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Muskegon Community College       
HVAC Systems Study 
 
I. INTRODUCTION 

Muskegon Community College has commissioned GMB Architecture + Engineering to conduct an 
engineering study to analyze their heating, ventilating and air conditioning (HVAC) systems, in 
accordance with GMB’s Proposal for Engineering Services, dated June 7, 2012.  The study 
addresses the central heating and cooling systems in the Main Building (Areas ‘A’ through ‘G’), 
the Fine Arts Center and the Stevenson Center, and the central air handling systems in the Main 
Building, Areas ‘A’ through ‘G’.   Investigation of the central heating and cooling systems also 
takes into account a future 21,000 square foot Science addition.  Air handling systems in the 
Stevenson Center and Fine Arts Center have not been reviewed.   The Meijer Library has 
dedicated heating, cooling and air handling systems, and has also been excluded from this study. 

An emphasis has been placed in the following problem areas: 

 Inadequate hot water flow in the central heating system. 

 General comfort issues and lack of seasonal control in areas served by some dual duct 
systems. 

 Comfort issues in the Area ‘C’ and ‘D’ office towers.  Specifically, an inability of these 
areas to warm up during cold weather.  The problem is most severe following a very 
cold weekend. 

 The inability to provide ‘free cooling’ with outside air during late Fall and early Spring in 
several areas. 

Although Muskegon Community College staff indicated that there aren’t any known chilled 
water flow or balancing issues, an overview of the central cooling systems has been done to 
confirm that any cooling issues aren’t caused by chilled water flow deficiencies, and to consider 
the impact of the future Science addition. 

GMB has identified HVAC system deficiencies, has made recommendations for possible 
improvements, and has developed Opinions of Probable Cost.  Our findings are presented in this 
report.  Our primary contact at Muskegon Community College has been Gerald Nyland, Physical 
Plant Director. 
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II. APPROACH 

We reviewed available drawings, including original drawings of Wings A through G (1965), the 
Fine Arts Center (1967), the Stevenson Center (1993), the Library/Information Technology 
Building (2004) and seven remodeling projects.  A complete list of reviewed drawings is included 
in Appendix A.   Where necessary to verify the accuracy of drawings, we field-verified installed 
conditions.  Field-verification included all mechanical equipment rooms in Areas A though G and 
the Fine Arts Center, plus the majority of the equipment served by primary heating pumps in 
Areas A through G and the Fine Arts Center.  An extensive field review of the Boiler Room and 
central heating system was done.  We reviewed Gerald Nyland’s “Overview, History and Current 
Status” document describing the central heating system, and an August 15, 2011 Memo written 
by Century A&E, describing central heating system problems.   

We developed simplified schematic diagrams of the central heating and cooling systems. 

We estimated pump heads for the primary heating pumps serving the Main Building and the 
Fine Arts Center. 

We calculated block heating and cooling loads for the areas served by dual duct air handling 
systems in Areas ‘A’, ‘B’, ‘C’ and ‘D’. 

We measured floor and window indoor surface temperatures of the Office Tower corridors with 
an outdoor temperature of 7oF.  

III. EXECUTIVE SUMMARY 

We identified many problems in the central heating system, the central air handling systems 
serving Areas ‘A’ and ‘B’, and in the construction of the Areas ‘C’ and ‘D’ Office Towers.  The 
central heating system and central air handling systems were marginally designed in 1965. 
Subsequent building additions and remodeling projects have resulted in an inability to heat and 
cool portions of the building, with the most significant problems being in Areas ‘A’ and ‘C’.  Also 
as the result of building additions and remodeling projects, free cooling with outside air is no 
longer possible in the Third Floor Nursing Offices and in Third Floor Classrooms 331 and 335, 
resulting in a lack of cooling in these areas during the late Fall and early Spring.  The design 
deficiencies of the Area ‘C’ and ‘D’ office towers have resulted in very cold interior floors and 
windows, making it extremely difficult to maintain occupant comfort.   

We identified corrective measures, and generated a list of Recommendations.  Preliminary cost 
estimates have been developed for budgeting purposes.  Corrective measures are described 
within this study.  Total costs for the most critical issues are summarized below: 

 Heating system upgrades:  $537,300. 
 Air handling system upgrades:  $253,500. 
 Improvements to the building envelope in the Area ‘C’ and ‘D’ Office towers:  $119,400. 
 Correction of free cooling problems:  $116,000. 
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Note that the above list reflects only items A1 through A13 in the recommended heating 
systems upgrades.  Items A1 through A13 are considered the minimum improvements necessary 
to create a fully functional heating system.  The following improvements are also recommended: 

 Provide a system filter and filter pump on the central heating system:  $7500. 

 Replace the heating coil, coil pump and control valve for existing Kitchen Make-Up Air 
Unit HV-A2, to enable the unit to operate without freezing the coil:  $15,000. 

 Plan for the replacement of the remaining original (1965 and 1967) mechanical 
equipment.  Although no immediate operational issues exist, the equipment is nearly 
fifty years old; it will eventually fail.  Identification of all remaining original equipment 
has not been done, and its cost will overlap with some of the above recommendations.  
Replacement could occur over a single summer, or could be phased over a number of 
years. 

Refer to Table 2 in Section XI (pages 19 and 20) for a complete list of recommendations and a 
cost summary. 

IV. GENERAL BUILDING INFORMATION 

A. The building consists of three floors, with main entry on the First (upper) Floor, and the 
Second (intermediate) floor and Third (lower) floor below.  The total floor area is 
approximately 385,200 square feet, including the Main Building, the Fine Arts Center and 
the Stevenson Center, with a floor-by-floor breakdown as follows: 

First Floor:  180,700 square feet 
Second Floor:   121,200 square feet 
Third Floor:  83,300 square feet 

B. Building Area Designations:  For the purposes of this study, building area designations are as 
follows: 

1. Areas ‘A’ through ‘G’; the original Main Building, including all areas of the building 
constructed in 1965-66. 

2. The Fine Arts Center, including the Overbrook Theater and all areas of the building 
constructed in 1967-68. 

3. The Stevenson Center for Higher Education, including all areas of the building 
constructed in 1993-94. 

Building area designations are summarized on Sketches No. 1, 2 and 3 (Appendix B). 

V. CENTRAL HEATING SYSTEM 

A. Existing System 

The complex is heated by three natural gas-fired boilers, which were installed in 1996 as 
part of the Stevenson Center construction.  Each boiler is a Weil McLain Model 1388 cast 
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iron boiler with a gas input rating of 4,113,000 BTUs per hour (BTUH), and a gross output 
rating of 3,270,000 BTUH.  The boiler rated efficiency is therefore 79.5 percent (3270/4113).   

Each boiler has a dedicated, in-line boiler pump.  The boiler pumps are each Bell & Gossett 
Model PD, Size 037S, rated for 130 gallons per minute (GPM) against a flow resistance of 12 
feet of head.   

The heating distribution system consists of three primary distribution pumps, each with a 
dedicated standby pump.  One pair of primary pumps serves Areas ‘A’ through ‘G’, one pair 
serves the Fine Arts Center and one pair serves the Stevenson Center.  Reference has been 
made throughout this study to ‘common heating piping’, meaning piping  through which 
flow from all three sets of primary pumps flows.  The distribution pumps serving Areas ‘A’ 
through ‘G’ are Bell & Gossett Model U6C, selected for a flow rate of 675 gpm at 100 feet of 
head.  The distribution pumps serving the Fine Arts Center are Bell & Gossett Series U4A,  
selected for a flow rate of 140 GPM at 20 feet of head.  The distribution pumps serving the 
Stevenson Center are Bell & Gossett Model 1510, size 4E, selected for a flow rate of 570 
GPM at 96 feet of head.  The Main Building primary distribution system is divided into a 
west loop, serving Areas ‘A’, ‘C’, ‘E’ and ‘F’, and an east loop, serving Areas ‘B’, ‘D’ and ‘G’.  
All primary distribution systems are direct return. 

Each primary heating pump has a variable frequency drive, and differential pressure sensors 
are located within the Boiler Room.  It is our understanding that variable frequency drives 
operate at 100 percent speed “most of the time”.  When observed on a mild (50oF) day, the 
variable frequency drives serving the Main Building and Fine Arts Center primary heating 
pumps were each operating at 100 percent, and the Stevenson Building primary heating 
pump was not operating. 

Boilers, boiler pumps and primary distribution pumps are located in the Boiler Room.  The 
heating system has three ASME compression tanks located in the Boiler Room (one 
connected to the air separator, and two connected to the boilers.  Staff has indicated that 
three other remote compression tanks exist.   

Refer to Sketch 7 in Appendix D for a simplified schematic diagram of the central heating 
system. 

B. Analysis 

The existing boilers have a combined output of 9,810,000 BTUH, for an average of 25.46 
BTUH per square foot.  This capacity is too low for a building of this era.  Single pane 
windows and poorly insulated building envelopes were common in the 1960’s.  A central 
heating plant with an output of approximately 40.0 BTUH per square foot is recommended.  
The total recommended heating output is therefore approximately 15,400,000 BTUH; an 
increase of 5,590,000 BTUH. 

The central heating system has many flow deficiencies, resulting in an inability to properly 
heat Areas ‘A’ and ‘B’ during very cold weather, a Monday morning warm-up problem in the 
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Fine Arts Center, along with several other heating problems that have resulted from 
attempts to compensate for lack of flow in Areas ‘A’ and ‘B’ by reducing heating flow 
elsewhere.  As generally accepted design practices, piping is typically sized for a maximum 
pressure drop of 4 feet per hundred feet of straight pipe, with maximum flow velocities of 
10 feet per second in mechanical rooms and 7 feet per second in occupied spaces (due to 
the desire to limit noise generated by high flow velocity).   The installed heating piping 
greatly exceeds these pressure drop and velocity guidelines in several areas.   Flow 
deficiencies are summarized below: 

1. The Main Building primary heating pumps were undersized in 1965.  They were sized for 
675 GPM, but the sum of the connected heating loads was 818 GPM.  Because the 
heating system was designed with three-way control valves on all air handling unit 
heating coils and secondary heating loop pumps, no flow diversity occurs.  The original 
primary heating pumps serving Areas ‘A’ through ‘G’ should have been selected for 818 
GPM.  Subsequent renovations have increased the connected load of the Main Building 
primary distribution pumps to 966 GPM.  We recommend that the Main Building 
primary heating pumps and variable frequency drives be replaced to match the current 
(and possibly future) load.  Refer to item A9 in the list of recommendations. 

2. The common Boiler Room primary heating piping and air separator were marginally 
sized in 1965, and have become significantly more undersized as a result of the 
subsequent remodeling projects.  When the Fine Arts Center was added, the connected 
heating load increased to 958 GPM. Based on the pipe sizing design practices described 
above, a six inch heating pipe located in a Boiler Room has an approximate peak flow of 
800 GPM.  When the Stevenson Center was added in 1993-94, the total primary heating 
system connected load increased to 1385 GPM.  The 2001 Science Classroom 151 air 
handling unit, the 2003 Technology Wing Air Conditioning project (Areas ‘F’ and ‘G’), 
and the 2008 Student Center remodeling project (Area ‘E’) increased the primary 
heating system connected load to 1701 GPM.  The undersized 6 inch piping and air 
separator restrict water flow, and should be increased in size to 10 inch.  Refer to Item 
A2 in the list of recommendations, and to Sketch 9 in Appendix D. 

Seven replacement air handling units included in the Technology Wing Air Conditioning 
project were part of a bid alternate that was not accepted.  Future replacement of these 
units would add 76 GPM to the primary heating system connected load, for a total of 
1777 GPM.   

3. The 4 inch primary heating system piping in the First Floor ceiling between the 
Technology Wing (Area ‘F’) and the north Classrooms in Area ‘C’ (near the stairwell) is 
undersized.  A 4 inch pipe has an approximate peak flow of 270 GPM.  It was marginally 
sized in 1965 with a connected load of 328 GPM, including all three-way control valves 
(therefore no flow diversity).  The 2001 Science Classroom 151 project increased the 
connected load to 353 GPM.  The 2008 Student Center remodeling project increased the 
connected load to 440 GPM, with 71 GPM of the 87 GPM flow increase being controlled 
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by two-way control valves and the remainder by three-way valves.  Heating the 
proposed future Science Classroom addition from the central heating system would 
increase hot water flow demand by approximately 100 to 200 GPM.  With a flow 
capacity of 270 GPM, a connected load of 440 GPM, and a possible future connected 
load of 540 to 640 GPM, the 4 inch piping is undersized.  We recommend that it be 
replaced with 6 inch piping.  Refer to Item A5 in the list of recommendations.   

4. The existing boilers are undersized, and the boiler pumps are too small relative to the 
size of the primary heating distribution pumps.  At full load conditions, the sum of the 
boiler pump flows must be approximately equal the sum of the distribution pump flows.  
This is not currently the case, with the boiler pump capacities totaling 390 GPM and the 
distribution pump capacities totaling 1385 GPM (based on current primary distribution 
pump sizes, not connected loads).  As a result, a significant amount of water bypasses 
the three boilers under peak load conditions, resulting in an inability of the boilers to 
maintain system hot water supply temperatures equal to the boiler discharge 
temperature.  Refer to Sketch 8 in Appendix D for an example based on 190.3 degree 
boiler discharge temperatures and 140 degree hot water return temperatures.  Note 
that in this example, a boiler discharge temperature of 190.3 degrees yields a hot water 
supply temperature of only 154.2 degrees, not hot enough to heat the building on a cold 
winter day. Correctly sizing the primary heating pumps serving the Main Building will 
increase the primary distribution pump flow, and make the problem worse.   Actual 
flows have not been verified, but the problem is significant; slight variations between 
design flow and actual flow will not eliminate it.  We recommend that a fourth boiler 
and boiler pump be added.  The boiler should  be high efficiency, with an input rating of 
6,000,000 BTUH.  The new boiler pump should have a capacity of 561 GPM.  We also 
recommend that the three existing boiler pumps and their piping be replaced.  The 
three new boiler pumps should be sized for 327 GPM each, and the new piping should 
be 6 inch size.  Refer to Item A1 in the list of recommendations, and to Sketch 9 in 
Appendix D.  

5. The primary distribution pumps serving the Fine Arts Center are also undersized.  The 
pumps were sized for 140 GPM at a pump head of only 20 feet.  Although majority of 
the distribution piping is oversized at 5 inches (this was field-verified, as the drawings 
are unclear), the existing pressure drop through common Boiler Room piping alone is 
estimated to be nearly 20 feet, and a typical pressure drop through an air handling unit 
heating coil and control valve is in the range of 20 feet.  We estimate the existing pump 
head to be 40 to 50 feet.  The future pump head will depend on the extent to which the 
undersized common Boiler Room piping is replaced, and on whether the Fine Arts 
Center air handling units and heating coil control valves are replaced.  We recommend 
that the existing Fine Arts Center primary distribution pumps and variable frequency 
drives be replaced.  Costs have been developed based on new pump capacities of 140 
GPM at 40 feet head, and 3 HP motors.  Refer to Item A10 in the list of 
recommendations. 
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6. Water balancing provisions for the primary distribution system are inadequate.   Several 
problems exist: 

a. No balancing provisions exist for the remaining original heating and ventilating units 
HV-F1 through F5 (located in Area ‘F’), and HV-G2 through G4 (located in Area ‘G’).  
Because water flow will follow its path of least resistance, these units create a short 
circuiting of water, preventing adequate flow to the Nurses Pit Mechanical Room in 
Area ‘A’, and to the Snake Pit Mechanical Room in Area ‘B’.  We recommend that 
two-way control valves and coil pumps be added to each of the eight remaining 
heating and ventilating units.  Refer to item A3 in the list of recommendations, and 
to Sketch 10 in Appendix D. 

b. Excessive differential pressure exists between the hot water supply and hot water 
return mains throughout Areas ‘B’ through ‘G’ of the Main Building, making flow 
control very difficult.  The Main Building primary heating loop has a total length 
(including supply and return piping) of approximately 2000 feet, with piping sized at 
or above flow capacities in many areas.  Secondary heating loops and air handling 
units are connected to the primary hot water supply and return piping throughout 
the building.  Refer to Sketches 11 and 12 in Appendix D for simplified schematic 
diagrams of the Main Building west and east primary piping heating loops, 
respectively.  The secondary piping connections nearest the Boiler Room (in the 
Tech. Wing) have a very high differential pressure between the primary hot water 
supply and return piping.  The secondary piping connections located furthest from 
the Boiler Room (in the Nurses Pit Mechanical Rooms on the Lower Level of Area ‘A’, 
and the Snake Pit Mechanical Room on the Lower Level of Area ‘B’) operate with a 
much smaller differential pressure between the primary hot water supply and 
return piping.  We estimate that a 10 psi differential pressure must exist between 
the primary hot water supply and return piping in the Nurses Pit and the Snake Pit 
Mechanical Rooms to generate design flow rates.  Air handling units in Areas ‘F’ and 
‘G’ must operate with a much higher differential pressure between primary hot 
water supply and return piping (estimated at a maximum of 51.3 psi with current 
pipe sizing).  As a result, control valves nearest the Main Building primary heating 
pumps must close most of the way to overcome the excess differential pressure 
available, and are forced to operate over a very small control range.  This reduces 
the ability of the control valves to maintain close control, and results in control valve 
‘hunting’ and instability.  Sketches 11 and 12 in Appendix D summarize the 
estimated differential pressures between primary hot water supply and return 
piping at various equipment connection locations in the Main Building.   
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The excessive differential pressure between the Main Building hot water supply and 
return piping mains can be corrected in one of two ways:   

i. Limit flows by adding automatic flow control valves to each branch main.  
Automatic flow control valves are spring-operated devices that limit maximum 
flow over a specific differential pressure range. 

ii. Control differential pressure between the primary hot water supply and return 
branch mains directly.  Measure differential pressure between supply and 
return piping in each branch main, and modulate a control valve to maintain 
constant differential pressure between hot water supply and hot water return 
piping. 

Either option is valid, with the first option having a lower initial cost, and the second 
option resulting in slightly more accurate control.  Due to the lower initial cost, we 
recommend that automatic flow control valves be installed at ten locations in the 
Main Building primary heating system.  Refer to item A4 in the list of 
recommendations. 

c. The majority of the heating control valves on the Main Building primary heating 
system are three-way type.  With three-way valves, hot water flows at a constant 
volume at all times.  Hot water not needed to satisfy a load bypasses the load, but is 
still required at the pump.  Two-way control valves do not have bypasses.  When 
load demand is low, pump water flow is reduced.  The use of two-way control valves 
results in a pumping system diversity and reduces peak pump demand.  We 
recommend that all of the existing 1965 and 1967 three-way control valves serving 
air handling units in the Main Building and Fine Arts Center be replaced with two-
way control valves.  Provide  a new coil pump and a new pipe rig  at each location.  
Sketch 10 in Appendix D indicates the required piping detail.  Refer to item A7 in 
the list of recommendations, and to Sketch 9 in Appendix D. 

d. Similarly, newer air handling units AHU-11 and AHU-12 in the Area ‘G’ Technology 
Wing were installed with three-way control valves.  We recommend that they be 
replaced with two-way control valves, and that the pipe rigs be revised per Sketch 
10 in Appendix D.  Refer also to item A8 in the list of recommendations. 

e. Several “wild legs” exist in the Stevenson Center heating system.  A wild leg is a 
means by which flow may increase in an unrestricted manner when control system 
two-way valves begin to close.  Four of the wild legs consist of heating piping loops 
with manual balancing valves located above corridor ceilings at the ends at the ends 
of branch heating pipes.  The heating pipes serve terminal heating units having two-
way control valves.  Wild legs also exist at eleven cabinet unit heaters and the one 
unit heater, which have no control valves.  In this system, wild legs are not 
necessary to maintain minimum pump variable frequency drive set point (typically 
20 percent) during times of low heating system demand, since over half of the 
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connected heating loads in the Stevenson Center have three-way control valves.  
The wild legs located at the ends of the branch mains were presumably installed to 
keep piping loops warm during times of low heating system demand, enabling 
terminal heating units to respond quickly on a call for heat.  During times of peak 
heating demand, water flows through the wild legs, increasing pumping energy 
slightly and contributing to flow problems in other areas. 

We recommend that the “wild legs” in the Stevenson Center heating system be 
eliminated by closing the four manual balancing valves located in the Second Floor 
and Third Floor ceilings, and adding automatic flow control valves to each of the 
eleven cabinet heaters and to the unit heater.  Refer to item A12 in the list of 
recommendations. 

7. It is common practice to locate differential pressure sensors in the most remote 
mechanical equipment room on a heating system.  This enables direct sensing of the 
“worst case” flow requirement.  We recommend relocating the three differential 
pressure sensors controlling primary heating distribution pump variable frequency 
drives from the Boiler Room to remote Mechanical Rooms.  The new locations would be 
the Nurses Pit Mechanical Room, the Third Floor Fine Arts Center Mechanical Room, and 
to the Stevenson First Floor (south) Mechanical Room to control the Main Building, the 
Fine Arts Center and the Stevenson primary heating pumps, respectively.  Refer to item 
A11 in the list of recommendations 

8. The heating system has too many compression tanks, and in too many different 
locations.  Compression tanks in a heating system limit operating pressure when water 
temperature increases, and provide a control point to ensure that system pressures 
remain above atmospheric pressure regardless of whether pumps are running.  Tanks 
are typically located at the lowest pressure and highest temperature point in the 
system, between the boiler discharge and the distribution pump inlets.  Hydronic 
heating and cooling systems should have a single pressure control point. 

We recommend that compression tanks not located in the Boiler Room be removed, 
and that the three Boiler Room compression tanks be connected to the heating system 
in a single location.  A determination must be made when the heating system is re-filled 
as to whether additional compression tank capacity is required.  An allowance of $7,500 
has been included as item A6 in the list of recommendations. 

9. A fan coil unit located in the ceiling of Exam Room 305 has been tied into the heating 
system incorrectly.  The heating piping serving the fan coil unit has been connected to 
the primary hot water supply and return piping upstream of the secondary heating 
pump located in the Nurses Pit Mechanical Room, and should have been connected 
downstream of the secondary pump.  We recommend that this piping be corrected.  
Refer to item A13 in the list of recommendations. 
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10.  When piping is disturbed, as it will be when portions of the heating system are drained, 
modified, flushed and re-filled, scale and sediment from the inner pipe surfaces can be 
dislodged and may plug strainers, control valves and coils.  The addition of a heating 
system filter and filter pump will minimize the likelihood of problems resulting from 
construction, will keep the piping system clean in the future, and are recommended.  
Refer to item A14 in the list of recommendations. 

11. The heating coil in Kitchen makeup air unit HV-A2, located in the Nurses Pit Mechanical 
Room, has frozen several times in recent years.  To prevent the coil from freezing again, 
and to free up heating hot water flow for adjacent air handling unit AHU-A1, the unit is 
currently not running.  The unit’s outside air damper has been closed, with a minimum 
amount of hot water flow circulating through the unit heating coil to prevent it from 
freezing. 

We recommend that the existing heating coil be removed, and that a new heating coil, 
coil pump and control valve be added to existing Kitchen Make-Up Air Unit HV-A2, to 
enable the unit to operate reliably.  Refer to the piping detail on Sketch 10, and to item 
A15 in the list of recommendations . 

12. According to Muskegon Community College staff, overheating occurs on the First Floor 
due to the radiation of heat from heating piping in the Spring and Fall.  The addition of a 
high efficiency boiler will make possible the reduction of heating water temperatures  in 
the Spring and Fall from 160oF-180oF to 100oF-120oF, and may solve or minimize the 
problem. 

VI. CENTRAL COOLING SYSTEMS 

A. Existing Systems 

Muskegon Community College has four separate central cooling systems, with chiller 
locations and service areas as follows: 

1. A chiller located in the Boiler Room serves the Stevenson Center and Area ‘F’ and ‘G’ of 
the Technology Wing.  The Boiler Room chiller has a nominal capacity of 300 tons.   

2. A chiller located in the Nurses Pit Mechanical Room serves air handling units AHU-A1,  
AHU-B1 and AHU-E1, and all miscellaneous cooling loads in Areas ‘A’, ‘C’ and ‘D’.  The 
Nurses Pit chiller has a nominal capacity of 180 tons. 

3. A chiller located in the Fine Arts Center Third Floor Mechanical Room serves the Fine 
Arts Center and Area ‘D’.  The Fine Arts Center chiller has a nominal capacity of 300 
tons. 

4. A second chiller located in the Nurses Pit Mechanical Room serves the Library (not 
analyzed). 

All chillers except the Library chiller are Trane RTA-series water-cooled, rotary screw type, 
with dedicated cooling towers. 
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B. Analysis 

1. Boiler Room Chiller 

With a chilled water supply temperature of 45oF and a condensing temperature of 95oF 
(standard operating conditions), the chiller has a net capacity of approximately 283 
tons.  The chiller initially served only the Stevenson Center, and had a connected load of 
242 tons.  The 2003 Technology Wing air conditioning project added 51.6 tons of 
connected load, increasing the connected cooling load to 293.6 tons.  As part of the 
2003 Technology Wing air conditioning project, piping provisions were made for an 
additional 86.9 tons of future connected load.  Refer to Sketch 13 in Appendix E for a 
simplified Schematic Diagram.  Diversity exists in the cooling loads, therefore the peak 
chiller load is often much less than the sum of the connected loads.  Should Muskegon 
Community College decide to add future cooling load to the Technology Wing, actual 
chiller loading on a peak design day should be monitored to verify available chiller 
capacity.   

The Boiler Room chiller condenser pumps are Bell & Gossett Model 1510, Size 5BC, with 
7 inch pump impellers and 10 HP motors.  The pumps were designed for a capacity of 
900 GPM with a pump head of only 20 feet.  The actual pumps can generate 900 GPM 
flow with 25 feet of head.  Because the condenser water system is an ‘open’ system 
(water flows from the cooling tower nozzles to the tower basin), static lift (the vertical 
distance between the spray nozzles and the water in the tower basin) must be added to 
the pump head.  Piping between the cooling tower and the condenser pump inlets was 
sized at only 6 inches, resulting in a design flow velocity of 10 feet per second.  This pipe 
size is marginal.  According to staff, the Boiler Room chiller has experience head 
pressure problems, consistent with problems that may occur due to low condenser 
water flow.   

We recommend that the Boiler Room condenser pump suction and discharge pressures 
be measured (cooling tower pumps were not operating throughout the course of this 
study).  A determination can then be made regarding the need to increase the diameter 
of the existing water pump impellers, and to replace the existing six inch piping between 
the cooling tower basin and the condenser water pump inlets with eight inch piping.  
We do not recommend increasing the condenser pump capacity without replacing the 
piping, due to pump cavitation concerns.  The existing 10 HP condenser pump motors 
appear adequately sized to accept a modest increase in pump impeller size. 

2. Nurses Pit Chiller 

The Nurses Pit chiller has a net capacity of approximately 170 tons at standard operating 
conditions.  We estimate the connected cooling load to be 281.9 tons.  The Nurses Pit 
chiller is overloaded, and does not have spare capacity to serve the future Science 
Classroom addition.  Refer to Sketch 14 in Appendix E for a simplified Schematic 
Diagram. 
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The Nurses Pit chiller has two chilled water pumps, both of which must operate to 
satisfy system flow requirements. 

3. Fine Arts Center Chiller 

The Fine Arts Center chiller has a net capacity of approximately 283 tons at standard 
operating conditions.  We estimate the connected load to be 294.1tons.  Refer to Sketch 
15 in Appendix E for a simplified Schematic Diagram. 

VII. AIR HANDLING SYSTEMS 

A. Existing Systems 

1. Area ‘A’, the Office Tower in Area ‘C’ and the Area ‘C’ Planetarium are served by original 
dual duct air handling system AHU-A1, located in the Nurses Pit Mechanical Room.  The 
original AHU-A1 system was designed for a maximum of 35,860 cubic feet per minute 
(CFM) supply air to the cold deck, and a maximum of 18,000 CFM supply air to the hot 
deck.  Revisions to the AHU-A1 duct distribution system were made during the 1987 
Bookstore Addition, and during the2007 Student Center Renovations.  Although the 
2007 drawings indicate that the AHU-A1 supply fan was to be re-balanced to 40,450 
CFM, the sum of the dual duct box air flows is only 37,300 CFM.  The original cooling coil 
leaving air temperature was 60.0oF, and the original heating coil leaving air temperature 
was 120.0oF.  With a hot deck temperature of 120oF, and an assumed winter cold deck 
temperature of 70oF, the system has been designed for a peak winter supply air 
temperature of 95oF. 

2. Area ‘B’ and the Office Tower in Area ‘D’ are served by original dual duct air handling 
system AHU-B1, located in the Nurses Pit Mechanical Room.  The original AHU-B1 
system was designed for a maximum of 39,450 CFM supply air to the cold deck, and a 
maximum of 20,000 CFM supply air to the hot deck.  Revisions to the AHU-B1 duct 
distribution system were made during the 2007 Student Center Renovations, resulting in 
a reduction to 37,450 CFM supply air to the cold deck.  The original cooling coil leaving 
air temperature was 60.0oF, and the original heating coil leaving air temperature was 
120.0oF.  With a hot deck temperature of 120oF, and an assumed winter cold deck 
temperature of 70oF, the system has been designed for a peak winter supply air 
temperature of 95oF. 

3. Refer to Sketches 4, 5 and 6 in Appendix C for air handling unit service areas. 

4. The air handling unit AHU-A1 and AHU-B1 cooling coils were each selected for cooling 
coil entering air temperatures of 83.5oF dry bulb, 69.0oF wet bulb, and cooling coil 
leaving air temperatures of 60oF dry bulb, 58oF wet bulb.  At the original design air 
quantities, the total cooling capacities of AHU-A1 and AHU-B1 were 1291 MBH (107.6 
tons) and 1420 MBH 118.3 tons), respectively.  Subsequent renovations have revised air 
handling unit supply air quantities, resulting in cooling capacities of 111.9 tons and 
112.3 tons for AHU-A1 and AHU-B1, respectively. 
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5. The original hot deck design temperature for AHU-A1 and AHU-B1 was 120oF.  Based on 
original hot deck design air quantities of 18,000 CFM and 20,000 CFM for AHU-A1 and 
AHU-B1, respectively, the original heating supply air temperature was approximately 
95oF. 

6. The original cooling coils and heating coils are still in use.   

7. The area served by AHU-A1 is 32,000 square feet, resulting in a current average of 1.17 
CFM per square foot during cooling operation.  The area served by AHU-B1 is 24,600 
square feet, resulting in an average of 1.52 CFM per square foot during cooling 
operation. 

8. Classrooms in Areas ‘A’, ‘B’, ‘C’ and ‘D’ are served by unit ventilators. 

9. Area ‘E’ is served by a variable air volume (VAV) system installed as part of the 2007 
Student Center Renovations.  The supply air quantity is 22,000 CFM, with a cooling coil 
leaving air temperature of 54.0oF.   

B. Analysis 

Based on GMB’s cooling load calculations, and based on the original AHU-A1 and AHU-B1 
design supply air temperature of 60oF, the First and Second Floors in Area ‘A’, the First Floor 
in Area ‘B’ and the Planetarium have inadequate sensible cooling capacities.  Cooling air 
flow requirements are determined by Sensible Heat Gains to the space, including building 
envelope gains, solar gains, and internal heat generated by occupants, lights and 
equipment, and by the temperature difference between supply air and room air (typically 
75oF during the cooling season).  Refer to Trace 700 Heating and Cooling Load Calculations 
in Appendix E.  Refer specifically to the “Space Sensible Btu/h” under CLG SPACE PEAK on 
Room Checksums in the Trace 700 output.    

Table 1 – Main Building Airflow and Cooling Summaries in Appendix C includes an area-by-
area breakdown of existing square footages, supply air quantities, design cooling capacities 
and calculated cooling capacities.   

AHU-A1 and AHU-B1 air flows cannot be increased.  The original systems were marginally 
sized, and AHU-A1 has been made worse as the result of the 1987 Bookstore Addition and 
the 2007 Student Center Renovations.  The cold deck supply air mains are currently sized for 
3300 to 3400 feet per minute (FPM) velocity in the Mechanical Rooms (fairly common for 
dual duct systems designed in the 1960’s and 1970’s).  Cooling coil face velocities are 
currently sized for 600 to 650 FPM face velocity; 500 FPM is a typical design standard, with 
air pressure drop and moisture carryover being concerns at higher face velocities.  The 
outside air intakes have been sized at 2200 to 2300 FPM when the systems are in 
economizer mode (free cooling with outside air).   
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Several options have been considered to enable air handling units AHU-A1 and AHU-B1 to 
satisfy their calculated cooling loads: 

1. Increase the cooling capacity of air handling units AHU-A1 and AHU-B1 by decreasing 
the air handling unit supply air temperatures from 60oF to 55oF. Reducing the supply air 
temperatures to 55oF would increase the cooling coil capacities sufficiently to meet peak 
cooling demand in the Planetarium, and nearly enough (99.0 percent) to meet peak 
cooling demand in the First Floor in Area ‘B’.  The First and Second Floors in Area ‘A’ 
would still be at less than 100 percent cooling capacity (80.9 percent and 95.6 percent, 
respectively).  The right hand column in Table 1 indicates the sensible cooling capacity 
available to each area with a reduction in supply air temperature to 55oF.  We 
considered two options to reduce the AHU-A1 and AHU-B1 supply air temperatures.   

a. Reduce the chilled water supply temperature.  Manufacturer’s data on the existing 
American Standard air handling units is not available.  We modeled the cooling coils 
based on the existing face areas, and based on the original performance 
requirements.  According to our model, a chilled water supply temperature of 37oF 
would be required to reduce the supply air temperature in each air handling unit 
from 60oF to 55oF.  Operating at a 37oF chilled water temperature isn’t an option 
with the existing chillers. 

b. Replace the air handling unit cooling coils.  We estimate that new cooling coils could 
generate air handling unit supply air temperatures of 55oF with a chilled water 
supply temperature of 42oF.  We also estimate that larger cooling coils would 
increase the static pressure on the supply fan by approximately 0.2 inches, reducing 
fan capacity slightly.  The larger cooling coils would increase the connected load to 
the Nurses Pit chiller by approximately 30 tons.  Reducing the chilled water 
temperature from 45oF to 42oF would reduce chiller capacity by approximately five 
percent. 

We recommend decreasing the air handling unit AHU-A1 and AHU-B1 supply air 
temperatures.  This includes replacing the air handling unit cooling coils and reducing 
the chilled water supply temperature from 45oF to 42oF.  It will result in a slight increase 
in connected chiller loads, and a slight reduction in chiller and supply fan capacities.  
Refer to items B3 and B4 in the list of recommendations. 

2. Even with a reduced supply air temperature, air handling system AHU-A1 has 
insufficient cooling capacity on the first floor.  Multiple renovations and building 
additions have added too much cooling load to the system.  We recommend shedding 
some of the cooling load by reducing the area served by AHU-A1.   Several options have 
been considered: 

a. Reduce the loads on air handling system AHU-A1 by providing a new air handling 
unit dedicated to the Area ‘C’ office tower.  This would reduce the supply air 
quantity to the air handling system by 8200 CFM.  The new air handling unit would 
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use chilled water for cooling, and hot water for heating.  The resultant AHU-A1 
maximum supply air duct velocity would be approximately 2600 FPM, the cooling 
coil face velocity would be 470 to 500 FPM, and the outside air intake velocity would 
be approximately 1860 FPM (still very high).  Existing chiller loads would not be 
reduced.  A functional option for the locations of new air handling unit appears to 
be the roof of the South Classrooms in Area ‘C’.  The building structural has not 
been checked for its ability to support a new unit.  The sensitive campus aesthetics 
are another important consideration. 

b. Reduce the loads on air handling unit AHU-A1 by providing a new packaged rooftop 
air conditioning units dedicated to the Area ‘C’ office tower.  Packaged rooftop units 
are not compatible with dual duct systems.  The air handling system would 
therefore have to be converted to a variable air volume (VAV) system, with hot 
water reheat coils.  VAV reheat terminals would replace existing dual duct boxes on 
a one-for-one basis, and the existing dual duct hot duct would be abandoned in the 
First Floor ceiling.  We anticipate that a substantial amount of the existing ductwork 
could be re-used.  This option would reduce the connected cooling load on the 
Nurses Pit chiller by approximately 25 tons. 

c. Reduce the load on air handling unit AHU-A1 by providing new ground water heat 
pump units dedicated to the Area ‘C’ office tower.   A constant source of ground 
water is available through de-watering of the building footings at the far south end 
of the Nurses Pit Mechanical Room.  Opportunity exists to incorporate the use of 
ground water as a heat source and as a heat sink in a ground source heat pump 
system.  Any use of ground water in an HVAC system is predicated on it being 
sufficiently clean and non-corrosive.  It is our understanding that the pumped 
ground water is naturally sand-filtered, and that its use may be feasible.  An 
insulated water storage tank would be required in the Mechanical Room, to provide 
a constant source of water as sump pumps cycle, and possibly to de-couple the 
ground water from the heat pump heat exchangers.  Refer to Sketch 16 in Appendix 
F for a simplified ground water heat pump system schematic diagram.  Heat pump 
units would replace existing dual duct units on a one-for-one basis, and the existing 
dual duct hot duct would be abandoned in the First Floor ceiling.  New return air 
ductwork from the offices would be re-routed to the heat pump inlets, and the 
existing supply air ducts from the Area ‘C’ south offices would be re-used to provide 
minimum outside air to the heat pump units.  A new roof-mounted air intake hood 
would be provided on the Area ‘C’ south office roof.  This option would reduce the 
connected cooling load on the Nurses Pit chiller by approximately 25 tons.   

d. Reduce the loads on air handling unit AHU-A1 by providing a new packaged rooftop 
air conditioning unit dedicated to the Gerber Lounge (First Floor, Area ‘A’).  The 
Gerber Lounge currently has a supply air quantity of 4200 CFM, and the ductwork 
layout lends itself to the removal of two dual duct boxes and the addition of a 12-
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1/2 ton packaged rooftop unit.  The building structural has not been checked for its 
ability to support new unit; a 12-1/2 ton unit weighs approximately 2000 pounds.  
Hot water heating coils would be added to the existing ductwork, with heating 
piping connected to the existing secondary heating piping loop originating in the 
Nurses Pit Mechanical Room. 

We recommend that the load Reduce the load on air handling unit AHU-A1 by providing 
new ground water heat pump units dedicated to the Area ‘C’ office tower, and by providing 
a new packaged rooftop air conditioning unit dedicated to the Gerber Lounge.  Refer to 
items B1 and B2 in the list of recommendations. 

Dual duct system supply air temperatures are currently controlled manually, based on 
outside temperature and on ‘hot’ and ‘cold’ complaints from occupants.    Automatic control 
cannot occur because operating the existing boilers during early Spring and late Fall results 
in overheating of the First Floor.  The existing Weil-McLain boilers require a minimum return 
water temperature of 140oF to prevent boiler damage due to flue gas condensation, and 
therefore cannot supply low temperature heating water.   

We recommend that the control of dual duct air handling units cold deck temperatures be 
done automatically through the building automation system.  Affected units will include 
AHU-A1 and AHU-B1, plus unit AC-1 in the Fine Arts Center.  Control the cold deck 
temperature to 55oF (possibly lower for AHU-A1), unless reset upward through the BAS 
when no dual duct boxes are calling for full cooling.  To avoid over-cooling spaces, boiler 
heat must be available from early Fall through late Spring.  The addition of a high efficiency 
boiler will make possible the circulation of low temperature heating water (100oF to 120oF) 
in the early Fall and late Spring.  Refer to item B5 in the list of recommendations. 

Air handling system AHU-E1, serving Area ‘E’, has been adequately sized and there are no 
known problems.  Area ‘E’ has average air flows (based on the sums of VAV box peak 
airflows, and not including diversity) of 1.0 CFM per square foot on the Second Floor, and 
1.26 CFM per square foot on the Third Floor.  With a peak supply air flow of 22,000 CFM and 
VAV boxes with a total air flow of 23,565 CFM, the airflow diversity is 0.93.  The air handling 
unit serves 21,155 square feet, and the cooling coil has a capacity of 75.9 tons, for an 
average of 279 square feet per ton.  No improvements are recommended. 

VIII. BUILDING ENVELOPE IN THE AREA ‘C’ AND ‘D’ OFFICE TOWERS 

A. Existing Conditions 

Comfort in the Area ‘C’ and ‘D’ office towers has been very difficult to maintain.  The floor 
and window surfaces are cold in the winter, and the windows leak cold air.  The windows 
are single-pane.  According to Muskegon Community College staff, cold air infiltrates to 
within the interior building walls in some locations. 

Floors are concrete, with a ventilated soffit below the Second Floors.  The soffits below the 
Second Floors are insulated, but ventilation grilles allow cold air into the soffits and negate 
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the value of the insulation.  Heating water piping and sanitary piping are located within the 
soffits.  According to Muskegon Community College staff, some pipe freezing within the 
soffits has occurred. 

B. Analysis 

Although the Area ‘C’ and ‘D’ office towers were designed with adequate supply air from 
systems AHU-A1 and AHU-B1, it is unlikely that design air quantities are being delivered to 
the spaces.  Actual air flows have not been verified.  Supply air and return air duct branches 
serving the offices towers are each 200 feet long, and ductwork is undersized.   Supply air 
ductwork has a design pressure drop of 0.34 inches per hundred feet, and a design velocity 
of 2600 FPM.  Return air ductwork has a design pressure drop of 0.14 inches per hundred 
feet, and a design velocity of 1750 FPM. 

We measured interior window and floor surface temperatures at an outside temperature of 
7oF.  The temperature of the inside surface of the windows was between 43.5oF and 45oF 
(center of glass), with window mullion temperatures between 47oF and 50oF.  The 
temperature of the floors was measured to be 46.5oF to 61oF in carpeted areas (with the 
colder temperature measured near a corner).  The temperature on the underside of the 
concrete floor (within the soffit) was measured to be 30oF to 31oF. 

It is unlikely that occupant comfort can be achieved unless the surface temperatures of 
floors and windows are increased.  We recommend that the existing single glazing in the 
Office Towers be replaced with double glazing to increase interior surface temperatures, 
reduce cold air infiltration and reduce heat loss and solar heat gain.  Refer to item C2 in the 
list of recommendations.   

We also recommend that the existing blanket insulation be removed from the soffits, soffit 
vents be removed and all cold air short circuits within the soffits be identified and sealed.  
We recommend that two inches of spray-applied cavity wall insulation be applied to the 
‘plenum’ sides of the soffits.   A closed-cell foam product applied at the soffits will provide a 
vapor barrier at the soffits, maintain a warmer floor temperature and protect piping within 
the soffits from freezing.  We anticipate that substantial cutting and patching of the soffits 
will be required to accommodate this work.  Refer to item C1 in the list of 
recommendations. 

IX. FREE COOLING WITH OUTSIDE AIR 

A. Existing Conditions 

Mechanical cooling is available through the chillers from early Spring  through mid- Fall, with 
the chiller startup and shut-down dates determined by weather trends.  When mechanical 
cooling is not available, cooling occurs through ‘free cooling’ with the use of cool outdoor air 
when required.  Free cooling is available in all air conditioned spaces served by the chillers, 
with the following exceptions: 
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1. The Third Floor Nursing Offices are served by fan coil units located above the ceilings.  
When designed as part of the 2007 Student Center Renovations, no provisions for free 
cooling were included.  The college has since added outside air ventilation louvers and 
ductwork to slightly improve the conditions, but not sufficiently to enable free cooling. 

2. When the Library addition was built, provisions for free cooling in Third Floor 
Classrooms 331 and 335 were eliminated. 

3. Comfort cannot be maintained in the early Spring and late Fall in these spaces without 
the re-introduction of free cooling.  We recommend that the existing fan coil units in the 
Third Floor Nursing Offices be replaced with ground water heat pump units, and that 
the building de-watering sump pumps be used to provide a ground water source.  A 
water storage tank would be required in the Nurses Pit Mechanical Room, to provide a 
constant source of water as sump pumps cycle, and possibly to de-couple the ground 
water from the heat pump heat exchangers.  Re-use the existing outside air louvers, 
supplementing as necessary to provide minimum ventilation air to the heat pump units.  
Refer to Sketch 16 in Appendix F.  The heat pump units would be capable of providing 
heat or cooling year-round, without operating the central chillers.  Refer to item D1 in 
the list of recommendations. 

4. We recommend that the existing under-window unit ventilators in Classrooms 331 and 
335 be replaced with vertical unit ventilators, that an outside air louver be added above 
the ceiling in Classroom 339 (at the existing areaway) and that outside air ductwork be 
routed between the new outside air louver and the new vertical unit ventilators.  Refer 
to item D2 in the list of recommendations. 

X. REPLACEMENT OF OLD EQUIPMENT 

The oldest (1965 and 1967) mechanical equipment is nearly 50 years old, and should be 
considered for phased replacement to prevent a future crisis.  Remaining original equipment 
includes, but may not be limited to: 

A. Air handling units in the Nurses Pit, the Snake Pit and the Fine Arts Center Mechanical 
Rooms.  Individual heating coil, cooling coil and fan replacements could also be considered, 
re-using the existing air handling unit housings. 

B. Return air fans. 

C. Primary heating pumps in the Boiler Room.  

D. Secondary heating pumps in the Main Building Mechanical Rooms, and in the ‘Attic’ areas 
above the corridor ceilings in the Area ‘C’ and ‘D’ office towers, including their dedicated 
control valves. 

E. Heating coil pumps and control valves. 

F. Air handling unit cooling coil control valves. 
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XI. RECOMMENDATIONS AND COSTS 

Recommended measures are and their associated costs are listed in Table 2 below.  These costs 
have been developed for preliminary budgeting purposes only, and are listed in order of priority 
under each category. 

Table 2 - Opinion of Probable Costs  

Item Item Costs Reference 

 HEATING SYSTEM UPGRADES   

A1 Add a new 6,000,000 BTUH high efficiency boiler and a new 
boiler pump.  Replace the three existing boiler pumps and 
piping to increase pump capacities. 

$170,000 Page 6, Para. 4 

A2 Increase the main heating piping in the Boiler Room from 6 
inch to 10 inch size.  Provide a new 10 inch air separator. 

$51,000 Page 5, Para. 2 

A3 Add 2-way control valves and coil pumps to the existing 1965 
heating and ventilating units in the Technology Wing. 

 
$60,000 

Page 7, Para. 6.a 

A4 Add automatic flow control valves to each of ten hot water 
supply branch mains in the Main Building. 

$25,000 
 

Page 7, Para. 6.b 

A5 Replace 4" hot water supply and return piping between the 
Area 'F' Technology Wing and the Area 'C' stairwell with 6" 
piping. 

$48,000 Page 5, Para. 3 

A6 Remove compression tanks not located in the Boiler Room.  
Add compression tanks in the Boiler Room. 

$7500 Page 9, Para. 8 

A7 Replace all existing 1965 and 1967 three-way heating control 
valves serving air handling units with two-way control valves. 

$90,000 Page 8, Para. c 

A8 Replace all existing 3-way control valves serving AHU-11 and 
AHU-12 in Area 'G' with 2-way control valves. 

$10,000 Page 8, Para. d 

A9 Replace the Main Building primary heating pumps and 
variable frequency drives. 

$46,000 Page 5, Para. 1 

A10 Replace the Fine Arts Center primary heating pumps and 
variable frequency drives. 

$21,000 Page 6, Para. 5 

A11 Relocate differential pressure sensors serving primary 
heating pumps. 

$4500 Page 9, Para. 7 

A11 Eliminate ‘wild legs’ in the Stevenson Center heating system 
to limit overall system flow and to provide greater system 
flow diversity. 

$3600 Page 8, Para. e 

A13 Revise heating piping serving the fan coil unit located in Exam 
Room305. 

$700 Page 9, Para. 9 

 Sub-Total (Minimum for a fully functional heating system) $537,300  

A14 Add a filter and a filter pump to the central heating system. $7500 Page 10, Para. 10 
A15 Provide a new heating coil, coil pump and control valve for 

Kitchen make-up air unit HV-A2. 
$15,000 Page 10, Para. 11 

 Sub-Total (Miscellaneous heating items) $22,500  
 Total for Heating System Upgrades $559,800  
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Table 2 - Opinion of Probably Costs (Cont.) 

Item Item Costs Reference 

 AIR HANDLING SYSTEM UPGRADES   

B1 Reduce the load on air handling systems AHU-A1 by providing 
new ground water heat pump units dedicated to the Area ‘C’ 
Office Tower. 

$156,000 Page 15, Para. c 

B2 Reduce the load on air handling system AHU-A1 by providing 
a new packaged rooftop air conditioning unit dedicated to 
the First Floor Gerber Lounge. 

$30,000 Page 15, Para. d 

B3 Reduce the chilled water supply temperature of the Nurses 
Pit and Fine Arts Center chillers to 42oF. 

0 Page 14, Para. 1 

B4 Replace the air handling unit AHU-A1 and AHU-B1 cooling 
coils with new 8-row cooling coils. 

$60,000 Page 14, Para. 1 

B5 Control the cold deck temperature of three dual duct systems 
automatically through the building automation system.  
Provide low temperature hot water heat for control of hot 
deck temperature from early Spring through late Fall.  Note 
that Item No. 2 under “Heating System Upgrades” must also 
be implemented for this item to work. 

$7500 Page 16 

 Total for Air Handling System Upgrades $253,500  

    

 IMPROVEMENTS TO THE BUILDING ENVELOPE IN THE AREA 
‘C’ AND ‘D’ OFFICE TOWERS 

  

C1 Revise existing Office Tower soffits. $56,000 Page 17, Para. B 
C2 Replace existing single glazing with double glazing in office 

areas. 
$63,400 Page 17, Para. B 

 Total for Building Envelope Upgrades $119,400  
    

 UPGRADES TO ALLOW FREE COOLING WITH OUTSIDE AIR   

D1 Replace the existing fan coil units in the Nursing Offices with 
ground water heat pump units.   

$86,000 Page 18, Para. 3 

D2 Replace existing unit ventilators in Classrooms 331 and 335 
with vertical unit ventilators.  Provide a new outside air 
louver and outside air ductwork.  

$30,000 Page 18, Para. 4 

 Total for free cooling upgrades $116,000  
    
 GRAND TOTAL $1,048,700  
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