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INTRODUCTION 
 
The primary function of this building is to house animals that are 
used by investigators campus-wide in their ongoing research.  As 
such, the systems that maintain the environment in this building must 
maintain essentially a "zero outage" status or 100% up time, even in 
terms of scheduled routine maintenance.  Mechanical building 
system redundancies as well as power deficiencies (both normal and 
emergency) have been identified as key needs in this building.  A 
study was conducted to determine the condition of existing systems, 
the associated reliability, and a review of existing redundancies in 
the support systems to determine if they can be bolstered to provide 
the level of performance necessary to provide the zero outage 
capability. 
  
The building is still operating with most of the original building system 
components in both the original structure as well as the 2003 
building addition.  The air unit that serves the ground and first floor, 
installed with the original building construction, is in poor condition 
and needs to be repaired/replaced.  Due to the original design 
configuration of this air handling system, modifications to this system 
while the building is occupied and functioning will be extremely 
difficult without the aid of supplemental cooling and heating.  There 
are also several elements about the design of the building and the 
addition that create ongoing maintenance issues as well as reliability 
concerns. 
 
 
PROJECT SCOPE 
 
Analysis of the facility yields a program to address infrastructure 
issues and provide redundancy for critical mechanical, electrical and 
plumbing systems required to meet current vivarium guidelines.  The 
proposed Capital Program for renovation of the Research Support 

Facility, consist of a three-phase initiative to address these issues as 
follows:  
 
Phase-1 will include 1) new interconnecting ductwork between the 
air-handling units on the first and second floors from a new 
redundant emergency air-handling unit located on the roof; 2) 
replacement of the original air-handling unit on the first floor; 3) new 
variable air volume boxes and controls will be included to maximize 
the distribution of air between floors should one of the air-handling 
units be out of service; and 4) the stair will be extended to the roof to 
provide maintenance access to the new air-handling unit.   
 
Phase-2 will include 1) replacement of air terminal boxes and 
controls throughout; 2) extension of a second, redundant, domestic 
water service from the campus central utility plant; and 3) 
replacement of the surgery room medical gas system and 
modifications to the HVAC distribution. 
 
Phase-3 will include 1) replacement of the emergency electrical 
power system with new generator, transfer switches and 
switchboards. 
 
 
  



 

2 
 

INFRASTRUCTURE EVALUATION & 
RECOMMENDATIONS 
 
Background 
 
The building was constructed in two phases, the original building is 
approaching 24 years of age and the addition is approaching 9 years 
of age. 
 
The main portion of this facility was constructed and occupied in 
1989 and many of the building components are original equipment 
reaching the end of serviceable life.  The two-level building addition 
was occupied in 2003. 
 
Architectural Evaluation 
 
The four-story building consists of levels G, 1, 2 & 3 with a gross 
building area of approximately 75,000 square feet.  The ground floor 
houses both office space as well as animal holding facilities and 
cage wash; first floor is entirely dedicated to animal housing and 
surgery.  The mechanical and electrical support services for ground 
and first floor are located on the south end of first floor.  The second 
floor has both offices and storage but no animal holding facilities, 
third floor is dedicated to animal housing and also houses a cage 
wash.  The mechanical and electrical support services for second 
and third floor are located on the south end of second floor within a 
two-story mechanical room.   
 
The Research Support Facility Expansion involves adding a fourth 
level that will house new mechanical equipment and the vertical 
expansion of both the stairs and elevators.  The freight elevator and 
the passenger elevator are both rated for 5000lbs.  It is likely the 
existing hydraulic elevators would be replaced with more efficient 
machine-room-less traction elevators.   
 

The fourth level will be constructed to match the top two floors on the 
building.  This new level will provide relocation space for the current 
storage space on level two. This will allow level two to be renovated 
for vivarium use as a barrier suite. The framing will be structural steel 
that is tied in to the existing steel frame.  Walls will be framed of steel 
studs clad with insulated metal panel colored dark bronze.  The roof 
of the fourth level will be a fully-adhered single-ply membrane 
system.   The flooring will be a new exposed concrete structural 
deck.  The heat recovery unit and exhaust stacks will be located 
adjacent to the fourth level on the existing roof.   
 
The supply ductwork will run from the new air-handling unit (AHU) 
down the outside east face to feed floors G & 1 and directly down to 
feed floors 2 & 3.  A structural framework will be hung off the east 
side of the building to support the exterior ductwork for floors G & 1.  
Ground floor labs G022 and G023 will be converted to house 
switchgear. 
 
All activities involve multiple above-ceiling tie-ins on all floors that will 
have to be closely coordinated to minimize disruption to normal 
vivarium activities. 
 
 
Structural Evaluation 
 
The existing building structure is founded on drilled piers; bearing on 
limestone capable of safely supporting 60,000 pounds per square 
foot.  It consists of three elevated floor levels and a roof level.  The 
first two elevated levels are part of the original 1989 construction and 
consist of a concrete moment frame with concrete pan-joist framing.  
The original drawings indicate that the concrete frame was designed 
to support a future third floor and roof consisting also of concrete 
moment frame and concrete pan-joist framing.  In actuality, the 
current third floor level and roof are part of a 2003 addition to the 
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original structure that consist of a structural steel moment frame with 
composite beams and composite slab on metal deck.   
 
Preliminary analysis of the existing structure indicates that it would 
be possible to support the addition of another floor level above the 
existing roof, based on the following parameters: 
 
 The new floor level would be located a maximum of 5’-0” 

above the existing roof level and the new roof level would be 
located a maximum of 15’-0” above the new floor level.  The 
existing roof level framing is not capable of supporting floor 
loads. 

 The new framing would consist of a steel moment frame with 
composite steel beams and composite concrete slab on metal 
deck. 

 The new floor framing could be designed to support a uniform 
design live load of 125 pounds per square foot to support 
mechanical equipment. 

 New columns for the added floor would be located directly 
above existing columns and not offset from the existing column 
locations. 

 
 
Mechanical Evaluation 
 
Air Handling: 
 The original building (ground and first floor) is served by a 

single, custom built, 100% outside air, air handling unit (AHU) 
located in the first floor mechanical room.  This unit was 
designed for approximately 72,000 cfm.  The unit consists of 
two supply fans in a draw-thru configuration, a chilled water 
cooling coil, a medium pressure steam humidifier grid (direct 
injected plant steam), a hot water pre-heat coil, a glycol based 
heat recovery coil and a two stage filter bank.  The discharge 

plenum is tapped multiple times with ducts serving the first 
floor tapped into the top of the plenum (a 42"x20"Ø oval, a 
29"x20"Ø oval, a 19"Ø round, and a 20"Ø round) and ducts 
feeding ground floor tapped into the bottom of the plenum (a 
26"x20"Ø oval, a 20"Ø round, a 48"x20"Ø oval, and a 28x20"Ø 
oval) feeding directly thru the floor. Most of the ducts serve 
animal holding areas that have critical cooling and ventilation 
needs. There is a small appendage attached to the supply fan 
that houses the heat recovery pump and associated controls 
for the unit.  The general exhaust for these two floors is 
provided by a single, custom built unit that consists of two 
exhaust fans and a heat recovery coil.  Six, 28"Ø exhaust 
ducts tap into the discharge plenum and exit the building 
vertically thru the roof under positive pressure.  Both supply 
and exhaust fans are fitted with variable frequency drives.  The 
supply fans nor the exhaust fans are redundant to one 
another, all fans have to operate to meet capacity. 

 The building addition (second and third floor) is served by a 
single, custom built, 100% outside air, air handling unit located 
in the second floor mechanical room.  This unit was designed 
for approximately 37,000 cfm (50,000 cfm ultimate, the unit 
was sized for the second floor storage area to house animals).  
The unit consists of two supply fans in a blow-thru 
configuration, a chilled water cooling coil, a low pressure 
steam humidifier grid (direct injected plant steam), a low 
pressure steam IFB (integral face and by-pass) pre-heat coil, a 
heat recovery wheel and a two stage filter bank.  The 
discharge plenum transitions into 96"x48" ductwork with a 
66"x24" tap serving the second floor and extending vertically 
with 58"x20" and 60"x20" taps serving the third floor.  The 
general exhaust for these two floors is provided by a single, 
custom built unit affixed to the top of the supply unit that 
consists of two exhaust fans and the other half of the heat 
recovery wheel.  Three, 32"Ø exhaust ducts tap into the 
discharge plenum and exit the building vertically thru the roof 
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under positive pressure.  Both supply and exhaust fans are 
fitted with variable frequency drives.  The supply fans nor the 
exhaust fans are redundant to one another, all fans have to 
operate to meet capacity. 

 Most all of the rodent rooms now utilize ventilated racks.  
These racks have a flex duct from the internal exhaust fans 
that have been attached to the exhaust grilles in the rooms.  
Due to the excellent efficiency of these ventilated racks in 
maintaining the micro environment ventilation rates, an 
opportunity may exist to be able to reduce the macro 
environment (room) ventilation rates under emergency 
conditions. 

 
Cage Wash Exhaust: 
 The exhaust serving the tunnel washer on 3rd floor is a 

dedicated exhaust fan.  The exhaust fan is difficult to access 
and maintain.  

 
Chilled Water: 
 The chilled water for this building is produced in the Applegate 

Energy Center (AEC).  These chillers are not backed up by 
emergency power.  If the power is lost at AEC, chilled water 
production is also lost campus wide, including this building. 
The tertiary pumps serving this building are located in the 
basement of Wahl Hall East and the 12" chilled water supply 
and return pipes (CHWS&R) are routed to the building over the 
39th Street pedestrian bridge into the first floor of the building.  
10" CHWS&R lines extend over to the first floor AHU and 6" 
CHWS&R feed up to the second floor AHU.  

 
Steam: 
 The steam for this building is introduced at high pressure (90 

psig summer and 125 psig winter).  The 6" high pressure 
steam (HPS) and 3" pumped condensate return (PCR) are 
routed to the building over the 39th Avenue pedestrian bridge 

into the first floor of the building.  4" HPS and 3" PCR lines 
extend up to the second floor mechanical room.  

 At the lower mechanical room the high pressure steam is 
reduced to medium pressure (60 psig) steam thru a pressure 
reducing station.  All loads in the first floor mechanical room 
are served with MPS.  A PRV near the cage wash area drops 
the pressure to LPS to serve the smaller cage washers.  The 
condensate returns in the cage wash feed to a condensate 
return pit and are pumped back to the main receiver tank in the 
lower level mechanical room.  All of the condensate returns of 
both pressures are combined prior to entering the condensate 
receiver tank.  Only the HPS drip trap is routed to a flash tank 
for the lower level.  This condensate return pump also receives 
the returns from Breidenthal and has had multiple issues in the 
past with condensate overflow as the present tank is 
undersized due to space constraints.   

 The upper mechanical room has two pressure reducing 
stations, the first section drops pressure to 60 psig (MPS) and 
the second station drops the pressure on down to 15 psig 
(LPS).  The pre-heat coil, cage wash and sterilizer are served 
by the MPS.  The domestic water heater, heating hot water 
and humidifier are all served by LPS.  All of the condensate 
returns from the upper floors of all pressures are combined 
then feed into a flash tank which in turn feeds into the building 
condensate return pump. 

 
Pre-Heat: 
 The pre-heat system for the first floor AHU consists of two 

steam to water (glycol) heat exchangers with dedicated pumps 
on each heat exchanger.  These systems are 100% redundant 
to each other.  Medium pressure steam (with a 1/3 - 2/3 valve 
configuration) is used to convert steam heat to the glycol 
solution and control valves modulate the water flow at the coils 
in the AHU.  The heat exchangers are located above the 
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pumps on a mezzanine in the mechanical rooms with very 
poor access for maintenance.  The steam traps serving the 
heat exchangers are installed below the mezzanine, above the 
pumps making them hard to maintain, due to size and weight, 
they are virtually impossible to remove in this location for 
maintenance, repair or replacement.  One of the pumps has 
been replaced, the other pump is original but has had the 
motor replaced.    

 The pre-heat system for the second floor AHU consists of a 
more customary integral face and by-pass coil fed by medium 
pressure steam. The steam is controlled by two valves (with a 
1/3 - 2/3 valve configuration).  This coil has a leak and needs 
to be replaced. 

 
Re-Heat: 
 The re-heat system for the lower two floors consists of two 

steam to water heat exchangers with dedicated pumps on 
each heat exchanger, these systems are 100% redundant to 
each other.  Medium pressure steam (with a 1/3 - 2/3 valve 
configuration) is used to convert steam heat to the water and 
control valves modulate the water flow at the coils in the 
control boxes.  The pumps are original but both have had the 
motors replaced. 

 The re-heat system for the upper two floors consists of one 
steam to water heat exchanger with two 100% redundant 
pumps.  Low pressure steam (with a 1/3 - 2/3 valve 
configuration) is used to convert steam heat to the water and 
control valves modulate the water flow at the coils in the 
control boxes. 

 The re-heat piping, throughout the building, has just recently 
been replaced thus is in excellent condition. 

  
 
 

Humidification: 
 Both systems utilize steam grids in the AHU's with plant steam 

directly injected into the airstream.  The unit serving the lower 
floors utilizes MPS and the unit serving the upper floors utilizes 
LPS.  As this moisture is being added to a relatively cool 
airstream, higher space humidities are not attainable 
(maximum of likely 35-40%).  Some of the animals require 
room humidity as high as 80%. 

 
Heat Recovery: 
 Both air systems utilize heat recovery from the exhaust air 

stream.  The lower level system is based on a pumped glycol 
system that consists of a coil located in the preheat position in 
the air unit and a coil located in the exhaust system; these 
systems are commonly referred to as "run around" loops.  The 
glycol prevents freezing of the fluid exposed to low outside air 
temperatures.  These systems don't allow any transfer of latent 
heat but do provide a superb isolation between air streams.  
The upper level system utilizes an energy wheel.  Half of this 
wheel resides in the make-up air plenum of the air unit and the 
other half is in the exhaust air stream.  The wheel rotates 
slowly allowing the temperature and humidity recovered from 
the exhaust air to be inserted into the incoming air from the 
outside.  These systems allow both sensible and latent transfer 
of energy into the make-up air although there is some question 
about the ability to isolate these two air streams from noxious 
or toxic elements in the exhaust air.      

 
Zone Supply Air Control: 
 Room to room and zone temperature control is accomplished 

thru a myriad of control boxes with hot water re-heat coils.  
The control boxes on the lower two floors have pneumatic end 
devices and were originally designed to operate at two 
different air quantities, occupied and unoccupied.  These 
boxes have since been fixed at a single constant volume air 
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flow.  The upper two floors utilize mostly current technology 
direct digital controls (DDC) on the boxes as well as electronic 
sensors serving the rooms. 

 
Zone Exhaust Air Control: 
 Room to room and zone exhaust is accomplished thru a 

myriad of control boxes connected to the two large central 
exhaust systems.  The control boxes on the lower two floors 
are early version electronic controls with pneumatic end 
devices and were originally designed to operate at two 
different air quantities, occupied and unoccupied.  These 
boxes have since been fixed at a single constant volume air 
flow.  The upper two floors utilize DDC controls on the boxes 
as well as electronic sensors serving the rooms.   

 
Air Compressor: 
 There are two air compressors in the building, one located in 

the first floor mechanical room and the other located in the 
second floor mechanical room.  These compressors serve 
controls and end devices in the control system as well as the 
washing machines.  Both compressors appear to be relatively 
new and in good working order. 

 
 
 
Monitoring: 
 The original design for the lower two floors entailed a 

monitoring/control panel in the corridor for each of the animal 
rooms.  None of these panels are currently operational.  The 
third floor is fitted with Edstrom monitoring but there are no 
local interface points.  The monitoring can only occur from the 
front end.    

 
 
 

Plumbing Evaluation 
 
Domestic Water: 
 The domestic water service for this building is served by BPU 

as opposed to the central softened water system from 
Applegate.  A 4" tap in the main on 39th Street splits into two 
4" services at the curb, one for domestic water service and one 
for fire protection.  Domestic hot water is produced in two 
locations in the building.  Ground floor and first floor are 
heated by an instantaneous heater located on the mezzanine 
in the first floor mechanical room.  This heater is served by 
medium pressure steam.  Second and third floors are served 
by a second domestic water heating system.  This system 
consists of a shell and tube heat exchanger heated by low 
pressure steam.  Neither system is sized to carry the entire 
building.  

 
RO/DI Water: 
 The RO/DI system that serves the entire building is located in 

the first floor mechanical room.  This system is in need of 
replacement. 

 
Vacuum Pump: 
 There is a single vacuum pump for the facility located in the 

first floor mechanical room.  This system appears to be in good 
operating conditions with no reported issues or problems.  This 
system presumably serves the surgery suites. 

Fire Protection: 
 The building is fully covered by an automatic sprinkler system. 

 
Emergency Eyewash and Showers: 
 There are currently only eye wash and showers for the ground 

floor and third floor inside the dirty side cage wash.  All third 
floor rooms also have eye wash hoses at each sink.  There are 
no other eye wash or showers on ground or first floors.    
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Electrical Evaluation 
 
Normal Power Distribution: 
 The building is served at 277/480 volts via the campus 

medium voltage 13,800 volt system.  The primary service 
feeder comes from a manhole in 39th Avenue and serves a 
1000 kva transformer which is located adjacent to the building 
on the east side.  The main switch serving the building is 
located in the first floor mechanical room.  The switch is rated 
at 1600A. and utilizes fusible switches for the 480 volt 
distribution.  The switchboard is original to the building.  The 
distribution switches are beginning to fail and some have 
already been replaced.  There is a normal lighting power panel 
(277V) on each of the two lower floors.  The original 120/208V 
normal power distribution for the lower two floors consisted of 
a 112.5 kva transformer feeding a double wide panel (200A.) 
on each of the two lower floors.  These panels are all located 
near the south end of the building.  There is very little space 
available in this gear to add additional circuits.   

 The original building design on the lower two floors placed 
several animal rooms on a common circuit.  With the power 
consumed by the changing hoods (6-8A.) as well as the 
ventilated racks (2A.), a severe power shortage exists on the 
floors.  Recently, two additional 75 kva transformers and 
associated 225A. panels (one per floor) have been added to 
bolster the capacity on these two floors.  This addition has 
more than doubled the normal power capacity on each of the 
lower floors with several new dedicated circuits added 
throughout the animal rooms. 

 A recorder was attached to the building for three days in 
November of 2011.  The entire building recorded a peak 
maximum electrical demand of 767 A., the average maximum 
demand for the building was 404 A.  The load between the 
upper and lower floors is almost split evenly in half.  

 The upper two floors are served from a 1000A. distribution 
panel that is located on the second floor mechanical room.  
The board is served from the original main switch located on 
first floor by tapping the mains and serving a 1000A. switch.  
The switch sets adjacent to the main switch on first floor. 
There is a normal lighting power panel (277V) that serves the 
upper floors.  The 120/208V normal power distribution for the 
upper two floors consists of two (2), 75 kva transformers 
feeding panels (225A.) for each of the floors.  These panels 
are all located on second floor in the mechanical room near 
the south end of the building.    

 
Emergency Power:   
 A 300 KW emergency generator, located adjacent to the 

building on the east serves the lower two floors.  This 
generator feeds two, 400A. automatic transfer switches (ATS) 
located in the first floor mechanical room.  There is no main 
emergency power board per se, these two switches are fed 
from a gutter.  One of the ATS's feeds the air handling unit and 
exhaust fans.  The other ATS feeds a 600A. distribution panel 
that serves critical pumps, air compressors, emergency 
lighting (277V) and emergency power (120/208V) for the floors 
via a 75 kva transformer.  The 200A., 120/208 emergency 
power panels (double wide panel, only 200A. total capacity) 
are located just north of surgery on the first floor, on the 
extreme east side of the building. The generator and automatic 
transfer switches are all original to the building.  The electrical 
loading on the generator was recorded in early 2010 at about 
151 kva.  Later reports indicate that the generator is loaded as 
high as 88%. 

 A 350 KW emergency generator, located adjacent to the 
building on the east serves the upper two floors.  This 
generator feeds one, 600A. ATS located in the second floor 
mechanical room.  The ATS in turn feeds a 600A. distribution 
panel that feeds the air unit and exhaust fan, emergency 
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lighting (277V), emergency power (120/208V) for the floors 
and the north elevator has been added to this panel as well to 
free up space on the lower gear.  The 120/208 emergency 
power for the upper two floors is served from this panel via a 
75 kva transformer.  The 225A., 120/208 emergency power 
panel is located in the second floor mechanical room, in the 
extreme southeast corner of the building. The generator and 
automatic transfer switches are all original to the building 
addition.  The electrical loading on the generator was recorded 
in early 2011 at about 100 kva.  Later reports indicate that the 
generator is loaded far less than 30%. 

 These two generators are not connected electrically and there 
is presently no way for these generators to provide back-up for 
one another. 

 
Lighting: 
 The lighting for the building operates at 277 volts.  The lamps 

have been mostly replaced with T8 lamps. 

 Some of the emergency egress lights are on a night lighting 
circuits that are un-switched and has raised some issues in the 
past with light spillage into animal rooms.   

 
 
 
 
Fire Alarm: 
 The fire alarm system is an XLS 1000 Honeywell system which 

is mostly current technology and appears to be in good 
working order.  

 
 
 
 
 

RECOMMENDATIONS 
 
General 
 
As mentioned previously in the study, there are several building 
mechanical and electrical components that are original to the 
building when it was built in the late 1980’s.  Mechanical systems 
and their components have a finite useful life even under the best 
maintenance and care as they all having moving parts.  Typical 
mechanical system component life is around 20–25 years although it 
isn’t uncommon for some air units and chillers to run well into the 30 
year range. 
 
Electrical systems and their components normally see a longer 
useful life as there are far less moving parts thus wear and tear 
occurs at a much slower rate.  It isn’t uncommon to see electrical 
equipment stay in service for 40 years.  The end of life for most 
electrical gear comes when components begin to fail and the 
replacement parts are no longer available.  It is not uncommon for a 
switch or a breaker to be opened for normal maintenance or repair 
and not ever close again. 
 
The Eighth Edition of the "Guide for the Care and Use of Laboratory 
Animals" (The Guide), is the document that provides the minimum 
guidelines for the design and operation of this facility.  Whereas this 
document covers a vast amount of the information required for the 
operation, staffing and management philosophies of an animal care 
facility, it falls quite short of providing specific design requirements 
for mechanical and electrical systems as would typically be found in 
American Society of Heating and Refrigeration Engineers (ASHRAE) 
or the National Electric Code (NEC).  This document provides vague 
direction in terms of the requirement for redundancy on systems and 
the requirements for emergency power.  There is no direction in 
terms of ventilation rate requirements.   The 2008 National Institutes 
of Health (NIH) Design Requirements Manual for Biomedical 
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Laboratories and Animal Research Facilities (DRM), formerly called 
the NIH Design Policy and Guidelines, however has very detailed 
design requirements and provides specific guidance for animal 
research facilities. This document provides what the NIH deems the 
minimum performance design standards for NIH owned and leased 
new buildings and renovated facilities.  Given the potential of lost 
research as well as loss of animal resources, this document would 
be a very good design companion to The Guide in terms of providing 
a better and more reliable infrastructure.  
 
Mechanical Recommendations 
 
Air Handling: 
 The first floor air unit is in need of replacement.  The casing of 

the unit has rusted out and has numerous air leaks.  As this 
building can hardly stand an outage past 4 hours, the 
replacement of this unit is all but impossible without an 
auxiliary unit being installed and connected to the existing 
ductwork while this replacement occurs.  If this auxiliary unit 
were installed permanently, it could also be connected to 
ductwork for the second floor unit and act as a back-up to that 
system as well.  Not only could this system provide a back-up 
for one of the units in times of mechanical failure, it could also 
allow for a reasonable time frame to provide routine 
maintenance on the existing equipment such as belt and filter 
changes.  This should also help to ease any concerns that the 
USDA or NIH has had about the system's ability to continually 
maintain the environment for the animals.  We would 
recommend that this stand-by unit be sized to back-up only 
one of the units, but not both.  The capacity of the first floor 
unit is approximately 72,000 cfm, but the "animal only" 
component for this system is only around 45,000 cfm.  This will 
also adequately serve the "animal only" component of the 
upper system, even if the second floor storage is converted to 
animal housing usage in the future (the air unit serving this 

area was originally designed for the capacity to place animals 
in this area).  By programming the supply and exhaust boxes 
serving the non-critical spaces to an off position in the event of 
an emergency, a smaller air handling unit will suffice. This unit, 
if installed early in the project will also aid for the modifications 
needed during construction but a portable air handling unit will 
likely be required on grade while the first floor unit is replaced 
to feed the non-animal spaces.  

 As neither of the exhaust fan systems are truly 100% 
redundant, coupled with the fact that both configurations utilize 
pressurized duct within the building, we recommend that 
redundant exhaust fans with heat recovery be installed on the 
roof. 

 Other recommended changes to the second floor AHU are 
outlined below. 

 
Cage Wash Exhaust: 
 The exhaust fan for the upper cage wash needs to be 

relocated for ease of access and maintenance.  
 
Chilled Water: 
 The chilled water supply to the building is of adequate size and 

condition however, the chillers in AEC are not on emergency 
power.  In the event power is lost in AEC, this building will 
overheat quickly if it is during the cooling season.  An alternate 
source of cooling such as an air-cooled chiller (approximately 
300 tons) should be installed and placed on emergency power. 

 To further bolster chilled water back-up, chilled water lines will 
be routed to a location on grade such that piping connections 
will quickly allow a portable chiller to be connected to the 
building. 
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Steam: 
 The steam service to the building is of adequate size and in 

good condition and AEC has redundant boilers, however, if the 
steam lines from AEC to this building were compromised, the 
building would be unable to sustain the animal population in 
cold weather.  A redundant low pressure boiler (approximately 
15,000 pounds per hour) should be installed in the building 
such that space temperatures could be maintained in an 
emergency.  The medium pressure steam loads such as cage 
wash would not be serviced during this outage.  Also, other 
loads such as humidifiers may be turned down or off during 
these emergencies in an attempt to limit the size of these 
back-up systems. 

 To further bolster steam back-up, steam and condensate lines 
will be routed to a location on grade such that piping 
connections will quickly allow a portable boiler to be connected 
to the building. 

 We recommend installing a low pressure PRV station in the 
lower level mechanical room so that any new heat transfer 
equipment can operate on low pressure steam, offering both 
better control as well as maximizing on the latent heat 
available from the use of steam.  Consideration should be 
given as to whether redundant PRV's should be installed or if 
the by-pass is adequate in the event of a PRV failure.  

 Flash tanks should be installed for both HPS and MPS 
systems to allow the for the efficient predictable combining of 
condensate returns.  The present system allows the 
combination of various pressures of condensate prior to 
flashing thus impeding the flow of the lower pressure 
condensate on the combined systems. 

 Redundant steam traps should be installed on all major heat 
transfer equipment to allow for maintenance and replacement 
of traps without interrupting service.  

 A larger, redundant, condensate return system is required to 
deal with the entire load of this building as well as Breidenthal. 

 
Pre-Heat: 
 We recommend that the new air unit on first floor be fitted with 

a low pressure steam IFB coil.  The steam IFB coil should 
eliminate the chance of frozen coils and greatly reduce the 
amount of maintenance for this system. 

 The pre-heat coil on the second floor unit has a leak and 
needs to be replaced. 

 
Re-Heat: 
 We recommend consolidating the three current systems into a 

combined system feeding the entire building, preferably in the 
second floor mechanical room.  This new re-heat system will 
consist of two shell and tube converters each with dedicated 
pumps.  Both of these systems would be sized at 100% such 
that either can be taken completely out of service for 
maintenance or repair.  These systems can also be set-up to 
ultimately allow variable flow which will result in energy 
savings.  As the constant volume boxes are replaced, two way 
valves can be installed so that variable flow can be realized. 

 The re-heat heat exchangers should be placed in an 
accessible location such that the traps, etc. can be easily 
maintained. 

 This consolidation will allow the mezzanine on first floor to be 
removed freeing up much needed space in the first floor 
mechanical room. 

Humidification: 
 The humidifiers in both systems should be replaced with steam 

to steam humidifiers so that clean steam can be provided into 
both air streams.  Any chemicals carried over from the central 
plant steam are presently capable of contaminating the 
airstream.  For those areas that have high humidity 
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requirements (greater than 45 percent), room humidifiers will 
be required. 

 
Heat Recovery: 
 We would recommend that the new AHU for first floor be 

designed with a heat recovery coil similar to the existing and 
sized to be compatible with the coil in the exhaust fans. 

 We recommend replacing the heat wheel on the second floor 
unit with a heat recovery coil.  Although this wheel has proven 
to be very efficient there are safety concerns about the 
potential of having contamination from the exhaust air stream 
re-enter the supply air and introducing unwanted contaminants 
to the people or animals.  Whereas the piped heat recovery 
system for first floor isn't as efficient, it is much safer.  

 
Floor Zone Control: 
 The constant volume supply boxes with reheat and the 

exhaust boxes for all four levels should be replaced based on 
the age of the systems as well as the need to update the 
controls on the lower two floors.  The flow sensors are a very 
likely in poor condition and will require increased maintenance 
to keep these boxes performing.  The new controls can easily 
be integrated into these boxes when they are installed for the 
lower level and the existing controls can be re-fitted on the 
upper two floors.   

 Strategies will be employed thru the control system to help 
limit the total cooling loads during emergency situations such 
that the chiller will not be sized to support the entire building 
loads that occur during normal operating conditions.  
Ventilation rates can be reduced in an emergency to just 
provide the amount of air required to cool the spaces which is 
far less than the 10-15 air changes that these spaces are 
presently served by to comply with the Guide. 

 With the recent activity with both ASHRAE and AAALAC in 
considering reduced airflows in vivarium design, a control 
system similar to Aircuity may need to be considered which 
would allow the overall energy usage in the building to be 
drastically reduced even during normal steady state operating 
conditions.  These systems operate on the premise of real time 
sensing of each space for contaminants such as TVOC's, 
CO2, dewpoint and particulate with the resultant dynamic 
control of air flows to each of these spaces. 

 
New 4th Floor Storage: 
 The new storage area will be fully conditioned space for 

storage of cages, bedding, food, etc.  Storage areas will be 
fully heated and cooled with fan coil units or chilled beams. 
None of these spaces will require outside air-only systems or 
exhaust. 

 
Air Compressor: 
 Assuming that the controls and end devices are ultimately 

converted to DDC, the air compressors should be consolidated 
into a single location to serve the washing machines, 
preferably the second floor location would be retained. 

 
Monitoring: 
 The Edstrom monitoring system should be upgraded and 

expanded to all floors that house animals.  This system should 
allow for the local displays similar to what is presently installed 
at Hemenway.  Based on the current lack of an operational 
monitoring system on the lower floors, stand alone 
hygrometers must be used for room to room monitoring.  
These have no ability to report back to a central location 
making this a very time consuming operation.  With the 
expansion of the Edstrom system, collaboration and continued 
coordination will need to occur between the users and the 
Honeywell system monitored by Facilities.  Regular calibration 
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between the Edstrom and Honeywell systems must occur such 
that one system isn't alarming to an event that the other 
system hasn't recorded. 

 
Plumbing Recommendations 
 
Domestic Water: 
 The primary domestic water service needs to be revised such 

that this building is  served off of the AEC softened water 
system.  This will entail replacing the water service back over 
the bridge as the line in the bridge also serves Dykes and 
Hemenway.  The existing service from BPU can be retained as 
a back-up water supply in the event of an emergency. 

 We recommend that the domestic hot water systems be 
combined into two redundant systems that will be common to 
all four floors. 

  This consolidation will allow the mezzanine on first floor to be 
removed freeing up much needed space in the first floor 
mechanical room. 

 
RO/DI Water: 
 Plans are in place to for the replacement of the RO/DI system. 

 
Vacuum Pump: 
 We have no recommended changes to the vacuum system. 

 
Fire Protection: 
 We have no recommended changes to the sprinkler system. 

 
Emergency Eyewash: 
 We would recommend that eyewash and showers be installed 

on all floors where animals housed or laboratory functions 
occur.  These devices should all be connected to an approved 
tempered water system.  

 
Electrical Recommendations 
 
Normal Power Distribution: 
 At present, the building transformer and electrical service are 

of adequate size and capacity.  The addition of auxiliary 
cooling will likely require additional power to the building.  One 
of the issues with the lower level electrical distribution is that 
all available switches have been used.  These switches are 
also now beginning to fail.  Another point of concern is that the 
normal electrical service has several single points of failure.  
We recommend installing a second transformer and two new 
main switches with associated tie break in between.  This 
would not only allow the ability for routine maintenance but 
would also allow the building to switch between transformers in 
the event of a failure.  The long range plan is for the migration 
away from the manhole on 39th Avenue for safety concerns, 
so the second medium voltage feed will either come from the 
switch presently feeding Hemenway or potentially direct from 
BPU.  Thus the second medium voltage source will be from a 
diverse source providing the best redundancy to the building.  
Panels should be located more centrally on the floors such that 
the addition of even a single circuit doesn't require so much 
planning, disruption and cost. 

 
Emergency Power: 
 The lower level generator is overloaded, the upper level 

generator has very little load. 

 A new generator (approximately 1,000 kw) should be installed 
sized for the entire building with an emergency distribution 
panel to feed the various transfer switches. 

 Animal rooms should have access to emergency power, 
especially those with aquatic animals as well as the ventilated 
racks for rodents.  This could be accomplished quite easily by 
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transferring the newer 400A. distribution panel that was 
installed to serve the lower floors over to the emergency 
distribution panel.  The 350 kw generator should have the 
capacity even today to handle this load. 

 The cooler on first floor should be placed on emergency power 
as the carcasses of animals are stored here until pick-up. 

 Panels should be located more centrally on the floors such that 
the addition of even a single circuit doesn't require so much 
planning, disruption and cost. 

 
Lighting: 
 The only revisions to the lighting system are to rectify the 

lighting pollution effects that occur from the night lights.  We 
suggest placing these lights on switches and installing 

emergency ballasts that will sense whether the circuit is hot 
and allow the fixtures to be illuminated only if power is lost or 
when required by users. 

 
Fire Alarm: 
 
  There are no recommended changes to the fire alarm system. 
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Phase 1 Budget $3,100,000
Phase 2 Budget $1,800,000
Phase 3 Budget $1,800,000 MEP Costs
TOTAL BUDGET ALL PHASES $6,700,000 Domestic water connection to AEC source $42,000

Replace air terminals & controls in animal rooms $990,000
Replace air terminals & controls in non-clinical areas $424,000
Replace surgery medical gas system & HVAC modifications $60,000

Phase 2 Total Construction Cost $1,516,000

Development Costs
MEP Costs Architectural / Engineering Fee 10% $151,600

Steam Piping $77,000 State Code review $15,200
Chilled Water Piping $99,000 Campus fee 1% $15,200
Controls $192,500 Commissioning / Test & Balance (1% of MEP Cost) 1% $15,200
First Floor AHU (72,000 cfm) $432,300 KUMC Maintenance $10,000
Rooftop AHU (45,000 cfm) $276,100 Phase 2 - Total Development Costs $207,200
Humidifier $38,500 Total Construction & Development Costs $1,723,200
Demo Old AHU $27,500 Contingency 5% 5% $76,800
Conduit and Wire $44,000 TOTAL BUDGET - Phase 2 $1,800,000
Sheetmetal $525,000
New VAV boxes $103,500

MEP Subtotal $1,815,400
General Construction

Stair tower, supports for air handling units, hoisting, 
roof repairs etc. 480,000$        MEP Costs
Interior remodel and temporary protection for MEP connections 300,000$        12470/480 xfmr (to allow the building to stay on-line) $96,800

General Construction Subtotal 780,000$        480 volt normal power switchboard/tie switch $242,000
Generator $605,000

Phase 1 Total Construction Cost 2,595,400$    Automatic Transfer Switch $84,700
Automatic Transfer Switch $84,700

Development Costs 480 volt emergency power switchboard $108,900
Architectural / Engineering Fee 10% $259,500 Conduit and Wire $151,250
State Code review $40,000 Internal Emergency Power $121,000
Campus fee 1% $26,000 Phase 3 Total Construction Cost $1,494,350
Commissioning / Test & Balance (1% of MEP Cost) 1% $18,200
Printing $15,000 Development Costs
KUMC Maintenance $10,000 Architectural / Engineering Fee 10% $149,400

Phase 1 - Total Development Costs $368,700 State Code review $14,900
Total Construction & Development Costs $2,964,100 Campus fee 1% $14,900

Contingency 5% 5% $135,900 Commissioning / Test & Balance (1% of MEP Cost) 1% $14,900
TOTAL BUDGET - Phase 1 $3,100,000 Printing $15,000

KUMC Maintenance $10,000
Phase 3 - Total Development Costs $219,100

Total Construction & Development Costs $1,713,450
Contingency 5% 5% $86,550

TOTAL BUDGET - Phase 3 $1,800,000

PROJECT BUDGET - Phase 3
Research Support Facility Infrastructure

Research Support Facility Infrastructure

BUDGET SUMMARY by PHASES

PROJECT BUDGET - Phase 1
Research Support Facility Infrastructure

PROJECT BUDGET - Phase 2



ID Activity

1 Select Architect

2 Phase 1 Design

3 Phase 1 Construction

4 Phase 2 Design

5 Phase 2 Construction

6 Phase 3 Design

7 Phase 3 Construction
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2014 2015 2016

Research Support Facility Infrastructure Upgrades
PROJECT SCHEDULE

(Fiscal Years)
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