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slope (2.5%) was used to determine the slope component score. Therefore, the slope 
component rating is 8.  

Summary Rating for Land Characteristics 
The resulting land characteristics sub factor, calculated using the average of the un-weighted 
above listed components, is 7.8. 

3.2.2.3 Transport Pathways 

The transport pathways sub factor has the components; storm catchment areas, storm outfalls, 
watercourses and drains, and percent tile drained areas.   

Storm Catchment areas 
The storm catchment area is rated based on the percent of land area that is drained by a storm 
sewer system.  The rating ranges from seven to nine and has been divided equally into; < 33% 
area (7), 33% to 66% area (8) and > 66% area (9).  The storm catchments, networks and 
outfalls were unavailable for the Lake Huron WTP, and therefore, the catchments were 
assumed to include developed areas.  The up-land area was determined to be 2.5% (22 ha) 
storm sewer drained based on our assumption.  This result was determined using Southwestern 
Ontario Orthophotography Project (ABCA, 2006) data provided by Ausable Bayfield 
Conservation Authority (ABCA).  This resulted in a component rating of 7. 

Storm Outfalls, Watercourses and Drains 
For the purpose of rating the number of storm outfalls, watercourses and drains, a standardized 
method was applied to the data.  The number of outfalls per 1,000 ha of land was calculated for 
the Lake Huron WTP IPZ-2 using the MNR’s Water Virtual Flow – Seamless Provincial Data Set 
(MNR, 2008b).  The rating range has been set as; 0-3 /1,000 ha in the zone (7), 4 to 7 /1,000 ha 
in the zone (8) and > 7/1,000 ha in the zone (9).  Ten transport pathways (watercourses and 
drains) discharge to Lake Huron within the IPZ-2 giving a calculated value of approximately 11 
outfalls per 1,000 ha of land.  This resulted in a sub factor of 9. 

Tile Drained Area  
Tile drained area is based on the percent land artificially drained as indicated by the Tile 
Drainage Areas GIS dataset (OMAFRA, 2009).  The rating ranges from seven to nine and has 
been divided equally into; < 33% area (7), 33% to 66% area (8), and > 66% area (9).  A large 
amount of the upland IPZ is tile drained with extensive surface channels feeding the 
watercourses and drains.  The percent tile drained area in the IPZ-2 was 619 ha (71%) and 
resulted in component rating of 9. 

Summary Rating for Transport Pathways 
The resulting transport pathways sub factor, calculated using the average of the un-weighted 
above listed components, is 8.3. 
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3.2.2.4 Area Vulnerability Factor Rating Summary  

The area vulnerability factor is determined by averaging the un-weighted percent of land, land 
characteristics, and transport pathways sub factors.  Therefore, the area vulnerability factor 
rating for the Lake Huron WTP IPZ-2 is 8.  

3.3 SOURCE VULNERABILITY FACTOR 

3.3.1 Methodology 

For a type A (Great Lakes) intake, a score must be assigned a value of 0.5 to 0.7 rounded to the 
nearest tenth.  The following sub factors must be considered: 

a) The depth of the intake from the water surface; 

b) The distance of the intake from land; and 

c) The number of recorded drinking water issues related to the intake. 

To quantify these factors a decision matrix was developed using ranges of characteristics for 
each of the three sub factors.  The criteria of the sub factors was developed using a number of 
resources.  As discussed earlier, the methods of evaluating the sub factors were not prescribed 
in the Technical Rules.   

The criteria to determine the depth of intake was derived from the MOE Design Guidelines for 
Drinking-Water Systems (MOE, 2008a) that states the minimum submergence of an intake crib, 
measured from the top of the intake structure to minimum recorded water levels, should be 3 m, 
wherever possible.  The upper criteria of greater than 6.1 m was selected based upon 
information that the State of Michigan used as part of its Source Water Protection Work (MDEQ, 
2004).  This resource prescribes a moderate to low vulnerability for intakes greater than 6 m in 
depth.   

The criteria for the length of intake from shore to the intake crib was not based upon MOE 
Design Guidelines as the guidelines do not prescribe a minimum or recommended distance 
from shore.  In the absence of local requirements, information that the State of Michigan used 
as part of its Source Water Protection Program (MDEQ, 2004) was reviewed.  This resource 
assigns a high level of vulnerability to intake lengths that are less than 300 m.  This was 
implemented in the decision matrix by applying a score of 0.7 for intakes less than 300 m in 
length.  An intake length that was greater than 500 m was used to determine a score of 0.5.   

The recorded water quality issues were based upon a comparison of available raw water quality 
data to the Ontario Drinking Water Quality Standards (ODWQS) and review of Watershed 
Characterization report concerns.  Operations and municipal staff were consulted and their 
concerns were considered as they are well versed to the daily operations of the WTP.  

Table 3.5 provides the decision matrix that was used to calculate the source vulnerability factor.   
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Table 3.5: Source Vulnerability Factor Decision Matrix 

Criteria 
Sub Factor 

0.5 0.6 0.7  
Sub Factor Score 

Intake  
Characteristics   
Depth 

> 6.1 m 3.1 m to 6.0 m 0 m to 3.0 m 
Choose score based 
on intake 
characteristics 

Intake  
Characteristics 
Offshore length 

> 500 m 300 m to 500 m < 300 m 
Choose score based 
on intake 
characteristics 

Recorded Water 
Quality Issues 

 

-Minimal 
number of 
parameter 
results 
measured 
above 
ODWQS 

- No additional 
concerns 

-Some parameter 
results measured 
above ODWQS 
along with operator 
concerns 

-Watershed 
characterization 
reported concerns 

-Several parameter 
results measured 
above ODWQS 
-Operator and/or 
municipal staff 
confirmation of raw 
water quality 
concerns 

Choose most 
appropriate score 
based upon 
information received 

 
The three sub factors presented in Table 3.5 are assumed to have equal importance, and thus, 
are weighted equally.  To calculate the source vulnerability factor, the following equation is 
used: 

Source Vulnerability Factor = 
( )

3
quality waterdepthlength offshore ++  

To address the criteria for each sub factor and utilize the decision matrix, the intake 
characteristics were evaluated and water quality issues reviewed.   

3.3.2 Analysis of Source Vulnerability Factor  

The Lake Huron WTP source vulnerability factor was determined to be 0.5 based on the 
analysis of previously discussed factors.  Table 3.6 summarizes the analysis of the source 
vulnerability factor. 
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Table 3.6: Source Vulnerability Factor Analysis for Lake Huron WTP 

Criteria 
Sub Factor 

0.5 0.6 0.7  
Sub Factor Score 

Intake  
Characteristics   
Depth 

> 6.1 m 3.1 m to 6.0 m 0 m – 3.0 m 0.5 

Intake  
Characteristics 
Offshore length 

> 500 m 300 m to 500 m < 300 m 0.5 

Recorded Water 
Quality Issues 

 

-Minimal 
number of 
parameter 
results 
measured 
above 
ODWQS 

-Some parameter 
results measured 
above ODWQS  
-along with similar 
operator concerns 
-Watershed 
characterization 
report concerns 

-Several parameter 
results measured 
above ODWQS 
-Operator and/or 
municipal staff 
confirmation of raw 
water quality 
concerns 

0.5 

* Source Vulnerability Factor= ( )
3

quality waterdepthlength offshore ++      = 0.5 

*Final source vulnerability factor to be rounded to the one decimal place. 
The set ranges (0.5-0.7) of the source vulnerability factor are independent values used for reference in the source 
vulnerability factor calculation and do not indicate the vulnerability or sensitivity of the intake. 

 
The analysis and justification for the source vulnerability factor score is outlined below. 

3.3.3 Intake Characteristics - Depth 

The Lake Huron WTP intake crib depth characteristics are listed in Table 3.7. 

Table 3.7: Lake Huron WTP Intake Depth  

Intake Bathymetry Source 
Water Intake Type 

Parameter Elevation 
(IGLD 85)* (m) 

Depth 
(m) 

Low Water Datum 176.0 - 

Top of Crib 167.2 8.8 Lake Huron A 

Lake Bottom 166.2 9.8 
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* Elevations measured from plan & profile drawings (Proctor & Redfern, 1991) and converted to International Great 
Lakes Datum (IGLD) 1985 using Keillor (1998). 
 
Based on the above information, the resulting depth sub factor is 0.5. 

3.3.4 Intake Characteristics – Length 

The Lake Huron intake crib is located 2,440 m from the shore (Proctor and Redfern, 1991).  
This resulted in a sub factor 0.5.   

3.3.5 Number of Recorded Drinking Water Issues 

Raw water quality records for 2005 and 2006 indicated that E. coli was present in 26 (13%) of 
the 204 raw water samples.  E. coli can be present from non-sewage and natural sources, and 
according to the MOE, is to be expected at low levels in surface waters.  Data for 1990 to 2007 
was available for chemical parameter analysis.  There were no human health related concerns 
for chemical parameters in the raw water data records.  Temperature and turbidity of the raw 
water supply have on occasion exceeded operational guidelines and aesthetic objectives but 
these may be attributed to natural lake processes. 

Operators of the WTP expressed a low level concern with taste and odour in the summer 
months. 

Based on the available data, there were no human health related recorded drinking water 
issues, therefore, resulting in a sub factor of 0.5.   

3.3.6 Related Considerations 

With a length of 2,440 m and a depth of 8.8 m, the Lake Huron WTP intake would be 
categorized by the State of Michigan as an offshore /deep intake with low to moderate 
susceptibility (vulnerability) to shoreline pollution sources.  In addition, at 8.8 m deep, the intake 
crib satisfies the 3 m minimum depth for surface water intakes recommended in the 2008 MOE 
intake design guidelines.       

3.3.6.1 Source Vulnerability Factor Rating Summary  

The source vulnerability factor is determined by averaging the above listed sub factors.  The 
source vulnerability factor rating for the Lake Huron WTP IPZ is 0.5.  

3.4 VULNERABILITY SCORE SUMMARY 

The vulnerability scores for the Lake Huron WTP have been determined using components 
outlined in the Technical Rules but remain unchanged from the February 2008 report.  The 
vulnerability scores are summarized in Table 3.8.   

Table 3.8: Vulnerability Score Summary for the Lake Huron WTP 
Area Vulnerability Factor  Vulnerability Score  Intake 

Type IPZ-1 IPZ-2 

Source 
Vulnerability 

Factor  IPZ-1 IPZ-2 

Type A 10 8 0.5 5 4 
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4.0 Uncertainty Analysis 

4.1 INTRODUCTION 

Table 4.1 lists the Technical Rules created under the Act for uncertainty analysis and the 
sections in which they are addressed in this report. 

Table 4.1: Technical Rules for Uncertainty Analysis 

Technical Rule Applicable Section 

13 Section 4.2.2 and Section 4.2.3 - Analysis components 

14 Section 4.2.1 - Factors to be considered in analysis 
 
Uncertainty, expressed as “High” or “Low”, is an indication of the confidence in the accuracy of 
the zone delineation and vulnerability scores.  An analysis of the uncertainty shall be made in 
respect of the following: 

• The delineation of surface water intake protection zones undertaken; and  

• Assessment of the vulnerability of surface water intake protection zones. 

Uncertainty for these components is based upon the following factors:  

• Distribution, variability, quality, and relevance of the data; 

• Ability of the methods and models used to accurately reflect the flow processes in the 
hydrological system;  

• The quality assurance and quality control procedures applied;  

• The extent and level of calibration and validation achieved for models used or 
calculations or general assessments completed; and 

• The accuracy to which the area vulnerability factor and the source vulnerability factor 
effectively assesses the relative vulnerability of the hydrological features.   

4.2 UNCERTAINTY FOR DELINEATIONS AND VULNERABILITY SCORES AT THE 
LAKE HURON WTP 

The Technical Rules have introduced additional factors to consider in determining the 
uncertainty level for IPZ delineations and vulnerability scores.  The uncertainty of IPZ 
delineations and vulnerability scores has been reviewed based on these components and 
revised from the February 2008 report.  The revised uncertainty for the delineations and 
vulnerability scores are summarized in Table 4.2.  A discussion of the factors considered 
follows. 
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Table 4.2: Uncertainty Level Summary 
COMPONENT IPZ-1 IPZ-2 

IPZ Delineations Low High 
Vulnerability Scores Low Low 

4.2.1 Uncertainty Factors  

The Technical Rules prescribes six factors to consider in evaluating uncertainty for IPZ 
delineations, and area and source vulnerability factors, five of which apply to surface water 
intakes: 

• Data; 

• Modeling uncertainty; 

• Quality assurance and quality control (QA/QC); 

• Calibration and validation; and  

• Accuracy of the vulnerability factors. 

Not all of the five factors apply to both the delineation uncertainty and the vulnerability 
uncertainty.   

4.2.2 Delineation Uncertainty 

The delineation uncertainty analysis and any assumptions associated are further discussed 
below. 

4.2.2.1 Data Uncertainty  

The uncertainty relating to the data sources incorporates an analysis of; variability, quality, and 
relevance of the data.  The Technical Rules prescribe an analysis of the distribution of the data 
as well; however, distribution of the datasets is not relevant in delineation as delineation utilizes 
the most current available data.   

The variability of data relates to the number of datasets reviewed for information.  Multiple 
sources of data relating to the parameters used in delineation produce a low level of uncertainty.  
The available data sets for lake processes, transport pathways, watercourses and drains, and 
intake information came from several municipal and provincial sources and were comparable in 
information presented.  This resulted in a high level of confidence in the variability of the data.   

The quality of data is related to the accuracy of the data assessed based upon the origins of the 
information.  Federal and provincial data are assumed to have a high level of accuracy due to 
regulated quality control measures, and therefore, have an associated high level of confidence.  
Other data sources that provide interpretations of the data are not considered to have an equal 
confidence level.  The available data sets concerning the Lake Huron WTP delineation came 
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from federal and provincial sources, as well as municipal and local conservation authorities, 
many of which have quality control programs in place.  A high level of confidence in the quality 
of the data was established.   

The relevance of the data relates to the applicability of the information to the study area.  Site 
specific, local information is assumed to represent the area well, and therefore, has an 
associated high level of confidence for the relevance.  Unavailable or non-site specific data 
lowers the confidence and generally requires assumptions to be made.  The available data sets 
concerning the Lake Huron WTP delineation were generally relevant to the delineation.  The in-
water modeling used in-situ ADCP data that was installed about the intake, therefore, using site 
specific hydrodynamic data.   

Tributary velocities were not available, and therefore, the distance and velocity measurements 
needed to calculate the up-tributary extents were obtained from Hydrologic Engineering Centers 
River Analysis System (HEC- RAS) modeling outputs provided by the ABCA.  The data 
provided is based on the worst regional storm in the century (Hurricane Hazel), and therefore, 
has a 100 year return period.  Due to this return period, the up-tributary extents were 
conservative in nature.  Despite the conservative nature of the upland extents, the HEC-RAS 
modeling provided outputs with a high level of confidence.  Storm sewer outfalls and catchment 
areas were also not available, and therefore, aerial photography was used to establish 
catchment areas.  It was assumed that the residential neighbourhood of Grand Bend was 
drained by storm sewers and was included as such in the delineation.  Due to the conservative 
nature of the delineation and the assumptions made, a high level of uncertainty was assigned to 
this element of the data uncertainty. 

Despite reasonable assumptions and alternative relevant data (HEC-RAS), the data uncertainty 
for the delineation resulted in an overall high level of uncertainty. 

4.2.2.2 Modeling Uncertainty 

Modeling uncertainty relates to the ability of the model to accurately depict the flow processes in 
the hydrological system.  The IPZ-2 has two components; in-water and upland.  Different 
approaches were used to delineate each component.  The models and methods were assessed 
for each component and an overall uncertainty was assigned.  While the separation of the 
modeling components is not specifically prescribed in the Technical Rules, it has been done for 
clarity and still considers all the delineation model inputs.  

An appropriate 3-D hydrodynamic model (ADCIRC) was used to predict water movements in the 
near shore zone about the intake from which the in-water and alongshore component of the 
IPZ-2 was delineated.  Inputs included wind and waves, among other influences.  Model outputs 
were in good agreement with in-situ water movement data collected by an ADCP device 
installed just off the intake.  Nevertheless, the modeling team suggests that the level of 
uncertainty in the models output and IPZ-2 in-water delineation is moderate to high.  Since there 
is no provision in the Technical Rules to have an uncertainty level other than “high” or “low,”  the 
rating for this factor was defaulted to high.  
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The upland delineation incorporates anthropogenic and natural pathways (watercourses and 
drains).  These pathway velocities were not available, and therefore, the distance and velocity 
measurements needed to calculate the up-tributary extents were obtained from HEC- RAS 
modeling outputs provided by ABCA.  The data provided is based on a 100 year storm, and 
therefore, has a 100 year return period.  Due to this return period, the up-tributary extents were 
conservative in nature.  The velocities were calculated using Manning’s formula which is a 
standard hydrological analysis method.  Outputs were internally reviewed and deemed to be 
reasonably accurate for this component.  The confidence in the ability of the method to 
accurately reflect the flow processes of the area is high.   

In-water modeling determines the residual TOT, and therefore, the extents of the upland 
delineation.  The accuracy of the upland delineation is dependent upon the confidence of the in-
water modeling.  Therefore, despite the confidence in the upland delineation, the high 
uncertainty of the in-water modeling defaulted the overall modeling uncertainty rating to high.  

4.2.2.3 QA/QC Uncertainty  

QA/QC measures were applied to model outputs and calculations used in this technical 
assessment.  Delineations were reviewed and as such, the confidence in the data, models, and 
calculations used in the delineation is high, which resulted in an uncertainty rating of low. 

4.2.2.4 Calibration and Validation Uncertainty 

The hydrodynamic model outputs were compared to and in good agreement with in-situ water 
movement data (ADCP) and related to other hydrodynamic models for the lake, such as the 
Princeton Oceans Model.  As discussed by the modelers, this validation and calibration results 
in a moderate level of uncertainty for the output of the model.  To decrease the level of 
uncertainty a more detailed field program would be required to calibrate and verify the model 
input.   

The up-tributary pathway calculations using the Manning’s formula were reviewed and deemed 
to be reasonably accurate; however, they were not validated as area watercourses/drains 
velocities were unavailable. 

Overall, the confidence in the calibration and validation of the models and methods used in the 
delineation is low, resulting in high uncertainty. 

4.2.3 Vulnerability Uncertainty  

The vulnerability score uncertainty and any associated assumptions are further discussed 
below. 

4.2.3.1 Data Uncertainty 

The uncertainty relating to the data sources incorporates an analysis of; distribution, variability, 
quality, and relevance of the data.   
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Distribution of data relates to the time series available for a dataset.  A greater distribution of 
data provides a lower level of uncertainty in the analysis.  Raw water quality analysis is a 
required sub factor of the source vulnerability analysis.  The raw water quality data provided 
were sufficient for a general characterization of the raw water quality; however, more frequent 
and consistent sampling would be required to complete a statistical analysis with associated 
confidence.  The confidence in the distribution of the available raw water quality data to 
determine a general characterization was high. 

The variability of data relates to the number of datasets reviewed for information.  Multiple 
sources of data relating to the parameters used in vulnerability scoring produce a low level of 
uncertainty.  The available data sets for determination of the area and source vulnerability 
factors for the Lake Huron WTP were obtained from several municipal and provincial sources 
and were in agreement with each other.  This resulted in a high level of confidence in the 
variability of the data.   

The quality of data is related to the accuracy of the data assessed based upon the origins of the 
information.  Federal and provincial data are assumed to have a high level of accuracy due to 
regulated quality control measures and therefore have an associated high level of confidence.  
Other data sources that provide interpretations of the data are not considered to have an equal 
confidence level.  The available data sets used in the vulnerability analysis (refer to section 3.0) 
for the Lake Huron WTP came from provincial and municipal sources.  This resulted in a high 
level of confidence in the quality of the data.   

The relevance of the data relates to the applicability of the information to the study area.  Site 
specific and local information is assumed to represent the area, and therefore, has an 
associated high level of confidence for relevance.  Unavailable or non-site specific data lowers 
the confidence and generally requires assumptions to be made.  The available data sets 
concerning the Lake Huron WTP vulnerability analysis were generally relevant for the sub factor 
analysis.  Storm sewer outfalls and catchment areas were not available, and therefore, aerial 
photography was used in place.  It was assumed that the residential neighbourhood of Grand 
Bend was drained by storm sewers and was included as such in the storm catchment area 
calculation.  Despite this assumption, the remaining relevance of the data used resulted in a low 
level of uncertainty. 

4.2.3.2 QA/QC Uncertainty 

QA/QC measures were applied to the sub factor outputs for the vulnerability analysis.  
Vulnerability factors were reviewed throughout the analysis process and as such, the 
confidence in the data and the calculations used in the vulnerability analysis was high.  This 
resulted in an uncertainty rating of low. 

4.2.3.3 Accuracy of the Vulnerability Factors Uncertainty 

Accuracy of the area and source vulnerability factors is dependent on the data used in the factor 
analysis.  The confidence in the density, extent, distribution, and relevance of data concerning 
the intake system, water quality records, shoreline and upland features used to set zones and 
assessment of vulnerability factors is high.  Consequently, the confidence is high in the 
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accuracy of the vulnerability scores.  The uncertainty rating concerning accuracy of the 
vulnerability factors is low. 

4.2.4 Summary of Uncertainty Considerations 

Table 4.3 provides a summary of the components, respective factors, and determined 
uncertainty ratings for the Lake Huron WTP delineation and vulnerability scoring. 

Table 4.3:  Uncertainty Ratings for the Lake Huron WTP 
Uncertainty 
Component Consideration Factor IPZ-1 

Rating 
IPZ-2 

Rating 
Data  Low High 
Modeling  n/a High 

QA/QC  Low Low 

Delineation of the 
surface water intake 
protection zones. 

Calibration and validation n/a High 
Overall  Low High 

Data Low Low 
QA/QC  Low Low 

The assessment of 
the Vulnerability of 
the intake protection 
zones. Accuracy of the vulnerability factors  Low Low 
Overall  Low Low 
n/a – (not applicable) modeling is not required for the delineation of IPZ-1.  It is prescribed by the Technical Rules 
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5.0 Data Gaps  

In general, the available data were of sufficient quality and quantity to complete the purpose and 
scope set out in Section 1.2.   

Table 5.1: Data Gaps for the Lake Huron WTP 

Data Gap Purpose 

Tributary velocities Up-tributary calculations 

Storm outfall catchment areas IPZ-2 upland delineation 

Improved frequency and consistency of raw water quality sampling Source factor component 
 
The elimination of data gaps identified in Table 5.1 may refine the delineation and improve 
uncertainty levels.  Assumptions made and relevant alternative data used when information was 
unavailable was sufficient to undertake a conservative delineation and determine appropriate 
vulnerability scores with confidence. 
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6.0 Summary  

6.1 INTAKE TYPE 

The Lake Huron WTP has one type A (Great Lakes) intake situated in Lake Huron with the 
intake crib 2,440 m offshore at a depth of 8.8 m below LWD.  

6.2 VULNERABLE ZONE DELINEATIONS 

The primary vulnerable zone (IPZ-1) is a 1,000 m radius circle centred on the intake crib.  It 
does not intersect the shoreline.   

The secondary vulnerable zone (IPZ-2) has an in-water component and an upland component.  
The in-water component dimensions and in-lake travel times were calculated with 3-D ADCIRC 
hydrodynamic model that included wind and wave influences.  The ADCIRC model was 
calibrated with in-situ water movement data collected by an ADCP data logging device installed 
just off the intake.  The approximate in-water extents of the IPZ-2 about the intake crib are: 

• Southwest: 3,200 m; 

• Northeast: 4,500 m; and 

• Offshore: 3,500 m. 

6.3 VULNERABILITY SUMMARY 

The vulnerability for IPZ-1 and IPZ-2 are summarized in Table 6.1. 

Table 6.1: Vulnerability Score Summary for the Lake Huron WTP 
Area Vulnerability 

Factor Vulnerability Score 
Intake 

IPZ-1 IPZ-2 

Source 
Vulnerability 

Factor IPZ-1 IPZ-2 

Lake Huron WTP 10 8 0.5 5.0 4.0 

 

6.4 UNCERTAINTY SUMMARY 

An uncertainty assessment was completed in accordance with the Technical Rules for the 
vulnerable areas delineated and the vulnerability scores established for the Lake Huron WTP. 
Table 6.2 outlines the revised uncertainty ratings. 
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Table 6.2: Uncertainty Level Summary 
COMPONENT IPZ-1 IPZ-2 

IPZ Delineation Low High 
Vulnerability Scores Low Low 
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Comments Received October 19th, 2009 
 HCCL Responses Received February 24, 2010 

1 App. 4.1, Exec Sum, p. 3, 
last par. 

HCCL Report - The report states that the wave breaking zone was used to represent the effective shoreline.  
This seems to provide the connection to shore.  What was the role of the 3D cross-shore modeling that was 
done?  Please clarify in the report. 

Addressed Limited 3-D modelling was performed.  However, given the 
complexity of the wave breaking zone and limitations in regional 
scale models to represent these conditions, an assumption of 
well mixed conditions was made and shoreline connection was 
assigned if particle backtracking intersected breaking zone.. 

2 App. 4.1, Section 2.1.2, 
par. 5 

HCCL Report - States that Goderich data is not appropriate for application to the Grand Bend model – however 
it is mentioned in many places: for example, p. 21. This should be clarified. 

Addressed The Goderich data was used to supplement wind data from 
Buoy C45149 to model conditions during ADCP deployment 
period as it was readily available and most complete (See 
Figure 4.5) for the period of interest. Text has been added to 
this effect in  (S2.1.2).  This issue was originally discussed in 
Section 4.3.2. 

3 App. 4.1, Section 2.1.2, 
last par. 

HCCL Report - Buoy 45008 showed good comparison with Buoy C45149 which is located much closer to the 
site.  I could not find a comparison of these data sets. 

Addressed A comparison of Rose plots is presented at the end of this 
comment response form. Data from buoy C45008 was 
considered to be preferable, because it has longer data record 
(23Yrs), compared to 45149 with just 6 years.  The comparison 
of data shows that the distribution of winds is reasonably 
consistent. While 45008 shows slight decrease in north and 
south contributions with slight increase in NW and SW 
conditions (when compared to 45149), extreme condition 
magnitudes were similar and due to lack of closer long-period 
record, Buoy C45008 was deemed appropriate 

4 App. 4.1, Section 2.1.3 HCCL Report - Was WIS data used to provide waves for IPZ-2 delineation – not clear from text. Addressed Yes. It is noted (Section 2.3.4) that hindcast information was 
used to establish wave heights for modelling at Grand Bend and 
Port Stanley.  The WIS station reference (H03) has been 
included in the report 

5 App. 4.1, 2.3.3, first par. HCCL Report - Highest winds from directions NW through SW but scale in Figure 2.5 is too coarse to see this – 
top bin is 10.3 to 20.6 m/s.  It would be helpful to subdivide this bin. 

Addressed Refinement of the increment for the higher wind speeds will 
result in a bar that is difficult to see. A refined rose is provided at 
the end of this comment response form, but we feel that the 
figure provided in the report is appropriate when read in 
association with the tabulated extreme values. presented in the 
table following the figure (Table 2.3). The extremes are lost in 
both rose configurations.  There are incidences of 30-40 knot 
winds (15.4 – 20.6 m/s) from all directions, and greater than 40 
knots from W and NW.  Much of this is not evident in the refined 
plot either.. 

6 App. 4.1, 2.3.3, par. after 
Figure 2.6. 

HCCL Report - An extreme value analysis performed on Buoys 45008 and C45149.  In Section 2.1.2 it states 
that the extreme wind was from 45008.  Which data were used for the extreme value analysis presented in 
Table 2.3?  Need to clarify and show wind rose for Buoy C45149. 

Addressed C45008 was used for the analysis, due to the limited data set for 
C45149. 

7 App. 4.1, Figure 2.7 HCCL Report - It is not clear which wave data was used – should be stated in figure caption. Addressed The figure caption has been revised. 
8 App. 4.1, Section 2.3.4, 

Table 2.4 
HCCL Report - Error in units Wave Condition – is this Wave Height?  Should it be m/s? Addressed The correct units would be (m), and have been revised in the 

report. 
9 App. 4.1, Section 2.3.5 HCCL Report - Why are the 10 and 100 year return period flows used for the Ausable River? Module 4 

specified bank full – which is more commonly in the range of a 2 year return period event.  It would not have 
affected the in-water IPZ-2 significantly.  What flow was used in other tributaries? 

Addressed The 2 year flow is expected to be appropriate for in-channel 
conditions, where bank-full gives a conservative estimate of 
travel time.  The 10 and 100 year return periods were assumed 
in this case to assess the potential influence of the watercourse 
flows on the in-water IPZ-2, as they are more conservative than 
the 2 year flow for this purpose. Given that they were found to 
have no influence, the modelled flow is not important. Given that 
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extreme flows from the only major watercourse in the region 
(Ausable River) had no influence on the IPZ-2, minor tributary 
contributions were ignored in the analysis. 

10 App. 4.1, Section 2.3.6, 
HCCL Deployment 

HCCL Report - Notes that Grand Bend intake is typically outside the wave breaking zone.  Why were waves 
considered – especially since the wave breaker zone was used to connect to shore? 

Addressed Waves were not modelled for the ADCP deployment condition, 
due to the moderate wind intensities and the fact that we were 
interested in assessing model performance at the ADCP 
location outside the breaking zone.   
 
Wave influence was considered for design conditions for IPZ-2 
delineation.  While the intake is typically outside the breaking 
zone, it was considered to be close enough to assess the 
potential that backtracking from the intake would encounter the 
breaking region.  In such cases, the significant increase in 
velocities within the breaking region can result in a significantly 
larger zone of influence.  Given the dynamic nature of 
nearshore wave-generated currents, and potential for 
connection to the area offshore of the breaking zone (such as 
rip currents) the wave influence was considered appropriate for 
the analysis. The approach with respect to waves was 
discussed in a general manner in Section 4.2.2 and 4.3.2 of the 
report. 

11 App. 4.1, Section 2.3.7, 
Figures 2.11 and 2.12 

HCCL Report - If I understand correctly, Figure 2.12 is a subset of Figure 2.11.  Why are higher current 
velocities to the north observed in Figure 2.12 (b) compared with Figure 2.11 (b)?  Typo Figure 2.12 b should 
be Buoy 45008?  This may be due to difficulty in reading the scale. 

Addressed The figures are consistent, but the smaller data set applied in 
Figure 2.12 results in a larger percentage of the data set being 
in the upper velocity range, and therefore more evident in the 
plot.  Review of the time series plot should confirm the 
consistency. Reference to Buoy 48008 will be corrected. 

12 App. 4.1, Figure 2.13 HCCL Report - Goderich wind data used here, but said to be not appropriate in section 2.1.2.  Please clarify. Addressed See response to comment 2. 
13 App. 4.1, Section 4.1, 

par. 5 
HCCL Report - Are there any results from the 2D-vertical model runs? Addressed Results from the 2D-vertical runs were presented in the Draft 

report, but are considered inferior to the updated cross shore 3-
D analysis, and therefore omitted from the final report. 

14 App. 4.1, Section 4.1, 
par. 7 

HCCL Report - It would be good to show the results from the 6 hour model runs.  These might be of interest in 
the future. 

Addressed The longer model runs were reviewed early in the process, and 
it was concluded that their inclusion in the report would be 
confusing, and may lead to unjustified concerns. 

15 App. 4.1, Section 4.2.1, 
par. 2 

HCCL Report - Comparison of 1 and 2 hour duration events is interesting and helpful to the analysis. Addressed No comment required. 

16 App. 4.1, Section 4.2.2 HCCL Report - If I understand correctly, the 3D model was only used to assess the onshore condition?  Did the 
3D model include waves?  Executive Summary in Addendum, p.10 states that a 3D model including wind and 
wave influences was used to delineate IPZ-2.  Need clarification on how 3D model was used. 

Addressed The 3-D model was used only to assess the onshore wind 
condition, due to budgetary limitations.  Radiation stresses as 
predicted by nearshore wave modelling within a sub-grid of the 
domain were distributed with depth and combined with the wind-
generated stresses to generate the overall current conditions for 
delineation of the zone. This discussion has been included in 
section 4.2.2 of the report. 

17 App. 4.1, Section 4.2.2, 
par. 3 

HCCL Report - Need further explanation of how interpretive measures were applied with regards to onshore 
condition.  Wouldn’t the reverse particle tracking provide the results?  What interpretation is required? 

Addressed See response to comments 1 and 10.   

18 App. 4.1, Section 4.3.1, 
par. 1 

HCCL Report - What is the mesh size range, mesh size near the intake? Addressed The mesh size near the intake is in the order of 2- - 30 m.  A 
sentence has been added to the report to reflect this. 

19 App. 4.1, Section 4.3.1, 
par. 2 

HCCL Report - Model boundary conditions derived from data described in Section 2 – can more details be 
provided, i.e. which wind, wave, current data was used? 

Addressed The paragraph is specific with respect to the conditions 
imposed.  The previous paragraph has been edited slightly to 
direct readers specifically to the relevant tables in Section 2.  
The flux boundary condition is discussed later in this section.  
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With respect to the combinations of winds and currents, it was 
generally assumed that wind and waves would be coincident 
with respect to directions.  However, as discussed in response 
to comment 19, wind directions may change relatively quickly, 
while wave directions are slower to respond due to inertial 
effects.  Therefore, it was deemed feasible to have sustained 
winds generating waves from a given direction, and that the 
winds may change direction with waves slow to adjust, such that 
that the wind and wave directions generate a more critical 
condition.  This is a conservative assumption, and in reality 
expected to be somewhat larger than the 10 year condition, but 
given the uncertainties in the various aspects of the 
delineations, it is considered to be an acceptable assumption.  

20 App. 4.1, Section 4.3.1, 
par. 2 

HCCL Report - How were the combinations of wind and waves selected for the two runs?  Why is a NE wind 
combined with NNW waves?  Does this affect the return period of the event? 

Addressed 100 (or 10) year wave conditions were generally assumed to be 
generated by 100 (or 10) year wind conditions from the same 
direction.  However, because wind directions can change 
quickly and the wave conditions developed under the preceding 
wind conditions are slower to respond, it was deemed 
appropriate to assume that design wind and wave directions 
could be marginally different if a more conservative zone was 
developed.  This was considered to be an issue of engineering 
judgment. 

21 App. 4.1, Figure 4.2 HCCL Report - Difficult to read – font is very small.  Also, scale on x-axis needs explanation. Addressed The figures have been adjusted in the report. 
22 App. 4.1, Section 4.3.1, 

par. after Fig. 4.2 
HCCL Report - Wouldn’t it be most obvious to assume wind and wave directions coincide? Addressed See response to comment 20. 

23 App. 4.1, Section 4.3.1, 
p. 35, par. 2 

HCCL Report - It is not clear why a boundary condition of 0.6 m/s was selected.  Winds from Goderich are 
discussed but were rejected earlier –see comment 3. 

Addressed The 0.6 m/s boundary condition was selected as it was the best 
available estimate for an extreme condition, as discussed in the 
report.  Goderich winds were the only locally relevant measured 
winds available for this period, and therefore considered as a 
check on the potential severity of the condition.  In reality, the 
model was found to be generally insensitive to the boundary 
condition velocities, as wind generated stresses were much 
more influential in the local and nearshore areas of interest, but 
the 0.6 m/s boundary was considered to be a more conservative 
approach than assuming a fully open boundary condition. 

24 App. 4.1, Section 4.3.1, 
p. 35, par. 2 

HCCL Report - The report states that 0.6m/s was used at the boundary but that velocities were "muted" around 
the study site. Given the relatively uniform bathymetry and shoreline orientation (which is a gradual curve but 
not complex), the velocity at the site would not be expected to change significantly from what was defined at 
the boundary. What current conditions were observed around the intake when 0.6m/s was applied at the 
boundary (assuming no wind or waves)? 

Addressed Without wind forcing, the simple flux boundary condition is free 
to redistribute itself as the flow moves through the domain to 
achieve the least resistance.  With a larger portion of the flow 
favouring the deeper offshore areas, the velocities in the 
nearshore area drop off to some degree as the flux moves 
through the domain.  The velocities in the region of the intake 
were found to be in the order of 0.15 m/s with a 0.6 m/s 
boundary.  This is of course counter-intuitive in a coastal setting 
due to the increased influence of the local wind and wave 
stresses in the near-shore areas, and it was concluded that 
under extreme wind conditions, the local influences are 
significantly more critical than the regional lakewide influences.   

25 App. 4.1, Figure 4.5 HCCL Report - ADCP deployed for 2 mos.  Is there any more data of interest? Addressed The Study team did not find any other locally relevant measured 
current data. 

26 App. 4.1, Figure 4.9 HCCL Report - Comparing figures 4.9a and 4.9b, it appears that the nearshore current velocities are decreased Addressed The very nearshore currents are increased, but it is agreed that 



Client Comments – Phase 1 Addendum: LHPWSS 

1655-00487 4 of 5 

CLIENT REVIEW COMMENTS 

ID Section/Page CLIENT/PARTNER COMMENT 
STATUS CONSULTANT COMMENTS 

     
for the combined currents (with waves).  Alternatively the colour scales on the legends may differ?  Please 
clarify. 

the figures tend to show a small reduction in the intermediate 
zone between the shoreline and deeper waters.  It is speculated 
that this is a result of the application of the wave stresses over a 
sub-set of the overall domain.  It is expected that the application 
of the stresses within the wave modelling sub-domain and 
combination with the coincident wind-stressed hydrodynamic 
solution results in a small inconsistency in this regard.  Overall, 
it is expected that the discrepancy is within the limits of certainty 
of the modelling, and is not a significant factor with respect to 
the delineation of the zone. 

27 App. 4.1, p. 42 HCCL Report - Where were the particles released in the 3D model- surface on near lakebed?  Are there 
particle tracking results from the 3D model? 

Addressed The particles were released through the depth at the intake for 
the 3-D run.  The plot (Figure 4.10) represents the final location 
of the particles (from 2-D and 3-D runs) after the 2 hour back-
tracking process (i.e. their origin).   

28 App. 4.1, Section 4.3.2, 
p. 43 

HCCL Report - Are the 100 year return period results including IPZ-2 presented? Addressed The 100 year return period results were presented in the Draft 
report, but it was concluded that the present report should 
present final results for only the IPZ-2 delineation to be carried 
forward.  

29 App. 4.1, Section 4.3.2, 
p. 43 

HCCL Report - Are the 3D results not superseded by the substitution of the breaker zone for the shoreline? Addressed No.  The breaker zone is an interpretation of the point of shore 
connection.  3-D results outside of the breaker zone are relevant 
to the offshore boundary of the IPZ-2 and relevant to the 
interpretation of the results in general. 

30 App. 4.1, Section 5.3.1, 
p. 58 

HCCL Report - Moderate uncertainty in IPZ-2.  MOE requires designation of high or low uncertainty – moderate 
is not an option, although I agree it makes sense. 

Addressed The “moderate” uncertainty is a result of the age of the report, 
as it had not been updated to reflect the 2008 Director’s rules 
for Assessment Reports.  While we believe it to be a suitable 
assessment of uncertainty, a “high” uncertainty has been 
assigned in the revised report.  The “high” assessment is 
realistically a result of the fact that the uncertainty cannot be 
considered to be “low” based on the level of calibration and 
verification to date. 

31 App. 4.1, Table 5.1 HCCL Report - Wind – there is no comment on the quality of wind data, i.e. problems with Goderich data etc.  
Table says there is no local current data available – what about ADCP?  Table should be updated. 

Addressed The table has been updated to reflect these comments. 

32 Exec Sum, p. 1, par. 6 IPZ-2 in-water component was calculated with 3D hydrodynamic model – was it not 2D model that was used for 
all except cross-shore analysis?  If so, this is somewhat misleading. 

Addressed Report amended to correctly 
identify modeling/ 

33 Table 2.1 Rule 64 is not applicable to Type A intakes. Addressed Section 2.1 and Table 2.1 discuss the Technical Rules in 
general.  Specific intake type for LHPWSS not discussed until 
section 2.2. 

34 Section 2.2 Lake Huron LWS (176.0 m) Addressed Text Amended. 
35 Section 2.3.2 3D or 2D model used for IPZ-2 delineation – see Comment 1. Addressed See response to Comment 16. 
36 Section 2.3.2 Velocities based on bank full flow – wasn’t 100 year flow used in Ausable River? Addressed The up-tributary distance for the Ausable River was calculated 

using 2 year, bank full flow. 
37 Section 3.1 Type – V=Sulnerability score Addressed Text Amended. 
38 Table 4.3 Uncertainty for vulnerability is ranked low.  Is there sufficient data and analysis to assess the number of 

recorded drinking water issues related to the intake?  For the source vulnerability factor, Section 3.3.5 mentions 
review of 2005 and 2006 water quality records based on measurement of limited parameters. Is this sufficient 
to give a low ranking to uncertainty for the vulnerability scoring? 

Addressed Raw water quality data is available for 1990-2007 for chemical 
parameters and 2005-2006 for pathogens. There were no 
parameters of concern identified in the analysis.  Any operator 
concerns were identified as low.  Improved frequency of the 
sampling data may allow for improved analysis however this is 
more relevant to the Phase 2 work.  The text has been 
amended to reflect this information.  

39 Table 5.1 Below Table 5.1 the report states, “there are no significant data gaps limiting the findings of the addendum.”  Is Addressed The uncertainty level for delineation data has been changed to 
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this true – for example, with respect to storm outfall catchment areas (listed in Table 5.1), p. 4.3, par. 3 states 
that trib. velocities were not available and methodologies were therefore used to estimate the velocities, storm 
sewer outfalls and catchment areas were not available and therefore air photos were used to establish 
catchment areas, assumptions were made about storm sewers.  Although alternative methods were used, there 
appear to be a number of data gaps that may affect the level of certainty.  If identified in this phase, it may be 
possible to update this information and provide a higher level of certainty in the future. 

high to reflect the current data gaps.  This may allow for 
improvement and a higher level of certainty in the future. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Comparison of Wind Rose for Buoys 45149 and 45008 

45149 2000-2005        45008 2000-2005        45008 1983-2005 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Refined Rose Plot  (Reference Figure 2.5: Buoy 45008 Hourly Winds (1982 – 2007)) 
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APPENDIX 2.1: 
REVISED HCCL HYDRODYNAMIC MODELING REPORT 



HCCL Report to be inserted here 


