4.2 Groundwater Data Collection and Mapping

Purpose: To understand the nature and extent of groundwater.


Collecting data and mapping watershed features creates information on the quality and availability of water in a community. Accurate maps are the foundation for all other groundwater protection tools because they are the baseline reference for land use planning. Land development can alter the natural flow of groundwater. 

Data collection allows planners and decision-makers to track cumulative water use over time, and account for this in development decisions to ensure a sustainable water supply. Specifically, good data allows local governments to plan based on sustainable yield, not proof of water. Sustainable yieldxe "Maximum sustainable yield" is the amount of water that can be taken continuously from a source or area under existing environmental conditions without diminishing its continuing supply.  The groundwater system must reach a new state of equilibrium after pumping starts for the development to be sustainable.  

Local governmentxe "Local government" regulations that address groundwater usually are based on managing risk by requiring developers to provide “proof” of adequate water supply. This typically results only in a confirmation of well capacity, often from a very short-term well test without consideration given to the water budget.  In contrast, an analysis of sustainable yield also takes into account the incremental or cumulative impacts of increasing groundwater-reliant development (either from one large development or many small ones) and temporal variation in well capacity. A sample calculation of estimating sustainable yield of an individual well based on a pumping test appears below.  This calculation is usually made independent from the estimation of a water budget. 

	Sample Calculation: 

Sustainable Well Yield
	

	Sustainable well yieldxe "Maximum sustainable yield" based on a 72 hour well pumping test: 

Variables:  

Q = flow



X  = 100 day specific capacity 




Y  = available drawdownxe "drawdown"
Sustainable flow:           (Q) =   (X) * (Y) * 70%
Where:

The 100 day specific capacity is the estimated ratio between the well flow rate (the tested rate), and the water level drawdownxe "drawdown" in the well.  The drawdown is the difference between the non-pumping water level and the (lower) level caused by pumping.  The available drawdown is the difference between the non-pumping water level in the well and some critical level that depends on site-specific conditions, such as the pump intake, or depth to the top of the aquifer.  

This calculation is the standard methodology used in British Columbia to estimate the sustainable yield of an individual well and is provided in the guidelines for applying for a Certificate of Public Convenience and Necessity (CPCN), the document granted by the Comptroller of Water Rights that authorizes a water utility to construct and operate a water system to serve customers within a defined area.  The estimation of the sustainable yield of a series of closely-spaced wells, known as a well field, or the aquifer system as a whole (i.e. basin yield) is a more complicated process that usually requires groundwater modeling, and is warranted in some areas experiencing intensive groundwater development.  


Regular monitoring of local groundwater quality and quantity can be a particular challenge. Water sources in residential development are often private wells drilled on each lot. Reporting on these systems is at present voluntary, and so not all wells are reported. As a start, there is an opportunity for local governments to track the installation of new wells by cataloguing initial groundwater reports prepared to support subdivision and development permit approvals. 

4.2.1 How and When to Map Groundwater Resources

The local government may decide to take on the task of groundwater data collection and mapping as a proactive planning measure in priority areas or in areas under consideration for more development.  However, similar activities may also fall under the development permit area process, which is covered in Section 4. Since good data and accurate, detailed maps are the foundation of all other tools, they are a good investment and beneficial to obtain at any time.
 Identifying key groundwater areas forms the basis for establishing designated areas in Official Community Plans and zoning bylawsxe "bylaws". The information can include:
· Watershedxe "Watershed" boundaries

· Location, size and type of aquifers

· Vulnerability of aquifers and recharge areas to contamination

· Areas where groundwater supply is limited or critical

· Areas where groundwater is naturally recharged

· Relevant studies from other levels of government

· Information on wells and site or area-specific hydrogeological issues (see Section 2: Working with Groundwater Professionals).

Generally, the more detailed the information, the more useful it will be in land use planning and decision-making. For greatest impact, focus groundwater research first on areas where zoning changes and development would be made possible by OCP amendment (e.g., annexation or rezoning). When significant changes in land-use are anticipated, for example through annexation or rezoning, this would be a critical time to conduct groundwater data collection and mapping, so that groundwater protection and management can be fully considered in the planning process. Areas expected to experience less change in land use or only minimal development pressure will normally not require an intensive mapping effort, unless they contain a critical aquifer recharge area or an important connection to an adjacent area. 

The starting point for mapping will typically be the provincial aquifer maps available on the B.C. Water Resources Atlas.  In the Okanagan Basin and other locations, for example parts of Vancouver Island, more specific groundwater assessment and mapping has been performed

Callout
The Province of BC is currently working with regional districts on Vancouver Island to develop and implement the use of DRASTIC or intrinsic vulnerability maps to guide choices during OCP processes. The Town of Oliver also used these maps as part of the Smart Growth on the Ground planning process.

4.2.2 Using Rezoning and Development Information Areas to Collect Data on Groundwater

Local governmentsxe "Local governments" can require an applicant for rezoning or a development permit in a development information area to provide groundwater data to evaluate whether the resource can support changes in density, aquifer impermeability and groundwater use. The local government can commission a preliminary hydrogeological study in initial stages of the application to:
· assess the potential to develop adequate water supplies that are sustainable (the actual wells may or may not be installed at the rezoning stage); 

· evaluate whether operation of the proposed well or wells is expected to be sustainable year-round; and the uncertainty associated with any of the findings or underlying data;

· address potential cumulative impacts of additional wells by assessing whether or not the new water sources will interfere with other wells or surface water (and if so, to what degree); and

· determine whether the project appears feasible based on the adequacy of existing information and, in the event the project is feasible, recommend appropriate terms of reference (study area and level of detail) for a hydrogeology study to support final subdivision.

A local government can require a more detailed and quantitative study from the applicant at the final subdivision stage. This latter study might include site-specific testing, and provisions for long-term monitoring on larger projects. See Appendices A and B for recommended testing guidelines and reporting structure.
Aquifer or Watershedxe "Watershed" Boundaries

The first step in gathering information for groundwater protection is to determine the aquifers over which or watershed(s) in which the local government is located.  The Province currently has designated 461 community watersheds in BC .  In rural areas, the Province has developed watershed plans as part of its forestry legislation.

Aquifers and Groundwater Supply Areas

Aquiferxe "Aquifer" mapping provides baseline information on the location, size and type of aquifers in a watershed. The BC Ministry of Environment operates an Aquifer Classification System containing over 900 aquifers using data from the Ministry of Environment WELLS Database. Information on these aquifers is available at the Ministry of Environment website under Water Stewardship
. Some well reports can be found on the Ministry of Environment on-line EcoCat system (see References and Resources). EcoCat is a document and file management system that allows users self-access to reports for various ecological projects with British Columbia. Report subjects that can be found on EcoCat are water quality and water quantity, reservoirs, floodplain mapping, groundwater, fish and fish habitat, wildlife and wildlife habitat, terrestrial information, soils, and vegetation. 
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B.C. Ministry of Environment Observation Well 282, Meyers Flat (Okanagan Basin)

Whenever possible, reports are provided in PDF format so that they remain unaltered. Finished maps are also provided as PDFs or as image files where possible.

Information is also available on the provincial observation wells used to monitor provincial aquifers (see inset). Observation wells with long-term records can show whether an aquifer has stable, rising, or declining water levels, all useful indicators of the sustainability of the local groundwater system. 

Local governmentsxe "Local governments" can enhance the provincial aquifer maps by more accurately delineating aquifer boundaries as well as determining aquifer properties such as permeability, recharge (water balance), groundwater flow and direction, and sustainable yield. In summary, aquifer maps can identify the following:
· Location of aquifers;
· Size (area) of aquifers (km2);
· Classification of aquifers (bedrock, confined or unconfined);

· Location of recharge and discharge areas;
· Heavily developed and vulnerable aquifers;

· Limited and critical supply aquifers for protective designation; 
· Water-poor areas, defined as locations where natural groundwater quantity and quality are marginal or poor;
· Petroleum service stations and other hazardous uses overlying vulnerable aquifers that may require monitoring or upgrading;
· Areas over highly vulnerable aquifers requiring contaminated site clean-up, inspection and ongoing monitoring;
· Capture zones of drinking water wells;

· Quantitative information about aquifer properties, water balance information, and quantitative groundwater use information;
· Location of permeable materials near the land surface for rainwater infiltration (surficial geology); and
· Areas for groundwater monitoring. 


Maps can be used in planning to delineate a series of “Water Areas” such as described in example designations in Table 6.
Table 6: Example “water areas” designations for use by local government
	Designation
	Description

	Water Area A
	An existing urban zone or lands planned for high-density urban developmentxe "urban development" – only development relying on community water supply is considered in this Area

	Water Area B
	A hillside area, with limited existing development and documented groundwater quantity limitations.  A hydrogeology study would have been completed, which identifies the preliminary water balance, the potential “carrying capacity” of local aquifers, and the terms of reference for developers to follow to complete hydrogeological assessments for specific subdivision applications

	Water Area C
	A transitional area between valley bottom, farmland, and hillsides.  Some areas have been identified as belonging to a critical groundwater recharge zone, for a major source of domestic water for residents and several community water systems.  Parts of this area are designated as appropriate for intensive residential development.  The rest of it will remain as aquifer recharge area.  The entire area is in a Development Permit Area that includes guidelines for groundwater protection.


The delineation of Water Areas on maps can be used for multiple purposes.  For example, these areas can inform decisions on zoning or development permit areas, or serve as a factor for consideration in rezoning decisions.  The delineation of Water Areas can be synchronized with other growth management and sustainability strategies, such as urban containment boundaries.

4.2.3 Further Reading

· BC Water Resources Atlas
· The Ministry of Environment’s Guide to Using the BC Aquiferxe "Aquifer" Classification Maps for the Protection and Management of Groundwater (2002) assists readers with using the provincial governmentxe "provincial government"’s aquifer classification maps, part of the BC Aquifer Classification System that supports groundwater management and assessment. Section five of the Guide presents a sample groundwater management scenario demonstrating how aquifer classification maps help resolve land use issues.

· BC Aquiferxe "Aquifer" Classification System http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/index.html
· ImapBC provides natural resource information  http://webmaps.gov.bc.ca/imfx/imf.jsp?site=imapbc
· The Ecological Reports Catalogue (Ecocat) contains reports on aquatic and terrestrial species and habitats, floodplain mapping, reservoirs, water quality and quantity, reservoirs, groundwater, soils and vegetation.  It provides access to digital reports and publications, and their associated files such as maps, datasets, and published inventory information. *** include process for having studies included and accessing them http://www.env.gov.bc.ca/ecocat/
· Environmental Monitoring System (EMS) http://www.env.gov.bc.ca/emswr/







The BC Observation Well Network is composed of 158 observation wells monitor by the Ministry of Environment for water level fluctuations.  These wells are located in all the major groundwater areas of the province. The Ministry summarized groundwater data in a variety of ways and is available at �HYPERLINK "http://www.env.gov.bc.ca/wsd/data_searches/obswell/index.html"�http://www.env.gov.bc.ca/wsd/data_searches/obswell/index.html�. 








Living Water Smart commitment:


Government will support communities to do watershed management planning in priority areas (p. 51)











� See the recommendations for Further Reading at the end of this section for additional resources.


� Nowlan and Bakker, supra note 20 at 40-41.


� �HYPERLINK "http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/index.html"�http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/index.html�





Excerpt from: Groundwater Bylaws Toolkit, Chapter 4 Groundwater Protection Tools



Complete document available online at: http://www.obwb.ca/groundwater_bylaws_toolkit/ 

