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[bookmark: _Toc363199303]Context 
[bookmark: _Toc363199304]RTF Ground Source Heat Pump Demonstration Project
Purpose:
The objectives for installing and monitoring a GSHP at CCHRC’s facility are to:

1) Determine if long-term performance of a GSHP is stable in a severe cold climate, and thoroughly characterize its efficiency over multiple heating seasons. 
2) Evaluate if thermal degradation of the ground loop field is a fundamental challenge for adoption of the technology in cold climates.
3) Examine the significance of practical and affordable ground surface treatments to maximize energy capture in the ground.
4) Compare the primary energy consumption and greenhouse gas emissions of the GSHP installation relative to conventional heating systems.
5) Demonstrate the viability of a GSHP at its most northern (coldest) limit of operation.
Funders: Alaska Energy Authority (AEA)-Emerging Energy Tech Fund (EETF)
Duration: September 2012 to July 2016
Folder Locations: \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration
Partners: Institute of Northern Engineering (INE) at University of Alaska Fairbanks (UAF), Alaska Geothermal LLC
Proposal Documents: \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration\EETF Proposal Docs

[bookmark: _Toc363199305]Data Collection
In order to meet the objectives several streams of data will be collected, stored, and analyzed.  Four types of data will be collected; ground loop data, equipment performance data, system notes, and installation and maintenance cost data.  

The ground loop and equipment performance will be physically monitored with a variety of sensors.  All of the sensors will be connected to a data logging system on the CCHRC Insight server that will record raw data from each sensor and format that data into useable data files. The data files will be exported to both local and remote webservers. The installation and maintenance cost data will be collected throughout the course of the project as costs become apparent.  This cost data will also be stored on both local and remote webservers. Raw data from the ground loop and equipment performance data logger will be exported to ACEP’s data server once a week via FTP.
[bookmark: _Toc363199306]Ground Loop Data
Instrumentation of the heat pump system will include three thermistor temperature sensor strings within the horizontal ground loop and two sensor strings in undisturbed ground as a baseline. A sixth temperature string will run horizontally across the top of the ground loops just below the surface and out to the baseline strings.  The temperature sensors will enable the analysis of how the heat pump affects the thermal regime of the ground and the degree to which the ground recovers heat. This pertains to the second and third research objectives stated above. Each string will have multiple sensors that reach to varying depths in the active layer (i.e. above the underlying permafrost). The sensors will be placed similar to the layout in Figure 1.

[image: ]
Figure 1. Schematic of Ground Temperature Sensors. More detailed information about the ground sensors is available in the appendix.   

Data from the thermistor strings will be recorded using a Campbell Scientific CR1000 datalogger (pak address 110).  The sensors will be scanned every 2 minutes and average data will be recorded hourly and daily.
[bookmark: _Toc363199307]Equipment Performance Data
The heat pump and circulating pumps will be monitored for electrical consumption. BTU meters on the ground loop and hydronic heat distribution sides of the heat pump will be used to monitor the energy in and out of the heat pump. The data will be collected via a CR 1000 . Figure 2 shows the conceptual layout of the heat pump system and rough location of the sensors. This equipment will help researchers address objectives 1, 2, and 5 listed above.
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Figure 2. Conceptual schematic for the RTF heat pump system with instrumentation. More detailed information about the in-building sensors is available in the appendix.   
System notes
Operational notes and maintenance logs will be recorded in a lab notebook that the building operations assistant maintains and keeps. Significant events will be copied over to CCHRC’s internal wiki as time allows.
Installation and Maintenance Cost Data
Beyond the potential for energy savings for an individual building, a key consideration in evaluating heat pump performance is determining whether it provides a net benefit when considering primary energy consumption and greenhouse gas emissions associated with electricity generation. By understanding the long-term efficiency of GSHPs, a comparison of GSHPs to conventional heating methods (e.g. heating oil) can be conducted via a life cycle cost analysis (LCCA). This effort will closely track all the costs associated with the GSHP, from initial purchase and transport of materials to installation. Electricity use will be monitored, routine service and repair costs tracked, and costs for replacement of major components if necessary will be tracked as well.  This data will be logged into a spreadsheet format and stored on the local CCHRC server as well as the remote CCHRC webserver. This set of data will enable researchers to address objective 4 listed above.

[bookmark: _Toc363199308]Other Data Sources
Weather Data
Weather data will be necessary for some of the analysis of the heat pump system. In particular temperature and solar radiation will be important in studying the thermal regime in the ground loop. CCHRC has a weather station on the roof of its building. The data from the weather station is currently logged on hourly and daily intervals and uploaded to an external data server daily. CCHRC will pull data from the weather station data as needed and save the excerpted data on the local CCHRC data server.
Potential Data 
There may be other data streams that become necessary in the course of the project. For example the masonry stove also heats this portion of the building; it may become necessary to look at data from the masonry stove as part of this project. The masonry stove as well as other heating system points are monitored by the building’s Siemens control system and can be accessed at any time if needed.

[bookmark: _Toc363199309]Policies
CCHRC will provide quarterly updates to AEA (both fiscal and physical status updates)
[bookmark: _Toc363199310]Responsibilities
Robbin Garber-Slaght and Colin Craven are the PIs for this project. Robbin is the project manager making sure all steps of the project are completed in compliance with the grant language and this data management plan. The data management plan will be revisited once the data system is running.
[bookmark: _Toc363199311]Organization of data
File structure
Data is recorded on the CR1000 as a time series. Each recording interval becomes a data table. Tables will be programed to output very specific data for future analysis. Raw tables will be stored as .csv files.
The CR1000 has the capability of creating calculated data points. These calculated data points will be stored in separate table files.
Naming conventions
Each data point will have a specific name.  All names for the interior sensors will start with RTFGSHP; all names from the ground loop will start with GL. Data names will be as descriptive as possible and end with “_units”
The CR1000 outputs tables based on data time intervals. The data tables will be organized in the best way possible to create meaningful data later, the start of the data table name is RTFGSHP and end with the time interval.
Formats and Units
All numbers will be no longer than 4 values after the decimal place. The data starts as a .csv and will be stored as .csv.  All units will be in SI; temperature=°C, energy rate = kW, flow rate = L/min, total energy=kWh
Data analysis formats
.csv will be converted into other formats for analysis. Excel and Matlab are two potential formats for analyzed data.
Versioning
Raw data files will be appended to with every data upload. If there is a break in data gathering a new file will begin and the old file will be stored with the dates of the data in the name. Any analyzed data will have the date of the analyzed data in its name. Data should not be overwritten if new analysis takes place, a new version of the data should be saved with a new name that includes the date.
[bookmark: _Toc363199312]Documentation and Metadata
[bookmark: _Toc363199313]Data Documentation
All digital data and documentation for this project will be stored here \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration\Data. Raw sensor data will also be stored at the Arctic Regions Supercomputer Center (ARSC) at UAF. 
Each researcher on this project maintains an independent lab notebook where they may record information related to this project in the form of rough notes. That information will get a label “RTFGSHP” to make those notes easy to find if they become necessary. 
There is a binder for this project labeled RTFGHSP that resides on the PM’s desk and holds papers that may not have been digitized. Manuals for instruments and equipment are to be kept in this binder.
[bookmark: _Toc363199314]Metadata
Data on the sensors is the most important data in this project and needs to follow a very specific format. There is an overall data standards document outlined below. In addition, each data table will have its own metadata document; the components of the table metadata are outlined below.
Data Standards
Detailed data standards are appended to this document.  The data standards include details about each sensor, its purpose, location, program, and output files.  The CR1000 programs and wiring diagrams are appended to the data standards
Data standards and wiring diagrams will be kept in \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration\Metadata and updated on a semi-monthly basis.
Table Metadata
Each table will have a metadata document that includes all of the following data points:
Project title:
Project description:
Keywords:
Study period:
Site/location:
Data Column info:  
Variable Name 
Description 
Units 
Data type 
Location/building
Location/level
Location/details
Notes
Error 
Sensor Type
Calibration equation
[bookmark: _Toc363199315]Storage and Security
Sensor data will be stored here: \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration\Data, as well as at ARSC at UAF. Both locations will back up the data to tape at least once a week. All data in both locations will be password protected. Data will be available in a limited fashion from a web interface on the ARSC site.
[bookmark: _Toc363199316]Preservation and Sharing
This phase of the project will monitor the heat pump for three years and culminate in a research report using the collected data. The project is designed to last for at least 10 years of data collection. At the end of those ten years the data will remain on the ARSC site for CCHRC RTF data and be accessible to future researchers.




[bookmark: _Toc363199317]Appendix
[bookmark: _Toc363199318]RTF GSHP Demonstration
[bookmark: _Toc363199319]Data Measurement and Recording Standards
Last Update: 3/20/13
Last Update By: Robbin

All data will be collected by 2 CR100 dataloggers. The loggers will be connected to the CCHRC network and will be send data to a web server via FTP once a week.
[bookmark: _Toc363113013][bookmark: _Toc363114356][bookmark: _Toc363115542][bookmark: _Toc363199320]Ground Loop Data Collection
[bookmark: _Toc363113014][bookmark: _Toc363114357][bookmark: _Toc363115543]Frost Tubes
Manual data collection once a month, on or near the 1st. This data will be recorded in the system notes notebook and transferred to the CCHRC internal wiki as time allows. \\cabin.cchrc.uaf.edu\CCHRC\Building Science Research\Projects\RTF heat pump demonstration\Data
Main Questions: Does the ground loop create local permafrost?
Two tubes within the ground loop field and one outside the field will be down to a depth of about 10 feet. Following the directions laid out here, http://ine.uaf.edu/werc/projects/permafrost/howto.pdf
[bookmark: _Toc363113015][bookmark: _Toc363114358][bookmark: _Toc363115544]In-ground Temperature Sensors
[bookmark: _GoBack]A temperature multiplexer is connected to a CR1000 outside attached to the ground loop fencing. It will communicate with the CCHRC network via the Freewave network. ()
Main Questions: How does the ground temperature change within the heat pump ground loop? How do different surface treatments affect the ground temperature regime?

Sensor: NTC Thermistors, US Sensor PS103J2
Measurement Range:  -80°C to 150°C ±0.1°C
Output Units:  temp in ° C
Scan Interval: 10 minutes
Averaging Interval: hourly, daily
Algorithm: using Campbell Scientific CR1000
	PortSet (1 ,1 )         'TURN ON AM16/32 #1 MULTIPLEXER, SET PORT 1 HIGH
	I = 1                   'INITIALIZE INDEX INTERGER I TO ONE
	SubScan (0,sec,13)  ‘4 SETS OF 14 THERMISTORS (49 GROUND TEMPS+6 MANIFOLD )
	Delay (0,10,mSec)
	PulsePort (2,10000)    'ADVANCE AM16/32
		BrHalf (therm(I),4,mV2500,1,Vx1,4,2500,True ,0,_60Hz,1.0,0)
		I = I + 4
	NextSubScan
	PortSet (1 ,0 )        'TURN ONFFAM16/32 #1 MULTIPLEXER, SET PORT 1 LOW
	'CONVERT MEASURED VOLTAGE RATIO TO RESISTANCE (kOHM) FOR  THERMISTORS
	For I=1 To 40
		Therm_kOHM(I) = 10*therm(I)/(1-therm(I))
	Next I
	' THERMISTOR RESISTANCE To deg c For 52 THERMISTORS
	For I=1 To  52
		D(I) = LN (1000*Therm_kOHM(I))                          'ln resistance (ohm)
		Temp_C(I) = (1/(a + b*D(I) + c*(D(I))^3)) - 273.15     'Steinhart & Hart Equation
		Next I     
Const a = 0.0011253
Const b = 0.000234
Const c = 0.0000000856 

[Const agw = 0.001468, Const bgw = 0.0002383,Const cgw = 0.0000001007 for GWS thermistors)

West  temp string – 4 meters west of the ground loop, at the edge of the UAF field, it has a frost tube
	Depth (m)
	Depth (ft)
	Wire Color
	Cable Color
	Name

	0
	0
	Orange/w
	Red/red
	GL_westsurface_C

	0.25
	0.8
	Orange
	red/red
	GL_westquarterm_C

	0.75
	2.5
	Blue
	red/red
	GL_west3quarterm_C

	1
	3.3
	Brown
	red/red
	GL_west1m_C

	1.5
	5
	Brown/w
	red/red
	GL_west1andhalfm_C

	
	
	Green/w=ground
	Red/red
	

	2
	6.5
	orange
	red/red/red
	GL_west2m_C

	2.7
	9
	blue
	red/red/red
	GL_west2point7m_C

	3.2
	10.5
	brown
	red/red/red
	GL_west3point2m_C

	3.7
	12
	green
	red/red/red
	GL_west3point7m_C



East temp string –4 meter east of the ground loop, 3 meters east of the fence in-line with the datalogger box
	Depth (m)
	Depth (ft)
	Wire Color
	Cable Color
	Name

	0
	0
	Orange/w
	Green/green
	GL_eastsurface_C

	0.25
	0.8
	Orange
	green/green
	GL_eastquarterm_C

	0.75
	2.5
	Blue
	green/green
	GL_east3quarterm_C

	1
	3.3
	Brown
	green/green
	GL_east1m_C

	1.5
	5
	green/w
	green/green
	GL_east1andhalfm_C

	
	
	Green=ground
	green/green
	

	2
	6.5
	orange
	green/green/green
	GL_east2m_C

	2.7
	9
	Blue
	green/green/green
	GL_east2point7m_C

	3.2
	10.5
	brown
	green/green/green
	GL_east3point2m_C

	3.7
	12
	green
	green/green/green
	GL_east3point7m_C


Horizontal temp string- just under the surface across the top of the loop field and beyond
	Distance from the edge of loop field
	Wire Color
	Cable Color
	Name

	0 m
	0 m
	orange
	orange/orange
	GL_Horzeast0m_C

	0 m
	3.3 ft
	Blue
	orange/orange
	GL_horzeast1m_C

	2 m
	6.5 ft
	brown
	orange/orange
	GL_horzeast2m_C

	3 m
	9.8 ft
	green
	orange/orange
	GL_horzeast3m_C-not recording

	4 m
	13.1 ft
	on the top of the east string, GL_eastsurface_C do not build

	Distance from the edge of loop field
	Wire Color
	Cable Color
	Name

	0 m
	0 ft
	orange
	orange
	GL_horzwest0m_C

	1 m
	3.3 ft
	Blue
	orange
	GL_horzwest1m_C

	2 m
	6.5 ft
	brown
	orange
	GL_horzwest2m_C

	3 m
	9.8 ft
	green
	orange
	GL_horzwest3m_C*

	4m
	13.1 ft
	on the top of the west string, GL_westsurface_C do not build


*reading error
Three loops will be within the loop field along the centerline
West loop temp string-between loops 5 and 6 (the farthest west) 50 feet from the end of the trenches
	Depth (m)
	Depth (ft)
	Wire Color
	Cable Color
	Name

	0
	0
	blue/w
	Black/black/black
	GL_westloopsurface_C

	0.25
	0.8
	Orange
	black/black/black
	GL_westloopquarterm_C

	0.75
	2.5
	Blue
	black/black/black
	GL_westloop3quarterm_C

	1
	3.3
	Brown
	black/black/black
	GL_westloop1m_C

	1.5
	5
	Brown/w
	black/black
	GL_westloop1andhalfm_C*

	
	
	Green=ground
	Black/black/black
	

	2
	6.5
	Orange
	black/black
	GL_westloop2m_C

	2.7
	9
	Blue
	black/black
	GL_westloop2point7m_C

	3.2
	10.5
	Brown
	black/black
	GL_westloop3point2m_C

	3.7
	12
	Blue/w
	black/black
	GL_westloop3point7m_C

	
	
	Green=ground
	
	


*reading error until 10.9.14, rewired and corrected on 10.9.14

East loop temp string-in the middle of the 2nd loop, 41 feet from the south end of the trench
	Depth (m)
	Depth (ft)
	Wire Color
	Cable Color
	Name

	0
	0
	Orange/w
	Yellow/yellow
	GL_eastloopsurface_C

	0.25
	0.8
	Orange
	Yellow/yellow
	GL_eastloopquarterm_C

	0.75
	2.5
	Blue
	Yellow/yellow
	GL_eastloop3quarterm_C

	1
	3.3
	Brown
	Yellow/yellow
	GL_eastloop1m_C

	1.5
	5
	Brown/w
	Yellow/yellow
	GL_eastloop1andhalfm_C

	
	
	Green=ground
	Yellow/yellow
	

	2
	6.5
	Blue
	Yellow/yellow/yellow
	GL_eastloop2m_C

	2.7
	9
	Brown
	Yellow/yellow/yellow
	GL_eastloop2point7m_C

	3.2
	10.5
	orange
	Yellow/yellow/yellow
	GL_eastloop3point2m_C

	3.7
	12
	green
	Yellow/yellow/yellow
	GL_eastloop3point7m_C


Center loop temp string – GWS string – in the middle of the 4th loop, 50 feet from the end of the trenches, this string is made of a combination of GWS sensors and new PS type sensors there are some different constants, see the attached program
	Depth (m)
	Depth (ft)
	Wire Color
	Cable Color
	Name

	0
	0
	Black
	White
	GL_centersurface_C

	0.3
	1
	Blue
	White
	GL_centerquarterm_C

	0.6
	2
	Brown
	White
	GL_center3quarterm_C

	1
	3.5
	Green
	White
	GL_center1m_C

	2.1
	7
	Grey (new PS type)
	White
	GL_center2point1m_C

	2.9
	9.5
	Orange
	White
	GL_center2point9m_C

	3.5
	11.5
	Red
	White
	GL_center3andhalfm_C

	4.1
	13.5
	Violet (new PS type)
	White
	GL_center4point1m_C


GSHP GL CR1000 program
[bookmark: _Toc363113016][bookmark: _Toc363114359][bookmark: _Toc363115545]'Program Name RTF_GSHP_Ground_temp
'date 10.9.14
'changes to correct to backwards wiring of west loop
'date 10/14/2013
'changes to bring variable names into compliance with DMP


Public StationID
Public Therm_kOhm(52), Temp_C(52), therm(52)
Public LoggerTemp_C, BattVolts_V

Dim i
Dim D(56)

'  For thermistors -- conversion of kOHM to deg C
Const a = 0.0011253
Const b = 0.000234
Const c = 0.0000000856 

Const agw = 0.001468
Const bgw = 0.0002383
Const cgw = 0.0000001007

Alias Temp_C(1) = GL_westsurface_C
Alias Temp_C(2) = GL_westquarterm_C
Alias Temp_C(3) = GL_west3quarterm_C
Alias Temp_C (4)= GL_west1m_C
Alias Temp_C (5)= GL_west1andhalfm_C
Alias Temp_C (6)= GL_west2m_C
Alias Temp_C (7)= GL_west2point7m_C
Alias Temp_C (8)= GL_west3point2m_C
Alias Temp_C (9)= GL_west3point7m_C

Alias Temp_C(10) = GL_eastsurface_C
Alias Temp_C(11) = GL_eastquarterm_C
Alias Temp_C(12) = GL_east3quarterm_C
Alias Temp_C (13)= GL_east1m_C
Alias Temp_C (14)= GL_east1andhalfm_C
Alias Temp_C (15)= GL_east2m_C
Alias Temp_C (16)= GL_east2point7m_C
Alias Temp_C (17)= GL_east3point2m_C
Alias Temp_C (18)= GL_east3point7m_C

Alias Temp_C (19)= GL_horzeast0m_C
Alias Temp_C (20)= GL_horzeast1m_C
Alias Temp_C (21)= GL_horzeast2m_C
Alias Temp_C (22)= GL_horzeast3m_C

Alias Temp_C (23)= GL_horzwest0m_C
Alias Temp_C (24)= GL_horzwest1m_C
Alias Temp_C (25)= GL_horzwest2m_C
Alias Temp_C (26)= GL_horzwest3m_C

Alias Temp_C(27) = GL_westloop3point7m_C
Alias Temp_C(28) = GL_westloop2m_C
Alias Temp_C(29) = GL_westloop2point7m_C
Alias Temp_C (30)= GL_westloop3point2m_C
Alias Temp_C (31)= GL_westloop1andhalfm_C
Alias Temp_C (32)= GL_westloopquarterm_C
Alias Temp_C (33)= GL_westloop3quarterm_C
Alias Temp_C (34)= GL_westloop1m_C
Alias Temp_C (35)= GL_westloopsurface_C

Alias Temp_C(36) = GL_eastloopsurface_C
Alias Temp_C(37) = GL_eastloopquarterm_C
Alias Temp_C(38) = GL_eastloop3quarterm_C
Alias Temp_C (39)= GL_eastloop1m_C
Alias Temp_C (40)= GL_eastloop1andhalfm_C
Alias Temp_C (41)= GL_eastloop2m_C
Alias Temp_C (42)= GL_eastloop2point7m_C
Alias Temp_C (43)= GL_eastloop3point2m_C
Alias Temp_C (44)= GL_eastloop3point7m_C

Alias Temp_C(45) = GL_centersurface_C
Alias Temp_C(46) = GL_centerquarterm_C
Alias Temp_C(47) = GL_center3quarterm_C
Alias Temp_C (48)= GL_center1m_C
Alias Temp_C (49)= GL_center2point1m_C
Alias Temp_C (50)= GL_center2point9_C
Alias Temp_C (51)= GL_center3andhalfm_C
Alias Temp_C (52)= GL_center4point1m_C

'STATION ID
StationName (RTF_GSHP_Ground_Temp)

'\\\\\\\\\\\\\\\\\\\\\\\\ OUTPUT SECTION ////////////////////////

DataTable(GL_HourlyDiag, true, -1)
	DataInterval(0,60,Min,10)
	Sample(1, StationID, FP2)
	Average (1,LoggerTemp_C,FP2,False)
	Average (1,BattVolts_V,FP2,False)
EndTable

DataTable (GL_groundtemprawhr, true, -1)
    DataInterval (0,60,min,10)
        Average (52,therm(),FP2,False)
        Average (52,Temp_C(),FP2,False)
EndTable

DataTable (GL_westgroundtempday, true, -1)
  DataInterval(0,24,hr,10)
	Average(1,GL_westsurface_C, fp2,false) 
  Average(1,GL_westquarterm_C, fp2,false) 
  Average(1,GL_west3quarterm_C, fp2,false) 
  Average(1,GL_west1m_C, fp2,false) 
  Average(1,GL_west1andhalfm_C, fp2,false) 
  Average(1,GL_west2m_C, fp2,false) 
  Average(1,GL_west2point7m_C, fp2,false) 
  Average(1,GL_west3point2m_C, fp2,false) 
  Average(1,GL_west3point7m_C, fp2,false) 
EndTable

DataTable (GL_eastgroundtempday, true, -1)
  DataInterval(0,24,hr,10)
	Average(1,GL_eastsurface_C, fp2,false) 
  Average(1,GL_eastquarterm_C, fp2,false) 
  Average(1,GL_east3quarterm_C, fp2,false) 
  Average(1,GL_east1m_C, fp2,false) 
  Average(1,GL_east1andhalfm_C, fp2,false) 
  Average(1,GL_east2m_C, fp2,false) 
  Average(1,GL_east2point7m_C, fp2,false) 
  Average(1,GL_east3point2m_C, fp2,false) 
  Average(1,GL_east3point7m_C, fp2,false) 
EndTable  

DataTable (GL_westloopgtempday, true, -1)
  DataInterval(0,24,hr,10)
	Average(1,GL_westloopsurface_C, fp2,false) 
  Average(1,GL_westloopquarterm_C, fp2,false) 
  Average(1,GL_westloop3quarterm_C, fp2,false) 
  Average(1,GL_westloop1m_C, fp2,false) 
  Average(1,GL_westloop1andhalfm_C, fp2,false) 
  Average(1,GL_westloop2m_C, fp2,false) 
  Average(1,GL_westloop2point7m_C, fp2,false) 
  Average(1,GL_westloop3point2m_C, fp2,false) 
  Average(1,GL_westloop3point7m_C, fp2,false) 
EndTable  

DataTable (GL_eastloopgtempday, true, -1)
  DataInterval(0,24,hr,10)
	Average(1,GL_eastloopsurface_C, fp2,false) 
  Average(1,GL_eastloopquarterm_C, fp2,false) 
  Average(1,GL_eastloop3quarterm_C, fp2,false) 
  Average(1,GL_eastloop1m_C, fp2,false) 
  Average(1,GL_eastloop1andhalfm_C, fp2,false) 
  Average(1,GL_eastloop2m_C, fp2,false) 
  Average(1,GL_eastloop2point7m_C, fp2,false) 
  Average(1,GL_eastloop3point2m_C, fp2,false) 
  Average(1,GL_eastloop3point7m_C, fp2,false) 
EndTable  

DataTable (GL_centerlooptempday, true, -1)
  DataInterval(0,24,hr,10)
	Average(1,GL_centersurface_C, fp2,false) 
  Average(1,GL_centerquarterm_C, fp2,false) 
  Average(1,GL_center3quarterm_C, fp2,false) 
  Average(1,GL_center1m_C, fp2,false) 
  Average(1,GL_center2point1m_C, fp2,false) 
  Average(1,GL_center2point9_C, fp2,false) 
  Average(1,GL_center3andhalfm_C, fp2,false) 
  Average(1,GL_center4point1m_C, fp2,false) 
EndTable  

DataTable (GL_surfacetemphr, true, -1)
  DataInterval(0,60,Min,10)
	Average(1,GL_horzeast0m_C, fp2,false) 
  Average(1,GL_horzeast1m_C, fp2,false) 
  Average(1,GL_horzeast2m_C, fp2,false) 
  'Average(1,GL_horzeast3m_C, fp2,false) 
  Average(1,GL_horzwest0m_C, fp2,false) 
  Average(1,GL_horzwest1m_C, fp2,false) 
  Average(1,GL_horzwest2m_C, fp2,false) 
  Average(1,GL_horzwest3m_C, fp2,false) 
  Average (1,GL_centersurface_C, fp2,false)
  Average (1,GL_eastsurface_C, fp2,false)
  Average (1,GL_eastloopsurface_C, fp2,false)
  Average (1,GL_westsurface_C, fp2,false)
  Average (1,GL_westloopsurface_C, fp2,false)
EndTable 


DataTable (GL_quartertemphr, true, -1)
  DataInterval(0,60,Min,10)
  Average (1,GL_centerquarterm_C, fp2,false)
  Average (1,GL_eastquarterm_C, fp2,false)
  Average (1,GL_eastloopquarterm_C, fp2,false)
  Average (1,GL_westquarterm_C, fp2,false)
  Average (1,GL_westloopquarterm_C, fp2,false)
EndTable 
'\\\\\\\\\\\\\\\\\\\\\\\\\\\ PROGRAM ////////////////////////////


BeginProg
	Scan(120,Sec, 3, 0)
		Battery(BattVolts_V)
		PanelTemp(LoggerTemp_C, 250)
		
 'MEASURE THERMISTORS
   
    PortSet (1,1) ' Turn on mux
    i=1
      SubScan (0,Sec,13) 
      Delay (0,10,mSec)
      PulsePort(4,10000) ' Clock mux
   	    BrHalf(therm(i),4,Autorange,1,Vx1,4,2500,True,0,_60Hz, 1.0, 0)
        i=i+4
     NextSubScan
 PortSet (1,0) ' turn mux  off.
 
			For i=1 To 52
				Therm_kOhm(i) = (25*therm(i))/(1-therm(i))
			Next i

			For i=1 To 52
				D(i) = LN (1000*Therm_kOhm(i)) 'ln resistance (ohm)
			  Next i
				                         
			For i=1 To 44	                         
Temp_C(i) = (1/(a + b*D(i) + c*(D(i))^3)) - 273.15     'Steinhart & Hart Equation for new  thermistors
			Next i
			
     For i=45 To 48
         	Temp_C(i) = (1/(agw + bgw*D(i) + cgw*(D(i))^3)) - 273.15 'Equation for reused GW thermistors
      Next i
         	 
     	Temp_C(49) = (1/(a + b*D(49) + c*(D(49))^3)) - 273.15 '2 of the GW thermistors had to be replaced thus these equations
      Temp_C(50) = (1/(agw + bgw*D(50) + cgw*(D(50))^3)) - 273.15 
 	 	 	Temp_C(51) = (1/(agw + bgw*D(51) + cgw*(D(51))^3)) - 273.15 
 	 	 	Temp_C(52) = (1/(a + b*D(52) + c*(D(52))^3)) - 273.15 


'OUTPUT
    CallTable GL_centerlooptempday
		CallTable GL_eastgroundtempday
		CallTable GL_eastloopgtempday
		CallTable GL_westgroundtempday
		CallTable GL_westloopgtempday
		CallTable GL_surfacetemphr
		CallTable GL_quartertemphr
		CallTable GL_groundtemprawhr
		CallTable GL_HourlyDiag
	NextScan
EndProg
In-building Data Collection
Logger – one CR1000 with multiplexer

[bookmark: _Toc363113017][bookmark: _Toc363114360][bookmark: _Toc363115546][bookmark: _Toc363199321]Manifold Temperature – Return on each loop and supply and return on the full manifold 
Main Questions: How do the ground loop temperatures change over time?
Sensor: NTC Thermistors, US Sensor PS103J2
Measurement Range:  -80°C to 150°C ±0.1°C
Output Units:  temp in ° C
Scan Interval: 5 seconds
Averaging Interval: hourly (when pump is running)
Algorithm:  see algorithm above for Loop 1-6, see algorithm below for Manifold temps
Locations:  in the mechanical room on the manifold
Loop 1
	Wire Color
	Cable Color
	Name

	brown
	green
	RTFGSHP_loop1east_C



Loop 2
	Wire Color
	Cable Color
	Name

	blue
	green
	RTFGSHP_loop2_C



Loop 3
	Wire Color
	Cable Color
	Name

	orange
	green
	RTFGSHP_loop3_C



Loop 4
	Wire Color
	Cable Color
	Name

	green
	green
	RTFGSHP_loop4_C



Loop 5
	Wire Color
	Cable Color
	Name

	brown
	blue
	RTFGSHP_loop5_C



Loop 6
	Wire Color
	Cable Color
	Name

	blue
	blue
	RTFGSHP_loop6west_C



Manifold – use Onicon equipment
	Wire Color
	Cable Color
	Name

	
	
	RTFGSHP_GLsupplytemp_F (supply to GL)

	
	
	RTFGSHP_GLreturntemp_F



Boiler BTU meter
Temperature sensors
RTFGSHP_boilerreturntemp_C
RTFGSHP_boilersupplytemp_C
Flow Rate – RTFGSHP_boilerflowrate_lmin
Energy Output – RTFGSHP_boilerenergyrate_kW
Main Question Intended: How much heat energy does the boiler supply?
Sensor: Onicon System 10 BTU meter
Location:  in-line with the heat pump
Measurement Range:  32 °F to 200 °F
Output Units: °C,  l/min, kW
Algorithms: will be based on Onicon calibration (constants “C” are defined by Onicon)
Temp=C(x)-C
 Flow=C(x)-C
Energy=C(x)-C
Scan Interval: 5 second
Averaging Interval: 15 min, hourly, daily
Summing Interval: 15 min, hourly, daily

Ground Loop BTU meter
Temperature sensors:
RTFGSHP_GLsupplytemp_C (supply to GL)
RTFGSHP_GLreturntemp_C
Flow Rate – RTFGSHP_GLflowrate_lmin
Energy Output – RTFGSHP_GLenergyrate_kW
Main Question Intended: How much heat energy does the ground loop supply to the heat pump?
Sensor: Onicon System 10 BTU meter
Location:  in-line with the heat pump
Measurement Range:  32 °F to 200 °F (will need extended temperture for low range)
Output Units: °C, l/min, kW
Algorithms: will be based on Onicon calibration (constants “C” are defined by Onicon)
Temp=C(x)-C
 Flow=C(x)-C
Energy=C(x)-C
Scan Interval: 5 second
Averaging Interval: 15 min, hourly, daily
Summing Interval: 15 min, hourly, daily

Hydronic Loop BTU meter 
Temperature sensors
After buffer tank – RTFGSHP_tobuildingsupplytemp_C
RTFGSHP_Tobuildingexittemp_C
Flow Rate – RTFGSHP_tobuildingflowrate-lmin
Energy Output – RTFGSHP_tobuildingenergyrate_kW
Main Question Intended: How much heat energy does the heat pump supply to the building?
Sensor : Onicon System 10 BTU meter
Location:  in-line with the heat pump
Measurement Range:  32 °F to 200 °F
Output Units: °C, l/min, kW
Algorithms: will be based on Onicon calibration (constants “C” are defined by Onicon)
Temp=C(x)-C
 Flow=C(x)-C
Energy=C(x)-C
Scan Interval: 5 second
Averaging Interval: 15 min, hourly, daily
Summing Interval:15 min, hourly, daily

Between Heat Pump and Buffer Tank BTU meter
Energy Output – RTFGSHP_HPtoBuffer_kW

Temp from buffer to HP -RTFGSHP_buffersupplytemp_C
Temp from HP to buffer - RTFGSHP_bufferreturntemp_C
Flow rate between HP and buffer - RTFGSHP_bufferflowrate_lmin
Energy rate between HP and buffer -RTFGSHP_bufferenergyrate_kw
Total volume between HP and buffer - RTFGSHP_buffervolumeflow_liters
Total energy between HP and buffer - RTFGSHP_buffertotalenergy_kwh

Main Question Intended: How much heat energy does the heat pump supply to the building?
Sensor : Badger system 380 Impeller BTU meter
Location:  between heat pump and buffer tank
Measurement Range:  -4 °F to 140 °F
Output Units: kwh, C, l/min, kW
Algorithms: pulse outputs are summed, PulseCount (RTFGSHP_HPtoBuffer_kWh,1,1 ,2,0,1.0,0)
Modbus data is collected via,   ModBusMaster(result,ComME,BAUD_RATE,SLAVE_MODBUS_ADDR,3,Badger(),1,11,3,100,0)
Scan Interval: 5 second
Averaging Interval: 15 min, hourly, daily
Summing Interval:15 min, hourly, daily

Ground Circ Pump Electrical Meter
Main Question Intended: How much energy does the pump use?
Sensor: Magnelab SPT-0375-300, Magnelab SCT-0400-005  
Location:  on electrical supply
Measurement Range: 5 amp max
Output Units: watts, a,ps
Algorithm: ACPower (Electricalpumps(),2,60,7,8,230/333,208,9,5/333,20)
Scan Interval: 5 seconds
Averaging Interval: 15 min, hourly, daily
Summing Interval:15 min, hourly, daily
Hydronic Circ Pump Electrical Meter
RTFGSHP_circpumppower_watts
RTFGSHP_circpumpcurrent_amps
Main Question Intended: How much energy does the pump use?
Sensor  SPT-0375-300, Magnelab SCT-0400-005, SPT-0375-150
Location:  on electrical supply
Measurement Range: 5 amp max
Output Units: watts, amps
Algorithm: ACPower (Electricalpumps(),2,60,7,8,230/333,208,9,5/333,20)
Scan Interval: 5 seconds
Averaging Interval: 15 min, hourly, daily
Summing Interval:15 min, hourly, daily
Heat Pump Electrical Meter
RTFGSHP_HPPower_watts
RTFGSHP_HPcurrent_amps
RTFGSHP_pump1power_watts
RTFGSHP_pump2power_watts
RTFGSHP_pump3power_watts
RTFGSHP_pump1current_amps
RTFGSHP_pump2current_amps
RTFGSHP_pump3current_amps
Main Question Intended: How much energy does the pump use?
Sensor  SPT-0375-300, Magnelab SCT-0750-100
Location: on electrical supply
Measurement Range: max 100 amps
Output Units: watts
Algorithm: ACPower (ElectricalHP(),2,60,7,8,230/333,208,9,100/333,80)
Scan Interval: 5 seconds
Averaging Interval: 15 min, hourly, daily
Summing Interval:15 min, hourly, daily

DRAFT – GSHP CR1000 program
'Program Name RTF_GSHP
'date 1/30/201
'changed tables to RecBefore and After to 0
'installed new pump CTs, changed CT multiplier in program
'date 2.4.14
'changed tables with CS help to hopefully record only when running
'2.6.14
'cleaned up tables, working with modbus on Bader meter
'2.21.14 added table to look at 30 sec data in ground loop, will collect 2 hrs of data than delete table.
'3.3.14 working on Badgermeter BACnet
'3.24.14 added table for GL BTU meter with Jagan's specific heat numbers
'4.14.14 fixed Badger table
'4.15.14 added power table fixed Badger table to sample instead of average
'10.14.14 changed tables to smooth anaylsis

Public StationID
Public LoggerTemp_C, BattVolts_V
Public Onicon(12), volt(12)
Public ElectricalHP(7), Electricalpump1(7), Circpump(7), Electricalpump2(7),Electricalpump3(7)
Public Therm_kOhm(6), Temp_C(6), therm(6)
Public RTFGSHP_HPtoBuffer_kWh,RTFGSHP_boilerenergy_kWh
Public RTFGSHP_GLenergy_kWh,RTFGSHP_tobuildingenergy_kWh
Public RTFGSHP_HPenergy_kWh, RTFGSHP_pumpenergy_kWh, RTFGSHP_circenergy_kWh
Public Badger(11), result
Public RTFGSHP_GLcalcenergy_kWh,RTFGSHP_HPPower_kw
Dim disable,disablemani,disablebldg,disableboiler
Dim i
Dim D(6)

'  For thermistors -- conversion of kOHM to deg C
Const a = 0.00112538852122
Const b = 0.000234711863267
Const c = 0.000000085663516
Const BAUD_RATE = 9600       'baud rate to use for modbus
Const SLAVE_MODBUS_ADDR = 1  'modbus address of the slave device

Alias Temp_C (1)=RTFGSHP_loop5_C
Alias Temp_C (2)=RTFGSHP_loop6west_C
Alias Temp_C (3)=RTFGSHP_loop3_C
Alias Temp_C (4)=RTFGSHP_loop4_C
Alias Temp_C (5)=RTFGSHP_loop1east_C
Alias Temp_C (6)=RTFGSHP_loop2_C

Alias Onicon(1)=RTFGSHP_GLflowrate_lmin
Alias Onicon(2)=RTFGSHP_GLenergyrate_kW
Alias Onicon(3)=RTFGSHP_GLreturntemp_C
Alias Onicon(4)=RTFGSHP_GLsupplytemp_C
Alias Onicon(5)=RTFGSHP_boilerflowrate_lmin
Alias Onicon(6)=RTFGSHP_boilerenergyrate_kW
Alias Onicon(7)=RTFGSHP_boilerreturntemp_C
Alias Onicon(8)=RTFGSHP_boilersupplytemp_C
Alias Onicon(9)=RTFGSHP_tobuildingflowrate_lmin
Alias Onicon(10)=RTFGSHP_tobuildingenergyrate_kW
Alias Onicon(11)=RTFGSHP_tobuildingexittemp_C
Alias Onicon(12)=RTFGSHP_tobuildingsupplytemp_C

Alias ElectricalHP(1)= RTFGSHP_HPPower_watts
Alias ElectricalHP(4)= RTFGSHP_HPcurrent_amps

Alias Electricalpump1(1)=RTFGSHP_pump1power_watts
Alias Electricalpump2(1)=RTFGSHP_pump2power_watts
Alias Electricalpump3(1)=RTFGSHP_pump3power_watts
Alias Electricalpump1(4)=RTFGSHP_pump1current_amps
Alias Electricalpump2(4)=RTFGSHP_pump2current_amps
Alias Electricalpump3(4)=RTFGSHP_pump3current_amps

Alias Circpump(1)=RTFGSHP_circpumppower_watts
Alias Circpump(4)=RTFGSHP_circpumpcurrent_amps

Alias Badger(1) = RTFGSHP_buffersupplytemp_C
Alias Badger(2) = RTFGSHP_bufferreturntemp_C
Alias Badger(3) = RTFGSHP_bufferflowrate_lmin
Alias Badger(4) = RTFGSHP_bufferenergyrate_kw
Alias Badger(5) = RTFGSHP_buffervolumeflow_liters
Alias Badger(6) = RTFGSHP_buffertotalenergy_kwh

'STATION ID
StationName (RTF_GSHP)

'\\\\\\\\\\\\\\\\\\\\\\\\ OUTPUT SECTION ////////////////////////

DataTable(RTFGSHP_HourlyRAW, true, -1)
	DataInterval(0,60,Min,10)
	Sample(1, StationID, FP2)
	Average (1,LoggerTemp_C,FP2,False)
	Average (1,BattVolts_V,FP2,False)
  Average (12,Onicon(), FP2, False)
  Average (6, therm(), FP2, False)
EndTable

DataTable (RTFGSHP_GLmanifoldhr,true, -1)
  DataInterval(0,60,Min,10)
  Average (1,RTFGSHP_loop1east_C,FP2,disablemani)
  Average (1,RTFGSHP_loop2_C,FP2,disablemani)
  Average (1,RTFGSHP_loop3_C,FP2,disablemani)
  Average (1,RTFGSHP_loop4_C,FP2,disablemani)
  Average (1,RTFGSHP_loop5_C,FP2,disablemani)
  Average (1,RTFGSHP_loop6west_C,FP2,disablemani)
	Average (1,RTFGSHP_GLreturntemp_C,FP2,disablemani)
  Average (1,RTFGSHP_GLsupplytemp_C,FP2,disablemani)
  EndTable
  
DataTable (RTFGSHP_Energyday, true, -1)
  DataInterval(0,24,Hr,10)
  Totalize (1,RTFGSHP_GLenergy_kWh,FP2,disable)
  Totalize (1,RTFGSHP_HPenergy_kWh,FP2,disable)
  Totalize (1,RTFGSHP_HPtoBuffer_kWh,FP2,disable)
  Totalize (1,RTFGSHP_tobuildingenergy_kWh,FP2,disablebldg) 
  Totalize (1,RTFGSHP_circenergy_kWh,FP2,disable) 
  Totalize (1,RTFGSHP_pumpenergy_kWh,FP2,disable)
  Maximum (1,RTFGSHP_buffertotalenergy_kwh,FP2,False,0)
EndTable

DataTable (RTFGSHP_Energyhour, true, -1)
  DataInterval(0,60,min,10)
  Totalize (1,RTFGSHP_GLenergy_kWh,FP2,disable)
  Totalize (1,RTFGSHP_HPenergy_kWh,FP2,disable)
  Totalize (1,RTFGSHP_HPtoBuffer_kWh,FP2,disable)
  Totalize (1,RTFGSHP_tobuildingenergy_kWh,FP2,disablebldg) 
  Totalize (1,RTFGSHP_circenergy_kWh,FP2,disable)  
  Totalize (1,RTFGSHP_pumpenergy_kWh,FP2,disable)
  Maximum (1,RTFGSHP_buffertotalenergy_kwh,FP2,False,0)
EndTable

DataTable (RTFGSHP_Powerhour, true, -1)
  DataInterval(0,60,min,10)
  Average (1,RTFGSHP_GLenergyrate_kW,FP2,disable)
  Average (1,RTFGSHP_HPPower_kw,FP2,disable)
  Average (1,RTFGSHP_bufferenergyrate_kw,FP2,disable)
  Average (1,RTFGSHP_tobuildingenergyrate_kW,FP2,disablebldg)
  Average (1,RTFGSHP_circpumppower_watts, FP2,disablebldg) 
  Average (1,RTFGSHP_pump1power_watts, FP2,disable) 
  Average (1,RTFGSHP_pump2power_watts, FP2,disable) 
  Average (1,RTFGSHP_pump3power_watts, FP2,disable) 
EndTable

DataTable (RTFGSHP_GSHPhour, true, -1)
  DataInterval(0,60,Min,10)
	Average (1,RTFGSHP_GLreturntemp_C,FP2,disable)
  Average (1,RTFGSHP_GLsupplytemp_C,FP2,disable)
  Average (1,RTFGSHP_GLflowrate_lmin,FP2,disable)
  Average (1,RTFGSHP_GLenergyrate_kW,FP2,disable)
  Average (1,RTFGSHP_tobuildingexittemp_C,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingsupplytemp_C,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingflowrate_lmin,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingenergyrate_kW,FP2,disablebldg)
  Average (1,RTFGSHP_buffersupplytemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferreturntemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferflowrate_lmin,FP2,disable)
  Average (1,RTFGSHP_bufferenergyrate_kw,FP2,disable)
EndTable

DataTable (RTFGSHP_GSHP15m, true, -1)
  DataInterval(0,15,Min,10)
	Average (1,RTFGSHP_GLreturntemp_C,FP2,disable)
  Average (1,RTFGSHP_GLsupplytemp_C,FP2,disable)
  Average (1,RTFGSHP_GLflowrate_lmin,FP2,disable)
  Average (1,RTFGSHP_GLenergyrate_kW,FP2,disable)
  Average (1,RTFGSHP_tobuildingexittemp_C,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingsupplytemp_C,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingflowrate_lmin,FP2,disablebldg)
  Average (1,RTFGSHP_tobuildingenergyrate_kW,FP2,disablebldg)
  Average (1,RTFGSHP_buffersupplytemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferreturntemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferflowrate_lmin,FP2,disable)
  Average (1,RTFGSHP_bufferenergyrate_kw,FP2,disable)
EndTable

DataTable (RTFGSHP_Boiler, true, -1)
  DataInterval(0,15,Min,0)
  Average (1,RTFGSHP_boilerenergyrate_kW,FP2,disableboiler)
  Average (1,RTFGSHP_boilerflowrate_lmin,FP2,disableboiler)
  Average (1,RTFGSHP_boilerreturntemp_C,FP2,disableboiler)
  Average (1,RTFGSHP_boilersupplytemp_C,FP2,disableboiler)
  Totalize (1,RTFGSHP_boilerenergy_kWh,FP2,disableboiler)
EndTable 


DataTable (RTFGSHP_Electrichour, true, -1)
  DataInterval(0,60,Min,10)
	Maximum (1,RTFGSHP_HPPower_watts,FP2,False,1)
	Average (1,RTFGSHP_HPPower_watts,FP2,disable)
  Average (1,RTFGSHP_HPcurrent_amps,FP2,disable)
  Average (1,RTFGSHP_pump1power_watts,FP2,disable)
  Average (1,RTFGSHP_pump1current_amps,FP2,disable)
  Average (1,RTFGSHP_pump2power_watts,FP2,disable)
  Average (1,RTFGSHP_pump2current_amps,FP2,disable)
  Average (1,RTFGSHP_pump3power_watts,FP2,disable)
  Average (1,RTFGSHP_pump3current_amps,FP2,disable)
  Average (1,RTFGSHP_circpumppower_watts,FP2,disablebldg)
EndTable

DataTable (RTFGSHP_Electric15m, true, -1)
  DataInterval(0,15,Min,10)
	Maximum (1,RTFGSHP_HPPower_watts,FP2,False,1)
	Average (1,RTFGSHP_HPPower_watts,FP2,disable)
  Average (1,RTFGSHP_HPcurrent_amps,FP2,disable)
  Average (1,RTFGSHP_pump1power_watts,FP2,disable)
  Average (1,RTFGSHP_pump1current_amps,FP2,disable)
  Average (1,RTFGSHP_pump2power_watts,FP2,disable)
  Average (1,RTFGSHP_pump2current_amps,FP2,disable)
  Average (1,RTFGSHP_pump3power_watts,FP2,disable)
  Average (1,RTFGSHP_pump3current_amps,FP2,disable)
  Average (1,RTFGSHP_circpumppower_watts,FP2,disablebldg)
EndTable

DataTable (twominutepower,true,-1)
  DataInterval (0,2,min,10)
	Average (1,RTFGSHP_HPPower_watts,FP2,False)
  Average (1,RTFGSHP_pump1power_watts,FP2,False)
  Average (1,RTFGSHP_pump2power_watts,FP2,False)
  Average (1,RTFGSHP_pump3power_watts,FP2,False)
  Average (1,RTFGSHP_GLflowrate_lmin,FP2,False)
  Average (1,RTFGSHP_GLenergyrate_kW,FP2,False)
  Average (1,RTFGSHP_tobuildingenergyrate_kW,FP2,False)
  Average (1,RTFGSHP_tobuildingflowrate_lmin,FP2,False)
  Average (1,RTFGSHP_tobuildingexittemp_C,FP2,False)
  Average (1,RTFGSHP_tobuildingsupplytemp_C,FP2,False)
  Average (1,RTFGSHP_GLreturntemp_C,FP2,False)
  Average (1,RTFGSHP_GLsupplytemp_C,FP2,False)
  Average (1,RTFGSHP_GLcalcenergy_kWh,FP2,False)
  Average (1,RTFGSHP_buffersupplytemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferreturntemp_C,FP2,disable)
  Average (1,RTFGSHP_bufferenergyrate_kw,FP2,disable)
  Average (1,RTFGSHP_bufferflowrate_lmin,FP2,disable)

EndTable

DataTable (twominuteenergy,true,-1)
  DataInterval (0,2,min,10)
	Totalize (1,RTFGSHP_HPtoBuffer_kWh,FP2,disable)
	Maximum (1,RTFGSHP_buffertotalenergy_kwh,FP2,False,0)
	Totalize (1,RTFGSHP_tobuildingenergy_kWh,FP2,disablebldg)
	Totalize (1,RTFGSHP_HPenergy_kWh,FP2,disable)	
  Totalize (1,RTFGSHP_GLenergy_kWh,FP2,disable)
	Totalize (1,RTFGSHP_GLcalcenergy_kWh,FP2,disable)
EndTable

'\\\\\\\\\\\\\\\\\\\\\\\\\\\ PROGRAM ////////////////////////////

BeginProg
  SerialOpen(ComME,BAUD_RATE,4,0,100)
	Scan(5,Sec,1, 0)
		Battery(BattVolts_V)
		PanelTemp(LoggerTemp_C, 250)
		
'Measure Electricals
 ACPower (ElectricalHP(),1,60,1,230/333,208,2,50/333,100,1) 
 ACPower (Electricalpump1(),1,60,1,230/333,230,3,5/333,10,1)  
 ACPower (Electricalpump2(),1,60,1,230/333,230,4,5/333,10,1) 
 ACPower (Electricalpump3(),1,60,1,230/333,230,5,5/333,10,1) 
 ACPower (Circpump(),1,60,6,115/333,115,7,5/333,10,1)
 
'measure Badger meter 380
    
PulseCount (RTFGSHP_HPtoBuffer_kWh,1,1 ,2,0,1.0,0)

  ModBusMaster(result,ComME,BAUD_RATE,SLAVE_MODBUS_ADDR,3,Badger(),1,11,3,100,0)

'measure manifold temperatures
BrHalf(therm(),6,mV2500,11,Vx3,6,2500,True,0,_60Hz, 1.0, 0)

			For i=1 To 6
				Therm_kOhm(i) = (10*therm(i))/(1-therm(i))
				D(i) = LN (1000*Therm_kOhm(i))                          'ln resistance (ohm)
				Temp_C(i) = (1/(a + b*D(i) + c*(D(i))^3)) - 273.15     'Steinhart & Hart Equation
			Next i

'measure onicons
    PortSet (1,1) ' Turn on mux
    i = 1
    SubScan (0,Sec,12) 
      'Delay (0,10,mSec)
      PulsePort(4,10000) ' Clock mux
   	  VoltDiff (volt(i),1,AutoRange,5,False,0,_60Hz,1,0)
      i=i+1
   NextSubScan
   PortSet (1,0) ' turn mux  off.

Onicon(1)=(0.0473*volt(1)-18.927)
Onicon(2)=(0.055*volt(2)-21.98)
Onicon(3)=(0.0208*volt(3)-20.566)
Onicon(4)=(0.0208*volt(4)-20.556)
Onicon(5)=(0.0355*volt(5)-14.195)
Onicon(6)=(0.0824*volt(6)-32.97)
Onicon(7)=(0.0347*volt(7)-9.4444)
Onicon(8)=(0.0347*volt(8)-9.4444)
Onicon(9)=(0.0355*volt(9)-14.195)
Onicon(10)=(0.055*volt(10)-21.98)
Onicon(11)=(0.0347*volt(11)-9.4444)
Onicon(12)=(0.0347*volt(12)-9.4444)
     
'Convert energy rate to total energy
RTFGSHP_GLenergy_kWh=RTFGSHP_GLenergyrate_kW*5/3600
RTFGSHP_tobuildingenergy_kWh=RTFGSHP_tobuildingenergyrate_kW*5/3600
RTFGSHP_HPenergy_kWh=RTFGSHP_HPPower_watts*5/3600/1000
RTFGSHP_pumpenergy_kWh=(RTFGSHP_pump1power_watts+RTFGSHP_pump2power_watts+RTFGSHP_pump3power_watts)*5/3600/1000
RTFGSHP_circenergy_kWh=RTFGSHP_circpumppower_watts*5/3600/1000
RTFGSHP_boilerenergy_kWh=RTFGSHP_boilerenergyrate_kW*5/3600
RTFGSHP_GLcalcenergy_kWh=RTFGSHP_GLflowrate_lmin*3.5924*.986/60*(RTFGSHP_GLsupplytemp_C-RTFGSHP_GLreturntemp_C)*5/3600
RTFGSHP_HPPower_kw=RTFGSHP_HPPower_watts/1000

'tell tables to log on HP running
disable = true
If RTFGSHP_GLflowrate_lmin > 10 Then disable = false
disablemani=true
If RTFGSHP_GLflowrate_lmin > 50 Then disablemani = false
disablebldg=true
If RTFGSHP_tobuildingflowrate_lmin > .2 Then disablebldg = false
disableboiler=true
If RTFGSHP_boilerflowrate_lmin>0 Then disableboiler=false


'OUTPUT
		CallTable RTFGSHP_Boiler
		CallTable RTFGSHP_Energyday
		CallTable RTFGSHP_Energyhour
		CallTable RTFGSHP_GSHPhour
		CallTable RTFGSHP_GSHP15m
		CallTable RTFGSHP_Electric15m
		CallTable RTFGSHP_Electrichour
		CallTable RTFGSHP_GLmanifoldhr
		CallTable RTFGSHP_HourlyRaw
		CallTable twominuteenergy
		CallTable twominutepower
		CallTable RTFGSHP_Powerhour
		
NextScan
EndProg
[bookmark: _Toc363113019][bookmark: _Toc363114362][bookmark: _Toc363115548][bookmark: _Toc363199323]
Draft Wiring Diagrams – Ground Loop Temperatures[image: ]

Draft Wiring Diagrams – In Building Data System
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