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»» Modelling results
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AGS Groundwater Program

Overview

3 Phases of the Program

www.ags.gov.ab.ca

Study, map and quantify Alberta’s groundwater and brine
resources

Focused on regional saline and non-saline aquifers exploited by
energy development

Regional geological and hydrogeological mapping, groundwater
flow modelling, and evaluation of management tools

Decision
Making
Land-use planning,
allocation decisions
Pollution prevention
and clean-up

Characterize the natural system

Understand dynamics of groundwater system
under development

Geological Framework
Stratigraphic and depositional models

Database Development and Management
Accessibility, collection of new data and archival data, maintenance and updates

Develop decision support tools for resource
management, regulation, and policy
development

Council of Canadian Academics, 2009
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Regional Project Areas

* Phased approach to study area
characterization

 Future study areas will focus In
regions with intense energy
development

Edmonton-Calgary Corridor N\
Phase | Phase Il Phase lll | EE&EG o — — — — — — — o~
Cold Lake Beaver River Basin
I Phase | I Phase Il I Phase Il [(63 | 23~
South Saskatchewan River Basin
Phase | l Phase I l Phase llI

1 Regional
Groundwater
Model
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Phase |l Modelling Objectives

- Assist regulator(s) of the Water Act using groundwater flow models
required to:

y
by

Evaluate groundwater authorizations

Support a change from well by well (Q20) evaluations to cumulative
Impact based assessments

Understand groundwater resources and patterns of development

Generate regional models to assess water-balance, drawdown and
yield forecasting

Identify current areas of stress to groundwater and surface water
resources

Enable scenario modelling to evaluate future groundwater
developments

o Alberta
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Modelling Approach

» Nested scales

Basin wide Regional Sub-basin
> Enables basin- and regional-scale models to inform
management-scale objectives

> Basin- and regional-scale models ensure appropriate
boundary conditions, spatial flexibility, and cumulative
effects assessment
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Alberta Regional Groundwater Flow Models

ESRD

www.ags.gov.ab.ca

CLBRB ¢

Lisa Atkinson, AGS

SARGS
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Southern Alberta Regional Groundwater Simulation

Hydrostatigraphic ~ Hydraulic Source

Layers Property

Recent Variable AER\AGS

Paskapoo Aquifer

Scollard Aquifer AER\AGS

Battle Confining AER\AGS

Horseshoe Canyon  Aquifer

Bearpaw Confining Hamblin(GSC)
picks\AGS\Saskatchewan
\Outcrops

Belly River Aquifer AER\AGS\SWA

Lea Park (Top of Confining AER\AGS\SWA

Colorado Group)

SARGS (9 Layers)

3 e ANl O ¥

PK: Paskapoo, SC: Scollard, HSC: Horseshoe Canyon,
BP: Bearpaw, BR: Belly River, LP: Lea Park.

Bedrock Map

Model Domain
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J= Alberta
Regulator

www.ags.gov.ab.ca

AGS K

ALBERTA GEOLOGICAL SURVEY



Southern Alberta Regional Groundwater Simulation

> 1st order regional flow model L —
ol s 04
> Successfully calibrated, g a i
o 8 * *
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steady state Modflow model

600

> Indicates regional flow
pattel’nS 200} %

Simulated Heads

1 Correlation=0.9

L L 1 1 L L )
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Observed Heads

7 Serves as foundational model

for higher resolution models " ﬁwﬁ
s O &tn &;E::”g ;
. . J-':J:;'g:ei'.c 5 A
' Enables rapid regional water RS o
budget calculations NI O
¢ DsT
& Obs

> Provides Iatera_l gnd vertical O Water Wells
boundary conditions for @ Ppositive Residual
management-scale models ® negative Residual
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Sylvan Lake Study Area:

Sub-basin Scale Modelling

Edmonton-Calgary Corridor
Groundwater Atlas
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Model Cross-Section

|se'w uoleAa|3

Red Deer Rlv

Elevation m.asl

40 km

west Upland sand and gravel _ L East I

Red Deer Paleovalley
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Elevation m.asl|

15 km
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Quaternary-Neogene Hydrostratigraphy
- Clay, silt, or diamicton

S2 Sand to silty sand
- Clay, silt, or diamicton
- Basal sand gravel, silty sand

Paskapoo Formation Slices

Lisa Atkinson and Paul Glombick, AGS
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Phase lll Regulatory Development Targets

2 Quantify cumulative effects
> Assess groundwater/surface water interaction

- Advance current groundwater management framework

Q. : 20 year safe yield

* Well-based concept (drawdown vs. time) v] T

« Does not quantify cumulative effects Rt . L e

(multiple wells)

/v//

* Does not address the ultimate source or

SUStainabi"ty of pumplng {Drawdown @ 20 yrs
Ibert M
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What Are Others Doing?

- Water resources management in The Netherlands and
United Kingdom (NGMS)

v Support continued geological mapping and 3-D modelling

> Tiered approach to groundwater resource management

v Develop groundwater flow models with results freely
available to regulator, industry & public

> Models are hosted & run within updateable architecture
to adapt to increased model complexity

Alberta
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NGMS — The National Groundwater Modelling
System for England and Wales

@ Environment
- Purpose of NGMS: oW Agency
> Manage sustainable development of groundwater
resources

- ldentify sustainable yield of groundwater units

> Regulate extractions and their impacts on springs, rivers,
wetlands and existing licenses

> Conduct strategic planning for European Commission
directives (e.g., Water Framework Directive)

»» Provide water availability forecasts
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NGMS in A Management System

Capalbilities includes:
e Tools Options Hel . .
‘;, :,S q"‘;tgs Oel;g\andanm - | Hycrographs  AcorefionProfies  SpatislPiots  Yvhatif Scenario Execule Dsta Management  System Montor 2 1 - R efe re n Ce S I t u atl O n
S ; Ty

] Micllanels N

1 Southemn
B
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£~ Yare North Norfolk tchalk modef)

84 National Groundwater Modelling System: NGMS pre-release PRO4 - December 2006 - (Stand alone)

» Historic (calibration)

Yo g * Natural (zero extractions)

W 34002 - Tas st Shotesham

W 34003 - Bure ot Ingworth

W 34004 - Wensum =t Costessey Mi
W 34005 - Tud at Costessey Park
W 34008 - Art at Honing Lock

W 34011 - Wensum at Fakenbiam
W 34012 - Burn ot Burrham Overy
W 34014 - Wensum at Sw
W 34016 - Glaven at Bayfie

" nnnn ] ‘‘‘‘‘‘‘‘

3 Head (H Historic)

X Head (H Natural)

3 Head (H FullyLicenced)

X Baseflow (@STR_ACCU Historic)

X Baseflow (QSTR_ACCL Natural)

X Baseflow (@STR_ACCU FulyLicence
3 GW abstraction (QSRC_GW Historic)
X GV abstraction (ASRC_GW Netural)
3 GW abstraction (QSRC_GW FullyLice
X S discharge (GDIS Historic)

3¢ 20 discharge (QDIZ . Natural)

X S dischare (GDIS FulyLicenced)

* Recent (actual)

* Fully licensed
2. Scenarios (impacts of change)
*  Groundwater extractions

Surface water extractions and
discharges

[l ]
* Climate change (rainfall)
3. Output of Interest
- » Absolute values and

30.01.2007 16:47:02 INFO - RollingBarrel.Info Rolling barrel completed H H .
30.01.2007 18:47:01 INFO - RollingBarrel.Info Rolling barrel started I e re n Ces In .
30.01,2007 16:46:57 INFO - hpplication.tartup.Finished The spplication finished starting up.

30.01.2007 16:46:57 INFO - GUI.Inivialized Graphical user interface imitialized.

30.01.2007 16:46:56 INFO - Configuration.Finished Configuration finished.

. Surface water flows

‘Iﬂe«er Gijzhers kur’rem aystetn time: 30-01-2007 1600:00 |15:50:1 3 GMT |15:50:1 3CET I199402 | 408123 I. |
disat| | o @ DHEEEEGGS JE G | R ool Conmand.. | £ HemoniT-0ul.. | ‘. wi24585-Rema.. | [T TeutPad -(DPr.. | [E] Mcrosok Power.. | [ Nationsl Gro... | | [ 2| [« PS8 1650 ° Hyd raullc heads

ke «  Water budgets
Environment

A Agency
. ’ J= Alberta
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AGS-ESRD-Deltares Project: Starting Phase Il

Collaboration between governments of Alberta and Netherlands initiated in October
2011

Project initiated in August 2012 with support from AI-EES which resulted in 4 technical
workshops and reporting

Implementing a regulatory groundwater framework
Mid- and long-term numerical modelling approach/workflow
Utilization of airborne geophysics in groundwater resource assessments

N T o B e R

Uncertainty analysis in water resources

Technology for sharing and displaying groundwater information
Types of information that are interesting and useful

Methods and technology to update models

The ability for standard procedures to be coded into a system

The ways data can be stored, retrieved and disseminated widely

Alberta
A Energy
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Phase Ill: The Link Between Models and Managers

v Flood Early Warning System (FEWS)

gt

Creates scientific linkage between regulators, model developers,
managers and the public

Run & view model results
Configure FEWS to meet Alberta specific needs
Compare model results from different scenarios

Pre-defined metrics, graphs & thresholds

ot o o o N e

Key is distributing information

J=§ Alberta
Mlih Energy
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FEWS Workflow

Current and

Past
Observations
Web :D
Geological Heads Displays
Framework
Surface flows

A 4

Pre-configured
and Ad Hoc Hydro
Scenarios Displays Modified after E. Welles, Deltares-USA
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Integration of Numerical Model in FEWS

% Pilot Demo for Alberta Groundwater Modeling and Monitoring (Stand alone)

File Tools Gptions Help
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Ftaﬂd alone
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About FEWS:
* The software is free

* Any model can be linked to
FEWS

* New displays can be added
to the user interface

» Wide variety of data can be
imported, displayed and used
in the models

* New data can be added
anytime

 Output can be automatically
formatted and posted to a
web server

 Support tools should provide additional insight on hydrogeological system and
realistic appraisals of an aquifer’s potential for development over the medium and

long term time scales.

www.ags.gov.ab.ca
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Groundwater Model Displays in an
Operational System

% Pilot Demo for Alberta Groundw and "m(éiuiu_@ o B
[File| Tools Options Help
| E28 & |
Em,s | 2-a 100 REht | (Ded=wun ma-g
< Selecta statstcal fucton > v |
Beaver Basin Polygon
— [1] Q storagechange.gw.Hist
ﬁi% - MW — [21Q:storagechange.gw.Whatlf
R °W m—\__/—\_ — [1] Q.abs.gw.Hist
§ % g T " — [2) Q.modified. abs.gw. Whatlf

— [1] Q.exchange.gwtosw.Hist

144,000 — [2] Q.exchange.gwtosw.WhatIf
-145,000
35S 2000 — [1] Q.boundary.gw.Hist
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~ 200,000
g%ii — [1] Qboundary.gw.Hst
7 -ss00 ™ [2] Q.boundary.gw.Whatlf
3328 e ]
01-01-19%0 01-01-1995 01-01-2000

& Pilot Demo for Alberta Groundwater Modeing and Montonng (Stand aione)

|5 Data Viewer |

File Tooks Options Help
LN CLAY SRS i =
REEII 22400 ([ Aanb- [HodSwmnmi-g i
W-:«i&a“m>-:

What-if Scenario (CLBR Modflow Model Grid)
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Summary

v AGS Groundwater Program is focused on identifying, characterizing
and quantifying Alberta’s groundwater resources throughout the
province

»» Our objective is to provide AER, GOA, industry, and public with
peer-reviewed scientific research, mapping and reporting on
Alberta’s groundwater

7 Current initiatives include
> Publication of Cold Lake Beaver River Basin Groundwater Atlas
) Complete and publish regional scale SARGS model

1) Sylvan Lake sub-basin groundwater flow modelling and management
system

Linking management tools to policy and regulatory development

Evaluating architecture to host and allow for ongoing refinements to

groundwater flow models
Alberta
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