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Feasibility assessments for GSHP systems

High percentage of potential GSHP projects scrapped at feasibility study stage.
Rules of thumb are used to:

Building peak loads are estimated — 400 ft2 per ton or 20 Btu/hr per ft?
Estimate amount of drilling required — 200’ of borehole per ton

Land area required is based on 20’ spacing between boreholes

GHX configuration is not considered

Accurate hourly energy models are seldom developed at feasibility stage and are
seldom used to influence building heating and cooling loads

This results in a GSHP system that does not provide a good return on
investment and potential GSHP project is discarded as too expensive

Presentation reviews one project in Minnesota that was pulled back into
consideration — a 24,000 ft> new library building



Preliminary “feasibility assessment”

« 24,000 square feet / 400 = 60 tons capacity required
60 tons X 200" = 12,000 of borehole
« 12,000 X $18 = $216,000
« Geothermal vault = $40,000
« Total extra cost of GSHP system = $256,000




Design process for a GCHP system
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Preliminary energy model

} Preliminary energy model developed using Trane Trace 700 software created by ABC
Engineering. Minor changes were made to the systems described in the model to allow
it to run. Hourly loads converted to monthly energy loads (kBtu) and monthly peak loads

(kBtu/hr)

Energy Model as Provided .
Month Geo Cooling Geo Heating Energy Model as Provided

kBtu kBtu/hr | kBtu | kBtu/hr 140,000 700 Peak Coo"ng
Jan 416 29 56198 310 120,000 600
Feb 2926 88 43909 310
Mar 6093 192 30052 310 — 100,000 500 — .

3
Apr 18365 251 5516 236 2 § Peak heatlng
May 30564 284 1796 215 g 80000 %
Jun 52232 389 228 85 3 <0000 o0 3
> , .
Jul 81898 438 0 0 %" /%// Monthly Coollng
Aug 82856 424 58 34 S 40,000 200 &
Sep 44956 440 1013 100
Oct 9619 293 9132 252 20,000 100 | ;
Nov 4532 89 19641 283 Monthly heatlng
0 0
Pe— e 206,716 10 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Annual To’ns Tolns Aux. Htg. Energy mam Geo Htg. Energy Aux. Clg. Energy Geo Clg. Energy
EFLH EFLH Aux. Htg. Peak ——Geo Htg. Peak Aux. Clg. Peak =—Geo Clg. Peak




Occupancy schedule in energy model

Building occupancy schedules reviewed to reflect building use as accurately as
possible. Current Library Director consulted to provide estimated occupancy schedule

for the proposed building. Schedule input to energy model.

September to May June to August

Max 320 Mon - Thurs Fri Sat Sun Mon - Thurs Fri Sat Sun
Start Time End Time % # % # % # % # % # % # % # % #
0 1 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
1 2 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
2 3 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
E] 4 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
4 5 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
5 6 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
6 7 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
7 8 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
8 9 1% 3 1% 3 1% 3 0% 0 1% 3 1% 3 1% 3 0% 0
9 5% 16 5% 16 5% 16 0% 0 5% 16 5% 16 5% 16 0% 0
10% 32 10% 32 10% 32 0% 0 10% 32 10% 32 10% 32 0% 0
15% 48 20% 64 12% 38 0% 0 20% 64 20% 64 12% 38 0% 0
12% 38 15% 48 14% 45 0% 0 15% 48 15% 48 14% 45 0% 0
10% 32 12% 38 16% 51 0% 0 12% 38 12% 38 16% 51 0% 0
10% 32 10% 32 14% 45 0% 0 10% 32 10% 32 14% 45 0% 0
12% 38 15% 48 12% 38 0% 0 15% 48 15% 48 12% 38 0% 0
15% 48 20% 64 0% 1 0% 0 20% 64 20% 64 0% 1 0% 0
18% 58 25% 80 0% 0 0% 0 25% 80 25% 80 0% 0 0% 0
15% 48 1% 3 0% 0 0% 0 15% 48 1% 3 0% 0 0% 0
10% 32 0% 0 0% 0 0% 0 12% 38 0% 0 0% 0 0% 0
1% 3 0% 0 0% 0 0% 0 8% 26 0% 0 0% 0 0% 0
0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0
0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0




Energy model changes to match design narrative - 15°F setback

k Energy model adjusted to match design narrative as closely as possible. Design
narrative includes 15°F night setback for heating and cooling from daytime setpoint.

Model Adjusted to Match Narrative - 15° Setback Model Adjusted to Match Design Narrative - 15° Setback
Geo Cooling Geo Heating
kBtu | kBtu/hr | kBtu | kBtu/hr 140,000 700
Jan 4155 43 51214 | 484 120,000
Feb 6248 113 39271 448
Mar 12127 263 26095 474 = 100,000 -
 —
Apr 26543 371 3939 288 § §
May 40149 451 1066 252 g 80000 2
Jun 63092 667 29 29 3 3
> 60,000 3
Jul 92197 667 0 0 g -
L]
Aug 95980 667 0 0 & 40,000 &
Sep 54203 667 431 96
Oct 18253 346 7081 313 20,000
Nov 10278 125 15067 405
0
63 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
428,768 178,852
Annual Tons Tons Aux. Htg. Energy mmm Geo Htg. Energy Aux. Clg. Energy Geo Clg. Energy
EELH EFLH Aux. Htg. Peak ———Geo Htg. Peak Aux. Clg. Peak =——Geo Clg. Peak




Night setback reduced to 5°F

} Night setback adjusted to 5°F. Peak cooling load drops from 667 to 625 kBtu/hr and

peak heating load drops from 507 to 450 kBtu/hr.

Month

oling

Model Adjusted to Match Narrative - 5° Setback
Geo Heating

Annual

441,324
Tons

EFLH

69

194,460
Tons
EFLH

kBtu kBtu/hr kBtu kBtu/hr

Jan 4569 41 53926 450
Feb 6935 113 41942 392
Mar 12710 259 28063 424
Apr 27485 369 4990 234
May 41345 395 1229 171
Jun 64436 584 39 13
Jul 94593 624 0 0
Aug 97517 625 0 0
Sep 56003 607 572 42
Oct 18736 346 8315 249
Nov 10942 125 17173 326

140,000

120,000

100,000

80,000

60,000

Energy Loads (kBtu)

PN
o
8
o

20,000

Model Adjusted to Match Design Narrative - 5° Setback

Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Aux. Htg. Energy mmm Geo Htg. Energy Aux. Clg. Energy Geo Clg. Energy

Aux. Htg. Peak -———Geo Htg. Peak ~——Aux.Clg. Peak -——Geo Clg.Peak

g 8 8

P
3
Peak Loads (kBtu/hr)




Economizer added to heat recovery ventilation system

Economizer dampers added to heat recovery ventilation system to take advantage of

cool outdoor air to provide cooling when possible. Peak cooling & monthly energy loads
reduced in winter and shoulder seasons.

Month

Addition of Economizer to Ventilation Air
oling

Geo Heating

Annual

414,495
Tons

EFLH

kBtu kBtu/hr kBtu kBtu/hr
Jan 1388 22 53926 450
Feb 2594 63 41942 392
Mar 8627 232 28063 424
Apr 25037 369 4990 234
May 39640 395 1229 171
Jun 63482 584 39 13
Jul 94499 624 0 0
Aug 97462 625 0 0
Sep 54938 607 572 42
Oct 16393 346 8315 249
Nov 7589 99 17173 326
41

194,459
Tons
EFLH

140,000

120,000

~ 100,000

80,000

60,000

Energy Loads (kBtu

40,000

20,000

0

Addition of Economizer to Ventilation Air

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Aux. Htg. Energy mam Geo Htg. Energy Aux. Clg. Energy Geo Clg. Energy

Aux. Htg. Peak -——Geo Htg. Peak Aux. Clg. Peak =——Geo Clg. Peak

Peak Loads (kBtu/hr)
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Lighting intensity reduced and COZ2 sensors added to fresh air supply

Reducing lighting intensity reduced using occupancy sensors and daylighting sensors
reduces annual energy consumption from lighting (but doesn’t reduce peak gains). CO2
sensors used to control fresh air supply to facility reduces heating and cooling energy
loads. NOTE that reduced lighting gains increases heat required from GCHP system.

L'"S'ty Red“d Heating Lighting Intensity Reduced
kBtu kBtu/hr | kBtu | kBtu/hr 140000 90
Jan 1275 22 59212 455 120,000 600
Feb 2434 61 46633 405
Mar 7437 198 32107 429 < 100,000 500 <
Apr 21683 306 6390 244 g 3
May 34720 358 1678 188 g 80000 400 2
Jun 57393 587 49 13 - 0000 200 5
Jul 88349 627 0 0 § ' 2
L)
Aug 91023 628 0 0 & 40,000 200 &
Sep 49366 602 658 46
Oct 14060 327 10751 262 20,000 100
Nov 6633 93 21079 341
38 0= 0
p— 221730 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Annual To’ns To’ns Aux. Htg. Energy W Geo Htg. Energy Aux, Clg. Energy Geo Clg. Energy
EFLH EFLH Aux. Htg. Peak ——Geo Htg. Peak Aux. Clg. Peak =———Geo Clg. Peak
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Night setback eliminated in energy model

Warming or cooling a building to reach daytime setpoints forces full heat pump capacity

for an extended time, especially to help mass in building to regain temperature. This
greatly increases peak heat extraction from and heat rejection to the GHX during

morning recovery period.

Month

Night Setback Eliminated
Geo Cooling

Geo Heating

Annual

393,088
Tons
EFLH

40

224,840

Tons
EFLH

kBtu kBtu/hr kBtu kBtu/hr
Jan 1191 22 57760 307
Feb 2515 61 45430 219
Mar 7956 199 31817 222
Apr 23359 306 8401 53
May 37031 337 2467 50
Jun 59677 466 485 16
Jul 91371 489 28 8
Aug 93328 522 77 10
Sep 52033 506 1387 22
Oct 14836 327 12125 74
Nov 7236 93 21661 99

178

140,000

120,000

100,000

80,000

60,000

Energy Loads (kBtu)

40,000

20,000

0

Night Setback Eliminated

Jan Feb Mar Apr May Jun

Aux. Htg. Energy W Geo Htg. Energy
Aux. Htg. Peak ——Geo Htg. Peak

Jul Aug Sep Oct Nov Dec

Aux. Clg. Energy

Geo Clg. Energy

Aux. Clg. Peak —Geo Clg. Peak

8

g

8

g

g

8

o

Peak Loads (kBtu/hr)
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Impact of night setback on design day heating load profile

' Heating the building after allowing the temperature to drop creates a peak heating

requirement...and peak heat extraction from the GHX for several hours. Overnight

energy loads increased to maintain temperature, but overall effect on energy cost is not

7 8 9 101112131415 1617 18 19 20 21 22 23 2

Aux Htg = Geo Htg Aux Clg = Geo Clg

OADB

Aux Htg = Geo Htg Aux Clg msm Geo Clg

OADB

Aux Htg mmm Geo Htg Aux Clg = Geo Clg

OADB

15° F Night Setback 5° F Night Setback No Night Setback
600 60 600 60 600 60
o
15° setback
500 50 500 50 500 50
o
A 5° setback
400 40 :3' 400 a0 :2' 400 40 :;'
z 2 |z 2 1z : =
i Els L N H
i - - K i =
< 300 30 § T 300 30 § < 300 i 30 §
: L 2|3 i 3
= g | g | | g
£ 20 20 E £ 20 20 E £ 20 20 g
100 {{\ 10 100 10 100 I | J l 10
0 ll l J l J l l ] .ll .l.J..l..l..l..l-.l 0 0 ll l J l J l lLL 0 Sa 0. % Ba da SN .l l 1 0 0 ll l }II l I l . . a 3 i - . i 0
“ - 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 “ 7 8 9 101112131415 1617 18 19 20 21 22 23 24
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Impact of night setback on design day heating load profile

Heating the building after allowing the temperature to drop creates a peak heating
requirement...and peak heat extraction from the GHX for several hours. Overnight
energy loads increased to maintain temperature, but overall effect on energy cost is not
large.

5°F Night Setback No Night Setback
700 100 700 100
600 90 600 90
500 80 o 500 80 o
o o
= e T I - > o
400 70 3 400 70 3
3 EM 3 165 kBtu/hr (13.7 tons or 48.3 kW) g
) o [ @
= 300 60 2 £ 300 60 2
w £ » £
3 el|3 @
200 50 X 200 50 X
= < || = <
o ) o )
(] ()]
& 100 I 40 o & 100 1 40 9
I l | 8| EE e ":',' | I | B8 | . -o:-;
0 I I I I I I » 'l e BB Be Bn in. 2l I I I 30 o 0 | | &8 30 (@]
123456 7 8 91011121314151617 18 192021222324 123456 7 8 91011121314151617 18 192021222324
Aux Htg B Geo Htg AuxClg B GeoClg - OADB Aux Htg B Geo Htg AuxClg B GeoClg - OADB
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Impact of night setback on design day cooling load profile

} Cooling the building to reach setpoint when the building is occupied in the morning
significantly increases peak heat rejection to the GHX. Note that the load profiles only
indicate the building loads...compressor loads add approximately 20% more heat to the

GHX.

Peak Loads (kBtu/hr)

15° F Night Setback 5° F Night Setback No Night Setback
700 100 700 100 700 100
o)
15° setback
600 90 600 90 600 90
\\ o y
«_~9° setback
500 80 o~ 500 80 o 500 ] 80 o
o o o
¢ | e | :
g |z 2 | H
400 70 g S 400 70 g S 400 70 g
2z 2z -4
£ |2 £ :
- n L “ -
= |3 = |3 =
300 60 < |8 300 60 T |S 300 60 %
£ |3 £ |3 §
g |& g |& -
o o o
200 50 200 50 200 50
100 40 100 40 100 J I 40
0 211 30 0 . | 30 ola3s s . ;J»-A“' |1J 30
1234567 8 9 101112131415 1617 18 19 20 21 22 23 24 123456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 123456 7 8 9 101112131415 16 17 18 19 20 21 22 23 24
Aux Htg = Geo Htg Aux Clg msm Geo Clg OADB Aux Htg = Geo Htg Aux Clg mm Geo Clg OADB Aux Htg = Geo Htg Aux Clg msm Geo Clg OADB

15



Impact of night setback on design day cooling load profile

' Cooling the building to reach setpoint when the building is occupied in the morning

significantly increases peak heat rejection to the GHX. Note that the load profiles only

indicate the building loads...compressor loads add approximately 20% more heat to the

GHX.

Peak Loads (kBtu/hr)

700
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1 2 3 45 6 7 8 91011121314151617 18 192021222324
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Outdoor Air Temperature (°F)
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No Night Setback

100 kBtu/hr (8.3 tons or 28.5kW)
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1 23 456 7 8 91011121314151617 1819202122 2324
Aux Htg B Geo Htg AuxClg B GeoClg - OADB
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Energy model iterations

} Each iteration of the energy model was changed in an attempt to reduce the peak or
annual cooling loads and balance energy loads to the GHX.

500,000 1,000

450,000 900

400,000 800
2 350,000 700
[+2] _—
= 300,000 600 =
v ~
] ]
8 250,000 500 &
= —
& 200,000 400
o ©
£ 150,000 300 8
e 4
S 100,000 200 g
c
& 50,000 100

0 0
Preliminary model 15°F setback & 5°F setback Economizer CO2 sensor, No night setback
occ. schedule lighting

EsakBtu Clg w==akBtu Htg -@-kBtu/hrClg -@-kBtu/hr Htg

Keeping GSHP projects on the table



Impact of energy model iterations on GHX size

GHX modeling software was used to calculate the size of GHX required for this project
based on the successive energy models. Two commonly used GHX modeling algorithms
were used to determine the total amount of borehole. For larger commercial projects the
G-function algorithms are considered more accurate.

14,000

Final energy model used
to refine GHX layout and

10,000 | i )
borehole configuration

8,000 | /

6,000

4,000

2,000

"Rule of Thumb" Preliminary model 15°F setback & 5°F setback Economizer CO2 sensor, No night setback
estimate occ. schedule lighting

12,000

ired

B

Total Borehole Requ

o

M Design Day ® G-Function (monthly)
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Changes to GHX layout and borehole configuration affect borehole length

The final iteration of the energy model was used to refine the GHX layout and borehole
configuration to further reduce the total amount of borehole required. Note that allowing
less efficient heat pump equipment on a cooling dominant building will increase the
amount of drilling required.

7,000

6,000

5,000
4,000
3,000
2,000
1,000

0

No night setback -  Increase to 25' Increase grout to Increase pipe size - Pipe to outer wall Accept lower eff
20' spacing spacing 0.80 1.25" equip
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GHX model using hourly loads

} Hourly energy model loads provide greater detail in how the GHX will perform.
Monitoring the GHX allows the building operator to determine if the system is operating

as designed and helps validate the design process.

Temperature (F)

Hourly Data

100

80

(F)

70+

1JUUUL

1 1 1 1 1
0 1752 3504 5256 7008 8760 4880 4963.6 5047.2 5130.9 5214.5 5298.1
Time (Hours) Time (Hours)

Temperature

Weekly temperature profilé
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GHX model using hourly loads

Hourly energy model loads provides more detailed information to calculate the GHX
more accurately. Final design is typically based on information from test borehole log,
results from thermal conductivity test, estimated construction cost (based on discussions
with local drilling contractors) and land area constraints.

8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Increase pipe size - Pipe size - 1.25" Grout TC0.80 Increase max Grout TC1.20
1.25" (monthly) (hourly) temperature (graphite)
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Geological information

Local water well logs and discussions with GHX drilling contractors indicated that a
borehole depth of 200’ to 275" would be the most cost-effective depth for this project.

Tables were used to estimate thermal properties of the soil based on the drill logs to
calculate the borehole required.

Weell Mame Will Depik Diapih Comspleted Dhite Wall Camplated
Townlug Fanee [hr Sectian Selnecton: Elavation 1 B 157 T 430197
7.5 momme - i, —
132 W 3 BASEDA Elvation Metbod SR fredliaz Methed -
feer)
| Wil Bolcr .
Drilling Fluid Well Hydrofractured® | e
Wi |~ From Fi w Fi
Ui NEssirvsr wall
Gieologe:al I.Lllln.l] Caolor Harciness FroamTo Casing Typs  Jeimg Mo lnforssanse  Dwive Shes?
F L & SAND & BOULDERS i 15 Pis AbswBelow 0t
J I':' J_ _|- BRI 15 A
,-_Lﬂ !_ [ STREAKS BLL M Caming Dismeter Waight ol Diarmater
CLAY WITH BOULDERS BLU T 2l = R m &
CLAY & EAH: TREAKS BLL 4 H T-
MED. SAN RSE GRAVE By 44 &0 [T "
CLAY -I'1'“P-'E ). FINE GAND STREAKS GRAY S0 70 | Dimmeter ShotiGaure Ly St Between
CLAY WITH BOULDERS. A m T4 geh
CL.- SHRAY HARD ™ @3
W WITH BOLULDERS YELLORN &3 130
F‘u.F".IT- .'.Fr..":l'.ln-r'_-.:-'-\.r'. 13 188
SAMLY LA BLUE el Al
SAMLTY CLAY FATH 5"‘”'3,:"' 8 e Waier Level
SAMD ". TH CLAY EAKS 2 215 # from Duce biessmsd
COARSE SAND &L 'E'_H: ERANEL 215 :':._-HW -
CLAY JRAY HARD X7 W0 (b lam mrfaere]
CLAY WITH GRAVEL STRE BAAY mg s I iow o pompeg ppm
CLAY .-'l'l ED L:i F SN 8 237 . i
SAND WITH CLAY STREAKS a7 240| Well Head Completion
CLA SR 740 57| Fuless sdepeer menmficrooer winde]
Caireg Poodo s 12 in whove peads
Al-irads (B ttaissntal Tells aid Bariai ONLY)




Preliminary GHX layout on site

I Hourly energy model loads provides more detailed information to calculate the GHX
more accurately. Final design is typically based on information from test borehole log,
results from thermal conductivity test, estimated construction cost (based on discussions

with local drilling contractors) and land area constraints.
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From feasibility to design & implementation

The initial report estimated the approximate cost of installing a GSHP system in the
Library. Soil properties were estimated, an hourly energy model was created, and a
GHX model was created based on the initial findings. The estimated cost of installing a
GHX was $105,000. The next step is detailed design and implementation.




Initial & updated energy load profile

' Several iterations of an hourly energy model were developed to determine the feasibility 4
of installing a GSHP system. As building plans finalized, building occupancy schedules

were refined and mechanical system designs were developed, initial energy model was
updated based on most recent information.

Night Setback Eliminated

Library - Loads Revised 2016-02-01

Annual

Tons

EFLH

753

Tons
EFLH

Month Geo Cooling Geo Heating
kBtu kBtu/hr kBtu kBtu/hr
Jan 1191 22 57760 307
Feb 2515 61 45430 219
Mar 7956 199 31817 222
Apr 23359 306 8401 53
May 37031 337 2467 50
Jun 59677 466 485 16
Jul 91371 489 28 8
Aug 93328 522 77 10
Sep 52033 506 1387 22
Oct 14836 327 12125 74
Nov 7236 93 21661 99
Dec 7556 43702 178
m

26
733

Geo Coc | Geo Heating
kBtu kBtu/hr kBtu kBtu/hr
Jan 2944 76 92228 498
Feb 6618 121 74103 442
Mar 9465 208 55901 428
Apr 19538 315 16613 364
May 31168 392 7856 356
Jun 56369 544 825 205
Jul 90300 600 14 5
Aug 93134 592 73 42
Sep 45318 560 3579 286
Oct 12517 333 28559 412
Nov 8985 128 45079 445
Dec 4250 74467 473
@m

Tbns
EFLH

634

Tons
EFLH

802
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Initial & updated energy load profile

} Graphic representation of building energy load profile. Cooling loads show a small
increase, but heating loads have increased significantly. The loads are more balanced
than initially estimated.

Night Setback Eliminated Fergus Falls Library - Loads Revised 2016-02-01
140,000 700 140,000 700
120,000 600 600
H z
- - e 500 5
z 3 =
- 3|8 3
= 400 g S 400 2
3 s | & g
> w8 | £ 300 2
=2 - e
< = - 3
& 200 & 200
100 100
0 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Aux. Htg. Energy mmm Geo Htg. Energy Aux. Clg. Energy msm Geo Clg. Energy Aux. Htg. Energy mm Geo Htg. Energy Aux. Clg. Energy mm Geo Clg. Energy
Aux. Htg. Peak ———Geo Htg. Peak ~——Aux Clg. Peak ——Geo Clg. Peak ~—Aux. Htg. Peak ——Geo Htg. Peak ——Aux.Clg. Peak —Geo Clg. Peak




Soll properties tested — thermal conductivity

} A thermal conductivity test was completed in September, 2015. Calculated thermal

conductivity is 0.971 Btu/hr * ft * °F. The conductivity seems reasonable based on the

drilling log.
° Circulating Fluid Water
Formation I.C. Test Starting Borehole Temp. 48.7°F
90 . Avg. Volts 239.3
Avg. Amps 11.26
20 Avg. Power (Watts) 2695.53
= Avg. Heat Injected (BTU/hour) 9197.53
e 70| Ave Test Duration (Hours) 48
é‘ " | Test Period Analyzed 1.00-48.00
o 60 Water
- ¢ Slope 2.513
Temp
50
40 Calculated Thermal Conductivity 0.971 Btu/hr-ft-°F
0 10 20 30 40 20

lime (Hours)

Estimated Thermal Diffusivity

1.17 ftA2/day
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Soil properties tested — thermal diffusivity

} Thermal diffusivity is estimated based on the layers of clay, silt, sands and gravel found
in the formation. Reviewing thermal diffusivity charts and calculating a weighted average

shows a lower result: 0.74 ft? / day (used to calculate updated GHX field)

oo v d DA | Wes —
Starl;m tachn 3 Net Ei.::d daD\l'" \ff:;:cd Lithology Descriptic
0.0 8.0 8.0 0.70 0.0187 |Fill
8.0 15.0 7.0 0.60 0.0140 |Brown Clay
150 | 400 | 25.0 0.60 0.0500 |Gray Clay
40.0 50.0 10.0 0.90 0.0300 |[Sand
50.0 75.0 25.0 1.00 0.0833 |Gravel
75.0 95.0 20.0 0.80 0.0533 |Till with Gravel
95.0 148.0 §3.0 0.70 0.1237 |[Till
148.0 156.0 8.0 0.90 | 0.0240 |Sand
156.0 220.0 64.0 0.70 0.1493 |[Till
2200 | 2260 | 60 | 090 | 0.0180 [Sand
2260 | 3000 | 740 | 070 | 0.1727 [Tl
300.0 |Max depth dnlled in feet
L0 |U-bend depth mstalled below grade
0.74 |Total length weighted average, ft*/d

Circulating Fluid

Starting Borehole Temp.

Avg. Volts

Avg. Amps

Avg. Power (Watts)

Avg. Heat Injected (BTU/hour)
Test Duration (Hours)

Test Period Analyzed

Slope

Calculated Thermal Conductivity

Water

48.7° F
239.3
11.26
2695.53
9197.53
48
1.00-48.00
2.513

0.971 Btu/hr-ft-°F

Estimated Thermal Diffusivity

1.17 ftr2/day
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Long term performance of GHX

' GHX modeling software can calculate the long term impact of unbalanced energy loads

to and from the ground. Graph A is based on the energy model used in the feasibility
assessment...it shows approximately an 8°F temperature increase over 10 years. Graph
B shows calculations based on the updated energy model...approximately a 3°F rise
over 10 years...because the loads are more balanced.
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GHX configuration

To ensure maximum performance from a GHX, flow rates in each of the boreholes
should be approximately equal and high enough to ensure the flow is not laminar in

some of the boreholes. The simplest method of ensuring equal flow is a reverse / return

piping configuration.

Return runout
6 5 4 3 2 1

N

Supply runout

Boreholes or
GHX circuits

1

2

3

4

5

6
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Designing the GHX to facilitate air removal

k Air trapped in GHX piping can block flow through some boreholes. A flow velocity of 2
feet per second is needed through each section of the GHX piping to remove air. The

chart shows the required flow rate needed to remove air from various pipe sizes used in

the GHX design.

0.75” 3.55 n/a n/a
1.00” 5.56 n/a n/a
1.25” 8.87 9.65 n/a
2.00” 18.16 19.76 20.70
3.00” 39.44 42.93 44.96
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Reducing header

In most projects U-tubes in the boreholes are connected to a header. It is impractical to
install valves to facilitate the removal of air. Reducing headers are used to ensure the

flow rate in each section of the header is adequate to remove the air from the system.

3.00” HDPE SDR13.5 3.00” HDPE SDR13.5
3.00” HDPE SDR13.5 2.00” HDPE SDR13.5
129 gpm 107.5gpmt 86 gpm "64.5gpm 43 gpm 60 gpm 50 gpm 40gpm 30 gpm 20 gpm
- “—\

3.00” HDPE SDR13.5 3.00” HDPE SDR13.5

1.25” 1.25”
HDPE HDPE
SDR11 SDR11
A -/ \ -/ -/ -/ -/ B -/ \J -/ -/ -/ -/
21.5gpm 21.5gpm 21.5gpm 21.5gpm 21.5gpm 21.5gpm 10 gpm 10 gpm 10 gpm 10 gpm 10 gpm 10 gpm




U-tube pipe size in the borehole

Equipment specified for the Library requires flow rate of 150 gpm. Total borehole depth
determined by test borehole depth...that in turn determines number of boreholes.
Calculations run with 1.00” pipe (as per test borehole) and with 1.25" pipe. Pressure
drop much lower with 1.25" and Reynolds number still high enough.

’ 1: 1.00” U-tube piping 2:1.25" U-tube piping ‘
Overview Piping Materials List Overview Piping Materials List

Calculate | BV Peak Load - Calculate | BV| Peak Load

System Summary Pum ping Power Score: 2.6 System Summa ry Pumping Power Score: 1.2
Total Ppe th (ft 15804.0 Total Ppe Length (f 15864.0
14400.0 Tota t Pipe Length (It 14400.0
21110 2|1]0
24 Number of s 24
No | jes Ba ) Vave No

Propylene Glycol (17.7%) System Fluid Type Propylene Glycol (18.3%)

1199.7 System Fluid Volume (Gallons 1624.7
Operational Performance - PEAK LOAD Mode s Operational Performance - PEAK LOAD Mode
tem Flow Rate (g 150.1 ' Syst v Rate (gpr 150.1

13.7

Power Performance Power Performance

Peak Load (kBtu/Hr): 600.4 Peak Load (kBtu/Hr): 600.4
Purging Performance (Fluid:Water) Purging Performance (Fluid:Water)

Purging Pressure Dro d 23.3 Purging Pressure Dro hd 22.3
Required Purge Pump Power (hP): 0.70 Required Purge Pump Power (hP): 1.01
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Integrating the test borehole

Test borehole drilled in September, 2015. 1.00” U-tube was installed in the borehole...
but pressure drop is much lower using 1.25” pipe. Calculations done to determine if
Reynolds number still adequate if integrated with borehole field using 1.25” pipe.

Fergus Falls Library — GHX Configuration
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Check Reynolds numbers

During peak heat extraction heat transfer fluid becomes denser and more viscous...
potentially going to laminar flow. In laminar flow (Reynolds number < 2,300) heat
transfer is diminished. Calculations show that the Reynolds numbers are adequate with
the 1.00” borehole connected to nearest GHX module.

1: 1.25” U-tube piping in all boreholes 2:1.00” Test borehole integrated with nearest GHX module 1 ‘
Name Pipe 1 Size | Pipe 2 Size Pipe 1 Reyn... | Pipe 2 Reyn... | | Name | Pipe 1 Size Pipe 2 Size | Pipe 1 Reyn... | Pipe 2 Reyn...
um_m_m_m_m_ 1 U Circuit #01 11/4" 11/4" 4277 4277
U Gircuit #02 11/4" 11/4" 4065 4065 1 ! U Circutt #02 11/4" 11/4" 4258 4258 |
U Gircuit #03 11/4" 11/4 4006 4006 | ! U—__EZ-EE—
U Gircuit 204 11/4" 11/4" 4023 4023 | i U Crrcuit #04 11/4" 11/4" 4198 4198 |
U Grrcuit #05 11/4" 11/4" 4130 4130 1 @) 1V cCrcut #0s 11/4" 11/4" 4273 273 | @)
U Gircuit #06 11/4" 11/4" 4102 4102 | T !Ucrcut#os 11/4" 11/4" 4239 4239 | ==
U Gircuit 207 11/4" 11/4° 4102 4102 : x 1 U Circuit 207 11/4° 11/4" 4234 4234 x
U Gircuit #08 11/4" 11/4" 4130 4130 | 1 U Circutt #08 11/4" 11/4" 4256 4256 |
U Gircuit #09 11/4" 11/4" 4023 4023 | = ! U circuit #09 11/4" 11/4" 4140 4140 | b=
U circuit 210 11/4" 11/4" 4006 4006 | 1 U Circuit £10 11/4" 11/4" 4115 4115 |
U Gircuit #11 11/4" 11/4 4065 4065 | ¢ U Circuit #11 11/4" 11/4" 4169 4169 1
U Circuit #12 11/4" 11/4" 4096 4096 1 ! U Circuit #12 11/4" 11/4" 4193 4193 |

Circuit #01 11/4" 11/4 3724 3724 | { UGrcutt #01 114" 114" 3760 3760 1
U Gircuit #02 11/4" 11/4" 3697 3697 | 1 U Circutt #02 11/4" 11/4" 3732 3732 |
U Gircuit #03 11/4" 11/4" 3643 3643 t U Circuit 203 11/4" 11/4" 3678 3678 !
U Gircuit #04 11/4° 1 1/4" 3659 3659 | 1 U Gircuit #04 11/4" 11/4" 3694 3694 1
U circuit 205 11/4 11/4 3756 3756 1+ @) 1 U Crrcutt #05 11/4 11/4 3792 3792 1 @)
U Gircutt #06 11/4" 11/4" 3731 3731 ! 1 Ucircuit #06 11/4" 11/4" 3766 766 |
U circuit 207 11/4" 11/4" 3731 3731 1 D | U Circuit 207 11/4" 11/4" 3766 3766 | B¢
U Gircuit 208 11/4" 11/4" 3756 3756 1ay & U Circuit #08 11/4" 11/4" 3792 3792 |
U Grrcuit #09 11/4" 11/4" 3659 3659 | 1 U Circuit 209 11/4" 11/4" 3694 3694 | N
U Gircuit 210 11/4" 11/4" 3643 3643 | t U Circuit 210 11/4" 11/4" 3678 3678 |
U Gircuit #11 11/4" 11/4" 3697 3697 | ! U Circutt #11 11/4" 11/4" 3732 3732 1|
U Gircuit #12 11/4" 11/4" 3724 3724 LU Circuit #12 11/4" 11/4" 3760 3760
____________________________________________________________________________________________________ ]



Location of 1.00” U-tube impacts flow rates

Supply & return runouts are longer to GHX module...reducing flow rates in U-tubes, and
reducing Reynolds numbers. Reynolds number in 1.00” U-tube are close to laminar flow.

To increase flow rate to GHX module 2, balancing valves added at the manifold.

l 1.00” Test borehole integrated with GHX 2 = no balancing valve 1.00” Test borehole in GHX 2 Balancing valves added ‘

Name | Pipe 15ize | Pipe 2 Size | Pipe 1 Reyn... | Pipe 2 Reyn... [7] Name | Pipe 1Size | Pipe 2 Size | Pipe 1 Reyn... | Pipe 2 Reyn...
\ U Gircutt #01 11/4" 11/4" 4128 4128 1 U Gircuit 201 11/4" 11/4" 3934 3934 |
' U Gircuit #02 11/4" 11/4" 4097 4097 | U Gircuit 202 11/4" 11/4" 3904 3904 |
: U Gircuit 203 11/4" 11/4" 4037 4037 ! U circuit 203 11/4" 11/4" 3847 3847 |
y U Gircuit 204 11/4" 11/4" 4054 4054 U Circuit #04 11/4" 11/4" 3863 3863 |
{ U Gircuit #05 11/4 11/4" 4162 4162 | () U crrcutt #05 11/4" 11/4" 3966 3966 1 @)
:U Circuit #06 11/4" 11/4" 4134 4134 : I U Circuit 206 11/4" 11/4" 3939 3939 : I
) U Circuit #07 11/4" 11/4" 4134 4134 1 x U Circuit #07 11/4" 11/4" 3939 3939 : x
' U Gircuit #08 11/4" 11/4" 4162 4162 | U Gircuit 208 11/4" 11/4" 3966 3966 1
| U Gircuit #09 11/4" 11/4" 4054 4054 | b= U Gircuit 209 11/4" 11/4" 3863 3863 | b=
| U Gircuit £10 11/4" 11/4" 4037 4037 | U Circuit #10 11/4" 11/4" 3847 3847 |
U Gircutt #11 11/4" 11/4" 4097 4097 1 U Circuit #11 11/4" 11/4" 3904 3904 1
EU Circuit #12 11/4" 11/4" 4128 4128 | U Circuit #12 11/4" 11/4" 3934 3934 |
U Grcutt #01 11/4° 11/4" 3890 3890 1 U Gircuit 201 11/4" 11/4" 4095 4085 1
i HClrcun 202 11/4" 11/4" 3873 3873 | 3CIFCUI! 202 11/4" 11/4" 4077 4077 |
fUCreut#03 [+~ J1" (2366 2366 | —_mm
| U Circuit #04 11/4" 11/4" 3819 3819 | U Gircutt #04 11/4" 11/4" 4020 4020 1
| U Circuit #05 11/4" 11/4" 3887 3887 | @) U Gircuit #05 11/4" 11/4" 4092 4092 1 @)
{ U Gircutt #06 11/4" 11/4" 3857 3857 | L U Gircuit #06 11/4" 11/4" 4060 4060 |
t U Circutt #07 11/4 11/4" 3851 3851 1 ¢ { U Gircuit 207 11/4" 11/4" 4054 4054 | ¢
! U Gircutt #08 11/4" 11/4" 3872 3872 1 U Circuit #08 11/4" 11/4" 4076 4076 1\ )
1 U Circuit 209 11/4" 11/4" 3766 3766 | N 1 U Gircuit 209 11/4" 11/4" 3965 3965 |
U Grrcutt #10 11/4" 11/4" 3744 3744 ! 1 U Greutt #10 11/4" 11/4 3941 3941 |
| U Gircutt #11 11/4" 11/4" 3792 3792 { U Gircuit #11 11/4" 11/4" 3991 3991 |
| U Circutt #12 11/4" 11/4" 3813 3813 | ! U Crrcutt #12 11/4" 11/4" 4014 4014 ‘:
————————————————————————————————————————————————— o - D D D S Eh ED Eh Eh 5 ED ED Eh G) G G5 Eh E) Gh G G5 G5 E) Gh G b Gh Gh Gh Gb Gh 6h 4) Gb 4b Gb 4D Gb 4 6N 4D Gb 6D B 6B GB 6B & & e
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GENERAL NOTES
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Proposed GHX borehole figld
2 GHX modules, 12 boreholes per module,

Grout: 1.20 Btu/hr * ft * djg F (graphite)

tem. Runout pipe size,
' fluid specifications, flow
pve air from the system and
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Borehole design detalls

' Borehole design details and QA/QC program is critical to the performance of the GHX.
Because the boreholes and connecting piping are buried under a parking lot it will be

expensive and/or difficult to change anything after it is built.

BT  Resuts | Fuid | Soi  U-Tube | pattern | Extra kw | Information

Calculate | [
[Monthly j

Prediction Tme:\' 10.0 years
(¢ Fixed Length

pr— p—

Borehole Lengthy| 300 ]
| Grid Layout |

[ Use External Fie
Borehole Number: 24
Rows Across: 12
Rows Down: | 2

sepwaton:
| Piping Design |

Piping Buider

Calculated Borehole Equivalent Thermal Resistance
Borehole Thermal Resstance: | 0.194 h*ft*°F/Btu

Pipe Parameters

PpeResistance: | 0.104  h*ft*F/Btu Check Pipe Tables ‘

Pipe Size: [ 1140 (32 mm v] U-Tube Configuration
Outer Diameter: W in @
Inner Diameter: W n @ " Double
Ppe Type: [sor11 vl

Fow Type: ['urwm! |

Radial Pipe Placement Borehole Dameter

@  Close Together Borehole Diameter: n
©9) [Faverage)
00) |{¢ Average
o Backfil (Grout) Information
Q ¢ Along Outer Wal
€9 ¢ ong hermel Conducivty -
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Grout specifications and quality control

} The performance of a borehole is contingent is based on the design. If it's not built as
designed it will not perform as expected. Borehole diameter, depth, pipe specifications,
pipe placement, grout specifications...are all critical to performance of the system.

TG Lite / PowerTECx Mix Table RECOMMENDED BATCH

QUANTITIES

Target % %

TC TG Mix Total Active TG

PowerTECx PowerTECx Water

(bags) (gals)

B/ Lite Water Yield Density o e Solids Lite

A (b) ga) @ (e Ty  (bags)
*F) weight) weight)

0.79 9.0 155 | 18.1 10.2 29 8 27 9
088 o 7.5 165 | 19.2 | 10.2 295 | 26.7
1.00 7.5 \ 0.2 _ '
1.07 50 10.0 18.0 | 20.8 10.1 28.6

114 10.0 175 | 203 10.1 29.1 25.1
120 &C 10.0 16.5 | 19.3 30.4 26.7




Library GHX Details

M an ifold #01 - Supply-Return Runout - Manifold 1
Man ifold #01 - Pipe Section #01 - Manifold 1
HX Module 201 - Supply-Return Runout - Module 1
ircut 801

HX Module #01 - Pipe Section #01
ircuit #02

HX Module #01 - Pipe Section #02
Ircut 803

HX Module #01 - Pipe Section #03
rcur 204

HX Module 201 - Pipe Section #04
ircut #05

HX Module #01 - Pipe Section #05
rcut 806

HX Module #01 - Pipe Section #06
ircuit 807

HX Module 201 - Pipe Section #07
ircuit 208

HX Module #01 - Pipe Section #08
ircun #09

HX Module #01 - Pipe Section #09
Circut #10

HX Module #01 - Pipe Section #10
ircut 811

HX Module #01 - Pipe Section #11
rcun 812

Man ifold #01 - Pipe Section #02 - Manifold 1
HX Module #02 - Supply-Return Runout - Module 2
ircuit #01

HX Module #02 - Pipe Section #01
ircuit 202

HX Module #02 - Pipe Section 802
ircut 803

HX Module #02 - Pipe Section #03
rcun 504

HX Module #02 - Pipe Section #04
ircut 205

HX Module 202 - Pipe Section #05
ircuit 206

HX Module #02 - Pipe Section #06
ircut #07

HX Module #02 - Pipe Section #07
Ircuit 808

HX Module #02 - Pipe Section #08
ircut 209

HX Module 202 - Pipe Section #09
ircur 810

HX Module #02 - Pipe Section #10
ircun w1l

HX Module #02 - Pipe Section #11
rcu 812

Pipe 1Size

a
a
3*

11/47
3"

11/47
3"

11/47
3"

11/4"
3"

11/47
3"

11/4"
3"

11/47
3"

11/47
2

11/47
2
1"
2"

11/4"

11/4"

11/4"
a"
3"

11/47
3

11/4"
3"

11/4"
3

11/47
3

11/4"
3"

11/47
3"

11/47
3"

11/47
2"

11/4"
2

11/47
2

11/47

11/4

11/47

Pipe 2 Size
&
&
3

11/4
11/4
11/47
>
1147
11/4
11/47
11/47
11/47
11/4
11/4"
1
11/4"
11/47
1147
11/4°
11/47
11/47
>
11/47
11/4°
11/47
11/47
11/47
11/4
11/47

11/47

11/47

Pipe 1 Flow
Rate

150.10 gpm
150.10 gpm
75.82 gpm
6.57 gpm
69.26 gpm
6.53 gpm
62.73 gpm
6.45gpm
S6.29 gpm
648 gpm
49,80 gpm
6.67 gpm
43.13 gpm
6.63 gpm
36.50 gpm
6.64gpm
29.86 gpm
6.69 gpm
23.17 gpm
6.57 gpm
16.60 gpm
3.23gpm
13.37 gpm
6.67 gpm
6.70gpm
6.70gpm
74.28 gpm
74.28 gpm
6.23gpm
68.05 gpm
6.18gpm
61.87 gpm
6.09gpm
55.78 gpm
6.12 gpm
49.66 gpm
6.28gpm
43.38 gpm
6.24gpm
37.14 gpm
6.24 gpm
30.90 gpm
6.28 gpm
24.62 gpm
6.12gpm
18.50 gpm
6.09gpm
12 .41 gpm
6.18 gpm
6.23gpm
6.23 gpm

Pipe 2 Flow
Rate

150.10gpm
150.10gpm
75.82 gpm
6.57 gom
6.57 gpm
6.53 gom
13.09gpm
6.45 gom
19.54gpm
648 gpm
26.02 gpm
6.67 gom
32.69gpm
6.63 gom
39.32gpm
6.64 gpm
45.96 gpm
6.69 gpm
52.65gpm
6.57 gom
59.23 gpm
323 gpm
62.46gpm
6.67 gpm
69.13 gpm
6.70 gom
74.28 gpm
74.28gpm
6.23 gpm
6.23 gpm
6.18 gpm
12.41gpm
6.09 gom
18.50gpm
6.12 gom
24.62 gpm
6.28 gpm
30.90gpm
6.24 gpm
37.14gpm
6.24 gom
43.38gpm
6.28 gpm
49.66gpm
6.12 gpm
55.77 gpm
6.09 gom
6187 gpm
6.18 gom
68.05gpm
6.23 gpm

Pipe 1
Reynold's
Number
33042
33042
21462
4079
19603
4055
17756
4005
15831
4029
14096
4142
12209
4120
10332
4126
8453
4155
10062
4085
7207
2533
5804
4143
4162
4162
16351
21024
3869
19261
3841
17511
3785
15787
3801
14055

12278
3876
10512
3876
8746

10691
3801
8034
3785
3841

3865

Pipe 2
Reynold's
Number
33042
33042

Pipe 1 Pressure Pipe 2 Pressure

Drop

04ft

0.0 ft

06 ft
3.7 f.
04ft
36ft
04ft
35ft

o3ft
35ft

021t
37f
0.2ft
36ft
0.1 ft.

37f

0.1ft

37f

05 ft
36ft
03 ft
2.7 ft
0.2 ft

37f

03ft
38ft

0.0 ft

hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd

11t hd

34ft
D4ft
33f

03ft
32t
03ft
32ft
0.2 ft.

33f
o2f
33f

0.1ft
33f
0.1ft
33ft
05 ft.

32ft

03ft
321t
021t
33ft
03ft

34ft

hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd

Drop

0.4ft.

0.0ft

S.5f.
3.7f.
0.3ft.
3.6ft
0.2ft.
3.5ft.

0.4f
3.5

0.6ft,
3.7f.
0.1ft.

3.6ft

0.2ft.

37

0.2f,
3.7f,
0.3ft.
3.6ft.
0.3ft.
2.71.
0.4t

3.7

O.4afe.
3.8ft.

0.0ft

5.7ft.

34t
03ft
3.3ft

0.2f.
3.2ft.
0.3ft.
3.2ft.
0.5ft.

3.3f
0.1ft
3.3f

0.1ft.
3.3ft.
0.2ft.
3.3ft.
0.2ft.

3.2

0.3f,
3.2ft.
0.3ft.
3.3ft.
0.4ft.

34ft

hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd
hd

aders is important for pressure
n. Because it will be buried, it’s
sed to ensure accuracy and
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Circuit #01

Circuit #02

Circuit #03

Circuit #04

Circuit #05

Circuit #06

Circuit #07

Circuit #08

Circuit #09

Circuit #10

Circuit #11

Circuit #12

Circuit #01

Circuit #02

Circuit #03

Circuit #04

Circuit #05

Circuit #06

Circuit #07

Circuit #08

Circuit #09

Circuit #10

Circuit #11

Circuit#12

Library - purging flow rate

Manifold #01 - Supply-Return Runout - Manifold 1
|Manifold #01 - Pipe Section #01 - Manifold 1
GHX Module #01 - Supply-Return Runout - Module 1
GHX Module #01 - Pipe Section #01
GHX Module #01 - Pipe Section #02
GHX Module #01 - Pipe Section #03
GHX Module #01 - Pipe Section #04
GHX Module #01 - Pipe Section #05
GHX Module #01 - Pipe Section #06
GHX Module #01 - Pipe Section #07
GHX Module #01 - Pipe Section #08
GHX Module #01 - Pipe Section #09
GHX Module #01 - Pipe Section #10
GHX Module #01 - Pipe Section #11

|Manifold #01 - Pipe Section #02 - Manifold 1
GHX Module #02 - Supply-Return Runout - Module 2

GHX Module #02 - Pipe Section #01
GHX Module #02 - Pipe Section #02
GHX Module #02 - Pipe Section #03
GHX Module #02 - Pipe Section #04
GHX Module #02 - Pipe Section #05
GHX Module #02 - Pipe Section #06
GHX Module #02 - Pipe Section #07
GHX Module #02 - Pipe Section #08
GHX Module #02 - Pipe Section #09
GHX Module #02 - Pipe Section #10

GHX Module #02 - PpeSection #11

PpelSeze
an

3n
11/4"
3gn
11/8"
3n
11/4"
3n
11/8"
3n
11/4"
3n
11/a"
3n
11/4"
3n
11/a"
"
11/4"
on
1n
"
11/4"
11/8"
11/4"

11/4"
3gn
11/4"
3n
11/4"
3n
11/8"
3n
11/4"
3n
11/8"
3n
11/4"
3n
11/a"
2"
11/4"
2n
11/a"
"
11/4"
11/8"
11/a"

Pipe 2 Size
an

3"
11/8"
11/8"
11/8"
o
11/8"
o
11/4"
o
11/4"
e
11/4"
3"
11/8"
3"
11/8"
3"
11/28"
3"
1"
g0
11/4"
e
11/4"

11/4"
11/4"
11/4
"
11/4"
2"
11/4
"
11/4"
3n
11/4
3n
11/4"
3n
11/4
3n
11/4"
3n
11/4
3n
11/4"
3n
11/4

Pipe 1 Flow Pipe2 Flow
Rate Rae
276.09 gpm 276.09 gpm
139.32 gpm 139.32gpm
1207 gpm 12.07 gpm
127.25 gpm 12.07 gpm
1199 gpm 11.99 gpm
115.26 gpm 24.06 gpm
1184 gpm 11.84gpm
103.42 gpm 35.90 gpm
1191 gpm 11.91gpm
8151 gpm 47.81gpm
12.25 gpm 12.25gpm
79.26 gpm 60.05 gpm
1218 gpm 12.18 gpm
67.08 gpm 72.23 gpm
1220 gpm 12.20gpm
54.89 gpm 84.43gpm
1229 gpm 12.29 gpm
4259 gpm 96.72 gpm
1208 gpm 12.08 gpm
30.52 gpm 108.80gpm
5.85gpm 5.85gpm
24.56 gpm 114.75gpm
1225 gpm 12.25 gpm
1231 gpm 127.01gpm
1231 gpm 12.31gpm
136.78 gpm 136.78 gpm
1147 gpm 11.47 gpm
125.30 gpm 11.47 gpm
1138 gpm 11.38gpm
113.92 gpm 22.86 gpm
1122 gpm 11.22 gpm
10270 gpm 34.08 gpm
11.26 gpm 11.26 gpm
9144 gcpm 45.34gpm
1156 gpm 11.56 gpm
79.87 gpm 56.90 gpm
1148 gpm 11.48 gpm
68.39 gpm 68.39 gpm
1148 gpm 11.48gpm
56.90 gpm 79.87 gpm
1156 gpm 11.56 gpm
4534 gpm 91.44gpm
11.26 gpm 11.26 gpm
34.08 gpm 102.70gpm
1122 gpm 11.22 gpm
22.86 gpm 113.92gpm
1138 gpm 11.38gpm
1147 gpm 125.30gpm
1147 gpm 11.47 gpm

Pipel Velocity Pipe 2 Velocity

Ppel
Reynold's
Number
127247
127247
82561
15697
75410
15603
68302
15401
61286
15492
54228
15929
46872
15844
39754
15865
32527
15993

15710
27745
9771
22334
15840
16015
16015

81055
14326
74256
14810
67509
14582
60861
14653
54186
15043
47333
14340
40527
14840
33722
15043
41222
14853
30982
14582
20783
14810
14326
14926

Pipe2
Reynold's
Number

127247

82561
15697
15697
15603
21876
15401
32640
15482
43468
15928
35589
15844
42807
15865
50034
15993
57320
15710
64477

15840
75265
16015

81055
14826
14926
14810
20783
14592

14653
41222
15043
33722
14840
40527
14840
47333
15043
54186
14653
60861
14592
67509
14810
74256
14926

Pipe 1Pressure Pipe2 Pressure

0.6ft hd 101t
7.7ft hd 77 fu

Drop Drop
1.0ft hd 10ft hd
15ft hd 13.5ft.hd
8.4ft hd 841t hd
1.0ft hd 0.7 ft. hd
8.2ft hd 8.2 ft. hd
0.9ft hd 0.4ft hd
8.0ft hd 80 ft. hd
0.7ft hd 09 ft. hd
8.1ft hd 8.1ft hd
0.6ft hd 14t hd
8.5ft hd 8.5ft. hd
0.5ft hd 0.3 ft. hd
8.4ft hd 841t hd
0.3ft hd 041t hd
8.4ft hd 841t hd
0.2ft hd 0.5 ft. hd
8.6ft hd 8.6ft. hd
1.2ft hd 0.6 ft. hd
8.3ft hd 8.3ft. hd
0.7ft hd 0.8 ft. hd
8.4ft hd 841t hd
0.4ft hd 0.9 ft. hd
8.6ft hd 8.6ft. hd
0.7ft hd 101t hd
8.7ft hd 8.7 ft. hd

. hd
2.6ft hd 142ft.hd
7.7ft hd 7.7 ft. hd
1.0ft hd 0.6 ft. hd
7.6ft hd 7.6ft. hd
0.9ft hd 0.4t hd
7.3ft hd 7.3ft. hd
0.7ft hd 0.8 ft. hd
7.4ft hd 74ft hd
0.6ft hd 13ft. hd
7.7ft hd 7.7 ft. hd
0.5ft hd 0.3 ft. hd
7.6ft hd 7.6ft hd
0.3ft hd 0.3 ft. hd
7.6ft hd 7.6ft. hd
0.3ft hd 0.5 ft. hd
7.7ft hd 7.7 ft. hd
13ft hd 0.6 ft. hd
7.4ft hd 74ft hd
0.8ft hd 0.7 ft. hd
7.3ft hd 7.3ft hd
04ft hd 0.9 ft. hd
7.6ft hd 7.6ft. hd

hd
hd

rTom system

should facilitate air




Detailed manifold design

} Specifications for the manifold and transitions from HDPE supply / return runouts to
manifold and building piping system should be clear. Building penetrations should be
appropriate for soil conditions.

Piping to heat pumps with 75" brass or ss ball valve socket
flanged connection to GHX fused Into sidewall of manifold to 0.507 rigid insulation and PVC
m manifold. HOPE or polypropylene accommodate temperature vapor barrier required on manifold
o —_ (PP-R) preferred, SENSOrs, pressure gauges, etc and supply / return runouts.

2" outlet for purging air Blind flange to cap manifold

from building piping system
(cap when not in use)

4" lug type butterfly valve to separate
GHX from building piping and to

4" HOPE pipe manifold with 3 outlets (1 for
facilitate purging air from system

purging air from GHX modules)

3" lug-type butterfly vaive (flanged)
3" outlet for purging air from GHX modules
(139 gpm required for purging) (cap when
P/T port) not in use)

3" HDPE SDR13.5 supply & return runouts

Linkseal or Pipeseal gaskets

4" sleeve for supply & return runouts




Flushing procedures

' Design should facilitate the contractor’s ability to fill, flush and purge the system as
easily as possible. Flush ports and valves should be designed for flow rates required.

r T 1 1 | 1 |
GHX module 1
GHX module 2
J




Design specifications for contractor should be very clear

' Specifications for contractor should be as clear as possible. Should indicate the
minimum flow rates required to flush air, dirt and debris from the system...to prevent
poor operation after turnover.
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Annual GHX temperature profile for building owner / operator

} Building owner / operator should be provided with annual temperature profile the GHX is {

expected to operate at. If temperature deviates very much from expected profile, the
cause should be determined. Operator should also be aware of the daily temperature
range that can be expected.

Temperature (F)
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Daily GHX temperature profile

« Energy model indicates cooling load of 50 tons, heating load 408 kBtu/hr
« GHX design based on actual TC test and energy model: 7,200’ of borehole
« 7,200 X $16 = $115,000
« Geothermal vault - not required
« Total extra cost of GSHP system = $115,000 (versus $256,000)

Fergus Falls Library - Loads Revised 2016-02-01
Geo Cooling Geo Heating
kBtu kBtu/hr kBtu kBtu/hr
Jan 2944 76 92228 498
Feb 6618 121 74103 442
Mar 9465 208 55901 428
Apr 19538 315 16613 364
May 31168 392 7856 356
Jun 56369 544 825 205
Jul 90300 600 14 5
Aug 93134 592 73 42
Sep 45318 560 3579 286
Oct 12517 333 28559 412
Nov 8985 128 45079 445
Dec 4250 87 74467 473
| 600
Tons 50 Tons 41
EFLH 634 EFLH 802




Keeping Ground
Source Heat
Pump Projects

. on the Table

Ed Lohrenz, ses. cep

204.318.2156
ed@geoptimize.ca
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