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Socio-Economic Issues (S-ON)

Urban growth (30% population)

Mining — salt, aggregate

Petroleum — oil and gas, unconventional?
Gas in transient storage (~$ 2 billion)
Geothermal -shallow low temperature

Disposal — municipal — deep injection
Nuclear energy and waste disposal
Potable water / irrigation
Agricultural (25% Canadian; $ 35 billion)
Ecological sustainability
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Retrospection

CanadalWater
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Take away overview

Changes in modeling scales

e Larger geographic scale necessitate

* reduced mesh resolution
results in reduced drainage network capture in model
commonly associated with reduced data support
progress level of abstraction of the hydrostratigraphy
trans-jurisdiction models have data continuity challenges
* Scale constrains application of models

* Highlights value of data management and data synthesizes
 value of QA-QC returned to central authority

i+l

aquanty g sishio B WATERLGO Canada



Southern Ontario

ety Data Chaos
wl Seury

B s “j&“-p. et .x.-...wn:' sy A".,',..,

e Olrtante

0071 Saemm; iy W 0

> 20,000 bedrock wells
* > 500,000 water wells
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Hydrostratigraphic Model

3-D models

A Mysrosustigraphic Framework for the
Palecaoic Sedrock of Southern Omans
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Numeric model S-ON

Coarse Mesh: Approximately 41,000 Nodes
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vector segments were resolved 500 m lengths for the high-resolution
versions of the model.
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Recommended citation: Frey, S.K., Khader, Q., Taylor, A., Erler, AR, Lapen, D.R., Sudicky, E.A,, Berg, S.J., and Russell, H.A.J. 2020. A {ully integrated
groundwater-surface-water moedel for southern Ontario. In Russell, H.AJ. and Kjarsgaard, B.A. Eds. Southern Ontario groundwater project 2014-2019:
summary report. Geological Survey of Canada, Open File 8536, 231-245. https://doi.org/10.4095/321108
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Watershed models (MECP)

3029 Witerstwd Areas k]

— Watershed Douwderns

— Qrdar 34 Streams

Sowte: Streams fom Ontana Integrated Mydrotogy Datases,
Ontano Ministry of Naturst Resowrces and Forestry
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GRACE
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Gravity Recovery and Climate Analysis Geometry R
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Water Storage in southern Ontario

Southern Ontario Water Storage Changes
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Contact.John Crowley

Excellent agreement over 15 years
Fairly regular seasonal cycle
Model results prior to 2007 over
estimate amplitude of lows

Signal can be pasrsed into two
components for which correlation

differs

Data has been updatedto 2020 for
model results

Close to manuscript submission
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Canada1Water
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Progress Mesting 2022

Summary Report Progress

Report

Simulating
Canada’s water
esources for the
next 75 years

A complex challenge:
Modelling groundwater,
surface water
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Collaborative — Multidisciplinary Team

Government — Private Sector — Academia

Government of Canada
Dr. Steve Frey Dr. AndreR Dr. Ed Sudicky Dr.Omar Khader | Dr.HazenRussell Dr. Boyan Dr. Melissa Bunn Dr. John Dr. Heather Dr. Mani Dr. David
Erler Brodaric Crowley MacDonald Mahdinia Rudolph
P ‘
Mr. Eric Kessel Mr. Tyler Ms. Amanda Mr. Matthew Dr. Dan Dr. Hugh Dr. Shusen Wang Dr. Susan Dr. Xiaoyuan Dr. Chris Dr. Richard
Herrington Taylor Tsui McKenney Brendan O’Neill Preston Geng Fletcher Peltier

Mr. Brayden Dr. TariqAziz Dr. David Lapen Dr. Daniel Mr. Eric Boisvert Dr. Xiaoyong Xu
McNeill Paradis
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CanadalWater Objectives

* Model water cycle for continental
Canada

* Coupled groundwater — surface water
system

* Evaluate the potential influence of
Climate Change on water resources
(large scale)

e Demonstrate model output into societal-
relevant metrics

* Open data licence
* Infrastructure Development

Ontario
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Integrated Modelling Framework T 2

- . g /) 4
Complete _ szg;?(nal cllln:gte modelling 4 ON
.2 Km resoiution
Water Budget
&5 Historic: 1979-2020 * Projections 2050, 2100

s

Weather Research Forecast Model

Land surface modelling
5 km resolution

Subsurface parameterization* Re-analysis

products
Community Land Model

Groundwater — Surface-water modelling
1 to 5 km resolution

Conservation
Ontario

Integrated groundwater * Surface water
HydroGeoSphere
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Model Domain
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Seven drainage regions for the
continental domain

Regions are approximately similarin
Size

Physiographic characteristics taken
into account for drainage basin
delineation

6 to 8 subsurface layers

Up to ~5 million finite elements per
model
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Modelling Time Step

. Calibration period Mid-century forecasts End-century forecasts
C1W Modelling Framework 1
....................................... V\f
l:t:grfted Hydrologic model
ydrology calibration with daily Hydrologic predictions with monthly outputs
HydroGeoSphere outputs
B -
processed to
Land surface N il Y
modelling Historic calibration for bias 3 3-hour timestep, aggregated to daily climatefordu.daﬁ :
Community Land | & °°":£‘°:c§foﬁtm"s /| (soil temp., permafrost distribution, soil freeze/thaw cycles)
Model version 5 = :
Regional climate Historic calibration forbias |5, = . |
: | 3- put, aggregated to daily climate forcing data (precip.
Weather Research ‘°'m:f:" ‘ fluxes, air temp., potential evapotranspiration)
and Forecast
\ o o
N ® q«°b° 1
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Model Resolution

Strahler order 4 and 5
_ # of 3D FE # of 3D FE '

Model Elivers Do(r':lna_:(r:n;:;ea Elements Elements

Low Res High Res
Arctic 7 1.5 555,408 2,424,702 ; F |gu res cou rtesy
Atlantic 8 1.9 857,960 3,621,648 & f Eric Kesse
Baffin 7 0.82 252,021 1,117,998 0
Hudson 7 2.32 829,696 3,948,588 2

Mackenzie 7 1.81 675,696 3,065,664 \

Nelson 8 1.65 668,744 3,162,392
Pacific 7 1.81 629,447 2,748,627
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Nested Models
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A. Rainy River, western
Ontario

2D Mesh: 84,677 Triangular nodes;
167,492 Triangular elements
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Relatively fine mesh for the lakes (edge %

g
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length < 1,500 m), and streams (< 800 m)
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Model Input Datasets
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Hydrostratigraphic Framework

Elevation-Terrain Mode!

Beadrock Hydvoslrabgfaph 5 -

Surficial Hydrostratigraphy
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Calibration Targets

« Hydrometric Stations:
— Canada Water Survey of Canada WSC
— USA National Water Information

SystemNWIS I r e
__ USA [T
« GW Wells - in all models except
Arctic and Baffin.

* SOurce:
— Groundwater Information Network GIN
— National Ground-Water Monitoring

Network NGWMN
| USA  [BERE!
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Preliminary Simulation Calibration
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Community Support

[ ] [ ] [ ] n 5
Decision support for sustainable water resource management ‘%, &5
[ ] [ [ €
Addressing ESG - Environment, Society, and Governance b
First Nations Society Sustainable Cumulative Effects
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Cloud-Based Data Portal & -

Modern reactive Ul/UX - Vue 3 Framework

Cloud-optimized geotiffs (COGs) for high-
performance of map tile loading

Integrated with Geoserver (open-source
tool) for metadata/WMS/WFS/WCS
services

Access full C1W domain, or Area-of-Interest
« Model construction data
 Historic and projected climatology
« Simulation outputs

» Projected change in:
+ SW, GW and SM storage
Hydrologic seasonality

Fully documented (metadata)
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The Future

 Analysis of model outputs
» Scenario development
 Groundtruthing / validation

» Refinement of data layers
» Hydrostratigraphy
 Parametrization

 Application of models to other issues
 Land surface change
« Salt water intrusion

* Model refinement
 Local scale refinement and adaptation
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i Day 1 - Tuesday, February 27
Ontal’lo ® 9:00am.to500 pm.EST
Q@ n personevent
Groundwater 7 roortimen v « Crowley, JW, Bunn, M., Frey, S., Russell, H.A.J. and
Geoscience  us vusicnsmcsnise Huang, J. 2024. Towards integrated gravity — water
Open House storage change models for regional and national

Day 2 - Thursday, February 29

2024 @® 1230 pm to500 pm. EST scale monitoring.

l;! Virtual event {(Microsoft Teams Live)

————— * Frey, S.K,, Russell, H.A.J., Lapen, D.L,, Erler, A,
oin us on February 27 (in-person/virtua February 29 (virtua
to hear the latest updates from federal, provincial and fﬂ}'b" Kessel’ E.’ Khader’ O., TaYIOr, A. 2024.

municipal governments, conservation authorities,

'FirstINa;i_ons,aca:emiaand:rivatesectorcollaborators “ v". ‘} Canada 1water in an Onta rio Context: FUIIy
involved in groundwater studies across Ontario. . e - . .

s R integrated groundwater—surface water modelling
for Canadian sustainability goals.

Sl * Logan, C.E., Carter, T.R., and Russell, H.A.J. 2024.
 rogerbyrobray1s From the Ground Up: Regional 3-D Modelling in
Nodeadh’r\etoregister:orvmualtic.kets fﬂ ’ . SOUthern Ontario'

i e Russell, H.AJ,, Frey, S.K., Kader, O., Xu.S., and

please contact:

A — " Bunn, M. 2024. CanadalWater supporting multi

Laura Colgrove (OGS): laura.colgrove@ontario.ca sNAG;
oo neiemaa 'y (G D scale transboundary groundwater—surface water

Hazen Russell (GSC): hazen.russell@canada.ca N bﬂ’.\'mﬂ w pritasie @ St u d i es
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