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Greenlande Group - Mission Statement

Through the dedication of multi-disciplinary teams of reputable
professionals, the Greenlande 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 Greenlande 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).
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Watershed Science Software
Tools and Training (Since 1994

© RevisedWilmo! - Archap - ArcYiew
Bl L8 Yo ot Seton Losk Wedee sk
DS RS B = AL N=1CANCYCR TR T K N A

=] Target: [eamct_my_filed

En wmnmant
Canada
Softwar

1,\5\

100-Year Summer Storm w.s. April Snowmelt Potential with April Rainfall

d ional C i
ISWMS
Intogrartid Stormwates and

Watershed Management Systom




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
3 > Studies; Source Water Protection Studies; and,
ORVERSITY & 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.
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Hydrology Components of CANWET

Evaluation, Enhancement, and Improvement
of CANWET Model
(Annual Progress Report)

by Conrad Stang
FRECIPITATION (INPUT) EWAPOTRANSFIRATION
R’“"FN-‘- ! SNUWFAU‘-‘- BAMIBCVPE U Ry M) Mammen, 1361
Pe auzisHes
. -
Soil Surface i i . P NN O], T
T INFILTRATION
TILE DRAINAGE .
TDE-CROPTLOW X PCT sys X (PCTrun X 0.5) \‘
Unsaturated Zone SNOWMELT

MA0A5T, For Tuy 0

PERCOLATION

o T O (0 Ut M Qe E L% ’d
LTS Virar \\ oy S

Prepared for

Greenland International Consulting Ltd.

Prepared by

Dr. R. P. Rudra
Dr. B. Gharabaghi
Dr. S. Das
Dr. A. Singh
Ms. Sarah Watts

July 31, 2006

N gw
2334001342,

ﬁhallow Saturated Zone - S

SN
A036-0005°CN2,

~GROUNDWATER
D\SCHARGEi ’
e

DEER SEEEAGE//
e e
o

Phosphorous Transport in CANWET

Monthly loads of nutricnts in streamflow in any year:
Dissolved Load  LDm=DPort DRart DGt DSim
SolidLoad  LSm=SPurtSRu+SUm

SEPTIC SYSTEMS
| DS D8 DS Sy
Nommal Systems DS"Tm =0
Shorecircuited Syens D o000 1% i (e-ua)

LATERAL EROSION RATE

' . s
e . Y SRR
- o LER- 2"

Py
GROUNDWATER
NUTRIENT LOAD
DGa0ICATES

l Déep ‘Saturalted IZone (Aqllu'felr) | |

Soil Surface Tonded Sy 10001 517,
== ENe=FN, *un’h SI\I>0W Ti==0
N N4, Otherwise
R PNfag, ¢t PN, SNI-0 and TE0
TILE DRAINAGE 4}- PN, Otherwise
SEDIMENT= TOF X S0mgiL \_\ Dicot Dischurge. 15,45,=0.00 g tdn e
R e WATERSHED LOADING ~ SEDIMENT DELIVERY RATIO
Unsaturated Zone RURAL RUNOFF i SDR— 04510
Divsolved Phaso Losds i
R TR QU
L0 0.1° FRCA QAR &
s
7z // Solid Phasc Loads g 2,““
R =.001* 2=TRgY,
/ /' T e N e AL G YeTraf 0/2)
- Shallow Saturated Zone S Bsiy
B> “~._ URBAN RUNOFF  suossu s,
C e MONTHLY STREAMBANK EROSION-




Comparison of CANWET and HSPF for Hydrological and Water AGRICULTURAL BEST MANAGEMENT PRACTICES AND

quality Assessment under Southern Ontario Conditions THEIR EFFECTS ON SEDTMENT TRANSPORT CURVES FOR
TMPROVED WATERSHED HEALTH

i NIVERSITY
W;
Sediment impairs watsr quality and transports other pollutants and it is by [ar one of the greatest "
non-point sourcs (NPS) pollutants in rural environiments. The main objcotive of thig study was to Conrnd S o I PH

evaluate hydrology and sediment yield from upper agagigue Creek watershed in southern

Ontario, by using two models [Hydrological Simulation Program Fortran (HSPF), and Canadian

ArcView Nutrient and Water Evaluation Tool (CANWET)]. Both models were calibrated,

validated, and applied to the watershed. Modeling results showed that BASINS/HSPF and % ki

CANWET models have capabilities to simulate various hydrological processes at watershed presented tn

seale, A comparison of simululed stream  [low, surfaee runofl, subsurface runofl The University of Guelph

evapotianspiration, and sediment yield to their corresponding observed valies showed similar

trends. Overall, both the models predicted the water budget components accurately on annual

and seasonal basis. Also. stream flow comparison belween observed and simulated values from S S—
_ 5  puctind fulfilliont of eeguirsacnts

TISPF and CANWET showed Nash-T of 0.80 and 0.72, respectively on seasonal basis. When for the degree of

averaged over the ninc-year study period, monthly analysis of the observed and simulated stream Masber of Appilled

flow data revealed Nash-E of 0.8%8 and (.94 for HSPF and CANWET. respectively. However,

lack of long-term observed data on walershed scale are needed to simulate these models for

longer durations and future scenarios

ATTLICATION 0F CANWEL AnD HSPF For TMDL
IVALUATION UNDER SOUTIERN ORTARIO CONDITIONS
Amanjot Singh', R Rudra’, T Shued', sm,Bcl-.mmg} , and T K Gosf

Sianed of Begguieting, Uinversity cf GUstph, Canach,* G ol T cesnent Cucad

Key words: watcr pollution, sediment, modeling, best management practices

TRODUCTION
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Since last few vears researchers have attempted to address the problem of non-point source
pallution by ining the relationships between land practices and water quality ‘onrad Stang, December, 2011
degradation. The Source Waler Prolection Act has been passed by Onfario Minisiry of
Environment (MOT?) and received the roval assent for implementation in Ontario, Canada (MOT.,
2006). The conservation authoritics and other government agencics aie currently involved in
assessment of drinking water sources and water budget at field and watershed scale. Two s e e
systems, the surface water system and groundwater system, are being worked upon and different PR, LT S

tools researched tor quamifying clements of both the systems individually and in integration, INTRODUCTION

a
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A Model Evaluation and Madification Strategy e mﬂt‘m\ pe e;.-lll umﬁ aﬂ\;
2 [ i in Untarie, Cau
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Due to the comple: ity of the soil-w: one of the strategies o protect. 1he natus
\nlm resources is to understand and manage these processes on a watershed b A better R.P Rudra, A, Singh, 8. Das, 8. 1. Ahmed, B. Gharabsghi & W.T. Dickinson

g of the environmental conditions and hydrological il s hool of Engineering, University of Cuelph, Guelph, Ontarie, Canada
::Iimm:, topography, management practices, and water balance is the first step in prolecting the
water and other natural reseurces of the area. Specitically, there {9 also a need of understanding,
of spring hydrology and snowmelt dynamics to develop effective techniques for treating surface
and subsurface runoff in Ontario.

a5 memagament ool for o over
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implementanon of the strtegy is presemed andl dliscussed. :
Keywords: Hydrologic model, model evaluation, model modification, water bucget

Introduction
Land use ehanges due to deforestation, agrieultural intensification. and urban development
have resulted changes in watershed hydrologic regimes. With these alterntions water-
transparted pollutants are fereasingly identificd in the water hodies. und agricultural
activities have heen identified as one of the prime sowces of pollution in the Canadian
ke basin (UM, 2060, To ensure sustainable water quality, the Ontario province
reed sourue waler protection and n cri Modsling approaches
have heing proposcd in assess fhe water hudget al wales
pollutimi movement. The madelling approuches are besoming mors papubir due o fast and
relatively inexpensive results, and availability of digitized sail. land use, and topographic
information in form of GIS layers. Hawaever. spplication of modeling approsches hos also.
credied challenge for the mods] developers and model users 1o address issucs related 1o
theit portability fron the regions. where developed, to the regions 1o he applied. which may
have entirely different hydrologic regimes.

The common prastives lir evaluating hydrologic medels incude calibration and validation
wsing statistical Lechmiques Lo ensure veulistic resulls. These appreaches have reen applied
for the comparisun and evalusion of madels (Patbak cl al., 1984; Loague and Freeze 1985,
Binger ¢l al., 1985 Amatya ot al.. 195%; Lgates and MeCaba 109, L Licw of al., 200
and Krause of al, 20081 Kraus el al. (2005 invesiigaied the use of cocllicient of
determination, Nash-Suteliffe efficiency. Nsh-Sutcliffe efficiency with logarithmic values
and index of agreement in varions forms 10 obtain information about the magnitude of
systomatic and dymamic ercors presant in fhe simulation resuhs. Overall conclusion was that
nime o the elficienc ser d ideally. o terion
had specific pros and T veyuire careful aention during model evaluasion. | egues

and MeCabe (1999) while investigating some useful goodness-of-fit measures concluded ¢ !
that comelatiom and corrclation-hased procedures should not b wcd 10 assess the
a o " wie o : 1 evalution
ol evalumion wals, Martinee amnd Rango (1989) compared
Published CANWET
Fuplisned CANVVE T
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MapShed

PENNSTATE

-'
MapShed Registration
Report a Bug

As of August 2011, the AVGWLF watershad modeling software that has bsan available since 1293 (Including
GWLF-E and PRedICT) will no longer be supported. It is being replaced by MapShed, which essentially
duplicates the functionality of AVGWLF within a non-commercial GIS software environment called
MapWindow. Both the MapWindow softwars, as well as the customized Interface and related modeling tools
assoclated with MapShed, are avallable for download via this site. As described elsewhere, the core watershed
modal (GWLF) has alzo been considerably enhanced to provide additional capabllities not included In the
older version of the model used in AVGWLF.

-
#F» penn state
= %@ |nstitutes of energy & the environment

It you have any queshons aboul MapShed, please contacl one ol the lollowing indviduals

For goneral distribution, use quistions, or techaical support i
contact contac!

. For program i
issues contact

aticn guestions of errors, o technical

Kenneth J. Corradini
Penn State Institutes of the Environment

Pann State Institutes of the E

iranm ent Tha Pannsylvania State University
The Pennsylvania State University 1 Land and Water Research Building
128 Land and Water Research Building Park, PA 16802
University Park, PA 16002 4) B65-6966

({A14) 8AE-3357

= o

http://www. mapshed. psu.edw/ 04/05/2015
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CANWET’s "U.S. Cousin”

MapShed

VERSION 1.1
USERS GUIDE

Barry M. Evans and Kenneth J. Corradini

Penn State Institutes of Energy and the Environment
The Pennsylvania State University
University Park, PA 16802

April 2012
{Updated June 2014)




ArcView GWLF Interface for Windows
Version 3.2

Created hy
David W. Lehning FEH f'-JElila.“fEi
Barry M. Evans W

s Creenland Intermational Consulting Lid.
Canadian
ArcView
Nutrient and
Water
Evaluation
Tool

2000 The Pennsylvania State University
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PRedICT

Pollution Reduction Impact Comparison Tool
Windows
Version 1.0

Copynght

Yersion 1.0
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+ Mean Annual Load A
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Exit PRedICT
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The Project CANWET

. at a Glance... Model
N UTrle nT The pilot project was completed using the first Canadian
M 1_ Resource management agencies need version of a modeling tool known as CANWET - Canadian
5 = ArcView Nutrient and Water Evaluation Tool - based on the
a m to comprehend the complex inter-
an ge en Srttil R R T ArcView Generalized Watershed Loading Function (AVGWLF)
Pi |OT Projec_l_ relationship between environmental model developed at Penn State University. CANWET
H health, local economy, and social incorporates modules for assessing nutrient and sediment
Conservation conditions. The application of computer loading and water balance within a GIS environment, and
o N TA R I 0 Sum mer Reporf ) - W " features a predictive modeling component for evaluating the
: models has bee e “cepted as in # f botl icultural # I I
Natural Champions implementation of both agricultural and non-agricuttural
the standard tool used by resource pollution reduction strategies.

managers to predict the change in i
ITSgRl 10 PGl ST onae The model was pilot-tested in three Subwatersheds in southem

water quality associated with humaon Ontario with mixed urban/rural land uses, water use needs, and
acftivities and altered landscapes. headwaters in the Oak Ridges Moraine: Innisfil Creek. Nonquon
and Black Rivers

The Nutrient Management Pilot Project The CANWET software is designed to assist the user to;
Summary Report and CANWET Users

Guide describe the use of a leading Identify priority areas for restoration and remediation efforts;

edge initiative for modeling surface Calculate nutrient loading from rural areas within a
water budgets and nufrient loading subwatershed fo the receiving waters;

Evaluate the effectiveness of various watershed
In 2003, the Lake Simcoe Region management practices; and

Conservation Authority (LSRCA) retained :
SrsanErAIRISEG L ErsUHInG L Evaluate the impacts of future development and/or land
e A e O VL use scenarios with respect to loading of nutrients to

to de quality recelving waters.

model for the management of nutrients.

op @ surface wa

sediments and other contaminants in

Ontario watersheds. The first phase ¢ L3 <Pt Svbmatersbade ~
involved the selection of an 4 -
- M) - 3
appropriate computer model that 22 A = il 1
THE CONSERVATION AUTHORITIES OF ONTARIO could be adapted for Southermn Ontario oorga ) x - '.# .
AUSABLE BAYFIELD & CATARAGILI REGION » CATFISH CREEK » CENTRAL LAKE ONTARIO & CREDIT VALLEY - r ‘

CROWE VALLEY » ES3EX REGION » GANARASKA REGION » GRAND RIVER » GREY SAUBLE « HALTON REGION condifions fo
HAMILTON REGION & KAWARTHA REGION & KETTLE CREEK » LAKEHEAD REGION & LAKE SIMCOE
LONG POINT REGION » LOWER THAMES VALLEY » LOWER TRENT VALLEY @ MAITLAND VALLEY  MATTAGAMI REGION
MISSISSIPPI VALLEY » NIAGARA PENINSLILA » NICKEL DISTRICT # NORTH BAY MATTAWA » NOTTAWASAGA VALLEY C]C.i:u((ﬂﬁh{ determine the
OTONABEE REGION » QUITE CONSERVATION » RAISIN RIVER ® RIDEAU VALLEY » SAUGEEN VALLEY e e e e
AULT STE. MARIE REGION & SOUTH NATION # ST. CLAIR REGION @ TORONTO REGION & UPPER THAMES RIVER RIKBINIETG RIS

nutrients resulting from point and

PROJECT PARTNERS non-point source pollutants within
watershed. and

predict potential reductions from
the implementation of Best
Management Practices (BMPs)

N Government of Ontarie and Conservalion Ontarie | s 0
Kawartha Censarvalion

|+ Lake Simcoe Region Consarvalion Aulhorily. Noltawasaga Valley Conservation Authorily. o

Canadian
ArcView
Nutrient and
Water
Evaluation

CANWET Version ‘1’ S

Windows
Version 1.0
oty




Assimilative Capacity Studies
CANWET™ Modeling Project
Lake Simcoe and Nottawasaga River Basins

Final Report

For the

Lake Simcoe Region Conservation Authority
Nottawasaga \.l"r-llln\r Conservation Authority

DISTRIBUTION:
3 Copies - Lake Simcoe Region Conservation Authority

2 Copies — Greenland Intemational Consulting Lid

Prepared by: 22 February 2006
GREENLAND INTERNATIDNAL CONSULTING (TD.

05G- 1684

08 s

Oftces Calingwood and Grester Toronts.

CANWET

(2006)

Tel: 905 -895-1281
1-800-465-0437
Fax; 905-853-5881
E-Mail: info@lsrca.on.ca
Web:  www.lsrca.on.ca

120 Bayview Parkway
Box 282
Newmarket, Ontario
1L3Y 4X1

A
Watershed

For Life

Conservation
ONTARIO

Natural Champions

July 27%, 2006

Mr. Mark Palmer, President

Greenland International Consulting Ltd.
243 Ste. Marie Street

Collingwood, ON  L9Y 3Ké

Dear Mr. Palmer:

Re: Completion of the Assimilative Capacity Study

On behalf of the Lake Simcoe Region Conservation Authority (LSRCA) I would personally like
to thank you for your significant contribution to the Assimilative Capacity Study (ACS). The
completion ACS represents a significant milestone in developing the tools and targets required
to ensure the long-term sustainable management and protection of the Lake Simcoe and
Nottawasaga River basins.

Your participation in and dedication to completing the ACS is appreciated. You will be pleased
to know that the Province has provided the LSRCA formal acceptance of the submitted reports
and project deliverables and as such the final reports will be made available on the public ACS
website in the immediate future. With the formal Provincial acceptance of the deliverables the
LSRCA will be able to release any outstanding holdbacks and formally conclude the terms of
the Professional Services Agreement.

Once again I thank you for participation and effort in make the Assimilative Capacity Study a
successful undertaking.

Yours truly,

Chief Admlmstratlve Officer




WATER RESOURCES

Source Water Protection

) Water Budget and Stress Assessment Modeling
GREENMND Client: Trent Conservation Coalition (TCC), Ontario

international consulting Itd.

The Trent Conservation Coalition needed to develop a detailed water budget and stress assessment in order to
better manage water within the Trent River system, Bay of Quinte and a portion of the Lake Ontario basin. The water
budget was to be used in determining vulnerable areas susceptible to future water shortage. The project brought
together data and information from a large number of sources collected over many years to develop a continuous
hydrologic model, with groundwater consideration, capable of quantifying watershed processes and assisting in
future decision support.

Greenland International Consulting Ltd. and XCG Consultants Lid. were contracted to develop sub-watershed water
balances and carry out a water stress assessment for a 15,000 km? drainage area. This was accomplished using
CANWET™ v.3 with an array of spatial data layers and temporal databases. Sub-watersheds were delineated using
topographic data and stream networks. Continuous water balance models were setup, calibrated and validated to
represent all inputs and outputs into each sub-system and the larger system.

This process involved:
« quantifying the impacts of vertical and
lateral groundwater flows across
catchment boundaries due to complex
Ealcrolt geological formations
i { working with limited or incomplete
BURNT RIWER 3 L data
il CROWE RIVER estimating evapotranspiration on a
monthly time step from land, lake and
reservoir sources
accounting for agricultural and
municipal water takings and other
human impacts
accounting for more that 100
hydraulic control structures and dams
within the river system
determining areas with potential for
water quantity stress
P evaluating future conditions and likely
Eloomfiold Wyst stresses in the watershed due to
human development and climate
change

[ T —

GULL RIVER

rasdeire

Ly £ oos

FOUTH MWARTHA
WEST : MountSew

PorlHop 5

*4p0d DGR

Greenland International Consulting Ltd.
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TRENT

DRINKING WATER . @\ ConservaTion
SOURCE PROTECTION ) , Sonmon

T 'ACT FOR CLEAN WATER REGION

To Whom it May Cancern:

Greenland was retained by the Trent Conservation Coalition (TCC) — Source Protection Region
to undertake a water budget and water quantity stress assessment using the CANWET v.3
software package developed by Greenland. A model of the Trent River Basin was developed and
calibrated using CANWET v.3. Subsequent to the completion of this project, the technical staff
from the TCC — member conservation authorities received training on the use of the software and
the Trent River Basin model.

Since then, Kawartha Region Conservation Authority — a conservation authority within the TCC
coalition, has used this software and the Trent River model to investigate phosphorus issues
within the Scugog sub-watershed. Furthermore, the datasets that are provided with the Trent
River Basin model is being used by TCC to pre-screen areas to identify the presence of activities
that are likely to generate significant amount of nutrients and source materials, as prescribed by
tI;EOF;rovince's “Clean Water Act (2006)" and associated "Assessment Report: Technical Rules

( )"

We are pleased with the performance of the CANWET v.3 software and supportive of the
upcoming CANWET v.4 software and its utility for our source protection region.

Sincerely.

/(Ww« o/ |-

Shan Mugallngam PhD, P.Eng.

Engineer, Water Resources & Spatial Information Systems
Drinking Water Source Protection

Trent Conservation Coalition Source Protection Region
Phone: 613-394-3915 (x.247)

Fax: 613-394-5226

URL: http://www.trentsourceprotection.on.ca/

Lower Trent Conservation
714 Murray Street, R. R. #1
Trenton, ON K8V 5P4

www. trant:

TRENT CONSERVATION COALITION SOURCE PROTECTION RECION
Crowe Valley, Ganarasha Region, Kawartha-Hallburton, Lower Trent & Otonabee-Peterborough Source Protection Areas




CANWET (V.3)
Used by Ontario
To Help Prepare

BN o the Award-

et Greenland Consulting Engineers ° .
Fax: : ﬁ;ﬁ;g‘;ﬁ} 120 Hume Street winnin g
EM:H: infod@lsrca.on.ca  Collingwood, ON L9Y 1V5 ’L k S .
Web:  www.lsrca.on.ca

e oimcoe

lzn%ﬂmm Dear Mr. Palmer: a i ”
Box
Newmarket, Ontario Re:  CANWET™ Model and Application PrOteCt'on Plan

L3Y 4X1

Lake Simcoe

Protection Plan

February 26, 2010

Please accept this letter as the Lake Simcoe Region Conservation Authority’s
endorsement of the CANWET™ (v.3) model. The Conservation Authority is extremely
satisfied with the model's performance and accuracy and supports the continued use
of this product in our watershed and others.

CANWET™ was initially developed and tested to deal with nutrient loading issues
within the Lake Simcoe basin. Since this time the model has become an invaluable
tool in the development of growth plans, as was demonstrated in the Lake Simcoe
and Nottawassaga River Assimilative Capacity studies to support the Inter
Governmental Action Plan (IGAP) process within Simcoe County. The model has also
been extensively used and tested as part of the Lake Simcoe Basin’s Source Water
Protection program to develop Tier 1 water budgets and, most recently, the

development and implementation of the provincial Lake Simcoe Protection Plan
(LSPP). The tool has allowed the Authority to develop water quality and quantity
B 1 i Mg Canmesvariaa bty targets at a sub—cachment level and is being evaluated for use under a Phosphorus
Sub - Watersheds Trading program being considered by the Ministry of the Environment.

Please do not hesitate to contact me should you require any further information or
assistance.

A Sincerely,

Pty Mo tid—

Watershed Michael Walters, cvm i
General Manager, Watershed Management

MW/Ime

For

Life




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

I*I Aagriculture and Agriculture et
Agri-Food Canada Agroalimentaire Canada

LaSalle River Watershed

Montana 7"

{ N
""" NorthDakota




I* I Agriculture and Agriculture et
Agri-Food Canada  Agroalimentaire Canada

(1993-2003)
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CANWET™ - 4 Simulated Climate Change Response CANWET
Snow Melt Response under VerS | on :41

Historical, Warm, and Cool Climate Change Scenarios

6 A\

* Agriculture and Agriculture et
Agri-Food Canada  Agroalimentaire Canada

L B ik CANWET™ - 4 Simulated Climate Change Response

Phosphorus Concentration (mg/L) Response under
Historical, Warm, and Cool Climate Change Scenarios




CANWET Version ‘4’
Government of Can

National Research Council ~onseil national de recherches
Canada Canada

Industrial Resea Programme d'al
Assistance Prog recherche indu

July 8, 2011

Mr. R. Mark Palmer

Greenland International Consulting Ltd
120 Hume Street

Collingwood, ON

LOY 1V5

Re: Acknowledgement of Successful NRC-IRAP Funded Project

Dear Mark,

| am writing to acknowledge the completion of a successful R&D project funded by the
National Research Council's Industrial Research Assistance Program (NRC-IRAP).

Your firm completed the project titled "Web Based GIS Driven Watershed Management Tool"
in January, 2011. NRC-IRAP contributed $300,000 towards the cost of the project, as well as
technical advice from our team of Industrial Technology Advisors. Your firm's performance
on the project was excellent, and your team was a pleasure to work with. In particular, Trevor
Boston demonstrated a strong ability to manage the project to completion.

The CANWET product that you have commercialized since the end of the project represents
a strong step forward in your field, and you should be proud.

We wish you well in the successful commercialization of the technology, and the continued
growth of your firm which will contribute to the Canadian economy.

Sincerely,
)

i i \

2 P |
¢ ::.uu-‘\/// \\.;__\j'\
Doug Reed

Industrial Technology Advisor
NRC-IRAP

clo Seneca College

8 The Seneca Way

Suite 911

Markham, ON

L3R 5Y1

I*I Agriculture and Agriculture et

Agri-Food Canada  Agroalimeniaire Canads

To whom it may concern,

In March of 2013, Greenland Internaticnal Consulting Ltd. completed a study for
Agriculture and Agri-Food Canada to estimate nutrient loading in a small catchment of
about 177 square kilometers in the La Salle River watershed in southern Manitoba
using the CanWET 4 model. Given uncertainties in some input data and model
parameters, the preliminary results using the CanWET 4 model for baseline conditions
of stream discharge, nutrient concentrations and loads were satisfactory to our project
team as simulated values were within the range of cbserved values during the validation
period. The CanWET 4 model was also used to simulate the outcomes of land use
change scenarios incorporating varying degrees of wetland restoration and cropland
conversion to forage in this catchment. This study suggests that with the use of
improved input data and through verification of key model parameters that the CanwWET
4 modeling approach could be used to predict changes to nutrient loads from changing
land use scenarios in watersheds of this region.

Sincerely,

Jason Vanrobaeys

Senior Land Resource Specialist
Agriculture and Agri-Food Canada

101 Route 100, Morden, Manitoba R6M 1Y5

Email Jason Vanrobaeys@aar gc.ca
Phone: 204-823-0609
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Simcoe County Water & Wastewater Visioning Strategy

The Study

» Simcoe County identified as a key
area for planned employment and
population growth opportunities.

v Simcoe County Council adopted a
resolution to complete a Water and
Wastewater Visioning Strategy.

+ Greenland retained to complete an
infrastructure planning and water-
shed impact assessment study
including GIS-based modeling of
all County watersheds using

Map of Simcoe County CANWET™ (v.4).

Assess all existing water & wastewater
system capacities with respect to servicing
existing and proposed population growth in

the County of Simcoe.

Sample Problem

Township of Essa (Angus Wastewater Treatment Plant) has residential wastewater
capacity. Neighbouring municipalities

Study Objectives
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Compile general

WATS

(Clearview and Adjala-Tosorontio)

Water Sarvicing Plan

review of existing environmental (natural,

have a negative deficit wastewater
servicing gap.

socio-economic) conditions for the County
of Simcoe, including wastewater servicing

[

sang

Essa
Wastowater Sorvicing Plan

oy et B T

opportunities and constraints using
CANWET™- 4.

Sample Solution

By connecting and treating 2031 wastewater flows from
neighbouring municipalities (Clearview and
Adjala-Tosorontio) at the Angus and C.F.B. Borden
Wastewater Treatment Plants, there is a negligible
increase in downstream phosphorus concentrations in
the Nottawasaga River.
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COMMUNIPECH

help tech companies start, grow and succeed

R. Mark Palmer, P. Eng., President and CEQ
Greenland Group of Companies

cl/o Greenland International Consulting Ltd.
Head Office: 120 Hume Street

Collingwood, Ontario

L9Y 1V5

February 19, 2015

RE: Acknowledgment of Information Technology Development Partnerships and Collaborations

Dear Mr. Palmer:

The Greenland Group (Greenland) was introduced to Communitech in 2013 along with business partners
affiliated with the University of Waterloo and Centre for Community Mapping (COMAP). This letter is to
acknowledge the importance of this proactive joint venture and to indicate our strong interest in future
project partnerships with Greenland and other network members.

Founded by a group of entrepreneurs in 1997, Communitech is an industry-led innovation center in
Waterloo Region, supporting a tech cluster of nearly 1,000 companies employing 30,000 people.
Communitech supports tech companies at all stages of their growth and development — from startups to
rapidly growing mid-sized companies and large global players. Communitech supports companies in
commercializing innovation and technology, with the goal of creating a greater number of successful
global businesses. This support includes Greenland, which has been a Canadian leader for over 20 years
in the development of water resources decision support systems and other engineering software.

Communitech worked with Greenland and project partners from the University of Waterloo and COMAP to
build “"CANWET-5" — a web-based platform for simulation of watershed processes. The new platform will
be pivotal in enabling Canadian watershed management through engagement of stakeholder groups and
agencies using a common system. This achievement represents the first piece in a much larger and
integrated decision support system to address cumulative stresses and regional impacts from climate
change factors. CANWET-5 will be important to identify open/transparent and sustainable solutions too.

Greenland is now supporting other joint initiatives with Communitech. These leading-edge information
technology projects will include other private sector members with the Communitech network, as well as
Ontario government agencies and First Nation communities. These projects are intended to develop
commercialized products and services involving the Greenland Group and other Communitech partners
and to enable new Canada-wide related collaborations.

Communitech

University of Waterloo
Partnershi

Since 2013

Mark, if any of your prospective clients or contacts have questions regarding our collaborative efforts to
date, ongoing discussions and project leveraging capabilities, the Communitech team would be more than
happy to help.

Inquiries can be directed to Geoff Bellew, who is our senior strategic advisor and resident expert in
suppeorting collaborative projects amongst industry and academic partners. Please contact Geoff directly
at 519.888.9944 ext. 1063.

We look forward to our continued strong collaboration with Greenland.

Sincerely,

lain Klugman
CEO
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E.g.: Coldwater River Watershed Calibration
Hydrology, Long Term Monthly, 02EDOO7
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E.g.: Coldwater River Watershed Calibration
Phosphorus, Daily, 033007600302
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E.g.: Coldwater River Watershed Calibration
Stream Temperature, Daily, 033007600302
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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
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Y} Township of Adjala-Tosorontio

CANWET-5 APPLICATION (2014)

Municipal Class E.A. Sewage Treatment Master
Plan and Total Phosphorus Management Plan
for the Pine River Watershed

\ J

Nottawasaga River
CANWET -5
“Development Basin”
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WWTP EA
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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.

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 “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 “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).

2,
£

NOTE: This flow chart is to be read in confunction with Part A of the Municipal Class £4
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Figure 1- Municipal Class EA Planning and Design Process

This study fulfilled Phases 3 and 4 of the Class EA Process
and satisfied the requirements for Schedule ‘C’ projects




Background

WWTP EA
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An Assimilative Capacity Study was completed for the Pine River Watershed to
determine if capacity to accept treated wastewater effluent for the proposed

il-not cause conditions
bjectives under the conditions
evaluated.

ﬂﬁqﬁiver for additional nutrient
I‘iat additional measures be
$Sible. As such, a phosphorous

In spite of the apparent ca

loading, it was recommen L
taken to ensure effluen ty is ast
concentration objective of 0.

assessment of design concept rt Siproposed St rface Water Outfall WWTP.
Recommended Effluent 34 Parameters for The Everett WWTP were

developed as part of this EA and are presented below:

Effluent Requirements

Compliance Limit Design Objective

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.

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

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

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.

This value-added / science-based information was used by
Greenlande to develop and evaluate WWTP Design Concepts

and to select a “Preferred Partnership Solution”




Calibrated Stream [P] Results
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Pine River Watershed: CANWET generated ma
of ‘P’ load results at source and delivered to each
sub-catchment outlet (within the watershed)
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Long Term Mitigation Measures

Mitigation Strategy What is Mitigation?

* Additional considerations

avel plt west of County Road 13.

3 Nutrient offsetting and downstream monitoring of nutrient loading are Whi(.:h help to fgrther reduce
CC) Surface Water Quality & proposed and Phase 1 recommended from an Environment Canada program. environmental impacts.
D Monitoring of Effluent Proposed WWTP effluent objective is 0.05mg/L for Total Phosphorus, ) )
5 From WWTP approximately half of the allowable discharge within the Pine River + Example: Architectural design
O Assimilative capacity. for the Creemor.e WWTP was
cC S made to blend into the rural
8 monitored and e landscape.

T . 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

Environmental Protection |

i Creemore
and Hazard Setback Areas Outlet to go through former quarry lands to minimize impacts to s

environmental/hazard areas.

. Engineering & Landscape design for WWTP Site and FM Alignment to be
<E Stormwater Management ) . . . . .
LLI . designed to match existing drainage patterns and in accordance with Township
& Drainage .
o and NVCA Requirements.
l_
; Removal of Trees & . Recommended Solution minimizes impacts to existing vegetation
; Vegetation o Restore Construction areas with native species.

. 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.

Residential Impacts
(Noise, Odour & Visual
Impacts)

Source:
www.canadianconsultingengineer.com

A Final Design Concept was Prepared by Greenlande

W Following Public and Agency Consultations
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Integrated Science and Watershed Management System (ISWMS)

Liniversity of

Waterloo| /8

——

The Integrated Science and Watershed Management System (ISWMS) was originally
developed (1998 — 2005) by the Greenlande 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)

Interface

Integrated Science and Watershed Management System (ISWMS™)
< A Cumulative Effects DSS (CEDSS! >

. First version Fall 2014

D Partial version Fall 2014

$

[[] Dpata available LSRCA/NVCA

\x\\Er
4@,,
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Engineering

Hydrology
* Snowmelt

* Flood Control

(2)

* Stormwater Mgt.

Biological
Stream Health
Predictive Model

Floodplain
Mapping

(4)

Real-time
Flood
Forecasting

(5)

Open Data
& Other
Data
Sources

(3)

Water
Quality

Nutrient
Source
Conservation
Authorities
OMNR

Land Use
Data
Municipalities

Land Shape
Data
Conservation
Authorities

Remote
Sensing
And
Field
Data
Conservation
Authorities

THREATS

Pilot Source Water
Protection Region

UNIVERSITY @I
UELPH W

GREENLAND®




A Blueprint for Cumulative Effects Management

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. g 3. g




National Research & Develo
Canadian Water Network

ASSESSING CUMULATIVE EFFECTS OF CANADIAN WATERS

S TITUTE, UND SITY OF NEW BRUE

KEY MESSAGES FOR DECISION MAKERS

- Cumulative effects assessment (CEA) is the process of understanding changes
n the environment that are accumulating over time and space and how
those changes may affect the public, land use planning decisions and future
development.

This research recommends improved methodology for CEA. tests the
methodeology in several watersheds across Canada, and develops decision
support software to conduct CEA.

WHO IS THIS INFORMATION RELEVANT FOR?

Groups interested in the state of the envirenment now and in the future:
-+ the general publi — watershed groups

—~ regulatory agenc -  consultants

-~ indu —~ academia

WHAT WAS THE RESEARCH FOCUS? WHAT WAS THE RESEARCH METHOD?
How should we be me ing our “environmental bank Development of o Common Framework for CEA:
account™  Will we know when we've ched our limit? earchers and
Collecting environmental data is of no value unless it is
compared to some form of benchmark
approaches have not given Canadians confi
know the health of our environment. CEA holis - - .
and two territori n Canada in

change fme = ng into Alaska, USA.

setting limits, decision makers can track change and mitigate

effects before extreme acticn is required CEA Software: The Health system As:
(TH ] ed support the implementation of
the

WHAT WERE THE RESEARCH RESULTS?

The critical components needed for CEA and issues affecting its implementaticn were identified.

These compeonents are not currently being pr d in an integrated manner by those required to conduct or support CEA under
regulation.

The THREATS decisio oftw, t pport CEA was developed and now serves as a foundation for cngoing development in

partnership with the private and academic sectors.

WHAT ARE THE IMPLICATIONS FOR DECISION MAKERS?

CEA methodelogy must be improved to better manage and protect our environment from cumulative effects.

Five years of research involving CEA scientists and practitioners from a variety of backgrounds and viewpoints successfully
developed and tested an improved methodology and decision support software for implementation.

The absence of a designated responsible authority accountable for CEA and decision support software remains the single

greatest challenge to improved implementation.

MORE INFORMATION AVAILABLE AT: DR. MONIGUE DUBE, CANADIAN RIVERS INSTITUTE, UNIVERSITY OF
NEW BRUNSWICK, EMAIL C/0: MONIQUE.DUBE@AER.CA

ASSESSING CUMULATIVE EFFECTS OF CANADIAN WATERS

L L R R A L PR ARSI P LS

DR. MONIQUE DUBE; CANADIAN RIVERS INSTITUTE, UNIVERSITY OF NEW BRUNSWICK

l‘I CANADIAN WATER NETWORK
PP RESEAU CANADIEN DE L'EAU
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A Framework for Assessing Cumulative Effects in
Watersheds: An Introduction to Canadian Case Studies

Monique Dubé,* Peter Duinker, Lome Greig, Martin Carver, Mark Servos, Mark McMaster,
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EDITOR'S NOTE

Thisartide is 1 of 9 articles in the special IEAM series entitled “Watershed Cumulative Effects Assessment (CEA)." Theresearch

program emanated from a 4-year Canadian Water Network initiative,

Development of The Healthy River Ecosystem Assessment

System (THREATS) for Assessing and Adaptively Managing the Cumulative Effects of Manmade Developments on Canadian
Freshwaters.” The objectives were to develop a framework for watershed CEA, implement portions of the framework in multiple
river basins across Canada, and to develop legacy tools (i.e,, THREATS dedsion support software) for ongeing development, use,

and uptake by water stakeholders.

ABSTRACT

From 2008 to 2013, aseries of studies supported by the Canadian Water Network were conducted in Canadian watersheds
in an effort to improve methods to assess cumulative effects. These studies fit under a common framework for watershed
cumulative effects assessment (CEA). This article presents an introduction to the Special Series on Watershed CEA in [EAM
including the framework and its impetus, a brief introduction to each of the articles in the series, challenges, and a path
forward. The framework includes a regional water monitoring program that produces 3 core outputs: an accumulated state
assessment, stressor—response relationships, and development of predictive cumulative effects scenario models. The framework
considers core values, indicators, thresholds, and use of consistent terminology. It emphasizes that CEA requires 2 components,
accumulated state quantification and predictive scenario forecasting. It recognizes both of these components must be
supported by a regional, multiscale monitoring program. integr Environ Assess Manag 2013;9:363-369. © 2013 SETAC

Keywords: Canada Cumulative effects assessment Environmental impact assessment  Watershed

INTRODUCTION

Cumulative effects assessment (CEA) is defined as the
assessment of the accumulation of change on the hndscape due
to multiple stressors (natural and manmade) over scales of ime
ori

and space and from both a priori (predictive) and a poste;
(retrospective) perspectives (Dubé 2003). In Canada, C
began in the 1980s as part of the environmental impact

assessment (EIA) process. It was recognized by Hegmann et al.
(1999) that approval of individual development projects in the
absence of consideration of the impacts of past and future
developments could result in unintended cumulative effects

A podeast discussing the contents of this artide Gn be found at
www.wiley.comigo/EAMpod

*To whom correspondance may be addressed: d
Published online 2 April 2013 in Wiley Online Uib
{wileyonlinelibrary.com).

DOI: 10.1002feam. 1418

that expressed themselves at more regional scales. Although
there have been some applications of CEA in the forestry sector
(Nitschke 2008; Yamasaki et al. 2008; Greig and
Duinker 2011) in broader Canadian EIA practice, CEA has
not been effective (Duinker and Greig 2006). The scope of
CEA has been limited to local development projects seeking
regulatory approval

ElAs are stressor-based in which stressors associated with
development activities are identified and their effects on valued
ecosystem components (VI are predicted based on known
pathways of interaction (Beanlands and Duinker 1984). The
risk of potential impacts is assessed independently for each
environmental component and the approach incorrectly
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Five Fundamental Components of
Cumulative Effects Management

Integrated
Monitoring

~ ¢ $
Integrated Policy& Options Regulatory
Modelling Planning Analysis Functions




Questions to be Answered

* 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?

Integrated
Monitoring

—>

Policy & Options Regulatory

Planning

Integrated
Modelling

Functions

Analysis

!

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?

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?




Monitoring + Modelling = Cumulative Effects
Assessment

| Predicted Effect
No Change Measured

Actual Effect

ACCUMULATED STATE

HISTORICALOR REFERENECE STAT




Three Core
Functions of the

Monitoring Tool

MANAGE

Translate assessment rasults into
management actions for informed
decisions on emironmental
management

HOW SHOULD WE BE TRACKING QUR "ENVIRONMENTAL BANK ACCOUNT™?

Every yeor, people keep billions of dollars of theiwr hard-earned income in bank occounis. They haove confidence in the

process banks hove estoblished to trock their money, show chonges in their balonces, ond to identify when their funds hove
assessment (CEA) is the process of trocking the emvironmental bank account

recched o critical deficit. Cumulative effects assess
_EA is the process of holistically tracking and predicting environmental change over ome and space and relative to limits

Existing approaches have not given Canadians confidence that we know the health of our environment. Are there risks
that need to be better managed and mitgated? This research developed an improved framework for conducting CEA

The framework was then tested in watersheds across Canada

and the software needed o sUpport ic
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Key Outcomes of Monitoring

Mitrate loadings Exceedance values (kg/day)
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The “water weather network” accessible to every
person, manager, industry, First Nation, student,
researcher, farmer across Canada.

Industry Water
Quality / Biological
Databases

THREATS

oooo D —

i
Federal Water

Quality / Biological
Databases

Provincial Water
Quality / Biological
Databases




MS-2 + THR

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 O
1) Integration with ISWMS and CANWET - 5.

2) Accommodate increased data clouds, on-the-fly
data entry, web-based access for public users.

COMMUNIJECH



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)

UNIVERSITY {2
¥GUELPH &




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




Proposed MEP Deliverables (cont’d)

* 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.

e 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.

e 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. “




Master Drainage Model Catchment Delineation

(McKenzie Creek Watershed)
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le: 100 Year Master Drainage Model Simulation
and Comparison with Climate Change Scenario
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Sample: 100 Year Master Drainage Model Simulation and
arison with Climate Change Scenario (Cont’d

24hr SCS Storm
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DRAFT Figure 1: Six Nations CANWET Master
Environmental Plan (MEP) Detailed Task Flow Chart

Purpose;
The proposed work program for the Six Nations Master Environmental Plan (MEP) by our team includ
the following comprehensive and integrated tasks:

Project Initiation

\.,.mu

LIDAR Daata {Digital elevation

model (DEM) | Topographic Data)
I M h l Dt
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Review | Soils

— |
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7 7 = analysis training
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#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)

Jurisdictional scan;

E'CDHE:SSUUHCES

b Irternatonal
mmm  ||SO S
Developmer

Development of a decision
support framework;

Scope refinement and
decision criteria
development;

. Weighting of criteria and
selection of indicators; and,

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




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

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.




Final Report Maps Presented:

* 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.
Aggregated Indicators Maps (Final Report: 2011)
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Bio-physical Indicators
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OMAFRA Prioritization Framework
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e of indicator is now being used for Greenland’s on-qoing Environment Canada
roject 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.




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

 MapShed Version 114 - demo [ == e GWLF-E Model Simu

File FEdit View Plugins MapShed Tools Help
sS4 YRRRAA A GWLF-E

M Data Layers : . - k Generalized Watershed Loading Functions-Enhanced
4 Weather 2 et i y
L[ aFos S " S ¢ Version 125
—EM PointSources
1 Water Extraction
1 Unpaved
—1 Streams
H & Basins
1 counties
] septic systems
L soils
—] Physiographic Provinces
A0 6WN
M DEM
—HE0 Landuse

&

Input Data Editors
Select input data file:
‘C:\M apShed Bill_Frenchiconmund_4.gms

TranspurtData| Nutrient Data | Animal Data |

BMP Data | Delivery Data | Weather Data |

Model Run Setup

Enter model wn name: [onl Run GWLF-E

¥ Use same input data file loaded in the input data editor.

BwuROOD OO ke

Output Viewers

Average Output ‘ Annual Output ‘ Exit BWLFE
L0 - spring

"~ ""‘:" ©® PENNSIATE =

= T

TEE LBAD FXCEEBANCE RATEE
B8 Lagarnd [0 om0
Lat 80915 Long 77904 X OMESITY: 212655927 Meler




MapShed

PENNSTATE

-'
MapShed Registration
Report a Bug

As of August 2011, the AVGWLF watershad modeling software that has bsan available since 1293 (Including
GWLF-E and PRedICT) will no longer be supported. It is being replaced by MapShed, which essentially
duplicates the functionality of AVGWLF within a non-commercial GIS software environment called
MapWindow. Both the MapWindow softwars, as well as the customized Interface and related modeling tools
assoclated with MapShed, are avallable for download via this site. As described elsewhere, the core watershed
modal (GWLF) has alzo been considerably enhanced to provide additional capabllities not included In the
older version of the model used in AVGWLF.

-
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CANWET’s "U.S. Cousin”

MapShed

VERSION 1.1
USERS GUIDE

Barry M. Evans and Kenneth J. Corradini

Penn State Institutes of Energy and the Environment
The Pennsylvania State University
University Park, PA 16802

April 2012
{Updated June 2014)




Brief History

« 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.




Brief History / Highlights

- 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.




Other Major Projects

- 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.
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Evaluation of Policy
Options to Achieve
Nutrient Reductions
from Canadian
Sources to Lake Erie

Prepared for:
Environment Canada

| Greenland
International Consulting Ltd.

In Association With:
"B University of Guelph

Wilkinson Insights Incorporated

#4: Development of Policy

Options & Lake Erie
Demonstration Use of the
CANWET Decision
Support System (On-going)




Lake Erie Quaternary Drainage Areas (NOTE: ‘Dark Blue’
Catchments Within Grand River and Thames River Watersheds)
Preliminary Modeling Completed with CANWET (On-going)

| Evaluation of Policy
Options to Achieve
Nutrient Reductions
from Canadian
Saurces to Lake Erie

preparad for:
Emvironment Canada

Lake Erie

GREENLAND®

Group of Companies

“An Engineering and
Technologies Enterprise”




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)

e Annual crop

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

Lake Erie




| Evaluation of Policy
- | Options to Achieve
= | Nutrient Reductions

from Canadian
Sources to Lake Erie

Prepared for:

#4: Development of Policy Options
& Lake Erie Demonstration Use of Latest

CANWET Decision Support System
(Completed CANWET

Processed Data To-date) 4‘&&

« 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)

from Canadian
Saurce!

Widlkinsen isights Incorporaied

B
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NIVERSITY @@
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GREENLAND®

Group of Companies

“An Engineering and
Technologies Enterprise”




| Evaluation of Policy
_ | Options to Achieve
= Nutrient Reductions
from Canadian
Sources to Lake Erie

i University of Guelph

Wilkinson Insights Incorporated

CANWET Video (+/- 1 Minute) About Latest GIS
Interface with Automatic Calibration Routines
(NOTE: Current Lake Erie Project Focus)




Teleconference and Webinar
Information Meeting Hosted
by the International Joint
Commission (1JC)

Ottawa, Canada
(May 20, 2015)

Presentation by the University of Guelph and
Greenlande Group About the CANWET Model

Thank-you!
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