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Foreword

The purpose of this report is to document the development of two tools to evaluate the effects of
policy changes on the feasibility and reasonableness of noise abatement for the factors described
in the Federal Highway Administration (FHWA) noise regulation in Title 23 CFR Part 772 as
implemented in the individual state highway agency (SHA) noise policies. These tools allow a
user to evaluate different combinations of factors to determine the effects of policy changes. The
report specifically addresses the requirements of Tasks 3.6 through 3.8 of the FHWA Task Order
No. DTFH61-D-00028-T12-002, 23 CFR 772 Streamlining, Analysis, and Outreach and Task 3
of the FHWA Task Order No. DTFH61-D-00028-0005, 23 CFR 772 Streamlining, Analysis, and
Outreach, Phase 1.

CONTENT SUMMARY
This report is comprised of the following four chapters:
» Chapter 1 contains the introduction.

» Chapter 2 describes the Noise Abatement Feasibility and Reasonableness Analysis
Tool (NAFRAT) in detail and presents step-by-side instructions for its use.

» Chapter 3 describes the Noise Abatement Reasonableness Sensitivity Analysis Tool
(NARSAT).

» Chapter 4 concludes the report.
INTERESTED AUDIENCE

This report was prepared for and reviewed by FHWA and the project’s Technical Working
Group (TWG), first as a draft report and then as an interim report. It addresses comments
received from FHWA and the TWG during the review process. The intended audience includes
analysts and policy-makers within FHWA and state highway agencies (SHAs) who specialize in
highway traffic noise and National Environmental Policy Act (NEPA) implementation policies,
processes, and procedures.

PREVIOUS PRINTINGS
This is the second printing of this report and includes a new Section 2.1.3.
PUBLICATION STATUS

The initial report was the second of two Final Task 3 Deliverable Documents under Task Order
No. DTFH61-D-00028-T12-002. This updated report is the second of two Final Task 3
Deliverable Documents under Task Order No. DTFH61-D-00028-0005.



Notice

This document is disseminated under the sponsorship of the U.S. Department of
Transportation in the interest of information exchange. The U.S. Government assumes no
liability for the use of the information contained in this document.

The U.S. Government does not endorse products or manufacturers. Trademarks or
manufacturers’ names appear in this report only because they are considered essential to the
objective of the document.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high-quality information to serve
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CHAPTER 1. INTRODUCTION

This report documents the development of two tools to evaluate the effects of policy changes on
the feasibility and reasonableness of noise abatement for the factors described in the Federal
Highway Administration (FHWA) noise regulation in Title 23 CFR Part 772." These tools allow
a user to evaluate different combinations of factors to determine the effects of policy changes.

Feasibility and reasonableness are determined based on the effect the abatement measure has on
adjacent noise “receptors.” A receptor is an activity area on a parcel of property being studied for
noise impacts from a nearby highway project. Receptors can be residential or non-residential
land uses.

The Noise Abatement Feasibility and Reasonableness Analysis Tool (NAFRAT) allows the
noise analyst or policy maker to test the effects of changes of the several factors that go into the
determination of the feasibility and reasonableness of a noise abatement feature as required in
Title 23 CFR Part 772. In its current format, several combinations of factors can be tested at one
time for feasibility and multiple combinations of factors can be tested for reasonableness.
NAFRAT also includes 33 sets of sample policies on a separate worksheet. The analyst may
copy and paste these values into the decision-testing section of the spreadsheet and vary them as
desired or automatically populate these values by selecting a sample policy from a drop-down
list at the bottom of each table.

This spreadsheet tool uses results from noise barrier designs that have been done in the FHWA
Traffic Noise Model (FHWA TNM). The tools is specific to the output format for TNM Version
2.5. Results for two designs for each of four actual highway projects are built into the
spreadsheet. This tool also permits the analyst to paste his or her own designs into it. This feature
gives the analyst several options for studying criteria:

e One project’s barrier design may be used to test effects of changes in the policy criteria
on that design.

e Multiple projects, all using the same values for the criteria factors, may be tested for
effects of changes on a group of projects.

e Abatement decisions for a series of different potential designs for the same project may
be compared using the same criteria for each case.

e Finally, several projects or designs may be tested against several sets of criteria at the
same time, within the current limit of 88 combinations.

! The initial report was the second deliverable in Task 3 of Task Order No. DTFH61-D-00028-T12-002, 23 CFR
772 Streamlining, Analysis, and Outreach. This updated report is the second of two Final Task 3 Deliverable
Documents under Task Order No. DTFH61-D-00028-0005.
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A second tool, the Noise Abatement Reasonableness Sensitivity Analysis Tool (NARSAT),

focuses on reasonableness and is based on series of 108 cases derived from a set of hypothetical
scenarios involving one, two, and three rows of receptors; three different receptor densities; two
different setbacks from the barrier to the first row of receptors; and six different barrier heights.

This tool also includes sample policy criteria. This feature allows for easy comparison of the
reasonableness of decisions from various policies and allows the analyst to test, compare, and
contrast different criterion values.

The feasibility and reasonableness factors that have been included in the tools are:

e Feasibility

o Feasibility noise reduction: A noise reduction of at least 5 decibels (dB) that
must be achieved for a noise abatement measure to be feasible.

o Feasibility quantity: The minimum number or percentage of impacted receptors
that must achieve the feasibility noise reduction. The percentage may be a
percentage of first-row impacted receptors or of all impacted receptors.

e Reasonableness

0 Benefited noise reduction: The minimum noise reduction for a receptor to be
counted as benefited by a noise abatement measure.

o0 Noise reduction design goal (NRDG): The noise reduction that must be achieved
for a noise abatement measure to be reasonable

0 NRDG quantity: The minimum number or percentage of benefited receptors that
must achieve the NRDG. The percentage may be a percentage of first-row
benefited receptors or of all benefited receptors.

0 Cost effectiveness (CE) in Area per Benefited Receiver (APBR): The allowable
barrier area in square feet (SF) per benefited receptor. APBR can be derived from
allowable cost per benefited receptor (CPBR) by dividing CPBR by the abatement
measure unit cost in dollars/SF.

o0 Barrier surface area: The surface area computed by FHWA TNM based on the
heights and lengths of noise barrier segments for a particular barrier design.

The one difference between the two tools regarding the above factors is that the barrier areas for
the hypothetical cases used in the second tool are already built into the spreadsheet, while, with
the first tool, the analyst has the ability to directly enter an area from the Barrier Descriptions
table for a particular barrier design done in FHWA TNM.

In addition, NAFRAT includes these Consideration of Viewpoints factors:

0 Votes Needed: The minimum percentage of votes needed to accept or reject the
barrier

0 % Based On: This calculates the vote percentage based on “All” possible votes or
% of votes that were actually “Received.”
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0 % is: This describes whether the vote percentage applies to those who are “For”
or “Against” the barrier.

0 Non-Response: This addresses how non-votes are treated (“For”, “Against,” or
“Not Counted”) when the voting % is based on the votes that are “received.”

0 Weighting Factors: The multiplier(s) applied to each response from benefited
Owner-Occupants, Non-Resident Owners, and Renters.

o0 Additional Weighting based on: An (optional) second set of weighting factors
used to further differentiate benefits by either location (first row vs. non-first-row)
or impact condition (impacted vs. non-impacted).

The tools were implemented using Microsoft Excel 2007°.
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CHAPTER 2. THE NOISE ABATEMENT FEASIBILITY AND REASONABLENESS
ANALYSIS TOOL (NAFRAT)

This spreadsheet tool is divided into three sections:

e A Summary worksheet.

e A worksheet with several samples of feasibility and reasonableness criteria.

e Individual case worksheets: eight built-in barrier design scenarios worksheets based on
the examples from Noise Barrier Acceptance Criteria: Analysis and 80 worksheets where
custom TNM runs can be entered.

The spreadsheet includes results for noise barrier designs done in FHWA TNM for four real-
world highway projects. Two designs from each project are built in, based on these criteria:

e Feasibility (both designs): minimum reduction of 5 dB at 50 percent or more of first-row
impacted receptors.
e Reasonableness:
1. Design 1: NRDG of 7 dB at 25 percent of first-row benefited receptors, with a
reduction of 5 dB or more to be counted as benefited, and an APBR at or below
1,250 SF per benefited receptor.
2. Design 2: NRDG of 10 dB at 75 percent of all benefited receptors, with a
reduction of 5 dB or more to be counted as benefited, and an APBR at or below
2,600 SF per benefited receptor.

On one or more of the other “unused” individual worksheets (“TNM Run n”, where “n” is from 1
to 80), the analyst may paste the results from an FHWA TNM barrier design into a particular
location on each worksheet, along with:

e the background sound level (in dBA), which would come from information external to
TNM,

e the resulting barrier area (in SF), and

e additional information about each FHWA TNM receiver (e.g., “first-row”, # of rental
units represented, and voting responses).

Up to 1,000 TNM receivers can be accommodated per barrier design. The Summary worksheet
then processes the sound level results and applies a series of user-selected values that are used to
make the feasibility and reasonableness decisions.

Section 2.1 describes the Summary worksheet, Section 2.2 reviews the Sample Policies
worksheet, and Section 2.3 describes the individual case worksheets. Section 2.4 then provides
step-by-step instructions for use of the tool.
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21 SUMMARY WORKSHEET

This spreadsheet begins with a Summary worksheet containing three tables: Feasibility Results
(Figure 1), Reasonableness Results (Figure 6), and a combined Feasibility & Reasonableness
Results table (Figure 17). Generally, the analyst enters the desired values for the different
feasibility and reasonableness factors into these tables, and the results are calculated to the right.

Each row in each table represents a “case” (i.e., a particular combination of the criteria and their
application to a particular barrier design) and includes the criteria used in the design and the
results.

At the top of the worksheet, the analyst enters a Title and Date. The Title is incorporated by
reference into the table titles, and the Title and Date are referenced on each individual case
worksheet.

2.1.1 Feasibility Results Table

The entire Feasibility Results table is shown in Figure 1. The next series of figures focus in on
different sections of this table.

Enter Title: Projects A.D, 2 designs each
Enter Date: 8172015

Feasibility Results for Projects A-D, 2 designs each

Feasibility Factors Feasibility Results

FHWA THM“RUN" from | FHWA TNM “BARRIER Help | Hep | Hep | Help | Help | Help | Help | Hep  Hep  Hep | Heb | Hep
Worksheet Hame “Results: Sound Levels™  DESIGN" from "Results: Case Feas Feas  Feas M ¥
table Sound Levels" table Feas Feas Crit Crit Crit | cte I " Feas# Feas# Feas Feas Feas?
NR Type ;‘ W%AR % Al '"::L "":T: ®  1m ALL SR WALL | oosY
(1] (PA)
) Preject A Area 2€ Final R-1 (NRDG=7, 26% 1st-rew
Proj A APBR 1260 Deslgn - Smoothed Top BR, Ben=5, APER=1250) 1 ] # 2 BT 34 H B2 100% 91% Yes#
Pro|B APBR 1250  ProjectB R-2 [NRDG7, 26% 1at-1ow 5  Pa 14 7 7 14 100% 100%  Yes-%A

BR, Ben=5, APBR=1250)

- N R-1{NRDG=T, 25% 1st-row
ProjC APBR 1250  ProjectC BR, Ben=5, APBR=1250) 3 5 P1
R-10 (NRDG=7, 25% 1st-
Proj D APBR 1260 ProjectD row BR, Ben=6, 4 6 M

APBR=12501

26 14 12 20 86%  TT%  YesS%1

9 9 9 9 100% 100% Yes-%1

Project A Area 2E Final R-1 (NRDG=7, 26% 1st-row

Design - Smoothed Top  BR, Ben=5, APBR=1250) P 50% & 3 3 | 62 |t00%) 1% [esSed

[ 1 Proj A APBER 1260

Figure 1. Feasibility Results table.

Figure 2 illustrates the first five columns. In the first column of the last row, the user can select a
sample policy which will populate the table with corresponding Feasibility Factors. As shown,
when clicking on this cell, a drop-down list appears with the available sample policy numbers. In
the second column, the user selects the Worksheet Name where the TNM run is stored by also
selecting from a drop-down list of available worksheet names. Once a worksheet is selected, the
next two columns automatically show the FHWA TNM Run and FHWA TNM Barrier Design
names. These titles are brought in from the individual TNM results table pasted into the
individual worksheets. Note that the FHWA TNM Run is the Run Title assigned by the analyst
in the FHWA TNM Run Identification dialog box under the TNM Setup menu command, not
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the name of the directory created with the File/New or File/Save As commands in FHWA TNM.
The Case number listed in the fifth column is simply a sequential list.

FHWA TNM "RUN" from FHWA TNM "BARRIER

Worksheet Name "Results: Sound Levels" DESIGN" from "Results: | Case
table Sound Levels" table
i i - = 0, -
Proj A APBR 1250 Project A Area 2E Final R-1 (NRDG=7, 25% 1st-row 1

Design - Smoothed Top BR, Ben=5, APBR=1250)

R-2 (NRDG=7, 25% 1st-row

Proj B APBR 1250 Project B BR, Ben=5, APBR=1250)

R-1 (NRDG=7, 25% 1st-row
BR, Ben=5, APBR=1250)
R-10 (NRDG=7, 25% 1st-

Proj C APBR 1250 Project C

Proj D APBR 1250 Project D row BR, Ben=5, 4
APBR=1250)
5
" vl' °
CHOOSE SAMPLE POLIC
i i - = 9, -
1 Proj A APBR 1250 Project A Area 2E Final R-1 (NRDG=7, 25% 1st-row 7

Design - Smoothed Top BR, Ben=5, APBR=1250)

mi» [y

0o~ O W

—

Figure 2. Feasibility Results table: case identification.

The next five columns are the feasibility factors that the analyst would enter, as illustrated in
Figure 3. The factors tested for feasibility are:

e Feasibility noise reduction criterion, in dB.
e Feasibility quantity, the minimum number or percentage of impacted receptors that must
have a noise reduction of at least the feasibility noise reduction.

The first column is the feasibility noise reduction (Feas NR). Its value is currently limited by
FHWA to be 5 dB.
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Feasihility Factors

IER Help | Help | Help Help Help
Feas Feas
ales: Case F
o Feas |Feas | .. | Crit | Crit [#
NR | Type % o9 1R | %0 All
Pl PA

oW

1 5 P

_

oW

[*%]
[

]
o

oW

Figure 3. Feasibility Results table: feasibility factors.

The next column is the feasibility quantity type (Feas Type) used as part of the criterion. Three
entries — #, P1, and PA — are permitted:

e Entry of “#” indicates an integer number of impacted receptors. For this feasibility type,
the analyst enters an integer into the third column (Feas Crit #) and leaves the fourth and
fifth columns blank.

e If the analyst wants to specify the criterion in terms of percentage of first-row impacted
receptors, a code of P1 is entered, followed by a percentage between 1 percent and 100
percent in the fourth column (Feas Crit % 1R (P1)), leaving the third and fifth columns
blank.

e If the analyst wants to examine the feasibility criterion in terms of the percentage of all
impacted receptors, a code of PA is entered and the percentage between 1 percent and
100 percent is entered into the fifth column (Feas Crit % All (PA)), leaving the third and
fourth columns blank.

The program automatically fills, in dark blue, cells that do not require values to be entered.

Figure 3 shows that four different criteria are being tested, all with a Feas NR of 5 dB. In this
example, each case tests if the design will result in at least half of first-row receptors meeting the
feasibility noise reduction criterion.

10
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The next seven columns are the feasibility results, as illustrated in Figure 4. These results are
determined in the individual case worksheets, as will be described in the next section of this
report. Each row is for an individual case.

Feasibility Results
Help Help Help Help Help Help Help
Feas
# Impacts [# Impacts | Feas # | Feas # | Feas % Feas?
0 ?
ALL 1R 1R ALL |[% 1R ALL
57 34 34 52 100% | 91% Yes-%1
26 14 12 20 86% T7% Yes-%1
14 7 7 14 100% | 100% | Yes-%1
9 9 9 9 100% | 100% | Yes-%1

Figure 4. Feasibility Results table: feasibility results.

The results are:

# Impacts ALL: The total number of impacted receptors.
# Impacts 1R: The number first-row impacted receptors; the analyst designates if a
receptor is to be considered “first-row” in the individual case worksheets.
Feas # 1R: The number of first-row receptors that meet the feasibility noise reduction
criterion.
Feas # ALL: The total number of receptors that meet the feasibility noise reduction
criterion regardless of location.
Feas % 1R: The percentage of the impacted first-row receivers that meet the feasibility
noise reduction, equal to (Feas #1R) / (# Impacts 1R).
Feas % ALL: The percentage of all impacted receptors that meet the feasibility noise
reduction, equal to (Feas # ALL) / (# Impacts ALL).
Feas?: The feasibility decision for the case (Yes or No). The decision is based on the
value entered into the Feas Type column:
o If the value is #, then if # Impacts ALL equals or exceeds Feas Crit #, a decision
of Yes-# is returned.
o |If the value is P1, then if Feas % 1R equals or exceeds Feas Crit % 1R (P1)), a
decision of Yes-%1 is returned.
o If the value is PA, then if Feas % All equals or exceeds Feas Crit % All (PA)), a
decision of Yes-%A is returned.

11
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The designator after the Yes answer is only meant as information on the type of comparison
made for this case.

As shown in Figure 3 and Figure 4, there is a Help cell above each of the columns. When any
one of these cells is selected, a dialog box appears offering help on the particular column. An
example is shown in Figure 5.

Feasihility Results

elp Help Help Help
F
as# |Feas# | Feas :;5 Feas?
LR ALL (% 1R ALL
Total Receptors Feasible
34 The total number of o1

receptors that meet the
feasibility noise reduction

12 criterion regardless of 14l
location

7 14 100%% | 100% | Yes-%al

o G 100%% | 100% | Yes-%al

Figure 5. Example help text.

2.1.2 Reasonableness Results Table (NRDG and APBR)

Figure 6 illustrates the first part of the Reasonableness Results table, which investigates the
NRDG and APBR criteria. The last part of this table examines the viewpoints of the residents
and is discussed and shown later in Section 2.1.3. The next series of figures explore different
sections of the first part of this table.
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Reasonableness Results for Projects A-D, 2 designs each

FIEA THM “RARRIER D SIGH™

from “Results; Scund Levels™
table

R.1 (NRDG=7, 25% 15t.row BR,

Ben=5, APOR=1250)

A0dR DG, Sehll IRDG=10, T5%
all (R, Ren MR =5, APRR-7E00)
R.87 NRDG=10. 75% all BR,
Ran NR=5, APTIR=2600}

.82 NRDG=10, 75% all BR,
Ran NR=5, APTIR=2600}

R (NROG=7, 25% tst-row BR,
Rans5, APRR=1250}

.82 NRDG=10, 75% all BR,
Ran NR=5, AFAR=7600}

10 [NRIDG=7, 25% 15trow
AR Remes, APRR=1750)

7% [NRIDHG=10, 75% all BR,
Ben NR=5, APAR=2600)

008 UG, %Al IRDG=10, 75%
all BR, Bien NR=5, APER=F600)

Reasonatdeness Faclors (lor NRDG and APBH) | Heasonableness Heswits (lor NRDG and AFUR)
Helg | Help | Help | Helg | Help Helg Help Helg. Help | Help | Halp Help Help | Help Help Halg Help Helg
oo S 0, G OL IO R M o g ST e e b e 1000 s
NR P, PAI M WP Pl n Aun R AL " NRDG ALL L AL RRDGT Calc APERT APORT
r L3 1.2%0 84,589 % s n = BO%  51%  Yes -NH%1 =1 Yes-APHR Yes
hL L3 2800 | 115000 % 80 33 L) 94%  M%  Mo-NRSA 1278 Yes-APER Mo
r L3 1.2%0 4848 T 24 T M 100% 100%  Yes-NR-%1 2277 Mo-APER Mo
hL 3 2600 b 040 T 4 T 1% 100%  63%  No-NRSA LIIT  Yes-APBR Mo
T 3 1250 4,550 13 n 5 n 0% 3% Yes-NHSN1 123 Yes-APBR Yes
hL 3 2600 To.053 4 33 n w 9% 5% Mo-NRSA 21Z3 Yes-APBR
T 5 1250 THOTE | 18 M 13 @ BM% 5% YesNRS1 232 MNo-APDR
10 5 2800 | 15TAN 1% 40 " " 69%  45%  MoNRSA 3841 MoAPOR
T 5 2400 | 115001 35 80 1] 0 100% 100% Yes-NRS1 | 1278 Yes APBR Yes

Figure 6. Reasonableness Results table (NRDG and APBR).

Figure 7 shows the first five columns (note that the rows for Cases 9 through 86 are not shown in
this figure). These columns work the same way as the first five columns in the Feasibility table,
shown in Figure 2 and described in Section 2.1.1. That is, in the first column of the last row, the
user can select a sample policy, which will automatically populate the table with corresponding
Reasonableness Factors. Also, a worksheet is selected from the drop-down list in the second
column, and the third and fourth columns populate with the FHWA TNM “RUN” and FHWA
TNM “Barrier Design” pulled from the TNM run as shown. If the analyst desires to use a
single barrier design for each case, for example, then he or she could select the case from the first
row, and then uses Excel’s FILL DOWN function to copy the same case down.
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FHWA TNM "RUN" from  |FHWA TNM "BARRIER DESIGN"

Worksheet Name "Results: Sound Levels” | from "Results: Sound Levels" | Case
table table
] Project A Area 2E Final R-1 (NRDG=7, 25% 1st-row BR,
PrOJAAPBR1250 |1\, c30n - Smoothed Top Ben=5, APBR=1250) 1
; Project A, Area 2E Final Dgn - 10dB DG, %All (NRDG=10, 75%
ProjAAPBR2600 | ¢ ooth Top all BR, Ben NR=5, APBR=2600) | 2

R-82 (NRDG=10, 75% all BR,

Proj B APBR 2600 ProjectB Ben NR=5, APBR=2600)

R-82 (NRDG=10, 75% all BR,

Proj B APBR 2600 | Project B Fon NR<5. APBRC2600) 4
Proj C APBR 1250 | Project C E:., L"'S'I‘gﬁgafggg}“"'w BR.| 5
Proj C APBR 2600 | Project C gfﬂgt\‘l:gﬁ;ghﬁ";ﬂ‘”’[}'; BR, 6
Proj D APBR 1250 | Project D R-10 (NRDG=7, 25% 1st-row 7

BR, Ben=5, APBR=1250)

R-75 (NRDG=10, 75% all BR,
Ben NR=5, APBR=2600)

Project A, Area 2E Final Don - 10dB DG, %All (NRDG=10, 75%
Smooth Top all BR, Ben NR=5, APBR=2600)

Proj D APBER 2600 ProjectD

1 Proj A APBR 2600 88

Figure 7. Reasonableness Results table: case identification.

The next five columns are the reasonableness factors that the analyst enters, as illustrated in
Figure 8. The factors tested for reasonableness are:

¢ Noise reduction design goal (NRDG) criterion, in dB.

e Benefited noise reduction criterion, in dB.

e NRDG quantity, the minimum number or percentage of benefited receptors that must
have a noise reduction of at least the NRDG.
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NCUIVIHUISIIGID | L 3

Help | Help | Help Help Help Help Help

se gen | NRDG | NRDG | NRDG | NRDG APBR
NRDG | o Type(#, Crit | Crit% |Crit% Al Crit | frc
P1, PA) # 1R(P1) | (PA) Calc

T 5 25% 1,250
10 5 5% 2,600 | 1
T 5 1,250
10 5 -- 5% 2,600
T 5 P1 - 1,250
10 5 PA -- 5% 2,600
T 5 P1 - 1,250
10 5 -- 5% 2,600 | 1

Figure 8. Reasonableness Results table: reasonableness factors.

The first column is the NRDG (NRDG). Its value is currently limited by FHWA to within a
range of 7 to 10 dB. The program will display an error if the input is outside this range.

The second column is the benefited noise reduction criterion (Ben NR). Its value is currently
limited by FHWA to be no less than 5 dB and no more than the NRDG. The program displays an
error if the input is outside this range.

The third column is an indicator of the type of the NRDG quantity that is being tested in this case
(NRDG Type). This factor has three possible values — #, P1 and PA — as did the feasibility

type:

Entry of “#” indicates an integer number of benefited receptors. For this NRDG type, the
analyst enters an integer in the fourth column (NRDG Crit #) and leaves the fifth and
sixth columns blank.

If the analyst wants to specify the NRDG criterion in terms of percentage of first-row
benefited receptors, a code of P1 is entered, followed by a percentage between 1 percent
and 100 percent in the fifth column (NRDG Crit % 1R (P1)), leaving the fourth and
sixth columns blank.

If the analyst wants to examine the NRDG criterion in terms of the percentage of all
benefited receptors, a code of PA is entered and a percentage between 1 percent and 100
percent is entered into the sixth column (NRDG Crit % All (PA)), leaving the fourth and
fifth columns blank.
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The seventh column is the Cost Effectiveness criterion is terms of area per benefited receptor
(APBR Crit), with a unit of square feet (SF) per benefited receptor. FHWA has no limit on this
range. If an analyst wants to use the spreadsheet to study cost per benefited receptor (CPBR), in
terms of dollars per benefited receptor, since CPBR is ABPR multiplied by abatement unit cost
(dollars per SF), the CPBR criterion needs to be divided by the abatement unit cost used by the
SHA, to convert CPBR to APBR. The corresponding APBR would then be entered into the
spreadsheet.

APBR can be calculated by clicking on the “Calc” button in the APBR heading cell. This brings
up a dialog box where the CPBR and unit cost are entered, and APBR is calculated (Figure 9).

1 "BARRIER Help | Help ' Help Help Help Help Help Help Help
om "Results: | Case 5o, | NRDG | NRDG NRDG | NRDG | APBR | Area | ..
vels” table NRDG | "= Type (#, Crit | Crit% | Crit% em THM | 7
P1,PA) # 1R(P1)| (PQ) Run
25% 1st-row
’BR=1250) (;alct.:lat: APER »
(NRDG=10, |
:n HR=5, Cost per benefited Abatement unit cost  Area per benefited 35
| receptor (3/BR) (3/3F) receptor (SE/BR)
25% 1st-row
IBR=1250) | a0 [ | 3 = 1333 13
10, 75% all BR,
‘BR=2600) 7600 0,053 14

25% 1st-row

3BR=1250) - 25% - 1,250 22,002

5 [ 5 P1 [

", 25% 1st-row
3BR=1250) G 10 5 PA -- 5% 2,600 79,078 16

Figure 9. APBR calculator.

While an APBR calculator is provided, the spreadsheet can also be used directly “as is” using
barrier cost and CPBR:

1. Enter the CPBR criterion ($/BR) in the APBR Crit column.
2. Enter the barrier’s cost in the Area column.
3. The resulting CBPR for this design will appear in the APBR Calc column.

4. The decision on cost-effectiveness will be in the Reas APBR column.

What cannot be automatically tested for CPBR is the effect of varying the abatement unit cost.

Figure 8 shows that two different reasonableness criteria combinations are being tested, with
NRDGs of 7 dB or 10 dB and a benefited noise reduction of 5 dB in each case. In this example,
the built-in test cases are analyzed comparing 25 percent first-row benefited receptor with an
APBR of 1,250 SF per benefited receptor to 75 percent of all benefited receptor at an APBR of
2,600 per benefited receptor.
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The next eleven columns are the reasonableness results, as illustrated in Figure 10. Each row is

for an individual case.

Reasonableness Results (for NRDG and APBR)

Help Help | Help | Help Help Help | Help Help Help Help Help
irofnr?l':.ll.ﬂ #Ben #Ben ﬁ:; #Ben Ben% Ben®% Reasonable: APBR Reasonable: R:;SD%"::LE:
Run 1R ALL 1R NRDGALL 1R  ALL NRDG? Calc APBR? APBR?
64,569 35 75 K| 38 89% | 51% | Yes-NR-%a1 861 | Yes-APBR Yes
115,001 35 a0 33 64 94% | 71% | No-NR-%A 1,278 | Yes-APBR No
54,646 7 24 7 24 100% | 100% | Yes-NR-%1 2,277 | MNo-APBR No
54,646 7 24 7 15 100% | 63% | Mo-NR%A & 2,277 | Yes-APER No
34,696 | 13 28 5 1 38% | 39% | YesMNR%1 1,239 | Yes-APER Yes
70,053 | 14 33 11 17 7% | 52% | Mo-NR-%A 2,123 | Yes-APBR No
79,078 | 16 34 13 18 81% | 53% | Yes-NR%1 2,326 | MNo-APBR No
157,631 16 40 11 18 69% | 45% | Mo-NR-%A | 3,941 | No-APBR No

Figure 10. Reasonableness Results table: reasonableness results.

The first column is titled Area from TNM Run. The barrier surface areas for the pre-loaded
designs are already in the spreadsheet.

For other designs, the analyst gets this value from the particular FHWA TNM barrier design

being studied and enters it into the individual worksheet for that barrier design, as will be shown
in the next section; the area is then referenced in this table. The area is found in the FHWA TNM
Barrier Descriptions Table for that barrier design, as illustrated in Figure 11.

The sound level results for that design are also pasted into the individual case worksheet, as
described in the next section.
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[ |Barrier Descriptions Table: Case 2:4 I EI@
Bowlby and Associates, Inc. 5 March 2013
D. Reiter{G. Pratt TNM 2.5
RESULTS: BARRIER. DESCRIPTIONS
|PRO.IFCT/CONTBACT: 12:23

RUN: Case 2 ]

BARRIER DESIGN: R-75

Barriers

Name Type Heights along Barrier Length
Min Avg Max

f Berm Cost ‘
WYolume Top Run:Rise ‘
Width

icu yd ft ft:ft $

[ [T LT[

ft ft ft ft

:( w 16.00  20.49] 2400 269

Total Cost: 0

Figure 11. FHWA TNM Barrier Descriptions Table highlighting location of Area in sq ft
(SF) for a particular barrier design.

The next four columns shown in Figure 10 are the reasonableness results in terms of the number
of benefited receptors, as determined from the TNM Sound Levels results and the user-supplied
factors. Each row is for an individual case.

The results for number of benefited receptors are:

e #Ben 1R: The number first-row benefited receptors; the analyst designates if a receptor
is to be considered “first-row” in the individual case worksheets.

e #Ben ALL: The total number of benefited receptors.

e #Ben NRDG 1R: The number of first-row receptors that meet the NRDG criterion.

e #Ben NRDG ALL.: The total number of receptors that meet the NRDG criterion
regardless of location.

The next two columns show the percentage of the first-row and total benefited receptors that
meet the NRDG:

e Ben % 1R: The percentage of the benefited first-row receivers that meet the NRDG,
equal to (# Ben NRDG 1R) / (# Ben 1R).

e Ben % ALL: The percentage of all benefited receptors that meet the NRDG, equal to
(# Ben NRDG ALL)/ (# Ben ALL).

The next column, Reas NRDG?, is the reasonableness decision for the NRDG criterion for this
case (Yes or No). The decision is based on the value entered into the NRDG Type column:

e If the value is #, then if # Ben ALL equals or exceeds NRDG Crit #, a decision of Yes-
NR-# is returned; if not, the decision shows as No-NR-#.
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e |f the value is P1, then if Ben % 1R equals or exceeds NRDG Crit % 1R (P1), a
decision of Yes-N-%1 is returned; if not, the decision shows as No-NR-%1.

e |f the value is PA, then if Ben % ALL equals or exceeds NRDG Crit % All (PA), a
decision of Yes-N-%A is returned; if not, the decision shows as No-NR-%A.

The designator after the Yes or No answer is only meant as information on the type of
comparison.

The next three columns of the table show:

e APBR Calc: The calculated APBR, computed as the Area entered from the FHWA
TNM run divided by # Ben ALL (total number of benefited receptors).

e Reas APBR?: The reasonableness decision for cost effectiveness for this case, as to
whether the calculated APBR is above (No-APBR) or below (Yes-APBR) the APBR
criterion (APBR Crit).

e Reas?: The overall reasonableness decision (Yes if both the NRDG and cost effectiveness
criteria are met, and No if one or both are not met).

The designator after a Yes or No answer is only meant as information on the type of comparison
made for this case.

Note that in making the comparisons of the Noise Reductions to the criteria, the formulas use
rounding. For example, if the NRDG was 7 dB and the calculated Noise Reduction was 6.5 dB,
the receiver is considered as meeting the NRDG; in essence, the Noise Reduction is rounded up
to 7 dB.

2.1.3 Reasonableness Results Table (Viewpoints Criterion)

Figure 12 illustrates the last part of the Reasonableness Results table, which investigates the
viewpoints criterion. The next series of figures explore different sections of the final part of
this table.
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Reasonableness Factors (for Viewpoints) ‘ Results (for ‘
Help Help Help Help Help Help Help Help Help Help Help Help Help
“Non- ADDITIONAL WEIGHTING FACTORS
% Based O WEIGHTING FACTORS .
Votes ?,ﬁe‘, n His Responses™ Additional (for either non-1st row or non-impacted
(Al o B Total # of Total # of .
HNeeded ("For" or  are ("For’ Weighting based benefits) Response Reasonable: |«
possible or o . . - e possible  responses % voting yes % voting no N
Criterion “Received”) '‘Against”) “Against”, or Owner. Mon-Resident on ("Row"/"Impact Owmer- Non-Resident responses  received Rate Viewpoints?
(%) votes barrier “not oceu a;lt Owner Renter |Condition"/"none") Oceu m'“ Owner Renter P
counted") P (Rental) P {Rental)
50% Received For MNot counted 1 08 01 Row 1 05 05 80 20 25% T267% 27.33% Yes-Viewpoints
67% Received For Mot counted 15 1 05 None --- 101 57 56% 67.39% 3261% Yes-Viewpoints
60% All For - 2 1 1 Row 2 1 1 32 0 0% 0.00% 0.00% No-Viewpoints
40% Received Against Against 5 3 2 Impact Condition 3 2 1 32 0 0% 0.00% 100.00% No-Viewpoints
50% All Against - 5 3 2 Row 3 2 1 34 25 74% 2273% 53.64% No-Viewpoints
66% Received For For 4 2 1 None --- 40 27 68% 52.00% 48.00% No-Viewpoints
75% Received For Mot counted 5 4 1 Row 3 2 1 44 33 75% 45.00% 55.00% No-Viewpoints
80% Received For Mot counted 1 1 1 Impact Condition 1 09 01 50 28 56% 8561% 14.39% Yes-Viewpoints

Figure 12. Reasonableness Results table (Viewpoints).

Figure 13 shows the first four columns of this part of the table, where the analyst enters the
initial viewpoints factors. The first column is the Votes Needed Criterion, which defines the
percentage of votes needed to for a barrier to be considered reasonable or not reasonable. Its
value is limited to a range between 0% and 100%.

Help Help Help Help
[} " -
Votes % Bf:seg On o is Non i
("Al A Responses” are
Needed i ("For" or e
. possibleor ,, . ("For",
Criterion o Against”) o
%) Received") barrier 'Against”, or
. votes "not counted")
51% Received For Not counted
67% Received For Not counted
40% Received Against Against
0% Al Agains': -
668% Received For For
75% Received For Not counted
80% Received For Not counted

Figure 13. Reasonableness Results table: Viewpoints Factors.

Next, the % based on column is used to describe whether the Votes Needed Criterion is based
on either “All” of the possible votes or only based on percentage of the votes that were actually
“Received.” This selection is accomplished using a drop-down list. The user should use
“Received” if: 1) non-responses are not to be counted, or 2) if those non-responses are to be
interpreted as either votes “in favor” or “against” the construction of the barrier.
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The third column (% is) simply designates how the VVotes Needed Criterion is to be applied,
either as a percentage that is “For” or “Against” the barrier.

The fourth column (*Non-Responses’ are) designates how “non-responses” are to be treated: as
votes “For,” “Against,” or “Not counted.” Note that if the user selects “All” in the second
column, the fourth column will automatically turn dark blue, indicating that non-responses will
be used only to determine the total possible amount of votes.

As an example, the first row in Figure 13 indicates that at least “51%” of the “Received” votes
must be “For” the barrier in order for it to be reasonable (and non-responses are “Not counted”).
As another example, the fifth row in Figure 13 indicates that “50%” of “All”” possible votes must
be “Against” the barrier in order for the barrier to be considered not reasonable.

Figure 14 shows the next set of viewpoints factors that can be used to assign a weighted value of
each benefited receptor’s response based on: 1) type of ownership/occupancy, and 2) an
additional option accounting for either the location or the impact condition of the receptor.

Help Help Help
WEIGHTING FACTORS " o ADDITIONAL WEIGHTING FACTORS
Additional weighting . .
(for either non-1st row or non-impacted benefits)
based on?
Non-Resident ("Row"/"Impact Non-Residant
Owner-Occupant Ov::;r ?:{Ie:tr;l) Renter Condition"/"none"”) | Owner-Occupant Ov::;r :;Ie:tr;” Renter
1 09 01 Row 1 0.5 0.5
1 5 1 D 5 Nune ---
‘ 2 1 1 Row 2 1 1
5 3 2 Impact Condition 3 2 1
‘ 5 3 2 Row 3 2 1
4 2 1 None ---
5 4 1 Row 3 2 1
1 1 1 Impact Condition 1 09 01

Figure 14. Reasonableness Results table: Viewpoints Factors (vote weighting).

The first three columns in Figure 14 are used to apply weightings to responses based on
ownership and type of occupancy: Each eligible voting response on the corresponding project
worksheet will be multiplied by these factors. For example, in the first column, entering a value
of “1.5” will give assign 1.5 votes for each response from a benefited and owner-occupied
dwelling. Similarly, weightings for benefited non-resident owners and their renters can be
specified in the second and third columns, respectively. Leaving any of these columns blank will
result in a weighting factor of zero, effectively not counting any responses from any of those
benefited receptors.

The fourth column in Figure 14 (Additional Weighting based on) can be used to apply an
additional weighting distinction. Selecting “Row” enables the analyst to apply two different sets
of weighting factors based on a receptor’s location: 1) the first set of factors (the Weighting
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Factors column) would be applied only to first row benefited receptors, and 2) a second set of
factors (Additional Weighting Factors column) could then be applied to only those other
benefited receptors that are not located in the first row.

Similarly, selecting “Impact Condition” in the fourth column of Figure 14 enables the analyst to
apply two different sets of weighting factors based on whether the receptor was impacted or not:
1) the first set of factors (Weighting Factors column) would be applied only to impacted
benefited receptors, and 2) a second set of factors (Additional Weighting Factors column)
could be applied to only other non-impacted benefited receptors.

If the fourth column is left blank or set “None,” all three columns under the Additional
Weighting Factors will be filled dark blue; no additional weighting will be applied and all
benefited responses will be weighted solely by ownership/occupancy (i.e., only using the factors
in the first three columns shown in Figure 14).

Figure 15 shows the results of the voting based on responses of each benefited receptor and the
viewpoints factors chosen by the analyst. The first column indicates the total possible number of
responses from benefited receptors, determined by the data that is supplied on the project
worksheets (discussed further in the next section). Note that this tally is simply based on the total
amount of eligible responses and does not apply any weighting. The second column counts the
amount of responses that were received. Next, the third column calculates a simple Response
Rate by dividing the responses received by the total number of possible responses. Note that
although some policies may use Response Rate as a factor in their reasonableness decisions, the
calculated response rate within this tool is for informational purposes only and does not factor
into the reasonableness decisions or any other calculations.
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Reasonableness Results (for Viewpoints) Display Eligible Voters
Help Help Help Help Help Help Help Help
Show only

Total # of Total # of

) Response Reasonable: |eligible voters Hyperlink to
possible  responses

% voting yes % voting no

. Rate Viewpoints? {on Project Project Page
responses  received Sheet)
- - i _E_
a0 20 25% T267% 27.33% Yes-Viewpoints Show Click here to go
to Project sheet
101 57 56% 67.30% 3261% | Yes-Viewpoints
32 0 0% 0.00% 0.00% No-Viewpoints
32 0 0% 0.00% 100.00% No-Viewpoints
34 25 74% 2273% 53.64% No-Viewpoints
‘ 40 27 G8% 52.00% 48.00% No-Viewpoints
44 33 75% 45.00% 55.00% No-Viewpoints
50 28 56% 85.61% 14.39% | Yes-Viewpoints
101 57 5E% T4.70% 25.30% | Yes-Viewpoints

Figure 15. Reasonableness Results table: Viewpoints Results.

The fourth and fifth columns (% voting yes and % voting no, respectively) shown in Figure 15
calculates the overall percent of weighted responses that are “in favor” and “against” the
construction of the barrier, respectively. These percentages are based on the viewpoints factors
that are designated by the analyst; simply changing some of those factors can alter these
calculated percentages. These two columns will always add to 100% when the analyst elects to
base the voting on “Received” responses. However, if the vote is based on “All” possible
responses, these percentages would sum to less than 100% if the response rate is less than 100%
(the third and fifth rows in Figure 15 illustrate this point).

The sixth column (Reasonable: Viewpoints?) gives the reasonableness decision for the
viewpoints criterion for a particular case. Again, the designator after the “Yes” or “No” answer
indicates that this answer is based on the viewpoints criterion.

The seventh and eighth columns (Show only eligible voters and Hyperlink to Project Page
shown in Figure 15) are used in conjunction, as described below:

e Selecting “Show” in the drop-down list indicates the desire to view the eligible voters on
the associated TNM project worksheet.
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“Click here to go to Project sheet” link will then be displayed in the adjacent column to
the right.

Clicking that link will take the user to the associated project worksheet, where only the
eligible voters will be displayed based on the Benefited NR Criteria designated for that
row. Figure 16 shows a section of the project worksheet with rows filled in black for non-
eligible voters. The user can quickly return to the Summary worksheet by using the
“Click here to return to Summary worksheet” link, which is shown in the upper left-hand
corner of Figure 16.

If the same project is being analyzed in more than one row, the first “show” selection will
cause the other row(s) with the same project to fill in dark blue, emphasizing the fact that
only one set of eligible voters can be displayed at a time.

Also, if the “Show” selection happens to be applied to two or more rows that contain the
same project, only the uppermost “show” will be available. To minimize confusion, once
the eligible voters have been viewed, the analyst should return to the Summary worksheet
and delete the contents of the “Show” cell.

Click here to return to
Summary worksheet

Mote: Rows that turn black have a

NR less than: | IENEE

Background Level (dBA)
applied to all receivers 0

Barrier Area (sf)| 64,569

VOTING RESPONSES
#of DUs | Owner-Occupant| Rental {Owner) | Rental (Renter) Total
Enter "y" below that are #of #of
if receiver represents rental responses|responses
15t Row receptor(s) units "Yes" "No" "Yeg" "No" "Yeg" "No" | possible | received

‘I ‘1

.| | | | |
y 1 ] ]
I A S A S S S S R
1 1
¥ 1 1 1

Figure 16. Section of an individual project worksheet showing only the eligible voters.

2.1.4 Combined Feasibility and Reasonableness Results Table: One project applied to all
sample policies

A portion of the Combined Feasibility and Reasonableness Results table is shown in Figure 17.
This table combines the previous two Feasibility and Reasonableness tables into one large table,
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which is pre-populated with the Feasibility and Reasonableness factors from each of the sample
policies (supplied from data on the “Sample Policies” worksheet described in Section 2.2 and
illustrated in Figure 19).

Figure 18 shows a zoomed in view of the upper left portion of this combined table. The user is
only required to select one of the projects from the drop-down list, which is highlighted in
yellow in Cell D136. Starting in Row 147, each of the 33 sample policies are then applied to this
project, and detailed results for each policy can be viewed by scrolling to the right.

An overall summary of all of the results is displayed in the cells directly beneath the user-
selected project. As shown in Figure 18, these results show the number of policies where the
selected project is:

e Feasible

e Reasonable — based only on the NRDG

e Reasonable — based only on the APBR

e Reasonable — based on both the NRDG and the APBR

e Reasonable — based on Viewpoints of the residents/owners

e Reasonable (Overall) — based on NRDG, APBR, and Viewpoints
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Proj A APEBR 1250

CHOOSE Profec il Feasibility & Reasonableness Results for 'Proj A APBR 1250’ using all Sample Policies

# of policies where Feasible 33
# of policies where Project is 33
Reasonable based on NRDG

# of policies where Project is 26

Reasonable based on APBR

# of policies where
Reasonable based on both 26
NRDG and APBR

# of policies where
Reasonable based on 30
Viewpoints

# of policies where Reasonable|
(Overall)
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Feasibility Factors Feasibility Results Reasonableness Factors (for NRDG and APBR)

Felp | Help | Help | Help | Help | Felo | Felp | Felp | Help | Felo | Helo | Felp | Felo | Heln | FHels | Felp | Helo | Help el el Help Help
FHWA TNM "RUN- from | FHWA TNM "BARRIER Fea Feas Feas
Policy Worksheet Name | “Results: Sound Levels™ | DESIGN from “Results: |Case Feas FE“‘?S Crie  Crie | * | * Feas# Feas Feas F‘_'/“ Feasy |MRD Ben TN“D::; NS'.JG D’!HBL‘I;R ';F!EE APBRCrit| Areafrom oo oo 0 b ALl
vy Sound Leela® bl e B mpasts Impaots ; F :  Feas? ype (¥,  Crit  Crit% rit % en en
able ound Levels table NR Typ %Rz an mpasts lmps R ALL %R0 6w prete O oo anm TNM Run
e P (PA)
1 Proi & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 1st- 1] s 34 34 5z 100 | 91 | Yesx1| T | 5 P1 2,400 64563 35 75
Desian - Smoothed Top |row BR, Ben=5,
2 Proj & APBR 1250 | Proiect & Area ZE Final | |R-1(NRDG=7. 253 Tst- 2 & 34 24 52 100k | 91x |YesxA| T S PA 1167 64,569 35 75
Desian - Smoothed Top |row BR, Ben=5,
3 Proj A APBR 1250 | Proiect & Area 2E Final | R-1(NRDG=7. 253 Tst- 3 5 34 34 52 |100%| 9B¢ |Yesx1| 7 5 : 700 64568 35 75
Desian - Smaothed Top | row BR, Ben=5,
4 Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 tst- 4 5 34 34 52 (1003 | 9% | Yes-% 8 5 * 1,480 64,569 35 s
Desian - Smoothed Top | row BR, Ben=5,
5 Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7, 253 Tst- 5 | 5 34 34 52 100|912 | Yes%# | 7T | 5 * 1400 64569 35 75
Design - Smoothed Top _ row BR, Ben=5,
5 Proi & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 1st- 5 5 34 34 52 100 | 91 | Yes%# | T | 5 * 2150 64569 35 75
Desian - Smoothed Top |row BR, Ben=5,
7 Proj & APBR 1250 | Proiect & Area ZE Final | |R-1(NRDG=7. 253 Tst- 7 s 34 34 52 |100x| 9% | Yes%® | 7 5 p1 1,200 64,569 35 75
Desian - Smoothed Top |row BR, Ben=5,
8 Proj A APBR 1250 | Proiect & Area 2E Final | R-1(NRDG=7. 253 Tst- 8 5 34 34 52 |100%| 9B¢ |YesxA| 7 5 : 2.000 64569 35 75
Desian - Smaothed Top | row BR, Ben=5,
3 Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 tst- 3 5 34 34 52 1003 | 9B< | Yes-%1| 8 8 P1 1,500 64,569 16 20
Desian - Smoothed Top | row BR, Ben=5,
10 Proj & APBR 1250 |Proiect A Area 2EFinal  R-1(NRDG=7.252 tst- | 44 | ¢ 34 34 52 00| 9% | Yesx1| 7 | 5 * 1380 64,569 35 75
Design - Smoothed Top _ row BR, Ben=5,
1 Proj & APBR 1250 | Proiect & Area 2F Final R L"L“':;G‘T_;ZSV st s 34 34 5z 100 | 91 | Yes%# | 39 | & * 1667 64,569 16 20
3 Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 Tst- 3 | 5 34 34 52 100 | 9% | Yes#1| 8 | 8 P1 1500 64,569 16 20
Desian - Smoothed Top |row BR, Ben=5,
10 Proj A APBR 1250 | Proiect & Area 2E Final | R-1(NRDG=7. 253 Tst- 0 5 34 34 52 |100%| 9B¢ | Yesx1| 7 5 : 1380 64568 35 75
Desian - Smoothed Top | row BR, Ben=5,
n Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 Tst- n 5 34 34 52 (1003 | 9% | Yes-¥ 3 8 * 1.667 64,569 16 20
Desian - Smoothed Top | row BR, Ben=5,
12 Proi & APBR 1250 |Proiect A Area 2E Final | |R-1 ["“DG‘T 257 - |5 34 £ 52 100%| 91 | Yes%# | 3 | 5 * 1,029 64569 35 75
Design - Smoothed Top  row BR, Be:
B Proj A APBR 1250 |reiect A Area 2E Final [R-1(NROG- b B s M | M w2 78 . 1990 64569 35 15
Desian - Smoothed Top |row BA, Ben=5,
7w Proj A APBR 1250 | Proiect & Area 2E Final | R-1(NRDG=7. 253 Tst- | 5 34 34 52 |100%| 9B¢ |Yesx1| 7 5 p1 250 64568 35 75
Desian - Smaothed Top | row BR, Ben=5,
] Proj & APBR 1250 |Proiect A Area 2E Final - R-1(NRDG=7. 253 tst- 18 5 34 34 52 1003 | < |Yes-xa | 7 5 * 1,000 64,569 35 s
Desian - Smoothed Top | row BR, Ben=5,
19 Proi & APBR 1250 |Proiect A Area 2EFinal  R-1(NRDG=7.252 Ist- | 45 ¢ 34 34 52 100|912 | Yes%# | 7T | 5 * 1500 64,569 35 75
Design - Smoothed Top _ row BR, Ben=5,
20 Proi & APBR 1250 |Proiect A Area 2E Final  R-1(NRDG=7.252 tst- | 55 | g 34 34 52 100 | 91 |YesxA| T | 5 * 1250 64,569 35 75

Design - Smoothed Top

row BR, Ben=5,

Figure 17. Screenshot showing a portion of the Combined Feasibility & Reasonableness Results table.

26



TOOLS TO EVALUATE NOISE BARRIER ACCEPTANCE CRITERIA

CHOOSE Project - Proj A APBR 1250

# of policies where Feasible 33

# of policies where Project is 33
Reasonable based on NRDG

# of policies where Project is 26
Reasonable based on APBR

# of policies where Reasonable 28
hased on both NRDG and APBR

# of policies where Reasonable 30
based on Viewpoints

# of policies where Reasonable 23
(Overall)

Figure 18. Screenshot showing the summary portion of the Combined Feasibility &
Reasonableness Results table.

2.2  SAMPLE POLICIES WORKSHEET

Figure 19 displays a portion of the Sample Policies worksheet. Each row within this table
provides the details for a given sample policy. A total of 33 policies are available.

Sample Policles

T ] 1 impact Conattion
T s 1 Row
T & ars Rurer
85 | & 7 Row
T | s o Hene
T | s 7 Row
[ 5 1 R
T | 8 1 Wone
] (] 1 Nane
7 | 8 s % 078 Row
' . s 1667 80078 Recewed  for 1 1 1 Nane
T | & ' 1028 soi An Far 1 05 05 Hane
T s s 1990 W0Ns  Receed  For 1 1 1 nane
T | 8 PA BST| S0.04% Recoiwed Against 4 3 1 R
] s A 1000 0% AN Against 1 1 1 Hane
T | ¥ 53 5001% Recewed  For 1 1 1 tiane
T | 8 ™ 750 EA00%  Recemed Againat 2 1 1 Impect Condition X X
R 0 190 50.01% Recowed  For 1 1 1 Hone:
T | s 0 1500 K100 an For 2 1 1 None
[ s s 150, B100% Receied  For ' 1 1 (.
A s 138 5001% Received  for 1 1 ] tione

. L L] s 1600 §0.00% Received For L] 3 2 Impact Conddion
T | s ' 1400, B0.00% Received  For 1 1 1 were [N
T s P 9 T50 Recowed  For 4 7 1 Row 2 1 1
[ ' WS S001% Recewed  For 2 1 1 vone [
[} 5 s 0 801N Receed  For 2 2 F R \ 1 1
T s Pl 1800 5100% Recoed  For ‘ 3 1 Row H 1 1
T s . 00 WS Received Against 1 3 1 Row
T 7 2] 140 S001% Recewed  For 075 075 s Hane T
7. | & PA | s AN Against 4 2 2 Impsct Conamion
w_| & . B 5000% Received  For Far ' ' 08 e
T | s i W0 K00 Received  For 1 1 1 tone
T | s A 5 BOOMN  Recewed  For Far 1 1 s Hane

Figure 19. Screenshot showing a portion of the Sample Policies worksheet.
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Each column corresponds to the factors used in the Summary worksheet. As described in
Section 2.1, these sample values can be quickly applied using drop-down lists within the tables
of the Summary worksheet.

2.3 INDIVIDUAL CASE WORKSHEETS

As noted earlier, in addition to the eight pre-loaded design case worksheets, there are 80
individual custom case worksheet names of TNM Run n, where “n” ranges from 1 to 80.

Figure 20 shows a portion of an individual case worksheet in which the analyst has pasted the
TNM results for a specific barrier design for a particular FHWA TNM run. Several figures will
next show images from the FHWA TNM program for this design, and then a series of figures
describe the different sections of this individual case worksheet.

I Paste ™M Sound Level Results table for a particular barrier design into cell A10 (highlighed in yeliow) so <Organization> appears in cell B11 (no mare than
1000 receivers). Do not move resulls. If there are fewer than 1000 receivers. . be sure 1o Gelete the content in Columns A-H GNLY of any rows with pricr data below
the last row of the current design.

Pasie hare

Hoie: Rows thal fum bitack

Goal WOTING RESPONSES
pant, Rental (Owner) | Rental [Renter]

s | "ves | mo | “ves" | “Wo" | "Yes" | Wo"

24 1 1
27 73 ¥ 1 1
24 76 1
73
75 ¥
78

73 ¥
70
&6
70
LT
3 7 -z T
& 3 " 811 82 0 EF] 82
e

Figure 20. Portion of an individual case worksheet.

Figure 21 shows the FHWA TNM’s Plan View for a barrier design that was done as an
illustration in this discussion. The straight diagonal lines represent roadway lanes that carry the
traffic producing the noise. The red line adjacent to the roadways is the planned noise barrier.
The black dots with the labels are FHWA TNM “receivers.” The terminology is important: a
“receiver” is a point in an FHWA TNM model at which a sound level is calculated; a “receptor”
represents an activity area being studied. A receiver point can, in many cases, represent more
than one receptor, such as two or three adjacent houses at the same distance from the road. A
feature for indicating that a receiver represents more than one receptor will be illustrated shortly.
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Figure 21. FHWA TNM Plan View of a portion of a model of a study area.

The green lines in the FHWA TNM Plan View represent terrain features, the dashed red lines are
the location of rows of houses that block some of the noise (TNM “building rows”), and the
curved black lines are wide local streets that were modeled without traffic to represent wide
expanses of hard pavement that affect the sound propagation and also model terrain as defined
by the edges of the roadway (it is not always necessary to model local streets to capture this
effect).

Figure 22 then shows FHWA TNM’s Barrier View for a barrier design that was developed to
reduce the sound levels at the modeled receivers. This view is a perspective view of just the
barrier and the receivers, with exaggerated heights, looking from above and on the other side of
the roadway. The roadway is not shown in the view.
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[) Barrier View-R-75 : Case 2:2 =N =R

Figure 22. FHWA TNM Barrier View of a noise barrier design.

The sound level results for this design are in a table that is accessed in the FHWA TNM program
through the Tables menu drop-down list, as shown in Figure 23.

Tables | Window Help

I Sound-level Input v

3 Sound-level Results 4
Barrier Design ] Diagnosis by g'}‘rrier Segment
Barrier Descriptions Diagnosis by Vehicle Type

Barrier Segment Descriptions

Parallel Barriers 3

Hide Rows

Show All Rows
Export

Print Tables...

Figure 23. FHWA TNM program Tables pull-down menu accessing Sound Levels results
table.

Figure 24 then shows a portion of the FHWA TNM Sound Levels results table for a particular
barrier design as viewed from within the FHWA TNM program. Highlighted are the RUN and
BARRIER DESIGN names that will be displayed in the feasibility and reasonableness results
tables in the spreadsheet’s Summary worksheet.

Also highlighted is the #DUs column. A “DU” is a dwelling unit; the analyst may use this input
parameter as a means of indicating that an FHWA TNM receiver point represents more than one
receptor in the study area.
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The highlighted column labeled Noise Reduction — Calculated is used in the spreadsheet for
determining the number of benefited receptors.

[ Sound Levels: Case 2:3

=

Bowlby and Associates., Inc.
D. Reiter/G. Pratt

RESULTS: SOUND LEVELS

PROJECT{CONTRACT: 12-23
RUN: Case 2
BARRIER DESIGN: R-75

ATMOSPHERICS:

Receiver
Name

4-300 Draper
3-304 Draper
2-306 Draper
1-308 Draper
1-310 Draper
1-312 Draper
1-314 Draper
1-316 Draper

68 deg F. 50% RH

dBA

DUs |Existing Mo Barrier
LAeqlh LAeqlh
Calculated Crit'n
dBA dBA
1 0.0 66.5
1 0.0 67.2
1 0.0 67.3
1 0.0 67.9
1 0.0 66.5
1 0.0 64.9
1 0.0 6G7.8
] 0.0 75.6

Increase over

Calculated

dB

66.5
67.2
67.3
67.9
66.5
64.9
67.8
75.6

| -

5 March 2013
TNM 2.5
Calculated with TNM 2.5 |

Average pavement type shall be used unless
a State highway agency substantiates the use
of a different type with approval of FHWA.

With Barrier
isting Type Calculated [Noise Reduction
Crit'n Impact  LAeqlh Calculated Goal Calculated
Sub'l Ine minus
Goal

dB dBA dB dB dB
10 Snd Lvl 63.9 2.6 7 -4.4
10 Snd Lvl 63.9 3.3 7 -3.7
10 Snd Lvl 63.6] 3.7 7 -3.3
10 Snd Lvl 63.8] 4.1 7 -2.9
10 Snd Lvl 62.0) 4.5 7 -2.5
10 — 58.0 6.9 7 -0.1
10 Snd Lvl 60.4 7.4 7 0.4
10 Snd Lvl B63.7N\ 1.9 J 7 4.9 -

Figure 24. Portion of FHWA TNM Sound Levels results table for a particular barrier

design.

In order to copy the table into the spreadsheet, the analyst holds down the left mouse button on
the uppermost of the row selector buttons on the left-hand side of the table (the blank row above
the organization name) and, keeping the left mouse button held, drags the cursor down to the last
row of the table. This action highlights in black the buttons and the selected rows. Figure 25
shows the selection of the rows in progress.
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iButhy and Associates, Inc. Row selector buttons 7 March 2013
|D. ReiterfG. Pratt TNM 2.5
Calculated with TNM 2.5
|RESULTS: SOUND LEVELS
|PROJECTJ'CONTHACT: 12-23
Case 2
INPUT HEIGHTS Average pavement type shall be used unless
a State highway agency substantiates the use
68 deg F, 50% RH of a different type with approval of FHWA.

No. #DUs Existing Mo Barrier With Barrier
Laeqlh LAeqlh Increase over existing Type Calculated MNoise Reduction
Calculated Crit'n Calculated  Crit'n Impact LAeqlh Calculated Goal Calculated
Sub'l Inc minus
Goal

dB dB
Snd Lvl
Snd Lvl
Snd Lvl
Snd Lvl
Snd Lvl

# DUs | Noise Reduction
Min Avg
dB il ]

[ Al that meet NR Goal

Figure 25. Selection of rows in the FHWA TNM Sound Levels results table.

The analyst then copies this table using the Ctrl-C keystroke command. Then, the analyst moves
to the desired case worksheet in the spreadsheet, clicks into cell A10, and uses the “Ctrl-V”
shortcut to paste the FHWA TNM Sound Levels results table into the case worksheet.

Figure 26 shows a portion of the table that has been pasted into the worksheet. Cell A10 is
highlighted in yellow. Note that the first piece of data from the table actually appears in cell B11
even though the paste was initiated in cell A10. If the blank first row in the Sound Levels results
table was not copied, the pasting would need to go into cell A11. No effort should be made to
move the rows or columns, as this will cause errors in the formulas on the worksheet. The
instruction in red reads:

“Paste TNM Sound Level Results table for a particular barrier design into cell A10
(highlighted in yellow) so <Organization> appears in cell B11 (no more than 1000
receivers). Do not move results. If there are fewer than 1000 receivers, be sure to delete the
content in Columns A-N ONLY of any rows with prior data below the last row of the
current design.”

Also note that the Title in cell B8 (e.g., “Projects A-D”) and Date in cell B7 on the case
worksheet have been carried over from the user-input values on the Summary worksheet.
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6
7 31412013
g Task3 Projects A-D, 2 designs each

0 Paste THM Sound Level Resulis table for a particular barrier design into cell A10 {(highlighed in yellow) so <Organization> appears in cell B11 {(no more than 1000
receivers). Do not move results. If there are fewer than 1000 receivers, be sure to delete the content in Columns A-N ONLY of any rows with prior data below the last row
9 of the current design.

10 [Paste here!

11 Bowlby and Associates, Inc. 14-Mar-13

12 D. Reiter/G. Pratt THM 2.5

13 Calculated with TNM 2.5

14 RESULTS: SOUND LEVELS

15 PROJECT/CONTRACT: 23-Dec

16 RLUM: ProjectB

17 BARRIER DESIGHM: R-1 (NRDG=7, 25% 1st-row BR, Ben=5, APBR=1250) Average pavementtype shall be used unless

18 a State highway agency substantiates the use

19 ATMOSPHERICS: 68 deg F, 50% RH of a different type with approval of FHWA

20

21 Receiver

22 MName Ma #0DUs Existing Mo Barrier With Barrier

23 LAegih Increase over existing Type Calculated ;e Reduction

24 Calculated Critn Calculated Critn Impact LAegih Calculated Goal Calculated
25 Sublinc minus
26 Goal
27 dBA dBA dBA dB dB dBA dB dB dB
28

29 4-300 Draper 19 1 o B6.5 66 66.5 10 SndLvl 64.6 19 7 -5.1
30 3-304 Draper 20 1 o 67.2 66 67.2 10 SndLvl 64.6 28 7 -4.4
31 2-306 Draper 21 1 0 67.3 G 67.3 10 SndLw G4.4 29 7 -4.1
32 1-308 Draper 22 1 0 67.9 G 57.9 10 SndLw 64.5 34 7 -3.6
33 1-310 Draper 23 1 0 GE.5 G 66.5 10 SndLw 52.9 38 7 -34
34 1-312 Draper 24 1 0 54.9 66 54.9 10 — 591 5.8 7 1.2
35 1-314 Draper 25 1 0 G7.8 G G7.6 10 SndLw G1.6 6.2 7 -0.8
36 1-316 Draper 26 1 0 75.6 G 75.6 10 SndLw G5.2 94 7 24
37 1-318 Draper 27 1 0 78.2 G 78.2 10 SndLwl 70 g2 7 12
38 1-320 Draper 28 1 0 75.1 66 751 10 SndLw 67.2 79 7 0.9
39 1-322 Draper 29 1 o 729 66 729 10 SndLvl 63.8 91 7 21
ot PR == T R T s amnn e AT = ]

Figure 26. Section of individual case worksheet showing a portion of the pasted FHWA
TNM Sound Levels results table for a particular barrier design.

Additional input is needed within the yellow highlighted cells of this worksheet, as illustrated in
Figure 27. First, the user enters an overall estimated Background Level in cell Q24 and the
Barrier Area in cell Q25 (taken from the FHWA TNM Barrier Descriptions table). Column O
then calculates a new noise reduction by logarithmically adding the background level entered in
cell Q24 with the no-barrier and with-barrier sound levels for each receiver, and then subtracting
those levels. Thus, while the TNM Sound level Results table is pasted into the case worksheet
with the TNM-calculated noise reduction in column L, the calculated noise reductions in
column O are actually used throughout the spreadsheet to determine the benefited receptors in a
more realistic manner.

The analyst then indicates those receivers that are being considered as first-row receivers in this
analysis. (Remember that the number of receptors represented by each receiver is indicated in the
#DUs column of the FHWA TNM Sound level Results table.) This first-row designation is made
by entering a value of “y” in the appropriate row in Column P, which is just to the right of the
pasted results table, as shown in Figure 27.

In column Q (starting in cell Q29), the user must also designate how many rental units are being
represented by each receiver. This value must be equal to or less than the number of dwelling
units which was pasted from the FHWA TNM run into column D. Finally, columns R through W
are provided to designate the number of “yes” and/or “no” responses for a given receiver by
occupancy type. The weightings of these responses are addressed by the weighting factors on the
Summary worksheet.
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For the columns Q through W, there are data validation settings that will help prevent the user
from entering invalid data. Furthermore, conditional formatting will cause cells to highlight in
red if there is an error in data input.

8] P Q R S T U 4 w X Y Z AA AB

‘ Click here to return to

Summary worksheet Note: Rows that turn black have a

22 NR less than: N/A
23
24 [Background Level (dBA) 40
25 Barrier Area (sf) 34,696
26 VOTING RESPONSES
27 Owner-Occupant| Rental (Owner) | Rental (Renter) Total Total # of "non-responses”
NR # of DUs #of #of

(w/backgroun Enter "y" below if that are responses | responses | Owner- Rental Rental
28 d) receiver is 1st Row rental units| "Yes" "No" "Yes" “No" “Yes™ “No" possible received | occupant | (owner) | (Renter)
29 1.9 1 0 1 0 0
30 26 1 1 1 2 72 o " o0 0
31 29 1 1 1 2 2 0 0 0
32 34 y 1 1 1 2 2 0 0 0
33 36 y 1 1 1 2 2 0 0 0
34 58 y 1 1 1 2 2 0 0 0
35 8.2 y 1 1 1 2 2 0 0 0
36 9.4 y 1 1 1 2 2 0 0 0
37 82 y 1 2 0 0 1 1
38 79 y 1 1 1 2 2 0 0 0
39 9.1 y 1 1 1 2 2 0 0 0
40 9.0 1 1 1 0 0 0
41 82 1 1 1 0 0 0
az | 6.3 1 1 1 0 0 0
43 7.1 1 1 1 0 0 0
44 7.5 1 1 1 0 0 0
45 71 1 1 1 0 0 0
46 6.6 y 1 1 1 0 0 0
47 56 y 1 1 1 0 0 0
48 53 y 1 1 1 0 0 0
49 45 y 1 1 1 0 0 0
50 5.1 y 1 1 1 0 0 0

Figure 27. Section of individual case worksheet showing where additional input is needed
(within yellow-highlighted cells).

24  STEP-BY-STEP INSTRUCTIONS FOR USE OF NAFRAT

The following instructions summarize the use of the Noise Abatement Feasibility and
Reasonableness Analysis Tool (NAFRAT). The assumption is that the analyst:

e Created one or more FHWA TNM runs and has developed one or more noise barrier
designs for each run

e Has one or more combinations of feasibility and reasonableness factors to be tested and
wishes to test them against one or more of the eight pre-set designs in the spreadsheet

e Wants to perform some combination of both of the above options

In creating his or her own barrier designs, the analyst should take care in naming runs and barrier
designs because these names will be transferred to the spreadsheet’s results tables.

The spreadsheet is currently set up to accommodate up to 1,000 FHWA TNM receivers per
barrier design. By default, each receiver is assigned a value of one dwelling unit. Receivers can
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be made to represent more than one receptor by changing the number of Dwelling Units (#DUs)
assigned to the receiver in the FHWA TNM Receiver Input dialog box.

There is no particular order in which values need to be entered into the spreadsheet or FHWA
TNM results need to be pasted into the spreadsheet. Barrier decisions are calculated for a case
when the needed data are present for that case.

Caution should be taken if the spreadsheet is being used for a new analysis, such that previous
data have been deleted, including: the user-pasted FHWA TNM Sound Levels results tables,
user-entered barrier areas, assigned background noise levels, first-row receiver designations,
number of represented rental dwelling units, and voting responses.

In its current version, the spreadsheet has safeguards to ensure that entered data are within
allowable ranges. For example, an NRDG of 11 could not be entered since FHWA limits the
NRDG to a maximum value of 10 dB. Calculation cells are locked to prevent data from being
entered into them or replacing the formulas in them. Rows, columns, and cells should not be
added, deleted, or moved. Care needs to be taken to only enter data as described below.

Steps for use:

1. Open the spreadsheet and use File/Save As to rename the spreadsheet and preserve the
master copy.

2. Onthe Summary worksheet, enter the Title and Date of the analysis in cells E24 and
E25.

3. In the Feasibility Results table, fill in the yellow cells for each case to be tested.

a. Enter the Feasibility Noise Reduction Criterion. This should be 5 dB per FHWA
policy.

Enter one type per case for Feas Type (#, P1, PA).

c. Enter the corresponding value for that type in one of the three adjacent columns,
leaving the other two columns blank. The program will automatically shade the
columns that are to be left blank based on the feasibility type selected.

d. If desired, sample feasibility factors are shown in the Sample Policies worksheet
(Figure 19). These can be copied directly into the Feasibility Results table. (Note:
It is recommended to use the Excel Paste Values function to avoid overwriting
conditional formatting. Do not use the Excel Cut function) These sample
Feasibility Factors can also be automatically populated in the last row of the table
by using the drop down list in the first column of the table.

4. In the Reasonableness Results table, fill in the yellow cells for each case to be tested.

a. Enter the NRDG. This value is currently limited by FHWA policy to be within a
range of 7 to 10 dB.

b. Enter the Benefited Noise Reduction criterion. This value is currently limited by
FHWA policy to be no less than 5 dB and no greater than the NRDG.

c. Enter one type per case for NRDG Type (#, P1, PA).
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Enter the corresponding value for that type in one of the three adjacent columns,
leaving the other two columns blank. The program will automatically shade the
columns that are to be left blank based on the NRDG type selected.

Enter the APBR value

Enter the Votes Needed Criterion using a value from 0 to 100 percent

For the % Based On column, use the drop-down list to choose “All”

or “Received.”

For the % is column, use the drop-down list to choose “For” or “Against.”

In the “Non-Responses’ are column, use the drop-down list to indicate whether
votes that have not been cast count “For” or “Against” the barrier — or if they are
to be “Not counted” at all. If the vote is based on “All” possible votes, the
program will automatically shade this column dark blue, indicating that this
option is not applicable and can be left blank.

Enter weighting factors for Owner-Occupants, Non-Resident Owners, and
Renters. If using a second set of weightings (based on location or impact
condition), these factors will only apply to benefited receptors that are either in
the first row or impacted (determined by the selection in the Additional
Weighting based on column). Otherwise, these weightings apply to all benefited
receptors.

If desired, enter “Row” or “Impact Condition” in the Additional Weighting
based on column. Use “None” or leave this cell blank when no additional
weighting is desired.

If applicable, enter the Additional Weighting Factors that should be applied to
Owner-Occupants, Non-Resident Owners, and Renters that are either not in the
first row or are not impacted.

. If desired, select “Show” using the drop-down list in the Show Only Eligible

Voters column. Then click the link the Hyperlink to Project Page column to
view the eligible voters (which is based on that row’s Benefited Noise Reduction
criterion).

If desired, sample reasonableness factors are shown in the Sample Policies
worksheet (see Figure 19). These can be copied directly into the table. (Note: It is
recommended to use the Excel Paste Values function to avoid overwriting
conditional formatting. Do not use the Excel Cut function.) These sample
Reasonableness Factors can also be automatically populated in the last row of the
table by using the drop down list in the first column of the table.

In one or more of the individual case worksheets, paste every row of the FHWA TNM
Sound Levels results table for that barrier design (not the Sound Levels results table with
a BARRIER DESIGN name of INPUT HEIGHTS) in cell A10; results appear starting in
cell B11.
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In each of the above-referenced individual case worksheets, enter the overall background
sound level in dBA for the design in Cell Q24.

In each of the above-referenced individual case worksheets, enter the barrier area in SF
for the design represented by the case, obtained from the FHWA TNM Barrier
Descriptions table, in Cell Q25.

In each of the above-referenced individual case worksheets, enter a “y” in Column P,
starting on Row 29 for each receiver that is being considered as a first-row receiver.

In each of the above-referenced individual case worksheets and for each receiver, enter
the number of dwelling units that represent rental units in Column P.

For each receiver, in columns R through W, enter the number of “yes” and/or “no”
responses by occupancy type.

When done, the spreadsheet should be saved. The Feasibility and Reasonableness Results
tables may be printed or copied and pasted into other documents for further use.
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CHAPTER 3. THE NOISE ABATEMENT REASONABLENESS SENSITIVITY
ANALYSIS TOOL (NARSAT)

NARSAT focuses on reasonableness and is based on a series of 108 cases derived from a set of
hypothetical scenarios involving one, two, and three rows of receptors; three different receptor

densities; two different setbacks from the barrier to the first row of receptors; and six different

barrier heights.

It includes sample reasonableness criteria, which allows for easy comparison of the
reasonableness decisions under various scenarios and allows the analyst to test, compare, and
contrast different criterion values.

Section 3.1 describes the barrier design cases and reasonableness factors that are modeled in the
tool, and Section 3.2 describes their layout in the tool. Section 3.3 then provides step-by-step
instructions for use of the tool.

3.1 MODELED CASES AND REASONABLENESS FACTORS

There are a wide variety of combinations of the various factors in the reasonableness criteria.
This section describes the factors and their combinations used in the tool. This material is largely
duplicated, with some revision, from the material introducing the sensitivity analysis that was
documented in Noise Barrier Acceptance Criteria: Analysis.

3.1.1 Modeled Scenarios and Cases

In order to study these combinations for a variety of receptor scenarios with FHWA TNM, a
four-lane divided highway model was created. The basic scenario consisted of two travel lanes in
each direction. Each travel direction was modeled by a single FHWA TNM roadway with a
width computed based on two travel lanes and paved shoulders, not by an FHWA TNM roadway
for each travel lane. The difference was not felt to be significant for the purposes of this study.
See Figure 28 for a plan view (from above) and a cross-sectional view of the roadway and noise
barrier portion of the model.

Each FHWA TNM roadway carried 3,600 vehicles per hour per direction. The traffic was
divided into 88 percent automobiles (3,168 veh/hr), and 12 percent trucks (two-thirds heavy
trucks [288 veh/hr] and one-third medium trucks [144 veh/hr]). The travel speed was 65 miles
per hour.

The noise barrier was located at the edge of the shoulder of the near travel direction. “Lawn
grass” ground cover and a flat site were assumed, with a grassy median between the two
directions of travel. For each of the cases, a range of six barrier heights was examined: 6, 10, 14,
18, 22, and 26 feet.
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Figure 28. Plan view (top) and cross-sectional view (bottom) of roadways and noise barrier
portion of FHWA TNM model for sensitivity test cases.

Several receptor scenarios were modeled:

e Different numbers of rows of receptors.
e Different distances back from the barrier to the first-row of receptors.
e Varying receiver density.

Figure 29 shows that two different distances back from the barrier to the first row of receptors
were used. The assumption was that the barrier was located on the edge of the roadway shoulder
and that there was 40 feet of right-of-way space from the barrier to the property line. The
distances were:

e 90 feet (thus 50 feet back from the property line).
e 140 feet (thus 100 feet back from the property line).

Cases were created representing scenarios with one, two, and three rows of receptors. Eleven
FHWA TNM receiver points® per row were placed at 200-ft spacing along a line parallel to the
roadway over a distance of 2,000 feet. Figure 30 shows the receiver portion of the FHWA TNM
model. In the analysis, each receiver was assigned to represent:

e One receptor, for a receptor spacing of 200 feet and a total of 11 receptors per row.
e Two receptors, for a receptor spacing of 100 feet and a total of 22 receptors per row.
e Four receptors, for a receptor spacing of 50 feet and a total of 44 receptors per row.

% The terminology used is as follows: a “receiver” is a point in an FHWA TNM model at which a sound level is
calculated (“predicted”); a “receptor” represents an activity area being studied. A receiver point can, in many cases,
represent more than one receptor, such as two or three adjacent houses at the same distance from the road.
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The shielding provided by the rows of houses was modeled in FHWA TNM by placing a TNM

“building row” object between the first and second, and the second and third, rows of receptors.
The building row blockage percentages for the three receptor spacings of 50, 100, and 200 feet

were chosen as 40 percent, 60 percent, and 80 percent, respectively.

Thus, a total of 108 “cases” were created (3 receptor spacings x 3 building row cases x 2
distances back from the barrier x 6 barrier heights). Each case had its own barrier noise
reductions calculated by FHWA TNM for its receiver points.
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Figure 29. Sketches of receptor scenarios used in modeling the sensitivity test cases for
first-row receptors 90 feet (top) and 140 feet (bottom) from barrier.
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Figure 30. TNM plan view plots of receptor scenarios in FHWA TNM model for sensitivity
test cases: 140 feet back (top) and 90 feet back (bottom).

3.1.2 Factors Studied

In Noise Barrier Acceptance Criteria: Analysis, four factors were studied:

Noise Reduction Design Goal (NRDG) in dB.

Benefited noise reduction in dB.

NRDG quantity in terms of the number and percentage of benefited receptors.
Avrea per benefited receptor (APBR).

A wbh e

Ranges were defined for these factors and the various resulting combinations of those factors
were identified. These combinations were then tested against the results of the modeled cases to
determine the resulting decision on reasonableness for the barrier in each case. For a barrier to be
reasonable in this analysis, the NRDG criterion had to be met for the specified number or
percentage of benefited receptors, and the APBR criterion had to be met.

The ranges in the factors were as follows:

e NRDG, ranging from 7 dB to 10 dB (7, 8, 9 and 10 dB), as permitted in the regulation.
e Benefited noise reduction: values from 5 dB up to the NRDG.
e NRDG quantity in terms of the number and percentage of benefited receptors:

o For the number of benefited receptors, values 1, 2, and 3 were used.
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o For the percentage of benefited receptors, two situations were studied:
= The percentage of first-row benefited receptors only, using 10 percent, 50
percent, 67 percent, and 80 percent.
= The percentage of all of the benefited receptors, using 10 percent, 25
percent, 50 percent, 67 percent, and 80 percent.
e APBR: A range of values from 500 to 2,800 SF per benefited receptor (500, 1000, 1,500,
2,000, and 2,800).

Use of the above values for these different factors resulted in 1,080 different criterion
combinations to be analyzed, as presented and discussed in Noise Barrier Acceptance Criteria:
Analysis.

3.2 LAYOUT OF THE FACTORS AND CASES IN THE TOOL

The resulting decisions on barrier reasonableness for the 1,080 combinations of reasonableness
parameters for these 108 barrier cases have been left in the tool. However, specific combinations
of values used in sample policies have also been entered into a beginning range of the tool to
allow comparison of the decisions that result from sample values for test cases. There is also an
area where the analyst may enter new combinations of factors or change existing combinations to
test policy changes.

Figure 31 shows a very small portion of the tool to illustrate its layout. Then, Figure 32 shows
details on a portion of the rows of the factors, and Figure 33 shows details on a portion of the
columns of the cases.
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Case 1 2 3l 4 =] G T g
Receptor spacing 50 50 50 50 50 50 S0 50
Distance back =1 =10 =] =] =1 =10 =11 =]
3203 Building rows 1 1 1 1 1 1 2 Z
Height 5] 10 14 18 22 26 B 10
NRDG Ben HNRDG NRDG APBR SHA having these policy
NR type & ([CPBRIUC values Is barrier reasonable?
T 5 [ 1 1000 no-n YES-m YES-m YES-m  MO-¢ MO-c | ro-n YES-n
7 5 il 1 1500 no-n YES-n YES-m YES-mn “ES-n “YES-n | ro-n YES-n
T 3 T 1 2000 no-n TES-n  ¥ES-n Y¥ES-n “YES5-n YES5-n | no-n YES-n
T =] Tl 1 25800 no-n YES-n  ¥ES-n Y¥ES-n “YES-n YES-n | no-n YES-n
T =] il 2 S00 =nat MO-= MNO-z MNO-¢  MNO-=  MNO-c (el MO-c
T = I z 1000 mo-n YES-m ¥ES-m ¥ES-m MNO-z  MNO-c | noe-n YES-n
T 3 T z 1500 no-n TES-n  ¥ES-n Y¥ES-n “YES5-n YES5-n | no-n YES-n
T ] il 2 2000 mo-n ¥ES-m WES-m  YES-m  YES-m ¥ES-n | no-n YES-n
7 5 il z 2500 no-n YES-n  YES-n YES-mn “ES-n “YES-n | ro-n YES-n
T = I 3 S00 re-r MNO-¢  NO-¢  MNO-z  MNO-=  MNO-= | no-n MO-c
T =] Tl 3 1000 no-n YES-n  YES-n ¥ES-n MNO-¢  MO-¢ | no-n  YES-n
T ] il 3 1500 mo-n ¥ES-m WES-m  YES-m  YES-m ¥ES-n | no-n YES-n
7 = il 3 2000 no-n YES-n YES-m YES-m “ES-n “YES-n | no-n YES-n
T 3 T 3 2500 no-n YES-n  YES-n Y¥ES-n “YES5-n YES5-n | no-n YES-n
T ] F1 0 500 mo-pl MO-¢  MNO-¢ MO-¢ MNO-¢  MNO-c | no-pl  MO-c
7 5 F1 10 1000 mo-pl  YESpl YESpl “YESpl HNO-¢  MO-c | no-pl  YESpl
T = F1 o 1500 mo-pl  YESpl  YESpl YESpl YESp1 YESpl| no-pl  YESg]
T 3 F1 0 2000 no-pl  YESpl ¥ESpl YESpl YESp1 YESpl| no-pl  “YESpl
7 5 F1 1oz 2500 no-pl  YESpl  YESpl YESpl YESpl YESpl| no-pl  “ESpl
7 5 P1 S0 500 mo-pl MNO-=  NO-z MO MNO-= MO | nopl  MNO-c
T = F1 S0 1000 mo-pl  YESpl  YESpl YESpl MNO-z  MO-c | no-pl  YESpl
T =] F1 S0 1500 no-pl  YESpl ¥ESpl YESp1l YESp1 YESp1| no-pl  “ESpl
7 5 F1 S0 2000 mo-pl  YESpl  YESpl YESpl YESpl YESpl| no-pl  “ESpl
T = F1 S0 2500 mo-pl  YESpl  YESpl YESpl YESp1 YESpl| no-pl  YESg]
T S F1 BT S00 mo-pl NO-¢  NO-c MO-¢ NO-¢  NO-c | no-pl  NO-c
T =] F1 BT 1000 no-pl  YESpl ¥ESpl YESpl HNO-z¢  MNO-c | no-pl  YESpl
7 5 F1 BT 1500 mo-pl  YWESpl  YESpl YESpl YESpl YESpl| no-pl  “ESpl
T = F1 BT 2000 mo-pl  YESpl  YESpl YESpl YESp1 YESpl| no-pl  YESg]
T =] F1 5T 2500 no-pl  YESpl ¥ESpl YESpl YESpl YESpl| no-pl  “ESpl
T ] F1 a0 S00 mo-pl MO-=  MNO-z  MO-z  MNO-=  MNO-c | no-pl  MO-c
7 5 F1 a0 1000 mo-pl  YESpl YESpl “YESpl HNO-¢  MO-c | no-pl  “YESpl
T 3 F1 G 1500 no-pl  YESpl ¥ESpl YESpl YESp1 YESpl| no-pl  “YESpl
T =] F1 g 2000 no-pl  YESpl ¥ESpl YESp1l YESp1 YESp1| no-pl  “ESpl
7 5 F1 a0 2500 mo-pl  YESpl  YESpl YESpl YESpl YESpl| no-pl  “ESpl
T =1 Pa 0 500 no—pa  MNO-c MO MNO-c MNO-c PMNO-c | no-pa NO-c
T S Pa 0 1000 no-pa  TESpa YESpa YESpa HMNO-¢  MO-c | no-pa  YESpa

Figure 31. Portion of reasonableness decision array for the sensitivity test cases: NRDG of
7 dB, Benefited noise reduction of 5 dB, 50-ft receptor spacing, 50-ft distance back to first-
row (90 ft from barrier), and mostly one-row cases.

In Figure 32, the first five columns represent the reasonableness factors being varied. The rows
are sorted first by NRDG, then by benefited noise reduction (Ben NR), then by NRDG type,
then by value for the NRDG type (NRDG #/%), and finally by APBR (CPBR/UC). For all of
the rows shown in this portion, the NRDG is 7 dB and the benefited noise reduction is 5 dB. The
NRDG type has one of three codes:

e N (in green) to indicate that NRDG number/percent will be the needed number of

benefited receptors.

e P1 (in yellow) to indicate that NRDG number/percent will be the needed percentage of
first-row benefited receptors.
e PA (in red) to indicate that NRDG number/percent will be the needed percentage of all

benefited receptors.
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Ben NRDG HNRDG APBR

NRDG HR type #>= [CPERIUC)
T 5 i 1 1000
T 5 ] 1 1500
T 5 § 1 2000
T 5 i 1 2800
T 5 ] 2 S00
T 5 i 2 1000
T 5 ] z 1500
T 5 § 2 2000
T 5 i 2 2800
T 5 ] 3 S00
T 5 i 3 1000
T 5 ] ] 1500
T 5 § 3 2000
T 5 i 3 2800
T 5 F1 102 S00
T 5 P1 10 1000
T 5 F1 10, 1500
T 5 P1 10 2000
T 5 P1 105 2800
T 5 F1 S0 S00
T 5 P1 S0 1000
T 5 F1 S0 1500
T 5 P1 503 2000
T 5 P1 503 2800
T 5 F1 BT S00
T 5 P1 BT 1000
T 5 F1 BT 1500
T 5 P1 BT 2000
T 5 P1 BT 2800
T 5 F1 als S00
T 5 P1 a0 1000
T 5 F1 Gl 1500
T 5 P1 a0 2000
T 5 F1 a0 2800
T 5 Fa 102 S00
T 5 P& 10 1000

Figure 32. Details of the columns representing a portion of the factor combinations.
In Figure 33, the rows indicate a portion of the cases being studied:

e A sequential Case number.

e The Receptor spacing (50, 100, or 200-ft); in this sample, all are at 50 feet.

e The Distance back to the first row (50 or 100 ft back from the right-of-way line,
representing 90 or 140 feet from the barrier); in this example, all are at 50 feet.

e The number of Building rows (1, 2, or 3).
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e The barrier Height (6 to 26 feet in 4-ft increments).

Case 1 Z 3 4 = B

Receptor spacing =0 =0 =0 =0 =0 =0
Distance back =0 =0 =0 =0 =0 =0
Building rows 1 1 1 1 1 1
Height G 0 14 15 22 26

Figure 33. Portion of the cases included in the tool.

Figure 34 shows the green and yellow cells at the intersection of a row (combination of criterion
factors) and a column (the case being studied), which indicate the reasonableness decision of Yes
or No, respectively. These answers are further coded by the deciding factor (i.e., number or
percentage of receptors [n, pl, pa] or APBR [c]).

A E C ] E F = H I J k.

Case 1 2 3 4

Receptor spacing 50 S0 S0 50

Distance back 50 S0 50 50

aatz0ia Building rows 1 1 1 1

Height G 0 14 15

NRDG Ben HNRDG HNRDG APER SHA having these policy
NP type #x  [CPBRIUC) values Is barrier reasonable?

T = M 1 1000 no-n YES-m WES-m YES-n
T = M 1 1500 no-n YES-n YES-n YES-n
T 5 M 1 2000 ro-n YES-m YES-m YES-n
T 5 M 1 2500 ro-n YES-m YES-m YES-n
T 5 | 2 500 no-r MO-c MNO-c MO-c
T = M Z 1000 no-n YES-m YWES-n YES-n
T = M z 1500 no-n YES-m WES-m YES-n
T = M z 2000 no-n YES-n YES-n YES-n
T 5 M Z 2500 ro-n YES-m YES-m YES-n
T 5 | 3 500 no-r MO-c [M0-c MO-c
T =) M 3 1000 no-n YES-m YWES-m YES-n
T = M 3 1500 no-n YES-m YWES-n YES-n
T = M 3 2000 no-n YES-m WES-m YES-n
T = M 3 2500 no-n YES-n YES-n YES-n
T 5 F1 10 S00 no-pl  MO-c MNO-c MO-c
T 5 F1 0 1000 no-pl  YESpl  YESpl1 “ESpl
T =) F1 10 1500 noe-pl  YESp1  YESp1 “ESpl
T = F1 10 2000 no-pl  YESpl  YESpl “ESpd
T = F1 10 2500 no-pl  YESpl  YESpl “ESpl
T = F1 S0 S00a no-pl  MO-c MNO-c MO-c

Figure 34. Portion of the tool showing samples of the decisions.

Figure 35 shows the portion of the spreadsheet with sample policy factor values in Columns A
through E and the sample policy set number in Column F. Empty cells for APBR means the
sample policy uses a cost per benefited residence.
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NROG Ben NR NRDG NRDG  APEBR

Type [ [CPBRIUC Sample policy set &
7 5 N 1 700 1
7 5 N 1 1000 2
7 5 N 1 1053 3
7 5 N 1 1250 4
T 5 N 1 1380 5
7 5 N 1 1389 [
T 5 N 1 1400 7
7 5 N 1 1400 8
7 5 N 1 1500 3
7 5 N 1 1990 10
7 5 N 1 2000 1
7 5 N 1 2150 12
7 5 N 1 2500 13
7 5 N 1 2750 1
7 5 N 1 15
7 5 N 1 16
7 5 N 1 17
7 5 P 103 1423 18
7 5 Pi 405 309 19
7 5 P1 503 T4 20
7 5 P 503 786 21
7 5 P1 503 833 2z
7 5 P 503 1000 23
T 5 P1 505 2d
7 5 P B0 250 25
7 5 P1 603 2400 26
7 5 P B0 27
7 5 P1 755 1200 28
7 5 P 753 1600 23
7 5 P1 753 30
7 5 PA 103 800 3
7 5 PA 10z 800 32
7 5 PA 253 1333 33
7 5 PA 405 857 34
7 5 PA 403 1167 35
7 5 PA 505 1000 36
7 5 PA 503 137 37
7 5 PA 503 1400 38
7 5 PA 503 1600 339
7 5 PA 503 2000 40
[ ki 5 PA 505 2700 41
7 5 PA BT 42
T T N 1 1600 43
7 7 P1 BT 1440 a4
8 5 N 1 360 45
8 5 N 1 1480 46
8 5 N 1 a7
8 5 PA 803 857 48
8 8 P1 755 1500 43
] 5 N 1 1023 50
3 8 N 1 1667 51
] 9 PA 253 52
10 5 N 1 945 53
10 5 N 1 54
10 5 N 1 55
10 5 PA 653 1000 56
10 7 PA 503 1000 57
10 T PA 505 1250 58
10 7 PA 503 53
10 8 P1 803 60

Figure 35. Portion of tool showing sample policy factor values in the first five columns and
the sample policy set number in the sixth column.
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Figure 36 shows the portion of the spreadsheet where the user may enter criteria values. There
are 10 blank rows for entering criteria. The user may type in values or copy and paste values,
including values from the portion of the spreadsheet with sample policy values. However, the
user must not “move” rows because the formulas, cell references, and decisions will become
incorrect. Do not use the Excel Cut function in this workbook.

The NRDG type cell is conditionally formatted to turn green when a type of N is entered, light
yellow when P1 is entered and red when PA is entered. As illustrated, the user has entered 9 dB
for NRDG, 5 dB for benefited noise reduction, P1 and 67 percent to indicate that the NRDG
needs to be met be at least 67 percent of the benefited first-row receptors, and 2,200 SF/benefited
receptor. The barrier reasonableness decisions show #NA if all of the criteria are not entered.

it B C O E F I H | J
Case 1 2 3
Receptor spacing a0 50 50
Distance back =0 S0 50
3192013 Building rows 1 1 1
Height g 10 14
NRDG Ben HNRDG HNRDG APER SHA having these policy
NR type #  [CPBRIUC) values Is barrier reasonable?
#MIA S TOBNMA T HNA
3 5 P1 BT 2200 rio—pl rno-pl  Y'ESpl
#ars Foanta oM
ghin T oENA T OENA
#la T oaNMa T HNA
#ars moanna oM
#ars Foanta TN
#la T oaNa T #NA
#la T oaNMa T HNA
srin T oania T osnia

Figure 36. Portion of tool showing where the user enters criteria values.

3.3  STEP-BY-STEP INSTRUCTIONS FOR TOOL USE

The following instructions summarize the use of NARSAT. The assumption is that the analyst
has one or more combinations of reasonableness factors to be tested.

The spreadsheet can accommodate up to ten sets of values in addition to the pre-programmed
sample values and the pre-set combinations of factors.

There is no particular order in which values need to be entered into the spreadsheet. The decision
results are calculated when the needed factors are all entered on a row in the spreadsheet.

In its current version, the Reas results worksheet does not have safeguards to see that entered
data is within allowable ranges. For example, an NRDG of 11 could be entered even though
FHWA limits the NRDG to a maximum value of 10 dB. Also, calculation cells are not locked to
prevent data from being entered into them, replacing the formulas in them. Care needs to be
taken to only enter data as described below. Rows, columns, and cells should not be added
deleted or moved.
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The TNM results worksheet is also not protected in its current form. This worksheet was set up
for a specific series of TNM runs and also should not be modified by the analyst, including the
entry of different TNM sound level reductions.

Steps for use:

1. Open the spreadsheet and use File/Save As to rename the spreadsheet and preserve the
master copy.

2. On the Reas results worksheet, go to the yellow cells starting on Row 120 for Columns
A-E (below the section with the sample policy values).

3. Enter the desired values for NRDG, Ben NR, NRDG type (N, P1 or PA), NRDG #/%
and APBR in Columns A-E. If the goal is to test sample policy values, these values can
be copied from the section above this user-entry section and pasted into one or more of
the rows with the yellow cells; then the values may be changed as desired

4. If desired, enter a brief comment in Column F.

Read the decision results for these reasonableness factors in Columns H-DK.

6. Save the spreadsheet when done, if desired.

o
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CHAPTER 4. CONCLUSION

One objective of this research was to develop a tool that would allow a noise analyst to test
various values and combinations of values for feasibility and reasonableness criteria factors in
the FHWA noise regulation in Title 23 CFR Part 772.

This report has described two such spreadsheet tools, developed in Microsoft Excel®:

e Noise Abatement Feasibility and Reasonableness Analysis Tool (NAFRAT).
e Noise Abatement Reasonableness Sensitivity Analysis Tool (NARSAT).

41  NAFRAT

In its current format, multiple combinations of factors can be tested at one time for feasibility
and reasonableness. Those factors are:

e Feasibility:

o

(0]

Feasibility noise reduction: A noise reduction of at least 5 dB that must be
achieved for a noise abatement measure to be feasible.

Feasibility quantity: The minimum number or percentage of impacted receptors
that must achieve the feasibility noise reduction.

e Reasonableness (Noise Reduction Design Goal and Cost-Effectiveness):

(0}

Benefited noise reduction: The minimum noise reduction for a receptor to be
counted as benefited by a noise abatement measure.

Noise reduction design goal (NRDG): The noise reduction that must be achieved
for a noise abatement measure to be reasonable.

NRDG quantity: The minimum number or percentage of benefited receptors that
must achieve the NRDG.

Cost Effectiveness (CE): The allowable barrier area (in SF) per benefited receptor
(APBR) (or allowable cost per benefited receptor (CPBR) divided by abatement
measure unit cost in dollars/SF).

e Reasonableness (Viewpoints of benefited property owners and residents)

o

Votes Needed: The minimum percentage of votes needed to accept or reject the
barrier

% Based On: This calculates the vote percentage based on “All” possible votes or
% of votes that were actually “Received.”

% is: This describes whether the vote percentage applies to those who are “For”
or “Against” the barrier.

Non-Response: This addresses how non-votes are treated (“For”, “Against,” or
“Not Counted”) when the voting % is based on the votes that are “received.”
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0 Weighting Factors: The multiplier(s) applied to each response from benefited
Owner-Occupants, Non-Resident Owners, and Renters. An (optional) second set
of weighting factors is available to differentiate benefits by either location (first
row vs. non-first-row) or impact condition (impacted vs. non-impacted).

o Additional Weighting based on: This allows the designation of a second set of
Weighting Factors for benefited receptors that are either not in the first row or not
impacted.

The NAFRAT tool is used in conjunction with the FHWA TNM computer program. The
spreadsheet includes by default the results for noise barrier designs done in FHWA TNM for
four real-world highway projects. Two designs from each project are built in, based on these
criteria:

e Feasibility (both designs): minimum reduction of 5 dB at 50 percent or more of first-row
impacted receptors.
e Reasonableness:
1. Design 1: NRDG of 7 dB at 25 percent of first-row benefited receptors, with a
reduction of 5 dB or more to be counted as benefited, and an APBR at or below
1,250 SF per benefited receptor.
2. Design 2: NRDG of 10 dB at 75 percent of all benefited receptors, with a
reduction of 5 dB or more to be counted as benefited, and an APBR at or below
2,600 SF per benefited receptor.

These example designs are among those in Noise Barrier Acceptance Criteria: Analysis.

The analyst may also create one or more “custom” FHWA TNM runs and barrier designs and
then paste the FHWA TNM Sound Levels results table and barrier area for each design into
individual case worksheets in the NAFRAT spreadsheet. The analyst may also enter the values
for one or more combinations of feasibility and reasonableness factors to be tested.

For both the default projects and any newly-added ones, the analyst also enters an overall
estimated background sound level that is mathematically combined with the TNM-calculated No
Barrier and With Barrier levels to derive a background-adjusted Noise Reduction for the barrier,
a quantity not calculated directly by FHWA TNM. The analyst also designates those receivers to
be considered as first-row receivers. For the Consideration of Viewpoints portion of the tool, the
analyst also designates how many rental units (if any) are being represented by each receiver, as
well as the number of “yes” and/or “no” responses for a given receiver by the type of voter
(Owner-Occupants, Non-Resident Owners, and Renters). The voting patterns can be real or
created by the analyst to test different scenarios.

The resulting decisions are displayed in Feasibility and Reasonableness Results tables along with
the factors being analyzed and values used in making the decision, such as the number of total
and first-row impacted and benefited receptors and the number and percentage of impacted and
benefited receptors that meet the feasibility and reasonableness criteria.
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This tool may be used in several ways:

e Asingle barrier design’s results for a single highway project may be pasted into one
individual case worksheet, and then various combinations of criteria may be tested on
that design.

e Results for multiple barrier designs for a single highway project may be pasted into
different individual case worksheets, and then they may all be tested for the same
combination (or multiple combinations) of criteria.

e Results for single barrier designs for many different projects may be pasted into the
individual worksheets to test effects of changes in the policy criteria on a series of
projects.

e Finally, several projects or designs may be tested against several sets of criteria at the
same time.

42  NARSAT

NARSAT focuses on reasonableness and is based on series of 108 cases derived from a set of

hypothetical scenarios involving one, two, and three rows of receptors; three different receptor
densities; two different setbacks from the barrier to the first row of receptors; and six different
barrier heights.

Reasonableness factors include:

¢ Noise reduction design goal (NRDG), in dB.
e Benefited noise reduction, in dB.

e NRDG quantity (minimum number or percentage of benefited receptors that must
achieve the NRDG).
e Cost Effectiveness (CE): APBR, in SF/ benefited receptor.

The tool includes sample policy criteria. It allows for easy comparison of the reasonableness
decisions from various sample policies and allows the analyst to test, compare, and contrast
different criterion values.

The analyst may also enter his or her own values for these criteria, to test a variation of an
existing SHA policy or to test new combinations and values.

The tool also includes reasonableness decisions for 1,080 combinations of pre-set values for
NRDG and APBR criteria tested on the 108 design cases.
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