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Presentation Notes
DARPA – Defense Advanced Research Projects Agency
Defense research and development – expanding to new frontiers of science and tech
Computer networking
Graphical user interfaces
Examination of future conflict areas
Upper Midwest – and Minnesota will be areas that may need military operations to protect water resources (GW, Rivers, and Great Lakes)



What’s involved in a groundwater review?

1 Develop a conceptual model of the aquifer
system.

d Quantify potential impacts

1 Determine need for further investigation
including aquifer tests and monitoring.

1 Provide a report with results, conclusions, and
technical recommendations.


Presenter
Presentation Notes
Introduce self and describe work group.

As Tom described, my work group is tasked with performing the technical phase of an appropriation application.


wore - Conceptual Model of the Aquifer System

What was the origin of the aquifers?:
— From glaciers (sand & clay till sediment)

— Ancient seas (sandstone & limestone
bedrock)

— Volcanos or cooling of deep magma
(igneous & metamorphic bedrock)



Glacial Lobes with Glacial Lakes
(From 2.5 million to 12,000 years before present)
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Figure 2. Generalized glacial gealogic map of the Upper Midwest showing names of major glacial lobes. After references 22-35.




Quaternary (glacial) Geology

(12,000+ years before present)

QUATERMARY GECLOGY
OF MINNEZSOTA

o
e Tills (unsorted sand, silt, and clay
e Clay (from glacial lakes)

e Sands (from glacial outwash)
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Irrigation
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Sedimentary Bedrock Aquifers

(650 to 400 million years before present
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Ancient Sea covering Minnesota

458 million
years ago
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Evidence of ancient sea in Minnesota — Sea Fossils

Gastropod




Sedimentary Aquifers in Southeast Minnesota
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lgneous and Metamorphic Rocks

e Used as aquifers where sedimentary and
glacial aquifers are absent (NE Minn)

e Limited water availability

e Underlies entire state
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“Limiting” factors for sustainable

groundwater pumping

 Impacts to streams, lakes, wetlands
(unconfined or water table aquifers)

e Safe yield for confined (buried) aquifers



W confined and Unconfined Aquifers
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Presenter
Presentation Notes
Unconfined aquifer-or water table aquifer, is an aquifer whose upper water surface is at atmospheric pressure.  Generally these are shallow and are often directly connected to surface water features. The water table is the point at which the pore space in the “sponge” is completely saturated.  A well drilled into the water table will have a water level equal to the zone of saturation.
Confined aquifer-water is “pressurized” by “impermeable” confining layers.  If you drill a well into the aquifer, the water rises to an elevation that is related to the recharge area-these wells are also known as artesian wells.
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M “Limiting” factors for sustainable

groundwater pumping

o Safe yield for confined aquifers

 Impacts to streams, lakes, wetlands



Safe Yield —
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Presentation Notes
This cartoon shows a two-aquifer system with a water-table and a confined aquifer.
Refresher definitions: Water table – an actual surface below which rock or soil pores are completely filled with water. Water-table aquifers behave differently than confined or artesian aquifers.
Safe yield for water table aquifers is defined as a total withdrawal from the aquifer that does not exceed the average recharge to the aquifer. The idea is to keep the water-table aquifer from being completely drained. Water quality impacts, such as pulling in contaminated surface water, also have to be considered. In practical terms, other limits such as limits to surface-water impacts will almost always kick in at a lower use-rate than the water-table safe yield.

Confined (artesian) – groundwater is under pressure that causes water level in a well to rise above the top of the aquifer. This is shown by A in the diagram. Safe yield for confined aquifers is defined as a withdrawal rate that does not cause the pressure in the aquifer to progressively drop to the point that the water level in a well would drop below the top of the aquifer, which would create a water table within the formerly confined aquifer.

DNR has traditionally set a minimum threshold of 25% of the original water height remaining (C on the figure) as a buffer against completely drawing down to the top of the aquifer. A 50% threshold may also be set as a warning. The key aspect of these thresholds is that the limiting factor is where the water level regime in the observation finally ends up after pumping at a given rate for a long period of time.




Subsidence due to GW pumping

29 feet of subsidence

San Joaquin Valley, Cal.
Between 1925-1977

Dy Joseph F. Poland (Facramento, CA) retired
Ts Sentor scientist for land subsidence
research, stands at a site near benchmarls 661
in the San Joaomun Valley SW of Mendota, CA.
The benchmark subsided 5. 93m between 1925
atd 1977 as a result of heavy pumping of
sround water

FPhotograph by Richard L. Ireland, UINGS




Al Aquifer Test — Confined Aquifer

Granite Falls Energy Threshold Well
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M “Limiting” factors for sustainable

groundwater pumping

o Safe yield for confined aquifers

 Impacts to streams, lakes, wetlands
(water table or unconfined aquifers)



How GW pumping affects streams

A. Natural groundwater flow
replenishes stream flow
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Unconfined aquifer

-
. _Water table

[\ N

B. Pumping of groundwater diverts
some, but not all groundwater from
reaching the stream

AN

Unconfined aquifer

Confining bed

C. Pumping diverts all groundwater
which would have entered stream.
Greatest impact during drought
conditions.

USGS Circular 1139, Thomas Winter, et.
al., 1998
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Presentation Notes
This cartoon shows a two-aquifer system with a water-table and a confined aquifer.
Refresher definitions: Water table – an actual surface below which rock or soil pores are completely filled with water. Water-table aquifers behave differently than confined or artesian aquifers.
Safe yield for water table aquifers is defined as a total withdrawal from the aquifer that does not exceed the average recharge to the aquifer. The idea is to keep the water-table aquifer from being completely drained. Water quality impacts, such as pulling in contaminated surface water, also have to be considered. In practical terms, other limits such as limits to surface-water impacts will almost always kick in at a lower use-rate than the water-table safe yield.

Confined (artesian) – groundwater is under pressure that causes water level in a well to rise above the top of the aquifer. This is shown by A in the diagram. Safe yield for confined aquifers is defined as a withdrawal rate that does not cause the pressure in the aquifer to progressively drop to the point that the water level in a well would drop below the top of the aquifer, which would create a water table within the formerly confined aquifer.

DNR has traditionally set a minimum threshold of 25% of the original water height remaining (C on the figure) as a buffer against completely drawing down to the top of the aquifer. A 50% threshold may also be set as a warning. The key aspect of these thresholds is that the limiting factor is where the water level regime in the observation finally ends up after pumping at a given rate for a long period of time.
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In some areas of the state (with limited available aquifers, such as the southwest or northeast) water availability is an issue.
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Cone of Depression caused by
Groundwater Pumping

Static water level
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Aquifer Test in Water Table Aquifer
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Aquifer Test in Water Table Aquifer
With nearby stream
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Pumping from Water Table Aquifer

Land surface Natural water table

Well Sream ke Water level while pumping
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Leakage from Water Table Aquifer to
onfined Aquifer”
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Leakage Water Table Aquifer to

“Confined Aquifer”

2013-1345 Petron Farms 500 foot nest
June 8, 2015 - Oct. 12, 2015
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Challenge

Translate
sustainability
thresholds

— Streams
— Lakes
— Wetlands

— Confined
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JRERR Decision-making criteria and needs

e Quantifiable and fair

e Quick decision-making

e Technically and scientifically sound
e Accounts for cumulative GW use

* Predictive

e Adaptive



M Groundwater

MNDNR

Models

Little Rock Creek

* Proposed model
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Presentation Notes
Why was Little Rock Creek chosen as the location for the first GW model for GW usage? a) High GW use; b) GW irrigation identified as stressor in TMDL study; c) fairly straight-forward aquifer system (fluvial deposits overlying granitic bedrock; d)fairly small area
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Areas with High Density of Permitted Wells

Legend

County boundary
Permitted well

Area with high density of
permitted wells

Groundwater
Management Area (pilot
project)
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