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Executive Summary 

This report describes results from the first group of field measurements of the air change rate in 49 non­

residential buildings in the Stale o"f California. The air change rate measurements were made using a 

tracer gas method. Procedures were based on protocols developed in ''Protocol for Measuring the Air 

Change Rate in Non-residential Buildings." Purpose of the tests was to obtain preliminary data for 

determining the effect of the various California Energy Codes on the air change rates in non-residential 

buildings. 

The buildings were tested under two operating conditions: (1) normal occupied operating conditions of 

the building for the existing occupancy and weather conditions during the tests and (2) minimum outside 

air operating setting possible for the building's HVAC control system. lbree tracer gas methods were 

used: the tracer decay method, the constant injection method and the buildup/decay method. Results of 

the tests produced: (1) total air change rate of the building during the conditions of the tests, (2) air 

change rate due to the operation of the building's HV AC system, (3) air change rate due to air infiltration 

and leakage and (4) the percent �f ourside air supplied by the building's HV AC system 

Data indicated that: 

• Vintage 2 buildings (those built or retrofitted to the 1987 and.or current California Energy Code) 

have lower total air change rates than Vintage 1 buildings (those built prior to the 1987 California 

Energy Codes). 

• Vintage 2 buildings have lower infiltration rates than Vintage 1 buildings but this difference in 

infiltration rates does not account for more than 30 percent of the difference in total air change rate 

between the two classes. 

• On the average, air infiltration is from 25 percent to 42 percent of the total building air change air. 
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1. Introduction 

This report describes results of the first group of field measurements of the air change rate in 49 non-· 

residential buildings in the State of California. Measurements of the air change rate were made using a 

tracer gas method. Procedures for the measurements were based on the protocols developed in the report 

"Protocol for Measuring the Air Change Rate in Non..:residential Buildings. "1 Purpose of the tests was to 

obtain preliminary data for determining the effect of the various California Energy Codes on the air 

change rates in non-residential buildings. Test protocol was designed for a one- or two-day period by a 

team of field technicians experienced with tracer gas measurements, field data collection in buildings and 

building HV AC systems. The protocol was designed so that the measurements were non-intrusive to the 

occupants of the buildings. 

The buildings were to be tested under two operating conditions: (1) normal occupied operating conditions 

of the building for existing occupancy and weather conditions during the tests and (2) minimum outside 

air operating setting possible for the building's HVAC conttol system. Three tracer gas methods were 

used: the tracer decay method, the constant injection method and the buildup/decay method. Results of 

the tests produced: (1) total air change rate of the b.uilding during the conditions of the tests, (2) air 

change rate due to the operation of the building's HV AC system, (3) air change rate due to air infiltration 

and leakage and (4) percent of outside air supplied by the building's HV AC system. 

A tracer gas measurement of the building air. change rate is performed by inttoducing a gaseous tracer (for · · 

this study sulfur hexafloride, SF6 was used), which is not normally present in either the interior air of the 

building or the exterior ambient air, into the building and measuring its rate of buildup and/or decay. For 

most North AmeriCB:" buildings, a tracer gas test is the only accurate method to determine the total outside 

air entering a building. Several reasons for this are: 1) most North American buildings mix the outside 

1 Grot, R.A. and Lagus, P.L . , "Protocol for Measuring Air Change Rate in Non-residential Buildings", contract 
#400-91-034, Task I report, Califorian Energy Commission, Publication nmnber P400-91-034ACN 
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air with recirculated air from the building and provide no access to measure the outside air directly using 

standard air testing and balancing procedures, 2) much of the outside air supplied to even a mechanically 

ventilated building com.es through paths other than th� mechanical system's ducts such as windows, 

leakage of the envelope, doorways and other entrance ways, 3) shon circuiting and by-passing of the 

mechanically supplied outside air often occurs and 4) there is often unintentional re-entrainment and 

recirculation of exhausted building air. A properly performed tracer test can overcome these 

shoncomings and p_rovide a measurement of the actual outside air provided to the building. 

The basis of a tracer gas test is the principle of conservation of mass: the conservation of mass for the air 

entering and leaving the building and the conservation of mass for the tracer specie introduced into the 

building. Tracer gas evaluations are usually performed using one of three methods: 1.) the tracer decay 

method, 2.) the constant injection method and 3.) the constant concentration method. In this project·a 

fourth method was added: 4.) the buildup/decay method which is a hybrid of the tracer decay and 

constant injection method. 

In the tracer decay method (see Figure 1-1 ), a tracer is injected once into the building �or a shon period of 

time, allowed to mix with the building air and its rate of decay is measured. The tracer decay method 

produces a direct measurement of the building's air change rate. With proper sampling, the percent 

outside air in the HV AC system's supply air can also be determined. 

In the constant injection method, a tracer is injected continuously using a metering device and the 

buildup of tracer is measured until an equilibrium value is obtained. By sampling in the building's 

HV AC system airflows (see Figure 1-2 and Figure 1-3), this method can also produce a direct 

measurement of the mechanical system's supply flow rate, the percent of outside air in the supply air and 

the air infiltration to the building's occupied space measured as a percent of the mechanical system's 

supply air flow. 

The constant concentration method uses a feedback control strategy to control the injection of tracer into 

the building so that the tracer concentration in the building remains constant This method requires 
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sophisticated injection and monitoring equipment and long test preparation and equipment installation. It 

was, therefore, not used in this project. 

In the buildup/decay method, a constant metered injection of tracer is done for a period of time 

· (approximately two hours) and the concentration buildup measured during the injection; the injection is 

then turned off and the tracer decay measured. The equilibrium values of the tracer concentrations can be 

predicted from the buildup and decay data without waiting for equilibrium to occur. This method 

overcomes some of the shortcomings of the tracer decay method and the constant injection method and 

produces both a direct measurement of the air change rate, outside air flow rate and with proper sampling 

the percent of outside air in the supply air, the percent of air infiltration and the HV AC system's supply 

flow rate. 

The choice of which method to use depends on the building's configuration and the availability of 

accurate tracer gas metering equipment and monitoring equipment. For buildings with many isolated 

zones, air change rates of l�s than one air change per hour, buildings with many packaged units 

servicing large open spaces, or buildings without mechanical ventilation, the tracer decay meth� is the 

only practical method. For buildings with few (less than five) zones and high air change rates the 

constant injection or the building/decay method produces more information in a shoner period of time. 

3 
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Equation for infiltration is valid only after et1uilbrium has been obtaiN!d. The e11uations for the percent of ouJsi.de air 
and the supply air flow rate require only simultaneous measwement of the respective tracer concentrations. 
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2. Description of Sample of Bui ldings Tested 

Buildings tested in this project were located in four climate zones in the state of California: north coast, 

north interior valley, south coast and south in.terior valley. The approximate location of these climate 

zones is shown in Figure 2-1 .  The study's original' design was to select 12 buildings from each climate 

zone. Classes of buildings to be tested were schools, office buildings and retail buildings. The sample of 

buildings in each climate zone was to be. divided equally into the three building classes producing a 

sample of four buildings in each class for each climate zone. The retail and �ffice building categories 

were further divided by size: small buildings consisting of buildings of less than 40 ,000 sq. feet and large 

buildings with areas greater than 40,000 sq. feet. Each building was further classified according to 

vintage: Vintage 1 buildings being those built before the 1987 California Energy Code, Vintage 2 

buildings being those built or retrofitted to the 1987 and/or current California Energy Code. 

Table 2-1 shows the sample of buildings actually tested in the project. The numbers in Table 2- 1 

correspond to the identification index assigned to each tested buildings. The letter after the number in 

the table indicates a specific building in a complex of buildings (such as a school campus, community 

col.lege, office building complex, school district, etc.). 

The initial list of candidate buildings for the field phase of the project was provided under a previous 

.. contract to the California Energy Commission1• It was originally intended that this list would consist of 

300 buildings from which the 48 to be tested would be chosen. The actual list of buildings provided. for 

this study contained only 88 buildings and the current project team augmented the list as required 

(buildings with numbers over 88). 

The project tested a total of 49 buildings of which 13 were in the northern coastal zone, 15 in the northern 

interior zone, 7 in the southern coastal zone and 14 in the southern interior zone. There were 14 schools, 

22 office buildings, 13 retail buildings, 28 Vintage 1 buildings and 21 Vintage 2 buildings in the sample 

1 This selection w-as perf onncd by the Berkeley Solar Group wider Commission contract #400-90-028 
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tested. It should be emphasized that this sample is not a randomly selected sample but more a sample of 

convenience. There are several reasons for this. The original list seems to have come from previous 

utility energy projects. The sample originally contained mostly buildings in the northern climate zones. 

There was no statistical quality control on the sample selection nor checking for biases due to rejection by 

building owners to participate in the study. 

North 
Coast 

Climate Zones 

Figwe 2-1. Approximale Loctllibn of Climale Zona Used in. Stwly 
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3. Recommended Building Ventilation Rates 

Buildings in this study were constructed under different recommended ventilation requirements. The 

recommended values in various versions of ASHRAE Standard 62 - Ventilation for Acceptable Indoor 

Air Quality are given in Table 3-1. 

Table 3-1 ASH RAE Recommended Veniilation Rates 

ASHRAE ASHRAE ASHRAE 
62-1973 62-1981 62-1989 

Minimum Recommended Non-smokin2 Smokin2 

Office 15 15-20 5 20 20 
Scace cfm /oerson cfm/oerson cfm/oerson cfm/oerson cfm/person 
Office 25 30-40 7 35 20 

Conference cfm/person cfm/person cfm/person cfm/person cfm/person 

Retail 7 10-15 5 25 0.3 1 

cfm oer oerson cfm/person cfm/person cfm/person cfm/sq.ft. 
Classrooms 5 5-10 5 35 15 

cfm/person cfm/person cfm/person cfm/person cfm/person 

The air change rates required to provide the minimum recommended ventilation rates for a building 

depends on the configuration. 

Table 3-2, Table 3-3 and Table 3-4 give the minimum area per occupant required to satisfy the current 

ASHRAE 62-1989 Standard for measured air change rates for offices, schools and retail buildings. The 

ASHRAE standard also specifies a maximum occupancy density of 7 persons per 1000 sq. ft. for office 

and 50 persons per 1000 sq. ft. for schools. With typical occupancy, the current ASHRAE standard would 

require an air change rate of about 0.8 air changes per hour for an office, about 3 air changes per hour for 

a classroom and about 1.2 air changes per hour for retail space(assuming a 15-foot ceiling height). 

1 This is the value for the first floor and the basement area of retail buildings. It is also the value for retail areas 

selling clothes. The value for other floors is 0.2 cfm/sq. ft 

10 
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The ASHRAE Standard is based on occupancy. Buildings also have contaminant sources which are due 

to the outgasing of building materials and furnishings which do not depend on occupancy. Many of these 

sources ·have loadings which are proportional to the size of the building and the levels from such 

contaminants vary inversely with the air change rate. 

For air changes rates below about 0.8, the levels of the contaminants increase rapidly for small decreases 

in air change rate (such as the minimum area curves in Table 3-2). Therefore, it is not advisable to have 

spaces with air change rates blow about 0.8 air changes per hour even with low occupant densities unless 

special care have been take to limit the non-occupant related sources of contaminants. 

11 
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Table 2-1. Classification of Building Tested 

CEC Air Change Study - Buildings Tested 
Northern Coast 

#of Bldasl 13 
Schools Small Buildings Large Buildings 

Offices Retail Offices Retail 
Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 

CEC5A CEC7 CEC3 CEC8A CEC13 CEC16 CEC20 
CECSB CECSC CEC15 CEC17 

CECBB CECB9 

2 1 3 3 2 1 1 

Northern Interior 
#of Bldasf 15 

Schools Small BuildinQS larQe BuildinQs 
Offices Retail Offices Retail 

Vintaae 1 Vintaae 2 Vintaae 1 Vintaae2 Vintaae 1 Vintaae2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 
CEC28B CEC32 CEC38A CEC28A CEC378 CEC90 CEC43 
CEC28C CEC34 CEC38B CEC35B 
CEC35A CEC38C CEC37A 

CEC45 

3 2 3 4 1 1 1 

Southern Coast 
#of Bldasi 7 

Schools Small BuildinQs Large Buildinas 
·ornces Retail . Offices Retail 

Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae2 Vintaoe 1 Vintaoe 2 
CEC64 CEC65A CEC52 CEC98 
CEC658 CEC 102 

CEC 103 

2 1 3 1 

Southern Interior 
#of Bldasi 14 

Schools Small Buildings large Bulldinas 
Offices Retail Offices Retail 

Vintaoe 1 Vintaoe 2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae 2 Vintaae 1 Vintaae2 Vintaae 1 Vintaoe 2 
CEC57A CEC 79A CEC79B CEC56 CEC70 CEC 101 CEC50 CEC97 
CE C79 D CEC 78E CEC 100 CEC578 

CEC78A 
CEC79B 

2 2 2 4 1 1 1 1 
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Table 3-2. Minimum Area Per Occupanifor 20 cfmper Person (Office Spaces) 

ACH 
0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

600 

500 
c 
0 • .. 
II 400 Q. 
.. 

! 
ii 300 
II 

u.. 

g 200 
c 
SE 

100 

0 
0.00 

Minimum Area per Occupant (Sq. ft. per Person) 
Required Ventilation Rate 20 cfm per person 

0.50 

Ceilin� Height 
8 9 

600 533 
300 267 
200 178 
150 133 
120 107 
100 89 

86 76 
75 67 
67 59 
60 53 
55 48 
50 44 

Minimum A_rea per Occupant 
20 cfm per person 

10 12 
480 400 
240 200 
160 133 
120 100 

96 80 
80 67 
69 57 
60 50 
53 44 
48 40 
44 36 
40 33 

- - - 8 ft. Ceiling 

--- 9 ft. Ceiling 

- • - • 10ft. Ceiling 
1.00 1.50 2.00 2.50 3.00 I • • • • • • 12ft. Ceiling 

Air Change Rate 
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ACH 
0.25 
0.50 
0.75 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

450 
400 

� 350 • .. l. 300 
.. 

l 250 
i 200 u. 

t 150 
c 
i 100 

50 
0 
0.00 

Table 3-3. Minimwn Area per Occupanifor 15 cfrn per Person (Classrooms) 

Minimum Area per Occupant (Sq. ft. per Person) 
Required Ventilation Rate 15 cfm per oerson 

0.50 

Ceiling Height 
8 9 10 12 

450 400 360 300 
225 200 180 150 
150 133 120 100 
113 100 90 75 

90 80 72 60 
75 67 60 50 
64 57 51 43 
56 . 50 

. 
45 38 

50 44 40 33 
45 40 36 30 
41 36 33 27 
38 33 30 25 

Minimum Occupant Area 
16 cfm per person 

1.00 1.50 2.00 

- - - 8 tt. Ceiling 

--- 9 ft. Celling 

- • - • 10 ft. Ceiling 
2.50 3.00 1. -·- - - • 12tt. Ceiling 

Air Chllnge Rllte 

Table 3-4. Air Change Roles for Retail Spaces 

Air Change Rate Required 
for 0.3 cfm/sq. ft. 

Ceilina Heiaht AQi 
8 2.25 

10 1.8 
12 1.5 
15 1.2 
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4. Statistical Analysis of the Data 

Data collected in this phase of the project have been analyzed using descriptive statistical analysis 

techniques. Results of this analysis are described in this chapter, divided into sections which handle 

several different groupings of the data. Section 4.1 describes the analysis of the total building air change 

rate data. Section 4.2 describes the analysis of the air infiltration air change rate data. Section 4.3 

analy:zes the data collected for the class of office buildings. Section 4.4 treats the data for the retail 

buildings. Section 4.5 discusses the data for the schools and section 4.6 contains an analysis of the 

individual location air change rates measured . 

Statistical analysis performed consisted of developing box plots and stem-leaf diagrams describing the air 

change rates by various building characteristics. In the following sections, the box plots and a table 

summarizing the stem-leaf analysis are given. The box plots show the dispersion (or range) with the 

median displayed as a white line within the black box, which defines a quartile around the median. The 

"whiskers" in each plot are the first set of lines beyond the black box and are 1.5 times the quartile range. 

Everything beyond this range is considered an ••outlier" and is shown as horizontal lines in the box plots. 

The table below each figure lists the number of observations in the data set (the column N), the median 

value of the observations (the value at which there an equal number of observations above and below the 

value), the lower and upper quartile values (25 percent of the observation lie between the median and a 

quartile), the mean (or average value of the observations) and the "outliers" given by the stem and leaf 

analysis (2 interquartile ranges or beyond). Because of the difference in quartile ranges used, the box 

plots will indicate one or.more "outliers" than the (more stringent) stem and leaf (table) listings. · 

14 



4.1 Building Air Change Rates 

This section discusses the total air change rate data for the whole set of non-residential buildings studied. 

The total change rate is the building total air change rate and is the sum of that induced by the mechanical 

system and infiltration. The data analyzed are for the minimum damper settings for each building and it 

is the average of the air change rates of the zones of the building. Though the project gathered both 

minimum and normal operating condition air change rates, most buildings were tested at a time when 

they were being operated at minimum damper settings. Those that were not.operating at the minimum 

setting were placed in such a state. Thus, the data in this report represent the minimum operating 

conditions of the HV AC system. 

Figure 4-1 and Table 4-1 show the data for the building total air change rate, by building class. The office 

buildings have the lowest median air change rate, 1 .09 air changes per hour. This is what one would 

expect since the analysis of Section 3 showed that ASHRAE recommended minimum ventilation rates 

lead to lower air change rates for offices than for retail buildings or schools. The median value for retail 

buildings is 1 .  79 air changes per hour and the median for schools is 2.24 air changes per hour. The 

d�ted lines in. the figures represent the air change rates resulting from the current ASHRAE standard for 

offices (0.8) and for schools (3.0). Note that the majority of office buildings and retail buildings have : 

minimum total air change rates greater than those resulting from the ASHRAE requirements. However, 

the majority of the schools arc being operated below the minimum ventilation rates recommended �y the 

current ASHRAE standard for acceptable indoor air quality. 

Figure 4-2 and Table 4-2 show the climatic zone variation of the total building air change rate. It would 

seem from the data that only the southern coast climate zone differs from the other three climatic zones. 

This climate zone has the smallest sample size and also the largest percentage of Vintage 2 buildings. 

Figure 4-3 and Table 4-3 show the variation of the total building air change rate with building vintage. 

The median for Vintage 1 buildings is 1 .88 air changes per hour and for Vintage 2 buildings 1 .16 - about 

15 
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30% lower than Vintage 1 buildings. Note that the two outliers of 6.97 and 7.49 air hours per hour are 

Vintage 1 buildings. 

Figure 4-4 and Table 4-4 show the variation of the total air change rates by both class and size. For most 

of these cells, the size of the cell sample and the range of. variation in the air change rates make it diffic�lt 

to determine if there are statistical differences. Small offices and schools seem clearly to be different; 

however it would be a mistake to attempt to assume the others are; though small retail and small offices 

would be judged different if the sample of small retail were larger and it was not for the fact that the cell 

small retail had only one Vintage 2 building. 

All the data categories in Tables and Fiqures 4.1 to 4.4 show a large variation in measured air change 

rates, most with the high quartile air change rate being at least twice the low quartile air change rate. 

Despite sample size limits, nine "ce� groups" show marked positive skew. Summaries for office, Vintage 

2 and North Coast show median air change rates very close to the lower quartile. Six "cell groups" air 

characterized by positive outliers: Vintage l, North Coast, North Interior, School, Retail and Small Retail. 

= 
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Tabk 4-1. BWlding Total Air Change Rate by BWlding Class 

N Median Quartiles Mean Outliers 

14 2.24 1 .63 2.82 2.45 7.49 

22 1 .09 0.97 1 .74 1 .35 

Retail I 1 3  1 .79 1 .42 2.47 2.22 6.97 
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Figure 4-2. Building Total Air Change Rate by Climale Region 

Table 4-2. B.llilding Total Air Change Rate by Climale Region 

N Median Quartiles Mean Outliers 

. North Coast 13 1.47 1 .16 2.74 2.17 7.49 

North Interior 15 1.96 0.97 2.67 2.20 6.97 

South Coast 7 1 .14 0.68 1.85 1.32 

South Interior 14 1 .63 1.05 2.02 1 .67 
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Figure 4-3. Total Bwlding Air Change DistribUlion Rate by Vintage 

Table 4-3 .. Total Bwlding Air Change Rate Distriblllion by Vintage 

Vintage 1 

Vintage 2 

N Median Quartiles Mean Outliers 

28 1 .88 

21 1 . 16 

1.27 2.75 

0.98 2.02 
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Figure 4-4. Total Building Air Change Rate Distriblltipn by Size and Building Class 

Table 4-4. Total Building Air Change Rate Distrib11tion by Siz� and Building Class 

N Median Quartiles Mean Outliers 

Large om •• I 6 1 .09 1 .04 2.02 1.43 

Large Retail I 5 1 .47 0.77 2.00 1.44 

School 14 2.24 1 .63 2.82 2.45 7.49 

Small Ofrace 16 1 . 1 1  0.77 1.69 1.32 

Small Retail 8 2.0 1 1 .54 3 . 1 1  2.71 6.97 
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4.2 Building Infiltration Rates 

This section discusses the analysis of the building air infiltration rates. The project team was able to 

measure the air infiltration rate in 40 of the 49 buildings tested. The reason that for nine buildings the' 

infiltration rate could not be measured was tbat these buildings were too complex to use the buildup/decay 

method which could be used during normal occupancy and it was not possible to obtain access to the 

buildings during hours when the HV AC system could be sealed or shut-off and thus tested by the decay 

method without violating California minimum ventilation requirements. 

Figure 4-5 and Table 4-5 summarize the building air infiltration rates by building type. School and office 

buildings have almost identical median air infiltration rates of 0.32 and 0.31 air changes per hour, 

respectively. Retail buildings .have a median air infiltration rate of 1. 12. The distribution for schools 

shows a tn-.ater variation than either offices or retail; its high quartile about 6 times its low quartile. 

However, offices have three outliers. For offices the median air infiltration rate is about 30 percent of the 

median of total air change rate for offices, about 15 percent for schools and about 60 percent for retail 

buildings. However, the retail buildings with air infiltration measurements are mostly Vintage 1 buildings 

and so this ratio is somewhat artificially high. 

Figure 4-6 and Table 4-6 show the distribution of air infiltration rates by both building class and size. 

The data show no retail or office differences by building size, although samples are very small for all but 

the small retail category. 

Figure 4-7 and Table 4-7 show the variation in air infiltration rates by climate zone. The north coast 

climate z.onc has the highest median infiltration rate, 0.91 air changes per hour, compared with 0.41 for 

the north interior climate zone and 0.29 air change rates per hour for the south coast. and south interior 

climate zones. Note that the south interior zone has a very skewed distribution. 

Figure 4-8 and Table 4-8 show the distribution of air infiltration rates by building vintage. Vintage 1 

buildings have a median infiltration rate of 0.51 air changes per hour, while Vintage 2 buildings have a 

21 
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median infiltration rate of 0.31. With these sample sizes, results from significance tests are difficult to 

interpret It should be noted, however, that the difference in total building air change rate between 

Vintage 1 and Vintage 2 buildings noted in Section 4.1 (1.88 and 1.16 respectively) cannot be explained 

by the difference in air infiltration since the ratio of the air infiltration to total air change is 

approximately the same for both vintages, with mean ratios of 35 percent and 33 percent respectively. 
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Figure 4-5. Building lnfiltralion Rale DistribUlion by Building Class 

Table 4-5. Building lnfiltralion Rale Distribution. by Building Class 

N Median Quartiles Mean Outliers 

Office 20 0.31 0.21 0.48 0.43 1.04 1.07 1. 72 

Retail 8 1.12 0.77 1.27 1.02 

School 12 0.32 0.12 0.76 0.46 

.-
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Figure 4-6. Building lnjillralion Rate Distribution by Size and Class 

Table 4-6. !J-Milding lnjillration Rate Distribwion by Class and Size 

N Median Quartiles Mean Outliers 

Large Oll"ice j 5 0.35 0.28 0.44 0.36 

Large Retail1 3 1.13 0.88 1.47 1.16 

School 12 0.32 0.12 0.76 0.46 

Small Office 15 0.30 0.21 0.52 0.46 I.72 

Small Retail 5 1.11 0.66 1.18 0.94 

1 Contains no Vintage 2 buildings 
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Figwe 4-7. Building lnfiltraJion RaJe Distribution by ClimaJe Region 

Table 4-7. Building ln.fdtraJion Ra1e Distribwtion by Climate Region 

N Median Quartiles Mean Outliers 

North Coast 13 0.91 0.31 1.18 0.81 

North Interior 9 0.41 0.27 0.61 0.42 

South Coast 6 0.29 0.18 0.59 0.44 

South Interior 12 0.29 0.12 0.97 0.45 

2S 



r, 

{i < 

� 

� 
... 

0.8 

II) 
0 

0 
0 

Building Infiltration 

! 
1--------.. ·-··-··------.l--------------1 i 

! 

2 

Vintage 

Figwe 4-8. Building /nfillraJion Rale Distribution by Vintage 

Table 4-lJ. BWlding /nfUralion Rate Distribution by Vintage 

N Median Quartiles Mean Outliers 

Vintage 1 22 0.53 0.26 1.11 0.68 

Vintage 2 18 0.31 0.13 0.61 0.41 1.72 
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4.3 Office Buildings 

This section discusses the data for the 22 office buildings tested. 

Air Change Rates 

Figure 4-9 and Table 4-9 show the variation in total air change rate for office buildings. Though large 

differences are evident in median values across climate region , sma11 sample sizes rule out the use of 

fonnal significance testing. 

Figure 4-10 and Table 4-10 show the distribution in total air change rates for office buildings by vintage. 

The medians of the two distributions are almost the same; however, the Vintage 2 office building 

distribution, with 20 percent more measurements, is skewed toward the higher values. 

Fi�ure 4-11 and Table 4-11 show the variation in total building air change rate by building size for office 

buildings. The median of the two distributions are nearly the same with large buildings showing positive 

skew (based on fewer observations). 

Figure 4-12 and Table 4-12 show the number and percent of office buildings with total air change rates 

below a certain value. About 9 percent of the sample had total air change rates less than 0.5 air ch�ges 

per hour and 22 percent of office buildings had total air change rates.-less than 0.8 which would provide 

the minimum ASHRAE recommended ventilation rate for typical occupancy. Note also from Figure 4-12 

that about 35 percent of the office building have total air change rates greater than 1 .5 ACH (40 cfm per 

person at typical occupancy) and about 25 percent have total air change rates greater than 2 .0 ACH 

(greater than 50 cfm per person at typical occupancy). As mentioned earlier, these are the values at 

minimum HV AC operating conditions indicating that a large number of the offices are being ventilated at 

more than twice the recommended ASHRAE minimum requirements. 

27 



r 
r 
r 
r 
r 
r 
r· 
r-· 
r " 

( � 
r . 
[ . 

l . 
L.  
I . 
L. 
L 
L 
L 
L 
L 
� 
� 

Air Infiltration Rates 

Figure 4-13 and Table 4-13 show the variation in the air infiltration rates for office buildings by climate 

region. A doubling in medians is accompanied by larger variations in north coast than south interior 

rates. 

Figure 4-14 and Table 4-14 shows the variation by vintage in the air infiltration rates for offices. Median 

air infiltration rates for the 2 samples are the same but the interquaartile range for Vintage 2 buildings is 

shifted toward the lower end of the scale. 

Figure 4-15 and Table 4-15 show the distributions of office building air infiltration rates by building size. 

There is no difference in the two distributions, although "small" has three times the number of . 

measurements as "large". 

\ 
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Figure 4-9. Office Building Total Air Change Role Distribwion by Climale Region 

Table 4-9. Office Building Total Air Change Role by Climale Region 

N Median Quartiles Mean Outliers 

North Coast 7 1.16 1 .04 2.74 1.49 

North Interior 4 0.77 0.56 1.82 1.19 

South Coast 4 1.04 0.68 1.98 1.10 2.34 

South Interior 7 1.59 1.05 1 .74 1.50 
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Figure 4-10. Office Building Total Air Change Rate Distribution by Vintage 

Table 4-10. Office Building Total Air Change Rate Distribution by Vintage 

N Median Quartiles Mean Outliers 

Vintage 1 10 1.13 0.57 1.74 1.36 
.. 

Vintage 2 12 1.07 1.01 I.79 1.34 
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Figure 4-11. Office Bllilding Total Air Change Disriblllion by Size 

Table 4-11.  Office Building Total Air Change Rate by Size 

N Median Quartiles Mean Outliers 

Large 6 1.04 1.04 2.02 1.43 

SmaU 16 1.10 0.77 1.69 1.32 
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Table 4-12 Number of Office Buildings with Low Air Change Rales 

Office Buildings 
Number of Buildings 

with Total Ach 
Less Than All Vinta·ge 1 

< o.s 2 1 

< 0.75 5 3 

Sample Number 22 10 
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Figure 4-13. Office Building Infiltration Rate Distribution by Climate Region 

Table 4-13. Office Bwlding Infiltration Rates by Clim.ale Region 

N Median Quartiles Mean Outliers 

North Coast 7 .0.41 0.21 1.07 0.61 

North Interior 3 0.31 0.27 0.52 0.37 

South Coast 4 0.29 0.19 0.47 0.33 

South Interior 6 0.22 0.12 0.35 0.34 1.04 
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Figure 4-14. Office BIAildng Infiltration Rate Distribution by Vin1age 

Tab� 4-14. Office BIAilding Infiltration Rate DistriblAii0n ITy Vintage 

N Median Quartiles Mean Outliers 

Vintage 1 9 0.3 1 0.21 0.52 0.46 

Vintage 2 11 0.30 0.12 ·0.41 0.41 1.72 
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Figure 4-15. Office Building lnfiltralion Raie·Distriblllion by Size 

Tabl.e 4-15. Office Building lnjihralion Rale DistribUlion by Size 

N Median Quartiles Mean Outliers 

Large 5 0.35 0.28 0.44 0.36 

Small 15 "0.30 0.21 0.52 0.46 1.72 
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4.4 Retail Buildings 

This section discusses the data collected for retail buildings. This is probably the least likely class for 

which any reliable conclusions can be drawn. · It is unlikely that the buildings tested are representative of 

all retail buildings in California. The small sample contains a church conference and meeting building, a 

nursing home, a funeral home, two automobile dealerships, a truck stop, community college common 

buildings (bookstore, cafeteria, etc.), a large non-mechanically ventilated store and 3 large modem 

detached retail store. There were no malls, neither large nor strip, no restaurants, movie theaters, etc. 

Air Change Rates 

Figure 4-16 and Table 4-16 show the variation in total arr change rates by climate region for the class of 

retail buildings. The sample size for each cells is too small be draw any conclusions. Figure 4� 17 and 

Table 4- 17 show the variation in total air change rates for the retail buildings for the two vintage classes. 

Total. air change rates for Vintage 2 retail buildings are lower than those for Vintage 1 buildings. 

Figure 4-18 and Table 4-18 show the difference in total air change rates between the large and small retail 

buildings. A median air change rate of 1 .4 7 is shown for the large retail buildings compared to a median 

of.2.01 air changes per hour for the small retail buildings. 

Figure 4-19 and Table 4-19 show the number and percent of retail buildings with total air change rates 

below a certain value. Note than half (2 of 4) of the Vintage 2 retail buildings have total air change rates 

less than 1 air change per hour (these are two large modem retail stores) and than more than 30 percent of 

the Vintage 1 retail buildings have total air change rates greater than 2.5 air changes per hour. As 

indicated in Figure 4-17. Retail Building Total Air Change Rate Distribution by Vintage, Vintage 1 retail 

buildings include an outlier of 6.97 (the truck stop). 

Air Infiltrtion Rates 

Figure 4-20 and Table 4-20 show �e dis�bution of retail buildings for the measured infiltration rates by 

climatic zone. Sample sizes are too small for interpretation 

36 



Figure 4-21 and Table 4-21 the distributions according to building vintage. Again, samples are too small 

for interpretation. The mean for the Vintage 1 category (or "cell group") is pulled down by one very low 

measurement. 

Figure 4-22 and Table 4-22 show the distributions accordi�g to building size. Samples are too small fot 

interpretation. 

Overall, these results suggest that there are some retail buildings with very high infiltration rates and the 

Vintage 1 retail buildings in this sample have higher air change
. 
rate than the Vintage 2 buildings. 
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Figure 4-16. Retail BMilding Total Air Change Ra1e Distriblllion by Climale Region 

Table 4-16. Retail Building Total Air Change Ra1e by Climate Region 

N Median Quartiles · Mean Outliers 

North Coast 3 1.47 L42 2.23 1.71 

North Interior 6 2.51 1.79 3.67 3.18 6.97 

South Coast 2 0.95 0.50 1.40 0.95 

South Interior 2 1.39 0.77 2.00 1.38 
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Figure 4-17. Retail Building Total Air Change Rate Distribution by Vintage 

Table 4-17. Retail Building Total Air Change Rate by Vinlage 

N Median Quartiles Mean Outliers 

Vintage 1 9 2.00 1.47 2.54 2.61 6.97 

Vintage 2 4 1.21 0.64 2.06 1 .35 
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Figure 4-18. Retail Building Total Air Change Rate Distribution by Size 

Table 4-18. Retail Building Total Air Change Rate by Size 

N Median Quartiles Mean Outliers 

Large 5 1 .47 0.77 2.00 1.44 

Small 8 2.01 1.54 3. 1 1  3 .11  6.97 
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Figure 4-19. Percent of Retail Buildings Below a Certain Air Change Rate 

Table 4-19. Number of Retail Number Below a Certain Air Change Rate 

Retail Buildings 

, -- - - - M 

3.0 

All Vintage 1 Vintage 2 ' 

0 0 0 

2 0 2 

4 2 2 

7 4 3 

Sample Number 13 9 4 
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Figure 4-20. Retail Building lnjilration Rate Distriburion by Climale Region 

Tabk 4-20. Retail Building lnfillrotionAir Change Rate by Climale Region 

N Median Quartiles Mean Outliers 

North Coast 3 1 .18 1 .11  1.47 1.25 

North Interior 3 · . 0.66 0.41 0.88 0.65 

South Coast 1 1.35 1.35 
. .  

South Interior I 1 1.13 1 .13 
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Figure 4-21 . Retail Building Infiltration Rate Distribuiion by Vintage 

Table 4-21. Retail Building /nfillralion Rale DistribUlion by Vintage 

N Median Quartiles Mean Outliers 

Vintage 1 6 1 . 16 1 . 1 1  1 .35 1 . 1 1  0.41 

Vintage 2 2 0.77 0.72 0.83 0.77 
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Figure 4-22 . Re1ail Building Infiltration Rate Di.striblllion by Size 

Table 4-22. Retail Building lnfillration Rate DistribUlion by Size 

N Median Quartiles Mean Outliers 

Large 3 1 .13 0.88 1.47 1 .16 

Small 5 1 . 1 1 0.66 1 . 18  0.93 
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4.5 Schools 

This section discusses the air change rate data for the School buildings tested. The schools tested 

consisted of elementary schools, middle schools, high schools and community colleges. The typical 

elementary school, middle school or high school had individual roof-top packaged units serving a single 

class room. The teacher could control the operation of the HV AC selecting 1) a setting of "off' which 

some would do due to the noise of the system; 2) intermittent operation which only provided outside air 

when heating or cooling was required or 3) "fan on" which provide ventilation continuously. Many of 

these classrooms had no windows and had a door which opened to the outside which would be kept open. 

The second most common HV AC system consisted of a similar larger packaged unit serving a module of 

2 to 4 classrooms, the other characteristics being the same. Several systems required major repair which 

had not been done for financial reasons - one had a fan motor with a worn bearing which made such a 

noise that it was turned off; another had a collapsed return air duct and another had broken fan belts. 

The community colleges tested had mostly several central HV AC system units serving a building and the 

door of the classroom or lecture �s opened to interior corridors. 

Air Change Rates 

Figure 4-23 and Table 4-23 show the distribution for the total building air change rates for schools. The 

· median total building air change rate for schools is 2.24 ACH. The distribution is fairly symmetrical 

about the median with one very high outlier of 7 .49 ACH and a low value of 0.6 ACH which explains why 

the low 1.5 quartile "whisker" is very low. 

Figure 4-24 and Table 4-24 show the distribution of school total air change rates by climate zone. Small 

sample sizes make detailed comparisons impossible. Nonetheless, north coast results include the 7 .49 

outlier shown in Table 4-23. If this data point is eliminated, the four climate zone show no median 

differences or differences in distribution shape. 
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Figure 4-25 and Table 4-25 show the distribution of the scl\ool total air change rate by vintage. Vintage 1 

schools have a median of 2.76 ACH compared to the Vintage 2 schools with a median of 1.85 ACH. The 

school with the lowest air change rate of 0.6 (an outlier in the box plot but not by the more stringent stem 

and leaf analysis) is a Vintage 2 school. 

Figure 4-26 and Table 4-26 show the percent and building of school buildings with total air change rates 

below a cenain value. About 20 percent of the school building have air change rates less than half the 

value required to provide cwrent recommended ASHRAE ventilation rate of 15 cfm per person. About 

60 percent of Vintage 2 school buildings and 20 percent of the Vintage 1 school buildings have air 

change rates less than two thirds the value required. 

Air Infiltration Rates 

Figure 4-27 and Table 4-27 show the distribution in the air infiltration change rate for school buildings. 

Only 12 of the 14 schools have inldtration measurements. The median air infiltration rate is 0.32 ACH 

with a lower quartile of 0.12 and a high quartile of 0.76. 

Figure 4-28 and Table 4-28 show the distribution of air infiltration rates for schools by climate zone. 

Sample sizes are too small to make conclusions; although, except for the high infdtration rate of 1 .45 in 

the north coast climate zone, the distributions look qualitatively similar. 

Figure 4-29 and Table 4-29 show the distribution of school air infiltration rates by vintage. The median 

air infiltration rate for Vintage 1 schools is 0.53 compared to a median for Vintage 2 schools
.
is 0.14. The 

Vintage 1 distribution appears more symmetric than the Vintage 2 distribution. 
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Fig we 4-23. School Building Total Air Change Rate Distribution 

Table 4-23. School Total Air Change Rate Distribution 

N Median Quartiles Mean Outliers 

School 14 2.24 1 .63 2.82 2.45 7.49 
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Figwe 4-24. School Building Total Air Infiltration. Rate Distribution by Climate Z.On.e 

Table 4-24. School Total Air Change Rate Distribution by-Climale Region. 

N Median Quartiles Mean Outliers 

North Coast 3 2.93 2.22 7.49 4.21 

North Interior 5 1.96 1.63 2.25 1.84 

South Coast 3 1.85 1.20 2.76 1.94 

South Interior 3 2.32 1.34 2.92 2.19 
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Vintage

Figwe 4-25 . School Buiding Total Air Change Rate Distribuion by Vintage

Tabb +25. School Taal Ab Clwqe Rate Distribuiot by Vintage

N Median Quartilcs Mean Outliers

Vintage 1 9 2.76 t.96 2.92 2.85 7.49

Vintage 2 5 ' 1.85 t.63 2.22 r.72
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Figure 4-27. School Building Infiltration Rate Distribution 

School 

Table 4-27. School Infiltration Rate Distriblllion 

N Median 

12 0.32 

Quartiles Mean 

0.12 0.76 0.46 
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Figure 4-28. School Building lnftllralion Rate Distriblllion by Climate Region 
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Figure 4-29. School Building lnfiltralion Rale Distribuzion by Vintage 

Table 4-29. School lnfillralion Rale DistribUlion by Vintage 

N Median Quartiles Mean 

Vintage 1 7 0.53 0.06 0.97 0.60 

Vintage 2 5 0.14 0.13 0.38 0.27 
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4.6 Measurement Air Change Rate Distributions 

In each building tested, several air change rates were measured at several locations. In many buildings 

there was significant variation in the air change rates at different locations. For some buildings, the 

interior measurements were-from different independent zones and for others from different locations in 

the sarrie zone. The different locations in a zone were usually different rooms or different floors of the 

zone. For schools, the individual measurements were usually from different classrooms served by 

independent HV AC systems. These measurements were made in either the return air stream of the HV AC 

system serving the zone or at an interior space of the zone. 

This section presents the statistical analysis of the individual measurements. In most cases the 

conclusions derived by location do not differ from those based on total building data. Location specific 

data sets are large so the influence of outliers on the results is less pronounced. Location observations are 

not independent however, so significance tests cannot be applied without adjustments for multiple 

comparisons and such adjustments require very large sample sizes. 

Figure 4-30 and Table 4-30 show the percent and number of office locations with air change rates below 

specific values. Abount 19 percent of all office locations of either vintage, 12 percent of office locations 

in Vintage 1 buildings and 22 peTcent of office locations in Vintage 2 buildings had measured air change 

rates less than required to provide the ASHRAE required 20 cfm per persons for typical occupancy. 

Figure 4-31 and Table 4-31 show the percent and number of retail locations below a certain air change 

rate. Note that 70 percent of Vintage 2 retail lacations had meastired air change rates of 1 .0 ACH while 

none of the Vintage 1 locations were below I ACH. 

Figure 4-32 and Table 4-32 show the distribution for schools. Note that 30 percent of all classrooms, 23 

percent of Vintage 1 classrooms and 42 percent of Vintage 2 classrooms had air change rates below the 

value required to provide half (7.5 cfm) the required 15 cfm by ASHRAE 62-1989 Ventilation for 

Acceptable Indoor Air Quality. 
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Figure 4-33 and Table 4-33 .show the distribution of the local air change rates for each building class. The 

median for schools is 1 .91  ACH with low and high quartiles of 1 .46 and 2.7 1 ;  for office locations the 

median is 1 . 15 with low and high quartiles of 0.93 and 1 .5 1 ;  for retail locations the median is 1 .75 with 

low and high quartiles of 0.84 and 2.46. Each class has at least one outlier; office with seven having the 

most. These could all be from one building or for more than one building but comparisons across 

buildings must account for differences in the number and types of locations coded. 

Figure 4-34 and Table 4-34 show the distribution of local air change rates by climate zone. Medians all 

approach the 0.8 limit although the norlh interior is pulled up by four high outliers. 

Figure 4-35 and Table 4-35 show the distribution of local air change rates by building vintage. The 

tnedian for Vintage I buildings was 1 .  73 with a low quartile point of 1 .23 while the median for Vintage 2 

buildings was 1 . 1 2  with a low quartile point of 0.74 . However, the Vintage 1 distribution may be biased 

upward by positive outliers possibly from one or more buildings. 

Figure 4-36 and Table 4-36 show the.distribution by class and size. 

Figure 4-37 and Table 4-37 show the distribution of air change rate by measurement type: 

BLDG - the building total air change rate, 

I - an interior location measurement, 

INFil.. - an infilttation measurement 

R - a measuretnent from a return air stream or zone average. 

To determine the proportion of total air change attributable to infiltration, a separate variable was 

computed for the 40 buildings with complete information on both measures. The mean of this "fraction" 

is 0.35, with a 95 percent confidence interval ranging from 0.25 to 0.42. This suggests that 25 percent to 

42 percent of the total building air change rate may be attributable to infiltration. 
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Figure 4-30 Percenl of Office Locations Below a Certain Air Change Ra1e 

Table 4-30 . Nwnber of Office Locations wilh Low Air Change Ra1es 

Office Buildings 
Number of Locations 

with 
ACH � Than All Vintage 1 

< 0.5 1 1  2 

< 0.8 23 5 

<1.0 34 7 

Sample Number 120 41 
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Vintage 2 
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18 

27 
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Figure 4-31 Percenl of Retail Locations Below a Certain Air Change Rate 

Table 4-31 Number of Retail Locations wilh Low Air Change Rates 

Retail Buildings 
Number of Locations 

with 
Ach Less Than All Vintage 1 

< 0.5 5 0 

< 1.0 16 0 

< 1.5 21 4 

< 2.0 28 1 1  

Sample Number 43 26 

S7 

).0 

Vintage 2 
5 ' 

16 

17 

17 
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Figure 4-32 Percenl of Classrooms Below a Certain Air Change Ra1e 

Table 4-32 Nwnber of Classroiim Loca1ions with Low Air Change Rales 

School Buildings 
Number of Locations 

with 
Ach � Than All Vintage 1 

c O.S 0 0 

< 1.0 4 3 

< l.S 18 10 

< l.O 31  19 

< 2.S 39 24 

-
Sample Number 61 42 

58 
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Vintage 2 
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15 
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Figure 4-33. Meausred Air Changes Rates by Location Use 

Tab/£ 4-33. Meaured Air Change Ra1es by Loca1ion Use 

N Median Quartiles Mean Outliers 

C•room 57 1 .91  1 .46 2.7 1 2.18 8.72 

Office 1 13 1 . 15 0.93 1 .51 1.31 2.75 2.77 2.84 2.93 2.97 
3.12 4.73 

Retail I 54 1 .75 0.84 2.46 2.14 5.90 7.48 7.74 9.09 
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Figwe 4-34 MeaswedAir Change Rate Distrib"1ion by Climate Region 

Table 4-34 . Measwed Air Change Rale DistribMlion by Climale 'Zone 

N Median Quartiles Mean Outliers 

North Coast 51  1.22 1.08 1.74 1 .59 8.72 

North Interior 42 2.09 1 .73 2.82 2.67 5.90 7.48 7.74 9.09 

South Coast 71  1 . 15 0.59 1 .63 1 .32 4.97 5.03 

South Interior 60 1 .50 1.01 2.17 1.67 4.73 
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Figure 4-35 . Measured Air Change Rate Distribution by Vintage 

Table 4-35. Measured Air Change rate Distribwion by Vintage 

N Median Quartiles Mean Outliers 

Vintage 1 109 1 .73 1 .23 2.66 2. 15 5.90 7.48 7.74 8.72 9.09 

Vintage 2 1 15 1 .13 0.74 1 .67 1.31 3.70 4.73 
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Figure 4-36. Measwed Air Change Rale DistribMlion by Class and Size 

Table 4-36. Measured Air Change Ra1e DistribMlion by CIDss and Size 

N Median Quartiles Mean Outliers 

Large Office 33 1.10 0.92 1 .38 1.20 2.45 2.47 2.93 

Large Retail 23 0.80 0.50 1.87 1 .08 

School 57. 1 .91 1 .46 2.71 2.18 8.72 

Small Otrace 80 1 .20 0.94 1 .61 1 .35 2.97 3.12 4.73 

Small Retail 47 1 .98 1.72 3.49 2.93 7.48 7.74 9.09 

62 



'fi < 

The whole dataset 

CD -

<D -

..., -

r---r' r---;-' 

3 1----·--···-----r- : --- ----- - --- T --+----__J 

:B:�--=- II T I 
0 -

.__i_, .__J_, ·-·-····-..... -... ··-··
·
-·· 

l 
..........L.... 

1-....i-J 

BLDG INFIL R 

Loe 

Figure 4-37. Measured Air Change Rales by MeasuremenJ Type 

Table 4-37 . Measwed Air Change Rales by Measwemenl Type 

N Median Quartiles Mean Outliers 

Building 49 1 .63 1 .05 2.34 1 .89 6.97 7.49 

Interior 224 1 .42 1.02 2.22 1 .73. 4.73 4.97 5.03 5.90 
7.48 7.74 8.72 9.04 

Infiltration 40 0.40 0.21 0.94 0.56 

HVAC Retum 28 2.02 1 .36 2.74 2.17 
: 

6.25 
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5. Summary and Recommendations 

This project developed a protocol for measuring the air change rate in non-residential buildings in the . 

state of California and applied the protocol to 49 buildings in four climate woes in the state. The data 

gathered in the this stage indicates that: 

• Vintage 2 buildings have lower total air changes rates than Vintage 1 buildings. 

• Vintage 2 buildings have lower infiltration rates than Vintage 1 buildings but this difference in 

infiltration rates does not account for more than 30 percent of the difference in total air change rate 

between the two classes· 

• On the average, air infiltration is fro.m 25 percent to 42 percent of the total building air change air. 

• A large variation in air change rate exists within any class, the value of the high interquartile.·point 

being typically 1.5 times the value of the low interquartile poinl 

• The median air change rate of all office buildings tested is 1.09 air changes per hour, 36% more than 

the 0.8 air change rate required to provide the 20 cfm per occupant of the ASHRAE Standard 62-

1989. Nevertheless, 23 percent of the office buildings tested have air change rates below the value " 

required to satisfy ASHRAE Standard 62-1989 . 

• A median total air change rate for retail buildings of 1.8 air changes per hour is 50 percent more than 

the 1 .2 required by ASHRAE Standard 62-1989. About 50 percent of the Vintage 2 retail buildings 

had air change rates below what would be required by ASHRAE 62-1989; while all of the Vintage 1 

satisfy the standard. The retail buildings tested probably are not representative of the population of 

Calif omia retail buildings. 

• Schools consistently had air change rates lower than required to provide the 15 cfm per occupant 

required by ASHRAE Standard 62-1989� Thirty percent of all cwsrooms (21 % of schools) were 

64 



found to have air change rates less than the 1 .5 air changes per hour required to provide 7 .5 cfm per 

occupant 

From a protocol and methodology point of view, the project shows that it is possible as envisioned in the 

protocol to measure and evaluate the amount of outside air :being provided to non-residential buildings. 

Any changes to the measurement protocol are relatively minor: 

• The mix sampling point required to determine the percent of outside air in the supply air was 

difficult to reliably measure due to the lack of mixing of the return air and supply air while tracer gas 

was being injected. It was better to make this measurement in the supply air stream after the injection 

was stopped. Also, the procedure can be simplified by making this measurement only once or twice 

instead of at every measurement interval. 

• Small modular injection tracer units should be used and developed for buildings with packaged roof 

top units if other than the decay method is to be used. The time spent in installing tracer injection 

tubing from one or two gas cylinders can be significant and under several conditions the technicians 

had to spend several hours working on the roof with over a I 00 degree temperature . 

• The questionnaire for determining the characteristics of the building should be simplified to contain 

data only required for the test Many of the technical questions about the HV AC system could not be 

8:flSwered by the building personnel or owners. If these data are to be obtained by the field team, 

more time will be needed. 

• The data analysis clearly shows the limitations of deriving conclusions from small sample size and 

poor sample design. The number and "representativeness" of samples within each category of each 

class ("cell group") must be greatly expanded, to at least a minimum of 25. 

• With regard to sample design: retail class should be more exactly defined and restricted. 

• An effort should be made to obtain a more balanced sample of buildings representative of each "cell 

group." The overall number of buildings to be sampled depends on obtaining the minimum number 

of observations per "cell group". 
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6 .  Sample Stem Leaf Analysis 

Stem and leaf analysis displays the distribution , N (number of observations), mean, median, quartiles, 

and outlliers of the data. A number that is precisely zero is identified by z. No stem and leaf display is 

provided if there is 0 or only one unique value in the data. 

TERMS 

• fence the multiple of the inter-quartile range used to detennine outliers 

• outlier any point further than 2 inter-quartile ranges from the nearest quartile is considered a¥. 
outlier, and is printed separately from the body of the stem-and-leaf display 

• count the number of data values on a line. It is shown on the second column of the display. 

• depth is the cumulative sum of the counts to the nearer extreme. It is shown on the first column of 

the display 

The stem and leaf diagram is a compact way to record the data. At the same time, it gives visual 

infonnation, the length of each row shows the number of values in each row, so the display is essentially a 

histogram lying on its side. The stem and leaf diagram is particularly useful when it is important to 

convey both the numerical values themselves and the graphical information about the distribution. It 

enables seeing the batch as a whole and noticing such features as: 

• How nearly symmetric the batch is. 
• How spread out the numbers are. 

• Whether a few values are far removed from the rest 

• Whether there are concentrations of data. 

• Whether there are gaps in the data. 
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Stem ' Leaf for Interior/Return ACB of Class Office 

N = 1 1 3  Medi an s 1 . 1 5 
Quart i l e s  = 0 . 93 ,  1 . 5 1 

Decimal point i s  1 place to the l e ft of the colon 

1 l 1 : 7 
1 0 2 
7 6 3 : 0 0 4 6 6 7  

11 4 4 : 0 1 4 6  
1 6  5 5 : 0 0 5 5 7  
2 1  5 6 : 1 3 4 5 9  
2 3  2 7 : .1 4 
2 5  2 8 : 4 6  
3 4  9 9 : 2 2 2 3 3 4 67 8  
4 8  1 4  1 0  : 2 4 5 5 5 7 7 7 8 8 8 8 8 �  

1 3  11 : 0 1 1 1 3 4 4 5 5 6 7 9 9  
5 2  7 1 2  : 0 0 3 3 4 7 9  
4 5  7 13 : 3 6 6 7 8 8 8  
3 8  8 l 4  : 2 2 2 3 4 4 7 9  
3 0  6 1 5  : 0 1 1 2 3 5  
2 4  1 1 6  : 6 
2 3  5 1 7  : 0 0 0 4 8  
1 8  1 1 8  : 8 
1 7  0 1 9  
1 7  2 2 0  : 9 9  
1 5  1 2 1  : 4 
1 4  3 22 : 6 6 6  
1 1  0 23 
11 2 2 4  : !i I 

9 1 25 : 2 

High : 2 . 7 5 2 . 7 7 2 . 8 4 2 . 8 7 2 . 93 2 . 9 7 3 . 1 2 4 . 73 

Mean = 1 . 31 

Stem ' Leaf for Interior/Return ACH of Class Retail 

N � 5 4  Median = 1 . 75 
Quart i les • 0 . 8 4 ,  2 . 4 6  

Decima l  point i s  a t  the colon 

3 3 0 : 4 4 4  
1 5  1 2  0 : 5 5 5 6 6 6 7 8 8 8 8 9  
2 2  7 1 : 0 0 2 2 3 3 4  

1 1  l : 5 7 7 7 7 8 9 9 9 9 9  
2 1  7 2 : 0 0 0 1 2 2 3  
1 4  5 2 : 5 5 7 7 8  

9 1 3 : l 
8 2 3 : 5 7  
6 0 4 
6 1 4 : 6 
5 1 5 : 0 

High :  5 . 90 7 . 4 8 7 . 7 4 9 . 0 9  

Mean • 2 . 1 4  
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Stem ' Leaf for Interior/Return ACH of Class School 

N = 5 7  Median = 1 .  9 1  
Quart i l e s  • 1 . 4 6 , 2 . 7 i 
Decimal point i s  at the c o l on 

4 4 0 : 6 7 8 8  
1 4  1 0  1 : 0 1 2 2 2 2 2 3 3 3  

1 6  1 : 5 5 6 6 6 6 6 7 7 7 7 8 8 9 9 9  
2 7  8 2 : 1 3 3 3 3 3 4 4  
1 9  1 3  2 : 5 5 6 7 7 7 8 8 6 6 6 9 9  

6 2 3 : 0 2  
4 l 3 : 7 
3 1 4 : 4 
2 0 4 :. 
2 l 5 : 0 

High : 8 .  7 2  

Mean • 2 . 1 8 

Stam ' Leaf for Interior/Return ACH of Vintage 1 

N z 1 0 9  Median = 1 .  7 3  
Quart i l e s  = 1 . 23 ,  2 . 6 6 

Decimal point i s  at the c o l o n  

2 2 0 : 3 4  
9 7 0 : . 5 6 6 7 6 6 9  

3 9  3 0  1 : " 0 0 0 1 1 1 1 1 1 1 1 22 22 2 2 2 2 2 3 3 3 4 4 4 4 4 4 4  
2 5  l : 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7 7 7 7 6 9 9 9 9 9 9  

4 5  1 4  2 : 0 0 1 1 2 2 3 3 3 3 3 4 4 4  
31 18 2 : 5 5 6 7 7 7 7 7 8 8 8 8 8 8 9 99 9  
1 3  2 3 : 01 
11 2 3 : 5 7  

9 1 4 : 4 
8 1 4 : 6 
7 2 5 : 0 0  

High : 5 . 90 7 . 4 8  7 . 7 4  8 . 7 2 9 . 0 9 

Mean • 2 . 1 7  

Stam ' Leaf for Interior/Return ACB of Vintage 2 
N = 1 1 5  Median • 1 . 1 3 
Quart i l e s • 0 . 7 4 ,  1 . 6 7 

Decimal point is at the colon 

11 1 1  0 
4 1  3 0  0 

3 7  1 
3 7  1 7  1 
2 0  0 2 
1 2  7 2 

5 3 3 

High : 3-. 1 0 4 . 73 

Mean • 1 .  31 

23 3 4 4 4 4 4 4 4 4  
5 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 6 8 8 8 8 9 9 9 9 9 9 9  
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4  
5 5 5 5 55 5 7 7 7 7 8 8 8 9 9 9  
0 1 1 1 3 3 3 3  
5 5 5 5 7 8 8  
0 1 2  

68 



Stem � Leaf for Znterior/Return ACB of Use Classroom 

N = 61 Medi an s 1 . 92 
Quart i l e s  s 1 . 34 ,  2 . 7 1 

Decimal point i s  at the colon 

4 4 0 : 6 7 8 8  
1 8  1 4  1 : 0 1 1 2 2 2 2 2 2 3 3 3 4 4  

1 3  1 : 5 5 6 6 6 7 7 7 8 8 9 9 9  
3 0  8 2 : 3333 3 3 4 4  
2 2  1 5  2 : 5 5 6 7 77 7 7 8 8 8 8 8 9 9  

7 2 3 : 02 
5 1 3 : 7 
4 1 4 : 4 
3 0 4 
3 2 5 : 0 0  

High : 8 .  7 2  

Mean z 2 . 21 

Stem � Leaf for Interior/Return ACS of Use orrice 

N • 1 2 0  Median = 1 . 1 9  
Quart i le s  = 0 . 9 3 5 ,  1 . 64 5  

Decimal point i s  1 place t o  the l e ft o f  the col on 

1 1 1 : 7 
1 0 2 
7 . 6 3 : 0 0 4 6 6 7  

1 1  4 4 : 0 1 4 6  
1 6  5 5 .: 0 0 5 5 7  
2 1  5 6 : 1 3 4 5 9  
2 3  2 7 : 1 4  
2 5  2 8 : 4 6  
3 4  9 9 : 2 2 2 33 4 6 7 8  
4 8  1 4  1 0  : 1 2 4 5 5 5 7 7 7 8 8 8 8 9  

1 3  1 1  : 0 1 1 1 3 4 4 5 5 6 7 9 9  
5 9  8 1 2  : 0 0 3 3 4 7 7 9  
5 1  6 1 3  : 3 6 7 8 8 8  
4 5  8 1 4  : 2 2 3 4 4 4 7 9 
3 7  5 1 5  : 0 1 1 2 3  
3 2  5 1 6  : 3 3 6 9 9  
2 7  5 1 7  : 0 0 0 4 8  
2 2  2 1 8  : 8 8  
2 0  l 1 9  : 2 
1 9  3 2 0  : 3 9 9  
1 6  2 2 1  : 4 5  
1 4  3 2 2  : 6 6 6  
1 1  0 23 
1 1  2 2 4  : 5 6  

9 l 2 5  : 2 
8 0 2 6  " :  
8 2 2 7  : 5 7  
6 2 2 8  : 4 7  
4 2 2 9  l 37 

High : . 3 . 1 2 4.  7 3  

Mean � 1 . 3 4 
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Stem ' Leaf for �nterior/Retuz;n ACH of Ose Retail 

N = 4 3  Median s 1 . 7 3 
Qua r t i l e s = 0 . 7 7 ,  2 . 4 7 

Decimal point i s  at the c o l o n  

3 3 0 : 4 4 4  
1 5  1 2  0 : 5 5 5 6 6 6 7 8 8 8 8 9  
1 8  3 1 : 0 2 3  

9 l : 5 5 7 7 7 8 9 9 9  
1 6  5 2 : 0 0 1 2 2  
1 1  3 2 : 5 5 8  

8 1 3 : 1 
7 2 3 : 5 7  
5 0 4 
5 1 4 : 6 

High : 5 . 9 0 7 . 4 8 1 : 1 4  9 . 0 9  

Mean s 2 . 1 4 

St� ' Leaf for Interior/Return ACB of SizeClass LargeOffice 

N = 33 Median c 1 . 1  
Quart i l e s  • 0 . 9 2 ,  1 . 3 8 

Decimal point i s  1 place to the l e ft o f  the colon 

3 3 5 : 0 0 5  
6 3 6 : 3 4 5  
8 2 7 : 1 4  
8 0 8 

1 0  2 9 : 23 
1 6  6 1 0  : 5 5 7 8 8 9  

5 11 : 0 1 3 5 6  
1 2  2 1 2  : 0 3  
1 0  2 13 : 3 8  

8 2 1 4  : 2 4  
6 2 1 5  : 1 1  
4 0 1 6  
4 1 1 7  : 8 

High : 2 . 4 5 2 . 4 7 2 . 93 

Mean : 1 . 2  
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Stem & Leaf for Interior/Return ACH of S izeC1ass LargeRetail 

N = 2 3  Median = O . B  
Quart i l e s  = 0 . 5 , 1 . 8 7 

Decimal point i s  1 p l a ce to the left of the colon 

5 5 4 : 2 4 4 7 9  
7 2 5 : 0 9  

1 0  3 6 : 1 3 9  
l l  l 7 : 7 

4 8 : 0 2 4 7  
8 0 9 
8 l 1 0  : 0 
7 0 1 1  
7 0 1 2  
7 0 1 3  
7 1 1 4  : 7 
6 0 1 5  
6 0 1 6  
6 0 1 7  
6 l 1 8  : 7 
5 0 1 9  
5 1 2 0  : 3 
4 1 21 : 1 
3 2 22 : 22 
1 0 2 3  
1 1 24 : 6 

Mean = 1 . 0 8 

Stem � Leaf for Interior/Return ACH of SizeC1ass Sma1l0ffice 

N c 80 Median c 1 . 1 95 
Quart i l e s  = 0 . 93 5 , 1 . 6 0 5  

Decimal point i s  1 pl ace t o  t he l e f t  o f  t h e  col on 

1 1 l : 7 
l · o 2 
7 6 3 ; 0 0 4 6 6 7  

1 1  4 4 ; 0 1 4 6  
1 3  2 5 : 5 7  
l's 2 6 ; 1 9  
1 5  0 7 
1 7  2 8 ; 4 6  
2 4  7 9 : 2 2 3 4 6 7 8  
3 2  8 1 0  : 2 4 5 7 7 8 8 8  
4 0  8 1 1  : 1 1 4 4 5 7 9 9  
4 0  5 1 2  : 0 3 4 7 9  
3 5  5 1 3  : 6 6 7 8 8  
3 0  6 1 4  : 2 2 3 4 7 9  
2 4  4 1 5  : 0 2 3 5  
2 0  1 1 6  : 6 
1 9  4 l 7 : 0 0 0 4  
1 5  l 1 8  : 8 
1 4  0 1 9  
1 4  2 2 0  : 9 9  
1 2  l 21 : 4 
1 1  3 22 : 6 6 6  

8 0 2 3  
8 0 2 4  
8 l 2 5  : 2 
7 0 2 6  
7 2 27 : 5 7  
5 2 2 8  : 4 7  

High : 2 . 9 7 3 . 1 2 4 . 7 3 

Mean : 1 . 3 5 
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Stem & Leaf for Interior/Return ACB of SizeClas s SmallRetail 

N = 3 1  Med i a n  = l . 98 
Quart i l e s  = 1 . 7 2 ,  3 . 4 9 

Decimal p o i n t  i s  at the colon 

1 5  1 5  1 : 0 2 2 3 3 4 7 7 7 7 6 9 9 9 9  
7 2 : 0 0 3 5 7 7 6  

9 3 3 : 1 5 7  
6 1 4 : 6 
5 2 5 : 0 9  

High : 7 . 4 8 7 . 7 4 9 . 0 9 

Mean = 2 . 93 

Stem & Leaf for Interior/Return ACS of Vintage 1 Class Off�ce 

N z 37 Median = 1 . 2  
· Quart i le s  = 1 . 0 8 ,  1 . 55 

Decimal point i s  1 pl ace to the left of the colon 

2 2 
2 0 
4 2 
5 1 
5 0 
5 0 
7 2 

1 2  5 
1 8  6 

3 
1 6  3 
1 3  3 
1 0  1 

9 O · 
9 3 
6 0 
6 0 
6 0 
6 0 
6 2 
4 0 
4 1 

3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  

0 7  

5 7  
1 

2 7  
5 5 8 8 9  
1 1 4 4 5 7  
0 0 3  
6 8 8  
2 2 3  
5 

0 0 4  

6 6  

5 

High : 2 . 8 4 2 . 8 7 2 . 93 

Mean - L 3 7 

Stem & Leaf for J:nterior/Return ACS of Vintage 1 ciasa !Wtail 

N - 34 Median c 2 . 0 7 
Quart i l e s  z 1 . 7 3 ,  3 . 0 6 

Decimal point i s  at the c o l on 

5 5 1 : 2 2 3 3 4  
1 5  1 0  1 : 5 7 7 7 7 8 9 9 9 9  

6 2 : 0 0 1 223 
1 3  4 2 : 5 7 7 8  

9 1 3 : 1 
8 2 3 : 5 7  
6 0 4 
6 1 4 : 6 
5 1 5 : 0 

High : 5 . 90 7 . 4 8 7 . 7 4 9 . 0 9 

Mean = 2 . 8 7 

-:; 
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Stem ' Leaf for Inter�or/Return ACB of V�ntage 1 C1asa Schoo1 

N = 3 8  Median = 2 . 2 0 5  
Quart i l e s  � 1 . 5 8 ,  2 . 8 1 

Decimal point i s  at the c o l on 

3 3 0 : 7 8 8  
7 4 1 : 2 2 2 3  

1 8  1 1  1 : 5 5 6 6 6 6 6 7 7 9 9  
5 2 : 1 3 3 4 4  

1 5  1 1  2 : 5 6 7 7 7 8 8 8 8 9 9  
4 1 3 : 0 
3 0 3 
3 1 4 : 4 
2 0 4 
2 1 5 : 0 

High : 8 .  7 2  

Mean .. 2 . 3 3 

Stem ' Leaf for Interior/Return ACB of Vintage 2 ciaaa Office 

N s 7 6  Median = 1 . 1 2 
Quart i l e s  a 0 . 8 5 ,  1 . 5 0 5  

Decimal point i s  1 place to t h e  l e f t  o f  the colon 

1 1 1 : 7 
1 0 2 
5 4 3 : 0 4 6 6  
5l 4 4 : O l 4 Ei  

1 2  3 5 : 0 0 5  
1 6  4 6 : 3 4 5 9  
1 8  2 7 : 1 4  
2 0  2 8 : 4 6  
2 7  7 9 : 2 2 3 3 4  68 
3 6  9 1 0  : 2 4 5 7 7 7 8 8 8  

7 11 : 0 1 3 5 6 9 9  
3 3  4 1 2  : 3 4 7 9  
2 9  4 1 3  : 3 6 7 8  
2 5  5 1 4  : 2 4 4 7 9  
2 0  5 1 5  : 0 1 1 2 3  
1 5  1 1 6  : 6 
1 4  2 1 7  : 0 8  
1 2  1 1 8  : 8 
ll 0 1 9  
1 1  2 2 0  : 9 9  

9 1 2 1  : 4 
8 1 22 : 6 
7 0 23 
7 1 2 4  : 7 
6 1 25 : 2 
5 0 2 6  
5 2 2 7  : 5 7  

H i gh : 2 . 9 7 3 . 1 2 4 . 73 

Mean = 1 . 2 8  

73 



r 
r 
r 
r .  
r 
r-
r­
r� 
! � 
I 

Stem 6i Leaf for :Inter;Lor/Return ACS of V:i.ntage 2 Cl.aaa Retul. 

N = 20 Median = 0 . 73 
Quarti l e s  = 0 . 4 95 ,  0 . 9 3 5  

Decimal p o i n t  i s  1 pl ace to t h e  l e f t  of t h e  c o l o n  

5 5 4 : 2 4 4 7 9  
7 2 5 : 0 9  

1 0  3 6 : 1 3 9  
1 0  1 7 : 7 

9 4 8 : 0 2 4 7  
5 0 9 
5 2 1 0  : 0 1  

High : 1 . 92 2 . 03 2 . 4 6 

Mean = 0 . 8 9 

Stem 6i Leaf for :Inter�or/Return ACB of V�ntage 2 Claaa School 

N • 1 9  Median = 1 . 8  
Quart i les = 1 . 22 ,  2 . 3 3 

Decimal poi nt i s  at the colon 

1 

7 
2 

1 0 
1 1  1 

5· 2 
2 3 

Mean = 1 .  8 8  

6 
0 1 2 2 3 3 7 7 8 8 9  
3 3 3 5 8  
2 7  
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Stam ' Leaf for Interior/Return ACB of Vintage 1 Region 
NorthCoast 

N = 32 Median = 1 . 2 1 
Quar t i l e s  • 1 . 1 , 1 . 7 5 

Decimal point i s  1 pl ace to the l e ft of the colon 

2 2 3 : 0 7  
2 0 4 
2 0 5 
3 1 6 : 1 
3 0 7 
3 0 8 
4 1 9 : 2 
8 4 1 0  : 5 5 8 9  

1 4  6 1 1  : 1 1 4 4 5 7 
4 12 : 0 0 2 3  

1 4  1 1 3  : 3 
1 3  2 1 4  : 2 7  
1 1  0 1 5  
1 1  0 1 6  
1 1  4 1 7  : 2 3 4 6 

7 0 1 8  
7 0 1 9  
7 0 2 0  
7 0 2 1  
7 1 22 : 9 
6 0 2 3  
6 0 2 4  
6 0 2 5 . ,: 
6 2 2 6  : 6 6  
4 0 2 7  
4 3 28 : 0 2 7  

High : 8 .  7 2  

Mean = 1 . 6 9 

Stem ' Leaf for Interior/Return ACB of Vintage 1 Region 
Northinterior 

N E 33 Median s 2 . 4 5 
Quarti l e s  = 1 . 8 8 ,  3 . 0 6 

Decimal point i s  at the colon 

2 2 0 
1 2  1 0  1 

1 2  2 
9 3 3 
6 2 4 

5 6  
0 4 6 7 7 9 9 9 9 9  
0 1 3 4 4 5 6 7 7 8 8 9  
1 5 7  
4 6  

High :  5 . 90 7 . 4 8 7 . 7 4 9 . 0 9 

Mean • 2 . 96 
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Stem � Leaf for Interior/Return ACB of Vintage l Region 
SouthCoast 

N = 17 Median = 1 . 5 8 
Qua r t i l e s  = 1 . 2 3 ,  2 . 4  

Decimal point i s  at t he c o l on 

2 2 0 : 7 8  
7 5 1 : 2 2 2 3 3  

4 1 : 5 6 6 7  
6 2 2 : 3 4  
4 2 2 ; 5 7  

r� High : 4 . 97 5 . 03 

( ' -

l • 

I 
I 

l 

Mean = 2 . 01 

Stem � Leaf for Interior/Return ACB of Vintage 1 Region 
Southinterior 

N = 27 Medi an = 1 . 7  
Quart i l e s  = 1 . 4 2 ,  2 . 2 6  

Decimal point . i s  1 place to t he left o f  the colon 

1 1 7 : 6 
1 0 8 
1 0 9 
2 1 1 0  : 0 
2 . 0 1 1  
3 1 1 2  : 1 
6 3 1 3 ' : 6 8 8  
9 3 1 4  ·, 2 3 8  

1 0  1 15 ; 5 
1 2  2 1 6  : 1 3  

3 1 7  : 0 0 4  
1 2  1 1 8  : 7 
1 1  0 1 9  
1 1  1 2 0  : 3 
1 0  1 21 : 1 

9 4 22 : 2 2 6 6  
5 0 2 3  
5 0 2 4  
5 0 2 5  
5 0 2 6  
5 0 2 7  
5 3 2 8  : 3 4 7  
2 1 2 9  : 3 
1 1 3 0  : 3 

Mean = 1 .  8 9  
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Stem 6 Leaf for Interior/Return ACB of Vintage 2 Region 
NorthCoast 

N = 1 9  Median = . 1 . 2 4  
Quart i les � 1 . 05 ,  1 .  6 7  

Decimal point i s  a t  the colon 

3 3 0 : 5 7 9  
1 1  1 : 0 01 1 2 2 23 3 4 4  

5 2 1 : 7 9  
3 0 2 
3 2 2 : 5 7  

High : 2 . 97 

Mean • 1 .  4 2  

Stam 6 Leaf for Interior/Return Acli o f  Vintage 2 Region 
NortbXnteri.or 

N • 9 Median = 1 .  8 
Quarti le s * 1 . 1 9 ,  1 . 92 

Decimal point i s  at the colon 

1 1 0 : 6 
3 2 1 : 02 

4 l : 7 8 8 9  
2 l 2 : 0 
1 l 2 : 5 

Mean = 1 .  6 1  

' •  
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Stem � Leaf for Interior/Return ACB �f Vintage 2 Region 
SouthCoast 

N = 54 Median � 1 .  0 7 5  
Quart i l e s  = 0 . 5 ,  1 .  4 2  

Decimal point i s  1 p l ace t o  the l e f t  o f  the c o l on 

1 l 1 : 7 
1 0 2 
5 4 3 : 0 4 6 6  

1 3  8 4 : 0 1 2 4 4 4 7 9  
1 8  5 5 : 0 0 0 5 9  
2 2  4 6 : 1 3 4 5  
2 4  2 7 : 1 4  
2 4  0 8 
2 6  2 9 : 2 3  

3 1 0  : 7 8 8  
2 5  6 1 1  : 0 1 3 5 5 6  
1 9  2 1 2  : 3 7  
1 7  3 1 3  : 3 4 8  
1 4  2 1 4  : 2 4  
1 2  2 1 5  : 1 1 
1 0  0 1 6  
1 0  0 1 7  
1 0  1 1 8  : 8 

9 0 1 9  
9 2 2 0  : 9 9  
7 1 21 : 4 
6 2 22 : 67 
4 1 2 3  : 3 
3 0 2 4  
3 0 2 5  
3 0 2 6  
3 2 2 7  : 67 
1 0 2 B  
1 0 2 9  
1 0 3 0 
1 1 3l : 2 

Mean = 1 . 1 1  
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Stem ' Leaf for Interior/Return ACH of Vintage 2 Region · 
Southinterior 

N = 33 Median = 1 . 0 7 
Quart i l e s = 0 . 8 7 ,  1 . 6 6 

Decimal point i s  l place to t he l e ft of the colon 

2 2 6 : 3 9  
3 1 7 : 7 
9 6 8 : 0 2 H 67 

1 3  4 9 : 2 3 6 8  
4 1 0  : 0 2 4 7  

1 6  0 1 1  
1 6  l 12 : 2 
1 5  1 13 : 6 
1 4  2 1 4  : 7 9  
1 2  3 15 : 0 2 3  

9 l 1 6  : 6 
8 2 1 7  : 0 8  
6 0 1 8  
6 0 1 9  
6 0 2 0  
6 0 21 
6 1 22 : 6 
5 0 2 3  
5 1 2 4  : 7 
4 1 25 : 3 
3 0 2 6  
3 0 2 7  
3 0 2 8  
3 0 2 9  
3 0 3 0  
3 · 0 3 1  
3 1 32 : 3 

High : 3 . 7 0 4 . 73 

Hean = 1 .  4 9  

Stem ' Leaf for Interior/Return ACS of Vintage 1 Ose Classroom 

N = 4 2  Median • 2 . 2 9  
Quarti l e s  = 1 . 4 6 ,  2 . 8  

Decimal point i s  at the colon 

3 3 0 : 7 8 8  
1 0  7 1 : 1 2 2 2 2 3 4  
1 9  9 1 : 5 5 6 6 6 7 7 9 9  

5 2 : 3 3 3 4 4  
1 8  1 3  2 : 5 6 7 7 7 7 7 8 8 8 8 9 9  

5 1 3 : 0 
4 0 3 
4 l 4 : 4 
3 0 4 
3 2 5 : 0 0  

High : 8 .  7 2  

Mean • 2 . 3 7 
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Stem � Leaf for Interior/Return ACB of Vintage 1 Use . Office 

N = 4 1  Median = 1 . 2 7 
Quart i l e s = 1 . 0 9 ,  1 . 7  

Decimal point i s  1 place t o  the l e ft o f  t he colo� 

2 2 3 : 0 7  
2 0 4 
4 2 5 : 5 7  
5 1 6 : 1 
5 0 7 
5 0 8 
7 2 9 : 2 7  

1 1  4 1 0  : 5 5 8 9  
1 7  6 1 1  : 1 1 4 4 5 7  

4 12 : 0 0 3 7  
2 0  3 13 : 6 8 8  
1 7  3 1 4  : 2 3 4  
1 4  0 1 5  
1 4  3 1 6  : 3 3 9  
1 1  3 1 7  : 0 0 4  

8 1 1 8  : 8 
7 0 1 9  
7 0 2 0  
7 1 21 : 5 
6 2 22 : 6 6  
4 0 2 3  
4 1 2 4  : 5 
3 0 2 5  
3 0 2 6  
3 0 2 7 
3 2 2 8  : 4 7  

High : 2 . 93 

Mean • 1 .  4 2  

Stem 6 Le a f  for Interior/Return ACB of Vintaqe 1 Use Retail 

N • 26 Median • 2 . 07 
Quart i l e s • 1 . 7 4 ,  3 . 4 9  

Decimal point i s  at the col on 

1 1  1 1  
7 

8 3 
5 1 

. '4 1 

1 : 2 3 5 5 7 7 7 8 9 9 9  
2 : 0 0 1 2 2 5 8  
3 : 1 5 7  
4 : 6 
5 : 9 

High : 7 . 4 8 7 . 74 9 . 0 9  

Mean • 3 . 05 

Stem 6 Leaf �or Interior/:Eteturn ACB of Vintage 2 Oae C1aaaroom 

N = 1 9  Median • 1 . 8  
Quart i l e s  = 1 . 22 ,  2 . 33 

Decimal point i s  at the col on 

l 1 0 
1 1  1 

7 5 2 
2 2 3 

Mean • 1 .  8 6  

6 
0 1 2 2 33 4 7 8 8 9  
3 3 3 5 8  
2 7  

· . 
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Stem 5 Leaf for Znterior/Return ACB of Vintaqe 2 Oae Office· 

N = 1 9  Median .. 1 . 1 3 
Quart i l e s  = 0 . 8 6 ,  1 . 5 2 

Decimal point i s  1 p l a ce to the left of the colon 

1 1 1 : 1 
1 0 2 
5 4 3 : 0 4 66 
9 4 4 : ' 0 1 4 6  

1 2  3 5 : 0 0 5  
1 6  4 6 : 3 4 5 9  
1 8  2 1 : 1 4  
2 0  2 8 : 4 6 
2 1  1 9 : 2 2 33 4 68 
3 1  1 0  1 0  : 1 2 4 5 1 1 1 8 8 8  

1 11 : 0 1 3 5 6 9 9  
3 5  4 12 : 3 4 1 9  
3 1  3 1 3  : 3 1 8  
2 8  5 1 4  : 2 4 4 1 9  
2 3  5 1 5  : 0 1 1 2 3  
1 8  2 1 6  : 6 9  
1 6  2 11 : 08 
1 4  1 18 : 8 
1 3  1 1 9  : 2 
:).2 3 2 0  ; 3 9 9  

9 1 21 : 4 
8 l 22 : 6 
1 0 2 3  
7 1 2 4  : 6 
6 l 25 : 2 
5 0 2 6  
5 2 21 : 57 

High :  2 . 9 1 3 . 1 2 4 . 1 3 

Mean z 1 . 2 9  

Stem ' Leaf for Interior/Return ACH o f  Vintage 2 Use Retail 

N "" 1 1  Median = 0 . 63 
Quart i le s  = 0 . 4 9 ,  0 . 82 

Decimal point is 1 place t o  the l e ft of the colon 

5 s 4 : 2 4 4 1 9  
1 2 5 : 0 9  

3 6 : 1 3 9  
1 1 1 : 1 
6 4 8 : 0 2 4 1  
2 0 9 
2 1 1 0  : 0 

High : 2 .  4 1  

Mean = 0 . 1 6  
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Stem ' Leaf for Xnterior/Return ACH of Vintage 1 S izeClas s  
LargeOff ice 

N = 6 Median = 1 . 1 4 5  
Quar: i l e s  • 1 . 0 5 ,  2 . 4 5 

Decimal point i s  at t h e  c o l on 

4 1 : 0 0 1 2  
2 2 2 : 4 9  

Mean = 1 . 63 

Stem ' Leaf for Xnterior/Return ACH of Vintage 1 SizeClass 
LargeRetail 

. N = 6 Median = 2 . 0 1 
Quarti l e s  • 1 . 8 1 , 2 . 22 

Decimal point i s  1 place to the l e ft o f  the colon 

1 1 1 4  : 1 
1 0 1 5  
1 0 1 6  
1 0 1 1  
2 1 1 8  : 1 
2 0 1 9  
3 l 2 0  : 3 
3 1 2 1 . : 1 
2 2 2 2 . : 22 

Mean £ 1 . 9 9  

Stem ' Leaf for Xnt•rior/Return ACB of Vintage l SizeClass 
SmallOff ice 

N = 31 Median = 1 . 2  
Quart i le s  • 1 . 0 8 ,  1 . 5 5 

Decimal point i s  1 pl ace to the left of the colon 

2 2 3 
2 0 4 
4 2 5 
5 1 6 
5 0 1 
5 0 8 
1 2 9 
9 2 1 0  

1 5  6 1 1  
2 1 2  

1 4 3 1 3  
1 1  3 1 4  

8 1 1 5  
1 0 1 6  
1 3 1 1  
4 0 1 8  
4 0 1 9  
4 0 2 0  
4 0 2 1 
4 2 2 2  

High : 2 . 8 4 2 . 8 1 

Mean = 1 .  3 2  

0 1  

5 1  
1 

2 1  
8 8  
1 1 4 4 5 1  
03 
6 8 8  
2 2 3  
5 

0 0 4  

6 6  
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Stem & Leaf for Interior/Return ACH of Vintage l SizeClass 
SmallRetail 

N = 26 Med i an = 2 . 1 3 5  
Quart i l e s = 1 . 7 2 5 ,  3 . 5 6 

Decimal p o i n t  i s  at the c o l o n  

1 3  1 3  1 : 2 2 3 3 4 7 7 7 7 6 9 9 9  
6 2 : 0 3 5 7 7 6  

9 3 3 : 1 5 7  
6 1 4 : 6 
5 2 5 : 0 9  

H i gh : 7 . 4 6 7 . 7 4 9 . 0 9  

Mean = 3 . 0 6 

Stem & Leaf for Interior/Return ACH of Vintage 2 . sizeClass 
LargeOff ice 

N = 2 7  Median = 1 . 1  
Qu�rt i les = 0 . 71 ,  1 . 3 6 

Decimal point i s  1 p l ace t o  the l e ft of the colon 

3 3 5 : 0 0 5  
6 3 6 : 3 4 5  
6 2 7 : 1 4  
6 0 8 : 

1 0  2 9 : 2 3  
1 3 3 1 0  : 7 8 6  

5 11 : 0 1 3 5 6  
9 1 12 ·. , 3 
6 2 1 3  : 3 8  
6 2 1 4  : 2 4  
4 2 1 5  : 1 1  
2 0 1 6  
2 l 1 7  : 8 
1 0 1 6  
l 0 1 9  
1 0 2 0  
1 0 2 1  
1 0 22 
1 0 2 3  
1 1 2 4  : 7 

Mean E 1 . 1  

Stem & Leaf for Interior/Return ACB of Vintage 2 SizeClass 
LargeRetail 

N = 1 7  Median = 0 . 63 
Quart i l e s  = 0 . 4 9 , 0 . 82 

Decima l  point i s  l pl ace t o the l e ft of the colon 

5 5 4 : 2 4 4 7 9  
7 2 5 : 0 9  

3 6 : 1 3 9  
7 1 7 : 7 
6 4 8 : 0 2 4 7  
2 0 9 
2 l 1 0  : 0 

H i gh : 2 . 4 6  

Mean = 0 . 7 6 
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Stem ' Leaf for Interior/Return ACB of Vintage 2 SizeClass 
School 

N = 1 9  Medi an & 1 . 8  
Quarti l e s  - 1 . 22 ,  2 . 3 3 

Decimal point i s  at the colon 

l 1 0 : 6 
11 l : 0 1 2 2 3 3 7 7 8 8 9  

7 5 2 : 3 3 3 5 8  
2 2 3 : 2 7  

Mean = 1 .  8 8  

Stem ' Leaf for Interior/Return ACB of Vintage 2 SizeClass 
SmallOf f ice 

N = 4 9  Median = 1 . 1 9  
Quart i le s  a 0 . 92 ,  1 . 66 

Decimal point i s  1 pl ace to the l e ft of t he colon 

1 1 1 : 7 
1 0 2 
5 4 3 : 0 4 6 6  
9 4 4 : 0 1 4 6  
9 a 5 

1 0  1 6 : 9 
1 0  0 7 
12 2 8 : 4 6  
1 7  5 9 : 2 3 4 6 8  
2 3  6 1 0  : 2 4 5 7 7 8  

2 11 : 9 9  
2 4  3 12 : 4 7 9  
21 2 1 3  : 6 7  
1 9  3 1 4  : 4 7 9  
1 6  3 1 5  : 0 2 3  
1 3  1 1 6  : 6 
1 2  1 1 7  : 0 
1 1  1 1 8  : 8 
1 0  a 1 9  
1 0  2 2 0  : 9 9  

8 1 21 : 4 
7 1 22 : 6 
6 0 2 3  
6 a 2 4  
6 1 25 : 2 
5 0 2 6  
5 2 2 7  : 5 7  
3 0 2 8  
3 l 2 9  .: 7 
2 0 3 0  : 
2 1 31 : 2 

High : 4 . 73 

Mean = 1 .  3 7  

Stem ' Leaf for Interior/Return ACB of Vintage 2 SizeClass 
SmallR.atail 

N = 3 Median = 1 . 92 
Quart i l e s  = 1 . 01 ,  2 . 03 

Decimal point i s  at the colon 

2 1 : 0 9  
l l 2 : 0 

Mean & 1 . 65 
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Stem ' Leaf for Interior/Return ACB of Region NorthCoast 
Class Off ice 

N = 3 6  Medi an = 1 . 1 4 
Qua rt i l e s  = 1 . 0 5 ,  1 . 2 5 5  

Decimal p o i n t  i s  l pl ace t o  t h e  l e f t  o f  t h e  col on 

Low : 0 . 3 0 0 . 3 7 0 . 4 6  0 . 61 

5 1 6 : 9 
5 0 7 
5 0 8 
8 3 9 : 2 4 8  

1 5  7 1 0  : 5 5 5 7 8 8 9  
8 1 1  : 1 1 4 4 5 7 9 9  

1 3  6 1 2  : 0 0 3 4 7 9  
7 1 1 3  : 7 
6 2 1 4  : 2 4  

High : 2 . 5 2 2 . 7 5 2 . 8 7  2 . 97· 

Mean - 1 . 2 4  

Stem ' Leaf for Interior/Return ACB of Region NorthCoast 
Class Retail 

N = 1 1  Median = 1 . 7 4 
Quart i le s  c 1 . 4 7 ,  2 . 6 6 

Decimal point i s  at the c o l on 

2 

4 
3 

2 1 
5 1 
1 2 
3 2 

Mean = 1 .  9 4  

2 3  
5 7 7 7 8  
3 
7 7 8  

Stem ' Leaf for Interior/Return ACB of Region NorthCoast 
Class School 

N = 4 Median ·= 2 . 3 6 
Quart i l e s  c 1 . 7 8 5 ,  5 . 7 7 

Decimal point i s  at the c o l on 

2 2 1 : 7 9  
2 1 2 : 8 
1 0 3 
1 0 4 
1 0 5 
1 0 6 
1 0 7 

1 1 8 : 7 

Mean = 3 . 7 8 
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Stam ' Leaf for Interior/Return ACll of Region Northinterior 
Class Office 

N = 5 Median E 0 . 97 
Quart i l e s  = 0 . 5 7 ,  2 . 4 5 

Decimal point i s  at the colon 

2 2 0 : 56 
1 1 : 0 

2 2 2 : 4 9  

Mean = 1 . 4 9  

Stem ' Leaf for Interior/Return ACB of Region Northinterior 
Class Retail 

N • 18 Median z 2 . 5 0 5  
Quart i l e s  = 1 . 92 ,  4 . 63 

Decimal poi nt i s  at the col on 

6 6 1 : 0 .!1 9 9 9 9  
4 2 : 0 0 5 5  

8 3 3 : 1 5 7  
5 1 .q : 6 
4 1 5 : 9 
3 0 6 
3 2 7 : 5 7  
1 0 8 
1 1 9 : 1 

Mean = 3 . 5 6 

St911l ' Leaf for Interior/Return ACS of Region Northinterior 
Class School. 

N • 1 9  Median z 1 . 92 
Qua rt i l e s  = 1 . 6 9 ,  2 . 68 

Decimal point i s  at the col on 

1 

9 , 
1· 
1 

1 0 
9 1 
8 2 
0 3 
1 .q 

Mean z 2 . 1 4 

6 
2 6 7 7 7 8 8 9 9  
1 3 4 67 7 8 8  

4 

.-
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Stem ' Leaf for Interior/Return ACS of Region SouthCoast 
Class Office 

N = 40 Medi an = 1 . 0 8 
Quart i l e s = 0 . 52 5 , 1 . 4 3 

Decimal point i s  1 p l a ce to the l e f t  o f  the colon 

1 1 1 : 7 
l 0 2 
5 4 3 : 0 4 6 6  
8 3 4 : 0 1 4  

1 1  3 5 : 0 0 5  
1 4  3 6 : 3 4 5  
1 6  2 7 : 1 4  
1 6  0 8 
1 8  2 9 : 2 3  

3 1 0  : 7 8 8  
1 9  5 1 1  : 0 1 3 5 6  
1 4  1 1 2  .: 3 
1 3  2 1 3  : 3 8  
1 1 2 1 4  : 2 4  

9 2 1 5  : 1 1 
7 0 1 6  
7 0 1 7  
7 1 1 8  : 8 
6 0 1 9  
6 2 2 0  : 9 9  
4 1 2 1  : 4 
3 1 22 : 6 
2 0 2 3  
2 0 2 4  
2 0 2 5  
2 0 2 6  
2 1 2 7  : 7 
1 0 28 
1 0 2 9  
l 0 3 0  
1 1 3 1  : 2 

Mean = 1 . 12 

Stem ' Leaf for Interior/Return ACB of Region SouthCoast 
Clas s  Retail 

N • 12 Median c 0 . 5 45 
Quart i l e s  • 0 . 4 5 5 ,  1 . 25 

Decimal point is at the colon 

3 

4 
2 

3 0 
5 0 
2 1 
1 1 

High : 4 .  9 7  

Mean = 1 . 0 9 

4 4 4  
5 5 5 6 6  
2 3  
7 
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Stem ' Leaf for Interior/Return ACH of Region SouthCoast 
Class School 

N = 1 9  Median = 1 . 5 8 
Quart i l e s  � 1 . 2 3 ,  2 . 4  

Decimal point i s  at the colon 

2 2 0 : 78 
8 6 1 : 1 2 2 3 3 3  

3 1 : 5 66 
8 4 2 : 3 3 3 4  
4 3 2 : 5 7 8  

H i gh : 5 . 03 

Mean = 1 . 9  

Stam ' Leaf for Interior/Return ACH of Region Southinterior 
Class Off ice 

N = 32 Median � 1 . 4 8 
Quart i l es s 1 . 0 7 5 ,  1 .  7 

Decimal point i s  1 p l a ce to the l e ft of the colon 

2 2 8 : 4 6  
5 3 9 : 2 3 6  
9 4 1 0  : 2 4 7 8  
9 0 1 1  
9 0 1 2  

1 3  4 1 3  : 6 6 8 8  
4 1 4· : 2 3 7 9  

1 5  4 1 5  : 0 2 3 5  
1 1  1 1 6  : 6 
1 0  5 1 7  : 0 0 0 4 8  

5 0 1 8  
5 0 1 9  
5 0 2 0  
5 0 21 
5 2 22 : 6 6  
3 0 2 3  
3 1 24 : 7 
2 0 2 5  
2 0 2 6  
2 0 2 7  
2 1 2 8  : 4 

H i gh :  4 . 73 

Mean = 1 .  5 9  

Stam ' Leaf for Interior/Return ACH o f  Region Southinterior 
Class Retail 

N = 1 3  Median z 0 . 8 7 
Quart i l e s  = 0 . 8 , 2 . 03 

Decimal point i s  at the colon 

7 0 : 6 7 8 8 8 8 9  
6 1 1 : 0 
5 l l : 9 
4 4 2 : 0 1 2 2  

Mean = 1 . 3  
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Stem & Leaf for Interior/Return ACB of Reqion Southinterior 
Class School 

N = 1 5  Med i a n  = 2 . 2 6 
Quart i l e s  c 1 . 2 2 ,  2 . 9 3 

Decimal p o i n t  i s  at the co l on 
l 1 0 : 8 

3 1 : 0 2 2  
7 3 1 : 5 6 6  

1 2 : 3 
7 4 2 : 5 8 9 9  
3 2 3 : 0 2  
1 1 3 : 7 

Mean = 2 . 1 5 

Stem & Leaf for Interior/Return ACH of Region NorthCoast Use 
Classroom 

N c 1 0  ·Medi a n = 2 . 4 7 5 
Quart i l e s  c 1 . 6 7 ,  2 . 8  

Decima l  point i s  at the colon 

2 2 1 : 1 4  
4 2 1 : 7 9  
5 1 2 : .  3 
5 4 2 : 7 7 8 8  

High : 8 . 72 

Mean = 2 . 8  

Stem & Leaf for Interior/Return ACH of Region NorthCoast Use 
Off ice 

N = 34 Medi an = 1 . 1 4 
Quart i l e s  c 1 . 05 ,  1 . 2 4 

Decimal point i s  1 place to the left of the colon 

Low : 0 . 30 0 . 3 7  0 . 4 6  0 . 61 

5 1 6 : 9 
5 0 7 
5 0 8 
8 3 9 : 2 4 8  

1 4  6 1 0  : 5 5 5 7 8 9  
8 1 1  : 1 1 4 4 5 7 9 9  

1 2  6 12 : 0 0 3 4 7 9  
6 1 1 3  : 7 
5 1 1 4  ; 4 

H i gh : 2 . 5 2 2 . 7 5 2 . 8 7 2 . 97 

Mean = 1 .  2 4  
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Stem ' Leaf for Interior/Return ACH of Region NorthCoast Use 
Retail 

N = 7 Median = 1 . 7 2 
Quart i l e s = 1 . 3 3 ,  1 . 7 4 

Decimal point i s  1 pl ace t o  the left o f  the colon 

1 1 1 2  : 2 
2 1 1 3  : 3 
3 1 1 4  : 7 
3 0 1 5  
3 0 1 6  
4 4 1 7  : 2 3 4 6  

Mean = 1 .  5 7  

Stem ' Leaf for Interior/Return ACH of Region Northinterior 
Use Clas sroom 

N = 1 6  Median = 1 . 91 5  
Quart i le s = 1 . 7 , 2 . 62 5  

Decimal p o i n t  i s  at t h e  c o l o n  

1 1 0 : 6 
8 1 : 2 67 7 8 8 9 9 

7 6 2 : 3 4 67 7 8  
1 0 3 
1 1 4 : 4 

Mean = .2 . 1 3  

Stem ' Leaf · for ::Cnterio_r /Return ACB of Region North::Cnterior Use 
Of £ice 

N = 1 3  Median = 1 . 8 8 
Qua r t i l e s  = 1 . 0 1 ,  2 . 1 5 

Decimal point i s  at the colon 

2 

5 

2 0 
6 1 
5 2 

Mean = 1 . 7  

5 6  
0 0 4 7 9 9  
0 1 4 5 9  

Stem ' Leaf for Interior/Return ACH o f  Region Northlnterior 
Use Retail 

N = 1 3  Median = 3 . 4 9 
Qua rt i l e s  • 2 . 55 ,  5 . 9  

Decimal poi nt i s  at the c o l on 

2 2 1 : 9 9  
5 3 2 : 0 5 8  

3 3 : 1 5 7  
5 1 4 : 6 
4 1 5 : 9 
3 0 6 
3 2 7 ; 5 7  
1 0 8 
1 1 9 : 1 

Mean = 4 . 32 
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Stem ' Leaf for Interior/Return ACB of Region SouthCoast Use 
Classroom 

N = 2 0  Medi an = 1 .  5 2  
Quarti l e s  = 1 . 23 ,  2 . 4 65 

Decimal point i s  at the colon 

2 2 0 : 7 8  
9 7 1 : 1 2 2 2 3 3 3  

2 1 : 5 6  
9 4 2 : 3 3 3 4  
5 3 2 : 5 7 8  

High : 4 . 97 5 . 03 

Mean • 2 . 03 

Stem ' Leaf for Interior/Return ACB of Region SouthCoast Use 
Off ice 

N = 4 3  Median = 1 . 1  
Quart iles - 0 . 5 5 ,  1 .  5 1  

Decimal p o i nt i s  1 p lace t o  the left o f  the colon 

1 1 1 : 7 
1 0 2 
5 4 3 : 0 4 6 6  
8 3 4 ; 0 1 4  

1 1  3 5 : 0 0 5  
1 4  3 6 : 3 4 5  
1 6  2 7 : 1 4  
1 6  0 8 
1 8  2 9 : 2 3  
2 1  3 1 0  : 7 8 8  

5 11 ; 0 1 3 5 6  
1 7  2 1 2  : 3 7  
1 5  2 13 : 3 8  
1 3  2 1 4  : 2 4  
1 1  2 1 5  : 1 1  

9 2 1 6  : 3 9  
7 0 1 7  
7 1 1 8  : 8 
6 0 1 9  
6 2 2 0  ; 9 9  
4 1 21 : 4 
3 1 22 : 6 
2 0 2 3  
2 0 2 4  
2 0 2 5  
2 0 2 6  
2 1 2 7  ; 7 
l 0 2 8  
1 0 2 9 
1 0 3 0  
1 1 3 1  : 2 

Mean = 1 . 1 4 

.. 
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Stem & Leaf for Interior/Return ACB of Region SouthCoast Ose 
Retail 

N = 8 Median = 0 . 4 8 
Qua r t i l e s  = 0 . 4 4 ,  0 . 5 4 5  

Decimal point i s  1 place t o  the left o f  the colon 

3 3 4 : 2 4 4  
2 4 : 7 9  

3 1 5 : 0 
2 1 5 : 9 
1 1 6 : 1 

Mean = 0 . 5  

Stem & Leaf for Interior/Return ACH of Region Southinterior 
Ose Classroom 

N = 1 5  Median = 2 . 2 6 
Quart i les = 1 . 22 ,  2 . 93 

Decimal point i s  at the colon 

1 1 0 : 8 
5 4 1 : 0 2 2 4  
7 2 l : 5 6  

l 2 : 3 
7 4 2 : 5 8 9 9  
3 2 3 : 02 ' 
1 1 3 : 7 

Mean = 2 . 1 3  

Stem & Leaf for Interior/Return ACB of Region Southinterior 
Ose Off ice 

N = 30 Med i a n  = 1 . 4 8 
Quarti le s  = 1 . 0 7 ,  1 . 7  

Decimal po i nt i s  1 place to the l e ft o f  the colon 

2 ·  2 8 . : 4 6  
5 3 9 : 2 3 6  
9 4 1 0  : 2 4 7 8  
9 0 1 1  
9 0 1 2  

1 2  3 13 : 6 8 8  
4 1 4  : 2 3 7 9  

1 4  3 15 : 0 2 3  
1 1  2 1 6  : 3 6  

9 5 1 7  : 0 0 0 4 8  
4 0 1 8  
4 0 1 9  
4 0 2 0  
4 0 2 1  
4 2 22 : 6 6  
2 0 2 3  
2 0 2 4  
2 0 25 
2 0 2 6  
2 0 2 7  
2 1 2 8  : 4 

High : 4 . 7 3 

Mean = 1 .  5 7  
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Stem & Leaf for Interior/Return ACH of Region Southinterior 
Use Retail 

N = 15 Median = 1 
Quart i l e s  = 0 . 8 , 2 . 1 1 

Decimal point i s  at the colon 

7 7 0 : 6 7 8 8 8 8 9  
1 l : 0 

7 2 1 : 5 9  
5 4 2 : 0 1 2 2  
1 1 2 : 5 

Mean = 1 . 3 9 

Stem ' Leaf for Interior/Return ACB of Region NorthCoast 
SizeClass SmallOff ice 

N = 32 Median = 1 . 1 4 5  
Quart i l e s  = 1 . 0 1 5 ,  1 . 2 8  

Decimal point i s  1 place to the left of the colon 

Low : 0 . 3 0  0 . 3 7 0 . 4 6  

5 2 6 : 1 9  
5 0 7 
5 0 8 : 
8 3 9 : 2 4 8  

1 2  4 1 0  : 5 7 8 8  
8 1 1  : 1 1 4 4 5 7 9 9  

1 2  5 1 2  : 0 3 4 7 9  
7 1 1 3  : 7 
6 2 1 4  : 2 4  

High : 2 . 5 2 2 . 7 5 2 . 8 7 2 . 9 7 

Mean = 1 . 2 6  

Stem ' Leaf for Interior/Return ACH o f  Region NorthCoast 
SizeClass SmallRetail 

N = 10 Medi an = 1 . 7 5 
Quart � les • 1 . 7 2 ,  2 . 6 6 

Decimal point i s  at the colon 

2 

4 
3 

2 1 
4 1 
1 2 
3 2 

Mean = 1 .  9 9  

2 3  
7 7 7 8  
3 
7 7 8  . 
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Stem 5 Leaf for Interior/Return ACB of Region Northinterior 
SizeClass School 

� c 1 9  Median = 1 . 9 2 
Quarti l e s • 1 . 6 9 ,  2 . 6 8 

Decimal point is at the colon 

1 1 0 : 6 
9 1 : 2 6 7 7 7 8 8 9 9  

9 8 2 : 1 3 4 67 7 8 8  
1 0 3 
1 1 4 : 4 

Mean = 2 . 1 4 

Stem 5 Leaf for Interior/Return ACB of Region Northinterior 
SizeClass SmallOff ice 

N • 3 Medi an • 0 . 5 7 
Quar t i l e s  - 0 . 5 5 ,  0 . 97 

Decimal point is 1 p l a ce to the l e ft o f  the colon 

2 s : 5 7  
i 0 6 
l 0 ; 
1 0 8 
1 1 9 : 7 

Mean • 0 . 7  
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Stem ' Leaf for Interior/Return ACH of Region Northinterior 
SizeClass Smal lRetaii 

N = 1 7  Median = 2 . 5 5 
Quart i l e s  - 1 . 92 , 4 . 6 3 

Decimal p o � n t  i s  at the colon 

6 6 1 : 0 4 9 9 9 9  
3 2 : 0 0 5  

8 3 3 : 1 5 7  
5 1 4 : 6 
4 1 5 : 9 
3 0 6 
3 2 7 : 5 7  
1 0 8 
1 1 9 : 1 

Mean = 3 . 63 

Stem. ' Leaf for Interior/Return ACH of Region SouthCoast 
SizeClas s LargeOff ice 

N = 2 5  Medi a n = 1 . 0 8 
Quart i l e s = 0 . 7 1 ,  1 . 23 

Decimal point i s  1 p l ace to the l e f t  of the colon 

3 3 5 : 0 0 5  
6 3 6 : 3 4 5  
8 2 7 : 1 4  
8 0 8 

1 0  2 9 : 2 3  
3 1 0  : 7 8 8  

1 2  5 11 : 0 1 3 5 6  
7 1 12 : 3 
6 2 1 3  : 3 8  
4 2 1 4  : 2 4  
2 2 1 5  : 1 1  

Mean = 1 .  02 

Stem. ' Leaf for Interior/Return ACH of Region SouthCoast 
SizeClass LarqeRetail 

N s 8 Median = 0 . 4 8 
Quarti l e s  = 0 . 4 4 , 0 . 5 4 5  

Decimal point i s  1 p l ace t o  the left· o f  the c o l on 

3 3 4 : 2 4  4 
2 4 : 7 9  

3 1 5 : 0 
2 1 5 : 9 
1 1 6 : 1 

Mean = 0 . 5  
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Stem & Leaf for Interior/Return ACB of Region SouthCoast 
SizeClass School 

r • N = 1 9  Med i a n  = 1 . 5 8 
Quart i l e s  = 1 . 2 3 ,  2 . 4  

r 
I 
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Decimal point i s  at the colon 

2 2 
8 6 

3 
8 4 
4 3 

H i gh : 5 . 0 3 

Mean = 1 . 9  

0 : 7 8  
1 : 1 2 2 3 3 3  
1 : 5 6 6  
2 : 3 3 3 4  
2 : 5 7 8  

Stem & Leaf for Interior/Return ACH of Region SouthCoast 
SizeClass Sma110ff ice 

N = 15 Medi an = 0 . 4 4  
Qua rt i l e s  • 0 . 3 6 ,  2 . 1 4  

Decimal point i s - at the colon 

8 0 : 2 3 3 4 4 4 4 4  
7 0 0 
7 0 1 
7 l 1 : g 
6 4 2 : 1 1 1 3  
2 l 2 : 8 
l l 3 : 1 

Mean � l .  2 8  

Stem & Leaf for Interior/Return ACB o f  Region SouthCoast 
SizeClass SmallRetail 

N = 4 Medi an = 1 . 4 8 
Quart i le s  • 1 . 2 5 ,  3 . 3 3 

Decimal point i s  at the c o l on 

3 1 : 2 3 7  
1 0 2 

l 0 3 
1 0 4 
l 1 5 : 0 

Mean = 2 . 2 9  
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Stem ' Leaf for Xnterior/Return ACH of Region Southinterior 
SizeClas s LargeOff ice 

N = 2 Medi an = 2 . 1 2 5  
Quart i l es = 1 . 7 8 , 2 . 4 7 

Decimal point i s  1 p l a ce to the left of t he c o l on 

1 1 1 7 : 8 
1 0 1 8  
1 0 1 9  
1 0 2 0  
1 0 2 1  
1 0 2 2  
1 0 2 3  
1 1 2 4  : 7 

Mean = 2 . 1 2 

Stem ' Leaf for Interior/Return ACS of Region Southinterior 
SizeClas s  LarqeRetail 

N = 1 3  Medi a n  c 0 . 8 7 
Quar t i l e s  = 0 . 8 , 2 . 0 3 

Decimal point i s  at the colon 

7 0 
6 1 l 
5 1 1 
4 . 4 2 

Mean = 1 . 3  

6 7 8 8 8 8 9  
0 
9 
0 1 2 2  

Stem. ' Leaf for Interior/Return ACB of Region Southinterior 
SizeClass School 

N c 15 Median c 2 . 2 6 
Quart i l e s  = 1 . 22 ,  2 . 9 3 

Decimal point i s  at the colon 

1 l 0 : 8 
4 3 l : 0 2 2  
7 3 l : 5 6 6  

1 2 : 3 
7 4 2 : 5 8 9 9  
3 2 3 : 0 2  
1 1 3 : 7 

Mean s 2 . 1 5 
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Stem ' Leaf for Interior/Return ACB of Region Southinterior 
SizeClass SmallOff ice 

N = 30 Med i a n  = 1 . 4 5 
Qu art i l e s = 1 . 0 7 ,  1 . 7  

Decimal point i s  l p l a ce t o  the l e ft o f  the colon 

2 2 8 : 4 6  
5 3 9 : 2 3 6  
9 4 1 0  : 2 4 7 8  
9 0 1 1  
9 0 1 2  

1 3  4 1 3  : 6 6 8 8  
4 1 4  : 2 3 7 9 

1 3  4 1 5  : 0 2 3 5  
9 1 1 6  : 6 
B 4 1 7  : 0 0 0 4  
4 0 1 8  
4 0 1 9  
4 0 2 0  
4 0 2 1  
4 2 22 : 6 6  
2 0 2 3  
2 0 2 4  
2 0 2 5  
2 0 2 6  
2 0 2 7  
2 1 2 8  : 4 

High :  .4 . 7 3 

Mean = 1 .  5 6  

Interior/Return ACS of Region Southinterior SizeClaas 
SmallRetail has no observation 

Stem ' Leaf for Building Total ACB of Size Large 

N = 11 Median = 1 . 1  
Quart i l e s = 0 . 7 7 ,  2 . 02 

Decimal point i s  at the colon 

3 

4 

3 0 
4 l 
4 2 

Mean = 1 . 4 4 

5 7 8  
0 1 1 5  
0 0 5 7  

Stem ' Leaf for Building Total ACS o f  Size Small 

N = 24 Median � 1 . 4 8 5  
Quart i l e s  = 1 . 01 ,  2 . 2 8 5  

Decimal point i s  a t  t he colon 

4 

7 
2 

4 0 
1 3  1 

5 2 
1 3 

H i gh : 6 .  9 7  

Mean = 1 .  7 8  

3 4 5 6  
0 0 0 0 2 2 4 4 5 6 6 7 8  
2 3 5 7 8  
7 
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Stem ' Leaf for Building Total ACB of Region NorthCoast 

N = 13 Median = 1 . 4 7 
Qua r t i l e s = 1 . 1 6 ,  2 . 7 ( 

Decimal po i nt i s  at the colon 

1 1 0 : 4 
6 1 : 0 1 2 2 4 5  

6 5 2 : 2 2 7 8 9  

High : 7 .  4 9  

Mean = 2 . 1 7 

Stem ' Leaf for Building Total ACB of Region Northinterior 

N = 15 Median = 1 . 9 6 
Quart i l e s = 0 . 9 7 ,  2 . 67 

Decimal point i s  at the col on 

3 3 0 : 5 6 6  
7 4 1 : 0 6 6 8  

6 2 : 0 2 5 5 7 8  
2 1 3 : 7 

High : 6 .  9 7  

Mean = 2 . 2  

Stam ' Leaf for Building Total ACB of Region SouthCoast 

N = 1 0  Median = 1 . 1 4  
Quart i le s = 0 . 6 8 ,  1 . 8 5 

Decimal point i s  at the col on 

3 

2 

3 0 
5 1 
2 2 

Mean =. 1 .  3 2  

3 5 7  
0 1 2 4 8  
3 8  

Stam ' Leaf for Building Total ACB of Ragio� Southinterior 

N s 11 Median = 1 . 6 3 
Quart i l e s = 1 . 0 5 ,  2 . 02 

Decimal point i s  at the colon 

l 1 0 : 8 
6 1 : 0 0 3 5 6 7 

4 4 2 : 0 0 3 9 

Mean = l .  6 7  
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Stem ' Leaf for Building Total ACB of Vintage 1 
N = 2 8  Med i a n  = 1 . 8 7 5  
Qua r t i l e s = 1 . 2 7 ,  2 . 7 5 

Decimai p o i n t  i s  at the col on 

l l 0 : 4 
3 2 0 : 5 6  

1 0  7 1 : 0 1 22 3 4 4  
1 4  4 1 : 5 67 8  
1 4  4 2 : 0 0 2 2  
1 0  7 2 : 5 7 7 8 8 9 9  

3 0 3 
3 l 3 : 7 

High : 6 . 9 7 7 . 4 9  

Mean = 2 . 2 4 

Stem ' Leaf for Bui lding Total ACB of Vintage 2 

N = 21 Medi an = 1 . 1 6 
Quar t i l e s  = 0 . 9 8 ,  2 . 0 2 

Decimal poi nt i s  at the colon 

1 1 0 : 3 
5 4 0 : 5 67 8  

6 1 : 0 0 0 0 1 2  
1 0  4 1 : 5 6 68 

6 4 2 : 0233 
2 2 2 : 5 8  

Mean = 1 .  4 3  

Stem ' Leaf for Building Total ACB of Class Office 

N = 22 Median = 1 . 0 9 
Quart i le s = 0 . 9 7 ,  1 . 7 4 

Decimal point i s  at the colon 

2 2 0 : 3 4  
5 3 0 : 5 67 

9 1 : 0 0 0 0 0 1 1 2 2  
8 . 3 1 : 5 6 7 
5 ·2 2 : 0 3  
3 3 2 : 7 7 8  

Mean = 1 .  3 5  

Stem ' Leaf for Building Total ACB of Class Retail 

N = 1 3  Median = 1 .  7 9  
Quart i l e s  = 1 . 42 ,  2 . 4 7 

Decimal point i s  at the colon 

2 2 0 : 5 8  
5 1 : '1 4 5 6 8  

6 4 2 : 0255 
2 1 3 : 7 

High : 6 . 97 

Mean = 2 . 22 
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Stem ' Leaf for Building Total ACB of Cla s s  School 

N = 1 4  Med i a n  = 2 . 2 3 5  
Quart i l e s  = 1 . 6 3 ,  2 . 8 2 

Decimal p o i n t  i s  at the colon 

1 1 0 : 6 
3 2 1 : 2 3  
5 2 1 : 6 8  

4 2 : 0 2 2 3  
5 4 2 : 8 8 9 9 

High :  7 . 4 9 

Mean = 2 . 4 5 

Stem ' Leaf for Building Total ACB of SizeClass LargeOf fice 

N = 6 Median = 1 . 0 9 
Quart i le s  • 1 . 0 4 ,  2 . 0 2 

Deci mal point i s  at the colon 

l l 0 : 7 
3 1 : 0 1 1  

2 2 2 : 0 7  
Mean s 1 . 4 3 

Stem ' Leaf for Building Total ACB of SizeClas s LargeRetail 

N = 5 Median = 1 . 4 7 
Quart i l es = 0 . 7 7 ,  2 

Decimal point i s  at the colon 

2 2 0 : S B  

1 1 : 5 
2 2 2 : 0 5  

Mean = l .  4 4  

Stem � Leaf for Building Total ACB o f  SizaClass School 

N z 14 Median z 2 . 2 3 5  
Quart i le s  • 1 . 63 ,  2 . 8 2 

Deci mal point i s  at the colon 

l 
3 
5 
5 

l 0 
2 1 
2 1 
4 2 
4 2 

High :  7 . 4 9 

Mean = 2 . 4 5 

6 
2 3  
6 8  
0223 
8 8 9 9  

101 

· .  

., 



r 
r 
I Stem & Leaf for Building Total ACH of SizeClass SmallOffice 

� = 1 6  Medi an = 1 . 1 0 5  

r -
Quart i l e s  = 0 . 7 7 ,  1 . 6 8 5  

C "  
( -

r .. 
I 

\ -

Dec i ma l  p o i n t  i s  at t h e  c o l o n  

2 2 0 : 3 4  
4 2 0 : 5 6  

6 1 ; 0 0 0 0 2 2  
6 3 1 : 5 67 
3 1 2 : 3 
2 2 2 : 7 8  

Mean = 1 .  3 2  

Stem ' Leaf for Building Total ACH o f  SizeClas s  SmallRetail 

N = 8 Median = 2 . 0 1 

{ · 
Quar t i l e s  = 1 . 53 5 ,  3 . 1 05 

{ 
l 

l -

l 
l 
l 
L 
L 

Decimal point i s  at the colon 

4 
4 
2 

4 1 
2 2 
1 3 

High :  6 .  9 7  

Mean = 2 . 7 1 

4 4 6 8 
2 5  
7 

Stem • Leaf for Building Infiltration of Size Large 

N E 8 Median • 0 . 5 4 
Quart i l e s  • 0 . 31 5 ,  1 . 0 0 5  

Decimal point i s  at t h e  colon 

4 4 0 : 1 3 3 4  
4 2 0 : 6 9  
2 1 l : 1 
1 1 1 : 5 

Mean = 0 . 6 6 

Stem • Leaf for Building Infiltration of Size NA 
N � 1 2  Median = 0 . 3 2 
Quart i l e s  K 0 . 1 1 5 ,  0 . 7 6 

Decimal point i s  at the colon 

5 
2 

7 O : z l l l 1 3 4  
3 0 : 5 6 9  
2 1 : 0 4  

Mean = 0 . 4 6 
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Stem ' Leaf for Building Infiltration of Size Small 

N = 20 Medi an = 0 . 3 6 
Quart i l e s  = 0 . 2 1 5 ,  1 . 0 5 5  

Decimal p o i n t  is  : pl ace t o  t h e  le ft o f  t h e  colon 

2 2 0 : 7 9  
3 1 1 : 2 
7 4 2 ; 1 1 2 7  

1 0  3 3 : 0 1 1  
1 0  2 4 : 1 1  

8 1 5 : 2 
7 1 6 : 6 
6 0 7 
6 0 8 
6 0 9 
6 2 1 0  : 4 7  
4 2 1 1  : 1 8  
2 0 1 2  
2 1 1 3  : 5 
1 0 1 4  
1 0 1 5  
1 0 1 6  
1 1 1 7  : 2 

Mean = 0 . 5 8 

Stem ' Leaf for Building Infiltration of Region NorthCoast 

N n 1 3  Median = 0 . 91 
Quarti l e s  = 0 . 3 1 ,  1 . 1 8 

Decimal point i s  at the colon 

6 

6 
2 

6 0 
1 0 
4 1 
2 1 

Mean = 0 . 8 1 

1 12 3 4 4  
9 

1 1 2 4  
5 7  

Stem ' Leaf for Building Infiltration o f  Region 
Northinterior 

N • 9 Medi&n • 0 . 4 1 
Quart i l e s • 0 . 2 7 ,  0 . 61 

Decimal poi nt i s  1 p lace t o  the left of the col on 

1 1 0 : z 
2 1 1 : 4 
3 1 2 : 7 
4 1 3 : 1 

1 4 : l 
4 1 5 : 2 
3 2 6 : 1 6  
1 0 7 
l 1 8 : 8 

Mean • o .  4 2  
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Stem ' Leaf for Bui1ding Infi1tration of Region SouthCoast 

N = 8 Median = 0 . 2 9 
Quart i l e s  = 0 . 1 8 ,  0 . 5 8 5  

Decimal point i s  a t  t h e  colon 

3 
1 

5 0 : 1 1 3 33 
2 0 : 5 6  
1 1 : 3 

Mean = 0 . 4 4 

Stem ' Leaf for Building Infiltration of Region 
Southinterior 

N • 10 Median = 0 . 2 8 5  
Quarti le s  = 0 . 12 ,  0 . 9 7 

Decimal point i s  at the colon 

7 0 : 1 1 1 2 2 3 4  
3 0 0 
3 3 1 : 0 0 1  

Mean m 0 . 4 5 

Stem ' Leaf for -Building Infiltration of Vintage 1 
N a 22 Median = 0 . 525 
Quart i le s  = 0 . 2 6 ,  1 . 1 1 

Decimal point i s  1 place t o  the l e ft of the colon 

3 3 O : z 6 9  
3 0 1 
7 4 2 : 1 1 6 7  
8 1 3 : 1 

1 0  2 4 : 1 4  
2 5 : 2 3  

1 0  0 6 
1 0  0 7 
1 0  0 8 
1 0  2 9 : 1 7  

8 2 1 0  : 4 7  
6 3 1 1  : 1 3 8  
3 0 1 2  
3 1 1 3  : 5 
2 2 14 : 5 7  

Mean = 0 . 68 

l _ 
Stem ' Leaf for Building Infiltration of Vintage 2 

( _  

L� 
l__.. 

N = 1 8  Median • 0 . 3 0 5  
Quarti les • 0 . 1 3 ,  0 . 61 

Decimal point i s  1 place to the left of the colon 

2 2 0 : 7 9  
6 4 1 : 0 2 3 4  
8 , 2 2 : 2 8  

4 3 : 0 1 5 8  
6 1 4 : 1 
5 0 5 
5 3 6 : 1 4 6  
2 0 7 
2 1 8 : 8 

High : l . 72 

Mean = 0 . 4 1 

104 



Stem ' Leaf for Building I:nf il.tration of Class Office 

N = 2 0  Median = 0 . 3 05 
Quart i l e s  = 0 . 2 1 ,  0 . 4 8 

Decimal point i s  l p l a ce to t he l e f t  of the colon 

3 3 0 : 7 9 9  
4 1 1 : 2 
9 5 2 : 1 1 2 7 8  

4 3 : 0 1 1 5  
7 2 4 : 1 4  
5 1 5 : 2 
4 l 6 : 4 

High : 1 . 0 4  1 . 0 7  1 . 7 2 

Mean = 0 . 4 3 

Stem ' Leaf for Building Infiltration of Class Retail 

N = 8 Median = 1 . 1 2 
Quart i l es = 0 . 7 7 ,  1 . 2 65 

Decimal point is at the colon 

1 
3 

l 

1 0 
2 0 
4 1 
1 1 

Mean = l .  02 

4 
7 9  
1 1 2 3  
5 

Stem ' Leaf for Building Infiltration of Class School 

N = 12 Median = 0 . 32 
Quart i l e s  = 0 . 1 1 5 ,  0 . 7 6 

Decimal point i s  at the col on 

5 
2 

7 0 
3 0 
2 1 

Mean : 0 . 4 6 

z l l l l 3 4  
5 6 9  
0 4  

Stem ' Leaf for Building Infiltration o f  SizeClass 
LargeOff i ce 

N = 5 Medi an = 0 . 35 
Qua rt i l e s  = 0 . 2 8 ,  0 . 4 4 

Decimal poi nt i s  1 pl ace to the left of. the colon 

1 1 0 : 9 
1 0 1 
2 1 2 : 8 

1 3 : 5 
'/ 1 4 : 4 
1 0 5 
1 1 6 : 4 

Mo::411 = 0 . 3 6  
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Stem ' Leaf for Building Infiltration of SizeClass 
LargeRetail 

N • 3 Median "' 1 . 1 3 
Quart i l e s = 0 . 8 8 ,  1 . 4 7 

Decimal point i s  l pl ace co Che left of the colon 

. l 8 : 8 .. 
l 0 9 ' : 
l 0 1 0  

l 11 : 3 
l 0 1 2  
l 0 1 3  
l l 1 4  : 7 

Mean "' l . 1 6  

Stem ' Leaf for Bui.1ding Infiltration of SizeClaes Sma110f f ice 

N z 1 5  Median z 0 . 3  
Quart i le s  • 0 . 21 ,  0 . 52 

Decimal point i s  l place to the left of the colon 

2 2 
3 l 
7 4 

3 
5 1 
4 l 
3 0 
3 0 
3 0 
3 0 
3 2 

High : l .  72 

Mean .. 0 . 4 6 

0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

7-9 
2 
1 1 2 7  
0 1 1  
l 
2 

4 7  

Stam ·, Leaf for Building Infiltration of SizeClas s  
SmallRetail 

N • 5 Median � 1 . 11 
Quart i l e s  � 0 . 6 6 ,  1 . 1 8  

D.ecimal point i s  l p
·
l ace t o  the l e f t  o f  the colon 

l l 4 : 1 
l 0 5 
2 l 6 : 6 
2 0 7 
2 0 8 
2 0 9 
2 0 1 0  

2 1 1  : 1 8  
1 0 1 2  
l l 1 3  : 5 

Mean "' 0 . 9 4 
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Stem & Leaf for Building Total ACH of Class Office Size 
Large 

N = 6 Median = 1 . 0 9 
Quart i l e s  = 1 . 0 � ,  2 . 0 2 

Decimal point i s  at the colon 

1 1 0 : 7 
3 1 : O l l  

2 2 2 : 0 7  

Mean = 1 . 4 3 

. Stem & Leaf for Building Total ACH of Class Off ice Size 
Small 

N = 16 Median = 1 . 1 0 5  
Quart i l e s = 0 . 7 7 ,  1 . 68 5  

Decimal p o i n t  i s  at t h e  colon 

2 2 0 : 3 4  
4 2 0 : 5 6  

6 1 : 0 0 0 0 2 2  
6 3 1 : 5 67 
3 1 2 : 3 
2 2 2 : 7 8  

Mean = 1 . 3 2 

Stem & Leaf for Building Total ACE of Class Off ice Region 
NorthCoast 

N z 7 Median = 1 . 1 6 
Quart i l e s = 1 . 0 4 ,  2 . 7 4 

Decimal point i s  at t he co l o n  

1 

2 

1 0 
4 1 
2 2 

Hean = 1 .  4 9  

4 
0 1 2 2  
7 8  

Stam . &  Leaf for Building Total ACB of Class Office Region 
North.Interior 
N z 4 Median s 0 . 77 
Quart i l e s  = 0 . 5 6 ,  1 . 82 

Decimal point i s  at the· c o l on 

2 2 0 : 5 6  
2 l 1 : 0 
l l 2 : 7 

Mean = 1 . 1 9  
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Stem & Leaf for Building Total ACB of Clas s Office Region 
SouthCoast 

N = 5 Median £ 1 . 0 4 
Quart i l e s = 0 . 68 ,  1 . 0 8 

Decimal poi nt is 1 place to the l e f t  of the colon 

1 1 3 ; 4 
1 0 4 
1 0 5 
2 1 6 ; 8 
2 0 7 
2 0 8 
2 0 9 
3 2 1 0  ; 4 8  

High : 2 . 3 4 

Mean = 1 . 1  

Stem & Leaf for Building Total ACB of Class Office Region 
Southintarior 

N = 6 Medi an = 1 . 5 9 
Quar�i l e s  = 1 . 0 5 ,  1 . 7 4 

Decimal point i s  at the colon 

-5 1 : 0 0 5 6 7  
1 1 2 : 0 

Mean = 1 . 5  

Stem & Leaf for Building Total ACB o f  Class Off i ce Vintage 1 

N = 1 0  Medi an = 1 . 1 3 
Quart i l e s = 0 . 5 7 ,  1 . 7 4 

Decimal point i s  at the colon 

3 

2 

3 0 
5 1 
2 2 

Mean = 1 .  3 6  

4 5 6  
0 1 2 6 7  
7 7  

Stem & Leaf for Building Total ACB of Class Off ice Vintage 2 
N • 12 Median = 1 . 0 65 
Quart i l e s = 1 . 0 1 ,  1 . 7 8 5  

Decimal point i s  a t  the colon 

2 

3 

2 0 
7 1 
3 2 

Mean = 1 .  3 4  

3 7  
0 0 0 0 1 2 5  
0 3 8  
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Stem ' Leaf for Building Infiltration of Clas s  Office Size 
Large 

N = 5 Medi an = 0 . 3 5 
Quart i l e s = 0 . 2 8 ,  0 . 4 4 

Decimal point i s  1 p l a ce to t he l e ft o f  the color. 

1 1 0 : 9 
1 0 1 
2 1 2 : 8 

1 3 : 5 
2 · l 4 : 4 
1 0 5 
l l 6 : 4 

Mean • 0 . 3 6  

Stem ' Leaf for Building Infiltration o f  Class Office Size 
Small 

N a 1 5  Median • 0 . 3  
Quarti l e s  c 0 , 21 , 0 . 52 

Decimal point i s  l place to the l e ft o f  the c o l on 

2 2 
3 l 
7 4 

3 
5 l 
4 l 
3 0 
3 0 
3 0 
3 0 
3 2 

H i gh :  1 . 72 

Mean : 0 . 4 6 

0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

7 9  
2 
1 1 2 7  
0 1 1  
l 
2 

ll7 

Stem fi Leaf for Building Infiltration of Class Office Region 
NorthCoast 

N • 7 Median • 0 . 4 1 
Quarti l e s  • 0 . 2 1 ,  1 . 07 

Deci:mal point i s  at the colon 

5 0 : 1 2 3 4 4  
2 0 0 
2 1 1 : 1 
1 1 1 : 7 

Mean : 0 . 61 
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Stem ' Leaf for Building Infiltration of Class Office Region 
Northinterior 

N m 3 Median = 0 . 3 1 
Quart i l e s  = 0 . 2 7 ,  0 . 5 2 

Decimal point i s  l p l ace to the l e ft of the colon 

1 

1 
1 

1 2 : 7 
1 3 : 1 
0 4 
l 5 : 2 

Mean c 0 . 3 7 

�tem ' Leaf for Building Infiltration of Class Office Region 
SouthCoast 

N • 4 Median = 0 . 2 9  
Quart i l e s  = 0 . 18 5 ,  0 . 4 7 

Decimal point i s  l pl ace to the l eft o f  the colon 

1 1 0 ; 9 
1 0 l 
2 1 2 : 8 
2 1 3 : 0 
1 0 4 
1 0 5 
1 1 6 : 4 .  

Mean • 0 . 33 

Stem ' Leaf for Building Infiltration of Class Off ice Region 
Southinterior 

N � 6 Median • 0 . 2 1 5  
Qua rt i l e s  = 0 . 12 ,  0 . 3 5  

Decimal point i s  1 place t o  the left o f  the co l on 

l 1 0 : 7 
2 l l . : 2 

2 2 : 1 2  
2 1 3 : 5 

High : 1 . 0 4 

Mean ., 0 . 3 4 
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Stem & Leaf for Building Infiltration of Class Office 
Vintage 1 
N = 9 Medi an • 0 . 3 1 
Quart i l es - 0 . 21 ,  0 . 52 

Decimal point i s  1 place to the l e ft of the colon 

1 1 0 : 9 
1 0 1 
4 3 2 : 1 1 7  

1 3 : 1 
4 1 4 : 4 
3 1 5 : 2 
2 0 6 : 
2 0 7 
2 0 8 
2 0 9 
2 2 1 0  : 4 7  

Mean z 0 . 4 6  

Stem � Leaf for Building Infiltration of Class Office 
Vintage 2 
N = 11 Median = 0 . 3  
Quart i l e s  • 0 . 1 2 ,  0 . 4 1 

Decimal point i s  1 pl ace to the l e ft of the colon 

2 2 0 : 7 9  
3 1 1 : 2 
5 2 2 : 2 8  

3 3 : ·01 5  
3 1 4 : 

·
1 

2 0 s 
2 1 6 : 4 

High : 1 .  7 2  

Mean = 0 . 4 1 

Stem � Leaf for Building Total ACB of Class Retail Size 
Large 

N c S Median c 1 . 4 7 
Quart i l e s • 0 . 7 7 ,  2 

Decimal point i s  at the colon 

2 2 0 : 5 8  
1 1 : 5 

2 2 2 : 0 5  

Mean • 1 .  4 4  

1 1 1  

• 

, 



r 
r 
r 
r 
r 
r-
r­
r-
r • 

L _  
l_ 
L 
L. 
L 
L. 
L. 

Stem " Leaf for Building 'l'otal. · ACB of Class Retail Size 
Small 

N m 8 Medi an = 2 . 01 
Quart i le s  = 1 . 5 3 5 ,  3 . 1 0 5  

Decimal point i s  at the colon 

4 
4 

2 

4 1 

2 2 

1 3 

High : 6 . 9 7 

Mean • 2 . 7 1 

4 4 6 8 

2 5  

7 

Stam ' Leaf for Building 'l'otal ACB of Class Retail Use 
Off ice 

N m 3 Median = 1 . 6 5 

Quart i l e s  m 1 . 4 ,  2 . 4 7  

Decimal point i s  at the colon 

2 1 : 4 6  
1 1 2 : 5 

Mean .. 1 .  8 4  

Stam ' Leaf for Building Total ACH of Class Retail Use 
Retail 

N = 10 Median = 1 . 8 95 

Quart i l e s  .. 1 . 4 2 ,  2 . 5 4 

Decimal point i s  at the colon 

2 2 0 : 5 8  
5 3 1 : 4 5 8  
5 3 2 : 0 2 5  
2 1 3 : 7 

High : 6 . 9 7  

Mean • 2 . 3 4 

Stam ' Leaf for Building Total ACH of Class Retail Region 
NorthCoast 

N • 3 Median = 1 . 4 7 

Quartil es • 1 . 4 2 ,  2 . 2 3 

Decimal point i s  1 pl ace to the l e ft of the colon 

2 1 4  : 2 7  

1 0 1 5  
1 0 1 6  
1 0 1 7  
1 0 1 8  
1 0 1 9 

1 0 2 0  
1 0 2 1  
1 1 2 2  : 3 

Mean .. 1 . 7 1 

112 



Stem ' Leaf for Bui1ding Total ACH of C1ass Retail Region 
Northl:nterior 

N = 6 Medi an = 2 . 5 0 5  
Qua r t i l e s  = 1 . 7 9 ,  3 . 6 7 

Decimal p o i n t  i s  at the c o l o n  

2 2 1 : 68 
2 2 : 5 5  

2 1 3 : 7 
1 0 4 
1 0 5 
1 0 6 
1 1 7 : 0 

Mean = 3 . 1 8  

Stem & Leaf for Building Total ACB of Class Retail Region 
South.Coast 

N = 2 Median = 0 . 95 
Quart i les s 0 . 5 , 1 . 4  

Decimal point i s  l place t o  the l e ft o f  t he c o l on 

1 1 5 : 0 
1 0 6 
1 0 7 
1 0 8 
l 0 9 
1 0 1 0  
1 0 1 1  
l 0 1 2  
1 0 1 3  
1 1 1 4  : 0 

Mean = 0 .  9 5  

Stem ' Leaf for Building Total ACB o f  Class Retail Region 
Southinterior 

N = 2 · . Medi a n = 1 . 3 8 5  
Quart i l e s � 0 . 7 7 ,  2 

Decimal point i s  at the colon 

1 1 0 : 8 
1 0 1 
1 1 2 : 0 

Mean = 1 .  3 8  

Stem ' Leaf for Building Total ACB of Class Retail Vintage 1 
N = 9 Median = 2 
Quarti le s = 1 . 4 7 ,  , . 5 4 

Decimal point i s  at t he colon 

4 4 1 : 4 4 5 8  
3 2 : 0 2 5  

2 1 3 : 7 

High :  6 . 9 7  

Mean = 2 . 61 
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Stem ' Lea f for Bui1ding Tota1 ACS of C1ass Retai1 Vintage 2 
N = � Med i a n  = 1 . 21  
Quart i le s = 0 . 63 5 ,  � . 0 6 
Decimal point i s  at the colon 

2 2 0 : 58 
2 1 1 : 6 
1 1 2 : 5 

Mean = 1 .  35  

Stem ' Leaf for Building Infiltration of Cla•s �tail Size Large 

N = 3 Median = 1 . 13  
Quart i le s  c 0 . 8 8 ,  1 .  4 7  
Decimal point i s  1 p lace to the left of the colon 

1 1 8 : 8 
1 0 9 
1 0 1 0  

1 1 1  : 3 
1 0 1 2  
1 0 13  
1 1 1 4  : 7 

Mean = 1 . 16 
Stem ' Leaf for Building Infiltration of Class Retail Size Small 

N = 5 Median • 1 . 1 1  
Quart i le s  c 0 . 6 6 ,  1 . 1 8 

Decimal point i s  1 pl ace t o  the left of the colon 

1 1 4 1 
1 0 5 
2 1 6 6 
2 0 7 
2 0 8 
2 0 9 
2 0 1 0  

2 11 1 8  
1 0 1 2  
1 1 1 3  5 

Mean • 0 .  ·94 

St- ' Leaf for Building Infiltration of Clas• a.tail Region 
HorthCoaet 

N = 3 Median = 1 . 1 8  
Quart i le s  c 1 . 11 ,  1 . 4 7 
Decimal point i s  1 p l a ce to the left of the colon 

2 11 : 1 8  
1 0 1 2  
1 0 13 
1 1 1 4 : 7  

Mean = 1 . 2 5 
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Stem � Leaf for Building Infiltration of C1as s Retail Region 
Northinterior 

N = 3 Medi a n = 0 ; 6 6 
Quart i l e s = 0 . 4 1 ,  0 . 8 8 

Decimal point i s  l place to the l e f t  of the colo� 

l l 4 : l 
l 0 5 : 

l 6 : 6 
l 0 7 
l l 8 : 8 

Mean = 0 . 65 • 

Stem � Leaf for Building Infiltration of Class Retail Vintage l 

N = 6 Med i an = 1 . 1 5 5  
Quart i l e s  = 1 . 1 1 ,  1 . 3 5 

Decimal point is l p l a ce t o  the l e f t  of the colon 

Low : 0 . 4 1 

3 1 1  : 1 3 8  
2 0 1 2  
2 l 13 : 5 
l l 1 4  : 7 

Mean = 1 . 1 1 

Stem � Leaf for Building Infiltra�ion of Class Retail Vintage 2 

N z 2 Med i an = 0 . 7 7 
Quar t i l e s  e 0 . 6 6 ,  0 . 8 8 

Decimal point i s  1 pl ace t o  the l e ft of the colon 

l 1 6 : 6 
1 0 7 
1 1 8 : 8 

Mean = 0 . 7 7 

Stem � Leaf for Building Total ACS of Class School Uae Classroom 

N • 1 4  Median � 2 . 2 3 5  
Quarti l e s  z 1 . 63 ,  2 . 82 

Decimal point i s  at the colon 

1 
3 
5 

5 

1 0 
2 1 
2 1 
4 2 
4 2 

High : 7 .  4 9  

Me•n = 2 . 4 5 

6 
23 
68 
0 2 2 3  
8 8 9 9  
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Stem & Leaf for Buildi�g Total ACH of Class School Region NorthCoast 
N = 3 Med ian = 2 . 9 3 
Qua r t i l e s = 2 . 2 2 ,  7 . 4 9  

Decimal po i nt i s  at the c o l o n  

2 2 : 2 9  
- 0 3 � 
l 0 4 
l 0 5 
1 0 6 : 
1 1 7 : 5 

Mean = 4 . • 21 

Stem & Leaf for Building Total ACH of Class School Region Northlnterior 
N = 5 Median � 1 . 9 6 
Quar t i l e s = 1 . 63 ,  2 . 2 5 

Decimal poi nt i s  at the col on 

1 
2 
3 

1 
1 
3 

Mean c 1 . 8 4 

0 
1 
2 

6 
6 
0 2 8  

Stem & Leaf for Building Total ACH of Class School Region SouthCoast 
N = 3 Median = 1 . 8 5 
Quart i l e s � 1 . 2 ,  2 . 7 6 

Decimal point i s  at the colon 

1 
2 
1 

Mean = 1 .  94  

1 
2 

2 8  
8 

Stem & Leaf for Building Total ACH of Class School Region Southinterior 

N � 3 Median � 2 . 3 2 
Quart i l e s = 1 . 3 4 ,  2 . 92 

Decimal point i s  at the c o l on 

1 
2 

1 
2 

Mean = 2 . 1 9  

1 : 3 
2 : 3 9  

Stem � Leaf for Buil.ding Total. ACS of Cl.ass School Vintage l 

N = 9 Median = 2 . 7 6 
Quart i le s � 1 . 9 6 ,  2 . 92 

Decimal point i s  at the c o l on 

2 
2 
4 
5 

2 
0 
2 
4 

High : 7 . 4 9  

Mean � 2 . 8 5 

1 
1 
2 
2 

2 3  

0 2  
8 8 9 9  

1 16 
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Stem & Leaf for Bui1cling Tota1 ACB of C1ass Schoo1 Vintage 2 
N = 5 Med i an = 1 . 8 5 
Quart i l e s = 1 . 63 ,  2 . 2 2 
Decimal p o i nt i s  at the c o l o n  

1 1 0 : 6 
2 1 : 6 8  

2 2 2 : 23  

Mean = 1 .  7 2  

Stem ' Leaf for Building Infiltration o f  Class School Region 
NorthCoast 

N = 3 Median = 0 . 91 
Qua r t i l e s = 0 . 1 3 ,  1 . 4 5 

Decimal poi nt i s  at the colon 

2 0 : 1 9  
l l l : 4 

Mean = 0 . 8 3 

Stem ' Leaf for Building Infiltration of Class School Region · 

Northinterior 

N = 3 Medi an = 0 . 1 4  
Quart i l e s  c O ,  0 . 61 

Decimal poi nt i s  l place to the l e ft of the colon 

1 l 0 : z 
1 1 : 4 

1 0 2 
1 0 3 
1 0 4 
1 0 5 
l l 6 : l 

Mean = 0 . 2 5 

Stem & Leaf for Bui.1ding Infiltration of Clase School Region 
SouthCoast 

N c 3 Medi an z 0 . 2 6 
Quart i 1 e s  • 0 . 1 , 0 . 5 3 

Decimal point i s  1 p l a ce t o  the l e ft o f  the colon 

l 1 l : 0 
l 2 : 6 

1 0 3 
1 0 4 
l 1 5 : 3 

Mean = 0 . 3  
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r 
r 
r 
r 
r-
r 
r 
r ·  

l 

l 
l 
l 
L� 
L 
L 
L ... 
L 
� 
L.. 

Stem " Leaf for Bui.1di.ng Xnfiltration of C1ass School Region 
SouthXnterior 

N = 3 Median = 0 . 3 8 
· 

Quartiles E 0 . 0 6 ,  0 . 9 7 

Decimal point i s  l pl ace t o  the l e f t  o f  the colon 

1 1 0 : 6 
1 0 1 
1 0 2 

1 3 : 8 
1 0 4 
1 0 5 
1 0 6 
1 0 7 
1 0 8 
1 1 9 : 7 

Mean s 0 . 4 7 

Stem � Leaf for Building Infiltration of C1aa s School Vintage l 

N = 7 Median • 0 . 5 3 
Quart i le s  = 0 . 0 6 ,  0 . 97 

Decimal point i s  at the colon 

3 3 o : z 1 3  
2 0 : 5 9  

2 2 1 : 0 4  

Mean • 0 . 6  

Stem " Leaf. for Buildin_g Infiltration of Class School Vintage 2 
N • 5 Median s 0 . 1 4 
Quarti le s  • 0 . 13 ,  0 . 3 8  

Decimal point i s  1 p l a ce t o  the left o f  the colon 

3 1 : 0 3 4  
2 0 2 
2 1 3 : 8 
1 0 4 
1 0 5 
1 1 6 : 1 

Mean = 0 . 2 7 

1 18 
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7. Air Change Rate Data 
This section contains a listing of the summary data file containing air change rate data used for the 

analysis presented in this report The data in this file were extracted from individual building data files. 

producted from the field measurements. The individual data files contain a complete anlaysis of the tracer 

data as explained in the protocol report prepared iunder Task I of the project. 
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Bulldlng Class 
CEC003 Office 
CEC003 Office 
CEC003 · office 
CEC003 Office 
CEC003 Office 
CEC003 Office 
CEC003 Office 
CEC003 Office 
CEC003 · Office 
CEC003 Office 
CEC003 Office 
CEC003 Office 
CECOQ3 Office 
CEC003 Office 

CEC005A School 
CECOQ5A School 
CEC005A School 
CEC005A School 
CEC005B School 
CEC005B School 
CEC005B School 
CEC005B School 
CEC005C Office 
CEC005C Office 
CEC005C Office 
CECOOSC Office 

Lagus Applied Tech. 

SID 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 

Small 
Small 
Small 
Small 

z, ;e ' r c -lnt, s 

C EC Zone Air  Change Rates 
HV AC System _ On 

Begl�m .Vintage Zone. LQCltlQn Utt � 
North Coast 1 Z1 R1 Office 1 .22 
North Coast 1 Z1 1 1  Office 1 .23 
North Coast 1 Z1 12 Office 1 . 1 1  
North Coast 1 Z1 13 Office 1 . 1 4  
North Coast 1 Z1 14 Office 1 . 1 5  
North Coast 1 Z1 15 Office 1 . 1 4  
North Coast 1 Z1 16 Office 1 . 1 1  
North Coast 1 Z1 17 Classroom 1 .08 
North Coast 1 Z1 18 . Classroom 1 .42 
North Coast 1 Z1 19 Office 1 .20 
North Coast 1 Z1  1 1 0 Office 1 . 1 7  
North Coast r Z1 1 1 1 Office 0.92 
North Coast 1 BLDG BLDG Office 1 . 1 6  
North Coast 1 BLDG INFIL Office 0.09 
North Coast 1 Z1  R1 Classroom 3.03 
North Coast 1 Z1 11 Classroom 2.82 
North Coast 1 BLDG BLDG Classroom 2.93 
North Coast 1 BLDG INFI L  Classroom 1 .45 
North Coast 1 Z1  R1 Classroom 6.25 
North Coast 1 Z1 11 Classroom 8.72 
North Coast 1 BLDG BLDG Classroom 7.49 
North Coast 1 BLDG INFIL Classroom 0.91 
North Coast 1 Z1 R 1  Office 2.61 
North Coast 1 Z1 . . 1 1  Office 2.87 
North Coast 1 BLDG BLDG Office 2.74 
North Coast 1 BLDG INFIL Office 1 .07 

1 20 



vt:t..; Atr t..,;nange �tudy Zone Ai r Changes · · 

CEC Zone Air Change Rates 
. .  

HV AC System On 

Bulldlng Class SID Region �lntage � LQCltlQn UH Ach 
CEC007 School North Coast 2 Z1 R1 Classroom 1 .87 
CEC007 School North Coast 2 Z2 R2 Classroom 2.57 
CEC007 School North Coast 2 Z3 R4 Classroom 1 .54 
CEC007 School North Coast 2 Z4 R4 Classroom 3.75 
CEC007 School North Coast 2 Z 1  1 1  Classroom 1 .90 
CEC007 School North Coast 2 Z3 . .  12 Classroom 1 .67 
CEC007 School North Coast 2 BLDG BLDG Classroom 2.22 
CEC007 School North Coast 2 BLDG INFIL Classroom 0. 1 3  

CE COOSA Office Small North Coast 2 Z 1  1 1  Office 0.46 
CE COOSA Office Small North Coast . . 2 Z1  12  Office 0.69 
CE COOSA Office Small North Coast 2 Z 1  13 Office 1 . 1 9  
CE COOSA Office Small North Coast 2 Z1 14 Office 0.98 
CE COOSA Office Small North Coast 2 Z1 15 Office 1 .08 
CE COOSA Office Small North Coast 2 Z 1  16 Office 1 .24 
CE COOSA Office Small North Coast 2 Z 1  17 Office 1 .37 
CE COOSA Office Small North Coast 2 Z1 18 Office 1 .27 
CE COOSA Office Small North Coast 2 BLDG BLDG Office 1 .04 
CE COOSA Office Small North Coast 2 BLDG INFIL Office 0.31 
CECOOSB Office Small North Coast 1 Z 1  1 1  Office 0.37 
CEC008B Office Small North Coast 1 Z 1  12 Office 0.61 
CEC008B Office Small North Coast 1 Z 1  13 Office 0.30 
CEC008B Office Small North Coast 1 BLDG BLDG Office 0.43 
CECOOBB Office Small North Coast 1 BLDG INFI L  Office 0.21 
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Bulldlag Class SID 
CEC0 1 3  Retail Small 
CEC01 3 Retail · Small 
CEC0 1 3  Retail Small 
CEC01 3 Retail Small 
CEC0 1 3  Retail Small 
CEC0 1 5 Office Small 
CEC0 1 5 Office Small 
CEC0 1 5  Office Small 
CEC0 1 5  Office Small 
CEC0 1 5  Office Small 
CEC0 1 5  Office Small 
CEC0 1 5  Office Small 
CEC0 1 5 Office Small 
CEC0 1 6 Office . 'Large 
CEC01 6 Office Large 
CEC0 1 6  Office Large 
CEC0 1 6  Office Large 
CEC0 1 6  Office Large 
CEC01 6 Office Large 
CEC01 6 Office Large 
CEC0 1 6  Office Large 

Lagus Applied Tech. 
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CEC Zone Air  Change Rates 
HVAC ·system On 

Region Vintage � Location 
North Coast 1 Z1  1 1  
North Coast 1 Z1  12 
North Coast 1 Z1  13 
North Coast 1 BLDG BLDG 

-North Coast .1. BLDG INFIL 
North Coast 2 Z1 11  
North Coast 2 . . Z2 12 
North Coast 2 Z3 13 
North Coast 2 Z4 14 
North Coast 2 ZS 15 
North Coast 2 ZS 16 
North Coast 2 BLDG BLDG 
North Coast 2 BLDG INFIL 
North Coast 1 Z1  R 1  
North Coast · 1 Z 1  R2 
North Coast 1 Z1  1 1  
North Coast 1 Z1  12  
North Coast 1 Z1  13 
North Coast 1 Z1  14 
North Coast 1 BLDG BLDG 
North Coast 1 BLDG INFIL 

1 22 

Utt 
Retail 
Retail 
Retail 
Retai l  
Retail 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 

- --"\ 

Ach 
1 .33 
1 .72 
1 .22 
1 .42 
1 . 1 1  
1 .29 
1 . 1 9  
0.94 
1 .44 
1 .07 
1 .05 
1 . 1 6  
0.41 
1 .08 
1 . 1 0  
1 .20 
1 .05 
1 .09 
1 .05 
1 . 1 0  
0.44 

- --, -, ---:: i 



CEC Air Change Study Zone Air Changes 

CEC Zone Air Change Rates 
HV AC System O n  

Bulldlng c11s1 SID Region Vintage ZoM Lo�ation UH Ach 
CEC01 7 Retail Small North Coast 1 Z1  1 1  Retail 1 .76 
CEC0 1 7  Retail Small North Coast 1 Z1  12  Retail 1 .74 
CEC0 1 7  Retail Small North Coast 1 Z1  13 Retail 1 .73 
CEC0 1 7  Retail Small North Coast 1 Z2 14 Classroom 2.29 
CEC0 1 7  Retail Small North Coast 1 Z2 15 Classroom 2.80 
CEC0 1 7  Retail Small North Coast 1 Z2 16 Classroom .  2.66 
CEC0 1 7  Retai l  Small North Coast 1 Z2 17 Classroom 2.66 
CEC0 1 7  Retail Small North Coast 1 BLDG BLDG Retail 2.23 
CEC0 1 7  Retail Small North Coast 1 BLDG INFIL Retail 1 . 1 8  
CEC020 Retail Large North Coast 1 Z 1  1 1  Retai l 1 .47 
CEC020 Retail Large North Coast 1 BLDG BLDG Retai l 1 .47 
CEC020 Retail Large North Coast 1 BLDG INFIL Retail 1 .47 

CEC028A Retail S mall North I nterior 1 Z1  1 1  Retail 3.67 
CEC028A Retail S mall North I nterior 1 BLDG BLDG Retail 3.67 
CEC028A Retail Small North I nterior 1 BLDG INFIL Retai l NA 
CEC028B School North I nterior 1 Z 1  R 1  Classroom 2.80 
CEC028B School North Interior 1 Z2 R2 Classroom 2.68 
CEC028B School North Interior 1 Z1  1 1  Retail 2.82 
CEC028B School North Interior 1 Z2 12 Classroom 2.26 
CEC028B School North Interior 1 Z2 13 Classroom 2.68 
CEC028B School North I nterior 1 Z2 14 Office 2. 1 5  
CEC028B' School North I nterior 1 Z2 15 Classroom 4.38 
CEC028B School North I nterior 1 BLDG BLDG Classroom 2.82 
CEC028B School North Interior 1 BLDG INFIL Classroom NA 
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C EC Zone Air Change Rates 
HV AC System On 

Building Class SID Region Vintage � Location 
CEC028C School North I nterior 1 Z1  

. .  
A1 

CEC028C School North I nterior 1 Z2 R2 
CEC028C School North I nterior 1 Z1  1 1  
CEC028C School North I nterior 1 Z1  12  
CEC028C School North I nterior. 1 Z2 13 
CEC028C School North I nterior 1 Z2 14 
CEC028C School North I nterior 1 Z2 15 
CEC028C School North I nterior 1 BLDG BLDG 
CEC028C School North I nterior 1 BLDG INFIL 
CEC0032 School North I nterior 2 Z1 1 1  
CEC0032 School North I nterior 2 Z2 12 
CEC0032 School North I nterior 2 Z3 13 
CEC0032 School North I nterior 2 Z4 14 
CEC0032 School North I nterior 2 BLDG BLDG 
CEC0032 School North I nterior 2 BLDG INFIL 
CEC034 School North I nterior 2 Z1 11 
CEC034 School North I nterior 2 BLDG BLDG 
CEC034 School North I nterior 2 BLDG INFI L  

CEC035A School North I nterior 1 Z1  R1  
CEC035A School North I nterior 1 Z2 R2 
CEC035A School North I nterior 1 Z1  1 1  
CEC035A School North I nterior 1 Z2 12 
CEC035A . School North I nterior 1 Z1  13 
CEC035A School North I nterior 1 Z1 14 
CEC035A School North I nterior 1 BLDG BLDG 
CEC035A School North I nterior 1 BLDG INFIL 

Lagus Applied Tech. 1 24 
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UH Ach 
Classroom 2.85 
Classroom 1 .50 
Classroom 2.71 
Classroom 2.81 
Classroom 1 .9 1  
Classroom 2.38 
Classroom 1 .61  
Classroom 2.25 
Classroom NA 

Office 1 .69 
Classroom 1 . 1 9  
Classroom 1 .80 
Classroom 1 .84 
Classroom 1 .63 
Classroom 0.61 
Classroom 0.56 
Classroom 0.56 
Classroom 0. 1 4  
Classroom 1 .71 
Classroom 2. 1 7  
Classroom 1 .92 
Classroom 2.57 
Classroom 1 .73 
Classroom 1 .67 
Classroom 1 .96 
Classroom NA 



CE9 Air Change Study Zone Air Changes 

C EC Zone Air Chang� Rates 
HV AC System On 

Building c1111 SID Region Vintage � Lo�atlon UH Ach 
CEC035B Retail Small North I nterior 1 Z1 R1 Retail 2 . 83 
CEC035B Retail Small North I nterior 1 Z2 R2 Retail 2.35 
CEC035B Retail Small North I nterior 1 Z3 R3 Retail 1 .59 
CEC035B Retail Small North Interior 1 Z3 . 1 1  Retail 1 .94 
CEC035B Retail Small North I nterior 1 Z2 12 Retail 2 . 55 
CEC035B Retail Small North Interior 1 ·Z1 13 Retail 3.06 
CEC035B Retail Small North I nterior 1 Z1 14 Retail 3.49 
CEC035B Retail Small . North I nterior 1 BLDG BLDG Retail 2.54 
CEC035B Retail Small North lnt�rior 1 BLDG INFIL Retail NA 
CEC037A Retail Small North I nterior 1 Z1  1 1  Office 1 .44 
CEC037A Retail Small North Interior 1 Z1  12  Retail 1 .86 
CEC037A Retail Small North Interior 1 Z1 13 Office 1 .88 
CEC037A Retail Small North Interior 1 Z2 14 Retail 1 .98 
CEC037A Retail Small  North Interior 1 BLDG BLDG Retai l 1 .79 
CEC037A Retail S mall North Interior 1 BLDG I N FIL Retai l 0.41 . 

CEC037B Retail Small North I nterior 2 Z1 1 1  Office 2.03 
CEC037B Retail Small North I nterior · 2 Z1 12 Office 1 .92 
CEC037B Retail Small North I nterior 2 Z2 13 Office 1 .0 1  
CEC037B Retail Small North I nterior 2 BLDG B LDG Office 1 .65 
CEC037B Retail Small North I nterior 2 BLDG INFIL Office 0.66 
CEC038A Office Small North I nterior 1 Z1 1 1  Office 0.57 
CEC038A Office Small North I nterior 1 BLDG B LDG Office 0.57 
CEC038A Office Small North I nterior 1 BLDG INFIL Office 0.27 
CEC038B Office Small · North I nterior 1 Z1 1 1  Office 0.55 
CEC03BB Office Small North I nterior : 1 BLDG B LDG Office 0.55 
CEC038B Office Small North I nterior 1 BLDG INFIL Office 0.31 
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CEv Ah Chcu 1ge .JtUuy' 

Bull ding Class 
CEC038C Office 
CEC038C Office 
CEC038C Office 
CEC043 Retail 
CEC043 Retail 
CEC043 . ·  Retail 
CEC043 Retail 
CEC045 Retail 
CEC045 Retail 
CEC045 Retail 
CEC045 Retail 
CEC045 Retail 
CEC045 Retail 
CEC045 Retail 
CECOSO Retail 
CEC050 Retail 
CEC050 Retail 
CEC050 Retail 
CECOSO Retail 
CECOSO Retail 
CECOSO Retail 
CEC050 Retail 
CECOSO Retail 

Lagus Applied Tech. 
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CEC Zone Air Change Rates 
HV AC System On 

SID Region 
Small North I nterior 
Small North Interior 
Small North I nterior 
Large North Interior 
Large North I nterior 
Large North Interior 
Large North I nterior 
Small · · North Interior 
Small North I nterior 
Small North I nterior 
Small North Interior 
Small · North I nterior 
Small North I nterior 
Small North I nterior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 

:Large South Interior 
Large South I nterior 
Large South Interior 

Vintage Zorut 
1 21 
1 BLDG 
1 BLDG 
2 Z1 
2 Z1 
2 BLDG 
2 BLDG 
1 Z1 
1 Z2 
1 Z3 
1 Z4 
1 ZS 
1 BLDG 
1 BLDG 
1 Z1 
1 Z1 
1 Z1 
1 Z1 
1 Z2 
1 Z2 
1 Z3 
1 BLDG 
1 BLDG 

1 26 

Location 
1 1  

BLDG 
INFIL 

R1 
1 1  

BLDG 
INFIL 

11 
12 
13 
14 
15 

BLDG 
INFIL 

R1 
R2 
11 
12 
13 
14 
15 

BLDG 
INFIL 

� - � � � � � � � 

Utt Ach 
Office 0.97 
Office 0.97 
Office 0.52 
Office 2.48 
Office 2.46 
Office 2.47 
Office 0.88 
Retail 5.90 
Retail 7.48 
Retail 9.09 
Retail 7.74 
Retail 4.63 
Retail 6 .97 
Retai l NA 
Retail 1 .81 
Retail 1 .73 
Retail 2.22 
Retail 2. 1 1  
Retail 2.03 
Retail 2.22 
Retail 1 .87 
Retai l 2.00 
Retail 1 . 1 3  



CEC Air Change Study Zone Air Changes 

CEC ZoDe Air Change Rates 
HV AC System On 

Bulldlng Class SID Region · Vintage Zone LQCBtiQn UH. Ach 
CEC052 Office Large South Coast 2 Z1 R1 Office 0.96 
CEC052 Office Large South Coast 2 Z2 R2 Office 1 . 1 1  
CEC052 Office Large South Coast 2 Z3 R3 Office 0.98 
CEC052 Office Large South Coast 2 Z4 R4 Office 0.51 
CEC052 Office Large South Coast 2 Z1 11 Office 1 .23 
CEC052 Office Large South Coast 2 Z1 12 Office 1 .38 
CEC052 · Office Large South Coast 2 Z2 13 Office 1 .51 
CEC052 Office Large South Coast 2 Z2 

. .  
14 Office 1 . 1 3  

CEC052 · Office Large South Coast 2 Z2 15 Office 1 .08 
CEC052 Office Large South Coast 2 Z2 16 Office 1 . 1 6  
CEC052 Office Large South Coast 2 Z3 17 Office 1 .44 
CEC052 Office Large South Coast 2 Z3 18 Office 1 .51 
CEC052 Office large South Coast 2 Z3 19 Office 1 . 1 5  
CEC052 Office large South Coast 2 Z3 1 1 0  Office 1 .42 
CEC052 Office Large · South Coast 2 Z4 1 1 1 Office 0.50 
CEC052 Office Large South Coast 2 Z4 1 1 2 Office 0.50 
CEC052 Office Large South Coast 2 Z4 1 1 3 Office 0.55 
CEC052 Office Large South Coast 2 Z4 1 1 4 Office 0.64 
CEC052 Office Large South Coast 2 BLDG BLDG Office 1 .04 
CEC052 Office Large South Coast 2 BLDG INFIL Office 0.64 
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Building Class 
CEC056 Office 
Cl;C056 Office . · 
CEC056 Office 
CEC056 Office 
CEC056 Office 
CEC056 Office 
CEC056 Office 
CEC056 Office 

CEC057A School 
CEC057A School 
CEC057A School 
CEC057A School 
CEC057A School 
CEC057A School 
CEC057A School 
CEC057B Office 
CEC057B Office 
CEC057B Office 
CEC057B Office 
CEC057B Office 

Lagus Applied Tech. 
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CEG _Zone Air Change Rates 

SID 
Small 
Small 
Small 
Small 
Small 
Small 
Small 
Small 

Small 
Small 
Small 
Small 
Small 

. · HV AC System On 

Region Vintage � 
Soµth Interior 2 Z1 
South Interior 2 Z2 
South Interior 2 Z3 
South Interior 2 Z4 
South Interior 2 ZS 
South Interior 2 Z6 
South Interior 2 BLDG 
South Interior 2 BLDG 
South Interior 1 Z 1  
South Interior . . 1 Z2 
South Interior 1 Z3 
South Interior 1 Z4 
South Interior 1 ZS 
South Interior 1 BLDG 
South Interior 1 BLDG 
South Interior 2 Z1 
South Interior 2 Z2 
South Interior 2 Z3 
South Interior 2 BLDG 
South Interior 2 BLDG 
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Location 
1 1  
12 
13 
14 
15 
16 

BLDG 
I N FIL 

11 
12 
13 
14 
15 

B LDG 
INFIL 

11  
12 
13 

BLDG 
INFIL 

UH 
Office . 
Office 
Office 
Office 
Office 
Office 
Office 
Office 

C1assroom 
Classroom 
Classroom 
Classroom 

Office 
Classroom 
Classroom 

Office 
Office 

Classroom 
Office 
Office 

- - - __, ----.: --, ---, ---. • • , 1 a · lJ 

Ach 
1 .04 
1 .07 
1 .02 
0.92 
0.84 
0.96 
0.98 
0.07 
1 .21  
0.76 
1 .48 
1 .6 1  
1 .63 
1 .34 
0.06 
0.86 
0.93 
1 .36 
1 .05 
0.22 



t;t:t; Air (;hange Study 

Bulldlng Cl111 S1H. 
CEC064 School 

¥" . ..  � \ ·"  - • • 
CEC064 School 
CEC064 School 
CEC064 School 
CEC064 School 
CEC064 School 
CEC064 School 
CEC064 School 
CEC064 . School 

CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065A Office Small 
CEC065B School 
CEC065B School 

. .  

CEC065B School 
CEC065B School 
CEC065B School 
CEC065B School 
CEC065B School 
CEC065B School 
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Zone Air Changes 

CE·c Zone Air Change Rates 
HV AC System On 

Region Vintage ZoM LQCltiOn 
South Coast 1 Z1 1 1  
South Coast 1 Z2 12 
South Coast 1 Z3 13 
South Coast 1 Z4 14 

. South Coast 1 Z5 15 
South Coast 1 Z6 16 
South Coast 1 Z7 17 
South Coast 1 BLDG BLDG 
South Coast 1 BLDG INFIL 
South Coast 2 Z1 1 1  
South Coast 2 Z2 12 
South Coast 2 Z3 13 
South Coast 2 Z4 14 
South Coast 2 Z5 15 
South Coast 2 Z6 16 
South Coast 2 Z7 17 
South Coast 2 BLDG BLDG 
South Coast 2 BLDG INFIL 
South Coast 1 Z1  1 1  
South Coast 1 Z2 12  
South Coast 1 Z3 13 
South Coast 1 Z4 14 
South Coast 1 Z5 15 
South Coast 1 Z6 16 
South Coast 1 BLDG BLDG 
South Coast 1 BLDG INFIL 

1 29 

Us.e. Ach 
Classroom 1 .23 
Classroom 1 .23 
Classroom 1 .46 
Classroom 1 .33 
Classroom 0.80 
Classroom 0.74 

Office 1 .63 
Classroom 1 .20 
Classroom 0.26 

Office 2. 1 4  
Office 2.09 
Office 2.26 
Office 1 .88 
Office 3. 1 2  
Office 2.77 
Office 2.09 
Office 2.34 
Office 0.30 

Classroom 5.03 
Classroom 1 .58 
Classroom 2.29 
Classroom 2.53 
Classroom 2.40 
Classroom 2�11 
Classroom 2.76 
Classroom 0.53 
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CEC Zone Air  Change Rates 
HV �C System On 

Bulldlng c1111 SID Region Vlnt1g1 � Lo�allon UH Ach 
CEC070 Retail Small South Coast 1 Z 1  1 1  Classroom 4.97 
CEC070 Retail Small South Coast 1 Z1  12  Classroom 1 .23 
CEC070 Retail Small South Coast 1 Z1  13  Office 1 .27 
CEC070 Retail Small South Coast 1 Z1  14 Office 1 .69 
CEC070 Retail Small South Coast 1 . BLDG BLDG Office 1 .40 
CEC070 Retail Small South Coast 1 BLDG INFIL Office 1 .35 

CEC078A Office Small South Coast 2 Z1 11  Office 0.36 
CEC078A Office S mall South Coast 2 Z1 12 Office 0.40 
CEC078A Office Small South Coast 2 Z1  13  Office 0. 1 7  
CEC078A Office Small South Coast 2 Z 1  14 Office 0.34 
CEC078A Office Small South Coast 2 Z1 15 Office 0.36 
CEC078A Office Small South Coast 2 Z 1  16 Office 0.41 
CEC078A Office Small South Coast 2 Z1  17 Office 0.44 
CEC078A Office Small South Coast 2 Z2 18 Office 0.30 
CEC078A Office Small South Coast 2 BLDG BLDG Office 0.34 
CEC078A Office Small South Coast 2 BLDG INFIL Office NA 
CEC078B School South Coast 2 Z1 1 1  Classroom 1 . 1 5  
CEC078B School South Coast 2 Z2 12 Classroom 1 .34 
CEC078B School South Coast 2 Z3 13 Classroom 1 .27 
CEC078B School South Coast 2 Z4 14 Classroom 2.33 
CEC078B School South Coast 2 .. ZS 15 Classroom 2.27 
CEC078B School South Coast 2 Z6 16 Classroom 2.76 
CEC078B School South Coast 2 BLDG BLDG Classroom 1 .85 
CEC078B School South Coast 2 BLDG INFIL Classroom 0. 1 0  
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CEC Air Change Study 

Bulldlng Class � 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079A School 
CEC079B' Office Small 
CEC079B Office Small 
CEC079B Office Small 
CEC079B Office Small 
CEC079B Office Small 
CEC079B Office Small 
CEC079B Office S mall 
CEC079B Office Small 
CEC079B Office Small 
CEC079B Office Small 
CEC079C Office Small 
CEC079C Office Small  
CEC079C Office Small 
CEC079C Office Small 
CEC079C Office Small 
CEC079C Office Small 
CEC079C Office Small 
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Zone Air Changes 

C EC Zone Air Change Rates 
HV AC System On 

Region Vintage � Location 
South Interior 2 Z1 1 1  
South Interior 2 Z2 12 
South Interior 2 Z3 13 
South Interior 2 Z4 14 
South Interior. 2 ZS 15 
South Interior . 2 Z6 16 
South Interior 2 BLDG BLDG 
South Interior 2 BLDG INFIL 
South Interior 2 Z1 1 1  
South Interior 2 Z2 12 
South Interior 2 Z3 13 
South Interior 2 Z4 14 
South Interior 2 ZS 15 
South Interior · 2 Z6 16 
South Interior 2 Z7 17 
South Interior 2 ZS 18 
South Interior 2 BLDG BLDG 
South Interior 2 BLDG INFIL 
South Interior 1 Z1  1 1  . .  

South tnterior 1 Z1  12  
South Interior 1 Z1  13 
South Interior 1 Z2 14 
South Interior 1 Z3 15 
South Interior 1 BLDG BLDG 
South Interior 1 BLDG INFIL 
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Utt 
Classroom 
Classroom 
Classroom 
Classroom 
Classroom 
Classroom 
Classroom 
Classroom 

Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 
Office 

.. ' 

Ach 
0.98 
1 .22 
3.70 
3.23 
2.26 
2.53 
2.32 
0.38 
1 .52 
1 .47 
1 .53 
1 .70 
1 .50 
1 .49 
1 .66 
4.73 
·1 .55 
0. 1 2  
1 .38 
1 .43 
1 .42 
1 .08 
2.84 
1 .63 
0.21 



l;E�·Air l;hange ::>tuoy Zone Ai r Changes 

CEC Zone Air Chang�_ Rates 
HV AC System On 

Bulldlng Class SID Region Vintage � Location UH. Ach 
CEC079D School South Interior 1 Z1 11 Classroom 2.87 
CEC079D School South Interior 1 Z1 12 Classroom 2.83 
CEC079D School South Interior 1 Z1  13 Classroom 2.93 
CEC079D School South Interior 

. .  

1 Z1  14 Classroom 3.03 
CEC079D School South Interior 1 BLDG BLDG Classroom 2.92 
CEC079D School South Interior 1 B:LDG INFIL Classroom 0.97 
CEC089 Office Small North Coast 2 Z1  R1 Office 2.93 
CEC089 Office Small North Coast 2 Z1 1 1  Office 2.97 
CEC089 Office Small North Coast 2 Z1 12 Office 2.7? 
CEC089 Office Small North Coast 2 Z1 13 Office 2.52 
CEC089 Office Small North Coast 2 BLDG BLDG Office 2.79 
CEC089 Office Small North Coast 2 BLDG I N FIL Office 1 .72 
CEC090 Office Large North Interior 1 Z1  R1  Office 2.64 
CEC090 Office Large North Interior 1 Z1  1 1  Office 2.93 
CEC090 Office Large North Interior 1 Z1  12  Office 2.45 
CEC090 Office Large North Interior 1 BLDG BLDG Office 2.67 
CEC090 Office Large North Interior 1 BLDG INFIL Office NA 
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CEC Air Change Study 

Bulldlng Class 
CEC097 Retail 
CEC097 Retai l  
CEC097 Retai l  
CEC097 Retai l  
CEC097 Retail 
CEC097 Retai l  
CEC097 Retai l  
CEC097 Retail 
CEC097 Retail 
CEC097 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retail 
CEC098 Retai l 
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Zone Air Changes 

CEC Zon e  Air Change Rates 
HV AC System On 

SID Region 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large South Interior 
Large · · South Interior 

· ·  Large South Interior 
Large South Interior 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 
Large South Coast 

Vintage ZOM 
2 Z1 

· 2  Z2 
2 Z3 
2 Z4 
2 ZS 
2 Z6 
2 Z7 
2 za 
2 BLDG 
2 BLDG 
2 Z1 
2 Z2 
2 Z3 
2 Z4 
2 Z5 
2 Z6 
2 Z7 
2 ZS 
2 BLDG 
2 BLDG 
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Lo�ation 
1 1  
12 
13 
14 
15 
16 
17 
18 

BLDG 
INFIL 

11  
12 
13 
14 
15 
16 
17 

. 18 
BLDG 
INFIL 

Utt Ach 
Retail 1 .00 
Retai l 0.82 
Retai l 0.87 
Retail 0.80 
Retail 0.63 
Retai l ' 0.69 
Retai l 0.77 
Retail 0.84 
Retail 0.77 
Retail NA 
Reta ti 0.61 
Retail 0.49 
Retail 0.42 
Retai l 0.44 
Retail 0.59. 
Retail 0.50 
Retail 0.44 
Retail 0.47 
Retail 0.50 
Retail NA 

.. ._ 
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CE:.� A.  Ch .... 1Qt; 3t�u/ Zo1 1e Ai r Cnanges 

CEC Zone Air Change Rates 
HV AC System On 

Building Class Size. Region · Vintage Zeme Location Utt Ach 
CEC1 00 Office Small South Interior 1 Z1 . .  1 1  Office 1 .36 
CEC1 00 Office Small South I nterior 1 Z2 12 Office 1 .70 
CEC1 00 Office Small South Interior 1 Z3 13 Office 1 .74 
CEC1 00 Office Small South Interior 1 Z4 14 Office 1 .38 
CEC1 00 Office Small South Interior 1 ZS 15 Office 2.26 
CEC1 00 . · Office Small South Interior 1 Z6 16 Office 2.26 
CEC1 00 Office Small South Interior 1 Z7 . .  17 Office 1 .70 
CEC1 00 · Office Small South Interior 1 Z8 18 Retail 1 . 55 
CEC1 00 Office Small South I nterior 1 BLDG BLDG Retail 1 .74 . 
CEC1 00 Office Small South Interior 1 BLDG INFIL Retail 1 .04 
CEC1 01 Office Large South Interior 2 Z1  1 1  Retail 2.47 
CEC1 01 Office Large South I nterior 2 Z2 12 . Office 1 .78 
CEC 1 01 Office Large South Interior 2 BLDG BLDG Office 2.02 
CEC1 01 Office Large South Interior 2 BLDG INFIL Office 0.35 
CEC1 02 Office Large South Coast 2 Z1 R 1  Office 0.65 
CEC1 02 Office Large South Coast 2 Z2 R2 Office 0.74 
CEC1 02 Office Large South Coast 2 Z3 R3 Office 0.71 
CEC1 02 Office Large South Coast 2 Z4 R4 Office 0.63 
CEC1 02 Office· Large · South Coast 2 BLDG BLDG Office 0.68 
CEC1 02 Office Large South Coast 2 BLDG INFIL Office 0.28 
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CEC Air Change Study Zone Air Changes 

CEC .Zone Air Change Rates 
. .  HV AC System O n  

Bulldlng Class SfD Region Vintage Zone. LQClllQn UH · Ach 
CEC1 03 Office Large South Coast 2 Z1  12  Office 1 .33 
CEC1 03 Office Large South Coast 2 Z2 13 Office 1 . 1 0  
CEC1 03 Office Large South Coast 2 Z2 14 Office 1 .08 
CEC1 03 Office Large South Coast . .  2 Z3 15 Office 0.93 
CEC1 03 Office Large South Coast 2. Z3 16 Office 0.92 
CEC1 03 Office Large South Coast 2 Z4 . .  17 Office 1 . 1 1  
CEC 1 03 Office Large South Coast 2 Z4 18 Office 1 .07 
CEC1 03 Office Large South Coast 2 BLDG BLDG Office 1 .08 
CEC1 03 Office Large South Coast 2 BLDG INFIL Office 0 .09 
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