6 8.28 14.3 615 7.97 84.4 8.46 
2008-08-29 4:00 17.04 542 7.97 87.5 8.27 14.27 615 7.96 84.3 8.46 
2008-08-29 4:30 17 542 7.96 87.5 8.28 14.23 615 7.96 84.4 8.47 
2008-08-29 5:00 16.96 542 7.96 87.1 8.26 14.21 615 7.95 84.4 8.48 
2008-08-29 5:30 16.92 543 7.95 87.5 8.3 14.19 615 7.95 84.4 8.48 

           

E r i n

E n v i r
A p p e n 4



Continued 
Table 8.3 Hydrolab deployment raw data for the Erin SSMP stations (August 25-29, 2008): 
Station Nos. 15-08-07 and 15-04-02 

Site name West Credit d/s Main St., Erin West Credit d/s 10th Line 
Site ID 15-08-07 15-04-02 

date / time 
Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

Temp 
(°C)

SpCond 
(μS/cm) pH DO (%) 

DO
(mg/L) 

2008-08-29 6:00 16.89 543 7.95 87.1 8.27 14.18 616 7.95 84.4 8.49 
2008-08-29 6:30 16.86 543 7.95 87.5 8.3 14.16 616 7.94 84.4 8.49 
2008-08-29 7:00 16.84 543 7.94 87.3 8.29 14.14 616 7.93 84.3 8.48 
2008-08-29 7:30 16.82 543 7.94 87.6 8.32 14.11 616 7.93 84.6 8.52 
2008-08-29 8:00 16.82 542 7.94 88 8.37 14.11 617 7.94 85.8 8.64 
2008-08-29 8:30 16.83 542 7.94 88.2 8.38 14.12 617 7.95 87.1 8.77 

2008-08-29 9:00 16.84 542 7.94 88.4 8.4 14.12 617 7.95 87.2 8.78 
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Table 1.0 Flow Measurement Data Summary  

SITE FLOW SUMMARY
Date: 23-Jul-07 6-Sep-07 14-Oct-08 15-Oct-08 5-Nov-08 4-Sep-09 18-Sep-09

TA REF CVC REF Flow (L/s) Flow (L/s) Flow (L/s) Flow (L/s) Flow (L/s) Flow (L/s) Flow (L/s)
BELFOUNTAIN  # 4 755.4 645.2 n/a n/a n/a n/a n/a

#21 759.8 n/a n/a n/a 963.0 n/a n/a
# 5 no flow dry n/a n/a n/a n/a n/a
#6 no flow no flow n/a n/a n/a n/a n/a

#10 Station 9 286.3 218.2 369.7 n/a 467.9 353.1 n/a
#9 Station 8 49.0 27.5 91.4 n/a 100.9 72.7 n/a
#8 500.6 352.5 n/a n/a 845.2 n/a n/a

#7 pond discharge 28.6 6.3 n/a n/a 118.6 72.2 n/a
#20 20.9 12.0 n/a n/a n/a n/a n/a
#19 no flow dry n/a n/a n/a n/a n/a
#13 Gauge Station 12 293.4 288.4 364.4 n/a 509.7 398.8 377.8
#14 13.8 3.8 n/a n/a n/a n/a n/a
#15 Station 16 99.9 91.6 111.3 n/a 121.0 142.6 n/a
#16 Station 15 124.4 139.7 163.9 n/a 162.8 138.5 n/a
#17 Station 14 263.6 188.8 278.0 n/a 253.1 n/a n/a
#18 114.7 241.5 n/a n/a 410.5 n/a n/a
#22 6.9 9.9 n/a n/a 85.7 n/a n/a
#23 5.8 5.5 n/a n/a 10.5 n/a n/a
H1 n/a n/a n/a n/a n/a 47.0 n/a
H3 n/a n/a n/a n/a n/a 241.9 n/a
H4 n/a n/a n/a n/a n/a 164.5 n/a

MOE Erin B n/a n/a n/a 726.5 838.2 525.0 464.3
MOE Erin C n/a n/a n/a 107.7 101.9 89.2 56.5
MOE Erin D n/a n/a n/a 141.4 185.8 124.3 92.8
MOE Erin E n/a n/a n/a 408.9 536.2 395.7 350.0
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Table 1.1 Flow Measurement Data: July 23, 2007 

Site: BELFOUNTAIN  # 4 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.22
0.5 0.41 0.31 0.027163 27.1625

1 0.37 0 0.030225 30.225
2 0.38 0.35 0.065625 65.625
3 0.41 0.32 0.132325 132.325
4 0.38 0.4 0.1422 142.2
5 0.4 0.24 0.1248 124.8
6 0.44 0.41 0.1365 136.5

6.5 0.39 0.3 0.073663 73.6625 total
7 0 0.17 0.022913 22.9125 755.4125

Site: #21 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.18 0.31
1 0.27 0.36 0.075375 75.375
2 0.3 0.38 0.10545 105.45
3 0.3 0.3 0.102 102
4 0.29 0.29 0.087025 87.025
5 0.31 0.33 0.093 93
6 0.28 0.28 0.089975 89.975
7 0.31 0.31 0.087025 87.025
8 0.17 0.32 0.0756 75.6 total

9.1 0.14 0.2 0.04433 44.33 759.78

Site: # 5 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0 0 very still water, no flow unable to measure

Site: #6
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0 0 very still water, no flow unable to measure

Site: #10 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.42 0.07
0.5 0.49 0.17 0.0273 27.3

1 0.57 0.18 0.046375 46.375
1.5 0.57 0.25 0.061275 61.275

2 0.57 0.14 0.055575 55.575
2.5 0.55 0.2 0.0476 47.6 total

3 0.55 0.15 0.048125 48.125 286.25
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Site: #9 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.16 0
0.3 0.2 0.12 0.00324 3.24
0.6 0.21 0.19 0.009533 9.5325
0.9 0.24 0.29 0.0162 16.2
1.1 0.25 0.27 0.01372 13.72 total
1.3 0.17 0.03 edge of active flow 0.0063 6.3 48.9925

Site: #8 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.2 0.02
0.8 0.26 0.13 0.0138 13.8
1.8 0.32 0.19 0.0464 46.4
2.8 0.41 0.2 0.071175 71.175
3.8 0.46 0.19 0.084825 84.825
4.8 0.48 0.28 0.11045 110.45
5.8 0.48 0.03 0.26 0.0912 91.2
6.8 0.46 0.01 0.15 0.052875 52.875
7.8 0.45 0.02 0.0273 27.3 total
8.6 0.2 0 0.0026 2.6 500.625

Site: #7 pond discharge 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.07 0.01 estimate v
0.5 0.15 0.17 0.00495 4.95

1 0.13 0.18 0.01225 12.25
1.5 0.1 0.12 0.008625 8.625

2 0.065 0.01 estimate v 0.002681 2.68125 total
2.2 0.05 0.01 estimate v 0.000115 0.115 28.62125

Site #20 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.16 0.01
0.4 0.17 0.01 0.00066 0.66
0.8 0.17 0.34 0.0119 11.9
1.1 0.14 0.01 0.008138 8.1375 total
1.3 0.06 0.01 0.0002 0.2 20.8975

Site: #19
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0.45 0.15 to shallow to measure
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Site: #13 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0.3 0.15 0.13
1 0.17 0.26 0.02184 21.84
2 0.19 0.41 0.0603 60.3
3 0.18 0.46 0.080475 80.475
4 0.14 0.37 0.0664 66.4
5 0.12 0.31 0.0442 44.2

5.6 0.095 0.21 0.01677 16.77 total
6.2 0 0.03 0.00342 3.42 293.405

Site #14 pond discharge nearby 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.08 0.05
0.2 0.08 0.34 0.00312 3.12
0.4 0.09 0.37 0.006035 6.035

0.57 0.07 0.21 0.003944 3.944 total
0.64 0.02 0.21 est v 0.000662 0.6615 13.7605

Site: #15 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.16 0.08
0.5 0.27 0.23 0.016663 16.6625

1 0.23 0.22 0.028125 28.125
1.5 0.22 0.22 0.02475 24.75

2 0.18 0.22 0.022 22 total
2.25 0.17 0.16 edge of active flow 0.008313 8.3125 99.85

Site: #16 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.21 0.15
0.5 0.25 0.08 0.31 0.0207 20.7

1 0.23 0.27 0.0264 26.4
1.5 0.21 0.15 0.0231 23.1

2 0.18 0.22 0.018038 18.0375
2.5 0.26 0.23 0.02475 24.75 total

3 0.12 0.01 edge of active flow 0.0114 11.4 124.3875

Site; #17 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.3 0.12
0.5 0.33 0.35 0.037013 37.0125

1 0.44 0.4 0.34 0.069942 69.94167
1.5 0.4 0.46 0.4 0.084 84

2 0.31 0.12 0.057983 57.98333 total
2.5 0.14 0.14 0.014625 14.625 263.5625
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Site: #18 culvert #1 north two culverts 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.18
0.4 0.19 0.26 0.00836 8.36

1 0.3 0.1 0.02646 26.46
1.5 0.29 0.21 0.022863 22.8625

2 0.2 0.21 0.025725 25.725
2.5 0.16 0.21 edge of flow (weeds) 0.0189 18.9 subtotal

102.3075
culvert #2   south

0 0 0.02
0.3 0.165 0.18 0.002475 2.475
0.4 0.2 0.15 0.003011 3.01125
0.5 0.24 0.14 0.00319 3.19

0.6 0.25 0.06 0.00245 2.45
0.7 0.25 0.04 edge of flow (weeds) 0.00125 1.25 subtotal

12.37625
total 114.6838

Site: #22 box culvert with 1929 at D/S edge 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.11 0.01
0.2 0.12 0.02 0.000345 0.345
0.4 0.16 0.07 0.00126 1.26
0.6 0.16 0.05 0.00192 1.92
0.8 0.17 0.04 0.001485 1.485

1 0.12 0.03 0.001015 1.015
1.2 0.05 0.04 0.000595 0.595 total
1.5 0.05 0 0.0003 0.3 6.92

Site: #23 box culvert with 1928 at D/S edge 23-Jul-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.03 0
0.2 0.085 0.16 0.00092 0.92
0.4 0.085 0.17 0.002805 2.805 total
0.6 0.06 0.11 0.00203 2.03 5.755
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Table 1.2 Flow Measurement Data: September 6, 2007 

Site: BELFOUNTAIN  # 4 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.08 0
0.5 0.34 0.25 0.22 0.0116875 11.6875

1 0.37 0.38 0.17 0.0452625 45.2625
2 0.35 0.21 0.22 0.0882 88.2
3 0.36 0.26 0.2 0.0789875 78.9875
4 0.23 0.39 0.28 0.0833375 83.3375
5 0.36 0.47 0.46 0.118 118
6 0.34 0.41 0.25 0.139125 139.125

6.5 0.4 0.42 0.22 0.060125 60.125 total
7 0 0.18 0 0.0205 20.5 645.225

Site: # 5 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0 0 dry

Site: #6 06-Aug-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0 0 very still water, no flow unable to measure

Site: #10 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.42 0.1 0.11
0.5 0.48 0.2 0.13 0.030375 30.375

1 0.49 0.2 0.16 0.0418313 41.83125
1.5 0.49 0.21 0.12 0.0422625 42.2625

2 0.49 0.2 0.13 0.040425 40.425
2.5 0.39 0.2 0.17 0.0385 38.5 total

3 0.32 0.12 0.07 0.02485 24.85 218.2438

Site: #9 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.16 0 weeds to edge
0.25 0.17 0.03 0.0006188 0.61875
0.5 0.17 0.11 0.002975 2.975

0.75 0.17 0.17 0.00595 5.95
1 0.21 0.25 0.009975 9.975

1.25 0.21 0.03 edge of active flow 0.00735 7.35 total
1.5 0.15 0 weeds to edge 0.000675 0.675 27.54375

Site: #8 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.075 0.05
1 0.22 0.08 0.06 0.0093417 9.341667
2 0.34 0.14 0.11 0.0273 27.3
3 0.42 0.16 0.13 0.0513 51.3
4 0.51 0.16 0.13 0.067425 67.425
5 0.5 0.19 0.18 0.083325 83.325
6 0.48 0.13 0.06 0.0686 68.6
7 0.5 0.06 0.03 0.0343 34.3

7.8 0.46 0.01 0.01 0.01056 10.56 total
8 0 0 0.0003067 0.306667 352.4583
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Site: #7 pond discharge 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.06 0 weeds to .20
0.5 0.09 0.06 0.001125 1.125

1 0.11 0.08 0.0035 3.5 total
1.5 0.06 0 edge of stream 0.0017 1.7 6.325

Site #20 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.05 0.07
0.5 0.15 0.06 0.00325 3.25

1 0.15 0.1 0.006 6 total
1.5 0.07 0 weeds 1.10 to 1.5 0.00275 2.75 12

Site: #19 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 dry dry

Site: #13 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

1.3 0.03 0.04
2 0.09 0.06 0.0021 2.1

2.5 0.1 0.31 0.0087875 8.7875
3 0.12 0.26 0.015675 15.675

3.5 0.14 0.49 0.024375 24.375
4 0.15 0.43 0.03335 33.35

4.5 0.17 0.54 0.0388 38.8
5 0.17 0.45 0.042075 42.075

5.5 0.15 0.51 0.0384 38.4
6 0.15 0.47 0.03675 36.75

6.5 0.17 0.36 0.0332 33.2 total
7 0.12 0.05 0.0148625 14.8625 288.375

Site #14 pond discharge nearby 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0.2 0.01 0
0.5 0.04 0.01 0.0000375 0.0375
0.8 0.08 0.09 0.0009 0.9
1.1 0.05 0.16 edge of water 0.0024375 2.4375
1.3 0 0 0.0004 0.4 total
1.8 0 0 culvert edge to edge 1.80 M 0 0 3.775

Site: #15 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.165 0
0.5 0.28 0.06 0.0033375 3.3375

1 0.3 0.27 0.023925 23.925
1.5 0.24 0.23 0.03375 33.75

2 0.23 0.18 0.0240875 24.0875 total
2.5 0.06 0 weeds 2.20 to 2.50 0.006525 6.525 91.625
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Site: #16 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.05 0.01
0.5 0.15 0.02 0.00075 0.75

1 0.26 0.23 0.0128125 12.8125
1.5 0.33 0.28 0.0376125 37.6125

2 0.28 0.21 0.0373625 37.3625
2.5 0.23 0.25 0.029325 29.325

3 0.14 0.14 0.0180375 18.0375 total
3.4 0.13 0 edge of active flow 0.00378 3.78 139.68

Site; #17 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.08 0.05
0.5 0.3 0.22 0.19 0.0145667 14.56667

1 0.3 0.33 0.19 0.034875 34.875
1.5 0.39 0.41 0.29 0.0526125 52.6125

2 0.35 0.31 0.25 0.058275 58.275
2.5 0.1 0.14 0.02625 26.25 total
2.7 0.09 0.09 0.002185 2.185 188.7642

Site: #18 culvert #1 north two culverts 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.2 0.06
0.5 0.25 0.62 0.57 0.046875 46.875

1 0.26 0.48 0.44 0.0672563 67.25625
1.5 0.22 0.57 0.32 0.0543 54.3

2 0.16 0.39 0.0405333 40.53333
2.3 0.13 0.13 0.01131 11.31 subtotal

220.2746
culvert #2   south

0 0.12 0 weeds to 1.5
0.2 0.2 0.07 0.00112 1.12
0.4 0.22 0.32 0.00819 8.19
0.6 0.21 0.12 0.00946 9.46
0.8 0.2 0 0.00246 2.46
1.1 0.1 0 0 0
1.2 0.04 0 edge of flow (weeds) 0 0 subtotal

21.23
total 241.5046

Site: #22 box culvert with 1929 at D/S edge 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.01 0
0.2 0.04 0 0 0
0.4 0.11 0 0 0
0.6 0.14 0.07 0.000875 0.875
0.8 0.13 0.1 0.002295 2.295

1 0.1 0.12 0.00253 2.53
1.2 0.09 0.11 0.002185 2.185 total
1.5 0.06 0.07 0.002025 2.025 9.91

Site: #23 box culvert with 1928 at D/S edge 06-Sep-07
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0
0.5 0.01 0 edge of water 0 0

0.75 0.02 0 to shallow to measure 0 0
1 0.04 0.06 0.000225 0.225

1.25 0.04 0.11 0.00085 0.85
1.5 0.05 0.12 0.0012938 1.29375

1.75 0.05 0.16 0.00175 1.75
2 0.03 0.07 0.00115 1.15 total

2.25 0.02 0 edge of water 0.0002188 0.21875 5.4875
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Table 1.3 Flow Measurement Data: October 14, 2008 
Site: #10 CVC Station 9 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.66 0.17 0.13
0.5 0.63 0.24 0.15 0.0556313 55.63125

1 0.64 0.27 0.22 0.06985 69.85
1.5 0.62 0.25 0.21 0.0748125 74.8125

2 0.57 0.26 0.2 0.068425 68.425
2.5 0.48 0.22 0.17 0.0557813 55.78125 total

3.04 0.45 0.18 0.15 0.045198 45.198 369.698

Site: #9 CVC Station 8 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.12 0.11
0.5 0.27 0.24 0.0170625 17.0625

1 0.28 0.33 0.0391875 39.1875
1.5 0.25 0.14 0.0311375 31.1375
1.7 0.24 0.01 0.003675 3.675 total
2.1 0.11 0 0.00035 0.35 91.4125

Site: #13 CVC Gauge Station 12 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.04 0.12
0.5 0.12 0.23 0.007 7

1 0.17 0.25 0.0174 17.4
1.5 0.165 0.32 0.0238688 23.86875

2 0.205 0.32 0.0296 29.6
2.5 0.21 0.34 0.0342375 34.2375

3 0.235 0.36 0.0389375 38.9375
3.5 0.23 0.32 0.039525 39.525

4 0.24 0.29 0.0358375 35.8375
4.5 0.24 0.28 0.0342 34.2

5 0.25 0.3 0.035525 35.525
5.5 0.26 0.23 0.0337875 33.7875

6 0.25 0.14 0.0235875 23.5875 total
6.45 0.19 0.08 0.01089 10.89 364.3963

Site: #15 CVC Station 16 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.135 0.11
0.5 0.135 0.14 0.0084375 8.4375

1 0.145 0.15 0.01015 10.15
1.5 0.16 0.19 0.0129625 12.9625

2 0.175 0.3 0.0205188 20.51875
2.5 0.18 0.32 0.0275125 27.5125

2.85 0.2 0.33 0.0216125 21.6125 total
3.1 0.07 0.27 0.010125 10.125 111.3188

Site: #16 CVC Station 15 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.08 0.09
0.4 0.21 0.1 0.00551 5.51

1 0.26 0.2 0.02115 21.15
1.5 0.29 0.24 0.03025 30.25

2 0.31 0.33 0.04275 42.75
2.5 0.26 0.29 0.044175 44.175

3 0.19 0.05 0.019125 19.125 total
3.2 0.11 0.01 estimate 0.0009 0.9 163.86



Site; #17 CVC Station 14 14-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.19 0.39
0.5 0.2 0.71 0.053625 53.625

1 0.2 0.72 0.0715 71.5
1.5 0.2 0.65 0.0685 68.5

2 0.2 0.42 0.0535 53.5
2.5 0.2 0.11 0.0265 26.5 total

2.73 0.18 0.09 0.00437 4.37 277.995

Site: Erin B MOE location 15-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.08 0
1 0.35 0.07 0.007525 7.525
2 0.4 0.29 0.24 0.075 75
3 0.38 0.54 0.23 0.12675 126.75
4 0.36 0.73 0.47 0.182225 182.225
5 0.35 0.42 0.33 0.1730625 173.0625

5.99 0.23 0.39 0.26 0.100485 100.485
6 0.11 0.26 0.0005157 0.515667
7 0.11 0.2 0.0253 25.3

7.7 0.23 0.06 0.01547 15.47
8 0.18 0.15 0.0064575 6.4575 total
9 0.04 0.1 0.01375 13.75 726.5407

Site: Erin C MOE location 15-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.11 0.01
0.5 0.215 0.11 0.004875 4.875

1 0.28 0.14 0.0154688 15.46875
1.5 0.18 0.19 0.018975 18.975

2 0.25 0.16 0.0188125 18.8125
2.5 0.12 0.15 0.0143375 14.3375

3 0.15 0.14 0.0097875 9.7875
3.5 0.15 0.19 0.012375 12.375

4 0.125 0.12 0.0106563 10.65625 total
4.6 0 0.01 0.0024375 2.4375 107.725

Site: Erin D MOE location 15-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.04 0.01
0.5 0.125 0.12 0.0026813 2.68125

1 0.175 0.13 0.009375 9.375
1.5 0.25 0.08 0.0111563 11.15625

2 0.26 0.15 0.0146625 14.6625
2.5 0.22 0.19 0.0204 20.4

3 0.195 0.13 0.0166 16.6
3.5 0.16 0.15 0.012425 12.425

4 0.09 0.16 0.0096875 9.6875
4.5 0.09 0.18 0.00765 7.65

5 0.09 0.15 0.007425 7.425
5.5 0.17 0.15 0.00975 9.75

6 0.17 0.17 0.0136 13.6 total
6.4 0.06 0.09 0.00598 5.98 141.3925

Site: Erin E MOE location 15-Oct-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.01
0.5 0.14 0.07 0.0014 1.4

1 0.31 0.13 0.01125 11.25
1.5 0.34 0.14 0.14 0.0222083 22.20833

2 0.47 0.19 0.18 0.0329063 32.90625
2.5 0.49 0.26 0.26 0.0534 53.4

3 0.37 0.28 0.19 0.0532125 53.2125
3.5 0.36 0.34 0.27 0.049275 49.275

4 0.36 0.23 0.2 0.0468 46.8
4.5 0.4 0.35 0.31 0.051775 51.775

5 0.32 0.23 0.0534 53.4
5.5 0.28 0.13 0.027 27 total

6 0.08 0.01 0.0063 6.3 408.9271
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Table 1.4 Flow Measurement Data: November 8, 2008 

Site: #21 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.3 0.41
0.5 0.3 0.41 0.0615 61.5

1 0.35 0.44 0.0690625 69.0625
1.5 0.37 0.43 0.0783 78.3

2 0.38 0.43 0.080625 80.625
2.5 0.4 0.36 0.077025 77.025

3 0.4 0.33 0.069 69
3.5 0.33 0.35 0.06205 62.05

4 0.35 0.32 0.05695 56.95
4.5 0.35 0.27 0.051625 51.625

5 0.4 0.27 0.050625 50.625
5.5 0.35 0.18 0.0421875 42.1875

6 0.3 0.35 0.0430625 43.0625
6.5 0.39 0.2 0.0474375 47.4375

7 0.37 0.26 0.0437 43.7
7.5 0.23 0.22 0.036 36

8 0.24 0.28 0.029375 29.375
8.5 0.23 0.23 0.0299625 29.9625 total
9.1 0.24 0.26 0.034545 34.545 963.0325

Site: #10 CVC Station 9 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.69 0.22 0.22
0.5 0.69 0.31 0.25 0.08625 86.25

1 0.65 0.32 0.26 0.095475 95.475
1.5 0.63 0.34 0.23 0.092 92

2 0.62 0.28 0.2 0.0820313 82.03125
2.5 0.5 0.24 0.19 0.0637 63.7 total

3.04 0.47 0.15 0.16 0.0484515 48.4515 467.9078

Site: #9 CVC Station 8 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.1 0
0.5 0.2 0.06 0.00225 2.25

1 0.31 0.35 0.0261375 26.1375
1.5 0.31 0.26 0.047275 47.275

2 0.16 0.15 0.0240875 24.0875 total
2.15 0.05 0 0.0011813 1.18125 100.9313
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Site: #8 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.11 0
0.5 0.36 0 0 0

1 0.49 0 0 0
1.5 0.59 0.1 0.08 0.0162 16.2

2 0.56 0.18 0.14 0.0359375 35.9375
2.5 0.57 0.18 0.15 0.0459063 45.90625

3 0.57 0.18 0.15 0.047025 47.025
3.5 0.57 0.28 0.25 0.061275 61.275

4 0.58 0.3 0.29 0.0805 80.5
4.5 0.56 0.33 0.22 0.081225 81.225

5 0.55 0.3 0.29 0.0790875 79.0875
5.5 0.51 0.29 0.24 0.0742 74.2

6 0.5 0.28 0.27 0.068175 68.175
6.5 0.47 0.27 0.23 0.0636563 63.65625

7 0.44 0.27 0.22 0.0563063 56.30625
7.5 0.38 0.26 0.24 0.0507375 50.7375

8 0.32 0.22 0.042 42
8.5 0.2 0.19 0.02665 26.65 total
9.1 0.15 0.12 0.016275 16.275 845.1563

Site: #7 pond discharge 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.46 0.07
0.5 0.47 0.06 0.0151125 15.1125

1 0.46 0.07 0.0151125 15.1125
1.5 0.47 0.07 0.016275 16.275

2 0.49 0.06 0.0156 15.6
2.5 0.49 0.07 0.015925 15.925

3 0.47 0.06 0.0156 15.6
3.5 0.49 0.04 0.012 12

4 0.52 0.02 0.007575 7.575
4.5 0.53 0.01 0.0039375 3.9375

5 0.64 0 0.0014625 1.4625 total
5.6 0.61 0 0 0 118.6

Site: #13 CVC Gauge Station 12 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.19 0.11
0.5 0.28 0.12 0.0135125 13.5125

1 0.28 0.26 0.0266 26.6
1.5 0.27 0.33 0.0405625 40.5625

2 0.28 0.32 0.0446875 44.6875
2.5 0.28 0.34 0.0462 46.2

3 0.28 0.38 0.0504 50.4
3.5 0.28 0.41 0.0553 55.3

4 0.25 0.42 0.0549875 54.9875
4.5 0.25 0.37 0.049375 49.375

5 0.23 0.33 0.042 42
5.5 0.21 0.31 0.0352 35.2

6 0.24 0.29 0.03375 33.75
6.5 0.1 0.1 0.016575 16.575 total
6.7 0 0 0.0005 0.5 509.65
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Site: #15 CVC Station 16 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.15 0.37
0.5 0.22 0.32 0.0319125 31.9125

1 0.18 0.26 0.029 29
1.5 0.17 0.19 0.0196875 19.6875

2 0.16 0.21 0.0165 16.5
2.5 0.15 0.18 0.0151125 15.1125 total

3 0.12 0.08 0.008775 8.775 120.9875

Site: #16 CVC Station 15 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.1 0.06
0.5 0.2 0.2 0.00975 9.75

1 0.2 0.37 0.0285 28.5
1.5 0.23 0.32 0.0370875 37.0875

2 0.23 0.34 0.03795 37.95
2.5 0.21 0.25 0.03245 32.45 total

3 0.14 0.14 0.0170625 17.0625 162.8

Site; #17 CVC Station 14 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.18 0.06
0.5 0.2 0.15 0.009975 9.975

1 0.19 0.61 0.03705 37.05
1.5 0.2 0.63 0.06045 60.45

2 0.19 0.74 0.0667875 66.7875
2.5 0.19 0.51 0.059375 59.375 total

2.75 0.19 0.31 0.019475 19.475 253.1125

Site: #18 culvert #1 north 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.09 0.28
0.3 0.3 0.32 0.01755 17.55
0.6 0.31 0.24 0.02562 25.62

43.17
culvert #2   south

0 0.21 0.24
0.5 0.28 0.44 0.04165 41.65

1 0.35 0.46 0.42 0.0693 69.3
1.5 0.39 0.43 0.38 0.0781625 78.1625

2 0.36 0.42 0.32 0.0726563 72.65625
2.5 0.35 0.4 0.33 0.0652313 65.23125

3 0.2 0.15 0.0403333 40.33333 subtotal
367.3333

total 410.5033



Site: #22 box culvert with 1929 at D/S edge 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.23 0.24
0.5 0.27 0.25 0.030625 30.625

1 0.29 0.21 0.0322 32.2 total
1.56 0.22 0.11 0.022848 22.848 85.673

Site: #23 box culvert with 1928 at D/S edge
W D Vu Vl

0 0.02 0.14
0.4 0.06 0.23 0.00296 2.96
0.8 0.05 0.2 0.00473 4.73 total
1.2 0.04 0.11 0.00279 2.79 10.48

Site: Erin B MOE location 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.25 0.04 0.08
0.5 0.19 0.02 0.0051333 5.133333

1 0.3 0.11 0.08 0.008575 8.575
1.5 0.4 0.19 0.2 0.025375 25.375

2 0.36 0.54 0.45 0.06555 65.55
2.5 0.34 0.47 0.56 0.088375 88.375

3 0.32 0.67 0.67 0.0977625 97.7625
3.5 0.25 0.78 0.1007 100.7

4 0.24 0.75 0.0937125 93.7125
4.5 0.29 0.66 0.6 0.088775 88.775

5 0.31 0.43 0.31 0.075 75
5.5 0.38 0.54 0.45 0.0746063 74.60625

6 0.38 0.23 0.15 0.065075 65.075
6.5 0.4 0.13 0.1 0.0297375 29.7375

7 0.33 0.04 0.016425 16.425 total
7.6 0.23 0 0.00336 3.36 838.1621

Site: Erin C MOE location 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.13 0.01
0.5 0.22 0.11 0.00525 5.25

1 0.23 0.22 0.0185625 18.5625
1.5 0.23 0.18 0.023 23

2 0.24 0.16 0.019975 19.975
2.5 0.11 0.14 0.013125 13.125

3 0.18 0.05 0.0068875 6.8875
3.5 0.15 0.11 0.0066 6.6

4 0.1 0.11 0.006875 6.875 total
4.6 0 0 0.00165 1.65 101.925

Site: Erin D MOE location 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.17 0.11
0.5 0.22 0.17 0.01365 13.65

1 0.16 0.17 0.01615 16.15
1.5 0.13 0.12 0.0105125 10.5125

2 0.14 0.12 0.0081 8.1
2.5 0.18 0.12 0.0096 9.6

3 0.25 0.19 0.0166625 16.6625
3.5 0.25 0.11 0.01875 18.75

4 0.3 0.15 0.017875 17.875
4.5 0.31 0.18 0.0251625 25.1625

5 0.27 0.1 0.0203 20.3
5.5 0.19 0.18 0.0161 16.1

6 0.17 0.08 0.0117 11.7 total
6.3 0.04 0 0.00126 1.26 185.8225
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Site: Erin E MOE location 8-Nov-08
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.24 0.11 0.11
0.5 0.36 0.2 0.13 0.020625 20.625

1 0.4 0.38 0.28 0.047025 47.025
1.5 0.35 0.25 0.26 0.0548438 54.84375

2 0.35 0.36 0.25 0.049 49
2.5 0.36 0.28 0.25 0.0505875 50.5875

3 0.33 0.23 0.0437 43.7
3.5 0.51 0.26 0.24 0.0511 51.1

4 0.47 0.21 0.16 0.0532875 53.2875
4.5 0.34 0.34 0.2 0.0460688 46.06875

5 0.32 0.32 0.0473 47.3
5.5 0.31 0.31 0.0496125 49.6125

6 0.1 0.1 0.0210125 21.0125 total
6.8 0 0 0.002 2 536.1625
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Table 1.5 Flow Measurement Data: September 4, 2009 

TA13 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.1 0.08
0.5 0.22 0.22 12

1 0.24 0.31 30.475
1.5 0.21 0.37 38.25

2 0.21 0.41 40.95
2.5 0.18 0.33 36.075

3 0.2 0.48 38.475
3.5 0.21 0.47 48.6875

4 0.18 0.43 43.875
4.5 0.17 0.42 37.1875

5 0.13 0.38 30
5.5 0.13 0.31 22.425

6 0.09 0.28 16.225 total
6.5 0.03 0 4.2 398.825

TA7 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.14 0.41
0.5 0.15 0.35 27.55

1 0.17 0.3 26
1.5 0.12 0.12 15.225 total
1.8 0.09 0.1 3.465 72.24

TA9 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.13 0.08
0.5 0.2 0.09 7.0125

1 0.25 0.36 25.3125
1.5 0.21 0.21 32.775 total

2 0.08 0 7.6125 72.7125

TA10 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.56 0.08 0.2
0.5 0.5 0.22 0.31 53.6625

1 0.5 0.2 0.27 62.5
1.5 0.58 0.2 0.25 62.1

2 0.47 0.24 0.28 63.65625
2.5 0.48 0.23 0.29 61.75 total

3 0.38 0.2 0.2 49.45 353.1188
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Erin E 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.09 0.01
0.5 0.25 0.09 4.25

1 0.32 0.28 26.3625
1.5 0.38 0.38 57.75

2 0.35 0.2 52.925
2.5 0.31 0.33 43.725

3 0.38 0.28 52.6125
3.5 0.48 0.31 63.425

4 0.32 0.17 48
4.5 0.31 0.19 28.35

5 0.17 0.09 16.8 total
5.4 0 0 1.53 395.73

Erin D 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.17
0.5 0.13 0.12 4.7125

1 0.19 0.35 18.8
1.5 0.13 0.29 25.6

2 0.2 0.21 20.625
2.5 0.15 0.28 21.4375

3 0.18 0.2 19.8
3.5 0.12 0.11 11.625 total

4 0 0 1.65 124.25

Erin C 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0
0.5 0.07 0.15 1.3125

1 0.1 0.25 8.5
1.5 0.14 0.19 13.2

2 0.19 0.14 13.6125
2.5 0.16 0.21 15.3125

3 0.15 0.31 20.15
3.5 0.14 0.11 15.225 total

4 0 0 1.925 89.2375

Erin B 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.24 0 0
1 0.32 0.1 0.12 15.4
2 0.38 0.03 0.11 31.5
3 0.44 0.27 0.37 79.95
4 0.37 0.28 0.4 133.65
5 0.4 0.2 0.32 115.5
6 0.31 0.31 98.21667 total

6.9 0.24 0.1 50.7375 524.9542
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H1 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.01 2.02
0.155 0.14 2.02 23.4825 total

0.31 0.01 2.02 23.4825 46.965

TA15 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.24 0.24
0.5 0.27 0.3 34.425

1 0.22 0.27 34.9125
1.5 0.21 0.27 29.025

2 0.16 0.23 23.125
2.5 0.17 0.13 14.85 total
2.8 0.18 0.11 6.3 142.6375

H4 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.12 0.08
0.5 0.32 0.19 14.85

1 0.33 0.36 44.6875
1.5 0.35 0.34 59.5

2 0.26 0.18 39.65 total
2.5 0 0 5.85 164.5375

H3 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.06 0.32
0.5 0.19 0.51 25.9375

1 0.16 0.49 43.75
1.5 0.21 0.5 45.7875

2 0.24 0.56 59.625
2.5 0.27 0.39 60.5625 total
2.7 0.04 0.01 6.2 241.8625

TA16 04-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.09 0.04
0.5 0.2 0.2 8.7

1 0.26 0.3 28.75
1.5 0.35 0.19 37.3625

2 0.26 0.14 25.1625
2.5 0.29 0.25 26.8125 total

3 0.07 0.01 11.7 138.4875
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Table 1.6 Flow Measurement Data: September 18, 2009

TA13 18-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.125 0.04
0.5 0.21 0.27 12.98125

1 0.19 0.37 32
1.5 0.21 0.39 38

2 0.18 0.43 39.975
2.5 0.19 0.41 38.85

3 0.19 0.47 41.8
3.5 0.19 0.46 44.175

4 0.17 0.41 39.15
4.5 0.14 0.42 32.1625

5 0.12 0.35 25.025
5.5 0.115 0.3 19.09375

6 0.07 0.24 12.4875 total
6.35 0.03 0 2.1 377.8

Erin E 18-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.05 0
0.5 0.25 0.04 1.5

1 0.32 0.24 19.95
1.5 0.35 0.3 45.225

2 0.31 0.32 51.15
2.5 0.28 0.34 48.675

3 0.3 0.21 39.875
3.5 0.43 0.22 39.2375

4 0.35 0.23 43.875
4.5 0.23 0.19 30.45

5 0.21 0.19 20.9 total
5.6 0 0.1 9.135 349.9725

Erin D 18-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0.07
0.5 0.12 0.31 5.7

1 0.14 0.23 17.55
1.5 0.185 0.24 19.09375

2 0.16 0.15 16.81875
2.5 0.12 0.18 11.55

3 0.12 0.19 11.1
3.5 0.09 0.18 9.7125 total
3.8 0 0.01 1.2825 92.8075
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Erin C 18-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0 0
0.5 0.08 0.1 1

1 0.1 0.11 4.725
1.5 0.12 0.12 6.325

2 0.13 0.13 7.8125
2.5 0.13 0.17 9.75

3 0.14 0.13 10.125
3.5 0.205 0.09 9.4875 total

4 0.16 0.07 7.3 56.525

Erin B 18-Sep-09
Width (m) Depth (m) Vu (m/s) Vl (m/s) Comment Q (m3/s) Q (L/s)

0 0.48 0.01 0.01
1 0.54 0.08 0.03 16.575
2 0.55 0.19 0.15 61.3125
3 0.55 0.22 0.19 103.125
4 0.58 0.18 0.13 101.7
5 0.41 0.21 0.2 89.1
6 0.39 0.15 74.66667 total

6.5 0.36 0.04 17.8125 464.2917
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