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Geothermal Design

 Well Installation & Thermal Conductivity Testing
 HVAC Loads
 Modeling
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Test Well Locations
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Presenter
Presentation Notes
Three 6-inch wells drilled to 500 ft
GT-1 installed near existing track, GT-2 installed in beyond left field in the northern baseball field, GT-3 just to the east of the existing building



Well Installation & Thermal Conductivity Testing
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Presenter
Presentation Notes
Photos of drilling and thermal conductivity testing
Manholes installed at all 3 wells, below grade for GT-1 and GT-2, at grade for GT-3



Thermal Conductivity Results

5

Summary of Thermal Conductivity Tests - BHS Geothermal Well Field

Parameters
Boring #

Average

GT-01 GT-02 GT-03

Earth 
Temp °F

53.0 - 54.0 53.6 - 54.2 53.8 - 55.0 53.9

Earth Diffusivity 
αg  ft2/day

1.19 1.24 1.14 1.19

Volumetric heat capacity Btu/°F ft³ 35.0 34.9 35.0 35.0

Earth Conductivity kg Btu/hr.ft.°F
1.74 1.8 1.67 1.74

Presenter
Presentation Notes
Earth temperatures 54 degree range which is what we expect
Thermal conductivity results typical based on our work in Cambridge
Same formation, argillite
Slightly more conductive than King Open



Energy Loads
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Heating Cooling Heating Cooling
January 1,113,309  82,540        9,147       677           
February 717,698     77,681        6,636        399           
March 619,013     123,122     5,274        4,441        
April 326,467     223,131     3,592        3,506        
May 160,606     847,992     2,093        9,130        
June 111,526     794,894     979           9,386        
July 80,726        586,567     143           4,311        
August 80,751        577,140     150           4,302        
September 89,109        1,145,956  673           9,704      
October 209,208     598,624     1,967        8,539        
November 449,215     222,232     6,214        5,651        
December 663,859     102,258     6,270        1,685        

Year_Total 4,621,486 5,382,135 
Delta (760,648)   

Total Loads 
[1000 Btu]

Peak Loads 
[1000 Btu/h]

Monthly Total and Peak Loads - Based on hourly 
loads provided by In Posse - 03/05/2019

Presenter
Presentation Notes
Heating and cooling loads are relatively balanced.  Higher cooling demand, but not too bad.  


KO Parametric Output  06162016

		City of Cambridge

		KOCSUS Geothermal Well Field

		Cambridge, MA



		Summary of Parametric and Sizing Analysis(1)



								Design Input Parameters

								Soil Inputs(2)												Borehole Inputs(3)										Vertical Piping Inputs

								Earth 
Temp °F										54.8		Borehole diameter  in								6.0		Diameter in						1.5

								Earth Diffusivity 
αg b  ft2/day										0.97		Grout Conductivity
 Btu/hr.ft.°F								1.2		Pipe DR						9

								Volumetric heat capacity Btu/°F ft³										34.4		Borehole spacing ft								20.0		Pipe Material						PE4710

								Earth Conductivity kg Btu/hr.ft.°F										1.39		Borehole depth  ft								500.0		Fluid Factor						1.25

																																								Sizing Analysis based on 85° Maximum EWT at 25 years

								Parametric Analysis to Determine Design Parameters																																																		Sim. w/ 500 ft. wells 

								Wellfield Size		Maximum EWT constraint		Minimum EWT constraint		Earth Conductivity		Earth Diffusivity		Grout Conductivity		Borehole Depth (ft) 								Required  No. of 500-ft Wells												Wellfield Size		Maximum EWT constraint		Minimum EWT constraint		Earth Conductivity		Earth Diffusivity		Grout Conductivity		Depth 50 yr		Required wells         50 yr		Sizing: Max EWT @ 25 yrs		Monthly				Hourly 

																				1 yr		10 yr		25 yr		50 yr		1 yr		10 yr		25 yr		50 yr																								Max EWT @ 25 yrs		Max EWT @ 50 yrs		Max EWT @ 25 yrs





								Grout Conductivity																																180		90		40		1.39		0.97		1.2		519.2		186.9		84.8		86.0		91.3		-

								210		85		40		1.39		0.97		1.2		256.8		358.8		425.2		499.0		107.9		150.7		178.6		209.6						190		89		40		1.39		0.97		1.2		499.2		189.7		84.1		84.0		88.9		85.2

								210		85		40		1.39		0.97		1.4		249.3		350.5		419.3		488.1		104.7		147.2		176.1		205.0						190		90		40		1.39		0.97		1.2		481.3		182.9		85.0		84.0		88.9		85.2

																										Δ:		3.1		3.5		2.5		4.6						210		89		40		1.39		0.97		1.2		430.3		180.7		84.5		80.5		84.9		-



								Lower Maximum EWT Constraint																																Grout Conductivity

								210		80		40		1.39		0.97		1.2		296.4		416.2		506.6		587.0		124.5		174.8		212.8		246.6						180		90		40		1.39		0.97		1.4		505.7		182.0		84.8		85.3		90.6		86.6

								210		80		40		1.39		0.97		1.4		287.7		411.2		499.4		581.9		120.8		172.7		209.8		244.4						190		90		40		1.39		0.97		1.4		470.6		178.8		85.0		83.3		88.2		84.6



								Varying Spacing to 22

								210		85		40		1.39		0.97		1.2		255.4		344.2		410.6		466.2		107.3		144.6		172.4		195.8

																										Δ:		0.6		6.1		6.1		13.8

								Varying Spacing to 25

								210		85		40		1.39		0.97		1.2		253.2		328.0		387.9		425.7		106.4		137.8		162.9		178.8

																										Δ:		1.5		12.9		15.7		30.8



								Adding Heating Load from June and July to March and October

								210		85		40		1.39		0.97		1.2		259.2		362.0		426.0		501.8		108.9		152.0		178.9		210.7

																										Δ:		1.0		1.4		0.3		1.2



								System flow rate increase to 3.0 gpm/ton

								210		85		40		1.39		0.97		1.2		262.6		371.3		435.3		513.4		110.3		155.9		182.8		215.6

																										Δ:		-2.4		-5.3		-4.2		-6.0





		Notes:

		1) Design analysis calculated using GHLEPro V.5.0

		2)  Design formation properties based on a thermal conductivity test performed on the test wells at the site. Assume minimal groundwater movement.

		3) Assumed - based on constructibility and previous experience.
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BHS Parametric Output_Low

		Town of Belmont

		BHS Geothermal Well Field

		Belmont, MA



		Summary of Parametric and Sizing Analysis - Low Kg (1)



								Design Input Parameters

						Soil Inputs_ Low Bound(2)												Borehole Inputs(3)								Vertical Piping Inputs

						Earth 
Temp °F										53.9		Borehole diameter  in						6.0		Diameter in								1.5

						Earth Diffusivity 
αg   ft2/day										1.14		Grout Conductivity
 Btu/hr.ft.°F						1.4		Pipe DR								9

						Volumetric heat capacity Btu/°F ft³										35		Borehole spacing ft						20.0		Pipe Material								PE4710

						Earth Conductivity kg Btu/hr.ft.°F										1.67		Borehole depth  ft						500.0		Fluid Factor								1.25



								Simulation @ 50-yrs Period

								Design Case               (# of Wells)		Maximum EWT constraint (oF)		Minimum EWT constraint (oF)		Peak EWT 								Average EWT 

														Max. Peak EWT  (°F)		@ Month		Min. Peak EWT  (°F)		@ Month		Max. Ave EWT  (°F)		@ Month		Min. Ave EWT  (°F)		@ Month



								470		75		40		74.7		597		49.5		1		68.3		597		52.1		1

								390		80		40		79.6		597		48.2		1		71.1		597		51.7		1

								330		85		40		84.7		597		46.8		1		74.0		597		51.2		1

								290		90		40		89.3		597		45.6		1		76.6		597		50.8		1



								Simulation @ 30-yrs Period

								Design Case               (# of Wells)		Maximum EWT constraint (oF)		Minimum EWT constraint (oF)		Peak EWT 								Average EWT 

														Max. Peak EWT  (°F)		@ Month		Min. Peak EWT  (°F)		@ Month		Max. Ave EWT  (°F)		@ Month		Min. Ave EWT  (°F)		@ Month



								430		75		40		74.6		357		48.9		1		67.3		357		51.9		1

								350		80		40		80.0		357		47.3		1		70.3		357		51.4		1

								300		85		40		84.9		357		45.9		1		72.9		357		50.9		1

								260		90		40		88.7		357		44.8		1		74.9		357		50.6		1



		Notes:

		1) Design analysis calculated using GHLEPro V.5.0.3

		2)  Design formation properties based on a thermal conductivity test performed on the test wells at the site. Assume minimal groundwater movement.

		3) Assumed - based on constructibility and previous experience.
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BHS Parametric Output_Average

		Town of Belmont

		BHS Geothermal Well Field

		Belmont, MA



		Summary of Parametric and Sizing Analysis - Average Kg (1)



								Design Input Parameters

						Soil Inputs_ Low Bound(2)												Borehole Inputs(3)								Vertical Piping Inputs

						Earth 
Temp °F										53.9		Borehole diameter  in						6.0		Diameter in								1.5

						Earth Diffusivity 
αg   ft2/day										1.19		Grout Conductivity
 Btu/hr.ft.°F						1.4		Pipe DR								9

						Volumetric heat capacity Btu/°F ft³										35		Borehole spacing ft						20.0		Pipe Material								PE4710

						Earth Conductivity kg Btu/hr.ft.°F										1.74		Borehole depth  ft						500.0		Fluid Factor								1.25



								Simulation @ 50-yrs Period

								Design Case               (# of Wells)		Maximum EWT constraint (oF)		Minimum EWT constraint (oF)		Peak EWT 								Average EWT 

														Max. Peak EWT  (°F)		@ Month		Min. Peak EWT  (°F)		@ Month		Max. Ave EWT  (°F)		@ Month		Min. Ave EWT  (°F)		@ Month



								460		75		40		74.7		597		49.4		1		68.1		597		52.1		1.0

								380		80		40		79.7		597		48.1		1		71.0		597		51.7		1.0

								320		85		40		85.0		597		46.6		1		74.0		597		51.2		1.0

								280		90		40		89.8		597		45.3		1		76.6		597		50.8		1.0



								Simulation @ 30-yrs Period

								Design Case               (# of Wells)		Maximum EWT constraint (oF)		Minimum EWT constraint (oF)		Peak EWT 								Average EWT 

														Max. Peak EWT  (°F)		@ Month		Min. Peak EWT  (°F)		@ Month		Max. Ave EWT  (°F)		@ Month		Min. Ave EWT  (°F)		@ Month



								420		75		40		74.7		357		48.8		1		67.2		357		51.9		1.0

								350		80		40		79.5		357		47.4		1		69.8		357		51.5		1.0

								300		85		40		84.3		357		46.0		1		72.3		357		51.0		1.0

								260		90		40		89.4		357		44.5		1		75.0		357		50.5		1.0



		Notes:

		1) Design analysis calculated using GHLEPro V.5.0.3

		2)  Design formation properties based on a thermal conductivity test performed on the test wells at the site. Assume minimal groundwater movement.

		3) Assumed - based on constructibility and previous experience.
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HVAC Input - BALA

				Belmont High School Geothermal Modeling Inputs (HVAC) from BALA

				Design Entering Water Temperatures (EWT) entering the heat pump:

						Maximum EWT:				85		oF		* raised from 75 oF

						Minmum EWT:				40		oF

				Design Period:     30 Years



				Loop Fluid:				30% Propylene Glycol

				Heat Pump Selection and Performance Data:

						Heat pump selection: Multi-Stack: (6) nominal 165 ton modules, Model MS165



						Heat Pump Performance  

						Cooling

						EWT (F°)		Total Cooling Capacity (ton)		Heat Rejection Rate (kBtu/hr)		Power Input (kW)

						70		1030		14,650		671.7

						75		1008		 14470		 697.0				GPM Set based on 75/85 = 3050.6 gpm

						80		985		14300		726.2

						85		961.3		14130		758.8



						Heating

						EWT (F°)		Total Heating Capacity (MBH)		Heat Extraction Rate (kBtu/hr)		Power Input (kW)

						40		9283		6510 		 812.2				GPM Set based on 75/85 = 2366.7 gpm

						45		9914		7080		830.6

						50		10560		7661		850.4

						55		11270		8324		862.7





Hourly Loads - In Posse

				Monthly Total and Peak Loads -Based on hourly loads provided by In Posse - Old												Monthly Total and Peak Loads - Based on hourly loads provided by In Posse - 03/05/2019





						Total Loads [1000 Btu]				Peak Loads [1000 Btu/h]								Total Loads 
[1000 Btu]				Peak Loads 
[1000 Btu/h]

						Heating		Cooling		Heating		Cooling						Heating		Cooling		Heating		Cooling

				January		1,385,968		123,231		11,893		2,313				January		1,113,309		82,540		9,147		677

				February		799,291		114,946		7,477		845				February		717,698		77,681		6,636		399

				March		497,393		232,196		5,532		5,111				March		619,013		123,122		5,274		4,441

				April		209,691		436,061		2,542		10,199				April		326,467		223,131		3,592		3,506

				May		121,049		1,219,256		1,245		11,224				May		160,606		847,992		2,093		9,130

				June		100,648		1,492,029		664		11,738				June		111,526		794,894		979		9,386

				July		98,335		2,104,898		6,268		12,159				July		80,726		586,567		143		4,311

				August		107,008		2,171,857		6,014		18,531				August		80,751		577,140		150		4,302

				September		84,091		1,790,657		559		12,354				September		89,109		1,145,956		673		9,704

				October		138,265		911,501		1,689		11,410				October		209,208		598,624		1,967		8,539

				November		362,942		357,673		6,164		5,270				November		449,215		222,232		6,214		5,651

				December		611,604		186,999		6,843		3,298				December		663,859		102,258		6,270		1,685



				Year_Total		4,516,285		11,141,303								Year_Total		4,621,486		5,382,135

				Delta		(6,625,018)										Delta		(760,648)





Thermal Conductivity Tests

				Summary of Thermal Conductivity Tests - BHS Geothermal Well Fields

				Parameters								Boring #						Average

												GT-01		GT-02		GT-03

				Earth 
Temp °F								53.0 - 54.0		53.6 - 54.2		53.8 - 55.0		53.9

				Earth Diffusivity 
αg  ft2/day								1.19		1.24		1.14		1.19

				Volumetric heat capacity Btu/°F ft³								35.0		34.9		35.0		35.0

				Earth Conductivity kg Btu/hr.ft.°F								1.74		1.8		1.67		1.74





EWT change over time

				Monthly		Temperature		Summary

		*************************************************************************

		Note:		EWT		=		Entering		water		temperature		to		heat		pump(s)

				ExWT		=		Exiting		water		temperature		from		heat		pump(s)

				Average		=		End		of		Month		temperature		due		to		Average		Monthly		Loads

				HP		Energy		=		Electrical		Energy		requirements		of		Heat		Pump(s)

		***********************************************************************************************

				HP		Average		Average		Minimum		Maximum

				Time		Q		Energy		Tf		ExWT		EWT		EWT		EWT

				(months)		(Btu/hr*ft)		(kW-hr)		(F)		(F)		(F)		(F)		(F)

		***********************************************************************************************

				1		6.43		91894.85		50.6		50.26		50.93		45.92		53.01

				2		4.32		59950.44		51.29		51.06		51.51		47.8		52.83

				3		2.8		53794.14		51.8		51.66		51.95		48.9		58.59

				4		-0.14		34663.8		53.22		53.23		53.22		50.85		58.03

				5		-7.66		49383.34		57.11		57.51		56.71		54.29		68.24

				6		-7.7		43603.88		57.6		58		57.2		55.51		69.11

				7		-5.5		31854.02		56.98		57.26		56.69		55.85		61.71

				8		-5.41		31544.26		57.24		57.52		56.96		56.13		61.98

				9		-11.67		59906.17		60.81		61.41		60.2		58.18		71.93

				10		-4.78		42377.33		57.92		58.16		57.67		55.72		68.89

				11		0.72		43871.47		55.28		55.24		55.31		51.34		63.34

				12		3.33		55724.93		53.67		53.5		53.85		50.21		56.76

				13		6.46		90982.13		51.83		51.49		52.17		47.13		54.25

				14		4.34		59337.32		52.61		52.39		52.84		49.11		54.17

				15		2.81		53325.66		53.12		52.98		53.27		50.21		59.93

				16		-0.13		34592.25		54.32		54.32		54.31		51.93		59.14

				17		-7.68		49897.73		58.08		58.48		57.68		55.26		69.23

				18		-7.72		44136.84		58.62		59.02		58.21		56.52		70.15

				19		-5.51		32243.36		57.96		58.25		57.68		56.84		62.7

				20		-5.42		31938.41		58.26		58.54		57.98		57.15		63.01

				21		-11.7		60757.49		61.86		62.47		61.25		59.22		73.01

				22		-4.79		42717		59.01		59.26		58.76		56.81		70.02

				23		0.72		43695.88		56.41		56.37		56.45		52.46		64.49

				24		3.35		55206.71		54.96		54.78		55.13		51.47		58.06

				25		6.49		90004.49		53.15		52.81		53.49		48.43		55.59

				26		4.36		58757.48		53.87		53.64		54.09		50.35		55.43

				27		2.83		52925.89		54.25		54.1		54.4		51.32		61.08

				28		-0.13		34522.55		55.38		55.39		55.37		52.99		60.21

				29		-7.69		50439.16		59.1		59.5		58.7		56.27		70.28

				30		-7.73		44649.22		59.59		59.99		59.19		57.49		71.15

				31		-5.52		32583.84		58.84		59.13		58.55		57.71		63.59

				32		-5.43		32235.12		59.04		59.32		58.75		57.92		63.8

				33		-11.72		61331.96		62.57		63.18		61.96		59.93		73.74

				34		-4.8		42920.93		59.68		59.93		59.43		57.47		70.7

				35		0.73		43586.61		57.11		57.07		57.15		53.15		65.21

				36		3.35		54895.94		55.73		55.55		55.9		52.24		58.84

				37		6.5		89394.94		53.97		53.63		54.3		49.23		56.41

				38		4.37		58362.31		54.72		54.49		54.95		51.2		56.28

				39		2.84		52589.53		55.2		55.05		55.34		52.26		62.04

				40		-0.13		34456.63		56.38		56.39		56.38		53.99		61.23

				41		-7.71		50966.45		60.1		60.5		59.7		57.26		71.3

				42		-7.75		45139.78		60.53		60.93		60.12		58.42		72.11

				43		-5.54		32931.07		59.73		60.02		59.44		58.6		64.49

				44		-5.44		32566.5		59.9		60.19		59.62		58.79		64.67

				45		-11.74		62020.34		63.42		64.03		62.81		60.78		74.61

				46		-4.8		43165.61		60.48		60.73		60.23		58.27		71.52

				47		0.73		43471.59		57.85		57.81		57.89		53.89		65.97

				48		3.36		54614.63		56.42		56.25		56.6		52.92		59.54

				49		6.52		88894.85		54.63		54.29		54.97		49.89		57.08

				50		4.39		58048.33		55.4		55.17		55.63		51.87		56.97

				51		2.84		52336.48		55.91		55.76		56.06		52.97		62.77

				52		-0.13		34408.03		57.12		57.13		57.12		54.72		61.98

				53		-7.72		51372.76		60.86		61.27		60.46		58.02		72.09

				54		-7.76		45563.4		61.33		61.74		60.93		59.23		72.94

				55		-5.55		33257.67		60.57		60.86		60.28		59.44		65.34

				56		-5.45		32885.1		60.74		61.02		60.46		59.62		65.52

				57		-11.76		62675.65		64.23		64.85		63.62		61.58		75.44

				58		-4.81		43403.28		61.26		61.51		61.01		59.04		72.32

				59		0.73		43353.99		58.61		58.57		58.65		54.63		66.74

				60		3.37		54323.64		57.16		56.99		57.34		53.66		60.28

				61		6.53		88377.59		55.34		55		55.68		50.59		57.79

				62		4.4		57738.63		56.07		55.84		56.3		52.53		57.64

				63		2.85		52109.43		56.55		56.4		56.7		53.6		63.42

				64		-0.13		34367.22		57.75		57.75		57.74		55.34		62.61

				65		-7.73		51708.27		61.5		61.9		61.09		58.65		72.74

				66		-7.77		45910.71		61.99		62.4		61.59		59.88		73.62

				67		-5.55		33523.32		61.26		61.55		60.97		60.12		66.03

				68		-5.46		33152.08		61.44		61.72		61.16		60.32		66.23

				69		-11.78		63268.97		64.97		65.58		64.35		62.31		76.2

				70		-4.82		43635.82		62.02		62.27		61.77		59.8		73.1

				71		0.74		43236.49		59.37		59.33		59.41		55.38		67.51

				72		3.38		54029.22		57.9		57.72		58.07		54.38		61.02

				73		6.55		87852.69		56.05		55.71		56.39		51.29		58.51

				74		4.41		57425.72		56.77		56.54		57		53.22		58.34

				75		2.86		51864.82		57.24		57.09		57.39		54.28		64.12

				76		-0.13		34322.53		58.43		58.44		58.42		56.02		63.3

				77		-7.75		52067.52		62.17		62.58		61.77		59.32		73.43

				78		-7.78		46261.89		62.66		63.07		62.26		60.55		74.3

				79		-5.56		33779.23		61.92		62.2		61.63		60.78		66.7

				80		-5.47		33399.85		62.09		62.37		61.8		60.97		66.88

				81		-11.8		63790.81		65.61		66.23		65		62.95		76.86

				82		-4.83		43828.87		62.65		62.91		62.4		60.43		73.75

				83		0.74		43140.34		59.99		59.95		60.03		55.99		68.14

				84		3.39		53784.77		58.51		58.33		58.68		54.98		61.64

				85		6.56		87409.77		56.65		56.31		56.99		51.87		59.11

				86		4.42		57154.32		57.36		57.13		57.59		53.8		58.94

				87		2.86		51664.59		57.82		57.67		57.97		54.86		64.71

				88		-0.12		34284.56		59.01		59.01		59		56.59		63.88

				89		-7.76		52373.47		62.75		63.16		62.35		59.89		74.02

				90		-7.79		46561.6		63.23		63.64		62.83		61.12		74.89

				91		-5.57		33997.57		62.48		62.77		62.19		61.34		67.27

				92		-5.47		33603.02		62.62		62.91		62.34		61.5		67.42

				93		-11.81		64207.12		66.13		66.74		65.51		63.46		77.39

				94		-4.83		43980.28		63.15		63.4		62.9		60.92		74.26

				95		0.74		43064.49		60.48		60.44		60.52		56.48		68.64

				96		3.39		53580.64		59.02		58.84		59.19		55.49		62.15

				97		6.58		87019.37		57.17		56.83		57.52		52.39		59.64

				98		4.42		56905.73		57.9		57.67		58.13		54.34		59.48

				99		2.87		51468		58.38		58.23		58.53		55.41		65.28

				100		-0.12		34245.67		59.6		59.61		59.59		57.18		64.48

				101		-7.77		52695.81		63.36		63.76		62.96		60.5		74.65

				102		-7.8		46876.21		63.83		64.24		63.43		61.71		75.5

				103		-5.58		34223.26		63.06		63.35		62.77		61.92		67.85

				104		-5.48		33822.28		63.2		63.48		62.91		62.07		68

				105		-11.82		64670.44		66.7		67.32		66.09		64.03		77.97

				106		-4.84		44152.26		63.71		63.97		63.46		61.48		74.84

				107		0.75		42978.56		61.03		60.99		61.07		57.02		69.21

				108		3.4		53361.46		59.56		59.38		59.74		56.03		62.7

				109		6.59		86620.94		57.71		57.37		58.06		52.92		60.18

				110		4.43		56660.81		58.44		58.2		58.67		54.87		60.02

				111		2.88		51281.18		58.91		58.76		59.06		55.94		65.82

				112		-0.12		34211.19		60.13		60.13		60.12		57.7		65.02

				113		-7.77		52974.5		63.89		64.29		63.48		61.02		75.19

				114		-7.81		47149.97		64.36		64.76		63.95		62.23		76.04

				115		-5.58		34423.69		63.57		63.86		63.28		62.43		68.37

				116		-5.48		34017.23		63.71		63.99		63.42		62.58		68.52

				117		-11.84		65082.88		67.21		67.83		66.6		64.54		78.5

				118		-4.84		44305.52		64.22		64.47		63.96		61.98		75.35

				119		0.75		42901.89		61.52		61.49		61.56		57.51		69.71

				120		3.41		53165.69		60.05		59.87		60.23		56.51		63.19

				121		6.6		86264.67		58.19		57.85		58.54		53.39		60.66

				122		4.44		56448.67		58.9		58.67		59.13		55.32		60.48

				123		2.88		51124.05		59.35		59.2		59.5		56.38		66.27

				124		-0.12		34182.74		60.56		60.57		60.55		58.13		65.46

				125		-7.78		53203.95		64.32		64.72		63.91		61.45		75.63

				126		-7.82		47385.43		64.8		65.21		64.4		62.68		76.5

				127		-5.59		34605.06		64.04		64.33		63.75		62.9		68.85

				128		-5.49		34200.43		64.19		64.47		63.9		63.06		69

				129		-11.85		65483.87		67.71		68.33		67.09		65.03		79.01

				130		-4.85		44464.16		64.74		64.99		64.48		62.49		75.89

				131		0.75		42822.56		62.05		62.02		62.09		58.03		70.25

				132		3.41		52955.44		60.57		60.4		60.75		57.03		63.72

				133		6.61		85887.89		58.7		58.36		59.05		53.89		61.18

				134		4.45		56217.44		59.4		59.17		59.63		55.82		60.99

				135		2.89		50947.38		59.85		59.7		60.01		56.88		66.78

				136		-0.12		34150.07		61.06		61.07		61.05		58.63		65.96

				137		-7.79		53468.42		64.82		65.22		64.41		61.94		76.14

				138		-7.83		47645.7		65.3		65.71		64.89		63.17		77.01

				139		-5.59		34795.98		64.53		64.82		64.24		63.39		69.34

				140		-5.5		34386.47		64.68		64.96		64.39		63.55		69.5

				141		-11.86		65878.14		68.2		68.81		67.58		65.52		79.51

				142		-4.85		44610.94		65.22		65.47		64.96		62.97		76.38

				143		0.75		42749.17		62.53		62.49		62.57		58.5		70.73

				144		3.42		52767.34		61.04		60.86		61.22		57.49		64.19

				145		6.62		85545.06		59.16		58.82		59.51		54.35		61.64

				146		4.45		56006.2		59.86		59.63		60.09		56.28		61.45

				147		2.89		50785.86		60.31		60.16		60.46		57.33		67.24

				148		-0.12		34120.19		61.51		61.52		61.51		59.08		66.42

				149		-7.8		53710.51		65.27		65.68		64.87		62.4		76.61

				150		-7.84		47884.11		65.75		66.16		65.35		63.62		77.47

				151		-5.6		34970.97		64.98		65.27		64.69		63.84		69.8

				152		-5.5		34557.1		65.12		65.41		64.84		63.99		69.95

				153		-11.87		66240.01		68.64		69.26		68.03		65.96		79.97

				154		-4.85		44745.73		65.66		65.91		65.41		63.41		76.83

				155		0.75		42681.74		62.96		62.92		63		58.93		71.18

				156		3.42		52594.39		61.47		61.29		61.65		57.92		64.63

				157		6.63		85229.67		59.59		59.24		59.93		54.77		62.07

				158		4.46		55811.74		60.28		60.05		60.52		56.69		61.88

				159		2.9		50637.09		60.73		60.58		60.88		57.75		67.67

				160		-0.12		34092.64		61.93		61.94		61.93		59.5		66.85

				161		-7.8		53933.75		65.69		66.1		65.29		62.81		77.04

				162		-7.84		48104.07		66.17		66.58		65.76		64.04		77.9

				163		-5.6		35132.51		65.4		65.69		65.1		64.25		70.22

				164		-5.51		34714.69		65.54		65.82		65.25		64.4		70.37

				165		-11.88		66574.39		69.06		69.68		68.44		66.38		80.39

				166		-4.86		44870.35		66.07		66.32		65.81		63.82		77.25

				167		0.76		42619.37		63.37		63.33		63.41		59.33		71.59

				168		3.43		52434.32		61.87		61.69		62.05		58.31		65.03

				169		6.64		84937.59		59.98		59.64		60.33		55.16		62.47

				170		4.47		55631.56		60.68		60.44		60.91		57.08		62.27

				171		2.9		50499.17		61.12		60.97		61.28		58.13		68.07

				172		-0.12		34067.1		62.32		62.33		62.32		59.88		67.24

				173		-7.81		54140.9		66.09		66.49		65.68		63.2		77.44

				174		-7.85		48308.28		66.56		66.97		66.15		64.43		78.3

				175		-5.61		35282.54		65.78		66.08		65.49		64.64		70.61

				176		-5.51		34861.13		65.92		66.21		65.63		64.79		70.76

				177		-11.89		66885.24		69.44		70.06		68.82		66.76		80.79

				178		-4.86		44986.25		66.45		66.7		66.19		64.19		77.64

				179		0.76		42561.33		63.74		63.7		63.78		59.7		71.97

				180		3.43		52285.32		62.24		62.06		62.42		58.68		65.4

				181		6.65		84665.61		60.35		60		60.7		55.52		62.84

				182		4.47		55463.7		61.04		60.81		61.28		57.44		62.64

				183		2.9		50370.64		61.49		61.34		61.64		58.49		68.44

				184		-0.12		34043.28		62.69		62.69		62.68		60.24		67.61

				185		-7.82		54334.12		66.45		66.86		66.04		63.56		77.82

				186		-7.86		48498.83		66.92		67.33		66.51		64.79		78.68

				187		-5.61		35422.6		66.14		66.44		65.85		65		70.97

				188		-5.52		34997.88		66.28		66.57		65.99		65.15		71.12

				189		-11.9		67175.66		69.8		70.42		69.18		67.11		81.15

				190		-4.87		45094.58		66.8		67.05		66.55		64.55		78

				191		0.76		42507.06		64.09		64.05		64.13		60.05		72.33

				192		3.44		52145.95		62.59		62.41		62.77		59.02		65.75

				193		6.66		84411.13		60.69		60.35		61.04		55.86		63.18

				194		4.48		55306.59		61.39		61.15		61.62		57.78		62.98

				195		2.91		50250.29		61.83		61.68		61.98		58.83		68.79

				196		-0.12		34020.97		63.03		63.03		63.02		60.58		67.95

				197		-7.82		54515.18		66.79		67.2		66.38		63.9		78.17

				198		-7.86		48677.45		67.26		67.67		66.85		65.13		79.03

				199		-5.62		35553.94		66.48		66.77		66.19		65.33		71.31

				200		-5.52		35126.17		66.61		66.9		66.33		65.48		71.46

				201		-11.91		67448.18		70.14		70.76		69.52		67.45		81.5

				202		-4.87		45196.26		67.13		67.39		66.88		64.88		78.35

				203		0.76		42456.1		64.42		64.38		64.46		60.37		72.66

				204		3.44		52015.04		62.92		62.74		63.1		59.34		66.08

				205		6.66		84172.01		61.02		60.67		61.36		56.17		63.51

				206		4.48		55158.92		61.71		61.47		61.94		58.1		63.3

				207		2.91		50137.13		62.15		62		62.3		59.15		69.11

				208		-0.12		33999.98		63.35		63.35		63.34		60.9		68.28

				209		-7.83		54685.53		67.11		67.52		66.71		64.22		78.5

				210		-7.87		48845.56		67.58		67.99		67.17		65.44		79.35

				211		-5.62		35677.58		66.8		67.09		66.51		65.65		71.64

				212		-5.52		35246.97		66.93		67.22		66.64		65.8		71.78

				213		-11.92		67704.89		70.46		71.08		69.84		67.77		81.83

				214		-4.87		45292.07		67.45		67.7		67.19		65.19		78.67

				215		0.76		42408.08		64.73		64.69		64.77		60.68		72.98

				216		3.45		51891.63		63.22		63.04		63.4		59.65		66.39

				217		6.67		83946.5		61.32		60.97		61.67		56.47		63.81

				218		4.49		55019.61		62.01		61.78		62.24		58.4		63.61

				219		2.91		50030.35		62.45		62.3		62.6		59.45		69.42

				220		-0.12		33980.18		63.65		63.66		63.64		61.2		68.58

				221		-7.83		54846.36		67.42		67.82		67.01		64.52		78.81

				222		-7.87		49004.32		67.89		68.3		67.48		65.74		79.67

				223		-5.62		35794.38		67.1		67.39		66.81		65.95		71.94

				224		-5.53		35361.12		67.23		67.52		66.94		66.1		72.08

				225		-11.93		67947.52		70.76		71.38		70.14		68.06		82.13

				226		-4.87		45382.66		67.74		68		67.49		65.48		78.97

				227		0.76		42362.66		65.03		64.99		65.06		60.97		73.28

				228		3.45		51774.88		63.51		63.33		63.69		59.93		66.69

				229		6.68		83733.13		61.61		61.26		61.96		56.76		64.1

				230		4.49		54887.76		62.3		62.06		62.53		58.68		63.9

				231		2.92		49929.26		62.74		62.59		62.89		59.73		69.71

				232		-0.11		33961.42		63.94		63.94		63.93		61.48		68.87

				233		-7.84		54998.69		67.7		68.11		67.3		64.81		79.1

				234		-7.88		49154.73		68.17		68.58		67.76		66.03		79.96

				235		-5.63		35905.07		67.38		67.68		67.09		66.24		72.23

				236		-5.53		35469.32		67.51		67.8		67.23		66.38		72.37

				237		-11.94		68177.56		71.04		71.66		70.42		68.35		82.43

				238		-4.88		45468.56		68.03		68.28		67.77		65.76		79.26

				239		0.77		42319.58		65.3		65.26		65.34		61.24		73.56

				240		3.45		51664.11		63.79		63.61		63.97		60.21		66.96

				241		6.68		83530.64		61.88		61.53		62.23		57.02		64.38

				242		4.5		54762.62		62.57		62.34		62.8		58.95		64.17

				243		2.92		49834.92		63.01		62.85		63.16		60		69.98

				244		-0.11		33944.26		64.2		64.2		64.19		61.74		69.14

				245		-7.84		55136.27		67.96		68.37		67.55		65.06		79.37

				246		-7.88		49290.15		68.43		68.84		68.02		66.29		80.22

				247		-5.63		36006.93		67.65		67.94		67.35		66.5		72.49

				248		-5.53		35572.04		67.78		68.07		67.5		66.65		72.64

				249		-11.94		68401.35		71.32		71.94		70.7		68.62		82.71

				250		-4.88		45553.91		68.31		68.56		68.05		66.04		79.55

				251		0.77		42275.18		65.59		65.55		65.63		61.52		73.85

				252		3.46		51547.02		64.08		63.9		64.26		60.49		67.26

				253		6.69		83315.75		62.17		61.82		62.52		57.31		64.67

				254		4.5		54630.99		62.86		62.62		63.09		59.24		64.46

				255		2.92		49734.35		63.29		63.14		63.44		60.28		70.27

				256		-0.11		33925.59		64.48		64.49		64.48		62.02		69.42

				257		-7.85		55287.94		68.25		68.66		67.84		65.35		79.66

				258		-7.89		49439.97		68.72		69.13		68.31		66.57		80.52

				259		-5.63		36117.23		67.93		68.22		67.64		66.78		72.78

				260		-5.54		35679.92		68.07		68.35		67.78		66.93		72.93

				261		-11.95		68630.82		71.6		72.23		70.98		68.9		83

				262		-4.88		45639.64		68.59		68.84		68.33		66.32		79.84

				263		0.77		42232.17		65.87		65.83		65.91		61.8		74.14

				264		3.46		51436.38		64.36		64.18		64.54		60.77		67.54

				265		6.7		83113.41		62.44		62.09		62.79		57.58		64.95

				266		4.5		54505.88		63.13		62.89		63.36		59.51		64.73

				267		2.93		49638.39		63.56		63.41		63.71		60.55		70.55

				268		-0.11		33907.78		64.75		64.76		64.75		62.29		69.7

				269		-7.85		55432.72		68.52		68.93		68.11		65.62		79.94

				270		-7.89		49583		68.99		69.4		68.58		66.84		80.8

				271		-5.64		36222.56		68.2		68.5		67.91		67.05		73.05

				272		-5.54		35782.95		68.34		68.63		68.05		67.2		73.2

				273		-11.96		68850.02		71.87		72.5		71.25		69.17		83.28

				274		-4.89		45721.54		68.86		69.11		68.6		66.59		80.11

				275		0.77		42191.06		66.13		66.09		66.17		62.06		74.41

				276		3.46		51330.63		64.62		64.44		64.8		61.03		67.8

				277		6.7		82919.99		62.7		62.36		63.05		57.83		65.21

				278		4.51		54386.27		63.39		63.15		63.62		59.76		65

				279		2.93		49546.62		63.82		63.67		63.97		60.8		70.81

				280		-0.11		33890.74		65.01		65.02		65.01		62.55		69.96

				281		-7.86		55571.21		68.78		69.19		68.37		65.88		80.21

				282		-7.9		49719.84		69.25		69.66		68.84		67.1		81.06

				283		-5.64		36323.34		68.46		68.75		68.17		67.31		73.32

				284		-5.54		35881.56		68.59		68.88		68.31		67.46		73.46

				285		-11.96		69059.84		72.13		72.76		71.51		69.43		83.55

				286		-4.89		45799.96		69.11		69.37		68.86		66.84		80.37

				287		0.77		42151.71		66.39		66.35		66.43		62.31		74.67

				288		3.47		51229.36		64.87		64.69		65.05		61.28		68.06

				289		6.71		82734.72		62.95		62.6		63.3		58.08		65.46

				290		4.51		54271.68		63.64		63.4		63.87		60.01		65.25

				291		2.93		49458.68		64.07		63.92		64.22		61.05		71.07

				292		-0.11		33874.41		65.26		65.27		65.26		62.8		70.21

				293		-7.86		55703.96		69.03		69.44		68.62		66.13		80.47

				294		-7.9		49851.03		69.5		69.91		69.09		67.35		81.32

				295		-5.64		36419.97		68.71		69		68.42		67.56		73.57

				296		-5.55		35976.11		68.84		69.13		68.55		67.7		73.71

				297		-11.97		69261.06		72.38		73.01		71.76		69.68		83.8

				298		-4.89		45875.17		69.36		69.61		69.1		67.09		80.63

				299		0.77		42113.95		66.63		66.59		66.67		62.55		74.92

				300		3.47		51132.2		65.12		64.93		65.3		61.52		68.3

				301		6.71		82556.94		63.19		62.84		63.54		58.32		65.7

				302		4.52		54161.71		63.88		63.64		64.11		60.25		65.49

				303		2.93		49374.28		64.31		64.16		64.46		61.29		71.31

				304		-0.11		33858.73		65.5		65.51		65.5		63.04		70.45

				305		-7.86		55831.41		69.27		69.68		68.87		66.37		80.71

				306		-7.9		49977		69.74		70.15		69.33		67.59		81.57

				307		-5.65		36512.77		68.95		69.24		68.65		67.79		73.81

				308		-5.55		36066.93		69.08		69.37		68.79		67.94		73.95

				309		-11.98		69454.36		72.62		73.25		72		69.92		84.05

				310		-4.89		45947.43		69.6		69.85		69.34		67.32		80.87

				311		0.77		42077.67		66.87		66.83		66.91		62.78		75.16

				312		3.47		51038.82		65.35		65.17		65.53		61.75		68.54

				313		6.72		82386.07		63.42		63.07		63.77		58.54		65.93

				314		4.52		54056		64.11		63.87		64.34		60.47		65.72

				315		2.94		49293.14		64.54		64.39		64.69		61.52		71.54

				316		-0.11		33843.66		65.73		65.74		65.73		63.26		70.69

				317		-7.87		55953.98		69.51		69.92		69.1		66.59		80.95

				318		-7.91		50098.16		69.97		70.38		69.56		67.82		81.8

				319		-5.65		36602.04		69.18		69.47		68.88		68.02		74.04

				320		-5.55		36154.3		69.31		69.6		69.02		68.17		74.18

				321		-11.98		69640.34		72.85		73.48		72.23		70.15		84.28

				322		-4.89		46016.96		69.82		70.08		69.57		67.55		81.1

				323		0.77		42042.76		67.09		67.05		67.13		63.01		75.38

				324		3.48		50948.95		65.57		65.39		65.75		61.97		68.76

				325		6.72		82221.59		63.65		63.3		64		58.76		66.16

				326		4.52		53954.23		64.33		64.1		64.57		60.69		65.94

				327		2.94		49215.01		64.76		64.61		64.91		61.74		71.77

				328		-0.11		33829.14		65.95		65.96		65.95		63.48		70.91

				329		-7.87		56072.02		69.73		70.14		69.32		66.82		81.18

				330		-7.91		50214.86		70.19		70.6		69.78		68.04		82.03

				331		-5.65		36688.03		69.4		69.69		69.1		68.24		74.26

				332		-5.55		36238.48		69.53		69.82		69.24		68.39		74.41

				333		-11.99		69819.55		73.07		73.7		72.45		70.37		84.51

				334		-4.9		46083.96		70.04		70.3		69.79		67.77		81.33

				335		0.78		42009.11		67.31		67.27		67.35		63.22		75.61

				336		3.48		50862.33		65.79		65.61		65.97		62.18		68.98

				337		6.73		82063.04		63.86		63.51		64.21		58.97		66.37

				338		4.53		53856.11		64.54		64.31		64.78		60.9		66.16

				339		2.94		49139.68		64.97		64.82		65.13		61.95		71.99

				340		-0.11		33815.15		66.17		66.17		66.16		63.7		71.13

				341		-7.87		56185.85		69.94		70.35		69.53		67.03		81.4

				342		-7.92		50327.42		70.41		70.82		69.99		68.25		82.25

				343		-5.65		36770.98		69.61		69.91		69.32		68.46		74.48

				344		-5.56		36319.68		69.74		70.03		69.45		68.6		74.62

				345		-11.99		69992.44		73.29		73.91		72.66		70.58		84.73

				346		-4.9		46148.62		70.25		70.51		70		67.98		81.55

				347		0.78		41976.64		67.52		67.48		67.56		63.43		75.82

				348		3.48		50778.72		66		65.81		66.18		62.39		69.19

				349		6.73		81910		64.07		63.72		64.42		59.18		66.58

				350		4.53		53761.4		64.75		64.51		64.99		61.11		66.36

				351		2.94		49066.95		65.18		65.03		65.33		62.15		72.19

				352		-0.11		33801.63		66.37		66.38		66.37		63.9		71.34

				353		-7.88		56295.78		70.15		70.56		69.74		67.23		81.61

				354		-7.92		50436.12		70.61		71.03		70.2		68.46		82.47

				355		-5.66		36851.1		69.82		70.11		69.52		68.66		74.69

				356		-5.56		36398.12		69.95		70.24		69.66		68.81		74.83

				357		-12		70159.47		73.49		74.12		72.87		70.78		84.94

				358		-4.9		46211.08		70.46		70.71		70.2		68.18		81.76

				359		0.78		41945.26		67.72		67.68		67.76		63.63		76.03

				360		3.48		50697.94		66.2		66.02		66.38		62.59		69.39



BHS Geothermal Simulation EWT - Low Kg, 85-40 EWT, 30-Year Period 
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Modeling
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Presenter
Presentation Notes
Modeling based on conductivity testing, heating/cooling loads and HVAC requirenmets for heat pump, 500 foot wells at 20 foot spacing
320 wells are proposed
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Presenter
Presentation Notes
All wells will fit in these two areas
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