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1ing Objectives
able to:

3 argument to Authorities Having Jurisdiction
3l Health and Safety Departments (EH&S)
ormance based air change rate.

i’l three principle rit at define and effect the ACH.

) case study of how applying a performance based ACH

to an existing facility will reduce energy consumption while
ining form, fit, and function.

Labs21 - September 2011



dckground /Introduction

of Colorado at Boulder has approximately 2.1 million
ratory space,

of the total campus square footage and 43% of the
otal annual consumption of the entire campus.

labs were built in different eras with different philosophies and
dards regardlng A|r Change Rate (ACH) and safety




lenge for the Campus
. AHJ's and EH&S

air exchange rate is acceptable and
d existing Laboratories on campus

e energy consumptio ile maintaining form, fit, function

fe lab environment

ne how this approach could be pragmatically applied to new

1g facilities using available resources \a
)
N i
L)
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and Standard

and industry standards adopted by the
tate of Colorado

_ standards and best mdustry practice to make educated
Cisions in grey areas not covered by code.
- ANSI, AIHA, NFPA, OSHA, IBC, IMC, IFC, ASHRAE, NIH, ACGIH
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rformance based
is best approach

1 variables for ACH in
tories effecting performance

>d Ventilation Needs @

rd classification based on type of
research and compounds used
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mined by:
ent in a space, taking name plates and if
plates researching similar devices
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‘Measured Labs

determined by:

ple of typical and representative labs throughout
eering labs, chemical, molecular/biological and

bt 1 WL’MM""“M

i m.m'whw%wwwww“w m.
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att Per Square foot

etermined by:

liversity factor for similar types of labs by
veyed data with the actual measured data

s as applicable

ompared above item 1 the Labs 21 database as another
1t of reference to compare information

onsidered to minimize the load variable further:

ork with lab users to use/purchase different equipment

 Turn off equipment or set back when not in use

 Consider infrastructure changes such as fan coil units to remove
the loads from impacting the ventilation rate.
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sidered to minimize the Hood ventilation:

he Hood to a low flow high performance hood
> hood

Leave as is
e Convert to a VAV system if constant volume
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establishing some level of safety in the event of a spill and
‘addressing concerns of low level chronic exposure?
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na ¢ Evaluation and Approach

Y evaluated to establish a level of
fety for reduced ACH:

potential exposures:

eling - mathematical calculations
oring - mock spill scenario and real time monitoring
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rotocol and Management:

are trained to understand:

L ding compound hazard

" Differences bet azard classes (NFPA)
Incidental spills vs. catastrophic spills

Fume hoods used for high hazard compounds
vacuation of the space in the event of a spill

Inderstz
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(sk Analysis

CHEMIGAL. |
reported SPIlLy \
acuation a

illion
nace. '

on this data point the University has less than a
nce based on any given lab evaluated that the
1t will occur in a particular space.

If an event does occur the exposure is limited further by
- the evacuation procedures in place.
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y Lab Hazard Assumptions in
he Vent of a Spill with:

hematical calculations

orlng mock spi  scenario and real
nonitoring of spaces

gcetone concentration over time for comparison to
occupational exposure limits
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leling Approach

ally estimate generation and
2 concentration over time for
change rates

- 2 different 2

' (High 19 ACH vs. Low 4 ACH)
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Generdation and Degradation of Acetone
Goncentration Modeled Data (4 ACH Vs. 19 ACH)
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Air Monitoring Approach

ar Biology Research Facility

ly volatile
' monitored

o0

- o Acetone concentration over time
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Alr Monitoring
Mock Spill Scenario

ed on floor of laboratory

ill dimesions:
—2.67 m?2x0.15cm
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Generation and Degradation of Acetone
Goricentration Monitored Data (4 ACH Vs. 19 ACH)

——Monitored Data 4 ACH

200.0

——Monitored Data 19 ACH

Occupational Exposure
Limits
OSHA PEL - 1,000 ppm
ACGIH TLV —500 ppm
STEL—750 ppm
NIOSH REL — 250 ppm

Acetone Concentration (ppm)

77

Time (Minutes)
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Generation and Degradation of Acetone

oncentration Monitored & Modeled Data (4 ACH)
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Generation and Degradation of Acetone

Goncentration Monitored & Modeled Data (19 ACH)

250.0

i 200.0 /

—Modeled Data 19 ACH

Occu ational Exposure

150.0

—Monitored Data 19 ACH

Limits
OSHA PEL— 1,000 ppm
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NIOSH REL — 250 ppm
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Gerneration andDegradation of Acetone Concentration
VioTiitored & Modeled Data (4 ACH vs. 19 ACH)

600.0

—Modeled Data 4 ACH

—Modeled Data 19 ACH

——Monitored Data 4 ACH
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—Monitored Data 19 ACH Limits

OSHA PEL— 1,000 ppm
ACGIH TLV — 500 ppm

STEL—750 ppm
NIOSH REL — 250 ppm

—_—
£
Q
Q.

-~
c

S
=
©
S
=
[=
)]
o
c
(=]
o

(]
c
[e]
-
[+}]
Q
<

)
o
o
o

58 77
Time (Minutes)

Labs21 - September 2011




ling /Monitoring Data
summary

nore conservative

vated concentrations over time
rrent OELs

-'ACH maintains a lower acetone concentration
r the lower ACH had a comparable amount of
‘evacuate the space to <10 ppm

g a representative approach to determining a safe
Hazard ACH for labs?
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Spreadsheet Analysis

e above went into a spreadsheet comparing the
d variables

& v W i AH
1 rooms w/ multiple hoods
ACH (based Pop
1 ACH (based on design Density
Supply Min. on design Exhaust exhaust |CfmBalance report |Plug W/sf| Plug load | Lighting (=g ft/ #of Occupant| Total Int
2 TE# RM # Sq Ftof LAB | VAW(cfm) | Supply (cfm) pply cfm) (cfm) cfm) or drawing # Field W W person) | people W Load W
30 n A340B RESEARCH LAB 534 2000 225 2100 236 373e-001-m305 4 2138 614 100 5.34 399 3148
I A3454 RESEARCH LAB 521 373e-001-m305 4 2084 599 100 5.3 369 30Tz
32 337 A345D RESEARCH LAB 128 2000 185 2100 19.4 373e-001-m305 4 512 147 100 1.28 95 755
33 335 A3458 RESEARCH LAB 2825 1000 205 1050 21.5 373e-001-m305 4 1170 336 100 293 218 1725
34 336 A3458 RESEARCH LAB 2825 1000 205 1050 215 373e-001-m305 4 1170 336 100 2.93 215 1725
35 338 A345C OFFICE 125 400 192 375 18.0 373e-001-m305 1 125 144 100 1.25 93 362
36 334 A350 COMFEREMCE ROOM 419 1400 200 1300 18.6 373e-001-m305 0 0 482 50 838 626 1108
37 | 332333 A382 Break Rm 604 1700 169 1600 159 373e-001-m305 1 604 695 50 12.08 503 22M
38 325 A3ST RESEARCH LAB 184 2500 81.5 2500 81.5 373e-001-m305 13 2382 2z 100 1.84 137 274
39 326 A359 RESEARCH LAB 132 1600 722 1600 722 373e-001-m305 9 1187 153 100 1.33 99 1449
40 343 A358A RESEARCH LAB 143 1000 405 1000 40.5 373e-001-m305 8 1184 170 100 1.48 111 1455
4 327 A3G0 RESEARCH LAB 124 1400 67.7 1500 726 373e-001-m305 0 0 143 100 1.24 93 235
42 328 A381 RESEARCH LAB 198 1900 582 2100 64.3 373e-001-m305 Z 353 225 100 1.96 148 725
43 105 A108 Autoclave 128 375 1250 58.6 1300 60.9 373e-001-m304 10 1280 147 1427
42 117 A105 Autoclave 128 s 1250 586 1300 60.9 373e-001-m304 10 1280 147 100 1.28 96 1523
116 A108 RESEARCH LAB 217  700.00 2240 61.9 2400 66.4 373e-001-m304 4 290 250 100 217 162 1301
118 A1104 RESEARCH LAB 538| 700.00 2000 224 2100 235 373e-001-m304 4
118 A110B RESEARCH LAB 520 T00.00 2000 231 2100 242 373e-001-m304 4
114 A112, A114 FACULTY OFFICE 250 240.00 800 192 750 18.0 373e-001-m304 1
115 Al115 RESEARCH LAB 272|  300.00 1000 221 1000 221 373e-001-m304 4
113 AT lak 120 400.00 1300 65.0 1300 65.0 373e-001-m304 4
120 A115 lab 151 420.00 1400 556 1600 63.6 373e-001-m304 4
109,121,124 A120 STUDENT STUDY ROOM 4745 540 1800 228 1620 205 373e-001-m304 1
121 A120 STUDENT STUDY ROOM 4748 540 1800 228 1620 205 373e-001-m304 1
124 A120 STUDENT STUDY ROOM 4745 540 1800 228 1620 20.5 373e-001-m304 1
108 A120 STUDENT STUDY ROOM 4748 225 750 95 1620 205 373e-001-m304 1
A120 STUDENT STUDY ROOM 373e-001-m304 1

A1458
A145C

Computer room
CENTRAL STORAGE
RESEARCH LAB
RESEARCH LAB SERVICE
RESEARCH LAB
=storage
RESEARCH LAB
RESEARCH LAB
RESEARCH LAB
RESEARCH LAB
RESEARCH LAB
FACULTY OFFICE

T00.00

175

100

373e-001-m304
373e-001-m304
373e-001-m304
373e-001-m304
373e-001-m304
373e-001-m304
373e-001-m304
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373e-001-m304
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'major infrastruct

Fy 1 i.e. change to VAV, add fan coil
convert to DDC controls)
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VICDB Building Description

» 137,000 sq. ft.; circa 1995.

mption: 18 Btuh/square foot , 51 kWh/square foot
CH ranged 10 - 64 ACH.

Indoor Air Quality (IAQ) issues

HVAC system, VAV with reheat, heat from central campus steam,
- cooling chiller plant for MCDB

Utility rates for the campus = S0.10/kWh & 516/1000 Ibs of steam

-
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VIGDB Buildir g Description (cont.)

1 based on loads.

icians rebalanced the system, re-
oxes and repair/replaced as needed.

acetone test in a area of the lab

— s,
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Results

ere eliminated

o of annual energy consumption reduced for the building is
for both heating and cooling. (eQuest energy model)

energy savings were estimated to be $60,00 for steam and
electricity usage, project costs estimated to be $125,000.* A simple

payback is estimated to be 2 years. (Measurement and Verification are
confirming results this year.)
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Conclusions

nd EH&S were able to:

nfort level in lab safety based on a
which is often reduced) from:

_ review
- Spill risk analysi

Load, hood and hazard comparison
ab safety protocol

ilot study and testing — confirming the assumptions in
he load and hazard analysis.

0p a pragmatic approach that could be applied
campus wide while maintaining lab form, fit and function.
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and Considerations

tinually fine tune the assumptions in load
1azard analysis ?

ng with different compounds and varying volumes to fine

: eration and decay in near and far field
ntinuous IAQ monitor

0 we quantify energy sa

‘estimates an average of 15-19% energy reduction for the entire campus

1gS?

surement and verification to accurately determine the energy savings vs.
jected savings needed but how do we do this with a moving benchmark

e effectively manage lab spaces on campus which are
constantly changing and evolving?

 Collaboration with lab users to lower effective ACH based on lab use and activity

e Required to update EH&S and Facilities Management when changes to lab use
are made
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contact Information

Jorn, P.E., AHJ, LEED A.P.
Shannon.

v othy Lock

IH, CHMM
T4 §
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mailto:Timothy.Lockhart@colorado.edu
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Suidance For Hazards Analysis", U.S, EPA and U.S.
Equation (7), Section G-2, Appendix G. Available
FM/docs/chem/tech.pdf

sram Guidance For Offsite Consequence
0-B-99-009, April 1999. [ Equation (D-
action D.6, Appendix D. Available at
em/oca-all.pdf ]

.gov/emergencies/o

http://www.air-

Nod” American Industrial Hygiene Association, Exposure
ategies committee
iha.

A
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http://www.air-dispersion.com/msource.html
http://www.aiha.org/insideaiha/volunteergroups/Pages/EASC.aspx

December 11, 2008 m

Proposed Agenda:

Intent: To Determine and come to a consensus on acceptable Minimum Air
Change Rate and/or CFM/sq ft. for Laboratories for New and Existing Buildings

ACross campus:

1. Drivers effecting ACH (Health and Safety, and anergy consumption)
a. Codes
i. IBC B occupancy or H occupancy for laboratories (B

occupancy does not stipulate a lower limit, H does)

il. IFC (B occupancy no stipulation, H has lower limit
reguirements)

iil, IMC ventilation based on cfm/sq. ft and type of space and
pollutant generation.

. Adopted Standards guidelines (How are we using these on campus
as adopted standards or guidelines.)

/i. NFPA 45 2003, (4 unoccupied., 8 occupied)
/i NIH building requirements not known, neads 1o be
invastigated further
ii. ASHRAE Laboratory Design guide -2001 { 4 1o 12 ACH,
parformance based on containmeant)
iv. OSHA =29 CFR Part 1910.1450 (4 to 12 ACH}
i/ v. ACGIH, 24 ed. Wide rangs (Does EH&S have these
standards)
i/ vi. ANSHAIHA Z9.5-2003 Wide range (Does EH&S have these
standards)

. Industry Standards: Engineered Solutions, CFD modeling,
contaminant detection.

. Other drivers based on EH&S, UCB Fire Marshal and UCB
mechanical Engineering not mentioned above, l.e. ACH
calculations based on 10 ft high ceilings vs total volume.

2. Determine which of the above we will be enforcing, using as a guideline or
other approach,

3. (Cenclusion ‘:prmnalocl Labs axve 'E C'G&if“""f‘f
M AW & EH4S 7 base AcH m

eh-oshi buscd on perfermace & Fpe g ruearch
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ggguwi onal Exposure Limits
- Reviewed

) ppm

1 (NIC -200) Time weighted
\ Average
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the project, high caliber students, BAS technicians, LWEEP
program, and lab users cooperation.
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Cons of Modeling

Cons
e Overly Conservative
iple e Based on Assumptions
e Doesn’t account for:
—laboratory layout
—Airflow patterns

—“dead zones” or
areas of limited
airflow

—Room thermals

"

ily altered variable
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centrations shown
time

Cons of Monitoring

Cons
 Expensive
 Based on assumptions
e |ndividual compounds

- ¢ Can’t extrapolate to

other areas

e Hard to conduct and
obtain lab space to
conduct to tests
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consistency between 4
AL .er' ions and Variables /s ) \
Modeling & Monitoring) ,

e Chemical Properties (i.e. VP, MW,
: SG)
w Rates ' Air exchange Rates

sions and geometry of * Evaporation Rate
ngth, width, depth) e Even mixing

ONS
. peed over spill (0.09 m/s for 4 ACH and 0.254 m/s for 19 ACH)
e 0p etone in supply air and background of laboratory
* Even mixing in lab
Spill is on the floor of a laboratory
Hazardous chemicals would be used in a hood or with LEV
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