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AECOM TECHNICAL MEMORANDUM

AIR QUALITY

To: Jerry Smiley, AICP, AECOM
From: Carl Sepulveda, AECOM
Date: November 1, 2017

RE: DALLAS TO HOUSTON HSR — AIR QUALITY TECHNICAL MEMORANDUM AND
CONSTRUCTION EMISSIONS AIR QUALITY ANAYSIS

Construction emissions account for emissions from construction equipment on site, employee
trips to the construction site, delivery of construction materials (hauling by both trucks and rail) to
the material storage yards and to the construction sites, and emissions from other on-road
vehicles used during construction activities.

Included in this technical memorandum are:

e A summary of on-site construction elements and annual NO,, VOC and GHG CO, emissions
e Construction material quantities used in the emissions calculations

e Locomotive line-haul emissions calculations

e  Truck hauling emissions calculations

e On-road (non-hauling) vehicle emission calculations

e Equipment lists by construction activity

e Detailed construction phase equipment quantities

e Detailed construction emissions calculations for track, stations, TMFs, and MOWSs

e Detailed construction GHG emissions calculations for track, stations, TMFs, and MOWs



Maximum Annual Construction-Related NO, and VOC Emissions

for Years 2018-20212 (tons/year)
. b
Construction DFW NAA HGB NAA®
Activity NO, (tons) VOC (tons) NO, (tons) VOC (tons)

Off-Road Construction Equipment 62.72 5.20 63.74 5.28
On-Road Construction Vehicles 33.14 11.44 27.13 9.73
Locomotive Hauling 3.27 0.17 4.89 0.26
Total 99.13 16.81 95.76 15.27

Source: AECOM, 2016

Notes:

aThese construction emissions were estimated for Alternative C, which is used as a proxy to estimate
construction emissions for all other alternatives. Total construction emissions of NO, and VOC from all other
alternatives would be lower and are estimated to differ from Alternative C by less than 2.2%.

bThe applicable DFW NAA counties are Dallas and Ellis counties.

¢The applicable HGB NAA counties are Harris and Waller counties.

Maximum Annual Construction-Related GHG Emissions

for Years 2018-20212

Construction Activity CO,e (metric tons)
Off-Road Construction Equipment 35,132
On-Road Construction Vehicles 85,132
Locomotive Hauling 15,776
Total 136,040

Notes:

aThe construction GHG emissions were estimated for the HSR Alternative C, which is used as a proxy to estimate
construction emissions for all other alternatives. Total construction GHG emissions from all other alternatives would be
lower and are estimated to differ from Alternative C by less than 2.2%.



Data Taken from Project Descriptions or Provided

Estimated Values

Data Used in Calculations

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

CONSTRUCTION MATERIAL QUANTITIES

Revised End to

ltem Unit End Alignment Notes
A
Total Length miles 241.09
Drill Shafts cYy 3,562,743
Column cYy 697,099
Cap cYy 807,218
Beams cy 2,324,452
Deck cy 1,922,417
Drainage CY 250,000
Systems CY 133,000
Electrical cYy 20,000
Stations cY 330,000
Misc Other cYy 221,534 Assume concrete for cantenary poles included here
Total Concrete cY 10,268,463
Cement Ton 1,568,508 Assume 50% delivered by rail and 50% by truck
Sand Ton 3,722,318 Assume 50% delivered by rail and 50% by truck
Gravel Ton 4,107,385 Assume 50% delivered by rail and 50% by truck
Reinforcement lbs 2,567,115,750
Structural Steel Ibs stations, parking structures, trainset maintenance
13,205,875 facilities and Cantenary poles
Sub-Ballast cY 974,819
Ballast cy 2,293,441
Concrete Ties Each 1,371,124
Rail TF 2,742,247
Excavation cY 12,600,093
Filling cYy 11,335,373
Trainset Maintenance
- Each
Facility 2
Ma{r?tenance-of-Way Each
Facility 5

Notes:

Assume water available at batching/precasting sites

Assume 1 delivery of ballast every two weeks via locomotive

Assume 1 delivery of cement, sand and gravel every two weeks via locomotive




HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING LOCOMOTIVE EMISSIONS

HSR Material Hauling - Locomotive
Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

HSR Annual Material Hauling by Rail ‘
\
HSR Alternative C Construction by Rail in DFW NAA per year Possible Average Distance Traveled Duration
Source Geography Material Hauled Total Quantity’ Uniits Total Quantity Units Material Location ‘within NAA by rail (1-way mi) of Activity (Years)
Dallas Rail Connection Sub-Ballast 23,550 cy 49,456 tons C. Texas 30.9 4
Dallas Rail Connection Ballast 55,406 cy 116,353 tons C. Texas 30.9 4
Sand 37,256 tons C. Texas 30.9 4
Gravel 41,110 tons C. Texas 30.9 4
Cement 15,699 tons C. Texas 30.9 4
Steel Reinforcing 33,916 tons Out of State 30.9 3
Steel Structural 211 tons Out of State 30.9 3
Rail 1,391 tons Out of State 30.9 4
Ellis Rail Connection Sub-Ballast 23,550 cy 49,456 tons C. Texas 15.3 4
Ellis Rail Connection Ballast 55,406 cy 116,353 tons C. Texas 15.3 4
Sand 37,256 tons C. Texas 15.3 4
Gravel 41,110 tons C. Texas 15.3 4
Cement 15,699 tons C. Texas 15.3 4
Steel Reinforcing 33,916 tons Out of State 15.3 3
Steel Structural 211 tons Out of State 15.3 3
Rail 1,391 tons Out of State 15.3 4
HSR Alternative C Construction by Rail in HGB NAA per year Possible Average Distance Traveled Duration
Source Geography Material Hauled Total Quantity! Units Total Quantity Units Material Location within NAA by rail (1-way mi) of Activity (Years)
HGB Rail Connection Sub-Ballast 50,296 cy 105,621 tons C. Texas 323 4
HGB Rail Connection Ballast 118,329 cy 248,492 tons C. Texas 323 4
Sand 79,566 tons C. Texas 32.3 4
Gravel 87,797 tons C. Texas 32.3 4
Cement 33,527 tons C. Texas 323 4
Steel Reinforcing 72,432 tons Out of State 32.3 3
Steel Structural 450 tons Out of State 32.3 3
Rail 2,971 tons Out of State 32.3 4
Total Alignment Length - (mi 241.09
DFW NAA Alignment Length (mi) 45.7 18.96%
HGB NAA Alignment Length (mi) 48.8 20.24%|
Total Sub-Ballast (cy - total 4 yrs) 993,914
Total Ballast (cy - total 4 yr5|| 2,338,365
Total Sand (tons - total 4 yrs) 1,572,340
Total Gravel (tons - total 4 yrs) 1,734,996
Total Cement (tons - total 4 yrs) 662,552
Total Reinforing Steel (tons - total 4 yrs) 1,084,372
Total Structural Steel (tons - total 4 yrs) 6,732
Total Rail (tons - total 4 yrs) | 58,715
Notes:

(1) Total quantities was obtained from Construction Quantities and Construction Equipment list.

(2) Distance travelled by rail calculated for travel in NAA only.

(3) Density of ballast and sub-ballast was assumed to be 2.1 tons/cubic yard (based on California HSR calculations)

(4) Total rail = 2,795,962 TF. Weight of rail (UIC60 rail) is 42 Ibs/ft (Source: http//www.railway-technical.com/track.shtml)




HSR ive C C tion Rail Hauling - Total Q (tons)
Material DFW (2018-2021) HGB (2018-2021) (50% to Dallas rail connection, 50% to Ellis Co. rail connection)
Sub-Ballast 98,911 105,621
Ballast 232,707 248,492
Sand 74,512 79,566
Gravel 82,220 87,797
Cement 31,398 33,527
Steel Reinforcing 67,831 72,432
Steel Structural 421 450
Rail 2,782 2,971
Emission Factors - Rail (g/gal)*
VocC Cco NOx S02 PM10 PM2.5 C02
2018 5.408 26.624 102.96 0.094 3.744 3.63168 10217
Emission Factors - Rail (g/ton-mile)’
| VvocC Co NOx S02 PM10 PM2.5 C02
2018| 0.011 0.056 0.218 0.0002 0.008 0.008 21.6

Notes

(1) Emission factors based on Tier 2 line-haul locomotive emission factors as listed in the EPA Report "Emission Factors for Locomotives - Large Line Haul", USEPA Office of Transportation and Air Quality,

EPA-420-F-09-025, April 2009. Grams per gal calculations based on a 20.8 bhp-hr/gal conversion factor as listed in the same EPA report.

(2) The conversion factor of 473 ton-mile/gallon based on the report by the American Association of Railroads "The Environmental Benefits of Moving Freight by Rail, April 2016.
(3) 2018 was assumed to be the most conservative year, so rail emission factors in 2018 were used for all years.
(4) for DFW: Assume 50% to Dallas rail connection, 50% to Ellis Co. rail connection

HSR ive C C Rail Hauling per Year
Dallas Railroad Connection (Sta 100310+00) VOC ER voc voc NOx ER NOx NOx
tons miles g/ton-mile glyr tons/yr g/ton-mile glyr tons/yr
Sub-Ballast 49,456 30.9 0.011 17,472 0.019 0.218 332,645 0.367
Ballast 116,353 30.9 0.011 41,107 0.045 0.218 782,608 0.863
Sand 37,256 30.9 0.011 13,162 0.015 0.218 250,587 0.276
Gravel 41,110 30.9 0.011 14,524 0.016 0.218 276,510 0.305
Cement 15,699 30.9 0.011 5,546 0.006 0.218 105,592 0.116
Steel Reinforcing 33,916 30.9 0.011 11,982 0.013 0.218 228,121 0.251
Steel Structural 211 30.9 0.011 74 0.00008 0.218 1,416 0.002
Rail 1,391 30.9 0.011 492 0.001 0.218 9,358 0.010
0.115 2.190
Ellis Railroad Connection (Sta 80650+00) VOCER voc voc NOx ER NOx NOx
tons miles g/ton-mile glyr tons/yr g/ton-mile glyr tons/yr
Sub-Ballast 49,456 15.3 0.011 8,651 0.010 0.218 164,708 0.182
Ballast 116,353 15.3 0.011 20,354 0.022 0.218 387,505 0.427
Sand 37,256 15.3 0.011 6,517 0.007 0.218 124,077 0.137
Gravel 41,110 153 0.011 7,191 0.008 0.218 136,913 0.151
Cement 15,699 15.3 0.011 2,746 0.003 0.218 52,284 0.058
Steel Reinforcing 33,916 15.3 0.011 5,933 0.007 0.218 112,953 0.125
Steel Structural 211 153 0.011 37 0.000 0.218 701 0.001
Rail 1,391 15.3 0.011 243 0.0003 0.218 4,633 0.005
0.057 1.084
Houston Railroad Connection (Sta 11250+00) VOCER voc voc NOx ER NOx NOx
tons miles g/ton-mile alyr tons/yr g/ton-mile alyr tons/yr
Sub-Ballast 105,621 323 0.011 39,006 0.043 0.218 742,606 0.819
Ballast 248,492 323 0.011 91,768 0.101 0.218 1,747,118 1.926
Sand 79,566 323 0.011 29,384 0.032 0.218 559,419 0.617
Gravel 87,797 323 0.011 32,423 0.036 0.218 617,290 0.680
Cement 33,527 323 0.011 12,382 0.014 0.218 235,728 0.260
Steel Reinforcing 72,432 323 0.011 26,749 0.029 0.218 509,264 0.561
Steel Structural 450 323 0.011 166 0.000 0.218 3,162 0.003
Rail 2,971 323 0.011 1,097 0.001 0.218 20,890 0.023
0.257 4.889
Notes:
1) pounds per gram = 0.0022046
2) tons per pound = 0.0005
Totals (tons)
DFW VOC 0.17
DFW NOx 3.27
HGB VOC 0.26]
HGB NOx 4.89




HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING TRUCK EMISSIONS
HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values
Data Used in Calculations

Truck Capacity

20 cy/truck
30 tons/truck

Material Hauled Total Quantity" Units Possible Origin Location Duration of Activity (years)
From RR Ci ion / Precast Yard
Sub-Ballast 993,914 CY from rail connection yard 4
Ballast 2,338,365 CcY from rail connection yard 4
Concrete Rail Ties 1,397,981 Each batch plant to construction site 4
Total Concrete 8,674,980 CcY batch plant to construction site 4
Rail 2,795,962 TF Out of state 4
Excavation 7,541,885 cy within 4
Fill 25,425,626 CcY within alignment 4
Structural Steel 6,732 Ton from rail connection yard 3
Reinforcing Steel 1,084,372 Ton from rail connection yard 3
Construction Waste - Concrete 59,457 CY within alignment 4
Construction Waste - Rebar 16,266 Ton within alignment 4
To Precast Yard’
Sand 1,861,159 Ton Texas 4
Cement 784,254 Ton Texas 4
Gravel 2,053,693 Ton Texas 4
Notes:

(1) Information about total quantities was obtained from HSR Construction Quantities and Equipment Estimates.

(2) Number shown assumes 50% of total Sand, Cement, and Gravel delivered to precast yards by truck.

(3) Truck hauling emissions were calculated using a standard truck capacity of 20 cubic yards or 30 tons per truck, and by multiplying the emission factor by the anticipated distance traveled and the amount of material hauled per
trip for each hauling method.

HSR Material Hauling Truck C:

Material Hauled Total Truck Hauling Trips Alternative C No. Trucks Trips HGB No. Trucks Trips DAL No. Trucks Trips Ellis/Freestone Co.
From RR Connection / Precast Yard
Sub-Ballast 49,696 9,939 9,939 9,939
Ballast 116,918 23,384 23,384 23,384
Concrete Rail Ties 23,300 4,660 4,660 4,660
Total Concrete 433,749 86,750 86,750 86,750
Rail 1,957 391 391 391
Excavation 377,094 75,419 75,419 75,419
Fill 1,271,281 254,256 254,256 254,256
Structural Steel 224 45 45 45
Reinforcing Steel 36,146 7,229 7,229 7,229
Construction Waste - Concrete 2,973 595 595 595
Construction Waste - Rebar 542 108 108 108
To Precast Yard
Sand 62,039 12,408 12,408 12,408
Cement 26,142 5,228 5,228 5,228
Gravel 68,456 13,691 13,691 13,691

Assumptions:

Weight of average concrete railway tie is 1,000 pounds

No. of trucks allocated based on ratio of railroad connection / precasting yards to total (5 total, 1in Dal, 1 in Ellis Co. and 1 in Hou (20% each))
Weight of rail (UIC60 rail) is 42 Ibs/ft (Source: http//www.railway-technical.com/track.shtml)

HSR Material Hauling Mileage Calcuations

Material Hauled No. Trucks HGB HGB Annual Miles No. Trucks DAL DAL Annual Miles No. Trucks ELLIS ELLIS Annual Miles FREESTONE Annual Miles
From RR Connection / Precast Yard
Sub-Ballast 9,939 57,150 9,939 42,241 9,939 32,302 12,424
Ballast 23,384 134,456 23,384 99,381 23,384 75,997 29,230
Concrete Rail Ties 4,660 26,795 4,660 19,805 4,660 15,145 5,825
Total Concrete 86,750 498,811 86,750 368,687 86,750 281,937 108,437
Rail 391 2,251 391 1,664 391 1,272 489
Excavation 75419 433,658 75,419 320,530 75419 245,111 94,274
Fill 254,256 1,461,973 254,256 1,080,589 254,256 826,333 317,820
Structural Steel 45 258 45 191 45 146 56
Reinforcing Steel 7,229 41,568 7,229 30,724 7,229 23,495 9,036
Construction Waste - Concrete 595 3,419 595 2,527 595 1,932 743
Construction Waste - Rebar 108 624 108 461 108 352 136
To Precast Yard
Sand 12,408 176,810 12,408 192,320 12,408 102,364 15,510
Cement 5,228 74,504 5,228 81,040 5,228 43,134 6,535
Gravel 13,691 195,101 13,691 212,215 13,691 112,953 17,114
Total 494,103 3,107,378 494,103 2,452,373 494,103 1,762,473 617,629

Assumptions:

Distance traveled is estimated based on the origin of the material being delivered.

Average R/T Distance from Rail Connection Yard: HGB = 23 miles, Average R/T Distance DAL = 17 miles, Average R/T Distance Ellis Co = 13 miles, Average R/T Distance Freestone Co =5 miles
Average roadway R/T distance within NAA to Rail Precast Yard: HGB = 57 miles, DAL = 62 miles, Ellis Co = 33 miles, Freestone Co. = 5 miles

Material haul: quantities will be delivered over a three or four-year time frame (2018-2021) for use in the construction phase (as per schedule).

Assume concrete will be hauled in support of concrete batch plant operations.



Data from MOVES2014a

2017 Long Haul Truck

in Grams per Mile

NOx voc 502
Ellis 3.225 0.426
Dallas 3.225 0.424
Freestone Co 0.0034
Harris 3.166 0.424
Waller 3.168 0.424
Average HGB Emissions 3.167 0.424
Note:
Emissions averaged for Harris and Waller Counties
HSR Material Hauling Emissions - HGB
Long Haul Truck
Emissions (Tons/Year)
Year
NOx VOoC
Annual Emissions 2018 - 2021 10.85 1.45
Notes:
1) pounds per gram = 0.0022046
2) tons per pound = 0.0005
HSR Material Hauling Emissions - DAL
Long Haul Truck
Emissions (Tons/Year)
Year
NOx VOoC
Annual Emissit 2018 - 2021 8.72 1.15
Notes:
1) pounds per gram = 0.0022
2) tons per pound = 0.0005
HSR Material Hauling Emissions - Ellis Co
Long Haul Truck
Emissions (Tons/Year)
Year
NOx VoC
Annual Emissit 2018 - 2021 6.27 0.83
Notes:
1) pounds per gram = 0.0022
2) tons per pound = 0.0005
Total NAA Truck Haul Annual
NOx VOoC
DFW NAA (Dallas and Ellis counties) 14.985 1.974
HGB NAA (Harris and Waller counties) 10.849 1.452

HSR Material Hauling Emissions - Freestone Co.

Long Haul Truck

Emissions (Tons/Year)

Year

502
Annual Emissit 2018 - 2021 0.0023
Notes:

1) pounds per gram = 0.0022
2) tons per pound = 0.0005




HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING TRUCK EMISSIONS - TRACK CONSTRUCTION
HSR Material Hauling
Data Taken from Project Descriptions or Provided
Estimated Values
Data Used in Calculations
Avg R/T Distance 40 Miles/Day

Truck Emissions - Track On-Road (Non-Haul) Trucks No Trucks Dal Co No Trucks Els Co No Trucks Harris Co No Trucks Waler Co No Trucks Freestone Co Average R/T Distance Total Mies e Year 2018.2021  Total Mils Per Year 20182021 Total Mies Per Year 2018-2021 _Total Mils Per Year 2018-202°
County distance raio to overal afgnment 007003 011587 015787 003682 0008 (miles) Dallas Co elis o Harris Co Waller Co
Non-Haul Trck Category Trucks Total Number of Non-Haul Trucks
Light Commercial Truck Flatbed 350 2 “
Fiat Bed 700 18
Total @ 290126 503450 66305 159644 033 Light Commercial Truck 36,707 2831 82,729 19,300
Passenger Truck Mechanics Truck smal) 2
Pick-up 1/2Ton s07
Pick-up3/aTon P
Worker Trips 5620
Total 6620 46422887 700 61823 104652023 20407978 s3.00 Passenger Truck 5,793,576 9,916,836 13060572 3,006,116
Single-Unitshort Haul Fuel Truck a
Water Truck 4000 gal 2
& 83207 827103 1089303 254058 0552 Single-Unitshort Haul 60,304 103222 135,985 31,706
Worker Trips: Assume 47 demoand clearing,earth d
Ermission Rates Elis o Eils Co s Co Freestone Co
Truck Category 201718 2017100 2017 Composite Efs (g/mi) 2017 Composite Efs (g/mi)
voc NoX voc NOX voc s02
Passenger Truck 06% o311 063 0.417 passenger Truck [ 0364 AlTrucks 00034
Light CommercialTruck 0830 0343 0791 0.452 Light Commercial Truck 0811 0398
Single Unit Short-Haul Truck 3208 091 2564 0526 Single Unit Short-Haul Truck 2486 0508
Single Unit Long Haul Truck 3573 0423 2878 0.429 Single Uit Long:Haul Truck 3225 0426
Erisson Rates Dallas Co Dales Co Dals Co
Truck Category 201718 207100 2017 Composite Efs (8/
voc NoX voc NoX voc
Passenger Truck &7 0298 o614 0389 passenger Truck 05 0353
Light Commercial Truck 0a1s 0330 0771 0.424 Light Commercal Truck 0793 0377
Single Unit Short-Haul Truck 3206 087 2560 0514 Single Unit Short-Haul Truck 2883 0501
Single Urit Long Houl Truck 3573 042 2878 0.426 Single Uit Long:Haul Truck 3225 0420
Erission Rates Harrs Co Harrs Co Haris C
Truck Category 2017)AN 2017301 2017 Composite Efs (g/mi)
voc Nox voc Nox voc
Passenger Truck 0539 0214 0495 0305 passenger Truck 0517 0274
Light Commercial Truek 066 0274 063 0338 Light Commercial Truck 051 0306
Single Unit Short-Haul Truck 2907 056 2011 0.479 Single Unit Short-Haul Truck 2669 0467
Single Unit Long:Haul Truck 3461 0423 287 0.425 Single Uit Long:Haul Truck 3166 0424
Erission Rates WallerCo WallerCo WallerCo (g/mi
Truck Category 2017 1N 2017100 2017 Composite s
voc NoX voc nox voc
Passenger Truck 0854 0383 0782 0.461 passenger Truck o0& 042
Light Commercial Truck 0977 008 0916 0.488 Light Commercal Truck 0945 048
Single Unit ShortHaul Truck 2926 0455 2416 0.478 Single Unt Short-Haul Truck 2671 0467
Single Uit Long Houl Truck 3459 042 2877 0.425 Single Unit Long:Haul Truck 3168 0420
Nox Nox oo oo
Dallas Co Total Emissions (g) )
Lght Commercial Truck 29,104 00 r 13837 o015
Passenger Truck 370286 4117 T 1989835 2189
Single Unit Short Haul Truck 173,850 0191 r 30204 003
NOx Nox voc voc
s o TotalEmissions (g) s isi isi
Light Commercial Truck 093 0056 r 24985 0027
Passenger Truck 6587529 7216 T 3607733 3969
Single Unit Short Haul Truck 297868 038 r 52456 0058
Nox voc voc
Harris Co TotalEmissions (g)
Lght Commercial Truck 53858 0059 T 25301 0028
Passenger Truck 6752344 7428 f 3583504 3082
Single Unit Short Haul Truck 362864 03%9 r 63512 oom0
Waller o Nox Nox voc voc
Lght Commercial Truck Total Emissions (g)
Passenger Truck 18261 0020 r 8683 0010
Single Unit hort-Haul Truck 2506540 2757 [ 1,285,649 La1a
84675 0093 r 14805 0016
Freestone Co
Total Emissions (g) Total Emissions (tons)
AlTrucks 2075 00025
Track
DFw AL NOx voc
Truck non-haul) 11970 6201
Hee N Nox voc
Truck (non-haul) 10756 5.480




HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING TRUCK EMISSIONS - STATION CONSTRUCTION

Truck Emissions - Station On-Road (Non-Haul) Trucks No Trucks Dal Co No Trucks Ells Co No Trucks Harris Co No Trucks Waller Co Average R/ Distance HGB. Total Miles Per Year 2018-2021  Total Miles Per Year 20182021 Total Miles Per Year 20182021 Total Miles Per Year 2018-2021
No. of Stations in County o 1 (mles) Dallas Co Harris Co
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks
Light Commercial Truck Flatbed F350 3 20
Flat Bed F700 2
Total 5 B o B o Light Commercial Truck 31,200 o 31,200 o
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton 8
Pick-up 3/4 Ton 8
Worker Trips 500
Total 517 517 [ 517 [ Passenger Truck 3,226,080 [ 3,226,080 [
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 o 2 0 Single-Unit Short Haul 12,480 0 12,480 o
Single-Unit Long Haul Semi Tractor 2
2 2 o 2 0 Single-Unit Long Haul 12,480 0 12,480 o
Emission Rates Eils Co s Co Eils Co
Truck Category 2017180 201700 2017 Composite Efs (/mi)
Nox voc Nox voc NoX oc
Passenger Truck 0,694 0311 0,634 0.417 Passenger Truck 0.664 0.364
Light Commercial Truck 0.830 0343 0.791 0.452 Light Commercial Truck 0811 0.398
Single Unit Short-Haul Truck 3.208 0491 2564 0.526 Single Unit Short-Haul Truck 2.886 0.508
Single Unit Long-Haul Truck 3573 0423 2878 0.429 Single Unit Long:Haul Truck 3225 0.426
Emission Rates Dallas Co Dallas Co Dallas Co
Truck Category 2017 1AN 2017 )01 2017 Composite Efs (g/mi)
NoX voc NoX voc Nox voc
Passenger Truck 0678 0298 0614 0.389 passenger Truck 0646 0343
Light Commercial Truck 0815 0330 0771 0.424 Light Commercial Truck 0793 0377
Single Unit Short-Haul Truck 3.206 0487 2.560 0.514 Single Unit Short-Haul Truck 2883 0501
Single Unit Long-Haul Truck 3573 0422 2878 0.426 Single Unit Long-Haul Truck 3225 042
Emission Rates Haris Co Harris Co Harris Co
Truck Category 2017188 2017301 2017 Composite Efs (g/mi)
Nox voc Nox voc Nox voc
Passenger Truck 0539 0.244 0.495 0.305 Passenger Truck 0517 0.274
Light Commercial Truck 0.666 0274 0636 0.338 Light Commercial Truck 0651 0.306
Single Unit Short-Haul Truck 2927 0.456 2411 0.479 Single Unit Short-Haul Truck 2669 0.467
Single Unit Long-Haul Truck 3.461 0423 2872 0.425 Single Unit Long:Haul Truck 3.166 0.424
Emission Rates Waller Co Waller Co Waller Co (g/mi)
Truck Category 2017188 2017301 2017 Composite Efs
NoX voc NoX voc Nox voc
Passenger Truck 0.864 0383 0.782 0.461 Passenger Truck 0823 0.422
Light Commercial Truck 0.977 0.408 0916 0.488 Light Commercial Truck 0,946 0.448
Single Unit Short-Haul Truck 292 0455 2416 0.478 ingle Unit Short-Haul Truck 2671 0.467
Single Unit Long-Haul Truck 3.459 0422 2877 0.425 Single Unit Long-Haul Truck 3.168 042
NOX voc voc
Dallas Co Total Emissions (g) issi issi issions (tons)
Light Commercial Truck 4,738 0.027 [ 11,761 0013
Passenger Truck 2,084,157 2293 [ 1108015 1.219
Single Unit Short-Haul Truck 35978 0,010 r 6251 0.007
Single Unit Long-Haul Truck 40249 0,044 r 5291 0.006
Nox voc voc
Elis Co Total Emissions (g) issic i issions (tons)
Light Commercial Truck 0.000 T o 0.000
Passenger Truck o 0.000 T o 0.000
Single Unit Short-Haul Truck [ 0.000 T o 0.000
Single Unit Long-Haul Truck o 0.000 r o 0.000
Nox voc voc
Harris Co Total Emissions (g) (tons)
Light Commercial Truck 20307 0022 T 9,555 o011
Passenger Truck 1,667,890 1835 [ 885,168 0974
single Unit Short-Haul Truck 33312 0.037 I 5830 0.006
single Uit Long-Haul Truck 39517 0.043 r 5291 0.006
Nox voc voc
Waller Co Total Emissions (g) s (tons)
Light Commercial Truck 0.000 r o 0.000
Passenger Truck o 0.000 I 0 0.000
Single Unit Short-Haul Truck o 0.000 I o 0.000
Single Unit Long: Haul Truck o 0.000 r o 0.000

Truck Emissions - Station
DFW NAA

Truck (non-haul)

HGB NAA

Truck (non-haul)

NOx voc
issions (tons/yr) Total Emissions (tons/yr)
2.408 1244

Total Emissions (tons/yr)
1.937

Total Emissions (tons/yr)
099



HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

HSR Material Hauling

Data Taken from Project Descriptions or Provided

Estimated Values
Data Used in Calculations.

Truck Emissions - TMF

On-Road (Non-Haul) Trucks

MATERIAL HAULING TRUCK EMISSIONS - TMF CONSTRUCTION

No Trucks Dal Co

No Trucks Ellis Co

No Trucks Harris Co

No Trucks Waller Co

Average R/T Distance HGB

Total Miles Per Year 20182021 Total Miles Per Year 2018-2021

Total Miles Per Year 2018-2021

No. TMF in County (miles) Dallas Co Ells Co Harris Co
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks
Light Commercial Truck Flatbed F350 3 20
Flat Bed F700 2
Total s 5 o 5 ° Light Commercial Truck 31,200 o 31,200
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton s
Pick-up 3/4 Ton 8
Worker Trips 250
Total 267 267 o 267 o Passenger Truck 1,666,080 o 1,666,080
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 o 2 ° Single-Unit Short Haul 12,480 o 12,480
Single-Unit Long Haul Semi Tractor 2
2 2 0 2 o Single-Unit Long Haul 12,480 0 12,480
Emission Rates Ellis Co Ells Co Ells Co
Truck Category 20171AN 2017 0L 2017 Composite Efs (g/mi)
NoX voc NoX voc NoX voc
Passenger Truck 0.69 0311 0.634 0.417 Passenger Truck 0.664 0.364
Light Commercial Truck 0830 0343 0791 0.452 Light Commercial Truck 0811 0398
Single Unit Short-Haul Truck 3.208 0.491 2.564 0.526 Single Unit Short-Haul Truck 2886 0.508
Single Unit Long-Haul Truck 3573 0423 2878 0.429 Single Unit Long-Haul Truck 3225 0426
Emission Rates Dallas Co Dallas Co Dallas Co
Truck Category 2017 1aN 2017301 2017 Composite Efs (g/mi)
NOX voc NOX voc NOX voc
Passenger Truck 0678 0298 0.614 0.389 passenger Truck 0.646 0343
Light Commercial Truck 0815 0330 [ 0.424 Light Commercial Truck 0793 0377
Single Unit Short-Haul Truck 3.206 0.487 2.560 0.514 Single Unit Short-Haul Truck 2883 0.501
Single Unit Long-Haul Truck 3573 0422 2878 0.426 Single Unit Long-Haul Truck 3.225 0424
Emission Rates Harris Co Harris Co Harris Co
Truck Category 2017 JAN 2017.JUL 2017 Composite Efs (g/mi)
NoX voc NoxX voc NoX voc
Passenger Truck 0539 0244 0.495 0.305 Passenger Truck 0517 0274
Light Commercial Truck 0.666 0274 0.636 0.338 Light Commercial Truck 0.651 0.306
Single Unit Short-Haul Truck 2.927 0.456 2411 0.479 Single Unit Short-Haul Truck 2.669 0.467
Single Unit Long-Haul Truck 3.461 0423 2872 0.425 Single Unit Long-Haul Truck 3166 0424
Emission Rates Waller Co Waller Co Waller Co (g/mi)
Truck Category 2017 1AN 2017301 2017 Composite Efs
NoX voc NoX voc NoX voc
Passenger Truck 0.864 0383 0782 0.461 Passenger Truck 0823 0422
Light Commercial Truck 0977 0.408 0916 0.488 Light Commercial Truck 0.946 0.448
Single Unit Short-Haul Truck 2.9% 0455 2416 0.478 Single Unit Short-Haul Truck 2671 0.467
Single Unit Long-Haul Truck 3.459 0422 2877 0.425 Single Unit Long-Haul Truck 3168 0.424
NOx voc
Dallas Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 4,738 0013
Passenger Truck 1,076,344 0.629
Single Unit Short-Haul Truck 35,978 0.007
Single Unit Long-Haul Truck 40,249 0.006
Nox Nox voc voc
Ellis Co Total Emissions (g) Total Emissions (tons) Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 00 o 00
Passenger Truck o 0.000 [ 0.000
Single Unit Short-Haul Truck [ 0.000 [ 0.000
Single Unit Long-Haul Truck 0 0.000 o 0.000
Nox
Harris Co Total Emissions (g)
Light Commercial Truck 307
Passenger Truck 861,367
Single Unit Short-Haul Truck 3312
Single Unit Long-Haul Truck 39517
Waller Co Total Emissions (g)
Light Commercial Truck o
Passenger Truck o
Single Unit Short-Haul Truck o
Single Unit Long-Haul Truck [
Truck Emissions - TMF
DFW NAA Nox
Total Emissions (tons/yr)
Truck (non-haul) 1.205
HGB NAA

Truck (non-haul)

Nox
Total Emissions (tons/yr)

voc
Total Emissions (tons/yr)
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HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

Truck Emissions -MOW  On-Road (Non-Haul) Trucks

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING TRUCK EMISSIONS - MOW CONSTRUCTION

No Trucks Dal Co
1

No Trucks Ellis Co
1

No Trucks Harris Co

No Trucks Waller Co
1

Average R/T Distance HGB
(miles)

Total Miles Per Year 2020-2021

Total Miles Per Year 2020-2021

Total Miles Per Year 2020-2021

Total Miles Per Year 2020-2021

Truck (non-haul)

N
Total Emissions (tons/yr)
2532

Total Emissions (tons/yr)
1272

11

No. MOW Facilities in County Dallas Co Ellis Co Harris C: Waller Co
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks
Light Commercial Truck Flatbed F350 2 20
Flat Bed F700 1
Total 3 3 3 3 3 Light Commercial Truck 18,720 18,720 18,720 18,720
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton 4
Pick-up 3/4 Ton a
Worker Trips 250
Total 259 259 259 259 259 Passenger Truck 1,616,160 1,616,160 1,616,160 1,616,160
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 2 2 2 Single-Unit Short Haul 12,480 12,480 12,480 12,480
Single-Unit Long Haul Semi Tractor 1
1 1 1 1 1 Single-Unit Long Haul 6,240 6,240 6,240 6,240
Assumptions:
Trucks operate six days per week, 52 weeks per year
Emission Rates Ells Co Ellis Co Ellis Co
Truck Category 2017.AN 2017301 2017 Composite Efs (g/mi)
NOX voc NOX voc NoX voc
Passenger Truck 0.694 0311 0.634 0.417 Passenger Truck 0.664 0.364
Light Commercial Truck 0.830 0343 0.791 0.452 Light Commercial Truck 0811 0398
Single Unit Short-Haul Truck 3.208 0.491 2.564 0.526 Single Unit Short-Haul Truck 2.886 0.508
single Unit Long-Haul Truck 3573 0.423 2.878 0.429 single Unit Long-Haul Truck 3.225 0.426
Emission Rates Dallas Co Dallas Co. Dallas Co
Truck Category 2017JAN 2017 UL 2017 Composite Efs (g/mi)
NOX voc NOX voc Nox voc
Passenger Truck 0.678 0.298 0.614 0.389 Passenger Truck 0.646 0.343
Light Commercial Truck 0815 0330 0771 0.424 Light Commercial Truck 0793 0377
Single Unit Short-Haul Truck 3.206 0.487 2.560 0.514 Single Unit Short-Haul Truck 2.883 0.501
Single Unit Long-Haul Truck 3573 0.422 2.878 0.426 Single Unit Long-Haul Truck 3225 0.42a
Emission Rates Harris Co Harris Co Harris Co
Truck Category 2017JAN 2017 UL 2017 Composite Efs (g/mi)
NOX voc NOX voc Nox voc
Passenger Truck 0.539 0.244 0.495 0.305 Passenger Truck 0517 0274
Light Commercial Truck 0.666 0.274 0.636 0.338 Light Commercial Truck 0.651 0.306
Single Unit Short-Haul Truck 2.927 0.456 2411 0.479 Single Unit Short-Haul Truck 2.669 0.467
Single Unit Long-Haul Truck 3.461 0.423 2872 0.425 single Unit Long-Haul Truck 3166 0.424
Emission Rates Waller Co Waller Co Waller Co (g/mi)
Truck Category 2017.AN 2017101 2017 Composite Efs
NoX voc NOX voc Nox voc
Passenger Truck 0.864 0.383 0782 0.461 Passenger Truck 0823 0422
Light Commercial Truck 0.977 0.408 0916 0.488 Light Commercial Truck 0.946 0.448
Single Unit Short-Haul Truck 2926 0.455 2416 0.478 Single Unit Short-Haul Truck 2671 0.467
Single Unit Long-Haul Truck 3.459 0.422 2.877 0.425 Single Unit Long-Haul Truck 3168 0.424
NOx voc
Dallas Co Total Emissions (tons) Total Emissions (g)
Light Commercial Truck 0016 r ,057
Passenger Truck 1149 555,079
Single Unit Short-Haul Truck 0.040 T 6251
Single Unit Long-Haul Truck 20,125 0.022 r 2,646
NOx c voc
Ells Co Total Emissions (g) Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 15175 404
Passenger Truck 1,073,578 T 587,957 0647
Single Unit Short-Haul Truck 36,013 [ 6342 0.007
Single Unit Long-Haul Truck 20,127 r 2,660 0.003
NOx No voc voc
Harris Co Total Emissions (g) Total Emissions (tons) Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 12184 o1 r 5,733 0.006
Passenger Truck 835,558 0.919 [ 443,440 0.488
Single Unit Short-Haul Truck 33312 0.037 T 5,830 0.006
Single Unit Long-Haul Truck 19,758 0.022 r 2,646 0.003
Nox voc voc
Waller Co Total Emissions (g) Total Emissions (tons) Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 17,713 0.019 r 8,383 0.009
Passenger Truck 1,329,880 1463 T 682,119 0.750
Single Unit Short-Haul Truck 33,329 0.037 5,827 0.006
Single Unit Long-Haul Truck 19,768 0.022 I 2,645 0.003
Truck Emissions - MOW
DFW NAA voc
ions (tons/yr)
Truck (non-haul) 2.486
HGB NAA voc



Houston Rail Project

Construction Emissions - Non-Road Engines (Stations)

. Engine ) Hours per| Total
Description Equipment category based on scct Fuel Technology | Equipment | Number of Week per
NONROAD classification Type Type HP Equipment | Total Total Total Usage Engine Working
Days | Weeks | Months [ Rate hrs
Cat 416 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 70 0 52 0 58 0
Cat 436 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 90 4 52 0.4 58 4,826
Cat 446 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 105 2 52 0.4 58 2,413
Cat D3 Crawler Tractor 2270002069 Diesel T3 70 4 52 0.4 58 4,826
Cat D6N Crawler Tractor 2270002069 Diesel T3 165 2 52 0.4 58 2,413
Cat 320BL Backhoe Excavators 2270002036 Diesel T3 135 4 52 0.5 58 6,032
Cat 325BL Backhoe Excavators 2270002036 Diesel T3 180 2 52 0.5 58 3,016
Cat 330BL Backhoe Excavators 2270002036 Diesel T3 240 4 52 0.5 58 6,032
Cat 345BL Backhoe Excavators 2270002036 Diesel T3 290 0 52 0 58 0
Cat 365BL Backhoe Excavators 2270002036 Diesel T3 410 0 52 0 58 0
Cat 140G Grader Graders 2270002048 Diesel T3 150 3 52 0.25 58 2,262
60Ton R/T Crane Cranes 2270002045 Diesel T3 250 1 52 0.1 58 302
80Ton RT Crane Cranes 2270002045 Diesel T3 300 1 52 0.1 58 302
110 Ton Crawler Crane Cranes 2270002045 Diesel T3 330 1 52 0.1 58 302
150 Ton Crawler Crane Cranes 2270002045 Diesel T3 350 1 52 0.1 58 302
200-Ton LS248 / 14000 Crawler Cranes 2270002045 Diesel T3 400 1 52 0.1 58 302
230 Ton Crawler Crane / 888 Cranes 2270002045 Diesel T3 400 0 52 0 58 0
275 Ton Crawler Crane / 999 Cranes 2270002045 Diesel T3 450 0 52 0 58 0
300 Ton Crawler Crane Cranes 2270002045 Diesel T3 450 1 52 0.1 58 302
VME L120B Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 210 1 52 0.5 58 1,508
VME L90C Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 160 4 52 0.4 58 4,826
Bobcat 743 Skid Steer Loaders 2270002072 Diesel T3 40 1 52 0.5 58 1,508
120" Aerial Lift Aerial Lifts 2270003010 Diesel T3 75 1 52 0.2 58 603
30" Aerial Lift Aerial Lifts 2270003010 Diesel T3 50 1 52 0.2 58 603
60' Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 4 52 0.2 58 2,413
80' Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 1 52 0.2 58 603
350HP VIB HMR/EXT 1416 Generator Sets (powering pile driver) 2270006005 Diesel T3 350 2 52 0.1 58 603
Cat 433 CS Roller Roller 2270002015 Diesel T3 105 2 52 0.25 58 1,508
Cat 563 -CS (84" Smooth Drum) Roller 2270002015 Diesel T3 145 2 52 0.25 58 1,508
Cat 563 -CP (84" Padfoot) Roller 2270002015 Diesel T3 145 2 52 0.25 58 1,508
PS 130Pneumatic Compactor Roller 2270002015 Diesel T3 230 1 52 0.4 58 1,206
Cat RM 500 Reclaimer Paving Equipment 2270002021 Diesel T3 450 0 52 0 58 0
Air Compressors Air Compressor 2270006015 Diesel T3 75 6 52 0.6 58 10,858
Generators Generator Sets 2270006005 Diesel T3 5 4 52 0.6 58 7,238
Grout Pump Pumps 2270006010 Diesel T3 15 5 52 0.6 58 9,048
Walk behind roller Rollers 2270002015 Diesel T3 7 3 52 0.6 58 5,429
Small Vac Sweeper Sweepers 2270003030 Diesel T3 150 2 52 0.6 58 3,619
All Welders Welders 2270006025 Diesel T3 50 2 52 0.6 58 3,619
Bidwell Deck Finishers Paving Equipment 2270002021 Diesel T3 50 0 52 0 58 0
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Houston Rail Project

Construction Emissions - Non-Road Engines (Track)

. Engine . Hours per| Total
Description Equipment category based on scct Fuel Technology | Equipment | Number of Week per
NONROAD classification Type Type HP Equipment | Total Total Total Usage Engine Working
Days | Weeks [ Months Rate hrs
Cat 416 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 70 2 52 0.4 58 2,413
Cat 436 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 90 18 52 0.4 58 21,715
Cat 446 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 105 4 52 0.4 58 4,826
Cat D3 Crawler Tractor 2270002069 Diesel T3 70 16 52 0.4 58 19,302
Cat D6N Crawler Tractor 2270002069 Diesel T3 165 7 52 0.4 58 8,445
Cat 320BL Backhoe Excavators 2270002036 Diesel T3 135 25 52 0.5 58 37,700
Cat 325BL Backhoe Excavators 2270002036 Diesel T3 180 8 52 0.5 58 12,064
Cat 330BL Backhoe Excavators 2270002036 Diesel T3 240 27 52 0.5 58 40,716
Cat 345BL Backhoe Excavators 2270002036 Diesel T3 290 0 52 0 58 0
Cat 365BL Backhoe Excavators 2270002036 Diesel T3 410 0 52 0 58 0
Cat 140G Grader Graders 2270002048 Diesel T3 150 12 52 0.25 58 9,048
60Ton R/T Crane Cranes 2270002045 Diesel T3 250 4 52 0.1 58 1,206
80Ton RT Crane Cranes 2270002045 Diesel T3 300 1 52 0.1 58 302
110 Ton Crawler Crane Cranes 2270002045 Diesel T3 330 1 52 0.1 58 302
150 Ton Crawler Crane Cranes 2270002045 Diesel T3 350 3 52 0.1 58 905
200-Ton LS248 / 14000 Crawler Cranes 2270002045 Diesel T3 400 2 52 0.1 58 603
230 Ton Crawler Crane / 888 Cranes 2270002045 Diesel T3 400 1 52 0.1 58 302
275 Ton Crawler Crane / 999 Cranes 2270002045 Diesel T3 450 0 52 0 58 0
300 Ton Crawler Crane Cranes 2270002045 Diesel T3 450 1 52 0.1 58 302
VME L120B Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 210 3 52 0.5 58 4,524
VME L90C Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 160 42 52 0.4 58 50,669
Bobcat 743 Skid Steer Loaders 2270002072 Diesel T3 40 2 52 0.5 58 3,016
120" Aerial Lift Aerial Lifts 2270003010 Diesel T3 75 5 52 0.2 58 3,016
30" Aerial Lift Aerial Lifts 2270003010 Diesel T3 50 6 52 0.2 58 3,619
60" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 22 52 0.2 58 13,270
80" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 6 52 0.2 58 3,619
350HP VIB HMR/EXT 1416 Generator Sets (powering pile driver) 2270006005 Diesel T3 350 1 52 0.1 58 302
Cat 433 CS Roller Roller 2270002015 Diesel T3 105 6 52 0.25 58 4,524
Cat 563 -CS (84" Smooth Drum) Roller 2270002015 Diesel T3 145 5 52 0.25 58 3,770
Cat 563 -CP (84" Padfoot) Roller 2270002015 Diesel T3 145 7 52 0.25 58 5,278
PS 130Pneumatic Compactor Roller 2270002015 Diesel T3 230 3 52 0.4 58 3,619
Cat RM 500 Reclaimer Paving Equipment 2270002021 Diesel T3 450 2 52 0.1 58 603
Air Compressors Air Compressor 2270006015 Diesel T3 75 21 52 0.6 58 38,002
Generators Generator Sets 2270006005 Diesel T3 5 24 52 0.6 58 43,430
Grout Pump Pumps 2270006010 Diesel T3 15 13 52 0.6 58 23,525
Walk behind roller Rollers 2270002015 Diesel T3 7 12 52 0.6 58 21,715
Small Vac Sweeper Sweepers 2270003030 Diesel T3 150 24 52 0.6 58 43,430
All Welders Welders 2270006025 Diesel T3 50 12 52 0.6 58 21,715
Bidwell Deck Finishers Paving Equipment 2270002021 Diesel T3 50 1 52 0.1 58 302
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HSR Rail Project

TMF Construction Emissions - Non-Road Engines

Engine Hours per
Description Equipment category based on scct Fuel Technology | Equipment | Number of Week per Total
NONROAD classification Type Type HP Equipment | Total Total Total Usage Engine Working
Days [ Weeks [ Months Rate hrs
Cat 416 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 70 0 52 0 58 0
Cat 436 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 90 4 52 0.4 58 4,826
Cat 446 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 105 2 52 0.4 58 2,413
Cat D3 Crawler Tractor 2270002069 Diesel T3 70 4 52 0.4 58 4,826
Cat D6N Crawler Tractor 2270002069 Diesel T3 165 2 52 0.4 58 2,413
Cat 320BL Backhoe Excavators 2270002036 Diesel T3 135 4 52 0.5 58 6,032
Cat 325BL Backhoe Excavators 2270002036 Diesel T3 180 2 52 0.5 58 3,016
Cat 330BL Backhoe Excavators 2270002036 Diesel T3 240 4 52 0.5 58 6,032
Cat 345BL Backhoe Excavators 2270002036 Diesel T3 290 0 52 0 58 0
Cat 365BL Backhoe Excavators 2270002036 Diesel T3 410 0 52 0 58 0
Cat 140G Grader Graders 2270002048 Diesel T3 150 3 52 0.25 58 2,262
60Ton R/T Crane Cranes 2270002045 Diesel T3 250 1 52 0.1 58 302
80Ton RT Crane Cranes 2270002045 Diesel T3 300 1 52 0.1 58 302
110 Ton Crawler Crane Cranes 2270002045 Diesel T3 330 1 52 0.1 58 302
150 Ton Crawler Crane Cranes 2270002045 Diesel T3 350 1 52 0.1 58 302
200-Ton LS248 / 14000 Crawler Cranes 2270002045 Diesel T3 400 1 52 0.1 58 302
230 Ton Crawler Crane / 888 Cranes 2270002045 Diesel T3 400 0 52 0 58 0
275 Ton Crawler Crane / 999 Cranes 2270002045 Diesel T3 450 0 52 0 58 0
300 Ton Crawler Crane Cranes 2270002045 Diesel T3 450 1 52 0.1 58 302
VME L120B Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 210 1 52 0.5 58 1,508
VME L90C Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 160 4 52 0.4 58 4,826
Bobcat 743 Skid Steer Loaders 2270002072 Diesel T3 40 1 52 0.5 58 1,508
120" Aerial Lift Aerial Lifts 2270003010 Diesel T3 75 1 52 0.2 58 603
30' Aerial Lift Aerial Lifts 2270003010 Diesel T3 50 1 52 0.2 58 603
60" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 4 52 0.2 58 2,413
80" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 1 52 0.2 58 603
350HP VIB HMR/EXT 1416 Generator Sets (powering pile driver) 2270006005 Diesel T3 350 2 52 0.1 58 603
Cat 433 CS Roller Roller 2270002015 Diesel T3 105 2 52 0.25 58 1,508
Cat 563 -CS (84" Smooth Drum) Roller 2270002015 Diesel T3 145 2 52 0.25 58 1,508
Cat 563 -CP (84" Padfoot) Roller 2270002015 Diesel T3 145 2 52 0.25 58 1,508
PS 130Pneumatic Compactor Roller 2270002015 Diesel T3 230 1 52 0.4 58 1,206
Cat RM 500 Reclaimer Paving Equipment 2270002021 Diesel T3 450 0 52 0 58 0
Air Compressors Air Compressor 2270006015 Diesel T3 75 6 52 0.6 58 10,858
Generators Generator Sets 2270006005 Diesel T3 5 4 52 0.6 58 7,238
Grout Pump Pumps 2270006010 Diesel T3 15 5 52 0.6 58 9,048
Walk behind roller Rollers 2270002015 Diesel T3 7 3 52 0.6 58 5,429
Small Vac Sweeper Sweepers 2270003030 Diesel T3 150 2 52 0.6 58 3,619
All Welders Welders 2270006025 Diesel T3 50 2 52 0.6 58 3,619
Bidwell Deck Finishers Paving Equipment 2270002021 Diesel T3 50 0 52 0 58 0
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HSR Rail Project

MOW Construction Emissions - Non-Road Engines

Engine Hours per
Description Equipment category based on scct Fuel Technology | Equipment | Number of Week per Total
NONROAD classification Type Type HP Equipment | Total Total Total Usage Engine Working
Days [ Weeks [ Months Rate hrs
Cat 416 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 70 0 52 0 58 0
Cat 436 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 90 2 52 0.4 58 2,413
Cat 446 Comb BH/LDR Tractor/Loader/Backhoe 2270002066 Diesel T3 105 1 52 0.4 58 1,206
Cat D3 Crawler Tractor 2270002069 Diesel T3 70 2 52 0.4 58 2,413
Cat D6N Crawler Tractor 2270002069 Diesel T3 165 1 52 0.4 58 1,206
Cat 320BL Backhoe Excavators 2270002036 Diesel T3 135 2 52 0.5 58 3,016
Cat 325BL Backhoe Excavators 2270002036 Diesel T3 180 1 52 0.5 58 1,508
Cat 330BL Backhoe Excavators 2270002036 Diesel T3 240 2 52 0.5 58 3,016
Cat 345BL Backhoe Excavators 2270002036 Diesel T3 290 0 52 0 58 0
Cat 365BL Backhoe Excavators 2270002036 Diesel T3 410 0 52 0 58 0
Cat 140G Grader Graders 2270002048 Diesel T3 150 2 52 0.25 58 1,508
60Ton R/T Crane Cranes 2270002045 Diesel T3 250 1 52 0.1 58 302
80Ton RT Crane Cranes 2270002045 Diesel T3 300 1 52 0.1 58 302
110 Ton Crawler Crane Cranes 2270002045 Diesel T3 330 1 52 0.1 58 302
150 Ton Crawler Crane Cranes 2270002045 Diesel T3 350 1 52 0.1 58 302
200-Ton LS248 / 14000 Crawler Cranes 2270002045 Diesel T3 400 1 52 0.1 58 302
230 Ton Crawler Crane / 888 Cranes 2270002045 Diesel T3 400 0 52 0 58 0
275 Ton Crawler Crane / 999 Cranes 2270002045 Diesel T3 450 0 52 0 58 0
300 Ton Crawler Crane Cranes 2270002045 Diesel T3 450 1 52 0.1 58 302
VME L120B Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 210 1 52 0.5 58 1,508
VME L90C Wheel Loader Rubber Tire Loaders 2270002060 Diesel T3 160 2 52 0.4 58 2,413
Bobcat 743 Skid Steer Loaders 2270002072 Diesel T3 40 1 52 0.5 58 1,508
120" Aerial Lift Aerial Lifts 2270003010 Diesel T3 75 1 52 0.2 58 603
30' Aerial Lift Aerial Lifts 2270003010 Diesel T3 50 1 52 0.2 58 603
60" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 2 52 0.2 58 1,206
80" Aerial Lift Aerial Lifts 2270003010 Diesel T3 65 1 52 0.2 58 603
350HP VIB HMR/EXT 1416 Generator Sets (powering pile driver) 2270006005 Diesel T3 350 1 52 0.1 58 302
Cat 433 CS Roller Roller 2270002015 Diesel T3 105 1 52 0.25 58 754
Cat 563 -CS (84" Smooth Drum) Roller 2270002015 Diesel T3 145 1 52 0.25 58 754
Cat 563 -CP (84" Padfoot) Roller 2270002015 Diesel T3 145 1 52 0.25 58 754
PS 130Pneumatic Compactor Roller 2270002015 Diesel T3 230 1 52 0.4 58 1,206
Cat RM 500 Reclaimer Paving Equipment 2270002021 Diesel T3 450 0 52 0 58 0
Air Compressors Air Compressor 2270006015 Diesel T3 75 3 52 0.6 58 5,429
Generators Generator Sets 2270006005 Diesel T3 5 2 52 0.6 58 3,619
Grout Pump Pumps 2270006010 Diesel T3 15 3 52 0.6 58 5,429
Walk behind roller Rollers 2270002015 Diesel T3 7 2 52 0.6 58 3,619
Small Vac Sweeper Sweepers 2270003030 Diesel T3 150 1 52 0.6 58 1,810
All Welders Welders 2270006025 Diesel T3 50 1 52 0.6 58 1,810
Bidwell Deck Finishers Paving Equipment 2270002021 Diesel T3 50 0 52 0 58 0
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HSR Rail Project
Construction Emissions Summary - Track

Total Construction Emissions (Entire Project)

GHG -

GHG - CO2e

VOC CcoO PM10 PM2.5 S02 NOx CO2e (metric

(tons) (tons) (tons) (tons) (tons) (tons) (tons) tons)
Non-Road Year 1 6.52 49.68 11.80 11.45 0.142 79.55 15,686.38 |[14,230.44
Non-Road Year 2 6.52 49.68 11.80 11.45 0.142 79.55 15,686.38 | 14,230.44
Non-Road Year 3 6.52 49.68 11.80 11.45 0.142 79.55 15,686.38 | 14,230.44
Non-Road Year 4 6.52 49.68 11.80 11.45 0.142 79.55 15,686.38 | 14,230.44
Total Project 26.09 198.71 47.22 45.80 0.57 318.22 62,745.52 56,921.78

Dallas-Fort Worth Ozone Nonattainment Area (Dallas and Ellis Counties) Construction Emissions

GHG -

VOC (6{0) PM10 PM2.5 SO2 NOXx CO2e

(tons) (tons) (tons) (tons) (tons) (tons) (tons)
Non-Road Year 1 1.24 9.42 2.24 2.17 0.027 15.08 2,973.44
Non-Road Year 2 1.24 9.42 2.24 2.17 0.027 15.08 2,973.44
Non-Road Year 3 1.24 9.42 2.24 2.17 0.027 15.08 2,973.44
Non-Road Year 4 1.24 9.42 2.24 2.17 0.027 15.08 2,973.44
Total Project (DFW) 4,95 37.67 8.95 8.68 0.11 60.32 11,893.77

Houston-Galveston-Brazoria Ozone Nonattainment Area (Harris and Waller Counties) Construction Emissions

GHG -

VOC CcO PM10 PM2.5 SO2 NOx CO2e

(tons) (tons) (tons) (tons) (tons) (tons) (tons)
Non-Road Year 1 1.32 10.06 2.39 2.32 0.029 16.10 3,175.14
Non-Road Year 2 1.32 10.06 2.39 2.32 0.029 16.10 3,175.14
Non-Road Year 3 1.32 10.06 2.39 2.32 0.029 16.10 3,175.14
Non-Road Year 4 1.32 10.06 2.39 2.32 0.029 16.10 3,175.14
Total Project (HGB) 5.28 40.22 9.56 9.27 0.12 64.41 12,700.57

Note: 48-month construction schedule.
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HSR Rail Project
Construction Emissions Summary - Station

Total Construction Emissions (per Station)

GHG -
CO2e
VOC CcO PM10 PM2.5 S02 NOx |GHG - CO2e| (metric
(tons) (tons) (tons) (tons) (tons) (tons) (tons) tons)
Non-Road Year 1 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Non-Road Year 2 0.63 4.83 1.09 1.05 0.013 7.57 1,460.66 1,325.09
Non-Road Year 3 1.26 9.66 2.17 2.11 0.026 15.14 2,921.33 2,650.18
Non-Road Year 4 1.26 9.66 2.17 2.11 0.026 15.14 2,921.33 2,650.18
Total Project 3.14 24.16 5.43 5.27 0.07 37.84 7,303.32 6,625.46
Note: 30-month construction schedule.
HSR Rail Project
Construction Emissions Summary - TMF
Total Construction Emissions (Per TMF Facility)
GHG -
CO2e
VOC CO PM10 PM2.5 SO2 NOx |GHG - CO2e| (metric
(tons) (tons) (tons) (tons) (tons) (tons) (tons) tons)
Non-Road Year 1 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Non-Road Year 2 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Non-Road Year 3 1.26 9.66 2.17 2.11 0.026 15.14 2,921.33 2,650.18
Non-Road Year 4 1.26 9.66 2.17 2.11 0.026 15.14 2,921.33 2,650.18
Total Project 2.51 19.32 4.35 4.22 0.05 30.27 5,842.65  5,300.37

Note: 24-month construction schedule.
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HSR Rail Project

Construction Emissions Summary - MOW

Total Construction Emissions (per MOW Facility)

GHG -
CO2e
VOC CcO PM10 PM2.5 S02 NOx |GHG - CO2e| ( metric
(tons) (tons) (tons) (tons) (tons) (tons) (tons) tons)
Non-Road Year 1 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Non-Road Year 2 0.00 0.00 0.00 0.00 0.000 0.00 0.00 0.00
Non-Road Year 3 0.36 2.72 0.61 0.59 0.008 4.34 843.38 765.10
Non-Road Year 4 0.72 5.44 1.22 1.19 0.015 8.68 1,686.75 1,530.20
Total Project 1.08 8.16 1.83 1.78 0.02 13.03 2,530.13 | 2,295.29

Notes: One MOW each located in Dallas, Ellis, Waller, and Harris Counties.
18-Month construction schedule.
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HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

MATERIAL HAULING LOCOMOTIVE GHG EMISSIONS

HSR Material Hauling - Locomotive
Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

HSR Annual Material Hauling by Rail
HSR Alternative C Construction by Rail per year
Source Geography Material Hauled Total Quantity’ Units Total Quantity Units Possible Material Location Average Distance Traveled Duration (Years)
HGB Rail Connection Sub-Ballast 248,479 cy 521,805 tons C. Texas 241.09 4
HGB Rail Connection Ballast 584,591 cy 1,227,642 tons C. Texas 241.09 4

Sand 393,085 tons C. Texas 241.09 4
Gravel 433,749 tons C. Texas 241.09 4
Cement 165,638 tons C. Texas 241.09 4
Steel Reinforcing 271,093 tons Out of State 241.09 3
Steel Structural 1,683 tons Out of State 241.09 3
Rail 14,679 tons Out of State 241.09 4

Total Alignment Length - (mi 241.09

DFW NAA Alignment Length (mi) 45.7 18.96%

HGB NAA Alignment Length (mi) 48.8 20.24%

Freestone County SO2 NAA Alignment Length (mi) 0 0.00%

Total Sub-Ballast (cy - total 4 yrs) 993,914

Total Ballast (cy - total 4 yrs) 2,338,365

Total Sand (tons - total 4 yrs 1,572,340

Total Gravel (tons - total 4 yrs) 1,734,996

Total Cement (tons - total 4 yrs) 662,552

Total Reinforing Steel (tons - total 3 yrs) 1,084,372

Total Structural Steel (tons - total 3 yrs) 6,732

Total Rail (tons - total 4 yrs) | 58,715

Notes:

(1) Total quantities was obtained from Construction Quantities and Construction Equipment list.

(2) Distance travelled by rail calculated for length of Alt. C alignment.

(3) Density of ballast and sub-ballast was assumed to be 2.1 tons/cubic yard (based on California HSR calculations)

(4) Total rail = 2,795,962 TF. Weight of rail (UIC60 rail) is 42 Ibs/ft (Source: http//www.railway-technical.com/track.shtml)
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HSR Alternative C Construction Rail Hauling - Total Qu ities (tons)

Material (2018-2021)
Sub-Ballast 521,805
Ballast 1,227,642
Sand 393,085
Gravel 433,749
Cement 165,638
Steel Reinforcing 271,093
Steel Structural 1,683
Rail 14,679
Emission Factors - Rail (g/gal !
VoC co NOx S02 PM10 PM2.5 Cco2
2018 5.408 26.624 102.96 0.094 3.744 3.63168 10217
Emission Factors - Rail (g/ton-mile)’
VocC co NOx S02 PM10 PM2.5 c0o2
2018| 0.011 0.056 0.218 0.0002 0.008 0.008 21.6

Notes

(1) Emission factors based on Tier 2 line-haul locomotive emission factors as listed in the EPA Report "Emission Factors for Locomotives - Large Line Haul", USEPA Office of Transportation and Air
Quality, EPA-420-F-09-025, April 2009. Grams per gal calculations based on a 20.8 bhp-hr/gal conversion factor as listed in the same EPA report.

(2) The conversion factor of 473 ton-mile/gallon based on the report by the American Association of Railroads "The Environmental Benefits of Moving Freight by Rail, April 2016.

(3) 2018 was assumed to be the most conservative year, so rail emission factors in 2018 were used for all years.

(4) for DFW: Assume 50% to Dallas rail connection, 50% to Ellis Co. rail connection

HSR Alternative C Construction Rail Hauling Emissi per Year
VOCER VvoC vocC NOx ER NOx NOx CO2ER Cco2 Co2

tons miles g/ton-mile glyr tons/yr g/ton-mile glyr tons/yr g/ton-mile glyr tons/yr
Sub-Ballast 521,805 241.09 0.011 1,438,344 1.585 0.218 27,383,862 30.185 21.6 2,717,374,909 2,995.4
Ballast 1,227,642 241.09 0.011 3,383,969 3.730 0.218 64,425,559 71.016 21.6 6,393,122,925 7,047.1
Sand 393,085 241.09 0.011 1,083,531 1.194 0.218 20,628,757 22.739 21.6 2,047,047,505 2,256.5
Gravel 433,749 241.09 0.011 1,195,620 1.318 0.218 22,762,768 25.091 21.6 2,258,811,219 2,489.9
Cement 165,638 241.09 0.011 456,578 0.503 0.218 8,692,537 9.582 21.6 862,584,058 950.8
Steel Reinforcing 271,093 241.09 0.011 747,262 0.824 0.218 14,226,724 15.682 21.6 1,411,756,361 1,556.2
Steel Structural 1,683 241.09 0.011 4,639 0.005 0.218 88,322 0.097 21.6 8,764,468 9.7
Rail 14,679 241.09 0.011 40,462 0.045 0.218 770,331 0.849 21.6 76,441,996 84.3

9.205 175.242 17,389.778
Totals (tons)

VoC 9.20
NOx 175.24 Totals (metric tons)
co2 17,390/c02 15,776] [
Notes:

1) pounds per gram = 0.0022046
2) tons per pound = 0.0005
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HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

MATERIAL HAULING TRUCK GHG EMISSIONS
HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values
Data Used in Calculations

Truck Capacity
20 cy/truck
30 tons/truck

Material Hauled Total ('J,uantity1 Units Possible Origin Location Duration of Activity (years)
From RR Connection / Precast Yard
Sub-Ballast 993,914 CcY from rail connection yard 4
Ballast 2,338,365 CcY from rail connection yard 4
Concrete Rail Ties 1,397,981 Each batch plant to construction site 4
Total Concrete 8,674,980 cYy batch plant to construction site 4
Rail 2,795,962 TF Out of state 4
Excavation 7,541,885 CcY within alignment 4
Fill 25,425,626 CcY within alignment 4
Structural Steel 6,732 Ton from rail connection yard 3
Reinforcing Steel 1,084,372 Ton from rail connection yard 3
Construction Waste - Concrete 59,457 CcY within alignment a4
Construction Waste - Rebar 16,266 Ton within alignment 4
To Precast Yard®
Sand 1,572,340 Ton Texas 4
Cement 662,552 Ton Texas 4
Gravel 1,734,996 Ton Texas 4
Notes:

(1) Information about total quantities was obtained from HSR Construction Material Quantities and Equipment Estimates.

(2) Number shown assumes 50% of total Sand, Cement, and Gravel delivered to precast yards by truck.

(3) Truck hauling emissions were calculated using a standard truck capacity of 20 cubic yards or 30 tons per truck, and by multiplying the emission factor by the anticipated distance traveled and the amount of material hauled per trip
for each hauling method.




HSR Material Hauling Mileage Calcuations

Material Hauled

No. Trucks Total

From RR Connection / Precast Yard

Total Annual Miles

Sub-Ballast 49,696 248,479
Ballast 116,918 584,591
Concrete Rail Ties 23,300 116,498
Total Concrete 433,749 2,168,745
Rail 1,957 9,786
Excavation 377,094 1,885,471
Fill 1,271,281 6,356,407
Structural Steel 224 1,496
Reinforcing Steel 36,146 240,972
Construction Waste - Concrete 2,973 14,864
Construction Waste - Rebar 542 2,711
To Precast Yard |
Sand 52,411 786,170
Cement 22,085 331,276
Gravel 57,833 867,498
Total 2,446,210 13,614,964

Assumptions:

Weight of average concrete railway tie is 1,000 pounds
Weight of rail (UIC60 rail) is 42 Ibs/ft (Source: http//www.railway-technical.com/track.shtml)
Distance traveled is estimated based on the origin of the material being delivered.

Average R/T Distance from Rail Connection Yard: 20 miles.

Average R/T Distance to Rail Connection Yard: 60 miles.
Material haul: quantities will be delivered over a three or four-year time frame (2018-2021) for use in the construction phase (as per schedule).
Assume concrete will be hauled in support of concrete batch plant operations.

Data from MOVES2014a
2017 Long Haul Truck
Emissions in Grams per Mile
NOx VOC CO2E
Ellis 3.225 0.426 1,447
Dallas 3.225 0.424 1,447
Harris 3.166 0.424 1,432
Waller 3.168 0.424 1,430
ge HGB 3.167 0.424 1,431
Composite EF 3.196 0.425 1439
HSR Material Hauling E: - Total
Long Haul Truck
1s (Tons/Year)
Year
CO2E CO2E (metric tons)
Annual 2018 - 2021 21,591 19,587
Notes:

1) pounds per gram = 0.0022
2) tons per pound = 0.0005
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HSR Material Hauling

Data Taken from Project Descriptions or Provided

ated Values
Data Used in Calculations

Truck Emissions - Track
Non-Haul Truck Category

Light Commercial Truck

Passenger Truck

Single-Unit Short Haul

Notes:

(1) Assume 312 working days per year.

On-Road (Non-Haul) Trucks

Trucks
Flatbed F350
Flat Bed F700

Mechanics Truck (small)
Pick-up 1/2 Ton
Pick-up 3/4 Ton

Worker Trips

Fuel Truck
Water Truck 4000 gal

(2) Number of trucks shown for entire Alternative C alignment.

Total

Total

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

MATERIAL HAULING TRUCK GHG EMISSIONS - TRACK CONSTRUCTION

County distance ratio to overall alignment 1

Total Number of Non-Haul Trucks

No Trucks Total Alignment

a2

6629

69

Average R/T Distance
(miles)
40

Light Commercial Truck

Passenger Truck

Single-Unit Short Haul

Worker Trips: Assume 47 mob and demob sites (30 vehicles/site) and 20 sites each for demo,land clearing, earth moving, road crossings track at-grade,track elevated, and structures (20 vehicles/site)

Emission Rates Ellis Co Ellis Co Ellis Co
Truck Category 2017JAN 2017JUL 2017 Composite Efs (g/mi)
coze coze co2e
Passenger Truck 582 652 Passenger Truck 617
Light Commercial Truck 589 660 Light Commercial Truck 625
igle Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates Dallas Co Dallas Co Dallas Co
Truck Category 2017 JAN 2017301 2017 Composite Efs (g/mi)
coze coze co2e
Passenger Truck 583 653 Passenger Truck 618
Light Commercial Truck 590 661 Light Commercial Truck 625
igle Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates, Harris Co Harris Co Harris Co
Truck Category 2017 JAN 2017 UL 2017 Composite Efs (g/mi)
co2e coze
Passenger Truck 575 635 Passenger Truck 605
Light Commercial Truck 583 643 Light Commercial Truck 613
Single Unit Short-Haul Truck 1405 1572 Single Unit Short-Haul Truck 1,488
Single Unit Long-Haul Truck 1348 1515 Single Unit Long-Haul Truck 1432
Emission Rates, Waller Co Waller Co Waller Co_(g/mi)
Truck Category 2017 JAN 2017 0L 2017 Composite Efs
co2e co2e Cco2
Passenger Truck 582 639 Passenger Truck 611
Light Commercial Truck 589 647 Light Commercial Truck 618
Single Unit Short-Haul Truck 1405 1567 Single Unit Short-Haul Truck 1,486
Single Unit Long-Haul Truck 1348 1511 Single Unit Long-Haul Truck 1,430
Emission Rates. Other Co Other Co Other Co (g/mi)
Truck Category 2017 JAN 2017 UL 2017 Composite Efs
co2e Cco2e Cco
Passenger Truck 580.489 644.801 Passenger Truck 613
Light Commercial Truck 587598 652.864 Light Commercial Truck 620
Single Unit Short-Haul Truck 1405.075 1585.893 Single Unit Short-Haul Truck 1,495
Long-Haul Truck 1348.090 1529.215 Single Unit Long-Haul Truck 1,439
co2E coz
Total Alignment Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 325,100,084 358
Passenger Truck 50,684,071,838 55,752
Single Unit Short-Haul Truck 1,287,790,967 1417
Single Unit Long-Haul Truck 0 [
Truck Emissions - Track Construction
Total Project coze co2e

Truck (non-haul)

57,527
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HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

MATERIAL HAULING TRUCK GHG EMISSIONS - STATION CONSTRUCTION

Truck Emissions - Station On-Road (Non-Haul) Trucks
No. of Stations in County 1 1 1
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks No Trucks Dal Co No Trucks Harris Co No Trucks Central Co
Light Commercial Truck Flatbed F350 3
Flat Bed F700 2
Total 5 5 5 B
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton 8
Pick-up 3/4 Ton 8
Worker Trips 500
Total 517 517 517 517
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 2 2
Single-Unit Long Haul Semi Tractor 2
2 2 2 2
Average R/T Distance Total Miles Per Year 2018-2021
(miles) per County
20
Light Commercial Truck 31,200
Passenger Truck 3,226,080
Single-Unit Short Haul 12,480
Single-Unit Long Haul 12,480
Notes:
(1) Assume 312 working days per year.
(2) Stations would be located in Dallas, Harris, and a centrally located county only.
Emission Rates Ellis Co Ellis Co
Truck Category 2017 JAN 2017301
coze coze co2e
Passenger Truck 582 652 Passenger Truck 617
Light Commercial Truck 589 660 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates Dallas Co Dallas Co
Truck Category 2017 JaN 2017 )0t
co2e co2e co2e
Passenger Truck 583 653 Passenger Truck 618
Light Commercial Truck 590 661 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates Harris Co Harris Co
Truck Category 2017 1AN 2017301
co2e co2e co2e
Passenger Truck 575 635 Passenger Truck 605
Light Commercial Truck 583 643 Light Commercial Truck 613
Single Unit Short-Haul Truck 1405 1572 Single Unit Short-Haul Truck 1488
Single Unit Long-Haul Truck 1348 1515 Single Unit Long-Haul Truck 1432
Emission Rates Waller Co Waller Co
Truck Category 2017 1AN 2017301
co2e co2e co2e
Passenger Truck 582 639 Passenger Truck 611
Light Commercial Truck 589 647 Light Commercial Truck 618
Single Unit Short-Haul Truck 1405 1567 Single Unit Short-Haul Truck 1,486
Single Unit Long-Haul Truck 1348 1511 Single Unit Long-Haul Truck 1,430
Emission Rates Composite Composite
Truck Category 2017 1AN 2017 )01
co2e co2e co2e
Passenger Truck 580.489 644.801 Passenger Truck 613
Light Commercial Truck 587.598 652.864 Light Commercial Truck 620
Single Unit Short-Haul Truck 1405.075 1585.893 Single Unit Short-Haul Truck 1,495
Single Unit Long-Haul Truck 1348.090 1529.215 Single Unit Long-Haul Truck 1439

CO2E

Dallas Co Total Emissions (tons)
Light Commercial Truck
Passenger Truck 2193
Single Unit Short-Haul Truck 2
Single Unit Long-Haul Truck 18,053,818 20
co2e 028
Harris Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 19,125,912 21
Passenger Truck 1,951,867,117 2,147
Single Unit Short-Haul Truck 185571,051 20
Single Unit Long-Haul Truck 17,868,240 20
co2e co2e
Centrally Located County Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 19,351,1
Passenger Truck 1,976,441,782 2174
Single Unit Short-Haul Truck 18,663,637 21
Single Unit Long-Haul Truck 17,950,383 20
Truck Emissions - Station
DFW NAA co2e co2e
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 2,01
HGB NAA co2e co2e
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 2,0
Centrally Located County co2e co2e
Total Emissions (tons/yr) fons (metric tons/yr)
Truck (non-haul) 2,236 2,0:
Total Project co2e coze
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 60
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HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS
MATERIAL HAULING TRUCK GHG EMISSIONS - TMF CONSTRUCTION

HSR Material Hauling

Data Taken from Project Descriptions or Provided
Estimated Values

Data Used in Calculations

Truck Emissions - TMF On-Road (Non-Haul) Trucks
No. of TMFs in County 1 1
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks No Trucks Dal Co No Trucks Harris Co
Light Commercial Truck Flatbed F350 3
Flat Bed F700 2
Total 5 5 5
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton 8
Pick-up 3/4 Ton 8
Worker Trips 250
Total 267 267 267
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 2
Single-Unit Long Haul Semi Tractor 2
2 2 2
Average R/T Distance Total Miles Per Year 2018-2021
(miles) per County
20
Light Commercial Truck 31,200
Passenger Truck 1,666,080
Single-Unit Short Haul 12,480
Single-Unit Long Haul 12,480
Notes:
(1) Assume 312 working days per year.
(1) Assume two TMFs, one each in Dallas and Harris counties.
Emission Rates Ellis Co Ellis Co
Truck Category 2017 JAN 2017JUL
CO2E CO2E Co2E
Passenger Truck 582 652 Passenger Truck 617
Light Commercial Truck 589 660 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates Dallas Co Dallas Co
Truck Category 2017 JAN 2017JUL
CO2E CO2E CO2E
Passenger Truck 583 653 Passenger Truck 618
Light Commercial Truck 590 661 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1348 1545 Single Unit Long-Haul Truck 1,447
Emission Rates Harris Co Harris Co
Truck Category 2017 JAN 2017JUL
Co2E Co2E CO2E
Passenger Truck 575 635 Passenger Truck 605
Light Commercial Truck 583 643 Light Commercial Truck 613
Single Unit Short-Haul Truck 1405 1572 Single Unit Short-Haul Truck 1,488
Single Unit Long-Haul Truck 1348 1515 Single Unit Long-Haul Truck 1,432
Emission Rates Waller Co Waller Co
Truck Category 2017 JAN 2017JUL
CO2E CO2E CO2E
Passenger Truck 582 639 Passenger Truck 611
Light Commercial Truck 589 647 Light Commercial Truck 618
Single Unit Short-Haul Truck 1405 1567 Single Unit Short-Haul Truck 1,486
Single Unit Long-Haul Truck 1348 1511 Single Unit Long-Haul Truck 1,430
Emission Rates Composite Composite
Truck Category 2017 JAN 2017JUL
CO2E CO2E Co2E
Passenger Truck 580.489 644.801 Passenger Truck 613
Light Commercial Truck 587.598 652.864 Light Commercial Truck 620
single Unit Short-Haul Truck 1405.075 1585.893 Single Unit Short-Haul Truck 1,495
Single Unit Long-Haul Truck 1348.090 1529.215 Single Unit Long-Haul Truck 1,439
CO2E CO2E
Dallas Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 19,513,338 21
Passenger Truck 1,029,512,484 1132
Single Unit Short-Haul Truck 18,769,421 21
Single Unit Long-Haul Truck 18,053,818 20
Co2E Co2E
Harris Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 19,125,912 21
Passenger Truck 1,008,024,217 1,109
Single Unit Short-Haul Truck 18,571,051 20
Single Unit Long-Haul Truck 17,868,240 20
Truck Emissions - TMF
DFW NAA CO2E CO2E
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 1,194 1,084
HGB NAA Co2E Co2E
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 1170 1,061
Total Project CO2E CO2E
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 2,364 2,145
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HSR Material Hauling

Data Taken from Project Descriptions or Provided

Estimated Values
Data Used in Calculations

Truck Emissions - MOW.

On-Road (Non-Haul) Trucks

HIGH SPEED RAIL PROJECT
DALLAS TO HOUSTON
CONSTRUCTION ANALYSIS

MATERIAL HAULING TRUCK GHG EMISSIONS - MOW CONSTRUCTION

No. MOW Facities in County 1 1 1 1 1
Non-Haul Truck Category Trucks Total Number of Non-Haul Trucks No Trucks Dal Co No Trucks Ellis Co No Trucks Harris Co No Trucks Waller Co  No Trucks Other Co
Light Commercial Truck Flatbed F350 2
Flat Bed 700 1
Total 3 3 3 3 3 3
Passenger Truck Mechanics Truck (small) 1
Pick-up 1/2 Ton 4
Pick-up 3/4 Ton 4
Worker Trips 250
Total 259 259 259 259 259 259
Single-Unit Short Haul Fuel Truck 1
Water Truck 4000 gal 1
2 2 2 2 2 2
Single-Unit Long Haul Semi Tractor 1
1 1 1 1 1 1
Notes:
(1) Assume five stand-alone MOW facilities.
(2) Assume 312 working days per year.
Average R/ Distance HGB Total Miles Per Year 2018-2021
(miles) Per County
1)
Light Commercial Truck 18,720
Passenger Truck 1,616,160
Single-Unit Short Haul 12,480
6,240
Emission Rates Elis Co Ells Co Ells Co
Truck Category 2017 JAN 2017 JuL 2017 Composite Efs (g/mi)
coze coze coze
Passenger Truck 582 652 Passenger Truck 617
Light Commercial Truck 589 660 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1308 1545 Single Unit Long-Haul Truck 1487
Emission Rates Dallas Co Dallas Co Dallas Co
Truck Category 2017 AN 2017 0L 2017 Composite Efs (g/mi)
coze coze coze
Passenger Truck 583 653 Passenger Truck 618
Light Commercial Truck 590 661 Light Commercial Truck 625
Single Unit Short-Haul Truck 1406 1602 Single Unit Short-Haul Truck 1,504
Single Unit Long-Haul Truck 1308 1545 Single Unit Long-Haul Truck 1447
Emission Rates Harris Co Harris Co
Truck Category 2017JAN 2017JUL 2017 Composite Efs (g/mi)
coze coze co2
Passenger Truck 575 635 Passenger Truck 605
Light Commercial Truck 583 643 Light Commercial Truck 613
Single Unit Short-Haul Truck 1405 1572 Single Unit Short-Haul Truck 1488
Single Unit Long-Haul Truck 1348 1515 Single Unit Long-Haul Truck 1432
Emission Rates Waller Co Waller Co Waller Co_(g/mi)
Truck Category 2017 AN 201700 2017 Composite Efs
coze coze
Passenger Truck 582 639 Passenger Truck 611
Light Commercial Truck 589 647 Light Commercial Truck 618
single Unit Short-Haul Truck 1405 1567 single Unit Short-Haul Truck 1486
Single Unit Long-Haul Truck 1308 1511 Single Unit Long-Haul Truck 1430
Emission Rates Other Co Other Co Composite (g/mi)
Truck Category 2017 AN 2017300 2017 Composite Efs
coze coze coze
Passenger Truck 580 645 Passenger Truck 613
Light Commercial Truck 588 653 Light Commercial Truck 620
Single Unit Short-Haul Truck 1405 1586 Single Unit Short-Haul Truck 1,495
Single Unit Long-Haul Truck 1308 1529 single Unit Long-Haul Truck 1439
coze coze
Dallas Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 11,708,003 13
Passenger Truck 998,665,668 1099
Single Unit Short-Haul Truck 18,769,421 2
Single Unit Long-Haul Truck 9,026,909 10
coze coze
Elis Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 11,692,278 13
Passenger Truck 997,340,417 1,097
Single Unit Short-Haul Truck 18,769,546 2
Single Unit Long-Haul Truck 9,026,909 10
coze coze
Harris Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 11,475,547 13
Passenger Truck 977,821,244 1076
Single Unit Short-Haul Truck 18,571,051 20
Single Unit Long-Haul Truck 8934120 10
coze coze
Waller Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 11,567,041
Passenger Truck 986,702,044 1,085
Single Unit Short-Haul Truck 18,544,531 20
single Unit Long-Haul Truck 8920829 10
coze 3
Other Co Total Emissions (g) Total Emissions (tons)
Light Commercial Truck 0,717 13
Passenger Truck 990,132,343 1,089
single Unit Short-Haul Truck 18,663,637 2
Single Unit Long-Haul Truck 8977192 10
Truck Emissions - MOW.
DFW NAA coze coze
Total Emissions (tons/yr) ions (metric tons/yr)
Truck (non-haul) 2282 2071
HGB NAA coze coze
Total Emissions (tons/yr) ions (metric tons/yr)
Truck (non-haul) Y
Other Co. coze coze
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Truck (non-haul) 1027
coze coze
Total Emissions (tons/yr) Total Emissions (metric tons/yr)
Total Project Truck {non-haul) 5662 5136
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AIR QUALITY AND GREENHOUSE GAS OPERATIONAL EMISSIONS CALCULATIONS
Operational emissions of the proposed action would occur from power plants supplying electricity
to operate the HSR (“train operation emissions”), which would represent an increase in emissions,
and from reduction in vehicle travel (“vehicle emissions reduction”), due to HSR use, which would
represent a decrease in emissions. The calculation of air quality and greenhouse (GHG) gas
emissions were done using the same models, methodology and assumptions described below,
because emissions factors for GHGs are available from the same sources and models as those for
air quality criteria pollutants. Therefore, the details of calculations are presented together. The
following subsections describe the modeling and estimate of these emissions.

TRAIN OPERATION EMISSIONS

Power Consumption

Emissions due to the power consumption, trains and stations were calculated using power
consumption information supplied by the engineering firm retained by Texas Central Railway
Partners to design the HSR. The following steps summarize the procedure:

e (Calculate daily power consumption from train traction, station, maintenance facilities and
signaling using consumption rates from project engineers

e (Calculate annual power consumption based on operational assumptions for train, station,
and maintenance facilities from project engineers

e (Calculate power transmission and transformation losses using statewide average loss
derived from Energy Information Agency (EIA) data for Texas

e (Calculate annual total power consumption (including losses)

e Extract power generation emissions factors (EF) from EPA Emissions & Generation
Resource Integrated Database (eGRID) database and National Renewable Energy
Laboratory (NREL) data for the Electric Reliability Council (ERCOT) of Texas power sub-
region.

e (Calculate emissions using power consumption and EFs

Daily power consumption information was provided for initial service at an interim level of
ridership, and full service at the full assumed level of ridership. Initially, the full service level was
used, since it represented the maximum level of train activity and associated emissions. However,
the initial service level was used due to concern that although the train activity would be lower,
the emissions factors would be higher than in 2040 because the projected change would be less,
due to a shorter time elapsed during the project downward trend. Therefore, initial service
scenario was also calculated in case it resulted in higher net emissions. Train power consumption
included the power used for traction (i.e. locomotion), onboard services (e.g. lights, controls,
public address, etc.). Electricity generated due to regenerative braking was indicated by project
engineers to be returned to the train’s power demand and accounted for in the power
consumption provided. Table E3.2-1 below provides the details of the consumption, operational
assumptions provided by the engineers, and the calculated total daily demand. Because the
service will be assumed to be provided 365 days a year, yearly power consumption was calculated
assuming this. The power consumption of Alternative A is shown, because it is the longest track-
length alternative with the highest power consumption, although the difference with the
alternative consuming the least power (Alternative E) is negligible at 1 percent.
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The EIA is an agency under the U.S. Department of Energy that collects statistics on energy
including power generation (in megawatt-hours [MWh] or gigawatt-hours [GWh]) nationwide and
by state. Data is obtained through surveys submitted by power management regions like ERCOT,
and analysis of submitted data. The data includes an estimate of power lost through transmission
and transformers. Power is lost in transmission as heat generated by the resistance of power line
conductors, and in transformers mainly as heat also due to conductor resistance and due to other
electrical effect losses. It is not practical to estimate losses at the project transmission line level
due to the variability in what plant specifically would supply power, and necessary design detail
has not yet been developed. Annual loss data for Texas from 1996 to 2013 (latest data available)
was used to calculate a rate of loss as a percentage of power generated'. The percentage was
observed to decline through this period with the rate steadying in the last few years. Advances in
technology and power management have resulted in significantly increasing system efficiency,
which explains this decline. The average in the last few years has been approximately 5 percent,
which is consistent with nationwide data®. The loss percentage of 5 percent was assumed.

Table E3.2-1: Train Traction Power Consumption

Train Consumption
Train Assumed Shinkansen
Initial Service Full Service
Operational Scenario Level Level
Traction energy (MWh) consumed per round trip (each
trainset) 7.5 8.5
Power consumption conditions
Regenerative braking efficiency: included
On-board services consumption: included
Number of train trips per day 68 80
Total daily train power demand (MWh) 448.9 680.0

Source: Power consumption provided by TCRR engineers.

! Energy Information Agency. 2015. Table 10. Supply and disposition of electricity, 1990 through 2014. Texas
Electricity Profile. Online date available at https://www.eia.gov/electricity/state/Texas/ (accessed January
25, 2016).

2 Jackson, Roderick, Omer C. Onar, Harold Kirkham, Emily Fisher, Klaehn Burkes, Michael Starke, Olama
Mohammed and George Weeks. 2015. Opportunities for Energy Efficiency Improvements in the U.S.
Electricity Transmission and Distribution System. Oak Ridge National Laboratory (ORNL) Report ORNL/TM-
2015/5. National Technical Information Service, Springfield, VA.
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Table E3.2-2: Station and Facilities Power Consumption

Total daily
power % Total
No. of consumption | Daily
Station Consumption Facilities | (MWh) Demand
Major Stations (Houston, Dallas) 2 209.4 17%
Brazos Valley Station 1 29.5 2%
Maintenance Facility Consumption
Train Maintenance Facilities and additional MOW 2 129.3 11%
Maintenance of way (MOW) facility 5 34.4 3%
Switching and Substations
Switching, subswitching and substations 36 109.8 9%
Signaling Consumption
Communication House a7 4.4 0.4%
Sub-Signal House 3 2.7 0.2%
Signaling House (MSCH) 10.4 1%
Signaling House (ISCH) 6 9.0 1%
Total Daily Station & Facility Consumption (MWh) 538.9 44%

Source: Power consumption provided by TCRR engineers.

Table E3.2-3: Total Train Operations Power Consumption

Operational Scenario ISL FSL
Total daily train power demand (MWh) 448.9 680.0
Total Daily Station & Facility Consumption (MWh) 538.9 538.9
Total Daily Operating Power Consumption (MWh) 987.8 1,218.9
Transmission & Transformer Losses
Percentage lost 5% 5%
Power lost (MWh) 49 61
Total Daily Power + Losses (MWh) 1,037 1,280
Operating days/year 365 365
Total Electric Power Consumed per Year (MWH) 378,562 467,143

Source: Power consumption provided by TCRR engineers.

Emissions Factors

The power grid in Texas is interconnected throughout the state to meet demand. The ERCOT
power subregion is the entity that manages and regulates the power grid for most of Texas,
including the project corridor. Because there is no certain set of power plants designated or
dedicated to providing electricity the HSR, power generation and distribution are interconnected
statewide and primarily controlled by ERCOT, emissions from power supplied to the HSR were
determined using ERCOT data.
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The EPA’s eGRID is a comprehensive source of data on the environmental characteristics of almost
all electric power generated in the United States®. It is based on a yearly compilation of power
plant-reported information on power generation, and emissions estimation. eGRID provides
aggregation of this data by plant, power sub-region, and state. Emissions factors for the ERCOT
subregion were used. Power in any subregion such as ERCOT is supplied by various sources such as
natural gas, coal, nuclear, and to a smaller degree, renewable sources (e.g. wind, solar). The
emissions factors for ERCOT reflect the blend of power generation of this subregion. Factors were
available for NO,, SO, and GHGs. Source emissions rates used in the calculation and reporting by
sub-regions typically rely on those published in the EPA’s AP-42, Compilation of Air Pollutant
Emission Factors.

The eGRID data did not include VOC, CO, or PM;, emissions factor. These emissions factors were
derived from a study of source energy and emission factors for energy use in buildings conducted
by the NREL that included emissions from power”. Similar to eGRID, data was reported by power
sub-region, including ERCOT. The emissions factors in this study were derived from the NREL's Life
Cycle Inventory database for combustion of each fuel type in utility boilers and electricity and on
the fuel totals used for electricity generation reported to EIA. The LCl also uses emission rates
from AP-42. For VOC, the NREL study provided an emission factor for total non-methane organic
compounds (TNMOC). In air monitoring, TNMOC is a group of organic compounds sampled and
analyzed by a similar but more inclusive method than that used for VOC measured by standard gas
chromatography, which is normally used for CAA standards comparison. Studies comparing
measurement by both methods indicate that TNMOC can be 1 to almost 2 times the VOC result,
and therefore are conservatively assumed to represent VOCs in air emissions inventories™®.
Therefore, the TNMOC emission factor was assumed to represent VOC. The ERCOT emissions
factors for VOC, CO, and PMy, were used and reflect the Year 2004 data. No later comparable data
was available. However, the use of earlier year factors is conservative, because emissions factors
have been decreasing as time progresses, as discussed in the Future Year Train Emissions
Adjustment section below.

The emission factor for combustion effects was used. Regional emissions factors expressed as
mass of pollutant per unit power reflect the pollutant contribution and generated power amounts
from combustion (e.g. gas, coal) and non-combustion (e.g. wind, nuclear) generation. Because
non-combustion power generation does not contribute pollutants, it has the effect of diluting the
overall regional emission factor. Because the NREL emissions factors only reflected combustion

* U.S. Environmental Protection Agency (EPA). 2016. eGRID. Online database available at
https://www.epa.gov/energy/egrid (Accessed February 2016)

4 Deru, M. and P. Torcellini. Source Energy and Emission Factors for Energy Use in Buildings Technical Report
NREL/TP-550-38617 Revised June 2007

> Maris, Christophe, Myeong Chung, Udo Krischke, Richard Meller and Suzanne Paulson. An Investigation of
the Relationship Between Total Non-Methane Organic Carbon and the Sum of Speciated Hydrocarbons and
Carbonyls Measured by Standard GC/FID: Measurements in the South Coast Air Basin. Presentation given at
the Air Resources Board (ARB) Research Seminar, June 17, 2002, California EPA Headquarters, 1001 "I"
Street, Sacramento, CA. Department of Atmospheric Sciences, University of California at Los Angeles.
Available at http://www.arb.ca.gov/research/seminars/paulson/paulson.htm (Accessed 5/10/2016)

® U.S. Department of the Interior (USDOI) Bureau of Ocean Energy Management (BOEM). 2015. Gulf of
Mexico Air Emissions Calculations Instructions and PRA Statement. Office of Management and Budget
(OMB) Form OMB Control No. 1010-0151, BOEM Instructions for Form 0138.
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generation, it was necessary to adjust them to reflect the contribution of non-combustion power
to give overall emissions rates that reflect the total regional power mix. This was calculated using
the percent of non-combustion power, using eGRID data for 2004 to be consistent with the NREL
emissions factors, which were for 2004. eGRID did not begin explicitly listing combustion vs non-
combustion generation distribution until 2005, but the 2004 distribution data for hydroelectric,
nuclear, solar, and wind generation, which comprise the non-combustion portion, was used. More
detail on combustion and non-combustion power and emissions factors, and their calculation is
provided in the Future Year Train Emissions Adjustment section below.

Future Year Train Emissions Adjustment

Because the available power generation and emissions factor data used to calculate train
operation emissions only reflect current and historical data and practices, they do not incorporate
the improvements to emissions controls that vehicle emissions models account for in future years,
and they do not reflect the increasing percentage of power from renewable or non-fossil fuel
energy.

Electric power generation in Texas comes from 1) combustion sources such as natural gas and
coal, and minor sources such as oil and biomass, and 2) non-combustion sources such as wind,
nuclear, solar, and hydroelectric generation. Only the combustion sources produce criteria
pollutants. EIA state-level data for power generation by source was used to calculate the non-
combustion portions’. This data indicates a strong trend between 1990 and 2013 of an increasing
percentage of power by noncombustion sources, changing from 6 percent to 17 percent. Figure
E3.2-1 below shows this trend in black markers and plot line. This trend means that an increasing
portion of power generated would not produce emissions, and the overall emission rate per
power generated should have dropped. The eGRID data by state corroborates this, indicating a
Year 2000 NOx emission rate of 2.308 Ibs/MWh and a Year 2012 rate of 0.699 Ibs/MWHh, a
decrease of 70 percent.

The increasing percentage of non-combustion power reflects the significant increase in renewable
energy, most notably, wind power in Texas. The decrease in the NO, emission rate reflects the
increasing non-combustion power, but also the improvements in plant emissions controls and
shifts to lower NO, fossil fuel generation such as natural gas. Two methods were used to project
this trend to the future years of 2024 and 2040: using the 1990-2013 simple average annual rate
of change of 0.48 percent (orange markers and line), and inserting a linear-fit trend line and
extending it to 2040 (thin black line). This resulted in projections of non-combustion power in
2024 constituting between 21 percent and 23 percent of total power generated, and in 2040
constituting between 27 percent and 30 percent of total power generated. The more conservative
trend line values of 21 percent and 27 percent for 2024 and 204 were selected. These rates would
be used to estimate an effect on the future year overall NO, rate. The change in non-combustion
power percentage was predicted using state-level data which will differ slightly from ERCOT, as
the state statistics include the small portions of Texas outside of ERCOT. However, checks of the
eGrid ERCOT data between 2005 and 2012 indicate that the ERCOT non-combustion percent

7 Energy Information Agency. "Table 5. Electric power industry generation by primary energy source, 1990
through 2013" Texas Electricity Profile. 2015. https://www.eia.gov/electricity/state/Texas/. (accessed
January 25, 2016)
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power is 1 to 3 percent higher for the same years. Therefore, using state-level data is a
conservative projection of the change in non-combustion percent power.

Overall emissions factors or rates per unit of power generated for subregions such as ERCOT are

derived from the emissions produced by the combustion sources divided by the sum of all
(combustion plus non-combustion) power generated, as shown in the following example for NO,:

1bSNOx

= EFnox- 1
(megawatt-hourscompust + megawatt-hoursyoncombust) NOx-TOTAL {1}

eGRID calculates and lists related emission rates and quantities for combustion sources only,
which is shown in the following example for NOx:

leNOX

= EFyon. 5
(megawatt-hourscompust) NOx-Combust 2}

The equations above follow general calculations of combustion and non-combustion power
emissions rates that can be found in eGRID and NREL technical documentation®®. Equation 1 can
be rewritten using Equation 2 as follows:

E l::NOx—Combust X megawatt'hourSCombust

= EFyox- 3
(megawatt-hoursgympust + megawatt-hoursyoncombust) NOx-TOTAL &

The megawatt-hour terms collectively are equivalent to the percent of total power generation
that combustion power generation comprises. Therefore, Equation 4 becomes:

EFNox-Combust X % power generationcompuse = EFnox-ToTAL {4}

Expressing the percent power generation from combustion using the non-combustion percentage,
Equation 4 becomes:

EFNOX-Combust X (1 — % power generationNoncombust) = EFNOX-TOTAL {5}

As long as the combustion EF remains constant, the overall NOx emission factor can be calculated
using the change in percent of non-combustion power. However, as shown before, the NO,
emission rate has decreased substantially with some of that decrease attributable to reduction of

® Deru, M. and P. Torcellini. Source Energy and Emission Factors for Energy Use in Buildings Technical Report
NREL/TP-550-38617 Revised June 2007

° Abt Associates. 2015. The Emissions and Generation Resource Integrated Database Technical Support
Document for eGRID with Year 2012 Data. Technical report prepared for Clean Air Markets Division, Office
of Atmospheric Programs, U.S. Environmental Protection Agency Washington, DC. Abt Associates, Bethesda,
MD.
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combustion emission rates. eGRID only began tracking subregion combustion emission rates since
2005. This data indicates an average decrease of the combustion NO, EF of 7 percent per year™.
Available eGRID information was used to project the change in combustion emission rates of NO,,
S0,, and the GHGs (CO,, CH,4, N,0) to estimate emissions based on the emission rates change
indicated by the data™. The eGRID data was used to project future EF mpust USing the average rate
of change or percent change calculated with the 2004-2012 data, and applied to extrapolate
future values in 2024 and 2040. The annual change is compounding, and therefore follows the
general Equation 6 below for value growth of a compounded rate of change, similar to calculating
future value in financial calculations. The projections for NO,, SO,, and the GHGs are shown in
Figures E3.2- 2 through 6. The projected EF,mpus: Was then used in Equation 5 to calculate the
overall EF, for power generation in ERCOT in the Year 2040 for NO,, SO,, and the GHGs. The
resultant EF,, are shown in Table E3.2-4 below.

FV =PV +1 )l {6}

Where:

FV = future value

PV = present value

r = annual rate of change
n = time period

Table E3.2-4: eGRID ERCOT Current and Projected Emissions Rates

Combustion Emissions Rates (EF ombust)
NO SO, co CH, N,O

Avg. Avg. Avg. Avg. Avg.

Annual Annual Annual Annual Annual
Year |(lb/MWH) |Change |(lb/MWH) |Change |(lb/MWH) |Change |(lb/GWH) |Change |(lb/GWH) |Change
2012 0.7522 -7% 2.38 -8% 1,413 -3% 20.6 -1% 15.2 -3%
2024 0.3153 - 0.82 - 954 - 18.2 - 10.5 -
2040 0.0989 - 0.20 - 565 - 15.4 - 6.4 -

Calculated Overall Emissions Rates (EF,;.|)

2024 0.230 - 0.600 - 696 - 0.013 - 0.008 -
2040 0.072 - 0.146 - 413 - 0.011 - 0.005 -

Source: Data sourced from USEPA eGRID database available at https://www.epa.gov/energy/egrid

The eGRID data did not track VOC, PM, or CO historically; therefore it could not be used to
estimate the change in the combustion emissions rates for those pollutants. The EPA maintains
and aggregates data from the National Emissions Inventory (NEI) which is a comprehensive and
detailed estimate of air emissions of criteria pollutants, criteria precursors, and hazardous air
pollutants from major air emissions sources. The state average annual emissions trends data
contains aggregation of the NEI emissions by Tier 1 categories*?. National inventories typically
follow IPCC tiered categorization of emissions and factors by sources, and Tier 1 is the most basic
level. Tier 1 categories include fuel combustion by electric utilities and track VOC, PMy, and CO by

1%y.s. Environmental Protection Agency (EPA). 2016. eGRID. Online database available at
https://www.epa.gov/energy/egrid

Y ibid

12 EpA. 2016. Air Pollutant Emissions Trends Data. Online data available at https://www.epa.gov/air-
emissions-inventories/air-pollutant-emissions-trends-data (Accessed May 30, 2016)
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year. The Texas annual emissions (in thousands of tons) for this category were used. To maintain
consistency with projections for the other pollutants from eGRID, the available data from 2004
and forward was used. By pairing this emissions data with power generation (i.e. MWh) for
equivalent categories from the EIA data discussed in the Power Consumption section above, a
relative change in the emissions rates per unit of power generated could be estimated to assess
whether combustion power plants were improving emissions for these pollutants too. State EIA
data for combustion-generated power for electric utilities and independent producers of
electricity (i.e. privatized power providers) was used, as this most closely matches the Tier 1
category for electric utilities**. The annual emissions for each pollutant were divided by the total
category power generated to provide annual emissions rate for state electric utilities.

These state-level emissions rates were not used directly for EF calculations and projections, but
rather to estimate the rate of improvement of power plant emissions of these pollutants in Texas
and ERCOT. The most current year ERCOT EFs for VOC, PM,q and CO sourced from NREL were
more consistent with eGRID estimations used for the other pollutants. Even though the estimate
of improvements are state-level, Texas is dominated by ERCOT power, and improvements in
emissions would be largely reflective of improvements within ERCOT. Figures E3.2-7 through 9
show the NEI-based emissions rates for VOC, PM,, and CO which show gradual downward trends.
The average percent change from this data was then used to project changes in the NREL-based
EFombust factors for VOC, PM,, and CO for the Year 2012 (conservatively assumed the same as
2004) to forecast these factors for the Years 2024 and 2040. The projection was conducted in the
same manner as NO,, SO,, and the GHGs. Table E3.2-5 summarizes the percent change calculated
and the projected 2024 and 2040 EF,pust factors. The projected EF ompust Was then used in
Equation 5 to calculate the overall EF, for power generation in ERCOT in the Years 2024 and
2040 for VOC, PMy, and CO. The resultant EFy,; are shown in Table E3.2-5.

Table E3.2-5: NREL ERCOT Current and Projected Emissions Rates

Combustion Emissions Rates (EF ombust)
VvVOC PM;, co
Avg. Avg. Avg.

Annual Annual Annual
Year (lb/MWH) | Change | (lb/MWH) | Change | (Ib/MWH) | Change
2012 0.0522 -2.5% 0.0855 -5.4% 0.401 -2.9%
2024 0.039 - 0.0437 - 0.282 -
2040 0.0259 - 0.0178 - 0.176 -

Overall Emissions Rates (EFy;,)
2024 0.028 - 0.032 - 0.206 -
2040 0.019 - 0.013 - 0.128 -

Source: Baseline 2012 data from Deru, M. and P. Torcellini, Source Energy and Emission Factors for Energy Use in Buildings
Technical Report NREL/TP-550-38617 Revised June 2007. Projected Data estimated using average change derived from EPA NEI
data in Air Pollutant Emissions Trends Data, available online at https://www.epa.gov/air-emissions-inventories/air-pollutant-
emissions-trends-data

The 2024 and 2040 EF,. for all pollutants were then multiplied by the train operations annual
power consumption to calculate the train operations emissions in tons per year. These results are
shown in Table E3.2-6 below.

B EIA. 1990-2014 Net Generation by State by Type of Producer by Energy Source (EIA-906, EIA-920, and EIA-
923) (Revised: November 2015). Online data available at https://www.eia.gov/electricity/data/state/
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Table E3.2-6: Train Operations Emissions in the Year 2040
Emissions (tons per year)

NO, | VOC | PMy, SO, co Co, CH, | N,O | COjcquivalent
43.6 5.3 6.0 113.6 38.9 131,819 2.5 1.5 132,316
16.9 4.4 3.0 34.0 30.0 96,354 2.6 1.1 96,747

Source: AECOM, 2016

VEHICLE EMISSIONS REDUCTION

The shift in travel mode due to the HSR from passenger vehicles to high speed rail use would
result in passenger vehicles no longer making the round trip from Dallas to Houston and vice
versa. This would eliminate the emissions from those vehicles. This section presents the estimate
of emissions from these vehicles.

Reduction in Vehicle Miles Traveled

Ridership information from the January 14, 2016 Memorandum, Station Area Guidance for EIS
Documentation and the May 15, 2017 report Texas Central Dallas to Houston High-Speed Rail Final
Draft Conceptual Engineering Report — FDCEV5, provided by ARUP, Texas Central Partners, and
Freese and Nichols, Inc. (hereafter referred to as the “1/14/2016 Station Area Guidance Memo”
and the “May 15, 2017 Final Draft Conceptual Engineering Report”) were used to derive the
expected numbers of cars no longer making the trip between Dallas and Houston. These
documents contained projections and assumptions of ridership and travel mode being used to
plan station capacities, including vehicles expected, and parking requirements.

The May 15, 2017 Final Draft Conceptual Engineering Report assumed an annual ridership of
7,200,000 passengers for the 2040 FSL, and the 1/14/2016 Station Area Guidance Memo
contained an estimate of existing and projected travel mode share of people traveling between
Dallas and Houston from a planning forecast report provided for the project. These assumptions
are displayed in the calculations shown below. The estimated 2013 mode share represents the
existing percentage of passengers expected to use either cars, airplanes, or bus to make the
Dallas-Houston trip, in the absence of the HSR project. This mode share and the annual ridership
were used to calculate the number of passengers that would be using cars to travel between
Houston and Dallas on IH-45.

The May 15, 2017 Final Draft Conceptual Engineering Report also contained an assumption of
average passenger occupancy of cars, which was 1.2 passengers per car that was used to derive
the numbers of cars that would now be expected to show up at HSR stations. This was used to
derive the number of cars expected from the passengers estimated using this mode. This
information was used to calculate the number of passengers traveling by car as follows:

Table E3.2-7: Existing and Projected Mode Share of People

Traveling Between Dallas and Houston

Trip Type 2013 Market 2043 Market
Car 89% 73%
HSR - 21%
Air 9% 3%
Bus 2% 2%

Source: TCRR. Memorandum, Station Area Guidance for EIS Documentation, January 14, 2016
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2024 Calculation:
4,400,000 passengers/year X 89% car share = 3,916,000 passengers using car

3,916,000 passengers/1.2 passengers/car = 3,263,334 cars/year
2040 Calculation:

7,200,000 passengers/year X 89% car share = 6,408,000 passengers using car
6,408,000 passengers/1.2 passengers/car = 5,340,000 cars/year

The 1/14/2016 Station Area Guidance Memo contained projections of rates of ground
transportation activity into the stations generated from park and ride, passenger drop off, rental
car etc. in terms of vehicles per hour for the Dallas and Houston stations. The distribution of trips
originating in Dallas versus Houston were assumed to reflect the proportion between these
ground activity rates; that is the more active station would have a larger share of the 3.3 million or
5.34 million passenger car trips calculated. Table E3.2-8 shows the distribution of trips and Table
E3.2-9 provides the resulting annual numbers of cars inferred for each city from this distribution.

Table E3.2-8: Distribution of Trips Between Dallas and Houston
No. Ground Transport Vehicles
Arriving and Departing Station

(vehicles/hr) Inferred Trip Balance

Metro Area Low High Low High
Dallas 1320 1610 47% 47%

Houston 1500 1830 53% 53%

Source: Vehicles/hour from TCRR. Memorandum, Station Area Guidance for EIS Documentation, January 14, 2016

Table E3.2-9: Number of Cars Originating from Each City

Assuming Inferred Trip Balance

Operating
Scenario ISL FSL
Total cars/year 3,263,334 5,340,000 Percentage (%)
Dallas 1,527,316 2,499,244 47%
Houston 1,736,018 2,840,756 53%

Source: AECOM, 2016

City center origin travel was assumed for simplicity, and because the origin of car trips going to
Dallas from Houston, and vice versa, would be anticipated to come from all around the respective
urban cores to connect to IH-45. This would include major metropolitan areas north and south of
city centers that would tend to average out shorter and longer distances past the city centers.
Also, since the proposed Dallas and Houston stations are relatively close to city centers and IH-45
is relatively centered east-west in both of these cities, car trips from outlying east or west areas
would still travel inward to connect to or use IH-45 in the absence of the HSR, and with the HSR,
would still travel close to the city center to the proposed stations. Therefore trip distance along
IH-45 was assumed to average out to trip lengths from the city centers. Assumption of city center
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Highway centerline geospatial data from TxDOT was used to calculate a city center-to-city center
distance of 239 miles between Houston and Dallas.

Consistent with the average length of stay assumption of 2 days in the 1/14/2016 Station Area
Guidance Memo, it would be expected that travel between Houston and Dallas using HSR would
primarily be temporary travel for business, tourism, or visitation, and not supplant travel for one-
way moves etc. Since Dallas and Houston are already major airline hubs, use of HSR to connect
from one city to the other to catch connecting flights to other destinations would be anticipated
to be negligible. Considering this, round trips from either Houston or Dallas back to the origin was
assumed.

Table E3.2-10: Assumed Trip Distances

Trip Distance (miles)
City center-City-Center 239
Assume round trip 478

Source: AECOM, 2016

The round trip distance and calculated cars/year were used to calculate the vehicle miles traveled
(VMT) that would have been traveled in the absence of the HSR as follows:

Round trip distance X cars/year = VMT

Table E3.2-11: Calculated VMT

VMT
Metro Share of VMT ISL FSL
Dallas VMT 730,057,145 1,194,638,721
Houston VMT 829,816,507 1,357,881,279
Total VMT avoided 1,559,873,652 2,552,520,000

Source: AECOM, 2016

Emissions Factors

The MOVES2014a, was used to derive emissions factors*. Because the HSR stations that would
generate the majority of the HSR travel are located in Houston and Dallas, vehicles that would
have otherwise used IH-45 to travel between Houston and Dallas would overwhelmingly be
expected to originate in the counties of these two metropolitan areas. For consistency with the
construction emissions estimated, the NAA counties in the project corridor were used MOVES
2014a to define vehicle characteristics.

MOVES input data from the two relevant MPOs was used to provide regional and county model
inputs for meteorological, inspection and monitoring program, age and vehicle class distributions.
MPOs are the regional organizations designated under the Clean Air Act to provide coordinated
transportation planning for their designated metropolitan areas to comply with SIPs under the

% U.S. Environmental Protection Agency. 2016. MOVES (Motor Vehicle Emission Simulator). Air quality
emissions modeling system available at https://www3.epa.gov/otag/models/moves/ (Accessed February
2016)
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Transportation Conformity Rules. The Harris-Galveston Area Council (H-GAC) MPO website for the
2040 Regional Transportation Plan (RTP) conformity demonstration and the North Central Texas
Council of Governments (NCTCOG) website for conformity demonstration of the Metropolitan
Transportation Plan (MTP) [named Mobility 2040], and the 2015-2018 Transportation
Improvement Plan (TIP) were used*>*®. The demonstrations from both of these MPOs contain the
results and input data used to model base and future year vehicle emissions (including 2040) from
the roadway and other approved transportation improvements to demonstrate consistency with
State Implementation Plan (SIP) for compliance with the CAA Transportation Conformity rules
under 40 CFR 51 and 93. These demonstrations used MOVES, and reflect the local characteristics
of climate, fuel, vehicle age and VMT mix, and other inputs required for MOVES. Key assumptions
and model inputs used to generate emissions factors are listed in Table E3.2-12.

Information for the years 2024 and 2040 were sought for the reasons previously exaplined to
match the ISL and FSL years. For 2024, Year 2025 and 2027 projected input data was available
from the Houston and Dallas MPOs, respectively. The information from these years would be
conservative for estimating net air emissions impacts, because future years tend to represent
better parameters for fuel type, inspection programs etc. that reduce car air emissions, and
therefore would reduce the amount emissions avoided through train usage. This would result in
higher net emissions than using Year 2024 data. In practicality, the difference in these factors
between 2025 or 2027 and 2024 would not be significant. For 2040, input data for that year was
available from the MPO sources. Other internal MOVES data projected for the Years 2024 and
2040 were used. The time of year chosen to generate emissions factors was January and July, to
represent the range of conditions that affect fuel and meteorological parameters.

The modeling assumed a rural restricted road type which is defined for rural highways that can
only be accessed by an on-ramp. Though IH-45 is an urban highway within the Dallas and Houston
metropolitan areas (including the 30-mile length north of BW-8 in Houston to Conroe) most of the
length through the project corridor is highway in a rural area with access primarily through on
ramps from service or frontage roads. From an emissions reduction standpoint, this is a
conservatively low assumption, given that the metropolitan segments are not modeled as urban
highways, which would result in greater vehicle emissions calculated that would otherwise be
avoided through HSR use.

The vehicle speed assumed was an average speed of 40 miles per hour (MPH) which was the
average speed (39 MPH rounded up) projected by TxDOT in 2035 for IH-45 travel between DFW
and Houston, contained in the Project Planning Documentation for the State’s funding application
for the High-Speed Intercity Passenger Rail (HSIPR) Program™’. This speed reflects a decrease from
the 2002 average of 59 MPH, commensurate with the increasing traffic volume trend observed in
traffic data, and the exceedance of the highway’s design capacity in future years.

> Houston-Galveston Area Council (H-GAC). 2016. 2040 RTP Conformity. Available at http://www.h-
gac.com/taqg/airquality_model/conformity/2040-RTP-Conformity.aspx (Accessed May 2016)

'® North Central Texas Council of Governments (NCTCOG). 2016. 2016 Transportation Conformity. Available
at http://nctcog.org/trans/air/conformity/2016TransportationConformity.asp (Accessed May 2016)

Y Texas Department of Transportation. 2011. Section 5: Planning Documentation, TxDOT Narrative
Application Form for the High-Speed Intercity Passenger Rail (HSIPR) Program March 2011 Notice of Funding
Availability (NOFA)
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Because the large majority of passengers that would use HSR for Dallas-Houston travel would be
those using passenger vehicles (and not commercial light or heavy duty trucks), emissions factors
for passenger cars and trucks were calculated. Emissions avoided for travel by bus and aircraft
were not calculated as they represent a relatively minor portion of the projected travel mode
shift. On a relative basis, shifting to HSR from bus travel would result in some reduction of criteria
pollutants. One study showed that per passenger mile traveled; operational NOx emissions from
some transit rail systems including Massachusetts Green Line light rail and CAHSR would be
approximately an order of magnitude (12X to 35X) lower than those from bus and for PM,
approximately 7 times lower™®. Given the small percentage (2%) of bus travel mode shift, the
reductions would be minor.

Table E3.2-12: MOVES Assumptions Used for Vehicle Emissions Modeling

Assumption/Input

Value/description

Source

Comments

Years

2024 and 2040

EIS assumption

Year of HSR full service

Counties

Dallas, Ellis, Harris, and
Waller

EIS assumption

NAA counties in project
area

Time of Year modeled

January & July

EIS assumption

Meteorological

Avg. January & Avg. July
temp and RH

DFW, Houston airport
station data

Road grade

Avg. =0.03%

Difference in city center
USGS topographic
elevations + IH-45 trip
distance

Effect on model results
same as grade = 0%

Road type

Rural restricted

Bulk of IH-45 between
Houston and Dallas is rural
highway accessed by on-
ramp

Speed

Avg. =40 MPH

TxDOT HSIPR Application
Planning Documentation

Vehicle types

Passenger cars and trucks

EIS assumption

Majority of passengers
using HSR would
otherwise use passenger
vehicles

Vehicle age distribution

2040 for NAA counties

H-GAC, NCTOG input files

VMT mix

2040 Houston District

H-GAC input files
NCTOG input files

Inspection and maintenance
(1&M)

2040 Houston District

H-GAC input files
NCTOG input files

Fuel type and formulations

MOVES defaults

MOVES model

Source: AECOM, 2016

Emissions

The resultant emissions factors generated for the DFW and HGB NAA counties in the project area,
for January and July, were averaged to provide emission factors for each of the NAA areas for the
criteria pollutants, expressed as grams per mile (g/mile) and converted to pounds per mile
(Ibs/mile) shown in Tables E3.2-13a and b, and Tables E3.2-14a and b. The total annual VMT

1 Chester, Mikhail, and Arpad Horvath. "Life-Cycle Environmental Assessment of California High Speed Rail."

Access, 2010: 5.




avoided and emission factors were used to calculate the emissions that would have occurred in
the absence of the HSR as shown in Tables E3.2-15a and b.

Table E3.2-13a: HGB Passenger Vehicle Emissions Factors — 2024

County/Month HGB Emissions Factors(g/mile)
Harris co NO, VoC PMy, PM, s SO, CO, Eq.
January 1.3653 0.0915 0.0759 0.0344 0.0074 0.0018 274.7
July 2.0132 0.0898 0.1024 0.0343 0.0073 0.0020 299.0
Average 1.6893 0.0907 0.0892 0.0344 0.0074 0.0019 286.8
Waller
January 1.8162 0.1449 0.1096 0.0356 0.0085 0.0020 301.3
July 3.0433 0.1560 0.1476 0.0352 0.0081 0.0022 326.6
Average 2.4297 0.1504 0.1286 0.0354 0.0083 0.0021 313.9
HGB Project Avg. 2.0595 0.1206 0.1089 0.0349 0.0078 0.0020 300.4
Converted to Ib/mile
HGB Project Avg. 00045 |  2.66E-04 | 00002 | 7.69E05 | 173605 | 44E06 |  0.662

Source: Factors derived from EPA MOVES2014a modeling.

Table E3.2-13b: HGB Passenger Vehicle Emissions Factors — 2040

County/Month HGB Emissions Factors(g/mile)
Harris co NO, vVoC PMy, PM, s SO, CO, Eq.
January 0.4313 0.0161 0.0438 0.0330 0.0058 0.0013 184.7
July 0.6788 0.0151 0.0513 0.0331 0.0058 0.0014 201.6
Average 0.5551 0.0156 0.0475 0.0330 0.0058 0.0013 193.1
Waller
January 0.4868 0.0186 0.0570 0.0329 0.0059 0.0013 188.6
July 0.9080 0.0204 0.0661 0.0330 0.0060 0.0014 205.2
Average 0.6974 0.0195 0.0616 0.0329 0.0060 0.0013 196.9
HGB Project Avg. 0.6262 0.0176 0.0546 0.0330 0.0059 0.0013 195.0
Converted to Ib/mile
HGB Project Avg. 0.0014 3.87E-05 0.0001 ‘ 7.27E-05 ‘ 1.30E-05 2.9E-06 0.430

Source: Factors derived from EPA MOVES2014a modeling.
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Table E3.2-14a: DFW Passenger Vehicle Emissions Factors — 2025

County/Month DFW Emissions Factors(g/mile)
Dallas co NO, VoC PMy, PM, 5 SO, CO, Eq.
January 1.4011 0.1081 0.0787 0.0346 0.0077 0.0018 270.3
July 2.1350 0.0936 0.1102 0.0342 0.0073 0.0020 298.7
Average 1.7680 0.1009 0.0945 0.0344 0.0075 0.0019 284.5
Ellis
January 1.7904 0.1414 0.0962 0.0353 0.0084 0.0019 281.1
July 2.7202 0.1221 0.1328 0.0352 0.0083 0.0021 309.8
Average 2.2553 0.1318 0.1145 0.0353 0.0083 0.0020 295.5
DFW Project Avg. 2.0117 0.1163 0.1045 0.0348 0.0079 0.0019 290.0
Converted to Ib/mile
DFW Project Avg. 0.0044 | 2.56E-04 | 0.0002 ‘ 7.68E-05 ‘ 1.74E-05 ‘ 4.28E-06 0.639

Source: Factors derived from EPA MOVES2014a modeling.

Table E3.2-14b: DFW Passenger Vehicle Emissions Factors — 2040

County/Month DFW Emissions Factors(g/mile)
Dallas co NO, VOC PMyo PM, 5 SO, CO, Eq.
January 0.5871 0.0291 0.0527 0.0326 0.0059 0.0013 186.3
July 0.8826 0.0247 0.0633 0.0327 0.0060 0.0014 205.7
Average 0.7348 0.0269 0.0580 0.0327 0.0060 0.0013 196.0
Ellis
January 0.8258 0.0443 0.0636 0.0331 0.0064 0.0013 195.6
July 1.2070 0.0367 0.0760 0.0335 0.0067 0.0015 215.2
Average 1.0164 0.0405 0.0698 0.0333 0.0066 0.0014 205.4
DFW Project Avg. 0.8756 0.0337 0.0639 0.0330 0.0063 0.0014 200.7
Converted to Ib/mile
DFW Project Avg. 0.0019 | 7.43E-05 | 0.0001 \ 7.27E-05 \ 1.38E-05 \ 3E-06 0.442

Source: Factors derived from EPA MOVES2014a modeling.

Table E3.2-15a: 2025 Passenger Vehicle Emissions Reduction
Emissions (TPY)

vmt | co | No, | voc | Pmy, | PM,s | so, | co,Ea.
Houston Trip Emissions
829,816,507 ‘ 1,883.8 ‘ 110.3 ‘ 99.6 ‘ 319 | 7.2 ‘ 1.8 | 274,762
Dallas Trip Emissions
730,057,145 1,618.9 93.6 84.1 28.0 6.4 1.6 233,362
TOTAL | 3,502.7 203.9 183.7 59.9 13.5 34 508,124

Source: AECOM, 2016.
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Table E3.2-15b: 2040 Passenger Vehicle Emissions Reduction

Emissions (TPY)
VMT | co | nNo, | voc | Pmy | PM,s | SO, | co,Eq.
Houston Trip Emissions
1,357,881,279 ‘ 937.3 ‘ 26.3 ‘ 81.7 ‘ 49.4 | 8.8 ‘ 2.0 | 291,898
Dallas Trip Emissions
1,194,638,721 1,153.1 44.4 84.2 43.4 8.3 1.8 264,249
TOTAL | 2,090.4 70.7 165.8 92.8 17.1 3.8 556,147

Source: AECOM, 2016.

NET OPERATIONAL EMISSIONS

The train operation emissions represent increases in emissions due to the proposed action. The
vehicle emissions reduction represents emissions reduced by the proposed action. The vehicle
VMT reduction emissions were subtracted from the train operation emissions to calculate the net
emissions due to the proposed action. Table E3.2-16 below shows the results using the 2024 and
2040 train operations emissions factors and the 2024 and 2040 passenger vehicles emissions
reductions calculated above.

Table E3.2-16: Net Operational Emissions

NO, vVOocC PM10 SO, co COyq.
Year 2024 (Initial Service Level)

(160.3) | (178.3) | (53.9) | 110.2 | (3,464) | (375,808)
Year 2040 (Future Service Level)

(53.8) | (161.4) | (89.7) [ 303 | (2,060) | (459,401)

Source: AECOM, 2016.

As shown, there are net reductions of all the estimated criteria pollutants except SO,. This is
commonly the case in other high speed rail projects, comparing train power consumption
emissions vs vehicle emissions*>?*%. This net increase in SO, occurs because electric power
generation from coal produces significantly more SO, than other forms of power generation and
passengers vehicles produce very little SO, due to the nature of the fuel, its refinement, and car
emission controls. Even in places where coal constitutes a small percentage of power generation,
such as California, power consumption for traction and station power still produces more SO, than
vehicles eliminated by travel mode shift?’. The emissions are relatively small, no counties in the
project area are in nonattainment of the SO, standard, and the proposed action results in net
reduction of all the other pollutants. The net result of the proposed action is that emissions for

' california High-Speed Rail Authority and USDOT Federal Railroad Administration. 2012. FINAL California
High-Speed Train Project Environmental Impact Report/Environmental Impact Statement, Merced to Fresno
Section Project EIR/EIS

*° Florida High-Speed Rail Authority and USDOT Federal Railroad Administration. 2005. Final Environmental
Impact Statement. Florida High Speed Rail Tampa to Orlando.

?1 USDOT Federal Railroad Administration. 2011. Final Environmental Impact Statement and Final Section
4(f) Evaluation for the Proposed DesertXpress High-Speed Passenger Train Victorville, California to Las
Vegas, Nevada

*?ibid California High-Speed Rail Authority and USDOT Federal Railroad Administration 2012
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most pollutants would be reduced over the long term. Therefore no adverse significant impact is
expected from the proposed action.

GENERAL CONFORMITY OPERATIONAL EMISSIONS

The conformity analysis focuses on the criteria pollutants for which nonattainment is designated,
and for the NAAs at both ends of the project alignment (HGB and DFW) and the one in the middle
(Freestone-Anderson). Not all of the proposed project length is located in a NAA. Therefore, the
emissions attributable to the NAAs in the project had to be estimated. The following describes the
estimate of the portion of operational emissions that would occur in the HGB, DFW and
Freestone-Anderson NAAs. It should be noted that the project only traverses through the
Freestone County portion of the Freestone-Anderson NAA.

Train General Conformity Emissions

The general conformity (GC) regulations in 40 CFR 93, states at Rule 93.153(d)(1) that the portion
of an action that includes major or minor new or modified stationary sources that require a permit
under the new source review (NSR) program or the prevention of significant deterioration
program of the CAA, is exempt from the GC rules. Power plants are permitted as stationary
sources under these programs and emissions from them would therefore be exempt. Therefore,
power plant emissions from electricity demand by the HSR train would be exempt. However, the
operational analysis included the power plant emissions for demonstration, even though they do
not technically apply to determining GC applicability. The emissions due to train and station power
consumption of electricity from the power grid are relatively indirect effects spatially since they
occur at distant power plants located away from the proposed project. These emissions would
occur at the power plants meeting the operational demand at any particular time that the trains
and stations are operating, which can be any number of regional power plants connected to the
ERCOT grid. The interconnectivity and power demand management across the ERCOT sub-region
make it impractical to identify or directly attribute the HSR power demand throughout the year to
any particular set of power plants within ERCOT. The proposed substations would also be
distributed along the HSR alignment across the 10 project counties, further complicating
attribution to specific power plants.

However, assumptions can be made and analyzed about the fraction of power used by HSR
operations being supplied by power plants in the NAA counties. The EPA eGRID database contains
plant-level statistics by subregion that was used to calculate the fractions under two basic
assumptions. The most current data (2012) was used.”® The following summarizes those
assumptions and the resulting effect on NAA NO,, VOC, and SO, emissions.

Assumption 1: Uniform Demand on ERCOT Plants — This assumes the entire HSR operation draws
power from the ERCOT grid uniformly, and the proportion of HSR power drawn from plants in the
NAA reflects the percentage of annual power generated that the NAA plants generate compared
to total ERCOT annual power generation. For this assumption, generation from the plantsin all 8
HGB counties was used for the HGB percent, generation in the Freestone county power plant, and
generation from all 10 DFW counties was used for the DFW percent. Drawing from NAA-wide

2 U.S. Environmental Protection Agency (EPA). 2016. eGRID. Online database available at
https://www.epa.gov/energy/egrid (Accessed February 2016)
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plants was assumed because plants and power distribution to demand areas within the NAAs tend
to be more regionally spread rather than concentrated in individual counties, larger plants that
meet higher demands tend to be located in less populated counties, and such indirect emissions in
non-project counties would still occur within the NAA. The emissions were calculated using the
current and projected 2040 EFs, for comparison. The results are provided in Tables E3-17a and b
below:
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Table E3-17a: Assumption 1 Train Operation General Conformity Emissions - 2024

Portion of Annual Emissions (tons)
Annual % of Annual HSR
Generated | ERCOT Power
Region (MWh) MWh | Consumption Current EFs 2040 EFs
ERCOT 360,221,517 NOXx VOC SO, NOx VvocC SO,
DFW NAA 28,859,992 | 8% 30,329 9 1 - 3 0.4 -
HGB NAA 76,009,178 | 21% 79,879 24 2 - 9 1.1 -
Freestone
NAA (SO, 12,593,140 | 3% 13,234 - - 13 - 4.0
only)

Source: AECOM, 2016.

Table E3-17b: Assumption 1 Train Operation General Conformity Emissions - 2040

Portion of Annual Emissions (tons)
Annual % of Annual HSR
Generated ERCOT Power
Region (MWh)) MWh | Consumption Current EFs 2040 EFs
ERCOT 360,221,517 NOx VvOoC SO, NOXx VvOoC SO,
DFW NAA 28,859,992 | 8% 37,426 11 1 - 1 0.4 -
HGB NAA 76,009,178 | 21% 98,570 30 3 - 4 0.9 -
Freestone
NAA (SO, 12,593,140 | 3% 16,331 - - 16 - - 1.2
only)

Source: AECOM, 2016.

Assumption 2: Station and TMF on Location, Traction Along Alignment — This assumes that the
traction power of the HSR operation draws power uniformly from plants along the alignment
evenly. However, the station, TMFs, and a maintenance-of-way (MOW) facility associated with
each TMF, which comprise 28 percent of the daily demand, are assumed to draw from plants in
their respective locations. The major stations in Houston and Dallas, which are in NAAs comprise
17 percent of the FSL daily demand, while the mid-point station in Grimes, representing 2 percent
of the daily demand is not in an NAA. There are no stations in the Freestone NAA. The TMFs
which together comprise 11 percent of the FSL daily demand are at the Dallas and Houston ends
of the project. The other train components, such MOW facilities along the alignment, and
signaling houses comprise 14 percent of FSL daily demand, are evenly distributed along the
alignment, and are included with traction power in the calculation and apportionment. The
percentages of daily demand for the ISL scenario are very similar to those for the FSL. The results
are provided in Table E3-18 below.

Table E3-18: Assumption 2 Train Operation General Conformity Emissions

Table E3-18a: Trackside Power Consumption

ISL FSL
% Daily Portion of Annual HSR % Daily Portion of Annual HSR
Component Demand Power Consumption Demand Power Consumption
Traction 45% 172,029 56% 260,610
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MOW 3% 13,184 3% 13,184
Switching & subs 11% 42,081 9% 42,081
Signaling 3% 10,156 2% 10,156

Totals 63% 237,449 70% 326,031

Source: AECOM, 2016.

Table E3-18b: Distribution on Plants Along Alignment

Source: AECOM, 2016.

Portion of Trackside Consumption

County NAA % ISL FSL
Dallas DFW 17% 39,575 54,338
Ellis DFW 17% 39,575 54,338
Freestone FRE 17% 39,575 54,338
Limestone - 17% 39,575 54,338
Grimes - 17% 39,575 54,338
Harris HGB 17% 39,575 54,338
Totals 100% 237,449 326,031
DFW Total 79,150 108,677
HGB Total 39,575 54,338
FRE Total 39,575 54,338

Table E3-18c: Station and Maintenance Facilities

Portion of Annual
% Daily | HSR Power
Facility NAA Demand | Consumption
ISL (Year 2024)
Dallas Station DFW 10.6% 40,126
Houston Station HGB 10.6% 40,126
Grimes Station - 3% 11,306
Dallas TMF + 1 MOW DFW 6.5% 24,777
Houston TMF + 1 MOW HGB 6.5% 24,777
Totals 37% 141,113
DFW Total 64,903
HGB Total 64,903
FSL (Year 2040)

Dallas Station DFW 8.6% 40,126
Houston Station HGB 8.6% 40,126
Grimes Station - 2% 11,306
Dallas TMF + 1 MOW DFW 5.3% 24,777
Houston TMF + 1 MOW HGB 5.3% 24,777
Totals 30% 141,113
DFW Total 64,903
HGB Total 64,903

Source: AECOM, 2016.
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Table E3-18d: DFW and HGB NAA Total Trackside, Station, & TMF Power

and Emissions

Portion of Annual Annual Emissions (tons)
HSR Power
Consumption NOx VOC SO,
ISL (Year 2024)
DFW 144,053 43.8 3.8
Current Emissions Factors | HGB 104,478 31.8 2.7
FRE 39,575 38.1
DFW 16.6 2.0 16.6
2024 EFs | HGB 12.0 1.5 12.0
FRE 11.9
FSL (Year 2040)
DFW 173,580 52.8 4.5
Current Emissions Factors | HGB 119,242 36.3 3.1
FRE 54,338 64.6
DFW 173,580 6.3 1.6
2040 EFs | HGB 119,242 4.3 1.1
FRE 54,338 4.0

Source: AECOM, 2016.

As shown, in none of the assumptions of distribution or assumptions of emissions factors do the
annual emissions apportioned to the DFW or HGB NAAs exceed the de minimis thresholds of 100
tons for a moderate NAA, nor do those apportioned to the Freestone NAA exceed the de minimis
thresholds of 100 tons for its nonattainment designation. Texas power plants in the future would
continue to improve emissions and derive a greater percentage of power from non-combustion
sources; therefore, they would more closely reflect the projected 2024 and 2040 emissions than
emissions with current EFs. Even absent of the improvements, train operation emissions would
not be expected to exceed de minimis thresholds for NO,, VOC, or SO.,.

Vehicle Emissions Reduction General Conformity Emissions

Since vehicle emissions are directly tied to the vehicle travel producing the emissions, those
emissions occurring in NAAs can be more readily estimated geographically than power plant
emissions. The segments of IH-45 within the DFW, HGB and FRE NAAs used to conduct the city
center-to-city center trips discussed in Table 3-37 above would be the location where such
emissions would take place. These are emissions within the NAAs that would have occurred in the
absence of the HSR. The geospatial data used in the vehicle emissions reduction analysis was used
to calculate the segment lengths in the HGB NAA, in the DFW NAA, and in the FRE NAA. IH-45
passes through the counties listed in Tables E3-19a through f below. Conceptually, the vehicle
activity in each NAA would be comprised of local cars leaving, then returning to the NAA, and
visiting cars arriving then departing the NAA through the associated lengths of IH-45 for the HGB
and DFW NAAs. For the FRE NAA, conceptually, the vehicle activity would be comprised of cars
passing through Freestone County from Dallas going to Houston and vice versa. The segment
lengths, arriving/leaving assumptions and numbers of annual vehicles from Table E3.2-9, were
used to calculate the VMT. The same EFs and methodology described in Vehicle Emissions
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Reduction section were then used to calculate the emissions. Tables E3-19a through f below
provides the results of the estimated emissions.

Table E3-19: Vehicle Emissions Reduction General Conformity Emissions

Table E3-19a: DFW NAA IH-45 Miles and VMT

Dallas County miles 17.9
Ellis County miles 23.5
Total length in NAA 41.4
Dallas vehicle travel miles leaving for Houston 41.4
Dallas vehicle travel miles returning from
Houston 41.4
Total Dallas vehicle trip miles 82.8
ISL FSL
Dallas no. of vehicles 1,527,316 2,499,244
Dallas vehicle VMT 126,400,689 206,837,449
Houston vehicle miles arriving 41.4
Houston vehicle miles departing 41.4
Total Houston vehicle trip miles 82.8
ISL FSL
Houston no. of vehicles 1,736,018 2,840,756
Houston vehicle VMT 143,672,833 235,100,951
DFW NAA VMT 270,073,522 441,938,400

Source: AECOM, 2016.

Table E3-19b: DFW NAA Vehicle Emissions Reduction

Emissions (TPY)
NOX | voc
ISL (2024)
34.63 | 31.10
FSL (2040)
12.23 | 28.71

Source: AECOM, 2016.

Table E3-19c: HGB NAA IH-45 Miles and VMT

Montgomery County miles 27.9
Harris County miles 56.8
Total length in NAA 84.6
Houston vehicle miles leaving for Dallas 84.6
Houston vehicle miles returning from Dallas 84.6
Total Houston vehicle trip miles 169.2
ISL FSL
Houston no. of vehicles 1,736,018 2,840,756
Houston vehicle VMT 293,803,652 480,769,514
Dallas vehicle miles arriving 84.6
Dallas vehicle miles departing 84.6
Total Dallas vehicle trip miles 169.2
ISL FSL
Dallas no. of vehicles 1,527,316 2,499,244
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Dallas vehicle VMT
HGB NAA VMT

258,482,994
552,286,646

422,972,086
903,741,600

Source: AECOM, 2016.

Table E3-19d: HGB NAA Vehicle Emissions Reduction

HGB Emissions (TPY)
NOXx | VoC
ISL (2024)
73.39 | 66.28
FSL (2040)
25.02 | 58.71

Source: AECOM, 2016.

Table E3-19e: FRE NAA IH-45 Miles and VMT

Freestone County miles 31.9
Dallas veh. miles heading for Houston 31.9
Dallas veh. miles returning from Houston 31.9
Total Dallas veh. trip pass through miles 63.8
ISL FSL
Dallas no. vehicles 1,527,316 2,499,244
Dallas vehicle VMT 97,442,774 159,451,779
Houston veh. miles heading for Dallas 31.9
Houston veh. miles returning from Dallas 31.9
Total Houston veh. trip pass through miles 63.8
ISL FSL
Houston # veh. 1,736,018 2,840,756
Houston veh. VMT 110,757,935 181,240,221
FRE NAA VMT 208,200,709 340,692,000

Source: AECOM, 2016.

Table E3-19f: FRE NAA Vehicle Emissions Reduction
FRE Emissions SO, (TPY)

ISL (2024)
0.45
FSL (2040)
0.50

Source: AECOM, 2016.
Net General Conformity Emissions

Using the 2024 and 2040 train operation emissions and vehicle emissions reduction for each NAA,
the net operational emissions within each NAA was calculated with the two assumptions of train
power draw on the power grid discussed above. The results are provided in Table E3-20 and Table
E3-21 below. Under the assumption that the train draws uniformly from the ERCOT power grid,
there would be net reductions in all pollutants. Under the assumption that the train draws power
from stations along the track evenly and stations and TMFs draw from plants in the counties of
their location, net reductions in all pollutants except NO, were estimated. The increase in NO, is
comparatively negligible and well below the current moderate nonattainment threshold of 100
TPY. Considering these results, operational emissions of the regulated pollutants in NAAs due to
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the proposed action are below de minimis thresholds and a general conformity determination is
not necessary.

Table E3-20: Net General Conformity Emissions — 2024 (ISL)

Train Operation Emissions

Vehicle Emissions Reduction

(tons) (TPY) Net Emissions (TPY)
NAA Nox | voc | so, Nox | voc S0, Nox | voc | so,
Assumption 1 — Uniform ERCOT Power
DFW 3.5 0.4 34.6 31.1 -31.1 -30.7
HGB 9.2 1.1 73.4 66.3 -64.2 -65.2
FRE 4.0 0.45 3.52
Assumption 2 — Station and TMF on Location, Traction Along Alignment
DFW 16.6 2.0 34.6 31.1 -18.1 -29.1
HGB 12.0 1.5 73.4 66.3 -61.4 -64.8
FRE 11.9 0.45 11.4

Source: AECOM, 2016.
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Table E3-21: Net General Conformity Emissions — 2040 (FSL)

Train Operation Emissions

Vehicle Emissions Reduction

(tons) (TPY) Net Emissions (TPY)
NAA Nox | voc | so, Nox | voc S0, Nox | voc | so,
Assumption 1 — Uniform ERCOT Power
DFW 1.4 0.4 12.2 28.7 -10.9 -28.4
HGB 3.6 0.9 25.0 58.7 -21.5 -57.8
FRE 1.2 0.50 0.69
Assumption 2 — Station and TMF on Location, Traction Along Alignment
DFW 6.3 1.6 12.2 28.7 -6.0 -27.1
HGB 4.3 1.1 25.0 58.7 -20.7 -57.6
FRE 4.0 0.50 3.5

Source: AECOM, 2016.

51




Figure E3.2-1: Texas Power Generation by Non-Combustion Sources

Power Generation by Non-Combustion Sources (e.g. solar, wind, nuclear)
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Source: EIA, Table 5 Electric power industry generation by primary energy source, 1990 through 2013 for State of Texas
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Figure E3.2-3
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Figure E3.2-4
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Figure E3.2-6

20.0

18.0

16.0

14.0

12.0

10.0

Ibs/GWh

RO
0.0
4.0
2.0

0.0 +
2002

N,0 Combustion Emissions Factor (EFoypyst) 2004-2040

SA

2006 2010 2014 018 2022 2026 2030 2034 2038

e Historical

== rojected
Awg % Chg

Figure E3.2-7
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Figure E3.2-8
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AECOM TECHNICAL MEMORANDUM

NOISE AND VIBRATION

To: Jerry Smiley, AICP, AECOM
From: Lance Meister and David Towers, Cross Spectrum Acoustics
Date: November 1, 2017

RE: Dallas to Houston HSR —Noise and Vibration

Introduction

This technical report describes the existing noise and vibration conditions and impact analysis
for operation and construction of the Dallas to Houston High-Speed Rail (HSR) Project along six
alternative routes (A-F) through ten counties between Dallas and Houston, TX. Sensitive
receptors or receivers along these routes include residential and institutional sites.

Regulatory Context

Several federal laws and guidelines are relevant to the assessment of ground transportation
noise impacts:

e FRA Railroad Noise Emission Compliance Regulations (49 C.F.R.§ 210) prescribes
minimum compliance regulations for enforcement of the Railroad Noise Emission
Standards established by the Environmental Protection Agency in 40 C.F.R. Part 201

e The Noise Control Act of 1972 (42 U.S.C.§ 4910) was the first comprehensive statement
of national noise policy. It declared “it is the policy of the U.S. to promote an
environment for all Americans free from noise that jeopardizes their health or welfare.”

e HUD Environmental Standards (24 C.F.R. Part 51) establishes standards for noise
exposure used to assess the suitability of sites for new residential development

e OSHA Occupational Noise Exposure; Hearing Conversation Amendment (FR 48 (46),
9738—9785) establishes noise exposure limits in the work place

e EPA Railroad Noise Emission Standards (40 C.F.R. Part 201) establishes standards for
noise emissions from railroads

For vibration, federal standards for safe vibration levels for residential buildings are limited to
the safe blasting levels established by the U.S. Bureau of Mines (USBM RI 8507).

There are no state-wide noise or vibration regulations that apply to transportation systems. The
TxDOT Guidelines for Analysis and Abatement of Roadway Traffic Noise applies to vehicular
traffic. Texas does not have separate guidance for rail noise and vibration.

Local noise and vibration regulations are contained in city ordinances and general plans.
Although noise and vibration from transportation systems are typically exempt from local



regulations, noise and vibration from project construction activities and stationary sources (e.g.,
traction power substations) shall comply with the following local regulations:

City of Lancaster

Ordinance #2006-04-13 of the Lancaster Development Code includes environmental
performance standards for both noise and vibration. Section 14.704 of the ordinance specifies
noise limits of 56 dBA during daytime hours (7 AM — 7 PM) and 49 dBA during nighttime hours (7
PM —7 AM) near property lines, which could be applied to stationary sources. Although there
are no specific noise limits for construction activities, such noise is restricted to the hours
between 6 AM and 9 PM. In addition, Section 14.708 of the ordinance includes property-line
vibration standards based on frequency and ground displacement that could be applied to
construction activities.

City of Wilmer

Section 8.06 of the Wilmer Code of Ordinances includes property-line limits on environmental
sound levels from stationary sources in terms of A-weighted, statistical percentile noise metrics
measured over a 10-minute to 30-minute period. These metrics include the L, (level exceeded 1
percent of the period), the Ly, (level exceeded 10 percent of the period) and the Ly (level
exceeded 90 percent of the period). The L; (near maximum) noise level from stationary sources
is limited to 15 dBA above the ambient Lyo (background) noise level. There are also L, and Ly
limits based on land use and time of day. For residential land use, the Ly; and Lgg limits are 65
dBA and 55 dBA, respectively, during daytime hours (7AM — 10 PM) and 60 dBA and 50 dBA,
respectively, during nighttime hours (10 PM — 7 AM). For construction work, the Ly and Lgg
limits are 85 dBA and 75 dBA, respectively, at any time.

City of Houston

Chapter 30 of the City of Houston Code of Ordinances specifies noise limits of 65 dBA and 58
dBA at residential property lines for daytime and nighttime periods, respectively. However,
noise from railroad equipment on railroad ROWSs is exempted. Noise from construction between
the hours of 7 AM and 8 PM is also exempted, provided the noise levels do not exceed 75 dBA at
residential property lines.

Overview

For the No Build Alternative, existing sources throughout the study area (e.g. highways and
freight trains) would continue to generate noise and vibration in the future. In addition, noise
and vibration levels may increase, depending on changes in highway and rail traffic as well as
the construction of any new transportation facilities unrelated to the Project. While there is
insufficient information currently available to determine if there would be any noise or vibration
impacts in the future from these and other sources, any significant projects that might be
included in the No Build Alternative would have a separate environmental assessment to
determine noise or vibration impacts and potential mitigation measures, if required.

As a summary of the assessment for the Build Alternatives with no mitigation, Table 1-1
provides a comparison of the projected noise and vibration impacts from HSR operations by
Build Alternative and land use. As shown in the table, HSR operations are projected to result in



severe noise impacts at 15-19 residences and moderate noise impacts at 231-261 residences,
depending on the route. In addition, moderate noise impact is predicted at one institutional site
for all alternatives. No vibration impact is predicted from HSR operations for any of the Build
Alternatives, and no noise or vibration impacts are anticipated due to activities at any of the
proposed train station locations.

Table 1-1: Comparison of Noise and Vibration Impacts by Build Alternative

Type of Impact Alt A AltB Alt C AltD Alt E AltF
Severe Residential 17 19 15 17 19 15
Noise
Impact Institutional 0 0 0 0 0 0

Moderate Residential 247 261 242 236 250 231
Noise
Impact Institutional 1 1 1 1 1 1
Vibration Residential 0 0 0 0 0 0
Impact Institutional 0 0 0 0 0 0

Source: Cross-Spectrum Acoustics, 2016

With regard to the effects of noise from passing trains on animals, noise impact would be
expected to occur only within about 15 feet from the tracks for HSR trains operating on viaduct
at the maximum speed of 205 mph. Because no animals would be this close to the tracks, noise
impact on wildlife is not anticipated. Similarly, increased annoyance due to the startle effect of
noise from rapidly passing trains at the maximum train speed of 205 mph would only occur
within about 45 feet from the tracks, which is within the ROW. Therefore, increased noise
annoyance due to startle should not be an issue.

In terms of HSR noise mitigation, the results of the assessment indicate that that the impact
locations tend to be scattered geographically such that the use of sound barriers as a practical
mitigation measure may be limited. However, the application of sound barriers at specific
locations will be investigated as the engineering design advances and the alternatives are
refined. Where sound barriers are not practical, building sound insulation would be the most
likely noise mitigation alternative.

The results of the vibration impact assessment indicate that no impacts are projected from HSR
operations. Therefore, no operational vibration mitigation is required.

During Project construction, the potential for noise impact at residential sites would extend to
distances of 40-200 feet from daytime construction and to distances of 125-630 feet from
nighttime construction, depending on the activity. Although some activities may cause
noticeable ground-borne vibration, it is unlikely that such activities would occur close enough to
sensitive structures to have any significant damage effects. However, there is some potential for
vibration annoyance or interference with the use of sensitive equipment at locations up to 500
from certain construction activities. To mitigate potential construction noise and vibration
impacts, construction activities will be carried out in compliance with all applicable local
regulations and appropriate mitigation measures will be applied.



NOISE AND VIBRATION CONCEPTS

This section describes the characteristics of transportation-related noise and vibration and the
associated noise and vibration metrics.

Noise

Noise Fundamentals and Descriptors

Sound is mechanical energy transmitted by pressure waves in a compressible medium such as
air. Noise is generally defined as unwanted or excessive sound. Environmental noise sources
may include traffic, aircraft, industrial activities, other human activity, or sounds in nature.
Distant sources of noise combine to create background noise. Background noise may be fairly
constant from moment to moment, and varies gradually from hour to hour as the activity levels
of the distant noise sources change. Superimposed on the background noise is a succession of
identifiable noisy events of relatively brief duration that are either near to a receiver or are of
sufficiently high amplitude to dominate the noise environment at a location. Examples include
the passing of a train, the over-flight of an airplane, the sound of a horn or siren, the barking of a
dog, landscape maintenance activities, or the screeching of brakes. The descriptors used in the
measurement of noise environments are summarized below.

Sound can vary in intensity by over one million times within the range of human hearing.
Because the range of actual sound pressures is so large (e.g. the sound pressure of a painful
sound can be over one million times the sound pressure of the quietest sound that a human can
hear), sound intensity is normally presented in a more manageable range by using the ratio
between the sound pressure of the source of interest (e.g., passenger and freight trains) or
background noise and a reference pressure (which approximates the quietest sound that a
human can hear), and expressing this ratio in logarithmic form. The basic unit for measuring
environmental sound levels is the decibel (dB).

Sound is characterized by both its amplitude and frequency (or pitch). The human ear does not
hear all frequencies equally. In particular, the ear deemphasizes low and very high frequencies.
In the 1930s, acoustical scientists studied the way that humans hear various sounds and
developed response characteristics to represent the sensitivity of a typical ear. The “A” curve or
“A-weighting scheme” represents the sensitivity of the human ear to various frequencies of
environmental noise. A-weighting tends to deemphasize sounds of very low or very high
frequencies and emphasize sound at middle frequencies. Sound levels that have been weighted
according to the A-curve are expressed as A-weighted decibels (dBA). On this scale, the human
range of hearing extends from approximately 3 dBA to around 140 dBA. Figure 2—1 presents
examples of A-weighted sound levels from high-speed train sources and common indoor and
outdoor sounds.



Figure 2-1: Typical A-Weighted Sound Levels
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

As noted above, sounds in the environment constantly change. Various noise descriptors have
been developed to allow the comparison of different types of environmental noise and to define
noise emissions. The descriptors used in this report are described below:

Maximum Sound Level (Lmax): The Lmax is the highest noise level achieved during a noise
event or measurement period. Standard sound level meters have two settings, FAST and SLOW,
which represent different time constants. For trains, Lmax measured using the FAST setting will
typically be 1 to 3 dB greater than Lmax using the SLOW setting. Lmax values expressed in this
report refer to the SLOW setting, which uses a time constant of 1 second.

Sound Exposure Level (SEL): The SEL describes a receiver's cumulative noise exposure from a
single noise event. It is represented by the total A-weighted sound energy during the event,
normalized to a one-second interval. It is the primary descriptor for low- and high-speed rail
vehicle noise emissions, and is also a useful intermediate quantity for estimating the Leq and
Ldn due to train pass-bys.



Equivalent Sound Level (Leq): Leq describes a receptor’s cumulative noise exposure from noise
events that occur during a specified period of time. It is sometimes referred to as the energy-
average sound level. The Leq represents a constant sound that, over a specified period, has the
same sound energy as the time-varying sound. The Hourly Equivalent Sound Level, Leq(h), is a
measure of the accumulated sound exposure over a full hour. The Federal Highway
Administration (FHWA) uses the peak traffic Leq(h) as the metric for establishing highway noise
impact. The Federal Railroad Administration (FRA) uses Leq(h) to evaluate potential noise
impacts to institutional land uses and to land uses where serenity and quiet are essential.

Day-Night Sound Level (Ldn): Ldn describes the cumulative noise exposure from those noise
events that occur within a 24-hour period, with noise levels between 10 p.m. and 7 a.m.
increased by 10 dB to account for greater nighttime sensitivity to noise. The effect of the penalty
is that, when calculating Ldn, any event that occurs during the nighttime is equivalent to 10 of
the same event during the daytime. Ldn is the most common measure of total community noise
over a 24-hour period and is used by the Federal Railroad Administration (FRA) to evaluate
potential noise impacts from proposed high-speed train projects at residential locations. Typical
Ldn values for high-speed rail and non-rail sources are shown in Figure 2-2.

Figure 2-2: Typical Ldn Values
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Transportation Noise

Highways and rail lines tend to be the most dominant noise sources when located in a typical
community environment. Each source has distinctive noise characteristics with regard to both
pitch and amplitude. Within the project area, areas along both sides of the proposed alignment
would be exposed to existing highway and rail noise. Noise from a source can be evaluated in
terms of a Source-Path-Receiver framework, as illustrated in Figure 2-3, in which the source of
noise is a train moving on its tracks. The path describes the intervening course between the
source and the receiver, wherein the noise levels are reduced by distance, topographical and
man-made obstacles, reflections from surfaces, atmospheric effects, and other factors. At each
receiver, the noise from all sources and source paths combines and comprises the noise
environment at that location.



Figure 2—-3: Source-Path-Receiver
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

The noise from a train moving on its tracks is produced by several individual noise-generating
mechanisms, each with its own characteristics (in terms of location, intensity, frequency
content, directivity, and speed dependence) that depend on the train type. The most common
train types include freight, commuter rail, light rail and high-speed rail. Conventional train noise
sources would include locomotives, wheel/rail interaction, and audible warning devices at grade
crossings, including train horns and warning bells.

For high speed rail, train noise characteristics are speed-dependent. For speeds below about 40
miles per hour (mph), referred to as Regime | by FRA guidance, noise emissions are dominated
by the propulsion units, cooling fans, and under-car and top-of-car auxiliary equipment, such as
compressors and air conditioning units.

In the speed range from 60 mph to about 150 mph, referred to as Regime Il, mechanical noise,
resulting from wheel/rail interaction and structural vibrations, dominates the noise emission
from trains. In the project area, existing trains seldom exceed 79 mph; therefore, this speed
range is the top end of noise characteristics for trains with which most people are familiar.

The aerodynamic noise component begins to be an important factor when the train speed
exceeds about 160 mph (referred to as Regime lll). Aerodynamic noise is generated from high-
velocity airflow over the train. For a conventional steel-wheeled train, the components of
aerodynamic noise are generated by unsteady flow separations at the front and rear of the train
and on structural elements of the train (mainly in the regions encompassing the trucks, the
pantograph, inter-coach gaps, and discontinuities along the surface), and a turbulent boundary
layer generated over the entire surface of the train. The distribution of noise sources on a
typical high-speed train is shown in Figure 2-4.




Figure 2—-4: High-Speed Train Noise Sources
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September 2012.

Noise from trains also depends on the type and configuration of the track structure. Typical
noise levels refer to conventional rail operations at grade on ballast and tie track. For trains on
elevated structures, train noise is increased, partially due to the loss of sound absorption by the
ground and partially due to extra sound radiation from the bridge structure. Moreover, the
sound from trains on elevated structures spreads about twice as far as it does from at-grade
operations of the same train, because the sound source is higher above the ground and,
therefore, is less affected by ground attenuation and shielding.

Horns are an example of a train noise source that is dominant at any train speed. Audible
warning devices at grade crossings, including train horns and warning bells, are a common
feature of conventional trains and a vital safety component of railroad operations. Persons living
near railroad tracks often find horns to be annoying.

Another source of potential annoyance is wheel squeal that is produced by wheel-rail
interaction, particularly on a curve where the radius of curvature is smaller than 100 times the
truck length. According to the predecessor to FTA, a typical truck length for freight trains of
about 5-1/2 feet (1.7 meters) and radius of curvature greater than 560 feet (170 meters) would
not be expected to produce wheel squeal. Wheel squeal is normally an issue with transit
systems where small-radius curves often occur. Freight trains and modern high-speed train
tracks are typically designed to minimize this occurrence by limiting track curvature and
incorporating design features such as canting at the curve to reduce wheel flange contact with
the rail.

Noise from road traffic is generated by a wide variety of vehicle types, makes, and models. In
general, the noise associated with highway vehicles can be divided into three vehicle classes:
automobiles, medium trucks, and heavy trucks. Each class has its own noise characteristics
depending on vehicle type, speed, and the condition of the roadway surface. These noise
characteristics have been documented by FHWA. The noise from nearby and distant arterial



streets and highways is a major source of background sound in an urban/suburban
environment.

Ground-borne Vibration

Vibration Fundamentals and Descriptors

Ground-borne vibration from trains refers to the fluctuating or oscillatory motion experienced
by persons on the ground and in buildings near railroad tracks. Vibration can be described in
terms of displacement, velocity, or acceleration. Displacement is the easiest descriptor to
understand. For a vibrating floor, the displacement is simply the distance that a point on the
floor moves away from its static position. Velocity represents the instantaneous speed of the
floor movement, and acceleration is the rate of change of the speed. Although displacement is
easier to understand, the response of humans, buildings, and equipment to vibration is more
accurately described using velocity or acceleration.

Two methods are used for quantifying vibration. The peak particle velocity (PPV) is defined as
the maximum instantaneous positive or negative peak of the vibration signal. PPV often is used
in monitoring of blasting vibration, since it is related to the stresses experienced by buildings.
Although PPV is appropriate for evaluating the potential of building damage, it is not suitable for
evaluating human response. It takes some time for the human body to respond to vibration
impulses. In a sense, the human body responds to an average of the vibration amplitude.
Because the net average of a vibration signal is zero, the root mean square (RMS) amplitude is
used to describe the "smoothed" vibration amplitude.

PPV and RMS velocities are normally described in inches per second in the U.S. and in meters
per second in the rest of the world. Although it is not universally accepted, decibel notation is in
common use for vibration. Decibel notation compresses the range of numbers required to
describe vibration. Vibration levels in this report are referenced to 1 x 10-6 inches per second
(in/sec). Although not a universally accepted notation, the abbreviation "VdB" is used in this
document for vibration decibels to reduce the potential for confusion with sound decibels.

Common vibration sources and human and structural response to ground-borne vibration are
illustrated in Figure 2-5. Typical vibration levels can range from below 50 VdB to 100 VdB
(0.000316 in/sec to 0.1 in/sec). The human threshold of perception is approximately 65 VdB.

Ground-borne noise is a low-volume, low-frequency rumble inside buildings, resulting when
ground vibration causes the flexible walls of the building to resonate and generate noise.
Ground-borne noise is normally not a consideration when trains are elevated or at grade. In
these situations, the airborne noise usually overwhelms ground-borne noise, so the airborne
noise level is the major consideration. However, ground-borne noise becomes an important
consideration where there are sections of the corridor that are in a tunnel or where sensitive
interior spaces are well-isolated from the airborne noise. In these situations, airborne noise is
not a major path and ground-borne noise becomes the most important path into the building.
Ground-borne noise may also need to be considered in cases where the airborne noise from a
project is mitigated by a sound wall.



Figure 2-5: Typical Levels of Ground-borne Vibration
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,

September 2012.

Transportation Vibration

The interaction of steel wheels rolling on steel rails causes vibration that is transmitted through
the ground and into nearby buildings. Of concern to many building occupants is that the
resulting building vibration could damage the building structure. In fact, the vibration from steel
wheel/steel rail systems is almost always well below the vibration thresholds used to protect
even fragile historic buildings from minor cosmetic damage. However, there are several
different ways in which the building vibration may be intrusive and annoying to building
occupants. First, the vibratory motion of room surfaces may felt. Second, the vibration may
cause rattling of dishes and bric-a-brac on shelves, items hanging on walls, or windows. Third,
the surfaces put into motion by ground-borne vibration will radiate sound that may be audible
as a low-frequency rumbling noise that sometimes is akin to distant thunder.
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The amount of energy generated by the wheels rolling on the track and then transmitted into
the ground depends on factors such as the smoothness of the wheels and rails, the vehicle
suspension system, and the track support system. The same speed-dependent vibration
generation mechanisms are common to conventional and high-speed trains. Vibration levels
increase with speed although the rate of the increase varies. A common assumption for high-
speed trains is that the vibration levels are proportional to 20 times the logarithm of speed. For
example, when train speed increases from 75 mph to 125 mph, the expected increase in
ground-borne vibration is 4.4 VdB if all other conditions are the same.

As with noise, a source-path-receiver relationship exists for vibration. Vibration experienced at
the receiver is a function of the magnitude of the source and the path that the vibration takes to
get to the receiver, as shown in Figure 2-6. High-frequency vibration decays more rapidly than
low-frequency vibration as the vibrational energy passes through the ground. Soil conditions
have a strong influence on the attenuation of ground-borne vibration. For the purposes of high-
speed rail assessments, vibration is reported in terms of vibration velocity level or VdB, which is
the maximum RMS vibration velocity level using a decibel reference of 1pin/sec (1x10-6 in/sec).

Figure 2-6: Typical Vibration Propagation Paths
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.
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NOISE AND VIBRATION CRITERIA

Noise and vibration impact guidelines have been adopted by the FRA that prescribe methods for
analyzing and assessing noise and vibration impacts. The impact criteria are based on
maintaining a noise environment considered acceptable for land uses where noise may have an
effect. The FRA guidance manual provides noise and vibration criteria for both construction and
operation as described below.

Construction Noise Impact Criteria

Table 3-1 presents the FRA general assessment criteria for construction noise. The criteria are
given in terms of 1-hour Leq for residential, commercial and industrial land use. The 1-hour Leq
is estimated by combining the noise levels from the two noisiest pieces of equipment, assuming
they both operate at the same time during a one-hour period. The construction noise limits are
normally assessed at the noise-sensitive receiver property line.

Table 3-1: FRA General Assessment Criteria for Construction Noise

1-Hour Leq (dBA)
Land Use
Day Night
Residential 90 80
Commercial 100 100
Industrial 100 100

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Construction Vibration Impact Criteria

Guidelines in the FRA guidance manual provide the basis for the construction vibration
assessment. FRA provides construction vibration criteria designed primarily to prevent building
damage, and to assess whether vibration might interfere with vibration-sensitive building
activities or temporarily annoy building occupants during the construction period. The FRA
criteria include two ways to express vibration levels: (1) root-mean-square (RMS) VdB for
annoyance and activity interference, and (2) peak particle velocity (PPV), which is the maximum
instantaneous peak of a vibration signal used for assessments of damage potential.

To avoid temporary annoyance to building occupants during construction or construction
interference with vibration-sensitive equipment inside special-use buildings, such as a magnetic
resonance imaging (MRI) machine, FRA recommends using the long-term vibration criteria
provided below in the section on operational vibration impact assessment criteria.

Table 3-2 shows the FRA building damage criteria for construction activity; the table lists PPV

limits for four building categories. These limits are used to estimate potential problems that
should be addressed during final design.
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Table 3-2: Construction Vibration Damage Criteria

Building Category PPV (inch/sec) Approximate L,
I. Reinforced concrete, steel, or timber (no plaster) 0.5 102
Il. Engineered concrete and masonry (no plaster) 0.3 98
IIl. Non-engineered timber and masonry buildings 0.2 94
IV. Buildings extremely susceptible to vibration damage 0.12 90
" RMS vibration velocity level in VdB relative to 1 micro-inch/second.

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Operational Noise Impact Criteria

The U.S. Department of Transportation has published guidelines that establish procedures for
analyzing and assessing noise and vibration impacts from rail projects. Noise impact criteria
have been adopted by the Federal Transit Administration (FTA) to assess the contribution of
noise from conventional rail systems to the existing environment and by the Federal Railroad
Administration (FRA) to assess the contribution of noise from high-speed rail systems to the
existing environment. These guidelines include impact criteria that are based on maintaining a
noise environment considered acceptable for land uses where noise may have an effect. The
noise exposure is measured in terms of the Day-Night Sound Level (Ldn) for residential land uses
or in terms of the hourly equivalent sound level (Leqg(h)) for other land uses.

Ldn depends on the number of events during the day and night separately — and also on each
event's duration, which is affected by vehicle speed. The FRA and FTA have adopted Ldn as the
measure of cumulative noise impact for residential land uses (those involving sleep), because:

e L4, correlates well with the results of attitudinal surveys of residential noise impact,

e L4, increases with the duration of transit events, which is important to people's reaction,

e Ly, takes into account the number of transit events over the full 24 hours, which is also
important to people's reaction,

e L4, takes into account the increased sensitivity to noise at night when most people are
asleep,

e Ly, allows composite measurements to capture all sources of community noise combined,

e Ly, allows quantitative comparison of transit noise with other types of community noises,

e Ly, is the designated metric of choice of other Federal agencies such as the Department of
Housing and Urban Development (HUD), the Federal Aviation Administration (FAA), and the
Environmental Protection Agency (EPA), and

e Ly, has wide international acceptance.

Hourly Leq is adopted by FRA and FTA as the measure of cumulative noise impact for non-
residential land uses (those not involving sleep) because:

e L, correlates well with speech interference in conversation and on the telephone — as well
as interruption of TV, radio, and music enjoyment,
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Leq increases with the duration of events, which is important to people's reaction,

L, takes into account the number of events over the hour, which is also important to
people's reaction, and

Leq is used by the Federal Highway Administration in assessing highway-traffic noise impact.

Thus, the hourly Leq noise descriptor can be used to compare and contrast modal alternatives
such as highway versus rail. Leq is computed for the loudest facility hour during noise-sensitive
activity at each particular non-residential land use.

The noise impact criteria are defined by the two curves shown in Figure 3-1. These criteria are
based on change in noise exposure using a sliding scale. Although higher project noise levels are
allowed in areas with high levels of existing noise, smaller increases in total noise exposure are
allowed with increasing levels of existing noise. Furthermore, the criteria curves incorporate a
maximum limit for project noise. The FRA noise impact criteria include the following three levels
of impact, as shown in Figure 3-1:

No Impact: In this range, the proposed project is considered to have negligible impact since,
on average, the introduction of the project will result in an insignificant increase in the
number of people highly annoyed by the new project noise.

Moderate Impact: At the moderate impact range, changes in the cumulative noise level are
noticeable to most people, but may not be sufficient to cause strong, adverse reactions
from the community. In this transitional area, other project-specific factors must be
considered to determine the magnitude of the impact and the need for mitigation, such as
the existing level, predicted increase over existing noise levels and the types and numbers of
noise-sensitive land uses affected.

Severe Impact: At the severe impact range, a significant percentage of people would be
highly annoyed by the new project noise. Severe noise impacts are considered to be
“significant” under NEPA, and should be avoided if possible. Noise mitigation should be
applied for severe impacts where feasible.
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Figure 3—-1: Noise Impact Criteria for Transit and High-Speed Rail Projects
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

The magnitude of impact is assessed by comparing the project noise exposure to the existing
noise exposure for three land use categories. Descriptions of these categories are given in Table
3-3. The noise exposure is measured in terms of Ldn for residential land uses and in terms of
Leqg(h) for other land uses. The exterior noise criteria are to be applied outside the building
locations for residential land use and at either the property line or the nearest point of use for
parks and other significant outdoor use. It is important to note that the criteria specify a
comparison of future project noise with existing noise and not with projections of future "no-
build" noise exposure.
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Table 3-3: Federal Railroad Administration Land Use Categories and Metrics

for High-Speed Train Noise Impact Assessments

Land Use Noise Metric

Category (dBA) Land Use Category

Tracts of land where quiet is an essential element in their intended purpose.
* This category includes lands set aside for serenity and quiet, and such land
uses as outdoor amphitheaters and concert pavilions, as well as National
Historic Landmarks with significant outdoor use.

1 Outdoor Ley(h)

Residences and buildings where people normally sleep. This category
2 Outdoor Ly, includes homes, hospitals where nighttime sensitivity to noise is assumed to
be of utmost importance.

Institutional land uses with primarily daytime and evening use. This category
includes schools, libraries, and churches, where it is important to avoid
interference with such activities as speech, meditation, and concentration.

* Buildings with interior spaces where quiet is important, such as medical
offices, conference rooms, recording studios, and concert halls fall into this
category, as well as places for meditation or study associated with
cemeteries, monuments, and museums. Certain historical sites, parks, and
recreational facilities are also included.

3 Outdoor Ley(h)

* Leq for the noisiest hour of transit-related activity during hours of noise sensitivity.

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

The process of determining impact severity is to first determine land use from Table 3-3. The
land use category determines the noise metric that should be used to determine level of impact
(Ldn for Category 2, and Leq(h) for Category 1 and Category 3 land uses). The next step is to
draw a vertical line at the value of the existing exterior noise exposure (including existing train
traffic and all other community noise sources) for the property from the bottom axis of Figure
3-1. The impact thresholds are where the vertical line intersects the moderate and severe
impact threshold curves.

The concept of a sliding scale for noise impact is difficult to grasp and may be clarified by the
example illustrated in the bottom right graph in Table 3-1. Assume that the existing noise has
been measured to be 60 dBA Ldn. This is the total noise from all existing noise sources over a
24-hour period: traffic, aircraft, lawn mowers, children playing, birds chirping, etc. Starting at 60
dBA on the horizontal axis, follow the vertical line up to where it intersects the moderate and
severe impact curves. Then refer to the left axis to read off the impact thresholds. As shown in
the example, an existing noise level of 60 dBA Ldn gives thresholds of 57.8 dBA Ldn for
moderate impact and 63.4 dBA Ldn for severe impact. Note that the values are given in tenths
of a decibel to avoid confusion from rounding off; in reality it is not possible to perceive a tenth
of a decibel change in sound level.

The thresholds of 57.8 dBA and 63.4 dBA are for the project noise. If the predicted project noise
is greater than 57.8 dBA Ldn, then there is moderate impact and noise mitigation must be
considered. If the predicted project noise exceeds 63.4 dBA Ldn, then there is severe impact
and, as discussed above, noise mitigation must be included in the project unless there are
compelling reasons why mitigation is unfeasible.
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To supplement the noise impact criteria in Figure 3-1, FRA provides guidelines for identifying
noise-sensitive locations where increased annoyance can occur due to the sudden increase in
noise (the startle effect) from the rapid approach of high-speed trains. This effect depends on
the train speed and is confined to an area very close to the tracks. For example, 200 mph train
operations would have the potential for increased annoyance within about 40 feet of the track
centerline. Thus, the area where rapid onset rates of train noise may cause startle is typically
within the right-of-way limits of the rail corridor.

FRA also addresses impacts on wildlife (mammals and birds) and domestic animals (livestock
and poultry). Noise exposure limits for each are an SEL of 100 dBA from passing trains, as shown
in Table 3-4.

Table 3-4: FRA Interim Criteria for Train Noise Effects on Animals

Animal Category Class Noise Metric Noise Level (dBA)
Mammals (Livestock) SEL 100
Domestic
Birds (Poultry) SEL 100
Mammals SEL 100
wild
Birds SEL 100

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Operational Vibration Impact Criteria

FRA vibration impact levels, expressed in terms of the maximum root-mean-square (RMS)
vibration level, are affected by the receptor land-use category and the number of vibration
events per day. The impact level also depends on the type of analysis being conducted (i.e.,
ground-borne vibration or ground-borne noise).

The FRA manual states that the vibration impact thresholds are based on the maximum
vibration level (Lmax) as a train passes. Lmax is defined to be the maximum average vibration
level over a 1-second interval using RMS averaging. Most studies of train vibration report the
RMS average vibration level over the period when trains are passing the measurement position.
A more rigorous definition is the RMS average vibration level between the points where the
vibration level is greater than Lmax-3, which are also defined as the “3 dB down points.” The
RMS average vibration level is defined as Lplateau.

FRA provides guidelines to assess the human response to different levels of ground-borne noise
and vibration. These are shown in Table 3-5. In addition, the guidelines provide criteria for
special buildings that are sensitive to ground-borne noise and vibration. The impact criteria for
these special buildings are shown in Table 3-6. The criteria depend on land use category as well
as the frequency of the vibration events (e.g. train pass-bys). “Frequent Events” is defined as
more than 70 vibration events per day, “Occasional Events” is defined as 30-70 vibration events
per day while “Infrequent Events” is defined as less than 30 vibration events per day.

17



Table 3-5: Ground-borne Vibration and Noise Impact Criteria

Ground-Borne Vibration Impact .
P Ground-Borne Noise Impact Levels
Levels (dBA re 20 micro Pascals)
Land Use (VdB re 1 micro-inch /sec)
Categor . .
gory Frequent | Occasional | Infrequent | Frequent | Occasional | Infrequent
Events Events Events Events Events Events
Category 1:
Buildings where
vibration would 65 VdB 65 VdB 65 VdB N/A N/A N/A
interfere with
interior operations.
Category 2:
Residences and
buildings where 72 VdB 75 VvdB 80 VvdB 35dBA 38 dBA 43 dBA
people normally
sleep.
Category 3:
Institutional land 75 VdB 78 VdB 83 VdB 40 dBA 43 dBA 48 dBA
uses with primarily
daytime use.
* This criterion limit is based on levels that are acceptable for most moderately sensitive equipment such as optical microscopes.
For equipment that is more sensitive, a Detailed Vibration Analysis must be performed.
** Vibration-sensitive equipment is generally not sensitive to ground-borne noise.

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Table 3-5 and Table 3-6 include separate FRA criteria for ground-borne noise (the "rumble" that
radiates from the motion of room surfaces in buildings from ground-borne vibration). Although
the criteria are expressed in dBA, which emphasizes the more audible middle and high
frequencies, the criteria are significantly lower than airborne noise criteria to account for the
annoying low-frequency character of ground-borne noise. Because airborne noise often masks
ground-borne noise for above-ground (i.e., at-grade or elevated) alignments, ground-borne
noise criteria apply primarily to operations in a tunnel, where airborne noise is not a factor, and
to buildings with sensitive interior spaces that are well insulated from exterior noise.

Table 3-6: Ground-borne Vibration and Noise Impact Criteria for Special

Buildings

Ground-Borne Vibration Impact | Ground-Borne Noise Impact Levels
- Levels (VdB re 1 micro-inch/sec dBA re 20 micro-Pascals
Type of Building ( /sec) ( )
Occasional or Occasional or
or Room Frequent
Infrequent Frequent Events Infrequent
Events
Events Events
Concert Halls 65 VdB 65 VdB 25 dBA 25 dBA
TV Studios 65 VdB 65 VdB 25 dBA 25 dBA
Recording Studios 65 VdB 65 VdB 25 dBA 25 dBA
Auditoriums 72 vdB 80 VdB 30 dBA 38 dBA
Theaters 72 VdB 80 vdB 35 dBA 43 dBA

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.
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Specification of mitigation measures requires more detailed information and more refined
impact criteria using the frequency distribution, or spectrum of the vibration energy. A detailed
vibration analysis uses impact criteria in terms of the 1/3-octave band frequency spectrum. A
detailed vibration analysis has been conducted for the Dallas to Houston High-Speed Rail
assessment. Figure 3-2 shows the FRA detailed ground-borne vibration impact criteria used in
assessing this project’s impacts.

The criteria in Figure 3-2 are based on exceedances of the 1/3-octave band vibration levels over
the frequency range of 8 to 80 Hz. For example, if the vibration levels in any frequency band
from a high-speed train exceed the Residential (Night) line in Figure 3-2 at a residential location,
a vibration impact would be assessed. In addition, the detailed criteria are used to assess
vibration impact at highly sensitive locations using the VC-A through VC-E thresholds shown in
the figure. Descriptions of the curves are shown in Table 3-7.

Figure 3-2: FRA Detailed Ground-Borne Vibration Impact Criteria
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.
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Table 3-7: Interpretation of Vibration Criteria for Detailed Analysis

Criterion Curve | Max Lv

Description of Use
(See Figure 3-4) | (vdB)* P

Workshop 90 Distinctly feelable vibration. Appropriate to workshops and non-sensitive areas.
Office 84 Feelable vibration. Appropriate to offices and non-sensitive areas.

. . Barely feelable vibration. Adequate for computer equipment and low-power
Residential Day 78

optical microscopes (up to 20X).

. . . Vibration not feelable, but ground-borne noise may be audible inside quiet
Residential Night,

. 72 rooms. Suitable for medium-power optical microscopes (100X) and other
Operating Rooms

equipment of low sensitivity.

Adequate for medium- to high-power optical microscopes (400X),

VC-A 66 ) . e o )
microbalances, optical balances, and similar specialized equipment.

VB 60 Adequate for high-power optical microscopes (1000X), inspection and
lithography equipment to 3-micron line widths.

VEC 54 Appropriate for most lithography and inspection equipment to 1-micron detail
size.

VeD 48 Suitable in most instances for the most demanding equipment, including
electron microscopes operating to the limits of their capability.

VC-E 42 The most demanding criterion for extremely vibration-sensitive equipment.

! As measured in 1/3-octave bands of frequency over the frequency range 8 to 80 Hz.

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

EXISTING NOISE AND VIBRATION

This section includes a description of the noise and vibration sensitive land use within the Study
Area, as well as the noise and vibration measurements conducted to characterize the existing
conditions for the Project.

Existing Noise Conditions

Noise-sensitive land use within the Study Area was identified based on Geographic Information
System (GIS) data, aerial photography, drawings, plans and a field survey. Based on the
information from these sources, a noise measurement program was developed and carried out
as described below.

Noise Measurement Procedures and Equipment

To document the existing noise conditions for the Project, a series of noise measurements were
conducted in January 2016 along the routes for the Build Alternatives. Because the thresholds
for impact in the FRA noise criteria are based on the existing noise levels, measuring the existing
noise and characterizing noise levels at sensitive locations is an important step in the impact
assessment. The noise measurements included both long-term (24-hour) and short-term (one
hour) monitoring of the A-weighted sound level at noise-sensitive locations within the Study
Area.

The noise measurements were performed with NTi Audio model XL2 noise monitors and Larson
Davis model 820 noise monitors that conform to American National Standard Institute (ANSI)
standards for Type 1 (precision) sound measurement equipment. Calibrations, traceable to the
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National Institute of Standards and Technology (NIST) were conducted before and after each
measurement. The noise monitors were set to continuously monitor and record multiple noise
level metrics, as well as obtain audio recordings, where appropriate, during the measurement
periods.

At each site, the measurement was conducted at the approximate set back of the building or
buildings relative to the Project alignment. The measurement microphones were protected with
windscreens and positioned approximately 5 feet above the ground and at least 10 feet away
from any major reflecting surface.

Noise Measurement Locations and Results

Table 4-1 summarizes the results of the existing noise measurement program and Figures 4-1
through 4-4 show the locations of the 26 long-term noise monitoring sites (LT) and 19 short-
term noise monitoring sites (ST) for the Project. The results of the existing noise measurements
were used to characterize the existing noise levels at all noise-sensitive locations within the
Study Area. Appendix A includes photographs of the noise measurement sites and Appendix B
provides detailed noise measurement data.

Descriptions of the noise-sensitive land uses, as well as the associated noise measurement sites
and sources, are provided below by county and segment.

Table 4-1: Summary of Existing Noise Measurements

Noise
Site Measurement Start | Meas. Level
No Measurement Location | County | Seg Dur. (dBA)
) . hr
Date Time (hr) Leq | Ldn
LT-1 | #019-4099 Bulova st, Dallas | 1 1 | 1/21/2016 | 14:00 24 75 | 72
(Residences)
LT- 5125 Cleveland Rd, Dallas ) -
1A | (Residences) Dallas 1 | 5/11/2017 | 11:20 3 50 | 53
LT-18 | 1345 E Belt Line Rd, Dallas 1 | 5/12/2017 | 2:49 3¢ | g3 | 70
Lancaster (Residences)
LT-1¢ | 1786 Nail Dr, Lancaster Dallas 1 | 5/11/2017 | 14:00 3% 44 | 45
(Residences)
L1-2 | 011 FM8I3, Palmer Ellis 2A | 1/21/2016 | 9:09 24 62 | 55
(Residence)
508 Old Waxahachie Rd, . .
LT3 | Voxahachie (Residence) Ellis 2A | 1/20/2016 | 16:00 24 58 | 53
t1-g | NW CoRd 1320, Ennis Navarro 3A | 1/20/2016 | 11:00 24 48 | 36
(Residence)
LT-5 | SW 2120, Richland Navarro 3c | 1/19/2016 | 15:17 24 50 | 46
(Residence)
L1-6 | FM 1366, Wortham Freestone 4 | 1/19/2016 | 14:07 24 44 | 43
(Residential Parcel)
LT-7 | 132264 CR 830, Teague Freestone 4 | 1/19/2016 | 14:00 24 49 | a2
(Ranch House)
L1-g | N Fwy Service Rd, Teague Freestone 3c | 1/18/2016 | 12:23 24 58 | 50
(Ranch)
LT-9 (:'iisL;R 882, Jewett (Ranch || i one 4 | 1/18/2016 | 12:00 24 52 | 48
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Table 4-1: Summary of Existing Noise Measurements

Noise
Site Measurement Start | Meas. Level
No Measurement Location | County | Seg Dur. (dBA)
) . hr
Date Time (hr) Leq | Ldn
LT-10 | Deddingfield Rd, Marquez Leon 4 | 1/18/2016 | 11:00 24 53 | 42
(Residence)
Lr-11 | N Fwy Service Rd, Buffalo Leon 3c | 1/18/2016 | 10:00 24 63 | 55
(Ranch)
LT-12 | 534 FM 39 (Residence) Leon 4 | 1/18/2016 | 14:00 24 60 | 62
LT-13 | 2076-2765 W Feeder Rd Leon 3C | 1/18/2016 | 16:00 24 53 | 55
(Residence)
LT-14 | /852 Greenbriar Rd Madison 3c | 1/18/2016 | 13:00 24 63 | 65
(Residence)
LT-15 | 1977 Poteet Rd (Residence) Madison 4 1/18/2016 17:00 24 48 50
LT-16 | 6113 FM 1696 (Residence) Grimes 5 1/19/2016 14:00 24 45 47
LT-17 | 10735 TX-90 (Ranch) Grimes 5 | 1/20/2016 | 16:00 24 47 | 49
LT-18 | 5126 FM 1774 (Residence) Grimes 5 1/19/2016 20:00 24 60 62
LT-19 | 119 Plantation Drive, Todd |\, 5 | 1/22/2016 | 12:39 24 47 | a9
Mission (Residence)
LT-20 | 21512 Binford Rd Harris 5 | 1/22/2016 | 10:56 24 49 | s1%
(Residence)
LT-21 | 1218 Canyon Arbor Way Harris 5 | 1/20/2016 | 19:00 24 67 | 69*
(Residence)
LT-22 | 14812 Hempstead Rd Harris 5 | 1/19/2016 | 21:00 24 44 | a6+
(Residence)
T-23 | H217ToddSt, Houston |, 5 | 1/21/2016 | 14:00 24 | 47 | 49
(Residence)
sT-1 | 1213 Coleman Ave, Dallas Dallas 1 | 1/22/2016 | 11:40 1 63 | 61
(Residence)
sT-2 | 4412 Kolloch Dr, Dallas Dallas 1 | 1/21/2016 | 15:00 1 62 | 60
(Residence)
6350 J. J. Lemmon Rd, Dallas )
ST3 | College Park Baptist Charch) | 2125 1 | 17212016 | 17:10 1 54 | 52
sT-4 | 2607 Ferris Rd, Lancaster Ellis 2A | 1/22/2016 | 10:00 1 52 | s0
(Residence)
369 Farmer Rd, Ennis . .
ST5 | (Residential Area) Ellis 2B | 1/20/2016 | 16:31 1 62 | 60
sT-6 | oW 1000, Corsicana Navarro 38 | 1/20/2016 | 11:00 1 41 | 39
(Residence)
sT7 | 117-123CR1041, Wortham | o 0o 3C | 1/19/2016 | 17:30 1 31 | 29
(Residential Area)
sT-g | NFwysServiceRA&CR1090, | o o one | 3¢ | 1/19/2016 | 16:00 1 54 | 52
Streetman (Residential Area)
Old Mexia-Fairfield Rd,
ST-9 Fairfield (Parcel Adjacent to Freestone 3C 1/18/2016 13:50 1 70 68
Several Hotels)
sT-10 | 164 & FM 39, Groesbeck Limestone 4 | 1/18/2016 | 15:30 1 63 | 61
(Residential Area)
N Fwy Service Rd & CR 306,
ST-11 | Buffalo (Parcel Adjacent to Leon 3C 1/18/2016 17:00 1 68 66
Several Hotels)
ST-12 | 20559 I-45 Frontage Rd Leon 3C | 1/19/2016 | 9:06 1 61 | 59
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Table 4-1: Summary of Existing Noise Measurements

Noise
Site Measurement Start | Meas. Level
No Measurement Location | County | Seg Dur. (dBA)
) . hr
Date Time (hr) Leq | Ldn
(Residence)
sT-13 | °192 DawkinsRd Madison 4 | 1/19/2016 | 11:12 1 54 | 52
(Residence)
ST-14 | 3159 Clark Rd (Residence) Madison 4 1/20/2016 12:00 1 56 54
ST-15 | 15619 TX-90 (Residence) Grimes 5 1/20/2016 14:47 1 53 51
sT-16 | CR 341, Plantersville Grimes 5 | 1/21/2016 | 9:20 1 50 | 48
(Residence)
ST-17 | 31205 Hegar Rd (Residence) | Waller 5 1/21/2016 9:11 1 47 45
sT-18 | 8734 Limestone St Harris 5 | 1/21/2016 | 15:17 1 57 | 55
(Residence)
sT-19 | 20710 May Showers Circle | ;0 s | 1/21/2016 | 17:23 1 61 | 59
(Residence)

*Measurements were interrupted before 24 hours due to a noise monitor battery connection problem. Ldn was estimated using
methods contained in the FRA guidance manual.
**Due to limited access, three one hour measurements were made at these sites. The Ldn was estimated using methods
contained in the FRA guidance manual.

Source: Cross-Spectrum Acoustics, 2016.
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Figure 4-1: Existing Noise Measurement Locations (Sheet 1 of 4)
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Figure 4-2: Existing Noise Measurement Locations (Sheet 2 of 4)
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Figure 4-3: Existing Noise Measurement Locations (Sheet 3 of 4)
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Figure 4-4: Existing Noise Measurement Locations (Sheet 4 of 4)
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Dallas County

Segment 1

The noise-sensitive land use along the proposed alignment in Dallas County from the northern
terminus to Route 12 (South Great Trinity Forest Avenue) is typically dense, urban
commercial/industrial land use along the existing freight tracks and IH-45. Several urban
residential neighborhoods are located in the areas north of South Lamar Street, along Kolloch
Drive from East lllinois Avenue to Route 12, and along Le May and Le Forge Avenues. Multi-
family residential complexes are located near East Overton Rd and Southern Oaks Boulevard and
at Kolloch Drive and Linfield Road.

The Imperial Institute of America, a school with institutional land use, is located on Mayforge
Drive near East lllinois Avenue. South of Route 12 to IH-20, the proposed alignment runs parallel
to existing freight tracks and IH-45 through a largely wooded area with a few dense suburban
residential neighborhoods to the west along Golden Gate Drive and J.J. Lemmon Road. Several
parks and churches are located in this suburban area as well. South of IH-20 to the Dallas/Ellis
County line is typically rural farm land with scattered single-family residences along the
proposed alignment.

Descriptions of the noise measurements conducted along Segment 1 in Dallas are as follows:

Site LT-1: 4019-4099 Bulova Street, Dallas. The Ldn measured at this location was 72 dBA. The
dominant noise source was traffic on IH-45. Noise levels were measured for 24 hours near the
gate to this parcel.

Site LT-1A: 5125 Cleveland Rd, Dallas. The Ldn measured at this location was 53 dBA. The
dominant noise sources were rural sounds and local traffic. Noise levels were measured during
three separate one hour periods throughout the day along Cleveland Rd in front of the property.

Site LT-1B: 1345 E. Beltline Road, Lancaster. The Ldn measured at this location was 70 dBA. The
dominant noise source was traffic on E Beltline Rd. Noise levels were measured during three
separate one hour periods throughout the day along E Beltline Rd in front of the property.

Site LT-1C: 1786 Nail Drive, Lancaster. The Ldn measured at this location was 45 dBA. The
dominant noise source was rural sounds. Noise levels were measured during three separate one
hour periods throughout the day along Nail Drive in front of the property.

Site ST-1: 1213 Coleman Avenue, Dallas. The Leq measured at this location was 63 dBA. The
dominant noise sources were traffic on Lamar Street, traffic on Cedar Crest Boulevard and
freight train activity. Noise levels were measured for one hour on the side of the road within the
public right-of-way (ROW).

Site ST-2: 4412 Kolloch Drive, Dallas. The Leq measured at this location was 62 dBA. The

dominant noise sources were traffic on IH-45 and freight train activity. Noise levels were
measured for one hour in the side yard of this residence.

28



Site ST-3: 6350 J.J. Lemmon Road, Dallas (College Park Baptist Church). The Leq measured at
this location was 54 dBA. The dominant noise sources were traffic on J.J. Lemmon Road and
distant traffic on IH-45. Noise was measured for one hour in the rear parking area of the church.

Ellis County

Segment 2A

The noise and vibration sensitive land use along the proposed Segment 2A in Ellis County is
typically rural farm land with scattered single family residences. Descriptions of the noise
measurements conducted along Segment 2A in Ellis County are as follows:

Site LT-2: FM 813, Palmer. The Ldn measured at this location was 55 dBA. The dominant noise
source was local community traffic. Noise levels were measured for 24 hours in the back yard of
this residence.

Site LT-3: 508 Old Waxahachie Road, Waxahachie. The Ldn measured at this location was 53
dBA. The dominant noise sources were local traffic on Old Waxahachie Road and distant traffic
on Route 287. Noise levels were measured for 24 hours in the front yard of the residence.

Site ST-4: 2607 Ferris Road, Lancaster. The Leq measured at this location was 52 dBA. The
dominant noise sources were wind and livestock. Noise levels were measured for one hour in
the field behind the residence.

Site ST-5: 369 Farmer Rd, Ennis. The Leq measured at this location was 62 dBA. The dominant
noise source was traffic on Route 34. Noise levels were measured for one hour on the side of
the road within the public ROW.

Segment 2B

The noise-sensitive land use along the proposed Segment 2B in Ellis County is typically rural farm
land with scattered single family residences. The noise measurement sites used to characterize
Segment 2B in Ellis County are the same as those used for Segment 2A.

Navarro County

Segment 3A

The noise-sensitive land use along the proposed Segment 3A in Navarro County is typically rural
farm land with scattered single family residences. A description of the noise measurement
conducted along Segment 3A in Navarro County is as follows:

Site LT-4: NW County Road 1320, Ennis. The Ldn measured at this location was 36 dBA. The
dominant noise sources were distant traffic and livestock. Noise levels were measured for 24
hours in the front yard of the residence.

Segment 3B

The noise-sensitive land use along the proposed Segment 3B in Navarro County is typically rural
farm land with scattered single family residences. A description of the noise measurement
conducted along Segment 3B in Navarro County is as follows:
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Site ST-6: SW 1000, Corsicana. The Leq measured at this location was 41 dBA. The dominant
noise source was traffic from Route 31. Noise levels were measured for one hour in the back
yard of the residence.

Segment 3C

The noise-sensitive land use along the proposed Segment 3C in Navarro County is typically rural
farm land with scattered single family residences. A description of the noise measurement
conducted along Segment 3C in Navarro County is as follows:

Site LT-5: SW 2120, Richland. The Ldn measured at this location was 46 dBA. The dominant
noise sources were farm activity and distant freight trains/horns. Noise levels were measured
for 24 hours in the field behind the ranch house.

Segment 4

The noise-sensitive land use along the proposed Segment 4 in Navarro County is typically rural
farm land with scattered single family residences.

The noise measurement site used to characterize Segment 4 in Navarro County is the same as
for Segment 3C.

Freestone County

Segment 3C

The noise-sensitive land use along the proposed Segment 3C in Freestone County is typically
rural farm land with scattered single family residences. Segment 3C runs parallel to IH-45 from
just south of FM 833 until the Freestone/Leon County line. This area remains typically rural farm
land until the City of Fairfield, where the land use becomes slightly denser and largely
commercial/industrial. South of Fairfield, the land use returns to rural farm land and oil fields
with scattered single family residences. Descriptions of the noise measurements conducted
along Segment 3C in Freestone County are as follows:

Site LT-8: N Fwy Service Road, Teague. The Ldn measured at this location was 50 dBA. The
dominant noise sources were traffic on IH-45 and farm activity. Noise levels were measured for
24 hours adjacent to the pond on this ranch.

Site ST-7: 117-123 County Road 1041, Wortham. The Leq measured at this location was 31 dBA.
The dominant noise source was distant wildlife. Noise levels were measured for one hour on the
side of the road within the public ROW.

Site ST-8: N Freeway Service Road at County Road 1090, Streetman. The Leq measured at this
location was 54 dBA. The dominant noise source was traffic on IH-45. Noise levels were
measured for one hour on the side of the road within the public ROW.

Site ST-9: N Freeway Service Road at Old Mexia-Fairfield Road, Fairfield. The Leq measured at
this location was 70 dBA. The dominant noise source was traffic on IH-45. Noise levels were
measured for one hour on the side of the road within the public ROW.

Segment 4
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The noise-sensitive land use along the proposed Segment 4 in Freestone County is typically rural
farm land with scattered single family residences. Descriptions of the noise measurements
conducted along Segment 4 in Freestone County are as follows:

Site LT-6: FM 1366, Wortham. The Ldn measured at this location was 43 dBA. The dominant
noise sources were local community traffic and farm activity. Noise levels were measured for 24
hours adjacent to the back house on this parcel.

Site LT-7: Approx. 132-264 CR 890, Teague. The Ldn measured at this location was 42 dBA. The
dominant noise sources were local community traffic and farm activity. Noise levels were
measured for 24 hours adjacent to the ranch house.

Limestone County

Segment 4

The noise-sensitive land use along the proposed Segment 4 in Limestone County is typically rural
farm land/oil fields with scattered single family residences. Descriptions of the noise
measurements conducted along Segment 4 in Limestone County are as follows:

Site LT-9: 633 Local County Road 882, Jewett. The Ldn measured at this location was 48 dBA.
The dominant noise sources were local community traffic and farm activity. Noise levels were
measured for 24 hours adjacent to the ranch house.

Site ST-10: FM 39 at East Yeagua Street, Groesbeck. The Leq measured at this location was 63
dBA. The dominant noise sources were traffic on FM 39 and traffic on East Yeagua Street. Noise
levels were measured for one hour on the side of the road within the public ROW.

Leon County

Segment 3C

The noise-sensitive land uses for Segment 3C in Leon County include mostly rural areas with
single family residences and the cities of Buffalo and Centerville. The City of Buffalo is a mixture
of single family houses and commercial areas with a church close to the proposed route.
Descriptions of the noise measurements conducted along Segment 3C in Leon County are as
follows:

Site LT-11: N Freeway Service Road, Buffalo. The Ldn measured at this location was 55 dBA. The
dominant noise sources were traffic on IH-45 and distant freight trains/horns. Noise levels were
measured for 24 hours adjacent to the driveway of this ranch.

Site LT-13: 2076-2765 West Feeder Road. The measured Ldn at this location was 53 dBA. This
24-hour measurement was taken at the southern edge of the property facing a small pond. The
dominant noise sources were local traffic from West Feeder Road, IH-45 and neighborhood
activity.

Site ST-11: N Freeway Service Road at County Road 306, Buffalo. The Leq measured at this

location was 68 dBA. The dominant noise source was traffic on IH-45. Noise levels were
measured for one hour on the side of the road within the public ROW.
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Site ST-12: 20559 IH-45 Frontage Road. The measured Leq at this location was 61 dBA. The
dominant noise sources were local traffic from the frontage road and IH-45. Noise levels were
measured in the front yard of the property for a period of one hour.

Segment 4

The noise-sensitive land uses for Segment 4 in Leon County include scattered single family
residences. This segment also includes Leon High School. Descriptions of the noise
measurements conducted along Segment 4 in Leon County are as follows:

Site LT-10: Beddingfield Road, Marquez. The Ldn measured at this location was 42 dBA. The
dominant noise sources were local community traffic and farm activity. Noise levels were
measured for 24 hours in the back yard of the residence.

Site LT-12: 534 FM 39. The measured Ldn at this location was 60 dBA. The dominant noise
source was distant local traffic. Noise levels were measured for 24 hours on the north side of a
dirt road that accesses the property.

Madison County

Segment 3C

The noise-sensitive land uses for Segment 3C in Madison County include rural areas with
scattered single family residences. A description of the noise measurement conducted along
Segment 3C in Madison County is as follows:

Site LT-14: 7652 Greenbrier Road. The measured Ldn at this location was 63 dBA. Noise levels
were measured for 24 hours. This measurement was taken in the front yard of the property. The
major noise sources were local traffic on IH-45, farming activity and noise from the
manufacturing facility located at the northern edge of the property.

Segment 4

The noise-sensitive land uses for Segment 3C in Madison County include rural areas with
scattered single family residences. Descriptions of the noise measurements conducted along
Segment 4 in Madison County are as follows:

Site LT-15: 1977 Poteet Road. The measured Ldn at this location was 48 dBA. The dominant
noise source was local traffic on Poteet Road. Noise levels were measured for 24 hours on the
south side of the property facing a corral.

Site ST- 13: 5192 Dawkins Road. The measured Leq at this location was 54 dBA. The dominant
noise source was local traffic. Noise levels were measured in front of the residence by the gate
facing Dawkins Road for a period of one hour.

Site ST-14: 3159 Clark Road. The measured Leq at this location was 56 dBA. The dominant noise

sources were local traffic on Clark Road, wind, farming activities and electrical noise from power
lines. Noise levels were measured at the main gate for a period of one hour.
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Grimes County

Segment 3C

The noise-sensitive land uses for Segment 3C in Grimes County include rural areas with
scattered single family residences. A description of the noise measurement conducted along
Segment 3C in Grimes County is as follows:

Site LT-16: 6113 FM 1696. The Ldn measured at this location was 45 dBA. Noise levels were
measured for 24 hours and the measurement was performed at northeast edge of the property
overlooking at the power lines. The dominant noise sources were wind and farming activities.

Segment 4

The noise-sensitive land uses for Segment 4 in Grimes County include rural areas with scattered
single family residences. The noise measurement sites used to characterize Segment 4 in Grimes
County are the same as those used for Segment 3C.

Segment 5

The noise-sensitive land uses for Segment 5 in Grimes County include rural areas with scattered
single family residences and the Town of Singleton. Singleton is a mixture of single family
residences and commercial and industrial areas. Descriptions of the noise measurements
conducted along Segment 5 in Grimes County are as follows:

Site LT-17: 10735 Route 90. The Ldn measured at this location was 47 dBA. Noise levels were
measured for 24 hours and the measurement was conducted at the eastern side of the property
at a distance of about 150 feet from a metallic shed. The dominant noise source was distant
local traffic.

Site LT-18: 5126 FM 1774. The measured Ldn at this location was 60 dBA. The dominant noise
sources were barking dogs and local traffic from FM 1774. Noise levels were measured for 24
hours on the northern side of the property at a distance of 150 feet from FM 1774.

Site ST-15: 15619 TX-90. The measured Leq at this location was 53 dBA. The dominant noise
source was local traffic from TX 90, livestock and other farm animals and farming activities.
Noise levels were measured in front of the house near the driveway for a period of one hour.

Site ST-16: County Road 341, Plantersville. The measured Leq at this location was 50 dBA. The
dominant noise source was local traffic from County Road 341. Noise levels were measured at
the back of the property near a shed for a period of one hour.

Waller County

Segment 5

The noise-sensitive land uses for Segment 5 in Waller County include rural areas with scattered
single family residences. Descriptions of the noise measurements along Segment 5 in Waller
County are as follows:

Site LT-19: 119 Plantation Drive, Todd Mission. The measured Ldn at this location was 47 dBA.

Noise levels were measured for 24 hours at the front northern edge of the property. The
dominant noise sources were local traffic from Plantation Drive and neighborhood activity.
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Site ST-17: 31205 Hegar Road. The measured Leq at this location was 47 dBA. The major noise
sources were local traffic from Hegar Road and Joseph Road. Noise levels were measured in the
front yard of the residence for a period of one hour.

Harris County

Segment 5

The noise-sensitive land uses for Segment 5 in Harris County include some rural areas, industrial
and commercial areas and residential neighborhoods. Between the county’s northern
boundaries where the proposed route crosses SH 99, the land use is mostly rural with scattered
single family residences. Between SH 99 and Fry Road, the segment runs through a mostly rural
area with scattered single-family residences and commercial uses.

Between Fry Road and SH 6 North, both sides of the proposed route include a mixture of
commercial and industrial areas with residential neighborhoods. The neighborhoods have both
single and multi-family residences. Within this vicinity are four churches and Cy-Fair High School.
Between SH 6 North and the West Sam Houston Parkway, there is a mix of commercial and
residential areas north of the proposed route. The residential areas are a mixture of single- and
multi-family housing. South of the route is a mixture of industrial and commercial usage. There
are also two churches along this stretch of the segment.

Between the West Sam Houston Parkway and IH-610, the land use around the segment is
mostly commercial and industrial with a few residential areas with single-family houses. Also
within this section are six places of worship and Bane Elementary School. Along IH-610, the
route passes through a mixture of industrial and commercial areas.

Descriptions of the noise measurements conducted along Segment 5 in Harris County are as
follows:

Site LT-20: 21512 Binford Road. The measured Ldn at this location was 49 dBA. Noise levels
were measured for 24 hours at the northern edge of the property at the setback distance of the
residence. Traffic noise from Binford Road was not significant during the measurement period.

Site LT-21: 12118 Canyon Arbor Way. The measured Ldn at this location was 67 dBA. Noise
levels were measured for 24 hours at the northern edge of the property near a residence. The
dominant noise source was local traffic from US-290.

Site LT-22: 14812 Hempstead Road. The measured Ldn at this location was 44 dBA. Noise levels
were measured for 24 hours at the front yard of the property facing Hempstead Road. The
dominant noise sources were local traffic on Hempstead Road and Union Pacific trains, located
parallel to Hempstead Road.

Site LT-23: 11217 Todd Street. The measured Ldn at this location was 47 dBA. The dominant

noise sources were local traffic on Todd Street, Harland Drive and Hempstead Road, plus Union
Pacific trains. Noise levels were measured for 24 hours on the northern edge of the property.
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Site ST-18: 6734 Limestone Street. The measured Leq at this location was 57 dBA. The dominant
noise source was local traffic on Limestone Street and Hempstead Road. Noise levels were
measured in front of the residence for a period of one hour.

Site ST-19: 20710 May Showers Circle. The measured Leq at this location was 61 dBA. The major
noise sources were local traffic on Hempstead Road, Huffmeister Road and residential activities
in May Showers Circle. Noise levels were measured in the front yard of the property for a period
of one hour.

Existing Vibration Conditions

Vibration Measurement Procedures and Equipment

Vibration-sensitive land use for the project was identified based on GIS data, aerial
photography, drawings, plans and a field survey. Except for parks and other exterior areas, the
vibration sensitive land uses along the routes of the Build Alternatives are the same as described
above in Section 4.1 (Existing Noise Conditions).

Vibration propagation measurements were conducted in the Study Area during January 2016 to
determine the vibration response characteristics of the ground near vibration-sensitive
locations. A custom-built instrumented hammer was used to impart an impulsive force to the
ground. The magnitude of the force was calculated based on the acceleration and mass of the
falling hammer. The resulting vibration signals were measured using high-sensitivity
accelerometers (PCB Model 393C and 393B05) mounted in a vertical direction on pavement or
on steel spikes driven into the ground. The signals from the hammer and accelerometers were
recorded using Data Translation DT9837A digital acquisition hardware. Data Translation's
QuickDAQ software, running on a laptop computer, was used to review the measurement data.

The vibration propagation test procedure is shown schematically in Figure 4-5. The
instrumented hammer was used to generate impulses at specific locations spaced 15 feet apart
along a line on or parallel to the proposed HSR alignment. A line of accelerators was placed
perpendicular to the line of impacts as shown in the figure. The relationship between the input
force and the resulting vibration measured by the accelerometers, called the transfer mobility
(TM), was calculated using proprietary software in the Cross-Spectrum Acoustics (CSA)
laboratory. The transfer mobility represents the vibration propagation characteristics of the
ground at the measurement site and at other sites with similar geology. Vibration levels from a
HSR vehicle were estimated by mathematically combining the force generated by a train (the
force density) with the transfer mobility as described in the Detailed Vibration Assessment
methodology provided in the FRA guidance manual.
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Figure 4-5: Vibration Propagation Measurement Schematic
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Source: Cross-Spectrum Acoustics, 2016.

For the laboratory analysis, the following steps were used to calculate the transfer mobility at
each measurement site:

e Narrow-band transfer functions for each accelerometer/force pair were computed using
custom CSA software. Signal processing and averaging techniques were used to maximize
the signal-to-noise ratio for each measurement. Numerical integration was used to convert
the acceleration data into velocity.

e The narrowband data were converted to one-third-octave band data.

e Numerical integration was used to convert the measured point source transfer mobility
(PSTM) data into line source transfer mobilities (LSTM).

e For each one-third-octave band, linear or quadratic regression was used to determine
smoothed estimates for each line source transfer mobility as a function of distance from the
source.

The FRA manual provides more details regarding the propagation test and analysis procedures.

Vibration Measurement Locations

Table 4-2 and Figures 4-6 through 4-9 describe the locations of the eleven vibration
measurement sites. Photographs of each site are included in Appendix A.
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Table 4-2: Summary of Vibration Propagation Measurement Sites

i::)e Measurement Location County Segments Date

V-1 4360 Kolloch Drive, Dallas (Church) Dallas 1 1/18/2016
V-2 103 Coffee Rd. Ellis 2A, 2B 1/18/2016
V-3 710 FM 2100 Navarro 3A, 3B, 3C 1/19/2016
V-4 N Fwy Service Rd., Fairfield Freestone 3C, 4 1/19/2016
V-5 LCR 828, Personville Limestone 4 1/20/2016
V-6 6734 FM 977 (Residence) Leon 4 1/20/2016
V-7 10290 Greenbriar Rd. (Residential Madison 3c 1/20/2016

Parcel)

V-8 10063 CR 311 (Residence) Grimes 5 1/21/2016
V-9 Plantation Dr., Todd Mission Waller 5 1/21/2016
V-10 Josey Ranch Rd., Houston Harris 5 1/22/2016
V-11 21610 U.S. 290 Frontage Rd., Houston Harris 5 1/22/2016

Source: Cross-Spectrum Acoustics, 2016.

Descriptions of the vibration measurement sites and the areas they represent are provided
below by county and segment.

Dallas County

Segment 1

Site V-1: 4360 Kolloch Dr. The vibration propagation measurement was conducted in the
parking lot of Friendship Missionary Baptist Church. The measurement results at this site are
representative of the ground-borne vibration propagation conditions of the soil this area,
including all vibration-sensitive land use along the 1-45 corridor in Dallas between S Lamar St.
and the I-20 junction along Segment 1.

Ellis County

Segment 2A

Site V-2: 103 Coffee Rd. The vibration propagation measurement was conducted along Coffee
Rd. with the sensors placed in the adjacent field. The measurement results at this site are
representative of the ground-borne vibration propagation conditions of the soil this area,
including all vibration-sensitive land use west of 1-45 from Hutchins to Bardwell along both
Segments 2A and 2B.

Segment 2B

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 2B in Ellis County are the same as those used for Segment 2A.
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Figure 4-6: Vibration Propagation Measurement Locations (Sheet 1 of 4)
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Figure 4-7: Vibration Propagation Measurement Locations (Sheet 20of 4)
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Figure 4-8: Vibration Propagation Measurement Locations (Sheet 3 of 4)
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Figure 4-9: Vibration Propagation Measurement Locations (Sheet 4 of 4)
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Navarro County

Segment 3A

Site V-3: 710 FM 2100. The vibration propagation measurement was conducted along FM 2100
with the sensors in the front yard of the property. The measurement results at this site are
representative of the ground-borne vibration propagation conditions of the soil this area,
including all vibration-sensitive land use in Navarro County along the northern portions of
Segments 3A, 3B, 3C and 4 including the towns of Barry and Oak Valley.

Segment 3B

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 3B in Navarro County are the same as those used for Segment 3A.

Segment 3C

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 3C in Navarro County are the same as those used for Segment 3A.

Segment 4
The vibration measurement results used to characterize the vibration propagation conditions

along Segment 4 in Navarro County are the same as those used for Segment 3A.

Freestone County

Segment 3C

Site V-4: N Fwy Service Rd., Fairfield. The vibration propagation measurement was conducted
along the western edge of the gas field with the sensors in the adjoining field. The measurement
results at this site are representative of the ground-borne vibration propagation conditions of
the soil this area, including all vibration-sensitive land use between Fairfield and Teague in
Freestone County following Route 179 on the east and Segment 4 on the west.

Segment 4
The vibration measurement results used to characterize the vibration propagation conditions

along Segment 4 in Freestone County are the same as those used for Segment 3C.

Limestone County

Segment 4

Site V-5: LCR 828, Personville. The vibration propagation measurement was conducted in the
front pasture of the property along the driveway. The measurement results at this site are
representative of the ground-borne vibration propagation conditions of the soil this area,
including all vibration-sensitive land use along Segment 4 west of the towns of Donie and
Jewett.

Leon County

Segment 3C

Site V-7: 10290 Greenbriar Rd. The vibration propagation measurement was conducted along
Greenbriar Rd. with the sensors located in the field to the north of the house. The measurement
results at this site are representative of the ground-borne vibration propagation conditions of
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the soil this area, including all vibration-sensitive land use along the southern part of Segment
3C in south Leon County and north Madison County, including the towns of Centerville and
Leona.

Segment 4

Site V-6: 6734 FM 977. The vibration propagation measurement was conducted in the front yard
of the property. The measurement results at this site are representative of the ground-borne
vibration propagation conditions of the soil this area, including all vibration-sensitive land use
along the southern part of Segment 4 in southern Leon County and northern Madison County.

Madison County

Segment 3C

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 3C in Madison County are the same as those used for Segment 3C in Leon
County.

Segment 4
The vibration measurement results used to characterize the vibration propagation conditions
along Segment 4 in Madison County are the same as those used for Segment 4 in Leon County.

Grimes County

Segment 3C

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 3C in Grimes County are the same as those used for Segment 3C in Leon County.

Segment 4

The vibration measurement results used to characterize the vibration propagation conditions
along Segment 4 in Grimes County are the same as those used for Segment 4 in Leon County.

Segment 5

Site V-8: 10063 CR 311. The vibration propagation measurement was conducted along CR 311
with the sensors located in the front yard of the property. The measurement results at this site
are representative of the ground-borne vibration propagation conditions of the soil this area,
including all vibration-sensitive land use along Segment 5 in Grimes co. from Roans Prairie to
State Highway 105.

Waller County

Segment 5

Site V-9: Plantation Dr., Todd Mission. The vibration propagation measurement was conducted
along Plantation Dr. with the sensors located in an empty lot. The measurement results at this
site are representative of the ground-borne vibration propagation conditions of the soil this
area, including all vibration-sensitive land use along Segment 5 in south Grimes County and
north Waller County.
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Harris County

Segment 5

Site V-10: Josey Ranch Rd., Houston. The vibration propagation measurement was conducted
along Josey Ranch Rd. with the sensors located in the field to the west. The results at this
measurement site are representative of the ground-borne vibration propagation conditions of
the soil this area, including all vibration-sensitive land use along US 290 close to Fry Rd for
Segment 5.

Site V-11: 21610 U.S. 290 Frontage Rd. The vibration propagation measurement was conducted
in the field northeast of the train tracks. The measurement results at this site are representative
of the ground-borne vibration propagation conditions of the soil this area, including all
vibration-sensitive land use along U.S. 290 between Lee Way Dr. and Huffmeister Rd. in
Houston.

4.2.3 Vibration Measurement Results

Representative results of the vibration propagation tests are shown in Figure 4-10 (for Sites V-1
through V-6) and in Figure 4-11 (for Sites V-7 through V-11) in terms of the measured LSTM as a
function of vibration frequency at a distance of 100 feet. Higher LSTM levels in these figures
indicate more efficient vibration propagation. Detailed vibration propagation data are provided
in Appendix C.

Figure 4-10: Vibration Propagation Test Data (Sites V-1 through V-6)
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Source: Cross-Spectrum Acoustics, 2016.
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Figure 4-11: Vibration Propagation Test Data (Sites V-7 through V-11)
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Source: Cross-Spectrum Acoustics, 2016.

NOISE AND VIBRATION PREDICTION METHODOLOGY

Noise and vibration impacts due to the Project construction and operation were analyzed by
using the methodology contained in the FRA and FTA guidance manuals. The FRA Guidance
Manual was used as the primary source of guidance for analysis of high speed rail noise and
vibration impacts and mitigation and the FTA guidance was used to supplement the FRA
guidance for non-high speed rail sources of noise and vibration. The following sections provide
additional details regarding the methodology for the noise and vibration impact assessments.

Airborne Noise

Operational Noise

Noise levels from HSR operations were projected based on sound data gathered by Texas
Central Railroad (TCRR) in Japan for the Tokaido Shinkansen N700A train, the proposed project’s
operating plan and the general noise assessment methods included in the FRA guidance manual
(Chapter 4, Initial Noise Evaluation). Significant factors are summarized below:

e Based on TCRR measurement data for the Tokaido Shinkansen N700A train, the predictions
assume a Reference Sound Exposure Level (SEL) of 87 dBA at a distance of 50 feet from the
track centerline in all speed regimes.

e For the Final Operating Scenario (FOS) in the analysis year (2040), it is assumed that trains
will run every 10 to 15 minutes in each direction between 05:30 and 23:30, with the last
trains departing from Dallas and Houston at 22:00.
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e |t is assumed that the trainsets will be 8-car EMU fixed consists with a length of 204.7
meters.

e |tis assumed that the trains will operate at a maximum speed of 205 mph along most of the
route, except in the vicinity of the stations.

As an example, the projected noise exposure (Ldn) from HSR operations under worst-case
conditions (i.e. on viaduct at the maximum speed of 205 mph, without shielding from
intervening terrain or structures) is shown in Figure 5-1 as a function of distance from the near
track centerline.

Startle Due to Rapid Onset Rates

Rapid onset rates (very rapid changes in noise level) due to high speed train noise may cause
startle effects at distances very close to the proposed tracks. The onset rate is defined as the
rate of change of increasing noise level in decibels per second during a noise event. The duration
of such an event is short (typically a few seconds for high-speed trains). For a given speed, onset
rates will decrease as the distances from the trains to the noise-sensitive receivers increase.
Figure 5-2 shows the distance from the tracks versus speed relationship for rapid onset rates.

Figure 5-1: Projected HSR Noise Exposure (on Viaduct, 205 mph, no shielding)
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Source: Cross-Spectrum Acoustics, 2016.
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Figure 5-2: Distance from Tracks within which Startle Can Occur for HSR
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Ground-borne Vibration

Ground-borne vibration levels from HSR operations were projected using the detailed vibration
assessment prediction methods included in the FRA guidance manual (Chapter 9, Detailed

Vibration Assessment). Significant factors are summarized below:

The train vibration source level was based on the Force Density Level for the Pendolino EMU
high-speed train as reported in Figure 9-5 of the FRA guidance manual and shown below in
Figure 5-3.

It is assumed that the trains will operate at a maximum speed of 205 mph along most of the
route, except in the vicinity of the stations.

It is assumed that ground-borne noise would be masked by airborne noise from HSR
operations at typical structures along the alternative routes and thus ground-borne noise
impacts were not assessed.
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Figure 5-3: Force Density for Pendolino EMU High-Speed Train at 150 mph
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

The above force density spectrum was combined with the LSTM data at each vibration
measurement site to project ground vibration levels from future HSR operations using the FRA
detailed vibration analysis methodology. As an example of the results, the projected ground
vibration level spectra from HSR operations at a distance of 100 feet from the near track under
worst-case conditions (i.e. at grade and at the maximum speed of 205 mph) are shown in Figure
5-4 (for Sites V-1 through V-6) and in Figure 5-5 (for Sites V-7 through V-11). These results
suggest that HSR ground vibration levels at 100 feet from the tracks will marginally exceed the
FRA vibration criterion of 72 VdB for residential land use in the areas represented by Sites V-2,
V-3, V-4 and V-8, but will significantly exceed this criterion in the area represented by Site V-6.
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Figure 5-4: Maximum HSR Ground Vibration at 100 feet (Sites V-1 through V-6)
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Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

Figure 5-5: Maximum HSR Ground Vibration at 100 feet (Sites V-7 through V-11)
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September 2012.
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Construction Noise and Vibration

Construction noise and impacts are assessed using a combination of the methods and
construction source data contained in the FRA Manual and the FHWA Roadway Construction
Noise Model (RCNM). Typical noise levels generated by representative pieces of equipment are
listed in Table 5-1.

The noise exposure at a receiver location may be calculated using decibel addition of all
operating construction equipment using the following equation:

Leq(n) = Lmax + 10xLog(U.F.) - 20xLog(D/50) - Ashielding
where:

Leq(n) = noise exposure at a receiver resulting from the operation of a single piece of equipment
over n hours,

Lmax = noise emission level of the particular piece of equipment at the reference distance of 50
feet (taken from Table 5-1),

Ashielding = shielding provided by barriers, building, or terrain,
D = distance from the receiver to the piece of equipment in feet, and

U.F. = usage factor that accounts for the fraction of time that the equipment is in use over the
specified time period. For Leq(1) assume a U.F. equal to 100% and for 8 hours or more use the
values in Table 5-1.

The combination of noise from several pieces of equipment operating during the same time
period is obtained from decibel addition of the Leq of each single piece of equipment calculated
using the above equations.

Construction vibration is assessed for areas where there is potential for impact from
construction activities. Such activities include blasting, pile driving, demolition, and drilling or
excavation in close proximity to sensitive structures. Typical vibration levels generated by
representative pieces of equipment are listed in Table 5-2.
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Table 5-1: Construction Equipment Noise Emission Levels

Equipment Typlgglf?zi;L:ZS:é:BA) Usage Factor (U.F.), %
Air Compressor 80 40
Backhoe 80 40
Ballast Equalizer 82 50
Ballast Tamper 83 50
Compactor 82 20
Concrete Mixer 85 40
Concrete Pump 82 20
Concrete Vibrator 76 20
Crane, Derrick 88 16
Crane, Mobile 83 16
Dozer 85 16
Generator 82 50
Grader 85 40
Impact Wrench 85 50
Jack Hammer 88 20
Loader 80 40
Paver 85 50
Pile Driver (Impact) 101 20
Pile Driver (Vibratory) 95 20
Pneumatic Tool 85 50
Pump 77 50
Rail Saw 90 20
Rock Drill 85 20
Roller 85 20
Saw 76 20
Scarifier 83 20
Scraper 85 40
Shovel 82 40
Spike Driver 77 20
Tie Cutter 84 20
Tie Handler 80 20
Tie Inserter 85 20
Truck 84 40

Sources: (1) FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012 and (2) FHWA, “Construction Noise Handbook, Final Report FHWA-HEP-06-015, August 2006.
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Table 5-2: Vibration Source Levels for Construction Equipment

Equioment PPV at 25 ft Approximate Lv
quip (in/sec) at 25 ft
. . . upper range 1.518 112
Pile D t
ile Driver (impact) typical 0.644 104
. . . upper range 0.734 105
Pile Driver (vibratory) typical 0.170 93
Clam shovel drop (slurry wall) 0.202 94
. in soil 0.008 66
Hydromill (slurry wall) i rock 0.017 75
Vibratory roller 0.210 94
Hoe ram 0.089 87
Large bulldozer 0.089 87
Caisson drilling 0.089 87
Loaded trucks 0.076 86
Jackhammer 0.035 79
Small bulldozer 0.003 58
+t RMS velocity in decibels (VdB) re 1 pinch/second

Source: FRA, “High-Speed Ground Transportation Noise and Vibration Impact Assessment,” Final Report DOT/FRA/ORD-12/15,
September 2012.

For damage assessment the following equation is used:

PPVequip = PPVref x [(25/D)]*1.5

where:

PPVequip = the peak particle velocity in in/sec of the equipment adjusted for distance
PPVref = the reference vibration level in in/sec at 25 feet from Table 5-2, and
D = the distance from the equipment to the receiver in feet.

For annoyance assessment the following equation is used:

Lv (D) = Lv (25 ft) - 30xLog(D/25)

where:

Lv(D) = RMS vibration level at distance D

Lv(25 ft) = RMS vibration level at 25 ft from Table 5-2, and

D = the distance from the equipment to the receiver in feet.
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NOISE AND VIBRATION IMPACT ASSESSMENT

Station Noise Assessment

The proposed station locations include one site in Dallas, one site near College Station and three
site options in Houston. Excluding noise impacts from train operations (addressed below),
sources of potential noise impact in the vicinity of train stations includes auto and bus traffic
associated with access roads and parking facilities. For these sources, FTA guidance suggests
impact screening distances in the range of 100-225 feet. For the station sites under
consideration, however, it does not appear that there is any noise-sensitive land use within
these distances. Thus noise impacts are not anticipated due to HSR station activities.

Maintenance Facility Noise Impacts

There are two proposed Trainset Maintenance Facilities (TMF) and five Maintenance-of-Way
Facilities (MOWF) along each build alternative. For maintenance facilities, FTA guidance
(Chapter 3 of the FTA Guidance Manual)® suggests an impact screening distance of 1,000 feet
from the center of the facility. If no sensitive receptors are found within that distance, no
further noise analysis is required. For all the TMF and MOWF facilities, there are no noise-
sensitive land uses within this distance. Thus, noise impacts are not anticipated due to TMF or
MOWEF operations.

Operational Noise Assessment

The assessment of noise impacts from HSR operations is summarized by county and segment in
Table 6-1 for FTA Category 2 (residential) land use and in Table 6-2 for FTA Category 3
(institutional) land use. The results include a tabulation of location information for each
sensitive receptor group, the existing noise levels, the projections of future noise levels, the
impact criteria, and whether there will be noise impacts. The tables also show the total number
of moderate and severe noise impacts for each location, without mitigation.

! FTA, “Transit Noise and Vibration Impact Assessment,” Final Report FTA-VA-90-1003-06, May 2006.
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Table 3.4-12: Summary of Noise Impacts for Residential Land Use

+ ® Project Noise Levels — Ldn
= 2 ¢\ —_
- a S € (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == s 9
g . 22 HSR
7 o S - Mod. Sev. Mod. Sev.
) 72 65 71 0 0 -
Dallas (1) Dallas Station to IH-20 NB 243-415 =3 54-57 52 60 0 0 —
) 72 65 71 0 0 -
Dallas (1) Dallas Station to IH-20 SB 348-1001 =3 48-55 ca 60 0 0 —
53 54 60 1 0 7
Dallas (1) IH-20 to Bluff Springs Rd NB 270-793 70 49-56 64 69 0 0 -
45 52 59 5 0 10-11
53 54 60 0 0 -
Dallas (1) IH-20 to Bluff Springs Rd SB 223-970 70 48-58 64 69 0 0 --
45 52 59 3 0 11
Ellis (1) IH-20 to Bluff Springs Rd NB 188-910 45 49-59 52 59 8 1 11-12
Ellis (1) IH-20 to Bluff Springs Rd SB 174-2612 45 42-59 52 59 9 1 11-12
) 45 52 59 1 0 13
Ellis (2A) Bluff Sp”giRd toFM NB 527-2986 39-52
55 55 61 0 0 -
. 45 52 59 4 0 13-16
Ellis (2A) Bluff Springs Rd to FM sB 199-2715 41-59
813 55 55 61 4 0 13-16
. 55 55 61 0 0 -
Ellis (2A) FM 813 to TX 287 NB 824-1690 =3 44-49 = o1 0 0 —
Ellis (2A) FM 813 to TX 287 SB 211-989 55 46-58 55 61 1 0 18




Table 3.4-12: Summary of Noise Impacts for Residential Land Use
Project Noise Levels — Ldn

x 17 g -
- a S € (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == =
9 . % 2 | HSR
a o S - Mod. Sev. Mod. Sev.
Ellis (2A) FM 813 to TX 287 53 55 61 0 0 -
53 55 61 0 23
Ellis (2A) TX 287 to TX 34 NB 281-2148 43-56
52 54 60 0 0 -
. 53 55 61 1 0 22
Ellis (2A) TX 287 to TX 34 SB 289-805 5 48-56 " 0 5 5 -
Ellis (2A) TX34toTX 22 NB No noise sensitive receptors. --
53 55 61 2 0 25
Ellis (2A) TX 34 to TX 22 SB 167-905 49-60
36 50 55 0 0 -
- 55 55 61 2 0 29
Ellis (2B) Bluff Springs Rd to FM NB | 385-2087 39-54
813 45 52 59 0 0 -
Ellis (2B) Bluff Sp”g‘i‘;Rd toFM SB 55 55 61 0 0 -
, 205-2715 41-58
Ellis (2B) Bluff Springs Rd to FM sB 45 52 59 1 0 30
813
Ellis (28B) FM 813 to TX 287 NB 55 55 61 1 0 33
179-947 48-59
Ellis (28B) FM 813 to TX 287 NB 53 55 61 0 0 -
55 55 61 0 0 -
Ellis (28B) FM 813 to TX 287 SB 585-1784 44-49
53 55 61 0 0 -
53 55 61 0 0 -
Ellis (28B) TX 287 to TX 34 NB 455-2908 39-53
60 58 63 0 0 -
Ellis (28B) TX 287 to TX 34 SB 959 53 46 55 61 0 0 -
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Table 3.4-12: Summary of Noise Impacts for Residential Land Use
Project Noise Levels — Ldn

X 2 2 -

- a S € (dBA) Number and Type
County/ ) - S = z3 o of Impacts

Location S c £ oo = FRA Criteria Mapbook Page

Segment == =

% = 2 HSR

a o x - Mod. Sev. Mod. Sev.

60 58 63 0 0 -

Ellis (2B) TX34toTX 22 NB No noise sensitive receptors.

Ellis (2B) TX34toTX 22 SB :ﬁ}ii_ 53 44-46 55 61 0 0 -

Ellis (3A) TX34toTX 22 NB No noise sensitive receptors.

Ellis (3A) TX 34 to TX 22 SB 977 | 3 | 4 | so | ss | o | o -

Ellis (3B) TX34toTX 22 NB No noise sensitive receptors.

Ellis (38) TX 34 to TX 22 SB B | 3% | 4 | so | ss | o | o -

Ellis (3C) TX 34 to TX 22 NB No noise sensitive receptors.

Ellis (3C) TX34toTX 22 SB 977 36 46 50 55 0 0 -
Navarro (3A) TX34toTX 22 NB 396-923 36 47-52 50 55 1 0 45
Navarro (3A) TX34toTX 22 SB 360-2879 36 39-53 50 55 1 0 46

39 50 55 1 0 51
Navarro (3A) TX22to TX 31 NB 290-632 49-54
36 50 55 0 0 -
39 50 55 0 0 -
Navarro (3A) TX22to TX 31 SB 560-1034 46-52
36 50 55 0 0 -
Navarro (3A) TX31to FM 3194 NB 261-546 46 50-57 52 59 1 0 55
Navarro (3A) TX 31to FM 3194 SB 740 46 45 52 59 0 0 -
Navarro (3A) FM 3194 to Navarro NB 656 46 51 52 59 0 0 -
County Line
Navarro (3A) FM 3194 to Navarro SB No noise sensitive receivers. -
County Line




Table 3.4-12: Summary of Noise Impacts for Residential Land Use
Project Noise Levels — Ldn

K~ & Q
o =) 3 < (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == =
- = 2 HSR
a o S - Mod. Sev. Mod. Sev.
Navarro (3B) TX34toTX 22 NB 611-2905 36 39-51 50 55 1 0 65
Navarro (3B) TX34toTX 22 SB 222-1002 36 46-58 50 55 3 1 65-67
46 52 59 1 0 70
Navarro (3B) TX22toTX 31 NB 261-996 39 48-57 %0 o5 0 0 —
Navarro (3B) TX22to TX 31 SB 324-759 46 48-55 52 59 3 0 70
Navarro (3B) TX 31 to Bonner Ave NB 228-1001 46 43-56 52 59 2 0 70-73
Navarro (3B) TX 31 to Bonner Ave SB 46 52 59 2 0 70
204-1017 43-63
Navarro (3B) TX 31 to Bonner Ave SB 39 50 55 4 0 70
Navarro (3B) Bonner Ave to Navarro NB 142-1016 46 48-61 52 59 1 1 73-75
County Line
Navarro (3B) Bonner Ave to_Navarro SB No noise sensitive receptors. -
County Line
Navarro (3C) TX34toTX 22 NB 396-923 36 47-52 50 55 1 0 83
Navarro (3C) TX34toTX 22 SB 360-2879 36 39-53 50 55 1 0 84
36 50 55 0 0 -
Navarro (3C) TX22to TX 31 NB 290-632 39 49-54 0 5 1 0 39
Navarro (3C) TX22toTX 31 SB 566-1034 39 46-52 20 55 0 0 -
Navarro (3C) TX31toTX 14 NB 786-2780 46 37-50 52 59 0 0 -
Navarro (3C) TX31toTX 14 SB No noise sensitive receptors. -
Navarro (3¢) | (X 14tO Nfi‘;aerm County | g | 176-1000 46 46-59 52 59 0 1 95
Navarro (3C) TX14to Nfi‘:]aerm County sB 571-940 46 47-51 52 59 0 0 -
Freestone (3C) Navarrilaofgg‘(; Line to NB 177-885 29 47-60 50 55 2 2 99-100
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Table 3.4-12: Summary of Noise Impacts for Residential Land Use

Project Noise Levels — Ldn

K~ "5 Q
o a 2 < (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == s 9
% = "é ] HSR
» o S - Mod. Sev. Mod. Sev.
Navarro County Line to
Freestone (3C) EM 1090 SB 568-989 29 47-50 50 55 0 0 -
Freestone (3C) FM 1090 to US 84 NB No noise sensitive receptors. -
Freestone (3C) FM 1090 to US 84 SB 52 54 60 3 0 102-104
232-511 51-57
Freestone (3C) FM 1090 to US 84 SB 68 63 68 0 0 -
Freestone (3C) US84toTX 179 NB No noise sensitive receptors. -
Freestone (3C) US 84 to TX 179 SB 50 53 60 1 0 106
226-452 52-58
Freestone (3C) US84toTX 179 SB 68 63 68 0 0 -
Freestone (3C) TX 179 to Fre.estone NB __
County Line No noise sensitive receptors
TX 179 to Freestone prors.
Freestone (3C) A SB --
County Line
Navarro County Line to 42 >2 >7 0 0 -
Freestone (4) Y 938’ NB 785-905 47-48
43 52 58 0 0 -
Navarro County Line to
Freestone (4) EM 930 SB 739 43 48 52 58 0 0 -
Freestone (4) FIM 930 to Freestone NB 812-989 42 49-50 52 57 0 0 -
County Line
Freestone (4) FIM 930 to Freestone sB 125-993 42 47-62 52 57 2 4 161-165
County Line
Limestone (4) Limestone County NB 345-862 48 50-54 53 59 3 0 170-173
Limestone (4) Limestone County SB 452-832 48 48-54 53 59 0 0 -
Leon (3C) Freestone County Line NB No noise sensitive receptors. -

to CR 3051




Table 3.4-12: Summary of Noise Impacts for Residential Land Use

. o o Project Noise Levels — Ldn
o a 3 < (dBA) Number and Type
S ~ 2 e}
Count . ~ C — = T of Impacts
S Y/t Location S cE @< FRA Criteria Mapbook Page
egmen ° - s 9 HSR
° © 2
a o S - Mod. Sev. Mod. Sev.
Leon (3C) Freesz‘z)”gRC;’ggy Line SB 322-503 55 51-56 55 61 1 0 118
Leon (3C) CR3051to TX 7 NB 221-334 55 54-56 55 61 1 0 126
Leon (3C) CR3051to TX 7 SB 220-428 55 52-58 55 61 3 0 121-122
Leon (3C) TX 7 to FM 977 NB 500 55 53 55 61 0 0 -
Leon (3C) TX 7 to FM 977 SB No noise sensitive receptors. -
Leon (4) Hmestone fonmvtine 1 ne 708 42 49 51 57 0 0 -
Leon (4) L'meStotzeUCSO;;ty Line sB 883-1003 42 47-49 51 57 0 0 -
Leon (4) US79to TX 7 NB 296-885 42 47-57 51 57 0 1 177
42 51 57 1 0 179
Leon (4) US79to TX 7 SB 519 = 53 = ” 0 0 —
42 51 57 1 0 180
Leon (4) TX 7 to FM 977 NB 347-797 o 49-54 = ” 5 0 —
62 59 64 0 0 -
Leon (4) TX 7 to FM 977 SB 211-843 = 49-59 4 0 0 0 —
Leon (4) FM 977 to FM 2289 NB 307-604 52 50-54 54 60 1 0 187
Leon (4) FM 977 to FM 2289 SB 386-907 52 47-53 54 60 0 0 -
Madison (3C) FM 977 to Waldrip Rd NB No noise sensitive receptors. --
Madison (3C) FM 977 to Waldrip Rd SB 158-379 65 55-61 61 66 0 0 -
Madison (3C) Waldrip Rd to FM 1452 NB 338 50 56 53 60 1 0 144
Madison (3C) Waldrip Rd to FM 1452 SB 532-640 50 51 53 60 0 0 -
Madison (3C) FM 1452 to FM 1696 NB 787-970 54 47-50 55 61 0 0 -
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Table 3.4-12: Summary of Noise Impacts for Residential Land Use
Project Noise Levels — Ldn

K~ 'Z 2
5 [=) S € (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == =
% = 2 HSR
a o x - Mod. Sev. Mod. Sev.
Madison (3C) FM 1452 to FM 1696 SB No noise sensitive receivers. --
Madison (4) FM 977 to FM 2289 NB 288-420 52 52-55 54 60 1 0 190
Madison (4) FM 977 to FM 2289 SB 338-982 52 47-54 54 60 0 0 -
50 53 60 0 0 --
Madison (4) FM 2289 to US 190 NB 353-714 50-55
54 55 61 1 0 196
Madison (4) FM 2289 to US 190 SB 213-693 50 49-57 53 60 1 0 192
Madison (4) US 190 to FM 1696 NB 182-909 54 49-60 55 61 3 0 196-197
Madison (4) US 190 to FM 1696 SB 436-990 54 46-54 55 61 0 0 -
Grimes (5) FM 1696 to FM 39 NB 47 52 59 1 0 210
231-589 52-58
Grimes (5) FM 1696 to FM 39 NB 49 53 59 0 0 -
Grimes (5) FM 1696 to FM 39 SB No noise sensitive receptors. -
Grimes (5) FM 39 to TX 90 NB 313-1014 49 46-56 53 59 3 0 211-212
Grimes (5) FM 39 to TX 90 SB 332-852 49 47-56 53 59 1 0 211
Grimes (5) TX90to CR 215 NB 329-1001 49 44-55 53 59 0 0 -
Grimes (5) TX 90 to CR 215 SB 422-798 49 45-53 53 59 1 0 214
Grimes (5) CR215to TX 105 NB 395-850 48 48-54 53 59 1 0 222
Grimes (5) CR215to TX 105 SB 391-1749 48 44-54 53 59 3 0 222-223
; 49 53 59 5 1 227
Grimes (5) TX 105 to Grimes NB 157-1010 46-60
County Line 48 53 59 0 0 .
TX 105 to Grimes
Grimes (5) County Line SB 563-1958 49 42-52 53 59 0 0 -




Table 3.4-12: Summary of Noise Impacts for Residential Land Use

«i o Project Noise Levels — Ldn
~ o e
5 [=) S € (dBA) Number and Type
County/ ) - S = z3 o of Impacts
Location S c £ oo = FRA Criteria Mapbook Page
Segment == s 9
9 e 2 3 | HSR
» o S - Mod. Sev. Mod. Sev.
Waller (5) Waller County NB 45 52 59 5 0 228
209-994 46-58
Waller (5) Waller County NB 49 53 59 3 0 231-232
Waller (5) Waller County SB 45 52 59 3 0 228-229
157-1000 46-60
Waller (5) Waller County SB 49 53 59 13 1 231
. Harris County Line to
Harris (5) Old Hwy 290 NB 190-1006 51 48-59 54 60 3 0 235
. Harris County Line to
Harris (5) Old Hwy 290 SB 330-995 51 47-55 54 60 1 0 235
Harris (5) Old Hwysf\gyto Grand NB 356-1009 51 46-54 54 60 1 0 238
Harris (5) Old Hwy 290 to Grand sB 210-1010 51 46-56 54 60 7 0 239
Pkwy
Harris (5) Grand Pkwy to TX 6 NB 59 57 63 0 0 --
155-520 52-60
Harris (5) Grand Pkwy to TX 6 NB 69 64 69 0 0 -
Harris (5) Grand Pkwy to TX 6 SB 59 57 63 1 0 244
81-518 52-64
Harris (5) Grand Pkwy to TX 6 SB 69 64 69 16 0 246-247
Harris (5) TX 6 to Blalock Rd NB 262-501 46 52-56 52 59 3 0 247-250
Harris (5) TX 6 to Blalock Rd SB No noise sensitive receptors. --
Harris (5) Blalock Rd to Houston NB 55 55 64 23 0 251-252
Station
Harris (5) Blalock Rd to Houston NB 110-510 46 52-62 52 59 2 1 251
Station
Harris (5) Blalock Rd to Houston NB 49 53 59 62 7 251-252
Station
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Table 3.4-12: Summary of Noise Impacts for Residential Land Use

. ‘a,‘ o Project Noise Levels — Ldn
2 =) 3 < (dBA) Number and Type
County/ ) - S = z3 o of Impacts
S Location S cE @< FRA Criteria Mapbook Page
egment o = s 0 HSR
° © 2
a o S - Mod. Sev. Mod. Sev.
Harris (5) Blalock :t‘:tti‘;:ousmn SB 55 55 64 81 0 251-252
Blalock Rd to Houston 227-524 52-57
Harris (5) : SB 49 49 56 5 0 252
Station

Source: Cross-Spectrum Acoustics, 2016.



Table 6-2: Summary of Noise Impacts for Institutional Land Use

. Mapbook
oo ) ) Existing | TX HSR Noise Levels — Leq (dBA) Type and # of Page
X Side o Near Trac Spee Noise Leve Im
) o pacts
County Seg Location Track Dist. (ft.) (mph) Leq TX HSR FTA Criteria
dBA Project
( ) rojec Mod. Sev. Mod. Sev.
Friendship 4
Dallas 1 Missionary Baptist SB 362 205 75 53 70 73 0 0
Church
Dallas 1 The Church of sB 411 205 75 52 70 73 0 0 4
Revelation
Dallas 1 College Park sB 670 205 50 49 58 60 0 0 6
Baptist Church
Full Faith 6
Dallas 1 Deliverance SB 463 205 50 52 58 60 0 0
Church
Ellis 2B Palmyra Studios NB 963 205 62 45 64 65 0 0 31
Freestone 4 Lebanon Church NB 454 205 44 50 57 59 0 0 156
Freestone 4 Furney-Richardson NB 837 205 49 48 58 59 0 0 162
School
Grimes 5 Shiloh Church sB 988 205 45 46 57 59 0 0 202
Cemetery
. Fairbanks United 250
Harris 5 Methodist Church NB 451 205 44 52 57 59 0 0
Harris 5 Christian Family NB 177 205 44 58 57 59 1 0 250
Church
Pentecostal 252
Harris 5 Church New SB 199 205 47 57 57 59 0 0
Jerusalem

Source: Cross-Spectrum Acoustics, 2016.
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The noise impact locations are shown graphically in Appendix D, Cultural Resources and
Community Facilities Mapbook and the projected noise impacts are described below by county

and segment.

1-20 to Bluff Springs Rd (NB) (Mapbook Page 1-6): There are six single-family
residences along the northbound side of the proposed alignment between
Interstate-20 and Bluff Springs Rd along Segment 1 projected to have moderate
noise impacts. The noise impacts at this location are due to HSR operations and
low existing noise levels.

1-20 to Bluff Springs Rd (SB) (Mapbook Page 1-6): There are three single-family
residences along the southbound side of the proposed alignment between
Interstate-20 and the Bluff Springs Rd along Segment 1 projected to have
moderate noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

1-20 to Bluff Springs Rd (NB) (Mapbook Page 6-12): There are nine single-family
residences along the northbound side of the proposed alignment between
Interstate-20 and Bluff Springs Rd along Segment 1 projected to have moderate
or severe noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

Dallas County
e Segment1l
o
o
Ellis County
e Segmentl
o
o

1-20 to Bluff Springs Rd (SB) (Mapbook Page 6-12): There are ten single-family
residences along the southbound side of the proposed alignment between
Interstate-20 and Bluff Springs Rd along Segment 1 projected to have moderate
or severe noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

e Segment 2A

(0}

Bluff Springs Rd to FM 813 (NB) (Mapbook Page 12-16): There is one single-
family residence along the northbound side of the proposed alignment between
the Bluff Springs Rd and Farm to Market 813 along Segment 2A projected to
have moderate noise impacts. The noise impact at this location is due to HSR
operations and low existing noise levels.

Bluff Springs Rd to FM 813 (SB) (Mapbook Page 12-16): There are eight single-
family residences along the southbound side of the proposed alignment
between the Bluff Springs Rd and Farm to Market 813 along Segment 2A
projected to have moderate noise impacts. The noise impacts at this location
are due to HSR operations and low existing noise levels.

FM 813 to TX 287 (SB) (Mapbook Page 16-22): There is one single-family
residence along the southbound side of the proposed alignment between Farm
to Market 813 and TX 287 along Segment 2A projected to have a moderate
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noise impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

TX 287 to TX 34 (NB) (Mapbook Page 16-22): There is one single-family
residence along the northbound side of the proposed alignment between TX
287 and TX 34 along Segment 2A projected to have a moderate noise impact.
The noise impact at this location is due to HSR operations and low existing noise
levels.

TX 287 to TX 34 (SB) (Mapbook Page 22-25): There is one single-family
residence along the southbound side of the proposed alighment between TX
287 and TX 34 along Segment 2A projected to have a moderate noise impact.
The noise impact at this location is due to HSR operations and low existing noise
levels.

TX 34 to TX 22 (SB) (Mapbook Page 22-25): There are two single-family
residences along the southbound side of the proposed alignment between TX
34 and TX 22 along Segment 2A projected to have moderate noise impacts. The
noise impacts at this location are due to HSR operations and low existing noise
levels.

e Segment 2B

o

Bluff Springs Rd to FM 813 (NB) (Mapbook Page 28-32): There are two single-
family residences along the northbound side of the proposed alignment
between Bluff Springs Rd and Farm to Market 813 along Segment 2B projected
to have moderate noise impacts. The noise impacts at this location are due to
HSR operations and low existing noise levels.

Bluff Springs Rd to FM 813 (SB) (Mapbook Page 28-32): There is one single-
family residence along the southbound side of the proposed alighment between
Bluff Springs Rd and Farm to Market 813 along Segment 2B projected to have a
moderate noise impact. The noise impact at this location is due to HSR
operations and low existing noise levels.

FM 813 to TX 287 (NB) (Mapbook Page 32-38): There is one single-family
residence along the northbound side of the proposed alighment between Farm
to Market 813 and TX 287 along Segment 2B projected to have a moderate
noise impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

Navarro County

e Segment 3A

(0]

(0}

TX 34 to TX 22 (NB) (Mapbook Page 43-48): There is one single-family residence
along the northbound side of the proposed alignment between TX 34 and TX 22
along Segment 3A in Navarro County projected to have a moderate noise
impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

TX 34 to TX 22 (SB) (Mapbook Page 43-48): There is one residence along the
southbound side of the proposed alignment between TX 34 and TX 22 along
Segment 3A in Navarro County projected to have a moderate noise impact. The
noise impact at this location is due to HSR operations and low existing noise
levels.
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(0}

TX 22 to TX 31 (NB) (Mapbook Page 48-52): There is one residence along the
northbound side of the proposed alignment between TX 22 and TX 31 along
Segment 3A projected to have a moderate noise impact. The noise impact at
this location is due to HSR operations and low existing noise levels.

TX 31 to FM 3194 (NB) (Mapbook Page 52-57): There is one residence along the
northbound side of the proposed alighnment between TX 31 to Farm to Market
3194 along Segment 3A in Navarro County projected to have a moderate noise
impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

e Segment 3B

(0}

TX 34 to TX 22 (NB) (Mapbook Page 63-67): There is one residence along the
northbound side of the proposed alighment between TX 34 and TX 22 along
Segment 3B projected to have a moderate noise impact. The noise impact at
this location is due HSR operations and low existing noise levels.

TX 34 to TX 22 (SB) (Mapbook Page 63-67): There are four residences along the
southbound side of the proposed alignment between TX 34 and TX 22 along
Segment 3B projected to have moderate or severe noise impacts. The noise
impacts at this location are due to HSR operations and low existing noise levels.
TX 22 to TX 31 (NB) (Mapbook Page 67-70): There is one residence along the
northbound side of the proposed alignment between TX 22 and TX 31 along
Segment 3B projected to have a moderate noise impact. The noise impact at
this location is due to HSR operations and low existing noise levels.

TX 22 to TX 31 (SB) (Mapbook Page 67-70): There are three residences along
the southbound side of the proposed alignment between TX 22 and TX 31 along
Segment 3B projected to have moderate noise impacts. The noise impacts at
this location are due to HSR operations and low existing noise levels.

TX 31 to Bonner Ave (NB) (Mapbook Page 70-73): There are two single-family
residences along the northbound side of the proposed alighment between TX 31
and Bonner Ave along Segment 3B projected to have moderate noise impacts.
The noise impacts at this location are due to HSR operations and low existing
noise levels.

TX 31 to Bonner Ave (SB) (Mapbook Page 70-73): There are six single-family
residences along the southbound side of the proposed alignment between TX
31 and Bonner Ave along Segment 3B projected to have moderate noise
impacts. The noise impacts at this location are due to HSR operations and low
existing noise levels.

Bonner Ave to Navarro County Line (NB) (Mapbook Page 73-80): There are two
single-family residences along the northbound side of the proposed alighment
between Bonner Ave and Navarro County Line along Segment 3B projected to
have moderate or severe noise impacts. The noise impacts at this location are
due to HSR operations and low existing noise levels.

e Segment 3C

(o}

TX 34 to TX 22 (NB) (Mapbook Page 82-86): There is one single-family residence
along the northbound side of the proposed alignment between TX 34 and TX 22
along Segment 3C projected to have a moderate noise impact. The noise impact
at this location is due to HSR operations and low existing noise levels.
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TX 34 to TX 22 (SB) (Mapbook Page 82-86): There is one single-family residence
along the southbound side of the proposed alignment between TX 34 and TX 22
along Segment 3C projected to have a moderate noise impact. The noise impact
at this location is due to HSR operations and low existing noise levels.

TX 22 to TX 31 (NB) (Mapbook Page 86-90): There is one single-family residence
along the northbound side of the proposed alignment between TX 22 and TX 31
along Segment 3C projected to have a moderate noise impact. The noise impact
at this location is due to HSR operations and low existing noise levels.

TX 14 to Navarro County Line (NB) (Mapbook Page 95-97): There is one single-
family residence along the northbound side of the proposed alighment between
TX 14 and the Navarro County Line along Segment 3C projected to have a severe
noise impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

Freestone County

e Segment 3C

(0}

Navarro County Line to FM 1090 (NB) (Mapbook Page 97-102): There are four
single-family residences along the northbound side of the proposed alignment
between Navarro County Line and FM 1090 projected to have moderate or
severe noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

FM 1090 to US 84 (SB) (Mapbook Page 102-106): There are three single-family
residences along the southbound side of the proposed alighment between Farm
to Market 1090 and US 84 projected to have moderate noise impacts. The noise
impacts at this location are due to HSR operations and low existing noise levels.
US 84 to TX 179 (SB) (Mapbook Page 106-111): There is one single-family
residence along the southbound side of the proposed alignment between US 84
and TX 179 projected to have a moderate noise impact. The noise impact at this
location is due to HSR operations and low existing noise levels.

e Segment4

(0}

FM 930 to Freestone County Line (SB) (Mapbook Page 160-166): There are six
residences along the southbound side of the proposed alighment between Farm
to Market 930 and the Freestone County Line projected to have moderate or
severe noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

Limestone County

e Segment4

(0}

Leon County

NB (Mapbook Page 166-173): There are three residences along the northbound
side of the proposed alignment in Limestone County projected to have
moderate noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

o Segment 3C
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0 Freestone County Line to CR 3051 (SB) (Mapbook Page 116-121): There is one
residence along the southbound side of the proposed alignment between the
Freestone County Line and CR 3051 projected to have a moderate noise impact.
The noise impact at this location is due to HSR operations and low existing noise
levels.

O CR 3051 to TX 7 (NB) (Mapbook Page 121-127): There is one residence along
the northbound side of the proposed alignment between County Road 3051 and
TX 7 projected to have a moderate noise impact. The noise impact at this
location is due to HSR operations and low existing noise levels.

O CR 3051 to TX 7 (SB) (Mapbook Page 121-127): There are three residences
along the southbound side of the proposed alignment between County Road
3051 and TX 7 projected to have moderate noise impacts. The noise impacts at
this location are due to HSR operations and low existing noise levels.

e Segment4

0 US 79 to TX 7 (NB) (Mapbook Page 177-180): There is one residence along the
northbound side of the proposed alighment between US 79 and TX 7 projected
to have a severe noise impact. The noise impact at this location is due to HSR
operations and low existing noise levels.

0 US 79 to TX 7 (SB) (Mapbook Page 177-180): There is one residence along the
southbound side of the proposed alignment between US 79 and TX 7 projected
to have a moderate noise impact. The noise impact at this location is due to HSR
operations and low existing noise levels.

0O TX 7 to FM 977 (NB) (Mapbook Page 180-186): There is one single-family
residence along the northbound side of the proposed alignment between TX 7
and Farm to Market 977 projected to have a moderate noise impact. The noise
impact at this location is due to HSR operations and low existing noise levels.

0 FM 977 to FM 2289 (NB) (Mapbook Page 186-189): There is one single-family
residences along the northbound side of the proposed alignment between Farm
to Market 977 and Farm to Market 2289 along Segment 4 projected to have a
moderate noise impact. The noise impact at this location is due to HSR
operations and low existing noise levels.

Madison County

e Segment 3C

O Waldrip Rd to FM 1452 (NB) (Mapbook Page 140-149): There is one single-
family residence along the northbound side of the proposed alignment between
Waldrip Rd and Farm to Market 1452 projected to have a moderate noise
impact. The noise impact at this location is due to HSR operations and low
existing noise levels.
e Segment4

0 FM 977 to FM 2289 (NB) (Mapbook Page 189-191): There is one single-family
residences along the northbound side of the proposed alignment between Farm
to Market 977 and Farm to Market 2289 projected to have a moderate noise
impact. The noise impact at this location is due to HSR operations and low
existing noise levels.
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FM 2289 to US 190 (NB) (Mapbook Page 191-196): There is one single-family
residence along the northbound side of the proposed alignment between Farm
to Market 2289 and US 190 projected to have a moderate noise impact. The
noise impact at this location is due to HSR operations and low existing noise
levels.

FM 2289 to US 190 (SB) (Mapbook Page 191-196): There is one single-family
residence along the southbound side of the proposed alighment between Farm
to Market 2289 and US 190 projected to have a moderate noise impact. The
noise impact at this location is due to HSR operations and low existing noise
levels.

US 190 to FM 1696 (NB) (Mapbook Page 196-201): There are three single-family
residences along the northbound side of the proposed alignment between US
290 and Farm to Market 1696 projected to have moderate noise impacts. The
noise impacts at this location are due to HSR operations and low existing noise
levels.

Grimes County

e Segment5

(0}

FM 1696 to FM 39 (NB) (Mapbook Page 201-208): There is one single-family
residence along the northbound side of the proposed alignment between Farm
to Market 1696 and Farm to Market 39 projected to have a moderate noise
impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

FM 39 to TX 90 (NB) (Mapbook Page 208-212): There are three single-family
residences along the northbound side of the proposed alignment between Farm
to Market 39 and TX 90 projected to have moderate noise impacts. The noise
impacts at this location are due to HSR operations and low existing noise levels.
FM 39 to TX 90 (SB) (Mapbook Page 208-212): There is one single-family
residence along the southbound side of the proposed alignhment between Farm
to Market 39 and TX 90 projected to have a moderate noise impact. The noise
impact at this location is due to HSR operations and low existing noise levels.

TX 90 to CR 215 (SB) (Mapbook Page 212-218): There is one single-family
residence along the southbound side of the proposed alighment between TX 90
and County Road 215 projected to have a moderate noise impact. The noise
impact at this location is due to HSR operations and low existing noise levels.

CR 215 to TX 105 (NB) (Mapbook Page 218-223): There is one single-family
residence along the northbound side of the proposed alignment between
County Road 215 and TX 105 projected to have a moderate noise impact. The
noise impact at this location is due to HSR operations and low existing noise
levels.

CR 215 to TX 105 (SB) (Mapbook Page 218-223): There are three single-family
residences along the northbound side of the proposed alignment between
County Road 215 and TX 105 projected to have moderate noise impacts. The
noise impacts at this location are due to HSR operations and low existing noise
levels.

TX 105 to Grimes County Line (NB) (Mapbook Page 223-228): There are six
single-family residences along the northbound side of the proposed alignment
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between TX 105 and Grimes County Line that are projected to have moderate or
severe noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

Waller County

e Segment5

(0}

Harris County

NB (Mapbook Page 228-233): There are eight single-family residences along the
northbound side of the proposed alignment in Waller County projected to have
moderate noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

SB (Mapbook Page 228-233): There are 17 single-family residences along the
southbound side of the proposed alignment in Waller County projected to have
moderate or severe noise impacts. The noise impacts at this location are due to
HSR operations and low existing noise levels.

e Segment5

(0}

Harris County Line to Old Hwy 290 (NB) (Mapbook Page 233-237): There are
three single-family residences along the northbound side of the proposed
alignment between the Harris County line and Old Hwy 290 projected to have
moderate noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

Harris County Line to Old Hwy 290 (NB) (Mapbook Page 233-237): There is one
single-family residence along the northbound side of the proposed alighnment
between the Harris County line and Old Hwy 290 projected to have a moderate
noise impact. The noise impact at this location is due to HSR operations and low
existing noise levels.

Old Hwy 290 to Grand Pkwy (NB) (Mapbook Page 237-242): There is one single-
family residence along the northbound side of the proposed alighment between
Old Hwy 290 and Grand Pkwy projected to have moderate noise impact. The
noise impact at this location are due to HSR operations and low existing noise
levels.

Old Hwy 290 to Grand Pkwy (SB) (Mapbook Page 237-242): There are seven
single-family residences along the southbound side of the proposed alighment
between Old Hwy 290 and Grand Pkwy projected to have moderate noise
impacts. The noise impacts at this location are due to HSR operations and low
existing noise levels.

Grand Pkwy to TX 6 (SB) (Mapbook Page 242-247): There are 17 single-family
residences along the southbound side of the proposed alignment between
Grand Pkwy and TX 6 projected to have moderate noise impacts. The noise
impacts at this location are due to HSR operations and low existing noise levels.
TX 6 to Blalock Rd (NB) (Mapbook Page 247-251): There is one single-family
residence and two hotels along the northbound side of the proposed alignment
between TX 6 and Blalock Rd projected to have moderate noise impacts. The
noise impacts at this location are due to HSR operations and low existing noise
levels.
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0 Blalock Rd to Houston Station (NB) (Mapbook Page 251-257): There are 95
single and multi-family residences along the northbound side of the proposed
alignment between Blalock Rd to the Houston Station projected to have
moderate or severe noise impacts. The noise impacts at this location are due to
HSR operations and low existing noise levels.

0 Blalock Rd to Houston Station (SB) (Mapbook Page 251-257): There are 86
single and multi-family residences along the southbound side of the proposed
alignment between Blalock Rd and the Houston Station projected to have
moderate noise impacts. The noise impacts at this location are due to HSR
operations and low existing noise levels.

0 Christian Family Church (Mapbook Page 250): The Christian Family Church is
projected to have a moderate noise impact. The noise impact at this location is
due to HSR operations.

With regard to potential increased annoyance due to the startle effect of noise from passing
trains, at the maximum train speed of 205 mph this effect would only occur within about 45 feet
from the tracks which is within the ROW. Therefore, increased noise annoyance due to startle
should not be an issue.

Finally, with regard to the effects of noise from passing trains on animals, the FRA noise
exposure criterion limit is a Sound Exposure Level (SEL) of 100 dBA. For the TX HSR trains
operating on viaduct at the maximum speed of 205 mph, this limit would only be exceeded
within about 15 feet from the tracks and within the HSR ROW. Because no animals would be this
close to the tracks, noise impact on wildlife is not anticipated.

Operational Vibration Assessment

Based on a Detailed Vibration Analysis, the assessment of vibration impacts from HSR
operations is summarized by county and segment in Table 6-3 for FTA Category 2 (residential)
land use and in Table 6-4 for FTA Category 3 (institutional) land use. The results include a
tabulation of location information for each sensitive receptor group, the projections of future
vibration levels, the impact criteria, and whether there will be vibration impacts.
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Table 6-3: Summary of Vibration Impacts for Residential Land Use

—_ wv
i d <]
x = TX HSR Vibration Levels (VdB) g &
8 2 £ a
= - K
County S