








Parking lot spaces 5192 972.8 2.323 0.015 1,026.4

Parking garage spaces 1535 16,589.7 14.973 1.281 17,301.3
Total 91,513.8 102.295 3.799 94,839.8
Bergen County Line - Commuter Rail CO, CH, N,O GWP
Tonnes Tonnes Tonnes Tonnes
Type of Rail Commuter
Track miles 34 41,014.7 38.378 6.078 43,704.8
Electrified track miles 0 0.0 0.000 0.000 0.0
Tunnel miles 0 0.0 0.000 0.000 0.0
Bridge miles 0.16 11,484.3 10.674 0.468 11,853.5
Platforms 7 2,950.9 2.703 0.221 3,076.1
Parking lot spaces 1110 208.0 0.497 0.003 219.4
Parking garage spaces 136 1,469.8 1.327 0.114 1,532.9
Total 57,127.7 53.579 6.884 60,386.8

Figure 6. Subsystem Contribution to Total GHG Emissions (GWP) — Morristown

Line.
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The Morristown line runs from Penn Station in New York City to Hackettstown, NJ. It
has a total length of 57 miles and consists of 121.8 miles of track of which 94.92 miles
are electrified. This line has seven miles of tunnel and 1.20 miles of bridges. There are
25 stations assumed to be platform type and 6,961 parking spaces. Of this total, 6,055
parking spaces are located in surface parking lots and 906 are located in garage
parking facilities. The catenary system accounts for 50% of GWP even though parts of
the Morristown line are not electrified. The tunnel is roughly 1.75 miles in length but
accommodates four tracks. We estimate embedded GWP from this tunnel at 28% of
GWP for the Morristown line. Track accounts for 13% of GWP. Bridges account for 7%
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and platform stations and parking garages account for 1% each. Surface lot parking
accounts for less than 1% of GWP.

Figure 7. Subsystem Contribution to Total GHG Emissions (GWP) — Princeton
Line.
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The Princeton line is 3.75 miles of electrified single track. It runs between Princeton
Junction, a major stop on the Northeast Corridor line and Princeton Station. We count
Princeton Station and the platform that receives Princeton line passengers at Princeton
Junction. These facilities are not inconsistent with the platforms described in Chester
(2008) for commuter rail. We assume that all use of parking facilities by Princeton line
passengers is at Princeton Station because the Princeton line is used to gain access to
Northeast Corridor and AMTRAK trains at Princeton Junction. The catenary system
accounts for 79% of GHG emissions and track accounts for 16%. A single bridge
accounts for 2% and Princeton Station accounts for 3% of GWP. All 285 parking spaces
at Princeton Station are surface lot parking which account for less than 1% of GWP.

The Pascack Valley line runs from Pascack Junction through Nanuet, its last stop, to
Woodbine yard. It consists of 23.4 miles of non-electrified single track. It includes an
estimated 0.06 miles of bridges, which account for 10% of GWP. There are 16 platform
stations and 2,042 parking spaces all of which are surface lot parking. Track is the
largest source of GHG emissions, accounting for 72% of GWP from the materials used
in the Pascack line. Platforms account for another 16% of GWP. Surface parking lots
account for 1% of GWP.
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Figure 8. Subsystem Contribution to Total GHG Emissions (GWP) — Pascack
Valley Line.
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Figure 9. Subsystem Contribution to Total GHG Emissions (GWP) — Montclair
Line.
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The Montclair line connects with the Morristown line near the Roseville substation. It
has a total length of 4.12 miles from the connection with the Morristown line to Montclair
station and includes three intermediate station stops. The track is double for 3.69 miles
and single for 0.43 miles on either end of the line. The track is electrified along its entire
length. We assume 7.81 track miles. Ten small road and small water feature crossings
account for 0.20 bridge miles. There are four commuter rail platforms and 6,727 parking
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spaces. Of these, 5,192 parking spaces are located in surface parking lots and 1,535
are located in garage parking facilities. The catenary system accounts for 53% of GWP
from materials. Garage parking accounts for 18% of GWP, bridges account for 16% of
GWP and track accounts for 11%. Platform stations account for 2% and surface parking
lots account for 1% of GWP.

Figure 10. Subsystem Contribution to Total GHG Emissions (GWP) — Bergen

County Line.
Garage
Platform Parking, 3%

Stations, 5%

Bridges, 20%

The Bergen County line leaves the Main Line at Bergen Junction and rejoins it at
Ridgewood Junction. The track is doubled along its entire 17 mile length. The track is
not electrified and there are no tunnels. We estimate 0.16 bridge miles, including a
drawbridge over the Hackensack River drawn with an apparent length of 0.03 miles
(158.6 feet) on the diagram. There are seven stations assumed to be platforms and
1,246 parking spaces. Surface parking lots account for 1,110 parking spaces and the
remaining 136 parking spaces are located in garage parking facilities. Track accounts
for 72% of GWP from material inputs and bridges account for 20%. Passenger stations
account for 5% of GWP and garage parking accounts for 3%. Surface parking lots
account for less than 1% of GWP.

Table 43 shows our estimates for the ranges of total GHG emissions per mile for four
NJT commuter rail systems. Two of the lines, Princeton and Montclair, are fully
electrified. Two others, Pascack Valley and Bergen County are not electrified. The
Morristown line, which is partially electrified is not shown. The range of the non-
electrified lines is quite small. The range of the electrified lines is larger due to the
relative abundance of garage parking on the Montclair line. Our analysis shows that
catenary systems account for most GHG emissions on a material basis where they are
present. On non-electrified track the track itself is generally the largest source of GHG
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emissions. Tunnels and bridges, although they do not generally account for large
portions of track represent relatively massive material inputs over short distances.
Percent emissions from passenger stations are minor when track is electrified. All
commuter rail stations are assumed to be of the platform type. These account for
between one and two percent of GWP of electrified rail systems. On non-electrified
track commuter rail station embedded GHG emissions are overshadowed to the extent
that there are bridges and tunnels on the system. Parking spaces did not account for
more than one percent of GHG emissions where garage parking was not present. This
is largely due to the larger GHG emissions from garage parking per parking space in
comparison with surface parking lots. The GWP of GHG increases 57 fold when a
parking garage space is substituted for a surface lot parking space.

Table 43. Ranges of Estimated GWP for Electrified and Non-Electrified NJT
Commuter Rail Systems.

GWP (tonnes per mile)
Electrified Rail
Princeton Line 8,121.40
Montclair Line 12,143.39
Non-electrified Rail
Bergen County Line 1,776.08
Pascack Valley Line 1,777.36

New Jersey Transit Bid-sheets

We evaluated whether it was feasible to estimate emissions using a bottom-up
approach, based on the components specified in contract bid-sheets. We received
three contract bid-sheets for station construction/renovation that were provided by NJT.
Detailed data on the material inputs would allow us to estimate the life-cycle emissions
associated with each. These need to be provided based on material weight or volume
with known densities. Measures used in construction contracts commonly awarded by
the New Jersey Department of Transportation are generally quantifiable. They may be
stated as volumes, such as cubic feet of concrete, reinforced concrete, aggregate or
asphalt. They may also be stated as weight, such as pounds of steel, or aluminum.
Areas may be used to a known depth, such as square yards of pavement, or metal
plating. Linear distance may be used for which the material for which weight or volume
has been worked out for a known distance, as we have done with ballast. Pipe, guard
rails, and fencing are examples of the latter. After reviewing the three contract bid-
sheets it was clear that a bottom-up approach would not work for any of them. Two of
the contracts (Pennsauken Transit Center and Lindenwold Station) do not present any
quantifiable material inputs. The third contract (Ridgewood Station) specifies most
material inputs as lump sums. This is problematic because the material inputs are not
quantified.
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The contract bid-sheet items that are unquantifiable include items that are exclusively
equipment activity inputs. These include such things as site clearing, disposal, drainage,
saw-cutting, drilling, grading, excavation, embankment building, and landscaping. To
quantify these inputs we could use EPA’s NONROAD application with an inventory of
the equipment used including fuel type, power rating for each equipment piece, and
ideally vintage year. In addition we would need to know either fuel consumption or
duration of operation, or as an alternative, a quantified expression of the work
performed with each piece of equipment, such as cubic yards of material excavated,
linear feet of a hole drilled to a known diameter, or square yards of pavement broken
up. This latter type of information can be theoretically interpreted in a rough sense
based on production rates per hour, which are often found on equipment specifications.
The Lindenwold contract specifies linear feet of drilled shafts of two and three-foot
diameters. These could be interpreted if we knew the power rating, fuel type, and
production rate of the drill or drills used.

Many of the material inputs are not quantifiable. Lump sums are specified for sub-base
courses, sidewalks, curbs, ballast, cast-in-place and precast concrete, concrete wearing
surfaces, glass pavers, structural steel, handrails, timber, tiles, sheet metal, doors of a
variety of materials, trims of various kinds, and so on. The Lindenwold contract specifies
square yards of broken stone surface course, but not the depth. The specification of
square feet of non-slip membrane coating is quantifiable but we have not identified the
material. The under platform fence and chain link fencing, expressed as linear feet,
could be easily quantified if we knew the height. Assuming a default mixture cast-in-
place concrete expressed as cubic yards is easily quantifiable, as are brick masonry
walls and concrete block expressed in square feet. Retractable platform edges and
timber bumper strips expressed in linear feet are not quantifiable.

Our conclusion is that that most of the material inputs in these station contracts are not
fully quantifiable. To successfully accomplish the type of inventory we attempted with
data readily available from New Jersey Transit it would be necessary to work from the
engineering plans and schematic diagrams.

Conclusions

We have examined data obtained from two sources in an attempt to establish what
sorts of information might be readily available conduct GHG inventories of rail
construction projects. It is impossible to discuss what we have done as a full GHG
inventory because we have not been able to present equipment activity data, except for
averages for drilling in tunnel construction. An ideal approach is to first quantify the
material inputs and then assess the embedded energy and process emissions for each
material. These emissions are largely upstream in nature; the fugitive process
emissions are the only direct emissions. These can be readily calculated for all major
material components. One key input that is missing is that data is not available on
construction equipment activity. Specifically, equipment use data would need to be
collected either based on fuel consumption or on the total number of hours of equipment
operation. Other necessary equipment parameters are fuel type, power rating, and
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some approximation of average load. To accomplish such a study from the bottom up
these data are indispensible. Equipment emissions factors are readily available from
NONROAD if these data were available.

Based on our experience with these data it is clear that most analyses of GHG
emissions from rail system construction will be based on averages, similar to what we
have done. The data from New Jersey Transit include, at best, totals of track miles that
are either at grade, below grade, or above grade, as well as the proportion of track that
is electrified and supported by bridges or tunnels. The material inputs of stations of a
handful of types are assumed based on totals from other rail systems. We are able to
estimate track based on a bottom up approach, but no other rail system component.
Our attempt to estimate the material inputs of rail passenger stations was not
successful. Significant changes will be necessary in the ways that transit agencies
present data before valid construction-related greenhouse gas inventories are possible.

277



278



APPENDIX J: REFERENCES

AASHTO 2007, "Roadway Maintenance and Management" in AASHTO Maintenance
Manual for Roadways and Bridges., 4th Edition edn, American Association of State
Highway and Transportation Officials, Washington, DC.

Abraham, H. 1945, Asphalts and Allied Substances, Vol. 2, Fifth Edition edn, C. Van
Nostrand Company, Inc., New York.

Agency for Toxic Substances and Disease Registry 2010,
Toxological Substances — Creosote. Available April 15, 2011 at
http.//www.atsdr.cdc.gov/toxprofiles/tp.asp 2id=66&tid=18.

AISI 2009, , How A Blast Furnace Works [Homepage of American Iron and Steel
Institute], [Online]. Available:
http://www.steel.org/AM/Template.cfm?Section=Articles3&CONTENTID=25317&TE
MPLATE=/CM/ContentDisplay.cfm [2009, 11/12/2009].

AISI 2007, CO2 Breakthrough Projects. [AISI webpage]. Available April 30, 2010 at
http.://www.steel.orqg/AM/Template.cfm?Section=Fact Sheets2& TEMPLATE=/CM/H
TMLDisplay.cim&CONTENTID=18071.

American Concrete Pipe Association 1970, Concrete Pipe Design Manual 3rd edn, .

Andersen, J.P. & Hyman, B. 2001, "Energy and Material Flow Models for the US Steel
Industry", Energy, vol. 26, pp. 137-159.

Andreae, M.O. & Gelenscér, A. 2006, "Black Carbon or Brown Carbon? The Nature of
Light-Absorbing Carbonaceous Aerosols.", Atmospheric Chemistry and Physics,
vol. 6, pp. 3131-3148.

Andress, D. 2002, Soil Carbon Changes for Bioenergy Crops, David Andress &
Associates, Inc., Kensington, MD.

AREMA 2000b, Manual for Railway Engineering, Chapter 4, American Railway
Engineering and Maintenance-of-Way Association, Lanham, MD.

AREMA 2000a, Manual for Railway Engineering, Chapter 1
, American Railway Engineering and Maintenance-of-Way Association, Lanham,
MD.

Argonne National Laboratory 2009, GREET 1.8c Fuel Cycle Model., Argonne National
Laboratory.

Argonne National Laboratory 2007, GREET 2.7 Vehicle Cycle Model, Argonne National
Laboratory.

279



Arnott, R. & Small, K. 1994, "The economics of traffic congestion", American Scientist,
vol. 82, pp. 446-446.

Baker, J. 2003, "Greenhouse Gas Emissions from Vehicle Air Conditioning Systems",
International Vehicle Technology Symposium, Sacramento, CA, March 11-13.

Baker, J. 1999,
Mobile air conditioning: HFC-134a emissions and emissions reduction strategies,
UNEP TEAP HFC/PFC Task Force, Delphi Automotive Systems, Inc.

Barr, L.C. 2000, "Testing for the significance of induced highway travel demand in
metropolitan areas", Transportation Research Record: Journal of the Transportation
Research Board, vol. 1706, no. -1, pp. 1-8.

Barrault, S., Benouali, J. & Clodic, D. 2003, Analysis of the economic and environmental
consequences of a phase out or considerable reduction leakage of mobile air
conditioners, European Commission.

Barth, M., An, F., Norbeck, J. & Ross, M. 1996, "Modal emissions modeling: a physical
approach", Transportation Research Record: Journal of the Transportation
Research Board, vol. 1520, no. -1, pp. 81-88.

Barth, M., An, F., Younglove, T., Levine, C., Scora, G., Ross, M. & Wenzel, T. 1999,
The Development of Comprehensive Modal Emissions Model.

Battye, W., Boyer, K. & Pace, T.G. 2002, Methods for Improving Global Inventories of
Black Carbon and Organic Carbon Particulates, Environmental Protection Agency,
Washington, DC.

BCS, I. 2002a, Energy and Environmental Profile of the U.S. Mining Industry. Chapter 4.
Available April 22, 2010 at
http://www1.eere.enerqy.qov/industry/mining/pdfs/iron.pdf. US Department of
Energy. Office of Energy Efficiency and Renewable Energy, Washington, DC.

BCS, I. 2002b, Energy and Environmental Profile of the U.S. Mining Industry, US
Department of Energy, Office of Energy Efficiency and Renewable Energy.

Buckingham, D.A., Plunkert, P.A. & Bray, E.L. 2010,
Aluminum Statistics, 1900-2009. Available April 13, 2011 at
http.//minerals.usgs.qov/ds/2005/140/aluminum.pdf. USGS. Mineral Resources
Program.

Budikova, D. 2010, January 24-last update, Encyclopedia of the Earth - Albedo.
Available: www.eoearth.org/article/albedo [2010, 5/5].

280



Burnette, A. & Baker, R. A Study of R134a Leaks in Heavy Duty Vehicles accessed at
www.arb.ca.qov/research/seminars/baker3/baker3.pdf.

Burnham, A., Wang, M. & Wu, Y. 2006, Development and Applications of GREET 2.7 -
The Transportation Vehicle-Cycle Model, Center for Transportation Research,
Argonne National Laboratory.

Cervero, R. 1988, Land-Use Mixing and Suburban Mobility.

Cervero, R. & Hansen, M. 2002, "Induced travel demand and induced road investment:
A simultaneous equation analysis", Journal of Transport Economics and Policy
(JTEP), vol. 36, no. 3, pp. 469-490.

Cervero, R. 2003, "Road expansion, urban growth, and induced travel: a path analysis",
Journal of the American Planning Association, vol. 69, no. 2, pp. 145-164.

Cervero, R. 2002, "Induced travel demand: research design, empirical evidence, and
normative policies", Journal of Planning Literature, vol. 17, no. 1, pp. 3.

Cervero, R. 1990, "Transit pricing research", Transportation, vol. 17, no. 2, pp. 117-139.

Chang, J.S. 2006, "Models of the relationship between transport and land-use: A
review", Transport Reviews, vol. 26, no. 3, pp. 325-350.

Chester, M.V. 2008,
Life-cycle Environmental Inventory of Passenger Transportation in the United
States. Available April 15, 2011 at http://escholarship.org/uc/item/7n29n303. ,
Institute of Transportation Studies, UC Berkeley.

Choate, W.T. 2003, Energy and Emission Reduction Opportunities for the Cement
Industry, US Department of Energy, Office of Energy Efficiency and Renewable
Energy.

City of Chicago 2010, , Chicago Green Alley Handbook. Available:
http://egov.cityofchicago.org/webportal/ COCWebPortal/ COC EDITORIAL/GreenAll
eyHandbook Jan.pdf [2010, 5/5].

Clemena, G.G. 1972, Determination of the Cement Content of Hardened Concrete by
Selective Solution., Virgina Highway Research Council, Charlottesville, VA.

Climate Registry 2008, General Reporting Protocol: Version 1.1, The Climate Registry.

D'Angelo, J., Harm, E., Bartoszek, J., Baumgardner, G.C., M., Cowsert, J. & et al. 2008,
Warm-Mix Asphalt: European Practice., American Trade Initiatives, Alexandria, VA.

281



DeCorla-Souza, P. 2000, "Induced highway travel: Transportation policy implications for
congested metropolitan areas", Transportation Quarterly, vol. 54, no. 2, pp. 13-30.

DeCorla-Souza, P. & Cohen, H. 2009, , Accounting for Induced Travel in Evaluation of
Urban Highway Expansion [Homepage of Federal Highway Administration],
[Online]. Available: http://www.fhwa.dot.gov/steam/doc.htm [2009, 7/24].

DeCorla-Souza, P. & Cohen, H. 1998, "Accounting for Induced Travel in Evaluation of
Metropolitan Highway Expansion”, Preprint for the 77 th Annual Meeting of the
Transportation Research Board. National Research Council, Washington, DC.

DeCorla-Souza, P. & Hunt, J.D. 1999, , Use of STEAM in Evaluating Transportation
Alternatives. Available: http://www.fhwa.dot.gov/steam/steam-it.pdf [2009, 8/3].

Delucchi, M.A. 2003, A Lifecycle Emissions Model (LEM): Lifecycle Emissions from
Transportation Fuels, Motor Vehicles, Transportation Modes, Electricity Use,
Heating and Cooking Fuels, and Materials., Institute of Transportation Studies,
University of California at Davis, Davis, CA.

Dowling, R., Ireson, R., Skabardonis, A., Gillen, D. & Stopher, P. 2005, Predicting Air
Quality Effects of Traffic Improvements: Final Report and User's Guide, NCHRP
Report 535 edn, Transportation Research Board, Washington DC.

Downs, A. 1992, Stuck in traffic: Coping with peak-hour expressway congestion,
Brookings Institution, Washington, DC.

Edelstein, D.L. 2011, Mineral Commodity Summaries. Copper. Available April 13, 2011
at http://minerals.usgs.qov/minerals/pubs/commodity/copper/mcs-2008-coppe.pdf.
USGS.

Elcock, D. 2007, Life-Cycle Thinking for the Oil and Gas Exploration and Production
Industry, Argonne National Laboratory, Argonne, IL.

EPA 2010a, , Emissions Factors & AP 42, Compilation of Air Pollutant Emission Factors
[Homepage of US Environmental Protection Agency], [Online]. Available:
http://www.epa.gov/ttnchie1/ap42/ [2010, July].

EPA 2010b, EPA Finalizes Regulations for the National Renewable Fuel Standard
Program for 2010 and Beyond, Environmental Protection Agency, Washington DC.

EPA 2010c, 5/6-last update, Heat Island Demonstration Projects. Available:
http://yosemite.epa.gov/gw/statepolicyactions.nsf/HIRIInitiative?OpenView&count=5
00&type=Demonstration%20Project. [2010, 5/6].

EPA 2010d, Motor Vehicle Emission Simulator (MOVES), Environmental Protection
Agency, Washington, DC.

282



EPA 2009a, Frequently Asked Questions About NONROADZ2008, Environmental
Protection Agency, Office of Transportation Equality, Washington, DC.

EPA 2009b, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2007.,
Environmental Protection Agency.

EPA 2008a, NONROAD, EPA, Office of Transportation and Air Quality, Washington,
DC.

EPA 2008b, Reducing Urban Heat Islands: Compendium of Strategies.

EPA 2005a, Conversion Factors for Hydrocarbon Emission Components, EPA, Office of
Transportation and Air Quality, Washington, DC.

EPA 2005b, Exhaust Emission Factors for Nonroad Engine Modeling: Spark-Ignition,
EPA, Office of Transportation and Air Quality, Washington, DC.

EPA 2005c, Geographic Allocation of Nonroad Engine Population Data to the State and
County Level, EPA, Office of Transportation and Air Quality, Washington, DC.

EPA 2005d, Nonroad Engine Population Estimates, EPA, Office of Transportation and
Air Quality, Washington, DC.

EPA 2005e, Nonroad Evaporative Emission Rates, EPA, Office of Transportation and
Air Quality, Washington, DC.

EPA 2005f, Nonroad Spark-Ignition Engine Emission Deterioration Factors, EPA, Office
of Transportation and Air Quality, Washington, DC.

EPA 2005g, Streamlined Life-Cycle Greenhouse Gas Emission Factors for Copper
Wire.

EPA 2004a, Exhaust and Crankcase Emission Factors for Nonroad Engine Modeling--
Compression-Ignition, EPA, Office of Transportation and Air Quality, Washington,
DC.

EPA 2004b, Median Life, Annual Activity, and Load Factor Values for Nonroad Engine
Emissions Modeling, EPA, Office of Transportation and Air Quality, Washington,
DC.

EPA 2004c, Refueling Emissions for Nonroad Engine Modeling, EPA, Office of
Transportation and Air Quality, Washington, DC.

EPA 2003, Background Document for Life-Cycle Greenhouse Gas Emission Factors for
Clay Brick Reuse and Concrete Recycling.

283



EPA 1979, "4.5 Asphalt Paving Operations." in AP42, Compilation of Air Pollutant
Emission Factors, Volume 1, Fifth Edition edn, Environmental Protection Agency,
Washington DC.

Ewing, R. & Cervero, R. 2010, "Travel and the built environment", Journal of the
American Planning Association, vol. 76, no. 3.

FHWA 1999, 6/14/1999-last update, Portland Cement [Homepage of Federal Highway
Administration], [Online]. Available:
http://fhwa.dot.gov/infrastructure/materialsgrp/cement.html [2010, 4/28].

FHWA , Stormwater Best Management Practices in an Ultra-Urban Setting, Porous
Pavement Fact Sheet. Available:
http://environment.fhwa.dot.gov/ecosystems/ultraurb/index.asp [2010, 5/5].

Forsyth, A., Krizek, K.J. & Rodriguez, D.A. 2009, "Non-motorized travel research and
contemporary planning initiatives", Progress in Planning, vol. 71, no. 4, pp. 170-
183.

Frank, L.D., Kerr, J., Sallis, J.F., Miles, R. & Chapman, J. 2008, "A hierarchy of
sociodemographic and environmental correlates of walking and obesity", Preventive
medicine, vol. 47, no. 2, pp. 172-178.

Frank, L.D., Saelens, B.E., Powell, K.E. & Chapman, J.E. 2007, "Stepping towards
causation: Do built environments or neighborhood and travel preferences explain
physical activity, driving, and obesity?", Social science & medicine, vol. 65, no. 9,
pp. 1898-1914.

Frank, L.D. & Stone, B. 2000, "Linking land use with household vehicle emissions in the
central Puget Sound: methodological framework and findings", Transportation
Research Part D: Transport and Environment, vol. 5, no. 3, pp. 173-196.

Fuller, F.M. 1983, Engineering of pile installations, McGraw-Hill.

Fulton, L.M., Noland, R.B., Meszler, D.J. & Thomas, J.V. 2000, "A statistical analysis of
induced travel effects in the US mid-Atlantic region", Journal of Transportation and
Statistics, vol. 3, no. 1, pp. 1-14.

Gallivan, F. 2010, Greenhouse Gas Mitigation Measures for Transportation
Construction, Maintenance and Operation Activities
, NCHRP Project 25-25, Task 58 edn, National Research Council, Washington, DC.

Gerdes, K. & Skone, T.J. 2008a, Development of Baseline Data and Analysis of Life

Cycle Greenhouse Gas Emissions of Petroleum-Based Fuels., National Energy
Technology Laboratory, Pittsburgh, PA.

284



Gerdes, K. & Skone, T.J. 2008b, Development of Baseline Data and Analysis of Life
Cycle Greenhouse Gas Emissions of Petroleum-Based Fuels., National Energy
Technology Laboratory, Pittsburgh, PA.

Goodwin, P., Dargay, J. & Hanly, M. 2004, "Elasticities of road traffic and fuel
consumption with respect to price and income: a review", Transport Reviews, vol.
24, no. 3, pp. 275-292.

Goodwin, P.B. 1996, "Empirical evidence on induced traffic", Transportation, vol. 23, no.
1, pp. 35-54.

Goodwin, P. 1992, "A review of new demand elasticities with special reference to short
and long run effects of price changes", Journal of Transport Economics and Policy,
, pp. 155-169.

Gorham, R. 2009, Demystifying Induced Travel Demand, Sustainable Urban Transport
Technical Document #1 edn, Deutche Gesellschaft, Eschborn, Germany.

Graham, D.J. 2007, "Variable returns to agglomeration and the effect of road traffic
congestion", Journal of Urban Economics, vol. 62, no. 1, pp. 103-120.

Greenhalgh, S., Broekhoff, D., Daviet, F., Ranganathan, J., Acharya, M., Corbier, L.,
Oren, K. & Sundin, H. 2005, The Greenhouse Gas Protocol for Project Accounting,
The World Resources Institute and World Business Council for Sustainable
Development, Washington, DC.

Greer, W.L., Dougherty, A. & Sweeney, D.M. 2000, Air Pollution Engineering Manual.
Second Edition edn, John Wiley and Sons, New York.

Guggemos, A.A. & Horvath, A. 2005, "Comparison of Environmental Effects of Steel-
and Concrete-Framed Buildings", Journal of Infrastructure Systems, vol. 11, no. 2,
pp. 93-101.

Guo, J., Bhat, C. & Copperman, R. 2007, "Effect of the Built Environment on Motorized
and Nonmotorized Trip Making: Substitutive, Complementary, or Synergistic?",
Transportation Research Record: Journal of the Transportation Research Board,
vol. 2010, no. -1, pp. 1-11.

Handy, S., Cao, X. & Mokhtarian, P.L. 2006, "Self-selection in the relationship between
the built environment and walking: Empirical evidence from Northern California",
Journal of the American Planning Association, vol. 72, no. 1, pp. 55-74.

Hansen, M., Gillen, D., Dobbins, A., Huang, Y. & Puvathingal, M. 1993, "The air quality

impacts of urban highway capacity expansion: Traffic generation and land use
change", Institute of Transportation Studies, University of California, Berkeley, .

285



Hansen, M. & Huang, Y. 1997, "Road supply and traffic in California urban areas",
Transportation Research Part A, vol. 31, no. 3, pp. 205-218.

Hawk, H. 2003, Bridge Life-Cycle Cost Analysis, Transportation Research Board,
Washington, DC.

Helmer, K., Cook, R., Volchens, J., Baldauf, R. & Starr, M. 2004, Regulated and Air
Toxic Exhaust Emissions form Nonroad Diesel Engines and Equipment,
Environmental Protection Agency, Washington, DC.

Hirst, E. 2004, U.S. Transmission Capacity: Present Status and Future Prospects,
Edison Electric Institute, Energy Delivery Group and U.S. Department of Energy,
Office of Electric Transmission and Distribution, Washington, DC.

Horvath, A. 2004a, "Construction Materials and the Environment", Annual Review of
Environment and Resources, vol. 29, pp. 181-204.

Horvath, A. 2004b, Pavement Life-Cycle Assessment Tool for Environmental and
Economic Effects User Manual, University of California at Berkeley, Consortium on
Green Design and Manufacturing, Berkeley, CA.

Horvath, A., Pacca, S., Masanet, E. & Canapa, R. 2007, Pavement Life-Cycle
Assessment Tool for Environmental and Economic Effects (PaLATE)., University of
California at Berkeley, Consortium on Green Design and Manufacturing, Berkeley,
CA.

Houston Advanced Research Center (HARC) 2006, , Cool Houston! A Plan for Cooling
the Region. Available: http://www.urbanforestrysouth.org/resources/library/cool-
houston-a-plan-for-cooling-the-region/view [2010, 5/5].

Hunt, D. 2010, , Overcoming Operating Challenges with Warm Mix Asphalt [Powerpoint
presentation]. [Homepage of Gencore Industries], [Online]. Available:
http://76.12.53.242/submissions/50 20080101 Dennis%20Hunt%20-
%20Gencor.pdf [2010, 4/25].

Huo, H., Wang, M., Bloyd, C. & Putsche, V. 2008, Life-Cycle Assessment of Energy and
Greenhouse Gas Effects of Soybean-Derived Biodiesel and Renewable Fuels.,
Argonne National Laboratory, Argonne, IL.

Hwang, R. & Doniger, D. 2004, Comments on the Proposed Adoption of Regulations by
the California Air Resources Board (CARB) to Control Greenhouse Gas Emissions
from Motor Vehicles accessed at http.//www.nrdc.org/qlobalWarming/crh0904.pdf.

IPCC 2009, IPCC Guidelines for National Greenhouse Gas Inventories,
Intergovernmental Panel on Climate Change, Iges, Japan.

286



IPCC 2000, "Industrial Processes" in IPCC Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories, ed. A. Rosland,
Intergovernmental Panel on Climate Change, Geneva, pp. 3.1-3.131.

IPCS 2004, Coal Tar Creosote, International Programme on Chemical Safety.

Kemp, M.A. 1973, "Some evidence of transit demand elasticities", Transportation, vol.
2, no. 1, pp. 25-52.

Koupal, K., Cumberworth, M., Michaels, H., Beardsley, M. & Brzezinski, D. 2002, ,
Design and Implementation of MOVES: EPA's NEW Generation Mobile Source
Emission Model. Available:
http://www.epa.gov/ttn/chief/conference/eil12/mobile/koupal.pdf [2009, 8/5].

Kreutz, T.G., Larson, E.D.L. & G. Williams, R.H. 2008, Fischer-Tropsch Fuels from Coal
and Biomass, Princeton Environmental Institute, Princeton University, Princeton,
NJ.

Lamlon, S.H. & Savidge, R.A. 2006, "Carbon Content Variation in Boles of Mature
Sugar Maple and Giant Sequoia", Tree Physiology, vol. 26, pp. 459-468.

Lee, D.B., Klein, L.A. & Camus, G. 1999, "Induced traffic and induced demand",
Transportation Research Record: Journal of the Transportation Research Board,
vol. 1659, no. -1, pp. 68-75.

Liska, A.J. & Perrin, R.K. 2009, Indirect Land Use Emissions in the Life Cycle of
Biofuels: Regulations vs. Science.

Litman, T. 2001, "Generated traffic: Implications for transport planning", ITE Journal,
vol. 71, no. 4, pp. 38-46.

Liu, Z., Lu, M., Birch, M.E., Keener, T.C., Khang, S.J. & Liang, F. 2005, "Variations of
the Particulate Carbon Distribution from a Nonroad Disel Generator.",
Environmental Science Technology, vol. 39, pp. 7840-7844.

Liu, F., Kaiser, R.G., Zekkos, M. & Allison, C. 2006, "Growth Forecasting of Vehicle
Miles of Travel at County and Statewide Levels", Transportation Research Record:
Journal of the Transportation Research Board, vol. 1957, no. -1, pp. 56-65.

Mallick, R.B. & Bergendahl, J. 2009, "A Laboratory Study on CO, Emission from Asphalt
Binder and Its Reduction with the Use of Warm Mix Asphalt.", International Journal
of Sustainable Engineering, vol. 2, no. 4, pp. 275-283.

Marceau, M.L., Nisbet, M.A. & VanGeem, M.G. 2007, Life Cycle Inventory of Portland
Cement Concrete, Portland Cement Association, Skokie, IL.

287



Markow, M.J. & Hyman, W.A. 2009, Bridge Management Systems for Transportation
Agency Decision Making, Transportation Research Board, Washington, DC.

McDonald, N.C. 2008, "Household Interactions and Children's School travel: the Effect
of Parental Work Patterns on Walking and Biking to School", Journal of Transport
Geography, vol. 16, pp. 324-331.

McFadden, D. & Ruud, P.A. 1994, "Estimation by Simulation", The review of economics
and statistics, vol. 76, no. 4, pp. 591-608.

Meil, J. 2006, A Life Cycle Perspective on Concrete and Asphalt Roadways: Embodied
Primary Energy and Global Warming Potential., Athena Institute, Merrickville,
Ontario.

Menon, S., Akbari, H., Sedneyv, |. & Levinson, R. 2010, "Radiative Forcing and
Temperature Response to Changes in Urban Albedos and Associated CO2
Offsets", Environmental Research Letters, vol. 5, no. 1, pp. 014005.

Mokhtarian, P.L., Samaniego, F.J., Shumway, R.H. & Willits, N.H. 2002, "Revisiting the
notion of induced traffic through a matched-pairs study", Transportation, vol. 29, no.
2, pp. 193-220.

Network Rail Comparing Environmental Impact of Conventional and High Speed Rail.
New Jersey Transit 2010, Parking Guide.

New Jersey Transit 1993, Physical Characteristics of NJ Transit Including Portions of
Conrail and AMTRAK Territories, Fourth Edition edn.

NJDOT 2007, Division 900 — Materials. In New Jersey Department of Transportation
Standard Specifications for Road and Bridge Construction 2007. [Online]. Available
11/13/2009 at
http://www.state.nj.us/transportation/eng/specs/2007/spec900.shtm#t90303063.

Noland, R.B. 2007, "Transport planning and environmental assessment: implications of
induced travel effects", International Journal of Sustainable Transportation, vol. 1,
no. 1, pp. 1-28.

Noland, R.B. 2001, "Relationships between highway capacity and induced vehicle
travel", Transportation Research Part A, vol. 35, no. 1, pp. 47-72.

Noland, R.B. & Cowart, W.A. 2000, "Analysis of metropolitan highway capacity and the
growth in vehicle miles of travel", Transportation, vol. 27, no. 4, pp. 363-390.

288



Noland, R.B. & Lem, L.L. 2002, "A review of the evidence for induced travel and
changes in transportation and environmental policy in the US and the UK",
Transportation Research Part D, vol. 7, no. 1, pp. 1-26.

Noland, R.B. & Quddus, M.A. 2006, "Flow improvements and vehicle emissions: Effects
of trip generation and emission control technology", Transportation Research Part
D: Transport and Environment, vol. 11, no. 1, pp. 1-14.

NYSDOT 2002, Comprehensive Pavement Design Manual, First Revision edn, New
York State Department of Transportation.

ODOT 2010, , On-line Bridge Maintenance Manual Preventive Maintenance/Repair
Guidelines for Bridges and Culverts [Homepage of Ohio Department of
Transportation], [Online]. Available:
http://www.dot.state.oh.us/Divisions/HighwayOps/Structures/bridge %200perations
%20and%20maintenance/PreventiveMaintenanceManual/Pages/default.aspx
[2010, 12/3].

Ozbay, K., Parker, N.A., Jawad, D. & Hussain, S. 2003, Guidelines for Life Cycle Cost
Analysis: Final Report, FHWA, Washington, DC.

PCA 2009, , Green in Practice 102: Concrete, Cement and CO, [Homepage of Portland
Cement Association], [Online]. Available: http://www.concretethinker.com/technical
brief/Concrete-Cement-CO2.aspx [2010, 4/28].

Peshkin, D.G., Hoerner, T.E. & Zimmerman, K.A. 2004, Optimal Timing of Pavement
Maintenance Treatment Applications, Transportation Research Board, Washington,
DC.

Puettmann, M.E. & Wilson, J.B. 2005, "Life-cycle analysis of wood products: Cradle-to-
gate LCI of residential wood building materials", Wood and Fiber Science, vol. 37,
pp. 18-29.

Raganathan, J., Corbier, L., Bhatia, P., Schmitz, S., Gage, P. & Oren, K. 2009, The
Greenhouse Gas Protocol: A Corporate Accounting and Reporting Standard, The
World Resources Institute and World Business Council for Sustainable
Development, Washington, DC.

Ramanujan, S. 1914, "Modular equations and approximation to 1, Quart", J.Indian
Math.Soc, vol. 45, pp. 350-372.

Rasdorf, W., Frey, C., Lewis, P., Kim, K., Pang, S.H. & Abolhassani, S. 2010, "Field

Procedures for Real-World Measurements of Emissions from Diesel Construction
Vehicles", Journal of Infrastructure Systems, , no. September, pp. 216-225.

289



Riley, J.E. 2003, "Basic Track" in Practical Guide to Railway Engineering, 2nd edn,
AREMA, Lanham, MD.

Rodier, C.J., Abraham, J.E., Johnston, R.A. & Hunt, J.D. 2001, "Anatomy of induced
travel using an integrated land use and transportation model in the Sacramento
Region", 79th Annual Meeting of the Transportation Research BoardWashington,
DC.

Rodier, C.J. & Johnston, R.A. 2002, "Uncertain socioeconomic projections used in travel
demand and emissions models: could plausible errors result in air quality
nonconformity?", Transportation Research Part A, vol. 36, no. 7, pp. 613-631.

RTI International 2004, Emission Factor Documentation for AP-42 Section 11.1 Hot Mix
Asphalt Plants, Final Report. Available April 21, 2010 at
http.//www.epa.qov/ttn/chief/ap42/ch11/bgdocs/b11s01.pdf.

Schwarz, W. 2001,
Emission of Refrigerant HFC-134a from Mobile Air-Conditioning Systems, Annual
Rate of Emission from Passenger-Car Air-Conditioning Systems up to Seven Years
Old, German Federal Environmental Office, Oko-Recherche.

Schwarz, W. & Harnisch, J. 2003, Establishing the Leakage Rates of Mobile Air
Conditioners, B4-3040/2002/337136/MAR/C1 edn, European Commission.

Siegl, W., Wallington, T., Guenther, M., Henney, T., Pawlak, D. & Duffy, M. 2002, "R-
134a emissions from vehicles", Environmental science & technology, vol. 36, no. 4,
pp. 561-566.

Slag Cement Association (SCA) 2010, , Slag Cement Smoothes Out Detroit Metro
Airport Terminal Expansion. Available:
http://www.slagcement.org/shared/content/story.isp? event=view& id=445502 U1
28801 207535 [2010, 5/5].

Smith, S. & Bolin, C. 2010, Creosote-Treated Ties End-of-Life Evaluation, AquAeter,
Helena, MT.

Speight, J.G. 2007, The chemistry and technology of petroleum, CRC.

Stathopoulos, F.G. & Noland, R.B. 2003, "Induced travel and emissions from traffic flow
improvement projects”, Transportation Research Record: Journal of the
Transportation Research Board, vol. 1842, no. -1, pp. 57-63.

Stolaroff, J.K., Lowry, G.V. & Keith, D.W. 2005, "Using CaO-and MgO-rich industrial

waste streams for carbon sequestration", Energy Conversion and Management, vol.
46, no. 5, pp. 687-699.

290



Stone, R. 1992, Introduction to Internal Combustion Engines, Second Edition edn,
Society of Automotive Engineers, Inc., Warrendale, PA.

Strathman, J.G., Dueker, K.J., Sanchez, T., Zhang, J. & Riis, A.E. 2000, "Analysis of
induced travel in the 1995 NPTS", Center for Urban Studies, Portland State
University, .

Timperio, A., Ball, K., Salmon, J., Roberts, R., Giles-Corti, B., Simmons, D., Baur, L.A.
& Crawford, D. 2006, "Personal, Family, Social, and Environmental Correlates of
Active Commuting to School", American Journal of Preventive Medicine, vol. 30, no.
1, pp. 45-51.

Timperio, A., Crawford, D., Telford, A. & Salmon, J. 2004, "Perceptions about the Local
Neighborhood and Walking and Cycling among Children", Preventive medicine, vol.
38, pp. 39-47.

Train, K.E. 1998, "Recreation Demand Models with Taste Differences Over People",
Land Economics, vol. 74, no. 2, pp. 230-239.

Tran, L.H., Drogui, P., Mercier, G. & Blais, J.F. 2009, "Electrolytic Oxidation of
Polynuclear Aromatic Hydrocarbons from Creoste Solution Using TI/IRO2 and
TI/SNO2 Circular Mesh Electrodes", Journal of Environmental Engineering, , no. 10,
pp. 1051-1062.

Tureen, T. 2003,
Passamaquoddy Technology recovery Scrubber, DOE project fact sheet "Cement
Kiln Flue Gas Recovery Scrubber.".

Tyner, W.E., Taheripour, F., Zhuang, Q., Birur, D. & Baldos, U. 2010, Land Use
Changes and Consequent CO, Emissions Due to US Corn Ethanol Production: A
Comprehensive Analysis, Argonne National Laboratory, Argonne, IL.

US Army Corps of Engineers 2000, Hot-Mix Asphalt Paving Handbook 2000, AC
150/5370-14A Appendix 1 edn, , Washington, DC.

VTC 2010,
Review of Energy and Material Inputs to Transportation Capital Construction
Projects, NJDOT, Trenton, NJ.

Waddell, P., Ulfarsson, G.F., Franklin, J.P. & Lobb, J. 2007, "Incorporating land use in
metropolitan transportation planning", Transportation Research Part A: Policy and
Practice, vol. 41, no. 5, pp. 382-410.

Walls 1ll, J. & Smith, M.R. 1998, Life-Cycle Cost Analysis in Pavement Design - Interim
Technical Bulletin, FHWA, Washington, DC.

291



Wang, M. 2008, Estimation of Energy Efficiencies of U.S. Petroleum Refineries,
Argonne National Laboratory.

Wang, M. 1996, GREET 1.0-Transportation Fuel Cycles Model: Methodology and Use,
Center for Transportation Research, Argonne National Laboratory, ANL/ESD-33,
Argonne, IL.

Wang, M., Lee, H. & Molburg, J. 2004, "Allocation of energy use in petroleum refineries
to petroleum products”, The International Journal of Life Cycle Assessment, vol. 9,
no. 1, pp. 34-44.

Wang, M.Q. & Huang, H.S. 1999, A Full Fuel-Cycle Analysis of Energy and Emissions
Impacts of Transportation Fuels Produced from Natural Gas., Argonne National
Laboratory, Argonne, IL.

Wang, R., Eisinger, D., Bai, S. & Niemier, D. 2008, Construction Equipment Retrofits
and Replacements: A New Tool to Estimate Emission Reduction Benefits,
University of California Davis, Caltrans, Sacramento, CA.

Wayne, R.P. 1991, Chemistry of Atmospheres, Second Edition edn, Clarendon Press,
Oxford.

WBCSD 2010, The Cement Sustainability Initiative., World Business Council for
Sustainable Development.

Weis, C. & Axhausen, K.W. 2009, "Induced Travel Demand: Evidence from a Pseudo
Panel Data Based Structural Equations Model", Research in Transportation
Economics, vol. 25, pp. 8-18.

White, P., Golden, J.S., Biligiri, K.P. & Kaloush, K. 2010, "Modeling climate change
impacts of pavement production and construction", Resources, Conservation and
Recycling, .

Williams, H.C.W.L. 1977, "On the Formation of Travel Demand Models and Economic
Evaluation Measures of User Benefit", Environment and Planning A, vol. 9, pp. 285-
344.

Williams, H.C.W.L. & Yamashita, Y. 1992, "Travel demand forecasts and the evaluation
of highway schemes under congested conditions", Journal of Transport Economics
and Policy, , pp. 261-282.

Woods, J. 2010, Steel the EnviroMetal. [Webpage]. Available April 30, 2010 at
http.//www.sustainable-steel.org.

292



Wu, M., Wang, M. & Huo, H. 2006, Fuel-Cycle Assessment of Selected Bioethanol
Production Pathways in the United States, Argonne National Laboratory, Argonne,
IL.

Wu, M., Wu, Y. & Wang, M. 2005, Mobility Chains Analysis of Technologies for
Passenger Cars and Light-Duty Vehicles Fueled with Biofuels: Application of the
GREET Model to the Role of Biomass in America's Energy Future (RBAEF)
Project., Argonne National Laboratory, Argonne, IL.

Zahavi, Y. & Ryan, J.M. 1980, "Stability of travel components over time", Transportation
Research Record, , no. 750, pp. 19-26.

Zahavi, Y. & Talvitie, A. 1980, "Regularities in travel time and money expenditures”,
Transportation Research Record, , no. 750, pp. 13-19.

Zapata, P. & Gambatese, J.A. 2005, "Energy Consumption of Asphalt and Reinforced

Concrete Pavement Material and Construction", ASCE Journal of Infrastructure
Systems, vol. 11, no. 1, pp. 9-20.

293





