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[bookmark: _Toc409599210]Context 
[bookmark: _Toc409599211]Commercial Permafrost Foundation (CCHRC RTF)
Purpose: This project is a continuation of the RTF legacy monitoring project that started in 2006. The data has been cleaned up and only error free data and data with specific location information will continue to be collected to inform researchers and building managers of the temperatures under the RTF foundation.
The objectives for this project are:
1. To monitor the soil under the foundation of the RTF, in order to inform building maintenance plans.
2. To use the temperature data to determine if foundation cooling is necessary under the building addition. If cooling becomes necessary then to use the data to help control the cooling system.
3. To develop long term foundation data in a permafrost area to help inform the CRREL permafrost foundation research project.
Funders: CRREL SERDP grant, RTF building fund
Duration: 2006 to ongoing
Folder Locations: \\cabin\CCHRC\Building Science Research\Projects\CRREL Permafrost Fdn 4008-001\Robbin RTF Foundation Stuff
Partners: CRREL, UAF
Proposal Documents: none
[bookmark: _Toc409599212]Data Collection
In order to meet the objectives digital data will be collected, stored, and analyzed.  The foundation data will come from 4 CR1000 datalogger stations: BAfoundation, Basement, Southlabfoudation and Northlabfoundation
[bookmark: _Toc409599213]Policies
The data will be collected on the logger in hourly and daily averages and exported to the ARSC server once a day. Data will be reviewed for accuracy every six months.
[bookmark: _Toc409599214]Responsibilities
The CCHRC data manager is responsible for making certain this data is being collected and is in an error free format.
[bookmark: _Toc409599215]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.
Naming conventions
Each data point will have a specific name.  All names for the interior sensors will start with the PROJECT_NAME, in this case FOUND. 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 names is “FOUND” and they 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, moisture content in Vol/Vol
Data analysis formats
.csv can 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 as a backup 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: _Toc409599216]Digital Data
The 4 CR1000s will collect temperature and soil moisture content data from a variety of locations in the foundation of the building.

[bookmark: _Toc409599217]The BAFoundation logger collects data from 5 temperature strings that are underneath the foundation of the SNC addition to the RTF. Table 1 lists the names of the data point in the addition foundation. Each name starts with the location under the foundation and then the depth below the surface of the foam (3 ft 4 inch below the surface of the floor). FOUNDBA will be added to the beginning of each name. The holes in the table are due to sensors that do not function, these values are not logged. Figures 1 and 2 show the layout of these strings. 

Table 1. BAFoundation Data names
	CTRsurface_C
	NEsurface_C
	SEsurface_C
	SWsurface_C
	NWsurface_C

	CTRdepth00_5_C
	NEsurface2_C
	SEdepth00_5_C
	SWdepth00_5_C
	NWdepth00_5_C

	CTRrdepth01_5_C
	NEsurface3_C
	SEdepth01_5_C
	SWdepth01_5_C
	NWdepth01_5_C

	CTRdepth03_0_C
	NEsurface4_C
	
	
	NWdepth03_0_C

	CTRdepth06_5_C
	
	SEdepth06_5_C
	SWdepth06_5_C
	NWdepth06_5_C

	
	NEdepth01_5_C
	SEdepth09_0_C
	SWdepth09_0_C
	

	CTRdepth11_0_C
	NEdepth03_5_C
	SEdepth11_0_C
	SWdepth11_0_C
	NWdepth11_0_C

	CTRdepth13_0_C
	NEdepth05_5_C
	
	
	NWdepth13_0_C



[image: C:\Users\robbin.CCHRC\Desktop\THERMISTOR 01.jpg]
Figure 1. Building addition sensors with a sample of data. The string starts at the top of the foam, 3 feet, 4 inches below the surface of the floor.
[image: C:\Users\robbin.CCHRC\Desktop\THERMISTOR 02.jpg]
Figure 2. Location of building addition sensors

[bookmark: _Toc409599218]The Basement logger has two temperature data streams: east of the building baseline and the ICF wall profile. Table 2 lists the data point names for the basement logger. The east base line names include the depth below the surface. Figure 3 shows the layout of the east baseline temperature string. Figure 4 shows the ICF wall profile with the locations of the data points included.

Originally there were 9 moisture content sensors below the basement. Data before 2015 is logged here….Since there is very little location information and the data does not seem to be changing, five to the moisture content sensors are no longer logging. The four remaining moisture content sensors are below the gravel fill but their exact locations are unknown.

Table 2. Basement data point names.
	FOUNDEASTBASE_0_5ft_C
	FOUNDICF_INSIDE1_C
	FOUND_belowfill12_SM

	FOUNDEASTBASE_1_0ft_C
	FOUNDICF_INSIDE2_C
	FOUND_belowfill13_SM

	FOUNDEASTBASE_1_5ft_C
	FOUNDICF_INSIDE3_C
	FOUND_belowfill14_SM

	FOUNDEASTBASE_2_0ft_C
	FOUNDICF_OUTINNEREPS1_C
	FOUND_belowfill_SM

	FOUNDEASTBASE_2_5ft_C
	FOUNDICF_OUTINNEREPS2_C
	

	FOUNDEASTBASE_3_0ft_C
	FOUNDICF_OUTINNEREPS3_C
	

	FOUNDEASTBASE_3_5ft_C
	FOUNDICF_CENTER1_C
	

	FOUNDEASTBASE_4_0ft_C
	FOUNDICF_CENTER2_C
	

	FOUNDEASTBASE_4_5ft_C
	FOUNDICF_CENTER3_C
	

	FOUNDEASTBASE_5_5ft_C
	FOUNDICF_INOUTEREPS1_C
	

	FOUNDEASTBASE_7_0ft_C
	FOUNDICF_INOUTEREPS2_C
	

	FOUNDEASTBASE_10_0ft_C
	FOUNDICF_INOUTEREPS3_C
	

	FOUNDEASTBASE_12_7ft_C
	FOUNDICF_OUTOUTEREPS1_C
	

	FOUNDEASTBASE_13_2ft_C
	FOUNDICF_OUTOUTEREPS2_C
	

	FOUNDEASTBASE_13_7ft_C
	FOUNDICF_OUTSIDE1_C
	

	FOUNDEASTBASE_14_2ft_C
	FOUNDICF_OUTSIDE2_C
	

	FOUNDEASTBASE_14_7ft_C
	
	

	FOUNDEASTBASE_15_2ft_C
	
	

	FOUNDEASTBASE_15_7ft_C
	
	

	FOUNDEASTBASE_16_2ft_C
	
	

	FOUNDEASTBASE_16_7ft_C
	
	

	FOUNDEASTBASE_17_2ft_C
	
	

	FOUNDEASTBASE_18_2ft_C
	
	

	FOUNDEASTBASE_20_2ft_C
	
	

	FOUNDEASTBASE_22_2ft_C
	
	

	FOUNDEASTBASE_24_2ft_C
	
	

	FOUNDEASTBASE_26_2ft_C
	
	

	FOUNDEASTBASE_28_2ft_C
	
	

	FOUNDEASTBASE_30_2ft_C
	
	

	FOUNDEASTBASE_32_2ft_C
	
	

	FOUNDEASTBASE_34_2ft_C
	
	

	FOUNDEASTBASE_36_2ft_C
	
	

	FOUNDEASTBASE_38_2ft_C
	
	

	FOUNDEASTBASE_40_2ft_C
	
	

	FOUNDEASTBASE_42_2ft_C
	
	

	FOUNDEASTBASE_44_2ft_C
	
	

	All base points are in Figure 3
	All ICF wall points are in Figure 4
	




















 (
East Basement Wall of the RTF
)[image: \\cabin\CCHRC\Building Science Research\Projects\CRREL Permafrost Fdn 4008-001\Robbin RTF Foundation Stuff\Old RTF\EAST of RTF Sensor String Diagram2.png]
Figure 3. Information on the foundation and the baseline string east of the RTF
[image: ]
Figure 4. ICF wall profile. These sensors are assumed to be in the south wall of the basement.
[bookmark: _Toc409599219]The Southlabfoundation logger is collecting data from underneath and around the slab foundation in the South lab. Many of the data points for this project have failed but there are enough remaining to continue to the collection. All four of the moisture content sensors in Figure 5 are working.

Table 3. Southlabfoundation data points
	FOUNDSouth_Sjpad_82in_SM
	Figure 5

	FOUNDSouth_Sjpad_33in_SM
	Figure 5

	FOUNDSouth_Njpad_89in_SM
	Figure 5

	FOUNDSouth_Njpad_33in_SM
	Figure 5





[image: ]
Figure 5. South Lab foundation sensors. The red dots are sensor locations, the off color box show the new names of the data points. Only on temperature sensor is working in the south lab.
[bookmark: _Toc409599220][bookmark: _GoBack]The Northlabfoundation logger is collecting data from underneath and around the slab foundation in the North lab. Several of the data points for this project have failed but there are enough remaining to continue to the collection. 
	FOUNDNorth_Sjpad_33in_C1
	FOUNDNorth_Sjpad_33in_SM
	Figure 6

	
	FOUNDNorth_Sjpad_78in_SM
	Figure 6

	
	FOUNDNorth_Njpad_33in_SM
	Figure 6

	FOUNDNorth_Njpad_76_5in_C1
	FOUNDNorth_Njpad_76_5in_SM
	Figure 6

	FOUNDNorth_slabsurface_C1 (2)
	
	Figure 6

	FOUNDNorth_bottomslab_C1 (2)
	
	Figure 6

	FOUNDNorth_west24in_C1 (2)
	
	Figure 7

	FOUNDNorth_westfooter_C1
	
	Figure 7

	FOUNDNorth_middlehalfin_C1 (2,3)
	
	Figure 8

	FOUNDNorth_middle5in_C1 (2.3)
	
	Figure 8

	FOUNDNorth_middle10in_C1 (2.3)
	
	Figure 8




[image: ]
Figure 6. North lab, north wall test section. The red dots are sensors locations, the new names of the sensors are in the off color boxes.
[image: ]
Figure 7. North lab west wall test section. Only two of these temperature sensors are working.
 [image: ]
Figure 8. Sensors in the side, middle and corner locations of the North Lab, exact locations are unknown.
 

[bookmark: _Toc409599221]Documentation and Metadata
[bookmark: _Toc409599222]Data Documentation
All digital data and documentation for this project will be stored here \\cabin\CCHRC\Building Science Research\Projects\CRREL Permafrost Fdn 4008-001\Robbin RTF Foundation Stuff

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 “FOUNDATION” to make those notes easy to find if they become necessary. 
[bookmark: _Toc409599223]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\Building Science Research\Projects\CRREL Permafrost Fdn 4008-001\Robbin RTF Foundation Stuff and updated every 6 months.
Table Metadata
Each table will have a metadata spreadsheet that includes all of the following data points:
	File Name
	Exact name of the file

	Headers Included (Y/N)
	Are column headers in the file? (Y/N)

	Delimitation Type
	What is used to separate data columns? (comma, space, tab, etc.)

	File Extension 
	What is the file extension type? 

	Number of Header Lines Total
	How many header lines are in the data file?

	Column #
	Which column of data are the following descriptions referring to?

	Name / Title
	What is the data point called?

	Definition of Name / Title
	 a detailed description of the data point name.

	Units
	Unit label for measurements. (cm, degC,%, etc.)

	Storage Type
	string (text variable), integer (whole number), float point (digits representing real number), date (temporal reference)

	Location, building
	which building houses the sensor

	Location, level
	what level or floor of the building is the sensor located

	Location, details
	where exactly is the sensor using a fixed reference point, list the point, attach photos if possible

	Notes
	Note strange occurrence or errors

	Min Valid Value
	Minimum expected value for this measurement. (Normal Range)

	Max Valid Value
	Maximum expected value for this measurement. (Normal Range)

	Error Code
	Any error codes that may be present in the data

	Precision (Decimal Places)
	Please give the number of decimal places expressed in the data.

	Calculation Notes
	Information about calculations performed to derive this value.


[bookmark: _Toc409599224]Storage and Security
Sensor data will be stored here: \\cabin.cchrc.uaf.edu\CCHRC, 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: _Toc409599225]Preservation and Sharing
This is a long term data collection project the data will remain on the ARSC site for CCHRC data and be accessible to future researchers.




[bookmark: _Toc409599226]Appendix
[bookmark: _Toc409599227]Data Measurement and Recording Standards
Last Update: Dec. 2, 2014
Last Update By: Robbin

All data will be collected by Campbell Scientific CR1000 dataloggers. The loggers will be connected to the CCHRC network and will be send data to a web server via FTP every day.

The 4 loggers have the following connection parameters.
	
	IP internal
	PakAddress
	IP external

	Basement
	172.20.127.46
	50
	137.229.65.13

	Northlabfound
	172.20.127.44
	80
	137.229.65.11

	Bafoundation
	172.20.127.59:6786
	1
	137.229.65.59:6786

	Southlabfound
	172.20.127.45
	30
	137.229.64.143



There are 2 types of sensors in the foundation: GWS thermistors and Campbell Scientific CS616-L Water Content Reflectometers. 

Sensor: GWS direct bury thermistors with 10kΩ resistors
Measurement Range:  -80°C to 150°C ±0.1°C
Output Units:  temp in ° C
Scan Interval: 5 minute
Averaging Interval: daily
Algorithms: using the CR1000 programing 
Const a = 0.0014654354
Const b = 0.0002386780
Const c = 0.0000001000
BrHalf (therm(I),1,mV2500,1,Vx1,1,2500,True ,0,_60Hz,1.0,0)
I = I + 1
For I=1 To 123
GWS_Therm_kOHM(I) = Rf_1*therm(I)/(1-therm(I))
Next I
For I=1 To 123
D(I) = LN (1000*GWS_Therm_kOHM(I))                          'ln resistance (ohm)
GWS_T_deg_C(I) = (1/(a + b*D(I) + c*(D(I))^3)) - 273.15     'Steinhart & Hart Equation
Next I

Sensor: Campbell Scientific CD 616-l Water Content Reflectometer
Measurement Range:  0% to saturation volumetric water content in soils between 0°C and 70°C
Output Units:  Volume water/Volume of soil
Scan Interval: 5 minute
Averaging Interval: daily
Algorithms: for the CR1000
	If IfTime (0,5,Min) Then      'BEGIN 5-MINUTE MEASUREMENT LOOP
		'READ 10 CS616 SOIL MOISTURE SENSORS
		CS616 (CS616_us(),10,5,5,10,1.0,0)

		For I = 1 To 10
			'CONVERT SOIL MOISTURE SENSOR MEASUREMENT (micro-seconds) TO VOLUMETRIC
			'  SOIL WATER CONTENT
			CS616_SM(I) = -0.0663+CS616_us(I)*(-0.0063+CS616_us(I)*0.0007)
			Next I
	EndIf

Notes from the manual:
The water content reflectometer measures volumetric water content. Soil water content is expressed on a gravimetric and a volumetric basis. To obtain the independently determined volumetric water content, gravimetric water content must first be measured. Gravimetric water content (θg) is the mass of water per mass of dry soil. It is measured by weighing a soil sample (mwet), drying the sample to remove the water, then weighing the dried soil (mdry). 

Volumetric water content (θv) is the volume of liquid water per volume of soil. Volume is the ratio of mass to density (ρb) which gives: 

The density of water is close to 1 and often ignored. 


There is a metadata spreadsheet for each data table.
[bookmark: _Toc409599228]Programs
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WALL:

2'x6' Wall w/
Fiberglass Insulation
6" EPS Insulation

WALL:
ARXX 8" ICF
2" XPS Insulation

FOUNDATION:

8" Concrete Slab
6" Coarse Grain Fill
4" XPS Insulation

CCHTH53 38-46: Intervals of 0.5 ft starting at 0.5 ft

CCHTHS3 47: 5.5 ft Compacted Fine Grain Backfill

CCHTHS3 48: 7 ft Natural Fine Grain Soil

CCHTHS3 49: 10 ft

2" XPS Insulation

NOTES:

10’ Excavation

Permafrost @ 35 ft when string was installed
Installed Oct 19 2005

High water content below building

44.2 ft w/ 36 sensors

Coarse grain fill estimated to extend 2 ft below

footings

East side of building, 4 feet from outer wall, y
outside of lower jacking pad, near center of building,
cable buried to access pipe on eastern wall into

basement area, basement data acquisition system
will monitor thermistors

© CCHTH53 36: 18 ft

© CCHTH53 37, 10-25: Intervals of 2 ft starting at approx. 20 ft
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