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I. PURPOSE 
 
The purpose and goal of this engineering study is to provide a path to modernize the mechanical 
systems serving the Bethel High School to meet operational needs for the next 20 to 30 years.  
Particular attention based on the original RFP is to address AHX-1 deficiencies, add air 
conditioning to the non-air-conditioned classrooms, add air conditioning to the athletic facilities 
and provide a long-term replacement plan for all AHU’s.  Additionally, Kohler Ronan has identified 
miscellaneous items that were discovered during building investigations outside of the scope of 
the original RFP. Items discovered are noted within this report. 
 
The HVAC systems serving the high school are the heart of the approximate 167,000 square foot 
building.  The building was originally constructed in 1970, with a significant addition built in 1975 
and 2007.  Most of the mechanical rooftop units were replaced in 2007. 
 
This report and its recommendations are based on: 

1. Initial on-site kickoff meeting with the staff to discuss and review the current building 
deficiencies on March 25, 2022. 

2. Site visits to visually review existing rooftop equipment conditions on April 4, 2022. 
3. Additional site visits on April 12th, 13th, and 14th 2022 for further field investigation. 
4. An incomplete set of original building design drawings from 1968.  
5. Various design drawings from renovations dated 1998, 2002, and 2006. 
6. Design drawings to replace RTU-9 and RTU-13 dated January 2022 along with pre-demo 

testing performed by Wing’s Testing and Balancing Co. Replacement of these units is 
scheduled for second quarter 2022. 

7. Various email correspondence during 2020 noting controls issues, airflow issues, and repair 
orders. 

8. Commissioning report performed by Wing’s Testing and Balancing Co. dated October 29, 
2020 

9. Review of the building management system. 
10. Bethel High School McQuay Rooftop Unit Re-Commissioning Memo by Pelegrine Energy 

Group dated December 18, 2018. 
11. Bethel High School Identification of Priority High School HVAC Updates Memo by Pelegrine 

Energy Group dated February 4, 2020. 
12. Bethel High School Rooftop Unit Commissioning Check Memo by Pelegrine Energy Group 

dated August 13, 2020. 
13. Bethel High School RTU-5 Rebalancing Report Memo by Pelegrine Energy Group dated 

October 18, 2020. 
14. Bethel High School  HVAC Improvement Options Memo by Pelegrine Energy Group dated 

March 29, 2021 
15. Bethel High School  HVAC Update Planning Memo by Pelegrine Energy Group dated July 

14, 2021 
16. A spreadsheet by Pelegrine Energy Group documenting mechanical equipment issues 

experienced in 2018 and 2019. 
17. A spreadsheet by Pelegrine Energy Group documenting general mechanical equipment 

information, opinions of condition, and issues experienced in 2017. 
18. A building operating schedule by Pelegrine Energy Group dated September 25, 2018. 
19. Electrical Utility bills from January 2020 to January 2022. 
20. A spreadsheet summarizing natural gas usage from January 2020 to January 2021. 
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II. EXECUTIVE SUMMARY 
 

The building boiler plant is nearly new and in proper operating condition. The air handling 
equipment and its associated DX cooling equipment is at the end of its expected lifespan or has 
exceeded it. The school has about 36 classrooms without cooling along with the gym, locker 
rooms, weight room, and wrestling room. Many exterior spaces are heated with perimeter 
radiation, unit ventilator or combination thereof. Select classrooms have been retrofitted with split 
air conditioning units but lack the means for mechanical ventilation air. All variable volume rooftop 
units supply conditioned air to their respective spaces via ducted VAV boxes. Air is typically 
distributed to the spaces via a combination of linear and square diffusers.     
 
The building has been experiencing many HVAC related issues over the years. These 
deficiencies include:  

1. Inability to maintain space temperature setpoint during hot summer days. 
2. Rooftop units tripping on flame out. 
3. Air handling and cooling equipment is unreliable requiring costly repairs and replacements. 
4. Failure of ERU-2 energy wheel. 
5. Visible areas of air infiltration through the building envelope. 
6. History of damaged and leaking ductwork. 
7. Insufficient airflow at the offices and classrooms served by AHX-1. 
8. Insufficient airflow at the administration offices served by AHU-5 
9. Noise complaints from unit ventilators. 
10. Lack of ventilation air to some classrooms. 
11. Exhaust fan failures and lack of bathroom exhaust. 
12. Control issues and communication difficulties between the BMS.  
13. Lack of maintenance performed on MAU-1 

 
Kohler Ronan has determined the heating plant is sized appropriately with capacity to spare. 
Furthermore, the rooftop unit DX cooling sections are sized appropriately for their zones with the 
exception of AHX-1. However, the inability to maintain temperature in certain spaces is most 
likely due to the system’s incapability to supply and distribute the proper amount of air to the 
rooms. Detailed analysis and recommendations addressing each of these deficiencies can be 
found later in this report.  
 
Further complicating efforts to address the deficiencies and improvements are lack of funds, 
available time at which the school is unoccupied to perform renovation work (ie. Summer recess 
or holiday breaks), the fire rating and classification of the building and the current supply 
chain/inflation concerns driving the cost of construction to be higher than normal. 

Bethel has identified up to a maximum of $1,400,000 in funds that is compiled from grants and 
town funds that may be available for immediate upgrades.  Based on limited initial project funds 
available, the school has identified priority 1 items for design such as adding cooling to 
classrooms that are currently heated only and replacement of unit ERU-2.  To work within the 
budget, two alternatives would be designed as additional priority 1 and a priority 2 space if funds 
allow.  A phased approach to these upgrades may be implemented in order to manage the timing 
and initial costs with annual budgets.   
 
Adding air conditioning to all classrooms and addressing ERU-2 has cost ranging from $3.8M to 
$4.7M depending on the option selected.  Replacement of AHX-1, adding air conditioning to the 
gym, locker rooms, weight room, and wrestling room has a budget around $2.64M.  A full detail 
list of costs are summarized in Appendix B-Mechanical Upgrades Estimates.  
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III. BUILDING INFORMATION & LAYOUT 
 

Bethel High School is a three-story building originally constructed in 1970 with an addition built in 
1975 and 2007 totaling approximately 167,000 total square feet. The building consists of a 
gymnasium, weight room, locker rooms, cafeteria, administrative offices, and a variety of 
classrooms on floors 1-3. 
 

 

Building Location & Surrounding Area 
 

 

Southwest Elevation 

1970 Bethel High School 

1975 Addition 

Berry School Football Field 

2007 Addition 
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Example of Rooftop Equipment 

 

Boiler Plant
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IV. BUILDING PLANS 

 

1st Floor 
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2nd Floor 
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3rd Floor 
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V. EXISTING HVAC ZONING PLANS 

.  

First Floor Existing Zoning 
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Second Floor Existing Zoning 
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Third Floor Existing Zoning 
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VI. MECHANICAL SYSTEM DEFICIENCIES & RECOMMENDATIONS 
 
Heating and Cooling Plants 
Bethel High School is heated by a gas fired condensing boiler plant producing hot water at the 
first-floor level. The boiler plant consists of (4) 3,840 MBh Patterson-Kelley boilers each furnished 
with a dedicated inline primary pump. The hot water plant is piped in a primary loop / secondary 
loop fashion with (3) secondary loops leaving the boiler room. The first secondary loop is served 
by Taco end suction lead/standby pumps sized for 80 gpm at 90 feet of head. The second 
secondary loop is served by Taco end suction lead/standby pumps sized for 140 gpm at 175 feet 
of head. Similarly, the third secondary loop is served by Taco end suction lead/standby pumps 
sized for 460 gpm at 130 feet of head. Hot water is distributed to air handling units AHX-1, ERU-
1, and ERU-2 on the roof. Hot water is also circulated to indoor equipment such as MAU-1, AHU-
3A, AHU-3B, perimeter radiation, duct mounted reheat coils, terminal box reheat coils, unit 
ventilators and unit heaters. A glycol feeder is connected to the building hot water loop 
maintaining a propylene glycol concentration of approximately 30%. The boiler plant equipment in 
good condition and appears to be only 2 or 3 years old. Building heat is also provided by gas fired 
packaged rooftop units AHU-2, 4, 5, 6, 7, 8, 9, 10, and 13.  
 
Cooling is provided to portions of the building via packaged DX rooftop units AHU-2,5, 7, 8, 9, 10, 
and 13 as well as split DX units AHX-1, ERU-1 and ERU-2. Additional mini split units were 
installed as means to cool select rooms in the building. AHU-12 was removed from the roof under 
the 2007 renovation, and it’s associated steel dunnage was abandoned in place. The 
maintenance staff noted that AHU-11 was inactive and abandoned in place.  

 

Typical Hot Water Boiler 

 

Typical Packaged RTU Condenser Section 

 
Currently, air conditioning is provided in the core of the 1975 building, cafeteria, auditorium, 
library, computer labs, office areas and approximately 12 perimeter classrooms. Rooms that are 
not cooled are being targeted for a new cooling system including 36 classrooms, the gymnasium, 
its nearby wrestling room and exercise room. Refer to the diagrams below for rooms requiring 
cooling. 
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First Floor Rooms with No Air Conditioning 

Gymnasium 
Exercise Room 

Typical Classroom 

Wrestling Room 
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Second Floor Rooms with No Air Conditioning 

Gymnasium 

(open to below) 

Typical Classroom 
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Third Floor Rooms with No Air Conditioning 

 

Typical Classroom 
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Air Handling Units 
 
AHX-1 Description: 
Unit AHX-1 is built up in multiple sections all housed within a rooftop penthouse. This air handling 
unit provides conditioned air to core classrooms on floors 1, 2, and 3 of the 1975 addition. It is 
sized for 38 tons of cooling, 449 MBh of heating, and 9,200 CFM. The unit is a variable air 
volume Trane Climate Changer consisting of a sheet metal mixing box, filter section, hot water 
coil, DX cooling coil, remote condensing unit, remote belt driven supply fan, and a remote belt 
driven return fan. Signs of repair and improvements were observed such as re-sealing of 
ductwork, a new motor on the supply fan, and both fans have been retrofitted with variable 
frequency drives. AHX-1 provides conditioned air to VAV boxes without reheat coils.  
 
AHX-1 Analysis:  
It was noted that AHX-1 was not delivering sufficient airflow. This was apparent as the fan drives 
were constantly operating at 100% in an attempt to satisfy the spaces.  AHX-1 is original to the 
1975 construction and although it is in fair condition for its age it is well past its expected lifespan. 
Additionally, the return air ductwork within the penthouse was damaged and air leakage was 
observed at the roof penetration access doors.  
 
The rooftop condensing unit serving AHX-1, tagged as CU-3, is mounted on steel dunnage 
without external vibration isolation. The unit is comprised of 4 compressors which have damaged 
and missing refrigerant pipe insulation and mild corrosion at the pipe fittings.  The condensing 
unit utilizes R-22 refrigerant which has been phased out. The unit was installed during the 2007 
renovation and replaced an existing chilled water coil serving AHX-1. 
 
After performing heating and cooling load calculations it appears that AHX-1 is undersized by 
approximately 400 CFM. to maintain 75°F on a design summer day. Upon a review of the 
controls, a majority of the AHX-1 spaces had a setpoint of 70°F – 73°F. In order to maintain a 
more comfortable 72°F average, this unit will need to increase in capacity from 38 to 45 tons, and 
10,800 CFM of total supply air. 
 

 

Damaged CU-3 Insulation 

 

CU-3 on Dunnage 

CU-3 

Corroded 

Fittings 

CU-3 Compressors 

Corroded 

Dunnage 

Damaged Insulation 
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AHX-1 Recommendations: 
Remove AHX-1 and its associated condensing unit entirely. Replace this unit in kind with a 
modular air handling unit sized for 10,800 CFM similar to a Trane Climate Changer matching the 
components of the existing AHX-1 including its remote condensing unit. Cooling capacity shall be 
increased to 45 tons. Existing steel dunnage supporting the condensing unit shall be cleaned, 
treated for corrosion, and painted. New ductwork shall connect to the existing duct risers at the 
floor of the penthouse. 
 
All existing ductwork serving AHX-1 shall be cleaned, pressure tested, sealed as needed, and 
reused. AHX-1 zoning shall not change.  Refer to equipment pricing as this is not a priority item.  
 
Option 1, Priority 1:  All classrooms in the 1975 addition that are not served by AHX-1 or split AC 
units shall be cooled via 33”x33” ceiling cassette VRF units similar to Trane model TPLFY. 
Exterior classrooms shall be sized for approximately 2.5 tons of cooling each and interior 
classrooms shall be sized for approximately 2 ton of cooling each. The cassette units shall be 
connected to outdoor roof mounted VRF heat pump condensing units similar to Trane model 
TUHY with a total capacity of approximately 60 tons. Condensing units shall be mounted on 24” 
high rooftop equipment rails.   
 
Ventilation to the perimeter classrooms shall be provided via (2) new rooftop dedicated outside air 
unit sized for approximately 6,250 CFM each similar to a Greenheck model RVE, tagged as 
DOAS-3 and DOAS-4 on the plans. The new units shall compose of filter sections, an energy 
recovery wheel, DX cooling coil, hot gas reheat coil, hot water reheat coil, supply air fan section 
and exhaust air fan section. New DOAS unit ductwork shall be routed on the roof to new risers 
located inside the building.  Much of the existing exhaust ductwork can be retained with some 
modifications to serve as exhaust air back to the DOAS units.  DOAS unit ventilation air shall 
distribute to all classrooms in the 1975 addition not served by AHX-1. All existing unit ventilators 
shall be removed and replaced with finned tube radiation. The new DOAS units and radiation 
shall be controlled via the BMS. The VRF system shall be controlled by factory controllers and 
monitored by the BMS.  
 
Option 2, Priority 1: Remove AHX-1 and its associated condensing unit entirely. Replace this unit 
with a custom dedicated outside air unit sized for approximately 15,350 CFM similar to a Trane’s 
custom offering, tagged as DOAS-5 on the plans. The new unit shall be installed within the 
existing penthouse and shall include filter sections, an energy recovery wheel controlled via VFD, 
DX cooling coil, a hot water reheat coil, supply air fan section and exhaust air fan section. New 
ductwork shall connect to the existing duct risers at the floor of the penthouse. Additional 
ductwork shall route on the roof to new risers located inside the building. A remote condensing 
unit shall be installed on the existing condensing unit dunnage using new supplemental 
galvanized steel supports. Existing steel dunnage shall be cleaned, treated for corrosion, and 
painted.   
 
Existing ductwork through the building shall be cleaned, pressure tested, sealed as needed, and 
reused. New duct mains and risers shall be installed as necessary to provide ventilation to all 
rooms in the 1975 addition. Existing unit ventilators shall be removed and replaced with finned 
tube radiation. All classrooms in the 1975 addition shall be conditioned via 33”x33” ceiling 
cassette units similar to Trane model TPLFY. Exterior classrooms shall be sized for 
approximately 2.5 tons of cooling each and interior classrooms shall be sized for approximately 2 
ton of cooling each. The cassette units shall be connected to outdoor roof mounted VRF heat 
pump condensing units similar to Trane model TUHY with a total capacity of approximately 86 
tons. VRF condensing units shall be mounted on 24” high rooftop equipment rails. The new 
outside air unit, VRF system, and radiation shall be controlled via the building BMS.  Option 2 is 
not a recommended option as it would be expensive, very disruptive, and difficult to achieve over 
a short summer break.  It is shown for reference only and not being recommended. 
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Option 1 -  VRF Classrooms - First Floor (AHX-1 for Reference Only) 

 

 
Option 1  VRF Classrooms – Second Floor (AHX-1 for Reference Only) 
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Option 1  VRF Classrooms – Third Floor (AHX-1 for Reference Only) 

 

 
Option 2 All VRF Classrooms – First Floor 
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Option 2 All VRF Classrooms – Second Floor 

 

 
Option 2 All VRF Classrooms – Third Floor 
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AHX-1 Penthouse Analysis: 
The rooftop penthouse containing the components for AHX-1 has internal dimensions of 
approximately 44’-6”L x 17’-6”W x 8’-9”H. The penthouse is heated via a hot water unit heater. At 
the time of survey, the unit heater fan was running continuously without any hot water flowing 
through it. A hot water control valve serving this unit heater was not found.  
 
The penthouse is cooled via a sidewall propeller exhaust fan and intake air damper. The damper 
appeared to be in good condition, but it is controlled via an antiquated actuator. The exhaust fan 
is corroded, in poor condition and appears to be inoperable. An abandoned suspended expansion 
tank was found in the penthouse which appears to be left over from the 2007 renovation.  This is 
typical of items that were specified to be removed and were not as part of the renovation project. 
 

 

Penthouse Unit Heater 

 

Penthouse Exhaust Fan 

 

Penthouse Intake Damper 

 

Abandoned Expansion Tank 

 
AHX-1 Penthouse Recommendations: 
Provide a new DDC 2-way hot water control valve to serve the penthouse unit heater. Remove 
and replace the penthouse propeller exhaust fan with a new fan in kind sized for approximately 
700 CFM. Remove and replace the penthouse make up air damper actuator with a new actuator. 
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Connect the penthouse fan and makeup damper to the building BMS and monitor penthouse 
temperature. Remove the abandoned expansion tank and any other abandoned appurtenances.  
 
AHU-2 Description: 
AHU-2 is installed on the original 1970 building roof and provides conditioned air to classrooms 
on the third floor, and teacher lounges and a classroom on the second floor. It is sized for 31 tons 
of cooling, 320 MBh of heating, 3,500 CFM of ventilation air, and 9,300 CFM of total supply air. 
The unit is a variable air volume McQuay model RPS030CLA packaged rooftop unit consisting of 
a mixing box, filter section, indirect natural gas burner, DX cooling coil, integral condensing unit, 
belt driven supply fans, and belt driven return fans. This unit provides conditioned air to VAV 
boxes with reheat coils.  
 
AHU-2 Analysis: 
The unit was installed during the 2007 renovation and is in fair condition. Dirt and debris were 
seen inside the unit and on the cooling coil. Damaged cooling coil fins were observed as well as 
corrosion at the base of the coil. The unit contains 3 compressors which have damaged 
refrigerant insulation. Wiring splices were found in the supply fan section exposed to the 
airstream which should be contained in a junction box.  AHU-2 does not have any reported issues 
with cooling, but it has been reported that AHU-2 spaces are subject to overheating.  Since there 
are VAV boxes with reheat coils on this system, this can be avoided.   
 

 

AHU-2 Cooling Coil Damage 

 

AHU-2 Cooling Coil Corrosion 
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AHU-2 Damaged Refrigerant Insulation 

 

AHU-2 Cooling Coil Corrosion 

 
AHU-2 Recommendations:  
 
Prior to the replacement of AHU-2 it is recommended that the controls be retro-commissioned to 
determine the cause of the occasional over heating concerns.  Control sequence modifications 
shall be completed as required. 
 
Option 1 (Recommended): Remove and replace AHU-2 in kind with a new variable air volume 
gas fired / DX packaged rooftop unit similar to a Trane model IPAK sized to match the existing 
unit capacity. Provide a new adaptor curb and reconnect to the existing supply and return air 
main risers. All existing ductwork serving AHU-2 shall be cleaned, pressure tested and sealed as 
needed. All existing VAV boxes served by AHU-2 shall be inspected, cleaned, and reused. Two 
offices and one special education classroom on the second floor currently have no airflow and 
shall be furnished with new VAV boxes with hot water reheat coils fed from AHU-2.  
 
Neighboring history and special education classrooms on the third floor that do not have cooling 
shall be outfitted with 33”x33” VRF ceiling cassette units similar to Trane model TPLFY. Cassette 
units serving the western bank of rooms on the third floor shall connect to outdoor roof mounted 
VRF heat pump condensing units sized for approximately 14 tons of cooling. VRF condensing 
units shall be similar to Trane Model TUHY mounted on 24” high equipment rails.  
 
The history and special education classrooms served by VRF shall be ventilated via a dedicated 
rooftop outside air ventilator sized for approximately 2,600 CFM similar to a Greenheck model 
RVE tagged as DOAS-2 on the drawings. The new unit shall be installed on a new 18” high 
rooftop curb with supplemental structural framing. The rooftop ventilator shall include filter 
sections, an energy recovery wheel, DX cooling coil, hot gas reheat coil for dehumidification, a 
hot water reheat coil, supply air fan section and exhaust air fan section.  Hot water piping shall be 
extended from nearby mains. The new AHU-2 and DOAS-2 shall be controlled via the BMS. The 
VRF system shall be controlled by factory controllers and monitored by the BMS 
 
Option 2: Remove and replace AHU-2 with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model IPAK sized for 50 tons of cooling, 688 MBh of heating, 4,800 
CFM of ventilation air, and 12,000 CFM of total supply air. Connect to existing supply and return 
air risers. Provide new roof mounted supply and return air mains to new roof penetration serving 
history and special education classrooms on the third floor that do not currently have cooling. 
Outfit these rooms with new VAV boxes complete with hot water reheat coils. Provide (1) VAV 
box per classroom. Extend hot water from nearby mains serving radiation. Existing VAV boxes 
shall be reused and shall have their reheat coils inspected and cleaned. Re-balance all existing 
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VAV boxes. All existing ductwork serving AHU-2 to remain shall be cleaned, pressure tested and 
sealed as needed. New AHU-2, VAV boxes, and reheat coils shall be controlled by the BMS. 
 

 

Option 1- AHU-2 & VRF (ACCU3-3) – Third Floor 
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Option 2 – Larger AHU-2 – Third Floor 

 
AHU-3A and AHU-3B Description: 
Units AHU-3A and AHU-3B are installed in a small mechanical room on first floor and provides 
heating to the boy’s locker rooms and girl’s locker rooms respectively. Each unit is sized for 267 
MBh of heating, 2,000 CFM of ventilation air, and 4,000 CFM of total supply air. The units are 
vertical constant air volume McQuay model CAH008GHAC indoor unit consisting of a mixing box, 
filter section, hot water heating coil and supply fan.  
 
AHU-3A and AHU-3B Analysis: 
The units were installed during the 2007 renovation and are in good condition. Dirt and debris 
were seen inside the units and on the heating coils. The unit dampers, gaskets, fans, and 
components all appear to be in good working order. Hot water is controlled via a 3-way control 
valve and no deficiencies to the piping, components, or insulation were found. These units have a 
ducted outside air connection sized for airside economizer and no insulation was seen on the 
outside air ductwork. Insulation is required by the energy code.  It was also cold to the touch at 
the time of survey. Although no condensation or water damage was found, this ductwork should 
be insulated to eliminate potential condensation issues and to comply with the energy code. 
Breakout noise from AHU-3A and 3B is audible within the locker rooms. 
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AHU-3A Heating Coil Piping 

 

AHU-3A Dirty Heating Coil 
 
AHU-3A and AHU-3B Recommendations: 
Although these units are in good operating condition, they do not cool nor dehumidify the locker 
rooms. Furthermore, they are not modular construction so adding a cooling coil to the existing 
units is not feasible. Both units shall be removed and replaced with new vertical modular air 
handling units similar to Trane Climate Changers, matching the current 4,000 CFM each. Each 
unit shall include a filter section, DX cooling coil, and vertical supply fan section. New duct 
mounted hot water reheat coils shall be installed in the supply air duct main above the ceiling of 
both locker rooms. All existing ductwork shall be cleaned and reused. The existing outside air 
ductwork shall be insulated with R-6 fiberglass duct wrap. The remote condensing units shall be 
mounted on the roof on 24” high equipment rails. The locker room inline exhaust fan (EF-1) shall 
be inspected and reused. The sidewall discharge louver associated with EF-1 shall be inspected 
and cleaned. The new air handlers and reheat coils shall be controlled by the BMS. Noise output 
of the new replacement units should be evaluated during the next phase of design. Duct silencers 
may be considered based on the new unit’s published acoustical data. 
 
AHU-4 Description: 
AHU-4 is installed on the original 1970 building roof and provides heated air to the gymnasium. It 
is sized for 1,500 MBh of heating, 6,000 CFM of ventilation air, and 18,000 CFM of total supply 
air. The unit is a constant air volume McQuay model RAH077CYA packaged rooftop unit 
consisting of a mixing box, filter section, indirect natural gas burner, belt driven supply fans, and 
belt driven return fans.  
 
AHU-4 Analysis: 
The unit was installed during the 2007 renovation and is in good condition. Dirt and debris were 
seen inside the unit and on the fan bearings. Light corrosion was observed on the heat exchanger 
condensate discharge. At the time of survey, the outside air damper and relief dampers were fully 
closed, and the unit was only recirculating air. The facilities staff noted this unit frequently shuts 
off on flameout. The gas pressure regulator is tagged with a 6 to 13 in. w.c. spring and the unit 
burner is tagged as requiring 8 in. w.c. minimum. Lastly, duct lining was not seen on the unit 
supply or return ductwork. 
 

3-Way HWS 

Valve 

AHU-3A 
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AHU-4 Casing and Shut Relief Damper 

 

AHU-4 Natural Gas Train 

 

AHU-4 Debris on Fan Bearing 

 

AHU-4 Corrosion on Condensate Discharge 

 
AHU-4 Recommendations: 
Remove and replace AHU-4 in kind with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model IPAK sized to match the existing unit airflow and heating 
capacity. Provide a new adaptor curb and reconnect to the existing supply and return air main 
risers. The new unit shall be composed of a mixing box, filter section, DX cooling coil, hot gas 
reheat coil, integral condensing unit, indirect natural gas burner, belt driven supply fans, and belt 
driven return fans. The condensing unit section shall be sized for 70 tons of cooling. All existing 
ductwork serving AHU-4 shall be cleaned and sealed as needed.  Internal lining should be added 
at least 15 feet downstream of the supply fan and 15 upstream of the return/relief air fan.  New 
AHU-4 shall be controlled by the BMS.  
 
Until this unit is replaced it is recommended to remove and clean the gas regulator orifice, inspect 
the internal condition of the gas piping, and verify the spring is adjusted to properly deliver the 8 
in. w.c. minimum gas pressure. 
 

Debris on Fan 

Bearing 
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AHU-5 Description: 
AHU-5 is installed on the original 1970 building roof and provides conditioned air to the 
Administration and Guidance offices on the second floor. It is sized for 250 MBh of heating, 24 
tons of cooling, 2,500 CFM of ventilation air, and 7,400 CFM of total supply air. The unit is a 
variable air volume McQuay model RPS020CSA packaged rooftop unit consisting of a mixing 
box, filter section, indirect natural gas burner, DX cooling coil, integral condensing unit, belt driven 
supply fans, and belt driven return fans. This unit provides conditioned air to VAV boxes with 
reheat coils.  
 
AHU-5 Analysis: 
The unit was installed during the 2007 renovation and is in poor condition. Minor damage to the 
exterior duct insulation and refrigerant piping was observed. The cooling coil has damage to the 
fins and corrosion at the coil base. The return fan was out of balance with visible oscillation and 
excessive noise radiated from the supply fan possibly indicating a failing bearing.  Excessive air 
leakage was observed at the unit module junctions. A plumbing vent was installed close to the 
outside air intake which does not comply with current code. The air balance report indicates this 
unit is providing less airflow than design.  Lastly, the exterior ductwork was routed in such a way 
that it prevents access to the unit heating section. 
 

 

AHU-5 Damaged and Corroded DX Coil 

 

AHU-5 Supply Fan  

 

Plumbing Vent Near AHU-5 Intake 

 

Exterior Ductwork Obstructing Access 

 

Plumbing Vent 
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AHU-5 Recommendations: 
Remove and replace AHU-5 with a new variable air volume gas fired / DX packaged rooftop unit 
similar to a Trane model IPAK sized to match the existing unit airflow and capacity. New AHU-5 
shall be relocated on the roof to avoid service conflict with the existing duct penetrations and to 
avoid existing plumbing vents. The unit shall be mounted on new steel dunnage at its new 
location. 
 
Existing VAV boxes and ductwork serving the administrative and guidance offices shall be 
inspected, cleaned, and reused. Provide a new VAV box with reheat coil dedicated to the 
administrative office lobby. Extend hot water from nearby existing reheat coil piping. Re-balance 
all existing VAV boxes to original design airflows. All existing ductwork serving AHU-5 to remain 
shall be cleaned, pressure tested and sealed as needed. New AHU-5, VAV box, and reheat coil 
shall be controlled by the BMS. 

 

AHU-5 Proposed Correction – Second Floor 

 
AHU-6 Description: 
AHU-6 is installed on the original 1970 building roof and provides heated air to the Weight Room 
and Wrestling Room. It is a 100% outside air unit sized for 320 MBh of heating and 3,600 CFM of 
total supply air all of which is used for ventilation. The unit is a constant air volume McQuay 
model RDS800CYA packaged rooftop unit consisting of a mixing box, filter section, indirect 
natural gas burner, belt driven supply fans, and belt driven return fans.  
 
AHU-6 Analysis: 
The unit was installed during the 2007 renovation and is in good condition. Heavy dirt and debris 
were observed on the return fan bearings. Mild corrosion was found on the unit casing as a result 
of the acidic burner condensate. The facilities staff noted this unit occasionally shuts off on 
flameout, although not as frequently as the neighboring AHU’s. 
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Debris on AHU-6 Fan Bearing 

 

AHU-6 Overall 

 
AHU-6 Recommendations: 
Remove and replace AHU-6 in kind with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model HAXX sized to match the existing unit airflow and 18 tons of 
cooling. Provide a new adaptor curb and reconnect to the existing supply and return air risers. If 
noise is a concern, consider installing duct mounted supply and return air silencers at this time. 
The new unit shall be composed of a mixing box, filter section, DX cooling coil, hot gas reheat 
coil, indirect natural gas burner, integral condensing unit, supply air fan, and exhaust air fan.  
 
New VAV boxes shall be provided to serve the weight room and wrestling room as individual 
zones. Both VAV boxes shall be furnished with a hot water reheat coil. Hot water shall be 
extended to the new VAV boxes from nearby mains. Each room shall be outfitted with a 
thermostat and CO2 sensor for temperature and ventilation control. Existing supply air ductwork 
shall be modified as needed to accommodate the new VAV boxes. All existing ductwork serving 
AHU-6 shall be cleaned, pressure tested and sealed as needed. New AHU-6, VAV boxes, and 
reheat coils shall be controlled by the BMS. 
 
Until this unit is replaced it is recommended to remove and clean the gas regulator orifice, inspect 
the internal condition of the gas piping, and verify the regulator spring is adjusted properly to 
deliver the minimum gas pressure noted on the unit burner. 

Debris 

Corrosion 
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AHU-6 Proposed Correction – First Floor 

 
AHU-7 Description: 
AHU-7 is installed on the original 1970 building roof and provides conditioned air to the Main 
Lobby. It is sized for 650 MBh of heating, 32 tons of cooling, 4,720 CFM of ventilation air, and 
9,000 CFM of total supply air. The unit is a constant air volume McQuay model RPS030CSA 
packaged rooftop unit consisting of a mixing box, filter section, indirect natural gas burner, DX 
cooling coil, integral condensing unit, belt driven supply fans, and belt driven return fans.  
 
AHU-7 Analysis: 
The unit was installed during the 2007 renovation and is in fair condition. Minor damage to the 
cooling coil fins was observed along with clogging debris, mold growth, and corrosion at the base 
of the coil. The unit outside air dampers were closed at the time of survey and the unit was 
operating under a heavy negative pressure. The condensate drain off the gas fired heat 
exchanger is causing acidic damage to the unit casing. Mild damage to the condenser coil fins 
and fan guard corrosion was discovered. The facilities staff noted this unit frequently shuts off on 
flameout when in heating mode. Lastly, no duct lining or silencers was found on the supply or 
return air ductwork leading to audible noise transmission in the lobby below. In addition, 
condensate was found on the supply air ductwork in the lobby which appears to be a result of the 
absence of duct lining along with air infiltrating the lobby from frequent use of the building 
entrances. 
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AHU-7 Cooling Coil 

 

AHU-7 Cooling Coil Drain Pan 

 

AHU-7 Heat Exchanger Condensate 

 

AHU-7 Condenser Section 

 
AHU-7 Recommendations: 
Remove and replace AHU-7 in kind with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model IPAK sized to match the existing unit airflow and capacity. 
The new unit shall be furnished with a hot gas reheat coil for dehumidification. Provide a new 
adaptor curb and reconnect to the existing supply and return air risers. If noise is a concern, 
consider installing duct mounted supply and return air silencers at this time. The new unit shall be 
composed of a mixing box, filter section, DX cooling coil, hot gas reheat coil, indirect natural gas 
burner, supply fans, and return fans. All existing ductwork serving AHU-7 shall be cleaned and 
sealed as needed. Internal duct lining is recommended at portions of supply air ductwork and 
return air ductwork near the building entrance. New AHU-7 shall be controlled by the BMS.  
 
Until this unit is replaced it is recommended to remove and clean the gas regulator orifice, inspect 
the internal condition of the gas piping, and verify the regulator spring is adjusted properly to 
deliver the minimum gas pressure noted on the unit burner. 
 
 
 

Mold 

Dirt & Debris 
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AHU-8 Description: 
AHU-8 is installed on the original 1970 building roof and provides conditioned air to the athletic 
offices on the first floor as well as music classrooms on the second floor. It is sized for 320 MBh 
of heating, 24 tons of cooling, 3,000 CFM of ventilation air, and 11,400 CFM of total supply air. 
The unit is a variable air volume McQuay model RPS025CLA packaged rooftop unit consisting of 
a mixing box, filter section, indirect natural gas burner, DX cooling coil, integral condensing unit, 
belt driven supply fans, and belt driven return fans. This unit provides conditioned air to VAV 
boxes with reheat coils. 
 
AHU-8 Analysis: 
The unit was installed during the 2007 renovation and is in fair condition. Minor damage to the 
cooling coil fins was observed. The coil had considerable amount of dirt on the as did the inside 
of the unit in general. Additionally, the cooling coil was found to have significant corrosion along 
the base. The outside air and relief air dampers appear to be operating correctly at the time of 
survey. The facilities staff noted this unit frequently shuts off on flameout when in heating mode. 
Lastly, no duct lining or silencers was found on the supply or return air ductwork. This appears to 
be contributing to the audible noise observed in the lobby below. 
 

 

AHU-8 Cooling Coil 

 

AHU-8 Cooling Coil Corrosion 

 
AHU-8 Recommendations: 
Remove and replace AHU-8 in kind with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model IPAK sized to match the existing unit airflows and capacity. 
Provide a new adaptor curb and reconnect to the existing supply and return air risers. All existing 
ductwork serving AHU-8 shall be cleaned, pressure tested and sealed as needed. All existing 
VAV boxes served by AHU-8 shall be inspected, cleaned, and reused. New AHU-8 shall be 
controlled by the BMS. If noise is a concern, consider installing duct mounted supply and return 
air silencers.  
 
Until this unit is replaced it is recommended to remove and clean the gas regulator orifice, inspect 
the internal condition of the gas piping, and verify the regulator spring is adjusted properly to 
deliver the minimum gas pressure noted on the unit burner. 
 
AHU-9 Description: 
AHU-9 is installed on the original 1970 building roof and provides conditioned air to the cafeteria 
on the first floor. It is sized for 40 tons of cooling, 3,450 CFM of ventilation air, and 14,770 CFM of 
total supply air. According to the air balance report dated 7/22/21, the supply airflow was reduced 
to 9,300 cfm under the 2007 renovation. The unit is a constant air volume Trane model 
TCH480A40A1A3LG1 packaged rooftop unit consisting of a mixing box, filter section, DX cooling 

Corrosion 
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coil, integral condensing unit, belt driven supply fans, and belt driven return fans. The unit does 
not have a heating section however a duct mounted 399 MBh hot water reheat coil was added to 
the supply air main during the 2007 renovation. 
 
AHU-9 Analysis: 
The unit was installed in 1995 and is in poor condition. The unit is scheduled for replacement 
during second and third quarter of 2022, therefore a detailed investigation was not performed. 
However, the unit support structure and existing exterior ductwork was examined. The dunnage 
and associated service platform is constructed of painted carbon steel structural beams. The 
paint has weathered over time and the structural dunnage is in poor condition. The exterior 
ductwork appears to have minor holes in the fiberglass insulation which led to sagging and 
degradation from rain.  
 

 

AHU-9 Support Dunnage 

 

AHU-9 Duct Insulation 

 
AHU-9 Recommendations: 
Remove all abandoned and unused steel dunnage. Provide new galvanized steel supports as 
part of the new AHU-9 replacement. If this is not practical the existing steel dunnage should be 
stripped and painted with a rust inhibitive type paint.  It is recommended to have the existing 
ductwork and reheat coil inspected, cleaned, pressure tested, and sealed as needed prior to final 
unit operation. It is also recommended to replace the insulation on any rooftop ductwork to be 
reused with a closed cell insulation such as polyisocyanurate or flexible elastomeric. New exterior 
duct insulation should be a minimum R-12 and shall be protected with a self-adhesive aluminum 
jacketing.  
 
AHU-10 Description: 
AHU-10 is installed on the original 1970 building roof and provides conditioned air to the Media 
Center and adjacent computer labs on the third floor. It is sized for 400 MBh of heating, 25 tons of 
cooling, 4,720 CFM of ventilation air, and 8,450 CFM of total supply air. The unit is a variable air 
volume McQuay model RPS020CSA packaged rooftop unit consisting of a mixing box, filter 
section, indirect natural gas burner, DX cooling coil, integral condensing unit, belt driven supply 
fans, and belt driven return fans.  
 
AHU-10 Analysis: 
The unit was installed during the 2007 renovation and is in poor condition. The cooling coil has 
excessive damage to the fins and corrosion at the coil base. Unit access door gaskets are ripped 
or dislodged from their mounting seam. The outside air damper was completely shut at the time 
of survey causing a high negative pressure inside the unit. The exterior roof mounted ductwork is 

Water Damaged 

Insulation. 
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wrapped with fiberglass insulation which has holes and signs of water damage. Similarly, the 
refrigerant insulation is ripped, and corrosion was found at the compressor fittings.  
 

 

AHU-10 Damaged Cooling Coil 

 

AHU-10 Damaged Door Gasket 

 

AHU-10 Water Damaged Duct Insulation 

 

AHU-10 Damaged and Corroding Compressor 

 
AHU-10 Recommendations: 
Remove and replace AHU-10 in kind with a new variable air volume gas fired / DX packaged 
rooftop unit similar to a Trane model IPAK sized to match the existing unit airflows and capacity. 
Provide a new adaptor curb and reconnect to the existing supply and return air mains on the roof. 
All existing rooftop ductwork shall be reinsulated with a closed cell product such as 
polyisocyanurate or flexible elastomeric insulation. Exterior insulation shall be protected with a 
self-adhesive aluminum jacketing. A new supply air main shall be routed to the (2) computer labs 
adjacent to the media center. Each computer lab shall be furnished with a new VAV box. The 
existing supply air main serving the media center shall be furnished with a slip in retrofit VAV box. 
New space mounted thermostats and CO2 sensors shall be installed to control temperature and 
ventilation. All existing ductwork serving AHU-10 shall be cleaned, pressure tested and sealed as 
needed. New AHU-10 and VAV boxes shall be controlled by the BMS.  
 
 

Damaged 

Gasket 
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AHU-10 Proposed Correction – Second Floor 

 
AHU-11 Description: 
AHU-11 is installed on the original 1970 building roof and provides cooling to the Broadcast 
Studio. No documentation is available for this unit however it was determined to have 6 tons of 
cooling capacity. It is a Trane model TSC072A3R0A0HH100A100A6C0 packaged rooftop unit 
consisting of a mixing box, filter section DX cooling coil, integral condensing unit, and a supply air 
fan. The unit is designed for 208 / 230V – 3 phase power which is different than all the other 480V 
rooftop units. 
 
AHU-12 was removed during the 2007 renovation with its ductwork capped at the roofline and 
dunnage abandoned in place. This unit used to serve the 1970 Choral Room behind the 
auditorium stage on the second floor. The Choral room was converted to two classrooms in 2007 
with no cooling at the time but have since been furnished with mini split units. 
 
AHU-11 Analysis: 
AHU-11 was installed around 2002 and is in inoperable condition. The facilities staff noted this 
unit has not operated in years. The exterior ductwork serving this unit is not protected and has an 
excessive amount of corrosion as a result. Rust was observed around the unit base along with 
damaged condenser fins. 
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AHU-11 Corroded Ductwork 

 

Abandoned AHU-12 Dunnage and Ductwork 

 
AHU-11 Recommendations: 
Remove and replace AHU-11 in kind with a new variable air volume DX heat pump packaged 
rooftop unit similar to a Trane Precedent sized for 5 tons of cooling, 400 CFM of ventilation air, 
and 2,000 CFM of supply air. Provide a new roof curb and reconnect to the existing supply and 
return sidewall duct penetrations. Damaged exterior ductwork shall be removed, replaced, and 
insulated with a closed cell R-12 insulation such as polyisocyanurate or flexible elastomeric and 
protected with a self-adhesive aluminum jacketing. All existing ductwork serving AHU-11 shall be 
cleaned and sealed as needed for reuse.  
 
All abandoned dunnage serving the previous AHU-12 should be removed entirely. 
 
AHU-13 Description: 
AHU-13 is installed on the original 1970 building roof and provides conditioned air to the 
Auditorium on the second floor. It is sized for 75 tons of cooling and 23,900 CFM of total supply 
air. According to the air balance report dated 7/22/21, the unit was operating at 84% airflow and 
damaged ductwork with excessive leakage was since repaired.  The unit is a Trane model 
SXHFC7540EC5C79D1001AELRT packaged rooftop unit consisting of a mixing box, filter 
section, DX cooling coil, integral condensing unit, belt driven supply fans, and belt driven return 
fans. The unit provides conditioned air to (5) duct mounted reheat coils. 
 
AHU-13 Analysis: 
The unit was installed in 1995 and is in poor condition. The unit is scheduled for replacement 
during second and third quarter of 2022, therefore a detailed investigation was not performed. 
However, the unit support structure and existing exterior ductwork was examined. The base rail 
and associated service platform is constructed of painted carbon steel structural beams. The 
paint has weathered over time and the structural dunnage is rusting. Additional dunnage from 
previous units remains adjacent to AHU-13, abandoned in place. The exterior supply air ductwork 
serving AHU-13 is in poor condition and has excessive air leakage at all seams.  
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AHU-13 & Abandoned Dunnage 

 

AHU-13 Example of Leaking Duct Seam 

 
AHU-13 Recommendations: 
Remove all abandoned and unused steel dunnage. Provide new galvanized steel supports as 
part of the new AHU-13 replacement. If this is not practical the existing steel dunnage should be 
stripped and painted with a rust inhibitive type paint.  It is recommended to have the existing 
ductwork, lining, and reheat coils inspected, cleaned, and sealed as needed prior to final unit 
operation. 
 
ERU-1 and ERU-2 Description: 
Units ERU-1 and ERU-2 are installed on the original 1970 building roof. ERU-1 provides 100% 
conditioned outside air to the science classrooms on the third floor and ERU-2 provides 100% 
conditioned outside air to the science classrooms on the second floor. Both units are nearly 
identical, each sized for 287 MBh of heating and 30 tons of cooling. The only difference between 
the units is ERU-1 is sized for 7,800 CFM and ERU-2 is sized for 7,600 CFM. Both units are 
constant air volume Venmar model 9318 modular rooftop units consisting of a filter section, hot 
water coil, DX cooling coil, energy recovery wheel, remote R22 condensing unit, belt driven 
supply fans, belt driven exhaust fans, and a bypass for unoccupied mode. Both units provide 
conditioned air to duct mounted reheat coils inside the building. 
 
It was reported that ERU-2 was not providing proper airflow to the science classrooms on the 
second floor during our initial walkthrough.  The explanation of no supply airflow while the fan was 
running seemed to point to clogged duct mounted hot water coils or a closed damper. During the 
initial kickoff meeting we identified the location of the ERU-2 duct risers along with their 
associated fire dampers using the 2006 design drawings. At that point we investigated the duct 
chase, opened the fire damper access door, and found the fire damper completely closed due to 
broken linkage.  That was the cause of the airflow issue and facilities immediately called the 
service company to replace the linkage.  Apparently, this flow issue was ongoing for some time 
but was a simple fix. 
 
ERU-1 and ERU-2 Analysis: 
ERU-1 was installed during the 2007 renovation and is in poor condition. The cooling coil has 
corrosion at its base and debris was seen on both coils. The hot water and refrigerant valves and 
hangers have excessive surface rust. Rust was also observed on the remote condensing unit 
frame, coil guard, and compressor fittings. Lastly, the hot water piping serving ERU-1 is 
supported by pipe clamps at the roof penetration that have rotted and are crumbling. The exhaust 
fan is furnished with a nearly new electric motor.  
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ERU-2 was installed during the 2007 renovation and is also in poor condition. Most notably, the 
energy wheel has failed completely and is currently dismantled. The unit is actively running with 
its bypass damper open recirculating air to lab spaces. Airflow from the science labs should not 
be circulated under occupied periods.  These science rooms should be restricted in use until this 
unit is either repaired or replaced as to not recirculate any potential odors or limited hazards.  The 
cooling coil has heavy corrosion at its drain pan locations and up the casing of the coil.  An 
excessive amount of dirt and grime was observed on both the heating and cooling coils as well as 
corrosion of exterior valves and components.  
 
ERU-1 and ERU-2 Recommendations: 
It is recommended to remove and replace both ERU-1 and ERU-2 in kind with a new constant air 
volume hot water / DX packaged rooftop unit similar to a Semco model EPHC sized to match the 
existing unit airflows and capacity. Provide steel modifications based on unit size and reconnect 
to the existing supply and return air main risers for each unit. The new units shall be composed of 
a mixing box, filter section, DX cooling coil, hot gas reheat coil, hot water heating coil, supply air 
fans, and exhaust air fans. The cooling coil shall be connected to a new remote roof mounted 
condensing unit at the existing unit location. New supplemental steel dunnage shall be added to 
support the new condensing unit. All existing ductwork and reheat coils serving ERU-1 and ERU-
2 shall be inspected, cleaned, pressure tested and sealed as needed.  The cost to replace the 
failed energy wheel in ERU-2 is approximately $80,000 compared to an estimated $288,000 for 
full unit replacement.  Repair of the wheel is not recommended. 
 

 

ERU-1 Cooling Coil 

 

ERU-1 Exterior Pipe Hanger and Valves 
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ERU-1 Compressors 

 

ERU-1 Hot Water Penetration 

 

ERU-2 Energy Wheel 

 

ERU-2 Cooling Coil Corrosion 

 
MAU-1 Description: 
Unit MAU-1 is installed above the ceiling of the kitchen and provides heated make up air for the 
kitchen hood exhaust. It is sized for 450 MBh of heating and 5,000 CFM of outside air. The unit is 
a constant air volume McQuay model CAH010GHAC suspended air handler consisting of a filter 
section, hot water coil, and a belt driven supply air fan.  Access to this unit is difficult but not 
impossible. 
 
MAU-1 Analysis: 
MAU-1 was installed during the 2007 renovation and is in good condition. The duct insulation on 
the unit inlet is deteriorating and the inlet louver is completely obstructed with debris. Likewise, 
the hot water coil is coated, almost entirely with dirt. One filter was observed to be dislodged from 
its frame allowing the coil to become contaminated. The supply fan motor was running at the time 
of survey. However, a loose fan belt prevented the fan wheel from spinning. The unit is actively 
running in “hand” mode. The design drawings indicate a freeze pump serving the hot water coil 
however that freeze pump could not be located and may not exist. Glycol in the hot water system 
is likely protecting this coil from freezing. 
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Access to repair or replace major components for MAU-1 is blocked by adjacent wall framing and 
the kitchen equipment below. Routine maintenance items such as filter and belt replacement is 
very difficult with the current unit location.  
 

 

Clogged MAU-1 Heating Coil 

 

MAU-1 Supply Fan with Loose Belt 

 
MAU-1 Recommendations: 
MAU-1 is in good working condition and shall remain. However, this unit requires a thorough 
cleaning as well as a new, properly adjusted fan belt. The inlet ductwork, discharge ductwork, and 
outside air louver should be thoroughly cleaned as well. Service access is a challenge with the 
current unit arrangement. It is recommended to add a service platform above the kitchen hood in 
order to properly maintain this unit.  Note upon discovery, facilities was notified and the service 
company was contacted to address the concerns of the dirty coil and belt but the other items still 
need attention. 
 
Split AC Units Description: 
Supplemental split air conditioning units have been installed in select rooms throughout the 
building in order to provide cooling for some rooms that are not served by a central air handling 
unit. Split units by Mitsubishi and Sanyo were found on the building roof and supported on some 
exterior walls. These split systems seem to date back to 2017 and range from good condition to 
nearly new. A Mitsubishi City Multi VRF system was found serving 3 offices on the third floor. 
 
Split AC Units Analysis: 
One condensing unit on the back of the building was noted to have damaged insulation and a 
pipe support that is obstructing its disconnect switch. Some roof mounted condensing units are 
mounted on wood blocking a few inches off the roof making them subject to snow entrainment. 
The Sanyo condensing units on the roof have missing casing sections with exposed control wiring 
that have been weathered at an accelerated rate. The indoor units are ductless wall mounted 
units or ductless ceiling cassettes. These indoor units provide cooling only and do not supply their 
spaces with ventilation air.  
 
Split AC Units Recommendations: 
Mount all rooftop condensing units on 24” high equipment rails to avoid snow infiltration. Relocate 
the pipe hanger on the wall mounted unit to avoid the unit’s disconnect switch. 
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Wall Mounted Condensing Unit 

 

Roof Mounted Condensing Unit On Wood Blocks 

 

Example Indoor Ceiling Cassette Unit 

 

Sanyo Condensing Unit With Water Damage 

 
Art, Culinary and Science Rooms Without Cooling 
The art, culinary, and science rooms on the second floor are heated only with finned tube 
radiation and exhausted with rooftop fans. The fans did not appear to be running at the time of 
survey. The culinary room is furnished with a heat capture hood above commercial cooking 
equipment. This hood has a sidewall exhaust to the exterior of the building with no backdraft 
damper allowing a large amount of infiltration.   
 
Recommendations: 
Option 1: Provide a new 100% outside air variable volume rooftop air handling unit sized for 560 
MBh of heating, 40 tons of cooling, and 11,000 CFM total supply air, tagged as AHU-14 on the 
drawings. The unit shall be similar to a Trane Horizon and shall be composed of filter sections, an 
energy recovery wheel, DX cooling coil, indirect gas fired burner, a recirc damper for unoccupied 
mode, supply air fans, and exhaust air fans. The unit shall deliver 100% outside air to these 
classrooms without any recirculation. This unit shall be installed on new galvanized steel 
dunnage. 
 
New exterior roof mounted ductwork shall extend to new vertical duct risers installed through the 
third floor in order to distribute conditioned air to the second-floor classrooms. Each classroom 
shall be outfitted with new VAV boxes complete with hot water reheat coils. Provide (1) VAV box 
and thermostat per classroom. Extend hot water from nearby mains serving radiation. Remove 
the exhaust fans and exhaust ductwork serving these classrooms. All exhaust shall be ducted 
back to the new rooftop air handling unit, sized to maintain a negative cfm offset in relation to the 
new supply VAV boxes. Existing perimeter radiation shall remain. New AHU-14, VAV boxes, and 
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Disconnect Switch 



Bethel High School Page 44 of 78 
Mechanical Upgrades Study 06/03/22 

reheat coils shall be controlled via the BMS.  Option 1 is not recommended due to the first cost, 
disruption to the areas of concern and the limited time in which to perform the work over the 
summer periods. 
 
Option 2: The art, culinary, and science classrooms on the second floor shall be outfitted with 
33”x33” VRF ceiling cassette units similar to Trane model TPLFY. Cassette units serving these 
classrooms shall connect to outdoor roof mounted VRF heat pump condensing units sized for 
approximately 24 tons of cooling. VRF condensing units shall be similar to Trane Model TUHY 
and shall be mounted on 24” high equipment rails.  
 
The classrooms shall be ventilated via a dedicated rooftop outside air ventilator sized for 
approximately 4,500 CFM similar to a Greenheck model RVE, tagged as DOAS-1 on the 
drawings. The new unit shall be installed on new galvanized steel dunnage. The rooftop ventilator 
shall include filter sections, an energy recovery wheel, a DX cooling coil, hot gas reheat coil for 
dehumidification, a hot water reheat coil, supply air fan section and exhaust air fan section.  Hot 
water piping shall be extended to the unit from nearby mains. Provide new exterior roof mounted 
duct mains extending to new duct risers through the third floor.  New supply and exhaust 
ductwork shall distribute inside the building to feed the classrooms on the second floor. The 
existing exhaust system serving the art rooms shall be removed completely. Ventilation air shall 
be controlled via (1) VAV box per classroom and a space mounted CO2 sensor. Existing finned 
tube radiation shall remain. New DOAS-1 and associated VAV boxes shall be controlled by the 
BMS. The VRF system shall be controlled by a factory controller and monitored by the BMS. 
 

 

Art, Culinary and Science Option 1 – Second Floor 
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Art, Culinary and Science Option 1 – Second Floor 

 
Building Exhaust Fans 
Approximately 40 rooftop exhaust fans were discovered. Of them, approximately 12 were 
installed during the 2007 renovation and were in proper working order. The fans original to 1970 
and 1975 are in poor condition, have exterior damage, and most were not running at the time of 
survey.  These older fans can be identified by their dull aluminum fan shrouds. A general 
overview of the rooftop fans showed that warm building air was exfiltrating out of the fans that 
were inoperable. This was further confirmed with a thermal imaging camera noting 80°F to 90°F 
air exfiltrating from the inoperable fans on a 50°F day. It is apparent that some fans either do not 
have an isolation damper or the damper is no longer holding a seal.  Most of the old fans are fed 
from the existing motor control centers and we believe are controlled by time clocks although all 
could not be confirmed.  Upon reviewing the controls system, approximately 5 fans were found on 
the BMS.  
 
Fans demolished during the 2007 renovation had existing abandoned curbs with sheet metal 
caps. However, not all abandoned fans were removed, and some were left in place on the roof, 
disconnected. Much of the interior ductwork was also abandoned in place during the 2007 
renovation. 
 
Recommendations: 
It is not in the scope of this report to thoroughly investigate every exhaust fan on a case-by-case 
basis. It is recommended to have these fans traced out and investigated further to confirm which 
fans from 1970 and 1975 construction should be active and which fans are abandoned in place. 
Once determined, said fans should be replaced in kind with new fans, new motor starters and 
new motorized isolation dampers. All new fans and dampers should be controlled by the BMS. 
Fans installed under the 2007 renovation shall remain as is. A similar investigation should take 
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place for the exhaust fans inside the building.  At a minimum the fans serving the toilets should be 
changed as this is an area of biggest complaint for odors. Fans that provide ventilation to 
unconditioned classrooms also need to be addressed. 
 

 

EF-32 Thermal Image with Leakage 

 

EF-32 Reference Image with Notable Damage 

 

EF-41 Thermal Image without Leakage 

 

EF-41 Reference Image 

 

Example of Abandoned Fan 

 

Example of Capped Fan Curb 
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VII. BUILDING AND HVAC DISTRIBUTION EVALUATION 

General: 

Over to the past 5 years or so there has been an effort to address operating deficiencies within 
the existing systems.  It is recommended that these efforts continue in order to keep equipment 
and systems not yet scheduled for replacement or renovations operating as efficiently as 
possible.  

Not all areas of the building can be addressed due to budget limitations. That being said, the 
areas that are not renovated should have the temperature control operations confirmed in order 
to provide proper controllability to the remaining areas without cooling until future budgets allow 
for additional renovations. 

Many of the original duct systems were abandoned in place during the 2007 renovation. It is 
recommended that these be removed as time allows or under a scheduled renovation. 

During the 2007 renovation the school was changed from a 2B to a 2A classification.  This 
required the creation of fire rated ceilings in certain areas as well extensive spray on fire proofing.  
This classification makes renovation more costly due to the repair of fire proofing and fire 
dampers required throughout the building. 

Noted miscellaneous grilles are missing throughout the spaces.  New grilles should be installed.  
These areas not specifically noted in the report but can be replaced at Bethels convenience. 

Most of the electrical closets with transformers have transfer ducts to the corridors without 
exhaust and these rooms are hot.  It is recommended to add exhaust to these rooms. 

The 1970 and 1975 portions of the school utilize natural ventilation in classrooms without unit 
ventilators.  The use of natural ventilation requires operable openings to be sized for 4% of the 
room’s floor area or greater. The existing classroom operable windows are not large enough to 
achieve this criteria in itself. It appears that exhaust fans were provided under the original building 
designs to draw ventilation air through the operable windows. Most of these fans are currently 
inoperable and in some cases the distribution has deficiencies, such as grilles located above the 
ceiling, which hinder the system from operating as intended. Furthermore, the use of natural 
ventilation, although allowable by code, results in a large amount of untreated outside air entering 
a conditioned or non-conditioned space which could result in poor indoor air quality and lack of 
temperature and humidity control. Therefore, natural ventilation should not be considered for new 
design options. Instead, mechanical ventilation with outside air treatment shall be utilized to 
comply with the International Mechanical Code.  

The existing corridors do not currently have any means of ventilation. The 2015 International 
Mechanical Code requires corridors to be ventilated at rate of 0.06 cfm per square foot of floor 
area. It is recommended to add ventilation to the corridors under the next phase of design to 
comply with this code requirement. 

It has been reported that there are issues with the natural gas system serving the units on the 
roof.  Mainly, several units at times will lockout via internal safeties which require a manual reset.  
There has been several attempts to try and correct this by the equipment manufacturer and 
several service companies.  The initial issues with regulator vents and regulator spring 
adjustments have improved the situation but have not completely solved the issue.  This is further 
compounded by the fact that the trips are not solely contingent on load or weather conditions as 
units have tripped with minimal heating demand.   

The gas company supplies high pressure gas to building.  Gas pressure is regulated down to 2 
psi after the gas meter to feed two main loads.  One set of regulators feeds the boilers and 
kitchen.  The other has a single regulator that serves the rooftop equipment and science 
classrooms.  We first thought the piping was potentially undersized.  After review of the existing 
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gas loads with respect to the piping that was ruled out.  The gas piping appears to be sized 
adequately based on the current loads served.  At the time of this report there was no conclusive 
evidence as to the cause of the problem other than a few recommendations identified under each 
respective unit recommendations.  

1970 Wing 

First Floor: 

Noted mold above the ceiling in the kitchen area above the walk in coolers.  It appears to be from 
condensation caused by the refrigeration piping.  This should be remediated, and the insulation 
and surfaces should be replaced.  

The kitchen make-up air louver should be cleaned.  The unit was addressed but the louver is 
partially plugged with debris. 

Old EF-22 serves the maintenance shop. This fan was left as part of the 2007 renovation but no 
longer used.  The make-up duct that served the fan has been removed.  The fan is located above 
the kitchen coolers and exhausts through a sidewall louver above the kitchen make up air louver.  
Separation of exhaust and make up air does not comply with the mechanical code for minimal 
separation distance. This is not an issue if the systems do not operate simultaneously. 

Reheat coils exist that serve the spaces controlled by the Mitsubishi City Multi VRF system which 
are on the DDC system.  The ductwork that these are installed in does not connect to any system 
as the unit was removed in the 2007 renovation. 

Second Floor: 

Classroom 228 has the active ducted exhaust pushed above the ceiling and the ceiling tile is set 
below.  This is part of the ventilation system and should be in the classroom, not above the 
ceiling.  Note this classroom is not air conditioned and this condition should be corrected under 
the proposed scope. 

Third Floor: 

Classroom 307 has an open-ended exhaust duct above the ceiling with no grille in the classroom.  
As with classroom 335 it is part of the ventilation system and would be corrected under option 1.    

Classroom 309, 310, 312 and 315 have abandoned exhaust ducts or a capped roof curb duct 
above the ceiling wrapped in plastic.  The capped duct is part of the ventilation serving 312 and 
needs to be active as there are no exhaust grilles for ventilation in the ceiling.  Classroom 309, 
310 and 315 is served by AHU-2 so this is not an issue other than capping the ducts.  These 
ducts are to be removed or properly capped.  Room 312 would be addressed under one of the air 
conditioning options.   

The small boy’s bathroom plan west of the TV Studio has the exhaust duct located above the 
ceiling with no exhaust in the toilet.  Exhaust shall be added if the bathroom is to remain in use. 

Bathrooms plan east and south of the TV Studio appear to be abandoned.  The associated 
exhaust system was not active.  No further action is recommended at this time but when they are 
renovated, the ventilation system should be upgraded. 

Electrical room plan west of 312 has a transfer duct for make-up air.  The corridor side has the 
grill removed and has an open-ended duct above ceiling.  The duct needs to be extended to the 
ceiling as the space above a corridor ceiling cannot be used as a plenum.   

Duct mounted reheat coils on the plan west side of the auditorium are dirty and should be 
cleaned.  These coils are served by AHU-13. All the coils on this system should be inspected and 
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cleaned as well.  Access doors should be added for proper service and cleaning where access is 
not available. 

Nurses’ area finned tube radiation has pneumatic control valves. It is not clear if they function, but 
the valves should be replaced with electronic valves connected to the BMS. 

1975 Wing: 

General: 

The spaces served by AHX-1 used to be plenum return according to the 2007 renovation 
drawings.  At some point a ducted return was implemented but many of the spaces still have the 
open return to the ceiling plenum above.  Within this plenum is uninsulated supply duct.  When 
there was a plenum ceiling this was acceptable as the temperature differentials allowed for this 
condition.  Since the ceiling cavity is no longer a plenum this supply ductwork should be 
insulated.   

Also noted in some of these areas is the presence of PVC roof drain piping which would not have 
been allowed within a plenum space.  As long as the ceiling cavities are not being used as 
plenums this is no longer an issue.  The PVC piping appears to have replaced the original cast 
iron as a repair. 

First Floor: 

Many on the cabinet unit heaters at the entrances are original and damaged.  It is recommended 
that the operation be confirmed, and units repaired or replaced as needed.  Units are controlled 
from local return air or wall thermostats. 

Room 105 VAV box has a poor inlet connection.  Flexible ductwork is utilized throughout the 
AHX-1 system.  Although flex duct is not an issue, the reliability of VAV operation is contingent 
upon maintaining 3 diameters of straight duct length at the inlet.  This should be corrected. 

There is excessive supply air duct leakage in the first-floor main corridor and a duct restriction in 
the AHX-1 supply main outside of classroom 102.  The main duct is an acoustically lined 26x14 
and there is a reduction in the duct to 24x10 for no apparent reason.  This reduction acts as a 
restriction and should be corrected.  Accessible ductwork should be sealed.  Unlined ductwork 
should be insulated. 

Health Classroom 105 has the ducted return pushed above the ceiling and ceiling tile set below.  
this is part of the ventilation system and should be in the classroom ceiling not above it.  Please 
note, this classroom is not air conditioned and this grille should be corrected under the proposed 
scope. 

Classroom 102 has an open louver above the ceiling.  The louver feeds a unit ventilator on the 
floor above.  Open portions of louver shall be blanked off with insulated sheet metal panels.  This 
classroom also has no exhaust to remove ventilation air brought in by the unit ventilator.  
However, a grille exists above the ceiling.  This should be addressed under the proposed scope. 

Classroom 101 has a grille in the ceiling with plastic laid on top, most likely to prevent down 
drafts.  An exhaust source for ventilation air removal introduced by the unit ventilator could not be 
found.  This should be addressed under the proposed scope. 

The ROTC room has several concerns.  First, EF-10 needs service as it has no fan belt.  The fan 
is controlled by the BMS.  Second, this room has historically experienced cold complaints.  The 
exhaust louver is not completely covered with a sheet metal plenum and is open above the 
ceiling.  There was a piece of insulation stuck to it at one point, which has fallen off.  A more 
permanent insulated enclosure is needed.  Third, the radiation located on the plan northeast side 
is completely blocked by cabinets which is reducing the effectiveness of convection and capacity.  
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Lastly, there are abandoned exhaust systems which may be retained for future ventilation air and 
exhaust. 

Second Floor: 

Offices plan west of room 226 on the exterior are controlled by a common VAV box that also 
serves interior classroom 226.  The control is located in classroom 226.  There is no apparent 
heating for the exterior room and no complaints have been noted but it is not typical to have 
exterior and interior rooms on the same zone.  If there are no temperature complaints, then no 
further action required at this time. 

Room 224 has a portion of the space served by a VAV box off AHX-1 with the remainder only 
heated and ventilated with a unit ventilator and finned tube radiation.  Both systems operate 
together and a cooling setpoint cannot be maintained.  This VAV box used to be in an enclosed 
work room which was demolished as apparent by the unfinished radiation cover where the old 
wall was.  This area should be addressed under Option 1 or Option 2.  

Third Floor: 

Classroom 304 has the active ducted exhaust pushed above the ceiling and ceiling tile set below.  
This is part of the ventilation system and should be in the classroom ceiling, not above it.  This 
condition should be corrected under the proposed scope. 

Noted finned tube radiation was installed above the ceiling of classroom 337.  Functionality could 
not be determined, but it was most likely added to curb roof loss.  Typically, this is not required 
with an insulated roof above.  This needs to be further evaluated as it is reported by SNE that it is 
not under BMS control. 

Classrooms 324 through 333 have abandoned roof mounted relief penthouses with the old 
pneumatic dampers closed.  These were most likely part of the original relief air strategy with the 
unit ventilators as there is no exhaust in these rooms.  Most of these room still have the relief 
grille in the ceiling but some have been removed.  One item to note is the 2006 drawings indicate 
fire dampers at all of these grilles as existing to remain.  We did not notice these in the field and 
the ceiling is not clipped or appear to be a fire rated ceiling.  

2007 Wing: 

Second Floor: 

Repair AHU-8 supply air duct insulation that has fallen off the corridor. 

There are numerous eggcrate type grilles in the ceiling of the instrument storage which is part of 
the corridor serving the band and music areas.  These grilles were not part of the original design 
and it is not clear why they were added.  They communicate the corridor with the ceiling cavity 
above.  Open grilles to the ceiling cavity are not allowed in a school’s egress corridor.  If 
ventilation is the concern, then a ducted solution is necessary. 
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VIII. BUILDING MANAGEMENT SYSTEM EVALUATION 

A central Building Management System (BMS) controls and monitors all major pieces of HVAC 
equipment in the building. The BMS is a direct digital control (DDC) system which has been 
modified throughout the building’s life as necessary and is connected to the Town wide controls 
server located at the Town Hall. The BMS is manufactured by Schneider Electric with SNE 
Building Systems as the sole source vendor.  Controllers are vintage but parts and components 
are still available.  Controllers shall be updated as renovated work is performed.  The system 
currently utilizes a LonWorks communication protocol.  A BACnet communications protocol is 
currently being implemented as renovations and equipment replacements are being completed. 
Within the last few years, air handling unit factory controllers were removed and replaced with 
Schneider Electric controllers to improve controllability.  

The BMS also controls perimeter radiation control valves, unit ventilators, VAV boxes, reheat coil 
control valves, the VRF system, and exhaust fans EF-1, 7, 8, 9, and 10.  Exhaust fans on BMS 
control were part of the 2007 renovation.   
 
As part of the BMS investigation the following discoveries were made: 
 
1. The local building controls system server is located in the first floor IT room. 
2. At the time of survey, AHU-10 was in a fan failure alarm. The BMS was not receiving a fan 

status which then leads to no control of the heating, cooling, and dampers.  
3. Unit AHX-1 and all other AHU’s appear to utilizes a dry bulb economizer set at 54°F in lieu of 

an enthalpy economizer.  With replacement units an enthalpy-based economizer should be 
employed. 

4. The VRF system serves the AV room and associated offices and operates as a heat pump 
without simultaneous heating and cooling.  The AV room contains radiation which is not 
under control of the BMS.   

5. Three abandoned reheat coils that served the offices and AV room now conditioned by the 
VRF system are on the BMS. A coil leaving temperature sensor noted approximately 80°F in 
the duct with the valve fully closed, further confirming no airflow through this abandoned 
system.  These should be valved off.  These spaces do not have any outside air for 
ventilation. 

6. Rooftop units are programmed with a linear outdoor temperature reset schedule. 
7. ERU-1 is programmed to recirculate air when space humidity rises above 60%. These 

Science rooms should never recirculate air when in occupied mode.  
8. The ERU-1 and ERU-2 economizer outside air temperature values are noted to enable when 

above 60° and below 45ׄ°F. This sequence is backwards, and the economizer programming 
should be confirmed as this may be a graphical error.  Stoppage of wheel in economizer 
mode should be confirmed. 

9. ERU-1 and 2 do not have any upstream or downstream temperature readings.  It is 
recommended these be installed for monitoring of unit conditions. 

10. AHU-11 is not in service but is mislabeled as AHU-13 on the graphics. 
11. VAV boxes with reheat coils do not have leaving air temperature readings.  This is not 

required but these readings are useful for troubleshooting and operations. 
12. Reheat coil 13-2 appears to have a failed leaving air temperature sensor as the hot water 

valve is open but is reading nearly the same temperature as AHU-13 leaving air.  
13. AHU-5 is operating at 100% fan speed. The static pressure setpoint is set to 2” but the unit is 

only maintaining 1.09” of static.  See section on AHU-5 for additional comments. 
14. The radiation in the health suite does not have BMS control.   
15. The radiation in room 106 does not have BMS control. 
16. Cabinet unit heaters, suspended unit heaters, and convectors do not have BMS control.  

Control operation should be confirmed. 
17. AHU-7 is retrofitted with variable frequency drives but the unit operates in a constant volume 

fashion.  
18. The BMS provides a hot water header temperature setpoint to the boilers. The boilers 

autorotate, cascade, and modulate using packaged controls to satisfy the header 
temperature setpoint.  



  

IX. ELECTRICAL 

 
The Bethel High School electric service originates from a Eversource overhead utility distribution 
system on Whittlesey Drive to a pad mounted 1000kVA utility transformer in the east parking lot. 
The service conductors enter the east side of the building and terminate into a 2500 Amp, 
277/480 Volt 3 phase, 4 wire service disconnect CT combination unit, located in Switch Gear 
D006 on the Lower Level. The service is metered at the service disconnect CT combination unit 
via Eversource Meter#08103588. 
 
The building main distribution switchboard, located in Switch Gear D006, is a 2500 amp, 277/480 
volt 3 phase, 4 wire switchboard. The switchboards contain (9) positions with bolt on circuit 
breakers energizing an existing distribution switchboard, motor starters, IT loads, 
receptacle/lighting panelboards and elevator. The existing switchboard, located in Switch Gear 
D006, is a 1200 amp, 277/480 volt 4 phase, 4 wire switchboard.  The existing switchboard 
contains (13) positions with bolt on circuit breakers energizing several lighting/ receptacle 
panelboards, PDU, Liebert units, mechanical panelboards and kitchen panelboard. Additionally, 
the main distribution switchboard contains an in-line standby automatic transfer switch, used to 
energize the entire facility, that connects to an exterior pad mounted standby generator in the 
east parking lot. The electrical distribution from the Switch Gear D006 room to other mechanical 
and electrical rooms throughout the building is in 480-volt three phase. Once the feeders reach 
the remote electrical and mechanical rooms, a local step-down transformer is provided for 
120/208-volt 3 phase, 4 wire distribution.  
 
In preparation for the mechanical air handling unit replacement options, the following electrical 
revisions shall be provided: 
 
1. Electrical contractor shall meter existing panelboard “PP-7” located on Storage Room D239 

on third floor. The metering information shall identify the electrical load for the existing stage 
lighting panelboard energized by panelboard “PP-7”. The metering of “PP-7” shall be 
performed while the auditorium is being used. Once the load is identified, electrical contractor 
shall disconnect and remove existing panelboard “PP-7” located in Storage Room D239. 
Provide one two section 600 amp, 480/277 volt, three phase, 4 wire, 84 pole surface 
panelboard in existing panelboard “PP-7” location. The new panelboard shall energize air 
handling unit replacement options and the existing stage lighting panelboard.  

2. Electrical contractor shall meter existing “MOTOR CONTROL 4” located in Storage Room 
D239 on the third floor. The metering information shall identify the electrical load for existing 
studio lighting panelboard and studio audio panelboard energized by panelboard “MOTOR 
CONTROL 4”. The metering of “MOTOR CONTROL 4” shall be performed while the 
auditorium is being used. Once the load is identified, electrical contractor shall disconnect 
and remove existing “MOTOR CONTROL 4” located in Storage Room D239. Provide (1) two 
section 225 amp, 84 pole, 480/277 volt, three phase, 4 wire surface panelboard in existing 
“MOTOR CONTROL 4” location. The new panelboard shall energize air handling unit 
replacement options and the existing auditorium panelboards.  

3. Electrical contractor shall disconnect and remove existing “MOTOR CONTROL 3” located in 
Storage Room D203. Provide (1) 100 amp, 42 pole, 480/277 volt, three phase, 4 wire surface 
panelboard in existing “MOTOR CONTROL 3” location. The new panelboard shall energize 
air handling unit replacement options.  

4. Electrical contractor shall meter existing panelboard “MP2C” located in Storage Room C203 
on the third floor. The metering information shall identify the existing mechanical equipment 
load for the panelboard. The metering of “MP2C” shall be performed while the building is 
occupied and mechanical units are being used.  Once the load is identified and mechanical 
options outside of option one priority one are selected, electrical contractor shall provide one 
(1) two section 1000amp, 480/277 volt, three phase, 4 wire, 84 pole panelboard in existing 
panelboard “MP2C” location. Additionally, electrical contractor shall provide one (1) 1000A 3 
pole circuit breaker in switchboard “MSB-1”, located in Switch Gear room D006, re-use 
existing conduit/wire (with new 2/0 ground wire) previously utilized by existing panelboard 
“MP2C” and provide 4 # 600kcmil + #2/0G in 4” conduit from Switch Gear room D006 to 
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Storage Room C203. The new panelboard shall energize air handling unit replacement 
options and the existing stage lighting panelboard.  

 
Electrical Revisions for Air Handling Units 
 
AHX-1 
 
In support of replacing AHX-1, the electrical contractor shall disconnect and remove associated 
branch circuit conduit and wire back to existing panelboard. The AHX-1 equipment located on the 
roof shall be energized by panelboard “PP-7” while the local VRF equipment is energized by 
panelboard “RP-7” on second floor and panelboard “RP-E” on first floor. The new equipment 
located within AHX-1 penthouse shall be energized by existing to remain panelboard “PP-2P” 
located within the penthouse.  
 
AHU-2 
 
In support of replacing AHU-2, the electrical contractor shall disconnect and remove associated 
branch circuit conduit and wire back to existing panelboard “MP2C”. The rooftop equipment for 
both options shall be energized by new panelboard “MP2C” while the local VRF equipment in 
option 1 is energized by panelboard RP-8 on third floor and panelboard “RP-7” on first floor.  

 
AHU- 3A and AHU-3B 
 
In support of replacing AHU-3A and AHU-3B, the electrical contractor shall disconnect and 
extend existing branch circuit conduit and wire from existing AHU-3A and AHU-3B to new AHU-
3A and AHU-3B. The rooftop equipment shall be energized by new panelboard “MP2C”.  
 
AHU-4 
 
In support of replacing AHU-4, the electrical contractor shall disconnect and remove associated 
branch circuit conduit and wire back to existing panelboard “MP2C”. The new rooftop equipment 
shall be energized by new panelboard “MP2C”. 
 
AHU-5, AHU-7, AHU-8, AHU-10, AHU-11, ERU-1, ERU-2 and Building Exhaust Fans 
 
All equipment identified in this section shall be replaced in kind. The electrical contractor shall 
disconnect and extend existing branch circuiting energizing equipment to new location.   
 
 
AHU-6 
 
In support of replacing AHU-6, the electrical contractor shall disconnect and remove associated 
branch circuit conduit and wire back to existing panelboard “MP2C”. The new rooftop equipment 
shall be energized by new panelboard “MP2C”. 

 



  

X. PRIORITY PHASING 

Regardless of design option, the school would like to prioritize replacement of ERU-2 and add 
cooling to required classrooms under priority one prior to other mechanical work. Construction 
shall be limited to timeframes outside the normal school schedule. Therefore, a phased approach 
to demolition and construction must be taken into consideration in order to minimize building 
downtime and to remain within annual budgetary parameters. Refer to diagrams below for order 
of space priority  

 

First Floor Priority Cooling 

PRIORITY 1 SPACES ALT#1 

Option 1 – VRF units served 

by ACCU1-1. Ventilation via 

DOAS-3 and DOAS-4 

 

Option 2 – VRF units served 

by ACCU1-1 along with 

interior classrooms also 

served by ACCU1-1. 

Ventilation via DOAS-5 
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Second Floor Priority Cooling 

 

PRIORITY 1 SPACES 

Option 1 – VRF units served 

by ACCU1-1. Ventilation via 

DOAS-3 and DOAS-4 

 

Option 2 – VRF units served 

by ACCU1-2 along with 

interior classrooms also 

served by ACCU1-2. 

Ventilation via DOAS-5. 

 

PRIORITY 4 SPACES 

Option 1 – New AHU-14 with 

VAV boxes. 

 

Option 2 – VRF units served 

by ACCU4-2. Ventilation via 

DOAS-1. 

PRIORITY 1 SPACES 

Remove and replace ERU-2 
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Third Floor Priority Cooling 

PRIORITY 2 SPACES ALT#2 

Option 1 – VRF units served 

by ACCU2-3. Ventilation via 

DOAS-3. 

 

Option 2 – VRF units served 

by ACCU2-3 along with 

interior classrooms also 

served by ACCU2-3. 

Ventilation via DOAS-5. 

PRIORITY 3 SPACES 

Option 1 – VRF units served 

by ACCU3-3. Ventilation via 

DOAS-2. 

 

Option 2 – Larger AHU-2 with 

new VAV boxes. 

PRIORITY 1 SPACES 

Option 1 – VRF units served 

by ACCU1-3. Ventilation via 

DOAS-4. 

 

Option 2 – VRF units served 

by ACCU1-3. Ventilation via 

DOAS-5. 

 

 

PRIORITY 3 SPACES 

Option 1 and 2 – Add this 

room to AHU-2 with new 

VAV box. 
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XI. APPENDIX A – HEATING AND COOLING LOADS 

The calculations below were performed by Kohler Ronan which serve as a basis for verifying the 
heating and cooling capacities of the plants as well as sizing of both system options. The 
calculations are based on the following assumptions: 

• Original building plans. 

• Inspection of the existing glazing 

• Credit for window blinds are included in order to reduce heat gains from the envelope. 

• Neutral building construction with average infiltration is included. 

• Lighting loads are based on florescent light fixtures typical for school building of this vintage. 

• Quantity of people is based on approximate seat counts with diversity assumed. 

• Ventilation air is based on ASHRAE recommendations for schools. 
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XII. APPENDIX B – MECHANICAL UPGRADES ESTIMATES 
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XIII. APPENDIX D – DRAWINGS 

Below is a compilation of drawings created by the design team to further describe and illustrate 
the required work. Both 11x17 and full size drawings are included for convenience. The drawings 
consist of: 

Mechanical: 

• M1.1: First Floor Plan Option 1 - Mechanical 

• M1.2: First Floor Plan Option 2 - Mechanical 

• M2.1: Second Floor Plan Option 1 - Mechanical 

• M2.2: Second Floor Plan Option 2 - Mechanical 

• M3.1: Third Floor Plan Option 1 - Mechanical 

• M3.2: Third Floor Plan Option 2 - Mechanical 

• M4.1: Roof Plan Option 1 - Mechanical 

• M4.2: Roof Plan Option 2 – Mechanical 
 

Structural: 

• S1.1: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 1, Area A & B) 

• S1.2: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 1, Area C) 

• S1.3: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 1, Area D) 

• S2.1: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 2, Area A & B) 

• S2.2: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 2, Area C) 

• S2.3: Schematic Roof Dunnage Part Plan For Proposed RTU’s (Option 2, Area D) 
 



Glossary of Acronyms and Terms Related to HVAC

Acronym / Term Meaning

ACCU Air Cooled Condensing Unit

AHU Air Handling Unit. Some have air conditioning, some do not.

AHX Active Heat Extractor, which is a type of AHU with air conditioning.

BMS Building Management Systems (BMS) control and monitor the large energy consuming
systems within a building, such as HVAC, lighting, fire and security systems.

BTU The British thermal unit is a unit of heat; it is defined as the amount of heat required to
raise the temperature of one pound of water by one degree Fahrenheit.

CFM Cubic Feet Per Minute, which is a measurement of airflow volume

DOAS Dedicated Outdoor Air System, which is used for ventilation.

Dunnage Roof dunnage provides structurally sound support and security for large and expensive
items that are placed on rooftops. These structural supports are often made of steel and
tied into cross beams or roof trusses. The equipment is then placed on top of the
supports.

DX Direct Expansion Cooling

ERU Energy Recovery Unit

HVAC Heating, Ventilation, and Air Conditioning

MAU Makeup Air Unit, which is used to replace large volumes of air that is vented out.

MBH Thousand BTU's per hour

RTU Roof Top Unit

Taco short for Taco Comfort Solutions, which is a brand of equipment

VFD A variable frequency drive (VFD) is a type of motor controller that drives an electric motor
by varying the frequency and voltage of its power supply.

VRF Variable Refrigerant Flow (VRF) HVAC systems consist of outdoor units connected to
multiple indoor units via refrigerant piping to provide cooling and heating to individual
zones.
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• Review of scope of services
• Discussions
• Existing conditions
• Findings
• Building options
• Building priorities 
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Outline of Meeting Discussion



Phase I – Feasibility and Master Plan (Complete)

• Meetings to further understand the project
• Conducted multiple field visits for site assessment
• Interview facilities staff
• Review of existing documentation
• Analyze 2 years of utility bills for capacity
• Analyze existing conditions to prepare for options
• Conduct load calculations for equipment sizing
• Prepared multiple options for review
• Present report to the committee
• Prioritized options based on available funding
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Scope of Services



Phase II – Design and Construction Administration (Pending)

• Prepare design development and construction documents of 
selected priorities

• Update initial cost estimates
• Assist in bidding
• Perform basic construction administration
• Commission installed systems (CxA TBD)
• Prepare final punch list
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Scope of Services



Discussions
What We Heard (Goals)

• Address areas without Air Conditioning
o Classroom A/C
o Athletic Facility A/C

• Gas service concerns
• Failed energy recovery
• Full building generator
• Dehumidification concerns 
• Boilers recently replaced
• AHX-1 service issues
• Classroom units noisy
• Long term replacement
• Inadequate toilet exhaust
• Maintenance concerns
• Controls issues
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2010
1970 1975



• Original 1970 building with additions in 1975 and 2007. 
Overall building has 3 floors

• Partially air conditioned by packaged rooftop units, 
rooftop split units, indoor air handler (AHU) with remote 
condensing units and miscellaneous mini-splits.

• Central boiler serves radiation, terminal units, unit 
ventilators, some rooftop units and indoor AHUs.

• Ventilation is provided by rooftop units, AHU’s and unit 
ventilators.

• Over 40 misc. exhaust fans in various conditions
• Major addition/renovation in 2007 changed building 

classification from 2B to 2A.  Designation made 
renovation challenging.

• Building DDC controls system
• Zoning for building consists of…..
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Existing Conditions
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• AHX-1
o Installed in 1975.
o Refurbished in 2007 and miscellaneous times after.
o Located in rooftop penthouse.
o Serves mostly interior classrooms of the 1975 wing.
o Old unit but still has service life.
o Original plenum return converted to ducted but many 

open grilles exist to ceiling cavity.
o Supply and return ductwork in old plenum spaces not 

insulated.
• Issues:

o Lack of capacity due to adjacent non-air-conditioned 
spaces.

o Duct leakage.
o Slightly undersized to achieve desired 72°F space 

temperatures.
• Recommendations:

o Replace unit when budget allows.
o Address misc. issues identified such as insulation and duct 

sealing.
o Option 2 replacement recommended when Variable 

Refrigerant Flow (VRF) is installed in adjacent classrooms.
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Findings



• Classroom Air Conditioning
o Units have either unit ventilators only, radiation only or 

combination of both.
o Exhaust fans with ducts to classrooms are inconsistent. 

Some grilles capped above ceilings or not connected to 
duct.

o Abandoned rooftop relief penthouses.
o Unit ventilators are noisy.  Do not comply with ANSI 

classroom sound standards.

• Issues:
o Noise.
o No air conditioning.
o Lack of ventilation in some non-air-conditioned and air-

conditioned spaces (mini-splits).
o Tight conditions.

• Recommendations:
o Option 1/Priority 1 and 2 with VRF and Dedicated Outside 

Air System (DOAS)
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Findings



• Athletic Area Air Conditioning
o Heating and ventilating units only.

• Issues:
o No air conditioning

• Recommendations:
o Add air conditions
o To be discussed in priorities

• Long Term Replacement of Units
o Update or replace as funds allow
o To be discussed in the priority section
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Findings



Findings (Miscellaneous) 

Highlights:

• Lots of abandoned ducts from the 2007 renovation that were 
supposed to be removed.

• Direct opens to the exterior.  I.e., open louvers.
• Mold on ceiling tiles in kitchen area.
• No means of ventilation in corridors throughout.
• Natural gas issues to rooftop units.
• Plugged outside air louver to kitchen make up unit.
• Abandoned equipment on roof and above ceilings.
• Dead systems with controlled heating coils.
• Misc. exhaust ductwork capped above ceiling with plastic
• Some pneumatic control valves on radiation (nurses' area).
• Exhaust grilles located above ceilings, not in space served.
• Some plenum areas with PVC drain piping.
• Inoperable exhaust fans.
• AHU-8 open grilles in egress corridor.
• Windows too small for natural ventilation without operable exhaust.
• Fire proofing throughout
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Findings (Controls) 

Highlights:

• Schneider Electric controls.
• Handles most of the major equipment 
• Control conversions.  
• Many variations in unit operations and sequences.
• Does not control:

o Original exhaust fans (majority of fans)
o Cabinet and unit heaters
o Some radiation

Recommendations:

• Add all equipment not currently controlled by DDC system 
as they are replaced.

• Retro-commission all the controls
• Review and update all control sequences
• Update controllers as work proceeds

KOHLER RONAN



KOHLER RONAN

Building Options (AHX-1)
Option 1:  Leave AHX-1 and provide DOAS and VRF to unconditioned classrooms
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Building Options (AHX-1)
Option 2:  Replace AHX-1 with DOAS unit to serve entire 1975 
wing.  Costly and not recommended as this is very disruptive.
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Building Options (AHU-2)
Option 1:  Replace AHU-2 in kind.  Add DOAS 
and VRF to remaining spaces

Option 2:  Increase size of AHU-2 and add new VAV zones
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Building Options (AHU-5)
Replace and AHU-5 in new location.
Upgrade unit for proper airflow. 
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Building Options (AHU-6)
Replace AHU-6 in kind with additional cooling section.
Add VAV boxes to spaces.
Requires electric upgrades to support (AHU-4)
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Building Options (AHU-10)
Replace AHU-10 in kind with VAV Rooftop Unit. 
Add VAV boxes to spaces.
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Building Options (Art, Culinary and Science)
New 100% Outside Air Rooftop VAV Unit 
(Not recommended)
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Building Options (Art, Culinary and Science)
DOAS with VRF
(Recommended option)
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Building Priorities

First Floor Second Floor Third Floor 



• Budget 
o Adding A/C to all classrooms and replacing ERU-2 ranges from $3.8M to $4.7M
o Complete system upgrades range from $6.44M to $7.34M

• Constraints
o $1.4 million initial grant. 
o $1.1 million available inclusive of design fees due to other obligations.

• Anticipated budget for Option 1/Priority 1 spaces
o $1,365,460
o Includes ERU-2, DOAS-4 and VRF for 14 classrooms on 2nd and 3rd floors in 1970 and 1975 building.

• Budget with Base and Alternate 1  
o $1,614,251
o Includes 5 classrooms on first floor of 1975 wing.

• Budget with Base and Alternate 2 
o $2,063,888
o Includes DOAS-3 and VRF for 5 classrooms on 3rd floor of 1970/1975 wing.
o Adds ventilation air to classrooms served by mini splits.

• Total budget of base and alternates
o $2,312,679

• Alternate Funding Options?
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Building Priorities
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• Cost Concerns

o Prioritized on budget
o Short window for work summers or breaks
o Occupied school
o Escalation
o Equipment lead times
o Phasing
o Immediate needs
o Some opportunities for economies of scale with alternates
o ACM concerns (Floor tiles, caulking)
o Fire proofing 
o Fire ratings
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Building Priorities



Thank You


	Agenda
	1. Call to Order
	1.A. Roll Call for Quorum
	1.B. Pledge of Allegiance

	2. BOARD REPORTS - PROGRESS TOWARDS DISTRICT INITIATIVES
	2.A. HVAC Feasibility  - Master Plan Study at Bethel High School
	Bethel HS Master Plan Report
	HVAC Glossary
	BHS BOE Presentation


	3. Adjourn

