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Greenland® Group - Mission Statement

Through the dedication of multi-disciplinary teams of reputable 
professionals, the Greenland® Group provides integrated 
professional engineering and landscape architecture services.
We strive to offer excellence in our niche disciplines and provide 
exceptional service in developing new environmental technologies, 
while also maintaining the integrity of our services for the Public, 
First Nations, Business Community, our Clients and Employees.

Since 1994, the Greenland® Group has been committed to 
developing innovative solutions with a conservationist ethic that 
respects the environment from the outset and incorporates best 
available science, open data, and defendable technologies              
to address climate change concerns (and opportunities).



University of Guelph      
Partnership (Since 2003)



Watershed Science Software                                         
Tools and Training (Since 1994)



CANadian Watershed Evaluation Tool (CANWET)
CANWET is an open source GIS and integrated water 
budget, nutrient and contaminant transport plus climate 
change impact decision support system. Since 2004, it 
has been used for Assimilative Capacity Studies; Master 
Drainage Plans; TMDL and Other Nutrient Management 
Studies; Source Water Protection Studies; and, 
Municipal Infrastructure Planning, Design and 
Environmental Assessment Projects.

Over the past 5 years, the “Best Available Practices (BMP)” analytical tool 
built into CANWET- 4,(originally called PRedICT and part-of CANWET’s 
U.S. model “cousin” called MapShed) has been used in Southern Ontario  
to estimate the reduction in nutrient, pathogen and sediment loadings 
associated with a variety of watershed practices. CANWET- 4 has been 
used to develop subwatershed offsetting targets and implementation                  
programs involving Ontario CAs, Municipalities and other partners.                     

Version  ‘5’  (with a web interface) has now been completed                         
in partnership with the University of Waterloo and COMAP.



Evolution of Watershed 
Decision Support Systems
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Cloud 
Computing 
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Predictive 
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Mobile Devices          
and Sharing

Information                      
Technology Age

Intelligence 
Information Age



University of Guelph      
CANWET Science (Since 2003)



Example ‘U of G’
Published CANWET 

Manuscripts



CANWET’s “U.S. Cousin”





CANWET Version  ‘1’ (2004)



CANWET                    
Version ‘2’

(2006)



CANWET 
Version ‘3’



CANWET (V.3) 
Used by Ontario 
To Help Prepare 
the Award‐
winning              

‘Lake Simcoe 
Protection Plan”



CANWET‐4 Tested Successfully       
for Use in the Lake Winnipeg Basin

LaSalle River Watershed



Land Use Change Response: Phosphorus 
Load in LaSalle River Watershed



CANWET 
Version  ‘4’



CANWET Version ‘4’
Government of Canada Letters of Support



January 19, 2012

Version  ‘4’





Evolution of Watershed 
Decision Support Systems

DOS>

1980-90’s

Integrated GIS and              
Geo-processing that 
incorporates best-
available science

Since 2000

Since 2013

Cloud 
Computing    
& Storage

Web-based 
GIS and 
Predictive 
Tools & Data

Mobile Devices          
and Sharing

Information Technology Age

Intelligence 
Information Age



University of Waterloo     
Partnership (Since 2013)



CANWET Status (2015) for the Severn-Sound “Development Basin” to 
Assess Cumulative Impacts from WWTPs and SWM Facilities Upon P, N, 

BOD, Pathogens , Bacteria, Sediments, In-stream DO & Temperature



E.g. Coldwater River Watershed
(Part‐of the Severn‐Sound CANWET‐5  “Development Basin”)

Georgian 
Bay

Severn-Sound Basin



E.g.: Coldwater River Watershed Calibration 
Hydrology, Long Term Monthly, 02ED007



E.g.: Coldwater River Watershed Calibration 
Phosphorus, Daily, 033007600302

Major Runoff 
Event

Snowmelt 
Runoff Events

}



E.g.: Coldwater River Watershed Calibration 
Stream Temperature, Daily, 033007600302



CANWET Status (2015) for the Nottawasaga River “Development Basin” 
to Assess Cumulative Impacts from WWTPs and SWM Facilities Upon P, 
N, BOD, Pathogens , Bacteria, Sediments, In-stream DO & Temperature

Georgian Bay

Lake Simcoe



E.g.: Identification of Catchment Nutrient Source 
‘Hot Spots’ with CANWET and LiDAR Map Data



CANWET Now Used to Identify How to  
Cost - Effectively Implement Phosphorus 

Reduction and Mitigation Plans

City of Barrie

Little 
Lake



CANWET-5 APPLICATION (2014)
Municipal Class E.A. Sewage Treatment Master 
Plan and Total Phosphorus Management Plan 

for the Pine River Watershed

Nottawasaga River 
CANWET - 5 

“Development Basin”
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This Schedule “C” Environmental Assessment is being prepared in accordance 
with the requirements of the Municipal Class Environmental Assessment (Class 
EA) process. 

As part of this Schedule “C” Environmental Assessment, Design Concepts will 
be evaluated, selected, and recommended for implementation.  

Figure 1- Municipal Class EA Planning and Design Process

Everett Wastewater Treatment Plant Schedule “C” Class Environmental Assessment

Schedule “B” Projects
 Generally include improvements and minor expansions to existing 

facilities where there is potential for some environmental impacts.
 These projects require screening of alternatives for their environmental 

impacts and completion of Phases 1 and 2 of the Class EA planning 
process. 

 Provided no significant impacts are identified, Schedule “B” projects 
are approved and may proceed directly to Phase 5.

Schedule “A/A+” Projects
 Considered minor operation and maintenance activities and are 

selected for pre-approval without requirements for further 
assessment.

 These projects are typically limited in scale and present minimal 
impacts to the surrounding environment.

 Schedule A+ projects require that the public be advised prior to 
project implementation.

Schedule “C” Projects
 These projects have the potential for significant environmental effects 

and therefore must proceed under full planning and documentation 
procedures.

 Requires that an Environmental Study Report be prepared and filed for 
review by the public and review agencies.

 Generally consist of construction of new facilities and major expansions 
to existing facilities (e.g. new Wastewater Treatment Plant with surface 
water discharge).

This study fulfilled Phases 3 and 4 of the Class EA Process                   
and satisfied the requirements for Schedule ‘C’ projects
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This value-added / science-based information was used by                         
Greenland® to develop and evaluate WWTP Design Concepts                 

and to select a “Preferred Partnership Solution”

• An Assimilative Capacity Study was completed for the Pine River Watershed to 
determine if capacity to accept treated wastewater effluent for the proposed 
ultimate build-out population of Everett exists within the receiving river system. 

• The Study found that a Wastewater Treatment Plant (WWTP) with treatment 
capacity for a population of approximately10,000 will not cause conditions 
downstream to exceed Provincial Water Quality Objectives under the conditions 
evaluated.

• In spite of the apparent capacity within the Pine River for additional nutrient 
loading, it was recommended through the MSP that additional measures be 
taken to ensure effluent quality is as high as possible. As such, a phosphorous 
concentration objective of 0.05 mg/L for treated WWTP effluent has been used in 
assessment of design concepts for the proposed Surface Water Outfall WWTP.

• Recommended Effluent Quality Parameters for The Everett WWTP were 
developed as part of this EA and are presented below:

Effluent Requirements

Parameter Compliance Limit Design Objective

TP (mg/L) 0.1 0.051

Total Ammonia (mg/L) 1.8 1.82

TSS (mg/L) 10 53

BOD (mg/L) 10 53

Total Fecal Coliform (CFU/100 mL) 200 2004

Note:
1) Recommended by the Everett Secondary Plan Master Servicing Plan (November 2012)
2) Used by the Pine River Assimilative Capacity Study (December 2012)
3) Proposed by the R&M for the in‐process R&M WWTP
4) ECA limit at the nearby Angus WWTP.

Other Relevant Background 
Information
• Hydrogeological Report.
• Archaeological Report.
• Natural Environment Study.
• Existing Conditions Water & Wastewater 

Servicing Studies.
• Natural Hazards Study.
• Pre-Development Drainage Study.
• Traffic and Transportation Study.
• Existing Draft Plans. 
• Township of Adjala-Tosorontio & County 

of Simcoe “As-Constructed” Drawings.
• The Community of Everett Master 

Servicing Plan (MSP) Class EA.

Assimilative Capacity, Effluent Requirements & Phasing
WWTP Class EA Development 
Phasing

Pine River Assimilative Capacity Study

• WWTP to be Constructed in Four 
(4) Phases.

• Ultimate Servicing Capacity for 
an Equivalent Population of 
10,669 persons.



Pine River Watershed: CANWET generated map 
of ‘P’ load results at source and delivered to each 
sub‐catchment outlet (within the watershed)

Calibrated Stream [P] Results          



Pine River Watershed: CANWET map of  source 
‘P’ load delivered to the watershed outlet

Calibrated Stream [P] Results          
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Long Term Mitigation Measures

A Final Design Concept was Prepared by Greenland® 
Following Public and Agency Consultations

Potential Impact Mitigation Strategy

Surface Water Quality & 
Monitoring of Effluent 

From WWTP

• Investigation of Concept FM‐3B ‐ Discharge treated effluent to a rehabilitated 
gravel pit west of County Road 13.

• Nutrient offsetting and downstream monitoring of nutrient loading are 
proposed and Phase 1 recommended from an Environment Canada program.

• Proposed WWTP effluent objective is 0.05mg/L for Total Phosphorus, 
approximately half of the allowable discharge within the Pine River 
Assimilative capacity.

• The Certificate of Approval for the WWTP will require, that effluent quality is 
monitored and effluent limits and objectives are achieved.

Infringement on 
Environmental Protection 
and Hazard Setback Areas

• Outlet pipe alignment to be located within existing road right of way until pipe 
reaches northern boundary of natural areas west of County Road 13

• Outlet to go through former quarry lands to minimize impacts to 
environmental/hazard areas.

Stormwater Management 
& Drainage

• Engineering & Landscape design for WWTP Site and FM Alignment to be 
designed to match existing drainage patterns and in accordance with Township 
and NVCA Requirements.

Removal of Trees & 
Vegetation

• Recommended Solution minimizes impacts to existing vegetation
• Restore Construction areas with native species.

Residential Impacts 
(Noise, Odour & Visual 

Impacts)

• WWTP Architectural Design should compliment surrounding community (e.g. 
Creemore "Barn" WWTP).

• Detailed WWTP Landscape design should include screening (i.e. berms, trees and 
other plantings).

• Detailed WWTP Site Plan design should include adequate buffers for noise and 
odour.

Creemore WWTP

Source: 
www.canadianconsultingengineer.com

What is Mitigation?
• Additional considerations  

which help to further reduce 
environmental impacts.

• Example: Architectural design 
for the Creemore WWTP was 
made to blend into the rural 
landscape.



For More Information About the Development of 
CANWET – 5 and Use on the Pine River Watershed 

(Including Climate Change Impact Modeling), 
Please Visit the Internet Video at 

https://www.youtube.com/watch?v=NnBzfbPqKMM



Integrated Science and Watershed Management System (ISWMS) 

What is ISWMS? 

The Integrated Science and Watershed Management System (ISWMS) was originally 
developed (1998 – 2005) by the Greenland® Group as a windows-based Decision 
Support System (DSS) for stormwater management; hydrological modelling; floodplain 
mapping and flood forecasting. The system was developed for the Nottawasaga Valley 
Conservation Authority. At the time, the long-term DSS ‘vision’  was (but depending 
upon the availability of certified open data and timely evolution of cost-effective 
operational platforms) other science-based tools + GIS and Internet integrations.

The ISWMS (Version ‘2’) goal with the University of Waterloo and COMAP includes 
multi-functional stormwater management; hydrologic; water quality; nutrient trading; 
hydraulic and contaminant transport; flood forecasting; climate change impact; instream 
(biological) health assessment; and, Best Management Practice (BMP) analysis 
capabilities for river system and lake basin management programs. It will also be used 
for drinking water supply, wastewater treatment and flood control infrastructure planning 
and design initiatives. The DSS will include CANWET-5 and other new tools. The 
project also includes a renowned science team from the University of Guelph.



ISWMS (Version 2): Architectural Layers & Components (On-going)

Six Nations (ON)

Pilot Source Water 
Protection Region



• Results from a combination of past, present and future activities.

• Requires consideration of effects across a variety of decision-making 
processes from strategic (i.e. policy and planning) to operational and 
regulatory  (i.e. compliance, impact assessments, approvals) to 
monitoring.

• Decision makers different branches within government, different 
departments or different levels of government. Yet, share common 
information needs (e.g. current environmental baseline).  

• While the concept of cumulative effects is understood, the components 
and process of implementation is less understood.

A Blueprint for Cumulative Effects Management



National Research & Development                 
Canadian Water Network





Five Fundamental Components of 
Cumulative Effects Management

Integrated 
Monitoring

Integrated 
Modelling

Policy& 
Planning

Options 
Analysis

Regulatory 
Functions



• What development has 
occurred? (stress)

• What environmental 
changes have occurred? 
(response)

• Do the changes exceed 
a sector trigger?

• Do the changes exceed 
a regional plan 
threshold?

• Are the changes 
trending towards a 
trigger?

• Are the environmental 
changes caused by a 
sector?

• Given the resource distribution, 
probability  and economics of 
resource development, and 
existing state of the environment, 
what is the predicted 
environmental response to 
development?

• Is there an alternate scenario?

• Will the predicted state result in 
exceedances of a trigger and/or 
thresholds?
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• What exists on the land? How 
close are we to limits? Will this 
project application put us over? 

• Can we fast-track a development 
and illustrate no harm? 

• Are there areas where resource 
development can be accelerated 
as environmental risk is low and 
the environment is stable? 

• What are the environmental 
changes that have occurred? Are 
regulations protective? 

Questions to be Answered



Predicted Error
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Monitoring + Modelling = Cumulative Effects 
Assessment

ISWMS-2 & CANWET



Three Core 
Functions of the 
Monitoring Tool



Station Season Exceedance Trend Action

1 W No No No
Action

1 W Yes (L, M, 
H)

No Explore

1 W No Yes 
(better/worse)

Explore

1 w Yes (L, M, 
H)

Yes
(better/worse)

Act

VIEW

A
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MANAGE



Key Outcomes of Monitoring



The “water weather network” accessible to every 
person, manager, industry, First Nation, student, 

researcher, farmer across Canada.

Provincial  Water 
Quality / Biological 

Databases

Federal  Water 
Quality / Biological 

Databases

Industry  Water 
Quality / Biological 

Databases

THREATS



ISWMS‐2 + THREATS (On‐going)
RESEARCH / SCIENCE DEVELOPMENT SIDE

1) Monitoring	focused;	Accumulated	state	assessment.
2) Monitoring	assessment	linked	to	modelling	baseline	

and	validation.
3) Extension	to	biological	data	sets	in	pilot	watersheds	

(e.g.,	OBBN).
4) Landscape	Change	Assessment.
5) Cumulative	Effects	Assessment.

TECHNICAL SIDE
1) Integration	with	ISWMS	and	CANWET	– 5.
2) Accommodate	increased	data	clouds,	on‐the‐fly																					

data	entry,	web‐based	access	for	public	users.



Relevant Lake Erie Watershed                   
and CANWET Team Experience

1) Ontario’s First Nations (On-going)

2) Government of Ontario (OMAFRA, 2011)

3) Dr. Barry Evans (Use of MapShed on U.S. Projects)

4) Environment Canada Project (On-going)



#1: Six Nations (Grand River Watershed): On‐going



Issues of Concern and Other Considerations
• Current research about water taking concerns about all creeks. For 

example, McKenzie Creek has been identified as an area of concern 
under the Ontario Low Water Response Plan;

• 1975 Drainage Study (last one completed);
• 2004 GRCA Groundwater Study and GIS hydrogeological database;
• 2007 (Draft) Source Water Protection Plan;
• 2010 LiDAR – GIS mapping database;
• 2014 Grand River Watershed Management Plan;
• Consideration of climate change impact constraints (or opportunities);
• Cumulative watershed impacts from all water takings;
• Prior work program support from the Environmental Commissioner;
• Assessment of riparian drainage effects from the Master Drainage Plan  

upon downstream and upstream areas, including, New Credit, Brant, 
Haldimand and Norfolk Counties;

• Consideration of Federal Acts and Regulations that only apply; and,
• Regard for as‐required off‐reserve legislations and regulations.



Proposed Science‐based MEP Approach
• Prepare CANWET™ Study Area model to first identify:

– Watershed boundaries;
– Land uses;
– Soils;
– Stream network parameters; and,
– Overland flow drainage paths.

• Import model data into other modelling tools that have 
also been developed by the Greenland Group.

• Field check inventory (e.g. ditch systems and culverts), 
including, training of and assistance by CO‐OP students. 

‐ Training/data collection: (Fall/14 through Spring/15)
‐ Collect streamflow data (Spring – Fall/15:TBC)



Study Field Activities with Assistance                
from Community Members

• Inventory and surveying of culvert crossings. 
• Survey typical watercourse cross sections “under water”          

to augment available LiDAR database. 
• Assist Greenland Group with stream flow and weather gauge 

installations for required model calibrations. 
• Download monitoring data for the Greenland Group. 



Proposed Sixth Nations                   
MEP Deliverables

• Integrated Plan similar to a Source Water Protection Plan              
and effective strategies for water quality improvements.

• Flood Impact Strategy:
– Extent of flood inundated areas.  
– Mitigation strategy ‐ which culverts or channels need to be  

improved to receive the best benefit?
– Other improvements for the most flood vulnerable areas?

• Regard for climate change Impacts (quantity and quality)
• Low flow condition analysis with identification of impacts to 

agriculture, water quality, and water takings.
• Seasonal water storage strategy during high flow periods  to 

augment low flow conditions and consideration of evaporation 
(and any other water budget) impacts.

• All alternatives examined using Cost/Benefit decision matrix. 



• Training and hiring of Six Nations community members 
(CO‐OP students) to assist with collecting field information, 
flow gauge data, weather data and water sampling data.

• Development of an ‘Adaptive Management Strategy’ to be 
implemented long‐term by the Six Nations Council with as‐
required technical support by the Greenland Group.  

• Assist in developing a comprehensive Business Case to help 
identify new funding sources for identified capital remedial 
works and drainage infrastructure. The document format 
can also be presented by the Six Nations Council to other 
communities in Canada and as‐part of a post‐study 
overview, education and information transfer forum.

Proposed MEP Deliverables (cont’d)



Master Drainage Model Catchment Delineation      
(McKenzie Creek Watershed) 



Sample: 100 Year Master Drainage Model Simulation      
and Comparison with Climate Change Scenario



Sample: 100 Year Master Drainage Model Simulation and 
Comparison with Climate Change Scenario (Cont’d)



#1: Six Nations (Grand River Watershed): On-going



#1 (Cont’d): Mitacs Aboriginal 
Communities Engagement Pilot Project 

(Approved: Start-up Fall 2015)

Project Title: Development of a “Clean 
Water Plan” by Ontario First Nations

Communities (Using CANWET – 5) and              
in Response to Bill S-8 (Safe Drinking 
Water for Canada’s First Nations Act)



#2: Great Lakes Basin Decision Support 
Framework  (For OMAFRA, 2011)

A. Jurisdictional scan;
B. Development of a decision 

support framework; 
C. Scope refinement and 

decision criteria 
development;

D. Weighting of criteria and 
selection of indicators; and,

E. Multi-criteria decision 
support analysis using             
geo-processed data.



Project Objectives:  

• High level approach for prioritizing agri-
environmental program resources (people or funds);

• Transparent, defensible, credible, repeatable, 
adaptable, objective, information based, easily 
communicated to and understood by stakeholders, 
with input from Key Informants;

• Geographic and issues basis; and,

• Intended for Great Lakes Basin water quality  
programming but applicable to other programs.

#2: Great Lakes Basin Decision Support 
Framework  (For OMAFRA, 2011)



• Concerns at a high level (sum of products of 
criteria weight and indicators);

• Showed sensitivity, pressure, current impacts; and,
• Did not show practice / program specific 

improvements or implementation that would be 
needed to change water quality.

Final Report Maps Presented:

Aggregated Indicators Maps (Final Report: 2011)



68

Managerial Indicators



69

Bio-physical Indicators



This type of indicator is now being used for Greenland’s on-going Environment Canada 
project with the University of Guelph to determine the relative contribution of non-point 

source phosphorus loading and therefore the relative economic implications by watershed that 
might be expected for stakeholders operating within each watershed area. However, it should 

be noted that these indicators do not directly consider loads delivered to the Great Lakes. 
However, the pattern sets up a basis to conduct further modelling and analysis to estimate 

baseline loads, load reductions by BMPs, and associated economic costs.

Relative 
potential 
impact of 
phosphorus 
from 
agricultural 
practices on 
Great Lakes 
Basin  water 
quality 
(Source: 
OMAFRA –
Greenland, 
2011)



#3: Examples of MapShed (“CANWET’s Cousin”)         
Use for Lake Erie and Other U.S. Watersheds



CANWET’s “U.S. Cousin”



• Core simulation model used is GWLF, which has been 
substantially enhanced over last 15 years (now GWLF‐E).
• Initial modeling application developed using ArcView 
3.x GIS software (AVGWLF).
• AVGWLF has been used by PaDEP and a number of 
other government and research organizations since 1999.
• Efforts to re‐configure application to work in non‐
commercial GIS platform (MapWindow) began in 2010.
• First “non‐beta” version of MapShed released to public 
by end of May 2012.



• AVGWLF and MapShed are also used extensively in New 
York and New England to support TMDL/watershed 
assessments (funding from USEPA and NEIWPCC).
• AVGWLF and MapShed are used by consultants and 
other groups throughout US and other countries          
(e.g., Mexico, Spain, Israel, India, eastern Europe, etc.).
• State environmental agencies in Michigan and Ohio are 
considering use of MapShed to support TMDL projects.
• Efforts are now underway to incorporate MapShed into 
a web‐based platform.



• EPA‐funded project to customize AVGWLF for EPA 
Region 6 (most of southwest U.S.).
•EPA‐funded project to evaluate nitrogen loads generated 
within Connecticut River Basin and delivered to Long 
Island Sound as part of TMDL project.
•Evaluation of non‐point source loads in 428 sub‐
watersheds of the Delaware River Basin as part of basin‐
wide restoration project funded by the William Penn 
Foundation.
• Since 2003, on‐going collaboration with the Greenland 
Group (and its Canadian university partners) in the 
continuing development of CANWET.



wikiwatershed.org



#4: Development of Policy  
Options & Lake Erie 

Demonstration Use of the 
CANWET Decision 

Support System (On-going)

Lake Erie



Lake Erie Quaternary Drainage Areas (NOTE: ‘Dark Blue’ 
Catchments Within Grand River and Thames River Watersheds)

Preliminary Modeling Completed with CANWET (On-going)

Lake Erie



Example: Development of CANWET Model                           
for the Thames River Watershed (On-going) ● Map shown to 

the left includes 
integration of 
OMNR and 
AAFC land use 
layers (also @ 
15m resolution)

●Annual crop 
types and urban 
development 
details derived 
using Landsat-8 
satellite imagery

Lake Erie



#4: Development of Policy Options            
& Lake Erie Demonstration Use of Latest 
CANWET Decision Support System
(Completed CANWET                                      
Processed Data To-date) 

• Land Use (Integration of OMNR and AAFC data)
– 15m resolution, annual crop types,                     

annual urban development areas;
• Detailed Soil Types;
• Agricultural Tile Drainage;
• Sewage Treatment Plants & Other Point Sources;
• MOECC Permit to Water Taking Records;
• Revised Universal Soil Loss Equation (RUSLE) 

– Regional parameterization; and,
• Animal Population Estimates                                           

(NOTE: Derived from Federal Agriculture Census)



Final Comments: Present (and Past) Monitoring Network
(Includes: 146 Flow Stations and 358 Water Quality Stations)

Lake Erie



CANWET  Video (+/- 1 Minute) About Latest GIS                 
Interface with Automatic Calibration Routines 

(NOTE: Current Lake Erie Project Focus)



Presentation by the University of Guelph and 
Greenland® Group About the CANWET Model

Thank-you!

Teleconference and Webinar 
Information Meeting Hosted 

by the International Joint 
Commission (IJC)                     

Ottawa, Canada
(May 20, 2015)


