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Assignment #2

1. The samples of two different carpets were tested for VOC emissions in 20m3 environmental

chamber made of stainless steel. Dynamic tests were conducted under the following

conditions:

Temperature:

23°C

Relative humidity: 50%
Air exchange rate: 1 hr?

Loading factor:

0.44 m?/m?3

The following test results (chamber concentrations in ug/m?3) for 4-phenylcyclohexene (4-
PCH) were obtained.

Time [hr] | Carpet A | CarpetB
3.0 42.8 48.5
6.0 44.0 44.7

12.0 40.4 36.5
24.0 37.0 34.8
48.0 34.3 29.8
72.0 31.2 29.4
96.0 30.8 25.2
120.0 28.6 23.8
144.0 26.6 21.6
168.0 26.8 20.9

a) Using the mass balance equation, determine the emission rates of each carpet (as a

function of time)

b) After one-week of airing out, each carpet was installed wall-to-wall in an identical open-

plan office with constant volume ventilation system. The area of the office is 2000 ft2

(185.8 m?) and the number of expected occupants is 10. Assuming the carpets are the

only source of 4-PCH, estimate the 4-PCH concentrations of both offices in ppm or ppb
unit. Consider two ventilation cases: one complying ASHRAE Standard 62.1 Ventilation
Rate Procedure (VRP) and the other is 30% more than VRP to comply LEED v.4 BD&C EQ
credit “Enhanced Indoor Air Quality Strategies”.



2. Evaluate the effect of “flush-out” option of LEED v4 BD&C EQ credit “Indoor Air Quality
Assessment” Option 1-Flush Out using IA-Quest for an office space:

®Size:15mx20mx3.2m
= Number of occupants: 25
= Occupancy hours: 08:00 — 18:00, 7 days a week
= Qutdoor air ventilation rate
e Flush out period: 500 liter/sec
e After occupancy: minimum ventilation rate set by ASHRAE Standard 62.1 VRP
» Window & door area : 40 m?
= Office finishing materials
e Wall-to-wall carpet with adhesive on concrete slab (Crp7a)
e Latex paint (PT7) on plain gypsum board (GB1) for all wall finishing except window &
door area
e Cellulose acoustical ceiling tiles (ACT3)
= Considered contaminants: toluene and TVOC
e Toluene: initial room concentration 0.2 mg/m3; outdoor air concentration 0.01
mg/m3
e TVOC: initial room concentration 2.0 mg/m3; outdoor air concentration 0.1 mg/3

Simulate the following three cases for 60 days and

(a) Draw two figures (one for toluene and the other for TVOC) comparing the
concentration profiles (Concentration vs. time curves) of three cases.

(b) Determine the highest & the lowest TVOC concentrations during occupancy for each
case on the day 30, 40, 50 & 60. Compare with toluene and TVOC concentration limits
setin LEED v4 BD&C EQ Credit “Indoor Air Quality Assessment” Option 2-Air Testing.

(c) Examine the simulation results of three cases and discuss the limitations of IA-Quest.

Case 1: Flush-out path 1

(a) The space is ventilated constantly at 500 liter/sec of outdoor air for flush-out until the
total 4,267,140 liters of outdoor air per square meter of gross floor area is delivered

(b) After the flush-out period, the building is occupied and regular ventilation schedule is
applied:
0 07:00 - 18:00 period with the ventilation rate equals to the minimum requirement of

ASHRAE 62.1 VRP

0 Overnight the ventilation system is turned off.



Case 2: Flush-out path 2

(a) The space is ventilated constantly at 500 liter/s of outdoor air for flush-out before
occupancy until 1,066,260 liters of outdoor air per square meter of gross floor area is
delivered.

(b) Then, the building is occupied, and the flush-out is continued following the Path 2 until
total (including pre-occupancy flush-out) 4,267,140 liters of outdoor air per square
meter of gross floor area is delivered:

0 05:00 - 18:00 period with 500 liter/sec
0 Overnight the ventilation system is turned off.

(c) Once the flush-out is finished, the regular ventilation schedule is applied:

0 07:00 - 18:00 period with the ventilation rate equals to the minimum requirement of
ASHRAE 62.1 VRP
0 Overnight the ventilation system is turned off.

Case 3: No flush-out
The building is ventilated using the regular ventilation schedule:
0 07:00 - 18:00 period with the ventilation rate equals to the minimum requirement of
ASHRAE 62.1 VRP
0 Overnight the ventilation system is turned off.



TABLE 6.2.2.1 Minimum Ventilation Rates in Breathing Zone (Continued)
(Table 6.2.2.1 shall be used in conjunction with the accompanying notes.)

Default Values

People Qutdoor Area Qutdoor

Air Rate Air Rate Occupant Density Combined Outdoor

Rp R, (see Note 4) Air Rate (see Note 5)

cfm/ Lis: #/1000 f* ofm/ Lis- Air
Occupancy Category person person ofm/ft* L/ssm®> Notes or #/100 m? person person Class
General
Break rooms 5 2.5 0.06 0.3 H 25 7t 3.5 1
Coffee stations 5 2.5 0.06 0.3 H 20 8 4 1
Conference/meeting 5 25 0.06 0.3 H 50 6 3.1 1
Corridors — — 0.06 03 H — 1
Occupiable storage rooms for 5 2.5 0.12 0.6 B 2 65 325 2
liquids or gels
Hotels, Motels, Resorts, Dormitories
Bedroom/living room 5 25 0.06 0.3 H 10 11 515 1
Barracks sleeping areas 5 2.5 0.06 0.3 H 20 8 4.0 1
Laundry rooms, central 5 2.5 0.12 0.6 10 17 85 2
Laundry rooms within 5 25 0.12 0.6 10 17 85 1
dwelling units
Lobbies/prefunction 7.5 3.8 0.06 0.3 H 30 10 4.8 1
Multipurpose assembly 5 2.5 0.06 03 H 120 6 28 1
Office Buildings
Breakrooms 5 2.5 0.12 0.6 50 7 315 1
Main entry lobbies 5 25 0.06 0.3 H 10 11 5.5 1
Occupiable storage rooms for 5 25 0.06 0.3 2 35 17.5 1
dry materials
Office space 5 25 0.06 0.3 H 5 17 85 1
Reception areas 5 2.5 0.06 0.3 H 30 7 35 1
Telephone/data entry 5 2.5 0.06 0.3 H 60 6 3.0 1

GENERAL NOTES FOR TABLE 6.2.2,1

1 Related requirements: The rates in this table are based on all other applicable requirements of this standard being met

2 Envir tal Tobacco Smoke: This table applies to ETS-free areas. Refer to Section 5.17 for requi for buildings containing ETS areas and ETS-free areas.

3 Air density: Volumetric airflow rates are based on dry air density of 0.075 lbdaﬁ’!’t3 (1.2 kgdaa’m]}at a barometric pressure of 1 atm (101.3 kPa) and an air temperature of 70°F (21°C).
Rates shall be permitted to be adjusted for actual density.

4 Default occupant density: The default occupant density shall be used where the actual occupant density is not known.

5 Default combined outdoor air rate (per person): Rate is based on the default occupant density.

6 Unlisted occupancies: Where the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms of
occupant density, activities, and building construction shall be used.

ITEM-SPECIFIC NOTES FOR TABLE 6.2.2.1

A For high-school and college libraries, the values shown for “Public Assembly Spaces—Libraries™ shall be used.

B Rate may not be sufficient where stored materials include those having potentially harmful emissions.

C Rate does not allow for humidity control. “Deck area” refers to the area surrounding the pool that is capable of being wetted during pool use or when the pool is occupied. Deck area
that is not expected to be wetted shall be designated as an occupancy category.

Rate does not include special exhaust for stage effects such as dry ice vapors and smoke.

Where combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation, source control, or both shall be provided.

Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom.

Air from one residential dwelling shall not be recirculated or transferred to any other space outside of that dwelling.

Ventilation air for this occupancy category shall be permitted to be reduced to zero when the space is in occupied-standby mode.
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EQ CreDIT: ENHANCED INDOOR AIR QUALITY STRATEGIES

BDAC

1-2 points

This credit applies to

Mew Construction (1-2 paints)
Cora & Shell (1-2 points)
Schoaols [1-2 points)

Retail (1-2 paints)

Data Centars (1-2 paints)
Warshouses & Distribution Cantars (1-2 points)
Hospitality {1-2 points)
Healthcara [1-2 points)

- & & & & ® @&

Intent

To promote occupants’ comfort, well-baing, and produchvity by improving indoor air quality.

Requirements

Option 1. Enhanced LAQ Strategies (1 point)
Comply with the following requirameants, as applicable.

Mechanically ventilated spaces:
A entryway sysfems;
B. interor cross-contamination pravention; and
C. filtration.

Maturally veniilated spacas:
A, entryway systems; and
O. natural ventilation design calculations.

Mixad-mode systems:
A entryway sysiems;
B. interor cross-contamination pravention;
C. filtration;
D. natural ventilation design calculations; and
E. mixed-mode design calculations.

A. Entryway Systems
Install permanant entryway systems at least 10 feet (3 meters) long in the primary direction of traveal

to captura dirf and particulates entering the building at regularly used sxterior enfrances. Acceplable
entryway systems include parmanently installed grates, grillas, slofted systems that allow for cleaning
undameath, rollout mats, and any other malerials manufactiured as entnyway systems with aguivalent
or better parformance. Maintain all on a weekly basis.

Warshouses & Distribution Cantars only
Entryway systems are nof required at doors leading from the exterior to the loading dock or garage

but must ba installed babwean thase spaces and adjacent office areas.
Healihcare only
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In addition to the entryway system, provide pressurized antnyway vestibules at high-volume building
entrances.

B. Interior Cross-Contamination Prevention
Sufficiently exhaust aach space whera hazardous gases or chamicals may be present or usad (eug..
garageas, housekeeping and laundry araas, copying and printing rooms), using the exhaust rales
daterminad in EQ Prerequisita Minimum Indoor Air Quality Performance or & minimum of 0.50 cfm
par square fool (2.54 Ifs per square meter), o create negative pressura with respact to adjacant
spaces when the doors fo the room are closed. For each of thesa spaces, provide self-closing doors
and deck-to-deck partitions or a hard-lid ceding.

C. Filtration
Each vantilation systam that supplies cutdoor air to occupied spaces must have particle filkers or air-
cleaning devices that mesat ana of the following filiration media requirements:
« minimum efficiency reporting value (MERY) of 13 or higher, in accordance with ASHRAE
Standard 52 2-2007; ar
« Class FT or higher as dafined by CEN Standard EN 7782002, Particulate Air Filters for
Ganaral Vanlilation, Determination of the Filtration Performancea.
Replaca all air filtration media after completion of construction and before occupancy.

Data Centers only
Tha above filtration media requiremants are requirad only for venlilation systems sarving regularly
oocupiad spaces.

D. Natural Ventilation Design Calcwlations
Demonstrate that the system design for occupied spaces employs the appropriate strategies in
Chartered Institution of Building Servicess Enginears (CIBSE) Applications Manual AM10, March
2005, Matural Ventilation in Non-Domestic Buildings, Saction 2.4

E. Mizxed-Mode Design Calcuwations
Demonstrate that the system design for cccupied spaces complies with CIBSE Applications Manual
13-2000, Mixad Mode Ventilation.

Option 2. Additional Enhanced |AQ Strategies (1 point)
Comply with the following requiremeants, as applicable.

Mechanically ventilated spaces (select ona):
exterior contamination prevention;
increasad venlilation;

carbon dioxide monitoring; or

additional sourca controd and monitoring.

oome

Maturally ventilated spacas (select one):
A, exterior contamination pravention;
D. additional source contrel and moniloring; or
E. natural ventilation room by room calculations.

Mixad-mode systems (sedect one):
A, exterior contamination pravention;
B. increased ventilation;
D. additional source controd and monitoring: or
E. natural ventilation reom-by-room calculations.

A. Exterior Contamination Prevention
Design the project to minimize and control the antry of pollutants into the building. Ensurs through the
results of computational fluid dynamics modeling, Gaussian disparsion analyses, wind tunnel
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modeling, or tracer gas modeling that cutdoor air contaminant concantrations at outdoor air intakes
are balow the thresholds listed in Table 1 {or local eqguivalent for projects outside the U5, whichawer

is more siringant).

Table 1. Maximum concantrations of pollutants at outdoor air intakes

Pollutants Maximum concentration Standard
Thosea regulated | Allowable annual average | Mational Ambiant Air Quality Standards
by Maticnal OR [(MNAADS)
Ambient Air B-hour or 24-hour average
Quality Standards | where an annual standard
(MAALS) does not axist
OR
Rolling 3-month avaraga

B. Increased Ventilation
Incraasa breathing zone outdoor air ventilation rates fo all occupied spacas by at least 30% above the

minimum rates as determined in ECQ Prerequisite Minimum Indoor Air Quality Performanca.

C. Carbon Dioxide Monitoring
Monitor COz concentrations within all densaly occupied spaces. C0: monitors must be between 3
and & feet (200 and 1 800 millimetars) abowve tha floor. COy monitors must have an audible or visual
indicator or alart the building automation system if the sensed CD:z concantration exceeds the
setpoint by more than 10%. Calculate appropriate CD; satpoints using methods in ASHRAE 62.1-

2010, Appendix C.

D. Additional Source Confrol and Monitoring
For spacas whera air contaminants ara liksly, evaluate potantial sources of addiional air

contaminants basides COz. Develop and implement a materals-handling plan fo reduce the likslihood
of contaminant releasa. Install monitoring systems with sensors designed to detect the spacific
contaminants. An alarm must indicate any unusual or unsafe condilions.

E. Matural Ventilation Room-by-Room Calculations
Folliow CIBSE AM10, Sechon 4, Design Calculations, to predict that room-by-room airflows will
provide effective natural ventilation.
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EQ CreDIT: INDOOR AIR QUALITY ASSESSMENT

BDAC

1-2 points

This credit applias to

Mew Construction {1-2 paints)

Sichools [(1-2 points)

Retail {1-2 painis)

Data Centers {1-2 paints)

Warshouses & Distribution Cantars (1-2 points)
Hospitality (1-2 points)

Healthcara (1-2 points)

- & & 8 & @&

Intent
To astablish better quality indoor air in the building after construction and during occcupancy.

Reqguirements

NC. SCHOOLS RETAN, [DATS NIERS. WarFHOUSES & DISTRIBUTION CENTERS. HOSMTALITY, HEALTHC AR
Salact ona of the following two options, to ba implementad after construction ands and the building has
been complately cleaned. All inferior finishes, such as millwork, doors, paint, carpet, acowstic tiles, and
movable fumishings {a.g.. workstations, partitions), must ba installed, and major VOC punch list items
must be finished. The oplions cannot be combined.

Option 1. Flush-Dut (1 point)

Path 1. Before Occupancy

Install nenw filtration media and perform a building flush-out by supplying a total air volume of 14,000 cubic
feet of outdoor air par square foot (4 267 140 liters of outdoor air par square mater) of gross floor area
while maintaining an intermal tempearatura of at least 60°F (15°C) and no higher than BO®F (27"C) and
relative humidity no higher than 60%.

OR

Path 2. During Occupancy

If occupancy is desired bafora the flush-out is completed, the space may be ooccupied only after delivery
of & minimum of 3 500 cubic feat of outdoor air par sguare foot (1 066 260 liters of cutdoor air per squars
metar) of gross floor area while maintaining an internal tamperature of at kast 60°F (15°C) and no highar
than B0°F (27°C) and relative humidity no higher than 60%..

Once the space is occupied, it must be vantilated at a minimum rate of 0.30 cubic foot par minwta (cfm)
par sguare foot of outdoor air (1.5 lifters per second per square mater of oulside air) or the design
mimimum outdoor gir rate determined in EQ Prarequisite Minimum Indoor Air Quality Performanca,
whichaver is greater. During each day of the flush-out period, vantillation must begin at least threa hours
bafore cocupancy and continue during occupancy. These conditions must ba maintained unfil & otal of
14 000 cubic feat per squara foot of outdoor air (4 270 liters of ouldoor air per square meter) has bean
dalivared fo tha space.

OR

Option 2. Air Testing (2 points)

After construction ends and bafore cocupancy, but under ventilation conditions typical for occupancy,
conduct basaline 1AL testing using prolocols consistent with the methods listed in Table 1 for all occupied
spaces. Usa currant versions of ASTM standard methods, EPA compendium meathods, or 150 mathods,
as indicated. Laboratonies that conduct the tests for chemical analysis of formaldehyde and volatile
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organic compounds must ba accraditad under ISONEC 17025 for the test mathods thay use. Ratail
progecis may conduct the testing within 14 days of cccupancy.

Demonsirata that contaminants do not exceed the concentration lavels listed in Tabla 1.

Table 1. Maximum concantration levels, hi contaminant and tastini method

Maximum ASTM and U.5. EFA 150 method
Contaminant concentration miethods

PM1D {for all bulding=) 50 pgdm?
Healthcare only: 20 EP#& Compendium B0 7708
pgim® Method 1P=10
PM2.S (for buildings in EPA
nonatiainment ansas for PM2.5, or 16 |.|-g.|'r|1’
local esquivaleEnt)
Ozone (for buidings in EPA norattainment areas for .
. . i Ml acpababant) LTS ppm ASTM D5149 - 02 =0 135964
Carbon monoxide (C0) 9 pom; mo mone than 2 EP#& Compendium B0 4224
povm abaove outdoor levels Method IP-3
Total volatile organic compounds (TVOCs) S0 ug.frn" EP& TO=1, TO=17, ar
Healthcare only: 200 EP#& Compendium 150 180006
paim? Method 1P=1
Formaldehyde 27 ppb ASTM D5197, EPA T
Healkhcare only: 16.3 pph 11, ar 150 18000-3
Target wolatile ¥ EPA Compendium
il 1 Acetaldefyde 140 gl Methad 25
compounds* 2 Benzans 3 pgim?
3 Carbon disulfide 800 pg/m®
4 Carbon Ietrachloride 40 pgfm’
5 Chilorabenzene 1000 pgim?
B Chilaraform 300 pglm®
: 3
T D’!E"h'l:lh!’l‘l.ﬂ!ﬂﬂ'“.ﬂlfl BO0gim ASTM DS10T- IS0 16000-3,
-] Dichicroettrylens (1,1) 70 g EP# TO=1, TO=1T, or 150 160006
g Diimethylarmamide (M,N=) B pgfen® EPA Compendium
. Method IP-1
10 Diicwane (1,4« 3000 pgim®
11 Epichiorohydrin 3 pgim?
12 | Eihylbenzens 2000 pgim®
1% | Eihylene ghyool 400 pglfm®
14 Ellhl'gf'ltne ghyool monoethyl 70 pgim?
Ethylene glycol monoethyl ¥
15 - 300 sgfmm
1B Elll_l'gf'lene ghpool monometinyl 80 pglm?
Ethylene ghpool monometiyl 3
T sther acetate 20 pgim

126
Updated to reflect the January 27, 2017 LEED w4 Bullding Design and Construction Addenda



18 | Hexans jn-) T000 pgim®

20 | Isophorone 2000 pgim?®
21 Isopropanol TO00 pgim®
22 Methyl chiomicrm 1000 pgim?
23 Methylene chioride 200 pglm?
24 Methyl tbutyl ether BOOD pgim®
25 Maphthalene Sugim*
26  Phend 200 pgim®
a7 P“’W'“. ;‘:"T_ 7000 pgim?
28 Siyrens 900 pgim®
Teira e 3
2 |0 d"’“'““"l T 35 pgim
a0 Taluene 300 pgim®
31 Trichiorostiylene 600 pgim®
32 | Vingl acetas 200 pgim?®
g:- (I, 0=, pexylene combined) 700 pgim*

ppb = parts par billion; ppm = pars par million; pgfcm = micrograms per cubic maler
*The target volatle organic compounds are from CDFH Siandard Method w11, Table 4-1. The Maxdmum
concentration limits for these target compounds are the full CREL adopted by CallEFA OEHHA In effect on Juns
2014 hitpoifoehhs. ca qowainalieels. himil.

Conduct all measuremants before occupancy but during normal occupied hours, with the building
ventilation system started at tha normal daily star timea and oparated at the minimum cutdoor airflow rats
for the occupied mode throwughout the test

For each sampling point whera the concantration excesds the limit, take corrective action and retest for
the noncompliant comtaminants at the same sampling points. Repeat until all requirements are met.



