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Executive Summary 
 

This report contains multiple analysis of Central High School that includes a GCHP depth analysis, 

acoustical breadth analysis and construction breadth analysis. 

The first section was the sizing and layout of the GCHP system located at the soccer field next to the 

school.  A total of 500 wells each at 400 feet deep would be used to satisfy peak cooling and heating 

loads.  In case of breaks there are thirty eight rows of thirteen wells that can be individually shut off in 

the mechanical room.   

To circulate the water throughout the system three Bell & Gossett variable speed, centrifugal pumps 

were selected.  One of the pumps would be used for redundancy purposes while the other two would 

run to meet the pumping demand. 

Vertical water source heat pumps from Carrier were selected with a typical range of one to three ton 

units.  These would be placed in heat pump closets, which the feasibility of them was then further 

explored in another analysis. 

Energy recovery units were the primary air movers in the building but the original design had a boiler 

and chillers supplying hot and chilled water.  Therefore new packaged energy recovery units from Semco 

were selected that would utilize water-to-water source heat pumps. 

It was found that by implementing a GCHP system the school would decrease their energy usage by 35% 

saving them $19074 annually.  Also because of the energy reduction in the use of natural gas by not 

having a boiler emissions from the site decreased.  However electrical usage increased by 45% which 

caused source emissions to rise. 

The second section analyzed how a heat pump would affect the acoustics of a typical classroom.  Going 

along the lines of ANSI S12.60 a wall of STC 60 would be implemented to negate immediate room noise 

from the heat pump.  An additional analysis was done to see if noise would exceed an NC 30 value which 

it did not. 

The third section analyzed the feasibility of installing a heat pump closet in comparison to installing it in 

the ceiling space.  It was found that it was not feasible to install a heat pump closet based on cost, 

schedule and coordination issues. 

The final recommendation of this report is to implement the GCHP system but to not build heat pump 

closets and install the heat pumps in the ceiling.        
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Building Overview 
 

 

 

Central High School is a newly renovated high school located in the Mid-Atlantic region.  At roughly 

320,000 square feet it is an impressive state of the art school with two levels the top one being the 

addition.  The building has food and science labs, classrooms, offices, gyms and an auditorium to serve 

the learning needs of the occupants.  One interesting feature is the interior courtyard near the front of 

the building.  More daylight comes into classrooms and corridors that surround the courtyard giving it a 

more open feeling.  It is expected to be completed by February 2015. 
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Occupant and Project Team 
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Civil Engineers: Bowman Consulting    http://www.bowmanconsulting.com/ 

Kitchen Consultant: Nyikos Associates       http://nyikosassociates.com/ 

Acoustical and Technology: Polysonics Corporation           http://www.polysonics-corp.com/ 
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Existing Mechanical System 
 

Ventilation System 
 

Twenty dedicated outdoor air units located in the basement or mechanical rooms on the second 

floor bring in fresh outdoor air for ventilation purposes.  Calculations were done in order to see if these 

units were compliant with ASHRAE 62.1-2010 ventilation rates.  All but one unit meet and exceeded the 

minimum ventilation rate requirements.  Outdoor air is provided to fan coil units that mix return air 

from the plenum to supply the occupants. 

 

Hot and Chilled Water System 
 

 A single natural gas fired boiler serves dedicated outdoor air units, fan coil units, and unit 

heaters.  Output of the boiler is at 7872 Mbh ensuring comfortable conditions for occupants on design 

days.  After hot water is sent to the dedicated outdoor air units to condition the air it is sent to the fan 

coil units to handle the room load.  Two pumps with variable frequency drive motors supply hot water 

at 1675 gpm per pump to these pieces of mechanical equipment. 

 Two air cooled chillers generate chilled water for the high school.  These two chillers and a two 

cell cooling tower generate chilled water for the dedicated outdoor handling units and fan coil units.  

Chilled water is sent to the dedicated outdoor air units in order to decrease the latent load from the 

outdoor air.  After this is done the chilled water is sent to the fan coil units were it will handle the room 

load.  Two pumps at 1560 gpm per pump circulate condenser water from the cooling tower to the 

chillers while two more pumps at 2000 gpm per pump supply the chilled water to the dedicated outdoor 

air units and fan coil units.  Variable frequency drive motors are attached to the pumps for better energy 

efficiency.  

 

Energy Recovery 
 

 A unique feature to this project is the use of energy recovery wheels in the dedicated outdoor 

units.  These were implemented because of financial incentives and to decrease energy usage.  They 

utilize the heat from exhaust air to preheat or precool the outdoor during winter or summer time 

respectively. This decrease in demand on the heating and cooling coils decreases energy used by the 

building.     
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Energy Model Analysis 
 

An energy model was run in Trane Trace 700 to find out the peak heating and cooling demands of the 

building, shown in Table 1 below.  According to the model the high school is cooling dominated.   

   

 

Table 1 – Design Calculations vs. Model Outputs 

In addition to finding out the peak loads of the building the energy consumption, shown below in Table 

2, and emissions, shown below in Table 3, were also examined. 

 

    

     Table 2 – Energy Consumption                                                    Table 3 – Emissions Report 

 

Electricity is the dominate form of energy used in this building compared to the use of natural gas.  This 

is due to the fact that the building is cooling dominated and must run the chillers to handle the cooling 

loads.  The energy consumption report also shows the large amount of source energy that is required to 

create the energy needed at the site.  This in turn shows up in the emissions report as how much 

emission the high school causes to be given off.  

 

 

 

Design Model

Cooling [Tons] 505 934

Heating [Mbh] 11289 7772

Cooling [sf/ton] 634 342

Heating [Btuh/sf] 35 24

Supply [cfm/sf] 0.51 1.22

Ventilation [cfm/sf] 0.48 0.41

Building 18263 Btu/(ft^2-yr)

Source 35187 Btu/(ft^2-yr)

Floor Area 320000 ft^2

Energy Consumption

CO2 1028013 lbm/yr

SO2 9257 gm/yr

NOX 1772 gm/yr

Environmental Impact Analysis
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Proposed Mechanical Breadth  
 

Ground Couple Heat Pump 
 

The proposed redesign for the mechanical system was to convert the building over to a ground couple 

heat pump system.  For most of the building’s life a GCHP is a maintainable and simple system to take 

care of.  The primary pieces of equipment are the few hydronic distribution pumps and heat pumps in 

each zone.  This will also decrease the environmental impact the building has at the site by releasing 

fewer emissions from pieces of equipment such as the boiler.   

As the high school has a lot of land for sport uses there is also room for expansion on a GCHP system by 

adding more wells.  This is not so easily done with the original system with chillers and a boiler due to 

the mechanical room’s size.  A GCHP takes advantage of the relatively constant temperature of the earth 

year round compared to air cooled systems.  This allows for better heat exchange between the fluid and 

the earth creating a more efficient mechanical system that deals with heating and cooling loads better. 

Mechanical System Redesign 
 

Sizing     
 

To size the GCHP system a vertical well layout was chosen.  Rules of thumb were used as the primary 

calculation methods as shown in Table 4. 

 

 

Table 4 – Well Calculation 

 

 

A rule of thumb that for every two hundred feet of pipe a ton a cooling could be done was used to size 

the well at four hundred feet deep.  This allowed the amount of wells to be cut down in half from 934 to 

500.  The system is oversized and well depth increased to also ensure there would be no need for a 

supplemental boiler or cooling tower.  These are needed if the minimum and maximum temperature 

ranges the bore field is allowed to operate in are exceeded.  The size of the bore field is shown below in 

table 5. 

Cooling Load [Tons] Well Capacity [ft/Ton] Depth of Well [ft] Number of Wells

934 200 400 500
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Table 5 - Bore Field Area Calculation 

A separation of twenty feet between each well was chosen to give a coverage of 314 square feet per 

well.  If separation of the wells were less than twenty feet this will lead to ground temperature rising 

and decrease of heat transfer efficiency.  The total coverage of the system comes to 157080 square feet 

while the soccer field area is 202213 square feet which gives ample amount of room for the bore field.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Well Coverage [ft^2] Number of Wells Total Coverage [ft^2] Soccer Field Area [ft^2]

314 500 157080 202213
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Layout 
 

The soccer fields will be where the bore field is laid out as shown below in Figure 1.   All supply and 

return pipes will connect in the mechanical room located in the basement of the building. 

 

 

Figure 1 – Well Site 
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A total of thirty eight rows with thirteen wells in each row was selected as the final layout shown below 

in Figure 2.  Each row has a reverse return piping layout that connects back in the building in the 

mechanical room.  This reverse return layout allows for equal pressure across the wells since they would 

be hard to maintain being buried in the ground.  If the entire system were connected to a single main 

pipe this would cause the shutdown of the entire system. Therefore each row is decoupled from one 

another by having its own supply and return back to the building.  If a break occurs in one row then the 

shutoff valves located in the mechanical room would isolate it from the rest of the system. 

 

 

 

Figure 2 – Bore Field Layout 
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Below in Figure 3 the general layout for the mechanical room is shown.  There are only three variable 

speed drive centrifugal pumps and it can be seen that there is enough room for them.    

 

 

Figure 3 – Mechanical Room Layout 

 

 

 

 

 



Adam Brown | Final Report | Central High School Page 14 
 

Equipment Selection 
 

Pump Selection 

 

To size the pumps calculations for head loss along with how much flow the system requires were done.  

Since the building is cooling load dominated the flow rate for the GCHP system was sized from that.  

Below in Table 6 the flow rate calculation is shown.  A temperature differential of twelve degrees was 

used and a flow of 1868 GPM was found to be the required flow rate.   

 

Table 6 – Flow Rate Calculation 

Below in Table 7 is the head loss calculation.  A head loss of four feet for every one hundred feet was 

assumed along with the associated fittings factors.  A total adjusted head loss for the system came to be 

204 feet. 

 

Table 7 – Head Loss Calculation 

From these two pieces of information a pump from Bell & Gossett was selected.  A base mounted 

centrifugal Series 1510 pump rated at 3550 RPM, 60 HP, and 1000 GPM was chosen.  Two pumps of this 

type will be installed as the primary pumps with an additional pump for redundancy purposes.  Charts 

from Bell & Gossett for sizing can be seen in Figures 6 and 7 of Appendix A. 

 

Heat Pump Selection 

 

Water source heat pumps will be placed in mechanical closets in each of the zones.  Vertical units from 

Carrier were chosen that would be suited for commercial applications.  A majority of these units will 

range from 1 – 3 tons for the classrooms and office spaces.  Specifications for the heat pumps can be 

seen in Figures 8 and 9 of Appendix A. 

 

Load [Btu] GPM DELTA T

11208000 1868 12

Run Length [ft] Head Loss [ft/100ft] Total Head Loss [ft] Fittings Factor Adjusted Head Loss [ft]

Well Field 3000 4 120 1.1 132

Building 1200 4 48 1.5 72

Total 204
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Energy Recovery Unit Selection 

 

The original energy recovery units received chilled water from chillers and hot water from a boiler.  With 

these gone a new type of energy recovery unit was selected from SEMCO.  These will be packaged 

energy recovery units feed from water to water source heat pumps.  The energy recovery will consist of 

total and sensible only recovery wheels.  Product information can be seen in Figure 11 of Appendix A. 

 

Energy Model Comparison 
 

The baseline model for the building was the original design while it was compared to the redesign in 

TRACE 700.  By oversizing the system there was no need for a supplemental boiler or cooling tower to 

be added to the system.  Table 8 shows the comparison of energy usage between the baseline and 

redesign.  By implementing a GCHP system the use of energy goes down by 35% saving them $19074 

annually. 

 

  

Table 8 – Energy & Cost Analysis 

 

By reducing the amount of energy used by the building the site energy goes down yet the amount of 

source energy goes up.  This is due to the fact that there is an increase in electricity by 45% even though 

consumption of gas was eliminated as shown in Table 9 below.  The increase in electricity is reflected in 

Table 10 below by the increase in emissions.   

   

 

Energy (10^6 Btu/yr) Cost/yr ($/yr) Energy (10^6 Btu/yr) Cost/yr ($/yr)

2623 85793 3771 70516

3221.9 3797 0 0

5845 89590 3771 70516

Baseline

Electricity

Gas

Total

Redesign
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Table 9 – Fuel Emissions 

 

 

Table 10 – Building Emissions 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electricity (kWh)

Gas (kBtu)

Building (Btu/ft^2-yr)

Source (Btu/ft^2-yr)

Floor Area (ft^2)

1104826

0

320000

18263

35187

Redesign

11782

35350

768528

3221945

Baseline

CO2 (lbm/yr)

SO2 (gm/yr)

NOX (gm/yr)

Baseline

1028013

9257

1772

Redesign

1477859

13308

2547



Adam Brown | Final Report | Central High School Page 17 
 

Acoustical Breadth  
 

Heat pump closets will be built in each space to allow for better access to the equipment and make it 

easier on the maintenance staff to maintain it.  The walls that will be built around the heat pump must 

follow ANSI S12.60 standards.  Following the guidelines set by ANSI S12.60 standards a wall of STC 60 

was chosen based off of the criteria listed in Table 11 below. The last column in Table 11 shows that the 

minimum STC value between a mechanical room space and classroom must be at least 60. 

 

 

Table 11 – Minimum STC Rating  

 

 

A typical wall type has been chosen from the NRC-CNRC gypsum board walls manual shown in Figure 4 

below.  Table 12 below shows the materials and their thicknesses that make up this typical wall type. 
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Figure 4 – Wall Section 

 

NRC TL # Description STC 

TL-94-020 

1 single layer of 1/2 in gypsum board         
1 single layer of 1/2 in gypsum board                                                 

3.5 in steel studs at 16 in o.c.                   
3.5 in glass fiber insulation              

resilient channels at 24 in o.c.                     
1 single layer of 1/2 in gypsum board              
1 single layer of 1/2 in gypsum board 

60 

 

Table 12 – Wall Description 

 

Having selected a wall that would mitigate the sound coming from the heat pump a scenario was run in 

Dynasonics AIM program to see if the NC value of the room was not exceeded.  Table 13 shown below 

gives the path of the air that it would take from the heat pump to the diffusers in the classroom. The 

target NC was 30 which was exceeded by three to get an actual NC of 27.  The lower frequencies is 

where heat pump’s NC value is the largest and therefore this had to be mitigated to exceed the NC of 30 

as shown below in Figure 5.  Acoustical levels for the heat pump can be found in Figure 10 of Appendix 

A. 
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Table 13 – NC Calculation 

 

 

Figure 5 – NC Graph 
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Construction Breadth 
 

Heat pump closets present multiple advantages over installing a heat pump in the ceiling.  With aging 

maintenance staff at the building having a closet would allow them to have better access to the heat 

pumps in case of a malfunction or break.  If there is a break the spill can be contained within the closet 

rather than drip down onto the occupants from the ceiling and damage the ceiling.  Also with easier 

access the heat pump will be maintained more over time furthering the life span of the equipment. 

A feasibility study was done to see if choosing to build the heat pump closets over installing the heat 

pump in the ceiling was more viable.  The three main areas that were looked at are cost, schedule and 

coordination issues.  The option that was most feasible was installing the heat pumps in the ceiling as 

shown below in Table 14.  However as stated above there are other factors that go into choosing 

whether or not to build heat pumps.       

 

  Cost [$] Schedule [days] Coordination Issues 

Closet 63878.58 19 2 

Ceiling 60234.69 17 4 

 

Table 14 – Feasibility Matrix 

Calculations for cost and schedule along with coordination issues are found in tables 15 – 25 in Appendix 

B. 
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Appendix A – Equipment Selection 
 

 

Figure 6 – Pump Selection Curves 
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Figure 7 – Pump Performance Curve 
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Figure 8 – Heat Pump Product 
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Figure 9 – Heat Pump Specifications 
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Figure 10 – Acoustical Data 
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Figure 11 – SEMCO Energy Recovery Units 
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Appendix B – Construction Calculations  
 

Ceiling Installation 
 

      

Table 15 – Ceiling Ductwork Takeoff & Cost  Table 16 – Ceiling Piping Takeoff & Cost 
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Table 17 – Ceiling Fittings Takeoff & Cost  Table 18 – Ceiling Assembly Takeoff & Cost 

Note: Duct elbow labor [$/unit] is 56% of total labor cost 
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Table 19 – Ceiling Installation Duration 
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Closet Installation 
 

      

Table 20 – Closet Ductwork Takeoff & Cost  Table 21 – Closet Piping Takeoff & Cost 
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Table 22 – Closet Fittings Takeoff & Cost   Table 23 – Closet Assembly Takeoff & Cost 

Note: Duct elbow labor [$/unit] is 56% of total labor cost 
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Table 24 – Closet Installation Duration 

 

Coordination Issues 
 

Ceiling Installation Coordination Issues 

 Pre-installed hangars for supporting heat pump must be coordinated with slab pour 

 Clearance height for heat pump between bottom of top slab and top of ceiling 

 Pre-coordinate location of equipment due to congestion of other trades in ceiling 

 Pre-coordinate with ceiling installers to install heat pump before ceiling installed 

 

Closet Installation Coordination Issues 

 Coordinate piping and ductwork to run in and out of heat pump closet space 

 Coordinate with drywall and framing contractors to install closet 

 

Table 25 – Coordination Issues 

 

 

 

 

 

 


