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Learning objectives

» See the impact of changes to the
building or mechanical system on
size, cost and performance of a GHX

« Simulate performance of different
ground heat exchanger (GHX) types

« Determine the impact of changes to
GHX configuration on size, cost and
performance of a GHX

 Where to find information needed to
model different GHX types
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Hourly energy model to determine how much energy GHX has to deal with

Client wants GSHP system
The Building Mechanical System

Vertical Horizontal | | Surface Water Aquifer

Energy Cost Construction Cost

Test Drill / Excavation TC Test

Designh GHX Design system
Specifications & Drawings

Construction, QA / QC

Commissioning

Operator training

1&, Ground Heat Exchanger Design Principles and Tools

Site & geology
Hybrid Options

Energy Pile Standing column Integrated Design

Process

Work with owner & design team to

balance energy loads to & from GHX
to reduce GHX size / cost & ensure

long-term system performance.




GHX configuration and contractor capabilities

Client wants GSHP system
1

The Building Mechanical System
L ] Hybrid Options
Process
Energy Cost Construction Cost

Test Drill / Excavation TC Test
Review site area, characteristics &

geology to determine most cost-
effective GHX & optimize long-term
system performance.

Designh GHX Design system

Specifications & Drawings

Construction, QA / QC

Commissioning

Operator training
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Five factors to consider when designing a GHX

- Touch enough dirt with enough pipe (loads, site & geology)

1& Ground Heat Exchanger Design Principles and Tools



e ey o el -

SRR

and geolo




Veteran’s Affairs home, Upstate NY

« 80,000 ft2 Veteran’s Affairs home
located in Upstate NY. lterative
energy modeling completed includes:

 Business as usual — standard
construction built to ASHRAE 90.1

« Upgrade glass (improved U-value and
solar heat gain coefficient)

« High efficiency ERV plus upgraded glass
 Add DHW loads

oy

ol LA /-
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Information needed to design GHX

so= - Amount of energy the GHX must deal with
o - Land area available for construction of the GHX

. Thermal properties of the soil the GHX is built with
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What loads to use when designing the GHX

NY VA - Standard Construction NY VA ome - Standard Construction B [ .
Geo Cooling Geo Heating [ ] u S I n eSS a S S u a
R EE kBtu kBtu/hr kBtu kBtu/hr .
Jan 10396 55 978335 2029
1,000,000 = Feb 10580 96 763599 1953 . .
: R I I B « Standard building constructed to
B & Apr 66152 1248 349658 1177
£ 750,000 w
S £ May/ 210506 1629 148459 933
: 1. ASHRAE 90.1 Standards
2 500,000 > Jul 583673 2096 31258 564 -
E § Aug 476451 2136 49574 505
z SERT 4 Sep 269795 1736 127922 763
Oct 83160 789 314120 1197
Nov 26430 312 506574 1479
0 14496 777820 1787
Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec 2,120,129 2,136 4,726,571
Aux Htg kBtu mmm Geo Htg kBtu Aux Clg kBtu s Geo Clg kBtu Tons 178 Tons . U p g ra d e d g I a S S
------- Aux Htg kBtu/hr Geo Htg kBtu/hr «-«---+ Aux Clg kBtu/hr Geo Clg kBtu/hr EFLH 992 EFLH
2,120,129 Q20T 2,029 « Cooling loads reduced with lower
[ ] [ ] | ]
2,064,198 2,095 solar heat gain coefficient
NY VA - Upgraded Glass NYAHome-UpgradedGIass : . .
* Heating loads reduced with lower
Sy sty kBtu kBtu/hr kBtu kBtu/hr
Jan 10449 51 956520 1975
1,000,000 = Feb 10621 87 748314 1911 U _V a I u e
2 :5 Mar 32213 662 589764 1665
) £ Apr 64324 1207 346229 1101
£ 750,000 )
_8 % May 203702 1594 149101 927
g 3 Jun 324882 1772 80804 767
2 500,000 B Jul 567809 2054 31487 565
E % Aug 463541 2095 49683 505
= 250,000 L Sep 262985 1700 127267 765
Oct 82052 763 309723 1102
Nov 27035 304 495405 1404
g Dec 14584 113 760733 1728
Jan Feb  Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec 06108 00 ARG o
Aux Htg kBtu mm Geo Htg kBtu Aux Clg kBtu s Geo Clg kBtu 5 3 6
------- Aux Htg kBtu/hr —— Geo Htg kBtu/hr --:+:+- Aux Clg kBtu/hr Geo Clg kBtu/hr
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Additional efficiency measures & loads

NY VA - Upgraded Glass & ERV NY VA ome - Upgraded Glass & ERV
1250000 2500 Geo Cooling Geo Heating [ ) ra e a S S u S
o ’ kBtu kBtu/hr kBtu kBtu/hr
Jan 12559 76 404253 905
1,000,000 2,000 » Feb 12273 90 310023 843 . 0
2 <
g Pl omm s wee « Peak heating loads down 55%
,E 750,000 1500 -‘; Apr 49123 787 132495 591
g = May 157584 990 49136 363
o [
Jun 239744 1210 25337 294 (o)
&, S
* Annual heating loads down 61%
= .§ Aug 326320 1394 15032 183
B v D o Sep 194205 1057 39252 306, . 0
 Peak cooling loads down 35%
Nov! 24098 268 202091 662 I n W n o
0 0 Dec 16179 100 330354 838
Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov Dec G - : o . 0
AuxHtgkBtu s Geo Hig kBtu AuxClg kBtu s Geo Clg kBtu ® A a I CO O I I O a d S d O 2 9 /
ssssees Aux Htg kBtu/hr Geo Htg kBtu/hr «+«-+++ Aux Clg kBtu/hr —— Geo Clg kBtu/hr - 020 ° 0 n n u I n W n o
1,509,913 1,398 1,864,960
| ] | |
1,509,913 1,398 2,644,288 eH o Addi ng DHW loads increases
NY VA - Upgraded Glass, ERV & DHW Loads NY VA Home - Upgraded Glass, ERV & DHW Loads .
1250000 S50 Geo Cooling Geo Heating (0]
- ' Bta | kotuhe | kBw | kst/hr * ed eating 10ads up 0
Jan 12559 76 470443 985
1,000,000 2,000 » Feb 12273 90 369807 937 . 0
3 =
§ IR - I * Annual heating loads up 41%
) 2 Apr 49123 787 196549 674 n n u I n u 0
£ 750,000 1,500 we
S = May 157584 990 115326 435
s 3 Jun 239744 1210 89392 351
@ 500,000 1,000 "; Jul 381615 1398 75747 215
§ -.E Aug 326320 1394 81221 234
= 250,000 500 £ Sep 194205 1057 103306 406
' Oct 67623 599 172766 619
Nov| 24098 268 266146 724
g J b Mo for My W A se» O Nov b g 16179 100 396543 883
an el lar pr ay un ul ug ep ct ov ec 1,509,913 1,398 2,644,288
Aux Htg kBtu mmmm Geo Htg kBtu Aux Clg kBtu s Geo Clg kBtu Tons 117 Tons 82
ssssees Aux Htg kBtu/hr Geo Htg kBtu/hr «+«-+++ Aux Clg kBtu/hr —— Geo Clg kBtu/hr EFLH 1,080 EFLH
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Comparison of energy load profiles with & without compressor energy

 Building energy load profiles change with changes to the building
* Power to run compressors is rejected to the GHX when cooling
* Power to run compressors reduces amount of heat extracted from GHX

when heating the building

6,000,000 3,000
5,000,000 @---—momeoo e @ 2,500
E 4,000,000 O L TIITTTTTTTT 2,000 _E
Q 5
~ e et
B 3,000,000 1,500 2
2
: ] s
<C 2,000,000 1,000 a
1,000,000 500
0 0
Business as Usual Upgraded glass Upgraded glass & ERV ~ Upgraded glass, ERV & DHW
== Clg kBtu D HtgkBtu --@- ClgkBtu/hr --@- Htg kBtu/hr
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Borehole required to meet four different building loads

 The amount of borehole needed for

N | — the for each of the energy models
{1 ]s ﬂ changes significantly as efficiency
) measures or other loads are
e l | connected to the GHX. Loads change
s v L » Size and cost of GHX
 Land are required to build GHX
o [ | ot « Long-term performance
ol HEAHHEHHHHE T | » Preliminary GHX models indicates
| /\/\/ /\/\M quickly which iteration of energy
i . model to recommend to owner
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Land area available for construction of GHX

=K,
Land area available for
construction of GHX =

r] = . - o

AR BT | » Configuration & type
= of GHX is impacted

by available land
area

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered

200

~8 J
=]

e e (0 ek Ty e
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Geotechnical reports

BOREHOLE LOG sni03l  (Geotechnical reports provide

Sheet 1 0f 1

Wo W W,
—e—

-
g2

PROJECT_Geo. Inv. - Proposed Seniors' Apartment Building, Arthur Street, Dryden, ON  PROJECT NO. _ THBE-00020128-AG d eta i I e d i n fo rm ati O n to th e d e th a
CLIENT _Keewatin Aski Ltd. DATUM _ Geodetic p
DRILL TYPE/METHOD _CME 750 Rubber Tire /| HSA DATES: Boring _Jul. 7, 2020 Water Level Jul. 9/20 . .
E e[ o[, sEwsTE horizontally excavated or horizontall
IE w R T ¥ S Field Vane Test (#=Sensitivity)
E v E E E A Penetrometer W Torvane
A L N|C R
p| & STRATA tlg|bls VALUE . 40 , 80kPa
H 4 DESCRIPTION L | B | M| E ™) I [ Atererg Limits anaMoisture O re .
N 0| E|E|R 15
G R 1
s

f'g"" (%) ® SPTNValue X Dynamic Cone

) 20 40 60 _ 8D

e o EimEmses | o Thermal properties of the soil for the
J | anticipated burial depth can be
g = T : | estimated from tables in IGSHPA

grey, moist, varved diagonally

379.49
17929 | TOPSOIL

SILTY CLAY - firm to stiff, light brown to
brown, moist, varved

T
:x%‘&z&%!w —OrT -
REER
.

55| 83 | 610 12 t B

N « manual or “Design and Installation of
oo o] |« fEtm | Ground Source Heat Pump

: | | Systems”, S.Kavanaugh, K.Rafferty,

o I — | ASHRAE 2014

" | 37492 A 4
B SAND - compact to very dense, light brown, ,:-.j 7
wet, frace to some gravel, trace silt 58| 86 | 250 100

SILTY CLAY - siiff to firm, light brown, moist,
varved

374.51 -
I End of Borehole - refusal fo auger and SPT
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Thermal response test databases

C 8 google.com/maps/d/u/0/viewer?ll=42.88831402421786%2C-73.188294643186788z=98imid=1827Ha2Fkzd YwlJ]JWWNM37L_vl-9ReLA

< Niskayuna High'

Niskayuna High School Bore #1
Niskayuna
NY

Aquifer Drilling & Testing, Inc.

< Proposed Union College Grad...

Proposed Union College Graduate Building

Schenectady
NY

Aquifer Drilling & Testing, Inc

17:54.-_7 1_37 The
o [
ol e
VADA o 450 TestL

E Srmarons

=

NY-Niskayuna-5-28-06.pdf

black shale
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NY-Schenectady-6-4-08.pdf

clay, shale

* |[n areas with significant numbers
of commercial GSHP installations
you may find databases with
thermal response test results.

e Lake
Indian:Lt

Hunter




Interview drilling & excavation contractors, geologists & hydro-geologists

* Drilling and excavation
contractors and geologists or
hydro-geologists can provide
information about:

« Stratigraphy — information needed to
estimate thermal properties of soil

« Cost-effective drilling depth for site
 Drilling or excavation budget costs
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Water well databases

& C @ mnwellindexweb.health.state.mn.us | ° SO me j U ri Sd iCti ons h ave

Minnesota

MDH " MDH aitmeet " Minnesota Well Index extensive water well databases

General Information

L L ] L]
Welllane OTTERTAIL POWER CO. County showi ng strahgraphy static water
Well Elevation (msl in feet): 1182 Drilled Depth (#t): 25T Well Completed (ft): 257 b=l Fark ’
. Township: 132 Range: 43 Dir: W .
: = Su_tl:_secf."or.: BABBD:&_. Use: monitor well Well Status: Active I eve I S u m te St re S u I tS etC
e Drilier: Layne Minnesota Co. Entry Date: 12131190 Update Date: 11/18/20 ! y p p y .
iy
n Related Resources:
N-Towerl Go fo MN Well Index Map ~ Well Log Report Stratigraphy Report L4 T C a n d T D Ca n b e e Sti m ate d b
e | Meore Details Stratigraphy Address Chemical Data Construction Pump Test Static Water Com| ~ , y
T £ 2 [} [}
| o — Fromt rots .+ creating a weig hted ave rage of
1 | FLL& saND & BOULDERS 0 15 I ‘grg:
SAND & BOULDERS 15 20 -&;* .
. “* the thermal properties of the
CLAY WITH BOULDERS 26 35
CLAY & SAND STREAKS 35 44 Main 5! -
o MED. SAND & COARSE GRAVEL 44 50 I I th O I O g y -
o i e
g Poarll | CLAY WITH MED. FINE SAND STREAKS 50 70
o
o CLAY WITH BOULDERS 70 74
f cLay 74 a3
SANDY CLAY WITH BOULDERS 93 130
FINE SILTY SAND CLAY STREAKS 130 195 b 4
SANDY CLAY 198 209 -4
SANDY CLAY WITH BOULDERS 209 211
SAND WITH GLAY STREAKS n 215
\_\\ COARSE SAND & LOOSE GRAVEL 215 227
\q\ _._. A CLAY 227 230
\ CLAY WITH GRAVEL STREAK 230 235
152} GLAY WITH BOULDERS 235 237
% SAND WITH CLAY STREAKS 237 240
cLAY 240 257
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Preliminary GHX modeling with monthly energy loads

A5 v Sr =

NY VA Home - Upgraged Glass, ERV & DHW

5% Cooiine oo Heatine * Monthly cooling loads are extracted

A B C
1 |Chillers loi Boilers load (kBtu/h)

2 |boston_of boston_off.aps kBtu kBtu/hr kBtu kBtu/hr

; 0.-1;5—?;;-""‘“"---_15_n[ 22954 . 132 1448778 /2999 frOm the 8,760 hOU rly |OadS

| o] e Feb 22858  / 180| 1133406 2890 _

i I s Mar 61668 /1242 906178 ue1| o Total of the 744 hours in January equals
| s Apr 115875 /2035 546207 1804 the Januarv kBtu i I

i D B May 368089 / 2608 263785 1300 Yy U In COoOolINg

13| 11.84287| 1735.915 Jun 5/75 7/’ 3016 169508 1066 . .

e Jul 1 3493 107005 79| ¢ Peak COOllng load in January equals the
16| 32.534088| 1579.55 . .

e o ‘ o3| omme 1028 maximum hourly peak cooling load
| 1388 486886 1812

Bl -l s 580 772720 2158

55 [y i 1174363 2573

25| 22.99127| s12.6953 ' S/ 3,530 7,370,860 2,999

26| 14.42231) 819.7145

27| 13.44765| 776.6334 . 294 Tons
22| 12.62103| 810.8748
2¢| 9.76974) 911.3629 1,028 EFLH

30| 10.13636| 1053.87
31| 9.57984| 1157.852
32| 9.09078| 1249.956
32| 37.48852| 1319.934
34| 21.10593| 1481.956
35| 20.8102| 1467.026 / y
36| 22.03705| 1383.609 / ;
37| z0.13111| 1424.243 / Y
32| 47.99771| 1364.315 F ;
35| s1.01244] 1402.147 / /
20| 46.02955| 1398.741
41| 4s.69978| 1366.154( 5
1
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Preliminary modeling with monthly energy loads

AS v )i S = NY VA Home - Upgraged Glass, ERV & DHW .
PSR Geo Cooling Geo Heating  Monthly heating loads are extracted
1 |chillers Io: Boilers load (kBtu/h)
2 boston_of boston_off.aps kBtu kBtu/hr kBtu kBtu/hr
3 ————— —--Janf---==" 22953] 7" 132|__ 1448778 2999 from the 8,760 hou rly loads
: of 1502.013 Feb 22853 180 1133406 /" 2890 _
ol Mar| 61668 1242 oosizsl /261 e Total of the 744 hours in January equals
| cor o Apr 115275 2035 546207| / 1804 ) .
0| sus) 1067208 May 368089 2608| /263785 1300 the January kKBtu In heatlng
121 11.17832) 1710.941) /
13| 11.84287| 1735.915 Jun 575158 3016 /' 16959@ 1066 . .
| ] i 965289 605 79l Peak cooling load in January equals the
16| 32.54088| 1579.55 Aug 802771 694 . .
o] | e Sep| 463999 1078 maximum hourly peak heating load
19 35.29769) 1273.534
20| 5146631 1128.692 Oct 150782 1812
22| 3aerma] 1004305 Nov 50528 772720 2158

23| 30.22018) 957.4687
24| 29.79956) 822.1762

. 2573
25| 22.99127| 812.6953) 7 y 7,370,860

26| 14.42231| 819.7145)
27| 13.44765| 776.6334 N £ Tons
22| 12.62103) 810.8748]
20| 9.76974| 911.3629) N EFLH

30| 10.13636] 1053.87
31 9.57984| 1157.852
32 9.09078 ] 1245.956
33| 37.48852) 1319.934
34| 21.10593)] 1481.956
25 20.8102 ] 1467.026
36| 22.03705) 1383.609
37| 30.13111) 1424.343
38| 47.99771)] 1364.315
39| 51.01344) 1402.147
40| 46.02955) 1398.741
41| 45.69978) 1366.1544 75
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Importing monthly loads into GHX design software

Average Block Loads o] B (S|
|Q| E,"lﬂl@l @l Untitled.zon
Monthly Load Data E— _| —
A& eatin
Lt Total > IngPeak Total SI]=’eak
Cancel |(ketu) Ol (kBtu/hr) @] (ketu) 2 (kBtu/hr)2]
January 10396 55 978335 2029
February 10580 96 763599 1953
March 33076 686 £99135) 1717
April 66152 1248 349658 177
May 210506 1629 148459 933,
June 335414 1807 80116 766
July 583673 2096 31258; 564,
August 476451 2136 49574 505
September 269795 1736 127922, 763
October 83160 789 314120 1197
November 26430 312 506574 1479
December 14496 132 777820 1787
Total: 2120129 |30 4726570 [30
Hours at Peak Hours at Peak
Flow Rate
30 gom/ton Uniit Inlet (F): | 90.0 | 40.0
[mEEE]
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* Monthly energy loads are the minimum
required to calculate the size and
performance of a GHX

« Some GHX design software can import
hourly energy loads and calculate the size
and performance of a GHX with greater
granularity




Heat pump selection has an impact on loads to GHX

r Average Block Loads =N Ec] ‘Iélﬁ . . .
SEEOE * Equipment selection determines
S compressor energy to / from GHX

ign Day Loads . .
[70 oWk OesmOwyiosds * Electric motors in heat pump
e e compressors are cooled by refrigerant
—I | 2136.0 | 1172.2

—JC:;j;ij::;sl - EBHEE flowing through the compressor

pl Eqavntuboadors: | 993 | [ 230 | « Compressor energy is rejected to the

Heat Pump Spedifications at Design Temperature and Flow Rate . .

- - GHX in addition to heat removed from

e [EE <] ssectrup | the building
B « Compressor energy contributes heat to

— the building when heating...reducing
30 gompon ] 900 A0 amount of heat extracted from GHX

‘l& Ground Heat Exchanger Design Principles and Tools




More efficient heat pumps have less impact on the GHX

- [E— = . « More efficient heat pumps:
L=l =lais] e} s « Add less heat to building when heating
De Reference Label: I . .
i — — * Reject less heat to GHX when cooling
u 7.0 | Days fWeek Time of Day ;:I;;‘:s Heat Losses . . .
[ e i ot « Changing heat pump efficiency can
= "°°“i§ffg° iﬁ%g have an impact on the energy
e - NN EEE balance and affect the size, cost and
L[ performance of a GHX
| Capadity &BtuMr) |2735.92 |2029.£:)
Power (kW) | 148.11 | 142.67
EER/COP | 185 | 42
Flow Rate (gpm) | 5340 | 5073
== Partial Load Factor | 0.78 | 1.00
|_3 Flow Rate
L | R e Unit Inlet (°F): | 90.0 | 40.0
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Default parameters built into GHX software

r verage Block Loa o= ! | . .
- [P— = « Mechanical system design can have
| @{als| & . an impact on heat pump efficiency:
[ —— * The default settings for water to water
N ign Day Loads 11
i | P——— _ pesondoyioads heat pumps shows heat pump efficiency
o | [ e saum.-voon [ 35— [ 20350 for typical operation with air handling
iy 1] S Noon-4p.m. | 2136.0 | 11722 : : o : -
|| cdadetetous [ 4pm-apm. YRR units selected with 45°F chilled water in
r | L i (55 ] (E cooling and 110°F water in heating
! i j ign Temperature and Flow Rate
r H:tcP:::mS::anhon:::,:::‘e | dTleseo | * COPh = 36
|: Cooling Heating
I Capacity (Btur) | 21360 | 21773 e EER=13.7
Power (kW) 15542 | 17665
| LEericor 13.7 3.6
Flow ~——————————  Flow Rate (gpm) 5340 507.3
|—3 — Partial Load Factor | 1.00 | 0.93
— HO;V_ :ategpm ton Unit Inlet (°F): | 900 | 40.0

1&, Ground Heat Exchanger Design Principles and Tools



Adjusting heat pump operating parameters to match design

Average Block Loads o] @ \I&I

| 2 Aotk Lowis =i~  Selecting heat pump output
S N temperatures to match requirements

] el Z10IS] 2] for a radiant floor heating and cooling
1l | r ?D;mi — or chilled beams changes heat pump
1 [ efficiency

||| || clamerors | g | 313 | 1722

" Monthly Loads | gpm. -8am. | 3413 | 11722

Annual Equivalent Fulioad Hours: | 993 || 2330 |

r Heat Pump Specifications at Design Temperature and Flow Rate

I: Pump Manufacturer: ClimateMaster Return |

Pump Series: TMW (water to water)

L Pump Type: Water to Water
| | Entering Water Temperatures and Flow Rate - Load
Flow
|—3 EWT: Cooling: |55 (0 °F Heating: |100_0 = &
Flov

—_— |—3 Flow |
m Flow Rate

3.0 gomjton

Unit Inlet (°F): | 90.0 [ 40.0
o

1& Ground Heat Exchanger Design Principles and Tools



Adjusting heat pump parameters for more efficient performance

A Average BlockLovds e « Adjusting the default temperature

| Average Block Loads

J‘Zj‘;”:f:’.if:;’?;m =l parameters a water to water heat

Di Re « ] Average Block Loads oo & | . .
i BEEEE — pump is designed to operate at
i| ' P ey changes system efficiency

| 1 Design Day Loads

70 Do o it ines * This will have an impact on the size,

[~ Hourly Data (kBtuhr)  (kBtu/Hr)

— 0 cost and long-term performance of

He
> Calculate Hours | 4pm.-8pm. | 3413 | 11722
[_I Monthly Loads 8p.m. -8am. | 3413 | 11722 the S Stem
r s Yy
Annual Equivalent Fullload Hours: | 993 || 2330 |
|: Heat Pump Specifications at Design Temperature and Flow Rate
Pump Manufacturer: ClimateMaster
= Return |
Pump Series: TMW (water to water)
o =| | Pump Type: Water to Water
Flow E Entering Water Temperatures and Flow Rate - Load
3
l_ Flﬁ EWT: Cooling: | 700 °F Heating: | 86.0 °F
|3 Fow

3.0 Flow Rate

_ 30 gomjton Unit Inlet (°F): | 90.0 | 40.0

o
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Telling the software about the system

[ et =  Reducing hot water supply
sz‘;”;j;::;;:;m =l temperature to the building from

De| Re « 4 Average Block Loads = EcH .

el | —— ~ &5 110°F to 90°F increases COP from
i

De
|— Des Refe
r

11| 7] o] e 2] E1E1IS1 &) o= 3.6t04.4

Reference Label: l

1 r] T commmeres — * Increasing chilled water supply

E —_ - W Days / Week Time of Day Heat Gains Heat Losses . .
1] P ]l e | sametem | 3015 [ 220 temperature to the building from 45°F
k=] IEjlem  BHEE to 65°F increases EER from

Monthly Loads | 8p.m.-8am. | 3413 | 11722
r Hea
I Pum| - Heat Annual Equivalent Ful-ioad Hours: | 993 || 2330 | 13 7 tO 16 1

Pum Pumg ) } .
— i Heat Pump Specifications at Design Temperature and Flow Rate
Pum| | Pumg
| = pumed | [ Custom Pump Pump Name | TMW 360 |
En F : :
Flow - Cooling Heating
|—3 - ev| [[E | : | capadty Btupr) | 23762 | 2029.0
oV EW Power (kW) 147,30 | :
Er™ Ceericor 161 44 )
W — Flow Rate (gpm) 534.0 507.3
_ e Partial LoadFactor | 0.90 | 1.00
3. FlowF
| 3.0 Flow Rate
30 gomto Unit Inlet (5F): | 90.0 | 40.0
[EEmn|
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Estimating thermal properties of from a borehole log

* Creating a weighted average of the stratigraphy of a borehole log
provides preliminary information needed to model GHX

Depth ] Layer Conductivity Layer Diffusivity Weighted TC Weighted TD
Layer Lithology - . - -
Start | End Low | Avg | High | Low | Avg | High | Low High | Low High
0 15 15 Sand 80 Ib 10%] 0.60 0.85 1.10 0.40 0.47 0.53 0.16 0.23 0.30 0.11 0.13 0.14
15 20 5 Sandy clay 10%] 0.80 1.05 1.30 0.60 0.75 0.90 0.07 0.10 0.12 0.05 0.07 0.08
20 26 6 Clay 120 1b 15%) 0.80 0.95 1.10 0.46 0.55 0.63 0.09 0.10 0.12 0.05 0.06 0.07
26 35 9 Clay 120 1b 15%) 0.80 0.95 1.10 0.46 0.55 0.63 0.13 0.16 0.18 0.08 0.09 0.10
35 44 9 Sand 120 1b 15%] 1.60 1.90 2.20 0.91 1.06 1.20 0.26 0.31 0.36 0.15 0.17 0.20
44 50 6 Sand 120 Ib 15%] 1.60 1.90 2.20 0.91 1.06 1.20 0.17 0.21 0.24 0.10 0.12 0.13
50 55 5 Clay 120 1b 15%) 0.80 0.95 1.10 0.46 0.55 0.63 0.07 0.09 0.10 0.04 0.05 0.06
55 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
‘ Depth| 55 Average Estimated Thermal Conductivity & Diffusivity of Borehole| 0.96 | 1.19 | 1.42 | 0.58 | 0.68 I 0.78

1@, Ground Heat Exchanger Design Principles and Tools




Thermal conductivity and diffusivity estimates for vertical GHX

« Test borehole & TC test cost from $15,000 to $40,000

 Information may be available to estimate TC

* |[f estimated TC & TD is within 15% of actual properties the impact on
operating temperatures can be expected to be within 1° to 5°F

1;13 Cooling dominant loads Heating dominant loads Balanced loads
o =T ——
E ;g ve e  1°F delta if O "“"":_:'.'.:'.'.:'.'.:'.'.:'.'.;.?t :I_'C i; 15 I
S 5 IDC1isq1 4 2°F delta f vs 1.0
> _ 2 TCis 1.0
X 40 «. o AR AR ' RED MR =2~  BOAMR BEN MR G-
O 30
20
10
0
Clg Dom Clg Dom Clg Dom Clg Dom Htg Dom Htg Dom Htg Dom  HtgDom  Balanced Balanced Balanced Balanced
Max EWT Min EWT MaxEWT Min EWT MaxEWT Min EWT MaxEWT Min EWT MaxEWT Min EWT MaxEWT  Min EWT
(TD0.75) (TDO0.75) (TD0.90) (TD0.90) (TDO0.75) (TD0.75) (TD0.90) (TDO0.90) (TD0.75) (TDO.75) (TD0.90) (TD 0.90)
09 w10 =11 1.2 m13 m1.4
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| Fluid Soil | Borel Pattern| Extra kw| Informat]
listurbed Ground Temperature

Ground Temperature: | 50.0 °F
| Thermal Properties
View Layer Calculator
Thermal Conductivity: | 1.40 Btu/(h*ft*°F)

Thermal Diffusivity: | 0.90 ft~2/day

Diffusivity Calculator | Check Soil Tables

deling Time Period

Prediction Time: | 10.0 years

isultsl Fluid| Soil Borel Patterni Extra kW] Informat‘lonl

Calculated Borehole Equivalent Thermal Resistance
Borehole Thermal Resistance: | 0.383 h*ft*°F/Btu
Pipe Parameters
U-Tube Configuration Borehole Diameter
(09 @ singe Borehole Diameter: | 5.00 in
&%) ¢ Double
()

Backfill (Grout) Information

Thermal Conductivity: | 0.40 Btu/(h*ft*°F)
Check Pipe Tables |

Pipe Resistance: 0104  h*ft==Fpry | RadialPipe Placement

Pipe Size: [ 1 1/4 in. (32 mm) _:] " Close Together
Outer Diameter: IW in i

Inner Diameter: IW in

Bt Eam E @ ¢ Along Outer Wal
Flow Type: I Turbulent L]

Fluid | Soil | Bore Pattem | Extra kw | Information|  lesults |Fluid| Soil | Bore| Pattern| Extra kw | Information |
pl Grid Arrangement COOLING HEATING
SRS Shirar; e GMa | Total Bore Length (ft): 84000.0  84000.0
Rows Across: | 14 Borehole Number: 168 168
Rows Down: [ 12 Borehole Length (ft): 500.0 500.0
Borehole Separation: | 200 ft Ground Temperature Change (°F): N/A N/A
Peak Unit Inlet (°F): 67.0 31.4
<e External File | . | Create Peak Unit Qutlet (°F): 74.4 27.1
Flename: No File Grid Builder Total Unit Capacity (kBtU/Hl'). 3530.0 2923.0
- Peak Load (kBtu/Hr): 3530.0 2923.0
Mes per Parallel Circuit
perTREEE Peak Demand (kW): 106.3 201.7
Bores Per Crcuit Heat Pump EER/COP: 33.1 4.2
[ Seasonal Heat Pump EER/COP: 35.5 4.3
, X . Ava. Annual Power (kwh): 1.02E+5 4.53E+5
e — System Flow Rate (gpm): 882.5 730.8
- Optional Hybrid System: Off
Borehole Length | 500 ft Cooling Heating
i
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Vertical GHX for standard building or building with upgraded glass

———————————— r}ﬁ“ e B '_E_dd’_:-:_- T T -_] o ConfiguratiOH & type
Al ¢ . .
Land area available for '_ . | of GHX is |mpacted by
constryctia of GRX == available land area

@ ) . )

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered

1&, Ground Heat Exchanger Design Principles and Tools



Modeling for vertical borehole GHX

\disturbed Ground Temperature

Ground Temperature: | 50.0 °F

il Thermal Properties
View Layer Calculator
Thermal Conductivity: W Btu/(h*ft*°F)
Thermal Diffusivity: IW ft~2/day

5 | Fluid  Soil I Bore| Pattern| Extra kw | InforrnatiL“":Sl Fiuid | ol Bore | pattem| Extra kw | Information |

Calculated Borehole Equivalent Thermal Resistance
Borehole Thermal Resistance: | 0.383 h*ft™°F/Btu

Pipe Parameters

U-Tube Configuration Borehole Diameter

@ (% Single Borehole Diameter: | 5.00 in
=)

S0 " Double

Backfil (Grout) Information

Thermal Conductivity: | 0.40  Btu/(h=ft==F)
Check Ppe Tables |

Diffusivity Calculator | Check Soil Tables PpeResstance: [ 0104  h*ft*F/By SRS =t
Pipe Size: | 1 1/4 in. (32 mm) LI " Close Together
Duter Diameter: 1660 in
(¢ Aver,
pdeling Time Period [nner Diameter: 1358 in =

. " Along Outer Wall

S . - SDR11 -

Prediction Time: | 10.0 Yyears [weTwe ! E @

Flow Type: ITurbulent LI

hid | Soi | Bore Pattem | Extra kw | Information| psutts | Fiuid | Soil | Bore| Pattem | Extra kw | Information |
Grid Arrangement COOLING HEATING
RERTS SEhher - &M Total Bore Length (ft): 32000.0  32000.0
Rows Across: [ 8 Borehole Number: 64 64
Rows Down: [ g Borehole Length (ft): 500.0 500.0
Borehole Separation: | 15  ft Ground Temperature Change (°F): N/A N/A
Peak Unit Inlet (°F): 65.9 32.6
e Bdernal File | | creat Peak Unit Qutlet (°F): 73.4 28.8
R Grid Buidd TOTal Unit Capacity (kBtu/Hr): 1398.0 985.0
- Peak Load (kBtu/Hr): 1398.0 985.0
el
= per paralielCirent Peak Demand (kW): 41.8 68.9
Bores Per Crcuit Heat Pump EER/COP: 33.3 4.2
[ Seasonal Heat Pump EER/COP: 36.2 4.3
. . . Avg. Annual Power (kWh): 4.17E+4 1.80E+5
ngth Mode System Flow Rate (gpm): 349.5 246.3
Optional Hybrid System: Off
Borehole Length | 500 ft Cooling Heating

‘& Ground Heat Exchanger Design Principles and Tools




Vertical GHX for building with upgraded glass, ERV & DHW

= .
Land area available for |

Constructiog of GHX 56% of boreholes
- b surrounded by

‘me =~~~ ==+ Configuration & type
| of GHX is impacted by

available land area
* Preliminary review

[

«= 71 1l other boreholes|\

g
\
I

|
v |
|
[
|
|
8 : o 1
: e 7 i l .
T Hanhs ;| suggests vertical,
et g excavated horizontal
T 00000000 tOl .
T °1| or horizontal
bl B S || directionally drilled
l! 1
64/ boraHoles i GHX_mlght be
to 5007depth i considered
b 7 ' it
Land area I
“ 11,000 - -
8 300’ |
B W W~ W - -]

— L — s S o N . e | s " B S 1, W . | S S L e W . WL S e . S S | e S . i . . o R i —
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Modeling for vertical borehole GHX

5 | Fluid  Soil I Bore| Pattern| Extra kw | Informat
\disturbed Ground Temperature

Ground Temperature: | 50.0 °F
il Thermal Properties
View Layer Calculator
Thermal Conductivity: I 1.40 Btu/(h*ft*°F)

Thermal Diffusivity: I 090 ft~2/day

Lultsl Fluid] Soil Borel Pattern] Extra kw] lnforrmtionl

Calculated Borehole Equivalent Thermal Resistance

Borehole Thermal Resistance: | 0.197 h*ft*°F/Btu

Pipe Parameters
U-Tube Configuration

¢ Single

O
o2

@ " Coaxial

Borehole Diameter

Borehole Diameter: | 5.00 in

Backfil (Grout) Information

Thermal Conductivity: | 1.20 Btu/(h=ft=F
Check Pipe Tables

Radial Pipe Placement

Diffusivity Calculator | Check Soil Tables [PeResstence: | 0.104  h™R™F/Bu
ipe Size: |1 1/4 in. (32 mm) j " Close Together
Puter Diameter: 1.660 in @ Average
pdeling Time Period [nner Diameter: 1358 in
o 4 Ppe Type: |SDR11 LI @ ' Along Quter Wall
Prediction Time: | 10.0 Yyears
Flow Type: | Turbulent LI

uid | Soi | Bore Pattem | Extra kw | Information| psults | Fiuid | Soi | Bore| Pattem | Extra kw | Information |
| Grid Arrangement COOLING HEATING
Borehole Number: D9 &Mepl Total Bore Length (ft): 28000.0  28000.0
Rows Acro Borehole Number: 56 56
Rows Dow Borehole Length (ft): 500.0 500.0
Borehole Separatioff: Ground Temperature Change (°F): N/A N/A
Peak Unit Inlet (°F): 65.1 33.0
External File | r— Peak Unit Outlet (°F): 72.6 29.2
lorame: No File Grid Builde] TOtal Unit Capacity (kBtu/Hr): 1398.0 985.0
e — | Peak Load (kBtu/Hr): 1398.0 985.0
pe Peak Demand (kW): 41.2 68.5
Bores Per Circut Heat Pump EER/COP: 33.8 4.2
1 TJ Seasonal Heat Pump EER/COP: 36.8 4.3
| ) , Avg. Annual Power (kwh): 4.10E+4 1.80E+5
o Mod System Flow Rate (gpm): 349.5 246.3
-Optional Hybrid System: Off
Borehole Length | 500 ft Cooling Heating

1& Ground Heat Exchanger Design Principles and Tools




Vertical GHX for building with upgraded glass, ERV & DHW

‘me T T 0= m e Configuration & type
| of GHX is impacted by

available land area

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered

mB |
Land area available for
construction of GHX-+

Le

200’
(]

D
)

leptl

- —
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Modeling for verti

cal borehole GHX

5 | Fluid  Soil I Bore| Pattern| Extra kw | Informat
\disturbed Ground Temperature

Ground Temperature: | 50.0 °F

il Thermal Properties

View Layer Calculator
Thermal Conductivity: I 1.40 Btu/(h*ft*°F)
Thermal Diffusivity: I 090 ft~2/day

iIsultsl Fluid] Soil Borel Pattern] Extra kw] lnforrmtionl

Calculated Borehole Equivalent Thermal Resistance
Borehole Thermal Resistance: | 0.197 h*ft*°F/Btu

Pipe Parameters
U-Tube Configuration Borehole Diameter
& Singe Borehole Diameter: | 5.00 i

ogo " Double

@ " Coaxial

Backfil (Grout) Information

Iidl Soi| Bore Pattern | Extra kw] Informationl

Check Pipe Tables

Radial Pipe Placement

Diffusivity Calculator | Check Soil Tables [PeResstence: | 0.104  h™R™F/Bu
ipe Size: |1 1/4 in. (32 mm) j " Close Together
Puter Diameter: 1.660 in @ Average
pdeling Time Period [nner Diameter: 1358 in
o 4 Ppe Type: |SDR11 LI @ ' Along Quter Wall
Prediction Time: | 10.0 Yyears
Flow Type: | Turbulent LI

FThermalConduchvnty: 1.20 Btu/(h*ft*°F)

500 ft

orid Arrangement
Borehole Number: 48 GMap
Rows Acrosel [ 4
Rows Downll [ 12
Borehole Separation |T ft
External File ‘ | | Create
Pname: No File Grid Builder
ks per Parallel Gircuit
Bores Per Circuit
- T
1 2 3
path Mode

sults |Fluid | Soil| Bore] Pattern| Extra kW| Informationl

COOLING HEATING

Total Bore Length (ft): 24000.0 24000.
Borehole Number: 48 48
Borehole Length (ft): 500.0 500.0
Ground Temperature Change (°F): N/A N/A
Peak Unit Inlet (°F): 68.2 32.9
Peak Unit Qutlet (°F): 75.8 29.1
Total Unit Capacity (kBtu/Hr): 1398.0 985.0
Peak Load (kBtu/Hr): 1398.0 985.0
Peak Demand (kW): 43.6 68.5
Heat Pump EER/COP: 31.9 4.2
Seasonal Heat Pump EER/COP: 35.5 4.4
Ava. Annual Power (kWh): 4.26E+4 1.77E+5
System Flow Rate (gpm): 349.5 246.3
Optional Hybrid System: Off

Cooling Heating

1& Ground Heat Exchanger Design Principles and Tools




Vertical GHX for building with upgraded glass, ERV & DHW

———————————— r}ﬁ— e e e e e -_;_dd,_—_'“—_' I _i o ConfiguratiOH & type
M B . .
Land area available for R e ' | of GHXis |mpaCted by
construction of GHX iz | | available land area
@ N ~ | . . .
| ~_ I+ Preliminary review
shek {; 1| suggests vertical,
i i él excavated horizontal
R " o | .
'3 1| or horizontal
+ <+ 48 boreholes || directionally drilled
"7 'to 500’ deptt .
oo T GHX might be
e L/“';u 4:"6::! i ' : ConSidered
20 R25 ft2 o |
? o o i T l |
1 !'[
N R // l
. 300’ |
B o e e e - i R~ R -]
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7 x 8 grid - 15’ spacing
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312,500 ft3 112,500 ft3

500’
500’
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GHX design software limitations...doesn’t consider

» Groundwater flow across boreholes
 Rainfall infiltration or snowmelt in spring
 Vaporization or freezing of moisture in the ground

= — — = T — B e ——

R
Ralnfall & snowmelt

b e aba] 7

l '
v v &, v

%\ %\; . %\;,

Wate.r,eenergy) flow | gt _
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Horizontal excavation for slinky GHX
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Thermal properties estimated for excavated horizontal GHX

« Horizontal excavated GHX typically installed 5-10" below grade. Thermal
conductivity and diffusivity can be estimated with geo-tech borehole logs
« Select the TC and TD of the strata in which the GHX will be embedded

Depth ) Layer Conductivity Layer Diffusivity Weighted TC Weighted TD
Layer Lithology - - - -

Start | End Low | Avg | High | Low | Avg | High | Low | Avg | High | Low | Avg | High

0 4 4 9 .080 | 090 | 055 | 075 | 0.19 021 | 024 | 0.15 0.20 | 0.25

4 7 3 Clay 1201b10%} 0.60 | 0.70 | 0.80 § 040 | 047 | 053 | 0.12 014 | 016 | 008 | 009 | 0.11

7 15 8 Silty clay 15%| 0.70 | 0.80 | 0.90 | 0.55 | 0.75 095 | 037 | 043 048 | 029 | 040 | 051

15 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 [ 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00

0 0 000 | 000 | 000 [ 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 000 | 000 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 000 [ 000 | 000 | 000 | 0.00 | 000 | 0.0

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

0 0 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

’ Depth| 15 Average Estimated Thermal Conductivity & Diffusivity of Borehole| 0.68 | 0.78 | 0.88 | 0.52 | 0.69 | 0.87

‘&, Ground Heat Exchanger Design Principles and Tools



Modeling horizontal slinky GHX

| Fluid Soil |P'p'ng| Conﬁguration| Extra kW| Infomnthluid | Soil Piping I Configuration | Extra kWI Inf15| Fluid ] Soill Piping Configuration |Extra le Informpults | Fluid | Soil| Piping | Configuration | Extra le Informationl

jisturbed Ground Temperature rd Area Mode
COOLING HEATING
[arameters on/off Total Area: 72403.2 ft~2
Ground Temperature: | 50.0 °F . Total Trench Length (ft): 11379.5 12069.3
Wwidth: | 576.0 ft X Length: | 1257  ft| tranch Number: 26 96
| Thermal Properties rch Layout Single Trench Length (ft): 118.5 125.7
Thermal Cond J(h*Ft=°F) e I 0.156 h*ft*F/Btu Number: | 96 j Depth: | 70 ft |Total Pipe Length (ft): 87093.1 92373.3
ermal Conductivity: | 0.70 Btu *oF : ; .
Pipe Size: I 1in. (25 mm) Separation: | 6.0 ft width: [36.0 in Single Trench Pipe Length (ft): 907.2 962.2
R 047 (R Outer Diameter: IT in E Configuration in Trench Unit Inlet (°F): 80.0 32.0
B (=] .
Diffusivity Calculator | Check Soil Tables | Inner Diameter: in Unit Outlet (°F): 89.1 26.2
: | 1.08 U m Q‘ Total Unit Capacity (kBtu/Hr): 1590.5 985.0
nd Temperature Corrections at Gives Degth Pipe Type: | SDR11 v o 500 Peak Load (kBtu/Hr): 1398.0 985.0
c‘ ~ ~ ~ @ Peak Demand (kW): 62.5 77.5
Regional Arr Temperature Swing: | 25.0 °F Flow Type: | Turbulent M Heat Pump EER/COP: 22.4 3.7
Winter Summer System EER/COP: 22.4 3.7
Coldest/Warmest Day in Year (1-365): | 38 220 _ Loop Pitch [P1: [20 0 in S:stem FloI:\r, Rate (gpm): 349.5 246.3
Check Pipe Tables | Loop Diameter [D]: | 360 in

Optional Hybrid System: Off

Check Swing Temperature Table I Cooling Heating
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Horizontal slinky GHX for building with upgraded glass, ERV & DHW

""*‘""r‘ffg‘;{" ““““ CorrTrTr T T T mmn |« Configuration & type
Land area available for | | ' of GHX is |mpacted by
construction of G_HX -mb, available land area

[

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered
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Thermal properties for horizontal directionally drilled GHX

] Layer Conductivity Layer Diffusivity Weighted TC Weighted TD

Layer Lithology - ) : :
Low | Avg | High | Low | Avg | High | Low | Avg | High | Low | Avg | High
4 Silty clay 15%| 0.70 | 0.80 | 090 | 055 | 075 | 095 | 008 | 009 | 010 | 006 | 0.09 | 0.11

Clay 1001b 10%| 0.50 0.55 0.60 0.40 0.44 0.48 0.04 0.05 0.05 0.03 0.04 0.04
Silty clay 15%| 0.70 0.80 0.90 0.55 0.75 0.95 0.16 0.18 0.21 0.13 0.17 0.22
Sand 120 1b 15%| 1.60 1.90 2.20 0.91 1.06 1.20 0.09 0.11 0.13 0.05 0.06 0.07
SanMMS% 0.90 1.15 1.40 0.65 0.80 0.95 0.23 0.30 0.36 0.17 0.21 0.24
Sandy clay 1.5% 0.90 1.15 1.40 0.65 0.80 0.95 0.23 0.30 0.36 0.17 0.21 0.24
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

‘Depth 35 Average Estimated Thermal Conductivity & Diffusivity of Borehole| 0.84 | 1.02 | 1.21 | 0.61 | 0.77 | 0.92

OO0 I0 |0 |0 |0 |O|OCJOROEN (00 (W
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Modeling horizontal directionally drilled GHX

| Fuid  soi l Piping | Configuration | Extra kw | InforrmtiLluid | Soil Piping |Conﬁguration | Extra kwI Infgs | Fluid | Soil | Piping Configuration |Extra kw | Infordsults I Fluid | Soil| Piping | Configuration I Extra kWI Informationl
" ld Area Mode
disturbed Ground Temperature barameters
Dn/Off Total Area: 58478.4 ft~2 COOLING HEATING
Ground Temperature: l 500 °F o . Total Trench Length (ft): 6516.8 7310.6
V'\‘Ildth. | 1440 ft X Length: | 406.1 fq e 18 18
| Thermal Properties Pipe Resistance: 0156  h*ft*eF/Btu e Lavout Single Trench Length (ft): 362.0 406.1
o , Number: [ 18— Depth: [320 ft | Total Pipe Length (ft): 39100.9 43863.7
Thermal Conductivty: [ 115 Btu/(h*ft=ef) | PP S2&: 1 0. (25 mm) E : \ :
1 _ . Separation: | 8.0 ft width: [ 40 in | Single Trench Pipe Length (ft): 2172.3 2436.9
e - Outer Diameter: | 1.32 in
Thermal Diffusivity: | 0.8 ft~2/day » : } Configuration in Trench Unit Inlet (°F): 80.0 35.0
—— _ Inner Dameter: [ 108 Unit Outlet (°F): 89.1 29.1
Diffusivity Calculator | Check Soil Tables | . ) )
Pipe Type: | SDR11 | f Total Unit Capacity (kBtu/Hr): 1517.4 985.0
000 = | | Peak Load (kBtu/Hr): 1398.0 985.0
i i Flow Type: Turbulent - - =
yund Temperature Corrections at Given Depth Yp I J - - - - ~ SN — (kW): 62.5 74.2
Regional Air Temperature Swing: | 25.0 °F | 5 ™ Offset Heat Pump EER/COP: 22.4 3.9
; Check Pipe Tables T . - System EER/COP: 22.4 3.9
| L Y Total Number ofPpesc [ 6 1] | o0 T o ot Copm: 349.5 246.3
Coldest/Warmest Day in Year (1-365): | 38 | 220 Yo ol VerticalSeparation [Y]:[96.0 in Optional Hybrid System: Off ' i
Cion ybrid System: (
check Swing Temperature Table I k=X | Horzontal Separation [X]: [ 4.0 in Cooling Heating
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Horizontal directional drilling GHX

A horizontal directionally drilled GHX can be considered in silt, clay or
sandy soil without large rocks and boulders.
« Can be drilled in a number of layers up to 30-40° depth

Finished grade

~25-30’ space
required for drilling
equipment at one
end of GHX

Supply / return header
trench
4-6’ depth typical

1@, Ground Heat Exchanger Design Principles and Tools



Horizontal drilled boreholes - building with upgraded glass, ERV & DHW

‘me T T 7= m e Configuration & type
| of GHX is impacted by

available land area

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered

mB |
Land area available for
construction of GHX-+

@ ) . )

200’
(]

=
o
Pt
S o

)

QO

N

ft?

— L — s S o N . e | s " B S 1, W . | S S L e W . WL S e . S S | e S . i . . o R i —
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Surface water heat exchangers
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Surface water heat exchanger

A |
Land area available for

‘%~~~ | Configuration & type
| of GHX is impacted by

constryctialg of CHX =g Land arez available land area

* Preliminary review
suggests vertical,
excavated horizontal
or horizontal
directionally drilled
GHX might be
considered

o ,
- iy — £
. - - ] b

I O B e o s i i 0'0'—--—' ¢

— | —

— L — s S o N . e | s " B S 1, W . | S S L e W . WL S e . S S | e S . i . . o R i —
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Modeling surface water heat exchanger
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Energy modeling and utility rates

Client wants GSHP system
1 |

The Building Mechanical System Site & geology
] ]
| | | | i |

Vertical Horizontal | | Surface Water Aquifer Energy Pile Standing column Integrated Design
| ] ] ] | ]

I Process
Energy Cost Construction Cost

Test Drill / Excavation TC Test

Hybrid Options

Hourly energy model provides
information needed to estimate
energy consumption of GSHP system
compared to alternative systems
based on local utility rates,

Construction, QA / QC incentives, etc.

Designh GHX Design system

Specifications & Drawings

Commissioning

Operator training
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Depth Laver Litholo Layer Conductivity Layer Diffusivity Weighted TC Weighted TD

Start | End y gy Low | Avg | High | Low | Avg | High | Low High | Low : i
0 15 15 Sand 80 1b 10%] 0.60 | 0.85 1.10 | 0.40 0.47 0.53 018 | 026 | 033 0.12
15 20 5 Sandy clay 10%] 0.80 1.05 130 | 0.60 0.75 090 | 008 | o0.11 0.13 0.06
20 26 6 Clay1201b 15%] 0.80 | 0.95 1.10 | 0.46 0.55 0.63 010 | o0.11 0.13 0.06
26 35 9 Clay1201b 15%] 0.80 | 0.95 1.10 | 0.46 0.55 0.63 014 | 017 | 020 | 0.08
35 44 9 Sand 120 Ib 15%] 1.60 1.90 220 | 0.91 1.06 1.20 | 0.29 034 | 040 | 016
44 50 6 Sand 120 Ib 15%' 1.60 1.90 220 | 0.91 1.06 1.20 | 0.19 0.23 0.26 0.11
5 000 | 0.00 | 0.00 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 000 | 000 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 0.00 | 0.00 | 0.00 000 | 000 | 000 | 000 | 0.00 | 0.00
0 0 000 | 000 | 000 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 000 | 000 | 0.00 000 | 000 | 000 | 000 | 0.00 | 0.00
0 0 000 | 0.00 | 0.00 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 000 | 000 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 0.00 | 0.00 | 0.00 000 | 000 | 000 | 000 | 000 | 0.00
0 0 000 | 000 | 000 | 0.00 000 | 000 | 000 | 000 | 0.00 | 0.00

‘Depth 50 Average Estimated Thermal Conductivity & Diffusivity of Borehole| 0.98 | 1.22 | 1.45 | 0.59 I 0.69I 0.80
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Energy piles

« HDPE U-tubes can be installed in driven tubular steel piles, helical piles,
small or large diameter poured concrete piles and can transfer energy to
and from the earth
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Energy piles foundation

« 352 helical steel piles proposed for
this project to a depth of
approximately 55’
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Energy piles

190 200 300 400 * Pile diameter: 7.00”
S  Pile depth: 55’
R TTL I SR SRk SETTEE MOt  Average spacing: 15;
: » Concrete grout installed with
R i i iTtees tremieline after U-tube insertion

+ » Foundation plan needed to create
R . 't a grid file for GHX design software
1 **1.1 -~ to model interaction between U-

¢ tubes accurately
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43 Grid Builder =
sEg % CGD HY Abany PCH.bxt Close

Coordinate List
Plot of Grid Paints
+|-1a] B g - . ‘ ‘ . :
Point X (ft) Y (ft) Group A
1 280.00 0.00 1
2 290.00 0.00 1 I b 1
3 300.00 0.00 1 5
4 31000 0.00 1 .
3 320.00 0.00 1 o *e .
6: 330.00 10.00 1 2F . b
7 34000 10.00 1 b M
8 350.00 10.00 1 . NO 8
o 360.00 10.00 1 S & S
10: 37000 10.00 1 L . . g
11: 280,00 10.00 1 .o .
12:  280.00 20.00 1 .
13: 320,00 20.00 1 : Qo .s
14: 33000 20.00 1 2l . o . 4
15 370.00 20.00 1 = . . . .
16 270.00 30.00 1 . . .
17: 280,00 30.00 1 . . . .
18 370.00 30.00 1 =3 : : . .o
1% 27000 40.00 1 = [ 1
200 370.00 40.00 1 b : M M s 3
21 32000 10.00 1 . . . . .
22 360.00 40.00 1 v = . . . .
ol L L LA J L 1
X [300.00 Y: [160.00 Group: = seee . . .
= * e * *
L L
Auto-Build Options - -
L . ]
BuildyAdd *e
L]
- L]
None &
*e e
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Modeling energy pile GHX

| Fluid  Soil | Bore| Pattern| Extra kw | Informati«l“'ts' Flid | Sol Bore | Pattem | Extra kw | Information | bits | Fluid | Soil | Bore Pattem | Extra kw | Information | sults | Fluid | Soil | Bore| Pattern| Extra kw | Information |
fisturbed Ground Temperature Calculated Borehole Equivalent Thermal Resistance Vertical Grid Arrangement COOLING HEATING
Borehole Thermal Resistance: | 0.262 h*ft==F/Bt :
. . OrENE eI REsEnce fer B aMep | Total Bore Length (ft): 19360.0  19360.0
Ground Temperature: | 50.0 °F Pipe Parameters
, : Rows Across: [ 22 Borehole Number: 352 352
' The | U-Tube Configuration Borehole Diameter B hole L th (ﬂ:) 55.0 55.0
| i | orehole Len - ' i
| rmal Properties & Singe e |—7— 0 n Rows Down 16 g -
View Layer Calculator o - Borehole Separation: | 150 ft Ground Temperature Change (°F): N/A N/A
s *o o OOO Double F -
Thermal Conductivity: | 119 Btu/(h*ft*=F) | Backfi (Grout) Information Peak Unit Inlet (°F): 74.3 24.3
Thermal Diffusivity: [ 0.68  ft~2/day © ¢ coaal : o | create |P€3K Unit Outlet (°F): 81.9 20.6
‘ hermal Conductviy: [ 1.00  Bu/hefee) o —— Total Unit Capacity (kBtu/Hr): 1398.0 985.0
L ) Check Pipe Tables | Filename: No File Grid Builder
Diffusivty Calculator | Check Soi Tables " . Peak Load (kBtu/Hr): 1398.0 985.0
reholes ara ircu R
bipe Resistance: | 0104 heft=/Btu | Radial Pipe Placement B '*'P c s EemngESR/k‘(l:vgb See e
' : ores Per Circuit Heat Pump - 28.6 % LT
deling Time Period Pipe Size: [Tn@smm ¢ Close Together 3 Seasonal Heat Pump EER/COP: 33.5 4.1
o Duter Diameter: 132 in Avg. Annual Power (kWh): 4.50E+4 1.89E+5
Prediction Time: | 10.0  years _ _ (¢ Average
oner Diameter: | 108 i . . System Flow Rate (gpm): 349.5 246.3
fipe Type: | SR 11 - @ Along Outer Wal Optional Hybrid System: Off
How Type: ITurbuIent z‘ W On/of Borehole Length 55 ft Cooling Heating
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NY VA Home - Upgraded Glass, ERV & DH Loads sults | Fluid | Soi | — I == I R | == I Monthly Deta
Geo Cooling Geo Heating 80 . . . .
kBtu kBtu/hr kBtu kBtu/hr COOLING HEATING - —— Minimum EWT
Jan 12559 76 470443 98|+ otal Bore Length (ft): 19360.0 19360.0 o )
Feb 12273 90 369807 937|gorehole Number: — —
Mar 28592 555 307043 867|Borehole Length (ft): 55.0 55.0 ool 1
Apr 49123 787 196549 674 Ground Temperature Change (°F): N/A N/A iy
May 157584 990 115326 435 @
Jun 239744 1210 89392 i Peak Unk Tnlet (°F): 74.3 o £ sl
1l S B - o Peak Unit Outlet (°F): 81.9 20.6 %
Aug 326320 1394 81221 234 Total Unit Capacity (kBtu/Hr): 1398.0 985.0 =
Peak Load (kBtu/Hr): 1398.0 985.0 401
Sep 194205 1057 103306 406 Peak Dermand (kW): 48.6 78.7
Oct 67623 539 172766 613 Heat Pump EER/COP: 28.6 3.7
Nov 24098 268 266146 724|Seasonal Heat Pump EER/COP: 33.5 4.1 o 1
Dec 16179 100 396543 883|Ava. Annual Power (kWh): 4.50E+4 1.89E+5 -
1,509,913 2,644,288 ELE] System Flow Rate (gpm): 349.5 246.3 2 > p - . m
Tons Tons Optional Hybrid System: Off Time(Months)
EFLH EFLH Cooling Heating
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NY VA Home - Upgraded Glass & ERV

Geo Cooling Geo Heating
kBtu kBtu/hr kBtu kBtu/hr

Jan 12559 76 404253 905
Feb 12273 90 310023 843
Mar 28592 555 240854 794
Apr 49123 787 132495 591
May 157584 990 49136 363
Jun 239744 1210 25337 294
Jul 381615 1398 9557 211
Aug 326320 1394 15032 183
Sep 194205 1057 39252 306
Oct 67623 599 106576 512
Nov 24098 268 202091 662
Dec 16179 100 330354 838

1& Ground Heat Exchanger Design Principles and Tools

1,509,913

Tons
EFLH

1,398
117
1,080

1,864,960

Tons
EFLH

sults IFIuid] Soi|| Borel Pattern| Extra kWI Informationl

Total Bore Length (ft):
Borehole Number:

Borehole Length (ft):
Ground Temperature Change

Peak Unit Inlet (°F):
Peak Unit Qutlet (°F):

Total Unit Capacity (kBtu/Hr):
Peak Load (kBtu/Hr):

Peak Demand (kw):

Heat Pump EER/COP:

Seasonal Heat Pump EER/COP:

Avg. Annual Power (kWh):
System Flow Rate (gpm):

Optional Hybrid System: Off

COOLING HEATING
19360.0 19360.0
352 352
55.0 55.0
(°F): N/A N/A
81.7 31.0
89.4 7T
1398.0 905.0
1398.0 905.0
35.9 66.9
24.9 3.9
30.1 4.3
5.02E+4 1.27E+5
349.5 226.3
Cooling Heating

Temperature (F)

80

30

Monthly Data
T

— Average EWT
= Minimum EWT
Maximum EWT

A

j

48 72
Time(Months)

120




Contractor capabilities, geology, site constraints

Client wants GSHP system
1 |

The Building Mechanical System Site & geology
| | | . .
I T I i ] ] Hybrid Options
Vertical Horizontal | | Surface Water Aquifer Energy Pile Standing column Integrated Design
I I I I ! ! Process

Energy Cost Construction Cost

Test Drill / Excavation TC Test

Hourly energy model provides
information needed to estimate type,
size, cost and long-term performance
of potential GHX options

Designh GHX Design system

Specifications & Drawings

Construction, QA / QC

Commissioning

Operator training
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Iterative process to achieve energy load balance to GHX

Client wants GSHP system
1 |

The Building < Mechanical System |« Site & geology |«
I

Vertical Horizontal | | Surface Water Aquifer Energy Pile Standing column Integrated Design

Energy Cost == Construction Cost

Hybrid Options

Process

Test Drill / Excavation TC Test
Impact of energy efficiency measures

can be calculated with further

Designh GHX Design system ) )
iterations of hourly energy models

Specifications & Drawings

Options to divert excess heat from
GHX, or adding heat to the project
can be used to balance energy loads
Commissioning to or from ground

Construction, QA / QC

or site unsuitable for
Operator training GCHP system
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* If a low-efficiency heat pump is installed
In a system, what is the impact on the
GHX? GHX temperature will be:

« Higher in summer & lower in winter
* Lower in summer & winter
« Higher in summer & winter
« Lower in summer & higher in winter
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Answer

* If a low-efficiency heat pump is installed
In a system, what is the impact on the
GHX? GHX temperature will be:

« Lower in summer & winter

1& Ground Heat Exchanger Design Principles and Tools



Question 2

* A horizontal directionally drilled GHX:

« (Can be more cost-effective to build than other
GHX configurations because less excavation
IS heeded

 Is not cost-effective because horizontal
drilling is more expensive than vertical drilling

* Does not perform reliably over the long term
because of long-term temperature
degradation

« Should not be considered for large scale
commercial projects because of high
pressure drops encountered in long
horizontal boreholes

\‘\
e
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* A horizontal directionally drilled GHX:

« Can be more cost-effective to build than
other GHX configurations because less
excavation is needed

—
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(&

1& Ground Heat Exchanger Design Principles and Tools

A test borehole and thermal conductivity
test should be:

The first step of a feasibility assessment for
any GSHP project

Based on the estimated peak heating and
cooling loads of the project

Based on results of an hourly energy model &
preliminary GHX modeling after reviewing
site are and geology of the site

Conducted for any project greater than 20
tons




Answer

A test borehole and thermal conductivity
test should be:

C !  Based on results of an hourly energy

model & preliminary GHX modeling after
reviewing site are and geology of the site

1& Ground Heat Exchanger Design Principles and Tools



Question 4

« A variable that GHX design software
cannot take into consideration is:

« Thermal conductivity of the rock and soil the
borehole is drilled in

E  Groundwater flow and rainfall infiltration in a
borehole field

« Ambient temperature of the rock and soil in a
region

« Thermal conductivity of the grout specified in
the borehole design

1& Ground Heat Exchanger Design Principles and Tools




A variable that GHX design software
cannot take into consideration is:

Z  Groundwater flow and rainfall infiltration
in a borehole field

1& Ground Heat Exchanger Design Principles and Tools
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