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SUMMARY

This report presents the results of an investigation to:
1) identify additienal pleces of equipment (generic types) not in-
cluded in the FEPA's construction site health and welfare noise impact

model; 2) estimate the population density variations resulting f£rom
population transfer between the five construction site medel geo-
graphical regions during the normal daytime work period; 3) evaluate
congtruction activity duration' time periods (and the influence of
geographical location within the U.S. and of population density on the
average construction activity duration); and 4) collect and evaluate
available data concerning "typical", or average, noise=-reduction

values for various buildingestructure types.

Twelve pieces of construction equipment were identified as
possible additions to the impact model. However, based on a selec-
tion criteria which related the equipments' typical use, source of
powar, and operatisnal noise level to potential overall community
nolse exposure, only two pieces of construction equipment were
selected for additional analyses and data collection. These pieces

of equipment are: 1) manually-guided compactors; and 2) forklift

trucks., From a construction site field survey, usage data for beoth
pieces of equipment were obtained. These data included: 1) identi- i
fication of the phases of construction during which the equipment ‘ :
was used; 2) typical number of hours of equipment operation per day;

3) estimated number of days during each phase that the equipment was

actually operated; and 4) estimated percentage of esach site type

emploving each equipment type. Based on these four data elements,

equipment usage factors were determined., A detailed descriptien of

the data requirements and computational procedures used to determine

the equipment usage factors is presented in Appendix A. In addition

to usage factors, the‘total number of forklift trucks and manually-

guided compactors used in construction was estimated to be 53,752




and 11,877, ;espéctively. The average A-weighted noise level at 50
feet for both equipment types was determined from publications col-
lected for a previous EPA literature search study. Although the
relative change in total noise Impact resulting from the addition of
both equipment types te the impact model was not determined, the
change in the site nolse level at a raference distance of 50 feet
for each site type was computed, The noise for the residential sites
increased by 1.1 dBA while the other three sites lncreased by '

approximately 0.1 dBa.

The percent’ change in baseline population density values
resulting from normal daytime work period population transfer was
determined for aeach of the SMSA region categories considered in the
EfA‘s construction site nolse lmpact model. A detailed description
of the computational procedures used to determine these percent
changes is presented in Appendix B. ﬂlthouqh the analysis was based

~ on population data for SMSAs of 250,000 people or more, it is believed

that the results ave representative of the average population density
variations for each of the five SMSA region categories. In general,
the percent change in population density values derived from this

study do not agree with the current baseline values. However, with

the excaptiqn of the urban fringe region category, the two sets of
population density values agree with respect to the relative ddrec-
‘tion of population transfer between SMSA region categories. With
réspect to the urban fringe region category, it was found that for
the normal déytime work period, the net population decreased arcund
hiqh-dansity urban centers but increased around low-density urban
centers. Hoﬁaver, on the average; (data for both urban center types
combined) the net population transfer for this regien was almost

negligible.

The current baseline population density values were ravised

to reflect the population transfers bhetween SMSA region categories

ii
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.(derived from this study} and to reflect the population transfers
within each SMSA region category where each type of construction
activity is typical performéd. The assumptions and a discussion of
the procedure used to determine the revised population density values

are preéented in Appendix C.

The duration of con;tructlon activity for residential,
office/public service, and industrial/commercial site types wers
investigated. The influence of gecgraphical location of the site
type within the U.S. and of surrounding population density on the average
construction activity duration time period were alsc evaluated. It
was found that for residential site types, the welghted-average
construction activity duration time period (i.e., length of time from
start to.completion of the building project) does not vary signifi-
cantly with respect to Qeographical location within the U.5. For

office/public service and industrial/commercial site types, no data
. wera avallable to determine the relationship between activity duration

and geographical location. Dased on local construction activiey data
and census tract populaticen density values, the relationship betwaeen

average population density and duration of construction activity, for
‘all site types considered, has a low degrees of correlation. Appendix

D presents a complete'listinq of the data ugsed to svaluate these

ralationships.

Cchpared with the data currently used in the construction
site noise impact model, the study results show chat the average (on
a national basis) number of B8~hour days of construction activity for
the rasidential and industrial/commercial site types may be under-
estiﬁated by approximately 38 percent‘and 27 percent, respectively.
For the office/public service site types, the construction activity
duration may be overestimated by approximately & percent. Some un-~
certainty in thesa compariscons exists due to the assumption made

X5



regarding the percentage of construction activity "down-time" used
in determiniﬁg the average numher of 8~hour days of construction

activity. Down~time is defined as tﬁe percentage of the construction
project start-to-completion time period during which no construction

activity occurs.

Based on an svaluation of currently avallable data concern-
ing "typical” or average building noise-reduction values, it appears
that all construction site noise impact calculations should be per-

‘formed relative to an Ldn outdonr threshold of 65 &B: The suggested

use of a 65 dB outdoor threshold for all impact calculations' is based
on the findinq that a representative average building noise-reduction
value of 20 4B is applicable to single-family dwellings as well as
other larger and heavier building-st;ucture types. '

iv
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1. INTRODUCTION

1.1 BACKGROUNWD

The Neoise Control Act of 1972 (P.L. 92-574, 86 Stat., 1234)
established, by statutory mandate, a national policy "to promota an
envirc:nment'for all Americans free from noise that jeopardizes thelr
health and welfare." As specified in the Noise Control Act of 1972,
the firat step towards promulgation of noise standards for new prod-
ucts is identification of those products that are major sources of
noise.

i
Section &6(a) (1) (¢) has identified construction equipment as one

of four product categories to be considered for noise regulaticen. In

determining whether a particular type of construction equipment is a

major noise source and, thérefore, subjegt to regulatory action, a

health and welfare impact assessment 18 an essential and necessary

conslderation, To provide a quantitative assessment of the noise

impact, a conagtruction site model was deVeloped to compute the number

of people (on a national average) exposed to higher l‘evels than the

defined thresholds identified as requisgite to protect the public

health and welfare with an adequate margin of safety. The initial :
‘data base used in the development of this model was presented in a 1
report pfepa.red for the EFA in December 19’71.1 However, this report
was incomplete in that some of the basic data sources weres not
idantifigd and soma of the computational procedures were unclear.
Subsequent studies provided updates and revisions to some of the
critical data elements but there is still a need to fill exlsting data
gaps, to provide additions to the existing data base, and to revise
oksolate or poorly documented assumptions. The objectives of this
atudy are to provide data which can be used for these purposes.

1-1
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1.2 STUDY OBJECTIVES .

The principal objectives of this study are to: 1) identify
additional pieces of equipment {generic types) not included in the
EPA's construction site health and welfare noise impact model; 2)
estimate the population density variations resulting from population
transfer between the five construction site model geographical
regions during the normal daytime work period; 3) evaluats construction
activity duration time periods (and the influence of geographical
location with U.sl and of population density on the average construction
activity duration}; and 4} collect and evaluate available da.ta con=-
cerning "typical", or average, noise-reduction values for various -
building=structure types, Relative to each of these study objectives,
this report will attempt to f£ill existing data gaps, to provide
additions to the axisting data bases, and to revise obsolete or poorly
documented assumptions currently used in the EPA's construction si.te‘

noise impact medel.




2, IDENTIPICATION OF ADDITIONAL PIECES
OF CONSTRUCTION EQUIPMENT



2, IDENTIFICATION OF ADDITIONAL PIECES
OF CONSTRUCTION EQUIPMENT

2.1 EQUIPMENT IDENTIFICATION AND DESCRIPTION

2.1.1 Equipment Selection Procedure and Criteria

Based on a review of construction equipment buyers' guides,
equipment manufacturers' literature, published reports dealing with
cpnséruction equipment, and observaticns from pravious sonstruction
gite field surveys, several pleces of construction equipment, not
included in the EPA's noise impact model, were identified. These

additional equipment types included the following:

Compactors, manually quided
Forklift Trucks

Mobile Concrete Mixing and Batching Plants
_Earth Augers

Concreta Plnishing Machines

Mebile Crushing and Screening Plants
Blowers and Fans

Banders, Cutters and Threaders
' Drop Hammers

Surface Grinders

Muckers

Pila Puller (Extractors)

The implicit objective of this study was tb identify additional
. pleces of construction equipment which were typically used in the four
types of construction considered in EPA's impact model, and therefore,
would potentially contribute to the overall community noise expuéuxe.

Many of the above machine types were eliminated from consideration

since they did not meet this typical use criterion. In addition,

some of the machines were deleted on the basis that, although they



may be typically used, they are only employed for very short periods.
of time during a single construction phase.* Also, some machines

were omitted because: 1) they produce relatively low oparational

noise levels or, 2?) their source of power was previously identified
by EPA as a majer source of construction site noise. Based on the

above gselection criteria, two plecesg of construction eguipment were

identified for additional analyses and data collection. These pieces

are: 1) compactors, manually guided, and 2) forklift trucks..

1.2 Eguipment Dascription

L

-
-

Compactors, manually guided — Thare are two general types of
manually guided compactors — rammer and vibratory plate, Both are
generally powered by a relatively small gasoline engihe ranging f£rom .
appreximately 2 to 16 horsepower. However, both are available with
alternative power sources inc;uding electriec and hydraulic motors
and.diesel engines, Although both types of compaccors are used for the
same purpose, i.e., surface compaction, the type of compactor
required depends on the type of material to be rompacted, For
example, granular soils require a vibratory plate compactor while
clay soils require the use of a rammer type compactor. Either a
vibratbry plate or rammer can be used on sandy or silt loam. A gan-—
eral description of the types and uses of gasoline engine powered,

manually guided compactors is presented in Table 2-1,

Forklift Trucks — Construction site forklift trucks are
. specialized materials-handling machines. They are highly maneuverable,’
self-propelled units available in several mast configurations:
1} straight, 2} rear-mounted reach, 3) combination reach-and-mast,

and 4) convertible lift/crane version. They are extremely versatile

&

The EPA construction site model assumes that construction activities
are performed during five discrete periods or phases, The time
duration of each phase depends on the type of construction performed,

T3
3
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Table 2-1l. GENERAL TYPES AND USES OF MANUALLY-
GUIDED GASOLINE ENGINE PCWERED COMPACTORS

Typical Compactor Uses
Type of Engine Compaction .
Cempactor HP Range Materials _Specific Work Tasks
Rammer ' | 2.2=6.5 Cohesive L. Large pipeline trench
(2=cycle soll, clay and underground
engines) or loam electric, gas, water
: © and telephona utility
line backfill compac«
' tion. -
Vibratory | 3.0-16.0 Granular 2. Compaction around
Plate {d=cycle soil, sand, retaining walls,
angines) crushed stone embankments, sub-
or gravel and grades, abutments,
other non=- foundations and
cohesive asphalt patch work.*
materials -

*vibratory plate compactors only.

" machines used for lifting, moviné. and spotting materials through-

out a cluttered construction site, and are capable of placing
materials and supplieé as high as three stories., They are typically
uged on single and multiple unit residential housinq‘siteé as well
as large construction projects such as hespitals, shopping malls

and office buildings to handle lumber, support beams and trusses,
gypsum board and masonry materials such as brick, concrete blocks
(cinder blocks}, and mortar. <Construction forklift trucks are
generally powered by a single gasoline or diesel engine with a
horsepawer rating typically less than 100 hp. The maximum lifting
capacity and lifting height ranges from 2,000 to 10,000 lbs. and
from 8 to 30 feet, respectively. Engine horsepower, iifting capacity,
and lifting height are ¢generally higher for the convertible lift/

crane forklift types,

9
]
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2.2 EQUIPMENT USAGE DATA REQUIREMENTS

EPA's construction site model includes four constructicn site

1) residential, 2} office/public service, 3} industrial/

types:
It is assumed that all construc-

commercial, and 4) public works.
tion activities occur during five discrete time periods or phases.
These phases and the associated time pericds for sach site type are

identified in Table 2-2. A critical data element in determining

Takle 2-2, HOURS OF CONSTRUCTION BY SITE TYPE AND
CONSTRUCTION PHASE

Construc=
tion
Siken * Phase CONSTRUCTION PHASE )
Type Clearing | Excavation| Foundationj Erection|Pinishing
Residential 56 56 92 184 22
Cffice/Public 80 320 320 480 160
Sorvicae
Industrial/
" Commercial 80 320 320 480 160
Public Works 12 1z 24 24 12

noise imp;ct from each site type is related te the individual
construction phase durations, This data element is the equipment
usage factor which is defined as the ratio of the total time a
single piece of equipment operates in a given ghase to the total
phase duration. The usage factor is then used to compute the daily
equivalent noise level, Leq(B), for each machine type. This level

is-determined using the following relationships:

(1}

[Log @y = .78 log, (1) + 10 log), [i(tlmili”
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where L =

= work-cvele equivalent noise level at 50 feet for

k equipment type k, db
Ti = total construction time for site type i, hours,
tl = construction time for phase 1, hours,
UE‘kli = usage factor for equipment type k, phase 1, and site

type 1.

The term (;1 UFkli) in Eguation (1) is simply the number of hours of
usage on site type i for machine type k during construction phase 1.

Knowing the number of hours of equipment use by phase for
each construction site type and the total number of construction
sites for each type, other relevant data can be derived, For
example, with these data, the average annual hours of use for a
specific equipm.nt type can be determined if the total number of

machines used in construction is known. Conversely, the number of

machines used in construction can ke determined if the machine's

average annual hours of use are known., The importance and use of

these relationships will be discussed in more detail in Section 2.4.

2.3 DATA OBTAINED FROM CONSTRUCTICN SITE FIELD SURVEY

3 construction site field survey was conducted to.abtain
relavant usage data for the two pieces of construction equipment
discussed in Section 2.1, manually guided compactors and forklift
trucks. Data were obtained at 43 construction sites; 20 residential,
18 office/public service, four industrial/commercial and one public
works. These data were supplemented by information obtained during
a similar field survey conducted prior to this study. Detailed
usage data were collected for 23 of the construction sites surveved.
These data included: 1) the identification of the phases of con-
structien during which each eqgquipment type was used, 2) the typical
number of heurs of operation per day,.and 3} the estimated number
of days during each phase<that the equipment was actually operated.
In addition, estimated equipment work-cycle data were obtained for
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both pieces of equipment at several of the sites visited., It was
found that estimates of work-cycle characteristics for the forklift
trucks were reasonably consistent for the sites visited. However,
the work-cycle characteristics for the compactors tended to vary,
depending on specific work requirements. A summary of the average
usage data, based on information collected during the field survey,
is presented in Table 2-3. It should be noted that the estimated
number of days during each construction phase that the egquipment was
« actually operated has been presentad in terms of percent of the total
phase duration. It should also ke neoted that for several of the
sites surveyed, two or more forklift trucks or manually guided
compantbrs were present and operating at the same time. For those
cases, the typlcal number of hours of operation for a single machine
was muitipled by the number of machines operating at the construction
site and this number was then used in the computation of the average
hours of operation for each equipment type, by site type and phase,

as presented in Table 2=3%.
2.4 ESTIMATED USAGE DATA FOR NEW PIECES COF CONSTRUCTION EQUIPM.ENT

2.4.1 Data Limitations

Based on the data obtained from a construction site field
_survey, usage data were developed for forklifts trucks and manually
guided compactors. Due to both time and hudget constraints, the
field survey was limited in terms of the number sites and site types
examined and in terms of the geographical locations visited. As a
result, equipment usage data QEveloped from the field survey may net

be applicablie, on a national basis, to similar construction site

- -
This procedure employs the equivalent anergy principls for
determining noise exposure, i.e., the noise exposure rasulting

from the operation of two machines for a time period t is equivalent,
on an energy basis, to the exposure produced by cne machine operating
for a time period of 2t. This procedure assumes that the noise
intensities of the two machines are equal,
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Table 2-3,

SUMMARY OF AVERAGLE USAGE DAVTA FOR MANUALLY GUIDED COMPACTORS AND FORKLIPYE PRUCKS
{Data Bascd on Construction Site Field Suarvey)

Avaragu Houtu of Oporation wad Purcunt of Use Burtig Lach Pl Typdcul Wuik Cizlo
v uf Uaph=Cgulu
Nyt of Mo | orime st Variva.
itn Equimant S1103 Usud To Clearing Excavation Vgundation Ervct lon finlahing Tiwae|  Power Sontin. s+
Tyl Typa Comjrute Averagus | Hrs/Day 3 HrafDay TiFe/hay o/ by ) Nye iy Bin, [fale [&vg. T ig,
huslduntial Farkllft i
Truckn [ ¢.0 u.0 0.0 0.0 1.83 24.7 1.9 1,4 1.3 269 2.0 |43 pddy |02 |
‘ I
Conpactary 4 , 0.0 0,0 0.0 0.0 3.0 .3 2.5 o0 1.0 LY . - - luee;
Gifice/ rosklift
Mublic Truuks 9 0,0 0,u 6.0 0.4 [} .21 .4 2.1 Q.0 W 4.0 |57,5 32,5 lu.u
Servicy
Compactory [ 0.0 no 0.0 0.0 3.2 5] 47 1.5 Q.7 1.9 = - - Pdas
induntrials Furklifc .
Cormarglul Truchks 4 ¢.0 a,0 0.0 Q.0 1.4 0,3 2.3 1no 0.6 e. )y 4,0 45,0 (45,0 19,6
Compactory 3 0.0 0,0 0.0 0.0 2,1 4.2 6,7 3,3 0.7 3.3 . - - 10
lublic Forklife K
Works Trucks L] - - - - - - - - - - -
Campactors 1 0.0 0,0 0.0 0.0 0.0 0.0} 0,0 0.0 a.5 Su, e - - ager

* Varied depunding on dpecific watk yequlruments,

" Opuratas at slnglo powsr/thrattle setting.
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types located in other areas of the United States, Therefore, in

order to obtain a high degree of confidence in the assessment of noise
impact resulting from the operation of construction forklift trucks
and manually-guided compactors, it is recommended that a more repre-
sentative sample of data he gathered, on a national basis, for each
construction site type considered in EPA's noise impact model. Until
such data are available, the limitations assoclated with che data

presented in this section should be kept in mind.

2.4.2 Eguipment Usage Data

With respect to the construction site model's input data

requirements, equipment usage factors are one of the most gritical

input data elements., Other relevant eguipment usage data include

the average arnual hours -of machine use and the number of machines

used in construction. Equipment usage factors for forklift trucks

and manually guided compactors were developed from the data presented
in Table 2-3 and from an estimated percentage of each site type

employing each of the equipment types. These percentages were

determined from the construction site field suxvey and are presented
in Table 2-4,

Table 2-4, ESTIMATED PERCENTAGE OF EACH SITE TYPE
EMPLOYING EACH NEW EQUIPMENT TYPE

. Site Type
Equipment Office/Public | Industrial/ | Public
Type Residential Service Commercial, Works

Forklife

Trucks 30 50 50 50*
Compactors

(Manually 35 75 75 S50
Guided)

r*azsumed values based on work }:equirements associated with public
warks construction (see page 16 of Ref. 2).

19
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Because both pileces of eguipment were used at all of the industrial/
commerczial sites visited during the field survey, the equipment use
percentages for this site type were assumed to be egual to those of

the office/public service site types to ocbtain more realistic usage

estimates., Also, since only one public works site type was observed

during the field survey, representative use percentages for this

site type could not be determined. Howaver, it should ke noted that

due to the work requirements associated with public works construction
(roads and utilities), it is reasonable to expect that both pieces
‘of aquipment are utilized to some degree at these site types {see

Table A~1 in Ref. 1 and Table 5 in Ref. 2). Therefore, the following

assumptions were made in order to determine the usage factors for both

equipment types employed at puplic works sites:

Both equipment types are used on one-half of all public works

»
sites

e Forklift trucks are used 25 percent of the time during the
erection and finishing phases

e Manually guided compactors are used 50 percent of the time

during the erection and finishing phases.

As discussed in Section 2,2, the equipment usage factor is

defined as the ratio of the equipment's total operating time during
Based on the information

a given phase to the total phase duratioen,
presented in Table 2-3, total operating times for both eguipment
ﬁypes were determined és a function of sgite type and constructicn
It was assumed that for public works sites, the hours of

phase.
operation per day for forklifts and compactors are two and one hours,
respectively. From the equipments' total operating times and from

the site use percentages presented in Table 2~4, equipment usage
A listing of these values is presented by

factors were computed.
A detailed

site type and construction phase in Tablas 2-5 through 2-8.

description of the procedure used to determine the equipment usage

factors is presented in Appendix A. It should be noted that, due to

the limited number of construction sites visited during the field sur-
vey, it is assumed that equipment usage factors are functions of site
type only and do not vary with respect to population density region.

2-3
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Table 2-5. EQUIPMENT USAGE FACTORS FOR RESIDENTIAL
CONSTRUCTION SITE TYPES
Equipment ‘ Construction Phase
Type Clearing | Excavation | Foundation | Erection ) Finishing
- Forklift ‘
Trucks 0,0000 0.0000 0.8170 0.0798 0.0126
Mapually .
Guided 0.0000 0.0000 0.0214 0.0109% 0.0011
Compactors
‘Table 2-6. EQUIPMENT USAGE FACTORS FOR OFFICE/PUBLIC
SERVICE CONSTRUCTION SITE TYPES
Equipment Construction Phase
Type Clearing | Excavatiaon | Foundaticn | Ereceion | Finishing
Forklift ' .
Trucks 0.0000 0,0000 0.,0008 0.1594 _ ¢.0c00
Hanually :
Guided 0.0000 0.Q000 0.0225 0.0120 0.0011
Compactors

2=-10




Table 2-7. EQUIPMENT USAGE FACTORS FOR INDUSTRIAL/
COMMERCIAL SITE TYPES

Equipment
Type

Congtruction Pha

5e

Clearing

Excavatinn

Foundation

Erection

Finishing

Forklift
Trucks

Manually
Guided
Compactors

0.0c00

0.0000C

0.00600

©.0000

0.0051

0.0179

0.1438

0.0022

0.0032

0.0022

Table 2-8. .EQUIPMENT USAGE FACTdRS FOR PUBLIC WORKS
CONSTRUCTION SITE TYPES

: Construction Phase

Equipment

‘Type Clearing i Excavation | Foundation | Erection | Finishing
Forklift . .
Trucks 0.0000 0.0000 0.0000 0.0313 0.0313
Manually _
Guided 0.0000 0.0000 0.Cc000 0.0313 0.0313
Compactors




In addition to equipment usage factors, two other relevaht usage
data elements should be discussed: 1} average annual hours of machine
usage, and 2) number of machines used in constructicn. As mentioned
in Section 2.2, if a machine's usage facters for each site type and
phase and itz average annual hours of use are known, the number of
machines used in construction can ba determined. Conversely, the
machine's average annual hours of use can be determined by knowing
its usage factors and the number used in construction. This relation-

ship is defined mathematically by the following equatian:

LNt -« (2 G0 3 e W - (k) (2)
i 1 . :

where k:1 and i = machine type, construction phase and site
type, respectively
H(k,1,i) = hours of use for machine type k, per phase 1
and site type i .

N(L) = total number of sites of type L
N'(k} = total number of machines of type k used in
- congtruction '
H' (K} = gverage annual hours of usage for machine
type k.,

, Using the abave relationship, the estimated total number of fork-
lift trucks and manually-quided compactors used in construction was
determined. The aﬁerage annual hours of machine use for each macnine
were estimated from data presenteé in References 3, 4 and 5 and from

information provided by local construction equipment sales, rental

and repair compaﬂies. A summary listing of the estimated usage

data for both pieces of eguipment is presented in Table 2-9.

2.5 EQUIPMENT NOISE LEVEL DATA

pue to high speed wind conditicns, equipment noise level
measurements could not be performed during the field survey portion




ESTIMATED USAGE DATA FOR FORKLIFTS AND COMPACTORS

Table 2-9.
Usage Data Per Machine Type | Total Hours
Average Typical Equipment | of Annual Total Number
i Economic | Qperational{ Usage, B Use, of Machines

Bquipment Lifetime,| Lifetime, |Hours per | (N(i)-H(i))| Used in

Type Hours Years Year Millions Construction
Forklift 1/ 3/ .
Trucks 7330 10 733 39.4 53,752
Manually
Guided 2/‘ Y
Cempactors | 3200~ 5= 640 7.60 11,877

lﬁeferencell, page 25 — construction type forklifts, pneumatic tired,
gasoline engine.

zéeference 3, page 6 — rammer and vibratory plate type, gasoline .engine.

‘

g'ﬁeferencas 4 and 5 = based on typical operational lifetime of similar
construction equipment types such as backhoes, mobile cranes, and wheel

and crawler tractors.

ﬂéased an estimates provided by local construction equipment sales and
repair ccmpanies. '

2=13




of this study. However, using the publications collected for a previous
EPA literature search study (Ref. 6) to obtain noise level data for saveral
types of construction equipment, A-weighted noiss measurements at 50
fzat were cbtained for the new equipment types. It is believed that

the noise level data obtained from the literature are representative

of the noise emitted from both pieces of equipment during normal
operation. Using this data, average noise level values were

determined. However, since the distribution of noise levels relative

to the total population for each machine type is not known and since
energy averaging tends to apply a greater‘relative weigﬁting to the
higher levels, ariéhmetic-averaging is believed to he more representa-
tive of each machine type. A listing of the average noise levels

a}onq with the range of levels and the number of measureﬁents used to

determine these averages are presented in Table 2-10.

Table 2«10. AVERAGE NOISE LEVELS FOR FORKLIFT TRUCKS AND
MANUALLY GUIDED COMPACTORS

A-Weighted Noise Level at Number of

Eguipment 50 Feet, dBA Measurements

TYpe Average Range Used
Forklife
Trucks 83.4 : 7% ~ 86 7
Maﬁually
Guided 84.6 71 - 101 8
Compacters

In general, a single piece of constructien equipment does not
cperate during all phases of construction. For multiple phase
operation, total cperational time during each phase will vary as a
fuﬁction of site type. Each machine's contribution to the overall

site noise level is determined by the following factors: 1) machine's




— e |

- number of hours of machine use during each construction phase.

average noise lewvel, 2) duration of construction activity, and 3}
For

each site type, the number of heurs of machine use during each
construction phase can be determined from the equipment's usage fac-

tor and the phase duration. Using eguation (1) in Section 2.2 and

‘the usage and noise level data presented in the preceding sections,

the daily equivalent noise levels (the site noise level contributions),
£rom thea forklifts and compactors were determined for eaéh of the four
site types considered in the EPA'S construction site noise impact

madel. Althdugh the.relative change in noise impact resulting from

the addition of these equipment types to the impact model was not
determined, the change in the site noise level at a reference distance
of 50 feet for each site type was computed. This data and the dﬁily

equivalent noise levels foxr both pleces of equipment are presented

by site type in Table 2-1l. It shpul& be noted that for each of the

the site noise levels at 50 feet vary with respect

four site' types,
However, these variations

to population density region category.*
ara relqcively small ranging from 0.2 dBA to 1.6 dBA. As a result of
the site noise level variations, the change in site noise level
Eesulting from the operation of forklift trucks and manually guided
compactors was computed as the difference between the average site
noise level (averaged over the five region categories) and the daily

equivalent noise level contribution from the two pieces of equipment.

*These variations are due to usage factor differences for some equip-

ment types.
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Table 2-11. DATLY BQUIVALENT NOISE LEVIELS “Jeqm})' AbD STTE NOISE LEVEL CHANGES

A-toighted Holse Levels at 50 Peet, dBA, Dy Comstruction Site Type
Residential OLlice/Public Sarvice Industrial/Commercial Public Works
. bally Change in paily Changu in Dally Change in Dally Change in
Equipment Equivalent Slte Nolso Equivalent 8lto Nolma Equivalent Site Nolse Equivalent Situ Noisoe
Type Laval Level Loval Luvel Lavel Lavel Javal Luvel
Forklife ' . -
] Trucks 9.0 " 40.8 10.9 +0,1 70.6 0.1 64.7. 0.0
: " Only
-
. Manually
o +Guided 63.9 +0.1 64.5 0.0 61.8 0.0 65.9 +0,1
) Compactors ’
only
Farklift *
Trucks and
Manually 70.2 ’ +1.1 71.8 +0.1 .1 40,1 60,4 +0.1
Guided :
Coppactory




3.

POPULATION DENSITY SHIFTS DURING
THE NORMAL DAYTIME WORK PERIOD




3. PBOPULATION DENSITY SHIFTS DURING
THE NORMAL DAYTIME WORX PERIOD

3.1 ) DESCRIPTICN OF DATA REGUIREMENTS

The relationship between construction site activity and the
population of the surrounding community is cwitical with respect to making a
reascnable assassment of the total construction noise expesure and impact.
To account for variations in population distributions, the EPA's construc-
tion site noise impéct medel distributes the total U. 5. population
into five SMSA* region categories = 1) high=-density urban centers,

2) low=-density urban centexs, 3) urban fringe, 4) SMSA areas outs%de

urban fringe and 5) outside SMSA.

The baseline population denéity values for each of the five

regicn categories are shown below:

IBASELINE POPULATION DENSITY VALUES*+

Region qépeqorv Density (Peonle/Sg. Mile
1. High=-Density Urban Center © 20,877
2. Low-Densitf Urban Center 8,473
3. Urban Fringe 2,286
4, outside Urban Fringe ‘ 1,623
5. oOutside SMSA ’ 20

Because these baseline values were derived from 1970 census
data regarding the residential distribution of the U. §. population,

they do not reflact population density variations resulting from the

*3 Standard Metropelitan Statistical Area (SMSA) is a county or group
of contiguous counties which contain at least one city of 50,000
inhabitants or more, or "twin cities" with a combined population of

at least 50,000. '
wx1n this section, units for population density are people per sguare
mile.

3=1
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net transfer of people between the five region categories during' the
normal daytime work period.* However, according to Bureau of the
Census publications regarding LB?O census data, (Referances 7 and 8),
' there appears to be a significant interchange of the working population
between the geographic components of large metropolitan areas. Table
: 3-1 presents a summary of the total interchange of all workers by place
f ' of work and by place of residence within all SMSAs with total populaticns
of 250,000 or more. From Table 3-1 it can be seen that approximately '
30 percent of the workers who lived in SMSAs of 250,000 or mere, but
Loutside central cities, worked in these central cities. At the same
time, however, about 18 percent of the workers living in the central
cities commuted to jobs in the surrounding suburbs or areas outside the
SMSA. It should be noted that over 50 percent of the 1970 SMSAs had
poepulations of 250,000 or more and represente& almost Qb parcent of the

. total SMSA population.

: ' TABLE 3-1. Workers Living in SMSA's of 250,000 or More
L by Place of Work: 1970 Census Data

. All worksri living Living Living gutside
. in spacified SM5A's antral cition central citiey
. Piace of wark
Nurmber Perosnt Nurmbar Pereant Number Paraant
Total ........ evveanes s | 47,221,624 1000 | 21,183257 1000 | 26,038,467 100.0
Working \n SMSA of residance: ‘
Centeal citias . .....00- veee. | 22282129 49.3 | 15580507 36| 7,701,822 29.6
Outsicle contral eitied ... .. L. | 1818300 a4 3,102 808 148 | 15080218 574
Warking autsiza SMSA of '
PRSICIACH oyt vvnra s sanenn 2,424,157 8.1 660,498 11 1,763,681 8.8
Notreported o ... 0vennnnin ' 3,363,217 71 1,839,048 87 1,522,869 58

*The daytime work period is assumed to be typically between the hours
of 8:00 a.m. and 3:00 p.m. corresponding tp the time peried when most

construction activities ocour.
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- these results.

To account for population transfer during the normal daytime
work period, an earlier EPA study (Ref. 1) recommended an increase in
the three highest population density region categeries and a decrease in
the other two. However, the adjustments were based on geographical
regions located entirely within the SMSA boundary, Subsequently, the
region categories were redefined (Ref, 2) to include the area outside
the SMSAs, where a significant proportion of constructicn activity occurs,
and to account for highly populated urbanized areas with large average
population degsities. Although it was assumed that there was sufficient
similarity between some of the earlier (Ref. 1) and rédefined (Ref. 2)
'region categories to allow the use of the earlier normal daytime work
peribd population transfer adjustments, no data or justification were

presented to support this assumpticn.

The following sections present a discussion of the results
of an investigation to determine the average population density changes
for the.five region categories cansidered in EPA's construction neise
impact model and describe the criteria and procedures used in Sbtaininq

3.2 gTUDY METHODOLOGY AND CRITERIA

3.2.1 Comparison Between Urbanized Areas and SMSAs

Thé current baseline population-denéity ragions are defined
in terms of the distribution of U. §. populaticn living in urbanized
areas., However, available data pertaining to net population inter-
changes dﬁring the nermal daytime work peried are presented with respect .
to SMSA geographic components, i.e., central cities, arsas outgide ' )
the central cities but inside the SMSA, and areas outside the SMSA.

Nevertheless, it is believed that with respect to population distribution,

the SMSA components and the population density regions as defined in the noise



.t e e

impact model afe very similar. This contention can be supported hy
comparing the porulation distributions inside and cutside urbanized
areas and SMSAs {see Table E in Reference 9) and recognizing that,

in general, urbanized areas represent the densely settled core of the
SM5As. It should be noted that because the boundaries of SMSAs are
determined by political lines, and those of urhanized areas by the
pattern of urban lang use, there are small segments of the latter
which lie outside the SMSAS. However,.the pepulation within these
segments was estimated to be about 1 percent of the total population

living inside urbanized areas.

Also, it is reasonable to assume that higher concentrations
of people within the urbanized areas and the SMSAS are found inside,

ratner than outside, the central cities., In fact, based on 1970 census

data, 54 percent of the populatien inside urbanized areas lived in the

qentral cities which comprised. only 40 percent of the total urbanized

land area.

32,2 Criteria for Categorizing Peopulation Density Regions .

In order to estimate the population interchange during the
normal daytime work peridd.-two assumptions were made to develop
criteria vhich zould be used to place sach SMS5A geographical compenent,
including areas outside the SMSA, into one of the five population

density regions. First, it was assumed that the high - and low-density

‘urban centers were generally located within large SMSA central cities.
Based on the same criteria used to define large SMSA central cities in

an earlier EPA study (see Table I¥, Reference 1), it was found that,

“with only a few exceptions, thesa cities had populations of approximately

400,000 or more, Using this criterion, SMSA central cities were grouped

into one of two population density categories - 1) those greater than
8,500, and 2) those less than or equal to 8,500 but greater than 1,000.

High- and low-density urban centers were assumed to be lecated in areas
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within central city categories 1 and 2, respectively. Second, it
was assumed that the urban fringe and areas outside the urban fringe
could alsc be categorized according to total population and average
population density and that each of these regions had a total
population of less than or equal to 400,000. The population density
limits for the urban fringe and ocutside urban fringe ware, respectively -
1} less than or equal to 3,000 but greater than 2,000, and 2) less than
or equal to 2,000. Since areas outside the 5HSA are determined by
political boundaries, no specifié pobulation or population density
criteria were required. A summary of the catggorization criteria is

presanted in the following table:

CATEGORY CRITERIA
High-Density Central Cities Population »400,000 and
{Righ-~Density Urban Centers) dansity p *»8,500

Low-Density Central Cities Population >400,000 and
(Low=-Density Urban Centers) density 3,000 <'p < 8,500

Population <400,000 and

Urbkan Fringe
density 2,000 <p< 3,000

Population <400,000 and

‘putside Urban Fringe =
density p £2,000

Determined from political

Outside SMSA
boundaries

It should be noted that since no definitive population or
land use characteristics criteria were available, scme judgement was
" exercised in determining the criteria used to define population
density'regions and to categorize SMSA geographical components. How=

evar, the rationale used in developing this criteria is consistent
with respect to the methodologies used in deriving similar data for
other EPA studies and with respect to the baseline population dehsity
values currently used in the EPA construction site noise impact model.

3-5%
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3.3 COMPUTATIONAL PROCEDURE

The computational procedure employed to determine net
population transfer of workers into and out of the SMSA geographical
componants during the'normal‘daytime work pericd is lengthy and quite

Therefore, only a general description of this procedure

detailed.
A more detailed description is

will be presentad in this section.
The following is a summary of the computa=-

presented in Appendix B.

tional procedure:

Central cities, as defined by the 1270 U. 5. population
census, contain population concentrations equivalent to

the concept of urban centers.

Populations andlland areas of the geogqraphical components
within each of the SMSAs considered in this study were
obtained from the County and City Data Book (Ref. 10).

All population and land area within an SMSA but outside
the central cities were divided into urban fringe and
SMSA areas outside the urban fringe on a county basis.

The distinction betwsen the geographical components

and their classification with respect to region category

is made on the basis of absclute population and average
. population. density in accordance with the criteria

prasented in Section 3.2.2.

The transfer of workers into and out of the five SMSA
region categories (on a central city and county basis)
ware determined from the U. $. census Journey to Work

publicatien (Ref. 7).
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e Data adjustments were made to account for:

1. Workers leaving their SMSA of residence, but the
gecgraphical component in which ‘they lived was not

identified,

2, Workers living within the SMSA but not reporting their
living or working locations.

#. Populatlon density changes were determined from the
residential population, the normal daytime wark peried
population, and the total land area for each region
category. Data is presented in terms of percent change
in populatien density and is computed using the following

equation:
Ao,
BC = 5”“ - 100
R
where
PC = percent change in population density durlng normal
daytime work pesriod,
KEDW = average population density change resulting from popuxatlon
xnterchanges during normal daytime work period,
Sg = average residential population density
The average population densities were computed using the
relationship:
_ f Population
0 % %
. Land Area
i
where

i represents a specific region category.

o bl 5 kin &

i




3.4 POPULATION DENSITY VARIATIONS DURING NORMAL DAYTIME WORK PERLOD

Population Density Changes by SMSA Region Category

3.4.1

Based on the criteria discussed in Section 3,2.2, six

high-density and nine low-density central city SMSAs were selected

for this analysis. Although the selection was influenced somewhat

by the number of gecographic components (central city plus surround-
'ing counties}, it is believed that with respect to location within the
United States, and range of total SMSA residential population, the areas

" selected are representative of the larger SMSAs and reflect typical

population interchange between the five SMSA reqlons. However, since

the results developed from this analysis were derived from population
data for SMSAs of 250,000 or more, it can only be assumed that they are

applicable to the smaller SMSAs. The following is.a listing of the

sample 'SMSAsS:

HIGH-DENSITY LOW=-DENSITY
Detroit Houston
Baitimore Milwaukee
San Francisco-0Oakland* San Antonia
Cleveland Memphis
St. Louis San Diego
lEuffalo Seattle~-Everetth*
Atlanta
‘San Jose
Cincinati

* .San Francisco considered as the urban center
** Seattle considered as the urban center
A summary of the sample population and land area data used to

estimate percent change in population density for each 6f the four region

categories inside the SMSA is presented in Table 3-2. It should be noted

that the total normal vorking day population for the sample data is approx-~
imately 144,000 greater than the total residential population. This in=
craase 1in papuiatisn 15 a result of the net transfer of workers from
ocutside to inside the sample SMSAs.

3-8




TABLE 3~2. Total Sample Population and Land Area Data Used to Determine
Percent Change in Population Density by SMSA Region Category

gMSA Region Eésidential Normal Working Land Area, Percent Chapge

category Population Day Population Square Mlles In Pop. Density>/
‘-—_. -

High=-Density 4,971,407 5,636,882 440 13.4

yrban Center

Low-Density 6,026,598 6,534,212 1892 &.4

yrean Center i

yrban Fringe 3,128,597 3,116,368 697 -0.4

SHSA Area Out- 413 35,223 -8.1

side Urban Frg. 12,627,619 11,610, f

Y Percent change in populatien density during normal daytime work period.

Note:

Population and land area for each region category represent totals
determined by summing over all sample SMSAs.




The estimated percent change in pepulation density for the
region outside the SMSAs was computed frem the following: 1) the esti-
mated normal daytime work period population density (as presented in
Table 3-2) and total land area of the four region categories inside
the SMSAs and 2} the total population and land area of the U. S.*' Baséd
on these dafa, the estimated percént change was determined to be approxi-
ﬁataly ~5,7 relative to the residential population density. A discus-

sicn of the computational procedure used to obtain this estimate is

presented in Appendix B.

3.4.2 Populaticn Density Changes by Construction Site Type and
’ by SMSA Region Category ‘

The construction site noise impact model implicitly assumes that
thé population transfers and corresponding population density variations
which oceur during the normal daytime work period take place only in
areas where there are office/public service and industrial/commercial
construction activities_and makes no population density adjustments
with respect to areas with residential and public works sites. Also,
based on an earlier EPA study (Ref. 2}, it was assumed that as a
result of worker transfer during the daytime period, there is a net
population increase in the high~ and low-density urban centers and in
the urban fringe reglon and a net population decrease in the area out-
side the urban fringe and in the area outside the SMSA. Table 3~3
presents the population density values by site type and by SMSA region

category currently used in the construction site noise impact model.

Based on data pregentea in the preceding sections, it is believad
that the values shown in Table 3~3 should be revised to reflect the
population density changes with respect to those areas, within each

SMSA region category, where. each type of construction activity is

typically performed. To develop these revised values, several assump-

tions were made regarding the following: 1) the composition of each
SMEA reglon category with respect to basie land use classifications,

*Based on U, S. population density and land area data presented in
Table 8, Reference 2.

.
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SMrable 3-3.  POPULATION DENSIPY VALUES By SITE TYPE AND BY SMSA REGION CAT'EGORY,
PLOPLE/SQ.MT . .

SMSA Region Calegory
‘ : SMSA Arcas
Construction ligh-benaicy low-Density Urban Outside The Outside
Site 'Typo Urhan Centers Urban Centers. Fringe Urban Pringe SMSA
Residential 20,877 B,473 2,286 1,623 20
Offlce/Public
Service 22,929 9,337 2,508 1,489 18
T ‘
o - Industrial/
- Commergial 22,929 9,337 2,508 1,489 18
Public Works 20,877 -B8,473 2,286 1,623 20
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2) the distribution of total population and construction site types

within the SMSA region categories and 3) the net transfer of popula-

tion between land use categories. Based on these assumptions, which are

listed in Appendix C, and data presented in Tables 3-1 and 3-2 and in

Referepnce 9, revised population density values by site type and by SMSA

region category were determined. These data are presented in Table 3-4.

A discussion of the procedure used to determine the revised population

density values iz presented in Appendix C.

3.5 " SUMMARY OF STUDY RESULTS

Based on the results of this investigationt the following

general conclusiens can be made:

1. HWith the exception of the outside urban fringe region
category, the percent changes in the current baseline
population density values used to account for normal day-
time work period population transfer between the SMSA
reglon categories do not agree with the results of this

study.

2. The differences between the current baseline values and
the values derived from this study for the percent change
in population density for each SMSA region category are

shown below:

SMSA REGION CATEGORY

High-lensity
Urban Center

Low=Density
Urban Center

Urban Fringe
Qutside Urban Fringe

Outside SMSA

PERCENT CHANGE IN POPULATION DENSITY DURING
NORMAL DAYTIME WORK PERIOD

CURRENT STUDY RESULT ARSOLUTE DIFFERENCE
+ 9.8 +13.4 3.6

+10.2 + 8.4 1.8

+ 9.7 - 0.4 - 10.1

- 8.1 : - 8.1 0.2

-10.0 - 5.7 4.3

.3-12
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Tabkle 3-4,

REVISED POPULATION DENSTTY VALUES BY SIPN TYPIE AND BY SMSA
REGION CA''SGORY, PLEOPLE/SO.MI.

i

SMSA Region Category
SMSA Areas .
Construction High-Densicy Low=-Density Urban Outside the Outside
" 8ite Typu’ Urban Coenlecs Urban Centbers . Fringe Urban Fringe SMS8A

Residential | 12,944 5,353 1,394 990 19
Office/Public

Service 23,675 9,185 2,277 1,492 19
Industrial/

Commercial 23,675 9,185 2,277 1,492 19
Public Works 20,105 7,871 1,982 1,324 19
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Wwith the exception of the urban fringe region category,
the current and study result values agree with respect
to the relative direction of population transfer between
SMSA regicn categories.

With respect to the urban fringe region category, it was
found that for the high-density urban centers, the percent
change in population density was -1.7; however, for the
low~density urban centers, the percent change was +4.7
and, on the average {data for both urban center types
combined)the percent change was almost negligible at ~0.4.

With respect to the ocutside urban fringe region category,
it was found that the percent change in population
density for either the high-density or the low-density
urban center SMSAs varied less than 15 percent of the
average percent change based on the combined data for
both urban center types.

3.6 RECOMMENDATIONS

pased on the conclusions made from the results of this study,

the following is recommended:

1.

Due to budgat constraints, only a limited number of SMSA
areas were examined; therefore, additional high~ and low-
density central city areas should be analyzed to suppeort
or to revise the conclusions made in this study.

The revised population density values by construction
site type and by SMSA region category as determined
from this study should be used to revise current
baseline values. Also, consideration should be given
to dividing the urban fringe region category into

twe separate reglons, one for the high-density urban
centers and the other for the low-density urban
centers, since it appears from the study results

that this region category has different population
transfer characteristics depending on urban center

type.
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4. DURATION OF CONSTRUCTION
SITE ACTIVITY

The total duration of construction activity assumed* for each
construction site type is a critical data element associated with
the cohstruction site noise impact model. The noise level weighting
function used to represent the magnitude of noise impact is deter-

mined from the following equation:

a o a >
o f2\ o 0.0S(Ldn—Lc) for Ldn Lc .
Lan) 7 ). : . (4-1)
¢r.
0 for Ldn Lc
where LG is the annual day-night sound level, and Lc is the impact
threshold criterion level. Lo is a function of the assumed total

dn
duration {(number E-hour days) of construction site activity assigned

- to each of the four construction site types (see Section 3.4.2 in

Reference 16).

Currently, the neise impact model assumes that the total
duration of activity is a site-type dependent parameter only ang,
that the values used in the impact model Ffor sach site type are the
same regardless of the geographical location within the United
States, .Additionally, it has been assumed that the value of the
average population density surrounding a given site type has no

influence on the duration of the construction activity.

In the following sections, a detailed evaluation of both
of the ahove assumptions regarding the duration of construction site

activity is presented.



I SR L R S R

4.1 DURATION OF CONSTRUCTION ACTIVITY BY SITE TYPE
AND GEOGRAPHICAL LOCATICN

4.1.1" Local Coﬁstruction Activity

Data for local construction activity time perieds {(construct-

tion begin and end dates) were obtained from the Office of Research

and Statistics (ORS) = Community Development Branch of Fairfax County,
Virginia. oné maintains statistical data identifying the duration of
4construction act;vity for three of the four site types considered in
the constfuction slte noise impact model: 1) rasidential, 2) office/
public service, and 3) industrial/commercial. From the more than
45,000 records compiled by ORS, a random statistical sample consisting

of 1,984 individual records was collected for detailed evaluation.

Data for the residential site types were divided into three
structure-type categories: 1) single=-family, 2} multi-family, and
3) town houses. These data were evaluated in two waysz‘ 1) dara for
gach structure-type category were analyzed individually, and 2) data
for Qll three structure-~type categories were combined and analyzed as

a single data set.

Table 4-1 presents a summarv listing of the statistical
analyses of the average duration of construction activity as a function

of site type for the three site typeé considered.

4.1.2 National Construction aActivity

Data for natiocnal construction activity time pericds were
obtained from publications prepared by the U.S, Department of Commerce

~ Bureau of the Census.'ll'12

These publications provided statistical
data concerning the length of time from start of construction to '

completion for the following structure types:

J




TABLE 4-1

CONSTRUCTION
SITE TYPE

Single~Family

{Residential)}

MultieFamily | |
(Residential)

Town Houses
{Residential)

All Residential
Site Types
(Single=-Family,
Multi~Family,
Town -Houses)

Qffice/Public
Service

Industrial/
Commercial

e T

gyt T

P i ey

- ANALYSIS OF AVERAGE DURATION OF CONSTRUCTION
SITE ACTIVITY BY SITE TYPE - LOCAL (FAIRFAX
COUNTY, VA.) CONSTRUCTION ACTIVITY DATA

DURATION OF CONSTRUCTION
SITE ACTIVITY, MONTHS

NUMBER OF

DATA FOINTS MEAN standard Deviation

268 .76 6.62

145 15.34 6.99

508 12.70 ' 8.05

1,621 10.59 3.49

136 12.03 h.08

9,322 5.08



* Single- and multi-family residential building projects,

* Non=residential building projects ineluding industrial,
office, commercial, and other non-residential construction .
(excluding highways, streets, and public utilities). ;

Single- and Multi-Family Residential Structures:

Tables 4-2 and 4-3 present annual data showing the averagé
number of months from start to completion for new single- and multi-
family buildings, respectively, for years 1971 to 1978, Table 4=2
presents these data with respeét to geographical region within the
U.S. while Table 4-3 shows average activity duration with respect to
the number of units* in the building,

Non=Residential Building Projects:

Tables 4-4 and 4-5 present statistical data concerning
construction activity durations for private non-residential building
projects completed in 1976 and 1977, The data shown on both tables
are categorized with respect to project cost (i.e,, value of the
project put in place). Table 4-4 lists the number of projects
completed in a specific time pericd as a‘percentége of the total
number of projects completed in a given cost category. These per-
centages are also shown cumulatively. FPor example, Table 4-4 shows
that 17.4 vercent of the projects costing between $100,00 and
250,000 vere completed in the fourth month after the month of start;
55,5 percent were completed within four months after starting. Table
4=-5 shows the average number of months from start of construction to
completion for selacted types of non-residential buildings. These

non-residential building types include: 1) industrial, 2) office,

3) commercial, and 4) other non-residential (excluding highways,

streets, and public utilities).

* A housing unit is a single room or group of rooms intended for
occupancy as separate living quarters by a family, by a group of :
unrelated persons living together, or by a person living alone.



TABLE 4-2 AVERAGE NUMBER OF MONTHS FROM START TO COMPLETION
FOR NEW SINGLE~FAMILY HOUSES COMPLETED BY REGION
(From Reference 11}

Geegraphic Region*

Year gﬁ:iﬁﬁ North- North South Hest
east Central
‘1971 4.8 5.9 5.2 4.4 4.4
1972 5.2 6.0 5.6 4.9 5.0
1973 6.0 6.0 5.8 - 5.9
1974 _ 6.2 6.6 6.5 6.0 6.2
1975 6.1 6.6 5.8 6.1
1976 5.5 6.1 6.0 5.0 5.5
1977 5.7 5.8 5.8 5.4 6.0
1978 6.2 6.5 6.6 5.7 6.7
AVERAGE FOR
ALL YEARS 5.7 6.2 6.0 5.4 5.7

* States contalned in each geographic region are as follows:

NORTHEAST - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island,
Connecticut, New York, New Jersey, and Pennsylvania; NORTH CENTRAL -
Ohia, Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri,
~ North Dakota, South Dakota, Nebraska, and Kansas; SOUTH - Delaware,

Maryland, District of Columbia, Virginia, West Virginia, North Carolina,
South Carolina, Georgla, Florida, Kentucky, Tennessee, Alabama,
Mississippl, Arkansas, Loulsiana, Oklahoma, and Texas; WEST -~ Montana,
Idahe, Wyoming, Colorado, MNew Mexico, Arizona, Utah, Nevada, Washington,
Oregon, California, Alaska, and Hawaii.
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TABLE 4=3  AVERAGE NUMBER OF MONTHS FROM START 0 COMPLETION IFOR NEW
MULTI-FAMILY BUILDINGS COMPLETED BY NUMBER OF UNITS IN THE BUILDING
{From Refercnce 11)

Duildings wlth 5 units or more

Bulldings Buildings with
with :
: 2 to 4 S to 9 10 ko 19 20 to 29 30 o 49 50 units
Year _units Total units units units units or more
-
o 1971 5,9 8.6 7.7 8.4 8.6 9,1 12.7
1972 6.0 8.9 8.0 9.3 9.2 9.2 14.5
1973 7.2 10.1 9.6 . 10.1 10.8 10.5 15.1
“ 1974 7.7 . 11.0 10,4 11.0 11.8 i2.2 16.0
1975 7.4 12.0 11.7 11.4 12,2 13.7 18.3
1976 6.4 9.3 8.8 9.0 9.9 10.9 18.7
1977 6.4 g.8 8.5 8.7 8.8 10.3 16.9
1978 73 2.6 9.3 9.7 9.9 10.5 15,1

AVERAGE FOR
ALL YEARS 6.8 * 9.8 9.3 9.7 10.2 10.8 15.9

N I S
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TABLE 4-4  PRIVATE NONRESIDENTIAL BUILDING PROJECTS COMPLETED IN 1976 AN 1977 -
PERCENT DISTRIBUTION OF PROJECTS BY NUMBER OF MONT{S FROM SPART OF
CONSTRUCTION TO COMPLETION (From Refarence 12)
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TABLE A-5 PRIVATE NONRESIDENTIAL BUILDING PROJECTS COMPLETED IN 1976 AND 1977 - AVERACE
NUMBER OF MONTHE FROM START OF CONSTRUCTION 'O COMPLETION FOR SELECTED TYPES
OF CONSTRUCTIGN (From Reference 12)

Construction Types

value All office ather Other
of project types Industrial buildings canmercial nonrosidential
_ $5,000,000 or morc 24.9 23,2 25.7 21,2 28.4
IR $3,000,000 to $4,999,999 . 19,3 16.8 18.1 18.9 22.2
$1,000,000 Lo 52,999,999 12,9 12.0 14.8 1.2 15.0
$500,000 to $99%9,099 9,4 8.0 10.5 4,4 11.5
$250,000 to 499,999 7.3 6.2 1.7 6.6 9.2
N - $100,000 to $249,999 5.1 4.8 5.4 4.5 7.1
d . 50,000 to $99,999 4.0 3.7 3.7 3.5 6.7
$25,000 to 549,999 2.9 2.7 2.6 2.7 4.6
AVERAGE FOR ALL ‘
PROJECT VALUES 10.7 9.7 11.1 9.6 13.1

Note: Average number of months assumes projects completed in month started took full
month; projects completed iii first month following month of start tock 1.5
months; projects completed in second month following month of start took 2.5
months; projects completed in third month Ffollowing month of start took 3.0
months; projects completed in fourth month following month of start took 4.0
months; etc.




4.2 DURATION OF CONSTRUCTION SITE ACTIVITY BY SITE TYPE AND

SURROUNDING POPULATION DENSITY VALUE

The construction site noise impact model assumes that the
duration of construction site activity is indepepdent of the surround-
ing population density walue. That is, for a given constructicn site
type, the length of time from start to completion of the project is
the same in all five SMSA region categories considered in the noise
impact model. On a national bhasis, there is currently no data avail-
abie which can be used to support or te refute the assumption that
the average duration of construction site activity is independent of
the surrounding population density value. However, data for local
(Pairfax Couﬁty, Va;) construction projects were obtained from the
-AOffice of Research and Statistiecs (QRS) - Community Development Branch
of Fairfax County, Virgiﬁia.

From a listing:of more than 45,000 records concerhing
construction prdjects throughout Fairfax County, a random statistical
sample consisting'of 1,984 individual records was collected. For
each individual record, the following items were recorded: 1) type
of cbnstruction project, -2} length of time from start to completion
of the projecé, and 3) location of the project identified by census
tract number. From census data prasaented in Fairfax County pub-la'm’15
lications, census tract population density values* for 1,048 of the

1,984 individual construction project records were computed,

Based on the data described above, the mean census tract
population denslecy value, and the relationship between census tract
population density and duration of construction activity were evaluated

for the following construction site types: 1)} residential, 2) office/

*paverage population density values were computed from the total pop-
lation and the total occupled land area specified for each census
tract number. These data were presented in References 13,14, and 135,

4-9
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public service, and 3) industrial/commercial. Additionally, data for
the residential site types were divided into three structure-type
categories (single~family, ‘m‘ulti-family. and town houses) and evaluated
as separate data set. Table 4~6 presents a summary listing of the
results oﬁ the statistical analyses of the mean census tract population
density associated with each construction site type, Table 4-7 and
Figures. 4~1 through 4-6 present the results of the linear regression
an;lyses of the relationships hetween duration of construction site
activity and census tract population density., APPENDIX D presents a
complete listing of the data used to compute the mean census tract
population density values sheown on Table 4-6, and to derive the
rela'tionships betwsen duration of constructlon site activity and

census tract population density shown en Table 4-7,

4.3 ) EVALUATION OF STUDY RESULTS
4.3.1 Duration of Construction Activity by Site Tvpe

and Geographical Location

Single= and Multi-Family Resldential Structures:

Table 4-8 presénts a summary listing of annual data,sh'awiné
the percentage distributicn of the number of residential building
project starts by geographical location and structure type (i.e.,
structures with 1 unit, 2~4 units, or 5 units or more) over the pericd
of from 1971 te 1978. Table 4-8 is derived from statistical data
presented on Table 7 in Referenge 11. Based. on thé information listed
in Tables 4=2, 4~3, and 4-8, a weighted-=average const‘ruction activicy
duratien tifne period was determined for residential site types. The
weighted-average duration accounts for the differences in the average

construction activity duration and the relative number of building

projects associated with each structure type category. The weighted-
avarage construction activity durations, by geographical region, are

éhowri below:
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TABLE 4~6 ANALYSIS OF AVERAGE CENSUS TRACT
POPULATION DENSITY AS A FUNCTION
OF CONSTRUCTION SITE TYPE - COMPUTED
FROM LOCAL (FAIRFAX COUNTY, VA.) DATA

CENSUS TRACT POPULATION
DENSITY, PEOPLE/SD. MI.

CONSTRUCTION ) NUMBER OF
SITE TYPE " DATA_POINTS MEAN Standard Deviation
Lo ' Single-Family 669 1,580 - 1,800
AR (Residential) - ' 7
Multi-Family S0 9,910 8,390
(Residential) :
-Town Houses 242 3,920 3,620
(Residential)
, . All Residential 961 . .2,600 - 3,640
Site Types ’
(Single~Family,

Multi=Family, and
Town Houses)

office/Public 34 2,690 2,770
Sarvice

. Industrial/ - 51 2,570 2,720

Commercial

4-11




TABLE' 4=7

CONSTRUCTION.
SITE TYPE

Single=~Family
(Residential}

HMulti~-Family
{Residential)

Town House
(Regidential)

All Residential
(Single~Family,

weripm A b
e b iyt AR -m"'-qw-m's-‘ A tainlal _“.I e S

ANALYSIS OF THE RELATIONSHIPS RETWEEN DURATION
CF CONSTRUCTION SITE ACTIVITY AND CENSUS TRACT
POPULATION DENSITY =-.RELATIONSHIPS DERIVED FROM

LOCAL (FAIRFAX COUNTY, VA.) DATA

BEST FIT LINEAR RBLATIDNSHIP:
DURATION = & + b+ (Porulation Bensity)

Multi~Family, and

Town Houses)

"Dffice/Public

Services

Industrial/
Commercial

Correalation

2 o] Coafflcient
6.671 4.0 x 107° 0.0268
-5 '
11.433  =11.0 x 10 -0.3390
9.124 -9.0 x 1077 ~0.1107

: -5

7.131 11.0 x 10 0.1313
8.643 7.0 x 1077 0.0513
7.128 22,0 x 1073 0.2241

4=12
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TABLE 4-8 PERCENTAGE DISTRIBUTION OFF THE NUMBER OF RESIDENTIAL
BUILDING PROJECT STARI'S BY GEOGRAPHICAL LOCATION AND
<SPTRUCTURE TYPE (From Reference 11)

(Companents may not swn to 100 percent due to rounding)

" ET-¥

United Stakoy Iluri:lmant Horth cantral Soutl Hudl
_Yoor si;ructllruu wlEh ~= Bbructurod wleh == Struckuren with == Structures willy -- - SLructures with ~-
1 2-4 5 unils 1 2+'4 5unita 1 2-4 5 uwits } 2 -4 5 unita 1 2-4 5 units
skl unlls  or mora wiit  wnits  or mare_ - uplt  uplts  nr mare unlt  unleg  or worae unit  unlis  or moce
[EY]1 6.1 5,8 38, 54,9 £l 1.0 54.8 5.3 39.9 o6 4.4 5.1 TR B! 11,2
v “55.6 [ B .5 - o il 5.8 42,6 -57.8 5.6 36.6 57.9 4.2 31.9 ‘ 51.6 .7 .7
1973 5%.4 5.8 10.9 56.0 G.1 7.9 6l1.1 5.2 1.6 . 8na2 1,1 42,7 $3.6 9.6 in.a
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BT 5.6 5.7 4,0 M2 40 Ml 73,5 5.8 20,8 81.5 1.3 15,1 #3,2 9,1 2.5
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. .- FOIL ALl

Yonis 66.2 5.0 285,40 B (/P9 S.1 26.6 67,3 45,6 27,1 o, a7 272 ' 6l.2 9.2 20,7




Weighted-Average Construction Activity Duraticn, Months

Geographical Region

United _North~ Nerth South Wast
States east : - Central
6.9 7.3 7.1 6.7 7.0

Non-Residential Building Projects:

Table 4-9 presents a summary listing of annual data showing
the pexcentage distribution of the number of private industrial,
commercial, office, and public service building project starts in
the U.S. for time pericds 1976 and 1977, Table 4-9 is derived from
statistical data presented on Table C-2 in Reference 22. A distri-
bution of the number of building érojects by gecgraphical region was
not provided. Therefore, the data presented on Tabie 4~9 is appli-
cable only on a naticnal basis. From the data presented on Tables
4=3 and 4-9, weighted-average construction activity duration time
periods were determined for the industrial/commercial and office/
public service building project types (i.e,, the ipdustrial plus
commercial building projects, and office plus public sérvice building

.projects}. The weighted-averade durations, by building project type,
are shown below:

Weighted=Average Construction Activity Duration, Months

Industrial /Commercial

Office/Public Service
9.6 12.9

4.3.2 Duration of Construction Site Activity by Site Type and
Surrounding Population Density

Based on local construction activity data and census tract
population density values, the relationship between average population
density and duration of construction activity shows a rather poor
correiation. This poor correlation has been shown (Table 4+7) to he
independent of construction site type. However, it should be noted

g
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TABLE 4-9 PERCENTAGE DISTRIBUTION QF 1THE NUMBER OF PRIVANIE INDUSTRIAL,
. COMMEKCIAL, OFFICE, AND PUBLIC SERVICE BUTLDING PROJECYT SPARTS
{(From Reference 22)

N {Components may not sum to 100 percent due to rounding}

BUILDRING PROJECYT TYPE

Year Industrial Commercial* 0ffice Public Sorvice**
‘1976 _ 9.9 ‘ 24.1 7.3 56.7
1977 : 10.6 24.4 7.5 57.5
AVERAGE 10.3 24.3 7.4 . sa.t

* Includes: service stations, repair garagesd, stores énd other mercantile buildings, and
amusement buildings.

** Includes: réliginus buildings, educational buildings, hogpitals and other institutional
buildings, and other non-residential buildings,

v
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that data used to establish the relationships between average popula-~
tion density and construction activity duration were obtained, most
likely, from a single SMSA region whose characteristics should closely
resemble those of the urban fringe, This conclusion is supported

by mean population density data presented on Table 4~6. As can be
seen from Table 4-6, the mean population density values for the three
construction site tQpes considered in the local data analyses are

not significantly different from that assumed for the urban fringe
SMSA region (i.e., 2,286 people/sq. mile).

4.3.3 Comparison of Study Results With Data Currently Used
in the Construction Site Impact Model

~ The censtruction activitj time‘periods praesented in the
preceding sections have been concerned with the length of time from
start to complation of construction projects. These pime periods
are derived from data associated with the issuance of building
permits, and do not represent actual constructien activicy time
Pariods, i.e., the cumulative time period when construction activity
i5 oecurring. Ouring the time from start to completion, there is
scme "down~time" which is comprised of: 1) weekends, 2) holidays,
énd 3) days when inclement weather will not permit any construction
activity; It is assumed that over any construction activity time
period, approximately 54 percent of this time period is down-time.
The percentage distribution of this down-time 1s assumed to be:
1) weekends - 28 percent
2). holidays -~ 3 percent
3} days due to inclement
weathexr* - 23 percent
Based on Ehe above assumptions and the weighted-average construction

activity duratiens presented in Section 4,3.1, the pumber of B-hour

* Répresenta one-third of the available 8~hour workdays when
construction activity could cecur,

q=22
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days of actual construction activity has been determined, on a national

basis, for three of the four site types gonsidered in the construction

site noise impact model: 1} residential, 2) office/public service,

and 3) industrial/commercial. A comparisen of these data ‘and the

data currently used in the impact model is shown balow:

NUMBER QF 8-HOUR DAYS
QOF CONSTRUCTION ACTIVITY

SITE : ABSOLUTE
TYPE CURRENT STUDY RESULT DIFFERENCE
‘Residentiall 80 97 37
Industrial/ ’

Commercial 170 : 134 36
office/Public

gexvice 170 181 11
4.3.4 Summary of Study Results

An investigation was performed to evaluate the duration of

construction activity for residential, office/public service, and

industrial/commercial site types, and to deterxmine the influence of

geographical location within the U.S. and surrounding population

density on the average construction activity duration time periods.

Based on the results of this investigation, the fellowing have heen

“cencluded:

1.

For residential site types, the weighted-average
construction activity duration time period (i.e.,
length of time from start to completion of the building
project) does not vary significantly with respect to
geagraphical location within the U.S5. For office/
public service and industrial/commercial site types, no
data were available to determine the relationship he~
tween activity duration and geographical location.

Baged on local construction activity data and census
tract population density values, the relationship
between averade population density and duration of

_construction activity, for all site types considered,

has a low degree of correlation,

4-23
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Compared with the data currently used in the construction

site noise impact model, the study results show that
the avarage {on a national basis) number of 8-hour days
of construction activity for the residential and in-
dustrial/commercial site types may be underestimated

by approximately 38 percent and 27 percent, respectively,
For the office/public service site types, the construc-
tion activity duration may be overastimated by approxi-
mately 6 percent. Some uncertainty in these comparisons
exists due to the assumption made regarding the per-
centage of construction activity "down-time" used in
determining the average number of S-hour days of
¢enstruction activity. Down-time is defined as the
percentage of the construction project start-to-comple-
tion time period during which no construction activity

occurs.
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5. NOISE-REDUCTION VALUES FOR VARIQUS
BUILDING-STRUCTURE TYPES

The impact criteria used to assess construction site noise
impact are based on indoor activity interference and annoyance noise-
effects relatiuﬁships presented in the EPA "Levels Document". The
indoor noise impact threshold level is 45 Ldn.

Impact calculations assoclated with office/public service
and industrial/commercial construction in high- and low-density urban
center population density region categories are performed relative to

an L n outdoor threshold of 65 dB. For all other censtruction site

d
type and population density region category combinations, the impact

calculations are performed relative to an outdoor L. threshold level

dn
of 55 dB. These impact threshold levels are based on two assumptions:

1) in the high- and low-density urban centers, building structures
near office/public service and industrial/commercial construction
sices provide, on the average, a 20 dB reduction between exterior

and interior noise levals, 2) the noise reduction between exterior

and interior noise levels in all other cases is 10 dB8. The implications

of these two assumptidns are: 1) building noise-reduction values are
primarily a function of the building strueture type, i,e., the
building's physical characteristics, 2) building structures which

~ afford 20 dB of noise reducﬁian are typ?éally large office/public

service and high rise apartmernt and commercial building types with

heavy wall constructien, and double=glazed windows, and 3} bullding
structures which afford 10 dB of noise reduction are typically light-
waight, single- and multi-family dwellings with light wall construc-

tion, and single=pane glass windows.

The following sectionsz present a detailed evaluation of

available data concerning "typical" or average noise-reduction values




for the following building-structure types:

l. single-family residential
2. office/public service
3. commereial/apartment high rise

The evaluation is based on a review of earlier and more resent
publications concerning outdoor-indoor noise level reduction in-
vestigations., Building neise-reduction (i.s., the difference between
exterior and intarior noise levels), rathar than sound tranmission
loss, 1s evaluated since it has been observed that building noise=
reduction values measured in the field generally fall well below
those that would be predicted f£rom the trapsmission loss properties

of basic wall or roof structures.
5.1 SINGLE=-FAMILY RESIDENTIAL STRUCTURES

5.1.1 Early Invastigations Of Building Noise-Reduction

Most of the earlier investigations related to the noise-~
reduction® characteristics of various types of buildings were con-
cerned primarily with residential dwellingz (single-family housas)

exposed to aircraft noise sources.n'la'l9

The noise reductions were
generally expressed in terms of two noise descriptors: 1) perceived-
noise levels (PNL) and, 2) A-weighted sound levels. Evaluation of
data presented in References 17, 18 and 19 have shown that the average
differences between noise reduction values expressed in terms of dBA
and PNdB (i.e., NRdBA - NRPNdB) are on the o;der of one-half of a ds,
However, this difference was determined from propeller and turbine
powered aircraft noise sources and, may not be applicable to other

noise sources.

* BAuilding noise reduction (NR) is defined as the difference hetween
the maximum sound levels obhserved outside a building and inside a
building during discrete or continuous noise events.
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Bishnpl7(1965) reported the results of a study to determine

typical aircraft noise reduction values for furnished living rooms
and bedrooms in residential buildings. Table 5-1 presents a summary
of the results reported. The data shown on Table 5-1 are given in
terms of ?NdB and dBA, where the dBA values are computed using the
approximation: dBAMPBNAB + 0.5 dB. Young o (1970) réported the
‘results of an investigation to determine the aircraft noise attenuation
characteristics of two furnished houses - a woed-sided frame house
and a brick-veneered frame house. A four-cngine propeller-driven
aireraft and a four-engine turbofan aircraft were used as nolse
gources., All indoor measurements were obtained with the windows
¢losed. The building noise-reduction déta were expressed in terms
of thirty-six physical noise measures. Table 5-2 presents a summary
listing of the results repoited in Reference 18, in terms of PNL and
ﬁ-weighted sound lavel only.

In Octoker 1971, the Society of Automotive Engineering, Inc.
published an Aerospace Information Report ({AIR) describing the results
of several house noise-reduction investigations conducted in five
loéations* in the U.S.l9 The puréose.of this document (AIR 1080) was
te present actual measuremant data shewing the noise reduction of
airgraft flyover noise from the outside to the inside of houses located
in various climates and with varicus window configurations (i.e., open
and clesed). Average house noise-reduction values were grouped in
accordance with the following four climate/window configuration
categories:

’ 1. Warm climate / windows open,

2. Warm climats / windows clesed,

3., Cold climate / windows open,

4. Cold climate / windows closed.

* These locations ineluded: 1) New York, 2) Boston, 3) Miami, 4) Los
Angeles, and 5) Walleps Station, Virglnia.
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TABLE 5-1

TYPE OF
NCISE SIGNAL

REDUCTION OF AIRCRAFT MNOISE OBSERVED FOR LIVING ROOMS
AND BEDROOMS IN SINGLE-FAMILY RESIDENTIAL STRUCTURES

{(From Reference 17)

ROCH
TYPE

Takeoff
Takeoff

Approach
_Approach

Living Room

Bedroom

Living Room

Bedroom

NUMBER OF
MEASUREMENTS NGB dBA
39 20.9 21.4
39 24.1 24.6
46 22.1 22.6
46 23.8 24.3
AVERAGE 22,7 23.2

5~4

MEAN NQISE REDUCTIONS
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TABLE 5=-2 REDUCTION CF AIRCRAFT FLYQOVER NOISE OBSERVED
FOR VARIOUS ROOMS IN SINGLE-PAMILY RESIDENTIAL
STRUCTURES (From Reference 18)

MEAN NOISE REDUCTION*

HOUSE ROOM NUMBER OF

TYPE - TYPE MEASUREMENTS PNdB dBA
Dining Room 4 23.1 23.4
Brick-Veneer Living Room 4 21,2 21.8
Frame Badroom No.l 4 27.5 27.5
Bedroom No.2 4 28.9 26,0
Dining Room 4 22,87 21.3
Wood=-Sided Living Room 4 21.2 19.7
Frafse  Bedroom No.l 4 25,3 24,6
Bedroom No.2 4 18.1 18.0
AVERAGE 23,1 22.8

' : FOR BOTH

HOUSE TYPES

tavarage of the noise~reduction values computed using three data
analysis technigques:

1. oOutdoer holse intensity minus indeor intensity at the time
" when the outdoor noise was maximum,

2. .Outdoor noise intensity minus indoor noise intensity at
the time when the indoor noise was maximum,

3. Maximum outdoor noise intensity minus the maximum indoor
nolse intensitcy.




Table 5-3 and Table 5-4 present the average house noise-reduction
values in terms of octave-hand {(from €3 Hz to 4000 Hz} sound pressure
level and in terms of overall A-weighted sound level, respectively,

for each of the four climate/window configurations.

5.1,2 Recent Investigations of Building Noise Reductien

2

by Sutherland (1978} has

augmentad the available cutdoor-indoor noise-reduction data for single~

Data from a recent publication

family (detached dwellings) residential structuras. These fecent data
include noise~reduction measurements for hoth aircraft and highway
traffic noise sources and, areﬂéiven in terms of the difference be-
tween outdoor and indoor A-weiéhted sound levels with windows apen
and windows closed,’ The data are aiso.grouped according to the two
general climate categories used in Reference 19, i.e., "warm" and
“cold" c¢limates. fTable 5=5 presents a summary listing of the data
given in Reference 20. It should be noted éhat the data shown en
Tahle 5-5 represent mean neise-reduction values which have been
computed from weighted-average noise reduction values reported in the
various investigations included in the data analyses. This weighting
is based on the number of rooms associated with a given average noise-

reduction value (ses Table II in Reference 20}.

5.2 ' OFFICE/PUBLIC SERVICE AND COMMERCIAL/APARTHMENT HIGH
RISE STRUCTURES
Compared with the single~family residential structures,
there is vary lxttle buzld;nq noise-reduction data available for

office/public service and commercial/apartment high rise structures.

‘However,_same data have been reported for ajrcraft and highway traffic

noise sources.”'zo'zl Table 5-6 and Table 5-7 present summary list-

ings of these data.




TABLE 5-3 BUILDING MOISE REDUCTION VALUES IN TERMS OF AVERAGE
QCTAVE-HAND S0UND PRESSURE LEVEL FOR STNGLE-FAMILY

s

RESTDEWLIAL STRUCPURES (From Reference 19)
. . SOUND PRESSURE LEVEL (dB) FOR
CLIMATE/WINDOW o o T T . :
CONPFIGURATION OCTAVE-UAND CENTER VREQUENCIES (liz) NUMBER OF MEASUREMENTS
CNIEGORY 63 125 250 500 1000 2000 4000 USED TO COMPUPE AVERAGE
Warm/Cpen 11.2 9.0 11.4d 12.8 11.7 1.1 2.8 L 18
‘Warm/Closed S 17.4 14.1 20.5 22.2 25.3 26.9 28.9 28
., Cold/Open 14,6  14.4  15.6  16.3  18.0 19,3 20.3 31
Cold/Closed 17.0 18.7 21.7  26.3 30.2 33.6 33.4 32
Averagde for:
Warm/Open -
and Closed 15.2 14.9 17.5 18.9 20.5 21.4 23.3 43
- Cald/Open
and Closed . 15,5 16.6 i8.7 21.4 24,2 26.6 26.9 " 63
Warm and Cold/
" Open 13.1 12.6 14.4 15.2 15,9 16.6 17.9 46
Warm and Cold/
Closed 17.2 18.4 2l.1 24,4 27.9 30,5 31.3 1)
All categories 15.4 15.9 18.2 20.4 22.7 24.5 25,5 106

- 3
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TABLE 5~5 BUILDING NOXSE REDUCTION VALUES IN TERMS OF (WEIGHTED}

AVERAGE A-WEIGHTED SOUND LEVEL FOR SINGLE-FAMILY
RESIDENTIAL STRUCTURES (From Reference 290)

A~WEIGHTED

: CLIMATE /WINDOW NUMBER OF ROOMS ASSOCIATED
; NOISE CONFIGURATION SOUND LEVEL, WITH WEIGHTED AVERAGE
' SOURCE CATEGORY dBA COMPUTATION
Warm/Open 12.1 14
Aircrafe Narm/qlcsed 26.4 132
Cold/Open 18.4 26
: Cold/Closed 27.6 26
Warm/Open - *
Highway Warm/Closed 25.0 | 11
Cold/Open 1.2 29
Cold/Closed 22.8 33
Average for:
Warm/0pen
and Closed 25,0 157
Cold/0Open
; Alrerafe and Closed 19.9 114
[ and Warm and Cold/
Highway Open 14.1 B9
{ ‘Warm and Cold/
] Closed 25.9 202
' ALL CATEGORIES 22,9 271

_* No data presented,

5-9
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TABLE 5-6 BUILDING NOISE REDUCTION VALUES FOR OFFI1CE/PUBLIC

SERVICE STRUCPURES

AVERAGE NOISE

NUMBER OF MEASUREMENTS

SOUkCE OF

BUILDING - NOISE REDUCTION
TYPRE . - SOURCE dBAa USED 10 COMPUTE AVERAGE DATA -
Schaols Aircraft
Grade ‘ Approach 20.8 22
Grade ' PakeoEE 30.0 21
High Approach 22.2 15 Refarence 17
~Average for all
School Types - 24.5 58
‘Schoolsg
Grade Alrcraft 22.0 264
Junior High Aircraft 23.2 18 Reforence 21
High Alrcraft 20,0 G0
Average for all
Sclhool 'T'ypes hireraft 2.8 372
_llospitals : Aircraft 24,8 105 Reference 21
Average for all
 Office/Public ‘ References
Service Structures Alrcraft 22,7 835 e B .
o : 17 and 21
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PABLE 5-7 BUILDING NOISE KEDUCTION VALUES FOR COMMERCIAL/ADARIMENT IIIGH RISE
SURUCTURES .
AVERAGE NOISE

BUILDING NOTISE REDUCTION NUMBER OF MEASUREMENTS SOURCE QOF

TYPE SOURCE dBA USED TO COMPUTE AVERAGIE DATA

Motel Rocmé AircrafL 19,3 3 Refarence 17
Motel Rooms Aircrafbt 25.4%* 5 Reference 17
“Average for all

Motel Rooms Aircraft 23.1 8 Refaronce 17
‘High=Rise Highway
Apartments Yraffic 18.5%* 7 Reference 21
igh=Rise Highway
Apartments Traffic 30, 5w« 1 Reference 21
Average for all ‘Highway

Itigh-Rise Apts. Tratfic 20,0 8 Referecnce 21
Average for all Alrcraft
Commercial/ anct Refere
Apartment High- ilighway :7er gcgi
Rise Structures rraffic 21.6 16 an

* Windows Opened.

*% pindows Closed.

(]
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5.3. EVALUATION OF STUDY RESULTS

Building noise-reductlon data were collected and evaluated
for various‘building-structure types: 1) single~-family residential,
2) offiée/puhlic service, and 3) commercial/apartment high rise,
Both earlier and more resent publications concerning building noise-

reduction investigations were considered in the data evaluation.

5.3.1 Single-Family Residential Structures

Based on an evaluation of currently available data (see
Tables 5-1, 5-2, 5«4, and 5-5), the average noise=raduction value
for single=family residential structures, expressed in terms of A-
weighted sound level (L#), is approximately 20 dB. This level is
derived from building noise-reduction data reported for various types
single-family residential structures located thourghout the United
States, The;e data represent typical outdoor-to-indoor noise attenua-
tion afforded by building structures exposed to aircraft or highway
traffic noise sources. Although no data were reported for construc-
tion equipment, it is expected that the range of noise spectra pro=-
duced by aircraft and highway traffic noise sources is not signifi-
cantly different from that prodﬁced by construction equipment. There~
fore, the 20 dB noise-reduction value determined for single-family
residential structures is assumed to be applicable to construction

equipment noise sources.

5.3.2 Office/Public Service and Commarcial/Apartment High
Rise Structures

Bagsed on an evaluation of currently available data (see

ITable'S-G and 5-7), the average noise-reduction value for office/

public service and for commercial/apartment high rise structures,

expressed in terms of A-weighted sound level, is 20 dB. Data used

to derive this noise-reduction level repressent typical outdoor-to-

indeor noise attenuation afforded by bullding structures exposed to

O i i e e ot =3 wﬂ“&mﬁﬂ&ﬁﬂﬂﬂﬁﬁﬂﬂﬁ"
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aircraft and highway traffic nolse sources. However, the 20 4B noise-

reduction value is assumed to be applicable to construction equipment
noise sources,

5.3.3 Summary of Study Results

Based on an evaluation of currently available data concern-
ing "typical" or average building noise-reduction values, it appears
that all construction site noise impact calculation should be per-
formed relative to an Ldn outdoor threshold of 65 dB. The suggested
use of a 65 dB outdoor threshold for all impact calculations is based
en the finding that a representative average huilding noise-reduction

valuae of 20 4B is applicable to single-family dwellings as well as
other larger and heavier building structure types.

5-13
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APPENDIX A

DESCRIPTION OF THE DATA REQUIREMENTS
AND COMPUTATIONAL PROCERURES USED TO
DETERMINE CONSTRUCTIOQN EQUIPMENT USAGE FACTORS

This appendix presents a detailed description of the data
reguirements and computational procedures used to determine con-
structlon equipment usage factors.
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A.l bPata Requirements

Equipment usage factors are a function of the following

construction site and equipment usage parameters:

1. 'Average number of hours per day that the
machine operates during each construction phase.

2, Practien of each construction phase duration
that the machine operates.

3. Praction of all sites for each site type on
which machine is used.

. 3
A.2 Computational Procedure and Description of Data Elements :
Ty
The following equation is used to determine the usage factors 5
for each construction equipment type; 5
UF = [(ANH) - (FCP) . (ras)| /8 (1-3)
where ' )
UF = construction equipment usage factor, -
‘ANH, FCP and FAS are the constructien site and egquipment usage para- .
meters L, 2 and 3, respectively as defined in Section A.l.
The factor of 8 in the above equation represents the
assumed number of hours per daf of construction activity.
. A3 Example Calculation
The. following example is a step-by-step procedure used to —r

determine the forklift truck usage factor for the residential site type-
foundation construction phase:

Step l. Using Table 2+3 in Section 2.3, determine the average
number of hours per day and the fraction of the phase duration

that the machine operates.




Step 2.

step 3.

These values are:
ANH = 1.83
FCP = (.247

From Table 2-4 in Section 2.4.2, datermine the
fraction of sites on which the machine is used.
This value is:

FAS = 0.30

Using equation l-A, compute the equipment usage
factor, UF,

UF = j(awe) - (FcP) - (Fas)|/a
= [1.83) . (0.247) - (0.30)] /8
= 0.0170

—
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APPENDIX B

COMPUTATIONAL PROCEDURES USED TO
DETERMINE THE POPULATION TRANSFER BETWEEN
§MSA GEQGRAPHICAL COMPONENTS AND THE
CHANGE IN POPULATICN DENSITY DURING THE
NORMAL DAYTIME WORK PERIOD

This appendix presents a detaliled description of the procedures
for determining the population transfer between SMSA geographical
components and for calculating the population density and .percent change
for the area outside SMSAs. .
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B,1 ‘Procedure for Datermining Populatieon Transfer Between SMSA
Geographical Compenents

i
i
\ The following is a step-by-step procedure for determining
\ worker transfer between SMSA geographical components (SMSA region

! categories) during the normal daytime work period:

I : .

- Step
Numher . . Procedure

1 For SMSA Reqion under investigation, list all fundamental
© geographic compenents listed in Jouxney to Weork (Ref, 7).

2 For each gecgraphic component, find 1970 population, area,
and number employed workers from County and City Data Book
(Ref, 10).

3 ' ‘Determine baseline population density for each geographic
cotponent.

4 Place each geographic component into one of four SMSA
regional categories (noting rame, population, and area)
according to the following criteria:

CATEGORY CRITERIA

, : Kigh~Density Central Cities Pooulation »400,000 and
(High-Density Urban Centers) density >B,500

Lew=Density Central Cities + Population >400,000 and
(Low=Density Urban Centars) density 3,000 <pg 8,500

Urban Fringe Population £400,000 and
: density 2,000<pg 3,000

cutgside Urban Fringe Population £400,000 and
: density p<2,000

Determine total population, area and density for each category.

6 Using the Journey to Work book, distribute all worker transfers
as appropriate. For example: X workers living in B and
working in A — 1) subtract X from SMSA reqicnal category
containing B, and 2) add X to SMSA reglonal category containing
A. Include workers living outside SMSA working in the various
geographic components being analyzed.

7 ~A. Determine the number of employed workers living in the
Urban Fringe and SMSA areas cutside the Urban Fringe by
using data found in Step 2 and results of Steo 4.

B. Sum thése two categories and find percentage of employed
workers in each (of the twe categories) pased on this sum.

B=2
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., BAllocate 27 and 73 percent of the "Workers living in
the 5MSA working outside it" in the Journey to Work
publication to the Central City and Outside the Central
¢ity (Urban Fringe and SMSA Areas OQutside Urban Fringe),
respectively. (These percentages are based on data
presented in Table 3~1 in $Section 3.1).

D. Determine the number of workers living in the Urban
Fringe and the number living in SMSA Area Outside the
Urkban Fringe but working outside the SMSA by multiplying 1
the total number of employed workers for both region
categories, as determined from step 7C, by the percentages
for each regien category found in Step 7B,

E. Subtract the resultant number of werkers found in Steps
7¢ and 7D for the Central City, Urban Fringe, and
Qutside the Urban Fringe from the appropriate region
categories and add them to the Outside SMSA region category.

i

cxas

8 "A. Find Total Employed Persons in each SMSA geographic
component using data from Step 2 and results of Step 4 i
and 7.

oo

B, Find percentage of Total Employed Workers in each SMSA
geographic component.

C. Using Journev to Work publigation, find the number of
workers living in the SMSA but not reporting their place
of employement and multiply this number by percentages
found in Step 8B.

D, Find the percent of workers living in each SMSA geographic
component which worked in another (using data from Step &}.

BE. Multiply the number of workers found for each component
in Step BC by percentages found in Step 8D and allecate
as appropriate.

9 Sum all werker transfers made during Steps 6, 7 and B and
add to initial population.
10 Repeat Steps 1 through 9 for all sample High~- and Low-Density
SMSA categories,
1l Determine cthe normal daytime work period population density
and percent change for the five SMSA Region Categories using A

the relationships presented in Section 3.3.

8.2 Calculation Procedure for Determining Bopulation Density
and Percent Change for the Area Outside SMSAs

*

The average population density and percent change for the area

putside the SMSAs during the normal daytime work period was estimated

B=3
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from the following population and land area data:

1, estimated population density and total land area

for each of the four region categories within the
SMSAs, '

2., approximate rotal U.S. population and land area

The data requirements identified in item 1 and 2 above were
determined from the results presented in Sectieon 3 0F this study and

Table B in Reference 2. Based on this data, it was estimated that

the total population inside and outside the SMSAs during the normal
daytime wcrk‘period was 146,8 and 3.2 million people, respectively.
The population outside the SMSAs was determined by subtracting the
population inside the SMSAs (computed from region categery population
densities and land areas) from the total v.s, population. The

_approximate total land area outside the SMSAs was estimated to ke

3,35 million square miles, Using the outside SMSA population and
land area data, the average normal daytime work period population
density and percent change were determined to be approximately 19
people per square mile and -5.7, respectively.
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APPENDIY C

DEVELQPMENT OF REVISED POPULATION DENSITY
VALUES BY CONSTRUCTION SITE TYPE AND BY SMSA
REGICN CATEGORY

This appendix presents a discussion of the procedure

used to determine the revised population density values by construc-—
tlon site type and by SMSA reglon category.
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c.1 Key Assumptions

In determining revised population density values, the

following assumptions were made:

1. FEach SM3A region category is composed of

several basic land use categories, three of
which are: 1) residential, 2) commercial, and
3) industrial.

Conatruction activities agsociated with the four
site types considered in the noise Impact

model are performed in land use categories in
accordance with the following:

Construction Activity/ . Land Use

Site Type _ Category
Residential Residential

Office/Public Service

Industrial/Commercial

Residential, Commercial: and Industrial

Industrial and Commercial

Public Works . Residential, Commercial, and Industrial

6.

The baseline population density values {(as
defined in Section 3.1) for each SMSA region
category were determined from the total residential
population and total land area allocated to that

. category.

Transfer of population (workers) is primarily £rom
the residential to the commercial and industrial
land use categories.

Public works construction activities occur in all
land use categories; the population density asso-~
ciated with the public works site types in a

given SMSA region category is the average of the
population densities associated with the other three
site types.

Due to the relatively small change in the population
density value for areas outside the SMSAs during
the normal daytime work period (one psrson per
sg.mi.), an average population density value is
assighed te¢ all land use categories in this region.

Amme it =




7. Percent changes in population density for
all land use gategories in the central cities
and the SMSA areas outside the central cities
are applicable to the same land use categories
in the high= and low-density urban genters and
the urban fringe and SMSA areas outside the
urban fringe, respectively,

c.2 Data Development

Using data presented in Table 3-1 in Section 3.1 and
Tables 34 and 36 in Reference 9, it was found that, for SMSAs of
250,000 or morel, the number of employved workers represented approxi-
mately 38 and 39 percent of‘the total population living in.the central
cities and the SMSA areas outside the central cities, respectively.
Since it is assumed that these workers live in the residential land
use categeries and transfer from this category to commercial and
industrial land use categories, the percent change in residential
population density for the central cities and the SMSA areas outside
the central cities is proportional to the reductions in total
residential popualtion. The percent change in population density for
the commercial and industrial land use categories is determined from
the data presented in Table 3=2 in Saction 3.4.1 for the region
categories inside the SMSA, These data are assumed to he applicable )
to both land use categories where office/public service and industrial/
commerical construction activities cccur. It should be noted that

although some office/public service sites are most likely located in

residential land use categories, it is assumed that the major propertion

of these site types are in commercial and industrial land use categories.

The percepnt change 'in population density for all land use
categories in areas outside the SMSAs is -5.7. This value was

determined from the population transfer analysis presented in Section 3,

Tahle C-1 presents a summary of the percent changes in hase-

line population density by site type and by SMSA region category.

lSMSAs of 250,000 or more represent approximately 90 percent of the
total SMSA population.
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Table €-1,

PERCEN'T" CHANGI:

AND DY SMSA REGION CATHECORY

IN POPULATTON DENSITY BY CONSTRUCUION SI1T%8 9YPL

SMSA Reyion Category

SMSA Arcas

Construction High-Density Low=Dunsity Urban Outside tlwe Qutside

Site ‘lype Urlzan Centers Urban Centers 'ringe Urban Fringe SMSA
Residential -38.0 ~3g.0 -39.0 -39.0 -5.7
Cffice/Publle

Sarvice +13.4 (I - 0,4 - 8,1 -5.17
Industrial/

Commercial +13.4 + 8.4 - 0.4 - 8.1 -5.7
Public Works - 3.7 - 7.1 -13.3 -18.4 ~5.7
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APPENDIX D

DURATION OF COMSTRUCTION SITE ACTIVITY BY SITE TYPE

AND SURRQUNDING POPULATION DENSITY

This appendig presents a complete listing of the data used to:

compute mean census tract population density values
by site type,

derive relationships between duration of construgtion

site activity and census tract population density by

site type.

The data contained in the listing were developed from construction
project recerds and census publications prepared by the Office of

Ragearch and Statistics
Fairfax County, Virginia,

- Community Development Branch of
The data listing contains 1,984 individual

construction project records arrayed in accordance with the following

format:

Column No.

1

Description of Information

Census Tract Population Density
(people/sq.mi.). A zere in this
column indicates that the population
density value could not bhe deter=-
mined from available data. Records
with a zero in the population density
column were not included in the
population density analyses presented
in Section 4. ‘

Construction Site Type Identifier:
2 = Office/Public Service
3 - Industrial/Commercial
10 Single~Family ({Residential)
11 Multi~Family (Residential)
12 - Town House (Residential)

]

Duratien of Construction Site Activity
{months},

p-1
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. 46
7204
1147

2212,

1332
1617
S 105
2041
167
29
10327
. 28
1646
1870
2908
4742
4742
S684
4aus
328
1512
1512
1087
1094

10496

1094

5264

1310
8735
5124
201

201

201
-196

843

3669
3660

Juge

3033

10542

8556
2355
71565
1424
2345
6662
6662

2345

876
2860
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Alice Suter and Associates
575 Dogwood Way - (503)488-8077
Ashland, OR 97520

REPCRT ON THE PROPOSED REDUCTION IN NOISE LEVELS
AT THE SEATTLE~TACOMA AIRPORT ’

Prepared by Alice H. Suter, Ph.D.
for the Regiocnal commission on Airport Affairs

October 26, 199%4
To: PSRC Expert Panel on Noise and Demand/Systems Management

' aegquest to t ublic fo formation

This report will address the Panel's request #2: "Detalled
descriptions of any technical reasons why achievement of the noise
reduction performance objectives of the Noise Budget and Nighttime
Limitations Program established by the POS would nhot be expected to
produce a significant reduction in real neoise impacts on-the~

ground.”

The key word in this request is "impacts." The dictionary
defines "impact" as "the striking of one body against another"
(Urdang and Flexner, 1968). In this case one body is the sound
pressure generated by alrcraft operations and the other body is the
community of individuals living nearby. Interestingly, the Mestre
Greve (1994) report commissioned by the Port of Seattle is solely
concerned with noise measurement and prediction and makes no
mention of the impact on the community. But it is meaningless to
describe the details of the noise stimulus without describing its

impact on the recipients.

Another significant omission from the Mestre Greve report and
in much of the discussion of the noise climate at Sea-Tac is the
proposed third runway. The Procedural Order in the matter of the
Expert Arbitration Panel quotes Resoclution A-93-03 to say that '"the
region should pursue vigorously ... a third runway at Sea=-Tac" and
that the third runway "shall be authorized by April 1, 1996 ..,
fwlhen noise reduction performance objectives are scheduled,
pursued and achieved based on independent evaluation, and based on
meagurement of real noise impacts." This statement implies that
the approval of the third runway is an accomplished fact once the
Port has established a "significant reduction of real, noise
impacts on-the-ground." Although the prospect of the third runway
is seldoem mentioned by the Port or its consultant, its specter
looms over the community and cannot be separated from the impact of
existing noise exposure or of that predicted for 1996,
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This report will show that the performance objectives of the
Noise Budget and Nighttime Limitations Program cannot be expected
to produce a significant reduction in real noise impact eon the
community. There are a number of reasons for this:

1. The predicted decreases in ANEL of 1.55 dB and DNL of 2.1
dB may not occur because they are within the margin of error of
such predictions. . '

2. Even if they do occur, these decreases in ANEL and DNL will
not be perceptible to residents. '

3. The predicted decreases in ANEL and DNL will not produce a
significant decrease in adverse effects on the community.

4, Using the DNL metric alene is not sufficient to predict the

total impact.

5. The proposed reduction is gfcssly insufficient because it
reduces noise exposures from levels that are unacceptable to levels
that are still unacceptable.

1. Margin of erron

In her testimony before the Panel, Susan Evans pointed out the
well-known fact that aircraft noise exposure forecasting is not an
exact sclence. While consultants usually do the pbest job they can,
the outcome is influenced by such a wide variety of factors that
the actual levels rarely match the predictions. These factors
ineclude the exact mix of Stage II and Stage III aircraft, whether
the Stage III aircraft are hush-kitted, re-engined, or
manufactured, and if they are manufactured, where they fall in the
range of neisy to gulet within the Stage III category. Numbers of
operations may also change, as Ms. Evans pointed out, to say
nething of the increased number of operations that could be
expacted if a third runway were congtructed.

.Panelists Martha Langelan and Bill Bowlby dgqueried Paul

- Dunholter from Mestre Greve about the use of the standard noise

modeling technique (INM), whether or not it had been tailored to
the Sea-Tac airport, and the extent to which it has overpredicted
or underpredicted noise levels. Mr. Dunholter repliéd that it had
not been tailored to Sea-Tac, that most alrcraft +ypes were
actually measured to be within plus or minus 3 dB and that the
total DNL was "in the range of 3 dB." ‘

It seems ludicrous to base major policy decisions on a
predicted noise reduction obtained using a standard (unmodified)
prediction model with a margin of error that is greater than the
predicted nolse reduction itself., Even if the DNL margin of error
were a total of 3 dB, meaning plus or minus 1.5 dB, this margin of
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error is virtually the same as the predicted 1.55 dB ANEL reduction
and is dangerously close to the predicted average DNL reduction of

2.1 dB.

2. The predicted decrease will not ba’ perceptible.
FICON:

Nelther a decrease in ANEL of 1.55 dB nor a decrease in DNL of
2.1 dB will be perceptible to the airport neighbors. This is
despite Mr. Dunholter's statement that the FICON document uses "1.5
dB as a threshold of significance [of]... change" and that the FAA
uses 1.5 dB as a guideline for the preparation of an EIS,
Actually, the drafters of FICON's technical report use a 3-dB
increase at DNL 60 dB and a 1.5 dB increase at DNL 65 dB.to trigger
the need for further analysis. There is nothing in the report to
indicate that FICON considers 1.5 dB a significant decrease in
noise axzposure. The report does state that although it is
difficult for individuals to detect a 3-dB change, a community
would f£ind such a change "clearly noticeable." It cites no
scientific evidence to support this point, however, only a personal
communication from william Galloway (FICON, 1992).

FAR Order 1050.1 does establish an increase in DNL of 1.5 dB
in noise sensitive areas as a trigger for further analysis, but the
FICON report cites no evidence to support this level. It appears
to be a policy decision only, although probably a judicious one
bacause it refers to proposed increases in noise exposure level.

Panelist Bill Bowlby states quite rightly that a decrease from
a2 DNL of 90 to a DNL of 87 would not be particularly noticeable,
(even though the sound energy would be cut in half), but the same
reduction in DNL could be achieved by cutting the number of
operations in half, and this would be clearly noticeable.

" Sound energy vs. loudness.

The statement in the Mestre Greve report that a reduction in
ANEL of 1,55 dB amounts to a reduction of 30 percent is misleading.
When only sound energy is considered, a reduction of 3 dB is indeed
a reduction of 50 percent, but people's ears do not perceive the
same increments. It is a well known concept in psychoacoustics
that it takes a reduction of 10 dB to achieve a 50 percent
reduction in loudness (Stevens, 1957, 1972; Zwicker and Scharf,
1965). Therefore, a reduction of 1.55 dB amounts to a reduction of
only about 8 percent rather than 30 percent, and it is highly
unlikely that anyone would notice it. fThis is why Mr. Bowlby was
correct in his assumption that even a 3~dB reduction in sound
energy would not be particularly noticeable, whereas a reduction in
numbers of operations would be. In this case, people are



reapohding to something besides DNL.

The same principle holds true for judgements of noisiness,
{sometimes referred to as "perceived noisiness"), which have been
used to assess peoples' reactions to aircraft noise. Kryter (1984)
has found that the 10-dBP increase- per doubling and halving of
noisiness applies up to peak indoor levels of about 80 dB(A), but
after that the function becomes somewhat steeper.

What is detectable?

Experiments show that the smallest increment in sound level
that people can detect is about 0.5 to 1 dB in the laboratory.
These loudness Jjudgements are based on the comparison of sounds
that occur very close together in time, nearly simultaneously.
Investigators have found, however, that after an interval of about
one second, the judgements become contaminated by onel!s ability to
remember (eg., Florentine, 1986). If laboratory subjects have
difficulty remembering the loudness of specific sounds after a
period of one second, it goes without saying that it would be
impossikble to remember such small increments in averaged sounds
{like DNL) over a period of years, such as from 19%0 to 19%6.
Moreover, as we will point out, these judgements become influenced
by much more than one's memory.

The guestion arises, then as to the size of a change, and
specifically a decrease, in average nolse level that is detectable
by a community. ‘The evidence is not at all clear, For example,

- Fidell and Silvati {1991) measured the long-term annoyance from

noise in the viecinity of the Atlanta airport in the residents of a
large number of homes either treated or untreated with acoustical
insulation. The authors estimate that the acoustical insulation

-added about 5 dB to the transmission loss of a typical woed frame

structure. The investigation found no significant difference in
the annoyance of residents in treated as compared to untreated
homes. Therefore, the 5-dB reduction in DNL (at least indoors) was
not significant. :

With respect to decreases 1n road-traffic noise, de Jong
(1990) reports that in general, no significant effect occurs with
minor changes, defined as 3 dB or less, but that a positive effect
may be expected if the reduction from noise insulation is 12 dB or
more. De Jong points out, however, that since costs are involved
in erecting barriers or installing insulation, more noise reduction
may be necessary for a comparable decrease 1n annoyance than if
there was a reduction in the source itself. It appears, from at
least these limited data, that a reduction of somewhere between 5
dB and 12 dB is necessary to produce a noticeable change in the
community's reaction, But a reduction in annoyance is even more
unlikely in the present case because of certain non-~acoustical
factors.,



3. The predicted decrease will not result in a significant
decrease in adverse effects,

Non-acoustic variables:

The <traditional method of evaluating the impact of
aircraft/airport noise on communities has been to conduct
attitudinal surveys by telephone and, after an analysis of the
data, - to determine the percentage of the population "highly
annoyed!" as a function of given levels of aircraft noise in DNL.
Research projects in recent years point to the fact that much of
the wvariability in the resulting data is due not only to noise
exposure level but to a limited number of attitudinal variables.
According to Job (1993), some 60 percent of the variance in group
data and only 5-29 percent of the variance in individual data is
explained by noise exposure. Much of the rest of the variance is
accounted by the following attitudinal factors (Fields, 1933):

1. Fear that an aircraft may crash.

2. A belief that the aircraft noise could be prevented or
reduced by designers, pilots, or authorities related to the
airlines, :

3. An expressed sensitivity to noise.

In his extensive study of these non-acoustic factors, Fields
(1593} does not reject the assumption that there will be changes in
annoyance following changes in noise level. The point is that any
such changes are likely to be greatly influenced by these three
factors: fear, perception of preventability, and sensitivity.

The Schultz curve:

The criterion used to predict the percentage of a community
that will be "highly annoyed" by given levels of aircraft/airpert
noise is a function commonly known as the "Schultz curve," named
for the acoustical expert who developed it. Schultz (1978)
analyzed a number of studies, plotted some 161 data points, and
developed a predictive equation based on a regression analysis of
these data. The studies included noise from airports, highways,
road traffic, railroads, and tram lines.

- Recently, a revision of the Schultz curve was published by
Fidell, Barber, and Schultz (1991), which added 15 new studies,
making a total of 453 data points. The new curve predicts slightly
mere anneyance than the original curve at a DNL of about 75 dB and
below, and slightly less than 'before above that point. A
relatively similar update of the Schultz curve appears in the FICON
{1992) report, which we will assume to be the most recent version.



According to the latest version of the Schultz curve, the
percentage of those highly annoyed resldents exposed to the Sea-Tac
baseline ANEL of 74.52 dB would have been 35.52 percent, and the
percentage exposed to the predicted level of 72.97 dB in 1996 would
be 31.05 percent, a decrease of 4.54 percent. Figure 1 shows the
predicted percentage of the population highly annoyed according to
year, with ANEL plotted in the upper part of the graph. (The
reductions in both parameters are barely noticeable on the graph.)

ANEL / ANNOYANCE

80,00

ANEL

170,00

€0.00

Y PR R P

4
o
©
o
]

% THGHLY ANNOYED

BASz 1891 1992 1383 1884 1985 1896
YEAR

Fig. 1. Percent highly annoyed {(open aquares) due to corresponding ANEL levels
{filled squares). ANEL data are taken from Table 3 of the Mestra dreve report
(1994) and the estimated percentages of highly .annoyed are calculated from the
equation for the updated Schultz curve (FICON, 1992).



These predictions assume that the calculated noise reductions
would be realized, that the Schultz curve accurately describes the
population highly annoyed, and that any intervening variables would
not bhe important =-- three highly questionable assumptions.

In fact, if the community had been surveyed in .1990 and were
to be again In 1996, it would be unlikely that there would be any
decrease at all in the percentage highly annoyed, This is true, at
least in part, because of the magnitude of the contribution of the
three attitudinal variables discussed above. In light of the ever-
present threat of the new runway, these attitudinal variables are
bound to be critical factors, especially the community's perception
of preventability.

4. DNT,_alone is_not sufficient to describe the impact.

As many witnesses have testified, the DNL metric does not tell
the whole story. While it is useful in making certain predictions,
the way it is used has many shortcomings, and the metric itself
needs to be supplemented in many cases.

: Other descriptors, such as the "Sound Exposure Level" (SEL)
and the "Time Above" (TA) statistic are often recommended for
speclfic locations where speech communication is important (FICON,
1992), 'There are some 29 schools and colleges located within the
DNL 65 dB contour, and aircraft noise is bound to have a serious
impact on these students and their teachers. This impact must be
assessed before any proper analysis of the current or predicted
conditions can occur, let alone any ideas about the installation of
a new runway. The use of supplemental measures, such as SEL or TA
would -be necessary for this assessment.

Another critical element in describing the impact is the
number of aircraft operations. In many circumstances, people are
more likely to notice changes in the number of operations than in
the overall DNL. This is due in part to the need to reduce nolse
level by 10 dB (rather than 3 dB) to effect a halving of loudness
or noisiness. A 10~fold reduction in the number of overflights
would also amount to a halving of sound energy, but it would be
considerably more noticeable and have a much greater benefit. To
state it slightly differently, a Stage III plane is typically about
half as loud as a Stage II plane, even though it puts out only
about one-~tenth the sound energy (Stewart, 1993).

. There are two particular circumstances where people are also
likely to notice changes in numbers of opérations more than changes
in DNL. oOne is in places like schools, where speech communicaticn
is eritical and the number of interruptions is at least as
important as the sound level and the length of each overflight.
Another is in =situations where people like to spend time out of

7




doors. Acoustical consultant Noral Stewart has found that in
places where people put a high value on enjoying their property out
of doors, a single noisy Stage II plane would be preferable to
several guieter Stage ITI planes, even though they might have the
same total energy. The reason is that the recipient could "get it
over with" and enjoy the period of respite {Stewart, 1993),

This is an important point when considering the impact on the
Sea-Tac neighbors, where the beautiful natural setting is a
preeminent attraction. With Mount Rainier on cne side and Puget
Sound'on the other, most families in the area want to spend time on
their decks. In addition to their homes, residents want to spend
recreational and leisure time elsewhere in the impacted area, such
as the harbor in Des Moines and the winding paths along the Sound.

Despite their importance, numbers of opecrations have been
omitted from the proposed noise reduction objectives. DPerhaps one
reason for this is that the Mestre Greve report shows gradually
increasing numbers of operations between the base year and 1993,
and this trend could very well continue into 1996 and beyond. More
importantly, nothing is said about the projected increase in
operations that is destined to accompany a third runway.

5. Reducing the levels from unacceptable to unacceptable.

Severity of exposure:

The Port's projections showing shrinking noise contours

- hetween 1991 and 1996 look impressive, but the public should not be

misled for a number of reasons. First, as mentioned above, the
achievement of the 1996 contours is gquestionable, and even if they
are achieved, the projected reductien in ANEL of only 1.55 dB (or
2.1 dB in the average DNL), is not likely to be noticeable., Also,
it is important to remember that noise exposure contour lines are
not break points, but represent locations on a continuum of neise
levels. This means that moving from just inside the DNL &5 dB
contour to a DNL of 63 or 64 dB cannot be expected teo provide
instant relief, and, for that matter, cannot even be expected to be

noticeable.

The fact is that very many residents 1living within the
impacted areas will be exposed to extremely high, barely tolerable
levels of noise. Even if the predictions turn out to be accurate,
the Port estimates that in 1996, 1300 people will still reside
within the DNL' 75 dB contour, which has been labeled a "severe
exposure" and "unacceptable" by HUD, and by FAR Part 150 as
unacceptable for residential land use, even after the incorporation
of noise attenuation. Schools and other noise sensitive properties
will also be located in this area.

If the predictions are correct, neariy 14,000 people will
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reside in noise levels above DNL 70 dB, considered "significant
exposure' and "normally unacceptable" by HUD. An estimated 44,000
people exposed above DNL 65 dB wil)l reside in areas that are
considered "normally unacceptable" by HUD, and, according te FAR
Part 150, that are "incompatible with residential or school land
uses unlesa measures are taken to achieve additional noise level
reductions.," (FICON, 1992)

The impact is more severe than the Schultz curve would predict:

According to the Schultz curve, approximately 31 percent of
the exposed population would be highly annoyed at the predicted DNL
of 72.97 dB in 1996. But several investigations have shown that
the percentage of persons highly annoyed by aircraft noise is
considerably higher than that from other tybpes of transportation
noise, The Schultz curve, however, includes all types of
transportation noise, with the understandable result that there is
a large amount of variability around the single regression curve.

Figure 2, from Fidell et al. (1991) shows the authors' version
of the Schultz curve using a quadratic fitting function, which they
found accounts for 44 percent of the variance. (Note the wide
scatter of data points.) -The data in Figure 3 (also from Fidell et
al., 1991) should help to explain this variability, The data were
collected by Canadian researchers (Hall, et al., 1981} who
contrasted annoyance from aircraft noise in the vicinity of the
Toronto airport to annoyance from road traffic noise. The graph
shows the aircraft noise data points and road traffic noise data
points plotted alongsider the 1978 Schultz curve, This figure
clearly shows that annoyance due to aircraft noise is considerably
greater than it is for comparable levels of road traffic neise,
Fidell and his colleagues (1991} studied the data from several
other airports and found that the ajircraft nolse data points fell
substantially above the Schultz curve in nearly every case,

European and other international neoise experts have also found

. that the Schultz curve underestimates annoyance due to aircraft

noise. Dutch researcher Passchier-Vermeer (1993} has summarized
the results of various studies of transportation neise. Figure 4,
from Miedema (1992) (in Passchier-vermeer, 1993), shows the
relative annoyance from aircraft noise (A), highway noise (H),
other road traffic ncise (0), and railroad noise (R). Aircraft
noise 1is clearly the most annoying. Figure 5, also from Miedema,
shows the percent "severely annoyed" as a function of' DNL from
various noise sources. Aircraft nolse is the most annoying
transportation neise source, although annoyance from impulse noise
appears to be even greater, These annoyance functions are
contrasted to the 1978 Schultz curve, shown by the dashed line. At
a DNL of 70 dB, the Schultz curve predicts about 25 percent of the
exposed population to be severely annoyed, whereas Miedema's data
would predict greater than 75 percent, .
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Additional research from the Netherlands points to the fact
that aircraft noise ig more disturbing than other types of
transportation noise. A study by de Jong and his colleagues
investigated the relative disturbance caused by highway traffic,
railroad, and aircraft noise in different activities (de Jong et
al., 1992). Table I shows the percentage of people disturbed
according to noise level, neoise source, and category of activity.

Table I, Percentage of people expressing disturbance during
specific activities as a function of 24~hour equivalent sound level
(L) (from de Jong et al., 1992, translated and cited in Passchier-

Vermeer, 1993).

Activity Leq 61-65 dB Lm:| 66=70 db
Noise source
Talking
Highway traffic , a5 45
Rajilroad traffic, a5 35
__Aircraft traffic 75 80
Watching TV .
Highway traffic 25 40
Railroad traffic 60 40
Aireraft traffic 60 75
Listening to the radio :
Highway traffic 20 40
Railrocad traffic 45 40
Alrcraft traffic 45 50
Reading
Highway traffic 25 30
Railroad traffic 10 10
Aircraft traffic 30 s
Fear
Highway traffie » ' 35 40
.Rallroad traffic 5 5
Alrceraft traffic 30 40

The table shows that aircraft noise is more disturbking than
the other noise sburces in nearly every category and. that the
differences increase with increasing noise level. For example, at
average levels (L) of 66-70 dB the percentage of people expressing
disturbance from aircraft noise during talking and watching TV was
nearly twice that for the other noise sources. For listening to
the radio and reading it was also higher, but the difference was
not as dramatic, The authors have also included fear as a
category, and the responses indicate that the levels of fear

12




Y.

associated with aircraft noise were higher than railroad noise but
about the same as highway traffic.

In Figuré 6, Passchier-Vermeer (1993) has plotted the
‘percentage of people whose activities are disturbed by aircraft
alongside the percentage severely

noise (from de Jong, 1992}

annoyed by aircraft noise (from Miedema, 1992). These data provide
yet another indicator that the percentage '"highly annoyed"
Schultz curve,
percentage of people adversely affected by aircraft noise. For
example, at an average level of 70 dB, approximately 30 percent are
highly annoyed according to the Schultz curve, compared to about &0
percent according to Miedema's curve and up to 80 percent disturbed
(while it is true that Passchier-

predicted by the

vwhile talking or watching TV,

greatly underestimates the

Vermeer has plotted her data as a function of 24-hour L rather
than BNL, the approximate relationship should be the same.)

100}
80~

60|

Perconiago severoly annoyed

O talking

A walching TV

[ listening to the radio
. { reading

60
———» Lasg, 24h

., Y being frightened or having fear,
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Fig. 6. Percentage severely annoyed (8olid line) and the percentage disturbed

{data points) by aircraft noise.
of Miedema (1992} and de Jong (1992).
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In still another recent study of community anncyance, Bradley
{1994) found that annoyance from aircraft noise was substantially
greater than would have been predicted by the sSchultz curve at
airports in cCanada, Switzerland,” the U.K., Norway, Japan, and
Australia.

Various reasons have been suggested for the differences
between reaction to aircraft neise and to other transportation
nolse sources,. One of the attitudinal factors mentioned above
{Fields, 1993) appears to be more directed toward airports than
toward other sources: the belief that authorities could prevent the
noise. An additional explanation is that alrcraft noise is highly
intermittent and is therefore less predictable. Several studies
have shown that unpredictable noise preoduces greater adversa
effects than predictable noise (eg. Glass and Singer, 1972;
Percival and Loeb, 1980). According to a model developed by
Canadian researchers (Hall et al., 1585 and Taylor et al., 1987,
cited in de Jong, 1990) the differences can be explained by using
single events, rather than average noise leveis.

Once again, it is clear that DNL does not tell the whole
story, especially where aircraft nolse is concerned, and that the
traditionally wused Schultz curve underestimates the impact
considerably.

The "highly annoyed" criterion is also an insufficient descriptor
of the impact: ‘ :

Several researchers in psychoacoustics have pointed out that
the traditional wuse of the criterion "highly annoyed" 1is
insufficient to characterize the effects of noise. The use of this
crfiterion has been criticized on the grounds that it is such an
extreme measure of community reacticn, it treats attitudinal data
categorically rather than scaling it, and it fails to analyze the
distribution of annoyance (see Job, 1992; Griffiths, 1983). Job
{1993) cites the finding by Hede et al. (1379} that there are many
words that people use to characterize their reactions to noise that
do not correspond to 'annoyance," Job (1993) points out that
"paople may react with anger, disappointment, withdrawal, feelings
of helplessneas, depression, anxiety, distraction, agitation, or
exhaustion...." (p. 50} rather than mere anncyance. Thus the
inadequacy of the term "annoyance" may account for quite a bit of
the unexplained variance.

Perceived control:

Another aspect of reaction to noise that may be closely
related . to the belief that the authorities could have prevented the
noise is that of perceived control over the noise, Studies of the
effects of noise on performance and behavior have shown clearly
that the severity of human reaction is closely related to one's
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control or even perceived contrel over the noise (Glass and Singer,
1972; Singer et al1,, 1990)., A study of the effects of perceived
control over airecraft noise showed a highly significant correlation
between perceived control with annoyance scores and a smaller but
not statistically significant correlation with subjective health
scores (Altena, 1989, cited by Passchier-vermeer, 1993).

Alrports, therefore, provide an ideal example of a situation
where, if an expansion occurs against the wishes of a community,
feelings of lack of control will be a powerful influence on the
community's subseguent reaction.

The components of annoyance and other adverse effects:

It is important to remember that expressions of -annoyance,
disturbance, or being bothered are not merely "attitudes" hut are
comprised of specific adverse effects as well as feelings. These
effects include interference with sleep, conversation, watching TV,
and the enjoyment of one's property. These effects have been
described in detail in publicatiens by the U.S. Environmental
Protection Agency and others referenced here. (See especially EPA,
1973b and 1974; Passchier-Vermeer, 1993; and Suter, 1992a and
1992b.) ‘

It is eclear from research conducted over the years that the
noise levels to which the neighbors of Sea-Tac are exposed is
producing adverse effects now -- effects that will not be allayed
by reducing the average overall level by 1.55 dB. DNLs of 65 dB to
higher than 75 dB are excessive. Many years ago the U.5. EPA
identified a DNL of 55 dB as necessary to protect the population
against the unwanted effects of noise (EPA, 1974). Recent research
confirms the findings of the earlier investigations relied upon by
the EPA that high levels of annoyance are cften generated at levels
well below the DNL of 65 dB used by the FAA and lts consultants
(Fidell et al., 1985; Fidell et al., 1991; Hall et al., 1981;

Miedema, 1992).

The levels of neise in the environment around Sea-Tac
adversely affect the teaching-learning relationship, as most
teachers will attest., They lead to what has been called "jet-pause
teaching." Studies show that such levels may be expected to cause
decrements in children's reading skills, long~term recall, and
tolerance for frustration (Bronzaft and McCarthy, 1975; cOhen and

‘Weinstein, 1981; Hygge et al., 1593).

These noise levels are well above the DNL of 45 dB identified
by the U.S. EPA to protect against sleep interference (EPA, 1974},
as well as the levels recommended by other experts on the effects
of noise on sleep (Griefahn, 1990; Eberhardt, 1987 and 1950; Vallet
et al., 1976 and 1990). They increase the chances of awakening

from sleep and they diminish sleep quality by causing people to
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shift from heavier to lighter stages of sleep.

With respect to the extra-auditory health effects of noise, no
clear dose-response relationships exist at this time, although
there is evidence suggesting adverse health effects from high
lavels of noise in general (Ising and Kruppa, 1993; Peterson et
al., 1978, 1981, and 1983; Rehm, 1983) and some evidence
implicating aircraft noise in particular (Hygge et al., 1953; Ising
and Kruppa, 1993; Knipschild and oudshoorn, 1977). The current
thinking on the subject is that these effects are most likely
mediated psychologically, through aversion to noise. This would
make it virtually impossible to predict adverse health effects as
a function of neise exposure level. The distinct possibility of
adverse health effects, does, however, stress the importance of
minimizing excessive levels of noise, especially when such factors
as preventability and controllability are important contributers.

sunmary

It should be clear by now that the performance objectives of
the Port of Seattle's Noise Budget and HNighttime Limitations
Program will not produce a significant reduction in real nocise
impact on the community. The predicted decreases in ANEL may not
occur because they are within the margin of error of such
predictions, but, even if they do, they will most 1likely be
imperceptible to the impacted residents. Decreases in DNL of 1.55
dBE (or 2.1 dB) are teoco small to be noticeable. The statement by
the Port's ‘consultant that the noise will be decreased by 30
percent by the year 1996 is misleading, since the ear perceives
changes in loudness in much larger increments than the equal energy
rule would predict,

The reaction of the community is not likely to change at all
between the base year and 1996, and, in fact, may intensify because
of the importance of the non-acoustile variables. In the case of
Sea-Tac in particular, where there is so much anxiety about the
prospect of a third runway and sc much skepticism about the
responsiveness of the airport authority, non-acoustic factors are
destined to play a very important role.

The evidence iz also very clear that the use of DNL alone,
especially in the form of the Schultz curve, greatly underestimates
the adverse reaction of the community. It should only be a matter
of time before U.5. scientists discontinue the use of the Schultz
curve in its present form for the prediction of community reaction

to aircraft noise.

Finally, the Panel must consider that the impact of aircraft
noise on the community surrounding Sea~Tac is already excessive.
It degrades the quality of teaching and learning, it disrupts
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sleep, it interferes with the enjoyment of property and the natural
surroundings, and it causes undue disturbance for literally
thousands of citizens every day. . 'The levels experienced by Sea-~
Tac's beleaguered neighbors are already 10 dB to nearly 25 dB above
those recommended by the EPA to protect the public health and
welfare. The approval of a new runway on the basis of the
ephemeral and inadeguate reductions forecast for 1996, or even for
2001, is ill advised and would most likely have a pernicious effect
on the community,
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