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PREFACE

This document, entitled Ambient” Sound Levels at Four Department of Interior Conservation Units,
begins with an executive summary and glossary. Section 1 presents a genera overview, including the
objectives of the sudy. Section 2 describes the site selection process, including the pre-measurement
scoping meeting.  Section 3 discusses instrumentation.  Section 4 presents the measurement procedures
employed in the fidd. Section 5 discusses data reduction. Section 6 presents the results of the study,
including the ambient sound level maps developed for each unit. Section 7 presents related references.

Appendix A lists the members of the research team dong with their respongibilities. Appendix B presents
aplanview of eachmeasurement site. Appendix C contains informationgpecific to the noi se measurement
system developed by the Volpe Center as part of this sudy. Appendix D summarizes the enhancements
made to the FAA’s Integrated Noise Modd in support of this study.

Terms contained in the Glossary are highlighted when they first appear in the main body of this document.
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EXECUTIVE SUMMARY

The United States Air Force (USAF) and Federa Aviation Administration (FAA) are the lead federal agencies
preparing a Supplemental Environmental Impact Statement (SEIS) which will be used in making federal
decisions about the proposed disposal of portions of former Homestead Air Force Base (AFB) in southern
Florida. An important part of the SEIS is an analysis of noise impacts from proposed civil and military aircraft
operations on four conservation units in southern Florida, namely Biscayne National Park (BNP), Everglades
National Park (ENP), Crocodile Lake Nationa Wildlife Refuge (CLK), and Big Cypress National Preserve
(BCY).

This technical report describes the noise measurement program that was undertaken to provide data about the
existing noise environment in these conservation units. An essential part of the process was the definition of
ambient sound levels and the categorization of noise sources that constitute the existing ambient, including
aircraft. Data from this report is being used in the SEIS to evaluate how a future commercial airport or a
future commercial spaceport at Homestead could potentially affect the noise environment. This technical
report also provides an overview of enhancements made to the FAA's Integrated Noise Model (INM) to
improve its noise prediction capabilities relative to terrain characteristics associated with the conservation units
(i.e., the predominance of water, which is an acoustically hard surface and reflects noise differently than land,

which is considered to be an acoustically soft surface).

In order to produce data on the affected noise environment in the conservation units and to develop INM
enhancements, the FAA reguested the technical assistance of the Acoustics Facility at the U.S. Department
of Transportation's John A. Volpe National Transportation Systems Center (Volpe Center). A Volpe Center
research team, with FAA participation, conducted extensive ambient sound level measurements at the four
national conservation units (i.e.,, BNP, ENP, CLK, and BCY). Figure 1 illustrates the general locations of

these four conservation units relative to Homestead.
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Figurel. Relative Location of Four Conservation Unitsin Southern Florida
Aninitial scoping vist was made to the region during the period July 8 through 10, 1998. During thisvist,
the Nationa Park Service (NPS) presented the researchteamwithalig of 28 prioritized measurement Sites.
The primary criterion used by the NPS to identify Sites was resource protection. Specificaly, noise
sengitive |ocations suchas educationa centers, wildife habitats, and campgrounds dominated the NPS site
liging. While the research team considered resource protection to be animportant issue, there were severa
other criteria which the team considered equdly, if not more, important to achieve the objective of
characterizing the ambient sound level environment over a large amount of area.  They included
representative land cover, geographic coverage and logistics/access. Fortunately, many of the NPS-
proposed sitesthat were sel ected fromthe standpoint of resour ceprotection aso providedr epresentative

land cover and adequate geographic coverage.

Thefidd measurement proceduresemployed in support of this study were based amost entirely onthe 1998
FAA/V ol pe Center publicationentitled Draft Guidelinesfor the Measurement and Assessment of L ow-
Level Ambient Noise (Guiddines Document), which describes in detall the methodology to be used in
accurately characterizing alow-level sound environment. Although components of the Guiddines Document
have been used inprevious studies, this study representsthefirg rigorous implementation of the procedures.

Measurements were conducted by the research team during August 10 through 20, 1998, at 29 sites
throughout the four units, eleven sites in BNP, thirteenin ENP, three in CLK and two in BCY. The
measurement datainclude atota of 160 hours of acoustical and meteorologicd data at the 29 sites. For
the purpose of examining repeatability (one indication of the qudlity of the data), measurements were
conducted on two separate occasions for 12 sites, and on three separate occasions for 6 sights.  For the
remaining 11 Stes, measurementswere only performed once. Inmost cases, atypical measurement period
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was three hours in duration. Although measurements were conducted at two gSites during the late
evening/early morning time frame, measurement periods were generaly selected so as to encompass a
subgtantia portion of the daylight hours, when it was thought that vigtor activity would be at its pesk. In
addition, severa Stes were targeted for weekend measurements.  These Sites were primarily located in
BNP, whereit was expected that sound levels associated with increased weekend boat traffic would likely
be higher.

In order to accurately assess the potentia impact due to dl noise sources, datawere reduced and ambient
sound levels were computed according to the following four sound level definitions (from the Guiddines

Document):

Existing Ambient: Thecomposite, al-inclusvesound associated with agiven environment, excluding only
the andysis sysem’sdectrica noise. Aircraft noiseisincluded.

Traditional Ambient: The composite, al-inclusve sound associated with agiven environment, excluding
the andysis system’ s dectrica noiseand the sound source of interest, which in this case is aircraft.
In effect, traditional ambient is existing ambient, excluding aircraft.

Natural plus Visitor Self-Noise (N+VSN): As defined by the NPSin the 1995 Report to Congress,
the natural sound conditions found ina study area, induding dl sounds of nature (i.e., wind, streams,
wildlife, etc.) and vistor-generated sdf-noise, excluding al mechanicd sounds and the analysis
system’ selectrical noise. Vistor self-noiseincludesvoices, footsteps and other soundsthat avisitor

creates.
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Natural Ambient: Thenaturd sound conditionsfound in astudy area, including al sounds of nature (i.e.,
wind, streams, wildlife, etc.), exduding dl human and mechanical sounds as wdl as the andyss

sysem’s eectrical noise (i.e.,, only the sounds of nature).
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The sdlection of the ambient measurement definition among the four to focus on for the Homestead SEIS
andyss was made based on: (1) requirements of the National Environmenta Policy Act (NEPA) as
implemented by the regulations of the President's Council on Environmentd Qudity (CEQ) and in FAA
environmenta guidance; and (2) technical determinations. In accordance with NEPA, asimplemented by
CEQ regulations, the affected environment is to be described. The affected noise environment in the
conservation units includes al sounds-the sounds of nature, visitors, mechanical (e.g., equipment, cars,

motorboats), and exigting aircraft noise from Homestead and other airportsin the genera area.

The existing ambient appeared to be the appropriate definition of the exidting affected noise environment.
However, as explained in more detail in Section 6.2 of this report, it was determined that the aircraft noise
component of theexiging ambient could be more accurately and ussfully described usngcomputer modding
instead of short-termmessurement data. Therefore, thetraditional ambient measurement datawere sdlected
to be used in the SEIS, with aircraft noise as calculated by the Integrated Noise Model added to the
traditiond ambient in the SEIS noise andlysis.

Other technica factors worked againgt the sdection of the naturd ambient or the naturd plus visitor
sdf-noise ambient, in addition to the fact that neither includes al sounds contributing to the affected
environment. The abundance of man-made activity (mostly mechanical sounds) & many Sites, especidly in
Biscayne Nationd Park, often minimized the duration of naturd and natura plus vistor ambients, thus
diminishing their reigbility and usefulness. The detailed findings of the measurement program are presented
in this document, induding data on dl four ambient measurements, athough the primary focus is on the
traditional ambient measurement and thisis the ambient that is mapped.
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Inadditionto the measurementsdone by the FAA/V ol pe Center research team, the National Park Service
requested Sanchez Industrid Design, Inc. (SID) to conduct smilar ambient sound level measurementsin
September and October of 1997 and November of 1998. The NPS/SID measurements included 12 Sites
also measured by the FAA/Volpe Center research team, plus 8 additiona sites. The data from both
measurement efforts, FAA/Volpe and NPS/SID, were used to cdculate the average traditional ambient
sound levels used for ambient mapping and as reference pointsin the SEIS. Table 1, following this page,
presents asummary of the measurement sitesdong withthe average traditional ambient sound level at each
Ste. Section 6.8 of this report describes the ambient mapping process.

The traditiona ambient sound levels range fromalow of 31.2 dB at EasternSparrow in Everglades National
Park to ahigh of 64.0 dB at an NPS/SID measured stein Big Cypress Nationa Preserve. However, the
majority of the measured sound levels are between 45 and 55 dB. For the two sites where nighttime
measurements were made (Black Point and Mangrove Key), traditiond sound levels were within 3 dB of
daytime measurements. With only two exceptions, the traditiona and existing ambient sound levels were
within 5 dB of each other (typicaly within 3 dB).

Withrespect to enhancementsto the Integrated Noise Model (INM), in1997 the FAA, inconsultationwith
the Society of Automotive Engineers (SAE) A-21 Committee on Airport Noise, initisted the task of revisng
the overground propagation dgorithms within the INM. The new agpproach is founded in acoustic theory
and has undergone rigorous laboratory and field tests at relatively short source-to-receiver propagation
distances. Unlike previous versions of the INM, this enhanced capability alows for proper consideration
of mixed, acoudtically hard and acoustically soft terrain. As such, it was considered most appropriate for
evaduaing noise impacts in support of the Homestead SEIS, primarily because of the vast wetland
environment in southern Forida The technica details
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Tablel. Summary of Measurement Site L ocations

Site Name Site Latitude Longitude Traditional Ambient (dB)
Biscayne National Park (BNP)
. 253147 N 801757W
Black Point A 2532 04 N 8018 01 W 51.8
Boca Chita C 253128N | 801033 W 48.2
Elliott Key | 252714N | 801145W 48.6
252957N | 801416 W
Featherbed Bank P 253129N 801431W 49.6
253001 N | 801416 W
252811 N | 802026 W
Fender Point F 252809 N 802026 W 47.3
252809N | 802026 W
252412N | 801904 W
Mangrove Key H 2524 12N 801904 W 45.1
252417N | 801854 W
Pacific Reef E 252203 N | 800854 W 51.6
. 252327N | 801358W
Rubicon Key D 252331N | 801401W 49.8
Soldier Key L 253528N | 800939W 56.2
253718N | 800854 W
Stiltsville J 253717N | 800857 W 54.9
253745N | 801206 W
Visitor Center G 252752 N 802005W 56.2
Everglades National Park (ENP)
Anhinga Trail B 252301 N | 803622W 54.2
Buchanan Key Y 245458N | 804629 W 45.8
Chekika 0 253645N | 803504 W 41.0
PE:;;enr(Tle M |251716N | 802630W 54.9
Eastern Sparrow V 252952 N 803945W 31.2
Eco Pond Q 2508 19N 805616 W 47.2
Hidden Lake R 252255N | 803706 W 36.0
Little Madeira U 251145N | 803742W 467
Bay 251053N | 803821 W
North Nest Key X 250906N | 803041W 39.9
Pavilion Key AA 254231 N | 812103W 45.4
Pinelands K 252522N | 804047 W 46.5
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Site Name Site Latitude Longitude Traditional Ambient (dB)
Shark Valley N 253923 N 804559 W 45.7
Whitewater Bay T 251448 N 805751 W 42.0
Broad River SID1 | 252851N | 810818 W 46.2
Campground
Pay-hay-okee SID2 | 2526 35N 804701W 39.7
Nine-Mile Pond SID3 251519 N 804752 W 44.6
Carl Ross Key SID4 250240 N 810111 W 43.2
Canepatch SID5 | 252519N | 805638 W 39.0
Campground

Crocodile Lake National Wildlife Refuge (CLK)46.2

Barnes Sound AD 251429 N 802003 W 39.2
Hardwood W |251556N | 801839W 413
Hammock

Mangrove Inlet AC 251336 N 802001 W 40.8

Big Cypress National Preserve (BCY)
Golightly S |254517N | 805535 W 493

Campground

National Scenic | o | )551 47N | 810206 W 435
Trail

Halfway Creek | SID6 | 255228 N | 812128 W 64.0

Bear Island sID7 | 261256N | 811801 W 33.7
Nat'onT"’:;ﬁcen'C SID8 | 261304N | 810425W 34.1

associated with the INM-related enhancements are discussed extensively in Appendix D of this document.

Fndly, the knowledge gained from this study will also contribute to the continued improvement of the
Guideines Document. The objective of arefined set of guidelines, having broad acceptance and use, isto
fadilitate the collection of consistent, repesatable ambient sound leve data in virtudly dl low-level noise
environments, including nationd parks.
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Figure 2. Traditional Ambient Sound L evels at Biscayne National Park (BNP)
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Figure 3. Traditional Ambient Sound Levels at Everglades National Park (ENP)
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Figure4. Traditional Ambient Sound L evels at
Crocodile Lake National Wildlife Refuge (CLK)
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Figure5. Traditional Ambient Sound L evelsat Big Cypress National Preserve (BCY)
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GLOSSARY

This section presents pertinent terminology used throughout the document. Thesetermsare highlighted with
boldface type when they first appear herein. Note: Definitions are generdly consstent with those of the
American Nationd Standards Ingtitute (ANSI)* and References two through four.

Term/Acronym Definition/Full Name

A-Weighted A weighting methodology used to account for changes in human hearing
sensitivity asafunction of frequency. The A-weighting network de-emphasizes
the high (6.3 kHz and above) and low (below 1 kHz) frequencies, and
emphasizes thefrequencies between 1kHz and 6.3kHz,in an effort to simulate

the relative response of human hearing.

Acoustic Energy Commonly referred to as the mean-square sound-pressure ratio, sound energy,
or just plain energy, acoustic energy is the squared sound pressure (often
frequency weighted), divided by the squared reference sound pressure of 20
FPa, the threshold of human hearing. It is arithmetically equivalent to 10-&+,
where LEV isthe sound level, expressed in decibels.

Ambient Noise The composite, all-inclusive sound that is associated with a given environment
(usually from many sound sources), excluding the analysis system’s electrical
noise and the sound source of interest, which in most cases presented hereinis

aircraft. See Section 5.2 for amore detailed discussion of ambient noise.

Audibility The ability of a human observer to detect an acoustic signal in the presence of

noise (e.g., aircraft detection in the presence of ambient noise).

Backcountry Any location in a study area subject to minimal human activity, such as

designated wildernessaress or restricted, hiking and campingaress (destinations

generally located 1 hour or more from frontcountry locations).
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Day-Night Average Sound Level (DNL, denoted by the symbol L,,): A 24-hour time-averaged sound exposure
level (see definition below), adjusted for average-day sound source operations.
In the case of aircraft noise, a single operation is equivalent to asingle aircraft
departure, approach, etc. The adjustment includes a 10 dB penalty for

operations occurring between 2200 and 0700 hours, local time.

Decibe (abbreviated dB): The decibel isaunit of measure of sound level. Thenumber
of decibelsis calculated as tentimes the base-10logarithm of the squared sound
pressure (often frequency weighted), divided by the squared reference sound

pressure of 20 FPa, the threshold of human hearing.
Equivalent Sound Level (TEQ, denoted by the symbol L, also often referred to as LEQ): Ten times

the base-101ogarithm of thetime-mean-sguare, instantaneous A-weighted sound
pressure, during a stated timeinterval, T (where T=t,-t,,in seconds), divided by

the squared reference sound pressure of 20FPa, thethreshold of human hearing.

L.or iSTelated to L, by the following equation:

Laeqr = Lge - 10 x logy(t,-t,) (dB)

Where L. = Sound exposure level (see definition below).

The L, for a specific time interval, T1 (expressed in seconds), can be

normalized to alonger time interval, T2, viathe following equation:

Lacarz = Laegra - 10 X l0g(T2+T1) (dB)

Frontcountry Any location in a study area subject to substantial human activity, such as
scenic overlooks, visitor centers, recreation areas, or destinations reached by

short hikes (1 hour or less).
INM Integrated Noise Model, the noise modeling system designed and used by the

FAA, aswell as over 500 usersworldwide, for noiseassessment and prediction.
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Low-Level Noise Environment An outdoor sound environment typical of aremote suburban setting, or arura
or public lands setting. Characteristic average day-night sound levels (DNL,
represented by the symbol L) would generally be less than 45 dB, and the
everyday sounds of nature, e.g., wind blowing in trees and birds chirpingwould

be a prominent contributor to the DNL.

Maximum Sound Level (MXFA or MXSA, denoted by the symbol L. OF Lasn, respectively): The
maximum, A-weighted sound level associated with agivenevent (seefigurewith
definition of sound exposure level). Fast exponential response(L 4x.,) and Slow
exponential response (L .s.) Characteristics effectively damp asignd as if it
were to pass through alow-pass filter withatime constant (J) of 125 and 1000

milliseconds, respectively.

Natural quiet The natural sound conditionsfoundinastudy area. Natural quiet is a subset of
ambient noise. Traditionally, it is characterized by the total absence of human
or mechanical sounds, but includes all soundsof nature, such aswind, streams,
and wildlife. In apark environment, the National Park Service (NPS) on Page
74 of its Report to Congress defines natural quiet as the absence of mechanica
noise, but containing the sounds of nature, such aswind, streams, and wildlife,
aswell as human-generated “ self-noise” (e.g., talking, the tread of hiking boots

on the trail, a creaking packframe, the rattle of pots or pans).
NODSS National Park Service Overflight Decision Support System, the noisemodeling

system used by the NPS for noise assessment and prediction.

Noise Broadly described as any unwanted sound. “Noise” and “sound” are used

interchangeably in this document.
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Sound Exposure Level (SEL, denoted by the symbol L,.): Over astated time interval, T (where T=t,-

t,, in seconds), ten times the base-10 logarithm of a given time integral of
sguaredinstantaneousA-weighted sound pressure, divided by the product of the
sguared reference sound pressure of 20 FPa, the threshold of human hearing, and
the reference duration of 1 sec. Thetimeinterval, T, must be long enough to
include a majority of the sound source's acoustic energy. As a minimum, this

interval should encompass the 10 dB down points (see figure below).

Graphical Representation of L,
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The L, can be developed from 1-second A-weighted sound levels (L) by the
following eguation:

|2
L =107 Ioglo[é 10 1] (dB)

k= tl

In addition, L isrelated to L ., by the following equation:

Lae = Laggr + 10 % log,(t.-t.) (dB)

Where L,.,; = Equivalent sound level in dB (see definition above).
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Sound pressure level (abbreviated SPL): Ten times the base-10 logarithm of the time-mean-square
sound pressure, ina stated frequency band (often frequency-weighted), divided
by the sgquared reference sound pressure of 20 FPa, the threshold of human
hearing.

SPL =10 x log,[p*+p.]

Where P°=time-mean-square sound pressure; and

p.« 2 = squared reference sound pressure of 20 FPa.

Spectrum A signa’s resolution expressed in component frequencies or fractiona octave

bands.
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1. Introduction

The United States Air Force (USAF) and Federal Aviation Adminigration (FAA) are the lead federal
agencies preparing a Supplementa Environmental Impact Statement (SEIS) which will be used in making
federd decisions about the proposed disposal of portions of former Homestead Air Force Basein southern
Florida. An important part of the SEIS is an andysis of noise impacts from proposed civil and military
arcraft operations on four conservation units in south Horida, namely Biscayne Nationa Park (BNP),
Everglades Nationa Park (ENP), Crocodile Lake Nationa Wildife Refuge (CLK), and Big Cypress
Nationa Preserve (BCY).

In support of the SEIS noise andysis for the conservation units, the FAA requested the assistance of the
Acougtics Fecility at the United States Department of Transportation's John A. Volpe National
Trangportation Systems Center (Volpe Center) to conduct measurements of ambient sound leves in the
conservationunits, to undertake ambient mgpping of the properties based on measurements, and todevel op
enhancementsto the FAA'sIntegrated Noise Model (INM) to improveitspredictionof arcraft noise effects

on water surfaces which are so prevaent in south Florida.

The Volpe Center conducted ambient sound level measurements during the period August 10 through 20,
1998. Intotd, over 160 hours of acoustica and meteorologica datawere measured by the researchteam
at 29 sites throughout the four conservation units. This document summarizes this comprehensve noise
measurement study. Inadditionto the Volpe Center's measurement effort, the U.S. Nationa Park Service
(NPS) requested the assistance of Sanchez Industrial Design, Inc. (SID) to conduct Smilar ambient sound
level measuremernts in September and October of 1997 and November of 1998. The NPS/SID
measurements included 12 sites also measured by the Vol pe Center, plus 8 additional Sites. The datafrom
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al of these measurement efforts were reviewed by the Vol pe Center, incoordinationwithSID, to cdculate
the average traditiond ambient sound levels used for ambient mapping and asreference pointsin the SEIS.
This document describes the ambient mapping procedure.

In addition, this document provides an overview of the enhancements made to the FAA's Integrated Noise
Model (INM) to improve its noise prediction relative to the terrain characteristics associated with the
conservation units(i.e., the predominance of water, which is an acoudtically hard surface and reflects noise

differently than land, which is consdered to be an acoudticaly soft surface).

1.1  Objectives

A primary objective of this study is to describe the noise environment in the conservation unitsto provide
input to the Homestead SEIS's andlyss of potentia changes to the noise environment. This objective has
been accomplished by use of atwo-step process of first measuring sound leve data at a number of key
locations, and then using the measured data aong with other information to generdize the measured data
over alarger area. A second primary objective of the study isto develop and document enhancementsto
the FAA's Integrated Noise Modd (INM) to improve its noise prediction capabilities over mixed
acoudticaly hard and soft surfaces.

An ancillary objective was to evauate the recently completed draft Guidelines for the Measurement and
Assessment of Low-Level Ambient Noise (Guiddines Document)®, which describes in detail the
methodology recommended for accurately characterizing alow-level sound environment. Components of
the Guiddines Document have been used in previous studies®’, but this study represents the first rigorous
implementation of the methodology in the Guiddines.
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2. Site Selection

In early 1998, the research team (see Appendix A for an overview of the team) initiated the process of
identifying the mogt suitable individud sites within BNP and ENP from the standpoint of characterizing the
ambient sound leve throughout these parks. Obvioudly, this process required joint support from the NPS.
Infact, based on early discussions withthe NPS, the study was expanded to indlude CLK and the southern

portion of BCY, which were areas not originaly considered by the research team.

When discussing the four conservation unitsin this document BNP is always presented first,
followed by ENP, CLK and BCY. Thisprotocol isused throughout, andisbased on the proximity

of each unit to Homestead Air Base.

All four conservation units are located in southern Florida (see Figure 6). BNP, established asa park in
1980, is gpproximately 180,000 acres, of which 95 percent iswater, most of which is comprised of the
Intra-coastal Waterway. The northern most point of BNP isless than 10 mi. south of downtown Miami,
whereas the westernmost point isonly about 3 mi. east of Homestead Air Base. Becauseitisdmog entirdy
an aguatic park, BNP caters primarily to vistorsinterested inmarine recreation. The coastal portion of the
park is lined with extremely dense mangrove and, other than the immediate area surrounding the vistor
center, offerslittle opportunity for the land-based park visitor. Some 6to 8 mi off the coastd portion of the
park, but sill well within the park boundary lies the northernmost FloridaKeys. Many of these 44 idands
offer boating, beaching and camping areasfor the park visitor. Inaddition, several milesto the east of these
idands, expangve cora reefs provide park vistors with the opportunity to fish, snorkel and dive, among
other activities (see Figure 7).




Ambient Sound Levels at Four Site Selection
Department of Interior Conservation Units




Ambient Sound Levels at Four Site Selection
Department of Interior Conservation Units

Figure6. Reative L ocation of the Four Conservation Unitsin Southern Florida
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Figure 7. Biscayne National Park (BNP)
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L ocated on the southern tip of the Forida peninsula, a gpproximeately 1.5 million acresin size, ENPis by
far thelargest of the four conservation unitsincluded in the current sudy. The essternmost portion of the
park isjust about 11 mi. west of Homestead Air Base, while the northernmost park boundary extends up
amog to the Miami pardld. ENP, which earned nationa park status in 1947, offers extensive camping
areas throughout. The southernmost Horida Bay portion of the park offers boating and beaching; and the
western portions of the park, just south of Everglades City, boast some of the best fishing in the country
(Figure 8).

CLK, anapproximately 6,700-acre wildife refuge, was established inNorth Key Largo in1980, to protect
and preserve critical habitat for the American crocodile which has been placed on the federd endangered
specieslist? The mangrove wetlands which cover most of the preserve provide habitat and solitudefor this
shy reptile. Such vegetationa so supports awide variety of other wildlife including birds and many species
of fish. CLK isapproximately 15 mi. due south of Homestead Air Base (Figure 9).

BCY, the northernmost unit of the four studied, is located between Miami onthe east coast of Florida and
Naples on the west coast. It extends from the northern boundary of ENP to an area some 7 mi. north of
Interstate 75. Originaly established as Big Cypress Swamp in 1974, it now encompasses an area of some
729,000 acres. Because the northernmost border of BCY extends some 50 milesnorth of Homestead Air
Base, measurements by the Vol pe Center were only conducted at two Stesat BCY/, both located in the
southernportionof the unit that is closer to Homestead (Figure 10). Measurements at three additiond sites
a BCY, including one site a'so measured by Volpe, were conducted by SID.
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Figure 8. Everglades National Park (ENP)
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Figure 9. Crocodile Lake National Wildlife Refuge (CLK)
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Figure 10. Big CypressNational Preserve (BCY)

-13-



Ambient Sound Levels at Four Site Selection
Department of Interior Conservation Units

The remainder of this section discussesin detall the Site selection process, along with the 29 specific sites
at whichambient sound level measurements were ultimately performed by the FAA/V ol pe Center research
team. Also included in the discussion is a summary of a scoping visit to BNP, ENP, CLK and BCY
conducted by members of the research team in July 1998.

21 Sdlection Criteria

The primary goa of the ambient noise measurement Site selection process was to efficiently identify the
field-measurement sites which would provide adequate geographic coverage of the study area. Asa part
of the gte sdection process for this study, the research team identified four criteria for judging the

acceptability of a proposed measurement site. These criteriaare asfollows:

Representative Land Cover: Smilar sudies in the nationd parks”° have established an
extremdy strong correl ationbetweenland cover, wind speed and ambient sound leve. In fact, the
NPS'sown Noise Overflight Decision Support System(NODSS) categorizesambient sound
levelsin Grand Canyon Nationa Park (GCNP) based soldly on vegetative cover and wind speed.™®
The termvegetative cover has been generdlized hereinto land cover, sncethevast mgjority of BNP
and large portions of ENP are covered by water, as opposed to vegetation.

The gtrong correlation between land cover and ambient sound level in a low-level ambient
environment such as a non-urbanized nationd park is somewhat intuitive. Specificaly, in such an
environment, the vast mgority of the contribution to the ambient sound level comes from wind
blowing through the vegetation or across the surf, in the case of an aquatic environment. Further,
the ambient sound leve will change in direct proportion with thewind. This has been shown inthe
above previoudy referenced studies® 910
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Geographic Coverage: Representative land cover alone isnot an adequate criterionto ensurethe
appropriateness of ameasurement site. Geographic coverageisaso very important. Eveninalow-
level ambient environment where the sounds of nature dominate, there can exist localized natural
sounds which can largely influence measured levels. For example, measurement a one location
along the Intra-coastal in BNP may not be adequate if a a second location on the waterway there
isapopulous bird sanctuary.

Resour ce Protection: Somewhat unrelated to representative land cover and geographic coverage,
and in many ways as important, is resource protection. In fact, resource protection isthe primary
criteriaof importance for the NPS. Specificdly, it isthe NPS position that noise-sengtivelocations
such as educationa centers, wildife habitats, campgrounds, etc., need to be represented in the
study. Theresearchteamagreed to include such locations into the project scope. In many cases,
the resource-specific Steswere also used to represent specific land cover or to improve geographic

coverage.

Logistics/Access. Overarching the above three criteria, and in many cases the definitive criterion
in the find decison-making process, was Ste accessibility. As important as a given site was to
satisy any of the above criteria, if it wasinaccessible, measurements could not be conducted.  For
example, conducting measurements in the mangrove forest dong the shordine of BNP was
extremdy difficult due to agenera lack of roadways or hiking trails and the fact that the forest is so
dense that trallblazing on foot is dmost impossble. As an example, in one ingtance (the Fender
Point sitein BNP) access was gained viaadirt road which ran parallel to adrainage cand.
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Prior to formal discussions withNPS personnel, the researchteamperformed some prdiminary investigetion
into the above four criteria, to determine the vigbility of individua measurement Sites, or measurement aress.

With regard to land cover the research team contacted Science Applications Internaiond Corporation
(SAIC) . SAIC, the consultant ultimately responsible for the preparation of the Homestead SEIS, had
obtained, from the FloridaGame and Fresh Water Fish Commission (FGFWFC), an dectronic file which
contained land-cover data for the entire state of Florida'* The file represents the only land-cover data
source known to the research team which includes al four conservationunitsintheir entirety. It should be
noted that researchers at ENP currently support a study with the University of Georgiato map out land
cover for ENP; however this work has not yet been completed.? Basicdly, the portion of the FGFWFC
file representing the four unitscontains 18 land-cover categories. These categoriesare summarizedin Table
2 and graphicdly in Figure 11 for the pertinent southern area of Horida. Thisfile was initidly used as a
means of identifying potential measurement areas, without regard to whether or not a particular areawas
practicaly accessble.
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Table2. Summary of Land-Cover Categoriesfor Each Unit

FGFWFC Land-Cover Category Percent of National Unit
(Type Code) BNP ENP CLK BCY
Background (0) 62.65 5.72 - 0.02
Coastal Strand (1) - 0.05 - -
Dry Prairie (2) <0.01 0.04 0.15 0.15
Pinelands (3) - 0.64 - 4.09
Mixed Hardwood-Pine Forests (7) - <0.01 - 0.01
Hardwood Hammocks and Forests (8) 0.01 2.01 0.15 11.2
Tropical Hardwood Hammock (9) 0.88 0.01 14.35 -
Coastal Salt Marsh (10) 0.47 6.98 1.70 1.11
Freshwater Marsh and Wet Prairie (11) 0.01 25.41 - 36.9
Cypress Swamp (12) - 0.31 - 39.61
Hardwood Swamp (13) - 0.02 - 3.4
Scrub (Shrub) Swamp (15) - 1.93 - 0.31
Mangrove Swamp (16) 2.23 23.1 66.17 1.05
Open Water (18) 33.43 32.42 11.63 0.13
Grassland (Agriculture) (19) 0.01 0.44 0.53 1.00
Shrub and Brush Land (20) <0.01 0.02 - 0.02
Exotic Plant Communities (21) 0.02 0.02 - -
Barren and Urban (22) 0.29 0.86 5.33 1.01
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With respect to geographic coverage, preliminary studies of areamapsindicated that coverage would to a
large extent be governed by access. Specifically, it was determined that "gridding up” thefour conservation
unitsto obtain geographic coverage (as described inthe Guiddines Document) Smply was not practical due

primarily to lack of access.

Little prdiminary researchwas performed by the teamitsdlf inthe areaof resource protection. Theresearch

team agreed that the NPS was far more qudified in this area, and would provide the necessary expertise.

2.2  Scoping Visit

To hdp fadilitate study planning, and to ensure that NPS requirements were adequately met, during the
period July 8 through 10, 1998, several members of the research team conducted a Site-scoping vist to the
four conservation units. The three-day visit consisted of “round-table” discussions onthe morming of the 8™
and 9" and site visits during the remainder of the time period. Specificaly, the late morning and afternoon
period of the 8" was spent visiting sitesin BNP and CLK. The afternoon of the 9" was spent visting sites
in the central and southern portions of ENP.  The morning of the 10" was spent at Sitesin the northern
portionof ENP, aswel asthe southern portion of BCY. Throughout thevisit, discussons were conducted
withpark personndl, including Bill Schmidt (NPS Washington), Pat Lynchand Wendy O Sullivanof BNP,
Kayn Ferro, Barry Wood and Dave Skkena of ENP, Steve Klett of CLK (U.S. Fish and Wildlife
Service), Ron Clark of BCY (viateephone) and Gonzao Sanchez of Sanchez Industria Design (SID, an
NPS consultant).

2.2.1 Topicsof Discussion
Topics of discussion during the three-day vigt included: (1) Site priorities and access, induding logigtics,
(2) the procedures for obtaining approva for performing measurements in the four
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Figure 11. Graphical Display of Land-Cover Categoriesfor Study Area
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Figure 11. Graphical Display of Land-Cover Categoriesfor Study Area

units, induding the requirementsfor a brief researchtest plan; (3) arcraft and vistor activity at the four units
(4) expected weather conditions in the proposed August time frame; and (5) available land-cover and
meteorologicd data.

In terms of the firg discussion topic, the NPS presented the research team with a priority listing of 28
measurement Sites, many of which were aso of extremely high priority for the research team, based on
preliminary investigaion. The NPS objective in Ste identification was primarily resource protection, with
asecondary god of protecting vigitor interests. The research team, as stated earlier, had a primary goal of
representing al land-cover classes within the units, while providing for adequate geographic coverage.
Throughout discussions, the research team assured the NPS that every effort would be made to perform

measurements at the NPS priority Sites.

NPS personnd indicated that site access would not be an issue. In fact, prior to commencement of the

study, master keys were provided to the research team for al of the gatesin BNP and ENP.

Interms of logigtics, arangementswere made to have anNPS boat avallable eachmorning at BNP gtarting
at 6:30 A.M., and at 8:30 P.M. for the limited amount of measurements planned for conduct at night.”
Smilar arangements were discussed for water-based sites in the southern portion of ENP.  Ultimately,
arrangementswere made directly with personnd a Key Largo Ranger Stationand Everglades City Ranger
Station.
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The approva process for conducting research in the nationa parks indudes a formal study design and
goplication. The research team indicated that the study plan was currently in preparation and would be
submitted within the next week.

* The NPS had identified two BNP sites, Black Point and Mangrove Key, a which they desired to have
measurements conducted at night. Both sites were located adjacent to a bird sanctuary, and prior NPS research
indicated birds to be especially noise-sensitive during the nighttime.

At the meeting, NPS personnel indicated that aircraft activity would be primarily dominated by Miami
operations, however, at certain timesof the day, operations out of Homestead Air Basecould be subgtantid,
epecidly for the stesin BNP. The NPSdso indicated that there was achance of arare Sightseeing or tour

arcraft over the unit.

Park personnel indicated that peak vigtation occurs, as expected in southern Horida, during the winter
months. For the August timeframe in which measurements were planned, the visitor volume was expected
to be rdaivey low. NPS personnel did however point out that in many areas of the units a substantia
increase in vigtor volume could be expected on the weekend, and that Sites and specific measurement

periods should be selected accordingly.

As far as wesether, being in southern Forida during the summer would almost guarantee a late afternoon
thunderstorm. NPS personnd identified the period between2:00 P.M. and 4:00 P.M. as most susceptible

to showers.

In terms of supplementary data (namely land-cover and meteorological) NPS personnd overviewed their

available data and offered to provide the research team with any necessary support.

Additiondly, at the two-day meeting, BCNP personnd provided the research team with ancillary materia
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whichwould further facilitate planning of measurementsat the four units. Such materia included areamaps,
contacts, and alimited amount of meteorologica data, with more to follow.
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2.2.2 SiteVidits

On July 8, NPS personnd led the research teamon atour of candidate sitesin BNP and CLK, including,
from north to south in BNP, Stiltsville, Black Point, Boca Chita, Featherbed Bank, Fender Point, Elliott
Key, the Biscayne Visitor Center, RubiconKey, Mangrove K ey and Pedific Reef (see Figure 12; the letter
desgnatorsin the figure are presented in Table 3asthe “SiteID”). In addition, severd Steswere vidted
in CLK, induding Mangrove Inlet, Hardwood Hammock and Crocodile Pond (see Figure 13; the letter
designators in the figure are presented in Table 3 as the “Site ID”). At most land-based sites, short
excursions were taken down connecting trails in hopes of finding representative ambient measurement
locations. The consensus of the research team was thet al of the BNP and CLK sites offered reasonable
access (dthough some only through the use of boats), and dl provided representative microphone locations
with the necessary wide range in land cover. With one exception, al were considered excellent candidate
gtesfor the study. The one exception was Crocodile Pond because of its close proximity to Card Sound
Road, ardatively busy thoroughfare. However, because the NPS considered this Site to be an extremely
high priority fromthe standpoint of resource protection (it wasranked thirdonther priority list), the research
team agreed to include it in the study.

On July 9, NPS personnel led the research team on atour of candidate Sites in centra and southern ENP,
induding, fromnorthto south, Chekika, Pindands, Anhinga Trail, Hidden L ake Educationa Center and Eco
Pond (see Figure 14, the letter designators in the figure are presented in Table 3 asthe“SiteID”). Three
of these gites, Pindands, Anhinga Trail and Eco Pond, were not included onthe NPS priority list, primarily
because SID had performed measurements at these locations, or Smilar locations previoudy.®* However,
the research team fdt that additional data was necessary at these Sites to ensure adequate representation
of particular land cover categories. Also, repeating measurements at Sites smilar to those included in the
previous NPS study would alowfor anassessment of measurement repeetability. Of theremaining two Stes
vidted, the research team agreed that Chekika
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Figure 12. Location of M easurement Sitesin Biscayne National Park (BNP)
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Figure 13. Location of Measurement Sitesin
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Crocodile Lake National Wildlife Refuge (CLK)
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Figure 14. Location of Measurement Sitesin Everglades National Park (ENP)

was essentid to the god's of the study, but that Hidden Lake was probably not necessary because of its
close proximity to Anhinga Trail (0.8 mi.) and Pinelands (4.8 mi.); but the team would try toincludeit inthe
study because of itsimportance to the NPS from the standpoint of resource protection.

Onduly 10, NPS personnel led the research team to the Loop Road Educationa Center and the Galightly
Campground inBCY (see Figure 15; the letter designators in the figureare presented in Table 3 asthe “ Site
ID”) and Shark VdleyinENP. It waslater determined by NPS that accessto the Loop Road Educational
Center could not be arranged and that Galightly Campground, some 5,400 ft. (1.03 mi.) to the south, was
alogicd surrogate. The research team agreed that both the Golightly site and Shark Valey site were
essentid to the gods of the study.

In totd, there were nine Sites, seven in ENP (Buchanan Key, Eastern Panhandle, Eastern Sparrow, Little
Madeira Bay, NorthNest Key, Pavilion Key and Whitewater Bay) and two in BCY (Kissmee Billy Trall
and Nationa Scenic Trall), that were included on the origind NPS priority list, but were not visited during
the scoping vist. Five of these Steswere ether in Horida Bay or the Gulf of Mexico and were Smply not
practicd to vist during the three-day scoping trip. However, the research team agreed that for the sake of
geographic coverage every effort would be madeto performmeasurements at these sites (withthe exception
of Kissmee Billy Trail, which is discussed in more detail in the next paragraph).

Of the origind 28 priority Stes NPS identified, the research team agreed to make every effort to perform
measurements at 25 of them (Note: Prior to measurements it was mutualy agreed by the NPS and the
researchteamthat the ENP Canepatch site would be subgtituted by the Whitewater Bay siteand the BCY
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Educationa Center would be subgtituted by the Golightly Campground). The three NPS sites a which
measurements were not performed included: (1) Kissmee Billy Trall, whichis
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Figure 15. Location of M easurement Sitesin Big Cypress National Preserve (BCY)
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located about 30 mi. north of the Miami pardle and some 50 mi. northwest of Homestead, because of its
long distance fromHomestead and logistica concerns; (2) Fowey Light, whichwasmutudly agreed by NPS
and the researchteamto be adequatdly represented by the Padific Reef site; and (3) North Panther Mound,
which was mutualy agreed to be adequately represented by Shark Vdley, Eastern Sparrow and Pa-hay-
okee (agte previoudy measured by SID for the NPS).

Ultimatdy, measurementswere completed at dl 25 origind NPS priority sites (Note: During measurements
it was mutudly agreed by the NPS and the research teamthat the Crocodile Pond sitewould be substituted
by Barnes Sound because of access issues). In addition to the 25 NPS priority Stes, the research team
identified four additional Sites as necessary for ensuring proper coverage of the four units: (1) Soldier Key;
(2) Anhinga Trail; (3) Eco Pond; and (4) Pindands.

2.3  Measurement Sites

Figures 12 through 15 and Table 3 summarize the 29 stesat whichambient sound level measurementswere
performed. Inthetable, the Sites are arranged in adphabetica order accordingto conservation unit: (1) 11
StesinBNP; (2) 13 gtesin ENP; (3) 3 dtesin CLK; and (4) 2 dtesin BCY. The column headingsinthe

table are defined as follows:;

Site Name: The name assgned to the measurement site.

Date(s): The date or dates measurements were made at a particular site. For the purpose of
examining repeetability, measurementswere conducted ontwo separate occasions for 13 stes, and
three separateoccasonsfor 6 Sites. For the remaining 10 Sites, measurementswere only performed

once.

Site ID: Aninternd Volpe Center designator, included in the table for congstency with the field
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datalog sheets. Thisdesignator is dso used in Figures 12 through 15 for Ste identification.
Latitude/Longitude: The laitude and longitude measured & the Site using a Magdian Pioneer
GPSreceaiver (WGS-84 reference). With four exceptions, the coordinatesfor aparticular stefrom
one measurement day to the next (and referenced to the NPS-provided coordinates) were within
the accuracy of GPS technology (roughly 300 ft. or 91.4 m). The exceptionswere Black Point on
8/12, Featherbed on 8/14, Stiltsvilleon8/17, and Little MadeiraBay on8/20. Thereason the exact
coordinateswere not observed onthese four occasions wasthat the boat pilot on each day fdt that
it was a safety risk to move any closer to the precise coordinates due to tidal concerns.

Boat: This column is checked if the measurements were made from a boat, as opposed to
measurements made from aland-based site.

NPS: This column is checked if measurements were previously conducted by the NPS at the
identical or Smilar Ste.

Notes: Any specid notes pertaining to the Site.

Appendix B presentsaplanview showing the insrumentation placement at each measurement steincluded
in the study.

24 Resear ch Team

Appendix A lists the members of the research team dong with their respongihilities.
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Table3. Summary of Measurement Site L ocations

Site
Site Name Date(s) Latitude Longitude Boat NPS Notes
1D
Biscayne National Park (BNP)
Variance in measurement
locations due to tidal /
maneuvering concerns.
. 8/10/98 253147N | 801757 W Measurements made on
Black Point A U
8/12/98 253204 N | 801801 W 8/12/98 were 1754 ft
(approximately 0.3 mi)
from those made on
8/10/98.
8/10/98
Boca Chita 8/13/98 C 253128N | 801033W U
8/15/98
8/12/98
Elliott Key 8/15/98 2527 14N | 801145W U
8/17/98
Variance in measurement
locations due to tidal /
8/12/98 252957N | 801416 W U maneuvering concerns.
Measurements made on
Featherbed Bank | 8/14/98 P 253129N | 801431w | U Similar 8/14/98 were 9389 ft
8/15/98 253001N | 801416 W (approximately 1.8 mi)
from those made on 8/12
and 8/15/98.
8/11/98 252811 N | 802026 W U
Fender Point 8/14/98 F 252809N | 802026 W Simil
imilar
8/14/98 252809 N | 802026 W
8/11/98
through 2524 12N | 801904 W
Mangrove Key H U
8/12/98 2524 17N | 801854 W
8/15/98
- 8/11/98 U
Pacific Reef E 252203 N | 800854 W U o
8/16/98 Similar
8/11/98
] 252327N | 801358 W
Rubicon Key | 8/14/98 D U U
252331N |(801401W
Soldier Key 8/13/98 L 253528 N | 800939 W U
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Site
Site Name Date(s) Latitude Longitude Boat NPS Notes
1D
8/16/98
Variance in measurement
locations due to tidal /
Stiltsville 8/12/98 253718N | 800854 W maneuvering concerns.
Measurements made on
8/16/98 J 253717N | 800857w | U 8/17/98 were 17783 ft
Stiltsville (cont.) | 8/17/98 253745N | 801206 W (approximately 3.4 mi)
from those made on 8/12
and 8/16/98.
o 8/11/98
Visitor Center G 252752N | 802005W U
8/16/98
Everglades National Park (ENP)
8/10/98
Anhinga Trail 8/12/98 B 252301 N | 803622W U
8/15/98
Buchanan Key | 8/19/98 Y 245458 N | 804629 W U
] 8/10/98
Chekika O 253645N 803504 W
8/17/98
Eastern 8/13/98 | M | 251716N | 802630W
Panhandle
Eastern Sparrow | 8/18/98 | Vv | 252952N | 803945 W access'b'eotr’]?’yhe"cc’pter
Eco Pond 8/14/98 Q 2508 19N 805616 W U
8/15/98
Hidden Lake 8/17/98 R 252255N | 803706W
Variance in measurement
locations due to tidal /
maneuvering concerns.
Little Madeira | 8/18/98 U 251145N | 803742W U Measurements made on
Bay 8/20/98 251053 N | 803821 W 8/20/98 were 6355 ft
(approximately 1.2 mi)
from those made on
8/18/98.
North Nest Key 8/18/98 X 250906 N 803041 W U
Pavilion Key 8/20/98 AA 2542 31 N 812103 W
8/12/98 U
Pinelands 8/13/98 K 252522 N 804047 W o
Similar
8/19/98
Shark Valley 8/13/98 N 253923 N | 804559W
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Site
Site Name Date(s) Latitude Longitude Boat NPS Notes
1D
8/16/98
Whitewater Bay | 8/17/98 T 251448 N | 805751 W U
Crocodile Lake National Wildlife Refuge (CLK)
Barnes Sound 8/19/98 AD 251429 N | 802003 W U
Hardwood 1 g1 008 | W | 251556 N | 801839 W
Hammock
8/18/98
Mangrove Inlet AC 251336N | 802001 W
8/18/98
Big Cypress National Preserve (BCY)
i 8/16/98
Golightly s |254517N | 805535W
Campground | 8/17/98
National Scenic | 5198 | pe | 255147 N | 810206 W

Trail
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3. Instrumentation

This section discusses the acoustic and related instrumentation used in the study. For those interested in
further detailed information Appendix C presents technical specifications for the acoustic measurement

system.

3.1 Microphone, Preamplifier and Windscreen

A microphone transforms sound-pressure variations into electrical signals, that are in turn measured by
instruments such as a sound level meter (SLM) or a one-third octave-band analyzer (spectrum analyzer),
and/or recorded on tape or some other storage medium. The Brie and Kjeg (B&K) Model 4155 and 4189
microphones used in the current study are electret condenser microphones. These microphones utilize a
diaphragm of pure nickel, which is coated with a protective quartz film. The microphone backplate is made
of a corrosion-resistant high-nickel aloy which carries a negatively charged layer. Such a design allows the
microphone to maintain its own polarization, i.e., often referred to as a pre-polarized design. Pre-polarization
allows the electret microphone to function as a closed system with regard to humidity, thus eiminating the
potential for condensation in high humidity situations, an obvious concern in southern Florida in August.
Additiondly, the B&K Model 2671 preamplifier and Model WB 1372 power supply were employed at each

site.

A conventional windscreen is a porous sphere [usually made of foam and about 3.5 in (9 cm) in diameter]
which is placed atop a microphone to reduce the effects of wind-generated noise on the microphone
digphragm. By reducing the wind-generated noise on the microphone diaphragm, the signal-to-noise (S/N)
ratio of a sound measurement is effectively improved. Due to the low sound levels associated with

measurements at many of the sites, aswell as the anticipated high windsat the water-based sites, a

* Traditional condenser microphones are extremely sensitive to humidity. The conventional condenser design

(as opposed to the dectret condenser design used in the current study) can result in electrical arching in high
humidity environments. Arching will contaminate the measured signal, and can in extreme situations cause
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damage to the microphone.

conventiona windscreen aone did not provide enough of an improvement in the SN ratio. As part of the
development of their “turn-key” Low Noise Monitoring System (LONOMS), the NPS funded the design
and development of a tripod-mounted, two-stage windscreen to be used for measurementsinthe Nationa
Parks. The two-stage design, which is documented extensively in Reference 14, consigts of a 20 inch
diameter (51 cm) fabric-covered outer stage, and aconventional B& K Modd UA0207 foam windscreen
making up the inner stage. This specially designed two-stage windscreen was used for measurements
performed in the current study.

3.2 SoundLevel Meter (SLM)

The microphone/preamplifier was connected via 300 ft. (91.4 m) of cable (50 ft. or 15.2 m of cable for
measurements made on-board aboat) to aL arsonDavis Laboratories (LDL) Model 820 sound level meter
(SLM). The Mode 820 isa Type 1 SLM which performs true numeric integration and averaging in
accordance with ANSI S1.4-1983.%° It was set up to continuously measure and store at one-second time
intervals the equivalent sound level (1sEQ, denoted by the symbol L ¢, 15) aswell asthe maximum
A-weighted sound level with slow exponential time weighting (M XSA, denoted by the symbol
Lasnx)- Inthismode the Modd 820 is capable of storing over 18 hours of uninterrupted data.

Theuseof 300 ft. of extensoncable (at the land-based sites) ensured that fidd personnel could move about
and conduct whispered conversations without influencing the measured sound. Extreme care was taken at

the water-based stes to be still and quiet during measurements.

Sow exponentid time weighting, as compared with fast or impulsive time weighting, was utilized for three
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reasons. (1) consistency with previous NPS measurements® ”° (dthough in some previous NPS and USAF
studies'®*’ the L s Was actualy approximated by using the maximum L, 1 measured during a particular
time period, any associated differencesas compared with the true L, s, Measured in the current study are
expected to be amdl and mogt likdy negligible); (2) consstency with most aircraft noise measurement
sudies; and (3) the likelihood of dow response to systematically and predictably reduce the impulsive
sounds of nature, e.g., bird chirps, insects, etc. It was consdered beneficia to reduce these impulsive
sounds in that: (1) they are generdlly considered to be unobtrusive, if not pleasant sounds; and (2) by
minimizingther potentiadly contaminating effect, it is morelikey that Satiticaly representative measurements
could be obtained.

3.3 Digital Audio Tape (DAT) Recorder

The AC output of the Model 820 SLM was connected directly to the input of either a Sony Model
PC208Ax or Model TCD-D100 digitd audio tape (DAT) recorder. The Model PC208Ax DAT recorder
was set up to operate at Sngle speed inatwo-channd recording mode. At sngle speed, the 295-ft. (90-m)
tapes were cagpable of providing dightly morethan 3 hoursof recording time. TheModel TCD-D100 DAT
offers a half-speed recording mode, which provided about 4 hours of recording time withthe 197-ft. (60-

m) tape.

The decison to usea DAT recorder as opposed to a portable one-third octave-band anayzer was made
primarily because the actua purpose of measuring frequency-based data was not entirely known prior to
measurements, and tape recording allows for repeated playback and analysis, including the option for
narrow-band andysis, if deemed necessary.

34  Acoustic Observer Log
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An acoustic observer log was maintained to provide a continuous, timed record of audible sounds
throughout the measurement period. An automated Microsoft Excel spreadsheet was used to perform the
logging. The spreadshest, displayed in Figure 16, offered a substantial advantage over amanua logging
system in that it produced an eectronic file which was used in data reduction immediately following field
measurements. A further advantage of the automated spreadsheet was that it offered the ability to quickly
“click” on buttons using atraditiona mouse, aswell as“hot-key” entry of menu items and keyboard entry
of text. The obvious disadvantages of the spreadsheet method were the bulk and battery power
requirements for the supporting laptop computer. As a backup to the automated log, the manud |og sheet
shown in Figure 17 was available in the fidld should the automated system have failed for some reason.

3.5 Meteorological Instrumentation

In addition to the acoudtica instrumentation, a Quaimetrics Transportable Automated Meteorologica
Station (TAMS) was set up to measure temperature, rdative humidity, wind speed and direction, and
ambient atmospheric pressure a one-second intervals. The use of one-second time intervals alowed for

direct correlation between the sampled acoustical and meteorological data.

3.6  Other Ingstrumentation

A B&K Modd 4231 sound cdibrator was used in the field for establishing and checking the sengtivity of
the entire acoudtic insrumentation system (i.e., microphone, preamplifier, cables, SLM, and DAT). The
Model 4231 produces a user-selectable 94 dB sound pressure level a afrequency of 1 kHz.

Time synchronization of dl pertinent instrumentationin the measurement chain was performed with asingle
digitd watch (master clock). In particular, the SLM, DAT, acoustic observer log and meteorologica
ingdrumentation were synchronized to the master clock each day to facilitate accurate data reduction and
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andyds. To ensure synchronicity between different measurement teams, each team would set its master
clock onadaily basis according to Universa Coordinated Time (UTC). Itisasoimportant to point out that
the radar tracking system at Miami International Airport (MIA) is synchronized to UTC, thus easly
facilitating the coordination of acoustica, meteorologica and flight track detaif deemed necessary.

At the land-based sites, a hand-hdd Motorola Radius GP300 FM radio was utilized for communication
between personnel during setup and breakdown of the instrumentation.
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Figure 16. Automated Acoustic Observer Log
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Manual Aircraft Observer Log w/ Boats
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Figure 17. Manual Acoustic Observer Log
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4. Field Measurement Procedures

With the exception of the limited amount of planned nighttime measurements, the god each day was to
commence with data collectionas close as possible to 0700. Allowing three hours for measurements, 1 to
1.5 hours for breakdown, travel to a second ste and setup at the Site, and 3 additiond hours for
measurements at the second ste, each team would idedlly be done with measurements on a given day by
1430 -- hopefully before any afternoon precipitation. This rather aggressive schedule was often not
practical, due primarily to the longer than anticipated travel times between stes, aswell as the somewhat
unpredictable weather patterns. The conclusion of a more typica measurement day occurred sometime
between1600and 1800. Theremainder of this section describesthe specific field measurement procedures

employed upon arriva a ameasurement Ste.

4.1  Personnd Requirements

Due to the large amount of targeted measurement sites and arather narrow 10-day window of opportunity
for the measurements, three two-person teams were established to conduct the field study. At each
measurement Site, one individua continuously logged the changes in the acoudtic state. The second
individua monitored the SLM, the DAT recorder, and the meteorological sysem. Individuasrotated duties
throughout a typica measurement.

Prior to commencement of the study, individuas were tested to ensure consistent, accurate hearing. This
wasaccomplished by conducting outdoor tests, duringwhichpersonnel smultaneoudy logged acoudtic states
as they would during actuad measurements. The results of these tests were compared to ensure that team
memberswere capable of condstently and accurately performing theloggingactivity. For further assurance,
agmilar activity was randomly conducted in the field during which team members periodically performed
meanud logging of acoudtic states while the automated observer log was being maintained by another team

member. Inthe caseof both tests, small variations between observers were documented. Thesevariations
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were on the order of just afew seconds and were random in nature, and as such considered negligible.

Further, a post-measurement lisening test was conducted. During this test, team members listened via
headphone to actual tape-recorded datafromthe fied. Whilelistening they developed an acoustic observer

log (see Section 3.4). Eachlog, and accompanying datawerereduced (see Section 5) and resultant ambient

sound levels computed. These ambient level swere compared with those computed using the observer logs

developed inthefidd. Inal cases, thelargest difference in ambient sound level waslessthan 0.1 dB.

4.2

M easurement System Setup

Following is a step-by-step description of the acoustic system setup whichtook place eachday uponarriva

at atypical measurement Ste:

@D

e

The microphone, preamplifier, and windscreen were attached to atripod whichwas positioned in
a location consdered typical of the surrounding ambient environment, i.e., avay from any known
localized noise sources (Microphone Location). Thetripod was adjusted to | ocate the microphone
digphragm at a height of 5 ft. (1.5 m) directly above the local ground surface, oriented verticdly
(microphone grid facing the sky). Note: In the case of water-based measurements, the
microphone/preamplifier/windscreen were placed on the bow of the boat, 5 ft. above the deck.
To ensure physica stability, the entire system was secured to the boat using a bungee chord
arangement, or usng nylon rope with tenson adjusters.  Figures 18 and 19 show the
microphone/preamplifier/windscreen arrangement as it was deployed at a typica land-based and
water-based site, respectively.

The SLM, DAT, and acoustic data logging instrumentation were postioned in full view of the
microphone location, but at a distance of gpproximatdy 300 ft. (91.4m), 20ft. (6.1 m) inthecase
of awater-based ste (Observer Location). Figures 20 and 21 show the acoustic observer location
setup asit was deployed at atypical land-based and water-based Site, respectively.
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The meteorological instrumentation was positioned at a location approximately 50 ft. (15.2 m) from
the observer location (or 5 ft. for water based measurements), and some 250 ft. (76.2 m) from the
Microphone Location (or 25 ft. for water-based measurements), but in a position still representative
of the wind conditions a the Microphone Location. The separation distance between the
meteorological instrumentation and the Microphone Location was maintained so that personnel could
make periodic checks of meteorological measurements and power supply status without influencing
the acoustical measurements. The meteorological sensors were placed at a height of 5 ft. (1.5 m)
directly above the local ground surface or the boat deck, as appropriate. Like the microphone, the
meteorological instrumentation was positioned in an open area representative of the surrounding
environment. Figure 22 shows the TAMS system as it was deployed at a typical measurement site
in the field.

A total of 300 ft. (91.4 m) of cable (50 ft. in the case of the water-based sites) was connected
between the instrumentation at the microphone location and at the observer location, and 4l
instrumentation was then powered up.

The next step was to establish that the internal clocks of all pertinent instrumentation (namely the
SLM, DAT, meteorological system and laptop) were set to the time of the master clock.

With dl electrical components of the acoustic measurement system connected, a preliminary sound
level calibration of the system was performed. The purpose of the preliminary calibration was to
ensure that all equipment was operating properly.

The eectronic noise floor of the entire electrical system absent of the microphone was established,
using a non-transducive (i.e., mechanically passive) capacitive load.

After re-installation of the microphone, a pre-measurement sound level calibration of the system was
performed.

The two-stage windscreen was then deployed and the preamplifier cable secured to aleg of the tripod,
to prevent vibration. All other cables were “dressed” to allow for easy visual inspection, and to
prevent disturbance by site activity.

Ambient sound level measurements (SLM), sound recordings (DAT), meteorological measurements,

and logging of the acoustic environment were then initiated.
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Figure 18. Land-Based Microphone/Preamplifier/Windscreen Arrangement
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Figure 19. Water-Based Microphone/Preamplifier/Windscreen Arrangement
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Figure 20. Land-Based Acoustic Observer Location
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Figure 21. Water-Based Acoustic Observer Location
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Figure22. TAMS System
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43  Measurements

During measurements, the fidd observer continuoudy documented the acoustic environment at the Site. In
performing this activity, the acoudtic environment was divided into three primary categories. (1) Aircraft;
(2) Non-Aircraft - Human; and (3) Natural. These categories were arranged into a hierarchy, with
Aircraft taking the highest priority; Non-Aircraft - Human taking second; and Natural taking third. This
hierarchy alowed the observer in the fied to select one category if several were gpplicable Smultaneoudy.
Thus, if anarcraft and anautomohile were audible smultaneoudy, the Aircraft category was documented.
If a artomobile and a bird were smultaneoudy audible, the Non-Aircraft - Human category was
documented. The Natural category was documented when no human-mede sounds of any kind were
audible. No human judgement was made as to which sound was “acoudticaly dominant” -- the hierarchy
was conformed to in the drictest sense. A particular category remained the documented category until a

change in the acoudtic Sate was audible to the observer.

The actua logging ingrument was the automated spreadsheet depicted inFigure 16. 1n addition to thethree
primary acoustic categories, there are severa subcategories. The spreadsheet inputs, including primary
categories and associated subcategories are described in detail below:

: designates the exact time associated with a change of sate in the current
acoudtic environment. Use of this input initiated a new entry in the
spreadshest, the specific details of which could be input as they became
apparent to the observer. The avalability of this input dlowed for
immediate identification of a change in the acoudtic environmert.

TIME
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. desgnates Aircraft sate. Note: The types of arcraft are presented in
ARCRAFT ahierarcha order. For example, if both a helicopter and apropeller-type
arcraft were smultaneoudy audible, the helicopter was documented.

. dedignates Helicopter-type aircraft.

. designates Propdler-type aircraft.

. designates Jet-type aircraft.

. designates Unknown-type aircraft (invoked primerily for aircraft which
were heard but not seen).

: I B B B
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. designates Tour operator.
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= : designates Commercial operator.
GIA . designates Generd Aviation operator.
MIL , .
. designates Military operator.
DNKNOWH : designates Unknown operator (invoked primarily for aircraft whichwere
heard but not seen).
H
. desgnates high dtitude aircraft.
M
. designates medium dtitude aircraft.
L

. designates low dtitude aircraft.

HUMAN ‘
— . designates Non-Aircraft - Human state.

. designates noise produced by automobiles.

. designates noise produced directly by humans, eg., voices.

LMD

. designates noise produced by pets, e.g., dog barking.
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: designates noise produced by other human-induced sources.

_

. designates noise produced by boats.

f -
: lrrr

. designates noise produced by “waves agang the hul” of the messurement
boat.

NATURAL |

. desgnates Natural state.

. designates noise produced by wildlife, eg., birds.

. designates noise as “wind-in-the-foliage.”

OIS TG

. dedignates noise as “wind-in-the-ear.”
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. designates noise produced by water sources.

. designates noise produced by other natural sources.

RETURN

- returns active cdl to beginning of next spreadsheet line in preparation for
next acoudtic state.

Depending uponthe time of day and associ ated dynamicsof the sound environment, the acoustic team found
maintenance of the observer log to be an extremely tedious task inthe fidd, and one that required frequent
breaks. During measurements, the god was to rotate logging personnel hourly to maintain the necessary
level of dertness.

As mentioned previoudy, at various times throughout the measurement period, individuals not performing
the “offiad” logging activity occasonaly conducted “unoffida” logging for the purpose of determining

consgtency among different loggers.

In addition, periodic checkswere performed on boththe acoustical and meteorological instrumentation for
the fdlowing: available battery power, remaining internal memory for devices with internal data storage
(SLM and meteorologicd system), and remaining tape in the case of the DAT recorder.

)
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44  Measurement System Dismantling

Following is a step-by-step description of the system dismantling which took place upon completion of

mesasurements:

(@D} A post-measurement sound level cdibration of the entire acoustical systemwas performed and any
drift from theinitial calibration was documented.

2 Theinterna clocks of the SLM, DAT, meteorologica system and |aptop were compared with the
measter clock and any time drift was documented.

3 All ingtrumentation was powered down and the entire system was disconnected and stored.

Prior to data reduction (see Section 5), the stored sound level data in the Model 820 SLM were
downloaded to alaptop computer and the LDL binary filesconverted to comma-ddimited ASCI| text files
The acousdtic observer log was initidly saved in Microsoft Excd spreadsheet format and later converted to
ASCII format. The meteorological data were saved in acommea-delimited ASCII text file.
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5. Data Reduction

Figure 23 presents aflow diagram of the datareductionprocess. Essentidly, there were two primary data
sets, the acoudtical data and the meteorological data. The acoustical data consisted of the contiguous one-
second sound levels (both Laeq1s ad Lasyy), inadditionto the acoustic observer data. The meteorological
data, after reformatting viathe TAM S program, consisted of one-second samples of temperature, relaive
humidity, wind speed, wind direction and ambient atmospheric pressure. For the purposes of the current
sudy, wind speed was the primary meteorologicd variable examined, dthough some cursory anayses of
wind directiondatawere aso performed. The sound level data, the acoustic observer data, and wind speed
datawere used by the Volpe Center asinputs to its ambient data processing programentitied AMBIAVG.
The remainder of this section presents the specifics of the data reduction process employed in the current

studly.
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Figure 23. Flow Diagram of Data Reduction Process

5.1 DataCleaning and Editing

Backup copies of dl data files were made daly. The naming scheme for the data files was as follows:
“MDDYYaa,” where “M” isaone-digit representation for the month, “DD” is atwo-digit representation
for the day of the month, “Y'Y” is a two-digit representation of the year, “ad’ is a unique character 1D
representing the Steand “i” is an increment used when multiple files were required on a given day a the

same ste. Unique file extensons were given to different types of data.

511 Raw Acoustic Data
No editing was required for the acoustic data, which existed as ASCII text files, prior to running

Metenrological 1>ata Aconslical 1)ata

1 1 1 1
! ftanmisreme | Recmed ! ! Chamgene | Sanae s Azome izC grmee !
: Mstsd:.0.c eIl sta : : Sounz Lavsil sla Dinia !
1
L P 1 | o o o e d o o o o e e e e e e e e e e e e e e e e e e e e e e e ey e o ]
TAMS =VE Ahec ris ot 4 Tencal
At eabin

SMBINV 3 EE

AMBIAVG. A separatefile containing cdibration and time data was crested using atext editor. Thisfile
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contained any adjustments required for cdibration drift aswell as start and end time-of-day for dl files.

5.1.2 Acoustic Observer Log Data

The acoudtic observer log data files were checked daily for accuracy and edited as necessary. Editing
generdly conssted of darifying comments. Occasionaly, inconsstent data entries had to be deleted. The
Spreadshest files were then trand ated to comma-ddimited ASCII format for input into AMBIAVG.

5.1.3 Meteorological Data

Prior to processing, the meteorol ogica datawere run through a preprocessor caled TAM Swhichchecked
for dropouts (missng records for a given one-second time period). Less than twenty dropouts, generaly
one record (one second) in length, were encountered on any given day. Data for dropouts were smply
copied from the record immediately preceding the dropout. It should be noted that, with the exceptions of
measurements made at BuchananK ey and Little MadeiraBay, it was not necessary to correct for dropouts
of any meteorologica data at or near wind speeds of 15 mph-- the predetermined wind-speed acceptability
threshold (see Section 5.4). The output from TAMS was then used by AMBIAVG.

52  Ambient Sound Leve Definitions

The term “ambient noisg” can have different meaning depending upon the specific gpplication. To avoid
confusion, thisdocument followsthe precedent of Draft Guidelinesfor the Measurement and Assessment
of Low-Level Noise® in using the following definitions for ambient noise:

Existing Ambient: Thecomposte, dl-inclusvesound associated with agiven environment, excluding only

the andysis sysem’ s dectrica noise. Aircraft noiseisincluded.

Traditional Ambient: Thecomposite, al-inclusive sound associated with agiven environment, excluding

the analyss syslem’ s dectrica noise and the sound source of interest, whichinthis caseis aircraft.
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In effect, traditiona ambient isthe existing ambient, excluding aircraft.

Natural plus Visitor Self-Noise (N+VSN): As defined by the NPS in the 1995 Report to Congress,
the natural sound conditions found ina study area, induding dl sounds of nature (i.e., wind, streams,
wildlife, etc.) and vistor-generated self-noise, excluding al mechanica sounds and the andyss
system’s dectrica noise’® Vistor self-noise includes voices, footsteps and other sounds that a

vigtor creates.

Natural Ambient: The natural sound conditions found inastudy area, induding dl soundsof nature (i.e.,
wind, streams, wildlife, etc.), excdluding dl human and mechanica sounds as wdl as the andyss

system’s dectrica noise (i.e., only the sounds of nature).

5.3  Computing Ambient Sound Levels

For each ste on a given measurement day, four ambient sound level vaues, based on the four ambient
definitions presented in Section 5.2, were computed by AMBIAVG. Specificdly, the datain the acoudtic
observer logwere used to group the individua one-second sound level val ues according to the appropriate
ambient ddfinition. Individua one-second vaues grouped within a given ambient definition were then

combined to compute a single ambient sound level value according to the following equation:

Ly, = 1040,y (3 10V - DR

where: L aeq 15 EPresents each 1-second L ¢, fromthe appropriate type of

ambient;

DUR represents the duration in seconds for a particular ambient
type.

-67-



Ambient Sound Levels at Four Data Reduction
Department of Interior Conservation Units

Occasiondly, sound level datawere collected during multiple measurement periodsat agivensiteonasngle
day. Thisusualy occurred when messurements a agivenstewereinterrupted as aresult of some externd
variable e.g., precipitation. 1n such instances, ambient sound levels from separate periods were combined
according to the following equation:

+10 10
Logcona = 10x10g;pY 05w 1O% TR, yplfutl0),  DOR2

where: L peqi represents the L, for a particular ambient type for the first

measurement period at a given Site on aparticular day;

Lae represents the Lo, for a particular ambient type for the
second measurement period at a given Site on aparticular day;
DUR1 represents the duration in seconds for a particular ambient
typefor the first measurement period a agivensteonaparticular
day; and

DURR2 represents the duration in seconds for aparticular ambient

type for the second measurement period at a given Ste on a

particular day.

Findly, the sound |level data obtained at Siteswhichhad multiple measurement days were combined. Indoing
so, the fallowing equation which weights more heavily data collected on weekdays as opposed to data
collected on weekends (5/7 and 2/7, respectively, in terms of acoustic ener gy) was employed so asto
moreappropriately represent anambient vaue for the so-called “ average day”. For steswhich had multiple
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measurement day's, none of which were on the weekend, the 5/7 and 2/7 weighting factors were not used.
In other words, in the following equation the five and two were st to unity.

- " 5 (Iqmdmx sxmmy N ﬂ“mdmx hm,__, 1
Lugaon = 10-dogyod. [5<10 s (5< DR {3 D0Ripa b
where: Laequinay represents the L, for a paticular ambient type for a

given Stemeasured during the week, i.e., Monday through Friday;

L aequikena represents the Lo, for a particular ambient type for a
given site measured on the weekend, i.e., Saturday or Sunday;

DUR\ypay represents the duraion in seconds associated with

L Aeqwkpay: and

DURyeng represents the duration in seconds associated with

I—AqukEnd-

54  Computing Average Wind Speed and Wind Effect

Averagewind speed and “wind effect” were caculated for each ambient type during each measurement
period. The average wind speed is smply the linear average of al one-second wind speed measurements
associated withagiventype of ambient. Wind effect, or the effect wind speed had onthe particular ambient
sound level, was calculated using ten-second energy-averaged L, valuesand their associated ten-second

linearly averagedwind speeds. Plotswerederivedillustrating the relationship between L, and wind speed.
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Inmost cases, the wind effect behaved in alinear fashion over the range of measured data. The actud wind
effect is defined as the dope (in decibels per mile per hour) of alinear regressionfitted to the L, and wind
speed data. Theaveragewind speed and wind effect for Steswith multiple measurement periodswere often

combined to arrive at vaues representing dl the data from asingle Site (see discussion in Section 6.1).

It wasinitidly intended that acoustic datameasured for wind speeds above 15 mphwould be excluded from
dl averages. However, further analyses of tape-recorded data indicated that this was unnecessary.
Ultimately, some 450 seconds of acoustic data were excluded from the average at the Buchanan Key site

due to sustained wind conditions over 20 mph during that period (see further discussion in Section6.4.2).
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6. Results

This section presents a detailed discussion of the results of the study. Included is a summary of dl the
measured data (Section 6.1), adiscusson of the rationde for selecting the traditiond ambient sound leve
for the Homestead SEIS (Section 6.2), followed by a discusson of the data on a Ste-by- Ste basis
(Sections 6.3 through 6.6 for each of the four conservation units, respectively), a discusson of NPS
meteorol ogical data(Section6.7), acomparisonwith previoudy measured ambient sound level data(Section
6.8), and the traditiona ambient sound level maps developed in support of this study (Section 6.9).

6.1 Summary

Table 4 contains a summary of the ambient sound level data measured at the four conservetion units. It is
arranged by unit, withthe datafor BNPfirg, followed by the datafor ENP, CLK, and BCY. Within each
unit the individud measurement sites are arranged aphabetically by name. For some sites, data are
presented for as many as three individua measurement periods.  Along with the data for the individua
period, a Sngle st of ambient sound levels is presented for each Ste. This set was computed using the
methodology outlined in Section 5.3. Namely, data from individud days were combined usng asmple
logarithmic average, and if measurements at a particular Ste were conducted on the weekend, an
appropriate 5/7 and 2/7 weighting was gpplied during the logarithmic averaging process.  The fird seven

columnsin Table 4 are aranged asfollows:

Date: The date the measurements were made.

Start Time:  The start time-of-day of the measurements.

Duration: The duration in hours and minutes of the particular measurement.

SiteID: Aninternd Volpe Center designator, included for consstency with field data logs.

Site Name:  The name assigned to the measurement Ste.
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Lat/Lon: The lditude/longitude measured at the dte usng a GPS receiver (WGS-84

%T ac:

reference).
The percentage of measurement time aircraft were audible (Figure 24 presents

without further discussion a more concise summary of this data.)

The next four primary columns define the particular type of ambient represented by the datac Traditiond,
Existing, Naturdl, and Naturd plus Vistor Self-Noise (N+V SN), asdefined in Section5.2. Then, for each

type of ambient the following data are presented:

L aeq:

DUR:

O%T:

WIS:

WIE:

The equivdent A-weighted sound level (indecibels). Presented isthe energy-averagevaue
representing the entire measurement period, and the contiguous 10-second energy average
minimum and maximum sound levels

The duration in seconds of the measurement.

The percentage of measurement time the particular ambient represents. No vaue is
presented for Exigting, Snceit is dways 100 %.

The wind speed. Presented is the linearly averaged vaue representing the entire
measurement period, and the contiguous 10-second average minimumand maximumval ues.
The wind effect. In other words, decibels per mile per hour change in wind speed. For
example, aW/E of 0.95 means that for each mile per hour change inwind speed the decibel
vaueincreases by 0.95 dB. In the mgority of cases, the wind speed range for a given
measurement period wasnot large enough to cal culate ameaningful wind effect onaperiod-
by-period basis. Therefore, data from separate days at a given Site were combined to
cdculate asnglewind effect for the ste.  Ingenerd, thewind

Table4. Summary of Measured Ambient Sound Leve Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.

2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.

-73-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

Table4. Summary of Measured Ambient Sound Leve Data

Notes:

1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
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2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average
regardless of windspeed.

Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.
Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.
Table4. Summary of Measured Ambient Sound Level Data
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Notes:

1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.

2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average
regardless of windspeed.

Table4. Summary of Measured Ambient Sound Leve Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.
Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.
Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.

Table4. Summary of Measured Ambient Sound Leve Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.

2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.

Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.

Table4. Summary of Measured Ambient Sound Level Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.
2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.

Table4. Summary of Measured Ambient Sound Leve Data
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Notes:
1. Data measured during the nighttime (Black Point and Mangrove Key) were not included in the average.

2. With the exception of Buchanan Key (see Section 6.3.2), data were not filtered for wind speed, i.e, data were included in average

regardless of windspeed.
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Figure 24. Ranking of Percent Measurement Time Aircraft were Audible at Each Site
effect a aparticular Stefdl into one of three categories: (1) the wind effect was a postive
vaue that was determined to be datidicdly sgnificant. Generdly, at these sites, thewind
speed varied over alarge range and human- and animal-generated sounds were not too
intrusive (Category 1). Wind effect values designated as Category 1 were considered to
be the mogt reliable numbers, as compared with those designated as either Category 2 or
3; (2) the wind effect was either not Satidticaly sgnificant or it was sgnificant but potentialy
mideading due to the low range in wind speeds represented (Category 2 -- average wind
speedslessthan 5 mph); and (3) the wind effect was ether not Satisticdly sgnificant or was
ggnificant but mideading due to masking effects from human and animal/insect generated
sounds (Category 3).
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The remainder of Section 6 discusses the data presented in Table 4. Specificaly, Section 6.2 presentsthe
rationale for usng traditiona ambient for the Homestead SEIS, while Sections 6.3 through 6.6 include a
detailed discussion of the deta.

6.2 Sdlection of Traditional Ambient Sound Leve for Homestead SEIS

Sections 6.2 through 6.5 indude a detailed discusson of the data presented in Table 4. The discusson
contained in these sections focuses on the data measured for the traditional ambient. The research team
spent afarly substantial amount of time discussng with the FAA which definition of ambient should be the
primary focus of itswork for the Homestead SEIS. The FAA, inturn, addressed this questionwiththe Air
Force, NPS, and other Federa agenciesinvolved in the SEIS.

The FAA advised the research team that its objective was to describe the affected environment as
prescribed inregulations issued by the President's Council on Environmenta Quality (CEQ) that implement
the National Environmental Policy Act (NEPA). The CEQ regulations state in section 1502.15, "The
environmenta impact satement shal succinctly describe the environment of the area(s) to be affected or
created by the dternatives under consideration. The descriptions shall be no longer than is necessary to
understand the effects of the dternatives” Consstent with the CEQ regulations and its own NEPA
guidance, the FAA wanted to describe the exigting noise environment in the four conservationunitsinorder
to eva uate how that noise environment would potentidly be affected by the proposed actionand dternative
actions being considered for the reuse of Homestead Air Base.

The exiding noise environment includes al noise a alocation-sounds of nature, visitors, mechanica noise
(induding equipment, cars, motor boats), and existing arcraft noise from Homestead and other airports.
It wasfird thought that the measured existing ambient, which includes dl of the above sounds, would be the
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appropriate choice for describing the affected noise environment. On second thought, however, it was
determined that average annud aircraft noise could best be represented by computer modding, rather than
using the measured data. Aircraft information used in modeling comes fromARTS radar data and airport
operations data-sources that are more complete and rdiable than short-term field measurements in
edablishing a basdine for twelve-month average aircraft noise effects. In addition, computer modeling is
the only way to evaluate future arcraft noise effects of different levels of airport use and dternative flight
tracks for Homestead, since these do not presently exist and so cannot be measured. The modeing of

exiging arcraft noise facilitates comparisons with potentia future conditions and dternatives.

For these reasons, the determination was made to describe the affected environment by usng the results of
the measured traditional ambient data for al sounds except arcraft and by adding computer-generated
arcraft noise results to the traditional ambient. Thisreport focuses on the measurement and mapping of the
traditiona ambient. Thetechnica memorandum prepared by Landrum & Brown usesthistraditiona ambient
measurement and mapping and adds the aircraft noise component through modeling.

Datafor al four categoriesof ambient that were measured are presented in Table 4 for completeness and
consstency with Reference 5. It is interesting to point out that, with the exception of two Stes, Eastern
Sparrow in ENP and Naturd Scenic Trall in BCY, the traditiona and exigting ambient were within 5 dB
(more typicdly within 2 dB) of one another, with the existing usudly higher in levd. Table 5 summarizes

these differences.

Withrespect to the measured natura ambient, many of the Sites (especially inBNP) were so devel oped that
very litle data were measured under a naturd state due to the abundance of noise associated with
man-made activity (mostly mechanica sounds). The low amount of time that natural ambient predominated
results in little Satistical confidence in the fina natura ambient values and undermines the consideration of
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the natural ambient inthis case as possibly amore gppropriate descriptor than the traditional ambient of the
exiging affected noise environment. It isaso important to point out, for those who may assume that natural
ambient vaues are dways the "quietest,” that the naturd ambient sound level was not dways the lowest
relaiveto the other ambient vaues. At some of the Sites, the sound of nature at close range, in particular
insect-related activity, was so loud that it effectivdly masked dl other sounds that occurred at greater
distances from the noise receiver (see Section 6.2.9 Soldier Key, and Section 6.3.11 Pinelands).

The possble use of the Natura plus Vistor Self-Noise (N+V SN) ambient to describe the existing affected
environment would have presented other problems inadditionto not accounting for dl existing sounds. The
park-visitor component of the ambient as envisoned by the NPS in the 1995 Report to Congress
encompassed the sound of hiking boots on the trail and visitor pots and pans.  This description of vistor
sdlf-generated noisewas redly oriented towardsthe westernU.S. parks where hiking and camping are the
primary vistor attractionand usefor the park. The descriptionisnot agood fit for an aguetic park like BNP
that is dominated amog entirdly by somewhat random boat-related vigtor activity and is probably only
marginally more appropriate for ENP.

Table5. Differencein Traditional and Existing Ambient Sound L evels

Measurement Site | Difference (dB)
Biscayne National Park (BNP)
Black Point 2.8
Boca Chita 2.0
Elliott Key -0.1
Featherbed Bank 0.1
Fender Point 4.8
Mangrove Key -0.2
Pecific Reef 0.1
Rubicon Key 0.4
Soldier Key 0.5
Stiltsville 0.8
Visitor Center 2.1
Everglades National Park (ENP)
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Measurement Site Difference (dB)
Anhinga Trall -2.4
Buchanan Key -0.1

Chekika 4.7
Eastern Panhandle -0.4
Eastern Sparrow 17.5
Eco Pond 0.5
Hidden Lake 3.8
Little Madeira Bay 0.5
North Nest Key 2.3
Pavilion Key 0.7
Pinelands 0.5
Shark Valley 0.6
Whitewater Bay 2.0

Crocodile Lake National Wildlife Refuge (CLK)
Barnes Sound 4.5
Hardwood Hammock 2.8
Mangrove Inlet 0.3
Big Cypress National Preserve (BCY)

Golightly Campground -0.5
National Scenic Trail 14.9
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For the reasons above, Sections 6.3 through 6.6 focus on the data presented for the traditional ambient
sound levd. Datafor the other three categories of ambient are presented in the table: for completeness; for

consstency with Reference 5; and dso to facilitate possible dternative analyses.

6.3  Biscayne National Park
This section presents a discussion of the traditional ambient sound level data measured at the eleven BNP

gtes. The stesare presented in dphabetica order.

6.3.1 Black Point

Black Point was awater-based Stewhere measurementswere made ontwo separate occasions asfollows
(1) Monday, August 10 from 08:03 to 10:30 (2 hours, 27 minutes); and (2) during a nighttime period on
Wednesday, August 12 from 21:03 to 00:00 (2 hours, 57 minutes). The reason this Site was identified by
the NPS as a candidate site for nighttime measurements was that it is located adjacent to abird sanctuary,
and prior NPS research indicated birds to be especidly noise-sengtive during the nighttime.

Ascanbe seenfromthe summary data, the traditional ambient sound level was extremdy congstent for the
morning and nighttime measurements (51.8 versus 50.7 dB, with the dightly lower vaue occurring during
the nighttime measurements on August 12).  Although nighttime measurements were made a this Ste, for
consstency withthe andyss performed at other sites, nighttime data were not included inthe find traditiona
ambient (i.e., with the exception of this Ste and one measurement segment at Mangrove Key, dl the study
data were measured during daytime hours). As such, the averaged traditiona ambient at Black Point was

51.8 dB (the same vaue measured for the morning measurement period).

At Black Point a farly wide range of wind speeds was observed (see Figure 25). In fact, a direct
relationship between wind speed and wave-on-the-hull noise was observed at this ste. Consequently, the
computed wind effect of 0.20 dB/mphwas determined to be satisticaly sgnificant (assuming a 95 percent
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confidenceinterva). In accordance with Section 6.1, the wind effect at this Site was classfied as Category
1.

Figure 25. Traditional Ambient Lgvs. Wind Speed: Black Point

6.3.2 Boca Chita

At Boca Chita, measurementswere made on three separate occasions as follows: (1) Monday, August 10
from 12:13 to 14:59 (2 hours, 46 minutes); (2) Thursday, August 13 from 15:01 to 17:48 (2 hours, 47
minutes); and (3) Saturday, August 15 from12:13t0 15:12 (2 hours 59 minutes). Weekday measurements

were conducted so asto represent a substantia portion of the daylight hours, i.e., those hours when park
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vigtationwasexpectedtobe at itspeak. 1naddition, day-to-day variationin vistor activity was of particular
concern at Boca Chita. Consequently, athird measurement was conducted on the weekend when visitor
volume due to boating activity was expected to increase. The specific time-of-day sdlected for weekend
measurements was chosen S0 as to overlap with the time-of-day associated with one of the two weekday

measurements. By doing so, a so-caled “weekend offset” could be most easily quantified.

Ascan be seen from the summary data, the traditional ambient sound level was extremely consistent for the
two weekday measurements (47.2 dB on August 10 versus 46.4 dB on August 13). However, an
gpproximate 5 dB increase was measured on the weekend (52.0 dB). This increase can be directly
attributed to the increased visitor volume associated with increased boating activity. In fact, the percent of
time boats (or boat-related ectivity, e.g., boat radios) were audible increased from 29.0 percent (on August
10) and 24.2 percent (on Augugt 13) during the week to 55.7 percent onthe weekend. Datafrom thethree
time periods were averaged as discussed in Section5.3; and the resultant traditional ambient at Boca Chita
was 48.6 dB.

In terms of the wind effect, vegetation on Boca Chitawas rdatively sparse, with grass, sandy scrub, and a
few pam trees scattered about. Further, the computed wind effect which was effectively zero was
determined to be not gatisticaly sgnificant (assuming a 95 percent confidenceinterva). In accordancewith
Section 6.1, the wind effect at this Ste was dassfied as Category 1, even though zero wind effect was
computed.
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Figure 26. Traditional Ambient L,e,vs. Wind Speed: Boca Chita

6.3.3 Elliott Key

Like Boca Chita, the Elliott Key measurements were made on three separate occasions as follows. (1)
Wednesday, August 12 from09:35t0 12:37 (3 hours, 2 minutes); (2) Saturday, August 15 from 14:13 to
17:10 (2 hours, 57 minutes); and (3) Monday, August 17 from 13:27 to 16:26 (2 hours, 59 minutes).
Weekday measurementswere conducted inthe morning and inthe afternoon so asto represent asubstantial
portion of the daylight hours, i.e., those hours when park visitation was expected to be a its peak. In
addition, day-to-day variation in visitor activity was of particular concern at Elliott Key. Consequently, a
third measurement was conducted onthe weekend whenvisitor volume due to boating activity was expected
toincrease. The specifictime-of-day selected for weekend measurementswas chosen so asto overlap with
the time-of -day associ ated withone of the two weekday measurements. By doing so, aso-called “weekend
offsat” could be mogt easily quantified.

-94-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

As can be seenfromthe summary data, the traditiona ambient sound level was fairly consstent for the two
weekday measurements (44.1 dB versus 47.2 dB, with the lower vaue occurring during the morning
measurements on the August 12). However, an approximate 6 to 9 dB increase was measured on the
weekend (53.8dB). Thisincrease can bedirectly attributed to theincreased vistor volume associated with
increased boating activity. Infact, the percent of time boats (or boat-related activity, e.g., boat radios) were
audible increased from4.6 percent (on Augugt 12) and 1.9 percent (onAugust 15) during theweek to 14.4
percent on the weekend. Data from the three time periodswere averaged as discussed in Section 5.3; and
the resultant traditiond ambient at Elliott Key was 49.3 dB.

Interms of the wind effect, dthough vegetation on Elliott Key was quite dense in aress, the measured wind
speed data did not encompass awide range (see Figure 27). Infact, theaveragewind speed at Elliott Key
wasjust 3.3 mph. Consequently, the computed wind effect was determined to be not satisticaly sgnificant
(assuming a 95 percent confidenceinterva). Inaccordancewith Section 6.1, thewind effect at thisstewas
classfied as Category 2.
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Figure27. Traditional Ambient Levs. Wind Speed: Elliott Key

6.3.4 Featherbed Bank

Featherbed Bank was awater-based stelocated inthe Intra-Coastal Waterway where measurementswere
made on three separate occasions as follows: (1) Wednesday, August 12 from14:01 to 17:00 (2 hours, 59
minutes); (2) Friday, August 14 from 08:02 to 10:55 (2 hours, 53 minutes); and (3) Saturday, August 15
from 09:42 to 12:37 (2 hours, 55 minutes). Weekday measurements were conducted in the morning and
inthe afternoon so asto represent a substantia portion of the daylight hours, i.e., those hourswhen boating
activity in the Intra-Coastal was expected to beat itspeak. Because of the anticipated increase in boating
trafficin the Intra-Coastal on the weekend, a third measurement was conducted on Saturday, August 15
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when boating activity was expected to increase. The specific time-of-day sdlected for weekend
measurements was chosen so as to overlap with the time-of-day associated with one of the two weekday

measurements. By doing so a so-called “weekend offsat” could be most easly quantified.

As can be seen from the summary data the traditional ambient sound level wasfairly consstent for the two
weekday messurements (49.8 versus 47.0 dB, with the lower value occurring during the morning
measurements onAugust 14). Unexpectedly, there was no increase in the traditiona ambient measured on
the weekend (48.5 dB). Itisinteresting to point out that boat activity did markedly increase onthe weekend
(30.4 percent on August 12 and 30.9 percent on August 14 versus 64.6 percent on Saturday, August 15);
however, this increase was not reflected inthe measured sound levd. On the other hand, the average wind
speedwas 1.9t0 2.7 mph lower on the weekend, possibly contributing to the decreased sound level. Data
from the three periods were averaged as discussed in Section 5.3; and the resultant traditional ambient at
Featherbed Bank was 48.8 dB.

At Featherbed Bank a wide range of wind speeds were observed (see Figure 28). In fact, a direct
relationship between wind speed and wave-on-the-hull noisewas observed at this site. Consequently, the
computed wind effect of 1.08 dB/mphwas determined to be Satigticaly sgnificant (assuming a 95 percent
confidenceinterva). 1n accordance with Section 6.1 thewind effect at this Ste was classified as Category
1.

6.3.5 Fender Point

At Fender Point measurements were made ontwo separate days for three separate measurement periods
asfollows: (1) Tuesday, August 11 from 07:19 to 10:20 (3 hours, 1 minute); (2) Friday, August 14 from
07:28t0 10:30 (3 hours, 2 minutes); and (3) Friday, August 14 from11:12 to 14:11 (2 hours, 59 minutes).

Measurementswere conducted inthe morning and in the afternoon so as to represent a substantia portion
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of the daylight hours.

Figure 28. Traditional Ambient L,e,vs. Wind Speed: Featherbed Bank

As can be seen from the summary data, the traditional ambient sound level was fairly congistent for the
measurements made on August 11 and for the afternoon measurements made on August 14 (41.1 versus
36.6 dB, respectively; however, for the morning measurements made on August 14, a substantialy higher
ambient sound level was measured: 50.8 dB. Thisincrease can be attributed to alocal power generator and
an associated change inwind directionobserved for measurementsmade during the morning of August 14.
Although the generator was audible for measurements made on August 11 and the afternoon of August 14,
the wind during the morning of August 14 conggtently blew in the direction from the generator to the
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microphone, resulting ina substantia increasein sound leve (during the morning of August 14). Datafrom
the three periodswere averaged as discussed in Section 5.3; and the resultant traditional ambient a Fender
Point was 47.3 dB.

The wind effect of -1.12 dB/mph computed for Fender Point was determined to be statisticaly significant
(assuming a 95 percent confidence interva). This may be mideading, however, due to the masking effect
of other noise sourcesinthe area, namdy the previoudy mentioned nearby power generator. In accordance

with Section 6.1 the wind effect at this Ste was classfied as Category 3 (see Figure 29).

Figure 29. Traditional Ambient L,evs. Wind Speed: Fender Point
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6.3.6 MangroveKey

Mangrove Key was a water-based ste where measurements were made on two separate occasons as
follows: (1) during the nighttime period on Tuesday, August 11 from21:24 to 00:15 (2 hours, 51 minutes);
and (2) Saturday, Augudt 15 from07:57 to 11:42 (3 hours, 45 minutes). The reason this Ste was identified
by the NPS as a candidate site for nighttime measurements was that it is located adjacent to a bird
sanctuary, and prior NPS research indicated birds to be especialy noise-senstive during the nighttime.

As can be seen from the summary data, the traditiona ambient sound level was farly consagtent for the
morning and nighttime measurements (45.1 versus 47.5 dB, with the lower value occurring during the
morning measurements on August 15). For consistency with measurements performed at other sites, the
nighttime datawere not included inthe find traditiona ambient (i.e., with the exception of thissteand Black
Point, al the study data were measured during daytime hours).  As such, the averaged traditional ambient

at Mangrove Key was 45.1 dB (the same vaue measured for the morning measurement period).

Uponvisud ingpection of the data (see Figure 30), it was determined that the wind effect at thisstedid not
appear to behave in alinear fashion. Specificdly, when the wind speed was 5 mph or below, the average
ambient level was 34.1 dB. When the wind speed was above 5 mph, waves began hitting the side of the
boat, masking other ambient noise sources and increadng the ambient leve to 47.4 dB. In terms of
categorization of the wind effect, this Stewas an exception, and none of the categories discussed in Section
6.1 applied.

6.3.7 Pacific Reef

Pacific Reef wasawater-based ste on the southeastern boundary of BNP where measurementswere made
on two separate occasions as follows: (1) Tuesday, August 11 from11:01 to 15:41 (4 hours, 40 minutes);
and (2) Sunday, August 16 from 09:14 to 12:14 (3 hours). Weekday measurements were conducted so
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asto represent a substantial portion of the daylight hours, i.e., those hours when boating activity around the
reef was expected to be at its pesk. Because of the anticipated increase in boating traffic around the reef

on the weekend, a second measurement was conducted on Sunday, August 16.

Figure 30. Traditional Ambient Lgvs. Wind Speed: Mangrove Key

The specific time-of-day sel ected for weekend measurementswas chosen so asto overlgp withthe time-of-
day associated with a portion of the weekday measurements. By doing so a so-cdled “weekend offset”
could be mogt eadily quantified.
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As can be seen from the summary data, an approximate 5 dB increase in the traditional ambient was
measured on the weekend (53.9 dB versus 49.2 dB during the week). This increase can be directly
attributed to the increased vigtor volume associ ated withincreased boating activity ontheweekend. Infact,
the percent of time boats (or boat-related activity, e.g., boat radios or fishing-related activity) were audible
increased from 27 percent during the week to 42 percent on the weekend. In addition, the average wind
gpeed was 1.7 mph higher on the weekend, aso possibly contributing to the increased sound level. Data
from the two periods were averaged as discussed in Section 5.3; and the resultant traditional ambient at
Pecific Reef was 50.6 dB.

At Pacific Reef, awide range of wind speeds was observed (see Figure 31). In fact, adirect relationship
between wind speed and wave-on-the-hull noise was observed at this site. Consequently, the computed
wind effect of 1.72 dB/mphwas determined to be satisticdly Sgnificant (assuming a 95 percent confidence
interval). In accordance with Section 6.1 the wind effect at this Ste was classified as Category 1.
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Figure 31. Traditional Ambient L,gVvs. Wind Speed: Pacific Reef

6.3.8 Rubicon Key

Rubicon Key was a water-based site where measurements were made on two separate occasions as
follows (1) Tuesday, Augugt 11 from08:02 to 11:01 (2 hours, 59 minutes); and (2) Friday, August 14 from
12:47 to 15:38 (2 hours, 51 minutes). Weekday measurements were conducted so as to represent a
subgtantial portion of the daylight hours, i.e., those hours when boating activity was expected to be at its
peak.

As can be seenfromthe summary data, the traditional ambient sound level was extremedly consistent for the
two weekday measurements(49.5 versus 51.3 dB, withthe dightly lower vaue occurring during the morning
measurements on the August 11). Data from the two time periodswere averaged as discussed in Section
5.3; and the resultant traditiona ambient a Rubicon Key was 50.6 dB.

At Rubicon Key adirect relationship between wind speed and wave-on-the-hull noisewas observed (see
Figure 32). Consequently, the computed wind effect of 1.42 dB/mph was determined to be Satidicaly
sgnificant (assuming a 95 percent confidence intervd). Inaccordance with Section 6.1 the wind effect a
this Ste was classfied as Category 1.

6.3.9 Soldier Key
At Soldier Key, measurementswere made ontwo separate occasons as follows. (1) Thursday, August 13
from 10:50 to 13:32 (2 hours, 42 minutes); and (2) Sunday, August 16 from 09:42 to 12:43 (3 hours, 1
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minute). Weekday measurements were conducted so as to represent a substantial portion of the daylight
hours, i.e., those hours when park visitation was expected to be at its peak. In addition, day-to-day
varigion in boating activity was of particular concern at Soldier Key. Consequently, measurements were
also conducted onthe weekend whenboating activity was expected to increase. The specific time-of-day
selected for weekend measurementswas chosen so asto overlap withthe time-of-day associated with one

of the measurements. By doing a so-caled “weekend offset” could be most easily quantified.
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Figure 32. Traditional Ambient L,gvs. Wind Speed: Rubicon Key

As can be seen, an approximate 4 dB incresse in the traditional ambient was measured on the weekend
(60.7 dB versus 56.5 dB during the week). Thisincrease can bedirectly attributed to the increased boating
activity around the Key. Infact, the percent time boats (or boat related activity, e.g., jet skis) were audible
increased from 19.8 percent during the week to 40.9 percent on the weekend. In addition, the average
wind speed was 1.4 mph higher on the weekend, also possibly contributing to the increased sound level.
Data from the two periodswere averaged as discussed in Section 5.3; and the resultant traditional ambient
a Soldier Key was 58.7 dB. One notable observationat Soldier Key whichhdpsto explain the unusudly
high ambient was the substantia contributionto the sound level frominsect activity. Because of the hierarchy
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associated with the acoudtic datalogging process, natura/insects was rarely logged at Soldier Key (i.e.,
when the more commonaircraft or other human-made soundswere audible); however, in the vast mgority
of the comments made in the acoustic data logs maintained for Soldier Key, insect-related noises were
quditatively identified as contributing to the measured sound level.

Thewind effect of 3.48 dB/mphat Soldier K ey was determined to be satisticaly sgnificant (assuminga 95
percent confidence interval). This may be mideading, however, due to the masking effect of other noise
sources in the area, namdy insects.  In accordance with Section 6.1 the wind effect at this Site was
classfied as Category 3 (see Figure 33).
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Figure 33. Traditional Ambient L,e,vs. Wind Speed: Soldier Key

6.3.10 Stiltsville

Stiltsville was awater-based ste located inthe Intra-Coastal Waterway where measurements were made
on three separate occasions as follows (1) Wednesday, August 12 from 09:34 to 12:34 (2 hours, 59
minutes, withan gpproximate one-minute | gpse in data collectiondue to an anomaous radio broadcast); (2)
Sunday, August 16 from 14:15 to 17:12 (2 hours, 57 minutes); and (3) Monday, August 17 from 09:04 to
12:02 (2 hours, 58 minutes). Weekday measurements were conducted so as to encompass a substantial
portion of the daylight hours, i.e., those hours when boating activity in the IntraCoastal was expected to
be at its peak. Because of the anticipated increase in boating traffic in the Intra-Coastdl on the weekend,
a third measurement was conducted on Sunday, August 16 when boating activity was expected to increase.
Unfortunately, dueto scheduling constraints, weekend measurements could not be conducted during atime-

of-day smilar to those times associated with the two weekday measurements.

Ascan be seenfromthe summary data, the traditiona ambient sound level was extremely congstent for the
two weekday measurements (53.4onAugust 12 versus 54.1 dB on August 17). However, an approximate
3 dB increase was measured on the weekend (57.2 dB). Thisincrease can be directly attributed to the
increased visitor volume associated with increased boating activity. Unfortunately, this observation cannot
be supportedwithquantifigble data. Specifically, because of the hierarchy associated with the acoudtic data
logging process, human/boats was rarely logged a Stiltsville because of the St€'s close proximity to MIA
(and by default because of the large amount of observed aircraft); however, in the vast mgority of the
comments made in the acoudtic data logs maintained for the site, boat-related noises were qualitatively
identified as contributing subgtantialy to the measured sound levd. Data from the three periods were
averaged as discussed in Section 5.3; and the resultant traditiond ambient at Stiltsville was 54.9 dB.

At Stiltsville, a wide range of wind speeds was observed (see Figure 34). In fact, a direct relationship
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between wind speed and wave-on-the-hull noise was observed at the site. Consequently, the computed
wind effect of 0.91 dB/mphwas determined to be Satigticaly sgnificant (assuming a95 percent confidence
interval).  In accordance with Section 6.1 the wind effect at this Site was classfied as Category 1.

Figure 34. Traditional Ambient Lvs. Wind Speed: Stiltsville

6.3.11 Vistor Center

At BNP Vigtor Center, measurements were made on two separate occasions as follows (1) Tuesday,
Augus 11 from 11:38 to 14:38 (3 hours); and (2) Sunday, Augugt 16 from 14:57 to 18:01 (3 hours, 4
minutes). Weekday measurementswere conducted so as to represent a substantia portion of the daylight
hours, i.e., those hourswhenpark vistationwas expected to be at its peak. Obvioudy, visitor activity was
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of particular concern at the Center. Consequently, measurementswere a so conducted on Sunday, August
16 when vigtation was expected to increase.  Unfortunately, due to scheduling congtraints, weekend
measurements could not be conducted during a time-of-day similar to those times associated with the

weekday measurement.

Ascan be seen, an approximate 10 dB decrease in the traditional ambient was measured onthe weekend
(48.7 dB versus 59.0 dB during the week). This decrease on the weekend can be directly attributed to
vigtor activity during the week. Specificaly, measurements a the Vistor Center on August 11 were
dominated by contributions fromactivity associated withalocal school outing. Specificaly, the mgority of
the data were measured while school children were canoeing around the BNP Vidgtor Center. This is an
example of how variable the sound level can be at some of the more developed measurement sites. Data
fromthe two periods were averaged as discussed in Section5.3; and the resultant traditional ambient at the
BNP Vistor Center was 57.4 dB.

Thewind effect of -1.63 dB/mphat the Vistor Center was determined to be gatisticaly sgnificant (assuming
a 95 percent confidenceinterval). Thismay be mideading, however, dueto themasking effect of other noise
sourcesinthe area, namdy humanvoices, land-based vehicles, and water-based vehicles.  Inaccordance
with Section 6.1 the wind effect at this Ste was classfied as Category 3 (see Figure 35).

6.4  EvergladesNational Park
This section presents a discussion of the traditiona ambient sound level data measured at the thirteen ENP
gtes. The stesare presented in dphabetica order.
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6.4.1 AnhingaTrail

On Anhinga Trail, measurements were made on three separate occasions as follows. (1) Monday, August
10 from 15:22 to 18:22 (3 hours); (2) Wednesday, August 12 from07:57 to 10:56 (2 hours, 59 minutes);
and (3) Saturday, August 15 from 07:33 to 10:07 (2 hours, 34 minutes). Weekday measurements were
conducted so asto represent a substantia portion of the daylight hours, i.e., those hourswhenpark vigtation
was expected to be at its peak. Obvioudy, vistor activity was of particular concern on Anhinga Trall
because of its close proximity to the Royal PAm Vigtor Center. Consequently, measurements were al'so
conducted on Saturday, August 15 whenvistor volume was expected to increase. The specific time-of-day
selected for weekend measurementswas chosen so asto overlap withthe time-of-day associated with one
of the two weekday measurements. By doing so, a so-caled “weekend offset” could be most easily
quantified.
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Figure 35. Traditional Ambient L,e,vs. Wind Speed: Visitor Center

As can be seen from the summary data, the ambient sound level was not at dl consistent for the two
weekday measurements (40.8 dB versus 58.8 dB, with the lower vaue measured during the afternoon
segment). Thisapparent anomaly isbest explained by the exampletime history data presented in Figure 36.
Soecificdly, in this figure and during the mgority of the measurements conducted on August 12, agasoline-
powered lawn trimmer was observed.  This trimmer is the source of the increased sound level associated
with the measurements on August 12. Because the trimmer was audible during dmost the entire
measurement period, its specific contributionto the measured sound level could not be accurately quantified.
However, expectations arethat aleve smilar to the 40.8 dB level measured on August 10 would have been
obtained if the trimmer had not been in operation. Regardless, there was no technica bassfor excluding
the August 12 data, Since trimming and landscaping would have to be conducted periodicadly anyway. The
traditional ambient measured on the weekend fell in between the two weekday measurements (52.0 dB).
Data fromthe three measurementswere averaged as discussed in Section 5.3; and the resultant traditional
ambient on Anhinga Trail was 55.4 dB.

Thewind effect of 0.38 dB/mphonthe Anhinga Trail was determined to be Satidicaly sgnificant (assuming
a 95 percent confidence interva). This may be mideading, however, because the mgority of data were
measured at wind speeds below 5 mph (see Figure 37).  In accordance with Section 6.1, thewind effect
a this Ste was classfied as Category 2.
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Figure 36. Example Sound Level TimeHistory for 8/12/98: Anhinga Trail
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Figure 37. Traditional Ambient Lae,vs. Wind Speed: Anhinga Trail

6.4.2 Buchanan Key

Buchanan Key was a water-based Ste in Florida Bay where, due to logistics measurements were only
conducted on one occasion, but for some five hours, asfollows (1) Wednesday, August 19 from 10:50 to
15:53 (4 hours, 55 minutes, with an approximate seven minute lapse in data collection due to excessively
high winds). The measurements were conducted so as to encompass a substantia portion of the daylight
hours, i.e., those hours when boating activity in Forida Bay was expected to be at itspeak. Itisimportant
to point out that the data collected at Buchanan K ey were measured under extremely high wind conditions.
Specificaly, the average wind speed at the site was 14.6 mph, with amaximum of 20.8 mph. Because of
concern associated with potential data contamination at high wind speeds, the DAT tapes recorded at
Buchanan Key were carefully monitored. Asaresult of the monitoring process, some 450 seconds (7%
minutes) of datawere diminated fromthe average. Although the contamination associated with wind noise
could be audibly detected, it was quditatively observed to be much lower in level than other recorded

sounds.

The traditional ambient at Buchanan Key was 45.8 dB.

At BuchananK ey awide range of wind speedswere observed (see Figure 38). Infact, adirect relationship
between wind speed and wave-on-the-hull noise was observed at this site. Consequently, the computed
wind effect of 0.32 dB/mphwas determined to be Satisticaly sgnificant (assuming a 95 percent confidence
interva). In accordance with Section 6.1, the wind effect at this Site was classified as Category 1.

6.4.3 Chekika
At Chekika, measurementswere made ontwo separate occasions asfollows (1) Monday, August 10 from
08:53t0 13:04 (4 hours, 11 minutes); and (2) Monday, August 17 from16:21 to 18:22 (2 hours, 1 minute).

The measurements were conducted so as to encompass a substantia portion of the daylight
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hours.
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Figure 38. Traditional Ambient L,e,vs. Wind Speed: Buchanan Key

As can be seen from the summary data, the traditiona ambient sound level was extremely congstent for the
two measurements (41.3 versus 40.2 dB, with the dightly lower vaue occurring during the afternoon
measurementson August 17). Data from the two periods were averaged as discussed in Section 5.3; and
the resultant traditiona ambient at Chekikawas 41.0 dB.

Chekika was aheavily vegetated site, surrounded by dense saw grass. Consequently, the computed wind
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effect of 0.93 dB/mph was determined to be datidicaly sgnificat (assuming a 95 percent confidence
interva).  In accordance with Section 6.1, the wind effect at this Site was classified as Category 1 (see
Figure 39).

Figure 39. Traditional Ambient L,vs. Wind Speed: Chekika

6.4.4 Eagern Panhandle

Eastern Panhandle was ameasurement Stewhichwasjust 1/4-mi east of Route 1. Because of its proximity
toa highly-dominant locaized noise source, measurements were only conducted onone occasion: Thursday,
August 13 from 12:31 to 15:25 (2 hours, 54 minutes). In fact, the only reason this Stewasincluded inthe
study was because it was considered essentid to the NPS,
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The traditional ambient at Eastern Panhandle was 54.9 dB.

The wind effect of -0.41 dB/mph at Eastern Panhandle was determined to be Statisticaly significant
(assuming a 95 percent confidenceintervd). Thisis mideading due to the contaminating effect of Route 1.
In fact, higher wind speeds resulted in lower ambient noise leves because the predominant wind during
measurements was in the direction of Route 1, i.e,, as wind speeds increased the contribution to the
measured ambient due to Route 1 decreased (see Figure 40).  In accordance with Section 6.1, the wind
effect a this Ste was classified as Category 3.

Figure40. Traditional Ambient Lgvs. Wind Speed: Eastern Panhandle
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6.4.5 Eastern Sparrow

Eastern Sparrow was a remote Site accessble via helicopter only. Consequently, measurementswere only
conducted on one occasion, but for some five hours as follows: Tuesday, August 18 from 09:41 to 15:01
(5 hours, 11 minutes, withan gpproximate seven minute lgpse in data collection due to precipitation). The

measurements were conducted so as to encompass a substantia portion of the daylight hours.

The traditional ambient at Eastern Sparrow was 31.2 dB, the lowest of al the measurement sites included
in this sudy. Unlike the mgority of the other measurement sitesincluded in the study, at Eastern Sparrow
there was a substantia difference in the traditional ambient as compared to the existing ambient, with the
traditionad some 17.5 dB lower in level. The reasonfor this difference can be attributed to two factors: (1)
Eastern Sparrow is alow-sound level, extremely remote Ste where the sounds of nature tend to dominate
the ambient, and as such any aircraft activity would tend to be sgnificantly higher in leve rdative to other
sounds; and (2) during measurements at Eastern Sparrow afairly high percentage of time was dominated
by audible aircraft (over 50 percent), some of which were military arcraft of extremely high sound level.

Eastern Sparrow was a heavily vegetated Ste, surrounded by dense saw grass. Consequently, the
computed wind effect of 1.49 dB/mphwas determined to be Satigticaly sgnificant (assuming a 95 percent
confidence intervd). Itisinterestingto point out that the wind effect does not appear to be readily apparent
for speeds below about 5 mph (see Figure 41).  In accordance with Section 6.1, the wind effect at this
Ste was classfied as Category 1.

6.4.6 EcoPond
Eco Pond was ardatively remote Steinthe southern portion of ENP. Consequently, measurements were
only conducted on one occasion, but for some Sx hours as follows: (1) Friday, August 14 from 08:45 to

14:51 (5 hours, 54 minutes, withan gpproximate nine minutel apse in data collection due to data downl oad).
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The measurements were conducted so as to encompass a substantia portion of the daylight hours.

Figure4l. Traditional Ambient LgVvs. Wind Speed: Eastern Sparrow

The traditional ambient at Eco Pond was 48.3 dB.

Eco Pond was a heavily vegetated Site, and a substantia positive wind effect was expected to be observed.
However, awind effect of -0.69 dB/mphwas computed, and it was determined to be Satistically Sgnificant
(assuming a95 percent confidenceinterva). However, thismay be mideading because the mgjority of data
were measured at wind speeds below 5 mph (see Figure 42). In accordance with Section 6.1 the wind
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effect at this Site was classified as Category 2.

Figure42. Traditional Ambient Levs. Wind Speed: Eco Pond

6.4.7 Hidden Lake

At Hidden L ake, measurementswere made ontwo separate occasions asfollows (1) Saturday, August 15
from 11:55 to 15:04 (3 hours, 9 minutes); and (2) Monday, Augugt 17 from 16:45 to 18:35 (1 hour, 48
minutes, withan gpproximate three minutelgpse in data collection due to precipitation). The measurements
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were conducted so as to encompass a substantia portion of the daylight hours.

As can be seenfromthe summary data, the traditional ambient sound level was extremely consistent for the
two measurements (35.7 versus 36.1 dB, with the dightly higher value occurring during the late afternoon
measurementsonAugust 17). Datafrom thetwo measurementswere averaged asdiscussed in Section 5.3;

and the resultant traditional ambient at Hidden Lake was 36.0 dB.

Hidden Lake was a heavily vegetated site, surrounded by dense hammock. Consequently, the computed
wind effect of 0.72 dB/mphwas determined to be datidticdly sgnificant (assuming a 95 percent confidence
interva). However, this may or may not be mideading because the mgjority of datawere measured at wind
speeds below 5 mph (see Figure 43).  In accordance with Section 6.1, the wind effect at this Ste was
conservatively classfied as Category 2; however, it isvery possible that the computed wind effect wasreal
and that a Category 1 classification may be more gppropriate.
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Figure43. Traditional Ambient Lvs. Wind Speed: Hidden Lake
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6.4.8 Little Madeira Bay

Litle Madeira Bay was an extremely remote water-based ste where measurements were made on two
separate occasions as follows: (1) Tuesday, August 18 from 08:32 to 11:37 (3 hours, 5 minutes); and (2)
Thursday, August 20 from 10:48 to 12:14 (1 hour, 26 minutes).

As can be seen from the summary data, the ambient sound level, which wasdominated primarily by wave
noise againg the hull of the measurement boat, wasrdaively consstent for the two weekday measurements
(47.5 versus 44.4 dB). Data from the two periods were averaged as discussed in Section 5.3; and the
resultant traditiona ambient at Little Madeira Bay was 46.7 dB.

Little MadeiraBay wasawater-based ste a which an extremey wide range of wind speeds was observed
(see Figure 44). The computed wind effect of -0.15 dB/mph was determined to be satidticaly sgnificant
(assuming a 95 percent confidenceinterva). However, uponfurther invegtigation, it was found that the data
from individud days made up two digtinct data sets. When a linear function was fitted to each data set
separady, it wasfound that the wind effect from each day was smilar; 0.52 dB/mph for measurements
made on 8/18/98 and 0.64 dB/mph for measurements made on 8/20/98. Therefore, a duration-weighted
average of these vaueswas ca culated, resulting inawind effect of 0.56 dB/mphfor thissite. In accordance
with Section 6.1, the find wind effect for the two separate days at this Ste was classfied as Category 1.

6.4.9 North Nest Key
NorthNest K ey was aremote stelocated inthe southern portion of FloridaBay. Measurementswereonly

conducted on one occasion as follows: Tuesday, August 18 from 14:34 to 17:28 (2 hours, 54 minutes).

The traditiona ambient at North Nest Key was 39.8 dB.
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Figure44. Traditional Ambient Lvs. Wind Speed: Little Madeira Bay

NorthNest K eywasaheavily vegetated site, surrounded by dense mangrove. Consequently, the computed
wind effect of 0.74 dB/mphwas determined to be Satigticaly sgnificant (assuming a95 percent confidence
interva). In accordance with Section 6.1, the wind effect at this Site was classified as Category 1 (see
Figure 45).
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Figure45. Traditional Ambient L,gvs. Wind Speed: North Nest Key
6.4.10 Pavilion Key
Pavilion Key was a remote site located in the western most portion of the park. Measurements were
conducted on only one occasion as follows Thursday, August 20 from 08:07 to 11:05 (2 hours, 58
minutes).

Thetraditiona ambient at Pavilion Key was 45.4 dB.

Pavilion Key was a heavily vegetated Site, surrounded by dense mangrove. In addition, there was astrong
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relationship between wind speed and observed surf-on-the-beach noise at this site (see Figure 46).
Consequently, the computed wind effect of 1.71 dB/mph was determined to be Statisticaly significant
(assuming a 95 percent confidence interval).  In accordance with Section 6.1, the wind effect at this Ste

was classfied as Category 1.

Figure46. Traditional Ambient L,gvs. Wind Speed: Pavilion Key

6.4.11 Pindands

At Pinedlands, measurements were made on three separate occasions as follows (1) Wednesday, August
12 from 15:18 to 17:04 (1 hour, 46 minutes); (2) Thursday, August 13 from 07:19 to 10:20 (3 hours, 1
minute); and (3) Wednesday, August 19 from 08:48 to 11:40 (2 hours, 52 minutes). Weekday
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measurementswereconducted so asto represent asubstantia portionof the daylight hours, i.e., thosehours

when park visitation was expected to be & its peak.

As can be seen from the summary data, the traditional ambient sound level was somewhat inconsstent for
the three separate measurement periods (41.6 dB on August 12 versus 45.2 dB on August 13 versus 49.8
dB on Augud 19). It isinteresting to note that in the morning hours at this Site, (before about 11:00) the
measured ambient was dominated by the sounds of insects. Thisismost reedily apparent by comparing the
traditiona ambient and the naturd ambient. Thenaturd isactudly dightly higher than thetraditiond; and the
majority of the natura sounds were observed in the morning. This can adso be seen in Figure 47, which
showsthe traditiona ambient onanhour-by-hour basis. Thishepsto explain the varigbility in the measured
ambient fromtime period to time period. Datafrom thethree periodswere averaged asdiscussed in Section
5.3; and the resultant traditional ambient a Pinelands was 47.1 dB.

Although Pindandswas a heavily vegetated Site, the observed wind speeds were so low that the wind effect
was determined to be not satigticaly sgnificant (assuming a95 percent confidenceintervd). Inaccordance
with Section 6.1, the wind effect at this Ste was classified as a Category 2 (see Figure 48).
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Figure47. Variability in Traditional Ambient on an Hour-to-Hour Basis at Pindlands

Figure48. Traditional Ambient Lgvs. Wind Speed: Pinelands

6.4.12 Shark Valley

At Shark Vdley measurementswere made ontwo separate occasions asfollows: (1) Thursday, August 13
from 09:26 to 12:29 (3 hours, 3 minutes); and (2) Sunday, August 16 from 08:05 to 11:03 (2 hours, 58
minutes). Because Shark Valey isone of the more popular visitor locations in ENP, measurements were
conducted on the weekend when visitor volume was expected to be at its peak. The specific time-of-day

selected for weekend measurementswas chosen so asto overlap withthe time-of-day associated with one
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of the weekday measurements. By doing so aso-caled “weekend offset” could be most easly quantified.

Ascanbeseen, a7 dB increase in the traditional ambient was measured onthe weekend (49.1 versus 42.1
dB). Thisincrease can be directly attributed to the increased vidtor volume (both visitors on foot and
vigtors and researchers in airboats). In fact, the percentage of time visitors and airboats were audible
increased from 38.8 percent during the week to 52.2 percent on the weekend. In addition, the average
wind speed was 1.3 mph higher on the weekend, aso possibly contributing to the increased sound levdl.
Data fromthe two periodswere averaged as discussed in Section 5.3; and the resultant traditiond ambient
a Shark Valey was 45.7 dB.

Shark Valey was a heavily vegetated site, surrounded by dense saw grass. Consequently, the computed
wind effect of 1.46 dB/mphwas determined to be satisticdly Sgnificant (assuming a 95 percent confidence
interva). However, this may or may not be mideading because the mgority of datawere measured a wind
speeds below 5 mph (see Figure 43). In accordance with Section 6.1, the wind effect a this Ste was
classified as Category 2.
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Figure49. Traditional Ambient L,gvs. Wind Speed: Shark Valley

6.4.13 Whitewater Bay
Whitewater Bay was an extremely remote water-based site where measurements were only conducted on

one occasion as follows: (1) Monday, August 17 from 11:12 to 14:08 (2 hours, 56 minutes).

The traditional ambient at Whitewater Bay was 42.0 dB.

Whitewater Bay was awater-based site at which a direct relationship between wind speed and wave-on-
the-hull noise was observed. Consequently, the computed wind effect of 0.77 dB/mphwas determined to
be satisticaly dgnificant (assuming a 95 percent confidence interva). In accordance with Section 6.1, the
wind effect at this Ste was classified as Category 1 (see Figure 50).
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Figure 50. Traditional Ambient Lvs. Wind Speed: Whitewater Bay

6.5  Crocodile Lake National Wildlife Refuge

This section presents adiscussion of the traditional ambient sound level data measured at the three CLK
gtes. It is important to point out that the three measurement Sites were within 3 mi. of one ancther.
Conseguently, measurements made at these sitesindicated an extremey consstent sound level (within2 dB
of one another), regardless of time of day and day of week. Thisis of particular Sgnificance for the Barnes
Sound site, whichwas alast minute substitute for the Crocodile Pond site (anextremely high priority Ste for
the NPS). The consistent measurements at the three CLK siteswould seem to indicate that the datawould
also be representative of the Crocodile Pond site, due to itsclose proximity to the Barnes Sound site (they
were gpproximately 3 mi. apart). As s the case for the other three units, the sites are presented in

alphabetica order.

6.5.1 BarnesSound
At the Barnes Sound, site measurements were only conducted on one occasion as follows Wednesday,

August 19 from 12:26 to 14:14 (1 hour, 48 minutes).

The traditional ambient at Barnes Sound was 39.9 dB.

Barnes Sound was a heavily vegetated site, surrounded by dense mangrove. Consequently, the computed
wind effect of 0.49 dB/mphwas determined to be satigtically sgnificant (assuming a95 percent confidence
interval). In accordance with Section 6.1, the wind effect at this Ste was classified as Category 1 (see
Figure 51).
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6.5.2 Hardwood Hammock
At the Hardwood Hammock site, measurements were only conducted onone occasi onas follows Tuesday,

Augugt 18 from 10:44 to 13:39 (2 hours, 55 minutes).

Figure51. Traditional Ambient L,e,vs. Wind Speed: Barnes Sound

The traditional ambient at the Hardwood Hammock site was 41.3 dB.

Hardwood Hammock was a heavily vegetated site, surrounded by dense hardwoods. Consequently, the
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computed wind effect of 0.62 dB/mphwas determined to be Satigticaly sgnificant (assuming a 95 percent
confidenceinterva). In accordance with Section 6.1, the wind effect at this Site was classfied as Category
1 (see Figure 52).

Figure52. Traditional Ambient Lgvs. Wind Speed: Hardwood Hammock

6.5.3 Mangrovelnlet
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At Mangrove Inlet, measurements were made ontwo separate occasions as follows: (1) Tuesday, August
18 from08:03 to 09:33 (1 hour, 30 minutes); and (2) Tuesday, August 18 from 14:40 to 16:10 (1 hour, 30

minutes). The measurementswere conducted so asto encompassasubstantia portion of the daylight hours.

Ascanbe seenfromthe summary data, the traditiond ambient sound level was extremely congstent for the
two measurements (41.7 versus 39.6 dB, with the dightly lower vaue occurring during the afternoon
measurementson August 18). Datafrom thetwo measurementswereaveraged asdiscussedin Section 5.3;

and the resultant traditiona ambient at Mangrove Inlet was 40.8 dB.

Although Mangrove Inlet wasaheavily vegetated site surrounded by dense mangrove, the observed wind
speeds were so low that the wind effect was determined to be not datidticaly sgnificant (assuming a95
percent confidence interval). In accordance with Section 6.1, the wind effect at this Site was classfied as

a Category 2 (see Figure 53).

-134-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

Figure53. Traditional Ambient Lgvs. Wind Speed: Mangrove I nlet

6.6  Big CypressNational Preserve
This section presents a discussionof thetraditiona anbient sound level datameasured at the two BCY gites.

6.6.1 Golightly Campground

At the Galightly Campground, measurementswere made on two separate occasions asfollows: (1) Sunday,
Augug 16 from12:53 to 15:41 (2 hours, 48 minutes); and (2) Monday, Augus 17 from07:59t0 10:58 (2
hours, 59 minutes). The Golightly Campground wasnot purposdly selected asaweekend site. However,
the ste was located extremely close to an ar boat launch ramp, and ramp activity increased substantialy
on the weekend. Consequently, a so-caled “weekend offset” could be quantified.

As can be seen, an gpproximate 11 dB increase in the traditional ambient was measured on the weekend
(53.6 dB versus 43.0 dB during the week). Thisincrease can be directly attributed to the increased ramp
activity. Infact, the percentage of time airboats were audible increased from 7.9 percent during the week
t0 41.8 percent on the weekend. Inaddition, the average wind speed was 0.6 mph higher on the weekend,
aso posshly contributing to the increased sound levd. Data from the two periods were averaged as
discussed in Section 5.3; and the resultant traditional ambient at Golightly Campground was 49.3 dB.

Due to low measured wind speeds at this Ste, the wind effect was determined to be not statigticaly
sgnificant (assuming a 95 percent confidence interval). In accordance with Section 6.1, the wind effect at
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this Ste was classified as Category 2 (see Figure 54).
6.6.2 National Scenic Trall
At the Nationa Scenic Tral Ste, measurements were only conducted on one occasion as follows: (1)

Thursday, August 20 from 08:44 to 11:21 (2 hours, 37 minutes).

The traditional ambient at the National Scenic Trail ste was 43.5 dB. Unlike the mgjority of the other
measurement Stes included in the study, at the Nationd Scenic Trall Site there was a subgtantiad

Figure54. Traditional Ambient L,e,vs. Wind Speed: Golightly Campground
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difference inthe traditiona ambient as compared to the existing ambient, with the traditionad ambient some
14.9dB lower inleve. The reason for this difference can be attributed to the fact that this Stewaslocated
extremely close to both an active airdrip, and afarly busy roadway.

The wind effect of -0.85 dB/mph at the National Scenic Trail Ste was determined to be statistically
sgnificant (assuming a 95 percent confidence interval). This may be mideading, however, due to the
masking effect of other noise sourcesinthe area, namdy non-aircraft sourcesrelated to ardrip activity. In
accordance with Section 6.1, the wind effect at this Ste was classfied as Category 3 (see Figure 55).
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Figure55. Traditional Ambient Lvs. Wind Speed: National Scenic Trail

6.7  Additional Meteorological Data

In addition to the meteorologica data measured directly in support of this study, the NPS provided the
researchteamwithayear long set of meteorologica datameasured at Sx locations scattered throughout the
four units. These locations are shown in Figure 56. Origindly, it was anticipated that this data would be
used in tandem with the wind effect data to normalize measured ambient sound levels to the equivaent of
anaverage annud ambient sound leve. It wasintended that this processwould be performed in accordance
with the methodol ogy presented inthe Guiddines Document. However, the process of normaizing the data
collected in support of this study was determined to be inappropriate for two reasons. (1) the NPS
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meteorologica siteswere far too sparse to accurately represent the 29 ambient noise measurement Sites;
and (2) as discussed in Sections 6.3 through 6.6, the computed wind effect was mideading a many of the
measurement sites, thus precluding the possibility of normaization. Infact, at only 15 of the 29 measurement
Stes was the wind effect determined to be completely rdiable (Category 1). At eight of the 29 Stesthe
range in wind speed was too small to compute a reliable wind effect (Category 2 -- average wind speeds
less than5 mph). For five of the Stesthe wind effect was consdered unrdiable due to contamination in the
measured data due to some locaized noise source (Category 3). At one of the Sites the computed wind

effect was somewhat unique and could not be categorized.

However, the NPS meteorologica datais useful in at least one regard. Specificaly, Table 6 presents, by
month, asummary of the NPS measured wind speed data. For reference, the lowest monthly wind speeds
are highlighted. As can be seen, wind speeds are generaly at their lowest levd, or close to thar lowest,
during the month of Augugt, when the current measurements were conducted. This is an important
observation, since ambient sound level generaly increases with increasing wind speed. 1t is therefore a
logical conclusion that the ambient sound levels measured during this study are likely lower than those that
would be measured for the so-called average annud day. In other words, the measured ambient sound
levels are probably lower than would be measured a any other time of the year. Further, any ambient-
based analyss performed using this data could be considered conservative from the standpoint of impact

andyss.
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Figure56. Location of NPS Meteorological Stations
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Table6. Summary of NPSWind Speed Data

NPS Meteorological Measurement Sites (See Figure 56)
Month
Sitel Site 2 Site 3 Site 4 Site5 Site 6
July 1997 9.2 54 8.3 74 2.6 44
August 1997 8.2 4.6 6.5 54 24 43
September 1997 9.2 5.0 6.6 7.3 34 5.2
October 1997 11.8 5.3 9.0 9.1 43 5.7
November 1997 10.8 6.4 6.5 10.2 4.6 58
December 1997 8.9 8.6 74 9.6 4.0 59
January 1998 115 9.2 10.3 10.9 48 6.2
February 1998 124 10.6 12.0 12.2 5.4 79
March 1998 135 9.1 10.5 10.3 5.6 7.6
April 1998 132 95 10.8 10.2 4.4 6.6
May 1998 9.3 7.0 8.0 8.2 31 51
June 1998 8.7 6.2 7.1 7.5 29 4.1

6.8  Comparison with Other Data

As part of the Homestead SEIS, the NPS hired Sanchez Indugtrid Design Inc. (SID) to conduct ambient
sound level measurements in southern Florida™®  During the time period from September 18 through
October 5, 1997, SID performed gpproximately 25 hours of measurements at 16 sitesin BNP and ENP.
Asafollow-up to that sudy, duringthe time period from November 17 through 20, 1998, SID conducted
an additiond 6 hours of observer-based monitoring. Also, in August of 1995 the consulting firm of Post,
Buckley, Schuh & Jernigan, Inc. (PBS&J) conducted ambient sound level measurements in southern
Florida®® The PBS& J study consisted of some 10 hours of measurementsat 10 sites, some of which were
within the boundary of BNP and ENP. This section presents a comparison of ambient sound level data
measured in the current study with those measured previoudy at Smilar stesby SID and PBS& J.
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6.8.1 NPSSID Data

NPS/SID traditiona ambient measurements done in September and October of 1997 and in November of
1998 were included together with the FAA/V olpe Center's traditional ambient measurements to develop
the average measured traditiond ambient noise levels used in the Homestead SEIS, asreflectedin Table 9.
Table 7 presents a comparison of traditional ambient sound level data measured in the current study with
those measured at 12 ether identical or smilar Stesinthe 1997/1998 NPS/SID studies. Notethat for each
gteinTable7,asngle vdue is presented for the NPS/SI D traditional ambient sound leve; these vdueswere
arrived a usng the same processing methodology presented in Section 5, including gpplication of the 5/7
(weekday) and 2/7 (weekend) weighting factors during the logarithmic averaging process. The table is
arranged by unit, withthe datafor BNP presented fird followed by the datafor ENP and the datafor CLK.
(NPS/SID did not perform any measurements at duplicate sites in BCY.) Within the three units, the
individua measurement Stes are arranged dphabeticdly by name. The difference in traditiond ambient
sound leve presented in the table represents the data measured in the current study minus the NPS/SID
data.

In hdf of the cases, the data measured at comparable Stes in the two studies are smilar (generaly within
3dB). Thereare six stesin which the differences could be consdered substantid, i.e., RubiconKey (7.9
dB), Soldier Key (9.5dB), and the Vistor Center (7.6 dB) inBNP, and Anhinga Trail (16.4 dB), Eco Pond
(6.9 dB), and Pindlands (7.4 dB) in ENP. The possible reasons for such large differences are numerous,
but inmogt cases canlikdy be attributed to smple tempora varigbility. Tempora variability, aswdl asother

possible sources for the differences are discussed below.

At mogt sites, NPS/SID did not document the latitude and longitude of their precise measurement location.
Thereispotentidly some minor cause for concern here, anceit is possible that some locdized noise source

could have been represented inone set of datathat wasn't included in the other. Unfortunately, the lack of
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documented position in the case of the NPS/SID study precludes further investigation. It isunlikely that
different measurement |ocations were aconcernfor the water-based sites (Featherbed Bank, Pacific Ref,
Rubicon Key and North Nest Key), since by definition they will not be in the vicinity of alocdized noise
source, other than maybe afew trangent boats, but it may
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Table7. Comparison of FAA and Previous NPS M easurement Data

FAA Traditional NPS/SID Traditional
Measurement Site Difference (dB)
Ambient (dB) Ambient (dB)
Biscayne National Park (BNP)
Boca Chita 48.6 50.3 -1.7
Elliott Key 49.3 456 37
Featherbed Bank* 48.8 513 -2.5
Pacific Regf** 50.6 53.2 -2.6
Rubicon Key 50.6 27 79
Soldier Key 58.7 494 9.3
Visitor Center 57.4 49.8 7.6
Everglades National Park (ENP)
Anhinga Trail 55.4 388 16.6
Eco Pond 48.3 41.2 7.2
North Nest Key 39.8 41.0 -12
Pinelands*** 47.1 39.7 7.4
Crocodile Lake Nationa Wildlife Refuge (CLK)
Barnes Sound 39.9 385 14

*%

Note:

The traditional ambient sound level messured at Featherbed Bank in the current study is compared with that measured by NPS/SID
a their “Bay - Centrd to East” site. Based on the coordinates provided in Reference 13 for the “Bay” site (25 28 40.7N; 80
14 51.4W), it is located approximately 1.7 mi from the Featherbed Bank site included in the current study.

The traditional ambient sound level measured at Pacific Reef in the current study is compared with that measured by NPS/SID
a the “Reef dof Caesar Creek” site. Reference 13 does not include a precise latitude and longitude for the “Caesar Creek” site,
but maps included in this reference show the site to be just to the west of the Pecific Reef site included in the current study.

The traditional ambient sound level measured & Pinelands in the current study is compared with that measured by NPS/SID at
the “Long Pine Key” site. Reference 13 does not include a precise latitude and longitude for the “Long Pine Key” site, but maps
included in this reference show the site to be extremely close in proximity to the Pinelands site included in the current study.

(1) Comparisons were not made between data teken & the Fender Point site in both studies, because the site was a land-based site

in the current study, and a water-based site in the NPS/SID study; (2) Comparisons were not made between data taken at the
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Nationa Scenic Trail site in both studies, because the two measurement points were approximately 2.4 mi distant from one

another.
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be of minor concern for comparable land-based sites (Anhinga Trall, Biscayne Visitor Center, Boca Chita,
Eco Pond, Elliott Key, Fender Point, Pindlands and Soldier Key).

Inaddition, NPS/SID employed the NPS L ONOM S systemduring their measurements.** TheLONOMS
systemhashuiltintoit asomewhat arbitrary spike smoothing dgorithm. Thisagorithm diminaesimpulsve
sounds such as hird chirps, insects, or possbly even some mechanica sounds. Obvioudy, imination of
such sounds will bias the measured data towards a lower value, as compared with not invoking the
dgorithm. It is important to point out that SID has begun examination of this issue for the NPS, and
preliminary indications are that the bias is typicaly only on the order of afew tenths of adecibdl, and dmost

aways less than one decibd.

The most likdly source of differences between the traditiona ambient sound levels measured in the current
study and comparable levels measured in the NPS/SID study are smple temporal variations. In other
words, these differences canbe attributed to such non-quantifiable variables as time -of-year and time-of-
day. Figure47inSection6.3.11 illudratesthe concernassociated with time-of-day as well as day-to-day
vaiability. Presented inthisfigureisthe traditiona ambient sound level on an hour-to-hour basis measured
over athree-day time period in the current study at the Pindandssitein ENP. Measurements made in the
morning from0700 to 1100 are rdatively consstent hour-to-hour, withmaximumvariations of about 2 dB.
In the afternoonfrom 1500 to 1700, the maximum variaionsincreaseto about 4 dB. Consdering both the
morning and afternoon measurements together, variations of aslarge as 9 dB are observed from hour to

hour.

To furtherillugrate this point, Figure 57 presentsthe hour-to-hour variability inthe traditiona ambient sound
level measured in the current study at the Eco Pond dte in ENP. Keep in mind that these data were

measured in the same day. As can be seen, the hour-to-hour variation within agiven day isaslarge as 4
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dB. Aswas the case a the Pindands ste, much of this variability at Eco Pond can be attributed to the
sounds of insects and birds. The hour-to-hour varigbility & Soldier Key (figure not shown), another Ste
whose ambient sound level was dominated by insects, was as large as 9 dB.

Also, itisimportant to keep in mind that the NPS/SID measurements generdly took place over aone hour
time period at a given Ste, whereas in the current study measurement durations at a particular site were
typicdly ether threeor Sx hours. This difference in measurement duration, coupled with the hour-to-hour
variability presented in example Figures 47 and 57 are the most likdy explanation for the differences in
traditional ambient sound level measured in the current study as compared with that measured in the
NPS/SID studies. Thisisnot to say that one data set is of higher qudity thanthe other, but rather care must
be taken in comparing the two data sets because smple tempord variations may lead to potentialy

Inappropriate comparisons and as such possible confusion.

Figure57. Variability in Traditional Ambient on an Hour-to-Hour Basisat Eco Pond
6.8.2 PBS&J Data
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Table 8 presents a comparison of existing ambient sound level data measured in the current study with
those measured at three ether identical or smilar dtesin the 1995 PBS& J study. The table isarranged by
unit, with the data for BNP presented first followed by the data for ENP. (PBS&J did not perform any
measurementsin either CLK or BCY.) It isimportant to emphasize that the comparison presented herein
is for the exiding ambient sound leve (including aircraft). Unfortunately, the PBS& J data were not
collected in such away so asto alow comparison of the traditional ambient.

As can be seen, at two of the three dtes (Black Point and Anhinga Trall) the existing sound level was
relatively smilar, i.e., differences of between 2 and 3 dB. However, a the third Site, the Biscayne Visgtor
Center, the measurements made inthe current study were subgtantidly higher inlevel (13.5dB). Thereason
for such alarge difference can be attributed to the substantia increase in human activity for measurements
made on August 11 in the current study (see Section 6.3.11). In fact, adirect comparison of the PBS&J
exiging ambient and the existing ambient measured a the BNP Vistor Center on August 16 (when visitor
activity was considered to be more typicd) indicates fairly good agreement (46 dB for the PBS& J data
versus 49.9 dB in the current study, a difference of just 3.9 dB).

Table8. Comparison of FAA and Previous PBS& J M easur ement Data

FAA Existing PBS& J Existing Ambient
Measurement Site Difference (dB)
Ambient (dB) (dB)
Black Point (BNP) 54.6 52 2.6
Visitor Center (BNP) 59.5/49.9 46 135/39
AnhingaTrail (ENP) 53.0 50 30
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6.9 Traditional Ambient Sound Level Maps

As stated in Section 1.1, the primary objective of this study was to accurately characterize the ambient

sound leve environment throughout: (1) BNP; (2) ENP; (3) CLK; and (4) the southernportionof BCY .*

The research team determined that the best approach to achieve this objective was to develop a
comprehensive grid of ambient sound levels (i.e., an ambient map) for each unit. The map would be
developed using the traditional ambient sound level data obtained in both the current study and the two
NPS/SID gtudiesas abasdine; and generdizingthis basdine datato regularly-spaced grid points throughout
each unit. In tota, the 29 measurement Sites represented in the current study (12 of which were dso
duplicated in the NPS/SID study), and the 8 additiona unique Sites represented in the NPS/SID studies
made up the basdine data. With the exception of the Fender Point Site, at the 12 Steswhere measurements
were conducted in the current study as well as by NPS'SID, the resultant data were combined in
accordance with the methodologies outlined in Section 5. The NPS/SID data measured at Fender Point
were not used because the Site was a land-based Ste in the current study, and a water-based stein the
NPS/SID study;

Section6.9.1 overviewstherequired input to the ambient mapping process. Section 6.9.2, 6.9.3, and 6.9.4
describe the process used to develop the ambient map for BNP, ENP and CLK, respectively. Section
6.9.5 discussesthe reasons why a smilar ambient map for Big Cypress Nationd Preserve (BCY') was not
technicaly appropriate. Section 6.9.6 overviews the generd form of the output of the ambient mapping
process, while Section6.9.7 describes howthisoutput dataisused asinput to the INM. Figures 58 through
60 present the traditional ambient sound level maps for ENP, BNP and CLK, respectively. Figure 61
presents agraphic displaying the traditional ambient data obtained at the five measurement stesin BCY.

* Upon initiation of the ambient mapping process, the research team determined that development of a

comprehensive map for BCY was not technicaly appropriate and would introduce an unacceptable level of error

due to the fact that measurements were only conducted at five measurement sites within this expansive unit.
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6.9.1 Inputsto Ambient Mapping Process

The ambient maps were generated using three main sources of data (1) unit boundaries provided by the
NPS; (2) land-cover data provided by the Florida Game and FreshWater Fish Commisson(FGFWFC);
and (3) traditional ambient sound levels obtained at the 29 measurement Stes represented in the current
study (induding Smilar datafromthe 12 NPS/SID duplicate sites), as well as data from the eight additiona
unique Sites represented in the NPS/SID gtudies.  These three data sets were input to a Volpe Center
computer program entitted AMBIGRD.

Table 9ligs, by unit, the 37 steswhere sound level measurements were conducted. This table includes the
|atitude and longitude of the site (WGS-84 reference), the land-cover type assigned to the Stebased onthe
FGRFWFC data, the traditional ambient sound level measured at the Site (current and NPS/SID combined
where appropriate), and a text description of the FGFWFC land-cover type. It should be noted that
equivaent sound leves representing longer durations dominate the result when averaging muitiple values.
In the case of Table 9, the current data was typicaly of longer duration than the NPS/SID data, and thus
the find average sound levels tend to be closer to the current values. In addition, the land cover assgned
to each dtewas checked for reasonableness againg: (1) observations recorded onthe fidd data log shests,
and (2) ste photographs. The origind land cover assignment a eeven sites (Black Point, Pecific Redf,
Soldier Key, Stiltsville and the Visitor Center, in BNP, Hidden Lake, North Nest Key, and Broad River
Campground, in ENP; and Hafway Creek, Bear Idand, and National Scenic Trail, in BCY') was changed

based on the reasonableness check. The detalls of these changes are dso summarized in Table 9.

Thedatain Table 9 cons stently indicate that the traditiona ambient sound levels measured at Sitesclassified
as open water tended to be dightly higher than those measured at land-based sitesinthe same geographic
proximity. Consequently, regardless of unit, when assgning ambient sound levelsto land-based aress, only
datameasured at land-based stes were used. Similarly, when assigning ambient sound levels to weter-
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based areas, only datameasured at water-based sites were used.  This dichotomy is reflected in Table 10,
which amongst other things summarizes the land cover categories represented within each unit (Thistable
isdiscussed in further detail in Section 6.9.3
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Results

Table9. Summary of FGFWFC Land-Cover Categoriesand
Traditional Ambient Sound L evel Data for Each M easurement Site

Original Traditional
Original FGFWFC Land-Cover
Site Name SiteID Latitude Longitude FGFWFC Ambient
Category
Tvpe Code (dB)
Biscayne National Park (BNP)
Black Point A 253147N [ 801757 W 0 51.8 Background®
Boca Chita C/SID [253128N | 801033 W 19 49.0 Grassland (Agriculture)
Elliott Key I/SID 252714N [ 801145W 9 48.6 Tropical Hardwood Hammock
Featherbed Bank P/SID [253001N [ 801416W 18 49.6 Open Water
Fender Point F 252811 N | 802026 W 16 47.3 Mangrove Swamp
Mangrove Key H 2524 17N | 801854 W 18 45.1 Open Water
Pacific Reef E/SID |252203N | 800854 W 0 51.6 Background®
Rubicon Key D/SID [252331N | 801401W 18 49.8 Open Water
Soldier Key L/SID |253528N | 800939 W 0 56.2 Background®
Stiltsville J 253717N [ 800857 W 0 54.9 Background®
Visitor Center G/SID | 252752 N | 802005 W 18 56.2 Open Water®
Everglades National Park (ENP)
Anhinga Trail B/SID [252301N [ 803622W 19 54.2 Grassland (Agriculture)
Buchanan Key Y 245458 N | 8046 29 W 18 45.8 Open Water
Hardwood Hammocks and
Chekika (0] 253645N | 803504 W 8 41.0
Forests
East. Panhandle M 251716 N | 8026 30 W 22 54.9 Barren and Urban
Freshwater Marsh and Wet
East. Sparrow \% 252952N | 803945W 11 31.2
Prairie
Eco Pond Q/SID [250819N [ 805616 W 16 47.2 Mangrove Swamp
Freshwater Marsh and Wet
Hidden Lake R 252255N | 803706 W 11 36.0
Prairie®
Little Madeira Bay U 251145N | 803742 W 18 46.7 Open Water
North Nest Key X/ISID _[250906N [ 803041 W 10 39.9 Coastal Salt Marsh®
Pavilion Key AA  |254231N |812103W 18 45.4 Open Water®
Pinelands K/ISID | 252522 N | 804047 W 3 46.5 Pineland
Shark Valley N 253923 N | 804559 W 15 45.7 Scrub Swamp
Whitewater Bay T 251448 N | 805751 W 18 42.0 Open Water
Broad River Cmp SID1 252851 N | 810819 W 18 46.2 Open Water”
Freshwater Marsh and Wet
Pay-hay-okee SID2 252635N | 804701 W 11 39.7

Prairie
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Original Traditional
Original FGFWFC Land-Cover
Site Name Site ID Latitude Longitude FGFWFC Ambient
Category
Tvpe Code (dB)
Nine-Mile Pond SID3 [ 251519N | 804752 W 16 44.6 Mangrove Swamp
Carl Ross Key SID4 [250240N |1 810111W 18 43.2 Open Water®
Hardwood Hammocks and
Canepatch Cmp SID5 |252519N | 805638W 8 39.0
Forests
Crocodile Lake National Wildlife Preserve (CLK)
Barnes Sound AD/SID [251429N | 802003 W 16 39.2 Mangrove Swamp
Hardwood
W 251556 N | 801839 W 9 41.3 Tropical Hardwood Hammock
Hammock
Mangrove Inlet AC 251336 N [ 802001 W 9 40.8 Tropical Hardwood Hammock
Big Cypress National Preserve (BCY)
Golightly
S 254517N | 805535W 12 49.3 Cypress Swamp
Campground
National Scenic Freshwater Marsh and Wet
AE 255147 N | 810206 W 11 43.5
Trail Prairie
Halfway Creek SID6 | 255228 N | 812128 W 10 64.0 Coastal Salt Marsh®
Bear Island SID7 |261256N | 8118 01W 13 33.7 Hardwood Swamp®
National Scenic
SID8 |261304N | 810425 W 19 34.1 Grassland (Agriculture)®®
Trail
@ TheBackground category (whichis pertinent only in BNP) corresponds to measurement sites which were beyond thearea

covered by the FGFWFC file (i.e., there was no land-cover datain the file). In these three instances the sites were

reassigned to Open Water (18), based on data recorded on the field data |og sheets.

2 The Background category (whichis pertinent only in BNP) corresponds to measurement sites which were beyond the area

covered by the FGFWFC file. In thisinstance the site was reassigned to Coastal Strand (1), based on data recorded on the

field datalog sheets.

3) Based on the discussion presented in Section 6.8.2, this site was reassigned to Barren and Urban (22).

4 Based on data recorded on the field data log sheets this site was reassigned to Hardwood Hammocks and Forests (8).

(5) Based on data recorded on the field data |og sheets this site was reassigned to Barren and Urban (22).

(6) Although these two sites were land-based sites, their proximity to the shore resulted in the ambient sound level being

dominated by surf noise; therefore the original FGFWFC Open Water (18) assignment was deemed appropriate.

(7 Based on a 1/4/99 telecommunication with SID this site was reassigned to Tropical Hardwood Hammock (9).
(8) Based on a 1/4/99 telecommunication with SID this site was reassigned to Mangrove Swamp (16).
9) Based on a 1/4/99 telecommunication with SID this site was reassigned to Hardwood Hammocks and Forests (8).
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(10) Based on a 1/4/99 telecommunication with SID this site was reassigned to Cypress Swamp (12).

Table 10. Mapping of Land-Cover Categoriesfor
Everglades National Park (ENP)

Original Original FGFWFC Land-Cover Mapped FGFWFC
General Class FGFWFC Category Type Code
Type Code®
3 Pineland (1)@ 3
7 Mixed Hardwood-Pine Forests 3
8 Hardwood Hammocks and Forests (3)® 8
9 Tropical Hardwood Hammock (1)@ 8
Land-Based 20 Shrub and Brushland 8
(Acoustically Soft) 21 Exotic Plant Communities 19
19 Grasslands (Agriculture) (1)® 19
2 Dry Prairie 19
1 Coastal Strand 22
22 Barren and Urban (2)@ 22
12 Cypress Swamp 15
13 Hardwood Swamp 15
15 Scrub Swamp (1)@ 15
Water-Based 16 Mangrove Swamp (2)® 16
(Acoustically Hard) 1 Freshwater Marsh and Wet Prairie (2) 1
10 Coastal Sat Marsh®® 11
18 Open Water (5)? 18
No Data 0 Background © 18
D From FGFWFC file.
2 Number in parentheses coincides with number of measurement sites represented by a particular land-cover type
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code.
3) The Background category corresponds to areas which were beyond that covered by the FGFWFC file (i.e., there

was no land-cover datain thefile). In ENP al of these areas were located in the Open Water.
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for ENP). Depending upon the specific unit, the above three sources of data were used differently in
developing the respective ambient sound level maps. The methodology used for each unit isdescribed in
detall in subsequent sections.

6.9.2 Biscayne National Park (BNP)

Ingenerd, assgnment of ambient sound levesto areasin BNP was based onproximityto the geographicaly
closest acoudtically soft or acoudticaly hard messurement Ste. Thet is to say, the data from each water-
based measurement Stewas assgned to the closest open water areas, and the data from each land-based
measurement Site was assigned to the closest land areas. Inlinewiththis genera rule, the fallowing is noted:

1 The land-based area on the western shore of Biscayne Bay between the Visitor Center Site and
Turkey Point (located about 2 mi. to the south of the Center) was assgned the traditiond ambient
sound level measured a the Vidtor Center. Similarly, the ambient sound level measured a the
Vidtor Center Stewasaso assgned to the western shore of Biscayne Bay, for the areanorth of the
Center, halfway between the Center Ste and the Fender Point Site. Boat traffic and other human-
related activity dominate the ambient sound leve in the vidinity of the Vidgtor Center. As such,
assigning ambient sound levels to this area based on data measured in areas where there islittle or

no human-related activity would result in an artificidly low ambient.

2. The land-based area onthe western shore of Biscayne Bay, north of the hafway point between the
Fender Point dte and the Vigtor Center Ste was assigned the traditiond ambient sound leve

measured at the Fender Point site.

3. Withthe exception of the extreme southernportion of the BNP keys, areas on theseidandseast of
the Intra-Coastal Waterway were assigned the ambient sound level measured at either
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Boca ChitaKey, Elliott Key, or Soldier Key depending upon geographica proximity.”

Two important exceptions to the above genera rule were, however, deemed gppropriate:

1 Measured ambient sound level datafrom CLK were used for mgpping land-based locations in the
southern-most land areasof BNP. Thisexception wasonly implemented in the southwestern corner
and southernmost portionof the keysin BNP. Because conditions in the southern portionof BNP
moreclosely resemble conditionsat CLK  (rather than conditionsat Boca Chita, Elliott Key, Fender
Point, Soldier Key or the Viditor Center -- the other BN P land-based measurement Sites), ambient
sound levels for the land-based areasinthis part of BNP were based on the measured sound level
obtained at the hardwood hammock sitein CLK (even though some BNP measurement sSiteswere
geographically closer). Note, because of thewide digparity in human-related activity, no measured
ambient data from ENP or BCY were used for mapping in BNP.

2. The water-based area in the immediate vicinity of the Visitor Center extending south down to
Turkey Point was assigned the ambient sound level associated withthe Black Point Sterather than
the Mangrove Key site, which was actualy geographicaly closer. This was consdered a more
appropriate assgnment because the observed boat activity inthe vidnity of the Center more closely
resembled such activity around the Black Point Siteas compared to the Mangrove K ey site, where
there was virtudly no boat activity.

* Specid  measurements were performed in the current study to determine the decrease in sound level a a function of distance from
the primary measurement location & both the Elliott Key and the Boca Chita Key site. At each site, a second sound level meter
(SLM) wes placed 500 ft away from the primary measurement location. The secondary SLM was placed a a point as far as
possible awvay from human activity. At Boca Chita the sound level measured by the secondary SLM was about 3 dB lower than
that measured a the primary instrument. At Elliott Key the sound level measured at the secondary SLM was about 2 dB lower
than that measured & the primary instrument. These relatively small differences seem to indicate that ambient conditions do

not vary markedly throughout the keys, and a proximity-base approach seems reasonable for ambient assignment on these islands.
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Notethatin Table 9, the BNP Vistor Center Steislisted asbeing inopenwater, eventhough it was aland-

based measurement site. The reasonfor this gpparent anomaly isthat the GPS-based unitsusedto determine

gte locations have an accuracy of about 300 ft. In addition, the FGFWFC land-cover maps have a
resolution of dightly lessthan 3.5 seconds of arc (0.00095 decimd degrees) inbothlatitudeand longitude.

At the latitude of South Florida, this equatesto aresolutionof about 300ft. The Visgtor Center measurement

dte was adjacent (within 50 ft.) to Biscayne Bay. Therefore, the land-cover type for this Site was
considered to be Mangrove Swamp (based on the geographically closest land-based ares).

In addition, the Background category reflected in Table 9 corresponds to measurement stes which were
beyond the area covered by the FGFWFC file. Inthe case of Black Point, Pacific Reef, and Stiltsville, the
sites were reassigned to Open Water, based on data recorded on the field data log sheets. In the case of
Soldier Key, the sSite were reassigned to Coastal Strand, also based ondatarecorded on the field datalog
shests.

6.9.3 Everglades National Park (ENP)

Past studies have shown that wind speed and ambient sound level inabackcountry environment are closdy
correlated. A study conducted for the NPS?® in coniferous forests (Kiabab in Arizona, and Golden Trout in
Cdifornia) showed a 1.3 dB increase in ambient sound level per mile per hour increasein wind speed. A
smilar study conducted in Bryce Canyon Nationa Park for the FAA® showed a 1.9 dB increase in the
traditional ambient sound level per mile per hour increase inwind speed. This corrdation between land-
cover, ambient sound level, and wind speed is further supported by the NPS NODSS computer program
which categorizes the wind effect onambient sound level in Grand Canyon Nationa Park based solely on

land-cover type.l°

-158-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

The present study also examined the wind effect on ambient sound levd. Because the study area
encompassed physicaly unique and geographicaly disperse measurement Sites, no sngle vaue for wind
effect a al stesis gpplicable. In generd, different Steshave different wind effect values. Thisis discussed
in further detail in Sections 6.3 through 6.6.

Given that wind speed is known to affect ambient sound level in a backcountry environment, and that
different land-cover typesresult indifferingwind effects, ambient sound level maps based onland-cover type
appear to be areasonable way of characterizing the ambient throughout a (primarily backcountry) unit, so
long as locdized human-made noise sources (e.g. roadways, boating corridors, power generators, etc.) do
not subgtantialy influence the measured sound levels.

The process of generating ambient maps from land-cover data and ambient sound level measurements
assumes that land-cover types within a givengeographic region have the same ambient characterigtics. For
example, if ambient levels are recorded in an area of “Hardwood Hammocks and Forests,” then all
Hardwood Hammocks and Forestswithin the area closest to the messurement Site are assumed to have the
same ambient levds. Hardwood Hammocks and Forests which are geographicaly closer to a different
measurement Ste (but with the same land-cover classfication) are assigned the ambient sound level
measured a this different Ste. Implicit in this approachisthe assumptionthat the wind effect dominates the
ambient sound level in al Hardwood Hammocks and Forestsin a given area

-159-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

Insummary, knowing the land-cover type at the measurement siteswhere the ambient levels were obtai ned,
and dso having the land-cover type data throughout the Study area, the same ambient levels were inferred

to exig a Steswith the same land-cover type. The following modifications were added to this inference:

1. Thoseland-cover types not represented by measurementsweremapped tosmilar land-cover types
for which measurements were conducted. This mapping of the origind, un-represented land-cover
type to represented land-cover type is summarized in Table 10. This table is arranged into an
anticipated acoudtica hierarchy, i.e., within aspecific “Generd Class” the table is arranged from
top to bottom based onthe expected magnitude of the wind effect -- which is assumed to coincide
with vegetative densty. The mapping assgnment was based on the assumption that Smilar land-
cover types have Smilar ambient characteridtics, i.e., mapping was performed in accordance with
the acoudtica hierarchy. For example, areasof physcaly low ground cover (e.g., shrubs or grass)
were mapped to smilar areas of low ground cover; and areas of physicaly highground cover (e.g.,
trees) were mapped to smilar areas of highground cover. Notethat |and-cover types represented
by measurement sites have the same origind and mapped land-cover type code in Table 10. For
these areas, the number of different measurement locations represented by the particular type is
given in parenthesis following the type description.  For example, measurements were made at one

stewith aland-cover type of Findand. From Table 9, this Site can be seen to be Pindlands.

2. Ambient sound levels measured at the Anhinga Trall, Eastern Panhandle, and Shark Vdley stes
wererestricted to an areawithingpproximately 1000 ft. (305 m) of the respective measurement Site,
regardless of surrounding land cover. Further, the ambient sound level measured at the Eastern
Panhandle site was not assgned to other locations in ENP; and a derivative ambient sound level
measured at the Anhinga Trall and Shark Vdley stes was used for assgnment to other areasin
ENP. Morespecificdly, theweekday ambient sound level measured at AnhingaTrall (inthecurrent
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study only) and Shark Valey (40.8 dB and 42.1 dB, respectively) were used for assgnment to
other areas of the park. The reason for such a unique approach (i.e., redricting the generdization
of ambient sound levels measured at certain Sites) at these three steswas due to the fact that during
certain portions of the measurements these sites were dominated by localized vehicle or other
human-related activity which was truly unique to the site.

6.9.4 Crocodile Lake National Wildlife Refuge (CLK)

The ambient sound levels measured at the three sites in CLK were within 2.1 dB. This close agreement
seems to indicate a congistent ambient environment throughout the unit. For land areasin CLK, datafrom
the geographicaly closest |and-based measurement site were used for mapping purposes. For water areas,
the measured sound level fromMangrove Key inBNP was used. Mangrove Key wasthe water-based site
geographicdly closest to CLK, and with the least human-rdated activity.

6.9.5 Big Cypress National Preserve (BCY)

Measurements were conducted at only five sites in BCY. Less measurement work was done at BCY
because of its greater distance from Homestead than the other three consarvation units, resulting in higher
dtitudes of Homestead-related aircraft over BCY whichwould trandate into lower arcraft noiselevels. The
two stesincluded in the current study werelocated inareas of substantial humanactivity, and as such were
probably not representative of the large areas of remote property encompassed by the preserve. The
Galightly Campground was located next to an airboat launching ramp which had substantid activity,
epecidly on the weekend (see Section 6.6.1). The Nationd Scenic Tral Site was located on an active
ardrip, adjacent to the only highway running through the preserve. This effectively only leaves the three
NPS/SID stesin BCY for potential ambient mapping. The research team determined that the small amount
of datameasured at these three sites (about 3 hourstota) wasinadequateto devel op accurate ambient maps
for dl of BCY. Fgure 61 presents a graphic displaying the traditional ambient deta obtained at the five
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measurement stesin BCY.

6.9.6 Outputs of Ambient M apping Process

The output of the ambient mapping process is a file caled [PARK]JAMBIENT.GRD, which isunique to
eachunit. Thisfile contains the grid of traditiona ambient sound levels at the same resol ution (gpproximately
100 meters) asthe origind FGFWFC land-cover files. Thefileis defined by: (1) the latitude and longitude
of the southwest corner of the smalest rectangular grid which contains the unit; and (2) the known regular
spacing of the grid points. Within this rectangular grid, areas outsde of each unit's boundary are set to a
vaue of 99, indicating that no dataexigts. Datain the file are preserved to the nearest whole decibel vaue.
Presarving finer resolution (e.g., to the nearest 0.1 dB) was considered an unredlistic representation of

accuracy.

The ambient grid file is then processed through ageographic information system (GIS) to generate a color
map of the traditional ambient sound leve within each unit. This color map is displayed inFigures 58 through
60 for BNP, ENP, and CLK, respectively. Also displayed is the coastline as defined by the National
Oceanic and Atmaospheric Adminigtration (NOAA), the unit boundary as defined by NPS, mgjor streets
as defined by the U.S. Census Bureau' s Tiger/Line data, as well as the measurement sties (denoted by the
SteID from Table 9).

6.9.7 Use with the INM

The [PARK]JAMBIENT.GRD output file is intended to be used in conjunction with a Volpe Center-
developed computer program entitted AMBIENT. Provided with the latitude and longitude of potentia
noise-sengtive locationsinaninput file, AMBIENT will usethe [PARK]AMBIENT.GRD fileto determine
the traditional ambient sound level a each of these locations.

-162-



Ambient Sound Levels at Four Results
Department of Interior Conservation Units

The[PARK]JAMBIENT.GRD file may also be used directly by the INM for time-above (TA) ambient grid
computations. Specificaly, with thisfile located in the INM case directory, and with the TA descriptor
selected inl NM for grid point computations, the programwill determinethe ambient sound leve at each grid
point and use this vaue as the time-above threshold associated with computation of the TA descriptor.
INM usersare dso given the ability to convert the TA vauesto percent TA for auser-defined time period,
e.g., 720 minutes. Toinvokethisoption the user must smply includean ASCII text fileinthe case directory
which contains the normdizing time period, expressed in minutes. This file should be named
PERCENT.DAT.

Appendix D overviews dl of the enhancements made to INM in support of this study.
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Figure58. Traditional Ambient Sound Level Map for Biscayne National Park (BNP)
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Figure59. Traditional Ambient Sound Level Map for Everglades National Park (ENP)
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Figure60. Traditional Ambient Sound Level Map for
Crocodile Lake National Wildlife Refuge (CLK)
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Figure61. Traditional Ambient Sound Levelsat Big Cypress National Preserve (BCY)
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Resear ch Team Membersand Responsibilities
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Federal Aviation Administration, Office of Environment and Eneray:

Jake A. Plante

M.Ed., Ed.D., Education, Universtyof Massachusetts, MA. Centrd point of technical contact for the FAA,
Dr. Plante was responsible for FAA’s day-to-day technicad management of the study, including interna
coordination among FAA offices and externa coordination between the FAA and the NPS. Dr. Plante
managed the study design, induding Ste sdection, the development of the emerging methodology for
categorizing ambient sound levels, and INM development activity. INM is FAA’s prediction modd used
to support the noise andysis in support of the Homestead SEIS.

John M. Gulding

M.S., Operations Research, George Mason Universty, Farfax, VA; B.A., Mahematics, University of
Virginia, Charlottesville, VA. Mr. Gulding was a member of the ambient sound level measurement team.
Inaddition, Mr. Guldingisthe ProgramManager for the FAA’sINM, the predictionmode used to support

the noise analysis for the Homestead SEIS.

Federal Aviation Adminigtration, Office of Airport Planning and Programming;:

Lynne S. Pickard

B.A., Pdliticad Science, Louisana State University, LA; B.A., Environmental Studies, George Washington
Universty, DC; M.A., Palitical Science, Georgetown Universty, DC. FAA Project Manager for the
Homestead SEIS, Ms. Pickard was responsible for the senior management of al aspects of the study.
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Ralph C. Thompson

B.S.C.E., Universty of Florida, FL. FAA Assstant Project Manager for the Homestead SEIS, Mr.
Thompson was responsible for the senior management of all aspects of the study.

Volpe National Transportation Systems Center, Acoustics Facility:

Gregg G. Fleming

B.S,, Electricd Engineering, University of Lowdl, MA. Manager of the Volpe Center Acoustics Facility,
Mr. Heming participated inthe study design, and Site selection processes, and wasin charge of dl acoustics-
related indrumentation, data collection, and analysis for the study. Further, Mr. Heming was responsible
for the desgn, testing, implementation and documentation of dl INM-related enhancements performed in
support of the study.

Christopher J. Roof

B.S,, Electrica Engineering and Music, Boston University, MA. Mr. Roof participated in the sudy design,

and was a member of the ambient sound level measurement team. Further, Mr. Roof coordinated data

processng and andysis in support of the study.

David R. Read

Mr. Read was responsible for the devel opment, configuration, and testing of the acoustica insrumentation,

participated in the sudy design and Site salection process, and was a member of the ambient sound level

measurement team.
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Joseph Burstein

Ph.D., Engineering, Odessa Indtitute of Technology, Odessa, Ukraine. Dr. Burstein played alead rolein
the design and testing of al INM-related enhancements in support of the study.

David Senzig, P.E.

M.S,, Mechanical Engineering, University of Washington, Segitle, WA. Mr. Senzig was amember of the
ambient sound level measurement team. Further, Mr. Senzig assisted in data processing and analysis. Mr.
Senzig aso participated in the design and testing of dl INM -rel ated enhancements performed in support of

the study.

Amanda Rapoza

B.S., Acoudtic Engineering, Universty of Hartford, CT. Ms. Rapoza assisted in data processing and
andyss in support of the sudy. Further, Ms. Rapoza participated in the design and testing of dl INM-
related enhancements performed in support of the study.

Paul J. Gerbi

B.S., Electrica Enginearing, Univeraty of Lowdl, MA. Mr. Gerbi participated in the design and testing, and

was responsgible for the coding of dl software developed insupport of this study, induding dl INM-rel ated

enhancements.
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CynthiaSY. Lee

B.S.,, Electrica Engineering, NortheasternUniversity, Boston, MA. Ms. Leewasamember of theambient

sound level measurement team. Further, Ms. Lee asssted in dataprocessing and analysisin support of the

study.

Lynne Osovski

B.A., Astronomy and Physics, Boston Univeraty, Boston, MA. MsOsovski participated inthe design and
testing, and was responsiblefor the coding of many of the INM-rel ated enhancements performed insupport
of the study.

Gary M. Baker

B.S., Geography, Universty of Massachusetts, Boston, MA. As a member of the Volpe Center
Geographic Information Systems (GIS) Group, Mr. Baker helped to devel op the ambient sound level and

land-cover maps prepared in support of the study.

Terrapin Acoustical Services:

Kenneth D. Polcak

B.S., Civil Enginering, University of Maryland, College Park, MD. Mr. Polcak was a member of the

ambient sound level measurement team.
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Appendix B:

Plan View of Each M easurement Site
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Plan View of Each Measurement Site

StelD: A Site Name: Black Point

Coordinatess 253147N / 801757 W
253204N / 801801 W

Date(s): 8/10/98
8/12/98
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StelD: B Ste Name: AnhingaTral Date(s): 8/10/98
8/12/98
8/15/98

Coordinatess 252301 N /803622W
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StelD: C Site Name: Boca Chita Date(s): 8/10/98
8/13/98
8/15/98

Coordinatess 2531 28N /801033 W
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StelD: D Ste Name: Rubicon Key Date(s): 8/11/98
8/14/98

Coordinatess 2523 27N /801358W
252331N /801401W

-194-



Ambient Sound Levels at Four Plan View of Each Measurement Site
Department of Interior Conservation Units

StelD: E Site Name: Pacific Reef Date(s): 8/11/98
8/14/98

Coordinatess 252203 N /800854 W
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StelD: F Site Name: Fender Point Date(s): 8/11/98
8/14/98

Coordinatess 252811 N /802026 W
252809N /802026 W
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StelD: G Ste Name: Biscayne Vigtor Center Date(s): 8/11/98
8/16/98

Coordinatess 252752N /802005W
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StelD: H Ste Name: Mangrove Key Date(s): 8/11/98
8/15/98

Coordinatess 2524 12N /801904 W
2524 17N /801854 W
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StelD: | Ste Name: Elliott Key Date(s): 8/12/98
8/15/98
8/17/98

Coordinatess 252714N / 801145W
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StelD: J Ste Name: Siltsville Date(s): 8/12/98
8/16/98
8/17/98

Coordinatess 2537 18N / 800854 W
253717N / 800857 W
253745N / 801206 W
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StelD: K Site Name: Pindands Date(s): 8/12/98
8/13/98
8/19/98

Coordinatess 252522 N / 804047 W
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StelD: L Ste Name: Soldier Key Date(s): 8/13/98
8/16/98

Coordinatess 253528 N /800939 W
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StelD: M Ste Name: Eagstern Panhandle Date(s): 8/13/98

Coordinatess 251716N /802630W
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StelD: N Ste Name: Shak Valey Date(s): 8/13/98
8/16/98

Coordinatess 253923 N /804559 W
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Plan View of Each Measurement Site

StelD: O Site Name: Chekika

Coordinatess 253645N / 803504 W

Date(s): 8/10/98
8/27/98
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StelD: P Site Name: Featherbed Bank Date(s): 8/12/98
8/14/98
8/15/98

Coordinatess 252957N / 801416 W
253129N / 801431W
253001N / 801416 W
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StelD: Q Site Name: Eco Pond Date(s): 8/14/98

Coordinatess 2508 19N / 8056 16 W
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StelD: R Site Name: Hidden Lake Date(s): 8/15/98
8/17/98

Coordinatess 252255N / 803706 W

-208-



Ambient Sound Levels at Four Plan View of Each Measurement Site
Department of Interior Conservation Units

StelD: S Site Name: Golightly Campground Date(s): 8/16/98
8/17/98

Coordinatess 254517N / 805535 W
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StelD: T Ste Name: Whitewater Bay Date(s): 8/17/98

Coordinatess 251448 N / 805751W
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StelD: U Ste Name: Little Madeira Bay Date(s): 8/18/98
8/20/98

Coordinatess 251145N / 803742W
251053 N / 803821 W
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StelD: V Ste Name: Eastern Sparrow Date(s): 8/18/98

Coordinatess 252952N / 803945 W
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StelD: W Site Name: Hardwood Hammock Date(s): 8/18/98

Coordinatess 251556N / 801839 W
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StelD: X Ste Name: North Nest Key Date(s): 8/18/98

Coordinatess 250906 N / 803041W
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StelD: Y Ste Name: Buchanan Key Date(s): 8/19/98

Coordinatess 245458 N /804629 W
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StelD: AA Ste Name: Pavilion Key Date(s): 8/20/98

Coordinatess 254231 N/ 812103W
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StelD: AC Ste Name: Mangrove Inlet Date(s): 8/18/98

Coordinatess 251336N / 802001 W
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StelD: AD Site Name: Barnes Sound Date(s): 8/19/98

Coordinatess 251429N / 802003 W
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StelD: AE Site Name: Nationa Scenic Tral Date(s): 8/20/98

Coordinatess 255147N / 810206 W
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Appendix C:

Acoustic Instrumentation System Reference
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Instrumentation List

B& K Deltatron Microphone System (see Figure 91):

Modd 4155 or 4189 Y2in Electret Condenser Microphone.

Model 2671 Deltatron Preamplifier.

Mode WB1372 Deltatron Power Supply.

Custom-fabricated BNC to XLR adapters.

Custom-fabricated 4-conductor 100 ft. (30 m) or 300 ft. (91 m) shielded XL R microphone cables.

Sound Level Meter (SLM):
LDL Modd 820 SLM with Modd 827 Preamplifier.

Digital Tape Recorder:
Sony Model PC208Ax DAT. or
Sony Model TCD-D100 DAT.

Andillary:
NPS Two-Stage Windscreenand Mount including B& K Model UA0237 FoamWindscreen (see

Figure 92).

Custom-fabricated nylon ¥2in microphone mounting adapter.
B&K Mode 4231 Sound Calibrator.

Y>in Microphone Smulator (Dummy Microphone).

17 Ah Gd-Cdll Battery. or

40 Ah Gd-Cell Battery.

Tripod.
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C.2

P>

@

Configuration

LDL Modd 820 SLM:
1. Calibration - Calibrate using 94 dB SPL signal.

2. Output Gain / Weighting - Ensure that the “AC Output Weighting” is set to “Flat +20.” Note:

Changing the output gain setting does not affect the SLM indications.

3. Special Calibration - Proper firmware calibration of the LDL Model 820 is dependent on a special
calibration procedure using an approved ¥2-in. microphone and calibrator, or a 0.5 Vrms 1 kHz sine
wave. Follow the procedure included in Section B6 of this Appendix entitled “LDL Model 820 SLM
Specia Cdlibration.” This calibration need not be repeated unless the LDL Model 820 has a power
failure during which setup informationislost. Normal calibration of the LDL Model 820 should include
capturing a short duration of the caibration signal in SLM mode, and notation of the indicated level.

4. Modified A-Weight for SLM - The A-weight filter in the Volpe Center's Model 820 SLM has
been modified to meet Type 1 SLM response using a B&K Mode 4155 or 4189 microphone at grazing
incidence. Though the random-incidence response of the B& K Model 4155 (and 4189) microphone
differs dightly from the grazing-incidence response, the modified A-weight curve still maintains Type
1 SLM performance in a random incidence-type application, as is the case in the current study. (Note

that the signal passed to the recorder through the AC Output is not weighted.)

5. LDL Model 827 Preamplifier for Impedance Matching - Although the LDL Model 827
preamplifier does not add any gain to the signa, it must be connected between the B&K Mode
WB1372 Power Supply and the LDL Model 820 SLM for impedance matching. Use of the LDL-to-
BNC adapter alone will cause the LDL Model 820 input to overload and behave unpredictably.

SONY M odel PC208Ax DAT Recorder:

1. Mode - Operate at 20 kHz bandwidth (10 kHz is sufficient if necessary). Configure as 2-
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channe @1X speed, or 4-channd @2X speed. Note: 295 ft. (90 m) tape provides 3 hours
recording time at 1X speed.

2. Range - Input voltage range: Cdibrate at 1V using 94 dB SPL cdlibration sgnd.

O

SONY Model TCD-D100 DAT Recorder:
1. Mode - OperateinLine Input mode at 32 kHz Sample Rate (Haf-norma speed). AGC/Limiter

switch should be set to “MANUAL”. Note: 197 ft. (60 m) tape provides 4 hours recording time
at half-norma speed. Use of tapes longer than 60 metersis advised againgt by the manufacturer.

2. Range - With 94 dB cdibration sgnd applied, adjust input level potentiometer for -6 VU
indication. Note: Although the input level potentiometer hasa friction-lock feature, care should be

exercised to prevent accidental movement of the control.

C.3 Operation

A.  Setup:
1. Ingtall NPS Two-Stage windscreen and mount in accordance with Section B7 of this appendix
entitled “NPS Two-Stage Windscreen and Mount Instructions.”

2. Run microphone cable and connect between B&K Modd 2671 Deltatron preamplifier and
B&K Model WB1372 Ddtatron power supply. Note: Custom-fabricated BNC-to-XL R adapter

cables are required at both ends of the microphone cable.

3. Interconnect equipment per Figure 93.
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4. Connect power lead for Sony Model PC208Ax to 40 Ah gd-cdll battery. Connect power cable

to recorder. Turn on al equipment.

5. Set time and date on Sony Model PC208Ax or Sony Model TCD-D100, and LD 820 SLM
per Master Clock.

6. Check instrument settings, especidly recorder speed, channel configuration and input range.

|

Calibration:

1. Remove faric cover, rotate windscreen frame assembly out of the way (see Section B7) and

remove foam windscreen from microphone.

2. Carefully apply cdibrator to microphone.

3. Carefully apply power to calibrator (94 dB setting).

4. Wait a lesst thirty seconds for system to stabilize.

5. Perform cdlibration of LDL Modd 820.

6. Once the front-end has been calibrated and a steady calibration sgnd is observed, record the
cdibration sgnd on the Sony Modd PC208Ax or Sony Model TCD-D100 for one minute. The
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one-minute duration is required to ensure that the DAT recorder’s event ID system does not get
“scrambled.” A 30-second duration is sufficient when using the PC208Ax’s 2X speed mode.
(When usng the Sony TCD-D100, the display will flash “START-ID” while the event marker is
being recorded. Oncethis stops, it is safe to stop the recording.) Ensurethat no gain or weighting
isbeing applied at the front end by checking the setup parameters of the LDL Model 820. A normal
cdibration will illuminate 4 ssgments on the Sony Model PC208Ax LCD display. For the TCD-
D100, the input leve potentiometer should be adjusted for anindicationof -6 VU before recording
the calibrationsignd. Oncethis level has been set, care should be taken to avoid moving the input
level control. (Note that this control has a friction-lock feature, whichmakes accidental movement
of the control unlikely.)

7. After recording the cdlibrationsigna, turn off the cdibrator and remove it from the microphone.

8. Remove the microphone from the B&K Mode 2671 Ddtatron preamplifier.

9. Attach the ¥2-in. microphone smulator to the B& K Modd 2671.

10. Capture and record one minute of microphone simulator floor (Recording of a 30-second

duration should be sufficient when operating the PC208Ax at 2X speed mode). The LDL Modd

820 SLM should indicate approximately 16 to 20 dB(A) in the SLM mode.

11. Remove the microphone smulator, and re-ingtal the microphone.

12. Attach the calibrator to the microphone.

13. Apply power to calibrator (94 dB setting).
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14. Wait thirty seconds for cdibrator sgnd to stabilize.
15. Perform normd calibration of the LDL Modd 820.
16. After cdibrating the sound level meter and observing a steedy state calibration signal, record
the calibration sgnd on the DAT recorder for one minute (minimum 30 seconds when using the

PC208AX at 2X speed).

17. After recording the caibrationsgnd, turnoff the calibrator and remove it from the microphone.
Attach the foam windscreen and re-deploy the NPS Two-Stage windscreen (see Section B7).

18. Let the system rest for thirty seconds before starting measurements.
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C4  System PerformanceLimits

Table 11. System Performance Limits

Component Mode Overload Point Foor
(Mic Simulator)

B&K Ddtatron Mic 140 dB SPL ~20 dBA
System
LD 820 SLM & 827 130dB SPL ~16to 20 dBA
Preamp
AC Output +20dB Gain 110dB SPL ~16to 20 dBA
SONY PC208AXx 1V Input Range 100 dB SPL 15 dB (linearity floor,
DAT Recorder FS-85dB)
SONY TCD-D100 32 kHz Sample Rate 100 dB SPL 15 dB (linearity floor,
DAT Recorder (half-speed), Line FS- 85dB)

Input, Manua Gain, 94

dB SPL Cd @

-6 VU
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C5 Power Requirements and Considerations

A. Power requirements:
B&K Modd WB1372 Deltatron Power Supply: 3x 9V cdls
Typical “life”: >> 40 hours
LDL Mode 820: 1Xx 9V or externa 6t0 12V (23 mA @ 9V)
Typical “life’: 9V - 250 mAh ~ 10 hours
Duracell 9V: 500 mAh ~ 20 hours
Radio Shack Ultrdife lithium 9V: 1 Ah ~40 hours
SONY Modd PC208AX: 11to30V (~15t024 A @ 12V)
Typical “life": 16 to 25 hour s when powered by separate gel-cell battery
SONY Modd TCD-D100: 2XAA cells or externa 4.3VDC
Typical “life’: ~ 5 hours on Lithium AA cdls
~ 2 hours on supplied rechargeable NiMH AA cells
~ 1.5 hours on standard Alkaline AA cdlls
B& K Mode 4231 Calibrator: 4 x AA cdls
TAMS Met System: 12 x AA cdlsor 12V
Typical “life’: > 24 hours on a set of AA célls.
Notebook PC (on inverter): ~1.25 A (Internal battery fully charged)
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Typical “life’: 16 hours (2 PCson 1-40 Ah gel cell battery)
C.6 LDL Model 820 SLM Special Calibration

It is fairly well documented that the LDL Modd 820 can provide conflicting sound leve readings for the
same input sgnd when comparing readings taken with the unit in calibration mode versus SLM mode.
Without proper adjustment, these differences can be aslarge as severd tenths of adecibe. The following
procedurewasrecommended by the manufacturer, LDL, to improve agreement betweenthecalibratedlevel
and the SLM indication on their Model 820 SLM. Thisis a procedure which should be performed in the
laboratory prior to any field measurements. Experience has shown that this procedure generdly reduces

differencesto one tenth of adecibel or less.

1. Apply a1l kHz snewave a cdibration level through the LDL Modd 827 preamplifier (NOTE: LDL’s
cdibrationleved inther |aboratory isequivdent to 0.5 Vrms, however they haveindicated that the procedure
will work fine withthe B& K Model 4155 microphone and a114 dB SPL cdlibrator, e.g., the B& K Model
4231).

2. Apply power to the LDL Modd 820 and perform afull RESET:

[ SHI FT] [ RESET] ->“Reset ALL Data?[Yes]”

[R/S]
3. Set the LDL Model 820's cdibrator level to 225.48 dB (Note: Thisisa “ Back Door” into the
manufacturer’ s specid caibration procedure):

[ SETUP] [SHI FT] [CAL] > “CAL Level"...

[ =] -> blinking cursor
[2112]1[5][.104][8][R S| > “CAL Level (225.48)"
[ OFF] -> main gresting screen
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4. Cdibrate the instrument:

[ SHI FT] [CAL] ->“CAL-a'... If a different letter appears after “CAL”, press
[ SHI FT] [ CAL] repeatedly urtil the “CAL-
a'... screen appears.

[ 8] ->“CAL S="... The unit will go through an extended calibration
procedure. The vaue for 'S will increment from
‘1’ through ‘3'. The display will briefly indicate
“Done,” which will be replaced by “Offset.”

NOTE: The above calibration procedure resets the LDL Modd 820'sdetector time-weghting to “ Sow”
regardiess of the current setting. If desired, change Time-weighting as follows.

[ SETUP] [ SLM -= “Detector [Slow]”
[ =] (pressrepeatedly until desired setting appears.)

[R§]

[ OFF]

5. The cdibration datamay be saved to EEPROM, effectively replacing the factory default as follows:

[ SHI FT] [ STR] -> “STORE EEPROM”
[R S] -> “Storing SETUP to EEPROM” ...
[ OFF]
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C.7  NPSTwo-Stage Windscreen and Mount Instructions

A. | ntroduction:

The NPS Two-Stage Windscreen and Microphone Mount described herein is amodification of adesgn
originaly developed by the acoustic consulting firm of Harris Miller Miller and Hanson, Inc. (HMMH) for
the NPSLONOMS system. It performs two primary functions:

1. It minimizes wind-induced noise enough to dlow for the measurement of very low-leve
acoudtic data, effectively improving the sgna-to-noise retio of the measured sound.

2. It acts as a mounting system for the microphone and preamplifier.

The unit has standard camera-mount (1/4"-20) screw threads, that can be attached to any standard camera
tripod.

B. Components (see Figur e 92):

The windscreen frame is comprised of the Top Disc (which holds the top ends of the Ribsin place viaan
elagtic loop, and is atached to the Mast by four Suspension Cords), 32 steel wire Ribs (which form the
shape of the windscreenframe), and the Siding Ring (which, likethe Top Disk, has an dastic loop to hold
the bottom ends of the Ribsin place, and which can be fixed into positionvia three dotted-head setscrews).
The Rib-Spacing Cord is used to insure uniform spacing between the

Ribswhenthe unit is fully deployed. The Retractable Suspension Fingershelp the windscreenframe to form
aghericd shape by limiting the verticd travel of the Top Disc.

The Mast was constructed to act asa direct mounting for aB&K 1-in. microphone and preamplifier. It has
been adapted to handle a¥~in. microphone and preamplifier by adding a custom-fabricated nylon insart
which supports them in the 1-in. cradle.
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Not shown is the Fabric Cover, which forms the outer Stage of the windscreen. It festures a drawstring
closure at the bottom, which is used to tighten the fabric around the base of the windscreen frame.

C. | ngtallation I nstructions:

1. Setupthetripod for a5ft. (1.5 m) microphone height: set the top of the tripod to 33.5 in. (85 cm)
abovethe loca ground levdl.
2. Carefully remove the Two-Stage Mount from its packing container.

3. Attach the Mast to the Tripod. Tighten al Tripod fittings.

4. Raisethe Siding Ring to a position just above the Cable Sot and tighten the dotted-head setscrews.
Remove the foam from the cable dot and set aside. Make sure that the Suspension Cords are properly
digned by ensuring that the setscrew with the black ring around it is digned with the vertical groove in the
madL.

5. Attach a 6-ft. BNC cable to the B&K Modd 2671 preamplifier.

6. Using the attached diring, lower the B&K Modd JJ2217 Y~in. adapter into the funnel-shaped
microphone cradle opening at the top of the mast. Continue lowering the adapter until it appears at the
bottom of the mast, visble through the Cable Sot.

7. While holding the string at the top of the mast, attach the B& K Modd JJ2217 adapter to the front end
of the B&K Modd 2671 preamplifier. Do not misplace the black plastic cap whichprotectsthe threaded
end of the Modd 2671.

8. Usethedtring to pull the B&K Modd 2671 up through theMast until it appears at the top. While pulling
the gtring, feed the Model 2671 cable in through the Cable Sot at the bottom of the Mast.

9. Loosen the setscrewsonthe Siding Ring. Lower it, and rotate the windscreen frame assembly to one
sde. It may hdp to didethe Rib Soacing Cord downward a bit on the ribs. Gently spread the Ribs apart
to clear the Mast, Retractable Suspension Fingers, etc. Be careful to avoid disengaging the ends of the
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Ribs from the retaining elagtics a either end.
10. Removethe B&K Mode J32217 adapter from the B& K Modd 2671 preamplifier.

11. Side the nylon adapter over the body of the B& K Model 2671. Adjust the position of the preamplifier
until the BNC connector is snug against the bottom of the milled step inside the adapter.

12. Gently pull back on the BNC cable to snugly fit the nylon adapter into the Microphone Cradle.
13. Attach the B& K Modd 4155 or 4189 Microphone to the Model 2671 preamplifier.

14. Attach the B& K Modd UA0237 Foam Windscreen to the B& K Model 4155 or 4189 Microphone.

The remaining steps should be followed after the Calibration Procedure has been completed:
15. Carefully rotate the windscreen frame assembly back into position.

16. Loosen the setscrews on the Siding Ring. Make sure that the Rib-Spacing Cord is positioned
goproximatdy hafway up the length of each Rib.

17. Place the Fabric Cover over the top of the windscreen frame. The “X-seam” of the cover should be

located directly over the Top Disc.

18. Sowly move the Siding Ring upward until it is even with the lowest of the four Vertical Alignment
Grooveson the Mast. Make sure that the setscrew withthe black ringaround it isaigned withthe long
vertical groove on the mast. Tighten the three setscrews.

19. Pull thefabric cover down evenly over the windscreen frame and pull thedrawsiring tight. Secureit with
the string lock.

20. Dressthe cable, securing it to thetripod. Tighten dl tripod fittings. Replace the foam in theCable Sot.
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Figure 93. Volpe Measurement & Recording Equipment
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Appendix D:

Integrated Noise Model (INM) Enhancements
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D.1 Lateral Attenuation

Laterd attenuation in INM has historically beenbased on the regression equations described in SAE AIR
17512 This Aerospace Information Report (AIR) contains two eguations, one for air-to-ground
propagation and one for ground-to-ground propagation. Up to and including INM Version 5.2,2% these
two field-measurement-based (empirica) equations have been used for computing laterd attenuationfor dl
commercid arcraft within themodd. Similar attenuation equetions have been used for military arcraft in
INM.

Released in 1981, SAE AIR 1751 is based on data which were measured in the 1960s and 1970s. The
majority of the aircraft represented inthe data set were equipped withlow-bypassratio engines. In addition,
the data set is dominated by a angle type of jet arcraft, the older 727-100. More generdly, for the
following two reasons it is recognized by most researchersthat the SA E-based laterd attenuationagorithm
withinl NM isthe sngle-biggest acousti c weaknessinthe modd: (1) the dgorithm, whichrepresentsasngle
rel ationship developed from data dominated by one type of aircraft, is applied to the entirefleet regardiess
of arcraft type; and (2) the agorithm cannot account for propagation effectsover acoudticdly hard terrain,
amajor weakness at airportsin coasta areas. Consequently, in1997, the INM development teaminitiated
the task of revising the overground propagation agorithms within the mode!.

At the most fundamentd levd, laterd atenuation of aircraft noise comprisestwo basc physica phenomena
engineinddlaioneffectsand ground atenuation effects. Engine inddlationeffects, whichareimpliat inthe
current SAE AIR 1751 dgorithms, may account for sound reflections off of the aircraft wings and fusdage,
and sound shidding primarily due tothe fusdlage. In most cases, these ingtallation effects are thought to be
amdl (and mogt probably negligible) relative to ground attenuation effects. In fact, in the soon-to-be-
released latest versionof the Air Force' s NOISEMAP computer programfor ng noiseimpact inthe
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vianity of military ingadlations, engine ingtdlation effects are neglected and lateral attenuationis based solely
on ground attenuation effects. Ground attenuation effects account for the introduction of an impedance
boundary, in this case the ground surface, into a given aircraft-to-receiver geometry. The enhancement
described herein addresses the ground attenuation effect.

The new approachfor computing ground attenuation effectsin INM, described in detail herein, isfounded
inacoustic theory and hasundergone rigorous | aboratory and fidd tests at rdatively short source-to-recelver
propagation distances. Additiona fidd tests are underway to examine the approach at longer distances,

such as would be more typica for aircraft-related andyses >

The specific methodology described herein does not include enhancements for undulating terrain, induding
undulating terrain that blocks the source-to-receiver line-of-sght, i.e., barrier effects. The effects of
undulating terrain are currently being evaluated in an effort to reach an acceptable compromise between
accuracy and runtime. It islikely these effectswill be included in afuture versonof INM. Regardiess, the
enhancement was consdered an unnecessary complexity for the Homestead SEIS due to the rdativdy flat

nature of the terrain in Southern Horida

Ultimately, it isthe intent of the INM development team to have the genera approach peer-reviewed by the
SAE A-21 Committeeon Airport Noise, and approved for publicationasareplacement to SAEAIR 1751.
In fact, for the past year the development team has been briefing A-21 on the progress of the work. In
generd, this effort has been looked upon quite favorably by the committee. At arecent A-21 meeting,
members of the development team volunteered to prepare adraft replacement of SAE AIR 1751 based on
the genera methodology described herein. This generd methodology has also been adopted for usein the
U.S. Air Force s NOISEMAP computer program. Consequently, for the first time in their history, al the
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computationa methodologies within the INM and NOISEMAP will be consstent.

The remainder of this section overviews the INM’s new overground propagation methodology.

D.1.1 Reference Spectral Data

The garting point in any empirical model such as INM is a reference data base. In Verson 5.2 and in
previous versons the reference data base consisted soldy of a set of noiselevd data expressed asafunction
of arcraft power and aircraft-to-receiver distance (NPD data). The noise level data exist as either an
exposur e-baseddescriptor, i.e., L g Or Lgpy, OF amaximum sound-level descriptor, i.e., Lagmy OF Lensmy-

To accurately account for overground propagation effects, frequency-based data at some leve of detall are
necessary.

Reference 26 presents spectral data for amgority of the civilian aircraft included within INM.  Presented
in this report for each arcraft is the one-third octave-band spectrum measured at the time of Lag,, ad
corrected to a distance of 1000 ft. assuming the SAE AIR 1845% amospheric absorption coefficients.
Similar datafor the military aircraft inl NM were provided by the USAF.? Thesedatadso existintheform
of one-third octave-band spectra measured at the time of Lg,, ad corrected to a distance of 1000 ft.,
assuming the SAE AIR 1845 atmospheric absorption coefficients. In addition, the raw data from previous

Voalpe Center helicopter noise measurement studies®* were reprocessed to obtain the one-third octave-band
spectrum at the same conditions as above. Note that these referenced helicopter noise measurement studies
are the source of the NPD data which currently reside in FAA’s Heliport Noise Model (HNM) Version 2.2.°
Although helicopters likdy will not be included in INM in the near-term, such data were easily added to the

scope of the development and are included in the discussion herein for compl eteness.
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Although the above three references included spectral data for the majority of INM aircraft, there were till
14, mostly older aircraft for which spectral data were not avalable. (See Table 12 for a summary of the
aircraft currently included within INM aong with the source of the spectral data associated with each aircraft.)
For this reason it was decided that supporting a separate spectrum for each INM aircraft was not feasible.
In addition, based on sengtivity tests, it was determined that maintaining separate spectral data for each
aircraft would result in a negligible improvement in computational accuracy. Consequently, the approach of

grouping like spectra seemed to offer alogical compromise.

As aresult, an exhaustive set of sensitivity tests was conducted to identify like spectra which could be grouped
together, resulting in the introduction of a negligible error in overground propagation effects (as a result of the
simplification associated with the grouping). Since the resultant “average” spectrum for a grouping is no longer

associated with a particular aircraft type it is referred to herein as a spectral class.

INM contains 57 unique spectral classes. Tables 13, 14, and 15 summarize the aircraft included within each
of these 57 classes, for departure (23 classes), approach (27 classes), and level flyover (7 classes, gpplicable
to helicopters only), respectively. As an example, Figure 94 presents the individual spectra grouped into
Departure Spectral Class 101. Included within this class are the spectrum for the 727 and 737 with the older
JT8D series engines, and the spectrum for the DC10 with the CF6 series and the L1011 with the Rolls Royce

series RB2112 engines. Also shown in the figure is a fleet-weighted average spectrum for the example class.

-243-



Characterization of Ambient Sound Levels at Four
Department of Interior Conservation Units

Integrated Noise Model (INM) Enhancements

Table12. Source of Spectral Data for INM Air craft

AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA

707 JT4A JT4A Reference 26
707120 JT3D JT3D Reference 26
707320 JT3D JT3D Reference 26
7070N JT3DQ JT3DQ Reference 26
720 JT4A JT4A Reference 26
720B JT3D JT3D Reference 26
727100 3JT8D 3JT8D Reference 26
727200 3JT8D 3JT8D Reference 26
727D15 3JT8D 3JT8D Reference 26
727D17 3JT8DQ 3JT8DQ Reference 26
727EM1 3JT8E7 3JT8DQ Substitution
T27EM2 3JT8ES 3JT8DQ Substitution
727015 3JT8DQ 3JT8DQ Reference 26
727Q7 3JT8DQ 3JT8DQ Reference 26
727Q9 3JT8DQ 3JT8DQ Reference 26
7270QF TAY651 3JT8DQ Substitution
737 2J18D 2J18D Reference 26
737300 CFM563 CFM563 Reference 26
7373B2 CFM563 CFM563 Reference 26
737400 CFM563 CFM563 Reference 26
737500 CFM563 CFM563 Reference 26
737D17 2JT8DQ 2JT8DQ Reference 26
737QN 2JT8DQ 2JT8DQ Reference 26
747100 JT9DBD JT9DBD Reference 26
747100 JTODFL JTODFL Reference 26
747200 JTO9DFL JTODFL Reference 26
74720A JTID7Q JTODFL Substitution
74720B JT9D7Q JTO9DFL Reference 26
747400 PW4056 JTODFL Substitution
747SP JTODFL JTODFL Reference 26
757PW PW?2037 RR535E Substitution
757RR RR535E RR535E Reference 26
767300 2CF680 2CF680 Reference 26
767CF6 2CF680 2CF680 Reference 26
767JT9 2CF680 2CF680 Reference 26
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA

777200 GE9076 GE9076 Manufacturer
A300 2CF650 2CF650 Reference 26
A310 2CF650 2CF650 Reference 26
A320 CFM565 2CF650 Substitution
ATD TF41 TF41 Reference 28
BAC111 2JT8D 2JT8D Reference 26
BAE146 AL502R AL502R Reference 26
BAE300 ALS02R ALS02R Reference 26
BEC58P TSIO52 TSIO52 Reference 26
C130 T56A15 T56A15 Reference 26
CIT3 TF7313 TF7313 Reference 26
CL600 AL502L AL502L Reference 26
CL601 CF34 CF34 Reference 26
CNA441 TPE331 TPE331 Reference 26
CNA500 JT15D1 JTr15D1 Reference 26
COMJET CGAJ CGAJ Reference 26
COMSEP CGASEP CGASEP Reference 26
CONCRD OLY593 OLY593 Reference 26
CVR580 501D13 501D13 Reference 26
DC1010 CF66D CF66D Reference 26
DC1030 CF66D CF66D Reference 26
DC1040 CF66D CF66D Reference 26
DC3 2R2800 4R2800 Substitution
DC6 4R2800 4R2800 Reference 26
DC820 JT4A JT4A Reference 26
DC850 JT3D JT3D Reference 26
DC860 JT3D JT3D Reference 26
DC870 CFM562 CFM562 Reference 26
DC8QN JT3DQ JT3D Reference 26
DC910 2JT8D 2JT8D Reference 26
DC930 2JT8D 2JT8D Reference 26
DC950 2JT8DQ 2JT8DQ Reference 26
DC9Q7 2JT8DQ 2JT8D0Q Reference 26
DC9Q9 2JT8DQ 2JT8DQ Reference 26
DHC6 PT6A27 PT6A27 Reference 26
DHC7 PT6A50 PT6A50 Reference 26
DHC8 PW120 PT6A50 Substitution
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA

DHC830 PW120 PT6A50 Reference 26
F10062 TAY 620 3JT8DQ Substitution
F10065 TAY650 3JT8DQ Substitution
F28MK 2 RB183 RB183 Reference 26
F28MK4 RB183P RB183 Substitution
FAL20 CF700 CF700 Reference 26
GASEPF SEPFP SEPFP Reference 26
GASEPV SEPVP SEPVP Reference 26
GIIB SP5118 SP5118 Reference 26
GIV TAY620 3JT8DQ Reference 26
HS748A RDAG32 RDAS532 Reference 26
1A1125 TF7313 TF7313 Reference 26
KC135 J57 J57 Reference 26
KC135B JT3D JT3D Reference 26
L1011 RB2112 RB2112 Reference 26
L10115 RB2112 RB2112 Reference 26
L188 T56A7 T56A7 Reference 26
LEAR25 CJ610 CJ610 Reference 26
LEAR35 TF7312 TF7312 Reference 26
MD11GE 2CF68D 2CF680 Substitution
MD11PW PW4460 2CF680 Substitution
MD81 2J18D2 2JT8D2 Reference 26
MD82 2JT8D2 2JT8D2 Reference 26
MD83 2J18D2 2J18D2 Reference 26
MU3001 JT15D5 JT15D5 Reference 26
SABRS80 CF700 CF700 Reference 26
SD330 PT6A45 PT6A45 Reference 26
SF340 CT75 CT75 Reference 26
A109 A109 A109 Reference 37
B206L B206L B206L Reference 36
B212 B212 B212 Reference 37
B222 B222 B222 Reference 29
BO150 BO150 BO150 Reference 37
CH47D CH47D CH47D Reference 35
H500D H500D H500D Reference 31
61 61 61 Reference 37
65 S65 65 Reference 37
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA
S70 S70 S70 Reference 37
S76 S76 S76 Reference 34
SA330 SA330 SA330 Reference 37
SA341 SA341 SA341 Reference 37
SA350 SA350 SA350 Reference 33
SA355 SA355 SA355 Reference 32
SA365 SA365 SA365 Reference 30
A10A AGE100 AGE100 Reference 28
A3 GE-8 GE-8 Reference 28
A37 JB8517A JB517A Reference 28
A4C J52P8A J52P8A Reference 28
A5C GE-10 GE-10 Reference 28
ABA J52P8B J52P8B Reference 28
ATE TF41A2 TF41A2 Reference 28
AVS8A AV-8A AV-8A Reference 28
AV8B RR-408 RR-408 Reference 28
B1 GE-102 GE-102 Reference 28
B2A GE-110 GE-110 Reference 28
B52BDE J57P19 J57P19 Reference 28
B52G J57PA3 J57P43 Reference 28
B52H B-52H B-52H Reference 28
B57E J57P5 J57P5 Reference 28
BUCCAN RB168 RB168 Reference 28
C118 RCB17 RCB17 Reference 28
C119L C-119 C-119 Reference 28
C12 PT6A41 PT6A41 Reference 28
C121 C-121 C-121 Reference 28
C123K R2800 R2800 Reference 28
C130AD C-130A C-130A Reference 28
C-130E T56-15 T56-15 Reference 28
C130HP C-130H C-130H Reference 28
C131B RI9W RI9W Reference 28
C135A J5759W J5759W Reference 28
C135B J5759 J5759 Reference 28
C137 JT3D3B JT3D3B Reference 28
C140 TFE731 TFE731 Reference 28
C141A TFE33P7 TF33P7 Reference 28
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA
C17 PW-100 PW-100 Reference 28
C18A Jr4111 Jr4111 Reference 28
C-20 MK6118 MK6118 Reference 28
C21A TFE73B TFE73B Reference 28
C22 TRS181 TRS181 Reference 28
C23 PT6R65 PT6R65 Reference 28
C5A TF39GE TF39GE Reference 28
C7A PW123 PW123 Reference 28
C9A JT8D9 JT8D9 Reference 28
CANBER AVON AVON Reference 28
DOMIN VIPER VIPER Reference 28
E3A PW100A PW100A Reference 28
E4 CF650E CF650E Reference 28
EBA JIr3D3 Jr3D3 Reference 28
EA6B P4A PAA Reference 28
F-111F F111F F111F Reference 28
F100D J57P21 J57P21 Reference 28
F101B J57P55 J57P55 Reference 28
F102 J57P23 J57P23 Reference 28
F104G GE11A GE11A Reference 28
F105D J75P19 J75P19 Reference 28
F106 J57P17 J57P17 Reference 28
F111AE TF30P1 TF30P1 Reference 28
F111D F111D F111D Reference 28
F117A GEF1D2 GEF1D2 Reference 28
F14A TF30P4 TF30P4 Reference 28
F14B GE400 GE400 Reference 28
F15A PW100 PW100 Reference 28
F15E20 PW2205 PW2205 Reference 28
F15E29 PW?2295 PW2295 Reference 28
F16A PW200 PW200 Reference 28
F16GE GE100 GE100 Reference 28
F16PWO0 PW220 PW220 Reference 28
F16PW9 PW229 PW229 Reference 28
F-18 GE404 GE404 Reference 28
F-4C J79651 J79651 Reference 28
F5AB GE-13 GE-13 Reference 28
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA
F5E GE21B GE21B Reference 28
F8 J57P20 J57P20 Reference 28
FB111A FB111A FB111A Reference 28
HARRIE PEGAS PEGAS Reference 28
HAWK ADOUR ADOUR Reference 28
HS748 DART DART Reference 28
HUNTER RA?28 RA?28 Reference 28
JAGUAR JAGUA JAGUA Reference 28
KC10A CFG50C CFG50C Reference 28
KC-135 F108CF F108CF Reference 28
KC97L R43659 R43659 Reference 28
LIGHTN 302C 302C Reference 28
MD9025 V2525 V2525 Manufacturer
MD9028 V2525 V2525 Manufacturer
NIMROD SPEY SPEY Reference 28
OV10A T76 T76 Reference 28
P3A T56A14 T56A14 Reference 28
PHANTO PHANTO PHANTO Reference 28
PROVOS VIP11 VIP11 Reference 28
S3A&B TF346E TF346E Reference 28
SR71 Jr11D2 JT11D2 Reference 28
T-38A TJ85 TJ85 Reference 28
T1 JT15DM JT15DM Reference 28
T29 T-29 T-29 Reference 28
T-2C JB56E4 JB56E4 Reference 28
T3 AEIO54 AEIO54 Reference 28
T33A J3335 J3335 Reference 28
T34 PT6A25 PT6A25 Reference 28
T37B J69T 25 J69T 25 Reference 28
T39A GEJ85 GEJ85 Reference 28
T41 0O320E2 0O320E2 Reference 28
T42 10-550 10-550 Reference 28
T-43A T-43A T-43A Reference 28
T44 T-44 T-44 Reference 28
T45 FA405RR FA05RR Reference 28
TORNAD RB1993 RB1993 Reference 28
TR1 J75P1B J75P1B Reference 28
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AIRCRAFT ID NOISE ID SPECTRAL ID SOURCE OF
SPECTRAL DATA
U2 J75P13 J75P13 Reference 28
U2l PT6A20 PT6A20 Reference 28
u4B 540B1A 540B1A Reference 28
U6 R985 R985 Reference 28
UsF C480 C480 Reference 28
VC10 CONWY CONWY Reference 28
VICTOR VICTO VICTO Reference 28
VULCAN RROLYM RROLYM Reference 28
YC14 CF650D CF650D Reference 28
YC15 Jr8D17 JT8D17 Reference 28
C130E T56A7 T56A7 Reference 28
KC135R CFM56A CFM56A Reference 28
F4C J79 J79 Reference 28
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Table 13. Summary of Departure Spectral Classes

AIRCRAFT ID | SPECTRALID | SPECTRAL
CLASS
737 2J78D 101
BAC111 2J78D 101
DC910 2J78D 101
DC930 2J78D 101
737D17 2JT8DQ 101
737QN 2JT8DQ 101
DC950 2JT8DQ 101
DC9Q7 2JT8DQ 101
DC9Q9 2JT8DQ 101
727100 3JT8D 101
727200 3JT8D 101
727D15 3JT8D 101
727D17 3JT8DQ 101
727015 3JT8DQ 101
727Q7 3JT8DQ 101
72709 3JT8DQ 101
727EM2 3JT8E5 101
727EM1 3JT8E7 101
DC1010 CF66D 101
DC1030 CF66D 101
DC1040 CF66D 101
L1011 RB2112 101
L10115 RB2112 101
F10062 TAY620 101
GIV TAY620 101
F10065 TAY 650 101
7270F TAY651 101
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AIRCRAFT ID SPECTRAL ID SPECTRAL
CLASS
737300 CFM563 102
7373B2 CEM563 102
737400 CEFM563 102
737500 CFM563 102
A300 2CF650 103
A310 2CF650 103
767300 2CF680 103
767CF6 2CF680 103
767JT9 2CF680 103
MD11GE 2CF68D 103
A320 CFM565 103
757PW PW2037 103
MD11PW PW4460 103
757RR RR535E 103
MD81 2JT8D2 104
MD82 2JT8D2 104
MD83 2JT8D2 104
F28MK 2 RB183 104
F28MK4 RB183P 104
GlIB SP5118 104
MD9025 \/ 2525 105
MD9028 V2525 105
777200 GE9076 105
DC870 CFM562 106
CONCRD OLY593 106
707QN JT3DQ 106
DC8ON JT3DQ 106
707120 JT3D 107
707320 JT3D 107
720B JT3D 107
DC850 JT3D 107
DC860 JT3D 107
KC135B JT3D 107
707 JT4A 107
720 JT4A 107
DC820 JT4A 107
74720A JT9D7Q 107
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AIRCRAFT ID SPECTRAL ID SPECTRAL
CLASS
74720B JTID7Q 107
747100 JT9DBD 107
747100Q JTO9DFL 107
747200 JTODFL 107
747SP JTIODFL 107
747400 PW4056 107
BAE146 AL502R 108
BAE300 ALS02R 108
COMSEP CGASEP 109
DHC6 PT6A27 109
SD330 PT6A45 109
GASEPF SEPFP 109
GASEPV SEPVP 109
BEC58P TSI052 109
DC3 2R2800 110
DC6 4R2800 110
SF340 CT75 110
HS748A RDAS532 110
CVR580 501D13 111
DHC7 PT6A50 111
DHCS8 PW120 111
DHC830 PW120 111
L1388 T56A7 111
CNA441 TPE331 111
CL600 ALS502L 112
CL601 CF34 112
FAL20 CF700 112
SABRS80 CF700 112
COMJET CGAJ 112
LEAR25 CJ610 112
CNAS500 JT15D1 112
MU3001 JT15D5 112
LEAR3S TF7312 112
CIT3 TF7313 112
1A1125 TF7313 112
B212 B212 113
BO150 BO150 113
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AIRCRAFT ID | SPECTRAL ID SPECTRAL
CLASS
S70 S70 113
B222 B222 114
A109 A109 114
SA350 SA350 114
SA355 SA355 115
S65 S65 115
H500D H500D 115
SA365 SA365 116
SA341 SA341 116
SA330 SA330 117
61 61 117
CH47D CH47D 118
Si6 S76 118
LIGHTN 302C 119
T3 AEIO54 119
C119L C-119 119
Ci121 C-121 119
U8F C480 119
YCi4 CF650D 119
KC135R CFM56A 119
KC-135 F108CF 119
T45 F405RR 119
T42 10-550 119
KC135 J57 119
SR71 Jr11D2 119
T1 JT15DM 119
C-20 MK6118 119
T41 O320E2 119
PHANTO PHANTO 119
uz21 PT6A20 119
T34 PT6A25 119
C12 PT6A41 119
C23 PT6R65 119
C7A PW123 119
C123K R2800 119
KCa7L R43659 119
U6 R985 119
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AIRCRAFT ID SPECTRAL ID SPECTRAL
CLASS
C131B RI9W 119
C118 RCB17 119
VULCAN RROLYM 119
T29 T-29 119
T44 T-44 119
P3A T56A14 119
OV10A T76 119
PROVOS VIP11 119
U4B 540B1A 120
C130AD C-130A 120
C130HP C-130H 120
E4 CF650E 120
KC10A CFG50C 120
VC10 CONWY 120
FB111A FB111A 120
F16GE GE100 120
Bl GE-102 120
F-18 GE404 120
C135A J5759W 120
B57E J57P5 120
T37B J69T25 120
C9A JT8D9 120
F15A PW100 120
C17 PW-100 120
E3A PW100A 120
F16A PW200 120
F16PWO PW220 120
F15E20 PW2205 120
F16PW9 PW229 120
F15E29 PW2295 120
T-43A T-43A 120
C-130E T56-15 120
C130 T56A15 120
C130E T56A7 120
A7D TF41 120
ATE TF41A2 120
C21A TFE73B 120
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AIRCRAFT ID SPECTRAL ID SPECTRAL
CLASS
C22 TRS181 120
VICTOR VICTO 120
HAWK ADOUR 121
CANBER AVON 121
HS748 DART 121
F111D F111D 121
F-111F F111F 121
ASC GE-10 121
B2A GE-110 121
F104G GE11A 121
F117A GEF1D2 121
T39A GEJ85 121
T33A J3335 121
A4C J52P8A 121
F106 J57P17 121
B52BDE J57P19 121
F8 J57P20 121
F100D J57P21 121
F102 J57P23 121
B52G J57P43 121
FAC J79 121
F-4C J79651 121
JAGUAR JAGUA 121
YC15 JT8D17 121
HARRIE PEGAS 121
HUNTER RA28 121
F111AE TF30P1 121
F14A TF30P4 121
C141A TF33P7 121
C140 TFE731 121
A10A AGE100 122
AV8A AV-8A 122
B52H B-52H 122
FS5AB GE-13 122
F5E GE21B 122
F14B GE400 122
A3 GE-8 122
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AIRCRAFT ID | SPECTRAL ID SPECTRAL
CLASS
ABA J52P8B 122
C135B J5759 122
F101B J57P55 122
u2 J75P13 122
F105D J75P19 122
TR1 J75P1B 122
A37 JB517A 122
T-2C JB56E4 122
EBA JT3D3 122
C137 JT3D3B 122
C18A Jr4111 122
EA6GB P4A 122
BUCCAN RB168 122
TORNAD RB1993 122
AV8B RR-408 122
NIMROD SPEY 122
S3A&B TF346E 122
C5A TF39GE 122
T-38A TJ85 122
DOMIN VIPER 122
B206L B206L 123
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Table 14. Summary of Approach Spectral Classes

Aircraft ID Spectral |1D Spectral Class
737 2JT8D 201
BAC111 2JT8D 201,
DC910 2JT8D 201
DC930 2JT8D 201
737D17 2JT8DQ 201
737QN 2JT8DQ 201
DC950 2JT8DQ 201
DC9Q7 2JT8DQ 201
DC9Q9 2JT8DQ 201
727100 3J18D 201
727200 3JT8D 201
727D15 3JT8D 201
727D17 3JT8DQ 201
727Q15 3JT8DQ 201,
727Q7 3JT8DQ 201
727Q9 3JT8DQ 201
T27EM2 3JT8ES 201
727EM 1 3JT8E7 201
F10062 TAY 620 201,
GlV TAY 620 201
F10065 TAY 650 201
727QF TAY651 201
737300 CFM563 202
7373B2 CFM563 202
737400 CFM563 202
737500 CFM563 202
LEAR25 CJ610 202
A300 2CF650 203
A310 2CF650 203
767300 2CF680 203
767CF6 2CF680 203
767JT9 2CF680 203
MD11GE 2CF68D 203
DC1010 CF66D 203
DC1030 CF66D 203
DC1040 CF66D 203
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Aircraft ID Spectral ID Spectral Class]
FAL20 CF700 203
SABRS80 CF700 203
A320 CEM 565 203
MU3001 JT15D5 203
757PW PW2037 203
MD11PW PW4460 203
L1011 RB2112 203
L10115 RB2112 203
757RR RR535E 203
mMD81 2JT8D2 204
MD82 2JT8D2 204
MD83 2J18D2 204
777200 GEQ9076 205
MD9025 V2525 205]
MD9028 \/ 2525 205
BAE146 ALS502R 206
BAE300 AL502R 206
DC870 CFM562 206
CONCRD OLY593 206
74720A JTID7Q 207
74720B JTID7Q 207
747100 JTIODFL 207]
747200 JTODFL 207
747SP JTIODFL 207
747400 PW4056 207
707120 JT3D 208]
707320 JT3D 208
720B JT3D 208
DC850 JT3D 208
DC860 JT3D 208
KC135B JT3D 208
707QN JT3DQ 208
DC8ON JT3DQ 208
707 JT4A 208
720 JT4A 208
DC820 JT4A 208
747100 JTO9DBD 209
DHC6 PT6A27 210
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Aircraft ID Spectral ID Spectral Class]
CNA441 TPE331 210
SF340 CT75 211
SD330 PT6A45 211
HS748A RDAS532 212
DC3 2R2800 213
DC6 4R2800 213
DHC7 PT6A50 213
DHCS8 PW120 213
DHC830 PW120 213
CVR580 501D13 214
L1388 T56A7 214
COMSEP CGASEP 215
GASEPF SEPFP 215
GASEPV SEPVP 215
BEC58P TSIO52 215]
CL600 ALS502L 216
CL601 CF34 216
COMJET CGAJ 216
CNA500 Jr15D1 216
F28MK2 RB183 216
F28MK4 RB183P 216
GlIB SP5118 216
LEAR35 TF7312 216
CIT3 TF7313 216
1A1125 TF7313 216
A109 A109 217
BO150 BO150 217
H500D H500D 217
S70 S70 218
SA330 SA330 218
B222 B222 218
S61 S61 219
65 65 219
S76 S76 219
SA341 SA341 219
SA350 SA350 219
SA355 SA355 220
SA365 SA365 220
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Aircraft ID Spectral ID Spectral Class]
CHA47D CHA47D 221
B212 B212 221
HAWK ADOUR 222
AV8A AV-8A 222
VCI10 CONWY 222
F104G GE11A 222
A3 GE-8 222
F117A GEF1D2 222
T39A GEJ85 222
T33A J3335 222
A4C J52P8A 222
C135B J5759 222
C135A J5759W 222
B52BDE J57P19 222
F8 J57P20 222
F100D J57P21 222
F102 J57P23 222
B52G J57P43 222
B57E J57P5 222
F101B J57P55 222
T37B J69T25 222
F4C J79 222
F-4C J79651 222
A37 JB517A 222
T-2C JB56E4 222
JAGUAR JAGUA 222
YC15 JTr8D17 222
HARRIE PEGAS 222
BUCCAN RB168 222
AV8B RR-408 222
A7TD TF41 222
ATE TF41A2 222
C140 TFE731 222
T-38A TJ85 222
VICTOR VICTO 222
PROVOS VIP11 222
DOMIN VIPER 222
LIGHTN 302C 223
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Aircraft ID Spectral ID Spectral Class]
u4B 540B1A 223
CANBER AVON 223
Cl121 C-121 223
KC135R CFEM56A 223
KC-135 F108CF 223
F111D F111D 223
F-111F F111F 223
FB111A FB111A 223
F16GE GE100 223
B1 GE-102 223
F5AB GE-13 223
F5E GE21B 223
F-18 GE404 223
ABA J52P8B 223
KC135 J57 223
F106 J57P17 223
U2 J75P13 223
F105D J75P19 223
TR1 J75P1B 223
C-20 MK 6118 223
EAGB PAA 223
PHANTO PHANTO 223
F15A PW100 223
F16A PW200 223
F15E20 PW2205 223
F16PW9 PW229 223
F15E29 PW2295 223
HUNTER RA28 223
TORNAD RB1993 223
VULCAN RROLYM 223
NIMROD SPEY 223
OV10A T76 223
F111AE TF30P1 223
C21A TFE73B 223
T3 AEIO54 224
A10A AGE100 224
C119L C-119 224
C130AD C-130A 224
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Aircraft ID Spectral ID Spectral Class]
C130HP C-130H 224
U8F C480 224
YCl4 CF650D 224
T45 FAOSRR 224
A5C GE-10 224
T42 10-550 224
U221 PT6A20 224
C12 PT6A41 224
C23 PT6R65 224
C7A PW123 224
F16PWO PW220 224
C123K R2800 224
KC97L R43659 224
C131B R99W 224
C118 RCB17 224
T29 T-29 224
T44 T-44 224
C-130E T56-15 224
P3A T56A14 224
C130 T56A15 224
C130E T56A7 224
B52H B-52H 225
E4 CF650E 225
KC10A CFG50C 225
HS748 DART 225
B2A GE-110 225
F14B GE400 225
T1 JT15DM 225
E8A JT3D3 225
C137 JT3D3B 225
C18A JT4111 225
C9A JT8D9 225
C17 PW-100 225
E3A PW100A 225
T-43A T-43A 225
F14A TF30P4 225
C141A TF33P7 225
S3A&B TF346E 225
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Aircraft ID Spectral ID Spectral Class]
CHA TF39GE 225
Cc22 TRS181 225
SR71 Jriip2 226
T41 0O320E2 226
T34 PT6A25 226
U6 R985 226
B206L B206L 227

-264-



Characterization of Ambient Sound Levels at Four Integrated Noise Model (INM) Enhancements
Department of Interior Conservation Units

Table15. Summary of Flyover Spectral Classes

Aircraft ID Spectral ID Spectral Class
A109 A109 301
SA355 SA355 301
SA350 SA350 301
BO150 BO150 301
S76 S76 302
SA341 SA341 302
SA365 SA365 302
61 61 303
SA330 SA330 303
H500D H500D 304
B222 B222 304
B212 B212 304
S65 S65 305
S70 S70 305
CH47D CH47D 306
B206L B206L 307
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Figure 94. Departure Spectral Class 101
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In esablishing the average spectrum, a fleet-weighted coefficient was applied based on the nationa
operational data contained within Reference 41. One could argue that the application of the fleet-weighted
component may not be appropriate at all airports, and further flest-weaghting will change over time. Infact,
the step of gpplying the flegt-weighted average makesvery little differencein the computed ground-effects
regression, since arcraft with like spectra are grouped together anyway. However negligible, the flegt-
weighted averaging was considered to be most appropriate.

The sengtivity tests cited above indicated that the regressions computed with the flegt-weighted average
gpectrum as compared with that computed individualy using the spectrum for each aircraft inagivenclass
were generdly within £ 1 dB of one another at dl comparable angles and distances-- dthoughin a few

Instances deviations as large as £3 dB were observed.

Of courseasmple linear averaging process (without the fleet-weighting) would not necessarily improve the
error in the computed ground effect. Tables 16, 17, and 18 quantify the deviation in ground effect
associated with representing a departure, gpproach and flyover measured-spectrum withthe spectrum for
a paticular spectral class. In these tables the source-to-receiver distance is 1000 m and the computed

reflection angle is one degree.

D.1.2 Ground Effects M oddl

The ground effects modd documented by Tony Embleton, Joe Piercy and Giles Daigle (the EPD Model)
of the National Research Council (NRC) in Canada is the foundation for the updated overground
propagation effect dated for inclusionin INM. The EPD mode is documented extensively in References
42 through 44. Consequently, abrief overview isdl that is presented herein. It isimportant to point out,
however, that the EPD mode is an assemblage of acoustic research which dates back to the works of
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Ingardinthe 1950s. The derivative work most germane to the discussionpresented hereinisthat of Delany
and Bazley, and Chessdll.**4" |t is aso important to note that there are other ground effects models which
are based on an assemblage of Similar and/or identical research conducted over the years®%° Many of
these modds will generate identica results to those computed by the EPD model, primarily because they
are based onthe above-referenced works of Ddany, et.d. The EPD modd was the primary focus of INM
Verson 6.0 because of the extengve fidd measurement vaidationperformed in support of itsdevelopment.

The basic EPD mode is defined by the following equation:

Direct Ground-Reflected

Path Path

ikir A iKily & - iKyrs
:<88e g>+<Rpaee 6 (1- R)F(w)é > 0

e Kur - g Kir

In Equation 1, the first term on the right-hand side of the equaity represents the pressure associated with
the direct source-to-receiver sound path, and the second and third terms represent the pressure associ ated

with the ground-reflected source-to-receiver sound path.

The plane-wave reflection coefficient, R, in Equation 1 is computed as follows:
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Table 16. Summary of Deviation in Ground Effect; Distance=1000 m; Departure

Spectra 1D Spectral Class| Deviation at 1°

2JT8D 101 0.088
2JT8DQ 101 0.088
3JT8D 101 0.088
3JT8DQ 101 0.088
CF66D 101 -1.363
RB2112 101 -1.363
CFM563 102 0
2CF650 103 0
2CF680 103 0
RR535E 103 0
2JT8D2 104 0.021
RB183 104 0.079
SP5118 104 0.079
V2525 105 0.986
GE-90 105 -1.001
CFM562 106 0.450,
OLY593 106 -0.674
JT3DQ 106 -0.677
JT3D 107 -0.150
JT4A 107 -1.250
JT9DBD 107 -0.858
JTODFL 107, 1.315
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Spectra ID Spectral Class| Deviation at 1°

AL502R 108 0
CGASEP 109 -0.781
PT6A27 109 -0.060
PT6A45 109 -0.867
SEPFP 109 -0.781
SEPVP 109 -0.781
TSIO52 109 -0.781
2R2800 110 -2.300
CT75 110 0.327
RDA532 110 0.019
501D13 111 -3.911
PT6A50 111 -3.799
T56A7 111 -3.911
TPE331 111 -0.255
AL502L 112 0.865
CF34 112 1.622
CF700 112 0.695
CJ610 112 -0.035
JrisD1 112 2.314
JT15D5 112 3.871]
TF7312 112 0.836
TF7313 112 3.396
B212 113 0.357
BO150 113 0.943
S70 113 -1.129
B222 114 0.422
A109 114 0.265
SA350 114 0.205]
SA355 115 -0.168
S65 115 -0.133
H500D 115 0.507
SA365 116 0.395
SA341 116 -0.193
SA330 117 0.265
S61 117 0.265]
CH47D 118 0.752
S76 118 -0.574
302C 119 -1.526
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Spectra ID Spectral Class| Deviation at 1°

AEIO54 119 1.222
C-119 119 0.592
C-121 119 -0.277,
C480 119 1.222
CF650D 119 0.175
CFM56A 119 -0.132
F108CF 119 -0.132
F405RR 119 -0.199
10-550 119 1.222
J57 119 -0.132
JTr11D2 119 0.282
JT15DM 119 0.633
MK6118 119 -0.561
0O320E2 119 1.222
PHANTO 119 -1.054
PT6A20 119 1.300
PT6A25 119 1.222
PT6A41 119 1.300
PT6R65 119 1.300
PW123 119 -0.462
R2800 119 -0.438
R43659 119 -0.562
R985 119 1.222
R99W 119 -0.438
RCB17 119 -0.438
RROLYM 119 -0.590
T-29 119 -0.615
T-44 119 1.300
T56A14 119 -0.781
T76 119 2.857
VIP11 119 -0.382
540B1A 120 0.581]
C-130A 120 -0.537]
C-130H 120 -0.537
CF650E 120 0.480,
CFG50C 120 -0.026
CONWY 120 0.005
FB111A 120 0.559
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Spectra ID Spectral Class| Deviation at 1°

GE100 120 0.289
GE-102 120 0.554
GE404 120 -0.150
J5759W 120 0.554
J57P5 120 0.540
J69T25 120 -0.748
JT8D9 120 0.701]
PW100 120 0.443
PW-100 120 0.259
PW100A 120 -0.566
PW200 120 -0.332
PW220 120 0.186
PW?2205 120 0.443
PW229 120 0.431]
PW2295 120 0.443
T-43A 120 0.544
T56-15 120 -0.537
T56A15 120 -0.537|
T56A7 120 -0.537
TF41 120 0.111]
TF41A2 120 0.111]
TFE73B 120 -0.463
TRS181 120 0.701
VICTO 120 -0.103
ADOUR 121 0.452
AVON 121 -0.680
DART 121 -0.050
F111D 121 0.690,
F111F 121] 0.690
GE-10 121 0.331
GE-110 121 -0.123
GE11A 121 0.439
GEF1D2 121 0.204
GEJ85 121 0.519
J3335 121 0.477
J52P8A 121 0.469
J57P17 121 0.759
J57P19 121 0.274
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Spectra ID Spectral Class| Deviation at 1°

J57P20 121 0.381
J57P21 121 0.381
J57P23 121 0.381
J57P43 121 0.274
J79 121 -0.163
J79651 121 -0.163
JAGUA 121 -0.087
Jr8D17 121 0.317
PEGAS 121 -0.181
RA28 121 -0.118
TF30P1 121 0.690,
TF30P4 121 -0.049
TF33P7 121 0.270,
TFE731 121 0.519
AGE100 122 0.904
AV-8A 122 -0.480
B-52H 122 0.594
GE-13 122 -1.512
GE21B 122 -1.512
GE400 122 0.594
GE-8 122 0.799
J52P8B 122 0.502
J5759 122 0.270,
J57P55 122 0.798
J75P13 122 0.674
J75P19 122 0.674
J75P1B 122 0.674
JB517A 122 -0.116
JB56E4 122 -0.892
JT3D3 122 0.914
JT3D3B 122 0.270
JT4111 122 0.914
P4A 122 0.502
RB168 122 0.360
RB1993 122 0.703
RR-408 122 0.118
SPEY 122 0.909
TF346E 122 -4.944
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Spectra ID Spectral Class| Deviation at 1°

TF39GE 122 -2.326
TJ85 122 -0.063
VIPER 122 0.020,
B206L 123 0

Table 17. Summary of Deviation in Ground Effect; Distance=1000 m; Approach

Spectra ID Spectral Class] Deviation at 1°

2J18D 201 0
2JT18DQ 201 0
3JT8D 201 0
3JT8DQ 201 0
CFM563 202 0
CJ610 202 -1.416
CF66D 203 -0.122
RB2112 203 -0.122
2CF650 203 0.023
2CF680 203 0.023
RR535E 203 0.023
CF700 203 -0.907
Jr15D5 203 -1.408
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Spectra ID Spectral Class| Deviation at 1°

2JT8D2 204 0
V2525 205 0.336
GE-90 205 -0.355
CFM562 206 0.813
OLY593 206 2.679
AL502R 206 -0.797
JTODFL 207 0
JT3D 208 -2.256
JT3DQ 208 1.039
JT4A 208 0.075
JT9DBD 209 0
PT6A27 210 0
TPE331 210 0
PT6A45 211 0.398
CT75 211 0.058
RDAS532 212 0
2R2800 213 0
PT6A50 213 -2.660
501D13 214 0
T56A7 214 0
CGASEP 215 0
SEPFP 215 0
SEPVP 215 0
TSI052 215 0
RB183 216 1.526
SP5118 216 1.526
AL502L 216 -1.382
CF34 216 -0.277
JT15D1 216 1.267
TF7312 216 -0.608
TF7313 216 -0.498
A109 217 0.827
BO150 217 0.134
H500D 217 -0.869
S70 218 -0.008
SA330 218 -0.307
B222 218 0.137
S61 219 0.058
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Spectra ID Spectral Class| Deviation at 1°

S65 219 -0.385
S76 219 1.116
SA341 219 -1.623
SA350 219 0.431
SA355 220 -0.410
SA365 220 -0.431]
CH47D 221 -0.413
B212 221 0.422
ADOUR 222 2.586
AV-8A 222 0.756
CONWY 222 1.448
GE11A 222 3.039
GE-8 222 3.012
GEF1D2 222 4.209
GEJ85 222 1.882
J3335 222 2.517
J52P8A 222, 2.602
J5759 222 2.590,
J5759W 222 2.590
J57P19 222 2.352
J57P20 222 3.012
J57P21 222 3.012
J57P23 222 3.012
J57P43 222 2.352
J57P5 222 3.046
J57P55 222 3.012
J69T25 222 3.024
J79 222 2.315]
J79651 222, 2.315
J8517A 222 2.529
JB856E4 222 1.943
JAGUA 222 2.826
JIr8D17 222 1.575
PEGAS 222, 2.604
RB168 222 3.289
RR-408 222 0.729
TF41 222 2.808
TF41A2 222 2.808
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Spectra ID Spectral Class| Deviation at 1°

TFE731 222 1.882
TJ85 222 2.481
VICTO 222 3.694
VIP11 222 3.066
VIPER 222 2.166
302C 223 1.102
540B1A 223 3.144
AVON 223 1.378
C-121 223 2.880
CFM56A 223 1.855]
F108CF 223 1.885
F111D 223 2.203
F111F 223 2.203
FB111A 223 2.697
GE100 223 0.972
GE-102 223 3.300,
GE-13 223 0.331
GE21B 223 0.331
GE404 223 1.460]
J52P8B 223 1.394
J57 223 1.855
J57P17 223 1.284]
J57P13 223 1.169
J57P19 223 1.176
J7/5P1B 223 1.176
MK6118 223 1.595
P4A 223 1.394
PHANTO 223 2.403
PW100 223 2.092
PW200 223 1.912
PW2205 223 2.092
PW229 223 1.157
PW?2295 223 2.092
RA28 223 1.577
RB1993 223 1.529
RROLYM 223 2.258
SPEY 223 1.706
T76 223 4.195
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Spectra ID Spectral Class| Deviation at 1°

TF30P1 223 2.203
TFE73B 223 0.168
AEIO%4 224 1.790
AGE100 224 -4.070
C-119 224 1.479
C-130A 224 -0.896
C-130H 224 -0.896
C480 224 1.790
CF650D 224, 0.587
FA05RR 224 0.051]
GE-10 224 0.191
10-550 224 1.790]
PT6A20 224 0.234
PT6A41 224 0.234
PT6R65 224 0.234
PW123 224 1.085
PW?220 224 0.867|
R2800 224 -0.592
R43659 224 -0.089
R99W 224, -0.684
RCB17 224 -0.592
T-29 224 -0.592
T-44 224 0.234]
T56-15 224 -0.896
T56A14 224 0.673
T56A15 224, -0.896
T56A7 224 -0.896
B-52H 225 1.150
CF650E 225 4.011
CFG50C 225 2.873
DART 225 2.582
GE-110 225 4.186
GE400 225 4.437
JT15DM 225 3.431]
JT3D3 225 2.669
JIr3D3B 225 1.828
Jr4111 225 2.669
JT8D9 225 3.369
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Spectra ID Spectral Class| Deviation at 1°

PW-100 225 2.081
PW100A 225 3.402
T-43A 225 4.381
TF30P4 225 -0.807
TF33P7 225 0.844
TF346E 225 0.359
TF39GE 225 2.976
TRS181 225 3.369
PT6A25 226 -4.121]
R985 226 -4.121
O320E2 226 -4.121
JT11D2 226 -1.736
B206L 227 0

Table 18. Summary of Deviation in Ground Effect; Distance=1000 m; Flyover

Spectra 1D Spectral Class| Deviation at 1°

A109 301 0.719
BO150 301 0.310
SA350 301 -0.359
SA355 301 0.993
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Spectra ID Spectral Class| Deviation at 1°

S76 302 0.997
SA365 302 -0.536
SA341 302 -0.525
SA330 303 -0.953
61 303 -0.789
B222 304 -1.225
H500D 304 -0.247
B212 304 1.083
65 305 -0.713
S70 305 0.464
CH47D 306 0
B206L 307 0
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In addition, the complex ground wave function, F(T') is computed as follows:

F(w) = 1+ip"w"%™ + erfc* ( |\/v7) [3]

In Equations 1 through 3, p, is the pressure near the source at a reference distance of r,, whichisgiven by
k.r,=1; k,, whichis givenby 2Bfc, and k (discussed further below) are the wavenumbers of the sound fidd
inar and inthe ground surface, respectively; Z; and Z, are the corresponding specific acoustic impedances
of the two media; r;, r,, and N are the distance from the source to the receiver, the distance from the
geometrica image of the source to the receiver, and the angle between the specularly reflected ray and the
ground surface (see Figure 95); and T isthe numericd distance given by the following equation:

28 2 o}
2Kir 33210 (;1_ &coszf_ [4]

TRz KT

Ddany and Bazley®® have developed expressions for the specific acoustic impedance, Z=R,+X,, and

wavenumber k,="",+i$,, of the ground surface. These equations are as follows:

R ef o

=1+ 9.088——
rc, s @

-0.73

Xa f

-1 9gLE
re, s @ 5
a ®f 57" S
—2=1+ 10'88__
K, s g
b, .. -0.59
ky S 0
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A computer implementation of the complementary error function is presented in Computer Approximations
(1968) by Hart, et.al., aswell asin Numerical Recipes (1986) by Press, et.al.

Recefver

Source

Ground YA

Figure 95. Generic Geometry for EPD Modéel
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In the above Ddlaney and Bazley equations (identified as Equation 5), f is frequency and F isthe effective
flow resdtivity of the ground surface expressed in cgsrayls. The effective flow resstivity used herein was
ether 150 for acoudticdly soft ground (typicd of fied grass) or 20,000 for acoudticaly hard ground (typica
of water or pavement). Note: For congstency with the EPD modd, the sign in the above equation for the
term X,/D, ¢, was changed as compared with thet included in the origind Delany and Bazley reference.

Figure 96 presents an example of the acoustically soft ground effect as afunctionof frequency for arather
ample source-to-receiver geometry (source height=0.31 m; receiver height=1.2 m; and source-to-receiver
distance=15.2m). Similar figuresare presented in Reference 42 for various source-to-receiver geometries.
To ensure proper implementation of the model, the data presented in these published graphics were al
verified separately with the verson of the EPD modd implemented in support of INM development.

D.1.3 Ground Effects Data Base

Given the library of spectral class data discussed in Section D.1.1, the reference data base for computing
overground attenuationeffectswas established. Thisdatabase dongwith the EPD physical acousticsmode
discussed in Section D1.2 were used in tandem to develop a comprehensive ground-effect data base.
Overviewed inFigure 97, the process used for devel oping the ground-effectsdatabaseis discussed indetall
below.

As shown in Figure 97, for a given source to receiver geometry, and ground type, (i.e., acoudticdly hard
or soft, flow resigtivity of 20,000 or 150, respectively) the following steps are performed:

D the spectrum for a given class (representative of a spectrum at the time of Lag,,, & a
distance of 1,000 ft.) was corrected back to the source taking into account the effects of
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atmospheric absorption over the 1,000 ft. distance, by assuming the SAE AIR 1845
atmospheric absorption coefficients;
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Figure 97. Overview of Processfor Developing Ground Effects Data Base
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the source-corrected spectrum was then corrected to the point of specular reflection on the
ground (assuming a 1.2 m microphone height-- other microphone heights are planned for
incorporation into the INM), again taking into account the effects of atmospheric absorption

associated with the SAE AIR 1845 atmospheric absorption coefficients;

the reflection-point-corrected spectrum was next adjusted for A-weighting (separate
computations based on C-weighting are also planned fina incorporation into the INM; and
note that for the tone-corrected perceived noise descriptors in INM, e.g., Lgpy, COMputations

based on A-weighting will be utilized);

the A-weighted-corrected spectrum was then adjusted for ground effects using the
computations of the EPD model. (Namely, the EPD model was run for the specific geometry,
and programmed to compute a ground effect for 21 logarithmically spaced frequencies within
each one-third-octave band form 50 Hz to 10 kHz, beginning at the Base-10 lower edge of
each one-third-octave band, e.g., 891.25 Hz for the 1 kHz one-third-octave band. The ground
effect for a given one-third octave band was then computed by smply linearly averaging the

21 ground effect values within a given band.);

the individual SPL values in each band of the reflection-point-corrected spectrum adjusted for

A-weighting (Step 3) were than summed on an acoustic energy basis,

the individual SPL values in each band of the A-weight-corrected spectrum adjusted for

ground effects (Step 4) were also summed on an acoustic energy basis; and

the decibel value computed in Step 6 was than arithmetically subtracted from the value

-287-



Characterization of Ambient Sound Levels at Four Integrated Noise Model (INM) Enhancements
Department of Interior Conservation Units

computed in Step 5. (The difference between these two decibel values represents the ground

effect.)

Steps 1 through 7 wererepeated for the following source-to-receiver distances. 200, 400, 630, 1000, 2000, 4000
and 6000 meters; and for 33 increments of reflection angle from 0.1 to 89 degrees. The incrementd spacing
of the reflectionangle was sel ected to most accurately represent the behavior of the ground effect for agiven
geometry (i.e., the 33 angles selected are asfollows: 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,0.8,0.9, 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 20, 30, 40, 50, 60, 70, 80, 85 and 89 degrees). Inal casesareceiver

height of 1.2 m was assumed.

The result of the above process is a ground effects data base, existing as a function of source-to-receiver

distance and reflection angle.

D.1.4 Regression Analysis

The next step in the process is to accurately represent the ground effect data basewith a set of regresson
curves (or underlying regresson equetions). A fairly comprenensive satistical andyss was undertaken to
determine the functiond form of the regression equations which would best represent the computed data
base. The statistical analysis package Statistica®® was initidly used in the andysis, but ultimately the form
of the equation was arrived at through other means. Specifically, previous work®>>2 indicated that ground
attenuation was best described smply by the two independent variables: reflection angle and source-to-
receiver ground digtance. Initidly, asmple polynomid rdationship of the following form was used for the

regresson:

Apad or soft = {X1+X, (.01d)+(X3)(.01d)7} +
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{X,+Xs (01d)+(Xo)(.01d)3{0.1""} +

{X#+Xg (.01d)+(X)(.01d)?}{0.1""} 2 (dB)
Where: Arad o soit ISthe attenuation in decibels for a pure acousticaly hard or soft
geometry;

Xy are empirically-derived regresson coefficients,
d is source-to-receiver ground distance (ft); and
" isthe reflection angle (degrees).

Using the method of Least Squares, a sample set of regression coefficients was developed for severa
arcraft. A subseguent error analysis indicated that the initial regresson model was inadequate.

Numerica experiments indicated that an increase in the accuracy of approximation could be achieved by
adding anexponent to the reflectionangle term. In addition, a free-field adjustment term was added to the
equation, thus leading to the functiond form of the fina regresson:

Arad or soft = FFapH X1+X, (.01d)+(X3)(.01d)?} +

{X,+Xs (.01d)+(X¢)(.01d)3{0.1""} Y+

{X+Xg (.01d)+(X)(.01d)?}{0.1""} 2 (dB)
Where: Arad o soit 1Sthe attenuationin decibels for a pure acoudticaly hard or soft
geometry;
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FFAp; Is an adjusment term summarized in Table 19 which effectively

corrects the NPD data (to which the ground effect value will be applied),

whichwere measured by a4 ft. microphone over acoudtically soft ground,

to afree-fidd Stuation;

Xyand'Y are empirically-derived regression coefficients;

d is source-to-receiver ground distance (ft.); and

" isthe reflection angle (degrees).

Cdculationof the find regression coefficients could not be achieved through the traditional method of L east

Squares alone. Consequently, a specia computer program was developed to asss intheandyss. The

program, garting from a smdl negative vdue of the coefficient Y, increments/decrements its vdue by

progressively reduced steps. At each step the program computes respective vauesfor the X, coefficients

using the method of Least Squares. When an absolute minimum in the overal regressonerror isachieved,

the associated computed coefficients are consdered find. This approachiseffectively anexpansionof the

traditiond Least Squares methodology into the nonlinear domain.

Table19. Summary of Free-Field Adjustmentsto NPD data’

Spectral Class

Adjustment (dB)

101

114

102

0.53

103

0.80

104

0.74

105

1.06

106

0.64

107

0.70

108

0.80

109

0.92
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Spectral Class Adjustment (dB)
110 1.22
111 1.30
112 0.38
113 1.83
114 0.88
115 0.84
116 0.25
117 0.54
118 0.56
119 1.08
120 0.61
121 0.38
122 0.35
123 2.20
201 0.91
202 0.53
203 0.57
204 0.75
205 0.79
206 0.51
207 0.74
208 0.59
209 0.39
210 1.21
211 1.26
212 0.99
213 1.74
214 0.67
215 1.34
216 0.77
217 0.96
218 2.26
219 1.65
220 1.79
221 1.87
222 0.48
223 0.77
224 1.20
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Spectral Class Adjustment (dB)
225 0.53
226 1.44
227 1.30
301 1.21
302 0.52
303 0.47
304 1.49
304 0.79
306 1.14
307 1.70

* The adjustment to free-field conditions for each spectral class was arrived at by arithmetically averaging the EPD-

based attenuation values at 30, 40, 50, 60, 70, and 80 degrees for source-to-receiver distances of 200, 400, 630,
and 1000 m.

To further improve accuracy of the computed regressionequations, the initid range of reflectionanglesfrom
0.1 to 85 degrees was segmented into el even sub-segments selected asfollows: 0.1 to 0.4

degrees; 0.41 t0 0.7 degrees; 0.71 to 1.0 degrees; 1.1 to 3 degrees; 3.1 to 4 degrees, 4.1 to 6 degrees,
6.1 to 8 degrees; 8.1 to 10 degrees; 10.1 to 15 degrees; 15.1 t0 40 degrees, and 40.1to 85 degrees. The
fina regresson coefficients are summarized in Table 20.

I nsubsegmenting the regression there was some concern about introducing discontinuities at the junction of
the subsegments.  Consequently, an andlysis of discontinuities was performed at the junction of these
subsegments for distances of 200, 400, 630, 1000, 2000, 4000 and 6000 meters. Initidly, the andyss
indicated at the mgjority (gpproximately 91 percent) of the junctions the discontinuities were lessthan 0.1
dB, at approximately 8 percent of the junctions the discontinuity waslessthan 0.3 dB; and for the remaining
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one percent the discontinuity was as large as 1 dB. For discontinuities faling into the later category, the
ground effect data at the associated combinationof distance and angle werereplaced by anew vaue which
was computed through interpolation of ground effect vaues from the closest combination of distance and
angle. Following interpolation, the regression coefficients were then recomputed. Thefind result was that

al discontinuities were less than 0.3 dB, with some 92 percent lessthan 0.1 dB.

Asan example, Figures 98 and 99 present, repectively, for departure spectral class 101 and a distance
of 1000 m, the origina data in the ground effects data base dong with the computed regression for
propagation over acoudticaly soft and hard ground. These comparisons can be considered typical.

D.1.5 Implementation of Regresson Equations

Before the regression equations could be included within the INM, severa practical constraints had to be
incorporated into the design. First, anupper limit of 20 decibels of attenuationwas placed onthe equations.
Itislikely that this limit will only be triggered at large source-to-receiver distances when the aircraft ison

the ground, and the ground is acoudticaly soft. The 20 dB is conddered a
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Table20. Summary of Regression Coefficients

Regression Coefficients for Spectral Class 101 - F=150

X, X, Xa X, Xs X6 X, X Xe Y

"'<0.4 -1.23 -0.13 0.00 -6.80) -0.01 0.00 1639.08 19.29 -0.12 -0.20
0.4#''<0.7 -11.54] 0.14 0.00 -0.25 -0.03 0.00 1055.37 -15.26 0.06 -0.60
0.7#"'<1.0 7127 118 -0.01 -60.03] -0.96 0.01 -66.12 -6.44 0.04 -0.10
1.0#''<3.0 33.07 -0.02 0.00 -23.87] -0.05 0.00 -28.71 0.28 0.00 -0.20
3.0#''<4.0 0.44 -0.04 0.00 -0.37] -0.02 0.00 1.94 0.19 0.00 -0.30
4.0#'"<6.0 3.98 0.32 0.00 -2.66) -0.29 0.00 -3.24 -0.04 0.00 -0.20
6.0''<8.0 -1.06 0.10 0.00 112 -0.10 0.00 -1.04 -0.01 0.00 -0.30
8.0#''<10 -16.55, 0.12 0.00 15.82 -0.14 0.00 -0.11 0.00 0.00 -0.08
10#''<15 -13.01 021 0.00 11.47, 0.19 0.00 0.68 0.01 0.00 -0.17
15#""<40 0.28 0.01 0.00 -2.87] -0.03 0.00 -0.05 0.00 0.00 -2.70
40#"" <85 -7.25 0.30 0.00 10.42 -0.48 0.01 0.04 0.00 0.00 -0.40

Regression Coefficients for Spectral Class 102 - F=150
X, X X Xy X X6 X X Xq Y

''<0.4 0.83] -0.04 0.00 -8.69 -0.02 0.00 2644.97 -10.30 0.03] -0.20
0.4#''<0.7 -3.68 0.01 0.00 -1.31 -0.01 0.00 786.91 -9.67 0.04] -0.60
0.7#''<1.0 22.78) -0.15 0.00 -12.90 0.01 0.00 -69.15 2.16 -0.01] -0.30,
1.0#'"'<3.0 16.03| 0.09 0.00 -9.83 -0.09 0.00 -8.92 -0.02 0.00| -0.30
3.0#"'<4.0 -1.46] -0.05 0.00 1.71] -0.01 0.00 4.31 0.23 0.00 -0.20
4.0#'"'<6.0 2.85| 0.16 0.00 -0.75) -0.13 0.00 -2.99 -0.03 0.00 -0.40
6.0#''<8.0 2.29 0.09 0.00 -1.09 -0.09 0.00 -0.83 0.00 0.00| -0.10
8.0#''<10 -17.94) -0.16 0.00 18.22, 0.13 0.00 -0.06 0.03 0.00] -0.10
10#"'<15 -13.44 0.53 0.00 12.99 -0.51 0.00 0.67 -0.03 0.00 -0.20)
15#"" <40 1.85 -0.07 0.00 -2.03 0.08 0.00 -0.02 0.00 0.00] -0.20
404" <85 -14.02 -0.58 000 20.00 084 -0.01) 005 0.00 0.00 -0.30

Regression Coefficients for Spectral Class 103 - F=150

X, X X Xy X X6 X X X Y

'<0.4 11.99 -0.35 0.00 -12.16 0.09 0.00 1387.01 23.63 -0.12 -0.20
0.4#''<0.7 60.23] -0.75 0.00 -35.62 0.30 0.00, -770.38 19.71 -0.08] -0.20
0.7#'"'<1.0 81.57 3.47 -0.02 -65.70 -2.67 0.02 15.24 -25.32 0.15 -0.10
10#''<3.0 34.87 -0.05 0.00 -22.40 -0.07 0.00 -50.95 0.58 0.00 -0.20
3.0#'"<4.0 -8.38 -0.17 0.00 10.00 0.03 0.00, -12.85 0.55 0.00! -0.10
4.0#'"'<6.0 -16.26) 0.41 0.00 10.67| -0.29 0.00 8.68 -0.22 0.00 -0.40
6.0#''<8.0 12.68| -0.18 0.00 -9.69 0.11 0.00 -3.95 0.05 0.00 -0.30
8.0#''<10 -69.15 -0.39 0.01 65.32 0.34 -0.01 3.33 0.04 0.00| -0.10
10#"'<15 -3.81 -0.03 0.00 2.99 0.01 0.00 0.31 0.01 0.00 -0.30
15#"" <40 5.79 0.45 0.00 -6.75 -0.49 0.00 -0.07 0.00 0.00 -0.20
408" <88 157 003 0.00 242,40 -2.65 020 0.02 0.00 0.00 2480

Regression Coefficients for Spectral Class 104 - F=150

Xy X, X3 X4 Xs X6 X Xsg X Y
'<0.4 12.48 0.03 0.00 -16.22 -0.06 0.00] 1647.53 -1.97 -0.01] -0.17
0.4#''<0.7 25.30] -0.47 0.00 -10.20 0.10 0.00, -787.45 23.17 -0.10] -0.40
0.7#'"'<1.0 75.51 3.64 -0.02 -64.34 -2.74 0.02 102.09 -27.09 0.16 -0.10
10#'"<3.0 40.80] -0.16 0.00 -28.40 0.04 0.00, -38.93 0.47 0.00| -0.20
3.0#''<4.0 -2.68 -0.19 0.00 2.83| 0.07 0.00! 2.14 0.34 0.00| -0.20
4.0#'"'<6.0 -1.09 0.19 0.00 1.74 -0.16 0.00 -2.24 -0.05 0.00 -0.40
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6.0#''<8.0 -7.04 0.14 0.00 5.99 -0.13 0.00 0.81 -0.02 0.00 -0.30
8.0#'"'<10 -13.13 -0.01 0.00 1177, -0.01 0.00 0.92 0.02 0.00 -0.24
10#'"<15 -7.22 0.21 0.00 6.07 -0.21 0.00 0.70 0.00 0.00 -0.20
15#"" <40 0.10| 0.01 0.00 -0.98 -0.05 0.00 -0.02 0.00 0.00 -4.80
40#'" <85 -4.82 0.09 0.00 13.87 -0.24 0.01 0.04 0.00 0.00! -0.90
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Regression Coefficients for Spectral Class 105 - F=150
X, X, X3 X4 Xs X6 X, Xg X

''<0.4 8.09 -0.33 0.00 -10.50 0.08 0.00 1326.75 27.12 -0.13 -0.20
0.4#''<0.7 35.22 -0.25 0.00 -23.48 0.05 0.00 -134.23 6.36 -0.03| -0.20
0.7#''<1.0 40.72 -0.08 0.00 -26.95 -0.03 0.00 -46.58 -0.99 0.01 -0.20
1.0#''<3.0 33.43 -0.03 0.00 -22.37, -0.07 0.00 -45.87 0.57 0.00 -0.20
3.0#""'<4.0 4.01 -0.04 0.00 -1.64 -0.04 0.00 -9.43 0.31 0.00) -0.30
4.0#""'<6.0 -8.95 0.31 0.00 6.07 -0.23 0.00 334 -0.13 0.00 -0.40
6.0#''<8.0 5.27] -0.04 0.00 -4.17| 0.01 0.00 -1.98 0.02 0.00 -0.30
8.0#"'<10 -30.44] -0.25 0.00 28.69 0.21 0.00 0.99 0.03 0.00 -0.10

10#"'<15 -5.34 -0.01 0.00 417 0.00 0.00 0.40 0.01 0.00 -0.30
15#""<40 -0.52] 0.00 0.00 -1.75] -0.04 0.00 0.00 0.00 0.00 -4.80
40" <85 -21.29) 0.12 0.00 25.94 -0.13 0.00 0.07 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 106 - F=150
X, X X Xy X X6 X Xg Xy

''<0.4 -3.76! -0.09 0.00 -4.37] -0.01 0.00! 2866.95 -12.47 0.03 -0.30
0.4#''<0.7 -2.58 -0.03 0.00 -1.34 -0.01 0.00 735.63 -9.05 0.03] -0.60
0.7#''<1.0 42.14 -0.14 0.00 -27.59 0.00 0.00 -123.68 1.05 0.00 -0.20
1.0#'"'<3.0 10.08| 0.04 0.00 -5.12] -0.07 0.00 -13.14 0.14 0.00 -0.40
3.0#""<4.0 1.44 -0.03 0.00 -0.44 -0.03 0.00 -2.29 0.27 0.00 -0.30
4.0#""'<6.0 -1.58 0.13 0.00 1.14 -0.09 0.00 0.63 -0.06 0.00 -0.60
6.0#'"'<8.0 4.67 -0.01 0.00 -3.44 -0.01 0.00 -1.30 0.02 0.00 -0.30
8.0#"'<10 0.23] -0.46 0.00 -0.06 0.39 0.00 -0.03 0.07 0.00 -0.23

10#'" <15 7.53 0.28 0.00 -7.06 -0.28 0.00 -0.33 -0.01 0.00 -0.17
15#"" <40 -0.28 0.01 0.00 274 0.01 0.00 0.02 0.00 0.00! -4.80
AQ#"'" <88 -24.88 -0.04 000 3151 008 0.00 007 0.00 0.00 -020
Regression Coefficients for Spectral Class 107 - F=150
X, X X Xy X X6 X Xg Xy

''<0.4 7.69 -0.34 0.00 -6.44] 0.05 0.00 1089.11 28.37 -0.13| -0.30
0.4#''<0.7 79.80 -1.17 0.00 -44.60 0.50 0.00 -1371.21 3291 -0.14 -0.20
0.7#''<1.0 76.80 4.30 -0.03 -61.29 -3.29 0.02 81.25 -31.72 0.19 -0.10
1.0#''<3.0 21.77 -0.20 0.00 -8.22] 0.01 0.00 -85.83 1.49 -0.01] -0.40
3.0#""'<4.0 -3.03 -0.04 0.00 3.07 -0.04 0.00 -1.78 0.32 0.00 -0.20
4.0#''<6.0 56.39 -0.96 0.00 -34.51 0.57 0.00 -38.75 0.69 0.00 -0.40
6.0#""'<8.0 -40.72] 0.73 0.00 29.06 -0.53 0.00 14.30 -0.26 0.00! -0.40
8.0#"'<10 -57.02! 1.07 0.00 49.02 -0.93 0.00 7.60 -0.14 0.00 -0.30

10#"'<15 6.49 -0.11 0.00 -6.32 0.09 0.00 -0.59 0.02 0.00 -0.30
15#"" <40 3.24 0.11 0.00 -3.89 -0.12 0.00 -0.04 0.00 0.00! -0.20
A0 <85 -1281 01> 000 21.82 -015 0.00 005 0.00 0.00 -020
Regression Coefficients for Spectral Class 108 - F=150
X, X, X, X, X X6 X, X, X,

''<0.4 16.49 -0.49 0.00 -13.83 0.15 0.00 1691.07 16.99 -0.07’ -0.20
0.4#''<0.7 -7.90 0.11 0.00 -0.19 -0.04 0.00 1314.12 -22.23 0.09 -0.60
0.7#''<1.0 77.60 2.61 -0.02 -60.44 -2.08 0.01 -179.45 -14.80 0.10 -0.10
10#""'<3.0 6.74 0.27 0.00 -3.60 -0.21 0.00 -1.61 -0.23 0.00! -0.30
3.0#""<4.0 -2.98 -0.07 0.00 3.49 -0.01 0.00 -0.36 0.31 0.00 -0.20
4.0#''<6.0 0.04] 0.13 0.00 0.99 -0.10 0.00 -2.87 -0.03 0.00 -0.50
6.0#""'<8.0 2.53 -0.02 0.00 -1.32 0.00 0.00 -1.93 0.02 0.00! -0.30
8.0#"'<10 -55.12] -0.34 0.01 52.24 0.31 -0.01 2.43 0.03 0.00 -0.10

10#"'"<15 -11.57 0.33 0.00 10.35 -0.31 0.00 0.77 -0.02 0.00 -0.20
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15#""<40 3.77 0.00 0.00 -4.36 0.00 0.00 -0.07 0.00 0.00 -0.20

408" <80 -20.82 =001 .00 2227 .00 001 Q.07 .00 .00 2020
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Regression Coefficients for Spectral Class 109 - F=150
X, X, Xs Xa Xs X6 X; Xs X Y

''<0.4 -18.57 -0.14 0.00 3.32 -0.04 0.00 801.52 42.40 -0.20, -0.20
0.4#''<0.7 -59.24 1.25 0.00 16.87 -0.50 0.00) 2451.14 -45.03 0.17 -0.30
0.7#''<1.0 44.41 -1.92 0.01 -40.64 132 -0.01 -196.48 20.13 -0.11 -0.10
1.0#''<3.0 -0.20| 0.08 0.00 -2.19] -0.03 0.00 20.88 -0.30 0.00 -0.60
3.0#""'<4.0 -1.72 -0.26 0.00 -2.08 0.18 0.00) 16.82 0.19 0.00 -0.20
4.0#''<6.0 21.83 0.13 0.00 -19.00 -0.11 0.00 -3.14 -0.05 0.00| -0.20
6.0#''<8.0 11.20| 0.00 0.00 -9.24 -0.01 0.00 -2.18 0.00 0.00 -0.30
8.0#'"<10 11.00 -0.13 0.00 -9.29 0.10 0.00 -1.80 0.02 0.00| -0.30
10#"" <15 4.22 0.21 0.00 -3.61 -0.21 0.00 -0.67 -0.01 0.00| -0.20
15#""<40 -1.67] -0.01 0.00 3.68 0.00 0.00 0.19 0.00 0.00 -4.80
40#"'" <85 -28.30 114 0.00 43.03 -1.59 0.00 0.07 -0.01 0.00! -0.30

Regression Coefficients for Spectral Class 110 - F=150

X, X Xz Xy X X6 X X X Y

''<0.4 -19.30) -0.15 0.00 2.56 -0.02 0.00 2040.00 17.80 -0.09 -0.20
0.4#'"<0.7 -53.20) 1.15 0.00 14.30] -0.47 0.00 2790.00 -53.90 0.21 -0.30
0.7#''<1.0 62.00] 0.82 0.00 -52.50 -0.75 0.00, -204.00 -0.80 0.01} -0.10
10#''<3.0 15.80 0.28 0.00 -13.80 -0.25 0.00 -13.00 0.00 0.00 -0.20
3.0#'"'<4.0 -4.91 -0.07 0.00 129 0.01 0.00 6.01 0.22 0.00 -0.10
4.0#'"'<6.0 5.16} 0.30 0.00 -6.19 -0.26 0.00, -1.56 -0.06 0.00! -0.20
6.0#''<8.0 2.37 0.02 0.00 -3.41 -0.02 0.00 -1.22 -0.01 0.00 -0.40
8.0#''<10 -8.49 0.03 0.00 5.74 -0.05 0.00 0.53 0.00 0.00 -0.20
10#'" <15 2.72 -1.58 0.01 -5.46 1.49 -0.01 0.42 0.09 0.00| -0.18
15#""<40 5.91 0.05 0.00 -10.20 -0.09 0.00 -0.20 0.00 0.00 -1.00
408" <8 -828 Q.50 -0.01 13.60 076 .01 .03 0.00 .00 2040

Regression Coefficients for Spectral Class 111 - F=150

X, X Xz Xy X X6 X X X Y

''<0.4 -2.95 -0.58 0.00 -0.78 0.14 0.00 -1140.00 66.90 -0.23 -0.20
0.4#"<0.7 -83.50 174 -0.01 38.60, -0.99 0.00 2200.00 -40.30 0.15 -0.20
0.7#''<1.0 18.30 -2.19 0.02 -18.30 148 -0.01 -231.00 24.40 -0.14] -0.10
10#''<3.0 -2.35 0.34 0.00 -2.43 -0.21 0.00 20.90 -0.51 0.00 -0.30
3.0#''<4.0 -1.72 -0.01 0.00 -2.93 -0.01 0.00 11.80 0.07 0.00 -0.10
4.0#'"'<6.0 6.31 0.05 0.00 -6.18 -0.04 0.00! -2.75 -0.02 0.00| -0.40
6.0#''<8.0 5.22 0.01 0.00 -5.46 -0.01 0.00 -2.19 0.00 0.00 -0.40
8.0#'"'<10 148 0.02 0.00 -3.03 -0.02 0.00 -0.72 0.00 0.00 -0.20
10#'" <15 -5.30] -1.38 0.01 2.60] 131 -0.01 0.33 0.07 0.00] -0.18
15#""<40 19.70 -0.02 0.00 -24.60 0.02 0.00 -0.35 0.00 0.00 -0.40
408" <8 897 124 =0.02 21410 1.6 .02 =000 =0.01 .00 2040

Regression Coefficients for Spectral Class 112 - F=150
X, X, X, X X5 X6 X, X, X Y

''<0.4 13.50) -0.03 0.00 -14.84 -0.03 0.00 1682.66 -7.12 0.02) -0.20
0.4#"<0.7 63.36] -0.79 0.00 -38.83 0.35 0.00, -850.06 21.62 -0.09] -0.20
0.7#''<1.0 80.66 3.43 -0.02 -67.26 -2.60 0.02 56.75 -25.46 0.15 -0.10
10#""'<3.0 37.43] -0.09 0.00 -25.64 -0.01 0.00, -38.57 0.48 0.00! -0.20
3.0#''<4.0 -0.65 -0.08 0.00 142 0.00 0.00| 1.59 0.27 0.00| -0.20
4.0#''<6.0 1.54 0.15 0.00 0.20 -0.13 0.00 -3.23 -0.02 0.00 -0.40
6.0#""'<8.0 -8.90 0.17 0.00 8.34 -0.16 0.00, 0.77 -0.01 0.00! -0.20
8.0#''<10 -30.84 0.64 0.00 26.40 -0.55 0.00| 4.61 -0.09 0.00| -0.30
10#"'"<15 -8.34] 0.47 0.00 8.00 -0.45 0.00 0.51 -0.02 0.00 -0.20
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15#""<40 l.40| 0.06 0.00 -1.37 -0.06 0.00 -0.02 0.00 0.00 -0.20

408" <80 =13 53] .06 .00 23.65 =005 02.00 Q.00 .00 .00 2020
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Regression Coefficients for Spectral Class 113 - F=150

Xy X, Xs Xa Xs X6 X; Xs X, Y

''<0.4 -8.41 -0.22 0.00 -2.21 0.02 0.00 2425.96 11.58 -0.07 -0.40
0.4#'"<0.7 -30.59 0.82 0.00 5.71 -0.34 0.00 1892.12 -36.40 0.14 -0.30
0.7#''<1.0 67.21 0.66 0.00 -57.62 -0.58 0.00, -89.90 -1.98 0.02| -0.10
10#"'<3.0 831 -0.05 0.00 -4.57 -0.02 0.00 -18.24 0.33 0.00 -0.50
3.0#''<4.0 -0.81 -0.04 0.00 -1.03 -0.03 0.00 3.20 0.22 0.00 -0.10
4.0#'"'<6.0 -0.33 0.22 0.00 -0.73 -0.19 0.00, -0.94 -0.05 0.00! -0.30
6.0#''<8.0 0.67, 0.09 0.00 -1.69 -0.09 0.00 -0.57 -0.01 0.00 -0.30
8.0#''<10 -3.18 0.01 0.00 153 -0.02 0.00 0.07 0.00 0.00 -0.25
10#"" <15 -2.86 0.00 0.00 115 -0.01 0.00, 0.14 0.00 0.00! -0.10
15#"'<40 -1.32 -0.03 0.00 -0.37 0.02 0.00 0.02 0.00 0.00 -1.30
401" <85 4.84/ 1.09 -0.01 -9.93 -1.74 0.01 -0.01 0.00 0.00 -0.40

Regression Coefficients for Spectral Class 114 - F=150

X, X Xs Xa X X6 X Xs Xo Y

''<0.4 18.90 -0.48 0.00 -16.03 0.16 0.00 519.80 38.03 -0.16 -0.20
0.4#'"<0.7 41.52 -0.37 0.00 -27.17 0.13 0.00 -323.25 10.58 -0.05 -0.20
0.7#''<1.0 78.41 2.64 -0.02 -64.92 -2.03 0.01 20.91 -19.18 0.11] -0.10
10#''<3.0 37.32 -0.10 0.00 -25.31 -0.01 0.00 -43.61 0.53 0.00 -0.20
3.0#'"'<4.0 4.52 -0.05 0.00 -1.86 -0.02 0.00 -7.71 0.29 0.00 -0.30
4.0#'"'<6.0 -3.69 0.22 0.00 3.21) -0.17 0.00, -0.71 -0.07 0.00! -0.40
6.0#''<8.0 -3.87 0.10 0.00 3.00] -0.08 0.00 0.52 -0.02 0.00 -0.40
8.0#''<10 -26.85 -0.21 0.00 25.35 0.18 0.00 104 0.02 0.00 -0.10
10#'" <15 -2.08 -0.27 0.00 1.65 0.24 0.00! -0.04 0.02 0.00| -0.20
15#""<40 -0.26 0.05 0.00 -0.53 -0.07 0.00 0.03 0.00 0.00 -0.30
408" <8 1737 003 .00 24.56 001 .00 .06 0.00 .00 =030

Regression Coefficients for Spectral Class 115 - F=150

X, X Xz Xy X X6 X X X Y

''<0.4 10.19 -0.23 0.00 -14.34 0.07 0.00 1476.87 11.95 -0.05 -0.20
0.4#"<0.7 25.46 -0.05 0.00 -21.21 -0.01 0.00 136.90 0.68 -0.01 -0.20
0.7#''<1.0 16.59 -0.02 0.00 -12.12 -0.02 0.00! 70.17 -1.32 0.01] -0.30
10#''<3.0 10.75 -0.08 0.00 -5.54 0.00 0.00 -15.03 0.32 0.00 -0.50
3.0#''<4.0 -0.99 -0.22 0.00 -0.32 0.12 0.00 7.43 0.30 0.00 -0.20
4.0#'"'<6.0 6.54] 0.15 0.00 -4.77 -0.13 0.00! -2.75 -0.03 0.00| -0.30
6.0#''<8.0 1.87 0.03 0.00 -1.29 -0.04 0.00 -0.83 0.00 0.00 -0.40
8.0#'"'<10 -9.12 -0.10 0.00 8.56 0.07 0.00 0.44 0.02 0.00 -0.10
10#'" <15 -1.71 0.33 0.00 155 -0.33 0.00, 0.07 -0.01 0.00] -0.20
15#""<40 -5.72 0.03 0.00 5.86 -0.03 0.00 0.09 0.00 0.00 -0.20
408" <8 =25.98 Q.64 -0.01 3346 078 .01 .06 0.00 .00 2020

Regression Coefficients for Spectral Class 116 - F=150

X, X, Xa X, Xs X6 X, X Xe Y
"'<0.4 38.73 -0.23 0.00 -24.46) 0.07 0.00 185.81 277 0.05 -0.20
0.4#'"<0.7 40.12 -0.69 0.00 -12.61] 0.15 0.00 -1252.81 3321 -0.14 -0.40
0.7#'"<1.0 198.48 2.37 -0.02 -166.21] -2.00 0.02 -295.95 -13.66 0.10 -0.07
1.0#''<3.0 24.06 -0.02 0.00 -11.41] -0.05 0.00 -55.67 0.70 0.00 -0.30
3.0#''<4.0 -3.12 0.05 0.00 4.72 -0.07 0.00 -2.56 0.17 0.00 -0.20
4.0#''<6.0 18.28) -0.08 0.00 -9.44 0.05 0.00 -15.66 0.03 0.00 -0.40
6.0''<8.0 -39.13 -0.13 0.00 3557, 0.11 0.00 218 0.01 0.00 -0.20
8.0#''<10 -86.49 -0.02 0.00 73.48 0.01 0.00 12.84 0.00 0.00 -0.25
10#''<15 16.94) 0.72 0.00 -16.34) -0.71 0.00 -0.72 -0.02 0.00 -0.17
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15#""<40 -0.73 0.02 0.00 5.07 -0.06 0.00 0.02 0.00 0.00 -4.80

408" <80 423 .86 =001 816 =126 002 003 =001 .00 2050

Regression Coefficients for Spectral Class 117 - F=150

X X, X X4 Xs X6 X; X X Y

"'<0.4 19.07) -0.01 0.00 -18.86 -0.04 0.00 1514.45| -4.63 0.02 -0.17
0.4#'"'<0.7 31.97 -0.59| 0.00| -11.44 0.13 0.00 -1012.30 28.27] -0.12 -0.40
0.7#'"'<1.0 128.85 0.00 0.00 -113.25 -0.06 0.00 62.31 -2.97 0.02 -0.07
1.0#'<3.0 25.92 -0.11 0.00 -14.11 0.00 0.00 -42.09 0.60 0.00 -0.30
3.0#''<4.0 -2.13 -0.12 0.00| 3.14] 0.03 0.00 -0.08 0.34] 0.00| -0.20
4.0#""<6.0 0.72 0.19| 0.00 0.93 -0.14 0.00 -2.64 -0.06 0.00 -0.40
6.0#'"'<8.0 -1.51] 0.00 0.00 2.39 -0.02 0.00 -1.45 0.02 0.00 -0.40
8.0#''<10 -24.69 -0.16] 0.00] 21.94 0.13 0.00 2.68] 0.03] 0.00] -0.24
10#"'<15 -8.63 0.46| 0.00! 8.08 -0.44 0.00 0.53| -0.02 0.00 -0.20
15#"" <40 1.93 0.13 0.00 -2.18 -0.13 0.00 -0.04 0.00 0.00 -0.20
40#"" <85 -2.33 0.38] -0.01 3.18 -0.59 0.01] 0.01 0.00 0.00 -0.40

Regression Coefficients for Spectral Class 118 - F=150

X X, X X4 Xs X6 X; X X Y

"'<0.4 15.25 -0.27 0.00 -14.30 0.08 0.00 1135.51 17.22 -0.05 -0.20
0.4#''<0.7 26.00 -0.46| 0.00| -9.67 0.09 0.00 -678.45| 21.03] -0.09| -0.40
0.7#"<1.0 93.91} 0.22 0.00 -83.54 -0.25 0.00 172.19 -3.13 0.01 -0.07
1.0#'"'<3.0 14.09 -0.08 0.00 -5.03 -0.01 0.00 -31.37 0.51 0.00 -0.50
3.0#''<4.0 -1.04 -0.04] 0.00] 2.59) -0.03 0.00 -1.98 0.28] 0.00] -0.20
4.0#""<6.0 1.57] 0.16 0.00 0.61 -0.13 0.00 -4.31 -0.04 0.00 -0.40
6.0#'"'<8.0 -9.10 0.10 0.00 8.39 -0.10 0.00 0.23] -0.01 0.00 -0.30
8.0#"'<10 -25.94 -0.16 0.00 2283 0.14 0.00 2.93 0.03 0.00 -0.24
10#"'<15 -4.67) 0.03 0.00 4.08 -0.03 0.00 0.42 0.00 0.00 -0.40
15#"" <40 3.5 0.05 0.00 -4.00 -0.05 0.00 -0.07 0.00 0.00 -0.20
40#"" <85 -4.86 0.15 0.00 6.91 -0.23 0.01] 0.03| 0.00 0.00 -0.40

Regression Coefficients for Spectral Class 119 - F=150

X, X X Xy X X6 X X X Y

"'<0.4 -9.18 -0.13 0.00 -1.96 0.00 0.00 217047, 9.74 -0.06 -0.40
0.4#''<0.7 -5.41] 0.16] 0.00] -2.38 -0.07 0.00 770.92 -11.54 0.04] -0.40
0.7#"<1.0 27.08 0.16 0.00 -21.03 -0.15 0.00 57.71 -2.65 0.01 -0.20
1.0#'"'<3.0 31.40 0.00 0.00 -23.21 -0.06 0.00 -28.44 0.31 0.00 -0.20
3.0#""'<4.0 -0.87] -0.04] 0.00 -0.13 -0.02 0.00 3.91 0.18 0.00 -0.40
4.0#'"<6.0 5.98 0.29 0.00 -4.95 -0.26 0.00 -2.86 -0.03 0.00 -0.20
6.0#'"'<8.0 -0.16 0.05 0.00 -0.15 -0.05 0.00 -0.54 0.00 0.00 -0.40
8.0#"'<10 -18.11} -0.14 0.00 16.46) 0.11 0.00 0.94] 0.02 0.00 -0.10
10#"'<15 -2.96 0.03] 0.00 2.00 -0.05 0.00 0.25] 0.00 0.00 -0.20
15#"" <40 0.1 0.02| 0.00! -1.19 -0.04 0.00 -0.02 0.00! 0.00! -1.50
408" <85 9.7 0.33! 0.00 1515 -0.52 0.0 0.00! 0.00 0.00 =040

Regression Coefficients for Spectral Class 120 - F=150

X, | X X Xy X X6 X X Xy Y

<04 22 Od =010 .00 =13.40 001 2.0 169150 1037 .06 2020
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0.4#""'<0.7 48.64 -0.45 0.00 -30.66 0.17 0.00 -275.02 8.17 -0.03 -0.20
0.7#''<1.0 16.85 -0.28 0.00 -5.63 0.04 0.00 -105.21 3.91 -0.02 -0.50
1.0#''<3.0 19.69 0.00 0.00 -10.71 -0.06 0.00 -33.66 0.45) 0.00 -0.30
3.0#'"'<4.0 -2.47] -0.20 0.00 2.88 0.09 0.00 0.82 0.39 0.00 -0.20
4.0#""'<6.0 111 0.16 0.00 0.32 -0.13 0.00 -2.76 -0.03 0.00 -0.40
6.0#"''<8.0 -1.30) 0.06) 0.00 1.69| -0.06 0.00 -0.46! 0.00) 0.00 -0.30
8.0#''<10 -41.32 0.90 0.00 35.18 -0.77 0.00 6.17 -0.13 0.00 -0.30
10#"'<15 -8.28) 0.44 0.00 7.96 -0.42 0.00 0.35] -0.02 0.00 -0.20
15#""<40 1.024 0.03| 0.00 -1.35] -0.03 0.00 -0.01] 0.00| 0.00 -0.20
40" <85 -12.35 0.22 0.00 15.32 -0.25 0.0 0.03] 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 121 - F=150
X, X X3 Xy X X6 X X X
''<0.4 23.42 0.03 0.00 -18.57 -0.04 0.00 1667.12 -25.65| 0.11 -0.20
0.4#"'<0.7 67.26) -0.82 0.00 -39.44 0.36 0.00 -824.17, 20.74 -0.09 -0.20
0.7#"'<1.0 78.60) 3.97 -0.02] -63.32 -3.02 0.02 40.23 -28.39 0.17| -0.10
10#""'<3.0 22.42 -0.02 0.00 -11.48 -0.05 0.00 -41.39 0.53 0.00 -0.30
3.0#"'<4.0 -4.56] 0.01 0.00 5.40 -0.06 0.00 -1.30 0.28 0.00 -0.20
4.0#""'<6.0 -2.20) 0.22) 0.00 2.90 -0.16 0.00 -1.60| -0.07/ 0.00 -0.40
6.0#""'<8.0 -5.07] 0.06 0.00 531 -0.05 0.00 -0.12 0.00 0.00 -0.20
8.0#''<10 -16.72) -0.07' 0.00 15.35 0.06 0.00 1.46| 0.02| 0.00 -0.24
10#"'<15 7.72 -0.41 0.00 -7.10 0.40 0.00 -0.57 0.02 0.00 -0.17
15#"" <40 0.49 -0.02 0.00 -0.80 0.03 0.00 -0.01 0.00 0.00 -0.30
A0#"'" <88 -0.5: 0.00 0.00 149,161 1358 -0.0! 0071 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 122 - F=150
Xy X, X3 X4 Xs X6 X, Xg X
''<0.4 25.79 -0.02 0.00 -18.59 -0.04 0.00 1406.30] -19.81 0.08 -0.20
0.4#"'<0.7 76.09 -1.02 0.00 -42.83 0.45 0.00 -1094.75 26.85 -0.11) -0.20
0.7#"'<1.0 112.40) 0.22) 0.00 -96.56 -0.28 0.00 74.26 -2.66! 0.01 -0.07
10#""'<3.0 13.80 -0.06 0.00 -4.00 -0.03 0.00 -45.69 0.70 0.00 -0.50
3.0#'"'<4.0 -2.55 0.04 0.00 4.15 -0.08 0.00 -4.19 0.23 0.00 -0.20
4.0#"'<6.0 -9.89 0.33 0.00 7.83 -0.22 0.00 2.26 -0.14 0.00 -0.40
6.0#""'<8.0 4.49 -0.16 0.00 -2.54 0.12 0.00 -2.35 0.06 0.00 -0.40
8.0#''<10 -38.16) 0.64 0.00 32.58 -0.53 0.00 5.57 -0.10 0.00 -0.30
10#"'<15 -3.56) -0.02 0.00 357 0.02 0.00 -0.05 0.00 0.00 -0.10
15#"" <40 -0.23 0.01 0.00 -0.36 0.00 0.00 -0.01 0.00 0.00 -4.70
A0#" ' <85 -0.66) 0.01) 0.00 108.63| 8.65 0.04 0.01 0.00) 0.00 -4.80
Regression Coefficients for Spectral Class 123 - F=150
Xy X, X3 X4 Xs X6 X, Xg X
''<0.4 -15.95 -0.13 0.00 -0.30 0.00 0.00 3892.18 -9.42 0.00 -0.60
0.4#"'<0.7 -43.13 111 0.00 10.39 -0.45 0.00 2493.51 -50.46 0.20 -0.30
0.7#''<1.0 70.37 0.35 0.00 -59.13 -0.38 0.00 -157.20 101 0.00 -0.10
1.0#""'<3.0 5.35 0.01 0.00 -3.47 -0.04 0.00 -12.63 0.20 0.00 -0.50
3.0#'"'<4.0 0.40] -0.03 0.00 -2.42 -0.03 0.00 2.25 0.22 0.00 -0.10
4.0#""'<6.0 0.69 0.35 0.00 -1.92 -0.31 0.00 -1.78 -0.05 0.00 -0.20
6 0#"" <80 1.641 007 000 277 -007 0.00 -1.32 -0.01 0.00 -030
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8.0#''<10 -1.54 -0.06 0.00 -0.41 0.05 0.00 -0.34 0.00 0.00 -0.20
10#'"<15 -4.06 -0.10 0.00 179 0.10 0.00 -0.02 0.00 0.00 -0.17
154" <40 -2.92 -0.03 0.00 137 0.05 0.00 0.12 0.00 0.00 -4.80
401" <85 1.01 022 0.00 -18.16 -1.55 0.01 0.00 0.00 0.00 -1.60
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Regression Coefficients for Spectral Class 201 - F=150

X, X X; X, X X6 X Xz Xs Y

1'<04 -1.42 -0.20 0.00 -3.56 0.02 0.00 2626.13 -6.80 0.03] -0.40
0.4#"<0.7 0.74 0.24 0.00 -4.76 -0.13 0.00 1067.66 -20.43 0.08 -0.30
0.7#"'<1.0 39.72 -0.11 0.00 -25.51 -0.03 0.00) -155.01 211 -0.01 -0.20
1.0#''<3.0 29.47 0.05 0.00 -19.76 -0.12 0.00 -43.85 0.57 0.00) -0.20
3.0#'"'<4.0 -2.38 -0.18 0.00 2.08 0.07 0.00 091 0.38 0.00 -0.20
4.0#''<6.0 25.43] -0.07 0.00 -19.43] 0.02 0.00 -11.14 0.11 0.00 -0.20
6.0#"'<8.0 -13.71 0.27 0.00 9.75 -0.21 0.00 4.46 -0.08 0.00| -0.40
8.0#''<10 -40.40 0.91 0.00 33.97 -0.78 0.00 6.12 -0.13 0.00 -0.30
10#''<15 3.03 0.16 0.00 -3.04 -0.17 0.00 -0.30 0.00 0.00 -0.20
15#""<40 3.77 0.12 0.00 -4.56 -0.13 0.00 -0.05 0.00 0.00| -0.20
A0H" <88 2114 090 2001 087 2143 001 001 000 000 -049

Regression Coefficients for Spectral Class 202 - F=150

X X, X X4 Xs X6 X; X X, Y

"'<0.4 18.93] -0.25 0.00 -17.67 0.09 0.00 2476.04 -18.41 0.11 -0.20
0.4#"<0.7 4.81 -0.01 0.00 -4.59 -0.02 0.00 666.79 -9.49 0.04 -0.40
0.7#''<1.0 46.98| -0.22 0.00 -30.06 0.05 0.00! -179.74 2.26 0.00| -0.20
10#""<3.0 13.93] 0.13 0.00 -8.19 -0.12 0.00 -13.22 0.09 0.00 -0.30
3.0#"'<4.0 -2.21 -0.07 0.00 2.10 0.00 0.00 5.54 0.25 0.00 -0.20
4.0#'"'<6.0 4.85 0.22 0.00 -2.46 -0.17 0.00, -2.52 -0.05 0.00] -0.30
6.0#''<8.0 8.23 0.04 0.00 -5.35 -0.04 0.00 -2.55 -0.01 0.00 -0.30
8.0#'"'<10 1.02 -0.05 0.00 0.80 0.03 0.00 -1.53 0.01 0.00 -0.20
10#'"<15 -13.65 -0.67 0.00 13.76) 0.64 0.00 0.11 0.04 0.00 -0.18
15#"'<40 0.29 0.00 0.00 -5.48 0.03 0.00 -0.02 0.00 0.00 -4.80
401" <85 -0.51 -0.01 0.00 372.29 2134 -0.29 0.00 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 203 - F=150

X, X, Xa X, Xs X6 X, X Xe Y
''<0.4 6.18 -0.38 0.00 -2.85 0.03 0.00 1509.59 13.82 -0.03 -0.50
0.4#'"<0.7 61.49 -0.79 0.00 -34.60) 0.29 0.00 -712.25 18.13 -0.07 -0.20
0.7#"'<1.0 24.13 -0.42 0.00 -6.34) 0.05 0.00 -235.02 5.96 -0.02 -0.50
1.0#''<3.0 1.07 0.33 0.00 0.32 -0.26 0.00 257 -0.15 0.00 -0.30
3.0#''<4.0 -3.83 -0.17 0.00 4.19 0.05 0.00 -2.29 0.46 0.00 -0.20
4.0#'"<6.0 55.50 054 0.00 -42.27] 0.38 0.00 -23.82 0.30 0.00 -0.20
6.0''<8.0 -7.84 0.07 0.00 6.70 -0.07 0.00 1.32 -0.01 0.00 -0.20
8.0#''<10 -69.64] 159 -0.01 5854, -1.34 0.01 11.09 -0.25 0.00 -0.30
10#''<15 -3.88 021 0.00 3.86 -0.21 0.00 -0.02 0.00 0.00 -0.20
15#""<40 -0.46 -0.05 0.00 0.08 0.06 0.00 0.01 0.00 0.00 -0.20
404" <85 -12.15] -0.47 0.01 16.74 0.75 -0.01 0.05 0.00 0.00 -0.30

Regression Coefficients for Spectral Class 204 - F=150

X, X X Xy X X6 X X X Y

1'<04 8.16| 0.13 0.00 -15.32 -0.10 0.00 2161.92 -15.01 0.04] -0.17
0.4#"'<0.7 5.13 0.11 0.00 -7.98 -0.06 0.00 607.50 -9.11 0.03 -0.30
0.7#''<1.0 5.53] -0.07 0.00 -4.06 0.00 0.00 44.40 1.03 0.00 -0.50
10#''<3.0 21.20| -0.05 0.00 -13.97 -0.01 0.00 -16.10 0.18 0.00 -0.30
3.0#'"<4.0 -0.37 -0.32 0.00 -0.59 0.19 0.00, 8.73 0.33 0.00! -0.20
4.0#''<6.0 11.06 0.07 0.00 -7.42 -0.09 0.00 -6.00 0.01 0.00 -0.30
6.0#""<8.0 051 0.05 0.00 0.26 -0.08 0.00 1.5 0.03 0.00 =010
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8.0#"'<10 -35.40) -0.21 0.00 33.50 0.17 0.00 1.50 0.03 0.00! -0.10
10#'" <15 11.63| -0.67 0.00 -11.90 0.62 0.00 -0.22 0.04 0.00 -0.17
15#""<40 0.19 0.01 0.00 -0.64] -0.02 0.00 -0.02 0.00 0.00 -4.80
40#""' <85 -23.50) 041 -0.01 29.70 -0.50 001 0.06 0.00 0.00! -0.20
Regression Coefficients for Spectral Class 205 - F=150
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 12.84] -0.40 0.00 -9.23] 0.09 0.00 1395.04 13.01 -0.02 -0.30
0.4#''<0.7 -6.55 -0.13 0.00 -0.01 0.00 0.00 775.59 -2.20 0.01] -1.80
0.7#''<1.0 47.54 -0.23 0.00 -29.81 0.04 0.00 -166.07 1.66 0.00 -0.20
1.0#''<3.0 14.05| 0.10 0.00 -7.66| -0.12 0.00 -22.14 0.22 0.00 -0.30
3.0#"'<4.0 -2.50 -0.20 0.00 2.64 0.09 0.00 2.03 0.37 0.00) -0.20
4.0#""'<6.0 0.14] 0.23 0.00 1.00 -0.20 0.00 -2.89 -0.04 0.00 -0.30
6.0#'"'<8.0 -1.90] 0.03 0.00 2.26 -0.05 0.00 -0.93 0.02 0.00 -0.20
8.0#"'<10 -39.13 -0.25 0.00 36.89 0.23 0.00 198 0.02 0.00 -0.10
10#"'<15 -5.76] 0.22 0.00 5.30 -0.22 0.00 0.21 -0.01 0.00 -0.20
15#""<40 -2.58] -0.03 0.00 2.26 0.03 0.00 0.03 0.00 0.00) -0.20
404" <85 -20.95/ -0.17 0.00 26.04 0.25 0.00 0.06 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 206 - F=150
X, X X Xy X X6 X Xg Xy
<04 22.84 -0.24 0.00 -19.17 0.09 0.00 2098.23 -15.02 0.09 -0.20
0.4#''<0.7 8.27 -0.06 0.00 -5.35 -0.01 0.00 521.92 -6.68 0.03 -0.40
0.7#''<1.0 76.80 3.26 -0.02 -62.06 -2.51 0.02 -55.81 -21.33 0.13 -0.10
1.0#'"'<3.0 24.18 0.22 0.00 -16.44 -0.21 0.00 -16.54 0.00 0.00 -0.20
3.0#""'<4.0 0.59 -0.10 0.00 0.69 0.02 0.00 3.02 0.22 0.00 -0.20
4.0#''<6.0 0.74] 0.56 0.00 1.82 -0.54 0.00 -5.25 0.01 0.00 -0.10
6.0#""'<8.0 -11.82 0.17 0.00 11.15 -0.16 0.00 0.66 -0.02 0.00! -0.20
8.0#"'<10 -25.23 -0.16 0.00 24.36 0.14 0.00 091 0.01 0.00 -0.10
10#"'<15 -7.49 0.00 0.00 7.13 -0.01 0.00 0.40 0.00 0.00 -0.30
15#"" <40 10.50, 0.23 0.00 -11.48 -0.24 0.00 -0.13 0.00 0.00! -0.20
AQ#"'" <88 -0.00 024 000 -0.54 -037 0071 0.00 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 207 - F=150
X, X X Xy X X6 X Xg Xy
<04 3.63| -0.35 0.00 -1.10| 0.01 0.00 1259.02 16.85 -0.04/ -0.70
0.4#''<0.7 61.24 -0.76 0.00 -34.03 0.27 0.00 -708.24 17.35 -0.07 -0.20
0.7#''<1.0 57.94 -0.45 0.00 -33.33 0.12 0.00 -274.43 3.26 -0.01 -0.20
10#""'<3.0 -6.50 0.71 0.00 5.45 -0.58 0.00 7.26 -0.41 0.00! -0.20
3.0#""'<4.0 3.15 -0.04 0.00 -1.02 -0.04 0.00 -6.63 0.30 0.00 -0.30
4.0#''<6.0 28.42 -0.11 0.00 -21.08 0.04 0.00 -14.45 0.16 0.00 -0.20
6.0#""'<8.0 25.16 -0.50 0.00 -21.11 0.40 0.00 -5.29 0.10 0.00! -0.20
8.0#"'<10 -49.12] -0.27 0.00 45.94 0.24 0.00 2.84 0.03 0.00 -0.10
10#'"<15 -9.64] 0.54 0.00 8.75 -0.53 0.00 0.56 -0.02 0.00 -0.20
15#"" <40 5.44 0.20 0.00 -6.09 -0.20 0.00 -0.10 0.00 0.00! -0.20
A0 <85 =113 122 =001 0.54 =194 0.02 001 -0.01 0.00 -0.40
Regression Coefficients for Spectral Class 208 - F=150
X X X ]e;q_ X | X X6 | X X X
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<04 24.16 -0.52 0.00 -10.03 0.09 0.00 -1326.93 64.92 -0.24 -0.30
0.4#''<0.7 65.36 -1.28 0.01 -18.02 0.28 0.00 -2700.30 65.27 -0.27 -0.40
0.7#''<1.0 86.94 4.59 -0.03 -66.93 -3.50 0.02 84.31 -35.33 0.21) -0.10
1.0#'"'<3.0 66.38 -0.69 0.00 -38.50 0.30 0.00 -198.05 3.11 -0.01 -0.20
3.0#"'<4.0 -0.06 -0.08 0.00 -0.74 0.03 0.00 5.92 0.19 0.00 -0.20
4.0#'"'<6.0 191.87] -3.29 0.01 -118.44] 2.02 -0.01] -130.64 2.23 -0.01) -0.40
6.0#''<8.0 -186.17, 2.91 -0.01 131.47| -2.07 0.01 67.51 -1.05 0.00 -0.40
8.0#''<10 -139.58 -1.05 0.02 135.09, 091 -0.01 3.56 0.15 0.00 -0.10

10#"'<15 86.51 -2.30 0.01 -82.37 2.18 -0.01] -5.10 0.14 0.00 -0.20
154" <40 0.02 -0.01 0.00 -4.75 0.10 0.00 -0.05 0.00 0.00 -4.80
A0#"'" <88 -16.04 127 =001 21,66 -1.79 0071 006 0.00 0.00 -030
Regression Coefficients for Spectral Class 209 - F=150
X, X X Xy X X6 X X Xg

‘<04 19.70| -0.09 0.00 -14.83 -0.01 0.00 1087.64 5.11 -0.01 -0.20
0.4#''<0.7 59.54 -0.93 0.00 -24.29 0.29 0.00! -1533.58 36.63 -0.15) -0.30
0.7#"'<1.0 80.73 4.55 -0.03 -63.52 -3.44 0.02 70.72 -33.23 0.20 -0.10
1.0#""'<3.0 39.12 -0.04 0.00 -23.46 -0.05 0.00 -63.79 0.60 0.00 -0.20
3.0#"''<4.0 -2.63 0.04 0.00 6.03 -0.10 0.00 -17.18 0.28 0.00 -0.20
4.0#""<6.0 -71.10| 0.49 0.00 58.63 -0.43 0.00 15.17 -0.03 0.00 -0.20
6.0#"'<8.0 36.18 -0.27 0.00 -32.81 0.25 0.00 -1.24 -0.02 0.00 -0.20
8.0#''<10 39.90 0.28 0.00 -32.87 -0.30 0.00 -7.40 0.02 0.00 -0.16

10#"'<15 2.36 0.67 0.00 -2.93 -0.63 0.00 0.11 -0.04 0.00 -0.20
15#""<40 -4.04 0.14 0.00 393 -0.14 0.00 0.04 0.00 0.00 -0.20
408" <88 -0.75 001 0.00 226.40 -1.68 0.08 0071 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 210 - F=150
X,y X, X3 X4 Xs X6 X, Xsg X

''<0.4 -5.73 -0.10 0.00 -5.55 0.01 0.00 2284.93 -0.84 -0.02 -0.30
0.4#''<0.7 -11.00) 0.09 0.00 -1.04] -0.02 0.00 963.56 -14.49 0.06) -0.60
0.7#"'<1.0 30.01 0.06 0.00 -24.27 -0.09 0.00 2.59 -1.51 0.01 -0.20
1.0#"'<3.0 7.56) -0.06 0.00 -5.03 -0.01 0.00 -15.97 0.32 0.00 -0.50
3.0#'"'<4.0 -6.15] -0.06 0.00 2.15 -0.01 0.00 7.24 0.20 0.00 -0.10
4.0#""<6.0 2.16 0.18 0.00 -3.45 -0.16 0.00 -1.51 -0.06 0.00 -0.30
6.0#"'<8.0 1.59| 0.01 0.00 -2.93 -0.03 0.00 -1.15 -0.01 0.00 -0.40
8.0#''<10 -3.63] -0.15 0.00 1.17| 0.10 0.00 0.00 0.03 0.00 -0.40
10#"" <15 5.44 -2.06 0.01 -8.34 193 -0.01 0.32 0.12 0.00 -0.18
15#"" <40 6.18 0.05 0.00 -13.26 -0.10 0.00 -0.34 0.00 0.00 -1.60
40#""' <85 8.77) 0.86 -0.02 -13.92 -1.23 0.03 -0.02 0.00 0.00 -0.30

Regression Coefficients for Spectral Class 211 - F=150
X, X, X3 X4 Xs X6 X, Xsg X

''<0.4 -17.37 -0.19 0.00 2.25 -0.01 0.00 1653.77 28.24 -0.14) -0.20
0.4#""'<0.7 -27.08 0.61 0.00 5.39 -0.28 0.00 1574.63 -27.27 0.10 -0.30
0.7#"'<1.0 59.76 1.36 -0.01 -51.08 -1.13 0.01 -56.00 -7.26 0.05 -0.10
10#"'<3.0 18.84) 0.20 0.00 -15.02 -0.21 0.00 -23.46 0.21 0.00 -0.20
3.0#'"'<4.0 -4.54] -0.07 0.00 1.60| 0.00 0.00 3.70 0.25 0.00 -0.10
4.0#''<6.0 -0.34 0.36 0.00 -1.43 -0.32 0.00 -0.88 -0.06 0.00 -0.20
604" <80 23.80 008 000 -23.93 -0.09 0.00 -2.32 0.00 0.00 -010
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8.0#''<10 -3.72 -0.02 0.00 1.10 0.00 0.00 0.47 0.00 0.00 -0.60
10#'" <15 7.93 -1.98 0.01 -10.15 1.87 -0.01 -0.05 0.11 0.00 -0.18
15#""<40 2.62) 0.01 0.00 -9.93] -0.06 0.00 -0.19 0.00 0.00 -2.40
40#""' <85 12841 164 -0.02 -29.75 -2.59 003 -0.09 -0.01 0.00 -0.40
Regression Coefficients for Spectral Class 212 - F=150
X X X3 Xy X X6 X Xy Xo
‘<04 18.80 -0.60 0.00 -5.92] 0.08 0.00 43.01 44.46 -0.15| -0.40
0.4#""'<0.7 88.87 -1.38 0.01 -46.57, 0.57 0.00 -1647.06 38.45 -0.16 -0.20
0.7#''<1.0 85.02 4.56 -0.03 -63.60 -3.54 0.02 -88.69 -31.91 0.20 -0.10
1.0#''<3.0 -57.67 173 -0.01 37.85 -1.21 0.00 136.50 -3.00 0.01 -0.20
3.0#'"'<4.0 -9.04 0.07 0.00 11.39 -0.17 0.00 -29.51 0.79 0.00 -0.20
4.0#''<6.0 57.86 -1.13 0.00 -31.43 0.61 0.00 -51.30 0.99 0.00 -0.50
6.0#"''<8.0 30.73 -0.50 0.00 -23.39 0.37 0.00 -8.89 0.16 0.00 -0.40
8.0#''<10 -101.66! -0.35 0.01 94.42 0.35 -0.01 7.03 0.00 0.00 -0.10
10#"'<15 -12.81 0.04 0.00 12.60 -0.03 0.00 -0.04 -0.01 0.00 -0.17
15#""<40 1.80) -0.21 0.00 -3.05] 0.20 0.00 -0.03 0.01 0.00 -0.20
40#""' <85 -12.28 Q15 0.00 15.60 017 0.00 0.06 0.00 0.00 -0.30
Regression Coefficients for Spectral Class 213 - F=150
X, X, X X4 Xs X6 X, Xg X
''<0.4 0.82 -0.48 0.00 -6.09 0.14 0.00 825.71 44.27 -0.18 -0.20
0.4#''<0.7 -18.30| 0.48 0.00 2.64 -0.23 0.00 1184.12 -18.18 0.07 -0.30
0.7#''<1.0 63.70 0.40 0.00 -53.56 -0.39 0.00 -56.26 -0.59 0.01] -0.10
1.0#'"'<3.0 32.93 -0.01 0.00 -23.32 -0.06 0.00 -30.01 0.25 0.00 -0.20
3.0#""<4.0 -3.18 -0.14 0.00 2.92 0.04 0.00 -0.11 0.34 0.00 -0.20
4.0#'"'<6.0 -3.59 0.17 0.00 2.67, -0.13 0.00 -2.00 -0.03 0.00 -0.50
6.0#''<8.0 -9.83 0.18 0.00 6.83 -0.14 0.00 1.61 -0.03 0.00 -0.40
8.0#"'<10 -1.62 -0.27 0.00 0.21 0.24 0.00 0.08 0.04 0.00 -0.26
10#'"<15 2.06) 0.45 0.00 -3.18] -0.42 0.00 -0.16 -0.03 0.00 -0.18
15#""<40 -3.59 -0.10 0.00 3.47 0.14 0.00 0.11 0.01 0.00 -1.40
40#"' <85 -6.18 2.10 -0.01 5.68 -2.67 0.01 0.05 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 214 - F=150
X, X, X, X X5 X6 X, X, X
''<0.4 8.13 -0.31 0.00 -8.13 0.09 0.00 1017.93 20.28 -0.03 -0.30
0.4#''<0.7 26.58 -0.49 0.00 -10.22 0.11 0.00 -718.60 23.21 -0.10 -0.40
0.7#''<1.0 28.26 -0.19 0.00 -15.59 0.07 0.00 -34.07 0.98 0.00 -0.30
1.0#'"'<3.0 41.27 -0.09 0.00 -27.84 0.02 0.00 -31.96 0.24 0.00 -0.20
3.0#""<4.0 -0.06 0.00 0.00 2.18 -0.04 0.00 2.41 0.10 0.00 -0.20
4.0#'"'<6.0 19.10) -0.03 0.00 -10.01 -0.01 0.00 -18.50 0.09 0.00 -0.30
6.0#''<8.0 -34.27| 0.23 0.00 27.02 -0.18 0.00 5.19 -0.03 0.00 -0.40
8.0#''<10 -85.21 0.69 0.00 71.61 -0.58 0.00 12,91 -0.11 0.00 -0.24
10#"'<15 1.21] 2.05 -0.01 -2.24] -1.95 0.01 0.49 -0.11 0.00 -0.18
15#""<40 -1.29 -0.01 0.00 8.68 0.03 0.00 0.02 0.00 0.00 -4.80
40#"' <85 -1.30 0.10 0.00 162.98! -57.46 0.78 0.02 0.00 0.00 -4.80
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Regression Coefficients for Spectral Class 215 - F=150
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 -3.83 -0.07 0.00 0.00 0.00 0.00 558.17 -30.48 0.22) -1.80
0.4#"'<0.7 -17.83] 0.03 0.00 5.20 -0.05 0.00 716.17 -6.24 0.02 -0.30
0.7#''<1.0 -13.94) -0.20 0.00 8.20 0.05 0.00 102.34 4.80 -0.03 -0.10
1.0#"'<3.0 6.61 0.26 0.00 -5.78 -0.22 0.00 0.33 -0.02 0.00 -0.20
3.0#'"'<4.0 -1.11 -0.03 0.00 -0.03 -0.01 0.00 4.67 0.18 0.00 -0.10
4.0#''<6.0 5.88 0.05 0.00 -3.98 -0.05 0.00 -3.33 0.01 0.00 -0.40
6.0#''<8.0 1.51] 0.08 0.00 -1.17| -0.06 0.00 -0.76 -0.01 0.00 -0.40
8.0#"'<10 -0.40 -0.01 0.00 0.33 0.01 0.00 -0.31 0.01 0.00 -0.17
10#"" <15 6.43 -0.18 0.00 -6.11] 0.18 0.00 -0.72 0.01 0.00 -0.17
15#""<40 -2.12] -0.01 0.00 3.25 0.05 0.00 0.13 0.00 0.00 -3.10
40" <85 -10.21/ 0.56 0.00 14.54 -0.78 0.00 0.04 0.00 0.00 -0.30
Regression Coefficients for Spectral Class 216 - F=150
X, X X Xy X X6 X Xg Xy
<04 24.21 -0.48 0.00 -18.20 0.16 0.00 751.13 26.18 -0.09 -0.20
0.4#"'<0.7 57.82 -0.70 0.00 -34.60 0.28 0.00 -681.93 17.90 -0.07 -0.20
0.7#''<1.0 33.19| -0.35 0.00 -16.68 0.09 0.00 -124.89 2.75 -0.01) -0.30
1.0#'"'<3.0 32.01 0.01 0.00 -20.76 -0.10 0.00 -46.16 0.56 0.00 -0.20
3.0#""<4.0 -3.96 -0.12 0.00 4.35 0.02 0.00 -1.87 0.37 0.00 -0.20
4.0#""'<6.0 -0.75] 0.16 0.00 1.45 -0.14 0.00 -2.34 -0.04 0.00 -0.40
6.0#'"'<8.0 -3.34/ 0.02 0.00 3.43 -0.04 0.00 -0.77 0.02 0.00 -0.20
8.0#"'<10 -19.41 -0.13 0.00 16.82 0.10 0.00 2.23 0.03 0.00 -0.24
10#"'<15 -5.26] 0.17 0.00 4.67 -0.17 0.00 0.25 0.00 0.00 -0.20
15#"'<40 -0.83 0.06 0.00 0.43 -0.06 0.00 0.00 0.00 0.00 -0.20
A0H"" <85 -19.35 007 000 2378 -0.06 0.00 006 0.00 0.00 -020
Regression Coefficients for Spectral Class 217 - F=150
Xy X, X3 X4 Xs X6 X, Xg X
''<0.4 9.12 0.07 0.00 -15.37, -0.05 0.00 1799.18 -13.57 0.04 -0.20
0.4#''<0.7 28.92 -0.10 0.00 -24.23 0.02 0.00 -6.19 3.19 -0.02 -0.20
0.7#''<1.0 7.60 -0.04 0.00 -7.08 0.00 0.00 99.75 -0.83 0.00 -0.40
10#""'<3.0 36.89 -0.12 0.00 -28.88 0.04 0.00 -24.67 0.30 0.00 -0.20
3.0#'"'<4.0 -0.82] 0.00 0.00 -1.47 -0.03 0.00 9.18 0.07 0.00 -0.30
4.0#"'<6.0 12.81] 0.23 0.00 -11.37, -0.21 0.00 -2.78 -0.04 0.00 -0.20
6.0#"'<8.0 2.80 0.05 0.00 -2.88 -0.06 0.00 -0.63 0.00 0.00 -0.30
8.0#"''<10 -2.86] -0.07 0.00 1.73] 0.05 0.00 0.57 0.02 0.00 -0.20
10#"'<15 4.58] 0.16 0.00 -5.29 -0.17 0.00 0.15 0.00 0.00 -0.17
15#"" <40 12.67] 0.11 0.00 -13.37 -0.11 0.00 -0.20 0.00 0.00 -0.20
A0#""' <85 2.60) 1.06 -0.01 -5.38| -1.71 0.02 -0.01 -0.01 0.00 -0.40
Regression Coefficients for Spectral Class 218 - F=150
Xy X X Xy X X6 X X Xg
‘<04 -7.57 -0.33 0.00 -1.64 0.03 0.00 1182.89 35.68 -0.17 -0.30
0.4#"'<0.7 -88.23 1.90 -0.01 27.43 -0.75 0.00 3812.74 -76.11 0.30) -0.30
0.7#''<1.0 48.64 -2.66 0.02 -42.51 1.83 -0.01 -310.04 27.05 -0.15 -0.10
10#" <30 4201 025 000 -6.18 017 0.00 697 =032 0.00 -030
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3.0#""'<4.0 -2.52 -0.01 0.00 -2.09 -0.02 0.00 10.24 0.11 0.00 -0.10
4.0#''<6.0 3.06 0.05 0.00 -3.70 -0.04 0.00 -2.42 -0.01 0.00 -0.50
6.0#"''<8.0 4.07 0.08 0.00 -5.28] -0.07 0.00 -1.39 -0.02 0.00 -0.30
8.0#"'<10 -1.37 0.04 0.00 -0.71 -0.03 0.00 -0.44 -0.02 0.00 -0.60
10#"'<15 -5.55 -0.08 0.00 3.03 0.08 0.00 0.00 0.00 0.00 -0.17
15#""<40 -3.77] -0.03 0.00 1.69| 0.05 0.00 0.19 0.00 0.00 -2.50
40#""' <85 Q.79 007 0.00 -293.12! -21.44 021 -0.01 0.00 0.00 -4.40
Regression Coefficients for Spectral Class 219 - F=150
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 -9.76] -0.05 0.00 -3.84] -0.05 0.00 2301.70 7.92 -0.09 -0.20
0.4#"<0.7 -144.79 4.42 -0.02 91.52 -3.22 0.01 3020.36 -63.63 0.25 -0.10
0.7#''<1.0 60.00 -0.89 0.01 -53.18 0.57 0.00 -153.38 10.82 -0.06 -0.10
1.0#''<3.0 9.20 0.01 0.00 -7.03] -0.03 0.00 -6.72 0.05 0.00 -0.40
3.0#"'<4.0 -1.27 -0.01 0.00 -2.01 -0.04 0.00 8.32 0.13 0.00 -0.10
4.0#''<6.0 4.32 0.07 0.00 -4.11 -0.07 0.00 -3.35 -0.01 0.00 -0.40
6.0#"''<8.0 -1.71] 0.09 0.00 -0.18] -0.08 0.00 0.00 -0.02 0.00 -0.40
8.0#"'<10 -3.93 0.02 0.00 1.59 -0.02 0.00 0.54 -0.01 0.00 -0.25
10#"'<15 -16.77, 0.45 0.00 14.00 -0.44 0.00 1.02 -0.02 0.00 -0.17
15#""<40 -0.54] 0.00 0.00 -2.80| -0.02 0.00 0.00 0.00 0.00 -2.80
404" <85 -0.27 0.82 -0.01 -0.73 -1.31 0.01 0.01 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 220 - F=150
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 -3.96! -0.30 0.00 -4.45| 0.03 0.00 1076.67 36.59 -0.20, -0.20
0.4#''<0.7 -75.51] 1.67 -0.01 22.63 -0.66 0.00 3290.45 -65.09 0.26 -0.30
0.7#''<1.0 51.48 -2.08 0.01 -45.29 1.42 -0.01 -258.45 21.86 -0.12 -0.10
1.0#'"'<3.0 6.71] 0.21 0.00 -7.45| -0.14 0.00 4.41 -0.25 0.00 -0.30
3.0#"'<4.0 0.64] 0.01 0.00 -4.57 -0.04 0.00 10.19 0.09 0.00 -0.10
4.0#""'<6.0 8.20 0.09 0.00 -8.02 -0.07 0.00 -2.35 -0.02 0.00 -0.30
6.0#'"'<8.0 5.81/ 0.04 0.00 -6.27| -0.04 0.00 -1.37 -0.01 0.00 -0.30
8.0#"'<10 -1.02 0.06 0.00 -0.83 -0.05 0.00 0.18 -0.01 0.00 -0.26
10#"'<15 -5.21] 0.31 0.00 3.12 -0.29 0.00 0.46 -0.02 0.00 -0.17
15#""<40 -1.88] -0.12 0.00 0.57 0.11 0.00 0.03 0.00 0.00) -0.20
40" <85 3.41 0.85 -0.01 -7.35 -1.37 0.01 0.00 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 221 - F=150
X, X X Xy X X6 X X X
<04 -12.35] -0.22 0.00 -0.83 0.01 0.00 1861.23 6.98 0.01 -0.50
0.4#''<0.7 -275.86) 6.83 -0.03 183.96| -4.92 0.02 4955.80 -103.98 0.41 -0.10
0.7#''<1.0 46.13 -2.21 0.01 -42.73 153 -0.01] -250.19 23.13 -0.13 -0.10
1.0#""'<3.0 -1.89 0.08 0.00 -2.12 -0.03 0.00 15.14 -0.24 0.00 -0.60
3.0#""'<4.0 -1.62 0.04 0.00 -3.91 -0.05 0.00 12.60 0.04 0.00 -0.10
4.0#"'<6.0 9.69! 0.06 0.00 -9.88| -0.05 0.00 -3.53 -0.01 0.00 -0.30
6.0#"'<8.0 3.96 0.02 0.00 -5.17 -0.02 0.00 -1.97 -0.01 0.00 -0.40
8.0#"'<10 -0.20 -0.01 0.00 -2.29 0.00 0.00 -0.56 0.00 0.00 -0.20
10#"'<15 4.04 -1.39 0.01 -7.12] 1.33 -0.01] -0.07 0.07 0.00 -0.18
15#"" <40 4.92 0.11 0.00 -8.82 -0.14 0.00 0.11 0.00 0.00 -0.30
A0#"'" <88 2279 222 -0.02 36.90 -2.80 0.02 005 -0.01 0.00 -020
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Regression Coefficients for Spectral Class 222 - F=150

X, X X; X, X X6 X Xz Xs Y

1'<04 21.66 -0.01 0.00 -17.98 -0.03 0.00 1667.24 -20.39 0.08| -0.20
0.4#"<0.7 65.48 -0.81 0.00 -38.86 035 0.00 -804.61 20.27 -0.08 -0.20
0.7#"'<1.0 34.91 -0.37 0.00 -17.50 0.11 0.00) -149.15 3.46 -0.01 -0.30
1.0#''<3.0 32.56 0.03 0.00 -21.24 -0.10 0.00 -39.98 0.44 0.00) -0.20
3.0#'"'<4.0 5.82 -0.04 0.00 -2.20 -0.03 0.00 -8.45 027 0.00 -0.30
4.0#''<6.0 -1.35 0.20 0.00 2.27 -0.15 0.00 -2.16 -0.05 0.00 -0.40
6.0#"'<8.0 -6.73 0.08 0.00 6.64 -0.08 0.00 0.06 0.00 0.00| -0.20
8.0#''<10 -15.83 -0.08 0.00 14.34 0.06 0.00 151 0.02 0.00 -0.24
10#''<15 -7.85) 0.38 0.00 7.55 -0.37 0.00 0.34 -0.02 0.00) -0.20
15#""<40 -0.21 0.01 0.00 0.07 -0.01 0.00 0.00 0.00 0.00| -4.80
A0H" <88 -1.00 002 000 40495 539 005 001 000 000 480

Regression Coefficients for Spectral Class 223 - F=150

X X, X X4 Xs X6 X; X X, Y

"'<0.4 12.86) -0.13 0.00 -14.53 0.02 0.00 1691.62 -0.24 -0.01 -0.20
0.4#"<0.7 47.44 -0.46 0.00 -30.91 0.18 0.00 -378.93 11.01 -0.05 -0.20
0.7#''<1.0 27.46) -0.24 0.00 -15.42 0.06 0.00! -60.36 1.49 0.00| -0.30
10#""<3.0 34.05 -0.03 0.00 -23.72 -0.05 0.00 -35.50 0.42 0.00 -0.20
3.0#"'<4.0 -0.49 -0.19 0.00 0.80 0.08 0.00 1.28 0.35 0.00 -0.20
4.0#'"'<6.0 1.36] 0.10 0.00 -0.16 -0.09 0.00, -2.75 -0.02 0.00] -0.50
6.0#''<8.0 -4.57 0.05 0.00 4.64 -0.07 0.00 -0.43 0.02 0.00 -0.10
8.0#'"'<10 -25.98 -0.18 0.00 24.59 0.15 0.00 115 0.02 0.00 -0.10
10#'"<15 -6.23 0.29 0.00 5.69 -0.29 0.00 0.32 -0.01 0.00 -0.20
15#"'<40 0.97 0.05 0.00 -1.50 -0.05 0.00 -0.03 0.00 0.00 -0.50
401" <85 -6.69] 0.34 -0.01 10.21 -0.53 0.01 0.03 0.00 0.00 -0.40

Regression Coefficients for Spectral Class 224 - F=150

X, X, Xa X, Xs X6 X, X Xe Y
''<0.4 -4.36 -0.30 0.00 -2.23 0.03 0.00 1025.70 3755 -0.15 -0.40
0.4#'"<0.7 -7.92 031 0.00 -1.62) -0.16 0.00 874.88 -13.21 0.05 -0.30
0.7#"'<1.0 2350 0.22 0.00 -18.22) -0.19 0.00 79.87 -2.99 0.01 -0.20
1.0#''<3.0 31.34 -0.01 0.00 -22.43 -0.07 0.00 -35.50 0.42 0.00 -0.20
3.0#''<4.0 358 -0.04 0.00 -1.62) -0.02 0.00 -7.47 0.20 0.00 -0.60
4.0#'"<6.0 0.54 0.10 0.00 -0.40) -0.08 0.00 -2.07 -0.02 0.00 -0.50
6.0''<8.0 -1.51] 0.08 0.00 0.59 -0.07 0.00 0.17 -0.02 0.00 -0.40
8.0#'"<10 -16.19) -0.16 0.00 14.81) 0.14 0.00 0.46 0.02 0.00 -0.10
10#''<15 4,69 -0.28 0.00 -5.45) 0.25 0.00 -0.19 0.02 0.00 -0.20
15#""<40 0.51 0.07 0.00 -1.53 -0.09 0.00 0.00 0.00 0.00 -0.40
40#"" <85 -22.62 0.32 0.00 27.93 -0.40 0.01 0.07 0.00 0.00 -0.20

Regression Coefficients for Spectral Class 225 - F=150

Xy X X Xy X X6 X X Xy Y
<04 24.49 -0.47 0.00 -10.74 0.09 0.00| -299.45 36.68 -0.12 -0.30
0.4#''<0.7 93.78] -141 0.01 -49.93 0.61 0.00, -1713.18 39.90 -0.16] -0.20
0.7#"<1.0 90.71 3.73 -0.02 -68.98 -2.89 0.02, -54.55 -27.13 0.17 -0.10
10#"<30 20941 Q10 .00 -14.55 =019 02.00 =239 097 0.00! =020
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3.0#""'<4.0 -1.94 -0.08 0.00 2.85) 0.01 0.00 -0.90 0.23 0.00 -0.20
4.0#'"<6.0 39.14 -0.36 0.00 -28.75 0.24 0.00) -20.02 0.24 0.00| -0.20
6.0#"''<8.0 -34.98 0.29 0.00 29.35 -0.25 0.00 6.96 -0.06 0.00 -0.20
8.0#"'<10 -7.97 -0.19 0.00 7.06] 0.13 0.00) 0.66 0.06 0.00 -0.40
10#"" <15 4.36) -0.08 0.00 -4.01 0.07 0.00 -0.57 0.01 0.00| -0.30
15#""<40 -0.23 0.01 0.00 -1.52] -0.02 0.00 -0.02 0.00 0.00 -4.80
408" <85 -1410 044 -0.01 1692 -0.54 001 005 0.00 0.00 =020
Regression Coefficients for Spectral Class 226 - F=150
X, X, Xs Xa Xs X6 X; Xs X

''<0.4 -5.47] -0.33 0.00 -2.22] 0.09 0.00 168.75 16.54 0.01 -0.20
0.4#''<0.7 -31.61 043 0.00 5.40 -0.14 0.00 1621.20 -24.17 0.09) -0.40
0.7#'"'<1.0 -9.74 0.53 0.00 0.36] -0.37 0.00) 242.45 -3.34 0.01] -0.20
1.0#''<3.0 21.73 0.12 0.00 -17.85 -0.13 0.00 -12.39 0.05 0.00 -0.20
3.0#"'<4.0 1.48] 0.00 0.00 -3.54 -0.05 0.00) 4.46 0.17 0.00 -0.10
4.0#'"'<6.0 4.45 0.30 0.00 -4.89 -0.27 0.00 -1.63 -0.05 0.00| -0.20
6.0#"''<8.0 0.37 0.05 0.00 -1.33] -0.04 0.00 -0.57 -0.02 0.00 -0.50
8.0#"'<10 -8.02 0.24 0.00 5.54 -0.21 0.00) 0.96 -0.04 0.00 -0.30
10#'" <15 -21.43 0.66 0.00 19.05 -0.64 0.00 0.92 -0.03 0.00| -0.17
15#""<40 6.60| 0.18 0.00 -9.15] -0.21 0.00 0.07 0.00 0.00 -0.20
40#"'" <85 -22.72 0.98 0.00 34.04 -1.34 0.00 0.06 0.00 0.00) -0.30

Regression Coefficients for Spectral Class 227 - F=150
X, X, Xs Xa Xs X6 X; Xs X

''<0.4 -3.82] -0.04 0.00 -9.65] -0.01 0.00 2322.14 -3.21 -0.01) -0.20
0.4#''<0.7 -56.17 131 -0.01 12.61 -0.49 0.00) 2801.58 -55.86 0.22 -0.30
0.7#''<1.0 -10.64 0.20 0.00 -1.25 -0.06 0.00 217.43 -2.50 0.01] -0.50
1.0#'"'<3.0 12.05| 0.07 0.00 -12.25 -0.05 0.00 171 -0.14 0.00 -0.30
3.0#"'<4.0 2.50) -0.24 0.00 -7.04 0.17 0.00 11.93 0.18 0.00 -0.20
4.0#'"'<6.0 19.05 0.13 0.00 -18.88 -0.11 0.00 -2.44 -0.05 0.00| -0.20
6.0#'"'<8.0 4.54 -0.02 0.00 -5.68| 0.01 0.00 -0.91 0.00 0.00 -0.40
8.0#'"<10 -5.06 -0.03 0.00 1.98 0.02 0.00 121 0.00 0.00| -0.10
10#"'<15 5.66| -0.27 0.00 -8.03 0.24 0.00) 0.49 0.02 0.00 -0.20
15#""<40 15.07 0.06 0.00 -17.56 -0.07 0.00 -0.36 0.00 0.00) -0.40
40#"'" <85 12.79 1.38 -0.02 -22.05 -2.20 0.03) -0.05 -0.01 0.00! -0.40
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Regression Coefficients for Spectral Class 301 - F=150

X, X X; X, X X6 X Xz Xs Y

1'<04 0.62 -0.18 0.00 -10.13 0.05 0.00 2390.16 3.18 -0.03 -0.20
0.4#"<0.7 -10.97 0.09 0.00 -0.78 -0.02 0.00 917.73 -12.31 0.05 -0.60
0.7#"'<1.0 20.68 0.30 0.00 -18.52 -0.21 0.00) 125.37 -4.22 0.02| -0.20
1.0#''<3.0 33.93 -0.07 0.00 -25.89 -0.01 0.00 -29.29 0.34 0.00) -0.20
3.0#'"'<4.0 153 -0.03 0.00 -3.22 -0.03 0.00 471 0.19 0.00 -0.10
4.0#''<6.0 4.59 0.15 0.00 -4.11 -0.14 0.00 -2.71 -0.02 0.00 -0.30
6.0#"'<8.0 -0.95 0.03 0.00 -0.12 -0.04 0.00 -0.15 -0.01 0.00| -0.60
8.0#''<10 -21.24 -0.15 0.00 18.87 0.12 0.00 118 0.02 0.00 -0.10
10#''<15 -2.02) -0.02 0.00 0.24 0.00 0.00) 0.57 0.01 0.00 -0.30
15#""<40 011 0.01 0.00 -2.78 -0.06 0.00 -0.02 0.00 0.00| -3.70
A0H" <88 -1.66 005 000 80179l -20.38 031 003 000 000 480

Regression Coefficients for Spectral Class 302 - F=150

X X, X X4 Xs X6 X; X X, Y

"'<0.4 36.69 -0.55 0.00 -24.25 0.22 0.00 -231.11 33.84 -0.09 -0.20
0.4#"<0.7 36.50 -0.68 0.00 -12.27 0.15 0.00 -1197.04 32.54 -0.13 -0.40
0.7#''<1.0 133.34 -0.07 0.00 -115.93| 0.00 0.00! 46.25 -2.81 0.02] -0.07
10#""<3.0 26.56 -0.11 0.00 -13.82 0.00 0.00 -44.88 0.58 0.00 -0.30
3.0#"'<4.0 -1.82 -0.02 0.00 3.65 -0.04 0.00 -1.76 0.22 0.00 -0.20
4.0#'"'<6.0 10.29 -0.01 0.00 -4.54 -0.04 0.00, -12.67 0.10 0.00] -0.30
6.0#''<8.0 -29.28 0.30 0.00 21.88 -0.23 0.00 7.93 -0.09 0.00 -0.40
8.0#'"'<10 -21.41 -0.09 0.00 17.91] 0.08 0.00 351 0.01 0.00 -0.24
10#'"<15 2.24 0.09 0.00 -1.79 -0.10 0.00 -0.37 0.00 0.00 -0.20
15#"'<40 -0.93 0.05 0.00 0.77 -0.05 0.00 0.01 0.00 0.00 -0.60
401" <85 -6.11 0.12 0.00 10.13 -0.19 0.01 0.04 0.00 0.00 -0.50

Regression Coefficients for Spectral Class 303 - F=150

X, X, Xa X, Xs X6 X, X Xe Y
''<0.4 2242 -0.24 0.00 -19.10] 0.08 0.00 694.88 13.76 -0.03 -0.20
0.4#'"<0.7 33.06 -0.63 0.00 -12.15] 0.14 0.00 -1170.26 3241 -0.14 -0.40
0.7#"'<1.0 58.03 1.96 -0.01 -56.13] -1.62 0.01 390.77 -12.81 0.05 -0.07
1.0#''<3.0 26.97 -0.14 0.00 -15.44) 0.03 0.00 -37.13 0.55 0.00 -0.30
3.0#''<4.0 -1.87 -0.05 0.00 2.40 -0.02 0.00 2.88 0.25 0.00 -0.20
4.0#'"<6.0 1.86 017 0.00 0.05 -0.13 0.00 -2.79 -0.04 0.00 -0.40
6.0''<8.0 -9.03 0.05 0.00 9.56 -0.06 0.00 -0.38 0.02 0.00 -0.10
8.0#'"<10 -23.31] -0.16 0.00 2274 0.15 0.00 0.88 0.02 0.00 -0.10
10#''<15 14.89 057 0.00 -13.55] 055 0.00 -1.08 0.03 0.00 -0.17
15#""<40 -2.28 -0.01 0.00 2.19 0.02 0.00 0.06 0.00 0.00 -0.30
40#"" <85 -1.36 -0.02 0.00 848,57 25.33 -0.15 0.02 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 304 - F=150

X, X X Xy X X6 X X X Y

1'<04 7.37 -0.52 0.00 -10.56 0.19 0.00 794.98 20.07 -0.03 -0.20
0.4#"'<0.7 -38.51 0.79 0.00 9.05 -0.33 0.00 1993.66 -34.45 0.13 -0.30
0.7#''<1.0 55.91 -0.20 0.00 -49.01 0.05 0.00 -83.56 4.49 -0.02 -0.10
10#''<3.0 25.67, 0.08 0.00 -20.25 -0.11 0.00 -20.72 0.17 0.00 -0.20
3.0#'"<4.0 -1.04] -0.03 0.00 -1.27 -0.02 0.00, 5.29 0.19 0.00! -0.10
4.0#''<6.0 5.12 0.14 0.00 -4.78 -0.12 0.00 -2.58 -0.02 0.00 -0.30
6.0#""<8.0 1.10| 0.05 0.00 -1.81 -0.05 0.00 -0.97 -0.01 0.00 -0.40
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8.0#"'<10 -3.87 -0.07 0.00 222 0.05 0.00 0.18 0.01 0.00 -0.24
10#'" <15 -14.97| 0.39 0.00 12.75 -0.38 0.00 0.79 -0.02 0.00 -0.17
15#""<40 -1.25 -0.01 0.00 -1.68] -0.03 0.00 0.08 0.00 0.00 -4.80
40#""' <85 -25.04) 0.88 -0.01 3167 =110 001 0.06 0.00 0.00 -020
Regression Coefficients for Spectral Class 305 - F=150
X, X, X X4 Xs X6 X, Xg X

''<0.4 -15.86 -0.02 0.00 0.00 0.00 0.00 1724.03 -19.68 0.12) -2.40
0.4#''<0.7 4.87 -0.33 0.00 -6.90 0.10 0.00 82.12 10.88 -0.05 -0.30
0.7#''<1.0 -11.24] -0.05 0.00 0.00 0.00 0.00 402.10 -0.89 0.00 -4.80
10#""'<3.0 22.13 -0.13 0.00 -14.64 0.03 0.00 -23.49 0.40 0.00 -0.30
3.0#""<4.0 -5.13 -0.11 0.00 2.54 0.04 0.00 9.72 0.23 0.00 -0.20
4.0#"'<6.0 7.38 0.29 0.00 -6.31 -0.26 0.00 -1.94 -0.05 0.00 -0.20
6.0#""'<8.0 134 0.08 0.00 -1.32 -0.08 0.00 -0.31 -0.01 0.00 -0.30
8.0#"'<10 -5.91 -0.06 0.00 5.15 0.04 0.00 0.57 0.01 0.00 -0.10
10#'"<15 -0.43 0.19 0.00 0.19 -0.20 0.00 0.08 0.00 0.00 -0.20
15#"" <40 1.22 0.08 0.00 -1.56 -0.09 0.00 -0.01 0.00 0.00 -0.40
404" <85 -14.65! 0.58 -0.01 21.46 -0.79 0.01 0.05 0.00 0.00 -0.30

Regression Coefficients for Spectral Class 306 - F=150
X, X, X X4 Xs X6 X, Xg X

''<0.4 -12.61] -0.07 0.00 0.00 0.00 0.00 2633.69 -29.18 0.16 -4.80
0.4#''<0.7 10.85| -0.19 0.00 -10.42 0.04 0.00 366.50 2.58 -0.02 -0.20
0.7#''<1.0 17.65) -0.13 0.00 -10.30 0.01 0.00 32.94 0.58 0.00 -0.30
10#""'<3.0 15.63) -0.08 0.00 -7.12 -0.02 0.00 -34.14 0.52 0.00 -0.40
3.0#""<4.0 -3.52 -0.06 0.00 3.76 -0.02 0.00 -2.72 0.34 0.00 -0.20
4.0#'"'<6.0 -6.41] 0.40 0.00 5.85 -0.35 0.00 -0.43 -0.05 0.00 -0.20
6.0#"'<8.0 0.02 0.04 0.00 0.24 -0.04 0.00 -1.07 0.01 0.00 -0.40
8.0#"'<10 -29.44] 0.07 0.00 28.08 -0.07 0.00 0.78 0.00 0.00 -0.07
10#'"<15 -6.21] 0.04 0.00 5.37, -0.04 0.00 0.27 0.00 0.00 -0.30
154" <40 0.99 -0.22 0.00 -1.92 0.23 0.00 -0.02 0.00 0.00 -0.20
40#"' <85 -15.74] 0.76 0.00 18.60 -0.97 0.00 0.06 0.00 0.00 -0.20

Regression Coefficients for Spectral Class 307 - F=150
Xy X, X X4 Xs X6 X, X X,

''<0.4 -11.82] -0.09 0.00 -2.49 -0.01 0.00 3409.14] -9.70 -0.01 -0.30
0.4#''<0.7 -34.41] 0.91 0.00 6.88 -0.37 0.00 2123.15] -42.02 0.17 -0.30
0.7#''<1.0 74.84 0.34 0.00 -63.28 -0.35 0.00 -152.18] 0.38 0.00 -0.10]
1.0#""'<3.0 9.37 0.01 0.00 -6.24 -0.05 0.00 -15.05 0.21 0.00 -0.40
3.0#""<4.0 -4.04 -0.06 0.00 1.25 -0.01 0.00 5.92 0.21 0.00 -0.10
4.0#'"'<6.0 -0.69] 0.12 0.00 -0.58, -0.09 0.00 -0.68| -0.05 0.00 -0.50]
6.0#"'<8.0 2.16 0.06 0.00 -3.03 -0.06 0.00 -0.88 -0.01 0.00 -0.30
8.0#"'<10 -6.06 -0.09 0.00 4.10] 0.08 0.00 0.35 0.01 0.00 -0.10
10#"'<15 -16.69 0.55 0.00 14.33| -0.54 0.00 0.81 -0.03 0.00 -0.17|
154" <40 -6.49 0.04 0.00 5.25 -0.05 0.00 0.13 0.00 0.00 -0.20
40#"' <85 -2.61 0.75 -0.01 3.39 -1.19 0.01 0.02 0.00 0.00 -0.40
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Regression Coefficients for Spectral Class 101 - F=20000
X, X X Xy X X6 X Xg Xg Y

<04 3.14] -0.02 0.00 0.06 0.01 0.00 -43.55 0.79 0.00 -0.20
0.4#"<0.7 -2.14 0.10 0.00 1.90 -0.04 0.00 200.21 -3.64 0.02] -0.30
0.7#''<1.0 2.78 -0.03 0.00 0.37 0.02 0.00 -37.93 1.36 -0.01 -0.10
1.0#''<3.0 0.00 0.12 0.00 1.89] -0.07 0.00 -12.88 0.00 0.00) -0.20
3.0#'"<4.0 2.94] 0.09 0.00 -0.71 -0.05 0.00 -8.84 -0.06 0.00| -0.20
4.0#'"'<6.0 -11.82 -0.03 0.00 9.87| 0.06 0.00) 3.91 -0.05 0.00| -0.20
6.0#""'<8.0 -14.43 0.07 0.00 11.17 -0.03 0.00 5.36 -0.07 0.00 -0.30
8.0#''<10 -7.43 -0.38 0.00 7.08] 0.35 0.00) 1.49 0.02 0.00| -0.20
10#'" <15 -22.44 -0.50 0.00 22.99 0.47 0.00 0.60 0.03 0.00 -0.17
15#"" <40 1.38] 0.00 0.00 -4.04 -0.08 0.00 -0.11 0.00 0.00 -4.80
A0 <88 -12.28 014 =001 14.94 017 001 004 0.00 0.00 -020

Regression Coefficients for Spectral Class 102 - F=20000
X,y X, X3 X4 Xs X6 X X X Y

''<0.4 3.12 -0.05 0.00 0.33 0.02 0.00 -119.58 4.79 -0.01 -0.20
0.4#"<0.7 -2.71 012 0.00 2.26 -0.05 0.00 205.87 -3.34 0.01 -0.30
0.7#''<1.0 6.19 -0.15 0.00 -1.95 0.11 0.00 -63.21 2.51 -0.01 -0.10
10#""<3.0 112 013 0.00 1.39 -0.07 0.00 -21.87 -0.03 0.00| -0.20
3.0#"'<4.0 0.31 0.00 0.00 0.93 0.02 0.00 -9.94 -0.03 0.00 -0.40
4.0#''<6.0 -17.65] -0.10 0.00 12.24 0.10 0.00, 9.94 -0.08 0.00] -0.30
6.0#''<8.0 -26.85 -0.22 0.00 19.94 0.17 0.00 10.52 0.03 0.00| -0.30
8.0#'"'<10 29.40] -0.43 0.00 -25.16| 0.34 0.00 -2.04 0.07 0.00 -0.30
10#''<15 391 -0.04 0.00 -1.24 0.01 0.00 -0.46 0.02 0.00 -0.10
15#"'<40 1.74 0.00 0.00 0.59 0.01 0.00 -0.09 0.00 0.00| -2.90
401" <85 -1.48 -0.03 0.00 1,000.85 36.35 -0.25 0.03 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 103 - F=20000

X, X, Xa X, Xs X6 X, X Xe Y

''<0.4 1.30 0.03 0.00 0.14 0.00 0.00 -20.31 123 0.00 -0.50
0.4#'"<0.7 1.32 0.02 0.00 0.48 0.00 0.00 -3.58 0.92 0.00 -0.10
0.7#"'<1.0 1.33 0.08 0.00 0.41 -0.03 0.00 -21.60 0.28 0.00 -0.20
1.0#''<3.0 -5.75 0.22 0.00 4,69 -0.11 0.00 7.44 -0.36 0.00 -0.20
3.0#''<4.0 4.63 0.09 0.00 -3.73 -0.02 0.00 5.35 -0.29 0.00 -0.10
4.0#'"<6.0 417 -0.06 0.00 -1.19 0.05 0.00 -4.42 0.03 0.00 -0.60
6.0''<8.0 -39.95 0.55 0.00 26.99) -0.35 0.00 16.77 -0.27 0.00 -0.50
8.0#''<10 -50.99 -1.43 0.01 45.91 1.28 -0.01] 6.04 0.14 0.00 -0.20
10#''<15 -28.97 -0.36 0.00 28.39 0.32 0.00 153 0.02 0.00 -0.20
15#""<40 -6.06 0.61 0.00 7.39 -0.66 0.00 0.03 -0.01 0.00 -0.20
40#"" <85 -1.27) 0.02 0.00 550.23 18.68 0.13 0.02 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 104 - F=20000
X, X X Xy X X6 X X X Y
''<0.4 3.12 -0.03 0.00 0.12] 0.01 0.00 -14.68 0.90 0.00 -0.20
0.4#'"'<0.7 -22.23 0.52 0.00 18.04 -0.37 0.00) 377.93 -7.40 0.03] -0.10
0.7#''<1.0 4.70 -0.24 0.00 -0.91] 0.17 0.00 -60.56 3.10 -0.02 -0.10
1.0#""'<3.0 -1.12 0.15 0.00 2.65] -0.09 0.00) -14.25 -0.06 0.00 -0.20
3.0#""'<4.0 -0.18 0.00 0.00 1.46 0.04 0.00 -5.50 -0.08 0.00| -0.10
4.0#'"'<6.0 -4.14] -0.09 0.00 3.09 0.10 0.00 3.87 -0.07 0.00 -0.30
6.0#""<8.0 -12.40 =001 0.00 917 002 0,00 557 -0.05 0.00 -0.40
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8.0#''<10 -25.51 0.04 0.00 22.49 -0.04 0.00 447 -0.02 0.00| -0.26
10#'"<15 -25.77 0.18 0.00 2451 -0.20 0.00 2.69 0.00 0.00 -0.40
15#"'<40 1.46 0.02 0.00 0.71 -0.14 0.00 -0.10 0.00 0.00 -4.80
408" <85 =115 003 2.00 711.24 0.99 023 .02 0.00 0.00) 2480
Regression Coefficients for Spectral Class 105 - F=20000
X,y X, X3 X4 Xs X6 X X X

''<0.4 1.50 0.02 0.00 0.34 0.00 0.00 -58.48 1.90 -0.01 -0.30
0.4#"<0.7 0.27 0.05 0.00 1.03 -0.02 0.00 31.86 0.05 0.00 -0.20
0.7#''<1.0 1.69 0.05 0.00 0.27 -0.01 0.00 -21.17 0.41 0.00 -0.30
10#""<3.0 -2.85 017 0.00 3.08 -0.09 0.00 -1.92 -0.20 0.00| -0.20
3.0#"'<4.0 59.15] 1.00 -0.01 -27.12] -0.44 0.00 -96.34 -1.68 0.01 -0.50
4.0#'"'<6.0 3.12 -0.07 0.00 -1.05 0.06 0.00 -3.02 0.03 0.00| -0.60
6.0#''<8.0 -25.66 032 0.00 17.27 -0.19 0.00 10.94 -0.16 0.00| -0.50
8.0#'"'<10 -68.65 -0.08 0.00 62.26 0.09 0.00 7.30 -0.01 0.00 -0.17
10#''<15 -17.14) -0.33 0.00 17.34 0.30 0.00 0.69 0.02 0.00 -0.20
15#"'<40 -6.24] 0.19 0.00 7.50 -0.21 0.00 0.01 0.00 0.00| -0.20
401" <85 -2.00 0.02 0.00 829.51 9.00 -0.01 0.03 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 106 - F=20000
X,y X, X3 X4 Xs X6 X X X

"'<0.4 2.37 -0.03 0.00 071 0.01 0.00 -165.18 5.25 -0.01 -0.20
0.4#"'<0.7 1.60 0.02 0.00 0.99 -0.01 0.00 -19.38 155 -0.01] -0.20
0.7#''<1.0 3.01 0.02 0.00 0.08] -0.01 0.00 -21.82 0.48 0.00| -0.50
10#""<3.0 1.09 012 0.00 1.32 -0.07 0.00 -13.97 -0.08 0.00| -0.20
3.0#"'<4.0 0.26 0.10 0.00 1.41] -0.05 0.00 -6.11 -0.16 0.00 -0.20
4.0#""'<6.0 -7.53 -0.05 0.00 6.32 0.06 0.00 111 -0.06 0.00 -0.30
6.0#''<8.0 -54.49 0.13 0.00 42.21] -0.09 0.00 15.31 -0.09 0.00| -0.30
8.0#'"'<10 5.50 -0.09 0.00 -5.41 0.06 0.00 1.07 0.02 0.00 -0.26
10#''<15 -8.43 0.79 0.00 8.52 -0.78 0.00 112 -0.03 0.00 -0.20
15#"'<40 -0.01 -0.08 0.00 2.34 0.09 0.00 -0.09 0.00 0.00| -0.20
40#"'" <85 -1.56 0.02 0.00 1121.34 7.56 0.08 0.03 0.00 0.00! -4.80

Regression Coefficients for Spectral Class 107 - F=20000
X, X, X, X, X X6 X, X, X,

"'<0.4 -0.21 0.05 0.00 0.52 -0.01 0.00 -162.77 6.26 -0.02 -0.40
0.4#"'<0.7 6.22 -0.07 0.00 -1.68 0.04 0.00 -240.15 6.18 -0.02 -0.30
0.7#''<1.0 1.43 0.08 0.00 -0.01 -0.03 0.00 -25.56 0.44 0.00 -0.20
10#''<3.0 -5.82 0.24 0.00 4.25 -0.12 0.00 22.69 -0.74 0.00| -0.20
3.0#"'<4.0 0.01 0.24 0.00 1.90, -0.16 0.00 -8.82 -0.16 0.00 -0.20
4.0#""'<6.0 -37.22, 0.66 0.00 20.97 -0.34 0.00 30.84 -0.61 0.00 -0.50
6.0#''<8.0 -26.36 -0.24 0.00 23,50 0.20 0.00 3.56 0.04 0.00| -0.20
8.0#"'<10 -25.32, -1.32 0.01 21.63 119 -0.01 4.87 0.12 0.00 -0.20
104" <15 -11.97] 0.21 0.00 11.67 -0.20 0.00 1.42 -0.01 0.00 -0.50
15#"'<40 -6.57 0.21 0.00 7.99 -0.21 0.00 0.01 0.00 0.00| -0.20
40#"'" <85 -1.56 0.04 0.00 525.97 14.80 -0.03 0.02 0.00 0.00! -4.80
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Regression Coefficients for Spectral Class 108 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 3.03 -0.02 0.00 -0.17] 0.01 0.00 -402.67 9.13 -0.03 -0.20
0.4#''<0.7 19.82] -0.38 0.00 -12.44 0.28 0.00 -346.43 8.72 -0.04 -0.10
0.7#''<1.0 4.95] -0.02 0.00 -0.97 0.01 0.00 -60.93 122 0.00 -0.40
1.0#''<3.0 1.60) 0.07 0.00 0.24 -0.02 0.00 -18.03 0.06 0.00 -0.30
3.0#""'<4.0 -0.56 0.02 0.00 0.89 0.03 0.00 -1.29 -0.13 0.00 -0.10
4.0#""'<6.0 -5.06 -0.08 0.00 3.40 0.09 0.00 4.97 -0.03 0.00 -0.30
6.0#''<8.0 -60.18 -0.05 0.00 55.12 0.07 0.00 7.84 -0.03 0.00 -0.10
8.0#"'<10 -1.35 -0.63 0.00 210 0.56 0.00 054 0.07 0.00 -0.20
10#"'<15 -15.94] 0.10 0.00 15.44 -0.09 0.00 1.80 -0.01 0.00 -0.50
15#""<40 -2.49 0.04 0.00 3.95 -0.03 0.00 -0.07 0.00 0.00 -0.20
40" <85 -14.15 -0.35 0.00 19.19 0.50 0.01 0.07 0.00 0.00 -0.30
Regression Coefficients for Spectral Class 109 - F=20000
X, X X Xy X X6 X X X
''<0.4 4.40| -0.03 0.00 0.09 0.01 0.00 -31.09 0.23 0.00 -0.20
0.4#''<0.7 -1.05 0.09 0.00 1.99 -0.04 0.00 201.70 -3.81 0.02 -0.30
0.7#''<1.0 3.37 -0.15 0.00 0.88 0.10 0.00 -28.00 1.86 -0.01) -0.10
1.0#""'<3.0 3.77 0.04 0.00 0.28 -0.02 0.00 -13.09 0.05 0.00 -0.30
3.0#""'<4.0 -2.92 -0.07 0.00 6.06 0.06 0.00 -10.37 0.12 0.00 -0.10
4.0#""'<6.0 -12.73 0.17 0.00 11.23 -0.11 0.00 0.07 -0.04 0.00 -0.30
6.0#"'<8.0 -25.90| 0.21 0.00 17.39 -0.11 0.00 10.62 -0.11 0.00 -0.50
8.0#"'<10 -7.58 -0.23 0.00 5.20 0.24 0.00 3.70 0.00 0.00 -0.30
10#"'<15 21.83 -0.15 0.00 -18.10 0.14 0.00 -2.39 0.01 0.00 -0.50
15#"" <40 -0.61 -0.02 0.00 13.91 0.01 0.00 0.14 0.00 0.00 -4.80
A0#"'" <88 -46.92 242 -0.01 6251 -3.03 0.02 008 -0.01 0.00 -020
Regression Coefficients for Spectral Class 110 - F=20000
X, X X Xy X X6 X X X
''<0.4 3.52 -0.02 0.00 0.37 0.01 0.00 -120.86 2.00 0.00 -0.20
0.4#"'<0.7 541 -0.06 0.00 -0.45 0.02 0.00 -120.48 3.28 -0.01 -0.30
0.7#"'<1.0 1.60| 0.21 0.00 1.69| -0.15 0.00 1.13 -1.03 0.01 -0.10
1.0#""'<3.0 2.49 0.05 0.00 0.65 -0.02 0.00 -5.11 -0.04 0.00 -0.30
3.0#""'<4.0 -1.34 -0.03 0.00 414 0.03 0.00 -4.08 0.01 0.00 -0.10
4.0#""'<6.0 1.75| 0.01 0.00 1.30| 0.00 0.00 -4.78 -0.01 0.00 -0.20
6.0#""'<8.0 -10.10) 0.16 0.00 9.33 -0.10 0.00 0.31 -0.07 0.00 -0.40
8.0#"'<10 -3.91 -0.02 0.00 5.05 0.04 0.00 -1.66 -0.03 0.00 -0.20
10#"'<15 -7.81] -0.25 0.00 7.16 0.24 0.00 0.13 0.00 0.00) -0.17
15#"" <40 -1.76 0.05 0.00 1.42 -0.15 0.00 0.17 0.00 0.00 -2.60
A0#"'" <88 -7.36 051 -0.01 11.54 -0.68 0.02 002 0.00 0.00 -030
Regression Coefficients for Spectral Class 111 - F=20000
Xy X, X3 X4 Xs X6 X, Xg X
''<0.4 4.10| -0.02 0.00 0.20 0.01 0.00 -24.98 -0.27 0.00 -0.20
0.4#"'<0.7 2.76 0.01 0.00 0.44 -0.01 0.00 63.40 -1.08 0.01 -0.40
0.7#"'<1.0 2.40 -0.05 0.00 1.51] 0.03 0.00 -9.34 0.76 0.00 -0.10
10#""'<3.0 3.50 0.03 0.00 0.38 -0.02 0.00 -5.10 0.01 0.00 -0.30
30#"" <40 -3.75 -0.06 000 671 005 0.00 -2.57 005 0.00 -010
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4.0#"'<6.0 -2.34 0.06 0.00 5.56 -0.05 0.00 -3.49 0.00 0.00 -0.10
6.0#"'<8.0 -3.89 0.07 0.00 5.77 -0.05 0.00 -1.62 -0.02 0.00 -0.30
8.0#"''<10 -13.27 0.08 0.00 13.90 -0.06 0.00 -0.36 -0.02 0.00 -0.26
10#'" <15 5.37 -2.58 0.01 -3.76 247 -0.01 -1.50 0.13 0.00 -0.18
15#""<40 46.26 -0.06 0.00 -50.59 0.06 0.00 -0.47 0.00 0.00 -0.20
A0#"'" <88 2247 127 -0.02 -31.18 -1.78 003 -0.10 -0.01 0.00 -0.30
Regression Coefficients for Spectral Class 112 - F=20000
X, X X Xy X X6 X X Xg
''<0.4 3.36 -0.01 0.00 0.07 0.00 0.00 -65.53 1.98 0.00 -0.40
0.4#''<0.7 -1.42] 0.10 0.00 1.26] -0.03 0.00 229.71 -4.19 0.02, -0.40
0.7#"'<1.0 5.06 -0.15 0.00 -1.08 0.11 0.00 -59.30 2.54 -0.01 -0.10
1.0#""'<3.0 -0.71 0.16 0.00 2.49 -0.09 0.00 -13.21 -0.12 0.00 -0.20
3.0#"''<4.0 1.87 0.05 0.00 0.10 -0.01 0.00 -8.04 -0.10 0.00 -0.20
4.0#''<6.0 -8.77 -0.07 0.00 6.48 0.08 0.00 5.88 -0.09 0.00 -0.30
6.0#"'<8.0 -12.84] -0.13 0.00 9.42 0.10 0.00 6.03 0.00 0.00 -0.40
8.0#"''<10 -26.88 -0.67 0.00 24.37, 0.58 0.00 4.20 0.08 0.00 -0.20
10#'" <15 -0.70 0.33 0.00 2.30 -0.34 0.00 0.04 0.00 0.00 -0.17
15#""<40 -8.29 0.14 0.00 10.88 -0.15 0.00 0.02 0.00 0.00 -0.20
408" <88 -18.72 -027 -0.01 24,191 038 0,01 005 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 113 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 2.19 0.00 0.00 0.42 0.00 0.00 -38.28 0.66 0.00 -0.20
0.4#"'<0.7 1.01 0.03 0.00 0.50 -0.01 0.00 72.40 -1.11 0.01 -0.40
0.7#''<1.0 1.17 0.05 0.00 0.98 -0.02 0.00 -8.58 0.24 0.00 -0.20
1.0#''<3.0 0.30 0.09 0.00 1.52] -0.05 0.00 -7.50 -0.03 0.00 -0.20
3.0#"'<4.0 1.18 0.01 0.00 0.84 0.01 0.00 -6.23 0.01 0.00 -0.10
4.0#''<6.0 -2.96 -0.03 0.00 3.59 0.05 0.00 -1.64 0.00 0.00 -0.20
6.0#"'<8.0 -16.82 0.18 0.00 12.68 -0.11 0.00 4.70 -0.08 0.00 -0.40
8.0#"'<10 -40.40| 0.15 0.00 34.86 -0.10 0.00 5.59 -0.04 0.00 -0.25
10#"'<15 -25.06] 0.53 0.00 23.91 -0.50 0.00 124 -0.03 0.00 -0.17
15#""<40 -5.90] -0.09 0.00 6.55 0.08 0.00 0.00 0.00 0.00 -0.20
A0#""'<85 7.71 0.88 -0.01 -14.38 -1.41 0.01 -0.02 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 114 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 2.07] 0.01 0.00 0.31 0.00 0.00 -3.42 0.43 0.00 -0.20
0.4#"''<0.7 -4.57 0.16 0.00 3.62 -0.07 0.00 202.40 -3.74 0.02 -0.20
0.7#''<1.0 4.25] -0.19 0.00 -1.07 0.15 0.00 -51.85 2.60 -0.01 -0.10
1.0#''<3.0 -1.11] 0.12 0.00 1.79] -0.05 0.00 -6.47 -0.13 0.00 -0.30
3.0#"'<4.0 1.78 0.02 0.00 -0.61 0.02 0.00 -2.47 -0.10 0.00 -0.10
4.0#""'<6.0 1.18 -0.06 0.00 -0.37, 0.06 0.00 0.71 -0.01 0.00 -0.50
6.0#'"'<8.0 -15.58 0.17 0.00 11.74 -0.10 0.00 5.92 -0.08 0.00 -0.40
8.0#"'<10 -59.81] -0.01 0.00 54.73 0.02 0.00 6.30 -0.02 0.00 -0.17
10#"'<15 0.45] -0.33 0.00 111 0.31 0.00 -0.36 0.02 0.00 -0.20
15#""<40 -10.34] 0.09 0.00 12.01 -0.10 0.00 0.09 0.00 0.00 -0.20
401" <85 -28.16! 0.09 0.00 35.83 -0.05 0.00 0.07 0.00 0.00 -0.20
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Regression Coefficients for Spectral Class 115 - F=20000
X, X, Xs Xa Xs X6 X; Xs X
''<0.4 3.35) -0.04 0.00 0.38 0.01 0.00 -44.90 1.66 0.00 -0.20
0.4#''<0.7 -2.30 0.11 0.00 2.26] -0.04 0.00) 222.18 -3.91 0.02 -0.30
0.7#''<1.0 3.76 -0.26 0.00 0.22] 0.19 0.00 -44.55 3.02 -0.02 -0.10
1.0#'"'<3.0 1.67 0.10 0.00 1.31 -0.07 0.00, -15.27 -0.02 0.00 -0.20
3.0#""'<4.0 131 0.16 0.00 134 -0.10 0.00) -11.83 -0.09 0.00 -0.20
4.0#'"'<6.0 -20.65 0.02 0.00 17.68 0.01 0.00 2.58 -0.05 0.00| -0.20
6.0#''<8.0 -29.91 0.03 0.00 21.00 0.00 0.00 11.18 -0.07 0.00 -0.40
8.0#'"<10 -41.54 0.31 0.00 33.73 -0.26 0.00 891 -0.07 0.00| -0.30
10#"" <15 26.30 0.55 0.00 -24.36 -0.55 0.00 -0.86 -0.02 0.00| -0.17
15#""<40 -19.51 0.15 0.00 22.69 -0.16 0.00 0.18 0.00 0.00 -0.20
40#"'" <85 -17.22 0.34 -0.01 25.86 -0.44 0.01 0.05 0.00 0.00! -0.30
Regression Coefficients for Spectral Class 116 - F=20000
X, X X Xy X X6 X Xg Xy
''<0.4 6.05) -0.07 0.00 -2.70] 0.04 0.00 -389.78 9.90 -0.03 -0.20
0.4#''<0.7 -6.17 0.20 0.00 1.60 -0.04 0.00) 396.35 -7.92 0.03 -0.40
0.7#''<1.0 11.93 -0.24 0.00 -8.38 0.20 0.00 -114.62 3.57 -0.02 -0.10
1.0#'"'<3.0 -7.28] 0.21 0.00 3.66 -0.08 0.00 18.89 -0.88 0.00 -0.30
3.0#'"<4.0 1.16] 0.07 0.00 -1.50 -0.03 0.00 4.68 -0.25 0.00| -0.20
4.0#''<6.0 -17.64 0.16 0.00 11.21 -0.11 0.00 18.60 -0.09 0.00| -0.30
6.0#'"'<8.0 14.39 0.20 0.00 -6.90| -0.10 0.00 -5.18 -0.13 0.00 -0.80
8.0#'"<10 -56.86 0.26 0.00 59.64 -0.25 0.00 -2.18 -0.01 0.00| -0.10
10#"'<15 -253.62] 8.79 -0.05 241.78 -8.41 0.04] 13.02 -0.42 0.00 -0.17
15#"" <40 -0.90 0.03 0.00 12.73 -0.05 0.00 0.04 0.00 0.00 -4.80
AQ#"'" <88 -4.00 120 -0.02 572 -1.90 003 003 -0.01 0.00 -0.40
Regression Coefficients for Spectral Class 117 - F=20000
X, X X3 Xy X X6 X X X
'<0.4 2.54] -0.03 0.00 0.18] 0.01 0.00) -60.17 3.38 -0.01 -0.20
0.4#''<0.7 -5.09 0.17 0.00 2.81] -0.06 0.00 308.50 -5.64 0.02] -0.30
0.7#"'<1.0 6.15| -0.25 0.00 -2.38| 0.19 0.00 -77.06 3.50 -0.02 -0.10
1.0#""'<3.0 -3.60 0.21 0.00 3.84 -0.12 0.00 -9.59 -0.27 0.00 -0.20
3.0#""'<4.0 0.98 0.13 0.00 -0.15 -0.06 0.00 -4.15 -0.25 0.00| -0.20
4.0#""'<6.0 -8.33] -0.15 0.00 4.85 0.12 0.00 9.20 -0.02 0.00 -0.40
6.0#''<8.0 -1.90 -0.20 0.00 118 0.16 0.00 4.04 0.01 0.00| -0.30
8.0#"'<10 -2.89 -1.06 0.01 4.50) 0.90 0.00) 0.14 0.15 0.00| -0.20
10#"'<15 -21.93 0.16 0.00 22.71 -0.17 0.00 0.87 0.01 0.00) -0.17
15#""<40 -4.27 0.11 0.00 6.66) -0.12 0.00 0.03 0.00 0.00| -0.40
A0#"'" <88 =012 001 000 £.02 836 024 0.00 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 118 - F=20000
Xy X, X3 X4 Xs X6 X, Xg X
'<0.4 2.99 -0.03 0.00 -0.28 0.02 0.00 -82.63 3.26 -0.01 -0.20
0.4#''<0.7 -5.58 0.18 0.00 2.81] -0.06 0.00 321.73 -6.03 0.02] -0.30
0.7#"'<1.0 6.50| -0.18 0.00 -2.96| 0.14 0.00 -78.02 2.96 -0.01 -0.10
10#'"<3.0 -4.60 0.22 0.00 4.21] -0.12 0.00 -8.80 -0.26 0.00| -0.20
30#"" <40 2741 010 000 -2.69 -0.03 0.00 =370 -0.24 0.00 -020
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4.0#""'<6.0 -5.42 -0.22 0.00 3.01 0.19 0.00 8.46 -0.01 0.00 -0.30
6.0#"'<8.0 7.09 -0.11 0.00 -5.84 0.10 0.00 1.44 -0.01 0.00 -0.20
8.0#"''<10 -5.49 -1.30 0.01 6.91 113 -0.01] 0.16 0.17 0.00 -0.20
10#"'<15 -15.94] -0.09 0.00 17.01 0.07 0.00 0.48 0.02 0.00 -0.20
15#""<40 -4.28 0.13 0.00 595 -0.13 0.00 -0.04 0.00 0.00 -0.20
404" <85 -0.82 0.00 000 223.70 1434 012 0071 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 119 - F=20000
X, X X Xy X X6 X X Xg
''<0.4 2.90 -0.02 0.00 0.37 0.01 0.00 -61.90 1.54 0.00 -0.20
0.4#''<0.7 0.42 0.05 0.00 0.79 -0.01 0.00 125.46 -2.05 0.01 -0.40
0.7#''<1.0 241 -0.08 0.00 0.83 0.05 0.00 -31.21 1.59 -0.01 -0.10
1.0#""'<3.0 0.89 0.10 0.00 1.50 -0.06 0.00 -11.49 -0.03 0.00 -0.20
3.0#"''<4.0 3.53 0.13 0.00 -0.67] -0.07 0.00 -10.26 -0.07 0.00 -0.20
4.0#""<6.0 -11.89! 0.00 0.00 10.63 0.02 0.00 1.13 -0.04 0.00 -0.20
6.0#'"'<8.0 -20.40) 0.10 0.00 14.85 -0.05 0.00 6.92 -0.08 0.00 -0.40
8.0#"''<10 -44.88 0.04 0.00 38.41 -0.02 0.00 7.06 -0.03 0.00 -0.25
10#"'<15 3.17 -0.12 0.00 -2.47 0.09 0.00 -0.13 0.02 0.00 -0.50
15#""<40 -3.12] 0.24 0.00 4.55 -0.26 0.00 -0.02 0.00 0.00 -0.20
A0#"'" <85 117 003 0.00 20321 -D.46 023 002 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 120 - F=20000
X,y X, X3 X4 Xs X6 X, Xsg X
''<0.4 1.80 -0.02 0.00 0.66 0.01 0.00 -148.74 5.35 -0.02 -0.20
0.4#''<0.7 -1.25 0.08 0.00 2.07, -0.04 0.00 64.51 -0.34 0.00 -0.20
0.7#"'<1.0 1.59 0.09 0.00 0.66 -0.05 0.00 -22.73 0.28 0.00 -0.20
1.0#"'<3.0 0.05 0.11 0.00 1.23] -0.05 0.00 -10.39 -0.19 0.00 -0.30
3.0#'"'<4.0 0.41 0.07 0.00 0.78 -0.02 0.00 -5.73 -0.16 0.00 -0.20
4.0#""<6.0 -10.03] -0.12 0.00 7.20 0.12 0.00 6.15 -0.05 0.00 -0.30
6.0#'"'<8.0 -29.23 -0.07 0.00 22.50 0.06 0.00 9.89 -0.02 0.00 -0.30
8.0#''<10 -19.72 -0.99 0.00 17.82 0.86 0.00 3.44 0.13 0.00 -0.20
10#"" <15 28.35 -0.16 0.00 -25.82 0.13 0.00 -1.06 0.02 0.00 -0.10
15#""<40 -11.10) 0.09 0.00 13.44 -0.09 0.00 0.06 0.00 0.00 -0.20
A0#'' <85 -0.79! 0.01 0.00 459.19 16.79 0.04 0.01 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 121 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 2.03 -0.01 0.00 0.05 0.00 0.00 -140.26 5.97 -0.02 -0.60
0.4#"'<0.7 -2.13 0.11 0.00 1.10 -0.03 0.00 193.04 -3.12 0.01 -0.40
0.7#''<1.0 1.16 0.09 0.00 0.33 -0.02 0.00 -21.46 -0.09 0.00 -0.40
1.0#''<3.0 -5.33 0.24 0.00 4.48 -0.13 0.00 -2.36 -0.49 0.00 -0.20
3.0#'"'<4.0 2.58 0.17 0.00 -1.88 -0.08 0.00 -0.18 -0.44 0.00 -0.20
4.0#''<6.0 3.87 -0.50 0.00 -2.72] 0.33 0.00 211 0.19 0.00 -0.40
6.0#'"'<8.0 -33.56 0.06 0.00 28.79 -0.09 0.00 8.19 0.02 0.00 -0.20
8.0#''<10 4.24] -1.99 0.01 -2.42 1.72 -0.01 0.00 0.28 0.00 -0.20
10#"'<15 10.88| -0.17 0.00 -8.35 0.16 0.00 -0.81 0.02 0.00 -0.10
15#""<40 -12.97 -0.09 0.00 15.29 0.11 0.00 0.09 0.00 0.00 -0.20
401" <85 -0.38 -0.03 0.00 156.12] 39.40 -0.13 0.00 0.00 0.00 -4.80
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Regression Coefficients for Spectral Class 122 - F=20000
X, X, Xs Xa Xs X6 X; Xs X

''<0.4 1.34] 0.02 0.00 0.00 0.00 0.00 -250.89 6.23 -0.02 -2.40
0.4#''<0.7 -2.45 0.13 0.00 170 -0.05 0.00) 95.76 -1.04 0.00 -0.20
0.7#''<1.0 8.43 0.00 0.00 -5.45 0.02 0.00 -78.92 1.66 -0.01 -0.10
1.0#''<3.0 -6.12] 0.23 0.00 4.28 -0.11 0.00 9.21 -0.64 0.00 -0.20
3.0#""'<4.0 1.23] 0.10 0.00 -1.17 -0.03 0.00) 4.77 -0.38 0.00 -0.20
4.0#'"'<6.0 26.26 -0.96 0.00 -20.67 0.77 0.00 -4.95 0.23 0.00| -0.20
6.0#''<8.0 -53.08 0.56 0.00 45.74 -0.50 0.00 10.89 -0.09 0.00 -0.20
8.0#'"<10 -85.50 0.83 0.00 75.47 -0.76 0.00 11.53 -0.07 0.00| -0.25
10#"" <15 -15.63 0.40 0.00 16.68 -0.39 0.00 0.35 -0.01 0.00| -0.17
15#""<40 -10.26 -0.03 0.00 12.01 0.05 0.00 0.05 0.00 0.00 -0.20
40#"'" <85 -0.57 0.00 0.00 4891 30.47 -0.02 0.01 0.00 0.00! -4.80

Regression Coefficients for Spectral Class 123 - F=20000
X, X X Xy X X6 X Xg Xy

''<0.4 2.17] 0.01 0.00 0.20 0.00 0.00 -100.98 1.62 0.00 -0.30
0.4#''<0.7 3.72 -0.03 0.00 -0.40 0.01 0.00) -90.18 2.38 -0.01 -0.30
0.7#''<1.0 2.46 0.01 0.00 0.00) 0.00 0.00 -16.69 0.49 0.00| -0.60
1.0#'"'<3.0 0.70 0.07 0.00 1.04] -0.03 0.00 -5.55 0.00 0.00 -0.20
3.0#'"<4.0 -0.24 0.00 0.00 1.83 0.02 0.00 -3.25 0.01 0.00| -0.10
4.0#'"'<6.0 0.54 -0.02 0.00 0.80) 0.04 0.00 -1.61 -0.01 0.00| -0.20
6.0#'"'<8.0 -10.81 0.18 0.00 9.47 -0.12 0.00 1.68 -0.06 0.00 -0.30
8.0#'"<10 -35.60 -0.05 0.00 33.32 0.07 0.00 2.19 -0.01 0.00| -0.17
10#'" <15 -10.74 -0.77 0.00 10.61 0.75 0.00) -0.03 0.03 0.00| -0.18
15#"" <40 -2.94 -0.04 0.00 3.90 0.05 0.00 0.12 0.00 0.00 -1.80
AQ#"'" <88 245 078 000 =13.98 122 001 -0.01 0.00 0.00 -0.40
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Regression Coefficients for Spectral Class 201 - F=20000
X, X X Xy X X6 X Xg Xg Y

<04 2.14] 0.00 0.00 0.35 0.00 0.00 -174.91 4.80 -0.01 -0.30
0.4#"<0.7 3.23] -0.01 0.00 -0.12 0.01 0.00 -80.44 2.72 -0.01 -0.30
0.7#''<1.0 3.69 0.01 0.00 -0.41 0.00 0.00 -42.89 0.87 0.00 -0.30
1.0#''<3.0 -1.93] 0.17 0.00 2.77 -0.09 0.00 -3.05 -0.26 0.00) -0.20
3.0#'"<4.0 -1.17 0.00 0.00 2.79 0.03 0.00 -7.34 -0.04 0.00| -0.10
4.0#'"'<6.0 -23.51 0.29 0.00 16.98 -0.17 0.00) 11.57 -0.23 0.00 -0.30
6.0#""'<8.0 -16.64 -0.10 0.00 12.30 0.08 0.00 5.59 0.00 0.00 -0.40
8.0#''<10 -85.17 1.32 -0.01 73.07 -1.14 0.00) 13.04 -0.19 0.00| -0.25
10#"'<15 76.72 -2.66 0.01 -72.59 2.52 -0.01 -3.52 0.14 0.00 -0.17
15#"" <40 0.59 0.02 0.00 4.95) -0.10 0.00 -0.05 0.00 0.00 -4.80
A0 <88 3.00 Q75 =001 -493) -1.03 0.02 -0.01 0.00 0.00 -030

Regression Coefficients for Spectral Class 202 - F=20000
X,y X, X3 X4 Xs X6 X X X Y

''<0.4 2.18 -0.04 0.00 0.77 0.01 0.00 -194.47 7.68 -0.03 -0.20
0.4#"<0.7 0.16 0.05 0.00 1.18 -0.02 0.00 48.28 0.24 0.00 -0.30
0.7#''<1.0 7.04] -0.11 0.00 -2.86 0.08 0.00 -58.71 2.03 -0.01 -0.10
10#""<3.0 1.08 0.14 0.00 1.24 -0.08 0.00 -20.03 -0.13 0.00| -0.20
3.0#"'<4.0 0.63 0.13 0.00 1.10] -0.07 0.00 -12.93 -0.18 0.00 -0.20
4.0#''<6.0 -18.04] -0.16 0.00 11.18 0.12 0.00 11.12 0.01 0.00 -0.40
6.0#''<8.0 -34.49 -0.12 0.00 24.86 0.09 0.00 14.42 0.02 0.00| -0.30
8.0#'"'<10 2.46 0.69 0.00 -2.55 -0.54 0.00 2.69 -0.16 0.00 -0.50
10#''<15 26.52 0.90 -0.01 -21.31 -0.88 0.01 -2.56 -0.03 0.00 -0.17
15#"'<40 -1.06 -0.12 0.00 2.65 0.13 0.00 -0.05 0.00 0.00| -0.20
401" <85 -0.41 -0.05 0.00 490.72 47.67 -0.46 0.00 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 203 - F=20000

X, X, Xa X, Xs X6 X, X Xe Y

''<0.4 1.26 0.01 0.00 0.34 0.00 0.00 -743.06 1813 -0.07 -0.40
0.4#'"<0.7 19.21 -0.36 0.00 -6.28 0.14 0.00 -877.25 2051 -0.08 -0.30
0.7#"'<1.0 3.43 0.42 0.00 -2.03 -0.27 0.00 30.47 -2.94 0.02 -0.10
1.0#''<3.0 12.68) -0.14 0.00 -7.05, 0.12 0.00 -31.57 0.33 0.00 -0.20
3.0#''<4.0 2.68 0.06 0.00 -1.41] 0.00 0.00 -2.64 021 0.00 -0.10
4.0#'"<6.0 -55.81 0.88 0.00 39.17, -0.58 0.00 30.77 057 0.00 -0.30
6.0''<8.0 -44.40) 0.36 0.00 35.40 -0.28 0.00 11.28 -0.10 0.00 -0.30
8.0#'"<10 -32.69 -0.78 0.00 29.26, 0.68 0.00 4.27 0.10 0.00 -0.20
10#''<15 265 1.42 -0.01 -1.51] -1.36 0.01 -0.17 -0.07 0.00 -0.20
15#""<40 -9.31] -0.09 0.00 1097, 0.10 0.00 0.05 0.00 0.00 -0.20
40#"" <85 -1.80 0.05 0.00 770.22 2572 -0.34) 0.03 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 204 - F=20000
X, X X Xy X X6 X X X Y
1'<04 3.81 -0.05 0.00 0.12] 0.02 0.00 -63.94 1.93 0.00 -0.20
0.4#'"'<0.7 -3.48 0.13 0.00 2.65] -0.05 0.00) 268.38 -4.88 0.02] -0.30
0.7#''<1.0 347 -0.12 0.00 0.38 0.08 0.00 -45.80 2.19 -0.01) -0.10
1.0#""'<3.0 2.54] 0.07 0.00 0.58] -0.03 0.00) -19.86 0.04 0.00 -0.30
3.0#""'<4.0 -3.03 -0.04 0.00 5.11] 0.05 0.00 -12.82 0.06 0.00| -0.10
4.0#'"'<6.0 -25.78 0.26 0.00 18.62 -0.15 0.00 11.10 -0.22 0.00 -0.30
6.0#""<8.0 -9.10 =017 0.00 522 013 0,00 633 -0.01 0.00 -0.50
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8.0#"'<10 -3.37 -0.24 0.00 287 0.20 0.00 1.77 0.02 0.00! -0.25
10#'" <15 40.68 -1.70 0.01 -37.74 1.57 -0.01 -1.83 0.10 0.00 -0.17
15#""<40 1.75) -0.18 0.00 -0.09] 0.19 0.00 -0.09 0.00 0.00 -0.20
40#""' <85 -23.26 021 -0.01 29.86 2025 002 0.06 0.00 0.00! -0.20
Regression Coefficients for Spectral Class 205 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 2.12 -0.01 0.00 0.39 0.01 0.00 -245.73 6.52 -0.02 -0.20
0.4#''<0.7 3.66 -0.02 0.00 -0.39 0.01 0.00 -113.40 3.50 -0.01 -0.30
0.7#''<1.0 2.82 0.06 0.00 -0.27 -0.02 0.00 -23.70 0.33 0.00 -0.20
1.0#''<3.0 0.20 0.12 0.00 1.30| -0.06 0.00 -12.05 -0.10 0.00 -0.20
3.0#"'<4.0 -0.90 0.03 0.00 1.44 0.01 0.00 -4.39 -0.06 0.00) -0.30
4.0#''<6.0 -5.73 -0.13 0.00 4.06 0.12 0.00 4.27 -0.02 0.00 -0.30
6.0#'"'<8.0 -11.30) 0.03 0.00 7.39 -0.01 0.00 6.40 -0.05 0.00 -0.50
8.0#"'<10 -75.70) 157 -0.01 66.06 -1.36 0.01 10.87 -0.21 0.00 -0.25
10#"'<15 2.07 0.03 0.00 -0.63 -0.04 0.00 -0.27 0.00 0.00 -0.50
15#""<40 -13.74] -0.01 0.00 15.91 0.01 0.00 0.10 0.00 0.00) -0.20
404" <85 -22.14] -0.42 0.00 27.85 0.58 0.00 0.06 0.00 0.00 -0.20
Regression Coefficients for Spectral Class 206 - F=20000
X, X X Xy X X6 X Xg Xo
<04 3.77 -0.05 0.00 -0.29] 0.02 0.00 -216.74 6.26 -0.02 -0.20
0.4#''<0.7 -1.88 0.10 0.00 1.71 -0.04 0.00 148.46 -2.09 0.01 -0.30
0.7#''<1.0 2.81 0.05 0.00 0.01 -0.02 0.00 -34.17 0.51 0.00 -0.30
1.0#'"'<3.0 0.26 0.13 0.00 1.55] -0.07 0.00 -22.46 -0.04 0.00 -0.20
3.0#""'<4.0 0.48] 0.01 0.00 0.30 0.02 0.00 -8.37 -0.05 0.00 -0.40
4.0#"'<6.0 5.12 -0.43 0.00 -4.16| 0.30 0.00) 2.80 0.12 0.00| -0.40
6.0#""'<8.0 4.90] -0.19 0.00 -3.16 0.12 0.00 0.61 0.06 0.00! -0.50
8.0#"'<10 7.64 -1.08 0.01 -5.58 094 0.00 -0.17 0.14 0.00 -0.20
10#"'<15 4.60| 0.24 0.00 -1.82 -0.25 0.00 -0.88 0.00 0.00 -0.17
15#"" <40 4.68] 0.25 0.00 -3.50 -0.26 0.00 -0.13 0.00 0.00! -0.20
AQ#"'" <88 -0.01 -0.02 000 -145.02) 2391 008 0.00 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 207 - F=20000
X, X X Xy X X6 X Xg Xo
<04 0.91 0.02 0.00 0.41 0.00 0.00 -917.94 21.93 -0.08| -0.40
0.4#''<0.7 24.56 -0.47 0.00 -8.29 0.18 0.00 -1126.75 26.02 -0.11 -0.30
0.7#''<1.0 4.53] 0.59 0.00 -3.23 -0.39 0.00 48.56 -4.68 0.03 -0.10
10#""'<3.0 15.97] -0.21 0.00 -9.23 0.16 0.00 -37.57 0.47 0.00! -0.20
3.0#""'<4.0 1.04 0.04 0.00 -0.10 0.01 0.00 -1.08 -0.21 0.00 -0.10
4.0#''<6.0 -29.36! 0.43 0.00 20.98 -0.27 0.00 15.51 -0.32 0.00 -0.30
6.0#""'<8.0 -68.18] 0.83 0.00 53.39 -0.63 0.00 18.32 -0.26 0.00! -0.30
8.0#"'<10 -41.24] -0.55 0.00 37.39 0.47 0.00 4.31 0.07 0.00 -0.20
10#'"<15 -7.95 0.43 0.00 7.87, -0.44 0.00 0.59 -0.01 0.00 -0.20
15#"" <40 1.39 0.34 0.00 -0.51 -0.35 0.00 -0.11 0.00 0.00! -0.20
A0 <85 517 118 -0.02 -3.81 -1.63 0.03 -0.01 0.00 0.00 -030
Regression Coefficients for Spectral Class 208 - F=20000
X X X $_ X X X6 X X X
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<04 -4.22 0.12 0.00 0.00 0.00 0.00 169.74 2.76 -0.02 -1.50
0.4#''<0.7 9.06 -0.06 0.00 -9.03 0.13 0.00 33.53 -0.01 0.00 -0.10
0.7#''<1.0 4.95 0.17 0.00 -5.47] -0.05 0.00 -78.72 1.02 0.00 -0.10
1.0#'"'<3.0 -8.33 0.28 0.00 3.03 -0.10 0.00 78.70 -1.72 0.01 -0.20
3.0#"'<4.0 -6.23 -0.11 0.00 10.06 0.07 0.00 -27.92 0.39 0.00 -0.10
4.0#'"'<6.0 -255.10 3.43 -0.01 198.62| -2.63 0.01 102.80 -1.44 0.00 -0.20
6.0#''<8.0 119.95) -0.67 0.00 -103.91] 0.55 0.00 -22.88 0.21 0.00 -0.10
8.0#''<10 -2.94] 1.09 -0.01 -1.67] -0.84 0.01 5.62 -0.25 0.00 -0.26

10#"'<15 98.84 -7.66 0.04 -93.96 7.31 -0.04] -5.08 0.40 0.00 -0.17
154" <40 -1.91 -0.27 0.00 1.95 0.31 0.00 -0.07 0.00 0.00 -0.10
404" <85 -10.33 106 =001 14,02 -1.62 0.02 006 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 209 - F=20000
X, X X Xy X X6 X X Xg

‘<04 1.44 0.04 0.00 -1.39 0.01 0.00 310.13 -5.60 0.03 -0.20
0.4#''<0.7 -17.13 0.48 0.00 8.06 -0.21 0.00 638.41 -13.59 0.06) -0.20
0.7#"'<1.0 0.58] 0.18 0.00 -0.33 -0.08 0.00 -49.99 -0.07 0.00 -0.20
1.0#""'<3.0 -21.85] 0.44 0.00 13.16 -0.23 0.00 50.16 -1.09 0.00 -0.20
3.0#"''<4.0 4.43 0.04 0.00 -5.63] 0.04 0.00 24.09 -0.48 0.00 -0.20
4.0#""<6.0 89.76 -0.79 0.00 -69.45 0.64 0.00 -29.28 0.19 0.00 -0.20
6.0#'"'<8.0 -96.69, 1.05 0.00 67.05 -0.72 0.00 34.10 -0.37 0.00 -0.50
8.0#''<10 -53.32 1.13 -0.01 44.64 -0.98 0.01 11.00 -0.17 0.00 -0.17
10#"'<15 0.00] 0.05 0.00 2.89 -0.08 0.00 -0.49 0.02 0.00 -0.30
15#""<40 -1.76] 0.07 0.00 3.82 -0.07 0.00 -0.07 0.00 0.00 -0.30
A0#"'" <85 -0.80 001 0.00 120.88! 2084 -0.04] 0071 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 210 - F=20000
X,y X, X3 X4 Xs X6 X, Xsg X

''<0.4 3.52 -0.02 0.00 0.36 0.01 0.00 -64.13 0.63 0.01 -0.20
0.4#''<0.7 2.12 0.01 0.00 0.73 -0.01 0.00 40.18 -0.19 0.00 -0.30
0.7#"'<1.0 0.90] -0.02 0.00 2.35 0.00 0.00 -9.18 0.80 0.00 -0.10
1.0#"'<3.0 1.90 0.08 0.00 1.23 -0.05 0.00 -6.62 -0.05 0.00 -0.20
3.0#'"'<4.0 -1.74] -0.04 0.00 4.49 0.04 0.00 -5.16 0.02 0.00 -0.10
4.0#""<6.0 0.82 0.02 0.00 1.96 0.00 0.00 -5.08 -0.02 0.00 -0.20
6.0#'"'<8.0 -12.25 0.19 0.00 10.75 -0.12 0.00 0.59 -0.09 0.00 -0.40
8.0#''<10 -62.50) 0.57 0.00 55.28 -0.46 0.00 6.34 -0.13 0.00 -0.24
10#"" <15 -66.79, -2.40 0.01 62.78 2.26 -0.01 3.10 0.12 0.00 -0.17
15#"'<40 2.69 -0.20 0.00 -4.39 0.18 0.00 0.01 0.01 0.00 -0.30
A0#'' <85 -2.41] 0.41 -0.01 4.60 -0.77 0.02 0.01 0.00 0.00 -0.50

Regression Coefficients for Spectral Class 211 - F=20000
X, X, X3 X4 Xs X6 X, Xsg X

''<0.4 3.26) -0.01 0.00 0.25 0.00 0.00 -155.31 2.77 -0.01) -0.30
0.4#""'<0.7 5.83| -0.07 0.00 -0.73] 0.02 0.00 -151.67 3.91 -0.02 -0.30
0.7#"'<1.0 3.11 0.01 0.00 0.18 0.00 0.00 -10.29 0.35 0.00 -0.30
1.0#"'<3.0 2.12 0.07 0.00 0.82 -0.04 0.00 -4.91 -0.05 0.00 -0.20
3.0#'"'<4.0 -0.75] -0.03 0.00 3.38 0.04 0.00 -3.89 0.01 0.00 -0.10
4.0#''<6.0 4.90] -0.05 0.00 -1.59 0.06 0.00 -5.05 -0.01 0.00 -0.10
604" <80 -8.17 014 000 128 -0.08 0.00 044 -0.07 0.00 -0.50
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8.0#''<10 -55.80 0.24 0.00 49.64 -0.18 0.00 5.53 -0.06 0.00 -0.25
10#"'<15 -39.32 -1.40 0.01 37.01 134 -0.01 1.66 0.06 0.00| -0.17
15#"'<40 18.57 0.15 0.00 -22.67, -0.20 0.00 -0.48 0.00 0.00 -0.50
408" <85 3822 157 -0.03 -5520 217 0,04 =015 -0.01 0.00 -0.30
Regression Coefficients for Spectral Class 212 - F=20000
Xy X X3 Xy X X6 X Xz Xg

<04 -1.44 0.06 0.00 0.27 0.00 0.00 -1287.50 31.02 -0.13 -0.50
0.4#''<0.7 133.01 -2.84 0.01 -95.26 2.06 -0.01 -2146.87 49.25 -0.20 -0.10
0.7#'"'<1.0 7.70) 1.17 -0.01 -8.18 -0.77 0.00) 180.65 -11.73 0.06| -0.10
1.0#''<3.0 42.91 -0.83 0.00 -26.78 0.56 0.00 -122.05 2.32 -0.01) -0.20
3.0#""'<4.0 15.94 0.29 0.00 -19.05 -0.09 0.00 37.68 -1.07 0.00 -0.10
4.0#'"<6.0 -146.07| 2.65 -0.01 114.96 -2.05 0.01] 55.11 -1.01 0.00| -0.20
6.0#''<8.0 -102.08] 1.74 -0.01 75.39 -1.26 0.00 29.99 -0.52 0.00 -0.40
8.0#''<10 -7.48 -0.68 0.00 6.14] 0.59 0.00) 0.88 0.13 0.00 -0.26
10#"'<15 93.22 1.66 -0.01 -88.76 -1.53 0.01 -4.70 -0.10 0.00| -0.17
15#"'<40 -1.26] -0.18 0.00 1.78] 0.24 0.00 -0.01 0.01 0.00 -0.80
408" <85 -2.691 Q.05 0.00 £35.66 1186 -0.30 0.04 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 213 - F=20000
X, X, X X4 Xs X6 X X X

'<0.4 1.89 0.02 0.00 0.01] 0.00 0.00 72.15 -2.16 0.01 -0.50
0.4#'"'<0.7 -5.60 0.18 0.00 3.81] -0.08 0.00) 241.37 -5.00 0.02] -0.20
0.7#''<1.0 1.36] 0.04 0.00 0.38] -0.01 0.00 -20.04 0.41 0.00| -0.30
10#""'<3.0 -1.15 0.10 0.00 157 -0.04 0.00 -8.33 0.02 0.00 -0.30
3.0#''<4.0 -1.62 0.02 0.00 161 0.03 0.00) 1.87 -0.08 0.00| -0.10
4.0#""'<6.0 6.04] -0.11 0.00 -3.84] 0.10 0.00 -0.30 0.01 0.00 -0.40
6.0#"'<8.0 4.81 0.03 0.00 -2.67 0.00 0.00) -1.33 -0.02 0.00 -0.30
8.0#''<10 -15.72 -0.93 0.01 15.75 0.84 -0.01 0.46 0.11 0.00| -0.20
10#''<15 -34.53 0.63 0.00 33.02 -0.56 0.00 1.96 -0.05 0.00 -0.20
154" <40 -32.45 -0.79 0.00 34.63 0.82 0.00) 0.24 0.01 0.00 -0.17
40#"'" <85 -4.71 1.88 -0.01 3.97] -2.40 0.01 0.04 0.00 0.00! -0.20

Regression Coefficients for Spectral Class 214 - F=20000
X, X, X, X, X X6 X, X, X,

''<0.4 13.07, -0.16 0.00 -5.55 0.08 0.00 -452.73 5.20 -0.01 -0.20
0.4#'"'<0.7 -16.29 0.42 0.00 6.35] -0.15 0.00) 826.54 -17.38 0.07] -0.30
0.7#''<1.0 9.51) -0.35 0.00 -5.38] 0.26 0.00 -114.78 4.44 -0.02 -0.10
1.0#""'<3.0 -1.46 0.11 0.00 173 -0.05 0.00) -40.74 0.29 0.00 -0.30
3.0#''<4.0 1.23] 0.05 0.00 -3.25 0.02 0.00 291 -0.16 0.00| -0.20
4.0#""'<6.0 39.82 -0.56 0.00 -35.75 0.52 0.00 6.19 -0.03 0.00 -0.20
6.0#"'<8.0 86.88 -0.52 0.00 -65.98 041 0.00) -20.94 0.12 0.00 -0.30
8.0#"'<10 33.16 -0.33 0.00 -2351 0.27 0.00 -9.23 0.06 0.00| -0.16
104" <15 -78.18 -1.79 0.01 73.03 1.73 -0.01] 5.10 0.08 0.00 -0.17
154" <40 -0.92 -0.02 0.00 14.51 0.09 0.00 0.00 0.00 0.00 -4.50
40#"'" <85 -0.89 0.10 0.00 65.02 -53.00 0.79 0.02 0.00 0.00! -4.80
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Regression Coefficients for Spectral Class 215 - F=20000
X, X, Xs Xa Xs X6 X; Xs X
''<0.4 3.70 0.01 0.00 0.02 0.00 0.00 -67.26 0.67 0.00 -0.60
0.4#''<0.7 3.57 0.00 0.00 0.04 0.00 0.00) -16.42 0.56 0.00 -0.40
0.7#''<1.0 2.68] 0.04 0.00 0.57] -0.02 0.00 -3.71 -0.01 0.00| -0.20
1.0#''<3.0 2.53 0.04 0.00 0.53 -0.02 0.00 -4.67 0.02 0.00 -0.30
3.0#""'<4.0 -3.85 -0.01 0.00 4.46] 0.01 0.00) 345 0.05 0.00 -0.30
4.0#''<6.0 -1.95 0.09 0.00 2.95) -0.04 0.00 1.68 -0.05 0.00| -0.40
6.0#''<8.0 -5.38] 0.09 0.00 6.59 -0.05 0.00 0.95 -0.03 0.00 -0.20
8.0#'"<10 -2.13 -0.29 0.00 4.12] 0.27 0.00 -0.10 0.03 0.00| -0.20
10#"" <15 -2.04 0.10 0.00 4.47] -0.07 0.00 -0.53 -0.01 0.00| -0.20
15#""<40 -17.96 -0.11 0.00 20.57 0.12 0.00 0.30 0.00 0.00 -0.30
40#"'" <85 -16.90 1.09 0.00 2192 -1.36 0.01 0.04 0.00 0.00! -0.20
Regression Coefficients for Spectral Class 216 - F=20000
X, X X Xy X X6 X Xg Xy
<04 1.48| 0.01 0.00 0.32 0.00 0.00 -116.46 371 -0.01) -0.30
0.4#''<0.7 1.20] 0.03 0.00 0.35] -0.01 0.00) 5.92 0.82 0.00 -0.30
0.7#''<1.0 4.88] -0.05 0.00 -2.02 0.05 0.00 -50.61 1.63 -0.01 -0.10
1.0#'"'<3.0 -2.87] 0.17 0.00 2.98 -0.09 0.00 -2.34 -0.26 0.00 -0.20
3.0#'"<4.0 242 0.05 0.00 -1.34 0.00 0.00 -2.19 -0.16 0.00| -0.10
4.0#''<6.0 -4.65 -0.08 0.00 3.54 0.08 0.00 3.68 -0.04 0.00| -0.30
6.0#'"'<8.0 -15.36 0.14 0.00 10.40 -0.08 0.00 7.57 -0.10 0.00 -0.50
8.0#'"<10 -68.50 0.37 0.00 60.12 -0.33 0.00 9.39 -0.05 0.00| -0.25
10#'" <15 -8.76 0.11 0.00 9.29) -0.12 0.00) 0.45 0.00 0.00| -0.20
15#"" <40 -10.70 0.14 0.00 12,57 -0.15 0.00 0.06 0.00 0.00 -0.20
AQ#"'" <88 -1.63 003 000 21477 10,02 0.04 003 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 217 - F=20000
X, X X3 Xy X X6 X X X
<04 3.52 -0.04 0.00 0.39) 0.01 0.00) -47.62 1.34 0.00 -0.20
0.4#''<0.7 -1.76 0.09 0.00 214 -0.04 0.00 203.61 -3.48 0.01] -0.30
0.7#"'<1.0 1.99 -0.13 0.00 1.65] 0.08 0.00 -30.56 2.02 -0.01 -0.10
1.0#""'<3.0 2.78] 0.06 0.00 0.57] -0.03 0.00 -14.15 -0.01 0.00 -0.30
3.0#""'<4.0 1.49| -0.01 0.00 112 0.01 0.00 -10.84 0.06 0.00| -0.40
4.0#""'<6.0 -14.90) 0.08 0.00 13.79 -0.05 0.00 -2.01 -0.05 0.00 -0.20
6.0#''<8.0 -36.45 0.11 0.00 26.10 -0.05 0.00 11.32 -0.10 0.00| -0.40
8.0#"'<10 -62.09 0.01 0.00 50.41 0.00 0.00) 11.81 -0.03 0.00| -0.30
10#"'<15 -5.73] 1.86 -0.01 4.67 -1.81 0.01 1.29 -0.08 0.00) -0.18
15#""<40 3.00] 0.03 0.00 -2.48 -0.08 0.00 -0.19 0.00 0.00| -2.00
A0#"'" <88 9.80 0.89 -0.02 -14.71 -125 0.03 -0.03 0.00 0.00 -030
Regression Coefficients for Spectral Class 218 - F=20000
Xy X, X3 X4 Xs X6 X, Xg X
'<0.4 2.88] -0.01 0.00 0.22] 0.00 0.00 -19.92 -0.34 0.00 -0.20
0.4#''<0.7 1.52 0.02 0.00 0.63] -0.01 0.00 51.19 -0.84 0.00| -0.30
0.7#"'<1.0 1.55| -0.04 0.00 1.28| 0.03 0.00 -9.08 0.65 0.00 -0.10
10#'"<3.0 181 0.04 0.00 0.82] -0.03 0.00 -4.57 0.01 0.00| -0.20
30#"" <40 114! 001 000 148! 000 0.00 -4.06 003 0.00 -010
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4.0#""'<6.0 -0.36 0.03 0.00 235 -0.02 0.00 -2.24 -0.01 0.00 -0.20
6.0#"'<8.0 -3.96 0.06 0.00 4.89 -0.04 0.00 -0.83 -0.02 0.00 -0.30
8.0#"''<10 -15.69 0.07 0.00 15.18 -0.05 0.00 0.58 -0.01 0.00 -0.25
10#"'<15 -9.45 -0.76 0.00 9.79 0.74 0.00 -0.34 0.03 0.00 -0.18
15#""<40 -18.72 -0.30 0.00 18.60 0.31 0.00 0.27 0.00 0.00 -0.20
404" <85 1022 086 -0.01 -17.56 -1.37 0071 -0.03 0.00 0.00 -0,40
Regression Coefficients for Spectral Class 219 - F=20000
X, X X Xy X X6 X X Xg
<04 3.05 -0.02 0.00 0.27 0.01 0.00 -16.08 -0.17 0.00 -0.20
0.4#''<0.7 -0.43 0.06 0.00 1.42] -0.02 0.00 139.17 -2.54 0.01 -0.30
0.7#''<1.0 2.38 -0.13 0.00 0.89 0.09 0.00 -25.02 1.60 -0.01 -0.10
1.0#""'<3.0 1.56 0.07 0.00 1.12 -0.04 0.00 -8.87 0.01 0.00 -0.20
3.0#"''<4.0 0.47 0.07 0.00 1.79] -0.05 0.00 -6.21 -0.01 0.00 -0.20
4.0#""<6.0 -5.78 0.06 0.00 6.37 -0.03 0.00 -1.57 -0.03 0.00 -0.20
6.0#"'<8.0 -8.59 0.05 0.00 7.32 -0.02 0.00 0.88 -0.03 0.00 -0.40
8.0#"''<10 -55.02 0.44 0.00 48.21 -0.36 0.00 6.46 -0.08 0.00 -0.24
10#"'<15 -64.66! 2.32 -0.01 61.15 -2.21 0.01 3.35 -0.12 0.00 -0.17
15#""<40 0.61 -0.01 0.00 -4.11] -0.04 0.00 -0.05 0.00 0.00 -4.80
408" <85 344 086 =001 -5.49| 120 002 001 000 000 -0.30
Regression Coefficients for Spectral Class 220 - F=20000
X,y X, X3 X4 Xs X6 X, Xsg X
''<0.4 3.24 -0.02 0.00 0.23 0.01 0.00 -32.18 0.14 0.00 -0.20
0.4#''<0.7 0.47 0.04 0.00 1.14] -0.02 0.00 102.17 -1.80 0.01 -0.30
0.7#"'<1.0 1.81 -0.10 0.00 1.36 0.07 0.00 -15.64 1.26 -0.01 -0.10
1.0#"'<3.0 2.59| 0.04 0.00 0.43 -0.02 0.00 -8.01 0.02 0.00 -0.30
3.0#'"'<4.0 0.11 -0.02 0.00 2.64 0.02 0.00 -6.77 0.05 0.00 -0.10
4.0#""<6.0 0.02 0.04 0.00 1.39 -0.01 0.00 -3.16 0.00 0.00 -0.60
6.0#'"'<8.0 -20.52 0.20 0.00 17.24 -0.14 0.00 3.30 -0.06 0.00 -0.30
8.0#''<10 -43.94] 0.28 0.00 38.45 -0.22 0.00 5.30 -0.05 0.00 -0.24
10#"" <15 -8.93 -0.34 0.00 7.96 034 0.00 0.76 0.01 0.00 -0.17
15#"'<40 -4.83] -0.13 0.00 5.61 0.12 0.00 -0.01 0.00 0.00 -0.20
A0#'' <85 6.03| 0.70 -0.01 -11.20 -1.14 0.01 -0.01 0.00 0.00 -0.40
Regression Coefficients for Spectral Class 221 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 3.48) -0.02 0.00 0.20 0.01 0.00 -19.90 -0.48 0.01 -0.20
0.4#"'<0.7 1.45 0.02 0.00 0.86 -0.01 0.00 75.04 -1.29 0.01 -0.30
0.7#''<1.0 1.43 -0.04 0.00 1.78 0.02 0.00 -7.75 0.67 0.00 -0.10
1.0#''<3.0 2.80) 0.03 0.00 0.42 -0.02 0.00 -5.05 0.01 0.00 -0.30
3.0#'"'<4.0 3.60 0.02 0.00 -0.12 -0.01 0.00 -5.55 0.02 0.00 -0.10
4.0#""'<6.0 2.25) 0.02 0.00 0.58 -0.01 0.00 -3.75 -0.01 0.00 -0.50
6.0#'"'<8.0 -2.40] 0.06 0.00 3.86 -0.03 0.00 -1.88 -0.02 0.00 -0.40
8.0#''<10 -22.12] 0.17 0.00 21.25 -0.14 0.00 0.49 -0.03 0.00 -0.24
10#"'<15 -26.50) -1.99 0.01 25.49 191 -0.01] 047 0.09 0.00 -0.18
15#""<40 -1.31] -0.02 0.00 -3.94] 0.01 0.00 0.16 0.00 0.00 -4.80
401" <85 -7.79 1.00 -0.01 17.53 -1.79 0.02 0.02 -0.01 0.00 -0.50
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Regression Coefficients for Spectral Class 222 - F=20000
X, X, Xs Xa Xs X6 X; Xs X
''<0.4 2.12 -0.01 0.00 0.21 0.00 0.00 -124.44 5.02 -0.01) -0.30
0.4#''<0.7 -1.14 0.09 0.00 0.93] -0.02 0.00) 155.02 -2.33 0.01 -0.40
0.7#''<1.0 1.31 0.08 0.00 0.37] -0.02 0.00 -15.46 -0.08 0.00| -0.40
1.0#''<3.0 -3.26] 0.20 0.00 3.42 -0.11 0.00 -7.84 -0.30 0.00 -0.20
3.0#""'<4.0 1.58] 0.16 0.00 -0.73 -0.08 0.00) -2.81 -0.31 0.00 -0.20
4.0#''<6.0 -0.18 -0.29 0.00 -0.13 0.21 0.00 3.83 0.05 0.00| -0.40
6.0#''<8.0 -14.35 -0.06 0.00 10.50 0.03 0.00 6.98 0.00 0.00 -0.40
8.0#'"<10 -12.88 -1.42 0.01 12.56 1.22 -0.01 1.98 0.19 0.00| -0.20
10#"" <15 6.95] -0.24 0.00 -4.84 0.21 0.00 -0.54 0.03 0.00| -0.10
15#""<40 -11.93 0.02 0.00 14.28 -0.01 0.00 0.06 0.00 0.00 -0.20
40#"'" <85 -0.82 0.00 0.00 423.83 26.74 -0.03 0.01 0.00 0.00! -4.80
Regression Coefficients for Spectral Class 223 - F=20000
X, X X Xy X X6 X Xg Xy
<04 3.19 -0.01 0.00 0.03 0.00 0.00 -99.53 2.05 0.00 -0.60
0.4#''<0.7 -1.63 0.09 0.00 174 -0.03 0.00) 161.91 -2.53 0.01 -0.30
0.7#''<1.0 3.98 -0.18 0.00 -0.54 0.14 0.00 -49.51 2.62 -0.01 -0.10
1.0#'"'<3.0 -0.44] 0.14 0.00 2.13 -0.08 0.00 -12.55 -0.10 0.00 -0.20
3.0#'"<4.0 0.30 0.01 0.00 137 0.03 0.00 -7.88 -0.06 0.00| -0.10
4.0#''<6.0 -11.16 0.00 0.00 8.23 0.03 0.00 5.44 -0.09 0.00| -0.30
6.0#'"'<8.0 -25.32 -0.07 0.00 19.52 0.07 0.00 8.19 -0.03 0.00 -0.30
8.0#'"<10 -59.18 0.60 0.00 51.31 -0.53 0.00 9.12 -0.09 0.00| -0.24
10#"'<15 6.33] 0.33 0.00 -4.83 -0.34 0.00) -0.29 0.00 0.00| -0.17
15#"" <40 -6.94 0.22 0.00 8.97] -0.24 0.00 0.01 0.00 0.00 -0.20
AQ#"'" <88 -Q75 002 000 40003 521 022 001 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 224 - F=20000
X, X X Xy X X6 X Xg Xy
<04 2.23 0.00 0.00 0.52 0.00 0.00 -55.30 1.38 0.00 -0.20
0.4#"<0.7 -0.53 0.06 0.00 1.86 -0.03 0.00 7321 -0.95 0.00| -0.20
0.7#''<1.0 1.42 0.06 0.00 0.96] -0.03 0.00) -11.72 0.22 0.00 -0.20
1.0#''<3.0 -0.22] 0.12 0.00 1.97| -0.06 0.00 -6.91 -0.08 0.00) -0.20
3.0#'"<4.0 0.40 0.00 0.00 155 0.03 0.00 -5.52 -0.01 0.00| -0.10
4.0#'"'<6.0 -5.39 -0.03 0.00 5.52] 0.05 0.00) -0.14 -0.03 0.00| -0.20
6.0#""'<8.0 -21.66 0.22 0.00 16.20 -0.14 0.00 6.80 -0.10 0.00 -0.40
8.0#''<10 -43.23 0.15 0.00 37.25 -0.11 0.00) 6.60 -0.05 0.00| -0.25
10#"'<15 -12.43 -0.02 0.00 11.90 0.02 0.00 1.14 0.00 0.00 -0.30
15#"" <40 -7.60 0.24 0.00 9.01 -0.26 0.00 0.05 0.00 0.00 -0.20
A0 <85 -1.74 002 000 917274 034 010 003 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 225 - F=20000
Xy X, X3 X4 Xs X6 X, Xg X
'<0.4 -3.32 0.10 0.00 0.42] -0.01 0.00 -78.80 7.08 -0.03 -0.50
0.4#''<0.7 9.75 -0.14 0.00 -3.96 0.08 0.00 -400.99 9.79 -0.04 -0.30
0.7#"'<1.0 7.39 0.41 0.00 -6.42] -0.24 0.00 -8.48 -2.48 0.02) -0.10
10#'"<3.0 2.84] 0.03 0.00 -2.38 0.04 0.00 13.83 -0.50 0.00| -0.20
30#"" <40 -1.85 019 000 2.52 =011 0.00 -3.36 -0.16 0.00 -020
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4.0#""'<6.0 -6.71 -0.02 0.00 472 0.05 0.00 7.08 -0.09 0.00 -0.30
6.0#"'<8.0 -59.98| 0.54 0.00 52.25 -0.45 0.00 9.45 -0.09 0.00 -0.20
8.0#"''<10 140.71 -1.16 0.00 -135.59] 112 0.00 -4.40 0.04 0.00 -0.06
10#"'<15 -38.46! 1.78 -0.01 37.36 -1.69 0.01 1.96 -0.09 0.00 -0.20
15#""<40 -5.35 0.08 0.00 6.13 -0.06 0.00 0.00 0.00 0.00 -0.20
404" <85 -1.58 005 000 246.82 295 012 002 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 226 - F=20000
X, X X Xy X X6 X X Xg
<04 3.17 -0.01 0.00 0.32 0.00 0.00 -20.42 -0.10 0.00 -0.20
0.4#''<0.7 211 0.02 0.00 0.30 0.00 0.00 79.56 -1.41 0.01 -0.50
0.7#''<1.0 1.94 -0.01 0.00 1.37, 0.01 0.00 -16.25 0.75 0.00 -0.10
1.0#""'<3.0 1.62 0.07 0.00 1.23 -0.04 0.00 -6.71 0.00 0.00 -0.20
3.0#"''<4.0 -0.19 -0.01 0.00 2.82 0.02 0.00 -4.65 0.02 0.00 -0.10
4.0#""<6.0 -0.33 0.03 0.00 2.15 -0.01 0.00 -2.08 -0.02 0.00 -0.30
6.0#'"'<8.0 -13.21 0.15 0.00 12.02 -0.10 0.00 172 -0.05 0.00 -0.30
8.0#"'<10 -33.90) 0.3 0.00 30.35, -0.09 0.00 3.96 -0.04 0.00, -0.25
10#"'<15 -41.50| 1.32 -0.01 40.32 -1.24 0.01 1.71 -0.08 0.00 -0.17
15#""<40 -0.67] -0.01 0.00 2.65 -0.03 0.00 0.12 0.00 0.00 -4.80
A0#"'" <85 -32.00 202 -0.01 4773 -2.01 0,02 0.06 -0.01 0.00 -0.20
Regression Coefficients for Spectral Class 227 - F=20000
X,y X, X3 X4 Xs X6 X, Xsg X

''<0.4 3.88 -0.04 0.00 0.31 0.01 0.00 -43.76 0.38 0.01 -0.20
0.4#''<0.7 0.50 0.04 0.00 1.41] -0.02 0.00 121.63 -1.96 0.01 -0.30
0.7#"'<1.0 2.41 0.01 0.00 1.10 -0.01 0.00 -8.95 0.53 0.00 -0.20
1.0#"'<3.0 3.32 0.04 0.00 0.42 -0.02 0.00 -8.56 -0.02 0.00 -0.30
3.0#'"'<4.0 -4.87] -0.07 0.00 7.61 0.06 0.00 -6.49 0.06 0.00 -0.10
4.0#""<6.0 -0.16 0.03 0.00 3.20 -0.02 0.00 -7.77 0.01 0.00 -0.20
6.0#"'<8.0 -19.55 0.17 0.00 15.99 -0.12 0.00 142 -0.06 0.00 -0.40
8.0#''<10 -98.12 0.25 0.00 84.95 -0.19 0.00 11.44 -0.07 0.00 -0.24
10#"" <15 -88.55, 3.27 -0.02 81.26 -3.12 0.02 5.86 -0.17 0.00 -0.17
15#"'<40 20.15 0.13 0.00 -22.10 -0.17 0.00 -0.49 0.00 0.00 -0.40
A0#'' <85 38.85 2.04 -0.04 -49.97 -2.57 0.05 -0.10 -0.01 0.00 -0.20
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Regression Coefficients for Spectral Class 301 - F=20000
X, X X; X, X X6 X Xz Xs Y

1'<04 3.13] -0.02 0.00 0.37| 0.01 0.00) -42.24 0.78 0.00| -0.20
0.4#"<0.7 0.54 0.05 0.00 0.83 -0.01 0.00 136.13 -2.34 0.01] -0.40
0.7#""'<1.0 3.06] -0.15 0.00 0.55 0.10 0.00 -33.69 1.95 -0.01 -0.10
1.0#''<3.0 1.33] 0.09 0.00 1.38 -0.06 0.00) -10.16 -0.03 0.00) -0.20
3.0#'"<4.0 0.96) 0.00 0.00 175 0.02 0.00 -8.55 0.02 0.00| -0.10
4.0#"'<6.0 -7.42 0.03 0.00 7.66 -0.01 0.00 -1.70 -0.04 0.00 -0.20
6.0#"'<8.0 -20.45) 0.15 0.00 15.44 -0.09 0.00 5.46 -0.09 0.00| -0.40
8.0#''<10 -49.09) -0.02 0.00 41.90 0.04 0.00| 7.18 -0.03 0.00| -0.26
10#'" <15 -58.99 122 -0.01 55.69 -1.19 0.01 3.40 -0.06 0.00 -0.17
15#""<40 1.53] 0.01 0.00 -4.27| -0.13 0.00 -0.08 0.00 0.00| -4.80
Q8" <88 -1.28 003 000 850291 154 0201 002 000 000 480

Regression Coefficients for Spectral Class 302 - F=20000
X,y X, X3 X4 Xs X6 X X X Y

''<0.4 4.44] -0.03 0.00 -1.29 0.03 0.00 -98.31 2.20 0.00 -0.20
0.4#"<0.7 -7.88 0.24 0.00 3.42 -0.08 0.00 433.05 -8.54 0.03 -0.30
0.7#''<1.0 6.87 -0.21 0.00 -3.50 0.17 0.00 -87.28 3.33 -0.02 -0.10
10#""<3.0 -7.38 0.25 0.00 5.67 -0.14 0.00 -3.28 -0.34 0.00| -0.20
3.0#"'<4.0 2.19 -0.02 0.00 -2.22 0.07 0.00 2.01 -0.16 0.00 -0.20
4.0#''<6.0 14.62] -0.41 0.00 -12.98 0.37 0.00, 5.25 -0.03 0.00] -0.20
6.0#''<8.0 93.91 0.14 0.00 -83.83 -0.13 0.00 -9.78 -0.02 0.00| -0.10
8.0#'"'<10 -95.62 0.62 0.00 85.35 -0.55 0.00 11.28 -0.07 0.00 -0.25
10#''<15 18.61] -0.15 0.00 -16.41 0.13 0.00 -1.36 0.02 0.00 -0.30
15#"'<40 -11.81 0.11 0.00 13.83 -0.11 0.00 0.07 0.00 0.00| -0.20
401" <85 -112 0.02 0.00 366.32) 11.40 0.23 0.02 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 303 - F=20000

X, X, Xa X, Xs X6 X, X Xe Y
''<0.4 2.38 -0.04 0.00 053 0.01 0.00 -19.06 341 -0.01 -0.20
0.4#'"<0.7 -4.20 0.16 0.00 1.92 -0.04 0.00 369.13 -7.15 0.03 -0.40
0.7#"'<1.0 5.74 -0.32 0.00 -1.67) 0.23 0.00 -76.46 402 -0.02 -0.10
1.0#''<3.0 -1.44 0.18 0.00 2.83 -0.11 0.00 -17.41 -0.16 0.00 -0.20
3.0#''<4.0 212 0.03 0.00 -0.48 0.01 0.00 -10.04 -0.14 0.00 -0.20
4.0#'"<6.0 -22.87 -0.48 0.00 17.51, 041 0.00 10.94 0.02 0.00 -0.20
6.0''<8.0 -8.81 -0.49 0.00 6.18 0.37 0.00 5.78 0.11 0.00 -0.30
8.0#'"<10 7.68 -1.02 0.00 -6.39) 0.86 0.00 071 0.15 0.00 -0.20
10#''<15 25.30 111 -0.01 -21.84) -1.07 0.01 -1.49 -0.04 0.00 -0.17
15#""<40 -21.57 -0.06 0.00 24.81) 0.07 0.00 0.20 0.00 0.00 -0.20
40#"" <85 -1.26 -0.04 0.00 1043.50 45.58 -0.25 0.02 0.00 0.00 -4.80

Regression Coefficients for Spectral Class 304 - F=20000
X, X X Xy X X6 X X X Y
1'<04 2.74] -0.01 0.00 0.47] 0.01 0.00 -40.43 0.59 0.00 -0.17
0.4#'"'<0.7 0.89 0.04 0.00 0.94] -0.01 0.00) 77.05 -1.16 0.01] -0.30
0.7#''<1.0 3.55) -0.13 0.00 -0.04] 0.09 0.00 -30.65 161 -0.01) -0.10
1.0#""'<3.0 2.25] 0.04 0.00 0.41] -0.01 0.00) -8.05 0.00 0.00 -0.40
3.0#""'<4.0 -0.10 0.15 0.00 2.16) -0.10 0.00 -5.07 -0.08 0.00| -0.20
4.0#'"'<6.0 -6.05] 0.04 0.00 6.58 -0.01 0.00 -1.13 -0.02 0.00 -0.20
6.0#""<8.0 21385 015 0.00 1090 -0.09 0,00 3.61 -0.07 0.00 -0.40
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8.0#"'<10 -34.04] 0.09 0.00 29.87, -0.06 0.00 4.41 -0.04 0.00! -0.25
10#'" <15 -13.76! -0.46 0.00 13.39 0.44 0.00 0.60 0.02 0.00 -0.17
15#""<40 -7.51] 0.14 0.00 8.17, -0.16 0.00 0.11 0.00 0.00 -0.20
40#""' <85 -25.50| 093 -0.01 32,96 115 001 0.06 0.00 0.00! -0.20
Regression Coefficients for Spectral Class 305 - F=20000
X, X, X3 X4 Xs X6 X, Xg X
''<0.4 341 -0.03 0.00 0.41 0.01 0.00 -24.10 0.96 0.00 -0.20
0.4#''<0.7 -2.07 0.10 0.00 2.22 -0.04 0.00 223.37 -4.02 0.02] -0.30
0.7#''<1.0 2.24 -0.12 0.00 1.45 0.08 0.00 -32.50 2.03 -0.01 -0.10
1.0#''<3.0 1.62] 0.10 0.00 1.43] -0.06 0.00 -13.16 -0.03 0.00 -0.20
3.0#"'<4.0 -1.21 0.20 0.00 3.31 -0.13 0.00 -8.35 -0.12 0.00) -0.20
4.0#""'<6.0 -14.16] 0.03 0.00 12.98 0.00 0.00 -0.14 -0.04 0.00 -0.20
6.0#'"'<8.0 -29.01 0.10 0.00 21.01 -0.05 0.00 9.47 -0.08 0.00 -0.40
8.0#"'<10 -48.23 -0.14 0.00 40.29 0.13 0.00 8.66 -0.01 0.00 -0.26
10#"'<15 24.45 0.21 0.00 -22.91 -0.22 0.00 -0.77 -0.01 0.00 -0.20
15#""<40 -7.56] 0.29 0.00 9.89 -0.32 0.00 0.05 0.00 0.00) -0.20
404" <85 -13.47] 0.46 -0.01 20.43 -0.62 0.01 0.04 0.00 0.00 -0.30
Regression Coefficients for Spectral Class 306 - F=20000
X, X X Xy X X6 X Xg Xo
<04 1.75| 0.02 0.00 0.19 0.00 0.00 -10.73 0.46 0.00 -0.30
0.4#''<0.7 -2.26 0.12 0.00 224 -0.05 0.00 125.22 -2.28 0.01 -0.20
0.7#''<1.0 1.39| 0.08 0.00 0.53 -0.03 0.00 -21.34 0.28 0.00 -0.20
1.0#'"'<3.0 -3.61/ 0.17 0.00 3.55 -0.09 0.00 -1.81 -0.17 0.00 -0.20
3.0#""'<4.0 2.37 0.01 0.00 -1.18 0.03 0.00 -1.29 -0.08 0.00 -0.20
4.0#"'<6.0 -0.68 -0.14 0.00 1.05 0.14 0.00) 1.06 0.01 0.00| -0.20
6.0#""'<8.0 -17.45 0.27 0.00 12.86 -0.17 0.00 6.98 -0.11 0.00! -0.40
8.0#"'<10 -66.01] 0.28 0.00 63.96 -0.24 0.00 314 -0.02 0.00 -0.08
10#'" <15 -0.87 -0.02 0.00 2.45 0.03 0.00 -0.47 0.00 0.00 -0.10
15#"" <40 -8.08 -0.22 0.00 9.46 0.23 0.00 0.02 0.00 0.00! -0.20
AQ#"'" <88 -1.70 002 000 46822 -433 -0.02) 003 0.00 0.00 -4.80
Regression Coefficients for Spectral Class 307 - F=20000
X, X X Xy X X6 X Xg Xo
<04 2.36! -0.01 0.00 0.54 0.01 0.00 -68.98 1.31 0.00 -0.17
0.4#""<0.7 168 0.01 0.00 0.56 -0.01 0.00 22.45 0.06 0.00 -0.30
0.7#""<1.0 1.83 0.03 0.00 0.74 -0.02 0.00 -10.28 0.28 0.00 -0.20
1.0#""<3.0 1.78 0.05 0.00 0.60 -0.02 0.00 -8.26 0.00 0.00! -0.30
3.0#""<4.0 2.86 0.01 0.00 -0.28 0.00 0.00 -7.16 0.01 0.00 -0.10
4.0#""<6.0 -2.08 0.03 0.00 2.89 0.00 0.00 -1.94 -0.02 0.00 -0.30
6.0#""<8.0 -15.29 0.16 0.00 11.88 -0.10 0.00 3.56 -0.07 0.00! -0.40
8.0#""<10 -47.10| 0.14 0.00 40.76 -0.10 0.00 6.20 -0.04 0.00 -0.25
10#""<15 -39.07 1.62 -0.01 37.08 -1.54 0.01 199 -0.09 0.00 -0.17
15#""<40 -13.91] 0.10 0.00 14.88 -0.13 0.00 0.16 0.00 0.00! -0.20
A0#" " <85 -083 066 -001 101 -1.03 001 001 000 0.00 -0.40
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20

........ Regression

EPD

Figure 98. Comparison of Model Output and Regression

Departure Spectral Class 101; Distance=1000 m; Acoustically Soft Ground
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Figure 99. Comparison of Model Output and Regression

Departure Spectral Class 101; Distance=1000 m; Acoustically Hard Ground

practica limit that is supported in the literature.> Somewhat related to this congtraint was the fact that for
source-to-receiver distances greater than 6,000 m, the ground effect was computed at 6,000 m; and
computed reflectionangles of less than 0.1 degrees were evaluated in the regresson equation for an angle
equal to 0.1 degrees. Further, for the purpose of computing ground effect the nomina source height was

&t to 5 ft. when the aircraft was on the ground.

I. I — /

-0.5

Regressions EPD

Inaddition, the samdl variationinthe soft-ground effect for the larger reflectionangles (as exhibited in Figure
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98 for angles above about 30 degrees), dthough consdered physicaly redistic and supported somewhat
by the literature, > > wereconsideredimpractical to represent inthe find implementationfor severa reasons:
(1) random variaions in ground effect of +/- 0.5 dB abut a mean vaue are bounded by the accuracy
associated with the spectral class groupings (see Tables 16 through 18), and are therefore considered
inggnificant; (2) acoudticaly soft-ground effectsare generdly considered to benegligiblefor reflectionangles
greater than about 20 degrees;®’ (3) the NPD data in the data base of the INM should be logicaly
unaffected by acoudticadly soft ground for eevation angles resembling those encountered a a centerline
microphone during aircraft noise certification.>® (In other words, there should be an inherent consistency
between arcraft noise certification data and the INM NPD data); and (4) not evauating the regression

equation for large reflection angles will draméticaly improve INM runtime.

Consequently, it was decided that the acoustically soft-ground regression equations would not be invoked
for reflection angles of 30 degrees and above; and for angles below 30 degrees an increase in sound level
due to acoudticaly soft ground would not be allowed. To ensure these restrictions did not introduce a
discontinuity inthe ground effect at 30 degrees, the actual regression equations were truncated at 20 degrees
and a dmple linear function which converged to 0 dB at 30 degrees was substituted for the regression
equations at angles between 20 and 30 degrees. In generd, the ground effect at an angle of 20 degrees
(where the linear function was initiated) was less than 0.5 dB.  The net result of this congraint is that
acousticaly soft ground can only reduce the computed sound leve in INM, as opposed to increasing the

levd.

Inmost cases, the acoudticaly soft-ground attenuati on curve converged to zero at reflectionangles between
5 and 20 degrees, depending upon aircraft type and source-to-receiver geometry, and therefore the 30
degree cutoff was rarely triggered. Table 21 presents asummary of the angles (prior to implementing the
30-degree cutoff) at which the acoudticdly soft ground effect isa postive vaue, assuming afixed distance
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of 1000 m.

In addition, INM supports several types of operations beyond just departures and approaches.
Soecificdly, the INM user is dlowed to define overflights, circuits, runups and touch-and-go’s.  For
implementation within INM, overflights, circuits, runups and touch-and-go’'s are evauated using the
appropriate departure regression.

The regression coefficients, long with the above mentioned constrains were implemented in INM for
acoudicaly hard and soft ground situations. However, many practicad modeling Stuations include
propagation over mixed, acoudticdly hard and soft terrain.  Consequently, a methodology had to be
developed for properly accounting for such situations. The approach decided uponwasvery Smilar to that
implemented within the Federal Highway Administration’ s Traffic Noise Model (FHWA TNM ®)%°%6 and
is based on the work of Boulanger.>® Specificdly, the soft-ground and hard-ground attenuation were
apportioned based on adistance-weighted coefficient. This coefficient was computed based on the ground
distance associated with the acoudticdly hard and acousticaly soft portion of the ground contained within
the so-called Fresnd Ellipsoid.”

The Fresnd Ellipsoid is a frequency-dependent function used fairly extensively in acoustics. The nature of the
function is such that the ellipsoid effectively widens for lower frequencies and narrows for higher frequencies.
The relationship is obviously made to be consistent with the relationship between the frequency of a sound and
its wavelength. Because a comprehensive frequency-based implementation of the ellipsoid was not considered
computationally viable, the ellipsoid was computed for an effective frequency of 44 Hz, the lower bandedge of
the 50 Hz one-third-octave band. This frequency may be adjusted depending upon the results of some of the

earlier-referenced propagation research currently underway 2324

Table21. Summary of Angular Cutoff; Distance=1000 m
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Spectral Class Angles where attenuation is zero
1014 >30.09
102 >3.59
103 >30.09
104 >14.69
105 >30.07
106 >0.41
107 30.01
108 3.6° t0 6.2°, >30.01
109 >30.09
110 >19.71
111 >30.09
112 3.8°108.1°, >10.59
113 >30.09
114 >30.09
115 >30.01
116 1.7° 10 6.8°, >11.69
117 2.7°108.3°, >12.01
118 2.5°t07.6° >17.81
119 >30.07
120 3.9° t0 8.1°, >16.79
121 >2.11
122 >1.87
123 >30.09
201 >30.09
202 3.3°t0 11.2°, >17.59
203 4.3° to 5.6°, >30.01
204 >14.07
205 >30.09
206 2.7°t09.1°, >17.21
207 >16.49
208 1.3°t02.6° 4.1°t05.8°, 7.9°t08.3°

>30.0°

209 1.5°t04.9°, 6.7° t0 9.6°, 13.0° tq
15.4°, >30.09

210 >18.09
211 >19.59
212 2.8° t0 3.6°, >30.01
213 >30.07
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Spectral Class Angles where attenuation is zero
214 2.0° t0 6.4°, >30.01
215 >30.07
216 >30.09
217 >15.01
218 >30.07
219 >30.09
220) >30.07
221 >30.09
222 >2.61
223 >18.71
224 >30.09
225 >19.61
226 >30.09
2217 >18.19
301, >30.01
302 2.1°t06.2°, >30.09
303 3.0° to 15.0°, >30.01
304 >30.09
304 >16.69
306 >30.01
307 >30.09
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For example, (see Figure 100), given a source-to-receiver ground distance of 1000 m, wherethe first 700

m of propagation iswater (acousticaly hard) and the remaining 300 m is grass (acoudticaly soft):

(@D} the appropriate regresson is evauated assuming a pure acoudticaly soft Stuation;

2 the gppropriate regression is evauated assuming a pure acoudticaly hard situation;

3 the attenuation computed in Steps 1 and 2 for acoudticaly soft and acoudtically hard
ground, respectively, is combined in accordance with the following equetion:

o di 0 ¢ 2 dB
Avard/soft = (d1+-d AHmd g d1+-d2 ﬁ¥mr (dB)
Where: Anaasort 1S the attenuation in decibels for a mixed acoudticdly hard and soft
geometry;

d, is the acoudticaly hard portion of the ground contained within the Fresnel
Ellipsoid;

Aiaq IS the attenuation computed assuming a pure acoustically hard ground
Stugtion;

d, is the acoudticaly soft portion of the ground contained within the Fresnel
Ellipsoid; and

Ay Isthe attenuation computed assuming apureacoustically hard ground Stuation.
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Figure 100. Example Geometry for Mixed Acoustically Hard and Soft Ground
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D.1.6 Reference Hydrological Data

A mechanism had to be devel oped within INM to facilitate automated input of acoustically hard terrain that
was classfied as such due to water cover, i.e., automated input of hydrological data. Thefirst sep inthis
development was to establish a standardized file format for defining hydrol ogica objects such as lakes and
rivers. Thefileformatisoverviewed inFigure 101. It includesaheader at the beginning which containsthe
followinginformation: (1) whether the geometric input isin ft. or nmi (*f” or "n”); (2) areferencelatitudeand
longitude (not currently used); (3) the X and Y coordinatesfor the lower left hand (southwest) corner of the
andysswindow (ineither ft or nmi); (4) the spacing between grid point (in ether ft. or nmi); (5) the number
of grid points on each side of the analysis window; (6) the grid rotation angle; and (7) the number of
hydrologica aress.

Following the header are the hydrologica objects, defined as ether polygons, e.g., lakes and ponds, or
borders, e.g., rivers or coadtlines. The file is structured such that it can contain an unlimited number of
hydrological objects. Each object contains its own header information (separate from the file header
information) whichincludes: (1) the object sequence number inthefile (2) whether the object isacoudticaly
hard or soft; (3) whether the object is a polygon (p) or aborder (b), and (4) the number of X and Y points
which define the object. Theactuad X and Y vaues for a given object then follow.

Thereareof course an abundance of sourcesfor raw hydrologica data. One option, and probably the best
in terms of accuracy, would be digitized information generated from maps or aeria photographs. This
approach will obvioudy require a substantial amount of work on the part of the INM user. In some
Ingtancesit may aso leave the user in a quandary asto how to classfy certain areas of land. For example,
should an open areawhich is marshland in the spring, and dried-up field grass in the summer be classfied
as acoudticaly hard or acoudtically soft? Asaresult, amore automated approach hasbeendeveloped. A
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stand-alone program, entitled USGS reeds either singular or multiple contiguous United States Geological
Survey (USGS) 1:100,000-scal e hydrologicd filesand automaticaly convertsthemintothe standard format

B
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defined above and inFigure101. Theonly user requirementis that theraw hydrological data be located

in the same

Figure 101. File Format for Defining Hydrological Data
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directory as the USGS program prior to execution. The USGS data are available online at
http: //edcwww.cr.usgs.gov/glis/hyper/guide/100kdl gfig/states.ntml.  Viewer programs for the USGS

data are d 30 avalable online a http://mcmecweb.er.usgs.gov/vi ewers.

A second stand-aone supporting program, entitled HY DRO, converts the standard hydrologica file into
abinary file of acousticaly hard and acoudtically soft regularly spaced grid points. Thishinary fileisentitled
GRID.BIN. It must resideinthe INM case directory to ensure proper INM operation. The GRID.BIN
file has a smple header which contains grid Sze, resolution, and registering informetion, dong with agrid of
“1s’ and “0s’, where “1s’ represent acoudticdly hard ground and “0'S” acoudticdly soft. The specific
resolution of the grid is user selectable. This GRID.BIN file is used directly by the specidly developed
PROF subroutine in INM to determine the percentage of acousticaly hard and acoudtically soft ground in

agiven source-to-receiver cross section.

More specificdly, the ground projection from the microphone to the closest-point-of-gpproach on agiven
flight segment is effectively overlayed on the GRID.BIN file. If the projection traverses acoudticdly hard
or soft ground only, the appropriate ground effects regression equation is evaluated. |If the projection
traverses acoudticaly mixed grounds, it is necessary to determine the appropriate percentage of acoudticaly
hard and soft ground distances.

It is important to point out that it is currently the respongbility of the INM user to ensure that the INM
andyss “window” is consstent withthe“window” definedby the GRID.BIN file. AnINM anaysiswindow
which covers an area not represented by the GRID.BIN file will cause the modd to fall.

D.2 Othe Enhancements
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To fadilitate assessment in support of the Homestead SEIS, a specid ASCII file entitted L&BGRID, is
generated by INM when agrid point andyssisinitiated. Thisfile contains the following informetionfor dl
user-defined grid points: (1) the aircraft whichgeneratedthelargest L, at the point (Note: the one condraint
imposed is that the aircraft must have been assigned at least one daily operation- this precludesthe incusion
of agngle very loud arcraft whichonly operates onrare occasion, e.g., monthly); (2) the L, for the aircraft;
and (3) the flight track to whichthe aircraft wasassigned. It isimportant to point out that in some instances
the results presented in the L& BGRID file will appear to be incongstent withthose presented inastandard
INM grid output file. The source of this apparent incons stency isthe imposition of the threshold of asingle
daily operationtied to the reported L,e vdueinthe L&BGRID file. Theissueisbest exemplified in Table
22, whichpresentsL g and L, g, for four hypothetical aircraft. For ease of understanding, the aircraft are
presented in order of highest to lowest L, vaue.

Table 22. Example L,e and Lagn, Comparison at a Single INM Grid Point

Aircraft Daily Operations L e L asmx
1 0.01 92.2 88.4
2 0.06 894 84.1
3 12 87.3 83.6
4 18 86.6 83.1

Thearcraft withthe highest L, g, VAlueis Aircraft 1. However, because of the single operationthreshold
limit imposed on the L&BGRID, the arcraft with the highest reported levd in the L&B file is Aircraft 3.
Consequently, care must be taken care must betakenwhencomparing both L, and L, for asngle grid
point, so asto understand that in some instances these values may not be associated with the same aircraft.

In such a case, one may want to manudly impose the single operationd limit on the La gy
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D.3 Reasonableness Check of Enhanced INM

A brief andysis was conducted to quantify the relative accuracy of the enhanced version of the INM used
in support of the Homestead SEIS, as comparedto INM Verson5.2a (the latest publicly released version
of the modd). This comparison used noise measurement data collected as part of the ambient study and
arcraft time-space-position data collected specificaly for this comparative anayss.

The collectionof the noisedata is described in Section 4 of the mainbody of the document. Thenoisedata
used for this analysis were the data collected at Black Point (August 10, 1998) and Stiltsville (August 12,
16,and 17, 1998). Black Point and Stiltsvillewere chosen asthe measurement Sitesof interest becausethey
were water-based measurement Stesrelatively closeto MIA. Because water is acoudtically hard, water-
based measurement Sites are expected to result inthe largest differencesbetween | NM Version’5.2a (which
uses only acoudtically soft ground for laterd attenuation calculations) and the enhanced INM, which uses
actua ground cover data (acoudticdly hard and soft) for its laterd attenuation calculations. Note that the
Black Point nighttime measurements on August 12, 1998 were not used because the inahility to see the
arcraft meant that therewas no way to verify the corrdaion of the ARTS data and the noise measurement

logs.

Aircraft time-space-positiondatafor operations at MIA were collected for the time periods corresponding
to the noise measurements taken at Black Point and at Stiltsville. These data were collected to enable
accurate modding of arcraft pogtion in the INM.

Aircreft time-space-podition data were based on Automated Radar Termind System (ARTS) data
generated by the Air Traffic Control (ATC) radar system at MIA. These data were then processed by
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Landrum & Brown, Inc. into ASCII files The ASCII files contained the following data used in the
reasonableness check: aircraft type, time at the point of closest approach (CPA) to the measurement Site,
angle above the horizon at CPA, and attitude at CPA.

The noise measurements conssted of 12 hours of arcraft observations (4 days at gpproximately 3 hours of
measurements per day). These 12 hours of measurements were culled in several steps. Fird, dl arivals
were diminaed. This was done because the INM only supports modding of arriva operations from an
atitude of 6000 feet down to the runway, but al arrivasin the ARTS data were above 6000 feet dtitude
a the CPA. Second, al propeller driven aircraft were eiminated. The ARTS data does not contain
informetion on aircraft operating under Visud Hight Rules (VFR), which is common for propeller driven
arcraft. Third, aircraft typeswith only one operation during the measurement period wereeliminated. This
was done to remove single data pointswhichcould not be checked for reasonableness. Fourth, al aircraft
operations which were not postively identified by both airline and aircraft type were diminated. Thiswas
doneto diminate any posshbility of amismatch between the ARTS data and the noise measurement data.
All these allling steps left eight departures that had ARTS data correlated with aircraft audibility as noted

on the measurement logs.

INM modeding of the eight operations was done usng the INM’s oveflight function. Each aircraft was
modeled at a congtant dtitude (the ARTS reported CPA dtitude), a congtant thrust setting (an INM net
corrected thrust typical of the CPA dtitude), and adant distancefromthe INM location point equd to the
dant distance reported in the ARTS data.

The INM modeled operations were runwithbothINM Version5.2aand the enhanced verson. Table 23
bel ow presents the compari son of the model ed operations withthe measured data. Thedifferencesbetween

the moddls and the measured data are shown in the last two columns. Because these differences can be
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ether postive and negetive numbers, a Root-Mean Squared (RMS) difference was used to assess the
varigionbetweenthe two modds and the measured data.  RM S analyses provide anindicationof how far
the data are scattered from an expected difference of zero. In this andyss, a smdler RMS difference
indicates asmdler difference between the modeled and measured data
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Table 23. L,z Comparison of All Positively Identified Events

P TSI Ililn'\r/llazccjeBc; INM 5.2a | Messured ﬁm III:IAI\éIa:Jf:d -
(dB) (dB)
B-727 213 77.1 75.7 77.3 -0.2 -1.6
B-727 260 80.0 80.0 77.1 +2.9 +2.9
B-727 264 82.5 82.3 83.4 -0.9 -11
B-727 451 88.6 88.5 874 +1.2 +1.1
B-727 477 70.5 65.5 73.6 -3.1 -8.1
B-727 494 80.1 76.9 75.8 +4.3 +1.1
A-300 461 69.1 68.3 68.9 +0.2 -0.6
MD-80 214 73.9 72.3 73.3 +0.6 -1.0
RMS difference 2.2 3.2

Although the amount of datais limited, the RMS difference isrdativdy smdl. This smdl RMS difference

means that the enhanced verson of the INM can be considered reasonable.

The data scatter could be due to a number of sources. Some sources of data scatter may be different
operational procedures thanthose whichwere modeled, arcraft type assgnments, and contaminationinthe
measurement data. Different operational procedures than modeled means that the thrust and flgp settings
for the actual operations may be different than the standard INM assumptions, which were used in the
modding. Aircraft type assgnments means that an aircraft with a different series engine may have been
modeled; e.g. the INM contains ten different types of B-727 arcraft with different versons of the JT8D
engine, but al B-727 aircraft in this study were modeled as one type (727Q15, with the JT8D-150QN
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engine). Contaminated measurement datarefersto thelow signa-to-noiseratio for someaircraft eventsdue

primarily to the sounds of waves *dapping’ againgt the hull of the observer boat.

The difference between the soft ground laterd attenuation in INM Version 5.2a and the variable ground
attenuation in the enhanced version of the INM is smallest for aircraft at higheevationanglesand islargest
for arcreft at low devation angles. Given the distance of the measurement locations from MIA, and the
dimb rate of jet arcraft, arcraft at low eevation angles (Iess than ten degrees) at CPA would be greater
than 30,000 feet fromthe measurement locations. Aircraft at these distance were not audible, and therefore
were not included in the anadlyss. However, the datum with the lowest devation angle (ARTSID 477, 14
degrees) showed the largest improvement (5 dB) for the enhanced INM over Verson5.2a. The datum a
the highest devation angle (ARTS ID 264, 85 degrees) showed only a0.2 dB improvement. The mean of
dl devation anglesin the current andysisis 52 degrees. The rdatively smal improvement associated with
the enhanced version of the INM is mogt likdly due to the high devation angles observed in the current

andyss

Three projects, both in work and planned, will provide additional data on the reasonableness of the
enhanced INM. NASA is concluding a study on laterd attenuation a Denver Internationa Airport; the
report should be available in the summer of 1999. NASA isaso sponsoring astudy a Logan Airport in
Bostonfocusng on over-water sound propagation; measurements are scheduled to begin in May of 1999.
The Society of Automotive Engineers A-21 committee on aircraft noise is proposing that Dallas-Ft. Worth
Airport be used for astudy onlateral attenuationover acousticaly soft ground. The data collected in these
three projects should provide ardiable Satistical bass uponwhichto fully vaidate the INM enhancements.
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