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Overview:

Recent developments in the medical indubtrye increased and will continue to increase

the incentive for healthcare providers to scrutinize and improve hospital staff procedures,
support services and the performance of infrastructure systems. This paper focuses on
the role and benefits of commissing and retrecommissioning key infrastructure
systems serving critical healthcare environments. A case study of a recent retro
commissioning project is presented to illustrate potential problems and solutions to
design and construction errors. Theeatudy is a surgical pavilion that has experienced
increased infection rates in the operating rooms (ORs). The facility was in use for
approximately 1.5 years before the retmmmissioning effort was started.

The paper begins with background on readetelopments to the medical industry and
shortcomings of standard construction practice, which lend aedeio the
commissioning procegsespeciallyfor critical healthcare environments.



Medical Industry Developments:

Starting October 1st of 2009, Medre will cease to payor what aredeened to be
Areaspnabkept abl ed hospi tthelfolowngst ak e s . Thi s i

Urinary tract infections from catheters

Bloodstream infections from catheters

Falls

Bed sores, or pressure ulcers

Objects left in gatient during surgery

Blood incompatibility(giving a dangerously wrong blood type
An infection after heart surgery called mediastinitis

Air embolism(an air bubble in a blood veskel

With the many private insurance carriegich as Aetnawatching ths shift in the

i ndustry closel vy, t her e S common specul at
Furthermore Medicare igeportedlyplanning further reductions i2010 onpayment for

other hospital mistakes eecondary illnessesuch astaph infections

As t he ifinantial Delttiglytens hospitals will be forced to become more aware
of the types billnessesand caseso longer covered by insurance carriers tlf@catheir
patients. Many hospitals willebincreasing education and hamdshingprograms as
well as adding infection control staff, &t the Cleveland Clinic, according to the
hospital 6s spokeswoman Eil een Sheil

Commissioning Heating, Ventilating and Air-
Conditioning (HVAC) Systems

Heating, ventilating and agonditioning (HVAC) systems serve as a common thread
between critical hospital areas which control the temperature, humidity and
pressurization of these spaces. As increased attentiocusedon reducingpreventable
medical mistakes, will only bea matter of time befe support servicesuch as HVAC
arescrutinized apossible problem sources

On several recent projects involving HVAC systems serving critical care areas (e.g.,
operating rooms and laboratories) the infection control department has targeted HVAC
systens as the source of increased infection rates. It is likely that with the potential
reduction in funding for common hospital infections and increased focus, liability, and
responsibility to have properly working HVAC systems will make the commissioning
process necessary in critical healthcare environments.

While the costs for commissioning and ret@mmissioning services are not
insignificant, they pale in comparison to the potential loss of income from reductions in
funding from Medicare or other insuree carriers or the liability from law suits. A
Michigan hospital study of 1.3 million patients found that in 2005 the average hospital



stay cost $1,237 per night on averdgexcludingall food, supplies and all medical
treatments. Several sources iradée a typical week in the hospital with all expenses
could be around $75,000. Commissioning can be an effective tool to improve a
hospital 6s environment al performance by
expenses.

Deficiencies in the Current Construction Process:

Many states require hospitals to have state and local inspectiars dythority having
jurisdiction (AHJ), such as the lllinois Department of Public Healffhese inspections
are a ondime look at the building and systems and qftaitical problems that can only
be observed through monitoring the operating systanesmissed

Construction projects have the typidakting, adjusting and balancingAB) reports
conducted and submitted. Critical pressure relationships are eftiewed and tested by

the AHJ. Negative pressure isolation rooms and positive pressurization rooms often have
control monitoring and alarming which may or may not be tested by the AHJ.
Mechanical and HVAC systems typically have a building automatiorersyg$BAS)

which is capabl®f trending critical areasln our experiencegurrent standargractices

will only catch the more obvious and apparent problems.

It is common practice in the controls industry to have a system capable of trending, but
no trendng set up. It is the design engineér sesponsibility to specify what and how
often trendsare set up remember if it wasn't specified, it wasn't boughtVery often
commissioning authoritiegre brought int@rojects, where no trending was specified an
have push back from the controls contractor whenedsl setup trends for every air
handler, chiller plant, heating plargtc. Alternatives to overcome this includéhe
controls contractor traing the commissioning authority (CxA) who can then sptthe

trends desired, iftime and feepermit; orif the owneb ®perations staff isactively
involvedin the commissioning procedkiey can be trained to setup trends with help from
the controls contract@nd coordination from the CxA.

Adding a Commissioning Process

Through the implementation of a commissioning and/or {&bramissioning process we
have beerfinding, addressing and correcting persistent probleifitsese problemsften
relate tothe complex equipment and systems that provide and caetngberature,
humidity, and pressurization ofcritical hospital areas as well astheir pressure
relationships to adjacent spaces. These problems stentHreenareas: originalesign
and/or submittaissues physical installationissues and the programme sequence of
operations of the building automation systef proactive setup of the controls system
including alarming and trendingan help to identify varioussystem problemand also
potentiallyavoid increases in infection rates

pot



New Surgical Pavilion - CASE STUDY

The following outlines a case study involving the retoonmissioning of a surgical
pavilion approximately 411/2 years after it opened. An increase in infection rates in the
operating rooms (ORs) prompted infection control to scrutinespital staff procedures,
support services, and infrastructure systems.

The original project construction cost was $35,000,000 which included the addition of
56,000 square feet of new surgical and support spaces, and the renovation of 45,000
square feebf existing hospital space. The cost for retcanmissioning this project
which includes the efforts of the commissioning consultant, general contractor, controls
contractor, mechanical contractor and TAB contractor was approximately $125,000.

After 1-1/2 years of operation, this hospital recorded an increase in operatind@dm
patients infection rates.Testing of both the OR staff and support servicesluding
ductwork and filtersfound noconsistent or conclusivesults. Through this evaluatin
the HVAC system wascrutinized since it served all aregffectedandfound during the
times the surgeries were performea which infections weredocumentedthere was
uncontrolled fluctuations in temperature and humiavtyich exceeded their allowkh
ranges The ductwork system wadbkoroughlycleaned and sterilized. We were brought
in to retrecommission the system and istigae why thetemperature and humidity
levels in thdifteen ORs were not maintainingithin their specified ranges.

Air Handler Design

There are 15 operating rooms served by two 50@BM air handlers. One unit serves
nine ORs includingheart and orthopedisurgeryareas while the other unit servesx
general ORs. Both units back easther up through the use of cresger dampers.The
normal design flow through each urstapproximately 25,000 to 30,0@DFM based on

OR occupancy. The ORwere designed to maintain 30r changes per hour (ACH)
when occupied, and then driepl15 when unoccupied. Occupansysensed \d normal
lighting occupancy sensors in each OR. The air handlers were desamedll
components sized arounobcking each other on a peak heating and cooling design day,
moving 50,000CFM at 100% outside air for smoke evacuation mode. This resualtad i

the equipment and coils being double the size required for normal operating conditions.

Eachair handlingunit was equipped with the following:

Dual return fans

Prefilter

Postfilter

Integral face and bypass vertical steam preheat coill
Humidifier

Cooling caoll

Glycol coil



e Single supply fan
e Reheat coil
o HEPA final filter

Operating Room Design

The heart ORs were designed to maintabemperaturesbetween60F and 7& and
humidity between 40 and 60% RH. These ro@resequipped with supply variablaera
volume (VAV) terminal boxes with reheat and booster humidifiers and a standard
modulating return damper controlled lom pressure. The general ©Rere designed

to maintain temperatures betweer-Gtd 73F and humidity between 40 and 60% RH.
These ooms were equipped with supply variable air volume (VAV) terminal boxes with
reheat and a standard modulating return damper controlled by room pressurigyduutt w
the booster humidifiers.



Sequence of Operations issues found

OR Humidity

Even thoughthe cardiac (heart)ORs have booster humidifiers, both units were
controlling the unit humidifiers based on the coammeturn air relative humidity per the
following reset schedule:

Humidifer Control Sequence Reset Schedt

42%

44%

46% /

48%

50% /

52% /

~

56% /

58%
42% 44% 46% 48% 50% 52% 54% 56% 58%

Measured Return Air Humidity (%

Return Air Humidity Setpoint (%),

The common return air humidity was typically returning in the mid 40%earesulting

in the return air humidity segoint climhbng into the high 40s andlow80 and t he uni t
humidifier firing almost continuously. However, since some of the opgrabioms were

being set to a @2setpoint, there was little to no reheatdghumidification of the supply

air, causinghigh humidity alarms in the GRdue to the low temperature set points.

The following is an examplef the supply, return and space conditions plotted on a
psychometric chart to illustrate how the current sagaecan fregently lead to alarms in
the ORs dueto low temperature setpoints.

AHU-2 Conditions on 11/7/08 at 18:02:

Discharge Air Temperature = 536

Discharge Air Relative Humidity = 81.8% RH

Humidifier Valve Position = 100% Open

AHU Commam Return Air lemperature = 70H

AHU Common Return Air Relative Humidity = 45.7% RH

AHU Common Return Air Relative Humidity Setpoint = 58% RH
O R 0 s chddge &\ir Temperature Rangéb8.1F1 70.0F

OR 6 s mRemperature Setpoint Rang&6.0F i 75.1F

OR6s Room mRidity Range v @1.1316) %
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From the psychometric chart, the RED line connecting the discharge supply air
conditions to the common return air conditions depicts the range obrditions tlat

will be entering into the O®R The YELLOW highlighted area shows a room temperature
setpoint range of @0to 6. As you can see in thishart the lower temperature ORs

with a 60~ to 62F setpoint, the humidity can easily be at or s#oto the high humidity
alarm conditions of 58 to 60 % RH as seen by the 60% Relative Humiditywhiete is

highlighted in GREEN.
40% RH. Through this adjustment the supply and return air conditions would have lower

Revisions to the humidification sequence of operatioveye madeo poll the individual
OR relative humidity levelsand maintain the OR with the lowest relative humidity to
humidity as shown witithe ORANGElIline.

Note If a high humidity alarm isactivatel, high humidityconditionstakes precede®
over low humidityand will modulate théooster humidifiein the ORsclosed, followed

by the uniés humidifier Lastly, the cooling coil discharge air temperature pgant will

OR Humidity Implemented Changes:
dropasneededor dehumidificaion.



OR Pressurization

Through testing and trendingwe found that the O&R were becoming negatively
pressurized every time the OR went from occupied (30 ACH) to unoccupied (15 ACH).
The followingcontrols diagram and associateghd represents this:

W Ortho_Operating Rm 1 VAV_1797

(LT

26.1"%

Unoccupied

, Occ/Unocc Information
3,400 cfm | Occupied Clg Min
Unoccupied Clg Min
3,400 cfm Cooling Max Flow
Occupied Htg Flow
| [ 1700 cim | Unoccupied Hta Flow




OR1_VAV | OR1_VAV
OR1_VAV | OR1_VAV | Return Air Supply OR1

Discharge | Room Statiq Damper Damper Occupied

Air Flow Pressure Posttion Postition | Unoccupied
Time (cfm) (in wc) (% closed) | (% Open) Mode
3/11/09 10:27:00 PM CDT| 3,373 0.023 0.5% 37.1% Occupied
3/11/09 10:28:00 PM CDT| 3,373 0.022 0.5% 37.1% Occupied
3/11/09 10:29:00 PM CDT| 3,354 0.022 0.5% 37.1% Occupied
3/11/09 10:30:00 PM CDT| 3,379 0.023 0.5% 37.1% Occupied
3/11/09 10:31:00 PM CDT| 3,382 0.021 0.5% 37.1% Occupied
3/11/09 10:32:00 PM CDT| 3,377 0.022 0.5% 37.1% Occupied
3/11/09 10:33:00 PM CDT| 1,608 0.014 1.0% 37.1% Unoccupied
3/11/09 10:34:00 PM CDT| 1,602 -0.028 6.5% 15.0% Unoccupied
3/11/09 10:35:00 PM CDT| 1,683 -0.028 10.0% 15.0% Unoccupied
3/11/09 10:36:00 PM CDT| 1,685 -0.025 14.9% 15.0% Unoccupied
3/11/09 10:37:.00 PM CDT| 1,675 -0.023 18.7% 15.0% Unoccupied
3/11/09 10:38:00 PM CDT| 1,692 -0.021 22.8% 15.0% Unoccupied
3/11/09 10:39:00 PM CDT| 1,683 -0.018 25.0% 15.0% Unoccupied
3/11/09 10:40:00 PM CDT| 1,680 -0.016 28.4% 15.0% Unoccupied
3/11/09 10:41:00 PM CDT| 1,657 -0.014 31.2% 15.0% Unoccupied
3/11/09 10:42:00 PM CDT| 1,651 -0.014 32.7% 15.0% Unoccupied
3/11/09 10:43:.00 PM CDT| 1,681 -0.010 35.9% 15.0% Unoccupied
3/11/09 10:44:00 PM CDT| 1,670 -0.009 38.4% 15.0% Unoccupied
3/11/09 10:45:00 PM CDT| 1,689 -0.007 39.5% 15.0% Unoccupied
3/11/09 10:46:00 PM CDT| 1,678 -0.006 40.9% 15.0% Unoccupied
3/11/09 10:47:00 PM CDT| 1,700 -0.003 42.9% 15.0% Unoccupied
3/11/09 10:48:00 PM CDT| 1,674 -0.003 44.2% 15.0% Unoccupied
3/11/09 10:49:00 PM CDT| 1,702 -0.002 45.4% 15.0% Unoccupied
3/11/09 10:50:00 PM CDT| 1,714 -0.001 46.5% 15.0% Unoccupied
3/11/09 10:51:00 PM CDT| 1,686 -0.001 47.7% 15.0% Unoccupied
3/11/09 10:52:00 PM CDT| 1,677 0.001 48.7% 15.0% Unoccupied
3/11/09 10:53:00 PM CDT| 1,699 0.001 49.4% 15.0% Unoccupied
3/11/09 10:54:00 PM CDT| 1,680 0.002 50.5% 15.0% Unoccupied
3/11/09 10:55:00 PM CDT| 1,685 0.003 51.0% 15.0% Unoccupied
3/11/09 10:56:00 PM CDT| 1,700 0.001 52.3% 15.0% Unoccupied
3/11/09 10:57:00 PM CDT| 1,724 0.012 52.3% 15.0% Unoccupied
3/11/09 10:58:00 PM CDT| 1,693 0.006 53.0% 15.0% Unoccupied
3/11/09 10:59:00 PM CDT| 1,719 0.011 53.0% 15.0% Unoccupied

The above trend starts at the top with the OR in occupied . mAt&0:33pm, the OR
went unoccupied, anavithin one minute supply\CFM nearly droppeddown to the
By 10:34pm, the room ws measuringa negative room
pressurization, which maintad for the next 18 minutes! At 10:5@m, the room finally
crossedackto a neutral pressure and took anothemsiutes to get up to the minimum
setpoirt of 0.01 inches water column.

unoccupiedCFM set point.




Occupancy Sensors

OCCUPANCY SENSOR

DESCRIPTION

The Model ClI-24 is a ceiling-mount passive infrared

(PIR) occupancy sensor specifically designed to inter-

face with Building Automation Systems through an inter-

nal isolated relay. A user-adjustable time delay (30 sec-

onds to 30 minutes) on deactivation may be pro-

grammed through DIP switches to prevent unnecessary

cycling. The Model CI-24 includes a built-in override

switch, and two levels of sensitivity are selectable

through DIP switches. The four-level patented Fresnel i
lens allows the Model ClI-24 to cover up to 1200 ft2 \
(111.48m2).

FEATURES

» Advanced PIR technology c @us
« Adjustable time delay

To further compound the negative pressurization issue, occupancy sensors should be
guestioned as the means of identifying when an OR is going into use. On this fheject
above occupancy sensor was used to sense occupancy in the room and switch from
unocupied to occupieanodes During the set usprvereséttot he ORDO
have a minimum on time of 30 minutes. While tiyise of occupancy sensaorks well

to detect occupancguring an actualmedicalprocedurethere are many activities pest
medical procedure activitiesvhich do not require the rooms to elevate from 15 to 30
ACH, including the cleaning, removal of used instrumentation, restocking of materials
and clean instrumentgrep for the next surgery, or simply cutting through an OR to ge

to the clearsterile corridor between the @GR Through trending we see on averéme

to five occurrences per QRer day when the rooms go occupied for 30 minute periods;
indicating that there was nmedicalprocedure but simplgccupiedfor other na-critical

tasks. To add to the problem, this conversion causes the above mentioned negative
pressurization issue every time the room goes back to unoccupied for approximately 15
minutes per occurrence, whiakds up to onbour per day!

OR Pressurization and Occupancy sensor implemented changes:

We arecurrently testing and working with the controls contractor to reducepbed of
which the supply VAV box reduces CFM from occupied to unoccupied mode. This will
allow time for the room pressure sensiod @aeturn damper to adjust and maintain positive
pressure. The occupancy sensors have remained unchanged

On a side noteThe return damper installed was in lieu of a return VAV terminal box

which was initiated through a value engineering pracédsceagain,our engineering
community must make sondesgnowstanddrd of €ate tocmsung r 0 mi S €
that there is still som&ALUE left after costsaving measuse



Economizer Cycle and Integral Face and Bypass steam preheat coil

Air Handling Unit 2
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