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1 PURPOSE 

This document contains background, rationale and reference material to support implementation of 
the Cataraqui Source Protection Area Groundwater Vulnerability Guideline (Geofirma, 2016a), 
referred to herein as the Guideline.  

The Guideline presents a process to help determine whether or not a site overlies a highly vulnerable 
aquifer and if there are karstic features at the site. The primary application of the Guideline is to 
support the implementation of the Cataraqui Source Protection Plan (CRCA, 2014), which is referred 
to herein as the Plan. However, aspects of the Guideline may also be helpful to inform subsequent 
efforts regarding other drinking water source protection work (i.e. section 60 risk assessments under 
Part IV of the Clean Water Act) or the regulation of karst hazards under section 28 of the Conservation 
Authorities Act.  

The Guideline is intended to be applied to: 

 multi-lot severances and developments; 

 commercial development; 

 industrial development; and 

 non-residential land uses that will store or handle hazardous materials such as those listed in 
Policy 5.5.1-HR of the Cataraqui Source Protection Plan (CRCA, 2014). 

There are aspects of development and site conditions that are not addressed by the Guideline. The 
Guideline is for assessing groundwater vulnerability; it is not intended for geotechnical applications to 
assess the stability of the bedrock. The Guideline is not intended to be applied to single lot residential 
severances or development since single lot residential developments do not include the handling or 
storage of chemicals in the quantities listed in Policy 5.5.1-HR. Single lot residential severances may 
have private sewage systems that could be a source of groundwater contamination, however, these 
sewage systems are addressed by other legislative requirements (i.e. the Ontario Building Code). 
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2 BACKGROUND 

2.1 Drinking Water Source Protection Plan 

The Clean Water Act (MOECC, 2006) focuses on the development and implementation of local source 
protection plans to support clean and plentiful sources of drinking water.  The Plan was developed 
following the requirements of the Clean Water Act, was approved by the Ontario Minister of the 
Environment and Climate Change on November 26, 2014 and has been in effect since April 1, 2015. It 
applies to all or part of three counties and 12 municipalities that make up the Cataraqui Source 
Protection Area (CSPA) in southeastern Ontario.  

The Plan presents policies that require or recommend actions to reduce the risk of contaminating 
existing and future drinking water sources.  Collective success in achieving this outcome will depend 
on how the policies are understood and implemented by the municipalities, government ministries, 
and the other implementation bodies involved.   

The municipalities within the Cataraqui area regulate development through Provincial legislation such 
as the Planning Act and the Condominium Act. The Clean Water Act relates to this system by 
requiring decisions on planning matters comply with significant threat policies and have regard for 
moderate or low threat policies in the Plan. Municipalities must amend their land use planning 
documents to conform to related policies regarding significant drinking water threats and are 
encouraged to make other amendments to help ensure that their decisions have regard for the Plan 
policies regarding moderate or low drinking water threats.  

The goals of the Plan are: 

1. To protect existing and future drinking water sources in the source protection area. 

2. Ensure that, for every area identified in the Assessment Report (CRCA, 2011) as an area 
where an activity is or would be a significant drinking water threat,  

a. the activity never becomes a significant drinking water threat, or  

b. if the activity is occurring when the source protection plan takes effect, the activity 
ceases to be a significant drinking water threat. 

The Plan includes policies to protect highly vulnerable aquifers. Policy 5.5.1-HR is a land use planning 
policy that is intended to help protect highly vulnerable aquifers from sources of contamination that 
could result from the establishment of specific activities associated with land uses. Examples of land 
uses that present an elevated risk of groundwater contamination are provided in the policy (i.e. land 
uses that involve the handling and/or storage of chemicals (e.g. solvents), fertilizers, fuel, road salt, 
snow storage, mine tailings, PCBs). Most municipalities in the Cataraqui area have official plan 
policies regarding groundwater protection; however, their applicability varies. Through the use of the 
Guideline, municipalities within the area would be able to employ a standardized process to assess 
groundwater vulnerability.  
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2.2 Hydrogeology in the Cataraqui Source Protection Area 

The bedrock geology of the Cataraqui area consists of Paleozoic carbonate and sandstone rocks 
along its east and west extent, with the central portion of the area consisting of Precambrian igneous 
and metamorphic rocks of the Canadian Shield. The bedrock is exposed or covered by thin soils 
across most of the study area with the exception of local, isolated deposits of clay, sand and glacial 
tills.  

Groundwater is primarily extracted from bedrock aquifers (CRCA, 2011), although some water is 
obtained from overburden aquifers. The shallow bedrock formations in the area have vertical fractures 
that provide a pathway for contaminants to reach the aquifers. These vertical fracture pathways limit 
the natural processes that mitigate groundwater contamination (CRCA, 2011). Overburden water 
supplies are typically in shallow sand gravel deposits that are also susceptible to contamination.  

A regional Groundwater Vulnerability Analysis Report (Dillon Consulting Limited and Malroz 
Engineering Inc., 2008) identified more than 90 percent of the Cataraqui area as having highly 
vulnerable aquifers (HVAs) due to the thin soil present throughout most of the area. HVAs are aquifers 
that lack natural protection provided by overlying materials (e.g., soil) so that it is easily impacted by 
sources of contamination (i.e., pollution) such as fuel spills or chemical leaks.  

Karst is also prevalent and is most notably present in the Bobcaygeon and Gull River limestone 
bedrock formations within the Township of Frontenac Islands, Town of Greater Napanee, Loyalist 
Township, the City of Kingston and the Township of South Frontenac. The aquifer vulnerability in the 
Cataraqui area changes over short distances, with areas of low vulnerability adjacent to areas of high 
vulnerability (Dillon Consulting Limited and Malroz Engineering Inc., 2008). Karst features have also 
been noted in Precambrian marble in the Canadian Shield. 

The Guideline was needed because the delineation of highly vulnerable aquifers was carried out at a 
regional scale where property-scale variability was not considered due to the potential for unreliable 
data. This potential resulted in a conservative approach to ensure that highly vulnerable aquifers were 
not classified as aquifers with low vulnerability. As a result of this conservative approach, it is 
anticipated that some low vulnerability aquifers were classified as highly vulnerability aquifers.  The 
benefit of determining the aquifer vulnerability at a site is that local scale data can be used to assess 
the aquifer vulnerability and allow for small-scale geological variability to be included in the 
assessment.   

The Guideline outlines the process required to determine whether or not a site has a highly vulnerable 
aquifer and if there are karstic features at a site. The goal of the Guideline is to prevent future 
problems in communities by identifying potential pathways of water into the subsurface before 
development begins, and tailor the development to meet the needs of the proponent while curtailing 
environmental impacts. 
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2.3 Objectives  

The objective of the Guideline is to identify the requirements for proponents of developments, 
consultants and planning approval authorities to: 

- Assess the inherent vulnerability of the groundwater in a local area (i.e. property parcel or 
small group of contiguous parcels), based on typically available desktop and field data such as 
nearby well records, soil maps, and bedrock information, soil test pits and field surveys. 

- Identify the presence, extent and impact on groundwater vulnerability of karst features on a 
property. 

The Guideline is not meant to be onerous to development, but rather is to build upon activities already 
required for development to consider aquifer vulnerability during the planning stages of development. 
The amount of assessment required is proportional to the type of development and the complexity of 
the site. The Guideline recognizes there are a wide range of developments that will occur within the 
area and the data required to support developments may range in quality. The Guideline enables 
flexibility with the methods and data required to characterize aquifer vulnerability and karstic features 
at each site. Where there are questions regarding the vulnerability assessment or karst assessment, 
the proponent is encouraged to consult with the approval authority to identify the expectations.   
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3 AQUIFER VULNERABILITY ASSESSMENT 

This section provides clarification and/or additional information to support the Guideline and aid in the 
submission of a satisfactory report regarding the aquifer vulnerability assessment. The overall 
objective of the vulnerability assessment is to determine if the site is underlain by an HVA. The 
approach is to determine the intrinsic susceptibility index (ISI) for the site and determine if the regional 
identification of an HVA is still valid at the site scale. The site in this document refers to the proposed 
development site.   

3.1 ISI Method for Determining Aquifer Vulnerability 

The drinking water source protection initiative undertaken by the Province of Ontario resulted in a 
significant amount of research and testing of methods for evaluating aquifer vulnerability that identified 
four acceptable methods for calculating aquifer vulnerability in a source protection area (MOE, 2009): 

1. Intrinsic susceptibility index (ISI). 

2. Aquifer vulnerability index (AVI). 

3. Surface to aquifer advection time (SAAT). 

4. Surface to well advection time (SWAT).  

The ISI method was selected for the vulnerability assessment for the Cataraqui area due to the data 
available, the quality of the data, and the regional scale of the vulnerability assessment (Dillon 
Consulting Limited and Malroz Engineering Inc., 2008). Geofirma (2016b) recommended the ISI 
method for the Guideline due to the data available, and to ensure that site-specific vulnerability 
assessments are comparable to the regional data set created by Dillon Consulting Limited and Malroz 
Engineering Inc. (2008). It is important to note that the calculated ISI value does not have any physical 
representation but can be categorized to identify highly vulnerable aquifers.   

The challenge with a regional-scale assessment is the variability of geological conditions that may 
occur over relatively short distances, perhaps changing at the property-scale. Regional-scale 
vulnerability assessments may not include geological conditions that only occur in limited pockets.  
For example, thick soil at one or two properties may not be mapped at the regional-scale, which may 
result in incorrectly characterized aquifer vulnerability on those properties.  Small-scale or property-
scale variability of the geological conditions makes it prudent to determine the aquifer vulnerability at a 
site, to confirm that the regional assessment was correct. 

3.2 Determining Vulnerability of the Site 

3.2.1 Data 

The data for the regional-scale vulnerability assessment was primarily obtained from the Province of 
Ontario’s Water Well Information System or WWIS (MOECC, 2016). The WWIS contains data 
regarding the depth to water, the geological units encountered (and their depths) and location.  It is 
important to note the possibility for inaccuracies in the WWIS.  The well records are primarily based on 
records from well drillers, and the accuracy of the records compared to the actual field conditions 
depends on the diligence and knowledge of the driller.  
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3.2.2 Unconfined or Confined Aquifers 

Calculating ISI values for unconfined aquifers requires the depth to the water table and the 
thicknesses of all of the geological materials from the surface down to the water table.  If the aquifer is 
unconfined, the ISI calculation will be carried out from the surface to the top of the shallowest aquifer.  

The depth to the top of the shallowest aquifer may be determined using site data, but should also 
consider adjacent properties if there are wells present.  Examining the water well information for the 
adjacent wells will identify the shallowest aquifer the existing wells are completed in, which will identify 
the shallowest aquifer in the area. The decision to identify the aquifer as an unconfined or confined 
aquifer should be based on the depth of the water table, the geology at the site and the depth of the 
well. Where multiple aquifers are encountered, the shallowest aquifer should be used. Where a well 
may draw water from both an unconfined and a confined aquifer, the unconfined aquifer condition 
should be used.  

The water table is a fluctuating surface that is not likely at a constant depth. Providing a rationale for 
the selection of the water table depth is important to understand how the depth to the top of the 
unconfined aquifer was determined. 

3.2.3 K-Factors 

The next step is to assign K-factors for all of the geological units. K-Factors for the Cataraqui area 
were identified in Appendix C to Dillon Consulting Limited and Malroz Engineering Inc. (2008) and are 
listed in the Guideline. It is important to select a K-factor that is representative of the type of material 
observed in the field or mapped at a location. Shallow Paleozoic bedrock, including carbonate and 
shale, are considered to be weathered in the area. It is likely that the upper 2-3 m of the Canadian 
Shield is also fractured. All soils less than 5 m below surface are likely weathered, including clay.  
Below a depth of 5 m, unweathered clay may be present. Diamicton is likely indistinguishable from till.   
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4 KARST ASSESSMENT 

This section provides clarification and/or additional information to support the Guideline and aid in the 
submission of a satisfactory report regarding the karst assessment.  Karst is carbonate or gypsiferous 
rock eroded by water dissolving the rock producing ridges, towers, fissures, conduits, sinkholes, and 
other types of landforms, including caves. Appendix A to this Supporting Document is a glossary of 
karst terms and their meanings.  Karstic features allow water to rapidly infiltrate and move through the 
subsurface, inhibiting the natural protection that geologic material provides to buffer groundwater from 
contaminants. The Ontario Geological Survey has identified karst in the CSPA; it is present due to the 
dissolution of carbonate bedrock (Brunton and Dodge, 2008). 

The karst assessment has two components, a preliminary study and a field-based investigation. The 
preliminary study is designed to determine the potential for karstic features at the site and identify 
obvious karstic features at the site. The field based investigation is an in-depth study to determine the 
extent of karst features and the potential impact to aquifer vulnerability.   

4.1 Carbonate Bedrock at the Site 

The first step in the karst assessment should be to determine the bedrock units at the site. Both 
Paleozoic carbonate bedrock formations and Precambrian marble rocks have been noted in the 
Cataraqui area. The Guideline discusses the desktop methodology to potentially identify carbonate 
bedrock at the site. Carbonate rocks are easily identified in the field by placing a few drops of 
concentrated hydrochloric or sulphuric acid on the rock to determine if the acid creates bubbles or 
fizzes. If the rock fizzes, then there is carbonate present and the rock may be affected by karstic 
processes. 

4.2 Preliminary Karst Assessment 

The preliminary assessment should be performed to determine if there are available data that can be 
used to show whether or not the site has karstic features. The Guideline lists the requirements for the 
preliminary karst assessment, including the maps and reports to be examined and included in the 
submission. Appendix B to this document has photographs of karstic features that may aid in their 
identification. 

The preliminary assessment should be performed when the ground is easily viewed. The goal is to 
identify obvious karst features including topographically closed depressions, sinkholes, disappearing 
streams or solutioned bedrock at the surface.  An examination of the bedrock in nearby road cuts may 
also provide evidence of the existence of karst in the area or the absence of carbonate rock if the road 
cuts only show rocks of the Canadian Shield.   

4.2.1 Criteria for Identifying Sinkholes 

A model ordinance for property development on karst was developed by the Kentucky Geological 
Survey as guidance for construction on karst terrain to reduce property damage and the threat to 
human health as a result of karstic hazards (Currens, 2009). One of the highlights of this model 
ordinance is the criteria for identifying sinkholes. Currens (2009) describes sinkholes as a closed 
depression in the land surface formed by erosion and transport of earth material from below the 
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surface. A sinkhole drains internally and may be immediately subjacent to soil or separated from the 
surface by unconsolidated and consolidated cover.  

Sinkholes may have different morphologies. Sinkholes formed in soluble rock include dissolution 
sinkholes that are gently sloping depressions and wider than they are deep.  There are karst window 
sinkholes that expose underground streams; vertical shafts that are depressions in bedrock much 
deeper than they are wide and roughly circular in plan view; grikes that are depressions in soil and 
bedrock much deeper than they are wide and roughly lenticular, and others.  

The following is a checklist for determining if a feature is a karst sinkhole. 

(a) It must be a natural depression. 

(b) The location must be underlain by soluble bedrock. 

(c) The depression must be topographically closed. 

(d) The depression must be internally drained. 

The absence of sinkholes is not definitive evidence of the absence of karst features at depth. Karst 
may underlie a site where there is no surface expression. Studies of existing topographic maps, visual 
inspection in the field and aerial photography, possibly followed up with geophysical methods or 
drilling, are commonly necessary to determine the presence or absence of karst. 

4.3 Field-Based Karst Assessment 

Field-based investigations will define the nature and extent of the karst at the site.  The field-based 
karst assessment uses the information gained from the first stage of assessment to design and carry 
out a field-based investigation to improve the understanding of karst at the site.   

The level of investigation will vary based on the type of project and geological and geotechnical 
complexity of the site. The type of field work and associated costs will depend upon the extent and 
complexity of the proposed development relative to the risk or potential for impacts related to karst 
(Brunton, 2013). This information can be used to guide the project from an environmental viewpoint, 
and may also be important for building design. 

Field-based karst investigations should be designed and carried out by Qualified Persons who 
possess either a P.Geo. or P.Eng. designation and having pertinent experience and knowledge, for 
example: 

 Paleozoic bedrock geologist (P.Geo.); 

 Hydrogeologists and/or hydrologists (P.Eng. optional; karst experience preferred); 

 Geotechnical or geological engineer. 

The Qualified Persons are encouraged to discuss the proposed work plan for the field-based 
investigation with the approval authority (or the peer-reviewer), to ensure the proposed plan is 
adequate for identifying karst at a proposed site before the investigation is conducted.  Site-specific 
conditions, including topography, overburden thickness, previous land use, and site accessibility will 
need to be considered during the creation of the proposed work plan. 
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5 IMPLEMENTATION OF THE GUIDELINE 

5.1 Land Use Planning 

Municipal planning authorities are encouraged to consider adding the assessment described by the 
Guideline to their list of required studies for applicable development types.   

5.2 Peer Review 

Approval authorities should consider a peer review process to evaluate submissions as per the 
Guideline. 

5.3 Updates 

The Guideline will be updated when new relevant practices or technologies arise and as more 
information within the CSPA is gathered and interpreted.  Please ensure that the most up-to-date 
version of the Guideline and Supporting Document are used to complete the aquifer vulnerability and 
karst assessment. 
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APPENDIX A 

Terms associated with karstic terrain



 

 

Aggressive groundwater – unsaturated groundwater with respect to the local bedrock geochemistry, 
so the rock is susceptible to dissolution. 

Bedrock – a general term for the rock that underlies soil or other unconsolidated material 

Bedrock aquifer – bedrock that contains enough saturated permeable material to yield significant 
quantities of water to wells and springs. Flow may be through pores, bedding planes, joints, fractures, 
or dissolution features. 

Carbonate rocks – sedimentary rocks (e.g., limestones, dolostones) composed mainly of calcium 
carbonate. Dolostones have magnesium and calcium within the carbonate rock.  

Carbonic acid – a mild acid formed when water and carbon dioxide chemically combine in the 
atmosphere and soil. 

Cave – a natural opening in rock large enough to be entered by man and extending to points where 
daylight does not penetrate. 

Cave system – a cave or caves having a complex network of interconnected chambers and passages 
that constitute an underground drainage system. 

Closed depression – a depression that collects precipitation and runoff water but does not have a 
surface water outflow.  In areas of carbonate geology these depressions may be indicative of 
sinkholes or incipient collapse. 

Diamicton – sediment composed of a wide range of clast sizes; includes varying proportions of 
boulders-cobbles, sand-silt-clay; with no genetic connotation.  

Disappearing streams – areas of exposed bedrock or thin sedimentary cover where surface streams 
disappear into the ground; these locations are often referred to as sinkholes or sinks. 

Dissolution or chemical solution – a chemical weathering process of bedrock in which the combination 
of water and carbonic acid slowly removes mineral compounds from bedrock and carries them away in 
solution; when waters become saturated or over saturated with dissolved elements then precipitation 
will happen. 

Dolines or sinkholes – a closed surface depression draining underground in karst terrain. Dolines are 
usually “bowl-shaped” and can be a few to many hundreds of metres in diameter. 

Fault – a surface or zone of rock fracture along which there has been displacement of the sides 
relative to one another.  

Grike – a deep, narrow, vertical or steeply inclined rectangular slot in carbonate bedrock, developed 
by solution along a joint or fracture. 

Groundwater – water below the level at which all voids in the rock are completely filled with water. 

Joint – a fracture in a rock along which no appreciable movement has occurred. 



 

 

Karren – a complex group of small-scale to medium-scale karstic landforms, commonly found on 
limestone pavements, showing a variety of dissolutional, sculpted features, such as sharp-ridged 
grooves, widely opened joints, horseshoe-shaped stepped structures. 

Karst – a distinctive landform topography created by a combination of physical erosion and chemical 
dissolution of underlying soluble rocks (carbonates, gypsum, salts) by surface water or groundwater. 

Lenticular – resembling the shape of a lens in cross-section. 

Lineament – a linear topographic feature that is believed to reflect bedrock structure.  An example is a 
fault.  

Marble – a metamorphic rock consisting of re-crystallized limestone or dolostone. 

Permeability – a property of rock or unconsolidated soils and underlying sediments that permits water 
to pass through it via interconnected voids (spaces). Permeable bedrock makes a good aquifer, a rock 
layer that yields water to wells. 

Porosity – a volume of void space in soils, unconsolidated surficial sediments or bedrock. When these 
voids are interconnected, water or air (or other fluids) can migrate through voids making the sediment 
or bedrock permeable. 

Precipitate – a solid formed from a chemical reaction in water. 

Sinkholes or dolines – are closed surface depressions that allow rain and river waters to flow 
underground and help create subterranean karst features. Sinkholes are often “bowl- shaped” and can 
be a few to many hundreds of metres in diameter. 

Solutioned carbonates – carbonate rocks that have had cavities formed, fractures widened, and 
passages in the rock created through the dissolution of the rock by the passage of water. 

Solution channels – tubular or planar channels formed by dissolution of carbonate rocks.  Typically 
occurs along joints and bedding planes.  

Springs or resurgence – the point where ground water reappears at the earth’s surface and begins 
flowing downhill as a surface stream. It is the opposite of a sinking stream. 

Subsidence – movement in which surface materials are displaced vertically downward, with little or no 
horizontal component. 

Till – sediment that was transported and deposited by glaciers with little or no sorting by water.  Till is 
a glacial diamicton. 

Void – opening in the soil or rock. 

Water table – the surface between the zone of pure water saturation and zone of pure aeration under 
the ground surface. In some low-lying areas, the water table can be above ground surface resulting in 
springs and/or groundwater discharge, usually into rivers. 
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Photographs of karstic features 



1: Sinkhole/doline 2: Sinkhole/doline1: Sinkhole/doline
Township of South Frontenac; Collins Creek watershed

2: Sinkhole/doline
Township of South Frontenac; Collins Creek watershed
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3: Sinkhole/doline
City of Kingston; Collins Creek watershed

4: Sinkhole/doline
Loyalist Township; directly drains to Lake Ontario

16‐202‐1: CRCA Groundwater Vulnerability Guideline



5: Solutioned joint/grike in carbonate rock 6: Closed depression5: Solutioned joint/grike in carbonate rock 6: Closed depression
Township of South Frontenac; Collins Creek watershed

7 Di i t 8 Sinkhole/doline7: Disappearing stream
City of Kingston; Collins Creek watershed

8: Sinkhole/doline
City of Kingston; Collins Creek watershed
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9: Solutioned joint/grike in carbonate rock 10: Disappearing stream in carbonate9: Solutioned joint/grike in carbonate rock 10: Disappearing stream in carbonate 
Bobcaygeon Formation

11: Solutioned joints/grikes in carbonate 
Bobcaygeon Formation

12: Solutioned carbonate Bobcaygeon Formation
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13: Joints in carbonate rock.  Joints expanded by  14: Joints in carbonate rock.  Joints expanded by p y
dissolution

p y
dissolution
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15: Solution channels in carbonate rock 16: Solutioned joints/grikes in carbonate rock

16‐202‐1: CRCA Groundwater Vulnerability Guideline

All photos on this page courtesy of Frank Brunton at the Ontario Geological Survey



17: Cave 18: Solutioned carbonate rock17: Cave 18: Solutioned carbonate rock

19: Cave 20: Cave/cave system
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All photos on this page courtesy of Frank Brunton at the Ontario Geological Survey


