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The Building Commissioning Association is a Registered Provider
with The American Institute of Architects Continuing Education
Systems (AIA/CES). Credit(s) earned on completion of this program
will be reported to AIA/CES for AIA members. Certificates of the
Completion for both AIA members and non-AlA members are
available upon request.
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This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed
or construed to be an approval or endorsement by the AIA of any
material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will
be addressed at the conclusion of this presentation.




Session Learning Objectives ‘
2, X

Commissioning Hospitals

NCBC

At the end of this session participants will be able to:

1. Identify and use unique systems approaches when
undertaking an energy optimization project

2. Leverage energy savings approaches specific to in
healthcare EBCx

3. Apply the latest OR pressurization codes and standards
for occupied and unoccupied modes

4. Test, commission and optimize pressure dependent
spaces


http://www.aia.org/education/
http://www.aia.org/education/
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Presentation Learning Objectives s %

At the end of this presentation participants will be able to:

« Understand the general design approach, pressurization
relationships and codes pertaining to operating rooms

« Understand various approaches to setting back
operating rooms during unoccupied hours and the
associated codes

* Review energy savings potential from operating room
setback

« Understand building pressurization, and sequences or
operations (fan tracking) to achieve pressurized
buildings

NCBC
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General Design — Supply Air
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General Design — Return Air
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General Design — Supply Air
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General Design — Supply and Return
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General Design — Air Changes per H

NCBC

s

8

our

]

i1

......

el
L ol

OR =502 Sq.Ft.
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Air Changes per Hour (ACH) =
2,080 CFM x 60 (min/Hr) / 5,020 FT3

=25 ACH

N

RL00H
18x18 NK

12 AFF. YR

"‘—
-

14

20x18

13



e
Codes — KEEP CHANGING . ..

To conduct commissioning in the healthcare field, the
provider needs to be intimately familiar with the related
codes and standards

« State Codes
« IBC

* IECC -
« ASHRAE GUIDELINES
« AIA

« ASHE
« CDC

« NFPA

« NEC

NCBC



ASHRAE — Then and Now

Health Care Facilities

7.5

‘./w» Jom

Table3 General Pressure Relationships and Ventilation of Cérta ospital Areas *

Pressure Minimum Air  MSgnum Total All Air AirRecirculated
Relationshipto  Changes of Out- - Alr Changes Exhausted Directly Within a
Function Space Adjacent Areas® door Air per Hour? - per Hour® to Outdoors Room Units
SURGERY AND CRITICAL CARE .
Operaung room  (all outdoor air system) P 15° 15 Yes No
(recirculating air system) P 5 25 Optional No
Deliveryroom  (all outdoor air system) P 15 15 Optional No
(recirculating air system) P 5 _ 25 Optional No
Recovery 1oom E - 2 : 6 Optional 5 No
__ Nursery suite s EETSE . oS ... X2 . _Optiomal = No
Trauma room! P 5 12 Optional No
Anesthesia storage (see-code requirements) + Optional ) 8 Yes 2 No

7.6 SHRAE Applications Handbook

Table 3 Ventilation Requirements for Areas Affecting Patient Care in Hospitals and Outpatient Facilities

Pressure Minimum Air Minimum  All Air Air .
Relationship Changesof Total Air [Exhausted Recirculated  Relative Design
to Adjacent OQutside Air Changesper Directly to Within Room Humidity," Temperature,®
Function Space Areas® per Hour® Hour®  Outside™ Units? % °F
Surgery and Critical Care
Operating room (recirculating air system) Positive 5 25 — No 45t0 55 62 to 80
Operating/surgical cystoscopic rooms® P+ 4 Positive 5 25 — No 45t0 55 68 to 73°
MNMallcinme e - -

NCBC 15



ASHRAE - Then and Now . ..
7.6 SHRAE Handbook—HVAC Applications

Table 3 Ventilation Requirements for Areas Affecting Patient Care in Hospitals and Outpatient Facilities

Pressure Minimum Air Minimum  All Air Air
Relationship Changes of Total Air Exhausted Recirculated Relative Design
to Adjacent Outside Air Changes per Directly to Within Room Humidity," Temperature,®
Function Space Areas® per Hour® Hour®  Outside™ Units? % °F
Surgery and Critical Care
Operating room (class B and positive C surgical) Positive 4 20 — No 30 to 60 62 to 80
Operating/surgical cystoscopic rooms*® P-4 Positive 4 20 - No 30 to 60 68 to 73"

8.6 SHRAE Handbook—HVAC Applications

Table 3 Design Parameters for Areas Affecting Patient Care in Hospitals and Outpatient Facilities

Pressure
Relation- All Room Air Design
shipto  Minimum Exhausted Air Recirculated Relative Temp-
Adjacent Outdoor Minimum Directly by Means of  Humidity* erature,
Space Function Areas” ach Total ach  to Outdoors! Room Units® % °F
Surgery and Critical Care
Classes B and C operating rooms™™? Positive 4 20 N/R No 30 to 60 68t075
Operating/surgical cystoscopic rooms™*.° Positive 4 20 N/R No 30to 60 68to 75

NCBC 16



ASHRAE - Then and Now . ..

M 2.1-8 Building Systems o
g Sy Gu;dem“‘_)

FOR DEg)
~IGN AND copnsy

2.1-8.1 Reserved Health care

acilities

2.1-8.2 Heating, Ventilation, and Air-
Conditioning (HVAC) Systems

Incluges ANSUASH,

*2.1-8.2.1 General
Basic HVAC system requirements are defined in Part ' ,-A...éiﬁ.‘:'q..:."’,,"'*mf""’"‘
4 (ANSI/ASHRAE/ASHE Standard 170: Ventilation P :
of Health Care Facilities). This section of the Guidelines FGI (o

includes additional requirements.

_ANSUASHRAE/ASHE Standard 1702013 D /o0 e

Pressure o o All Room Air Air Recirculated Des"?“ :
. . . Minimum Minimum . Relative Design Temperature (1),
Function of Space Relationship to Outdsirach Total ach Exhausted Directly by Means of Room Humidity (K) oF/oC
Adjacent Areas (n) to Outdoors (j) Units (a) o i
0
SURGERY AND CRITICAL CARE
Operating room (Class B and C) (m), (n), (0) Positive 4 20 NR No 20-60 68-75/20-24
Operating/surgical cystoscopic rooms, (m), (n) (0) Positive 4 20 NR No 20-60 68-75/20-24

NCBC 17
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Current Applicable Codes and Standards

ASHRAE/ASHE Standard for Ventilation of

Health Care Facilities:

« Class B and C Operating Rooms: minimum 20 ach,
minimum 4 ach outside air, positive

« Per Paragraph 7.1.1.c: “For spaces that required
positive or negative pressure relationships, the
number of air changers can be reduced when the
space is unoccupied, provided that the required
pressure relationship to adjoining spaces is
maintained while the space is unoccupied and that
the minimum number of air changes indicated is
reestablished anytime the space becomes occupied.”

NCBC 18



I .
State Codes can differ from Standards/Guidelines

lllinois Department of Public Health (IDPH)

IDPH Part 205 for Ambulatory Surgical Treatment Centers:

* Procedure Room: minimum 15 ach, positive

IDPH Part 250 for Hospitals and Ambulatory Care Facilities

 Surgical Suite — Operating Rooms: minimum 15 ach, minimum 20% outside air,
positive

Other considerations

* IDPH and ASHRAE specified ach are minimums, actual occupied ach can be
higher if needed for cooling. Many ORs get up to 30 ach.

NCBC 19
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Case Study 1 - Occupied OR Testing and Cx

First tested ORs and found we could NOT meet pressurization setpoint of 0.02” w.g. across OR door to sterile corridor

Increased OR cfm offset
OR'’s started with over 700 cfm offset due to no door sweeps or astragals and incomplete construction such as the med gas

column
Used painters tape to test
tightening the OR at the doors

EXHAUST COMD
100,00 PCT

VALVE COMD -
19.60 PCT
= om g
? 3 r—— ::.:2:-_1 DISCH TEMP
SUPPLY COMD = EXHALST FLOW
65,40 PCT o : 86,25 PCT
SR ARk OR-1 ROOM HUMID
2076.00 1 081
| i i
ACTUAL OFFST
P 280,00
9975 PCT

POS LO LMT1 DIFF PRES1 LO PRES ALM
0.001 0.0301 in H2O OFF i


http://www.google.com/url?sa=i&rct=j&q=blue+painters+tape&source=images&cd=&cad=rja&docid=OV4acc-RZxKKrM&tbnid=lCig55Vix6FnDM:&ved=0CAUQjRw&url=http://www.dickblick.com/products/scotch-blue-painters-tape-for-delicate-surfaces/&ei=XMxgUbztFIWjqwHC1IGAAQ&bvm=bv.44770516,d.aWM&psig=AFQjCNEFCHhdkTyGq3fzFBkYkl1o3NdNVw&ust=1365384623874406
http://www.google.com/url?sa=i&rct=j&q=blue+painters+tape&source=images&cd=&cad=rja&docid=OV4acc-RZxKKrM&tbnid=lCig55Vix6FnDM:&ved=0CAUQjRw&url=http://www.dickblick.com/products/scotch-blue-painters-tape-for-delicate-surfaces/&ei=XMxgUbztFIWjqwHC1IGAAQ&bvm=bv.44770516,d.aWM&psig=AFQjCNEFCHhdkTyGq3fzFBkYkl1o3NdNVw&ust=1365384623874406
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Case Study 1 - Occupied OR Testing and Cx

Due to high leakage rate, unoccupied cfm (ACH) needed to be
much higher than design

EXHAUST COMD
100,00 PCT

Cx should help troubleshoot and

YALYE COMD
19.60 PCT

offer results based suggestions

SRR ! [ F 1 DISCH TEMP
BT 1 69.3

‘ SUPPLY COMD / EXHALST FLOWY
6640 PCT - 86.25 PCT

ROOM HUMID

SUP AR WOL

2076.00 ‘ —

ROOM TEMP

SUPPLY FLOWY STPT B |- oioear o I |20 o

93,75 PCT : :
Code is +0.01” w.g. ’r: LO LMT1 ’[]lFF PRES ILI:Z. PRES ALM I JE NTRA silicone
Typically maintain +0.02” to +0.04” Rl 0030120 OFF A

OR is cfm offset controlled
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Unoccupied Mode — What is minimum ACH?

Other considerations

* IDPH has stated to G/BA that “it is
acceptable to reduce OR air change rates
lower than 15 ach when the rooms are
unoccupied, provided that the positive
pressurization Is maintain, and the air
changes per hour is 15 ach when the room is
occupied again.”

» California — Unoccupied 6 ach minimum

NCBC 22
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Unoccupied Mode — What is minimum ACH?

NCBC

G/BA data:
« RCxon 164 OR’s, 8 hybrid and 12 hybrid ORs
Findings from this data:

* Most existing OR’s can remain positive with 6 ACH, however, will
be just at code minimum of +0.01" w.g. (Note: not ALL)

« Normal stable unoccupied control can be found with 8 ACH,
which is now our starting point for RCx projects

« Calibration, Testing and trending MUST be done to confirm stabile
operation

 MUST consult with the Medical Staff and Infection Control Group
within the hospital

« Must provide means of switching back from unoccupied to
occupied modes

23
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Pressure Relationships

ORs must remain positive to adjacent spaces

Outer Circulation Corridor

N I N N

Operating Operating Operating Operating
Room Room Room Room

Pressure relationship
between the sterile core and
circulation corridor is

positive from the sterile Y\
core out to the circulation ® N. U \l u \I

corridor (clean to less clean)
J Sterile Core Supply Area

row dumem [\ ™ ™ ™

DIRECTION

AREA OF QUESTION,
What is the pressure
> relationship between the
operating room and the
sterile core supply area?

RN

Operating Operating Operating Operating
Room Room Room Room

Pressure relationship

.& between the operating room
and circulation corridor is

\J \J \l l \l .) positive from the OR out to
the circulation corridor by

AIR 0.01" w.g.
Outer Circulation Corridor — Nursing Station W
DIRECTION
Corridor
Connection
24

NCBC to Hospital



Case Study 2
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Occ/Unocc Information
Unoccupled Clg Min
_ Cooling Max Flow

m [ 3,400 cfm | Occupied Htg Flow
— Unocmmed Htg Flow




Case Study 2

Value

0.05
0.04
0.03
0.02
0.01

-0.01
-0.02
-0.03

NCBC

Negative OR
Pressurization

Neutral OR
Pressurization

Trending showed this happening
3 to 4 times per night per OR

OR1_VAV [ OR1_VAV
OR1 VAV | OR1_VAV | Return Air Supply OR1

Discharge | Room Static| Damper Damper Occupied

At Flow Pressure Position Postion Unoccupied
Time (cfim) (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

26




Case Study 2

Cx should help troubleshoot and
offer results based suggestions

1]
@_ ﬁ 4 !0 s
i mb

3400 cfm

OR-1Occuplked Mad CFM SatpL 2400
240000

210000

|

=3, 240000

o
N \ 4

[ OR-1 Unoccupked MIn CFM Satpl 1700
1700 cfm |

Added a stepped control loop to go from occupied to unoccupied mode in
300 cfm increments every 5 minutes

NCBC 27



Energy Savings Opportunities

Estimated annual energy dollars saved for implementing off-hours
airflow reduction in one OR based on:

« Chicago weather; $0.11/kWh for electricity and $0.65/therm
for gas
« 13 unoccupied hours per day

« Recirculating air handling unit
~10 ORs — annual savings is $20,000 to $32,000

Occupied ACH

NCBC 28




Energy Savings Opportunities

IF OR is served by a 100% outside air unit, savings increase.

« Chicago weather; $0.11/kWh for electricity and $0.65/therm
for gas

« 13 unoccupied hours per day

« 100% OA air handling unit
~10 ORs — annual savings is $27,000 to $57,000

Occupied ACH

$4,150 $3,555

NCBC 29




General Design Approach
Terminal unit and reheat coil on supply

*  Supply box maintains constant required airflow
* Reheat coil valve modulates to control temperature

* Return box maintains pressurization
) )

A P
% 28

o Th OO NETLGRA. W T B0 NETWORW
[~ ]

o e
-Tﬂhﬁ n-tmﬁﬁ
I ki
] ! T R il
@ |
EX Sterile

Corridor '{ = | OR e )

-t
-

Return box —
NCBC 30



I .
Case Studies

All of these examples have ROBUST building automation systems.
This is a must have before attempting implementing an unoccupied
mode for OR’s

Johnson }))I('

SIEMENS
Controls
AUTOMATEDLOGIC Schneider

ORs MUST be positively pressurized at ALL times!!

NCBC 31



Case Study #3 -4 OR AHUSs serving 12 ORs
each AHU has supply and return fan VFDs

NCBC 32
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Case Study #3 — Unoccupied Mode for 12 ORs

OAT: 37 ° OAH: 77 % Monday, December 5, 2011 7:44am

D-Bldg OR12

[ Occupancy | on |

Temperature Hurmidity :
of % Override Dccupancy On ]
[StartTime | 11/27;2011
B [ StopTime | 2/7/2106 6:28:15 AM
Setpoint 68.5 °F Setpoint 30 - 60 %
We or pressing any button on the
12/4/2011 11:03:19 PM upancy b
Laskchop At faton Miietpc’in,;ax ‘ eduled unoccupancy,
62 | 80
e ; 1 g Il drop to minimum
i Air Damper 1o
ot CFM | CFM |Damper [ RHV | _ . | DAT sleiatsal ol ‘ REERES
100 % | Setpt Pulse %0p Setpt HEE T TR
OR.12.A 913 500 0 51.2 75.6 74.7 Minimum CFM is based on [ 8 | air exchanges per hour,
OR.12B 895 900 0 - 50.4 - o '
Humidifier Room Pressure rthan [60°] X
CloseOff HVDY DAH Broeelie TaI ner than [722] or normal setpt if greater
Open Close %0p % " WC Selector
Oon Off 5.8 22 | 0.017 Off

Trend Graphs

g Zone | CFM |
j-l :gj-J iJ ﬁ ﬁ :;_]SEJ —T?EIEI Grogh Humidilyl Reheat l

Most OR’s can be positively pressurized with 8 air changes per hour,
Let temperature “float” during unoccupied mode with deadband

NCBC 33



Case Study #3 — Unoccupied Mode for OR’s 1 — 6
Date/Time OR1.AirX OR2.AirX OR3.AirX OR4.8irX OR5.A8irX OR6.AIrX

12/6/2011 2:44:00 P - - - - - -
12/6/2011 1:44:00 P 251 247 252 252 i v 252
12/6/2011 12:44:00 252 248 254 253 N7 253
12/6/2011 11:44:00 252 247 252 252 N6 25:2
12/6:2011 10:44:00 250 248 254 252 318 250
12/6:2011 9:44:00 A 252 248 251 251 N8 251
12/6:2011 8:44:00 A 252 249 253 252 N8 252
12/6:2011 7:44:00 A 250 247 252 252 i v 247

“112/6:2011 6:42:00 A 250 250 233 18.7 320 83
12/6/2011 5:44:00 A 250 248 76 7.8 95 54
12/6/2011 4:44:00 A 253 247 76 7.7 7.7 54
12/6:2011 3:44:00 A 252 248 76 7.8 7.8 54
12/6/2011 2:44:00 A 250 248 76 7.8 79 83
12/6:2011 1:44:00 A 251 247 76 7.8 8.0 8.3
12/6,2011 12:44:00 254 247 12.2 12.4 14.3 128
12/5/2011 11:44:00 250 248 251 252 36 252
12/5/2011 10:44:00 251 248 252 253 36 252
12/5/2011 9:44:00 P 250 246 251 253 315 251
12/5/2011 8:44:00 P 251 247 251 251 N8 252
12/5;2011 7:44:00 P 250 247 253 253 N8 251
12/5;2011 6:44:00 P 249 247 253 252 N8 253
12/5/2011 5:44:00 P 251 249 253 253 N8 252
12/5/2011 4:44:00 P 251 249 254 252 318 254
12/5/2011 3:44:00 P 251 249 253 254 39 254
12/5/2011 2:44:00 P 251 248 252 252 N8 252

Hospital with Level 1 Trauma Center, 4 ORs were decided to be left

occupied all the time, ORs 1,2, 11 and 12 (also the biggest)
NCBC 34
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Case Study #3 — Unoccupied Mode for OR’s 7 — 12

Date/Time ORT.AIrX OR8.AIrX ORS.AIrX OR10.AirX OR11.AirX OR12.AirX

1262011 2:45:00 P - - - - - -
12/6/2011 1:45:00 P 252 254 253 252 253 251
12/6:2011 12:45:00 252 253 253 252 253 251
1262011 11:45:00 252 252 252 253 253 251
12/6/2011 10:45:00 251 252 252 251 253 251
12/6:2011 9:45:00 A 252 252 254 252 254 252
12/6/2011 8:45:00 A 251 253 253 251 254 251
12/6/2011 7:45:00 A 248 2438 250 25.2 253 25.0
12/6/2011 6:45:00 A 12.0 6.3 §.2 251 253 251
12/6:2011 5:45:00 A 1.7 6.8 8.2 252 252 251
12/6/2011 4:45:00 A 1.8 6.8 8.2 251 253 251
12/6:2011 3:45:00 A 1.8 6.8 8.3 252 254 252
12/6/2011 2:45:00 A 1.8 6.8 8.3 8.0 253 250
12/6/2011 1:45:00 A 138 6.3 §.2 7.7 253 251
_112/6/2011 12:45:00 14.9 11.7 12.7 125 255 252
12/5/2011 11:45:00 252 251 253 251 254 251
12/5/2011 10:45:00 252 252 254 251 254 251
12/5/2011 9:45:00 P 251 250 252 251 252 250
12/5/2011 8:45:00 P 249 253 253 251 254 251
12/5/2011 7:45:00 P 249 252 252 251 252 251
12/5/2011 6:45:00 P 251 252 253 252 252 251
12/5/2011 5:45:00 P 251 253 253 252 254 251
12/5/2011 4:45:00 P 250 253 253 253 253 251
12/5/2011 3:45:00 P 251 252 253 252 255 251
12/5/2011 2:45:00 P 252 252 253 252 253 251

California Mechanical Code allows a MINIMUM of 6 ACH, it is not
recommended or typically feasible to go below this

NCBC 35




Case Study #3 — Unoccupied Mode Before Changes

Air Handler AH.D41.3

933 om

Setpoini

Actual

RTN

NCBC

Return Fan

on  -134" 683°
44 %

D0%|
100%

10035

66.0°
69.1° 685"
709° 71.0°

R&H Avg | 38.1
[ DeHur | _OFf |

24-May-11 22:27:19
| Safeties EEEm

Fire Alarm

Freezestat
Supply Fan

VFD Fault

Lo press

Hi prass
Return Fan

VFD Fault

Lo press

Trend Graphs

e |

orws | o | o |

HBldg
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Case Study #3 — Unoccupied Mode AFTER Changes

» Air Handler AH.D41.3 24-May-1122:07:17
| Safeties EEE

Fire Alarm

Freezestat

Supply Fan
RAH P VFD Fault
| DeHum [ Off |

Lo press

Hi prass
Return Fan

VFD Fault

Lo press

7__100%] it lter] PH____ ChWW Gl RH oply Fan Filter
100% 514° % %, 7 53.6° st
100% 5107 §7 - . % 54,0 2 Weaeilag

755 cfm
off

Trend Graphs

Setpoint

Actua T c
=
 Main | AHU | Chilers | Hotw | ABldg | B-Bidg | CBldg | D-Bidg | '
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Case Study #3 — Unoccupied Mode AFTER Changes

AH.D416.SPRES.SP

AH.D416.SPRES

AH.D416.SVFD

Static Pressure Actual Static Supply Fan VFD %
Date/Time Setpoint "w.g. Pressure "w.g. Speed
2/8/2012 7:00 1.25 1.25 77

2/8/2012 6:30

2/7/2012 23:00

1.25

1.25

1.26

1.25

77

77

Different fan than previous screen shots

=
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Case Study #3 — Unoccupied Mode AFTER Changes

D41.6 Supply Fan Operation

100 2
90 I—\-Ja.—-ﬂg"* Jg.a——fj IU ""JL-' 1.8 _
S 80 16
g 70 - L 14 £
& 60 ! 12 o
= 50 1 g
* 40 08 &
> Ta
S 30 06
3 20 0.4 %
10 Before 0.2
0 e 0

Q 0 O O PV .. P P .. .. P PN .. P .. P O PO P P P P O _ N N
0 Q -Q QQ%%'\ 00 00 Q° 0 QQ %0 -Q 0\0 0'\ QQ 00 QF 0 QQQ%\QQ 60(36%

0 0 N
BN AN S EIRESNRONS ISR
N \,\u\ \,\b‘\“L m\»\6\ \»\6\ LA Kl u\’\%\ e L 6\1 u\»\1\ b(\c\ G 1\’L b‘\»\%\ e i O b‘\»\9\ N \\ 7 u\’@\ o \,Lg\fL o
100 2
90 1.8
80 1.6 G
S e ai e [ Q
3 70 1.4 E
8 60 Y 12 g
c 50 1 o
© o
P A || || 08 &
S st L A 0.6 2
©
» 20 04 &7
10 0.2
0 After Implementation 0

w0 0%%00\60%0001%00\60%00%%00 60%000%%00 60‘}2/00%%00\60%@%%00 60%00%%00\60%000
T N NS AL OO A S A P LA
NCBC — q\"oN ,L\»\\'?« P g\ rL\q,\'?« lee ,L\q,\r?« PR \K ’L\b‘\% i\ rL\ca\'?» 9)\©\"\© ,L\@\'?« At ’L\1\(L Q® 39

=—=AH.D416.SVFD  ==—=AH.D416.SPRES.SP  =——=AH.D416.SPRES



[J » | J
A ) a
2 Ay #4 UGS DPIY & »
OAT-1 69.0 °F OAT-2 71.0 °F Oce Sensor 1 on OR1 Rm2481
* OAH- 345 % OAH- 340 % Occ Sensor 2 On
Room Mode Occupied
68.0 -
42,0 o,
S # AN
Airfow 2517 ofm ressure 0.013 “wc ’3:‘ . t,f‘, -
Setpoint 2500 cfm )
Damper71 » :
er 0
2
=
i/ S - e 626 °F v
» | E 1> e A v
< k
5'-' Hum idifier

Supply 2500 cfm
Return 1914 cfm
Offset 586 cfm
OR Pressure +0.013”

RECOMMENDATION
Add door switches
which deactivate the
BAS room pressure
alarm when an OR door
IS open




Occupied / Unoccupied Schedule

SAMPLE HOSPITAL — OPERATING ROOM OCCUPANCY INSTRUCTIONS

IThese instructions are meant to detail the changes made to the occupancy controls for the twelve operating

coordinated with operating room staff and put in place.

Day of Week Time of Day # of Occupied ORs Occupied OR Tags
Mon-Fri 6am-11pm ALL ALL
11pm-6am 4 1,2,11,12
Saturday 6am-11pm 4 1.2:11,12
11pm-6am 4 1,2.11,12
Sunday 6am-11pm 4 1,211,12
11pm-6am 4 1:2:11:12
Occupied Mode

The ORs are in an occupied mode as detailed in the table above. This means that the OR is operating with
the necessary air changes and positive pressurization required by the code and is available for surgery.

Unoccupied Mode

ORs not listed during a particular schedule period above are in an unoccupied state. The airflow to the OR
has been reduced yet it is still maintaining the positive pressurization required by code. The ORs will
automatically switch to occupied mode based on the schedule above. During unoccupied mode, the OR
temperatures will be maintained between 60 and 72 degrees.
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General Instructions for RE-activating an OR

Overriding Unoccupied Mode

Instructions for Overriding Unoccupied Mode

Below are the instructions for overriding an OR when it is in an unoccupied mode. This would essentially
need to be done for all ORs EXCEPT 1, 2, 11, or 12 when it is after 11pm (or before 6 am) Monday through
Friday or any time on the weekend.

I Locate the thermostat in the operating room. See picture below.

2. Hit ANY button on the thermostat. See picture below.
& @ @
OVERRIDE A SELECT
3 —=
C = ] L D]
DISPLAY v ENTER
@ ®© @

When an OR is taken out of override by depressing any button, the room will automatically go back
into an occupied status until the next scheduled unoccupied time period (next day). This process
only takes several minutes and no further action is required by the medical staff. If there are any
questions with the operation of the ORs, please contact the hospital engineering staff.

NCBC Provide in-service training to the clinical staff Lo




e
General Design: Return Damper vs. VAV Box

IT MAKES A DIFFERENCE

Return dampers don’t provide tight control over space pressure

NCBC 43



Design Example

Good start to the sequence in
design is important. This
sequence does not include a
time of day schedule, so the
OR could go unoccupied in
the middle of the day if there
IS no motion for 15 minutes,
probably not desired

SEQUENCE OF OPERATION:
ANY ROOM OCCUPANCY SENSOR DETECTS MOTION FNCS SHALL ENABLE OCCUPIED MODE AND THE

PRIMARY SUPPLY TAB SHALL SUPPLY MAX. SCHEDULED AIRFLOW PER TAB SCHEDULE
. ADJUSTMENT SHALL BE ENABLED ALLOWING TEMP SETTINGS 80F - 80F

. SUPPLY TAB DAMPER SHALL REMAIN FULLY CLOSED. NOT APPLY TO TREA
* FMCS SHALL MODULATE RETURN TAB DAMPERS AS REQUIRED TO AN THE ROOM AT MIN.
TO ADJACENT CORRIDOR.

MODULATE REHEAT COIL HW CONTROL VALVE AS REQUIRED TO MAINTAIN SPACE TEMP

WHEN BOTH ROOM OCCUPANCY SENSORS DO NOT DETECT MOTION FOR 15 MINUTES (ADL), FMCS SHALL
ENABLE UNOCCUPIED MODE AND THE FOLLOWING SHALL OCCUR:
* PRMARY SUPPLY TAB SHALL SUPPLY MIN.
* PRMARY SUPPLY TAB DAMPER SHALL
TEMP SETPOINT
(ADWL).

. mvnnmmmvm NOT APPLY TO TREA!

« FNCS SHALL MODULATE RETURN TAB DAMPERS AS TO MANTAIN THE ROOM AT
INCHES W.G. RELATIVE TO CORRIDOR.

= FNCS SHALL MODULATE REHEAT COIL HW CONTROL VALVE (WITH TAB DAMPER IN MINIMUM POSITION)
AS REQUIRED TO MAINTAIN SPACE TEMP SETPOINT.

=

+0.010 .

SHALL ENABLE HUMIDIFIER CONTROLS
FULLY OPEN STEAM ISOLATION VALVE. FMCS SHALL MODULATE

MANTAIN ROOM HUMIDITY SETPOINT (40X RH, ADJ). FMCS SHALL LIMIT STEAM VALVE OPERATION TO
PREVENT DUCT MOUNTED HUMIDITY LEVELS FROM EXCEEDING 70X RH (ADL) AT DUCT MOUNTED HUMINTY

HUMIDIFIER STEAM VALVE SHALL NOT BE ENABLED UNLESS AIRFLOW IN SUPPLY DUCT IS PROVEN BY AN

FMCS SHALL DISABLE HUMIDIFIER CONTROLS AND ALARNS WHEN OA DEWPOINT RISES ABOVE 40F (ADL)
AND SHALL FULLY CLOSE STEAM ISOLATION VALVE.

ELECTRICAL SHALL INSTALL SMOKE DETECTOR. UPON DETECTION OF SMOKE, THE
OPERATING ROOM SHALL ENTER PURGE MODE

maomaoouoowmcvsmsoasoouormcwonmromsumms(m).mwm
ENABLE UNOCCUPIED MODE AND THE FOLLOWING SHALL OCCUR:

S
GRAPHICAL SCREEN AT THE OPERATOR WORKSTATION.

THE FMCS SHALL UTILIZE OUTPUT FROM ALL TERMINAL AR BOX POSITION TO RESET THE SUPPLY AND
RETURN DUCT DIFFERENTIAL STATIC PRESSURE.

TR T B R T T T 7™ B B T T Y ¥ C B T YT T YT YT R T T
* WHEN SUPPLY AIR HUMIDITY EXCEEDS B0% RH A SEPARATE DUCT MOUNTED HUMIDITY SWTCH
HUMIDIFIER CONTROLS AND

-mwmmm ADJACENT CORRIDOR)
(ADJL) FOR MORE THAN 45 SECOMDS (ADJ) AS MEASURED BY
MONITOR (AUTO RESET).

NCBC
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Mode Control Methodology
How and when to use occupancy sensors
and the downfall . .

Does Motion Detector
have
“Pass Through Mode™? \

The CI-24 occupancy sensor for lighting applications, specifically designed to interface
with Building Automation Systems, BAS, through an internal isolated relay. The ceiling-
mount passive infrared occupancy sensor has a user-adjustable time delay (30
seconds to 30 minutes). It may be programmed through DIP switches to prevent
unnecessary cycling. The Cl-24 includes a built-in override switch. Two levels of
sensitivity are also selectable through DIP switches. The four-level patented Fresnel
lens allows the Cl-24 to cover up to 1200 ft2 (111.48 m2).

Problem, if occupancy sensors are used to trigger the room to go back
occupied, they can and will have false activation for OR cleaning, resupply of

sterile instruments, general preparation, and CUT THROUGH
NCBC 45
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Mode Control Methodology

ldeal Solution for ORs = Inside OR

Dayintierh Time of Day LIST ICON SUPPORTS UP TO § LIST VALUES
Mon-Fri 6am-11pm
11pm-6am
Saturday 6am-11pm
11pm-6am
Sunday 6am-11pm
11pm-6am
\

Motion Detector is ONLY used to provide the BAS an unoccupied signal
after the schedule has dictated the OR can go unoccupied. The MD
prevents OR from going unoccupied if the room is in use.
Display inside OR provides critical information to staff

NCBC 46
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Mode Control Methodology

ldeal Solution for ORs — Qutside OR

CRE-RPC Configured fov Troieal Opermting Rocr

e ——

E——

MANUAL
intervention is OPR 12 omwe
required by the MODE: OR IN USE

CLINICAL staff to
force an OR back
Into occupied mode
during the
unoccupied time
period

AUTHORIZED PERSONNEL ONLY

OR Monitor OUTSIDE the OR indicates what state the room is in OCCUPIED or
UNOCCUPIED and can be used to activate an OR

NCBC a7
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Ideal Solution for OR’s

Occupied/Unoccupied Mode — Nurse’s Station

INDICATION OF AUDIBLE ALARM STATUS

ABILITYTO SILENCE LOCALAND REMOTE AUDIBLE ALARMS

S = T
DISPLAY / ALARM UP TOS DATA ELEMENTS 'ERROOM —
Qopliyand aliem op to § doto eleme ady (paios) for mack TR -

o thefow rooms (X0 toay)

DISPLAY OF ROOM’S OCCUPANCY STATUS

DISPLAY OF ROOM’S ISO STATUS

Recommended to provide the Nurse’s Station with a way to view status of OR’s
IF they will be changing state

NCBC 48
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Ideal Solution for OR’s

Occupied/Unoccupied Mode — Nurse’s Station

SCHEDULING PERSONNEL ADMIN SYSTEM ADMIN

ICON VIEW

OPERATING ROOMS

OPERATING ROOM 103

TEMP:68.1%

OPERATING ROOM 104

TEMP:68.7%

OPERATING ROOM 105

ANTE ROOMS

ANTEROOM 1A ANTE ROOM 38 ANTEROOMS5A
|

SUPPORT ROOMS

=]

PATIENT RECOVERY 1C
| Iy

SCHEDULE VIEW

OPERATING ROOM 101 OPERATING ROOM 102

LOWER ATRIAL STINT
REPLACEMENT

OPERATING ROOM 103

OPERATING ROOM MANAGEMENT SYSTEM

CRITICAL ROOM CONTROL

DETAIL VIEW LIST VIEW

OPERATING ROOM 102
AT BOOMIR GENERAL INFORMATION

TEMP:71.7 OCCUPANCY STATUS: OCCUPIED

PRESSURE STATUS: POSITIVE PRESSURE

DOOR STATUS: CLOSED
DIFFERENTIAL PRESSURE: 0.0114"WC
TEMPERATURE: 72.5*  SP: 68.5* ACH: 3.5%

HUMIDITY: 3.5% S|

PATIENT / PROCEEDURE INFORMATION

PATIENT: Dave Rogers DOB: 2/15/1970
EMERGENCY CONTACT: Beth Rogers - 612.547.9985 (WIFE) — SURGEON (S): Bl Do
PRIMARY DOCTOR: Dr. Jay Ro " Dr. Witney Harris

DIETARY RESTRICTIONS / NOTES:

ANESTHESIOLOGIST (S): ~ Colin Axel

PROCEEDURE: LOWER ATRIAL STINT REPLACEMENT NOKSE OX B <
DR. BILL DAVIS

i DOCTOR (S):

DIETARY RESTRICTIONS / NOTES:

OPERATING ROOM 104 OPERATING ROOM 105

PERATING ROOM 106

COLONOSCOPY

PATIENT: Jenifer Darby
SURGEON: Dr. Phil Bertstrud
9:30am - 12:15pm (2.75 Hours)

PATIENT: Skip Davidson
SURGEON: Dr. J.C Long.

New products provide capability to monitor, schedule and change the status
of an OR remotely from the Nurse’s Station

NCBC
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Building Pressurization

International Energy Conservation Code
Chapter 4 — Commercial Energy Efficiency
Section C402 — Building Envelope Requirements

C402.4.1.2.3 Building Test. The completed building shall be tested and the air
leakage rate of the building envelope shall not exceed 0.40 cfm/ft? at a pressure
differential of 0.3 inches water gauge (2.0 L/s — m? at 75 Pa) in accordance with
ASTM E 779 or an equivalent method approved by the code official.

NCBC 50
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Building Pressurization — Case Study 5

P b

Tested and found much better than code 0.14 CFM/Sq.Ft.




Building Pressurization — Case Study 5
B  arweanouneunt-t (ISR

SA Static Press. Locations

e 47.9 deg E £8.0 %RH
v ) 55.0 deg F 700% M Open |
Alarm | Normal | §8.7 deg F 285%RH 8|  Open | [ 0.941in wo_|
2- 1 ur/
| ' L 3 Z )
e | . =N

[ 1.131in we |
Building Pressurization EETITEE  EECIECH

SYSTEM PARAMETERS

_
QU] B ypise]
This building = 8%
NCBI EEIEDE K | .

. EIETITH ST

30.0 %



Building Pressgnrlzatlon — Case Study 6
- o
i

Q0
EADERP
ET-6 NOTE: 5T & LOCATED

IN N CEILING ABOVE
CORRIDOR, 1775,

MNCTE: 5T-5 I LOCATED
I M CEILIMNG ABDVE
CORRIDOR, 1775,

Building Pressure Sensor

SF=TIREAH
LOCATE HUKM-WLY DOWNETREAM OF
HUMDIFIER FER MAMUFACTURESS
RECOMMENDATIONE
IFE SO
1 EFm3EF INPUT=10VDC
CURUT=10VDE

HLH--\.'L'.-

AHU-2 BLANCING MATRIX

PN
SUPPLY |EXHAUST 0.A. RETURN| RELIEF | RETURN
FAN FAN DAMPER FAN DAMPER | DAMPER
UNIT OPERATION CFM CFM CFM CFM CFM CFM REMARKS -
NCBC PAASIRALIM UNIT CAPACITY 50000 1925 12500 458075 10575 7500 SIFED FOR REDURMDAMCY OF -"\-HU-ZD

Vay BOXES AT MAX COOLING 30300 90 T 2935 BiEGS 22725
WaN BOXES AT MAX HEATING 18310 ai0 4o 17400 668 13733
TR YN T YT Y T T e e A4 BOpEN S 144945




. . . . Supply cfm = 30,300
Building Pressurization o1 Min OA = 7,575

Fixed Exhaust = 910 cfm
Building Pressurization = 10%
(of supply fan cfm) = 3,030

RA| Return fan cfm setpoint =
30,300 - 910 - 3,030 = 26,360

Recirculation Air = Supply cfm — OA
jB flow = 30,300 — 7,575 = 22,725
sTs Unit Exhaust Air = Return Air —
NOTE: 5T-5 IS LOGATED Recirculation Air = 26,360 — 22,725
SormboR, e = 3,635
S ECON Damper position may not be
LICATE HLLHALY DOWIITRE Ml equal to Exhaust Damper position!!
RECORIMENDATIONE..
INFUT=1 D HF-2
s "B
HLB LY &3
f— —
WED
e

ERCEEVENCTANCASIERSIRE  AiU-2 BLANCING MATRIX

SUPPLY |EXHAUST 0.A. |RETURN| RELIEF | RETURN

FAN FAN DAMPER| FAN |DAMPER|DAMPER
UNIT OPERATION CFM CFM CFM CFM CFM CFM
PAAXIDALIN LIMIT CAPACHTY S0000 1925 12500 45075 10675 37500
[ MVAVBOXES ATMAXCOOUING | 20300 910 7575120500 | G665 | 2725
WAN BOXES AT MAX HEATING 18310 Si0 4578 17400 36458 13733

WOANT BT RAERIAL IR S 14860 10 aris 13950 2805 11145
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Summary — Codes and ACH’s

 ORs are allowed to have an unoccupied mode
PROVIDED they remain positively pressurized

* OR Room Pressure

= Minimum +0.01” wg
= Typically control to +0.02” or greater
« Air Changes per Hour

= 15 per IDPH
= 20 per ASHRAE
= 30 typical at many facilities

» 8 ACH in unoccupied mode (6 ACH Minimum) (verify this
holds room positively pressurized)
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Summary — Design Approach

* Design
* Include supply and return terminal boxes, not just dampers

* Include occupancy sensors with multiple technology, and
pass through mode capability

= |nclude door switches

= Provide clear indication of room conditions and
occupied/unoccupied mode status both inside and outside of

OR
* Provide remote monitoring and control from Nurse’s station

NCBC 56
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Summary — Sequence of Operations

* Best Sequence

» Uses a schedule PLUS occupancy sensors to initiate
unoccupied mode

= Uses manual intervention to re-occupy if an OR is needed
during unoccupied time

« Temperature and Humidity

= Allow “float” (deadband) in the OR temperature during
unoccupied mode

* Maintain OR humidity
« Testing and Trending!

» Test/calibrate all BAS sensors and verify room pressure
* Trend ORSs, room pressure and mode
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AND don’t forget to look at your OR fans once and a while
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Don’t forget why we are doing this . ..

Getting this wrong is NOT an option!!

i
1.,‘
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