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SUMMARY

This report presents the results of an investigation to:

I) identify additional pieces of equipment (generic types) not ia-

eluded An 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 gao-
l

graphical regions during the normal daytime work period; 3) evaluate

: construction activity duration time periods (and the influence of

geographical location within the U.S. andof pophlation density on the

acerage construction activity duration); and 4) collect and evaluate

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

values for various building-structure 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

power, and operational noise level to potential overall community

noise exposure, only two pieces of construction equipment were

selected for additional analyses and data collection. These pieces

of equipment ara: l) manually-guided compactors; and 2) forklift

trucks. Prom a construction site field survey, usage data for both

_ieoes of equipment were obtained. These data included: i) identi-

fication of the phases of construction during which the equipment

was used; 2) typical number of hours of equipment operation per day;

3) estimatsd number of days during each phase that the equipeent was

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

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

equipment usage factors were determieed. A detailed description 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, respectively. The average A-weighted noise level at 50

feet for both equipment types was determined from publications col-

lected for a previous EPA li£erature search study. Although the

relative change in totalnoise impact resulting from the addition of

both 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. The noise for the residential sites

increased by i.I dBA while the other three sites increased by

approximately 0.i dBA.

The percent'change in baseline population density values

resulting from hernial daytime work period population transfer was

denermined for each of the SMSA region categories considered in the

EPA's construction site noise impact m0del. A detailed description

of the computational procedures used to determine these percent

changes is presented in Appendix B. Although the analysis was based

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

that the results a_e representative of the average population density

variations for each of the five SMSA region categories. _n general,

the percent change in population density values derived from this

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

the exception of the u_ban fringe region category, the two sets of

population density values agree with respect to the relative d_rec-

tion of population transfer besween SMSA region categories. With

raspecu _o the urban fringe region category, it was found that for

the normal daytime work period, thenet population decreased around

high-density urban centers but increased around low-density urban

canters. However, on the averages (data for both urban center types

¢o_bined) the net population transfer for this region was almost

negligible.

The current baseline population density values were revised

uo reflect the population transfers between SMSA region categories

i£
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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 performed. The assumptions and a discussion of

the procedure used to determine the revised population density values

are presented in Appendix C.

The duration of construction activity for residential,

office/public service, and industrial/commerclal site types were

investigated. The inf!uence of geographical location of the site

type within the U.S. and of surrounding population density on the average

construction activity*duration time period were also evaluated. It

was found that for residential site types, the weighted-average

constz,/stion activity duration time period (i.e., length of time from

start tocompletion of the 'building project) does not vary signifi-

cantly with respect to geographical location within the U.S. For

office/public service and industrial/commercial site types, no data

were available to determine the relationship between activity duration

and geographical location. Based on local construction activity data

and eeasus tract population density values, the relationship between

average population density and duration of construction activity, for

all sitetypes considered, has a low degree of correlation. Appendix

i D presents a complete listing of the data used to evaluate these '
J

! relationships.
i

i Compared with the data currently used in the construction

site noise impact model, the study results show _hat the average (on

a natienal basis) number of 8-hour days of construction activity for

the residential end industrial/commercial site types may be under-

estimated by approximately 38 percent 'and 27 percent, respectively.

For the office/public service site types, the construction activity

duration mmy be overestimated by approximately 6 percent. Some un-

certainty in these comparisons exists due to the assumption made

iii
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regarding the percentage of construction activity "down-time" used

in determining the average number Of 8-hour days of construction

activity. DoWn-time is defined as the percentage of the construction

project s_aru-_o-completion time period during which no construction

actlvlty occurs.

Based on an _valuation of currently available data concern-

ing "typical" or average building boise-reduction values, it appears

that all cons_ruc_lon site noise impact calculations should he per-

formed relative uo an Ldn outde_r threshold of 65 dB_ The suggestsd

use of a 65 dB outdoor thrsshold for all impact calculations' is based

on the finding that a representative average building noise-reduction

valus Of 20 dB is applicable to single-family dwellings as well as

other larger and heavier building-structure types.

!
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i. INTRODUCTION

i.i BACKGROUND

The Noise Control Act of 1972 (P.L. 92-574, 86 Star. 1234)

established, by statutory mandate, a national policy "to promote an

environment for all Americans free from noise that jeopardizes their

health and welfare." As specified in the Noise Control Act of 1972,

the first step towards promulgation of noise standards for new pr0d-

ucts is identification of those products that are major sources of

holds.

Section 6(a) (1)(c) has identified construction _quipment as one

of four product categgries to be considered for noise regulation. In

determining whether a particular type of construction equipment is a

major noise source and, therefore t subject to regulatory action, a

i health and welfare impact assessment is an essential and necessary

consideration. TO provide a quantitative assessment of the noise

impact, a const_otion site model was developed to compute the number

Of people (on a national average) exposed to higher levels than the

de{ined thresholds identified as requisite to protect the public

health and welfare with an adequate margin of safety. The initial

I data bass used in the development of this model was presented in a

[ report prepared for the EPA in December 1971.1 However, this report

was incomplete in that some of the basic data sources were not

identified and some 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 existing data

gaps, to provide additions to the existing data base, and to revise

obsolete or poorly documented assumptions. The objectives of this

study are to provide data which can be used for these purposes.
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1.2 STUDY OBJECTZVES

The principal objectives of this study are to: i) identify

additionelpieces 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 modml geographical

regions during the normal daytime work period; 3) evaluate construction

: activity duration ti_e periods (and the influence of geographical

location with U.S. and of population density on the average construction

activity duration); and 4) collect and mvaluate available data con-

terming "typical", or average, noise-reduction values for various

building-s_ructure types. Relative to each of these study objectives,

this report will attempt to fill existing data gaps, to provide

additions uo the existing data bases, and to revise obsolete or poorly

doct_entsd assumptions currestly used in the EPA's construction site

noise impac_ model.

i-2
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i 2. IDENTIFICATION OF ADDITIONAL PIECES

I OF CONSTRUCTION EQUIPMENTL
r

[

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

construction equipment, and observations from previous construction

site field surveys, several pieces of construction equipment, not

included in the EPAIs noise impact model, were identified. These

additional equipment types included the following:

• Compactors, manually guided

• Forklift Trucks

• Mobile Concrete Mixing and Batching Plants

• Earth Augers

• Concrete Finishing Machines

• Mobile Crushing and Screening Plants

• Blowers and Fans

• Benders, Cutters and Threaders

• 'Drop Ham_ers

• Surface Grinders

• Muckers

• Pil_ Puller (Extractors)

The implicit objective of this study was to identify additional

pieces of construction equipment which were typically used in the four

types of construction considered in EPA's impact model, and therefore,

would potentiallycontribute to the overall community noise exposure.

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

2-1



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: i) they produce relatively low operational

noise levels or, 2) their source oE power was previously identified

by EPA as a major source Of construction site noise. Based on the

above selection criteria, two pieces of construction equipment were

identified for additional analyses and data collection. These pieces

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

2.1.2 Equipment Description

Compactors, manually guided -- There are ewe general types of

manually guided compactors -- rammer and vibratory plate. Both are

generally powered by a relatively small gasoline engine ranging from

approximately 2 to 16 horsepower. However, both are available with

alternative power sources inc!uding electric and hydraulic motors

and.diesel engines. Although both types of compactors are u_ed for she

same purpose, i.e., surface compaction, the type of compactor

required depends on the type Of materiel to be compacted. For

example, granular soils require a vibratory plate compactor while

clay soils require the use of a rammer type compactor. Either a

vibratory plate or rammer can be used on sandy or silt ioam_ A gen-

eral description of the types and uses of gasoline engine powered,

manually guided compactors is presented in Table 2-1.

Forklift Trucks -- Construotion sate forkllft trucks are

specialized materials-handling machines. They are highly maneuverable,'

self-propelled units available in several mast oonfiguratione:

i) straight, 2) rear-mounted reach, 3) combination reach-and-mast,

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

*The BPA construction site model assames that construction activities

are performed during five discrete periods or phases. The time
duration of each phase depends on the type of construction performed.
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Table 2-1. GENERAL TYPES AND USES OF MANUALLY-
GUIDED GASOLINE ENGINE POWERED COMPACTO_

Typical Compactor Uses
Type of Engine Compaction

Compactor HP Range Materials Specific Work Tasks

Rammer 2.2-6.5 Cohesive i. Large pipeline trench

(2-cycle soil, clay and underground
engines) or loam electric, gas, water

and telephone utility
line backfill compac-

' tion.

Vibratory 3.0-16.0 Granular 2. Compaction around

Plate (4-cycle soil, sand, retaining walls,
enginss) crushed stone e_ankments, sub-

or gravel and gradesl abutments,
other non- foundations and

cohesive asphalt patch work.*
materials

•Vibratory plate compactors only.

machines used for lifting, moving, and spotting materials through-

out a cluttered construction si_s, and are capable of placing

materials and supplies as high as three stories. They are typically

used on single and multiple unit residential housing sites as well

as large construcnion projects such as hospitals, shopping malls

End 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

horsepower ra_.ing typically less than lO0 hp. The maximum lifting

capacity and lifting height ranges from 2,000 to lO,O00 ibs. and

from 8 to 20 feet, respectively. Engine horsepower, lifting capacity,

and lifting height are generally higher for the convertible lift/

crane forklift types.
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2.2 EQUIPmeNT USAGE DATA REQUIREMENTS

EPA's construction site model includes'four construction site

types: l) residential, 2) office/public service, 3) industrial/

commercial, and 4) public works. It is assumed that all construc-

i tion activities occur during five discrete time periods or phases.

These phases and the associated time Periods for each site type are

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

u =m OF: Table 2-2. .OU._ CONSTRUCTION BY SITE TYPE AND
CONSTRUCTION PHASE

Co_etruc-

_tion

Sits Phase CONSTRDCTION PEIASE

Clearing Excavatior Foundationi Erection Finishing

Residential 56 56 92 184 92

Office/publi_ 80 320 320 480 160
Service

Industrial/ 80 320 320 480 160
Comnlercial

iPublic Works 12 12 24 24 12

noise impact from each site type is related to she individual

construction phase durations. This data element is the equipment

usage factor which is defined as the ratio of the _o_al time a

single piece of equipment operates in a given phase to the tosal

phase duration. The usage factor is then used to compute the daily

equivalent noise level, Leq(8), for each machine type. This level

is determined using the following relationships:

[Leq(8)]ki = Lk-lO iOgl0(Ti) + 10 lOgl0 [_(tlU_l _] (i)

2-4



where Lk = work-cycle equivalent noise level at 50 feet for
equipment type k, db

Ti = total construction time for site type i, hours,

tI = construction time for phase l, hours,

UFkl i = usage factor for equipment type k, phase i, and site
type i.

The term (_l UFkli) is Equation (i) is simply the number of hours of

usage on site type i for mschine type k during construction phase i.

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 equip.._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 be 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 CONSTRUCTION SITE FIELD SURVEY

A construction site field survey was conducted to obtain

relevant 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/p_blic service, four industrialcommercial 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 surveyed.

These data included; l) the identification of the phases of con-

structien during which each equipment type was used, 2) the typical

muter of hours of operation per day, and 3) the estimated number

of days during each phase _hat 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 equipment was

actually "operated has been presented in terms of percent of the total

phase duration. It should also be noted that for several of the

sites surveyed, two or more _orklift trucks or manually guided

compactors were present and operating at the same time. For those

cases, the typical number of hours of operation for a single machine

was muitipled by the number of machines operating at the construcmion

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 OF CONSTRUCTION EQUIPMENT

2.4.1 Data Limitations

i

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 budget 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 developed from the field survey may not

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

This procedure employs the equivalent energy principle for
determining noise exposure, i.e., the noise exposure resulting

from the operation of two machines for a time period t is equivalent,
on an energy basis, to the exposure pro@uced by one 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. SUMMAI(Y OF AVEEAGE USAGE DATA FOR MANUALLY GUIDED COMI_ACTORS AND FOBKLIFI* TI_UCKS

(l)ata Based on CollstructJon Sige Field Survey)
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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 be gathered, on a national basis, for each

construction site type considered in EPA's noise impacn model. Until

such data are available, the limitations associated with the data

presented in this section should be kept in mind.

, 2.4.2 S_ui_ment Usa@e Data

Nigh rsspect to the construction site model's input data

requirements, equipment usage factors are one of _he most critical

input data elements. Other relevant equipment usage data include

the average annual 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 survey and are presented

in Table 2-4.

Table 2-4. ESTIMATED PERCENTAGE OF EACH SZTE TYPE

EMPLOYING EACH NEW EQUIPMENT TYPE

Site T_e
Equipment Office/Public Industrial/ Public

Type Residential Service Commercial Works

Forklift

Trucks 30 50 50 50*

Compactors
(Manually 35 75 75 50*
Guided)

•Assumed values based on work requirements associated with public

works construction (see page 16 of Rsf. 2).
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Because both pieces of equipment were used at all of the industrial/

commercial sites visited during the field survey, the equipment use

percentages for this site type were assumed to be equal to those of

the office/public service site types to obtain 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. However, it should be noted that

due to the work requirements associated with public works construction

(roads and utilities), it is reasonable to expect that both pieces

of equipment are utilized to some degree at these site types (see

Table A-I 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 public works sites:

• Both equipment types arl used on one-half of all public works
• sites

• Forklift trucks are used 25 percent of the time during the

erection and finishing phases

• Manually guided compactors are used 50 percent _f the time

during the erection and finishing phases.

As discussed in Section 2.2, the equipment usage factor is

defined as the ratio of _he equipment's total operating time during

a given phase to the total phase duration. Based on the information

presented in Table 2-3, total operating times for both equipment

types were determined as a function of site type and construction

phase. It was assumed that for public works sites, the hours of

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

factors were computed. A listing of these values is presented by

site type and construction phase in Tables 2-5 through 2-8. A detailed

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 assu_ed that equipment usage factors are functions of site

type only and do not vary with respect to population density region.
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Table 2-5. EQUIPMENT USAGE FACTORS FOR RESIDENTIAL
CONSTRUCTION SITE TYPES

Equipment Construction Phase
Type Clearii 9 Excavation Foundation Erection Finishing

Forklift
Trucks 0,0000 0,0000 0.0170 0.0798 0.0126

Manually
Guided 0.0000 0.0000 0.0214 0,0109 0.0011

Compactors

'Table 2-6. EQUIPMENT USAGE FACTORS FOR OFFICE/pUBLIC
SEKVICE CONSTRUCTION SITE TYPES

Construction Phase
Equipment

Type Clearing Excavation Foundation Erection Finishing

Forklift

Trucks 0.0000 O.O0OO 0.0008 0.1594 0.0000

Manually
Guided 0.0000 0.0000 0.0225 0.0120 O.0011

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

• Equipment Construction Phase

Type Clearing Excavation Fot_dation IErection Finishing

Forklift
, Trucks 0.0000 0.0000 0.0051 0.1438 0.0032

Manually
Guided 0.0000 0.0000 0.0179 0.0022 0,0022

Compactors

Table 2-8. EQUIPMENT USAGE FACTOP_ FOR PUBLIC WORKS
CONSTRUCTION SITS TYPES

Equipmen% Construction Phase

I Type clearing Excavation Foundation, Erection Finishing
J

Forklift

Trucks 0_0000 0.O000 0.0O00 O.0313 0.0313

Manually
Guided 0.0000 0.0000 0.o000 O.0313 •0.0313

Compactors

2-11
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_n addition to equipment usage factors, two other relevant usage

data elements should be discussed_ l) average annual hours of machine

usage, and 2) number of machines used in construction. AS mentioned

in Section 2.2, if a machine's usage factors for each site type and

• . phase and its average annual hours of use are known, the number of

machines used' in construction can be determined. Conversely, the

machine's average annual hours of use can be determined by knowing

its usage factors and the number ussd in construction. This celatlon-

ship is deffned mathematically by the following equation:

E{N(i)• [E S(k,l,i)i}= N'(k)-H'(k) (2)
i 1

where k,1 and i = machine type, construction phase and site

type, respectively

H(k,l,i) = hours of use for machine type k, per phase 1

and site type i

N(i) = total number of sites of type i

• N'(k) = total number of machines of type k used inconstruction

H'(k) = average annual hours of usage for machine

type k.

, Using the above relationship, the estimated total number of fork-

lift trucks and manually-guided compactors used in oonstruction was

determined. The average annual hours of machine use for each machine

were estimated from data presented in References 3, 4 and 5 and from

information provided by local construction equipment sales, rental

and repair companies. A summary listing Of the estimated usage

data for beth pieces of equipment is presented in Table 2-9.

• 2.5 EQUIP}._NT NO_SE LEVEL DATA

Due to high spsed wind conditions, equipment noise level

measurements could not bs performed during the field survey portion
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Table 2-9. ESTIMATED OSAGE DATA FOR FORKLIFTS AND COMPACTORS

Usa@e Data Per Machine Type Total Hours
Average Typical Equipment of Annual Total Number

Economic Operational Usage, Use, of Machines

Equipment Lifetime Lifetime, Hours per (H(i).H(i)) Used in

Type Hours Years Year Millions Construction

Forklift 10_3/Trucks 7330_l/ 733 39.4 53,752

Manually

Guided _/ * ,I/
Compactors 3200_' 5_' 640 7.60 11,877

q

_eference 3, page 25 -- construction type forklifts, pneumatic tired,

gasoline engine.

_eference 3, page 6 -- rammer and vibratory plat e type, gasoline engine.

!_eferences 4 and 5 - based on typical operational lifetime of similar
construction equipment types such as backhoes, mobile cranes, and wheel
and crawler tractors.

4_ased on estimates provided by local construction equipment sales and

repair companies.
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of this study. However, using the publications collec_ed for a previous

EPA literature search study (Ref. 6) to obtain noise level data for several

types of construction equipment, A-weighted noise measurements at 58

feet were obtained 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 weighting to the

higher levels, arithmetic-averaging is believed to be more representa-

tlve of each machine type. A listing of the average noise levels

along with the range of levels and the number of measurements used to

! determine these averages are presented in Table 2-10.

I Table 2-10. AVERAGE NOISE LEVELS FOR FORKLIFT TRUCKS ANDMANUALLY GUIDED COMPACTORS

!
I
!

" I A-Weighted Noise Level at Number of
! Equipment 50 Feet, dBA Measurements

Type Average Ran@e Used

Forklift
Trucks 83.4 79 - 86 7

Manually
Guided 84.6 71 - 101 8

Compactors

In general, a single piece of construction equipment does not

operate during all phases of construction. For multiple phase

operanion, total operational time during each phase will vary as a

function of site type. Each machine's contribution to the overall

si_e noise level is determined by mhe following factors: l) machine's
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average noise level, 2) duration of construction activity, and 3)

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

each site type, the number of hours of machine use during each

construction phase can be determined from the equipment's usage fac-

tor and the phase duration. Using equation (i) in Section 2.2 and

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

i the daily equivalent noise levels (the site noise level contributions),

f_om the forklifts and compactors were determined for each o4 the four

site types considered in the EPA's construction site noise impact

model. Although 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 daily

equivalent noise levels for both pieces of equipment are presented

by site type in Table 2-Ii. It should be noted tha t for each of the

four site' types, the site noise levels at 50 feet vary with respect

to population density region category.* Hmwever, these variations

are relacively 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

I resulting from the operation of forklift trucks and manually guided

compactors was computed as the difference between the average site

I noise level (averaged over the five region categories) and the daily

equivalent noise level contribution from the two pieces of equipment.

i •

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

Dent types.
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'l'able 2-11. DATI,Y EQU[VA ENT t|OISl_ I.L:V]_/,S(l_eq(}]))_ AI'H) SITE _OISE I,I_VEL CIIANGI_S

[

• A-Woi, bled Noise l_vels at 50 Peet, dsA, DZ Co.utruotion site T_pu

ilesldential OE_Icu/publlc S_vlco .Industrial/Co._.ercial publl_ Works

Daily Chan_e In Daily Changu in Daily Change in D_IIv Change in '
_quipment Equlv_lent site Nol_o _qulv_Lent Nlte Noi.e _quiveleet site Noise Equivalent Site Nolse

Type Level Level Level L_VOI L_vel Level Level Level

Forklift

Truck_ 69.0 +0.O 70.9 +o.l ?0.6 _0.1 64.?. O.o

Only

Manu_lly

Guided 63._ +0.3 64.5 O.O 61,0 0.0 65.9 +o.1
Comp_ctor8
Only

I
_orklift
T_uck. and

Hanunlly 70.2 +1.1 71.0 *0,1 7L,I _0,1 60,4 ÷O.1
Guided

Colnpactocu
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t 3. POPULATION DENSITY SHIFTS DURING

THE NORmaL DAYTI_ WORK PERIOD

3.1 DESCRIPTION OF DATA REGHIP_NTS

The relationship between construction site activity and the

population of the surrounding community is critical with respect to making a

reasonable assessment of the total consuruction noise exposure and impact.

To account for variations in population distributions, the EPA'S construc-

tion site noise impact model distributes the total U. S. population

into five SMSA* region categories - l) high-density urban centers,

2) low-density urban centers, 3) urban fringe, 4) SNSA areas outside

urban fringe and 5) outside SMSA.

The baseline population density values for each of the five

region categories are shown below:

'BASELINE POPULAT!DN DENSITY VALUES**

Reqion category Density (Peomle/sq. Mile)

i. High-Density _rban Center 20,877

2. Low-Density Urban Center 8,473

3. UrbanFringe 2,286

4. OutsideUrbanFringe 1,623

5. Outside SMSA 20

Because these baseline values were derived from 1970 census

data regarding the residential distribution of the U. S. population,

they do not reflect population density variations resulting from the

*A Standard Metropolitan 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.

**In this section, units for population density are people per square
mile.
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neU transfer of people between the five region categories during'the

normal daytime work period.* However, according to Bureau of the

Census publications _egarding 1970 census data, (References 7 and 8),

there appears to be a significant interchange of the working population

between the geographic components of large metropolitan areas. Table

3-i presents a summary of the total interchange of all workers by place

of work and by place of residence within all SMSAs with total populations

of 250,000 or more. From Table 3-i it can be seen that approximately

30 percent of the workers who lived in SMSAs of 250,000 or more, but

outside central cities, worked in _hese central cities, At the same

time, however, about 18 percent o_ 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

population s of 250,000 or more and represented almost 90 percent of the

total SMSA population.

TABLE 3-i. Workers Living in SMSA's of 250,000 or More

by Place of Work: 1970 Census Data

All wot klrt livil_{J Living m Livm_l oull_de

in IIm_ifild _MSA'$ mnlral cilil! central _tJel
Pla_ Ofwalk ....

Nurflt_t peto_n! Number PerOl,t Numb¢¢ Petc_rlt

To_il. ................. 4"/221,624 IOQ,O I 21,18:]J57 100,0 28,0:]8,4S? 100.0

Worklm9i, SM_;A of r_sid"nol :

Central ¢itiel . 2Q.28;_.129 493 I 15580.507 736 7301.622 29.6

Oum_ _ntr_l clliei 18.153.121 :_.4 3.102_08 14.8 15.050.315 5"A8

Working outs_(:l SMSA of

tlsl_n_m ............ 2.424.157 5.1 650.496 3.1 1363.681 68

rl;mrtecl ................ , 3,:]62,217 7,1 1,839,:M8 8,'J 1,522,869 !No; 58
I

*The daytime work period is assumed to be typically between the hours

of 8:00 a.m. and 5:00 p.m. corresponding _p the time period when most

construction activities occur.
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To ac0oun t for population transfer during the normal daytime

work period, an earlier EPA study (Ref. i) recommended an increase in

the three highest population density region categories and a decrease in

the other two. However, the adjus_ents were based on geographical

regions located entirely within the HMSA boundary. Subsequently, the

region categories were redefined (Ref. 2) to include the area outside

: the SMSAs, wher_ a significant proportion of construction activity occurs,

and to account for highly populated urbanized areas with large average

[ population densities. Although it was assumed that there was sufficient

! similarity between some of the earlier (Ref. l) and redefined (Ref. 2)

region categories to allow the use of the earlier normal daytime work

period population transfer adjustments, no data or justification were

presented to support this assumption.

The following sections present a discussion of the results

of an investigation to determine the average population density changes

for the.five region categories considered in EPA's construction noise

impact model and describe the criteria and procedures used in obtaining

these results.

3.2 STUDY METHODOLOGY AND CRITERIA

3.2.1 Comparison Between Urbanized Areas and SMSAS

The current baseline population-density regions are defined

in terms of the distribution of U. S. population living in urbanized

areas. However, availabl# data pertaining to net population inter-

changes during the normal daytime work period are presented with respect

to SMSA geographic components, i.e., central cities, areas outside

the central cities buo 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
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i impact model a_e very similar. This contention can be supported by
i

comparing the population distributions inside and outside urbanized

areas and 8MSAs (see Table E in Reference 9) and recognizing that,

in general, urbanized areas represent the densely settled core of the

SHSAs. It should be noted that because the boundaries of 8MSAs are

determined by political lines, and those of urbanized areas by the

pauuern of urban land use, there are small segments of the latter

which lie outside the SMSAS. However, the population within these

seg_enus was estimated to be about i 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,

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

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

central cities which comprised only 40 percent of the total urbanized

land area.

3.2.2 Criteria for Cateporizing Population Density Regions

_n order to estimate the population interchange during the

normal daytime work period, two assumptions were made to develop

criteria which could be used to place each SMSA geographical component,

including areas outside the SMSA, into one of the five population

density reglons. 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 IX, Reference i), it was found that,

with only a few exceptions, these cities had populations of approximately I

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

into one of two population density categories - l) those greater than

8,500, and 2) those less than or equal to 8,500 but greater than 3,000.

High- and low-density urban centers were assumed to be located in areas
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within central city categories i and _, respectively. Second, it

was assumed that the urban fringe and areas outside the urban fringe

could also be categorized according tD total population and average

populatio n 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 urbaa fringe and outside urban fringe were, respectively -

l) less than or equal to 3,000 but greater than 2,000, and 2) less than

or equal to 2,000. Since areas outside she SHSA are determined by

political boundaries, no specific population or population density

criteria were required. A summary of the categorization criteria is

presented in the following table:

CATEGORY CRITERIA

High-Denslty Central Cities Population >400,000 and
(High-Density Urban Centers) density 0 >8,500

Low-Density Central Cities Population >400,000 and

(Low-Density Urban Centers) density 3,000 < _ i 8,500

Urban Fringe Population <--400,000 anddensity 2,000 <P! 3,000

Outside Urban Fringe Population <-400,000 and
density _ !2,000

Outside SMSA Determined from political
boundaries

It should be noted that since no definitive population or

land use characteristics criteria were available, some judgement was

exercised in determining the criteria used to define population

density regions and to categorize SMS A geographical components. How-

eves, the rationale used in developing this criteria is consistent

with respect to the methodologies used in deriving similar data _or

other SPA studies and with respect to the baseline population _ensity

values currently used in the SPA construction site noise impact model.
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J 3.3 C05_UTATIONAL PROCEDURE

[

J The computational procedure employed to determine net
• i

i population transfer of workers into and out of the SHBA geographical

components during the normal daytime work period is lengthy and quite

detailed. Therefore, only a general description of this procedure

will be presented in this seoticn. A more detailed description is

presented in Appendix B. The following is a summary of the computa-

tional procedure:

• Central cities, as defined by the 1970 U. S. population
census, contain population concentrations equivalent to

the concept of urban centers.

• Populations and land areas of the geographical components
within each of the SMSAs considered in this study were

obtained from the County and City Data Book (Ref. lO),

• All population and land area within an SMSA but outside

the central cities were divided into urban _ringe and

BMSA areas outside the urban fringe on a county basis,

• The distinctien between the geographical componentsand their classification with respect to region category

I is made on the basis of absolute population and average
population density in accordance with the criteria
presen£ed in Section 3.2.2.

• The transfer of workers into and out of the five BMSA

region categories (on a central city and county basis)

were determined from the U. S. census Journey _o Work
publication (Ref. 7). "
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• Data adjustments were made to account for:

i. Workers leaving their SMSA of residence, but the

geographical component in which they lived was not

identified

2. Workers living within the SI.ISA but not reporting their

living or working locations.

a, Population density changes were determined from the

residential population, the normal daytime work period

population, and the tQtal land area for each region

category, Data is presented in terms of percent change

in population density and is computed using the following

equation:

Pc = • 100

SR

where

PC = percent change in population density during normal

daytime work period,

_DW _ average population density change resulting from population
interchanges during normal daytime work period,

_R_ average population density
residential

The average population densities were computed _sing the

relationship:

i PopulationT

. • ui
, Land Area
1

where

i represents a specific region category.
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3.4 POPULATION DENSITY VARIATIONS DURING NORMAL DAYTI_ WORK PEP_OD

3.4.1 Population Density Changes by SMSA Region Category

Based on the criteria discussed in Section 3.2.2, six

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

for this analysis. Al_hough the selection was influenced somewhat

by the nu/nber of geographic 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

selec£ed are representative of the larger SMSAs and reflect typical

population interchange between the five SMSA regions. 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

J sample 'SHSAs:

HIGH-DENSITY LOW-DENSITY

Detroit Houston

Baltimore Milwaukee

San Francisco-Oakland* San Antonia

Cleveland Memphis

St. Louis San Diego

Buffalo Seattle-Everett**

Atlanta

San Jose

Cincinati

* San Francisco considered as the _rban center

** Seattle considered as the urban cenuer

A summary of the sample population and land area data used to

estimate percent change in population density for each of the four region

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

that the total normal working day popuiation for the sample data is approx-

imately 144,O00 greater than the total residential population. This in-

crease in population i_ a _esult Of _he net t_ansfe_ of workers f_om

outside to inside the sample SMSAs.
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TABLE 3-2. Total Sample Population and Land Area Data Used to Determine

Percent Change in Population Density by SMSA Region Category

S_NSA Region Residential Normal Working Land Area, Percent Change

Category Population Day Population Square Miles In Pop. Densityl-/

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

Low-Density 6,026,598 6,534,212 1892 8.4
urban Center

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

sHSA AXea Out- 12,627,619 11,610,413 35,223 -8.1
Side U_ban Frg

i/ Percent change in population density during normal daytime work period.

Notez Populatio_ and land area for each region category represent totals

determlned by stunming ever all sample SMSAs.
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The estimated percent change in population density for the

region outside the SMSAs was computed from the following: l) 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 SMBAs and 2) the total population and land area of the U. S.* Based

on these data, the estimated percent change was determined to be approxi- ._

_ately -5.7 relative to the residential population density. A discus-

sion of the computational procedure used to obtain this estimate is

presented in Appendix B.

3.4.2 Population Density Chan_es by Construction Site T?pe and 1
by SMSA Be_ion Cate@ory

The construstion site noise impact model implicitly assumes that

the population transfers and corresponding population density variations

t which occur during the normal daytime work period take place only in

areas where there are office/public service and industrial/co_%mercial

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

I population increase in the high- and low-density urban centers and in

i the urban fringe region 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 presented in the preceding sections, it is believed

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 regio n category, where each type of construction activity is

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

tions were made regarding the following: l) the composition of each

SMSA region category with respect to basic land use classifications,

*Based on U. S. population density and land area data presenued in
Table 8, Reference 2.
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Tab]u 3-3. FOPULA'IqON DENSI't'Y VALUhl8 I_Y SIT_ TYPE;: ANI) BY SMSA REGION CA'I'SC;OIIYS
P[_OPLS/SQ. HI.

SHSA l(ogion Catecjocy

SHSA Areas

Construction lligh-Density ]_w-Density Urban Outside The Outsidu
Site ']_[_e Urban Centers Urban Cesters Fringe Urban Fringe SMSA

i_esidQntial 20,877 8,473 2,286 1,623 20

Of lice/Public

S_rvice 22,929 9,337 2,508 I, 489 18

6_

IndustrJ al/
Couu.ercial 22,929 9,337 2,508 1,489 18

Public Works 20,877 .8,473 2,286 1,623 20



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-i and 3-2 and in

Reference 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 i_ presented in Appendix C.

3.5 SUMMARY OF STUDY R_SULTS

Based on _he results of this investigation,• the following

general conclusions can be made:

1. With the exception of the outside urban _ringe 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

region categories do net agree with the results of this
study.

2. The differences between the current baseline values and

the values derived from this study _or the percent change
in population density for each SMSA region category are
shown belowl

SMSA REGION CATEGORY PERCENT CHANGE IN POPULATION DENSITY DHRING

NOR_%L DAYTIS_ WORK PERIOD

CURRENT STUDY RESULT ABSOLUTE DIFFERENCE

High-Density
Urban Center + 9.8 +13.4 3.6

Low-Density
Urban Center +10.2 + 8.4 1.8

Urban Fringe + 9.7 - 0.4 lO.1

Outside Urban Fringe - 8.3 - 8.1 0.2

OutsideSMSA -I0.0 - 5.7 4.3
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,rable 3-4. 81,3visits POPULNI'IION DBNS['['Y VAI,LIES SY Si'l'_ 'I'%'PE AND _Y SMSA

I_GION CA'I'_GOI_Y P_OPL_/SQ.MI.

SMSA }b_,lJon Categor_

SMSA Areas

Construction lligh-Densi ty bow-Density Urban Outside tile Outslde

Si_ [Pyp_ " 8rbdn CullL_.L's Urban C_nL_rs. FL'I_'_ge U_'bah Fi-Ji%ge SMSA

Residential . 12,944 5,253 1,294 990 ]9

Office/Public

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

Xndustrial/

commercial 23,675 9,185 2,277 1,492 . 19

Publlc Works .20,105 7,871 1,982 1,324 19



:_i 3. With 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 region categories.

4. 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 -1.2; however, for the
low-density urban centers, the percent change was +4.7

and. on the average _ata for both urban center types
combine_,the percent change was almost negligible at -0.4.

5. With respect to the outside urban fringe region category,
it was found that the percent change in population
density for either the high-density or the low-density
u_ban 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

Based of% the conclusions made from the results of this study,

the following is recommended:

I. Due to budget constraints, only a limited number of SMSA
areas were examined; therefore, additional high- and low-

density central city areas should be analyzed to support
or _o revise the conclusions made in this study.

2. 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

uo dividing the urban fringe region category into

u%_ separate regions, one for the high-density urban
centers and the other for the low-density urban

cenuers, since it appears from the study results
that this region category has different population
uransfer 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 construction site noise impact model. The noise level weighting

function used to represent the magnitude of noise impact is deter-

mined from the following equation:

W dn = (4-11

for La < Lcdn

where La is the annual day-night sound level, and L is the impact
dn c

threshold criterlen level. La is a function of the assumed total
dn

I. duration (ntunber P.-hour days) of construction site activity assigned

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

Eeference 16).

Currently, the noise impact model assumes that the total

duration of activity is a site-type dependent parameter only and,

that the values used in the impact model for each 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 above assamptions regarding the duration of construction site

activity is presented.
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4.1 DURATION OF CONSTRUCTION ACTIVITY BY SITE TYPE

AND GEOGRAPHICAL LOCATION

4.1.1 Local Construction Activity

i Data for local construction activity time 9eriods (construct-

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

and Statistics (ORS) - community Development Branch of Fairfax County,

Virginia. ORS maintains statistical data identifying the duration of

construction activity for three of the four site types considered in

_he construction site noise impact model: l) residential, 2) office/

public service, and 3) industrial/conhnercial. From the more than

45,000 records compiled by ORS, a random statistical sample consisting

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

Data for the residential site types were divided into three

structure-type categories: i) single-family, 2) multi-family, and

3) t_wn houses. These data were evaluated in two i) data for

w_ys_

each stmucture-_ype category were analyzed individually, and 2) data

for all three structure-type categories were combinsd and analyzed as

a single data set.

Table 4-I presents a summary listing of the statistical

analyses 0f the average duration of construction activity as a function

of site type for the three site types considered.

4.1.2 National Construction Activit Z

Data for national construction activity time periods 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

complesion for the following structure types:
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TABLE 4"1' ANALYSIS OF AVERAGE DURATION OF CONSTRUCTION
SITE ACTIVITY BY SITE TYPE - LOCAL (FAIKFAX

COUNTY_ VA.) CONSTRUCTION ACTIVITY DATA

DURATION OF CONSTRHCTrON

SITE ACTIVITY, MONTHS

CONSTRUCTION NUMBER OF

SITE TYPE DATA POINTS MEAN Standard Deviation

Single-Family 968 8.76 6.62
(Residential)

Multi-Family 149 15.34 6.99
(Residential)

TownHeuses 508 12.70 8.05

(Residential)

All Residential

Site Types 1,621 10.99 2.49
(Single-Family, •

Multi-Family,
Town Houses)

Office/Publlc 136 12.o3 6.08
Service

Indus_rlal/ 227 9,22 5.08
Commercial
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Single- and multi-family residential building projects,

Non-residential building projects including 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 average

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 respect 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 Buildin_ Pro_ects:

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 period as a percentage of the total

number of projects completed in a given cost category. These per-

cemtages are also shown cumulatively. For example, Table 4-4 shows

that 1714 percent of the projects costing between $100,00 and

$250,000 were 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 5rcm start of construction to

completion for selected types of non-residential buildings. These

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

3) commercial, and 4) other non-resldential (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 alome.
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TABLE 4-2 AVERAGE NUMBER OF MONTHS FROM START TO COMPLETION

FOR NEW S_NGLE-FAMrLy HOUSES COMPLETED BY _GION

(From Reference Ii)

Year United Geographic Region*
States North- North South Wes_

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 6.5 6.0 5.8 5.9

1974 6.2 6.6 6.5 6.0 6.2

1975 S.l 6.3 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 contained in each geographic region are as follows:
NORTHEAST - Maine, New Hampshire, Vermont, Massachusetts, Rhode Island,

Connecticut, New York, Mew Jersey, and Pennsylvania; NORTH CENTRAL -

Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, _owa, Missouri

North Dakota, South Dakota, Nebraska, and Kansas; SOUTH - Delaware,

Maryland, District of ColUmbia, Virginia, West Vlrqinia, North Carolina

South Carolina, Georqia, Florida, Kentucky, Tennessee, Alabama,

Mississippi, Arkansas, Louisiana, Oklahoma, and Texas; WEST - Montana,

_daho, Wyoming, Colorado, New Mexico, Arizona, Utah, Nevada, ;_ashington,

Oregon , California, Alaska, and Hawaii.
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TASI,E 4-3 AVERAGE NUMBEU OP MONTIIS PROM START TO COMPLETION FOR NI_W

MULTI-FAMILY BUILDINGS COMPLETED BY NUMBEI{ Oi'_UNITS IN 'J'IISBUILDING

(From Reference II)

Buildings wlCh 5 units or more

Bu[Idlngs Buildings with

wlth

2 Go 4 S to 9 I0 to 19 20 to 29 38 to 49 50 units

Year units Total 1*nits units units units or more

i
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 iO.i 9.6 i0.1 I0.8 10.5 15.1

1974 7.7 ii°0 10.4 ii.0 11.8 12.2 16.0

1975 7.4 12.0 ii,7 I1,4 12.2 13.7 18.3

1976 6.4 9.3 8.8 9,0 9.9 10.9 18.7

1977 6.4 8.8 8.5 8.7 8.8 10.3 16.9

1978 7.3 9.6 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



TABLE 4-4 PRIVATE NONRESIDENTIAL /_UII,DING PROJECTS COMPLETED IN 1976 ANI3 1977 -

PERCENT DISTRIBUTION OF PROJECTS BY NUMBER OF MONTHS FROM STAI_T OF

CONSTRUCTION TO COMPLETION (From Reference 12)
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'PAgLE d-5 PRIVATE NONRESII)ENTIAL BUILI)ING PROJECTS COMPLETED IN 1976 AND 1977 - AVERAGI.]

NUMSL_R OP MONTHS FROM STAR'P OP CONSTRUCTION ,/_O COMPLE,I,ION FOR SI_I_ECTEI] 'PYPI_S

O1_ CONSTRUCTION (Prom I_eferenco 12)

Construction Types

Value All office Other Other

of project types Ifldus trial buildings con_orola [ no*iresidential

$5,000,000 or more 24.9 23.2 25.7 21.2 29.4

$3,900,000 to $4,999,999 19.3 ]6.9 18.1 19.9 22.2

$1,000,000 Eo $2,999t999 12.9 ]2.0 14.8 11.2 15.0

$509,009 to $999,999 9.4 8.9 10.5 8.4 11.5

$259,009 to 499,999 7.3 6.2 7.7 6.6 9.2

$190,009 no $249,999 5.1 4.8 5.4 4.5 7.1

$50,000 _o S99,999 4.9 3.7 3.7 3.5 6.7

$25,000 to $49,999 2.9 2.7 2.6 2.7 4.6

_VERAG8 FOR ALL

PEOJEC_ VALUES 10.7 9.7 ll.l 9.6 13.1

Note: AveragQ number of months assumes projects completed in inonth started took full

month; projects completed in ficst month followin9 month of start took 1.5

months l projects completed in second montll following I,ontl_ of start took 2.5

months r projects completed in third month following month of start took 3.0

months; projects completQd in fourth month following month of start took 4.0

months I etc,
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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 independent of the surround-

inq population density value. That is, for a given oonstruction 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 basis, there is currently no data avail-

able which can be used to support or to refute the assumption that

the average duration of construction site activity is independent of

the surrounding population density value. However, data for local

(Fairfax Con6ty, Va.) construction projects were obtained from the

Office of Research and Statistics (ORS) - community Development Branch

of Fairfax County, Virginia.

l From a listing of more than 45,000 records concerning

construction pr6jects throughout Fairfam County, a random statistical

sample consisting of 1,984 individual records was collected. For

each individual record, the following items were recorded: l) type

of construction project, 2) length of time from start to completion

of the projec£, and 3) location of the project identified by census

tract number. From census data presented in Fairfam County pub -13'14'15

lications, census tract population density values* for 1,046 of the

1,984 individual construction project records were computed.

Based on the data described above, the mean census tract

population density value, and the relationship between census tract

population density and duration of construction activity were evaluated

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

*Average population density values were computed from the total pop-

lation and the total occupied land area specified for each census

tract number. These data were presented in References 13,14, and 157

4-9
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public service, and 3) industrialcommercial. Additionally, data for

the residential site types'were divided into three structure-type

categories (single-family, multi-family, and town houses) and evaluated

as separate data set, Table 4-6 presents a summary listing of the

results Of the statistical analyses of the mean census tract population

density associated with each construction site type. Table 4-7 and

Figures 4-i through 4-6 present the results of the linear regression

analyses of the relationships between duration of construction site

activity and census tract population density. APPENDIX D presents a

complete listing of _he data used to compute the mean census tract

population density values shown on Table 4-6, and to derive the

relationsnAps between duration of construction site activity and

census tract population density show_ on Table 4-7.

4.3 EVALUATION OP STUDY RESULTS

4.3.1 Duration of Construction Activity by Site Type
,and Geo@raphical Location

Sin_le- and Multi-Family Residential Structures:

Table 4-8 presents a summary listing of annual data showing

the percentage distribution of the number of residential building

pro3ect s_arts by geographical location and structure type {i.e.,

structures with I unit, 2-@ units, or 5 units or more) over the period

of from 1971 to 1978. Table 4-8 is derived from statistical data

presented on Table 7 in Reference ii. Based on the information listed

in Tables 4-2, 4-3, and 4-8, a weighted-average construction activioy

duration _ime period was determined for residential site types. The

weighted-average duration accounts for the differences in the average

oonstructio_ activity duration and the relative number of building

projects associated with each structure type category. The weighted-

average construction activity durations, by geographical region, are

&howe 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 (FAIR2AX COUNTY, VA.) DATA

CENSUS TRACT POPULATION

DENSITY, PEOPLE/S_. HI.

CONSTRUCTION NUMBER OF

SITE TYPE DATA POINTS MEAN Standard Deviation

Sinqle-Family 669 1,580 1,800
(Residential)

Multi-Family 50 9,910 8,590
(Residential)

Town Houses 242 3,920 3,620
(Residential)

All Residential 961 .2,600 3,640
Site Types

[Single-Family,
Multi-Pamlly, and
Town Houses)

Office/Public 34 2,690 2,770
Service

industrial/ 51 2,570 2,720
Commercial

i
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TABLE'4-7 ANALYSIS OF THE RELATIONSHIPS BETWEEN DURATION

OF CONSTRUCTION SITE ACTIVITY AND CENSUS TRACT
POPULATION DENSITY -RELATIONSHIPS DERIVED FROM

LOCAL (FA_RFAX COUNTY, VA.) DATA

BEST FIT LINEAR RELATIONSHIP:

DURATION = a + b. (Population Density)

CONSTRUCTION Correlation

S_TETYPE a b coefflcient

Single-Family 6.671 4.0 x i0 "5 0.0268
(Residential)

Multi-Family 11.433 -ii.0 x 10 -5 -0.3390
(Residential)

Town Rouse 9.124 -9.0 x l0"5 -0.1107

(Residential)

All Residential 7.13! ii.o x 10 -5 0.1313

(Single-Family,

Multi-Family, and
Town Houses)

I Office/Public 8.643 7.0 x 10-5 O.0513
Services

_ndustrial/ 7.128 22.0 x 10-5 0.2241r
L Commercial
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PIGURE 4"5 RELATIONSHIP BETWEEN DURATION OF CONSTRUCTION SITE

ACTIVITY AND CENSUS TRACT POPULATION DENSITY;
TOWN HOUSE (RES_UENT_.%L) S_TE TYPES
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FIGURE 4"6 RELATIONSHIP BETWEEN DURATION OF CONSTRUCTION SITE

.' ACTIVITY AND CENSUS TRACT POPULATION DENSITY;

RESIDENTIAL (SrNGLE-PAMILYI MULTI-FAMILY, AND

TOWN HOUSE) SITE TYPES
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I'A_LE 4-0 I_ERCENTAGB DISTRIBUTION OF Til_ NUMBER OF I_SIDEN_I'IAL
_UILDING PROJEC_ _ S_AR'I'SBY GEOGI_APIIICAL LOCATION AND

STRUCTURE TYPE (FroI_lRe_erence ii)

(Componel_s may noc s_n to i00 percen_ due to rounding)

Unltod ,gL_tDB llorLh_J_t North C_lltr_l ,gouLh W_C

¥_r _L_UCtlI_UU wJLh _. SL_uc_qlr_ _ wlth .- ,gt_U_LLIrUB with °- _tEtJcttlrus WLUl .- SLru_t_l_ul6 wILh ..
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i_?_ "_5.6 6,0 3_,5 5L.6 5,0 42.6 57._ 5._ _6._ 57._ 4,2 37._ 51,6 _*? _II.7

197_ 55;4 5.8 _0.9 56.D _,I 37.9 &].i 5.2 J].l_ 5],2 4,_ 42_7 53.6 9._ J6,_

L974 _6.4 5. J 20.6 65,0 4,9 311.1 ?I*0 4.7 _4.3 66,4 4,0 2_,7 _|,I_ 11,4 _,il

1_'_ 76._ 5,E |'],6 75.1 _o4 Jg._ 75._ 5,n |_.7 _,0 3.6 13.6 69,U 11.4 21,0

L97_ 75.6 5,7 lli._ 75,2 4._ _(I.I 7_.5 5.0 2{L_ _1.5 ],] ]_,_ _._ _.3 2L.5
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¥_It_ _6.2 5.0 2_.0 _,_ 5,4 2[L6 67,3 5,6 27. I 6_,0 4.1) 2?.2 61,2 9.2 2_.7



Weighted-Average Construction Aotivity DurAtion, Months

Gep_raphical Re_ion

United North- North South West
States east Central

1 6.9 7.3 7.1 6.7 7.0

Non-Residential Buildin_ Projects:

Table 4-9 presQnts a _,mary listing o_ annual data showing

the percentage distribution of the number of private industrial,

commercial, office, and public service building project starts in

the U.S. for time periods 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 projects by geographical region was

not provided. Therefore, the data presented on Table 4-9 is appli-

cable only on a national basis. From the data presented on Tables

4-S and 4-9, weighted-avsraqe construction activity duration time

periods were determined for the industrial/commerclal and office/

public service building project types (i.e., the industrial plus

commercial building projects, and office plus p%_blic service building

projects). The weighted-average durations, by building project type,

are Shown below:

Weighted-Average Bonstructiqn Activity Duration, Months

Zndustrial/Commercial Office/Publlc Service

9.6 12.9

4.3.2 Duratlon of Construction Site Activlty by Site Type and ._
Surroundin_ Pp_ulation 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 ra_her poor

correlation. This poor correlation has been show_ (Table 4-7) to be

independent of construction size =ype. However, it should be noted
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TABLE 4-9 PERCENTAGE DISTI¢ISUTION OF TIlE NUMBER OF PRIVATE INDUSTRIAL,

COMMERCIAL, OFFICE, AND PUBLIC SERVICE BUILDING PEOJECT STA{_TS

(Prom Reference 22J

(Components may not sum to 100 percent due to ro.nding)

BE_f,DING PROJECT TYPE

Year IndustFl_l Co_nercial * Office Public Service**

1976 9.9 24.1 7.3 58.7

1977 10.6 24.4 7.5 57,5

AVERAGE 10.3 24.3 7[4 58.1

* Includes: service stations, repair garages, stores and otiler mercantile buildings, and
amusemen_ buildings.

"* Includes: religious buildings, educational buildings, hospitals and other institutional
buildings, and other non-residentlal buildings,
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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 SALSA 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

constructzon slue uypes considered in the local data analyses are

nou significantly differen_ from that assumed for the urban fringe

BMSA region (i.e., 2,286 people/sq, mile).

4.3.3 Com_arlson of Study Results With Data Currently Used

in the Construction Site Impact Model

The constructzon activity time 'periods presented in the

preceding see=lens have been concerned with the length of time from

start to completion of ¢oestruction projects. These time periods

are derived from data associated with the issuance of building

permits, and de eem reptessmt actual comstructicn activity time

periods, i.e., the cumulative time period when construction activity

i_ occurrlng. During the time from start to completion, there is

some "dcwn-tlme" which is comprised of_ l) weekends, 2) holidays,

and 3) days when inclement weather will not permit any construction

aotivlty. It _s 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 is assumed to bs_

l) weekends - 28 pemcen_

2) holidays - 3 percent

3) days due to inclemenu ....

weather* - 23 percent

Based on the above assumptions and the weighted-average ooestruction

activity durations presented in Section 4.3.1, the number of 8-hour

* Represen=s one-third of the available 8-hour workdays when
construction actlvlty could occur.
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days of actual construction activity has been determined, on a national

basis, for _hree of the four site types considered in the construction

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

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

data currently used in the impact model is shown below:

NUMBER OF 8-HOUR DAYS

OF' CONSTRUCTION ACTIVITY

SITE ABSOLUTE

TYPE CURRENT STUDY RESULT D_FFERENCE

Residential 60 97 37

Industrial/
Commercial 170 134 36

Office/Public

Service 170 181 ii

4.3.4 Su_aary of Study Results

An investigation was performed to evaluate the duration of

oonst=uctlon activity for residential, office/public service, and

industrial/commercial site types, and to determine 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 following have been ;i !

concluded_ _ !
!

i. For residential site types, the weighted-average _
construction activity duration time period (i.e.,

length of _ime from start to completion of the building
project) does not vary significantly with respect to
geographical location within the U.S. For office/

public service and industrial/commercial site types, no !

data were available to determine the relationship be- _
tween activity duration and geographical location.

2. Based on local construction activity data and census
tract population density values, the relationship

between average population density a6d duration of
construction activity, for all site types considered,

has a low degree of correlation.
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3. Compared with the data currently used in the construction

site noise impacm model, the study results show that
the average (on a national basis) number of 8-hour days

of construction activity for the residential and in-
dustrial/commercial site typos 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 overestimated by approxi-

mately 6 percent. Some uncertainty in these comparisons
exists duo to the assumption made regarding the per-

centage of construction activity "down-time" used in
• determ_,ining the avcragc n_nab0r _f 8-hour days of

construction activity. Down-time is defined as the
percentage of the construction project start-to-comple-

tion time period during which no construction activity
occurs.

i
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5. NOISE-REDUCTION VALUES FOR VARIOUS

BUILDING-STRUCTURE TYPES

The impact criteria used to assess construction site noise

impact are based on indoor activity interference and annoyance noise-

effects relationships pres%nted in the EPA "Levels Document". The

indoor noise impact threshold level is 45 Ldn"

Impact calculations associated with office/publlc service

and industrial/commercial construction in high- and low-density urban

center population density region categories are performed relative to

an Ldn outdoor threshold of 65 dB. For all other construction site

type and population density region category combinations, the impact

calculations are performed relative to an outdoor Ldn threshold level

of 55 dB. These impact threshold levels are based on two assumptionsl

i) in the high- and low-density urban centers, building structures

near offlce/public service and industrialcommercial construction

sites provide, on the average, a 20 dB reduction between exterior

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

and interior noise levels in all other cases is lO dB. The implications

of these two assumptions are: l) building noise-reduction values are

primarily a function of the building str_cture type, i,e., the

building's physical characteristics, 2) building structures which

afford 20 dB of noise reduction are typically large office/public

service and high rise apartment and commercial building types with

heavy wall construction, and double-glazed windows, and 3) building

structures which afford i0 dB of noise reduction are typically light-

weight, single- and multi-family dwellings with light wall construc-

tion, and single-pane glass windows.

The following sections present a detailed evaluation of

available data concerning "typical" or average noise-reduction values
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for the following building-structure types:

i. single-family residential

2. office/public service

3. commercial/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 noise-reduction (i.e., the difference between

exterior and interior noise levels), rather than sound tranmission

loss, is evaluated since it has been observed _hat building noise-

reductian values measured in the field generally fall well below

those that would be predicted from the transmission loss properties

"of basic wall or roof structures.

5.1 SINGLE-FAMILY RESIDENTIAL STRUCTURES

5.1.1 Early Investi@ations Of Buildin_ Noise-Reduction

Most of the earlier investigations related to the noise-

I reduction* characteristics of various types of buildings were con-

! • cerned primarily with residential dwellings (single-family houses)

I_ exposed to aircraft noise sources. 17'18'19 The noise reductions were

generally expressed in terms of two noise descriptors: l) 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., NRdB A - N_NdB) are on the order of one-half of a dB.

However, this difference was determined from propeller and turbine

powered aircraft noise sources and, may not be applicable to other

• noise sources.

• Building noise reduction (NR) is defined as the difference between
the maximum sound levels observed outside a building and inside a
building during discrete or continuous noise events.
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Bishop!7(1965) reported the results of a study to determine

typical aircraft noise reduction values _or 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

tsr_s of PNdB and dBA, where the dBA values are computed using the

approximation: dBA_PNdB + 0.5 dB. Young _8 I1970) reported the

results of an investigation to determine the aircraft noise attenuation I

characteristics of two furnished houses - a wood-sided frame house i

and a brick-veneered frame house. A four-engine p_opeller-driven [

aircraft and a four-engine turbofan aircraft were used as noise

sources. All indoor measurements were obtained with the windows

closed. The building noise-reduction data were expressed in terms

of thlrty-six physica ! noise measures. Table 5-2 presents a summary

listing of the results reported in Reference 18, in terms of RNL and

A-weighted sound level only.

In October 1971, the Society of Automotive Engineering, Inc.

published an Aerospace _nformation Report _AIR) describing the resul_s

o_ several house noise-reductlon investigations conducted in five

locations" in the U.S. 19 The purpose of this document [AXR 1080) was

to presen_ actual measurement data showing the noise reduction of

aircraft flyover noise from the outside to _he inside of houses located

in various climates and with various window configurations (i.e., open

and closed). Average house noise-reductlon values were grouped in

accordance with the following four climate/window configuration [

categories:

i. Warm climate / windows open,

2. Warm climate / windows closed,

3. Cold climate/ windows open,

4. Cold climate / windows closed.

* These locations included: i) New York, 2) Boston, 3) Miami, 4) Los

Angeles, and 5) Wallops Station, Virginia.
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TABLE 5-1 REDUCTION OF AIRCRAFT NOISE OBSERVED FOR LIVING ROOMS

AND BEDROOMS IN SINGLE-FAMILY RESIDENTIAL STRUCTURES

(From Reference 17)

MEAN NOISE REDUCTIONS

TYPE OF ROOM NUMBER OF

NOISE SIGNAL TYPE MEASURELLENTE PNdB dBA

Takeo_ Living Room 39 20.9 21.4

Takeoff Bedroom 39 24.1 24.6

Approach Living Room 46 22.1 • 22.6

Approach Bedroom 46 23.8 24.3

i AVERAGE 22.7 23.2i

11

I

i
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TABLE 5-2 REDUCTION OF AIRCRAFT FLYOVER NOISE OBSERVED

FOR VARIOUS ROOMS IN SINGLE-FAMZLY RESIDENTIAL
STRUCTURES (From Reference 18)

5_AN 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

Bedroom No.l 4 27.5 27.5

Bedroom No.2 4 25.9 26.0

Dining Room 4 22.8 21.3

Wood-Sided Living ROom 4 21.2 19.7
Frame

Bedroom No.1 4 25.3 24.6

Bedroom No.2 4 18.! 18.0

AVERAGE 23.1 22.8

FOR BOTH

HOUSE TYPES

*Average of the noise-reduction values computed using three data

analysis techniques:

I. Outdoor boise intessity minus indoor 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
noise intensity.

.l
t
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Table 5-3 and Table 5-4 present the average house noise-reduction

values in terms of octave-band (from 63 HZ to 4000 Hz) sound pressure

level and in terms of overall A-weighted sound level, respectively,

for each of the Eour climate/window configurations.

5.1.2 Recent Investigations of Building Noise Reduction

Data from a recent publication 20 by Sutherland (1978) has

augmented the available outdoor-indoor noise-reduction data for single-

family (detached dwellings) residential structures. These recent data

inclhde noise-reduction measurements for both aircraft and highway

traffic noise sources and, are_@iven in terms of _he difference be-

tween outdoor and indoor A-weighted sound levels with windows open

and windows closed. The data are also grouped according to the two

general climate categories used in Reference 19, i.e., "warm" and

"cold" climates. Table 5-5 presents a summary listing of the data

given in Reference 20. It should be noted that the data shown on

Table 5-5 represent mean noise-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 (see Table II in Reference 20).

5.2 OFFiCE/PUBLIC SERVICE AND COMMERCIAL/APARTHENT HIGH

RISE STRUCTURES

Compared with the single-family residential structures,

there is very little building noise-reduction data available for

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

However, some data have been reported 5or aircraft and highway traffic

noise sources. 17'20'21 Table 5-6 and Table 5-7 present summary list-

ings of these data.
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TABLE 5-3 BUI'I.DING _]OISE I_EDUCTION VAI,UFS IN I'ERMS OF AVEI_AGE

OC'I_AVE-UAND SOUND PI_SSURE LEVEL FOB SINGLE-FAMILY

I_ES_DENT[AL S'I'RUCTUSES (From Eefer_J_cu 19)

CLIMATE/WINI)OW SOIJNO PRESSU8E LEVEL ((18) FOR

CONFIGU_A'I'ION OC'I'AVE-UA_ID CEN'I'ER I.'[£EQUENCIES (Ez) NUMOER OF MEASUREMENTS

CArI'EGORY 63 125 250 500 1000 2000 4000 USED TO COMPUTE AVEEAGE

Warm/Open 11.2 9.0 11.8 12.8 11.7 II.I 12.9 . 15

Warm/Closed 17.4 18.1 20.5 22.2 25.3 26.9 28.9 28

Cold/Open 14.O 14.4 15.6 16.3 18.0 19.3 20.3 3]

ColdClosed 17.0 18.7 21.7 26.3 30.2 33.6 33.4 32

tn

s AVerage for:

Wa rm/Opon

and Closed 15.3 14.9 17.5 18.9 20.5 21.4 23.3 43

Cold/Open

and Closed 15.5 16.6 18.7 21.4 24.2 26.6 26.9 62

_arm 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.l 24,4 27.9 30.5 31.3 60

All Categories 15.4 15.9 18.2 20,4 22.7 24.5 25.5 106
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TABLE 5-5 UHILDING NOISE REDUCTION VALUES IN TERMS OF (WEIGHTED)
AVERAGE A-WEIGHTED SOUND LEVEL FOR SINGLE-FAHILY

RESIDENTIAL STRUCTURES (From Reference 20)

i CLIMATE/WINDOW A-WEIGHTED NUMBER OF ROOMS ASSOCIATED
NOISE CONFIGURATION SOt_ID LEVEL, WITH I_EIGHTED AVERAGE
SOCRCE CATEGORY dBA COMPUTATION

WarmOpen 12.1 14

Aircraf_ Warmclosed 26.4 132

Cold/Open 18.4 26

ColdClosed 27.6 26 •

Warm/Open ' * *

Highway Warm/Closed 25.0 11

Cold/Open 11.2 29

ColdClosed 22.8 33

Average for_

Warm/open
and Closed 25,0 157

Cold/0pen

AircrafB and Closed 19.9 114

and Warm and Cold/

Highway Open 14.1 69

Warm and Cold/
Closed 25.9 202

ALL CATEGO?/ES 22.9 271

• No data presented. "74
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TASIJE 5-6 BUILDING NO]'SE R_DUCI'ION VA[,U_S FOR OFFIC_/PU|)LIC
SERVICE STRUC'I'UR_S

AVEI{AGE NOISE
BUILDING NOISE I_EDI]CTION NUMBER O1'_ MEASUILEM_NTS SOURCE Ol'_

_'Y[)E SOUI_CE d_A USED '1)O CObI[_U'pEAV_RAG_ IJA_I'A

School_ Aircraft

Grade Approach 20.8 22

Grade ?akeoff 30.0 21

Iligh Approach 22.2 15 Ro ferencc 17

¸Average for all
School Types _- 24.5 58

Schools

Grade Aircraft 22.0 264

Junior Jligh Aircraft 23.2 d8 Refcrellce 21

High hl_cr_ft 20.0 60

Average for all

School 'fypes Aircraft 21.8 372

llospitals Aircraft 24.8 105 Reference 21

Average for all

Office/Public References
Service Structures Aircraft 22.7 535

17 and 2].



TABLE 5-7 I]UILDING NOISE EEDUCTION VALUES I_'ORCOMMEECIAL tAUARTMENT I/IGN RISE

STEUCTUEES

AVE EAGE NOISE

BUILDING NOISE I{EDUCTION NUMBER OF MEASUREMENTS SOURCE OF

TYPE SOURCE dBA USED 'tO COMPUTE AVERAGE DATA

" Motel Roome Aircraft 19.3" 3 Reference17

Motel Rooms Aircraft 25.4** 5 Reference 17

Average for all

Motel Rooms Aircraft 23.1 8 Reference 17

_n High-Rise Slghway

Apartmen_s Traffic 18.5. 7 Reference21

lllgh-Rise lllghway

Apartments Traffic 30.5** 1 R_ference 21

Average for all Highway

[ligh-R1se Apts. Traffic 20.0 6 Reference 21

Average for all Aircraft

Commercial/ and References

Apartment High- llighwa 7 17 and 21
Rise Structures Traffic 21.6 ' 16

* WiNdows Opened.

** WiNdows Closed.

i!
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5.3 EVALUATION OF STUDY RESULTS

Building noise-reduction data were collected and evaluated

for various building-structure types: l) single-family residential,

2) office/public 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-reduction value

for single-family residential structures, expressed in terms of A-

weighted sound level (LA), 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. These data represent typical ouhdoor-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 equipmeno, 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 produced 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 Commercial/Apartment High
Rise Structures

Based on an evaluation of currently available data (see

Table 5-6 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 represent typical outdoor-to-

indoor noise attenuation afforded by building structures exposed to

5-12



aircraft and highwag traffic noise sources. However, the 20 dB noise-

reduction value ks assumed to be applicable to construction equipment

nolse sources.

5.3_3 Summary of Study Results

eased on an evaluation of currently available data concern-

l_g "typical" or average building noise-reduction values, it appears

that all construction site noise impact calculation should be per-

: fo_med :elative to an Ldn outdoor threshold of 65 dB. The suqgeseed

use of a 65 dB outdoor threshold for all impact calculations is based

I on the findin_ that a representative average buildinq noise-reductionvalue of 20 dB is aDDllcable to single-family dwellings as well as

I other Zarger and heavier building structure types.

5-13 I





r

REFERENCES

i. "Noise from Constructioh Equipment and Operations, Building

Equipment and Home Appliances," Environmental Protection Agency,

NTID 308.1, December 31, 1971.

2. "Characterization of Construction Site Activity", Final Report,

Phase I, Presented _o Environmental Protection Agency by Science

Applications, Sac., Auguss S, 1977 .

3. "Contractors' Equipment Manual," Associated General Contractors

o5 A_erica, 1974.

4. "Regulations of Construction Activity Noise," William N. Patterson,

Richard A. Ely, Sieves N. Swanson, EPA Contract No. 68-01-547,

November 24, 1974.

5. pub.li$ Works, "Highway Equipment Ownership and Management,"

November 1974, pg. 48.

6. L.A. Ronk, e_ el, "Construction Site Activity," Pfnal Report,

presented to Environmental Protecsion Agency, by Science Applications

Inc., August 1978.

7. "Journey to Work," U. S. Department of Co_erce, Series PC(2)-PD,

Social and Ecmnomic Statistics Administration, Bureau of the Census,

June 1973.

8. "Patterns of commutlng in Large Metropolitan Areas: 1970,"

Series PC(Sl)45, U. S. Department of Co_tmerce, social and Economic

Statistics Administration, Bureau of the Census, June 1973.

9. "Humber of Inhabitants - United S_etes Su_nmary," Series PC[I)A, i
Census of Populationl 1970, U. S. Department of Commerce, Bureau

• of the Census, December 1971.

10. "County and City Data Book, 1977," U. S. Department of Commerce,

Bureau of the Census, May 1978.

ii. "Total Time From S_art of Construction tm Completion of Private

Residential Buildings"-Supplemenc i, Construction Reports_ .._

Housin_ Starts, H.S. Department of Commerce, C20-79-4, April 1979.

12. "Total Time and l_onthly Progress from Start of C_ns_ruction to

Comple_ion for Private Nonresidential 9uildinq Projects" -

Supplement 2, Construction Reports; Value of New Construction

Put in Place, U.S. Department of Commerce, C30-78-12, February

1979.

R-1



r
REFERENCES (cont 'd)

13. "Standard Reports," Office of Research and Statisnics, Community

Development Branch, Fairfax County, Virginia, 1976.

14. "Standard Reports," Office of Research and Statistics, Community

Development Branch, Fairfax County, Virginia, 1977.

15. "Standard Reports," Office of Research and statistics, Community

Development Branch, Fairfax County, Virginia, 1978.

16. L.R Reek, and D.F. Lam, "Documentation of Construction Site

Noise Impact (Health and Welfare) Assessment Model," Draft

Final Report, EPA Contract No. 68-01-4608, January 1980.

17. D.E. Bishop, "Reduction of Aircraft Noise Measured in Several

School, Motel and Residential Rooms," J. Acoustical Society of

America, 39, pp. 907-913, May 1966.

IS. I.R. Young, "Attenuation Of Aircraft Noise by Wood-Sided and

Brick-Veneered Frame Houses," NASA CR 1637, August 1970.

19. Society of Automotive Engieeere", House Noise-Reductlon Measure-

ments for Use An S_udies of Aircraft Flyover Noise," AIR iOel,

October 1971.

20. L.C. Sutherland, "Indoor Noise Environments Due to Outdoor

Noise Sources," Noise Control Engineering (NCE), pp.124-135,

Nov.-Dec. 1978.

21. B.A. Davy and S.R. Bkale, "Insulation of Suildings Against

Highway Noise," F_A Manual, FHWA-TS-77-202, August I, 1977.

22. "Construccion Review," U.S. Department Of Co_merce/Doeestic

and International B_siness Ad_inlstration and Bureau of

Domestic Co_%merce, Vel. 23, No. 5, August/Septe,_er 1977.

B-2



Z
_

X _J





P

A_l Data Requirements

Equipment usage factors are a funetioq of the following

construction site and equipment usage parameters:

1. Average number of hDsrs per day that the

machine operates during each construction phase.

2. Fraction of each construction phase duration

that the machine operates.

3. Fraction of all sites for each site type on

which machine as used.

A.2 Computational Procedure and Description of Data Elements .m

i

The following equatlon is used to determine the usage factors

for each construction equipment type_

UF = I{_I CFCPl . (FAS)I/S (l-A)

where {

UF = censtrucuaon equipment usage _actor,

ANH. FCP and FAS are the cons_ructlen site and equipment usage para-

meters l, 2 and 3, respectively as defined in Section A.1.

The factor of 8 in the above equation represents the

assumed number of hours per day of construction activity.

A.3 Example Calculation

The following example is a step-by-step procedure used to _4

• determine the forklift truck usage factor for _he residential site type-

foundation monstructics phase:

Step i. Using Table 2-3 in Section 2.3, determine the average

number of hours per day and the fraction of the phase duration

_hat the machine operates.
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These values are:

A_H = 1.8_

FCP = 0.247

Step 2. From Table 2-4 in Section 2.4.2, determine the

_raction of sites on which the machine is used.

This value is:

FAS= 0.20

Step 3. Using equation l-A, compute _he equipment usage

factor, UF.

0.0170
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APPENDIX S

COMPUTATIONAL PROCEDURES USED TO

DETERMINE THE POPULATION TRANSFER BETWEEN
SMSA GEOGRAPHICAL COMPONENTS AND THE

CHANGE IN POPULATION DENSITY DURING THE
NO_/.t_LDAYTINE WORK PERZOD

: This appendix prssents a detailed description of the procedures

for determining the population transfer between SMSA geographical
m

components and for calculating the population density and percent change

for the area ou_slde SNSAs.
r

t

i:

.i
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R.1 Procedure for Determining Population Transfer Between SMSA

Geographical Components

The following is a step-by-step procedure for determining

worker transfer between SMSA geographical components (SMSA region

categories) durinq the normal daytime work period:

Step
Number Procedure

1 For SMSA Region under investigation, list all fundamental

geographic components listed in Jqurney to Work (Ref. 7).

2 For each geographic component, find 1970 population, area, (I

and number employed workers from Count Y and City Data Book
(Ref. i0); i,

i

3 Determine baseline population density for each geographic !
component.

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

CATEGORY CRITERIA ""

High-Density Censral Cities Pomulation >400,000 and

(High-Density Urban Centers) density >8,500

Low-Density Central Cities • Population >400,000 and
(Low-Density Urban Centers) denslsy 3,000 <_ 8,500

Urban Fringe population _400,000 and

density 2,000<pS 3,000

Cutside Urban Fringe Population _400,00U and

density p _2,0U0

5 Determine total population, area and density for each category.

6 Using the Journey to Work book, distribute all worker _ransfers
as appropriate. For example: X workers living in B and "_
working in A -- i) subtract W from SMSA regional category

containing B, and 2) add X to SMSA regional category containing
A. Include workers living outside SMSA working in the various

geographic components being analyzed,

7 A. De_ermine the nun_ber of employed workers living in the

Urban Fringe and SNSA areas Outside the Urban Fringe by
using data found in Smep 2 and results of Steu 4.

B. Sum these two categories and find percentage of employed

workers in each (of the t_;c categouies) based on _his sum.
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C. Allocate 27 and 73 percent of the "Workers living in

the SNSA working outside it" in the Journey to Work
publication to the Central City and Outside the Central

City (Urban Fringe and SMSA Areas outside Urban Fringe),

respectively. (These percentages are based on data

present@d in Table 3-1 in Section 3.1).

D. Determine the nu_er of workers living in the Urban

Fringe and the number living in SHSA Area Outside the

Urban Fringe hut working outside the SMSA by multiplying
the total number of employed workers for both region

categories, as determined from step 7C, by the percentages

for each region category found in Step 7B.

E. Subtract the resul_an_ number of workers found in S_eps

7C and 7D for the Central City, Urban Frlnge, and i

Outside the Urban Fringe from the appzopriate region

categories ahd add them to the Outside SMSA region category. !

H 'A. Find Total Employed Persons in each $MSA geographic

component using da_a from Step 2 and results of Step 4 i
and 7,

B. Find percentage of Total Employed Workers in each SMEA

geographic component, i [

C. Using Journey =o Wqrk publi=ation, find the number of

werkers living in the SMSA but not reporting their place

of employemen_ and multiply this number by percentages
_ound in Step 8B.

D. Find the percent of workers living in each HMSA geographic
component which worked in another (using data from Step 6).

E. blultiply the nu_er of workers found for each component
in Step 8C by percentages found in Step 8D and allocate
as appropriate.

9 Sum all worker transfers made during Steps 6, 7 and 8 and

add to initial population.

i0 Repeat Steps i through 9 for all sample High- and Low-Density
SMSA categories.

ll Determine the normal daytime work period population density

and percent change for the five SMSA Region Categories using ._
the relationsl_ips presented in Section 3.3.

B.2 Calculation Procedure _or Determinin@ Population DensitZ

and Percen 9 Change for the Area Outside SMSAs

The average populatien density aed percent change for the area

outside the SHSAs during the normal daytime work period was estimated
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i:

from the following population and land area data:

i. estimated population density and total land area

for each of the four region categories within the

SMSAs,

2. approximate uotal U.S. population and lend area

i

The data rsqulremen_s identified in item i and 2 above were

determined from the resul_s presented in Section 3 of this study and

Table 8 in Reference 2. Based on this data, it was est/mated that

the total population inside end outside the SMSAs during the normal

daytime work period was 146.8 and 63,2 million people, respectively.

The population outside the SMSAS was determined by subtrac=ing the

population inside the SMSAs (computed from region category population i

densities and land areas) _rom the total U.S. population. The

:i
approgimate total land area outside the SMSAs wa_ estimated to be !

3.35 million square miles. Uslnq the outside SMSA population and
1

I le_der_d_te, the a_rage normald_ytlmewor_p_riodpop_latlo_ _]
!

i density and percent change were determined to be approximately 19people per square mile and -5.7, respectively.

L
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APPENDIX C

DEVELOPmeNT OF REVISED POPULATION DENSITY
VALUES BY CONSTRUCTION SITE TYPE AND BY SMSA

REGION CATEGORY

This appendix presents a discussion of the procedure

used to determine the revised population density values by constru=-

tion site type and by SMSA region category.
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C.l Key Assumptions

rn determining revised populatio_ density values, _he !

following assumptions were made_ 1

i. Each SMSA region cateqory ks composed of

_ several basic land use categories, three of
which are: i) residential, 2) commercial, and

i 3) industrial. I
2. Construction activities associated 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

Sits Type Caterer Z [

Residential Residential

Offlce/Public Service Residential, commeroialt and Industrial

Zndus_rial/Commercial Industrial and commercial

Public Works Residential, Commercial, and Industrial

3. 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.

4. Transfer of population {workers) is primarily Erom
the residential to the commercial and indusnrial

land use categories.

5. public works construction activities occur in all

land use categories; the population density asso- ._
elated 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 _ypes.

6. Due to the relatively small change is the population

density value for areas outside the SHSAS during
the normal daytime work period {one person per
sq.mi.), an average population density value ks

assighed to all land use categories in this region.
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F
7. Percent changes in population density for

! all land use categories in tl_e 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 centers and

the urban fringe and SMSA areas outside the i-
urban fringe, respectively.

I
C.2 Da=a Development i

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 more I, the number of employed 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 categories 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 i
the commercial and industrial land use categories is determined from

the data presented in Table 3-2 in Section 3.4.1 for the region

categories inside the SMSA. These data are assumed to be applicable

co both land use categories where office/public service and industrial/"

commerical construction activities occur. 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 proportion

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

The percent change in population density for all land use

categories in areas outside the SMSAs is -5.7. This value was

deterTnined from the population transfer analysis presented in Section 3.

Table C-I presents a summary of _he percent changes in base-

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

ISMSAs of 250,000 or more represent approximately 90 percent of the
total SMSA population.
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'l'iJblu C-]. PI::RCEN'I' CIIAN(.;I_ ;IN PbI_LJLA'/'J'ON DI::NSI'J*Y BY CONB'i'IiIJCI']ON S]TI; TYPI_
AND BY SMSA ICRGION CA'I'f_COI_Y

SMSA }_e lion Cat_(jory

SMSA Aceas

Constr tlc_iol_ lli gh-Dez_sity f_w-Dunsity Urban Outside th_ Outslde
Site Ty|)e Urb_Jl_ Cellter_ Urbatl C_llte_s _ringe Urban Fringe SMSA

Residun tial -38.0 -38,0 -39.0 -39.0 -5.7

Of fiae/Publlc
Service +13.4 t 8.4 - 0.4 - 8.1 -5.7

i0 Industrial/
_" Colmn_rclal +13.4 + 8.4 - 0.4 - 8.1 -5.7

p_t

Public Works - 3.7 - 7,J -13,3 -18.4 -5,7
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APPENDIX D

DURATION OF CONSTRUCTION SITE ACTIVITY BY SITE TYPE
AND SURROUNDINGPOPULATION DENSITY

This appendix presents a complete listing of the daza used to:

compute mean census tract population density values
by site type,

' derive relationships between duration of construction
site activity and census tract population density by

site type.

The data contained in the listing were developed from construction

project records and census publications prepared by the Office of

Research and statistics (ORS) - Community Development Branch of
Fairfax County, Virginia. The data listing contains 1,984 individual

construction project records arrayed in accordance with the following
fomTiat: '_

Column No. Description of Information

1 Census Tract Population Density
(people/sq.mi.). A zero in this

, column indicates that the popnlation I+
density value could not be 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.

2 Construction Site Type Identifier:
2 - Office/Public Service
3 - IndustrialCommercial

i0 - Single-Family (Residential)

ii - Multi-Family (Residential)
12 - Town House (Residential)

3 Duration of Construction Site Activity ./
(months).
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Alice Sttter and Associates

575 Dogwood Way (503)488.8077
Ashland, OR 97520

REPORT ON THE PROPOSED REDUCTION IN NOISE LEVELS
AT T_E BF_TTLE-TACOF_AIRPORT

Prepared by Alice H. Surer, Ph.D.
for the Regional Commission on Airport Affairs
October 26, 1994

To: PSRC Expert Panel on Noise and Demand/Systems Management

Panelts Reauest to the Public for Information

This report will address the Panel's request #2: "Detailed
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 not be expected to
produce a significant reduction in real noise 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 alroraft operatlonsand 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 end 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 Grove 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 Resolution A-9_-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 i, 1996 ...
[w]hen noise reduction performance objectives are scheduled,
pursued and achieved based on Independent evaluation, amd based on
measurement 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." Althohgh the prospect of the third runway
is seldom mentioned by the Port or its consultant, its specter
looms over the sornmunlty 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 on the
community. There are a number of reasons for this:

I. 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 alone is not sufficient to predict the
total impact.

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

i. Maraln of error

In her testimony before the Panel, Susan Evans pointed out the
well-known fact that aircraft noise exposure forecasting is not an
exact science. While censultants usually do the best job they can,
the outcome is influenced by such a wide variety of factors that
the actual levels rarely match the predictions. These factors
include the exact mix of stage II and Stage III aircraft, whether
the Stage III aircraft are hush-kitted, re-englned, or
manufactured, and if they are manufactured, where they fall in the
range of noisy to quiet within the stage III category. Numbers of
aperations may also change, as Ms. Evans pointed out, to say
nothing of the increased number of operations that could be
expected if a third runway were constructed.

Panelists Martha Langelan and Sill Bowlby queried Paul
Dunholter from Mestre Greys 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 underpredictsd noise levels. Mr. Dunholter replied that it had
not bee_ tailored to Sea-Tae, that most aircraft types were
actually measured to be within plus or minus 3 dB and that the
total DNL was "in the range of 3 dB."

It sssms 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 noise 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

2



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 p_edlcted decrease will net be'perceptible.

FICON:

Neither 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" a_d 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 l.S dB increase at DNL 65 dB.to trigger
the naed for further analysis. There is nothing in the report to

indicate that FICON considers l.B dB a significant decrease in
noise exposure. The report does state that although it is
difficult for individuals to detect a 3-dB change, a community
would find such a change "clearly noticeable." It cites no
scientific evldenoe to support this point, however, only a personal
communlcation from William Galloway (FICON, 1992).

FAA 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 s policy decision only, although probably a judicious one
because it refers to proposed increases in noise exposure level.

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

J 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 peychoacoustlcs
that it takes a reduction of 10 dB to achieve a 50 percent
reduction in loudness (Stevens, 1957, 1972; Zwleker and seharf,
1965). Therefore, a reduction of 1.55 dB amounts to a reduction of
only about 8 percent rather then 30 percent, and it is highly
unlikely that anyone would notice it. This is why Mr. Bowlhy was
correct in hie assumption that even a 3-dB redustlon in sound
energy would not be partlcularly noticeable, whereas a reductlsn in
numbers of operations would be. In this case, people are
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responding to something besides DNL.

The name 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 lO-dB 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 Judgements 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 one'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
impossible to remember such small increments in averaged sounds
(llke DNL) over a period of years, such as from 1990 to 1996.
Moreover, as we will point out, these judgements become influenced
by much more than one's memory.

The question arises, then as to the size of a change, and
specifically a decrease, in average noise level that is detectable
by a ccmmunlty. The evidence is not at all clear. For example,
Fldell and Silvatl (1991) measured the long-term annoyance from
noise in the vicinity 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 wood 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 in road-traffic noise, de Jong
(1990) reports that in general, no significant effect occurs with
miner 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 in annoyance than if
there was a reduction in the source _tself. It appears, from at
least these limited data, that a reduction of somewhere between 5
dB and 12 dB is necsssar_ to produce a noticeable change in the
oommunlty,s reaction. But a reduction in annoyance is even more
unlikely in the present case because of certain non-acoustlcal
factors.



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

Non-acoustic variables:

The tradltional method of evaluating the impact of
alrcraft/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 variability 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 9-29 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, 1993):

I. 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
(1993) 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
f_ctors: fear, perception of preventability, and sensitivity.

The Sohultz curve:

The criterion used to predict the percentage of a community
that will be "highly annoyed" by given levels of aircraft/alrport
noise is a fumetion commonly known as the "Schultz curve," named
for the acoustical expert who developed it. Sehultz (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 Sehultz (1991), which added 15 new studies,
making s total of 453 data points. The new curve predicts slightly
more annoyance 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 Sehultz curve appears in the FICON
(1992) report, which we will assume to be the most recent version.
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According to the latest version of the Schultz curve, the
percentage of those highly annoyed residents exposed to the Sea-Tao
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
he 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.)
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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 be important -- three highly questionable assumptions.

In fact_ if %he 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. DNL a_one I_ Dst _Ifflclent 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
specific locations where speech communication is important (FICON,
1992). There are some 29 schools and colleges located within the
DNL SS dB contour, and aircraft noise is hound 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 noise
level by I0 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 operations more than chaHges
in DNL. One is in places like schools, where speech communication
is critical 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
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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 quieter Stage III 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 one 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 opsrationo have been
omitted from the proposed noise reduction objectives. Perhaps one
reason for this is that the Mestre Greys 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. Reduclna the levels from unacceptable to unacceptable.

Severity of exposure:

The Port's projections showing shrinking noise contours
between 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 questionable, and even if they
ale achieved, the projected reduction 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 noise
levels. This means that moving from just inside the DNL 65 dB
contour to a DNL of 63 or 64 dB cannot be expected to provide
instant relief, and, for that matter, cannot even be expected to be
noticeable.

The fact is that very many residents living 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 Pert 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 areal

If the predictions are correct, nearly 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 will reside in areas that are
considered "normally unacceptable" by HUD, and, according to FAR
Part 150, that are "incompatible with residential or school land
uses unless measures are taken to achieve additional noise level

reductions." (FICON, 1992)

The impact is more severe than the Sehultz 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 types of transportation
noise. The Schultz curve, however, includes all types of
transportation noise, with the understandable result that there is

s large amount of variability around the single regression curve.

Figure 2, from Fidell et el. (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
el., 1991) should help to explain this variability. The data were
collected by Canadian researchers (Hall, et el., 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 alongside, the 1978 Schultz curve. This figure
clearly chows that annoyance due to aircraft noise is considerably
greater than it is for comparable levels of road traffic noise.
Fidell and his colleagues (1991) studied the data from several
other airports and found that the aircraft noise data points fell
substantially above the Sehultz curve in nearly every case.

European and other international noise 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 noise. Figure 4,
from Misdema (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 is clearly the most annoying. Figure 5, also from Miedems,
shows the percent "severely annoyed" as a function of'DNL from
various noise sources. Aircraft noise is the most annoying
transportation noise source, although annoyance from impulse noise
appears to be sven 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.

9
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Additional research from the Netherlands points to the fact
that aircraft noise is more disturbing than other types of
transportation noise. A study by de Jsng 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, noise source, and category of activity.

TaDle I. Percentage of people expressing disturbance during
specific activities as a function of 24-hour equivalent sound level

(L_) (from de Jong et el., 1992, translated and cited in Passchier-
Vermesr, 1993).

Aetivlty L_ 61-65 dB L_ 66-70 dB
Noise source

Talking
Highway traffic 35 45
Railroad traffic 35 35

Aircraft traffic 75 80

Watching TV
Highway traffic 25 40
Railroad traffic 60 40
Aircraft traffic 60 75

Listening to the radio
Highway traffic 20 40
Railroad traffic 45 40

Aircrafttrafflc 45 50

Reading
Highway traffic 25 30
Railroad traffic i0 10
Aircraft traffic 30 35

Fear
Highway traffic 35 40
Railroad traffis 5 5
Aircraft traffic 30 40

The table shows that aircraft noise is more disturbing than
the other noise sources 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 ft 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
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associated with aircraft noise were higher than railroad noise but

about the same as highway traffic.

In Figure 6, Passchier-Vermeer (1993) has plotted the

percentage of people whose activities are disturbed by aircraft
noise (from de Jong, 1992) alongside the percentage •severely
annoyed by aircraft noise (from Miedema, 1992). These data provide
yet another indicator that the percentage "highly annoyed"

predicted by the Schultz curve, greatly underestimates the
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 60
percent according to Miedema's curve and up to 80 percent disturbed
while talking or watching TV. (While it is true that Passchler-

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

r

petcontaoosevoroJyonnoyecl

100

°° g°i/
GO

40

20f _
011 , I I I I ] I I I r

2O 40 . 60 80 dB(A)

• ' _ LAoq,24h
0 _

_tching _

D IJsl_g to _¢ rudlo

0 r,._a_g
• bei_ hightencdorIm_g fear,

rig. 6. Percentage sevecely annoyed (solid line) and the peccentage disCucbed
(data polnto) by aircraft noise. From Passchie_-Vermeer (1993) using the data
of Hiedema (1992) and de Oong (1992),

13



In still another recent study of community annoyance, Bradley
(1994) found that annoyance from aircraft noise was substantially
greater than'would have been predicted by the Schultz curve at
airports in Canada, Switzerland, the U.K., Norway, Japan, and
Australia.

various reasons have been suggested for the differences
between reaction to aircraft noise and to other transportation
noise 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 aircraft noise is highly
intermittent and is therefore less predictable. Several studies
have shown that unpredictable noise produces greater adverse
effects than predictable noise (eg. Glass and Singer, 1972;
Percival and Loeb, 1980). According to a model developed by
Canadian researchers (Hall et al., 1985 and Taylor et al., 1987,
cited in de Jong, 1990) the differences can be explained by using
single events, rather than average noise levels.

Once again, it is clear that DNL does not tell the whole
story, especially where aircraft noise is concerned, and that the
traditionally used 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 use of the criterion "highly annoyed" is
insufficient to characterize the effects of noise. The use of this
cfiterlon has been criticized on the grounds that it is such an
extreme measure of community reaction, it treats attitudinal data
categorically rather than scaling it, and it fails to analyze the
distribution of annoyance (see Job, 1993; Griffiths, 1983). Job
(1993) cites the finding by Hede etal. (1979) 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
"People may react with anger, disappointment, withdrawal, feelings
of helplessness, depression, anxiety, distraction, agitation, or
exhaustion .... " (p. 50) rather than mere annoyance. 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 control over the noise (Glass and Singer,
1972; singer et al., 1990). A study of the effects of perceived
control over aircraft noise showed a highly significant correlation
between perceived control with annoyance scores and a smaller but
not statlstically significant csrrelatlon with subjective health
scores (Altena, 1989, cited by Passchier-Vermeer, 1993).

Airports, 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 subsequent 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 publications by the U.S. Environmental
Protection Agency and others referenced here. (See especially EPA,

1973 and 1974; Passchier-Vermeer, 1993; and Suter, 1992a and
1992b.)

It is clear from research conducted over the years that the
noise levels to which the neighbors of Sea-Tat 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.S. 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 _hat high levels of annoyance are often generated at levels
well below the DNL of 65 dB used by the FAA and its consultants
(Fidell et al., 1985; Fidell et al., 1991; Hall et al., 1981;

Miedema, 1992).

The levels of noise in the environment around Sea-Tac
adversely affect the teaching-learnlng 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 st al., 1993).

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 1990; 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
levels of noise in general (Ising and Kruppa, 1993; Peterson et
al., 1978, 1981, and 1983; Reh_, 1983) and some evidence
implicating aircraft noise in particular (Hygge et al., 1993; 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 noise 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 contributors.

It should be clear by now that the performance objectives of
the Port of Seattle's Noise Budget and Nighttime Limitations
Program will net produce a significant reduction in real noise
impact on the co_munlty. 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 likely be
imperceptible to the impacted residents. Decreases in DNL of 1.55
dB (or 2.1 dB) are too 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-acoustic variables. In the case of
Sea-Tao in particular, where there is so much anxiety about the
prospect of a third runway and so much skepticism about the
responsiveness of the airport authority, non-acoustic factors are
destined to play a very important role.

The evidence is 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.S. scientists discontinue the use ef 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-Tat is already excessive.
It degrades the quality of teaching and learning, it disrupts
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* sleep, it interferes with _he 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 i0 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 inadequate reductions forecast for 1996, or even for
2001, is ill advised and would most likely have m pernicious effect
on the community.
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