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ABSTRACT

The prevalence of relocatable classrooms (RCs) at schools is rising due to federal
and state initiatives to reduce K-3 class size, and 'li_mited capital resources. Concerns
regarding inadequate ventilation and Hindoor air and envifoﬁméhtal qualitgf (IEQ') in RCs
have been raised. Adequate ventilation is an lmportantlmk bétwéeh iinproved IEQ and
energy efficiency for schools. Since students and teachers spend the majority of a 7-8
hour school day inside classrooms, indoor contaminant cqncentrations are assumed to
drive personal school-day exposures; We conducted a demonstration project in new
- relocatable classrooms (RCs) during the 2001-02 schéol year to address tﬁesé issﬁés.
Four new 2‘4’ x 40° (96.0 fti) RCs were consfructéd aI;d sited in-pairs a.lt‘ an eleniehtary '
school campué iﬁ 'eéch of two partig:ipant school-distfi_é& (SDj in rNo}the‘m éélifbmia. )
Each RC was equipped with two heating, ventilation, and air conditioning (HVAC)
systems, one per module. The two HVAC systems were a standard heat pump with
intermittent 25-50% outdoor air ventilation ar_ld an en¢rgy-efﬁcientladvanced .syste'r_n,
based on indirect-direct evaporative cooling with an integrated natural gas-fired hydronic
heating loop and improved particle ﬁltr_ation, providing 'continuous 100% outdoor air

ventilation at > 15 ft° min’!

‘occupan.t'_lA. Alternate carpets, wall panels, and ceiling panels
were installed in two classroorx;s;éne in each 'éaif—ﬁésed on tﬁe results of va laboratory
study of VOC emissions from standard and al£eh¥ate materials. Numerous IEQ and
outdoor air quality- and meteorologiéal parayﬂétérs wefé rﬁeaéﬁréd eifhéf,boﬁtiﬁuouély
over the séhool year or.as integrated scﬁool déy séfnplés durmg the .félli co.oili.nvlg.érjld”
winter heating seasons. Details of the RC'deéigns, the field monitoring methc;dology

including handling, storage, transport and management of chemical samples and data, and

analyses to be conducted are presented.
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3.0 LIST OF FIGURES

Figure 1: Photograph of the foil vapor barrier provrded with roof insulation for the four -
HPCBS Element 6 RCs.

Figure 2(a-b): Photographs of the apphcatron of the whrte pamt ‘cool roof” provrded for
the four HPCBS Element 6 RCs. _ o :

Figure 3: Photograph of the back walls of joining modules for a HPCBS Element 6 RC,
each with mounted.components of the standard or IDEC HVAC system.

Figure 4: Photograph of the IDEC with LBNL customized inlet filtration system (65% :
ASHRAE dust spot efﬁcrency DuraMax filters, two DM-603 -and.one DM-602,
Koch Filter Corporation, Louisville, KY) mounted on the back wall of each RC.

'Figure 5: Side-by-side control thermostats: for IDEC and standard HVAC systems in each
field study RC. Plastic lock boxes and notes were used to remind teachers which
system to use during the school year given the case-crossovcr study design.

Flgure 6(a-c) Archltectural engmecrmg drawmgs showmg plan (a) and. back wall (b)
views of the HVAC systems in each HPCBS Element 6 RC, along with a detailed
legend (c) (see Frgures Al, A3 and A6, respectlvely, Apte et. al, 2001).

Figure 7: Simple- sketch of LBNL AMS hghtmg ﬁxture location de51gn for HPCBS
Element 6 field study RCs. Each rectangle estimates a 5°Wx8’L area of the
960 ft* RC. The front of the RC is on the left and the back wall with wall-mounted
HVAC systems on the'right. LLLL = lighting fixture locations in each module,
separated by the bold line. : '

Figures 8(a-b): Photographs of the completed (a) LBNL designed indoor cabinet
(constructed for AMS and LBNL by Sierra Cabinets, CA) and (b) LBNL
modified white, waterproof steel outdoor enclosure (Hoffman, Inc., San
Francisco, CA) for environment monitoring and computer equipment.

Figures 9(a-d): Rain protection for areas around the RC A outdoor enclosures
during the winter 2002 heating season (a-b, CUSD, and ¢, MCS) and a
special removable shelf for CUSD (d) to protect equipment and allow LBNL
technicians to conduct field tasks regardless of ambient conditions or time of day.

Figure 10: Photograph of P-Series WattNode digital pulse sensors (50A CT and 15A CT
type), concealed in an electrical panel, used in each of the four RCs to measure
total building (watt0), conventional HVAC heat pump (wattl), IDEC (watt2), and
lighting (watt3) power for the electricity monitoring component of the field study.

Figure 11: Photograph of the advanced HVAC system’s water heater gas usage sensor .
' ‘(Equimeter 275P) for the energy monitoring component of the field study.

Figure 12: Photograph of LBNL technician conducting calibration protoccl for
'CAI ZFP-9 CO, gas analyzers with calibration bags at percentages of 2788 ppm.
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- Figure 13: Photograph of LBNL technician conducting flow rate measurements of the
PSI MetOne 237B particle counters with a BIOS DryCal low flow cell calibrator.

F igﬁre 14 (a-b): Photograph of LBNL outdoor enclosure with (a) VOC and aldehyde
sampling systems and (b) sampling lines for outdoor samples.

Figure 15: Photograph of LBNL technician placing indoor VOC and aldehyde sarhples.

Figure 16: Photograph of LBNL technician conducting flow rate measurements of the
aldehyde sampling system with a BIOS DryCal low flow cell calibrator. VOC .
sampling system flow rates were taken nearby with a simple bubble tube protocol.

Figure 17(a-c): Photographs of LBNL designed Lexan mobile located at the center of
each RC 1-2 ft down from ceiling, i.e., 6.5 ft above carpeted floor, for
SLM (noise level, dB (A)), T and RH measurements, mcludmg (a) installation,
. (b) SLM calibration and (c) co-located Quest M-27 noise dosimeters to vahdate
the orientation and location of the SLM microphone. -

Figure 18: Photograph of the LBNL designed vertical T measurement array at three
heights (0.5 m., 1.0 m., 1.7 m.). The location was flush with side of the standard
installed dry-erase board and as far out from the wall as the metal ledge used by -
the teacher to store markers and erasers. This array was protected with anodized
perforated aluminum covered with commercially available speaker cloth.

Figure 19: LBNL technician was operating the thermal comfort monitoring cart to -
power on and off and to download, save, and review data.

Figure 20: Photograph of the outdoor weather station to continuously measure
local meteorological variables of interest such as wind speed, wind direction,
outdoor T and outdoor RH. AMS helped LBNL technicians install the weather
- station support pole at the school sites with a hole and a roof cap fitted at AMS.
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1.0 H.\ITRO‘DUCTION

The purpose of this report is'to document thg: field study design and methods used
in the‘Califovrriia Energy Cqmmissi_oﬁ (CEC) funaed High Perforfnance Commercial
Building Systems (HPCBS) Element 6 field study (Task 6.2.2). The overall goal of this
task is to evaluate the costs and benefits of vtechnoldgies simultaneously improving
b’uildingbnefgy efﬁcién’cy'and iﬁ‘&o‘of environmental quality (IEQ). ‘Buil‘ding designs
attempting to pmvide such simultaneous mbeneﬁts are not typically considered. In this
field study we ;’hav'e selected to demOnst;atg such benefits in relocatable classrébms
(RCs). A numBer of cdmrﬁeréial buildipgfy_pescould Be studied; however, RCs are
particularly well suited and topical in-én_ era of school facilities expansion and
modernization, given societal ene'rgyefﬁéier;cy concerns. ,Détailed monitéring data will
‘sir;lultaneous"ly‘documé.ntl éﬁergy usage and IEQ coﬁditions since building usage patterns
and environmental conditions strongly influence-both.

The use of RCs in Califoﬁia schools has incréased dramatiéally in recent years
“due to-state and’ fec-ier'alAivnitiatives. for c}ass siz¢ ’reduction‘:.at K-3 grade -levéls, and
increasing _numbb‘elj”s'-of : sfﬁdeﬁts.dﬁe vtov bopulation gfowth _aﬁd imfn»igration. An estimated
75,000-86,500 (as of 1997-98) RCs, or one of every three classrooms, are cufrently in
place in Califofniav schools and house nearly two million students (EdSource, 1998;
Waldman, 2001). The School Facilities Manufacturers Association, compfised of the
major modular cpnstruction com;)anies serving CA and wesfem Nevada, have built and
will continue to build an estimated 6000-8000 or more stahdard.RCs each year during
this decade, in addition fo speciél orders, to meet demand (Sarich, 2001). The
portable/relocatable cléssro_om manufacturing industry estimated a projected growth rate

of 20% per year nationwide for this decade (Lyons, 2001).



RCs are popular in schooldistricts growing or changing demographically. In
addition, RCs are often liked by teachers who have been instructing in smaller, older
conventional classroom facilities with usually- poorer quality of lighting and heating,
ventilaiion, and air conditioning (HVAC) systems. Additionally, the teachers appreciate
having air conditioning and individual control bof the HVAC systems, which are standard
equipmentA on most RCs. Tliere are, hoWever, many 'complaints, both,rlocumented and
- anecdotal, frequently discusse'd__in the newspapers regarding the IEQ and especially air
quality in the RCs. Most frequently, the's_e issues stem from s_ome 't)v/p_e_. of water damage
and/or from inadequate ventilation. |

'l‘he cost of supplying energy for lighting, ventilation, andl space con;iitioning to
school facilities pre.sents a burden on school districts with tight budgets. School energy
use is a peak load‘ burden on the electricity grid. _The addiiion of conditioned floor space
to schools, e.g., RCs, increases energy bills. Although r)rovided wiih RCs and attractive
to their occupants during hot and/or humid months,'air conditioning presents a newvcost
for many schools. Energy efﬁciency in RCs is therefore compelling to many public and
privaie stakeho_lders. | | R |

From the standpoint of energy usage and IEQ, the HVAC system is a critical
component of RC design. Operating costs, electric demand, and environmental
~ constraints influence design decisions such as equipment conﬁguration, energy
efficiency, and filel source. The need to maintain minimnm ventilation rate for removal
of occupant bioeffluents and air contaminants emitted by building :materials:and
classroom furniture, cleaning and teaching products requires consumption of additional
energy to nrovide and condition outside air. The American Society of Heating,
Refrigeration, and Air-Conditioning Engineers (ASHRAE) Standard 62-1999 (ASHRAE,

1999) recommends and the State of California Building Standards and Occupational



Safety and Health Codes require a minimum ventilation rate of 15 ft3 min™' person™
(CFM) (CCR, 1995 and 2001; CCR, Title 8 and 24) in nonres_idential buildings.

A methodology for the Element 6, Task 6.2.2 field sfudy of energy use and IEQ in
RCs was devised for the following purposes:
1.) To test and collect data on advanced HVAC technologies suitable for RCs to |

demonstrate energy efficient performance and IEQ improvements.

| 2.) To cl:ollec;tvreal-time and integfated'sample data on energy use patterns, RC opération,

~and IEQ parameters in RCs to improve compu.ter models which then can estimate the
energy savings potehﬁal and [EQ effectiveness for advanced HVAC technologies in
RCs and Ot:her‘bui’ljdin‘g types for a range of California climate regions. Thi§
'inform_ation is expected to help séhool districts and their consultants save energy and

imprbVe the IEQ of new and retrofitted California school classrooms.

3) Evaluate source control measures for targeted toxic and odorous volatile organic
compounds (VOCs) in RCs and share the results widely with RC manufacturers,
materials manufacturers, and other stakeholders to promote healthier learning and

teaching environments in California schools.



20 ME_THODoLOGY
| The field study included specific phases. 'I;hese were:

. School district and RC manufacturer recruitment

e RC design speclﬁeation and construction

e RC siting at schools and installation of energy'and IEQ monitoring instrumentation

e Field measurements for energy and IEQ data collection for 8—l0 weeks dnring fall
Vcoolmg and winter heating seasons and as posslble trans1t1onal periods mcludmg
unoccupled holidays during the 2001-02 trad1t1onal pubhc school year Unoccupled
weeknights, weekends,_ and holidays are separately coded from school day hours.

e Data management and analysis with deScripﬁVe statistics and regression models

2.1 Overall Study ;Design

The HPCBS RC energy‘ efficiency implementations were based upon earlier work
by Davis Energy- Group (l)EG) with Pacific Gas and Electric Company (PG&E) which
eUlminated in the PG‘&‘E'Prernium Efﬁcient Relocatable Classroom (PERC) program
(DEG, 1997). The energy upgrades of the basic RC structure'commion to the four new
classrooms in this study are shown in Table 1 (Apte et. al 2001).: The envelope energy '
efﬂcnency measures selected for the HPBCS prOJect were similar to the PERC Package 1 |
with two except1ons-- the HPCBS RCs have a white roof (“Cool Roof™) coating
(California AB 970,2001) and a nearly continuous vapor barrier in the ceiling. In
addition to the standard wa'll-mount heat pump system, each HPCBS RC has an
Indirect/Direct Evaporative Cooler (IDEC) for cooling and an incorporated gas-heated

hydronic coil for heating. |

The overall study design followed the proposed protocol outlined below.



Working collaboratively with the RC manufacturérs, LBNL fabricated four RCs with
the Package B HVAC system for this study. Each classfoom had two simultaneously-
installed HVAC systems: a reference-case heat-pump air conditiqniﬁg system typical
of those used routinely; the PERC Packa.ge B system. The -paﬁicipatiﬁg schools had
ordered standard RCs for the 2001-02 school year with summer 2‘0_01 delivéry.

.Otll a weékly (ﬁ bi-weekiy schedule over a period of 8-9 week'sv-d.uring‘ the heating and
,co.oling seaéc;ns, opefation switched between the two instaliéd HVAC sysfems. The
non-operating system was sealed off to prevent routes of air leakage or pollutaht |
migration. | |

HVAC énefgy use and a number of .IEQ and dutdoor parameters including carBori
dioxide concentrations as an indicator-of per—Qccubant ventilation ré;tés, air o
'tempcratﬁre and relative humidity at numerous indoor sites; ‘no.ise, and particle counts
and estimated concentrations in different aerodyﬁamic_ diarﬁetcr size ranges were '
continuously monitored.

~ We periodically monitored other pakémeters, ie., bncg_ a week, including the full _array
of thermal comfort paraﬁeters required to quantitatively assess comfof_t (ASHRAE
55, 1992) and indoor and outdoor target toxic and odorous VOC concentratio_ns ‘ ;
including fbrmaldéhyde and acetaldehyde.

Weather stations were instailed to collect wind speed and direction data at each study
site. These data will become part of the energy data analysis and modeling by DEG.

~ Daily occupancy data were obtained from class records as raw attendance figures .

from school administrative staff (see Appendix 4.1)..



Energy and IEQ benefits will be based on a comparison of data from baseline HVAC
operation to data from enhanced HVAC operation by season and school district (climate

zone) and possibly by RC due to influences of human behavior.

2.2 Recruitment

We took the approach of locating Northern California RC manufacturers with the
pla'n to develop Working relationships leading to referrals to school districts (SDs) with
RCs ordered for delivery in the summer of 2001 for the upcoming traditional academic
calendar. We contacted five Northern California RC manufacturers and three in Southern
California, by mail and/or by telephone follow-up. We visited five RC manufacturers,
three in Northern California and two in Southern California, and described the project’s
.goals and plans. | Four manufacturers expressed interest in participating in the study by‘
November-December 2'0007 LBNL staff met with the leadership of three Northern
Caiifomia RC manufacturers at their production facility offices in December 2000. Three
manufacturers supplied “livsts of Northern California SDs witn pending RC orders, which
they believed would be\ interested in the project. Their, recommendations were based Ion
knouviedge, of the SD interests and/or maintenance practices. |

From the SD li_sts we were able to target SD with cooling.and‘ heating demands
suited for our studies. We selected two areas to. provide varied performance data for the
RCs based upon cli‘mate._ These \\iere the Central San Joaquin Va_lley and the Bay Area
Transition Zone. We wrote letters_ to school facilities or maintenance and operations |
managers of the SDs on the manufacturer lists in these climate zo_nes.: We received
favorable responses from three candidate school _d_istricts favoring one RC manufacturer,
Amer_ican Modular Systems (AMS). One other Sb was intere.sted but preferredva |
Southern Califomia. RC manufacturer, which‘only had an office in Northern Califomia at

6



the time. The three candidate SDs were Modesto City Schools (MCS), Lodi Unified SD,

and Cupertino Union SD (CUSD).

Following meetings with SD sfaff iﬁ January 2001, each was ‘interested but only
two SD gained permission from their Superintendent and Board of Education to
participate in the studnyCS and CUSD. After visits by LBNL staff td two possible
school sites in each SD and meetings with those principals, each SD approved a primary
school for the study. Each SD had RCs Sn Q;der frvom. AMS _likely to serve grades K-4 bat

those schools.

2.3 RC design
2.3.1 Standard RC design

The most common RC configuration is the two module 24° by 40° (960 ft})
classroom, althoug'h'a number of c;thér styles, including a three module 960 ft* unit and
four module, two story design_are available. Other thén' the modular steel framing syéfem
used in the RC, the construction methods and r)nate‘:rialé‘u's"ed are simi:lar to those in site
built school cbhstruction; A range of choices are available in thé construction and
interior finish materials market; buildiﬁé,ﬁfé and environmental codes, eédnorﬁics, and
desigh goals and/or constraints by édhstljﬁétiéﬁ pfoject' determine SD selections in
consultation with architects érvid'enigi‘riee—f.s. Fo:r;ékamél’e, the T-12 ballast for overhead
ligﬁting is standard fo; many: RC }ﬁahuféctuferé, while T-8 may be ordered by a SD
expeciing to realize saviﬁgs over time after h‘igher:initji‘al costs.
2.3.2 HPCBS Modified RC design’

The HPCBS RC dééign for this sfu&y used available energy efficient and low-

emitting construction and interior finish materials and methods including additional wall,



floor, and ceiling insulation; ceiling Vaporr barrier (Figure 1); “Cool Roof” reflective roof
coating (Figures 2a-b); low-emissiVity window glazing; and, efficient T-8 fluorescent
lighting (DEG, 2000). Further details in each category will now be provided.

2.3.2.1 HVAC systems

Each of the four study RCs were equipped with two HVAC systems: a standard
10 SEER heat-pump system (Bard 3.5 ton unit, WA421-A, Geary Pacific, 'C-A), andan :
energy-efficient IDEC (Figure 3). CUSD paid for the optional Bard-continuous room
ventilator, which increases the percent of outdoor air in the filtered supply air from ~25%
t0 25-50% based on manual settings when operated. The IDEC supplies continuous
ventilation at 7.5 L s™ (15 CFM) per person even when heating or-cooling is not
required. Additionally, compared to the standard heat-pump system, an IDEC consumes
about 70% léss cooling energy. Furthermore, since the IDEC has no compressor and a
very quiet fan, the noise output from the system is lower. Incorporated into the IDEC is
an 85% efficient (AFUE) gas-fired hydronic space heating system and three-part inlet
filter system (Figqre 4) with 65% ASHRAE dust spot efficiency (Apte et al., 2001)

Both the IDEC and the heat pump controls, as.rcurreritlyx designed using.
thermostats, require the systems be turned on manually- to provide the ;equired -v‘entilation
(Figure 5). In the case of the heat pump system, this action is tied to the temperafﬁre sef
point; outside air is only supplied when heating or cooling is needed. For the last three
weeks of school, LBNL and DEG installéd motion/occ_upancy sensors (Watt Stopper CI-
24, Santa Clara and Livermore, CA) connected to the IDEC f_an. Field experien\@ and
data during the school year suggested teachers were not always ope.:;a_tir.lg the IDEC

during occupied hours. The sensor, and an upgrade to the IDEC control program, - .



ensured the minimum code ventilation would be provided whenever an occupant was in
the room and the IDEC was not on for at least ten minutes.

Each of the four RCs was:the sténdard 24’ by 40’ (960 ft*) classroom
configuration made from two individually constructed and shipped modules 12’ by 40°.
The ceilings were 8’4 high from finished carpeted floor to acoustic ceiling tiles in T-bar
grid, instead of the étandard 8°6”, to accommodate the IDEC plenum with custom
encasement and extra flexible ducting for runs to three supply air diffusers. Figures 6a-c
~ are architectural engineering drawings with plaﬁ and outside back wall views. of the RCs
with the HVAC units and associated components located and mounted to meet California
fire and construction codes. Each of the two modules for each of the four RCs had one of
the two HVAC systems installed on the back:wall and in the attic space.

. For more details on the HVAC system selection, including individual

components, please refer to Apte et. al (2001).

2.3.2.2 Building Shell

ééch of the four RCs had the same basic California Division of the State
Architect-approved building shell. Each module had on¢ HVAC installed. The IDEC
cémbohénts including fhe heating system weighed less than the Bard packaged unit. The
back wé,lnl; was framed w1th 2” by 6 rather than the standard 2” by 4” wood studs to
accommoda;té the additién of the IDEC élﬁmbing.

Eéch RC received a “cool roof” application (Figure§'2a-b) based on the
impleméntation of Célifomia AB 970 usihg"white elasfonieric paint from National
Coatings, Inc. (ASOO AcryShi'e_ld', three gallons/ 100 ft* applied in 2-3 cdéts, Camarillo,

CA).



Table 1 describes the insulation specifications implemented in each RC. The
areas of the RC considered with respect to insulation were walls (R-13), roof (R-30 for
CUSD and R-19 for MCS), roof beam (R-13), and floor (R-19). Insulation batts for the -
roof and roof beam ‘wer'e covered with foil. LBNL technicians folded over the sides and"
tucked them into the roof beams, aﬁd carefully patched any holes made during
construction with aluminum foil tape, to approach the continuous vapor barrier not
available to AMS ‘in fall 2001 (Figure 1).
2.3.2.3 Fenestration

Although the study of daylighting waé not a goal of the HPCBS Element 6 RC
package, energy efficient glazing and the provision of operable windows for optional
nafural ventilation was a p_riority." Each of the four field -sfudy RCs compliedeith- SD
architectural drawings for a large front wall 4°H by 8'W' Window with sliding panes from
each side. The HPCBS Element 6 package,rhowever, upgraded the quality of the window
glass (Table 1) to 'Sungate 1000 Solar Control Low.—E Glass (PPG, CA). This glass was
characterized by a minimum visible tran_smission of 72% anda maximum solar heat gain
coefﬁcient of 46%. The SD specifications also includéd one 4’H by 4°W back wall
window with a siiding pane from one side.. The back window size had to'be _reduced to
3’H by 4’W windows for the CUSD RVCs‘and 4’H by 2’W windows for the'-MCS‘ RCs,
with slidihg panes from one side; CUSD RCs received Sungate‘_.'_l 000 Solar Control Low
—E Glass for these back'windows; while MCS RCs received the nearly identical Sungate
500 Low —E Glass. Given the small areas of these rear windows, these different coatings
were'nbt e’Xpectéd’ to have a significant effect on the two pairs of RCs.
2.3.2.4 Lighting o - N

~As previously stated (Table 1), each of the four field stpdy RCs were outfitted

with T-8 lighting fixtures. MCS had speciﬁéd T-12 ﬁxturés_‘for their RCs, and while -
’ | 10



CUSD had ordered T-8 fixtures, the HPCBS Element 6 package provided higher quality .
products, e.g., special reflectors. Each RC, to meet current requirements for a minimum
of 50 foot-candles light at desk or working height, received 12, not the standard 10, .
fixtures; there were six, not the standard five, ﬁxtures per module. Each fixture was a
two-lamp T-8 fixture (Metal Optics, P/N A12125120GEBLP735, including 2x4-grid
troffer with 0.125 acrylic lens and miro 4 80% efficient reflector, Lithonia Lighting) with
électronic parallel 120-volt balla‘si (2G232, Lithonia Lighting). The standard RC
configuration for AMS provided five fixtures per module, in a étraight line down the
center of each module. This would not have been poss_ible on the IDEC sides of the study
RCs due to the third flexible supply air ducting and the existing conduit runs, especially |
for CUSD RCs. Therefore, an alternative design was devised for the three fixtures in v.ihe
back of each RC module. This alternative design ensured the two modules weie‘mirror_
images of one a_nbther for aésthe_tics and to concentrate lighting in classroom areas most
frequently used, including the student desk area, dry-erase board area, teacher work areas,
and the sink area. Figure 7 provides a simple sketch of this design.
2.3.2.5 Interior Materials
. Tiie' two participating. schbols each received a pair of field study RCs lo'cate__ci ?ide-
“by-side. These RCs were designated “A” and “B” for simplicity. “RC A” receivéd some
| altemative inteiior finish mateiials and ;‘RC B” was conStructed__and ﬁnishe_d w.it__h:v_only
standard materials. Standard materials were those generally used by RC manufacturers '-
and/or érdéred by the SD. Eight categories of interior ﬁnisvh and ﬂcioring construction
materials, including adhesives and finishes, were inventoried and assessed qualitatively
and quantitatively with environmental chamber testé. F cir details and results of the _ |
assessments, please refer to:-Hodgson et. al (LBNL-484§0, July 2001) and Hodgson é’f._ al

(2002). Tables 11-12 of Hodgson et. al (2001) ér_c provided in this report as Tables 3 -
o | | i



and 4, respectively, for quick reference and to sumfnarizb tbe results of interior materials
selection and testing criteria and results. As has been mentioned in the study goals, the
school day infegratad toxic and odorous VOC sampling, dascribed in detail later,.
investigated the impacts of material selections as Well as various teaéhing and cleaning

products brought into the RCs on indoor air quality.
2.3.2.6 Modifications to Accommodate Environmental Monitoring Instrumentation

LBNL wanted to accbmmodate the IEQ.and outdoor monitoring equipment in
cabinats or enclosurcs to protect these sensitive, expensive apparatus and computers _from
the natural elements and vandalism. At the same time, LBNL did not want to impo_seron
the teachers. The LBNL goal was to take up no storage_ or teaching space expected to be
provided in a new RC by each SD. LBNL also realizad young children are curioua,
leaming through use of their senses including _toﬁcb. Thus, instrumehts and computers
needed to be out of Slght and/or reach of 5-10 year olds.

Figure 8a shows the ﬁmshed LBNL- desngned indoor cabinet (18” Hby24”D by
48” W) built at AMS (Sierra Cabinets, CA). Each RC received this cabinet, located on -
top of the RC storage-clbset/babinet (6°8” H by 24” D by 48” W) in the back corner of
the CUSD RCs, or mounted on the back wall corner above the sink area in the MCS RCs..

Flgure 8b shows a LBNL modlﬁed white, waterproof outdoor enclosure
(Hoffman, Inc., San Francisco, CA). Outdoor enclosures were mounted at AMS prior to
delivery of modules to the school sites. There Was a larger and a smaller outdoor

| enclosure for RC A and RC B,n ;éspectiVély. Each SD alrea&y planned to build a fence
arbund the backside of the RCs whéré tbe HVAC systerhs and utility hookups were
located. .At the CUSD site, their contractor did not provide .ample space between the

fence line and the back of the building, and especially between the mounted HVAC units
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and the fence line. To conduct field tasks, LBNL technicians devised a removable shelf -
system connected between the fence and the inside lip of the outdoor enclosure to allow
the enclosure to open and to safely mount the flat-screen LCD computer. monitor (Figure
9a). .

For late fall 2001 and the heating season field work Jénuary-March 2002, LBNL.
technicians developed a system for rain protection during field visits by employing
commercially available waterproof UV-resrstant tarps at the larger RC A outdoor
enclosures (Figures 9b-d). Field tasks ‘at the smaller RC B outdoor enclosuresvreqnired
no special accommodations. -

Specific locations of individual IEQ and outdoor monitoring instruments will be

highlighted in later sections of this report.

2.4 Field Instrumentati.on and Deta Collection Design

‘Sensors for quantitative measurements described in the energy and ‘indoor and_
outdoor environment rnonitoring sections were analog, digital state, or_ digital pulse in
nature. A majority of the Sensors ;vere connected bwith appropriate shielried caoling and. »
conductor wiring (Belden) toa32 channel analog multiplex board (P/N CIO-EXP32
' 'Measurement Computing Computerboards Inc. Mlddleboro MA) which was then
connected to a LBNL LabView 5 software based central data acqursmon system
'(CDAQS Flgure 8a). The components (Measurement Computmg Computerboards Inc |
Middleboro, MA) of each CDAQS mcluded
e A 16 channel 200kHz 16-bit resolution A/D card w1th two channel 200kHz D/A

24DIO advanced triggers (P/N .PCI-DAS 1602/ 16)_ ‘

e Two sets of interface cables and 2x50 connection blocks (C100FF-3 .and SCB-50)
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. | A 48-bit high drive 64mA digitgl I/0 board with 15 16-bit counters (PCI-
DIO48H/CTR15) |
e Various accessories (ICAHI507, ICADAMP, DCP_G;tOS).
A number of digital signals from sensors were ¢orihected directly to inputs on the digital
I/0 board. Appendix A.1 provides more detail. The CDAQS computer was an Intel
‘ f’eﬁtium I11 800 MHz processor Micron PC --one éer s’chool‘ site-- housed in the LBNL
indoor cabinet of RC A. An uninterruptablé battery backup 'power supply (UPS) was

installed to provide temporéry power to the CDAQS'during short power blackouts.

2.4.1 Energy Moniforing

2.4.1.1 Electricity

- The four parameters for assessing the use of clectricity in each RC were total
b/uild_ihg powé;, conventional- HVAC heat pump power, IDEC power, and lighting po§v_er.
These Were dgsigﬁated watt0, wattl, watté, arid watt3, respectively, for th_e-CDAQS and
for data maﬁagément and analyses. Digital puls§: generating P-Series WattNode sensors

: Wgre used; these were set up in their own electrical access panel inside eégh RC (Figure
10). The specific tjpes of P-Seriés WattNode sensors (Continental Control Sys;tems, j‘
LLC,; Boulder, VCO)__uséd for thé four aforementioned i)arametefs, each with
accompanying digital pulse power méters (WNA-IP-240-P), were two 50A CTs (CTS-

' 0750‘0,50)2 two S0A C’fs, one 15A CT (CTS-O756-015), and one 15A CT, respecfivel_y.
‘The LBNL computer.- and indoor and outdoor environmental moﬁitoring equiprﬁent |
plugged infb RC outlets used a negligible ‘amount of e.lectrici‘ty, monitored with plug
loads on watt0, relative to the lighting and HVAC system invoperatidn.' Eacﬁ six-rﬁinute
datavp.oint pef energy sensor provided the total éner_gy used by the circuit during the six-

minute period.
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2.4.1.2 Natural Gas

The advanced HVAC system’s natural gas-fired hydronic loop used a |
commercially available instahtaneous water heater; refer to Apte et. al (2001) for details.
Water heater natural gas use was quantitatively assessed in two ways. First, for
continuous measurements, a digital pulse sénsor was used (Equimeter 1.{275P,vFigure
11).-The sensor’s pulse release was set to 1.0 ft’ natvurall gas/pulse. For standard natural
gas this is éqﬁivalent to approximately 0.01 therms or 1000 btu depending on the heating
value of the gas. Pulses summed over .six_minute_s were sent to the CDAQS. Second, '
LBNL technicians recorded the four-digit number off the gas meter once a week in the -

early morning and in the late afternoon. One unit of this meter was equal t0 2.5 ft’ of gas

used.

2.4.1.3 HVAC Conditions and Set Point

1 | The energy mbnitofing portion of t.He field study included assessment of HVAC
conditions and the set points directed by the individual teachersvdurikng HVAC ,opera't.ion.
LBNL technicians collected qu.ant‘i‘tati;/e ahd qualitative information on checklists,v
including the HVAC settings used, thé tftile'rmc’s'tavtv set points of both the conventional and
advancedeVAC- systgfn (Figuré 5) four times per day—befofe.sc;hool, recesé, lunch,
after school—and teaéh_ef éommehts (Appéhdix_l A32 and A.4.4). LBNL measured
temperature (T) in the hydro.n'ic.loop with analog sensors (YSI 44018 sensor and YSI
44303 re;sistor “Thermi_line_ar Netwérk,” Y_'e-ll.ow Spr-ingé Instruments) and the water T at
the entrancé and exit of the coil w1th threaded YSI 09x 3168 stainless steel probes
(Yellow Springs Iﬁsirurﬁentsj. Details on the YSI vconiponents‘ are provided in the indoor
and outdoor T fnonitéring section. The IDEC pump operation stafus during heating was

monitored off of relay contacts located at the pump relay box. The IDEC set point was’
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recorded with an analog sensor customized by DEG The IDEC status, i;e., whether on or
off in “auto” mode for ventilation, was recorded with a digital state sensor customized by
DEG. Any IDEC operation in “cool” mode could be ascertained from T, RH, and \i_vett2
data. | | | o
242 Air Quality Monitoring Indoors anci Outdoers | ,

LBNL t'echnicians collected quantitative and qualitative information on checklists
(see Appendix A_.5.3 and A75'4) and measured air concentrations ef several .p’arameters |
 either continuoﬁsly over the school year or as integrated school day samples during the

fall cooling and winter heating seasons.

2421 Carbon Dioxide

The system for each RC consisted of a contiriuous operation ZFP-9 carbon
dioi:ide (COZ) gas monitor (Califemiev Anaiytic_al Instrlimerits, Orange, CA) for sampling
indoors. The monitors collected sémples at a flow rate of about 0.6 liters min™, with a
response time no greater than ten secorids; 'i"his monitor had a repeatability of :I:l% of ~
full scale 6-3‘-00’.0 ppm, zero point drift of £10% full scale in six imon_ths, and operiited
within T and RH iranges expected in the RCs year-round. LBNL eheeked zero and
multipoint C()z. outputs of the monitors on each weekly Visit'@igu re 12) and correCted in
data re.d'uctio.n foi calibratien drift. _Appendix A3l proxiides the pfoeedure and field data
eheet, ehe per RC, for multipoint calibrations at percentage of 2788 ppm. In one RC of
the pair of RCs at each participating SD’s elementary éeiiool, there was an automaitic "
| two;valve system to imilltiplex the indoor and outdoor eampling lines to the CO; monitor. |
Additionally, in each of the four Rbsthere was am_émuailyl operated sampling line.i)eint

of disconnection, using luer fittings, to provide an inlet for calibration bag conneetien to
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the CO, monitor in the outdoor énclosur‘es. For the aufomatic two-valve system, a signal
from the CDAQS program coordinated valve operation.

CO, was measured continuously and the CDAQS logged voltage output from the
monitor; data were saved as six-minute averagesona 0-2.5V scale equal to 0-3000 ppm.
The monitors were sét to sample indoors‘ except for in RC A, where three times a day 18
minute outdoor measurements were conducted and saved as three, six-fninute averages.
The RC A CO2 sampling valve at each SD wés switched to outdoors af approximately
7:30-7:48, 13:30-13:48, and 15:30-15:48.
2.4.2.2 Particle Count and Size

* Pacific Scientific Instruments (PSI, Grants Pass, OR) MetOne 237B particle
counters with six siic bins were used in this field study. The six size bin ranges, in .
a¢r0dynami6 diameter, wére 0.3-0.5 pm, 0.5-0>.7 pm, 0.7-1.0 pm, 1-2 pm, 2-5 um, and 5-
10 um. The nominal ‘féctory-calibrated flow rate of the device w'_as 0.1 CFM (2.83 liters
minf'). The instrument was run on 110 VAC buticould rely on internal battery operation
for eight hours before shutdown during a power blackéut; combined with the CDAQS
UPS this provided some protection against poWer outages with respect to data storage. -
Coincidgﬂce e;rof of 3-6% was expected; the variation was a functioﬁ of the spéciﬂc
instrument. PSI stated“tile coincidence error would be < 5% at 2 million particleé per
~ cubic foot of air sampled at 0.3 ﬁlicrorr;eters; the smallest size bin. Six iﬁstrument,s were
used in this study; three wé_:e olciér (purchased 1995-96), Whi le three were i)urchased new
in 2001. New instrumenté could not report cumulative or differential particle coﬁnts ovér
9,999,999; the limit was 999, ‘999 for thevolder instrumenté. Thus, the limit LBNL

considered was 999, 999. © ‘
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A

LBNL determined the proper sampling cycle, composed of two variables “period”
and “hold,” to avoid loss of overflow data to the alarm buffer. The “period” is the time
the instrument is making particle counts, and the “hold” is the time when no counting is
conducted, i.e., the time in between sampling cycles when it was possible to up]oad data
from the instrument to the CDAQS. LBNL determined a sample cycie so each data point
was a six-minute average of 12 sample cycles composed of a 29 second “period” and a
one second “hold.” This cycle avoided overflow of data into the alarm buffer and.
accounted for the instrument’s coincidence error, and provided-adequate sampling
statistics. The audible count limit alarm beep for a sampling cycle was disconnected to .
avoid annoying classroom occupants. To achieve the greatest precision and to
compensate for the slight delay—up to one second—during automatic down’loading of
data to the CDAQS, LBNL technicians completed setting date and time one second -
.before the actual time during initial insta'llatio’n'and configuration of each unit in the RCs.
Counters were operated in automatic mode for indefinite cycling and continuous
monitoring. The thermal printers were turned off. The baud rate was set to 1200 to allow
for reliable data transfer to the CDAQS. Each counter was housed in, and plugged into a
wall outlet, inside the LBNL.indoor cabinet to provide sound attenuation. T‘he‘l.ocatio'n
number of the unit was recorded and matched with the serial number..” - = -

For indoor samp'l.ing, 0.125” ID PVC Tygon tubing exteénded out from the
MetOne 237B inlet, through a hole drilled in the front lower panel lip of the LBNL
cabinet. The 237B “isokinetic probe” was connected "to the inlet of the PVC Tygon
tubing, and faced into the classroom space. This design allowed for minimal yet flexible
bends and minimal tubing losses through impaction during sampling. The outdoor - -
sampling configuration was a similar design. The PVC Tygon tubing extended from the

MetOne 237B inlet, out of the indoor cabinet,:-through the back wall within a conduit, and
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emerged through a piece of copper tubing to an area ithmediately above the LBNL
outdoor locker beneath the eaves of thé RC roof. Thus, the sarﬁpl_ing point reached
ambient air ~2.25-2.50 m. above ground andv~1 ft. away from the back wall of RC A.
The outdoor “isokinetic probe” was oriented nearly vertically downward but angled away
from the wall. At the school in each participating SD, there were indoor samples for each
RC and one outdoor sample to represent the pair of adjacent side-by-side RCs.

Each MetOne 237B receivéd a factory calibration by PSI, with NIST traceable
mono-dispersed polystyrene sp‘héres. LBNL technicigns also conducted an:i.n‘strurr‘le'nt
comparison procedure-in a laboratory. room for.the group of instruments during summer .
~ 2001. This process involved ,:c_ross-comparisoﬁ between and among older _ahd_'newer.
instruments. PSI re-calibrated two units, one new and one old, in August 2001. Other
iﬁstruments were later-sent back during the school year due to circuitry or pump failure -
problems requiring professional maintenance or part replacement. Thus, some data were
lost. |

The flow rate of each particle counter was set and confirmed.at PSI at the nominal
0.1 CFM(2.83 liters min'). The flow rate was measured for each PM counter once in.the
afternoon (cooling season) or morning and afternoon (héating season and t_vransibtiohavl .
periods) during each LBNL field visit before calibrating CO, analyzers and switching
HVAC systems. Flow rates were measﬁred with BIOS DryCal with low-flow cell
calibrator (available from SKC, Pittsburgh, PA) and recorded on field data sheets (see
Appendix A.3.2). The BIOS was connected directly to.the PSI “isokinetic sanﬁpler” at th'e'
indoor cabinet panel lip with flexible tubing and reducer fittings, allowing air flow to
enter the system through the BIOS (Figure 13). After flow measurement, to set the ﬂow'ﬁ»
rate as close as possible to the PSI nominal flow, a “set screw” of a valve in the MetOne

"237B was adjusted. LBNL technicians confirmed both the operation settings and that the
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sampling lines were securely attached, unobstructed, and prepared for the continuation of
sampling. In addition, if a counter was not operational, e.g., pump failure, it was-
maintained on-site or removed, repaired and replaced in the RCs at the next field visit.
LBNL operated the particle counters in cumulative mode to upload data, in
~ ASCII, as cumulative counts to the CDAQS; differential counts for each of six size bins
were computed during data reduction. Each data point saved by the CDAQS was a six
minute average. RS-232 cables were connected from each PM counter to the CDAQS.
The data port was open so each’-ﬁnishgd count, i.e., data of a sampling cycle, proceeded
to the CDAQS to avoid loss of during a power blackout. As previously described, the

established sampling cycle-avoided the need to récognize and download data from the

- alarm buffer.

2.4.2.3 Toxic and Odorous Volatile Organic Compounds (VOC),
including Formaldehyde and Acetaldehyde

VOC and aldéhyde active sampling systems, located on shelves in the previously
described LBNL outdoor enclosures (Figure 8b), cdnsisfed_of peristaltic pumps |
controlled by progrémmable’ timers (Fischer Sci.entiﬁcvor VWR) and their respective
multisorbent tube andDNPH cartridge samplers (Tablé 5; refer to Table 2, Hodgson et.
al, 2001). Tﬁe periétaitic; pumps “‘/e.fé»co;stfucted .from' a Méétérﬂex 115V .Standér.c{ |
pump dri_ve (P/N Of754»3-x»x, xx = 06.rpm for VOCs and 60 rpm for aldéhydes) and a
Masterflex Standard pump head (P/N 070yy-21,yy = 14 fd_r VOCs ami 16 for aldehydes,
as Norprene tﬁbingsiipfor samp‘iin-g lines) (Cole Parmer Instrument Company, Vemon
Hills, IL). Samplin‘g'syr.spem_s were used for measuring: integrétedv-schpol day air |
concentrations qf two. target aldehydes, formaldehyde (H,CO) and ac__etaldehydc
(CH3CH'(5), and target toxic and odorous VOCs inside each RC and outdoprs at each )

school. Specifically, sampling systems consisted of a double head pump controlled by
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the timers for collecting single or duplicate VOC samples, and a single head pump

controlled by the timers for collecting an aldehyde sample.

The sampling pump tubing transitioned within the outdoor cabinet to 0.125” OD
copper sampling lines (Figure 14a-b). The copper sampling lines then either:

e Traveled in a conduit into.the LBNL indoor cabinet and transitioned to sampling .
ports on the cabinet’s 4” pa'.nell lip facing into the RC indoor air, ~2.25 m above the .
floor and ~0.7 m (26 in.) away from the back wall. The sampling ports had female -
luer fittings where aldehyde samplers with male luer ﬁttihg‘éndswere_ attached, or
0.25” Swagelock fittings where VOC samplers were attached: (Figure 15).

o Exited through holes out the side of the LBNL outdoor enclosure away from the walls
and Bard HVAC unit if in operation. Copper outlet tubes extended ~3‘ft. from RC

back wall. Samplers were attached exactly as they were indoors. -

Inlet and outlet sampling lines and locations were numbered as follows:.
e RC A samples are 3 = ALD; 4 = ALD2 (duplicate), 1. = VOC1,2=V0OC2 = -

¢ Qutdoor samples are 9 = VOC1, 10 = VOC2, 11 = ALD" .
e RCB samples are 7= ALD, 8 = ALD2 (duplicate), 5 = VOCI, 6 = VOC2.

The sampling system was fully automated. The timers were programmed to start
on Tuesday, Wednesday, or Thursd'a}; as established in the study design; programming - |
was confirmed for the following week at the end of the present week’s sampling. The -
samplers operated from 7:00-7:20 AM and 8:15-15:35 at CUSD and 7:00-7:20 and 7:50-
15:00 at MCS. The earliér run period was to warm up the pump'_s. LBNL technicians

" installed VOC tubes and aldehyde cartridges according to a tight schedule and protocol
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© (refer to Appendix A.2.2.1 and A.2.2.2 for daily field work schedules in CUSD and

MCS, respectively).

Sampling systems flow rate measureménts, expected to be near 130-160 cc/min
for aldehyde sampling and ~5-6 cc/mi;l for VOC sémpling, were conducted with |
sampling media in-line in the morning and afternoon within ~30 minutes after the start
and before the end of samp'ling,- respectively (Figures 16). Appendix A.3.3 shows field
. dz{té sheets used'by LBNL techni:cia.ns. For flow measurements, a simple bubblé tube
with mild aqueous soap solution was used for VOC samples, and the previously
deScribéd BIOS'nyCal low flow cell calibrator was used for aldehyde samples. The
requifed data and balc'ulations inclﬁded recorded ltimes including the average in’seconds

! sampling

(for VOCs, with bubble tube), calculétcd average flow rates in cc min’
. duration; and volumes of air sampled. Flow rate measurements were taken at the tubing

exit of the respective active sampling system.

Beforé and éftér usé, VOC ‘mult.isorbent tube sémples wefe .capped with nyloh
caps and Teflon ferrules; and the DNPH caftridge aldéhyde’ samples Were cépped as. well.
The VOC glass,stbrage tubes and the aldehyde post-sampling fo‘i:l storage pouches were
labeled ahead of time to speed handling in the field; aldehyde cartfidges were also |
_ labeled. The foil pouches and fh'e aldehyde cartridges were labeled SCCL-MMDDYY (S
=-SD/school“,'.: CC= classroom numﬁer, L= location #, MM = month, DD= aay, YY=
year).. The VOC tﬁbeé were peﬁnanently numbered; the glass storége tubes were
similarly labeled SCCL-MMDDYY-NNN where NNN was the sorbent tube number. The
: outdoo’r-sam)ple labels included CC = “OA.” The VOC and aldehyde field blanké-were

" labeled with “SCCL = 0000.”
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Duplicate aldehyde samples, 10% overall and collected only inside the RCs, were
collected with a separate but identical peristaltic pump located with the other pumps.
Field blanks, 10% overall for each sample type, were collected. Duplicate samples and

field blanks were collected in each Séaéon in each SD.

VOC tubes and aldehyde cartridges were tranépértéd to-and from LBNL in a
srh‘all cooler with blue ice packs. Samples were returned to LBNL the same evening if
possible or the following morning. The jsgmpleswere stored in a refrigerator until

rex'traction and anélysis. The capped VOé tubes, in their glass storage vials, were stored |
in sealed plastic bags. The capped aldehyde cartridges, each in a sealed foil pouch, were
stored in aluminum cahs with activated charcoal péllets.' :

Appendix A.3:3:3 and A;S.l--A.'5.2 and Table 5 pr‘ovide further details on
standard éperating procedures for the ﬁeld'fasks and the chemical analyses régarding
VOC samples (gas chromatoggéphy/mass spectros;:Opy with thermal desorption) and-
aldéhyde sambles (¢xtfaction in ace-tonitrile fol}owed by high performance liquid

chromatography with ultraviolet light dete»ction)‘. .

2:4.3 Indoor Environment Attribut'eé Monitored .~ -
243.1 Temperaturé o |

Temperature (T) was measurec.ilwith-epoxyl-enlc_apsul.ated thenﬁistors (YSI 44018
sensor and YSI 44303 resistor “Thermilinear thWork»;” Yellow Springs Instruments).
LBNL té‘chni'cians constnicted the Thermilinear Networks, according to manufacturer
speciﬁéations.i -The 'prOcedﬁre inclhded attachment of leaids-, which then wouldbe
connected by s'hieided cabling and shielded pair "con'ducfors to the CDAQS multipiex -

board in the RCs. The CDAQS stored T data points as six-minute averages.

23



The locations in each RC for continuous T measurements were:

Bard supply air diffuser closest to air handler

Bard supply air diffuser farthest from air handler

IDEC supply air diffuser closest to air handler

IDEC supply air diffuser farthest from air handler

Bard return at inside edge of grille

IDEC relief vent at inside edge of grille

Discharge of air from IDEC to the plenum

Center of RC ~1-2 ft below ceiling, i.e., 6.5 ft above carpeted ﬂoor on moblle
(Figure 17a-b)
- o A vertical array with three heights (0.5 m., 1.0 m., 1. 7 m.), flush with the srde of the
standard installed dry-erase board’$ marker/eraser rail. This array was protected with
anodized perforated aluminum grillee covered with commerc1ally-avallable speaker
cloth (Figure 18).

2.4.3.2 Relative Humidity

Relative humidity (RH) was»measured continUousl); .(‘)'L.r’td}oorsv at each sehoel (see
loeal meteerology sec.tiorr belew) and at many lecarioné in each RC rQSing outdoor, space,
and duct Microline Transmitters (MRH, Genera'l Eastern Irrs;trun‘rents, Woburn, MA). The

CDAQS stored data poinfs as six-minute averages. ‘:Speciﬁcations' for RH sensors were:

0-99% RH range non-condensing

e . 2% accuracy over expected T range including hysteresis <1%,. lmearlty, and
repeatability 0.5% RH

e Sensitivity of 0.1% RH

o T effect less than 0.06% per °F.

Technicians conducted additionei testing of the Microline Traiﬁ's_mittérs ina lab'(')rat'(‘)ry

tank set-up at LBNL, over a broad range'lof RH values.

The locations in each RC for continuous RH measurements were:

Bard:supply air diffuser closest to air handler
IDEC supply air diffuser closest to air handler
Bard return at inside edge of grille . :
IDEC relief vent at inside edge of grille
. Center of RC ~1-2 ft below ceiling, i.e., 6.5. ft above carpeted floor, on mobile
(Figure 17a-b).
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2.4.3.3 Noise Levels, A-weighted -

One Extech 407736 Sound Level Meter (SLM; available from Davis-Inotek
| Instrumcnts, Baltimore, MD) measured decibels with A-weighting (dB (A)) in the
teaching space of each relocatable classroom (RC). The SLM meésured between 33.5 to
: 101.5 dB (A) (accuracy 1.5 dB (A), resolution 0.1 dB '(A))' and was opefatf;d in slowv
response time mode, i.e., one samf)le per secohd. Calibration with a NIST certificate
traceable device (Extech SLM calibrator 407744, available from Davisllndtek |
Instruments, Baltifnoré,' MD) was conducted during each LBNL field visit at 94.0 dB (A),
a cotmﬁon reéommendation among SLM and n-oisevdosimeter manufacturers. Data from
pre-and post-calibration dB (A) were recorded on a ﬁeld sheet (see Appendix A.3.2).
This SLM complied v'vith IEC—‘6>51 and ANSI S1.4 Type II standards.

Bascd on discussioﬁs with LBNL Environmental Health and Safety (EH&S),
given the majority of the RC floor area wa.sv qarpeted, LBNL minimized pbtential
confounding through measurement of sound reflecting off of the wallé, ceiling panels,r
and cébinetry by locating the SLM on a mobile. The ni'obile was suspended ~1-2 ft.
befow the ceiling near the middle of th¢ RC’s occupied teaching spéce, i.e., ~6.5 ft. above
the (_:arpet_e'd ﬂQQr. The Lgxan plastic mobile design (Figure 17a-b) accommodated T
and RH sens§rs as well. LBNL technicviansv also conducted experiments with comparai)le ..
Quest M-27 dosimeters, on loaﬁ fr'ovawBNI‘, EH&S during thé winter 2002 hezvlting-
season. These afternoon eXperirhehts in oﬁe RC at the MCS site confirmed the
o_riéntat_ion of thé microphone with respect to the HVAC systems at the back wall was .not
sign.iﬁc_.ant. The results also shdvv_ed the measurement‘of noise levels at the b.entervovf‘ the -
RC repres‘eﬁtatively assessed average noisé leyelé énd tﬁﬁsvoccupéﬁt cxposﬁre in t-hé RCs'v

(Figure lac; data available upon request). .

25



An AC adapter replacing the 9 VDC battery and cabling connected the SLM with
the CDAQS multiplex board above the ceiling panels. The SLM monitored noise levels

continuously. The CDAQS stored data points as six-minute averages.

2.4.3.4 ASHRAE 55-1992-Based Thermal Comfort Assessment with LBNL Schools Cart

| To quantitatively_assess teacher and student thermal comfort (TC)'.with greater |
accuracy than.estimates using room air T and RH at one or more representative locations
and/or surveys and anecdotes, LBNL pursued an assessment based on ASHRAE Standard
55 (1992 addendum 55a-1995) This standard whlch mcorporated air T mean radxant
(globe) T, RH and air velocrty measurements w1th technician observatlonsand/or survey "
re‘sponses, vhoweyer, was developed for adult ofﬁce. bu,ildingoccupants across gender and‘
" age, not young children. Children have a larger surface area.-t'o.-volume ratio and their
sweat gland.s produce relatively less perspiration than adults, so they are less able to cool
- themselves -(Healthy Schools Network, 2000). Furthermore, space conditioning in ofﬂce _v
buildings may be relatively closer to “steady-state” than'RCs due to teacher control of
and reported lack of use of HVAC systems though both environments may be
characterized’ by trans1ent cond1t1ons which can affect TC assessments (Hensen 1990).
Nevertheless th1s standard was the most accepted metrlc for TC assessment
Furthermore LBNL researchers belleved the thrveelprescnbed measurement helghts
desrgned relatlve to the seated adult worker were llkely relevant toa Chlld 5-10 years
old. The lowest helght O 1 m, represented occupant feet and ankles. The middle height,
0.6 m, represented the adult midsection and ltkely child torso and head whlle seated. The
1 I'm helght represented a teacher s upper torso and head whlle seated and llkely a

chlld’s torso and head whrle.standmg. Ina school classroom and espec1ally smaller RCs,
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occupants are fairly sedentary for lessons and supervised activities, with recess and IUnch
outside.

Figure 19 shows the LBNL-designed TC assessment cart for use in public
schools, building on the design developed and improved over time by the UC-Berkeley |
Center for Envlr'onmental Design Research (Benton et.al, 1990; Huizenga, 2001) and
associates (Kwok, 1997). Each of two LBNL TC carts was powered by a pair of
rechargeable’batteries, providing up to 20 hours of operation, and each also contained a
“Tattle Tale” data logger with prototyping board (TFX-'I 1 with PR-11, Onset Corp;,
Bourne, MA). At each of the three aforementioned heights, globe and air T sensors, a.
space RH sensor and an air velocity thermal anemometer (.Table 2; Apte et. al,-. .200'2) |
were mounted in the same parallel plane at angles from each other. The -T and space RH
sensors were the same as those previously described inthe T a_ndRH monitoring L
, sections except the globe .T sensor was- placed inside a plastic plng pong ball painted
gray according to ASHRAE Standard 55 (1992). The thermal anemometers for air -
velocrty (Series HT -400 wrth probe HT-412 and transducer unit HT-428-02, Sensor |
Electromc and Measurement Equipment, Poland) -mcorporated ommdrrectlonal spherrcal
sensors capable of measurmg air veloc1ty overa(. 05 to 5m s range. Repeatabrllty in . _
the 0.05- 1 Oms’! range expected in this study was reported as+0.02ms"' + 1% of ..
readmgs w1th automatic T compensatlon accuracy better than 0.1% °K"". Voltage output
to the data logger was converted to a velocity value with a non- lmear set of equatrons |
provrded by the manufacturer. The manufacturer s tests and validation of the set—up was
publrshed in 1998 in ASHRAE Transactions volume 1 (SF -98-20- 5) In the field, the |
LBNL technrcran started and stopped TC cart operatron and downloaded raw data as text

files from the TC cart to MS Excel in a laptop computer for rapld reductron and rev1ew
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TC can-assessrﬁents were conducted during the cooling and heating seasons once
per week in each RC. The TC. cart was sequentially positioned at three different locations
around each RC. Selection of cart placements involved consideration of student safety, - |
fire codes, teacher classroom organization and preferences, location of windows and
HVAC system sﬁp_ply air diffusers, as well és the TC assessment protocbl used in the
U.S. EPA sponsored BASE study protocol; Appendix A34 provides more detail on the
TC assessment and mpyement of the carts during eacﬁ LBNL ﬁeld visit. Appendix A.4.2>
presents the LBNL technician obsex;vation cheéklist of the. av‘erage.cloithing ¢nsembles by
age and gender. | |

TC carts were transported to and from LBNL, éﬁd stored in the ﬁeld-i van during -
the Week and inside the office building-on weeken&é. Due to frequént‘ chance of rain
durin_é‘the winter _heating'season, protective covers were COxistructed of durable garbage
bags. TC carts were charged weekly at LBNL.

Documentation of data ’manaéement procadﬂres‘ and analyses used to complete the
TC assessmet based on ASHRAE Standard 55 (1992) ‘vﬁll appear in future reports. The
_qualitative and quantitativé dat'a'coll_ected are used in.these analysés, including globe T to

calculate mean radiant T and indoor air T and mean radianit T to calculate operative T. -

244 Bﬁil&iﬂg Systemé Mdhi.-f.()ring‘
2.4.4.1 Win:do_ws_,v_ I.J’sé énd Open Se&ings
Eéch' RC héd two windows. As bart of thé ef.'fo:‘rt.to. cha;acterize RC usage
'p‘attéims, LBNL was inte;este'dl in the fréquen;;y of Wiﬁdow use and how fér a winddw
~'was open. LBNL tééhﬁici_ans insfalleci linear diéplacefnent potentiometers (LDP, passivé
three wire typé, SOQ mm norﬁinal travel distance, ﬂ: 20% tolerance,v Iiﬁearity bette£ th‘an |

1%, repeatability 0.1%; JK Controls, Limited, United Kingdom). The LDPs were
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mounted at the upper corner of the window- frames. The largerv front window had one
LDP on each side, and the smaller window one LDP. Each LDP was connected to a DC

bridge circuit and calibrated such that its response scaled 0.00 V to 1.00 V.

2.4.4.2 Door Operation -
The RC doors were monitored for closure. AMS had installed door operation
sensors in their modular constructien products. Data were stored in the CDAQS :

indicating the number of seconds the door was open --to any degree--lduring six minutes.

2.4.5 Local Meteorology

Local meteorological variables including wind speed, wind direction andAoutdoor
T and RH (Figure 20) were monitored for energy analyses. The wind iparameters ‘were
measured continuously with a black-anodized aluminum rndustrial anemometer (P/N
7914, Davis Instruments, Hayward, CA) constructed with polycarbonate wind cups and a
magnetic switch for a pulse signal for wind speed, and a UV-resistant ABS wind vane
and potentiometer with resistance proportional to wind direction. Digital filtering with a
speciﬁed time constant was applied to wind d_irectidn measurements. The durability,
range t0°-360°, 16 compass points)’and_ accuracy of the anemometer (+5% speed, +7°
direction) were adequate for this field study; Each six-minute data boin't for wind
direction and wind speed in miles per hour was an average of 360 samples and -1 60
samples, respectively. T was measured with an analog sensor (YSI 44018 sensor and YSI
44303 resistor “Thermilinear Network ” Ye'llovr .Sprilngs. Instrurnents). RH was measured
with an outdoor Microline Transmitter (MRH General Eastem Instruments Woburn, .
MA) Each srx-mmute data point for T and RH was an average Detalls on the YSI

components were provrded in the indoor and outdoor T momtorlng section.
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2.5 RC Operation Conditions and Field Study Plan
2.5.1 RC HVAC commissioning

At the end of August 2001, prior to the start of the school year for each SD,
LBNL technicians and a DEG consultant conducted flow measurements using a LBNL
designed COmbinafion “flow hood-duct blaster” (Walker et. al, 2001; Wray et. al, 2002)."
The flow rate measurement accepted (in CFM) was the average of three measurements
recotded when a zéro pressure differential was achiieved with the apparatus according to a
digital manometer and accompanying laptop operation program. The procedure was
carried out at each of the supply air diffusers for the two‘ HVAC-- two for standard, thré'e '
for advanced-- as well as the standard HVAC system’s outdoor air inlet. The participating
SD set the standard HVAC syétems airflow by specification to the RC manufacturer.
LBNL and DEG calibratéd the advanced HVAC system through the IDEC coritrol board
program. IDEC-related measurements were recorded for the minimum ventilation
scenari.o in “auto” mode and the maximum cooling or heating demand scenario; the total
flow of air supplied to the RCs‘ under the minimum scenario was confirmed to meet the

15 CFMperson’' standard. -

2.5.2 Schedule of RC Operation Conditions
| In the case-crossover study design, each RC'sefved as iits own control because
each was built with the standard and advanced HVAC systems, one per médule. Table 6
documents the operation of HVAC systems during the field study, including temporary
chaﬁges due to probléhs or teacher comments and discomfort. This record highlights--
how LBNL technicians sealed and shut-off one HVAC system and activated the other -

during every field visit (cooliiig season 2001, transitional periods), or every other field -
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visit (majority of heating season 2002). This table was prepared as a reference for LBNL
statistical analyses and DEG analysis and modeling of energy and weather station data.
2.5.3 Schedule of Site Visits

Appendix A.2.1.1.1 and A.2.1.1.2 for the cooling season sampling in fa’ll 2001,
and A.2.1.2.1 and A.2.1.2.2 for the heating season sampling in winter 2002, provide the |
realized field work and school site visits to CUSD and MCS, respectively. Appendix
A2.2. 1 and A.2.2.2 detail the realized appfoximatg schedule of actiyities@uring a vrg_gx_;lar_
field visit to CUSD and MCS, respectiV@ly. Participant SD staff and school principals,
head custodians, administrative staff and téachers each received a copy of the schedule.
LBNL technicians provided necessary revisions in a timely manner by _phonc_and/or
email. Th;: head custodian and/or teachers provided L_BNL technicians access to the
school campus, gated areas behind the RCs,_ and int§ the classrooms each ;molmi.f.‘ g and
afternoon. LBNL technicians only had the key to the outdoor enclosures, and, in spring
2002, to the refurbished gated area b_e;hind the.CU_S:D RCs Clear conéistent N
communication allowed field work to proceed without problems during both seasons

regardless of conditions.

2.6 Continuous Real;Time Data Management
2.6.1 Data Collection, and Handling and B.a_ck-up Storage |

Continuous monitoring for IE'QVparameters_and energy usevresulted in data for
each vafiable, recorded every six minut_c;s }a:s_,pr.cviqusly described, stored in a ﬂat text file
in theCDAQS. At the end of morning and afternoon tasks each week of the c_bo‘ling and
heating season, and at the end of each visit during the transitional periods, a LBNL
technician stopped the CDAQS, downloaded data from the CDAQS to a zip disk, and

then restarted the CDAQS. The CDAQS was operated using a custom control screen
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programmed using LabViewS5 software. The zip disk served as the data back-up storage
media until files were permanently and securely backed-up on a LBNL computer system.
Primary data reduction, cleaning, and review occurred each field visit on a laptop

computer in MS Excel, which produced one file per week or two week period per RC.
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3.0 DATA ANALYSIS PLAN

3.1 Data Cleaning

3.1.1 Continuous Data -

Field data were grouped into the fall 2001 cooling season, the November-
December 2001 fall-to-winter transitional period including January 1-7, 2002, the winter
2002 heating season, and the mid-March to mid-June spring-.to-summer transitional
period. Data cleaning at LBNL included identifying and removing faise or noisy data.
RC A and outdoor weather station variables and RC B and outdoor particle count
variables were grouped for management and cleaning to match the flat file formats in the
CDAQS. -

Specific examples of data reduction and cleaning were:

e When the number of particles counted in each of the six size bins was zero, data were
invalidated because only a small or'zerd count in the largest 5.0-10.0 pm bin was
likely. |

e For energy use and gas meter sensors, interrupted pulse counting sequences caused
the first and last data points of each flat file to be erroneous. |

¢ During the first two to three weeks of the fall 2001 cooling season periods the data for
gas uﬁe, total building energy use, HVAC systems energy use, and T-8 lighting
energy use was found to be incorrect due to a pulse signal processing problem.
Careful data cleaning and management could not salvage these quantitative data,
however, the data be usable for qualitative determination of HVAC or lighting system

usage indicators. By mid-September 2001, the signal processing circuitry between
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the WattNode sensors and the CDAQS was modified and energy monitoring data

collection problemé were remedied.
3.1.2 Integrated school day samples for target VOC-and aldehydes

Data from field calculations were verified by LBNL technicians éach week and

again at the end of the season. | Calculated average flow rates, volumes of air sampled,
and any field comments related to data qualfty along with chemical analysis data were |
reviéyved and entered into MS Excel. These ﬁlés were reviewed again before conducting
summary statistics and transposing data into. MS Access databases for later use in
statistical analyses. If data for a sample, duplicate or field blank was determined suspect
or invalid, another injection of the sample was c;)nducted the same day at the end of a
sample run to ensure a valid analysis. Appendix A.5 presents details of the aldehyd%:
analysis method. Hodgson et. al (2001) included identifications of the target toxic and

odorous compounds.
3.2 Summary Descript'i\}e Statistics

| Desired desériptiv‘e statist_iés for continuously mohitored variables énd ihtegfated
school day average samples for target aldehydes an_dj_VOCs_ wcfe arithmetic rﬁéan,
- standard deviation, median, minimum, ma_ximum,_ ,90#'.percen_tile qnd/pr qgar_tile}is_. ,
Analytic and field duplicat_ersvof VOC and aldghyde_ samples will be used to eyaluate |
analytic and overall method precision, respectively, to quantify experimental er'rqf and
help evaluate u_ncertainty. Data will be stratiﬁed by SD, segson,-HVAC system m }
operation, and/or RC A versus B, the létter dueto thé difference in interior fmish
rhaterials. For continuously monitored variablés, data must first be parsed into six
different time periods (TPs). The TPs in the ton par_ticipatihg SD a;e shown in Table 7.

TPs 1-4 combined représented the school day for teacher and students.
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Specifically for the noise level data collected in a manner described earlier, Leg is
a time-weighted average of the human relevant, dB (A) mcasuremcnts for a defined
monitoring period. Monitoricg periods will be defined as individual TP as well as each
school day (TPs 1-4) and the morning (TPs 1-2) orthe aftemoon_(TP_4) during occupied
hours. ‘TPs 1-4 were during expected operation of the standard or advanced HVAC
system. The L.q for lunch/recess (TP '3) z_md oveﬁight (TP 5) and/or weekends and
holidays (TP 6) may provide information on unoccupied, background noise levels, with
and without a HVAC system in operation. This information can be compared with -
standards recently cdopted or proposed, and to assess potential acoustic benefits of the
alternative material _selections, e.g., ceiling panels.

The difference between indoor and outdoor values and/or indoor/outdoor ratios
will be assessed in the descriptive statistics. The indoor variables include:

Target VOC and aldehyde data, by compound.

T and RH data from the mobile suspended from the ceiling near the center of the RC
CO, -

Particle counts, cumulative and in each size bin

Calculated particle concentrations using a calculated flow ratlo (field measurement or
mtcrpolated value/PSI nommal flow).

33 Proposed Multivariate Regresslon Models :
Regression models will be constructed in SAS v.8.0 (Cary, NC). - Thes¢ models -

will Be used th predict measured IEQconditions based upon measured and estimated

HVAC cpcration and environmental conditions during different TPs-and over the school
dayv (TPs 1-4). Table 8 presents the variables to be used in the regression models in four
categories:vIEQ conditions, HVAC operation conditions, environmental conditions, and

TPs of interest.
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6.0 TABLES

Table 1: Specifications packages for RCs with respect to HVAC systems, energy
efficiency, insulation, and lighting, including upgrades from the standard configuration
most common among California SDs. (Apte et. al, 2001)

continuous (15 -

cfm/person)

Building Base Case/ PERC Package B | HPCBS RC
| Material Standard (Option 2)
' Practice

Wall Insulation | R11 Batt R13 Batt - R13 Batt

Floor Insulation | R11 Batt R19 Batt R19 Batt

R-value ‘

Roof Insulation | R19 Batt R19 Batt R19 Batt

R-value : 3y ' :

Ceiling Vapor No Yes Yes

Barrier v _

Window Glass 2212 (grey tint) | 2660 (selective | 2660 (selective surface)

(double glaze) | surface)

Roof 0.60 (bare 0.60 (bare metal) | 0.25 (white coating)

Absorptance metal) ' ’

Roof Outside- 0.50 1050 0.95

Emissivity -

Fluorescent T11 (1.66) T8 (0.75) T8(0.75)

lamps (kW) : :

Heating 10 SEER Heat | Radiant electric | 85% AFUE Hydronic gas-fired

’ Pump W/ ceiling panels with in-duct fan coil
electric
resistance
_ pickup

Cooling 10 SEER Heat | Indirect-Direct Indirect-Direct Evaporaﬁve
Pump ’ Evaporative Cooling
_ Cooling ‘

Ventilation On HVAC Continuous (15. ‘Continuous (15 cfim/person)
cyclingor cfm/person)
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Table 2. IEQ and energy monitoring instrumentation in study rélocatable classrooms.
' (Apte et. al, 2002)

Parameter Method' Mfr. / Model Location”
Continuous:
Carbon Dioxide NDIR Fuji / ZFP-9 L O
Particle size, count |Laser counter Met One / 237B L0 .
Relative Humidity |Capacitance General Eastern/MRH I, O.HPD, ID, TC, C
Temperature Thermistor YSI/44018 and 44303 I, O.HPD, ID, TC, C,
" |Air Velocity - | Thermo- Sensor Elect. & Meas. TC
anemometer Equip. / HT412-2
Sound Level dB, A-wtd., Leq Extech/407736. C
Door open Door sensor LBNL Door
Window position  |[LDP’ JK Controls/LDP-500
Wind speed, dir. Anemometer Davis/Industrial #7914 0] e
Electricity Current transducer |{CCS/Wattnode |HVAC, Lights, Total
. INatural Gas Gas meter Equimeter/pulse output IDEC Heating
Time-averaged: L o _ o
VOC Multisorb GC/MS _[LBNL’ LO
Formaldehyde, |DNPH. LBNL*/Waters LLO
acetaldehyde HPLC UV detector : -
Thermal Comfort |ASHRAE 55-1992 |LBNL* 1(0.1m, 0.5m, 1.Im)

‘NDIR=non-dispersive infrared; multisorb=multisorbent tubes GCMS=gas
chromatography/mass spectrometry; HPLC=high performance liquid chromatography, LDP =
linear displacement potentiometer; A-wtd=A-weighted, Leq = equivalent noise level - :
2[=Indoors, O=0utdoors, HPD=Heat pump system diffuser, ID=IDEC Diffuser, TC=thermal

comfort cart, C=Indoors@ 2.5m, center of RC, m=meters above floor

3See Hodgson et al., 2001 *See ASHRAE, 1992
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Table 3. Summary of procedures for evaluating and selecting materials.
- (see Table 11, Hodgson et. al, 2001)

Parameter

- Evaluation Procedure

Chemicals of concern and
odorous compounds

Compounds with REL.s
Odorous compounds

Material performahce

Cost

Acceptability

Estimate concentrations for ventilated and closed
‘conditions using emission factors and classroom
" parameters

Compare estimated concentrations with guideline values
Compare estimated concentrations with odor thresholds

Consider appearance, durability, maintenance
requirements, sound properties, etc.

Compare material and installed costs of standard and

alternate materials

School districts and manufacturer can reject
" recommended alternate materials ’
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Table 4. Projected surface areas of materials selected to finish the interiors of the four
relocatable classrooms (RCs). (see Table 12, Hodgson et. al, 2001)

Surface Area, m* _
Sch. Dist. A Sch. Dist. B

Material Description Code RC2 RC4
‘ RC Ic RC3c
Floor
~ Olefin fiber broadloom carpet bonded to  BLCl-s ’ - . 815
plywood with solvent-free full-spread ' o '
adhesive :
Nylon 6,6 fiber, olefin hardback carpet HBC | 8L.5
bonded to plywood with adhesive tape ' '
Nylon 6,6 fiber broadloom carpet " BLC2 720 - 720

bonded to plywood with solvent-free
full-spread adhesive

Vinyl composition floor tiles VCT-s ' ‘ 3.3 33
Sheet vinyl flooring , SVF-s 128~ 12.8.
Walls _ _ _ ‘
Vinyl covered fiberboard wall panels VWP1 920 92.0
Teflon-coated vinyl covered fiberboard VWP2 920 92.0
wall panels '
Ceiling
Fiberglass ceiiing pahels FCP-s 84.8 . 848

Mineral fiber ceiling panels MCP2 84.8 84.8
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Table 5: Summary of sampling and analytical methods and equipment for VOCs and
low-molecular weight aldehydes. (see Table 2, Hodgson et. al, 2001)

Methods and Equipment

- VOC Sampling

Tenax-TA sorbent tube; P/N CP16251, Varian Instr. Co. Modified by addition of
Carbosieve S-III, 60/80 mesh backup section, P/N 10184, Supelco

VOC Analysis

Thermal desorption-gas chromatography/mass spectrometry (GCMS); Modél
CP4020 TCT concentrator, Varian Instr. Co.; Models 6890 and 5973 MSD GC/MS

system, Agilent
DB-1701 30-m, 0.25-mm, 1-pm ﬁlm column P/N 122- 0733 J&W Scientific

Formaldehyde & Acetaldehyde Sampling
XPoSure Aldehyde Sampler; P/N WAT047205, Waters Corp

Formaldehyde & Acetaldehyde Analysis

High performance Liquid Chromatography (HPLC); Model 1090M LC with DR-5 -
solvent delivery system & diode array detector, Hewlett-Packard

Symmetry C18 5-pm 2.1 x 150-mm column; P/N WAT056975, Waters Corp.
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Table 6: Actual operation of HVAC systems during the field study, including temporary
changes due to problems or teacher comments and discomfort, as prepared for DEG’s
future analysis and modeling of energy and weather station data.

CUSD RCs MCS RCs
Season HVAC | applicable dates applicable dates
cooling, fall 2001 Bard 8/23-9/6/01 8/30-9/5/01 (RC A)
Bardor | N/A 8/30-9/5/01 (RC B) .
IDEC
IDEC | 9/6-12/01 9/5-14/01
Bard | 9/12-18/01 9/14-20/01
IDEC 9/18-27/01 9/20-25/01
Bard 9/27-10/4/01 9/25-10/2/01
IDEC 10/4-11/01 10/2-9/01
Bard 10/11-16/01 10/9-18/01
{ IDEC 10/16-23/01 10/18-25/01
IDEC 10/23-31/01 10/25-11/1/01
fall-winter “transitional period” IDEC 10/31-11/15/01, except 11/1-11/8/01
SEE “2™ Notes...” MS WORD FILE RC B AM heat with Bard ‘
Bard seal-off panel off (CUSD) 11/9 11/8-14 if school
Bard seal-off panel not immediately | Bard 11/15/01-1/7/02 11/8/01-1/7/02
removed at MCS. ‘ -
heating, winter 2002 Bard 1/7-10/02 1/7-8/02 ,
NOTE: Leo Rainer cleaned & | IDEC 1/10-17/02 -1/8-15/02 (RC A), .
checked Rinnai units, CUSD, 1/10 ' 1/8-10 (AM) /02 (RC B)
NOTE: Leo Rainer cleaned & | Bard N/A Early to late AM heat
checked Rinnai units, MCS 1/16 PM_ 1/10&11&14/02, and
v 1/15-16/02 (RC B)
IDEC | 1/17-23/02,MLK day 1/21 {1/15-24/02;MLK day 1/21
Bard 1/23-29/02 1/24-31/02
Bard 1/29-2/5/02 1/31-2/7/02
IDEC 2/5-12/02 2/7-14/02 :
IDEC winter vacation period 2/14-20/02;PresDay 2/18
Bard 2/12-28 (AM) /02 2/20-26/02
IDEC 2/28-3/5/02 2/26-3/7/02 .
IDEC 3/5-12/02; no school 3/11 | 3/7-13/02
Spring “transitional period” IDEC 3/12-29(AM)/02 3/13-28(PM) /02
(likely to be considered cooling. . Bard 3/29(AM)-4/23(AM)/02; | 3/28(PM)-4/22(PM)/02;
season 5/9-end of school year...) vacation 4/13-21/02 vacation 3/29-4/7/02
g IDEC 4/23(AM)-5/9/02 4/22(PM)-5/9/02
Extra T.C. data MCS; Bard 5/9-27/02;MemDay 5/27 | 5/9-24/02;MemDay 5/27
Extra T.C. data MCS; CUSD used IDEC '5/28(AM)-6/13/02 | 5/28(AM)-6/13/02

Bard 5/30 PM (both RCs) and 5/31-
6/4 (RC A in PM, AM and overnight
was IDEC) due to high RH%
problems causing condensation on

desks and papers and a lack of cooling |

satisfaction communicated by
occupants 5/30 and 5/3 lafternoons.
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Table 7: The six time periodé to-be used for coding, grouping, and analyzing
continuously monitored IEQ, outdoor environment, building operation, HVAC
operation and energy data.

SD | CUSD MCS
Time Period (T.P.)
1 o 8:15-10:40 7:45-10:10
2 10:40-12:30 10:10-11:40
3 -12:30-13:15 111:40-12:30 .~ -
4 13:15-15:36 12:30-15:00
5 15:36-8:15 next day, M-Th | 15:00 -7:45 next day, M-Th
6 15:00Fto 7.45M

15:36 Fto 8:15 M
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Table 8: Variables to be used in regreséion models (SAS v.8.0) in four categories.

AM (time period 1-2)

IEQ conditions HVAC Environmental | Time periods of
operational conditions interest
conditions

CO; concentration, HVAC system | T outdoors Time periods 1-6

indoor-outdoor operated - , . ;

VOC concentration HVAC system | RH outdoors School day (time

indoor-outdoor, for each : | on/off periods 1-4)

target VOC and aldehyde - o -

Particle counts, indoor- | Back window = | Indoor T at - Day of week .

outdoor, by size bin and open/closed.” | mobile

cumulative count ' L o

Particle concentration, Front window Indoor RH at - | Season

indoor-outdoor, by size open/closed mobile .

bin and cumulative count _

Noise levels, dB (A), by Front door

time period open/closed

‘Noise level for school day | Lights on/off

Noise level for school day |

PM (time period 4)

Heating, either
HVAC

Noise level for school day
| Leq (time period 1-4)

Cooling, either
HVAC

Indoor T at mobile, etc.
e.g. wall array sensors

Ventilation
on/off, IDEC

Indoor RH at mobile

Thermal comfort
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7.0 FIGURES

Figure 1: Photograph of the foil vapor barrier provided with roof insulation for the four
HPCBS Element 6 RCs.
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Figure 2 (a-b): Photographs of the application of the white paint “cool roof” provided for
the four HPCBS Element 6 RCs.
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Figure 3: Photograph of the back walls of joining modules for a HPCBS Element 6 RC,
each with mounted components of the standard or IDEC HVAC system.
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Figure 4: Photograph of the IDEC with LBNL customized inlet filtration system (65%
ASHRAE dust spot efficiency DuraMax filters, two DM-603 and one DM-602,
Koch Filter Corporation, Louisville, KY) mounted on the back wall of each RC.

]
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Figure 5: Side-by-side control thermostats for IDEC and standard HVAC systems in
each field study RC. Plastic lock boxes and notes were used to remind teachers which
system to use during the school year, given the case-crossover study design.
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Figure 6 (a-c): Architectural engineering drawings showing plan (a) and back wall (b)
views of the HVAC systems in each HPCBS Element 6 RC, along with a detailed legend
(c) (see Figures Al, A3 and A6, respectively, Apte et. al, 2001).
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Figure 7: Simple sketch of LBNL-AMS lighting fixture location design for HPCBS
Element 6 field study RCs. Each rectangle estimates a 5> Wx8’L area of the 960 ft* RC.
The front of the RC is on the left and the back wall with wall-mounted HVAC systems on
the right. LLLL = lighting fixture locations in each module, separated by the bold line.

LLLL
LLLL LLLL LLLL
LLLL LLLL
(MCS RCs, CUSD A)
LLLL LLLL
LLLL LLLL LLLL
LLLL LLLL
(CUSD B)
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Figure 8a: Photographs of the completed (a) LBNL designed indoor cabinet (constructed
for AMS and LBNL by Sierra Cabinets, CA for environment monitoring and computer
equipment.
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Figure 8b: Photographs of the completed (b) LBNL modified white, waterproof steel
outdoor enclosure (Hoffman, Inc., San Francisco, CA) for environment monitoring and
computer equipment.
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Figure 9 (a-d): LBNL designed rain protection for areas around the RC A outdoor
enclosures during the winter 2002 heating season (a-b, CUSD, and ¢, MCS) and a
special removable shelf for CUSD (d) to protect equipment and allow LBNL
technicians to conduct field tasks regardless of ambient conditions or time of day.
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Figure 10: Photograph of P-Series WattNode digital pulse sensors (SOA CT and 15A CT
type), concealed in an electrical panel, used in each of the four RCs to measure total
building (watt0), conventional HVAC heat pump (wattl), IDEC (watt2), and lighting
(watt3) power for the electricity monitoring component of the field study.
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Figure 11: Photograph of the advanced HVAC system’s water heater gas usage sensor
(Equimeter 275P) for the energy monitoring component of the field study.

59



Figure 12: Photograph of LBNL technician conducting calibration protocol for CAI
ZFP-9 CO; gas analyzers with calibration bags at percentages of 2788 ppm.

60



Figure 13: Photograph of LBNL technician conducting flow rate measurements of the
PSI MetOne 237B particle counters with a BIOS DryCal low flow cell calibrator.
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Figure 14 (a-b): Photograph of LBNL outdoor enclosure with (a) VOC and aldehyde
sampling systems and (b) sampling lines for outdoor samples.
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Figure 16: Photograph of LBNL technician conducting flow rate measurements of the
aldehyde sampling system with a BIOS DryCal low flow cell calibrator. VOC sampling
system flow rates were taken nearby with a simple bubble tube protocol.
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Figure 17 (a-c): Photographs of LBNL designed Lexan mobile located at the center of
each RC 1-2 ft down from ceiling, i.e., 6.5 ft above carpeted floor, for SLM (noise level,
dB (A)), T and RH measurements, including (a) installation, (b) SLM calibration and (c)
co-located Quest M-27 noise dosimeters to validate the orientation and location of the

SLM microphone.
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Figure 18: Photograph of the LBNL designed vertical T measurement array at three
heights (0.5 m., 1.0 m., 1.7 m.). The location was flush with side of the standard installed
dry-erase board and as far out from the wall as the metal ledge used by the teacher to
store markers and erasers. This array was protected with anodized perforated aluminum
covered with commercially available speaker cloth. NOTE: In this picture, go to far right
side near flag.
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Figure 19: LBNL technician was operating the thermal comfort monitoring cart to power
on and off and to download, save, and review data.
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Figure 20: Photograph of the outdoor weather station to continuously measure local wind
speed, wind direction, outdoor T and outdoor RH.
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Final Methodology for a Field Study of
Indoor Environmental Quality and Energy Efficiency in
New Relocatable Classrooms in Northern California

Appendix
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Appendix A.1.1

LBNL/CEC Relocatable Classroom Study

for CDAQS, one per SD/school, i.e., pair of RCs: locations, wiring/connectivity

needs, required power (V)

Page 1 of 7

v05/7-8/01 DGS and DDB & 6/19/01 edit

Modesto City Schools

AND

Cupertino
Union SD

(for all Temp,
in F or C)

Let A= Ist RC, B= 2nd RC

dotted lines-- > wires from T (2) and RH% (4) sensors into a shielded

cable at a given

location/region, then bundled and directed to mux

board

sections separated by charcoal bar--> different HVAC and/or group of variable.s

Let "YES T" = yes, use

monitor, with valve switch system)

Indoor A Temp, F, Bard inside edge
return grill

provided outlet
set

1 shielded cable with 3
individual shielded pairs

thermister
Sampler or Sensor, RC, I/O location  |required power [required wiring (details) |required |connect first to |direct connectto |Shielded
(in VAC etc.) conduits |"mux board" and|CDAQS at PC? Cable
*Provided by (details or [then (second)to [(Y/N) (for
LBNL (cabling, "see (with) |CDAQS at PC? wirin
CDAQS) unless above")  [(Y/N) Code
noted.
Indoor A cumulative and by channel 120 V AC, from [local, within I cabinet |NO NO YES, RS-232 NONE
(n=6) PM count provided outlet
set
Outdoor cumulative and by channel (n=6)|120 V AC, from |local, within I cabinet [NO NO YES, RS-232 NONE
PM count provided outlet
set
Indoor A and Outdoor A CO2 (one 120 V AC, from |[local, within I cabinet |[NO YES YES,Valve Cntl |[NONE

cables

Indoor A RH%, Bard inside edge return |15V (signal combined with  |NO YES NO

grill cable above)

Indoor A Temp, F, nearest Bard supply  |N/A4 1 shielded cable with3 [NO YEST NO ACNS
individual shielded pairs

Indoor A RH%, nearest Bard supply 15V (signal combined with  [NO YES NO
cable above)

Indoor A Temp, F, farthest Bard supply |N/4 shielded 2 conductor NO YEST NO ACFS




Appendix A.1.1 (continued) Page 2 of 7
Indoor A Temp, F, IDEC discharge air @ [N/4 shielded 2 conductor NO YEST NO AIDP
plenum ' cables '
Indoor A Temp, F, nearest IDEC supply - |N/A4 1 shielded cable with3 |NO YEST NO AINS
‘ ' individual shielded pairs | :
Indoor A RH%, nearest IDEC supply 15V (signal combined with |NO YES NO
L cable above) nE :
Indoor A Temp, F, farthest IDEC supply |N/4 shielded 2 conductor NO YEST NO AIFS
) cables
Indoor A Temp, F, IDEC inside edge N/A 1 shielded cable with3 |NO YEST NO AIRT
‘Imiddle relief vent ) B individual shielded pairs
Indoor A RH%, IDEC inside edge middle}15 V (signal combined with  [NO YES NO
relief vent cable above) ]
Indoor A Sound Level dB (A-weighted) |9V (mux board), |1 shielded cable with2 [NO YES NO AODB
, individual shielded pairs
Indoor A Temp, F, middle of RC@ 6.5 ft |N/A4 1 shielded cable with 3 NO ‘ YEST NO AOMID
- : individual shielded pairs
Indoor A RH%, middle of RC@ 6.5ft - |ISV (signal combined with  |[NO YES NO :
’ : cable above) : |
" JIndoor A Temp, F, near side wall, 0.5 m |N/A4 1 overall shielded cable: |[NO YEST NO AOWAL
with 4 individual :
conductors . _ ¢
Indoor A Temp, F, near side wall, 1.0 m |N/4 (signal combined with  |[NO YEST NO
: cable above) .
Indoor A Temp, F, near side wall, 1.7 m |N/A4 (signal combined with |NO YEST NO
cable above)




Let A= Ist RC, B=2nd RC -

dotted lines-- > wires from T (2) and RH% (4) sensors into a shielded

cable at a given location/region, then bundled and directed to mux

Appendix A.1.1 (continued) _ Page 3 of 7
Sampler or Sensor, RC, I/O location  |required power |required wiring (details) [required |connect first to |direct connectto [Shielded
(in VAC etc.) :|conduits  |"mux board" and|CDAQS at PC?  [Cable

(details or [then (second)to [(Y/N) (for
"see(with) |CDAQS at PC? wiring)
above") [(Y/N) Code

Modesto City Schools AND Cupertino (for all Temp, in F
Union SD Jor ©

board
sections separated by charcoal bar--> different HVAC and/or group of variable.s Let"YEST" = yes,usea  thermister
Outdoor Air Temp, F N/A 1 shielded cable with 3 |yes, from |YES T NO
individual shielded pairs |O cabinet
Outdoor Air RH% 15V - |(signal combined with  |to 1 YES NO
cable above) cabinet,
Outdoor Wind Speed N/A 1 shielded cable with 2 |per LBNL [NO YES, BD CNTR  [AOOW
individual shielded pairs .
Outdoor Wind Direction 5Vref (mux bd) |(signal combined with  |specs NO YES, for practical reasons
' cable above) ‘
Main Door (of RC "A") Open? N/A 1 shielded cables, 2 NO NO YES, 1 bit (digital)|AODR
conductors :
Front 4'by8' Window (of RC "A") Open? |2.5, 5V ref (mux |sum 2 LDP; | shieldled |NO YES NO AOFW2
board) cable with 3 individual :
shielded pairs _
Rear 4'by4’ Window (of RC "A™) Open? |SV ref (mux one LDP; 1 shielded  |NO YES NO AORW1
board) cable with 4 conductors
or 2 individual shielded
airs :
Main Door (of RC "B") Open? N/A 1 shielded cables, 2 NO NO YES, 1 bit (digital) [BODR
conductors :
Front 4'by8’ Window (of RC "B") Open? 2.5, 5V ref (mux {sum 2 LDP; 1 shielded [NO YES NO BOFW2
board) cable with 3 individual
shiclded pairs
Rear 4'by4' Window (of RC "B") Open? |5V ref (mux  Jone LDP; 1 shielded NO YES - INO BORWI
board) cable with 4 conductors | :
or 2 indiv. shielded pairs



Appendix A.1.1 (continued) Page 4 of 7
Sampler or Sensor, RC, I/0 location  |required power (required wiring (details) [required |connect firstto |direct connectto [Shielded
(in VAC etc.) conduits:  |"mux board" and|CDAQS at PC? Cable
(details or jthen (second)to [(Y/N) (for
"see (with) [CDAQS at PC? | wirin
above") |(Y/N) Code
Modesto City Schools Rose Avenue = AND Cupertino |Stevens Creek |(for all Temp, in F
Elementary Union SD |Elementary or C)
Let A= Ist RC, B= 2nd RC dotted lines-- > wires from T (2) and RH% (4) sensors into a shielded
cable at a given
location/region, then bundled and directed to mux
board
sections separated by charcoal bar--> different HVAC and/or group of variable.s Let "YES T" = yes, use
- thermister
Indoor B cumulative and by channel 120 VAC local, within I cabinet |NO NO YES, RS-232 NONE
(n=6) PM count
Indoor B CO2 120 V AC local, within I cabinet |NO YES YES "INONE
Indoor B Temp, F, Bard inside edge N/A 1 shielded cable with 3 [NO YEST NO BCRT
return grill individual shielded pairs
Indoor B RH%, Bard inside edge return J15V (signal combined with  |NO YES NO
grill cable above) -
Indoor B Temp, F, nearest Bard supply  |N/A4 1 shielded cable with 3 |NO YEST NO BCNS
individual shielded pairs
Indoor B RH%, nearest Bard supply 15V (signal combined with  |NO YES NO
cable above) _
Indoor B Temp, F, farthest Bard supply |N/4 shielded 2 conductor NO YEST NO BCFS
cables : ‘
Indoor B Temp, F, IDEC discharge air @ |N/4 shielded 2 conductor NO YEST NO BIDP
plenum cables
Indoor B Temp, F, nearest IDEC supply |NV/A4 1 shielded cable with 3 [NO YEST NO BINS
individual shielded pairs
Indoor B RH%, nearest IDEC supply 15V (signal combined with  |NO YES. NO
cable above)
Indoor B Temp, F, farthest IDEC supply [N/A shielded 2 conductor NO YEST NO BIFS
: cables




Appendix A.1.1 (continued) Page 5 of 7

Indoor B Temp, F, IDEC inside edge N/A 1 shielded cable with 3 |NO YEST NO BIRT
middle relief vent individual shielded pairs

Indoor B RH%, IDEC inside edge middle |15 V (signal combined with  |NO YES NO

relief vent

Indoor B Sound Level dB (A-weighted)

9V (mux bd)

cable above)

1 shielded cable with 2
individual shielded pairs

Indoor B Temp, F, middle of RC @ 6.5 ft

1 shielded cable with 3

YES T

N/d INO NO BOMID

individual shielded pairs

Indoor B RH%, middle of RC@ 6.5ft |15V *|(signal combined with  |NO YES .[NO
' cable above) '
Indoor B Temp, F, near side wall, 0.5 m |N/A4 1 overall shielded cable |NO YEST NO BOWAL
- Iwith 4 individual ' -} '
» conductors

Indoor B Temp, F, near side wall, 1.0 m |N/4 \(signal combined with  |NO |YEST NO

cable above) _

‘|Indoor B Temp, F, near side wall, 1.7 m |N/4 (signal combined with  [NO YEST NO

cable above)




Appendix A.1.1 (continued)

page 6 of 7

Modesto City Schools

AND

Cupertino
Union SD

(for all Temp, in F

or C)

Let A= Ist RC, B= 2nd RC

dotted lines-- > wires from T (2) and RH% (4) sensors into a shielded

cable at a given

location/region, then bundled and directed to mux

board

sections separated by charcoal bar--> different HVAC and/or group of variable.s

Let "YES T" = yes, use
thermister

A overall power N/A (must keep 4 lines RE: yes, |NO YES, Xtra Cntr Bd
separate) between
A IDEC N/A 1 shielded cable with 4 |RC "A" |NO YES, Xtra Cntr Bd
A lighting N/A individual shielded and NO YES, Xtra Cntr Bd
A Bard N/A pairs RC"B" |NO YES, Xtra Cntr Bd
Coil H20 Temp N/A 1 shielded cable with 4 |NO YES T (100C) [NO
‘ conductors or 2
individual shielded pairs
IDEC set pt N/A (analog) NO YES NO
Pump Status N/A 1 shielded cable with 4 [NO NO YES, 1 bit
conductors or 2
individual shielded pairs
IDEC status (digital) NO NO YES, optoiso,l1 bit
B overall power (must keep 4 lines RE:yes, [NO YES, Xtra Cntr Bd
separate) between
B IDEC N/A 1 shielded cable with 4 [RC "A" |NO YES, Xtra Cntr Bd
B lighting N/A individual shielded and NO YES, Xtra Cntr Bd
B Bard N/A pairs RC"B" [NO YES, Xtra Cntr Bd
Coil H20 Temp N/A 1 shielded cable with 4 {NO YES T (100C) [NO
conductors or 2
individual shielded pairs
IDEC set pt N/A (analog) NO YES NO
Pump Status N/A 1 shielded cable with 4 [NO NO YES, 1 bit
conductors or 2
individual shielded pairs
IDEC status N/A (digital) NO NO YES, optoiso,l bit




lAppendix A.1.1 (continued) Page 7of 7

Control: valve, 12 V DC; 4 multiplexor board address bits *CUSTOM CABLING, BUILT AT
LBNL*

AOMUX

Notes: LBNL would like cabling to be ordered by AMS for LBNL from Belden or known distributor AMS has
quantity discount with.

Belden cabling required are part numbers 9330, 8450, 9406, _5504FE,
8723, 9302, and 8767.

LBNL will install cabling at school sites, after technician cuts appropriate lengths while
working at AMS.

The wires from the window LDPs mouﬁted at the top of the window frames will go up to the ceiling space and

then will be routed to the "mux board."

AMS to mount door sensor alone, AMS/LBNL to mount LDPs on window frames.



Appendix A.1.2 page 1 of 4
Cabling Thermister ate and excess ( linear) second estimate and excess (diagonal)
codes. RC, /O location to 1/2 above ceiling|to max or DAQS |to 1/2 above ceiling|to max or DAQS
AINS Indoor A Temp, F, nearest IDEC supply 2! 10' 2" n/a n/a
AIDP Indoor A Temp, F, IDEC discharge air @ plenum 2! 10' 2" n/a n/a
AIFS Indoor A Temp, F, farthest IDEC supply 2! 33 n/a n/a
AIRT Indoor A Temp, F, IDEC inside edge relief vent on IDEC side 2! 47 2 38" 5"
ACNS Indoor A Temp A, F, nearest Bard supply 2 9' 4" n/a n/a
ACFS Indoor A Temp, F, farthest Bard supply 2! 32 n/a n/a
ACRT Indoor A Temp A, F, Bard inside edge return grill 3 15 ' n/a 1
AOWAL Indoor A Temp, F, near side wall, 0.5 m 7' 8" 38’ 7' 8" 29' 4"
(0.5 m)
AOWAL (1 m) Indoor A Temp, F, near side wall, | m 6' 4" 38 6' 4" 29| 4"
AOWAL Indoor A Temp, F, near side wall, 1.7 m 4 38’ 4 : 209" 4"
(1.7 m)
AOMID Indoor A Temp, F, middle of RC @ 6.5 ft 2! 15' each n/a n/a
(& AODB) |
AORW 1 Rear 4' by 4' Window (of RC "A") Open ? 3 48’ 3 20" 3"
AOQOFW 2 Front 4' by 8' Window (of RC "A") Open? 3 37 3 34
AOFW 2 Front 4' by 8' Window (of RC"A") Open ? 3! 43 3 36'
AODR Main Door (of RC"A")  Open ? 3 50' 6" 3 44




Appendix A.1.2 (continued)

page 2 of 4

RH % sensor RC, I/O location | Type of sensor Cabling codes For estimated distances
ACRT S‘pace Indoor A RH %, Bard inside edge return grill see table for ACRT Indoor A Temp, F, Bard inside edge return
grill )
ACNS Duct Indoor A RH %, nearest Bard supply see table for ACNS Indoor A Temp, F,farthest Bard supply
AINS Duct Indoor A RH %, nearest IDEC supply rsee table for AINS Indoor A Temp, F nearest IDEC supply
AIRT Space Indoor A RH %, F, IDEC inside edge relief vent on IDEC]see table for AIRT Indoor A Temp, F, IDEC inside edge relief
Iside vent on IDEC side
AOMID Space Indoor A RH %, middle of RC @ 6.5ft Fsee table for AOMID Indoor A Temp, F, middle of RC @ 6.5 ft
AOOW Outdoor Outdoor Air RH % Isee table for AOOTR Outdoor Air Temp, F

AOWM
AOGS
AOSET &2

AOSTA 1& 2 (with Belden
#8450)

AOOTR
AOOWS
AOOWD

20'

50’

10" if plenum, 30" if
control board
30" if plenum, 50" if
control board

50'
50’
50'



Appendix A.1.2 page 3 of 4
continued)
Cabling Thermister first estimate and excess ( linear) second estimate and excess
(diagonal)
codes RC, I/O location to 1/2 above |to max or DAQS| to 1/2 above |to max or DAQS
ceiling ceiling
BINS Indoor B Temp, F, nearest IDEC supply 2 10' 2" n/a n/a
" BIDP Indoor B Temp, F, IDEC discharge air @ plenum . 2! 10' 2" n/a n/a
BIFS Indoor B Temp, F, farthest IDEC supply 2 33 n/a n/a
BIRT Indoor B Temp, F, IDEC inside edge relief vent on IDEC side 2! 47 . 2 3 Sv "
BCNS Indoor B Temp, F, nearest Bard supply 2! 9' 4" n/a h/a
BCFS Indoor B Temp, F, farthest Bard supply 2 32 n/a n/a
BCRT Indoor B Temp, F, Bard inside edge return grill 3 15 . 1n/a 11"
BOWAL Iﬁdoor B Temp, F, near side wall, 0.5 m 78" 38 78" 20" 4"
(0.5 m) A .
BOWAL (1 m) Indoor B Temp, F, near side wall, | m 6' 4" 38' 6' 4u ) 29v 4n
BOWAL Indoor B Temp, F, near side wall, 1.7 m 4 38" 4 29' 4"
(1.7 m)
BOMID Indoor B Temp, F, middle of RC @ 6.5 ft 2! 15'each - n/a n/a
(& BODB) |
BORW 1 Rear 4' by 4' Window (of RC "B") Open ? 3 48" 3. 20' 3"
BOFW 2 Front 4' by 8' Window (of RC "B") Open ? 3 37v 3 34
BOFW 2 Front 4' by 8' Window (of RC "B") Open? 3 43! 3! 36'
BODR Main Door (cf RC"B")  Open? 3 50' 6" 3 44
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Appendix A.1.2 (continued)

page 4 of 4

RH % sensor RC, I/0 location

Type of
sensor

Cabling codes

For estimated distances

BCRT

Space

Indoor B RH %, Bard inside edge return grill

see table for BCRT Indoor B Temp, F, Bard inside edge return grill

BCNS

Duct

Indoor B RH %, nearest Bard supply

see table for BCNS Indoor B Temp, F,farthest Bard supply

BINS

Duct

Indoor B RH %, nearest IDEC supply

{see table for BINS Indoor B Temp, F nearest IDEC supply

BIRT

Space

f{side

Indoor B RH %, F, IDEC inside edge relief vent on IDEC.  Jsee table for BIRT Indoor B Temp, F, IDEC inside edge relief vent

on IDEC side

BOMID

Space

“findoor B RH %, middle of RC @ 6.5f

Jsee table for BOMID Indoor B Temp, F, middie of RC @ 6.5 ft

BOOW

Outdoor

Outdoor Air RH %

Jsee table for AGOTR Outdoor Air Temp, F

BOWM
BOGS
BOSET 1&2

BOSTA (with Belden #8450)

25

50"

10" if
plenum,
30"if
control
board
30" if
plenum,
50" if
control
board



Appendix A.2.1.1.1

LBNL/CEC Field Study: Estimated Time Schedule of Key Activities
FINAL VERSION

PART I = CUSD, 8/27/01 through 11/2/01, "cooling season"

EL 6 Week of LBNL - - StaffTaking Holiday - - Known Meetings/- | School Holidays Tasks during LBNL visits to the schools
Project Yr - |Holidays * ~ between M-F? - .- "~ Conference =~ [(CUSD; MCS) (approximately 6:30/7 AM to 4:30 PM)
2]8/27-31/01, NO . R Dennis, Doug - . - NO . - : .. - only teachers present |**Meeting between CUSD and LBNL staff at
first week A . {week of 8/20 (CUSD) [participating school 8/20/01 2-3:15 PM, and, if
necessary, another for thermostat training and
further Q&A**
. S CUSD: initial CO2 decay, VOC and aldehyde
. EEE R S e {sampling 8/20 PM;
B ' T systems check and IDEC "seal off” Thursday 8/30
. o ) PM; Bard mode for "air out"
2|9/3-7/01 93(M, NO . NO.. - |93(M,LaborDay, | . 7T
: Labor Day) - .- = o IMCS)
L , : L e :19/3 (M, Labor Day, |CUSD: sampling on opposite day from other school
- - : e s CUSD) district = Thursday, Bard mode
2|9/10-14/01 NO &+ “NO  .... =5 -910-11(M-Tu, {NO JCUSD: sampling on opposite day from other school
. o Yoo DGSinD.C): " Idistrict = Wed., IDEC mode
2}9/17-21/01 NO . *NO . ~ ot NO NO A JCUSD: sampling on opposite day from other school
S T D ‘ district = Tuesday, Bard mode
2]9/24-28/01 NO =~ .-NO. . . .. NO o NO |CUSD: sampling on opposite day from other school
: o R C district = Thursday, IDEC mode
2]10/1-5/01 NO - NO o NO ' NO CUSD: sampling on opposite day from other school
[ o a S : district = Thursday, Bard mode
2]10/8-12/01 NO. - NO- - .- = - NO. NO CUSD: sampling on opposite day from other school
- ST e district = Thursday, IDEC mode
2[10/15-19/01 NO - . NO . o 7 INO. . INO JCUSD: sampling on opposite day from other school
B Sl e Lo district = Tuesday, Bard mode :
2110/22-26/01 NO : NO ST L2 NO. L " INO CUSD: sampling on opposite day from other school
. N ' o Ll o district = Tuesday, IDEC mode
2§10/29-11/2/01, [NO "~ . NO S L '(,:1 1/3-8/01 ISEA in- {NO, but BOTH have |CO2 decay and short-term sampling (like late
opt. 10th week - B ‘Clz‘g;rleston, SC 3-day 11/10-12 8/01), IDEC
o B R ’ ABOVE PLAN EQUALS 9 WEEKS WITH
v : , TEACHERS & STUDENTS; 4-5 IDEC, 4-5 Bard.
First of two environmental education classes, on energy . NOTE: "Sampling" includes thermal comfort cart
and the environment, . : * monitoring,
Thurs 11/15/01 14:00-15:00 (30 min/class), with data download&equipment goal = in each operating mode, for each school/SD,
maintenance. ' 4 weeks Tu /W, 4 weeks Th
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Appendix A.2.1.1.2

LBNL/CEC Field Study: Estimated Schedule of Key Activities
FINAL VERSION

PART II = MCS, 8/27/01 through 11/2/01 "coolmg season"

»

ElL6 . |Weekof i} School Holidays Tasks during LBNL visits to the schools
Project '3 (CUSD MCS) approximately 6:30/7 AM to 4:30 PM)
Year 5 ' : .
2[8/27-31/01, first |N ) only teachers present [**Meeting between CUSD and LBNL staff at
week MCS) Fparticip_ating school 8/27/01, 8:30-9:30 AM (+/-
S 15 minutes), and, if necessary, another for
' thermostat training and further Q&A at end of
week.**
MCS: initial CO2 decay, VOC and aldehyde
. samp]mg as well as IDEC "seal off™" Wednesday
» . 8/29; Bard on for "air out" )
219/3-7/01 , 9/3 (M, Labor Day, Mag sampling on Wed;e-sga-y,-l;a-r-d mode
a{MCS) . ..
4 9/3 (M, Labor Day, :
2[9/10-14/01 MCS: sampling on Thursday, IDEC mode
219/17-21/01 MCS: sampling on Thursday, Bard mode
2|9/24-28/01 MCS: sampling on Tuesday, IDEC mode
2]10/1-5/01 MCS: sampling on Tuesday, Bard mode
2]10/8-12/01 MCS: sampling on Tuesday, IDEC mode
2]10/15-19/01 (% 3 MCS: sampling on Thursday, Bard mode
2110/22-26/01 zNO)f*‘E;‘&%&&W ﬁe%’ JMCS: sampling on Thursday, IDEC mode
2]10/29-11/2/01, ENO 28 :

opt. 10th week

CO2 decay and short-tenn sampling (like 8/30/01),
IDEC

ABOVE PLAN EQUALS.S WEEKS WITH
TEACHER AND STUDENTS (MCS),

4-5 with Bard, 4-5 with IDEC

First of two envxronmental educatlon classes, on
energy and the environment,

~ Monday 12/3/01 12:30-13:20, with data download and equlpment )

maintenance.

NOTE: "Sampling" includes thermal comfort cart
_monitoring, ’

goal = in each operating mode, for each school/SD
4 weeks Tu /W , 4 weeks Th



Appendix A.2.1.2.1
LBNL/CEC Field Study: Estimated Schedule of Key

10th week

NO'

. «-imake-ups likely to begin weeks
7 jof3/10, 3/17, 3/24, and/or 3/31

Activities
FINAL VERSION
PART III = CUSD, 1/2/02 through 3/15/02, "heating season" i )
EL 6 |Week of [LBNL-~ .- Staff Taking: Known . - {School Holidays (CUSD; |Tasks during LBNL visits to the schools (approximately
Project Holidays - - ~Holiday - Meetings/' -{MCS) 6:30/7 AM to 4:30 PM) :
Year T o Conf@rence‘
2(12/31/01-1/4/02 [12/31/01 = 7292 - . 'NO . |12/31/01-1/6/01 (MCS) NONE
t0'1/1/02 - . 12/31/01-1/6/01 (CUSD) NONE '
S T e e Preparations for wintertime "heating" season.
241/7-11/02 NO. . NO. . NO "~ INO CUSD: sampling on opposite day from MCS =
S IR e Thursday, Bard mode
2{1/14-18/02 NO . L /1877 NO ..U INO CUSD: sampling on opposite day from MCS =
T R : Thursday, IDEC mode
2|1/21-25/02 121, . NO, .~ -NO <7 11/21 (M, MLK Day, MCS) CUSD: sampling on opposite day from MCS =
MLK Day) " =+ =" . RIS Wednesday, IDEC mode; aldehydes only (no VOCs)
el . < 541/21 (M, MLK Day, CUSD)
2|1/28-2/1/02 NO.. -+ NO NO -INO CUSD: sampling on opposite day from MCS = Tuesday,
ST LT .. Bard mode
212/4-8/02 NO “NO'; .:#:NO NO CUSD: sampling on opposite day from MCS = Tuesday,
AR _ R Bard mode; aldehydes only (no VOCs)
212/11-15/02 NO - - -i - ?72/15?? :.NO 2/11 (M, Lincoln's birthday, |CUSD: sampling on opposite day from MCS = Tuesday,
AR S -{MCS) ‘ IDEC mode
2|2/18-22/02 2718 (M, * - NO .o NO i 12/18 (M, Washington's NONE (keep in IDEC mode through 2/15/02 Friday,
Pres. Day) “n" ' .+ i birthday, MCS); 2/16-2/24/02  |then have Bard starting 2/25/02 Monday)
S oo o - [ Winter Break Week (CUSD)
2|2/25-29/02 NO -~ NO . ; NO. ' .'|NO CUSD: sampling on opposite day from MCS =
S TR £ “ |Thursday, Bard mode -
2]3/4-8/02 NO - - NO NO' - NO CUSD: sampling on opposite day from MCS = Tuesday,
S . IDEC mode
2|3/11-15/02, opt. - <NO+  =NO . . . ISTAR Stanford 9 testing & CO2 decay and short-term sampling, IDEC, and second

of two environmental education classes, as a "show and
tell" of sampling equipment in the study, given

ABOVE PLAN EQUALS

4-5 IDEC, 4-5 Bard.

NOTE: "Sampling" includes thermal comfort cart
monitoring; goal = in each operating mode, for each

school/SD, 4 weeks Tu /W, 4 weeks Th.

8 WEEKS WITH TEACHERS & STUDENTS (CUSD),
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Appendix A.2.1.2.2

LBNL/CEC Field Study: Estimated Schedule of Key Activities

FINAL VERSION
PART IV = MCS, 1/2/02 through 3/15/02, "heating season"

EL 6 Week of LBNL - §taff Takmg Hohday Known:Meetings/ |School Holidays Tasks during LBNL visits to the schools (approximately
Project Holidays Conference (CUSD:; MCS) 6:30/7 AM to 4:30 PM)
Year S - .
2]12/31/01-1/4/02 |12/31/01 - ,v????' _ NO' 12/31/01-1/6/01 NONE
o o (MCS)
to 1/1/02 12/31/01-1/6/01 NONE
G E (CUSD)
L o Preparations for wintertime "heating" season.
2|1/7-11/02 NO NO - . NO .. INO MCS: sampling on Tuesday, Bard mode
2}1/14-18/02 NO 7?1/187? - - NO NO MCS: sampling on Tuesday, IDEC mode
2|1/21-25/02 121(M,  NO . - NO - 1221 M, MLK Day, [MCS: sampling on Thursday, IDEC mode aldedhyes
MLK Day) . “1MCS) only (no VOCs)
1/21 (M, MLK Day,
‘ CUSD)
2]1/28-2/1/02 NO ~  NO NO : .INO MCS: sampling on Thursday, Bard mode
2]2/4-8/02 NO . . NO . S NO - “INO MCS: sampling on Thursday, Bard mode; aldedhyes
B _ o only (no VOCs)
2§2/11-15/02 NO - . - 722/1577 " "NO ~ 12/11 (M, Lincoln's  |MCS: sampling on Thursday, IDEC mode
L - o - | birthday, MCS)
2|2/18-22/02 12/18 (M, .. NO -~ NO 2/18 (M, MCS: sampling on Wednesday, IDEC mode; aldehydes
Pres. Day) - Washington's only (no VOCs)
LA - | birthday, MCS)
12/16-2/24/02 Winter
S . Break Week (CSD)
2§2/25-29/02 NO - NO- .+ 'NO “INO MCS: sampling on Tuesday, Bard mode
2|3/4-8/02 NO -~  "NO ' : - - NO NO MCS: sampling on Thursday, IDEC mode
2|3/11-15/02, NO - NO - NO STAR Stanford 9 |CO2 decay and short-term sampling, IDEC, and second
optional 10th - S . -{testing & make-ups [of two environmental education classes, as a "show and
week - |likely to begin tell" of sampling equipment in the study, given
“Iweeks of 3/10, 3/17, ’
3/24, and/or 3/31
. ' ABOVE PLAN EQUALS
‘ 19 WEEKS WITH TEACHERS & STUDENTS (MCS),
4-5 IDEC, 4-5 Bard
NOTE: "Sampling" includes thermal comfort cart
v monitoring. Goal = in each operating mode, for each
) school/SD, 4 weeks Tu /W, 4 weeks Th
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Appendix A:2.2.1
LBNL/CEC Relocatable (RC) Classrooms Study, Year Two—Field Study

v061801, then 071101-071901-082201 FINAL, then 060702 with additions/comments based on field experiences

Cupertino Union School District (CUSD)

Estimated “sampling day” schedule of activities-- Tuesday, Wednesday, or Thursday—at the participating school in a
participating school district (n=2) (2 RCs, side-by-side, at each school). :

NOTE: Please refer to MS Excel workbook containing detailed draft schedule for sampling during

the cooling and heating seasons, including thermal comfort cart measurements.

Assumption:
The head custodian at CUSD arrives by 7:00 AM (maybe as early as 6:00 AM), and school begms about 9:05 AM and ends

3:05 PM.

*Since two 4™ grade classes, 30-32 students each on <34’L by 24’W carpeted floor area.

Monday (for Tuesday), Tuesday (for Wednesday, if Monday is LBNL and/or school holzday) and/or Wednesday dor
Thursday):

Preparations for the field visit the following day include picking up LBNL van by 3 PM Monday; loadmg thermal comfort
carts into the van; VOC multisorbent tubes and DNPH cartridges into cooler with ice and then into the van; preparing pre-
printed field data sheets and checklists in binders; bringing laptop computer and RS232 cables for HOBO.

Tuesday/Wednesday or Thursday (one day at each school) = Dally Sampling Schedule

OVERVIEW;

Duration of travel time from Walnut Creek (safety margm included for traffic scenarios):
to school in Cupertino = 1.5 hours

Duration of school day for LBNL SRA/RA=9 hours, with short breaks

‘Duration of travel time back to LBNL, Berkeley (safety margin included for traffic scenarios):
from school in Cupertino = 1.5-2 hours, per freeways and bridge

Duration of time needed to unload car, store samples in fridge, return car, etc. = 0.5 hour

TOTAL TIME REQUIRED OF STAFF, 2 DAYS/WEEK =
-about 13-14 hrs/day, 26-28 hrs/week

TOTAL TIME REQUIRED OF STAFF A WEEK, INCLUDING LBNL PREP =
about 30 hrs .

NOTE: SRA/RA (DGS) will have Iabtop 10 do work whien not inside/outside test RCs



Appendix A.2.2.1 (continued)

TIME/TIME PERIOD  LOCATION ACTIVITY
5:15 AM-6:30 AM Walnut Creek toCupertino outbound commute
6:30 AM- 8:15 AM Participating School in unload, sampler set-ups, pump calibrations

(+/- 5 minutes at end) Cupertino
6:30/6:40 AM —7:05AM  Participating school available ~ Unload cooler with samples, thermal
parking nearest the two RCs comfort(TC)carts, tool box, monitor,
" zip drive, etc and bring to RCs

NOTE: move van off-campus by 8:30 AM

NOTE: by between 7:00 AM — 7:10 AM o Gain access to RCs with custodian.’
7:00 AM~7:20 AM InRCs Set up LBNL shelf once cabinets opened,
(10 minutes outdoors, 5 minutes in each RC) set up monitor, keyboard and mouse.

Conduct classroom conditions checklist,
check teacher’s T setting. :

7:20-7:35 AM (5 minutes per RC or outdors) " Measure PM counter flow rates, -
.- ' : and calibrate as necessary to adjust
to PSI nominal flow. Inspect and
 fix as needed. Confirm proper
~ operation settings. Record

_ important observations.
NOTE: from end of cooling season through remainder of field study '
7:35 AM - 8:00 AM In RCs, sampler pump box Remove samples from cooler. Open cabinet,
(10 minutes each RC, inc. outdoors) start and inspect pumps for VOC and DNPH.

aldehydes samples. Record sample ID
number, date, pump number, school, and

- classroom number on field sheet. (Pre-
programmed pump, start time.) Include any
duplicates. Handle field blanks.

during 7:20 AM — 8:00 AM -In RCs : Calibrate noise sound level meter
(7-8 minutes in each RC) (SLM, Extech).

Visual inspection of CO2, CDAQS noise, and
T/RH/door/window samplers and sensors for physical

integrity. - o
_ Pack cooler and equipment finished with.
** Complete tasks in one RC, then move to the other.

8:00 AM-8:10 AM - In RCs, first location, TC cart Start TC cért measurements at 1* location.
(5 minutes in each RC)

8:10 AM - 8:30 AM - In RCs Download previous “week” (5-9 days) data
(<10 minutes in each RC) : from HOBO:s to laptop, “relaunch” HOBOs.
NOTE: can be done in AM or duirng morning recess or during lunch period as well.

8:15 AM - 8:25 AM Around/in the RCs . Pack equipment and tools finished with.

Appendix A.2.2.1 (continued)
NOW, OTHER ACTIVITIES OCCUR OUTSIDE

TIME/TIME PERIOD LOCATION - ACTIVITY

8:30 AM- 8:55 AM LBNL locker outside behind RC  Record flow rates of peristaltic pumps**
(At each RC, 3-5 min. (unlock/lock with padlock & key) used for the VOC and DNPH sampling.
each sampling system/set of pumps)
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**Start with indoor pumps, then the outdoor pumps.

8:55 AM -9:05 AM Outside back side RC, Visual inspection of components
) “weather station” and samplers and
connection to central DAQS by conduit.
Check gas/H20 lines to IDEC & heater.

9:05-9:25 LBNL locker outside behind RC  Confirm proper operation of continuous

: (unlock/lock with padlock & key) samplers for indoor T and RH% sensors,
indoor /outdoor CO2, door and window sensors,
particle counts, outdoor T and RH%, and outdoor
wind speed and direction via CDAQS operation, i.e.,
data collection. Check for any leaks/moisture.

By 9:30-10:00 AM ' Project Cell Phone . .Call LBNL (MGA, DPS, Dennis), report -
“all checks made, all O.K.” and/or issues.
Also, confirm check in w/ office, prinicipal.

end of p’honé call until 10:30 am In fown, and/or in van

Breakfast break; read, do paperwork = sources checklist (outdoor,start indoor with AM observations). Start review of
previous week data in MS Excel templates. '

10:40 AM - 10:55 AM InRCs ‘ move TC cart to 2™ location if no rain,

(2-6 minutes per classroom per task) . conduct classroom conditions checklist
until schoo!l’s lunch break - Imnvan work with laptop work with previous week
_ data cont. ’
12:30 PM- 1:10 PM (during lunch break) InRCs move TC cart to 3" location (2™ if rain),
(20 minutes per classroom) conduct classroom conditions checklist,

finish sources checklist (indoor with
cleaning compounds, etc.), TC clo checklist
(based on AM observations)

. fro_ih end of school’s lunch until near , :
end (3:15PM) of student’s day (3:35 PM) In van/in town work on laptop, break
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Appendix A.2.2.1 (continued)
TIME/TIME PERIOD LOCATION
3:20 PM—3:30 PM

3:30 PM - 5:30/6:00 PM In/Outside RCs

ACTIVITY

** Save work tasks on personal computer and prepare for final field work!

Calibrate peristaltic pumps; stop, cap, and store integrated school day VOC and DNPH samples in cooler for transport; view
and inspect continuous sensors and sampler data; complete TC cart measures; HOBO and noise data.

3:35PM -4:00 PM In RCs, sampler pump boxes

(10 minutes in each RC,
including outdoor pumps)

4:00 PM - 4:30 PM - In RCs, first location, TC cart
(up to 10 minutes in each RC)

Also 4:00 PM - 4:30 PM In RCs
(3-5 minutes in each RC)
In RCs

4:30-PM - 5:00 PM
~ (12-15 minutes per RC) -

by 4:00, 6:00 PM

5:00 PM - 5:10 PM" LBNL locker outside behind RC

(unlock/lock with padlock & key)

5:10 PM - 5:40 PM In RCs

Appendix A.2.2.1 (continued)

5:40 PM - 5:55 PM

Record final flow rates for peristaltic pumps
for VOC&DNPH samples and duplicates,
and note any unusual physical conditions of
pump and cartridge or noise made by pump.
Confirm sample ID number, pump number,
and classroom number on field sheet.

Turn off pump and record pump time.

Collect field blanks (if not done in AM)..

Store samples in cooler.
Stop TC cart measurements at last location;.

end data collection, review data, save file.

Check teacher’s HVAC T setting;
conduct classroom conditions checklist

Record flow rate of indoor and outdoor

MetOne 237B particle counters with BIOS
DryCal or Gilibrator bubble flow meter.
Calibrate CO2 monitors using protocol. =

Check out with main officé and principal. '
Remind them (night custodians) LBNL on
campus until about 6:00 PM

Confirm proper operation of continuous

samplers for indoor T and RH% sensors,

indoor/outdoor CO2, door and window sensors, particle
counts, outdoor T and RH%, and outdoor wind speed and
direction by viewing parts of day’s data. Download this
week’s data to a zip disk. Remove monitor and zip drive.

TC carts stored in van.

Load cooler with samples,

calibration equipment tool box, -

laptop PC, etc. into van.

Bring monitor, zip drive and disk to van.
Get HVAC system “seal off” panels.

AT SCHOOL.: at the end of the sampling day, before leaving the school for LBNL
After school day is over, shut down the HVAC system operating the previous week. This includes sealmg off, with
. method to be determined, the supply side at the air filters and relief vents (IDEC only). Then, open and start the other HVAC

system for the present week.

PROTOCOL:

Bard HVAC system seal off 28” by 9.5” air intake opening/relief opening outdoors on the Bard unit w1th LBNL
designed Al panel and 3M velcro. Turn Bard “off” at indoor thermostat, and timer to zero, then lock its plastic box.
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IDEC HVAC system and relief vents: seal off three parts of the LBNL desngned
inlet filter racks with appropriately sized Lexan panels and 3M velcro.

Switch master electrical disconnect outdoors at circuit breaker box to off.

Turn IDEC “off” at indoor thermostat, then lock its plastic box.

by 6:00-6:15 PM Project Cell Phone Call LBNL (MGA, DPS, Dennis), report
' : . “all checks made, all O.K.” and/or issues.
Organization and final review of field data
sheets and checklists-from the day.

~6:15-7:30/7:45 Cupertino to LBNL Unload cooler with samples**, and
: Inbound commute, after a drink/snack tools (as necessary), laptop PC, -
Park LBNL van at Bldg. 90 or W.C. checklists, data sheet binder, disks.

**Samples go into home refrigerator overnight (cooling Season)_ or kept in van cargo area overnight (heating season) and
then to Al Hodgson, building 70-221, the following morning .
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Appendix 2.2.2
LBNL/CEC Relocatable (RC) Classrooms Study, Year Two—Field Study -

v061801, then 071101-071901-082201 FINAL, then 060702 with additions/comments based on field experiences

Modesto City Schools (MCS)

Estimated “sampling day” schedule of activities-- Tuesday, Wednesday, or Thursday—-at the participating school ina
participating school district (n=2) (2 RCs, side-by-side, at each school).

NOTE: Please refer to MS Excel workbook containing detailed draft schedule for sampling during

the cooling and heating seasons, including thermal comfort cart measurements.

Assumption: '

The head custodian at Modesto arrives by 7:00 AM, and schiool begins about 8:30 AM +/- five min. and ends about 2:35 PM

+/- five min.

"AT LBNL: Monday (for T uesday) Tuésday (for Wednesday, if Monday is LBNL and/or school holiday), and/or Wednesday

(for Thursday):

Preparations for the field visit the following day include picking up LBNL van between 1- 3PM Monday; loading thermal
comfort carts into the van; VOC multisorbent tubes and DNPH cartridges into cooler with ice and then into the van; ,
preparing pre-printed field data sheets and checklists in binders; CO2 “cal bags;” bringing laptop computer and RS$232 cables

. for HOBO.

Tuesday/Wednesday or Thursday (one day at each school)

Daily Sampling Schedule

OVERVIEW: _

Duration of travel time from Walnut Creek (safety margin included for traffic scenarios): -
to school in Modesto = 1.5 hours .

" Duration of school day for LBNL staff = 9.5-10 hours, with short snack breaks

Duration of travel time back to LBNL, Berkeley (safety margin inclﬁdcd for traffic scenarios):
from school in Modesto = 1.5-2 hours, per I-580 situation and town

Duration of time needed to unload car, store samples in fridge, return car, etc. = 0.5 hour

TOTAL TIME REQUIRED OF SRA/RA, 2 DAYS/WEEK =
about 13-14 hrs/day, 26 hrs/week
TOTAL TIME REQUIRED OF SRA/RA A WEEK, INCLUDING LBNL PREP =
about 30 hrs
NOTE: SRA/RA (DGS) will have laptop to do work when not inside/outside test RCs
TIME/TIME PERIOD  LOCATION ACTIVITY
5:20 AM - 6:50 AM or earlier Walnut Creek to Modesto outbound commute
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Appendix 2.2.2 (continued)

TIME/TIME PERIOD LOCATION
6:50 AM- 8:15 AM Participating School in
Modesto

(+/- 5 minutes at end)

Participating school available

6:50 AM-7:10 AM
parking nearest the two RCs’

7:10 AM - 7:20 AM
(5 minutes in each RC)

InRCs

7:20 AM - 7:45 AM In RCs, sampler pump box
(10 minutes each RC, inc. outdoors)

during 7:45 AM - 7:55 AM InRCs

(5 minutes in each RC)

o Complete tasks in one RC, then move to the other.

7:55 AM-8:05 AM -
(5 minutes in each RC)

In RCs, first location, TC cart
8:05 AM—8:10AM  InRCs
NOW, OTHER ACTIVITIES.OCCUR OUTSIDE

LBNL locker outside behind RC
(unlock/lock with padlock & key)

8:10 AM- 8:30 AM
(At each RC, 3-5 min.
each sampling system/set
of pumps)

ACTIVITY
unload, sampler set-ups,
pump calibrations

Unload and carry cooler with samples,
thermal comfort(TC) carts, tools, monitor,
zip drive. Assumes access to RCs gained.

Conduct classroom conditions checklist,
check teacher’s T setting.

Remove samples from cooler. Open cabinet,
start and inspect pumps for VOC -and DNPH
aldehydes samples. Record sample ID
number, date, pump number, school, and
classroom number on field sheet. (Pre-
programmed pump, start time.) Include any
duplicates and field blanks.

Calibrate noise sound level meter

(SLM, Extech). - .
Visual inspection of CO2, particle count,
CDAQS, noise, and T/RH/door/window
samplers and sensors for physical integrity.

Start TC cart measurements at 1* location.
Pack up cooler and equipment finished with.

Record flow rates of peristaltic pumps**
used for the VOC and DNPH aldehyde
sampling pumps. '

**Start with indoor pumps, then the outdoor pumps.

830 AM—8:40 AM - Around the RCs

Outside back side RC,

8:40 AM - 8:45 AM
' “weather station” and samplers

8:45 AM -9:15 AM ‘LBNL locker outside behind RC
(NOTE: set-up of monitor can be <6:45 as well)

Pack equipment and tools finished with.

Visual inspection of components
and connection to central DAQS by conduit.
Check gas/H20 lines to IDEC & heater.

Set-up monitor and zip drive in locker.
Confirm proper operation of continuous
samplers for indoor T and RH% sensors,
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Appendix 2.2.2 (continued)
TIME/TIME PERIOD  LOCATION

after AM work Project Cell Phone

end of phone call until 10:15 am Invan

10:15 AM — 10:30 AM (during recess break if no ram) In RCs

(5 minutes per classroom)
until school’s lunch break - In van .

11:45 AM- 12:25 PM (during lunch break) In RCs
(20 minutes per classroom) -

from end of school’s lunch until near
end (2:20 PM) of student’s day (2:35 PM) In van/in town

ACTIVITY

indoor /outdoor CO2, door and window sensors,
particle counts, outdoor T and RH%, and outdoor
wind speed and direction via CDAQS operation. i.e.,
data collection. Check for any leaks/moisture in and
around LBNL locker..

Call LBNL (MGA, DPS, Dennis), report

“all checks made, all O.K.” and/or issues.
Also, confirm check in w/ office, prinicipal.

Breakfast break; read, do paperwork =
sources checklist (outdoor,start indoor with
AM observations) and start review of

previous week data in MS Excel templates.

move TC cart to 2™ location;
classroom conditions checklist

work with previous week data cont.

move TC cart to 3" location.(2™ if rain);

- classroom conditions checklist, finish

sources checklist (indoor with cleaning
compounds, etc.) and TC clo checklist
(based on AM observations)

work on laptop, read, class -

- attendance checklist (for today and
since previous week’s field visit)
through school sécretary,
break with drink/snack
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Appendix 2.2.2 (continued)

TIME/TIME PERIOD  LOCATION ACTIVITY
2:25 PM—2:40 PM ** Save work tasks on laptop and prepare for final field work!
2:40 PM - 4:15-4:30 PM + In/Outside RCs

Calibrate peristaltic pumps; stop, cap, and store integrated school day VOC and DNPH samples in cooler for transport; view
and inspect continuous sensors and sampler data; complete TC cart measures; HOBO and noise data.

2:40 PM -3:10 PM In RCs, sampler pump boxes Record final flow rates for peristaltic pumps
for VOC&DNPH samples and duplicates,

(10 minutes in each RC, and note any unusual physical conditions of

including outdoor pumps) pump and cartridge or noise made by pump.

Confirm sample ID number, pump number,
and classroom number on field sheet.

Turn off pump and record pump time.
Collect field blanks (if not done in AM)..
Store samples in cooler.

3:10 PM - 3:35PM - In RCs, first location, TC cart Stop TC cart measurements at last-location;
(up to 10 minutes in each RC) end data collection, save and review files.
Also 3:10 PM - 3:35 PM InRCs Check teacher’s HVAC T setting;
conduct classroom conditions checklist
3:35 PM - 4:30 PM In RCs Record flow rate of indoor and outdoor
(20 minutes per RC) MetOne 237B particle counters with BIOS

DryCal or Gilibrator bubble flow meter.

Calibrate CO2 monitors using protocol.
NOTE: during heating season weekly visits winter 2002 and spring 2002 bi-/tri-weekly visits, measured flow rate of particle
counters once in both AM and PM, performing necessary calibration to nominal flow.

4:30 PM - 4:40 PM InRCs TC carts stored in van.
Check out with main office and principal, but remind
them (PM custodian) LBNL on campus to ~5-6PM.-

4:40 PM - 4:50 PM - In RCs ' Download previous “week” (5-9 days) data
from HOBO:s to laptop, “relaunch” HOBOs,
put back in RCs.

NOTE: during heating season weekly visits winter 2002, HOBOs during lunch period or after school.

4:50 PM - 5:00 PM LBNL locker outside behind RC  Confirm proper operation of CDAQS and

(unlock/lock with padlock & key) continuous samplers for indoor T and RH%,
indoor/outdoor CO2, door and window
sensors, particle counts, outdoor T and
RH%, and outdoor wind speed and direction
by viewing parts of day’s data. Download
this week’s data to a zip disk. Remove
monitor and zip drive.

5:00 PM - 5:10 PM Participating school, available Load cooler with samples, calibration
equipment tool box, laptop PC, etc. into van.
Get HVAC system “seal off” Lexan or Al panels.

Appendix 2.2.2 (continued)

5:10- 5:20 PM
AT SCHOOL: at the end of the sampling day, before leaving the school for LBNL

After school day is over, shut down the HVAC system operating the previous week. This includes sealing off, with
method to be determined, the supply side at the air filters and relief vents (IDEC only). Then, open and start the other HVAC

system for the present week.

PROTOCOL:
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Bard HVAC system: seal off 28” by 9.5” air intake opening/relief opening outdoors on the Bard unit with LBNL
designed Al panel and 3M velcro. Turn Bard “off” at indoor thermostat, and timer to zero, then lock its plastic box.

IDEC HVAC system and relief vents: seal off three parts of the LBNL designed
inlet filter racks with appropriately sized Lexan panels and 3M velcro.

Switch master electrical disconnect outdoors at circuit breaker box to off.

Turn IDEC “off” at indoor thermostat, then lock its plastic box.

by 6:00 PM Project Cell Phone Call LBNL (MGA, DPS, Dennis), report
- “all checks made, all O.K.” and/or issues.
Organization and final review of field data
sheets and checklists from the day.

~6:00 —7:30/8:00 PM  Modesto to LBNL or W.C. Unload cooler with samples**, and
Inbound commute, after a drink/snack tools (as necessary), laptop PC,
Park LBNL van at Bldg. 90 or W.C. checklists, data sheet binder, disks.

**Samples go into home refrigerator ovemlght (cooling season) or kept in van cargo area ovemlght (heating season) and
then to Al Hodgson, building 70-221, the following morning.
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Appendix A.3.1

CO, Monitoring System Calibration—Relocatable Classrooms (RC) Study
FROM: v. 06/19/01, FINAL revision 8/30/01, additions based on field experience 061002, by DGS

original draft adapted from Vallejo Building Study (written by Doug Sullivan and David Faulkner)

2.) Calibrate

The monitor will be operating before school hours and will be sampling air indoors when we will calibrate.
The manual disconnect point (leur fittings) is located upstream of the outdoor sampling point (above LBNL
outdoor locker, away from wall) to provide a connection for the technician to connect the calibration bags
in front of the LBNL outdoor locker to sampling line attached to the ZFP-9.

Refer also to daily activities schedule and page 1.

Step #1 Open the LBNL indoor cabinet and look in at the CO2 system. Visually check to see sampling lines are intact.
Verify voltage readings are being logged for “CO2 in, A: and B:” by CDAQS with “COOLMAIN” screen of LabView 5

program on monitor.

Step #2 Disable automatic sequencing, i.e., use manual disconnect system-—sampling line open so end connected to ZFP-9,
which has a knot, is open for the calibration procedure. This end of the tubing (no. 16 Masterflex Norprene tubing, Cole-
Parmer Instrument Corporation, Vernon Hills, IL) has a female leur fitting, since the calibration bags have male leur fittings.

Step #3 For calibration, connect the “cal bags” one at a time to tubing extending from outdoor enclosure, starting from lowest
to highest concentration. Leave each bag connected for 60 (or 120) seconds.
Record connect time on data sheet. The concentration range, as % of 2788 ppm, used for this study were zero air, 10%,

20%, 30%, 40%, and 50%.

Step #4 Check the data in real-time using LabView 5 programs, “CO2Cal_A” and “CO2Cal_B” during the calibration
procedure. The program ran five minutes, i.e., included three “cal bags” in each file labeled a, b, ¢, etc, and must be manually
restarted using mouse and keyboard. ,

Step #5 Re-enable automatic sequencing by connecting the sampling line manually so it is closed and the system is ready
for the continuation of indoor sampling. Confirm new RC A indoors and RC B indoors data with CDAQS.

Step #6 Download calibration data, saving data as a text file to the C:/ and zip drives with standardized file name Cal
RCXYYMonthDDZ.dat (Cal = calibration, X= RC A or B, Z=file a, b, ¢, DD= day, YY= year).

NOTE: file name may be the same as week’s data file, but with suffix “b” (“a” is suffix for data set).

If data were examined graphically on a laptop PC with MS Excel, the individual “cal bags” should show up as ~square peaks
of ever increasing height/voltage values.

Step #7 Calibration must be completed and deemed reasonable, and systems checked and indoor sampling reconfirmed,
before starting to monitor a new school week with the other HVAC system, i.e., restart CDAQS and save present week’s data

files to C:/ and zip drive. '
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Appendix A.3.1 (continued)
Relocatable classroom (RC) study, (school name), CUSD or MCS
CO2 Monitor Data Sheet

LBNL Relocatable Classroom (fill in A or B) = Room #
(circle one) HEATING SEASON COOLING SEASON  Transitional Period
HVAC SYSTEM FOR THIS SAMPLING WEEK (circle one) Bard 10 SEER IDEC-hydronic heat coil

Sampling Period = school day hours on a (circlé one) TUESDAY WEDNESDAY THURSDAY

Date Technician
Monitor ID number
Does this RC have valve switch for outdoor sampling? Yes No

Backup of data downloaded to CDAQS saved, as part of overall flat file, for week at end of day. Saved déta (file name
RCXYYMonthDDZ.dat, where date was start of week(s) of monitoring)

c:\
Backup to floppy (a:/) or zip disk (d:/) (check)

Calibrate

CONFIRM at position for indoor sampling (check)

Manual disconnect-- sampling line open so end connected to ZFP-9, which has a knot, is open for calibration
Time __ : - AM PM
Calzbratton Bags, 60- -120 seconds per bag (record time, and check) START:
STOP:

Of __ ppm CO2 as prepared at LBNL Bldg. 63
0%, connect time 0. volts
10%, connect time 0.__volts
20%, connect time _ 1.__ volts
30%, connect time - - L__volts
1
1

40%, connect time __ __volts
50%, connect time __volts
DownIoad cal data
Calibration data looks good graphically on monitor in LabView 5 (check)
- Saved data as text file, name: c:\ )
Calibration file description (file name CAL RCXYYMonthDDZ dat)

Backup to floppy (a:/) or zip disk (d:/) (check)

Restart CO2 Monitoring
Reconnect sampling line manually so it is closed and the system is ready for continuation of indoor sampling
Time AM PM back to voltsat __:__on CDAQ
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Appendix A.3.2

LBNL Relocatable Classrooms Field Study (Element 6)

Field Data Sheet: Particle Counters (MetOne 237B) Flows, Sound

Level Meters, Gas Use, HOBOs

SCHOOL NAME/ID:

Circle One:

Bard

IDEC

Circle One:

SCHOOL DISTRICT:

"Cooling Season

‘Measurements: .50

i

Heating Season Transitional
SAMPLING PERIOD DATES:

Classrooni/Room # -

Date
(mmddyy)

Day of Week

|Time

Flow Rate

LBNL RC A:=Room #

(c¢/min or L/min)

LBNL RC B = Room #

Outdoor PM counter:

[COMMENTS:

Period

AM field technician comments:

PM field technician comments:

HOBQ (Temp/RH%); near teach‘
workstatiofi/ desk‘_ £

LBNL RCA =

LBNLRCB=

Room #

Room #

Loane AT 5L K

Start Date (mm/dd/yy)

Starting Time (hh/mm)

End Date (mm/dd/yy)

Ending Time (hh/mm)

Location (Floor-Rootn)

COMMENTS:

Claésroom #and RC

AM check

) PM check

A/B . (time = ) (time = )
RC A, Rm. 31

RC B, Rm. 30

o 7 calibration:
“otafget "

i

Classrooﬁi, #,ﬂand

Reading after )

AM check
RC A/B calibration
RC A, Rm. 31
RC B, Rm. 30




Appendix A.3.3

Data sheet for VOC and DNPH aldehydes sampling in public school relocatable classrooms‘ Page 1 of 2

School District/School .
Relocatable Classroom (INDOOR A) # Relocatable Classroom (INDOOR B) #
(circle one) HEATING SEASON COOLING SEASON

(circle one) Bard 10 SEER HVAC  IDEC & hydronic heat coil for HVAC

- Sampling Period = 7:50-15:00 (MCS) / 8:15-15:35.(CUSD) on (circle one)

TUESDAY WEDNESDAY THURSDAY

Date Technician
Field Work/SAMPLING Start Time : o
NOTE: warm up pumps for 15 minutes...START WARM-UP AM, END WARM-UP_____ AM
Record INDOOR A
‘ ) Peristaltic Pump ID#
Record Elapsed Time - . Left Timer Right Timer
Clock correct (check) Left Timer__ Right Timer :
Set to “AUTO” (check) Left Timer _  Right Timer
Programming Correct (check) Left Timer___ Right Timer
Return to clock (check) Left Timer__  Right Timer __

In location # 3, install and record ALD cartridge #

(In location # 4, install and record dup ALD cartridge # )
In location #1, install and record VOC sorbent tube #

In location #2, install and record VOC sorbent tube #

Record OUTDOOR

Peristaltic Pump ID# :
Record Elapsed Time Left Timer Right Timer
Clock correct (check) Left Timer____ Right Timer____
Set to “AUTO” (check) Left Timer____  Right Timer__
Programming Correct (check) Left Timer____ Right Timer__ -
Return to clock (check) Left Timer__  Right Timer

In location # 11, install and record ALD cartridge #
In location #9, install and record VOC sorbent tube #
In location #10, install and record VOC sorbent tube #

Record INDOOR B

Peristaltic Pump ID# L
Record Elapsed Time Left Timer Right Timer
Clock correct (check) Left Timer __ Right Timer
Setto “AUTO” (check) Left Timer . Right Timer
Programming Correct (check) Left Timer ___ Right Timer
Return to clock (check) Left Timer  Right Timer_

In location # 7, install and record ALD cartridge #

(In location # 8, install and record dup ALD cartridge # )
In'location #5, install and record VOC sorbent tube #

In location #6, install and record VOC sorbent tube #
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Appendix A.3.3 (continued)

School District/School '
Relocatable Classroom (INDOOR A)# Relocatable Classroom (INDOOR B)#
(circle one) HEATING SEASON . COOLING SEASON
(circle one) Bard 10 SEER HVAC  IDEC & hydronic heat coil for HVAC
Sampling Period = approximately 8:00 to 15:00 on a (circle one)

B TUESDAY WEDNESDAY THURSDAY
Date Technician
Field Work/SAMPLING Start Time
NOTE: DNPH cartridge in location (Loc) #3(and #4), VOC sorbent tube in Loc #1, Duplicate VOC
sorbent tube in Loc #2 '
NOTE: warm up pumps for 15 minutes...START WARM-UP AM, END WARM-UP___~  AM

Flow rate measurements

AM measurements START TIME

INDOOR A_. Temp : Loc#3 Flowrate
' - Loc#1 Flowrate
Loc#2 Flowrate

OUTDOOR Temp Loc#11 Flowrate

Loc#9 Flowrate ,
' Loc#10 Flowrate
INDOOR B Temp Loc#7 Flowrate ' (Loc#8-dup Flowrate - ),
o Loc#5 Flowrate , '
Loc#6 Flowrate
AM measurements END TIME

PM measurements START TIME -

INDOOR A Temp Loc#3 Flowrate

Loc#1 Flowrate

. ) Loc#2 Flowrate
OUTDOOR___ -Temp " Loc#11 Flowrate

' Loc#9 Flowrate

Loc#10 Flowrate o :
INDOOR B__-_ Temp Loc#7 Flowrate (Loc#8-dup Flowrate )
: Loc#5 Flowrate .
. : Loc#6 Flowrate
PM measurements END TIME

End of run Elapsed time measurements

INDOOR A Remove and store samples (check)  Left Timer. Right Timer
OUTDOOR Remove and store samples (check) ~ Left Timer Right = Timer
INDOOR B Remove and store samples (check) _ Left Timer Right Timer
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Appendix A.3.4
LBNL Field Study: Thermal Comfort Assessment with LBNL TC carts
final version 6/19/01 with field experience notes added 061002, DGS

Part IV: Measurements during a school day with the Thermal Comfort
Cart for T, RH%, air velocity .

NOTE: refer to attached classroom diagram for gréphic description of the areas, within which will be the
four TC cart locations (#1/2, 3, 6). '

NOTE: IDEC and Bard 10 SEER HVAC unit ceiling air diffusers (set of three and two, respectively) are
parallel to each other on opposite sides of modline

- FIRST PLAN IS CHOSEN: ‘
LBNL CONSTRUCTS TWO THERMAL COMFORT CARTS...

Scenario A: cooling season or heating season sampling, no rain

Monitor each classroom at least four Tuesdays and four Thursdays, at three positions per day.
A POSITION = TIME INTERVAL
- Enter classroom to set up/place TC cart or end assessment before school at recess, at lunch,

and at end of school day.
First time interval is on the side of the RC with HVAC in operation for a given
week, with only teacher present.

TC cart can be near diffusers but not dlrectly undemeath within

: (3-4 ft)2 area. o
Loc TIME TC CART PLACED EST. TIME PERIOD =  DESCRIPTION OF

T
INTERVAL WITHIN AREA:. . CLASSROOM...
1 1 1 (if IDEC), 2 (if Bard) ~8:15 TO 10:20-10:30 at least 30 minutes unoccupied,
: (MCS) or ~ 8:30 TO 10:40- about 2 hours occupied '
10 50 (CUSD)
2 2 3 10:20-10:30 TO 11:45- about 10-15 minutes unoccupied, about 1-1.5

11:55 (MCS) or 10:40- hours occupxed
10:50 TO 12:30-12:40
(CUSD)

3 3 : 6 11:45-11:55 TO ~15:45- - at least 30 minutes unoccupied, about 2-2.25 hours occupied, 5 or 10 to 30
: . 16:00 (MCS) or 12:30- minutes occupied by teacher only
12:40 TO ~16:10-16:30
(CUSD)
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Appendix A.3.4 (continued)

LBNL Field Study: Thermal Comfort Assessment with LBNL TC carts
final version 6/19/01 with field experience notes added 061002, DGS. -

Part IV: Measurements during a school day thh the Thermal Coinfort
Cart for T, RH%, air velocity

"Scenario B: when raining on a sampling day during (most likely

the) heating season sampling period |
Monitor each classroom at two positions per day. A POSITION =
TIME INTERVAL
Enter classroom to set up/place TC cart or end assessment before school, at
lunch, and at end of school day. »
First time interval is on the side of the RC with HVAC in operation for a glven
week, with only teacher present.

TC cart can be near diffusers but not directly underneath within

- (3-4 ft)2 area.
Loc TIME TC CART PLACED . EST. TIME PERIOD DESCRIPTION OF
— INTERVAL WITHIN AREA: . CLASSROOM... ,
1 1 1 (Gf IDEC), 2 (if Bard) 8:00 TO 11:45-11:55 - at least 30 minutes unoccupied, about 3-3.50
. (MCS) or 12:30- hours occupied - .
12:40 (CUSD) :
2 2 between/including 3 and 6 11:45-1 1:55 TO ~15:45-  atleast 30 minutes unoccupied, about 2-2.5 hours occupiéd, Sor10to 30

16:00 (MCS) or - 12:30- minutes occupied by teacher only
© 12:40 TO ~16:15-16:30
(CUSD)
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Appendix A4.1

LBNL Relocatable Classrooms Study

Classroom Attendance and Temporary Absenteeism Spreadsheet-->

(name of school district) SAMPLING PERIOD: to ,200_.

(name of elementary school) Circle One: COOLING SEASON HEATING Circle One: IDEC =~ Bard
SEASON :

Dates (mm/dd -- mm/dd, yyyy):
. Classroom #: .

Max. # students/teacher in RC = 19-20 (MCS), 29 or 31 (CUSD)|+ teacher

# students arriving to school (date) = .

Time Interval Student leaves Date IfY, how many? (Extra recess time, |Date {RC occupancy |Date (mmddyy,
early/arrives late at . |(mmddyy,  |(#) class field trip, or {(mmddyy, lincreases? Day of
parent or caregiver's [Day of class held Day of jEstimate by - |Week)
request? _ (write Y, (Week) lelsewhere in Week) thow many
or leave blank= N) ' ischool? jstudents.

|(write Y, or leave (write Y, or
blank = N) leave blank =
. 1 ) /)
- ']

before 9:00 AM, school started 8:25 AM : :

o »’* = » IR Bk A o e Rk R DY Sl sl PR

9:00 AM - AM recess :

1 .
PN [ A A I R P )
AM recess - lurich time ' :
1
e B ST T o N o by 0T _ N Rl e
lunch time - 2:00 PM !
. 1
K “\fh.'\::ﬁi *;,%,i:.. ‘; _‘-_' ....‘,::—»(1,', Py '..’ t\ B ;f%f + ‘_ é.‘t's‘? v :?:t ‘. "‘J T = |=: . ;,,;:h J’\."w‘{ B .:f. ] ‘.;‘_.
after 2:00 PM !
1

NOTE: 1 student repre‘sents only 5% of students, and under 5% .of occupants, Le., no detectable

influence since CO2 can drop by chance alone.

Therefore, no need to keep track of student trips to use bathroom, to nurse, to main office (Principal).

(circle correct choice)
Regular Teacher present?
Substitute Teacher present (regular teacher absent)?

Y
Y

Z Z
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Appendix A.4.2

LBNL Relocatable Classrooms Study

Field Data Spreadsheet-->

Teacher and Student Clothing Checklist, re: "clo" values thermal
comfort statisitical assessment

(school district narﬁe)

SAMPLING PERIOD:
(school name) Season, Circle One: COOLING HEATING
Sampling Week No. (enter 1-9):
Day of week (enter Tu, W, or Th): . Classroom #:°
bold means assumed or default (CHECK BOX CORRESPONDING TO CLOTHING TEACHER, AND
C AVERAGE STUDENT, WAS WEARING, BY SEX) .
CLOTHING OR FOOTWEAR Male . |clo value . :|Female clo value |Male Child |clo value |Female |clo value . |Legend:
. Teacher ~|Teacher N . |Child S ’
bra and/or panties X 0.04;0.03 - X 0.03; 0.03 |0.__ ASHRAE 55-1992
men's briefs/boy’s underwear X 0.04; 0.04 ", e IX 0.04; 0.04 S 0.__1SO 7730:1994 (E)
short-sleeve T-shirt 0.08; 0:09 0.08; 0.09 0.08; 0.09 0.08; 0.09 |Field Technician Comments
long-sleeve T-shirt 0.12 _ 0.12 o012 o0
short-sleeve, collared knit sport shirt 0.17;0.15 0.17; 0.15 0.17;0.15 0.17; 0.15
tank-top t-shirt or blouse v ~0.13 013 - 0.13
long-sleeve, thin cotton SHIRT 0.2 0.2 02 - 0.2
long-sleeve, thin cotton BLOUSE : 0.15 . 015 <0.15 .02
' long-sleeve "reg." cotton shirt 0.25; 0.25 0.25; 0.25 0.25; 0:25 0.25,0.25
long-sleeve sweatshirt 0.34 2034 .0.34 0.34
thin cotton sweater 0.25; 0.20 0.25; 0.20 0.25; 0.20 0.25;0.20 ~
thick cotton/thin wool sweater 10.36:0.28 - 0.36: 0.28 0.36: 0.28 0.36:0.28
light, spring/summer jacket -0.25 025 025 0.3
thin skirt (cooling season) T 0.14;0.15 - 0.14;0.15
walking/Bermuda/denim shorts 0.08 0.08 -0.08 0.08
athletic shorts T | 0.06;-0.06 0.06; 0.06
lightweight cotton trousers/pants 0.15; 0:20 ~ 0.15; 0.20 0.15; 0.20 0.15; 0.20.
normal weight trousers/pants, jeans 0.24; 0.25 0.24; 0.25 0.24; 0.25 0.24;,0.25
sweatpants ' 028 0.28
ankle-length cotton socks 0 02 0. 02 0.02; .02 0.02; 0.02 0.02; 0.02 -
pantyhose/stockings(nylon) 0.02; 0.03 | 0.02; 0.03°
cotton, or cotton/wool, baseball hat/cap O 01 0.01] 0.01 0.01
sandals/thongs/Tevas : ,.().02 .- 0.02 - 0.02 0.02
thin-soled shoes, sneakers 0.02;°0.02 = 0.02; 0.02 0.02; 0:02 0.02;0.02 -
thick-sole shoes, hiking (cotton/canvas boots) 0.04 0.04 0.04 : 0
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LBNL Relocatable Classrooms Study ' : B ‘

Field Data Spreadsheet-->

Qualitative Walk-Through Assessment by Technician (DGS) of RC
environment and potential sources of indoor and outdoor target
chemical and physical potlutants, and biological contaminants.

(name of school district)

Circle One: COOLING SEASON : ' ' Circle One: BARD IDEC
. HEATING SEASON
(name of elementary school) Date (MMDDYY): .~ - :
Day of Week (enter Tu, W, Th):
Classroom #: :

OUTDOOR SOURCES IN IMMEDIATE VISIBLE, OR POTENTIAL FOR, H20

. VICINITY DAMAGE
Classroom ID/# Garbage Freeways, Construction - [Truck Whatis RC |RC raised Current Visible water
: Dumpsters  |i.e., heavier [Activities (dust, |loading/ sited on? above the leaks? (IfY, |damage or
motor vehicle [noise, etc.)  |unloading . |[(asphalt pad, |ground? _(If|state where: |stains? (If Y,
traffic area concrete Y. estimate |roof, walls, |state where:

' ' slab/pad,  |height from |floor, sink. |carpet, walls,
grass turf, front etc.) ceiling tiles, wet
soil, gravel) [door/ramp or tile areas)

stairs)
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Appendix A.4.3 (continued) Page 2 of 2
LBNL Relocatable
Classrooms Study
Field Data
Spreadsheet-->
' Qualitative Walk-Through Assessment by Technician (DGS) of RC
environment and potential sources of indoor and outdoor target
chemical and physical pollutants, and biological contaminants.
(name of school
district)
Season, Circle One: Cooling Heating Circle One: BARD IDEC
(name of elementary | Date (MMDDYY):
Fchool) Day of Week (enter Tu, W, Th): ___
Classroom #:
INDOOR
SOURCES
ICLEANING BY HEAD CUSTODIAN/PLANT MGR
IAND/OR TEACHER
General, e.g., dusting Floor Cleaning-- Floor Cleaning-- Vacuum Carpet/Area 'What Where are
Dry Mop Wet Mop Rug cleaning  cleaning
materials materials
/ used? stored inside
_ RC?
Classroom ID/# Y orN) # AM or YorN) [# AMor - (Y orN) (# AM or (Y or N) # AM or PM  (Label (Note
' times/ PM times/ [PM times/ [PM - kimes/ name, key llocation:
week) week) |- week) week) ingredient if [cabinet,
favailable) under sink)
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|Field Data Spreadsheet-->

Appendix A.4.4
LBNL Relocatable Classrooms Study

Qualitative Assessment of Indoor Physical Environment

End of
school/PM

f takec_ioWn

Aincluding lights, doors, HVAC functioning, and odors.Summary of sentence(s) written on data sheets.
{(name of school |Season, Circle One: -[HEATING Ctrcle One BARD - IDEC . v T -
_|district) COOLING
(name of Date (MMDDYY):. Day of Week (enter Tu, W, Th): . ) :
elementary B
|s¢hool) L B ‘|Class #: L I L : )
(Technician .~ |(on/off, #; if |(open/closed (by sound) |(open/ (Technician Bard (off, auto, [(degrees F). [(Technician . {(Technician {Y/N (IfY, #
writes when on and not all|; if open, HVAC  [closed; if _COmments:- fan); , -|Thermostat |Comments: . writes Y or N,|and left
observations [on, _ of - |estimateif [SYSTEM [open, - ~ [Perfume/cosmetic [IDEC (off, heat, |Reading  |four categories, use |and if Y on?)
i |were = %) 30/60/90 . estimate how (s? Food smells? |cool, auto) “|Y or N, plus any which ones
"|linventoried) .angle AND . \far, ie, "a  |Musty/"damp L . |key details) .|lobserved) )
. \write'ifkept *° crack,” half, |basement" ‘ Pollutant
|open by door ' or full?). .- |smells? Chemical . |sources
stop or : v solvent-type = |- i present and/or |-
" |chair?) odorsfrom " i - .+" -lopen?
N ' | I cleariing and RS ~ J(adhesives/glu |
|AM SET-UP teaching . |es: non-H20 -
RECESS ’ products? Other?) : . Describe based paint;
LUNCH, END oL Tl cleanliness (surface . |cleaners for
OF SCHOOL; or , g . ‘HVAC System o .- |dust; tiled wet areas: |carpet. desk, * | ... ..,
|PM LIGHTING o .l . |Descriptionof -[Thermostat. | - . |carpets-- _ smk/counter Computers .
TAKEDOWN [FIXTURES ' |DOORS - "(WINDOWS [Odors . .|Setting . |soiled, stamed? water, Dest1c1de§, &
: : N R D : damage anywhere?) [other) Monitors?
AM SET-UP




Appendix A.5.1 _ Page 1 of 2

Standard Operating Procedures: Target toxic and odorous VOC, formaldehyde and acetaldehyde sampling

The samp-ling system is fully automated. The timers on all samplérs are programmed to start on
Tuesday, Wednesday, or Thursday as established in the study design; programming is confirmed for the
following week at the end of the present week’s sampling. The samplers run from 7:00-7:20 AM and 8:15 AM-
15:35 PM (CUSD) or 7:50 AM UNTIL 15:00 PM (MCS). The earlier run period is to “warm up” the pump.
The technician must install all VOC tubes and aldehyde cartridges between 7:30-8:00 (CUSD) or 7:20-7:50
(MCS). VOC tubes and aldehyde cartridges will be transported to and from the lab in a small cooler with an ice
pack. The VOC tube holders and the aldehyde foil pouches are labeled ahead of time to speed handling in the
field; aldehyde cartridges are also labeled, in the lab or at the school. The aldehyde cartridges and the foil
pouches for transporting completed samples will be labeled SCCL-MMDDYY (S = SCHOOL
DISTRICT/SCHOOL, CC = CLASSROOM NUMBER, L= Location #, MM =Month, DD =Day, YY = YEAR.
The aldehyde field blank will be labeled with SCCL = 0000. The VOC uibes are permanently numbered; the
tube holder will be labeled SCCL-MMDDYY-NNN (S = SCHOOL DISTRICT/SCHOOL, CC =CLASSROOM
NUMBER, L =location (inlet #), MM =Month, DD =Day, YY = YEAR, NNN= sorbent tube number). The
VOC field blank will be labeled with SCCL = 0000. Outdoor samples will be labeled with CC = “OA.”

Field procédures
1.) ARRIVE AT THE SCHOOL. UNLOAD CAR, CARRY SAMPLERS TO STUDY RCs.
2.) Proceed to the SAMPLING EQUIPMENT FOR LOCATION INDOOR RC “A.”

Open the cabinet and record the values on the left and right elapsed time indicators. Verify the time and
day of week are correct on both timers by pressing the clock button on the timer. Time and day can be corrected
by holding down the clock button while hitting the day, hour and minute buttons. Verify the control indicator in
the lower right corner of the screen is set to “AUTO,” which is ensured by pressing the “ON/AUTO/OFF”
button, and that the programming is correct. Pressing the “PROG” button will scroll through the six programs.
10N should be set for Tuesday/ WEDNESDAY/THURSDAY at 7:00 AM. 10FF should be set for
Tuesday/W EDNESDAY/THURSDAY at 7:20 AM. 20N should be set for
Tuesday/ WEDNESDAY/THURSDAY at 8:15 AM (CUSD) or 7:50 AM (MCS). 20FF should be set for
Tuesday/ WEDNESDAY/THURSDAY at 15:35 (CUSD) or 15:00 (MCS). The four other programs should not
have times in them. Any of these other programs with time settings should be erased; press the “RST/RCL”

button. Press the “CLOCK?” button to return the timer to clock mode.
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Appendix A.5.1 (continued)- : Page 2 of 2

Entering the classroom, you will see the four numbered copper tubes ending in appropriate fittings out
the front lower panel lip of the LBNL closest located at a corner of the back wall. Tubes #3 (and #4) have a
male leur fitting. This is for the ALD sample (and duplicate ALD sample). Remove an aldehyde cartridge from
its sealed pouch. Remove the leur plugs from both ends, and securely install the cartridge on location #3 or 7.
Save the leur plugs with the pre-labeled foil pouch for this location. (Repeat if a duplicate ALD sample at
location #4 or 8 will be taken.) Next, locate the two VOC sorbent tubes Remove the tube for location #1 from 1
its holder and remove the nylon caps from the sorbent tube Store the caps in the holder. Install the sorbent tube
in VOC sample location #1. The end w1th the black carbon sorbent goes into the sample fitting. Repeat this

procedure for VOC sample location #2
3-4.) Repeat entire procedure for RC “B” indoors and outdoor samples before 8:00 (CUSD) or 7:50 (MCS).

5.) Wait at least 15 minutes after 7:50 AM and proceed to each location—RC “A” indoors followed by outdoors
and then RC “B” indoors-- to measure the sample flow rates. Open the cabinet/locker. The outlet linee from
each pump are bundled with the inlet. Flow rates are measured with a BIOS DryCal with a low-flow cell for
aldehydes and a manually operated bubble tube and timer for VOCs. Connect the inlet of the BIOS DryCal to
the outlet of each aldehyde sample pump so air continues to flow out of this in-line system through the BIOS
outlet. Measure and record the average of ten flow measurements at each location; Loc#3, 7 and 11 (and #4 and
8) should be ~150 ml/min. Repeat the process for VOCs using the bubble tube and timer. Record three or four
sets of measurements, which are the time required for a bubble to travel up the bubble tube a disterrce equivalent
to 0.5 cc (ml). After a series of field calculations, Loc#1-2, #5-6, and #9-10. should be ~5 ml/min, definitely.

< 6 ml/min. Record the air temperature from the temperature sensor installed in the BIOS carrying case.

6.) Collect one aldehyde sample and one VOC sorbent tube as field blanks. These: blanks should be removed
* from their sealed pouch or holder. The plugs and nylon caps should be removed and then replaced. Place the.

ALD blank in its pre-labeled foil pouch; and return the VOC blank to its pre-labeled holder.

7.) At around 15:10 (CUSD) or 14:35 (MCS), repeat the flow measurement at all locations. This must
completed before sampling stops at 15:35 (CUSD) or 15:00 (MCS). ‘

8.) After sampling stops collect samplers. Record the elapsed time of both timers. Remove the aldehyde
cartridge. Take correct foil-lined pouch by verifying the sample ID number, replace the leur plugs, and put the .
ALD cartridge(s) in the pouch. Fold the pouch and seal the end with white tape. Remove the VOC tubes.
Verifying the sample ID numbers, take correct tube holders, install the nylon caps ﬁnger tight onto the sorbent
tubes, and return each tube to its respective holder. Store/transport samplers and field blanks in cooler with ice.
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LBNL Relocatable Classroom Field Study-- Laboratory Procedures
Extraction and analysis of Waters (part number WAT047205) DNPH-coated cartridges
for formaldehyde and acetaldehyde (and Acetone) .

" Based on “5.0 Extraction of DNPH-coated (Supleco) C18 Sample Cartridges,” RIOPA Study, written by J.
Zhang et. al with final editing by D. Shendell and N. Yamamoto

v. 04/02/01 by D.Shendell, revised as final version 03/22/02 by D. Shendell

1.1 Prepare 2-ml test tube/vials for sample extraction
1.1.1  Get a number of 2-ml glass test tubes needed for Waters cartridge extract1on Label test tubes 1-n to

match number of samples to analyze; 0 is internal standard.

1.1.2 Pipet 2-ml of acetonitrile (ACN) into each test tube, cap with glass stopper, lightly shake ACN. The
bottom of the meniscus should be at white mark.

1.1.3 Rinse the test tube and dump the ACN into the (non halogenated) waste. Place the test tube back in the
rack.

1.2 Extraction of the carbonyl-DNPH samples from the Waters cartridges
1.2.1  Get sample cartridges from the freezer, each of which are in foil-lined white envelopes sealed with white

tape.

1.2.2  Label with the lab pencil each test tube and vial with a number, the vial number in the day’s sequence
for HPLC analysis staring with n=1. A data sheet is created in MS Excel to match this number with the
sample ID number and hence the date and location of the sampler. Numbers are entered on the data -

 sheet in the appropriate column next to the appropriate sample ID number. Replace the test tube in the
rack, and vials placed in order adjacent to an empty HPLC cartridge. ' '

1.2.3  Get 2-ml glass syringe, one for all Waters cartrrdge/samples The 2ml syringe, if not already, should be .
rinsed with ACN by filling and emptying them usmg the plunger and gravity.

1.2.4 Match the ﬁrst test tube wlth the approprlate Waters cartridge sample, and remove from envelope.
Attach piece used to connect syringe to cartridge during extraction; this piece has a silver colored metal
ring on it. :

1.2.5 Fill the syringe with 2-ml of ACN.-

126 2-ml of ACN from the syringe drains through the cartridges by gravity. Give a little push on the plunger
; of the syringe as necessary. This process should be relatively slow, i.e, do not force ACN through the
cartrldge, avoiding spills of sample extract as well. ’ :

1.2.7 After all ACN has passed through, dlsplace any ACN left in the cartridge using the plunger by raising
- and suppressing the plunger. Repeat this 2 4 times, and remove syringe from cartridge while raising
plunger each time.’

1.2.8 Remove the syringe from the extraction set-up, remove the Waters cartridge from the test tube and place
the used cartridge in the appropriate beaker to air dry and later be dlscarded
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Appendix A.5.2 (continued) _ Page 2 of 3

1.2.9 Add enough ACN to each extraction to fill to the 2-ml mark. Cap test tube, mix by gravity by turning it
upside down two times. ' _

1.2.10 The same syringe can be reused for all extractions, i.e., sample sequences, performed in one day.
1.2.11 Clean up equipment, seal test tubes and beakers with caps and Parafilm to preserve extract until

HPLC/UV analysis initiated and completed, and
properly discard of non-halogenated solvent waste. Dlscard used cartrxdges

wrapped in aluminum foil, in the garbage.

REPEAT STEPS 1.2.3 to 1.2.9 FOR EACH WATERS CARTRIDGE SAMPLE

1.3. Analysis of the carbonyl-DNPH sample extracts by HPLC with UV detection

1.3.1 Analyze the sample extracts as soonas possible or store the sample extract in the freezer until analysis

1.3.2  Preparing the sample extracts for placement in the Hewlett Packard HPLC 1090/ChemStation

1.3.2.1 Pour out about 1ml of .sar"np'le extract into vials used for the HPLC. The vials are numbered with the
same number appearing on the glass test tube/vials (see 1.2.2).

1.3.2.2 Cap the vial with the blue cap containing red septa with Teflon-lined backside. Tightness should be a
" little beyond “finger tight.” Make sure red septa not pmched ‘

1.3.23 'Confirm the vials are placed in the black cartrldge in the right order i.e., samples 1-10 should be in-vial
holder slots 0-9, respectively. : ,

1.3.2.4 Place the black cartridge in the correct position in the HPLC after opening the top door/hood of the
instrument. The order, if running multiple “0-9” sequences at once durmg a day, is 1-10, 11-20, etc. up

to n= =50 or 60.
N=1-50 or 60 corresponds to thé row number in the ChemStatlon ‘sample- sequence ﬁle ”

1.3.3 HPLC with UV detection analysis: information entry, and
method. sequence, and data files :

HPLC autoinjection, HP 1 090 1 soﬁware method f ile “ALD 8B” byATHodgson
1.3. 1. 1 Make new and/or filter mobile phase solvent “A” (65% H;0, 35% ACN) and “B” (100% ACN)

1.3.1.2 Install appropriate column (Waters Cyg 50 mm micropore column ‘part number WAT056975) connect
oonly to sample injection system at first. Run pump 5-10 minutes to flush column. Connect column on
other side to detector, then run pump and detector ~30 minutes; observe flat line—no spikes, no bubbles
in column or system--'on computer monitor graph before proceeding with sequence '

1.3.1.3 Check to see compressed air Ppressure ~ 80 p51 and compressed He (g) ~ 2psi; for moblle phases and

autoinjector.
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Appendix A.5.2 (continued) ' B Page 3 of 3

- 1.3.1.4 Prepare and then save sequence table and data file, named using nomenclature YMMDDA.s and
YMMDDA.d The bold type letter (A) can be changed to B, C, etc. for future table on same day.

1.3.1.5 Prepare one dilution of internal standard stock solution containing target compounds and acetone in
known quantity; glass beaker, sealed, was removed from freezer > 30 minutes prior to use.
“ypets 2-7,” made by Brett C. Singer (LBNL, IED/EETD) 9/2/99 '
1/40 dilution = 25 microliters to 1 milliliter with ACN
“vpets 2-7) prepared with, in nanograms per microliter,
38.37 H,CO, 39.68 CH;CHO, and 63.63 acetone.

Thus, with 1/40 dilution and 10 microliters injected per sample run

into the HPLC/UV, the analysis results are expected to be, within 5-10%,
9.6 nanograms HCO and 9.9 nanograms CH3;CHO. The graph

must show no contaminants or bubbles interfering with

retention times (~ 7.6 +/- 0.2 minutes and ~ 9.6 +/- 0.2 minutes,

respectively) or peak magnitudes. If there are, then second injection.

1.3.1.6 Extract samples while 1/40 dilution of internal standard solution in HPLC/UV
1.3.1.7 For each set of sample injections, inject one sample twice for analytlc precision analysis. If sample size

exceeds 10-12, inject one sample twice for every 10.

(NOTE: we chose for 9/01-3/01 to inject 1/40 'dilution of internal standard solution twice, and disregarded first
injection’s data due to delayed retention times, likely due to infrequent use of column or HPLC/UV
maintenance issues.)

1.3.1.8 Review data analysis for each sample completed. Confirm autointegration of peaks was correct, i.e.,
correct baselines drawn and no interference; redraw baselines as necessary. Confirm proper retention
times for each target compound. Confirm data make sense, e.g., for CEC RC study RC A <or~RCB
and both RCs are < outdoors. Raw data presented in nanograms per microliter.

1.3.1.9 Print analysis reports, save data files to floppy disk in folder with data file’s name.

1.3.1.10 Raw data and field-based calculations entered into appropriate MS Excel'ﬁles.i '
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