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Amended
NOTICE

Fire Station Oversight Committee
Thursday, November 19, 2015

VERONA FIRE STATION
101 Lincoln Street, Verona, WI

5:00 pm.

1. Call to Order

2. Approval of September 2, 2015 Minutes

3. West Station-Exterior metal panel material alternate

4. West Station-Site Design Modifications

5. West Station-Any Other Design Issues Requiring Guidance

6. West Station-Cost Estimate, Value Engineering

7. R-113-15 – Approving Contract Amendment With SEH For
Architectural/Engineering Services a Geo-Thermal System For The West Fire
Station Building

8. Announcements
i. Next Oversight Meeting- TBD
ii. Possible tour of station

9. Adjournment

Please note Meeting Location

Note: It is possible that members of and possibly a quorum of members of other governmental bodies of the municipality
may be in attendance at the above stated meeting to gather information.  No action will be taken by any governmental
body at the above stated meeting other than the governmental body specifically referred to above in this notice.  Please
note that, upon reasonable notice, efforts will be made to accommodate the needs of disabled individuals through
appropriate aids and services.  For additional information or to request this service, contact City Clerk’s office (270-4200),
Fitchburg City Hall, 5520 Lacy Rd, Fitchburg, WI 53711
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Station Building
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i. Next Oversight Meeting- TBD
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appropriate aids and services. For additional information or to request this service, contact City Clerk’s office (270-4200),
Fitchburg City Hall, 5520 Lacy Rd, Fitchburg, WI 53711
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Minutes
Fire Station Oversight Committee

Wednesday, September 2, 2015

Present: Steve Arnold, Chair; Craig Schneider, Dave Herbst, Jason Gonzalez,
Pat O’Brien

Also Present: Trevor Frank, Dennis Limmex, Brian Myrland, Dave Berman,
Chad Grossen, Tom Hovel

1. Call to Order—Meeting was called to order at 5:02 pm by Chairperson Arnold

2. Approval of August 12, 2015 Minutes—motion by Gonzalez, second by Herbst to
approve the minutes of 8/12/15 was carried.

3. West Station— sustainability items
a. Additional sustainability items—photovoltaic, solar hot water, other

Architect noted that the solar hot water system will require about 170 sq ft of
panel system, at a cost of $15,000. The systems estimated 25 year payback,
which is higher than the Madison station, is due to lack of incentives which
helped reduce the Madison cost and payback. Discussion occurred on the
solar hot water system and its effectiveness.
Motion by O’Brien second by Gonzalez to approve the use of a solar hot
water system at an estimated additional cost of $15,000; motion carried.

Architect noted that a full photovoltaic (pv) system to cover electric demand
would likely require the full roof system, with solar hot water. Herbst
expressed concern with locating a pv system on the roof, and the added
expense when there is a need to reroof. Mayor noted work by the current
solar committee and the solar committees viewing of solar installations in the
Madison area. No cost estimate was available for pv panels. Myrland noted
concern that sustainability measures may reduce the operational aspects of
the building. After a great deal of discussion, motion by Gonzalez, second by
O’Brien to approve the use of structure upgrades to handle a potential pv
system, including necessary raceways. Limmex estimated the cost of the
structure upgrades to accommodate pv is likely be $10,000 or less. Motion
carried.

There was general agreement that the committee has now covered the basic
items for building sustainability.

b. Update on geo-thermal testing
Hovel noted that two quotes were received and the test well should be drilled
sometime next week and that the report should be available at the end of the
month. Cost is $11,150
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c. Focus on Energy consulting
Hovel reviewed correspondence with Focus on Design Assistance. He noted
the conservative range of credits available may not be worth the 40 or more
hours of extra consultant time. Committee agreed to allow staff to use their
judgment on whether or not to pursue Focus on Energy. It was noted that
perhaps the ala carte program, as being used on the Verona Station, may be
worthwhile. Limmex noted that Focus demanded materials usually have a
higher cost.

4. West Station Cost estimate--Limmmix will be doing a more detailed breakdown
by division of work, but the current estimate is about $272/sq ft. Discussion
occurred on use of burnished block, and it was decided to only use burnished
block in the locker-restroom area.

5. Design Schedule—Committee reviewed the design schedule. Limmex noted
the bid times will be within the optimum time frame of late January into February.
Committee noted that the staff committee should make the detailed decisions
and if questions or policy choices are required they will come with options to the
committee.

6. Tour of Madison Stations—Tour to be 9/9 at 12:30 pm.
Committee decided to view west station. Group desiring to car pool will meet at
City Hall at noon.

7. Announcements
i. Next Oversight Meeting- TBD; next meeting, when scheduled, will be held

at the new Verona Fire Station.

8. Adjournment—motion by Gonzalez, second by Herbst to adjourn was carried at
6:48 pm.

Note: It is possible that members of and possibly a quorum of members of other governmental bodies of the municipality
may be in attendance at the above stated meeting to gather information. No action will be taken by any governmental
body at the above stated meeting other than the governmental body specifically referred to above in this notice. Please
note that, upon reasonable notice, efforts will be made to accommodate the needs of disabled individuals through
appropriate aids and services. For additional information or to request this service, contact City Clerk’s office (270-4200),
Fitchburg City Hall, 5520 Lacy Rd, Fitchburg, WI 53711
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Steve Arnold, Mayor Planning
Introduced by Prepared by

Finance October 8, 2015
Referred to Date

RESOLUTION R-113-15
APPROVING CONTRACT AMENDMENT WITH SEH FOR ARCHITECTUAL/ENGINEERING

SERVICES A GEO-THERMAL SYSTEM FOR THE WEST FIRE STATION BUILDING

WHEREAS, the Fire Station Oversight Committee has decided to pursue a geo-thermal heating
and cooling system for the west fire station, and

WHERAS, this requires a higher level of design services than originally contemplated in the
original contract with SEH, and

WHEREAS, the Finance Committee has reviewed the contract amendment and recommends
approval.

NOW, THEREFORE, BE IT HEREBY RESOLVED, that the Common Council hereby approves
the contract amendment with SEH for design services for a geo-thermal heating and cooling system for the
West Fire Station in the amount of $24,530. (The original contract amount was for $216,125 and the
revised amount , with this amendment, will now be $240,655.)

BE IT FURTHER RESOLVED, that it authorizes the City Engineer and City Attorney to negotiate
any necessary amendments with SEH, and for the Mayor and City Clerk to sign.

Adopted this_____day of October, 2015.

Approved:____________________________
Stephen L. Arnold, Mayor

Attested By:___________________________
Patti Anderson, City Clerk
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To: Finance Committee
From: Thomas D. Hovel
Date: November 2, 2015
Subject: West Fire Station Design Services Amendment

The request for an amendment to the design contract for the west fire station for geo-thermal
services was tabled pending additional information on firm selection, payback and the borings.

Relative to firm selection, the contract amendment is the provision of services by Sustainable
Engineering Group (SEG) to design the geo-thermal field. SEG is a sub-consultant to the
project architect, SEH. Hence the agreement is with SEH. The architect has worked with SEG
in the past. The services for the architect went through a RFP process; the sub-consultants
have been chosen by the architect and not gone through such a process. The architect noted
that he recalled attempting to get a price from a different firm, but received no response. We did
get two quotes for the test bore, and SEG was the lower of the two quotes. Please note, that
the architect made an error and the increase for the geo-thermal is actually $24,530, not the
previously provided $40480. The resolution has been updated to reflect this amount.

Second, in regard to payback I spoke with Jon Evans of SEG on October 28. He noted that the
cost premium for a geothermal system is about $100,000 above a conventional Variable Air
Volume (VAV) system. Mr. Evans noted estimated that annual savings from a geo-thermal
system compared to the VAV system would be about $10,000 per year. With a system estimate
of $100,000 and adding in the fees and the test bore, the estimated cost comes to $135,680.
This would mean a payback of about 14 years. The geo-thermal bore field has a 50 year pipe
warranty, although the life span of the bore field components is estimated at 100 years. Mr.
Evans has noted that when you factor in maintenance savings, utility cost increases, and
equipment replacement a typical payback is two to three years sooner than the simple payback
calculation.

Third, a test bore and report were completed in September. Given the estimated building loads
received from the design team at the time of the report (September 2015), there is the need for
16 bores each at 400’ deep. A bore field report is attached.

For your information, the Oversight Committee has also decided to pursue the following:
LED lighting, with an estimated simple payback of less than five years
Solar hot water, with simple payback estimated at 25 years.
Structure for future photo-voltaic, at a cost estimated to be less than $10,000.

MEMORANDUM

CITY OF FITCHBURG

PLANNING DEPARTMENT

5520 LACY ROAD

FITCHBURG, WI 53711
(608) 270-4200

FAX: (608) 270-4275
EMAIL: planning@city.fitchburg.wi.us
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Geothermal Formation & Thermal Conductivity Test Results 1 
September 2015 

Introduction  
Sustainable Engineering Group was requested to provide services for the execution of a formation and 
thermal conductivity test for the new ~20,000 ft2 Fitchburg Northwest Fire Station located in Fitchburg, 
WI.  

The formation and thermal conductivity test is used for sizing the geothermal field. The test consists of 
drilling a geothermal well to the desired depth and inserting an approved polyethylene u-bend assembly.  
The well is then sealed using an approved grouting material in the bore annulus.  After a period of five 
days a control/data box and a generator is connected to the vertical loop. The control box then pumps 
heated water into the loop and the data logger records the geologic formations ability to accept and 
dissipate the heat. The results of the test will document the ground formation's thermal conductivity, 
thermal diffusivity, and undisturbed temperature.  The results then allow the design team to more 
accurately size the geothermal field and ultimately reduce the installation cost.  

The following figure illustrates the location of the test bore on the site plan. The test bore is located ~146’ 
from the east side of the property (Marketplace Drive) and ~275’ from the south side of the property 
(Executive Drive).  Also shown is the approximate outline of the geothermal borefield that was sized 
based on the test bore results. 

 

 
Figure 1. Site plan showing test bore location and proposed geothermal borefield relative to building. 
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Geothermal Formation & Thermal Conductivity Test Results 2 
September 2015 

Since only two circuits are needed, an exterior manifold vault could be eliminated if space in the building 
can be provided for the header manifold. Room for (4) 4” pipes would need to be provided in the south 
west corner. Manifold would run along west wall. 
 

 
 

Figure 2. Options for Building Manifold Location (box shown in red) 
 

 
Figure 3. Similar building manifold in Mt. Pleasant Village Hall & PD  
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Geothermal Formation & Thermal Conductivity Test Results 3 
September 2015 

Timeline 
A summary of the geothermal test bore installation schedule can be seen below.  

 Tuesday, September 1st, 2015  
o Sustainable Engineering Group went to site to review site conditions.   

 Thursday, September 10th, 2015  
o Diggers hotline cleared site 

 Monday, September 14th, 2015  
o Drilling started by Ground Source 

 Wednesday, September 16th, 2015  
o Drilling completed by Ground Source 

 Monday, September 21st, 2015 
o Data logger and test apparatus was connected to test bore and began recording 

data – Installed by GO Loop 
 Wednesday, September 24th, 2015  

o Data collection complete.  Data logger and test apparatus was removed by GO 
Loop 

 Thursday, September 24th, 2015  
o Data analysis complete and test report submitted to design team.  

 

 
Figure 4. Test bore location at site looking south   



   

Geothermal Formation & Thermal Conductivity Test Results 4 
September 2015 

Results 
The bore was started with a mud-rotary rig. The upper bore to 107’ was drilled mud rotary.  Due 
to fractures in the formation, drilling fluid loss was experienced at 45’. Therefore, 60’ of 6” 
temporary casing was installed and the process continued with mud rotary after installing casing. 
Additional fluid loss at 107’ and large amount of water use (due to fractures washing away 
drilling fluid and not being able to recirculate) caused the drilling crew to pause and assess the 
approach. Up to this point 7200 gallons water used to drill, which is much higher than typical.  

The crew changed drill method to Air Rotary due to continuous fluid loss. The air rotary drilling 
technique in fractured formations produces water from the ground as opposed to requiring water 
from the surface. Bore produced considerable amounts of water while drilling air rotary. Drilled 
to 400’ and installed u-bend loop. Bentonite chips were used at 107’ fracture during grouting.  
Minimal grout settling occurred after 5 days after drilling. 

Since this formation will require air rotary drilling to be economical, water management on the 
site during the drilling process will be critical and construction staging should be reviewed. 
During active drilling up to 100 gpm may need to be managed. It can be directed to the swale at 
the northwest area of the site, settled and clear water can be pumped to the storm drain. Ideally 
the bores would be drilled in the winter when the ground is frozen to minimize construction 
staging issues in the spring. 

 

 
Figure 5. Options for water management during drilling 
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Geothermal Formation & Thermal Conductivity Test Results 5 
September 2015 

Overall, the results from the formation and thermal conductivity analysis show very good values 
for a 400’ bore, which will reduce costs.  High static water level provides for very good 
conductivity. The numeric values for the ground thermal conductivity, the ground thermal 
diffusivity, and the undisturbed ground temperature can be seen below. Detailed formation and 
conductivity report provided by GO Loop is attached to this report. 

- Ground Thermal Conductivity: 2.22 Btu/ft-hr-°F 
- Ground Thermal Diffusivity: 1.38 ft2/day 
- Undisturbed Ground Temperature: 50.9°F 

The following figure illustrates the estimated number of bores that would most likely be 
necessary for the installation of this facility at three different thermal conductivity values.  A 
higher ground thermal conductivity value decreases the number of bores needed; and, therefore, 
the cost of installing a geothermal system. Average conductivity for a 400’ bore is 1.8 – 1.9 with 
2.0 being typical with a lot of ground water. A value of 2.22 is very good. Since the building is 
small the differences are not too dramatic, but the higher value is resulting in first cost savings 
from a smaller borefield (~$10,000-$15,000). 

  
Figure 6. Ground Conductivity Comparison 
 
Based on a 20,000 ft2 area being conditioned by geothermal heat pumps with a peak load of 44 
tons (16) 400’ bores will be needed. The final quantity will be dependent on the building’s 
heating and cooling loads, which are still being determined. Based on drilling conditions we are 
assuming drilling costs to install a borefield and lateral piping to the building will be $17.50-
$18.00/LF.  

- Our opinion of borefield cost drilled in spring 2016, assuming a header pit vault is not 
used (deduct $15,000) and the test bore is reused (deduct $5,000), is $85,000 - $95,000.  

- If the borefield can be drilled over the winter of 2015/16 then our opinion of borefield 
cost is $80,000-90,000. This reflects a $0.50/LF drilling deduct. 

- If it is desirable to carry a single number in the cost estimate use $90,000.  
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Executive Summary 
 
A formation thermal conductivity test was performed at the Fitchburg West Fire Station site at a 

GPS location of N 43° 0.810' (latitude), W 89° 27.518' (longitude) in Fitchburg, Wisconsin.  The 

vertical bore was completed on September 5, 2015 by G.O. Loop.  Geothermal Resource 

Technologies’ (GRTI) test unit was attached to the vertical bore on the afternoon of September 

21, 2015.   

 

This report provides an overview of the test procedures and analysis process, along with plots of 

the loop temperature and input heat rate data.  The collected data was analyzed using the “line 

source” method and the following average formation thermal conductivity was determined. 
 

Formation Thermal Conductivity = 2.22 Btu/hr-ft-°F 

 

Due to the necessity of a thermal diffusivity value in the design calculation process, an estimate 

of the average thermal diffusivity was made for the encountered formation.  
 

Formation Thermal Diffusivity ≈≈≈≈ 1.38 ft
2
/day 

 

The undisturbed formation temperature for the tested bore was established from the initial loop 

temperature data collected at startup. 
 

Undisturbed Formation Temperature ≈≈≈≈ 50.6-51.2°F 

 

The formation thermal properties determined by this test do not directly translate into a loop 

length requirement (i.e. feet of bore per ton).  These parameters, along with many others, are 

inputs to commercially available loop-field design software to determine the required loop length.  

Additional questions concerning the use of these results are discussed in the frequently asked 

question (FAQ) section at www.grti.com. 
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Test Procedures 
 
The American Society of Heating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) has 

published recommended procedures for performing formation thermal conductivity tests in the 

ASHRAE HVAC Applications Handbook, Geothermal Energy Chapter.  The International 

Ground Source Heat Pump Association (IGSHPA) also lists test procedures in their Design and 

Installation Standards.  GRTI’s test procedures meet or exceed those recommended by ASHRAE 

and IGSHPA, with the specific procedures described below: 

 

Grouting Procedure for Test Loops – To ensure against bridging and voids, it is 

recommended that the bore annulus is uniformly grouted from the bottom to the top via 

tremie pipe. 

 

Time Between Loop Installation and Testing – A minimum delay of five days 

between loop installation and test startup is recommended for bores that are air drilled, 

and a minimum waiting period of two days for mud rotary drilling. 

 

Undisturbed Formation Temperature Measurement – The undisturbed formation 

temperature should be determined by recording the loop temperature as the water returns 

from the u-bend at test startup.  

 

Required Test Duration – A minimum test duration of 36 hours is recommended, with 

a preference toward 48 hours.   

 

Data Acquisition Frequency - Test data is recorded at five minute intervals. 

 

Equipment Calibration/Accuracy – Transducers and datalogger are calibrated per 

manufacturer recommendations.  Manufacturer stated accuracy of power transducers is 

less than ±2%.  Temperature sensor accuracy is periodically checked via ice water bath.   

 

Power Quality – The standard deviation of the power should be less than or equal to 

1.5% of the average power, with maximum power variation of less than or equal to 10% 

of the average power.  

 

Input Heat Rate – The heat flux rate should be 51 Btu/hr (15 W) to 85 Btu/hr (25 W) 

per foot of installed bore depth to best simulate the expected peak loads on the u-bend. 

 

Insulation – GRTI’s equipment has 1 inch of foam insulation on the FTC unit and 1/2 

inch of insulation on the hose kit connection.  An additional 2 inches of insulation is 

provided for both the FTC unit and loop connections by insulating blankets. 

 

Retesting in the Event of Failure – In the event that a test fails prematurely, a retest 

may not be performed until the bore temperature is within 0.5°F of the original 

undisturbed formation temperature or until a period of 14 days has elapsed. 
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Data Analysis 
 
Geothermal Resource Technologies, Inc. (GRTI) uses the "line source" method of data analysis to 

determine the thermal conductivity of the formation.  The line source method assumes an 

infinitely thin line source of heat in a continuous medium.  A plot of the late-time temperature 

rise of the line source temperature versus the natural log of elapsed time will follow a linear trend.  

The linear slope is inversely proportional to the thermal conductivity of the medium.  When a u-

bend grouted in a borehole is used to inject heat into the ground at a constant rate in order to 

determine the average formation thermal conductivity, the test must be run long enough to allow 

the finite dimensions of the u-bend pipes and the grout to become insignificant.  Experience has 

shown that approximately ten hours is required to allow the error of early test times and the 

effects of finite borehole dimensions to become insignificant.   

 

In order to analyze real data from a formation thermal conductivity test, the average temperature 

of the water entering and exiting the u-bend heat exchanger is plotted versus the natural log of 

elapsed testing time.  Using the Method of Least Squares, linear coefficients are then calculated 

to produce a line that fits the data.  This procedure is repeated for various time intervals to ensure 

that variations in the power or other effects are not producing inaccurate results.   

 

The calculated results are based on test bore information submitted by the driller/testing agency.  

GRTI is not responsible for inaccuracies in the results due to erroneous bore information.  All 

data analysis is performed by personnel that have an engineering degree from an accredited 

university with a background in heat transfer and experience with line source theory.  The test 

results apply specifically to the tested bore.  Additional bores at the site may have significantly 

different results depending upon variations in geology and hydrology.   

 

Through the analysis process, the collected raw data is converted to spreadsheet format 

(Microsoft Excel) for final analysis.  If desired, please contact GRTI and a copy of the data will 

be made available in either a hard copy or electronic format.  

 
Contact:Contact:Contact:Contact:    Chad Martin 

    Regional Managing Engineer 
    Asheville, NC 

    (828) 225-9166 

    cmartin@grti.com 
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 Test Bore Details 
 (As Provided by G.O. Loop) 
 

Site Name Fitchburg West Fire Station 

Location Fitchburg, WI 

Driller G.O. Loop 

Installed Date September 5, 2015 

Borehole Diameter 8 inches, 0-60 ft 

6 inches, 60-400 ft  

Casing Temporary 6 inch casing to 60 ft 

U-Bend Size 1 1/4 inch DR-11 HDPE 

U-Bend Depth Below Grade 400 ft 

Grout Type GeoPro Thermal Grout Lite 

Grout Mixture 250 lb sand per 50 lb bentonite 

Grouted Portion Entire bore 

Note: Bore was grouted with bentonite chips from 105-110 ft. 

  
 
Drill Log 
 
 

 Formation DescriptionFormation DescriptionFormation DescriptionFormation Description    Depth (FT)Depth (FT)Depth (FT)Depth (FT)    

 Sand & gravel 0'-10' 

 Broken sandstone w/gravel/cobbles/boulders 10'-20' 

 Soft/loose sandstone 20'-50' 

 Red sandstone, shaley 50'-80' 

 Red shale 80'-106' 

 Soft/loose shale 106'-108' 

 Red shale 108'-110' 

 Sandstone 110'-330' 

 Broken sandstone 330'-360' 

 Sandstone 360'-400' 
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Thermal Conductivity Test Data 
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Fig. 1: Temperature & Heat Rate Data Vs Time 

 
 
Figure 1 above shows the loop temperature and heat input rate data versus the elapsed time of the 

test.  The temperature of the fluid supplied to and returning from the U-bend are plotted on the 

left axis, while the amount of heat supplied to the fluid is plotted on the right axis on a per foot of 

bore basis.  In the test statistics below, calculations on the power data were performed over the 

analysis time period listed in the Line Source Data Analysis section. 

 
 
Summary Test Statistics 
 

Test Date September 21-23, 2015 

Undisturbed Formation Temperature Approx. 50.6-51.2°F 

Duration 42.9 hr 

Average Voltage 239.1 V 

Average Heat Input Rate 28,343 Btu/hr (8,305 W) 

Avg Heat Input Rate per Foot of Bore 70.9 Btu/hr-ft (20.8 W/ft) 

Calculated Circulator Flow Rate 11.1 gpm 

Standard Deviation of Power 0.24% 

Maximum Variation in Power 0.57% 
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Line Source Data Analysis 
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Fig. 2: Temperature & Heat Rate Vs Natural Log of Time 

 
 

The loop temperature and input heat rate data versus the natural log of elapsed time are shown 

above in Figure 2.  The temperature versus time data was analyzed using the line source method 

(see page 3) in conformity with ASHRAE and IGSHPA guidelines.  A linear curve fit was 

applied to the average of the supply and return loop temperature data between 10 and 42.9 hr.  

The slope of the curve fit was found to be 2.55.  The resulting thermal conductivity was found to 

be 2.22 Btu/hr-ft-°F.     

    

 

 

.



Geothermal Resource Technologies Inc.                                   WWW.GRTI.COM 

 

September 24, 2015  7 of 7                                           FTC Test Report 

 

Thermal Diffusivity 
 
The reported drilling log for this test borehole indicated that the formation consisted of sand, 

gravel, cobbles, boulders, shale, and sandstone.  Heat capacity values for shale and sandstone 

were calculated from specific heat and density values listed by Kavanaugh and Rafferty (Ground-

Source Heat Pumps - Design of Geothermal Systems for Commercial and Institutional Buildings, 

ASHRAE, 1997). A weighted average of heat capacity values based on the indicated formation 

was used to determine an average heat capacity of 38.5 Btu/ft
3
-°F for the formation. A diffusivity 

value was then found using the calculated formation thermal conductivity and the estimated heat 

capacity. The thermal diffusivity for this formation was estimated to be 1.38 ft
2
/day. 
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CERTIFICATE OF CALIBRATION 

 
GRTI maintains calibration of the datalogger, current transducer and voltage transducer on a 

biannual schedule per the manufacturers recommendations. The components are calibrated by the 

manufacturer using recognized national or international measurement standards such as those 

maintained by the National Institute of Standards and Technology (NIST). 

 

 

FTC Unit 204 

  

DA Unit 19 
 

 

Primary Equipment 

Component Last Calibration Date Calibration Due Date 

Datalogger 12/2/2014 12/2/2016 

Current Transducer 12/5/2014 12/5/2016 

Voltage Transducer 12/5/2014 12/5/2016 

 

 

GRTI periodically verifies the combined temperature sensor/datalogger accuracy via an ice water 

bath. Temperature readings are simultaneously taken with a digital thermometer that has been 

calibrated using instruments traceable to NIST. 

 

 

Date 12/12/2014 3/9/2015   

Thermocouple 1 (°F) 32.1 32.1 32.1 32.1 32.1 32.0       

Thermocouple 2 (°F) 31.9 31.9 31.9 31.9 31.9 32.0       

Thermocouple 3 (°F) 32.0 32.0 32.0 31.9 31.9 31.9       

Thermocouple 4 (°F) 32.1 32.1 32.1 32.1 32.1 32.1       

Digital Thermometer (°F) 32.1 32.0 32.0 32.1 32.1 32.0       
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