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ABSTRACT

ASSESSMENT OF INDOOR AIR QUALITY
IN CROWDED EDUCATIONAL SPACES

Betuz, Naima Ebru
M.Sc. in Building Science, Department of Architeetu
Supervisor: Assoc. Prof. Dr. Soofia Tahira Eliagkaz

December 2012, 122 pages

Indoor air quality has become a challenge togethitlr the global aim ‘decreasing
energy consumption’. Increasing insulation levels building envelopes but
implementing inaccurate building system details hamised excessive heat,
accumulation of pollutantsetc in spaces. In terms of educational spaces, the
increase in complaints and illnesses due to unédlerindoor air conditions leads to

a decrease in concentration and so academic perfmerof students and staff. In the
context, the aim of the study was indicating therpmdoor air quality conditions
caused by inadequate fresh air supply in crowdecanal spaces and making

recommendations for the improvement.

In the study, a classroom and a design studioenMETU Faculty of Architecture
building were investigated. In order to examine #dsting situation, at two
locations of each room the temperature, relativenidily and CQ were
continuously recorded between 13 September 201124nBebruary 2012 and air
speed for ten-day periods between 26 November 26d5 January 2012.



The evaluation of the collected data indicated tbath of the rooms had
temperature, so relative humidity and £@ccumulation problems mainly due to
insufficient fresh air supply in the winter periobh order to eliminate the poor
conditions in the rooms, the needed outdoor air marprovided through the inlet

openings coupled with fan coils, which are in estise but not in use.

Keywords: Indoor Air Quality, Temperature, Relatidemidity, Air Speed, Carbon
Dioxide, Human Comfort, Natural Ventilation, Eduocaial Spaces, METU Faculty
of Architecture.



Oz

KALABALIK E T M MEKANLARINDA C HAVAKAL TES N N
DE ERLEND R LMES

Betuz, Naima Ebru
Yuksek Lisans, Yap Bilimleri, Mimarl k Bolumu
Tez Yoneticisi: Dog. Dr. Soofia Tahira Elias-Ozkan

Aral k 2012, 122 sayfa

¢ hava kalitesi, enerji tiketiminin azalt Imas vdeki kiresel yaklamla birlikte
sorun halini almtr. Binalarn yaltm dizeylerinin artrlmas fak bina sistem
detaylar nn hatal uygulanmas; mekanlardar a sya, kapal ortam hava
kirleticilerinin birikkmesine, vb. sebep olmwr. E itim mekanlar a¢ s ndan
bakId nda; bu elverisiz i¢ hava koullar ndan dolay ikayet ve hastal klar n
artmas konsantrasyonun azalmas na ve bdéylece midageerformans n dimesine

yol acmaktad r. Bu bdamda; cal mann amac, kalabal k #im mekanlar nda
yeterli temiz hava sd@anamamas ndan kaynaklanan olumsuz i¢ hava Kkalitesi

ko ullar n g6z 6nine sermek ve iyiteme icin 6neriler sunmakt r.

Cal mada, ODTU Mimarl k Fakiiltesi binas nda bulunan &in f ve bir tasar m
studyosu incelenmiir. Bu mekanlardaki mevcut i¢ hava kdlarn
de erlendirebilmek icgin, her bir mekan n iki noktaspdl3 Eylul 2011 — 24 ubat
2012 tarihleri aras nda surekli olarak s cakl k, baem ve karbondioksit dlcimleri
ve 26 Kas m 2011 — 5 Ocak 2012 tarihleri aras nad@imnlik periyotlarla hava h z
Olctimleri yap Im tr.

Vi



Kaydedilen verilerin deerlendirmesi sonucunda, incelenen mekanlarda k
doneminde yeterli temiz hava $anamamas na b olarak s caklk, dolay s yla
ba | nem problemleri ve C® birikimi oldu u goérdimutir. Mekanlardaki bu
olumsuz koullar ortadan kald rmak icin gereken temiz havydc mevcutta var
olan fakat kullan Imayan uflemeli konvektorler ikerle tirilmi  ac ki klar n tekrar

kullan labilir hale getirilmesi ile karlanabilir.

Anahtar Kelimeler: ¢ Hava Kalitesi, S cakl k, Bal Nem, Hava H z , Karbondioksit,
nsan Konforu, Doal Havaland rma, Etim Mekanlar , ODTU Mimarl k Fakiiltesi.
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CHAPTER 1

INTRODUCTION

In this chapter, firstly, the argument of the studydefined. It is followed by the
description of the primary objectives. In the thisdction, the procedure in
conducting the study is explained. Finally, thepdstion of the following chapters

is presented.

1.1. Argument

In general, buildings are outcomes of the desireetist the natural forces such as
weather and seismic loads. They have enabled pd¢opbentrol the environment
around. On the other hand, they have also requiled control of internal

environment for the physical and physiological&atition of occupants.

In order to meet the occupant needs, each buikying requires different conditions
related with its function, which directly determitige level of satisfaction. Among
building types, educational buildings have speafgnificance. Owing to their being
the spaces of teaching and learning, academicrpeaifce and success are the main
concerns in their existence and should be suppdoyethe built environments. In
addition to the teaching and learning materialsjlar to every building, educational
buildings should also include some basic necesgitigpghysical environment such as
cooling, heating, ventilation and daylighting. Hoxe both technological and
environmental changes in time lead to some problataged with physical comfort
conditions, two of which are the concern of thigdgt human comfort and indoor air

quality.



The indoor air problems firstly started with thefidulties in extracting fumes
generated by dwellers of primitive shelters for tmgethe need for heating, cooking,
etc In the medieval era, the unfavorable conditionsspaces due to living in
overcrowded cities, such as London, caused deglftesproblems continued with the
Industrial Revolution owing to mechanical and cheahiemissions to spaces.
However, depending on the technological changeadtieg from industrialization,
buildings started to be constructed with properviser systems to provide
comfortable spaces to live and work. In 1970s, gynertoncerns have gained
importance due to the energy crisis, which alseadfd the construction sector. In
order to reduce the energy consumption, the aihaxge between indoor and
outdoor has been reduced and the need for heatothgaoling has been minimized.
As a result, buildings have become closed boxdsofutontaminants which have
triggered the health problems in relation to therease in the amount of time spent

in.

Throughout history, people have been aware of #gative effects of indoor air
pollutants on health. The studies on human metsimoaround 1800 have helped
people to understand the physical conditions itepand to establish a relationship
between indoor air quality, pollutants and enviremtal parameters. Indoor air
quality is still a current subject for researchier®rder to make buildings healthier.
In the present day, people are trying to overcdmeunfavorable physical conditions
in buildings and implementing some standards agdlatéions considering health of

occupants.

In the context, the problem addressed by the stuthye poor comfort and indoor air
quality conditions in educational buildings, whibhve a potential of resulting in
academic performance loss, absenteeism and untdgdnaalth impacts. Owing to
the fact that the most common cause of the poaditions in buildings is inadequate
ventilation, it is also significant to emphasize #ffect of sufficient air flow on the
comfort and indoor air quality. In addition, corsishg the possible causes related
with the space or building features that lowering &ir movement is essential for the

improvement of conditions.



1.2. Objectives

The fundamental aim of the study is to improvepber indoor air conditions in the
two selected teaching spaces in the case studditgiin order to decrease or
eliminate the possible adverse effects on bothestisdand staff. In this respect, the
objectives of the study are presented through teros:
investigating the indoor air conditions of a classn and a design studio in the
METU Faculty of Architecture building on the ba®$ temperature, relative
humidity, CQ and air speed, and
making recommendations for the provision of suéfinti air flow in the spaces

investigated.

1.3. Procedure

The study focused on indoor air conditions in terofstemperature, relative
humidity, CQ and air speed. It was carried out on the METU Faai Architecture
building. A classroom and a design studio with @zraaine floor were selected for
the investigation.

In the first stage, the temperature, relative hutypidnd CQ were continuously
recorded in the selected rooms by using data lsggérey were collected at two
different locations of each room between the dafe$3 September 2011 and 24
February 2012. Moreover, air speed was recordeddt record location for ten days
between 26 November 2011 and 5 January 2012.

In the second stage, the colleted raw data werenlbaded from the data loggers to
a computer and organized in graphical forms. Kirdtie represented overall data
were analyzed. Secondly, the data of the time g@sriihat the air speeds were
recorded at each location were examined. The date wompared with relevant
standards and possible causes of the problemstimentdo be identified. At the end,
the recommendations were given which would imprieeindoor air conditions in

the rooms investigated.



1.4. Disposition

The study is presented in five chapters:

In the first chapter; the argument and objectiveéshe study are explained, the
general procedure of the study is summarized aeddibposition of the subject

matter is presented.

The second chapter is a summary of literature erstibject domain. General aspects
of human comfort, indoor air quality and naturahtiation are explained in this

chapter and educational buildings are examinedring of these issues.

In the third chapter; firstly, the materials usadhe study are describeck. the case
study building and data loggers used for the datkeation are introduced and the
weather data of Ankara for the period of the stagly presented. Secondly, the

methodology of the study is explained in detail.

The fourth chapter displays the collected datautinographs and tables, and gives

the results. It also includes the discussion orotiteomes of the study.

The fifth chapter presents the conclusion and recendations.



CHAPTER 2

LITERATURE REVIEW

The chapter includes the concepts of human comiedpor air quality, natural
ventilation and educational buildings, and the gsial of the literature. At first, the
environmental conditions affecting human comfore atiscussed and thermal
sensation devices are introduced. Secondly, indooguality is explained through
indoor air pollutants, carbon dioxide, and Sick IBumg Syndrome and Building
Related llinesses. Thirdly, natural ventilatioreigpressed together with the subtitles
of ‘Basic Principles of Air Flow’' and ‘Design for antilation’. Then, educational
buildings are considered in terms of education spdevelopment, academic
performance, indoor air pollutants and ventilatibBmally, the critical analysis of the

literature is presented.

2.1. Human Comfort

Comfort is defined by Heerwagen (2004, p.3) as ‘4tae of pursuing an activity
without experiencing environmental stress.” Thehautalso refers to some other
definitions one of which is Yaglou's: “comfortab&r conditions are those under
which a person can maintain a normal balance betywesduction and loss of heat,
at normal body temperature and without sweatingiegrwagen, 2004, p.42)
Accordingly, a space can be qualified as comfoetalthen a person does not need
any thermoregulatory devices, such as sweatingshivering, to establish a thermal

balance between his/her body and environment.



Human comfort in a space depends on some paramé&nger (1970) lists six
parameters for comfort: activity level, thermal ise@nce of the clothing, air
temperature, mean radiant temperature, relativeeticity and water vapor pressure
in ambient air. The various combinations of theammeters can constitute comfort
conditions. Fanger (1970) indicates the heat bealaax the first requirement for
comfort, which is affected by skin temperature amebat secretion under a given
activity level. “Air temperature affects the amouwtft heat lost or gained due to
convection and affects evaporation of sweat.” (biels2011, p.63) In relation,
Givoni (1976) notes that an increase in air tempeealeads to increases in skin
temperature and sweat rate in the case of congsguar pressure and air velocity.
Relative humidity also has an effect on the evapmrarom the body — so on the
cooling efficiency — in relation with its value,nsie high relative humidity values
limit evaporation due to the saturated air aroumel body while low values of it
increase irritations due to dryness. (Nelson, 201 effects of high humidity levels
on occupants can be reduced through a rise ineacky. In the case that air
temperature is lower than skin temperature theicgaffect of air velocity increases
while air temperature decreases, since air movereasés the evaporation and

provides heat loss from the body. (Harvey, 2006)

A rise in air temperature increases its abilityhofding moisture on account of a rise
in the saturation level with the temperature inse2@wing to the fact that relative
humidity is “the ratio of the partial pressure ¢(ansity) of the water vapor in the air
to the saturation pressure (or density) of wat@ovat the same temperature and the
same total pressure”, relative humidity decreasesgawith the rise in saturation
level which is the result of temperature incred8&lSI/ASHRAE Standard 55-2004,
p.2) Furthermore, variations in air temperatureseaair pressure differences which

lead to air flow and determine air speed and dwac{Valsson & Bharat, 2011)

The comfort conditions in a space were determirfet ghermal sensation studies.
Some equations were developed to consider changahges of the parameters.
However, the complexity of them resulted in the elegment of some thermal

sensation devices. Graphs are the mostly used thaeshow the relations between



the comfort parameters. In a detailed represemiafanger (1970) presents twelve
diagrams to show the relations between relativeonsl, humidity and ambient
temperature under the combinations of three agtilelvels and four clothing
insulation levels. On the other hand, the Bioclim&hart and the Psychrometric

Chart were presented as single graphs showing manté summer comfort zones.

Olgyay’s ‘Bioclimatic Chart’ was “built up with drpulb temperature as ordinate
and relative humidity as abscissa.” (Olgyay, 19622) (Figure 2.01) The comfort

zone is in the center of the chart and defined bebhnthe air temperatures of 20 to
26.7 °C and the relative humidity values of 20 ™ @&rcent. As Olgyay (1969)

explains, the winter comfort zone is a little lowtean the summer comfort zone
which is already plotted on the chart. One of tlgmificant characteristics of the

Bioclimatic Chart is its representation of the eative measures plotted through the
lines around the comfort zone. These correctivesomes are helpful for restoring

the feeling of comfort when the conditions fall side the comfort zone. In the case
of a value above the higher boundary, winds candesl to shift the value into the

zone. On the other hand, when the value is belewaWwer boundary, solar radiation

IS needed for comfort.

Similarly, the ‘Psychrometric Chart’ represents timmfort conditions through air
temperature, humidity ratio and relative humid#g shown in Figure 2.02, the one
by the ASHRAE Standard 55-2004 defines two comfmmes for two clothing
insulation levels (0.5 clo and 1.0 clo) in the cakéhe air speed lower than 0.20 m/s
and activity levels between 1.0 and 1.3 met. lidatks no lower limit for humidity
ratio. On the chart, if either the air temperatardhumidity ratio value is changed,
then the relative humidity also changes. Movingtba chart vertically describes
whether the air becomes wetter or dryer and mokimggontally describes whether
it becomes colder or hotter. Lechner (2009) presém comfort zone and various

discomfort areas on the Psychrometric Chart, aashio Figure 2.03.
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In relation to the graphs, Lechner (2009, p.60esadhe range of air temperature as
20 °C (68 °F) in winter to 25 °C (78 °F) in summand the value of relative
humidity as “above 20 percent all year, below 6€ceet in the summer, and below
80 percent in the winter.” Additionally, the authspecifies the range of air
movement for comfort as 0.1 m/s to 0.3 m/s (20ade@t/minute) and states that 0.3
to 1 m/s (60 to 200 feet/minute) can be acceptablelation to the activity while
more than 1 m/s (200 feet/minute) can be disturtbiAg slightly different,
Heerwagen (2004) indicates the comfort values liyngo

...an air temperature of between 20 to 27 °C (680c°B); the
mean radiant temperature at the occupant’s locaipml to the air
temperature; a relative humidity somewhere betw2grand 55
percent; the relative air velocity less than orado 0.36 m/s (70
feet per minute); an activity rate ad MET (i.e. that of a sedentary
person); and clothing insulation of about 0.6 ClL{8eerwagen,
2004, p.51)

The values different than the ones cited abovestidinprovide thermal comfort in
the case of establishing thermal balance. Howewasr, Heerwagen (2004)

emphasizes, it is difficult to establish a therialance for a person in the case of the



air temperature’s being higher than the skin argpired gases temperatures. In
addition, it should also be noted that there iseHiact of culture, health, weight,

gendergtc.on the sensation, which also differentiates tingea.

2.2. Indoor Air Quality

Indoor air quality is determined by sources, sushbailding materials, office

equipments and consumer products, sinks depositintaminants and air movement
among rooms and between the building and outsiderefore, the indoor air quality
system consists of the occupants, their activities air pathway and the HVAC, the
building envelope and its environmental settingur(Bughs & Hansen, 2008) It is
characterized by the amounts of air contaminamtsemperature and humidity in a
building. In connection, ANSI/ASHRAE Standard 62007 defines the acceptable
indoor air quality as “air in which there are nookm contaminants at harmful
concentrations as determined by cognizant auteerdind with which a substantial

majority (80% or more) of the people exposed doaxpiress dissatisfaction.”

According to the ASHRAE Standard 62-1989, there tave ways of achieving
acceptable indoor air quality. The first is the Yfation Rate Procedure which
specifies the ventilation rates for various spaard the outside air quality for
ventilation. The second is the Indoor Air QualityoBedure which emphasizes the
control of contaminants to keep them in accepthvels. Among two procedures, as
Shaw (1997) notes, the Ventilation Rate Procedsitheé mostly used one which is
effective for re-establishing the indoor air quabind for speeding up the removal of
contaminants. One of the equations of this proequesented in the ASHRAE
Standard 62.1-2007 (p.11) is the breathing zoneéamutair flow which is “the design
outdoor airflow required in the breathing zone leé bccupiable space” and defines
the breathing zone as the region between 7.5 a@arm8above floor and more than
60 cm from walls. The equation is;

Vbz=Ro. P2+ Ra. Az
where A is the floor area, As the maximum expected population,iRthe outdoor

air flow rate per person and:® the outdoor air flow rate per unit area.
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Indoor air quality’s becoming a problem in buildingas some reasons behind. The
energy crisis in 1970s has mainly constituted tasidof current situation, since it
has led to an increase in the concentration ofpibiutants in buildings through
tighter building envelopes which reduces the afiltiation. The conditions get
worse with technological changes adding new madserend furnishings to
construction industry all of which give off chemiganto the air. HVAC systems
also become a source of biological contaminantsriliged through ventilation
systems, which can be a result of poor maintenalmceaddition, the changes in
building use and so interior layouts, and the peafee of the ‘least cost’ design
technique based on saving on first cost cause pwhwor quality conditions in
buildings.

In the present day, indoor air quality is a sigaft issue due to occupants’
becoming more conscious of it in their spaces. dasing concerns for health,
productivity, absenteeism, vacant facilities and titeat of lawsuits call attention to
poor indoor air quality conditions in buildings amdake it a key element of
improvement, renovation and new construction aotisi In the context, it is also
one of the criteria considered in the design oégreuildings which are the results of
integrated design approach considering land, lapéscclimate, orientation, form,
materials, energy, indoor air quality, thermal corhflighting, etc. Green building
assessment systems such as BREEAM, LEED, Greene§&labd CASBEE -
developed to evaluate and validate green buildimderms of environmental
impacts, resource consumption and occupant heatho-include indoor air quality
as a factor of rating buildings. (Kibert, 2005) &s illustration, the mostly used one,
LEED includes six evaluation categories which angstainable sites, water
efficiency, energy and atmosphere, materials asdurees, indoor environmental
quality, innovation in design and regional priofigach of which has subcategories
with prerequisites. The indoor environmental qyatiaitegory involving minimum
indoor air quality performance as a prerequisiteegil5 possible points to the

building on the basis of 100 points.
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2.2.1. Indoor Air Pollutants

Indoor air quality affects human comfort in variomays depending on the pollutant.
There are thousands of indoor air pollutants afigchuman body in the case of
being in high concentrations. Burroughs and Har{2808) categorize the pollutants
in two groups: particles including both solid anduld pollutants and gases or
vapors. According to this classification, particlexlude groups of respirable
particulates, tobacco smoke, asbestos fibers galtasr and pathogens. On the other
hand, vapors and gases include carbon monoxide, (@@n, formaldehyde, other
volatile organic compounds (VOCSs), nitrogen oxi{ld®.) and odors.

Indoor air pollutants can be taken into a spacenfoutside the building or can be
created in the building by construction materiélsnishings, operation and cleaning
of equipments (especially in offices), HVAC system@nsumer products, occupants
and purposeful activities. In the building, as Buighs and Hansen (2008) indicates,
they can react, interact, decay and attach to ssfar remain unchanged, then they

can be inhaled or exhaled by occupants or leavbuhéing with exhaust air.

The control of indoor air pollutants in a building important for reducing or
eliminating their negative effects on occupantse most significant strategy is being
aware of the potential sources of indoor air palhi$ and taking precautions to
reduce or eliminate their emissions. The seconec¥e one is the ventilation of
spaces. Although the pollutants exist in almoste\miilding, they mainly create
indoor air quality problems in the case of inadeégquaentilation of spaces.
Accordingly, the concentrations of pollutants inasps can be reduced through
ventilation of the indoor air which is named asutidn. On the other hand, the
pollutants can also be controlled by extraction cihis the filtration of the
pollutants; however it is not a healthy way of e¢ohtdue to its depending on

recirculation of the air in air conditioning system
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2.2.2. Carbon Dioxide

Carbon dioxide (Cg) concentration in spaces is used as a reliabledtat of the
space acceptability in terms of body odor and atdidhindicator of indoor air
quality. (Persily, 1997) It also displays insufénot ventilation in spaces and
buildings. CQ is useful for “...estimating expected levels of qeant comfort in
terms of human body odor, studying occupancy paidanvestigating the levels of
contaminants that are related to occupant actiaityl screening for the sufficiency
of ventilation rates relative to occupancy.” (ASTRQ12, p.2) CQmay indicate the
indoor level of other contaminants which also depen the occupancy level, such
as odor-causing bioeffluents; however there areynmailutant sources in a space
such as building materials and furnishings, andsitnot useful for informing

researchers about their concentrations. (Per9§7)1L

According to MDH (2010), the level of GOn a space is determined by the
occupancy level, the length of space occupatianfrésh air amount supplied to the
space, the space dimensions, the existence of &timbupy-products around and the
outdoor CQ level. It can be in high concentrations partidylaunder heavy
occupancy conditions due to its main source’s beiegabolic activities, which also
makes the occupant activity levels significant eif€Q generation — and also
oxygen consumption — increases with the increagbdractivity rate. (Figure 2.04)
Combustion activities, motor vehiclesfc. also increase the GQOevel in both

outdoor and indoor environments.
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The outdoor CQ level ranges between 350 and 400 ppm, and may dre m
environments with traffic, industrial activitgic (MDH, 2010) On the other hand, in
spaces it varies in accordance with the determifastprs. The highest acceptable
level of CQ by ASHRAE Standard 62-1989 is 1000 ppm. HoweveBayer, Crow
and Fischer (2000) indicate, there are some styaliesenting the threshold GO
value as 600 ppm or 800 ppm. In terms of highercentrations, there are various
standards recommending different C{@vels. ACGIH (American Conference of
Governmental Industrial Hygienists) states the timegghted average value of 5000
ppm as the threshold limit value for 8-hour worRCGIH, 1991) In addition,
NIOSH (The National Institute for Occupational Sgfand Health) indicates 10000
ppm as the time weighted average concentradioo a 10-hour work shift and a
40-hour workweek and 30000 ppm as the short-terpopgxe limit for up to 10
minutes. (NIOSH, 1976) Moreover, OSHA (Occupatiorigdfety and Health
Administration) notes the time weighted averageueabf 5000 ppm as the
transitional limit, and the time weighted averagdue of 10000 ppm and the short-
term exposure limit of 30000 ppm as the final dutgts. (OSHA, n.d.)

The opinions on the impacts of @On health are changing. Persily (1997) refers
some studies showing no relationship between thgl@@ls and the prevalence of

symptoms while noting some other investigati@m®wing a relationship between a
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CO; level from 600 to 1000 ppm or higher and stuffg)agitation,etc In relation
MDH (2010, p.2) states that “occupants may expegehealth effects in buildings
where CQ is elevated, but the symptoms are usually dubdamther contaminants in

the air that also build up as a result of insudiintiventilation.”

Monitoring CQ concentration in spaces continuously can be hlefpfumproving
ventilation and indoor air quality; however placedected for records are significant
due to the fact that GOconcentration in a space is not homogenous inrgene
(ASTM, 2012) The level widely varies in a spacetipatarly in the case of open
windows and C@generation. Steiger, Hellwig and Junker (2008¢né¢d the study
by Max von Pettenkofer which reports higher £fncentrations below the ceiling
in contrast to the ones above the floor despiteféloe that CQ is heavier than
ambient air, and explains the result through tise of warm air containing GO
mixed in it after exhaling. In addition, the authorote that due to the levels are more
stable near the walls in contrast to middle of gpace, it is appropriate to monitor
CO; in classrooms at a wall, at a distance from omgenand at breathing height or

higher to prevent data logger damages.

2.2.3. Sick Building Syndrome and Building Related llinesss

Sick Building Syndrome (SBS) is “a building whereet of varied symptoms were
experienced predominantly by people working in ancanditioned environment.”
(Burroughs & Hansen, 2008, p.28) Its prevalence eddp on building
characteristics, ventilation systems and HVAC syste(Seppanen & Fisk, 2002)
The risk in air conditioned buildings is higher than mechanically ventilated
buildings which also have a higher risk than ndlyinzentilated ones. (Seppanen &
Fisk, 2002) As for symptoms, SBS does not have iBpesigns in general.
According to the World Health Organization, the mosmmon symptoms are eye,
nose and throat irritation, skin problems, headschental fatiguegtc. These signs
generally appear through a day, become worse thraugeek, but disappear in the
case of being away from the building for a time.

15



On the other hand, Building Related Iliness (BRIja building associated, clinically
verifiable and diagnosable disease.” (Burroughs a@hséen, 2008, p.3) In contrast to
SBS, the BRI allows the identification of the pédlat and so the source. In addition,
it does not disappear in the case of being awan fitee building. Some of the BRI
are allergies such as asthma and rhinitis, hurerdiiever and infections such as

bacterial, fungal and viral infections.

In essence, SBS and BRI are caused by poor indo@oaditions in spaces and
result in economic losses through lost workdays @&stimation of the committee of
the World Health Organization represents the 3Cceydr of new or remodeled
buildings as causes of sick building complaints high rates. (EPA, 1990)

Furthermore, as Fisk (2000, p.543) indicates, ‘He tUnited States, 4 common
respiratory illnesses (common cold, influenza, pnenia, and bronchitis) cause
about 176 million days lost from work and an adshéil 121 million work days of

substantially restricted activity.” However, in atilsh to creating healthier spaces,
the improvements in indoor air conditions providemomic gains through reducing
lost workdays and medical cost which are the resaft both SBS and BRI. In

relation, according to the study noted by Levin9@p improvements in SBS provide
$ 10-20 billion annual savings or productivity gamthe U.S. Similarly, the other
study cited by Kosonen and Tan (2004) indicatesrguctions in SBS can result in
$ 15-38 billion through productivity gain.

2.3. Natural Ventilation

Ventilation is an essential necessity for healtmfort and well-being, which affects
the human body directly through air motion and riedily through the temperature
and humidity in a space. (Givoni, 1976) It is a damental need caused by
occupancy. As both Baker and Steemers (2000) amdn{1976) state, there are
three main purposes of ventilation. The first pwgads fresh air supply for better
indoor air quality, the second is the provisiontleérmal comfort by air movement
around and the third includes cooling the buildstrgicture and heat avoidance.
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Natural ventilation is a passive ventilation methwdaich provides thermal comfort
through evaporation from the skin during the dag arght. (Lechner, 2009) It is
driven by two forces which are wind and buoyancgtudal ventilation is mainly
based on the temperature and vapor pressure iace.sfisivoni, 1976) In the case of
ventilation, temperature and humidity exchange oxau relation to the difference
between the outdoor and indoor air mixed in a spéberefore, the most effective
condition for natural ventilation is the indoor teemature and humidity’s being
higher than the outdoor ones. In connection, ttengh in the heat in a space (Q) is
related with the ventilation rate (V), the heataeafy of air (c, 0.28 kcal/°C for air)
and the temperature difference between the outdoor indoor (t), which is
described through the specific heat equation (G\VIBV6);

Q=V.c.t

Natural ventilation has some advantages in contoasther ventilation strategies. As
Hays (2008) states, these advantages are occupagits)y able to control the
environment, fresh air's being healthier in corttasre-circulated air and its use of
less energy in contrast to mechanical one — aaugridi Loftness (2008), 40 to 70
percent of cooling load can be reduced throughrabuentilation and productivity
can be increased about 0.4 to 18 percent. In tefmisdoor air quality, the most
important advantage of natural ventilation is ihaelps to keep indoor air pollutants
at acceptable levels through dilution, since anease in the air flow in a space leads

to a decrease in the pollutant levels as showngarg 2.05.

Pollution

Maximum desired

concentration level \..__

Minimum air Air flow rate
Now rate
Figure 2.05.Natural ventilation for indoor air quality
Source: Allard (1998, p.3)
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There are various categorizations of natural vatmih types. Emmerich, Dols and
Axley (2001) classify it in relation with the drivgg forces and divide into three
categories which are wind-driven cross ventilatiobyoyancy-driven stack
ventilation and single sided ventilation. On thénest hand, Allocca, Chen and
Glicksman (2003) categorize natural ventilation emtvo main types which are
cross ventilation and single-sided ventilation, dndde single-sided ventilation into
three groups which are buoyancy-driven flow, wimtkeh flow and combined
buoyancy and wind-driven flow. By taking these gatézations into account, as the
first, cross ventilation is the result of pressulifferences created by wind, and
provided by the air flow through openings on opmosialls. The second, stack
ventilation occurs as a result of buoyancy basediodensity differences — cold air
is denser than warm air — which permits to enterattdoor air from lower opening
and to exhaust the indoor air from higher one. Thel, single-sided ventilation
results from the air exchange “...through the sanenoms on one side of a space at
the same height or with the flow of air into a spdbrough one or more inlet
openings and flow out from different exit openingsen the inlet and exit openings
are at different levels.” (Gan, 2000, p.66) As subgories, buoyancy-driven single-
sided ventilation is provided through a large opgror different openings on a wall
at different levels while wind-driven one is thesu#t of small wind pressure
differences on a facade. (Allocca, Chen & Glicksmaf03, p.786) Single-sided
ventilation can also be obtained with both tempeeand wind effect, which named
by Allocca, Chen and Glicksman (2003) as combinadyancy and wind-driven
flow. Among main types, single-sided ventilationtie least effective ventilation
strategy and mostly used one particularly in theeoaf offices, classroomsic In
addition, background ventilation is also a way refsh air supply to spaces through

small controllable ventilation openings when windowoorsgtc. are closed.

As criticism, regarding natural ventilation, Lechn@009) states that providing
comfort ventilation as completely passive is ranebgsible, since in most climates
needed air velocities cannot be provided by thedsidditionally, the author notes
thatit is a method that the warm air still continueshiat the building although

thermal comfort is achieved through evapogatoooling on the skin. In relation,
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Givoni (1994) describes comfort ventilation as jaspart of building climatology

and climate appropriate design. Allard (1998) aisticates that natural ventilation
potential considerably decreases in dense urbaas aed in rural and low-dense
urban areas with high obstructions such as treeghé&more, Allocca, Chen and
Glicksman (2003) note local noise and pollutionelsvas factors affecting and

limiting the use of natural ventilation.
2.3.1. Basic Principles of Air Flow

Air flow is a continuous motion which changes direc through curves. It is a result
of temperature and pressure differences. It flovesnf positive pressure areas to
negative ones. Therefore, air creates positive egative pressure areas around
objects or buildings. It constitutes positive pressat the windward side and
negative pressure at the leeward and remaining.sitecording to Lechner (2009),
there are four different kinds of airflow which desminar, separated, turbulent and
eddy (Figure 2.06).
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Figure 2.06.The kinds of air flow
Source: Lechner (2009, p.268)

In order to maintain sufficient air flow in buildys for effective ventilation, it is
significant to have information on the three pmptes, which are stack effect, the
Bernoulli effect and the Venturi effect. Both stasfkect and the Bernoulli effect are
based on air pressure differences. Stack effe® aBetemperature differences to
provide ventilation through the rise of warm airedo the fact that warm air has low
density and low pressure. On the other hand, thhadddli effect is the result of the
differences in wind speed and based on the pri@¢goh increase in the velocity of a
fluid decreases its static pressure.” (LechB@09, p.269) As air speed increases
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with height owing to less obstruction, it has lowmessure at upper levels and
provides air flow from high pressure to low pressuiFigure 2.07) The third, the
Venturi effect results from the increase in airespén the case of flowing through
small openings. It can be used for exhausting iselé air through roof openings
and can be disturbing in the case of urban planmaolyding narrow passageways,
corners of buildings too close togethet¢ (Figure 2.07 and 2.08) (Lechner, 2009
and Allard, 1998)

AIR VELOCITY

HEIGHT
0

Figure 2.07. The Bernoulli effect (left) and the Venturi effédght)
Source: Lechner (2009, p)270

Figure 2.08. Critical positions for pedestrian discomfort duenind on an urban site
Source: Allard (1998, p.198)

2.3.2. Design for Ventilation

The details of design are significant in order ¢biave the convenient conditions for
effective ventilation. There are some parametersdee to evaluate the indoor
ventilation conditions which can be exemplified as speed at the inlet opening,
maximum speed at any point in the space, averagpeed in the space and average

speed at occupancy level which is about 1 nvalbwe floor. (Givoni, 1994) These

20



parameters are influenced by designs. Wind comditexround a building and design
details of it determine the rate of air flow ane thistribution of air velocities, and if
not considered carefully they can reduce air movene spaces and buildings.
(Allard, 1998 and Givoni, 1994)

Pressure distribution and so air flow pattern adbanbuilding is affected by site
conditions. Topography, the height of buildings ua@, the spacing between
buildings, the orientation of streets and the ttistion of open areas such as gardens
are some environmental issues that determine thesacof sun and wind to a
building. (Givoni, 1976) Therefore, in terms of mat ventilation, buildings should
be located in a way that getting benefit from thesier winds while avoiding from

the cold winter winds and excessive solar gaingufie 2.09)
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Figure 2.09.Examples of good and bad locations of a buildinguemirban site with respect
to wind
Source: Allard (1998, p.197)

Air can be directed as desired with the help ofitmaping, windbreakers, building
form, wing walls, overhangsgetc (Lechner, 2009) The position of the element
designed or placed to direct air, its distance fitbwn building and its size require
supplemental attention for effective air flow. (&g 2.10) In relation, Allard (1998)
emphasizes the advantage of landscaping as anrdleimdirecting air by indicating

its positive effect on air quality througleadeasing the heat content of the air
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crossing a plant, increasing the humidity conteetnoving the dust particles,

absorbing the carbon dioxide and introducing thggex.
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Figure 2.10.The effect of hedge positioning on the airflow paitthrough a building
Source: Allard (1998, p.200)

The design of building itself is the other factdnieh requires particular attention for
air flow. It includes the designs of building fornspace distribution, interior
partitioning and opening position, size and typlee Torm of a building is defined by
the ratio of a building’'s length to its width whigh named as aaspect ratio It
should not be too high to prevent pressure decreagbe middle of the windward
facade and “...the dimension of the cross sectiongatbe prevalent summer wind
direction should be kept to a functional minimunonder to enhance the use of cross
ventilation.” (Allard, 1998, p.205) In relation, @ini (1994) notes: “the more spread
out the building and the more irregular its shape, better the potential for cross
ventilation.” due to the opportunity of having mangening on the greater number of
external walls. On the other hand, the height olding affects the stack effect and
increasing it enhances the airflow in vertical zosach as stairwells. In addition, the
roof shape determines the positive and negativespre areas through its type (flat,

single-slope or double-slope) and angle and detimesir flow path.

In buildings, generally, the ventilation of a spasanterrelated with other spaces.
Thus, horizontal distribution of spaces is sigrifit particularly for cross ventilation.
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In the context, single-loaded corridor plans argebeghan the double-loaded ones,
however transoms or clerestory windows can impiadeor ventilation in double-
loaded corridor arrangements. (Figure 2.11) (Lech2809) In relation, Allard
(1998) indicates that spaces such as offices as$roms should be located on the
windward side for effective ventilation and the redor spaces with large operable
windows should be placed on the leeward side. Gm dther hand, vertical
distribution of spaces affects stack ventilationd amllows to design atriums,

stairwells and shafts as ventilation elements.

Figure 2.11.Single-loaded and double-loaded corridor plans &ng) the use of transoms or
clerestory windows for doubdaded plans (bottom)
Source: Lechner (2009, p.278)

Interior partitions have a blocking effect on dow and decrease the ventilation
potential. Therefore, open plan layouts are mor&alske for effective ventilation in
buildings. (Lechner, 2009) However, in the casesobdividing spaces internal
partitions should be parallel to the air flow asamas possible in order to not block
the air movement. (Allard, 1998) In addition, thedies — investigating the effect of
a partition, which is perpendicular to the air flpath, in the case of subdividing a
space into unequal parts — stated by Givoni (1Sf&w that better ventilation
conditions were obtained when the partition wag iea outlet window in contrast
to its being near the inlet which leads to dirattelhange of air in a short time after

entering the room.
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Openings affect ventilation efficiency through thegosition, size and type.
Flourentzou, Maas and Roulet (1998) note the mos#éind size of the openings as a
dominant parameter of determining the sufficiendyventilation rate to extract
pollutants or heat from the space. The primaryqgple under positioning is that
“windows should be located in opposing pressureegdi{ANSI/ASHRAE Standard
62.1-2007) They can be on one wall, on adjacentswal on opposite walls of a
space. In the case of being on opposite wallseth&iency depends on the inlet and
outlet sizes, the axis between inlet and outled, tie wind direction. (Givoni, 1976)
The direction of wind is important for covering recarea of a space. The parallel
placement of the axis to the wind direction leaal$irhited ventilation of the space
due to the straight airflow. Therefore, in this ojpg arrangement oblique winds are
better to ventilate more area through creating moreulent winds (Figure 2.12).
(Lechner, 2009) In contrast, openings on adjacextiswequire perpendicular winds
rather than oblique ones for effective ventilataord allow ventilation of more area
through forcing the air to change direction. (ANSHRAE Standard 62.1-2007 and
Givoni, 1976)

Z
L]

Figure 2.12.Head-on winds (left) and oblique winds (right)
Source: Lechner (2009, p.272)
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In the case of designing single-sided ventilatismilar to the arrangement of

openings on opposite walls, oblique winds are #eflactor due to creating pressure
differences in its path. (Givoni, 1976) In additi@symmetric placement of windows
is better than symmetric one due to the same re@sguare 2.13). (Lechner, 2009)

Placing fin walls to the windows or designing balies with side walls, which is less

effective that fin walls, is also useful for crewfidifferent pressure areas (Figure
2.14).
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Figure 2.13.Asymmetrical (left) and symmetrical (right) placemef windows
Source: Lechner (2009, p.273)
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Figure 2.14.Placing fin walls for the windows on the same wall
Source: Lechner (2009, p.273)

Room depth has particular significance in the ads&ingle-sided ventilation. “The

effective depth for single-sided natural ventilatianalogous to the throw of a forced
air jet, is the longitudinal distance that freshteavels from the inlet opening to the
position where room air prevails.” and affected dpening sizes and heat gains.
(Gan, 2000, p.65) In designs, room depth shouldaahore than the effective depth
in order to achieve comfort and indoor air quatipnditions. The useful depths for

three opening configurations are represented iarEig.15.

IH ; S3H : : 4H

Figure 2.15.Useful depths for three opening configurations
Source: Baker and Steemer8(2p.58)
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The desired air flow pattern determines the vdrggtacement of windows. In the
case of comfort ventilation, the windows shouldabéhe level of occupants (Figure
2.15). In relation, Givoni (1976) states that wingoof offices, classegtc should
be placed to direct the air to the head level (120-cm above the floor) for comfort,
however a decrease in air velocity should be pexviat the desk level (about 70 cm)
in order to not cause disturbance. The author eisphasizes the significance of the
sill height of inlet window, since a sudden deceecisair speed exists below the sill
level. On the other hand, “if openings are at thme level and near the ceiling,
much of the flow may bypass the occupied level aedineffective in diluting
contaminants there.” (ANSI/ASHRAE Standard 62.1-208owever; high windows
can be preferable in order to exhaust the hoFigufe 2.16).

e ™ L
Figure 2.16.Placing windows at the occupant level for comf@amtilation and at higher

level for exhausting the hiot a
Source: Lechner (2009, p.274)

The size of openings is the second dominant pasamet determining the
sufficiency of ventilation rate. In terms of théatton between the space dimensions
and the percentage of the openable area, ANSI/ASHRSandard 62.1-2007
recommends “... the openable area of which is aimmuim of 4% of the net
occupiable floor area.” In connection with the neddair flow rate, as Turnbull
(n..d.) notes, the openable inlet area can be gicgdtulated through the flow rate
equation which is;

Q=A.V
where Q is the flow rate, A is the cross secti@mah and V is the average velocity.
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In cross ventilated spaces, increasing both imdt@utlet openings at the same time
affects the internal air flow greatly. In a morgalked manner; Givoni (1976) notes
that in the case of designing windows in differsites, the average indoor air
velocity depends on the smaller opening. The audltsw indicates that designing a
larger outlet opening in contrast to an inlet omeates higher maximum air
velocities, especially near the inlet opening; hesveresults in lower air flow in
other parts of the space. On the other hand, incése of single-sided ventilated
spaces opening size has a low effect on air flosepi for the one provided by

oblique winds.

In addition to positioning and sizing openings, @iog the appropriate type is also a
fundamental factor in ventilation design. Allard®@B) groups windows under three
categories: simple openings that operate by slidirggtical-vane openings that
operate by pivoting on a vertical axis and horiabrane openings that operate by
pivoting on a horizontal axis. In general, singlang windows, double-hung
windows and horizontal sliding windows — simple oipgs — have not a direction
changing effect on air. Side-hinged windows, foidimindows and vertical pivoted
windows — vertical-vane openings — enable the obmf both the air amount and
direction. Projected sash windows, awning windohspper windows, horizontal
pivoted windows and jalousies —horizontal-vane amgs— allow directing the air
upwards, downwards or any level. In addition todaw selection, inclusion of fly-
screen is also a design decision which has a nedweffect on air flow, particularly
in the case of oblique winds. Moreover, there shaice of trickle vents for silent
background ventilation, which provides draught deoice, rain protection and
security. In general, they are placed in a windoamie, in a window glazing or
independently. According to the Building Regula&®000, they are located at 1.7 m
above the room floor or higher in order to not eadsturbance. They are properly
sized with equivalent area, which is the area assmpg through, to help the

prediction of the air flow rate.
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2.4. Educational Buildings

Educational buildings are large scale structuresisting of various teaching spaces
which serve students, educators, pareats, The main objective of educational
institutions is facilitating and supporting the reiag process. In this context,
environmental conditions in classrooms should be afrthe main concerns in design
for physically comfortable teaching areas due ®r#lation between the conditions
and concentration, and so learning. In the predagt owing to becoming more
conscious of health and performance, the ones welke parts in design and

construction process work on better-conditionedidmngs.

2.4.1. Development of Educational Spaces

The design of an educational building is one of ¢hallenges that designers have
been facing for years. As Baker (2012) indicatesthe early American years,
education was in a one-room schoolhouse. Subsdguimequired buildings along
with the increase in city and town populations. Séhebuildings did not have
appropriate environmental conditions around andsisted of rectangular classes
with desk rows, windows on both sides of the roamd aome other facilities. In
time, the educational buildings began to be stahded as a result of the need for
more student capacity. In spite of the standardsadabol buildings and classes with
larger spaces, the classrooms were crowded andrson due to the increasing

demand.

In 1930s and 1940s, new designs based on studeteired learning emerged. It is
called as ‘open air school’ which emphasized frashight, outdoor activity, easy
circulation,etc.for active learning. (Baker, 2012) However, nangigant changes

were emerged in terms of indoor environmental gquadiie to economical problems.
In between 1945-1960, one-story flat-roofed edocaii buildings were constructed

with glass and metal window wall systems or bricld aconcrete ones, and air

conditioning was installed firstly. (Tanner &atkney, 2005) The windows were
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floor-to-ceiling to provide light and had a doorwagcess from each class to directly
outside. (Hille, 2011) In addition, the finger-plaoncept of design was emerged
which is defined by Baker (2012, p.11) as “...corr&glgpread out across the plan,
forming fingers off of which each classroom extendlkis configuration allowed
each classroom to have access to maximum amoufrssbfair and light...” In this
period, thermal comfort became an important isswe raore researches on heating

and ventilation were done.

In the period of 1960-1980, the relation betweemost facilities and learning was
started to be noticed. Subsequent to the energysam 1973, reducing energy
consumption through energy codes and regulatios® affected educational
buildings. The existing buildings were renovated doergy efficiency. Particularly,
large windows were closed off for saving energy a&odnatural ventilation and
natural light were blocked. (Baker, 2012) However, spite of the energy

conservation the use of mechanical systems wasoceiot

In 1990s and 2000s, indoor air quality problems tui@door air pollutants and high
COz levels were realized in educational buildings. Thesic needs of heating,
ventilation and indoor air quality were taken imonsideration more seriously and
the comfort limits of physical parameters were us¢atural ventilation and mixed-
mode systems became an interest for comfort. Aalditly, ‘green building’
movement was emerged in this period, and the usenefvable energy and healthier

indoor environment were encouraged in school dssign

In the future, teaching spaces will continue tongea due to the technological
developments, the demand for healthier environmemntsThey will become more
flexible and adaptable spaces for different teaglaind learning activities. However,
more research is needed on these spaces in terntkeokffect of physical
environment on comfort, satisfaction, creativitytteation, etc. to build better

conditioned buildings.
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2.4.2. Academic Performance in Educational Buildings

Classrooms are the spaces that students and edushtmld spend their school days
productively. Owing to the educational concernss gignificant to consider teaching
spaces as human-responsive environments. Sinaenfaeorable indoor conditions
in educational buildings, in general, lead to sélnesses and absenteeism, and fall

in academic performance.

According to EPA (2003a); pollution source contratlequate ventilation, proper
temperature and humidity conditions and respongibib students and educators
should be the concerns in design, construction @adhtenance of educational
buildings, and a problem in one of them leads tgatiee effects on health, comfort
and performance of students and staff. In the saouece, as an illustration, the
study of 800 students from 8 schools is indicatétl the result of concentration loss
and health problems due to reduced ventilatiorsrdte addition, Bayer, Crow and
Fischer (2000, p.43) state that “Reports of imghperformance were more common
in schools with lower air exchange rates, highdatree humidities, and higher
concentrations of respirable dust, formaldehydeC€Qand total bacteria or molds.”
In terms of the effects of indoor G@oncentrations on students, Shendedlal
(2004) state that high GCOlevels indicating low ventilation rates lead to
communicable respiratory ilinesses, and add th@0 J{pm difference between GO
levels of outdoor and indoor causes a relative A(&rcent increase in student
absenteeism. Moreover; Myhrvold, Olsen and Laundd®96) report that the GO
concentration above 1500 ppm leads to headacheindss, concentration
difficulties, etc on pupils, and note that symptoms such as thratdtion, nose
irritation, etc are also observed along with the increasing seviel relation, the
authors find out a poor academic performance ichieg spaces with high GO

levels in accordance with the performance indecegard to C@concentrations.
On the other hand, it is obvious by researchesttieae is a positive effect of healthy

environment on student success, since physicalabhfectly affects concentration

and comprehension which are related to learnirgclarify, the research reports of
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the U.S. Department of Education show that “...sttslettending schools in poor
condition score 11 percent lower on standardizetk téhan students who attend
schools in good condition.” (EPA, 2003b)

2.4.3. Indoor Air Pollution in Educational Buildings

According to EPA’s Science Advisory Board, indoar @ollution is in the top five

environmental risks affecting public health. (EPZ003b) In relation, in terms of
educational buildings, the U.S. government’s Gdnar@ounting Office indicates

that among five U.S. public schools, one has poadoor air quality conditions.
(Bayer, Crow & Fischer, 2000) Additionally, Buchan@007) states — by referring
the U.S. Government Accountability Office — that fhore than half of U.S. schools
have indoor air quality problems in at least sonaet mf their campuses.” Old
schools particularly have high potential of cregtiproblems due to lack of
maintenance. As Air Quality Sciences (2006) preseait these situations risk the
health of 10 percent of the U.S. population.

The most common indoor air pollutants identified sthool buildings are
formaldehyde, total VOCs, GGand bioaerosols. (Bayer, Crow & Fischer, 2000) In
general, the indoor sources causing air problemseduocational buildings are
“...mold, mildew, paint fumes, cleaning chemicals,daeven pet dander from
classroom pets.” which lead to “...sneezing and coggheye, nose, and throat
irritation; congestion; fatigue; shortness of bheand headaches.” (Buchanan, 2007)
Other than these, air pollutants can also be tlisesaof more serious diseases on
students and educators, and lead to absenteeisniluiwate, asthma is the most
common chronic disease resulting from poor indaogaality. As Buchanan (2007)
states, it affects student academic performancativety through causing more than
14 million lost school days. Furthermore, accordimghe National Heart, Lung, and
Blood Institute, in terms of health care and prddhity loss asthma cost 14 billion
dollars in 2002. (EPA, 2003b)
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In the context, it is significant to take precan8against indoor air quality problems
in educational buildings to eliminate and/or redhealth problems and so to raise
academic performance and productivity of studemis$ educators. EPA (2003b)
states that controlling the indoor conditions cassen diseases and related costs 10
to 30 percent. In a similar manner, by referring #stimation of Lanphear and
colleagues, Cummins and Jackson (2001) indicate¢h@oving the causes of indoor
air pollution provides 39 percent reduction in asthin the U.S. and 402 million
dollar saving. Providing adequate outdoor air \latitin, controlling the space
relative humidity and providing effective partictdafiltration are the some key
points to avoid from indoor air quality problem&afer, Crow & Fischer, 2000)
Therefore, observing for an early repair and maatee, implementing an indoor air
quality program and informing students, educatand parents about laws and
regulations for healthy indoor environment can bme simple precautions against

indoor air quality problems in educational buildsngBuchanan, 2007)

2.4.4. Ventilation in Educational Buildings

Bayer, Crow and Fischer (2000) indicate two studeesnention the situation in
educational buildings in terms of ventilation. Tbae by National Institute for
Occupational Safety and Health expresses that irkspaces the most common
cause of indoor air problems is insufficient veattdn. In a similar manner, the
second study reported by Henckel and Angell, whiels conducted on Minnesota
schools, also represents inadequate fresh air wuggpla most common factor
affecting indoor air quality, and poor air distritain in a space as the third. In
addition to these two studies, according to theontepf the National Center for
Education Statistics of the Department of Educatiapproximately one in four
public schools in the U.S. has unsatisfactory Vatndn which results in indoor air
quality problems. (EPA, 2003b)

Physical comfort problems in non-domestic buildinggve some reasons that

increase the need for ventilation in spaces. At,fthe accumulation of air pollutants

in increasing numbers in such buildings wordéesindoor air quality more and
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requires fresh air supply to reduce their concéiotia for health. Secondly, the
unfavorable temperature and humidity conditions tuthe internal heat sources in
addition to external gains affect the thermal camnio these buildings. In general,
the main gains that lead to overheating and s@as& in the need for ventilation are

represented in Figure 2.17.

g
%%K\}ighting gains ‘7_|
; \ internal solar gains

internal gains & "

|| conductive gains

|
P\A solar gains

ventilation gains

Figure 2.17.The sources of heat gains likely to cause ovenhgati
Source: Baker and Steemer8(2p.30)

The energy generated in the body, which changex@ordance with the activity,

also increases the occupant ventilation needfdttf the sensation of environmental
conditions and increases the £@eneration. Thus, in terms of ventilation it is
significant to consider heat production valueshef possible activities determined by
the function of spaces. Typical heat generatiorueslfor possible classroom

activities are presented in Table 2.01.

Table 2.01.Typical metabolic heat generation for various ati&s
Source: ASHRAE (2009)

Btu/h-ft? met™

Resting

Seated, quict 18 1.0

Standing, relaxed 22 1.2
Walking (on level surface)

2.9 tps (2 mph) 37 2.0

4.4 fps (3 mph) 48 2.6

5.9 fps (4 mph) 70 3.8
Office Activities

Reading, scated 18 1.0

Writing 18 1.0
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On the other hand, in addition to the reasons asing the need for ventilation in
spaces, there are some design-based causes pngvanti/or reducing ventilation.
One of them can be incorrect construction of bogddetails, which obstruct air
infiltration. Additionally, the missing consideratis in design processes lead to poor
environmental conditions in spaces. To illustrae, Baker and Steemers (2000)
indicate, non-domestic buildings are generally glesil to have lower surface area to
volume ratios in contrast to domestic ones, whielduces the possibility of
ventilating spaces effectively. Furthermore, imtgrof layout designs Yeang (1996,
p.76) states that “Internal layouts should give maxn opportunity for openable
windows to be accessible to all.” Separately, thesy be causes due to building
occupantd.e. densely occupation of teaching spaces makes agotildifficult and
results in the spread of illnesses easily. ASHRA&N&ard 62.1-2007 recommends
maximum 65 occupants for every 100 m? in lectusssiooms and maximum 20
occupants for every 100 m? in art classrooms. Atiogly, the occupancy level
above the capacity of class floor area worsengptysical conditions; particularly
winters can be more problematic due to heat acatioanl which also affects
concentration and learning. Moreover, the situattan also cause mold problems

due to the high levels of moisture released by pants.

Ventilation of spaces is considered through “theoamt of outdoor air required to
control moisture, carbon dioxide (@D odors, and tobacco smoke generated by
occupants.” (ANSI/ASHRAE Standard 62.1-2007) ldefined by a minimum rate
of outdoor air supply per occupant. The regulatiémsthe issue point out that
classrooms, lecture roomsic. should be ventilated constantly through fresh air
supply. As a design criterion for classrooms, thterhational Standard EN 1SO
7730:2005 specifies a maximum mean air velocit9.@#4 m/s for summers and 0.21
m/s for winters. In addition, Erttirk (2007) notesar exchange coefficient of 3to 7
in an hour in educational buildings while calcuigtithe needed amount of fresh air
in accordance with the space volume; the amount of needed fresh air can be
calculated through multiplying the space volumethg air exchange coefficient.
Furthermore, ASHRAE Standard 62.1-2007 requiresranmum ventilation rate of

7.5 cfm/person (3.8 L/s person) or 0.06 cfm(fi23 L/s m?) for lecture classrooms
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and 10 cfm/person (5 L/s person) or 0.18 cfm/ft® (/s m?) for art classrooms.
According to the National Research Council’s reportthere is good evidence that
increasing the ventilation rate beyond the ASHRA&Nhd&ard will further improve

comfort and productivity.” (Air Quality Science)@6) To illustrate, a study cited in
EPA (2010) shows that improving ventilation corwhs in classes results in 14-15
percent higher test scores by students. In shatilating teaching spaces
sufficiently is a key factor for improving indooiiraguality, and eventually for

reducing illnesses and increasing student perfocenand test scores.
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CHAPTER 3

MATERIAL AND METHOD

This chapter presents the details of the reseatatty sSin two subsections: the
material and the method. In the ‘Material’ sectithe case study building, the data
loggers used for data collection and the weathéa fr Ankara are introduced.
Then, as the ‘Method’ section, the collection andileation of the data are

described.

3.1. Material

The study was conducted in the Faculty of Archiueztbuilding on the METU

campus in Ankara. In measurements, five data legg@are used along with four
COz and one air speed sensors to record the tempera¢lative humidity, air speed
and CQ concentration in two rooms of the building. Instlsection, the case study
building and the data loggers used for data catlecare defined in detail, and

Ankara weather data for the period of data colbecis presented.

3.1.1. Case Study Building

In the study, indoor air quality was examined oa MMETU Faculty of Architecture
building. The building is located in the METU canspan Ankara. The building was

designed by Behruz Cinici and AltuCinici at the campus. The construction was

started in 1962 and was completed in 1963.
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The METU Faculty of Architecture building is a lawge structure made of exposed
concrete. It is elongated on the north-south axthe campus. The building program
mainly includes design studios, classrooms and cedfi of academic and
administrative staff. Figure 3.01 presents the gdofioor plan of the building with

the indication of rooms investigated in the study.

ROOM 50
(Third-Class Studio)

A

Figure 3.01.Ground floor plan of the METU Faculty of Architece building
(provided by the METU Buildigimulation Lab.)

In the study, due to having limited numbers of,@@d air speed sensors, two rooms
were examined;e. Room 28 and Room 50 were selected for data caledRoom

28 was chosen since it is the largest classrooitenfaculty and Room 50 was
preferred owing to its being a design studio tleaes south. Both rooms face the
same direction and are on the ground floor of théddimg. The constructional

features of the rooms are presented in Table 3.01.
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Table 3.01.The constructional features of Room 28 and Room 50

direction of windows

4 south-facing

Room 28 Room 50
Location Ground floor Ground floor
Facing facade South West and south
Purpose of use Classroom Design studio
225 nf (ground floor
Floor area 98.5 nf (g+ )
113.4 nf (mezzanine floor)

Height / Volume 4.6m/453.1 4.9m/1102.5 h
Walls Exposed concrete Exposed concrete
Windows Double-glazed, Double-glazed,

from floor to ceiling from floor to ceiling
Number and 7 west-facing,

1with six vertical panes facin
atrium on the east

Ground floor: Ceramic tiles

Floors Laminate parquet Mezzanine floor: Linoleum
flooring
Roof / Ceiling Concrete ceiling Concrete roof with water anc

thermal insulation

Ventilation system

Natural ventilation

(the closed off system of inle

openings coupled with fan
coils)

Natural ventilation

t (the closed off system of inle

openings coupled with fan
coils)

Heating system

Central heating

Central heating

In order to identify the time period when the roomsre occupied, the weekly
course schedules of each room are given in Tab2 &hd 3.03. The schedules were
obtained from the departmental secretaries andadkee were evaluated accordingly.
The number of students registered to the coursedse indicated in these tables
below the each course name to clarify the occupdeegis. The absenteeism is
neglected throughout the evaluation. In additionTable 3.04 the final examination
dates and times of Room 28 are given along withcthe@se names and registered
student numbers, which were used throughout thiei@wan of the data belonging to
the final examination period. Some of the examddager classes were conducted in

two rooms hence the occupancy level was lower.
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Table 3.02.The weekly course schedule of Room 28 — 2011-28l1 Remester

HOUR MON. TUE. WED. THU. FRI.
8:40-9:30 ARCH 221| ARCH 221 ENG 211 (CRP)(16
’ ’ 99 students 99 students 20 students
9:40-10:30 ARCH 221| ARCH 221 | ARCH 381 CRP 211
' ' 99 students 99 students| 83 students 85 students
10:40-11-30 ARCH 351| ARCH 321 | ARCH 381 CRP 211 ARCH 321
' ' 84 students 90 students| 83 students 85 students 90 students
11:40-12:30 ARCH 351| ARCH 321 | ARCH 381 CRP 211 ARCH 321
' ' 84 students 90 students| 83 students 85 students 90 students
) ) IS 100 CRP 231
13:40-14:30 100 students 59 students
] ) IS 100 CRP 231 ID 121
14:40-15:30 100 studenty 59 students 61 students
) ) IS 100 CRP 231 ID 121
15:40-16:30 100 students 59 students 61 students
) ) ID 121
16:40-17:30 61 students

Table 3.03.The weekly course schedule of Room 50 — 2011-28l1 Remester

HOUR MON. TUE. WED. THU. FRI.

8:40-9:30

9:40-10:30

10:40-11:30

11:40-12:30

13:40-14:30 ARCH 301| ARCH 351 | ARCH 301 ARCH 301
70 students 84 students| 70 students 70 students

14:40-15:30 ARCH 301| ARCH 351 | ARCH 301 ARCH 301
70 students 84 students| 70 students 70 students

15:40-16:30 ARCH 301| ARCH 351 | ARCH 301 ARCH 301
70 students 84 students| 70 students 70 students

16:40-17:30 ARCH 301| ARCH 351 | ARCH 301 ARCH 301
70 students 84 students| 70 students 70 students

Table 3.04.The Final examination schedule of Room 28 — 20012%all semester

REGISTERED

EXAMINATION

COURSE STUDENT DATE TIME

ARCH 221 99 09.01.2012 01:30 PM
ARCH 708 30 10.01.2012 04:30 PM
ARCH 121 110 11.01.2012 09:30 AM
ARCH 351 84 11.01.2012 01:30 PM
ARCH 441 40 16.01.2012 09:30 AM
ARCH 419 30 19.01.2012 01:30 PM
ARCH 491 43 20.01.2012 09:30 AM
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The information on the cleaning of the rooms wataioled from the faculty cleaning
staff. According to the cleaning staff, the roomerevcleaned before classes. It took
approximately 10-15 minutes in each room. The rdlmors were cleaned with a
surface cleaner detergent by using a mop. The ¢éeactiesk and blackboard were
wiped with a wet cloth and the students’ desks weiged with a cream surface
cleaner detergent. In addition, owing to the sagussues, at the end of the school
day the windows were closed and the doors wereethcBoth windows and doors

were opened at around 07:00 AM in the morning ot sehool day.

3.1.2. Data Loggers

In the study, three kinds of instruments were place the rooms to record the
temperature, relative humidity, air speed and,.GBigure 3.02) Onset HOBO U12
data loggers are the main instruments used indecdihey measure and record the
temperature and relative humidity themselves. F@, Concentration records,
SenseAir eSENSE (-D) COsensors were plugged in to these data loggers. In
addition, for air speed records a Deltaohm HD403aB3peed sensor was plugged
in to each Onset HOBO U12 data logger for a 10fm=yod. In order to readout and
launch the data loggers, HOBOware Pro softwarewsas. The recorded data were

downloaded to the computer with this software ithidabular and graphical forms.
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Figure 3.02.The data loggers: Onset HOBO U12 data logger) (i8&nseAir eSENSE (-D)
Co®(middle) and Deltaohm HD403TS2 air speed (right)s®rs
(Source: http://www.onsetcoogm/products/data-loggers/ul2-013
http://www.sea#.se/products/wall-mount/esense/
http://degrednd )
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3.1.3. Weather Data for Ankara

Ankara weather data were obtained from the Turl&ite Meteorological Service.
Hourly records of temperature, relative humiditglamnd speed at 10 m were taken
in tabular form and reorganized as graphics. Thgezature, relative humidity and
wind speed data for Ankara for the period of datiection are presented in Figure
3.03, 3.04 and 3.05.

Temperature
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Figure 3.03.Temperature chart for Ankara (13 September 2024 tBebruary 2012)
(Source: Data obtairfedm the Turkish State Meteorological Service)
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3.2. Method

The study was performed in two stages. At firstaa®eld study, the temperature,
relative humidity, air speed and ¢®@ere recorded in the selected rooms of the case
study building by using the data loggers. Then,dbleected data were evaluated and
interpreted to understand the existing situation &@s potential causes. In the

following sections, the stages of the study ardaemed in detail.

3.2.1. Data Collection

Temperature, relative humidity, air speed and, @&a were collected from the two
rooms of the METU Faculty of Architecture buildinghe data were continuously
recorded at the two locations of each room withndiButes intervals at 2 m height
from the floors. (Figure 3.06, 3.07, 3.08 and 3.BBjelation, the placement of the
data loggers in spaces requires attention to oliztnrate records. Locating them in
such places exposed directly to the sun and/omawvements and places close to
heat, moisture or pollutant sources negativelycaffiee values recorded. In addition
to these general considerations, the electricigdrte run the C&sensors and the air

speed sensor was a limitation on the placemeneofiata loggers.

The temperature, relative humidity and £@cords were taken between 13
September 2011 and 24 February 2012. This peridddas the fall semester of the
2011-2012 academic year (26 September 2011 to ralada2012) to evaluate the
conditions during the classes. The rooms were erbptyveen the dates 13-25
September 2011 (before the fall semester), 6-9 hMbee 2011 (the Religious
holiday) and 21 January-15 February 2012 (the seméseak). The air speed was
recorded at each of four locations for 10 days betw26 November 2011 and 5
January 2012. For some unknown reason data wenecmtded by the data loggers
for short periods in the rooms. This could havepesmed due to electricity outages.
In addition, minus C®concentrations were recorded occasionally, whaklccalso
be the result of electricity problems. Table 3.0% 8.06 show the data logger

locations, the data logger codes and the time getioat the data recorded.
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Table 3.05.Temperature, relative humidity and €@ata record periods

DATA
LOCATION | Sccio DATA RECORD PERIOD

Room28 | ) 10-EQ3 13.09.2011 09:00 AM to 19.02.2012 0500
Location ‘A

Room 28 | ) 15 . EQ1 13.09.2011 09:00 AM to 24.02.2012 01700
Location ‘B

Room 50 | 1) 17 _ g2 13.09.2011 09:00 AM to 04.01.2012 06ANG
Location ‘A

Room50 | DLO7-EQ4 13.09.2011 09:00 AM to 09.11.2011 06:15 AM
Location B’ | DL11-EQ4 25.11.2011 02:30 PM to 24.02.2012 01:00 PM

Table 3.06.Air speed data record periods

DATA
LOCATION LOGGER DATA RECORD PERIOD

Room28 | 1 09 _assS. 26.11.2011 02:30 PM to 06.12.201 BA2M
Location ‘A

Room28 | 1) 49 A s.s. 06.12.2011 02:30 PM to 16.12.201 BA2M
Location ‘B

Room30 | 1 59_ass. 16.12.2011 02:30 PM to 26.12.201 BAPM
Location ‘A

Room50 | 1) 59 A ss. 26.12.2011 02:30 PM to 05.01.201302M
Location ‘B

3.2.2. Data Evaluation

The data collected from Room 28 and Room 50 werenflmaded from the data
loggers to a computer with the HOBOware Pro softwahe downloaded data were

reorganized in tabular and graphical forms for ictegresentation.
The data were evaluated in two stages for eacheofwto rooms. Firstly, the overall

data recorded at each location were examined. Ttherdata of the time period that
the air speed was recorded at each location wexlgzad.
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CHAPTER 4

RESULTS AND DISCUSSION

In this chapter, the results, analyses and disonsson the outcomes of the data
collection are presented. The following sectiongdude the graphical and tabular
representation and evaluation of the temperatwglative humidity, C@ and air
speed data collected from the two rooms of the MEHa&tulty of Architecture
building. The raw data of five days are presentedppendix A.

4.1. Room 28

As explained in the Section 3.1.1., Room 28 is atlsacing classroom on the
ground floor of the METU Faculty of Architece building. Its dimensions are
8.29 m by 11.90 m with a height of 4.60 m. It hasrfsouth-facing floor-to-ceiling
windows. The openable sections (1.1m x 1m) of thdselows are on the top. They
are top-hinged and open outwards. The room doe$fan@ any special ventilation
system other than the natural ventilation oppotyurt is heated by central heating
system. The temperature, relative humidity,2@&@d air speed data recorded at the

two locations of the room are presented in theWwihg subsections.

4.1.1. Temperature Data

The temperature data recorded at the location tAha back of the room from 13

September 2011 to 19 February 2012 are shown unr&i¢.01 and the ones at the
location ‘B’ near the door from 13 September 200212# February 2012 are in

Figure 4.02. The minimum and maximum values aremiglong with the outdoor

ones obtained from the Turkish State MeteorolodtEabice in Table 4.01.
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Figure 4.01. Room 28 - location “A’ at the back of the room: Temperature and relative humidity chart (13 September 2011 to 19 February 2012)



(%) ALIGIAINH JALLYIIY

o o Q o (=] (=] o
~ [rs] u = o ~ — (=}
.
%]
=
=
=]
% b
]
= S
_Q .
5 q
o
P
w R
o
-}
L]
w0
| £
= E wu
® £
o
] x
(4]
all =]
£
- L
>
E
S
Ew
o W
=
[«
Qg
bl -
o =
i
W
o
£ sso| e1ep
w
=]
"~ &
B
o
-
"
= |
2
=
| o
i d
——
-
g
i .
e 5
m
2 "
¢ = &
- 5
= ]
E s
=
= —
=
s =) £
‘g o
=] 5
5 2
§ =
= =
=
L] L} T
n o n [=] un o n o
0 0 o i = -

(3.) JMNLVYIdWAL

Wd00:0ELOZT TZ'ZO
Wd00:0E£:20ZT'9T°20
WY 00:0£'60ZT'TT'CO
WY 00:0£:#0ZT°90°Z0
Wd00:0ETTZTTETO
Wd00:0£:902T'9Z°T0
Wd 00:0E:TOZT'TZ'TO
WY 00:0£:80ZT'9T'TO
WV 00:0E£0ZT'TT'TO
Wd 000E0TZT'SO'TO
Wd00:0ESOTT'TEZT
Wd 00:0EZTTT'9Z°CT
WY 00:0E:L0TT'TCCT
WY 00:0£:Z0TT'9T'ZT
Wd00:0£'60TT'OT'ZT
Wd00:0E PO TT'SO'ZT
WY 00:0E TTTTOE'TT
WY 00:0£:90TT'CZ'TT
W¥00:0E:TOTTOZ'TT
Wd00:0EB0TT'FT'TT
Wd00:0EE0TT'B0'TT
WY 00:0£0TTT'PO'TT
WY00:0£:50 TT'0E0T
WY 00:0EZTTT'SZOT
Wd00:0€£0TT'ET'OT
Wd00:0€:Z0TTFT'OT
WV 00:0£:60 TT'60°0T
WY 00:0E:¥0O TT'PO'OT
Wd00:0E TTTT'8Z'60
Wd00:0£:90 TT'EZ'60
Nd 000020 TTET'60
WV 000060 TT'ET'60

TIME (m/d/y hour)

= Temp, = R.H.

49

Figure 4.02. Room 28 - location ‘B’ near the door: Temperature and relative humidity chart (13 September 2011 to 24 February 2012)



Table 4.01.The minimum and maximum temperature values recbiml®oom 28 and
outdoor ones

ROOM 28 TEMPERATURE (°C)
MIN. | DATE and HOUR of MIN. | MAX. | DATE and HOUR of MX.
Location ‘A" | 19.08 09 November 2011 | 31.40 14 December 2011
Location ‘B | 18.98 17 Ootober 2011 29.79 14 December 2011
) i I

As indicated in the graphs, the data present tl®an conditions in different

contexts. From 13 September 2011 to 26 Septemliel, 2Bere was no occupancy
and no central heating in the room. On 26 Septer@B&l the fall semester began;
however the central heating system was not worketil @7 October 2011. In

relation with the seasonal weather conditions, galyein both periods, the room
temperature fell gradually. As distinct from theripd until 26 September 2011,
along with the beginning of the semester the roemperature was affected by
occupancy levels, occupant activities and additiamarnal gains such as lighting.
Occupants slightly increased the room temperatureugh the energy emitted by
their bodies. In terms of comfort conditions, inisttpart of the semester the

temperature varied in the comfort range of 20-2%1&6ned on Psychrometric Chart.

On 17 October 2011, the central heating systentestaio work and affect the
environmental conditions in the room as well. lieafed the room temperature by
increasing and, in general, relocated the roonnaine ‘hot’ discomfort zone of the
Psychrometric chart. From the start of the certeating till the end of the classes
(06 January 2012), apart from the Religious holigéy® November 2011), the
temperature in the room ranged between 18.98 amtD3LC and mostly changed
between 25 and 30 °C. The maximum temperature satfiethe data collection
period were recorded on 14 December 2011 at 12sB@toth record locations and
the minimum value of the location ‘B’ near the dawere recorded on 17 October
2011 at 08:00 AM. The exceptional data of the Relig holiday (6-9 November
2011) presented a great decrease in the room tatnpedue to the seasonal weather

conditions and the lack of occupancy. Thmimum temperature value of the
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location ‘A’ at the back of the room was recordadhis period as 19.08 °C on 09
November 2011 at 08:15 AM. Throughout the semdstsak (21 January 2012 to 16
February 2012) the temperature varied similar ® whay in the period of the fall
semester with the central heating; however thene wedifference in terms of the
occupancy effect due to having no classes. It cbdibgtween 21.89 and 31.12 °C in
this period.

The data recorded throughout the fall semesteptt tecord locations indicate that
on weekdays the temperature started to increaseC#t40 AM — the starting time of
the classes — with the effects of central heatysgesn and other internal gains such
as occupancy, lightingetc. It became high particularly around 11:00 AM. It is
observed that a small decrease existed duringuth&hlbreaks; however it was not
enough to constitute comfort conditions in the rodrhe temperature continued to
increase during the afternoon classes, particulaglyame high between 03:00 and
04:00 PM. Afterwards, it began to fall due to simgitdown the heating system and
end of classes. Throughout the final exam week&0(3anuary 2012), between the
values at the beginning of the exams and the omesgithem, temperature increases
up to 2.5 °C are observed. The maximum temperaaltees of the final exam weeks
were recorded on 11 January 2012 at 02:45 PM atreobrd locations; 29.59 °C at
the location ‘A’ at the back of the room and 27°Z3 at the location ‘B’ near the
door. The reason behind the high values on 11 @2 could be to have two
examinations of two courses with high numbers gfistered students (Arch 121
with 110 students and Arch 351 with 84 studentshéroom in that day.

In addition, Figure 4.03 and 4.04 show the tempeeatiata between 26 November
2011 and 6 December 2011 at the location ‘A’ atithek of the room and between 6
December 2011 and 16 December 2011 at the loc&iomear the door, when the

air speeds were recorded at both locations. Theegscclearly present that there was
a sharp decrease in the room temperature on weskqggyoximately between 07:00
and 08:30 AM. This could be caused by the air exgbahrough the door which was
locked after the end of courses and opened bdferbeginning of the classes by the

cleaning staff.
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The comparison of the overall data recorded attWn@ locations of the room
indicates that the temperature at the locationdAthe back of the room was higher
than the one at the location ‘B’ near the door vetdifference of 1.61 °C between
the maximum values which were recorded at the sdate and time. Higher
temperature at the location ‘A’ at the back of them could be the indicators of

lower air flow rates around the record location.

4.1.2. Relative Humidity Data

Figure 4.01 and 4.02 indicate the relative humidista simultaneously recorded
along with the temperature data. The minimum andimmam relative humidity
values are presented along with the outdoor onésingal from the Turkish State

Meteorological Service in Table 4.02.

Table 4.02.The minimum and maximum relative humidity valuesarded in Room 28 and
outdoor ones

OOM 28 RELATIVE HUMIDITY (%)

MIN. | DATE and HOUR of MIN. | MAX. | DATE and HOUR of MX.
Location ‘A’ | 7.75 18 igf‘ouoag’wfou 60.43 11 gi%’g%r,vzlo“
Location ‘B’ | 9.02 18 Jauary 2012 61.30 11 October 2011
OUTDOOR 2.60 14 ng;tgg]g&r 2011 99.00 recorded many times

As seen in the graphs, in the period without thatre¢ heating system between 13
September 2011 and 17 October 2011, the relativeidity in the room varied in
accordance with the changes in the temperaturegenedrally rose as a result of the
temperature decrease. However, the beginning ofalheemester on 26 September
2011 created a difference on the data in contoastet period between 13 September
2011 and 26 September 2011 due to the effect afpaotwy;i.e. occupants increased
the relative humidity in the room through exhalatwshich results in the addition of
water vapor to the room air. In this period of semester, the relative humidity
changed above the Bioclimatic Chart's lower comfortit of 20 %. The highest

values of the data collection period were recordetie third week of the semester
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(10-14 October 2011). The maximum recorded relatiumidity was in this week,
on 11 October 2011 at 04:00 PM at both locationsmthe outdoor one was 99 %.

The start of central heating system on 17 Octob&d 2had a decreasing effect on the
relative humidity due to the increase in the ro@mperature. Therefore, the room
air was mostly in the ‘dry’ discomfort zone of tBeclimatic chart. From the start of
the central heating till the end of the classesJ@tuary 2012), the relative humidity
varied from 9.30 to 53.79 % and it mostly changetietween 10-30 %. Throughout
the Religious holiday (6-9 November 2011) it wakeeted by the decrease in the
temperature and so generally showed an increaskee Iperiod of the semester break
(21 January 2012 to 16 February 2012), the reldtiwaidity values was similar to
the semester period with the central heating; hewekere was not an effect of
occupants due to having no classes. In this intetlia relative humidity ranged
between 11.25 and 28.20 % in the room.

In a school day, the relative humidity data alsovetd variations in time at which

the temperature presented changes. On weekdayeltdieve humidity started to

show an increase after 08:40 AM, when the cladset due to the occupancy effect.
It became high around 11:00 AM and showed a smadtehse during the lunch
breaks. It continued to increase during the aftennolasses, particularly became
high between 03:00 and 04:00 PM and began to tadl b the end of classes. In
addition, as seen in Figure 4.03 and 4.04 shovhegdata of the period that the air
speeds were recorded, the relative humidity presemin increase on weekdays
approximately between 07:00 and 08:30 AM, whichldde due to the temperature
decrease resulting from the air exchange througlidtior which was locked after the

end of courses and opened before the beginninweatlasses by the cleaning staff.

In the period of the final exam weeks (9-20 Jan2&iR), relative humidity changes
between 3 and 11 % are observed between the valube beginning of the exams
and the ones during them. The maximum relative Hiuynvalue of the final exam

weeks at the location ‘A’ at the back of the rooraswecorded as 26.64 % on 11

January 2012 at 02:30 PM while the onetla location ‘B’ near the door was
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32.53 % on 09 January 2012 at 02:15 PM. As in éneperature, the high relative
humidity values on 11 January 2012 could be duthéotwo examinations of two
courses with high numbers of registered studentsh(A21 with 110 students and
Arch 351 with 84 students) in that day. Similatlye high relative humidity value on
09 January 2012 could also be a result of an examm with high student
attendance (Arch 221 with 99 students). It sholdd he noted that there could be an
additional effect of high outdoor humidity (99 % 08 January 2012 and 94 % on 11
January 2012) on the room relative humidity if éhevere any open windows for
fresh air supply. In addition to all, the minimuelative humidity values of the data
collection period at both locations were also rdedrin this period on 18 January
2012 at 10:00 PM.

The comparison of the overall data recorded attweelocations presents that the
relative humidity at the location ‘A’ at the backtbhe room was lower than the one
at the location ‘B’ near the door with a differenafe0.87 % between the maximum
values which were also recorded at the same datt¢irme. Lower relative humidity
values as a result of higher temperature at thatitmt ‘A’ at the back of the room

could be caused by lower air flow rates arounddoerd location.
4.1.3. CO2 Data
The CQ data collected in Room 28 in the same periodsnoé tat the two record

locations are presented in Figure 4.05 and 4.0&. Mimimum and maximum CO

values recorded at the locations are given in TAlQ8.
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Figure 4.05. Room 28 - location ‘A’ at the back of the room: COz2 chart (13 September 2011 to 19 February 2012)
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Figure 4.06. Room 28 - location ‘B’ near the door: CO2 chart (13 September 2011 to 24 February 2012)



Table 4.03.The minimum and maximum CQalues recorded in Room 28

COz (ppm)
ROOM 28 MIN. DATE and HOUR of MIN. MAX. | DATE and HOUR of MX.
26 January 2012
03:00 PM
Location ‘A’ | 277.89 and 1999.08 recorded many times

31 January 2012
09:30 AM to 11:15 AM
8 January 2012
05:00 AM and 05:30 AM

Location ‘B’ 385.93

1997.86 recorded many times

The recorded C@data clearly present the occupancy pattern irrdben during the
data collection period due to having no other2G@urces (combustion by-products,
heavy traffic, industrial areatc) in and around the room. As seen in the charts,
apart from the exceptional minus values causeddmtrecity outages, the COevel
never fell to O ppmi.e. there was always a relatively small amount of2@®the
space. From 13 September 2011 to 26 September B04Ardg to no occupancy in
the room, the C®concentration changed between 338.32 and 476.86 ppis
interval indicates the range of outdoor level. Bhiex an exception of 669.74 ppm
recorded at the location ‘B’ near the door on 2ft&aber 2011 at 01:00 PM, which
Is the result of the author’s getting close todhé loggers for check.

After 26 September 2011, along with the beginnirigthe room use, the CO
concentration in the room started to rise; occupants increased the concentration
through exhaling it as a result of respiration. eekdays, the CObuild-up began
when students started to occupy the room. In mglatdo the course lengths, the
number of the students attending the courses, dtigtees of the students and the
provision of fresh air through opening windows amdd door, the C®in the room
reached high levels. It mostly exceeded the highestptable level of 1000 ppm by
ASHRAE 62-1989 and on many days rose up to the mmaxi of 1999.08 ppm at the
location ‘A’ at the back of the room and 1997.86rmppt the location ‘B’ near the
door. The level remained high until the end of ¢tesses. Particularly on Tuesdays,
the CQ concentration reached the maximum value of thekse€his could be the
result of the daily course schedule which requiaddday long occupation of the

room by the courses having high numbers ofestuiccapacities (Arch 221 with 99
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students, Arch 321 with 90 students and Is 100 With students). It should also be
noted that between 2 and 4 January 2012 the caatiens were also at lower levels
which could be due to having no courses since &x week was final exam week.
On weekends and during the Religious holiday (6e9déy¥nber 2011), due to the lack
of occupancy the Cconcentrations in the room were at lower levefgesenting
the outdoor concentration.

In final exam weeks, the COevel in the room reached the maximum value
generally in the second hour. The concentrate ebexzbthe highest acceptable level
of 1000 ppm in all exams. The maximum value meakatethe location ‘A’ at the
back of the room is 1537.05 ppm on 11 January 2002:30 PM and the one at the
location ‘B’ near the door is 1796.45 ppm on 19 udag 2012 at 03:30 PM.
However, the overall COvariations in the room show that the levels of final
exam week were lower than the ones throughoutitbieweeks of the fall semester.
This could be due to having courses one after theraluring the semester, which
caused all day long occupation of the room and escer®Q accumulation while it
was occupied only for the duration of an exam arheday in the final exam weeks
resulting in lower accumulation in comparison. Iddi&ion, the higher relative
humidity values in the room in the first weeks bé tsemester could also have an
increasing effect on the respiration rate throuighitihg evaporation, which also
increased the Cgeneration and so the concentration. Moreoverfabiethat some
of the ventilation windows were opened during tkameinations might also have had
a decreasing effect on the room £@vel. Figure 4.07 shows that during an
examination in Room 28 the top vents of the windovese opened despite it being
winter. During the semester break (21 January 20126 February 2012) the GO
concentrations in the room were also at lower E\aid varied from 277.89 to
737.49 ppm.
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Figure 4.07.A moment of an examination in Room 28 (photo by FElias Ozkan)

The comparison of the CQilata recorded at the two record locations indic#tat,

in general, the C®©concentration at the location ‘A’ at the back bé troom was
lower than the one at the location ‘B’ near therlbowever, the maximum recorded
value at the location ‘A’ was higher than the ohéha location ‘B’ with a difference

of 1.22 ppm. The possible cause of higher conceotiat the location ‘B’ could be
the movement of air including GQowards the open door, since the air speed

recorded at the location was higher and more vigrigdhgure 4.08 and 4.09).

4.1.4. Air Speed Data along with the CQ Data in the Period

The air speed data are presented along with theda@ of the time periods that the
air speeds were recorded at each location. Figld@ ghow the air speed and £0
data of the location ‘A’ at the back of the roonorfr 26 November 2011 to 6
December 2011, and Figure 4.09 present the onesdext at the location ‘B’ near
the door from 6 December 2011 to 16 December 2Uh#. data for outdoor air
speed has been superimposed on the charts withvitsscale ranging from 0.00 to
6.00 m/s whereas the indoor air speed scale ramge f0.02 to 0.20 m/sThe
minimum and maximum air speed values recorded ettvito record locations are
given along with the outdoor ones obtained from Tiekish State Meteorological
Service in Table 4.04 and the minimum and maximu €bncentrations recorded
are given in Table 4.05.
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Table 4.04.The minimum and maximum air speed values recod&bom 28 and outdoor

ones
AIR SPEED (m/s)
ROOM 28 MIN. DATE and HOUR of MIN. MAX. DATE and HOUR of MX.
S . 28 November 2011
Location ‘A 0.00 recorded many times 0.06 01:00 PM
. 29 November 2011
Outdoor 0.40 recorded many times 379 09:00 AM and 10:00 AM
S, . 7 December 2011
Location ‘B 0.00 recorded many times 0.13 10:30 AM
7 December 2011
02:00 PM
Outdoor 0.20 and 4.90 8 Dgz.e(;gbs,(,lzon
12 December 2011 '
03:00 AM

Table 4.05.The minimum and maximum CQalues recorded in Room 28 in the time
periods that the air speedsweeasured

CO2 (ppm)

ROOM 28

MIN. DATE and HOUR of MIN. MAX. | DATE and HOUR of MX.

L 27 November 2011 29 November 2011
Location A’ | 334.05 | 4545 pp and 03:30 pM | 179950 02:30 PM
o, 8 December 2011 13 December 2011
Location ‘B 398.13 0445 AM 1758.61 02:30 PM
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It can be seen from the Figure 4.08 and 4.09 #patrt from the air speed of 0.13 m/s
recorded at the location ‘B’ near the door on 7 @eber 2011 at 10:30 AM, the air
speed in Room 28 never reached 0.1 m/s which isx¢leeled value presented for
comfort on the Bioclimatic chart when the tempemtwas relatively above the
comfort range. The exception is an extraordinacpme that could be caused by the
human intervention to the data logger through bhgwirhe maximum value of 0.06
m/s at the location ‘A’ at the back of the room d@hd second maximum value — the
first is an exception — of the 0.08 m/s at the fioca'B’ near the door indicate that in
the record periods the room air was mostly staglamt to insufficient air flow
through the room. The comparison of the air spextd df the two record locations in
terms of variation indicates that the air speedtflated more at the location ‘B’ near
the door. The possible cause of the result coulthbeffect of the air flow towards
the open door, and the existence of more human mewe around the record

location.
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In order to investigate the relationship betweendhr speed and CQlata of Room
28, the scatter diagrams of the daytime of weekéddystween 08:30 AM and 06:00
PM — are given for the two record locations in Fegd.10 and 4.11. It is expected
that, under constant circumstances, there should begative association between
these two variables since an increase in air spaeses a decrease in £lével in a
space due to the dilution effect of air movementl@nCQ concentration. However,
as seen in the diagrams, no relationships wereradsédetween these two variables
at each record location. This indicates that tmeae an effect of third variable on the
data collected. The CQyeneration of the occupants in the room increéisedevel
while there was no considerable change in thepged conditions. On account of
this situation, the diagrams represent various €@ncentrations at the same air

speed value owing to the accumulation resulted foooupancy.
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Figure 4.10.Room 28 — location ‘A’ at the back of the roomr 8peed-C®@scatter diagram
(28 November 2011 to 02 Decenit®11, between 08:30 AM and 06:00 PM
of each day)
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4.1.5. The Features of Room 28 in Relation to The Results

As presented through the section of Room 28 inreigul2, the recorded data show
that the air speeds at both locations were ingafficfor human comfort in the
winter; however the location ‘B’ near the door Hagher values than the location
‘A’ at the back of the room. In connection, due ttee inefficiency of low air
movements in removing the heat the location ‘Athat back of the room had higher
temperature and so lower relative humidity validsreover, in spite of the fact that
lower air speed values cause more accumulation@f, @wer CQ levels were
recorded at the location ‘A’. This could be exp&dnthrough the movement of air

with CO, towards the open door.
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higher temp. lower temp.
lower R.H. higher R.H.
lower CO2 higher CO2
lower Air Speed higher Air Speed
[l |l
‘A B‘

Figure 4.12.The longitudinal section of Room 28 showing thenparison of the data
recorded at the two locations

In connection with the features of Room 28, in gah¢he percentage of the window
openable sections are in accordance with the ASHR3HBndard 62.1.2007
suggesting a minimum of 4 % openable area of thefloer area — the openable
sections of the room windows is 4.40 m2 (1.1m x Xi@h) while 4 % of the room

floor area (98.5 m?) is 3.94 m2.

In addition, the room floor area also has signifmain terms of occupant capacity;
I.e. excessive occupancy in a space has adverse effett® indoor comfort and air
quality conditions. In the case of Room 28, themmdtoor area (98.5 m?) allows the
maximum of 64 occupants according to the ASHRAEn&ad 62.1-2007

recommending 65 occupants for 100 m? area in leatlassrooms. However, apart
from three courses (CRP 231 with 59 students, ENIG \&ith 20 students and ID
121 with 61 students), the room was used for sixrses with higher numbers of

students — up to 100 students.

4.1.6. Calculations for Fresh Air Supply

The fundamental aim in reconsidering the air supplg space should be providing
the needed fresh air continuously in a controlley wrhus, the starting point should
be the determination of the required air. Accordinghe breathing zone outdoor air
flow equation of the Ventilation Rate Procedurehef ASHRAE Standard 62.1-2007

explained in the Section 2.2, the needed air innR@8 is:

65



Voz=Ro. P2+ Ra. Az
Vbz = 3.8 L/s per 100 person + 0.3 L/'s m? 98.5 m?
Vbz = 409.55 L/s = 0.41 m3/s = 1476 m3/h

In relation, to have an idea, the inlet openingaareeded for this amount of air can
be calculated through the flow rate equation dbedriin the Section 2.3.2. The
average outdoor air speed value (2.1 m/s) takehesvalue of the fall semester
period — from 26 September 2011 to 21 January 2@1should be noted that the
calculated areas are likely to be larger when trexaage outdoor air speed value of
years for Ankara is used and the changing air spesditions are considered.

Q=A.V
041 m3s=A21m/s A =0.20 m2

The calculated area means that there should beifibefr openings on the four
existing windows with net dimensions of 0.90 m &@b5 m. It is unfeasible to have
such openings in winter due to possible strongghtau Therefore, reconsidering the
existing inlet openings behind the fan coils — geed for fresh air intake in winter
and closed off in present situation due to drawgimplaints — would be useful for
controlled air intake. In relation to the origimakechanical drawings (Appendix B),
Room 28 has three fan coils having inlet openirgjarx, with the heat capacities of
10,000, 10,000 and 7,500 kcal/h. If the inlets widu reconnected to these fan coils,
the amount of fresh air that would be suppliedhe toom can be calculated in
relation to their heat capacities. According to sipecific heat equation given in the

Section 2.3.2., the amounts of air that would hgpsed by each fan coil are:
Q=V.c. t
10,000 kcal/h = m . 0.28 kcal/°C . [20-(-12)] m =1116.07 m?¥h

7,500 kcallh =m . 0.28 kcal/°C . [20-(-12)]  m = 837.05 m¥h

In total, the fan coils in Room 28 would provide63019 m3/h (2 x 1116.07 m3/h +

837.05 m3/h) fresh air to the room. This anioisn more than two times of the
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calculated breathing zone outdoor air flow amount4/6 m3/h. Additionally, it is
also more than the fresh air need that can be rdeted through multiplying the
room volume by air exchange coefficient, which 262.5 m3/h (453.1 m3 x 5% for
Room 28.

4.2. Room 50

As explained in the Section 3.1.1., Room 50 is atwed south facing design studio
with a mezzanine floor on the ground floor of th&MJ Faculty of Architecture

building. Its dimensions are 11.87 m by 18.95 mhwitheight of 4.91 m. It has seven
west-facing floor-to-ceiling windows having openalsdections (1.1m x 1m) on the
top and one east-facing window with six verticah@s having three openable
sections (1.15m x 0.3m) at a height of 2.20 m.oplénable sections are top-hinged
and open outwards. The room is ventilated by nhteeatilation and heated by

central heating system. The temperature, relativaitity, CQ and air speed data

recorded at the two locations of the room are mpreskin the following subsections.

4.2.1. Temperature Data

The temperature data recorded at the location tAhe@ middle of the room from 13
September 2011 to 4 January 2012 are shown in &igur3 and the ones at the
location ‘B’ at the side of the room from 13 Sepbemn2011 to 24 February 2012 are
in Figure 4.14. The minimum and maximum valuesgwven along with the outdoor
ones obtained from the Turkish State Meteorolodsmalice in Table 4.06.

Table 4.06.The minimum and maximum temperature values recbrd&oom 50 and
outdoor ones

ROOM 50 TEMPERATURE (°C)
MIN. | DATE and HOUR of MIN. | MAX. | DATE and HOUR of MX.
Location ‘A’ | 16.01 18 Ootober 2011 29.59 13 September 2011
Location ‘B’ | 18.08 18 Ootober 2011 33.57 16 September 2011
) i
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Figure 4.13. Room 50 - location “A’ at the middle of the room: Temperature and relative humidity chart (13 September 2011 to 4 January 2012)
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Figure 4.14. Room 50 - location ‘B’ at the side of the room: Temperature and relative humidity chart (13 September 2011 to 24 February 2012)



As seen in the graphs, the data show the envirotaineanditions in the room in
different contexts. From 13 September 2011 to 36e®eber 2011, the room was not
occupied and not heated. The maximum temperatuteeyaf the data collection
period were recorded in this period on 13 Septenfiidrl at 02:15 PM at the
location ‘A’ at the middle of the room and on 16&smber 2011 at 06:00 PM at the
location ‘B’ at the side of the room. This was daehe highest outdoor temperatures
of the data collection period in the week whichré@ased the indoor temperature
through solar heat gains. Along with the beginnofgthe fall semester on 26
September 2011, the room started to be used fdiostwurses; however it was not
heated until 17 October 2011. In both periods, tdraperature in the room fell
gradually with the effect of seasonal air tempeeguAs distinct from the interval
until 26 September 2011, in the period after thgirb@ng of the semester, the
temperature was affected by the number of occupdhésr activities and other
internal heat sources such as lighting, lapteps, The existence of occupants and
their being more active (not sedentary) in a desigiio in contrast to a standard
classroom environment had an increasing effecherr@aom temperature as a result
of energy emitted by their bodies. In terms of corn€onditions, in this part of the
semester the temperature changed between 19.430a5dl °C in the room and it
was generally in the Psychrometric Chart’s comfanige of 20-25 °C at the location
‘A’ at the middle of the room while it was mostlp@ve the range at the location ‘B’

at the side of the room.

On 17 October 2011, the central heating systenestao work and affected the
room conditions as well. It increased the tempeeaiin the room. From the start of
the central heating till the end of the semesté January 2012), apart from the
Religious holiday (6-9 November 2011), the temperatn the room ranged between
16.01 and 28.49 °C and it was mostly in the comfarige of 20-25 °C at the
location ‘A’ at the middle of the room while it wgenerally around the higher limit
of the comfort range at the location ‘B’ at theesidf the room. The minimum
temperature values of the data collection periodadh locations were recorded on
18 October 2011 at 10:00 AM. Throughout the exoeptif the Religious holiday (6-

9 November 2011) the temperature in the room dsegk as a result of the seasonal
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weather conditions and the lack of occupandye data of the semester break (21
January 2012 to 16 February 2012) recorded atdbatibn ‘B’ at the side of the
room (the one at the location ‘A’ at the middletioé room were lost) show that the
temperature changed similar to the one during #rmaester with central heating;
however there was no occupancy effect on the datagoto having no classes. It
changed between 21.77 and 28.19 °C in this period.

Room 50 has a flexible use of occupants due togbeirdesign studioi.e. it is
impossible to define a pattern of occupation algtothere are certain course hours,
since students have a chance to work in the robualagland night — particularly in
the periods of project submissions and juries. dnnection, the data of the fall
semester recorded at the two locations of the riogincate that the room temperature
increased throughout the daytime of weekdays duketi@entral heating; however it
increased more in a short time when the room wasmed. Towards the evenings,
the temperature in the room fell along with shgftoown the heating system and

with the end of classes or the reduced number @ifmants.

In addition, Figure 4.15 and 4.16 show the tempeeatiata between 16 December
2011 and 26 December 2011 at the location ‘A’ & thiddle of the room and
between 26 December 2011 and 5 January 2012 &idaon ‘B’ at the side of the
room, when the air speeds were recorded at bothtidos. In these periods, as
presented by the changes in the2@0Oncentrations in Figure 4.19 and 4.20, there
were occupants affecting the temperature in themrdmth on weekdays and
weekends. However, on weekends the temperatureneas stable than the one on

weekdays which could be due to the occupancy ldifelrence.
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Figure 4.15.Room 50 - location ‘A’ at the middle of the roofremperature and relative
humidity chart (16 Decemb@d2 to 26 December 2011)
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Figure 4.16.Room 50 - location ‘B’ at the side of the roomnperature and relative
humidity chart (26 Decemb@d.2 to 5 January 2012)
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The comparison of the overall data recorded attWn@ locations of the room
indicates that, as recognized from the chartstehgerature at the location ‘A’ at
the middle of the room was generally lower than dhe at the location ‘B’ at the
side of the room. Lower values at the location ¢Auld be due to the air flow caused
by the door across. Moreover, there could be antiaddl effect of the height
difference between the two locations resultingighbr values at the higher location

which is the location ‘B’, due to the principle thaarm air rises.

4.2.2. Relative Humidity Data

Figure 4.13 and 4.14 indicate the relative humidigta simultaneously recorded
along with the temperature data. The minimum andimmam relative humidity
values are presented along with the outdoor oné&siraal from the Turkish State
Meteorological Service in Table 4.07.

Table 4.07.The minimum and maximum relative humidity valuesarded in Room 50 and
outdoor ones

ROOM 50 RELATIVE HUMIDITY (%)
MIN. DATE and HOUR of MIN. MAX. DATE and HOUR of MX.
Location ‘A’ | 15.84 21 Nlol‘fggngf\; 2011 58.53 11 g;%bg,vzlo“
Location ‘B’ 9.91 2 Foe;rgu;'r&/N?OlZ 59.34 12 (?;TSb%rNZIOM
OUTDOOR 2.60 14 ng;tgg]g&r 2011 99.00 recorded many times

As seen in the graphs, in the period without thatreé heating system between 13
September 2011 and 17 October 2011, the relativadity in the room changed in
accordance with the temperature fluctuations aneigdly showed an increase due
to the decrease in the temperature. However, tiftebeginning of the fall semester
on 26 September 2011, the existence of occupadtthair higher metabolic activity
rate (not sedentary) in a design studio led to féeréince on the data through
increasing the relative humidity in the roone. the water vapor in the exhaled air
had an increasing effect on the room relative hitsnith addition, the use of kettles
for making tea and coffee by students alsosiased the level in the room.this
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period of the semester, apart from the values daxtbon 6 October 2011 at between
02:45 PM and 05:30 PM at the location ‘A’ at theddie of the room, at both record
locations the relative humidity varied above th&do comfort limit of 20 % defined
on the Bioclimatic Chart. The highest values of ttata collection period were
recorded in the third semester week (10-14 Octd@d®drl) and changed between
39.93 and 59.34 %. In relation, the maximum valuese in this week, on 11
October 2011 at 03:45 PM at the location ‘A’ at th&ldle of the room and on 12
October 2011 at 03:45 PM at the location ‘B’ at #ide of the room when the

outdoor ones were 99 % and 80.7 % respectively.

The start of central heating system on 17 Octolfdrl 2caused a decrease in the
relative humidity as a result of its increasingeetfon the room temperature. From
the start of the central heating till the end of ttlasses (06 January 2012), the
relative humidity varied from 13.63 to 57.53 % dhevas mostly above the lower
comfort limit of 20 % at the location ‘A’ at the dudle of the room while it was
fluctuated above and below the limit at the locati®’ at the side of the room. The
minimum relative humidity value at the location ‘At the middle of the room was
recorded on 27 November 2011 at 11:00 AM. Througkiwel Religious holiday (6-9
November 2011) the relative humidity varied in ademce with the decrease in the
temperature. In the period of the semester bredkléhuary 2012 to 16 February
2012), according to the data recorded at the locdB’ at the side of the room, the
relative humidity changed similar to the semesggrqal with the central heating with
a difference of the lack of occupancy effect duddwing no classes. It decreased or
increased generally in relation to the changeséntémperature in this period and
ranged between 9.91 and 37.02 %. In addition, timemam relative humidity value
of the data collection period at the location ‘B'the side of the room was recorded
in this period, on 2 February 2012 at 08:30 AM.

As explained previously, the flexible use of theono prevented defining an
occupancy pattern in the room. Therefore, it caly &we said that the decreased
relative humidity due to the increase in tempemas a result of the central heating

also showed arise with occupancy. Towardsetemings, the relative humidity in
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the room fell along with the reduced number of @anis or with the end of classes.
In addition, as seen in Figure 4.15 and 4.16 shgwhe data of the period that the air
speeds were recorded, on weekends there were sbeimanges in the relative
humidity which were due to the increasing effecoofupants who were studying in
the room as presented by the £ata (Figure 4.19 and 4.20).

The comparison of the overall data recorded attweelocations presents that the
relative humidity at the location ‘A’ at the middéd the room was higher than the
one at the location ‘B’ at the side of the roonmowler relative humidity values at the

location ‘B’ were caused by the higher temperataiees at the location.

4.2.3. CO2 Data

The CQ data collected in Room 50 in the same periodsnoé tat the two record
locations are presented in Figure 4.17 and 4.18. Mimimum and maximum CO

values recorded at the locations are given in TAli8.

Table 4.08.The minimum and maximum CQalues recorded in Room 50

COz (ppm)
MIN. DATE and HOUR of MIN. MAX. DATE and HOUR of MX.
17 October 2011
02:15 PM,
19 October 2011

05:00 PM,
Location ‘A’ | 320.01 10_38 (A)&t‘;?%r ff_%)%) A | 1999.08 21 October 2011
: : 01:30 PM to 05:00 PM
and
2 December 2011
03:00 PM to 03:30 PM
12 October 2011
04:30 PM
Location ‘B’ | 321.23 9 ?it_ggegl\zﬂon 1977.72 and
’ 17 October 2011
03:00 PM and 03:15 PM

ROOM 50
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The recorded C®data in Room 50 clearly show the occupancy patiemughout
the data collection period, since there were na §irces (combustion by-products,
heavy traffic, industrial areatc) other than the occupants in and around the room.
As the charts present, except for the minus valeesrded due to electricity outages,
the CQ concentration in the room never fell to 0 ppm, ehhindicates the existence
of a relatively small amount of COn the room all the time. From 13 September
2011 to 26 September 2011, the level in the roomngld between 323.06 and
587.95 ppm and it was mostly under 450 ppm incigathe outdoor C®level
owing to no occupancy in the room in this periotefie are exceptional high values
of 1101.26 ppm on 13 September 2011 at 02:15 PM &d77 ppm on 21
September 2011 at 12:15 PM at the location ‘A’ ke middle of the room, and
681.95 ppm on 13 September 2011 at 02:00 PM dotation ‘B’ at the side of the
room. These values are recorded as a result ddutier’'s getting close to the data
loggers for check.

The beginning of the fall semester on 26 Septen2Bbdr caused increases in the
COz concentration in the room. The level began to after students started to
occupy the room as a result of the £generation; however there is no relation
between the course schedule and the variationseilCQ concentration due to the
flexible use of the room explained previously. pits of the fact that the scheduled
courses began at 01:40 PM, the data indicate \afiowes of each day when the
occupation of the room began. In fact, the datasene the use of the room on
Thursdays when there were no classes officially Tk level in the room changed
in relation to the duration that the room was ooedpthe number of the students
occupying the room, the activities of the studemtd whether air flow was provided
through opening windows and/or a door. It mostlge®mded the highest acceptable
level of 1000 ppm by ASHRAE 62-1989 and rose uphi maximum of 1999.08
ppm at the location ‘A’ at the middle of the roomthe afternoons on 17, 19 and 21
October 2011 and 2 December 2011, and 1977.72 ppime éocation ‘B’ at the side
of the room in the afternoons on 12 and 17 Oct@0dn, all of which were during
the design studio course ARCH 301. In relationseen in the charts, throughout the

semester generally the concentration increased oo Mondays, Wednesdays and
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Fridays when the design studio courses took pladee data also present
considerable changes in the £l@vel in the room at nights and on weekends, which
could be due to the existence of students studyiritbe room. As distinct from the
school period, throughout the Religious holidayd(6lovember 2011), owing to no
occupancy in the room the GOoncentrations were at lower levels representieg t
outdoor concentration. Similarly, during the serae$fireak (21 January 2012 to 16
February 2012), the concentrations were also aéddevels and changed between
341.37 and 689.88 ppm according to the data redaatiéhe location ‘B’ at the side
of the room.

The comparison of the CQlata recorded at the two locations indicates thatpite

of the fact that the COlevel increases with height in a space due taises with
warm air, the C®concentration at the location ‘A’ at the middletbé room was
mostly higher than the one at the location ‘B’ ke tside of the room on the
mezzanine floor. The possible cause of higher teatlthe location ‘A’ could be
gathering of students around the location for lefiand the existence of mezzanine

floor causing the accumulation of €0Onder it.

4.2.4. Air Speed Data along with the CQ Data in the Period

The air speed data are presented along with thed@t@ of the time periods that the
air speeds were recorded at each location. Figur@ ghow the air speed and £0
data of the location ‘A’ at the middle of the rodnrom 16 December 2011 to 26
December 2011 and Figure 4.20 present the onesdegtat the location ‘B’ at the
side of the room from 26 December 2011 to 5 JanR@iy. The data for outdoor air
speed has been superimposed on the charts withvitsscale ranging from 0.00 to
6.00 m/s whereas the indoor air speed scale ramge f0.02 to 0.20 m/sThe
minimum and maximum air speed values recorded ettvito record locations are
given along with the outdoor ones obtained from Tiekish State Meteorological
Service in Table 4.09 and the minimum and maximu €bncentrations recorded
are given in Table 4.10.
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Table 4.09.The minimum and maximum air speed values record&bom 50 and outdoor

ones
ROOM 50 MIN. DATE and HOUR g?/lﬁ\IP.EEDM(;n)f) DATE and HOUR of MX.
Location ‘A’ 0.00 recorded many times 0.19 16 Doegfgm?\;. 2011
Outdoor | 0.40 21 December 2011 | 5.40 25 December 2011
Location ‘B’ 0.00 recorded many times 0.16 21 Doezfig“;e,\;l 2011
Outdoor | 0.30 L Janoary 2012 5.10 31 December 2011

Table 4.10.The minimum and maximum CQalues recorded in Room 50 in the time
periods that the air speedsewmeeasured

CCz (ppm)
ROOM 50 MIN. DATE and HOUR of MIN. MAX. DATE and HOUR of MX.
S 21 December 2011 19 December 2011
Location ‘A 332.21 04:15 AM 1454.04 03:00 PM
e, 27 December 2011 28 December 2011
Location B | 414.61 | 47,15 AM to 08:00 AM | 139423 04:00 PM

Figure 4.19.Room 50 - location ‘A’ at the middle of the rooAir speed and C&chart
with two superimposed scédgsair speeds (16 December 2011 to 26
December 2011)
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Figure 4.20.Room 50 - location ‘B’ at the side of the roomr Apeed and CQchart with
two superimposed scales fiogspeeds (26 December 2011 to 5 January 2012)

The air speed data recorded at both locations entwo periods indicate that the
room air was mostly stagnant due to insufficiemtflaw through the room. Despite
the fact that the location ‘A’ at the middle of trem mostly had comfort conditions
in terms of temperature and relative humidity,eeded higher air flow around due to
the high CQlevels. As seen in Figure 4.19, at the locatiohth® air movement was
mostly stagnant apart from three high values, wiaigh 0.19 m/s on 16 December
2011 at 09:00 PM, 0.11 m/s on 16 December 2011:@01PM and 0.14 m/s on 18
December 2011 at 02:45 PM. According to the flubtues at relatively high values
on the dates and three exceptions above the lowvet, lthere could be open
window(s) forgotten on the last school day of theel (16 September 2011), which
slightly increased the air flow in the room. Inatbn, the decrease in the air speed
gradually throughout the record period could bengwtio closing the room off. On
the other hand, at the location ‘B’ at the sideh® room the air speed was mostly
under the needed value of 0.1 m/s presented fofazbrmn the Bioclimatic chart
when the temperature was relatively above the cdmdage. The comparison of the
air speed data of the two record locations in teofgariation indicates that the air

speed at the location ‘B’ at the side of thennowas more fluctuating. The possible
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reasons could be the air movement along the sidedua to the window which
close to the room corner, the increasing effecthef existence of more human
movement and so more air flow around the locat®nand the blocking effect of

the mezzanine floor on the air flow at the locatiéh

In order to investigate the relationship betweendhr speed and CQata of Room
50, the scatter diagrams of the daytime of weekedystween 08:30 AM and 08:00
PM — are given for the two record locations in Fegg.21 and 4.22. Owing to the
fact that, under constant circumstances, an inereasir speed decreases the2CO
level in a space through dilution, there shouldabeegative association between
these two variables. However, the diagrams presentelationships between the
variables of each record location. This indicates ¢ffect of third variable on the
data;i.e. occupants increased the £€ncentration in the room through respiration
while the air speed conditions were not changedsidenably. Therefore, various

COz levels were recorded at the same air speed vakei¢odthe accumulation.

0,18

0,16

D,14

0,12

@
Z 0,10
E
£ o008 *
o
w
= 006
4 s
P'Y
0,04 ¢
* ‘0 &.” * &
0,02 | * o ¢ +4
’
.
0,00 | . : .
O 200 40 600 800 1000 1200 1400 1600 1800 2000

-0,02

CARBON DIOXIDE (ppm)

Figure 4.21.Room 50 — location ‘A’ at the middle of the rooAir speed-CQ scatter
diagram (19 December 20113®2cember 2011, between 08:30 AM and
08:00 PM of each day)
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Figure 4.22.Room 50 — location ‘B’ at the side of the roomr 8peed-COscatter diagram
(26 December 2011 to 30 Decan2011, between 08:30 AM and 08:00 PM
of each day)

4.2.5. The Features of Room 50 in Relation to The Results

As presented through the section in Figure 4.28 rédcorded data show that the air
speeds at both locations were insufficient for aminfn the winter; however the
location ‘B’ at the side of the room had higherued than the location ‘A’ at the
middle of the room. In connection, due to the thett less air movement causes the
accumulation of more COthe location ‘A’ at the middle of the room hadylher
COz values. Furthermore, in spite of the fact thatltioation ‘A’ at the middle of the
room mostly had comfort conditions in terms of temgture and relative humidity,
the location ‘B’ at the side of the room was warraed so drier as a result of the low
air flow which was insufficient to reduce the etfeof internal heat sources.
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Figure 4.23.The longitudinal section of Room 50 showing thenparison of the data
recorded at the two locations

In connection with the features of Room 50, in gaheghe mezzanine floor built
later could be a factor creating difficulties far ow and resulting in lower air
speed values under it in relation with the windoanf@yuration. The ventilation
windows on the top are suitable to provide air nmoeet for the comfort of
occupants using the desks on the mezzanine floe Wiey can be disadvantageous
for the ones on the room ground floor due to thespae limitation effect of the
mezzanine floor on the air movement under it. Tomlzined adverse effect of the
mezzanine floor and window configuration on thespieed at the location ‘A’ at the
middle of the room also led to accumulation of2G@der the mezzanine floor more
due to decreasing the possibility of dilution. @ tontrary, the higher temperature
and lower relative humidity values at the locatiBhcan be explained through the
height difference between the locations and thratghventilation effect of the door

on the location ‘A’ at the middle of the room.

On the other hand, as an advantage for an effeativitow, the room allows cross
ventilation through the windows on the two opposivells, on the west and east. In
relation with the room dimensions, the room mele¢srecommended effective depth
criterion for this ventilation strategye. the room height is 4.9 m and its depth (the
dimension between the two walls having windows}11s87 m while the effective
depth for the case is four times the room heighicivis 19.60 m and larger than the

room depth as recommended. However, the perge of the window openable
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sections is not in accordance with the ASHRAE Stathdb2.1.2007 suggesting a
minimum of 4 % openable area of the net floor ardhe openable sections of the
room windows is 8.73 m? (1.1m x 1m x 7 + 1.15m &n@.x 3) while 4 % of the
room floor area (225m2 + 113.4m2) is 13.54 m2 whéckarger than 8.73 m2,

In addition to all, for favorable indoor environntahconditions the room floor area
also has significance in terms of occupant capasityce excessive occupant levels
also have adverse effects on the indoor comfort @indquality conditions. The
ground floor area of Room 50 (225m? + 113.4m?2) vedlothe maximum of 68
occupants according to the ASHRAE Standard 62.I-206@commending 20
occupants for 100 m2 for art classrooms. In conoectvith the course student
capacities, there was excessive occupancy in the ia the data collection period
due to the use of the room for two courses withhéighumbers of students (ARCH
301 with 70 students and ARCH 351 with 84 students)

4.2.6. Calculations for Fresh Air Supply

The determination of the needed air should be tdirsg point in reconsidering the
fresh air supply to a space continuously in a ciletl way. The needed air in Room
50 can be calculated according to the breathing nodoor air flow equation of the
Ventilation Rate Procedure of the ASHRAE Standa2dl@007 explained in the
Section 2.2.:

Vbz=Rp. 2+ Ra. Az
Vbz=5 L/s per 84 person + 0.9 L/s m? (225 m2 + 1134
Vbz=724.56 L/s = 0.72 m3/s = 2592 m3/h

In order to have an idea, the flow rate equaticstdbed in the Section 2.3.2. can be
used to determine the inlet opening area needethiamount of air. The average
outdoor air speed value (2.1 m/s) of the fall searegeriod — from 26 September
2011 to 21 January 2012 — is taken as the referd@imeecalculated areas are likely to
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be larger when the average outdoor air speed \@éflyears for Ankara is used and

the changing air speed conditions are considered.

Q=A.V
0.72m3/s=A21m/s A =0.34 m2

The calculated area can be achieved through seNendpenings on the existing
west windows with net dimensions of 0.90 m and ©€.068. Owing to the
unfeasibility of having such openings in the wintlere to possible strong draughts
causing discomfort, reconsidering the existingtimieenings behind the fan coils —
designed for fresh air intake in winter and closdflin present situation due to
draught complaints — would be useful for controlkid intake in to the room. In
relation to the original mechanical drawings (Ap@i&nB), Room 50 has five fan
coils with currently available inlet openings (tbthers are cement-filled) and each
has the heat capacity of 10,000 kcal/h. The amadinfresh air that would be
supplied to the room in the case of reconnectireglet openings to these fan coils
can be calculated in relation to their heat capeitAccording to the specific heat
equation given in the Section 2.3.2., the amourstiothat would be supplied by each

fan coil is:

Q=V.c. t
10,000 kcal/h = m . 0.28 kcal/°C . [20-(-12)] m =1116.07 m?¥h

In total, the fan coils in Room 50 would provide88335 m3/h (5 x 1116.07 m3/h)
fresh air to the room. This amount is more than twees of the calculated breathing
zone outdoor air flow amount of 2592 m3/h. Moreoveis also more than the fresh
air need that can be determined through multiplythg room volume by air

exchange coefficient, which is 5512.5 m3/h (110835 5 h') for Room 50.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

Human comfort and indoor air quality are two isswesich are essential for
accommodating occupants without environmental stréd@n the other hand,
ventilation is a vital necessity for health and éorhand a basic need in an occupied
space. Thus, these three issues are interreliagedgentilation is the key factor for
achieving comfort through air movement and heatdarece and for better indoor air

guality through keeping the pollutants at accepgtddlels.

Indoor air quality and ventilation are significaioir human beings with regard to
their health, performance and productivity, whiche anegatively affected by

inadequate physical conditions of spaces whilengoraoved environment decreases
complaints. In this context, educational buildispeuld also be investigated in terms

of these issues due to their impact on studenbpagnce.

In educational buildings, in Turkey, classrooms geaerally ventilated by natural
ventilation and the indoor air quality and comfproblems are mostly the result of
its insufficiency. The inadequacy of fresh air kdainto these spaces leads to
accumulation of pollutants, excessive heat anddagness or dampness due to
various sources. The use of classrooms almostreanisly throughout a school day

and the over use of their capacity increase thesaems.
In this study, it was also clearly observed throtigh collected temperature, relative

humidity, CQ and air speed data that the main problems innhestigated rooms in
the winter were C&and heat accumulation, air dryness and air movetowr than
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the needed to provide heat removal anc @ilution. The use of the rooms by too
many occupants and not meeting the amounts of &rglequired for the occupancy
levels and for the room volumes caused such unéerconditions in the rooms. In
addition, the problems were also resulted fromiotp®ff the air inlet openings that

were coupled with fan coils.

According to the calculations given in the Sectibf.6. and 4.2.6., the closed off
inlets are sufficient to the needed amount of frasHor the rooms. Therefore, for
the improvement of indoor environmental conditiansthe rooms, restoring the
system is the most feasible solutiare. the three fan coils having inlet openings
behind in Room 28 and five fan coils with currendlyailable inlet openings (the
others are cement-filled) in Room 50 can be reopp¢oemeet the needed fresh air.
(Figure 5.01 and 5.02) However, the openings shbelgroperly connected to the
fan coils by using insulated air ducts to prevéetdraughts caused by leakages.

In consequence, being aware of the comfort andoindw quality conditions and of

the need for fresh air in spaces are essentialaéoommodating people in the
favorable ambient environments, particularly in fpaces with functions requiring
concentration and performance as in educationddibgs. Ideally, the consideration

of the issues should be at the design stage as awhepplied in the case study
building. However, ignoring the benefits of theteyss designed for human comfort
and preventing their operation in the case of alpro instead of producing a

solution lead to unpleasant spaces as observée imbms investigated.
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Figure 5.01.The fresh air supply through restoring the opeifiargcoil strategy in existence
in Room 28
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Figure 5.02.The fresh air supply through restoring the opeifiargcoil strategy in existence
in Room 50

90



BIBLIOGRAPHY

ACGIH (1991). Documentation of the Threshold Limit Values and|dgjal
Exposure Indice$6™ ed.). Cincinnati: American Conference of Governtaen

Industrial Hygienists Inc.

Air Quality Sciences (2006)Reviewing and Refocusing on IAQ in Schools,
Retrieved  June 3, 2012 from the World Wide  Web:
http://www.greenguard.org/Libraries/GG_Document$fiReat_Reviewing_R

efocusing_on_IAQ_in_Schools_Final_with_revisiorb.sishx

Allard, F. (Ed.) (1998).Natural Ventilation in Buildings: a Design Handbook

London: James & James Ltd.

Allocca, C., Chen, Q., & Glicksman, L. R. (2003)edign Analysis of Single-Sided
Natural VentilationEnergy and Buildings35, 785-795.

ANSI/ASHRAE Standard 55-2004.hermal Environmental Conditions for Human
Occupancy.Atlanta: American Society of Heating, Refrigeratiagd Air-
ConditioningEngineers.

ASHRAE Standard 62-198%entilation for Acceptable Indoor Air Qualitjtlanta:
American Society of Heating, Refrigerating and Bonditioning Engineers.

ANSI/ASHRAE Standard 62.1-200¥entilation for Acceptable Indoor Air Quality.
Atlanta: American Society of Heating, Refrigeratiagd Air-Conditioning

Engineers.

ASHRAE (2009).2009 Ashrae Handbook: Fundamentéisch-Pound ed.). Atlanta:

American Society of Heating, Refrigerating and Bwonditioning Engineers.

91



ASTM (2012). Standard Guide for Using Indoor Carliwinoxide Concentrations to
Evaluate Indoor Air Quality and Ventilation, Retregl September 20, 2012
from the World Wide Web:
http://209.195.157.104/DOWNLOAD/D6245.15243-1.pdf

Baker, L. (2012).A History of School Design and Its Indoor Enviromrad
Standards, 1900 to TodayWashington: National Clearinghouse for

Educational Facilities.

Baker, N., & Steemers, K. (2000Energy and Environment in Architecture: a
Technical Design Guide.ondon: E & FN Spon.

Bayer, C. W., Crow, S. A., & Fischer, J. (200@auses of Indoor Air Quality
Problems in Schools: Summary of Scientific Rese@ekised ed.). Columbia:

Semco Inc.

Buchanan, B. (June 2007). Sick Buildings, Sick 8tig. American School Board
Journal,48-50.

Burroughs, H. E., & Hansen, S. J. (200@anaging Indoor Air Quality4"ed.). The
United States of America: The Fairmont Press.

Cummins, S. K., & Jackson, R. J. (2001). The Blilivironment and Children’s
Health. Pediatric Clinics of North America/48(5), 1241-1252.

Emmerich, S. J., Dols, W. S., & Axley, J. W. (2001Yatural Ventilation Review
and Plan for Design and Analysis TooRetrieved September 25, 2012 from
the World Wide Web:

http://www.bfrl.nist.gov/IAQanalysis/do®d5TIR_6781 NatVentTool.pdf

EPA. (1990). Ventilation and Air Quality in OfficeBact SheetAir and Radiation

92



EPA (2003a).Indoor Air Quality & Student Performanc&etrieved June 3, 2012
from the World Wide Web:
http://www.cisforegon.org/resources/documents/IméaDAir%20Quality%2
0&%20Student%20Performance.pdf

EPA (2003b).Indoor Air Quality Tools for Schools: CommunicasorGuide,
Retrieved June 3, 2012 from the World Wide Web:
http://www.epa.gov/iag/schools/pdfs/publicationsitnunicationsguide.pdf

EPA (2010).How Does Indoor Air Quality Impact Student HealthdaAcademic
Performance?. The case for Comprehensive IAQ Mamagé in Schools,
Retrieved June 3, 2012 from the World Wide Web:
http://www.epa.gov/iag/schools/pdfs/student_perfamoe_findings.pdf

Erttrk, M. (2007). Farkl Amaclar icin Kullan lat ¢ce Ge¢mi Kapal Hacimlerde
Negatif Basnc¢ Yontemiyle Havaland rma Sistemi Uggoas . Tesisat
Mihendisli i Dergisi, 99, 82-94.

Fanger, P. O. (1970Thermal Comfort: Analysis and Applications in Eovimental

Engineering.Copenhagen: Danish Technical Press.

Flourentzou, F., Maas, J. V. D., & Roulet, C. A998). Natural Ventilation for
Passive Cooling: Measurement of Discharge Coeffisie Energy and
Buildings 27, 283-292.

Fisk, W. J. (2000). Health and Productivity Gainen Better Indoor Environments
and their Relationship with Building Energy Effiogy. Annual Review Energy
Environment 25, 537-566.

Gan, G. (2000). Effective Depth of Fresh Air Distriion in Rooms with Single-

Sided Natural VentilatiorEnergy and Buildings31, 65-73.

93



Givoni, B. (1976).Man, Climate and Architecture{Z”d ed.). London: Applied
Science Publishers.

Givoni, B. (1994).Passive and Low Energy Cooling of Buildinggew York: Van
Nostrand Reinhold.

Harvey, L. D. D. (2006)A Handbook on Low-Energy Buildings and District-EJye

Systems: Fundamentals, Techniques and Exampieslon: Earthscan.

Hays, C. (2008). The Designer’'s Perspective. InGtech & D. Walters (Eds.),
Future Office: Design, Practice and Applied Resbafp.119-124). London:

Taylor & Francis.

Heerwagen, D. (2004PRassive and Active Environmental Controls: Inforgnihe

Schematic Designing of Buildingdew York: McGraw-Hill.

Hille, T. (2011).Modern Schools: A Century of Design for Educati®he United
States of America: John Wiley & Sons.

International Standard 1SO 7730:20@rgonomics of the Thermal Environment —
Analytical determination and Interpretation of Thwl Comfort Using

Calculation of the PMV and PPD Indices and Locagéirhal Comfort Criteria

Kibert, C. J. (2005)Sustainable Construction: Green Building Design &walivery:.

New Jersey: John Wiley and Sons.

Kosonen, R., & Tan, F. (2004). Assessment of Pridtic Loss in Air-conditioned
Buildings Using PMV IndexEnergy and Buildings36, 987-993.

Lechner, N. (2009)Heating, Cooling, Lighting: Sustainable Design Mmth for
Architects(3“ ed.). The United States of America: John Wiley Sods.

94



Levin, H. (1999). Commercial Building Indoor Air @lity: an Introduction to the
Problem. Northeast Energy Efficiency Partnershizs |

Loftness, V. (2008). Future Office Environments.dnGrech & D. Walters (Eds.),
Future Office: Design, Practice and Applied Resba(p.19-21). London:
Taylor & Francis.

MDH (2010). Carbon Dioxide (C£) in the Indoor EnvironmentMinnesota
Department of Health Fact ShedRetrieved September 20, 2012 from the
World Wide Web:

http://www.health.state.mn.us/divs/eh/iodor/co2/carbondioxide.pdf

Myhrvold, A. N., Olsen, E., & Lauridsen, O. (199dndoor Environment in Schools
— Pupils Health and Performance in Regard ta C@ncentrationdndoor Air.

Nelson, V. (2011)Introduction to Renewable Enerdgyondon: Taylor & Francis.

NIOSH (1976). Criteria for a Recommended Stand&dcupational Exposure to
Carbon Dioxide. U.S. Department of Health, Educgtiand Welfare,
Retrieved September 20, 2012 from the World Wide bWe
http://www.cdc.gov/niosh/pdfs/76-194c.pdf

Olgyay, V. (1969).Design with Climate: Bioclimatic Approach to Arautural

RegionalismPrinceton: Princeton University Press.

OSHA (n.d.). Carbon Dioxide in Workplace AtmosplserBetrieved September 20,
2012 from the World Wide Web:
http://www.osha.gov/dts/sltc/methods/ireonig/id172/id172.html

Persily, A. K. (1997). Evaluating Building IAQ andentilation with Indoor Carbon
Dioxide. ASHRAE Transactiond03. Retrieved September 20, 2012 from the

World Wide Web: http://ffire.nist.gov/bfrlpubs/buid/PDF/b97044.pdf

95



Seppanen, O., & Fisk, W. J. (2002). RelationshigBE-Symptoms and Ventilation
System Type in Office Buildings. Lawrence Berkelgtional Laboratory.

Shaw, C. Y. (1997). Maintaining Acceptable Air Qtain Office Buildings through
Ventilation. Construction Technology Update NolBstitute for Research in

Construction.

Shendell, D. G., Prill, R., Fisk, W. J., Apte, M., Blak, D., & Faulkner, D. (2004).
Associations between Classroom £Concentrations and Student Attendance
in Washington and Idahindoor Air, 14, 333-341.

Steiger, S., Hellwig, R. T., & Junker, E. (2008)stdibution of Carbon Dioxide in a
Naturally Ventilated Room with High Internal Heabdd. Nordic Symposium

on Building Physics.

Tanner, C. K., & Lackney, J. A. (2009tducational Facilities PlanningBoston:
Pearson Allyn and Bacon.

The Building Regulations 2000 (2010Approved Document F1:. Ventilation.
London: NBS.

Turnbull, J. E. (n.d.) Fresh Air Inlets. Retriev@dptember 20, 2012 from the World
Wide Web: http://www.cps.gov.on.ca/english/plan9@%9710/M-9710L.pdf

Valsson, S., & Bharat, A. (2011). Impact of Air Teenature on Relative Humidity —
a StudyArchitecture - Time Space & PeopB8-41.

Yeang, K. (1996).The Skyscraper Bioclimatically Considered: a Desikyemier
Great Britain: Wiley-Academy.

96



APPENDIX A

AIR SPEED, TEMPERATURE, RELATIVE HUMIDITY AND CO 2DATA OF
FIVE DAYS FOR ROOM 28 AND ROOM 50

Table A.01.The air speed, temperature, relative humidity @od data of five days for the
record locations ‘A’ and ‘Bi Room 28

Room 28 - location ‘A’ Room 28 - location ‘B’

Date m/s °C % ppm Date m/s °C % ppm

11.28.11 12:00 AM| -0,0030 29,2410,38 | 371,2§12.12.11 12:00 AM| -0,0020 26,437,39 | 457,34

11.28.11 12:15 AM| -0,0020 29,290,35 | 366,39 12.12.11 12:15 AM| 0,0061] 26,39.7,43 | 454,28

11.28.11 12:30 AM| -0,0030 29,270,38 | 366,39 12.12.11 12:30 AM| -0,0030 26,597,4 456,12
11.28.11 12:45 AM| -0,0030 29,240,27 | 367 12.12.11 12:45 AM  0,003Dp  26{5I77,44 | 459,17
11.28.11 01:00 AM| -0,0020 29,270,31 | 361,53 12.12.11 01:00 AM| 0,0152| 26,{A47,45 | 457,34
11.28.11 01:15 AM| -0,0030 29,270,27 | 360,9| 12.12.1101:15AM 0,0030 26{724,45 | 461,61
11.28.11 01:30 AM| -0,0030 29,290,31 | 360,9| 12.12.1101:30 AM 0,012 26{84,53 | 459,78

11.28.11 01:45 AM| -0,0030 29,270,23 | 358,44 12.12.11 01:45 AM| 0,0396] 26,877,533 | 466,49
11.28.11 02:00 AM| -0,0030 29,320,233 | 361,5312.12.11 02:00 AM| 0,0046| 26,1A47,37 | 464,05
11.28.11 02:15 AM| -0,0030 29,2410,23 | 363,93 12.12.11 02:15 AM| -0,0030 26,8417,38 | 464,66

11.28.11 02:30 AM| 0,0000 29,290,23 | 366,39 12.12.11 02:30 AM| 0,0106] 26,84.7,34 | 461,61

11.28.11 02:45 AM| 0,0046] 29,290,35 | 366,39 12.12.11 02:45 AM| -0,0030 26,847,31 | 461,61

11.28.11 03:00 AM| -0,0030 29,290,31 | 366,3912.12.11 03:00 AM| 0,0365 26,84.7,38 | 461,61

11.28.11 03:15 AM| -0,0030 29,290,31 | 365,74 12.12.11 03:15 AM| -0,0030 26,927,31 | 466,49

11.28.11 03:30 AM| -0,0030 29,2410,23 | 368,84 12.12.11 03:30 AM| -0,0030 26,827,38 | 466,49
11.28.11 03:45 AM| -0,0030 29,290,11 | 365,74 12.12.11 03:45 AM| -0,0020 26,8947,38 | 461

11.28.11 04:00 AM| 0,0106] 29,270,07 | 371,2§ 12.12.11 04:00 AM| -0,0030 26,947,31 | 466,49
11.28.11 04:15 AM| -0,0020 29,270,07 | 373,1312.12.11 04:15 AM| -0,0030 27,017,31 | 463,44
11.28.11 04:30 AM| -0,0030 29,320,15 | 370,64 12.12.11 04:30 AM| -0,003Q 26,9947,16 | 464,66

11.28.11 04:45 AM| 0,0046] 29,290,15 | 371,24 12.12.11 04:45 AM| 0,0167] 26,947,233 | 461,61

11.28.11 05:00 AM| -0,0030 29,320,15 | 375,5412.12.11 05:00 AM| 0,0183] 27,017,09 | 459,17

11.28.11 05:15 AM| -0,0030 29,270,07 | 375,58 12.12.11 05:15 AM| 0,0137] 27,0117,01 | 459,17

11.28.11 05:30 AM| -0,0030 29,289,994 | 374,9412.12.11 05:30 AM| 0,0289] 27,0947,01 | 461,61

11.28.11 05:45 AM| -0,0030 29,320,07 | 377,99 12.12.11 05:45 AM| 0,0061] 27,066,94 | 465,88
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C % ppm Date m/s °C % ppm
11.28.11 06:00 AM| -0,003Q 29,28,994 | 378,6| 12.12.11 06:00 Ay 0,0030 26/94 16,936,4%
11.28.11 06:15 AM| -0,003Q0 29,29,839 | 381,04 12.12.11 06:15 AM| -0,0030 26,94 16,97 465,88
11.28.11 06:30 AM| -0,003Q0 29,29,917 | 375,59 12.12.11 06:30 AM| 0,0061] 27,01 16,94 465,88
11.28.11 06:45 AM| 0,0106] 29,29,839 | 378,6| 12.12.1106:45 Ay 0,0336 27/11 16,871,686
11.28.11 07:00 AM| -0,003Q0 29,4B,922 | 375,59 12.12.11 07:00 AM| -0,0030 27,14 16,79 461,61
11.28.11 07:15 AM| -0,003Q 29,440,16 | 3755912.12.11 07:15 AM| 0,0244] 27,16 16,83 461,61
11.28.11 07:30 AM| 0,0213| 29,410 383,48 12.12.11 07:30 AM| 0,0106 27,]]6 16,12 467,1
11.28.11 07:45 AM| -0,003Q 29,46.0,16 | 383,44 12.12.11 07:45 AM| -0,0020 27,21 16,19 466,49
11.28.11 08:00 AM| 0,0030{ 29,410,16 | 388,3112.12.11 08:00 AM| 0,0106{ 27,14 16,19 466,49
11.28.11 08:15 AM| -0,003Q 29,220,07 | 390,2] 12.12.1108:15 AM -0,0080 27|06 16,79%8,32
11.28.11 08:30 AM| -0,003Q 28,920,29 | 387,7¢12.12.11 08:30 AM| -0,003Q0 26,74 16,85 471,37
11.28.11 08:45 AM| -0,003Q0 28,590,433 | 397,54 12.12.11 08:45 AM| 0,0183] 25,89 17,03 483,58
11.28.11 09:00 AM| -0,003Q 28,570,67 | 403,04 12.12.11 09:00 AM| 0,0167] 2596 17,48 517,79
11.28.11 09:15 AM| -0,003Q0 28,5710,82 | 409,73 12.12.11 09:15 AM| 0,0061] 26,55 18,34 634,34
11.28.11 09:30 AM| -0,003Q0 28,570,98 | 412,19112.12.11 09:30 AM| 0,0198 27,21 18,82 774,72
11.28.11 09:45 AM| -0,003Q 28,491,17 | 417,0912.12.11 09:45 AM| 0,0228 27,4 19,14 884,58
11.28.11 10:00 AM| -0,003Q0 28,571,21 | 419,49 12.12.11 10:00 AM| 0,0381] 27,78 20,35 946,84
11.28.11 10:15 AM| -0,003Q 28,741,37 | 451,8412.12.11 10:15 AM| 0,0259 27,97 21,07 999,33
11.28.11 10:30 AM| -0,003Q0 28,941,61 | 456,73 12.12.11 10:30 AM| 0,0061] 28,1 21,41 1.054,87
11.28.11 10:45 AM| 0,0167| 29,0941,73 | 459,74 12.12.11 10:45 AM| 0,0076] 28,22 21,49 1.045,10
11.28.11 11:00 AM| -0,003Q 29,441,98 | 524,44 12.12.11 11:00 AM| 0,0259 28,17 20,82 894,96
11.28.11 11:15 AM| -0,003Q0 29,521,94 | 481,14 12.12.1111:15 AM| 0,0167] 28,44 21,13 962,1
11.28.11 11:30 AM| -0,003Q 29,571,79 | 468,9312.12.11 11:30 AM| 0,0046{ 28,94 21,21 991,39
11.28.11 11:45 AM| -0,003Q0 29,4411,78 | 453,6412.12.1111:45 AM| 0,0381] 28,89 22,29 1.15741
11.28.11 12:00 PM| -0,003Q0 29,411,82 | 484,1912.12.1112:00 PM| 0,003Q 28,82 23,3 1.311,83
11.28.11 12:15 PM| -0,003 29,412,02 | 483,54 12.12.11 12:15 PM| 0,004 28,%9 21,07 948,04
11.28.11 12:30 PM| -0,003 29,5712,18 | 503,1312.12.1112:30 PM| 0,0124 28,49 20,17 8205
11.28.11 12:45 PM| -0,0020 29,622,1 473,84 12.12.11 12:45 PM| -0,003p 28,42 19,88 735,09
11.28.11 01:00 PM| 0,0624] 29,412,29 | 551,9412.12.1101:00 PM| 0,0137 28,44 19,87 823,55
11.28.11 01:15 PM| -0,003Q0 29,593,18 | 664,84 12.12.11 01:15 PM| 0,0137 28,%9 20,02 811,34
11.28.11 01:30 PM| -0,003 29,843,57 | 679,5| 12.12.1101:30 PM 0,029 28,87 2Q,340,634
11.28.11 01:45 PM| 0,0320] 29,993,73 | 709,4112.12.11 01:45 PM| 0,000Q 29,07 20,87 893,74
11.28.11 02:00 PM| 0,0046{ 30,094,28 | 733,2412.12.11 02:00 PM| 0,0304 29,14 21,1 913,84
11.28.11 02:15 PM| -0,003 30,243,98 | 721,6412.12.11 02:15 PM| 0,0304 29,22 21,83 950,5
11.28.11 02:30 PM| -0,0030 30,294,48 | 756,4112.12.11 02:30 PM| 0,0289 29,24 21,93 984,01
11.28.11 02:45 PM| -0,003 30,013,74 | 579,4112.12.11 02:45 PM| 0,010 29,14 20,69 899,23
11.28.11 03:00 PM| -0,003Q0 29,893,42 | 5556 12.12.1103:00 PM 0,0335 28,97 19,974,381
11.28.11 03:15 PM| -0,003 29,¥13,15 | 548,8912.12.11 03:15 PM| -0,003D 28,89 19,82 782,04
11.28.11 03:30 PM| 0,0046] 29,593,49 | 600,14 12.12.11 03:30 PM| 0,0244 28,87 19,52 760,689
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
11.28.11 03:45 PM -0,0030 29,694,03| 696,59 12.12.11 03:45PM| 0,0517] 28,82 19,9 722,84
11.28.11 04:00 PM -0,0020 29,794,34| 766,17| 12.12.11 04:00 PM| 0,0167] 28,82 19,29 707,59
11.28.11 04:15 PM 0,0091 29,7714,41|788,15| 12.12.11 04:15PM| 0,0046] 28,84 18,95 638
11.28.11 04:30 PM -0,0030 29,694,03| 638,61 12.12.11 04:30 PM| 0,0122] 28,84 18,61 591,6]}
11.28.11 04:45 PM -0,0030 29,643,8 | 574,54 12.12.11 04:45PM| 0,0122] 28,79 18,89 554,99
11.28.11 05:00 PM -0,0030 29,643,64|559,88| 12.12.11 05:00 PM| 0,0091] 28,74 18,23 527,53
11.28.11 05:15 PM -0,0030 29,523,18| 454,28] 12.12.11 05:15 PM| 0,0244] 28,69 18,08 512,89
11.28.11 05:30 PM -0,0030 29,892,78| 423,16) 12.12.11 05:30 PM| 0,0137] 28,67 17,93 500,69
11.28.11 05:45 PM -0,0030 29,292,4 | 408,51 12.12.11 05:45PM| 0,0106] 28,64 17,J8 498,23
11.28.11 06:00 PM -0,0030 29,222,24| 392,64] 12.12.1106:00 PM| 0,0167] 28,69 17,y 495,14
11.28.11 06:15 PM -0,0030 29,192,08| 387,76] 12.12.11 06:15 PM| 0,0228 28,69 17,55 498,23
11.28.11 06:30 PM -0,0030 29,141,93| 381,04 12.12.1106:30 PM| 0,0487] 28,72 17,48 511,01
11.28.11 06:45 PM -0,0030 29,171,93| 377,99] 12.12.11 06:45PM | 0,0076] 28,72 17,48 515,33
11.28.11 07:00 PM -0,0030 29,191,97| 381,04 12.12.11 07:00 PM| 0,0304] 28,74 17,4 509,83
11.28.11 07:15 PM -0,0030 29,171,93| 376,77| 12.12.11 07:15PM| 0,0198 2859 17,25 488,44
11.28.11 07:30 PM -0,0030 29,141,93| 373,11) 12.12.11 07:30 PM| 0,0198 28,44 17,09 471,31}
11.28.11 07:45 PM -0,0030 29,141,85|373,72] 12.12.11 07:45PM| 0,0076] 28,37 17,01 466,49
11.28.11 08:00 PM -0,0030 29,171,93| 371,28] 12.12.11 08:00 PM | -0,002 28,37 17,04 464,05
11.28.11 08:15 PM -0,0030 29,091,77| 368,23 12.12.11 08:15 PM| 0,0244] 28,39 17,08 466,49
11.28.11 08:30 PM -0,0030 29,121,77| 365,78) 12.12.11 08:30 PM | 0,0122] 28,47 17,09 464,04
11.28.11 08:45 PM -0,0030  29,091,77| 363,95| 12.12.11 08:45 PM | -0,002 28,47 17,01 462,27
11.28.11 09:00 PM -0,0030 29,091,77| 361,51 12.12.11 09:00 PM| 0,0061] 28,49 17,05 462,23
11.28.11 09:15 PM -0,0030  29,091,77| 360,9 | 12.12.11 09:15 PM|  0,022§ 28,49 17|05 4719
11.28.11 09:30 PM -0,0030 29,091,77| 359,68] 12.12.11 09:30 PM| 0,0183] 28,57 17,02 470,14
11.28.11 09:45 PM -0,0030 29,071,77|361,51) 12.12.11 09:45PM| 0,0015 28,52 16,94 468,93
11.28.11 10:00 PM -0,003p 29,071,73| 358,46 12.12.11 10:00 PM| 0,0046] 28,59 16,94 471,99
11.28.11 10:15 PM -0,0030 29,091,69| 359,07 12.12.11 10:15PM| 0,0472] 28,59 16,98 466,49
11.28.11 10:30 PM -0,0030 29,121,69| 359,68 12.12.1110:30 PM| 0,0183] 28,52 16,94 466,49
11.28.11 10:45 PM -0,0030 29,141,69| 358,46| 12.12.11 10:45PM| 10,0365 2854 17,02 471,37
11.28.11 11:00 PM -0,0030 29,141,69| 355,41 12.12.1111:00 PM| 0,0304] 2854 17,02 478,7
11.28.11 11:15 PM 0,001 29,141,69| 357,85/ 12.12.1111:115PM| 0,0213] 28,52 17,01 478,7
11.28.11 11:30 PM -0,0030 29,141,54| 354,19) 12.12.1111:30PM| 0,0198 28,57 17,02 488,44
11.28.11 11:45 PM -0,0030 29,121,54| 353,58 12.12.11 11:45PM| 0,0076] 28,59 17,09 492,74
11.29.11 12:00 AM -0,0030 29,121,54| 354,19 12.13.11 12:00 AM| 0,0076| 28,62 17,] 492,74
11.29.11 12:15 AM | -0,0020 29,121,46| 353,58| 12.13.11 12:15 AM| 0,0244| 28,64 17,1 500,06
11.29.11 12:30 AM -0,0030 29,121,46| 353,58 12.13.11 12:30 AM| 0,0350| 28,64 17,13 503,11
11.29.11 12:45 AM | -0,0030 29,121,46| 351,14/ 12.13.11 12:45 AM| 0,0061| 28,64 17,02 503,11
11.29.11 01:00 AM -0,0030 29,1411,46| 353,58 12.13.11 01:00 AM| 0,0198| 28,6y 16,95 503,11
11.29.11 01:15 AM -0,0030 29,1411,46| 354,19 12.13.11 01:15 AM| 0,0259| 28,64 16,79 505,55
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
11.29.11 01:30 AM -0,003Q0 29,141,39| 348,69 12.13.11 01:30 AM 0,0122 | 28,57 16,71 505,55
11.29.11 01:45 AM 0,0061] 29,1411,31| 348,69] 12.13.11 01:45 AM 0,0381 | 28,59 16,56 500,67
11.29.11 02:00 AM -0,0030 29,171,31| 351,14/ 12.13.11 02:00 AM 0,0061 | 28,54 16,49 495,18
11.29.11 02:15 AM -0,003Q0 29,191,31| 354,19 12.13.11 02:15 AM 0,0244 | 28,57 16,49 486,02
11.29.11 02:30 AM -0,0020 29,191,31| 353,58] 12.13.11 02:30 AM 0,0106 | 28,42 16,4| 473,82
11.29.11 02:45 AM -0,003Q0 29,191,23| 353,58 12.13.11 02:45 AM 0,0228 | 28,37 16,2% 471,37
11.29.11 03:00 AM -0,0030 29,191,23| 353,58] 12.13.11 03:00 AM 0,0320 | 28,22 16,17 459,17
11.29.11 03:15 AM -0,003Q0 29,191,16| 353,58] 12.13.11 03:15 AM 0,0259 | 28,2 | 16,11 448,79
11.29.11 03:30 AM -0,003Q0 29,191,16| 351,75 12.13.11 03:30 AM 0,0213 | 28,35 16,17 446,96
11.29.11 03:45 AM -0,0030 29,191,16| 353,58] 12.13.11 03:45 AM 0,0365 | 28,39 16,18 450,62
11.29.11 04:00 AM -0,003Q0 29,221,16| 356,02 12.13.11 04:00 AM 0,0183 | 28,49 16,18 451,23
11.29.11 04:15 AM 0,0046] 29,221,16| 359,07] 12.13.11 04:15 AM 0,0015 | 28,49 16,14 447,57
11.29.11 04:30 AM -0,003Q 29,221,08| 356,63 12.13.11 04:30 AM 0,0381 | 28,49 16,07 443091
11.29.11 04:45 AM -0,0030 29,221,08| 360,9 | 12.13.11 04:45 AMO0,0137 | 28,49 16,18 445,13
11.29.11 05:00 AM —0,003(|) 29,221 363,34 12.13.11 05:00 AM 0,0167 | 28,57 16,34 440,25
11.29.11 05:15 AM -0,003Q0 29,190,92| 366,39 12.13.11 05:15 AM 0,0000 | 28,57 16,34 437,81
11.29.11 05:30 AM -0,0030 29,221 371,28 12.13.11 05:30 AM 0,0167 | 28,52 16,26 432,92
11.29.11 05:45 AM -0,002Q 29,24.0,93| 375,55 12.13.11 05:45 AM 0,0320 | 28,49 16,18 438,42
11.29.11 06:00 AM -0,0030 29,2410,85| 378,6 | 12.13.11 06:00 AM-0,0030| 28,54 16,18 434,75
11.29.11 06:15 AM -0,003Q 29,240,85| 387,76 12.13.11 06:15 AM 0,0030 | 28,54 16,26 437,81
11.29.11 06:30 AM 0,0244) 29,240,93| 390,81] 12.13.11 06:30 AM 0,0533 | 28,52 16,18 444,52
11.29.11 06:45 AM -0,0030 29,2410,93| 383,48] 12.13.11 06:45 AM 0,0244 | 28,49 16,18 446,96
11.29.11 07:00 AM -0,003Q0 29,240,85| 375,55/ 12.13.11 07:00 AM 0,0046 | 28,47 16,1| 4494
11.29.11 07:15 AM -0,0030 29,2710,85| 383,48] 12.13.11 07:15 AM 0,0167 | 28,49 15,88 447,57
11.29.11 07:30 AM -0,003Q 28,720,44| 390,2 | 12.13.11 07:30 AM-0,0030| 28,49 15,73 454,28
11.29.11 07:45 AM -0,0030 27,9 10,y992,64|12.13.11 07:45 AM -0,0030| 28,49 15,88 461
11.29.11 08:00 AM —0,003(|) 27,1 10,9892,64|12.13.11 08:00 AM -0,0030| 28,49 15,88 468,32
11.29.11 08:15 AM -0,003Q0 27,921,18| 400,57 12.13.11 08:15 AM 0,0015 | 28,39 15,87 456,73
11.29.11 08:30 AM -0,0030 28,021,26| 398,13] 12.13.11 08:30 AM 0,0046 | 28,42 16,03 461,61
11.29.11 08:45 AM -0,003Q0 28,391,43| 410,34/ 12.13.11 08:45 AM 0,0046 | 28,49 16,18 470,76
11.29.11 09:00 AM -0,0030 28,621,75| 424,99] 12.13.11 09:00 AM 0,0244 | 28,59 16,6| 503,11
11.29.11 09:15 AM 0,0365 28,822,26| 468,32 12.13.11 09:15 AM 0,0213 | 28,54 17,28 573,3
11.29.11 09:30 AM 0,0274) 28,993 537,9 | 12.13.11 09:30 AM0,0183 | 28,47 18,44 686,22
11.29.11 09:45 AM -0,0030 29,193,47| 588,56| 12.13.11 09:45 AM 0,0244 | 28,57 19,35 800,96
11.29.11 10:00 AM -0,003Q 29,293,93| 620,91 12.13.11 10:00 AM 0,0350 | 28,79 20,19 881,53
11.29.11 10:15 AM 0,0030] 29,444,09| 645,32] 12.13.11 10:15 AM 0,0152 | 28,92 20,19 879,09
11.29.11 10:30 AM -0,003Q0 29,494,4 | 620,3| 12.13.11 10:30 AM0,0320 | 28,99 20,3% 884,58
11.29.11 10:45 AM 0,0167] 29,544,17|577,58] 12.13.11 10:45 AM 0,0228 | 28,87 20,41 881,53
11.29.11 11:00 AM 0,0228 29,394,32| 630,68] 12.13.11 11:00 AM 0,0076 | 28,77 20,86 876,65
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C % ppm Date m/s °C % ppm
11.29.11 11:15 AM -0,0020  29,5945,7 932,8 12.13.11 11:15 AM 0,0365 28,79 21,75 18,26
11.29.11 11:30 AM 0,0000 29,826,55 | 1.168,40f 12.13.1111:30 AM -0,0030 28|79 22,4.043,27
11.29.11 11:45 AM -0,0030 29,847,08 | 1.040,83] 12.13.1111:45AM 0,0304 28(89 23,16135,44
11.29.11 12:00 PM 0,0106 29,895,81 | 794,86 12.13.11 12:00 PM_ 0,0076 28|89 23,0128111
11.29.11 12:15 PM 0,0106 29,575,93 | 1.026,18] 12.13.1112:15PM 0,032D 28,72 22282
11.29.11 12:30 PM 0,0244 29,y46,36 | 1.153,14| 12.13.1112:30 PM 0,0654 28,72 2294745
11.29.11 12:45 PM -0,0030 29,464,74 | 758,85 12.13.11 12:45 PM  0,0061 28|67 21,639,499
11.29.11 01:00 PM -0,0020 28,873,49 | 537,9 12.13.11 01:00 PM  0,0152 28(82 20,861,764
11.29.11 01:15 PM -0,0030 28,y93,41 | 459,17 12.13.11 01:15 PM  0,0091 28|89 20,38,%
11.29.11 01:30 PM 0,001 28,893,26 | 459,78 12.13.1101:30 PM  -0,0030 28|72 20,681,34
11.29.11 01:45 PM 0,0106 28,9713,38 | 501,28 12.13.11 01:45 PM_ -0,0020 28|59 20,798,52
11.29.11 02:00 PM -0,0030 29,194,92 | 900,45 12.13.11 02:00 PM  0,01838 28(64 23,2286171
11.29.11 02:15 PM -0,0020 29,8718,41 | 1.468,08| 12.13.1102:15PM 0,071p 29,07 25P450,99
11.29.11 02:30 PM -0,0030 30,849,45 | 1.799,50] 12.13.1102:30 PM 0,0228 29,41 268458,61
11.29.11 02:45 PM 0,00917 30,420,73 | 1.787,90] 12.13.11 02:45 PM 0,0548 29,49 264B78,55
11.29.11 03:00 PM 0,0472 30,5719,5 1.571,23| 12.13.11 03:00 PM 0,0365 29,49 26,0446,11
11.29.11 03:15 PM 0,0091 30,8718,25 | 1.113,46] 12.13.1103:15PM 0,016f 29,44 259862,49
11.29.11 03:30 PM -0,0020 30,898,25 | 1.099,43| 12.13.11 03:30 PM  0,033p 29,39 248987,32
11.29.11 03:45 PM -0,0030 30,528,03 | 1.082,34] 12.13.1103:45PM 0,0198 29,34 245241,03
11.29.11 04:00 PM 0,007 30,627,81 | 1.010,93| 12.13.11 04:00 PM 0,0396 29,57 241243,47]
11.29.11 04:15 PM -0,0030 30,5 16,97 906,5 12116415 PM | 0,0289 | 29,41 24,82 1.169
11.29.11 04:30 PM -0,0030 30,025,27 | 642,88 12.13.11 04:30 PM 0,001 28|69 22 ,7%6,6P
11.29.11 04:45 PM -0,0030  29,594,71 | 5495 12.13.11 04:45PM  0,0046 28|72 22,562,787
11.29.11 05:00 PM -0,0030 29,4944 501,28 12.13.11 05:00 PM -0,0020 28{74 21,482.%F
11.29.11 05:15 PM -0,0030  29,894,17 | 473,21 12.13.11 05:15 PM_ -0,0020 28|74 20,786,738
11.29.11 05:30 PM -0,0030 29,843,93 | 450,01 12.13.11 05:30 PM -0,0030 28|72 20339,73
11.29.11 05:45 PM -0,0030 29,P93,55 | 434,14 12.13.11 05:45 PM  0,0259 28(69 19,588,228
11.29.11 06:00 PM -0,0030 29,2713,32 | 429,26 12.13.11 06:00 PM_ -0,0030 28|59 1948%57,48
11.29.11 06:15 PM -0,0030 29,192,78 | 415,22 12.13.11 06:15PM -0,0020 28}69 19430,76
11.29.11 06:30 PM -0,0030 28,y711,99 | 392,64 12.13.11 06:30 PM_ -0,0020 28|64 18,9%8,98
11.29.11 06:45 PM -0,003p 28,441,67 | 380,43 12.13.11 06:45 PM  0,0030 28{49 18,6 1,286
11.29.11 07:00 PM -0,0030 28,291,58 | 375,55 12.13.11 07:00 PM  0,0046 28|57 18,486,96
11.29.11 07:15 PM -0,0030 28,8%1,89 | 370,67 12.13.1107:15PM 0,0106 28|67 18,3852
11.29.11 07:30 PM -0,0030 28,692,006 | 373,11 12.13.1107:30 PM  -0,0020 28|62 13.846,96
11.29.11 07:45 PM -0,0030 28,871,99 | 373,11 12.13.11 07:45 PM_ -0,0030 28|57 134225,74
11.29.11 08:00 PM -0,0030p 28,891,99 | 373,72 12.13.11 08:00 PM -0,0020 28|39 13845,74
11.29.11 08:15 PM -0,0030 28,941,96 | 376,16 12.13.11 08:15 PM  -0,0020 28{27 13487,81
11.29.11 08:30 PM -0,003p 28,971,92 | 375,55 12.13.11 08:30 PM -0,0020 28|35 18438,42
11.29.11 08:45 PM -0,0030 28,941,84 | 378,6 12.13.11 08:45 PM -0,0020 28|32 18,138,42

101



Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C % ppm Date m/s °C % | ppm
11.29.11 09:00 PM| -0,003p 28,971,84 | 383,44 12.13.11 09:00 PM| 0,000Q 28,49 17,99 440|25
11.29.11 09:15 PM| -0,003Dp 28,971,84 | 381,04 12.13.11 09:15 PM| 0,0167 28,59 18 44025
11.29.11 09:30 PM| -0,003p 28,971,76 | 383,4412.13.11 09:30 PM| 0,004 28,72 18,08 445|13
11.29.11 09:45 PM| -0,003Dp 29,021,84 | 385,93 12.13.11 09:45PM| 0,035Q0 28,89 18,17 445|13
11.29.11 10:00 PM| -0,003p 28,971,69 | 382,8412.13.1110:00 PM| 0,0013 28,99 18,25 448|18
11.29.11 10:15PM| -0,003Dp 28,941,61 | 385,9312.13.11 10:15PM| 0,0091 28,84 18,24 4433
11.29.11 10:30 PM| -0,003Dp 28,941,53 | 385,9312.13.1110:30 PM| 0,0274 28,89 18,24 446|96
11.29.11 10:45 PM| -0,003Dp 28,921,45 | 385,93 12.13.11 10:45PM| 0,0167 28,84 18,24 4549
11.29.11 11:00 PM| -0,003Dp 28,921,45 | 385,31 12.13.11 11:00 PM| 0,010 28,97 18,28 4549
11.29.11 11:15 PM| -0,003D 28,941,45 | 385,9312.13.1111:15PM| 0,004 29,02 18,82 460|39
11.29.11 11:30 PM| -0,003Dp 28,941,38 | 388,371 12.13.11 11:30 PM| 0,0289 28,94 18,89 468|93
11.29.11 11:45 PM| -0,003D 28,941,38 | 388,3412.13.1111:45PM| 0,003Q 28,92 18,82 471|37
11.30.11 12:00 AM| -0,0030 28,941,3 387,74 12.14.11 12:00 AM| 0,0061] 28,77 18,31 475)65
11.30.11 12:15 AM| -0,0030 28,94.1,22 | 388,34 12.14.11 12:15 AM| -0,0030 28,79 18,24 476p6
11.30.11 12:30 AM| -0,0030 28,8711,22 | 388,34 12.14.11 12:30 AM| 0,0015] 28,47 18,23 476p6
11.30.11 12:45 AM| -0,0030 28,871,14 | 390,2| 12.14.1112:45 AWM 0,015 28|69 18,193,217
11.30.11 01:00 AM| -0,0030 28,8941,14 | 388,3412.14.11 01:00 AM| 0,0183] 28,79 18,2 4787
11.30.11 01:15 AM| -0,0030 28,871,14 | 387,74 12.14.11 01:15 AM| -0,0030 28,717 18,23 481f14
11.30.11 01:30 AM| -0,0030 28,821,06 | 383,44 12.14.11 01:30 AM| 0,0000] 28,74 18,16 481j4
11.30.11 01:45 AM| -0,0030 28,821,006 | 387,74 12.14.11 01:45 AM| 0,0152] 28,717 18,16 481f14
11.30.11 02:00 AM| -0,0030 28,871,06 | 390,81 12.14.11 02:00 AM| -0,0030 28,64 18,15 48053
11.30.11 02:15 AM| -0,0030 28,9711,19 | 393,84 12.14.11 02:15 AM| 0,0000] 28,67 18,15 4791
11.30.11 02:30 AM| -0,0030 28,94.1,15 | 393,254 12.14.11 02:30 AM| 0,0046] 28,712 18,19 47076
11.30.11 02:45 AM| -0,0030 28,§941,07 | 390,2| 12.14.11 02:45 Ay -0,00 28|77 18,236,26
11.30.11 03:00 AM| -0,0030 28,94.1,07 | 392,64 12.14.11 03:00 AM| 0,0076] 28,712 18,19 476p6
11.30.11 03:15 AM| -0,0030 28,941,03 | 390,83 12.14.11 03:15 AM| 0,0030] 28,64 18,15 476,87
11.30.11 03:30 AM| -0,0030 28,920,91 | 390,83 12.14.11 03:30 AM| 0,0046] 28,689 18,08 47137
11.30.11 03:45 AM| -0,0030 28,920,83 | 388,31 12.14.11 03:45 AM| 0,0061] 28,59 18,07 47443
11.30.11 04:00 AM| -0,0030 28,970,84 | 390,2| 12.14.11 04:00 Ay 0,007 28/69 18 41,3
11.30.11 04:15 AM| -0,0030 29,04.0,92 | 390,81 12.14.11 04:15 AM| 0,0061] 28,719 18,01 46649
11.30.11 04:30 AM| -0,0030 29,090,92 | 390,83 12.14.11 04:30 AM| 0,0030] 28,89 17,94 464)05
11.30.11 04:45 AM| 0,0122] 29,020,84 | 392,64 12.14.11 04:45 AM| 0,0320] 28,94 18,02 46588
11.30.11 05:00 AM| -0,0030 29,020,84 | 393,84 12.14.11 05:00 AM| 0,0046] 28,89 17,94 464)05
11.30.11 05:15 AM| -0,0030 29,020,84 | 393,24 12.14.11 05:15 AM| -0,0020 28,89 17,98 473p1
11.30.11 05:30 AM| -0,0030 29,04.0,76 | 393,24 12.14.11 05:30 AM| 0,0320] 28,92 17,94 46954
11.30.11 05:45 AM| -0,0030 29,070,76 | 395,04 12.14.11 05:45 AM| 0,0137] 28,99 17,95 47137
11.30.11 06:00 AM| -0,0030 29,040,8 393,29 12.14.11 06:00 AM| 0,0106] 29,02 18,02 47187
11.30.11 06:15 AM| -0,0030 29,090,69 | 393,24 12.14.11 06:15 AM| 0,0167] 28,97 17,87 46649
11.30.11 06:30 AM| -0,0030 29,070,61 | 397,54 12.14.11 06:30 AM| 0,0046] 28,94 17,83 468)93
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Table A.01.(Continued)

Room 28 - location ‘A’ Room 28 - location ‘B’

Date m/s °C % ppm Date m/s °C % ppm

11.30.11 06:45 AM -0,0030 | 29,09 10,69 397,527 12.14.1106:45AM 0,0288,89| 17,79 459,17

11.30.11 07:00 AM -0,0030 | 29,09] 10,69 398,13 12.14.1107:00 AM 0,0128B,97| 17,79 459,17

11.30.11 07:15 AM -0,0030 | 29,09] 10,61 397,527 12.14.1107:15AM 0,01&8B,94| 17,87 464,05

11.30.11 07:30 AM -0,0030 | 28,92 10,21 401,18 12.14.1107:30AM 0,01&8B,92| 17,87 461,61

11.30.11 07:45 AM -0,0030 | 28 10,02] 412,17 12.14.1107:45AM 0,006 ,928 17,95 462,22
11.30.11 08:00 AM -0,0030 | 27,28 10,04 407,29 12.14.1108:00 AM 0,01%B,99| 17,98 464,66
11.30.11 08:15 AM -0,0030 | 26,7 | 10,36 412,78 12.14.1108:15AM 0,00448,94| 18,02| 466,49
11.30.11 08:30 AM -0,0030 | 26,62| 10,64 41522 12.14.1108:30 AM -000028,97| 18,1 | 475,65
11.30.11 08:45 AM -0,0020 | 27,06 10,61 420,1 12.14.11 08:45 AM  0,01&8,77| 18,39] 495,79
11.30.11 09:00 AM -0,0030 | 26,82 10,67 420,1 12.14.11 09:00 AM  -0,0028,67 | 18,61 504,33
11.30.11 09:15 AM -0,0030 | 26,6 | 10,9 | 428,04 12.14.1109:15AM 0,00768,52| 18,67| 504,94
11.30.11 09:30 AM -0,0030 | 26,72 10,9| 437,191 12.14.1109:30AM 0,04418,35| 18,89 517,76

11.30.11 09:45 AM 0,0000 | 26,55 11,03 437,19 12.14.1109:45AM 0,02PB,32| 19,34| 578,8

11.30.11 10:00 AM -0,0030 | 27,6 | 12,25 553,16/ 12.14.11 10:00 AM 0,00&8,67| 20,81 741,76

11.30.11 10:15 AM 0,0046 | 28,69 13,9| 797,91 12.14.1110:15AM 0,01538,92| 21,95| 889,47
11.30.11 10:30 AM 0,0000 | 29,24] 14,73 976,794 12.14.1110:30 AM 0,00®,09| 23,1 | 1.006,04
11.30.11 10:45 AM 0,0076 | 29,52 16 1.066,4712.14.11 10:45 AM| 0,0183 29,119 23,7 1.045|10

11.30.11 11:00 AM 0,0046 | 29,57 15,09 813,17 12.14.1111:00 AM 0,044D,19| 22,77| 925,48

11.30.11 11:15 AM 0,0061 | 29,57] 16,0] 1.082,$42.14.11 11:15 AM| 0,0167 29,32 23,12 1.013|98

2

11.30.11 11:30 AM 0,0259 | 29,64] 16,54 1.302,$12.14.1111:30 AM| 0,0244 29,49 24,%3 1.224{55
6
2

11.30.11 11:45 AM 0,0076 | 29,64 16,85 1.310,612.14.1111:45 AM| 0,0320 29,72 25,4 1.444)27
11.30.11 12:00PM 0,0198| 29,62 16,01 952,94 121142100 PM | 0,0426] 29,6 24,32 1.178)77
11.30.1112:15PM 0,0335| 29,92 17,39 1.36372.14.1112:15PM| 0,004¢ 29,72 24,98 1.34113
11.30.11 12:30 PM  -0,002Q 30,09 18,23 1.468%,08.14.1112:30 PM| 0,0274 29,79 26,p3 1.474,40
11.30.1112:45PM -0,003Q0 30,14 17,29 1.161,792.14.1112:45PM| 0,0091 29,44 23,94 1.09410
11.30.11 01:00 PM 0,0015| 29,99 16,18 819,89 121141100 PM | 0,0213] 29,00 22,84 909
11.30.1101:15PM -0,003Q0 29,87 15,22 674,642 1211@1:15PM | 0,0289 28,97 22,43 845,5%
11.30.11 01:30 PM_ -0,003Q0 29,77 14,8 6673 12.1@1130 PM | 0,0228| 28,84 22,05 808,9
11.30.1101:45PM -0,0030 29,74 14,57 70148 1211@1:45PM| 0,0137] 28,74 21,82 800,9
11.30.11 02:00 PM -0,003Q0 29,49 14,49 697, 1211@2t00 PM | 0,0365] 28,9F 22,35 887,01
11.30.11 02:15PM -0,0030 29,49 14,79 790,%9 1211@2:15PM| 0,0137 29,00 22,44 918,7
11.30.11 02:30 PM  -0,003Q0 29,74 15,02 814,39 1211@2:30 PM | 0,0046] 29,02 22,65 974,3
11.30.11 02:45PM -0,003Q0 29,74 15,1 821,42 1211@2t45PM | 0,0228 29,00 22,95 1.023[74
11.30.11 03:00 PM -0,003Q0 29,42 15,18 815 12.1@3t@0 PM | 0,0076] 29,1y 22,48 932,8
11.30.11 03:15PM -0,003Q0 29,49 15,18 807,07 1211@3:15PM| 0,0076] 29,12 22,81 987,1P
11.30.1103:30PM _-0,0029 29,49 15,18 788,16 1211@3:30 PM | 0,0046[ 29,17 23,11 1.023(74
11.30.1103:45PM -0,003Q 29,49 151 77594 1211@345PM | 0,0381] 29,1p 22,96 1.001[16
11.30.11 04:00 PM -0,003Q 29,49 15,02 753,97 1211@4:.00 PM| 0,0137] 29,0/ 22,31 928,53
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
11.30.11 04:15 PM| -0,002D 29,674,87| 723,49 12.14.11 04:15 PM -0,003p 29,02 22,28 9016
11.30.11 04:30 PM| -0,003D 29,444,74| 664,84 12.14.11 04:30 PM -0,002Dp 29,02 21,91 845p2
11.30.11 04:45 PM| -0,003D 29,894,63| 645,34 12.14.11 04:45 PM 0,000 28,89 219 7525
11.30.11 05:00 PM| -0,003p 29,414,7 | 616,64 12.14.11 05:00 PM -0,003p 28,82 21,19 6477
11.30.11 05:15 PM| 0,003Q 29,444,51| 586,73 12.14.11 05:15 PM 0,001§ 28,62 20,62 5694
11.30.11 05:30 PM| -0,003p 29,524,4 | 575,13 12.14.11 05:30 PM -0,003p 28,54 20,82 534B5
11.30.11 05:45 PM| 10,0127 29,624,33| 559,21 12.14.11 05:45 PM -0,002Dp 28,47 19,94 509,83
11.30.11 06:00 PM| 0,035Q 29,443,9 | 503,794 12.14.11 06:00 PM 0,001 28,39 19,y1 49945
11.30.11 06:15 PM| 0,000Q 29,843,78| 481,79 12.14.11 06:15 PM 0,003 28,25 19,63 4862
11.30.11 06:30 PM| -0,002D 29,463,86| 473,84 12.14.11 06:30 PM -0,003p 28,25 19,63 4755
11.30.11 06:45 PM| 0,0015 29,543,71| 473,27 12.14.11 06:45 PM 0,012 28,47 19,b7 47198
11.30.11 07:00 PM| 0,001 29,593,72| 481,14 12.14.11 07:00 PM 0,0183 28,%7 19,7 467
11.30.11 07:15 PM| -0,003p 29,5713,72| 488,44 12.14.11 07:15 PM -0,003p 28,62 19,8 46161
11.30.11 07:30 PM| -0,003D 29,493,63| 490,93 12.14.11 07:30 PM 0,000Q 28,69 19,58 459)78
11.30.11 07:45 PM| -0,003D 29,8713,48| 478,09 12.14.11 07:45 PM 0,000Q 28,74 19,1 455p1
11.30.11 08:00 PM| -0,003p 29,293,32| 463,44 12.14.11 08:00 PM -0,002D0 28,69 19,68 45673
11.30.11 08:15 PM| -0,003D 29,223,24| 453,64 12.14.11 08:15 PM -0,002Dp 28,67 19,58 454p8
11.30.11 08:30 PM| -0,003p 29,123,16| 450,03 12.14.11 08:30 PM -0,002D0 28,69 19,66 454
11.30.11 08:45 PM| -0,003D 29,0713 431,09 12.14.11 08:45 PM -0,002D 28,%2 19,y2 45245
11.30.11 09:00 PM| -0,003p 29,022,85| 417,66 12.14.11 09:00 PM -0,003p 28,54 19,6  450,p1
11.30.11 09:15 PM| -0,003p 28,892,69| 398,13 12.14.11 09:15 PM 0,001 28,49 19,y2 447p7
11.30.11 09:30 PM| -0,003D 28,842,53| 388,94 12.14.11 09:30 PM -0,003p 28,%2 19,42 45245
11.30.11 09:45 PM| -0,003p 28,712,37| 378,6| 12.14.11 09:45 PM -0,00B0 28,27 19,5649
11.30.11 10:00 PM| -0,003D 28,y42,29| 368,84 12.14.11 10:00 PM 0,0091 28,39 19,49 4514
11.30.11 10:15PM| -0,003p 28,722,22| 363,34 12.14.11 10:15 PM 0,003 28,22 19,63 4514
11.30.11 10:30 PM| -0,003D 28,Y712,22| 358,44 12.14.11 10:30 PM -0,002D 28,44 19,63 454
11.30.11 10:45 PM| -0,003D 28,¥92,14| 359,09 12.14.11 10:45 PM -0,003p 28,42 19,84 46039
11.30.11 11:00 PM| -0,003p 28,7712,14| 358,46 12.14.11 11:00 PM 0,007 28,52 19,7 4563
11.30.11 11:15 PM| -0,003D 28,892,3 | 358,44 12.14.11 11:15 PM 0,0259 28,67 19,13 459)8
11.30.11 11:30 PM| -0,003p 29,022,31| 368,84 12.14.11 11:30 PM -0,003p 28,62 19,13 454
11.30.11 11:45 PM| -0,003D 29,092,46| 375,59 12.14.11 11:45 PM -0,002Dp 28,59 18,98 461p1
12.01.11 12:00 AM| -0,0030 29,122,39| 383,484 12.15.11 12:00 AM | -0,0020 28,42 18,67 459,17
12.01.11 12:15 AM| -0,0030 28,9712,15| 377,99 12.15.11 12:15AM | -0,0030 28,05 18,65 464,05
12.01.11 12:30 AM| -0,0030 28,§742,07| 373,13 12.15.11 12:30 AM 0,0061 27,8 18,7 473,82
12.01.11 12:45 AM| -0,0030 28,791,99| 368,84 12.15.11 12:45 AM | -0,0030 27,43 19,06 494,57
12.01.11 01:00 AM| -0,0030 28,84.2,15| 363,99 12.15.11 01:00 AM -0,0020 27,65 18,85 507,89
12.01.11 01:15 AM| -0,0030 29,042,31| 365,784 12.15.11 01:15 AM | -0,0020 27,75 18,18 512,27
12.01.11 01:30 AM| -0,0020 29,142,23| 370,64 12.15.11 01:30 AM -0,0020 27,8 18,63 520,81
12.01.11 01:45 AM| -0,0020 29,092,27| 373,13 12.15.11 01:45 AM -0,0030 27,73 18,51 520,81
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
12.01.11 02:00 AM -0,0030| 29,17 12,31| 375,55/ 12.15.11 02:00 AM| 0,0015 27,97 18,3 515,32
12.01.11 02:15 AM -0,0030| 29,17 12,39| 376,77| 12.15.11 02:15 AM| -0,0030 28,15 18,2 515,32
12.01.11 02:30 AM -0,0030| 29,22 12,32| 381,04] 12.15.11 02:30 AM| -0,0030 28,22 18,28 517,16
12.01.11 02:45 AM -0,0030| 29,07 12,15| 381,04 12.15.11 02:45 AM| -0,0030 28,2 18,2 514,71
12.01.11 03:00 AM -0,0030| 28,89 12,07| 376,16] 12.15.11 03:00 AM| -0,0020 28,12 18,12 507,39
12.01.11 03:15 AM -0,0030| 28,79 11,91| 376,16 12.15.11 03:15 AM| -0,0020 28,25 17,98 503,72
12.01.11 03:30 AM -0,0030| 28,74 11,91| 376,16] 12.15.11 03:30 AM] -0,0030 28,25 17,83 503,11
12.01.11 03:45 AM -0,0030| 28,69 11,75| 371,28| 12.15.11 03:45 AM| -0,003Q0 28,22 17,83 498,43
12.01.11 04:00 AM -0,0030| 28,64 11,6 | 366,39 12.15.11 04:00 AM| 0,0046[ 27,95 17,89 493,96
12.01.11 04:15 AM -0,0030| 28,64 11,44| 365,78] 12.15.11 04:15 AM| 0,0289 27,97 17,89 492,44
12.01.11 04:30 AM -0,0030| 28,59 11,44| 363,95| 12.15.11 04:30 AM| 0,0183 28,35 17,76 492,734
12.01.11 04:45 AM -0,0030| 28,57 11,32| 363,95| 12.15.11 04:45 AM| 0,0289 28,54 17,7 495,79
12.01.11 05:00 AM -0,0030| 28,59 11,32| 370,67| 12.15.11 05:00 AM| 0,0320, 28,64 17,63 492,74
12.01.11 05:15 AM -0,0030| 28,59 11,52| 373,72| 12.15.11 05:15 AM| -0,0020 28,89 17,67 493,35
12.01.11 05:30 AM -0,0030| 28,69 11,52| 371,28] 12.15.11 05:30 AM| 0,009 28,72 17,78 493,96
12.01.11 05:45 AM -0,0030| 28,79 11,6 | 371,24 12.15.11 05:45 AM| 0,0167] 28,719 17,78 498,43
12.01.11 06:00 AM -0,0030| 28,84 11,68| 371,28] 12.15.11 06:00 AM| 0,0046 28,82 17,79 498,33
12.01.11 06:15 AM 0,0106 | 28,89 11,68| 374,33| 12.15.11 06:15 AM| 0,0274 28,82 17,79 498,43
12.01.11 06:30 AM -0,0030| 28,92 11,84| 375,55| 12.15.11 06:30 AM| 0,019 28,87 17,71 503,11
12.01.11 06:45 AM -0,0030| 28,87 11,53| 380,43| 12.15.11 06:45 AM| 0,0228 28,87 17,71 505,95
12.01.11 07:00 AM -0,0030| 28,67 11,44|381,04| 12.15.11 07:00 AM| 0,0137] 28,84 17,79 503,11
12.01.11 07:15 AM -0,0030| 28,59 11,36| 378,6 | 12.15.11 07:15 AM 0,019 28,82 17[/9 505,55
12.01.11 07:30 AM -0,0030| 28,57 11,28|382,87| 12.15.11 07:30 AM| 0,0015 28,714 17,93 51532
12.01.11 07:45 AM -0,0030| 28,35 11,28| 381,04] 12.15.11 07:45 AM| 0,0304 28,22 17,53 505,95
12.01.11 08:00 AM -0,0030| 28,37 11,43| 380,43| 12.15.11 08:00 AM| 0,0122 28,07 17,67 508
12.01.11 08:15 AM -0,0030| 28,44 11,51| 390,81| 12.15.11 08:15 AM| -0,0020 27,97 17,%9 505,95
12.01.11 08:30 AM -0,0030| 28,4¢ 11,51| 400,57 12.15.11 08:30 AM| 0,0000 27,98 18,06 508
12.01.11 08:45 AM -0,0030| 28,35 11,43|404,85| 12.15.11 08:45 AM| 0,0411] 27,65 18,47 513,49
12.01.11 09:00 AM -0,0030| 28,17 11,5 | 409,73 12.15.11 09:00 AM| 0,006 27,88 18,49 510,44
12.01.11 09:15 AM -0,0030| 28,27 11,89| 415,22 12.15.11 09:15 AM| 0,0304 28,07 18,61 51532
12.01.11 09:30 AM -0,0030| 28,3 | 12,04422,55|12.15.11 09:30 AM| 0,0106 28,47 18,7 516, %4
12.01.11 09:45 AM -0,0030| 28,37 12,13| 434,75| 12.15.11 09:45 AM| -0,0020 28,39 18,63 512,88
12.01.11 10:00 AM -0,0030| 28,54 12,25| 450,01 12.15.11 10:00 AM| 0,0198 28,49 19,72 610,93
12.01.11 10:15 AM -0,0030| 28,64 12,21| 453,67| 12.15.11 10:15 AM| 0,0167] 28,84 21,19 79547
12.01.11 10:30 AM -0,0030| 28,69 12,68| 468,32| 12.15.11 10:30 AM| 0,0746[ 28,99 21,98 904,111
12.01.11 10:45 AM -0,0030| 28,67 12,68| 464,05| 12.15.11 10:45 AM| 0,0304 29,12 22,21 9213
12.01.11 11:00 AM 0,0167 | 28,59 12,83|459,17| 12.15.11 11:00 AM| 0,0198 29,19 22,74 9621
12.01.11 11:15 AM -0,0030| 28,64 13,02| 468,32 12.15.11 11:15 AM| 0,0320 29,41 24,23 1.14(,32
12.01.11 11:30 AM -0,0030| 28,64 13,14| 464,66] 12.15.11 11:30 AM| 0,0167] 29,99 24,53 1.22§,82
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Table A.01.(Continued)

Room 28 - location ‘A’ Room 28 - location ‘B’
Date m/s °C| % ppm Date m/s °C % ppm
12.01.11 11:45 AM | -0,0030 28,54.3,06| 4494 | 12.15.11 11:45AM 0,0137 29,62 24,54 1.264,49
513,06 473,82 | 12.15.1112:00 PN1  0,0289 2944 23|49 1.08p6

12.01.11 12:00 PM | -0,003

N
o

12.01.11 12:15PM | -0,0030 28,y43,06| 481,14 | 12.15.1112:15PNM 0,0061 29,57 24|02 1.B1B,3
28,893,07| 483,58 | 12.15.1112:30 PM  0,0122 29,37 22|45 893,y4
28,993,15| 529,97 | 12.15.1112:45PNM 0,0320 29/19 21|92 788,[/6
29,013,46| 569,03 | 12.15.1101:00 PM 0,0381 29,24 22|19 818,p6
29,824,16| 708,8 12.15.11 01:15PM 0,021 29,67 22[91 896,f9
29,494,711 805,85 | 12.15.11 01:30 PN -0,0020 29,79 23j81 137,
29,495,17| 743,59 | 12.15.11 01:45 PN 0,0061 29,54 22|24 825,p9
29,124,69| 630,68 | 12.15.11 02:00 PM 0,0350 29,39 21|94 798,p2
28,894,3 | 592,22 | 12.15.1102:15PM 0,0046 29,46 21,794,483
28,744,14| 563,54 | 12.15.11 02:30 PM 0,016y 29/52 21|76 774,f2

28,793,91| 574,52 | 12.15.11 02:45 PN 0,0411 29/44 22|16 859,p6

28,695,43| 836,98 | 12.15.11 03:00 P  -0,0040 29,27 24 1.076¢,84

12.01.11 12:30 PM | -0,003]

12.01.11 12:45PM | -0,002

12.01.11 01:00 PM | -0,003]

12.01.11 01:15PM | -0,002

12.01.11 01:30 PM | -0,002

12.01.11 01:45 PM | -0,003]

12.01.11 02:00 PM | -0,003

12.01.11 02:15 PM | -0,003]

12.01.11 02:30 PM | -0,003

12.01.11 02:45 PM | -0,003]

O O |O©O |© |[O [O |O |© |©o |[©o |© |© o

12.01.11 03:00 PM | -0,003

12.01.11 03:15PM | 0,019 28,946,81| 1.070,74) 12.15.11 03:15 PM| 0,0015 29,22 26,41 1.294,57
29,197,24| 1.295,96| 12.15.11 03:30 PM| 0,0350 29,27 28,08 1.461,98
29,226,9 | 1.109,19 12.15.11 03:45 PM| 0,073 29,27 26,4 1.271,65
28,897,19| 953,55 | 12.15.11 04:00 PN 0,0046 28,94 24/75 855,p9
29,017,72) 1.162,90) 12.15.11 04:15 PM|  0,0167 28,84 25,87 1.12Q,79

N

~

12.01.11 03:30 PM | -0,002

12.01.11 03:45 PM | -0,002

12.01.11 04:00 PM | -0,003]

o O O O

12.01.11 04:15 PM | -0,003]
12.01.1104:30PM | 0,0137 29,147,73| 1.075,62] 12.15.11 04:30 PM| 0,0198 28,74 25,43 1.049,38
28,495,38| 758,85 | 12.15.1104:45PM 0,0076 28,64 25|38 1.04p,1
28,895,72| 748,47 | 12.15.11 05:00 PM -0,0040 28,47 24[75 964,p4
28,415,65| 748,47 | 12.15.1105:15PM 0,0350 28,22 22|75 689,p7
28,515,65| 745,42 | 12.15.1105:30 P\ 0,0000 27/6 22|12 586,12
28,444,58| 657,53 | 12.15.11 05:45PM -0,0030 27,43 21}29 527,p3
28,033,88| 537,29 | 12.15.11 06:00 P -0,0040 27,21 20,87 515,82

12.01.11 04:45 PM | -0,003]

12.01.11 05:00 PM | -0,003

12.01.11 05:15 PM | -0,003]

12.01.11 05:30 PM | -0,003

12.01.11 05:45 PM | -0,003]

12.01.11 06:00 PM | -0,003

12.01.11 06:15PM | -0,0030 27,983,53| 465,27 | 12.15.11 06:15 PN 0,0030 26,97 20;71 498,p3
27,983,111 426,82 | 12.15.11 06:30 PM  0,001% 26,72 2066 4886
27,912,88| 407,9 12.15.11 06:45 PM_ 0,003 2643 20{42 490,38
27,9 12)4392,64 | 12.15.1107:00 PM 0,0000 26,13 20j4  483,p8
27,9 12/3377,99 | 12.15.11 07:15 PN -0,003
27,912,22| 370,67 | 12.15.11 07:30 P\ -0,002
27,9 11,8366,39 | 12.15.11 07:45 PN -0,003
27,8  11,78%63,95 | 12.15.11 08:00 PN -0,002
27,y 11)6 359,47 12.168t15 PM | -0,0030 26,62 20,24 4378
27,6 11),5863,58 | 12.15.1108:30 PM -0,0030 26,72 19|99 437,19
27,y 11)7353,58 | 12.15.11 08:45PM -0,0030 26,84 19|92 436,p8
27,881,72| 353,58 | 12.15.11 09:00 PM -0,0040 26,97 19{7 437,81

12.01.11 06:30 PM | -0,003]

12.01.11 06:45 PM | -0,003

12.01.11 07:00 PM | -0,003]

12.01.11 07:15PM | -0,003 25/99 2061 483,p8
26/04 20|84 481,14
26/26 2041 456,(3

26/43 20j42 444,p2

12.01.11 07:30 PM | -0,003]

12.01.11 07:45 PM | -0,003]

12.01.11 08:00 PM | -0,003

12.01.11 08:15 PM | -0,003]

12.01.11 08:30 PM | -0,003

12.01.11 08:45 PM | -0,003]

12.01.11 09:00 PM | -0,003

O [O [O O |©O |O |[©O |© |©o O |©o | o | o o o o o

12.01.1109:15PM| -0,0030 27,9 116 353,98 12.16915PM | -0,0020 26,6p 19,54 4317
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
12.01.11 09:30 PM|  -0,003p 27,831,33| 356,63| 12.15.11 09:30 PM_ 0,000Q 26,52 19,53 434|75
12.01.11 09:45 PM| -0,003p 27,831,49|359,07] 12.15.11 09:45 PM -0,003D0 26,23 19,4 43292
12.01.11 10:00 PM| -0,003p 27,881,49|361,51] 12.15.11 10:00 PM -0,003D 26,43 19,82 435|36
12.01.11 10:15 PM -0,003p 27,921,41| 363,34/ 12.15.1110:15PM_-0,002D 26,52 19,68 442|69
12.01.1110:30 PM| -0,003p 27,9 11/4%65,78|12.15.1110:30 PM -0,002D 26,5 19,68 440)25
12.01.11 10:45 PM  -0,003p 28,021,49| 370,67] 12.15.11 10:45 PM_ -0,002D 26,52 19,46 432|31
12.01.11 11:00 PM| -0,003p 28,1215 | 373,11 12.15.11 11:00 PM -0,003D0 26,48 19,82 444|52
12.01.11 11:15PM -0,003p 28,171,5 | 371,24 12.15.11 11:15PM_-0,003D 26,57 19,9 45917
12.01.11 11:30 PM| -0,003p 28,081,5 | 373,74 12.15.11 11:30 PM_ 0,004 26,55 19,88 459|17
12.01.1111:45PM -0,003p 28,p31,42|370,67]12.15.11 11:45PM 0,0013 26,43 19,52 456|73
12.02.11 12:00 AM| -0,0030 27,881,18| 368,23| 12.16.11 12:00 AM -0,0020| 26,28 19,59 453,6f
12.02.11 12:15 AM| -0,0030 27,781,25|363,95| 12.16.11 12:15 AM -0,0030| 26,3 | 19,674 451,84
12.02.11 12:30 AM| -0,0030 27,681,02| 359,07] 12.16.11 12:30 AM -0,0020| 26,5 | 19,64 464,0p
12.02.11 12:45 AM| -0,0030 27,480,97|356,63| 12.16.11 12:45 AM -0,0020| 26,52 19,31 465,88
12.02.11 01:00 AM| -0,0030 27,430,93|353,58]| 12.16.11 01:00 AM -0,0020| 26,33 19,44 461,6|L
12.02.11 01:15 AM| -0,0030 27,630,94| 356,63| 12.16.11 01:15 AM 0,0015 | 26,33 19,37 486,6B
12.02.11 01:30 AM| -0,0030 27,430,78| 358,46 12.16.11 01:30 AM -0,0030| 26,18 19,66 492,7§
12.02.11 01:45 AM| -0,0030 27,530,86| 363,95| 12.16.11 01:45 AM -0,0020| 26,38 19,64 487,8p
12.02.11 02:00 AM| -0,0030 27,590,86|371,28]| 12.16.11 02:00 AM -0,0030| 26,52 19,46 493,9p
12.02.11 02:15 AM| -0,003(0 27,510,86| 375,55| 12.16.11 02:15 AM 0,0000 | 26,6 | 19,31 493,3p
12.02.11 02:30 AM| -0,0030 27,530,82| 373,11 12.16.11 02:30 AM 0,0000 | 26,52 18,7 490,3
12.02.11 02:45 AM| -0,0030 27,410,77|373,11] 12.16.11 02:45 AM -0,0030| 26,13 18,61 473,2|L
12.02.11 03:00 AM| -0,003(0 27,590,94|378,6 | 12.16.11 03:00 AM-0,0030| 26,06 18,72 483,58
12.02.11 03:15 AM| -0,0030 27,7 10,8887,76]12.16.11 03:15 AM -0,0030| 26,11 18,76 481,14
12.02.11 03:30 AM| -0,0030 27,7 10,0882,87| 12.16.11 03:30 AM -0,0030| 26,1 18,69 486,0p
12.02.11 03:45 AM| -0,0030 27,7 10,6381,04]| 12.16.11 03:45 AM -0,0030| 26,06 18,76 4854
12.02.11 04:00 AM| -0,0030 27,6 10,r382,87|12.16.11 04:00 AM 0,0015 | 26,11] 18,65 487,8p
12.02.11 04:15 AM| -0,003(0 27,510,47|385,31]| 12.16.11 04:15 AM -0,0020| 25,99 18,79 481,7p
12.02.11 04:30 AM| -0,0030 27,590,66|383,48]| 12.16.11 04:30 AM -0,0020| 25,82 18,64 478,7|
12.02.11 04:45 AM| -0,0030 27,530,63| 387,76| 12.16.11 04:45 AM -0,0030| 25,67 18,8 475,6p
12.02.11 05:00 AM| -0,0030 27,590,7 | 393,24 12.16.11 05:00 AM -0,0030| 25,74 18,74 476,2p
12.02.11 05:15 AM| -0,003(0 27,680,71| 398,74| 12.16.11 05:15 AM -0,0020| 25,72 18,66 471,3f
12.02.11 05:30 AM| -0,0030 27,890,83|398,13| 12.16.11 05:30 AM -0,0030| 25,6 | 18,5§ 466,4p
12.02.11 05:45 AM| -0,0030 27,990,87|397,52]| 12.16.11 05:45 AM -0,0030| 25,53 18,58 4713y
12.02.11 06:00 AM| -0,0030 28 10,8802,4 | 12.16.11 06:00 ANM-0,0020| 25,55 18,5| 470,7p
12.02.11 06:15 AM| -0,0030 28 10,8 403{02.16.11 06:15 AM -0,0020| 25,57 18,36 470,7p
12.02.11 06:30 AM| -0,0030 28,090,72| 401,18| 12.16.11 06:30 AM -0,0030| 25,62 18,36 473,8p
12.02.11 06:45 AM| -0,0030 28,1 10,F395,08]| 12.16.11 06:45 AM 0,0015 | 25,48 18,35 471,3)
12.02.11 07:00 AM| -0,0030 28,070,72|397,52] 12.16.11 07:00 AM -0,0030| 25,11] 18,48 464,0p
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Table A.01.(Continued)

Room 28 - location ‘A’

Room 28 - location ‘B’

Date m/s °C % | ppm Date m/s °C % | ppm
12.02.11 07:15 AM| -0,0030 27,880,48| 407,9| 12.16.1107:15 AM 0,0411 24|97 18,7 CHH
12.02.11 07:30 AM| -0,0030 27,530,63| 410,3412.16.11 07:30 AM 0,0198 24,65 19,05 466,49
12.02.11 07:45 AM| -0,0030 27,3110,69| 407,2912.16.11 07:45 AM 0,0137] 24,41 19,55 466,49
12.02.11 08:00 AM| -0,0030 27,2110,88| 410,95 12.16.11 08:00 AM 0,0411] 24,48 19,89 464,05
12.02.11 08:15 AM| -0,0030 27,331 407,29 12.16.11 08:15 AM -0,0030 24,53 20,23 4494
12.02.11 08:30 AM| -0,0030 27,531,09| 407,29 12.16.11 08:30 AM 0,0076 24,94 204 462|183
12.02.11 08:45 AM| -0,0030 27,681,29| 422,59 12.16.11 08:45 AM -0,003Q0 25,43 20,28 46832
12.02.11 09:00 AM| -0,0030 27,681,48| 429,81 12.16.11 09:00 AM -0,0030 25,47 20,07 464,66
12.02.11 09:15 AM| -0,0030 27,131,56| 434,75 12.16.11 09:15 AM -0,0030 25,99 20,24 456,73
12.02.11 09:30 AM| -0,0030 27,831,56| 446,96 12.16.11 09:30 AM -0,003Q0 26,28 20,04 46405
12.02.11 09:45 AM| -0,0030 27,7 11,%6 437|8P.16.1109:45AM -0,0030 26,4 20,08 46832
12.02.11 10:00 AM| -0,0030 27,631,55| 434,7912.16.11 10:00 AM -0,0020 26,92 20,01 46893
12.02.11 10:15 AM| -0,0030 27,7 11,79 4317 12.14Q15AM]| -0,0030] 26,62 19,91 464,p5
12.02.11 10:30 AM| -0,0030 27,781,79| 424,34 12.16.11 10:30 AM -0,003Q0 26,7 20,02 46588
12.02.11 10:45 AM| -0,0030 27,511,43| 417,66 12.16.11 10:45 AM -0,0020 26,79 20,14 4787
12.02.11 11:00 AM| -0,0030 27,411,62| 409,7312.16.11 11:00 AM -0,0030 26,77 20,47 5379
12.02.11 11:15 AM| -0,0030 27,381,78| 403,04 12.16.11 11:15 AM 0,0046] 26,7 20,51 53729
12.02.11 11:30 AM| -0,0030 27,46.1,78| 404,24 12.16.11 11:30 AM 0,00000 26,3 20,11 52448
12.02.11 11:45 AM| -0,0030 27,361,77| 403,0412.16.1111:45 AM 0,0152] 25,96 21,02 470,15
12.02.11 12:00 PM| -0,002p 27,411,7 | 407,9| 12.16.1112:00 PM 0,013 26{18 21,36 ,5%49
12.02.11 12:15 PM| -0,003p 27,211,85| 410,34 12.16.11 12:15PM_ -0,0030 26,23 21,29 568,42
12.02.11 12:30 PM| -0,003D 27,812 417,64 12.16.11 12:30 PM  -0,0030 26,38 21,49 559,88
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Table A.02.The air speed, temperature, relative humidity @@d data of five days for the
record locations ‘A’ and ‘Bi Room 50

Room 50 - location ‘A’ Room 50 - location ‘B’

Date m/s °C % ppm Date m/s °C|l % ppm

12.19.11 02:30 PM| 0,000Q 24,686,02 | 1.443,6612.26.11 02:30 PM 0,0183 24,5@3,24| 1.117,74

12.19.11 02:45 PM| 0,0274 24,685,96 | 1.419,8612.26.11 02:45 PM 0,019 24,623,03| 1.125,67

12.19.11 03:00 PM| 0,000Q 24,686,16 | 1.454,0412.26.11 03:00 PM 0,039 24,623,25| 1.161,68

12.19.11 03:15 PM| -0,003p 24,y 35,9 1.334,22.26.11 03:15PM_ 0,0213  24,y24,13| 1.261,78

12.19.11 03:30 PM| 0,021 24,y85,64 | 1.355,7712.26.1103:30 PM 0,0104 24,8 24,5 1.329,26

12.19.11 03:45 PM| 0,0837 24,Y35,4 1.277,6912.26.11 03:45PM 0,033 24,8 24,28303,89

12.19.11 04:00 PM| 0,0274 24,y 34,97 1.213%8.26.11 04:00 PM 0,0091 24,8 24,31.308,78

12.19.11 04:15 PM| 0,003Q  24,684,7 1.157,4112.26.11 04:15PM 0,0274 24,8 24,06.232,48

12.19.11 04:30 PM| 0,001 24,684,36 | 1.115,3012.26.11 04:30 PM 0,0167 24,8 23,91.202,58

12.19.11 04:45 PM| 0,0487 24,533,89 | 1.023,1312.26.11 04:45 PM 0,042 24,824,21| 1.264,83

12.19.11 05:00 PM| -0,003Dp 24,483,61 | 959,05 [ 12.26.11 05:00 P 0,033 24,83,92| 1.233,09

12.19.11 05:15 PM| 0,001§ 24,483,51 | 935,24 | 12.26.11 05:15 P 0,00¢ 24,88,84|1.212,95

12.19.11 05:30 PM| 0,0061] 24,483,07 | 880,92 | 12.26.11 05:30 P 0,076 24,84,21| 1.247,13

12.19.11 05:45PM | -0,003D0 24,482,84 | 895,57 | 12.26.11 05:45 P 0,051 24,83,77|1.181,21

12.19.11 06:00 PM| 0,0091 24,482,48 | 866,27 | 12.26.11 06:00 P 0,038 24,88,92| 1.187,93

12.19.11 06:15 PM| 0,0061 24,481,97 | 846,74 | 12.26.11 06:15 P 0,053 24,84,21| 1.172,06

12.19.11 06:30 PM| -0,003D 24,481,91 | 812,56 | 12.26.11 06:30 P 0,003 24,88,99(1.111,02

12.19.11 06:45 PM| 0,0274 24,481,47 | 775,94 | 12.26.11 06:45 P 0,010 24,83,73| 1.054,87

248 23,4 613

12.19.11 07:15 PM| 0,0259 24,480,93 | 71552 | 12.26.1107:15P 0,004 24,23,26| 976,75

12.19.11 07:30 PM| 0,001 24,480,52 | 630,07 | 12.26.11 07:30 P 0,036 24,73,89| 931,58

12.19.11 07:45 PM| 0,035Q 24,880,21 | 581,24 | 12.26.11 07:45 P 0,019 24,7  22855,9

12.19.11 08:00 PM| 0,0061 24,230 553,77 | 12.26.11 08:00 P -0,0020 24,@2,08| 816,22

12.19.11 08:15 PM| 0,0274 24,229,83 | 522,03 | 12.26.11 08:15 P -0,0080 24,81,89| 781,43

12.19.11 08:30 PM| 0,0304 24,129,69 | 500,06 [ 12.26.11 08:30 P 0,0091  24,81,85| 777,77

12.19.11 08:45 PM| 0,015 24,129,59 | 487,24 | 12.26.11 08:45 P 0,0106  24,81,56| 751,53

M
M
M
M
M
M
M
M
12.19.11 07:00 PM| -0,003D 24,481,3 723,45 | 12.26.11 07:00 PM 0,106
M
M
M
M
M
M
M
M

12.19.11 09:00 PM| 0,0381 24,129,42 | 477,48 | 12.26.11 09:00 P 0,0000 24,38,41| 721,62

12.19.11 09:15 PM| 0,007 24,1 29,48 4724 12.269t15 PM| 0,0167| 24,5621,34| 725,89

12.19.11 09:30 PM| 0,0061 24,029,34 | 467,71 | 12.26.1109:30 PM 0,0487 24,33,19| 686,83

12.19.11 09:45 PM| 0,010§ 24,029,24 | 455,51 | 12.26.1109:45 PM 0,0594 24,88,97| 677,06

12.19.11 10:00 PM| 0,001 24,029,17 | 455,51 | 12.26.11 10:00 PM 0,0046 24,30,78| 657,53

12.19.11 10:15 PM| -0,003Dp 24 29,14 440,96 12.260t15 PM| 0,0030| 24,50120,74| 672,18

12.19.11 10:30 PM| -0,002D0 23,9829,07 | 431,09 | 12.26.1110:30 PM 0,0213  24,30,67| 667,3

12.19.11 10:45 PM| 0,0154 23,928,96 | 428,65 | 12.26.1110:45PM -0,0080 24,30,45| 647,16

12.19.1111:00 PM| 0,012 23,928,93 | 420,72 | 12.26.1111:00 PM 0,0304 24,26,08| 605,04
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C| %| ppm
12.19.11 11:15 PM| -0,002D 23,938,93| 421,33 12.26.11 11:15 PM 0,0030 24,419,93| 585,51
12.19.11 11:30 PM| -0,003D 23,938,93| 418,88 12.26.11 11:30 PM 0,0091 24,419,63| 555,6
12.19.11 11:45 PM| 0,0106 23,928,86| 414 12.26.11 11:45 PM 0,0259 24,399,55| 546,45
12.20.11 12:00 AM| 0,0061] 23,918,86| 416,44 12.27.11 12:00 AM 0,0015 24,399,41|531,8
12.20.11 12:15 AM| 0,0015 23,928,79| 415,83 12.27.11 12:15 AM 0,0198 24,399,33| 534,24
12.20.11 12:30 AM| 0,0030] 23,8&8,72| 409,12| 12.27.11 12:30 AM 0,0046] 24,399,37| 545,84
12.20.11 12:45 AM| 0,0091] 23,888,72| 403,63 12.27.11 12:45 AM 0,0228] 24,349,33| 541,56
12.20.11 01:00 AM| 0,0015 23,8@8,65| 401,79| 12.27.11 01:00 AM 0,0183 24,329,14| 521,42
12.20.11 01:15 AM| -0,0030 23,8@8,58| 399,35| 12.27.11 01:15 AM 0,0030[ 24,329,03| 517,15
12.20.11 01:30 AM| 0,0106] 23,8&8,58| 398,74| 12.27.11 01:30 AM 0,0198 24,298,92| 502,5
12.20.11 01:45 AM| 0,0030 23,8&8,52| 398,74| 12.27.11 01:45 AM 0,0228 24,298,88| 511,66
12.20.11 02:00 AM| 0,0046| 23,828,45| 394,47| 12.27.11 02:00 AM 0,0167] 24,248,73| 500,06
12.20.11 02:15 AM| 0,0000 23,828,41| 393,86 12.27.11 02:15 AM 0,0046| 24,2718,66| 487,85
12.20.11 02:30 AM| 0,0122] 23,8328,31|394,47]12.27.11 02:30 AM 0,0046| 24,24.8,51| 480,53
12.20.11 02:45 AM| 0,0304] 23,828,24| 394,47| 12.27.11 02:45 AM 0,0076] 24,228,43| 479,31
12.20.11 03:00 AM| 0,0030] 23,828,24| 393,86| 12.27.11 03:00 AM 0,0030, 24,2 18,2868,32
12.20.11 03:15 AM| -0,0030 23,828,17|388,98| 12.27.11 03:15 AM -0,0030 24,1718,35| 473,82
12.20.11 03:30 AM| -0,0030 23,128 386,54 12.27.11 03:30 AM -0,0030 24,13.8,24| 463,44
12.20.11 03:45 AM| 0,0030] 23,7@7,29| 376,77| 12.27.11 03:45 AM 0,0000] 24,198,2 | 465,84
12.20.11 04:00 AM| 0,0000 23,626,71| 367 12.27.11 04:00 AM 0,0198 24,128,13| 456,73
12.20.11 04:15 AM| -0,0030 23,626,4 | 364,54 12.27.11 04:15 AM 0,0046| 24,1 18,08494
12.20.11 04:30 AM| 0,0046] 23,525,58|354,8 | 12.27.11 04:30 AM | 0,0244 240 17|9819.4
12.20.11 04:45 AM| 0,0061 23,525,23| 352,36| 12.27.11 04:45 AM 0,0091] 24,047,9 | 4494
12.20.11 05:00 AM| 0,0000 23,424,88| 344,42) 12.27.11 05:00 AM 0,0061] 24,03.7,82| 444,52
12.20.11 05:15 AM| 0,006l 23,4 24,/343,2 | 12.27.11 05:15 AM | 0,0091 24,087,79| 436,58
12.20.11 05:30 AM| 0,0259 23,324,88| 347,47| 12.27.11 05:30 AM -0,0020 24,037,75| 431,09
12.20.11 05:45 AM| 0,0183 23,325,15| 349,91| 12.27.11 05:45 AM -0,0020 24 17,6421,33
12.20.11 06:00 AM| 0,0517] 23,325,22|349,91)12.27.11 06:00 AM 0,0091] 23,987,6 | 421,94
12.20.11 06:15 AM| 0,0320 23,3&5,15| 354,8 | 12.27.11 06:15 AM | 0,000 23,087,52| 424,38
12.20.11 06:30 AM| 0,0381 23,3&5,15| 359,68| 12.27.11 06:30 AM 0,0061] 23,937,52| 421,33
12.20.11 06:45 AM| 0,0091] 23,4 25,9369,45| 12.27.11 06:45 AM 0,0091] 23,917,52| 419,49
12.20.11 07:00 AM| -0,0030 23,4%25,74|371,89| 12.27.11 07:00 AM -0,0030 23,9117,52| 416,44
12.20.11 07:15 AM| 0,0122 23,5 25,F374,33|12.27.11 07:15 AM 0,0715 23,9117,44| 414,61
12.20.11 07:30 AM| 0,0411] 23,525,6 | 374,94 12.27.11 07:30 AM 0,00000 23,937,45| 414,61
12.20.11 07:45 AM| 0,0061] 23,5%5,57|374,33| 12.27.11 07:45 AM 0,0167] 23,937,45| 414,61
12.20.11 08:00 AM| -0,0030 23,525,68| 379,21| 12.27.11 08:00 AM -0,0020 23,937,52| 414,61
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s C|l % ppm Date m/s °C % ppm
12.20.11 08:15 AM| 0,0122] 23,645,72| 388,98 | 12.27.11 08:15 AMO0,0061 | 23,95 17,75 | 427,43
12.20.11 08:30 AM| 0,0030] 23,625,82| 404,24 | 12.27.11 08:30 AM0,0106 | 23,95 18,04 | 437,19
12.20.11 08:45 AM| 0,0106] 23,7R5,79| 409,12 | 12.27.11 08:45 AM-0,0030| 23,99 18,12 | 433,53
12.20.11 09:00 AM| -0,0020 23,745,52| 420,72 | 12.27.11 09:00 AM0,0046 | 23,93 18,19 | 442,69
12.20.11 09:15 AM| 0,0167] 23,125,86| 443,3 12.27.11 09:15 AMO0,0000 | 23,93 18,27 | 446,96
12.20.11 09:30 AM| -0,0030 23,835,87| 455,51 | 12.27.11 09:30 AMO0,0167 | 23,93 18,34 | 453,06
12.20.11 09:45 AM| 0,0061] 23,8@5,8 | 460,39 | 12.27.11 09:45 AMD,0578 | 23,93 18,41 | 471,98
12.20.11 10:00 AM| 0,0091] 23,915,53| 462,83 | 12.27.11 10:00 AM0,0365 | 23,93 19,08 | 538,51
12.20.11 10:15 AM| 0,0000] 23,915,32| 465,27 | 12.27.11 10:15 AM0,0046 | 23,95 19,08 | 536,68
12.20.11 10:30 AM| 0,0274| 23,925,22| 477,48 | 12.27.11 10:30 AM0,0061 | 23,98 19,08 | 534,85
12.20.11 10:45 AM| -0,0020 23,924,88| 451,23 | 12.27.11 10:45 AMO0,0137 | 24 19,6 597,11
12.20.11 11:00 AM| 0,0228 23,924,82| 470,76 | 12.27.11 11:00 AM0,0122 | 24 19,38 558,77
12.20.11 11:15 AM| -0,0030 23,924,61|480,53 | 12.27.11 11:15 AM-0,0020| 24,03 19,38 | 548,89
12.20.11 11:30 AM| 0,0244] 23,924,44| 470,15 | 12.27.11 11:30 AMO0,0091 | 24,03 19,38 | 556,21
12.20.11 11:45 AM| 0,0289 23,914,23| 461 12.27.11 11:45 AM0,0259 | 24,079 19,42 | 551,33
12.20.11 12:00 PM| 0,004 23,924,37| 475,04 | 12.27.1112:00 PM 0,032 24|0R,61 | 592,22
12.20.11 12:15 PM| 0,0259 23,924,85| 509,22 | 12.27.1112:15 PM 0,0244 24|0P,98 | 641,66
12.20.11 12:30 PM| 0,0213 23,925,39| 561,1 12.27.1112:30 P 0,0015 24]1 20,05 653,26
12.20.11 12:45 PM| 0,022§ 24,025,91| 652,04 | 12.27.1112:45 PM 0,013 24|12D,28 | 676,45
12.20.11 01:00 PM| 0,0046 24,227,19|821,72 | 12.27.11 01:00 PM 0,0548 24{20,28 | 691,71
12.20.11 01:15 PM| 0,0259 24,827,81|838,81 | 12.27.1101:15PM 0,0411 24{Z0,51 | 731,38
12.20.11 01:30 PM| 0,0289 24,428,13| 877,87 | 12.27.1101:30 PM 0,083 24{30,55 | 761,9
12.20.11 01:45 PM| 0,004 24,629,19| 1.061,58 12.27.11 01:45 PM_0,0837  24,8@0,85 | 813,78
12.20.11 02:00 PM| 0,022 24,¥28,93| 966,37 | 12.27.11 02:00 PM 0,015p 24{#1,03 | 850,4
12.20.11 02:15 PM| 0,000 24,9 29,/01.015,20 12.27.11 02:15 PM 0,092 24,481,15 | 877,26
12.20.11 02:30 PM| 0,0015 24,929,38| 1.090,88] 12.27.11 02:30 PM 0,1004 24,581,19 | 897,4
12.20.11 02:45 PM| 0,0046 24,999,22| 1.000,55| 12.27.11 02:45 PM 0,169Q0 24,y 21,42 934,02
12.20.11 03:00 PM| 0,003Q 25,029,49| 1.025,57| 12.27.11 03:00 PM 0,1583 24,8 21,87 958,44
12.20.11 03:15 PM| 0,003Q 25,029,76| 1.030,46] 12.27.11 03:15 PM  0,071§ 24,921,47 | 957,21
12.20.11 03:30 PM| 0,0061 25,0929,6 | 993,23 | 12.27.1103:30 PM 0,0578 25,@2,44 | 955,38
12.20.11 03:45 PM| 0,036 25,029,36/ 932,19 | 12.27.1103:45PM 0,152p 25{111,52 | 962,1
12.20.11 04:00 PM| 0,0259 25,029,15| 910,83 | 12.27.11 04:00 PM 0,0654 25{181,82 | 1.021,3(
12.20.11 04:15 PM| 0,0259 24,928,44| 804,63 | 12.27.11 04:15PM 0,013F  25(231,89 | 1.028,63
12.20.11 04:30 PM| 0,0183 24,928,6 | 826,6 12.27.1104:30 PM 0,031 25,23,68 | 990,17
12.20.11 04:45 PM| 0,019§ 24,827,92| 661,8 12.27.11 04:45 PNl 0,0304 25)321,53 | 955,99
12.20.11 05:00 PM| 0,0289 24,y27,5 | 611,15 | 12.27.1105:00 PM 0,0837 25,328,39 | 932,8
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C| % | ppm
12.20.11 05:15 PM| -0,002D 24,687,36| 575,74 12.27.11 05:15 PM  -0,0020 25|381,24| 913,88
12.20.11 05:30 PM| 0,010 24,587,28| 519,59 12.27.11 05:30 PM  0,0213  25{431,1 | 909
12.20.11 05:45 PM| 0,0044 24,4P7,47| 445,74 | 12.27.11 05:45 PM 0,0183 25{481,17| 913,88
12.20.11 06:00 PM| 0,001 24,298,08]| 438,42| 12.27.11 06:00 PM 0,0578 25|5R1,29]| 945,62
12.20.11 06:15 PM| 0,035Q0 24,2 28)6433,53| 12.27.11 06:15PM 0,071 25|57,25| 932,8
12.20.11 06:30 PM| 0,012Z7 24,129,18| 443,91| 12.27.11 06:30 PM  0,0624  25|641,18| 940,12
12.20.11 06:45 PM| 0,0167 24,1 29484391 12.27.1106:45PM 0,0091 25|e7,26| 938,9
12.20.11 07:00 PM| 0,000Q0 24,029,82| 487,24 12.27.11 07:00 PM 0,044  25|671,11| 929,14
12.20.11 07:15 PM| 0,0289 24,130,09| 506,77| 12.27.11 07:15PM 0,0396 25|&0,89| 891,91
12.20.11 07:30 PM| 0,010 24,180,5 | 559,27 12.27.1107:30 PM 0,0244 25,7 208@3,22
12.20.11 07:45 PM| 0,036 24,2 30/6873,3 | 12.27.1107:45PM 0,0198 25|720,52| 851,01
12.20.11 08:00 PM| 0,001 24,230,71| 536,68 | 12.27.11 08:00 PM 0,033p  25|72,37| 829,65
12.20.11 08:15 PM| 0,000Q0 24,280,44| 529,36| 12.27.11 08:15PM 0,054 25|&20,37| 838,2
12.20.11 08:30 PM| -0,002D 24,280,3 | 534,24 12.27.1108:30 PM 0,0396 25,898,37| 821,11
12.20.11 08:45 PM| 0,009 24,2 30,0499,45| 12.27.11 08:45PM 0,0000 25|64,44| 833,92
12.20.11 09:00 PM| -0,003D 24,030,05| 450,62 | 12.27.11 09:00 PM 0,070p  25|62,52| 847,96
12.20.11 09:15 PM| -0,003D 24,029,88| 445,74 12.27.11 09:15PM 0,0213 25|620,66| 867,49
12.20.11 09:30 PM| -0,003D 24 29,8461 12.27.1109:30 PM 0,135 25,620,74| 884,58
12.20.11 09:45 PM| -0,003Dp 24 29,7465,27| 12.27.11 09:45PM 0,0381 25|&ZD,74| 882,14
12.20.11 10:00 PM| -0,003Dp 23,929,47| 465,88 | 12.27.11 10:00 PM 0,0076 25|&2D,66| 865,05
12.20.11 10:15 PM| -0,002D 23,929,33]| 467,71 12.27.1110:15PM 0,044 25|620,66| 867,49
12.20.11 10:30 PM| 0,000Q 23,829,33| 472,6 | 12.27.1110:30 PM 0,083fy  25/620,74| 873,6
12.20.11 10:45 PM| -0,002D 23,829,16|472,6 | 12.27.1110:45PM 0,0624  25/5M0,73| 867,49
12.20.11 11:00 PM| -0,003D0 23,728,91|448,79| 12.27.1111:00 PM 0,036p 25/57,03| 901,67
12.20.11 11:15 PM| -0,002D 23,6928,77| 438,42 12.27.1111:15PM 0,095p  25|571,03| 914,49
12.20.11 11:30 PM| 0,000Q  23,y28,84| 445,74 12.27.1111:30 PM 0,063p  25|571,03| 906,56
12.20.11 11:45 PM| -0,003Dp 23,728,91| 453,67 | 12.27.1111:45PM 0,092B 25(5,88| 887,02
12.21.11 12:00 AM| -0,0030 23,7@8,78| 453,06| 12.28.11 12:00 AM 0,0213 25,580,96| 894,96
12.21.11 12:15 AM| -0,0020 23,7@8,98| 460,39 12.28.1112:15 AM 0,1263 25,530,95| 884,58
12.21.11 12:30 AM| 0,0106] 23,8128,92| 473,21 12.28.1112:30 AM 0,0152 25,520,81| 869,93
12.21.11 12:45 AM| -0,0030 23,128,75| 446,35| 12.28.11 12:45 AM 0,0538 25,630,73| 857,73
12.21.11 01:00 AM| -0,003Q 23,748,27| 431,09( 12.28.11 01:00 AM 0,070 256  20{856,51
12.21.11 01:15 AM| 0,0106] 23,647,75| 413,39 12.28.11 01:15 AM 0,068%  25,430,88| 884,58
12.21.11 01:30 AM| 0,0000 23,527,34| 409,12| 12.28.11 01:30 AM 0,0548 254480,88| 871,77
12.21.11 01:45 AM| 0,0000 23,526,86| 396,91 12.28.11 01:45 AM 0,105 25,480,95| 875,43
12.21.11 02:00 AM| -0,003Q0 23,4 26,3867 12.28.11 02:00 AM 0,0883 254 20)9572,99
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s| °C| %| ppm
12.21.11 02:15 AM| -0,003Q0 23,3 26,p357,24] 12.28.11 02:15 AM| 0,033p25,36| 20,8 | 828,43
12.21.11 02:30 AM| -0,0030Q 23,226,09| 355,41 12.28.11 02:30 AM| 0,025p25,36| 20,8 | 828,43
12.21.11 02:45 AM| 0,0046| 23,1@6,26| 352,97| 12.28.11 02:45 AM| 0,095Pp25,33| 20,94| 855,29
12.21.11 03:00 AM| 0,0015] 22,926,42| 347,47{12.28.11 03:00 AM| 0,051[r25,31| 20,94| 845,52
12.21.11 03:15 AM| -0,0030Q 22,826,47| 347,471 12.28.11 03:15 AM| 0,041[125,31| 21,12| 845,52
12.21.11 03:30 AM| 0,0411] 22,6126,66| 342,59] 12.28.11 03:30 AM| 0,016/25,31| 21,24| 867,49
12.21.11 03:45 AM| 0,0015] 22,426,95| 337,71{12.28.11 03:45 AM| 0,001p25,31| 20,94| 819,27
12.21.11 04:00 AM| 0,0122] 22,427,25| 332,82] 12.28.11 04:00 AM| 0,035p25,33| 20,87 811,95
12.21.11 04:15 AM| 0,0152] 22,327,59| 332,21] 12.28.11 04:15 AM| 0,0188325,31| 20,76| 807,07
12.21.11 04:30 AM| 0,0183| 22,428,4 | 335,84 12.28.11 04:30 AM| 0,045[725,28| 20,79| 804,63
12.21.11 04:45 AM| 0,0000] 22,328,74| 332,82| 12.28.11 04:45 AM| 0,065425,28| 20,79| 804,63
12.21.11 05:00 AM| 0,0578 22,228,73| 334,66] 12.28.11 05:00 AM| 0,003p25,26| 20,83| 811,95
12.21.11 05:15 AM| -0,0030 22,1%28,38| 335,88| 12.28.11 05:15 AM| 0,114p25,23| 20,86| 804,63
12.21.11 05:30 AM| -0,0020 22,128,18| 337,71{12.28.11 05:30 AM| 0,060P925,19| 20,71| 786,93
12.21.11 05:45 AM| -0,0030 22,028,03| 337,71] 12.28.11 05:45 AM| 0,115[25,19| 20,71| 780,21
12.21.11 06:00 AM| 0,0106] 21,997,96| 337,71] 12.28.11 06:00 AM| 0,041[125,19| 20,71| 760,68
12.21.11 06:15 AM| -0,0030 21,927,9 | 337,71 12.28.11 06:15 AM| 0,086825,23| 21,08| 856,51
12.21.11 06:30 AM| 0,0122] 22,0R7,9 | 347,44 12.28.11 06:30 AM| 0,001p25,19| 21,01| 823,55
12.21.11 06:45 AM| -0,0020 22,0127,83| 345,03] 12.28.11 06:45 AM| 0,025p25,16| 21,15| 846,13
12.21.11 07:00 AM| -0,0020 22,027,83|349,3 | 12.28.11 07:00 AM 0,059£5,14| 21,26| 855,29
12.21.11 07:15 AM| 0,0046] 22,127,7 | 345,03 12.28.11 07:15 AM| 0,057B825,11| 21,08| 824,77
12.21.11 07:30 AM| 0,0000] 22,127,3 | 343,2| 12.28.1107:30 AM 0,02425,09| 20,74| 748,47
12.21.11 07:45 AM| -0,0030 22,026,68| 345,03] 12.28.11 07:45 AM| 0,028p25,09| 20,34 711,85
12.21.11 08:00 AM| -0,0030 21,926,58| 352,36{ 12.28.11 08:00 AM| 0,057825,02| 20,04| 674,01
12.21.11 08:15 AM| 0,0030] 21,9&6,1 | 357,24 12.28.11 08:15 AM| 0,041[124,99| 20,03| 678,89
12.21.11 08:30 AM| 0,0091] 21,995,93|354,8 | 12.28.11 08:30 AM 0,007@4,97| 19,96 646,55
12.21.11 08:45 AM| -0,0030 22,024,98| 352,36] 12.28.11 08:45 AM| 0,054B824,94| 20,47| 638
12.21.11 09:00 AM| 0,0030] 21,924,44| 350,52| 12.28.11 09:00 AM| 0,032024,92| 20,4 | 644,1
12.21.11 09:15 AM| 0,0061] 21,944,03| 349,91]12.28.11 09:15 AM| 0,089824,87| 20,17| 612,37
12.21.11 09:30 AM| 0,0076] 21,944,09|349,3 | 12.28.11 09:30 AM_ 0,03044,8 | 19,6]] 592,22
12.21.11 09:45 AM| 0,0213] 22,024,58|421,33| 12.28.11 09:45 AM| 0,022B24,77| 19,43| 584,9
12.21.11 10:00 AM| 0,0152 22,124,58| 461 12.28.11 10:00 AM  0,050224,75| 19,28| 589,78
12.21.11 10:15 AM| -0,0030 22,1%24,59| 465,27] 12.28.11 10:15 AM| 0,089824,7 | 19,13 593,44
12.21.11 10:30 AM| 0,0076] 22,2 24,5880,53|12.28.11 10:30 AM| 0,009124,7 | 19,13 602,6
12.21.11 10:45 AM| 0,0015] 22,2%24,53| 485,41| 12.28.11 10:45 AM| 0,006[124,68| 19,2 | 615,42
12.21.11 11:00 AM| -0,0030Q 22,324,16| 457,95[12.28.11 11:00 AM| 0,071p24,65| 19,2 | 641,66
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s C|l % ppm Date m/s °C|l % ppm
12.21.11 11:15 AM| 0,0228 22,3 23,/838,42 | 12.28.1111:15 AM  0,0000 24)619,2 | 650,82
12.21.11 11:30 AM| 0,0015 22,323,98| 456,12 | 12.28.11 11:30 AM__ 0,0350 24)619,2 | 660,58
12.21.11 11:45 AM| -0,0030 22,324,19(481,75 | 12.28.11 11:45 AM 0,0381 24,689,23| 665,47
12.21.1112:00 PM| 0,000Q 22,424,06| 504,94 | 12.28.1112:00 PM  0,0487 24|38,31| 692,32
12.21.11 12:15 PM| 0,0106 22,524,68| 583,68 | 12.28.1112:15PM  0,0761] 24(58D,34| 708,8
12.21.11 12:30 PM| 0,000Q 22,624,62| 603,21 | 12.28.1112:30 PM__ 0,0594 24/589,42| 742,98
12.21.11 12:45 PM| -0,002D 22,685,92| 661,8 12.28.11 12:45 PM|  0,0183 24/619,57| 758,85
12.21.11 01:00 PM| -0,002D0 22,y26,74| 722,84 | 12.28.11 01:00 PM  0,0487| 24|619,49| 773,5
12.21.11 01:15 PM| -0,003p 22,827,63| 811,95 | 12.28.1101:15PM  0,0928 24/6®,72| 802,19
12.21.11 01:30 PM| 0,0076 23,088,66| 921,81 | 12.28.11 01:30 PM  0,0700 24|68,94| 841,25
12.21.11 01:45 PM| -0,003D 23,289,14| 1.023,13] 12.28.11 01:45 PM| 10,0213 24,620,16| 872,38
12.21.11 02:00 PM| -0,003D 23,829,01| 1.012,76( 12.28.11 02:00 PM| 0,0274 24,620,68| 938,29
12.21.11 02:15 PM| -0,003D 23,4 29,58.073,79 12.28.11 02:15 PM| 0,0578 24,621,05| 969,42
12.21.11 02:30 PM| -0,002D 23,630,32| 1.201,35 12.28.11 02:30 PM | 0,0944 24,721,2 | 1.032,9(
12.21.11 02:45 PM| 0,003Q 23,y81,14| 1.309,39] 12.28.11 02:45 PM| 0,0670 24,721,31| 1.069,52
12.21.11 03:00 PM| 0,0061 23,981,69| 1.402,77/ 12.28.11 03:00 PM| 0,0061 24,721,42| 1.072,57
12.21.11 03:15 PM| 0,0015 23,981,63| 1.281,92] 12.28.11 03:15 PM| 0,0335 24,8 21[79.142,15
12.21.11 03:30 PM| -0,0020 24,081,77|1.287,41] 12.28.11 03:30 PM| 0,0198 24,822,45| 1.234,92]
12.21.11 03:45 PM| 0,001 24,131,47|1.225,77/12.28.11 03:45 PM| 0,0792 24,822,49| 1.240,42
12.21.11 04:00 PM| -0,002D 24,131,44|1.223,94] 12.28.11 04:00 PM| 0,0244 24,923,49| 1.394,23
12.21.11 04:15 PM| 0,0061 24,181,17|1.122,62{12.28.11 04:15 PM| 0,0015 24,923,16| 1.281,92
12.21.11 04:30 PM| -0,003D0 24,180,97|1.078,67 12.28.11 04:30 PM| 0,0213 24,923,27| 1.301,45
12.21.11 04:45 PM| -0,0030 24,130,6 | 1.015,2¢ 12.28.11 04:45 PM| 0,0046 24,923,38| 1.312,44
12.21.11 05:00 PM| 0,001 24,1 30,0285,8 12.28.11 05:00 PM|  0,0426 24|923,56| 1.325,26
12.21.11 05:15 PM| 0,0122 24,029,24| 804,63 | 12.28.11 05:15 PM__ 0,0441] 24/928,71| 1.320,37
12.21.11 05:30 PM| 0,000Q 24,1 29,3526,6 12.28.11 05:30 PM|  0,0167 24193,71| 1.369,20]
12.21.11 05:45 PM| -0,003D0 24,128,71| 778,38 | 12.28.11 05:45 PM  0,0228 25|081,08| 1.393,62]
12.21.11 06:00 PM| -0,003D 24,028,13| 672,18 | 12.28.11 06:00 PM  0,0106 25|08,75| 1.349,06)
12.21.11 06:15 PM| -0,003D 24,028,19| 652,65 | 12.28.11 06:15 PM_ 0,0274 25|@B,2 | 1.237,9§
12.21.11 06:30 PM| 0,001§ 24 28,0652,04 | 12.28.11 06:30 PM_ 0,0152 25|B,49| 1.258,73
12.21.11 06:45 PM| 0,0030 24 27,8627,62 | 12.28.11 06:45 PM  0,0304 25|022,98| 1.176,94]
12.21.11 07:00 PM| 0,0061 23,928,02| 659,36 | 12.28.11 07:00 PM  0,0289 24/93,05| 1.139,71
12.21.11 07:15 PM| 0,0167 23,927,78| 640,44 | 12.28.1107:15PM _ 0,0091] 24|/92,53| 1.076,84
12.21.11 07:30 PM| 0,003Q 23,927,37| 605,65 | 12.28.11 07:30 PM  0,0654 24|872,53| 1.050,60]
12.21.11 07:45 PM] -0,003D 23,927,17|597,72 | 12.28.1107:45PM -0,002 24|821,94] 970,03
12.21.11 08:00 PM| -0,003D 23,926,93| 585,51 | 12.28.11 08:00 PM  0,0106| 24|18  22,079,19
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C| %/ ppm
12.21.11 08:15 PM| -0,003D 23,926,96| 578,8 | 12.28.11 08:15 PM 0,0654 24/8 21,6@29,14
12.21.11 08:30 PM| -0,003Dp 23,927,03| 595,89 | 12.28.11 08:30 PM  0,015p  24|7AH.,24| 871,77
12.21.11 08:45 PM| -0,003D 23,926,69| 569,03 | 12.28.11 08:45 PM 0,0280 24|73,9 | 824,16
12.21.11 09:00 PM| -0,003D 23,926,69| 581,24 | 12.28.11 09:00 PM 0,0228B 24|731,05| 890,08
12.21.11 09:15 PM| -0,003D 23,926,55| 563,54 | 12.28.11 09:15PM 0,001p 24/8 21,2 85]
12.21.11 09:30 PM| -0,003Dp 23,926,55| 566,59 | 12.28.11 09:30 PM 0,003Dp 24{8 21,930,36
12.21.11 09:45 PM| -0,003D 23,926,52| 565,98 | 12.28.11 09:45 PM -0,0030 24|8 21,836,83
12.21.11 10:00 PM| 0,000Q 23,826,28| 539,12 | 12.28.11 10:00 PM 0,006l  24|720,69| 765,56
12.21.11 10:15 PM| -0,003D 23,925,94| 517,15 12.28.1110:15PM 0,0198  24{720,43| 764,95
12.21.11 10:30 PM| -0,003p 23,825,83| 502,5 | 12.28.1110:30 PM 0,0091 24|7%,32| 742,98
12.21.11 10:45 PM| -0,003p 23,885,59|470,15| 12.28.1110:45PM 0,012 24{720,8 | 829,65
12.21.11 11:00 PM| -0,003Dp 23,825,46| 455,51 | 12.28.1111:00 PM 0,004 24{8 21,889,47
12.21.11 11:15 PM| -0,003D 23,825,32| 446,35| 12.28.1111:15PM 0,0304 24{8 2(,818,66
12.21.11 11:30 PM| -0,003p 23,825,25|443,91| 12.28.1111:30 PM 0,016ff 24|7%),83| 845,52
12.21.11 11:45 PM| -0,003D 23,825,22| 445,74 | 12.28.1111:45PM 0,0000 24|7%,76| 865,66
12.22.11 12:00 AM| -0,0020 23,8125,11)| 438,42 | 12.29.11 12:00 AM 0,033% 24,730,87| 860,78
12.22.11 12:15 AM| -0,0030 23,725,04| 440,86 | 12.29.11 12:15 AM 0,0076 24,8 21}427,45
12.22.11 12:30 AM| -0,0020 23,7@4,87| 438,42 12.29.11 12:30 AM 0,0304 24,7/71,13| 874,82
12.22.11 12:45 AM| -0,0020 23,744,83| 438,42 | 12.29.11 12:45 AM 0,0137 24,720,69| 872,38
12.22.11 01:00 AM| 0,0000{ 23,7424,77| 435,97 | 12.29.11 01:00 AM -0,0020 24,730,91| 888,85
12.22.11 01:15 AM| -0,0030 23,124,63| 431,09 12.29.11 01:15 AM 0,022 24720,9 | 926,7
12.22.11 01:30 AM| -0,003(Q 23,624,69| 433,53 | 12.29.11 01:30 AM 0,007 24[730,76| 858,95
12.22.11 01:45 AM| -0,0030Q 23,624,63| 428,65| 12.29.11 01:45 AM 0,0091 24,7 20{@16,83
12.22.11 02:00 AM| 0,0030] 23,624,49]| 426,21 | 12.29.11 02:00 AM 0,000 24,630,68| 811,95
12.22.11 02:15 AM| -0,003Q 23,624,56| 428,04 | 12.29.11 02:15 AM 0,0411 247 20{9§7,26
12.22.11 02:30 AM| -0,0030Q 23,6424,45| 425,6 | 12.29.11 02:30 AM 0,0259 24,7 20{@11,95
12.22.11 02:45 AM| -0,0030 23,644,42| 431,09 12.29.11 02:45 AM 0,0091 24,680,61| 799,74
12.22.11 03:00 AM| 0,0015] 23,644,35| 423,77 | 12.29.11 03:00 AM 0,071% 24,620,38| 770,45
12.22.11 03:15 AM| -0,003(Q 23,624,35| 428,04 | 12.29.11 03:15 AM 0,0188 24,620,27| 763,73
12.22.11 03:30 AM| 0,0015] 23,624,31| 421,33 | 12.29.11 03:30 AM 0,028 24/620,01| 725,28
12.22.11 03:45 AM| -0,0030 23,524,35| 423,16 12.29.11 03:45 AM 0,032 24)619,86| 711,85
12.22.11 04:00 AM| -0,0020 23,524,31| 420,72 | 12.29.11 04:00 AM 0,074 24689,71| 696,59
12.22.11 04:15 AM| 0,0000] 23,524,28| 418,88 | 12.29.11 04:15 AM 0,0244 24,589,64| 694,15
12.22.11 04:30 AM| 0,0015] 23,524,21| 410,95| 12.29.11 04:30 AM 0,033% 24,6B9,56| 696,59
12.22.11 04:45 AM| -0,0020 23,524,27| 411,56 12.29.11 04:45 AM 0,0122 24,519,56| 690,49
12.22.11 05:00 AM| -0,002Q 23,524,2 | 411,56] 12.29.11 05:00 AM 0,0533 24/4®,49| 672,79
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % | ppm
12.22.11 05:15 AM| -0,003Q0 23,% 24,2 414 12.29.119%3M | 0,0441 | 24,4119,33| 653,24
12.22.11 05:30 AM| 0,0000[ 23,% 24,2 413|32.29.11 05:30 AM| 0,0883 24,399,26 | 648,34
12.22.11 05:45 AM| 0,0061] 23,% 24,8421,33|12.29.11 05:45 AM| 0,0700] 24,399,18| 631,29
12.22.11 06:00 AM| 0,0152] 23,% 24,P423,77]12.29.11 06:00 AM| 0,0654] 24,399,07| 625,79
12.22.11 06:15 AM| 0,0091] 23,% 24,4423,77(12.29.11 06:15 AM| 0,0533 24,36.8,81 | 597,73
12.22.11 06:30 AM| 0,0137] 23,% 24,6430,48(12.29.11 06:30 AM| 0,0000 24,328,73 | 582,44
12.22.11 06:45 AM| -0,0030 23,%24,75| 441,47] 12.29.11 06:45 AM| 0,0320] 24,298,58| 561,1
12.22.11 07:00 AM| 0,0030] 23,524,72| 445,74 12.29.11 07:00 AM| 0,0289 24,298,43 | 551,33
12.22.11 07:15 AM| -0,0030Q 23,524,68| 443,3 | 12.29.11 07:15 AM 0,0624  24,p98,36 | 550,73
12.22.11 07:30 AM| -0,0030 23,524,72| 448,18| 12.29.11 07:30 AM| 0,0304| 24,228,28| 531,19
12.22.11 07:45 AM| -0,0020 23,524,68| 450,62| 12.29.11 07:45 AM| 0,0106] 24,228,36| 526,94
12.22.11 08:00 AM| 0,0137] 23,524,76| 450,62 12.29.11 08:00 AM| 0,0411] 24,2 18,28 509
12.22.11 08:15 AM| 0,0046| 23,624,89( 470,15 12.29.11 08:15 AM| 0,0015 24,2 18,13 494
12.22.11 08:30 AM| 0,0015] 23,625,17|482,97]12.29.11 08:30 AM| 0,0350, 24,2 18,21 495
12.22.11 08:45 AM| 0,0091] 23,125,45|502,5 | 12.29.11 08:45AM 0,0137 24, 19,84 504,
12.22.11 09:00 AM| 0,0411] 23,7&5,62|531,8 | 12.29.11 09:00 AM 0,0137 24, 19,62 49}
12.22.11 09:15 AM| 0,0137| 23,825,93|581,24| 12.29.11 09:15 AM| 0,0152] 24,199,02| 493,34
12.22.11 09:30 AM| 0,0015] 23,886,14| 613,59] 12.29.11 09:30 AM| 0,0517] 24,198,72| 495,14
12.22.11 09:45 AM| -0,0020 23,926,42| 639,83| 12.29.11 09:45 AM| 0,0304, 24,128,54 | 502,5
12.22.11 10:00 AM| -0,0020 23,986,66| 656,92| 12.29.11 10:00 AM| 0,0776 24,128,42| 515,34
12.22.11 10:15 AM| -0,0030 24,027 686,83 12.29.11 10:15 AM| 0,0381] 24,1 18,27 509
12.22.11 10:30 AM| -0,0030Q 24,026,97| 677,06 12.29.11 10:30 AM| 0,0517] 24,078,35| 529,91
12.22.11 10:45 AM| -0,003Q0 24,1 27,2696,59(12.29.11 10:45 AM| 0,0852 24,07.8,27 | 532,41
12.22.11 11:00 AM| -0,0030 24,127,25|708,19]12.29.11 11:00 AM| 0,0274] 24,078,09| 526,31
12.22.11 11:15 AM| 0,0320] 24,2 27,6863,12(12.29.11 11:15 AM| 0,0441] 24,038,01 | 529,34
12.22.11 11:30 AM| -0,0030Q 24,247,73|819,27(12.29.11 11:30 AM| 0,0441] 24,038,12| 541,54
12.22.11 11:45 AM| 0,0000[ 24,227,57| 755,8 | 12.29.11 11:45 AM 0,0517 24,088,16 | 548,89
12.22.11 12:00 PM| -0,003D 24,227,4 | 733,24 12.29.11 12:00 PM| 0,0761] 24,038,2 | 558,69
12.22.11 12:15 PM| 0,007§ 24,2927,23| 686,83| 12.29.11 12:15 PM| 0,0639 24,038,35| 580,03
12.22.11 12:30 PM| -0,003D 24,827,13| 662,41 12.29.11 12:30 PM| 0,1004 24,1 18,85 59§
12.22.11 12:45 PM| -0,003p 24,827,06| 642,88] 12.29.11 12:45 PM| 0,0411 24,1 1885 5971
12.22.11 01:00 PM| 0,003Q 24,8@6,89| 611,15 12.29.11 01:00 PM| 0,0274 24,128,65| 628,84
12.22.11 01:15 PM| -0,003D 24,896,72| 593,44 12.29.11 01:15 PM| 0,1385 24,118,58 | 653,24
12.22.11 01:30 PM| 0,007 24,826,66| 583,07| 12.29.11 01:30 PM| 0,0654 24,1 185 641,
12.22.11 01:45 PM| -0,003p 24,8926,45| 573,91 12.29.11 01:45 PM| 0,0061 23,988,83 | 657,53
12.22.11 02:00 PM| 0,000Q 24,426,52| 603,21| 12.29.11 02:00 PM| -0,002D0 23,889,23 | 697,81
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % | ppm
12.22.11 02:15 PM| -0,003D 24,826,83| 639,83[ 12.29.11 02:15 PM| 0,007 23,y99,41 | 714,29
12.22.11 02:30 PM| -0,003D 24,8@6,99| 669,13[ 12.29.11 02:30 PM| 0,0441 23,819,82 | 750,93
12.22.11 02:45 PM| -0,003D 24,8@7,61| 735,66| 12.29.11 02:45 PM| 0,0274 23,939,82 | 761,29
12.22.11 03:00 PM| 0,0046 24,887,54| 742,98] 12.29.11 03:00 PM| 0,0061 24,099,68 | 775,33
12.22.11 03:15 PM| 0,004 24,8@7,4 | 711,24 12.29.11 03:15 PM| 0,0304 24,2 19,88 804
12.22.11 03:30 PM| 0,001 24,826,99| 671,57 12.29.11 03:30 PM| 0,0533  24,2920,07 | 833,31
12.22.11 03:45 PM| 0,0030 24,296,58| 627,01] 12.29.11 03:45 PM| 0,0320 24,820,14 | 879,7
12.22.11 04:00 PM| 0,000Q 24,226,31| 602,6 | 12.29.11 04:00 PM 0,039 241320,29 | 860,11
12.22.11 04:15 PM| -0,003D 24,225,96| 583,07 12.29.11 04:15 PM| 0,0304 24,820,44 | 887,03
12.22.11 04:30 PM| -0,003D 24,225,83|571,47| 12.29.11 04:30 PM| 0,019§ 24,820,22 | 874,83
12.22.11 04:45 PM| 0,0000 24,225,72| 562,93| 12.29.11 04:45 PM| 0,0244 24,820,36 | 882,14
12.22.11 05:00 PM| 0,022§ 24,225,69| 570,86] 12.29.11 05:00 PM| 0,042 24,8@0,51 | 879,7
12.22.11 05:15 PM| 0,0000 24,225,62| 564,15| 12.29.11 05:15 PM| 0,0137 24,820,59 | 883,36
12.22.11 05:30 PM| -0,003D 24,225,55| 558,65| 12.29.11 05:30 PM| 0,0244 24,880,73 | 894,31
12.22.11 05:45 PM| 0,0106 24,2 25,6263,54(12.29.11 05:45 PM| 0,003Q 24,820,96 | 906,54
12.22.11 06:00 PM| 0,007 24,2 25,6269,03[12.29.11 06:00 PM| 0,022§ 24,8@0,7 | 884,58
12.22.11 06:15 PM| 0,0076 24,225,72| 588,56| 12.29.11 06:15 PM| 0,0533 24,820,81 | 902,24
12.22.11 06:30 PM| -0,002D 24,226,13| 666,69] 12.29.11 06:30 PM| 0,000Q 24,420,18 | 840,64
12.22.11 06:45 PM| -0,002D 24,225,9 | 605,69 12.29.11 06:45 PM| 0,0137 24,420,37 | 872,99
12.22.11 07:00 PM| -0,003D 24,225,97|617,86| 12.29.11 07:00 PM| 0,0213 24,420,44 | 889,41
12.22.11 07:15 PM| -0,002D 24,226,1 | 632,51 12.29.11 07:15 PM| 0,007§ 24,420,15 | 874,83
12.22.11 07:30 PM| 0,000Q 24,2926,04| 627,62 12.29.11 07:30 PM| 0,0477 24,480,15 | 872,34
12.22.11 07:45 PM| 0,003Q  24,2926,27| 642,27(12.29.11 07:45 PM| 0,0441 24,419,85| 841,25
12.22.11 08:00 PM| -0,003D 24,826,55| 657,53| 12.29.11 08:00 PM| 0,0304 24,899,7 | 816,893
12.22.11 08:15 PM| -0,003D 24,826,51| 637,39( 12.29.11 08:15 PM| 0,001 24,419,78 | 821,73
12.22.11 08:30 PM| -0,003D 24,826,79| 671,57] 12.29.11 08:30 PM| 0,0474 24,420 857,12
12.22.11 08:45 PM| 0,0076 24,886,79| 659,97| 12.29.11 08:45 PM| -0,003D 24,420,18 | 894,34
12.22.11 09:00 PM| -0,002D 24,886,79| 659,36] 12.29.11 09:00 PM| 0,0061 24,420,333 | 895,51
12.22.11 09:15 PM| -0,003D 24,426,96| 700,87( 12.29.11 09:15 PM| 0,007§ 24,820,22 | 882,14
12.22.11 09:30 PM| -0,003D 24,426,79| 664,25[12.29.11 09:30 PM| 0,0137 24,8@0,29 | 893,74
12.22.11 09:45 PM| 0,003Q 24,426,86| 649,6 | 12.29.11 09:45PM 0,028 24/3M,92 | 843,04
12.22.11 10:00 PM| -0,003D 24,426,93| 667,3 | 12.29.11 10:00 PM 0,006 24130,51 | 899,23
12.22.11 10:15 PM| 0,000Q 24,427 655,09 12.29.11 10:15 PM| 0,022§ 24,820,66 | 910,23
12.22.11 10:30 PM| 0,0013 24,487,07| 644,71| 12.29.11 10:30 PM| 0,0046 24,420,67 | 923,64
12.22.11 10:45 PM| -0,003D 24,487,04| 620,3 | 12.29.11 10:45 PM 0,047 24/420,59 | 914,49
12.22.11 11:00 PM| -0,003D 24,427,21|620,3 | 12.29.11 11:00 PM 0,006 241480,67 | 924,24
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
12.22.11 11:15 PM| 0,000Q 24,487,55| 620,3 | 12.29.1111:15PM  0,038)L  24/4%,74 | 932,8
12.22.11 11:30 PM| 0,0061 24,487,72| 564,15 12.29.11 11:30 PM| 0,0213 24,520,89 | 950,5
12.22.11 11:45 PM| -0,003D 24,428,02| 575,74 12.29.11 11:45 PM| 0,0259 24,5@1,19 | 979,14
12.23.11 12:00 AM| -0,0030 24,428,53|588,56| 12.30.11 12:00 AM| 0,0624] 24,521,26 | 992
12.23.11 12:15 AM| -0,0030 24,488,7 | 587,99 12.30.11 12:15 AM| 0,0548 24,5@1,26 | 994,49
12.23.11 12:30 AM| 0,0046] 24,448,49| 526,31 12.30.11 12:30 AM| 0,0320| 24,420,74 | 921,2
12.23.11 12:45 AM| -0,0030 24,448,83| 558,65( 12.30.11 12:45 AM| 0,0715 24,4@0,96 | 962,71
12.23.11 01:00 AM| -0,0030 24,4&@8,87|571,47| 12.30.11 01:00 AM| 0,0198 24,4@21,04 | 952,33
12.23.11 01:15 AM| 0,0000] 24,4@8,9 | 561,1| 12.30.1101:15AM 0,0198 24{481,15 | 992
12.23.11 01:30 AM| -0,0030 24,448,63| 514,71 12.30.11 01:30 AM| 0,0137| 24,4@1,18 | 972,41
12.23.11 01:45 AM| 0,0046] 24,418,56| 475,04 12.30.11 01:45 AM| 0,0015 24,481,33 | 996,89
12.23.11 02:00 AM| -0,0020 24,419,58| 606,26] 12.30.11 02:00 AM| -0,002Q0 24,4214 996,89
12.23.11 02:15 AM| 0,0015] 24,4P9,44| 563,54 12.30.11 02:15 AM| 0,0213] 24,421,25 | 989,54
12.23.11 02:30 AM| 0,0000] 24,419,34|516,54| 12.30.11 02:30 AM| 0,0426] 24,4@1,33 | 967,59
12.23.11 02:45 AM| -0,0030 24,328,76| 487,24] 12.30.11 02:45 AM| 0,0106] 24,4@20,96 | 927,93
12.23.11 03:00 AM| -0,0030 24,348,55|479,92| 12.30.11 03:00 AM| -0,003Q0 24,4120,96 | 954,71%
12.23.11 03:15 AM| 0,0183] 24,348,42| 450,62| 12.30.11 03:15 AM| 0,0213] 24,4P1 947,45
12.23.11 03:30 AM| 0,0046] 24,228,21| 443,91 12.30.11 03:30 AM| -0,0020 24,321,03 | 916,37
12.23.11 03:45 AM| 0,0061] 24,228,21| 442,69| 12.30.11 03:45 AM| 0,0259 24,320,85 | 912,04
12.23.11 04:00 AM| 0,0030] 24,228,07| 443,91 12.30.11 04:00 AM| 0,0259| 24,320,733 | 914,49
12.23.11 04:15 AM| -0,0030 24,227,94|443,3 | 12.30.11 04:15 AM 0,0472 24,p20,73 | 910,24
12.23.11 04:30 AM| 0,0030] 24,247,8 | 438,44 12.30.11 04:30 AM| 0,0091] 24,2420,99 | 959,64
12.23.11 04:45 AM| -0,0030 24,247,73| 441,47] 12.30.11 04:45 AM| 0,0563] 24,220,91 | 916,33
12.23.11 05:00 AM| -0,0030 24,227,6 | 437,8] 12.30.11 05:00 AM| 0,0396| 24,220,8 916,93
12.23.11 05:15 AM| -0,0030 24,227,53| 458,56| 12.30.11 05:15 AM| -0,0020 24,220,73 | 901,64
12.23.11 05:30 AM| -0,0030 24,2 27,5332,92| 12.30.11 05:30 AM| 0,0365 24,120,69 | 883,9%
12.23.11 05:45 AM| -0,0030 24,24£7,87| 536,07 12.30.11 05:45 AM| 0,0198 24,120,57 | 872,99
12.23.11 06:00 AM| 0,0061] 24,327,87[472,6 | 12.30.11 06:00 AM 0,0304 24,080,64 | 847,94
12.23.11 06:15 AM| -0,0030 24,348,15| 465,27 12.30.11 06:15 AM| 0,0517] 24,020,64 | 841,24
12.23.11 06:30 AM| -0,0030 24,3&8,01|497,01] 12.30.11 06:30 AM| 0,0213 24 20,42 816
12.23.11 06:45 AM| -0,0030 24,3€8,22|514,1 | 12.30.11 06:45 AM 0,0533 23,080,27 | 789,94
12.23.11 07:00 AM| -0,0030 24,418,63| 492,13| 12.30.11 07:00 AM| 0,0365 23,920,27 | 802,14
12.23.11 07:15 AM| 0,0076] 24,418,02| 482,36 12.30.11 07:15 AM| 0,0167] 23,920,01 | 763,793
12.23.11 07:30 AM| -0,0030 24,44£8,22|514,1 | 12.30.11 07:30 AM 0,0517 23,019,78 | 723,44
12.23.11 07:45 AM| -0,0030 24,4P7,54| 443,91 12.30.11 07:45 AM| 0,0259 23,839,67 | 699,04
12.23.11 08:00 AM| -0,0030 24,327,61| 468,32 12.30.11 08:00 AM| 0,0046/ 23,8119,59 | 680,11
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s C|l % ppm Date m/s °C % ppm
12.23.11 08:15 AM| 0,0015] 24,327,74| 478,09 | 12.30.11 08:15 AM 0,0183 23[799,59 | 680,11
12.23.11 08:30 AM| -0,0030 24,327,74| 477,48 | 12.30.11 08:30 AM  0,033% 23/[7%9,66 | 675,23
12.23.11 08:45 AM| 0,0076] 24,327,81|495,18 | 12.30.11 08:45 AM 0,054 23,640,03 | 658,14
12.23.11 09:00 AM| 0,0015 24,327,88|526,92 | 12.30.11 09:00 AM 0,003 23,629,91 | 641,05
12.23.11 09:15 AM| 0,0030 24,328,08| 561,1 12.30.11 09:15 AM| 00,0411 23,p79,88 | 645,94
12.23.11 09:30 AM| -0,0030 24,3&8,35| 591 12.30.11 09:30 AM| 0,0157 23,5%9,73 | 636,17
12.23.11 09:45 AM| -0,0030 24,328,56| 632,51 | 12.30.11 09:45 AM 0,0761 23,680,02 | 662,41
12.23.11 10:00 AM| -0,0030 24,328,76| 657,53 | 12.30.11 10:00 AM  -0,0030 23,580,17 | 686,83
12.23.11 10:15 AM| -0,0030 24,329,1 | 684,39 | 12.30.1110:15AM 0,0578 23|2D,17 | 677,06
12.23.11 10:30 AM| -0,0030 24,419,07|694,15 | 12.30.11 10:30 AM 0,018 23,420,28 | 706,97
12.23.11 10:45 AM| -0,0030 24,4P28,9 | 691,1 12.30.11 10:45 AM  0,025p 23|5 2024 145,
12.23.11 11:00 AM| -0,0030 24,419,31| 780,82 | 12.30.1111:00 AM 0,036% 23/480,31 | 712,46
12.23.11 11:15 AM| -0,0030 24,4€9,44| 760,68 | 12.30.1111:15 AM 0,0259 23,420,31 | 724,06
12.23.11 11:30 AM| -0,0020 24,529,45|/772,89 | 12.30.1111:30 AM 0,0517 23480,38 | 738,71
12.23.11 11:45 AM| -0,0030 24,5&9,79| 816,83 | 12.30.11 11:45 AM__ 0,004 23/420,46 | 757,02
12.23.11 12:00 PM| -0,003D 24,580,09| 865,66 | 12.30.1112:00 PM 0,091 23|%D0,68 | 793,03
12.23.11 12:15 PM| -0,003Dp 24,580,53| 861,39 | 12.30.1112:15PM 0,098P 23|50,65 | 802,8
12.23.11 12:30 PM| -0,003Dp 24,581,21|1.007,87| 12.30.11 12:30 PM| 0,0594 23,520,47 | 780,82
12.23.11 12:45 PM| -0,003D 24,631,62| 1.015,20 12.30.11 12:45 PM| 0,0563 23,620,54 | 799,74
12.23.11 01:00 PM| 0,0000 24,y32,43| 1.088,44] 12.30.11 01:00 PM| 0,0396 23,6920,55 | 792,42
12.23.11 01:15 PM| 0,000Q 24,¥33,27|1.171,45] 12.30.11 01:15 PM| 0,0411 23,y20,77 | 829,65
12.23.11 01:30 PM| -0,003D 24,833,92| 1.260,56 12.30.11 01:30 PM| 0,0061 23,y@20,85 | 846,13
12.23.11 01:45 PM| -0,003D 24,933,59|1.194,03{ 12.30.11 01:45 PM| 0,0654 23,y20,96 | 855,9
12.23.11 02:00 PM| -0,002D 24,934,29|1.321,59 12.30.11 02:00 PM| 0,0548 23,821,14 | 890,08
12.23.11 02:15 PM| -0,003Dp 25,034,73|1.314,27/ 12.30.11 02:15 PM| 0,0609 23,821,222 | 888,85
12.23.11 02:30 PM| 0,0106 25,034,67|1.250,18/ 12.30.11 02:30 PM| 0,074 23,821,51 | 928,53
12.23.11 02:45 PM| -0,003D 25,083,8 | 1.208,64 12.30.11 02:45 PM| 0,0259 23,921,74 | 960,27
12.23.11 03:00 PM| -0,002D 25,084 1.142,19 12.30.11 03:00 PM| 0,0639 23,922,18 | 1.008,4
12.23.11 03:15 PM| 0,007§ 25,184,01|1.073,79/12.30.11 03:15 PM| 0,035Q 24 22,49 1.014
12.23.11 03:30 PM| 0,007  25,184,07]1.093,9312.30.11 03:30 PM| 0,0411 24 23,7 1.107
12.23.11 03:45 PM| 0,0259 25,185,08] 1.129,94] 12.30.11 03:145 PM| 0,001 24,1 23% 1.144
12.23.11 04:00 PM| -0,002D 25,185,14|1.054,87] 12.30.11 04:00 PM| 0,0091 24,123,21 | 1.133,0
12.23.11 04:15 PM| 0,0457 25,184,64|1.049,38/12.30.11 04:15 PM| 0,0304 242 23,18 1.104
12.23.11 04:30 PM| -0,003D 25,183,81|917,54 | 12.30.11 04:30 PM 0,054 24|228,44 | 1.127,5
12.23.11 04:45 PM| -0,003D 25,084 836,36 | 12.30.1104:45PM 0,0244 24,23,7 1.150,04
12.23.11 05:00 PM| -0,002D 25,082,73| 721,01 | 12.30.11 05:00 PM 0,041l 24|3%8,56 | 1.137,2]
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Table A.02.(Continued)

Room 50 - location ‘A’

Room 50 - location ‘B’

Date m/s °C| % | ppm Date m/s °C % ppm
12.23.11 05:15 PM| 0,010§ 24,982,05| 638 12.30.11 05:15PM  0,0188 24433,6 1.154,97
12.23.11 05:30 PM| -0,003D 24,881,63| 578,19 [ 12.30.11 05:30 PM  0,0076 24{483,45 | 1.120,79
12.23.11 05:45 PM| -0,002D 24,¥31,29|524,48 | 12.30.11 05:45PM 0,0091 24{48,42 | 1.099,43
12.23.11 06:00 PM| -0,003D 24,681,08| 495,18 | 12.30.11 06:00 PM  0,0365 24|48,67 | 1.150,09
12.23.11 06:15 PM| 0,0106 24,580,97| 478,7 12.30.11 06:15PM  0,0350 24/523,82 | 1.148,25
12.23.11 06:30 PM| -0,003D 24,480,86| 465,27 [ 12.30.11 06:30 PM  0,0046 24|5X13,46 | 1.098,87
12.23.11 06:45 PM| 0,0183 24,480,96| 457,95 | 12.30.11 06:45PM 0,0122 24{513,68 | 1.095,76
12.23.11 07:00 PM| 0,004 24,480,86| 457,95 [ 12.30.11 07:00 PM 0,0076 24|483,6 1.088,44
12.23.11 07:15 PM| -0,003D 24,4B0,96| 477,48 [ 12.30.11 07:15PM  -0,002Q4,39| 23,52 | 1.068,3(
12.23.11 07:30 PM| 0,0030 24,880,99| 485,41 | 12.30.11 07:30 PM 0,0259 24|38,52 | 1.023,13
12.23.11 07:45 PM| 0,0030 24,880,99| 487,85 | 12.30.1107:45PM 0,0289 24|38,23 | 987,12
12.23.11 08:00 PM| 0,007 24,880,95| 489,69 | 12.30.11 08:00 PM  0,0731 24|3B,15 | 964,54
12.23.11 08:15 PM| -0,003D 24,830,98| 487,24 | 12.30.11 08:15 PM 0,017 24|3®,94 | 945,62
12.23.11 08:30 PM| 0,0046 24,831,02| 492,74 | 12.30.1108:30 PM 0,1157 24|3®,57 | 901,06
12.23.11 08:45 PM| -0,002D 24,281,05|/ 497,62 [ 12.30.11 08:45PM 0,0578 24|3®,2 844,3
12.23.11 09:00 PM| -0,003D 24,281,05| 494,57 | 12.30.11 09:00 PM  0,0259 24|3®,02 | 831,48
12.23.11 09:15 PM| -0,003D 24,231,05/487,85| 12.30.11 09:15PM 0,0289 24{381,84 | 816,22
12.23.11 09:30 PM| -0,003D 24,230,98| 484,8 12.30.11 09:30 PM  0,0030 24/351,54 | 768,62
12.23.11 09:45 PM| -0,003D 24,280,91| 487,24 | 12.30.11 09:45PM 0,0289 24|31,47 | 763,12
12.23.11 10:00 PM| -0,003D 24,220,87| 482,97 | 12.30.11 10:00 PM 0,0122 24|34,29 | 738,1
12.23.11 10:15 PM| -0,003D 24,230,84| 482,97 | 12.30.1110:15PM 0,0609 24|31 ,4 771,06
12.23.11 10:30 PM| -0,003p 24,2 30/7 482,86 12.300t30 PM | 0,0244| 24,3p21,47 | 767,4
12.23.11 10:45 PM| 0,0015 24,2 30/6475,65| 12.30.1110:45PM 0,0213 24|321,69 | 811,95
12.23.1111:00 PM| -0,002D 24,2 30,5470,15| 12.30.1111:00 PM 0,0274 24{31,91 | 838,2
12.23.11 11:15 PM| -0,003D 24,130,5 | 468,32| 12.30.11 11:15PM 0,0563 24,24,84 | 811,34
12.23.11 11:30 PM| -0,003D 24,130,47| 462,83 | 12.30.11 11:30 PM  0,0883 24|321,69 | 785,1
12.23.11 11:45 PM| -0,003D 24,130,47| 465,27 | 12.30.11 11:45PM 0,0502 24{34,69 | 780,82

120



APPENDIX B

MECHANICAL DRAWINGS OF ROOM 28 AND ROOM 50

Figure B.01.Ground floor plan of Room 28
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Figure B.02.Ground floor plan of Room 50
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