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1.0 Executive Summary 

The purpose of this project was to develop statewide criteria pollutant and toxics annual 
and ozone season weekday emissions inventories for locomotives and commercial 
marine vessels (CMVs) for the calendar year 2011. This inventory was a deliverable 
under Work Order No. 582-11-99776-FY12-10 for Contract Agreement 582-11-99776. 

The pollutants for which estimates were developed included  nitrogen oxides (NOx), 
carbon monoxide (CO), volatile organic compounds (VOC), sulfur dioxide (SO2), 
ammonia (NH3), particulate matter less than or equal to 10 micrometers (PM10), 
particulate matter less than or equal to 2.5 micrometers (PM2.5) and regulated 
hazardous air pollutants (HAPs). Marine vessels do not emit all regulated HAPs; 
emissions of these pollutants were developed where emission factors were available.  

This inventory was developed for the following Source Classification Codes (SCC):  

 2280002100  Vessel equipped with Category 1 and 2 propulsion engines operating 
in port areas 

 2280002200 Vessel equipped with Category 1 and 2 propulsion engines operating 
underway 

 2280003100  Vessel equipped with Category 3 propulsion engines operating in port 
areas 

 2280003200 Vessel equipped with Category 3 propulsion engines operating 
underway 

This inventory was developed within a framework based on methods consistent with the 
pertinent United States Environmental Protection Agency (EPA) requirements and 
guidance on development of actual emissions inventories. 

Most of the emissions are associated with three geographic areas as noted in Figure 1-1: 
Houston-Galveston, Port Arthur-Beaumont, and Corpus Christi. The Houston-
Galveston area also includes Texas City and shows the highest level of activity in Texas 
state waters. 
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Figure 1-1. Category 3 Vessel Traffic Patterns 

Overall, activity and associated emissions within Texas state waters showed a moderate 
increase of approximately 10 percent between 2008 and 2011. While the annual growth 
rates for most areas and most vessel types were estimated at around 1 percent, these 
activity numbers reflect in part the recovery from the economic downturn that impacted 
2008’s activity. Category 3 underway activities comprised the largest portion of the state 
waters activity, amounting to 51 percent of the total activity and 39percent of NOx 

emissions. Category 3 in-port activity comprised another 23 percent of the activity and 
26 percent of NOx emissions. Category 1 and 2 port and underway activity is better 
captured in this inventory than in previous inventory efforts; however, combined, they 
represent only about one quarter of the area’s activity and just over one third of the NOx 

emissions. The Houston-Galveston area, including Texas City, Freeport, and portions of 
the Intracoastal Waterway, represent the majority of emissions in state waters. Brazoria, 
Chambers, Galveston, and Harris counties combined represent 61 percent of the state’s 
total NOx emissions. Spatially, this area is a hotspot of activity, combining not only 3 
major ports but also a significant portion of the Intracoastal Waterway. 
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2.0 INTRODUCTION 

2.1 Purpose and Objectives 

The overall purpose of this project is to develop statewide criteria and toxics annual and 

ozone season weekday emission inventories for locomotives and commercial marine 

vessels (CMVs) for the calendar year 2011. These inventories were developed within a 

framework based on methods consistent with the pertinent EPA requirements and 

guidance on development of actual emissions inventories. 


The project objectives include the following: 


 Compile 2011 activity data for CMV.
 
 Calculate emissions using the latest EPA emission factors.  

 Spatially allocate emissions to Geographic Information System (GIS) shapefiles used 


by the EPA’s Emission Inventory System. 
 Summarize activity and emissions data by SCC and County. 
 Format activity and emissions data into Extensible Markup Language (XML). 
 Provide documentation of the procedures used to estimate and spatially allocate 

emissions. 

This Texas 2011 inventory for CMVs was developed based on the following most recent 
studies and datasets: 

	 TCEQ, Implement Port of Houston’s Current Inventory and Harmonize the 
Remaining 8-county Shipping Inventory for TCEQ Modeling prepared by Environ 
International, August 31, 2010 

 Automatic Identification System (AIS), Gulf of Mexico data file, 2012 
 EPA/Office of Transportation and Air Quality Emission Factors Dataset, 2010 
 U.S. Army Corps of Engineers Dredging Activity database 2012 
 National Marine Fisheries Service (NMFS), 2012, Total Commercial Fishery 

Landings at an individual U.S. Port 
 Texas Parks and Wildlife, 2012, Values of Commercial Fish Landings 
 US Coast Guard 2012 Data 
To ensure that local port data were used where ever possible, ERG started with data 
from the TCEQ study Implement Port of Houston’s Current Inventory and Harmonize 
the Remaining 8-county Shipping Inventory for TCEQ Modeling. For the remaining 
ports ERG used the United State’s Department of Transportation Maritime 
Administration (MARAD) data for Texas ports to quantify vessel calls.  

For this inventory, ERG also compiled AIS data to quantify vessel traffic patterns in the 
Gulf of Mexico. Though the data were very useful in mapping vessel movements for each 
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vessel type included in this study, it was not possible to use the raw data to accurately 
estimate operating hours and link that data up to vessel characteristics needed to 
estimate emissions within the project schedule.  

2.2 Report Organization 

Section 2 of this report documents the emissions estimating procedures used, including 
sources of the data, available emission factors, assumptions made, and spatial allocation 
procedures used. Summary emissions tables are provided on a statewide and county 
level basis for the criteria and toxic pollutants in Section 3. A complete list of references 
is provided in Section 5. 

The criteria and hazardous air pollutant emissions associated with CMV activities are 
included in the access database submitted with this report. 

2.3 Background 

This report covers CMV activity as a nonpoint source. The CMV source category includes 
all marine vessels in Texas waters. CMVs tend to emit significant amounts of NOx, CO, 
SO2, PM, and VOC. 

In order to submit marine vessel data as staging tables in an Emission Inventory System 
format, only EPA defined SCCs can be used. For marine vessels, the acceptable codes are 
limited to the following: 

 2280002100  Vessel equipped with Category 1 and 2 propulsion engines operating 
in port areas 

 2280002200 Vessel equipped with Category 1 and 2 propulsion engines operating 
underway 

 2280003100  Vessel equipped with Category 3 propulsion engines operating in port 
areas 

 2280003200 Vessel equipped with Category 3 propulsion engines operating 
underway 

Category 1 and 2 vessels typically have diesel engines that use marine distillate fuels and 
operate near a port or local waterway and would include:  

 Tugboats (assist, fleeting, and line-haul) 
 Offshore support vessels 
 Pilot boats 
 Local DOT ferries 

2-2 








 

 

For this inventory, ERG compiled 2011 AIS data to quantify vessel traffic patterns in the 
Gulf of Mexico. These data were very useful in mapping vessel movements for each 
vessel type included in this study, though it was not possible to use the raw data 
accurately to estimate operating hours and link that data up to vessel characteristics 
needed to estimate emissions within the project schedule. 

Gulf wide vessel traffic data were reviewed to attempt to quantify monthly traffic 
patterns in order to adjust the annual emission estimates to accurately reflect average 
ozone season daily emissions. Though the data did indicate slight differences in activity 
from month to month for 2011 for different vessel types, in aggregate vessel traffic was 
consistent throughout the year. 

Detailed emissions and activity data are provided in the Microsoft Access database 
provided with this memorandum. Estimates and activity data by county for Texas areas 
of interest are provided in the Appendix of this report. 
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3.0 EMISSION ESTIMATES 

3.1 Port of Houston 

For this inventory, emission estimates were obtained from the latest inventory for the 
Port of Houston developed for TCEQ. The 2007 port authority's inventory provided 
estimates for all criteria pollutants for ocean-going vessels, (e.g. containerships, bulk 
cargo ships, tankers) and harbor vessels (e.g., assist tugs and tugboats push or tow 
barges). An earlier port inventory only focused on emissions that occur directly from the 
port, the new study includes marine vessel emissions from the other counties associated 
with the Houston-Galveston nonattainment area. 

Unfortunately the port inventories were not developed to represent activities in 2011. In 
order for data from the 2007 port inventory to be used in this 2011 inventory, ERG 
obtained historical MARAD vessel call data from the United States Army Corps of 
Engineers to quantify changes in the number of calls for Texas ports and vessel type. 
Figure 3-1 is a graph of the number of calls between 2002 and 2010 at the four major 
port areas in Texas including a linear interpolation for the Houston-Galveston area. 

Figure 3-1. Category 3 Vessel Traffic Patterns 

The MARAD data was only available through 2010. ERG used the linear projection of 
Houston and Galveston traffic to account for the increased traffic to 2011. It should also 
be noted that the other ports have remained flat over the last three years. Table 3-1 
shows the actual number of port call for each of the four port areas in Texas for the 
period from 2007 to 2010. 
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were used to develop Category 3 growth rates, and Category1 and Category 2 activity was 
adjusted using the tug and towboat data presented in Table 2-5. 

For the Port of Houston inventory, emissions were estimated as a function of vessel 
power demand multiplied by an emission factor, where the emission factor is expressed 
in terms of grams per kilowatt hour (g/kW-hr). Emission factors and propulsion engine 
load were then applied to the activity data to estimate emissions. The following 
represent the basic equation used to estimating port emissions: 

E = MCR x LF x A x EF 

Where: 

E = Emissions from the engine(s) usually calculated as grams of 
emissions per year,  

MCR = maximum continuous rated engine power, kW 
LF = Load Factor 
A = activity, hours 
EF = Emission factor (g/kw-hr) 

Note, because the Houston ship channel is a reduced speed zone the load factor of 30 
percent was assumed for underway emissions. It is understood that in the upper reaches 
of the ship channel loads may be as low as 6 percent and that towboat operations may be 
as high as 65 percent. 

ERG used the EPA’s updated emission factors for the year 2011 to account for vessel 
turnover and compliance with marine vessels air quality regulations. The emission 
factors were applied to the 2011 activity values to calculate 2011 emissions in tons. 

Example Calculation: 

10,000 kw rated vessel operates underway 106.2 hours per year in state waters with a 
load factor of 0.80. The NOx emission factor is 19.54 g/kW-hr. 

E = MCR x LF  x A x EF 
AE = 10,000 kw × 106.2 hrs × 0.8 × 19.54 g NOx/kW-hr 

AE = 16,601 kg of NOx per year 


This approach is recommended by the EPA in their Current Methodologies in 
Preparing Mobile Source Port-Related Emission Inventories - Final Report. Note that 
the calculations presented in all other sections of this report also follow the same 
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procedures, allowing for the development of consistent and comparable emission 
estimates. 

The port activity and emission estimates were assigned to Houston, Freeport, 
Galveston/Texas City and the Intracoastal Waterway based on the number of calls to 
each. This approach could underestimate emissions at Texas City and Galveston as it 
would not account for ship movements in these areas as most of these movements 
would be associated with ship calls at the port of Houston. To correct for this, ERG 
assigned emissions to the following areas as noted in Figure 3-2; Ocean Going Vessels 
(OGV) Harris county based on the length of the shipping lane in the county (northern 
portion of the ship channel), OGV Galveston base on the length of shipping lane in the 
county (southern portion of the ship channel out to sea), Intracoastal Waterway 
Galveston, Intracoastal Waterway Chambers also based on the length of Intracoastal 
Waterway in the county, and Freeport out to sea. 

Figure 3-2. Shipping Lane Segments for the Houston Ship Channel and 
Intracoastal Waterway 
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Kilowatt hours were adjusted for a load factor of 80 percent for underway operations 
and 10 percent for dockside load. As with the Port of Houston component of this study, 
EPA emission factors that account for vessel turnover and compliance with federal 
marine vessel emission regulations in 2011 were applied to the adjusted kilowatt hours 
to estimate emissions. 

ERG also used highly refined AIS data to accurately quantify vessel movements within 
and between ports. These AIS data track vessel movements using GPS transmitters 
continuously reporting locations and vessel identification information. The AIS data 
include ship identification codes, current ship location, direction, speed, destination, 
and time stamp to match individual vessels to their characteristics is a very time 
consuming process and the project budget and schedule limited the use of AIS data to 
general spatial allocations of vessel traffic as represented in Figure 3-3. To develop 
vessel type spatial allocations, over one million vessel locations from the 2011 AIS data 
were evaluated to determine vessel type. The location data were split by vessel type and 
mapped in a GIS, then a density analysis was conducted to derive a solid surface 
representation of vessel activity throughout Texas state waters. Since the final inventory 
needed to meet the National Emission Inventory’s (NEI) Emission Inventory System 
(EIS) input requirements, the NEI shapes representing marine vessel activity were 
overlaid on top of the activity grids, and activity within each shape was summed. Note 
that activity and emissions for the Houston-Galveston area were provided in a grid 
format which was converted into traffic density grids that agreed with the AIS vessel 
traffic patterns. 

Figure 3-3. Density of Category 3 Vessel Activity in Texas State Waters in 
2011 
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The port and underway data were also summed up to the county level in order to be 
incorporated into the Texas Air Emissions Reporting system.  

3.3 Military Vessels 

Estimating activity and emissions for military vessels is a challenge, due to homeland 
security issues. In the Gulf of Mexico, military vessel activity is implemented by the U.S. 
Navy and the U.S. Coast Guard. ERG assumed that Navy vessel activities in Texas state 
waters were relatively small, since the last Navy base located in Texas was closed around 
2006 and most military vessel exercises occur in Federal waters. 

ERG obtained information about Coast Guard vessels operating in Texas waters using 
fleet profiles obtained from their Web sites and from direct communication with Coast 
Guard staff as summarized in Table 3-4. The U.S. Coast Guard is currently updating 
their fleet to include new vessels and upgrade older vessels. As of 2011, none of the 
patrol boats have been replaced, however, the Coast Guard did take delivery of 65 foot 
special purpose craft, (SPC-LE 33). These are fast gas powered outboard motorboats 
equipped with three 275 HP engines on each boat. ERG was not able to get any 
indication from the Coast Guard how many of these vessels went sent to Texas Coast 
Guard stations. These boats tend to be used at coastal rescue stations, so actual hours of 
operation may be relatively small and their impact on coastal air quality will be limited. 

The Coast Guard’s Eighth District is responsible for safety and security of the full length 
of the Mississippi, as well as the Gulf of Mexico. In Texas, the District operates 48 large 
vessels (greater than 40 feet) and an estimated 46 smaller boats from eight ports. These 
ports include the following: 

 Corpus Christi 
 Freeport 
 Galveston 
 Ingleside 
 Sabine 
 San Padre Island 
 Port Aransas 
 Port O’Connor 
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Table 3-4. Coast Guard Vessel Characteristics and Associated Ports (Continued) 

Jefferson 
48245 

Sabine Heron 87 ft Coastal Patrol Boat 1 2 1,475 1,800 20 720 1,062,000 
NA 41 ft Utility Boat 3 1 265 1,800 100 1,800 477,000 
NA 47 ft Motor Life Boat 1 2 435 1,800 100 3,600 1,566,000 
NA 55 ft Aids to Navigation Boat 3 2 660 1,700 80 2,720 1,795,200 

TOTAL – Jefferson County 8 7 8,840 4,900,200 
Nueces 
48355 

Port Aransas NA 41 ft Utility Boat 3 1 265 1,800 100 1,800 477,000 
NA 47 ft Motor Life Boat 1 2 435 1,800 100 3,600 1,566,000 

Corpus Christi Mallet 75 ft Inland Construction Tender 1 2 660 1,700 100 3,400 2,244,000 
Brant 87 ft Coastal Patrol Boat 1 2 1,475 1,800 20 720 1,062,000 
Steelhead 87 ft Coastal Patrol Boat 1 2 1,475 1,800 20 720 1,062,000 
NA 64 ft Aide to Navigation Boat 1 2 660 1,700 80 2,720 1,795,200 
NA 55 ft Aids to Navigation Boat 2 2 660 1,700 80 2,720 1,795,200 

TOTAL – Nueces County 10 13 15,680 10,001,400 
San Patricio 
48409 

Ingleside Manatee 87 ft Coastal Patrol Boat 1 2 1,475 1,800 20 720 1,062,000 

TOTAL – San Patricio 1 2 720 1,062,000 
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Table 2-4 notes the home port of each Coast Guard vessel, the number, and horsepower 
rating of the propulsion engines, annual hours of operation and an estimate of the 
number of hours these vessels operate in state waters. The table also calculates total 
annual horse power hours in state waters. The Coast Guard provided an estimate of the 
annual hours of operation and the percent time the vessel operated within state waters. 
ERG used these data to estimate the horsepower hours of operation within state waters 
using the following equation: 

Hp-Hrs = Vn × Hp × En × Ao ×SWf 

Where: 

Hp-Hrs = Horsepower hours 
Vn = Number vessels 
Hp = Horsepower rating of the Coast Guard vessel's propulsion 
engines 
En = Number of propulsion engines the Coast Guard vessel is 
equipped with 
Ao = Annual operating hours 
SWf = Fraction of time that the vessel spends in Texas State waters 

Example: Military Vessel Activity Calculation 

The 87-foot coastal patrol boat, Steelhead, operates out of Corpus Christie; it is 
equipped with two 1,475 horsepower engines. The vessel operates 1,800 hours per year, 
20 percent of operations are in Texas State waters. 

Hp-Hrs = Vn × Hp × En × Ao × SWf 

Hp-Hrs = 1 × 1,475 Hp × 2 × 1,800 hrs × 20/100
 
Hp-Hrs = 1,062,000 


ERG developed emission estimates for NOx, CO, non-methane volatile organic 
compounds (NMVOC), SO2, ammonia (NH3), PM10, and PM2.5 using the following 
equation: 

AE = AH × CF1 × LF × EF × CF2 

Where: 

AE = Annual Emissions (tons per year) 

AH = Annual activity (Hp-Hr) 
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CF1 = Conversion factor (0.741 kW/Hp) 

LF = Engine load factor
 
EF = Emissions factor (g/kW-Hr) 

CF2 = Conversion factor (1.10231 E-6 ton/g) 


Example: Military Vessel Emission Calculation 

The 87-foot coastal patrol boat, Steelhead, has annual Hp-Hrs of 1,062,000, which it 
operates at a load factor or 0.80. Estimate the NOx emissions using a NOx emission 
factor of 13.2 g/kW-Hr 

AE = AH × CF1 × LF × EF × CF2 

AE = 1,062,000 Hp-hrs per year × 0.741 kW/Hp × 0.80 × 13.2 g/kW-Hr × 1.10231 E-6 

ton/g 


AE = 8.38 tons per year
 

ERG assumed that the underway load factor for propulsion engines of Coast Guard 
vessels was 80 percent. To estimate emissions, ERG used emission factors from the EPA 
developed in support of recent marine vessel rule making. ERG spatially allocated Coast 
Guard activity and emissions based on the district associated with each base and 
assigned to appropriate counties based on the GIS shape files. Coast Guard Emission 
estimates are presented in Table 3-5 for annual emissions and Table 3-6 for ozone 
season day emissions. Each table includes emission estimates for each vessel along with 
vessel characteristics such as home port, vessel name and type, and calculated hours of 
operation in state waters. 

3.4 Dredging Operations 

ERG obtained information concerning dredging operations occurring in Texas State 
waters for 2011 from the U.S. Army Corps of Engineers Dredging Activity Database 
USACE 2012a). The 14 dredging projects that were identified were implemented by 
private contractors. The Army Corps of Engineers private company data set included 
information on the following: 

 The name of the dredging site 
 The type of dredging activities (new vs. maintenance) 
 The type of dredging equipment used 
 The dates when dredging was initiated and completed 
 The amount of material dredged and the disposal method 
 Information about the company that was awarded the work, including the address of 

the company. 
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ERG used the dredging start and completion date to estimate the total hours of 
operation for the dredging equipment. In some cases, the start or completion date or 
both were not documented in the database, in which case ERG used the estimated start 
and completion dates in the proposal to define the period of activity. 

Though this equipment operates 24 hours per day, seven days per week, ERG assumed 
that dredging engines operate 90 percent of the time, to account for vessel positioning, 
minor maintenance, and refueling activities.  

Two different dredging types were used in state waters: cutter suction and hopper 
vessels. Cutter suction dredges use a rotating drill to bring sediment up. Hopper vessels 
use a vacuum device that transports sediments from the ocean floor into the vessel’s 
hold. ERG assumed that cutter suction dredges are equipped with engines rated from 
5,000 to 15,000 horsepower (for this project ERG used a value of 9,600 horsepower 
(7,161 kW) based on data provided by dredging services that implemented similar 
dredging activities). Hopper dredges have a horsepower rating of 7,500 to 12,000 
horsepower (5,593 to 8,951 kW), based on data provided by dredging companies that 
implemented identified dredging activities an average value of 9,814 horsepower (7272 
kW) as used for hopper dredges. 

Details concerning the dredging vessels were obtained from Web sites of the companies 
implementing the dredging contracts; however, few details were readily available. The 
information that was available was compiled in the project database. 

The U.S. Army Corps of Engineers’ dredging database included the estimated project 
arrival and departure dates (based on the proposal for the dredging project) and actual 
project arrival and departure dates. For this inventory, hours of operation were 
estimated based on the actual arrival and departure dates. 

Total kilowatt hours were estimated by using the following equation: 

TKW = THP × 0.741 KW/HP × (DP-AR) × 24 hrs/day × 0.90 

Where: 

TKW = Total Kilowatt Hours (kW-hr) 

THP = Total maximum horsepower rating of the engine (HP) 

0.741 = Conversion of HP to kW
 
DP = Departure date 

AR = Arrival date 

24 = Hours per day 
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0.90 	 = Total fraction of time operating (considering ongoing  
maintenance activities and refueling) 

Example: Dredging Activity Calculation 

A hopper vessel equipped with a 9814 Hp engine, arrived at site on January 1, 2011 and 
departed on January 11, 2007: 

kW-Hr = THP × 0.741KW/HP × (DP-AR) × 24 hrs/day × 0.90 
kW-Hr = 9,814 Hp × 0.741 KW/HP× (1/1/07 – 1/11/07) × 24 × 0.90 
kW-Hr = 1,570,790 kW-Hr 

The total operating kilowatt hours were calculated based on the hours of operation 
applied to the vessel and horse power rating. The total kilowatt hours are noted in Table 
3-7 along with the name of the dredging job, the county where the operation occurred 
the type of dredger used, hours of operation (assuming 90 percent of the time that the 
vessel is at the site it is operating), the kilowatt rating of the engines, the assumed load 
factor. 
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Emission estimates were developed for NOx, CO, NMVOC, SO2, NH3, PM10, and PM2.5 

using the following equation: 

AE = AH × EF × CF 

Where: 

AE = Annual Emissions (tons per year) 

AH = Annual activity (kW-Hr) 

EF = Emissions factor (g/kW-Hr) 

CF = Conversion factor (1.10231 E-6 ton/g) 


Example: Dredging Emission Calculation 

Estimate the NOx emissions of a dredging vessel with annual operations of 829,487 kW­
hr. The NOx emission factor is 19.54 g/kw-hr. 

AE = AH × CF1 × LF × EF × CF2
 

AE = 829,487kW-hrs× 19.54 g/kW-Hr × 1.10231 E-6 ton/g 


AE = 17.9 tons of NOx per year 


ERG assumed the load factor for dredging propulsion engines to be 80 percent. The 
emission factors used in estimating the emissions are from dredging were obtained from 
the EPA (EPA 2010), Criteria emission estimates for dredging vessels by county are 
provided in Table 3-8 and Table 3-9 for annual and daily ozone emissions. 
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Commercial Fishing  

Commercial fishing activity was based on a variety of data for commercial fishing in 
Texas. Fishing vessel ship calls were estimated as a function of vessel purpose and its 
type of fishery. Table 3-10 provides a summary of vessel operating characteristics for the 
four main types of fishing operations, specifically information about the number of 
vessel, port calls per year, distance traveled in state waters per call, vessel speed, 
kilowatt rating of the engine, calculated hours of operation in state waters, and 
calculated kilowatt hours. To estimate annual kilowatt-hours of operation per vessel the 
number of calls were multiplied by the vessel’s kilowatt rating, the hours per call and a 
load factor of 80 percent. Fishing vessel kilowatt hours were calculated using the 
following equation: 

Actf = Kw × Dt / Sp × Cf × Lf 

Where: 

Actf  = Annual activity per vessel in terms of adjusted kilowatt hours  
Kw = Typical Kilowatt rating of fishing boats propulsion engines by 

type of fishing vessel operation 
Dt = Distance traveled in state waters per trip (nautical miles) 
Sp = Vessel speed (nautical miles per hour) 
Cf = Number of calls per year 
Lf =Load factor (percent/100) 

Most fishing vessels have a governor and “trolling gear” to lower engine loads to 68 
percent optimizing diesel fuel consumption. For this component of the TCEQ emission 
inventory the load factor was assumed to be 68 percent. 

Example: Fishing Vessel Activity Calculation 

A vessel involved in fishing operations for snappers is equipped with a 224 kW 
propulsion engines, has 40 calls per year, where they transit 20 nautical miles per call 
and operate at a speed of 7.5 nautical miles per hour, to calculate the total horsepower 
hours of operation the following equation was used: 

Actf = Kw × Dt / Sp × Cf × Lf 

Actf = 224 kw × 20 NM/7.5 NM/hr × 40 × 68/100
 
Hp-Hrs = 16,247 
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AEf = Actf × EF × CF 

Where: 

AEf = Annual Emissions associated with fishing vessels (tons per year) 

Actf = Annual activity (kW-Hr) 

EF = Emissions factor (g/kW-Hr) 
CF = Conversion factor (1.10231 E-6 ton/g) 

Example: Fishing Vessel Emission Calculation 

For snapper fishing vessels account for 75,923 kW-hrs. These data can be applied to the 
following equation: 

AE = Actf × EF × CF 

AEf = 	 75,923 kW-hr × 14.08 g/kw-hr × 1.10231E-6 ton/gr 1.2 tons of NOx 

per year 

Criteria emission estimates for commercial fishing are presented in Table 3-15 for 
annual and Table 3-16 for ozone season daily emissions by port and pollutant. 
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4.0 Summary of Results 

Table 4-1 present the total CMV activity in terms of kilowatt hours and emissions (tons 
per year) for each pollutant and SCC by counties. Table 4-2 present the total activity in 
terms of kilowatt hours and emissions (pounds per ozone season day) for each pollutant 
and SCC by counties.  
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Appendix A  

Commercial Marine Vessel Emission Factors  









	coverpage _ Attachment G CMV.pdf
	ATTACHMENT G
	DEVELOPMENT OF 2011 STATEWIDE TOXICS AND ACTUAL ANNUAL AND OZONE SEASON WEEKDAY EMISSIONS INVENTORIES FOR COMMERCIAL MARINE VESSELS
	DEVELOPMENT OF 2011 STATEWIDE TOXICS AND ACTUAL ANNUAL AND OZONE SEASON WEEKDAY EMISSIONS INVENTORIES FOR COMMERCIAL MARINE VESSELS


