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1.0 Executive Summary 
 

The Richard T. Richard T. Flood Jr., & Sally Elliot Flood Athletic Center was built 

on December 2009. Two mechanical depth studies and one breadth work were 

performed on this facility. 

 

Mechanical studies are combined heat and power system and ground source heat 

pump system. Both of green technologies are relatively new technologies that can be 

estimated in computer software. BCHP Screening Software was used to estimate 

CHP system and Ground Loop Design software was used to estimate the cost of 

ground source heat pump system. 

 

The payback period was 50 years for CHP system and 13 years for ground source 

heat pump system. CHP system is not feasible for this facility but ground source heat 

pump can be considered as one option to save the energy. 

 

Acoustical aspect was researched due to the new mechanical equipment. Acoustical 

tiles can surround the equipment to reduce the Noise level. 
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2.0 Existing System 
 

2.1 Background 
 

Richard T. Flood Jr., & Sally Elliot Flood Athletic Center completed the construction 

on December 2009. Athletic Center is two story boarding school gymnasium facilities 

with area of 102,000 square feet. The gymnasium contains squash courts, basketball 

courts, fitness center, wrestling room, ice rink, offices, locker rooms and conference 

rooms.  

The facility is replacement of the old gymnasium. Demolition was performed on April 

2008. The purpose of the building is to provide better and bigger spaces to exercise 

for high school students. The name of the facility is after old headmaster and his wife. 

Flood Athletic Center is located on the east side of the campus.  

 

 
Figure 2.1 

Flood Athletic Center
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2.2 Existing Mechanical System 
 

2.2.1 Overall Mechanical System 
 

Athletic center has (4) boilers that provide space heating and hot water. There are (5) 

hot water unit heaters to supply hot water. (9) Air handling units and (5) cabinet unit 

heaters serve the space heating. (2) Energy recovery ventilators have capacity to 

receive 14965 CFM return air and supply 13980 CFM. (18) Hot water heating coil 

recovers energy from energy recovery ventilators. Fluid that was used to heat up the 

system is water with 40% propylene glycol.  

 

Ice rink ventilating and dehumidifying unit was installed to serve as air handling unit 

in the ice rink. The unit provides desiccant dehumidification technology to prevent 

water condensation in the air.   

 

 

 
Figure 2.2 Munters desiccant dehumidification Unit 
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2.2.2 Ventilation Compliance: ASHRAE Standard 62.1  
 

Athletic center has 9 air handling units to provide outdoor air but two air handling 

units in wrestling room and squash court does not provide enough outdoor air. 

According to ASHRAE Standard 62.1, AHU-5 and AHU-6 have to be replaced with 

air handling units that provides more outdoor air.  

 

  
Total 
CFM 

O.A. 
CFM 

Required 
O.A Serving Area Compliance

AHU -1 15400 8800 4508 Basketball Court yes 
AHU -2 15400 8800 4508 Basketball Court yes 
AHU -4 5675 2950 618 Storage yes 
AHU -5 11000 640 1906 Squash Court no 

AHU -6 6950 1500 1936 
Wrestling Room, Locker 

Room no 

AHU -7 6270 800 741 
Weight Room, Locker 

Room yes 
AHU -8 10000 855 416 Corridor yes 
AHU -9 4550 1400 815 Athlete Waiting Room yes 
AHU -10 1200 360 69 Offices yes 

Table 2.1 Compliance of Minimum Requirement of Outdoor Air 

 

2.2.3 ASHRAE Standard 90.1  
 

ASHRAE Standard 90.1 verifies the minimum efficiency requirement of building. 

Building energy efficiency can be calculated in building envelope and mechanical 

equipments. Inspection was performed in the areas of building envelope, heating, 

ventilating, air conditioning, service water heating, and lighting.  

 

Minimum Energy Efficiency 

- Vertical glazing area on building envelop has to be less than 40% 

- R-value of the roof has to be greater than the required R-value 

- (CFM provided by fan) * 0.0015 needs to be greater than horsepower 

used by fan 

- Efficiency of the boiler needs to be greater 80%  

- Lighting power density should not exceed allowable value of 1.1W/ft2 
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2.2.4 Annual Energy Analysis 
 

The space heating and water heating were provided by natural gas is 35% of total 

energy consumption. 65% of energy consumption was done by electricity to power 

lighting, ventilations, pumps, space cooling, and misc. equipment. 

Figure 2.3 explains how much energy was used in each category. Figure 2.4 

describes how much gas and electricity was used in each month. 

 

 
Figure 2.3 

 
Figure 2.4 
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3.0 Redesign Mechanical System 

 
3.1 Resize Air Handling Units 

 
According to ASHRAE Standard 62.1, air handling unit in squash court and wrestling 

room does not provide enough outdoor air. Supplying more outdoor air will increase 

the air quality in the building.  

 

AHU5    

Required O.A. – 1906cfm  

Provided O.A. – 640cfm 

Manufacturer – TRANE model#LPCAA21 providing 5.8% of OA 

 

AHU6  

Required O.A. – 1936cfm  

Provided O.A. – 1500cfm 

Manufacturer– TRANE model#LPCAA14 providing 21.6% of OA 

 

Replacing AHU-5 and AHU-6 to Trane model# LPCAA17 will increase the air quality 

of spaces. it will provides 2950CFM O.A. which meets minimum O.A. according to 

ASHRAE Standard 62.1. 
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3.2 Combined Heat and Power System  

 
Combined heat and power system generates electricity on site and recovers the heat 

coming out of engine or turbine. Heat recovery unit such as heat exchanger or 

absorption chiller will utilize the hot exhaust gases for heating, cooling or 

dehumidification. System can be visualized by figure 3.1 below. 

 

 

 
Figure 3.1 CHP System 

 

 
Figure 3.2 Efficiency of CHP vs. SHP 
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In general, electricity that was provided by power plant has low efficiency as 31% 

and boiler in the building has 80% efficiency. Figure 3.2 shows how separated heat 

and power system requires 154 units fuel to operate the building while combined 

heat and power system requires only 100 units fuel. 

 

 

3.2.1 Spark Spread  
 

Calculating spark spread can be one way to test the feasibility of CHP system. Spark 

spread is equal to subtracting electricity rate by natural gas rate. Difference of 

electricity and natural gas rate should exceed $12/MMBtu. Since CHP system uses 

only natural gas to operate the building, lower natural gas rate will make the 

operating cost to be lower. 

  
Electricity – Northeastern Utilities suppliers provide electricity rate of 0.09051/kWh 

to commercial buildings.  

Electricity rate =(0.09051/kWh) * (1 kWh / 0.003412 MMBtu) = $26.53/MMBtu 

 

Natural gas – Natural gas price was adjusted by the government and it is 14.81 

dollar/ 1000 cubic feet. 

Natural gas rate = 14.81 dollar/ 1000 cubic feet *1.029 = $15.24/ MMBtu 

 

 
Spark Spread  = electricity rate – natural gas rate 

=$26.53/ MMBtu – $15.24/ MMBtu = $11.29/ MMBtu  

 

 

Spark spread does not exceed $12/MMBtu, therefore it may not be feasible to install 

CHP system in the building due to the comparison of electricity and gas price.  

 

 

 



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 12

3.2.2 BCHP Screening Tool  
 

The document, Catalog of CHP Technologies provided by Combined Heat and 

Power Partnership contributed the table to help selecting the prime mover of CHP 

system. Start-up time and noise of the equipment was considered when prime mover 

was selected. Since school facility does not run 24/7, it requires short start-up time. 

Gas turbine, recip. engine, and microturbine were very good candidate due to low 

start-up time. Recip. Engine was selected because it has the highest efficiency. 

 

 
Figure 3.3 Selecting the CHP system Prime Movers 
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Noise from equipment can be also critical issue in the gymnasium since the building 

hold ice rink and basketball court. Big auditorium spaces can create echoes due to 

the high reverberation time. But installing prime mover outside will solve the problem. 

 

BCHP Screening Tool was used to analyze the amount of energy used. The 

schematics of the CHP system is shown on Figure 3.4.  

 
3.4 Schematics of CHP 

 

 

 
3.5 Building Usage 
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3.2.3 Consideration of Emission for CHP 

 

CHP system can reduce the amount of emission. Table 3.1 is a spreadsheet 

provided by Northeast CHP Application Center. The spreadsheet calculated annual 

emission from CHP. It describes how much emission is exhausted from CHP system  

 

Natural Gas Fired Engine 
     
CHP Operation Per Year (hr):  1,600
Fuel Input (MMBtu/hr):  15.24
          Attainment   

Pollutant 

Emissions 
Factor* 

(lbs/MMBtu 
Fuel Input) 

Emissions 
(lbs) 

PSD Major 
Modification 

Significant Level (tpy) 

PSD Major 
Source 

Thresholds       
(tpy) 

PM 0.009910 241.65  15 250** 

S0x 0.000588 14.34  40 250** 
N0x 0.847000 20653.25  40 250** 

VOM 0.118000 2877.31  40 250** 
CO 0.557000 13581.89  100 250** 

Formaldehyde 0.052800 1287.48  10 10 
Table 3.1 Emission 

  Current System CHP system Percentage 

NOx 48714lb 20653lb 57.60% 

SOx 14756lb 14lb 99.1% 

Table 3.2 Comparison of Annual Emission 

 

CHP system can decrease NOx by 57% and SOx by 99.1% according to data taken 

from spreadsheet and eQuest. Table 3.2 described exact amount of emission for 

NOx and SOx. 
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3.3 The Ground Source Heat Pump System 
 

Ground source heat pump will utilize the underground temperature. On summer, the 

surface of the Earth will be heated by the Sun but since the Earth has enormous 

mass, underground temperature will maintain the lower temperature. On winter, the 

underground temperature will remain higher than the building temperature.  

Ground source heat pump system requires ground drilling, tRunning the water mixed 

with 23.5% Propylene Glycol will lower the freezing point to 15oF to prevent the 

water to freeze on winter.  

 

 

 
Figure 3.6 Geothermal Energy 
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According to the soil data, Stockbridge Loam forms most of the ground where 

ground source heat pump system will be installed. Stockbridge Loam has a thermal 

conductivity of 1.15 Btu/(h*ft*F) and thermal diffusivity of 1.38 ft^2/day.  

 

 

 
Figure 3.7 Ground Source Heat Pump Location 

 

 

The estimation of ground source heat pump system was performed by using Ground 

Loop Design software. The location of ground source heat pump system will be on 

east side of the campus. 

 

 

 

 

 

Ground Source Heat 
Pump System 
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3.4 Cost Estimation 
 

The cost estimation of CHP system was done with BCHP Screening Tool software. 

The initial installation cost of CHP system was $1,676,211. The initial cost of SHP 

system was $595,439. The annual saving was $21,563. The payback period was 

closed to 50 years.   

 

The payback period of ground source heat pump system was calculated with Ground 

Loop Design software. The initial installation cost of equipment and drilling work is 

$63,900. Annual saving is $4,900 and payback period is 13 years.  
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4.0 Acoustical Breadth 

 
Due to the loud noise from prime mover from CHP system, acoustical treatment had 

to be performed to maintain the function of the building. Gymnasium is sensitive to 

acoustic effect because it contains large auditorium spaces such as basketball 

courts and ice rink.  

Prime mover and pumps can be installed outside of the facility. Acoustical tiles will 

surround the mechanical equipment to reduce the noise. Acoustiblok is feasible to 

install around the heat pump since the tile has an ability to tolerate the severe 

weather conditions. 

 

 
Figure 4.1 Acoustical Tiles 

 

 
Figure 4.2 Acoustical Tiles on Pumps 
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Pre-Installation Readings Post-Installation Readings Difference 

N.C. 
Lmtg Lmtg SPL 

N.C. 
Lmtg Lmtg SPL 

N.C. SPL 
(dB) Band Band (dB) Band Band (dB) 

(Hz) dB   (Hz) dB  
52 1000 53.7 85.6 38 63 39 45 -14 -40.6 
52 1000 54.2 86.1 47 250 49.1 62.4 -5 -23.7 
46 1000 49.2 72 40 500 41.1 47.7 -6 24.3 
49 1000 49.8 62.3 39 63 39 44.5 -10.2 -17.8 
46 1000 50 64.1 39 250 40.8 46 -7 -18.1 
53 500 49.1 72 41 63 43.6 46.3 -12 -25.7 
50 1000 49.2 71.2 38 63 42.7 46.3 -12 -24.9 
49 1000 49.7 70.1 42 500 45.1 50.9 -7 -19.2 
47 1000 49.3 65.6 40 250 42.1 47.1 -7 -18.5 
53 250 53.7 76.4 44 250 46.1 51.1 -9 -25.3 
53 250 55.1 69.2 45 250 47.1 51.7 -8 -17.5 
54 250 56.9 69.2 44 250 45.5 51 -10 -18.2 
50 250 57.1 70.1 44 250 45 50.1 -6 -20 
52 500 53.2 83.5 44 250 44.9 51.2 -8 -32.3 
55 1000 54.3 71.8 43 250 45 49.1 -12 -22.7 
53 250 59 76.8 42 63 43 48.6 -11 -28.2 
56 63 51 63.7 38 2000 41.2 45.4 -18 -18.3 

Average -9.54 -20.39 
Table 4.1 Noise Reduction 

All weather acoustical tiles will reduces N.C in average of 9.54.  

 

Wall panels can be installed in the basketball court to reduce the NL. 

  125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz NRC 
Absorption 0.28 0.54 0.99 1.02 0.94 0.9 0.085 
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5.0 Reference 
Ice rink ventilation unit 

http://www.munters.us/en/us/Division-start-pages/Dehumidification/ 

 

Catalog of CHP technology 

http://www.epa.gov/chp/basic/catalog.html 

CHP basic information 

http://www.epa.gov/chp/basic/index.html 

BCHP Screening Tool 

http://www.coolingheatingpower.org/bchp-screening-tool-now-available.xhtml 

Natural gas rate 

http://tonto.eia.doe.gov/dnav/ng/hist/n3010ct3m.htm 

 

Acoustiblok tiles 

http://www.acoustiblok.com/industrial2.html#9 

 

Ground Source Heat Pump System 

http://www.gaiageo.com/index.htm 

Geothermal Energy Picture 

http://canadiangeo.ca/UserFiles/File/geothermal_heat_pump.jpg 
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6.0 Appendix 
 

 
Soil data 

 

 

 



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 22

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 23

 
  

  
  



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 24



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 25



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 26



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 27



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 28



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 29



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 30



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 31



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 32



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 33



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 34



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 35



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 36



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 37



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 38



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 39



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 40



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 41



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 42



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 43



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 44



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 45



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 46



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 47



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 48



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 49



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 50



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 51



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 52



  Woong June Chung 
Richard T. Flood Jr., & Sally Elliot Flood Athletic Center 

Salisbury, CT 

 53


