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1.0  EXECUTIVE SUMMARY | -

Environmental Heath & Engineering, Inc. {(EH&E) is pleasad (o provide a summary of lhe
investigalive work completed at 25 Sigoumey Strest, Hartford, Connecticut in
August 2004, following the completion of remediation o addrass water incursion in the
building. EH&E participated in a building invesligation led by the National Institute for
Occupational Safety and Health (NIOSH} The findings of lhe postremedialian

assessrment completed by EHEE are deseribed in Lhis reporl.

The posl-remediation assessment of 25 Sigoumey Street included: 1) coliecting and
analyzing air samples for bioaerosols, chemical potlutants, and particulate matter,
2) collecting indoor environmental measurements; and 3y evaluating the heating,

ventiflating, and air-conditioning (HVAC) systems. Each of thase activities are

summarized below,

The measured fungal spore [evels and particulate mailer levels were compared to levels
Irom previous investigations in March 2003 and July 2002. In addition, the bioaerosol,
chemical pollutant and particulale matter levels were compared to referepce ranges
reported for non-complaint buildings in the United States. Overall, the measures were
similar to conditions found in the building previously by EH&E and in the range of levels
reporled for a randomized sample of non-complaint office buildings that constitute the
Building Assessment Survey and Evaluation {BASE} sludy sponsored by the us.
Environmental Protection Agency (EPA). The conclusion of this portion of the
investigalion is that concentralions of all of the pollutants measured in the building were

not elevaled above normal levels at the time of sampling.

As part of lhe mechanical systems assessment, EHAE reviewed the design, operation,
and adjustment of selected HVAC systems. In this investigation, EH&E measured the
flow of outdoor air into selecied fioors during occupied conditions, measured lhe
differential pressure between indoors and outdoors, and measured exhaust flows. EH&E

also inspecled the various mechanical reoms and air handling equipment serving the

floors studied.

Fast-Remediation Envinmental and Mechanical Hifslern Agsosaments, 23 Sigourmey St Fohruary 2, 2005
Cnvirenmental Health & Tngineerng, Ine., 11767 Page 1ol 23



Overall, EH&E observed that the HVAC systems were clean and well maintained. A
review of air flows and building pressurization shows thal the floors are operating al or
slightly below design flows relative to ouldoor air delivery, but that Lhe floors are

maintained at a positive pressure with respect 1o outdoors.

Post-Remediation Emvironmentat and Mechanical System Ansossments, 25 Sigoumey S1. Februany 2, 2005
Envirenmental | calth & Engineering, Inc, 1176/ Page 7 of 23



2.0 ANALYSIS OF AIR SAMPLES COLLECTED

21 SUMMARY

EH&E conducted a postremedialion assessment at 25 Sigournaey Street {rom
August 16 - 19, 2004. A primary goal of the post-remediation assessment was o
determine il present indoor environmental conditions are within lhe range observed in
buildings with nio history of health complaints related to indoor environmental quality
(IECY). Another primary goal was o determine if current IECY conditions are similar io
those measured by EH&E in March 2002 when mold and dust levels, as well as
ventilation conditions, were typical of non-complaint buildings. In addition ta callecling
airborne fungal spore samples and particulate matter, which were also collected in
March 2003, EH&E eoxpanded the current assessment to include volatile organic
compounds, aldehydes, culturable fungi, and culiurable bacteria. The protocols used o
assess these pollutants closely mirror the protocols used in the EPA BASE study, a
multi-year study that evaluated 1EQ conditions in 100 non-complaint office buildings.
EH&E employed BASE protocols in arder 1o facililate comparisan of 25 Sigourney Strect
to the BASE population of non-complaint buildings.

22 SAMPLING LOCATIONS AND RATIONALE

Sampling was conducted on the sixth, eighth, and eighteenth floors, all of which werc
also evaluated in March 2002 by EH&E. The Department of Revenue Sefvices occupics
the sixth and sighteanth floors, while the eighth floor is occupied by the Departmerd of
Social Services. We chose the sixth floor because the airborne moid spore levels
measured there in March 2003 differed from those of the other floors. However, it is
important to note that the mold levels on all of the floors, including the sixth, were well
within the range of the non-compiaint buildings assessed by EH&E as part of the BASE
study. We chose the eighth floor because although the March 2003 sample
concenirations were normal with respect to non-complaint buildings, there were more
samples above the detection fmit when compared to other flnors. We chose the

eighteenth floor because it is among the upper fioors that have a history of water

incursican.

Fest-Remediation Emdrenmentat and Mechanical “Sysiern Assesshcni;é, 25 Sigourney St February 2, 2005
Erviranmental lHealth & Enginecring, Inc., 11767 Page 30l 23



The sampling prolocol was designed to address ihe following two questions regarding

the building environment:

» Are the airborne fungal spore and particulate malier levels different for levels
measured during the March 2003 sample period?
« How does the current indoar environment compare to non-complaint office buildings

sampled as part of the EPA BASE study?

2.3 BIOAEROSOLS

The hioaerosol assessment included sampling for fungal spores, viable fungi, and viable
bacteria samples. Similar to the BASE study, binacrosol samples were coflected in the
morning and afternoon at two slalions per floor. The locations of these stalions were
approximately the same as the locations used in the March 2003 sampling. Additionally,
bicaerosol samples were collected from the roof and the mezzanine outside the

cafeteria, the same locations used for the previous 25 Sigourncy Street assessments.

Each fungal spore sample was collected for three minutes using a sampling pump
controfled by a timer and attached to an Air-O-Celi® cassette. Sampling for viable
airbome fungi and viable airborne bacteria was conducted with an Andersen N-5 single-
slage bioaerosol sampler {Grasby Andersen, Smyrna, Georgia) for live minutes using a
vacuum pump sel al a flow rate of 28.3 liters per minute. Fungal samples were collected
onto malt extract agar, while bacteria samples were coliected onto tryptic soy agar. All

bivaerosol samples were sent to Environmental Microbiclogy Laboratory {San Bruno,

California) for analysis.

The airborne fungal spore concentrations were compared to results obtained from lhe
March 2003 assessmerl of the building (see Table 2.1). Outdoor and indoor fungal
spore concentrations were greater during the August 2004 sampling penod compared to
the March 2003 samples because of seasonal differences in fungal popufations. This is
particutarly evident in the outdoor samples where the median concentration was
approximately 50 times greater duning lhe Summer 2004 samples compared to lhe
Spring 2003 samples. The biocaeroso! concentrations on all floors of the building were

low and in the range observed in non-complaint buildings. For example, the measured

Post-Remadiation Environmental and Mechanical Systom Assessments, 24 Siguurney St February 2, 2005
Environmentai Health & Engineering, Inc., 11767 Fage 4 of 23



indoor total spore concentrations were below levels measured by EH&E for the EPA In

its BASE study of buildings localed throughou! the United States.

Table 2.1 Tolal Airborne Fungal Spores Collected at 25 Signurney Street Compared 10
Samples Collected as Part of the EPA BASE Study

- | __Total Ihduar__ Fungal Spores Total Outdoer Fungal Spores
o Median {speresim’) | Range {sporesim’) |Mcdian {spurgs.fms,'p Range {spureﬁ.rm:‘}___

55 Sigourmney SL— 66 WD — 267 2714 2,244 -7 4720
August 2004 _ _
25 Sigourney St- 13 PIED -- Bh3 83 M F45
March 2003 . A .
BASE 124 NG — 16,958. 14,210 | 3.408 - 66,463
sporesim”  spares per cubic meter
ML non-dotect
DASE Building Assessment Survey and Evaluafion

Cullurable fungi samples can provide information about the species of fungi presentin a
building. Culturable fungt sample resulis were compared to samplas collected in the
summer months in non-complaint buildings as part of the EPA BASE study. As evident

from Table 2.2, culturable fungi concentrations were below those measured in he EPA

BASE study.

Table 2.2 Tolal Airborne Cullurable Fungi Collected in August 2004 al 25 Sigoumey Street
Compared to Samples Collected as Part of the EFA BASE Sludy

[ Total Indoor Culturable Fungi | Total Outdoor Cuiturable Fungi_ |
Median icfufm® | Range {cfu/m?®) | Median [cfuim’®) | Range (cfufm?) |

25 Sigourney Streel i ND 28 410 162 — 787 |
BASE _ 1,539 N - 188,748 15,624 ND - 352,868

ch/m®  colony-farming unils per cubic meter
MDY non-delect
BASE  Building Assessment Survey and Cvalualion

Culturable airborne bacteria are commonly Tound in indoor enmvironments. I cifice
settings, the majorily of airborne bacteria are shed from the huilding occupant's skin and
respiralory tracts. Cullurable airbome bactena resulis ware compared o resulls
collected in the summer months in non-complaint buildings as part of the EFA BASE

siudy. Although the median culturable bacteria concentration was above the EPA BASE

Post-Remedialion Crvironmental and Mochanical System Assessments, ?ﬁ'Siguumey Sit. February ?zuE
Environmotal Heallh & Engincenng, Inc,, 11767 Paye Saf 23



study median concentration, the 25 Sigoumey Strect samples ware all within the range

of the samples collected in the EPA BASE study.

Table 2.3  Total Airbome Cultirable Bacteria Collected at 25 Sigourney Street Campared to
Samples Coflccled as Padt of the EPA BASE Study

- | Total Indoor Bac_te_ria _ " Total Qutdoor Bacteria

) Median {cfuim®) | Range {cfu/m"} { Median (ciutm’) | Range fcfuim®)
(25 Sigourney Street | 67 21— 340 32 28 -64
[BASE T 14 ~ nDZ919 14 ND-1,187 |

cfufin®  colohy-forming units per cubic meter
M nor-detact
BASE  Building Assessment Survey and Evaluation

The conelusion of the August 2004 bioaerosol sampling is that bioaerosol concentrations

in the sampled areas of the building were again well within the range for non-complaindt

buiidings.

2.4 CHEMICAL POLLUTANTS

The assessment of chemical pollutants included sampling for wvolatile organic
compounds (VOCs) and aldehydes, EH&E has not conducted previous sampling for

chemical pallutanis at 25 Sigourney Streel, but these analyses were conduced as part of

the EFA BASE study.

VOCs and aldehyde compounds are commonly found in indour and outdoor
environments. VOCs have many sources, such as salvents, spray product propellants,
combustion byproducts, emissions from household lurnishings, and some natural
sources. The most common aldehydes are formaldehyde and acetaldehyde.
Formaldehyde has many indoor sources, including textiles and buikding materials.

Acetaldehyde in indoor envirenments typically results from automobile emissions and

inbacco smoke.

Sampling and analysis was conducted for 66 common VGOCs using the protocols
specified in EPA Method TO-14. Both indoor and outdoar air samples were collected

with SUMMA® polished stainless steel canisters. Formaldehyde and acelaldehyde

Post—F{nr-ﬁédialiun Environmental and Mechanical Syst'em Assessmnnts; 2 Sigourney St. Febroary 2, 2005
Environmental Health & Enginecrng, Inc., 11767 Mage 6 of 23



samples were collected using Sep-Pak caitridges by protocols specified in EPA Method
TO-11. Samples for bolh YOCs and aldehydes were collected from approximately
£:00 a.m. to 5:00 p.m. on August 17, 2004. Colombia Analytical Services, Inc. (Canoga

Park, Califomnia) provided certilicd clean canisters far the VOC samples and analyzed

the VOO and aidehyde samples.

Samyple resulls for both VOCs and aldehydes were compared to results coflected in the
summer months in non-complaint buildings as part of the EPA BASE study. Not all
VOCs that were reported in our analysis were reported for the EFA BASE study, Of the
66 compounds that were analyzed, 48 were not detected in any of the indoor samples.
The compounds thal were detecled are summarized in Table 2.4 and compared to the
results of the EPA BASE study. All of the detected compounds were within the range of

those detected in non-complaint buitdings, with the exceplion of ethanol.

Table 2.4 Tota! Valatile Organic Cumpounds Levels Measured at 25 Siguurney Streat
Compared to Samples Coliected as Part of the EPA BASE Sludy
25 Sigourney Street EPABASE
Median Maximuin Median | Maximum
_Tompaund _ (noim®) (pgtm’) {pgfm’) (ngfm®)
| 1.2,4-Trimethylbenzene ] 1.6 1.7 0.6 ' 4.6 _ |
! 2-Butanone (MEK) i 2.5 5.5 19 9.8
Acetone _ 210 14060 18.1 821
Acetonitrile i 6.8 | 180.0 NA MNA
Acrolein _ ' 2.8 46 _MNA NA
| Dichlorodifiuoromethane {CFC 12) 33 28 14 3601
d-Limonene 3.2 5.8 1.1 25.5
Ethanol _ B1.S 2100 30.1 108.1
tsopropyl alcohol . 18.5 310 MA MA
m,p-Xyienas _ ; 1.6 1.6 1.5 _ 16.6
Methyleno chloride o 2.0 2.0 S _ 08 3914
| n-Butyl acetate ) 20 2.3 0.2 68 |
| n-Hexane 2.1 22 10 18.5
| n-Nonane ) 1.8 22 03 8.5
Tetrachloroethene 1.3 T 04 7.5
| Toluene _ _ 30 8.1 4.3 8.5
Trichiorolluoromethane 2.9 35 0.7 175.6
Vinyl acetate N 60 NA NA
ERA U.5. Environmental Prfeciion Agoncy
BASE Building Assessment Survey and Evalualion
pgim®  micrograms per cubic mater
M nol available

Post-Hemediation £ mvironmmental and Mechanical S;rslem Assessmc;nts, 25 Sigourney St l-r:hruan-r E,;tiijb_'
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Formaldehyde and acetaldehyde resulls are summarized in Table 2.5 The
concentrations of formaldehyde and acetaldehyde detected at 25 Sigourney Street were
within the range found in samples coliected in the EPA BASE study. Results of sampling
for airborne concenfrations of formaldehyde and acetaldehyde indicate  thal
formatdehyde and acetaldehyde Jevols at all sampling locations weie below
Occupational Safety and Health Adminisiralion (OSHA} guidelinesi-2 and within levels

detected in non-comphant buildings.

Table 25 Fommalgehyde and Acetaldehyde Levels Measured al 25 Sigourncy Slreet
Compared to Samples Collected as Part of the: EPA BASE Study

- Formaldehyde o Acetaldehyde )
| Median {ppb} | Maximum {(ppb] | Median ippbk) | Maximum (ppb)
25 Sigourney Street 7 | 23 3 4
BASE 12 _ 41 ) 4 12

ppb parls per billion
BASE  Buiding Assessmont Survey and Evalualion

2.5 PARTICULATE MATTER

Real-time, data-logging parlicle monitors were used to collect and record data on
airborne particulate maller concentrations conlinuously at each sampiing location. One
24-hour period of sampling was conducted for particulate matter less than 10 microns
(um) in diameter (PM,q) and sampling for particulale matter less than 2.5 um {PM. ) was
conducted during the second 24-hour perod. As part of the March 2003 fuilding

assessment, PMq, was sampled for four days at the same |ocations.

The monitoting instrurnent used was a DustTrak™, Model 8520, manufactured by TSI,
Inc. (St Paul, Minnesecla) The DustTrak™ mslrument measures airborme  dusl
concentrations with an accuracy of 1% and a resolution of 1 micregram per cubic meter

{pgfm™), using a 80° light scallering laser diode. The moenitoring range of the DustTrak™

1 OSHA 29 GFR 1910, Formatkdetiyde Time Weighted Average Limit of 7h0 parts per billion.
2 (SHA 29 CFR 1210, Acetaldehyde Time Weighted Avarage Limit of 100,000 parts per
Billion,

‘Post-Hemedialion Envijgnmantal and Mecharical System Asscssmenis, 25 Sigaumoy St February 2, 2000
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is 0,001 — 100.0 milligrams per cubic meter. The logging inlerval of the nstrument was

five minutes. The unit is factory-calibrated annually.

Table 2.6 presenis the summary results of dust manitoring in August 2004 and the
sampling conducted in 2003. PMyg concentrations measured in Augusl 2004 werc
similar to or lower than concentrations measured in 2003, with the exception of

lacation. 18B. 4l PMy, and PM;s concentrations measured in August 2004 were lower

than levels measured auldoors.,

Tahle 2.6 Airborne Particulate Matter Concenirations Measured at 25 Sigoumey Sirget,
Hartford, CT, March 10 — 14, 2003 and Aupust 16 - 17, 2004

PM,, Measurements
August 2004
3 ] 75 Bsth M
Location | {pgh _ _':FQI’"’!S] {ngmgl (ugim?) |
GA { 7 a5 e ey
. 6 13 16
BA 5 = 5
— 5B 3 4 [
1 18A 5 P i
[ 8B 25 IEEE
___Roal Az 58 | 75
Mcsoanine |45 < BT 30 33 33 .
h

pgim®  microgram per cubic meler |
[ F2N nol & pplicabhs

Al values are five-minubs averages.
The monitodng instirument used was = DustTrak ™, Mode] 8520, manufactured by T3, Inc. (St. Paul,

hinnesola).

2.6 INDOOR ENVIRONMENTAL MEASUREMENTS

EH&E's evaluation included continuous monitering of several basic IEQ parameters,
including carbon dioxide (CQ.), carbon monoxide (CO), femperature, and relative
hurnidily at the selected monftoring location between August 16 and 18, 2004, CO;
concentrations were measured in the 25 Sigourney Street space to assess the adequacy
of the venlilation; CO measurements were obtained within the space o evaluate the

polential impact of combustion Sources on the occupied spaces. Temperature and

Post-Femeadiaficn Environmental and Mc&hﬁnical Systom hasessmn.nls, 25 Sigourney St February 2, 2005
Erwironmenla Health & Engincesing, Inc., 11767 Page 3 of 23



refative humidity measuraments were also obtained o assess thermal comfort within

these spaces.

Continuous measurements for CO,, CO, lemperature, and refalive humidity were made
using Q-Trak with CO Model 8551 and Q-Trak Pius with CO Model 8554 Indoor Air
Quality {IAQ) Monitors, manufactured by T3I, Inc. (St. Paul, Minnesota). The real-time

monaitoring instrements were calibrated prior to fisld use.

2.6.1 Carbon Dioxide Resuits

A surmmary of the continuous monitoning results for CO; during occupied hours, between

7:00 am. and 500 p.m., is presented in Tahle 2.7,

Tabhle 2.7 Resulls of Carbon Diexide Monitoring During Occupied Hours at 24 Sigourney
Street, Harttord, Connecticut, August 17 through 18, 2004

o 20; Concentration” {ppm) o
Location | Minimum Mean | Maximum 90" Percentile
6A 408 512 634 539
BB 388 498 579 528 |
BA 389 ' 539 817 532
88 421 605 | 715 590
I 411 532 685 657
8B N - 698 /57
Cutdoors, ronf 33 - 394 o 436 417

Ch caarbon dinxide
ppm pexrts per miflion

*  Representation of data during oceupied hours. Occupicd hours assumed W0 be 7:00 Am o E}_:l:}EII peTL

In the six indoor monitoring iocations, the 90™ percentile COs concenlralions ranged from
529 and B57 parts per milion (ppm). These mnnitoring resuits indicate that the

recommended amaunt of outdoor air per person was delivered fo these arcas

throughout the occupied Nuus.

2.62 Carbon Monoxide Resuls

The resutts of continuous CO measurements from six indoor and ohc outdoor iecation

are summarized in Table 2.8 below,

Post-Remediation Environmental and Mechanical Sy.s.tsm Aszagsments, 25 Hi{jm;ﬁeyr 5L Febiuary 2, 2008
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Connecticut, August 17 through 18, 2004

Table 2.8 Results of Carbaon Monoxide Monitoring at 25 Sigournay Streel, Hartford,

C O Concentration (ppm}
i Location Minimum Mean ] _Maximum 90" Percentile
I BA <3 = ' 3 s
GB =3 i <3 3 =3
8A =3 <3 =3 <3
a8 i <3 <3 =3 <3
18A ) <3 T =3 <3 <3 |
186 1 =3 =3 <3 3
Catdoeors, roof <3 <3 =3 =3

co
[HHTI

carbon monoxade
parts per million

At all times, all measurements for CO were helow the EPA and American Society aof
Heating, Refrigerating and Air-Conditioning Engineers, inc. {ASHRAE)} recommended
exposure fimils. A CO concenlration of 3 ppm was detecled at Stalion 6B during the
beginning ol the moenitoring period on the evening of August 16, 2004. Following this, the
CO concentration at this Incation remained below the detection Emit of the monitoring
instrument for the remainder of the moniloring period. These resulls indicate lhat there

were no OO sources affecting the building during the sampling period.

2.6.3 Thermal Comfart Resulis

Temperature and relative humidity were continuousty manitored concurrently with CO»
and CO at the same locations on Augusl 17 and 18, 2004. Temperature, relative

humidity, and calculated dew point temperature resulls are summarized below in

Table 2.8

‘Post-Remediation Environmental and Mechanicat Systom Assessments, 25 Sigoumey St February 2, 2005
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Table 2.9  Thermal Comforl Surnmary During Ocoupiad tours at 76 Sigourney Street, Harford,
Comnecticut, August 17 through 18, 2004

Temperature* {°F) ) Relative Humidity” (%)
Lacation Range | Average |90" Percentile] Range | Average |90" Percentile
BA BOB—716] 708 71.4 548 - G2.0| _ 58.5 1.3
:E 709 734|723 72.9 526 -f21| D566 607
BA 727 -749] 738 74.5 55.3.-829| 58.2 61.5
<]t 705 —-747 73.2 74.3 524 - 867 a57.8 G35
184 721-738] 730 736 573—620] 60O 62.5
18B 718-/34] 728 73.3 531-633] 574 52,3
"F gdegrecs Fahrenheit

‘ Represealation of data dunny occupied hours. Cooopied hours wore assurmed to be 700 acn, (o
S0 pum.

During acoupied periods, temperatures ranged from 69.6 degrees Fahrenheit {°F} to
749 °F at the manitering locations. This is within the range of tempcratures
recommended by ASHRAEZ2 The relative humidity levels were gencrally within the
recommended range of 30% to 60%. Elevated indoor refative humidily is commaon during
the cooling season in the Norlheast. According lo the building manager, the set points

on the Invensys control syslem had recently been changed, which may correct the

elevated relative humidity.

3 ASHOAE Standard 55-1092 1992, Theanal Environmental Conditions tor Human
Cccupancy. Atlanta, GA; American Society of Heating, Refrigerating and Air-Condilioning

Engineers, Inc.

Post-Romedialion Envirmnmental and Mechanical System ﬂssessﬂﬁn{s, 25 Sigouency 5t Februany 2, 2{HK

Ernvironmental Health & Fngineerning, inc., 11767

Fage 12 of 23



3.0 MECHANICAL SYSTEMS ASSESSMENT

31 SUMMARY

In August 2004, EH&E reviewed the design. operation, and adjustment of selected
HVAC systems in the 25 Sigourney Streel Building in Hartford, Connecticut, as part of &
larger building investigalion led by NIOSH. In this investigation, EH&E measured the
flow of ocutdoor air into setected foors during occupied gperation conditions, the
differential pressure between indoors and outdoors, and exhaust flows. EH&E also

inspecled the various mechanical rooms and air handling equiprment serving the Hoors

studied.

Overall, EH&E observed that the HVAC systems were clean and well maintained. A
review of air flaws and buiiding pressurization showed that the floors are operating al or
slightly below design flows relative o outdoor air delivery bul that the floors are

maintained at a positive pressure with respect to outdoors.

12 BUILDING HEATING, VENTILATING, AND AIR-GONDITIONING SYSTEMS

The following sections detail the design, operation, and abserved maintenance of the
HVAC systems for the building at 25 Sigoumey Street in Hartford, Connecticut. This
information was gained by a review of the griginal design drawings, a review of the
various reports made by olher entities concerning these systems, and measurements

and inspections performed by EH&E in the course of periorming its building evaluation.

To heat, ventilate, and air-condition each of the floors of the building, chilled or healed
water generated from an off-site plant is supplied to two air handling units on gach of the
building's fioors. There is also & cocling fower at the 25 Sigoumney Street site that is
used to provide chilled water for the watcr-sids pconomizer during non-summer
condilions. Each air handting unit is located in a room that acls as a mixing planum,
mixing outdoor air with retumn air from the space. Outdoor air is provided using fans and
outdoor air inlets from the penthouse ievel of the building. {Juring occupied time penods,
the amount of outdoor air pravided to each floor varies depending on outdoor weather
conditions and GO, levels measured in the return air ducts. The outdoor air volume can

also be changed on a floor-by-floor basis in response to fire and smoke alarm condilions

PostRemndiation Enviranmental and Mechanical System Assessments, 2b Sigourney St Fehruary 2, 2005
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to purge andfor pressurize floors as needed, Exhaust air is removed from cach floor

throvgh hathroom axhausl

The HVYAC systems serving 25 Sigourney Street are currently conlrolled by an Invensys
building management systemn. Instaliation of the system began in December of 2(103 and
has recently bren completed. The Invensys system controls the temperature and

volurne of the supply air, as well as the ratio of culdoor air supplied to the space.

The conlrol systam resels the supply air conditions based on muttiple parameters such
as outdoor air temperature, return air CO, levels, and the occupied condition of the
building. The Invensys systemn calculates the minimum amount of outdoar air suppiied 1o
the space based on lhe relurn air CO, levels. As the CO; levels rise above 500 ppm, the
menimum amount of ouldoor air increases from its minirmum position to s maxirmum.
The outdoor weather condilions determine the maximum amount of outdoor air provided
to the space. The systemn compares the supply air set point 1o the actual supply air
conditions. [f lhere is a need for cooling, the control syslem first ties to meel he cooling
demand with ouldoor air. If the outdoor air enlhalpy does not meel lhe preset

requiremonts, the control system will minimize he outdoor air damper positions and

activate the coocling coil.

Each of the themmal controi zones in the occupied areas of the bulding operales
according to a varable air volume (VAV) control strategy. Using this strategy, each of
the air handling units in the building will control the supply air discharge temperalure lo
assure both adegquate cooling and dehurnidification to meet the cooling reguirements of
the space. The volume of this air is then varied based on the demands of the space, as
sensed by local zone thermostats. For instance, in cooling mode, # the space
lemperature is getting lower than the zone lhermostat's set point, this control strategy
will lessen the amount of supply air dischamged inlo the zone. By lhis skategy, the
amound of supply air temperature to an individual zone will reduce lo some

predetermined minimum Lo assure adequate ventilation of lhe sone.

In the interior zones of the building, this slrategy works in an oceupied building and
requires no hoating even during the coldes! weather, assuming that the space is

occupied with normat kighting and office equipmenl usage. However, in lhe exterior

Fost-Remediation Environmenta! and Mochanical S:;-'f.lem Assessments, 25 Sigﬁuﬁ'iéyr SL Febiuary 2, 2005
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zones, Lhis strategy can be problematic during winter conditions if there ts no iocal heal

source lo compensate for heat lost through the building skin and air leakage.

In lhis building, cnce the minimum flow value for an exianor zone is reached, a fan-
powered rehaal box will reheat supply air before introduction into the accupied space.
The fan assures better distribution of heating air, which is always difficult to do from a

eciling mounted diffuser, and a hot waler coil in the VAV box reheats the supply air to

appropriale conditions to heat the zone.

There are no provisions to humidify indoor air in ihis building. Thete are also not any
provisions to provide direct exhaust of the paper processing equipment in the print room

on lhe eighth floor.

Figure 3.1 provides, in schemalic fashion, a description of the HVAC stralegy used in

this building.

Eétﬂemedi.ﬁtiun Environmental and Mechanical System Assessments, 25 Sigourney St. February 2, 2005
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33 BUILDING HISTORY

The 25 Sigoumey Street Building was built circa 1985 as an office building and referred
to as the Xerox Centre. In the early 1990s, Xerax refinquished controt of the buikding o
the State of Connecticul. The State accepted the property and chose fo use it as office
space for lheir Social Senvices Department and Department of Revenue. It appears thal
the State performed some minor modifications to the building's HVAC systems in the
forn of a rezoning of floors six through twenty circa 1994.1 However, from the original
drawings to the currenl building, it appears that nu radical changes were made to the

design and operation of the building’s HYAC systems.

In the late 1990s, mold was discovered on external walls of several floors. The source of
water to enable this mold growth was thought to be water that was penetrating into the
exterior of the walls. During the investigalion of this problem, it was learned that, on
some of the floors, the building was operating at a negative pressure with respect to
outdoars. The fact that the building was operating al a negative pressure relaiive o
outdoors was thought to exacerbate any leakage of water through Lhe building envelope,

as well as provide the transport mechanism for mold spores ta move from Lheir growth

subslrale info the ocoupied space.

Building pressurization issues, as well as various AL sludies in which GO, was
measured, called inlo question the relative perdormance of the building's outdoor air
supply and exhaust systems. For a buiiding of this type, it ts common 1o mechanically

supply more air to the building than is mechanically exhausted from each lloor.

The rationale for this action is that it is better to have outdoor air enter the building in a
controlled manner through the HVAG system. This assures that it is not conlaminated by
local poliutanl source{s) and it can be appropriately fitored, themally conditicned, and

dehumidified prior to introduction into the cceupicd areas of the building.

4 As Builtt Drawings M-1 through M-6, prepared by Janarzo Heating & A Conditioning, Inc.,
Contractors & Engineers, June 28, 1584,
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3.4 HEATING, VENTILATING, AND AIR-CONDITIONING ADJUSTMENTS

Apparently, in response o reports and observalions of building pressurization issues
and high CO. measuremeants, the building management contracted with an engineering
firm to assess lhe building.® The engineer, in cooperation with an air balancing and
controls firm, developed a refined control strategy to deliver outdoor air to the wvarious
floors of the building. This invalved upgrading the building contrals and then adjusting

them to achieve the amount of outdoor air ventilation in the original building design.

3.5 EH&E MEASUREMENTS

In August of 2004, EH&E performed measurctnents of the building's mechanical
systems on floors six, eight, and cighteen as a component of a larger building
investigation led by NIGSH. in this investigation, EH&E measured the amount of outdoor
air supplied to the study floors, measured lhe building pressurzalion with respect 1o
culdoors, and measured exhaust on the study floors. The following sections detail the

rasuits of these measuremenis.

3.51 WMeasured Qutdoor Air Quantities

Outdoor air is supplied to each of the two mechanical rooms located on foors six
through twenty al a varying rale based on indoor and outdoor conditions during normal
building operalion. Each machanical room functions as a mixing plenum, mixing outdoor

air with return air from the space for distribution by an air handling unit iocated in the

mechanical room.

Ta measure lhe volume of outdeor air supplied to each mechanical room, EH&E took
advantage of the outdoor airflow measurcment slalions that wore instalied. EH&E
attached its own pressure measuremenl device in parallel with the measurement
devices installed to measure ducl velocity in the outdoor air delivery duct. EH&E then
multiplied this value by the effective discharge area reported on the flow measurement
station 1o determine the volume of ouldoor air delivered to each mechanical room.

Cutdoor aiflow raies were measured in each mechanical room lwice each day over a

5 Air Flow Study for 25 Sigourney Strect, Hartford, CT., prepared by | uehini, Milforl, Goodell &
Associaies, Inc., May 29, 2001
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two-day period. Table 3.1 repotts the measurements performed for each of the floors

studied.

According to the Invensys sequencc of operation, for cach floor, the target MNirmure
outdoar air flow delivery was between 2,000 and 3,600 cubic feet per minute {cfm). The
stxth and eighth floors are scheduled to receive between 2,200 and 3,600 ¢fm of outdoor
air, while the eighteenth floor is scheduled to receive between 2,000 and 3,300 cfm of
outdoor air during occupied hours. Based on EH&E’s measurements, these targets were
nol achieved on all floors measured. The amount of outdoor air was generally lower than
what was scheduled, according to the Invensys system. However, nole that the amount
of outdoor air supplied to each floor measured was significantly more than the amount of
air exhausted from the floar. In addition, GO, concentralions indicate that the amount of

outdoor air por person deliverad to he space was consistent with ASHRAE guidelines.

The lowest outdoor air reading was eollected in the eighlh floor south mechanical room
on August 18, 2004 At that time, the building maintenance staff was aware of the low

outdoor air supply condition and was working to remady the situation.

Table 31 Measured Outdoor and Exhaust Aifflow Rates on Each of the Floors Studied by
EHE&LE on August 17 and 18, 2004
Minimum OA | Average OA | Maximum OA | Bath Exhaust| OALess
Floor {cfm} - {cfm) {cfm) Tetals Exhaust {cfm)
& 1,770 2,104 2,771 380 1,729
B B63 1,697 2,856 20 1,077
18 1,496 _ 1619 1,931 - 500 1,118
Chiy outdaor air
cim cubic feat per minute

3.52 Building Pressure Measurements

During August of 2004, EHXE measured pressure relationships of lhe various floors

relative 1o outdoor air aver the course of two days.

Table 3.2 depicts the observed pressure relationship between the various floors and

outdoors.
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Table 3.2 Measurad Pressure Relalionships hetween Various Floors of the Building and
Oulidoers Measurcd by EHEE on August 17, 2004

Time Fioor | _ AP(in-H,0) Reference Point
1055 20 | 0.100 20" flnor outdoors

B 10.57 19 0.110 20" floor outdonrs

[ 11:00 18 0.127 20" floar outdoors

[ 1108 17 0.130 20" floor outdoors

1125 10 D.148 20" floor outdoors

_ 11:30 9 0.139 20" fleor outdoors

11:45 8 0118 | 20" fleor outdoors
1148 7 D102 20" Noor outdoors
1150 6 ) 0119 P0" floor outdoors |
11:53 5 0.080 20" floor oputdoors

N difference in pressurc

in-t 1203 inches of water column

During the measurement period, winds were relalively calm, ranging between O and
6 miles per hour, as measured at Bradley International Airperl. Therefore, the outdoor
pressure reference was [airly constant. These measurements show that the buiiding, as
pperated at the me of the measuremants, was always positively pressurized with
respect to outdoors. This is not surprising, given that the outdoor air fiows significantly

oxceeded the exhasust air flows on all floors on which ouldoor air and exhaust flows were

measured.

3.6 FH&E OBSERVATIONS

During EH&E's Awvgust 2004 site invesligation, EH&E inspected the building’s
mechanical systems with the exception of the ﬂing _lower and the water-side
econormizer, which according to building maintenance st;ﬁ is. no longer used. Generaily,
EH&E observed that the mechanical systems on the floors observed were well
maintained and in a good slate of cleanliness. The mechanical room in which the air
handling units are located is a parl of the retum air plenum and EHEE observed thal
lhese rooms were kept clean and not used for storage of cleaning supplies or other

inappropriate matenals.

Past-Romadiation Environimental and Mechanical System prscssments, 25 Sigonarney St Qctobor B, 2004
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The air handling units were inspected inside and observed to have clean coils, clean
linings, etc. The units are fitted with filters in their racks in a manner that minimized the

amount of air bypass that normaily occurs in typical HVAG equipment.

Figures 3.2 through 3.5 show typical conditions observed in the building's mechanical

Mooms.

Figure 3.2 Photo of Duidoor Air Damper and Control Station Installed in a Typical Mechanical
Hoaorm
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Figure 3.3 Photo of Typical Filter Installation in an Air Handling Unit

Figure 3.4 Photo Inside a Typical Alr Handbing Unit, Showing the Cleanliness of the Coils, Fan,
and Bottom of ihe Drain Fan
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Figure 3.5 Photo of tleat Coil and Freeze Thermastat in Typical Air Handling Linit
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