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Local-scale systems

*Short-term planning

*Groundwater separate
from surface water

*Regional-scale systems

*Multigenerational planning

*Groundwater and surface
water a single resource



Multi-scale hydrogeology

- Groundwater connects various parts of the earth system

Groundwater-climate

—>weathering and biogeochemistry
in critical zone

—>Faulting, volcanism, seismicity
—~>Mineral and petroleum resources
- Crustal-scale metamorphic fluids



Multi-scale hydrogeology

- Groundwater connects various parts of the earth system
- Groundwater is a critical resource

— 10 million Canadians (~30% of population)
or 2 billion people worldwide and many
ecosystems depend on groundwater

—> Critical to agriculture, industry etc.



Multi-scale hydrogeology

- Groundwater connects various parts of the earth system
- Groundwater is a critical resource
- Groundwater sustainability is threatened

- Quantity and quality issues are common
—>Poor understanding at scales that are critical
for resource management

—>Limited long-term policy or management



By John [Flesher (CP} — Feb 6, 2011

TRAVERSE CITY, M|ch. — Despite having more fresh water than anywhere else in the world,
the Greaf Lakes regign could experignce shortages in some locations because of climate shifts
or surging demand, a|federal analysik s:

The five-year study by the L5, Geolpgical Survey, obtained by The Associated Press ahead of
its schedquled releasg Monday, desclibes the Great Lakes as an aquatic treasure trove. The
lakes thgmselves haye 6 quadrillion gallons — enough to spread a foot-deep layer across MNorth
Americal South Amefica and Africa +— and the volume of groundwater surpasses that of Lake
Huron.

Yet grouhdwater levels have plummeted about 1,000 feet in the Chicago-Milwaukee metro area
because|of pumping {or municipal supplies and could drop an additional 100 feet over the next
three de¢ades if withdrawal rates junjp as expected, the report says. The Milwaukee suburb of
Waukesha, its deep fvells contaminated with radium, is seeking permission to tap Lake
Michigan under a compact signed by the region's eight states in 2005,

doesn't idgntify other poteptial problem areas, but lead author Howard W. Reeves said
local offitials should become familial with data about supplies close to home and use it to guide
long-range planning fgr development pnd water use.

THE CANADIAN PRESS el
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1. Regional-scale (lineaments in the Canadian Shield)




ResearCh pr()gram 2. Continental-scale

(permeability map)
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1. Reqgional-scale
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1. Reqgional-scale 3. Multi-generational scale
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Previous conceptual model

ncin: LB

 Dense fracture zones
and/or faults

*Flow conduits with higher
groundwater potential

Objectives

e Are lineaments
structurally controlled?

eAre lineaments hydraulic
conduits or barriers?




Methods

eGeomatics
eLineament identification
eWell database

eSurface water gradient
eFracture mapping

eHydrogeological
characterization

eNumerical modeling



Geomatic
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Surface water gradients




Fracture Orientations

Steep NE-SW set

Vertical NW-SE set

Vertical NW-SE set

Christie Lake outcrop




Hydrogeological characterization

Christie Lake site

Downhole camera

(Geology from Dugas, 1961)



Conclusions: new conceptual model

e Lineaments are structurally
controlled, some are faults

eZones of low to moderate
permeability and well
productivity

eDiscrete shallow and steep
fractures

Lineaments can be structural

barriers to flow

Gleeson & Novakowski GSA Bulletin 2008
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Permeability compilation

Regional scale groundwater
models calibrated to:

—>hydraulic heads (water levels)
—>fluxes (baseflow)

—transport (contaminants,
groundwater age)

—>heat (groundwater temperature)

Hvydrolithology

= Unconsolidated (fine and coarse-grained)
—>siliciclastic sedimentary (fine and coarse-grained)
->carbonate

—>crystalline

Svolcanic Gleeson et al 2011a GRL



Eermeability compilation

Freeze and Cherry (1979) Calibrated, regional-scale
groundwater models



Permeability and scale



Lithology map




Permeability mapping
- -




Permeability mapping




Permeability mapping — applications

—>characteristics of regional water tables
—>groundwater and climate

—>global sustainable groundwater resources
—>role of permeability in weathering



Water table type

(Hajema and Mitchell-Bruker 2005)

Recharge

—
Hydraulic IM ~

conductivity
Aquifer

thickness

& Watershed size

-
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Elevation
difference

Topography- controlled
log(WTR) >0

Recharge- controlled
log(WTR) <0



‘Red’ and 'Blue’ States in 2004 US Election

Continental s

Gleeson et al 2011b GRL
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Sustainability tools

—residence time is the average time it
takes for groundwater to flow from
recharge to discharge areas

- Approximates the aquifer renewal
time

- Quantified through groundwater
(Kazami et al 2006) ages or numerical modeling



Sustainability tools

Gleeson et al. 2010 Nature Geoscience
Gleeson et al. Ground Water in press

(Diana Allen) (McMahon 2006)

—>Both aquifers have significant long-term issues



Sustainability tools

Set multi-generational

sustainability goals and backcast
B as)




Sustainability tools

Set multi-generational

sustainability goals and backcast
B

—>Hydrologic tools can enable groundwater sustainability



Summary Email me if you are interested Iin
summer or graduate work

Regional Scale
—>lineaments can be barriers to regional groundwater flow

Continental-scale
—>Permeability can be mapped over continents
—>Water table type is contiguous over regions

Multi-generational time scale
—>Hydrologic tools (residence times, numerical modeling)
can be integrated with policy framework
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