ENBR’DGE Suite 600 — 890 Winter Street

Waltham, Massachusetts 02451
USA

October 24, 2018

Mr. Thomas Cushing

Permit Section Chief

MassDEP Southeast Regional Office
20 Riverside Drive

Lakeville, MA 02347

RE: Update to Non-Major Comprehensive Plan Approval Application
Transmittal No. X266786
Application No. SE-15-027
Algonquin Gas Transmission, LLC — Weymouth Compressor Station

Dear Mr. Cushing:

Algonquin Gas Transmission, LLC (Algonquin) is providing an update to its Non-Major Comprehensive
Plan Approval (Non-Major CPA) Application (Transmittal No. X266786) initially filed on October 23, 2015,
and updated on September 9, 2016 and May 25, 2018. The application pertains to Algonquin’s proposed
construction of the Weymouth Compressor Station in Weymouth, MA, as a component of its Atlantic
Bridge Project (Project).

The following is a description of the updates included with this letter:

e Attachment C — updated BWP AQ Sound Form based on the Supplemental Sound Level Impact
Assessment report (“sound level report”) submitted on October 15, 2018;

e Attachment F-2 — the sound level report for the Weymouth Compressor Station;

e Attachment H — Applicant Redline (10/24/2018) to Draft Proposed Non-Major CPA (03/30/2017)

0 Page 1 of 25 — updated professional engineer certification information to reference seal
and signature on May 25, 2018 application package submittal,

0 Page 6 of 25 and 7 of 25 — updated section on “Sound Impacts and Mitigation” based on
the sound level report,

0 Page 8 of 25 — updated footnote 8 for clarification on the version of modeling report,

0 Page 9 of 25 — updated Table 4 headings for clarification to read “Background plus
Cumulative Impact of Weymouth Compressor Station and Regional Sources”,

0 Page 10 of 25 — added sentence “The maximum modeled impacts were compared to the
TELs and AALs” above Table 5,

0 Page 25 of 25 — updated Trinity cc list.

Should you have any questions regarding this updates included with this letter, please do not hesitate to
contact me at 207-274-2607.



Sincerely,
ENBRIDGE

it & B

Kathryn A. Brown
Consulting Scientist

cc: Reagan Mayces, Enbridge
Barry Goodrich, Enbridge
George McLachlan, Enbridge
Ralph Child, Mintz, Levin, Cohn, Ferris, Glovsky and Popeo, P.C.
Robert O’Neal, Epsilon Associates
Wendy Merz, Trinity Consultants
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Massachusetts Department of Environmental Protection
X266786

Bureau of Waste Prevention — Air Quality

BWP AQ Sound

Submit alone and/or with Form CPA-FUEL and/or CPA-PPROCESS whenever the construction

Transmittal Number

or alteration of stationary equipment (e.g. electrical generating equipment, motors, fans, v -

. " . . Facility ID (if known)
process handling equipment or similar sources of sound) has the potential to cause noise, or
in response to a MassDEP enforcement action citing noise as a condition of air pollution.

Introduction

When proposing sound suppression/mitigation measures, similar to the traditional "top-down” BACT process, the
"top case" sound suppression/mitigation measures which deliver the lowest sound level increase above
background are required to be implemented, unless these measures can be eliminated based upon technological
or economic infeasibility. An applicant cannot "model out” of the use of the "top case" sound suppression/
mitigation measures by simply demonstrating that predicted sound levels at the property line when employing a
less stringent sound suppression/mitigation strategy will result in a sound level increase of less than or equal to the
10 dBA (decibel, A ~Weighted) above background sound level increase criteria contained in the MassDEP Noise
Policy. A 10 dBA increase is the maximum increase allowed by MassDEP; it is not the sound level increase upon
which the design of sound suppression/mitigation strategies and techniques should be based. Also, take into
consideration that the city or town that the project is located in may have a noise ordinance (or similar) that may be
more stringent than the criteria in the MassDEP Noise Policy

A. Sound Emission Sources & Abatement Equipment/Mitigation Measures

1. Provide a description of the source(s) of sound emissions and associated sound abatement equipment
and/or mitigation measures. Also include details of sound emission mitigation measures to be taken
during construction activities.

Significant sound sources include: 1) noise generated by the turbine/compressor located within the compressor building that radiates
outside the compressor building, 2) turbine exhaust noise, 3) noise radiated from aboveground gas piping and related piping components,
4) noise of the outdoor lube oil cooler and outdoor gas cooler, 5) noise generated by the turbine air intake system. The project will use a
sound suppressant muffler system for the turbine exhaust system, acoustical pipe insulation for outdoor above ground gas piping, a
silencer for the turbine air intake system, a low-noise lube oil cooler for the compressor unit, an 8.5-inch concrete block building to house
the gas turbine/compressor, and an 8.5-inch thick 19-foot tall courtyard barrier wall.

B. Manufacturer’s Sound Emission Profiles & Sound Abatement Equipment

Please attach to this form the manufacturer's sound generation data for the equipment being proposed for installation, or the
existing equipment as applicable. This data must specify the sound pressure levels for a complete 360° circumference of
the equipment and at given distance from the equipment. Also attach information provided by the sound abatement
manufacturer detailing the expected sound suppression to be provided by the proposed sound suppression equipment.

See Sections 6.1 to 6.6 in Sound Level Impact Assessment Report Weymouth Compressor Station, Atlantic
Bridge Project, Weymouth, MA, prepared by Epsilon Associates, Inc. October 15, 2018.

C. Plot Plan

Provide a plot plan and aerial photo(s) (e.g. GIS) that defines: the specific location of the proposed or existing source(s) of
sound emissions: the distances from the source(s) to the property lines; the location, distances and use of all inhabited
buildings (residences, commercial, industrial, etc.) beyond the property lines; identify any areas of possible future
construction beyond the property line; and sound monitoring locations used to assess noise impact on the surrounding
community. Al information provided in the sound survey shall contain sufficient data and detail to adequately assess any
sound impacts to the surrounding community, including elevated receptors as applicable, not necessarily receptors
immediately outside the facility's property line. '

See Figure 5-1 (Sound Monitoring Locations), Figure 6-1 (Project Layout), Figure 6-2 (Sound Modeling
Locations), Figure 6-7 (Project Layout—Mitigation Case 3) in Sound Level Impact Assessment Report
Weymouth Compressor Station, Atlantic Bridge Project, Weymouth, MA, prepared by Epsilon Associates, Inc.
October 15, 2018.

Continue to Next Page »
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Massachusetts Department of Environmental Protection
Bureau of Waste Prevention — Air Quality

BWP AQ Sound

Submit alone and/or with Form CPA-FUEL and/or CPA-PPROCESS whenever the construction

or alteration of stationary equipment (e.g. electrical generating equipment, motors, fans, Facility ID (i known)
process handling equipment or similar sources of sound) has the potential to cause noise, or

in response to a MassDEP enforcement action citing noise as a condition of air poliution.

X266786

Transmittal Number

D. Community Sound Level Criteria

Approval of the proposed new equipment or proposed corrective measures will not be granted if the
installation:

1. Increases off-site broadband sound levels by more than 10 dBA.above “ambient” sound levels. Ambient is
defined as the lowest one-hour background A-weighted sound pressure level that is exceeded 90 percent
of the time measured during equipment operating hours. Ambient may also be established by other
means with the consent of MassDEP.

2. Produces off-site a "pure tone" condition. “Pure tone” is defined as when any octave band center
frequency sound pressure level exceeds the two adjacent frequency sound pressure levels by 3 decibels
or more.

3. Creates a potential condition of air pollution as defined in 310 CMR 7.01 and the MassDEP Noise Policy.
Note: These criteria are measured both at the property line and at the nearest inhabited building.

For equipment that operates, or will be operated intermittently, the ambient or background noise
measurements shall be performed during the hours that the equipment will operate and at the quietest times of
the day. The quietest time of the day is usually between 1:00 a.m. and 4:00 a.m. on weekend nights. The
nighttime sound measurements must be conducted at a time that represents the lowest ambient sound level
expected during all seasons of the year.

For equipment that operates, or will operate, continuously and is a significant source of sound, such as a
proposed power plant, background shall be established via a minimum of seven consecutive days of
continuous monitoring at multiple locations with the dBA L 90 data and pure tone data reduced to one-hour
averages.

In any case, consult with the appropriate MassDEP Regional Office before commencing noise
monitoring in order to establish a sound monitoring protocol that will be acceptable to MassDEP.

E. Full Octave Band Analysis

The following community sound profiles will require the use of sound pressure level measuring equipment in the
neighborhood of the installation. An ANSI S1.4 Type 1 sound monitor or equivalent shall be use for all sound
measurements. A detailed description of sound monitor calibration methodology shall be included with any sound
survey.

1. Lowest ambient sound pressure levels during operating hours of the equipment.

a. At property line: (see Table 5-4B of Epsilon Associates, Inc. October 15, 2018 report)

3

(M1) 40 53 52 43 36 38 37 33 34 27 22

ND = No Data

BWP AQ Sound * Page 2 of 5
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Massachusetts Department of Environmental Protection

Bureau of Waste Prevention — Air Quality

BWP AQ Sound

Submit alone and/or with Form CPA-FUEL and/or CPA-PPROCESS whenever the construction

or alteration of stationary equipment (e.qg. electrical generating equipment, motors, fans,

process handling equipment or similar sources of sound) has the potential to cause noise, or

in response to a MassDEP enforcement action citing noise as a condition of air pollution.

X266786

Transmittal Number

Facility ID (if known)

E. Full Octave Band Analysis (continued)

b. At the nearest inhabited building and if applicable at buildings at higher elevation: (see Table 5-4B of

Epsilon Associates, Inc

. Octobe

ri5

, 2018 report)

(M2) 36 50 49 41 36 34 30 25 28 21 23
(M3) 45 54 55 59 42 38 37 34 36 24 23
(M4) 37 51 52 43 39 33 31 28 34 20 23
(M5) 34 50 51 44 35 31 28 23 22 18 22
(M86) 41 | 50 51 46 40 40 38 33 31 20 24

2. Neighborhood sound pressure levels with source operating without sound abatement equipment.

a. At property line:

b. At the nearest inhabited building and if applicable at buildings at higher elevation:

S

NA = Not Appiicable

Continue to Next Page »

BWP AQ Sound * Page 3 of 5




agsound * 6/11

Massachusetts Department of Environmental Protection
Bureau of Waste Prevention — Air Quality

BWP AQ Sound

Submit alone and/or with Form CPA-FUEL and/or CPA-PPROCESS whenever the construction

or alteration of stationary equipment (e.g. electrical generating equipment, motors, fans, Facility 1D (if known)
process handling equipment or similar sources of sound) has the potential to cause noise, or

in response to a MassDEP enforcement action citing noise as a condition of air pollution.

X266786

Transmittal Number

E. Full Octave Band Analysis (continued)

3. Expected neighborhood sound pressure levels after installation of sound abatement equipment.

a. At property line: (see Table 6-8B of Epsilon Associates, Inc. October 15, 2018 report)

(A) 47 75 67 54 46 44 M 37 36 29 27

(B) 44 62 55 49 40 37 40 38 33 21 23
(C) 46 58 56 592 43 39 40 37 36 24 23
(D) 38 56 53 44 39 34 32 29 34" 20 23
(E) 37 54 52 45 36 32 33 30 23 18 22
(F) 42 55 53 47 40 40 39 35 31 20 24
(G) 43 56 53 48 40 40 40 36 31 20 24

Note: MassDEP may request that actual measurements be taken after the installation of the noise abatement
equipment to verify compliance at all off-site locations.
' -- MassDEP-defined pure tone attributable to the existing ambient sound levels, not the Project

F. Professional Engineers Stamp

The seal or stamp and signature of a Massachusetts Registered Professional Engineer (P.E.) must be entered
below. Both the seal or stamp impression and the P.E. signature must be original. This is to certify that the
information contained in this Form has been checked for accuracy, and that the design represents good air
pollution control engineering practice.

Dale T. Raczynski

P.E. Sifnature

Principal

Position/Title

Epsilon Associates, Inc.
Company

10/15/2018
Date (MM/DD/YYYY)

36207
P.E. Number

BWP AQ Sound * Page 4 of 5
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Massachusetts Department of Environmental Protection
Bureau of Waste Prevention — Air Quality X266786

BWP AQ Sound Transmittal Number

Submit alone and/or with Form CPA-FUEL and/or CPA-PPROCESS whenever the construction

or alteration of stationary equipment (e.g. electrical generating equipment, motors, fans,
process handling equipment or similar sources of sound) has the potential to cause noise, or
in response to a MassDEP enforcement action citing noise as a condition of air pollution.

Facility ID (if known)

G. Certification by Responsible Official

The signature below provides the affirmative demonstration pursuant to 310 CMR 7.02(5)(c)8 that any
facility(ies) in Massachusetts, owned or operated by the proponent for this project (or by an entity controlling,
controlled by or under common control with such proponent) that is subject to 310 CMR 7.00, et seq., is in
compliance with, or on a MassDEP approved compliance schedule to meet, all provisions of 310 CMR 7.00, et
seq., and any plan approval, order, notice of noncompliance or permit issued thereunder. This Form must be
signed by a Responsible Official working at the location of the proposed new or modified facility. Even if an
agent has been designated to fill out this Form, the Responsible Official must sign it. (Refer to the definition
given in 310 CMR 7.00.)

| certify that | have personally examined the foregoing and am familiar with the information contained
in this document and all attachments and that, based on my inquiry of those individuals immediately
responsible for obtaining the information, | believe that the information is true, accurate, and complete.
| am aware that there are significant penalties for submitting false information, including possible fines
and imprisonment.

Michael Koby

RW?HI Name (Type or Print)

Responsible Official Signature

VP — Safety & Reliability
Responsible Official Title

Enbridge Inc.
Responsible Official Company/Organization Name

lo/15/201¢
Date (MM/DD/YYYY)

BWP AQ Sound - Page 5 of 5
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SOUND LEVEL IMPACT ASSESSMENT REPORT

Weymouth Compressor Station
Atlantic Bridge Project
Weymouth, Massachusetts

Prepared for:

Algonquin Gas Transmission, LLC
890 Winter Street, Suite 300
Waltham, MA 02451

Prepared by:

=psilon

Epsilon Associates, Inc.
3 Mill & Main Place, Suite 250
Maynard, MA 01754

October 15, 2018



Table of Contents




TABLE OF CONTENTS

1.0 EXECUTIVE SUMMARY 1-1
2.0 INTRODUCTION 2-1
3.0 REGULATORY REQUIREMENTS 3-1
3.1 Federal Noise Guidelines 3-1
3.2 Massachusetts State Regulations 3-1
3.3 Local Noise Regulations 3-2
4.0  GENERAL ENVIRONMENTAL NOISE METRICS 4-1
5.0 EXISTING SOUND LEVELS 5-1
5.1 Sound Level Measurement Methodology 5-1
5.2 Sound Level Measurement Locations 5-2
5.3 Sound Level and Meteorological Measurement Equipment 5-5
5.4 Sound Level Measurement Results 5-5
5.5 Establishment of Background for MassDEP 5-10
6.0 FUTURE OPERATIONAL SOUND LEVELS 6-1
6.1 Noise Sources and Reference Sound Data 6-1
6.2 Cadna/A Sound Model 6-3
6.3 Base Case Operational Sound Levels & Regulatory Evaluation 6-7
6.4 Base Case Mitigation Measures and Costing 6-10
6.5 Best Available Noise Control Technology (BANCT) Analysis 6-12
6.6 Proposed Case Evaluation 6-17
7.0 OTHER SOUND SOURCES 7-1
7.1 Minor Sources 7-1
7.2 Infrequent Intermittent Sources 7-1
8.0 CONCLUSION 8-1
LIST OF APPENDICES

Appendix A Sound Level Measurement Protocol and MassDEP Comments
Appendix B Continuous Sound Level Measurement Data
Appendix C  Sound Level Instrumentation Calibration Certificates

Appendix D Logan International Airport NWS Data

4969/Weymouth Compressor Station / Table of Contents
Epsilon Associates, Inc.



LIST OF FIGURES

Figure 5-1 Sound Level Measurement Locations 5-4
Figure 6-1 Project Layout 6-5
Figure 6-2 Sound Level Modeling Locations 6-6
Figure 6-3 Sound Level Modeling Results — Base Case 6-11
Figure 6-4 Sound Level Modeling Results — Mitigation Case 1 6-21
Figure 6-5 Project Layout — Mitigation Case 2 6-22
Figure 6-6 Sound Level Modeling Results — Mitigation Case 2 6-23
Figure 6-7 Project Layout — Mitigation Case 3 6-24
Figure 6-8 Sound Level Modeling Results — Mitigation Case 3 6-25
LIST OF TABLES
Table 4-1 Sound Pressure Levels and Relative Loudness of Common Noise
Sources and Soundscapes 4-3
Table 5-1 GPS Coordinates — Sound Level Monitoring Locations 5-3
Table 5-2A Lowest Daytime' Ambient Lo Sound Level Measurement Summary—9/13
to 9/21/18 5-8
Table 5-2B Lowest Nighttime' Ambient Lso Sound Level Measurement Summary—9/13
to 9/21/18 5-8
Table 5-3A Lowest Daytime' Ambient Lo Sound Level Measurement Summary—9/27
to 10/5/18 5-9
Table 5-3B Lowest Nighttime' Ambient Lso Sound Level Measurement Summary—9/27
to 10/5/18 5-9
Table 5-4A Summary of Lowest Daytime' Ambient Lo Sound Levels 5-10
Table 5-4B Summary of Lowest Nighttime' Ambient Lo Sound Levels 5-10
Table 6-1 Reference Sound Power Level by Source — Base Case 6-2
Table 6-2 Modeled Noise Reduction Levels — Base Case 6-2
Table 6-3A MassDEP Daytime' Compliance Evaluation — Base Case 6-8
4969/Weymouth Compressor Station ir Table of Contents

Epsilon Associates, Inc.



LIST OF TABLES (CONTINUED)

Table 6-3B MassDEP Nighttime' Compliance Evaluation — Base Case 6-9
Table 6-4A  Sound Level Modeling Results by Octave-Band - Proposed Equipment
+ Daytime' Background—Base Case 6-9
Table 6-4B Sound Level Modeling Results by  Octave-Band - Proposed
Equipment + Nighttime' Background—Base Case 6-10
Table 6-5 Sound Level Reductions - Base Case 6-10
Table 6-6A  Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Daytime' Background—Mitigation Case 1 6-13
Table 6-6B Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Nighttime' Background—Mitigation Case 1 6-13
Table 6-7A°  Sound Level Modeling Results by Octave-Band - Proposed Equipment+
Daytime' Background—Mitigation Case 2 6-14
Table 6-7B Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Nighttime' Background—Mitigation Case 2 6-14
Table 6-8A  Sound Level Modeling Results by Octave-Band — Proposed Equipment + Daytime'
Background—Mitigation Case 3 6-15
Table 6-8B Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Nighttime' Background—Mitigation Case 3 6-15
Table 6-9A  MassDEP Daytime' Compliance Evaluation — Base Case + Mitigation Case 1 +
Mitigation Case 3 6-16
Table 6-9B MassDEP Nighttime' Compliance Evaluation — Base Case + Mitigation Case 1 +
Mitigation Case 3 6-17
Table 6-10 Increase Above Quietest Lo Background — All Cases 6-19
Table 6-11 Noise Control Commitments — BANCT Analysis 6-20
4969/Weymouth Compressor Station i Table of Contents

Epsilon Associates, Inc.



Section 1.0

Executive Summary



1.0 EXECUTIVE SUMMARY

Algonquin Gas Transmission, LLC is proposing to install a natural gas compressor station
known as the Weymouth Compressor Station (“Station”). A detailed sound level impact
assessment was prepared to evaluate potential noise from the Station. Existing condition
sound levels were measured around the site, an operational sound level modeling analysis
was conducted for the notable Station equipment, and additional noise controls are
discussed in the Best Available Noise Control Technology analysis.

Existing condition sound level measurements were measured for eight days at six locations
around the site in accordance with a Massachusetts Department of Environmental
Protection approved protocol. During the program, the sound level monitoring equipment
malfunctioned at two of the six locations, and thus no data were collected at those two
locations, and no ambient sound level could be established. Both malfunctions were
attributable to hardware issues that are being evaluated by the equipment manufacturer. To
complete the ambient dataset, a second monitoring program was conducted at all six
locations for another eight days. The lowest sound level measured during either program
was conservatively used to establish background at each location.

Sound level modeling was conducted for a “Base Case” scenario. The “Base Case”
included approximately $5.57 Million of noise controls on the equipment including:

¢ Gas turbine air intake — 5-foot silencer; air intake filter

¢ Gas turbine exhaust — 2-stage silencer

¢ Gas turbine and compressor — 22-gauge metal building; 6-inch insulation; insulated
roll-up door; no windows

¢ Gas turbine compressor building air intake fans — 3-foot silencers

¢ Aboveground piping — Acoustical pipe insulation; courtyard barrier wall (8.5-inch
concrete)

¢ Gas cooler — courtyard barrier wall (8.5-inch concrete)

Three additional rounds of noise control evaluation were conducted as part of the Best
Available Noise Control Technology analysis. As a result of these analyses, the following
additional noise controls were evaluated and are proposed for this Station at an incremental
cost of approximately $865,000:

¢ Lube oil cooler — quieter equipment; relocate behind courtyard barrier wall (8.5-
inch concrete)

¢ Gas turbine compressor building air intake fans — 5-foot silencers (replaces 3-foot
silencers)

¢ Additional compressor building roll-up door

496 9/Weymouth Compressor Station 7-1 Executive Summary
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¢ Replacing the metal-skinned gas compressor building with an 8.5-inch thick
concrete block building

¢ Better silencing features for the turbine intake and exhaust

The net result of the study is that substantial noise mitigation measures totaling more than
$6.4 Million dollars have been incorporated into the design of the proposed Project to
minimize noise impacts in the community. Results of a complete sound level assessment
demonstrate that noise levels from the Project will comply with the requirements set forth in
the MassDEP Noise Policy, and have been provided with the best available noise controls.

496 9/Weymouth Compressor Station 7-2 Executive Summary
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2.0

INTRODUCTION

Algonquin Gas Transmission, LLC (AGT) is proposing to install a natural gas compressor
station known as the Weymouth Compressor Station (“Station”). This Station is associated
with the Atlantic Bridge Project for AGT. The Station will be located in Norfolk County,
Massachusetts, within the limits of the Town of Weymouth (MA), on the north side of
Bridge Street just east of the Fore River Bridge. There is an existing AGT natural gas
metering and regulating station (/.e., “Weymouth M&R Station”), and the Massachusetts
Water Resource Authority (MWRA) Intermediate Pumping Station located in the same
general area as the Station site. The Station will be equipped with one (1) Solar Taurus 60
turbine-driven compressor unit [ISO horsepower (HP) of 7,700 HP]. The turbine and
compressor will be installed in an acoustically-insulated building (“compressor building”),
which will be constructed with a brick facade.

The following describes the auxiliary equipment and other notable items associated with
the Station.

Turbine exhaust system, which includes a silencer system and exhaust stack;
Turbine air intake filter system that includes a silencer system;

Outdoor lube oil cooler (“LO cooler”) that serves the compressor unit;

Aboveground gas piping and associated components (e.g., valves, suction filter
separators);

Outdoor gas cooler that serves the Station compressor unit; and

¢ Courtyard barrier/walls between the compressor building and auxiliary building; as
a result, the gas cooler and a portion of the aboveground piping in the area of the
compressor building will be located inside a “courtyard area”.

* & & o

This report provides a description of the applicable federal, state, and local noise regulatory
requirements, a brief explanation of noise terminology, a summary of the results of a
complete ambient sound level monitoring program, and a discussion of the sound level
modeling analysis for the proposed Station. Additional noise control options are discussed
in the Best Available Noise Control Technology analysis. AGT'’s design of the proposed
Project incorporates more than $6.4 Million of noise reduction measures. Operation of the
Station will comply with the MassDEP noise requirements at all locations.

4969/Weymouth Compressor Station 2-7 Introduction
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3.0

REGULATORY REQUIREMENTS

3.1

3.2

Federal Noise Guidelines

The Environmental Protection Agency (EPA) identifies safe levels of environmental noise
exposure in a document intended to “provide State and Local governments as well as the
Federal Government and the private sector with an informational point of departure for the
purpose of decision making.”' While the EPA has no regulation governing environmental
noise, the agency has conducted several extensive studies to identify the effects of sound
level on public health and welfare. This publication remains the authoritative study based
on a large sampling of community reaction to noise. The EPA sound level guidelines do not
provide an absolute measure of noise impact, but rather a consensus on potential activity
interference, human health and welfare effects, and annoyance. Since these protective
levels were derived without concern for technical or economic feasibility, and contain a
margin of safety to ensure their protective value, they should not be viewed as standards,
criteria, regulations, or goals. Rather, EPA has stated that they should be viewed as levels
below which the general population will not be at risk from the effects of noise.>

The EPA recommends that sound levels outdoors in residential areas, and in other places in
which quiet is a basis for use, not exceed a day-night sound level (L) of 55 dBA in order to
“protect the public health and welfare with an adequate margin of safety,” the standard set
out in the Noise Control Act of 1972.> This level (55 dBA L) is also the limit required at
noise sensitive areas by the Office of Energy Projects of the Federal Energy Regulatory
Commission (FERC) from a natural gas compressor station. The EPA also suggests an Leq of
70 dBA (24-hour) limit to avoid adverse effects on public health and safety at publicly
accessible property lines or extents of work areas where extended public exposure is
possible.* These levels are identified as desirable to protect against speech interference and
sleep disturbance for residential, educational, and healthcare areas.

Massachusetts State Regulations

The Massachusetts Department of Environmental Protection (MassDEP) regulates noise
under its Air Pollution Control regulations. In these regulations, an “air contaminant” is
defined to include sound, and a condition of “air pollution” includes the presence of an air
contaminant in such concentration and duration as to “cause a nuisance” or “unreasonably
interfere with the comfortable enjoyment of life and property.” (310 CMR 7.00)

U.S. EPA, Information on Levels of Environmental Noise Requisite to Protect the Public Health and Welfare with an

Adequate Margin of Safety, Document EPA-550/9-74-004, March, 1974. (“Document EPA-550/9-74-004")

Document EPA-550/9-74-004, at 4.

3 Jd.,, Noise Control Act of 1972, 42 USC 4904(a)(2).

That is, to protect against hearing damage, one’s 24-hour noise exposure should not exceed 70 dBA.

4969/Weymouth Compressor Station 3-1 Regulatory Requirements
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MassDEP’s regulations at 310 CMR 7.10 prohibit “unnecessary emissions” of noise.
MassDEP Division of Air Quality Control (“DAQC”) Policy Statement 90-001 (February 1,
1990) (the “MassDEP Noise Policy”) interprets a violation of this noise regulation to have
occurred if the source causes either:

1) An increase in the broadband sound pressure level of more than 10 dBA above
the ambient, or

2) A “pure tone” condition.

“Ambient” is defined as the background A-weighted sound level that is exceeded 90% of
the time, measured during equipment operating hours (Lsw). A “pure tone” condition occurs
when any octave band sound pressure level exceeds both of the two adjacent octave band
sound pressure levels by 3 dB or more.

These noise limits are MassDEP policy and are applicable both at the Property line and at
the nearest residences. As a policy and not regulation, the MassDEP has waived these
limits in certain cases at property line locations where the adjacent land uses are not
considered noise sensitive, such as an adjacent industrial parcel.

3.3  Local Noise Regulations
The Town of Weymouth, Code of Ordinances, Chapter 11, Section 11-101(b)(4) identifies a
nuisance as a condition when “noise is over 10 dB over ambient background.” This is
similar to the MassDEP policy.

4969/Weymouth Compressor Station 32 Regulatory Requirements
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4.0

GENERAL ENVIRONMENTAL NOISE METRICS

The unit of sound pressure is the decibel (“dB”). The decibel scale is logarithmic to
accommodate the large dynamics of sound intensities to which the human ear is subjected.
By definition, the decibel corresponds to a logarithmic scale formed by taking 20 times the
logarithm (base 10) of the ratio of two sound pressures (Lr): the measured sound pressure
divided by a reference sound pressure. The reference sound pressure is 20 dB re pPa (0
dB), the approximate threshold of human perception of sound at a frequency of 1000 Hz.
The loudness of a sound source is typically reported by equipment manufacturers as the
source sound power level (Lw), or the total acoustic power radiated in decibels referenced
to 10" watts. Sound power ratings are independent of environmental conditions in
comparison to received sound pressure levels, which include the effects of propagation and
attenuation that occur between the source and receptor.

An inherent property of the logarithmic decibel scale is that the sound pressure levels of
two separate sounds are not directly additive. For example, if a sound of 50 dB is added to
another sound of 50 dB, the total is a three-decibel increase (or 53 dB), not an arithmetic
doubling to 100 dB. The human ear does not perceive changes in the sound pressure level
as equal changes in loudness. Scientific research demonstrates that the following general
relationships hold between sound level and human perception for two sound levels with
the same or very similar frequency characteristics:

1 dBA is the practically achievable limit of the accuracy of sound measurement systems
and corresponds to an approximate 10% variation in sound pressure. A 1 dBA
increase or decrease is a non-perceptible change in sound.

3 dBA increase or decrease is a doubling (or halving) of acoustic energy and it
corresponds to the threshold of perceptibility of change. In practice, a 3 dBA
change in environmental sound is just perceptible to the average person.®

5 dBA increase or decrease is described as a perceptible change in sound level and is a
discernible change in an outdoor environment.

10 dBA increase or decrease is a tenfold increase or decrease in acoustic energy, but is
perceived as a doubling or halving in sound (/.e., the average person will judge a 10
dBA change in sound level to be twice or half as loud).®

Environmental sound is typically composed of acoustic energy across a wide range of
frequencies, referred to as the frequency spectra; however, the human ear does not interpret

2009 ASHRAE Handbook - Fundamentals, American Society of Heating, Refrigerating and Air-Conditioning

Engineers, Inc., Atlanta, GA, 2009.

Procedures for the Computation of Loudness of Steady Sounds, American National Standard, ANSI $3.4-2007, Annex

A, NY.
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the sound level from each frequency as equally loud. To compensate for the physical
response of the human ear, the A-weighting filter is commonly used for describing
environmental sound levels. The A-weighting filters the frequency spectrum of sound levels
to correspond to the frequency response of the human ear (attenuating low and high
frequency energy similar to the way people hear sound). Sound levels that are A-weighted
to reflect human response are presented as “dBA.” The A-weighted sound level is the most
widely accepted descriptor for community noise assessments. Unweighted sound levels are
referred to as linear decibels, and given in units of “dB” or “dBL.”

Sound levels can be measured and presented in various formats. The most common sound
metric used in community sound surveys is the equivalent sound level (Leq). The Leq level is
the energy averaged, A-weighted sound pressure level that occurs over a given time period,
i.e., the steady, continuous sound level which has the same acoustic energy as the time-
varying sound levels over the same time period. The Leq has been shown to provide both
an effective and uniform method for comparing time-varying sound levels and is routinely
employed. Community sound levels are also often described in terms of the “day-night”
averaged sound level (Lan), which accounts for the increased potential for annoyance that
comes with elevated sound levels at night. Specifically, a 10 dBA “penalty” is added to all
sound levels from 10 PM to 7 AM, and the Lan is calculated from 24 hours of sound level
data. In addition, the maximum sound level (Lmax) can be used to quantify the maximum
instantaneous sound pressure level generated by a source. Statistical levels help further
characterize the sound environment. The percentile sound levels (L«) indicate the sound
level exceeded for that percentage of the measurement period. The Lo level is commonly
referred to as the residual sound level as it excludes short-term intrusive noise events so it is
effective in defining the quietest periods. The Lo is the statistical level that is the level
exceeded during 90% of the measurement period, and is the metric used by MassDEP to
define “ambient.” In comparison, the Lio is referred to as the intrusive level and is the
sound level that is exceeded for 10% of the time during the measurement.

The noise metrics defined are broadband, /.e., inclusive of sound across the entire audible
frequency spectrum. In addition to broadband, sound level data typically includes an
analysis of the various frequency components of the sound spectrum to determine the
potential for tonal characteristics and for use in identifying candidate noise mitigation
measures. The unit of frequency is Hertz (“Hz”), measuring the cycles per second of the
sound pressure waves, and typically the frequency analysis is stated in terms of octave- or
one-third-octave-band sound-pressure levels, in dB, with the octave frequency bands being
those established by standard (American National Standards Institute (ANSI) S1.11, 1986).
In this analysis, octave-band sound levels were used primarily for purposes of evaluating the
“pure tone” component of the MassDEP Noise Policy.

Measured sound levels may be influenced by seasonal sound sources, /i.e., insects in the
summertime. During some periods of the year, sound from insects, birds, and leaf rustle
will not be present (e.g., winter) and the ambient sound levels will be lower than during the
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summertime. Therefore, to more closely replicate sound levels observed at the same
monitoring locations during these periods (“quiet seasons”), a high-frequency natural sound
(HENS) filter may be applied to the measured spectral data from which a new broadband
sound level may be calculated to account for seasonal variation. This technique removes
all sound energy above the 1250 Hertz frequency one-third octave band. The methodology
for the filtration process is specified in ANSI/ASA S12.100-2014. Sound pressure levels
calculated with this methodology are indicated as ANS-weighted levels (presented in dBA).

Estimations of common noise sources and outdoor acoustic environments, and the
comparison of relative loudness are presented in Table 4-1.

Table 4-1 Sound Pressure Levels and Relative Loudness of Common Noise Sources and
Soundscapes
Sound Relative Loudness
Level Subjective (perception of
Noise Source or Activity (dBA) Impression different sound levels)
Jet aircraft takeoff from carrier (50 feet) 140 Threshold of pain 64 times as loud
50-hp siren (100 feet) 130 32 times as loud
Loud rock concert near stage
Jet takeoff (200 feet) 120 Uncomfortably loud 16 times as loud
Float plane takeoff (100 feet) 110 8 times as loud
Jet takeoff (2,000 feet) 100 Very loud 4 times as loud
Heavy truck or motorcycle (25 feet) 90 2 times as loud

Garbage disposal
Food blender (2 feet)

Pneumatic drill (50 feet) 80 Loud Reference loudness
Vacuum cleaner (10 feet) 70 Moderate 1/2 as loud
Passenger car at 65 mph (25 feet) 65
Large store air-conditioning unit (20 feet) 60 1/4 as loud
Light auto traffic (100 feet) 50 Quiet 1/8 as loud
Quiet suburban area 45

Bedroom or quiet living room

Bird calls 40 Faint 1/16 as loud
Typical wilderness area 35
Quiet library, soft whisper (15 feet) 30 Very quiet 1/32 as loud
Wilderness with no wind or animal activity 25 Extremely quiet
High-quality recording studio 20 1/64 as loud
Acoustic test chamber 10 Just audible

0 Threshold of hearing
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5.0 EXISTING SOUND LEVELS

5.1  Sound Level Measurement Methodology

Pursuant to a Protocol” submitted June 26, 2018, with comments from the MassDEP
received August 3, 2018, a comprehensive background measurement program consisting of
six long-term continuous sound level monitoring stations was developed to:

1. Establish representative A-weighted broadband ambient sound pressure levels, for
evaluating compliance with the MassDEP policy limit of a 10 dBA increase due to
the proposed Project; and

2. Establish representative octave-band ambient sound pressure levels to identify any
existing “pure tones,” as defined by MassDEP, and evaluate whether the addition of
modeled sound levels from the proposed Project to these background sound levels
may introduce or exacerbate existing “pure tones” in the community.

The MassDEP-reviewed Protocol is included in this report as Appendix A. The MassDEP
comments on the attached Protocol were that the DEP should be consulted before
anomalous data were excluded from the analysis. Only measurement periods during, or
affected by, precipitation were excluded from the analysis. This approach is consistent with
the ANSI Standard S12.18-1994 (R2009). MassDEP’s comments were provided in email
format and are included at the end of Appendix A.

Continuous A-weighted and octave-band measurements (24 hours/day) were made
concurrently at six locations over approximately a one-week period from Thursday,
September 13, 2018 through Friday, September 21, 2018. The long-term monitors were
generally unattended®, with personal observations made by a field technician during
deployment, a nighttime site visit, and demobilization. During the program, the sound
level monitoring equipment malfunctioned at two of the six locations, and thus no data
were collected at those two locations and no ambient sound level could be established.
Both malfunctions were attributable to hardware issues that are being evaluated by the
equipment manufacturer. To complete the ambient dataset, a second monitoring program
was conducted at all six locations starting Thursday, September 27, 2018 and completed on
Friday, October 5, 2018. The monitors’ were generally unattended', with personal

Epsilon Associates, Inc., Sound Level Measurement Protocol, June 26, 2018.

Though the equipment was left unattended, security detail was in place for nighttime hours during the
entire program to check that the equipment was secure and that no tampering of the equipment
occurred.

The instrumentation that malfunctioned during the first measurement program was not utilized during the
second program.
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5.2

observations made by a field technician during deployment, a nighttime site visit, and
demobilization. Equipment integrity checks were performed on five occasions during the
second program to ensure proper operation of the instrumentation, and a data download
was also performed during the interim. Meteorological data were collected onsite and
archived from the Boston Logan International Airport National Weather Service (NWS)"
station provided by the National Centers for Environmental Information (NCEI) for the
duration of both measurement programs. All sound level data and meteorological data
collected during the programs are included in the ambient analysis and presented in this
report.

Sound Level Measurement Locations

Six sound level measurement locations were selected to represent sound levels at the
nearest noise sensitive receptors to the Project, including residences in all relevant
directions from the Project and the walking path in the King’s Cove conservation area to the
immediate east of the Project property line. All measurements were made at publicly
accessible locations and/or with landowner permission.

These six background sound level monitoring sites, described below, were selected to
establish a current ambient sound pressure level for noise sensitive areas in the vicinity of
the Project.

¢ Location M1 - King’s Cove Property Line (PL) - was selected to represent sound levels at
the closest property line immediately east of the Project. This location is approximately
90 feet east of the center of the compressor building. This location also represents
existing sound levels along the walking path that goes through the public park located
in the Fore River Basin south of the MWRA pumping station within the King’s Cove
conservation area.

¢ Location M2 - Bridge Street - was selected to represent sound levels at the nearest
residences to the southeast. This location is at a Town-owned parcel at 116 Bridge
Street, approximately 840 feet from the center of the compressor building.

¢ Location M3 - Monatiquot Street - was selected to represent sound levels at the nearest
residences to the south, which are set back from Bridge Street traffic. M3 was located
just within the Fore River Energy Center fence line near the intersection of Monatiquot
Street and Bluff Road. This location is approximately 1,300 feet from the center of the
compressor building.

10

11

Though the equipment was left unattended, security detail was in place during the full week to check
that the equipment was secure and that no tampering of the equipment occurred.
Logan International Airport NWS data are provided as Appendix D
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Location M4 - King’s Cove Beach Road (KCBR) - was selected to represent sound levels
at the nearest residences to the east along King’s Cove Beach Road (KCBR). This
location is at 73 KCBR and approximately 1,530 feet from the center of the compressor
building.

Location M5 - City of Quincy Park - was selected to represent sound levels at the
nearest residences to the west. This location is in Quincy at a City-owned parcel along
Washington Street approximately 2,850 feet from the center of the compressor building.

Location M6 - O’Brien Towers - was selected to represent sound levels at the nearest
group of residences to the north. The location is in Quincy on the south lawn of the
O’Brien Towers south of Bicknell Street. This location is approximately 1,740 feet from
the center of the compressor building.

aerial photograph of the Project site is shown in Figure 5-1, identifying the Property

boundary, nearby roads, property parcels, and background monitoring locations. The
coordinates listed in Table 5-1 for the sound level measurement locations were obtained
from a close review of aerial imagery by the field technician.

Table 5-1 GPS Coordinates — Sound Level Monitoring Locations
Location Massachusetts State Plane Meters (NAD83)
Description
ID X (meters) Y (meters)
M1 King’s Cove Property Line (PL) 244359.40 888390.82
M2 Bridge Street 244489.85 888193.66
M3 Monatiquot Street 244287.14 888000.38
M4 King’s Cove Beach Road (KCBR) 244794.57 888455.28
M5 City of Quincy Park 243477.10 888540.14
M6 O'Brien Towers 244232.98 888916.71
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5.3

5.4

Sound Level and Meteorological Measurement Equipment

Six Larson Davis (LD) Model 831 integrating sound level meters, tripod-mounted at a height
of approximately five feet (1.5 meters) above ground level and fitted with the
manufacturer’s environmental windscreen, were used to collect background sound pressure
level data during each program. Each meter, connected to a microphone via an extension
cable and housed in an environmental suitcase, was programmed to log statistical A-
weighted broadband and unweighted octave-band sound level data (L1, Lio, Lso, Loo, Lmax,
and Leq) over one-hour intervals with a one-second time history.

All sound monitoring instrumentation met the “Type 1 - Precision” requirements set forth in
ANSI S$1.4-1983 as specified in the ANSI S12.18-1994 methodology as well as those in
ANSI S1.11-2004 (octave filter standard) for acoustical measuring devices.

The measurement equipment was calibrated in the field before and after the surveys with
the manufacturer’s acoustical calibrator (CAL200), which meets the standards of IEC 942
Class 1L and ANSI S1.40-1984. All calibrations were within 0.5 dB from the most recent
calibration. The meters were calibrated and certified as accurate to standards set by the
National Institute of Standards and Technology by an independent laboratory within the
prior 12 months. Calibration certificates are provided in Appendix C.

Continuous hourly wind speed, wind direction, temperature, and precipitation
measurements were made at the King’s Cove PL location (M1) using a 2-meter ATMOS 41
weather station and EM60 data logger manufactured by Meter Group, Inc. The sensors
were mounted at a height of approximately 2 meters above ground level and data were
logged every hour. The weather station has a wind speed measurement range of 0 to 30
m/s (67 mph) and an accuracy of +0.3 m/s (0.67 mph). The wind direction measurement
range is 0 to 359 degrees with an accuracy of +5 degrees. The air temperature
measurement range is -50 to 60°C (-58 to 140°F) with an accuracy of +1.0°C, and the
precipitation measurement range is 0 to 400 mm/h with an accuracy of +5% of the
measurement from 0 to 50 mm/h.

Sound Level Measurement Results

Current noise sources in the area surrounding the proposed Project area include: vehicle
traffic along Route 3A (primarily over Fore River Bridge) as well as local roads; aircraft
flyovers; mechanical noise from the Twin Rivers Technologies facility; mechanical noise
from the MWRA facility; mechanical noise from the Calpine Fore River Energy Center;
residential air conditioning units; insect noise; rustling vegetation; water on the shore;
occasional wind; and birds. During the 9/13 to 9/21/18 sound level measurement program,
the Calpine Fore River Energy Center was operational until midnight 9/20. During the 9/27-
10/5/18 sound level measurement program, the same power plant was offline.
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Hourly A-weighted broadband sound pressure level data from the continuous ambient
monitoring stations at locations M1 through M6 are presented in Appendix B. Sound level
measurement data from both monitoring programs are shown and included in the analysis.
Periods of precipitation totaling approximately 88 hours as recorded by the ATMOS
weather station were excluded from the dataset. These included some very brief gaps in the
precipitation event which were excluded due to potential elevations in ambient sound
levels. These precipitation periods are shown in Appendix B. Ground level wind speeds
greater than 5 m/s (11 mph) were not observed during the sound level measurement
program by the ATMOS station, as is evident in Appendix B. Due to zero periods reaching
this threshold, there were no periods removed from the dataset due to wind speed levels.

As the ambient measurements were conducted during a time of year when insects and leaf
rustle were present, the measured Lso sound levels were ANS-weighted to represent a quiet
period of the year. The ANS Lo sound levels are presented in this report and conservatively
used in the compliance evaluation for the Project.

For the period, September 13 - 21, 2018, daytime (7AM - 10PM) ANS-weighted L+ sound
levels at the King’s Cove PL location (M1) ranged from 46 to 56 dBA. Daytime ANS-
weighted Lso sound levels ranged from 44 to 54 dBA at the Monatiquot Street location (M3),
from 46 to 66 dBA at the Quincy Park location (M5), and from 45 to 58 dBA at the O’Brien
Towers location (M6). The lowest daytime ambient broadband Lso sound level for each
measurement location is presented in Table 5-2A along with the Ls octave-band sound
levels measured during the same timestamp. No data were available at the Bridge Street
location (M2) or the King’s Cove Beach Road location (M4) due to the sound measurement
equipment malfunctions.

For the period, September 13 - 21, 2018, nighttime (10PM — 7AM) ANS-weighted Ls sound
levels at the King’s Cove PL location (M1) ranged from 44 to 54 dBA. Nighttime ANS-
weighted Lso sound levels ranged from 45 to 51 dBA at the Monatiquot Street location (M3),
from 37 to 55 dBA at the Quincy Park location (M5), and from 43 to 51 dBA at the O’Brien
Towers location (M6). The lowest nighttime ambient broadband L+ sound level for each
measurement location is presented in Table 5-2B along with the L+ octave-band sound
levels measured during the same timestamp. No data were available at the Bridge Street
location (M2) or the King’s Cove Beach Road location (M4) due to the sound measurement
equipment malfunctions.

For the period, September 27 - October 5, 2018, daytime (7AM - T0PM) ANS-weighted Lo
sound levels at the King’s Cove PL location (M1) ranged from 44 to 57 dBA. Daytime ANS-
weighted Lso sound levels ranged from 48 to 60 dBA at the Bridge Street location (M2), from
45 to 59 dBA at the Monatiquot Street location (M3), from 40 to 53 dBA at the King’s Cove
Beach Road location (M4), from 45 to 57 dBA at the Quincy Park location (M5), and from
42 to 56 dBA at the O’Brien Towers location (M6). The lowest daytime ambient broadband
Loo sound level for each measurement location is presented in Table 5-3A along with the Loo
octave-band sound levels measured during the same timestamp.
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For the period, September 27 - October 5, 2018, nighttime (10PM — 7AM) ANS-weighted
Loo sound levels at the King’s Cove PL location (M1) ranged from 40 to 56 dBA. Nighttime
ANS-weighted Lso sound levels ranged from 36 to 57 dBA at the Bridge Street location (M2),
from 45 to 49 dBA at the Monatiquot Street location (M3), from 37 to 51 dBA at the King’s
Cove Beach Road location (M4), from 34 to 61 dBA at the Quincy Park location (M5), and
from 41 to 51 dBA at the O’Brien Towers location (M6). The lowest nighttime ambient
broadband L+ sound level for each measurement location is presented in Table 5-3B along
with the Lso octave-band sound levels measured during the same timestamp.

The lowest ANS-weighted Loo (1-hour) sound levels ranged from 40 to 48 dBA during the
day and from 34 to 45 dBA at night across the six locations during all monitoring periods.
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Table 5-2A

Lowest Daytime' Ambient Lo Sound Level Measurement Summary—9/13 to

9/21/18
ANS- Measured Lso® Sound Pressure Level (dB) by Octave Band (Hz)
Monitoring Date/Start Time | y/qi ghted
Location ID of Lowest Loo®
Daytime Lso 31,5 | 63 125 | 250 | 500 1k 2k 4k 8k 16k
dBA dB dB dB dB dB dB dB dB dB dB
M1 9/15 8:00 PM 46 65 61 51 43 44 41 51% 43 33 23
M2 ND ND ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
M3 9/21 9:00 AM 44 59 58 57 42 39 37 34 31 28 23
M4 ND ND ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
M5 9/16 7:00 AM 46 65 57 52 44 40 44* 39 29 21 24
M6 9/19 9:00 PM 45 63 55 49 42 42 43 40 36 27 25
1. ‘Daytime’ defined to be between the hours of 7AM and 10PM.
2. Broadband ANS-weighted Lo (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was
observed.
4.  MassDEP-defined pure tone in ambient sound level data.
5. ‘ND’ indicates no data.
Table 5-2B Lowest Nighttime' Ambient Lo Sound Level Measurement Summary—9/13 to
9/21/18
ANGS- Measured Lso® Sound Pressure Level (dB) by Octave-Band (Hz) |
Monitoring Date/Start Time | yy/qi ghted
Location ID of Lowest Loo®
Nighttime Lo 31.5 63 125 | 250 | 500 1k 2k 4k 8k 16k
dBA dB dB dB dB dB dB dB dB dB dB
M1 9/17 3:00 AM 44 64 58 46 40 42 40 39 48* 44 28
M2 ND ND ND ND | ND | ND | ND | ND | ND | ND | ND | ND
M3 9/21 2:00 AM 45 54 55 59* 42 38 37 34 36 24 23
M4 ND ND ND ND | ND | ND | ND | ND | ND | ND | ND | ND
M5 9/14 2:00 AM 37 65 51 45 36 33 31 26 35* 20 24
M6 9/20 2:00 AM 43 55 | 55 | 48 | 40 | 40 | 41 39 | 36 | 25 | 24

1. ‘Nighttime’ defined to be between the operational hours of T0PM and 7AM.
2. Broadband ANS-weighted Loo (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was

observed.

4. MassDEP-defined pure tone in ambient sound level data
5. ‘ND’ indicates no data
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Table 5-3A°  Lowest Daytime' Ambient Lso Sound Level Measurement Summary—9/27 to
10/5/18
ANS- Measured Loo* Sound Pressure Level (dB) by Octave Band (Hz)
Monitoring Date/Start Weigh
. . ghted
Location | Time of Lowest Loo?
ID Daytime Lso 31.5 | 63 125 | 250 | 500 1k 2k 4k 8k 16k
dBA dB dB dB dB dB dB dB dB dB dB
M1 9/30 5:00 PM 44 58 58 49 40 43 41 37 36 25 22
M2 9/30 9:00 PM 48 57 56 52 46 44 46 41 32 24 23
M3 9/28 8:00 PM 45 58 58 52 43 40 41 38 38 22 22
M4 10/1 1:00 PM 40 54 55 49 40 35 36 33 30 24 23
M5 9/30 7:00 AM 45 55 54 49 41 40 42 37 26 19 22
M6 10/3 8:00 PM 42 55 54 48 41 39 39 37 33 22 30
1. ‘Daytime’ defined to be between the hours of 7AM and 10PM.
2. Broadband ANS-weighted Lso (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was
observed.
Table 5-3B Lowest Nighttime' Ambient Lo Sound Level Measurement Summary—9/27 to
10/5/18
Measured Loo* Sound Pressure Level (dB) by Octave-Band (Hz)
Monitori Date/Start ANS- b
onttoring Time of Weighted
Location Lowest Loo?
1D N, 31.5 | 63 125 | 250 | 500 1k 2k 4k 8k 16k
Nighttime Loo
dBA dB dB dB dB dB dB dB dB dB dB
M1 10/1 2:00 AM 40 53 52 43 36 38 37 33 34 27 22
M2 10/4 1:00 AM 36 50 | 49 | 41 36 | 34 | 30 | 25 | 28" | 21 23
M3 9/28 2:00 AM 45 57 57 58 41 37 37 36 454 27 22
M4 9/28 2:00 AM 37 51 52 43 39 33 31 28 34* 20 23
M5 9/30 3:00 AM 34 50 51 44 35 31 28 23 22 18 22
M6 10/1 2:00 AM 41 50 51 46 40 40 38 33 31 20 24
1. ‘Nighttime’ defined to be between the operational hours of T0PM and 7AM.
2. Broadband ANS-weighted Lso (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was
observed.
4. MassDEP-defined pure tone in ambient sound level data
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5.5  Establishment of Background for MassDEP
Based on the data presented in this report, daytime and nighttime ambient L+ background
sound levels for each of the six measurement locations have been established as listed in
Tables 5-4A and 5-4B. These utilize the lowest Lo values from both measurement programs
combined.
Table 5-4A  Summary of Lowest Daytime' Ambient Lso Sound Levels
Mon. ANS- Measured Loo*> Sound Pressure Level (dB) by Octave-Band (Hz)
Loc. Description | Weighted
D 190> [315]| 63 | 125 | 250 | 500 | 1k | 2k | 4k | 8k | 16k
dBA dB dB dB dB dB dB dB dB dB dB
M1 King’s Cove PL 44 58 | 58 | 49 | 40 | 43 | 41 37 | 36 | 25 | 22
M2 Bridge St. 48 57 | 56 | 52 | 46 | 44 | 46 | 41 32 | 24 | 23
M3 | Monatiquot St. 44 59 | 58 | 57 | 42 | 39 | 37 | 34 | 31 28 | 23
M4 KCBR 40 54 | 55 | 49 | 40 | 35 | 36 | 33 | 30 | 24 | 23
M5 Quincy Park 45 55 | 54 | 49 | 41 | 40 | 42 | 37 | 26 | 19 | 22
M6 O’Brien Towers 42 55 54 48 41 39 39 37 33 22 30
1. ‘Daytime’ defined to be between the hours of 7AM and 10PM.
2. Broadband ANS-weighted Lo (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was
observed.
Table 5-4B Summary of Lowest Nighttime' Ambient Loo Sound Levels
Mon. ANS- Measured Lso® Sound Pressure Level (dB) by Octave-Band (Hz)
Loc. Description | Weighted
D 190> [315]| 63 | 125 | 250 | 500 | 1k | 2k | 4k | 8k | 16k
dBA dB dB dB dB dB dB dB dB dB dB
M1 King’s Cove PL 40 53 | 52 | 43 | 36 | 38 | 37 | 33 | 34 | 27 | 22
M2 Bridge St. 36 50 | 49 | 41 36 | 34 | 30 | 25 | 28* | 21 23
M3 | Monatiquot St. 45 54 | 55 | 59 | 42 | 38 | 37 | 34 | 36 | 24 | 23
M4 KCBR 37 51 | 52 | 43 | 39 | 33 | 31 | 28 | 34| 20 | 23
M5 Quincy Park 34 50 | 51 | 44 | 35 | 31 | 28 | 23 | 22 | 18 | 22
M6 | O’Brien Towers 41 50 | 51 46 | 40 | 40 | 38 | 33 31 20 | 24

1. ‘Nighttime’ defined to be between the operational hours of T0PM and 7AM.
2. Broadband ANS-weighted Loo (dBA) is the lowest such level observed during daytime hours.
3. Octave-band values correspond to the hourly period when the lowest ANS-weighted Lso sound level was

observed.

4. MassDEP-defined pure tone in ambient sound level data
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6.0

FUTURE OPERATIONAL SOUND LEVELS

6.1

Noise Sources and Reference Sound Data

This section provides a detailed discussion of the primary components of the proposed
Project and their associated reference sound level data. The primary sources of sound
associated with the Project will consist of a Solar Taurus 60 gas turbine and related
equipment, including lube oil and gas coolers, aboveground gas piping and components,
and compressor building air intake fans. The sound level modeling assumes the proposed
equipment to be operating simultaneously at full-load.

A tabular summary of the modeled equipment proposed for the Project, the quantity of each
unit, and reference sound power level data provided for each unit or calculated from
provided sound pressure level data, are presented below in Table 6-1. The data were
provided in an acoustical analysis performed by Hoover & Keith Inc. (H&K), report dated
January 11, 2017", in which the origin of the sound data is described. The exceptions are
the Gas Cooler and the Lube Oil Cooler; more recent sound power level data were
provided by H&K based on field measurements of existing, similar equipment and
incorporated into the modeling. The noise reduction levels for specific pieces of equipment
included in the model are summarized in Table 6-2. These data were also provided in the
H&K report or estimated by Epsilon based on data used by H&K. The data presented in
these tables were utilized in the "Base Case” modeling scenario, to replicate the H&K sound
modeling scenario, and an initial sound level evaluation has been performed in this report.
Additional "Mitigation Cases” are described in later sections of this report and the results of
these cases have been evaluated as well.

12

Hoover & Keith Inc. Results of Additional Ambient Sound Survey and Updated Acoustical Analysis of a
New Natural Gas Compressor Station Associated with the Proposed Atlantic Bridge Project (“AB
Project”). January 11, 2017.

4969/Weymouth Compressor Station 6-7 Future Operational Sound Levels

Epsilon Associates, Inc.



Table 6-1

Reference Sound Power Level by Source — Base Case

Sound Power Level per Unit (dB) by Octave Band (Hz)

Broadband
Sound Power

Level per Unit | 31.5 63 125 | 250 | 500 1k 2k 4k 8k
Proposed Source # dBA dB dB dB dB dB dB dB dB | dB
Gas Turbine' 1 121 110 110 112 | 112 | 110 | 110 | 112 | 118 | 112
Gas Turbine Exhaust’ 1 126 120 123 120 | 123 127 | 119 | 112 | 104 96
Gas Turbine Intake' 1 153 108 114 120 | 121 122 | 124 | 129 | 152 | 144
Gas Cooler? 1 91 112 105 94 92 88 85 82 80 75
Lube Oil Cooler? 1 89 100 97 94 90 86 83 78 72 65
Aboveground Piping &
Components - 114 98 98 102 95 96 105 | 110 | 108 | 100
Compressor Building
Air Intake Fan® 2 82 - - - - 82 - - - -

1. Solar Taurus 60 model.

2. Sound power levels differ from those presented in the H&K report based on more recent sound level data
obtained from field measurements.
3. A-weighted sound power level was calculated from a sound pressure level. No octave band data were provided.
This sound power level includes attenuation from a custom 3-ft duct silencer.

Table 6-2 Modeled Noise Reduction Levels — Base Case
Noise Reduction Level (dB) by Octave Band (Hz)
31.5 63 125 | 250 | 500 1k 2k 4k 8k
Noise Contro] dB dB dB dB dB dB dB dB dB
Gas Turbine Exhaust Silencer 5 18 25 35 45 45 45 35 25
Gas Turbine Intake Silencer 2 5 12 15 30 45 50 60 60
Gas Turbine Intake Air Filter 1 6 12 18 22 25 25 25 20
Compressor Building' 8 12 18 26 32 35 38 40 40
Acoustical Pipe Insulation? -4 -4 0 2 6 10 15 16 16

1. Acoustically-insulated metal building.
2. Estimated by Epsilon based on combined insulation/courtyard effect attenuation level provided in the H&K

report.

4969/Weymouth Compressor Station

Future Operational Sound Levels
Epsilon Associates, Inc.




6.2

Cadna/A Sound Model

Noise impacts from mechanical equipment associated with the Project were predicted using
Cadna/A noise calculation software (DataKustik Corporation). This software, which uses the
ISO 9613-2 international standard for sound propagation (Acoustics - Attenuation of sound
during propagation outdoors - Part 2: General method of calculation), offers a refined set of
computations accounting for local topography, ground attenuation, drop-off with distance,
barrier shielding, diffraction around building edges, reflection off building facades, and
atmospheric absorption of sound from multiple noise sources.

Inputs and significant parameters included in the model are described below:

Project Layout: The location of all proposed equipment was provided by AGT in a Site

Plan drawing number WEYM-A-0020 Rev. 4, dated 2017, included in this report as
Figure 6-1. This “Base Case” layout includes a 19-foot courtyard wall for which the
Cadna software incorporated realistic sound propagation shielding from multiple
noise sources within its boundary."

Sensitive Receptors: Sound levels were evaluated at seven discrete point locations,

shown as A through G in Figure 6-2, representing the closest sensitive receptors and
property-line locations surrounding the Project. Six of the seven modeling receptors
were selected based on the ambient measurement locations. The seventh receptor
(G) was included in the modeling to represent the closest residences to the north of
the Project in the Germantown neighborhood of Quincy. Each of these seven
locations are represented by an ambient measurement location discussed in Section
5. All receptors were modeled at a height of 1.5 meters above ground level to
mimic the ears of a typical standing observer.

Terrain Elevation: Elevation contours for the modeling domain, derived from the New

England CMGP LiDAR Dataset for the United States Geological Survey (USGS)
dated Fall 2013/Spring 2014, were directly imported into Cadna/A, which allowed
for consideration of terrain shielding and differences in elevation between sources
and receivers, where appropriate.

Source Sound Power Levels: Sound power levels and noise reduction levels were

included in the model, as summarized in Tables 6-1 and 6-2, respectively.

Meteorological Conditions: A temperature of 16°C (60°F) and a relative humidity of

70% were assumed in the model to reduce atmospheric attenuation in the 500 Hz
and 1 kHz octave-bands where the human ear is most sensitive.

13

Although not quantified in this report, shielding effects from the courtyard wall are included in
all modeled sound levels presented in this analysis.

4969/Weymouth Compressor Station 6-3 Future Operational Sound Levels

Epsilon Associates, Inc.



Ground Attenuation: Spectral ground absorption was calculated using a global G-factor
of 0.5 to represent a moderately reflective surface. Project-surrounding areas of
water were modeled with a G-factor of 0 to represent a reflective surface.

Uncertainty: A K-factor of 2 dB was included in the modeling results to account for
uncertainty in the manufacturers’ sound level data and in the sound level modeling.

Directivity: A directivity correction was applied to the gas turbine exhaust stack outlet
for a realistic sound propagation representation.
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6.3

Base Case Operational Sound Levels & Regulatory Evaluation

With the Base Case noise control features identified in Section 6.1 and the shielding
benefits from the 19-foot courtyard wall, modeled future daytime and nighttime sound
levels from the Project (Project + Background) presented in Tables 6-3A and 6-3B,
respectively, are predicted to increase the measured background Ls sound levels by no
more than 15 dBA at all modeled receptor locations. During daytime hours, Base Case
impacts are predicted to be 2 dBA or less at all residential locations, well below the 10 dBA
MassDEP criterion. An increase of 11 dBA is expected during the daytime at the King’s
Cove PL (receptor A). Base Case sound level impacts during nighttime hours are predicted
to be 9 dBA or less at all residential receptors, which is also below the 10 dBA MassDEP
criterion. The nighttime Base Case impact at the King’s Cove PL (receptor A) exceeds the
MassDEP criterion. In order to determine what additional noise reduction was possible,
how effective it would be and at what cost, a Best Available Noise Control Technology
(BANCT) analysis is provided in Section 6.5. Graphical modeling results for the Base Case
are shown in Figure 6-3.

Predicted future daytime and nighttime octave-band sound pressure levels, presented in
Tables 6-4A and 6-4B, respectively, indicate that the proposed Project would not be
anticipated to create any “pure-tone” conditions, as defined by MassDEP, when combined
with existing background sound levels at any modeled receptor locations. As Cadna/A does
not predict sound levels in the 16 kHz octave-band (not required by 1SO-9613), it was
conservatively assumed for this analysis they were equivalent to those in the 8 kHz band.
In actuality, sound levels in the 16 kHz band would be lower due to increased atmospheric
attenuation and typically lower equipment sound power levels.
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Table 6-3A  MassDEP Daytime' Compliance Evaluation — Base Case
Modeled
Project-
Only Combined
Background Noise Project + Increase Meets
Noise Level Baquround Above MassDEP
Receptor Level® (Proposed) | Noise Level | Background? Noise
ID Description | Land Use dBA dBA dBA dBA Policy?
King’s Cove
A PL Public 44 54 55 11 No
B Bridge St. | Residence 48 44 50 2 Yes
Monatiquot

C St. Residence 44 40 46 2 ves
D KCBR Residence 40 34 41 1 Yes

E Quincy Park | Residence 45 35 45 0 Yes

O’Brien

F Towers Residence 42 37 43 ! ves
G Germantown | Residence 42¢ 39 44 2 Yes
1. ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.

2. ‘Increase Above Background’ calculated from levels with greater precision than shown in this table, and then

rounded to the nearest whole decibel.

W

5. Background sound levels from Table 5-4A.

Refers to MassDEP A-weighted criteria of 10 dBA over background.
Background sound level at receptor G is estimated to be equal to the level at receptor F due to proximity.
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Table 6-3B  MassDEP Nighttime' Compliance Evaluation — Base Case
Modeled
Project-
Only Combined
Background Noise Project + Increase Meets
Noise Level Background Above MassDEP
Receptor Level® (Proposed) | Noise Level | Background? Noise
ID Description | Land Use dBA dBA dBA dBA Policy?®
King’'s Cove
A PL Public 40 54 55 15 No
B Bridge St. | Residence 36 44 45 9 Yes
Monatiquot
C St. Residence 45 40 46 ! ves
D KCBR Residence 37 34 39 2 Yes
E Quincy Park | Residence 34 35 38 4 Yes
O’Brien

F Towers Residence 41 37 43 2 ves
G Germantown | Residence 414 39 43 2 Yes
1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.
2. ‘Increase Above Background’ calculated from levels with greater precision than shown in this table, and then

rounded to the nearest whole decibel.

B w

5. Background sound levels from Table 5-4B.

Refers to MassDEP A-weighted criteria of 10 dBA over background.
Background sound level at receptor G is estimated to be equal to the level at receptor F (proximity).

Table 6-4A  Sound Level Modeling Results by Octave-Band — Proposed Equipment + Daytime'
Background—Base Case
Sound Levels (dB) per Octave-Band Center Frequency (Hz)
Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 55 77 70 61 53 50 47 43 40 32 32
B 50 65 59 54 47 45 47 43 34 24 23
C 46 61 59 57 43 39 40 37 32 28 23
D 41 59 56 49 41 36 36 33 30 24 23
E 45 57 55 49 41 40 42 38 26 19 22
F 43 58 55 48 41 40 40 37 33 22 30
G 44 59 55 49 42 40 40 38 33 22 30
1.  ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.
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Table 6-4B  Sound Level Modeling Results by Octave-Band — Proposed Equipment +
Nighttime' Background—Base Case

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 55 77 70 61 53 49 47 42 40 33 32
B 45 64 57 50 41 38 40 38 33 21 23
C 46 60 56 592 43 39 40 37 36 24 23
D 39 58 54 45 40 34 33 29 342 20 23
E 38 55 53 45 36 32 33 30 23 18 22
F 43 57 54 47 40 40 39 35 31 20 24
G 43 58 54 48 41 40 40 36 31 20 24
1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.
2. MassDEP-defined pure tone attributable to the existing ambient sound levels, not the Project.

6.4  Base Case Mitigation Measures and Costing

Significant attention has been paid to reduce sound levels from the proposed Project
through a combination of noise controls and enhancements to the equipment layout. As
summarized in Table 6-5, the Base Case noise reduction measures identified in Section 6.1
total approximately $5.57 Million.

Table 6-5 Sound Level Reductions — Base Case
Approximate Cost
Noise Source Control Method (materials and labor)
Gas turbine air intake 5-ft silencer; air intake filter $235,000
Gas turbine exhaust 2-stage silencer $1,200,000
Gas turbine compressor 22-gauge metal; 6-inch $1,085,000
building insulation; insulated roll-up
door; no windows

Gas turbine compressor 3-ft silencers $10,000
building—air intake fans
Aboveground piping Acoustical pipe insulation; $1,900,000'

courtyard barrier wall—19 ft

tall, 8.5-inch thick concrete
Gas cooler Courtyard barrier wall—19 ft $1,140,000

tall, 8.5-inch thick concrete

1. Cost is for acoustical pipe insulation only.
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6.5

Best Available Noise Control Technology (BANCT) Analysis

The results of the Base Case modeling indicate that the Project operating at full capacity is
expected to increase sound levels up to 9 dBA or less over the quietest nighttime
background at all residential receptors. The Base Case scenario produces sound levels at
the King’s Cove PL of more than 10 dBA over the quietest background. There are a few
additional noise control measures that are possible for some of the noise sources.
Therefore, a Best Available Noise Control Technology (BANCT) analysis was conducted.
The BANCT analysis examines whether any additional or alternative noise control measures
are technically feasible and cost-effective beyond the rigorous controls already proposed in
the Base Case, as described in Section 6.4 above. The following analysis compares other
acoustical design options to the proposed Base Case design to determine whether the
application of additional noise controls can yield further acoustic benefits.

The BANCT analysis takes the “top down” approach, similar to a BACT analysis for air
emissions. However, the control of noise is unlike the control of air emissions. A
combustion turbine requires only one source to be controlled for each pollutant. The same
turbine installation has many sound sources, which requires a systematic reduction of
sound levels from individual contributing sources. Since total sound levels are combined
logarithmically, any additional noise control must focus on the highest contributing sources
first before moving to lesser contributing sources. For example, further controlling a
component that is already 5 dBA quieter than the loudest source will have minimal impact
on total Project sound levels.

The analysis of the technical feasibility and cost effectiveness of additional noise control
measures involves an understanding of the locations and sensitivities of various types of
receiving locations as well as the directionality of Project noise sources. The proposed
design has focused on the use of proven and cost-effective means to minimize the sound
levels at the nearest property line and nearby residential properties. The Base Case
modeling showed operation of the Station results in a 1 to 9 dBA increase in the ambient
baseline levels during the quietest hours of the night. During daytime hours, when ambient
levels are higher, the facility will be less noticeable.

The Base Case modeling results at the closest receptor to the King’s Cove PL (receptor A)
show that the top three sources contributing to the total sound are the lube oil cooler and
the two gas turbine compressor building air intake fans. Several additional noise control
features have been investigated. They are summarized below and would result in an
incremental cost of approximately $850,000. This is labeled as Mitigation Case 1.

¢ Quieter lube oil cooler - ~$50,000

¢ Using 5-ft silencers, instead of 3-ft silencers, on the compressor building air intake
fans - ~$15,000
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¢ Additional compressor building roll-up door - ~$15,000

¢ Replacing the metal-skinned gas compressor building with an 8.5-inch thick
concrete block building - ~$628,000

¢ Increased turbine exhaust silencer system noise reduction - ~$105,000
¢ Increased turbine intake silencer system noise reduction - ~$35,000

The results of Mitigation Case 1 are shown in Tables 6-6A (daytime) and 6-6B (nighttime).
Figure 6-4 depicts the results graphically.

Table 6-6A  Sound Level Modeling Results by Octave-Band — Proposed Equipment + Daytime'
Background—Mitigation Case 1

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 50 75 67 56 48 47 44 40 37 28 27
B 49 63 58 53 46 44 47 43 34 24 23
C 46 60 59 57 43 39 40 37 32 28 23
D 41 57 56 49 40 36 36 33 30 24 23
E 45 56 55 49 41 40 42 38 26 19 22
F 43 57 55 48 41 40 40 37 33 22 30
G 44 58 55 49 41 40 40 38 33 22 30
1.  ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.

Table 6-6B Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Nighttime' Background—Mitigation Case 1

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 49 75 67 56 48 46 43 39 36 29 27
B 44 62 56 49 40 37 40 38 33 21 23
C 46 58 56 592 43 39 40 37 36 24 23
D 38 56 53 45 39 34 32 29 342 20 23
E 37 54 52 45 36 32 33 30 23 18 22
F 43 55 53 47 40 40 39 35 31 20 24
G 43 56 53 48 40 40 40 36 31 20 24
1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.

2. MassDEP-defined pure tone attributable to the existing ambient sound levels, not the Project.
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The Mitigation Case 1 modeling results at the closest receptor, the King’s Cove PL (receptor
A), show that the top source contributing to the total sound is still the lube oil cooler. All
other sources are more than two decibels lower than the lube oil cooler. At this point, the
only further mitigation option for the lube oil cooler is a barrier wall (Mitigation Case 2), or
relocating the lube oil cooler to inside the courtyard wall (Mitigation Case 3). For
Mitigation Case 2, a 12-foot high solid barrier wall was modeled surrounding the lube oil
cooler on the east side. The location of the lube oil cooler barrier wall is shown in Figure
6-5. This would result in an incremental cost of approximately $241,000 over Mitigation
Case 1.

The results of Mitigation Case 2 are shown in Tables 6-7A (daytime) and 6-7B (nighttime).
Figure 6-6 depicts the results graphically. These results are identical to Mitigation Case 1
except for a 2 dBA decrease in sound levels directly across from the lube oil cooler.

Table 6-7A  Sound Level Modeling Results by Octave-Band — Proposed Equipment + Daytime'

Background—Mitigation Case 2

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 48 74 66 55 46 46 43 39 37 26 25
B 49 63 58 53 46 44 47 43 34 24 23
C 46 60 59 57 43 39 40 37 32 28 23
D 41 57 55 49 40 36 36 33 30 24 23
E 45 56 55 49 41 40 42 38 26 19 22
F 43 57 55 48 41 40 40 37 33 22 30
G 44 58 55 49 41 40 40 38 33 22 30
1. ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.

Table 6-7B  Sound Level Modeling Results by Octave-Band — Proposed Equipment +

Nighttime' Background—Mitigation Case 2

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
ID dBA dB dB dB dB dB dB dB dB dB dB
A 47 74 66 54 46 44 41 37 36 28 25
B 44 62 55 49 40 37 40 38 33 21 23
C 46 58 56 592 43 39 40 37 36 24 23
D 38 56 53 44 39 34 32 29 342 20 23
E 37 54 52 45 36 32 33 30 23 18 22
F 43 55 53 47 40 40 39 35 31 20 24
G 43 56 53 48 40 40 40 36 31 20 24
1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.
2. MassDEP-defined pure tone attributable to the existing ambient sound levels, not the Project.
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Mitigation Case 3 relocates the lube oil cooler inside the 19-foot high courtyard wall. The
relocated lube oil cooler is shown in Figure 6-7. This would result in an incremental cost of
approximately $15,000 over Mitigation Case 1.

The results of Mitigation Case 3 are shown in Tables 6-8A (daytime) and 6-8B (nighttime).
Figure 6-8 depicts the results graphically.

Table 6-8A  Sound Level Modeling Results by Octave-Band — Proposed Equipment + Daytime'
Background—Mitigation Case 3

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
1D dBA dB dB dB dB dB dB dB dB dB dB
A 49 75 67 55 46 46 43 39 37 28 27
B 49 63 58 53 46 44 47 43 34 24 23
C 46 60 59 57 43 39 40 37 32 28 23
D 41 57 56 49 40 36 36 33 30 24 23
E 45 56 55 49 41 40 42 38 26 19 22
F 43 57 55 48 41 40 40 37 33 22 30
G 44 58 55 49 41 40 40 38 33 22 30
1. ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.

Table 6-8B Sound Level Modeling Results by Octave-Band - Proposed Equipment +
Nighttime' Background—Mitigation Case 3

Sound Levels (dB) per Octave-Band Center Frequency (Hz)

Receptor | Broadband | 31.5 63 125 250 500 1k 2k 4k 8k 16k
1D dBA dB dB dB dB dB dB dB dB dB dB
A 47 75 67 54 46 44 41 37 36 29 27
B 44 62 55 49 40 37 40 38 33 21 23
C 46 58 56 592 43 39 40 37 36 24 23
D 38 56 53 44 39 34 32 29 342 20 23
E 37 54 52 45 36 32 33 30 23 18 22
F 42 55 53 47 40 40 39 35 31 20 24
G 43 56 53 48 40 40 40 36 31 20 24

1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.
2. MassDEP-defined pure tone attributable to the existing ambient sound levels, not the Project.
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With the Base Case + Mitigation Case 1 + Mitigation Case 3 noise control features
identified in the BANCT analysis, modeled future daytime and nighttime sound levels from
the Project (Project + Background) are presented in Tables 6-9A and 6-9B, respectively.
Sound levels are predicted to increase the measured background Lo sound levels by no
more than 8 dBA at all modeled receptor locations. During daytime hours, Mitigation Case
3 impacts are predicted to be 2 dBA or less at all residential locations. An increase of 5
dBA is expected during the daytime at the King’s Cove PL (receptor A). Mitigation Case 3
sound level impacts during nighttime hours are predicted to be 8 dBA or less at all
residential receptors.

Table 6-9A  MassDEP Daytime' Compliance Evaluation — Base Case + Mitigation Case 1 +
Mitigation Case 3

Modeled
o Project- .
g Only Combined
*g Background Noise Project + Increase Meets
9 NO]S(: Level® Baquround Above . | MassDEP
o2 Level (Proposed) | Noise Level | Background Noise
Description Land Use dBA dBA dBA dBA Policy??
A King’s Cove PL Public 44 47 49 5 Yes
B Bridge St. Residence 48 44 49 1 Yes
C Monatiquot St. | Residence 44 40 46 2 Yes
D KCBR Residence 40 31 41 1 Yes
E Quincy Park Residence 45 35 45 0 Yes
F O’Brien Towers | Residence 42 36 43 1 Yes
G Germantown | Residence 42* 38 44 2 Yes
1. ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.
2. ‘Increase Above Background’ calculated from levels with greater precision than shown in this table, and then
rounded to the nearest whole decibel.
3. Refers to MassDEP A-weighted criteria of 10 dBA over background.
4. Background sound level at receptor G is estimated to be equal to the level at receptor F due to proximity.
5. Background sound levels from Table 5-4A.
6. Project-Only levels include +2 dB uncertainty factor.
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Table 6-9B

MassDEP Nighttime' Compliance Evaluation — Base Case + Mitigation Case 1 +

Mitigation Case 3

Modeled
o Project-
g Only Combined
*g Background Noise Project + Increase Meets
9 NO]S(: Level® Baquround Above .| MassDEP
o2 Level (Proposed) | Noise Level | Background Noise
Description Land Use dBA dBA dBA dBA Policy??

A | King's Cove PL Public 40 47 47 7 Yes
B Bridge St. Residence 36 44 44 8 Yes
C Monatiquot St. Residence 45 40 46 1 Yes
D KCBR Residence 37 31 38 1 Yes
E Quincy Park Residence 34 35 37 3 Yes
F O’Brien Towers | Residence 41 36 42 1 Yes
G Germantown Residence 414 38 43 2 Yes

1. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.

2. ‘Increase Above Background’ calculated from levels with greater precision than shown in this table, and then

rounded to the nearest whole decibel.

3. Refers to MassDEP A-weighted criteria of 10 dBA over background.

4. Background sound level at receptor G is estimated to be equal to the level at receptor F (proximity).

5. Background sound levels from Table 5-4B.

6. Project-Only levels include +2 dB uncertainty factor.

6.6  Proposed Case Evaluation

Table 6-10 summarizes the A-weighted results of the Base Case, Mitigation Case 1,
Mitigation Case 2, and Mitigation Case 3. The list below summarizes the Base Case cost of
noise control, and the incremental cost of each additional mitigation scenario.

Base Case ~ $5,570,000
Mitigation Case 1 ~$850,000
Mitigation Case 2 ~$241,000
Mitigation Case 3 ~$15,000

* & o o

As Table 6-10 shows, Mitigation Case 2 provides only a slightly better sound reduction at
one location (King’s Cove PL; receptor A) as compared to Mitigation Case 1 for an
incremental cost of approximately $241,000. This is a location where people spend a short
amount of time as compared to residences. Mitigation Case 3 results are equal to or slightly
lower than Mitigation Case 1 for an incremental cost of approximately $15,000. At the
residences, Mitigation Case 3, and the more than $6.4 Million dollars in noise control
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investment, provides similar sound reduction as Mitigation Case 2. Therefore, for this
project, all the noise controls assumed in the Base Case'*, Mitigation Case 1, and Mitigation
Case 3 represent BANCT for this Project. Table 6-11 provides the final list of noise controls
assumed for the Station.

All sound level increases at all residences will be well below 10 dBA as compared to the
quietest Loo background value. All sources have been provided with the best available
noise controls. Sound levels from the Station under worst-case conditions may be 8 dBA
over the quietest nighttime background at the nearest residence on Bridge Street (receptor
B). However, this includes several very conservative assumptions:

¢ The lube oil cooler sound levels assume a worst-case 100 degrees F day. This will
not occur here at night. Therefore, sound levels from this piece of equipment will
be lower at night.

¢ The King’s Cove PL is not occupied at night, especially at 2:00-3:00 AM when the
lowest background occurs.

¢ The quietest Ly background at this location occured for one hour (see Figure B2-2
in Appendix B), and only occurred one night during the eight-day program.
Increases over background are generally much less than 6 dBA during the night.

¢ The modeling results include the 2 dBA uncertainty factor. Actual predicted
increases are 6 dBA at night at the Bridge Street receptors.

* BANCT includes all of the noise controls in the Base Case, except for the items that are enhanced or
upgraded in Mitigation Case 1, plus the action in Mitigation Case 3.
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Table 6-10

Increase Above Quietest Lo Background® — All Cases

Daytime' Nighttime?
@]
- Base Base Base Base
% Description Land Use Base Casg + Case',- + Base Case.,- + Case.,- +
3 Base | Case Mit. Mit. Base | Case Mit. Mit.
& Case | + Mit. | Case 1 Case1 | Case | + Mit. | Case 1l Case 1
Case 1 | + Mit. + Mit. Case 1 + Mit. + Mit.
Case 2 | Case 3* Case 2 | Case 3*
A King’s Cove PL Public 11 6 4 5 15 9 7 7
B Bridge St. Residence 2 1 1 1 9 8 8 8
C Monatiquot St. Residence 2 2 2 2 1 1 1 1
D KCBR Residence 1 1 1 1 2 1 1 1
E Quincy Park Residence 0 0 0 0 4 3 3 3
F O’Brien Towers Residence 1 1 1 1 2 2 2 1
G Germantown Residence 2 2 2 2 2 2 2 2
1. ‘Daytime’ defined as the operational hours between 7 AM and 10 PM.
2. ‘Nighttime’ defined as the operational hours between 10 PM and 7 AM.
3. ‘Increase Above Background’ calculated from levels with greater precision than shown in this table, and

then rounded to the nearest whole decibel.
4. This is the Proposed Case.

4969/Weymouth Compressor Station
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Table 6-11 Noise Control Commitments — BANCT Analysis

Noise Source Control Method Case
Aboveground piping Acoustical pipe insulation; Base Case
courtyard barrier wall—19 ft
tall, 8.5-inch thick concrete
Gas cooler Courtyard barrier wall—19 ft Base Case
tall, 8.5-inch thick concrete
Gas turbine air intake 5-ft silencer; air intake filter; Base Case +
increased silencer reduction Mitigation Case 1
Gas turbine exhaust 2-stage silencer; increased Base Case +
silencer reduction Mitigation Case 1
Gas turbine compressor 8.5-inch concrete block Mitigation Case 1
building building; Double insulated roll-
up door; no windows
Gas turbine compressor 5-ft silencers Mitigation Case 1
building—air intake fans
Lube oil cooler Quieter model Mitigation Case 1
Lube oil cooler Relocate behind 19-ft tall Mitigation Case 3
courtyard barrier wall

4969/Weymouth Compressor Station 6-20 Future Operational Sound Levels
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Data Source: Office of Geographic Information (MassGIS), Commonwealth of Massachusetts, Information Technology Division
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7.0

OTHER SOUND SOURCES

7.1

7.2

Minor Sources

A few potential sources will not contribute any meaningful sound off-site either because
they are so well controlled or because they have a low sound power level. These sources
were not included in the operational sound model and are discussed below.

Two air conditioning (AC) condenser units to service the control room building. These are
similar to residential AC units; they will be located adjacent to the control room building
inside the courtyard wall, and thus are negligible sources in the community.

The horizontal exhaust ductwork between the compressor building and turbine exhaust
stack will be well controlled through the use of 6-inch insulation lining the ductwork, and
will contribute less than 30 dBA at the nearest property line. This is well below the other
primary sources and thus was not included in the model.

Infrequent Intermittent Sources

There are some sources of sound related to maintenance activities at the Station that may
occur from time to time, but not so regularly that they were included in the operational
sound model. Additionally, it is important to note that intermittent sources occurring for
maintenance purposes will not occur at the same time the Station is operating. The
noteworthy sources are identified here and discussed with respect to frequency of
occurrence, expected duration, and approximate expected sound level. There will not be
any sirens located outdoors at this facility.

Stand-by emergency generator. The purpose of this 405 kW unit is to provide electricity to
the Station in the event of a commercial power loss. This unit is expected to run once per
month for one hour of routine maintenance and readiness testing. This testing will be done
during normal weekday daytime business hours sometime between 7 AM and 5 PM. The
MassDEP allows up to 100 hours/year for this type of testing.

Case vent blowdown. A compressor unit gas blowdown occurs when it is necessary to vent
natural gas between the suction/discharge valves and compressor to the atmosphere via a
case vent separator-silencer. A case vent blowdown occurs infrequently (less than 20 times
per year), and persists for a duration of less than three minutes each. The case vent will be
fitted with an exhaust silencer designed to limit sound to 49 dBA at 300 feet. The current
configuration indicates the case vent separator-silencer will be approximately 100 feet from
the east property line.

4969/Weymouth Compressor Station 7-1 Other Sound Sources
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8.0 CONCLUSION

Substantial noise mitigation measures totaling more than $6.4 Million have been
incorporated into the design of the proposed Project to minimize noise impacts in the
community. Results of a complete sound level assessment demonstrate that noise levels
from the Project will comply with the requirements set forth in the MassDEP Noise Policy,
and have been reduced to the maximum extent practicable using a BANCT analysis.

4969/Weymouth Compressor Station 8-1 Conclusions
Epsilon Associates, Inc.
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Algonquin Weymouth Sound Protocol June 26, 2018

Weymouth Natural Gas Compressor Station Project
Algonquin Gas Transmission, LLC
Weymouth, MA

Sound Level Measurement Protocol

June 26, 2018

Introduction

Epsilon Associates, Inc. (“Epsilon”) will perform a sound level impact assessment to
determine how the addition of a natural gas compressor station will affect community
noise levels. As part of this effort, Epsilon will conduct a sound level measurement
program to document existing ambient sound levels surrounding the location of the
Weymouth Compressor Station (“the Project”) proposed by Algonquin Gas
Transmission, LLC (“Algonquin”). The Project will be located on property owned by
Algonquin just east of the Fore River Bridge off Bridge Street, Weymouth, MA.

The purpose of this document is to describe the selection of baseline monitoring
locations, measurement methodology, and acoustical equipment proposed. This
protocol lays out the process for establishing ambient sound levels as a component
of evaluating the Project for compliance with MassDEP Noise Policy DAQC 90-001).
The protocol will be submitted to MassDEP for review and approval prior to
commencement of this sound level measurement program.

Measurement Locations

To identify current noise levels in the area, a baseline study will be conducted by
Epsilon. Background sound levels will be measured at six (6) discrete locations within
the surrounding project area. These monitoring sites, described below, have been
selected to establish an ambient sound pressure level at the nearest receptor locations
in all relevant directions from the Project as well as at the property line.

¢ Location M1 has been selected for continuous monitoring to represent sound
levels at the closest property line immediately east of the Project. This
location is approximately 135 feet east of the center of the compressor station
building. This location also represents existing sound levels along the
walking path that goes through the public park located in the Fore River
Basin south of the MWRA pumping station within the King’s Cove
conservation area. M1 will be located within the Project fence line as close
as practical to the property line.

AGT Weymouth Noise Monitoring Protocol 062618.docx Page 1 of 4



Algonquin Weymouth Sound Protocol June 26, 2018

¢ Location M2 has been selected for continuous monitoring to represent sound
levels at the nearest residences to the southeast. This location is at a Town-
owned parcel along Bridge Street, approximately 865 feet from the center of
the compressor station building.

¢ Location M3 has been selected for continuous monitoring to represent sound
levels at the nearest residences to the south, which are set back from Bridge
Street traffic. M3 will be located just within the Fore River Energy Center
fence line near the intersection of Monatiquot Street and Bluff Road. This
location is approximately 1,200 feet from the center of the compressor
station building.

¢ Location M4 has been selected for continuous monitoring to represent sound
levels at the nearest residences to the east along King’s Cove Road.
Permission from a homeowner here is required. This location is
approximately 1,565 feet from the center of the compressor station building.

¢ Location M5 has been selected for continuous monitoring to represent sound
levels at the nearest residences to the west. This location is in Quincy at a
City-owned parcel along Washington Street approximately 2,860 feet from
the center of the compressor station building.

¢ Location M6 has been selected for continuous monitoring to represent sound
levels at the nearest residences to the north. The meter will be located in
Quincy on the south lawn of the O’Brien Towers south of Bicknell Street.
This location is approximately 1,815 feet from the center of the compressor
station building.

Figure 1 shows the locations of the monitoring areas proposed for the baseline survey
overlaid on an aerial orthophoto along with the location of the project property line,

and the surrounding land use.

Duration/Time of Testing

Continuous A-weighted measurements (24 hours/day) will be made concurrently at
all six locations over a 7-day period (168 hours per location). The continuous
monitors will generally be unattended and data will be logged at 1-hour intervals.
Both broadband A-weighted and linear octave band sound levels will be continuously
collected and will include: Lmax, Leq, L1, Lio,and Leo. This approach is predicated on
obtaining permission from the landowners to set up equipment on their property for
one week.

In any instances where private property access is not granted, sound level
measurements will be conducted at the nearest safe, publicly accessible point to the

AGT Weymouth Noise Monitoring Protocol 062618.docx Page 2 of 4
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desired measurement location. These measurements will be conducted for two
consecutive 24-hour periods (weekdays), and one 24-hour period on a weekend. For
the safety of the sound level meters, security guard personnel will take shifts watching
over the equipment.

There are two purposes for the continuous monitoring. The first is to establish
broadband ambient sound levels to evaluate the future change over background from
the Project. The second is to identify octave band sound levels during this ambient
condition from which we can determine whether there are any existing pure tones in
the area around the site and if there is expected to be any future pure tones based on
the addition of the modeling results to these levels. It is important to have personal
observations of the noise sources in the area and that is why a period of personal
observations is proposed for each location. These times correspond to the overnight
period, and a midday period. The sound level meters will be logging the metrics on
an hourly basis.

During the continuous measurement program, observations will be made by a field
technician at each location during the two time periods mentioned below.
Observations will be made at each location for approximately 10 — 15 minutes. These
periods include:

¢ 1 week-day between 10 am and 5 pm (midday period)
¢ 1 week-night between 11 pm and 3 am (overnight period)

For these observations, any identifiable significant or anomalous interference sound

will be excluded for the data set (e.g. emergency vehicle sirens immediately
proximate to the site).

Sound Level Measurement Instrumentation

All acoustical instrumentation will conform to ANSI National Standards Institute
(ANSI) S1.4 standard for Type 1 (precision) for acoustical measuring devices and to
ANSI S1.11-1986 for Octave-Band and Fractional-Octave-Band Analog and Digital
Filters. The instrumentation will be capable of measuring and logging the following
descriptors in both A-weighted and linear octave band sound levels (6.3 Hz to 20
kHz) over 1-hour intervals (continuous): Lmax, Li, Lio, Leo, and Leq. In addition,
broadband A-weighted and octave band sound level data will be collected in one-
second time intervals. The sound level meter response shall be set to ANSI "slow".
The microphone will be fitted with the manufacturer’s windscreen and tripod-
mounted approximately 1.5 meters above ground level. The instrumentation will be
field-calibrated both before and after each measurement survey with calibrators
meeting IEC 942 Class 1L and ANSI S1.40-1984. In addition, all instrumentation will
have undergone an independent laboratory calibration traceable to NIST standards
within the past 12 months. It is expected that this measurement program will utilize
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Larson Davis 831 and/or Norsonic Nor140 sound level meters. All locations will log
continuous octave band data.

Meteorological Considerations

Sound level data from periods of precipitation will be excluded from the analysis, as
per the measurement protocol specified in ANSI S12.18-1994: “Procedures for
Outdoor Measurement of Sound Pressure Level,” (§4.4.1.2). Continuous wind speed,
wind direction, temperature, and precipitation measurements will be made using an
Epsilon 2-meter meteorological tower. Logging will be done on an hourly basis.
Sound level data measured during steady wind speeds of 5 m/s or greater (~ 11 mph)
will be excluded per ANSI S12.18-1994.

Future Sound Levels & Compliance Evaluation

The noise impacts associated with the Project will be predicted with the Cadna/A
noise calculation software developed by DataKustik GmbH using the ISO 9613-2
international standard for sound propagation (Acoustics - Attenuation of sound during
propagation outdoors - Part 2: General method of calculation). The model will
consider topography, ground attenuation, drop-off with distance, atmospheric
absorption, multiple reflections and screening due to structures. Future sound levels
predicted from the model will be added to the measured nighttime L90 background
sound levels at each location and the increase over existing levels will be evaluated
with respect to the MassDEP noise policy. From the data collected during the 7-day
period, ambient background for each monitoring location shall represent the lowest
one-hour L90 reading during both daytime (7 AM-10 PM) and nighttime (10 PM-7
AM) periods. If the lowest L90 is an "outlier” (anomalous from other minimum
values), it may be discarded and the next lowest L90 value used. Combined future
levels will also be evaluated for any “pure tone” conditions as defined in the MassDEP
noise policy.

Statement of Qualifications

Epsilon staff has conducted numerous sound level monitoring and modeling studies
for energy projects throughout the United States, and is a recognized leader in the
industry. Robert O’Neal will be the Principal in charge of this work. Mr. O’Neal has
over 30 years of experience, is a Board Certified member of the Institute of Noise
Control Engineers (INCE), and has testified as an expert witness on matters of
community noise impacts. He will be supported in the modeling and monitoring efforts
by members of the Epsilon Acoustics Group.
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From: Kerigan, Kathleen (DEP)

To: Kate Brown

Cc: Child, Ralph (RChild@mintz.com); Cushing, Thomas (DEP); Moran, Gary (DEP)
Subject: [External] AGT Weymouth Noise Monitoring Protocol

Date: Friday, August 3, 2018 4:28:51 PM

Hi, Kate,

Tom is out this week so | am drafting a quick response to your noise monitoring protocol based on
Tom’s and the program’s feedback. Please let me know if you have any questions and have a nice
weekend.

Kate
617-556-1181

1. Page3 —the proposed protocol states that any identifiable significant or anomalous
interference sound will be excluded for the data set.

e DEP’s response: Anomalous events should be retained in the data set. Brief events
are typically factored out when calculating the L90 background. Should you feel
certain events interfere with your ability to calculate an L90 that is representative of
the neighborhood, please consult with MassDEP prior to excluding the events.

2. Page 4 —the proposed protocol states that if the lowest L90 is determined to be an “outlier’
(anomalous from other minimum values), it may be discarded and the next lowest L90 value
used.

’

e DEP’s response: Prior to excluding the lowest L90 as an “outlier,” please consult
with MassDEP for concurrence.

Additionally the department would like to reiterate that in evaluating sound in a plan approval for a
new source, similar to the traditional "top-down” BACT process, the "top case" sound
suppression/mitigation measures which deliver the lowest sound level increase above background
are required to be implemented, unless these measures can be eliminated based upon technological
or economic infeasibility. An applicant cannot "model out” of the use of the "top case" sound
suppression/ mitigation measures by simply demonstrating that predicted sound levels at the
property line when employing a less stringent sound suppression/mitigation strategy will resultin a
sound level increase of less than or equal to the 10 dBA (decibel, A—Weighted) above background
sound level increase criteria contained in the MassDEP Noise Policy. A 10 dBA increase is the
maximum increase allowed by MassDEP; it is not the sound level increase upon which the design of
sound suppression/mitigation strategies and techniques should be based. Also, take into
consideration that the city or town that the project is located in may have a noise ordinance (or
similar) that may be more stringent than the criteria in the MassDEP Noise Policy.


mailto:kathleen.kerigan@state.ma.us
mailto:Kate.Brown@enbridge.com
mailto:RChild@mintz.com
mailto:thomas.cushing@state.ma.us
mailto:gary.moran@state.ma.us

Appendix B

Continuous Sound Level and Meteorological Measurement Data



Figure B1-1 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M1
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Figure B1-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M1
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Figure B2-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M2

(s/w) paadg puim

w <

[se]

o

L
<

M\

|

NW

Sound Levels Removed

Due to Precipitation

VAR

ALY

J

e Precipitation
e .90

— 190 ANS-Weighted

Wind Speed

A

N

80

70

o
©

o o
0 <

o
[3p)

o
N

[vap] 1aA87 ainssaid punos pajyblam-v

10

o

AV 00:¢l 81/9/01

AV 00:¢l 81/G/01

AV 00:¢l 8L/v/01L

AV 00:¢l 81/€/01

NV 00-¢l 81/¢/01

NV 00-¢l 81/1/01

IV 00-¢1 81/0€/6

IV 00-¢1 81/6¢/6

NV 00-C1 81/8¢/6

NV 00:¢l 81/.2/6



(s/w) paadg puip

N~ © w < [3p) N -~ o
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Long-Term Hourly Ly, Sound Pressure Levels- Location M3

T T T T T T T AV 00:C1 8l/¢c/6

1 WV 00:¢l 8L/L2/6

w
&
N 1 Wv 00:¢| 81/0¢/6

2 =

. = __.__|..._>_<8§w:m:m

Due to Precipitation

Sound Levels Removed

NV 00:ClL 8L/8LI6 m
-
~
(]
whd

1 ©

o
=
©
-t
4 WV 00:2l 8L/LLI6UN

1 WV 00:¢l 81/91/6

1 WV 00:¢l 81/51/6

el
2
ey
2
5 M 3 41 WV 00:¢) 8L/¥L/6
s 23
g < 5
o 9 g £
x 2 % 2 7
L I I I I L L L AV 00:CL 8L/ELI6
o o o o o o o o
= © Irs) < ® 5% -

80

[vap] 19A@7 ainssaid punog pajybiap-v



Figure B3-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M3
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Figure B4-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M4
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Figure B5-1 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M5
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Figure B5-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M5
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Figure B6-1 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M6
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Figure B6-2 - Weymouth Compressor Station Project
Long-Term Hourly Ly, Sound Pressure Levels- Location M6
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Appendix C

Sound Level Instrumentation Calibration Certificates



CALIBRATION LABORATORY

SO 17025: 2005, ANSI/NCSL 2540:1994 Part 1

ACCREDITED by NVLAP (an ILAC MRA signatory}

CALIBRATION

Calibration Certificate No.41ooz

Instrument:
Model:

_ Manufacturer:
Serial number:

Class (1EC 60942);

Barometer type:
Barometer s/n:

" Customer:
Tel/Fox:

Acoustical Calibrater
" CAL200

Larson Davls

7146
1

Epsilon Assoclates, Inc.
978-857-7100 /

v&[&@

NVLAP Lab Code: 200625-0

Date Colibrated: 7}5/2018 Cal Due: 7/5/2019 |

Stotus:
In tolerance:

Out of tolerance:

See comments:

Contains non-accredited tests:

Address:

Recelved

Sent

X

X

Maynard, MA 01754

Tested in actordancé with the following procedures and standards:
Calibration of Acoustical Calibrators, Scantek Inc., Rev. 10/1/2010

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

_Yes X No

3 MIll & Main Place, Sulte 250,

- Instrument - Manufacturer

Deseription

SN

Cal. Date

Traceabliity evidence

Cal. Lab / Accréditation

CaI.IDue

483B-Morsonic

SME Cal Unit

31052

Oct 30, 2017

Seantek, Inc.f NYLAP

Qet 30, 2018

DS5-360-SRS

Function Generator

33584

Oct 24, 2017

ACR Env.f AZLA

Qct 24, 2019

34401A-Agilent Technologies

Digital Voltmeter

536120731

Oct 25, 2017

ACR Env. / A2LA

Oct 25, 2018

HM3G-Thommen

Meteo Station

1040170/39633

Qct 25, 2017 .

ACR Env./ AZLA

Oct 25,-2018.

140-Norsonic

Real Time Analyzer

1406423

Ot 31, 2017

Scantek / NVLAP

Qct 31, 2018

PC Program 1018 Norsonic

Calibration software

“wBAT

Validated Nov
C 2014

" Scante kg, Inc.

4134-Briisl8.Kjzer

Micraphone

173368

Nov 10, 2017

Scantek, Inc. / NVLAP .

Nov 10, 2018

1203-Norsonic

Preamplifier

14059

Scantek, Inc.f NVLAP

Fel1 12,2019

Feh 12, 2018

Instrumentation and test results are tracaable to S| {International System of 'Unlts] through standards

maintained by N

IST {USA) and NPL (UK)

Callbrated hy:

4 Lydon Dawkins

Authorized signatory:-

&

Steven k. Marghall,

Signature

Date

T

. Signature

Date

7

75 2.0/ 8

Calibration Cartificates or Test Reports shail not ba reproduced, excapt in full, without written approval of the laboratory,

This Calibratlon Certiflcate or Test Reports shall not be used to.dlaim product certifcation, approval or endorsement by NYLAP, NIST,
or any agency of the federal government. o ’
Z:\Calibration Lab\Cal 2018\LDCAL200_7146_M1.doc

Document stored as:

Paga1of2




Results summary: Device was tested and complies with following clauses of mentioned specifications:

CLAUSES® FROM STANDARDS REFERENCED IN PROCEDURES: MET? :,:LO; COMMENTS
Manufacturer specifications
Manufacturer specifications: Sound pressure level X
Manufacturer speclfications: Frequency X
Manufacturer specifications: Total harmonic distortion X
Current stondards
ANSI 51.40:2006 B.3 /IEC 60942: 2003 B.2 - Preliminary inspection X
ARSI 51.40:2006 B.4.4 / 1EC 60942: 2003 B.3.4 - Sound pressure level X
ANSE 51.40:2006 A.5.4 / IEC 60942; 2003 A.4.4 - Sound pressure level stabillty - -
ANS| 51.40:2006 B.4.5 / [EC 50542: 2003 B.3.5 - Frequency . L
ANSI 51.40:2006 B.4.,6 f |EC 50942; 2003 B.3.6 - Total harmonie distortion X

1 The results of this calibration apply only to the instrument type with serial number identified in this report,

2 The tests marked with {*) are not covered by the current NVLAP accreditation.

Main measured parameters *:

Measured?/Acceptable®
Tone frequency {Hz):

Measured*/Acceptable’
Tatal Harmonic Distertion (%):

Measured */Acceptable Level
{dB):

1000.16 + 1.0/1000.0 + 10.0

0.36+0.10/ <3

9402 +0.12/94.0 £ 0.4

1000.11 £ 1.0/1000.0 * 10.0

0.44 +0.10/ < 3

114.00£0.12/114.0: 0.4

3 The stated level is valid at measurement conditions.
4 The above expanded uncertainties for frequency and distartion are calculated with a wverage factor k=2; for level k«=2.00
5 Acceptable parameters values are from the current standards.

Environmental conditions:

Temperature (°C) Barometric pressure (kPa) Relative Humidity (%)

S6.1+2.1

224111 101.00 1 0.000

~_Tests made with following attachments to instrument:

Calibrator %” Adaptor Type:

Other.

Adjustments: Unit was not adjusted.
Comments:  The instrument was tested and met all specifications found in the referenced procedures.

Note: The instrument was tested for the parameters listed |n the table above, using the test methods described in tha
listed standards, All tests were performed around the reference conditions. The test results were compared with the
manufacturer’s or with the standard’s specifications, whichever are larger. :
Compliance with any standard cannot be claimed based solely on the periodic tests.

Measured Data: in Acoustical Calibrator Test Report # 41002 of two pages.

Place of Calibration: Scantek, Inc.
6430 Dobbin;Road, Suite C
Columbia, MD 21045 USA

Ph/Fax: 410-290-7726/ -8167
callab®@scantekinc.com

— .
Calibration Certificates or Tast Reports shall not he reproduced, except In full, without written approval of the lahoratory.
~ This Calibration Certificate or Test Reports shall not be used to clalm product certification, approval or endorsement by NYLAF, NIST,
or any aganey of the federal gavermment.

Document stored as:  Z:\Calibration Lab\Cal 2018\LDCALZ00_7145_M1._doc Page 20f2




Calibration Certificate

Certificate Number 2018003831
Customer:

Epsilon Associates [ne

Suite 250

3 Mill and Main Place

Maynard, MA 01754, Uniied States

Model Number  377C20 Procedure Number  D0001.8387

Serial Numbher 170889 Technician Abraham Crtega

Test Results Pass Calibration Date 12 Apr 2018
Calibration Dua 12 Apr 2019

As Manufactured

Inritlal Condition u Temperature 24 1 oG £0.01°C

Description 1/2 inch Microphone - Rl - 0V ' Humidity 36.6 %RH £0.5%RH
Static Pressure 10168 kPa +0.03 kPa

Evaluation Wsthod Tesbted electrically using an electrostatic actuator.

Compliance Standards Compliant to Manufacturer Specifications.

issuing lab certifies that the instrument described above meets or excaeds all spacifications as stated in the referenced procedure
{unless otharwisa notad). K has besn calibrated using measturement standards traceable to the 8l through the National Institute of
Standards and Technalogy (NIST), or other national measurement inslilutes, and meets the requirements of ISONEG 17025:2005.
Test points markad with a § do not fall within this faboratory's scope of accraditation.

Tha guality system is registered to 150 9001:2008.

This caiibration is a direct comparison of the unit under test to the listed rsference standards and did not involve any sampling plans to
complete. Mo allowance has been made for the inctabillty of Ihe tesi device due o use, time, etc. Such allowances would be made by

the customer as needed,

The uncertainties were computed in accordance with the 130 Guide to the Expression of Unceriainly in Measurement (GUM). A

coverage factor of approximately 2 sigma (k=2) has been applied to the standard uncertainty to axprass the expandad uncartaindy al

approximately 95% confidence level.

This raport may not ba raproduced, except in full, unfess permission for the publication of an approved abstract is obtained in writing
from th irafion issuing this n

pi i, ] e e

Description CalDate  CalDue Cal Standard

Larson Davis Model 2900 Real Time Analyzer 071772017 07/17/2018 001230

Microphone Calibration System 08/30/2017  08/30/2018 01233

172" Preamplifier 12/142017  12114/2018 001274

Agilent 34401 A DMM 12/07/2017  12/0°7/2018 001329

Larson Davizs CALZ30 Acoustic Calibrator 01/032018  01/03/2019 003030

1/2" Preamplifier 04/12/2018  04/12/2019 06506

Larson Davis 1/2" Preamplifier 7-pin LEMO 09/1227  09/12/2018 Ho6507

1/2 inch Micrephone - RI - 200V 04/2472017 0442472018 006510

1/2 inch Microphone - RI - 200V 0B/09/2017  08/05/2018 006519

Larson Davis 1/2" Preamplifier 7-pin LEMO : 09/12/2017  09/12/2018 006530

Earson Davis 1/2" Preamplifier 7-pin LEMO 08/11/2017  08/11/2018 006531
Larson Davis, a division of PCB Piezotronics, In¢ s
1651 Wes 530 Nors . ®[ ARSON DAVIS
Provo, UT 84601, United States 2 -
71646840001 . % ,;,:“,I-_?\\s e A PCB PIEZOTRONICS DIV.
4122018 4:19:04PM Page 1 of 4 DO00L.8413 Rov A



Certificate Number 2018003831
Sensitivity

R 2 :
Open Circuit Sensitivity 47.33 4217 539,57 1.10 Pass
— End of measurement results--

Capacitance

13.00
-- End of measurement resubg..

Lower Limiting Frequency

3dB Frequency 180 A
-- End of measurement resulis--

2.40 Pass £

Frequency Response

#
L]
.y
B 4 e
-1}
2
o ~i0 R
=3
)
L1
LT
.20
10 100 1000 10000 100000

Frequency [Hz]

- Actuator = Random  «fiis Lower Limit == Uppar Limt

Data is normalized for 0 dB @ 251.19 Hz.

10.95 -0.04 =0.04 050 0.50 Pass
25.12 0.00 0.00 0.50 0.50 Pass
31.62 0.00 0.00 -0.50 0.50 Pass T
39.81 0.02 .02 -0.60 0.50 Pass T
50.12 0.02 0.02 -0.560 0.50 Pags I
63.10 0.02 0.02 -0.50 0.50 Pass T
75.43 0.02 0.02 -0.50 0.50 Pass T
100.00 0.02 0.02 «0.50 0.50 Pass T
125,89 0.01 0.01 -Q.50 .50 Pass £
158.49 0.01 0.01 -0.50 0.50 Pass £
199,53 0.01 0.01 -0.50 0.580 Pass £
Larson Davis, a division of PCB Piezotronics, [ns @
et Wen 3 o [ ARSON DAVIS
Provo, UT 84601, United States A PCB PIEZOTRONICS DIV,

716-684-0001

1249018 4:19:04PM Pagelofd DH001.2415 Rev A



Fit

251.19
316.23
398.11
501.19
630.96
794.33
1,000.00
1,059,25
1,122.02
1,188 50
1,258.93
1,333.52
1,12 .54
1,486.24
1,584.80
1,678.80
1,778.28
1,883.65
1,995.28
2,113.49
2,238.72
2.371.37
2,511.89
2,660.73
2,818,38
2,985,38
3,182.28
3,340 85
3,548.13
3,758.37
3,981.07
4,216.97
4,466.64
4,731.51
5,011.87
5,308.84
5,823.41
5,956.62
6,309.57
6,683.44
7,079.46
7,498.94
7,043.28
8,413.95
8,012.51
9,440 61
10,000.00
10,5¢2.54
11,220.19
11,885.02
12,589.25
13,338.21
14,125.38

v

0.00
-0.01
«0.01
-0.02
Q.02
.02
0.03
0.03
0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.04
-0.04
-0.04
-3.04
-0.05
-0.05
-0.03
-0.03
-0.04
-0.04
-0.05
.07
0.07
-0.07
-0.08
-0.08
012
-0.14
-0.15
-0.17
-0.19
-0.22
-0.25
-0.32
-0.37
-0.44
-0.54
-0.68
-0.85
-1.08
-1.38
-1.96
-2.39
-2.89
=325
-3.51
-3.88
-4.07

0.00
0.00
0.00
0.00
0.18
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.1
0.00
0.00
0.01
0.01
0.00
0.01
0.03
0.04
0.03

-0.50
-0.50
-0.50
«0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.80
-0.60
-0.60
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-Q.50
-0.50
-0.50
-0.50
-0.83
-0.80
-0.70
-0.80
-0.80
-0.90
-0.90
=1.00
-1.10
-1.10
-1.20
-1.30
-1.30
-1.40
-1.40
-1.50
-1.80
-1.60
-1.70
-1.80
-1.80
=1.80

Pass 1
Pass 1
Pass t
Pass §
Pass 1
Pass
FPass £
Pass £
Pass T
Pass 1
Pass 1
Pass 1
Pass 1
Pass $
Pass §
Pass §
Pass 1
Pass 1
Pass T
Pass T
Pass T
Pass
Fass
FPass
Pass
Pass 1
Pass 1
Pass
Pass 1
Pass
Pass 1
Pass 1
Pasge 1
Pass T
Pass I
Pass T
Pass T
Pass I
Pass &
Pasa £
Pass £
Pass I+
Pass &
Pass £
Pass 1
Pass 1
Pasz 1
Pasz L
Pass
Pass }
Pass {
Pass T

Larson Davis, a division of PCB Piezotronics, Inc

1681 West 820 North
Provo, UT 84601, United States
716-684-0001

1272018 A:19:04PM

Pape 3 of 4

®LARSON DAVIS

A PCB PIEZOTRONICS DIV.

D01 8415 Key A



Certificate Number 2018002831

14,962.36 -1.24

15,848.93 -4.65 184 200
16,788.04 -4.85 207
17,762.80 AT 2,39
18,836 49 -5.48 2.75
19,952.62 -6.40 -3.50

— End of measurement resulis--

Signatory: _Abyadieon Orftga

Larson Davis, a division of PCB Fiezotronics, Ing

“\“\t!_j’mh'),
L et 3 orh i ®1 ARSON DAVIS
Provo, UT 84601, United States z 5 A PCB RIEZOTRONICS DIV.

716-684-0001 N

A1HI0NE 4:19:04PM Page 4 of 4 DU001. 8415 Rev A



Calibration Certificate

Certificate Numbor 2018003665

Cusfomer;

Epsilon Associates Inc

Suite 250

3 Mill‘and Main Place

Maynard, MA 01754, United States

Model Number 81 Procedure Number  DO0001.8378

Sorial Number 0003044 Techniclan Ron Harns

Tost Results Pass Calibration Date 10 Apr 2018

. Calibration Due 10 Apr 2019

initial Condition AS RECEIVED same as shipped Temperature 233 ¢ £0.25°C

‘Description Larson Davis Model 831 Humidity 512 %RH £2.0%RH
Class 1 Sound Lavel Meter Static Pressure 869 kPa £0.13kPa
Firmware Ravision: 2.314

Evaluation Method Tested slectrically using Larson Davis PRM831 S/N 023824 and a 12.0 pF capacitor to simulate

microphone capacitance. Data reported in dB re 20 pPa assuming a microphone sensitivity of 50.0

mViPa.

Compliance Standards Compliant to Manufacturer Specifications and the follewing standards when combined with
Calibration Certificate from procedure DO001.8384:

IEC 80851:2001 Type 1 ANS| §1.4-2014 Class 1
IEC 60804:2000 Type 1 ANSI S1.4 (R2006) Type 1
IEC 61252:2002 ANSI $1.11 (R2008) Class 1
IEC 61260:2001 Class 1 ANSI 81.25 (R2007)

IEC 61672:2013 Class 1 ANSI §1.43 (R2007) Type 1

Issuing lab certifies that the instrument described above meets or excesds all specifications 2s stated in the referenced procedure
{unless otherwise noted). It has been calibratad using measurement standards lracezhia to the International System of Units (S}
through the National Insfitute of Standerds and Technology (NIST), or other national measurement institutes, and meets the
requirements of ISOAEC 17025:2005. Teat points marked with a 1 in the uncertalntles column do not fall within this laboratory's

scope of accraditation,
The guality system is registered to 1SO 8001:2008,

Thig callbration is a direct comparison of the unit under test to the listed raference slandards and did not involve any sampling plans to
complate. No allowance hag bean made for the Instability of the test deviee due to use, time, ete. Such allowancas would be made by

the customer as needed.

The uncertainlies were computed in accordance with the 150 Guide to the Expression of Uncertainty In Measurement (GUM). A
covarage factor of approximately 2 sigma (k=2) has been applied to the standand uncertainly to express the expanded uncertainty at
approximately 95% confidence level.

This repert may not be reproduced, except in full, unlese parmission for the publication of an approved abstract ie obtalhad in writing
from the organization issuing this report.

Correction data from Larson Davis Mociel 831 Sound Level Meter Manual, 1831.01 Rev O, 2018-09-19

Calibration Check Frequency: 1000 Hz; Reference Sound Preesura Level: 114 dB re 20 uPa; Reference Range: 0 dB gain

Feriodic tests were performed In accordance with praceduras from IEC 61672-3:2013 / ANSIASA 51.4-2014/Pari3.

.arson Davis, a division of FCB Piezotronics, Inc Pt . @
SN s A N
o4 o2 et WA LARSON DAVIS
ACCIIDITIﬁ

‘rovo, UT 84601, United Siziesz :_ ¥ .
. ’ ] F A PCB PIEZOTRONICS DIV.
16684-0001 = :

D18-4-H0T14:43:21 Page 1 of 24 D0001.8407 Rev B




L ericarn NUmbar 2073366

Pattern approval for [EC 61672-1:2013 / ANSIASA 51.4-2014/Part 1 successfully completed by Physikalisch-Technische Bundesanstalt

(PTB} on 2018-02-24 certificate numker DE-15-M-PTB-0056.

The scund level meter submitted for testing successiully completed the periodic tests of IEC 51672-3:2013 / ANSIVASA S1.4-2014/Fart
3, for the environmental conditions undar which the tests wore performed. As evidence was publicly available, from an independent
testing organization responsible for approving the results of pattern-evaluation tests performed in accordance with IEC 61672-2:2015 /
ANSNASA 51.4-2014/Part 2, to demonstrate that the modal of sound leval meter fully conformed to the class 1 specifications in IEC
61672-1:2013 / ANSVASA S1.4-2014/Part 1; the sound level mster submittad for testing conforms to the class tspecifications in IEC .
61672-1:2013 / ANSIHASA 51.4-2014/Part 1.

Description
Hert Scientific 2626-8 Humidity/Temperature Sensor
SRS D8360 Ultra Low Distortion Generator

Cal Date Cal Due
2017-06-11 . 2018-06-11
2017-06-29  2(118-06-29

006943
007118

al Standard

Larson ﬁavis, a division of PCB Piezotronics, Ing

1681 West 820 North x\_/
>rovo, UT 84601, United States i@k ,
% CCAEDITED]

716-684-0001 KPR

2

g
G
=

=

"esf JRRMN

)

Cert #3522.01

1018-4-10T14:43:21 Page 2 of 24

®[ ARSON DAVIS

A PCB PIEZOTRONICS DIV,

D0001.8407 Rev B



Learuricate Number 2078003665

A-weight Filter Response

0.0
B0 fomr i o e e e e e nimn . en e ——— . - .
-10.0
ﬁ' 20 | —™ it e - S O - 20,0 "0-:
E S A0.0 3:-
5 oo n B
5 e, ] “0p ™~
g 20 |- - - o e - 0.0 E
o
00 =
-40 - [ — 4 [
-0 .EJ.
£0 0.0
10 10 1000 10000 100000
Frequency [Hz]
o Norringl W DouBlON e Lower Limit = Upper Limit

Elsctrical signaf test of frequency weighting performad according to IEC 61672-2:2013 13 and ANS| $1.4-2014 Part 3; 13 for compliance to

JEX nd 9,2.2; |EC 80804:2000 5; ANS! $1.4:1883 (R2006) 5,1 and 8.2.1; ANSI §1.4-2014 Part 1: 5.5

10.00 -70.28 014 inf 3.00 0.22 Pass
12.59 -83.37 G.03 -inf 2.50 0.22 Pass
16.85 -56.69 0.1 -4.00 200 0.22 Pass
19.95 -50.37 0.13 -2.00 200 0.22 Pass
2812 -44.83 0.07 -1.50 2.00 0.22 Pass
3162 -38.38 0.02 -1.50 1.50 0.22 Pass
39.81 -34.59 0.01 -1.00 1.00 0.22 Pass
50.12 -30.14 0.06 -1.00 1.00 0.22 Pass
63.10 -26.17 0.03 -1.00 1.00 0.22 Pass
7643 -22 .47 0.03 -1.00 1.00 0.22 Pass
100.00 -19.17 0.07 -1.00 1.00 0.22 Pass
125.89 -16.12 -0.02 -1.00 1.00 0.22 Pass
158.49 -13.32 0.08 -1.00 1.00 0.22 Pass
186.53 -10.82 0.08 -1.00 1.00 0.22 Pass
251.19 £4.58 .04 -1.00 1.00 0.22 Pass
316.23 -6.46 0.14 -1.00 1.00 0.22 Pass
J88.11 -4,87 -0.07 -1.00 1.00 0.22 Pass
501.19 -3.33 -0.13 -1.00 1.00 022 Pass
630.96 -2.04 -0.14 -1.00 1.00 0.22 Pass
794.33 ~0.96 -0.16 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 -0.70 0.70 0.22 Pass
1,258.93 0.97 0.37 -1.00 1.00 022 Pass
1,584 .89 1.01 0.01 -1.00 1.00 0,22 Pass
1,995.26 0.28 -0.22 -1.00 1.00 0.22 Pass
2511869 1.25 -0.08 -1.00 1.00 Q.22 Pass
3,162.28 1.18 -0.02 -1.00 1.00 0.22 Pass
3,881.07 Q.81 -0.19 =1.00 1.00 0.22 Pass
5011.87 .54 0.04 «1.50 1.50 0.22 Pass
6,300.57 -0.45 -0.35 -2.00 1.50 0.22 Pass
7,843.28 -1.19 -0.09 -2 50 1.50 0.22 Pass
10,000.00 -2.37 0.13 -3.00 200 0.22 Pass
12,589.25 -4.24 0.08 -5.00 2.00 0.22 Pass
15,848.03 -B.73 0.13 -16.00 2.50 0D.22 Pass
19,952 82 -8.83 £.83 -inf 3.00 022 Pass

-« End of measurement resulés--

Larson Davis, a division of PCB Piezotronics, Inc A, @
Zam  OLARSONDAVIS
p T Uti L 3 -

rove, UT 84601, United States Yoy (ReoED A PCB PIEZOTRONICS DIV.
716-684-0001 AN ey v

2018-4-10T14:43:21
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Learntricate Number 2078003665

C-weight Filter Response

0.0

2.0

.0

50

-B.0
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Deviation [dB]

-120
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(=]

[ap] jeAeT jeunuoN

-14.0

&
o

=16.0
10 100 1000 10000 100000

Frequency [Hz]

e N orminal H Devialion  —— Lower Limil e Lipper Limit

Eleclrical zignal test of frequency weighting performed according to IEC 81672-3:2013 13 and ANS| $1.4-2014 Part 3: 13 for compliance to
||!E EC 00 5; ANSI $1.4:1883 (R2008) 5.1 and

T 022

10.00 -14 .42 -0.12 3.00 Pass
12.59 -11.27 -0.07 2.50 022 Fass
15.85 -8.55 -0.05 . 2,00 0.22 Pass
1995 8.16 0.04 -2.00 2.00 022 Pass
25.12 -4.34 0.06 -1.50 2.00 022 Pass
31.62 -2.95 0.05 -1.50 1.50 022 Pass
39.81 -1.96 0.04 -1.00 1.00 022 Pass
5012 -1.22 0.08 -1.00 1.00 0.22 Pass
83.10 0.79 - 0 -1.00 1.00 0.22 Pass
79.43 047 0.03 -1.00 1.00 0.22 Pass
100.00 -0.31 =0.01 -1.00 1.00 0.22 Pass
125,89 -0.19 0.01 -1.00 1.00 0.22 Pass
158.49 -0.05 0.06 -1.00 1.00 0.22 Pass
199.53 0. a0 -1.00 1.00 0.22 Pass
25119 0.06 0.06 -1.00 1.00 0.2z Pass
3168.23 0.17 017 -1.00 1.00 0.22 Pass
398.11 -0.04 -0.04 -1.00 1.00 0.22 Pass
501.19 -0.06 -0.06 -1.00 1.00 0.22 Pass
630.68 -0.1 -0.11 -1.00 1.00 0.22 Paag
794 .33 -0.11 -0.11 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 0.70 0.70 0,22 Pass
1,258.93 0.34 0.34 -1.00 1.00 0.22 Pass
1,584.89 .05 0.05 -1.00 1.00 0.22 Pass
1,895.26 .38 .19 -1.00 1.00 0.22 Pass
2,611.89 -0.32 .02 -1.00 1.00 0.22 Pazs
3.,162.28 -0.52 .02 -1.00 1.00 0.22 Pass
3,081.07 -0.97 017 -1.00 1.00 0.22 Pass
5,011.87 131 -0.01 -1.50 1.50 0.22 Pass
6,308.57 232 -0,32 -2.00 1.50 0.22 Pass
7.843.28 -3.08 -0.08 -2.50 1.50 0.22 Pass
10,000.00 -4.29 0.1 -3.00 2.00 0.22 Pass
12,580.25 -8.16 0.04 -5.00 2.00 0.22 Pass
15,848.93 -8.65 -0.15 -16.00 2.50 0.22 Pass
19,852.62 -11.86 -0.66 -inf 3.00 0.22 Pass
-- End of measurement results--
arson Davis, a division of PCB Piezotronics, Inc s, o @ AL
1 ekt e WA LARSON DAVIS
'rova, UT 84601, United States Z 3 -
166840001 'ﬁ\ Beearorien A PCB PIEZOTRONICS DIV.

D18-4-10T14:43:21 Page 4 of 24 DO0001.8407 Rev B



OIHTicate NUMBer 201 SI366d

Z-weight Filter Response

20 1 N R S OO - X 1

4 240

0.0

Deviation [dB]
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100000

Frequency [Hz]
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Elecirlcal signal test of frequency weighting parformed according to IEC 61672-3:2013 13 and ANSI §1.4-20714 Part 3: 13 for compliance to
rI_Ec 81672-1:2013 5.5 IEC : ; :

|

i%
I
T

-0. 3.00 022 Pass
018 -inf 2.50 0.22 Pass

-0.18

-0.11 0.11 400 2.00 0.22 Pass
0.01 0.01 -2.00 2.00 0.22 Pass
0.01 C.01 =1.50 2.00 0.22 Pass
0.01 0.01 -1.50 1.50 0.22 Pass
0.0f1 0.01 =1.00 1.00 0.22 Pass
0.07 0.07 -1.00 1.00 0.22 Pass
.01 0.01 -1.00 1.00 0.22 Pass
0.03 0.03 -1.00 1.00 0.22 Pass
-0.03 -0.03 -1.00 1.00 0.22 Pass
-0.03 -0.03 -1.00 1.00 0.22 Pass
0.03 0.03 -1.00 1.00 0.22 Pass
0.04 0.04 -1.00 1.00 0.22 Pass
0.07 0.07 -1.00 1.00 0.22 Pass
0.15 0.15. -1.00 1.00 0.22 Pass
-0.07 007 =1.00 1.00 0.22 Pass
-0.10 -0.10 -1.00 1.00 0.22 Pass
0.14 -0.14 -1.00 1.00 Q.22 Pass
.13 013 -1.00 1.00 0.22 Pass
0.00 0.00 -0.70 0.70 022 Pass
0.37 0.37 -1.00 1.00 022 Pass
0.03 0.03 -1.00 1.00 022 Pass
023 -0.23 -1.00 1,00 022 Pass
2,511.89 -0.03 -0.03 -1.00 1.00 0.22 Pass
3,162.28 -0.03 -0.03 -1.00 1.00 0.22 Pass
3,981.07 017 -017 -1.00 1.00 022 Pass
5,011.87 -0.03 -0.03 -1.50 1.50 D.22 Pass
6,309.57 3.33 -0.33 =2.00 1.50 0.22 Pass
7,643.28 -0.04 -0.04 =290 1.50 0.22 Pass
10,000.00 0.18 0.18 «3.00 2.00 0.22 Fass
12,580.25 0.08 0.08 =5.00 2.00 0.22 Pass
15,848.93 0.26 -0.26 -16.00 2,50 022 FPass
19,852 62 0.53 -0.53 -inf 3.00 0.22 Fass
-- End of measurement results—
.arson f)avis, a diviston of PCB Fiezotronics, Inc @
681 West 820 North L A RSON DAVIS
.:rovo, UT 84601, United States . A Enrril:; A PCB PIEZOTRONICS DIV,
16-684-0001 bl Cor 362201

018-4-10T14:43:2] Page S of 24 DO001.8407 Rev B



LOrpicaie MUmoper LV15UU3ond

High Level Stability

Electrical signal test of high level stability performed according to IEC 61672-3:2013 21 and ANS! §1.4-2014 Part 3: 21 for compliance to
IEC &1 : ;

High Level Stabifity 0.00 =0.10 0.10 0.01 Pasg
-- End of measurement vesults—

Long-Term Stability

Electrical signal test of long term stability performad according to [EC §1672-3:2013 15 and ANSI S1.4-2014 Pant 3: 15 for compliance to

36 0.00 -0.10 0.10 0.0 Pass

— End of measurement resulés—

1 kHz Refarence Levels

Frequenacy weightings and time weightings at 1 kHz (referenca is A weighted Fast) performed according to IEC 51672-3:2013 14 and ANS)
$1.4-2014 Pari 3: 14 for compliance to IEC 61672-1:2013 5.5.9 and 5.8.3 and ANSI $1.4-2014 Part 1: 5.5.8 and

C weight 114.00 113.80 114.20 0.08 Pass

Z weight 113.89 113.80 114.20 0.09 Pass
Slow 114.00 113.90 11410 0.09 Pass
Impulse 114.00 113.60 114,10 0.09 Pass

- End of measurement results—

Larson Davis, a division of PCB Piezotronies, Inc o, . @
Swam  SLARSONDAVIS
Provo, UT 84601, United States | 3

' N ;"/’_“‘\,;3 A

2018-4-10T14:43:21 Page 6 of 24 DO0RL.8407 Rev D



LUrIICHIE NUMDCT LU U0 5000

Error [dB]

200 400 80.0 80.0 190.0 1200 145,0
Level InJected [dE]

H Error e Lt8" Lyt —=Upparr Limit

Broadband leve! linearity performed according to IEC 61672-3:2013 16 and ANSI 51.4-2014 Part 3: 16 for compliance to IEC 61672-1:2013
| 5.6, IEC 60804:2000 6.2, IEC 81252:2002 8, ANSI S1.4 (R2006) 8.9, ANS| 81.4-2014 Part 1: 5.6, ANS! $1.43 (R2007) 6.2

28.00 0.70 , 0.09 Pass
27.00 021 -0.70 C.70 0.09 Pass
28.00 0.21 .70 0.70 0.09 Pass
29.00 010 -0.70 0.70 0.09 Pass
30.00 0.0 -0.70 0.70 0.09 Pass
31.00 0.18 -0.70 0.70 0.09 Pass
32.00 0.02 .70 0.70 0.09 Pass
33.00 0.12 -0.70 0.70 0.09 Pass
34.00 0.05 -0.70 0.70 0.09 FPass
35.00 -0.02 -0.70 0.70 0.09 Pass
38.00 0.02 -0.70 0.70 0.09 Pass
29.00 0.04 0.70 0.70 0.09 Pass
4400 0.02 -0.70 0.70 0.09 Pass -
49.00 0.02 -0.70 0.70 0.09 Pass
54 00 0.1 0.70 0.70 0.08 Pass
5900 0.03 -0.70 0.70 Q.00 Pass
64.00 0.02 -0.70 0.70 .09 Pass
69.00 0.02 -0.70 0.70 0.09 Pass
74.00 _ 0.02 .70 0.70 0.09 Pass
79.00 0.01 -0.70 0.70 0.09 Pass
84.00 0.02 -0.70 0.70 0.09 Pass
89.00 0.02 -0.70 0.70 0.09 Pass
94.00 0.02 -0.70 0.70 0.09 Pass
96.00 0.02 -0.7¢ 0.70 0.09 Pass
104.00 0.00 -0.70 0.70 0.09 Pass
109.00 0.00 -0.70 0.70 0.09 Pass
114.00 0.00 -0.70 0.70 0.05 Pass
119.00 -0.01 0.70 0.70 0.09 Pass
124.00 ’ 0.00 0.70 0.70 0.09 Pass
129.00 0.00 -0.70 0.70 0.09 Pass
134.00 0.00 -0.70 0.70 0.09 Pass
135.00 0.00 0.70 0.70 0.09 Pass
136.00 0.00 -0.70 0.70 0.09 Pass
137.00 0.00 -0.70 0.70 0.09 Pass
138.00 0.00 0.70 0.70 0.09 Pass
136.00 «0.01 .70 0.70 0.09 Pass

rovo, UT 84601, United States b A PCB PIEZOTRONICS DIV.

K

16-684-0001 2

arsen Davis, a division of PCB Fiezotronics, Inc A, o @
681 West 820 North ‘M“\g—/"’—: @ . LARSON DAVIS
ACCAEDITER |

5

%,
it R

Ceit. #3822 11

118-4-10T14:43:21 Page 7 of 24 DOD01.8407 Rev B
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== End of measurement resnlts--

Larson Davis, a division of PCB Piezotronics, Tng

Sy, :
651 Wes 320 o 7 e ® ARSON DAVIS
*rovo, UT 84601, United States % X

16.684-0001 %X\ (BecaEnyied A PCB PIEZOTRONICS DIV.

e Tert_ #3627 0f

HH8-4-10T14:43:21 Page 8 of 24 DO001.8407 Rev B



A-weighted 20 dB Gai

L-WILAICHTIE IYUIMDer LUTE0UI00D

n Broadband Log Linearity: 8,000.00 Hz

=
- ] a_ 3 | ] A | L a ] l - » BERESgd
Rl B S o S N, _ et e o]
0.6 - - e S
08 | - -
1.6
20.0 40.0 80.0 800 100.0 120.0

Level Injected [dB]

B Erer

e LowiRr Lirfit = Lippar LIt

Broadband leve! linearity parformed according to IEC 61672-3:2013 16 and ANS| 51.4-2014 Part 3; 16 for compliance to IEC 61672-1:2013

a

5.6, IEC 608042000 8.2, JEC €1252:2002 8, ANS| 51.4 (R2006) 8.9, ANSI £1.4-2014 Part 1: 5.6, ANS] $1.43 (R2007) 6.2

20.0 0.50 -0.70 0.70 0.08
21.00 0.44 -0.70 0.70 0.09
2200 0.28 -0.70 0.70 0.0%
23.00 0.20 -0.70 0.70 0.09
24.00 0.18 -0.70 0.70 0.09
25.00 0.18 -0.70 0.70 0.09
26.00 0.10 0.70 0.70 0.08
27.00 0.10 -0.70 0.70 0.08
28.00 0.12 -0.70 0.70 0.09
29.00 0.08 -0.70 Q.70 0.09
30.00 0.04 -0.70 0.70 0.08
31.00 0.05 -0.70 0.70 0.09
32.00 0.08 -0.70 0.70 0.09
33.00 0.05 Q.70 0.70 0.08
34.00 0.03 -0.70 0.70 0.09
3500 0.04 -0.70 0.70 0.09
38.00 0.06 -0.70 Q.70 0.09
37.00 0.04 0.70 Q.70 0.09
38.00 0.05 -0.70 0.70 0.00
38.00 0.05 -0.70 0.70 0.09
44.00 0.03 Q.70 0.70 0.09
49.00 0.03 -0.70 0.70 0.09
54.00 0.02 -0.70 0.70 .09
£8.00 0.03 -0.70 0.70 0.09
64.00 C.03 0.70 0.70 0.00
69.00 0.03 -0.70 .70 0.09
7400 0.03 -0.70 0.70 0.09
79.00 0.02 -0.70 0.70 0.09
84.00 0.02 .70 0.70 0.09
89.00 0.03 -0.70 0.70 0.09
24 .00 0.03 -0.70 0.70 0.00
99.00 0.03 -0.70 070 0.09
104.00 0.01 -0.70 0.70 0.09
102.00 0.01 -0.70 0.70 0.08
114.00 0.00 -0.70 0.70 0.08
115.00 0.01 -0.70 0.70 0.09
Larson, Davis, a division of FCB Piezotronics, Inc S, @
1681 West $20 North i“"’\\_// 5 @ . LARSON DAVIS
Provo, UT 84601, United States N :
?]6—684-0001 "@ﬁ;‘\? B:ﬁn&gg‘lip A PCB PIEZOTRONIOS DNI
W018-4-10T14:43:21 Page 9 of 24 DINO1.8407 Rev B




Leruricare number 2013003665

0.00 . 0.09 Pass
117.00 ' 0.01 -0.70 0.09 Pass
118.00 0.1 ~0.70 0.70 0.02 Pass
112.00 -0.01 -0.70 0.7¢ 0.09 Pass
120.00 0.00 0,70 0.70 0.09 Pass

« End of measurement results--

Arsen Davis, a division of PCB Piezotronics, Inc

5 \‘\"l"f’# ). . - )
e < wm _ SLARSONDAVIS
rovo, UT 84601, United States s ] _.
ACCR TED

16-684-0001 N A PCB PIEZOTRONICS DIV,
LT

Cart. #3RZ.01

3184 10T 14:43.21 Page 10 of 24 D0001.8407 Rev B
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Error [dB]
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W Error i Leser Liril e Lipper Lirvit

11 octave level linearity at normal range with O dB gain perfermed according o IEC 612680:2001 4.8, ANSI 5.11 (R2009} 4.8

44.00 0.09 -0.70 0.09
45,00 0.34 -0.70 0.09 Pass
46,00 0.04 -0.70 0.70 0.09 Pass
47.00 008 -0.70 0.70 0.10 Pass
48.00 0.02 -0.70 0.7¢ 0.10 Pass
48,00 0.04 -0.70 0.70 0.10 Pass
50.00 0.08 -0.70 0.70 0.09 Pass
51.00 0.04 -0.70 0.70 0.08 Pass
55.00 : 003 .70 0.70 ©.09 Pass
60.00 0.00 -0.70 0.70 0.09 Pass
65,00 .03 -0.70 0.70 0.09 Pass
70.00 0.04 -0.70 Q.70 0.09 Pass
75.00 0.02 -0.70 0.70 0.09 Pass
B80.00 0.01 -0.70 0.70 0.09 Pass
85.00 0.02 0.70 0.70 0.09 Pass
20.00 0.02 0.70 0.70 0.00 Pass
295.00 0.02 -0.70 0.70 002 Pass
100.00 .00 -0.70 0.70 0.08 Pass
105.00 0.01 0.70 - 0.70 0.08 Pass
110.00 0.00 .70 0.70 0.09 Pass
115.00 0.00 -0.70 0.70 0.09 Pass
120.00 0.00 -0.70 D.70 0.09 Pass
125.00 0.00 -Q.70 0.70 0.09 Pass
130.00 ' 0.00 -0.70 0.70 0.09 Pass
135.00 0.00 -0.70 0.70 ' 0.08 Pass
136.00 _ 0.00 -0.70 0.70 0.09 Pass
137.00 0.00 -0.70 Q.70 0.09 Pass
138.00 0.00 -0.70 Q.70 0.09 Pass
139.00 -0.01 -0.70 0.70 0.09 Pass
140.00 0.02 -0.70 0.70 0.09 Pass

= End of measarement resulis--

%
u(n

Jrove, UT' 84601, United States il
116-684-0001 %m@:‘ T A PCB PIEZOTRONICS DIV.

e

e

Larson Davis, a division of PCB Piezotronics, Inc M, . @
. am __ CLARSONDAVIS
ACCREDTFED)

1018-4-10T14:43:21 Fage 11 of 24 DGO 8407 Rev B
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0.00

0.00
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0.00
0.1
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-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
-0.70
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-0.70
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«« End of measurement results--

0.70
Q.70
0.70
0.70
.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
Q.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
.70
0.70
0.70
D.70
0.70

120.0

0.09
0.10
Q.10
0.10
0.09
0.08
0.08
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.0e
0.08
009
Q.09
0.0
0.09
0.08
0.08
0.09
0.09
0.08

140.0

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
FPass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
FPass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

Larson Davis, a division of PCB Piezotronics, Inc

1681 West 820 North

Provo, UT 34601, United States

716-684-0001

2018-4-10T14:43:2]
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Slow Detector

Toneburst response performed according to IEC 616872-3:2013 18 and ANSI §1.4-2014 Part 3: 18 for compliance {0 IEC 61672-1:2013 5.9,
IE ANSI 51.4:1983 (R2008) 8.4.2 and ANSI $1.4-2014 Part 1: 5.9

7. 792 -6.92 0.09 Pass
-27.18 -29.99 -26.99 0.09 Pass
= End of measurement results—-
Fast Detector

Toneburst response performed according to IEC 61672-3:2013 18 and ANSI §1.4-2014 Part 3: 18 for compliance to [EC 816872-1:2013 5.9,
|EC 80651:2001 £.4.2, ANSI 51.4:1983 {(R2006) 8.4.2 and ANSI 51.4-2014 Part 1 59

137.00 200.00 ~1.03 -1.48 -0.48 0.09 Pass
2.00 -18.27 -19.49 -16.99 . 0.09 Fass
0.25 -27.30 -29.99 -25.99 0.09 Pass

— End of measurement resulis--
Sound Exposure Level

Taneburst response perfomed according to IEC §1672-3:2013 18 and ANSI 51.4-2014 Part 3; 18 for compliance to IEC 61672-1:2013 5.9,
JEC 60851:2001 9.4.2, ANSI §1.4:1983 (R2008) 8.4.2 and ANSI S1.4-2094 Part 1: 5.9

-7.01 -7.49 -6,4%9 0.09 Pass
-27.03 -28.49 -25.99 0.0e Pass
-36.14 -39.02 -35.02 0.08 Pags

-- End of measurement results--
Peak C-weight

C-weighted peak sound level performed according to IEC 61672-3:2013 19 and ANSI §1.4-2014 Part 3 49 for compliance to
IEC 61672-1:2013 5.13 and ANSI 51.4-2014 Part 1: 5.13

. . 135.50 139.50 0.09 Pass

500.00 138.57 137.50 139.50 0.08 Pass

135 00 8,000.00 137.63 135.40 140.40 .10 Pass
135.00, Negative 500.00 137.17 136.40 138.40 a.09 FPass
135.00, Positive 500.00 137.17 136.40 138.40 0.09 Pass

— End of measurement results--

arson Davis, a division of PCB Piezotronics, Inc
681 West 820 North

B St o LARSON DAVIS

oo, U o AN A PCB PIEZOTRONICS DIV,

Cert, #3822 01

J18-4-10T14:43:21 Page 13 of 24 DO001 8407 Rev B



LeMmnicare Numpear 2U015003665
Peak Z-welght

Z=weighted paak sound leval performad

Negative Pulse 136.38 134.01
Puositive Pulsa 136.36 134.01 138.01 0.00 Pasg

126.00 100 Negative Pulse 126.35 124.00 128.00 0.09 Pass
100 Positive Pulse 126,36 124.00 128.00 0.09 Pass
118.00 100 Negalive Pulse 118,36 114.00 118.00 008 Pass
100 Positive Pulse 116.38 114,00 118.00 0.09 Pass
108.00 100 Negative Pulse 106.33 103.08 107.98 0.09 Pass
100 Positive Pulse 106.33 103.99 107.89 0.09 Pass

— End of measurement results--

Overload Detector

Owerload indication performed according to IEC 81672-3:2013 20 and ANSI $1.4-2014 Part 3: 20 for compliance to IEC 81672-1:2013 5,11,
IEC 60804.2000 9.2.5, IEC 61252:2002 11, ANSI 81.4 (R20086) 5.8, and ANS| $1.4-2014 Part 1; 5.11, ANSI 81.25 {R2007) 7.8,
ANSI S1.43 (R2007) 7

140 009  Pass

Positive . .
Negative . 140.00 0.09 Pass
Difference . -1.60 1.50 0.10 Pass

-~ End of measvrement resulis--
. Peak Rise Time

-and ANSI 3 083 (R2006) 8.4.4

0.09 Pass

139.00 40  Negative Pulse 138.52 . ,
Positive Pulse 138.53 137.00 0.09 FPasg
30 Negative Pulse 137.58 137.00 0.09 Pass
Positive Pulge 137.58 137.00 0.09 Pass

— End of measurerment results-

Larson Davis, a division of PCB Piezotronics, Inc

- ~ SLARSONDAVIS
*rave, UT 84601, United States
S W (ACCREDITE

716-684-0001 A PCB PIEZOTRONICS DIV.

Cert, 43622.00

018-4-10T14:43:21 Page 14 of 24 DO0D1.8407 Rev B
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Positive Pulse Crest Factor

+ 0.09 Pass

138.00 .
OvLD +1.00 0.09 Pass
OvLD +1.50 0.09 Pass
128.00 £0.12 1 0.50 0.10 Pass
413 +1.00 0.08 Pass
ovLD +1.50 0.08 Pass
118.00 -0.13 +0.50 0.10 Pass
-0.11 £1.00 0.0% Pass
-0.16 +1.80 0.09 Pass
108.00 0.14 +0.50 0.13 Pass
013 +1.00 0.09 Pass
-0.25 = 1.50 0.02 Pass

-- End of measurement results—

Negative Pulse Crest Factor
200 ps pulse tests at 2.0, 12.0, 22,0, 32.0 dB below Overload Limit

OvLD B
5 OvVLD 0.09 Pass
10 OVLD 0.09 Pass
128.00 3 -0.12 0.09 Pass
5 -0.12 0.09 Pass
10 OVLD 0.00 Pass
118.00 3 -0.13 0.09 Pass
5 -0.13 0.09 Pass
10 -0.16 0.09 Pass
108.00 3 014 0.09 Pass
5 -0.14 . 0.00 Pass
10 -0.25 +1.50 0.09 Pass

- End of measurement resnits—
Tone Burst
2kHz tone burst tests at 2.0, 12.0, 22.0, 32.0 dB below Overload Limit

k'_rone burst response measured according to IEC 80651:2001 9.4.2 and ANSI S1.4:1883 (R2006) 8.4.2

138.00

3 QVLD +0.50 0.08 Pass
5 QviD +1.00 0.09 Pass
128.00 3 -0.06 +0.50 012 Pass
5 0.01 +1.00 0.09 Pass
118.00 3 005 1 0.50 0.09 Fass
5 -0.03 *1.00 0.09 Pass
108.00 3 -0.08 + 0.50 0.09 Pass
5 -0.06 % 1.00 0.09 Pass
-- End of measurement resulis— )
Larson Davis, a division of PCB Piezotronies, Inc SV, @
1681 West 820 North SN L A RSON DAVIS
Provo, UT 84601, United States ijh"“mﬁg ol
116-684-0001 ,,d%_\/‘h*‘:}, % A PCB PIEZOTRONICS DIV,

2018-4-10T14:43:21 Page 15 of 24 DO001.8407 Rev B



20.00
2.00
Step 2.00

LEFUNCEe Numear LU1sUusond

Impulse Detector - Repeat

-2.74
-7.81
-8.87
4.95

Impulse Detector - Single

-3.71
957
-10.76
4.00

= End of measurement results—

0.09 Pass
Q.08 Pass
0.08 Pass
0.11 Pass

-3.64
-8.87
-12.56
999

— End of measurement results--

-10.76
-14.55
9.00

Gain

-2.1
-8.76

-10.56

11.00

0 dB Gain
C dB Gain, Linearity
20 dB Gain

20 dB Gain, Linearity
OBA Low Range
OBA Normal Range

94.03
28.97
94.03
23.76
84.02
94.02

- End of measurement resulis.-

83,82
28.32
93.92
2332
03.92
93.20

94.12
29.72
94,12
24.72
94.12
64.80

0.00 Pass
010 Pass
0.1 Pass
0.11 Pass

0.00 Pass

0.10 Pass
0.08 Pass
012 Fass
0.00 Pass
0.09 Pass

.arson Davis, a division of meMronics, Ine
681 West 820 North

'rovo, UT B4601, United States

'16-684-0001

018-4-10T14:43:21

Cert 432201
Page 16 of 24
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B LY IFLHTTIGT LU0 B SDUD

1/3-Octave Self-Generated Noise

F1- S e, - . ¢ e e U
E - OO Wt T SN NS SR N S SR B
=
'E - ’ Baprvin. [ J VSV DU
)
:gl F ] —— 1 | " SV e e _ e N NN - -
=5 0

8

1.0 10.0 100.0 1000.0 10000.0 100000.0
Frequency [Hej

W Measured  —f=Uppar Limit

6.30 3 . Pass

&8.00 . 14.70 Paas
10.00 . 13.90 Pass
12.50 . 13.10 : Pass
16.00 . 12.30 Passe
20.00 . 11.50 Pass
25,00 ; 10.70 Pass
31.50 3.82 8.90 Pass
40,00 273 8.10 Pass
§50.00 172 8.10 FPass
63.00 1.03 710 Pass
80.00 Q.47 6.10 Pass
100.00 : -0.45 £.30 Pass
125.00 -1.41 470 Pass
160.00 -2.18 4.10 Pagss
200.00 -2.58 3.60 Pass
250.00 -3.79 3.10 Pass
315.00 -4.41 2,70 Pass
400.00 -3.16 2.80 Pass
500.00 -5.03 2.60 ' Pass
630.00 -5.50 2.70 : Pass
800.00 ~4.33 2.80 Pass
1,000.00 -5.99 3.00 Pass
1,260.00 -5.7% 3.20 Pass
1,600.00 -5.51 3.50 Pass
2,000.00 -5.00 3.80 Pass
2,500.00 -5.18 4.30 Pass
3,150.00 -4.44 4.90 Pass
4,000.00 -3.50 8,70 Pass
5,000.00 -3.05 8.40 Pass
6,300.00 -1.80 7.40 Pass
§,000.00 -1.77 8.60 Pass
10,000.00 : 0.75 9.80 Pass
12.500.00 072 11.20 " Pass
16,000.00 142 12.80 Pass
20,000.00 3.02 14.00 Pass

-~ End of measurement resulis--

Larson Davis, a division of PCB Piezatronics, Inc
1681 West 820 North

®LARSON DAVIS

ovo, UT 84601, United States -
Ahgtientite ) R A PCB PIEZOTRONICS DIV.
. L Cart, #3622.00

1018-4-10T14:43:21 Page 17 of 24 D0001.8407 Rev B



ST IO ST 200 1 OVDIG0D

Broadband Noise Floor

asured according to IEC 61672-3:2013 11.2 and ANS| $1.4-2014 Part 3. 11.2

A-weight Noise 50 | 15.00 Pass
C-weight Noise Floor 12,57 17.30 Pass
Z-weight Noise Floor _ 21.32 24.50 Pass

-- End of measurement results--

Total Harmonic Distortion

Measured using 1/3-Octave fiters

inty: [dB
137.53 137.20 138.80 .09 Pass
-70.57 -60.00 0.01 Pass
-64.74 -80.00 0.01 Pass

== End of measurement resulis-—

Larson Davis, a division of PCB Piezotronics, Inc

1681 West 820 North - @LARSON DAVIS
Provo, UT 84601, United States
E v |ACCREDITED

716-684-0001 A PCB PIEZOTRONICS DIV.

Cert, #3220t

018-4-10T14:43:21 Page 18 of 24 D0001.8407 Rev B



LRrImcame numper LU su3ned

171 Octave Fliter: 8.0 Hz

A0 e

Measured Level [dB]
'
o
;
|

-5.0
40 80 &0 7% 8.0 20 10.0 ™0 2.0

Fraquency [Hz]

10.0 -— J— -

1 I — //r""x\

B T PO RS

1L R [ PO

-B0.0 |-

Measured Level [dB]

1000 | S

-120.0

01 10.0 100.0 T00d.¢

Frequency [Hz)]

B Measured  =—Lower Limit = lipper Limit

The SLM s set to normal range and 0 dB

, -54 -inf -70.00 2.40 Pass
1.00 -95.07 -inf 51.00 2.20 Pass
200 -86.67 -inf -42.00 0.24 Pass
3.68 -74.26 -inf -17.50 0.23 Pass
5.62 -3.37 -5.00 -2.00 0.09 Pass
8.13 . -0.39 -1.30 0.30 0.09 Pass
8.68 -0.14 -0.60 .30 0.09 Pass
7.29 -0.11 -0.40 0.30 0.00 Pass
7.94 -0.08 -0.30 0.30 0.09 Pass
886 -0.05 -0.40 0.30 0.08 Pass
944 -0.01 -0.60 0.30 0.00 Pass
10.29 0.04 -1.30 0.30 0.09 Pass
11.22 -3.05 -5.00 -2.00 0.09 Pasgs
15.85 -108.72 -inf -17.50 1.30 Pags
31.62 -102.80 -inf -42.00 1.70 Pass
63.10 -105.30 =inf 61.00 1.10 Pass
125.89 -107.76 =inf -70.00 1.80 Pass

== End of measurement resnles--

Larson Davis, a division of PCB Piezotronics, Inc AT, _ w _
ca&m  SLARSONDAVIS
Provo, UT 84601, United States 7 & . '

£ * N - =F. (]
716-684-0001 @}e % APCB PIEOTHONIOS DIV,

1018-4-10T14:43:21 Puge 19 of 24 DO0001.8407 Rev B



oD o e e et e e et

LRFTNICate Nnumpar ZuTsvi36eh

1M Octave Filter: 1 kHz

0.0

= - " =

B0 | e

N 2 TV SN S SN

30 b

Measured Leval [dE]

-5.0

£00.0 600.0

800.0

1000.0 11000

Fraquancy [Hz]

1200.4 13040, 0 150400

10.0 [

a.0

-20.0

BOH | e e e b

Measured Level [dBE]

1000 |—— e

-120.0

0 oo

lThe SL.M Is set {0 normal range and 0 dB gain. Filtershage measUred according to IEC 81260:2001 and ANS! S1.11:2004

63.10
125.89
251.19
501,19
707.95
771.79
841.40
017.28

1,000.00
1,080.18
1,188.80
1.285.69
1,412.54
1,895.26
3,981.07
7.943.28
15,848.93

05.45

1000.0
Frequency [Hz]

M Moasured

e LOWET Linnit e Lpnar Lt

tii

-92.44
-81.01 «inf
-74.00 -inf
-3.15 -5.00
-0.23 -1.30
-0.02 -0.60
-0.01 -0.40
0.00 -0.30
-0.03 -0.40
-0.02 -0.60
0.00 -1.30
-3.14 -5.00
-05.88 -inf
-95.95 -inf
-95.17 -inf
-92.52 -inf

— End of measurement resulis--

14000.0

1600000

0.32 Pass
0.18 Pass
0.09 Pass
0.00 Pass
D.09 Pass
0.08 Pass
0.08 Pass
0.08 Pass
0.09 Pass
0.09 Pass
0.09 Pass
0.09 Pass
0.26 Pass
0.28 Pass
0.31 Pass
0.24 Pass

tson Davis, a division of PCB Piezotronics, Inc
681 West 820 North

‘rovo, UT 84601, United States

"16-684-0001

018-4-10T14:43:21

‘“‘“n]}lj;,"
i ﬁ;ﬁl
’ﬁcﬁ'\* ACCREBITE

" "n‘u!u\“\.‘

Cert, w3622

Page 20 of 24
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L-Oruncaie Numner ZuT33665

1M QOctave Filter: 16 kHz

1.0 R e e, " . RS

L | o -

Measured Level [dB]
R

5.0
20000

13000.0 15000.0 170000 19000.0 29000.0 23000.0
Frequency Mz]

10.0 I S — SO e e e e
0.0

=20.0

400 |-

Meoazured Level [dB)

-100.0

-120.0
10009 _ 100000.0 10000000

Frequency [Hz]

W Moasumd  ——LowerLimil =s=tipper Limit

The SLM Is set lo nermnal range and 0 4B gain, Fitter shape measured according to IEC 81260:2001 and ANSI §1.11:2004

1,000.00 82 Pass
1,985.26 -79.80 -inf 0.09 Pass
3,981.07 -77.78 -inf -42.00 0.10 Pass
7.843.28 -73.55 -inf -17.60 0.10 Pass
11,220.18 -3.00 -5.00 -2.00 0.09 Pass
12,232.07 -0.07 -1.30 0.30 0.09 Pass
13,335.21 018 -0.80 0.30 0.09 Pass
14,537.84 0.12 -0.40 0.30 0.09 Pass
15,848.93 0.10 -0.30 0.30 0.0% Pass
17.278.26 0.05 -0.40 0.30 0.09 Pass
18,836.49 -0.04 -0.80 0.30 0.09 Pass
20,635.25 -0.74 -1.30 0.30 0.09 Pass
22,387.21 -3.62 -5.00 -2.00 0.09 Pass
31,622.78 66.47 -inf -17.50 0.00 Pass
63,095.73 -89.20 -inf -42.00 0.10 Pass
125,892 .54 -89.81 -inf -81.00 0.09 Pass

-- End of measurement results--

Provo, UT 84601, United States 2
716-684-0001 U (BSSRIBIVER A PCB PIEZOTRONICS DIV,

Larson Davis, a division of PCB Piezotronics, [nc **‘@"" o @ .
1681 West 820 North N : %

2018-4-10T 14:43:21 Page 21 of 24 DON01,8407 Rev B



vernncara numper 2013003665

113 Octave Filter: 6.3 Hz

10 . P P e e i e

Measured Level [dBE]
[
[ =]

240 |-

-5.0

50 o

10.0
0.0

=200

-60.0 |-

- 1 OO

Measured Level [dB]

4000 |-

-120,0

1.0 10.0 100.0

Fretquancy [Hz]

W Wbasured == Lowsr Limii = Upper Limi

The SLM Is set to normal range and 0 dB gain. Filter shape measured according to IEC 81260:2001 and ANSI §1.11:2004

2.07 -inf 0.11 Pass
3.35 -inf 0.08 Pass
4,87 -inf 0.10 Pass
562 -5.00 0.09. Pass
5.80 -1.30 0.09 Pass
508 -0.80 0.08 Pass
615 -0.40 0.09 Pass
6.31 -0.30 0.09 Pass
6.48 -0.40 0.09 Pass
6.66 -0.80 .08 Pass
6.86 -1.30 0.09 Pass
7.08 -5.00 0.09 Pass
8.17 -inf 0.34 Pass
1187 -inf 1.70 Pass
19.27 -inf 2.50 Pass
34.02 -inf 210 Pass

— End of measorement results--

Larson Davis, a division of PCB Piezotronics, Inc

i, ,, o ’ . :
1681 West 820 North ;}%ﬁ - & LARSON DAVIS
gl;vg’g :J-"goiz:lﬁm, United States YT e = A PCB PIEZOTRONICS DWV.
- oty e Cen, #3072.01

2018-4-10T 14:43:21 Page 22 of 24 10018407 Rev B



T e e e e e e

LUINHHIR NUMRer LU BUUID0D

1

I3 QOctave Filter: 1 kHz

4.0

Measurad Leved [dE]
R
=]

1000.9
Fraguency [Hz]

1000

1200.0

10.0 [

-20.0

-40.0

BOG s e e

Measured Level [dB]

=100.0

~120.0

110.0

185.46
327.48
83143
772,57
891.25
919.68
894718
974.02
1,000.00
1,028.67
1,065.75
1,087.46
1,122.02
1.284.37
1,881.73
3,053.85
5,391.95

1000.0
Frequency [Hz]

W Mepsured  =—=Lower Limit = Upger Limil

-89.65
-81.33
-79.90
-76.24
-3.00
-0.40
0.00
-0.04
0.00
0.00
-0.02
-0.22
-2.96
-95.88
-100.75
-101.60
-101.27

-inf
-inf
-inf
-5.00
-1.30
-0.60
-0.40
-0.30
0.40
£0.60
-1.30
-5.00
-inf
-inf
-inf
=inf

= End of measurement resulis—

-42.00 0.25
-17.50 0.09
-2.00 0.09
0.30 0.08
0.30 0.09
0.30 Q.09
0.320 0.09
0.30 0.08
0.30 0.08
0.30 0.09
-2.00 0.09
-17.50 025
-42.00 040
-61.00 0.44
-70.00 0.40

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

10000.0

.arson Davis, a division of PCB 5iezotmnics, Ine
681 West 820 North

'rovo, UT 84601, United States

'16-684-0001

018-4-10T14:43:21

. \\‘“:l!'}' e
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vernncate Number 20TE003665

113 Octave Filter: 20 kHz

B m) u

Measured Level IdE]

5.0
17000.0

13000.0 20000

_ Frequency [Hz]
00 e e . . N

240000 220000 230000

«20.0 ——

~40.0

-80.0 | — o

-80.0 |-

Measured Level [dB]

L T ST

=120.6
1000.0

10000.0 100000.0 1040000.0

Frequency [Hz]

W Woogured ) or Lindd =———Dlpper Limit

3,700.45
6,534.02
10,603.35
15,414.88
17,782.79
18,347.97
18,808.93
19,434.23
19,952 62
20,484,85
21,065.07
21,697.62
22,387.21
25,826.16
37,545.40
60,928.37
107,583.52

The SLM is set to normal range and 0 dB gain. Filter shape measured according ta IE
o T

-82.
-83.95
-83.03
-75.51

-2.76
-0.21
0.7
0.12
0.07
0.0
0.01
-0.28
-3.22
-89.17
-85.93
84,03
-95.02

i

]

-inf
-inf
-inf
-5.00
-1.30
-0.80
-0.40
£.30
-0.40
-0.80
-1.30
-5.00
-inf
-inf
-inf
-inf

— End of measurement resuits--

C 61260:2001 and ANSI 51.11:2004

0
-42.00
-17.50

=2.00
0.30
0.30
0.30
0.30
0.30
0.30
0.30
-2.00
-17.50
-42.00
-61.00
=70.00

0.11
0.11
.13
0.09
0.09
0.09
0.09
0.09
0.08
D.09
0.09
0.09
0.09
0.12
0.11
0.12
0.11

Pass
Pass
Pass
Pasgs
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

-- End of Report--
Signatory: _Row Harris
Larson Davis, a division of PCB Piezotronics, Inc ATy, w .
v <& L ARSON DAVIS

Brovo, UT 84601, United States
716-684-0001

1018-4-10T14:423:21
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Calibration Certificate

Certificate Number 2018000298

Customar:
Epsilon Associates Ine
Suite 250
3 Clock Tower Place
Maynard, MA 01754, United States
Model Number 377C20 ' Procedure Number D000 8387
Serial Number 162008 Technician Abraham Ortega
Test Resuits Pase Calibration Date = 5 Jan 2018
Calibration Dueg 5 Jan 2019
As Manufactured
Initial Condition s Manufactu Temperature 23.2 °C +0.01°C
Description 1/2 inch Microphane - RI - 0V Humidity 34.5 %BRH +05%RH.
. Static Pressure 10042 kPa +0.03kPa
Evaluation Method Tested electrically using an electrostatic actuator.

Compllance Standards Compliant to Manufacturer Specifications.

Issuing lab certifies that the instrument described above meets or exceeds all specifications as stated in the referenced procedure
{unless otherwise noled). It has been calibrated using measurement standards traceable ko the 5l through the National Institute of
Stardards and Technology (NIST), or other national measurement institutes, and meets the requirements of ISOJIEC 17025:2005.
Test points marked with a § do not fall within this laboratory’s scope of accreditation.

The quality system is registered 1o 150 9001,2008,

This calibration is & direct comparison of the unit under test fo the listed reference standards and did not involve any sampling plans to
complete. Mo allowance has been made for the instabiiity of the test device due to uge, ime, etc. Such allawances would be made by
the customer as needed.

The uncertainties were computed in accordance with the 130 Guide lo the Expression of Uncertainty in Measurement (GUM). A
coverage factor of approximately 2 sigma (k=2) has been applied to the standard uncertainly to express the expanded uncertainty at
approximately 95% confidence level.

This reporl may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing
from the organization issuing this repo

B
il i

Description Cal Date Cal Due Cal Standard

Larson Davis Model 2900 Real Time Anatyzer 0172007 071772018 01230
Microphone Calibration System 08/30/2017  08/30/2018 001233
1/2" Preamplifier 12/14/2017  12/14/2018 001274
Agilent 34401 A DMM 1200720017 12/07/2018 01329
Larson Davis CAL230 Acoustic Calibrator 01703218 01/03/2019 003030
1/2" Preamplifier 04/12/2017  04/12/2018 006506
Larson Davis 1/2" Preamplifier 7-pin LEMO 09/12/2017  09/12/2018 006507
1/2 inch Microphone - RI - 200V 0412472017 0412472018 006310
1/2 inch Microphone - RI - 200V 08/09/2017  08/09/2018 106315
Larson Davis 1/2" Preamplifier 7-pin LEMO 09712/2017  09/12/2018 006530
Larson Davis 1/2” Preamplifier 7-pin LEMO 08/11/2017  08/11/2018 006531
Larson Davis, a division of PCB Piezotronics, Inc A,
1681 West 820 Notth S % @L A RSON DAVIS
Provo, UT 84601, United States . g .
e eat000] Ay G A PCE PIEZOTRONICS DiV.

1572018 4:00:31PM Page 1 of 4 DOOC] 8415 Rev A



Certificate Number 2018000258
Sensitivity

I
1
;
.

2 £ i SRR it : i sl Bt i
QOpen Circuit Sensitivity 50.16 42.17 59.57 1.20 Pass

-- End of measurement resulis—

Capacitance

13.00 N t
-~ End of measurement resnlis-—

Lower Limiting Frequency

5%

-3 dB Frequency 1,82 .00 240 Pass t
-- End of measurement results--

Frequency Response

Response [dB]

10 100 1000 10000 100000
Freguency [Hz]

4 Actuater  Jl-Random  offf= Lower LimH o« L)pper LimH

Data is normalized for 0 4B @ 231.19Hz.

0.03 -0.03 -0.50 0,50 Pass 1

2512 0.00 0.00 -0.50 0.50 Pass §
3162 0.01 0.01 -0.50 0.50 Pass #
38.81 0.02 0.02 -0.50 0.50 Pass §
50.12 0.02 0.02 -0.50 0.50 Pass ¢
63.10 0.02 .02 -0.50 0.50 Pass £
79.43 0.02 .02 -0.50 0.50 Pass T
100.00 0.0z 0.02 -0.50 0.50 Pass 1
125.89 0.01 0.01 -0.50 0.50 Pass 1
158.49 001 0.01 -0.50 0.50 Pass 1
199.53 0.01 0.01 -0.50 0.50 Pass ¥
Larson Davis, a division of PCE Piezotionics, Inc AT, @ .
1681 West $20 North SN= L A RSON DAVIS
Provo, UT 84601, United States ) 3
716-684-0001 f,{ﬁ\";‘} A PCB PIEZOTRONICS DRV,

/572018 4:00:3(PM Page 2 of 4 DOO01.8415 Rev A



moertficate Number 2013000298

7

26119 .00 0.00 -0.50 0.50 " Pass t

316.23 0.00 0.00 -0.50 0.50 Pass }
308.11 0.01 0.00 -0.50 0.50 Pass §
501.19 0.01 0.00 -0.50 0.50 Pass
830.95 Q.02 0.16 -0.50 0.50 Pass f
794.33 -0.01 0.01 -0.50 0.50 Pass t
1,000.00 -0.02 0.01 -£0.50 0.50 Pass t
1,050.25 -0.02 0.01 -0.50 0.50 Pass t
1,122.02 -0.02 0.01 -0.50 0.50 Pass I
1,188.50Q -0.02 0.01 -0.50 0.50 Pass
1,258.93 -0.01 0.02 -0.50 0.50 Pass £
1,333.52 -0.02 0.02 -0.50 0.50 Pass t
1,412.54 -0.02 0.02 -£.50 0.50 Pass
1,496.24 -0.02 0.02 -0.50 0.50 Pass £
1,5684,89 -0.02 0.02 -0.50 0.50 Pass £
1,678.80 -0.02 0.02 -0.50 0.50 Pass £
1,778.28 0,02 0.02 -0.50 Q.50 Pass £
1,883.65 -0.02 0.03 -0.50 Q.50 Pass 1
1,985.26 -0.01 0.04 -0.50 Q.50 Pass ¥
2,113.49 -0.01 0.04 -0.50 0.50 Pass §
2,238.72 -0.01 0.05 -0.50 0.50 Pass $
2,371.37 -0.01 0.05 -0.50 0.50 Pass
2,511.89 0.01 0.08 -0.50 0.50 Pass
2.650.73 0.01 0.08 -0.50 0.50 Pass
2.818.38 0.0t 0.09 -0.50 0.50 Pass 1
298538 0.01 Q.10 -0.50 0.50 Pass T
3.162.28 0.01 Q.12 050 0.50 Fass
3,348.65 0.02 Q.14 050 0.50 Pass 1
3548.13 0.03 0.17 -0.50 Q.50 Pass 1
3,758.37 0.03 0.19 -0.50 0.50 Pass t
3.981.07 0.03 0.22 -0.50 0.50 Pass {
4,216,97 0.03 0.26 -0.83 0.56 Pass {
4,466.84 0.04 0.29 -0.60 0.62 Pass §
4,731.51 0. 0.34 -0.70 0,69 Pass t
5,011.87 0.1 0.40 -0.80 0.75 Pass t
5,308.84 0.0 0.47 -0.80 0.81 Pass t
5,523.41 0.00 0.54 -0.90 0.88 Pass }
5,856.62 -0.01 0.62 -0.90 0.94 Pass 1
6,308.57 -0.03 0.71 -1.00 1.00 Pass 1
6,663.44 -0.08 0.78 -1.10 1.08 Pass 1
7.079.46 0.13 0.87 -1.10 113 Pass 1
7.498.94 -0.21 0.95 -1.20 118 Pass
7.043.28 0.32 1.01 -1.30 1.25 Pass
8,413.95 -0.47 1.05 -1.30 1.31 Pass §
8,912.51 -0.68 1.04 -1.40 1.38 Pass 1
9,440.61 -1.01 0.91 -1.40 1.43 Pass 1
10,000.00 -1.55 0.59 -1.50 1.50 Pass }
10,602.54 -1.86 0.39 -1.80 1.56 Pass F
11,220,189 -2.47 0.0¢ -1.60 1.63 Pass t
11,885.02 -2.80 .06 -1.70 1.68 Pass f
12,689.25 -3.03 013 -1.80 1.75 Pass £
13,335.21 -3.34 033 -1.80 1.81 Pass t
14,125.38 -3.49 042 -1.90 1.87 Pass t

Larson Davis, a division of PCB Piezotronics, Tne
1681 West 320 North

Provo, UT 84601, United States

716-684-0001

SLARSONDAVIS

A PCB PIEZOTRONICS DIV.

1/572018 4:00:31PM FPage3of 4 DO0O1.8415 Rav A



14,982.38
15,848.93
16,788.04
17,782.80
18,838.49
19,952.82

-3.63
-3.90
-4.12
-4.59
-4.99
-5.83

— End of measurement results--

1.93
2.00
2.00
2.00
2.00
2.00

Pass &
Pass £
Pass §
Pass
Pass £
Pass t

Signatory! _Abrarham Origge

Larson Davis, a division of PCB Piezotronics, Inc
1681 West 820 North
Provo, UT 84601, United States

716-684-0001

17572018 4:00.31PM
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Calibration Certificate

Certificate Number 2018000271

Customer:

Epsilon Associates Inc

Soite 250

3 Clock Tower Place

Maynard, MA 01754, United States

Model Number 831 Procedure Number  D0001.8378

Serial Number 0003751 Technician Ron Harris

Tast Restiits Pass Calibration Date 5Jan 2018

. . Calibration Due 5 Jan 2019

Initial Condition AS RECEIVED same as shipped Temperature 23.39 °C £0.25°C

Description Larson Davis Model 831 Humidity 50  %RH +20%RH
Class 1 Sound Level Meter Static Pressure 86.92 kPa +0.13kPa
Firmware Revision: 2.314 '

Evaluation Method Tested electrically using Larson Davis PRM831 S/N 029582 and a 12.0 pF capacitar to simulate

microphone capacitance. Data reported in dB re 20 pPa assuming a microphone sensitivity of 50.0

myiPa.

Compliance Standards Compliant to Manufacturer Specifications and the following standards when combined with
Calibration Certificate from procedure D0OO01.8384:

IEC 60651:2001 Type 1 ANSI $1.4-2014 Class 1
IEC 60804:2000 Type 1 ANSI S1.4 (R2008) Type 1
IEC 61252:2002 ANSI §1.11 (R2008) Class 1
IEC 61260:2001 Class 1 ANSI $1.25 (R2007)

IEC 61672:2013 Class 1 ANSI $1.43 (R2007) Type 1

Issulng lab certifies that the instrument described above meets or exceeds all specifications as stated in the referenced procedure
(unless otherwlse noted). It has been calibrated using measurement standards traceable to the Internaticnal System of Units {S1)
through the National Institule of Standards and Technology (NIST), or other national measurement insfitutas, and meets the

. Tequirements of ISOAEC 17025.2005. Test points marked with a } In the uncertainties column do not fall within this laboratory's

scope of accraditatlon.
The quality system is registered to IS0 9001:2008.

This calibration is & direct comparison of the unit under test to the listec reference standards and did not involve any sampling plans to
complete. No allowance has been made for the instabiliy of the test devica due to uss, time, etc. Such allowances would be made by

the customer as needed.

The uncertainties were computed in accordance with the ISO Gulde to Ihe Expression of Uncertainty in Measurement (GUM). A
coverage factor of approximately 2 sigma (k=2) has been applied fc the standard uncerfainty to express the expanded uncertainty at

approximately 95% gonfidence level,

This report may not be reproduced, except in full, unless permIission for the publication of an approved abstradt is obtained in writing
from the arganization isauing this report.

Correction data from Larson Davis Model 831 Sound Level Meter Manual, 1831.01 Rev Q, 2016-08-19

Calibration Check Frequency: 1000 Hz; Reference Scund Pressure Level, 114 dB re 20 uPs; Reference Rangs: 0 dB gain

Periodic lests were performed in accordance with precedures from IEC 61672-3:2013 / ANSHASA S1_.4-2014/Part3.

.arson Davis, a division of PCB Piczotronics, Inc @ o @
681 West 820 North m\—/” @E LARSON DAVIS |
rove, UT 84601, United States et '
N v
6840001 ,/W'm‘}; % A PCB PIEZOTRONICS DIV,
Page 1 0f24 L001.8407 Rev B

018-1-5T13:56:14



Certificate Number 2018000271

Pattern approval for IEC B1672+1:2013 / ANSI/ASA 31.4-2014/Part 1 successfully completed by Physikalisch-Technische Bundesansialt
{PTB} on 2016-02-24 certificate number DE-15-M-PTB-0058.

The sound leval meter aubmitted for testing successfully completed the periedic tests of IEC 61672-3:2013 / ANSI/ASA 51.4-2014/Part
3. for the envirenmental conditions under which the tests were performed. As evidence was publicly available, from an independent
testing organization responsible for approving the results of pattern-evaluation tests performed in accordance with IEC 61672-2:2013 /
ANSIASA $1.4-2014/Part 2, to demanstrate that the model of sound level mater fully conformed to the class 1 specifications in IEC
81872-1:2013/ ANSVASA 51.4-2014/Part 1; the sound level meter submilted for testing conforms to the class 1epecifications in IEC

B16872-1:2013/ ANSVASA 51.4-2014/Part 1.

escription Cal Date Cal Due Cal Standsrd
SRS DS360 Ultra Low Distortion Generator 2017-01-19 2018-01-19 006239
Hart Scientific 2626-5 Humidity/Temperature Sensor 2017-06-11  2018-06-11 006943

Larson Davis, a division of PCB Piezotronics, Ing w @
161 Wet 520 Nora S LARSON DAVIS
Provo, UT 84601, Unitcd Statcs -;,.-//;\\-\,; A PCB PIEZOTRONICS DIV.
716-684-0001 Sl o, 82551

Page 2 of 24 L0001 3407 Rev B

2013-1-5T13:56:14



Certificate Number 2018000271

A-weight Filter Response

[ —- o e S 1, 7, 1

Deviation [dB]

a
[
[ap] |eaen [eunwoN

10 100 1000 10000 100000

Frequency [Hz]

o Morvinal Bl Denigtion == Lower Limit —— Upper Limit

Electrical signal test of frequency weighting performed according to IEC 61672-3:2013 13 and ANSI $1.4-2014 Part 3: 13 for compliance to
IEC 61672-1:2013 5.5; |IEC 80851:2001 6,1 and 9.2.2; |EC 60804:2000 5. ANSI S1.4:1983 (R2008) 5.1 and 8.2.1; ANSI $1.4-20"4 Part 1: 5.5

1000 -70.34 0.06 -inf 3.00 0.22 Pass
12.59 -63.41 -0.01 -inf 2.50 0.22 Pass
15.85 -56.70 0.00 -4.00 2.00 0.22 Pags
19.95 -50.39 0.1 -2.00 200 0.22 Pass
2512 -44.66 0.04 -1.50 2.00 0.22 Pass
3162 -39.41 -0.01 -1.50 1.50 0.22 Pass
39.81 -34.61 -0.01 ~1.00 1.00 0.22 Pass
50.12 -30.24 -0.04 -1.00 1.00 0.22 Pass
63.10 -26.16 0.04 -1.00 1.0C 0.22 Pass
79.43 -22 46 0.04 -1.00 1.00 0.22 Pass
100.00 -19.14 0,04 -1.00 1.00 0.22 Pass
126.89 -18.15 -0.05 -1.00 1.00 . 0.22 Pass
158.49 -13.34 0.08 -1.00 1.00 0.22 Pass
199.53 -10.87 0.03 -1.00 1.00 0.22 Pass
25119 -8.60 0.00 -1.00 1.00 0.22 Pass
318.23 -8.51 0.09 -1.00 1.00 0.22 Pass
308.11 -4.93 -0.13 -1.00 1.00 .0.22 Pass
501.19 -3.35 -0.15 -1.00 1.00 0.22 Pass
630.96 -2.08 016 -1.00 1.00 0.22 Pass
794.33 -0.98 0.18 =1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 -0.70 0.70 0.22 Pass
1,258.93 0.94 0.34 -1.00 1.00 0.22 Pass
1,5684.89 0.99 -0.01 -1.00 1.00 0.22 Pass
1,995.26 0.95 -0.28 -1.00 1.00 0.22 Pass
2,511.89 1.21 -0.08 -1.00 1.00 022 Pass
3,162.28 1.15 -0.05 -1.00 1.00 0.22 Pass
3,081.07 0.77 -0.23 -1.00 1.00 022 Pass
5,011.87 0.51 0.01 -1.50 1.50 022 Pass
6,309.57 -0.48 -0.38 -2.00 1.50 0.22 Pass
7.943.28 -1.22 -0.12 -2.50 1.50 0.22 Pass
10,000.00 -2.42 0.08 -3.00 2.00 0.22 Pass
12,560.25 4.32 -0.02 -5.00 2.00 0.22 Pass
15,848.93 £.82 -0.22 -16.00 250 0.22 Pass
19,852.62 -10.07 -0.77 =Inf 3.00 022 Pass

== End of measurement results--

L-arson Davis,  division of PCB Piezatronics, Inc oo, . @
1681 West $20 North % g; ! . LARSON DAVIS
=1~ RED!‘I‘EI;

Prove, UT 84601, United States 7
716-684-0001 TN A PCE PIEZOTRONICS DIV,

“irdy e Coert, #3022.01
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Gertificate Number 2018000271

C-weight Filter Response

0.0

-2.0

4.0

-8.0

-10.0

-12.0

[ar] jeasT eunoN

-14.0

-6.0 -16.0
10 100 1000 10000 100200

Frequency [Hz]

om0 INE[ H Doviatioh e LOWSE LiMit e Lipper Limit

Electrical signal test of frequency weighting performed accerding to IEC 61672-3:2013 13 and ANS| $1.4-2014 Part 3: 13 for compliance fo
IEC B1672-1:2013 5.5, |[EC 60651:2001 6.1 and 9.2.2; [EC 80804:2000 5; ANSI 51.4:1983 (R2006} 5.1 and 8.2.1; ANSI 81.4-2014 Part 1: 5.5

e

10.00 -14.47 3.00 0.22 Pass
12.59 -11.34 0.14 -inf 2.50 0.22 Pass
15.85 -8.54 -0.04 -4.00 2.00 0.22 Pass
19.95 -6.18 0.02 -200 200 0.22 Pass
2512 -4.36 0.04 -1.50 2.00 0.22 Pass
31.82 -2.99 0.01 -1.50 1.50 0.22 Pass
39.81 -1.96 .02 -1.00 1.00 0.22 Pass
50.12 -1.20 0.10 -1.00 1.00 022 Pass
63.10 -0.79 0.01 -1.00 1.00 0.22 Pass
7943 -0.47 0.03 -1.00 1.00 0.22 Pass
100.00 -0.33 -0.04 -1.00 - 1.00 0.22 Pass
125.89 -0.22 -0.02 -1.00 1.00 022 Pass
158,48 -0.07 0.03 -1.00 1.00 0.22 Pass
199.53 -0.03 -0.03 -1.00 1.00 0.22 Pass
25119 0.02 0.02 -1.00 1.00 022 Pass
31623 012 0.12 -1.00 1.00 022 Pass
398.11 =010 -0.10 -1.00 1.00 0.22 Pass
501.19 -0.09 -0.09 -1.00 1.00 0.22 Pass
630,96 -0.13 -0.13 -1.00 1.00 0.22 Pass
794.33 -0.14 -0.14 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 -0.70 0.70 0.22 Pass
1,258.93 0.32 0.32 -1.00 1.00 D22 Pass
1,584.80 -0.07 0.03 -1.00 1.00 D.22 Pass
1,805.26 -0.42 -0.22 -1.00 1.00 0.22 Pass
2,511.89 -0.35 -0.05 -1.00 1.00 0.22 Pass
3,162.28 ~0.55 -0.05 -1.00 1.00 0,22 Pass
3,881.07 -1.01 0.1 -1.00 1.00 022 Pass
5,011.87 -1.33 -0.03 -1.50 1.50 0.22 Pass
6,300.57 -2.35 -0.35 -2.00 1.50 0.22 Pass
7,943.28 -3.11 -0.11 ~2.50 1.50 0.22 Pasg
10,000.00 -4.33 007 -3.00 200 0.22 Pass
12,589.25 -6.24 -0.04 -5.00 2,00 0.22 Pass
- 15,848.93 -8.75 ~0.25 -16.00 2.50 0.22 Pass
19,952 .62 -12.00 -0.80 -inf a.00 0.22 Pass

-- End of measurement resulés--

Larson Davis, a division of PCB Piezotronics, Inc o, . @
2 @ LARSON DAVIS
ACCRED|

Prove, UT 84601, United States X
- ' % A PCB PIEZOTRONICS DIV.
716-684-0001 %@ Cem. M622.01
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Lertricale NUMDer £U1 00UUer

Z-welght F||ter Response

Deviation [dB]

8.0

B oerr ot o £ e e S e P s e — . B0
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e ol E-
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6.0
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Fraguency [Hz]

Elecirical sighal test of frequency weighting parformed according to IEC §1672-

10.00
12.59
15.85
19.95
2512
31,62
39,81
50.12
63.10
7943
100.00
125.89
158.49
199.53
251.19
316.23
398.11
501.1¢
630.96
704.33
1,000.00
1,258.93
1,584.89
1,995.26
2,511.89
3,162.28
3.981.07
5,011.87
6,300.57
7,043.28
10,000.00
12,589.25
15,848.93
19,952.62

-0.68

e N omrinal

g Deviation == Lower Limit = Upper Limit

-0.26
.17
-0.09
-0.01
-0.01
-0.01
-0.01
0.04
0.01
0.03
-0.02
-0.05
6.01
0.01
0.04
0.10
0.12
0.12
-0.13
-0.15
0.00
0.35
.01
0.26
-0.06
-0.06
-0.21
-0.05
-0.35
-0.08
0.13
0.01
-0.35
-0.66

-- End of measurement results—

-inf
-4.00
-2.00
-1.50
-1.80
-1.00
-1.00
-1.00
-1.00
-1.00
=1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-0.70
-1.00
-1.00
-1.00
-1.00
-1.00
-1.00
-1.50
-2.00
-2.50
-3.00
-5.00

-16.00

-inf

1.00
1.50
1.60
1.50
2.00
2.00
2.50
3.00

3 2013 13 and ANSI 51.4-2014 Part 3 13 for compliance to

0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
022
022
0.22
022
0.22
022
0.22
0.22
0.22
022
022
c.22
0.22
0.22
022
0.22
0.22
0.22
0.22
0.22
022
0.22
0.22
022
0.22
0.22

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

Larson Davis, 2 division of PCB Piezotronics, Ine

1681 West 820 North
Provo, UT 84601, United States
716-684-0001

2018-1-5T13:56:14
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Centificate Number 2018000271
High Level Stability

Electrical signal test of high hevel stabllity performed according to IEC 61672-3:2013 21 and ANSI 51.4-2014 Part 3: 21 for compliance to
IEC 61672-1:2013 5.15 and ANSI 81.4-2014 Part1: 515

High Level Stability 0.00 £.10 0.10 0.01 Pass
-- End of measurement results--

Long-Term Stability

Electrical signal test of long term stabilily performed according to IEC 816872-3:2013 15 and ANSI 51.4-2014 Part 3: 15 for compliance to

34 " 0.00 010 0.10 0.01 Pass
= End of measurement resubts--

1 kHz Reference Levels

Frequency weightings and ima weightings at 1 kHz (reference is A weighted Fast) parformed according to IEC 61672-3:2013 14 and ANSI
51.4-2014 Part 3: 14 for compliance to IEC §1672-1:2013 5.5.9 and 5.8.3 and ANS| §1.4-2014 Part 1: 5.59and §.8.3

C weight 113.98 113.78 114.18 Q.09 Pass
Z weight 113.97 113.78 114.18 009 Pass
Slow 113.88 113.88 114.08 0.09 Pass
Impulse 113.88 113.88 114.08 0.08 Pass

-- End of measurement results—

Aarson Davis, a division of PCB Piezotronics, Inc w
8 Wt LY LARSON DAVIS
EC I

rova, UT 84601, United States
16-684-0001 CCREDTTS A PCB PIEZOTRONICS DIV.

Page 6 of 24 DO0D1.8407 Rev B
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Certificate Number 2018000271
A-weighted 0 dB Gain Broadband Log Linearity: 8,000.00 Hz

b PR

Error [dB]

) [ S J— R —— .
[ T [ —— . I R
T S i R

-1.0
20.0 40.0 E0.0 80.0 140.0 120.0 1400

Level Injected [dE]

M Error e Lty LTIE e Ll Lt

Broadband level linearity parformed according to IEC 81872-3:2013 18 and ANSI 51.4-2014 Part 3: 16 for compliance to IEC 31672-1:2013

81,
28

26.00 0.29 -0.70 0.70 0.00 Pass
27.00 0.28 -0.70 0.70 0.09 Pass
28.00 0.16 -0.70 0.70 0.09 Pass
29.00 0.15 -0.70 0.70 0.09 Pass
30.00 0.14 -0.70 0.70 0.09 Pass
31.00 0.08 070 0.70 0.09 Pass
32.00 0.10 070 0.70 0.09 Pass
33.00 0.08 Q.70 0.70 0.09 Pass
3400 0.06 .70 0.70 0.08 Pass
35.00 0.04 Q.70 0.70 0.09 Pass
36.00 203 -0.70 0.70 0.09 Pass
30.00 003 -0.70 Q.70 0.08 Pass
44,00 0.01 -0.70 0.7 0.08 Pass
49.00 Q.00 -0.70 0.70 0.09 Pass
54,00 002 -0.70 0.70 0.00 Pass
598.00 Q.01 -0.70 0.70 0.09 Pass
64.00 0.01 0.70 0.70 0.09 Pass
69.00 0.01 -0.70 0.70 0.08 Pass
74.00 0.03 0.70 0.70 .09 Pass
79.00 0.00 -0.70 0.70 .08 Pass
84.00 0.00 £0.70 0.70 0.09 Pass
89.00 0.01 £0.70 0.70 0.09 Pass
84.00 0.00 Q.70 0.70 0.09 Pass
96.00 Q.01 -0.70 0.70 0.09 Pass
104.00 0.01 -0.70 0.70 0.09 Pass
109.00 .02 -0.70 0.70 0.09 Pass
114.00 0.00 -0.70 0.70 0.09 Pass
118.00 -0.03 0.70 0.70 0.09 Pass
124.00 -0.03 0.70 0.70 0.09 Pass
126.00 -0.03 -0.70 0.70 0.09 Pass
134.00 003 0.70 0.70 0.09 Pass
135.00 -0.03 -0.70 0.70 0.09 Pass
136.00 -0.03 -0.70 0.70 0.09 Pass
137.00 -0.03 -0.70 0.70 0.09 Pass
138.00 -0.03 -0.70 0.70 0.08 Pass
139.00 -0.03 -0.70 0.70 0.08 Pass

Larson Davis, a division of PCB Piezotronics, Inc

1681 Wesi 820 North

Provo, UT 84601, United States

T16-684-0001

2018-1-5T13.56:14
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140.00

Cortificate Number 2018000271

tl
-0.03 0.70
-- End of measurement results--

0.70 0.09 Pass

Larson Davis, a division of PCB Pigzotronics, Inc
1681 West 820 North

Prove, UT 84601, United Statcs

T16-684-0001

2018-1-5T13:56:14
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Certificate Number 2018000271
A-weighted 20 dB Gain Broadband Log Linearity: 8,000.00 Hz

T 1 O [ e e e s e
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Broadband level inearity parformed according to IEC §1872-3:2013 18 and ANSI 51.4-2014 Part 3: 18 for compliance to IEC 81672-1:2013

21.00 0.33 -0.70 0.70 0.08 Pags
22.00 0.26 -0.70 0.70 0.09 Pass
23.00 .22 -0.70 0.70 0.09 Pass
24.00 Q.16 Q.70 0.70 0.09 Pass
25.00 0.13 0.70 0.70 0.09 Pass
26.00 0.1 Q.70 0.70 0.09 Pass
27.00 0.10 0.70 0.70 0.08 Pass
28.00 0.08 0.70 0.70 Q.09 Pass
2000 0.08 0.70 0.70 0.09 Pass
30.00 0.08 £.70 0.70 0.09 Pass
31.00 0.04 0.70 0.70 0.08 Pass
3200 0.04 070 0.70 0.09 Pasa
33.00 0.03 0.70 0.70 0.09 Pasg
3400 0.03 -0.70 0.70 0.08 Pasg
35.00 0.01 -0.7G 0.70 0.09 Pass
36.00 _ Q.01 -0.70 Q.70 0.09 "Pass
37.00 0.01 -0.70 Q.70 Q.09 Pass
238.00 Q.01 -0.7¢ Q.70 0.09 Pass
32,00 0.01 -0.70 Q.70 0.09 Pass
44.00 0.00 -0.70 0.70 0.00 Pass
48.00 0.00 -0.70 0.70 0.08 Pass
54.00 0.03 -0.7a 0.70 0.09 Pass
59.00 0.02 -0.70 0.70 0.09 Pass
54.00 0.01 -0.70 0.70 Q.09 Pass
69.00 0.02 -0.70 0.70 0.09 Pass
74.00 0.03 -0.70 0.70 0.09 Pass
79.00 0.00 -0.70 0.70 .08 Pass
84.00 0.00 -0.70 0.70 .09 Pass
89.00 ’ 0.00 -0.70 .70 0.09 Pass
94.00 -0.01 -0.70 0.70 0.09 Pass
99.00 -0.01 -0.70 0.70 0.09 Pass
104.00 -0.02 -0.70 0.70 0.08 Pass
109.00 -0.02 -0.70 .70 0.02 Pass
114.00 0.00 -0.70 0.70 0.09 Pass
115.00 -0.02 -0.70 Q.70 0.09 Pass
116.00 -0.01 -0.70 0.70 0.08 Pass

Larson Davis, a division of PCB Piczotronics, Inc (,\\w., . . @
1681 West 820 North %@ % LARSON DAVIS

Pravo, UT 84601, United States
3 ¥ EX e s
716-684-0001 ,@6 T A PCB PIEZOTRONICS DIV.

2018-1.5T13:56:14 Page 9 of 24 DO0D1.B407 Rev B



Cartificate NUMDBr ZUTBUWLFT

117.00
118,00
119.00
120.00

-- End of measurement resubts—

0.70 0.09

0.70 0.0¢ Pass
0.70 Q.00 Pass
0.70 .08 Pass

Larson Davis, & division of PCB Piezotronics, Inc w

& Y,
1681 West 820 North St
Provo, UT 84601, United States

“‘ﬁ

716-684-0001 e BEEAEEITD
2018-1-5T13:56:14 Page 10 of 24
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Certificate Number 2018000271
111 Octave Log Linearity: 1,000.00 Hz
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rmed according to [EC 81280:2001 4.6, ANSI 5.11 (R2009) 4.6

44,00 0.21 070 0.70 0.09 Pass
45,00 0.02 0.70 0.70 0.09 Pass
46.00 0.23 -0.70 0.70 0.09 Pass
A7.00 0.16 -0.70 0.70 0.10 Pass
48.00 0.07 -0.70 0.70 0.10 Pass
4500 0.09 -0.70 0.70 0.10 Pass
50.00 0.00 .70 0.70 0.09 Pass
51.00 005 0.70 0.70 0.09 Pass
55.00 0.08 -0,70 0.70 o.op Pass
€0.00 0.05 -0.70 0.70 0.09 Pass
85.00 0.02 -0.70 0.70 0.00 Pass
70.00 0.00 -0.70 0.70 0.09 Pass
75.00 001 -0.70 0.70 0.06 Pass
80.00 .0.02 0.70 0.70 0.08 Pass
85.00 .0.01 .70 0.70 0.08 Pass
90.00 -0.01 -0.70 0.70 0.08 Pase
95.00 -0.01 0.70 0.70 0.09 Pass
100.00 -0.02 -0.70 0.70 0.09 Pass
105.00 -0.03 Q.70 0.70 0.09 Pass
110,00 -0.03 0,70 0.70 0.09 Pass
115.00 -0.03 Q.70 0.70 0.09 Pass
120.00 -0.04 Q.70 0.70 0.09 Pass
125.00 -0.04 0,70 0.70 0.09 Pass
130.00 003 .70 0.70 0.09 Pass
135.00 003 0.70 0.70 0.09 Pass
136.00 0,03 0.70 0.70 0.09 Pass
137.00 003 0.70 0.70 0.09 Pass
138.00 .0.03 0.70 0.70 0.09 Pass
132.00 .0.03 0.70 0.70 0.08 Pass
140.00 £0.03 0.70 070 0.08 Pass

== End of megsurement results--

A R,

Larson Dayis, a division of PCB Piczotronics, Inc

v = ®/ ARSON DAVIS
Provo, UT 84601, United States A A

* * S A
716-684-0001 gf@& CCRIDIT: A PCB PIEZOTRONICS DIV.
2018-1-3T13:86:14 Page 11 of 24 DO0D1.8407 Rev B



Certificate Number 2018000271

1/3 Octave Log Linearity: 1,000.00 Hz

Error [dB)

1/3 cctave level linaarity at normal range with O dB gain performed acgording lo IEC 61260:2001

44.00
45.00
46.00
47.00
48.00
50.00
£5.00
60.00
65.00
70.00
75.00
§0.00
85.00
80.00
85.00
100.00
105.00
110.00
115.00
120.00
125.00
130.00
135.00
136.00
137.00
138.00
139.00
140.00

60.0 B0.0
Levelinjected [dE]

M Erer e LW Ll e Upppier LiTHE

0.10 -0.70

-0.04 -0.70

017 -0.70
-0.08 -0.70
-0.06 -0.70
-0.03 -0.70
-0.06 -0.70

0.02 .70

0.0¢ 0.70

0.03 .70

0.01 -0.70
-0.01 -0.70
-0.02 -0.70
-0.02 -0.70
-0.02 -0.70
-0.01 -0.70
-0.02 0.70
-0.03 -0.70
-0.03 -0.70
-0.02 -0.70
-0.04 -0.70
-0.03 -0.70
-0.03 -0.70
-0.03 -0.70
-0.02 -0.70
-0.02 -0.70
-0.02 -0.70
-0.02 -0.70
-0.02 -0.70

== End of measurement resulis.-

1200

140.0

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pagss
Pass
Pass
Pass
Pass
Pass

.arson Davis, a division of PCB Piezotronics, Inc

681 West 820 North

‘rovo, UT 84601, United States

'16-684-0001

018-1-5T13:56:14

o e

R\

3‘\ U"’p‘

z F "

’l,,//:__f:\\\ (AccREDITED)
b Cart. #3622l

Page 12 of 24
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Certificate Number 2018000271
Slow Detector

Tonaburst response performed aocording 10 IEC 61672-3:2013 18 and ANSI $1.4-2014 Part 3: 18 for compllance to |IEC §1672-1:2013 5.8,

137.00 200 7 55 7.0 5.92 " 0.00 Pass
2 -27.16 2999 -25.99 0.08 Pass
— End of measurement resukis—
Fast Detector

Toneburst respanse performed according to |IEC 61672-3:2013 18 and ANS| $1.4-2014 Part 3; 18 for compliance to IEC §1672-1:2013 5.9,
IEC 60651:2001 9.4.2, ANSI $1.4:1983 (R2006) 8.4.2 and ANSI $1.4-2014 Part 1: 5.9

18.35 19.40 -16.99 0.09 Pass
27.31 -20.99 25.00 0.06 Pass
-~ End of measurement results—

Sound Exposure Levsl

Tonehurst responga performed according to 1IEC 816872-3:2013 18 and ANSI 31 4—2014 Part 3. 18 for compliance to IEC 61672-1:2013 5.9,
IEC 80651:2001 9.4 2, ANSI 81

o —

137.00 200.00 -7 -7.49 849 UdEQ Pass
2.00 -27.04 -28.49 -25.99 0.09 Pass
0.25 -36.16 -30.02 -35.02 0.09 Pass

-- End of measurement results--

Peak C-weight

C-weighted paak sound level performead aoc.ording to IEG 61672-3:2013 19 and ANSI S1.4-2014 Part 3. 19 for compliance to
A

135.00 31.50 138.22 135.60 138.50 0.09 Pass

135.00 500,00 138.56 137.50 139.50 .09 Pass
135.00 8,000.00 137.73 136.40 140.40 0.10 Pass
135.00, Negative 500.00 137.16 136.40 138.40 (.09 Pass
135.00, Positive 500.00 13716 138.40 138.40 0.09 Pass

-- End of measurement resulis—

Prove, UT 84601, United States oy,
S .
716-684-0001 Z7 (AcEAEDTE A PCB PIEZOTRONICS DIV,

Larson Davis, a division of PCB Piezotronics, Inc \‘w _ @
Sowm  SLARSONDAVIS
S (ACCAEDITED)

2018-1-5T13:56: 14 Page 13 of 24 DO00LB407 Rev B



Certificate Number 2018000271
Peak Z-weight

Z-weighted peak sound level performed according to IEC 60851:2001 9.4.4 and ANS! $1.4:1983 (R20

.i‘_rJ g 1T

06)8.4.4

Nega 136.24 59
100 Positive Pulse 136.35 134.01 0.09 Pass
128.00 100 Negative Pulse 126.36 124.01 008 Pass
100 Positive Pulse 126.34 124.01 0.09 Pass
116.00 100 Negative Pulse 116.37 114.02 0.09 Pass
100 Pasitive Pulse 116.34 114.01 0.09 Pass
106.00 100 Negative Pulse 106.35 104.01 0.09 Pass
100 Positive Pulse 106.35 104.00 .09 Pass

-- End of measurement results--

Overload Detector

Overload indication performed according to IEC 81672-3:2013 20 and ANSI S51.4-2014 Part 3: 20 for compliance to IEC 81672-1:2013 5.11,
{EC 60804:2000 9,3.5, IEC 61252:2002 11, ANSI 81.4 (R2006) 5.8, and ANSI 51.4-2014 Part 1. 5,11, ANSI §1.25 (R2007) 7.8,
ANSI $1.43 (R2007) 7

: ! 009 Pass
141.00 140.00 0.09 Pass
0.10 150 0.10 Pass

-- End of measurement results--

Peak Rise Time

_P k_risa time performed

Positive Pulse 136.52 135.00 137.00 0.09 Pase
30  Negalive Pulse 135.50 135.02 137.02 0,09 Pass
Positive Pulse 135.55 135.00 137.00 0.09 Pass

== End of measurement resulis--

Larson Davis, a division of PCB Piczotronics, Inc *“‘@3’" o @
Z.wwm  CLARSONDAVIS
Provo, UT 84601, United States g

NS A

2018-1-5T13:56: 14 Page 14.0f 24 DI00OL.B407 Rev B



L OrtTIcare NUTIel LU 1OUvULT ¢

Positive Pulse Crest Factor

200 s pulse tests at 2.0, 12.0, 22.0, 32.0 dB below Overload Limit

138.00 3 OVLD 0.09 Pass
5 OvViLD 0.09 Pass

10 QVLD 0.09 Pass

128.00 3 -0.08 0.10 Pass
5 -0.06 008 Pass

10 oviD 0.09 Pass

118.00 3 -0.09 0.10 Pass
5 0.07 0.09 Pass

10 -0.04 0.09 Pass

108.00 3 -0.08 0.13 Pass
5 -0.08 0.08 Pass

10 0.1 0.09 Pass

— End of measarement resulis--

Negative Pulse Crest Factor

200 ps pulse tests at 2.0, 12.0, 22.0, 32.0 dB below Overload Limit

3 + 0.50

5 +1.00 0.09

10 + 1,50 0.09
128.00 3 +0.50 0.09 Pass
5 +1.00 0.09 Pass
10 +1.50 .09 Pass
118.00 3 £ 0.50 0.09 Pass
5 +1.00 0.09 Pass
10 +1.50 0.09 Pass
108.00 3 + 0.50 0.0¢ Pass
s +1.00 D.09 Pass
10 +1.50 0.09 Pass

— End of measurement resulés--

Tone Burst
2kHz tone burst tests at 2.0, 12.0, 22.0, 32.0 dB below Overload Limlt

3
L7 ovLD +1.00 0.08
128.00 3 -0.06 + 0,50 0.12 Pass
5 -0.06 £1.00 0.00 Pass
118.00 3 -D.06 1 0.50 0.09 Pass
5 0.00 £1.00 0.08 Pass
108.00 3 -0.07 3 0.50 0.09 Pass
5 -0.03 +1.00 0.09 Pass

— End of measarement results—

Larson Davis, a division of PCB Piezotronics, In¢ \w o w
1681 West 820 North m\/ i % LARSON DAVIS
R DlTID‘

Provo, UT 84601, United States g A PCB PIEZOTRONICS DIV.

T16-684-0001 T B

2018-1-5T13:56:14 Page 15 of 24 DOV01.8407 Rev B



Certiflcate Number 2018000271

Impulse Detector - Repeat

Impulse Detactor measured according to IEC 50851:2001 9.4.3 and ANSI §1.4:1983 (R2008) 8.4.3

140 100.00 -2.82 -3.71 -1.71 0.08 Pass
20.00 -7.57 -9.57 -5.57 0.09 Pass

2.00 -8.91 -10.78 -6.76 0.00 Pass

Step 2.00 4.99 4.00 6.00 0.1 Pass

— End of measurement results--

Impulse Detector - Single

Impulse Detactor measured according to IEC 60651:2001 9.4.3 and ANSI S1.4;1683 (R2006} 8.4.3

2.00 -12.81 -14.55 -10.55 0.11 Pass
Stap 2.00 10.08 9.00 11.00 0.1 Pass

~- End of measurement resulis--

Gain

d 17.4 and ANSI 51.4-2014 Part 3 17.3 and 17 4

"0 dB Gain - 9402 ‘9389 94.08 .
0 dB Gain, Linearity 28.95 28.29 28.69 0.10 Pass
20 dB Gain 84.01 ©3.89 84.00 0.09 Pass
20 dB Gain, Linearity 23.72 23.29 2469 0.12 Pass
OBA Low Range 84.00 93.89 54.09 0.09 Pass
OBA Normal Range 93.99 93.20 294.80 0.09 Pass

-- End of measurement resatlts--

_arson Davis, a division of PCB Pigzotronics, Inc I,

< «m  SLARSONDAVIS

rovo, UT 84601, United States %

16-682-0001 741;;\:?\\ BESREDITED) A PCB PIEZOTRONICS DIV.

1018-1-$T13:56: 14 Page 16 of 24 DO001.8407 Rev B



Cortilicate Number 2018000271
1/3-Octave Self-Generatad Noise

Moeasured Lovel [dB]

100.0 1000.0 10000.0 100000.¢
Fraquency [Hz]

10 10.

B Measured —g-UpperLimt

The SLM is set to low range and 20 dB gain.

630 1052 15.50 Pass

8.0¢ 10.77 14.70 Pass
10.00 8.61 13.90 Pass
12.80 7.40 13.10 Pass
16.00 7.04 12.30 Pass
20.00 6.39 11.50 Pass
25.00 4,48 10.70 Pass
31.50 4.30 8.90 Pass
40.00 3.07 8.10 Pass
50.00 229 8.10 Pass
683.00 1.10 710 Pass
80.00 0.21 6.10 Pass
100.00 -0.51 530 Pass
125.00 -1.53 4.70 Pass
160.00 .37 410 , Fass
200.00 1.01 380 Pass
250.00 -3.83 310 Pass
315.00 -1.56 270 Pass
400.00 -0.10 2.60 Pass
509.00 -2.24 2.60 Pass
£30.00 -3.18 2.70 Pass
800.00 -4.12 2.80 Pass
1.000.00 -4.55 3.00 Pass
1,250.00 -4.92 3.20 Pass
1,600.00 567 3.50 Pass
2,000.00 _ -5.64 3.80 Pass
2,500.00 -5.35 4.30 Pass
3,180.00 -5.00 4.90 Pass
4,000.00 -4 45 8.70 . Pass
§,000.00 -3.08 8.40 Pass
6,300.00 -3.57 740 Pass
8,000.00 -3.75 8.60 Pass
10,000.00 -3.21 9.80 Pass
12,500.00 -2.55 11.20 Pass
16,000.00 -1.72 12.60 Pass
20,000.00 -0.88 14.00 Pass

- End of measurement results--

Larson Davis, a division of PCB Piezotronics, Inc L, N @

. wn _ SLARSONDAVIS
Prove, UT 84601, United States % ﬁ e e o A PCB PIEZOTRONICS DIV,
716-684-0001 g Cort #3622.01

2018-1-5T13:56: 14 Page 17 of 24 D003 .8407 Rev B



5

dxif

A-weight Noise Floor
C-weight Noise Floor
Z-weight Noise Floor

LOrmTiCaAe NUITU! LU ToUUULT

Broadband Noise Floor

alf-generated noise measured according to IEC 61672-3:2013 11.2 and
L:Q;’;?—'r

8.07
13.13
2248

-= End of measurement resnlis-

Total Harmonic Distortion

10 Hz SiQnaI
THD
THD+N

Larson Davis, a division of PCB Piezotronics, Inc
1681 West 820 North

137.20 138.80 0.09
-73.84 -60.00 0.01
-66.52 -60.00 0.01

-= End of measurement results--

Pass

Pass
Pass

Provo, UT 84601, United States
716-684-0001

2018-1-5T13:56:14

. aim  OLARSONDAVIS
52’%:\-\ %ﬂ A PCB PIEZOTRONICS DIV.
Page 18 of 24 '

D0001.8407 Rev B



Certificate Numbor 2018000271

1.0 -

0o L

A0 e e e \\
™.

Measured Level [dB]
o
[=1

3.0 [V S 4. N VW)U O O S \_ .
[T T R - [ W [ ‘\
-£.0
40 50 8.0 ™ 80 0.0 100 110 12,0
Frequency [Hz]
T [P, - N .
00 /ﬁ\
g 200 |— \\ -
E 400 b e . -
3 \
600 | o -
|- \ e Sy
E 800 b oo, R
Z 000 |- R, T . _
" n
-120.0
o4 10 10.0 100.0 1000.0
Froguency [Hz] '

B Manmnd  —Lower Limlt ==Ll ppar Limit

d rdi

i
-inf
-inf
-inf

-5.00
-1.30
-0.80
-0.40
-0.30
.40
0.60
-1.30
-5.00
-inf
~inf
-inf
-inf

-- End of measurement results--

to IEC 61260:2001

2.20
0.24
0.23
0.08
0.0
0.08
0.08
0.08
0.08
0.08
Q.09
0.08
1.30
1.70
1.10
1.80

Pass
Pass
Pass
Fass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

Larson Davis, a division of FCB Piczotronics, Inc

1681 West 820 North

Provo, UT 84601, United States

716-684-0001

1018-1-5T13:56:14

g,
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A
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Cert #3622 01

Page 19 of 24

©LARSON DAVIS

A PCB PIEZOTRONICS DIV.
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Cartiffcate NUmber 2018000277

1/1 Qctave Filter: 1 kHz

- - ¥ »

Measured Level [dB]

-4.0

-6.0
004

100

Bon0

7000

B0

1000.0

Frequency [Hz]

0.0

1100.0

12000

1500.0

-80.0

200 |

1500.0

=1 11 O I —

Measured Level [dB]

-100.0

-120.0

10,0

63.10
125.688
251,19
501.19
707.95
771.79
841.40
217.28

1.000.00
1.090.18
1,188.50
1,29569
1.412.54
1,996.26
3,881.07
7.643.28
15,848.93

1000

10000
Frequency [Hz]

W Mensured

= Lowymt Lkt el doyner Linik

-88.19

-74.64
-3.16 -5.00
-0.23 -1.30
-0.03 -0.80
-0.02 -0.40
0.00 -0.30
-0.03 -040
-0.03 -0.60
0.00 -1.30
-3.14 -5.00
-95.88 -inf
-86.85 -inf
-95.74 -inf
-93.79 -inf

— End of measurement results-—-

0.28
0.32
0.18
0.09
0.09

0.02
Q.00
(.00
0.09
0.08
0.09
0.09
0.26
0.26
0.31
0.24

Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

190000.0

Larson Davis, a division of PCB Piezotronics, Inc

1681 West 820 North

Pravo, UT 84601, United States

716-684-0:001

2018-1-5T13:56:14
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LOItNICATE INUKIIGF LU TOUUVES |

1M Octave Filter: 16 kHz
T R - —— : S

T - = — - s,

Measured Leval [dB]
>
[=]

ek e \\
30 |—- - - [ — 1 \ et e
d e e e - \'
5.0
S000.0 113000 130000 18000.0 170000 180000 2100D.0 23000.0
Frequency [HZ]
10{] JES—— .

E' 200 |- - i s JR—
i o/ \* .
H [1 \ . -
0 / \
1000.0 10000.0 1006302 1000003
Frequency [Hz]
M Measured = Lower Limil ——Upper Lt

SLM Is set to normal range and O ¢B gain. Filter shapweasured acc0

rding to IEC 61260:2001 and ANSI 81.11:2004

t1d i

,000. -inf =-70.00 0.11 Pass
1,895.26 -inf -81.00 0.02 Pass
3,081.07 -80.30 -inf -42.00 . 010 Pass
7,943.28 7377 -inf -17.50 0.10 Pass

11,220.18 -3.04 -5.00 -2.00 0.09 Pass
12,232.07 -0.12 -1.30 0.30 0.09 Pass
13,335.21 0.09 -0.60 0.30 0.09 Pass
14,537.84 0.07 -0.40 0.30 0.09 Pass
15,848.93 0.03 (.30 030 0.09 Pass
17,278.26 0.02 -0.40 0.30 0.09 Pass
18,836 .45 -0.14 -0.60 0.30 009 Pass
20,535.25 -0.26 -1.30 0.30 0.09 Pass
22 387.21 -3.78 -5.00 -2.00 0.09 Pass
31,822.78 -B6B.76 -inf -17.50 0.09 Pass
63,005.73 -80.86 -inf -42 00 .10 Pass
125,802.54 -91.09 -inf -61.00 0.09 Pasgs

-- End of measurement results—

Provo, UT 84601, United States 2 3
716-684-0001 ,@ A PCB PIEZOTRONICS DIV,

Larson Davis, & division of PCB Piezotronics, Inc \l‘@” o @
Giwn  SLARSONDAVIS
CCR!DIT.HD:

Canl, #352201

2018-1-5T13:56:14 Page 21 of 24 D0001.8407 Rev B
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Certificate Number 2018000271
113 O¢tave Filter: 8.3 Hz

e
=

] | | L

.+ J N S

Measured Levol [dB]
\.
\\\\

s "/

o /

&0 52 &8

100 -

T3 e

0.0

-20.0

-40.0

Measured Level [dB]

100
Frequency [Hz]

I Measursd = Lower Limll ——Upgee Limi

100.0

-97.44 =inf

-B7.17 =inf
-88.21 -inf
-76.78 -inf
-3.23 -5.00
-0.58 -1.30
-0.16 -0.60
-0.16 -0.40
-0.14 -030
-0.13 0.40
0.12 -0.60
-0.30 -1.30
-2.95 -5.00
-£6.74 =inf
~113.85 =inf
-105.83 -inf
-107.82 -inf

- End of measurement results--

0.00 0.36 Pass
-81.00 0.11 Pass
-42.00 0.09 Pass
-17.50 0.10 Pass

-2.00 0.09 Pass

0.30 0.09 Pass

0.30 .09 Pass

0.30 0.09 Pags

0.30 0.09 Pass

0.30 0.09 Pass

0.30 0.09 Pass

0.30 0.09 Pass

-2.00 0.00 Pass
«17.50 0.34 Pass
=42.00 1.70 Pass
-§1.00 2.50 Pass
-70.00 210 Pass

.arson Davis, a division of PCB Piezotronics, Inc
681 West 820 North

'rovo, UT 34601, United States

"16-684-0001

O18-E-5T13:56: 14

ioswes W

Hrmny  (RGCREBITED)

by
ity | Cert. 4362201

Page 22 of 24
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Cortificate Number 2018600271

113 Octave Filter: 1 kHz

0o

-1.0

20 -

Measured Level [dB]

1000.6
Frequency [Hz]

1000

12000

H00 |-

-80.0

Measured Level [dE]

-10D.0

-120.0

10C.0

974.02
1,000.00
1,026.67
1,055.75
1,087.48
1,122.02
1,204.37
1,881.73
3,063 85
5,391.95

1080.0
Frequency [Hz]

B Maasinagd

s _rver LIt =—Uppay Limit

0.00
-0.04
0.00
0.00
0.1
-0.23
-2.97
-94 .99
-101.97
-101.07
-101.01

-0.30
-0.40
-0.60
-1.30
-5.00
-inf
-inf
-inf
-inf

-- End of measurement results—

and

§1¥"‘”..- o

0.30 0.05
0.30 0.08
0.30 .09
0.30 Q.09
0.30 009
-2.00 0.09
-17.50 0.25
-42.00 0.40
-81.00 0.44
~70.00 040

100000

Larson Davis, a division of PCB Piezotronics, Inc

1681 West 820 North
Provo, UT B4601, United States
116-684-0001

W18-1-5T13:56:14

‘\\l‘\"i“fﬂ .,
SN

£
L)

uml..l o

J

n “\‘.

ACC
Cert. #3622.01

Page 23 of 24
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1.0 .

0.0

Larunicate Nismber 2078000271

1/3 Octave Filter: 20 kHz

Measured Levei [dB]

100 -

0.0
-20.0
~40.0

-60.0

20000.0
Fraguency [Hz}

18000,0

Hogo.o

22000.0 230000

-80.0

Measured Level [dB]

-100.0

-120.0

10000

3,700.45
6,534.02
10,603.35
15,414.88
17,782.79
18,347.97
18,808.93
19,434.23
19,952,62
20,484 85
21,085.07
21,897.62
22.387.21
25,826.16
37.545.40
60,928.37
107,583.52

The SLM s set to normal range and O dB gain. Filter shape meas

10000.0

Fraguency [Hz]

100000.0

H Measurad  ~=—Lewer itk ——Upper Limit

L
GHi!

-83 51
-82.27
-79.65
-75.72
-2.83
-0.31
0.08
0.02
-0.03
-0.05
-0.11
-0.41
-3.38
-89.51
-87.53
-84.96
-84.92

L,

Sl L

-inf
-inf
-inf
-5.00
-1.30
-0.60
-0.40
-0.30
-0.40
-0.60
-1.30
-5.00
-inf
-inf
-inf
-inf

= End of meagurement resulis—

-42.00
-17.50
-2.00

0.30
0.30
0.30
0.30
0.30
0.30
0.30
-2.00
-17.50
-42.00
-61.00
-70.00

gfed according to IEC 61280:2001 and ANSI 51.11:2004

1000000.0

0.1 Pass
0.1 Pass
0.13 Pass
0.09 Pass
0.09 Pass
0.09 Pass
0.09 Pass
0.00 Pass
0.09 Pass
0.09 Pass
0.0g Pass
0.09 Pass
0.09 Pass
0.12 Pass
0.11 Pass
0.12 Pass
0.11 Pass

~ End of Report--
Signatory: _Reon Harris
Larson Davis, a division of PCB Pi¢zotronics, Inc e
= ®L ARSON DAVIS

Provo, UT 84601, United States
716-684.0001

2018-1-5T13;56:14

W

AN %
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Cort. #3622.01
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Scantek, Inc.

CALIBRATION LABORATORY

IS0 17025; 2005, ANSI/NCSL 2540:1994 part 1
- ACCREDITED by NVLAP (an ILAC MRA signatory)

RNVLA

‘CALIBRATION
NVLAP Lab Code: 200625-0

Calibration Certificate No.41311

Date Calibrated: 8/15/2018 Cal Due:
Stotus; Received

instrument:
Model:

Microphone

377820 Sent

Manufacturer:
Serial number:

PCB Piezotronics

In tolerance:

110889

Qut of tolerance;
See comiments:

Composed of:

Customer:
Tel/Fax:

Epsllon Assoclates, Inc. -
978-461-6235/978-897-0099

X

X

Contains non-accredited tests: _ Yes X No

Address:

Maynard, MA 01754

Tested In accordance with the following procedures and standards:

Calibration of Measurement Microphones, Scantek, Inc., Rev. 2/25/2015

Instrumentation used for calibration; N-1504 Norsonkc Test System:

3 Mill & Main Place, Suite 250

Instrument - Manufacturar

" Description -

5/N

Cal. Date

Traceability evidence

Cal. Lab / Accreditation

Cal. Due

4830-Norsonic

SME Cal Unit

31061

Jul 30, 2018

Scantek, Inc.l_IWLAP

Jul 30, 2019

'|Ds-360-5RS

Function Generator

88077

Sep 15, 2016

ACR Env,/ AZLA

Sep 15, 2018

344014-Agilent Technologles

Digital Voltmeter

MYA7011113

Sep 20, 2017

ACR Env,/ A2LA

Sep 20, 2018

HM30-Thomimen

Meteg Station

1040170/29633

Qct 25, 2017

ACR Env/ AZLA

Oct 25, 2018

PC Program 1017 Norsonic

Calibration software

v.51T

Validated
Nov 2014

Scantek, Inc.

1253-Norsonic

Calibratar

28326

Mov 10, 2017

Scantek, Inc./ NVLAP

Nov 10, 2018

1203-Norsonic

Preamplifier

- 92268

Oct 18, 2017

Scantak, inc./ NVLAP

Oct 18, 2018

4180-Briiel&Kjer

Microphone

2245115

Oct 24, 2017

DANAK / DPLA

Oct 24, 2018

Instrumentation and test results are traceable to Sl - BIPM through standards maintalned

“and NIST.(USA)

by NPL{UK)

Calibrated by:

Jgremy Gotwalt

Authorized signatory:

Signature

Date

Signature

8/13/18

Date

—_—— - y
Callbration Cariificates or Test Reports shall not be reproduced, except in full, without written approval of the laboratory,

This Callbration Certificate or Test Reports shall not be used to claim product certlfication, appr

.or any agency of the faderal government. )
Document stored as: Z\Callbration Lab\Mic 2018\PCB377820_110889_Mi.dot

oval or andarsement by NVLAP, NIST,

‘Page 1of2
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Resuits summary: Device was tested and complies with following clauses of mentioned speéificatlons: .

CLAUSES / METHODS? . . NOT
FROM PROCEDURES | META | T

NOT
TESTED

MEASUREMENT
EXPAMNDED
UNCERTAINTY
{toverape factor 2)

Open circuit sensitivity {insert voltage method, 250 Hz) X

See below

Actuator response ’ X

63 - 200Hz:0.3 dB
200 - 8000 H2: 0.2 B
3-10kHz: 0.5 dB
10-20 kHz: 0.7 dB
20—-50kHz: 0.9 dB
50— 100 kHz: 1.2 dB

Frequency
response

FF/Diffuse field responses . X

63 —200Hz: 0.3 de

200 -4000 H2: 0.2 dB
4—-10kHz: 0.6 dB
10=20kHz:0.9dB
20-50kHz: 2.2dB -

50-100kHz: 4.4 dB

Scantek, Inc. acoustical method

.31.5-125H2: 016 dB

250, 1000 Hz: 0.12 dB
Z-8kHz:0.3dB
12.5— 16 kHz: 2. 4 dB

1 The results of this calibration apply only to the instrument type with serial number identified In this report.
2 Results are normalized to the reference conditions.
3 The tests marked with (*] are not mvered by the current NVLAP accreditation.

Note: The free field/diffuse field cha racteristics were calculated based on the measured actuator response and
adiustment coefficients as provided by the manufacturer. The uncertainties reported for these characteristics may
include assumed uncertainty components for the adjustment coefficients.

I Comments:  The instrument was tested and met ail specifications found in the referenced procedures.

Environmental conditions:

~ Temperature ("C)

Barometric pressure [kPa}

Relative Humidity (%)

215110 100.09 £ 0.020 48.1+2.0
Main measured parameters:
- Measured* /Accepta ble , ]
f mv/P
Tone frequency _(Hz) Open circuit sensitivity (dB re 1V/Pa,'| Sensttivity (mV/Pa)
250 -26.99£0.12/ 26.011.5 4472

# The reported expanded unicertalnty is calculated with a coverage factor k=2.00

- Tests rrlar.le with following attachments to instrument and auxnliary devices:

Protection grid mounted for sensitivity measurements

Actuator type: G.R.A.S. RAOD14

b
L

Mea"sured Data: Found on Microphone Test Report # 41311 of ohe -page. '

Place of Calibration: Scantek,_ Inc.

6430 Dobbin Road, Suite C
Columbia, MD 21045 USA

aaaaee—————— - . "

Ph/Fax: 410-290-7726/ -9167
callab@scantekinc.com

Cafibratlon Certificates or Test Reports shall not be reproduced, except In full, without written approval of the laborataory. -
This Caiibration Certificate or Test Reports shall not be used to claim product certification, approval or endarsement by MVLAP, NIST,

or any agency of the federal gavernment.

Document stored as:  ZA\Callbration Lab\Mic 2018\PCB377820_110889_M1.doc
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Scantek, inc.

CALIBRATION LABCRATORY

I1SO 17025: 2005, ANSI/NC.SL Z2540:1994 part 1
ACCREDITED by NVLAP (an [LAC MRA signatory)

CALIBRATICN
NVLAP Lab Code: 200625-0

“Calibration Certificate No.4131 0

Sound Level Meter

831 : '

Larson Davis

0001993

Microphone 377B20s/n 110389
Preamplifier PRM831 s5/n 015260
Type {class): )

Customer: Epsilon Associates, Inc.

Tel/Fax: 978-461-6235 / 978-897-0039

instrument:
Model:
Manufacturer:
Serial numbenr:
Tested with:

Dote Colibrated.8/15/2018 Cal Due:
Status: Received Sent
in tolerance: X . X
Out of tolerance:
See comments:
Contains non-accredited tests: __Yes X _No
Cafibration service: ___ Baslc X_Standard
Address: 3 Mill & Main Place, Suite 250
Maynard, MA 01754

Tested in accnrdaﬁoe with the following procedures and standards:
Calibration of Sound Level Meters, Scantek Inc., Rev, 6/26/2015
SLtM & Dosimeters = Acoustical Tests, Scantek Inc., Rev. 7/6/2011

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

Traceabllity evidence
Cal. Lab / Accreditation
Scantek, Inc./ NVLAP

Insﬁm‘lent - Manufacturer Description SN Cal. Date Cal, Due

483B-Norsonic
D5-360-5RS -

SME Cal Unit
Funetlon Generator

31061
48077

jul 30, 2018 Jul 30, 2019

Sep 15, 2016

ACR Env./ A2LA

Sep 15, 2018

34401 A-Apilent Technalogies

. Digital Voltmeter

MY47011118

Sep 20, 2017

ACR Env./ A2LA

Sep 20, 2018

HM30-Thommen

ivieteg Station

1040170739633

Ot 25, 2017

ACR Env.f AJLA

Ot 25, 2018

‘Validated
Nov 2014

Nov 10, 2017

PC frogram 1019 Norsonlc Callbration software v.6.1T Scantek, inc. -

1251-Narsonic Calibrator 30878 Scantek, Inc./ NVLAP Nov 10, 2018

Instrumentation and test results are traceable to 5l (Intefnational System of Units) through standards
maintalned by NIST (USA) and NPL {UK]. '

Envirohmental conditions:

Relative Humidity (%)
47.2

Temperature (°C)
21.3

Barometric pressure (kPa)
100.06

Calibrated hy: Authorized signatory: rshall

Jeremy Gotwalt Steven E.

Signature

Date

Signature 1

g/8/18

Date.

/e

- Calibration Certificates or Test Reports shall not be reproduced, except in full, without written approval of the laboratory.
This Callbration Certificate or Test Reports shall not be used to clalm product certificatio

or any agancy of the federal govarnment.
Documment stored  ZiyCalibration Lab\SLM 20184\LD831 0001993 Ml.doc

n, approval or endorsement by NVLAP, NIST,

_ Page 1cf2




Results summary: Device complies with following clauses of mentioned specifications:

1 . . EXPANDED
CLAUSES FROM JEC/ANSI STANDARDS RESULT? UNCERTAINTY
' REFERENCED |N PROCEDMURES: g {coverage factor 2) [dB]|

INDICATION AT THE CALIBRATION CHECK FREOUENCY - {EC61672-3 ED.2 CLAUSE 10 Passad 0.15
SELF-GENERATED NOISE - IEC 61572-3 ED.2 CLAUSE 11 Passed 0.3
FREQUENCY WEIGHTINGS: A NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 - Passed 02
FREQUENCY WEIGHTINGS: € NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 Passed 0.2
FREQUENCY WEIGHTINGS: Z NETWORK - IF€ 61672-3 ED.2.0 CLAUSE 13 Passed 0.2
FREQUENCY AND TIME WEIGHTINGS AT 1 KHZ -IFC 61672-3 ED.2.0 CLAUSE 19 Passed 0.2
LEVEL LINEAR/TY ON THE REFERENCE LEVEL RANGE - IEC 61672-3 ED.2 CLAUSE 15 Passed 025
LEVEL LINEARITY INCLUDING THE LEVEL RANGE CONTROL - IEC 51672-3 ED.2.0 CLAUSE 17 Passed 0.25
TONEBURST RESPONSE - IEC 61672-3 ED.2.0CLAUSE 18 Passed 03
PEAK € SOUND LEVEL - IEC §1672-3 £D.2.0 CLAUSE 19 ’ ‘Passed 0.35
OVERLOAD INDICATION - IEC 51672-3 ED. 2.0 CLAUSE 20 - Passed 0.25
HIGH LEVEL STABILITY TEST - |EC 61672-3 £D.2.0 CLAUSE 21 Passed ' 0.1
LONG TERM STABILITY TEST - |EC 61672-3 ED.2.0 CLAUSE 15 : Passed 0.1
FILTER TEST 1/10CTAVE:- RELATIVE ATTEMUATION - 1FC 61280, CLALSE 4.4 & #5.3 - Passed Q.25
FILTER TEST 1/30CTAVE: RELATIVE ATTENUATION - IEC 61260, CLAUSE 4.4 & #5.3 Passed - 0.15
COMBINED ELECTRICAL AND ACOUSTICAL TEST - IEC 61672-3 ED.2.0 CLAUSE 13 ' Passed See test report

! Fhe results of this calibration apply only to the instrument type with serial number identiflad in this report,
2 Parameters are certified at actuil envirenmental conditions.
3 The tests marked with {*} are not covered by the current NVLAP accreditation.

Comments: The sound tevel meter submitted for testing has successfully completed the class 1
periodic tests of |IEC 61672-3, for the environmental conditions under which the
tests were performed. As public evidence was available, from an independent
testing organization responsible for approving tha results of pattern evaluation tests
performed in accordance with IEC 61672-2, to demonstrate that the model of sound
level meter fully conforms to the requirements in the |[EC 61672-2, the sound level

meter submitted for testing conforms to the class 1 requirements of IEC §1672-1.

Note: The Instrument was tested for the parametars listed in the table above, using the test methods described in the
listed standards. All tests were performed around the reference conditions. The test results were compared with the
manufacturer’s or with the standard’s specifications, whichever are larger,

Compliance with any standard cannot ke claimed based solely on the periodlc tests.

Tests made with the following attachments ta the Instrument;

Microphone: PCB Piezotronies 377820 s/n 110889 for acoustical test

Freamplifier:  Larson Davis PRME31 s/n 0001993 for all tests

Other: line adaptor ADPOOS {1RpF) for electrical tests

Accompanying acoustical calibrator:  none

Windscreen:  nhone

Measured Data: in Test Report # 41310 of 9+1 pages.

Place of Calibration: Scantek, Inc. e i
6430 Dobbin Road, Suite C Ph/Fax: 410-290-7726/ -9167

Columbia, MD 21045 USA i : . gallab@scantekinc.com
e e— e

Calibration Certificates or Test Reports shall not be reproduced, except In full, without written approval of the laboratery.

This Callbration Certificate or Test Reports shall not be usad to claim product certification, approval or endorsement by NVLAP, NIST,
or any agency of the federal government.

Document stored  Z:\Calibration Lab\SLM 2018\LD831_0001993 M1i.dac Page 2 of 2




Calibration Certificate

Cartificate Number 2017011095
Customer:

Epsilon Associates Ine

Suite 250

3 Clock Tower Place

Maynard, MA 01754, United States

Model Number ~ 377C20 Procedure Number  D0001.8387
Serial Number 185015 " Technlcian Abraham Ortega
Test Resuits Pass Calibration Date 19 Oct 2017
.. Calibration Due 19 Oct 2018
Initial Condition  As Manufactured Temperature 235  °C  +001°C
Description 1/2 inch Microphone - Rl - OV Humidity 282 %RH £0.5%RH
Static Pressure 101.27 kPa +0.03kPa
Evaluation ethod Tested alectrically using an electrostatic actuator.
Compiliance Standards Compfiant to Manufacturer Specifications.

Issuing lab cerlifies that the instrument described above meets or exceeds all specifications as steled in the referenced procadure
{unless otherwise noted). It has been calibrated using measurament standards traceable to the S| through the National nstitute of
Standards and Technology (NIST}, or other national measurement institutes, and meets the requirements of ISOAEC 17025:2005.
Test points marksd with a £ do not fall within this laboratory's scope of accreditation,

The quality system is registered to IS0 9001:2008.

This calibration is a direct comparison of the unit under test to the listed reference standards and did not involve any sampling plans to
complele. No allowanca has baen made for the instability of the test device due to uss, time, atc. Such allowances would be made by
the cuslomer as needed.

The uncertainties were computed in accordance with the 1SO Guide to the Expression of Uncertainty in Measurament {GUM). A
coverage factor of approximetely 2 sigma (k=2) hes been applied (o the standard uncerainty te express the expanded uncertainty at
approximately 5% confidance level.

This report may not be reproduced, excapt in full, unless permission for the publication of an approved absiract is obtained in writing

from the nization issugl_g this report S
g e R
Deseripiion ] Cal Date Cal Due Cal Standard
Larson Davis Modei 2900 Real Time Analyzer 07/172017  07/17/2018 001230
Microphone Calibration System 08/30/2017  08/30/2018 001233
1/2" Preamptifier 12/15/2016  12/15/2017 001274
Apgilemt 34401 A DMM 12/06/2016  12/06/2017 001329
Larson Davis CALZ50 Acoustic Calibrator 01/04/2017 (/0472018 003030
1/2" Preamplifier 041122017 04/12/2018 006506
Larson Davis 1/2" Preamplifier 7-pin LEMO 09/122017  09/12/2018 006507
1/2 inch Microphone - RI - 200V 042472017 04/24/2018 006510
1/2 inch Microphone - R1 - 200V 08/09/.2017  08/09/2018 006519
Larson Davis 1/2" Preamplifier 7-pin LEMO 05/12.2017  09/12/2018 006530
Larson Davis 1/2" Preamplifier 7-pin LEMO 08/11/2017  08/11/2018 006331
Larson Davis, a division of PCB Piezotronics, Inc S, @
1681 West 820 North AN M L A RSON DAVIS
Provo, UT 84601, United States 7 ¥ o
T16-684-0001 2{@ {%ﬁl A PCB PIEZOTRONICS DIV
10/19/2017 11:47:01AM Page 1 of 4 DOOOLB41S Rev A



Ceriificate Number 2017011095
Sensitivity

43.80 4217 59,57 1,00 Pass
-- End of measurement results--

Opé Circuit Sensitivity

Capacitance

Capacitance 12.00 ; o
-- End of measurement results--

Lower LImiting Frequency

-3d Frequanc; ‘ 217 1.00 2.40 Pass t
— End of measurement results—

Frequency Response

3 P, SR SO ——

Response [dB]

i 100 1000 10000 100000
Frequency [Hz]

- Actuator - Rendom - LowerLimil =fi= WpperLimi

Data iz normalized for 0 dB @ 251.18 Hz.

Pass £

. . . -0.50 0.50
25,12 0.00 0.00 -0.50 0.50 Pass t
3162 0.02 0.02 -0.50 0.50 Pass t
30.81 0.02 0.02 -0.50 0.50 Pass ¢
50.12 0.02 0.02 -0.50 0.50 Pass
83.10 0.02 0.02 -0.50 0.50 Pass
79.43 0.02 0.02 -0.50 0.50 Pass
100.00 0.01 0.01 -0.50 0.50 Pass t
125.89 0.01 0.01 -0.50 0.50 Pass ¥
158.49 0.01 0.01 -0.50 0.50 Pass t
199.53 0.00 0.00 -0.50 0.50 Pass T
Larson Davis, a division of PCB Piezotrenies, Ino . @ _
1681 West 820 North Sl L A RSON DAVIS
Provo, UT 84601, United States L X .
216-684-0001 NS A PCB PFIEZOTRONICS DIV.

L

L0/19/2017 1 L:47:01AM Page 2 of 4 DAQDI.8415 Rev A



"261.19
316.23
398.11
501.19
630.96
794.33
1,000.00
1,059.25
1,122.02
1,188.50
1,258.93
1,333.52
1,412.54
1,498.24
1,584.89
1,678.80
1,778.28
1,883.65
1,895.28
2,113.49
223872
2,371.37
2511 .89
2680.73
2.818.38
2.985.38
3,162.28
3,349.65
3,548.13
3,758.37
3,981.07
4,218.97
4,486.84
4,731.51
5011.87
5,308.84
5,623.41
5,958.62
6,300.57
6,883.44
7,070.46
7,408.04
704328
8,413.95
8,912 51
9,440,681

10,000.00

10,502.54

11,220.19

11,885.02

12,689.05

13,335.21

14,125.38

0.00
~0.01
-0.01
-0.01
-0.02
0.01
-0.02
-0.02
-0.02
-0.02
-0.02
~0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.02
-0.03
-0.03
-0.03
-0.02
-0.02
-0.02
-0.02
-0.03
-0.03
-0.02
-0.04
-0.04
-0.04
-0.04
-0.08
-0.06
-0.07
-0.08
-0.09
~0.11
-0.13
~0.17
-0.21
-0.29
-0.39
-0.51
-0.70
-1.03
-1.38
-1.88
-2.43
-2.72
-3.07
=333
-3.54

-0.50
-0.60
-0.50
-0.50
-0.50
-0.50
~0.50
<0.50
.50
-0.50
0.50
-0.50
~0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.60
-0.80
-0.80
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.50
-0.563
-0.50
-0.70
-0.80
-0.80
-0.90
-0.90
-1.00
-1.10
-1.10
-1.20
-1.30
-1.30
-1.40
-1.40
~1.60
-1.80
-1.60
-1.70
-1.80
-1.80
-1.80

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
£.50
0.50
0.50
0.50
0.50
0.50
0.580
0.80
0.50
0.50
0.50
(.50
0.50
0.50
0.80
0.50
0.50
0.50
0.58
0.63
069
075
0.81
0.88
0.94
1.00
1.06
113
118
125
1.31
1.38
1.43
1.50
1.56
163
168
1.75
1.81
1.87

Pass
Pass T
Pass %
Pass &
Pass 1
Pass t
Pass t
Pass t
Pass £
Pass §
Pass £
FPass
Pass &
Pass £
Pass £
Pass &
Pass %
Pass £
Pass #
Pass 1
Pass
Pass 1
Pass 1
Pass t
Pass t
Pass 1
Pass
Pass &
Pass
Pass
Pass §
Pass
Pass §
Pass ¥
Pass 1
Pass %
Pass §
Pass t
Pass t
Pass
Pass t
Pass &
Pass §
Pass t
Pass {
Pass 1
Pass t
Fass §
Pass t
Fass t
Fass
Pass t
Pass t

Larson Davis, a division of PCB Piezotronics, In¢

1681 West 820 North
Provo, UT 84601, United States
716-684-0001

IV197201T §1:47.014M

Can, 2362201
Page 3 of 4

®[ ARSON DAVIS

A PCB PIEZOTRONICS DIV.

DOCDLE41S Rev A



Cartificate Number 2017011095

14962.36 - 365

0. -1.93 Pass §
15,848 93 -3.83 -0.82 -2.00 . Fass
16,788.04 -4.12 -1.34 2.00 Fass t
17,782.80 -4.44 ~1.66 2.00 Pass &
18,836.49 -4.85 -2.12 2.00 Pass t
19,852.62 -5.44 -2.54 2.00 Pass t

-- End of meazurement results—

Signatory: _Abrahaw Oriega

Larson Davis, & division of PCB Piezotronics, Inc
1681 West 820 North

Provo, UT 24601, United States

716-654-0001

®LARSON DAVIS

A PCB PIEZOTRONICS DIV.

L0/19/2017 11:47.01AM Page 4 of 4 DOOGL.2415 Rev A



Calibration Certificate

Caertificate Number 2017010814

Customer:

Epsilon Associates Inc

Suite 250

3 Clock Tower Place

Maynard, MA 01754, United States

Model! Number 831 Procedure Number  D0O0D01.8378

Serlal Number 0003752 Techniclan Ron Harris

Test Rasults Pass Calibration Date 12 Oct 2017

Inftiai Condition AS RECEIVED same as shipped ﬁ:ﬁ'ﬂ;“ ;gg;' ng 4025 °C

Description Larson Davis Made) 831 Humidity 505 %RH +2.0%RH
Class 1 Sound Level Meter Static Pressure 8647 kPa £0.13kPa
Firmware Revision: 2.314

Evaluation Method Tested electrically using Larson Davis PRM831 S/N 028563 and a 12.0 pF capacitor to simulate

microphone capacitance. Data reported in dB re 20 pPa AS8UIMING a microphone sensitivity of 50.0

m\/iPa.

Compiiance Standards Compliant to Manufacturer Specifications and the following standards when combined with
Calibration Certificate from procedure DOD01.8384: '

IEC 60651:2001 Type 1 ANS! §1.4-2014 Class 1
[EG 60804:2000 Type 1 ANSI $1.4 (R2006) Type 1
IEC 81252:2002 ANSI $1.11 (R2008) Ciass 1
IEC 61260:2001 Class 1 ANSI $1.25 (R2007)

IEC 61672:2013 Class 1 ANS| 143 (R2007) Type 1

lssuing lab certifies that the instrument described above mests or exceads all specifications as stated in tha referenced procedure
{unless otherwise noted). It has been calibrated using measurement standards traceable o the Intemational System of Units (Sh)
through the Nationai Institute of Standards and Technology (NIST), or other nafional measurement institutes, and meets the
requirements of ISO/IEC 17025:2005, Test points marked with a 1 in the uncertainties column do not fall within this laboratory's
scope of accreditation.

The quality system is reglstered to IS0 95001:2008.

This callbration is a direct comparizon of the unlt under test to tha listed reference standards and did not involve any sampling plans to
complete. No aliowance has been made for the instabillty of the test devics due to use, fime, ete. Such allowances would be made by
the customer as needed.

The unceriainties were computed in accordance with the SO Guide o the Exprassion of Uncertainty in Measurement {(GUM). A
coverage factor of approximately 2 sigma (k=2) has beer applied to the standard ungertainty ko express the expanded uncertainty at
approximately 85% canfidence level.

This report may not be reproduced, except in full, unless permission for the publication of an approved abstract is cbtained in writing
from the organization issuing this report.

Correction data from Larson Davls Model 831 Sound Level Meter Manual, 1831 .01 Rev O, 2016-09-19

Calibration Check Frequency: 1000 Hz; Reference Sound Pressune Level: 114 dB re 20 pPa; Referance Range: 0 dB gain

Periodic tests were performad in accordance with precadures from IEC 61672-3:2013 / ANSVASA 81 A-2014/Parl3.

.arson Davis, a division of PCB Piezotronics, Inc S, - w
681 West 820 North ﬂﬁb@é ib LARSON DAVIS

TN o) A PCB PIEZOTRONICS DIV.

‘rovo, UT 84601, United States
16-684-0001 1‘4”’n‘nin\\‘“‘\‘ Tert. #3622l

017-10-12T'14:17:28 Page 1 0f24 D0001.8407 Rev B
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Pattern appreval for IEC 81 872-1:2013 / ANSIVASA 51.4-201 4/Part 1 successfully sompleted by Physikallsch-Technlsche Bundesanstait
(PTB) on 2016-02-24 carlificate number DE-15-M-PTB-0056,

The sound levei meter submitted for testing successfully completed the periodic tests of IEC 81872-3:2013 / ANSKASA $1.4-2014/Part
3, for the environmenial conditions undar which the tasts were performed. As evidence was publicly available, from an independent
testing organizatien responsible for approving the results of pattern-evaiyation tests performed in aceordance with IEC 61872-2:2013/
ANEI/ASA 51.4-2014/Pan 2, to demonstrata that the modei of sound leve! meter fully conformed to the class 1 specifications in IEC
61672-1:2013 / ANSIASA 51 A-2014/Part 1, the sound level meter submitted for testing conforms to the class 1specifications in IEC
61672-1:2013 / ANSIFASA S1.4-2014/Part 1.

Description B Cal Date Cal Due Cal Standard
SRS DS360 Ultra Low Distortion Generator 2017-01-19  2018-01-19 006239
Hart Scientific 2626-8 Humidity/Temperature Sensor 2017-06-11  2018-06-11 006943

rson Davis, a division of PCB Piezotronics, Inc N
81 West 820 North AN Y

o T84, v s ; ®LARSON DAVIS

5-684-0001 ’,’75?\‘:\\ Ace Dn A PCB PIEZOTRONICS DIV,

3
orfapu” Cert, K¥22101
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A-weight Filter Response

B e e e e ot e [E— [ES U | ¥ 1
X+l
0.0

—— 20,0

-30.0

-10.0

Deviation [dB]

-80.0

| 700

g
Igp] 19Ae feuwiicp

-80.0
10 100 1000 10000 100000

Frequency [Hz]

w— Mominal B Devalion  a—— Lower Limit —— Uppar Limil

Electrical mgna! last of I’requency waighting performed according to IEC 81672-3:2013 13 and ANSI 51.4-2014 Part 3: 13 for compliance fo
IEC 8 and 8.2.1, ANSI 51.4-2014 Part 1:5.5

&‘k i) gy ; - ra.l
| ~70.35 Q.05 -inf 3.00 0.22 Pass
12.59 -63.42 -0.02 -inf 2.50 0.22 Pass
15.85 -56.70 0.00 -4.00 2.00 0.22 Pass
19.95 -50.40 0.1¢ -2.00 2.00 0.22 Pags
2512 -44.66 0.04 -1.50 2.00 0.22 Pass
31.82 -39.40 0.00 -1.50 1.50 0.22 Pass
30.81 -34.81 -0.01 -1.00 1.00 0.22 Pass
a0.12 -30.12 Q.08 -1.00 1.00 022 Passa
63.10 -26.18 0.05 -1.00 1.00 0.22 Pass
T9.43 ~22.45 0.05 -1.00 1.00 0.22 Pass
100.00 -18.18 -0.06 -1.00 1.00 0.22 Pass
125.89 -16.14 004 -1.00 1.00 D.22 Pass
158.49 -13.32 0.08 -1.00 1.00 0.22 Pass
199.53 -10.84 0.06 -1.00 1.00 0.22 Pass
251,19 -8.59 o.M -1.00 1.00 022 Pass
316.23 -6.49 011 -1.00 1.00 022 Pass
398.11 -4.92 =012 -1.00 1.00 0.22 Pass
501.19 -3.34 -0.14 -1.00 1.00 0.22 Pass
830.95 -2.04 -0.14 -1.00 1.00 0.22 Pass
794.33 -0.96 -0.16 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 =0.70 0.70 022 Pass
1,258.93 0.98 0.36 =1.00 1.00 0.22 Pass
1,5684.89 1.01 0.01 -1.00 1.00 Q.22 Pass
1,995.26 0.97 -0.23 -1.00 1.00 0.22 Pass
2,511.89 1.23 -0.07 -1,00 1.00 0.22 Pass
3,162.28 1.17 -0.03 100 ° 1.00 0.22 Pass
3,981.07 0.79 -0.21 -1.00 1.00 0.22 Pass
- 5,011.87 0.53 0.03 -1.50 1.50¢ 0.22 Pass
G,300.57 =0.46 -0.38 -2.00 1.50 0.22 Pass
7.843.28 -1.20 -0.10 -2.50 1.50 022 Pass
10,000.00 =240 010 -3.00 2.00 0.22 Pass
12,580.25 -4.30 0.00 -6.00 200 0.22 Pass
15,848.03 -68.80 -0.20 -18.00 2.50 0.22 Pass
19,952 82 ~10.05 -0.75 =inf 3.00 0.22 Pass

— End of measurement resulés--

arson Davis, a division of PCB Piezotronics, Inc W, . @
81 Vst 20 Nt s W LARSON DAVIS

rovo, UT 84601, United States = % !
Y & A PCB PIEZOTRONICS DIV,
16-684-0001 o BeSerD)

ol
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C-weight Filter Response

0.0
|20
40 2
o 6.0 §
=3 B
g 80 =
E -10.0 g
[ o
=] ) -12.0 'E
10 &
-18.0
10 100 1000 10000 100000
Frequency [Hz]
— (ominal I Doviatlon e Lower LMt e Upper Limil

Electrical signal test of frequency warghtmg performad according to IEC 61672 3:2013 13 and ANSI 51.4-2014 Part 3: 13 for compliance to
IEC 61872-1 2013 §{5 IEC 0 :

. Pass
-11.33 -0.13 -inf 2.50 0.22 Pass

-8.54 _ -0.04 -4.00 2.00 0.22 Pass

-6.18 0.02 -2.00 2.00 0.22 Pass

-4.36 0.04 -1.50 2.00 0.22 Pass

297 0.03 -1.50 1.50 0.22 Pass

-1.68 0.02 -1.00 1.00 0.22 Pass

-1.23 0.07 -1.00 1.0C 0.22 Pass

-0.78 0.02 -1.00 1.00 0.22 Pass

-0.46 0.04 -1.00 1.00 0.22 Pass

-0.32 -0.02 -1.00 1.00 0.22 Pass

-0.22 -0.02 -1.00 1.00 0.22 Pass

-0.07 0.03 -1.00 1.00 0.22 Pass

-0.01 -0.01 -1.00 1.00 0.22 Pass

0.03 0.03 -1.00 1.00 022 Pass

0.13 0.13 -1.00 1.00 0.22 Pass

-0.08 -0.08 -1.00 1.00 0.22 Pass

-0.07 -0.07 -1.00 1.00 022 Pass

-0.12 -012 -1.00 1.00 022 Pags

; 013 013 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 -0.70 0.70 0.22 Pass
1,258.93 0.32 0.32 -1.00 -1.00 0.22 Pass
1,5884.89 -0.07 0.03 -1.00 1.00 0.22 Pass
1,995.26 .41 -0.21 -1.00 1.00 0.22 Pass
2,511.89 £.35 -0.05 -1.00 1.00 022 Pass
3,162.28 -0.54 .04 -1.00 1.00 0.22 Pass
3,9681.07 -1.01 =0.21 -1.00 1.00 0.22 Pass
5,011.87 -1.32 -0.02 -1.50 1.50 0.22 Pass
8,300.57 -2.34 -0.34 -2.00 1.50 0.22 Pass
7,843.28 3.1 -0.11 -2.50 1.50 0.22 Pass
10,000.00 -4.32 0.08 -3.00 2.00 0.22 Pass
12,5808.25 -6.23 -0.03 -5.00 2.00 0.22 Pass
15,848.93 -8.74 -0.24 -16.00 2.50 0.22 Pass
19,952 62 -12.00 -0.80 -inf 3.00 0.22 Pass

-- End of measurement results--

.atson Davis, a division of PCB Piezotronics, Inc “w . w
" c2am  SLARSONDAVIS
¥ (RCCAEDIIED)

; UT 84601, United Stat
tovo, United States . ¥ A PCB PIEZOTRONICS DIvV.
'16-684-0001 AN T
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Z-welght F|Iter Response

B o e U e ot e e S SO - ¥
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=
-8.0 -8.0
10 100 1000 10000 100000
Frequency [Hz]
— Naminal IR Devigtion s Lower Lim|t == Uppar Limit

Electrical signal test of frequency waighting performed accordmg to tEC 61 572-3 2013 13 and ANS| 81.4-2014 Part 3; 13 for compliance to
IEC 61672-1:2013 §.5; |EC 80851; 2001 .ﬁ 1

3.00 022 Pass

12.59 0.15 X -inf 2.50 022 Pass
15.85 -0.10 . -4,00 2.00 0.2z Pasgs
19.95 -0.01 . -2.00 2.00 0.22 Pass
2512 -0.01 . -1.50 2.00 022 Pass
3162 0.00 , -1.50 1.50 0.22 Pass
39.81 -0.01 , -1.00 1.00 0.22 Pass
50.12 -0.02 X -1.00 1.00 Q.22 Pass
63.10 0.03 . -1.00 1.00 0.22 Pass
79,43 0.04 3 -1.00 1.00 0.22 Pass
100.00 -3.01 . -1.00 1.00 0.22 Pass
125.89 -0.05 . -1.00 1.00 0.22 Pass
158.49 0.02 , -1.00 1.00 0.22 Pass
196.53 0.02 0.02 -1.00 1.00 0.22 Pass
251.1% 0.03 0.03 -1.00 1.00 0.22 Pass
318.23 011 0.1 -1.00 1.00 0.22 Pass
398 11 -0.11 -0.11 -1.00 1.00 0.22 Pass
501.19 -0.11 -0.11 -1.00 1.00 0.22 Pass
630.85 -0.15 -0.1% -1.00 1.00 0.22 Pass
794.33 -0.15 -0.15 -1.00 1.00 0.22 Pass
1,000.00 0.00 0.00 -0.70 0.70 0.22 Pass
1,258.93 0.36 0.36 -1.00 1.00 0.22 Pass
1,584.89 0.01 0.01 -1.00 1.00 0.22 Pass
1,995.26 -0.25 -0.25 -1.00 1.00 0.22 Pass
2,511.89 -£.06 -0.06 -1.00 1.00 0.22 Pass
3,162.28 -0.06 -0.06 -1.00 1.00 0.22 Pass
3,981.07 -0.21 -0.21 -1.00 1.00 0.22 Pass
5,011.87 -0.04 -0.04 -1.50 1.50 0.22 Pass
6,308.57 -0.35 -0.35 -2.00 1.580 0.22 Pass
7.943.28 -0.07 -0.07 -2.50 1.50 0.22 Pass
10,000.00 0.14 0.14 ~3.00 2.00 0.22 Pass
12.589.25 0.01 0.01 -5.00 2.00 0.22 Pass
15,8458.93 -0.35 0.35 -18.00 2.50 0.22 Pass
19,952 62 -0.66 -0.86 -inf 3.00 D22 Pass

- End of measurement results—

arson Davis, a division of PCB Piezotronics, Inc

- S e, T
cZwm  SLARSONDAVIS
ovo, UT 84601, United States 3 ¥ ' .
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6684001 o G
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High Level Stability

Electrical signal test of high level stability performed according to IEC 61672-3:2013 21 and ANSI §1.4-2014 Part - 21 for compliance to

d g s 1 g gait
0.00 -0.10 0.10 0.01 Pass

-- End of measurement results--

Long-Term Stabllity

Electrical gignal fest of lang ferm stablllly performed according to IEC 61672-3:2013 15 and ANS( 51.4-2014 Part 3; 15 for compliance to
I3C 618 _ . N

High Level Stability

-0.10 0.10 0.01 Pass
— End of measurement results--

1 kHz Reference Levels

Frequency weightings and time weightings at 1 kHz (reference is A weighted Fast} performed according to IEC 61672-3:2013 14 and ANS|
$1.4-2014 Part 3: 14 for compliance fo IEC §1672- 1:2013 5 5 9 ancl 583 and ANSI §1.4 :

C weight : . .

Z weight 113.97 113.78 114.18

Slow 113.68 113.88 114.08

impulse 113.88 113.88 114.08
— End of measurement resulis--

atson Davis, a division of PCB Piezotronics, Inc Sy, . @ .
81 Vo 20 o e W LARSON DAVIS
BITAD

tove, UT 84601, United States "
’ ’ . APCB PIEZOTRONICS DIV,
16-684-0001 ’:.D\ Cen, £3622.01
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s s IVLINUGE SUT FTOB 14

A-weighted 0 dB Gain Broadband Log Linearity: 8,000.00 Hz

I

Error [dB]

-1.0

60.0 [=le11} 100.0 1200 1400
Level Injectod [de]

W Eror ==— Lower Limit —— Uppar Limit

26.00
27.00
28.00
28.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
39.00
44.00
49.00
64.00
58.00
64.00
69.00
74,00
78.00
84.00
88.00
84.00
99.00
104.00 .
109.00 . 0.09 Pass !
114.00 0.00 -0.70 0.70 G.09 Pass
119.00 -0.03 -0.70 0.70 0.09 Pass
124.00 -0.03 -0.70 0.70 0.08 Pass !
129.00 -0.03 -0.70 0.70 0.09 Pass
134.00 -0.02 -0.70 0.70 0.09 Pass
135.00 -0.02 .70 0.70 0.0g Pass !
136.00 -0.02 -0.70 0.70 0.09 Pass '
137.00 -0.02 -0.70 0.70 0.00 Pass
138.00 -0.02 -0.70 0.70 0.09 Pasgs
139.00 -0.02 -0.70 0.70 0.09 Pags

®LARSON DAVIS

A PCB PIEZOTRONICS DIV,

on Davis, a division of PCH Piezotronics, Ing SV,

| West 820 North SN
0, UT 84601, United States iﬁ

684-0001 ey B
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A-weighted 20 dB Gain Broadband Log Linearity: 8,000.00 Hz

10 i - - —_— b e e o e e o e <
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W Eror e | CAMET LMt e LI Lt

Broadband fevel linearity performed according to IEC 61672-3:2013 16 and ANS| $1.4-2014 Part 3: 16 far compliance to IEC 61872-1:2013

IEC 50804:2000 6.2, |EC 61252:2002 8, ANSI §1.4 (R2008) 6.9, ANS| S1,4-201 (R2
e P o R

A

e
21.00 0.26 -0.70 0.70 0.0 Pass
22.00 0.22 -0.70 0.70 0.0 Pass
23.00 0.14 -0.70 Q.70 0.0 Pass
24.00 013 -0.70 070 0.08 Pass
25.00 0.08 -0.70 0.70 0.08 Pass
26.00 0.G7 0.70 070 0.09 Pass
27.00 0.08 -0.70 0.70 0.00 Pass
28.00 0.08 -0.70 0.70 0.09 Pass
25.00 0.06 -0.70 0.70 0.09 Pass
30.00 0.08 0,70 0.70 0.09 Pass
31.00 0.05 Q.70 0.70 .09 Pass
32.00 0.03 .70 0.70 0.09 Pass
33.00 0.01 -0.70 0.70 0.09 Pass
34.00 c.01 -0.70 0.70 0.09 Pass
35,00 0.0 -0.70 0.70 0.09 Pazs
36.00 -0.02 -0.70 0.70 0.09 Pass
37.00 -0.02 -0.70 0.70 0.09 Pass
38.00 0.00 -0.70 0.70 0.08 Pass
39.00 0.00 -0.70 0.70 0.00 Pass
44 00 0.01 -0.70 0.70 0.00 Pass
49.00 0.01 0.70 0.70 0.00 Pass
54.00 0.04 0.70 0.70 0.00 Pass
59.00 0.02 0.70 0.70 0.02 Pass
64.00 0.02 -0.70 0.70 0.08 Pass
69.00 0.03 -0.70 0.70 0.08 Pass
74.00 0.04 -0.70 0.70 0.09 Pass
79.00 0.02 Q.70 0.70 0.00 Pass
84,00 0.03 .70 0.70 0.08 Pass
59.00 0.03 0.70 0.70 0.09 Pass
24,00 0.03 -0.70 0.70 0.0 Pass
89.00 0.03 -0.70 0.70 0.09 Pass
104.00 =0.01 0.70 0.70 0.09 Pass
100.00 0.00 -0.70 0.70 0.09 Pass
114.00 -0.01 0.70 Q.70 0.09 Pass
115.00 -0.03 -0.70 0.70 0.09 Fass
118.00 0.01 -0.70 0.70 0.09 Pass
arson Davis, a division of PCB Piczotronics, Inc S, B @
681 West 820 North AN T L A RSON DAVIS
rovo, UT 84601, United States M" s, - .
s 0001 A EmmnE A PCB PIEZOTRONICS DN.
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an

117.0 , , 0.70 0.09 Pass
118.00 : : 0.70 0.09 Pass
119.00 : X 0.70 0.08 Pass
120.00 , 0.70 0.70 0.00 Pass

= End of measurement resuits—

arson Davis, a division of PCB Piezotronics, Inc
681 West 820 North

‘rovo, UT 84601, United Staies

16-684-0001
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1/1 Octave Log Lmearlty 1,000.00 Hz

10 e e e .
W% [— FE N AR b e e [ SR W S P e
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Loevel Injected [dE]

W Eror — Lerr Limi = Lippar Limit

1M octave Ievel IInearity at normal range with 0 dB gain performed according to IEC 61260 2001 4 6 ANSI 5.11 (R2009) 4. 6
: e W S PR ; et .

A HEF
44,00 029
45.00 013
48.00 0.04
47.00 0.24
48.00 0.23
49.00 0.11
50.00 0.04
51.00 0.07
£56.00 0.086
€0.00 0.06
65.00 0.01
70.00 0.00
75.00 -0.02
80.00 -0.01
85.00 -0.02
80.00 -0.02
95,00 -0.01

100.00 -0.02

105.00 -0.03

110,00 -0.03

115.00 -0.03

120.00 -0.05

125.00 .04

130.00 -0.04

135.00 -0.03

136.00 -0.03

137.00 -0.02

138.0C -0.02

139.00 -0.03

140.00 -0.02
: -~ End of meagurement results—

Larson Davis, a division of PCB Piczotronics, Inc U, _ @ .
Gowm  SLARSONDAVS

Provo, UT 84601, United States
g ’ . A PCB PIEZOTRONICS DIV.
716-684-0001 rfT\ Ty AT
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A Emor e Lty Liill e | Mo o1 Lirvit

aceording to IEC 61250:2001 4.6, ANSI §.11 {R2008) 4.6

At
] Ll i
42.00 0.20 -0.70 0.70 0.09 Pass
43.00 -0.01 -0.70 0.70 0.10 Pass
44.00 0.18 -0.70 2.70 0.10 Pass
4500 012 -0.70 Q.70 0.10 Pass
45.00 0.13 -0.70 0.70 0.09 Pass
47.00 0.11 -0.70 0.70 0.08 Pass
48,00 0.02 -0.70 0.70 0.09 Pass
£50.00 0.05 -0.70 0.70 0.09 Pass
£5.00 0.09 -0.70 0.70 0.09 Pass
80,00 .02 -0.70 0.70 0.09 Pass
65.00 0.03 -0.70 Q.7C 0.09 Pass
70.00 0.01 -0.70 0.70 0.08 Pass
75.00 -0.01 -0.70 0.70 0.08 Pass
80.00 -0.02 -0.70 0.70 0.09 Pass
85.00 -0.03 -0.70 0.70 .08 Pass
90.00 -0.02 -0.70 0.70 0.09 Pass
95.00 -0.02 -0.70 D.70 0.09 Pass
100.00 -0.03 «0.70 0.70 0.09 Pass
105.00 -0.04 -0.70 0.70 0.09 Pass
110.00 -0.03 .70 0.70 0.09 Pass
115.00 -0,04 -0.70 0.70 0.09 Pass
120.00 -0.05 -0.70 0.7C 0.09 Pass
125.00 -0.04 -0.70 0.70 .08 Pass
130.00 0.04 0.70 0.70 008 Pass
135.00 0.03 0.70 0.70 0.09 Pass
136.00 -0.02 -0.70 0.70 0.09 Pass
137.00 -0.02 -0.70 0.70 0.09 Pass
138.00 -0.02 -0.70 0.70 0.08 Pass
138.00 -0.02 ~0.70 0.70 0.09 Pass
140.00 -0.02 -0.70 0.70 0.09 Pass

-- End of measurement results--

T ' ] X
e o, United Staes AN A PCB PIEZOTRONICS DIV.

o)

Larson Davis, a division of PCB Piezotronics, Inc ol
1681 West 820 North ;%ﬁ\\‘?’/‘% K wlARSON DAVIS
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Slow Detector

Tonehburst reapunse performed according to IEC 61672-3:2013 18 and ANSI $1.4-2014 Part 3: 18 for compliance to [EC 81672-1 2013 58,

27.16 -20.90 25.99 0.09
— End of measurement results--

Fast Detector

Tonoburst response performed according lo IEC 61672-3:2013 18 and ANSI $1.4-2014 Part 3; 18 for compliance to IEC 61672-1:2013 5.9,
IEC 60651 2001 4 2 ANSI S1 4 1983 {RZODB) 8.4.2 and ANSI 81 4-2014 Part 1: 5 9

R

i A RY d H 4

-1.04 -1. -0.48 0.0a Pass

2.00 -1813 -18.49 -16.99 - 0.09 Pass
0.25 -27.31 -20.69 -25.99 0.09 Pass

— End of measurement reziits--
Sound Exposure Level

Teoneburst response performed aconrdlng to IEC 61672-3:2013 18 and ANSI S1 4—2014 Part 3: 18 for compliance to IEC 61672-1:2013 5.9,

2.00 -27.04 : : 0.09 Pass
0.25 -36.15 , . 0.09 Pass
— End of messurement resulis--

Peak C-weight

C-weighted peak sound level performed according to IEC 61672-3:2013 19 and ANSI $1.4-2014 Part 3: 19 for complianca to
IEC 61672 1:2013 5.13 and | ANSI $1 4-2014 Parl 1:5.13

135.00 31.50 138.22 © 135,50 139.50 009

135.00 500.00 138.56 137.50 132.50 0.09
135.00 8.000.00 137.76 136.40 140.40 0.10
135.00, Negative 500.00 137.15 136.40 138.40 0.09
135.00, Positive 500.00 137.15 138.40 138.40 0.08

- End of measurement resulis-

Atson Davis, a division of PCB Piezotronics, Ing

‘\n‘\"l"ub .
R . &wm _ SLARSONDAVIS
'tovo, UT 84601, United States %
ACCRAGITED)

16~684-0001 s A PCB PIEZOTRONICS DIV.
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Cort, 435221
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Peak Z-weight

g Hhis: : %‘ﬁ‘ : b3 1 o £ heresst KPS
136.00 100 Negative Pulse 136.34 134.01 1380 0.08
100 Positive Pulse 136.34 134.00 138.00 0.09
126.00 100 Negative Pulse 126.34 124.02 128.02 0.09
100 Positive Pulse 126.35 124.00 128.00 0.09
116.00 100 Negative Pulse 116.38 114.05 118.05 .09
100 Positive Pulse 116.35 114.02 118.02 0.09
106.00 100 Nagative Pulge 106.36 104.04 108.04 0.08
100 Positive Pulga 106.38 104.02 108.02 0.09

= End of measurement results--

Overload Detector

Overload indication performed according to IEC 61672-3:2013 20 and ANSI §1.4-2014 Part 3: 20 for complianca to IEC §1672-1:2012 5.1,
IEG 60804:2000 9.3.5, IEC 81252:2002 11, ANSI 51.4 (R2008) 5.8, and ANSI $1.4-2014 Part 1: 5.11, ANSI $1.25 (R2007) 7.8,
ANSI 51,43 (R2007) 7

:
|
i

Posttive 41,00 140.00 142.00 008
Negative 140.90 140.00 142.00 0.09
Difference 010 =-1.50 1.50 0.10 Pass

— End of measurement results—
Peak Rise Time

Peak rise time performed according to IEC 80651:2001 9.4.4 and ANSI 51.4:1983 (R2006) 8.4
L : PSR :

137.00 40  Negative Pulse 136.53 135.04 137.04 0.09 Pass
Positive Pulse 136.50 134,99 136,09 0.09 Pass

30 Negative Pulse 135.61 135.04 137.04 0.09 Pass

Positive Puise 135.58 134.89 136.99 0.09 Pass

— End of measurement results--

-arson Davis, a division of PCB Pigzotronics, Inc

< wm  CLARSONDAVIS
>rovo, UT 84601, United States e e ‘
ACCREDITED

/'__""‘\‘;?
116-684-0001 AN A PCB PIEZOTRONICS DIV.

an, #3622.01

017-10-12T14:17-28 Page 14 of 24 D0001.8407 Rev B
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Positive Pulse Crest Factor

200 ps pulse tests at 2.0, 12.0, 22. 0, 32.0 dB below Overload Limit
Factor measured accordlng to IEC 606512001 9.4.2 and ANSI 51 4'1983 (RZODG

o)

. 056 R T 009 : i

OVLD

5 OVLD +1.00 0.09 Pass

10 OVLD £1,50 0.00 Pass

128.00 3 -0.08 +0.50 0.10 Pass
5 007 +1.00 0.09 Pass

10 OVLD *1.50 0.08 Pass

118.00 3 -0.00 £ 0.50 0.10 Pass
& -0.08 £1.00 0.09 Pass

10 _ -0.08 +1.50 0.09 Pass

108.00 3 -0.08 +0.50 0.13 Pass
5 -0.10 +1,00 0.0a Pass

10 -0.13 +1.50 0.09 Pass

== End of measurement resulés--

Negative Pulse Crest Factor
200 ps puise tests at 2,0, 12.0, 22.0, 32.0 dB below Overioad Limit

, 0.09 Pass
-0.09 +1 50 ' 0.09 Pass
-- End of measurement resul{s--

Tone Burst
2kHz tone burst tests at 2. 0, 12.0, 22.0, 32.0 dB below Overload Limk

3

5 OVLD + 1.00

3 0.07 +0.50

5 -0.03 +1.00

3 -0.07 +0.50

5 0.01 +1.00

3 -0.07 + 050 L

5 -0.02 % 1.00 0.09 Pass

-- End of measurement resulis—

tson Davis, a division of PCB Piezotronics, Inc Ay, @ _ .
Zian  SLARSONDAVIS
wo, UT 84601, United States % X '

CCREDITED

ety A PCB PIEZOTRONICS DIV.

%y
E?

5
i Cert #5201

-10-12T14:17:28 Page 150f24 00018407 Rev B
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Impulse Detector - Repeat

~7.72
-8.72
5.07

-- End of measurement results—

0.00 Pass
-6.78 0.09 Pass
6.00 0.11 Pass

Impuise Detector - Singie

Impulse D

red according to IEC 60651:2001 9.4,

3 and ANSI S1.4:1883 R20086) 8.4.
ki T

14G -3.67 -5.11 211 X
-B.79 -10.76 -B.76 .10 Pass
-12.83 -14.55 ~1(.55 0.11 Pass
Step 9.73 2.00 11.00 a1 Pass

- End of measurement resulis--

Gain

0 dB Gain

0 dB Gain, Linearity . 0.10 Pass
20 dB Gain 94.01 93.90 0.09 Pass
20 dB Gain, Linearity 23.72 23.30 0.12 Pass
OBA Low Range 94.00 93.90 0.09 Pass
OBA Normal Range 84.00 83.20 84.80 0.08 Pags

r3on Davis, a division of PCB Piezotronics, Inc
81 West 820 North

¥vo, UT 84601, United States

6-684-0001

®LARSON DAVIS

A PCB PIEZOTRONICS DIV,

7-10-12T14:17:28 Page 16 of 24 D00G1.8407 Rey B



1/3-Octave Self-Generated Noise

[T p— .

Measured Level [dB]

10 10.0 1000 +000.0 10000.0 100000.0
Fraquency [Hz]

M Messured  —f=Upper Limi

1550 Pass

14.70 Pass

13.90 Pass

13.10 Pass

12.30 Pass

11.50 Pass

10.70 Pass

9.90 Pass

910 Pass

8.10 Pass

7.10 Pass

8.10 Pass

530 Pass

470 Pass

410 Pass

380 Pass

310 Pass

270 Pass

2.60 Pass

2.60 Pass

2.70 Pass

, 2.80 Pass
1,000.00 -6.74 3.00 Paas
1,250.00 -6.69 3.20 Pags
1,600.00 -6.80 3.50 Pass
2,000.00 -6.56 3.80 Pass
2,500.00 -6,.20 4,30 Pass
3.150.00 -5.53 4.90 Pass
4,000.00 -4.86 570 Pass
5,000.00 -4,32 6.40 Pass
6,300.00 -4.00 7.40 Pass
8,000.00 -3.70 8.60 Pass
10,000.00 -3.20 0.80 Pass
12,500.00 -2.51 11.20 Pass
18,000.00 -1.72 12.680 Pass
20,000.00 -0.84 14.00 Pass

-- End of méasurement resulty--

.arson Davis, a division of PCB Piezotronics, Inc oo, L @
681 West 820 North %ﬁg @b '. LARSON DAVIS

‘rovo, UT 344601, United States
'T6-684-0001

i"

v

i

X sgEmmn A PCR PIEZOTRONICS DIV,
AR Cen. #3622.01

2

017-10-12T 14:17:28 © Page 17 of 24 D0001.8407 Rev B



Broadband Noise Floor

Self—ganeratad nolse measured according to IEC 61672-3 2013 11 2 and ANSI 51.4-2014 Pa_rt 3112

SN e e R T T TR, G A i

-welght Noige Floor 6.98 15.00 Pass
C-weight Noise Floor 12.74 17.30 Pass
Z-weight Noise Floor 22,57 24.50 Pass

— End of measurement resuits-—

Total Harmonic Distortion

Measured usmg 1/3-Octave f Jbers

10 stlgnm Taras 18720  138.80 T008 Pass

THD -75.49 -60.00 0.01 Pass
THD+N -87.21 -60.00 0.01 Pass

== End of measurement results--

Larson Davis, a division of PCB Piezotronics, Inc SOV, ) w
Sowm  CLARSONDAVIS

Provo, UT 84601, United States T A PGB PlEZOTRDN'Cﬁ DIV,

,

716-684-0001 KA

b,

) {

1017-10-12T14:17:28 Fage 18 of 24 D0001.8407 Rev B



111 Octave Fliter: 8.0 Hz
10 e, - ) .

0.0 Fd - - = ™

Measured Level [dB]
5 a
!
\i\
~0
\.
y
E
/
7

w0l "/ | ,
/ N

40 60 a0 0 80 80 _ 10.0 BERTY 120
Frequency [Hz]
100 . .
0.0
E -20.0
g 1o (B PO
E 600
B BOD oo
i 1606 |
-120.0
o 10 100 100.0 10000
Frequency [Hz]
W Momsured = Lowsr Limit =Lloper Lbmii
The SLM is

set io normal range and 0 dB gain. Filter shape measured a i 260:2001 and ANSI $1.11:2004
e bR @E& R L R R

2]

0.50 -95.48 -inf ~-70.00 240 Pass
1.00 -94.45 -inf -681.00 2.20 Pass
2.00 -88.34 -inf -42.00 0.24 Pass
3.08 -75.74 -inf -17.80 0.23 Pass
562 -3.42 -5.00 -2.00 0.09 Pass
8.13 .44 -1.30 0.30 0.09 Pass
6.88 0.18 -0.60 0.30 0.09 Pass
7.29 -0.14 -0.40 0.30 0.09 Pass
7.94 -0.10 -0.30 0.30 0.09 Pass
8.66 -0.07 -0.40 0.30 0.09 Pass
G.44 -0.02 -0.80 0.30 0.09 Pass
10.29 0.03 -1.30 0.30 0.09 Pass
11.22 -3.06 -5.00 -2.00 0.09 Pass
15.85 -102.44 -inf -17.50 130 Pass
362 -110.49 -Inf -42.00 1.70 Pass
63.10 =103.48 -inf -61.00 1.10 Pass
125.89 ’ -105.57 -inf -70.00 1.80 Pass

— End of measurement results--

Larson Davis, a division of PCB Piezotronics, Inc o, . @
1 Vs 30 = &) LARSON DAVIS
Provo, UT 84601, United States Fe iy .

) % § A PCB PIEZOTRONICS DIV.
716-684-0001 @v Cer. £4822.01

W017-10-12T14:17:28 Page 19 of 24 DO001.8407 Rev B
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1/1 Ogtave Filter: 1 kHz

L e [ e e e ‘ ___________ _l_
— =

-

1]

= O P P -

=T ) IS S VAN A D . _ _

k-]

g

§ SR SR ——— S

[T}

& N S .

060 1000.0 11000 1200.0 13000 1400.0 1500.0
Fraquency [Hz]
WO

7y

=

-

g

E

0.0 w0 1000.0 10000.0 160000.0
Fraquency [Hz]
W Measured  ——Lowar Linit ~—==Uppar Liml;

r shapa measured according to IEC 61260:2001 ang AN
Tg‘?@ig’{;ﬁgﬁ \E:?ru.;aﬁf: E ; S %T;“?Ww AN

ik

il L J
63.10 . -70.00 028  Pass
125.89 -96.57 -inf -81.00 0.32 Pass
251.19 -85.48 -inf -42.00 0.18 Pags
501.19 -75.26 -inf -17.50 008 Pass
707.95 -3.15 =5.00 -2.00 0.09 Pass
771.79 022 -1.30 0.30 0.09 Pass
841.40 -0.02 -0.80 0.30 Q.00 Pass
917.28 -0.01 -0.40 0.30 0.09 Pass
1,000.00 0.01 -0.30 0.30 C.09 Pass
1,090.18 -0.03 -0.40 0.30 0.09 Pass
1,188.50 =0.02 -0.80 0.30 0.09 Pass
1,295.69 0.01 -1.30 6.30 0.0¢ Pass
1,412.54 -3.13 -5.00 -2.00 0.09 Fass
1,895.26 -86.27 -inf -17.50 0.26 Pass
3,981.07 -96.64 -inf 42,00 0.26 Pass
7.,943.28 -95.85 -nf -61.00 0.31 Pags
15,848.93 -93.13 -inf -70.00 0.24 Pags

- End of measurement results—-

trsor: Davis, a division of PCB Piezotronics, Ine
81 West 820 North

ovo, UT 84601, United States

6-684-0001

®LARSONDAVIS

A PCB PIEZOTRONICS DIV,

2.10-12T14;17:28 Page 20 of 24 DOU01.8407 Rev B



111 Octave Filter: 16 kHz

F I . —
2 B _
g / " .—r—i - — — "
2 Lo e N o \ S
E N
= 2.0 . / \\
1 / -
-5.0 /
20000 11000.0 13000.0 16000.0 17000.0 190000 21000.0 23600.0
Frequency [Hz]
100 - . -
. 00 W
E 200 |- / \ \
P - < -
-80.0 o ) \ i e, S
B / \ m
.":' -80.0 -————— P wmraen [l ./- \
| [ |
£ -100.0 e / \ ———
-120.0
1000.0 10000.0 100000.0 10000000
Froquency [Hz]
M Measursd  =--Lower Limit =—ULppar Limk
measured according
TR T PR ey

ot

,000. -70.00
1,995.268 -80.48 -inf -61.00 0.09 Pass
3,981.07 -78.97 -inf -42.00 0.10 Pass
7.943.28 -74.50 -inf -17.50 0.10 Pass
11,220.18 -3.03 -5.00 =2.00 0.09 Pass
12,232.07 -0.11 -1.30 0.30 0.08 Pass
13,335.21 0.10 -D.60 0.30 0.09 Pass
14,537.84 0.07 .40 0.30 0.09 Pass
15,848.93 0.04 .30 D.30 0.09 Pass
17,278.26 0.02 0.40 0.30 0.09 Pass
18,836.49 -013 -0.80 0.30 0.09 Pass
20,535.25 -0.25 -1.30 0.30 0.09 Pass
22.387.21 -3.76 -5.00 -2.00 0.00 Pass
31,622.78 -88.77 -inf -17.50 0.09 Pass
63,005.73 -91.04 -inf -42.00 0.10 Pass
125,802.54 -91.20 «inf -61.00 0.09 Pass

== End of measurement results—

.arson Davis, a division of PCB Piezotronics, Inc
(681 West 820 Notth

rovo, UT 84601, United States

16-684-0001

®LARSON DAVIS

A PCB PIEZOTRONICS DIV.

CI¥ED
Con, 4362201

Page2l of 24

017-10-12T'14:17:28 D0601.3407 Rev B



1/3 Octave Fliter: 6.3 Hz

-
o
i
i
H
i
i
i
|
|

e
=]

g
[=]
i

Eeasured Level [dE]

60 82 58 60 64 68 7.2 8
Frequency [Hz]

10.0 . - . e

i E———
[

-50.0 ) |

Measured Leval [dB]

|
-100.0 |---.-% B l

-120.0

10 100 09.0
Frequency [Hz]

M Mopsured = Lawar Limit = Uipper Limit

The SLM is setto normal range and 0 dB gzin Flltar sha measure-d aooqrgpgmm IEg 61260 ?;01 and ANSI £1.11:2004
Fral i & TR '.,_" ',“I-rr.- | b i

0:09 Pass

6.31 -0.14 0.30 0.30 0.0 Pags
6.48 -0.13 -0.40 0.30 0.08 Pags
6.86 -0.12 -0.80 0.30 0.08 Pass
6.86 -0.30 -1.30 0.30 0.09 Pass
7.08 F =285 -5.00 -2.00 0.09 Pass
8.7 9744 =inf -17.50 0.34 Pass
11.87 -118.24 =inf -42.00 1.70 Pass
19.27 -105.62 =inf -61.00 2.50 Pasgs
34.02 -111.07 -inf -70.00 2.10 Pags

-- End of measurement resulis—-

Larson Davis, a division of PCB Piezotronics, Inc

T . . . '
1681 West 820 North SN2 T ®LARSON DAVIS
Provo, UT 84601, United States % %_, A PCB PIEZOTRONICS DIV,
716-684-0001 S (BSERIDTED |

019-10-12T14:17:28 Page 22 of 24 D001, 3407 Rev B
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\\\
R
y
v

800.0 800,0 1000.0 11000 72000
Fraguency [Hz]

10.0

Measured Level [dB]
&
L=]

1200 ' | ] R A

100.0 1000.0 10000
Fraguency [Hz]

W Measured = qwer Limk = Uppwr LimkA

185.46 -83.12
327.48 -86.36 -inf
§31.43 -86.90 -inf
77287 -76.22 -inf
891.25 -3.00 -5.00
919.56 -0.41 -1.30
847,19 0.00 .60
974,02 -0.04 -0.40
1,000.00 0.00 -0.30
1,028.67 0.00 -0.40
1.085.75 -0.01 -0.80
1.087 46 ~0.23 -1.30
1,122.02 -2.96 -5.00
1,204 37 -95.38 -inf
1.881.73 -102.20 -inf
3,053.85 -101.67 =inf
5,391.95 -101.21 -inf

-- End of measurement results—

son Davis, a division of PCB Plezotronics, Inc
81 West 820 Norih

ovo, UT 84601, United States "
6-684-0001 AN

®LARSON DAVIS

A PCB PIEZOTRONICS DI.

[7-10-12T14:17:28 Page 23 of 24 DO0ST 8407 Rev B
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113 Octave Filter: 20 kHz

0.0 L = ™ »

R

[CY 1 3 FRR———— ]

Measured Level [dB]

40 —

+7000.0

10,0

19000.0

20000.9
Fraquency [Hz]

21000

0.0

23000.0

-20.0

-“40.0 L

00 |-

-80.0 |-

Measured Lavel [dB]

31 N S—

.
u

-120.0

'f \- e
[ |

1060.0

10000.0

Frequency [Hz]

1000000

M Whasured  —~Lowsr Limit = Lipper Lima

measured according to |[EC 61260:2001 and Al
e o
AL
-83.56

6,534.02 -82.94 -inf
10,603.35 -84.18 -inf
15,414.88 -75.67 -inf
17,782.79 -2.83 -5.00
18,347.97 -0.30 -1.30
18,898.93 0.08 -0.60
19,434.23 0.02 -0.40
19,952.62 -0.03 -0.30
20,484.85 -0.05 -0.40
21,065.07 -0.11 -0.60
21,697.62 O -1.30
22,387.21 -3.36 -5.00
25,820.16 -89.68 -inf
37,545.40 -87.51 -inf
80,928.37 -04.04 ~inf
107,583.52 -64.89 -inf

. 011 Pass
-42.00 013 Pass
-17.50 0.09 Pass

-2.00 0.00 Pass
0.30 0.09 Pass
0.30 0.09 Pass
0.30 0.09 Pass
030 0.00 Pass
0.3 0.08 Pass
0.30 0.00 Pasg
0.30 0.08 Pass

-2.00 0.09 Pass

-17.60 0.12 Pass
-<42.00 0.11 Pass
-61.00 0.12 Pass
-70.00 0.1 Pass

10000000

-- End of measurement results—-

- End of Report--

Signatory:

Bon Herris

Arson Davis, a division of PCB Piezotronics, Inc
681 West 820 North

rovo, UT 84601, United States

"16-684-0001

017-10-12T14:17.28

N 5

(. £352201
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Scamiel, inc.
CALIBRATION LABORATORY

150 17025: 2005, ANSI/NCSL 2540:1994 part 1
ACCREDITED by NVLAP {an ILAC MRA signatory)

CALIBRATION
NVLAP Lab Code: 200625-0

Calibration Certificate No.41004

Dote Coltbrated: 7/5/201B  Ca! Due: 7/5/2019
Status: " Received Sent
in toferance: - X X
Out of tolerance:
See commenis:
Contains non-gccredited tests: _ Yes _X No

Address: 3 Mill & Main Place, Suite 250,

Microphone
377820

PCB Plezotronics
112245

instrument:
Model:
Manufacturer:
Serial number:
Composed of:

Customer: Epsilen Assoclates, Inc.

TelfFax:

978-897-7100/

Maynard, MA 01754

Tested in accordance with the following procedures and standards;
Calibration of Measurement Microphones, Scantek, Inc., Rev. 2/25/2015

Instrumentation used for calibration: N-1504 Narsonic Test System:

Instrument - Manufacturer

Description

5/N

Cal. Date

- Traceabiflty evidence

Cal. Lab / Accreditation

Cal. Due

483B-Norsanic

SME Cal Unit

31052

Oct 30, 2017

Scantek, inc./ NVLAP

Oct 30, 2018

D5-360-5R5

Function Generator

33584

Oct 24, 2017

ACR Env./ AZLA

Oct 24, 2019

34401 A-Agllent Technolngies

Digltal Yoltmeter -

Us36120731

Cet 35, 2017

ACR Env. / AZLA

Oct 25, 2018

HM3-Thommen

Maeteo Statian

1040170/39633

Oct 25, 2017

ACR Env./ A2LA -

Oct 25, 2018

FC Frogram 1017 Norsonic

Calibration scftware

v.6.1T

Validated Nev
2014

Scantak, Inc.

1253-Norsonic

Calibrator

28326

Nov 10, 2017

Scantek, Inc./ NVLAP

Nov 14, 2013

1203-Norsonic

Praamplifier

14058

Feb 12, 2018

Scantek, Inc./ NYLAP

Feh 12, 2018

4180-Briiel&Kj=r

Microphane

2246115

Oct 24, 2017

* BANAK / DPLA

Qct 24, 2019

Instrumentation and test results are traceable to S - BIPM through stand

and NIST {USA)

ards maintained by NPL (UK)

- Calibrated hy:

Authorized signatory:

Steven E. Marshall

Signatuyre

4 Lydon Dawkin
oL o

Date

Signature

e

Date

/¢ /208
U '

Calibration Certificates or Test Reports shall not be reproduced, except in full, without written approval of the laboratory.

This Calibration Certificate or Test Reparts shall
or any agency of the federal government.

Dacument stored as; Z:\Calbratlon Lab\MIc 2018\PCB377B20_112245_M1.dac

not be used to claim product certification, approval or endorsement by NVLAP, NIST,

Page 1 of2




Results summary: Device was tested and complies with following clauses of mentioned specifications:

_ MEASUREMEMNT
CLAUSES / METHODS?! " NOT NOT EXPANDED

P 3
FROM PROCEDURES MET™ MET | TESTED UNCERTAINTY

(coverage factor 2)

Open circuit sensitivity {insert voltage method, 250 Hz) - X See below

63~ 200Hz: 0.3 dB
200 — 2000 Hz: 0.2 dB
8 —10kHz: 0.5cB
10 — 20 kHz: 0.7 dB
20—-50kHz: 0.9 dB
50—100%Hz: 1.2 dB

Actuator response X

© B3-—200Hz: 0.3 dB
200-4000 Hz: 0.2 B
4-10kHz2: 0.6 dB
10~ 20kHz: 0.9 dB °
20=50kHz: 2.2 dB
50100 kHz: 4.4 dB

Frequency
response . : _
" FF/Diffuse field responses X

31.5-125Hz: 0.16 dB

250, 1000 Hz: 0.12 dB
2=8kHz:08dB

12.5-16 kHz: 24dB

Scantek, Inc, acoustical m_ethod X

1 The results of this calibration apply only to the instrument type with serial number identified in this report.
2 Results are normalized to the referanca condlitions.

3 The tests marked with {*) are not covered by the current NYLAP accréditation.

Note: The free field/diffuse field characteristics were calculated hased on the measurad actuator response and
- adjustment coefficients as provided by the manufacturer. The uncertainties reported for thesa charactaristics may
include assumed urcertainty components for the adjustment coefficients, .

Comments:  The instrument was tested and met all specifications found in the referenced procedures.

Environmental conditions:

- Temperature (°C) - Barometrlc pressure {kPa) : Relative Humidity (%)

223z1.0 100.99 £ 0.020 . 25.0t24

Main measured parameters:

Measured?*/Acceptable

Open circult sensitivity {dB re 1V/Pa) Sensitivity (mV/Pa)

~Tone frequency (Hz}

250 . . L 2615 +0.12/-26.0+15 55,27

4 The raported expanded ur‘h:(-!rI::-url.'ﬂ,nr is calcutated with a coverape factar k=2.00

Tests made with followlng attachments to instrument and auxillary de\nces-

Protection grid mounted for sensnwltv measurements

Actuator type: G.R.A.S. RAQD14

Measured Data: Found on Microphone Test Report # 41004 of one page.

Place of Calibration: Scantek, Inc.

6430 Dobhin Road, Suite € . _ Ph/Fax: 410-290-7726/ -¢167
Columbia, MD 21045 USA ' : callab@scantekinc.com

Callbration Certificates or Test Reports shall not be _rebrciduced, except in full, withoit written approval of the laboratory,

This Calibration Certificate or Test Reports shall not be used to ¢laim product certification, approval or endorsement by NVLAP, NIST,
or any agency of the federal government, .

Document stored as:  Z\Calibration Lab\Mic 2018\PCB377820_112245_M1l.doc ] - Page 2 of 2




Scanren lnc.
CALIBRATIONM LABORATORY

SO 17025: 2005, ANSE/NCSL Z540:1994 part 1
ACCREDITED by NVLAP (an ILAC MRA signatory)

&A ]
CALIBRATION
NVLAF Lab Code: 200625-0

Calibration Certificate No.41003

Date Calibrated:7/5/2018  Cal Due: 7/5/2019

Status: Received Sent

In tolerance: . X X

Out of tolerance:

See comments: ) .

Contwins non-accredited tests: ___Yes X_No

Calibratfon service: __ Basic X Standard

Address: 3 Mill & Main Place, Suite 250,
Maynard, MA 01754

Sound Level Mater

831

Larson Davis

0002154

Micruph'one 377B20s/n 112245
Preamplifler PRMS3L s/n 016477
Type (class): 1 '

Customer: Epsilon Associates, Inc.

Tel/Fax: 978-897-7100 /

Instrument:
Model:
Manufacturer:
Serial number:
Tested with:

Tested in _aocar}iance with the following procedures and standards:
Calibration of Sound Level Meters, Scantek Inc., Rev. 5/26/2015

SLM & Dosimeters — Acoustical Tests, Scantek Inc., Rev. 7/6/2011

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

Traceabillty evidenca
Cal. Date

Description S/N -Cal. Due

Instrument - Manufacturer

€al. Lab / Accreditation

483B-Norsonic

SME Cal Unit

31052

Oct 30, 2017

Scantek, Inc./ NVLAP

Oct 30, 2018 .

DS-360-5RS

Function Generator

33584

Dct 24, 2017

ACR Env.f A2LA

Oct 24, 2019

34401A-Agilent Technologies

Digital Voltmeter

Us36120731

Oct 25, 2017

ACR Env. f AZLA

Oct 25, 2018

HM30-Thomrien

Meteo Station

1040170/39633

Oct 25, 2017

ACR Env./ A2LA

Oct 25, 2018

PC Program 1019 Morsonic

Calibration software

V& 1T

Validated Nov
2014 -

‘Scantek, Inc. -

1251-Norsanfc

0873

Callbratar

Nov 10, 2017

Seantek, Inc./ NVLAP

Mov 10, 2018

Instrumentation and test results are traceable to Sl (International System of Units) through standards
maintained by NIST {USA) and NPL (UK). .

Environmental conditions:

Temperature (°C}

Barometric pressure {kPa}

Relative Humidity (%)

21.4

100.75

52.4.

Calibrated by:

4 Lydon Dawkins 4

Authorized signatory:

Signature

Signature

__Steven E. Marshall

i a

Date

2sf20i &

Crate

Calibration Certificates or Test Reports shall not be repraduced, exceptin full, without written approval af the laboratory.

This Callbration Certificate or Test Reports shall not be used to clalm product certification, approval or endorsement by NVLAP, NIST,
or any agency of the federal governmeant. ’
Document stored  Z:\Calibration Lab\SLM 201840831 (002154 _M1.doc

Page 1 of 2




Results summary: Device complies with following clauses of mentioned specifications:

B _ R EXPANDED
CLAUSES FROM IEC/ANS) STANDARDS ' RESUILT2S UNCERTAINTY
: REFERENCED IN PROCEDURES: . '~ |icaverage factor 2) (cB]

INDICATION AT THE CALIBRATION CHECK FREQUENCY - EC61672-3 ED.3 CLAUSE 0 Passed 0.15
SELF-GENERATED NOISE - IEC 61672-3 ED.2 CLAUSE 11 ' Passed 0.30
FREQUENCY WEIGHTINGS: A NETWORK « EC 61672-3 ED_2.0 CLAUSE 13 Passed 0.20
FREQUENCY WEIGHTINGS: C NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 _ Passed 0.20
FREQUENCY WEIGHTINGS: Z NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 Passed 0.20
FREQUENCY AND TIME WEIGHTINGS AT 1 KHZ IEC 616723 ED.2.0 CLAUSE 14 Passed 0.20
LEVEL LINEARITY ON THE REFERENCE LEVEL RANGE - IEC 61672-3 ED.2 CLAUSE16 Passed 0.25
LEVEL LINEARITY INCLUDING THE LEVEL RANGE CONTROL - iEC 61672-3 ED.2.0 CLAUSE 17 Passed 0.25
TONEBURST RESPONSE - 1EC 61672-3 ED.2.0 CLAUSE 18 Passed 0.30
PEAK C SOUND LEVEL - [EC 616723 ED. 2,0 CLAUSE 13 Passed 0.35
QVERLOAD INDICATION - |EC 61672-3 ED.2.0 CLAUSE 20 Passed 0.25
HIGH LEVEL STABILITY TEST - IEC 61672-3 ED.2.0 CLAUSE 21 _ Passed 0.10
LONG TERM STABILITY TEST - IEC 61672-3 ED.2.0 CLAUSE 15  Passed 0.10
FILTER TEST 1/10CTAVE: RELATIVE ATTENUATION - IEC 61260, CLAUSE 4.4 & #5.3 Passed 025
FILTER TEST 1/30CTAVE: RELATIVE ATTENUATION - IEC 61260, CLAUSE 4.4 & #5.3 Passed 0.25
COMBINED ELECTRICAL AND ACOUSTICAL TEST - IEC 61672-3 ED.2.0 CLALISE 13 Passed See test report

1 The results of this calibration apply only to the Instrument type with serlal number Identified in this report.
2 Parameters are certiffed at actual enviranmental canditions.
‘3 The tests marked with (*} are not coverad by the current NVLAP accreditation. -

Comments: The sound level meter submitted for testing has successfully completed the class 1
periodic tests of IEC 61672-3, for the environmental conditions under which the
tests were performed. As public evidence was available, from an independent
testing organization responsible for approving the resulis of pattem evaluation tests
performed in accerdance with IEC 61672-2, to demonstrate that the model of sound
level meter fully conforms to the requirements in the IEC 61672-2, the sound level
‘meter submitted for testing conforms to the class 1 requirements of IEC 61672-1.

Note: The instrument was tested for the parameters listed in the table above, using the test methods described in the
listed standards. All tests were performed around the reference conditions. The test results were compared with the
manufacturer’s or with the standard’s specifications, whichever are larger. :
Compliance with any standard cannot be claimed hased solely on the periodic tests.

Tests made with the following attachments to the instrument:

Microphone:  PCB Piezotronics 377B20 s/n 112245 for acoustical test

Preamplifier: Larson Davis PRMB31 5/n 016477 for all tests

Other: line adaptor ADPOOS {18pF} for electrical tests

Accompanying acoustical calibrator:  Larsen Davis CAL200 s/n 7146

Windsereen:  none

Measured Data: In Test Report # 41003 of 9 + 1 pages.

Place of Calibratlon: Scantek, fnc.

£430 Dobbin Road, Suite C . Ph/Fax: 410-290-7726/ -5167
Columbia, MD 21045 USA callab@scantekine.com
- . Tr— — .-

Calibration Certificates or Tast Reports shall not be repraduced, except in full, without written approval of the laboratory.

This Calibration Certificate or Test Reports shall not be used to claim praduct certification, approval or endorsement by NVLAP, NIST,
or any agency of the federal government. .

Oocument stored  Z:ACalibratlon Lab\SLM 2018\LDB31_0002154_M1.doc : Page 2 0f2




®

Scanten, inc.

CALIBRATION LABORATORY

I1SO 17025: 2005, ANSI/NCSL Z540:1994 Part 1 h CALIBRATION
ACCREDITED by NVLAP (an ILAC MRA signatory) NVLAP Lab Code: 200625-0

Calibration Certificate N0.39496

instrument: Microphone Date Cafibrated: 10192017 Caf Due: 10/19/2018

Model: 377B20 Status: Received Sent

Manufacturer:  PCB Piezotronics In tolerance: X X

Serial number:  LW130579 Out of tolerance:

Composed of: See comments:
Contains non-accredited tests: __Yes X_No

Customer: Epsilon Associates, Inc. Address: 3 MIll & Main Place, Suite 250,
Tel/Fax: 978-897-7100/ Maynard, MA 01754

Tested in accordance with the followlng procedures and standards:
Calibration of Measurement Microphones, Scantek, Inc., Rev. 2/25/2015

Instrumentation used for calibration: N-1504 Norsonic Test System:

Traceahility evldence
Cal, Lab / Accrediation
Ja83B-Norsenic SME Cal Unit 310652 Oct 26, 2016 scantek, Inc./ NYLAP Oct 26, 2017
DS-260-5RS Function Generator 33584 Oct 20, 2015 ACR Env.f AZLA Oct 20, 2017
34401A-Agilent Technologies Digltal Voltmeter MY41022{43 Sep 9, 2017 ACR Env. f AZLA Sep 5, 2018
HmM30-Thommen Meteo Station 1040170/39633| Nov 1, 2016 ACREnu/ AZLA Neov 1, 2017

PC Program 1017 Norsenic Calibration software v.B1T Val’ic;;;: Nev Scantek, inc.

1253-Narsonic Callbrator ) 28326 Nev 10, 2016 Scantek, Inc.f NVLAP Moy 10, 2017
12403-Norsonic Preamplifier ' 14059 Feb 13, 2017 Scantek, Inc./ NVIAP Feh 13, 2013
4180-Briie!8Kjeer Microphone 2246115 Oct 26, 2015 NPL-UK / UKAS Oct 26, 2017

Cal. Due

Instrument - Manufacturer Description S/N Cal, Date

instrumentation and test results are traceable to S! - BIPM through standards maintained by NPL (UK}
and NIST {USA)

Calibrated by: | /} Lydon Dawking Authorized signatory:
Signature gt/ Keon Signature
Date foliajde 17 Date

Calibration Certiflcates or Test Reports shall not be reproduced, except in full, without written approval of the laboratory.

This Calibration Cartificate or Test Reports shall not be used to daim product certification, approvai or endorsemant by NYLAP, NIST,
or any agency of the federal govemment.

Document stored as; Z:\Calibration Laby\Mic 2017\PCB377B20_LW130579_M1.doc Page 10f2




Results summary: Device was tested and complies with following clauses of mentioned specifications:

MEASUREMENT
CLAUSES / METHODS! NOT | NOT EXPANDED

3
FROM PROCEDURES MET®® | MET | TESTED UNCERTAINTY

{coverage factor 2}
Open circuit sensitivity {insert voltage method, 250 Hz) X See below
- 63— 200Hz: 0.3 dB
200-8000 Hz: C.2 dB
8-10kHz: 0.5 dB
10—-20kHz: 0.7 dB
20—-50 kHz: 0.9 dB
50 -100 kHz: 1.2 dB
63-200Hz: 0.2 dB
200—-4000 Hz: 0.2 dB
4-10kHz: 0.6 dB
10-20 kHz: 0.9 dB
20-50kHz: 2.2 dB
50 ~ 100 kHz: 4.4 dB
31.5~125Hz: 0.16 dB
250, 1000 Hz: 0.12 dB
2~8KkHz:03dB
12,5- 16 kHz: 2.4 dB
1 The results of this calibration apply only to the nstrument type with serial number identitied in this repert,
2 Results are normallzed ta the reference conditions.
3 The tests marked with (*} are not covered by the current NVLAP accreditation.

Actuator response X

Frequency
response
FF/Diffuse field responses X

Scantek, Inc. acoustical method X

Note: The free field/diffuse field characteristics were calculated based on the measured actuator response and
adjustment coefficients as provided by the manufacturer. The uncertainties reported for these characteristics may
Include assutned uncertainty components for the adjustment coefficients.

| Comments:  The instrument was tested and met all specifications found in the referenced procedures. |

Environmental conditions:

Temperature {°C) Barometric pressure (kPa) " Relative Humidity (%)
23.2+10 100.75 1 0.020 435132
Main measured parameters:
Measured? /Acceptable .
H V/P
Tone frequency (Hz) Open circuit sensitivity {d8 re 1v/Pa) Sensitivity {(mV/Pa)
250 -26.87 £0.12/-26.0 £1.5 45.36

4 The reported expanded uncertainty is ealeulated with a caverage factor k=200
Tests made with fallowing attachments to [nstrument and auxiliary devices:
Protection grid mounted for sensitivity measurements
Actuator type: G.R.A.S. RADD14
Measured Data: Found on Microphone Test Report # 39496 of one page.
Place of Calibration: Scantek, Inc. _
6430 Dobbin Road, Suite C : Ph/Fax: 410-290-7726/ -9167
Columbia, MD 21045 USA callab@scantekine.com

L

Calibration Certificates or Test Reports shail not be reproduced, except in full, without written approval of the labaratory.
This Calibration Certificate or Test Reports shall not be used to claim product certlfication, approval or endarsement by NVLAP, NIST,
or any agency of the federal government. .

Docurnent stored as:  Z:\Calibration Lab\Mic 2017\PCB377B20_LwW130575_M1.doc Page 2 of 2
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Scantek lnc

CALIBRATION LABORATORY

IS0 17025: 2005, ANSI/NCSL Z540:1994 part 1
ACCREDITED by NVLAP {an ILAC MRA signatory)

CALIBRATION
NVLAP Lab Code: 200625-0

NYIAD

Calibration Certificate -No.39495

Date Cafibroted: 10232017 Cof Due: 102372018

Status: Recelved Sent

in tolerance: X X

Out of tolerance:

See comments!

Contains non-accredited tests: _ Yes X No

Colibration service: __ Basle X Standard

Address: 3 Mill & Main Place, Sulte 250,
Maynard, MA 01754

Instrument: Sound Level Meter

Muadel: 831

Manufacturer:  Larson Davis

Seriaf nimber: 0003047

Tested with: Microphone 377820 s/n LW130579
Preamplifier PRMB31 s/h 023825

Type (classj: 1

Customer: Epsllon Associates, Inc.

Tel/Fox: 978-897-7100 /

Tested in accordance with the following procedures and standards;
Calibration of Sound Level Meters, Scantek Inc., Rev. 6/26/2015

SLM & Dosimeters = Acoustical Tests, Scantek Inc., Rev. 7/6/2011

Instrumentation used for calibration: Nor-1504 Norsonic Test System:

Traceahllity avidence

Instrument - Manufacturer Cal. Date Cal. Due

Description SN

Cal. Lab f Accreditation

433B-Norsonic

SME Cal Unit

31052

Oct 26, 2016

Scantek, Inc.f NVLAP

Oct 26, 2017

D5-360-5R5

Function Generator

51646

Sep 20, 2017

ACR Env. f AZLA

Sep 20, 2018

34401 A-Agtlent Technologies

Digital Valtmeter

MY41022043

Sep 9, 2017

ACR Env, / AZLA

5ep.9, 2018

HM30-Thommen

IMeten Station

1040170/35633

Nov 1, 2016

ACR Env./ AZLA

Mov1, 2017

PC Program 1019 Norsonic

Calibratlon software

w5 1T

Validated Nov
2014

Scantek, Ing.

125 1-Narsonic

Calibrator

30878

Nov 10, 2016

Scantek, Inc./ NVLAP

Nov 10, 2017

Instrumentation and test results are traceable to Sl {International System of Units) through standards
malntained by NIST {USA) and NPL {UK).

Environmental conditions;

Temperature {*C)

Barometric pressure (ikPa)

Relative Humidity (%)

229

101.02

50.8

Calibrated by:

4 Lydon Dawking

Authorized signatory:

¢ William DGallaghery

Signature

Date

| Y0t28/3017

Signature

YA jai)

Date

Lofrt )2t 7

Calibration Certificates or Test Reports shall not be reproduced, axcept In full, without written approval of the [aboratory.

This Calibration Certificate or Test Reports shall not be used to claim product certification, approval or endosserment by NVLAP, NIST,

or any agency of the faderal government.
Document stored  Z:\Calibration Lab\SLM 2017\LD831_0003047_M1.doc

Page 1 of 2




Results summary; Device complies with following clauses of mentioned specifications:

1 EXPANDED
CLAUSES FROM IECYANSI STANDARDS : RESLILT?? UNCERTAINTY
REFERENCED |N PROCEDURES: {coverage factar 2) [dB]

INDEICATION AT THE CALIBRATION CHECK FREQUENCY - IECA1672-3 £D.2 CLALISE 10 Passed 0.15
SELF-GEMERATED WQISE - IEC 61672-3 ED.2 CLALISE 11 Passed 0.20
FREQUENCY WEIGHTINGS: A NEYWORK - IEC 61672-3 ED.2.0 CLAUSE 13 Passed 0.20
FREQUENCY WEIGHTINGS: C NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 Passed 0.20
FREQUENCY WEIGHTINGS: Z NETWORK - IEC 61672-3 ED.2.0 CLAUSE 13 Passed 0.20
FREQUENCY AND TIME WEIGHTINGS AT 1 KHZ |EC 61672-3 ED.2.0 CLAUSE 14 Passed .20
LEVEL LINEARITY ON THE REFERENCE LEVEL RANGE - IEC 61672-3 ED.2 CLAUSE 16 Passed 0.25
LEVEL LINEARITY INCLUDING THE LFVEL RANGE COMTROL « [EC 51672-3 £D.2.0 CLAUSE 17 Rassed 0.25
TONEBURST RESPOMSE - IEC 61672-3 ED.2.0 CLAUSE 18 Passed 0.30
PEAK C SOUND LEVEL - [EC 61672-3 E0.2.0 CLAUAE 19 . Passed 0.35
OVERLOAD IWOCICATION - [EC 51672-3 EL.2.0 CLALSE 20 Passed 0.25
HIGH LEVEL STABILITY TEST « IEC £1672.3 ED.2.0 CLAUSE 21 : Passed 0.10
LOMG TERM STABILIYY TEST - IEC £1672-3 ED.2.0 CLAUSE 15 Passed .10
EILTER TEST 1/10CTAVE: RELATIVE ATTENUATION - JEC 61260, CLAUSE 4.4 & #5.3 Fassed 0.25
FILTER TEST 1/30CTAVE: RELATIVE ATTENMUATION - IEC 61260, CLALSE 4.4 & #5,3 Passad .25
COMBINED ELECTRICAL AND ACOUSTICAL TEST - IEC 61672-3 ED.2.0 CLALSE 13 Passed See test report

1 The results of this calibration apply anly to the instrument type with serial number Identified in this report.
2 parameters are certified at actual envircnmental conditions,
3 The tests marked with (*) are not covered hy the current NVLAP accreditation,

Comments: The sound level meter submitted for testing has successfully completed the class 1
periodic tests of IEC 81672-3, for the environmental conditions under which the
tests were performed. As public evidence was available, from an independent
testing organization responsible for approving the rasults of pattern svailuation fests
performed in accordance with IEC 61672-2, to demonstrate that the model of sound
level meter fully conforms to the requirements in the IEC 61872-2, the sound level
meter submitted for testing conforms to the class 1 _requirements of IEC 61672-1,

Note: The instrument was tested for the parameters listed in the tabla above, using the test methods described in the
listed standards. All tests were performed around the reference conditions. The test results were compared with the
manufacturer's or with the standard’s specifications, whichever are larger.

Compliance with any standard canneot be claimed based solely on the periodic tests.

Tests made with the following attachments to the instrument:

Microphone;  PCB Piezotronics 377820 s/n LW130579 for acoustical test

Preamplifier: Larson Davis PRMB831 5/n 023825 for all tests

Other: line adaptor ADPD0S (18pF) for electrical tests

Accompanying acoustical calibrator:  Larson Davis CAL200 5/n 7147

Windscreen: none

Measured Data: in Test Report # 39495 of 9 + 1 pages.

Place of Calibration: Scantek, inc. _
5430 Dobbin Road, Suite C Ph/Fax: 410-290-7726/ 9167

Columbiz, MD 21045 USA . callab@scantekinc.com

Calibration Certificates or Test Reports shall not be reproduced, except in Full, without written approval of the lahoratory,

This Calibration Certificate or Test Reperts shall not be used to claim product certification, approval or endorsément by NVLAP, NIST,
or any agency of the federal government. :

Daocument stored  Z:\Calibration Lak\SLM 2017\LD831_0003047_M1.doc Page 20f 2




Certificate of Calibration and Conformance

This document certifies that the instrument referenced below mests published spscifications per
Procedure PRD-P263; ANSI 51.4-1983 (R 2006) Type 1; 51.4A-1985; §1.43-1897 Type 1; §1.11-
2004 Octave Band Class C; 51.25-1991; [EC 61672-2002 Class 1; 60651-2001 Type 1; 60804-2000
Type 1, 61260-2001 Class 0; 61252-2002.

Manufacturer: Larson Davis Temperature; 78.2 °F
Mode! Number: 831 2567 L)
Serial Number: 2544 Rel. Humidity: 20.3 %
Customer: TMS Rental Pressura: 10049 mpars
Description: Sound Level Meter 1004.9 hPa
Note: As Found/As Left: In Tolerance

Upon receipt for testing, this instrument was found to be:
Within the stated tolerance of the manufacturer's specification.

Calibration Date: 3/23/2018 Calibration Dus:
Calibration Standards Used:
Manufacturer
Stanford Research Systems

Cal Due
4/25/2018

Model |
DS360 |

Serial Number
123270

This Gertificate attests that this instrument has been calibrated under the stated conditions with Measurement and
Test Equipment (M&TE) Standards traceable to the National Institute of Standards and Technology (NIST). All of the
Measurement Standards have been calibrated to their manufacturers’ specified accuracy / uncertainty. Evidence of
traceability and accuracy is on fiie at The Modal Shop and/or Largon Davis Corporate Headquartera. An acceptable
accuracy ratio between the Standard(s) and the item calibrated has baen maintained. This instrument meats or
exceeds the manufacturer's published specification unless noted.

The results documented in this certificate relate only to the item(s) calibrated or tested. Calibration intervai
assignment and adjustment are the responsibility of the end user. This cerlificate may not ba reproduced, except in

full, without the written approval of The Modal Shap.

3148 East Kemper Road
Clncinpati, OH. 45241

Technician: Adam Magee Signature;

€¢I THE MODAL SHOP

A PCB GROUP CO.

PRD-F242 revB .July 25, 2016

Fhone: (518) 351-6919
(800) B60-4867
www.maodalshap.com

Page 1 of 1




[oprs T R B 3149 Sast Kemper Rd
- MODAL Cineinnati, OH 45241
o SHOP . v . Ph: 513-351-9919
22 AR ~Certificate of Calibration~ Fax: 513-4582172
i APCRGROUR D, waw,modalshop,com
Manufactarer: PCB Customer: TMS Rental
Model Number: 377B20 Address:
Serial Number: 125687
Asget ID: 44387 Calibration Date: Feb 20, 2018 156:03:28
Description: Random Microphene Due Date:
Sensitivity: 250 Hz 1kHz Temperature: 8027y “F{°C)
2312 -3573 dBre. 1V/Pa Humidity: 43 %
51.77 51.68 mV/Pa Ambient Pressure: 997.4  mbar
Cal. Results: In Tolerance Polarization Voltage: 0 VDC
5 T
0 - -
oY
||||||||||||| \-‘q'
-] -5 1 Frequency Response Characteristics | The upper cutve is the random incidence
characteristic for the microphone with proteetion, grid, The lower curve is the
pressure response recorded by elsctrostatie actator.
-10
Sensitivity : The stated sensitivity ia the open-circuit sengitdvity. When used with a
typical preamplifier the sensitivity will be (.2 dB lower.
-15 pummpuny
1¢ 100 1000 10000
Frequency [Hz]
Traceability:  The calibration is tracesble through 6/3/284413-14.
MNotes: Calibration results relate only to the items calibrated.
This certificate msay not be repraduced, except in full, without writlen peroission.
This calibration is performed in compliance with ISC 8001, ISO 17025 and ANSI Z540.
Measurement ancertainty (250 Hz sensitivity calibration) at 95% confidence level: 025dB
Calibrated per procedure PRD-P204.
User Note: As Found / As Left: In Tolerance
Frequency Response with reference to level at 250 Hz
Frequency Upper Frequency Upper Freguency Upper  Frequency Upper
(Hz) (dB) Hzy - (dB) (kIz) (dB} (Hz) «B)
20 0.24 €30 013 4500 0.05
25 021 800 0.06 5000 0.19
ki -0.05 1006 0.01 S600 .20
40 0.07 1120 -0.01 G300 0.30
50 011 1250 0.02 71 035
63 0.05 1400 0.03 8000 Q44
50 0.01 16 0.0 9000 055
100 0.01 1800 004 10000 B.42
125 0.01 00 0.06 11200 0.13
160 001 240 0.02 12500 044
200 0.01 2500 (.04
150 0.00 1800 003
kA E 0.06 3150 0.04
400 0.06 3550 0.06
500 0.02 4000 0.03
Techniclan: Bradly Haermeyer Reference Equipment Used:
R Manyf. Model Serial Cal. Date Due Date
Approval: Bl Py GRAS  40AG 58094  9/6/2017  9/6/2018

Calibration Lab

CALIBRATION CERT 2648.01 Paﬁe 1ofl




Certificate of Calibration and Conformance

This document certifies that the instrument referenced below meets published specifications per
Procedure PRD-P263; ANSI $1.4-1983 (R 2006) Type 1; 51.4A-1985; 51.43-1997 Type 1; S1.11-
2004 Octave Band Class 0; §1.25-1991; IEC 61672-2002 Class 1; 60651 -2001 Type 1; 60804-2000
Type 1; 61260-2001 Class 0; 61252-2002.

Manufacturer: Larson Davis Temperature: 721 °F
Model Number: 831 22.28 o0
Serlal Number: 3307 Rel. Humidity: 418 o,
Customer: TS Rental Pressure: 1000.2 mbars
Description: Sound Level Meter 1000.2  pPa
Note: As Found/As Left: In Tolerance

Upon receipt for testing, this instrument was found to be:

Within the stated tolerance of the manufacturer's specification.
Calibration Date: 2/16/2018 Calibration Due:
Callbration Standards Used:
Manufacturer Model Serial Number Cal Due
Stanford Research Systems D3360 123270 4/25/2018

This Gertificate attests that this instrument has been calibrated under the stated conditions with Measurement and
Test Equipmsnt {M&TE) Standards traceable to the Nationa! Institute of Standards and Technology (NIST). All of the
Measurement Standards have been calibrated to their manufacturers’ specifled accuracy f uncertainty. Evidence of
traceability and accuracy is on filg at The Madal Shop and/or Larson Davis Corporate Headguaners, An acceplable
accuracy ratio between the Standard(s) and the item calibrated has been maintained. This instrument meets or
exceads the manufacturer's published specification unless noted.

The results documented In this certificate relate only to the item(s) cafibrated or tested. Calibration interval
assignment and adjustment are the responsibility of the end user. This cerificate may not be reproduced, except in

full, without the written approval of The Modal Shop.

Technician: Adam Magee Signature:
(g 3149 East Kemper Road
{(r Cincinnati, OH. 45241
\ Phone: {813) 351-8919
(800) 860-4867
A FCB GROUP GO, www.modalshop.com

PRD-F242 revB July 25, 2016 Page 1 of 1



Manufacturer;
Model Number; 377B20
Serial Number: LW134176

FCB

3149 Bast Komper d.
Cinclnnati, OH 45241

. . . Ph: 513-351-9915
~Certgﬁcare Of Calibration~ Fax: 513-458-2172
www.modailshop.com
Customer: TMS Rental
Address:

Asset ID: Calibration Date: Mar 23, 2018 10:44.28
Description: Random Microphone Dee Date:
Sensitivity: 250 Hz 1 kHz Temperature: 7323) °F{*C)
-26.07 26,09 dBre. 1V/Pa Humidity: 26 %
49.74 4962 mVY/Pa Ambient Pressure: 1005  mbar
Cal, Results: In Tolerance Polarization Voltage: i} VD¢
5 - _
i [ 1 7
0
[ S C
= 5 ! P ] -
Frequency Response Characteristics : The upper coeve is the randam incidence L e
characterigtie for the microphone with protection prid. The lower curve is the e i &
-ig 4 Pressure response recorded by electrustatic actuator.
Sensitivity : The stated sensitivity is the Gpen-circuit sensitiviey. When yed with a
15 typical preamplifier the sensitivity will be 0.2 dB lower, . t
t T T 10600
Frequency [Hz]
Traceability:  The calibration is traceable through NIST Project A 1633,
Notes: Calibration resuits relate only to the jtems caiibrated.
This certificate may not be reproduced, except in full, without written permtission,
This czlibration is performed in compliance with ISO 9001, ISO 17025 and ANSI Z540.
Measurement uncertainty (250 Hz sensitivity calibration) at 95% confidence level: 030 4B
Calibrated per procedure PRD-P204,
User Note: As Found / As Lefi: In Tolerance,

Calibration Lab

Frequency Response with reference to level af 250 Hz

Freqnency Upver Frequency

(Hz) (B} {H=n
0 -0.17 &30
25 -0.27 800

LS .14 1001
40 .07 1120
50 0.03 1250
3 0.02 1400
0 0.00 1600

100 .00 1800
125 0.00 2000
160 0.00 2240

200 0.00 23500

150 0.00 2800

s 0.06 3150

400 .06 3550

500 Q.02 4000

Technician: Ed Devlin

Approval: C“‘Z'h/ 2 & 'L‘

CALIBRATION CERT 2649.01

Upper

{dE)
0.13
0.06
0.00
-0.01
0.02
Q.03
0.

0.02
004
-0.01
-0.08
-0.07
002
054
-0.08

Frequemcy Upper Frequency Upper

(Hz) dB) Mz {dp)
4500 -0.09
5000 -0.07
5600 -0.02
6300 0.03
7100 0.01
8000 0.02
2000 0.14
10000 -0.05
11200 -0.57
12500 097
Reference Equipment Used:

Manuf  Model Serial Cal, Date  Due Date
GRAS  40AG 9542 212212018 /2202019

Pge laof |




Appendix D

Logan International Airport NWS Data



U.S. Department of Commerce Local Cli matological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Hourly Observations 151 Patton Avenue
National Environmental Satellite, Data, and Information Service September 2018 Asheville, North Carolina 28801
Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W Generated on 09/25/2018
Station: BOSTON, MA US 14739
D : Dry Bulb Wet Bulb Dew Point ; . ; ; Net 3- Sea : Alti-
a | Time Sta- Sky Visi- Weather Type (see documentation) Temp Temp Temp Rel | Wind | Wind | Wind | Station Press. Hr Level | Report Precip meter
t [ (LST) tion | conditions bility Hé‘m Speed| Dir |Gusts| Press Tend | Change [Press.| Type Total Setting
e Type AU | AW | MW ®»|l© | E | o©f e | © % | (MPH) | (Deg) [(MPH)| (inHg) (inHg) | (inHg) (in) | NinHg)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
SCT:04 7
130012 | 7 |Quc-osal | 10-00 67 | 194 | 66 | 188 | 65 | 183 | 93 5 020 30.25 FM-16 30.28
BKN:07 39
13 | 0054 7 BKN:07 47 5.00 |RA:02 BR:1 |RA |RA 67 19.4 66 18.8 65 18.3 93 5 020 30.25 5 +0.01 30.28 | FM-15 | 0.02 30.28
OVC:08 65
13 | 0100 4 41 4.97 [||IRA 67 19.4 66 18.8 65 18.3 93 5 020 30.26 5 +0.01 30.28 | FM-12
13 | 0104 UL, | 300 |RA02BR:1IRA [RA 67 | 104 | e6 | 188 | 65 | 183 | 93 6 | 360 30.25 FM-16 | 0.03 | 30.28
SCT:04 6
13 | 0113 7 BKN:07 22 2.50 |RA:02BR:1|RA|RA 67 19.4 66 18.8 65 18.3 93 5 330 30.26 FM-16 | 0.06 30.29
OVC:08 41
BKN:07 6
13 | 0116 7 BKN:07 22 2.50 |VCTS:7 +RA:02 BR:1 |RA |RA 67 19.4 66 18.8 65 18.3 93 6 330 30.26 FM-16 | 0.07 30.29
OVC:08 43
BKN:07 8
13 | 0129 7 BKN:07 24 3.00 |RA:02 BR:1 |RA |RA 67 19.4 66 18.8 65 18.3 93 5 020 30.25 FM-16 | 0.11 30.28
OVC:08 90
SCT:04 8
13 | 0136 7 BKN:07 22 3.00 |+RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 7 060 30.24 FM-16 | 0.13 30.27
OVC:08 90
SCT:04 8
13 | 0138 7 BKN:07 55 2.50 |+RA:02 BR:1|RA |RA 66 18.9 65 18.2 64 17.8 93 7 060 30.24 FM-16 | 0.14 30.27
OVC:08 90
FEW:02 8
13 | 0152 6 BKN:07 55 3.00 |+RA:02 BR:1 |RA |RA 66 19.0 65 18.2 64 18.0 94 6 040 30.25 FM-16 30.28
OVC:08 90
FEW:02 8
13 | 0154 7 BKN:07 55 3.00 |+RA:02 BR:1|RA |RA 66 18.9 65 18.5 65 18.3 96 6 030 30.25 30.27 | FM-15 | 0.22 30.28
OVC:08 100
BKN:07 20
13 | 0243 7 BKN:07 33 7.00 |-RA:02 |RA |RA 66 18.9 65 18.2 64 17.8 93 5 020 30.25 FM-16 | 0.05 30.28
OVC:08 110
13 [ 0254 7 BKN:07 19 7.00 |-RA:02 |RA |RA 66 18.9 65 18.2 64 17.8 93 3 010 30.25 30.28 [ FM-15 | 0.05 30.28
13 | 0330 7 EEKIVCCJ)7211290 5.00 |RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 7 020 30.24 FM-16 | 0.04 30.27
13 | 0354 7 BKN:07 110 | 5.00 |RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 7 010 30.25 6 +0.00 30.28 | FM-15 | 0.07 30.28
13 [ 0400 4 4.97 [||RA 66 18.9 65 18.2 64 17.8 93 7 010 30.26 6 +0.00 30.28 [ FM-12
SCT:04 6
13 | 0404 7 SCT:04 70 4.00 [RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 7 350 30.26 FM-16 | 0.02 30.29
BKN:07 110
BKN:07 6
13 | 0414 7 BKN:07 12 4.00 [RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 8 330 30.27 FM-16 | 0.04 30.30
OVC:08 110
BKN:07 7
13 | 0454 7 BKN:07 12 3.00 |-RA:02 BR:1 |RA |RA 66 18.9 65 18.2 64 17.8 93 7 020 30.27 30.30 | FM-15 | 0.08 30.30
OVC:08 110
FEW:02 7
13 | 0501 7 BKN:07 14 9.00 |-RA:02 |RA |IRA 66 18.9 65 18.2 64 17.8 93 7 020 30.27 FM-16 | 0.01 30.30
OVC:08 21
FEW:02 14
13 | 0531 6 OVC:08 21 10.00 66 18.9 65 18.2 64 17.8 93 7 030 30.27 FM-16 30.30
13 [ 0554 | 6 |FEN0212 | 400 [BR1|| 65 | 183 | 64 | 177 | 63 | 172 | 93 | 7 | 040 30.27 3030 |FM-15| T | 3030




FEW:02 11

13| 0612 | 6 |SCT:0420 |10.00 66 | 189 | 64 | 179 | 63 | 172 | 90 | 8 | 020 30.27 FM-16 30.30
OVC:08 32
FEW:02 12
13 | 0652 | 6 |FEW0212 | 1000 66 | 100 | 64 | 179 | 63 | 170 | 88 | 5 | 010 30.28 FM-16 3031
13 | o654 | 7 |HoM9212 | 1000 67 | 194 | 5 | 181 | 63 | 172 | 87 5 | o010 30.28 -0.03 |30.31|sy-MT| 0.00 | 3031
130754 | 7 |Hom9222 | 1000 68 | 200 | 65 | 183 | 63 | 172 | 84 o | ooo 30.30 3032 | FM-15 | 0.00 | 30.33
FEW:02 12
13 | ogs4 | 7 |FEW0212 4600 68 | 200 | 65 | 183 | 63 | 172 | 84 | 6 | 090 30.30 3033 | FM-15 | 0.00 | 30.33
FEW:02 12
13 | 0023 | 7 |sCT:0424 |10.00 69 | 206 | 65 | 185 | 63 | 172 | 81 | 6 | 130 30.30 FM-16 3033
OVC:08 31
FEW:02 12
13 | 0954 | 7 |BKN:0731 |10.00 69 | 206 | 65 | 185 | 63 | 172 | 81 | 7 | 060 30.30 .0.02 |30.33|FM-15| 0.00 | 3033
OVC:08 38
13 | 1000 | 4 |15 9.94 69 | 206 | 65 | 185 | 63 | 172 | 8L | 7 | 060 30.31 002 |30.33 | FM-12
BKN:07 22
13 | 1009 BKNO7 22 | 10.00 69 | 206 | 65 | 185 | 63 | 172 | 81 080 30.30 FM-16 3033
BKN:07 19
13 [ 1054 | 7 |BKNOTL9 110,00 69 | 206 | 66 | 188 | 64 | 178 | 84 | 7 | 080 30.29 3032 | FM-15 | 0.00 | 30.32
FEW:02 12
13 | 1154 | 7 |FEW0212 4600 70 | 211 | 66 | 187 | 63 | 172 | 79 | 8 | o070 30.27 3030 | FM-15 | 0.00 | 30.30
13 | 1254 | 7 |EoN0222 | 1000 70 | 211 | 65 | 184 | 62 | 167 | 76 070 30.27 +0.03 | 3029 | FM-15| 0.00 | 30.30
13 | 1300 | 4 |15 9.94 70 | 211 | 65 | 184 | 62 | 167 | 76 | 8 | 070 30.28 +0.03 | 30.29 | FM-12
FEW:02 10
13 | 1354 | 7 |BKN:0717 | 10.00 70 | 211 | 65 | 181 | 61 | 161 | 73 | 6 | 090 30.27 3029 | FM-15 | 0.00 | 30.30
0OVC:08 23
FEW:02 10
13 | 1454 | 7 |scT:0418 |10.00 70 | 211 | 65 | 184 | 62 | 167 | 76 | 5 | VvRB 30.27 30.20 | FM-15 | 0.00 | 30.30
OVC:08 24
FEW:02 11
13 | 1554 | 7 |FEWOZIL | 10,00 70 | 211 | 65 | 184 | 62 | 167 | 76 | 6 | 080 30.26 +0.01 |30.29 | FM-15| 0.00 | 30.29
13 | 1600 | 4 |15 9.94 70 | 211 | 65 | 184 | 62 | 167 | 76 080 3027 7001 | 30.29 | FM-12
FEW:02 12
13 | 1619 | 7 |sCT:0425 |10.00 70 | 211 | 65 | 184 | 62 | 167 | 76 | 5 | 090 30.26 FM-16 30.29
BKN:07 34
SCT.04 25
13 | 1654 | 7 |3ET0425 | 1000 70 | 211 | 65 | 184 | 62 | 167 | 76 | 5 | 070 30.25 30.28 | FM-15 | 0.00 | 30.28
FEW:02 25
13 | 1754 | 7 |sCT:0439 |10.00 68 | 200 | 64 | 180 | 62 | 167 | 81 | 6 | 150 30.25 3027 | FM-15 | 0.00 | 30.28
SCT:04 75
FEW:02 23
13 | 1854 | 7 |FEw:0240 |10.00 68 | 200 | 64 | 177 | 61 | 161 | 78 | 6 | 160 30.25 +0.01 |30.28 | FM-15| 0.00 | 30.28
SCT:04 75
13 | 1900 | 4 |26 9.94 68 | 200 | 64 | 17.7 | 61 | 161 | 78 160 30.26 +0.01 | 30.28 | FM-12
13 1054 | 7 |EEW:0225 | 10.00 68 | 200 | 64 | 177 | 61 | 161 | 78 | 5 | 200 30.26 3029 | FM-15 | 0.00 | 30.29
FEW:02 13
13 | 2054 | 7 |scT:0422 |10.00 69 | 206 | 65 | 182 | 62 | 167 | 78 | 3 | 260 30.26 3029 | FM-15 | 0.00 | 30.29
BKN:07 130
13 | 2154 | 7 |SCT:.0422 | 10.00 67 | 194 | 64 | 178 | 62 | 167 | 84 | 5 | 190 30.25 20.00 |30.28 | FM-15| 0.00 | 30.28
13 | 2200 | 4 |26 9.94 67 | 104 | 64 | 178 | 62 | 167 | 84 | 5 | 190 30.26 000 |30.28 | FM-12
13 | 2254 | 7 |SCT.0422 | 10.00 66 | 180 | 64 | 175 | 62 | 167 | 87 | 0 | 000 30.24 30.27 | EM-15 | 0.00 | 30.27
13 | 2354 | 7 |CLR.00 10.00 65 | 183 | 63 | 173 | 62 | 167 | 9 | 0 | 000 30.24 30.27 | FM-15 | 0.00 | 30.27
14 | 0054 | 7 |CLR.00 10.00 66 | 189 | 64 | 175 | 62 | 167 | 87 | 0 | 000 30.24 +0.02 | 30.27 | FM-15 | 0.00 | 30.27
14 | 0100 | 4 9.94 66 | 180 | 64 | 175 | 62 | 167 | 87 | 0 | 000 30.25 10.02 | 30.27 | FM-12
14 | 0154 | 7 |CLR.0O 10.00 66 | 189 | 64 | 175 | 62 | 167 | 87 | 5 | 300 30.23 30.26 | FM-15 | 0.00 | 30.26
14 | 0254 | 7 |OvVC0837 | 10.00 66 | 189 | 64 | 179 | 63 | 172 | 9 | 5 | 300 30.23 30.26 | FM-15 | 0.00 | 30.26
14 | 0352 | 6 |OVC0827 | 10.00 66 | 190 | 64 | 179 | 63 | 170 | 88 | 5 | 280 30.24 FM-16 30.27
14 | 0354 | 7 |OVC.08 27 | 10.00 67 | 194 | 65 | 181 | 63 | 172 | 87 | 3 | 280 30.24 20.00 | 3027 | FM-15 | 0.00 | 30.27




14 (0400 | 4 |26 9.94 67 | 194 | 65 | 181 | 63 | 172 | 87 3 | 280 30.25 20.00 | 3027 FM-12
14 | 0454 | 7 |OVC:08 27 | 10.00 67 | 194 | 65 | 181 | 63 | 172 | 87 3 | 010 30.25 30.27 | FM-15 | 0.00 | 30.28
14 | 0554 | 7 |OVC:0830 | 8.00 67 | 194 | 65 | 184 | 64 | 178 | ol 0 | 000 30.26 30.28 | FM-15 | 0.00 | 30.29
14 | 0654 | 7 |OvC:0831 | 7.00 68 | 200 | 66 | 186 | 64 | 17.8 | 87 3 | 360 30.26 0.01_ | 30.29 | FM-15 | 0.00 | 30.29
14 | 0700 | 4 |26 6.84 68 | 200 | 66 | 186 | 64 | 17.8 | 87 3 | 360 30.27 20.01 | 3029 | FM-12
14 | 0754 | 7 |BKN:0735 | 7.00 71 | 217 | 67 | 192 | 64 | 178 | 79 3 | 030 30.25 30.28 | FM-15 | 0.00 | 30.28
14 | o854 | 7 EE‘,’\‘V&Z%’ 9.00 73 | 228 | 68 | 200 | 65 | 183 | 76 3 | 060 30.25 30.28 | FM-15 | 0.00 | 30.28
14 | 0954 | 7 gﬁwgfg}g 10.00 74 | 233 | 68 | 202 | 65 | 183 | 74 6 | 100 30.25 +0.01 |3028|FM-15| 0.00 | 30.28
14 | 1000 | 4 |15 9.94 74 | 233 | 68 | 202 | 65 | 183 | 74 6 | 100 30.26 1001 | 30.28 | FM-12
14 | 1054 ERN9218 1 10,00 73 | 228 | 68 | 200 | 65 | 183 | 76 | 10 | 080 30.24 3027 | FM-15 | 0.00 | 30.27
14 | 1154 | 7 (3500338 | 1000 72 | 222 | 68 | 201 | 66 | 189 | 82 | 14 | 090 30.24 3027 | FM-15 | 0.00 | 30.27
FEW:02 5
14 | 1225 | 7 |[scTo415 | 7.00 72 | 222 | 68 | 201 | e6 | 189 | 82 | 11 | 100 30.24 FM-16 30.27
BKN-07 34
BKN:07 5
14 | 1250 | 7 [BKN'0715 | 6.00 |Hz:7 |FU|HZ 72 | 220 | 68 | 201 | e6 | 190 | 83 | 10 | 080 30.23 FM-16 30.26
BKN:07 45
BKN:07 5
14 | 1254 | 7 [BKN'0715 | 5.00 |Hz:7 |FU|HZ 71 | 217 | 68 | 199 | e6 | 189 | 84 | 11 | o080 30.23 +0.02 |30.26 | FM-15 | 0.00 | 30.26
BKN:07 45
14 | 1300 | 4 |5 4.97 ||AzZ 71 | 217 | 68 | 199 | 66 | 189 | 84 | 11 | 080 30.24 +0.02_| 30.26 | FM-12
BKN:07 3 .
14 [ 1301 | 7 |BKROE3. | 500 [BR1]| 70 | 211 | 67 | 197 | e6 | 189 | 87 | 10 | 090 30.23 FM-16 30.26
BKN:07 3 .
14 [ 1310 | 7 |BKROLS. | 1s0v [BR1 ]| 70 | 211 | 67 | 197 | e6 | 189 | 87 9 | oso 30.23 FM-16 30.26
FEW:02 3
14 | 1352 | 6 |SCT:0445 |1.50V |HZ:7 |HZ 70 | 210 | 66 | 190 | 64 | 180 | 83 8 | o70 30.22 FM-16 30.25
BKN:07 85
FEW:02 3
14 | 1354 | 7 |sCT:0445 | 6.00 |[FU|HZ 70 | 211 | 67 | 194 | 65 | 183 | 84 8 | 070 30.22 3024 | FM-15 | 0.00 | 30.25
BKN:07 85
FEW:02 3
14 | 1454 | 7 |sCT:0440 | 5.00 |[FU|HZ 70 | 211 | 67 | 194 | 65 | 183 | 84 | 10 | o070 30.20 3023 | FM-15 | 0.00 | 30.23
BKN-07 85
FEW:02 6
14 | 1554 | 7 |SCT:0433 | 10.00 70 | 211 | 67 | 194 | 65 | 183 | 84 | 10 | o080 30.20 +0.04 |3022|FM-15| 0.00 | 30.23
SCT:04 85
14| 1600 | 4 |5 9.04 70 | 211 | 67 | 194 | 65 | 183 | 84 | 10 | 080 30.21 +0.04 | 30.22 | FM-12
FEW:02 8
14 | 1654 | 7 |SCT:0435 |10.00 69 | 206 | 66 | 188 | 64 | 178 | 84 8 | o090 30.20 3023 | FM-15 | 0.00 | 30.23
SCT:04 85
FEW:02 8
14 | 1754 | 7 |FEW:0235 | 10.00 67 | 194 | 5 | 184 | 64 | 178 | a1 6 | 070 30.20 3022 | FM-15 | 0.00 | 30.23
SCT:04 75
FEW:02 8
14 | 1854 | 7 |FEW'0235 | 10.00 67 | 194 | 65 | 181 | 63 | 172 | 87 7 | o090 30.20 +0.00 |30.22 | FM-15 | 0.00 | 30.23
FEW:02 75
14 | 1900 | 4 |8 9.94 67 | 194 | 65 | 181 | 63 | 172 | &7 7 | 090 30.21 +0.00 | 30.22 | FM-12
14 | 1054 | 7 |EEWS28. | 1000 67 | 194 | 5 | 184 | 64 | 178 | o1 6 | 110 30.20 3023 | FM-15 | 0.00 | 30.23
14 | 2054 | 7 |FEW:028 | 10.00 66 | 180 | 65 | 182 | 64 | 17.8 | 93 3 | 120 30.20 30.23 | FM-15 | 0.00 | 30.23
14 | 2154 | 7 |CLR:00 10.00 66 | 189 | 64 | 179 | 63 | 172 | 90 3 | 160 30.20 2001 |30.23] FM-15| 000 | 30.23
14 | 2200 | 4 9.94 66 | 189 | 64 | 179 | 63 | 172 | 90 3 | 160 30.21 0.01 | 30.23 | FM-12
14 | 2254 | 7 |CLR.0O 10.00 65 | 183 | 64 | 17.7 | 63 | 172 | 93 0 | 000 30.20 30.23 | FM-15 | 0.00 | 30.23
14 | 2354 | 7 |CLR:00 10.00 66 | 189 | 64 | 179 | 63 | 172 | 90 0 | 000 30.19 30.22 | FM-15| 0.00 | 30.22
FEW:02 6
15 [ooa1 | 7 |EEWO25 110.00 65 | 183 | 64 | 177 | 63 | 172 | 93 3 | 150 30.20 FM-16 30.23
15 | 0052 | 6 |[BKN:O76 11549 66 | 190 | 64 | 179 | 63 | 170 | 88 3 | 140 30.19 FM-16 30.22

BKN:07 25




BKN:07 6

15 [oosa | 7 |BKNOZS. | 10.00 66 | 189 | 64 | 179 | 63 | 172 | 90 3 | 160 30.19 +0.01 |30.22 | FM-15 | 0.00 | 30.22
15 0100 | 4 |5 9.94 66 | 189 | 64 | 179 | 63 | 172 | 90 3 | 160 30.20 1001 | 30.22 | FM-12

15 | 0135 | 7 |OvC:084 | 8.00 65 | 183 | 64 | 17.7 | 63 | 17.0 | 93 3 | 150 30.19 FM-16 30.22
15 | 0152 | 6 |SCT.044 | 7.00 64 | 180 | 63 | 174 | 63 | 170 | 94 3 | 140 30.18 FM-16 30.21
15 | 0154 | 7 |SCT:044 | 7.00 65 | 183 | 64 | 17.7 | 63 | 172 | 93 0 | 000 30.18 30.21 | FM-15| 0.00 | 30.21
15 | 0252 | 6 |BKN:073 | 5.00 |BR|| 64 | 180 | 63 | 174 | 63 | 170 | 94 5 | 160 30.18 FM-16 30.21
15 | 0254 | 7 |BKN:073 | 5.00 |BRL|| 64 | 178 | 63 | 171 | 62 | 16.7 | 93 5 | 150 30.18 30.20 | FM-15 | 0.00 | 30.21
15 | 0304 | 7 |BKN:072 | 1.25 |BR:|| 64 | 178 | 63 | 174 | 63 | 17.0 | 96 5 | 160 30.17 FM-16 30.20
15 | 0310 | 7 |VV:092 0.25 |FG:2 |FG | 64 | 178 | 63 | 174 | 63 | 172 | 9 0 | 000 30.17 FM-16 30.20
15 [ 0318 | 7 |WV:091 0.00 |FG2 [FG | 64 | 178 | 63 | 174 | 63 | 172 | 9 3 | 180 30.17 FM-16 30.20
15 | 0328 | 7 |WV:093 0.25 |FG:2 |FG | 63 | 172 | 62 | 169 | 62 | 167 | 97 3 | 190 30.17 FM-16 30.20
15 [ 0330 | 7 |BKROL3S | 050 [Fei2FG | 64 | 178 | 63 | 171 | 62 | 167 | 93 3 | 160 30.17 FM-16 30.20
15 | 0344 | 7 |OvVC:087 | 1.00 |BRL]| 64 | 178 | 63 | 174 | 63 | 172 | 9 0 | 000 30.17 FM-16 30.20
15 | 0348 | 7 |OvCo087 | 3.00 |BR:L|| 64 | 180 | 63 | 174 | 63 | 170 | 94 3 | 140 30.17 FM-16 30.20
15 | 0354 | 7 |OvVC:087 | 4.00 |BRL|| 65 | 183 | 64 | 17.7 | 63 | 170 | 93 3 | 150 30.17 +0.02 | 30.20 | FM-15 | 0.00 | 30.20
15 | 0400 | 4 |8 3.73 65 | 183 | 64 | 17.7 | 63 | 17.0 | 93 3 | 150 30.18 +0.02 | 30.20 | FM-12

15 | 0454 | 7 |OVC:085 | 4.00 |BRL|| 65 | 183 | 64 | 180 | 64 | 178 | 97 0 | 000 30.18 3021 | FM15| T | 3021
15 | 0544 | 7 |OvVC:083 | 2.00 |BRL|| 65 | 183 | 64 | 180 | 64 | 17.8 | 97 3 | 150 30.19 FM-16 30.22
15 | 0554 | 7 |OvC083 | 2.00 |BR:L|| 65 | 183 | 64 | 180 | 64 | 178 | 97 3 | 170 30.19 3022 | FM-15 | 0.00 | 30.22
15 | 0615 | 7 |OvC:083 | 0.75 |BRL|| 65 | 183 | 64 | 180 | 64 | 17.8 | 97 6 | 160 30.20 FM-16 30.23
15 | 0626 | 7 |OVC:083 |0.25V |FG:2 [FG | 65 | 183 | 64 | 180 | 64 | 178 | o7 6 | 140 30.20 FM-16 30.23
15 0652 | 7 |ww092 |%1VIrGas|FGs 64 | 180 | 64 | 178 | 64 | 180 | 100 | 7 | 130 30.20 FM-16 30.23
15 | 0654 | 7 |VV:092 0.125 [FG2S|FG s | 65 | 183 | 64 | 180 | 64 | 17.8 | 97 7 | 130 30.20 0.01_ | 3022 | FM-15| 0.00 | 30.23
15 |0700 | 4 |2 0.12 ||IFG 65 | 183 | 64 | 180 | 64 | 178 | 97 7 | 130 30.21 2001 | 3022 | FM-12

15 | 0717 | 7 |WV:092 0.125 [FG2S|FG s | 65 | 183 | 64 | 180 | 64 | 17.8 | 97 6 | 130 30.19 FM-16 30.22
15 | 0754 | 7 |OVC:082 | 0.12s |[FG2S|FGs | 65 | 183 | 64 | 180 | 64 | 17.8 | 97 5 | 120 30.19 30.22 | FM-15 | 0.00 | 30.22
15 | 0854 | 7 |OvC083 | 0.12 |BR:L]| 66 | 189 | 65 | 182 | 64 | 178 | 93 3 | 150 30.20 3022 | FM-15 | 0.00 | 30.23
15 | 0916 | 6 |OVC:084 | 1.00 |BR.|| 66 | 189 | 65 | 182 | 64 | 17.8 | 93 3 | 150 30.20 FM-16 30.23
15 | 0952 | 6 |OvCo085 | 1.00 |BR:L|| 66 | 190 | 65 | 182 | 64 | 180 | 94 3 | 150 30.20 FM-16 30.23
15 | 0954 | 7 |OvC:085 | 1.00 |BRL|| 67 | 194 | 65 | 184 | 64 | 17.8 | o1 3 | 150 30.20 10.00 | 30.22 | FM-15 | 0.00 | 30.23
15 | 1000 | 4 |5 0.99 67 | 194 | 65 | 184 | 64 | 17.8 | o1 3 | 150 30.21 +0.00 | 30.22 | FM-12

15 | 1007 | 7 |OVC:086 | 250 |BRL|| 67 | 194 | 65 | 184 | 64 | 178 | o1 5 | 150 30.20 FM-16 30.23
15 | 1045 | 7 |OvC:086 | 3.00 |BRL|| 68 | 200 | 66 | 186 | 64 | 17.8 | 87 6 | 120 30.19 FM-16 30.22
15 | 1054 | 7 |OvC086 | 3.00 |BR:L|| 68 | 200 | 66 | 186 | 64 | 178 | 87 6 | 120 30.19 3022 | FM-15 | 0.00 | 30.22
15 | 1154 | 6 |OvVC:089 | 3.00 |BRL|| 70 | 211 | 67 | 194 | 65 | 183 | 84 0 | 000 30.18 30.21 | FM-15| 0.00 | 30.21
15 [ 1204 | 6 |BKOLIC | 300 [BR1]| 70 | 211 | 67 | 194 | 65 | 183 | 84 | 3 | 110 30.18 FM-16 30.21
15 (1221 6 [S0Coe0s | 3.00 70 | 211 | 67 | 194 | 65 | 183 | 84 5 | 130 30.18 FM-16 30.21
15 | 1254 | 7 E)I\E/ch::gg%é 3.00 71 | 217 | 67 | 196 | 65 | 183 | 81 6 | 120 30.18 +0.02 | 30.20 | sy-MT| 0.00 | 3021
15 | 1354 | 6 |BRNS722 | 300 72 | 222 | 68 | 201 | e6 | 189 | 82 9 | 100 30.16 30.19 | FM-15 | 0.00 | 30.19
15 | 1404 | 6 [3S703 22 | 3.00 72 | 222 | 68 | 201 | 66 | 189 | 82 8 | 110 30.16 FM-16 30.19
15 | 1454 | 6 |FEW:0223 | 8.00 71 | 217 | 67 | 196 | 65 | 183 | 81 9 | 090 30.16 30.19 | FM-15 | 0.00 | 30.19
15 | 1554 | 6 |FEW:0225 | 10.00 71 | 217 | 67 | 192 | 64 | 178 | 79 9 | 080 30.15 7002 | 30.18 | FM-15 | 0.00 | 30.18
15 | 1654 | 6 |FEW:0225 | 10.00 70 | 211 | 66 | 190 | 64 | 17.8 | 82 | 10 | 110 30.16 30.18 | FM-15 | 0.00 | 30.19
15 | 1754 | 6 |FEW:0220 | 10.00 69 | 206 | 65 | 185 | 63 | 172 | 8l 9 | 110 30.15 30.18 | FM-15 | 0.00 | 30.18
15 | 1854 | 6 |FEW:0220 | 10.00 68 | 200 | 65 | 183 | 63 | 172 | 84 7 | 120 30.15 +0.00 | 30.18 | FM-15 | 0.00 | 30.18
15 | 1954 | 6 |CLR:00 10.00 67 | 194 | 65 | 181 | 63 | 17.0 | 87 5 | 150 30.16 30.18 | FM-15 | 0.00 | 30.19
15 | 2054 | 6 |CLR:00 10.00 67 | 194 | 64 | 178 | 62 | 167 | 84 6 | 170 30.16 30.18 | FM-15 | 0.00 | 30.19
15 | 2154 | 7 |CLR:00 10.00 66 | 189 | 64 | 175 | 62 | 16.7 | 87 0 | 000 30.16 0.00 | 30.18 | FM-15 | 0.00 | 30.19
15 | 2200 | 4 9.94 66 | 189 | 64 | 175 | 62 | 16.7 | 87 0 | 000 30.17 20.00 | 30.18 | FM-12

15 | 2254 | 7 |FEW:0210 | 10.00 67 | 194 | 65 | 181 | 63 | 172 | 87 7 | 220 30.15 30.18 | FM-15 | 0.00 | 30.18




15 | 2354 | 7 |FEW:0210 | 10.00 65 | 183 ] 63 | 173 ] 62 | 167 ] 9 | 7 | 200 30.15 30.18 | FM-15 | 0.00 | 30.18
16 | 0054 | 7 |FEW:0210 | 10.00 64 | 178 | 62 | 168 | 61 | 161 | 90 | 7 | 200 30.14 +0.01 | 30.17 | FM-15| 0.00 | 30.17
16 | 0100 | 4 |15 9.94 64 | 178 | 62 | 168 | 61 | 161 | 9 | 7 | 200 30.15 1001 | 30.17 | FM-12
16 | 0154 | 7 |CLR.00 10.00 65 | 183 | 63 | 173 | 62 | 167 | 9 | 7 | 220 30.14 30.16 | FM-15 | 0.00 | 30.17
16 | 0254 | 7 |CLR:00 10.00 64 | 178 | 62 | 168 | 61 | 161 | 90 | 6 | 220 30.14 30.16 | FM-15 | 0.00 | 30.17
16 | 0354 | 7 |FEW:023 | 10.00 64 | 178 | 62 | 168 | 61 | 161 | 9 | 7 | 220 30.15 20.00 |30.17 | FM-15| 0.00 | 30.18
16 [0400 | 4 |2 9.04 64 | 178 | 62 | 168 | 61 | 161 | 90 | 7 | 220 30.16 000 |30.17 | FM-12
16 | 0454 | 7 |CLR.00 10.00 63 | 172 | 62 | 166 | 61 | 161 | 93 6 | 230 30.16 30.19 | FM-15 | 0.00 | 30.19
16 | 0554 | 7 |FEW:0260 | 10.00 65 | 183 | 63 | 173 | 62 | 167 | 9 | 0 | 000 30.17 30.19 | FM-15 | 0.00 | 30.20
16 | 0654 | 7 |CLR.00 8.00 67 | 194 | 65 | 181 | 63 | 172 | 87 | 0 | 000 30.17 20.02 |30.19 | FM-15| 0.00 | 30.20
16 | 0700 | 4 7.46 67 | 104 | 65 | 181 | 63 | 172 | 87 | 0 | 000 30.18 0.02 | 30.19 | FM-12
16 | 0754 | 7 |CLR.00 10.00 70 | 211 | 66 | 190 | 64 | 17.8 | 82 5 | 220 30.17 30.20 | FM-15 | 0.00 | 30.20
16 | 0854 | 7 |FEW:0250 | 9.00 74 | 233 | 69 | 205 | 66 | 189 | 76 5 | 140 30.18 30.21 | FM-15 | 0.00 | 30.21
16 | 0954 | 7 |FEW:0240 | 10.00 76 | 244 | 70 | 209 | 66 | 189 | 72 6 | 140 30.18 20.01 | 30.21 | FM-15 | 0.00 | 30.21
16 | 1000 | 4 |41 9.94 76 | 244 | 70 | 209 | 66 | 189 | 72 6 | 140 30.19 001 | 3021 | FM-12
16 | 1054 | 7 |FEW:0240 | 10.00 77 | 250 | 70 | 21.0 | 66 | 18.9 | 69 9 | 130 30.17 30.19 | FM-15 | 0.00 | 30.20
16 | 1154 | 7 |FEW:0240 | 10.00 81 | 272 | 71 | 21.8 | 66 | 189 | 61 7 | 130 30.17 30.19 | FM-15 | 0.00 | 30.20
16 | 1254 | 7 |FEW:0240 | 10.00 81 | 272 | 72 | 224 | 68 | 200 | 656 | 8 | 100 30.16 7002 | 30.18 | SY-MT| 0.00 | 30.19
16 | 1354 | 6 |FEW.0245 | 10.00 79 | 261 | 71 | 2.7 | 67 | 19.4 | 67 | 10 | 110 30.15 30.17 | FM-15 | 0.00 | 30.18
16 | 1454 | 6 |FEW:0240 | 10.00 80 | 26.7 | 69 | 206 | 63 | 17.2 | 56 | 13 | 110 30.14 30.17 | FM-15 | 0.00 | 30.17
16 | 1554 | 7 |FEW:0240 | 10.00 80 | 26.7 | 67 | 194 | 59 | 150 | 49 | 13 | 110 30.14 +0.01 | 30.17 | FM-15| 0.00 | 30.17
16 | 1600 | 4 |41 9.94 80 | 267 | 67 | 194 | 59 | 150 | 49 | 13 | 110 30.15 7001 | 30.17 | FM-12
16 | 1654 | 7 |FEW:0230 | 10.00 77 | 250 | 69 | 207 | 65 | 183 | 66 | 10 | 100 30.14 30.17 | FM-15 | 0.00 | 30.17
16 | 1754 | 7 |FEW.02 120] 10.00 74 | 233 | 68 | 198 | 64 | 178 | 71 8 | 110 30.14 30.17 | FM-15 | 0.00 | 30.17
16 | 1854 | 7 |CLR.00 10.00 74 | 233 | 68 | 198 | 64 | 178 | 71 6 | 140 30.15 20.01 | 30.18 | FM-15 | 0.00 | 30.18
16 | 1000 | 4 9.94 74 | 233 | 68 | 198 | 64 | 178 | 71 6 | 140 30.16 20.01 | 30.18 | FM-12
16 | 1954 | 7 |CLR.00 10.00 73 | 228 | 69 | 203 | 66 | 189 | 79 6 | 190 30.17 30.19 | FM-15 | 0.00 | 30.20
16 | 2054 | 7 |CLR.00 10.00 73 | 228 | 70 | 21.0 | 68 | 200 | 84 | 7 | 200 30.17 30.20 | FM-15 | 0.00 | 30.20
16 | 2154 | 6 |CLR:00 10.00 71 | 21.7 | 68 | 202 | 67 | 19.4 | 87 6 | 190 30.18 0.03 | 30.20 | FM-15 | 0.00 | 30.21
16 | 2254 | 6 |CLR.00 10.00 70 | 211 | 67 | 197 | 66 | 189 | 87 7 | 190 30.17 30.20 | FM-15 | 0.00 | 30.20
16 | 2354 | 6 |CLR.00 10.00 69 | 206 | 67 | 195 | 66 | 189 | 9 | 9 | 200 30.17 30.19 | FM-15 | 0.00 | 30.20
17 | 0052 | 6 |FEW:024 | 10.00 68 | 200 | 66 | 186 | 64 | 180 | 88 8 | 190 30.16 FM-16 30.19
17 | 0054 | 6 |FEW:024 | 10.00 68 | 20.0 | 66 | 190 | 65 | 183 | 90 | 8 | 190 30.16 +0.02 | 30.18 | FM-15| 0.00 | 30.19
17 | 0140 | 6 |BKN:074 | 7.00 68 | 200 | 67 | 193 | 66 | 189 | 93 8 | 200 30.15 FM-16 30.18
17 | 0154 | 6 |OvCo084 | 6.00 |BRA|| 68 | 200 | 67 | 193 | 66 | 189 | 93 8 | 190 30.14 30.17 | FM-15 | 0.00 | 30.17
17 | 0217 | 6 |OvC083 | 250 |BRL|| 68 | 200 | 67 | 193 | 66 | 189 | 93 9 | 190 30.14 FM-16 30.17
17 | 0240 | 6 |OvC:082 | 3.00 |BR.1|| 68 | 200 | 67 | 193 | 66 | 189 | 93 9 | 200 30.14 FM-16 30.17
17 | 0254 | 6 |OvCo082 | 3.00 |BR|| 68 | 200 | 67 | 193 | 66 | 189 | 93 9 | 200 30.13 30.16 | FM-15 | 0.00 | 30.16
17 | 0341 | 6 |ovC:082 | 150 |BR1|| 68 | 200 | 67 | 193 | 66 | 189 | 93 7 | 210 30.13 FM-16 30.16
17 | 0354 | 6 |OvC082 | 1.50 |BR:1|| 68 | 200 | 67 | 193 | 66 | 189 | 93 8 | 200 30.13 +0.03 | 30.15 | FM-15 | 0.00 | 30.16
17 | 0439 | 6 |OvC083 | 7.00 68 | 200 | 67 | 193 | 66 | 189 | 93 | 11 | 200 30.12 FM-16 30.15
17 | 0454 | 6 |OvCo084 | 7.00 68 | 200 | 67 | 193 | 66 | 189 | 93 9 | 200 30.12 30.15 | FM-15 | 0.00 | 30.15
17 | 0516 | 6 |OVC085 | 7.00 68 | 200 | 67 | 193 | 66 | 189 | 93 | 10 | 220 30.13 FM-16 30.16
17 | 0554 | 6 |BKN:077 | 8.00 69 | 206 | 66 | 192 | 65 | 183 | 87 | 11 | 220 30.13 30.16 | FM-15 | 0.00 | 30.16
17 | 0614 | 6 |SCT:048 | 9.00 69 | 206 | 66 | 192 | 65 | 183 | 87 | 10 | 220 30.13 FM-16 30.16
FEW:02 9
17 | 0654 | 6 |FEW:0235 | 10.00 70 | 211 | 67 | 194 | 65 | 183 | 84 | 8 | 220 30.12 +0.00 |30.15|FM-15| 0.00 | 30.15
FEW:02 200
FEW:02 9
17 | 0754 | & |sCT:0441 |10.00 73 | 228 | 69 | 203 | 66 | 189 | 79 9 | 210 30.12 30.14 | FM-15 | 0.00 | 30.15
SCT:04 250
17 | o854 | & |FEW:0246 | 1409 75 | 239 | 70 | 210 | 67 | 194 | 76 | 11 | 230 30.10 3013 | FM-15 | 0.00 | 30.13
BKN:07 250
17 [ oos4 | 6 |EEWO230 10,00 79 | 261 | 71 | 214 | 66 | 189 | 65 | 10 | 240 30.09 +0.03 |30.12 | FM-15| 000 | 30.12
17 | 1054 | & |FEW:0250 11449 82 | 278 | 70 | 213 | 64 | 178 | 55 9 | 230 30.07 30.09 | FM-15 | 0.00 | 30.10

SCT:04 250




FEW:02 50

17 [ 1154 | 6 |ERWO0250 1 10.00 82 | 278 | 70 | 210 | 63 | 172 | 53 | 10 | 220 30.05 30.07 | FM-15 | 0.00 | 30.08
FEW:02 40
17 | 1254 | & |FEW:0295 |10.00 83 | 283 | 70 | 212 | 63 | 172 | 51 | 15 | 210 30.02 +0.07 |30.05|FM-15| 0.00 | 30.05
BKN:07 210
FEW:02 40
17 | 1354 | & |FEW:0295 |10.00 83 | 283 | 69 | 206 | 61 | 161 | 48 | 14 | 240 30.00 30.03 | FM-15 | 0.00 | 30.03
BKN:07 210
FEW:02 33
17 | 1454 | & |FEW:02 130 10.00 83 | 283 | 69 | 206 | 61 | 161 | 48 | 17 | 210 29.98 30.01 | FM-15 | 0.00 | 30.01
BKN:07 210
FEW:02 33
17 | 1554 | & |SCT:04 130 | 10.00 g2 | 278 | 70 | 210 | 63 | 172 | 53 | 15 | 230 | 22 | 2097 +0.05 |30.00 | FM-15 | 0.00 | 30.00
BKN:07 210
FEW:02 75
17 | 1654 | 6 |SCT:04130 | 10.00 80 | 267 | 69 | 206 | 63 | 172 | 56 | 13 | 230 29.97 29.99 | FM-15 | 0.00 | 30.00
BKN:07 210
FEW:02 75
17 | 1754 | & |SCT:04 130 | 10.00 77 | 250 | 69 | 207 | 65 | 183 | e6 | 8 | 210 29.96 29.98 | FM-15 | 0.00 | 29.99
BKN:07 210
FEW:02 75
17 | 1854 | 6 |SCT:04130 | 10.00 75 | 239 | 70 | 210 | 67 | 194 | 76 | 10 | 200 29.95 +0.02 |29.98 | FM-15 | 0.00 | 29.98
BKN:07 210
SCT:04 130
17 [ 1954 | 6 |3GC4E301 10.00 74 | 233 | 69 | 208 | 67 | 194 | 79 | 10 | 210 29.94 29.97 | FM-15 | 0.00 | 20.97
17 | 2084 | & |SET041301 1400 74 | 233 | 70 | 212 | 68 | 200 | 8 | 10 | 210 29.94 29.96 | FM-15 | 0.00 | 20.97
ovc:08 200 | 10- : : : : : : :
17 [ 2154 | 6 |Q0Co8 s 10.00 73 | 228 | 70 | 210 | 68 | 200 | 84 | 8 | 210 29.93 +0.02 |29.95 | FM-15| 0.00 | 29.96
17 | 2243 | 6 |BKN:07 12 | 10.00 73 | 228 | 70 | 21.3 | 69 | 206 | 87 | 10 | 210 29.93 FM-16 29.96
17 | 2252 | 6 |SCT.0412 | 10.00 73 | 230 | 71 | 217 | 70 | 21.0 | 89 | 10 | 200 29.92 FM-16 29.95
17 | 2254 | 6 |SCT:0412 | 10.00 73 | 228 | 70 | 21.3 | 69 | 206 | 87 | 10 | 210 29.92 29.95 | FM-15 | 0.00 | 29.95
FEW:02 75
17 | 2354 | 6 |SCT:0490 |10.00 |-RA:02 |RA |RA 73 | 228 | 70 | 213 | 69 | 206 | 87 | 11 | 220 29.91 29.94 |FM-15| T | 20.94
BKN:07 110
18 | 0054 | 6 |OVC:0895 | 10.00 |-RA02 |RA |RA 73 | 228 | 71 | 217 | 70 [ 211 ] 90 | 9 | 220 29.90 70.02 | 2903 [FM15| T | 29.93
18 (0154 | 6 |BKOLTS | 300 |RA02BR!1IRARA 72 | 222 | 71 | 215 | 70 | 211 | 94 | 7 | 210 29.89 29.91 | FM-15 | 0.03 | 29.92
18 [ o025 | 6 [BEHOLES | 9.00 72 | 222 | 71 | 215 | 70 | 211 | 94 | o | 000 29.87 FM-16 29.90
18 | 0254 | 6 |OVC:0812 | 8.00 |-RA02 |RA [RA 72 | 222 | 71 | 215 ] 70 [ 211 ] 94 | 0 | ooo 29.87 29.80 | FM-15 | 0.0L | 29.90
18 | 0316 | 6 |OVC:089 | 8.00 |-RA02 |RA |RA 72 | 222 | 71 | 215 ] 70 [ 211 ] 94 | 0 | 000 29.86 FM-16 29.89
18 | 0354 | 7 |OvC:088 | 3.00 |-RA:02 BR:1 |RA [RA 71 | 217 | 70 | 209 | 69 | 206 | 94 | 7 | 080 29.84 70.06 | 29.87 | SY-MT| 0.03 | 29.87
18 | 0454 | 6 [OVC:086 | 3.00 |-RA:02 BR:1|RA |RA 71 | 217 | 70 [ 213 | 70 [ 211 ] 96 | 6 | 090 29.82 29.85 | FM-15 | 0.12 | 29.85
FEW:02 4
18 | 0509 | 6 |SCT:049 | 5.00 |BR:1]] 71 | 217 | 70 | 213 | 70 | 211 | 9 | 9 | 110 29.81 FM-16 29.84
OVC:08 17
FEW:02 4
18 | 0538 | 7 |BKN:0712 | 5.00 |BR:1]] 71 | 217 | 70 | 213 | 70 | 211 | 9 | 9 | 100 29.79 FM-16| T | 29.82
0oVC:08 17
FEW:02 4
18 | 0546 | 7 |BKN:0712 | 2.00 |BR:1]] 71 | 217 | 70 | 209 | 69 | 206 | 94 | 9 | 110 29.79 FM-16| T | 20.82
oVC:08 17
18 | 0554 | 7 [FEW:024 | 600 [BR:1|| 71 | 207 | 70 | 213 | 70 | 211 | 96 | 10 | 110 29.79 2981 |FM-15| T | 20.82
ovciog1z | & : : : : : : :
18 [oesa | 7 |BKNOLIZ | 9.00 [-RA02[RARA 74 | 233 | 72 | 222 | 71 | 217 | 91 | 10 | 180 29.76 +0.08 |29.78 | FM-15 | 0.02 | 29.79
18 | 0700 | 4 |15 8.70 |[RA 74 | 233 | 72 | 222 | 71 | 217 | o1 | 10 | 180 29.77 10.08 | 29.78 | FM-12
BKN:07 13
18 | 0754 | 7 |BKN:0729 |10.00 76 | 244 | 73 | 220 | 72 | 222 | 88 | 13 | 200 29.72 2975 |FM-15 | T | 2075
OVC:08 34
18 | os3s | 7 |BKN:0715 11000 77 | 250 | 74 | 235 | 73 | 228 | 88 | 11 | 200 29.70 FM-16| T | 2073

OVC:08 22
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FEW:02 7

18 | 1654 | 7 |BKN:0711 | 10.00 73 | 228 | 70 | 213 | 69 | 206 | 87 5 | 160 29.70 29.73 | FM-15 | 0.00 | 29.73
BKN:07 130
FEW:02 7
18 | 1706 | 7 |sCT:0411 |10.00 73 | 228 | 70 | 213 | 69 | 206 | 87 5 | 150 29.70 FM-16 29.73
BKN:07 130
FEW:02 7
18 | 1754 | 7 |FEW:0216 | 10.00 73 | 228 | 70 | 210 | 68 | 200 | 84 3 | 320 29.71 2973 | FM-15 | 0.00 | 29.74
SCT:04 80
FEW:02 13
18 | 1854 | 7 |FEW:0280 | 10.00 72 | 222 | 69 | 208 | 68 | 200 | 87 5 | 140 29.72 0.00 |29.75|FM-15| 000 | 29.75
SCT:04 130
18 | 1900 | 4 |15 9.94 72 | 222 | 69 | 208 | 68 | 20.0 | 87 5 | 140 29.73 20.00 | 2975 | FM-12
FEW:.02 11
18 | 1954 | 7 |SCT:04130 | 10.00 72 | 222 | 70 | 211 | 69 | 206 | o1 5 | 270 29.73 29.75 | FM-15 | 0.00 | 29.76
BKN:-07 210
FEW:02 11
18 | 2054 | 7 |SCT:04 130 | 10.00 72 | 222 | 69 | 208 | 68 | 200 | 87 o | ooo 29.73 29.75 | FM-15 | 0.00 | 29.76
BKN-07 210
FEW:02 11
18 | 2154 | 7 |SCT:04 130 | 10.00 70 | 211 | e8 | 200 | 67 | 194 | 90 5 | 200 29.74 001 |29.76 | FM-15| 0.00 | 29.77
BKN:07 210
18 | 2200 | 4 |15 9.94 70 | 211 | 68 | 200 | 67 | 194 | 90 5 | 200 29.75 2001 |29.76 | FM-12
18 | 2254 | 7 |FEW:02 130] 10.00 69 | 206 | 68 | 198 | 67 | 19.4 | 93 5 | 190 29.73 29.76 | FM-15 | 0.00 | 29.76
18 | 2354 | 7 |CLR:00 10.00 69 | 206 | 68 | 198 | 67 | 19.4 | 93 0 | 000 29.73 29.76 | FM-15 | 0.00 | 29.76
19 | 0054 | 7 |CLR:00 10.00 70 | 211 | 68 | 200 | 67 | 19.4 | 90 3 | 330 29.74 +0.00 | 29.76 | FM-15 | 0.00 | 29.77
19 [ 0100 | 4 9.94 70 | 21.1 | 68 | 200 | 67 | 19.4 | 90 3 | 330 29.75 +0.00 | 29.76 | FM-12
19 | 0146 | 7 |BKN:0710 | 10.00 71 | 217 | 68 | 202 | 67 | 194 | 87 | 11 | 350 29.75 FM-16 29.78
19 | 0154 | 7 |BKN:07 10 | 10.00 71 | 217 | 68 | 202 | 67 | 19.4 | 87 | 10 | 360 29.75 29.78 | FM-15 | 0.00 | 29.78
19 | 0203 | 7 |ovC:088 | 10.00 70 | 211 | 69 | 204 | 68 | 20.0 | 93 | 11 | 020 29.75 FM-16 29.78
19 | 0237 | 7 |ovC:084 | 7.00 69 | 206 | 68 | 198 | 67 | 194 | 93 | 15 | 020 29.76 FM-16 29.79
19 | 0252 | 6 |OvVC:083 | 150 |BRL]| 68 | 200 | 67 | 193 | 66 | 190 | 94 | 13 | 020 29.76 FM-16 29.79
19 | 0254 | 7 |ovc083 | 150 |BR:L|| 68 | 200 | 67 | 196 | 67 | 194 | 96 | 13 | 020 29.76 29.79 | FM-15 | 0.00 | 29.79
19 | 0342 | 7 |OvVC:084 | 3.00 |BRL|| 65 | 183 | 64 | 180 | 64 | 178 | 97 | 20 | 030 29.79 FM16]| T | 29.82
19 | 0354 | 7 |OvCo084 | 3.00 |BR:L|| 65 | 183 | 64 | 177 | 63 | 172 | 93 | 20 | 030 29.79 006 |2982 | FM15| T | 29.82
19 |0400 | 4 |5 2.98 65 | 183 | 64 | 17.7 | 63 | 172 | 93 | 20 | 030 29.80 0.06 | 29.82 | FM-12
19 | 0454 | 7 |OVC:084 | 3.00 |BRL]| 64 | 178 | 63 | 171 | 62 | 167 | 93 | 18 | 010 | 22 | 29.83 29.85 | FM-15 | 0.00 | 29.86
19 | 0501 | 7 |ovco087 | 6.00 |BR:L|| 64 | 178 | 62 | 168 | 61 | 161 | 90 | 16 | 020 29.83 FM-16 29.86
BKN:07 10
19 [oss2 | & |BKO710 110,00 63 | 170 | 62 | 166 | 61 | 160 | 94 | 17 | 020 29.85 FM-16 29.88
BKN:07 10
19 [ oss4 | 7 |BKO710 110,00 63 | 172 | 61 | 162 | 60 | 156 | 90 | 16 | 020 29.85 29.88 | FM-15 | 0.00 | 29.88
19 | 0614 | 7 g*\(/'(\':::%g 29 9.00 63 | 172 | 61 | 162 | 60 | 156 | 90 | 15 | 030 29.85 FM-16 29.88
19 | 0654 | 7 |OvC:089 | 10.00 63 | 172 | 61 | 159 | 59 | 150 | 87 | 16 | 030 29.86 2007 | 29.89 | FM-15| 000 | 29.89
19 |o700 | 4 |8 9.94 63 | 172 | 61 | 159 | 59 | 150 | 87 | 16 | 030 29.87 0.07 | 29.89 | FM-12
19 | 0754 | 7 |ovc:088 | 8.00 63 | 172 | 61 | 162 | 60 | 1566 | 90 | 11 | 020 29.89 29.92 | FM-15 | 0.00 | 29.92
19 | 0826 | 7 |OVC:088 | 2.50V [BRL|| 63 | 172 | 61 | 162 | 60 | 156 | 90 | 14 | 020 29.91 FM-16 29.94
BKN:07 8
19 [o0sa3 | 7 [BKNOLS. | 9.00 63 | 172 | 61 | 162 | 60 | 156 | 90 | 15 | 040 29.91 FM-16| T | 29.94
19| 0852 | & g*\(/'(\':::%g 10 | 10.00 63 | 170 | 61 | 159 | 59 | 150 | 88 | 14 | 040 29.91 FM-16 29.94
19 [ossa | 7 |BKOZI0 |10.00 63 | 172 | 61 | 159 | 59 | 150 | 87 | 14 | 030 29.92 2994 |[FM-15| T | 29.95
19 | 0954 | 7 |OVC:0810 | 9.00 63 | 172 | 61 | 159 | 59 | 150 | 87 | 11 | 040 29.94 0.07 | 29.96 | FM-15 | 0.00 | 29.97
19 | 1000 | 4 |15 8.70 63 | 172 | 61 | 159 | 59 | 150 | 87 | 11 | 040 29.95 20.07 | 29.96 | FM-12
19 | 1015 | 7 |ovCo089 | 10.00 64 | 178 | 61 | 161 | 59 | 150 | 84 | 13 | 030 29.94 FM-16 29.97
19 | 1054 | 7 |OvC:089 | 3.00 |-DZ01|DZ |DZ 63 | 172 | 61 | 159 | 59 | 150 | 87 9 | 050 29.94 2997 |FM15]| T | 29.97
19 | 1141 | 7 |OvVC:0810 | 9.00 63 | 172 | 61 | 159 | 59 | 150 | 87 | 11 | 040 29.95 FM-16| T | 29.98
19 | 1154 | 7 |BKN:0719 11000 64 | 178 | 61 | 161 | 59 | 150 | 84 | 9 | 040 29.94 29.97 | FM-15 29.97

ovC:08 17
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SCT:04 13

20 | 0516 BKN:07 19 | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 | 11 | 030 30.13 FM-16 30.16
BKN:07 40
SCT.04 16

20 | 0554 Senoale | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 | 11 | 030 30.15 3017 | FM-15 | 0.00 | 30.18
FEW:02 13

20 | 0647 SCT:0424 | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 | 11 | 030 30.17 FM-16 30.20
SCT04 45
FEW:02 13

20 | 0654 SCT:0424 | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 | 13 | 040 30.18 0.06 |30.20|FM-15| 0.00 | 30.21
SCT04 45

20 | 0700 15 9.94 61 | 161 | 58 | 145 | 56 | 133 | 84 | 13 | 040 30.19 20.06 | 30.20 | FM-12
FEW:02 14

20 | 0732 FEV02 11 | 10.00 63 | 172 | 59 | 150 | 56 | 133 | 78 | 15 | 030 30.19 FM-16 30.22
FEW:02 13

20 | 0752 FEW:0215 | 10.00 64 | 180 | 60 | 155 | 57 | 140 | 78 | 10 | 030 30.20 FM-16 30.23

20 | 0754 FEW:02 15 | 10.00 64 | 178 | 60 | 155 | 57 | 139 | 78 | 13 | 020 30.20 3022 | FM-15 | 0.00 | 30.23
SCT.04 17

20 | 0851 Senoall | 10.00 64 | 180 | 59 | 149 | 55 | 130 | 73 | 11 | 020 30.23 FM-16 30.26

20 | 0854 o2 2 | 10.00 65 | 183 | 60 | 155 | 56 | 133 | 73 | 13 | 030 30.23 30.26 | FM-15 | 0.00 | 30.26

20 | 0954 BRN07 29 | 1000 65 | 183 | 60 | 155 | 56 | 133 | 73 | 17 | 030 30.24 0.04 |30.26|FM-15| 000 | 3027

20 | 1000 26 9.94 65 | 183 | 60 | 155 | 56 | 133 | 73 | 17 | 030 30.25 0.04 | 30.26 | FM-12
BKN:07 16

20 | 1054 BKN07 18 | 10.00 63 | 172 | 59 | 150 | 56 | 133 | 78 | 11 | 060 30.25 3027 |FM15| T | 3028
FEW:02 20

20 | 1154 BKN:07 27 | 10.00 64 | 178 | 59 | 152 | s6 | 133 | 75 | 11 | 070 30.25 3027 | FM-15 | 0.00 | 30.28
0OVC:08 32
SCT.04 19

20 | 1208 SoLOtLe | 10.00 64 | 178 | 59 | 152 | 56 | 133 | 75 | 15 | 070 30.24 FM-16 30.27

20 | 1254 oveoeLs | 10.00 65 | 183 | 60 | 155 | 56 | 133 | 73 | 14 | o080 30.23 +0.00 |30.26 | FM-15 | 0.00 | 30.26

20 | 1300 15 9.94 65 | 183 | 60 | 155 | 56 | 133 | 73 | 14 | 080 30.24 000 | 3026 | FM-12
FEW.02 17

20 | 1354 BKN:07 45 | 10.00 65 | 183 | 59 | 152 | 55 | 128 | 70 | 14 | 080 30.23 30.26 | FM-15 | 0.00 | 30.26
BKN:07 110
FEW:02 17

20 | 1454 SCT:0445 | 10.00 64 | 178 | 59 | 149 | 55 | 128 | 73 | 14 | 080 30.23 3025 | FM-15 | 0.00 | 30.26
BKN:07 110
SCT.04 17

20 | 1554 BKN:07 45 | 10.00 64 | 178 | 59 | 152 | 56 | 133 | 75 | 11 | 080 30.24 -0.00 |30.27|FM-15| 0.00 | 30.27
BKN:07 110

20 | 1600 15 9.94 64 | 178 | 59 | 152 | 56 | 133 | 75 | 11 | 080 30.25 20.00 | 3027 | FM-12
BKN:07 19

20 | 1614 BKN:07 110 | 10.00 63 | 172 | 58 | 147 | 55 | 128 | 75 | 13 | 090 30.23 FM-16 30.26
BKN:07 210
BKN:07 19

20 | 1654 BKN:07 130 | 10.00 63 | 172 | 58 | 147 | 55 | 128 | 75 | 10 | 100 30.24 3027 | FM-15 | 0.00 | 30.27
BKN:07 210
SCT.04 19

20 | 1754 BKN:07 29 | 10.00 63 | 172 | 58 | 147 | 55 | 128 | 75 | 7 | 080 30.26 3029 | FM-15 | 0.00 | 30.29
OVC:08 130
FEW:02 17

20 | 1843 SCT:0429 | 10.00 63 | 172 | 58 | 144 | 54 | 122 | 73 8 | 080 30.26 FM-16 30.29
BKN:07 47
FEW:02 17

20 | 1854 SCT:0431 | 10.00 63 | 172 | 58 | 144 | 54 | 122 | 73 8 | 090 30.26 -0.02 |30.28|FM-15| 0.00 | 30.29
BKN:07 50

20 | 1900 15 9.94 63 | 172 | 58 | 144 | 54 | 122 | 73 8 | 090 30.27 002 | 3028 | FM-12
FEW:02 17

20 | 1954 SCT:0450 | 10.00 63 | 172 | 58 | 144 | 54 | 122 | 73 9 | 100 30.27 3029 | FM-15 | 0.00 | 30.30

BKN:07 130




FEW:02 17

20 | 2054 | 7 |SCT:0450 |10.00 63 | 172 | 57 | 141 | 53 | 107 | 70 8 | 100 30.27 30.30 | FM-15 | 0.00 | 30.30
BKN-07 140
FEW:02 50

20 | 2154 | 7 |BKN:07 140 | 10.00 63 | 172 | 57 | 141 | 53 | 127 | 70 | 11 | 120 30.26 001 |3029|FM-15| 0.00 | 30.29
0VC:08 180

20 | 2200 | 4 |57 9.94 63 | 172 | 57 | 141 | 53 | 117 | 70 | 11 | 120 30.27 001 | 3029 | FM-12
FEW:02 50

20 | 2254 | 7 |BKN:07 160 | 10.00 63 | 172 | 58 | 144 | 54 | 122 | 73 6 | 130 30.28 3031 | FM-15 | 0.00 | 30.31
0OVC:08 190
FEW:02 50

20 | 2354 | 7 |BKN:07 160 | 10.00 63 | 172 | 57 | 141 | 53 | 117 | 70 6 | 150 30.28 3031 | FM-15 | 0.00 | 30.31
OVC:08 190

21 | 0054 | 7 |OVC:0850 | 10.00 62 | 167 | 58 | 142 | 54 | 122 | 75 5 | 150 30.27 .01 | 3030 FM-15| 0.00 | 30.30

21 | 0100 | 4 |57 9.04 62 | 167 | 58 | 142 | 54 | 122 | 75 5 | 150 30.28 001 | 30.30 | FM-12

21 | 0154 | 7 |OVC0855 | 10.00 62 | 167 | 58 | 142 | 54 | 122 | 75 5 | 160 30.26 30.29 | FM-15 | 0.00 | 30.29
BKN:07 55

21 | o254 | 7 |BKNOTSE 110.00 62 | 167 | 58 | 142 | 54 | 122 | 75 6 | 150 30.26 3029 | FM-15 | 0.00 | 30.29

21| 0354 | 7 832%‘;5130 10.00 62 | 167 | 57 | 139 | 53 | 127 | 73 6 | 160 30.26 +0.01 |3029|FM-15| 0.00 | 30.29

21 | 0400 | 4 |57 9.94 62 | 167 | 57 | 139 | 53 | 11.7 | 73 6 | 160 30.27 1001 | 30.29 | FM-12
SCT:04 50

21 | 0454 | 7 |5e104%0 1 10.00 62 | 167 | 57 | 136 | 52 | 111 | 70 7 | 160 30.27 3029 | FM-15 | 0.00 | 30.30
FEW:02 35

21 | 0554 | 7 |BKN:07 100 | 10.00 62 | 167 | 57 | 139 | 53 | 117 | 73 8 | 180 30.28 3030 | FM-15 | 0.00 | 30.31
BKN:07 220
FEW:02 35

21 | 0654 FEVI02.35 | 10.00 62 | 167 | 57 | 139 | 53 | 107 | 73 8 | 180 30.28 001 |3031|FM-15| 0.00 | 30.31

21 | 0700 | 4 |41 9.94 62 | 167 | 57 | 139 | 53 | 11.7 | 73 8 | 180 30.29 001 | 3031 FM-12
FEW:02 35

21 | 0754 | 7 |SCT:04 100 | 10.00 64 | 178 | 58 | 144 | 53 | 11.7 | 68 g8 | 170 30.28 30.30 | FM-15 | 0.00 | 30.31
SCT:04 160
FEW:02 30

21| 0854 | 7 |SCT:0490 | 10.00 66 | 189 | 59 | 148 | 53 | 117 | 63 | 11 | 160 30.26 3029 | FM-15 | 0.00 | 30.29
SCT'04 160
FEW:02 30

21| 0954 | 7 |SCT:0470 | 10.00 67 | 194 | 59 | 151 | 53 | 127 | 61 9 | 150 30.22 +0.06 |30.25 | FM-15 | 0.00 | 30.25
SCT'04 160

21 | 1000 | 4 |26 9.04 67 | 194 | 59 | 1561 | 53 | 1.7 | 61 9 | 150 30.23 +0.06 | 30.25 | FM-12
FEW:02 30

21| 1054 | 7 |FEW:0270 | 10.00 69 | 206 | 59 | 152 | 52 | 111 | 55 | 10 | 160 30.19 3022 | FM-15 | 0.00 | 30.22
SCT:04 250
FEW:02 30

21 | 1154 | 7 |FEW:0270 | 10.00 71 | 217 | 61 | 162 | 54 | 122 | 55 | 10 | 170 30.16 30.19 | FM-15 | 0.00 | 30.19
SCT:04 250
SCT:04 35

21 | 1254 | 7 |BKN:0760 | 10.00 71 | 217 | 62 | 165 | 55 | 128 | 57 | 11 | 210 30.13 +0.10 |30.16 | FM-15 | 0.00 | 30.16
BKN:07 250

21 | 1300 | 4 |41 9.94 71 | 217 | 62 | 165 | 55 | 128 | 57 | 11 | 210 30.14 +0.10 | 30.16 | FM-12
SCT:04 32

21| 1354 | 7 |BKN:0755 |10.00 70 | 211 | 62 | 166 | 56 | 133 | 61 | 14 | 200 30.10 30.12 | FM-15 | 0.00 | 30.13
BKN:07 250
FEW:02 29

21| 1454 | 7 |BKN:0748 |10.00 70 | 211 | 61 | 160 | 54 | 122 | 57 | 17 | 200 30.07 30.10 | FM-15 | 0.00 | 30.10
BKN:07 250
FEW:02 26

21 | 1854 | 7 |EEN0226 110.00 68 | 200 | 61 | 161 | 56 | 133 | 65 | 17 | 190 30.04 +0.09 |30.07 | FM-15 | 0.00 | 30.07

21 | 1600 | 4 |26 9.94 68 | 200 | 61 | 161 | 56 | 133 | 65 | 17 | 190 30.05 +0.09 | 30.07 | FM-12

21| 1654 | 7 |EEN0228 1 10.00 67 | 194 | 61 | 162 | 57 | 139 | 71 | 15 | 200 | 22 | 3002 30.05 | FM-15 | 0.00 | 30.05
FEW.02 27

21| 1754 | 7 |BKN:0750 | 10.00 66 | 189 | 61 | 160 | 57 | 139 | 73 | 18 | 190 29.99 3002 | FM-15 | 0.00 | 30.02

OVC:08 250




FEW:02 32

21| 1854 | 7 |BKN:0749 | 10.00 67 | 194 | 62 | 168 | 59 | 150 | 76 | 17 | 200 29.96 +0.08 |29.99 | FM-15 | 0.00 | 29.99
OVC:08 250

21 | 1900 | 4 |26 9.94 67 | 194 | 62 | 168 | 59 | 1560 | 76 | 17 | 200 29.97 +0.08 | 29.99 | FM-12
FEW:02 13

21| 1954 | 7 |SCT:0435 |10.00 67 | 194 | 63 | 171 | 60 | 156 | 79 | 16 | 200 29.94 29.97 | FM-15 | 0.00 | 29.97
BKN-07 140
FEW:02 14

21| 2054 | 7 |SCT:0437 |10.00 68 | 200 | 64 | 176 | 61 | 161 | 78 | 18 | 210 | 25 | 2094 29.97 | FM-15 | 0.00 | 29.97
BKN-07 140

21| 2154 | 7 |3erS443, 1 10.00 69 | 206 | 65 | 182 | 62 | 167 | 78 | 17 | 210 | 24 | 2092 +0.04 |29.95| FM-15 | 0.00 | 29.95

21 | 2200 | 4 |41 9.94 69 | 206 | 65 | 182 | 62 | 167 | 78 | 17 | 210 29.93 +0.04 | 29.95 | FM-12

21 | 2254 | 7 |FEW:0237 | 10.00 69 | 206 | 65 | 182 | 62 | 16.7 | 78 | 21 | 210 | 29 | 29.90 29.92 | FM-15 | 0.00 | 29.93

21 | 2354 | 7 |SCT:0434 14400 70 | 211 | 65 | 181 | 61 | 161 | 73 | 20 | 210 | 29 | 2084 2087 | FM-15 | 0.00 | 29.87

BKN:07 140




U.S. Department of Commerce Local Cli matological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Hou rIy Preci pitation 151 Patton Avenue

National Environmental Satellite, Data, and Information Service September 2018 Asheville, North Carolina 28801

Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W Generated on 09/25/2018

Station: BOSTON, MA US 14739

Date For Hour (LST) Ending at Date
1AM | 2AM | 3AM | 4AM [ 5AM [ 6AM | 7AM | 8AM [ 9AM [10AM | 11 AM | NOON | 1PM 2 PM 3PM 4 PM 5PM 6 PM 7 PM 8 PM 9PM [10PM | 11 PM MID
01 01
02 02
03 03
04 04
05 05
06 T 0.01 0.02 T 06
07 T 07
08 T T 08
09 09
10 T T 0.01 0.01 0.10 0.10 0.07 0.13 0.14 0.09 0.11 10
11 0.14 0.14 0.07 0.07 0.10 0.01 11
12 T T T 0.01 0.01 0.01 0.08 0.09 T 0.05s | 0.01 12
13 0.02 0.22 0.05 0.07 0.08 T M 13
14 14
15 T M 15
16 M 16
17 T 17
18 T 0.03 0.01 M 0.12 T 0.02 T T 0.05s [ 0.63 0.08 0.12 0.03 0.03 18
19 T T T T M M 19
20 M M T 20
21 21
22 0.03 T M M 22
Maximum Short Duration Precipitation
Time Period (Minutes) 5 10 15 20 30 45 60 80 100 120 150 180

Precipitation (inches)

Ending Date Time
(yyyy-mm-dd hh:mi)

Hourly, daily, and monthly totals on the Daily Summary page and the Hourly Precipitation Table are shown as reported by the instrumentation T = Trace

at the site. However, NWS does not edit hourly values for its ASOS sites, but may edit the daily and monthly totals for selected sites which s = Suspect

will be reflected on the Daily Summary page. * = Erroneous
blank = No precipitation observed
M = Missing




U.S. Department of Commerce Local Cli matological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Hou rIy Observations 151 Patton Avenue

National Environmental Satellite, Data, and Information Service September 2018 Asheville, North Carolina 28801

Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W Generated on 10/11/2018

Station: BOSTON, MA US 14739

D : Dry Bulb Wet Bulb Dew Point ; . ; ; Net 3- Sea : Alti-

a | Time Sta- Sky Visi- Weather Type (see documentation) Temp Temp Temp Rel | Wind | Wind | Wind | Station Press. Hr Level | Report Precip meter

t [ (LST) tion | conditions bility Hé‘m Speed| Dir |Gusts| Press Tend | Change [Press.| Type Total Setting

e Type AU | AW | MW ®»|l© | E | o©f e | © % | (MPH) | (Deg) [(MPH)| (inHg) (inHg) | (inHg) (in) | NinHg)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
FEW:02 20

27 | 0054 7 [BKN:0750 | 4.00 |-RA:02 BR:1|RA|RA 70 21.1 68 20.0 67 19.4 90 3 260 29.91 1 -0.06 29.94 | FM-15 | 0.05 29.94
OVC:08 65

27 | 0100 4 |26 3.73 |||IRA 70 21.1 68 20.0 67 19.4 90 3 260 29.92 1 -0.06 29.94 | FM-12
BKN:07 15

27 | 0106 7 BKN:07 48 10.00 70 21.1 68 20.0 67 194 90 0 000 29.91 FM-16 T 29.94
OVC:08 80
SCT:04 16

27 | 0147 7 [BKN:07 43 | 10.00 70 211 68 20.0 67 19.4 90 5 260 29.92 FM-16 T 29.95
OVC:08 65
SCT:04 16

27 | 0154 7 |BKN:07 43 | 10.00 70 211 68 20.0 67 19.4 90 6 280 29.92 29.95 | FM-15 T 29.95
OVC:08 65
SCT:04 47

27 | 0254 7 [BKN:07 100 | 10.00 69 20.6 66 18.8 64 17.8 84 11 320 29.94 29.97 | FM-15| 0.00 29.97
0OVC:08 220
FEW:02 50

27 | 0354 7 [SCT:04 100 | 10.00 66 18.9 62 16.9 60 15.6 81 10 330 18 29.97 3 -0.06 29.99 | FM-15 | 0.00 30.00
OVC:08 240

27 | 0400 4 |57 9.94 66 18.9 62 16.9 60 15.6 81 10 330 29.98 3 -0.06 29.99 | FM-12
BKN:07 50

27 | 0454 7 [BKN:07 100 | 10.00 64 17.8 60 15.5 57 13.9 78 11 330 30.00 30.03 | FM-15 | 0.00 30.03
OVC:08 240
BKN:07 44

27 | 0554 7 [BKN:07 160 | 10.00 63 17.2 59 15.0 56 13.3 78 13 330 30.04 30.06 | FM-15 | 0.00 30.07
BKN:07 250
FEW:02 26

27 | 0654 7 |BKN:07 44 | 10.00 63 17.2 58 14.7 55 12.8 75 11 340 30.06 1 -0.09 30.09 | FM-15 | 0.00 30.09
BKN:07 160

27 | 0700 4 26 9.94 63 17.2 58 14.7 55 12.8 75 11 340 30.07 1 -0.09 30.09 | FM-12
BKN:07 48

27 | 0754 7 [BKN:07 160 | 10.00 64 17.8 59 15.2 56 13.3 75 10 350 30.09 30.12 | FM-15 | 0.00 30.12
BKN:07 250

27 | ogs4 | 7 [BRN:07:50 1 1009 66 | 189 | 60 | 154 | 55 | 128 | 68 | 11 | 020 30.11 30.14 | FM-15 | 0.00 | 30.14
BKN:07 250 i i . i i i i .
SCT:04 40

27 | 0954 7 [BKN:07 60 | 10.00 68 20.0 59 14.7 51 10.6 55 14 020 30.12 1 -0.06 30.15 | FM-15 | 0.00 30.15
BKN:07 160

27 | 1000 4 |41 9.94 68 20.0 59 14.7 51 10.6 55 14 020 30.13 1 -0.06 30.15 | FM-12
SCT:04 41

27 | 1054 7 [SCT:04 160 | 10.00 69 20.6 58 14.7 50 10.0 51 11 040 30.12 30.15 | FM-15 | 0.00 30.15
BKN:07 250
FEW:02 44

27 | 1154 7 |FEW:02 170( 10.00 68 20.0 59 15.0 52 11.1 57 11 090 30.12 30.15 | FM-15 | 0.00 30.15
SCT:04 250
FEW:02 50

27 | 1254 7 BKN:07 250 10.00 67 194 60 15.6 55 12.8 66 13 070 30.11 8 +0.01 30.14 | FM-15 | 0.00 30.14

27 | 1300 4 |57 9.94 67 19.4 60 15.6 55 12.8 66 13 070 30.12 8 +0.01 | 30.14 [ FM-12
FEW:02 45

27 | 1354 7 SCT:04 100 | 10.00 65 18.3 59 14.9 54 12.2 68 15 070 30.11 30.13 | FM-15 | 0.00 30.14
BKN:07 250
FEW:02 45

27 | 1454 7 [BKN:07 140 | 10.00 64 17.8 57 14.1 52 11.1 65 13 070 30.11 30.14 | FM-15 | 0.00 30.14
BKN:07 250




FEW:02 45

27 | 1554 | 7 |SCT:0495 |10.00 64 | 178 | 57 | 138 | 51 | 106 | 63 | 14 | 080 30.12 001 |3014 |FM-15| 000 | 30.15
BKN:07 140
27 [ 1600 | 4 |41 9.94 64 | 178 | 57 | 138 | 51 | 106 | 63 | 14 | 080 30.13 -0.01_| 3014 | FM-12
FEW:02 45
27 | 1654 | 7 |SCT:0495 |10.00 63 | 172 | 55 | 130 | 49 | 94 | 60 | 10 | 060 30.10 30.12 | FM-15 | 0.00 | 30.13
BKN:07 140
FEW:02 95
27 | 1754 | 7 |BKN:07 140 | 10.00 62 | 167 | 54 | 123 | 47 | 83 | 58 | 10 | 060 30.11 30.13 | FM-15 | 0.00 | 30.14
BKN:07 250
FEW:02 95
27 | 1854 | 7 |BKN:07 140 | 10.00 61 | 161 | 56 | 134 | 52 |11 | 72 | 7 | o070 30.14 002 |30.16 | FM-15| 0.00 | 30.17
0VCi08 250
27 [ 1900 | 4 9.94 61 | 161 | 56 | 134 | 52 | 111 | 72 | 7 | 070 30.15 -0.02_ | 30.16 | FM-12
FEW:02 95
27 | 1954 | 7 |BKN:07 140 | 10.00 62 | 167 | 56 | 133 | 51 | 106 | 67 | 8 | 070 30.14 30.17 | FM-15 | 0.00 | 30.17
0VC:08 230
FEW:02 95
27 | 2054 | 6 |BKN:07 140 | 10.00 62 | 167 | 56 | 131 | 50 | 100 | 65 | 10 | 060 30.14 30.16 | FM-15 | 0.00 | 30.17
0VC:08 230
FEW:02 95
27 | 2154 | 7 |EEWO025° 110,00 61 | 161 | 56 | 134 | 52 |11 | 72 | 9 | o070 30.12 +0.01 |30.15|FM-15| 0.00 | 3015
27 | 2200 |_4 9.94 61 | 161 | 56 | 134 | 52 | 111 | 72 | 9 | 070 3013 ¥0.01_| 30.15 | FM-12
27 | 2254 |7 |BKN:07 120 | 10.00 62 | 167 | 57 | 139 | 53 | 117 | 73 | 10 | 070 30.11 30.13 | FM-15 | 0.00 | 30.14
27 | 2354 | 7 |08, 10.00 62 | 167 | 56 | 136 | 52 | 111 | 70 | 15 | 070 30.07 30.09 | FM-15 | 0.00 | 30.10
28 | 0054 | 7 |OVC:0880 | 10.00 62 | 167 | 57 | 139 | 53 | 117 | 73 | 10 | 050 30.09 +0.04 | 3011 FM15| T | 3012
28 | 0100 | 4 |74 9.94 62 | 167 | 57 | 139 | 53 | 117 | 73 | 10 | 050 30.10 +0.04_| 30.11 | FM-12
28 | 0154 | 7 |OVC:0880 |10.00 62 | 16.7 | 57 | 139 | 53 | 117 | 73 | 10 | 060 30.07 30.10 | FM-15 | 0.00 | 30.10
28 | 0254 | 7 |OVC:0880 | 10.00 61 | 161 | 57 | 137 | 53 | 117 | 75 | 9 | 020 30.06 30.09 | FM-15 | _0.00 | 30.09
28 | 0354 | 7 |OVC:0870 | 10.00 61 | 161 | 57 | 137 | 53 | 117 | 75 | 13 | 040 30.05 +0.03_| 30.08 | FM-15 | 0.00 | 30.08
28 | 0400 | 4 |74 9.94 61 | 161 | 57 | 137 | 53 | 117 | 75 | 13 | 040 30.06 0.03_| 30.08 | FM-12
28 | o454 | 7 |EEN0220 110,00 |-RA02 RA [RA 61 | 161 | 57 | 139 | 54 | 122 | 78 | 14 | 030 30.05 3008 |FM-15| T | 30.08
BKN:07 20
28 | os18 | 7 |BKNO720 19000 61 | 161 | 57 | 137 | 53 |17 | 75 | 13 | 030 30.05 FM16| T | 3008
28 | 0554 | 7 |BKROT20 1 500 |RA02|RA RA 60 | 156 | 57 | 137 | 54 | 122 | 80 | 11 | 030 30.08 30.10 | FM-15 | 0.01 | 30.11
SCT:04 19
28 | 0610 | 7 |BKN:0748 | 2.50 |RA:02 BR:1|RA |RA 50 | 150 | 57 | 138 | 55 | 128 | 87 | 8 | 030 30.08 FM-16 | 0.03 | 30.11
0VCi08 70
SCT:04 19
28 | 0632 | 7 |BKN:0750 | 3.00 |-RA:02BR:1|RA |RA 50 | 150 | 57 | 138 | 55 | 128 | 87 | 9 | 030 30.08 FM-16 | 0.07 | 30.11
0OVC:08 90
BKN:07 19
28 | 0654 | 7 |BKN:0755 | 3.00 |+RA:02 BR:1|RA [RA 50 | 150 | 57 | 138 | 55 | 128 | 87 | 10 | 040 30.08 -002 |30.10 | FM-15 | 0.13s | 30.11
0VCi08 110
28 | 0700 | 4 |15 2.98 [|RA 50 | 150 | 57 | 138 | 55 | 128 | 87 | 10 | 040 30.09 -0.02_ | 30.10 | FM-12
BKN:07 20
28 | 0754 | 7 |BKN:0760 | 3.00 |RA:02 BR:1|RA |RA 58 | 144 | 56 | 132 | 54 | 122 | 87 | 11 | 040 30.06 30.08 | FM-15 | 0.10 | 30.09
0VC:08 120
BKN:07 12
28 | 0827 | 7 |BKN:0725 |10.00 |-RA02 |RA RA 50 | 150 | 57 | 141 | 56 | 133 | 9 | 10 | 020 30.06 FM-16 | 0.03 | 30.09
0VCi08 47
BKN:07 11
28 | 0854 | 7 |BKN:0723 |10.00 |-RA02 |RA |RA 60 | 156 | 58 | 143 | 56 | 133 | 8 | 11 | 020 30.06 30.09 | FM-15 | 0.02 | 30.09
0VCi08 47
28 | o954 | 7 |BKROTIL 110,00 |-RA02 |RAIRA 60 | 156 | 58 | 143 | 56 | 133 | 8 | 11 | 020 30.06 +0.02 |3008|FM-15| T | 30.00
28 | 1000 | 4 |15 9.94 [|RA 60 | 156 | 58 | 143 | 56 | 133 | 86 | 11 | 020 30.07 ¥0.02_| 30.08 | FM-12
28 | 1054 | 7 |BKNO712 0 340 | RA:02 BR:1|RA|RA 59 | 150 | 57 | 141 | 56 | 133 | 90 | 16 | 030 30.03 30.06 | FM-15 | 0.08 | 30.06

OVC:08 31




SCT:04 10

28 | 1152 | 6 |BKN'0717 | 4.00 |-RA:02 BR:1|RA [RA 57 | 140 | 55 | 130 | 54 | 120 | 88 | 16 | 010 30.04 FM-16 30.07
0VC:08 25
SCT:04 10
28 | 1154 | 7 |BKN'0717 | 4.00 |-RA:02 BR:1|RA [RA 58 | 144 | 56 | 132 | 54 | 122 | 87 | 14 | 010 30.04 3006 [FM-15| T | 30.07
0VC:08 25
FEW:02 11
28| 1254 | 7 [BKNOT17 | 900 |-RA0ZIRAIRA 58 | 144 | 54 | 124 | 51 | 106 | 78 | 14 | 020 30.03 +0.02 | 3006 |FM-15| T | 30.06
28 | 1300 | 4 |15 8.70 ||RA 58 | 144 | 54 | 124 | 51 | 106 | 78 | 14 | 020 30.04 +0.02 | 30.06 | FM-12
28 | 1354 | 7 |EEN0223 110,00 |-RA02 RARA 60 | 156 | 55 | 128 | 51 | 106 | 72 9 | o040 30.02 30.04 | FM-15 | 0.01 | 30.05
28 | 1427 | 7 |EEN0213 1 10.00 60 | 156 | 55 | 128 | 51 | 106 | 72 | 11 | 020 30.02 FM-16| T | 30.05
FEW:02 11
28 | 1454 | 7 |SCT:0416 | 6.00 |-DZ:01|DZ |DZ 59 | 150 | 56 | 135 | 54 | 122 | 83 7 | o10 30.02 3004 |FM-15| T | 30.05
OVC:08 39
FEW:02 11
28 | 1500 | 7 |BKN:0716 | 10.00 59 | 150 | 56 | 135 | 54 | 122 | 83 3 | o050 30.01 FM-16| T | 30.04
0VC:08 32
28 | 1554 | 7 |EEWO212 110,00 60 | 156 | 56 | 134 | 53 | 117 | 78 060 30.01 +0.02 | 3004 |FM-15| T | 30.04
28 | 1600 | 4 |15 9.94 60 | 156 | 56 | 134 | 53 | 1.7 | 78 060 30.02 +0.02 | 30.04 | FM-12
28 | 1654 | 7 |ERWO22L 110,00 60 | 156 | 56 | 134 | 53 | 117 | 78 3 | 020 30.04 30.06 | FM-15 | 0.00 | 30.07
28 | 1754 | 7 |EEWO213 110,00 60 | 156 | 56 | 131 | 52 | 111 | 75 3 | o1 30.04 30.07 | FM-15 | 0.00 | 30.07
28 | 1852 | 6 |EEWOZIL 110,00 59 | 150 | 55 | 129 | 582 | 120 | 77 5 | o010 30.05 FM-16 30.08
28 | 1854 | 7 |EEWOZ1L 110,00 50 | 150 | 55 | 129 | 52 | 121 | 78 5 | 020 30.05 0.04 |3007|Fm-15| 000 | 30.08
28 | 1900 | 4 |15 9.94 59 | 150 | 55 | 129 | 52 | 11.1 | 78 5 | 020 30.06 0.04 | 30.07 | FM-12
28 | 1954 | 7 |CLR.00 10.00 59 | 150 | 55 | 126 | 51 | 106 | 75 3 | 040 30.05 30.08 | FM-15 | 0.00 | 30.08
28 | 2054 | 7 |FEW:02 24 | 10.00 59 | 150 | 55 | 129 | 52 | 11.1 | 78 3 | 240 30.05 30.08 | FM-15 | 0.00 | 30.08
28 | 2154 | 7 |FEW:0224 | 10.00 59 | 150 | 56 | 132 | 53 | 11.7 | 8l 5 | 280 30.05 001 | 30.08 ] FM-15| 0.00 | 30.08
28 | 2200 | 4 |26 9.94 59 | 150 | 56 | 132 | 53 | 11.7 | 81 5 | 280 30.06 20.01 | 30.08 | FM-12
28 | 2254 | 7 |FEW:0230 | 10.00 58 | 144 | 55 | 126 | 52 | 11.1 | 81 6 | 280 30.06 30.08 | FM-15 | 0.00 | 30.09
28 | 2354 | 7 |CLR:00 10.00 58 | 144 | 55 | 126 | 52 | 111 | 81 6 | 270 30.05 30.07 | FM-15 | 0.00 | 30.08
29 | 0054 | 7 |CLR:00 10.00 56 | 133 | 54 | 124 | 53 | 1.7 | 90 7 | 230 30.05 +0.00 | 30.08 | FM-15 | 0.00 | 30.08
29 | 0100 | 4 9.94 56 | 133 | 54 | 124 | 53 | 11.7 | 90 7 | 230 30.06 +0.00 | 30.08 | FM-12
29 | 0154 | 7 |CLR:00 10.00 56 | 133 | 54 | 121 | 52 | 11.1 | 87 9 | 220 30.04 30.07 | FM-15 | 0.00 | 30.07
29 | 0254 | 7 |CLR:00 10.00 56 | 133 | 54 | 121 | 52 | 11.1 | 87 8 | 240 30.05 30.07 | FM-15 | 0.00 | 30.08
29 | 0354 | 7 |CLR:00 10.00 55 | 128 | 53 | 119 | 52 | 111 | 90 6 | 230 30.06 001 | 30.09 | FM-15| 0.00 | 30.09
29 | 0400 | 4 9.94 55 | 128 | 53 | 119 | 52 | 11.1 | 90 6 | 230 30.07 0.01_|30.09 | FM-12
29 | 0454 | 7 |CLR.00 10.00 55 | 128 | 53 | 119 | 52 | 11.1 | 90 7 | 230 30.06 30.09 | FM-15 | 0.00 | 30.09
29 | 0554 | 7 |CLR:00 10.00 56 | 133 | 54 | 121 | 52 | 111 | 87 6 | 240 30.09 30.11 | FM-15| 0.00 | 30.12
29 | 0654 | 7 |FEW:0220 | 10.00 59 | 150 | 56 | 132 | 53 | 11.7 | 8l 9 | 270 30.10 0.04 | 30.13 | FM-15| 000 | 30.13
29 | 0700 | 4 |26 9.94 59 | 150 | 56 | 132 | 53 | 11.7 | 81 9 | 270 30.11 0.04 | 30.13 | FM-12
29 | 0754 | 7 |FEW:0218 | 10.00 61 | 161 | 57 | 137 | 53 | 117 | 75 | 10 | 270 30.11 30.14 | FM-15 | 0.00 | 30.14
29 | 0854 | 7 |FEW:0218 | 10.00 65 | 183 | 59 | 152 | 55 | 128 | 70 6 | VRB 30.12 30.15 | FM-15 | 0.00 | 30.15
29 | 0954 | 7 |FEW:0225 | 10.00 69 | 206 | 60 | 158 | 54 | 12.2 | 59 7 | 320 30.12 0.02_ | 30.15 | FM-15 | 0.00 | 30.15
29 | 1000 | 4 |26 9.94 69 | 206 | 60 | 1568 | 54 | 122 | 59 7 | 320 30.13 002 |30.15 | FM-12
29 | 1054 | 7 |FEW:0225 | 10.00 70 | 211 | 61 | 160 | 54 | 122 | 57 8 | 270 30.10 30.13 | FM-15 | 0.00 | 30.13
29 | 1154 | 7 |SCT:0430 | 10.00 72 | 2220 | 62 | 167 | 55 | 128 | 55 | 10 | 300 30.10 30.13 | FM-15 | 0.00 | 30.13
29 | 1254 | 6 |SCT:0441 | 10.00 72 | 222 | 62 | 164 | 54 | 122 | 53 7 | 280 | 18 | 30.09 +0.03 | 30.12 | FM-15 | 0.00 | 30.12
29 | 1354 | 7 |SCT:0450 | 10.00 74 | 233 | 62 | 168 | 54 | 12.2 | 50 8 | 280 30.09 30.12 | FM-15 | 0.00 | 30.12
29 | 1454 | 7 |SCT:0455 | 10.00 72 | 222 | 61 | 159 | 52 | 11.1 | 50 6 | 300 30.11 30.13 | FM-15 | 0.00 | 30.14
29 | 1554 | 7 |SCT:0460 | 10.00 72 | 222 | 61 | 159 | 52 | 11.1 | 50 8 | 300 30.12 0.03_| 30.15 | FM-15 | 0.00 | 30.15
29 | 1600 | 4 |57 9.04 72 | 222 | 61 | 1569 | 52 | 11.1 | 50 8 | 300 30.13 20.03 | 30.15 | FM-12
29 | 1654 | 7 |SCT:0465 | 10.00 69 | 206 | 58 | 147 | 50 | 10.0 | 51 9 | 300 30.14 30.16 | FM-15 | 0.00 | 30.17




29 [ 1754 | 7 |SCT.0455 | 10.00 68 | 200 | 58 | 145 ] 50 | 100 ] 53 | 9 | 310 30.15 30.18 | FM-15 | 0.00 | 30.18
29 | 1854 | 7 |SCT:0450 | 10.00 67 | 194 | 58 | 142 | 50 | 100 | 55 | 3 | 330 30.17 0.05 |30.20 | FM-15 | 0.00 | 30.20
29 | 1900 | 4 |57 9.94 67 | 194 | 58 | 142 | 50 | 100 | 55 | 3 | 330 30.18 20.05 | 30.20 | FM-12
29 | 1954 | 7 |BKN:0760 | 10.00 66 | 189 | 58 | 143 | 51 | 106 | 59 | 3 | VRB 30.19 30.21 | FM-15 | 0.00 | 30.22
29 | 2054 | 7 |FEW:0260 | 10.00 64 | 178 | 56 | 133 | 49 | 9.4 | 58 | 8 | 300 30.20 30.23 | FM-15 | 0.00 | 30.23
29 | 2154 | 7 |FEW:0260 | 10.00 61 | 161 | 55 | 128 | 50 | 100 | 67 | 8 | 300 30.21 20.04 | 30.24 | FM-15 | 0.00 | 30.24
29 | 2200 | 4 |57 9.04 61 | 161 | 55 | 128 | 50 | 100 | 67 | 8 | 300 30.22 0.04 | 30.24 | FM12
29 | 2254 | 7 |FEW:0260 | 10.00 60 | 156 | 54 | 120 | 48 | 89 | 65 | 8 | 290 30.22 30.24 | FM-15 | 0.00 | 30.25
29 | 2354 | 7 |CLR.00 10.00 60 | 156 | 53 | 115 | 46 | 78 | 60 | 8 | 320 30.22 30.25 | FM-15 | 0.00 | 30.25
30 | 0054 | 7 |FEW:0260 | 10.00 58 | 144 | 52 | 113 | 47 | 83 | 67 | 8 | 330 30.23 0.02 | 30.26 | FM-15 | 0.00 | 30.26
30 | 0100 | 4 |57 9.94 58 | 144 | 52 | 113 | 47 | 83 | 67 | 8 | 330 30.24 0.02 | 30.26 | FM-12
30 | 0154 | 7 |FEW:0260 | 10.00 56 | 133 | 51 | 108 | 47 | 83 | 72 | 5 | 340 30.23 30.26 | FM-15 | 0.00 | 30.26
30 | 0254 | 7 |FEW:0260 | 10.00 56 | 133 | 51 | 105 | 46 | 78 | 70 | 7 | 320 30.24 30.27 | FM-15 | 0.00 | 30.27
30 | 0354 | 7 |FEW:0260 | 10.00 55 | 128 | 50 | 102 | 46 | 78 | 72 | 5 | 290 30.26 0.03 | 30.29 | FM-15 | 0.00 | 30.29
30 | 0400 | 4 |57 9.94 55 | 128 | 50 | 102 | 46 | 78 | 72 | 5 | 290 30.27 0.03 | 30.29 | FM-12
30 | 0454 | 7 |FEW:0260 | 10.00 55 | 128 | 50 | 97 | 44 | 67 | 67 | 8 | 290 30.27 30.29 | FM-15 | 0.00 | 30.30
30 | 0554 | 7 |FEW:0260 | 10.00 54 | 122 | 49 | 95 | 44 | 67 | 69 | 9 | 300 30.29 30.31 | FM-15 | 0.00 | 30.32
30 | o654 | 7 |EEW:9220 1 10.00 57 | 139 | 50 | 103 | 44 | 67 | 62 | 10 | 300 30.29 003 |30.32|FM-15| 0.00 | 30.32
30 | 0700 | 4 |57 9.94 57 | 139 | 50 | 103 | 44 | 67 | 62 | 10 | 300 30.30 0.03 | 30.32 | FM-12
FEW:02 40
30 [o7s4 | 7 |EEW:0240 110,00 60 | 156 | 52 | 113 | 45 | 72 | 58 | 8 | 300 30.32 3035 | FM-15 | 0.00 | 30.35
FEW:02 40
30 [ossa | 7 [EEW:0240 110,00 63 | 172 | 53 | 116 | 43 | 61 | 48 | 8 | 310 30.32 3034 | FM-15 | 0.00 | 3035
30 | 0954 | 7 |EEW:9249 ] 10.00 64 | 178 | 53 | 118 | 43 | 61 | 46 6 | 290 30.31 -0.02 |30.34|FM-15| 0.00 | 3034
30 | 1000 | 4 |41 9.94 64 | 178 | 53 | 118 | 43 | 61 | 46 290 30.32 002 | 3034 FM-12
FEW:02 30
30 | 1054 | 7 |FEW:0270 | 10.00 66 | 189 | 54 | 121 | 42 | 56 | 42 | 6 | 360 30.29 3032 | FM-15 | 0.00 | 30.32
SCT:04 250
FEW:02 30
30 | 1154 | 7 |FEW:0290 | 10.00 67 | 104 | 54 | 123 | 42 | 56 | 41 | 5 | 300 30.28 3031 | FM-15 | 0.00 | 30.31
SCT:04 250
FEW:02 30
30 | 1254 | 7 |FEW!0290 | 10.00 69 | 206 | 55 | 128 | 42 | 56 | 38 | 8 | 280 30.27 +0.04 |30.30 | FM-15| 0.00 | 30.30
SCT:04 250
30 | 1300 | 4 |26 9.94 69 | 206 | 55 | 128 | 42 | 56 | 38 | 8 | 280 30.28 70.04_ | 30.30 | FM-12
SCT.04 70
30 | 1354 | 7 |sCT:0480 | 10.00 69 | 206 | 55 | 125 | 41 | 50 | 36 | 13 | 260 | 18 | 30.25 30.27 | FM-15 | 0.00 | 30.28
BKN:07 220
BKN:07 220
30 | 1454 | 7 |BKNOT2201 10,00 69 | 206 | 55 | 130 | 43 | 61 | 39 | 9 | 240 30.25 3027 | FM-15 | 0.00 | 30.28
FEW:02 180
30 | 1554 | 7 |BKN:07 220 | 10.00 69 | 206 | 55 | 128 | 42 | 56 | 38 | 9 | 250 30.25 +0.02 |30.28 | FM-15 | 0.00 | 30.28
BKN:07 250
30 | 1600 | 4 9.04 69 | 206 | 55 | 128 | 42 | 56 | 38 | 9 | 250 30.26 70.02_| 30.28 | FM-12
FEW:02 180
30 | 1654 | 7 |BKN:07 220 | 10.00 67 | 194 | 54 | 123 | 42 | 56 | 41 | 8 | VRB 30.25 3027 | FM-15 | 0.00 | 30.28
OVC:08 250
FEW:02 150
30 | 1754 | 7 |SCT:04220 | 10.00 66 | 189 | 54 | 120 | 42 | 56 | 42 | 9 | 270 30.25 3028 | FM-15 | 0.00 | 30.28
BKN:07 250
30 | 1854 | 7 |5el93220] 10.00 65 | 183 | 54 | 120 | 43 | 61 | 45 | 6 | 260 30.26 001 |30.29 | FM-15| 0.00 | 30.20
30 | 1900 | 4 9.94 65 | 183 | 54 | 120 | 43 | 61 | 45 260 30.27 20.01 | 3029 | FM-12
FEW:02 220
30 1054 | 7 |EEW02220) 10,09 62 | 167 | 54 | 123 | 47 | 83 | 58 | 5 | 200 30.26 3029 | FM-15 | 0.00 | 30.29
30 | 2084 | 7 |EEWO2220110.00 61 | 161 | 54 | 120 47 | 83 | 60 200 30.26 3029 | FM-15 | 0.00 | 30.29
30 | 2154 | 7 |BKN:07 250 | 10.00 60 | 156 | 54 | 123 | 49 | 94 | 67 | 6 | 220 30.27 20.01 | 3029 | FM-15 | 0.00 | 30.30
30 | 2200 | 4 9.94 60 | 156 | 54 | 123 | 49 | 94 | 67 | 6 | 220 30.28 0.01_ | 30.29 | FM-12
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U.S. Department of Commerce
National Oceanic & Atmospheric Administration

National Environmental Satellite, Data, and Information Service
Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W
Station: BOSTON, MA US 14739

Local Climatological Data

Hourly Observations

October 2018
Generated on 10/11/2018

National Centers for Environmental Information

151 Patton Avenue
Asheville, North Carolina 28801

2 Time | Sta- Sky visi- | Weather Type (see documentation) Dfl}'er?]lglb W_?;Iiglb De.‘lf‘ér';%int Rel | wind | Wind | wind | Station |poqq NthrS- L?:—:(\a/ael Report | Precip n?éttie;r
t [ (LST) tion | ~onditions bility Hé‘m Speed | Dir |Gusts | Press Tend Change |Press.| Type Total Setting
e Type AU | AW | MW ®»|l© | E | o©f e | © % | (MPH) | (Deg) [(MPH)| (inHg) (inHg) | (inHg) (in) | NinHg)
1| 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 17 18 19 20 | 21 22 23
01 | 0054 B2 79 | 10.00 60 | 156 | 55 | 129 | 51 | 106 | 72 6 | 220 30.27 +0.00 |30.29 | FM-15| 0.00 | 30.30
0L | 0100 | 4 |74 9.94 60 | 156 | 55 | 12.9 | 51 | 106 | 72 6 | 220 30.28 +0.00 | 30.29 | FM-12
01 | 0154 | 7 |OVC:0865 | 10.00 60 | 156 | 56 | 131 | 52 | 111 ] 75 | 8 | 210 30.25 30.28 | FM-15 | 0.00 | 30.28
01 | 0254 | 7 |OvC:0870 | 10.00 61 | 161 | 57 | 137 | 53 | 11.7 | 75 | 7 | 210 30.25 30.28 | FM-15 | 0.00 | 30.28
01| 0354 | 7 gﬁmfgg ;go 10.00 61 | 161 | 57 | 137 | 53 | 107 | 75 6 | 220 30.26 +0.01 |30.28|FM-15| 0.00 | 30.20
01 | 0400 | 4 |74 9.94 61 | 161 | 57 | 137 | 53 | 117 | 75 | 6 | 220 30.27 7001 | 30.28 | FM-12
01 | 0454 | 7 |OVC:0875 | 10.00 60 | 156 | 57 | 137 | 54 | 122 | 80 | 5 | 240 30.26 30.29 | FM-15 | 0.00 | 30.29
01 | 0554 | 7 |BKN:0780 | 10.00 61 | 161 | 58 | 142 | 55 | 128 | 81 9 | 220 30.27 30.29 | FM-15 | 0.00 | 30.30
SCT.04 70
01| 0654 | 7 |BKN:07 120 10.00 63 | 172 | 60 | 153 | 57 | 139 | 81 | 11 | 200 3026 | 0 001 |3029|FM-15| 0.00 | 30.29
BKN:07 250
01 | 0700 | 4 |74 9.94 63 | 172 | 60 | 153 | 57 | 139 | 81 | 11 | 200 3027 9 001 | 3029 | FM-12
FEW:02 65
01| 0754 | 7 |SCT:04120 | 10.00 66 | 189 | 61 | 163 | 58 | 144 | 75 | 13 | 240 30.28 3030 | FM-15 | 0.00 | 30.31
SCT:04 250
01| 0834 | 7 |BKN:0718 1,449 67 | 194 | 62 | 168 | 59 | 150 | 76 | 10 | 240 30.28 FM-16 30.31
BKN:07 70 | 1 : : : : :
o1 | ossa | 7 |BKNOTIE 110,00 67 | 194 | 62 | 168 | 59 | 150 | 76 5 | 270 30.28 3031 | FM-15 | 0.00 | 30.31
01 | 0954 | 7 |OVC:0819 | 10.00 66 | 180 | 61 | 163 | 58 | 144 | 75 | 6 | 330 30.28 1 20.02 | 3031 | FM-15 | 0.00 | 30.31
01 | 1000 | 4 |15 9.94 66 | 189 | 61 | 163 | 58 | 144 | 75 | 6 | 330 30.29 1 0.02 | 30.31 | FM-12
01 | 1054 | 7 |OVC:0820 | 10.00 66 | 189 | 61 | 163 | 58 | 144 | 75 | 10 | 350 30.29 30.31 | FM-15 | 0.00 | 30.32
01 | 1154 | 7 |OvC:0816 | 10.00 62 | 16.7 | 58 | 142 | 54 | 122 | 75 | 11 | 040 30.29 3032 | FM-15 | 0.00 | 30.32
01 | 1201 | 7 |ovC:0814 | 10.00 62 | 16.7 | 58 | 142 | 54 | 122 | 75 | 11 | 020 30.29 FM-16 30.32
01 | 1254 | 7 |OVC:0814 | 7.00 |BR1]] 61 | 161 | 57 | 139 | 54 | 122 | 78 9 | 030 30.29 0 20.01 | 3031 | FM-15 | 0.00 | 30.32
01 | 1300 | 4 |15 6.84 61 | 161 | 57 | 140 | 54 | 122 | 78 9 | 030 30.30 9 001 | 30.31] FM-12
FEW.02 14
o1 1340 | 7 |FEN0214 11000 60 | 156 | 57 | 137 | 54 | 122 | 8 | 10 | 030 30.28 FM-16 3031
o1 | 1354 | 7 |EEN0213 110.00 60 | 156 | 56 | 134 | 53 | 117 | 78 9 | o030 30.29 3031 | FM-15 | 0.00 | 30.32
01| 1434 | 7 |EENO211 1 550 |-RA02BR1IRARA 59 | 150 | 56 | 135 | 54 | 122 | 8 | 9 | 030 30.29 FM-16| T | 30.32
o1 | 1451 | 7 |BKMOTIL | 175 |-RA02BR1|RARA 57 | 140 | 56 | 133 | 55 | 130 | 94 | 10 | 020 30.29 FM-16 | T | 30.32
o1 | 1454 | 7 |BKROTS | 175 |-RA02BR1|RAIRA 58 | 144 | 56 | 135 | 55 | 128 | 90 | 10 | 020 30.29 3031 |FM15| T | 3032
o1 [1503 | 7 |SCTOLE | 250 |-RA02BR:1[RAIRA 58 | 144 | 57 | 138 | 56 | 133 | 93 | 11 | 030 30.29 FM-16| T | 30.32
o1 1518 | 7 |BRNOTE 1 200 |-RA02BR1[RAIRA 58 | 144 | 56 | 135 | 55 | 128 | 9 | 8 | 040 30.29 FM-16| T | 30.32
o1 | 1538 | 7 |BKROTE | 150 |-RA02BR1IRAIRA 58 | 144 | 56 | 135 | 55 | 128 | 9 | 7 | 060 30.28 FM-16| T | 30.31
01 | 1554 BRN07 e, | 1.25 |-RA02BR:1RA RA 58 | 144 | 57 | 138 | 56 | 133 | 93 8 | os0 30.29 001 |3032|FM-15| 001 | 30.32
0L | 1600 | 4 |5 124 ||RA 58 | 144 | 57 | 138 | 56 | 133 | 93 8 | 050 30.30 20.01 | 30.32 | FM-12
SCT.04 6
01 | 1642 | 7 |BKN'0710 | 250 |-RA:02 BR:1|RA [RA 58 | 144 | 56 | 135 | 55 | 128 | 9 | 8 | 050 30.29 FM-16 | 001 | 30.32
0OVC:08 24




SCT:047

o1 | 1652 | 6 |BKN:0718 | 250 |-Dz:01BR:1|DZ |DZ 57 | 140 | 56 | 133 | 55 | 130 | 94 | 8 | 050 30.29 FM-16 30.32
0OVC:08 29
SCT.047
o1 | 1654 | 7 |BKN:0718 | 250 |-Dz:01BR:1|DZ |DZ 58 | 144 | 56 | 135 | 55 | 128 | 9 | 7 | 040 30.29 3032 | FM-15 | 0.01 | 30.32
0OVC:08 29
o1 [1715 | 7 |BRNOTS 1 550 |-RA02BR1RAIRA 58 | 144 | 56 | 135 | 55 | 128 | 9 | 7 | 060 30.29 FM-16| T | 30.32
o1 | 1754 | 7 |BKMOTE | 250 |-Dz:01BR!1IDZ|DZ 58 | 144 | 57 | 138 | 56 | 133 | 93 | 13 | 030 30.30 3033 |FM-15| T | 3033
o1 | 1802 | 7 |BKROTE 1 6.00 |-Dz:01BR1|DZ IDZ 58 | 144 | 56 | 135 | 55 | 128 | 90 9 | o040 30.30 FM-16 | T | 30.33
SCT.047
o1 | 1854 | 7 |BKN:0711 | 5.00 |-RA:02 BR:1|RA |RA 58 | 144 | 56 | 135 | 55 | 128 | 90 | 10 | 030 30.31 .0.02 |3034|FM-15| 001 | 3034
0VC:08 21
0L | 1900 | 4 8 2.97 [|IRA 58 | 144 | 56 | 135 | 55 | 128 | 90 | 10 | 030 30.32 0.02 | 30.34 | FM-12
FEW:02 7
01| 1954 | 7 |BKN:0711 | 7.00 |-Dz:01|DZ |DZ 58 | 144 | 56 | 132 | 54 | 122 | 87 | 10 | 030 30.31 3034 |FM15| T | 3034
0OVC:08 30
01 | 2054 | 7 |FEW:028 |44 58 | 144 | 56 | 132 | 54 | 122 | 87 | 9 | 040 30.31 3034 |FM15| T | 3034
ovc:o813 | 10 : : : : : :
BKN:07 17
o1 2152 | 6 [BRNOTIT 110,00 57 | 140 | 55 | 130 | 54 | 120 | 88 | 9 | 020 30.32 FM-16 3035
o1 | 2154 | 7 |BKROZLT | 10.00 58 | 144 | 56 | 132 | 54 | 122 | 87 | 11 | 020 30.32 001 |3035|FM15| T | 3035
01 | 2200 | 4 |15 9.94 58 | 144 | 56 | 132 | 54 | 122 | 87 | 11 | 020 3033 20.01 ]3035 ]| FM-12
01 | 2241 | 7 |EENO25. | 7.00 |-RA02 |RAIRA 57 | 139 | 55 | 130 | 54 | 122 | 9 | 10 | 030 30.31 FM-16 | 0.03 | 30.34
FEW:02 9
01 | 2254 | 7 |BKN:0717 | 8.00 57 | 139 | 55 | 130 | 54 | 122 | 90 | 9 | 020 30.31 3033 | FM-15 | 0.03 | 30.34
0VC:08 23
BKN:07 10
01| 2352 | 6 |BKN'0714 |10.00 57 | 140 | 56 | 133 | 55 | 130 | 94 | 7 | 030 30.29 FM-16 30.32
0VC:08 21
BKN:07 10
01| 2354 | 7 |BKN'0714 |10.00 57 | 139 | 56 | 133 | 55 | 128 | 93 | 8 | 040 30.29 3031 | FM-15 | 0.00 | 30.32
0OVC:08 19
SCT.04 8
02 | 0000 | 7 |BKN:0715 | 10.00 57 | 139 | 56 | 133 | 55 | 128 | 93 | 8 | 040 30.28 FM-16 3031
0OVC:08 25
BKN:07 9
02 | 0033 | 7 |BKN'0718 |10.00 58 | 144 | 56 | 135 | 55 | 128 | 9 | 8 | 040 30.27 FM-16 30.30
OVC:08 25
BKN:07 11
02 | 0042 | 7 |BKN'0714 |10.00 58 | 144 | 56 | 135 | 55 | 128 | 9 | 9 | 020 30.28 FM-16 3031
0OVC:08 20
02 | oosa | 7 |BKMOTI0 10,00 58 | 144 | 56 | 135 | 55 | 128 | 90 9 | o020 30.28 +0.05 |30.30 | FM-15 | 0.00 | 30.31
02 | 0100 | 4 |15 9.94 58 | 144 | 56 | 135 | 55 | 128 | 9 | 9 | 020 30.29 +0.05 | 30.30 | FM-12
02 | 0154 | 7 |OVC:0810 | 5.00 |-RA02 BR:L |RA [RA 57 | 139 | 55 | 130 | 54 | 122 | 9 | 9 | 040 30.26 3029 | FM15| T | 30.29
02 | 0209 | 7 |OVC:089 | 250 |-RA02 BR:1 |RA [RA 57 | 139 | 55 | 130 | 54 | 122 | 9 | 9 | 050 30.26 FM-16 | T | 30.29
02 | 0227 | 7 |OVC:089 | 4.00 |-RA02 BR:L |RA [RA 57 | 139 | 56 | 133 | 55 | 128 | 93 | 7 | 040 30.25 FM-16 | 0.01 | 30.28
02 | 0254 | 7 |OvVC:088 | 5.00 |-RA02 BR:L |RA |RA 57 | 139 | 56 | 133 | 55 | 128 | 93 | 7 | 040 30.25 30.28 | FM-15 | 0.03 | 30.28
02 | 03817 | 7 |OVC:0810 | 3.00 |-RA02 BR:1 |RA [RA 57 | 139 | 56 | 133 | 55 | 128 | 93 | 13 | 060 30.24 FM-16 | 0.04 | 30.27
02 | 0354 | 7 |OVC:0811 | 9.00 |-RA02 |RA [RA 58 | 144 | 56 | 135 | 55 | 128 | 90 | 9 | 050 30.24 7004 | 30.27 | FM-15 | 0.04 | 30.27
02 | 0400 | 4 |15 8.70 ||RA 58 | 144 | 56 | 135 | 55 | 128 | 90 | 9 | 050 30.25 +0.04 | 30.27 | FM-12
02 | 0454 | 7 |OVC:0810 | 10.00 57 | 139 | 55 | 130 | 54 | 122 | 90 | 6 | 360 30.25 30.28 | FM-15 | 0.02 | 30.28
02 | 0501 | 7 |OvVC:086 |10.00 57 | 139 | 55 | 130 | 54 | 122 | 9 | 6 | 020 30.25 FM-16 30.28
02 | 0554 | 7 |ovc.088 | 8.00 57 | 139 | 56 | 133 | 55 | 128 | 93 | 7 | 010 30.24 30.27 | FM-15 | 0.00 | 30.27
02 | 0654 | 7 |OvVC:087 | 3.00 |BRL]] 57 | 139 | 56 | 133 | 55 | 128 | 93 | 10 | 040 30.24 +0.00 | 30.27 | FM-15 | 0.00 | 30.27
02 0700 | 4 8 2.98 57 | 139 | 56 | 133 | 55 | 128 | 93 | 10 | 040 30.25 000 |30.27 | FM-12
02 | 0734 | 7 |OVC:085 | 150 |BR:1]] 57 | 139 | 56 | 133 | 55 | 128 | 93 | 8 | 030 30.25 FM-16 30.28
02 | 0749 | 7 |OvC:084 | 150 |BR1|| 57 | 140 | 56 | 133 | 55 | 130 | 94 | 11 | 030 30.25 FM-16 30.28




02 [ 0754 | 7 [OVC:084 | 1.50 |-RA:02 BR:L|RA RA 57 [ 139 | 56 [ 133 | 55 [ 128 | 93 | 10 | 040 30.25 3027 [FM-15] T | 30.28
02 | 0854 | 7 |OVC:084 | 1.25 |-DZ:01BR:1|DZ|DZ 58 | 144 | 57 | 138 | 56 | 133 | 93 | 10 | 010 30.25 30.28 | FM-15 | 0.02 | 30.28
02 0909 | 7 |OVC:085 | 1.00 |-DZ:01BR:1|DZ|DZ 57 | 139 | 56 | 136 | 56 | 133 | 96 | 9 | 040 30.24 FM16 | T | 30.27
02 | 0954 | 7 |OVC:085 | 1.25 |-DZ:01BR:1|DZ|DZ 58 | 144 | 57 | 138 | 56 | 133 | 93 | 9 | 040 30.23 +0.02_| 30.25 | FM-15 | 0.01 | 30.26
02 [1000 | 4 |5 1.24 ||DZ 58 | 144 | 57 | 138 | 56 | 133 | 93 | 9 | 040 30.24 +0.02_| 30.25 | FM-12
02 [ 1036 | 7 |OVC:085 | 3.00 |BRL]| 50 | 150 | 58 | 144 | 57 | 139 | 93 | 9 | 070 30.21 FM-16 | 0.01 | 30.24
02 | 1052 | 6 _|OVC:087 | 250 |BR:L|| 59 | 150 | 57 | 138 | 55 | 13.0 | 88 | 10 | 060 30.20 FM-16 30.23
02 [ 1054 | 7 [OVC:087 | 3.00 |BR:L|| 50 | 150 | 57 | 141 | 56 | 133 | 90 | 10 | 060 30.20 30.23 | FM-15| 0.01 | 30.23
02 | 1152 | 6 _|OVC:086 | 150 |-DZ:01 BR:L|DZ |DZ 59 | 150 | 58 | 144 | 57 | 140 | 94 | 8 | 070 30.17 FM-16 30.20
02 [ 1154 | 7 |OVC:086 | 150 |-DZ:01BR:1|DZ|DZ 50 | 150 | 58 | 144 | 57 | 139 | 93 | 8 | 060 30.17 3020 | FM-15| T | 30.20
02 [ 1250 | 7 |OVC:084 | 1.00 |-DZ:01BR:1|DZ|DZ 61 | 160 | 59 | 148 | 57 | 140 | 88 | 9 | 070 30.13 FM-16 | T | 30.16
02 | 1252 | 6 |OVC:086 | 125 |-DZ:01BR:L|DZ|DZ 61 | 160 | 59 | 148 | 57 | 140 | 88 | 9 | 070 30.13 FM-16 30.16
02 [ 1254 | 7 |OVC:086 | 1.25 |-DZ:01BR:1|DZ|DZ 60 | 156 | 59 | 149 | 58 | 144 | 93 | 9 | 060 30.13 +0.07_|30.16 [FM-15| T | 30.16
02 [ 1300 | 4 |5 1.24 ||pzZ 60 | 156 | 59 | 149 | 58 | 144 | 93 | 9 | 060 30.14 +0.07_| 30.16 | FM-12
02 [ 1307 | 7 |OVC:084 | 1.25 |-DZ:01BR:1|DZ|DZ 60 | 156 | 59 | 149 | 58 | 144 | 93 | 7 | 070 30.13 FM-16 | T | 30.16
02 | 1354 | 7 |OVC:084 | 1.25 |-DZ:01BR:1|DZ|DZ 60 | 156 | 59 | 149 | 58 | 144 | 93 | 9 | 070 30.10 30.13 | FM-15 | 0.01 | 30.13
02 [ 1454 | 7 |OVC:084 | 1.00 |-DZ:01BR:1|DZ|DZ 60 | 156 | 59 | 152 | 59 | 150 | 96 | 10 | 070 30.08 3011 | FM-15| T | 30.11
02 | 1554 | 7 |OVC:083 | 1.25 |-DZ:01BR:1|DZ|DZ 61 | 161 | 60 | 155 | 59 | 150 | 93 | 8 | 050 30.06 +0.07_|30.09 [FM-15| T | 30.09
02 1600 | 4 |2 1.24 ||DZ 61 | 161 | 60 | 155 | 59 | 150 | 93 | 8 | 050 30.07 +0.07_| 30.09 | FM-12
02 | 1654 | 7 |OVC:083 | 1.75 |-DZ:01BR:1|DZ|DZ 61 | 161 | 60 | 158 | 60 | 156 | 97 | 7 | 050 30.05 30.08 |[FM-15| T | 30.08
02 | 1754 | 7 _|OVC:083 | 1.25 |RA:02 BR:L|RA |RA 62 | 167 | 61 | 163 | 61 | 161 | 96 | 9 | 120 30.01 30.04 | FM-15 | 0.05 | 30.04
02 | 1842 | 7 |EENO23 | 400 |-RA02BR1IRA[RA 63 | 172 | 62 | 166 | 61 | 161 | 93 | 0 | 000 30.00 FM-16 | 0.05 | 30.03
SCT:045
02 | 1854 | 7 |BKN'0711 | 5.00 |-RA:02 BR:1|RA|RA 63 | 172 | 62 | 166 | 61 | 161 | 93 | 7 | 340 30.00 +0.06 |30.03 | FM-15| 0.06 | 30.03
OVC:08 100
02 1900 | 4 |5 4.97 [[RA 63 | 172 | 62 | 166 | 61 | 164 | 93 | 7 | 340 30.01 +0.06_| 30.03 | FM-12
SCT:04 4
02 | 1954 | 7 |BKN'0712 | 6.00 [BR:1]| 62 | 167 | 61 | 160 | 60 | 156 | 93 | 6 | 340 30.00 30.03 | FM-15 | 0.01 | 30.03
0OVC:08 100
02 | 2030 | 7 |[BKNO78 "1 600 |BR1] 61 | 161 | 60 | 155 | 59 | 150 | 93 | 5 | 330 29.99 FM-16 30.02
0OVC:08 12
02 | 2054 | 7 |BKROTE | 600 [BR1| 61 | 161 | 60 | 155 | 59 | 150 | 93 | 7 | 360 29.98 30.01 | FM-15 | 0.00 | 30.01
02 | 2154 | 7 |OVC:087 | 7.00 61 | 161 | 59 | 152 | 58 | 144 | 90 | 6 | 350 29.97 +0.03_| 30.00 | FM-15 | 0.00 | 30.00
02 [ 2200 4 s 6.84 61 | 161 | 59 | 152 | 58 | 144 | 90 | 6 | 350 29.98 +0.03_| 30.00 | FM-12
02 | 2254 | _7_|OVC:086 | 7.00 61 | 161 | 60 | 155 | 59 | 150 | 93 | 5 | 350 29.97 30.00 | FM-15 | 0.00 | 30.00
02 | 2316 | 7 _|OVC:084 | 7.00 61 | 161 | 60 | 155 | 59 | 150 | 93 | 5 | 010 29.97 FM-16 30.00
02 [ 2352 | 6 |OVC:083 | 2.50 |RA:02 BR:L|RA |RA 61 | 160 | 60 | 155 | 59 | 150 | 94 | 0 | 000 29.97 FM-16 30.00
02 | 2354 | 7 |OVC:083 | 2.50 |RA:02 BR:L|RA |RA 61 | 161 | 60 | 155 | 59 | 150 | 93 | 0 | 000 29.96 29.99 | FM-15 | 0.03 | 29.99
03 | 0006 | 7 |OVC:083 | 3.00 |RA:02 BR:L|RA |RA 60 | 156 | 58 | 146 | 57 | 139 | 90 | 8 | 030 29.96 FM-16 | 0.04 | 29.99
03 | 0054 | 7 |OVC:084 | 6.00 |RA:02 BR:L|RA |RA 58 | 144 | 57 | 138 | 56 | 133 | 93 | 6 | 010 29.96 +0.02_| 29.98 | FM-15 | 0.13 | 29.99
030100 4 |5 559 [|IRA 58 | 144 | 57 | 138 | 56 | 133 | 93 | 6 | 010 29.97 +0.02_| 29.98 | FM-12
03 {0123 | 7 |BKMOTE | 600 |-RA02BR:1IRARA 58 | 144 | 57 | 138 | 56 | 133 | 93 | 6 | 010 29.95 FM-16 | 0.04 | 29.98
03 | 0154 | 7 |OVC:088 | 10.00 |-RA:02 |RA |RA 57 | 139 | 56 | 133 | 55 | 128 | 93 | 6 | 010 29.94 29.97 | FM-15 | 0.05 | 29.97
03 [ 0254 | 7 |OVC:085 | 10.00 |-RA:02 |RA |RA 56 | 133 | 55 | 127 | 54 | 122 | 93 | 8 | 350 29.95 20.97 | FM-15| 0.02 | 29.98
03 | o354 | 7 |BKMOTS 1 300 |-RA02BR:1IRARA 55 | 128 | 54 | 122 | 53 | 117 | 93 | 7 | 360 29.95 +0.01 |29.98 | FM-15| 0.01 | 29.98
03 | 0400 | 4 |5 2.98 [|RA 55 | 128 | 54 | 122 | 53 | 117 | 93 | 7 | 360 29.96 +0.01_| 29.98 | FM-12
03 [ 0405 | 7 |OVC:083 | 5.00 |BRL]| 55 | 128 | 54 | 122 | 53 | 117 | 93 | 9 | 340 29.95 FM-16 | 0.01 | 29.08
03 | o454 | 7 |BKROT3 1 600 [BR1| 54 | 122 | 53 | 119 | 53 |17 | 97 | 7 | 340 29.96 2098 |FM-15| T | 29.99
03 | 0526 | _7_|OVC:085 | 10.00 54 | 122 | 53 | 116 | 52 | 111 | 93 | 7 | 350 29.96 FM-16 29.99
03 | 0554 | 7 |OVC:086 | 9.00 54 | 122 | 53 | 116 | 52 | 111 ] 93 | 8 | 350 20.97 29.99 | FM-15 | 0.00 | 30.00
03 | 0654 | 7 |OVC:085 | 3.00 |BRL]| 54 | 122 | 53 | 116 | 52 | 111 | 93 | 5 | 350 29.98 -0.03_| 30.01 | FM-15 | 0.00 | 30.01
03 [0700 | 4 |5 2.98 54 | 122 | 53 | 116 | 52 | 111 | 93 | 5 | 350 29.99 -0.03_| 30.01 | FM-12
03 [ 0725 | 7 |OVC:085 | 175 |BRL]| 55 | 128 | 53 | 119 | 52 | 111 | 90 | 6 | 340 29.99 FM-16 30.02
03 | 0752 | 6 |OvVC:084 | 1.25 |BR|| 55 | 130 | 54 | 125 | 54 | 120 | 94 | 3 | 030 30.00 FM-16 30.03




03 [ 0754 | 7 |OVC:084 | 150 |BR:1|] 55 | 128 | 54 | 122 | 53 | 11.7 | 93 3 | 010 30.00 30.03 | FM-15| 0.00 | 30.03
03 | 0811 | 7 |OVCo084 | 2.50 |BR:L|| 55 | 128 | 54 | 122 | 53 | 11.7 | 93 3 | 340 30.00 FM-16 30.03
03 | 0822 | 7 |OVC:085 | 4.00 |BR:1|| 56 | 133 | 54 | 124 | 53 | 11.7 | 90 3 | VRB 30.01 FM-16 30.04
03 | 0830 | 7 |OVC085 | 2.50 |BR:L|| 56 | 133 | 54 | 124 | 53 | 11.7 | 90 | 3 | 320 30.01 FM-16 30.04
03 | 0854 | 7 |OVC:085 | 2.50 |BR:L| 56 | 133 | 54 | 124 | 53 | 11.7 | 90 5 | 360 30.01 30.04 | FM-15 | 0.00 | 30.04
BKN:07 7
03 |oos2 | 6 |BKMOTT, | 7.00 57 | 140 | 55 | 130 | 54 | 120 | 88 o | ooo 30.02 FM-16 30.05
03 | o954 | 7 |BKROTT, | 7.00 58 | 144 | 56 | 135 | 55 | 128 | 90 o | ooo 30.02 0.04 |30.05|FM-15| 000 | 30.05
03 | 1000 | 4 |8 6.84 58 | 144 | 56 | 135 | 55 | 128 | 90 | 0 | 000 30.03 20.04 | 30.05 | FM-12
03 | 1054 | 7 |ovCoss | 10.00 59 | 150 | 57 | 138 | 55 | 128 | 87 5 | 050 30.04 30.06 | FM-15 | 0.00 | 30.07
03 | 1154 | 7 |OvVC:08 10 | 10.00 61 | 161 | 58 | 142 | 55 | 128 | 81 5 | 350 30.03 30.06 | FM-15 | 0.00 | 30.06
03 | 1254 | 7 g‘%{% 12% 10.00 63 | 172 | 59 | 150 | 56 | 133 | 78 6 | 320 30.01 +0.01 |30.03|FM-15| 0.00 | 30.04
03 | 1300 | 4 |15 9.94 63 | 172 | 59 | 150 | 56 | 133 | 78 6 | 320 30.02 1001 | 30.03 | FM-12
03 | 1354 | 7 |EEN9219 1 10.00 63 | 172 | 59 | 150 | 56 | 133 | 78 5 | 290 30.00 30.03 | FM-15 | 0.00 | 30.03
FEW:02 10
03 | 1454 | 7 |FEW:0220 110,00 63 | 172 | 59 | 150 | 56 | 133 | 78 8 | 320 30.02 30.05 | FM-15 | 0.00 | 30.05
03 | 1554 FEW:0219 1 10.00 62 | 167 | 59 | 148 | 56 | 133 | 80 310 30.03 .0.02 |30.06|FM-15| 000 | 30.06
03 | 1600 | 4 |15 9.94 62 | 167 | 59 | 148 | 56 | 133 | 80 310 30.04 20.02 | 30.06 | FM-12
FEW:02 10
03 | 1654 FoN:0219 1 10.00 62 | 167 | 59 | 148 | 56 | 133 | 80 030 30.04 30.06 | FM-15 | 0.00 | 30.07
03 | 1754 | 7 |EEN0219 1 10.00 62 | 167 | 59 | 148 | 56 | 133 | 80 8 | o010 30.05 30.07 | FM-15 | 0.00 | 30.08
03 | 1854 0219 | 10.00 61 | 161 | 58 | 142 | 55 | 128 | 81 7 | 360 30.07 .0.04 |30.10|FM-15| 000 | 30.10
03 | 1900 | 4 |15 9.94 61 | 161 | 58 | 142 | 55 | 12.8 | 81 7 | 360 30.08 20.04 | 3010 | FM-12
SCT:04 13
03| 1950 | 7 |BKN:0717 | 10.00 61 | 160 | 58 | 142 | 55 | 130 | &3 3 | vrRB 30.07 FM-16 30.10
0VC:08 100
FEW:02 13
03 | 1954 | 7 |BKN:0717 |10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 5 | 060 30.07 30.10 | FM-15 | 0.00 | 30.10
0VC:08 100
FEW:02 12
03 | 2054 | 7 |E5¥051% | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 5 | o080 30.08 30.11 | FM-15 | 0.00 | 30.11
03 | 2152 | 6 |OvVC:0813 | 10.00 61 | 160 | 58 | 142 | 55 | 130 | 83 5 | 070 30.07 FM-16 30.10
03 | 2154 | 7 |OVC:08 13 | 10.00 61 | 161 | 58 | 145 | 56 | 133 | 84 | 3 | 070 30.07 0.00 | 30.10 | FM-15 | 0.00 | 30.10
03 | 2200 | 4 |15 9.94 61 | 161 | 58 | 145 | 56 | 133 | 84 3 | o070 30.08 000 |30.10 | FM-12
03 | 2254 | 7 |BKN:O7I% 110,00 61 | 161 | 58 | 145 | 56 | 133 | 84 5 | 140 30.06 30.09 | FM-15 | 0.00 | 30.09
SCT:04 14
03 | 2354 | 7 [3GLORLL | 10.00 60 | 156 | 58 | 143 | 56 | 133 | 86 7 | 140 30.05 3007 | FM-15 | 0.00 | 30.08
04 | 0054 | 7 (':35"(\:’585 %g 10.00 61 | 161 | 58 | 145 | 56 | 133 | s4 g8 | 180 30.04 +0.04 |30.06|FM-15| 0.00 | 30.07
04 | 0100 | 4 |15 9.94 61 | 161 | 58 | 145 | 56 | 133 | 84 8 | 180 30.05 +0.04 | 30.06 | FM-12
04 | 0154 | 7 |OvVC:08 21 | 10.00 60 | 156 | 57 | 140 | 55 | 128 | 84 8 | 170 30.03 30.05 | FM-15 | 0.00 | 30.06
04 | 0254 | 7 |ovC:0821 | 10.00 60 | 156 | 57 | 140 | 55 | 128 | 84 7 | 200 30.02 30.05 | FM-15 | 0.00 | 30.05
BKN:07 10
04 | 0337 | 7 |BKMOTI0 110,00 60 | 156 | 57 | 140 | 55 | 128 | 84 6 | 190 30.03 FM-16 30.06
04 | 0352 | 6 |OvC:088 | 10.00 61 | 160 | 58 | 142 | 55 | 13.0 | 83 7 | 190 30.02 FM-16 30.05
04 | 0354 | 7 g‘%{%ﬁl 10.00 60 | 156 | 58 | 143 | 56 | 133 | 86 7 | 200 30.03 +0.01 |30.05|FM-15| 0.00 | 30.06
04 | 0400 | 4 |8 9.94 60 | 156 | 58 | 143 | 56 | 133 | 86 7 | 200 30.04 1001 | 30.05 | FM-12
04 | 0454 | 7 |BKMOTE 110,00 60 | 156 | 58 | 146 | 57 | 139 | 90 | 7 | 200 30.02 30.05 | FM-15 | 0.00 | 30.05
SCT:04 8
04 [ 0523 | 7 [SSLR8. | 800 60 | 156 | 58 | 146 | 57 | 139 | 90 7 | 190 30.01 FM-16 30.04
04 | 0554 | 7 |OVC:0831 | 10.00 60 | 156 | 58 | 146 | 57 | 139 | 90 7 | 180 30.01 30.04 | FM-15 | 0.00 | 30.04
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60

15.3

57

14.0

83

180

30.00

FM-16

30.03

04

0754

BKN:07 9
BKN:07 18
BKN:07 30

10.00

63

17.2

60

15.6

58

14.4

84

180

30.00

30.03

FM-15

0.00

30.03

04

0830

BKN:07 13
BKN:07 19
BKN:07 32

10.00

65

18.3

61

16.4

59

15.0

81

200

30.01

FM-16

30.04

04

0854

BKN:07 11
OVC:08 19

10.00

65

18.3

61

16.4

59

15.0

81

200

30.01

30.03

FM-15

0.00

30.04

04

0954

BKN:07 13
BKN:07 200

10.00

67

19.4

63

17.1

60

15.6

79

15

220

29.98

+0.04

30.01

FM-15

0.00

30.01

04

1000

15

9.94

67

19.4

63

17.1

60

15.6

79

15

220

29.99

+0.04

30.01

FM-12

04

1030

FEW:02 14
BKN:07 20
BKN:07 200

10.00

71

21.7

65

18.3

61

16.1

71

14

190

29.96

FM-16

29.99

04

1054

FEW:02 14
BKN:07 22
BKN:07 200

10.00

71

21.7

65

18.3

61

16.1

71

13

220

23

29.96

29.98

FM-15

0.00

29.99

04

1154

BKN:07 23
BKN:07 200

10.00

72

22.2

65

18.5

61

16.1

68

15

220

29.92

29.95

FM-15

0.00

29.95

04

1254

BKN:07 22
OVC:08 200

10.00

72

22.2

66

19.1

63

17.2

73

15

190

29.88

+0.09

29.91

FM-15

0.00

29.91

04

1300

26

9.94

72

22.2

66

19.1

63

17.2

73

15

190

29.89

+0.09

29.91

FM-12

04

1354

SCT:04 20
BKN:07 26
OVC:08 200

10.00

73

22.8

67

19.6

64

17.8

74

17

200

24

29.87

29.90

FM-15

0.00

29.90

04

1454

SCT:04 17
BKN:07 24
BKN:07 200

10.00

71

21.7

66

18.9

63

17.2

76

15

210

24

29.87

29.90

FM-15

0.00

29.90

04

1537

FEW:02 17
SCT:04 28
BKN:07 160

10.00

71

21.7

67

19.2

64

17.8

79

15

220

29.87

FM-16

29.90

04

1554

FEW:02 15
SCT:04 29
BKN:07 130

10.00

71

217

67

19.2

64

17.8

79

13

210

29.86

+0.02

29.89

FM-15

0.00

29.89

04

1600

15

9.94

71

21.7

67

19.2

64

17.8

79

13

210

29.87

+0.02

29.89

FM-12

04

1654

SCT:04 14
BKN:07 130
BKN:07 220

10.00

70

211

66

19.0

64

17.8

82

13

210

29.87

29.89

FM-15

0.00

29.90

04

1754

FEW:02 18
SCT:04 40
BKN:07 130

10.00

70

211

66

19.0

64

17.8

82

10

210

29.88

29.91

FM-15

0.00

29.91

04

1854

FEW:02 17
BKN:07 41
OVC:08 130

10.00

70

211

66

19.0

64

17.8

82

14

220

29.89

-0.03

29.92

FM-15

0.00

29.92

04

1900

15

9.94

70

21.1

66

19.0

64

17.8

82

14

220

29.90

-0.03

29.92

FM-12

04

1954

FEW:02 21
SCT:04 70
BKN:07 130

10.00

70

211

67

19.4

65

18.3

84

11

230

29.89

29.92

FM-15

0.00

29.92




SCT:04 70

04 | 2054 | 7 |3l9379, ] 10.00 71 | 217 | 67 | 196 | 65 | 183 | 81 | 14 | vrB 29.90 29.92 | FM-15 | 0.00 | 29.93
04 | 2154 | 7 |BKN:07 110 10.00 71 | 217 | 67 | 196 | 65 | 183 | 81 | 11 | 270 29.91 001 |29.93| FM-15| 0.00 | 29.94
04 | 2200 | 4 9.04 71 | 21.7 | 67 | 196 | 65 | 183 | 81 | 11 | 270 29.92 20.01 | 29.93 | FM-12
04 | 2254 | 7 |FEW:02 120] 10.00 70 | 211 | 67 | 194 | 65 | 183 | 84 | 8 | 290 29.93 29.96 | FM-15 | 0.00 | 29.96
04 | 2354 | 7 |FEW:0270 | 8.00 69 | 206 | 66 | 192 | 65 | 183 | 87 | 11 | 290 29.94 29.97 | FM-15 | 0.00 | 29.97
05 | 0054 | 7 |FEW:0270 | 10.00 68 | 200 | 64 | 176 | 61 | 161 | 78 | 14 | 320 | 22 | 29.94 004 | 29.97 | FM-15 | 0.00 | 29.97
05 | 0100 | 4 |74 9.94 68 | 200 | 64 | 176 | 61 | 161 | 78 | 14 | 320 29.95 20.04 | 29.97 | FM-12
05 | 0154 | 7 |CLR.00 10.00 65 | 183 | 60 | 155 | 56 | 133 | 73 | 13 | 320 29.97 29.99 | FM-15 | 0.00 | 30.00
05 | 0254 | 7 |FEW:0250 | 10.00 63 | 172 | 58 | 147 | 55 | 128 | 75 | 11 | 330 30.00 30.03 | FM-15 | 0.00 | 30.03
05 | 0354 | 7 |FEW:0255 | 10.00 62 | 16.7 | 57 | 139 | 53 | 1.7 | 73 | 10 | 340 30.03 0.09 | 30.06 | FM-15 | 0.00 | 30.06
05 | 0400 | 4 |57 9.94 62 | 167 | 57 | 139 | 53 | 11.7 | 73 | 10 | 340 30.04 .09 | 30.06 | FM-12
05 | 0454 | 7 |3er 5428 110,00 60 | 156 | 56 | 131 | 52 | 111 | 75 | 11 | 340 30.07 30.10 | FM-15 | 0.00 | 30.10
BKN:07 26
05 | os10 | 7 |BKNOT28 110.00 60 | 156 | 56 | 131 | 52 | 111 | 75 | 8 | 350 30.08 FM-16 30.11
SCT:04 24
05 | 0552 | 6 |3S1:0428 |10.00 59 | 150 | 54 | 123 | s0 | 1200 | 72 | 11 | 340 30.11 FM-16 30.14
05 | 0554 | 7 [3ST0428 | 10.00 58 | 144 | 54 | 121 | s0 |1200]| 75 | 10 | 360 30.11 30.14 | FM-15 | 0.00 | 30.14
05 | 0654 P2 22 110.00 58 | 144 | 52 | 1123 | 47 | 83 | 67 | 15 | 020 30.15 2012 |3017|FM-15| 0.00 | 30.18
05 | 0700 | 4 |26 9.94 58 | 144 | 52 | 113 | 47 | 83 | 67 | 15 | 020 30.16 012 | 3017 | FM-12
05 | o7sa | 7 |EEW:022% | 10.00 58 | 144 | 50 | 103 | 43 | 61 | 58 | 15 | 020 30.18 3020 | FM-15 | 0.00 | 30.21
05 | ossa | 7 |EEW:9228 |10.00 58 | 144 | 51 | 108 | 45 | 72 | 62 | 15 | 030 30.19 3022 | FM-15 | 0.00 | 30.22
05 | 0954 | 7 |SCT:0426 | 10.00 59 | 150 | 52 | 110 | 45 | 72 | 60 | 16 | 010 30.20 0.06 | 30.23 | FM-15| 000 | 3023
05 | 1000 | 4 |26 9.94 59 | 150 | 52 | 110 | 45 | 72 | 60 | 16 | 010 30.21 0.06 | 30.23 | FM-12
05 | 1054 | 7 |SCT:0427 | 10.00 59 | 150 | 52 | 110 | 45 | 7.2 | 60 | 14 | 030 30.20 30.22 | FM-15 | 0.00 | 30.23
05 | 1154 | 7 |FEW:0228 | 10.00 58 | 144 | 51 | 105 | 44 | 67 | 60 | 11 | 040 | 22 | 30.19 30.21 | FM-15 | 0.00 | 30.22
05 | 1254 | 7 |FEW:0230 | 10.00 58 | 144 | 51 | 108 | 45 | 72 | 62 | 11 | 050 30.17 +0.03 | 30.20 | FM-15 | 0.00 | 30.20
05 | 1300 | 4 |26 9.94 58 | 144 | 51 | 108 | 45 | 72 | 62 | 11 | 050 30.18 +0.03 | 30.20 | FM-12
FEW:02 33
05 | 1354 | 7 |EEWO233 110,00 58 | 144 | 52 | 110 | 46 | 78 | 65 | 13 | 100 30.16 30.19 | FM-15 | 0.00 | 30.19
FEW:02 35
05 | 1454 | 7 |EEWO023% 110.00 57 | 139 | 51 |105| 45 | 72 | 64 | 11 | 100 30.16 30.18 | FM-15 | 0.00 | 30.19
05 | 1554 | 7 Eﬁwg’%gg’o 10.00 57 | 139 | 50 | 103 | 44 | 67 | 62 | 10 | 090 30.15 +0.02 |30.18|FM-15| 0.00 | 30.18
05 | 1600 | 4 |41 9.94 57 | 139 | 50 | 103 | 44 | 67 | 62 | 10 | 090 30.16 7002 | 30.18 | FM-12
05 | 1654 | 7 |BKN:07 230 | 10.00 55 | 128 | 50 | 9.7 | 44 | 6.7 | 67 7 | 090 30.16 30.19 | FM-15 | 0.00 | 30.19
FEW:02 110
05 | 1754 | 7 |ERWO2101 900 54 | 122 | 49 | 92 | 43 | 61 | 67 7 | 100 30.17 3020 | FM-15 | 0.00 | 30.20
05 | 1854 | 7 |EEWO2219110.00 54 | 122 | 49 | 95 | 44 | 67 | 69 8 | 110 30.18 0.03 |30.20|FM-15| 0.00 | 30.21
05 | 1900 | 4 9.94 54 | 122 | 49 | 95 | 44 | 67 | 69 8 | 110 30.19 20.03 | 3020 | FM-12
05 | 1954 | 7 |EEW:92 2301 10.00 54 | 122 | 49 | 95 | 44 | 67 | 69 9 | 100 30.19 3021 | FM-15 | 0.00 | 30.22
05 | 2054 | 7 |FEW:02 200] 10.00 55 | 128 | 50 | 97 | 44 | 67 | 67 7 | 080 30.20 30.23 | FM-15 | 0.00 | 30.23
05 | 2154 | 7 |FEW:02 250] 10.00 54 | 122 | 49 | 95 | 44 | 6.7 | 69 6 | 080 30.20 0.03 | 30.23 | FM-15| 0.00 | 30.23
05 | 2200 | 4 9.94 54 | 120 | 49 | 95 | 44 | 67 | 69 6 | 080 30.21 0.03 | 30.23 | FM-12
05 | 2254 | 7 |CLR.00 10.00 53 | 117 | 49 | 95 | 45 | 72 | 74 | 5 | 350 30.21 30.23 | FM-15 | 0.00 | 30.24
05 | 2354 | 7 |CLR:00 10.00 53 | 117 | 49 | 95 | 45 | 72 | 74 | 6 | 340 30.19 30.22 | FM-15 | 0.00 | 30.22




U.S. Department of Commerce

National Oceanic & Atmospheric Administration

National Environmental Satellite, Data, and Information Service
Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W
Station: BOSTON, MA US 14739

National Centers for Environmental Information
151 Patton Avenue
Asheville, North Carolina 28801

Local Climatological Data
Hourly Precipitation
September 2018
Generated on 10/11/2018

Date For Hour (LST) Ending at Date
1AM 2 AM 3AM | 4AM 5AM 6 AM 7AM 8 AM 9AM | 10AM | 11 AM [NOON | 1 PM 2 PM 3PM 4 PM 5PM 6 PM 7 PM 8 PM 9PM [10PM | 11 PM MID
01 01
02 02
03 03
04 04
05 05
06 T 0.01 0.02 T 06
07 T 07
08 T T 08
09 09
10 T T 0.01 0.01 0.10 0.10 0.07 0.13 0.14 0.09 0.11 10
11 0.14 0.14 0.07 0.07 0.10 0.01 11
12 T T T 0.01 0.01 0.01 0.08 0.09 T 0.05s | 0.01 12
13 0.02 0.22 0.05 0.07 0.08 T M 13
14 14
15 T M 15
16 M 16
17 T 17
18 T 0.03 0.01 M 0.12 T 0.02 T T 0.05s [ 0.63 0.08 0.12 0.03 0.03 18
19 T T T T M M 19
20 M M T 20
21 21
22 0.03 T 22
23 23
24 24
25 T 0.01 T 0.02 0.06 0.04 0.14 0.11 0.04 0.05 0.02 0.01 0.05 0.07 0.61 0.01 25
26 T 0.08 0.20 26
27 0.05 T 27
28 T T 0.01 | 0.13s | 0.10 0.02 T 0.08 T T 0.01 T T 28
29 29
30 30
Maximum Short Duration Precipitation

Time Period (Minutes) 5 10 15 20 30 45 60 80 100 120 150 180

Precipitation (inches) 0.25 0.30 0.40 0.45 0.52 0.57 0.63 0.69 0.71 0.74 0.81 0.85
Ending Date Time 2018-09-18 2018-09-18 2018-09-18 2018-09-18 2018-09-25 2018-09-25 2018-09-18 2018-09-18 2018-09-18 2018-09-18 2018-09-18 2018-09-18

(yyyy-mm-dd hh:mi) 10:10 10:14 10:20 10:24 22:34 22:45 10:58 11:17 11:17 11:17 12:33 12:39

Hourly, daily, and monthly totals on the Daily Summary page and the Hourly Precipitation Table are shown as reported by the instrumentation T = Trace
at the site. However, NWS does not edit hourly values for its ASOS sites, but may edit the daily and monthly totals for selected sites which

will be reflected on the Daily Summary page.

s = Suspect
* = Erroneous

blank = No precipitation observed

M = Missing




U.S. Department of Commerce Local Cli matological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Hou rIy Preci pitation 151 Patton Avenue
National Environmental Satellite, Data, and Information Service October 2018 Asheville, North Carolina 28801
Current Location: Elev: 12 ft. Lat: 42.3606° N Lon: -71.0097° W Generated on 10/11/2018
Station: BOSTON, MA US 14739
Date For Hour (LST) Ending at Date
1AM | 2AM | 3AM | 4AM [ 5AM [ 6AM | 7AM | 8AM [ 9AM [10AM | 11 AM | NOON | 1PM 2 PM 3PM 4 PM 5PM 6 PM 7 PM 8 PM 9PM [10PM | 11 PM MID
01 T 0.01 0.01 T 0.01 T T T 0.03 01
02 T 0.03 0.04 0.02 T 0.02 0.01 0.01 T T 0.01 T T T 0.05 0.06 0.01 0.03 02
03 0.13 0.05 0.02 0.01 T 03
04 04
05 05
06 06
07 T 0.06 0.01 0.02 0.01 T 07
08 T M M M 08
Maximum Short Duration Precipitation
Time Period (Minutes) 5 10 15 20 30 45 60 80 100 120 150 180

Precipitation (inches)

Ending Date Time
(yyyy-mm-dd hh:mi)

Hourly, daily, and monthly totals on the Daily Summary page and the Hourly Precipitation Table are shown as reported by the instrumentation T = Trace

at the site. However, NWS does not edit hourly values for its ASOS sites, but may edit the daily and monthly totals for selected sites which s = Suspect

will be reflected on the Daily Summary page. * = Erroneous
blank = No precipitation observed
M = Missing




Enclosure 3:  Attachment H — Applicant Redline (10/24/2018) to
Draft Proposed Non-Major CPA (03/30/2017)



MassDEP Commonwealth of Massachusetts
Executive Office of Energy & Environmental Affairs

Department of Environmental Protection

Southeast Regional Office « 20 Riverside Drive, Lakeville MA 02347 « 508-946-2700

Charles D. Baker Matthew A. Beaton
Governor Secretary
Karyn E. Polito Martin Suuberg
Lieutenant Governor Commissioner
March 30, 2017
Mr. Thomas Wooden Jr. RE: Weymouth
Vice President, Field Operations Transmittal No.: X266786
Algonquin Gas Transmission, LLC. Application No.: SE-15-027
P.O. Box 1642 Class: SM-25
Houston, TX 77251-1642 FMF No.: 571926
AIR QUALITY PROPOSED PLAN
APPROVAL

Dear Mr. Wooden:

The Massachusetts Department of Environmental Protection (“MassDEP”), Bureau of Air and
Waste, has reviewed your non-Major Comprehensive Plan Application (“Application”) listed
above. This Application concerns the proposed construction of a natural gas fired turbine at your
proposed gas pipeline compressor station located at 50 Bridge Street in Weymouth,
Massachusetts (“Facility”’). The Application bears the seal and signature of Bavid-CetterLynne
Santos Massachusetts Registered Professional Engineer Number 4966847225.

This Application was submitted in accordance with 310 CMR 7.02 Plan Approval and Emission
Limitations as contained in 310 CMR 7.00 “Air Pollution Control” regulations adopted by
MassDEP pursuant to the authority granted by Massachusetts General Laws, Chapter 111,
Section 142 A-N, Chapter 21C, Section 4 and 6, and Chapter 21E, Section 6. MassDEP’s review
of your Application has been limited to air pollution control regulation compliance and does not
relieve you of the obligation to comply with any other regulatory requirements.

In response to a public petition, accompanied by over one hundred (100) signatures, this Proposed
Plan Approval has been made subject to a 30-day public comment period. All comments received
will be considered and addressed, as appropriate, before taking a final action on the Plan
Application.

MassDEP has determined that the Application is administratively and technically complete and
that the Application is in conformance with the Air Pollution Control regulations and current air
pollution control engineering practice, and hereby Proposes to grant this Plan Approval for said
Application, as submitted, subject to the conditions listed below.

This information is available in alternate format. Contact Michelle Waters-Ekanem, Director of Diversity/Civil Rights at 617-292-5751.
TTY# MassRelay Service 1-800-439-2370
MassDEP Website: www.mass.gov/dep

Printed on Recycled Paper
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Sound Impacts and Mitigation

Operation of the Facility will create several sources of sound, which will be mitigated as follows:
1. Insulated / acoustically treated building housing the turbine and compressor, 2. use of a sound
suppressant muffler on the turbine exhaust, 3. acoustical pipe insulation for outdoor above
ground piping, 4. a silencer for the turbine air intake system, 5. low-noise lube oil coolers, 6. a
low-noise gas cooler, and 7. a blowdown silencer.

The Facility is designed to meet the MassDEP Noise Policy which limits the maximum sound
impacts attributable to a noise source to an increase in the broadband sound level of no more
than 10 dB( A) above amblent 2 ! !

A sound analysis®, which was included with the Air Plan Application as updated, evaluated
sound impacts at aine-seven NSA-receptor locations in the vicinity of the Station’s as follows:

o Receptor A/Location M1: King’s Cove Property Line; represents sound levels at the closest property
line immediately east of the Station, approximately 90 feet east of the center of the compressor
building. This location also represents existing sound levels along the walking path that goes through
the public park located in the Fore River Basin south of the MWRA pumping station within the

King’s Cove conservation area.

e Receptor B/Location M2: Bridge Street; represents sound levels at the nearest residences to the
southeast of the Station, approximately 840 feet from the center of the compressor building.

o Receptor C/Location M3: Monatiquot Street; represents sound levels at the nearest residences to the
south of the Station, approximately 1,300 feet from the center of the compressor building. This
location is just within the Fore River Energy Center fence line near the intersection of Monatiquot
Street and Bluff Road.

e Receptor D/Location M4: King’s Cove Beach Road: represents sound levels at the nearest residences
to the east of the Station along King’s Cove Beach Road, approximately 1,530 feet from the center of

the compressor building.

e Receptor E/Location M5: City of Quincy Park: represents sound levels at the nearest residences to the
west of the Station in Quincy along Washington Street, located approximately 2.850 feet from the
center of the compressor building.

PFejeet—eLated—}ammﬁ—l—l—zm—?Epsﬂon Assoc1ates Inc “Sound Level Impact Assessment Report Wevmouth

Compressor Station, Atlantic Bridge Project, Weymouth, Massachusetts,” dated October 15, 2018.
7 Six of the seven modeling receptors were selected based on the ambient measurement locations. The seventh
receptor (G) was included to represent the closest residences to the north of the Station.
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e Receptor F/Location M6: O’Brien Towers; represents sound levels at the nearest group of residences
to the north of the Station. The location is in Quincy on the south lawn of the O’Brien Towers south
of Bicknell Street, located approximately 1,740 feet from the center of the compressor building.

o Receptor G: Germantown; represents sound levels at the nearest group of residences to the north of
the Station in the Germantown neighborhood of Quincy. The location is located approximately 1.420
feet from the center of the compressor building.

impact analysis indicates that the Facility will not cause an increase in sound in excess of the
sound impacts allowed by MassDEP’s Noise Policy. The results of the sound impact analysis
are as follows:

Table 2
Caleulated
. Measured CaleulatedModeled 7Modeled Ingiicets
. Distance & . — | Station Level | above Lowest
Identified .. Ambient Sound Level .
Direction of . . . + Lowest Ambient
Receptor Nighttime of Station .
Receptor/NSA 190 (dBA) [dB(A)] Ambient Level
Level [dB(A)]
[dB(A)]
610-90 feet 1
NSAIA (SSE_eas 9 44840 42,647 46947 247!
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Table 2
Caleulated
. Measured | CalewlatedModeled M Increase
. Distance & . — | Station Level | above Lowest
Identified L Ambient Sound Level .
Direction of . . . + Lowest Ambient
Receptor Nighttime of Station .
Receptor/NSA 190 (dBA) [dB(A)] Ambient Level
Level [dB(A)]
[dB(A)]
1370840 feet
NSA2B (nerthSE) 46-836 35744 47144 038
1.5601.300 feet
NSA3C ( eas!e_’—sou ) 44045 34440 44446 041
900-1,530 feet
NSA-4D ( —’—] ) 48537 38931 48938 041
NsASE | B99280feet | 4y 45 59535 42.837 153
(SEwest)
2.3001.740 feet
NSA6F (SE_’—no th) 41441 29336 41342 03]
1.9701.420 feet 5
NSA TG (ENE_’—nor h) 39341 31838 40043 972

Table 2 Notes:

1. Receptor A is the closest station property line shared with the King’s Cove Parcel. Though the increase above

the nighttime 1.90 is modeled to be 7 db(A). the King’s Cove Parcel is not occupied at night. The increase above

the daytime 1.90 is modeled to be 5 dB(A).

2. Background sound level at receptor G is estimated to be equal to the level at receptor F due to their

proximity.

Table 2 Key:

ENE=-castnortheast
ESE =—castsoutheast

SE = southeast

S —entheathen
dB(A) = decibels, A weighted
NSA — s0i —

In addition, the sound impact analysis indicates the sound contribution at the closest station
property line (Receptor A), which is the east station property line shared with the King’s Cove
Parcel, will not exceed the MassDEP Noise Policy.

MassDEP’s Noise Policy also prohibits a “pure tone” condition, which is defined as when any
octave band center frequency sound pressure level exceeds the two adjacent center frequency
sound pressure levels by 3 decibels or more. A review of the sound analysis and associated
supplemental forms submitted with the Application indicate operation of the Facility will not
create a pure tone condition.

Accordingly, the predicted sound impacts generated by the Facility will meet the requirements of
MassDEP’s Noise Policy. A post-construction compliance demonstration for sound impacts is

required herein.
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C. EMISSIONS MODELING

An air dispersion modeling analysis® was conducted to demonstrate that the project’s ambient air
impacts, combined with the pre-existing background levels, will not cause or contribute to a
violation of the National Ambient Air Quality Standards (“NAAQS”). The primary standards
are health based standards established under the United States Clean Air Act (“CAA”) that are
designed to preserve public health and protect sensitive subpopulations, which include people
with diseases (e.g. asthma, cardiovascular disease), children, and the elderly with an adequate
margin of safety. The Secondary standards provide public welfare protection, including
protection against decreased visibility and damage to animals, crops, vegetation, and buildings

EPA has established Significant Impact Levels (“SILs”), which are numerical values that are
used to evaluate the impact that a proposed source may have on the NAAQS (72 CFR 54.138).
The SIL is the level of ambient impact below which the EPA considers a source to have an
insignificant impact on air quality (72 CFR 54.130). The SILS are a small fraction of the
NAAQS and ambient impacts below the SIL are commonly referred to as “de minimis.” If the
modeling shows that: (1) the predicted impact of a pollutant is less than the SIL, and (2) the
difference between the background ambient air concentration and the NAAQS for that pollutant
is greater than the SIL, the predicted impact of that pollutant is deemed insignificant. In these
circumstances, MassDEP follows EPA Guidance and concludes that the emissions of that
pollutant do not cause or contribute to a violation of the NAAQS without requiring cumulative
impact modeling.

Table 3
Comparison of Maximum Predicted Impacts with Significant Impact Levels
Averaging Max Impact 3
Pollutant Period (ug/m?) SIL (pg/m?) Below SIL
1-Hour 14.4 7.5 no
NO:2
Annual 2.0 1 no
1-Hour 6.5 7.8 yes
3-Hour 6.3 25 yes
SO2
24-Hour 55 5 no
Annual 0.8 1 yes
PMuo 24-Hour 2.6 5 yes
24-Hour 2.3 1.2 no
PM2s
Annual 0.35 0.3 no
CO 1-Hour 122.8 2,000 yes

8 Trinity Consultants, Updated Air Dispersion Modeling Report, Algonquin Gas Transmission, LLC., Weymouth
Compressor Station, dated-September2016 revised May 2018.
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8-Hour

101.0 500

yes H

Table 3 Key:

CO = Carbon

Monoxide

NO; = Nitrogen Dioxide

PM,, = Particulate Matter < 10 microns in diameter

SO, = Sulfur Dioxide
SIL = significant impact level

PM,; s = Particulate Matter < 2.5 microns in diameter

pg/m® = micrograms per cubic meter

Since the predicted impacts of SOz (1-hour, 3-hour, and annual averaging periods), PMio, and
CO are below the SIL, no additional modeling was performed. The predicted impacts of NO2,
PM2s, and SOz (24-hour averaging period) exceed the SIL, so a cumulative impact analysis was

performed.

In evaluating cumulative impacts with respect to the NAAQS, maximum modeled impacts were
added to representative ambient background concentrations and compared to the applicable
NAAQS. The Applicant used background data obtained from MassDEP’s existing monitoring
station on Harrison Avenue in Roxbury and on Von Hillern St. in Boston. The background data,
when added to the modeled impacts found that the maximum impacts from emissions from the
proposed facility will be below the NAAQS, as indicated below:

Table 4
Comparison of Predicted Impact Concentrations with NAAQS
Cumulative Background
Impact of plus
Weymouth Cumulative Background plus
Compressor Impact of Cumulative
Station and Weymouth Impact of
Regional Compressor Weymouth
Sources Station and Compressor
Algengein Regional Station and
Coempresser SourcesCempr Regional
Stotien Measured cssersiation SourcesGempres
Averaging N Background NAAQS se=Shatian
Pollutant Period (ug/md) (ug/md) (ug/md) (ug/md) % of NAAQS
NG 1-Hour 57.8581.41 91.094.63 148-85176.04 188 7929%93.6%
? Annual 7.678.52 32.832.88 40:4741.40 100 40-5%41.4%
SOz 24-Hour 14-8718.41 23-1413.40 37.9731.81 365 16-4%8.7%
v 24-Hour 4.877.13 164153 21272243 35 60-8%64.1%
2 Annual 1341.47 7265 8.547.97 12 71.2%66.4%
Table 4 Key:

NAAQS = National Ambient Air Quality Standards

NO, = Nitrogen Dioxide
SO, = Sulfur Dioxide

PM = Particulate Matter

PM,; 5 = Particulate Matter < 2.5 microns in diameter
% = percent
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pg/m’® = micrograms per cubic meter

The air dispersion modeling analysis also included an evaluation of the Facility’s impacts
relative to the MassDEP’s 24-hour Threshold Effect Exposure Limits (“TELs”) and annual
Allowable Ambient Limits (“AALs”) Guideline values for air toxics. The AALs and TELs were
evaluated from Facility-wide sources at both 50% and 100% turbine load._The maximum
modeled impacts were compared to the TELs and AALs.

Table 5
TEL AAL
(24-hour) (annual)
Pollutant TEL Modeled AAL Modeled
Limit concentration | percent of Limit concentration percent of
(ug/m®) (ug/md) limit? (ug/md) (ug/md) limit?
Acetaldehyde 30 5:956.01E-02 0.2 0.40 9-548.04E-03 242.0
Acrolein 0.07 3.673.71E-02 52.553.0 0.07 5:884.94E-03 &47.1
Benzene 0.6 3:962.17E-01 66-036.2 0.1 5:664.27E-02 56-642.7
1,3 Butadiene 1.20 +9141.93E-03 0.2 0.003 3102.60E-04 10:38.7
Carbon tetrachloride 85.52 2.60E-04 0.0 0.07 4.00E-05 0.1
Chlorobenzene 93.88 2.20E-04 0.0 6.26 3.00E-05 0.0
| Chloroform 132.76 2:002.10E-04 0.0 0.04 3.00E-05 0.1
Dichloromethane 100.00 1.40E-04 0.0 60.00 2.00E-05 0.0
Diphenyl 0.34 +521.53E-03 0:40.5 0.09 2:402.00E-04 030.2
Ethylbenzene 300 +197.87E-01 0.0 300 +701.55E-02 0.0
Formaldehyde 2.00 3.823.86E-01 19-1419.3 0.08 6:925.56E-02 86-569.5
Methanol 7.13 +791.80E-02 0.3 7.13 2.862.39E-03 0.0
2-Methylnaphthalene 14.25 2.40E-04 0.0 14.25 4-003.00E-05 0.0
Naphthalene 14.25 +292.91E-03 0.0 14.25 2.403.70E-04 0.0
Phenol 52.33 1.70E-04 0.0 52.33 3.002.00E-05 0.0
Propylene oxide 6.00 1+716.37E-02 031.1 0.30 +936.43E-03 0:62.1
Styrene 200 1.70E-04 0.0 2 3-002.00E-05 0.0
”11"’e1t’r2a’02hloroe thane 18.67 3-003.10E-04 0.0 0.02 5:004.00E-05 030.2
Toluene 80 9:0605.60E-01 +10.7 20 +291.11E-01 0.6
1,1,2 Trichloroethane 14.84 2.30E-04 0.0 0.06 4-.003.00E-05 0.1
Vinyl chloride 3.47 1.10E-04 0.0 0.38 2:001.00E-05 0.0
xylenes 11.8 4—29?3?@ 10:26.7 11.8 +721.54E-01 1.3+5

Table 5 Notes:
1. — Modeled concentration as a percent of limit.
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the criteria for invoking Fail-Safe Review.” Additionally, a determination was made that the
Atlantic Bridge Project and the Access Northeast Project “are sufficiently distinct in purpose,
design, and scope that they have independent utility and can be reviewed separately.”

Should you have any questions concerning this Plan Approval, please contact the undersigned by
telephone at 508-946-2824, or in writing at the letterhead address.

PROPOSED
Thomas Cushing
Permit Chief
Bureau of Air and Waste

Enclosure

cc: Weymouth Board of Health/Dept. of Health

Weymouth Fire Department

MassDEP / SERO- M. Garcia-Serrano
M. Pinaud
L. Ramos

MassDEP / Boston- K. Kerigan
Y. Tian

Algonquin Gas T. Doyle

Trinity Consultants - BD—CetterL. Santos
W. Merz
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