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Geothermal Heat pumps
Ground Coupled Heat Pumps
Earth Coupled Heat Exchanger
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Ground Source Heating and Cooling is...

The indirect
utilization of
Solar
Energy.




Earth stores solar energy...

EEETHY,

SPACE
-Much reflected 3

back by clouds &

water ATMOSPHERE Pcrie]

-Some absorbed
by atmosphere

-47%0 absorbed
by earth




Relatively Constant Earth Temp




Earth Temps Are Predictable




Big Mass...

Low Temperature
High Storage Potential

For Example:

Typical Home Site
-400 ft down x lot size

-Enough energy storage
for 15 homes




How do we take advantage of
this free energy source?




GX Heat Pump Systems

How do heat pumps work?

Heat & cool buildings using the
natural heat-storing ability of the
earth.
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Ground Source Heating and Cooling...
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Uses a Heat Pump to move energy from a space into
the ground or, energy from the ground into a space.
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4% U.S.Department of Energy

.4 ¢ Energy Efficiency and Renewable Energy

' Bringing you a prosperous future where energy is clean, abundant, reliable, and affordable

Why GHPs are more efficient than
other HVAC equipment?

 GHPs exchange heat with the earth, rather than with
ambient air

e Earth provides a much better heat exchange medium
— Stable year-round temperature

— Generally cooler than ambient air when cooling is
needed, and warmer than ambient air when heating
IS needed

 \Water is a better heat transfer medium than air

 They use a small amount of energy to move a greater

amount of energy.
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Typical Geothermal Heat Pump
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GSHP Operation: Heating Mode / BAE.:

Z=—Zu. HEAT EXCHANGER
VAR SUPELY A AEFRIGERANT/AIR

TO CONDITIONED SPACE {CONDENSER)

2 COOL RETURN AIR FROM
% COMDITIONED SPACE

OgU

it

T

| M
EXPANSION/METERING
DEVICE

REFRIGERANT
REVERSING

DOMESTIC
HOT WATER
EXCHANGER

(DESUPERHEATER) "f HEAT EXCHANGER

8l REFRIGERANT/WATER

DOMESTIC WATER |

N —

CuUT -.-.— HEAT

TGI/IFROM
"'-— GROUND
EXCHANGER

REFRIGERANT
COMPRESSOR



GSHP Operation: Cooling Mode
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SAMPLE EFFICIENCIES

Propane/Natural Gas —
80% - 95% (COP .85 - .95)

Electricity —

100% (COP 1.0)
Air Source HP —

220% - 280% (COP 2.2 — 2.8)
GSHP —

320% - 400% (COP 3.2 -6.0)
(Cooling) EER 12.0 - 28
SEER 15 - 35
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per million

BTUs

Fuel Cost Comparison
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[ Electric resistance

25.19

B ASHP

21.48

E GeoExchange

O Nat'l Gas Std. Furnace

B Nat'l Gas Med. Efficient
Furnace
M Nat'l Gas High Efficient

12.27 12.38

Jun-06

1.2510 76

Furnace

12.47
11.25

0.23 g 75

June '07
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GeoExchange and the Environment

Better Efficiencies — Reduced fuel consumption
Lower Carbon Footprint

Lower Local and Cumulative (Plant) Emissions

No local CO, or NO, emissions.
No gas or oll consumed on site.
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For example...

A conventional-4000 1”2 home in Salt Lake County
would produce;

1. An average of $224/month in utility costs.- |
2. 15,856.7 Lbs of CO2/yr, Heating (generated onsite). ~
3. 4,547.4 Lbs of CO2/yr, Cooling (at coal plant). |

As opposed to a GX Heat Pump...

1. An average of $99/month in utility costs.
2.5,460.3 Lbs of CO2/yr, Heating (at coal plant).
3.2,569.2 Lbs of CO2/yr, Cooling (at coal plant).

Emissions data provided by the Department of Energy.

. digitalblasphemy.com




A perspective for the future..

In 10-years this Ground Source home...

Will have released 62-tons less CO2 than-a’

typical home.

Will have saved the home owner more than
$15,000.in energy costs.

In 25-years..

Greater independence from fossil fuels.

Increased home value.

digitalblasphemy.com




For a community...
If 500 homes in Utah utilized ground source...

4.2 Million lessdibs. of CO2<would be produced each

ear. ; :
Y (A 53.1% greenhousegas reduction over a conventional home.)

That equates fto...

~234 Jeep Cherokees or 300 mid-sized autos .

~2,876 Trees.
~575 Acres of Green Space.

..a higher quality of life.

digitalblasphemy.com




For every 300%

- ';, . -
N

-,

'23-Billion kWh avoided consumption.

ETS o] 0 "MW avoided winter capacity.
2’5 000 MW avoided summer capacity.
17 3 mllllon avoided tons of CO2.

“""*"11 mllllon barrels of crude.

Data provided by the EP.A. . .




Heating & Cooling Costs 1700 Sq Ft Rambler
South Jordan Ut Sept 05 thru Aug 06
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GHP system options
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Horizontal Slinky Loop




Horizontal Slinky Loop




Residential systems: Each home typically
has its own ground heat exchanger

| 25 Ft. |

200 Ft.

20 Ft.
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Common loop conditioned by vertical ground
heat exchanger

A

A

HDPE u-tubes in
vertical bores

Generally
requires 250-300
ft2 of land area
per ton

32









POND / LAKE SYSTEM







What we need to know about the
earth before design of the loop.

—Soil properties — Type of soll
—Earth temperature

—Formation Thermal Conductivity (k - Btu/hr-ft-°F)
*A measure of a material’s ability to conduct heat.

—Formation Thermal Diffusivity (a=k/pc - ft2/day )
*Ratio of heat conduction rate to heat storage capacity.

—Excavation or drilling characteristics



Shallow Loops-
Soll Thermal Groups

e Coarse-Grained

— Water content has large effect
— Higher values of thermal conductivity if dirty

* Fine-Grained
— Silt or Clay
— Silts have higher thermal conductivity values

e Loam
— Mixture of sand, silt and clay
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Soil Thermal Properties

Thermal Thermal Conductivity Thermal Diffusivity
TextureClass | W/m°K Btu/fthr °F | cm?¥sec ft*/day

Sand (or gravel) ey 0.44 0045 42

Silt 1.67 0.96 - -

Clay 111 0.64 0054 50

Loam 91 0.52 0049 46

Saturated Sand 2.50 1.44 0093 86

Saturated Silt or Clay 1.67 0.96 0066 61

¢ gL




Moisture content Is very important:

Thermal Conductivity (Btu/hr ft F)

1.25

1.00

0.75

0.50

0.25

0.00

>

4

.-dight Soil, Damp

Light Soil, Dry

L s & i 1 A A 1 . y " 1 1 1 L i i 1 i

5 10 15 20 25 30

Water Content (%)

-a+m¢«@

‘1

Cecil (94/1.50)

Fordville (106/1.70)

Kranzburg (100/1.60)

Moody (94/1.50)

Sharpsburg (87/1.40)

Vienna (100/1.60)
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Vertical Boreholes

Most of the GX sites
In Utah will fall into
one of three hard-
rock categories.

However, thermal
conductivity Is highly
variable.

Petrologic Groups

Petrologic Group
Number

Principal Rock
Type

O
D

Pumice, obsidian, perlite
Basalts
Andesite, rhyolite
Mudstones
Granite, granodiorite, quartz,
monzonite, diorite, diabase,

gabbro, peridotite

Schist, amphibolite, gneiss,
phyllite

Limestone, dolomite, marble

Sandstone and tuff

41A




Thermal Conductivities of Petrologic Groups

Btu/hr-ft-°F 1 2 3 A
W/m-°K 0 1 2 3 4 5 6 7 8

l
PETROLOGIC
GROUP

Shale, mudstone, ...

00- -6+ -

Sandstone, ...
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What we need to know about the
earth before design of the loop.

—Soll properties — Type of soill
—Earth temperature

—Formation Thermal Conductivity (k - Btu/hr-ft-°F)
*A measure of a material’s ability to conduct heat.

—Formation Thermal Diffusivity (a=k/pc - ft2/day )
*Ratio of heat conduction rate to heat storage capacity.

—Excavation or drilling characteristics



Constant Earth Temperatures
Compared to Air

_ Ai Peak Air

Peak
Ground

Undisturbed
Ground Temperature, °F

SLC — Peak air day is 235
6’ Lag — 35 days
- 15’ Lag - ~68 days
32 1 1 1 1 1 1 1 1 1 1 1 1

0 40 80 120 160 200 240 280 320 360
Day of the Year A4



Soll
Temperature

Soil temperature is variable
to about 26 feet.

At ~26 feet the temperature
IS +/- 2° F of the mean
surface air temperature.

Generally, below ~26’ to
approximately 1,000’, the
earth temperature will
remain ~constant.

Geologic anomalies (faults,
thermal intrusions, etc.)
may change this rule of
thumb.

TEMPERATURE IN °F
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What we need to know about the
earth before design of the loop.

—Soll properties — Type of soll
—Earth temperature

—Formation Thermal Conductivity (k - Btu/hr-ft-°F)
*A measure of a material’'s ability to conduct heat.

—Formation Thermal Diffusivity (a=Kk/pc - ft2/day )
*Ratio of heat conduction rate to heat storage capacity.

—Excavation or drilling characteristics



Formation Thermal Conductivity
Testing

Other than building load distribution, soill
(earth) conditions are the largest factor In
determining the shortest necessary loop
length, either conventional or hybrid.
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ASHRAE Recommended
Procedures

ASHRAE's 2003 HVAC Applications handbook, page 32.14

Required Test Duration — 36 to 48 hours.

Power
— Standard deviation < 1.5% of average.
— Maximum power variation < 10 % of average.
— Heat flux rate between 15 W and 25 W per foot of bore.

Undisturbed Soil Temperature — Shall be determined by
recording the minimum loop temp. at startup.

Installation Procedures — Bore dia. < 6”. Bore should be
grouted bottom to top.

Time Between Installation and Testing - 5 days if
grout TC is low (< 0.75 Btu/hr ft °F), otherwise 3 days.

48



Fundamentals

In-Line Heater (15 - 25 W/ft)—\

Flow Gauge (Optional)—\

Generator / Power
10% Variation

Pump

\(LI.

1/--

ax

Computer\
—

\_Data Acquisition
Interface

Temperature Sensors
+ 0.5°F
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Temperature (F)

90 |

70 |

65

60

55 |

50

85 |

80 |

Formation et SR _ S

75 |

24
Time (Hr)

30

36

42

48

6.0-0.43
2740 W

6.0"-0.85
2698 W

12-48 Hrs

12-48 Hrs
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Typical Test Bore
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Properly Backfilled
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TC Test — The Black Box




Sensitivity of loop length to changes in earth
thermal conductivity/diffusivity and deep
earth temperature.

Starting 6X Length: 51,077 (ft.)
New 6X
Parameter Change Length % Change
Thermal Decrease
Conductivity/Diffusivity 20% 59,309 ~16%
Increase
Deep Earth Temperature 20% 65,295 ~ 27%
Change Both 20% 75,818 ~48%
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What we need to know about the
earth before design of the loop.

—Soll properties — Type of soll
—Earth temperature

—Formation Thermal Conductivity (k - Btu/hr-ft-°F)
*A measure of a material’s ability to conduct heat.

—Formation Thermal Diffusivity (a=k/pc - ft2/day )
*Ratio of heat conduction rate to heat storage capacity.

—Excavation or drilling characteristics



eoTec Supplied Drill Logs

Location:

Driller:

State License #:

Rig:

Drilling Fluid:

Loop:

Grout:
SPUDTD

Time
Start
3/20/2007

9:25
955
9:53

10:41
10:56

JUAB SCHOOL DISTRICT
Nephi, UT - New Red Cliffs Elementary School
Geothermal Soil Analysis

DRILLING LOG - Test Borehole #1

3/20/2007
S, T,R-if known M1165.17 E943.97, SW corner, 09-13S-1E, SL b&m
GPS and Elevation M 3941602 W 111 49990 NAD2T7 CONUS
MNephi, UT 5,151
Bertram Drilling

Added:

*Drilling times
*Bits used
General comments

34 24 Joints on rig .. .
Mayhew 1000 18 Length of Kelly oAdd|t|Ona| per’“nent data
water based mud
Brand, size, length Centennial, 1.25", 810 H
Cetco Geothermal Grout TC - 0.40 needed for abse nt d rl | Ie rS
3/20/2007 312112007 .
Spud with Medium Mill Too
Average ROP - 55-70 to bld "
NOTE: Time gaps represent connections or unrelated activity
Surface Water - Mone encountered
Duration
End Activity Minutes Depth ents
927 D 2 0-15 A Jop soll, silt &Tlay
937 D 2 15-30 L JChange to 4-way blade bit brn. Cly, gravel
10:35 D 42 30-45 L JA/A- Changed to rock bit @ 40" . COH,
U Jcobble fall in, had to re-drill 6-7 feet
W [Coarse gravel and valley fill+/- 40-45°
| §Oquirrh rubble- cleaned up ledges 10:35-10:40
1049 D 8 4580 A [Oquirth rubble
1101 D 5 60-T5 L WA- clean up ledges
59
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11:18 1125 D [ 75-90 brn clay w/ bigger gravelfill clean up ledges
11:41 1218 D 37 90-105 F JPOOH @ 95" - bit jet holes pulgged
A Q12:10 - drill again - coarse gravel and fill w/ brn cly
12:21 1233 D 12 105-120 M JCoarse gravel &fill w/ b cly
12:39 1254 D 15 120-135 A
12:59 13:08 D 9 135-150 F /A
13:10 1316 D 6 150-165 O A
13:21 1326 D 3 165-180 R JAA - clean up ledges, and fix cable on rig
13:39 13438 D 9 180-195 M JCoarse gravel &fillw/ brn cly @14:02, had to rednll last 8
14:07 1420 D 13 195-210 A JCoarse sand & gravel
14:26 14:31 D 5 210-225 T JAYA (sity)
14:35 14:41 D 6 225-240 [ JAA - wibm cly
14:44 1450 D 6 240-255 O JCoarse gravelfil w' brn chy
14:54 1459 D 5 255-270 MAA
15:06 1515 D 9 270-285 ASA - (worked on rig set-up 15:15-15:25)
15:25 1548 D 23 285-300 [coarse cemented sand & gravel
snappy. slower drilling 290-300° (approx. 15:30)
15:54 1620 D 26 300-315 AA - snappy, slower drilling
16:28 1644 D 16 315-330 IASA - snappy. slower drilling
16:52 17:06 D 14 330-345 A4 - snappy, slower drilling
17:23 1739 D 16 345-360 AA - snappy, slower drilling
320" tramie
Cond Hole 15 15 hags of grout
Total Drilling Time: 298.00 Minutes

4.97 Hours
0-40 - Easydrilling through top soil, silt and clay. Balance of hole coarse sand and gravel w/ clay.
Pressure test loop to 115 psi- no leaks.
30 min to POOH_ Bitin marginal cond. RIH with U-bend to 355" and tremie to 320"
RLU grout equip, mix grout
COMMERNT5: H
Approximately 3500 gallons of water was used for the hole. May d eterm Ine
The majority of the lithology in test hole was comprised of Oquirrh rubble w/ valley fill and alluvial sand and clay I
15 sacks of Cetco Geothermal Grout to 3200 Optl mum d epth .

Juab Elementary Drilling Log.«ds



Commercial Applications for
GeoExchange
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30,000 Btu/SF

CCSD
Burkholder Middle School

Energy Performance Solutions

Burkholder Middle School July 06 2005




Bundle Results — KBtu/SF at source

80.0 100.0

120.0

140.0

160.0

180.0

129.0

90.1-99 Base

Design Base

Bundle 2

| Lowest Energy
/ Use
| ! \ Bundle 3 &

Bundle 3 w/ Electri

"o " | -+ | GSHP arc the
\ I
\

I lowest

Bundle 3 W/ Solar DHW 68.7/’
~ _7 63

Burkholder Middle School

July 06 2005
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Las Vegas Motor Speedway
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BERTRAM DRILLING & LOOPMASTER







h School
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Duchesne High School
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Questions?

Cary Smith CGD, CEM dcsmith@soundgt.com

(801)942-6100

www.soundgt.com
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