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What is an “Aquifer”?

Not found in most dictionaries…

“A subsurface unit that produces a useful amount of water”



What is a useful amount of water?



To be useful an aquifer needs
porosity and permeability

swiss cheesesand

porous and permeable porous not permeable



Groundwater flow 
around and in between 

grains

Porous Media Flow



Intergranular 
Space





Minnesota Groundwater Provinces 2021



MN Groundwater Provinces 2021 – Generalized Cross Sections





Minnehaha Falls

Platteville Limestone
Glenwood Shale

St. Peter Sandstone

Photograph by Kim Windingland

http://fineartamerica.com/featured/minnehaha-falls-kim-windingland.html




Old style 
“Pump and Dump”

Consumes valuable 
groundwater resources

Q



Pump and Reinject

Potential to introduce 
contamination and 
change chemistry

Requires significant 
energy to pump to 

surface and to re-inject



Traditional Vertical Ground Loops

Purposely ignore groundwater
Although saturated conditions are preferred

Boreholes are grouted
Carefully defined to not be water wells

Unaccounted groundwater flow 
Can create interference between ground loops



60°F60°F

30 - 95°F

Traditional Vertical Ground Loop Installation



Geologic Sediments have a 
large thermal mass 

But are relatively good 
insulators

Ground Loop (grouted)



Thermal Conduction is 
grain by grain

Water filled spaces help



Thermal Conductivity

Typical geologic materials: 0.1 - 5 W/(mK)



Q

A

h1

h2
L

Q = K A (h1 – h2)
L

Darcy’s Law

K = Hydraulic Conductivity



10 orders 
of 

magnitude



Pumped Groundwater
stays below ground

Heat is transported 
advectively by 
groundwater

Closed building loop 
transfers heat via in-well 

heat exchanger



Thermal energy is 
transported by fluid flow

Heat is transferred to 
grains some distance 

from borehole



Drill 75 
Boreholes

Traditional Ground 
Loop Systems can 
require numerous 
boreholes and site 

disruption



Groundwater 
Pumping Systems can 

use a much smaller 
number of boreholes 
and reduce footprint 
requirements 95%

Drill 4 
Boreholes



Induction Displacement 
Chilled Beams
• Cooling-only system
• Sends 60-65°F 

dehumidified air to space 
with 58°F ground water

• Up to 80% reduction in 
cooling-related energy use 
and emissions vs. code-
standard system



GROUNDWATER SYNERGIES WITH 
COMMON HVAC EQUIPMENT  

BENEFITS TO REFRIGERATION COOLING EQUIPMENT

 SUBSTANTIALLY LOWERS CONDENSING TEMPERATURES 

 HIGHER EFFICIENCY – 0.25KW/TON, IEER UP TO 50 

 LOWERS ELECTRICAL DEMAND BY ~ 50%+

 NO PROPYLENE GLYCOL, REQUIRED PER MN DOH



INDUSTRY EXAMPLES: COOLING & HEATING

WATER-COOLED VSD CENTRIFUGAL CHILLER

►ASHRAE 90.1 85°F TOWER WATER   .55 KW/TON, .38 NPLV

►WITH 58°F GROUND WATER              .28 KW/TON,  .23 NPLV

GROUND-WATER COOLED MODULAR HEAT PUMPS

COOLING 

► ASHRAE 90.1           .72 KW/TON, .56 NPLV

► WITH 58 DEG F      .35 KW/TON, .30 NPLV

HEATING 

► ASHRAE 90.1   4.3 COP

► 48 DEG F GROUND WATER        5.0 COP

GROUND-WATER SOURCE HEAT PUMPS

COOLING 

► 86 DEG F FROM TOWER 15.3 EER

► 58 DEG F  FROM GEO 23.0 EER

HEATING 

► 35 DEG F FROM BOILER 4.0 COP 

► 48 DEG F FROM GEO           4.6 COP



29

GROUND SOURCE VARIABLE REFRIGERANT 
FLOW (VRF) WITH HEAT RECOVERY

COOLING 
► 86 deg F from Tower 12 EER, 15 IEER 
► 58 deg F from Geo                20 EER, 25 IEER
HEATING 
► 35 deg F  from Boiler            3.5 COP 
► 55 deg F from Geo                  4.9 COP
SIMULTANEOUS HEATING & COOLING (HEAT RECOVERY)
► 55 deg F Ground Water       7-8 COP



100% DEDICATED OUTSIDE 
AIR SYSTEM (DOAS)

ASHRAE 90.1-2016 REQUIRES ENERGY RECOVERY ABOVE 2500 CFM WITH 100% OA

MANDATORY TOTAL ENERGY RECOVERY WHEEL:  88 / 72 TO 78 / 65   

► OPTIONAL 4 ROW OUTSIDE AIR PRE-COOLER:  78 / 65 TO 63 / 62

► OPTIONAL DX OR CHILLED WATER COIL:   63 / 62 TO 55 / 54  

► OPTIONAL WHEEL OR RETURN WATER FOR SENSIBLE REHEAT:  60 TO 65  

IN COOLING MODE WATER EXCHANGED WITH THE AQUIFER CAN PRE-
COOL THE LEAVING AIR TEMPERATURE TO 63°/62°F

IN HEATING MODE, WATER EXCHANGED WITH THE AQUIFER CAN 
PREHEAT THE LEAVING AIR TEMPERATURES TO 40°F 
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