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Building Fast Facts 

   Three-Story Elementary School 

   87,000 Sq. Ft. 

   $19.7 Million 

 

Building Systems Summary 

   Hybrid Geothermal System 

   Steel Frame w/ Shear Walls 

        & Braced Frames 

   Brick & Aluminum Panel Façade 

   Add-Alternates: 

        Separate Natatorium 

        Hardened First Floor Envelope 

        Existing School Usage 

 

Location Fast Facts 

   Reading, PA 

   Southeast Pennsylvania 

   Urban Site 

   88,000 residents 

   Poorest City in America* 

   One of the Highest Crime Rates in  

        America* 

   District is in Bottom 10% for  

        Academic Performance in PA* 

   Highest Poverty Rate of School  

        Districts in PA* 

   31.5 % High School Dropout Rate* 

   6.7% of Reading Residents have a  

        Bachelor’s Degree or Higher* 

*Refer to ‘Building Systems Integration     
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Project Overview. This proposal is for a new 

elementary school for the Reading School District in 

Reading, PA (Figure 1 on next page). The enclosed 

design is a high-performance building that inte-

grates energy conservation, environment, safety, 

security, durability, accessibility, cost-benefit, 

productivity, sustainability, functionality, and opera-

tional considerations. 
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introduction 
The building is three stories and approximately  

87,000 Sq. Ft. Some of the room areas have been 

modified from the original architectural design for 

constructability concerns and overall design en-

hancement. In addition, a 15,000 Sq. Ft. natatorium 

design is included as an add-alternate for the own-

er’s review. The proposed building site is located on 

N. 13th Street and Robeson Street which will provide 

the necessary access and utilities for the project. 

Owner Profile. After reviewing the competition 

guidelines and researching the Reading area, the 

project team assembled a typical owner profile for 

the Reading School District School Board: 

◊ Cost is important, but not the only driving factor 

◊ Open to innovative ideas 

◊ Long-lasting and durable building 

◊ Willing to spend upfront to achieve lifecycle sav-

ings.  

◊ Lifecycle savings will be reinvested in cur-

riculum 

◊ Prefers construction of new building affect existing 

operations for only one school year 

 

Owner Goals: 
◊ Improve student performance 

◊ Student and teacher satisfaction & comfort 

◊ School as a center of the community 

◊ Future-proof facility 

◊ Safety and security of students  

◊ Sustainable 

Project Goals. For the assumed owner profile, 

the project team was able to develop a set of goals 

to guide the design of this project. These goals are 

not meant to add cost, but instead provide addi-

tional value to the school district and building occu-

pants. 

◊ Promote active learning through effective design  

◊ Maximize indoor environmental quality 

◊ Create a community center without impacting 

student learning 

◊ Create a secure environment for learning  

◊ Flexible design for future adaptability and change 

◊ Sustainable school as a teaching tool 

 

Mechanical Goals: 
◊ Deliver good indoor air quality  

◊ Provide thermal comfort for occupants, (e.g. stu-

dents in classrooms; community members at a 

summer event in the multipurpose room) 

◊ Minimize noise disruptions from mechanical equip-

ment  

◊ Design an energy efficient and sustainable system 

while keeping in mind budget constraints 

Team No. 03-2013 
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E xecutive Summary. The following 

pages serve as a narrative describing the 

mechanical systems design for the Read-

ing Elementary School. This submittal in-

cludes a description of the intent of design, the 

calculations and reasoning behind the selection of 

systems. In addition, this submittal includes an ap-

pendix containing the supporting documentation 

of detail calculations, floor plans, sections, eleva-

tions, equipment data and references. 

 The mechanical team has decided to use a 

Hybrid Ground Source Heat Pump System with a 

Cooling Tower and 3 rooftop units to condition the 

main teaching areas. This decision was reached 

after conducting a load analysis with TRACE700 

and finding out that the cooling load is 170 tons, 

while the heating load is 110 tons, or about two-

thirds of the cooling load. With an imbalance of 

loads, the mechanical team decided it would be 

more energy efficient to add a cooling tower to 

handle the extra cooling load, and sizing the geo-

thermal field for the heating load. The estimated 

cost for the proposed mechanical system, as coor-

dinated with the construction management team, 

was found to be approximately $2,730,000. Alt-

hough this is a higher first cost than what a tradi-

tional mechanical system with a boiler and chiller 

would be, the hybrid system has a payback period 

of 8 years.   

 Because the school is a center for the com-

munity, the first floor of the school is mechanically 

designed to be con-

ditioned year-round. Therefore, the clinic, the ad-

ministration area, and the classrooms located at 

the core of the building, each have their own In-

door Air Handling Unit. In addition, the multipurpose 

room and the kitchen will have an alternative fuel 

source for their mechanical equipment since their 

design requirements differ greatly from the overall 

school. The multipurpose room will have two VAV 

rooftop units, one servicing the side that converts 

into the cafeteria and the other unit servicing the 

rest of the gym area. The kitchen will have its own 

make-up air unit located on the roof at the east 

end of the school; three floors directly above of the 

kitchen to minimize the fire rated ductwork run. 

 After much research of elementary schools, 

the mechanical team acknowledges the im-

portance of the mechanical system’s role in the 

learning environment of students. As mentioned in 

ASHRAE’s Advanced Energy Design Guide for k-12 

School buildings, indoor air quality is specially im-

portant in schools for keeping kids healthy and re-

ducing absentee rates from both students and 

staff1. The team used ASHRAE Standard 62.1 to do 

the baseline ventilation calculations, then added 

30% more fresh air to achieve good indoor air qual-

ity. Dedicated Outdoor Air units are used in the 

team’s design to deliver the fresh air. In order to use 

exposed ceilings in the classrooms to make the 

building act as a teaching tool, closets for the verti-

cal heat pumps 
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Figure 1 Exterior Rendering (North Façade) 

Existing (Occupied)  

          Elementary School 

Team No. 03-2013 

N. 13th Street 

Aluminum Accent Panels 

were added to the classrooms to minimize noise, 

while the rest of the spaces will have horizontal 

heat pumps located above the drop ceilings.  

 Because communication is a key factor in 

the learning process, the mechanical team de-

signed a system to minimize noise disruptions to the 

learning environment. When selecting equipment, 

the project team looked at noise criteria as well as 

placement of the equipment to minimize noise. Co-

incidentally, quieter systems are also more energy 

efficient, which is another design element for this 

project. The school district wishes to achieve LEED 

certification for this project, therefore the project 

team has proposed a design meant to achieve 

LEED Silver. The mechanical team contributed 21 

out of 54 credits for the whole project.  

  

P roduction Side. After conducting 

load analysis and 

calculations, the 

m e c h a n i c a l 

team discovered 

that the building requires 

about 1/3 more cooling 

than heating (Table 1). Usu-

ally, when using a geothermal system, it is ideal to 

have a balanced load for both settings. If the geo-

thermal field is oversized during the cooling mode, 

thermal comfort is compromised In the building be-

cause of humidity problems. Fortunately, if the 

equipment were to oversize, the system would not 

be oversized for cooling, it would be oversized for 

heating. Because of the load imbalance, the team 

decided that the best option is to size the geother-

mal field for the heating load, and use a cooling 

tower to take care of the additional cooling load 

needed in the warmer months. With this hybrid sys-

tem, the area of the geothermal system is reduced 

and will be placed underneath the baseball field. 

You can find the construction sequence of the ge-

othermal field in the Construction Management 

submittal, which outlines that the baseball season 

will not be disrupting by constructing the geother-

 Qa―Building Design 
Block Load (BTU/h) 

Required Length 
(Linear ft.) 

# of Boreholes 
(300ft Deep) 

Cooling 2,024,300 52,382  87 

Heating 1,320,300  31,821 55 

Field Area 
(ft2) 

30,400 

18,100 

Table 1 Geothermal Field Size Cooling vs. Heating  



heating load, the cost is reduced to 

$1,100,000 or a 35% decrease in cost. In 

addition, the typical cost for a cooling 

tower is $215 per ton2. With a 60 ton cool-

ing tower, the additional cost would be 

$12,900 which is  only 2% of what it would 

cost to condition 60 extra tons through the 

geothermal field. Therefore, not only is using a hy-

brid system beneficial for space restrains but also 

helps the design team have a reasonable budget.  

 Below is the schematic drawing of the hy-

brid ground source heat pump system with the 

cooling tower (Figure 3). Because the cooling tower 

was added to the design, the mechanical team 

had to coordinate with the other disciplines to fig-

ure out a place to put the cooling tower. One of 

the options was to put the cooling tower on the 

roof. After consulting with faculty, the project team 

was advised not to place the tower on the roof 

due to aesthetic reasons. Therefore, the project 

team decided to place the cooling tower on the 

ground near the southeast end of the building 

(Figure 4). In order to 

minimize the noise, as 

well as hide the cool-

ing tower from plain 

site view, the project 

team enclosed the 

tower within the same 

façade as the rest of 

school building but still 

providing enough 

clearances for the tower to function properly. 

 Although the mechanical team sized the 

geothermal field according to 

the peak heating load, the team 

still built a boiler connection into 

the common chilled water loop 

in case, in the future, the ground 

temperature shifts and does not 

have the capacity to provide 

enough heating for the winter 

mal field in the winter months. Because of the re-

duction in field size by sizing it to heating, the park-

ing lot area provided for the existing school also 

does not have to be disrupted. 

 After using Chapter 34 of ASHRAE Applica-

tions 2011, the mechanical team was able to de-

termine that for a load of 110 tons, approximately  

31,800 linear feet of piping will be needed. Using 1” 

diameter U-tube piping, there will be 55 boreholes, 

300 feet deep, 20 feet apart. (Table 1, previous 

page, compares cooling vs. heating. Detailed cal-

culations may be found in the supporting docu-

mentation).  

 If the field is sized for the full cooling load of 

170 tons, then it would need approximately 30,400 

ft2 of area (Figure 2). But because the field is sized 

to the heating load, it only needs 18,100 ft2 of land. 

By using this hybrid system the project team is able 

to greatly decrease the size of the field. (Figure 2) 

Another advantage of decreasing the field size, is 

decreasing the excavation cost for the field, which 

is one of the most expensive parts for this alterna-

tive. After discussing with the construction manage-

ment team, who consulted Nittany Geothermal, the 

project team has an approximate cost of $10,000 

per ton. If the field is sized to the full load, the cost 

would be $1,700,000. But by sizing the field to the 

↑ 

N 
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Figure 4―Cooling Tower 

Hidden from outside 

↑ 

N 
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Figure 2 Geothermal Field Size for 170 tons (left). 110 tons. (right) 

Figure 3 Water Side System Schematic2  

time (Figure 5). 

 Because the gym and 

the kitchen design require-

ments are much different 

than the overall school, the 

mechanical team has decid-

ed that these zones will have an 

alternative fuel source for the 

mechanical equipment. For these areas, the project 

team will be using natural gas coming from the 

main utility lines located on 13th street.  

 

D istribution Side. The entire first 

floor, minus the east wing (dark green  

Figure 6a) will be conditioned all year 

long so that community members can 

use a well conditioned spaced even during the 

summer months. The east wing, second and third 

floors of the building will not be utilized during the 

summer to decrease energy consumption during 

this time. The project team foresees the classrooms 

on the first floor along with the multipurpose room 

are sufficient space for any extra-curricular activities 

that may take place during the summer. Because 

the project team proposes the natatorium as an 

add alternative, the natatorium is not included in 

the zoning of the main building; the natatorium will 

be a separate building, with its own mechanical 

system. For a breakdown of all the zones see Figure 

6a-c, Table 2. (*Basement not conditioned, there-

fore not included in zoning). Natatorium is separate 

building, thereby a separate zone, more on the na-

tatorium can be found on page 11 

of this report. 
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1 Multipurpose Room RTU1– Cafeteria Side 25 ton 

2 Multipurpose Room RTU2―Gym Side 15 ton 

3 Kitchen Make-up Air/Exhaust Unit 2.5 ton 

4 Clinic– Indoor AHU1 1.5 ton 

5 Administration & Offices– Indoor AHU2 2 ton 

6 1st Floor Classrooms– Indoor AHU3 13 ton 

7 1st & 2nd Floor– RTU1 14 ton  

8 2nd & 3rd Floor– RTU2 27 ton 

9 2nd & 3rd Floor– RTU3  11.5 ton 

Zone 

18,200 

5,200 

495 

435 

415 

4,284 

5,079 

18,400 

4,870 

14,000 

4,000 

380 

335 

320 

3,295 

3,907 

14,150 

3,746 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

Serving Area Size (Ton) O.A. CFM Required O.A. 30% Compliance 

Table 2― Equipment Data  

Figure 6a First Floor Zones*  

  Figure 6c Third Floor Zones*  

Figure 6b Second Floor Zones*  

Team No. 03-2013 

Figure 5―Boiler 

Connection 



  The zones are not only broken down for en-

ergy consumption reasons, but as well as for smoke 

control. Double doors have been added to the 

main hallways on all three floors in order to provide 

different smoke zones to isolate specific areas in 

case of any fire. 

 For the distribution side of the system, the 

mechanical team chose heat pumps to take care 

of the cooling/heating load for the classrooms, li-

brary and administration. In addition, rooftop units 

will provide conditioned outdoor air for the 100 

percent ventilation requirement and it will also take 

care of most of the latent load, which also helps 

downsize all the heat pumps. From here, the 100 

percent outdoor air is mixed with the return air at 

the zone level, and then the air is delivered to the 

ground source heat pumps. This mixed air is then 

conditioned to the supply temperature by the R-(-) 

vapor compression cycle within the heat pumps, 

rejecting heat to or absorbing heat from the 

ground loop water.  

 Air is primarily exhausted to the roof top 

units, where it provides supplemental conditioning 

to the intake air through both sensible and enthal-

py wheels within the unit. 

 

Design Conditions. The elementary school is 

located in Reading, PA. It falls into Climate Zone 5 

according to ASHRAE Standard 90.1. (Table 3) 

 In order to calculate the required outdoor 

air, ASHRAE Standard 62.1, Chap-

ter 6 was used to calculate the 

ventilation requirements. The fol-

lowing equation, as well as Table 6-1 from ASHRAE 

was used for every space.  

Vbz = Rp × Pz + Ra × Az 

   

 For more detail calculations refer to Me-

chanical Supporting Documentation.  

 Water heater selection was based on sec-

tion 7 of ASHRAE Standard 90.1-2010 which speci-

fies minimum efficiencies for water heating equip-

ment as being 80%. 

 

Teaching Area. After the project team stud-

ied the architectural plans provided by AEI commit-

tee, the project team decided to provide heat 

pumps for each classroom coupled with a dedicat-

ed outdoor air system to provide 

fresh air to meet ASHRAE 62.1 re-

quirement. You can see Figure 7 
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Outdoor Design Conditions 

Location Reading, PA 

Summer Dry Bulb (oF) 87.9 

Summer Wet Bulb (oF) 72.1 

Winter Dry Bulb (oF) 9 

Table 3― Outdoor Design Air Conditions  

Rp―Outdoor airflow rate per person as deter-

mined from Table 6-1 

Pz―Zone population 

Ra―Outdoor airflow rate per unit area as de-

termined from Table 6-1 

Az―Zone Floor Area (ft2) 

Figure 7 Design Comparison: Bridging Docs (left), New Design (right) Team No. 03-2013 

for the changes in room layouts to accommo-

date for the heat pump closets. A further insight 

on how this change in room layout benefited 

the project team’s goals in design, can be 

found in the Building systems Integration Sub-

mittal.  

 The mechanical team configured the 

classroom supply and return air as high supply 

and low return, which promotes a good thermal 

comfort and eliminates stratification. The design 

conditions for rooms can be found in Table 4. 

  With this design, and using Mcquay ver-

tical heat pumps, the project team can control the 

acoustics of the classrooms to provide the desired 

learning environment for students. As noted by the 

Mcquay specifications for the heat pumps, the heat 

pumps have a 46dBA. In  ASHRAE Handbook Chap-

ter 48 Noise and Vibration Control there are guide-

lines for good acoustical design for different spaces 

(Table 5). Since a good acoustical design for class-

rooms is 35dB noise, any common partition wall as-

sembly will provide sufficient transmission loss to 

eliminate the noise of the heat pumps through the 

closet wall. In addition, 10 ft. of the initial duct run 

will have 1” lining, 

thereby providing 

enough acoustical 

attenuation to reduce the noise through the duct. 

(Figure 8) The project team designed the class-

rooms with this additional investment in order to en-

hance the productivity of the students by enhanc-

ing the learning environment conditions.  As you 

can read in the structural submittal, the structural 

design provides ample space in the corridors for 

the main branch of the duct to supply the outdoor 

air. From then, every classroom has its own branch 

which leads into the heat pump closets con-

nected to the mixing air box which will sup-

ply the fully mixed and conditioned air to the 

classroom. 

 The classrooms will have exposed 

ceilings which will help with the design idea 

of using the building as a teaching tool. The 

Room Design Conditions 

Cooling Dry Bulb (oF) 75 

Heating Dry Bulb (oF) 72 

Relative Humidity (%) 50 

Cooling Driftpoint (oF) 77 

Heating Driftpoint (oF) 70 

Table 4―Room Design temperature conditions 
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Figure 8 NC curves for 

classrooms with 1” lining 

Space  A – Sound 
Levels dB 

 Desired NC 
(Noise Criteria) 

 Libraries, classrooms  35-45  30-40 

 Laboratories, shops  40-50  35-45 

 Gyms, multipurpose, 
corridors 

 40-55  35-50 

 Kitchens  45-55  40-55 

Table 5 Noise Criteria for different zones. 



project team is able to provide exposed ceilings 

because after coordinating with the structural de-

sign team, between the structure and the ductwork 

the project team still can provide a ceiling of ten 

and a half feet which is still tall enough to use ex-

posed ceilings (Figure 9).  

As mentioned before, there are 3 roof top units to 

bring conditioned fresh outdoor air to each space, 

then the outdoor air is mixed with return air in the 

heat pumps, then the heat pumps further condition 

the mixed air to desired supply temperature as you 

can see in Figure 10. The mechanical equipment 

selection is compliant with section 6 of ASHRAE 

Standard 90.1 based on section 6.4, Mandatory Pro-

visions, and section 6.5, Prescriptive Path. Section 

6.3, Simplified Approach Option for HVAC systems 

was neglected, as the school is over two stories in 

height and has a gross floor area over 25,000 ft2. 

 

Multipurpose room. After 

the mechanical team finished the 

energy modeling, the team found 

that a separate system for the 

multipurpose room has lower 

electricity consumption than 

adding the space to the HGSHP 

system. The GSHP is not a hot 

enough source for heating the 

gym and kitchen area, so the 

mechanical team placed two 

roof top units independent of the 

ground water loop on top of the 

stage area.  

 Each RTU will serve half of 

the multipurpose space. The mul-
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Figure 10 Psychometric Chart for classrooms 

Classroom Condition 

75oF Dry Bulb, 50% RH 

Outdoor Condition 

87.9oF Dry Bulb, 72.1oF 

Wet Bulb 

Mixed Air Condition Supply air condition 
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Figure 9 Typical exposed ceiling classroom & dropped ceiling corridor. Heat Pumps, Duct & 

Pipe Layout. (Section View) 

↑ 
Exposed Ceiling 

 

Typ. Classroom 

9
’-2

” 

↑ 

    Drop Ceiling  
 

Typ. Corridor 

1
0
’-7

” 

1
4
’-0

” 

tipurpose room has a movable partition wall in the 

middle of the room, enabling the school to use only 

one half of the space. Therefore,  the team would 

like to provide the school the ability to condition 

only one side of the space when the other side is 

not in session. The left side serves as a cafeteria 

which will be serving approximately 220 students 

during lunch time. The cafeteria side will have a 25 

ton RTU while the other half used as a gym will have 

a 15 ton RTU. Because the gym has a height of 28 

feet, there were no issues with structural for the 

placement of  ductwork. The ceiling will be exposed 

in the gym so that the students may have another 

area of opportunity to see the building systems at 

work. See Figure 11 for RTU location and duct distri-

bution. 

 When the project team had to decide on 

where to put the rooftop units for the gym, several 

options where considered. As you can see in Figure 

12, the team came up with three possible solutions. 

The first option was to put the RTUs on top of the 

main entrance right next to the multipurpose room. 

This option was eliminated because as a team, we 

all felt that this would not be a suitable option in 

terms of it being aesthetically pleasing. If the roof-

tops where to be put there, everyone entering 

through the main entrance would have a view of 

the units. The second option was to put them on 

top of the third floor. But we ruled out this idea be-

cause, after speaking with the construction manag-

ers, this location added constructability problems, 

and in addition, the cost would be higher to run the 

duct work extra full height of the third floor. We 

would have had to taken up corridor space to pro-

vide a chase for the ductwork as well. And so, as a 

team we decided that the best option for the loca-

tion of the rooftop units would be right above the 

stage area of the multipurpose room (Square 3, Fig. 

12). By locating the units in this area, the equipment 

would not be as visible from the ground level and 

we were also able to provide an easy access for 

maintenance by providing a door through the third 

floor level.  

 In order to provide sound attenuation for 

the multipurpose room, the team proposes to hang 

panels from the ceiling with acoustical properties to 

minimize the reverberation time in the space and 

enhance the acoustics for performances, the cafe-

teria and any other use of the space. You can find 

in the Integration Report Supporting Documentation 

an example of AlphaEnviro Hangling Baffles which 

could be used for this area. They are available in 

different shapes, sizes and colors which would be 

perfect for an elementary school.  

 

Administration & Clinic. Because the ad-

ministration has a different occupancy schedule 

than the rest of the building, this area will have its 

own Air handling unit to provide the dedicated 
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Figure 11 RTUs for multi-purpose room. 

Figure 12 RTU location options 

Team No. 03-2013 



outdoor air space (Figure 13). Also, after coordinat-

ing with the other disciplines, the administration will 

not have exposed ceilings, the mechanical team 

will be placing the McQuay horizontal heat pumps 

in the plenum above the ceiling.. This decision was 

made because after sizing and placing all the 

ductwork in the ceiling, the lowest point was 

around nine and a half feet which would be too 

low for the ceilings to portray the feeling the pro-

ject team had for using exposed ceilings in the first 

place. In addition, most students do not spend time 

in this area therefore there was no need to expose 

ceilings for the purpose of using it as a teaching 

tool. With the heat pumps in the ceiling the me-

chanical team does not need to add addition 

space for heat pump closets on the floor plans. As 

for the clinic, due to the nature of clinics, 100% out-

door air system promotes excellent indoor air quali-

ty which is required by the clinic area. With that 

being said, the mechanical team will use indoor air 

handling units for each space to handle all the 

cooling and heating. 

Kitchen. The kitchen area will have a 

Greenheck gas fired make-up air unit 

which will provide both the required con-

ditioned air for the space and the exhaust 

for the area. In addition the mechanical 

team placed the make-up unit directly 

above the kitchen, having the duct 

work go through a fired-rated chase 

both through 3rd floor classroom and the 2nd floor 

art classroom. As you can see in Figure 14, the me-

chanical team needed to minimize the duct turns 

and runs because it would be very costly to have 

fire-rated duct making a lot of turns through the 

building.  

 By provid-

ed 100% outdoor 

air, the mechani-

cal team is able 

to prevent the 

odor generated 

by food pro-

cessing going 

back into the sup-

ply air in the kitch-

en area. Also to 

reduce energy 

consumption, the 

unit can be shut down in the afternoon for cleaning 

purposes. 

Natatorium. The natatorium design is provided 

as an add-alternative for the School District. The 

natatorium is designed as a 6 lane, 25 meter indoor 

pool facility. The natatorium is a separate zone from 

the rest of the elementary school and will not be 

connected to the geothermal field, but to the main 

utility lines located on 13th street for its fuel source. 

   When designing the natatorium, the big-

gest concern is the humidity control for the space. 

When designing the mechanical system, the team 

11 

Figure 14  Kitchen exhaust 

and supply ductwork  

Type of Pool 

Recreational 75 to 85 

Therapeutic 80 to 85 

Competition 78 to 85 

Diving 80 to 85 

Air Temp. °F  RH % 

50 to 60 

50 to 60 

50 to 60 

50 to 60 

Water Temp. °F 

75 to 85 

85 to 95 

76 to 82 

80 to 90 

Whirlpool Spa 80 to 85 50 to 60 97 to 104 

Table 6― Pool Design Options   
Team No. 03-2013 

Figure 13 Admin. 

ductwork layout 

looked into the evaporation rate of the pool, the 

room pressure control and the water chemistry. Hu-

midity can cause several issues, specially mold and 

reduce the quality of indoor air, therefore the me-

chanical team will be providing the natatorium 

with a 100% dedicated outdoor air system which 

will provide adequate ventilation as well as help 

reduce some of the latent load. Because the me-

chanical team is using 100% outside air,  a heat re-

covery unit  is included to decrease the energy 

consumption of the system, therefore reusing some 

of the energy. To start sizing the dehumidification 

system the mechanical team first had to look into 

the conditions that will be used for the space. Since 

this natatorium will be mostly used by the commu-

nity for recreation and competition purposes, the 

mechanical team design the water temperature 

for the pool to be 80°F. (Table 6) With a water tem-

perature of 80°F the mechanical team designed for 

an air temperature of 82°F. This is because in order 

to reduce the evaporation rate of the water from 

the pool, the change in temperature between the 

pool and the air needs to be decrease. Therefore, 

by using a ΔT of 2°F, this can be accomplished. 

Since the natatorium will be used by the school 

and the public, a Use Factor of 0.9 was used. The 

mechanical team will also use a 60% relative hu-

midity ratio. Again, the humidity can not be too 

high because air quality would be poor, the envi-

ronment would be uncomfortable and health 

problems with mold would occur. But the humidity 

ratio does need to be somewhat over 50% so that 

the evaporation rate can be reduced as well. With 

these design criteria in mind, and using ASHRAE ap-

plications equation for the water evaporation 

(Table 7), plus the internal humidity and the outdoor 

air humidity the total load is 140 lbs/hr, The me-

chanical team will provide 20 ton dehumidifier with 

4,500 CFM capacity. More on the equipment data 

can be found the Mechanical Supporting Docu-

mentation. Because the dehumidifier unit takes up 

a large floor area, the project team designed a 

mechanical room big enough to house all the 

equipment. Detail floor plans of the natatorium can 

be found in the Building Integration Report on page 

14. 

 

B uilding Envelope. The mechanical 

team used ASHRAE Standard 90.1-2010 

Section 5―Building Envelope to guide 

the design of the building envelope. The 

elementary school is a nonresidential building lo-

cated in zone 5 as specified by section 5.1.2.1 and 
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 Min. Roof Insu-
lation R-Value 

Min. Wall Insu-
lation R-Value 

Fenestration 
Assembly Max. 
U-Value 

Fenestration 
Max. SHGC 

Non-Heated Slab on 
Grade Floor Min. Insu-
lation 

Required R-20 R-13 0.45 0.4 NR 

Designed R-20 R-13 0.45 0.4 NR 

Compliance Achieved Achieved Achieved Achieved Achieved 

Table 8― Building Envelope Material 
Team No. 03-2013 

Load= 0.1*pool area* vapor pressure * use factor 

      

Water Temp. 80 F 

Air Temp. 82 F 

RH 60 % 

Pool Area 3680 ft2 

Use Factor 0.9   

Water Vapor Pressure 1.033 In. Hg 

Air Vapor Pressure 0.62 In. Hg 

delta vapor pressure 0.413 In. Hg 

Pool load 136.8 lbs/hr 

Pool Load Calculation     

Table 7― Pool Load Calculation (Internal Hu-

midity & Outdoor Air Humidity calculations in 

Mechanical Supporting Documentation). 



Table B-1 of ASHRAE Standard 90.1-2010. The build-

ing façade is brick veneer with aluminum paneling 

to accent the architecture of the building. The 

placement of the aluminum paneling  can be seen 

in Building Systems Integration Supporting Docu-

ments,  Table 8 (previous page), shows the elemen-

tary schools compliance with the requirements of 

Table 5.5-4. The project team has also provided an 

add alternative that would make the entire first 

floor bullet resistant rather than only the entrances, 

as specified in detail in the Building Systems Inte-

gration Report, pg. 08. Not only would this add 

alternative provide added security to the build-

ing, but it would lower the energy consumption 

of the mechanical system by increasing the 

thickness of both brick and glass therefore mini-

mizing infiltration. Although strengthening the fa-

çade has many advantages, the biggest disad-

vantage would be the added cost. You can find 

more information on the cost analysis in the 

Construction Management Report.  Figure 15 

shows a section detail view of a typical exterior 

wall for the building. By using the ASHRAE stand-

ard, the mechanical team was able to minimize 

infiltration and there by reducing the internal loads.  

E nergy Analysis. The overall energy 

consumption for the ground source heat 

pump is lower than conventional VAV 

with reheat. Table 9 shows the energy 

break down on parts for the heating and cooling 

system (Trane TRACE data can be found in the Me-

chanical Supporting Documentation). 

By comparing the total energy consumption, 

ground source heat pump consumes 14% less ener-

gy than the baseline model. In addition for a typical 

mechanical system vs. the designed hybrid geo-

thermal system3, the cost comparison for mainte-

nance is $12,000 for the Baseline model compared 

to the proposed hybrid geothermal of $8,100.  With 

the decreased energy consumption and the lower 

maintenance cost per year, the initial cost for the 

Snapshot of first 10 out of 25 years for the mechanical 
system payback period 

 

Year Baseline NPV Design NPV Design Savings 

0 $2,132,000.00 $2,738,100.00 -$606,100.00 

1 $2,357,752.38 $2,872,376.19 -$514,623.81 

2 $2,570,650.34 $2,999,015.65 -$428,365.31 

3 $2,771,406.20 $3,118,441.19 -$347,035.00 

4 $2,962,602.25 $3,232,179.81 -$269,577.56 

5 $3,144,693.73 $3,340,502.30 -$195,808.57 

6 $3,319,845.41 $3,444,688.90 -$124,843.49 

7 $3,488,305.31 $3,544,887.86 -$56,582.54 

8 $3,651,883.85 $3,642,169.98 $9,713.87 

9 $3,809,168.43 $3,735,702.73 $73,465.69 

10 $3,961,811.82 $3,826,463.67 $135,348.15 
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Energy Consumption (kWh) 

 Baseline Proposed 
Primary heating 58,656 13,675 
Cooling Compressor 114,781 54,561 
Other Cooling Accessories  ―  31 
Pumps ―  14,199 
Lighting 58,5269 585,269 
Receptacles 23,615 23,615 
Total 782,260 691,350 

Figure 15 Typi-

cal Exterior Wall 

Table 9― Energy Consumption Breakdown 

Team No. 03-2013 
Table 10― Simple Payback 

proposed hybrid geothermal system is $2,730,000. 

The initial cost for the baseline system is $2,120,000. 

If an owner where to look at this cost first they 

would not want to use the hybrid geothermal sys-

tem, but by showing the payback (Table 10, previ-

ous page), the system in the end is a more eco-

nomical solution for our project. The simple pay-

back is 8 years. This analysis does not include the 

add-alternative for the natatorium, as it will not be 

fueled by the geothermal system.  

 A more in depth analysis of the payback 

calculations can be found in the Building Systems 

Integration Supporting Documentation.  

 

L EED. The project team has 

decided to achieve Silver LEED 

status. In order to do so, the 

mechanical team has de-

signed a mechanical system which first 

and for most provides quality and 

comfort for the student learning envi-

ronment, but this design has also ena-

bled the team to gain LEED credit. For 

example by using a  hybrid geothermal 

system compared to the ASHRAE base-

line model, the project team was able 

to achieve energy savings of 14% 

which provided LEED points under the 

energy and atmosphere criteria. The 

mechanical team also obtain LEED 

points by design a system with 30 per-

cent more ventilation than the ASHRAE 

standard. Also with this design, LEED 

points for thermal comfort and acous-

tics can obtain . As mentioned before 

all classrooms have been designed so 

that the acoustics are below 35NC rat-

ing, which is good acoustic design for 

a learning environment. In addition, 

hanging baffles would be placed in 

the multipurpose room to decrease 

reverberation time, specially when half of the room 

is used as a cafeteria. These baffles not only pro-

vide LEED credit for acoustic control but also under 

the Materials and Resources category because of 

their recycled content and coming from regional 

materials. Overall the project team has proposed a 

design meant to achieve LEED Silver. The mechani-

cal team contributed 21 out of 54 credits for the 

whole project (Table 11). 

For complete scorecard please refer to the Building 

Integration Supporting Documentation.  
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Table 11 Sample of scorecard points 

pertaining to mechanical design 
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C 
onclusions. The mechanical de-

sign team set out to provide the 

School District of Reading with an el-

ementary school (Figure 16) that pro-

motes active learning, maximizes environmental 

quality to improve learning, and is a sustainable 

school that can act as a teaching tool so that stu-

dents, employees, and the entire community can 

be proud of.  The mechanical team’s goals for this 

project were to: 

◊ Deliver good indoor air quality  

◊ Provide thermal comfort for occupants 

◊ Minimize noise disruptions from mechani-

cal equipment  

◊ Design an energy efficient and sustaina-

ble system while keeping in mind budget 

constraints 

 

 By increasing the minimum ventilation rates 

obtained from ASHRAE Standard 62.1, more fresh 

air, delivered through the Dedicated Outdoor Air 

Units, is supplied to the occupants thereby increas-

ing the indoor air quality and in turn increase the 

productivity of students.  

 With heat pumps serving every space, the 

mechanical team was able to provide conditioned 

air to all spaces. In addition, the first floor of the 

school is conditioned year-long thereby meeting 

the project goal of providing a place for the com-

munity. 

 Through the use of quieter heat pumps, 

adding attenuation to the classrooms, and provid-

ing baffles in the multipurpose room, the mechani-

cal team achieved the goal of providing the school 

with an enhanced learning environment undisrupt-

ed by noise.  

 By using a Hybrid Ground Source Heat Pump 

System the mechanical team was able to provide 

an innovative sustainable design with a payback 

cycle of 8 years. The geothermal field was sized to 

accommodate the heating load of 110 tons and 

the cooling tower takes care of the addition 60 

tons of cooling load. With this hybrid system the 

project team is able to provide a design that is pro-

jected to last 50 years with a lower maintenance 

and energy consumption cost of 35% less than with 

a typical packaged VAV boiler and chiller system. 

Furthermore, by using the geothermal system, the 

team was able to gain LEED credits under Energy 

and Atmosphere Category by optimizing energy 

performance. The mechanical team was able to 

contribute 21 out of the 54 credits the project team 

set out to achieve LEED Silver.   

15 Team No. 03-2013 

Figure 16 Exterior Rendering (South Façade) 
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Design Considerations. In order to begin the design of the systems, the mechanical team first had 

to research the locale conditions of Reading, PA in order to figure out a feasible solution.  
 
Reading, PA Weather Data: After looking at ASHRAE 90.1 Standard we found that Reading, PA is located in 

Climate Zone 5A. (Figure 17) 
 

 

With this information we were able to input into Trane TRACE the design temperatures and start finding the 

cooling and heating loads, which as noted in the Mechanical Report ended up being 170 tons and 110 tons 

respectively.  

 

 

 

appendix a 

Table 11 Reading PA weather Data  

Weather Data for Zone 5A Reading, PA 

 Heating at 99.6 % Cooling at 1% 

Dry Bulb 9.4 °F 89.6 °F 
Wet Bulb ―  73 °F 

Figure 17 Climate Weather 
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Design Considerations. Once the project team was able to come up with a reasonable load for 

the building, the next step was to find the conditions for the geothermal field. In order to do so, the mechan-

ical team looked into 

the 2011 ASHRAE Appli-

cations book, Chapter 

34 to begin the calcu-

lations of the geother-

mal field. In the map 

below (Figure 18) , one 

can see that the 

ground temperature for 

Reading, PA is approxi-

mately between 50 °F 

and 55 °F. The mechani-

cal team assumed the 

temperature to be 52 °F.  

 

 
  

ASHRAE Baseline model. In order to compare the proposed hybrid geothermal system, the me-

chanical team had to look at ASHRAE 90.1 to create a baseline model (Figure 19). The table below was 

used to choose the specifications that would make up the baseline model which we would compare our 

system to.  

◊ Packaged VAV with Reheat 

◊ Heating: Hot-Water fossil fuel boiler 

◊ Cooling: Direct Expansion 

Figure 18 Ground Temperature 

Figure 19 ASHRAE Baseline guidelines 
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Geothermal Well Calculation. The following is a table containing the data input for the calcula-

tions of the geothermal pipe length needed for our building load. Chapter 34 of the ASHRAE 2011 
Handbook-HVAC Applications was used.  
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Geothermal vertical loop input data 

Short-circuit heat loss factor (Fsc) 1.04  - 

Part-load factor during design months (PLFm) 1 Btu/h 

Net annual average heat transfer to ground (qa) 3344600 Btu/h 

Building design Cooling block load (qlc) 2024300 Btu/h 

Building design heating block load (qlh) 1320300 Btu/h 

Effective thermal resistance of ground (annually) (Rga) 0.257 Ft*h*°F/Btu 

Effective thermal resistance of ground (daily) (Rgd) 
  

0.157 Ft*h*°F/Btu 

Effective thermal resistance of ground (monthly) (Rgm) 0.2429 Ft*h*°F/Btu 

Thermal Resistance of bore (Rb) 0.1 Ft*h*°F/Btu 

Undisturbed ground temperature (tg) 52 °F 

Temperature penalty for interference of adjacent bore (tp) 3.4 °F 

Liquid temperature at heat pump inlet (cooling) (twic) 77 °F 

Liquid temperature at heat pump inlet (heating) (twih) 42 °F 

Liquid temperature at heat pump outlet (cooling) (twoc) 87 °F 

Liquid temperature at heat pump outlet (heating) (twoh) 32 °F 

power input at design cooling load Wc 81190 W 

power input at design heating load Wh 103051 W 

Required length for cooling Lc 52382 Ft 

Required length for heating Lh 31821 Ft 

Equation 1 Finds linear feet of pipe 

needed for the geothermal field  

 

Equation 2 Finds the necessary num-

ber of 300ft deep boreholes needed 

for the  geothermal field 

appendix b 

Table 12 Geothermal loop input data  
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Ventilation Calculations. In order to find the necessary outdoor air for the building, the mechanical 

team used ASHRAE Standard 62.1 Chapter 6 to find the ventilation rates. The following tables were 
used to calculate the ventilation information.  

Zone Number Type 
Zone 
Floor Area 

Zone 
Population 

People 
OA Rate 

Area OA 
Rate 

Breathing Zone OA 
Zone Air Distribu-
tion Effectiveness 

Zone Outdoor 
Airflow 

      Az Pz Rp*Pz Ra*Az Vbz=Rp*Pz + Ra*Az Ez Voz=Vbz/Ez 

      (sq. ft.) (people) (CFM) (CFM) (CFM)   (CFM) 

Totals     70,330  1497 12677.5 6926 19604   24505 

Multi-purpose Room 104_1 30 3,164  220 1100 190 1290 0.8 1612 

Multi-purpose Room 104_2 30 4,311  110 550 259 809 0.8 1011 

Principal Office 108  31 178  1 5 11 16 0.8 20 

Clerical 109 109  31 756  3 15 45 60 0.8 75 

Reception 110  32 233  1 5 14 19 0.8 24 

Community Office 111  31 176  1 5 11 16 0.8 19 

Working Room 113  22 335  5 25 20 45 0.8 56 

Vestibule 100  49 94  0 0 6 6 0.8 7 

Cust 116  24 46  0 0 6 6 0.8 7 

Lobby 101  49 1,380  0 0 83 83 0.8 104 

Corridor 103  23 866  0 0 52 52 0.8 65 

M.D.F 118  13 124  0 0 15 15 0.8 19 

Classroom 134  6 806  27 270 97 367 0.8 458 

Classroom 135  6 789  27 270 95 365 0.8 456 

Classroom 136  6 791  27 270 95 365 0.8 456 

Instruct. Storage 137  24 182  0 0 22 22 0.8 27 

Corridor 139  23 58  0 0 3 3 0.8 4 

Cust 147  24 49  0 0 6 6 0.8 7 

Cooridor 149  23 1,315  0 0 79 79 0.8 99 

Special Education 140  6 964  25 250 116 366 0.8 457 

Corridor 150  23 636  0 0 38 38 0.8 48 

Cooridor 153  23 200  0 0 12 12 0.8 15 

Cooridor 154  23 743  0 0 45 45 0.8 56 

Classroom 155  6 903  26 260 108 368 0.8 460 

Vestibule 156  49 147  0 0 9 9 0.8 11 

Maintenance 157  24 276  0 0 33 33 0.8 41 

I.D.F 158  13 90  0 0 11 11 0.8 14 

Classroom 159  6 856  26 260 103 363 0.8 453 

Classroom 160  6 856  26 260 103 363 0.8 453 

Conference  161  22 160  5 25 10 35 0.8 43 

Security 152  36 114  1 5 7 12 0.8 15 

Conference  151  22 188  8 40 11 51 0.8 64 

Classroom 141  6 1,074  27 270 129 399 0.8 499 

Classroom 142  6 1,092  27 270 131 401 0.8 501 

Classroom 143  6 1,092  27 270 131 401 0.8 501 

Classroom 144  6 1,107  27 270 133 403 0.8 504 

SGI/Comm. Room 145  22 1,100  36 180 66 246 0.8 308 

Vestibule 102  49 190  0 0 11 11 0.8 14 

Treating/Waiting 119  20 440  3 15 26 41 0.8 52 

Office 120  31 96  2 10 6 16 0.8 20 

Exam 121  31 111  1 5 7 12 0.8 15 

COTS 122  31 226  3 15 14 29 0.8 36 

P.E. Office/Storage 124  31 391  1 5 23 28 0.8 36 

Corridor 128  23 208  0 0 12 12 0.8 16 

Office 129  31 69  1 5 4 9 0.8 11 

Storage 130  24 153  0 0 18 18 0.8 23 

Kitchen 132  18 1,710  5 37.5 308 345 0.8 432 

Table/Chair Storage 133  24 422  0 0 51 51 0.8 63 
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Table 13 Ventilation Data (Cont’d on next page) 
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 Lobby 200  29 1,315  0 0 79 79 0.8 99 

Corridor 201  23 862  0 0 52 52 0.8 65 

Planning/Conference 202  22 669  8 40 40 80 0.8 100 

Cust 204  24 47  0 0 6 6 0.8 7 

I.D.F 206  13 67  0 0 8 8 0.8 10 

Classroom 216  6 761  27 270 91 361 0.8 452 

Classroom 217  6 760  27 270 91 361 0.8 452 

Classroom 218  6 773  27 270 93 363 0.8 453 

Teacher Workroom 219  31 214  2 10 13 23 0.8 29 

Corridor 214  23 1,415  0 0 85 85 0.8 106 

Corridor 220  23 52  0 0 3 3 0.8 4 

Special Education 222  6 970  18 180 116 296 0.8 371 

Corridor 215  23 568  0 0 34 34 0.8 43 

Cust 229  24 49  0 0 6 6 0.8 7 

Corridor 231  23 193  0 0 12 12 0.8 14 

Classroom 233  6 877  26 260 105 365 0.8 457 

Classroom 234  6 1,084  26 260 130 390 0.8 488 

Classroom 235  6 821  26 260 99 359 0.8 448 

Classroom 236  6 820  26 260 98 358 0.8 448 

Corridor 232  23 685  0 0 41 41 0.8 51 

Classroom 223  6 970  27 270 116 386 0.8 483 

Classroom 224  6 985  27 270 118 388 0.8 485 

Classroom 225  6 985  27 270 118 388 0.8 485 

Classroom 226  6 985  27 270 118 388 0.8 485 

Classroom 227  6 1,008  27 270 121 391 0.8 489 

Assistant Principal 207  31 161  1 5 10 15 0.8 18 

Library 208  48 1,949  25 125 234 359 0.8 449 

Library Support 209  48 369  2 10 44 54 0.8 68 

Art Classroom 211, 212 10 1,222  26 260 220 480 0.8 600 

Faculty Dining 213  17 657  20 150 118 268 0.8 335 

Corridor 301  23 862  0 0 52 52 0.8 65 

Psych Office 302  31 220  1 5 13 18 0.8 23 

Conference  303  22 203  4 20 12 32 0.8 40 

I.S.T 304  13 237  1 10 28 38 0.8 48 

Lobby 300  49 1,312  0 0 79 79 0.8 98 

Cust 306  24 47  0 0 6 6 0.8 7 

I.D.F 308  13 67  0 0 8 8 0.8 10 

Corridor 315  23 1,417  0 0 85 85 0.8 106 

Classroom 317  6 761  27 270 91 361 0.8 452 

Classroom 318  6 760  27 270 91 361 0.8 452 

Classroom 319  6 772  27 270 93 363 0.8 453 

Instruct. Storage 320  24 167  0 0 20 20 0.8 25 

Corridor 323  23 67  0 0 4 4 0.8 5 

Special Education 324  6 972  18 180 117 297 0.8 371 

Cust 331  24 23  0 0 3 3 0.8 3 

Corridor 316  23 442  0 0 27 27 0.8 33 

Corridor 333  23 104  0 0 6 6 0.8 8 

Classroom 325  6 784  27 270 94 364 0.8 455 

Classroom 326  6 798  27 270 96 366 0.8 457 

Classroom 327  6 797  27 270 96 366 0.8 457 

Special Education 328  6 798  27 270 96 366 0.8 457 

Classroom 329  6 818  27 270 98 368 0.8 460 

Guidance 309  31 162  1 5 10 15 0.8 18 

Classroom 310  6 832  27 270 100 370 0.8 462 

Classroom 311  6 837  27 270 100 370 0.8 463 

Classroom 312  6 836  27 270 100 370 0.8 463 

Classroom 313  6 816  27 270 98 368 0.8 460 

Classroom 314  6 859  27 270 103 373 0.8 466 
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TRACE Results. Screen Shots of Trane TRACE 700 results for the baseline and the proposed model. 

 
 

Figure 20 Baseline Model Energy Consumption Summary 

08 Team No. 03-2013 

Figure 21 Hybrid Geothermal System Consumption Summary 
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Load Calculations. The following tables show in detail the different zones for the building and their 

load requirements.  

3. Kitchen Make-up 

Air Unit 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Kitchen 132  493 908 28017 7489 20528 15221 1.2684 493 12796 1.0664 415 

            Total: 9549 1.3 493 12796 1.1 880 

4. clinic Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load 
Heat Pump 

Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Treating/Waiting 119 60 240 6346 1379 4967 1587 0.1322 60 4760 0.3966 180 

Office 120 25 130 3396 238 3158 653 0.0544 25 2743 0.2286 105 

Exam 121 20 149 3727 246 3481 500 0.0417 20 3227 0.2689 129 

COTS 122 40 66 3357 1149 2208 2035 0.1695 40 1322 0.1102 26 

            Total: 4774 0.40 145 12052 1.00 440 

5. Admin. Ahu2  
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Principal Office 108 30 335 6140 1175 4965 1191 0.0993 65 4949 0.4124 270 

Clerical 109 109 90 2045 33084 1561 31523 1618 0.1348 100 31466 2.6222 1945 

Reception 110 30 255 5037 502 4535 593 0.0494 30 4444 0.3704 225 

Community Office 111 25 50 1799 501 1298 900 0.0750 25 900 0.0750 25 

Working Room 113 65 100 5315 1867 3448 3455 0.2879 65 1860 0.1550 35 

Cust 116 10 10 254 81 173 254 0.0212 10 0 0.0000 0 

Corridor 103  74 322 8641 1073 7568 1992 0.1660 74 6649 0.5541 248 

P.E. Office/Storage 124  36 195 5235 527 4708 966 0.0805 36 4269 0.3557 159 

Corridor 128  18 52 1478 345 1133 507 0.0422 18 971 0.0809 34 

Office 129  13 19 1077 376 701 740 0.0617 13 337 0.0281 6 

Storage 130  20 20 844 270 574 844 0.0703 20 0 0.0000 0 

Table/Chair Stor-
age 

133  
50 63 3374 1149 2225 2678 0.2231 50 696 0.0580 13 

Lobby 101 120 190 6856 1891 4965 4330 0.3608 120 2526 0.2105 70 

            Total: 12340 1.67 415 46145 3.85 2570 

6. 1st fl AHU3 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

M.D.F 118  15 21 1021 337 684 972 0.0810 20 49 0.0041 1 

Classroom 134  525 738 31485 12441 19044 22355 1.8629 524 9130 0.7608 214 

Classroom 135  525 738 31485 12440 19045 22398 1.8665 525 9087 0.7573 213 

Classroom 136  525 742 31560 12445 19115 22330 1.8608 525 9230 0.7692 217 

Instruct. 
Storage 137  35 35 1784 648 1136 1784 0.1487 35 0 0.0000 0 

Corridor 139  5 5 54 6 48 54 0.0045 5 0 0.0000 0 

Classroom 141  575 1107 38099 14781 23318 19789 1.6491 575 18310 1.5258 532 

Classroom 142  575 1140 38612 14889 23723 19475 1.6229 575 19137 1.5947 565 

Classroom 143  575 1140 38611 14888 23723 19475 1.6229 575 19136 1.5947 565 

Classroom 144  575 1143 38766 14938 23828 19518 1.6265 575 19248 1.6040 568 

SGI/
Community 
Room 145  350 1206 44822 16458 28364 13008 1.0840 350 31814 2.6512 856 

            Total: 161160 13 4284 135139 11 3731 

7. 1st 2nd RTU1 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Special 
Education 140  525 989 36262 12015 24247 19249 1.6041 525 17013 1.4177 464 

Cust 147  6 6 271 87 184 271 0.0226 6 0 0 0 

Cooridor 149  79 79 1143 94 1049 1143 0.0953 79 0 0 0 

Corridor 150  38 38 554 46 508 554 0.0462 38 0 0 0 

Cooridor 153  17 94 2508 306 2202 454 0.0378 17 2054 0.1712 77 

Cooridor 154  64 1398 33218 1186 32032 1521 0.1267 64 31697 2.6414 1334 

Classroom 155  526 1176 38784 11063 27721 17347 1.4456 526 21437 1.7864 650 

Mainte-
nance 157  47 60 2703 739 1964 2117 0.1764 47 586 0.0488 13 

I.D.F 158  15 15 734 243 491 734 0.0612 15 0 0.0000 0 

Classroom 159  518 1151 37357 10973 26384 16812 1.4010 518 20545 1.7121 633 

Classroom 160  518 1129 36981 10971 26010 16967 1.4139 518 20014 1.6678 611 

Conference  161  35 55 4138 1666 2472 2633 0.2194 35 1505 0.1254 20 

Security 152  17 34 1455 441 1014 728 0.0606 17 728 0.0606 17 

Conference  151  50 73 6247 2602 3645 4279 0.3566 50 1968 0.1640 23 

            Total: 65560 7 2455 117546 10 3842 

Table 14 Room by Room Air Breakdown Loads (Cont’d on next page) 
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7. 1st 2nd RTU1 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Special 
Education 222  423 980 30842 9287 21555 13326 1.1105 423 17516 1.4597 557 

Cust 229  6 6 271 87 184 271 0.0226 6 0 0 0 

Corridor 215  25 1461 31510 437 31073 539 0.0449 25 30971 2.5809 1436 

Corridor 231  17 91 2935 294 2641 534 0.0445 17 2401 0.2001 74 

Corridor 232  50 2243 53030 966 52064 1182 0.0985 50 51848 4.3207 2193 

Classroom 233  522 1222 39865 11014 28851 17022 1.4185 522 22843 1.9036 700 

Classroom 234  557 1362 42862 11409 31453 17537 1.4614 557 25325 2.1104 805 

Classroom 235  512 1197 38050 10906 27144 16281 1.3567 512 21769 1.8141 685 

Classroom 236  512 1138 38197 10904 27293 17185 1.4321 512 21012 1.7510 626 

            Total: 70550 7.0 2624 193686 16.1 7076 

8. 2nd & 3rd-RTU2 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Classroom 216  516 731 31255 12375 18880 22070 1.8391 516 9185 0.7654 215 

Classroom 217  516 731 31239 12371 18868 22051 1.8376 516 9188 0.7657 215 

Classroom 218  518 737 31412 12403 19009 22088 1.8406 518 9324 0.7770 219 

Teacher Workroom 219  33 78 2908 841 2067 1216 0.1014 33 1692 0.1410 45 

Corridor 214  85 85 1230 101 1129 1230 0.1025 85 0 0.0000 0 

Classroom 223  552 1159 37586 12672 24914 17901 1.4918 552 19685 1.6404 607 

Classroom 224  555 1123 38177 14477 23700 18853 1.5711 555 19324 1.6103 568 

Classroom 225  555 1123 38176 14476 23700 18852 1.5710 555 19324 1.6103 568 

Classroom 226  555 1123 38176 14476 23700 18852 1.5710 555 19324 1.6103 568 

Classroom 227  559 1182 37706 12758 24948 17817 1.4847 559 19889 1.6574 623 

            Total: 160960 13.4 4445 126954 10.6 3632 

8. 2nd & 3rd-RTU2 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Corridor 315  85 85 4929 101 4828 4929 0.4108 85 0 0.0000 0 

Classroom 317  516 803 33270 12375 20895 21386 1.7822 516 11884 0.9903 287 

Classroom 318  516 803 33261 12372 20889 21373 1.7811 516 11888 0.9907 287 

Classroom 319  518 760 33363 12400 20963 22742 1.8952 518 10621 0.8851 242 

Instruct. Storage 320  20 28 1760 461 1299 1257 0.1048 20 503 0.0419 8 

Electrical Closet 321  5 5 309 77 232 307 0.0256 5 2 0.0001 0 

Corridor 323  5 5 237 6 231 237 0.0198 5 0 0.0000 0 

Special Education 324  424 1065 33318 9280 24038 13257 1.1048 424 20061 1.6717 641 

Cust 331  5 5 183 40 143 183 0.0153 5 0 0.0000 0 

Corridor 316  38 1533 34116 29 34087 843 0.0703 38 33273 2.7727 1495 

Corridor 333  5 961 21407 179 21228 223 0.0186 10 21184 1.7654 951 

Classroom 325  520 1157 37301 12251 25050 16768 1.3973 520 20533 1.7111 637 

Classroom 326  523 1251 36406 12284 24122 15206 1.2672 523 21200 1.7667 728 

Classroom 327  522 1248 36385 12281 24104 15229 1.2691 522 21156 1.7630 726 

Special Education 328  523 1248 36395 12282 24113 15238 1.2698 523 21157 1.7631 725 

Classroom 329  526 1187 37489 12328 25161 16611 1.3842 526 20878 1.7398 661 

            Total: 165790 13.8 4755 214339 17.9 7389 

9. 2nd 8 3rd -RTU3 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Lobby 200  113 688 17798 1784 16014 2916 0.2430 113 14882 1.2402 575 

Planning/Conference 202  114 849 18317 2696 15621 2697 0.2247 125 15620 1.3017 724 

Corridor 201  74 406 10431 1086 9345 1898 0.1582 74 8533 0.7111 332 

Cust 204  6 6 259 83 176 259 0.0216 6 0 0.0000 0 

I.D.F 206  8 12 555 183 372 555 0.0463 12 0 0.0000 0 

Assistant Principal 207  21 735 16016 70 15946 456 0.0380 21 15560 1.2966 714 

Library 208  513 2107 53530 6640 46890 13025 1.0854 513 40505 3.3754 1594 

Library Support 209  78 362 8588 621 7967 1840 0.1533 78 6748 0.5624 284 

Art Classroom 211, 212 686 1315 29012 601 28411 15127 1.2606 686 13885 1.1571 629 

Faculty Dining 213  268 741 26431 11439 14992 9559 0.7966 268 16872 1.4060 473 

            Total: 48333 4.0 1894 132604 11.1 5327 

9. 2nd 8 3rd -RTU3 
Vpz Vdz Total Latent Load Sensible Load DOAS Load DOAS Airflow Heat Pump Load Heat Pump Airflow 

CFM CFM Btu/h Btu/h Btu/h Btu/h Ton CFM Btu/h Ton CFM 

Corridor 301  74 1556 38417 1248 37169 1824 0.1520 74 36593 3.0494 1482 

Psych Office 302  26 261 5233 440 4793 521 0.0434 26 4712 0.3926 235 

Conference  303  46 177 5602 1241 4361 1455 0.1212 46 4147 0.3456 131 

I.S.T 304  38 163 4795 594 4201 1118 0.0932 38 3677 0.3064 125 

Lobby 300  112 784 20184 1792 18392 2895 0.2413 112 17289 1.4407 672 

Cust 306  6 6 381 83 298 381 0.0318 6 0 0.0000 0 

I.D.F 308  8 12 729 183 546 486 0.0405 8 243 0.0203 4 

Guidance 309  21 735 16059 297 15762 459 0.0383 21 15600 1.3000 714 

Classroom 310  528 1254 37928 12540 25388 15980 1.3317 528 21948 1.8290 726 

Classroom 311  529 1282 37966 12372 25594 15672 1.3060 529 22294 1.8578 753 

Classroom 312  529 1281 37946 12368 25578 15671 1.3059 529 22275 1.8563 752 

Classroom 313  526 1273 37735 12324 25411 15580 1.2983 526 22155 1.8462 747 

Classroom 314  533 1275 38272 12602 25670 15998 1.3332 533 22274 1.8561 742 

            Total: 88042 7.3 2976 193205 16.1 7083 
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Heat Pump Sizing. In order to select pumps for the system, we calculated the total flow rate in the 

common water loop by applying the equation below. 
 

Q=500*GPM*∆T 
1 ton=12000Btu/h 

Building Peak: 168.7 ton = 2024400 Btu/h 
∆T= 15 oF 

GPM= 269.92 
 

 
 

Based on the GPM we calculated, 

we plotted the gpm and total 

head on the Scot 57 series pump 

curve which lead us to the final 

pump size which is a 20 HP with a 

5.88 inch impeller. 

 

 

 

 

 

Heat Pump Schedule Example 

SmartSource Heat Pump 

(V) or 

(H) 

Stage(1) or 

(2) 

Unit 

size 

  

EWT GPM 

WPD 

EAT (°F) 

Cooling Hea5ng 

  PSI 
FT of 

W.C. 

tot.

(Btu/hr) 

sen. 

(Btu/hr) 

Pwr In.

(kW) 

THR

(Btu/hr) 
EER 

Tot. 

(Btu/hr) 

Pwr In. 

(kW) 

THA

(Btu/hr) 

LAT(°

F) 
COP 

H 1 024 2 80 6 2.1 4.9 80/67 27200 19000 1.432 32100 19 31900 1.737 26000 117 5.38 

SmartSource Heat Pump 

(V) or 

(H) 

Stage(1) or 

(2) 

Unit 

size 

  

EWT GPM 

WPD 

EAT (°F) 

Cooling Hea5ng 

  PSI 
FT of 

W.C. 

tot.

(Btu/hr) 

sen. 

(Btu/hr) 

Pwr In.

(kW) 

THR

(Btu/hr) 
EER 

Tot. 

(Btu/hr) 

Pwr In. 

(kW) 

THA

(Btu/hr) 

LAT(°

F) 
COP 

H 1 012 1 80 3 4 9.1 80/67 13100 9400 0.799 15800 16.4 17200 0.989 13800 120 5.09 

H 1 049 4.083333333 80 12 2.6 5.9 80/67 52000 36900 3.001 62200 17.3 63700 3.951 50200 117 4.72 

SmartSource Heat Pump 

(V) or 

(H) 

Stage(1) 

or (2) 

Unit 

size 

  
EW

T 

GP

M 

WPD 
EAT (°

F) 

Cooling Hea5ng 

  PSI 
FT of 

W.C. 

tot.(Btu/

hr) 

sen. (Btu/

hr) 

Pwr In.

(kW) 

THR(Btu/

hr) 
EER 

Tot. (Btu/

hr) 

Pwr In. 

(kW) 

THA(Btu/

hr) 

LAT(°

F) 
COP 

V 1 009  80 2.3 2.6 5.8 80/67 11100 8100 0.551 13000 20.1 12400 0.739 9900 113 4.91 

V 1 009  80 2.3 2.6 5.8 80/67 11100 8100 0.551 13000 20.1 12400 0.739 9900 113 4.91 

V 1 009 3/4 80 2.3 2.6 5.8 80/67 11100 8100 0.551 13000 20.1 12400 0.739 9900 113 4.91 

V 1 019 1.6 80 4.5 3.4 7.7 80/67 18200 13300 1.024 21700 17.8 25300 1.42 20500 119 5.22 

V 1 019 1.6 80 4.5 3.4 7.7 80/67 18200 13300 1.024 21700 17.8 25300 1.42 20500 119 5.22 

V 1 019 1.6 80 4.5 3.4 7.7 80/67 18200 13300 1.024 21700 17.8 25300 1.42 20500 119 5.22 

V 1 019 1.6 80 4.5 3.4 7.7 80/67 18200 13300 1.024 21700 17.8 25300 1.42 20500 119 5.22 

H 2 032 2.7 80 7.5 3.2 7.3 80/67 33200 23300 2.003 40000 16.6 40700 2.42 32400 117 4.92 
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Table 15 Heat Pump Sample Schedule  

Figure 22 Pump 

Curve  

11 

Cooling Tower Calculations. The 

cooling tower we’ve selected was an open cool-

ing tower that is counterflow induced draft with fill 

which increase the thermal efficiency . 

According to ASHRAE the summer design wet bulb 

for Reading, PA is 72.1oF. Base on many cooling 

tower manufacturers recommendation , the enter-

ing and leaving water temperatures were set at 95 

F and 85 , so the cooling range is 95 F – 85 F = 10 F.  

The approach temperature (the difference be-

tween the exiting fluid temperature of the cooling 

tower and the design wet bulb temperature) is 85F 

– 72 F =13 F 

The fluid flow is calculated based on the equation 

below 

 

 

 

 

 

 

 Where:   

   
m = the flow of the fluid to and from the cooling tower [gpm]  

 
q = the cooling tower capacity [BTU/hr]  

 
Cp = specific heat [BTU/lbm-F]  

 
ΔT = cooling range 

 

 
 

Tower Size Required Flow [GPM] 

60 Ton 144.5 
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Figure 23 Cooling tower              

Schematic  

12 



 

Exhaust Rates. The following are areas that need to have exhaust air. Again, ASHRAE Standard 62.1 

was used in order to determine the air changes per hour and find the cfm for each of the spaces.  

Room Area (sq ft) Height (ft) ACH CFM Rounded 

112 Toilet 89 10 2 30 30 

115 Girl/Entry 235 10 2 78 80 

117 Boy/Entry 235 10 2 78 80 

123 Toilet 75 10 2 25 25 

132 Kitchen 1710 10  1197 1200 

138 Toilet 47 10 2 16 20 

140A Toilet 123 10 2 41 40 

146 Boys/Entry 166 10 2 55 55 

148 Girls/Entry 166 10 2 55 55 

203 Girls/Entry 238 10 2 79 80 

205 Boys/Entry 238 10 2 79 80 

221 Toilet 47 10 2 16 15 

222A Toilet 123 10 2 41 40 

223A Toilet 123 10 2 41 40 

224A Toilet 123 10 2 41 40 

225A Toilet 123 10 2 41 40 

226A Toilet 123 10 2 41 40 

227A Toilet 123 10 2 41 40 

228 Boys/Entry 166 10 2 55 55 

230 Boys/Entry 166 10 2 55 55 

234A Toilet 59 10 2 20 20 

305 Girls/Entry 238 10 2 79 80 

307Boys/Entry 238 10 2 79 80 

322 Toilet 49 10 2 16 15 

324A Toilet 123 10 2 41 40 

330 Boys/Entry 125 10 2 42 40 

332 Girls/Entry 125 10 2 42 40 
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Table 16 Rooms that need to be exhausted 

 

Pool Calculations. As mentioned in the Mechanical Report, the most important thing to consider 

when designing the pool, is to look at the humidity load. The following data was used to calculate the hu-

midity load.  
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Figure 24 Information used to calculate 

pool humidification 



Pool Calculation Continued. ASHRAE 62.1 was used to find the outside air humidity load. The pool 

load was calculated using the table found in the Mechanical Systems report, below is the addition of the 

pool load, the outside air humidity load and the internal load. The water vapor pressure and air vapor pres-

sure were found by following the guidelines from the previous page for water that is 80F and the air vapor 

pressure was found by using air temperature of 82F and a humidity ration of 60%. With these specifications, 

the water and air vapor pressure are 1.033In. Hg and 0.62 In. Hg respectively. In addition, the Internal Humidi-

ty Load was found by using the table on the previous page. Since the humidity internal load for a school is 

0.8 and the humidity internal load for public use is 1.0, the mechanical team assumed an internal humidity 

load of 0.9. Finally the Outside Air Humidity Load was found using ASHRAE 62.1 to get the information for the 

pool area and the spectator section which is by the bleachers.  
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b) Outside Air Humidity Load Calculation   

  Area (A
2
) Area Outdoor Air Rate 

(From ASHRAE 62.1) 

Ven5la5on 

(CFM) 

Pool & Deck  6403 0.48 3073 

Spectator 2625 0.06 158 

    Total= 3231 

Pool Load 136.8 Lbs/hr 

Internal Humidity Load 0.9 lbs/hr 

Outside Air Humidity 

Load 2.1 lbs/hr 

Total Humidity Load 140 lbs/hr 

c) Total Load 

15 

Load= 0.1*pool area* vapor pressure * use factor 

      

Water Temp. 80 F 

Air Temp. 82 F 

RH 60 % 

Pool Area 3680 ft2 

Use Factor 0.9   

Water Vapor Pressure 1.033 In. Hg 

Air Vapor Pressure 0.62 In. Hg 

delta vapor pressure 0.413 In. Hg 

Pool load 136.8 lbs/hr 

a) Pool Load Calculation     

Tables 17a, 17b, 17c Pool Calculation Information 

 

 

 

Equipment Data: Pool 
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appendix c 



Equipment Data: Cooling Tower. With the information explain before, the mechanical team 

chose Marley MCW Series 62 town cooling tower. 
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Equipment Data: Heat Pumps. The mechanical team chose DAIKIN McQUAY vertical and hori-

zontal Water Source Heat Pumps 
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GEOTHERMAL WELLS BURIED UNDER THE
BASEBALL FIELD

ROOF TOP UNIT #4 & 5
SERVING THERMAL ZONE 1 &
2

KITCHEN EXHAUST UNIT
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