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ABSTRACT

The U.S. Environmental Protection Agency (EPA) Bimg Assessment Survey and Evaluation
(BASE) study included a range of measurements thra@domly selected U.S. office buildings
for the purpose of characterizing the existingding stock with respect to determinants of
indoor air quality and occupant perceptions of mdenvironments. One aspect of the evaluation
was the characterization of the ventilation systeersing the study spaces and selected
measurements of ventilation performance. This tgp@sents an analysis of these data with a
focus on supply and outdoor airflows, including @amsons of the measured data with design
values and the outdoor air requirements in ASHRAdh&ard 62-2001. The results indicate that,
as expected based on thermal load consideratiomsyverage value of the design and measured
supply airflow are both about 5 L/s*rfl cfm/ff). The measured outdoor air ventilation is
higher than might be expected, with a mean valudi/s (105 cfm)per person based on
volumetric airflow measurements at the air handded measured occupant densities. These
outdoor air ventilation values are high on avenagative to the minimum outdoor air
requirements in Standard 62 due to the high outdwdractions (relative to minimum) and the
actual occupancy being on average 80 % of the degigupancy. Nevertheless, about 17 % of
the ventilation measurements are still below thé& /8020 cfm) per person requirement in
Standard 62. Under conditions of minimum outdooirdake and accounting for the lower
occupancy levels, the mean ventilation rate is nbud@jl L/s (22 cfm) per person and about one-
half of the values are below the per person reqerd in Standard 62. In addition, this report
contains a number of suggested modifications tgtbecol used in these assessments for
consideration in future studies.

This report is a revision of the original reporttbese data published in 2004. This revision
reflects some additional analyses of the data, kvfesults in some changes to the numerical
values reported, but not to the overall conclusidie additional analyses are discussed in
Appendix F of this report, which was published &¢$I8T Letter Report in October 2008. Al
values in this revised report that have changeativel to the original report are noted in bold
font. Those tables and figures have been updaeediso noted in bold font in the lists of tables
and figures page vii and viii respectively.

Keywords: carbon dioxide, design, measurement, ax@chl ventilation, office buildings,
ventilation
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1. INTRODUCTION AND BACKGROUND

Building ventilation is a primary determinant oflwor air quality (IAQ) in buildings as it
impacts indoor contaminant concentrations and cacupomfort. However, relatively few
measurements of office building ventilation perfamoe have been conducted, and those data
that exist generally have not employed consistesdsurement methods and have not involved
representative collections of buildings. As diseasbelow, the EPA Building Assessment
Survey and Evaluation (BASE) study was conducteassess IAQ, including ventilation, in a
large number of randomly selected office buildittg®ughout the U.S. using a standardized
protocol. Ventilation performance assessment wasygart of the survey, and this report
presents an analysis of the ventilation data cateduring the study. The building evaluations
were conducted by EPA contractors, and the angtysisented in this report is based on the
ventilation data collected by the contractors.

1.1 EPA BASE Study

The EPA BASE study was originally conceived to addrthe IAQ data gap in public and
commercial office buildings. As described in thetpcol for the study (EPA 2003), the primary
goal of the study was to define the status of tistiag building stock with respect to
determinants of IAQ and occupant perceptions. Theyswvas also intended to provide data that
would form the basis for future building studies veell as provide guidance on building design,
construction, operation, and maintenance. EPA dsleeha steering committee to support the
design, planning, and implementation of the efiothe following areas: study design; building
and heating, ventilating, and air conditioning (H®Acharacteristics; human response and
guestionnaires; environmental measurements; didiga@nd mitigation; and program
integration. A protocol was then developed thabiporated the three major study areas:
comfort and environmental measurements; buildirglddAC characterization; and an
occupant questionnaire. While certain aspectsegttitire building were characterized, one or
more representative sampling spaces (referredttasimeport astudy spaces) in each building
were more intensively characterized due to costtiamel limitations. Ultimately the data from
the study will reside in a publicly accessible thatse, and it is expected that the data will be
used for a number of applications, such as: dewgdoglistributions of IAQ, building and HVAC
characteristics; developing new hypotheses reggrftam example, the causes of occupant
symptoms; establishing standardized protocolsAQ studies; examining the relationship of
symptoms to building characteristics; and, develgmuidance on building design, construction,
operation, and maintenance.

Buildings included in the sample were not intentiede IAQ complaint buildings, although
some complaint buildings may have been includedvé¥er, buildings that had been highly
publicized by the media for their IAQ problems wexeluded. The building sampling strategy
randomized the sample to the extent possible,duirity the success in gaining access to
buildings. Over the five-year period from 1994 &98&, 100 buildings were studied as part of the
BASE program. Each building was studied for a omekvwperiod, generally in either the summer
or winter, during which the various measurementseewenducted. On Wednesdays and
Thursdays of that week, HVAC system performancesmesments were made at the same time
that environmental measurements were made in thgad space. These HVAC performance
measurements were generally made at approximat@ysOm. and 2:30 p.m. on each day. The
HVAC performance measurements are described biieflyable 1, which also contains the
number of the data form from the BASE protocol.



Form

Parameter Monitoring approach Number*
Supply and recirculation | Duct traverse for each air handling unit (AHU) segv E-1
airflow study space using pitot tube or hot-wire anemometer
Percent outdoor air intake Calculation from carbdmxide (CQ) concentration E-1

measured in outdoor air and the supply and returof a
each AHU serving the study space.

Outdoor air intake For each AHU serving the stapigice, duct traverse in E-1
the outdoor air intake duct. If not possible, eatienfrom
difference between supply and recirculation airflow
Supply air temperature angd Measurement in supply air duct for each AHU serving E-1
relative humidity study space.

Exhaust fan operation Observation by techniciamings and afternoons of E-3
monitoring days
Exhaust fan airflow Measurement of airflow ratealbexhaust fans serving E-4

the study space using flow capture hood or ducetss;
measurement of individual exhaust grilles withia th
study area; one time measurement.

Local ventilation Measurement of airflow from all supply diffusers\seg E-2
performance — supply the study space (preferred) using flow capture hood
airflow measure a minimum of 50 % of the supply diffusers

serving the study space.
Outdoor air ventilation rate Estimation of ventilation from continuous GO E-5
— continuous C® concentration at three locations in study spacky, on

method used in naturally ventilated buildings
* Form number for data collection in BASE protocol.

Table 1 HVAC performance parameters

The study areas in each building were selecteddbas¢he following criteria (EPA 2003):

* Number of occupants: 25 occupants who work for 2ore hours per week and are
available to complete the questionnaire, but padfgr50 to 60 such occupants.

* Served by no more than two air-handling units,greferably just one.
* A maximum of three floors, but preferably just one.
« Preferably floor area not to exceed 1900(20 000 ff)

There have been previous analyses of the buildidg-i/AC data, as well as some papers
describing the BASE study in more general termgyfBman et al. 1996, Womble et al. 1995
and 1996). Ludwig et al. (2002) present an analykike ventilation data, including a
comparison with the outdoor air requirements in KHME Standard 62-1999 (ASHRAE 1999).
They conclude that ventilation rates based on in@ levels have lower uncertainties than the
rates based on the other methods considered anehdish of the measured values are higher than
the requirements in Standard 62. However, the tamiogies considered are based only on
instrumentation specifications and do not consudleer sources of error. In particular, the
uncertainties of the ventilation estimates usirtpor CQ are based on only the concentration
measurements and not on validity of the assumptidrerent in the mass balance methodology
used to make these estimates. Also, their analydisot investigate ventilation system design
values and did not address other ventilation perémce parameters of interest, such as supply
airflows. Apte et al. (2000) and Erdman et al. @0€8xamine associations between sick building
syndrome symptoms and indoor-outdoor, @0ncentration differences as surrogates for per
person ventilation rates.



1.2 Objectives of Ventilation Analysis

The purpose of the analysis presented in this tepto produce information on ventilation
system design and performance for the 100 BASEe®fiuildings. While there have been some
studies of ventilation in office buildings (Persil989, Persily and Dols 1991, Persily at al.
1992), none have been associated with such thorchegtacterizations of indoor environmental
conditions and occupant symptoms nor have they applied to a representative set of
buildings. Therefore, the BASE data provide a uaigpportunity to obtain important

information about U.S. office buildings includingntilation system design values, measured
ventilation performance, and the relationship esthmeasurement results to design values and
to requirements in standards. While the followiegtens describe the specific parameters that
are considered, the focus of this analysis is pilgnan supply airflows and outdoor air
ventilation. It is envisioned that the resultskustanalysis will be used to investigate
relationships of ventilation to IAQ performance gaeters and to occupant symptoms. In
addition to providing design and measured ventitatiata, this study was performed to evaluate
the BASE protocol with respect to its ability totain reliable ventilation performance data and
to recommend modifications to the protocol for irstuture studies.

2. METHODOLOGY

The data analysis involved calculations of varipasameters using the data obtained by the EPA
contractor, most of which is described in the risssiction. The overall analysis approach is
summarized in this section, along with a more tkedadiscussion of some specific parameters
such as the outdoor air fraction of an air handler.

The analysis focused primarily on the study spaoekthe ventilation systems serving these
spaces in terms of both design and measured peafman As noted earlier, the study spaces
were portions of buildings, or in some cases wihoiédings, that were the subject of the BASE
study test protocol. In this study, ventilationidesand performance is assessed primarily in
terms of supply airflow and outdoor air intake,rajavith exhaust airflows to a lesser degree. In
addition, occupancy levels are examined. All ofdhalysis performed by NIST employs data
that were provided by EPA, much of which had alyelaglen processed by their contractors. For
example, the data from duct traverses had already bonverted into volumetric airflows. NIST
did not use the raw data from the field to verlig processing done by the contractor, as the
protocol and data processing already had signifigaality control checks. The BASE variables
used in the NIST analysis, as well as those ohddiroen the contractor’s analysis, are identified
in Appendix A.

The analysis results are presented in the forrhefdllowing summary statistics for the
variables of interest: mean, standard deviatiordiame the 18, 25", 75" and 98" percentile
values, and the minimum and maximum values.

2.1 Buildings, Study Spaces and Air Handling Systesn

The data analysis focused first on the building®ived in the BASE study and the study spaces
in the buildings. Basic information was analyzeaaracterize the age and size of the buildings
as well as the size and occupancy of the studyespdtie air handling systems serving the study
spaces were examined in terms of the types ofsysteeans of outdoor air intake control, and
system design specifications. The latter includgsply, return and minimum outdoor airflow
capacity and design occupant density. The systangmairflows were obtained as part of the
BASE protocol, when available, from system speatfans and other design documentation. The
primary outcomes of these analyses are the supfilpvacapacity per unit floor area, expressed
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as L/seni (cfm/ft), and the minimum outdoor air intake in L/seper¢cim/person). These
design parameters are then examined as a fundtiauilding age to determine if any trends
over time are evident. In addition, the design céjes of the exhaust ventilation systems are
examined, including their contribution to the neflew balance of the building.

2.2 Measured Data

The analysis of the measured data focused on Hosving ventilation performance parameters:
supply airflow, outdoor air fraction, outdoor agntilation, and exhaust airflow. An uncertainty
analysis is performed for all the calculated parn@nsebased on propagation of the uncertainty
estimates for each of the measured quantities 302 for the measured outdoor air intake and
recirculation airflow, 10 % for the supply airflonsnd 90 mg/m(50 ppm(v)) for the C®
concentrations. The uncertainties of the airflovesestimates from an analysis by the EPA
contractor who performed the tests (EHE 2001a).aldteal uncertainties may very well be
larger, or perhaps smaller, than these estimabegeVer, there is insufficient information
available to develop better estimates of the measent uncertainties. The value for the,CO
monitors is based on the instrumentation speci@inatin the study protocol.

Occupant Density

As part of the BASE protocol, the number of occupam each study space was counted twice a
day for at least two days during the test week s€hgata are analyzed to determine the occupant
density of each space in units of number per 10QLO00 f). These values are compared with
the design occupancy based on the number of waidssan each study space and with the
occupant density values in ASHRAE Standard 62-Z8@EHRAE 2001a) and in addendum n to
that standard (ASHRAE 2003).

Supply Airflow

The measured supply airflows for the individualtendlers are first compared with the design
values. The ratios of measured to design are thaln&ted as a function of system type and
outdoor air temperature. The supply airflows far #ir handlers were combined to determine the
total supply airflow to each study space. The syppflow to each study space was based on the
percentage of the air handler airflow serving tiuglg space, which is a variable determined in
the ventilation system evaluation. The survey prokalid not provide an uncertainty estimate

for these percentages. For the purposes of thigaasiahe uncertainty is assumed to equal 10 %
of the value except in cases where 100 % of this @elivered to the study space. In those cases
the uncertainty is assumed to be zero. The stuagespupply airflows are normalized by floor
area served and examined as a function of outdoteraperature.

Outdoor Air Fraction

A key ventilation performance parameter assess#teistudy is the outdoor air fractiog, Ee.,
the ratio of the outdoor air intake to the suppifl@w. It is of interest as a performance
parameter itself and as a means of determiningukaoor air intake through multiplication by
the supply airflow. The outdoor air fraction wagedeined in two ways, dividing the measured
outdoor airflow by the measured supply airflow @mebugh the measurement of €O
concentrations in the outdoor, supply and recitautaairstreams. The former determination is
referred to as @olumetric value, while the latter is referred to as @@, ratio value.

The volumetric outdoor air fraction was determif@deach air handler measurement based on
whichever of the expressions in Equations (1a)) &bl (1c) apply. In Equation (1a)-F
volumetric is determined by the measured outdaantake divided by the supply airflow. In
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cases where the outdoor air intake was not measiinectly but the supply and recirculation
flows were measured fvolumetric was determined using Equation (1b)aHyn in cases where
the supply airflow was not measureg;velumetric was determined using Equation (1c) base
on the sum of the outdoor and recirculation airBoMathematically, these three means of
determining the volumetric intake fraction are egsed as follows:

Fo = Qo/Qs (1a)
Fo= (Qs— &R)/Qs (1b)
Fo = Qo/(Qo + Qr) (1c)

where F is the outdoor air fraction ando(JQs and ( are the outdoor, supply and recirculation
airflows respectively. The value of with the minimum uncertainty was identified and is
referred to as theest volumetric value of & For some air handlers, the value gttBuld be
determined using more than one of these expresdtong small number of cases in which only
Equation (1b) could be used, the value giW@s less than g resulting in a negative value. In
those cases, the outdoor air fraction apdv@re both set to zero, but the large uncertaiatyes
were carried through the analysis.

Values of i were also determined based on measuregdd@centrations in the outdoor, supply
and recirculation airstreams using Equation (2),

Fo= (Cr—C9) / (Cr— Co) @)

where G, Cs and G are the C@concentrations in the supply, recirculation anttloar
airstreams respectively.

Outdoor Air Ventilation

Outdoor air intake is determined for individual bandlers using whichever of the following
approaches was possible:

» Direct measurements of the volumetric airflow ie thutdoor air intake duct using standard
air speed traverse approaches.

» The difference between direct measurements ofuttpplg and recirculation volumetric
airflows.

* The outdoor air fraction based on £@ee Equation (2)) multiplied by the supply aiwflo

The measured outdoor airflows for the individualreindlers are compared with the design
values for minimum outdoor air for the systems welgich a design value exists. The ratios of
the measured to design values are evaluated astoiu of system type and outdoor air
temperature. Based on the measurements at thedadivair handlers, the outdoor air
ventilation in each study space is calculated. @luadculations employ the value of the
percentage of the air from each handler that igigdeal to the study space. As noted above, the
protocol does not provide an uncertainty estimatealfese values, and the uncertainty is
assumed to equal 10 % except when the value i84.00

The outdoor air ventilation in the study spacelss @stimated based on the £gncentrations
measured with the fixed monitors used in the stédgumber of such monitors were deployed
in each study space, which recorded the €&hcentration (and other variables) every 5 min
over several days. The G@oncentrations were averaged across the studg spakcthe peak
value identified. In some cases both a morningaamndfternoon peak were identified, if the
concentration pattern indicated two distinct ped&tkather cases, only a single peak was
determined for the day. The peak concentration sitha corresponding outdoor concentration
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is then used to estimate the outdoor airflow pesgeassuming that the GC@oncentration is at
equilibrium and assuming a GQ@eneration rate per person of 0.0052 L/s (0.0fr).cThis

method is based on a single-zone mass balance pinGke study space and therefore is valid
only when the concentration is indeed at steadystlae concentration is uniform throughout
the space, airflows from adjoining spaces can berigg, and the outdoor concentration,
ventilation rate and generation rate are all canigRersily 1997). Since the validity of these
assumptions was not investigated as part of thdySexcept that the outdoor concentration was
monitored), the validity of the results obtainedhthis method are subject to question.

Supply Diffuser and Exhaust Airflows

The BASE protocol included one measurement of tipply airflow at the accessible supply air
diffusers and the exhaust airflow at exhaust grilieated in the study space. In the case of the
supply diffusers, the total supply airflow to thedy space is compared with the value based on
the measurements at the air handler(s). The maehsuhaust airflows are compared with the
corresponding design values.

2.3 Timing of Building Evaluations

As noted earlier, the goal in the BASE study wasdieduct the measurements during the winter
and summer when the systems were more likely mpleeating at minimum outdoor air
conditions and to increase the likelihood thatdygtem operation would not vary over the test
week. Figure 1 is a plot of the measurement datesdnth of the year. Note the large number of
measurements made during the month of March. Howéwe month does not necessarily
indicate the percentage of outdoor air intake;aiheloor air temperature is a better predictor.
Figure 2 shows the distribution of the measuremieased on the outdoor air temperature at
which the ventilation measurements were made.dfagsumes that minimum outdoor air intake
occurs for air temperatures below 5 °C (41 °F) aloove 20 °C (68 °F), then 339 of the 548
measurement events (or 62 %), with the outdoor ésatpre recorded, would correspond to
minimum outdoor air intake. Of course, the peradrdgutdoor air intake as a function of outdoor
temperature depends on the individual system, ant systems were 100 % outdoor air
systems. But based on temperature alone, abouhodesf the tests might be expected to be at
other than minimum outdoor air intake. The issupeartent outdoor air intake, including the
temperature dependence, is discussed again wheattheor air fraction and outdoor air
ventilation measurements are presented.
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3. RESULTS

This section presents the results of the ventitadioalysis performed on the BASE building data.
These results include information on the buildiagd study spaces, system design parameters,
and measured values of occupant density, supglgwjroutdoor air fraction, outdoor air
ventilation and exhaust airflow.

3.1 Building and Study Space Information

As noted earlier, 100 buildings were involved ie BASE study. These buildings were
randomly selected as described in Womble et a%),%nd were located throughout the United
States. Table 1 presents a summary of the chasdteiof the buildings. The years of
construction range from 1850 to 1996, with a mefal®61, though most of them have been
renovated at some point. The total number of fpbelow and above grade, range from 1 to 61,
with a mean of 10 stories. The gross floor aredhetbuildings range from about 1708 m

(18 000 ff) to 134 200 rh(1 445 000 fi), with a mean of 24 8007266 000 ff). The occupied
floor areas, which exclude atria, vacant officecgpdnallways, stair and elevator shafts,
mechanical rooms and core areas, range from Q8000 ff) to 98 500 rfi (1 060 000 ff),

with a mean of 16 400 {177 000 ff). Of the 100 buildings, 97 have mechanical vetitita
systems while three employ predominantly naturatilegion, i.e., buildings NYBS06, ORIS02
and WAIAO1. (These building codes are used in tASB study to identify each building, with
the first two letters indicating the state in whibley are located.) Ninety-nine of the buildings
are air-conditioned (building WAIAO1 being the egtien), and all are heated.

Year of Number of Gross floor area Occupied floor area
construction |  stories m? (ft?) m? (ft?)

Mean 1961 10 24 800 (266 000) 16 400 (177 00Q
Std. Dev. 31 11 27 900 (300 000) 18 500 (199 000
Minimum 1850 1 1700 (18 000) 600 (6000)
10" percentile 1906 3 3700 (40 000) 2300 (25 000)
25" percentile 1953 4 7400 (80 000) 5100 (55 000)
Median 1972 6 14 000 (151 000) 8500 (91 000)
75" percentile 1983 12 27 900 (300 000) 21 300 (229 00
90" percentile 1988 22 65 100 (701 000) 35 900 (35 00
Maximum 1996 61 134 200 (1 445 000) 98 500 (1 B 0

Table 2 Building information

It is interesting to compare the BASE buildingshose included in the 1995 U.S. Department of
Energy Commercial Building Energy Consumption SyreeCBECS (DOE 1998). CBECS is a
national survey of commercial buildings that is docted quadrennially with a target population
of all commercial buildings in the United Stateshainore than 100 f(1000 f£) of floor area.

The median age of the CBECS buildings correspamdsyear of construction of 1972, which is
identical to the BASE value. The mean floor arethef1995 CBECS office buildings is

1400 nf (14 900 ff), which is much less than the BASE buildings. Heereas noted earlier,

the BASE buildings were selected such that theystpdce had at least 25 occupants and
preferably 50 or 60 occupants. The mean numberdtaevs in the CBECS office buildings is
38.4 and 74 % of the office buildings have lesstk@ occupants. Therefore the difference in the
floor areas between CBECS and BASE is not surgyigi the 705 000 CBECS office

buildings, all but 1000 are heated and 98 % aréedp@onsistent with the BASE buildings. A
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previous analysis of the BASE buildings relativeite CBECS data notes that the BASE
buildings are most representative of office buidginvith more than 50 occupants, which
constitute roughly 11 % of the office building stdaut about 73 % of the U.S. office building
occupants (EHE 2001b).

The 100 study spaces within the buildings werecsetebased on the criteria described above,
and some of their characteristics are summarizdébte 3. The occupied floor areas range from
430 nf (4600 ff) to 6440 M (69 300 ff), with a mean of 1540 {16 600 ff). The mean

number of workstations is 72, which corresponds.8workstations per 100°of floor area

(4.9 per 1000 f). The number of workstations in this table is $hen of the number of private,
partitioned and open-space workstations that wewated as part of the study space
characterization. The study space characterizalgmyielded a value for the design floor area
per workstation (variable name B1DESWS). Computitegnumber of workstations per floor
area based on BIDESWS yields similar values tcetlobsained based on the number of
workstations as presented in the table, but naiticd. The number of workstation density in
the table is below the default value of 7 per 16q1000 ff) in ASHRAE Standard 62-2001, but
close to the default value of 5 per 108 (000 ff) for office space in addendum n to the
standard (ASHRAE 2003). For the 97 study spacds méchanical ventilation, the mean
number of supply air diffusers is 106 and the mfézor area per diffuser of 18.47(198 ff).

Workstations | Number of

Occupied floor | Numberof | per100nf | supplyair | Floor area per

area,m*(ft>) | workstations | (1000 ff) diffusers | diffuser m? (ft?
# of values 100 100 100 97 97
Mean 1540 (16 600) 72 5.3(4.9) 106 18.4 (198)
Std. Dev. 740 (8 000) 19 2.0 (1.9 53 16.1(174)
Minimum 430 (4600) 39 1.0 (0.9) 6 5.3 (57)
10" percentile 880 (9 500) 50 3.0 (2.8) 47 8.4 (91)
25" percentile 1130 (12 100) 58 4.0 (3.7) 73 10.9 (118)
Median 1430 (15 400) 68 4.8 (4.5) 98 15.1 (163)
75" percentile 1780 (19 200) 88 6.3 (5.8) 132 19.8 (213)
90" percentile 2250 (24 200) 100 7.6 (7.1) 168 26.9 (290)
Maximum 6440 (69 300) 118 12.5 (11.6) 281 140.0 (1507)

Table 3 Study space information

3.2 Ventilation System Design Parameters

The study spaces in the 97 mechanically ventilateldiings are served by a total of 141
mechanical ventilation systems. Of these systefhsy® constant air volume (CV) and 91 are
variable air volume (VAV). CV systems provide a stant amount of supply air, while varying
the supply air temperature to meet the heatingcanting loads of the space. VAV systems
maintain a constant supply air temperature and trergupply airflow to meet the loads. The
system types are summarized in Table 4 based myttem classification and letter codes in the
BASE protocol.

In addition to the system types in Table 4, othesigh features related to outdoor air intake
control were collected for the ventilation systefable 5 presents this information for the
mechanically ventilated buildings, including thewher with systems that employ temperature
(dry-bulb) or enthalpy economizer cycles. Twenty-tildings have dedicated outdoor air fans,
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with 11 of those also conditioning the air. Fivalthmgs have 100 % outdoor air systems, and 88
have fixed minimum outdoor air intake dampers. Aabmumber have the outdoor air intake
controlled using airflow monitoring, supply/retuian tracking or building pressure.

Number Number
Constant volume (CV) of systems| Variable air volume (VAV) of systems
A Single duct, single zone 13 D Single duct 37
B Single duct, multiple zone reheat 8 E Single diatteat 17
J Dual duct 2 F Single duct, induction 7
K Dual duct, reheat 7 G Single duct, fan powered, 8
constant fan
N Multizone 17 H Single duct, fan powered, 18
intermittent fan
O Blow-through bypass 3 L Dual duct, single fan 3
M Dual duct, dual fan 1
TOTAL CV 50 TOTAL VAV 91

Table 4 Ventilation System Types

Number of

Outdoor air intake control buildings
Economizer cycle (temperature control) 50
Economizer cycle (enthalpy control) 21
Dedicated outdoor air fan, conditioned 11
Dedicated outdoor air fan, unconditioned 10
100 % outdoor air 5
Fixed minimum outdoor air damper 88
Outdoor air intake controlled via monitoring 2
Outdoor air intake controlled via supply/return teacking 5
Outdoor air intake controlled by building pressure 4

Table 5 Outdoor air intake control

The availability of design information varies amadhg systems, however the information that
does exist was analyzed and the results are suzadan Table 6. (Detailed design information
for all the systems is provided in Appendix B.) Teab presents the floor area served by the
systems, the design supply airflow capacity noreealiby floor area served (for all systems as
well as for CV and VAV systems separately), theorat design supply to return airflows, the
design minimum outdoor air intake per person andupé floor area, the ratio of the design
minimum outdoor air intake to the design supplycajpacity, and the occupant density. The
occupant density is based on the number of occaanted by the air handler, which was
obtained during the surveys from a building wal&tigh or from the building management.
(During the study space surveys, the actual numbeccupants was counted and those results
are presented later in this report.) When calauggtine supply airflow capacities, the minimum
outdoor air intake, and the occupant densities esaamues were not in the expected range. These
values include supply airflows greater than 15mfs¢3 cfm/ft®), minimum outdoor air intake
greater than 33 L/s (70 cfm) per person or 5 Ligshefm/ff), and occupant densities greater
than 12 per 100 f(1000 f). Values outside these ranges are included istitéstics in Table

6, and the outliers themselves are identified ibl&&q.

As seen in Table 6, for the 134 air handling systernth design data, the mean value of the
design supply airflow normalized by floor area sehis5.86 L/senf (1.15 cfm/ff), which is
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close to the expected value of 5 L/ésth cfm/ ff) based on typical cooling loads and supply air
temperatures in office buildings. The median vasueven closer to the expected supply airflow
rate, and the mean is slightly higher for CV systemd lower for VAV systems. The ratio of the
design supply airflow to the design return airfloauld be determined for 41 of the systems, and
the mean value is 1.14. This value is consistetit the common design intent to provide more
supply than return air to a space to achieve pesfiressurization and to ensure that toilet and
other exhaust systems are able to function properly

Design supply airflow capacity
Floor area served L/sent (cfm/ft) Supply/
m? (ft) All systems CcV VAV Return
# of values 141 134 47 87 41
Mean 3100 (33 300) 5.86 (1.15)| 7.01(1.38) | 5.25(1.03) 1.14
Std. Dev. 4230 (45 600) 3.57 (0.70)| 5.33(1.05) | 1.85(0.36) 0.22
Minimum 110 (1200) 1.13 (0.22) 1.13 (0.22) 1.67 (0.33 0.20
10" percentile 540 (5800) 2.90 (0.57 2.74 (0.54) 3.26 (0.64) 1.00
25" percentile 990 (10 700) 4.15 (0.82 4.19 (0.88) 1540.82) 1.07
Median 1640 (17 600) 5.21(1.03) 5.63 (1.11) | 4.99 (0.98) 1.11
75" percentile 3440 (37 000) 6.78 (1.33)| 7.83(1.54) | 6.17 (1.22) 1.25
90" percentile 7620 (82 100) 8.45 (1.66)| 11.21 (2.21)| 7.56 (1.49) 1.28
Maximum 33 780 (363 600 30.18 (5.94)  30.18 (5.94)12.47 (2.45) 1.85
Design minimum outdoor air intake | Minimum OA/ | Occupant density
L/s (cfm) per person  L/sshicfm/ftd) Supply #/100 nf (1000 ff)
# of values 74 76 76 137
Mean 18.4 (39.0) 0.94 (0.18) 0.19 5.3(4.9)
Std. Dev. 13.7 (29.0) 1.06 (0.21) 0.22 6.5 (6.1)
Minimum 1.3(2.9) 0.17 (0.03) 0.06 0.9 (0.8)
10" percentile 7.5 (16.0) 0.31 (0.06) 0.08 2.2 (2.0)
25" percentile 10.6 (22.4) 0.42 (0.08) 0.10 2.9 (2.7
Median 15.2 (32.1) 0.60 (0.12) 0.12 3.9(3.7)
75" percentile 23.6 (50.0) 0.92 (0.18) 0.15 HIAY
90" percentile 29.7 (63.0) 1.82(0.36) 0.31 8.0 (7.4)
Maximum 98.3 (208.2) 6.67 (1.31) 1.00 65.1 (60.5)

Table 6 System design values

The mean value of the design minimum outdoor aakie per person is 18.4 L/s (39.0 cfm), and
the median is 15.2 L/s (32.1 cfm). These valuesboxe the minimum outdoor air requirement
for office space in ASHRAE Standard 62-2001 (ASHR2(01) of 10 L/s (20 cfm) per person.
The design outdoor air intake in Table 6 is basethe number of workstations, since the
number of occupants used in the design is notabail However, dividing the design minimum
outdoor airflow by the number of occupants basetheroccupant density in ASHRAE Standard
62-2001 (7 people per 100°1{1000 ff)) instead of the actual number of workstationsdgie
mean per person outdoor air intake of 13.1 L/s§2%n) and a median of 8.5 L/s (16.7 cfm),
which are closer to the ASHRAE requirement. Not ttesign the minimum outdoor air intake
is available for only 76 of the 141 systems. Alb@se systems were designed at various times,
and therefore it is not clear what standard or cedeirements the systems were used in the
design. The table also provides the design miniroutdoor air intake on a floor area basis.
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Finally, the mean ratio of the minimum outdooriatake to supply airflow capacity is 0.18 and
the median value is 0.12, consistent with expecéddes of 10 % to 20 %.

The mean value of the design occupant density ieT@ is5.3 people per 100 m(4.9 per
1000 f£), while the median value is 3.9 per 108 (3.7 per 1000 f). As noted earlier when
discussing the study spaces, these values fontlnddual air handlers are below the default
value of 7 per 100 (1000 f£) in ASHRAE Standard 62-2001, but close to the défaalue of
5 per 100 rh (1000 ff) for office space in addendum n to the standaSHRAE 2003).

System *

Issue

Comments

AZHW10 (2 of 2)

High supply capacity, 24 L/s*m
(4.7 cfm/ff)

System (1) at 8 L/seh(1.5 cfm/ff)

LAGWO5 (1 of 2)

High supply capacity, 18 L/s*m
(3.6 cfm/ft)

System (2) at 4 L/s*(0.7 cfm/ff);
occupant density 5 times that of system (
floor area could be low

MOCSOL{tofl)

High supply capacity, 27 Lisém
(5-3-cim/ff)

PABSO04 (2 of 2)

High supply capacity, 25 L/$em
(5.9 cfm/ff)

System (1) at 4 L/s+(0.8 cfm/ff)

CAEWO09 (1 of 1)

High minimum outdoor air 53 L/3
(113 cfm) per person,

5 Minimum outdoor air based on supply an
return capacities

CAJS21 (2 of 2)

High minimum outdoor air, 98 L
(208 cfm) per person

s100 % outdoor air system; System (1) at
L/s (61 cfm) per person

MDDSO1 (1 of 1)

High minimum outdoor air, 51 L
(109 cfm) per person

S

NCDWO3 (2 of 5)

High minimum outdoor air, 38 L
(80 cfm) per person

sOther 4 systems from 9 L/s (20 cfm) per
person to 16 L/s (33 cfm) per person;
system (2) occupant density about 25 %
other 4 systems.

Of

NECWO02 (1 of 1)

High minimum outdoor air, 38 L
(80 cfm) per person

sHigh occupant density, 16 occupants per
100 nf (1000 ff)

TNFS10 (1 of 1)

High minimum outdoor air, 34 L
(72 cfm) per person

sLow occupant density, 1.1 occupants per
100 nf (1000 ff)

CAJW25 (1 of 1)

High occupant density, 61
occupants per 1002r’(11000 ff)

Supply airflow 24 L/serh(2.5 cfm/ff);
floor area could be low

MOCS01 (4 of 1)

%eupan%s—pe#l@@%&@@@—tf}

NECWO2 (1 of 1)

High occupant density, 16
occupants per 1007{1000 ff)

SDBWO2 (1 of 1)

High occupant density, 38
occupants per 10071000 ff)

Low minimum outdoor air 1 L/s (3 cfm) pé
person, consistent with high occupant
density value

D
=

TNDSO05 (1 of 2)

High occupant density, just over

System (2) lists no occupants

12 occupants per 100°rf000 ft)

* Values in parentheses refers to air handler numddative to total number of air handlers, e.g.
(2 of 2) means second of two air handlers senegstudy space.
Table 7 System design outlief's
The ventilation requirements in ASHRAE Standard26®1 were recently revised by addendum
n to the standard (ASHRAE 2003). In the new proocedine number of occupants is multiplied

* The text in the table noted with a strikethroeghresponds to two occurrences that are no
longer outliers given the modifications to the dagéscribed earlier.
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by an outdoor air requirement in units of L/s (cfoey person and the product is added to the
floor area multiplied by a separate requirementriits of L/senf (cfm/ft°). For office space

these values are 2.5 L/s (5 cfm) per person antl/8s&7 (0.06 cfm/ff). This method was used

to determine the per person ventilation requiresehthe study spaces based on the number of
workstations and the floor area. Table 8 presémsdsults. Note that the mean outdoor air
requirement is slightly lower than the 10 L/s (2 tper person requirement in Standard 62-
2001, but the variation about the mean highlighésihtended impact of occupant density.

Study space outdoor air requirement
L/s (cfm) per person

Mean 9.0 (19.1)

Std. Dev. 3.3(6.9)
Minimum 4.8 (10.2)

10" percentile 6.5 (13.7)

25" percentile 7.2 (15.3)
Median 8.7 (18.3)

75" percentile 10.0 (21.1)
90" percentile 12.1 (25.7)
Maximum 33.5(71.0)

Table 8 Study space outdoor air requirements basesh Standard 62 addendum n

The system design values were examined to deterifriimere was a dependence on the year that
the building was built. Figures 3 through 5 show design supply airflow capacity, the design
minimum outdoor air intake, and the occupant dgnegspectively, as a function of the year

built. No clear trends are evident for any of theaemeters, though there is a suggestion of
lower supply airflows and occupant densities in @elwildings. Figures 3 and 4 show that more
of the recent buildings employ VAV than CV systemsd that these VAV systems tend to have
lower supply capacities as seen in Table 6. Thelgwgr capacity was also examined as a
function of the climate in which the building isckted, as expressed by the number of heating
and cooling degree days, but no relationship wateet.

The BASE protocol also obtained information onfiileguency of a number of system
maintenance activities. Table 9 summarizes thairrqy of some inspection and maintenance
activities that might impact ventilation airflowote that these frequencies are listed as the
number of buildings, not the number of air handi&ame of the less common frequencies, such
as bi-weekly, are not included in the table. Alsat all of the buildings reported the inspection
and maintenance items listed in the table. Théadler inspections appear to occur fairly
often, but there is no information on the extenthefse inspections. The other four activities are
reported to occur much less often, particularlytauack inspections and system testing,
adjusting and balancing. The ratios of the measamidws to design values were evaluated
with respect to these frequencies, but no trends ee&dent.
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Testing,

Air handler Ductwork Controls Controls adjusting &

Frequency inspection inspection inspection | recalibration | balancing
Number of buildings

Daily 14 0 14 0 0
Weekly 5 0 2 0 0
Monthly 23 1 4 4 0
Quarterly 29 2 12 3 0
Semi-annually 6 1 11 7 0
Annually 3 4 14 10 3
As needed 4 32 28 58 52
None 0 59 12 15 43

Table 9 Reported frequencies of selected system m#nance activities
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3.3 Exhaust System Design and Building Airflow Balace

In addition to the air handlers discussed in tseédaction, the 159 exhaust ventilation systems
serving the study spaces were also considered att@ampt to examine the net design airflow
into or out of the buildings. Table 10 presentsimmary of the design information for the
exhaust systems, which are predominantly toilebegts but also include kitchen exhaust,
building relief and other fans. Design airflows axailable for only 129 of the exhaust fans.
Note that the individual airflows cover a wide rangith the maximum design airflow 500
times the minimum. The third column presents th&gieairflow normalized by floor area for
the 126 systems for which the floor area servedalable. (For toilet exhausts, the floor area is
that of the toilet room.) While the variation ingmormalized value is still large, it is less than
for the airflows. The last column presents the radimed design airflows for only the toilet
exhausts, which exhibit a smaller standard dewiatian for all the exhaust fans.

All exhaust systems Toilet exhausts only

L/s (cfm) L/sent (cfm/ft) L/sent (cfm/ft?)
# of values 129 126 88
Mean 2310 (4880) 14.9 (2.94) 14.3 (2.81)
Standard deviation 3290 (6960) 21.8 (4.28) 13 29R.
Minimum 40 (90) 0.6 (0.13) 0.7 (0.14)
10" percentile 180 (390) 4.2 (0.83) 6.2 (1.23)
25" percentile 400 (850) 6.8 (1.34) 7.5 (1.47)
Median 950 (2020) 9.6 (1.89) 10.1 (1.99)
75" percentile 2610 (5530) 15.0 (2.96) 16.0 (3.15)
90" percentile 4990 (10 570) 23.0 (4.52) 22.9 (4.51)
Maximum 21 250 (45 030 189.0 (37.19) 91.3(17.98)

Table 10 Summary of exhaust system design values

In addition to the exhaust fan design values, gtedesign airflow into, or out of, the buildings
was also considered. The issue of interest is venethd to what extent these buildings are
designed for positive pressurization, which istghpcal design intent motivated by infiltration
control, moisture transport through building eny&l® and proper functioning of building
exhaust fans. While the mean ratio of the supphgtorn design airflows for the study space air
handlers in Table 6 is greater than one, this s not include exhaust airflows and therefore
does not describe the design airflow balance.rBBASE protocol, design values were obtained
for air handler supply, return and outdoor airfloavel for the exhaust fans serving the study
spaces. These design values do not allow the dietation of the net airflow for the building
when there are other air handlers and exhaust Ténesefore, a design airflow analysis for the
whole building could only be performed for the study spaces that correspond to an entire
building. Table 11 presents the relevant designegfor these buildings and the results of the
net airflow analysis.

With only six buildings, and a lack of design detaome cases, the net building airflow can be
calculated for only a small number of cases. Thhsiolumn of Table 11 contains the design
supply airflow minus the design return and exhairfiows for the three buildings for which it
could be calculated. This quantity describes theaam#tow into the conditioned space of the
building. For buildings CAEW09 and CAJS22, the eslare positive and equal to 0.05 L/3em
(0.23 cfm/ff) and 0.17 L/s*m(0.85 cfm/ff) respectively. In building SDBWOL1 the value is
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negative but very small, -0.01 L/s*0.05 cfm/ff), which is very close to a balance between
the airstreams. The last column presents the balaetwveen the air entering and leaving the
building, i.e., the design minimum outdoor air ke#aminus the exhaust. Only four values can be
determined, with three positive and one slightlgatese. The three positive values, for buildings
CAES09, CAJS22 and SDBWO1 respectively, are 0.88nif/(0.23 cfm/ff), 0.01 L/serd

(0.03 cfm/ff) and 0.01 L/sem(0.05 cfm/ff). The negative value is so close to zero that it
indicates a balance between the minimum intakeeahdust airflows.

Design airflows,L/s (cfm) Net design airflow,L/s (cfm)
Minimum Sup. —ret. | MinOA — Exh.
Building Supply Return outdoor air | Exhaust —exh.
AZHS04 11 150 No value No value 8330 _ _
(23 610) (17 640)
CAEWO09 38 730 30700 8030 (17 600 7430 7430
(82 050) (65040) 010) (1280) (15 730) (15 730)
CAJS22 8970 No value 1040 780 8190 (17 260
(19 010) (2200) (1650) 360) (550)
SDBWO01 9920 9590 1500 920 -590 580
(21 010) (20310) (3170) (1950) (-1250) (1220)
TNFSO08 8640 No value 590 600 . -10
(183 10) (1250) (1260) (-10)
TXFS02 17000 No value No value No valug - -
(36 020)

Table 11 Net design airflow analysis

3.4 Measured Occupant Density

The actual number of occupants was counted atfieastimes in each study space. Table 12
summarizes these observations. These data showrtlaaterage the actual occupancy is about
80 % of the design occupancy as defined by the eamifwork stations, corresponding to a
mean occupant density of 4.0 people per 16Q317 per 1000 f). The occupant density data
were also analyzed for only those times when tindilation parameters were measured,
typically on Wednesday and Thursday of the testkkw&here were 388 such values, but the
summary statistics are essentially identical teéheeen in Table 11.

Measured occupant density,| Measured density/Number
#/100 nf (#/1000 ff) of work stations
# of values 824 824
Mean 4.0 (3.7) 0.78
Standard deviation 1.7 (1.6) 0.24
Minimum 0.9 (0.9) 0.24
10" percentile 2.3(2.2) 0.57
25" percentile 2.8 (2.6) 0.65
Median 3.6 (3.3) 0.76
75" percentile 5.0 (4.6) 0.87
90" percentile 6.3 (5.9) 0.98
Maximum 11.1 (10.3) 3.13

Table 12 Summary of measured occupant density
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3.5 Ventilation System Performance Measurements

This section presents the ventilation system perémce measurement results for the air handlers
serving the study spaces and for the study spheesselves. There were 562 ventilation
measurement events, that is, the total numben@githat some or all of the ventilation
measurements were made on the study space airehanthese measurements cover 97 of the
100 BASE buildings, excluding the three naturakptilated buildings. Appendix C lists a
number of cases where measurement issues assogititde volumetric airflow measurements
were identified, along with any adjustments thatev@ade to account for these issues. The
measurements are presented in Appendix D for theaaidlers and Appendix E for the study
spaces. Each measured value in these appendmesented with an uncertainty estimate
associated with the value. The naturally ventildiedidings are discussed in conjunction with
the outdoor air ventilation estimated using peak €ahcentrations in section 3.5.4.

3.5.1 Supply Airflow

Of the 562 measurement events, 495 included maasuats of the system supply airflow. In
some cases, the supply airflow is estimated byrapidie outdoor air intake and the recirculation
airflow, resulting in a total of 536 measured sypgtflow values. As noted earlier, the
uncertainty associated with the supply airflow nueasients was estimated to equal 10 %. When
the supply airflow is based on the sum of the ootédmd recirculation airflows, the uncertainty

in the supply airflow is about 25 %, based on &30ncertainty in the outdoor airflow and 10 %
in the recirculation flow.

The measured supply airflows are compared withd#sgn supply capacities in the 512 cases
where a design value exists. The mean value afdtiee of the measured supply airflow to the
design value is 0.83. The mean is 0.72 for the \&®tems and 1.07 for the CV systems. The
VAV systems are expected to have a lower ratio @hsared to design, since these systems
modulate the supply airflow in response to intefoalls. Figure 6 is a plot of the measured to
design ratio against outdoor temperature. Noteftrahe VAV systems, the ratio decreases for
outdoor temperatures below about 15 °C (59 °Fiwprably due to the lower cooling loads at
these temperatures. The CV data points exhildé kkpendence on outdoor temperature. Four
CV points have a ratio of about 4.5, which all espond to the single air handler serving study
space CAJSO03. This air handler has the lowest desilyie of supply airflow capacity per unit
floor area, and it is possible that the designeadun error or out of date. The mean ratio of
measured to design for CV systems is reduced frO@mtb 0.98 without these four values.

The supply airflows for the air handlers were comelli to determine the supply airflow to each
study space. These supply airflows were then divldethe study space floor area (BLAREA),
and the results are summarized in Table 13 anteglotrsus outdoor air temperature in Figure
7. Both the table and the figure distinguish betw€AV and CV systems. The values of the
study space supply airflow per unit floor area @frgm0.88 L/sent (0.17 cfm/ff) to

21.11 L/s*r (4.15 cfm/ft). The mean value for all the system&is2 L/sent (1.01 cfm/ff); the
mean uncertainty is 16 % of the measured valueftadaximum is 31 %. As expected, the
VAV systems have lower supply airflows than the §¥étems, and the dependence on outdoor
temperature is similar to that seen in Figure @eNbat the high points in Figure 7 do not
correspond to the high points in Figure 6. The efgfints in Figure 7 greater than 15 L/$sm

(3 cfm/ftd) correspond to cases with high design supplyaaidl (CAES17 and LAGWO5).

18



Measured supply airflow/Design supply airflow

Outdoor temperature (LF)

0 20 40 60 80
| | | |
4. —m— . o
O VAV b o4
e CV

Outdoor temperature (JC)
Figure 6 Ratio of measured to design supply airflowersus outdoor temperature

Supply airflow/Floor area

L/sen? (cfm/ft?)

All systems VAV Ccv
# of values 384 289 95
Mean 5.12 (1.01) 4.55 (0.90) 6.86 (1.35)
Std. Dev. 3.02 (0.59) 2.62 (0.52) 3.46 (0.68)
Minimum 0.88 (0.17) 0.88 (0.17) 1.80 (0.35)
10" percentile 2.16 (0.43) 2.12 (0.42) 2.25 (0.44)
25" percentile 2.99 (0.59) 2.89 (0.57) 4.82 (0.95)
Median 4.69 (0.92) 4.30 (0.85) 5.72 (1.13)
75" percentile 6.25 (1.23) 5.69 (1.12) 9.04 (1.78)
90" percentile 8.47 (1.67) 7.19 (1.41) 11.34 (2.23)
Maximum 21.11 (4.15) 21.11 (4.15) 16.24 (3.20)

Table 13 Summary of measured supply airflows
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Figure 7 Measured study space supply airflow versusutdoor temperature

3.5.2 Outdoor Air Fraction

The outdoor air fraction (i.e., the outdoor ailake divided by the supply airflow) was
determined in two ways, dividing the measured ootcarflow by the measured supply airflow
and second through the measurement of @Dcentrations in the outdoor, supply and
recirculation airstreams. The former determinatgoreferred to as the volumetric value, while
the latter is referred to as the £q@tio value. The volumetric outdoor air fractioasv

determined for each air handler test based on whigrhof the expressions in Equations (1a),
(1b) and (1c), described in section 2.2, apply.geone air handlers, the value gfdeuld be
determined using more than one of the express@iihe 562 air handler test events, there were
350 values of fbased on Qdivided by @ (Equation 1a), 125 based ons(@inus @) divided

by Qs (Equation 1b) and 57 based op @ivided by (@ plus @) (Equation 1c). As noted

earlier, in some cases when Equation (1b) waseghie value of Qwas greater thangbut

the difference was never significantly differerdrfr zero. In those cases, the outdoor airflow and
outdoor air fraction are both set equal to zero.daxh determination of the outdoor air fraction,
the uncertainty is calculated based on the unceitaiin @, Qs and . When F can be
determined using more than one of these expresstonsalue of Fwith the lowest uncertainty

is identified and referred to as thest volumetric value of § The outdoor air fraction was also
determined using C{xoncentrations measured in the outdoor, supplyacidculation

airstreams using Equation (2).

Table 14 summarizes the measured outdoor air drafior both the volumetric and GO
methods. Some of the volumetric values are grelaser 100 %, which does not make physical
sense. However, in all of these cases but oneyrtbertainty around the value includes 100 %
outdoor air. That single value is not included able 14 or the subsequent analysis, but it is
included in Appendix D. The mean volumetric outdawrfraction is0.38 and the mean GO
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value is 0.31. The mean uncertainty in the volumetntdoor air fraction is 0.16, while the
maximum uncertainty is 0.44. The uncertaintieham €Q-based values tend to be larger, with a
mean uncertainty of 0.60 (roughly twice the meatdoaor air fraction) and several values as
high as 2 to 4 in units of outdoor air fraction.

Best volumetric | Carbon dioxide

# of values 509 520
Mean 0.38 0.31
Standard deviation 0.35 0.27
Minimum 0.00 0.00
10" percentile 0.04 0.03
25" percentile 0.10 0.11
Median 0.22 0.23
75" percentile 0.59 0.44
90" percentile 1.00 0.75
Maximum 1.52 1.20

Table 14 Summary of measured outdoor air fraction

Figure 8 is a plot of the outdoor air fraction agioutdoor air temperature, with systems having
economizer cycles distinguished from those thatato Note that most of the low outdoor air
intake values, i.e., outdoor air fractions beloww0.25, correspond to temperatures greater
than 20 °C (68 °F). As expected, systems with egoner cycles tend to have higher outdoor air
fractions at milder temperatures than systems witeoonomizers; the non-economizer systems
also tend to operate more consistently at lowedaartair fractions. However, there are some
exceptions to this general dependence, which doelldue to a variety of causes such as the
temperature and humidity sensors used to conteodtionomizers being out of calibration. The
dependence of outdoor air fraction on outdoor teatpee leads one to expect that minimum
outdoor air intake conditions are more likely toseat these warmer temperatures than under
colder conditions, which has implications for plangnfield evaluations of ventilation system
performance.

Figure 9 is a plot of the outdoor air fraction agioutdoor temperature for an idealized
economizer cycle. It shows that such a system tggeed minimum outdoor air at cold and hot
temperatures, less than 0 °C (32 °F) and greaaer2b °C (68 °F), though these particular
values are only examples. In between these twodeatyres, the system uses outdoor air to cool
the building, with a lower outdoor air fractionth®e temperature gets colder. Figure 10 is a plot
of whole building air change rates measured wiéhtthcer gas decay method plotted against
outdoor air temperature from a previous study ([Beesal. 1992). These data clearly exhibit the
pattern seen in Figure 9. While the data in Figuseiggest the same pattern and are consistent
with expected variations due to economizer opematiote that the actual data include typically
four points for each building generally over a nartemperature range and not all the buildings
have economizer cycles.

21



Outdoor air fraction - volumetric

Outdoor air fraction

1.50

20
|

Outdoor temperature (JJF)
40 60 80 100

1.25-}

1.00

0.75-

0.50-

0.25-

0.00

. Economizer cycle .
@) No economizer cycle

-20

Outdoor temperature (JC)
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Figure 9 Outdoor air fraction for an idealized ecoromizer cycle
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Figure 10 Measured air change rates versus outdoaiir temperature (Persily et al. 1992)

As noted earlier, the uncertainties in theXased outdoor air fractions tend to be larger than
the uncertainties in the volumetric values. The,Q@Gcertainties are based on the concentration
measurement uncertainty of 90 mg/&0 ppm(v)). The larger uncertainties in the G@lues
occur due to the magnitude of the concentrationsoreanent uncertainty relative to the
concentration differences in Equation 2. The défere betweenCand G, relative to the
concentration measurement uncertainty, is the pyirdaterminant of the uncertainty ig.F
Figure 11 is a plot of the G@oncentration difference between the recirculaind outdoor
airstream versus time of day at which the concéntraneasurements began. The average
concentration difference is 391 mg/(@17 ppm(v)), with a mean difference for measunetsie
before noon of 418 mgfM{232 ppm(v)) and an afternoon mean of 369 NMd2a5 ppm(v)).
Given that the concentration measurement unceytafr@0 mg/ni (50 ppm(v)) is equal to 25 %
of the mean concentration difference, it is nopssmg that the values of,based on C@are

SO imprecise.

In making these measurements, the samgr@@itor was used to measure the concentration in
the three airstreams over a relatively short peoiottine. Therefore, it is reasonable to expect
that the uncertainty is lower for the different@D, concentrations in Equation 2 than for the
absolute concentrations. The uncertainties in @g @litdoor air fractions were recalculated
using an uncertainty of 90 mgirt60 ppm(v)) for the differential concentrationgieTmean
uncertainty was reduced from 0.60 to 0.42, andvtbdian value of the uncertainty decreased
from 0.43 to 0.31. It is not possible to estimaie actual uncertainty in the differential
concentrations after the fact, though it is likedybe less than for the absolute concentrations.
Nonetheless, the form of the equation used to ohéter i, from CQ, concentrations makes it
advantageous to perform the uncertainty calculatlmased on the uncertainty in the differential
concentration and also implies that one can taesaime zero drift in the G@nonitor without a
large degradation in accuracy.
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Figure 12 is a plot of fbased on C@versus the volumetric value. This comparison shihat
despite the high level of uncertainty in the 8@lues, they are generally consistent with those
based on volumetric airflows. The line in the gotresponds to perfect agreement between the
two parameters and is not a curve fit to the datimear regression of the GQ@o the volumetric
values yields a slope of 0.61 and an r-squared5&.0
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3.5.3 Outdoor Air Ventilation

Of the 562 measurement events, 510 included traveeasurements, or estimates based on the
difference between the supply and recirculatioficaw, of the system outdoor air intake. The
measured outdoor airflows are compared with thegdewinimum outdoor air intakes for the
274 cases where such a design value exists. Fl@uieea plot of the ratio of the measured
outdoor air intake to the design intake versus @mtéir temperature, with a distinction between
systems with economizer cycles and those withdug. Mean ratio of the measured to design
outdoor airflow is 1.93, including one case whére measured value is about 30 times larger
than the design minimum. The mean is 2.28 for tomemizer systems and 1.37 for non-
economizer systems. Economizer systems are expecheye a higher ratio of measured to
design, since they increase the outdoor air infaké&ee cooling and the design value is a
minimum. Note the existence of many points witlatiorof measured to design below 1.0,
which would not exist if the systems were operaisgntended.
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Figure 13 Ratio of measured to design outdoor airfiw versus outdoor temperature

As described in section 2.2, outdoor air ventilatiates in the study spaces were calculated
based on the measurements for the individual aidleas and the percentage of air from each
handler provided to the study space. Table 15 sumasathe measured outdoor air ventilation
to the study spaces. The second column presersts viadues on a per person basis using the
actual number of occupants during each measurefleatmean value 49 L/s (105 cfm)per
person, which is high relative to the 10 L/s (2@cper person value specified in many current
building codes (based on ASHRAE Standard 62-2001g.mean uncertainty in the per person
rates is about 40 % of the mean value. Of thespgrmsion values, 17 % are below 10 L/s (20
cfm) per person and 9 % are below 5 L/s (10 cfrej.gerson rates below 10 L/s (20 cfm) were
seen in 22 of the 97 mechanically ventilated bogdi while rates below 5 L/s (10 cfm) were
seen in 13 of the buildings. The table also prestra outdoor air ventilation in L/séncfm/ft?)
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of floor area and air changes per hour. Therevaoddss cases of ventilation per person because
of two events without measured values of occupancy.

Per person Per unit floor area | Air changes per

L/s (cfm) per person  L/sent (cfm/ft®) hour, h*
# of values 367 369 369
Mean 49 (105) 1.87 (0.37) 1.83
Std. Dev. 54 (114) 2.08 (0.41) 2.07
Minimum 0 (0) 0 (0) 0.00
10" percentile 6 (13) 0.24 (0.05) 0.22
25" percentile 13 (27) 0.50 (0.10) 0.47
Median 30 (63) 1.03 (0.20) 0.98
75" percentile 66 (140) 2.30 (0.45) 2.46
90" percentile 116 (245) 4.64 (0.91) 4.46
Maximum 310 (657) 12.31 (2.42) 13.23

Table 15 Summary of Measured Outdoor Air Ventilation — Volumetric

Given the noted prevalence of minimum outdoorrd@ke conditions at higher outdoor air
temperatures, the per person ventilation valueg weparated into those with outdoor
temperatures below and above 20 °C (68 °F). Thenmele below 20 °C (68 °F) 80 L/s

(126 cfm)per person, and the mean for temperatures gréwteror equal to that value is 38 L/s
(81 cfm) per person.

The per person outdoor air rates were also analyretbntify those for which the outdoor air
fraction was below 20 %, presuming that those \s@tugrespond to operation under minimum
outdoor air intake. Of the 367 values of outdoopair person, 148 correspond to less than 20 %
outdoor air. (These minimum conditions are seefRinf the 97 mechanically ventilated
buildings.) The mean of these values is 13.7 L&Y 2fm) per person based on the measured
number of occupants, and the median is 11.7 L/S (@4n). Normalizing these minimum

outdoor airflows by the number of workstationshextthan the measured number of occupants,
yields a mean of 10.5 L/s (22.2 cfm) per personantkedian of 9.4 L/s (20.0 cfm). Of these 148
values corresponding to minimum outdoor air, 41r&okeelow the per person requirement in
Standard 62-2001 based on the measured numbecwbarats and 50 % are below that
requirement based on the number of workstationstiar words, under minimum outdoor air
intake, about one-half of the measured outdoantake rates are below the requirements in
ASHRAE Standard 62-2001 based on the expected ancypevels in the space. Similarly,
about 20 % of these minimum values are below §10scfm) per measured occupant and about
25 % are below 5 L/s (10 cfm) per workstation.

Outdoor air ventilation was also determined from @Q-based outdoor air fraction multiplied
by the measured supply airflow. The values fordindvandlers are then combined to determine
the outdoor airflow per person for the study spaaed the results are summarized in Table 16.
Due to the large uncertainties in the 8ftdoor air fraction, the mean uncertainty in shaly
space outdoor airflow is also quite larg®,L/s (179 cfm) per personNevertheless, the mean
values of the volumetric and G@atio outdoor ventilation airflow per person aeenarkably
similar, 49 L/s (105 cfm) and 44 L/s (94 cfmespectively. Figure 14 is a plot of the £@tio
ventilation to the volumetric values. While thesesignificant scatter about the line of perfect
agreement, and a tendency for the,€&dio values to be lower at the highest per person
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ventilation, the two determinations are consistanaverage. A linear regression of £@tio to
the volumetric ventilation yields a slope@B0Oand an r-squared &.64

Outdoor air per person,

L/s (cfm)
# of values 356
Mean 44 (94)
Std. Dev. 47 (101)
Minimum 0 (0)
10" percentile 5 (11)
25" percentile 12 (26)
Median 31 (65)
75" percentile 59 (125)
90" percentile 96 (203)
Maximum 339 (717)

Table 16 Summary of Measured Outdoor Air Ventilation — CO, Ratio
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Figure 14 Outdoor air ventilation, CO,-ratio versus volumetric

As noted, the measured per person outdoor airlagati values are high relative to the outdoor
air requirement in ASHRAE Standard 62-2001. Thedaes are higher than might be expected
for two primary reasons; the occupant density Iswealesign and the outdoor air fraction is
frequently not at minimum, generally due to ecormenoperation. As noted earlier, the mean
measured occupant density is about 3.5 personkofent (3.2 per 1000 f), corresponding to
about 80 % of the number of workstations and abalitof the default occupant density in
Standard 62-2001. In addition, the mean outdodiragtion is about 0.40. If each outdoor air
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measurement is adjusted to the design occupanitylémsmber of workstations) and to
minimum outdoor air intake, then the per persortilaion values are more consistent with
expectations. Table 17 presents these adjustnveititsthe measured outdoor air ventilation per
person from Table 15 in the second column. The oceximn presents the outdoor air ventilation
normalized by the number of workstations in thecgpather than the measured occupancy,
which reduces the mean ventilation rat@®oL/s (76 cfm)per person. In the last two columns,
the values are adjusted to an outdoor air fraaifdh 15. This adjustment involves dividing the
outdoor air ventilation rate by the actual outdaiorfraction and then multiplying the result by
0.15, unless the actual fraction is already 0.1%®s8. In the latter cases, the ventilation rate is
not adjusted. The 15 % value is used as a typadakvof the minimum outdoor air fraction.
(Note from Table 6 that the mean value of the designimum outdoor air fraction wd® %,

and the median was 12 %.) The values in the faxotlimn are based on the number of
workstations in the study space, while the valuehe last column use the default occupant
density for office space in Standard 62-2001, .@eople per 100 H{1000 ff). As discussed
earlier, the design value for occupant densityoisavailable for the study spaces. However, if
one uses the default value in Standard 62-200affme space, as in the last column of Table
17, the mean per person ventilation rate are viesedo the requirement in the standard.

Adjusted to 15 % outdoor air
Measured Adjusted to # # of workstations Standard 62 deffault
(Table 15) of workstations occupant density
L/s (cfm) per person
Mean 49 (105) 36 (76) 12 (26) 8 (18)
Std. Dev. 54 (114) 37 (79) 8 (17) 6 (13)
Minimum 0 (0) 0 (0) 0 (0) 0 (0)
10" percentile 6 (13) 5 (10) 4 (9) 3(5)
25" percentile 13 (27) 10 (22) 7 (14) 5 (10)
Median 30 (63) 21 (45) 11 (23) 7 (15)
75" percentile 66 (140) 52 (110) 16 (34) 11 (23)
90" percentile 116 (245) 87 (184) 21 (44) 16 (34)
Maximum 310 (657) 210 (444) 47 (100) 42 (89)

Table 17 Outdoor air ventilation adjusted for occu@ncy and outdoor air fraction

3.5.4 Outdoor Airflows from Peak Carbon Dioxide

Indoor carbon dioxide concentrations were also tsedtimate outdoor air ventilation, using a
steady-state, single-zone mass balance analysatate the indoor C&concentration to the per
person outdoor air ventilation as discussed ini®e&.2. As noted, a critical assumption behind
the approach is that the indoor £€dncentration is indeed at steady state. It i3 atsumes
constant outdoor concentration, ventilation andupaacy, as well as a uniform indoor £0
concentration. Note that this approach providestilg means to estimate the outdoor air
ventilation in the three naturally ventilated biunigis.

As described earlier, peak @@oncentrations were used to estimate outdoorlaéinti per

person for all 100 study spaces. These estimagesamed on averaging the £€oncentrations
among the fixed monitors in each space on a 10basis, and then identifying the maximum
value of this average for the morning and afternofoeach day. The per person ventilation rates
based on these estimates are summarized in Tabléh&&econd column contains all the values
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of the per person outdoor airflow determined fréva peak C@data. The third column contains
only those values obtained on the “test days,’ il@se days (typically Wednesday and
Thursday of the study week) during which the othestilation measurements were made. The
last column reproduces the summary statisticshiwvblumetric measurements from Table 15.
The mean uncertainty in the peak 8@ntilation rates i40 L/s (22 cfm) per personwhich is
about one-half the mean uncertainty for the voluimeates. Also, note that the peak £@lues
are significantly lower than those obtained from #olumetric measurements. This trend is
contrary to what one might expect, as the outdofioas determined using the peak €0
method include both ventilation system outdooirgatke and outdoor air infiltration due to
envelope leakage, while the volumetric resultsudelonly the former. Figure 15 is a plot of the
per person outdoor air ventilation determined ftbe peak C@concentrations versus the
corresponding volumetric values. The solid lineresponds to perfect agreement. Note that
above roughly 25 L/s (50 cfm) per person, almdstfahe CQ-based values are lower than the
volumetric airflows.

Outdoor air ventilation, L/s (cfm) per person
Peak CO, data on Volumetric results

All peak CO, data “test days” from Table 15
# of values 548 353 367
Mean 20 (43) 21 (45) 49 (105)
Std. Dev. 14 (31) 17 (35) 54 (114)
Minimum 6 (13) 6 (13) 0 (0)
10" percentile 10 (20) 10 (21) 6 (13)
25" percentile 12 (26) 13 (27) 13 (27)
Median 18(37) 18 (38 30 (63)
75" percentile 247%0) 25 63 66 (140)
90" percentile 32 (68) 33(71) 116 (245)
Maximum 213 (452) 213 (452) 310 (657)

Table 18 Summary of Measured Outdoor Air Ventilation — Peak CQ

The reason that the peak £@lues tend to be lower than expected has beestigated, but no
explanation has yet been verified. Consideringhle¢hodology behind the peak génalysis,

one might suspect the lack of steady-state @idcentrations could be impacting the agreement
between the two values. However, steady state re fik@ly to occur at the higher ventilation
rates due to the shorter system time constantgdtirgsin better agreement at higher rates, which
is contrary to what is seen in Figure 15. Anotheteptial explanation is the existence of
significant CQ concentration gradients within the study spacesvell as between them and
adjoining spaces, given that the single-zone arsalgethod assumes a uniform concentration
within the zone and neglects interzone transf&€©f. While it is certainly possible that the €O
concentrations were different in adjoining zone® would expect the impact to be positive in
some cases and negative in others. However, tfexahices in the data tend to all be in one
direction. The level of agreement was examinethasé¢ study spaces that corresponded to an
entire building, for which concentration differesda adjoining spaces are not an issue, and the
peak CQ and volumetric ventilation rates were not obsengedgree any better. Note that the
fixed CO, monitors in the study spaces were placed at énhefgl.1 m (43 in.) above the floor
and at locations representative of workstation dsymd work activities, i.e., locations in
hallways and passageways were intentionally avo{E&d 2003). Given these guidelines on
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location, it is possible that the measured€@ncentrations are higher than the study-space
average. If the measured €€ncentration is indeed higher than the true spaeeage, then the
calculated ventilation rates would be low relatioeheir actual value. Also, it is reasonable to
expect that the lack of uniformity would be moremwunced at higher outdoor air ventilation
with less recirculation of return air, leading b@tobserved increase in errors. However, it is not
possible to verify the magnitude of the concendrationuniformity in these spaces based on the
available data, and therefore it cannot be confirmbkether this is necessarily a valid
explanation for the observed differences. The gg@kconcentrations were examined with the
issue of nonuniformity in mind, and it was deteredrthat the actual average concentration in
the study space would have to be 360 nigmv20 mg/m (200 ppm(v) to 400 ppm(v)) lower
than that measured by the fixed monitors to explaénobserved differences.
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Figure 15 Outdoor air ventilation, CO, peak versus volumetric

The peak CQanalysis provides the only means for estimatingilaion rates in the three
naturally ventilated buildings. Table 19 presehtsastimated outdoor air ventilation rates for
each of the three study spaces for each time péneas estimated, generally once in the
morning and once in the afternoon. These valueprasented first as per person values, based
only on the difference between the peak,C@ncentration and the outdoor concentration, along
with an estimate of the uncertainty in each valiee last column presents these values in air
changes per hour, based on the study space volunth@ measured occupancy. The first study
space, NYBS06, has high per person ventilatiorsy&gpecially in units of air changes per hour,
but also high uncertainties. Since high ventilatirafues correspond to low differences between
the peak C@concentration and the outdoor concentration, higheertainties always exist at
higher ventilation rates. It is not clear why thentilation rates in this building are so high, kut
does have operable windows, 50 % of which wererteddo be open during the measurements.
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In addition, the building has toilet exhausts wd#sign flow rates per floor area on the high end
of the buildings. However, the measured exhaustdlduring the test week were zero. The
afternoon reading on the third day for NYBS06 hasuzh lower ventilation rate than the other
times. There were no outdoor concentration readangdable for building ORIS02, and a value
of 670 mg/mi (373 ppm(v)) was assumed. While peak.,@@alysis allows the estimation of
ventilation in the naturally ventilated buildingee comparison with the volumetric values in the

mechanically ventilated buildings does raise qoestregarding their validity.

Outdoor air | Uncertainty Uncertainty in
Study ventilation | in outdoor air | Outdoor air outdoor air
space Date | Time of day per person | per person ventilation ventilation
AM or PM L/s (cfm) ht
NYBS06 | 6/16/98 AM 40.3 (85.4) 17.8 (38.0) 33.4 16.3
6/16/98 PM 27.8 (58.9) 8.8 (18.6) 28.5 12.4
6/17/98 AM 42.6 (90.2) 20.0 (42.3) 40.2 20.9
6/17/98 PM 33.3 (70.6) 12.4 (26.3) 40.3 18.1
6/18/98 AM 44.2 (93.6) 21.5 (45.5) 46.1 22.9
6/18/98 PM 19.6 (41.5) 4.6 (9.7) 7.8 4.5
ORIS02 | 8/30/94 AM 26.1 (55.4) 8.0 (17.0) 0.5 0.2
8/30/94 PM 25.9 (54.9) 7.9 (16.7) 0.4 0.2
8/31/94 AM 29.5 (62.5) 10.1 (21.4) 0.5 0.2
8/31/94 PM 28.0 (59.3) 9.2 (19.4) 0.6 0.3
9/1/94 AM 45.2 (95.7) 23.1 (49.0) 1.0 0.5
9/1/94 PM 28.3 (60.0) 9.4 (19.8) 0.5 0.2
WAIWO1 | 2/25/97 AM 8.4 (17.9) 1.2 (2.5) 0.5 0.1
2/25/97 PM 7.4 (15.7) 1.0 (2.0) 0.4 0.1
2/26/97 AM 12.6 (26.8) 2.2 (4.6) 0.4 0.1
2/26/97 PM 7.4 (15.6) 1.0 (2.0) 0.4 0.1
227197 AM 8.8 (18.7) 1.2 (2.6) 0.5 0.1

Table 19 Outdoor air ventilation for naturally ventilated spaces
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3.5.5 Supply Diffuser Airflows

The BASE protocol calls for airflow to be measuag¢dhe individual supply diffusers serving the
study space one time during the test week. Diffasesisurements were made in 88 of the 97
mechanically ventilated buildings, and Table 20sprds the results of those measurements. The
second column contains the number of diffuserb@sée 88 study spaces, while the third column
summarizes the fraction of those diffusers for \white supply airflow was measured. The total
supply airflow, normalized by study space flooraars presented in the fourth column. This
value is adjusted to account for less than 100 %hefliffusers being measured by assuming the
supply airflow per diffuser at the unmeasured diéfits is the same as at the mean of the
measured value. The last column is the total (agfysupply airflow in the fourth column

divided by the supply airflow determined at thetandlers, as discussed in section 3.3.1. On
average, the total supply airflow at the diffuserenly 73 % of the value measured at the air
handlers. This lack of agreement is a functiorheflarge measurement uncertainties in both
values, plus the possibility of supply duct leakaddewever, the existence and magnitude of

such leakage was not assessed as part of this studlyhese data do not serve as a reliable
measure of duct leakage.

Fraction of Total diffuser Total diffuser flow/

# of diffusers flow, adjusted Study space supply

diffusers measured L/sen? (cfm/ft®) | airflow at air handlers
Mean 93 0.94 3.40 (0.67) 0.73
Std. Dev. 42 0.09 1.66 (0.33) 0.36
Minimum 13 0.57 0.30 (0.06) 0.16
10" percentile 39 0.86 1.31 (0.26) 0.36
25" percentile 71 0.91 2.28 (0.45) 0.48
Median 93 0.97 3.27 (0.64) 0.67
75" percentile 107 1.00 4.23(0.83) 0.83
90" percentile 146 1.00 5.25 (1.03) 1.22
Maximum 258 1.00 9.66 (1.90) 1.96

Table 20 Summary of measured supply airflows at difisers

3.5.6 Exhaust Airflows

Airflows for the exhaust fans serving each studgcgpwere measured one time during the test
week. Measured airflows were obtained for 56 oflth® exhaust fans serving the study spaces.
Of these values, design airflows are only availdtel1 of the fans. Neglecting the seven cases
where the measured exhaust airflow is zero, theageeratio of the measured exhaust airflow to
the design value is 0.57. The median value is BntVthe standard deviation is 0.34; the 10 and
90 percentile values are 0.21 and 0.99 respectively
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4. DISCUSSION
4.1 Summary of Results

The ventilation-related information collected astwd the BASE study provides a unique
characterization of ventilation system design aedgrvmance in U.S. office buildings. No such
database of randomly selected office buildingstegiprior to this effort, making the results of
the survey that much more significant. While thigcefbuildings studied tend to be larger and
with higher occupancy than the average U.S. offici&ding, the results obtained are quite
revealing. In terms of design, the data show tlaive prevalence of different system types and
different approaches to outdoor air control, asdlesd in Tables 4 and 5. Of the 141 ventilation
systems considered, 50 are constant volume aneéshare VAV. In almost 75 % of the study
spaces the systems employ economizer control todadfree cooling” when the outdoor
weather is appropriate. Twenty-one of the spaces tadicated outdoor air fans, and five have
100 % outdoor air systems.

As expected based on thermal load consideratiats)dver previously verified, the average
value of the supply air capacity is about 5 L/&¢incfm/ff). Other system design parameters of
interest have the following mean values: ratiougg@y airflow capacity to return airflow
capacity, 1.14; design minimum outdoor air per persvorkstation), 18 L/s (39 cfm); and, ratio
of design minimum outdoor air intake to supplypacity,19% . The per person design
minimum outdoor air intake, based on the numbevarkstations, is significantly higher than
the requirement in ASHRAE Standard 62-2001 of 1(R0 cfm) per person. However, if the
per person design value is instead calculated ukmgdefault occupant density in the ASHRAE
standard, the mean value of the minimum outdoantake per person is 13 L/s (26 cfm) and
the median is roughly 9 L/s (17 cfm). However, ated, the design occupancy used to
determine the design minimum outdoor air intakeasavailable for the systems studied.

The BASE study also provides valuable informatiaroacupant density in office buildings. The
mean number of workstations per 100 (000 ff) is about 5, as compared with the default
value in Standard 62-2001 of 7. However, the rep@rnsion of that standard via addendum n
(ASHRAE 2003) reduces the default value to 5, wlaippears to be a reasonable change given
the results of this study. The measured occupargigyein the spaces is lower still, with a mean
value of 4.0 people/1007(3.7 people /10003, corresponding to about 80 % of the
workstations being occupied.

The ventilation measurements indicate how the systgperate relative to their design and also
provide performance parameters that can be usadalgze other data collected in the BASE
study, for example contaminant concentrations aedgbence of occupant symptoms. The mean
measured supply airflow for the 97 mechanicallyttated study spaces is very close to the
mean design value, i.e., 5 L/s*1 cfm/ff). As might be expected, these supply values are
relatively independent of outdoor air temperataretiie constant volume systems but tend to
increase for warmer temperatures in the VAV systérhe measured outdoor air fraction, i.e.,
the ratio of the outdoor air intake to the suppil@av, has a mean value of about 0.40. For
buildings with economizer controls, the outdoorfeaction tends to be lowest for warmer
temperatures and increases at milder temperatdosgever, with only 4 measurements per
system, generally under similar weather condititims,noted dependence mixes the results for
many buildings, and the temperature dependenceot@erexamined in detail for any single
building. Outdoor air ventilation rates tend totgher than might be expected, with a mean
value of49 L/s (105 cfm)per person based on the number of occupant8@hds (76 cfm)per
person based on the number of workstations inghees Still, seventeen percent of these
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measured values (per occupant) are below the 1(20/efm) per person requirement in
ASHRAE Standard 62-2001, and these lower ratesras@p of the 97 mechanically ventilated
buildings. While these values are high on averatgive to the minimum outdoor air
requirements in Standard 62, the high outdoorraations and the low occupancy relative to the
actual number of workstations (and to the defactupancy value in the standard) explains most
of the higher values. Adjusting the measured outddoventilation rates to minimum outdoor

air conditions and to the occupant density in Saathé2 reduces the mean to 9 L/s (19 cfm) per
person. Considering only those values that cormdpo minimum outdoor air intake, the mean
ventilation rate is 14 L/s (29 cfm) per person. ygding these minimum values for the number of
workstations rather than the measured occupaneyslgields a mean of 11 L/s (22 cfm) per
person, with one-half of these minimum values b&elpw the requirement in ASHRAE
Standard 62-2001. In other words, under minimundoart air intake, about one-half of the
measured outdoor air intake rates are below tha@nmegents in ASHRAE Standard 62-2001
based on the expected occupant levels in the spadegbout one-quarter of the rates are below
5 L/s (10 cfm) per person, i.e., one-half of theHRAE requirement.

The outdoor air ventilation rates calculated fréma €Q-based outdoor air fraction (determined
from airstream C@concentrations) multiplied by the volumetric sypairflow rate are
generally consistent with the outdoor air ratesnfilumetric airflow measurements in the air
handlers. However, the G@atio ventilation rates have much larger unceti@sndue to the
larger uncertainties in the Gdased outdoor air fractions. Outdoor air ventilatiates
determined from steady-state analysis of peak €Qcentrations in the space are consistently
lower than the volumetric outdoor air rates. A nembf explanations have been explored, but
the reason for this discrepancy has not been fo=htiTherefore, questions exist as to the
reliability of the peak- C@ventilation rates.

4.2 Comparison with European Audit Project

During the time of the BASE study, a similar resbagffort was conducted in Europe. The
European Audit Project involved measurements dilimg characteristics, environmental
conditions and ventilation performance, as welh&sadministration of occupant questionnaires,
in 56 buildings in eleven European countries (Bégyset al. 1995 and 1996). Ventilation
performance was measured in nine of the countsegjla range of different techniques, e.g.,
tracer gas decay in a single room, constant coratént tracer gas, and subtraction of exhaust
from supply airflows determined using velocity teases. The final report (Bluyssen et al., 1995)
contains one value of supply airflow, infiltratiamd outdoor airflow per unit floor area for each
building in which they were measured. The resuksadso presented in the form of cumulative
frequency distributions for outdoor and supplylaisfin units of L/s-nf and air changes per
hour. The median value of the supply airflow isgbly 2.2 L/s- ni (0.43 cfm/ff), which is

about one-half of the median for the BASE buildinfise median outdoor airflow in the
European Audit buildings is about 1.7 L/s? (8.33 cfm/ff), which is somewhat higher than the
median for the BASE buildings of 1.1 L/s?1f®.22 cfm/ff). In units of air changes per hour, the
medians are roughly 2.1fand 1.0 H for the European and BASE buildings respectiviiyen
the uniqueness of these two datasets, a moreatetamparison of the ventilation results would
be worth pursuing.
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4.3 Recommendations for Ventilation Assessment

In addition to analyzing the ventilation-relatedaleollected as part of the BASE study, another
objective of this effort was to examine the progegdwsed to collect these data and recommend
changes to the protocol for potential consideraitioiuture studies. In terms of the design
information, it would have been helpful to collecifficient design data to perform an airflow
balance on each building and each study spaceeXibing protocol includes the collection of
design specifications for only the supply, retuna @xhaust fans that serve the study space.
These data only allow the calculation of the netigieairflow into and out of the building when
the study space is a whole building. It would hagen desirable to collect design data for all
fans serving the building, including supply andiraetfan capacities, minimum outdoor air
values, and exhaust fan capacities. Given theasten net airflow balances for whole buildings,
particularly in the context of infiltration and nsture control, such data would be of great
interest.

The determination of the outdoor air fraction fr@®, concentrations in the supply, return and
outdoor airstreams was associated with large measant uncertainties due to the uncertainty in
the concentration measurement itself and the laveeotration differentials that exist under
some conditions. These large uncertainties limiedusefulness of multiplying these outdoor air
fractions by system supply airflows as a meansetéminining outdoor air intake. Nevertheless,
this approach still has value based on the relaiivgplicity of measuring C&Oconcentrations

and on the fact that some outdoor air intakes anéigured such that a velocity traverse is
impractical. The C@approach to determining outdoor air fraction cdagdmproved by using a
more accurate concentration monitor, employinguiheertainty in the differential concentration
rather than absolute concentration (when a singleitor is used), and making the concentration
measurements after the indoor concentration hasased to the maximum degree expected
based on the occupancy schedule. Despite theseUangrtainties, the outdoor air fractions
determined from C@concentrations agree on average with the volumetridoor air fractions.

Outdoor air ventilation measurements are perforfoed number of reasons, but often to
determine the minimum outdoor airflow for a syst@&ased on the measurements in this study,
it is evident that one is more likely to encourdgenditions of minimum intake at warmer
outdoor air temperatures, perhaps 25 °C (77 °Fladode. Minimum intake is less likely to be
encountered at colder temperatures based on tag@udstented here. Since the dependence of
outdoor air fraction on temperature is buildingape, it is important to obtain a sense of this
dependency when studying a building if one aimdeti@rmine outdoor airflow under conditions
of minimum intake.

Outdoor air ventilation was also estimated basepeak CQ concentrations, using a single-

zone steady-state mass balance analysis of eabhsgiace. The values determined tended to be
lower than those based on volumetric airflow measents at the air handlers, and the reason
for this difference is not evident. In fact, oneulMbexpect these values to be higher since they
include envelope infiltration in addition to outdar intake. One potential explanation is that
the concentrations measured in the space wereteteslae to the influence of high ¢@vels

from occupant exhalations. The g@ata collected in the BASE study should be exachine
further to understand this discrepancy and potintiatermine ways to improve this approach

to estimate building ventilation. In addition, tlediability of the estimates of the generation sate
of CO, from occupants and of the occupant activity or leetls used in making these estimates
merits evaluation if this approach is going to berenwidely used. Current guidance on
estimating ventilation rates based on peak @@els (ASTM 1998) may then need to be updated
based on the results of this evaluation.
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In addition to these potential modifications of B&SE protocol, there are other ventilation
performance parameters of interest that could bedtb such evaluations. One such addition is
the determination of envelope airtightness usimgpi@ssurization testing. The importance of
building leakage on energy consumption and indoayuality has been discussed elsewhere and
the available airtightness data is quite limitedréily 1998). In addition, building survey
protocols could also be extended to include trgasrmeasurements of infiltration rates, both
with the ventilation systems on and off. Thesegat® again of interest due to their influence on
energy and indoor air quality, and the number &é€efouildings in which they have been
measured is indeed small.

The challenges in making reliable measurementsitwfomr air intake rates is evident from this
study. Some of the problems include limited actesystem components, ductwork
configurations that do not provide appropriate érae planes, and accuracy limitations inherent
in duct traverses. Alternative approaches to deteng outdoor air intake at air handlers are
being investigated and ideally will be more rel@bhd convenient for field application. One
challenge in this respect is the lack of a primgtandard for use in evaluating the accuracy of
these various approaches.

Finally, the BASE ventilation assessment has prwid unique dataset for U.S. office buildings,
but the study was focused intentionally on larggldings. As noted in the discussion of the
CBECS data, most U.S. office buildings are muchlleménan those included in the BASE
study. Based on both indoor air quality and eneaysiderations, there is a need to conduct a
similar study in smaller office buildings. In addit to the obvious difference of size, smaller
buildings tend to different system types that latggldings and different approaches to design
and operation.

5. ACKNOWLEDGEMENTS

This effort was supported by the U.S. EnvironmeRtaitection Agency under Interagency
Agreement No. DW-13-93936601-0. The authors exptess appreciation to Gregory Brunner,
Laureen Burton, John Girman, Robert Thompson arsdiSWomble at EPA and Steven
Emmerich and Jonathan Kruft at NIST for their suppod assistance in this work. The many
useful comments of Terry Brennan and William Fisk @also acknowledged.

37



6. REFERENCES

Apte, MG, WJ Fisk and JM Daisey. 2000. AssociatiBesnveen Indoor C@Concentrations and
Sick Building Syndrome Symptoms in US Office Builds: An Analysis of the 1994-1996
BASE Study Data. Indoor Air, 10 (4): 246-257.

ASHRAE. 1999. ANSI/ASHRAE Standard 62-1999, Vertida for Acceptable Indoor Air
Quality. American Society of Heating, Refrigeratiaugd Air-Conditioning Engineers.

ASHRAE. 2001a. ANSI/ASHRAE Standard 62-2001, Vextidn for Acceptable Indoor Air
Quality. American Society of Heating, Refrigeratiaugd Air-Conditioning Engineers.

ASHRAE. 2001b. ASHRAE Handbook of Fundamentals. Aca® Society of Heating,
Refrigerating, and Air Conditioning Engineers.

ASHRAE. 2003. Addendum n to ASHRAE Standard 62-2004w.ashrae.org.

ASTM. 1998. D6245-98, Standard Guide for Using lmd@arbon Dioxide Concentrations to
Evaluate Indoor Air Quality and Ventilation. Ameait Society for Testing and Materials.

Bluyssen, PM, EO Fernandes, PO Fanger, L Groeda@eén, CA Roulet, CA Bernhard, O
Valbjorn. 1995. European Audit Project to Optimizdoor Air Quality and Energy
Consumption in Office Buildings, Final Report. TBemmission of the European Communities.

Bluyssen, PM, EO Fernandes, L Groes, G Clauserd1er, O Valbjorn, CA Bernhard, CA
Roulet. 1996. European Indoor Air Quality Audit fexa in 56 Office Buildings. Indoor Air 6:
221-238.

Brightman, HS, SE Womble, EL Ronca and JR Girm8861 Baseline Information on Indoor
Air Quality in Large Buildings (BASE '95). Proceads of 7th International Conference on
Indoor Air Quality and Climate, Nagoya, 3:1033-1038

DOE. 1998. A Look at Commercial Buildings in 19@haracteristics, Energy Consumption,
and Energy Expenditures. DOE/EIA-0625(95). U.S. &tpent of Energy, Energy Information
Administration.

EHE. 2000. Building Assessment Survey and Evalag8ASE) Study Database Description
and Variable List, Environmental Health & Engineeyiinc. Report #11868 to U.S.
Environmental Protection Agency.

EHE. 2001a. The Evaluation of Ventilation PerformaMeasurements Conducted During the
Building Assessment Survey Evaluation Study, Envinental Health & Engineering, Inc.
Report to U.S. Environmental Protection Agency.

EHE. 2001b. Summary and Analysis Report of the BASky Building Selection Process,
Environmental Health & Engineering, Inc. Reportik&. Environmental Protection Agency.

EPA. 2003. A Standardized EPA Protocol for Charateg Indoor Air Quality in Large Office
Buildings. U.S. Environmental Protection Agency.

Erdmann, CA, KC Steiner and MG Apte. 2002. Indoartion Dioxide Concentrations and Sick
Building Syndrome Symptoms in the BASE Study Re&tki Analyses of the 100 Building
Dataset. 9th International Conference on IndoorQuality and Climate, Monterey, 3: 443-448.

Ludwig, JF, BJ Baker and JF McCarthy. 2002. AnalydiVentilation Rates for the BASE
Study: Assessment of Measurement Uncertainty amdp@aason with ASHRAE 62-1999.
Proceedings of Indoor Air 2002. Volume 5: 388-393.

38



Persily, AK. 1989. Ventilation Rates in Office Bdiihgs. Proceedings of IAQ '89 The Human
Equation: Health and Comfort, San Diego: 128-136.

Persily, AK and WS Dols. 1991. Field Measurememfgentilation and Ventilation
Effectiveness in an Office/Library Building. IndoAir 3: 229-246.

Persily, AK, WS Dols and SJ Nabinger. 1992. Envinental Evaluation of the Federal Records
Center in Overland Missouri. National InstituteSibndards and Technology, NISTIR 4883.

Persily, AK. 1997. Evaluating Building IAQ and Véation with Indoor Carbon Dioxide.
ASHRAE Transactions 103(2): 193-204.

Persily, A. 1998. Myths About Building EnvelopesSHRAE Journal 41(3): 39-47.

Womble, SE, JR Girman, EL Ronca, R Axelrad, HS Bingan and JF McCarthy. 1995.
Developing Baseline Information on Buildings anddor Air Quality (BASE '94): Part | -
Study Design, Building Selection, and Building Digsttion. Proceedings of Healthy Buildings
'95, Milan, 3: 1305-1310.

Womble, SE, EL Ronca, JR Girman and HS Brightm&861 Developing Baseline Information
on Buildings and Indoor Air Quality (BASE '95). Peedings of ASHRAE IAQ 96. Paths to
Better Building Environments, Baltimore: 109-117.

39



Appendix A: BASE Variables Used in Analysis

This appendix lists the variables used in the aslgresented in this report. The variable names
referenced in the BASE protocol are as listed @BASE Study Database Description and
Variable List (EHE 2000) and from the initial preseng of the field data by the EPA contractor.

Building Variables

EVENT: Building identifier

AL1YEAR: Year built

AL1YEARZ2: Year of last building addition

Al1AREA: Building occupied floor area

A1AREAZ2: Building gross floor area

A1BELOW: Building stories below grade

A1ABOVE: Building stories above grade

A1VENTIL: Building has mechanical or natural veatibn?
A1COOLIN: Building has air conditioning system, y@sno?
A1HEATIN: Building has air heating system, yes of’n

System Variables

SYSTEM: System number

C1TYPE: Central air handling and distribution systiype code, A through P as described in
Appendix B

C1RETFAN: Return fan, yes or no?

CLTS#PCT: Percent of system capacity serving thdystpace, by air handler #.

C5CONPOQOS: Dedicated outdoor air intake fan, out@dwoconditioned

C5UNPOS: Dedicated outdoor air intake fan, outdoounconditioned

C5UNSUCL1: Outdoor air drawn into system by supply $uction through distinct intake duct

C5UNSUC2: Outdoor air drawn directly into air hagrdby supply fan suction with no duct

C5CONST1: 100% outdoor air system

C5CONST2: System has temperature-based economizer

C5CONST3: System has fixed minimum outdoor airkata

C5CONST4: System has enthalpy-based economizer

C5CONSTS5: System controls outdoor air intake baseduilding pressure

C5MINOU1L: Minimum outdoor air intake controlled ixed damper

C5MINOUZ2: Minimum outdoor air intake controlled byflow monitoring

C5MINOU3: Minimum outdoor air intake controlled bgn tracking

C7ARATL1: Design supply air capacity of system

C7ARAT2: Design minimum outdoor air intake for syst

C7AAREA: Floor area served by system

C7A0CCU: Number of occupants served by air handler

C7ARETFA: System has a return fan?

C7ARETL1: Design return air capacity

C7ARET2: Floor area served by return

Study Space Variables

EVENT: Building identifier

TSDESC: Floors and spaces constituting study space
B1AREA: Study space occupied floor area
B1AREAZ2: Study space gross floor area
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B1AH#PCT: Percentage of study space air supplyitdyaadler number #

B1CEILIN: Study space ceiling height

B1PLENUM: Study space plenum height

B1PRIV: Number of private workstations in study apa

B1PART: Number of workstations in study space ledah partitioned areas

B1OPEN: Number of workstations in study space ked¢ab open office areas

B1DESWS: Floor area per workstation

B1SUPPLY: Number of supply vents in the study space

B1OCC_#A and B1OCC_#B: Measured test space occypuafith # indicating measurement
event (Monday is 1, Tuesday is 2, ...); A indicategmng measurement and B indicates
afternoon

Supply diffuser measurements
D3ADATE: Date of measurement
D3ARAT#: Measured supply diffuser airflow, # indied which diffuser

Exhaust measurements

C7BAREA: Floor area served by exhaust fan
C7BRATE: Design exhaust airflow rate
C7BLOCAT; Location of exhaust fan

D2DATE: Date of measurement

D2FLOW: Measured airflow rate of exhaust fan

Weather

DATE: Date of measurement
TIME: Time of measurement
TEMP: Outdoor air temperature

Continuous carbon dioxide measurements using fixeditors
CO2: Measured carbon dioxide concentration.

DATE: Date of measurement

EVENT: Building identifier

SITEID: Sample site identifier

TIME: Time of measurement

Variables provided with data analysis by EPA caritve

These apply to ventilation system airflow and carbaxide concentration measurements.
Several are directly from the BASE variable ligif bthers (primarily volumetric airflow rates)
are derived from BASE variables.

Building/study space number

Date of measurement

Period of measurement, AM or PM

Supply airflow rate, for each date and period

Outdoor airflow rate, for each date and period

Recirculation airflow rate, for each date and perio

Supply air carbon dioxide concentration, for eaatedand period
Outdoor air carbon dioxide concentration, for edate and period
Recirculation air carbon dioxide concentration,dach date and period
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Appendix B: System Design Information

This appendix presents the following design infarorafor the air handlers serving the study
spaces:

System ID
System type from list below:
A Single Duct, Constant Volume, Single Zone
B Single Duct, Constant Volume, Multiple Zone Rehea
C Single Duct, Constant Volume, Multiple Zone Bypas
D Single Duct, Variable Air Volume
E Single Duct, Variable Air Volume, Reheat
F Single Duct, Variable Air Volume, Induction
G Single Duct, Variable Air Volume, Fan PowerednS@ant Fan
H Single Duct, Variable Air Volume, Fan Poweredelmittent Fan
| Single Duct, Variable Air Volume, Dual Conduit
J Dual Duct, Constant Volume
K Dual Duct, Constant Volume, Reheat
L Dual Duct, Variable Air Volume, Single Fan
M Dual Duct, Variable Air Volume, Dual Fan
N Multizone, Constant Volume
O Constant Volume, Blow- Through Bypass
P Texas Multizone, or Three-Deck Multizone
Design supply airflow capacity
Floor area served by system
Design supply airflow capacity per unit floor area
Design minimum outdoor air intake
Design minimum outdoor air intake per unit flooear
Number of occupants served by air handler
Design minimum outdoor air intake per person
Ratio of design minimum outdoor air intake to dassgpply airflow capacity
Occupant density per unit floor area
Design return airflow capacity
Ratio of design supply airflow capacity to desigturn airflow

Changes in the table relative to the original 200#eport are highlighted in yellow.
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Design supply airflow | Floor area served | Design supply capacity Design minimum
System capacity by system per unit floor area outdoor air intake
System ID type L/s cfm nt ft? L/s-m’ cfm/ft? L/s cfm
ARFWO01(01) N 5195 11006 890 9584 5.83 1.15
ARFWO01(02) N 5195 11006 890 9584 5.83 1.15
ARFWO02(01) E 10638 22538 3642 39201 2.92 0.57 704 1501
ARFWO02(02) E 9011 19091 1529 16457 5.89 1.16 590 1251
ARFWO03(01) H 4865 10306 729 7846 6.67 131
ARFWO03(02) H 4510 9555 502 5404 8.98 1.77
AZHS02(01) E 7835 16600 1085 11684( 7.22 142
AZHS02(02) E 7084 15009 855 9206 8.28 1.63
AZHS04(01) E 9540 20212 1731 1863( 5.51 1.08
AZHS04(02) A 1606 3402 189 2033 8.50 1.67
AZHW10(01) N 9446 20012 1227 13203 7.70 1.52
AZHW10(02) N 7557 16010 317 3408 23.86 4.70
AZHW11(01) N 19364 41024 2599 27972 7.45 1.47
AZHW12(01) G 7455 15795 3732 40169 2.00 0.39 1077 2241
AZHW12(02) G 7462 15809 3202 34462 2.33 0.46 1077 2241
CAES17(01) K 11713 24814 1458 1569¢ 8.03 1.58 175¢ 3722
CAEWO07(01) K 17475 37022 3289 35394 5.31 1.05
CAEWO001) E 38727 82048 6438 69295 6.01 1.18 8029 170]0
CAJS01(01) A 2090 22499
CAJS01(02) A 711 7650
CAJS01(03) A 711 7650
CAJS02(01) J 14169 30018 1260 1356[L 11.2 2.2] 2834 6004
CAJS03(01) B 9295 19692 8242 88721 1.13 0.22 1394 29%4
CAJS21(01) K 6718 14233 924 9950 7.27 1.43 1424 3047
CAJS21(02) K 4520 9576 831 8944 5.44 1.07 452( 9516
CAJS222(01) E 8973 19011 1901 20466 4.72 0.93 103P 22p1
CAJS23(01) J 8312 17610 1044 1123y 7.96 1.57 94 2001
CAJW18(01) D 8218 17410 1646 17719 4.99 0.98
CAJW18(02) L 572 6154
CAJW19(01) K 16199 34320 2650 28521 6.11 1.20
CAJW20(01) F 75566 160094 13884 149499 5.44 1.07 13224 28016
CAJW24(01) E 28337 60035 3790 40800 7.47 1.47
CAJW25(01) F 14742 31233 1183 1273d> 12.44 2.45
CAJW26(01) F 38539 81648 7153 77000 5.39 1.06
COAS02(01) D 19248 40779 3439 3701 5.60 1.10
COAS04(01) D 47229 100059 5086 54750 9.28 1.83 4728 10006
COAS06(01) F 9134 19352 1427 1536 6.40 1.26 85( 1801
FLDWO07(02) N 7745 16410 2076 22350 3.73 0.73 1495 3147
FLDWO08(01) H 11160 23643 1636 17604 6.82 1.34 108¢ 2301
FLDW10(01) H 5904 12507 1556 16750 3.79 0.75 520 1101
FLGS01(01) E 10211 21633 1878 20220 5.43 1.07] 141f 3002
FLGS04(01) N 6707 14208 989 1065( 6.78 1.33 708 1541
FLGS04(02) N 6707 14208 989 1065( 6.78 1.33 708 1541
FLGS11(01) H 5564 11787 1486 16000 3.74 0.74 331 70D
FLGS11(02) H 5564 11787 1486 16000 3.74 0.74 331 70p
FLGS12(01) N 11557 24484 1033 11119 11.14 2.20 174f 3702
GADS01(01) E 10296 21813 2392 2574 4.30 0.85 101p 21%1
GADS02(01) E 6990 14809 1686 18141 4.15 0.82 944 2001
GADS02(02) E 6990 14809 1686 18141 4.15 0.82 944 2001
GADS03(01) A 9583 20303 2187 23534 4.38 0.86
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Design supply airflow | Floor area served | Design supply capacity| Design minimum
System capacity by system per unit floor area outdoor air intake
System ID type L/s cfm nt ft? L/s-m? cfm/ft? L/s cfm
ILBS01(01) H 1190 12805
ILBS01(02) H 967 10407
ILBS02(01) L 8501 18011 1030 11086 8.25 1.62
ILBS03(01) N 13954 29562 2240 24111 6.23 1.23
LAGWO04(01) o 9918 21012 1926 20734 5.15 1.01 945 2001
LAGW04(02) o 8973 19011 2093 225217 4.29 0.84 945 2001
LAGWO05(01) N 6848 14508 372 4000 18.43 3.63 666 141p
LAGWO05(02) N 4534 9606 1239 13337 3.66 0.72 453 96
LAGWO06(01) D 6973 14773 2091 22511 3.33 0.66 589 1248
LAGWO06(02) B 1417 3002 130 1394 10.94 2.15 119 253
MABWO05(01) D 8995 19056 4151 44681 2.17 0.43
MABWO05(02) D 9779 20717 3819 41112 2.56 0.50
MABWO06(01) E 6612 14008 1259 13548 5.25 1.03 756) 1601
MABWO08(01) G 15637 33129 3736 40215 4.18 0.82 3904 8269
MABWO08(02) B 12001 25425 4441 47807 2.70 0.53 1199p 25406
MDDS01(01) B 24309 51500 4317 46464 5.63 1.11 12360 261B5
MDDS03(01) A 2125 4502 868 9342 2.45 0.48 659 1396
MDDS03(02) A 1835 3887 692 7449 2.65 0.52
MDDS04(01) D 2942 6234 606 6526 4.85 0.96 283 60(
MDDS04(02) D 3396 7194 629 6765 5.40 1.06 340 72(
MIBWO01(01) D 3627 7684 851 9159 4.26 0.84
MIBW01(02) D 3859 8175 808 8696 4.78 0.94
MIBWO03(01) D 19364 41024 3902 42000 4.96 0.98 2834 6004
MIBWO04(01) D 16530 35020 3409 36691 4.85 0.95 1577 3342
MIBWO04(02) D 16530 35020 2454 26419 6.73 1.33 136( 2882
MNBWO01(01) D 7080 15000 1514 16301 4.67 0.92 661 1400
MNBWO02(01) D 6667 14125 1818 19572 3.67 0.72
MNBWO02(02) D 6620 14025 1818 19572 3.64 0.72
MNBWO04(01) D 3423 36843
MOCS01(01) D 30699 65038 1151 1238% 26.64 5.25
MOCS05(01) D 70843 150088 14957 160999 4.74 0.93
NCDWO02(01) D 26448 56033 5092 54817 5.19 1.02
NCDWO02(02) D 26448 56033 5092 54813 5.19 1.02
NCDWO03(01) A 595 1261 215 2315 2.77 0.54 76 160)
NCDWO03(02) A 595 1261 233 2511 2.55 0.50 76 160
NCDWO03(03) A 595 1261 197 2117 3.02 0.60 76 160)
NCDWO03(04) A 520 1101 126 1360 4.11 0.81 61 130
NCDWO03(05) D 520 1101 112 1200 4.66 0.92 61 130
NCDWO06(01) G 14780 31313 2038 2193 7.25 1.43
NECWO01(01) M 87373 185108 10114 108898 8.64 1.70
NECW02(01) L 70843 150088 8492 9141 8.34 1.64 56614 120070
NECWO03(01) F 40617 86051 9748 104930 4.17 0.82
NMES01(01) H 2810 5953 803 8640 3.50 0.69
NMES01(02) H 5054 10706 1444 1554( 3.50 0.69
NMES02(01) B 14594 30918 1229 1323 11.87 2.34
NMES03(01) D 7887 16710 1036 1115( 7.61 1.50
NMES03(02) D 9304 19712 1289 13874 7.22 1.42
NVAWO01(01) D 52702 111655 7623 82056 6.91 1.36
NVAWO02(01) D 42817 90713 9711 104534 4.41 0.87 614 13008
NVAWO03(01) N 4605 9756 664 7152 6.93 1.36
NVAWO03(02) N 1736 3677 338 3640 5.13 1.01
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Design supply airflow | Floor area served by|] Design supply capacity| Design minimum
System capacity system per unit floor area outdoor air intake
System ID type L/s cfm nt ft? L/s-m? cfm/ft L/s cfm
NYBS01(01) E 35421 75044 7353 7915 4.82 0.95 11649 24765
NYBS01(02) E 18891 40023 3077 33119 6.14 1.21 566Y 120p7
NYBS02(01) N 2208 4678 517 5560 4.27 0.84
NYBS02(02) N 2310 4893 503 5416 4.59 0.90
NYBS04(01) D 9446 20012 1412 15199 6.69 1.32
NYBS04(02) D 9446 20012 1558 16766 6.06 1.19
NYBS05(01) F 6777 14358 2483 26726 2.73 0.54 678 1436
NYBS07(01) B 5667 12007 1084 11670 5.23 1.03
ORIS03(01) K 22670 48028 4329 46602 5.24 1.03 2598 5503
ORIS03(03) K 22670 48028 2428 2613 9.33 1.84 2598 5503
ORIS04(01) O 7337 15544 1445 15552 5.08 1.00
PABS03(01) D 22528 47728 5313 5718% 4.24 0.83 240P 5103
PABS04(01) D 17985 38102 4323 4653 4.16 0.82 330p 7004
PABS04(02) A 7486 15859 248 2670 30.18 5.94
SCDWO01(01) E 11099 23514 1380 148501 8.04 1.58 941 2001
SCDW02(01) F 18891 40023 1129] 121600 1.67 0.3 2834 60p4
SDBW01(01) E 9918 21012 2145 23088 4.62 0.91 149 3172
SDBW02(01) G 9446 20012 1705 18350 5.54 1.09 945 2001
SDBWO04(01) B 11335 24014 1480 15934 7.66 151
TNDS05(01) B 13130 27816 4451 47907 2.95 0.58 13130 27816
TNDS05(02) A 7745 16410 2684 28891 2.89 0.57 7744 16410
TNDS06(01) D 132127 279924 33783 363649 3.9 0.71 19246 24077
TNDS07(01) N 8501 18011 952 10243 8.93 1.76
TNFS08(01) G 5904 12507 785 8447 7.52 1.48 590 12591
TNFS085(02) D 2739 5804 542 5832 5.06 1.00 425 900
TNFS09(01) G 8921 18901 1505 16200 5.93 1.17 118[L 25&)1
TNFS09(02) G 6962 14749 1092 11750 6.38 1.26 708 15(b1
TNFS10(01) H 15420 32669 7312 78706 2.11 0.42 2928 6204
TXFS01(01) D 56561 119830 9652 103897 5.86) 1.15 384p 8185
TXFS02(01) D 7793 16510 1373 14783 5.67 1.12
TXFS02(02) D 9210 19511 1483 15964 6.21 1.22
TXFS07(01) H 51262 108604 1038d 111734 4.94 0.97
TXFS08(01) H 7179 15209 1688 1816¢ 4.25 0.84 548 1141
TXFS08(02) H 6976 14779 1718 18491 4.06 0.80 581 1231
TXFS09(01) D 4581 9706 1123 12086 4.08 0.80 583 1236
TXFS09(02) D 5904 12507 1379 14844 4.28 0.84 763 1616
TXFWO05(01) H 111932 237139 18792 202282 5.96) 1.17
TXFWO06(01) H 86797 183888 16357 17606P 5.31 1.04
WAIW03(01) H 6612 14008 1985 21366 3.33 0.66 1984 420p
WAIW04(01) H 8973 19011 1730 18623 5.19 1.02
# of values 134 134 141 141 134 134 76 76
Mean 16097 34103 3037 3269 6.04 1.19 326 6946
StdDev 21224 44964 4200 4520 3.99 0.79 723 153B1
Minimum 520 1101 112 1200 1.13 0.22 61 130
10th percentile 2850 6037 542 583 2.90 0.57] 33 70p
25th percentile 6612 14008 989 1065 4.1 0.8 64 1360
Median 8973 19011 1558 1676 5.23 1.03 102 2116
75th percentile 16059 34022 3423 368 6.8 1.3 2834 60p4
90th percentile 38671 81928 7353 791 8.5 1.6 78 16110
Maximum 132127 279924 33783 36364 30.1 5.9 566714 120p70
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Design n_1ir_1imum ) o Ratio of ) Ratio of
outdoqr air intake Design minimum design | Design return fan design
per unit floor area_ | Number of|_OQA per person | minimum OA |_Occupant density capacity supply to

System ID L/s-m? cfm/ft> | occupants| cfm L/s to supply | /1000 | /100 m*| LU/s cfm return
ARFWO01(01) 46 4.8 5.2
ARFW01(02) 46 4.8 5.2
ARFW02(01) 0.19 0.04 60 25.0 114 0.07 15 1.4
ARFW02(02) 0.39 0.08 50 25.0 114 0.07 3.0 3.
ARFWO03(01) 44 5.6 6.0
ARFW03(02) 32 5.9 6.4
AZHS02(01) 42 3.6 3.9
AZHS02(02) 33 3.6 3.9 6707 | 14208 1.06
AZHS04(01) 68 3.7 3.9
AZHS04(02) 12 5.9 6.4
AZHW10(01) 35 2.7 2.9
AZHW10(02) 19 5.6 6.0
AZHW11(01) 113 4.0 4.3
AZHW12(01) 0.29 0.06 94 24.3 115 0.14 2.3 2.
AZHW12(02) 0.34 0.07 45 50.7 23.9 0.14 1.3 1.
CAES17(01) 1.20 0.24 70 53.2 25.1 0.15 4.5 4.8
CAEWO07(01) 95 2.7 2.9 12752 27016 1.37
CAEWO001) 1.25 0.25 150 113.4 53.4 0.21 2.2 2.8 30609 65038 6 1.4
CAJS01(01) 52 2.3 2.5
CAJS01(02) 30 3.9 4.2
CAJS01(03) 12 1.6 1.7
CAJS02(01) 2.25 0.44 111 54.1 25.b 0.20 8.2 8.8
CAJS03(01) 0.17 0.03 155 19.%) 9.0 0.15 1.7 1.p 47229 10Q059 20 0.
CAJS21(01) 1.55 0.30 50 60.5 28.6 0.21 5.0 54 52p0 11207 1.2
CAJS21(02) 1.07 46 208.2 98.1 1.00 5.1 5.%
CAJS222(01) 0.55 0.11 183 12 5.1 0.12 8.9 9.6
CAJS23(01) 0.90 0.18 73 27.4 12.9 0.11 6.5 7.p
CAJW18(01) 59 3.3 3.6
CAJW18(02)
CAJW19(01) 92 3.2 3.5 15349 32519 1.06
CAJW20(01) 0.95 0.19 741 37.8 17. 0.17 5.0 5.8 68009 144084 .11 1
CAJW?24(01) 224 55 5.9 25504 | 54032 1.11
CAJW25(01) 770 60.5 12586 | 26666 1.17
CAJW26(01) 420 5.5 5.9 30472| 64558 1.26
COAS02(01) 133 3.6 3.9
COAS04(01) 0.93 0.18 310 32.3 15.2 0.10 5.7 6.1 42906 90053 11 1.
COAS06(01) 0.60 0.12 55 32.7 15. 0.09 3.6 3.9
FLDWO07(02) 0.72 0.14 50 63.3 29.9 0.19 2.2 2.4
FLDWO08(01) 0.66 0.13 69 334 15.7 0.10 3.9 4.2
FLDW10(01) 0.33 0.07 108 10.2 4.8 0.09 6.4 6.9
FLGS01(01) 0.75 0.15 70 42.9 20.2 0.14 3.5 3.f
FLGS04(01) 0.72 0.14 50 30.0 14.2 0.11 4.7 5.1
FLGS04(02) 0.72 0.14 50 30.0 14.2 0.11 4.7] 5.1
FLGS11(01) 0.22 0.04 44 15.9 7.5 0.06 2.8 3.
FLGS11(02) 0.22 0.04 46 15.2 7.2 0.06 2.9 3.1
FLGS12(01) 1.69 0.33 60 61.7] 29.1 0.15 5.4 58
GADS01(01) 0.42 0.08 67 32.1 15.1 0.10 2.6 2.
GADS02(01) 0.56 0.11 40 50.0 23.4 0.14 2.2 2.4
GADS02(02) 0.56 0.11 40 50.0 23.4 0.14 2.2 2.4
GADS03(01) 124 5.3 5.7
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Design minimum Design Ratio of Ratio of
outdoor air intake Number | minimum OA design Designreturn fan|  design
per unit floor area of per person minimum Occupant density capacity supply to
System ID L/s-m? cfm/ft | occupants| cfm L/s | OAto supply| /1000 f?| /100 n?| L/s cfm return
ILBS01(01) 35 2.7 2.9
ILBS01(02) 51 4.9 5.3
ILBS02(01) 45 4.1 4.4 7793 | 16510 1.09
ILBS03(01) 63 2.6 2.8
LAGWO04(01) 0.49 0.10 40 50.0 23.6 0.10 1.9 2.1
LAGWO04(02) 0.45 0.09 33 60.6 28.6 0.11 1.5 1.6
LAGWO05(01) 1.79 0.35 42 33.6 15.9 0.10 10.9 118
LAGWO05(02) 0.37 0.07 30 32.0 15.1] 0.10 2.2 2.4
LAGWO06(01) 0.28 0.06 66 18.9 8.9 0.08 2.9 3.2
LAGWO06(02) 0.92 0.18 0.08
MABWO05(01) 120 2.7 2.9 8180 | 17330 1.10
MABWO05(02) 120 2.9 3.1 8426 | 17851 1.16
MABWO06(01) 0.60 0.12 50 32.0 15.14 0.11 3.7 4.4 4362 9240 1.5
MABWO08(01) 1.04 0.21 420 19.7 9.3 0.25 104 11.p 161p5 34120 .970
MABWO08(02) 2.70 0.53 408 62.3 29.4 1.00 8.5 9.4
MDDS01(01) 2.86 0.56 241 108.7 51. 0.51 5.2 5.
MDDS03(01) 0.76 0.15 51 274 12.9 0.31 5.5 5.
MDDS03(02) 33 4.4 4.8
MDDS04(01) 0.47 0.09 44 13.6 6.4 0.10 6.7 7.3
MDDS04(02) 0.54 0.11 24 30.0 14.2 0.10 3.5 3.
MIBW01(01) 45 4.9 5.3 3254 6894 1.11
MIBW01(02) 34 3.9 4.2 3171 6719 1.22
MIBW03(01) 0.73 0.14 373 16.1 7.6 0.15 8.9 9.6 17427 36922 11.1]
MIBWO04(01) 0.46 0.09 172 194 9.2 0.10 4.7 5.4 149%3 31678 11.1
MIBW04(02) 0.55 0.11 172 16.8 7.9 0.08 6.5 7.0 15170 321139 91.0
MNBWO01(01) 0.44 0.09 45 31.1 14.7 0.09 2.8 3.
MNBW02(01) 37 1.9 2.0
MNBWO02(02) 31 1.6 1.7
MNBWO04(01) 87 24 2.5
MOCS01(01) 295 23.8 25.6 | 25976| 55032 1.18
MOCS05(01) 374 2.3 2.5
NCDWO02(01) 110 2.0 2.2
NCDWO02(02) 113 2.1 2.2
NCDWO03(01) 0.35 0.07 7 22.9 10.§ 0.13 3.0 3.3
NCDWO03(02) 0.32 0.06 2 80.0 37.4 0.13 0.8 0.9
NCDWO03(03) 0.38 0.08 8 20.0 9.4 0.13 3.8 4.1
NCDWO03(04) 0.49 0.10 4 325 15.3 0.12 2.9 3.4
NCDWO03(05) 0.55 0.11 4 325 15.3 0.12 3.3 3.6
NCDWO06(01) 60 2.7 2.9
NECWO01(01) 893 8.2 8.8 47229| 100059 1.85
NECWO02(01) 6.67 1.31 1500 80.0 37. 0.80 16. 17, 56674 2200 1.25
NECWO03(01) 921 8.8 9.4 36366 | 77045 1.12
NMES01(01) 12 14 15 2782 5893 1.01
NMES01(02) 41 2.6 2.8 5001 [ 10596 1.01
NMES02(01) 77 5.8 6.3
NMES03(01) 20 1.8 1.9
NMES03(02) 45 3.2 3.5
NVAWO01(01) 359 4.4 4.7
NVAWO02(01) 0.63 0.12 393 33.1 15.6 0.14 3.8 4.4 39700 84109 081.
NVAWO03(01) 36 5.0 54 3674 7784 1.25
NVAWO03(02) 12 3.3 35 1193 2527 1.46
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Design minimum Ratio of Ratio of
outdoor air intake per Design minimum design Design return fan design
unit floor area Number of|_OA per person | p..niom OA | Occupant density capacity supply to
System ID L/s-m’ cfi/f® | oceupants [ cfm L/s tosupply | /1000 f# | /100 m* | L/s cfm return
NYBS01(01) 1.59 0.31 618 40.1 18.9 0.33 7.8 8.4
NYBS01(02) 1.84 0.36 332 36.2 17.1 0.30 10.0 10.8
NYBS02(01) 40 7.2 7.7
NYBS02(02) 28 5.2 5.6
NYBS04(01) 30 3.3 3.5 8501 18011 1.11
NYBS04(02) 70 4.2 4.5 8501 18011 1.11
NYBS05(01) 0.27 0.05 160 9.0 4.2 0.10 6.0 6.4 5313 11257 1.28
NYBS07(01) 65 5.6 6.0
ORIS03(01) 0.60 0.12 171 32.2 152 0.11 37 3.9
ORIS03(03) 1.07 0.21 82 67.1 31.7 0.11 3.1 3.4
ORIS04(01) 67 4.3 4.6
PABS03(01) 0.45 0.09 350 14.6 6.9 0.11 6.1 6.6
PABS04(01) 0.76 0.15 195 35.9 17.0 0.18 42 4.5 14169 | 30018 1.27
PABS04(02) 6966 14759 1.07
SCDWO01(01) 0.68 0.13 90 22.2 10.5 0.09 6.1 6.5 10154 | 21513 1.09
SCDW02(01) 0.25 0.05 160 37.5 17.7 0.15 1.3 1.4 16530 | 35020 1.14
SDBWO01(01) 0.70 0.14 61 52.0 24.5 0.15 2.6 2.8 9587 20312 1.03
SDBW02(01) 0.55 0.11 700 2.9 13 0.10 38.1 41.1
SDBW04(01) 57 3.6 3.9 11335 | 24014 1.00
TNDS05(01) 2.95 0.58 575 48.4 22.8 1.00 12.0 12.9
TNDS05(02) 2.89 0.57 1.00
TNDS06(01) 0.57 0.11 1067 38.2 18.0 0.15 2.9 3.2
TNDS07(01) 55 5.4 5.8
TNFS08(01) 0.75 0.15 46 27.2 12.8 0.10 5.4 5.9
TNFS08(02) 0.78 0.15 29 31.0 14.7 0.16 5.0 5.4
TNFS09(01) 0.78 0.15 104 24.1 11.4 0.13 6.4 6.9
TNFS09(02) 0.65 0.13 68 22.1 10.4 0.10 5.8 6.2
TNFS10(01) 0.40 0.08 86 72.1 34.0 0.19 1.1 1.2
TXFS01(01) 0.40 0.08 348 23.4 11.0 0.07 3.3 3.6
TXFS02(01) 42 2.8 3.1
TXFS02(02) 49 3.1 3.3
TXFS07(01) 362 3.2 3.5
TXFS08(01) 0.32 0.06 59 19.7 9.3 0.08 3.2 3.5
TXFS08(02) 0.34 0.07 53 23.2 11.0 0.08 2.9 3.1
TXFS09(01) 0.52 0.10 60 20.6 9.7 0.13 5.0 5.3
TXFS09(02) 0.55 0.11 33 49.0 23.1 0.13 2.2 2.4
TXFWO05(01) 515 2.5 2.7 111460 | 236138 1.00
TXFW06(01) 495 2.8 3.0 86797 | 183888 1.00
WAIWO03(01) 1.00 0.20 77 54.6 25.8 0.30 3.6 3.9
WAIW04(01) 54 2.9 3.1
# of values 76 76 137 74 74 76 137 137 41 41 41
Mean 0.94 0.18 154 39.0 18.4 0.19 5.1 5.5 22045 | 46705 1.14
StdDev 1.06 0.21 229 29.0 13.7 0.22 6.3 6.7 24074 | 51003 0.22
Minimum 0.17 0.03 2 2.9 13 0.06 0.8 0.9 1193 2527 0.20
10th percentile 0.31 0.06 30 16.0 7.5 0.08 2.0 2.2 3674 7784 1.00
25th percentile 0.42 0.08 42 224 10.6 0.10 2.7 2.9 6966 14759 1.07
Median 0.60 0.12 60 32.1 15.2 0.12 37 3.9 12752 | 27016 1.11
75th percentile 0.92 0.18 150 50.0 23.6 0.15 5.5 5.9 30472 | 64558 1.25
90th percentile 1.82 0.36 339 63.0 29.7 0.31 8.0 8.6 47229 | 100059 1.28
Maximum 6.67 1.31 1500 208.2 98.3 1.00 60.5 65.1 111460 | 236138 1.85
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Appendix C: Volumetric Airflow Data Issues

This appendix describes measurement issues ichtifith the volumetric airflow data and any
adjustments that were made to account for thesesss

Building Measurement Issue Data adjustment

ARFWO02 Wednesday a.m. volumetric outdoor air vditwe Delete suspect value, no
system #2 significantly below other measured valaes study space volumetric
that system, while outdoor air fraction for thisé outdoor airflow for
period based on Gonsistent with other values. Wednesday a.m.

AZHS04 System #1 measured recirculation airflovatgethan | Set system #1 outdoor
supply airflow for 3 of 4 readings, leading to niéga | airflow equal to zero in
values for outdoor airflow; not significantly diffent those 3 cases.
from zero based on uncertainty in recirculation and
supply airflows.

AZHW10 No outdoor airflow measurement on Systemt#g, Calculate study space
System #1 outdoor airflow values very close to siim | outdoor airflow based on
supply airflows for System #1 and #2; survey notes | System #1 values alone.
indicate common outdoor air intake for both systems

CAJS01 No outdoor airflow measurement on Systemf#tree | Assume System #1 outdoor
systems; all systems are 100% outdoor air; note tha| airflow equals supply
System #1 supply airflow is only about 10 % of dypp| airflow.
airflow of other two systems.

CAJW18 Two systems listed under system design nmédion, Results based on System
but no design or measured data on System #2; survey1l measurements alone.
notes indicate that System #2 is heating only aashit
operating during test week.

CAJW26 Volumetric outdoor air fraction greater tH#0 % for 3| Use the 3 calculated valugs
of 4 readings, but not significantly different fral0 % | greater than 100 %.
based on uncertainty.

COAS04 Measured recirculation airflow greater teapply Set value of outdoor
airflow for one reading, leading to negative vaioe airflow equal to zero in that
outdoor airflow; not significantly different frormero case.
based on uncertainty in recirculation and supply
airflows.

ILBSO1 Volumetric measurements of supply airflowyofior No adjustments made to
both systems; survey notes indicate outdoor aikmt | data.
damper closed during test week; outdoor airflows ca
only be determined by product of supply airflow and
outdoor air fraction from CO

LAGWO05 Volumetric supply airflow values measured lioth Use System #1 values
systems, outdoor airflow values for System #2 are | alone to determine outdoor
duplicates of System #1 values; survey notes itelica| air fraction and study spage
common outdoor air intake serves both systems. outdoor airflow.

LAGWO06 No volumetric supply airflow values and ormge Add single System #2
outdoor airflow value for System #2; survey notes | outdoor airflow to
indicate that System #2 does not always operatetetd corresponding System #1
common outdoor air intake serves both systemsg8ystvalue when calculating
#2 design supply capacity and minimum outdoor air | study space outdoor
only 20 % of System #1. airflow.

MABWO5 One System #2 measured recirculation airflalue Set value of outdoor
greater than supply airflow, leading to negativiiga | airflow equal to zero.
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for outdoor airflow; not significantly differentdm zero
based on uncertainty in recirculation and supply
airflows.

MDDSO01 Measured recirculation airflow greater tisapply Set value of outdoor
airflow for two readings, leading to negative valder | airflow equal to zero for
outdoor airflow; not significantly different fromero these two events.
based on assumed uncertainty in recirculation and
supply airflows.

NCDWO03 Five systems; survey notes indicate out@dronot No volumetric airflow rateg
operated during study week; 5 of 20 potential oatdo | calculated for the study
airflow values listed, could be leakage into system | space.

NMESO02 All 4 volumetric outdoor airflows greateath Use all values as
volumetric supply airflows; outdoor air fraction calculated.
significantly greater than 100 % based on measureme
uncertainty for only 1 of the 4 values.

NVAWO03 System #1 measured outdoor airflows gregian No adjustments made to
supply airflow for all 4 readings, leading to voleinc | data.
outdoor air fraction greater than 100 %, but not
significantly greater.

NYBS04 Thursday a.m. volumetric outdoor airflow fystem #1| No adjustments made to
much higher than other values for both systemswil 3 data.

#2.

ORIS03 No volumetric outdoor airflows for System #8rvey | Supply airflow for system
notes indicate outdoor air intake serves both aystl | #1 based on sum of systel
and #3. #1 and #3 values; outdoor

airflow based on System #
values.

ORIS04 No volumetric outdoor or recirculation aifl values; | Outdoor airflow from CQ
survey notes indicate outdoor air damper location ratio only.
prevented reliable traverse..

PABS03 Measured recirculation airflow greater teapply Set all 4 values of outdoor,

airflow for all four readings, leading to negatiwaues
for outdoor airflow; not significantly differentdm zero
based on assumed uncertainty in recirculation and

airflow equal to zero.

supply airflows.
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Appendix D: Measured Data for Air Handlers

This appendix presents the following informationtfte measurements in the air handlers
serving the study spaces:

System ID

Day and time of measurement

Supply, outdoor and recirculation airflows, andoasated uncertainties (values in italics were
not measured directly but were derived from othiosv rates, i.e., supply = outdoor air +
recirculation; outdoor air = supply — recirculafjon

Outdoor air fraction, based on volumetric and carboxide ratio methods, and associated
uncertainties
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Uncertainty in

Uncertainty in outdoor

Supply airflow supply airflow Outdoor airflow airflow
System ID Day Period L/s cfm L/s cfm L/s cfm L/s cfm
ARFW01(01) Wed AM 691¢ 1465¢ 692 146€ 38¢E 81t 11F 24¢
Wed PN 670z 1420( 67C 142( 362 76€ 10¢ 231
Thurs AM 658: 1394¢ 65¢ 139¢ 37C 784 111 23t
Thurs P\ 665¢E 1409¢ 66t 141C 362 76€ 10¢ 231
ARFW01(02) Wed AM 632¢ 1340 63: 1341 34¢ 737 104 221
Wed PN 643¢ 13641 644 136¢ 34¢ 737 104 221
Thurs AM 6471 1372: 64¢ 137z 37¢ 80C 113 24(
Thurs PN 6602 1398 66( 139¢ 35¢E 753 107 22€
ARFW02(01) Wed AM 515¢ 1092 51€ 109z 422( 8941 126€ 2682
Wed PN 494¢ 1047¢ 49t 104¢ 415¢ 881( 124¢ 264:
Thurs AM
Thurs P\ 494¢ 1047¢ 49t 104¢ 418: 8862 125¢ 265¢
ARFW02(02) Wed AM 654 1386¢ 654 138¢€
Wed PN 630( 13347 63C 133¢ 501: 1062( 150¢ 318¢
Thurs AM
Thurs P\ 639¢ 1354¢ 63¢ 135¢ 5221 1106: 156¢€ 331¢
ARFWO03(01) Wed AM 375¢ 7951 37t 79t 15€ 334 47 10C
Wed PN 407 862¢ 407 86: 10C 211 30 63
Thurs AM 3961 839z 39€ 83¢ 10€ 22¢ 32 69
Thurs Ph 394t 835¢ 39t 83€ 10€ 22¢ 32 69
ARFW03(02) Wed AM 2317 490¢ 23z 491 254 53¢ 76 162
Wed PN 251¢ 532¢ 251 53t 287 60€ 86 182
Thurs AM 257¢ 545t 257 54t 32¢ 69t 98 20¢
Thurs PN 250¢ 530z 25(C 53C 302 64% 91 19¢
AZHS02(01) Wed AM 457¢ 970( 45¢ 97C 1670 3538 98¢ 208¢
Wed PN 5361 1135¢ 53€ 113€ 2600 5508 987 2091
Thurs AM 423: 89617 427 897 1243 2633 99z 2101
Thurs Ph 4397 931t 44C 931 1628 3449 94( 1991
AZHS02(02) Wed AM 2541 538: 254 53¢ 1177 2494 482 102(
Wed PN 2511 531¢ 251 53z 1240 2628 45¢€ 967
Thurs AM 2041 432 204 432 545 1155 49z 104<
Thurs PN 2481 525¢ 24¢ 52€ 692 1466 591 1252
AZHS04(01) Wed AM 1046: 2216¢ 104¢€ 2217 0 0 330¢ 701C
Wed PN 1038t 22007 103¢ 220c 0 0 342¢ 7254
Thurs AM 1022¢ 21671 102: 2167 1069 2265 293z 6212
Thurs PN 9831 20821 98¢ 208: 0 0 333¢ 707¢
AZHS04(02) Wed AM 698 1478 182 38¢€ 9¢ 20¢ 30 63
Wed PN 707 1498 182 38€ 10¢ 231 33 69
Thurs AM 716 1516 19 40¢ 78 16€ 23 50
Thurs PN 810 1716 21C 44¢€ 11¢ 252 36 7€
AZHW10(01) Wed AM 827¢ 1753: 82¢ 175: 1063 2253¢ 3191 6761
Wed PN 7891 1671i 78¢ 167z 1224: 2593¢ 367 7781
Thurs AM 9031 1913: 90z 191: 1345¢ 2851: 4031 855¢
Thurs Ph 917¢ 1944¢ 91¢ 194¢ 1354t 2869¢ 4063 860¢
AZHW10(02) Wed AM 417¢ 885z 41¢ 88t
Wed PN 4297 910¢ 43C 91(
Thurs AM 444( 940¢ 444 941
Thurs P\ 4321 915¢ 432 91t
AZHW11(01) Wed AM 1420¢ 3009: 142 300¢ 2705 5732 3731 790¢
Wed PN 1674: 35472 167¢ 3547 4916 10415 392t 831Z
Thurs AM 1653 3503¢ 165¢ 3504 5531 11719 3692 782¢
Thurs PN 1811¢ 3838( 181: 383¢ 6206 13148 400¢€ 8481
AZHW12(01) Wed AM 3647 7727 36t 773 752 159¢ 22¢€ 47¢
Wed PN 357¢ 757¢ 357 757 862 182¢ 25¢ 54¢
Thurs AM 325(C 688t 32t 68¢ 14¢ 307 43 92
Thurs PN 310t 657¢ 311 65¢ 11C 234 33 70
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AZHW12(02) Wed AM 523¢ 1109: 524 110¢ 159¢ 338C 47¢ 101¢
Wed PN 523¢ 1109: 524 110¢ 159¢ 338( 47¢ 101¢
Thurs AM 523¢ 1109: 524 110¢ 1617 3427 48t 102¢
Thurs P\ 570¢ 1208 571 120¢ 173¢ 368% 52z 110¢
CAES17(01) Wed AM 1628¢ 3450: 162¢ 345( 3040 6441 429¢ 909¢
Wed PN 1556¢ 3297 155¢€ 3291 2210 4682 429¢ 910¢
Thurs AM 1754¢ 3717¢ 175¢ 371¢ 9895 20963 289( 6122
Thurs PN 1673 3545¢ 167¢ 354¢ 5120 10847 386¢€ 8191
CAEWO07(01) Wed AM 1752 3712z 175z 3712 5371 1138( 1611 341¢
Wed PN 1856¢ 39341 1857 393¢ 1613¢ 3418: 484( 1025¢
Thurs AM 1752: 3712: 175z 3712 1336¢ 2831¢ 400¢ 849¢
Thurs P\ 1723¢ 3651¢ 172¢ 3652 1809: 3832¢ 5427 1149¢
CAEW09(01 Wed AM 1169: 2477: 116¢ 2477 3704 7847 1111 235¢
Wed PN 1202¢ 2547¢ 120z 254¢ 3221 6824 96€ 2047
Thurs AM 12317 2609t 123z 260¢ 177z 375 531 112€
Thurs P\ 1136( 2406 113¢€ 2407 1691 358: 507 107t
CAJS01(01) Wed AM 20C 427 20 42 200 423 60 127
Wed PN 20C 427 20 42 200 423 60 127
Thurs AM 15E 32¢ 16 33 155 329 47 99
Thurs Ph 20C 427 20 42 200 423 60 127
CAJS01(02) Wed AM 133¢ 283( 134 28¢ 133¢€ 283( 401 84¢
Wed PN 131¢ 278¢ 131 27¢ 131¢ 278¢ 394 83¢€
Thurs AM 141¢ 300¢ 142 30C 141¢ 300¢ 42t 90C
Thurs PN 132: 280¢ 132 28C 132: 280¢ 397 841
CAJS01(03) Wed AM 153¢ 325¢ 154 32€ 153¢ 325¢ 461 977
Wed PN 173¢ 368t 174 36¢ 173¢ 368¢ 522 110¢
Thurs AM 161: 341¢ 161 34z 161: 341¢ 484 102t
Thurs Ph 1647 348¢ 165 34¢ 1641 348¢ 494 1047
CAJS02(01) Wed AM 14671 31081 1467 310¢ 1243( 2633 372¢ 790c
Wed PN 1372( 2906 1372 2907 1260! 2669¢ 378( 800¢
Thurs AM 14671 31081 1467 310¢ 1436¢ 3044( 431( 913z
Thurs PN 14331 3036: 143: 303¢ 1550¢ 3285¢ 4652 9857
CAJS03(01) Wed AM 4027 8533( 402¢ 853: 4027; 8533( 1208: 2559¢
Wed PN 4144 87811 414F 8781 4144 8781 1243« 2634
Thurs AM 4238¢ 8979t 423¢ 897¢ 4238¢ 8979t 1271t 2693¢
Thurs PN 41631 8820( 4162 882( 4144 87817 1243¢ 2634
CAJS21(01) Wed AM 608¢ 12891 60¢ 129 126t 267¢ 37¢ 804
Wed PN 4911 1040¢ 491 104C 119¢ 253¢ 35¢ 76C
Thurs AM 455¢ 9657 45€ 96€ 1641 348¢ 494 1047
Thurs PN 5117 10841 51z 108¢ 147¢ 311F 441 93¢
CAJS21(02) Wed AM 258: 547( 25¢ 547 2582 547C 77t 1641
Wed PN 284¢ 603t 28t 604 284¢ 603t 85¢ 1811
Thurs AM 286t 606¢ 28¢ 607 286t 606¢ 85¢ 1821
Thurs Ph 290z 614¢ 29C 61¢ 290z 614¢ 871 184¢
CAJS222(01) Wed AM 4651 985¢ 46E 98t 391 829 136( 2881
Wed PN 5604 1187: 56( 1187 806 1708 154¢ 3272
Thurs AM 449¢ 9521 44¢ 952 929 1968 116C 245¢
Thurs P\ 5561 1179¢ 557 117¢ 1172 2483 1431 3032
CAJS23(01) Wed AM 1134¢ 2404 113¢ 240¢ 837 177z 251 53z
Wed PN 1001(¢ 2120¢ 1001 2121 101¢€ 215: 30t 64€
Thurs AM 1123¢ 2380¢ 112¢ 2381 967 204¢ 29C 614
Thurs PN 1153¢ 2443¢ 1154 2441 109¢ 232¢ 32¢ 69¢
CAJW18(01) Wed AM 1046¢ 2217( 104¢€ 2217 84E 1791 254 537
Wed PN 10927 2314( 109 231¢ 832 176: 25C 52¢
Thurs AM 1070¢ 2268 1071 226¢ 93¢ 198¢ 281 59¢€
Thurs PN 12081 2559¢ 120¢ 256( 93¢ 198¢ 281 59¢€
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CAJW19(01) Wed AM 1776¢ 3764t 1771 376¢ 8828 18703 3217 681¢€
Wed PN 1743( 3692¢ 1743 369: 7045 14925 357( 7562
Thurs AM 1776¢ 3764t 177 376¢ 8753 18543 323¢ 685¢€
Thurs PN 1688’ 3577 168¢ 357¢ 5530 11715 380¢ 805¢
CAJW20(01) Wed AM 33157 7023¢ 331¢ 702: 3993¢ 8460¢ 1198( 2538:
Wed PN 3643¢ 7720( 3644 772( 4167 8828¢ 12501 2648¢
Thurs AM 3205¢ 67912 320¢ 6791 3646: 7724¢ 1093¢ 2317¢
Thurs PN 3287 6965¢ 328¢ 696¢ 3693¢ 7825: 1108! 2347¢
CAJW24(01) Tues AV 1910¢ 4047¢ 191( 404¢ 1320t 2797¢ 3961 839:
Tues PN\ 2050( 4343: 205( 4345 741 157( 222 471
Wed AM 1910¢ 4047¢ 191( 404¢ 1320t 2797¢ 3961 839:
Wed PV 2178¢ 4616( 217¢ 461¢ 72¢ 154¢ 21¢ 463
Thurs AM 2307¢ 4888¢ 230¢ 488¢ 1616¢ 3424¢ 484¢ 1027
Thurs PN 2318: 4911¢ 231¢ 4912 20547 4353( 6164 1305¢
CAJW25(01) Wed AM 1713( 3629: 1713 362¢ 923( 1955¢ 276¢ 5861
Wed PN 1804 3823: 180¢ 382: 1725¢ 3656( 5171 1096¢
Thurs AM 1596¢ 33822 159¢ 3382 1133: 2401¢ 3401 720€
Thurs PN 1773¢ 3758( 177¢ 375¢ 1815¢ 3847: 544¢ 1154z
CAJW26(01) Wed AM 2977: 6307¢ 2971 630¢ 3382¢ 7166 1014¢ 2149¢
Wed PN 3349¢ 7096: 334¢ 709¢ 3723( 7887¢ 1116¢ 2366:
Thurs AM 3120¢ 6611( 312 6611 3331 7057: 999: 2117:
Thurs PN 3277¢ 6944¢ 327¢ 694~ 3093¢ 65547 928: 1966¢
COAS02(01) Wed AM 1132 2398¢ 316: 6701 81C 1717 24% 51t
Wed PN 1004¢ 2129( 271C 574z 108C 228¢ 324 687
Thurs AM 11012 2333( 3021 6401 99C 209¢ 297 62¢
Thurs PN 1206t 25562 318¢ 675¢ 1552 329( 46€ 987
COAS04(01) Wed AM 3421( 7247 3421 724¢ 780 1652 1059¢ 2245(
Wed PN 3489( 7391¢ 348¢ 7392 2278 4827 10383 2200¢
Thurs AM 3352¢ 7103¢ 335: 7104 153 324 1055¢ 2237
Thurs PN 3433( 72731 343: 727: 0 0 1102( 2334¢
COAS06(01) Wed AM 3837 813( 384 81: 927 1963 27¢ 58¢
Wed PV 481¢ 1020¢ 482 1021 99¢ 211¢€ 30C 63t
Thurs AM 644¢ 1365: 64E 136¢€ 1074 227¢ 32z 682
Thurs PN 506¢€ 1073: 507 1072 887 187¢ 26€ 564
FLDWO07(02) Wed AM 749¢ 1588¢ 197¢ 4192 9717 206¢ 292 621
Wed PN 676€ 1433¢ 175¢ 371¢ 1002 212: 30C 637
Thurs AM 634( 13431 163¢ 3461 98z 208: 29t 62t
Thurs PN 6911 1464 178¢ 3791 103¢ 2201 31z 66C
FLDWO08(01) Wed AM 698: 1479: 69¢ 147¢ 1307 276¢ 392 831
Wed PN 7641 1620( 765 162( 871 184¢ 261 554
Thurs AM 709(C 1502( 70¢ 1502 871 184¢ 261 554
Thurs PN 711¢€ 1507¢ 71z 150¢ 477: 1011z 1432 303/
FLDW10(01) Wed AM 370z 784¢ 37C 784 28¢E 602 85 181
Wed PN 3721 788: 37z 78¢ 324 68€ 97 20€
Thurs AM 378: 801¢ 37¢ 801 35€ 75E 107 22€
Thurs PN 341 724( 34z 724 22¢ 482 68 14~
FLGS01(01) Thurs AM 476¢ 10102 477 101C 931 1972 27¢ 592
Thurs PN 527¢ 1117¢ 52¢ 111¢ 97¢ 207z 292 622
Fri AM 461t 977¢ 462 97¢ 90¢E 1917 272 57t
Fri PM 500¢ 1060: 50C 106¢ 991 209¢ 297 63C
FLGS04(01) Wed AM 701¢ 1487( 70z 1487 24€ 522 74 157
Wed PN 737z 1561¢ 737 1562 272 57¢ 82 174
Thurs AM 721¢ 1528t 721 152¢ 242 512 73 154
Thurs PN 721¢ 1528¢ 721 152¢ 22C 46€ 66 14C
FLGS04(02) Wed AM 9411 1993: 941 199 39t 837 11€ 251
Wed PN 946¢ 2006: 947 200¢ 381 807 114 242
Thurs AM 9607 20353 961 203t 39¢ 842 11¢ 25%
Thurs PN 1005¢ 2130¢ 100¢€ 2131 412 87t 124 262
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FLGS11(01) Wed AM 268¢ 568¢ 26¢ 56¢ 432 917 13C 27¢
Wed PN 431¢ 914¢ 432 91t 44¢ 95(C 13¢ 28t
Thurs AM 228¢ 484¢ 22¢ 48t 43z 917 13C 27t
Thurs PN 4542 9628 454 962 39¢ 84¢€ 12¢C 254
FLGS11(02) Wed AM 369¢ 7837 37C 784 532 1127 16C 33¢
Wed PN 459¢ 973z 45¢ 97t 50€ 1077 158 32t
Thurs AM 297¢ 630¢ 29¢ 631 482 102z 14¢ 307
Thurs PN 425( 900: 42t 90C 472 100¢ 142 30C
FLGS12(01) Wed AM 10029 21246 256¢ 5431 164: 348( 49z 1044
Wed PN 9658 20462 245; 519¢ 165¢ 3507 497 105z
Thurs AM 8985 19036 225: 4772 166¢ 352t 49¢ 1057
Thurs Ph 8774 18589 221¢ 470z 153¢ 325¢ 461 977
GADS01(01) Wed AM 5469 11587 118t 2511 216t 458¢ 65C 137¢€
Wed PN 5890 12480 1327 2811 189t 401< 56¢ 120¢
Thurs AM 5522 11700 1187 251« 231: 490( 694 147¢
Thurs PN 5669 12010 123¢ 262: 214t 454¢ 645 136:
GADS02(01) Wed AM 5291 1121¢ 52¢ 1121 85¢E 1811 25€ 54:
Wed PN 614: 1301« 614 1301 97¢ 2072 29t 622
Thurs AM 5017 1063( 50z 106: 1101 233¢ 33C 70C
Thurs PN 610¢ 1293: 61C 129: 98¢ 209¢ 297 62¢
GADS02(02) Wed AM 5017 1063( 50z 106: 126¢ 268¢ 381 80€
Wed PN 5717 12117 572 1211 111¢ 236¢ 33t 711
Thurs AM 5258 1112¢ 52t 111: 109¢C 231C 327 69:
Thurs PN 640¢ 1357 641 135¢ 118C 249¢ 354 75C
GADS03(01) Wed AM 1198¢ 2539¢ 119¢ 254( 95€ 202¢ 287 60¢
Wed PN 1146: 2428: 114¢€ 242¢ 973 2061 29z 61¢
Thurs AM 1141¢ 2418: 1141 241¢ 973 2061 29z 61¢
Thurs Ph 1127 2388t 1127 238¢ 97¢ 2072 29z 622
ILBS01(01) Wed AM 488¢ 1035¢ 48¢ 103¢
Wed PN 442¢ 9381 443 93¢
Thurs AM 4161 881¢ 41€ 882
Thurs PN 4792 1015z 47¢ 101¢
ILBS01(02) Wed AM 446( 945( 44¢€ 94t
Wed PN 488¢ 1035¢ 48¢ 103¢€
Thurs AM 468¢ 993z 46< 99:
Thurs P\ 472( 10001 472 100¢
ILBS02(01) Wed AM 721z 1528( 721 152¢ 59¢ 1267 17¢ 38C
Wed PN 748¢ 1586¢ 74¢ 158¢€ 54¢ 1163 165 34¢
Thurs AM 701t 1486: 70z 148¢ 47€ 100¢ 14z 30z
Thurs PN 717: 1519¢ 717 152( 543 1151 163 34¢
ILBS03(01) Thurs AM 1638t 3471z 163¢ 3471 7661 1623 308¢ 6541
Thurs P\ 1568: 3322t 156¢ 3322 660¢ 1399¢ 3142 6657
Wed AM 1622¢ 3438: 162: 343¢ 587t 1244¢ 350¢ 742¢
Wed PN 16931 3587( 169: 3581 6027 1276¢ 368% 780¢
LAGWO04(01) Wed AM 921: 1951¢ 921 1952 57C 1207 171 362
Wed PN 973t 2062« 973 2062 43¢ 92¢ 132 27¢
Thurs AM 89617 18991 897 190¢ 54¢ 1163 165 34¢
Thurs PN 9827 2081¢ 98¢ 208z 53¢ 112¢ 16C 33¢
LAGWO04(02) Wed AM 1068 22641 106¢ 226¢ 77€ 164< 23: 492
Wed PN 1059¢ 2244¢ 105¢ 224t 821 173¢ 24¢ 52z
Thurs AM 1028 2179t 102¢ 217¢ 837 177z 251 532
Thurs PN 1053: 2231t 105: 223z 79z 167¢ 23¢ 504
LAGWO05(01) Wed AM 940¢ 1993¢ 941 199: 272¢ 577t 81¢ 173z
Wed PN 907t 1922¢ 907 192: 305¢ 6471 91¢€ 1941
Thurs AM 920z 1949¢ 92( 195(C 286¢ 6077 86( 182:
Thurs P\ 8972 1900¢ 897 1901 3022 640¢ 907 192z
LAGWO05(02) Wed AM 492¢ 1043 49z 1044
Wed PN 487¢ 10331 48¢ 103:
Thurs AM 502¢ 1064¢ 503 106t
Thurs P\ 493¢ 1046¢ 494 104¢€
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LAGWO06(01) Wed AM 9962 2110¢ 99€ 2111 125¢ 266¢ 37¢ 80C
Wed PN 10017 212117 1001 2121 122( 258¢ 36€ 77t
Thurs AM 993: 2104: 99z 210¢ 121€ 257¢ 36¢ 773
Thurs PN 999z 2116¢ 99¢ 2117 1232 260¢ 36¢ 78:
LAGWO06(02) Wed AM 141 29¢ 42 9C
Wed PN
Thurs AM
Thurs PN
MABWO05(01) Wed AM 4182 886( 41¢ 88€ 415 880 120¢ 255¢
Wed PN 6951 14727 69t 147: 1938 4107 1657 351(
Thurs AM 655¢€ 1388¢ 65€ 138¢ 1288 2728 1711 362¢
Thurs Ph 683¢ 1448¢ 684 144¢ 1740 3687 167¢ 354¢
MABWO05(02) Wed AM 6104 12931 61C 129: 637 1350 175C 3707
Wed PN 5991 1269: 59¢ 126¢ 0 0 202¢ 429¢
Thurs AM 644: 1365( 644 136¢ 325 689 194¢ 4121
Thurs P\ 672°f 1424¢ 67: 142¢ 41 87 211t 4481
MABWO06(01) Wed AM 2112 447¢ 211 447 196t 4162 58¢ 124¢
Wed PN 208t 4417 20¢ 442 201z 426% 604 127¢
Thurs AM 178: 377¢ 17¢ 37¢ 172z 3651 517 109t
Thurs PN 172¢ 3662 173 36€ 167¢ 354¢ 50z 106t
MABWO08(01) Wed AM 1291( 2735 1291 273t 8083 17124 194( 411(
Wed PN 1350¢ 2861¢ 1351 2862 9097 19273 1891 400¢€
Thurs AM 1259i 2668 126C 266¢ 6698 14191 2172 4602
Thurs PN 1291( 27352 1291 273t 7557 16011 2061 436%
MABWO08(02) Wed AM 12379 26225 358¢ 760z 1195: 2532: 358¢ 7597
Wed PN 11883 25176 3431 726¢ 11427 2421( 342¢ 726:
Thurs AM 11537 24443 333( 705¢ 1109 2349¢ 3321 704¢
Thurs Ph 11686 24758 333z 705¢ 1109 2349¢ 3321 704¢
MDDS01(01) Wed AM 2125¢ 4503; 212¢ 450¢ 2408 5101 6041 1279¢
Wed PN 2270 4810¢ 2271 4811 1439 3048 677¢ 1434¢
Thurs AM 2029: 4299( 202¢ 429¢ 0 0 7794 16517
Thurs PN 1988¢ 4213 198¢ 421¢ 0 0 6884 1458¢
MDDS03(01) Wed AM 132¢ 281t 138 282 20¢ 442 63 138
Wed PN 133: 282:¢ 138 282 17€ 372 53 112
Thurs AM 134C 283¢ 134 284 191 404 57 121
Thurs PN 133z 2828 13¢ 282 181 382 54 11¢
MDDS03(02) Wed AM 212¢ 4511 21: 451 68 14¢ 21 43
Wed PN 192¢ 408¢ 19 40¢ 31 65 9 19
Thurs AM 2047 433¢€ 20t 434 65 137 19 41
Thurs PN 199/ 422¢ 19¢ 422 64 13E 19 41
MDDS04(01) Wed AM 255¢ 542( 25€ 54z 293 620 72€ 153¢
Wed PN 2531 5362 25¢ 53¢ 284 601 72(C 152¢
Thurs AM 254t 5391 254 53¢ 260 550 731 154¢
Thurs PN 243¢ 5157 24z 51€ 206 437 711 1507
MDDS04(02) Wed AM 214: 453¢ 214 454 572 1212 517 109¢
Wed PN 192¢ 4077 192 40¢ 456 966 481 101¢
Thurs AM 199: 4227 19¢ 422 446 945 50¢ 107¢
Thurs PN 194 4111 194 411 505 1070 472 100¢
MIBWO01(01) Wed AM 2857 6053 28¢ 60¢ 1698 3598 45C 95:
Wed PN 299( 633¢€ 29¢ 634 1949 4128 432 91€
Thurs AM 2857 6053 28€ 60¢ 1599 3387 472 100:
Thurs PN 300¢ 637 301 637 1531 3243 53€ 113¢
MIBWO01(02) Wed AM 229 4861 22¢ 48¢€ 202 428 66¢ 141¢
Wed PN 276t 5857 27€ 58¢€ 1052 2230 58t 123¢
Thurs AM 231 4901 231 49C
Thurs Ph 244: 517t 244 51¢
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MIBWO03(01) Wed AM 16081 3407( 160¢ 3407 4577 9696 380¢ 8061
Wed PN 1599¢ 3389 160( 338¢ 3486 7385 408( 864%
Thurs AM 16361 3467t 1637 346¢ 3999 8472 405¢ 8592
Thurs PN 1397¢ 2960¢ 1397 2961 4711 9981 3111 659C
MIBWO04(01) Wed AM 431¢ 9151 432 91t 1317 2790 99¢ 211¢
Wed PN 4307 912¢ 431 91z 1606 3403 917 194¢
Thurs AM 5031 1065¢ 50z 106€ 1264 2677 1237 2621
Thurs PN 5107 1081¢ 511 108z 1651 3499 115€ 244¢
MIBWO04(02) Wed AM 5624 1191¢ 562 1191 2169 4594 117¢ 249¢
Wed PN 542¢ 1148¢ 54z 114¢ 1883 3989 119: 2527
Thurs AM 5127 10851 51z 108¢ 1327 2810 124¢ 264t
Thurs Ph 587t 1244 58¢ 124¢ 2401 5087 119¢ 253t
MNBWO01(01) Wed AM 4257 901¢ 42€ 90z 110¢ 234c 331 70z
Wed PN 481¢€ 1020: 482 102( 111: 235¢ 334 70¢
Thurs AM 428¢ 907¢ 42¢ 90¢ 107z 2272 32z 682
Thurs P\ 471( 997¢ 471 99¢ 116t 246¢ 35C 741
MNBWO02(01) Wed AM 5487 1162¢ 54¢ 116z 152¢ 3232 45¢ 97C
Wed PN 586¢ 1243¢ 587 124: 173C 366¢€ 51¢ 110¢C
Thurs AM 4342 919¢ 434 92( 180¢ 382 541 1147
Thurs PN 534¢ 1132 534 1132 223: 473( 67C 141¢
MNBWO02(02) Wed AM 819( 1735: 81¢ 173¢ 241¢ 512¢ 72€ 1537
Wed PN 1058¢ 2242 105¢ 224: 4502 953¢ 1351 2862
Thurs AM 685 1451¢ 68t 1452 427¢ 906¢ 128¢ 272C
Thurs PN 768¢ 1628¢ 76¢ 162¢ 351¢ 745C 105¢ 223t
MNBWO04(01) Wed AM 934( 1978 934 197¢ 673 1426¢ 2021 4281
Wed PN 8931 1892( 893 189z 733C 1553( 219¢ 465¢
Thurs AM 1027( 2175¢ 1027 217¢ 725¢€ 1537: 2177 4612
Thurs Ph 904z 19157 904 191¢€ 774C 1639¢ 232: 491¢
MOCS01(01) Wed AM 2416 5120( 2417 512C
Wed PN 2863¢ 60672 286¢ 6067
Thurs AM 2597¢ 5504( 259¢ 550¢
Thurs PN 2839¢ 6016( 284( 601¢€
MOCS05(01) Wed AM 45207 9577t 4521 957¢ 1486( 3148: 445¢ 944t
Wed PN 50117 10617¢ 5012 1061¢ 1771( 3751¢ 531: 1125¢
Thurs AM 4069( 8620¢ 406¢ 8621 8957 1897¢ 2687 569:
Thurs PN 3928: 8322: 392¢ 8322 101¢ 215¢ 30t 647
NCDWO02(01) Wed AM 10761 22817 1077 2281 1005¢ 2130( 301¢ 639C
Wed PN 11227 2378¢ 112: 237¢ 1062: 2250¢ 3181 6751
Thurs AM 1104: 2339¢ 110¢ 234c 559t 1185¢ 167¢ 355¢€
Thurs PN 11227 2378¢ 112: 237¢ 9311 1972¢ 279z 591¢
NCDWO02(02) Wed AM 1159¢ 2456¢ 116C 2457 1005¢ 2130¢ 301¢€ 639C
Wed PN 1297¢ 2749( 129¢ 274¢ 1062: 2250¢ 3181 6751
Thurs AM 1205¢ 25541 120¢ 255¢ 559t 1185¢ 167¢ 355¢€
Thurs PN 1223¢ 25931 122¢ 259: 9311 1972¢ 279z 591¢
NCDWO03(01) Wed AM
Wed PN
Thurs AM
Thurs PN
NCDWO03(02) Wed AM
Wed PN
Thurs AM
Thurs PN
NCDWO03(03) Wed AM
Wed PN
Thurs AM
Thurs Ph 48 104 12 25 37 79 11 24
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NCDWO03(04) Wed AM 85 181 22 47 74 15€ 22 47
Wed PN 83 17¢ 22 46 71 15C 21 45
Thurs AM 88 18€ 23 49 76 161 23 48
Thurs PN 61 12¢ 15 32 49 102 15 31
NCDWO03(05) Wed AM
Wed PN
Thurs AM
Thurs PN
NCDWO06(01) Wed AM 630( 1334¢ 63C 133¢ 241¢ 5124 72€ 1537
Wed PN 707¢ 1499¢ 70€ 150( 401¢€ 850¢ 120¢ 2552
Thurs AM 532z 1127¢ 532 112¢ 381« 8081 1144 242¢
Thurs PN 630( 1334¢ 63C 133t 232¢ 4927 69¢ 147¢
NECWO01(01) Wed AM 4210z 89197 421( 892( 1391( 2947! 4175 8841
Wed PN 40713 8625¢ 4071 862% 16191 3431¢ 485¢ 1029¢
Thurs AM 4381( 9281¢ 4381 9282 1562¢ 3310 468¢ 9931
Thurs PN 4330¢ 9174« 433( 917¢ 25281 5356( 758¢ 1606¢
NECWO02(01) Wed AM 67711 14345! 6771 1434¢ 5343¢ 11321: 16031 3396¢
Wed PN 5231( 11082« 5231 1108: 2962¢ 6276¢ 888¢ 1883(
Thurs AM 6822¢ 14455( 682: 1445¢ 5149¢ 10910° 1545( 3273:
Thurs PN 6651 14092: 6652 1409: 4873! 10324: 1461¢ 3097:
NECWO03(01) Wed AM 27504 5826¢ 275(C 5827 1886( 3995¢ 565¢ 11981
Wed PN 31117 6592¢ 311z 659: 2082¢ 4411¢ 6247 1323¢
Thurs AM 32121 68052 321z 680~ 1498( 3173¢ 449 9521
Thurs PN 28307 59971 2831 5997 2495( 5285¢ 748t 1585¢
NMES01(01) Wed AM 3517 7451 74€ 1581 179¢ 3811 54C 1143
Wed PN 3384 7168 742 1571 213z 451¢ 64C 135¢
Thurs AM 3190 6758 67¢ 1437 169¢ 359¢ 51C 108(
Thurs PN 3310 7013 714 151z 195¢ 414( 58€ 124z
NMES01(02) Wed AM 5609 11884 140¢ 298¢ 103( 2182 30¢ 65E
Wed PN 5878 12453 149( 3157 101¢€ 2152 30% 64t
Thurs AM 4957 10502 129¢ 274¢ 687 145t 20¢€ 43€
Thurs PN 5638 11944 144( 305( 93C 197( 27¢ 591
NMES02(01) Wed AM 622( 1317 622 131¢ 8612 1824 258¢ 547¢
Wed PN 6897 14612 69C 1461 8561 1813¢ 256¢ 5441
Thurs AM 740t 1568 74C 156¢ 8021 1699: 240¢ 509¢
Thurs PN 596¢ 1264( 597 126¢ 907t 1922¢ 272z 576¢
NMES03(01) Wed AM 342¢ 7251 34z 72t 248 526 101z 2141
Wed PN 349¢ 741C 35C 741 466 986 97t 206¢
Thurs AM 3122 6614 312 661 319 677 897 190(
Thurs PN 304¢ 6454 30% 64t 58 123 947 200¢
NMES03(02) Wed AM 4992 1057 49¢ 105¢ 548 1161 1424 301¢
Wed PN 646¢ 1370¢ 647 137( 959 2033 177¢ 376(
Thurs AM 547( 1158¢ 547 115¢ 1054 2233 143¢ 303¢
Thurs PN 5991 12692 59¢ 126¢ 865 1833 165( 349¢
NVAWO01(01) Wed AM 4644( 98387 4644 983¢ 4647¢ 9846¢ 1394: 2954(
Wed PN 4839¢ 10253( 484( 1025: 32571 6900¢ 9771 2070z
Thurs AM 4969¢ 10529: 497( 1052¢ 2707 5735¢ 8122 1720
Thurs PN 5035( 10667 503¢ 1066 1396: 2958( 418¢ 887<
NVAWO02(01) Wed AM 2472¢ 52391 247¢ 523¢ 2355¢ 4990: 706¢ 14971
Wed PN 2759 5846¢ 276( 58417 2645 5605 7937 1681¢
Thurs AM 2404¢ 50947 240t 509/ 2314¢ 4903t 694: 1471(
Thurs PN 2746¢ 58187 274¢ 581¢ 2563¢ 54315 7691 1629¢
NVAWO03(01) Wed AM 5207 1103: 521 110z 567¢ 12031 1704 360¢
Wed PN 507¢ 10751 507 107t 5741 1217¢ 172¢ 365<
Thurs AM 518¢ 1099 51¢ 109¢ 570z 1207¢ 171C 362
Thurs PN 5207 1103: 521 110 572¢ 1212¢ 1717 363¢
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NVAWO03(02) Wed AM 369 782¢ 37C 783 180z 381¢ 541 114¢€
Wed PN 3582 759(C 35¢ 75¢ 180z 381¢ 541 114¢
Thurs AM 3441 7291 344 72¢ 1764 3731 52¢ 1121
Thurs P\ 3653 773¢ 36t 774 181¢ 3851 54¢ 115¢
NYBS01(01) Wed AM 3161 6697¢ 3161 669¢ 4645 9841 868¢ 1840:
Wed PN 3291¢ 6973¢ 329z 6974 3897 8256 930¢ 1972(
Thurs AM 31951 6769: 319 676¢ 3478 7369 912( 1932:
Thurs P\ 3261: 69091 3261 690¢ 4138 8768 914: 19372
NYBS01(02) Wed AM 1643( 3480¢ 164: 3481 242: 513¢ 721 154(
Wed PN 1745¢ 3698: 174¢ 369¢ 259¢ 549¢ 77¢ 164¢
Thurs AM 1756¢ 37211 175¢€ 3721 250¢ 531t 75% 159¢
Thurs Ph 17411 3688 1741 368¢ 268C 5677 804 170z
NYBS02(01) Wed AM 2861 6061 28€ 60€ 28¢ 60E 86 182
Wed PN 2981 631°F 29¢ 632 28€ 60E 86 182
Thurs AM 3201 6781 32C 67¢ 23¢ 49¢ 71 15C
Thurs PN 2101 445( 21C 44t 28€ 60E 86 182
NYBS02(02) Wed AM 3901 826¢ 39C 82¢ 352 74¢ 10€ 224
Wed PN 3401 720¢ 34C 721 42¢ 90¢ 12¢ 27z
Thurs AM 3221 682¢ 32z 682 37¢ 801 118 24(
Thurs PN 2321 4917 23z 492 37¢ 801 113 24(
NYBS04(01) Wed AM 670¢ 1420¢ 671 1421 91 192 27 58
Wed PN 700: 1483¢ 70C 148¢ 91 192 27 58
Thurs AM 746( 1580¢ 74€ 158( 5717 12117 171¢ 3638
Thurs Ph 733¢ 1553 73¢ 155¢ 84 177 25 53
NYBS04(02) Wed AM 825: 1748: 82t 174¢ 30€ 64¢ 92 198
Wed PN 800¢ 1695¢ 80C 169¢€ 281 594 84 17¢
Thurs AM 829( 1756: 82¢ 175€ 755¢ 1601« 226¢ 4804
Thurs Ph 840z 17801 84( 178C 29¢ 63C 89 18¢
NYBS05(01) Wed AM 565¢ 11981 56€ 119¢ 1441 3052 432 91¢€
Wed PN 6101 1292¢ 61C 129: 145¢ 308¢ 43¢ 924
Thurs AM 589( 1247¢ 58¢ 124¢ 145¢ 308( 43¢ 924
Thurs PN 593¢ 1257¢ 594 125¢ 1347 2854 404 85¢€
NYBS07(01) Wed AM 5071 10743 125¢ 266( 100¢ 2137 30z 641
Wed PN 5311 11252 131¢ 278t 105¢ 224; 317 673
Thurs AM 5230 11080 128¢ 272¢ 107z 2272 32z 682
Thurs P\ 5006 10606 123¢ 262¢ 1001 212: 30C 63€
ORIS03(01) Wed AM 26408 55948 308: 653: 1184: 2508¢ 3558 7521
Wed PN 30621 64874 3537 7494 1276 2704¢ 383C 811F
Thurs AM 23088 48915 268 568: 1041t 2206¢ 312¢ 661¢
Thurs PN 26075 55243 302¢ 6407 1214 2572¢ 3643 771¢
ORIS03(03) Wed AM
Wed PN
Thurs AM
Thurs P\
ORIS04(01) Wed AM
Wed PN 6117 1295¢ 612 129¢
Thurs AM 873¢ 1850¢ 873 185(
Thurs P\ 852¢ 1806¢ 85: 1807
PABS03(01) Wed AM 15911 3370¢ 1591 3371 0 0 521¢ 1104¢
Wed PN 1473¢ 3122( 147¢ 3122 0 0 512t 1085:
Thurs AM 1499i 3177: 150( 3171 0 0 559¢ 1186(
Thurs PN 1628¢ 3450¢ 162¢ 3451 0 0 590¢ 1251¢
PABS04(01) Wed AM 1112¢ 2357i 111: 235¢ 219t 4651 65¢ 139¢
Wed PN 1098: 2326 109¢ 2327 2121 449¢ 63€ 134¢
Thurs AM 10311 2184« 1031 218¢ 200¢ 4257 603 1271
Thurs P\ 1061(¢ 2247¢ 1061 224¢ 2121 449¢ 63€ 134¢
PABS04(02) Wed AM 815( 17261 81t 17217 30¢ 65E 93 19¢€
Wed PN 807¢ 1709¢ 807 171C 30¢ 65E 93 19¢
Thurs AM 768z 1627¢ 76¢ 162¢ 26¢ 56¢ 80 17¢
Thurs P\ 813( 1722¢ 81: 172z 28¢ 611 87 18¢
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Uncertainty in

Uncertainty in outdoor

Supply airflow supply airflow Outdoor airflow airflow
System ID Day Period L/s cfm L/s cfm L/s cfm L/s cfm
SCDWO01(01) Wed AM 6063 1284 60€ 128¢ 146: 310¢ 43¢ 93C
Wed PN 5127 1086: 51z 108¢€ 127¢ 270¢ 384 81:
Thurs AM 5634 1193¢ 562 119¢ 134( 283¢ 40z 852
Thurs P\ 483( 1023¢ 482 102: 106: 2252 31¢ 67€
SCDWO02(01) Wed AM 2415¢ 5117: 241 5117 4391 930z 1317 2791
Wed PN 2608 5526 260¢ 5527 487% 1032: 146: 309¢
Thurs AM 2356( 4991« 235¢ 4991 4502 953¢ 1351 2862
Thurs P\ 2452¢ 5196 245: 519¢ 379¢ 8041 113¢ 241:
SDBWO01(01) Wed AM 641¢ 1360( 64z 136( 293( 620¢ 87¢ 1862
Wed PN 687( 1455¢ 687 145¢ 3551 752¢ 106t 2257
Thurs AM 6547 1387( 65¢ 1387 342¢ 725¢ 102¢ 2177
Thurs Ph 677¢ 14351 67¢ 143¢ 3691 783z 110¢ 235(C
SDBW02(01) Wed AM 718¢ 1522 71¢ 152z 3187 6752 95€ 202¢
Wed PN 656( 1389¢ 65€ 139C 192: 4073 577 122z
Thurs AM 715(C 1514¢ 71¢ 151¢ 202¢ 4292 60¢ 128¢
Thurs P\ 663C( 1404t 66: 140¢ 1561 330¢ 46¢ 99z
SDBWO04(01) Wed AM 1185¢ 2512¢ 118¢€ 251z 2541 5383 3031 643:
Wed PN 1006: 2132( 100¢ 213z 2001 4239 262C 555(C
Thurs AM 968¢ 2052¢ 96¢ 205: 1891 4007 253z 536¢
Thurs PN 961t 2036¢ 961 2037 2081 4408 245¢ 520¢
TNDS05(01) Wed AM 959¢ 2032¢ 96( 203: 959¢ 2032¢ 287¢ 609¢
Wed PN 1076: 2280( 107¢ 228C 1076: 2280( 322¢ 684C
Thurs AM 1023: 2167 102: 216¢ 1023: 2167 307¢ 650:
Thurs Ph 964¢ 2044: 96t 204¢ 964¢ 2044 289t 613:
TNDS05(02) Wed AM 461€ 978( 462 97¢ 461¢€ 978( 138¢ 293¢
Wed PN 445¢ 943¢ 44t 944 445, 943¢ 133¢€ 2831
Thurs AM 425¢ 902z 42€ 90z 425¢ 902z 127¢ 2707
Thurs Ph 4031 854( 402 854 4031 854( 120¢ 2562
TNDS06(01) Wed AM 8626¢ 18276: 8627 1827¢ 18357 38892 2212¢ 46871
Wed PN 7370t 15615: 7371 1561¢ 6302 13352 2152 4559;
Thurs AM 67717 14345: 6771 1434¢ 8809 18663 1892¢ 40091
Thurs Ph 6955( 14734¢ 695t 1473t 1539 3262 2155¢ 4566¢
TNDS07(01) Wed AM 447( 947( 447 947 107 22€ 32 68
Wed PN 431¢ 914¢ 432 91t 12¢ 271 38 81
Thurs AM 447( 947( 447 947 13t 28€ 40 86
Thurs Ph 451¢ 9567 452 957 717 152( 21¢ 45¢€
TNES08(01) Wed AM 3028 640¢ 30z 641 61€ 130¢ 18t 391
Wed PN 3047 645¢€ 30t 64€ 74t 157¢ 224 474
Thurs AM 326z 691( 32€ 691 74E 157¢ 224 474
Thurs PN 395z 837: 39t 837 713 1511 214 452
TNES08(02) Wed AM 1336 2830 31z 662 35¢ 76C 10€ 22¢
Wed PN 1352 2864 32¢ 69t 30C 63€ 90 191
Thurs AM 1364 2889 33C 69¢ 30¢ 658 92 19¢
Thurs Ph 1316 2788 31¢ 67¢ 29€ 62€ 89 18¢
TNFES09(01) Wed AM 684¢ 1450¢ 68t 145( 2527 5354 146¢ 310¢
Wed PN 629¢ 1333¢ 62¢ 133¢ 2035 4312 142¢ 301¢
Thurs AM 588¢ 1247¢ 58¢ 124¢ 1600 3389 141¢ 299¢
Thurs P\ 593z 1256¢ 59: 1257 1762 3733 138¢ 293¢
TNES09(02) Wed AM 549:¢ 1163 54¢ 116¢ 42C 89C 12¢ 267
Wed PN 592¢ 1255: 592 125¢ 42C 89C 12¢ 267
Thurs AM 4057 859t 40€ 86( 21€ 45¢ 65 137
Thurs PN 483( 1023: 482 102: 27€ 58¢ 83 17¢
TNES10(01) Wed AM 1066( 2258¢ 106€ 225¢ 7334 15537 146( 309¢
Wed PN 1256t 26627 1257 2662 6728 14254 215¢ 456¢€
Thurs AM 1185¢ 2512¢ 118¢€ 251z 8341 17672 1587 336
Thurs Ph 1044¢ 22131 104t 221: 7362 15597 139¢ 295¢
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Uncertainty in

Uncertainty in outdoor

Supply airflow supply airflow Outdoor airflow airflow
System ID Day Period L/s cfm L/s cfm L/s cfm L/s cfm
TXFS01(01) Wed AM 3466¢ 7344 34617 734:
Wed PN 4249¢ 9003: 425( 900z 193: 409 58C 122¢
Thurs AM 4186: 8868¢ 418¢ 886¢ 178¢ 3791 537 1137
Thurs P\ 4311¢ 9134¢ 431% 913t 172(C 364% 51¢€ 109¢
TXFES02(01) Wed AM 890¢ 1886¢ 891 1887 41¢€ 881 12t 264
Wed PN 800¢ 1696¢ 801 1697 40C 847 12¢C 254
Thurs AM 1077: 2282¢ 1077 228z 38€ 81¢ 11€ 24¢
Thurs P\ 948( 2008t 94¢ 200¢ 462 97¢ 13¢ 294
TXFS02(02) Wed AM 958¢ 2031 95¢ 2031 45C 954 13¢ 28€
Wed PN 1001¢ 2122¢ 100z 212: 462 97¢ 13¢ 294
Thurs AM 1048¢ 2221°¢ 104¢ 222: 44¢ 95C 134 28t
Thurs Ph 922¢ 1955: 92t 195¢ 407 862 122 25¢
TXFS07(01) Wed AM 3161(C 6696¢ 3161 6697 4042 8562 1212 256¢
Wed PN 3161( 6696¢ 3161 6697 447¢ 948( 134z 284¢
Thurs AM 2943¢ 6236 294 623¢€ 419: 888¢ 125¢ 266¢
Thurs P\ 2759¢ 5846¢ 276( 584¢ 4382 928¢ 131¢ 278t
TXFS08(01) Wed AM 8107 1717¢ 811 171¢ 372 791 112 237
Wed PN 8891 1883 88¢ 188¢ 43€ 92t 131 2717
Thurs AM 829:¢ 1757( 82¢ 1757 47¢ 101< 144 304
Thurs PN 864¢ 1831¢ 86¢ 183: 512 108t 154 32€
TXFS08(02) Wed AM 691 1464¢ 691 146¢ 36€ 77€ 11C 23¢
Wed PN 759:¢ 16081 75¢ 160¢ 36C 763 10€ 22¢
Thurs AM 698t 1479¢ 69¢ 148( 36€ 77€ 11¢ 23¢
Thurs Ph 769¢ 1630¢ 77C 1631 37¢ 801 118 24(
TXFS09(01) Wed AM 508:¢ 1077(¢ 50¢ 1077 97t 206t 29z 61¢
Wed PN 516¢ 1094¢ 517 109t 947 200¢ 284 602
Thurs AM 524t 11117 52¢ 1111 98¢ 209t 297 62¢
Thurs Ph 5191 1099¢ 51¢ 110¢ 100z 212¢ 301 637
TXES09(02) Wed AM 515¢ 1092¢ 51¢€ 109z 97t 206t 29z 61¢
Wed PN 527( 1116¢ 527 111¢ 947 200¢ 284 60z
Thurs AM 509z 1078¢ 50¢ 107¢ 98¢ 209t 297 62¢
Thurs Ph 514¢ 1090¢ 51¢ 1091 100z 212¢ 301 637
TXFWO05(01) Wed AM 3540( 7499¢ 354( 750¢ 9156 19398 863: 1828¢
Wed PN 3411t 7227 341z 722¢ 8465 17934 8411 1783:
Thurs AM 4170¢ 8836¢ 4171 8831 24435 51768 6652 1409
Thurs P\ 4182¢ 8861 418 8861 26065 55220 631: 1337¢
TXFW06(01) Wed AM 4753 10070¢ 4752 1007( 4773¢ 10113° 1432 30341
Wed PN 3988¢ 8449¢ 398¢ 845( 3987¢ 8448¢ 1196: 2534¢
Thurs AM 4070: 8623 407( 8622 4075z 8633¢ 1222¢ 25901
Thurs PN 45621 9665:- 4562 966¢ 4570( 9682( 1371( 2904¢
WAIW03(01) Wed AM 295¢ 626¢€ 29¢€ 627 298¢ 6327 89¢€ 189¢
Wed PN 4092 8672 40¢ 867 3621 768¢ 108¢ 230¢
Thurs AM 3407 7217 341 72z 346¢ 735C 1041 220t
Thurs Ph 404( 856( 404 85€ 371¢ 7871 111¢ 2363
WAIW04(01) Wed AM 157¢C 3327 157 33¢ 152¢ 3231 45¢ 971
Wed PN 157( 3327 157 33¢ 155¢ 329 46€ 98¢
Thurs AM 157( 3327 157 33¢ 1541 326¢€ 462 98C
Thurs P\ 1537 325¢ 154 32¢ 1541 326¢ 462 98C
# of values 536 510
Mean 11676 24737 1243 2633 5033 1066p 2103 445
StdDev 12731 26972 1298 2750 9113 1930f 3422 725
Minimum 49 104 12 25 0 0 9 19
10th percentile 2462 5215 252 534 219 465 89 188
25th percentile 4450 9428 449 951 473 1004 251 532
Median 6861 14537 720 1525 1527 3235 590 1251
75th percentile 12259 25972 1514 3207 4606 975p 258p 544
90th percentile 31161 66018 3200 6780 13374 28334 5921 4125
Maximum 86266 182763 8626 18276 5343¢ 1132313 22124 4681
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA | OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
ARFWO01(01) Wed AM 0.05¢ 0.01¢ 0.02¢ 0.202
Wed PN 0.05¢ 0.01% 0.00C 0.20¢
Thurs AM 0.05¢ 0.01¢ 0.08¢ 0.20:
Thurs PN 0.05¢ 0.01% 0.12¢ 0.17¢
ARFWO01(02) Wed AM 0.05¢ 0.01% 0.00( 0.18:
Wed PN 0.05¢ 0.01% 0.051 0.18:
Thurs AM 0.05¢ 0.01¢ 0.12¢ 0.17¢
Thurs PN 0.05¢ 0.01% 0.06: 0.177
ARFWO02(01) Wed AM 0.81¢ 0.25¢ 0.667 2.83:
Wed PN 0.841 0.26¢ 0.611 0.921
Thurs AM
Thurs PN 0.84¢ 0.267 0.75(C 1.47:
ARFWO02(02) Wed AM 0.83: 0.767
Wed PN 0.79¢ 0.252 0.23¢ 0.741
Thurs AM
Thurs PN 0.81% 0.25¢ 0.85( 0.92¢
ARFWO03(01) Wed AM 0.04: 0.01: 0.12( 0.251
Wed PN 0.02¢ 0.00¢ 0.01¢ 0.24¢
Thurs AM 0.02% 0.00¢ 0.041 0.207%
Thurs PN 0.02% 0.00¢ 0.05¢ 0.27¢
ARFWO03(02) Wed AM 0.11(C 0.03¢ 0.031 0.21%
Wed PN 0.11¢ 0.03¢ 0.03: 0.22¢
Thurs AM 0.12% 0.04( 0.05¢ 0.17¢
Thurs PN 0.121 0.03¢ 0.23: 0.202
AZHS02(01) Wed AM 290¢ 6162 87:< 184¢ 0.36¢ 0.21¢ 0.41¢ 0.341
Wed PN 2761 585( 82¢ 175¢ 0.48¢ 0.19(C 0.32( 0.59¢
Thurs AM 299( 633¢ 897 190( 0.29¢ 0.23¢ 0.16¢ 0.80¢
Thurs PN 276¢ 586¢ 831 176( 0.37(C 0.217% 0.40( 1.01f
AZHS02(02) Wed AM 1364 288¢ 40¢ 867 0.467 0.19¢ 0.35:2 0.401
Wed PN 127( 2691 381 807 0.49¢ 0.18¢ 0.547 0.63(
Thurs AM 149t 316¢ 44¢ 95C 0.267 0.24:% 0.46¢ 0.54¢
Thurs PN 178¢ 378¢ 537 1137 0.27¢ 0.24( 0.36¢ 0.88¢
AZHS04(01) Wed AM 1046° 2216 313¢ 665( 0.00C 0.31¢ 0.10C 0.14:
Wed PN 1087t 2304( 3262 6912 0.00(¢ 0.33( 0.00( 0.15¢
Thurs AM 916( 1940¢ 274¢ 5822 0.10¢ 0.287 0.74¢ 0.77¢
Thurs PN 1063¢ 2253! 319(C 675¢ 0.00C 0.34( 0.091 0.12¢
AZHS04(02) Wed AM 59¢ 126¢ 18C 381 0.141 0.05¢ 0.297 0.14¢
Wed PN 59¢ 1267 17¢ 38C 0.15¢ 0.061 0.37¢ 0.13¢
Thurs AM 637 135( 191 40% 0.10¢ 0.04¢ 0.57( 0.54¢
Thurs PN 691 146¢ 207 43¢ 0.145 0.05¢ 0.38: 0.13:
AZHW10(01) Wed AM 0.85¢ 0.26¢ 0.24¢ 0.597
Wed PN 1.00¢ 0.31( 0.89:¢ 1.26¢
Thurs AM 0.99¢ 0.30¢ 0.94¢ 1.73¢
Thurs PN 1.00: 0.31( 0.967 1.63¢
AZHW10(02) Wed AM 0.13¢ 0.58¢
Wed PN 0.627 1.11:8
Thurs AM 0.44¢ 1.38:
Thurs PN 0.55( 1.34¢
AZHW11(01) Wed AM 1149¢ 2436! 345( 730¢ 0.19(C 0.26° 0.162 0.227
Wed PN 1182 2505° 354¢ 7517 0.29¢ 0.23¢ 0.27¢ 0.39¢
Thurs AM 1100¢ 23315 330z 699t 0.33¢ 0.22¢ 0.19¢ 0.30(
Thurs PN 1190¢ 2523! 3573 756¢ 0.34:% 0.22¢ 0.15(C 0.33¢
AZHW12(01) Wed AM 0.20¢ 0.06¢
Wed PN 0.241 0.07¢
Thurs AM 0.04¢ 0.01¢ 0.041 0.32%
Thurs PN 0.03¢ 0.011 0.072 0.22¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA | OA fraction{ CO, OA

System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
AZHW12(02) Wed AM 0.30¢ 0.09¢
Wed PN 0.30¢ 0.09¢

Thurs AM 0.30¢ 0.09¢ 0.26¢ 0.46¢

Thurs PN 0.30¢ 0.09¢ 0.29¢ 0.35¢

CAES17(01) Wed AM 1324¢ 2806: 397¢ 841¢ 0.187 0.26¢ 0.25( 0.36¢

Wed PN 1335¢ 2829: 400¢ 848¢ 0.14: 0.27: 0.25( 0.36¢

Thurs AM 7654 1621¢ 229¢ 486¢ 0.56¢ 0.17¢ 0.167 0.47¢

Thurs PN 11615 2461 348¢ 7382 0.30¢ 0.23¢ 0.25¢ 0.541

CAEWO07(01) Wed AM 0.307% 0.097 0.58¢ 1.63¢

Wed PN 0.86¢ 0.27¢ 1.14¢ 2.34(

Thurs AM 0.76% 0.241 0.22: 0.80¢

Thurs PN 1.05( 0.332 1.20(¢ 4.41¢

CAEWO09(01 Wed AM 0.31% 0.10C 0.11¢ 0.83¢

Wed PN 0.26¢ 0.08¢t 0.36¢ 0.60:

Thurs AM 0.14¢ 0.04¢ 0.50( 1.97¢

Thurs PN 0.14¢ 0.04% 0.281 0.48(

CAJS01(01) Wed AM 1.00(¢ 0.31¢ 0.00C 0.71(

Wed PN 1.00(¢ 0.31¢ 0.00C 0.98¢

Thurs AM 1.00( 0.31¢ 0.00( 0.71(

Thurs PN 1.00(¢ 0.31¢ 0.00C 1.77¢

CAJS01(02) Wed AM 1.00( 0.31¢ 0.28¢ 1.051

Wed PN 1.00( 0.31¢ 0.72: 0.96¢

Thurs AM 1.00(¢ 0.31¢ 0.531 0.74:

Thurs PN 1.00( 0.31¢ 0.55¢ 0.89¢
CAJS01(03) Wed AM 1.00(¢ 0.31¢
Wed PN 1.00(¢ 0.31¢

Thurs AM 1.00(¢ 0.31¢ 0.20( 0.57i

Thurs PN 1.00(¢ 0.31¢ 0.53¢ 1.23¢

CAJS02(01) Wed AM 0.847 0.26¢ 0.00( 7.10(

Wed PN 0.91¢ 0.29( 1.00( 4.00(

Thurs AM 0.97¢ 0.31( 0.40( 1.52¢

Thurs PN 1.08: 0.34: 0.44¢ 1.43:

CAJS03(01) Wed AM 1.00(¢ 0.31¢ 0.14: 2.551

Wed PN 1.00(¢ 0.31¢ 0.90( 2.37¢

Thurs AM 1.00( 0.31¢ 0.48¢ 1.91¢

Thurs PN 0.99¢ 0.31¢ 0.667 1.88¢

CAJS21(01) Wed AM 0.20¢ 0.06¢ 0.20( 0.361

Wed PN 0.24¢ 0.07% 0.33: 0.497

Thurs AM 0.361 0.11¢ 0.27¢ 0.81¢

Thurs PN 0.287 0.091 0.32% 0.71¢
CAJS21(02) Wed AM 1.00(¢ 0.31¢
Wed PN 1.00(¢ 0.31¢
Thurs AM 1.00(¢ 0.31¢
Thurs PN 1.00(C 0.31¢

CAJS222(01) Wed AM 426( 902t 127¢ 270¢ 0.08¢ 0.29:2 0.171 0.41(

Wed PN 479¢ 1016¢ 143¢ 305( 0.14¢ 0.27¢ 0.17¢ 0.35¢

Thurs AM 356¢ 7552 106¢ 226¢ 0.207 0.25¢ 0.13¢ 0.47¢

Thurs PN 439¢ 931( 131¢ 2792 0.211 0.25¢ 0.07( 0.33(

CAJS23(01) Wed AM 0.07¢ 0.02: 0.20¢ 0.301

Wed PN 0.10Z 0.03: 0.05¢ 0.37:

Thurs AM 0.08¢ 0.02% 0.00C 0.39¢

Thurs PN 0.09¢ 0.03( 0.00C 0.39¢

CAJW18(01) Wed AM 0.081 0.02¢ 0.22¢ 0.401

Wed PN 0.07¢ 0.02¢ 0.17¢ 0.35:2

Thurs AM 0.08¢ 0.02¢ 0.17( 0.597

Thurs PN 0.07¢ 0.02¢ 0.14¢ 0.37¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdqor air | Uncert. in ) Uncert. in
fraction - vol. OA | OA fraction CO,0A

System ID Day Period L/s cfm L/s cfm volumetric fraction - CO, fraction
CAJW19(01) Wed AM 894( 1894 2682 5682 0.497 0.18¢ 0.37¢ 1.05¢
Wed PN 1038¢ 2200: 311¢ 660( 0.40¢ 0.20¢ 0.50¢ 1.01¢

Thurs AM 901¢ 1910 270¢ 573( 0.49:% 0.18¢ 0.41¢ 0.77¢

Thurs PN 11357 2406: 34017 721¢ 0.32% 0.22¢ 0.37¢ 1.03(

CAJW20(01) Wed AM 1.20¢ 0.381 0.967 1.00z2
Wed PN 1.14¢ 0.362 0.95¢ 1.051

Thurs AM 1.137 0.36( 1.061 0.60¢

Thurs PN 1.12:¢ 0.35¢ 0.97( 0.74:

CAJW24(01) Tues AV 0.691 0.21¢ 0.14: 1.02(
Tues PN\ 0.03¢ 0.011 0.03¢ 0.23¢

Wed AM 0.691 0.21¢ 0.14: 1.02(

Wed PN 0.03: 0.011 0.03¢ 0.23¢

Thurs AM 0.70C 0.22: 0.75( 1.10¢

Thurs PN 0.88¢ 0.28( 0.40( 1.52:¢

CAJW25(01) Wed AM 0.53¢ 0.17(C 0.462 0.59¢
Wed PN 0.95¢ 0.30 0.84: 0.97:

Thurs AM 0.71(C 0.22¢ 0.33¢ 0.82¢

Thurs PN 1.02¢ 0.32¢ 0.84: 0.97:

CAJW26(01) Wed AM 1.13¢ 0.35¢ 0.667 1.13:
Wed PN 1.112 0.35] 0.50( 1.12¢

Thurs AM 1.067 0.33¢ 1.00( 1.25(

Thurs PN 0.94¢ 0.29¢ 1.00(¢ 0.87(

COAS02(01) Wed AM 1051z 2227: 315¢ 6681 0.07z 0.02¢ 0.00C 0.56¢
Wed PN 896¢ 1900! 2691 570( 0.10¢ 0.04: 0.00( 0.47:

Thurs AM 1002 2123: 3007 637( 0.09C 0.03% 0.14: 0.40¢

Thurs PN 1051 2227. 315¢ 6681 0.12¢ 0.051 0.14: 0.40¢

COAS04(01) Wed AM 3343( 7082t 1002¢ 2124 0.02: 0.31( 0.372 0.62%
Wed PN 32611 6909! 9782 2072 0.06¢ 0.29¢ 0.27( 0.49¢

Thurs AM 3337¢ 7071 1001: 2121: 0.00¢ 0.31¢ 0.11¢ 0.407%

Thurs PN 34907 7395: 10472 2218¢ 0.00(¢ 0.321 0.00C 0.507%

COAS06(01) Wed AM 0.241 0.07¢ 0.21¢ 0.28¢
Wed PN 0.207% 0.06¢ 0.33¢ 0.191

Thurs AM 0.167 0.05:% 0.06¢ 0.30¢

Thurs PN 0.17¢ 0.05¢ 0.05¢ 0.21¢

FLDWO07(02) Wed AM 6522 1381¢ 1957 414¢ 0.13( 0.052 0.00( 0.30¢
Wed PN 5764 1221: 172¢ 366< 0.14¢ 0.05¢ 0.00( 0.28¢

Thurs AM 5357 1134¢ 1607 340t 0.15¢ 0.061 0.04( 0.28:

Thurs PN 5872 1244: 1762 373t 0.15( 0.06( 0.03: 0.22¢

FLDWO08(01) Wed AM 0.187 0.05¢ 0.25¢ 0.26¢
Wed PN 0.11¢ 0.03¢ 0.20( 0.24(

Thurs AM 0.12¢ 0.03¢ 0.14: 1.02(

Thurs PN 0.671 0.21: 1.00( 2.50(

FLDW10(01) Wed AM 0.07: 0.02¢ 0.25( 0.72¢
Wed PN 0.087 0.02¢ 0.15(C 0.71¢

Thurs AM 0.09¢ 0.03( 0.192 0.55¢

Thurs PN 0.06% 0.021 0.073% 0.54¢

FLGS01(01) Thurs AM 0.19¢ 0.062 0.26¢ 0.351
Thurs PN 0.18¢ 0.05¢ 0.50( 0.39¢

Fri AM 0.19¢ 0.062 0.231 0.382

Fri PM 0.19¢ 0.06: 0.20( 0.412

FLGS04(01) Wed AM 0.03¢ 0.011 0.08¢ 0.157%
Wed PN 0.03% 0.01Z 0.041 0.12¢

Thurs AM 0.03¢ 0.011 0.10¢ 0.15¢

Thurs PN 0.03( 0.01C 0.01¢€ 0.12¢

FLGS04(02) Wed AM 0.04: 0.01: 0.05: 0.15¢
Wed PN 0.04( 0.01: 0.02¢ 0.14(

Thurs AM 0.041 0.01: 0.06¢ 0.152

Thurs PN 0.041 0.01: 0.03¢ 0.13¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA [OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
FLGS11(01) Wed AM 0.161 0.05] 0.04¢ 0.211
Wed PN 0.10¢ 0.03: 0.03¢ 0.127
Thurs AM 0.18¢ 0.06( 0.13¢ 0.24¢
Thurs PN 0.08¢ 0.02¢ 0.03¢ 0.13¢
FLGS11(02) Wed AM 0.14¢ 0.04¢ 0.03¢ 0.257
Wed PN 0.111 0.03¢ 0.03( 0.14:
Thurs AM 0.162 0.05] 0.07¢ 0.26:
Thurs PN 0.111 0.03¢ 0.047 0.16¢
FLGS12(01) Wed AM 838¢ 1776¢ 251¢ 533( 0.16¢ 0.06¢
Wed PN 8003 1695¢ 2401 508¢ 0.171 0.067 0.12¢ 0.17¢
Thurs AM 7322 1551; 219¢ 465: 0.18¢ 0.072 0.08¢ 0.241
Thurs PN 7231 1533 2171 459¢ 0.17¢ 0.06¢ 0.15¢ 0.15¢
GADS01(01) Wed AM 330¢ 699¢ 991 210( 0.39¢ 0.14 0.25( 0.72¢
Wed PN 399¢ 846¢ 119¢ 254( 0.322 0.121 0.36¢ 0.68¢
Thurs AM 320¢ 679¢ 962 204( 0.41¢ 0.15¢ 0.33¢ 0.621
Thurs PN 352¢ 746€ 1057 224( 0.37¢ 0.14( 0.50( 0.791
GADS02(01) Wed AM 0.162 0.05] 0.171 0.35(
Wed PN 0.15¢ 0.05(C 0.167 0.23¢
Thurs AM 0.22( 0.06¢ 0.08: 0.39¢
Thurs PN 0.162 0.05] 0.18¢ 0.26¢€
GADS02(02) Wed AM 0.252 0.08( 0.12¢ 0.35¢
Wed PN 0.19¢ 0.062 0.17¢ 0.252
Thurs AM 0.20¢ 0.06¢ 0.12¢ 0.44¢
Thurs PN 0.18¢ 0.05¢ 0.18¢ 0.30(
GADS03(01) Wed AM 0.08( 0.02¢ 0.091 0.12¢
Wed PN 0.08¢t 0.02% 0.00C 0.101
Thurs AM 0.08¢t 0.02% 0.04¢ 0.133%
Thurs PN 0.08% 0.02% 0.00C 0.10¢
ILBS01(01) Wed AM 0.111 0.26¢
Wed PNV 0.00( 0.18¢
Thurs AM 0.227 0.40z2
Thurs PN 0.16( 0.28¢
ILBS01(02) Wed AM 0.26: 0.38¢
Wed PN 0.222 0.322
Thurs AM 0.00( 0.45¢
Thurs PN 0.00( 0.167
ILBS02(01) Wed AM 763¢ 1617: 2291 485: 0.08: 0.02¢ 0.00( 0.64¢
Wed PN 6207 1314¢ 1862 394t 0.07: 0.02: 0.07¢ 0.52¢
Thurs AM 6942 1470¢ 2082 441z 0.06¢ 0.021 0.12¢ 0.891
Thurs PN 6731 1427 2021 4282 0.07¢ 0.02¢ 0.00( 0.78¢
ILBS03(01) Wed AM 1035¢ 2193t 310¢ 6581 0.362 0.21¢ 0.33¢ 0.497
Wed PN 1090 2310: 3271 693( 0.35¢ 0.22( 0.28¢ 0.42(
Thurs AM 872: 1848 2617 554¢ 0.46¢ 0.19¢ 0.33¢ 0.497
Thurs PN 907¢ 1922¢ 272 576¢ 0.421 0.20¢ 0.167 0.47¢
LAGWO04(01) Wed AM 0.062 0.02( 0.33¢ 0.99¢
Wed PN 0.04¢ 0.01¢ 0.00( 0.56¢
Thurs AM 0.061 0.01¢ 0.28¢ 0.42(
Thurs PN 0.05¢ 0.01% 0.152 0.43:
LAGWO04(02) Wed AM 0.07: 0.02: 0.33¢ 0.99¢
Wed PN 0.073 0.02¢ 0.12¢ 0.35¢
Thurs AM 0.081 0.02¢ 0.12¢ 0.35¢
Thurs PN 0.07¢ 0.02¢ 0.111 0.31¢€
LAGWO05(01) Wed AM 6912 1464¢ 207¢ 4394 0.19(C 0.06:
Wed PN 678( 1436¢ 203¢ 430¢ 0.21¢ 0.07:
Thurs AM 671< 1422¢ 201< 4267 0.202 0.06%
Thurs PN 675¢ 1431: 2027 420¢ 0.21% 0.072
LAGWO05(02) Wed AM
Wed PN 0.44: 0.23¢
Thurs AM
Thurs PN
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA [OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
LAGWO06(01) Wed AM 0.12¢ 0.04(
Wed PN 0.12: 0.03¢
Thurs AM 0.122 0.03¢
Thurs PN 0.12¢ 0.03¢
LAGWO06(02) Wed AM
Wed PN
Thurs AM
Thurs PN
MABWO05(01) Wed AM 3767 798( 113( 239¢ 0.09¢ 0.28¢ 0.17¢ 0.20¢
Wed PN 5012 1062! 150 318¢ 0.27¢ 0.24( 0.29:2 0.192
Thurs AM 526¢ 1116 158( 334¢ 0.19¢ 0.262 0.38: 0.24¢
Thurs PN 509¢ 1080! 152¢ 324( 0.25¢ 0.24¢ 0.25( 0.19(
MABWO05(02) Wed AM 546¢ 1158 164( 347¢ 0.10¢ 0.28% 0.137% 0.192
Wed PN 645¢ 1368 1937 410 0.00(¢ 0.33¢ 0.101 0.18¢
Thurs AM 611¢ 1296! 183t 388¢ 0.05(C 0.302 0.05¢ 0.24¢
Thurs PN 6684 1416 200¢ 424¢ 0.00¢ 0.31¢ 0.101 0.17¢
MABWO06(01) Wed AM 0.93( 0.29¢ 0.857 0.66¢
Wed PN 0.96¢ 0.30¢ 0.92¢ 0.71¢
Thurs AM 0.96% 0.30¢ 0.83¢ 0.59¢
Thurs PN 0.96¢ 0.30¢ 0.77¢ 0.39¢
MABWO08(01) Wed AM 482¢ 1022¢ 144¢ 306¢ 0.62¢ 0.16: 0.50( 0.791
Wed PN 4411 934¢ 1322 280< 0.67¢ 0.15¢ 0.59: 0.60¢
Thurs AM 589¢ 1249¢ 176¢ 374¢ 0.532 0.18( 0.50( 0.791
Thurs PN 535: 1134: 160¢ 3402 0.58¢ 0.17(C 0.50( 0.791
MABWO08(02) Wed AM 42¢ 903 12¢ 271 0.96¢ 0.40: 0.90( 0.951
Wed PN 45¢€ 96€ 137 29C 0.962 0.40( 0.96: 0.72i
Thurs AM 44¢ 94t 134 284 0.961 0.40( 1.00(¢ 1.00(¢
Thurs PN 59t 126( 17¢ 37¢ 0.94¢ 0.39:% 1.00(¢ 1.00(¢
MDDS01(01) Wed AM 1885( 3993¢ 565¢ 1198 0.11: 0.28¢ 0.13¢ 0.61¢
Wed PNV 2126¢ 4506( 6381 1351¢ 0.06: 0.29¢ 0.56¢ 3.531
Thurs AM 2508¢ 5314: 752 1594: 0.00(¢ 0.38¢ 0.08: 0.651
Thurs PN 2196¢ 4654: 6591 1396: 0.00(C 0.34¢ 0.00( 0.71(
MDDS03(01) Wed AM 0.157% 0.05( 0.14: 0.20¢
Wed PN 0.13: 0.04: 0.167 0.47¢
Thurs AM 0.14: 0.04¢ 0.12¢ 0.35¢
Thurs PN 0.13¢ 0.04:% 0.20( 0.28¢
MDDS03(02) Wed AM 0.032 0.01C 0.33¢ 2.48¢
Wed PN 0.01¢ 0.00¢ 0.01Z2 0.17¢
Thurs AM 0.03: 0.01C 0.00( 0.28¢
Thurs PN 0.03:2 0.01C 0.00( 0.237
MDDS04(01) Wed AM 226¢€ 480( 68C 144( 0.11¢ 0.28¢ 0.02: 0.202
Wed PN 2247 476( 674 142¢ 0.11: 0.28¢ 0.00( 0.14¢
Thurs AM 228t 484( 68E 1452 0.102 0.28¢ 0.07( 0.16¢
Thurs PN 222¢ 472C 66¢ 141¢€ 0.08¢t 0.29:2 0.021 0.14¢
MDDS04(02) Wed AM 157( 332t 471 99¢ 0.26% 0.24: 0.197 0.29¢
Wed PN 146¢ 311Z 441 93< 0.237% 0.25] 0.14: 0.25¢
Thurs AM 1547 327¢ 464 982 0.22¢ 0.25¢ 0.141 0.26¢
Thurs PN 143¢ 304( 431 912 0.26( 0.24¢ 0.10¢ 0.20¢
MIBWO01(01) Wed AM 115¢ 245k 34¢ 737 0.59¢ 0.16¢ 0.46¢ 0.31¢
Wed PN 1042 2207 31< 662 0.652 0.15¢ 0.28¢ 0.42(
Thurs AM 125¢ 266¢€ 37¢ 80C 0.56( 0.17¢ 0.26¢ 0.56:
Thurs PN 147¢ 3131 445 93¢ 0.50¢ 0.18¢ 0.34¢ 0.51¢
MIBWO01(02) Wed AM 209z 443: 62¢ 133( 0.08¢ 0.291 0.25( 0.607%
Wed PN 1712 3621 514 108¢ 0.381 0.21¢ 0.22: 0.531%
Thurs AM 0.10¢ 0.74¢
Thurs PN 0.34¢ 0.51¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA [OA fraction{ CO, OA

System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
MIBWO03(01) Wed AM 1150¢ 2437 3451 7312 0.28¢ 0.23¢ 0.25( 0.36¢
Wed PN 1251z 2650¢ 375¢ 7952 0.21¢ 0.25¢ 0.35¢ 0.441

Thurs AM 1236¢ 2620: 371(C 7861 0.24¢ 0.24¢ 0.31: 0.46:

Thurs PN 9264 1962¢ 277¢ 588¢ 0.33% 0.22¢ 0.667 0.567

MIBWO04(01) Wed AM 300z 6361 901 190¢ 0.30¢ 0.23:¢ 0.45¢ 0.42¢
Wed PN 270C 572( 81C 171¢ 0.37: 0.21¢ 0.35¢ 0.50¢

Thurs AM 3761 798( 113( 239¢ 0.25] 0.245 0.32¢ 0.41¢

Thurs PN 345¢ 7321 1037 219¢ 0.32% 0.22¢ 0.40¢ 0.502

MIBWO04(02) Wed AM 345¢ 7321 1037 219¢ 0.38¢ 0.21: 0.33¢ 0.41¢
Wed PN 354( 750( 1062 225( 0.34 0.22% 0.40( 0.50¢

Thurs AM 379¢ 8041 113¢ 2412 0.25¢ 0.24¢ 0.21% 0.52¢

Thurs PN 347¢ 736( 1042 220¢ 0.40¢ 0.20¢ 0.357% 0.53¢

MNBWO01(01) Wed AM 0.25¢ 0.08: 0.50( 0.39¢
Wed PN 0.231 0.07: 0.40¢ 0.412

Thurs AM 0.25( 0.07¢ 0.33¢ 0.497

Thurs PN 0.247 0.07¢ 0.42¢ 0.44(

MNBWO02(01) Wed AM 0.27¢ 0.08¢ 0.412 0.45(
Wed PN 0.29¢ 0.09: 0.40( 0.60¢

Thurs AM 0.41¢ 0.131] 0.40( 0.60¢

Thurs PN 0.41¢ 0.137 0.40( 0.60¢

MNBWO02(02) Wed AM 0.29¢ 0.09: 0.25( 0.72¢
Wed PN 0.42¢ 0.13¢ 0.33¢ 0.99¢

Thurs AM 0.62¢ 0.197 0.33¢ 0.99¢

Thurs PN 0.457 0.14¢ 0.50( 1.581

MNBWO04(01) Wed AM 0.721 0.22¢ 0.71¢ 0.41¢
Wed PN 0.821 0.26( 1.077 0.79¢

Thurs AM 0.70% 0.22: 0.76¢ 0.68¢

Thurs PN 0.85¢ 0.271 0.861 0.62¢

MOCS01(01) Wed AM 0.20( 0.28¢
Wed PNV 0.27: 0.267

Thurs AM 0.211 0.38(

Thurs PN 0.20( 0.28¢

MOCSO05(01) Wed AM 0.32¢ 0.10¢ 0.33¢ 0.497
Wed PN 0.35:% 0.11: 0.23( 0.36:

Thurs AM 0.22( 0.07(C 0.25( 0.36¢

Thurs PN 0.02¢ 0.00¢ 0.21¢ 0.25¢

NCDWO02(01) Wed AM 0.93¢ 0.29¢ 0.80( 1.207
Wed PN 0.94¢ 0.29¢ 0.75( 1.10¢

Thurs AM 0.507% 0.16( 0.37¢ 0.94¢

Thurs PN 0.82¢ 0.262 0.667 1.13:

NCDWO02(02) Wed AM 0.867 0.27¢ 0.80( 1.207
Wed PN 0.81¢ 0.25¢ 0.75(C 1.10¢

Thurs AM 0.46¢ 0.145 0.43¢ 0.96¢

Thurs PN 0.761 0.241 0.667 1.13:

NCDWO03(01) Wed AM 18t 391 55 117 0.28¢ 0.14:
Wed PN 141 29¢ 42 90 0.13¢ 0.19:2

Thurs AM 177 37¢€ 53 112 0.21% 0.15¢

Thurs PN 17¢ 37¢ 54 112 0.17¢ 0.171

NCDWO03(02) Wed AM 79 167 24 50 0.11¢ 0.17(
Wed PN 76 162 23 49 0.21% 0.15¢

Thurs AM 78 16€ 23 50 0.152 0.14¢

Thurs PN 81 172 24 51 0.07z 0.20¢

NCDWO03(03) Wed AM 12 25 4 8 0.00( 0.12¢
Wed PN 12 25 4 8 0.00( 0.22:

Thurs AM 12 25 4 8 0.00C 0.14:

Thurs PN 12 25 4 8 0.75¢ 0.291 0.21% 0.62¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air | Uncert. in , Uncert. in
fraction - vol. OA | OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
NCDWO03(04) Wed AM 12 25 4 7 0.86: 0.34: 0.00¢ 3.55¢(
Wed PNV 12 25 4 7 0.85¢ 0.341
Thurs AM 12 25 4 7 0.86¢ 0.34¢
Thurs Ph 12 25 4 7 0.80¢ 0.31¢
NCDWO03(05) Wed AM 57 121 17 36
Wed PV 61 12¢ 18 39
Thurs AM 63 134 19 40 0.16( 0.15Z
Thurs Ph 59 12€ 18 38 0.11¢ 0.17¢
NCDWO06(01) Wed AM 0.38¢ 0.127 0.48¢ 0.35¢
Wed PV 0.56 0.17¢ 0.42¢ 0.55¢
Thurs AM 0.71i 0.22i 0.52¢ 0.471
Thurs Ph 0.36¢ 0.117 0.33¢ 0.331
NECWO01(01) Wed AM 0.33( 0.10¢ 0.45¢ 0.35¢
Wed PV 0.39¢ 0.12¢ 0.601 0.59¢
Thurs AM 0.35i 0.11: 0.47¢ 0.43i
Thurs Ph 0.58¢ 0.18¢ 0.62¢ 0.651
NECW02(01) Wed AM 0.78¢ 0.25( 0.70¢ 1.72¢
Wed PNV 0.56¢ 0.17¢ 0.66 1.13:
Thurs AM 0.75¢ 0.23¢ 0.70¢ 1.72¢
Thurs Ph 0.73: 0.23: 0.80¢ 1.811
NECWO03(01) Wed AM 0.68¢ 0.213 0.331 0.42¢
Wed PV 0.66¢ 0.21Z 0.32¢ 0.55¢
Thurs AM 0.46¢ 0.141 0.26: 0.38¢
Thurs Ph 0.881 0.27¢ 0.60( 0.55(
NMES01(01) Wed AM 171¢ 364( 51¢ 1092 0.51] 0.18¢ 0.53¢ 0.57:¢
Wed PV 125z 2652 37€ 79€ 0.63( 0.23¢ 0.541 0.43¢
Thurs AM 1491 315¢ 447 94¢ 0.53: 0.19¢ 0.60( 0.471
Thurs Ph 135¢€ 287: 407 862 0.59( 0.21¢ 0.53¢ 0.53¢
NMES01(02) Wed AM 457¢ 970z 137¢ 291( 0.18¢ 0.07Z 0.32¢ 0.402
Wed PV 486: 1030: 145¢ 309C 0.17: 0.06¢ 0.19¢ 0.40¢
Thurs AM 4271 904¢ 1281 271¢ 0.13¢ 0.05¢ 0.22¢ 0.36:
Thurs Ph 470¢ 997¢ 1412 299z 0.16¢ 0.06¢ 0.10¢ 0.38¢
NMES02(01) Wed AM 1.38¢ 0.43¢ 0.50¢ 0.791
Wed PV 1.241 0.39¢ 0.96¢ 0.63¢
Thurs AM 1.08:% 0.34: 0.927 1.50¢
Thurs Ph 1.521 0.481 0.81( 1.15Z
NMES03(01) Wed AM 317¢ 672¢ 952 201¢ 0.07: 0.29¢ 0.231 0.27¢
Wed PNV 303z 642¢ 91C 1927 0.13¢ 0.27¢ 0.25¢ 0.24:
Thurs AM 280z 5931 841 1781 0.10z 0.28i 0.13( 0.31(
Thurs Ph 298¢ 6331 897 189¢ 0.01¢ 0.31] 0.08: 0.23i
NMES03(02) Wed AM 444¢ 941¢€ 133: 282t 0.11¢( 0.28¢ 0.12( 0.28¢
Wed PN 550¢ 11672 165z 3501 0.14¢ 0.27¢ 0.227 0.322
Thurs AM 441¢ 935¢ 132¢ 2801 0.19: 0.26: 0.24( 0.291
Thurs Ph 512¢ 1086( 153¢ 325¢ 0.14¢ 0.27¢ 0.27: 0.267
NVAWO01(01) Wed AM 1.001 0.31¢ 0.91¢ 1.423
Wed PV 0.67: 0.21: 0.88: 1.387
Thurs AM 0.54¢ 0.172 0.692 1.32¢
Thurs Ph 0.27i 0.08¢ 0.50¢ 0.791
NVAWO02(01) Wed AM 124: 263: 378 79C 0.95( 0.13¢ 0.65¢ 0.76¢
Wed PV 121c¢ 256% 368 76¢ 0.95¢ 0.13¢ 1.00¢ 1.00¢
Thurs AM 981 207¢ 294 628 0.95¢ 0.13¢ 1.00¢ 4.00(
Thurs Ph 1912 4052 574 121¢ 0.93( 0.13¢ 0.33¢ 0.99¢
NVAWO03(01) Wed AM 1.091 0.34¢ 0.44¢ 1.72¢
Wed PV 1.13% 0.35¢ 0.50¢ 1.581
Thurs AM 1.09¢ 0.34¢ 0.33¢ 0.99¢
Thurs Ph 1.09¢ 0.34¢ 1.00c¢ 2.00¢
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA [OA fraction{ CO, OA

System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
NVAWO03(02) Wed AM 0.48¢ 0.15¢ 0.44¢ 1.72(
Wed PN 0.50: 0.15¢ 0.70C 1.72¢

Thurs AM 0.51: 0.162 0.50( 0.791

Thurs PN 0.49¢ 0.157% 0.00( 2.84(

NYBS01(01) Wed AM 2696¢ 5713¢ 809( 1714( 0.143 0.27¢ 0.167 0.597
Wed PN 29021 6148 870¢ 1844¢ 0.11¢ 0.28° 0.21¢ 0.517%

Thurs AM 2847: 60324 8542 1809 0.10¢ 0.28¢ 0.241 0.502

Thurs PN 2847: 60324 854 1809 0.12% 0.281 0.08( 0.567

NYBS01(02) Wed AM 0.14 0.04% 0.30¢ 0.56¢
Wed PN 0.14¢ 0.04 0.13¢ 0.47¢

Thurs AM 0.14: 0.04¢ 0.267 0.48¢

Thurs PN 0.15¢ 0.04¢ 0.42¢ 0.44(

NYBS02(01) Wed AM 0.10C 0.032 0.11¢ 0.58:
Wed PN 0.09¢ 0.03( 0.51: 0.66¢

Thurs AM 0.07¢ 0.02: 0.23¢ 0.43¢

Thurs PN 0.13¢ 0.04: 0.36¢ 0.331

NYBS02(02) Wed AM 0.09C 0.02¢ 0.71¢ 1.24]
Wed PN 0.12¢ 0.04( 0.61¢ 0.63¢

Thurs AM 0.11% 0.037% 0.441 0.65¢

Thurs PN 0.16: 0.052 0.49¢ 0.51Z

NYBS04(01) Wed AM 0.01¢ 0.00¢ 0.00( 0.47:
Wed PN 0.01: 0.00¢ 0.077 0.27:

Thurs AM 0.76¢ 0.247 0.44¢ 0.86(

Thurs PN 0.011 0.00¢ 0.15¢ 0.55(

NYBS04(02) Wed AM 0.03% 0.01Z2 0.00C 0.47:
Wed PN 0.03¢ 0.011 0.04( 0.28:

Thurs AM 0.91: 0.28¢ 0.40( 0.762

Thurs PN 0.03¢ 0.011 0.08¢ 0.40¢

NYBS05(01) Wed AM 0.25¢ 0.081 0.32¢ 0.21¢
Wed PN 0.23¢ 0.07¢ 0.20¢ 0.23¢

Thurs AM 0.247 0.07¢ 0.27( 0.22¢

Thurs PN 0.22% 0.072 0.32¢ 0.18¢

NYBS07(01) Wed AM 4062 860¢ 121¢ 2582 0.19¢ 0.07 0.40( 0.762
Wed PN 4252 901( 127¢ 2702 0.19¢ 0.077 0.432 0.41¢€

Thurs AM 4157 880¢ 1247 2642 0.20¢ 0.08( 0.36¢ 0.68¢

Thurs PN 400t 848t 1201 254% 0.20( 0.07¢ 0.06: 0.44:

ORIS03(01) Wed AM 0.44¢ 0.14¢ 0.36¢ 0.68¢
Wed PN 0.41% 0.13¢ 0.17¢ 0.62¢

Thurs AM 0.45] 0.14¢ 0.29¢ 0.60¢

Thurs PN 0.46¢ 0.15(C 0.28¢ 0.52¢

ORIS03(03) Wed AM 0.36¢ 0.68¢
Wed PN 0.24( 0.582

Thurs AM 0.34¢ 0.567

Thurs PN 0.21¢ 0.517%

ORIS04(01) Wed AM 0.83: 1.53¢
Wed PN 0.667 1.41¢

Thurs AM 0.80( 1.811

Thurs PN 0.167 1.19¢

PABS03(01) Wed AM 1655( 3506¢ 496t 1051¢ 0.00C 0.32¢ 0.20¢ 0.32¢
Wed PN 1636( 3466 490¢ 1039¢ 0.00(¢ 0.34¢ 0.00C 0.37¢

Thurs AM 1797 3808 539: 1142¢ 0.00(¢ 0.37¢ 0.091 0.32:

Thurs PN 1892¢ 4010: 567¢ 1203 0.00C 0.36: 0.05: 0.37:

PABS04(01) Wed AM 0.19% 0.062 0.12¢ 0.16¢
Wed PN 0.192 0.061 0.21F 0.15¢

Thurs AM 0.19¢ 0.062 0.21¢ 0.207%

Thurs PN 0.20( 0.06: 0.18¢ 0.18(

PABS04(02) Wed AM 0.03¢ 0.01Z 0.04¢ 0.167
Wed PN 0.03¢ 0.01Z 0.047 0.157%

Thurs AM 0.03¢ 0.011 0.09¢ 0.20¢

Thurs PN 0.03¢ 0.011 0.06: 0.17%
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Uncertainty in

Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA [OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
SCDWO01(01) Wed AM 0.241 0.07¢ 0.21: 0.22:
Wed PN 0.24¢ 0.07¢
Thurs AM 0.23¢ 0.07¢ 0.20: 0.14¢
Thurs PN 0.22( 0.07(C 0.18¢ 0.15¢
SCDWO02(01) Wed AM 0.18 0.057 0.28¢ 0.42(
Wed PN 0.18% 0.05¢ 0.25( 0.36¢
Thurs AM 0.19] 0.06( 0.28¢ 0.42(
Thurs PN 0.15¢ 0.04¢ 0.50( 0.521
SDBWO01(01) Wed AM 0.45¢ 0.14¢ 0.38¢ 0.38¢
Wed PN 0.517% 0.16: 0.471 0.46(
Thurs AM 0.52% 0.16¢ 0.32¢ 0.372
Thurs PN 0.54¢ 0.17: 0.45¢ 0.471
SDBWO02(01) Wed AM 0.44¢ 0.14( 0.44¢ 0.34¢
Wed PN 0.29% 0.09: 0.44¢ 0.34¢
Thurs AM 0.28: 0.09C 0.33¢ 0.497
Thurs PN 0.23¢ 0.07¢ 0.25( 0.36¢
SDBWO04(01) Wed AM 931¢ 1974 279% 5927 0.21¢ 0.257 0.09¢ 0.44¢
Wed PN 8062 1708! 241¢ 512¢ 0.19¢ 0.261 0.11¢ 0.54¢
Thurs AM 779¢ 1652 233¢ 495¢ 0.19¢ 0.262 0.14( 0.49¢
Thurs PN 753¢ 1596! 226( 478¢ 0.21¢ 0.25¢ 0.167 0.47¢
TNDS05(01) Wed AM 1.00( 0.31¢
Wed PN 1.00( 0.31¢
Thurs AM 1.00(¢ 0.31¢
Thurs PN 1.00( 0.31¢
TNDS05(02) Wed AM 1.00(¢ 0.31¢
Wed PN 1.00(¢ 0.31¢
Thurs AM 1.00(¢ 0.31¢
Thurs PN 1.00(¢ 0.31¢
TNDSO06(01) Wed AM 6790¢ 14387: 2037: 4316: 0.21: 0.257% 0.27¢ 0.34:
Wed PN 6740: 14279¢ 20221 4284( 0.08¢ 0.292 0.33¢ 0.28¢
Thurs AM 58901 12478¢ 1767(C 3743: 0.13( 0.28( 0.20¢ 0.301
Thurs PN 6801( 14408 2040: 4322¢ 0.022 0.31( 0.22: 0.32:
TNDSO07(01) Wed AM 0.02¢ 0.00¢ 0.00C 0.71(
Wed PN 0.03( 0.00¢ 0.20( 0.571
Thurs AM 0.03( 0.01( 0.00( 0.56¢
Thurs PN 0.15¢ 0.05(C 0.00C 0.71(
TNFS08(01) Wed AM 0.20¢ 0.06¢ 0.19¢ 0.16(
Wed PN 0.24¢ 0.07% 0.20¢ 0.16¢
Thurs AM 0.22¢ 0.07z 0.20( 0.17¢
Thurs PN 0.18( 0.057% 0.17¢ 0.191
TNFS085(02) Wed AM 977 207( 292 621 0.26¢ 0.102 0.412 0.197
Wed PN 1051 2221 31t 66€ 0.22: 0.08¢ 0.231 0.18¢
Thurs AM 105¢ 223¢ 317 671 0.22¢ 0.08% 0.202 0.221
Thurs PN 101¢ 216( 30¢€ 64¢ 0.22¢ 0.08% 0.211 0.20¢
TNFS09(01) Wed AM 431¢ 915( 129¢ 274¢ 0.36¢ 0.21% 0.20( 0.28¢
Wed PN 425¢ 902¢ 127¢ 2707 0.32% 0.22¢ 0.18¢ 0.26¢
Thurs AM 428¢ 9081 1287 272¢ 0.272 0.247 0.231 0.27¢
Thurs PN 417( 883t 1251 265( 0.297 0.23¢ 0.20( 0.18(
TNFES09(02) Wed AM 0.07¢ 0.02¢ 0.16¢ 0.181
Wed PN 0.071 0.022 0.00C 0.1571
Thurs AM 0.05: 0.01% 0.05¢ 0.157%
Thurs PN 0.057 0.01¢ 0.05( 0.14:
TNFS10(01) Wed AM 332¢ 7047 99¢ 211¢ 0.68¢ 0.15:2 0.63¢ 0.681
Wed PN 5837 12367 1751 371( 0.53¢ 0.18( 0.44¢ 0.86(
Thurs AM 351¢ 7452 105& 223¢ 0.70:% 0.15] 0.60¢ 0.56¢
Thurs PN 308¢ 653¢ 92t 196( 0.70¢ 0.15] 0.52¢ 0.941
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Uncertainty in . . .
Recirculation Airflow recirc. airflow Outdoor air [ Uncert. in ) Uncert. in
fraction - vol. OA | OA fraction{ CO, OA
System ID Day Period L/s cfm L/s cfm volumetric fraction CO, fraction
TXFS01(01) Wed AM 0.061 0.17:
Wed PN 0.04¢ 0.01¢ 0.05¢ 0.131
Thurs AM 0.04: 0.01¢ 0.071 0.20¢
Thurs PN 0.04( 0.01: 0.05¢ 0.13¢
TXFS02(01) Wed AM 0.04 0.01¢ 0.05( 0.17%
Wed PN 0.05( 0.01¢ 0.00( 0.167
Thurs AM 0.03¢ 0.011 0.00( 0.21F
Thurs PN 0.04¢ 0.01¢ 0.00( 0.151
TXFS02(02) Wed AM 0.04% 0.01¢ 0.04( 0.18¢
Wed PN 0.04¢ 0.01¢ 0.00C 0.18¢
Thurs AM 0.04: 0.01¢ 0.00( 0.231
Thurs PN 0.04¢ 0.01¢ 0.021 0.15(C
TXFS07(01) Wed AM 0.12¢ 0.04( 0.11¢ 0.32
Wed PN 0.14: 0.04¢ 0.24( 0.291
Thurs AM 0.14: 0.04¢ 0.21¢ 0.25¢
Thurs PN 0.15¢ 0.05( 0.18: 0.32i
TXFS08(01) Wed AM 0.04¢ 0.01¢ 0.05:2 0.14¢
Wed PN 0.04¢ 0.01¢ 0.05: 0.14¢
Thurs AM 0.05¢ 0.01¢ 0.06: 0.177
Thurs PN 0.05¢ 0.01¢ 0.08( 0.11:
TXFS08(02) Wed AM 0.05:% 0.01% 0.10C 0.14:
Wed PN 0.04% 0.01¢ 0.091 0.12¢
Thurs AM 0.052 0.01% 0.05¢ 0.157%
Thurs PN 0.04¢ 0.01¢ 0.091 0.12¢
TXFS09(01) Wed AM 0.192 0.061 0.14: 0.20¢
Wed PN 0.18: 0.05¢ 0.20( 0.09¢
Thurs AM 0.18¢ 0.06( 0.12¢ 0.17¢
Thurs PN 0.19: 0.061 0.167 0.11¢
TXFS09(02) Wed AM 0.18¢ 0.06( 0.14: 0.20¢
Wed PN 0.18( 0.057% 0.19:2 0.111
Thurs AM 0.19¢ 0.061 0.12¢ 0.17¢
Thurs PN 0.19¢ 0.062 0.08: 0.11¢
TXFW05(01) Wed AM 2624 5560: 787 1668( 0.25¢ 0.24¢ 0.51¢ 0.652
Wed PN 2565( 5434 769 1630: 0.24¢ 0.24¢ 0.40( 0.60¢
Thurs AM 1727 3659¢ 5182 1097¢ 0.58¢ 0.17(C 0.161 0.462
Thurs PN 15762 3339: 472¢ 1001¢ 0.62% 0.16: 0.33¢ 0.497
TXFWO06(01) Wed AM 1.00¢ 0.31¢ 0.667 1.13:
Wed PN 1.00(¢ 0.31¢ 1.00( 1.33:
Thurs AM 1.001 0.31% 0.80( 0.72¢
Thurs PN 1.00:Z 0.31% 0.80( 0.72¢
WAIWO03(01) Wed AM 1.01( 0.31¢ 0.78¢ 0.47¢
Wed PN 0.88¢ 0.28( 0.93¢ 0.60¢
Thurs AM 1.01¢ 0.322 0.90¢ 0.90¢
Thurs PN 0.92( 0.291 0.92¢ 0.68¢
WAIWO04(01) Wed AM 0.97: 0.30¢ 0.60( 0.66(
Wed PN 0.99( 0.31: 0.83: 0.61¢
Thurs AM 0.98: 0.31( 0.50( 0.527
Thurs PN 1.00: 0.31% 0.571 0.46¢
# of values 186 509 520
Mean 7930 16800 2379 5040 0.377 0.158 0.317 0.601
StdDev 11304 23948 3391 7185 0.350 0.120, 0.27¢ 0.62p
Minimum 12 25 4 7 0.000 0.004 0.000 0.096
10th percentile 181 384 54 115 0.043 0.017 0.03d 0.159
25th percentile 1508 3196 453 959 0.104 0.047 0.11 0.237
Median 4357 9230 1307 2769 0.222 0.144 0.231 0.43
75th percentile 9139 19361 2742 5808 0.594] 0.274 0.444 10.71
90th percentile 18414 39012 5524 1170 1.009 0.316 0.750 1331.
Maximum 68010 144087 20403 43226 1.521 0.481) 1.200 7.10P
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Appendix E: Measured Data for Study Spaces
This appendix presents the following informationttte measurements in the study spaces:

Study space ID

Day and time of measurement

Supply airflow per unit floor area and associatedantainty

Outdoor airflow per person, per unit floor area andir changes per hour based on volumetric
airflow measurements (VOL), and associated uncentsi

Outdoor airflow per person, per unit floor area andir changes per hour based on volumetric
supply airflow times C@-based outdoor air fraction (RATIO), and assodatecertainties

Outdoor airflow rate per person based on peak &f@lysis (PEAK), and associated
uncertainties

Changes in the table relative to the original 200#eport are highlighted in yellow.
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SUPPLY AIRFLOW

OUTDOOR AIRFLOW

Volumetric supply

Uncertainty in

airflow supply airflow Volumetric Uncertainty in volumetric OA
Study Space
ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
ARFWO01 Wed AM 8.3¢€ 1.6t 1.0Z 0.2¢ 10.: 21.¢ 0.4¢€ 0.0¢ 0.44 24 5.1 0.11 0.0z 0.1:
Wed PN 8.2¢ 1.62 1.0Z 0.2¢ 14.¢ 31.2 0.4t 0.0¢ 0.42 3.E 74 0.11 0.0Z 0.1Z
Thur AM 8.2/ 1.62 1.01 0.2¢ 12.1 25.5 0.47 0.0¢ 0.4f 2.8 6.C 0.11 0.0z 0.1:
Thur PV 8.37 1.6t 1.02 0.2¢ 12.€ 26.7 0.4f 0.0¢ 0.4 3.C 6.2 0.11 0.0z 0.1Z
ARFW02 Wed AM 2.41 0.47 0.3¢ 0.07
Wed PV 2.32 0.4¢€ 0.32 0.0¢ 1125 238.7 1.8¢ 0.37 1.51 27.€ 58. 0.4¢€ 0.0¢ 0.4t
Thur AM
Thur PV 2.3t 0.4¢€ 0.32 0.0¢ 81.C 172.1 1.9¢ 0.3¢ 1.5¢ 19.¢ 42.2 0.4¢ 0.0¢ 0.4¢€
ARFWO03 Wed AM 5.04 0.9¢ 0.62 0.12 7.€ 16.2 0.34 0.07 0.27 1.6 3.¢ 0.0¢ 0.0z 0.0¢
Wed PN 5.4€ 1.0¢ 0.6¢ 0.12 8.1 17.1 0.32 0.0¢ 0.2¢ 2.1 4.4 0.0¢ 0.0Z 0.0¢
Thur AM 5.4z 1.07 0.67 0.12 7.1 15.1 0.3¢€ 0.07 0.2¢ 1.6 3.¢ 0.0¢ 0.0z 0.0¢
Thur PV 5.3t 1.0¢ 0.6¢€ 0.12 7.8 16.€ 0.3¢ 0.07 0.27 2C 2 0.0¢ 0.0Z 0.0¢
AZHS02 Wed AM 6.1¢ 1.22 0.77 0.1t 45.¢ 97.2 2.41 0.4¢ 2.4: 18.2 38.7 0.9¢ 0.1¢ 1.0¢
Wed PV 6.82 1.34 0.8t 0.17 128.C 271.2 3.32 0.6€ 3.2¢ 38. 81.4 1.0C 0.2C 1.14
Thur AM 5.44 1.07 0.6¢ 0.12 24.¢ 52.€ 1.5¢ 0.31 1.5: 15.€ 33.C 0.97 0.1¢ 0.9¢
Thur PV 5.97 1.17 0.74 0.1t 33.€ 71.z 2.01 0.4C 1.9¢ 16.4 34.¢ 0.9¢ 0.1¢ 1.02
AZHS04 Wed AM 6.2t 1.2t 0.8¢€ 0.17 0.8 1€ 0.0¢ 0.01 0.0€ 25.€ 54.2 2.54 0.5¢C 1.91
Wed PV 6.21 1.22 0.8¢€ 0.17 1.8 3.¢ 0.0¢ 0.01 0.0¢ 58.C 122.¢ 2.64 0.52 1.97
Thur AM 6.12 1.21 0.8t 0.17 1.8 4.C 0.04 0.01 0.0t 71.t 151t 2.2¢ 0.4t 1.6¢
Thur PV 5.9¢ 1.17 0.82 0.1€ 2.3 4.¢ 0.07 0.01 0.07 65.5 138.5 2.5¢ 0.51 1.92
AZHW10 Wed AM 5.7z 1.12 0.8¢ 0.17 199.t 422.7 5.7z 1.12 6.1% 30.1 63.¢ 0.8€ 0.17 1.41
Wed PN 5.5€ 1.0¢ 0.8:2 0.1¢€ 247.2 523.¢ 5.5¢€ 1.0¢ 5.97 37.1 78.E 0.82 0.1€ 1.37
Thur AM 6.21 1.22 0.94 0.1¢ 228.7 484.¢ 6.21 1.22 6.67 34.€ 73.2 0.94 0.1¢ 1.5:
Thur PV 6.2¢ 1.2¢ 0.9¢ 0.1¢ 230.2 487.7 6.2¢ 1.2¢ 6.71 34.¢ 74.C 0.9t 0.1¢ 1.5¢
AZHW11 Wed AM 5.2€ 1.0¢ 0.91 0.1¢ 25.1 53.1 1.0C 0.2C 0.9¢ 34.7 73.€ 1.3¢ 0.27 1.37
Wed PV 6.2C 1.22 1.07 0.21 57.2 121.1 1.82 0.3¢€ 1.7¢ 46.2 98.2 1.47 0.2¢ 1.47
Thur AM 6.1Z 1.2C 1.0¢€ 0.21 60.1 127.¢ 2.0¢ 0.4C 2.0C 41.C 86.¢ 1.4C 0.27 1.41
Thur PV 6.7C 1.32 1.1€ 0.27 75.7 160.2 2.3C 0.4¢ 2.2t 50.C 106.( 1.52 0.3C 1.5:
AZHW12 Wed AM 1.4C 0.2¢ 0.2¢ 0.04 10.7 22.1 0.3¢ 0.0¢ 0.37 2.¢ 6.1 0.1C 0.0z 0.1Z
Wed PN 1.3¢ 0.27 0.2¢ 0.04 12.€ 26.7 0.4C 0.0¢ 0.3¢ 2 7.1 0.11 0.0Z 0.1Z
Thur AM 1.3t 0.27 0.2¢ 0.04 9.€ 20.2 0.31 0.06 0.3C 3.C 6.4 0.1C 0.02 0.11
Thur PV 1.4z 0.2¢ 0.21 0.04 11.1 23.€ 0.32 0.06 0.32 3.€ 7.t 0.11 0.02 0.1Z
CAES17 Wed AM 19.5¢ 3.8¢ 2.71 0.5t 64.7 137.C 3.6¢€ 0.72 3.6C 91.€ 194.1 5.1¢ 1.02 5.1Z
Wed PV 18.72 3.6¢ 2.68 0.52 50.2 106. 2.6¢€ 0.52 2.61 97.¢ 207.2 5.1¢ 1.0z 5.11
Thur AM 21.1] 4.1F 2.9¢ 0.5¢ 235.€ 499.1 11.9C 2.34 11.71 72 154.1 3.67 0.72 4.14
Thur PV 20.1¢ 3.9¢ 2.8t 0.5¢€ 113.¢ 241.C 6.1€ 1.21 6.0¢€ 86.7 183.¢ 4.6¢ 0.92 4.7
CAEWO07 Wed AM 5.2¢ 1.04 0.91 0.1€ 57.2 121.2 1.62 0.32 1.4 19.C 40.2 0.54 0.11 0.54
Wed PV 5.6C 1.1C 0.97 0.1¢ 161.2 341.¢ 4.8¢ 0.9¢ 4.32 53. 113.¢ 1.61 0.32 1.62
Thur AM 5.2¢ 1.04 0.91 0.1€ 155.¢ 330.2 4.02 0.7¢ 3.5¢ 51.7 109.¢ 1.3 0.2¢ 1.3
Thur PV 5.2C 1.0Z 0.9¢ 0.1¢ 180.¢ 383.8 5.4¢ 1.07 4.8¢ 60.C 127.1 1.81 0.3€ 1.8Z
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SUPPLY AIRFLOW

OUTDOOR AIRFLOW

Volumetric supply

Uncertainty in

airflow supply airflow Volumetric Uncertainty in volumetric OA
Study Space
1D Period | L/ssm’> | cfi/ft’> | L/sem® | cfm/ft> | L/seperson |cfm/person | L/sem® | cfm/ft’ h' L/seperson | cfm/person | L/sem’ | cfi/ft® h'!
CAEWO09 Wed AM 1.82 0.36 0.26 0.05 38.2 80.9 0.58 0.11 0.51 12.1 25.6 0.18 0.04 0.18
Wed PM 1.87 0.37 0.26 0.05 16.3 34.6 0.50 0.10 0.45 5.2 11.0 0.16 0.03 0.16
Thur AM 1.91 0.38 0.27 0.05 18.1 383 0.28 0.05 0.25 5.7 12.1 0.09 0.02 0.09
Thur PM 1.76 0.35 0.25 0.05 11.4 24.2 0.26 0.05 0.23 3.6 7.9 0.08 0.02 0.08
CAJSO1 Wed AM 1.80 0.35 0.22 0.04 53.4 113.2 1.80 0.35 1.74 9.0 19.2 0.31 0.06 0.42
Wed PM 1.91 0.38 0.23 0.05 67.8 143.7 1.91 0.38 1.84 10.9 23.2 0.31 0.06 0.44
Thur AM 1.89 0.37 0.23 0.05 60.4 128.0 1.89 0.37 1.82 10.3 21.8 0.32 0.06 0.44
Thur PM 1.86 0.37 0.23 0.04 66.0 139.8 1.86 0.37 1.79 10.9 23.0 0.31 0.06 0.43
CAJS02 Wed AM 11.65 2.29 1.65 0.32 9.87 1.94 10.60 3.12 0.61 3.82
Wed PM 10.89 2.14 1.54 0.30 206.6 437.6 10.00 1.97 10.75 65.3 138.4 3.16 0.62 3.88
Thur AM 11.65 2.29 1.65 0.32 224.5 475.6 11.41 2.24 12.26 71.0 150.4 3.61 0.71 4.42
Thur PM 11.38 2.24 1.61 0.32 2124 450.1 12.31 2.42 13.23 67.2 142.3 3.89 0.77 4.77
CAJS03 Wed AM 4.04 0.79 0.70 0.14 128.5 272.3 4.04 0.79 434 42.6 90.3 1.34 0.26 1.62
Wed PM 4.16 0.82 0.72 0.14 94.2 199.6 4.16 0.82 4.46 31.2 66.2 1.38 0.27 1.67
Thur AM 4.25 0.84 0.74 0.14 113.5 240.5 4.25 0.84 4.57 877 79.8 1.41 0.28 1.71
Thur PM 4.17 0.82 0.72 0.14 101.9 2159 4.16 0.82 4.46 33.8 71.6 1.38 0.27 1.67
CAJS21 Wed AM 8.86 1.74 1.11 0.22 53.4 113.2 3.93 0.77 3.64 13.1 27.8 0.97 0.19 1.09
Wed PM 7.93 1.56 0.98 0.19 69.7 147.7 4.14 0.81 3.83 17.4 36.9 1.03 0.20 1.16
Thur AM 7.59 1.49 0.94 0.18 85.1 180.3 4.61 0.91 4.27 20.6 43.5 1.11 0.22 1.27
Thur PM 8.20 1.61 1.02 0.20 104.1 220.6 4.47 0.88 4.14 25.5 53.9 1.09 0.22 1.24
CAJS22 Wed AM 2.45 0.48 0.35 0.07 5.7 12.0 0.21 0.04 0.19 19.7 41.8 0.72 0.14 0.66
Wed PM 2.95 0.58 0.42 0.08 12.0 25.5 0.42 0.08 0.39 531 48.9 0.81 0.16 0.75
Thur AM 2.36 0.47 0.33 0.07 16.6 35.1 0.49 0.10 0.45 20.8 44.0 0.61 0.12 0.57
Thur PM 2.93 0.58 0.41 0.08 16.1 34.0 0.62 0.12 0.56 19.7 41.7 0.76 0.15 0.70
CAJS23 Wed AM 12.80 252 1.81 0.36 16.7 35.5 0.94 0.19 0.86 5.3 11.2 0.30 0.06 0.31
Wed PM 11.29 2.22 1.60 0.31 21.6 45.8 1.15 0.23 1.05 6.8 14.5 0.36 0.07 0.38
Thur AM 12.67 2.49 1.79 0.35 20.6 43.6 1.09 0.21 1.00 6.5 13.8 0.34 0.07 0.36
Thur PM 13.01 2.56 1.84 0.36 28.9 61.2 1.24 0.24 1.13 9.1 19.4 0.39 0.08 0.41
CAJW18 Wed AM 6.72 1.32 0.95 0.19 17.2 36.5 0.54 0.11 0.53 5.5 11.6 0.17 0.03 0.19
Wed PM 7.02 1.38 0.99 0.20 18.1 38.3 0.53 0.11 0.52 5.7 12.1 0.17 0.03 0.19
Thur AM 6.88 1.35 0.97 0.19 229 48.4 0.60 0.12 0.58 7.2 15.3 0.19 0.04 0.21
Thur PM 7.76 1.53 1.10 0.22 22.3 473 0.60 0.12 0.58 7.1 15.0 0.19 0.04 0.21
CAJW19 Wed AM 7.19 1.41 1.24 0.24 116.4 246.5 3.57 0.70 3.46 45.5 96.4 1.40 0.27 1.48
Wed PM 7.05 1.39 1.22 0.24 90.8 1924 2.85 0.56 2.76 47.8 101.2 1.50 0.30 1.53
Thur AM 7.19 1.41 1.24 0.24 112.8 239.0 3.54 0.70 3.43 44.7 94.6 1.40 0.28 1.48
Thur PM 6.83 1.34 1.18 0.23 713 151.0 2.24 0.44 2.17 50.0 106.0 1.57 0.31 1.57
CAJW20 Wed AM 1.88 0.37 0.33 0.06 71.7 151.9 2.29 0.45 1.99 23.8 50.4 0.75 0.15 0.75
Wed PM 2.07 0.41 0.36 0.07 84.5 179.1 2.39 0.47 2.08 28.0 59.4 0.78 0.15 0.78
Thur AM 1.82 0.36 0.32 0.06 72.9 154.5 2.08 0.41 1.82 242 il 0.68 0.14 0.68
Thur PM 1.87 0.37 0.32 0.06 69.9 148.0 2.08 0.41 1.84 2310 49.1 0.69 0.14 0.69
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SUPPLY AIRFLOW

OUTDOOR AIRFLOW

Volumetric supply

Uncertainty in

airflow supply airflow Volumetric Uncertainty in volumetric O
Study Space
D Period st | cfmit | Lsom | cfm/ff | LisOpersol| cim/persol | L/stimd | cfm/it h* | UsCpersoi| cim/persol | L/siim | cfm/it h
CAJW24 Tues AM 6.2€ 1.2 1.0¢ 0.21 63.2 133.8 4.33 0.8t 4,12 20.¢ 44 .2 1.44 0.2¢ 1.54
Tues PM 6.72 1.32 1.1€ 0.2% 3.3 7.0 0.24 0.0t 0.23 1.1 2.3 0.08 0.0z 0.0¢
Wed AM 6.2€ 1.2 1.0¢€ 0.21 64.1 135.8 4.33 0.8t 4,12 21.2 45.C 1.44 0.2¢ 1.5¢
Wed PM 7.14 1.41 1.24 0.2 3.8 8.0 0.24 0.0t 0.23 1.2 2.€ 0.08 0.0z 0.0¢
Thur AM 7.5€ 1.4¢ 1.31 0.2€ 77.% 163.8 5.30 1.04 5.04 25.€ 54.2 1.76 0.3 1.8¢
Thur PM 7.6( 1.5C 1.32 0.2¢€ 113.( 239.4 6.73 1.3¢ 6.41 37.5 79.4 2.23 0.4< 2.4
CAJW25 Wed AM 4.9¢ 0.9¢ 0.8€ 0.17 47.€ 100.9 2.67 0.5% 2.56 15.¢ 33.t 0.89 0.17 0.9¢
Wed PM 5.22 1.0 0.91 0.1¢ 85.( 180.0 5.00 0.9¢ 4.79 28.2 59.7 1.66 0.3: 1.7¢
Thur AM 4.62 0.91 0.8C 0.1€ 61.t 130.3 3.28 0.6t 3.14 20.4 43.2 1.09 0.21 1.1€
Thur PM 5.14 1.01 0.8¢ 0.1¢ 78.5 166.4 5.26 1.04 5.04 26.C 55.2 1.74 0.34 1.8¢
CAJW26 Wed AM 5.2€ 1.04 0.91 0.1¢ 133.] 283.3 5.98 1.1¢ 5.73 44.4 94.C 1.98 0.3¢ 2.14
Wed PM 5.92 1.17 1.0 0.2C 115.] 243.8 6.58 1.3C 6.30 38.2 80.¢ 2.18 0.4: 2.3€
Thur AM 5.52 1.0¢ 0.9¢€ 0.1¢ 88.t 187.5 5.89 1.1€ 5.64 29.2 62.2 1.95 0.3¢ 2.11
Thur PM 5.8C 1.1¢ 1.0C 0.2C 87.7 185.7 5.47 1.0¢€ 5.24 29.1 61.€ 1.81 0.3€ 1.9¢
COAS02 Wed AM 3.37 0.6€ 1.0€ 0.21 6.C 14.6 0.24 0.0t 0.17 2.3 4.8 0.08 0.0z 0.0€
Wed PM 2.9¢ 0.5¢ 0.91 0.1¢ 9.t 20.2 0.32 0.0€ 0.23 3.2 6.7 0.11 0.0z 0.0¢
Thur AM 3.2¢ 0.65 1.01 0.2C 9.€ 20.4 0.29 0.0€ 0.21 3.2 6.8 0.10 0.0z2 0.0¢
Thur PM 3.5¢ 0.71 1.0¢ 0.21 15.¢ 33.4 0.46 0.0¢ 0.33 5.2 11.1 0.15 0.02 0.12
COAS04 Wed AM 5.82 1.1¢F 1.01 0.2C 4.4 9.4 0.13 0.0z 0.10 60.C 127.1 1.81 0.3€ 1.3(
Wed PM 5.94 1.17 1.0 0.2C 12.7 26.8 0.39 0.0¢ 0.28 57.7 122.8 1.77 0.3t 1.2¢
Thur AM 5.71 1.12 0.9¢ 0.1¢ 1.C 2.1 0.03 0.01 0.02 67.4 142.¢ 1.80 0.3 1.3(
Thur PM 5.8t 1.1t 1.01 0.2C 0.C 0.0 0.00 0.0C 0.00 60.1 127.C 1.¢ 0.37 1.3¢
COAS06 Wed AM 2.8C 0.5t 0.4C 0.0¢ 27.% 57.7 0.68 0.12 0.64 8.€ 18.2 0.21 0.0 0.2%
Wed PM 3.52 0.6¢ 0.5C 0.1C 25.€ 54.3 0.73 0.14 0.69 8.1 17.2 0.23 0.0t 0.2t
Thur AM 4.71 0.92 0.67 0.12 22.¢ 48.4 0.78 0.1t 0.75 7.2 15.2 0.25 0.0¢F 0.27
Thur PM 3.7C 0.7% 0.52 0.1C 21.€ 45.8 0.65 0.12 0.62 6.€ 14.F 0.20 0.0 0.2z
FLDWO7 Wed AM 3.7¢ 0.7¢4 1.0€ 0.21 22.1 48.1 0.49 0.1C 0.40 7.2 15.2 0.15 0.0% 0.1t
Wed PM 3.3€ 0.67 0.94 0.1¢ 25.C 53.0 0.50 0.1C 0.41 7. 16.¢€ 0.16 0.0: 0.1t
Thur AM 3.17 0.62 0.8¢ 0.17 25.2 53.4 0.49 0.1C 0.40 8.C 16.€ 0.16 0.02 0.1t
Thur PM 3.4¢€ 0.6¢ 0.9€ 0.1¢ 24.7 52.4 0.52 0.1C 0.43 7.€ 16.€ 0.16 0.0: 0.1t
FLDWO08 Wed AM 4.58 0.9C 0.7¢ 0.1€ 25.C 53.0 0.85 0.17 0.72 8.2 17.€ 0.28 0.0€ 0.27
Wed PM 4.9¢ 0.9¢ 0.8€ 0.17 16.2 34.6 0.57 0.11 0.48 5.4 11.F 0.19 0.0 0.1¢
Thur AM 4.62 0.91 0.8C 0.1€ 12.C 25.4 0.57 0.11 0.48 4.C 8.4 0.19 0.04 0.1¢
Thur PM 4.64 0.91 0.8C 0.1€ 89.4 189.3 3.11 0.61 2.62 29.€ 62.¢ 1.03 0.2C 0.9¢
FLDW10 Wed AM 2.3¢ 0.47 0.3 0.07 3.7 7.7 0.18 0.0 0.18 1.2 2.4 0.06 0.01 0.0€
Wed PM 2.3¢ 0.47 0.34 0.07 4.t 9.5 0.21 0.04 0.20 1.4 3.C 0.07 0.01 0.07
Thur AM 2.4% 0.4¢ 0.3 0.07 3.8 8.0 0.23 0.0t 0.23 1.2 2.5 0.07 0.01 0.0¢
Thur PM 2.2( 0.4% 0.31 0.0¢ .3 7.0 0.15 0.0% 0.14 1.C 2.2 0.05 0.01 0.0t
FLGS01 Thur AM 2.9¢ 0.5¢ 0.4z 0.0¢ 16.2 34.6 0.58 0.11 0.57 5.2 10.¢ 0.18 0.0 0.21
Thur PM 3.31 0.6% 0.47 0.0¢ 17.2 36.3 0.61 0.1z 0.60 54 11.F 0.19 0.0 0.2z
Fri AM 2.8¢ 0.57 0.41 0.0¢ 18.1 38.3 0.57 0.11 0.56 5.7 12.1 0.18 0.0 0.2C
Fri PM 3.14 0.62 0.44 0.0¢ 18.C 38.2 0.62 0.1 0.61 5.7 12.1 0.20 0.04 0.2z
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SUPPLY AIRFLOW

OUTDOOR AIRFLOW

Volumetric supply

Uncertainty in

airflow supply airflow Volumetric Uncertainty in volumetric OA
Study Space
ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
FLGS04 Wed AM 9.7C 1.91 1.41 0.2¢ 6.8 14.€ 0.3¢ 0.08 0.3¢ 1. 3.8 0.1C 0.02 0.12
Wed PN 9.9C 1.9t 1.4: 0.2¢ 7.5 15.¢ 0.3¢ 0.0¢ 0.3¢ 1.¢ 4.1 0.1c 0.0z 0.1Z
Thur AM 9.9t 1.9t 1.44 0.2¢ 7.8 16.€ 0.3¢ 0.0¢ 0.3¢ 2.1 4.4 0.1C 0.0z 0.1Z
Thur PV 10.2¢ 2.01 1.4¢ 0.2¢ 7.8 16.€ 0.3¢ 0.0¢ 0.3¢ 2.1 4.4 0.1C 0.0z 0.1Z
FLGS11 Wed AM 2.1t 0.42 0.2¢ 0.0t 11.¢ 25.2 0.32 0.0¢ 0.37 2.¢ 5.¢ 0.0¢ 0.0Z 0.11
Wed PV 3.0C 0.5¢ 0.37 0.07 13.1 27.¢ 0.32 0.0¢ 0.3¢€ 3.1 6. 0.0¢ 0.01 0.11
Thur AM 1.77 0.3t 0.22 0.04 12.C 25.F 0.31 0.0¢ 0.3t 2.¢ 6.C 0.07 0.01 0.1c
Thur PV 2.9¢ 0.5¢ 0.3¢€ 0.07 11.€ 24.€ 0.2¢ 0.0¢ 0.32 2.7 5.€ 0.07 0.01 0.1C
FLGS12 Wed AM 9.0: 1.7¢ 2.4¢ 0.4¢ 37.2 79.1 1.4¢ 0.2¢ 1.5¢ 11.¢ 25.C 0.47 0.0¢ 0.57
Wed PN 8.6¢ 1.71 2.37 0.47 34 73.1 1.4¢ 0.2¢ 1.6C 10.€ 23.1 0.47 0.0¢ 0.5¢
Thur AM 8.0¢ 1.5¢ 2.1¢ 0.4: 35.4 75.C 1.5C 0.2¢ 1.6C 11.2 23.7 0.47 0.0¢ 0.5¢
Thur PV 7.9C 1.5¢ 2.1t 0.42 25.€ 54.: 1.3¢ 0.27 1.4¢ 8.1 17.2 0.44 0.0¢ 0.5:2
GADSO01 Wed AM 2.42 0.4¢ 0.5¢ 0.11 32.¢ 69. 0.9¢ 0.1¢ 0.91 10.4 22.C 0.3C 0.0¢ 0.32
Wed PV 2.61 0.51 0.64 0.12 35.7 75.1 0.84 0.17 0.7¢ 112 24.C 0.27 0.0t 0.2¢
Thur AM 2.44 0.4¢ 0.5¢ 0.11 41.2 87.t 1.0Z 0.2C 0.97 13.1 27.1 0.32 0.0¢ 0.3t
Thur PV 2.51 0.4¢ 0.6¢ 0.12 39.C 82.€ 0.9¢ 0.1¢ 0.9¢ 12.2 26.1 0.3C 0.0¢€ 0.32
GADS02 Wed AM 3.0¢ 0.6C 0.37 0.07 36.C 76.2 0.6 0.1Z 0.6C 8.€ 18.2 0.1t 0.02 0.1¢
Wed PV 3.52 0.6¢ 0.4 0.0¢ 29.¢ 63.4 0.62 0.1Z 0.5¢ 7.C 14.¢ 0.1t 0.0z 0.17
Thur AM 3.0¢ 0.6C 0.37 0.07 35.4 74.¢ 0.6t 0.1: 0.61 3 17.€ 0.1t 0.0z 0.1¢
Thur PV 3.71 0.72 0.4t 0.0¢ 33.C 71.€ 0.64 0.1z 0.61 8.C 16.¢ 0.1t 0.02 0.1¢
GADSO03 Wed AM 5.7¢ 1.14 0.82 0.1¢€ 117 24.1 0.4¢ 0.0¢ 0.4¢€ 3.7 7.8 0.1t 0.0z 0.17
Wed PN 5.5t 1.0¢ 0.7¢ 0.1t 9.¢ 21.C 0.47 0.0¢ 0.47 3.1 6.€ 0.1t 0.02 0.17
Thur AM 5.51 1.0¢ 0.7¢ 0.1t 10.€ 22.¢ 0.47 0.0¢ 0.47 34 7.2 0.1t 0.0z 0.17
Thur PV 5.4 1.07 0.71 0.1%t 11.€ 24.7 0.47 0.0¢ 0.47 3.7 7.8 0.1f 0.0 0.17
ILBSO1 Wed AM 5.5¢ 1.0¢ 0.72 0.14
Wed PN 5.61 1.1C 0.7: 0.1<
Thur AM 5.3¢ 1.0¢ 0.6¢ 0.14
Thur PV 5.6¢ 1.12 0.7¢4 0.1%
ILBS02 Wed AM 7.32 1.44 1.04 0.2¢ 18.1 38. 0.61 0.1Z 0.6¢ 5.7 12.1 0.1¢ 0.04 0.2t
Wed PN 7.6C 1.5C 1.0¢ 0.21 18.¢ 40.1 0.5¢€ 0.11 0.6 6.C 12.7 0.1¢ 0.02 0.2t
Thur AM 7.12 1.4C 1.01 0.2¢ 21.€ 45.¢ 0.4¢ 0.1C 0.5t 6.€ 14 0.1t 0.0z 0.2C
Thur PV 7.2¢ 1.4: 1.0¢ 0.2¢ 23.€ 50.C 0.5t 0.11 0.62 7.t 15.¢ 0.17 0.02 0.2Z
ILBS03 Wed AM 10.2¢ 2.0z 1.4¢ 0.2¢ 139.¢ 296.: 3.71 0.72 3.82 84.€ 179.2 2.24 0.44 2.4C
Wed PV 10.7¢ 2.11 1.51 0.3C 1135 240.¢ 3.81 0.7t 3.92 70.4 149. 2.3¢€ 0.4¢€ 2.52
Thur AM 10.3¢ 2.04 1.4€ 0.2¢ 218.¢ 463.7 4.8¢ 0.9t 4.9¢ 90.¢ 192.¢ 2.01 0.4C 2.24
Thur PV 9.91 1.9t 1.4C 0.2¢ 132.1 279.¢ 4.17 0.82 4.2¢ 64.2 136.1 2.0z 0.4C 2.21
LAGWO04 Wed AM 5.4¢ 1.0¢ 0.7¢ 0.1t 14.¢ 31t 0.3¢€ 0.07 0.37 3.7 7.7 0.0¢ 0.0Z 0.11
Wed PV 5.6¢ 1.11 0.81 0.1¢€ 124 26.4 0.32 0.0¢€ 0.3/ 3.1 6. 0.0¢ 0.0z 0.1C
Thur AM 5.3Z 1.0¢ 0.7¢ 0.1t 15.€ 33.C 0.37 0.07 0.3¢ 3.8 8.1 0.0¢ 0.0Z 0.11
Thur PV 5.67 1.12 0.81 0.1¢€ 15.2 32.2 0.3t 0.07 0.3¢€ 3.7 7.¢ 0.0¢ 0.0Z 0.11
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ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
LAGWO05 Wed AM 16.2¢ 3.2C 2.0z 0.4C 56.¢ 120.2 3.0¢ 0.61 3.0¢ 18.C 38.C 0.9¢ 0.1¢ 1.1C
Wed PN 15.81 3.11 1.97 0.3¢ 95.4 202.2 3.4¢€ 0.6¢ 3.41 30.2 63.C 1.0¢ 0.2Z 1.2t
Thur AM 16.1Z 3.17 2.0C 0.3¢ 34.1 72.% 3.2t 0.64 3.21 10.¢ 22.¢ 1.02 0.2C 1.1€
Thur PV 15.7¢ 3.1C 1.9¢ 0.3¢ 63.C 133.¢ 3.4 0.67 3.3¢ 19.¢ 42.2 1.0¢ 0.21 1.22
LAGWO06 Wed AM 5.11 1.0C 0.72 0.14 14.¢ 31.2 0.6 0.1z 0.64 4.7 9.¢ 0.2C 0.04 0.2%
Wed PV 5.14 1.01 0.72 0.14 23.C 48.7 0.6 0.1Z 0.62 7.2 154 0.2C 0.04 0.27
Thur AM 5.1Z 1.01 0.72 0.14 19.¢ 42.2 0.62 0.1Z 0.62 6.2 13.4 0.2C 0.04 0.22
Thur PV 5.1t 1.01 0.72 0.14 17.¢ 37.¢ 0.6 0.1Z 0.62 5.€ 12.C 0.2C 0.04 0.22
MABWO05 Wed AM 0.8¢ 0.17 0.12 0.0z 2.7 5.7 0.0¢ 0.0z 0.0¢ 6.4 13t 0.21 0.04 0.1¢
Wed PN 1.3¢ 0.2¢€ 0.21 0.04 10.¢ 23.C 0.32 0.0¢ 0.3C 9.€ 20.4 0.2¢ 0.0¢ 0.27
Thur AM 1.2¢ 0.2t 0.2¢ 0.04 6.S 14.€ 0.27 0.04 0.21 9.C 19.C 0.2¢ 0.0¢€ 0.2¢
Thur PV 1.3¢ 0.2¢€ 0.21 0.04 9.3 19.¢ 0.2¢ 0.0¢ 0.27 9.2 19.€ 0.2¢ 0.0¢ 0.27
MABWO06 Wed AM 2.2t 0.44 0.31 0.0¢ 39.2 83.2 2.07 0.41 2.0¢ 124 26.2 0.6 0.1: 0.7t
Wed PV 2.2C 0.4: 0.31 0.0¢ 41.1 87.C 2.12 0.4z 2.1: 13.C 27 0.67 0.1: 0.77
Thur AM 1.8¢ 0.37 0.27 0.0t 41.C 86.¢ 1.82 0.3€ 1.82 13.C 27 0.57 0.11 0.6€
Thur PV 1.82 0.3¢€ 0.2¢ 0.0t 32.2 68.2 1.77 0.3t 1.77 10.2 21.€ 0.5€ 0.11 0.64
MABWO08 Wed AM 4.4¢ 0.8¢ 0.7¢€ 0.1t 54.1 114.¢ 3.3C 0.6 3.3C 24.1 52.2 1.5C 0.3C 1.61
Wed PN 4.5¢ 0.9C 0.71 0.1% 44.¢ 95.1 3.41 0.6¢ 3.4¢ 19.¢ 42.1 1.54 0.3C 1.6€
Thur AM 4.31 0.8t 0.72 0.14 38.2 81.1 2.87 0.5€ 2.8¢ 9.€ 20.7 0.72 0.14 0.8¢
Thur PV 4.4cC 0.87 0.7¢ 0.1t 36.4 77.1 3.07 0.6C 3.0¢ 8.€ 18.2 0.72 0.14 0.9¢C
MDDSO01 Wed AM 5.0¢ 1.0C 0.8¢ 0.17 14.€ 30.¢ 0.57 0.11 0.44 36.7 771 1.44 0.2¢ 1.1C
Wed PN 5.41 1.0€ 0.94 0.1¢ 13.7 29.C 0.3¢ 0.07 0.2¢ 64.5 136.5 1.61 0.32 1.2t
Thur AM 4.8: 0.9t 0.84 0.1¢€ 0.C 0.C 0.C 0.0C 0.0¢ 57.7 122.% 1.8¢ 0.37 1.41
Thur PV 4.7% 0.93 0.82 0.1¢€ 0.C 0.C 0.C 0.0C 0.0¢ 45.¢ 97.2 1.62 0.32 1.2t
MDDS03 Wed AM 2.2¢ 0.4t 0.2¢ 0.0¢ 3.8 8.C 0.1¢ 0.04 0.22 1.C 2.1 0.0t 0.01 0.07
Wed PV 2.1€ 0.4 0.27 0.0t 2.8 6.2 0.14 0.0z 0.1¢€ 0.€ 1.7 0.04 0.01 0.0t
Thur AM 2.2¢ 0.44 0.2¢ 0.0t 3.€ 7.5 0.17 0.02 0.2¢ 0.¢ 1.¢ 0.04 0.01 0.0¢
Thur PV 2.21 0.4 0.27 0.0t 4.C 8.t 0.1¢€ 0.0z 0.1¢ 1.C 2.2 0.04 0.01 0.0¢€
MDDS04 Wed AM 4.0Z 0.7¢ 0.4¢ 0.1¢ 17.€ 37.2 0.74 0.1t 0.6C 18.2 38.7 0.77 0.1t 0.6
Wed PN 3.81 0.7t 0.47 0.0¢ 15.7 33.2 0.6 0.12 0.52 18.5 39.2 0.74 0.1t 0.61
Thur AM 3.8¢ 0.7¢€ 0.4¢ 0.0¢ 16.4 34.¢ 0.6C 0.12 0.4¢ 20.7 43.¢ 0.7¢€ 0.1t 0.6
Thur PV 3.7¢ 0.74 0.4¢€ 0.0¢ 13.¢ 29. 0.61 0.1Z 0.5C 16.€ 35.€ 0.72 0.14 0.6C
MIBW01 Wed AM 3.0¢ 0.61 0.4C 0.0¢ 32.C 67.¢ 1.1¢ 0.22 1.12 13.€ 28.¢ 0.4¢ 0.1C 0.51
Wed PN 3.4: 0.67 0.4t 0.0¢ 45.4 96.1 1.8C 0.3t 1.7¢ 11.¢ 25.1 0.47 0.0¢ 0.5¢
Thur AM 3.0¢ 0.61 0.4C 0.0¢
Thur PV 3.2t 0.64 0.4z 0.0¢
MIBW03 Wed AM 5.37 1.0€ 0.92 0.1¢ 36.C 76.2 1.5t 0.3C 1.5t 30. 64.4 1.2¢ 0.2t 1.3Z
Wed PV 5.3t 1.0¢ 0.92 0.1¢ 21.C 44.¢ 1.1€ 0.22 1.1€ 25.C 52.¢ 1.37 0.27 1.3¢
Thur AM 5.47 1.0¢ 0.9t 0.1¢ 27.4 58.1 1.3¢ 0.2¢€ 1.3¢ 28.1 59. 1.37 0.27 1.3¢
Thur PV 4.67 0.92 0.81 0.1¢€ 24.¢ 52.€ 1.57 0.31 1.57 16.€ 35.E 1.0€ 0.21 1.1C
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1D Period | L/ssm’> | cfi/ft’> | L/sem® | cfm/ft> | L/seperson |cfm/person | L/sem® | cfm/ft’ h' L/seperson | cfm/person | L/sem’ | cfi/ft® h'!
MIBW04 Wed AM 2.7 0.53 0.39 0.08 21.8 46.1 0.97 0.19 0.97 10.0 21.3 0.45 0.09 0.48
Wed PM 2.64 0.52 0.38 0.08 22.6 47.9 0.94 0.19 0.94 10.6 22.4 0.44 0.09 0.47
Thur AM 2.70 0.53 0.39 0.08 17.5 37.1 0.69 0.14 0.69 122 25.9 0.48 0.10 0.50
Thur PM 2.96 0.58 0.43 0.08 37.8 80.2 1.12 0.22 1.12 16.1 34.1 0.47 0.09 0.51
MNBWO01 Wed AM 2.81 0.55 0.40 0.08 38.1 80.7 0.73 0.14 0.72 12.0 25.5 0.23 0.05 0.26
Wed PM 3.18 0.63 0.45 0.09 39.8 84.2 0.74 0.14 0.72 12.6 26.6 0.23 0.05 0.26
Thur AM 2.83 0.56 0.40 0.08 39.7 84.1 0.71 0.14 0.70 12.6 26.6 0.22 0.04 0.25
Thur PM 3.11 0.61 0.44 0.09 50.7 107.3 0.77 0.15 0.76 16.0 33.9 0.24 0.05 0.27
MNBWO02 Wed AM 3.58 0.70 0.51 0.10 49.6 105.1 1.02 0.20 1.10 12.2 25.8 0.25 0.05 0.33
Wed PM 4.20 0.83 0.59 0.12 58.3 123.8 1:52 0.30 1.63 14.6 30.9 0.38 0.07 0.50
Thur AM 2.91 0.57 0.41 0.08 54.7 115.8 1.50 0.30 1.61 13.6 28.7 0.37 0.07 0.49
Thur PM 342 0.67 0.48 0.10 62.0 1314 1.49 0.29 1.60 152 32.2 0.37 0.07 0.48
MNBW04 Wed AM 27 0.53 0.47 0.09 108.6 230.1 1.95 0.38 2.14 36.0 76.3 0.65 0.13 0.80
Wed PM 2.59 0.51 0.45 0.09 229.1 485.3 212 0.42 2:33 76.0 161.0 0.70 0.14 0.87
Thur AM 2.97 0.59 0.52 0.10 98.1 207.7 2.10 0.41 2.31 32.5 68.9 0.70 0.14 0.86
Thur PM 2.62 0.52 0.45 0.09 101.8 215.8 2.24 0.44 2.46 33.8 71.6 0.74 0.15 0.92
MOCS01 Wed AM 2.61 0.51 0.45 0.09
Wed PM 3.10 0.61 0.54 0.11
Thur AM 2.81 0.55 0.49 0.10
Thur PM 3.07 0.60 0.53 0.10
MOCS05 Wed AM 3.10 0.61 0.54 0.11 31.8 67.5 1.02 0.20 0.91 10.6 224 0.34 0.07 0.34
Wed PM 343 0.68 0.59 0.12 39.8 84.4 1.21 0.24 1.08 13.2 28.0 0.40 0.08 0.40
Thur AM 2.79 0.55 0.48 0.09 21.2 44.9 0.61 0.12 0.55 7.0 14.9 0.20 0.04 0.20
Thur PM 2.69 0.53 0.47 0.09 2.1 4.5 0.07 0.01 0.06 0.7 1.5 0.02 0.00 0.02
NCDWO02 Wed AM 2.83 0.56 0.41 0.08 98.6 208.8 2.54 0.50 3.28 24.5 52.0 0.61 0.12 0.99
Wed PM 3.08 0.61 0.44 0.09 88.5 187.5 2.64 0.52 347 22.0 46.7 0.66 0.13 1.05
Thur AM 2192 0.58 0.42 0.08 37.8 80.1 1.42 0.28 1.83 9.4 19.9 0.36 0.07 0.55
Thur PM 2.97 0.58 0.43 0.08 61.3 129.8 2.34 0.46 3.04 152 323 0.56 0.11 0.92
NCDWO03 Wed AM
Wed PM
Thur AM
Thur PM
NCDWO06 Wed AM 5.74 1.13 0.99 0.20 39.7 84.2 2.20 0.43 2.00 13.2 27.9 0.73 0.14 0.75
Wed PM 6.45 1.27 1.12 0.22 56.0 118.6 3.66 0.72 3.32 18.6 39.3 1.21 0.24 1.24
Thur AM 4.85 0.95 0.84 0.17 47.4 100.5 3.47 0.68 3.16 137 333 1.15 0.23 1.18
Thur PM 5.74 1.13 0.99 0.20 33.4 70.8 2.12 0.42 1.93 i [ 23.5 0.70 0.14 0.72
NECWO01 Wed AM 3.07 0.61 0.53 0.10 20.1 42.7 1.02 0.20 0.77 6.7 14.1 0.34 0.07 0.29
Wed PM 2.97 0.59 0.51 0.10 24.1 51.0 1.18 0.23 0.89 8.0 16.9 0.39 0.08 0.33
Thur AM 3.20 0.63 0.55 0.11 21.5 45.5 1.14 0.22 0.86 7.1 15.1 0.38 0.07 0.32
Thur PM 3.16 0.62 0.55 0.11 1.85 0.36 1.40 0.61 0.12 0.52
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ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
NECWO02 Wed AM 8.2( 1.61 1.42 0.2¢ 226.5 480.: 6.47 1.27 4.8¢ 75.2 159.2 2.1t 0.4z 1.82
Wed PN 6.34 1.2¢ 1.1C 0.22 109.1 231.2 3.5¢ 0.71 2.71 36.2 76.7 1.1¢ 0.2t 1.0Z
Thur AM 8.2¢ 1.62 1.4: 0.2¢ 175.¢ 372.¢ 6.24 1.2¢ 4.72 58.2 123.¢ 2.07 0.41 1.7¢€
Thur PV 8.0¢ 1.5¢ 1.4C 0.27 310.1 657.C 5.9C 1.1€ 4.4¢ 102.¢ 217.¢ 1.9¢ 0.3¢ 1.67
NECWO03 Wed AM 6.2¢ 1.24 1.0¢ 0.21 65.¢ 139. 4.31 0.8t 4.32 21.¢ 46.2 1.4: 0.2¢ 1.62
Wed PN 7.11 1.4C 1.2 0.2 78.1 165.4 4.7¢ 0.94 4.7 25.¢ 54.¢ 1.5¢ 0.31 1.7¢
Thur AM 7.34 1.44 1.27 0.2t 51.7 109. 3.42 0.67 3.4: 17.1 36.2 1.14 0.2Z 1.2¢
Thur PV 6.47 1.27 1.12 0.22 87.C 184.¢ 5.7¢C 1.12 5.7z 28.¢ 61.z 1.8¢ 0.37 2.14
NMESO01 Wed AM 4.8¢ 0.9¢ 0.9¢ 0.1¢ 72.t 153.% 1.51 0.3C 1.52 17.% 37.1 0.37 0.07 0.4t
Wed PN 4.9t 0.97 1.0Z 0.2¢ 69.¢ 148.2 1.6¢ 0.32 1.6¢ 17.2 36.E 0.41 0.0¢ 0.51
Thur AM 4.3t 0.8¢€ 0.9¢ 0.1¢ 68.2 144.¢ 1.27 0.2t 1.2¢ 17.1 36.2 0.32 0.0¢€ 0.3¢
Thur PV 4.7¢ 0.94 0.9¢ 0.1¢ 57.1 122.2 1.5¢ 0.3C 1.5¢ 142 30.1 0.3¢ 0.07 0.47
NMES02 Wed AM 5.3C 1.04 0.7t 0.1t 183.2 388.2 7.32 1.44 6.8t 57.¢ 122.¢ 2.32 0.4¢€ 247
Wed PV 5.8¢ 1.1€ 0.8 0.1¢€ 203.¢ 431.¢ 7.3C 1.44 6.81 64. 136.€ 2.31 0.4t 2.4t
Thur AM 6.31 1.24 0.8¢ 0.1¢ 186.f 395.2 6.84 1.3t 6.3¢ 59.C 125.C 2.1¢€ 0.4: 2.3C
Thur PV 5.0¢ 1.0C 0.72 0.1< 201.5 4272 7.7¢4 1.52 7.21 63.¢ 135.1 2.4¢ 0.4¢ 2.6C
NMES03 Wed AM 4.6¢ 0.92 0.5¢ 0.11 7.2 15.2 0.44 0.0¢ 0.41 15.¢ 33.7 0.97 0.1¢ 0.91
Wed PV 5.5¢ 1.0¢ 0.6¢ 0.14 20.4 43.1 0.7¢ 0.16 0.74 29.C 61.4 1.1 0.27 1.0€
Thur AM 4.7¢ 0.94 0.5¢ 0.12 17.C 35.¢ 0.71 0.15 0.71 20.¢ 44.4 0.9t 0.1¢ 0.8¢
Thur PV 5.04 0.9¢ 0.6 0.1Z 12.t 26.1 0.51 0.1c 0.4¢ 25. 53.¢ 1.0€ 0.21 0.9¢
NVAWO01 Wed AM 6.31 1.24 1.0¢ 0.22 151.¢ 321t 6.31 1.24 6.62 50.2 106.€ 2.0¢ 0.41 2.4¢
Wed PN 6.57 1.2¢ 1.14 0.22 104.2 220.¢ 4.4z 0.87 4.64 34.€ 73.2 1.47 0.2¢ 1.74
Thur AM 6.7¢ 1.3¢ 1.17 0.27 86.€ 183.t 3.6¢ 0.72 3.8¢ 28.7 60.¢ 1.22 0.24 1.44
Thur PV 6.84 1.3t 1.1¢ 0.27 50.¢ 107.€ 1.9C 0.37 1.9¢ 16.€ 35.7 0.6 0.1Z 0.74
NVAWO02 Wed AM 4.1t 0.82 0.72 0.14 82.¢ 175.€ 3.9t 0.7¢ 3.7¢ 27.5 58.2 1.31 0.2¢€ 1.4C
Wed PV 4.62 0.91 0.8C 0.1¢€ 132.2 280.2 4.44 0.87 4.1¢ 43.¢ 93.C 1.47 0.2¢ 1.57
Thur AM 4.04 0.7¢ 0.7¢ 0.14 133.2 282.2 3.8¢ 0.7¢€ 3.67 44.2 93.€ 1.2¢ 0.2t 1.37
Thur PV 4.61 0.91 0.8C 0.1¢€ 121.¢ 258.( 4.3C 0.8t 4.07 40. 85.€ 1.4: 0.2¢ 1.52
NVAWO03 Wed AM 8.7¢ 1.7% 1.0¢ 0.21 174.C 368.¢ 7.3¢ 1.4¢ 6.97 45.1 95.5 1.91 0.3¢ 2.17
Wed PN 8.5¢ 1.6¢ 1.0¢ 0.21 148.C 313.¢ 7.44 1.47 7.02 38. 81.4 1.9t 0.3¢ 2.1¢
Thur AM 8.51 1.67 1.0t 0.21 106.€ 225.¢ 7.3€ 1.4¢ 6.9 27.7 58.7 1.91 0.3¢ 2.17
Thur PV 8.7¢ 1.72 1.0¢ 0.21 127.¢ 270.¢ 7.44 1.4¢€ 7.02 33.1 70.1 1.9t 0.3¢ 2.1¢
NYBS01 Wed AM 9.4z 1.8t 1.37 0.27 35.2 74.€ 1.3¢ 0.27 1.4% 43.¢ 92.¢ 1.7z 0.34 1.7¢
Wed PN 9.8¢ 1.94 1.4% 0.2¢ 54.1 114.€ 1.27 0.2F 1.31 78.1 165.5 1.84 0.3€ 1.9C
Thur AM 9.71 1.91 1.4C 0.2¢ 40.¢ 86.5 1.17 0.2t 1.21 62.€ 132.¢ 1.8C 0.3t 1.8¢€
Thur PV 9.81 1.9t 1.42 0.2¢ 35.2 74.1 1.3¢ 0.2¢€ 1.3¢ 47.7 101.C 1.81 0.3¢€ 1.87
NYBS02 Wed AM 6.7z 1.3Z 0.8:2 0.1¢€ 16.4 34.7 0.6 0.1Z 0.5¢ 3.¢ 8.2 0.1t 0.02 0.17
Wed PN 6.3 1.2t 0.7¢ 0.1%t 14.€ 30.¢ 0.71 0.14 0.6 3.t 74 0.17 0.0 0.1¢
Thur AM 6.3¢ 1.2¢ 0.7¢ 0.1t 13.€ 28.¢ 0.61 0.1Z 0.5t 2 6.¢ 0.1t 0.02 0.1€
Thur PV 4.3¢ 0.8¢€ 0.5¢ 0.11 17t 37.C 0.6¢€ 0.1z 0.6C 4.1 8.7 0.1€ 0.02 0.1¢
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ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
NYBS04 Wed AM 5.4C 1.0€ 0.7¢ 0.1t 3.2 7.1 0.14 0.0z 0.14 0.¢ 1.c 0.04 0.01 0.0t
Wed PN 5.42 1.07 0.77 0.1t 3.2 8.2 0.12 0.0¢ 0.1 1.C 2.2 0.04 0.01 0.04
Thur AM 5.7C 1.12 0.81 0.1¢€ 99.C 209.¢ 4.7¢ 0.94 4.84 244 51.€ 1.1¢€ 0.22 1.4¢€
Thur PV 5.6¢ 1.12 0.8C 0.1¢€ 3.t 7.5 0.14 0.0z 0.14 1.C 2.C 0.04 0.01 0.04
NYBS05 Wed AM 2.5C 0.4¢ 0.4 0.0¢ 12.¢ 27.1 0.64 0.1z 0.5¢ 4.2 9.C 0.21 0.04 0.2C
Wed PV 2.6¢ 0.5 0.47 0.0¢ 13.€ 29.2 0.64 0.1: 0.5t 4.€ 9.7 0.21 0.04 0.2C
Thur AM 2.6 0.51 0.4t 0.0¢ 14¢ 30.¢ 0.64 0.1z 0.5t 4.8 10.2 0.21 0.04 0.2C
Thur PV 2.62 0.52 0.4t 0.0¢ 12.2 26.2 0.5¢ 0.1Z 0.51 4.1 8.7 0.2C 0.04 0.1¢
NYBS07 Wed AM 4.87 0.9¢ 1.3C 0.2¢ 18.2 38.¢ 0.97 0.1¢ 0.9¢ 5.8 12.2 0.31 0.0¢ 0.32
Wed PN 5.1C 1.0C 1.3€ 0.27 27.1 57.t 1.0Z 0.2C 0.94 8.€ 18.2 0.32 0.0€ 0.34
Thur AM 5.03 0.9¢ 1.3¢ 0.2¢ 21.4 45. 1.02 0.2C 0.9¢ 6.€ 144 0.32 0.0¢€ 0.34
Thur PV 4.81 0.9t 1.2¢ 0.2t 23.¢ 50.£ 0.9¢ 0.1¢ 0.8¢ 7.t 16.C 0.3C 0.0¢ 0.32
ORISO03 Wed AM 3.8¢ 0.77 0.71 0.1< 64.¢ 137.€ 1.7¢ 0.34 1.62 21.t 45.€ 0.5¢ 0.11 0.61
Wed PV 4.52 0.8¢ 0.82 0.1¢€ 74.¢ 158.¢ 1.8¢ 0.37 1.7t 24.¢ 52.€ 0.62 0.1Z 0.6
Thur AM 3.4C 0.67 0.62 0.1Z 65.€ 138.¢ 1.5¢ 0.3C 1.4z 21.7 46.1 0.51 0.1c 0.5
Thur PV 3.84 0.7¢€ 0.7¢ 0.14 108.7 230.2 1.7¢ 0.3t 1.6€ 36.C 76.2 0.5¢ 0.1Z 0.62
ORIS04 Wed AM
Wed PV 3.9¢ 0.7¢ 0.6¢ 0.14
Thur AM 5.6¢ 1.12 0.9¢ 0.1¢
Thur PV 5.5¢ 1.0¢ 0.9¢ 0.1¢
PABS03 Wed AM 3.37 0.6€ 0.5¢ 0.11 0.C 0.C 0.0¢ 0.0C 0.0¢ 34.7 73.€ 1.12 0.27 1.0¢
Wed PN 3.1Z 0.61 0.5¢ 0.11 0.C 0.C 0.0C 0.0c 0.0C 38.7 81.C 1.07 0.21 1.07
Thur AM 3.1¢ 0.6 0.5t 0.11 0.C 0.C 0.0¢ 0.0C 0.0¢ 43.¢ 93.C 1.17 0.22 1.17
Thur PV 3.4t 0.6¢ 0.6C 0.12 0.C 0.C 0.0¢ 0.0C 0.0¢ 42.2 89.4 1.27 0.2t 1.2¢
PABS04 Wed AM 4.8¢ 0.9¢ 0.6¢ 0.14 8.t 17.¢ 0.6 0.1Z 0.6C £ 2 0.1¢ 0.04 0.21
Wed PV 4.82 0.9t 0.6¢ 0.12 9.C 19.1 0.61 0.1Z 0.5¢ 2.7 5.€ 0.1¢ 0.04 0.2C
Thur AM 4.5t 0.9¢ 0.6 0.12 7.5 16.C 0.5¢ 0.11 0.5¢ 2 4.8 0.17 0.02 0.1¢
Thur PV 4.7¢ 0.93 0.67 0.12 9.2 19.5 0.61 0.1Z 0.5¢ 2.7 5.€ 0.1¢ 0.04 0.2C
SCDWO01 Wed AM 5.8¢ 1.1€ 0.8 0.1¢€ 18.5 39.2 1.4z 0.2¢ 1.4z 5.¢ 124 0.4t 0.0¢ 0.51
Wed PN 4.97 0.9¢ 0.7¢ 0.14 18.c 38.7 1.2¢ 0.24 1.2¢ 5.8 12.2 0.3¢ 0.0¢ 0.4t
Thur AM 5.4¢ 1.0¢ 0.71 0.1% 18.1 38.£ 1.3C 0.2¢ 1.3C 5.7 12.1 0.41 0.0¢ 0.47
Thur PV 4.6¢ 0.92 0.6¢€ 0.12 15.¢ 33.€ 1.0¢ 0.2C 1.0¢ 5.C 10.€ 0.32 0.0¢ 0.37
SCDW02 Wed AM 7.5¢ 1.4¢ 1.31 0.2¢ 26.1 55.£ 1.3¢ 0.27 1.1¢ 8.7 18.4 0.4¢€ 0.0¢ 0.4:
Wed PV 8.1¢ 1.61 1.4z 0.2¢ 25.¢ 54.¢ 1.5: 0.3C 1.2¢ 8.€ 18.2 0.51 0.1C 0.4¢
Thur AM 7.3¢ 1.4¢ 1.2¢ 0.2¢ 23.C 50.7 1.41 0.2¢ 1.1¢ 7.¢ 16.€ 0.47 0.0¢ 0.44
Thur PV 7.6¢ 1.51 1.32 0.2¢ 22.€ 47.¢ 1.1¢ 0.22 0.9¢ 7.5 15.¢ 0.3¢ 0.0¢ 0.37
SDBWO01 Wed AM 3.87 0.7¢€ 0.5t 0.11 43.1 91.: 1.77 0.3t 1.9¢ 13.€ 28.C 0.5€ 0.11 0.71
Wed PV 4.1t 0.82 0.5¢ 0.12 64.€ 136.¢ 2.14 0.4z 2.31 20.4 43.2 0.6¢ 0.1: 0.8¢€
Thur AM 3.9t 0.7¢ 0.5¢€ 0.11 56.1 119.C 2.07 0.41 2.2¢ 17.¢ 37.€ 0.6t 0.1: 0.82
Thur PV 4.0¢ 0.8C 0.5¢ 0.11 60.€ 128.¢ 2.2t 0.44 2.41 19.2 40.€ 0.71 0.14 0.8¢
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SUPPLY AIRFLOW

OUTDOOR AIRFLOW

Volumetric supply

Uncertainty in

airflow supply airflow Volumetric Uncertainty in volumetric OA
Study Space
ID Period L/sim | cfm/ft® | Listm | cfm/it® | L/slipersor] cfm/perso L/sh | cfm/ft? h* | Uslpersor] cfm/perso L/sh | cfmift? h*
SDBWO02 Wed AM 3.6¢€ 0.72 0.6 0.1Z 49.¢ 105.€ 1.62 0.32 1.8C 16. 35.C 0.54 0.11 0.67
Wed PN 3.3/ 0.6€ 0.5¢ 0.11 53.2 112.¢ 0.9¢ 0.1¢ 1.0¢ 17.7 37 0.32 0.0¢ 0.41
Thur AM 3.64 0.72 0.6 0.1Z 35.2 74.¢ 1.02 0.2C 1.14 11.7 24.¢ 0.34 0.07 0.4:
Thur PV 3.37 0.6€ 0.5¢ 0.12 31.7 67.2 0.7¢ 0.1€ 0.8¢ 10.t 22.% 0.2¢€ 0.0t 0.32
SDBWO04 Wed AM 11.1% 2.2C 1.5¢ 0.31 47.1 99.7 2.3¢ 0.47 2.6¢ 56.4 119.€ 2.87 0.57 3.24
Wed PN 9.4¢ 1.87 1.34 0.2¢ 55.€ 117.¢ 1.8¢ 0.37 2.11 73.C 154.¢ 2.4¢ 0.4¢ 2.7¢
Thur AM 9.1t 1.8C 1.2¢ 0.2t 44.C 93.2 1.7¢ 0.3t 1.9¢ 59.1 125.] 2.3¢ 0.47 2.7C
Thur PV 9.0¢€ 1.7¢ 1.2¢ 0.2t 39.2 83.2 1.9¢ 0.3¢ 2.1¢ 46. 98.t 2.32 0.4¢€ 2.62
TNDS05 Wed AM 2.0¢ 0.41 0.32 0.0¢ 59.1 125.] 2.0¢ 0.41 2.32 16.7 35.2 0.5¢ 0.1Z 0.77
Wed PN 2.21 0.4t 0.3t 0.07 89.€ 189.¢ 2.21 0.4t 2.5¢ 25.7 54.t 0.6 0.1z 0.8t
Thur AM 2.1€ 0.4z 0.3/ 0.07 65.2 138.2 2.1€ 0.4z 2.41 18.7 39.7 0.62 0.1Z 0.81
Thur PV 2.04 0.4C 0.32 0.0¢ 82.7 175.2 2.04 0.4C 2.2¢ 23.7 50.2 0.5¢ 0.11 0.7¢€
TNDS06 Wed AM 2.64 0.52 0.4¢€ 0.0¢ 17.2 36.7 0.5¢€ 0.11 0.51 21.C 44.5 0.6¢ 0.1: 0.62
Wed PV 2.2t 0.44 0.3¢ 0.0¢ 6.7 142 0.1¢ 0.04 0.17 22.¢ 48.5 0.6€ 0.1: 0.5¢
Thur AM 2.07 0.41 0.3¢€ 0.07 5.4 11t 0.27 0.0t 0.2¢ 117 24.¢ 0.5¢ 0.11 0.52
Thur PV 2.1: 0.4z 0.37 0.07 1.3 2.8 0.0t 0.01 0.04 18.2 38.7 0.6€ 0.1: 0.5¢
TNDS07 Wed AM 5.5¢ 1.0¢ 0.7¢ 0.1t 3.1 6.€ 0.12 0.02 0.14 1.C 2.1 0.04 0.01 0.0t
Wed PV 5.3¢€ 1.0€ 0.7¢ 0.1t 2.6 5.5 0.1¢€ 0.0z 0.17 0.€ 1.7 0.0t 0.01 0.0¢
Thur AM 5.5¢ 1.0¢ 0.7¢ 0.1t 2.6 5.€ 0.17 0.0z 0.1¢ 0.€ 1.6 0.0t 0.01 0.0¢€
Thur PV 5.61 1.1¢C 0.7¢ 0.1€ 14.€ 31.C 0.8¢ 0.1¢ 0.9¢ 4.€ 9.€ 0.2¢ 0.0¢ 0.3t
TNFS08 Wed AM 3.5¢ 0.71 0.51 0.1¢ 14 30.¢ 0.8C 0.1€ 0.8¢€ 3.t 74 0.1¢ 0.04 0.2¢€
Wed PN 3.62 0.71 0.52 0.1C 20.¢ 44.: 0.8¢ 0.17 0.92 2 11.1 0.2Z 0.04 0.2¢
Thur AM 3.81 0.7t 0.54 0.11 15.7 33.2 0.87 0.17 0.93 3.¢ 8.2 0.27 0.04 0.2¢
Thur PV 4.3¢ 0.8t 0.6C 0.12 15.2 32.2 0.8 0.1€ 0.8¢ 3.8 8.1 0.21 0.04 0.27
TNFS09 Wed AM 3.2¢ 0.6 0.4¢ 0.1C 10.7 22.¢ 0.92 0.1¢ 0.9¢ 5.¢ 12t 0.51 0.1c 0.5¢
Wed PV 3.1¢ 0.6 0.4¢€ 0.0¢ 12.2 25.¢ 0.7¢ 0.1t 0.7¢ 7.6 16.7 0.4¢ 0.1C 0.5
Thur AM 2.71 0.5 0.4C 0.0¢ 7.5 15.¢ 0.5¢ 0.11 0.6C 6.2 13.2 0.4¢ 0.1c 0.51
Thur PV 2.8¢€ 0.5€ 0.4z 0.0¢ 8.4 17.¢ 0.6t 0.1: 0.6¢€ 6.2 13.2 0.4¢ 0.0¢ 0.5C
TNFES10 Wed AM 6.2C 1.22 1.07 0.21 84.¢ 179.¢ 4.27 0.84 3.52 20.7 43.¢ 1.04 0.21 1.0€
Wed PN 7.31 1.44 1.27 0.2t 75.2 159. 3.92 0.77 3.2¢ 26.4 55.¢ 1.37 0.27 1.27
Thur AM 6.9C 1.3¢€ 1.2C 0.24 103.¢ 220.1 4.8t 0.9¢ 4.0Z 24.€ 52.2 1.1¢ 0.22 1.1¢€
Thur PV 6.0¢ 1.2C 1.0¢ 0.21 81.C 171.¢ 4.2¢ 0.84 3.5E 19.2 40.€ 1.01 0.2C 1.04
TXESO01 Wed AM 3.5¢ 0.71 0.6z 0.12
Wed PV 4.3¢ 0.8¢€ 0.7¢ 0.1t 5.¢ 124 0.2¢ 0.04 0.17 1.c 4.1 0.07 0.01 0.0¢
Thur AM 4.32 0.8t 0.7t 0.1t 4.€ 9.7 0.1¢ 0.04 0.1t 1.t 3.2 0.0¢ 0.01 0.0¢
Thur PV 4.4¢ 0.8¢ 0.77 0.1t 6.5 13.¢ 0.1¢ 0.04 0.1t 2.2 4.€ 0.0¢ 0.01 0.0¢
TXFS02 Wed AM 6.64 1.31 0.81 0.1¢€ 10.€ 22.¢ 0.31 0.0¢ 0.3t 2E 54 0.07 0.01 0.1c
Wed PV 6.47 1.27 0.7¢ 0.1¢€ 12.¢ 27.2 0.31 0.0¢€ 0.3t 3.C 6.4 0.07 0.01 0.1C
Thur AM 7.68 1.5C 0.92 0.1¢ 9.t 20.1 0.3C 0.0¢€ 0.3¢ 2.2 4.7 0.07 0.01 0.1C
Thur PV 6.71 1.3Z 0.82 0.1¢€ 147 31.c 0.31 0.0¢ 0.3t 3.E 2 0.07 0.01 0.1c
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SUPPLY AIRFLOW OUTDOOR AIRFLOW
Volumetric supply Uncertainty in
Study Space airflow supply airflow Volumetric Uncertainty in volumetric OA
1D Period | L/sem’ | cfi/ft*> | L/sem® | cfi/ft* | L/seperson |cfm/person | L/sem’® | cfm/ft® h’ L/seperson | cfm/person | L/sem® | cfm/ft’ h'!
TXFS07 Wed AM 4.72 0.93 0.82 0.16 7.0 14.8 0.60 0.12 0.69 2.3 4.9 0.20 0.04 0.26
Wed PM 4.72 0.93 0.82 0.16 7.9 16.7 0.67 0.13 0.77 2.6 5.5 0.22 0.04 0.29
Thur AM 4.39 0.86 0.76 0.15 7-5 15.8 0.63 0.12 0.72 2:5 5.2 0.21 0.04 0.27
Thur PM 4.12 0.81 0.71 0.14 6.7 14.2 0.65 0.13 0.75 2.2 4.7 0.22 0.04 0.28
TXFS08 Wed AM 4.45 0.88 0.64 0.13 6.0 12.7 0.22 0.04 0.25 1.5 3.2 0.05 0.01 0.08
Wed PM 4.89 0.96 0.71 0.14 6.6 13.9 0.24 0.05 0.27 1.7 3.5 0.06 0.01 0.08
Thur AM 4.54 0.89 0.66 0.13 8.9 18.8 0.25 0.05 0.29 2.3 4.8 0.07 0.01 0.09
Thur PM 4.82 0.95 0.70 0.14 7.2 15.2 0.27 0.05 0.31 1.9 3.9 0.07 0.01 0.10
TXFS09 Wed AM 4.30 0.85 0.53 0.10 28.3 59.9 0.82 0.16 0.78 6.6 14.0 0.19 0.04 0.23
Wed PM 4.39 0.86 0.54 0.11 32.6 69.2 0.80 0.16 0.76 7.7 16.2 0.19 0.04 0.22
Thur AM 4.34 0.86 0.53 0.10 31.9 67.6 0.83 0.16 0.80 7.5 15.8 0.19 0.04 0.23
Thur PM 4.35 0.86 0.53 0.10 29.9 63.4 0.84 0.17 0.81 7.0 14.9 0.20 0.04 0.24
TXFWO05 Wed AM 1.98 0.39 0.34 0.07 13.5 28.5 0.51 0.10 0.58 12.8 27.2 0.49 0.10 0.56
Wed PM 1.91 0.38 0.33 0.07 11.6 24.6 0.47 0.09 0.54 11.6 24.7 0.48 0.09 0.55
Thur AM 2.34 0.46 0.40 0.08 33.0 70.0 1.37 0.27 1.56 10.1 21.5 0.42 0.08 0.55
Thur PM 2.34 0.46 0.41 0.08 38.9 82.4 1.46 0.29 1.66 10.9 23.1 0.41 0.08 0.55
TXFW06 Wed AM 3.39 0.67 0.59 0.12 143.9 304.8 3.41 0.67 3.87 47.7 101.1 1.13 0.22 1.45
Wed PM 2.85 0.56 0.49 0.10 130.9 2774 2.85 0.56 3.23 434 92.0 0.94 0.19 1.21
Thur AM 291 0.57 0.50 0.10 116.4 246.7 291 0.57 3.30 38.6 81.8 0.96 0.19 1.24
Thur PM 3.26 0.64 0.56 0.11 201.1 426.0 3.26 0.64 3.70 66.7 141.3 1.08 0.21 1.39
WAIWO03 Wed AM 1.54 0.30 0.22 0.04 45.2 95.9 1.56 0.31 1.60 14.3 30.3 0.49 0.10 0.58
Wed PM 2.14 0.42 0.30 0.06 68.4 145.0 1.89 0.37 1.95 21.6 45.8 0.60 0.12 0.70
Thur AM 1.78 0.35 0.25 0.05 51.8 109.7 1.81 0.36 1.86 16.4 34.7 0.57 0.11 0.67
Thur PM 2.11 0.41 0.30 0.06 70.2 148.6 1.94 0.38 2.00 222 47.0 0.61 0.12 0.72
WAIW04 Wed AM 1.29 0.25 0.18 0.04 58.8 124.5 1.25 0.25 1.20 18.6 39.4 0.40 0.08 0.43
Wed PM 1.29 0.25 0.18 0.04 48.6 102.9 1.28 0.25 1.22 15.4 32.6 0.40 0.08 0.44
Thur AM 1.29 0.25 0.18 0.04 49.7 105.3 1.26 0.25 1.21 15.7 33.3 0.40 0.08 0.44
Thur PM 1.26 0.25 0.18 0.04 514 108.9 1.26 0.25 1.21 16.2 34.4 0.40 0.08 0.44
# of values 384 367 369 369
Mean 5.12 1.01 0.80 0.16 49.4 104.7 1.87 0.37 1.83 20.5 43.4 0.78 0.15 0.83
StdDev 3.02 0.59 0.45 0.09 53.6 113.5 2.08 0.41 2.07 20.6 43.6 0.82 0.16 0.86
Minimum 0.88 0.17 0.13 0.03 0.0 0.0 0.00 0.00 0.00 0.7 1.5 0.02 0.00 0.02
10th percentile 2.16 0.43 0.32 0.06 6.3 133 0.24 0.05 0.22 2.4 5.0 0.09 0.02 0.10
25th percentile 2.99 0.59 0.46 0.09 12.6 26.8 0.50 0.10 0.47 5.7 12.0 0.19 0.04 0.21
Median 4.69 0.92 0.74 0.15 29.9 63.4 1.03 0.20 0.98 13.0 27.5 0.48 0.09 | 053
75th percentile 6.25 1.23 1.01 0.20 65.9 139.6 2.30 0.45 2.46 28.0 59.4 1.13 0.22 1.24
90th percentile 8.47 1.67 1.34 0.26 115.6 244.9 4.64 0.91 4.46 50.9 107.8 1.88 0.37 1.88
Maximum 21.11 4.15 2.99 0.59 310.1 657.0 12.31 2.42 13.23 102.8 217.9 5.18 1.02 5.13
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OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person
ARFWO01 Wed AM 2.8 5.9 0.13 0.03 0.12 25.5 54.1 1.14 0.23 1.08 11.9 252 1.9 4.1
Wed PM 6.9 14.6 0.21 0.04 0.20 37.4 79.2 1.13 0.22 1.07 133 28.1 23 4.9
Thur AM 22.2 46.9 0.87 0.17 0.82 28.6 60.6 1.12 0.22 1.07 11.6 24.6 1.9 3.9
Thur PM 21.8 46.3 0.79 0.15 0.74 293 62.2 1.06 0.21 1.01 11.1 23.5 1.7 3.7
ARFW02 Wed AM 68.0 144.1 1.81 0.36 1.44 133.2 282.1 3.54 0.70 2.83 22.0 46.7 5.7 12.0
Wed PM 58.1 1232 0.98 0.19 0.78 81.8 1732 1.38 0.27 1.10 20.2 42.8 4.8 10.2
Thur AM 12.4 26.3 2.1 4.4
Thur PM 78.2 165.8 1.87 0.37 1.49 85.4 180.9 2.04 0.40 1.64 25.0 53.0 7.2 15.2
ARFWO03 Wed AM 9.6 20.4 0.43 0.08 0.34 19.8 41.9 0.89 0.17 0.70 11.0 23.3 1.7 3.6
Wed PM 2.9 6.1 0.11 0.02 0.09 24.3 51.4 0.97 0.19 0.76 11.8 25.1 1.9 4.1
Thur AM 5.0 10.5 0.25 0.05 0.20 15.4 32.5 0.78 0.15 0.62 11.1 235 1.7 3.6
Thur PM 15.4 32.7 0.66 0.13 0.53 23.4 49.5 1.01 0.20 0.80 10.4 22.0 1.6 33
AZHS02 Wed AM 45.3 96.0 2.44 0.48 2.40 30.6 64.8 1.65 0.32 1.67 27.0 57.1 8.5 18.0
Wed PM 103.0 218.1 2.68 0.53 2.64 119.2 252.5 3.10 0.61 3.09 35.2 74.6 14.2 30.1
Thur AM 23.1 48.9 1.44 0.28 1.42 49.9 105.8 3.12 0.61 3.08 25.5 54.1 7.7 16.3
Thur PM 38.6 81.8 231 0.45 2.27 72.3 153.1 4.33 0.85 4.27 28.7 60.9 9.6 20.4
AZHS04 Wed AM 9.7 20.6 0.70 0.14 0.72 11.6 24.6 0.84 0.17 0.87 7.3 15.5 0.9 2.0
Wed PM 4.5 9.5 0.15 0.03 0.15 27.5 58.3 0.91 0.18 0.94 8.2 17.3 1.1 2.3
Thur AM 196.0 415.2 4.50 0.89 4.63 195.2 413.5 4.48 0.88 4.68
Thur PM 23.6 50.0 0.67 0.13 0.69 252 53.4 0.72 0.14 0.75 10.5 22.3 1.6 3.4
AZHW10 Wed AM 44.0 93.2 1.26 0.25 1.36 95.2 201.6 2.73 0.54 2.94 20.7 43.9 5.2 11.0
Wed PM 204.3 432.8 4.59 0.90 4.93 246.0 521.1 5.53 1.09 6.00 31.1 65.8 11.2 23.6
Thur AM 189.8 402.2 5.15 1.01 5.53 3153 667.9 8.55 1.68 9.24 33.0 70.0 12.6 26.6
Thur PM 200.9 425.6 5.45 1.07 5.86 302.2 640.2 8.20 1.61 8.87 26.1 55.4 8.0 17.0
AZHW11 Wed AM 21.3 45.1 0.85 0.17 0.83 30.0 63.6 1.20 0.24 1.18 13.7 29.0 2.5 53
Wed PM 54.1 114.7 1.72 0.34 1.68 77.6 164.3 247 0.49 243 223 473 6.0 12.7
Thur AM 352 74.5 1.20 0.24 1.17 54.3 115.0 1.85 0.36 1.82 15.8 335 3.2 6.8
Thur PM 33.1 70.1 1.00 0.20 0.98 74.2 157.1 2.25 0.44 2.21 15.8 334 3.2 6.7
AZHW12 Wed AM 14.3 30.4 2.1 537
Wed PM 14.1 29.8 2.6 55
Thur AM 8.4 17.8 0.27 0.05 0.27 14.3 30.4 0.47 0.09 0.46 15.6 33.0 3.1 6.6
Thur PM 11.3 23.9 0.33 0.07 0.33 13.0 27.5 0.38 0.08 0.38 11.9 252 2.0 4.2
CAES17 Wed AM 86.6 183.5 4.90 0.96 4.82 126.9 268.8 7.17 1.41 7.10 15.2 32.1 3.0 6.3
Wed PM 88.4 187.4 4.68 0.92 4.60 129.5 274.4 6.86 1.35 6.79 10.7 22.6 1.7 3.5
Thur AM 69.6 147.5 3.52 0.69 3.46 199.9 423.6 10.10 1.99 9.95 16.7 353 3.5 7.4
Thur PM 96.4 204.3 5.22 1.03 5.13 201.7 427.3 10.92 2.15 10.78 14.1 29.9 2.6 5.6
CAEW07 Wed AM 109.2 231.3 3.09 0.61 2.75 306.4 649.1 8.67 1.71 7.74 43.5 92.1 21.5 45.5
Wed PM 213.1 451.6 6.42 1.26 5.72 436.1 923.9 13.15 2,59 11.75 10.7 22.7 1.7 3.5
Thur AM 45.4 96.2 1.17 0.23 1.05 164.7 349.0 4.26 0.84 3.80 68.9 146.0 53.3 112.9
Thur PM 206.8 438.2 6.23 1.23 5.55 762.4 1615.1 22.98 4.52 20.50
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OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person

CAEW09 Wed AM 14.2 30.0 0.21 0.04 0.19 101.0 214.0 1.52 0.30 1.36
Wed PM 22.5 47.6 0.69 0.14 0.61 36.9 78.2 1.13 0.22 1.01 17.4 36.8 3.8 8.0
Thur AM 62.8 133.1 0.96 0.19 0.85 248.6 526.6 3.78 0.74 3.37
Thur PM 21.6 45.7 0.50 0.10 0.44 37.0 78.3 0.85 0.17 0.76 19.0 40.2 4.4 9.4

CAJSO1 Wed AM 733 155.3 60.2 127.5
Wed PM
Thur AM 21.2 45.0 0.67 0.13 0.62 27.7 58.6 0.79 0.16 0.82 46.5 98.5 24.5 51.9
Thur PM 35.3 74.7 1.00 0.20 0.93 51.4 109.0 133 0.26 1.37 107.1 226.8 127.9 270.9

CAJS02 Wed AM 0.00 0.00 0.00 82.69 16.27 88.84 61.8 131.0 42.9 91.0
Wed PM 224.9 476.5 10.89 2.14 11.70 900.2 1907.2 43.59 8.58 46.88 32.8 69.5 12.4 26.3
Thur AM 91.7 194.3 4.66 0.92 5.01 349.4 740.2 17.75 3.49 19.09 79.3 167.9 70.3 149.0
Thur PM 87.3 184.8 5.06 1.00 5.43 281.6 596.6 16.32 3.21 17.56

CAJS03 Wed AM 18.4 38.9 0.58 0.11 0.62 327.9 694.8 10.30 2.03 11.07 74.8 158.5 62.7 132.8
Wed PM 84.8 179.6 3.74 0.74 4.02 224.5 475.7 9.90 1.95 10.66 23.9 50.7 6.8 14.4
Thur AM 55.4 117.3 2.07 0.41 2.23 218.1 462.0 8.16 1.61 8.78 87.1 184.6 84.9 179.9
Thur PM 68.2 144.6 2.78 0.55 2.99 193.7 410.4 7.90 1.55 8.50

CAJS21 Wed AM 25.4 53.8 7.4 15.7
Wed PM 25.6 54.2 10.3 21.9
Thur AM 31.7 67.2 11.3 23.9
Thur PM 28.5 60.4 9.2 19.5

CAJS22 Wed AM 11.6 24.5 0.42 0.08 0.38 27.7 58.7 1.00 0.20 0.92
Wed PM 14.6 31.0 0.52 0.10 0.47 30.1 63.8 1.06 0.21 0.97 14.9 31.6 2.8 6.0
Thur AM 10.7 22.7 0.32 0.06 0.29 38.2 80.9 1.12 0.22 1.03
Thur PM 53 11.3 0.20 0.04 0.19 252 53.3 0.97 0.19 0.89

CAJS23 Wed AM 473 100.2 2.67 0.52 2.44 68.6 145.4 3.87 0.76 3.57 13.9 29.5 2.5 53
Wed PM 11.2 23.7 0.59 0.12 0.54 79.4 168.2 4.21 0.83 3.85 22.5 47.7 5.9 12.5
Thur AM 0.0 0.0 0.00 0.00 0.00 94.3 199.8 5.00 0.98 4.58 22.8 48.3 6.0 12.8
Thur PM 0.0 0.0 0.00 0.00 0.00 119.7 253.7 5.13 1.01 4.70 16.1 34.2 3.2 6.9

CAJWI18 Wed AM 47.8 101.2 1.50 0.30 1.46 85.9 182.1 2.71 0.53 2.64 12.9 27.3 2.3 4.8
Wed PM 413 87.5 1.22 0.24 1.18 84.0 177.9 2.48 0.49 242 13.0 27.6 2.3 4.9
Thur AM 443 93.9 1.17 0.23 1.13 156.0 330.4 4.11 0.81 3.99 14.9 31.6 2.9 6.1
Thur PM 42.7 90.4 1.15 0.23 1.12 109.1 231.1 2.94 0.58 2.86 12.0 25.5 2.0 4.3

CAJW19 Wed AM 87.7 185.7 2.69 0.53 2.61 247.5 524.3 7.59 1.49 7.38 32.1 68.1 11.9 25.3
Wed PM 113.8 241.0 3.57 0.70 3.46 228.5 484.2 7.17 1.41 6.98 27.1 57.4 8.6 18.2
Thur AM 96.0 203.3 3.01 0.59 2.92 178.5 378.2 5.60 1.10 5.46 24.3 51.4 7.0 14.8
Thur PM 82.4 174.6 2.59 0.51 2.51 224.7 476.0 7.05 1.39 6.85

CAJW20 Wed AM 57.6 122.0 1.82 0.36 1.60 60.4 128.1 1.91 0.38 1.70 22.4 47.4 6.0 12.7
Wed PM 70.6 149.6 117/ 0.39 1.74 78.7 166.7 2.20 0.43 1.96 21.7 46.0 5. 12.0
Thur AM 68.1 144.2 1.93 0.38 1.70 40.8 86.5 1.16 0.23 1.06 253 53.5 7.5 16.0
Thur PM 60.3 127.8 1.81 0.36 1.59 47.4 100.4 1.42 0.28 1.28 21.6 45.7 5.6 11.9
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OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person

CAEW09 Wed AM 14.2 30.0 0.21 0.04 0.19 101.0 214.0 1.52 0.30 1.36
Wed PM 22.5 47.6 0.69 0.14 0.61 36.9 78.2 1.13 0.22 1.01 17.4 36.8 3.8 8.0
Thur AM 62.8 133.1 0.96 0.19 0.85 248.6 526.6 3.78 0.74 3.37
Thur PM 21.6 45.7 0.50 0.10 0.44 37.0 78.3 0.85 0.17 0.76 19.0 40.2 4.4 9.4

CAJSO1 Wed AM 733 155.3 60.2 127.5
Wed PM
Thur AM 21.2 45.0 0.67 0.13 0.62 27.7 58.6 0.79 0.16 0.82 46.5 98.5 24.5 51.9
Thur PM 35.3 74.7 1.00 0.20 0.93 51.4 109.0 133 0.26 1.37 107.1 226.8 127.9 270.9

CAJS02 Wed AM 0.00 0.00 0.00 82.69 16.27 88.84 61.8 131.0 42.9 91.0
Wed PM 224.9 476.5 10.89 2.14 11.70 900.2 1907.2 43.59 8.58 46.88 32.8 69.5 12.4 26.3
Thur AM 91.7 194.3 4.66 0.92 5.01 349.4 740.2 17.75 3.49 19.09 79.3 167.9 70.3 149.0
Thur PM 87.3 184.8 5.06 1.00 5.43 281.6 596.6 16.32 3.21 17.56

CAJS03 Wed AM 18.4 38.9 0.58 0.11 0.62 327.9 694.8 10.30 2.03 11.07 74.8 158.5 62.7 132.8
Wed PM 84.8 179.6 3.74 0.74 4.02 224.5 475.7 9.90 1.95 10.66 23.9 50.7 6.8 14.4
Thur AM 55.4 117.3 2.07 0.41 2.23 218.1 462.0 8.16 1.61 8.78 87.1 184.6 84.9 179.9
Thur PM 68.2 144.6 2.78 0.55 2.99 193.7 410.4 7.90 1.55 8.50

CAJS21 Wed AM 25.4 53.8 7.4 15.7
Wed PM 25.6 54.2 10.3 21.9
Thur AM 31.7 67.2 11.3 23.9
Thur PM 28.5 60.4 9.2 19.5

CAJS22 Wed AM 11.6 24.5 0.42 0.08 0.38 27.7 58.7 1.00 0.20 0.92
Wed PM 14.6 31.0 0.52 0.10 0.47 30.1 63.8 1.06 0.21 0.97 14.9 31.6 2.8 6.0
Thur AM 10.7 22.7 0.32 0.06 0.29 38.2 80.9 1.12 0.22 1.03
Thur PM 53 11.3 0.20 0.04 0.19 252 53.3 0.97 0.19 0.89

CAJS23 Wed AM 473 100.2 2.67 0.52 2.44 68.6 145.4 3.87 0.76 3.57 13.9 29.5 2.5 53
Wed PM 11.2 23.7 0.59 0.12 0.54 79.4 168.2 4.21 0.83 3.85 22.5 47.7 5.9 12.5
Thur AM 0.0 0.0 0.00 0.00 0.00 94.3 199.8 5.00 0.98 4.58 22.8 48.3 6.0 12.8
Thur PM 0.0 0.0 0.00 0.00 0.00 119.7 253.7 5.13 1.01 4.70 16.1 34.2 3.2 6.9

CAJWI18 Wed AM 47.8 101.2 1.50 0.30 1.46 85.9 182.1 2.71 0.53 2.64 12.9 27.3 2.3 4.8
Wed PM 413 87.5 1.22 0.24 1.18 84.0 177.9 2.48 0.49 242 13.0 27.6 2.3 4.9
Thur AM 443 93.9 1.17 0.23 1.13 156.0 330.4 4.11 0.81 3.99 14.9 31.6 2.9 6.1
Thur PM 42.7 90.4 1.15 0.23 1.12 109.1 231.1 2.94 0.58 2.86 12.0 25.5 2.0 4.3

CAJW19 Wed AM 87.7 185.7 2.69 0.53 2.61 247.5 524.3 7.59 1.49 7.38 32.1 68.1 11.9 25.3
Wed PM 113.8 241.0 3.57 0.70 3.46 228.5 484.2 7.17 1.41 6.98 27.1 57.4 8.6 18.2
Thur AM 96.0 203.3 3.01 0.59 2.92 178.5 378.2 5.60 1.10 5.46 24.3 51.4 7.0 14.8
Thur PM 82.4 174.6 2.59 0.51 2.51 224.7 476.0 7.05 1.39 6.85

CAJW20 Wed AM 57.6 122.0 1.82 0.36 1.60 60.4 128.1 1.91 0.38 1.70 22.4 47.4 6.0 12.7
Wed PM 70.6 149.6 117/ 0.39 1.74 78.7 166.7 2.20 0.43 1.96 21.7 46.0 5. 12.0
Thur AM 68.1 144.2 1.93 0.38 1.70 40.8 86.5 1.16 0.23 1.06 253 53.5 7.5 16.0
Thur PM 60.3 127.8 1.81 0.36 1.59 47.4 100.4 1.42 0.28 1.28 21.6 45.7 5.6 11.9
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OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person

FLGS04 Wed AM 11.0 23.2 0.61 0.12 0.60 20.2 42.8 1.13 0.22 1.12 9.9 21.0 1.5 3.1
Wed PM 6.1 13.0 0.32 0.06 0.31 19.3 40.9 1.00 0.20 0.99 8.4 17.8 1.2 2.4
Thur AM 16.6 35.1 0.81 0.16 0.80 23.1 48.9 1.13 0.22 1.12 9.6 20.3 14 3.0
Thur PM 6.6 13.9 0.32 0.06 0.32 21.2 45.0 1.04 0.20 1.03 8.8 18.6 1.2 2.6

FLGS11 Wed AM 8L 6.7 0.09 0.02 0.10 13.7 29.0 0.37 0.07 0.42
Wed PM 3.9 8.4 0.10 0.02 0.11 11.5 24.5 0.28 0.06 0.32
Thur AM 7.1 14.9 0.18 0.04 0.20 12.7 26.9 0.32 0.06 0.37
Thur PM 4.9 10.4 0.12 0.02 0.14 12.4 26.2 0.31 0.06 0.35 6.8 14.4 0.8 1.8

FLGS12 Wed AM 12.5 26.5 2.1 4.4
Wed PM 252 53.3 1.09 0.21 1.16 36.5 77.3 1.58 0.31 1.70 8.9 18.9 1.2 2.6
Thur AM 16.2 343 0.69 0.13 0.73 46.2 97.9 1.95 0.38 2.10 11.2 23.7 1.8 3.7
Thur PM 22.7 48.2 1.23 0.24 1.32 24.1 51.0 1.30 0.26 1.41 9.1 19.4 1.3 2.7

GADSO01 Wed AM 20.7 43.9 0.61 0.12 0.57 60.6 128.4 1.77 0.35 1.68 22.4 47.5 5.9 12.4
Wed PM 40.4 85.6 0.95 0.19 0.90 76.7 162.4 1.80 0.35 1.71 18.2 38.5 4.0 8.5
Thur AM 32.9 69.6 0.81 0.16 0.77 61.7 130.8 1.53 0.30 1.45 27.5 58.3 8.6 18.2
Thur PM 51.5 109.2 1.25 0.25 1.19 82.4 174.6 2.01 0.39 1.91

GADSO02 Wed AM 25.9 55.0 0.45 0.09 0.43 43.7 92.7 0.77 0.15 0.73 14.2 30.0 2.6 55
Wed PM 29.0 61.3 0.60 0.12 0.57 29.6 62.7 0.61 0.12 0.59 14.4 30.5 2.1 5.6
Thur AM 17.3 36.7 0.32 0.06 0.30 49.5 104.8 0.91 0.18 0.86 17.6 37.3 3.8 8.0
Thur PM 36.4 77.2 0.69 0.14 0.65 39.6 83.8 0.75 0.15 0.72

GADSO03 Wed AM 13.3 28.3 0.53 0.10 0.53 18.3 38.8 0.72 0.14 0.73 .1 16.4 1.0 2.1
Wed PM 0.0 0.0 0.00 0.00 0.00 11.8 25.1 0.56 0.11 0.56 6.5 13.7 0.8 1.7
Thur AM 6.2 13.0 0.27 0.05 0.27 17.5 37.0 0.76 0.15 0.76 93 19.6 1.3 2.8
Thur PM 0.0 0.0 0.00 0.00 0.00 14.1 29.9 0.57 0.11 0.57

ILBSO01 Wed AM 31.9 67.7 1.09 0.21 1.08 40.0 84.8 1.36 0.27 1.37 15.8 335 3.1 6.6
Wed PM 23.6 50.0 0.76 0.15 0.75 36.8 78.0 1.18 0.23 1.18 12.0 25.5 2.0 4.2
Thur AM 16.2 34.4 0.46 0.09 0.46 60.1 127.4 1.71 0.34 1.71 14.4 30.5 2.1 5.6
Thur PM 14.9 31.6 0.39 0.08 0.38 343 72.6 0.88 0.17 0.88 11.3 24.0 1.8 3.8

ILBS02 Wed AM 0.0 0.0 0.00 0.00 0.00 141.1 298.9 4.73 0.93 5.33 26.8 56.8 8.2 17.3
Wed PM 19.1 40.5 0.56 0.11 0.64 135.6 287.4 3.99 0.79 4.51 253 53.5 73 15.5
Thur AM 39.9 84.4 0.89 0.18 1.00 284.1 601.9 6.35 1.25 7.16 29.2 61.9 9.7 20.5
Thur PM 0.0 0.0 0.00 0.00 0.00 246.0 521.2 5.75 1.13 6.48

ILBS03 Wed AM 128.8 272.9 3.42 0.67 3.51 192.9 408.6 5.12 1.01 5.30 23.1 49.0 6.2 13.1
Wed PM 91.3 193.4 3.06 0.60 3.14 134.9 285.7 4.52 0.89 4.68 18.0 38.1 3.9 8.3
Thur AM 156.0 330.6 345 0.68 3.55 233.7 495.0 5.17 1.02 5.35 423 89.5 19.7 41.7
Thur PM 52.3 110.7 1.65 0.32 1.70 150.1 318.0 4.74 0.93 4.88

LAGWO04 Wed AM 74.7 158.3 1.83 0.36 1.88 159.9 338.8 3.92 0.77 4.04 16.3 34.6 34 7.2
Wed PM 10.8 22.8 0.28 0.06 0.29 78.9 167.2 2.08 0.41 2.14 10.2 21.5 1.5 3.2
Thur AM 49.0 103.9 1.16 0.23 1.20 64.7 137.0 1.53 0.30 1.59 14.6 31.0 2.8 5.9
Thur PM 32.9 69.6 0.77 0.15 0.79 70.4 149.1 1.64 0.32 1.70
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OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person
LAGWO05 Wed AM 11.0 233 1.7 3.7
Wed PM 11.0 232 1.7 3.7
Thur AM 12.2 25.8 2.1 4.3
Thur PM 12.9 27.3 2.2 4.8
LAGWO06 Wed AM 12.9 27.4 23 4.8
Wed PM 12.6 26.7 2.2 4.6
Thur AM 122 26.0 2.1 4.4
Thur PM 12.0 25.4 2.0 4.2
MABWO05 Wed AM 4.5 9.6 0.15 0.03 0.14 4.6 9.7 0.15 0.03 0.14 9.8 20.8 1.4 3.1
Wed PM 12.0 253 0.36 0.07 0.33 7.8 16.6 0.23 0.05 0.22 8.4 17.7 1.1 2.4
Thur AM 13:2 27.9 0.43 0.09 0.40 8.7 18.3 0.28 0.06 0.27 10.6 22.4 1.6 3.4
Thur PM 9.8 20.7 0.31 0.06 0.28 7.2 15.3 0.23 0.04 0.22 9.5 20.2 1.4 2.9
MABWO06 Wed AM 36.2 76.7 1.91 0.38 1.91 28.6 60.5 1.51 0.30 1.55 223 47.2 6.0 12.6
Wed PM 39.4 83.5 2.03 0.40 2.04 30.9 65.4 1.59 0.31 1.64 18.1 38.4 4.1 8.6
Thur AM 35.6 75.4 1.58 0.31 1.58 25.8 54.6 1.14 0.22 1.18 16.5 35.0 34 7.3
Thur PM 259 54.8 1.42 0.28 1.42 13.7 29.1 0.75 0.15 0.79 15.8 334 3.2 6.7
MABWO08 Wed AM 46.3 98.0 2.82 0.55 2.83 46.2 97.8 2.81 0.55 2.86 24.6 52.1 7.2 15.2
Wed PM 41.6 88.1 3.22 0.63 3.23 29.1 61.8 2.25 0.44 2.33 29.1 61.7 9.9 20.9
Thur AM 37.7 79.9 2.83 0.56 2.84 36.7 7.7 2.75 0.54 2.80 32.0 67.7 11.8 25.0
Thur PM 34.2 72.4 2.88 0.57 2.89 33.3 70.6 2.81 0.55 2.86 314 66.6 11.4 24.2
MDDSO01 Wed AM 17.8 37.6 0.70 0.14 0.53 79.3 168.1 3.12 0.61 237 23.4 49.7 6.4 13.5
Wed PM 122.2 259.0 3.06 0.60 2.33 764.0 1618.6 19.10 3.76 14.54 273 57.8 8.5 17.9
Thur AM 12.4 26.3 0.40 0.08 0.30 97.9 207.3 3.15 0.62 2.39 35.6 75.3 14.1 29.8
Thur PM 0.0 0.0 0.00 0.00 0.00 94.1 199.4 3.36 0.66 2.56 30.8 65.2 10.7 22.6
MDDSO03 Wed AM 12.3 26.1 0.60 0.12 0.70 72.6 153.8 3.51 0.69 4.12 8.5 18.0 1.1 2.4
Wed PM 3.5 7.3 0.16 0.03 0.19 10.2 21.5 0.48 0.09 0.56 7.6 16.0 1.0 2.1
Thur AM 2.3 4.9 0.11 0.02 0.32 10.4 22.1 0.50 0.10 0.59 8.9 18.9 1.2 2.6
Thur PM 4.4 9.3 0.18 0.04 0.18 10.0 21.2 0.41 0.08 0.47 7.9 16.8 1.0 22
MDDS04 Wed AM 9.8 20.7 0.41 0.08 0.33 16.7 35.4 0.70 0.14 0.57 11.1 235 1.7 3.6
Wed PM 5.9 12.4 0.23 0.05 0.19 13.1 27.7 0.52 0.10 0.43 9.6 20.4 14 2.9
Thur AM 10.7 22.6 0.39 0.08 0.32 15.8 334 0.58 0.11 0.48 10.3 21.9 1.5 33
Thur PM 5.0 10.5 0.22 0.04 0.18 10.6 22.4 0.46 0.09 0.38 8.5 17:9 1.1 2.4
MIBWO01 Wed AM 32.0 67.7 1.15 0.23 1.11 27.6 58.4 0.99 0.20 0.98 19.9 42.2 4.8 10.2
Wed PM 22.1 46.9 0.88 0.17 0.85 29.2 61.8 1.16 0.23 1.13 18.2 38.5 4.1 8.7
Thur AM 152 32.1 0.61 0.12 0.59 34.9 74.0 1.41 0.28 1.37 18.1 38.3 4.1 8.6
Thur PM 31.7 67.1 1.12 0.22 1.09 34.0 72.1 1.21 0.24 1.18 18.8 39.8 4.4 9.2
MIBWO03 Wed AM 31.6 67.0 1.34 0.26 1.34 46.4 98.4 1.97 0.39 1.99 19.9 42.2 4.9 10.3
Wed PM 34.3 72.7 1.89 0.37 1.89 433 91.7 2.38 0.47 2.40 18.7 39.5 4.3 9.1
Thur AM 35.1 74.3 1.71 0.34 1.71 52.3 110.8 2.55 0.50 2.57 21.4 45.2 5.5 11.7
Thur PM 49.1 104.1 3.11 0.61 3.11 42.6 90.3 2.70 0.53 2.75 18.4 39.0 4.2 8.9
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Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person
MIBW04 Wed AM 22.8 48.3 1.02 0.20 1.02 19.0 40.3 0.85 0.17 0.87 21.9 46.4 5.8 12.2
Wed PM 24.4 51.7 1.02 0.20 1.02 24.0 50.8 1.00 0.20 1.01 21.8 46.2 5.7 12.1
Thur AM 17.8 37.8 0.71 0.14 0.71 24.5 51.9 0.97 0.19 0.98 20.3 43.0 5.0 10.6
Thur PM 37.8 80.0 1.11 0.22 1.11 39.1 82.7 1.15 0.23 1.17 20.6 43.7 5.2 10.9
MNBWO01 Wed AM 73.4 155.5 1.41 0.28 1.38 58.9 124.9 1.13 0.22 1.14 17.2 36.4 3.7 7.9
Wed PM 69.7 147.7 1.29 0.25 1.27 71.6 151.7 1.32 0.26 1.32 15.4 32.6 3.1 6.5
Thur AM 52.9 112.0 0.94 0.19 0.93 792 167.8 1.41 0.28 1.40 18.3 38.8 4.2 8.8
Thur PM 87.8 185.9 1.33 0.26 1.31 90.9 192.5 1.38 0.27 1.38 18.0 38.1 4.0 8.5
MNBWO02 Wed AM 58.1 1232 1.20 0.24 1.28 73.0 154.6 1.51 0.30 1.63 29.4 62.4 10.1 21.4
Wed PM 58.7 124.5 1.54 0.30 1.64 95.8 203.0 2.50 0.49 2.70 29.8 63.2 10.3 21.9
Thur AM 38.8 82.3 1.07 0.21 1.14 61.1 129.4 1.68 0.33 1.81 28.3 60.0 9.4 19.8
Thur PM 63.5 134.5 1.53 0.30 1.64 114.5 242.5 2.75 0.54 2.96 41.1 87.1 19.2 40.7
MNBWO04 Wed AM 107.6 228.0 1.93 0.38 2.12 65.1 137.8 1.17 0.23 1.33 20.2 42.8 5.2 11.1
Wed PM 300.5 636.7 2.79 0.55 3.06 229.1 485.3 2.12 0.42 2.39 44.7 94.8 24.0 50.9
Thur AM 106.8 226.2 2.29 0.45 2.51 97.0 205.5 2.08 0.41 2.32 30.5 64.7 11.4 24.2
Thur PM 103.1 218.5 2.27 0.45 2.49 76.3 161.7 1.68 0.33 1.89 36.2 76.6 15.8 33.6
MOCS01 Wed AM 14.9 31.7 0.52 0.10 0.57 21.7 46.0 0.76 0.15 0.84 19.4 41.1 4.6 9.8
Wed PM 24.1 51.1 0.84 0.17 0.93 24.0 50.8 0.84 0.17 0.93 21.9 46.3 5.8 12.2
Thur AM 14.8 31.3 0.59 0.12 0.65 26.8 56.7 1.07 0.21 1.18 21.8 46.1 5.7 12.1
Thur PM 18.2 38.6 0.61 0.12 0.67 26.5 56.1 0.89 0.18 0.99
MOCS05 Wed AM 323 68.4 1.03 0.20 0.92 48.5 102.7 1.55 0.30 1.39 299 63.3 10.4 22.0
Wed PM 259 54.9 0.79 0.16 0.70 41.2 87.2 1.25 0.25 1.12 272 57.7 8.7 18.4
Thur AM 24.1 51.0 0.70 0.14 0.62 354 74.9 1.02 0.20 0.92 223 473 6.0 12.7
Thur PM 17.6 373 0.58 0.11 0.51 21.5 45.4 0.70 0.14 0.63 18.7 39.6 4.3 9.1
NCDW02 Wed AM 88.4 187.2 2.26 0.45 2.94 97.7 206.9 2.50 0.49 329 24.5 51.9 6.9 14.7
Wed PM 76.7 162.6 231 0.45 3.00 83.5 176.9 2150 0.50 331 31.3 66.3 11.0 233
Thur AM 32.6 69.0 1.21 0.24 1.57 55.1 116.8 2.05 0.40 2.68 25.8 54.6 7.6 16.1
Thur PM SIS 110.0 1.98 0.39 2.57 6.6 136.9 247 0.49 323 30.5 64.7 10.5 22.2
NCDWO03 Wed AM 15.8 33.6 3.1 6.6
Wed PM 13.0 27.6 2.2 4.8
Thur AM 11.9 252 1.9 4.1
Thur PM 14.5 30.6 2.1 537
NCDWO06 Wed AM 50.6 107.2 2.81 0.55 2.55 37.3 78.9 2.07 0.41 1.93 18.2 38.5 4.0 8.5
Wed PM 423 89.6 2.76 0.54 2.51 54.7 115.9 3.57 0.70 3.28 17.5 37.1 3.7 7.9
Thur AM 35.0 74.2 2.57 0.51 2.33 31.7 67.2 2.32 0.46 2.15 22.8 48.3 6.0 12.8
Thur PM 30.2 64.0 1.91 0.38 1.74 30.5 64.5 1.93 0.38 1.78 17.4 37.0 3.7 7.9
NECWO01 Wed AM 27.6 58.6 1.39 0.27 1.05 22.4 47.5 1.13 0.22 0.87 19.2 40.7 4.5 9.6
Wed PM 36.4 77.1 1.79 0.35 1.35 36.7 77.8 1.80 0.36 1.38 22.1 46.7 5.8 12.4
Thur AM 28.6 60.6 1.52 0.30 1.15 26.8 56.8 1.42 0.28 1.09 21.5 45.5 5.6 11.8
Thur PM 1.98 0.39 1.49 2.09 0.41 1.60 25.0 52.9 7.4 15.6




68

OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person

NECWO02 Wed AM 201.1 426.0 5.74 1.13 4.34 497.1 1053.2 14.19 2.79 10.76 70.2 148.6 55.2 116.9
Wed PM 128.5 272.2 4.22 0.83 3.19 219.5 465.0 7.22 1.42 5.48 74.0 156.8 61.4 130.0
Thur AM 163.1 345.5 5.78 1.14 4.37 403.2 854.2 14.30 2.81 10.84 83.1 176.0 77.2 163.5
Thur PM 338.6 717.4 6.45 1.27 4.87 768.8 1628.9 14.63 2.88 11.10 42.2 89.3 20.2 42.8

NECWO03 Wed AM 31.8 67.4 2.08 0.41 2.09 41.2 87.3 2.70 0.53 2.73 24.2 51.3 7.0 14.8
Wed PM 38.3 81.2 2.33 0.46 2.34 65.1 138.0 3.97 0.78 4.00 30.7 65.1 11.0 23.2
Thur AM 29.1 61.8 1.93 0.38 1.94 42.9 90.9 2.84 0.56 2.87 27.1 57.4 8.6 18.2
Thur PM 59.2 1255 3.88 0.76 3.89 55.2 117.0 3.62 0.71 3.69

NMESO01 Wed AM 95.0 201.2 1.98 0.39 1.98 79.6 168.7 1.66 0.33 1.70 20.6 43.6 5.0 10.6
Wed PM 66.0 139.9 1.59 0.31 1.59 63.0 133.4 1.51 0.30 1.54 18.4 39.0 4.1 8.7
Thur AM 86.6 183.4 1.62 0.32 1.62 69.0 146.1 1.29 0.25 1.32 222 47.1 5.8 12.2
Thur PM 47.5 100.6 1.27 0.25 1.27 56.7 120.2 1.52 0.30 1.54 17.5 37.1 3.7 7.9

NMES02 Wed AM 66.2 140.2 2.65 0.52 2.47 105.0 2225 4.21 0.83 3.95 31.3 66.3 11.0 233
Wed PM 158.9 336.7 5.69 1.12 531 106.6 225.9 3.82 0.75 3.68 24.0 50.8 6.6 14.1
Thur AM 158.7 336.3 5.82 1.15 5.43 259.7 550.3 9:52 1.87 8.93 35.2 74.6 13.8 29.2
Thur PM 107.4 227.5 4.12 0.81 3.84 153.5 325.2 5.89 1.16 5.53 342 72.4 13.0 27.6

NMESO03 Wed AM 12.6 26.8 0.77 0.15 0.72 15.7 33.2 0.96 0.19 0.90 12.9 27.4 2.2 4.7
Wed PM 33.0 70.0 1.29 0.25 1.20 324 68.6 1.26 0.25 1.20 12.1 25.7 2.0 4.2
Thur AM 21.2 45.0 0.96 0.19 0.89 23.2 49.0 1.04 0.21 0.99 11.0 23.4 1.7 3.6
Thur PM 252 53.3 1.05 0.21 0.98 23.6 50.0 0.99 0.19 0.93

NVAWO01 Wed AM 138.1 292.5 5.74 1.13 6.03 217.7 461.3 9.06 1.78 9.56 36.0 76.2 14.8 314
Wed PM 136.6 289.5 5.80 1.14 6.09 216.1 457.8 9:17 1.80 9.68 34.7 73.5 13.8 29.3
Thur AM 110.1 2333 4.67 0.92 4.90 211.3 447.6 8.97 1.77 9.45 343 72.7 13.5 28.7
Thur PM 91.5 193.9 342 0.67 3.59 145.6 308.5 5.44 1.07 5.74 293 62.1 10.0 21.2

NVAWO02 Wed AM 57.0 120.7 2.72 0.53 2.57 67.6 143.2 3.22 0.63 3.08 31.5 66.8 1S 24.4
Wed PM 138.0 292.3 4.63 0.91 4.38 140.0 296.7 4.70 0.93 4.50 30.7 65.0 10.9 23.1
Thur AM 138.4 293.3 4.04 0.79 3.81 554.3 1174.3 16.16 3.18 15.28 252 53.3 7.5 15.8
Thur PM 43.5 92.1 1.54 0.30 1.45 129.9 275.1 4.59 0.90 434 20.2 42.7 5.0 10.5

NVAWO03 Wed AM 92.0 194.9 3.90 0.77 3.69 255.6 541.5 10.84 213 10.26 334 70.8 12.9 273
Wed PM 98.9 209.6 4.97 0.98 4.70 199.0 421.6 10.01 1.97 9.49 39.7 84.2 18.0 38.1
Thur AM 49.3 104.4 3.40 0.67 3.21 83.5 176.9 5.76 1.13 5.47 423 89.5 20.3 43.0
Thur PM 88.3 187.0 5.14 1.01 4.85 249.5 528.5 14.52 2.86 13.74 55.5 117.6 34.7 73.6

NYBSO01 Wed AM 51.6 109.4 2.02 0.40 2.08 105.6 223.8 4.14 0.82 4.28 25.4 53.8 7.4 15.6
Wed PM 78.2 165.6 1.84 0.36 1.89 158.1 335.0 3.72 0.73 3.84 22.8 48.3 6.0 12.8
Thur AM 84.5 179.1 243 0.48 2.50 124.5 263.8 3.58 0.70 3.71 22.4 47.4 5.8 12.4
Thur PM 52.1 110.4 1.98 0.39 2.03 103.9 220.1 3.94 0.78 4.07 19.1 40.5 4.4 9.3

NYBS02 Wed AM 79.9 169.2 3.10 0.61 2.81 131.8 2792 5.11 1.01 4.67 18.1 38.4 4.0 8.4
Wed PM 73.9 156.6 3.60 0.71 3.27 60.8 128.8 2.96 0.58 2.75 14.1 29.9 2.6 5.4
Thur AM 48.5 102.7 2.17 0.43 1.97 56.4 119.5 2.52 0.50 2.32 16.0 33.8 3.2 6.7
Thur PM 50.5 107.0 1.91 0.38 1.73 36.7 77.9 1.39 0.27 1.30




06

OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person

NYBS04 Wed AM 0.0 0.0 0.00 0.00 0.00 43.0 91.0 1.81 0.36 1.83 16.9 359 3.5 15
Wed PM 9.3 19.8 0.31 0.06 0.32 31.7 67.2 1.07 0.21 1.08 14.9 31.6 2.8 6.0
Thur AM 49.7 105.4 2.40 0.47 243 68.0 144.0 3.28 0.65 3.35 13.1 27.6 23 4.8
Thur PM 17.7 37.5 0.68 0.13 0.68 50.5 107.0 1.93 0.38 1.96 11.3 24.0 1.8 3.8

NYBSO05 Wed AM 16.3 34.6 0.81 0.16 0.69 11.2 23.7 0.56 0.11 0.49 12.9 27.3 2.2 4.7
Wed PM 12:0 25.5 0.56 0.11 0.48 13.7 29.1 0.64 0.13 0.55 12.2 25.9 2.0 4.3
Thur AM 159 33.7 0.70 0.14 0.60 13.5 28.6 0.60 0.12 0.52 122 25.9 2.0 4.3
Thur PM 179 37.8 0.86 0.17 0.73 10.7 22.6 0.51 0.10 0.46

NYBS07 Wed AM 36.9 78.1 1.95 0.38 1.81 70.9 150.2 3.75 0.74 3.49 19.0 40.3 4.3 9.2
Wed PM 58.9 124.8 221 0.43 2.05 58.8 124.7 2.21 0.43 2.08 22.1 46.8 5.7 12.1
Thur AM 38.0 80.6 1.83 0.36 1.70 72.3 153.1 3.47 0.68 3.23 21.9 46.3 5.6 11.8
Thur PM 7.4 15.8 0.30 0.06 0.28 52.8 111.9 2.13 0.42 1.98

ORIS03 Wed AM 38.3 81.2 16.8 35.5
Wed PM 38.2 81.0 16.7 35.4
Thur AM 44.1 93.4 22.0 46.7
Thur PM

ORIS04 Wed AM 122.6 259.8 167.7 355.3
Wed PM 69.2 146.7 2.65 0.52 2.85 147.6 312.7 5.65 1.11 6.10 41.2 87.3 19.3 40.9
Thur AM 103.1 218.4 4.55 0.89 4.88 234.1 495.9 10.32 2.03 11.12 213.4 452.1 506.7 1073.5
Thur PM 25.6 54.2 0.92 0.18 0.99 183.5 388.7 6.63 1.30 7.13 49.6 105.1 27.8 58.9

PABSO03 Wed AM 24.1 51.1 0.69 0.14 0.68 38.9 82.4 1.11 0.22 1.10 14.4 30.5 2.1 5.8
Wed PM 0.0 0.0 0.00 0.00 0.00 43.2 91.5 1.17 0.23 1.15 14.4 30.6 2.1 5.8
Thur AM 10.7 22.7 0.29 0.06 0.28 38.0 80.5 1.03 0.20 1.01 13.6 28.8 2.5 5.2
Thur PM 6.1 13.0 0.18 0.04 0.18 43.4 91.9 1.29 0.25 1.27 13.9 29.4 2.5 5.4

PABS04 Wed AM 5.9 12.6 0.44 0.09 0.42 7.8 16.5 0.58 0.11 0.55 9.6 20.3 14 3.0
Wed PM 10.1 21.5 0.69 0.14 0.65 8.1 173 0.56 0.11 0.54 9.8 20.7 14 3.1
Thur AM 9.8 20.7 0.75 0.15 0.71 8.9 18.9 0.68 0.13 0.66 10.1 21.4 1.5 3.2
Thur PM 9.5 20.2 0.63 0.12 0.60 9.2 19.6 0.61 0.12 0.59 10.7 22.6 1.7 3.5

SCDWO01 Wed AM 16.3 34.5 1.25 0.25 1.25 17.2 36.5 1.32 0.26 1.34 11.8 25.1 2.0 4.2
Wed PM 12.0 25.4 2.0 4.2
Thur AM 15.4 32.7 1.11 0.22 1.11 11.2 23.7 0.80 0.16 0.83 12.0 25.5 2.0 4.3
Thur PM 13:3 28.2 0.87 0.17 0.86 11.3 24.0 0.74 0.14 0.75

SCDWO02 Wed AM 41.1 87.0 2.16 0.43 1.81 60.8 128.9 3.21 0.63 2.70 193 40.9 4.6 9.7
Wed PM 34.7 73.5 2.05 0.40 1.71 50.9 107.9 3.00 0.59 2.53 9.5 20.1 1.4 2.9
Thur AM 35.8 75.9 211 0.42 1.76 53.0 112.3 3.13 0.62 2.63 19.9 42.1 4.8 10.2
Thur PM 73.0 154.6 3.85 0.76 3.21 78.0 165.2 4.11 0.81 3.48 15.0 31.8 2.9 6.2

SDBWO01 Wed AM 36.3 76.9 1.49 0.29 1.65 37.0 78.5 1.52 0.30 1.71 18.3 38.7 4.0 8.6
Wed PM 58.8 124.5 1.95 0.38 2.16 58.0 122.9 1.93 0.38 2.17 19.1 40.5 4.4 9.3
Thur AM 34.9 73.9 1.28 0.25 1.42 40.2 85.2 1.48 0.29 1.66 159 37.5 3.8 8.1
Thur PM 50.5 107.0 1.86 0.37 2.06 52.8 111.8 1.94 0.38 2.18 19.5 41.2 4.5 9.6




T6

OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person
SDBWO02 Wed AM 49.9 105.8 1.63 0.32 1.80 39.6 83.9 1.29 0.25 1.46 16.6 352 34 7.2
Wed PM 80.8 171.3 1.48 0.29 1.64 64.1 135.8 1.18 0.23 1.33 20.2 42.9 4.9 10.3
Thur AM 41.5 88.0 1.21 0.24 1.34 62.3 132.1 1.82 0.36 2.03 18.7 39.7 4.2 8.9
Thur PM 33.7 71.4 0.84 0.17 0.93 49.5 104.8 1.24 0.24 1.38
SDBW04 Wed AM 20.6 43.6 1.05 0.21 1.17 97.5 206.6 4.96 0.98 5.55 19.0 40.2 4.3 9.2
Wed PM 32.3 68.3 1.09 0.22 1.22 153.1 324.4 5.19 1.02 5.81 20.0 423 4.7 10.0
Thur AM 31.5 66.8 1.28 0.25 1.43 112.6 238.5 4.56 0.90 5.11 26.5 56.2 8.0 17.0
Thur PM 30.2 64.1 1.51 0.30 1.69 86.8 183.9 4.33 0.85 4.85 23.8 50.4 6.5 13.8
TNDSO05 Wed AM 18.1 38.4 4.1 8.6
Wed PM 213 45.1 5.5 11.6
Thur AM 20.2 42.9 5.0 10.6
Thur PM 26.4 55.9 8.2 17.4
TNDS06 Wed AM 22.4 47.5 0.73 0.14 0.66 28.2 59.7 0.91 0.18 0.83 13.8 29.2 2.5 53
Wed PM 26.2 55.6 0.75 0.15 0.68 22.7 48.1 0.65 0.13 0.60 133 28.2 2.4 5.1
Thur AM 8.7 18.4 0.43 0.08 0.39 12.7 26.8 0.63 0.12 0.57 15.8 33.4 3.2 6.7
Thur PM 13.1 27.7 0.47 0.09 0.43 19.1 40.5 0.69 0.14 0.63 13.6 28.9 2.5 5.2
TNDS07 Wed AM 0.0 0.0 0.00 0.00 0.00 93.4 197.8 3.94 0.78 4.24 23.0 48.7 6.3 13.4
Wed PM 17.6 373 1.07 0.21 1.15 50.9 107.8 3.10 0.61 3.34 19.5 413 4.6 9.8
Thur AM 0.0 0.0 0.00 0.00 0.00 49.8 105.5 3.16 0.62 3.39 18.2 38.6 4.1 8.7
Thur PM 0.0 0.0 0.00 0.00 0.00 65.4 138.6 3.98 0.78 4.28 18.1 38.4 4.1 8.6
TNFS08 Wed AM 17.0 36.1 0.94 0.19 1.01 8.7 18.4 0.48 0.09 0.54 10.5 22.3 1.6 3.4
Wed PM 18.7 39.6 0.77 0.15 0.83 11.7 24.8 0.48 0.10 0.54 10.0 21.2 1.5 3.1
Thur AM 13:9 29.4 0.77 0.15 0.82 9.9 20.9 0.55 0.11 0.60 10.2 21.7 1.5 3.2
Thur PM 14.7 31.2 0.80 0.16 0.86 12.3 26.1 0.67 0.13 0.74 10.1 21.4 1.5 3.2
TNFS09 Wed AM 7.2 15.2 0.62 0.12 0.64 8.1 171 0.70 0.14 0.73 10.1 21.4 1.5 3.2
Wed PM 6.3 13.3 0.40 0.08 0.41 9.4 20.0 0.59 0.12 0.61 9.2 19.6 1.3 2.8
Thur AM 6.4 13.6 0.50 0.10 0.51 7.4 15.6 0.57 0.11 0.60 9.9 21.0 1.5 3.1
Thur PM 5.8 123 0.45 0.09 0.46 5.1 10.8 0.39 0.08 0.41 8.4 17.9 1.1 2.4
TNFS10 Wed AM 78.3 165.8 3.93 0.77 3.26 85.1 180.3 4.28 0.84 3.58 23.8 50.5 6.6 13.9
Wed PM 62.5 132.4 3.25 0.64 2.69 121.3 257.1 6.31 1.24 5.24 21.1 44.6 5.2 11.1
Thur AM 89.0 188.6 4.16 0.82 3.44 84.9 179.9 3.97 0.78 3.34 28.1 59.6 9.0 19.0
Thur PM 60.8 128.9 3.22 0.63 2.66 108.7 230.2 5.75 1.13 4.78 26.1 55.2 7.8 16.4
TXFS01 Wed AM 6.6 14.0 0.22 0.04 0.18 18.8 39.7 0.62 0.12 0.51 13.1 27.7 2.3 4.9
Wed PM 7.4 15.7 0.25 0.05 0.21 17.0 36.0 0.58 0.11 0.48 8.8 18.7 1.2 2.6
Thur AM 7.6 16.1 0.31 0.06 0.25 21.9 46.4 0.88 0.17 0.73 13.7 29.1 2.5 53
Thur PM 9.6 20.4 0.26 0.05 0.22 22.7 48.2 0.62 0.12 0.52
TXFS02 Wed AM 10.4 21.9 0.30 0.06 0.33 30.0 63.6 0.86 0.17 0.97 13.0 27.5 2.3 4.8
Wed PM 0.0 0.0 0.00 0.00 0.00 34.6 73.4 0.83 0.16 0.94 10.6 22.4 1.6 3.5
Thur AM 0.0 0.0 0.00 0.00 0.00 38.6 81.8 1.22 0.24 1.37 13.8 29.2 2.5 5.4
Thur PM 3.4 7.1 0.07 0.01 0.08 33.8 71.6 0.72 0.14 0.81 10.5 22.3 1.6 3.4




Z6

OUTDOOR AIRFLOW

Uncertainty in peak CO,
CO,; Ratio Uncertainty in CO, ratio OA Peak CO, OA
Study Space
1D Period | L/seperson | cfm/person | L/sem® | cfm/ft’ h” | L/seperson | cfm/person | L/sem® | cfm/ft h?' | L/seperson | cfm/person | L/seperson |cfm/person
SDBWO02 Wed AM 49.9 105.8 1.63 0.32 1.80 39.6 83.9 1.29 0.25 1.46 16.6 352 34 7.2
Wed PM 80.8 171.3 1.48 0.29 1.64 64.1 135.8 1.18 0.23 1.33 20.2 42.9 4.9 10.3
Thur AM 41.5 88.0 1.21 0.24 1.34 62.3 132.1 1.82 0.36 2.03 18.7 39.7 4.2 8.9
Thur PM 33.7 71.4 0.84 0.17 0.93 49.5 104.8 1.24 0.24 1.38
SDBW04 Wed AM 20.6 43.6 1.05 0.21 1.17 97.5 206.6 4.96 0.98 5.55 19.0 40.2 4.3 9.2
Wed PM 32.3 68.3 1.09 0.22 1.22 153.1 324.4 5.19 1.02 5.81 20.0 423 4.7 10.0
Thur AM 31.5 66.8 1.28 0.25 1.43 112.6 238.5 4.56 0.90 5.11 26.5 56.2 8.0 17.0
Thur PM 30.2 64.1 1.51 0.30 1.69 86.8 183.9 4.33 0.85 4.85 23.8 50.4 6.5 13.8
TNDSO05 Wed AM 18.1 38.4 4.1 8.6
Wed PM 213 45.1 5.5 11.6
Thur AM 20.2 42.9 5.0 10.6
Thur PM 26.4 55.9 8.2 17.4
TNDS06 Wed AM 22.4 47.5 0.73 0.14 0.66 28.2 59.7 0.91 0.18 0.83 13.8 29.2 2.5 53
Wed PM 26.2 55.6 0.75 0.15 0.68 22.7 48.1 0.65 0.13 0.60 133 28.2 2.4 5.1
Thur AM 8.7 18.4 0.43 0.08 0.39 12.7 26.8 0.63 0.12 0.57 15.8 33.4 3.2 6.7
Thur PM 13.1 27.7 0.47 0.09 0.43 19.1 40.5 0.69 0.14 0.63 13.6 28.9 2.5 5.2
TNDS07 Wed AM 0.0 0.0 0.00 0.00 0.00 93.4 197.8 3.94 0.78 4.24 23.0 48.7 6.3 13.4
Wed PM 17.6 373 1.07 0.21 1.15 50.9 107.8 3.10 0.61 3.34 19.5 413 4.6 9.8
Thur AM 0.0 0.0 0.00 0.00 0.00 49.8 105.5 3.16 0.62 3.39 18.2 38.6 4.1 8.7
Thur PM 0.0 0.0 0.00 0.00 0.00 65.4 138.6 3.98 0.78 4.28 18.1 38.4 4.1 8.6
TNFS08 Wed AM 17.0 36.1 0.94 0.19 1.01 8.7 18.4 0.48 0.09 0.54 10.5 22.3 1.6 3.4
Wed PM 18.7 39.6 0.77 0.15 0.83 11.7 24.8 0.48 0.10 0.54 10.0 21.2 1.5 3.1
Thur AM 13:9 29.4 0.77 0.15 0.82 9.9 20.9 0.55 0.11 0.60 10.2 21.7 1.5 3.2
Thur PM 14.7 31.2 0.80 0.16 0.86 12.3 26.1 0.67 0.13 0.74 10.1 21.4 1.5 3.2
TNFS09 Wed AM 7.2 15.2 0.62 0.12 0.64 8.1 171 0.70 0.14 0.73 10.1 21.4 1.5 3.2
Wed PM 6.3 13.3 0.40 0.08 0.41 9.4 20.0 0.59 0.12 0.61 9.2 19.6 1.3 2.8
Thur AM 6.4 13.6 0.50 0.10 0.51 7.4 15.6 0.57 0.11 0.60 9.9 21.0 1.5 3.1
Thur PM 5.8 123 0.45 0.09 0.46 5.1 10.8 0.39 0.08 0.41 8.4 17.9 1.1 2.4
TNFS10 Wed AM 78.3 165.8 3.93 0.77 3.26 85.1 180.3 4.28 0.84 3.58 23.8 50.5 6.6 13.9
Wed PM 62.5 132.4 3.25 0.64 2.69 121.3 257.1 6.31 1.24 5.24 21.1 44.6 5.2 11.1
Thur AM 89.0 188.6 4.16 0.82 3.44 84.9 179.9 3.97 0.78 3.34 28.1 59.6 9.0 19.0
Thur PM 60.8 128.9 3.22 0.63 2.66 108.7 230.2 5.75 1.13 4.78 26.1 55.2 7.8 16.4
TXFS01 Wed AM 6.6 14.0 0.22 0.04 0.18 18.8 39.7 0.62 0.12 0.51 13.1 27.7 2.3 4.9
Wed PM 7.4 15.7 0.25 0.05 0.21 17.0 36.0 0.58 0.11 0.48 8.8 18.7 1.2 2.6
Thur AM 7.6 16.1 0.31 0.06 0.25 21.9 46.4 0.88 0.17 0.73 13.7 29.1 2.5 53
Thur PM 9.6 20.4 0.26 0.05 0.22 22.7 48.2 0.62 0.12 0.52
TXFS02 Wed AM 10.4 21.9 0.30 0.06 0.33 30.0 63.6 0.86 0.17 0.97 13.0 27.5 2.3 4.8
Wed PM 0.0 0.0 0.00 0.00 0.00 34.6 73.4 0.83 0.16 0.94 10.6 22.4 1.6 3.5
Thur AM 0.0 0.0 0.00 0.00 0.00 38.6 81.8 1.22 0.24 1.37 13.8 29.2 2.5 5.4
Thur PM 3.4 7.1 0.07 0.01 0.08 33.8 71.6 0.72 0.14 0.81 10.5 22.3 1.6 3.4




Appendix F: Renalaysis of BASE Ventilation Data

This appendix presents the letter report publish&dctober 2008 discussing the BASE
ventilation data reanalysis that led to the revigabthe original (2004) NIST report.

Reanalysis of BASE Ventilation Data

Letter Report to U.S. Environmental Protection Agerty
October 10, 2008

Andrew Persily
Building and Fire Research Laboratory
National Institute of Standards and Technology

ABSTRACT

In 2004, the National Institute of Standards andhfelogy (NIST) published an analysis of the
ventilation data collected as part of the U.S. Emvinental Protection Agency (EPA) Building
Assessment Survey and Evaluation (BASE) studyTtiat analysis provided a unique dataset of
office building ventilation rates, both design andasured, along with many insights into
building ventilation. The analysis also raised ques regarding the use of the difference
between peak indoor carbon dioxide @ CGoncentrations and the corresponding outdooy CO
concentrations to estimate building ventilatioresatas there was a systematic difference
between the ventilation rates based on this medinodhose based on duct traverse
measurements. The current study examined the gestcees between the peak indoor£0
based and traverse-based ventilation rates in deiegl. In addition, the overall ventilation rate
dataset was re-examined for consistency and, esudt,rsome errors were corrected.

SUMMARY OF ANALYSIS AND REPORT CONTENT

The BASE ventilation data reanalysis effort focusadwo primary areas: 1) general corrections
and adjustments to the original data; and 2) teagieement between the outdoor air ventilation
rates based on peak indoor Sf@ncentrations and those based on traverse mezsuteat the

air handlers (sometimes referred to as volumedtties). The corrections involved a detailed
review of the data files generated by Nationalitntt of Standards and Technology (NIST) and
provided to U.S. Environmental Protection Agenci? £ for the BASE (Building Assessment
Survey and Evaluation) CD distributed by EPA [B]addition, outliers (primarily those with

high measured ventilation rates) were examinedarerdetail. Regarding the second issue, a
number of potential explanations were examinedHerdifferences between the ventilation rates
estimated from peak indoor G@oncentrations and the traverse-based or voluoreties.

DATABASE CORRECTIONS

As part of the data review, the various files usethe ventilation data analysis were studied and
compared with the files on the CD distributed byAHP]. As a result, a number of changes were
made to the dataset, which are identified belowwvéiger, none of the changes modify the
overall conclusions of the study, only some ofghenmary statistics. An updated version of the
original NIST report on the dataset [1] will be fisbed with these corrections.
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This data review effort involved a detailed exartioraof the data analysis files generated by the
original analysis, including the following desigarpmeters:

Supply capacity of each air handling unit (AHU)
AHU return capacity

Floor area served by each AHU

AHU design minimum outdoor air intake

Number of occupants served by each AHU

AHU supply capacity divided by floor area served
AHU design minimum outdoor air per person

AHU ratio of minimum outdoor air to supply capacity
Number of occupants per unit floor area (for ea&iuh
Ratio of supply to return airflow (for each AHU)

In addition, the following measured parameters vadse reviewed:

AHU supply airflow and associated uncertainty

AHU outdoor airflow and associated uncertainty

AHU recirculation airflow and associated uncertaint

AHU outdoor air intake fraction and associated utacety

Study space supply airflow per unit floor area asdociated uncertainty

Study space outdoor airflow (per person, per uodrfarea and per unit volume) and
associated uncertainty

The changes made to the data files as a resuitoétfort are documented in Table 1.

Building Parameter Modification Comment

CAJS01 | Peak COrvalue and All values deleted. All indoor C{roncentrations are
outdoor airflow very erratic; two locations are
calculated from peak consistently below outdoors at

night.

CAJW20 | % of AHU capacity Changed from 100 % to| Field notes indicate AHU serves 7
serving test space 14 %, based on floor aredloors, not 1 as indicated by
(CATS1PCT™) and number of occupantsoriginal value of CITS1PCT.

served. Results in 86 % reduction in supply

and outdoor airflows, and
associated reduction in uncertainty.

CAJW24 | Uncertainty in CO Fixed small error in Roughly 10 % reduction in these
ratio outdoor airflow | uncertainty in L/seperson two uncertainty values; no impact
per person. and cfm/person on airflow results.

MOCSO01 | Floor area served by | Increased by roughly a | Reduces design value of supply
system (C7AAREA*) | factor of 8 (# of building | airflow per unit floor area and
floors) as listed value is | occupant density by factor of 8.
only for a single floor.
NCDWO02 | % of AHU capacity Change from 50 % to | Results in roughly 50 % reduction
serving test space 20 % for AHU #1 and to| in reported supply and outdoor
(CATS1PCT) 30 % for AHU #2, based airflows, and associated reductior]
on floor area and numberin uncertainties.

of occupants served.
PABS04 | Design # of occupanty Replaced value of 0 with AHU serves perimeter; occupants
(C7TAOCCU) blank cell for AHU #2 accounted for by other systems.
TNDSO5 | Design # of occupants  Replaced value oft® wiAHU serves corridor; occupants
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blank cell for AHU #2.

Fixed error in
uncertainty in L/serhand
cfm/ft.

* Variable name from BASE data dictionary.

(C7TAOCCU)
Uncertainty in C®
ratio outdoor airflow
per floor area.

accounted for bher systems.

Corrected uncertainty values ten
times uncorrected; no impact on
airflow results.

TXFS02

Table 1 Modifications to BASE ventilation data paeters

As a result of these modifications, some of thersany statistics in the original NIST report to
EPA (NISTIR 7145) also change. The affected tabtesfigures are presented below, with the
table and figure number from the original reporparentheses. In the tables, the revised values

are highlighted in bold font.

Design supply airflow capacity
Floor area served L/sent (cfm/ft?) Supply/
m? (ft?) All systems CcV VAV Return
# of values 141 134 47 87 41
Mean 3100 (33 300) 5.86 (1.15)| 7.01(1.38) | 5.25(1.03) 1.14
Std. Dev. 4230 (45 600) 3.57 (0.70)| 5.33(1.05) | 1.85(0.36) 0.22
Minimum 110 (1200) 1.13(0.22) 1.13(0.22) 1.67 (0.33 0.20
10" percentile 540 (5800) 2.90 (0.57 2.74 (0.54) 3.26 (0.64) 1.00
25" percentile 990 (10 700) 4.15 (0.82 4.19 (0.88) 1540.82) 1.07
Median 1640 (17 600) 5.21(1.03) 5.63 (1.11) | 4.99 (0.98) 1.11
75" percentile 3440 (37 000) 6.78 (1.33)| 7.83(1.54) | 6.17 (1.22) 1.25
90" percentile 7620 (82 100) 8.45 (1.66)| 11.21 (2.21)| 7.56 (1.49) 1.28
Maximum 33 780 (363 600 30.18 (5.94)  30.18 (5.94)12.47 (2.45) 1.85
Design minimum outdoor air intake | Minimum OA/ | Occupant density
L/s (cfm) per person  L/sshicfm/ftd) Supply #/100 nf (1000 ff)
# of values 74 76 76 137
Mean 18.4 (39.0) 0.94 (0.18) 0.19 5.3 (4.9)
Std. Dev. 13.7 (29.0) 1.06 (0.21) 0.22 6.5 (6.1)
Minimum 1.3(2.9) 0.17 (0.03) 0.06 0.9 (0.8)
10" percentile 7.5 (16.0) 0.31 (0.06) 0.08 2.2 (2.0)
25" percentile 10.6 (22.4) 0.42 (0.08) 0.10 2.9 (2.7)
Median 15.2 (32.1) 0.60 (0.12) 0.12 3.9(3.7)
75" percentile 23.6 (50.0) 0.92 (0.18) 0.15 S
90" percentile 29.7 (63.0) 1.82(0.36) 0.31 8.0 (7.4)
Maximum 98.3 (208.2) 6.67 (1.31) 1.00 65.1 (60.5)

Table 2 System Design Values (Table 6 in NISTIR5j14

95




System *

Issue

Comments

AZHW10 (2 of 2)

High supply capacity, 24 L/s*m
(4.7 cfm/ff)

System (1) at 8 L/seh(1.5 cfm/ff)

LAGWO5 (1 of 2)

High supply capacity, 18 L/s*m
(3.6 cfmy/ff)

System (2) at 4 L/s*(0.7 cfm/ff);
occupant density 5 times that of system
(2); floor area could be low

MOCS01 (4 of 1)

(5.3 ciriif)

PABSO04 (2 of 2)

High supply capacity, 25 L/$em
(5.9 cfm/ff)

System (1) at 4 L/s+(0.8 cfm/ff)

CAEWO09 (1 of 1)

High minimum outdoor air 53 L/9
(113 cfm) per person,

return capacities

Minimum outdoor air based on supply and

CAJS21 (2 of 2)

High minimum outdoor air, 98 L
(208 cfm) per person

s100 % outdoor air system; System (1) at
29 L/s (61 cfm) per person

MDDSO1 (1 of 1)

High minimum outdoor air, 51 L
(109 cfm) per person

S

NCDWO3 (2 of 5)

High minimum outdoor air, 38 L
(80 cfm) per person

sOther 4 systems from 9 L/s (20 cfm) per
person to 16 L/s (33 cfm) per person;

system (2) occupant density about 25 %
other 4 systems.

of

NECWO02 (1 of 1)

High minimum outdoor air, 38 L
(80 cfm) per person

sHigh occupant density, 16 occupants pe
100 nf (1000 ff)

-

TNFS10 (1 of 1)

High minimum outdoor air, 34 L
(72 cfm) per person

sLow occupant density, 1.1 occupants pe
100 nf (1000 ff)

=

CAJW25 (1 of 1)

High occupant density, 61
occupants per 10071000 ff)

Supply airflow 24 L/sen(2.5 cfm/ff);
floor area could be low

MOCS01 (4 of 1)

High-occupant-density-24
occupantsper100FI1000-ff)

NECWO2 (1 of 1)

High occupant density, 16
occupants per 10071000 ff)

SDBWO2 (1 of 1)

High occupant density, 38
occupants per 100741000 ff)

Low minimum outdoor air 1 L/s (3 cfm)
per person, consistent with high occupa
density value

TNDSO05 (1 of 2)

High occupant density, just over

System (2) lists no occupants

12 occupants per 1001000 ff)

* Values in parentheses refers to air handler numdlative to total number of air handlers, e.go{2)
means second of two air handlers serving the stpege.

Table 3 System design outliers
(Table 7 in NISTIR 7145)

" The text in the table noted with a strikethroughresponds to two occurrences that are no longer
outliers given the modifications to the data ddstiearlier.
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Study space outdoor air requirement
L/s (cfm) per person

Mean 9.0 (19.1)
Std. Dev. 3.3(6.9)
Minimum 4.8 (10.2)
10" percentile 6.5 (13.7)
25" percentile 7.2 (15.3)
Median 8.7 (18.3)
75" percentile 10.0 (21.1)
90" percentile 12.1 (25.7)
Maximum 33.5(71.0)

Table 4 Study space outdoor air requirements base&tandard 62 addendum n

(Table 8 in NISTIR 7145)
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Occupant density, #1000 ft*

Supply airflow to test space (cfm/ﬁ)
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Supply airflow/Floor area

L/sen? (cfm/ft?)

All systems VAV Ccv
# of values 384 289 95
Mean 5.12 (1.01) 4.55 (0.90) 6.86 (1.35)
Std. Dev. 3.02 (0.59) 2.62 (0.52) 3.46 (0.68)
Minimum 0.88 (0.17) 0.88 (0.17) 1.80 (0.35)
10" percentile 2.16 (0.43) 2.12 (0.42) 2.25 (0.44)
25" percentile 2.99 (0.59) 2.89 (0.57) 4.82 (0.95)
Median 4.69 (0.92) 4.30 (0.85) 5.72 (1.13)
75" percentile 6.25 (1.23) 5.69 (1.12) 9.04 (1.78)
90" percentile 8.47 (1.67) 7.19 (1.41) 11.34 (2.23)
Maximum 21.11 (4.15) 21.11 (4.15) 16.24 (3.20)

Table 5 Summary of measured supply airflows (TaBlén NISTIR 7145)

Best volumetri¢  Carbon dioxide
# of values 509 520
Mean 0.38 0.31
Standard deviation 0.35 0.27
Minimum 0.00 0.00
10" percentile 0.04 0.03
25" percentile 0.10 0.11
Median 0.22 0.23
75" percentile 0.59 0.44
90" percentile 1.00 0.75
Maximum 1.52 1.20

Table 6 Summary of measured outdoor air fraction

(Table 14

in NISTIR 7145)
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Per person Per unit floor area | Air changes per

L/s (cfm) per person|  L/sent (cfm/ft?) hour, h*
# of values 367 369 369
Mean 49 (105) 1.87 (0.37) 1.83
Std. Dev. 54 (114) 2.08 (0.41) 2.07
Minimum 0 (0) 0 (0) 0.00
10" percentile 6 (13) 0.24 (0.05) 0.22
25" percentile 13 (27) 0.50 (0.10) 0.47
Median 30 (63) 1.03 (0.20) 0.98
75" percentile 66 (140) 2.30 (0.45) 2.46
90" percentile 116 (245) 4.64 (0.91) 4.46
Maximum 310 (657) 12.31 (2.42) 13.23

Table 7 Summary of Measured Outdoor Air VentilatioWolumetric
(Table 15 in NISTIR 7145)

Outdoor air per person,

L/s (cfm)
# of values 356
Mean 44 (94)
Std. Dev. 47 (101)
Minimum 0 (0)
10" percentile 5 (11)
25" percentile 12 (26)
Median 31 (65)
75" percentile 59 (125)
90" percentile 96 (203)
Maximum 339 (717)

Table 8 Summary of Measured Outdoor Air Ventilatio€@ (O, Ratio
(Table 16 in NISTIR 7145)
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Outdoor air ventilaton, velumetric (L/s*person)
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Figure 4 Outdoor air ventilation, G@atio vs. volumetric
(Figure 14 in NISTIR 7145)

Adjusted to 15 % outdoor air
Measured Adjusted to # # of workstations Standard 62 default
(Table 15*) | of workstations occupant density**
L/s (cfm) per person
Mean 49 (105) 36 (76) 12 (26) 8 (18)
Std. Dev. 54 (114) 37 (79) 8 (17) 6 (13)
Minimum 0 (0) 0 (0) 0 (0) 0 (0)
10" percentile 6 (13) 5 (10) 4 (9) 3(5)
25" percentile 13 (27) 10 (22) 7 (14) 5 (10)
Median 30 (63) 21 (45) 11 (23) 7 (15)
75" percentile 66 (140) 52 (110) 16 (34) 11(23)
90" percentile 116 (245) 87 (184) 21 (44) 16 (34)
Maximum 310 (657) 210 (444) 47 (100) 42 (89)

* Refers to Table 15 in the original report.
** Adjustment based on default occupant densit$tandard 62.1 2001 (same as 1989) and not in 2004
and 2007 versions.

Table 9 Outdoor air ventilation adjusted for ocaupaand outdoor air fraction
(Table 17 in NISTIR 7145)
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Outdoor air ventilation, L/s (cfm) per person
Peak CO, dataon | Volumetric results from

All peak CO, data “test days” Table 15*
# of values 548 353 367
Mean 20 (43) 21 (45) 49 (105)
Std. Dev. 14 (31) 17 (35) 54 (114)
Minimum 6 (13) 6 (13) 0 (0)
10" percentile 10 (20) 10 (21) 6 (13)
25" percentile 12 (26) 13 (27) 13 (27)
Median 18(37) 18 @39 30 (63)
75" percentile 245%0) 25 63) 66 (140)
90" percentile 32 (68) 33 (71) 116 (245)
Maximum 213 (452) 213 (452) 310 (657)

* Refers to Table 15 in the original report.

Table 10 Summary of Measured Outdoor Air VentilattoPeak CQ
(Table 18 in NISTIR 7145)
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Figure 5 Outdoor air ventilation, G@eak vs. volumetric
(Figure 15 in NISTIR 7145)
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In reviewing the data, the issue of low valuesravérse measurements of airflow was examined
but no changes were made to the dataset as a fesuthe airflow traverses, the concern is the
accuracy of the anemometer or pitot tube measuresnaetower air speeds. While a small
number of traverse measurements of airflow araerange of 50 L/s (100 cfm), it is actually
the air speed measured in the duct that is mastagt to its accuracy. For the supply duct
traverses, the mean measured air speed is 5.3698 {t/min), which is within the range at
which such measurements are expected to be accArsteall number of the air speeds are low
enough to be of potential concern, but less thétmdre below 0.3 m/s (60 ft/min). The mean air
speed for the outdoor air intake traverses is 3sL(600 ft/min), again in a reliable range, with
only about 3 % below about 0.3 m/s (60 ft/min). Nodifications were made to the dataset to
eliminate the low readings, but given the small benof such values, their removal would not
have a major effect on the overall conclusionsefstudy.

OUTDOOR AIRFLOW: COMPARISON OF PEAK INDOOR CO ,-BASED AND DUCT
TRAVERSE-BASED VALUES

A key finding of the original study, and a primamnptivation for this reanalysis, is the consistent
difference between the outdoor airflow rates basethe duct traverse measurements and the
estimates based on peak £f0ncentrations in the study spaces. The lattenasts were based
on indoor CQ concentrations measured continuously during sédass of the study period
using 3 to 4 fixed monitors distributed randomlythie study space. The concentrations were
then averaged and peak values of those averagesde®rmined for each morning and
afternoon. This approach to ventilation rate edfibmehas been used for a number of years
though often without a complete understanding efaesumptions inherent in the method [3].
The peak indoor COmethod for estimating outdoor air ventilation g essentially a single-
zone, constant injection tracer gas technique. &fbeg, it is based on the assumption that the
indoor CQ concentration is uniform throughout the study spaied that the test space is isolated
from the rest of the building or that the restha# building is at the same GConcentration as

the study space. In addition, the approach asailpiapplied assumes that the indoor CO
concentration is at steady-state and that thevimlig quantities are constant: outdoor
concentration, ventilation airflow rate, and builgioccupancy. The validity of these
assumptions was not assessed as part of the BAS¥ atd most of them cannot be assessed
based on the available data.

As seen in Figure 5 above (corrected Figure 15 filweroriginal report), for volumetric
(traverse-based) outdoor airflow rates above aBOut/seperson (40 cfm/person), the values
based on peak C@oncentrations are consistently lower than themeitric values. This issue
was discussed in the original report as follows:

“The reason that the peak g¢@alues tend to be lower than expected has beestigated,

but no explanation has yet been verified. Considettie methodology behind the peak, CO
analysis, one might suspect the lack of steady- €&k concentrations could be impacting
the agreement between the two values. Howevedysstate is more likely to occur at the
higher ventilation rates due to the shorter sydiera constants, resulting in better agreement
at higher rates, which is contrary to what is sedfigure 15. Another potential explanation

is the existence of significant GOoncentration gradients within the study spacesvell as
between them and adjoining spaces, given thatitigdeszone analysis method assumes a
uniform concentration within the zone and negléuisrzone transfer of COWhile it is
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certainly possible that the G@oncentrations were different in adjoining zores would
expect the impact to be positive in some casesagdtive in others. However, the
differences in the data tend to all be in one dioec The level of agreement was examined
in those study spaces that corresponded to aredmntilding, for which concentration
differences in adjoining spaces are not an issuetflee peak Ceand volumetric ventilation
rates were not observed to agree any better. Natdtie fixed C@monitors in the study
spaces were placed at a height of 1.1 m (43 imyakhe floor and at locations
representative of workstation layout and work atigs, i.e., locations in hallways and
passageways were intentionally avoided (EPA 20@yen these guidelines on location, it
is possible that the measured £gOncentrations are higher than the study-spacageelf
the measured C{roncentration is indeed higher than the true spaeeage, then the
calculated ventilation rates would be low relativegheir actual value. Also, it is reasonable
to expect that the lack of uniformity would be mprenounced at higher outdoor air
ventilation with less recirculation of return deading to the observed increase in errors.
However, it is not possible to verify the magnitwdehe concentration nonuniformity in
these spaces based on the available data, anébtiedtecannot be confirmed whether this is
necessarily a valid explanation for the observéigmdinces. The peak G@oncentrations
were examined with the issue of nonuniformity imdyiand it was determined that the actual
average concentration in the study space would twbie 360 mg/fhto 720 mg/m

(200 ppm(v) to 400 ppm(Vv)) lower than that measumgthe fixed monitors to explain the
observed differences.”

Figure 15 in the original report actually includealy a subset of the values, i.e., those with
volumetric outdoor air ventilation rates less t2&9 L/seperson (400 cfm/person). The corrected
version above in Figure 5 contains all the pointthe corrected dataset. The corrected dataset
includes many outdoor airflow values with high unamties. These uncertainties were
calculated using standard approaches to the propagsd error in which the estimated
uncertainties in the values used to calculate ittile\as were propagated through the
mathematical operations used to determine theowinfates. Note that these uncertainty
estimates do not account for biases in the measuremethods or the impact of the assumptions
behind the peak C{nethod not being valid. For the volumetric valubg, mean value of the
ratio of the uncertainty in the outdoor airflow garson to the corresponding measured value is
close to 1.1; the median ratio is about 0.3. Thamratio of the uncertainty to the measured
value for the peak indoor G&éased values is much smaller, about 0.3, and drerealues over
1.0. The relative uncertainties for the volumetioevs tend to be larger due in part to the
existence of a small number of measurement evaittisrery low outdoor airflow rates but very
high uncertainties. These high uncertainty casearoghen the outdoor airflow is determined by
subtracting the recirculation airflow from the stypp

Figure 6 is a plot of the same data shown in Figuteut with only those values for which the

ratio of the uncertainty to the measured valuess than one. These data exhibit less scatter than
that seen in Figure 5. Figure 7 restricts the ghitied even further to values for which the ratio

is less than 0.5. This plot is particularly striggiim the very flat distribution of the data in whic

the volumetric values range from 0 L/s-person toual250 L/s-person (500 cfm/person) while

the peak indoor C&based values cover a much more narrow range flmuat& L/s-person

(15 cfm/person) to 35 L/seperson (74 cfm/persohk TMatio of the standard deviation to the

! This is reference number 4 in the list of refeenfor this report.
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mean for the values in Figure 7 is 1.0 for the wadtric rates but only 0.4 for the peak £0
values. The lack of variability in the peak @@lues relative to the volumetric rates is notable
and is discussed further below.

Outdoor airflow - velumetric (L/s*person)
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Outdoor airflow - velumetric (L/s*person)
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Figure 7 Updated - Outdoor air ventilation, gé@ak vs. volumetric (rel. uncertainty < 0.5)

Nonuniform CQ concentrations

As noted in the original report, one potential exgltion for the discrepancy between the
traverse and peak G@ates is nonuniformity in the G@oncentrations in the space.
Specifically, the fact that the G@oncentrations were sampled “at a height of 1(#3nin.)
above the floor and at locations representatiwgarkstation layout and work activities” raises
the question of whether the readings were impdayatie occupants’ local exhalations. In
addition, the BASE protocol requires that these itooing locations be selected among 5 m by
5 m grids of which more than 50 % of the area up@d full time [4]. CQ concentrations in
the exhaled breath from people are in the rang@ @00 mg/m (40 000 ppm(v)) [3], which is
well above the concentrations measured in the stpdges. Therefore the proximity of
occupants to the indoor monitoring locations deesl lto the potential for the measured
concentrations being elevated relative to the spaeeage.

The issue of nonuniform concentration was evaluatédo ways, by comparing the space
concentrations to those measured in the air haneliems and by examining the uniformity
among the various sample locations in each studgesp

As part of the ventilation evaluations, €€ncentrations were measured on four occasions
during the test week (typically on Wednesday andr3thay of the study week in the morning
and afternoon) in the air handler return, supphgl autdoor airstreams to calculate the outdoor
air intake fraction based on a mass balance ofi@@he air handler. These discrete
measurements of Gan the return were compared with the average @ttincentrations in the
study space taken at the same time, which is giyead the same time as peak in the study
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space concentration. Note that the return airstsesometimes contained air drawn from other
spaces in addition to the study space, therefe@redimparisons were only made for study spaces
served by a dedicated air handler, i.e., an aidleathat doesn’t serve any other spaces. Figure 8
is a plot of the space concentration versus theesponding concentration in the air handler
return (open squares) as well as the differenosd®at the space and return concentrations again
plotted against the return concentration (operesjc The space concentrations do tend to
exceed the return concentrations, though thera amgall number of cases for which the space
concentration is lower. The average differencetierl83 cases where both values exist equals
108 mg/ni (60 ppm(v)). The differences tend be higher fevdoreturn concentrations, which
correspond to higher ventilation rates. These higbatilation rates are associated with higher
outdoor air intake fractions, which result in l@ssing of the indoor air and are consistent with
the greater differences between space and retmceontrations.
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Figure 8 Space and space-minus-return €@centrations vs. return concentration

The return versus space concentration differeneze also examined for study spaces that
correspond to an entire building. One might expleetconcentration differences to be more
clearly defined in such situations because thene imiterzone airflow and GQransport to
confound the return-versus-space relationship. Wewehose study spaces revealed no
significant differences relative to other spaces.

Some of the buildings tested later in the BASE gubyvere also subject to continuous

measurements of Gan the air handler returns. Several of these éttasere examined for
systematic differences between the study spaceaiaméndler return peak G@oncentrations.
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The results were largely consistent with those $&tween the space and spot measurements in
the return.

While the observed differences between the retadhspace concentrations indicate that the
space concentrations may be elevated due to tkemre of occupants, the magnitude of the
impact is not sufficient to explain the observeffiedences between the volumetric and peak CO
based ventilation rates. Figure 9 is a plot ofpgbak CQ rates adjusted using the average space-
return difference of 108 mgfht60 ppm(v)), i.e., with the peak space concermtrateduced by

that average difference. In this figure, the adjdstites are superimposed on the unadjusted data
from Figure 6.
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Figure 9 CQ peak vs. volumetric ventilation rate adjustedspace-return concentration

The second approach used to examine the issuenahiform CQ concentrations in the study
spaces was to consider the concentration variatiaihén the space. As noted earlier, the CO
concentrations were measured at multiple locatiomesich study space, and the concentrations
among these locations varied. In an attempt to @&the impact of those nonuniformities, the
ventilation rates were recalculated using the €&@npling location that yielded the lowest peak
value. Figure 10 is a plot of the measured, C@nhcentrations for study space MIBWO03,
including the outdoor and three indoor locatiorise Tifference between the indoor locations is
evident in this plot. Note that ASTM D6245 [3] réxs that CQ concentrations within the
study space not vary from the space average by tharel0 % when estimating ventilation
rates based on peak g€bncentrations. This requirement is not met f& situdy space and for
many of the other BASE study spaces.
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Figure 10 Variation in C@concentrations among indoor locations (study spAa&V03)

For each study space, the indoor location witHdlhest peak C@value was used to estimate
the outdoor air ventilation values. Figure 11 @@ of the outdoor airflows estimated using the
monitoring location with the minimum peak @@alue against the volumetric rates, with the
airflows based on the peak average,€@nhcentration from Figure 6 included as well. dgsiine
minimum peak C@concentrations does increase the outdoor airflalwes, but not enough to
result in good agreement with the volumetric valldge improvement is more pronounced than
that seen for the adjustment based on the aveeagm+space concentration difference seen in
Figure 9.
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Figure 11 CQ peak vs. volumetric ventilation rate, using monitg location with minimum
peak concentration

While using the return concentrations and the mimmpeak C@concentrations instead of the
study space concentrations is not sufficient tdarghe difference between the peak God
the volumetric values, these two explanations ansistent with the existence of nonuniform
concentrations in the study spaces.

If CO, concentration variations between the study spadelee rest of the building is an issue,
then study spaces that are a whole building osaneed by dedicated air handlers might be
expected to exhibit better agreement between tak ipeloor CQ-based and volumetric airflow
values. The level of agreement between the twépainfates was examined for test spaces
corresponding to a whole building (only 6 casesybich were served by dedicated air handlers
(43 cases), but no obvious difference in the agezgnvas evident. Note that within-space
nonuniformity may have been an issue in these spaxeavell.

Association of peak-volumetric difference with \ars factors

In investigating the differences between the pedkor CQ-based estimates and volumetric
measurements of the outdoor airflows in the BASHJimgs, a number of parameters were
considered to see if they were associated witmtagnitudes of the differences and therefore
might offer some explanation.

Given the hypothesis that nonuniform indoor &0ncentrations might be important, the
standard deviation of the peak concentrationshfenarious indoor locations was computed for
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each study space. This standard deviation wasdiveded by the mean peak to determine the
coefficient of variation (COV). Figure 12 is a plaitthe relative difference between the
volumetric and peak indoor Gédased airflows (volumetric minus peak indoor £fased,

divided by peak value) against the COV. The dathimfigure do not show a strong dependence
of the flow discrepancy on the COV.
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Figure 12 Relative difference between airflowsogefficient of variation

Given that the indoor concentrations are expeadzetmore uniform with more mixing, i.e.,
lower outdoor air fractions (%0A), the differendesween the peak indoor GBased and
volumetric airflows were also examined relativé4®A for the study space. The results are
plotted in Figure 13. The volumetric airflows amddw the peak indoor C£based values at the
lowest values of %OA and become increasingly latigen the peak values as the %0A
increases. Note that the low %OA values are cadistith more air mixing in the building,
while higher values correspond to less. The tremmh $iere does support poor mixing as a
potential explanation of the observed discrepancy.
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However, low %O0A values also correspond to low oatdairflow rates, and as seen in Figures
5 through 7, the discrepancy is largest as themettic outdoor airflow rate increases. Therefore
the trend in Figure 13 may be simply a manifestatibthe dependency already noted.

The discrepancy between the volumetric and peabon@Q-based airflow values were also
examined for any dependence on a number of othtarfa including the measured occupant
density in the study space (number of people piffloor area) and the estimated uncertainty of
the peak indoor C&based airflow rate, but no dependence was observed

Accuracy of volumetric airflows

While questions have been raised above regardangrécision and bias of the peak indoor
COx-based airflow rates, it is also reasonable to idenshe accuracy of the traverse
measurements. Industry guidance generally citesasurement uncertainty of about 10 % for
duct traverses under good field conditions [5-1}, the basis for this estimate is not well
defined. The key question in the current studyhether there is a reason to suspect that the
traverse measurements are biased high, particdtarthe higher values of outdoor airflow per
person. These higher values are associated witlehdyict velocities. In general, traverse errors
are more of a concern for low velocities, and tfeeethere is no particular reason to suspect the
higher airflow rates to be inaccurate. While deetkdage would cause the delivered outdoor
airflow to the space to be lower than that measatdale air handler, the amount of leakage
required to account for the observed differenceslavbave to be extremely high, as much as
90 % of the supply air leaking out of the ductwarkis is much larger than the commercial
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building duct leakage values that have been medsuaithe field to date, which are more in the
10 % to 20 % range [8].

One indication of the reliability of the duct trase measurements is the comparison of the
outdoor air fraction determined from the measurgzpl/ and outdoor airflow rates with the
outdoor air fraction estimated from the £€ncentrations in the return, outdoor, and supply
airstreams. As discussed in the original repogséhtwo independent measurements of the
outdoor air fraction are on average consistents&luata are replotted in Figure 14, and while
there is some scatter in the data, no strong biasident.

1.25

Line of perfect agreement

Outdoor air fraction - CO, ratio

0.50 0.78 1.25
Outdoor air fraction - Yolumetric

Figure 14 Outdoor air fraction based onG&tio vs. based on volumetric flows

A similar comparison can be made by comparing titdaor airflow intake of the air handlers
calculated from the supply traverse value timesotlteloor air fraction determined from the
airstream C@concentrations with the outdoor airflow measurgdhe traverse measurements.
These data are plotted in Figure 15, and whileetigesignificant scatter in the plot the two
methods of determining this quantity are on averagesistent. The mean value of the former
(Qsupply X %0A) is about 4800 L/s (10 200 cfm), while thean of the latter is about 5600 L/s
(11 900 cfm). Therefore, the traverse measurenwdraatdoor airflow are somewhat higher on
average, but not enough to account for the difisemoted related to the peak indoor,€O
based airflows.
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Figure 15 Outdoor airflow from CQatio times supply airflow vs. volumetric outdaorflow

Another check on the internal consistency of tragemwas performed by calculating the ratio of
the measured supply airflow to the sum of the oat@md recirculation airflows. Only twelve
events exist in which all three airflows were meadilby duct traverses. Four of them are in one
building where the supply and recirculation airfoare very close to each other, i.e., the outdoor
air intake rate is quite low. The mean value of tfaitio for all twelve events is 1.3; without the
first building the mean is 1.1. This comparisonsioet prove that the traverse measurements are
accurate but it does demonstrate their internasistency. However, if a large and consistent
systematic error existed, it might have been evidethese ratios.

Another confirmation of the validity of the travessis the comparison of the supply airflow
traverse measurements with the design values. \WHele is much variation expected in this
comparison, the mean measured supply airflow safeli2 L/sem (1.01 cfm/ff), while the mean
of the corresponding design value is 4.98 Lfs¢@98 cfm/ff). This comparison does not prove
that the traverse values are accurate, but if twere a large systematic error, it should be
evident in comparing the mean measured to the mesign value.

Limited range of peak CQOventilation rates

As noted earlier, the ventilation rates based eriridoor peak C@concentrations do not exhibit
the range of rates seen for the volumetric ratess(dering the data in Figure 7, the peakCO
ventilation rates never exceed about 35 L/s (74 gfen person, which corresponds to an indoor-
outdoor concentration difference of about 270 nig/l80 ppm(v)). In other words, the peak
indoor CQ concentrations are seldom less than 270 mM@B0O ppm(v)) above the outdoors.
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This lower limit on the peak values is a very cusaesult, for which no explanation has been
identified.

Conclusion on Peak GQyersus Traverse Issue

The final comparison worth noting is a “reality-ck&on the air change rates calculated from
the traverse measurements and from the peake€nates. The mean test space outdoor air
change rate based on traverse measurements i8™,.881.87 L/serf (0.37 cfm/ff). Dividing
this value by the mean outdoor air fraction of O(Bdsed on C@concentrations in the supply,
return, and outdoor airstreams) yields 5’9 6.03 L/serm (1.19 cfm/ff), which is a very
reasonable value for the supply airflow rate iro#fice building. The mean outdoor air change
rate based on peak indoor €@vels equals 0.83*or 0.85 L/ser (0.17 cfm/ff), which when
divided by the average outdoor air fraction ist2*br 2.74 L/sem (0.55 cfm/ff). These supply
airflow rates based on the peak 8@lues are well below, about half of, typical syparflow
rates for an office building.

In conclusion, the discrepancy between the peakan@Q-based and traverse-based outdoor
airflow rates has not been fully explained. Howeteere is good reason to suspect that the peak
indoor CQ-based values may not provide reliable estimatéseoBASE study space outdoor air
ventilation rates. In particular, the measured ¢psice C@concentrations may be elevated
relative to the actual space concentrations base¢deoobserved differences between the space
concentrations and return concentrations, the cdaraten variation among the test space
locations, and the fact that the study space cdratén is seldom less than 270 mg/m

(150 ppm(v)) above the outdoor concentration.

CONCLUSIONS

This reanalysis of the BASE ventilation data hasowered a small number of corrections, none
of which impact the conclusions of the study. Hoarethe updated dataset is now more reliable
and should be used instead of the original venstgased in 2004 [1]. The attempt to explain

the difference between the outdoor air ventilatiates determined by the duct traverses and
those based on the peak £@ncentrations in the study spaces revealed soteatmnl
explanations related to concentration nonunifoesitut they were not able to fully explain the
magnitude of the differences. It is unlikely tha¢se differences will be explained through
additional analyses of the BASE data. However,riufforts to understand these differences are
warranted through experimental efforts specificdigigned to investigate the problem. Other
potential explanations could also be studied irftiére, such as those related to assumed values
for the CQ generation rates by the occupants.
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