
:;

Secretary's Order No.: 2014-A-0015

RE: Approving Revised Final Revision to the Delaware 20ll Base

Year State Implementation Plan (SIP) Emission Inventory for Volatile
Organic Compounds (VOCs), Nitrogen Oxides (NOx)' and Carbon

Monoxide (CO) for Areas of Marginal Non-Attainment under the 2008
Ozone National Ambient Air Quality Standard (NAAQS)

Date of Issuance: July 21,2014

Effective Date of the Amendment: August llr2014

Under the authority vested in the Secretary of the Department of Natural

Resources and Environmental Control ("Department" or "DNREC") the following

findings, reasons and conclusions are entered as an Order of the Secretary in the above-

referenced rulemaking proceeding.

Background and Procedural Histoty

This Order considers the proposed revision to the Delaware State Implementation

Plan (SIP) lor meeting the Clean Air Act ("CAA") requirements For the 8-hour ozone

National Ambient Air Quality Standard ("NAAQS") set forth by the U.S. Environmental

Protection Agency ("EPA") in 2008. According to Section 182(a)(l) of CAA and EPA's

implementation rule for the 2008 ozone standard (Proposed Rule, June 6,2013, 78 FR

,;. +-'i, ;-J d ì,: : i ¡.i



34178), Delaware is required to submit to EPA in July 2014 a SIp revision which

compiles Delaware 201 I emissions of volatile organic compounds ("VOCs"), oxides of

nitrogen ("NOx"), and carbon monoxide ("CO") from frve source sectors: slationary

point sources, slationary non-point sources, on-road mobile sources, non-r.oad mobilo

sources, and natural sources. The subjeot docurnent contains l)elaware's basc year

emission inventory SIP revision under the 8-hour ozone NAAQS set f'orth by the U.S.

Environmental Protection Agency ("liPA") in 2008.

In Maroh of 2008, the EPA revised the 1997 8-hour ozone NAAQS of 0.0{l parts

per million to 0.075 parts per million. The 2008 ozone standard of 0.0tì parls per million

is expected to provide better protection of puhlic health and environment. In a final rule

on May 2012, the EPA designated 46 areas in the country as non-attainment fbl the 2008

ozone standard, including New Castle County and Sussex County in Delaware.

To facilitate planning, Sectjons 1fì2(a)(1) and 172(c)(3) of the CAA require all

ozone non-altainment areas to establish a complehensive, accurate and current invenloly

of actual emissions fron all sources of the relcvant pollulanl(s) in the area by July 20.

2014, which is two years after designation as non-attainment for the 2008 ozone standard.

The lelevant pollutants that contribute to the atmospheric formation of ozone include

VOCs, NOx, and CO.

I)elaware has previously been designated non-altainment for ozone under the

1990 1-hour and the 1997 8-hour ozone standards, and has thus been sub.jeot to this

emission invenlory requilement since 1990. Delawar.e has developed emissions

inventories that meet the criterion of Sections 182(a)(1) and 172(c)(3) ofthe CAA every

three years sincc 1990, and Delaware's latest comprehensive inventory of actual



The SIP is a complex, fluid docurnenl oontaining regulations, source-specific

lequirements, and non-regulatoly items such as plans and emission inventotìes.

Delawale's inilial SIP was approved by the lìPA on May 31,1912. Since that initial

approval, the Delaware SIP has been revised numerous times to address ait'quality non-

attainrnent and rnaintenance issues. This was done by updating plans and inventories,

and by adding new and revised regulatory control requitements. Delaware's SIP is

compiled in the code of Fedelal Regulations at 40 C.F.R. Part 52, Subpalt I .

'l"he l)eparturent's presiding healing officer, l,isa A. Vest, ptepared a Hearing

OIJÌcer's Report dated July 14,2014 (Report). The Reporl recommends certain lìndings

and the adoption ol'the proposed revision to Delaware's State Implementation Plan for'

meeting the Clean Air Act ("CAA") requirements f'or the 8-hour ozone National Ambient

Ail Quality Standard C'NAAQS) set fofth by the U.S. Environmental Protection Agency

C'EPA') in 2008, as attached to the Report as Appendix A.

Findings and Discussion

I flrd that lhe revised proposed revision to Delaware's aforementioned SIP is

well-supported by the record developed by the Department, and I adopl the Report to the

extent it is consistent with this Order. The Departurent's experts developed tlle tecotd

and drafted the revised proposcd SIP revision.

I hnd that the Depaftmenl's experts in the Division of Air Quality fully developed

tlre lecord to supporl adoption of the revisetl proposed revision to the l)elaware State

Implenrentation Plan (SIP) lot meeting the Clean Air Act requilements for the 8-hour'

ozonc National Ambient Air Qualily Standard sct fortli by the U.S. Environmental

Plotection Agency ("EI']A") in 2008. Vr'ith the adoption of this Order, Delaware will



once again delnonstrate that the coltingency requirements listed in Section Ì82(a)(1) of

the Clcan Air Act (CAA) are met.

In conclusion, the following findings and conclusions are entered:

1.) The I)epartrnent has iurisdiction under its slalutory autholity to issue an

Order adopting tl.ris r¿r¡,s'¿d ploposed SIP lcvision as final;

2.) The Depaltment provided adequate public notice of tho proposed SIP

revision, and provided tho public with an adequate opportunity to comment on the

proposed SIP revision, including at the public hearing held on June 26,2014;

3.) The Department held a public hearing on .lune 26, 2014, in ordel to

consider public commeÍrt before making any final decision;

4.) The Depaltment's Hearing Officer's Report, including its recommended

record and the recornmended revised SIP levision, as set forth in Appendix A, is adopted

to provide additional reasons and findings for this Order;

5.) 'Ihe reoommended revised revision to I)elaware's State Implementation

Plan (SIP) for rneeting the Clean Air Act requirements for the 8Íour ozone Nalional

Ambient Air Quality Standard set forth by the U.S. Environmental Plotection Agency

('llPA') in 2008 should be adopted as fìnal, thereby enabling Delawale to (1)

der¡onstrate that the contingency requilemenls lisled in Seclion 182(a)(1) of the Clean

Air Act (CAA) are net; and (2) because the revision is well suppolted by documents in

tl.re record;



6.)

revision to

Regulalions

the law and

The Depaftment shall submit this Order approving the hnal revised

Delaware's State Implementation Plan (SIP) to the Delaware Register o/'

f'or publication in its next available issue, and provide such other notice as

regulation require and the Department determines is appropriate.

David S. Small
Secretary
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TO:

FROM:

RB:

DATE:

MEMORANDUM

The Honorable David S. Small
Cabinet Secretary, Dept. of Natural Resources and Environmental Control

Lisa A. Vest il'

Public Hearirlg Officer, Office of the Secretary
Depaftment of Natural Resources and Environmental Control

Proposed Revision to the Delaware 2011 Base Year
State Implementation Plan (SIP) Emission Inventory for Volatile Organic
Compounds (VOCs), Nitrogen Oxides (lllOx), and Carbon Monoxide
(CO) for Areas of Marginal Non-Attainment under the 2008 Ozone
National Ambient Air Quality Standard (NAAQS)

July 14,2014

I. Backqround:

A public hearing was held on Thursday, June 26, 2014, at 6:00 p.m. at the

Department of Natural Resources and Environmental Control ("DNREC",

"Department"), 89 Kings Highway, Dover, Delaware to receive comment on a proposed

revision to the Delaware State Implementation Plan (SIP) for meeting the Clean Air Act

("CAA") requirements for the 8-hour ozone National Ambient Air Quality Standard

("NAAQS") set forth by the U.S. Environmental Protection Agency ("EPA") in 2008.

According to Section 182(a)(l) of CAA and EPA's implementation rule for the 2008

ozone standard (Proposed Rule, June 6,2013, 78 FR 34178), Delaware is required to

submit to EPA in July 2014 a SIP revision which compiles Delaware 201 I emissions of

volatile organic compounds ('oVOCs"), oxides of nitrogen ("NOx"), and carbon

monoxide ("CO") from all sources. The subject document contains Delaware's base year



emission inventoty SIP revision under the 8-hour ozone NAAQS set forth by tho U.S.

Envilorunental Prolection Agency ("IPA") in 2008.

In Malch of 2008, the EPA revised the 1997 Shour ozone NAAQS of 0.08 parts

per million to 0.075 palts per niillion, I'hc 2008 ozone slandard of 0 075 pafls per

million is expeoted to provide bettel proteclion of public health and environmenl. lu a

final lule onMay 2012, the llPA designated 46 areas in the country as non-attairunent l'or

the 2008 ozone slandard, including New Castle County and Sussex County in Delaware

To facilitate planning, Sections 182(a)(1) and 172(c)(3) of the CAA requile all

ozone non-attainment areas to establish a comprehensive, accuLate and current inventory

of actual emissions liorn all sources of the relevant pollutant(s) in the area by July 20,

2014, which is two years aftcl designalion as non-atÍainment for the 2008 ozone standard.

The relevant pollutants that contribute to the atmospheric formation of ozone include

VOCs, NOx, and CO.

Delaware has pleviously been designated non-attainment for ozone under the

1990 l-hour and the 1997 Shour ozone standards, and has thus been subject to this

emission inventory requirement since 1990. Delaware has developed emissions

inventories that meet the criterion of Sections 182(a)(1) and 172(c)(3) ofthe CAA every

three years since 1990, and l)elaware's latest compt'ehensive inventory of aotual

emissions fÌorn all souroes of VOCs, NOx and CO in the State covered calendar year

2011.



The SIP is a courplex, fluid document containing regulations, source-specilic

requirements, and non-r'egulatory iletns such as plans and emissiou inventories.

Delaware's initial SIP was approved by the EPA on May 31, 1972. Since tl-ra1 initial

approval, the Delaware SIP has been revised numetous times to address air quality uon-

attainment and maintenance issues. This was done by updating plans and inventolies,

and by adding new and tevised regulatory control requiretneuts. l)elawate's SIP is

compiled in the code ofFederal Regulations at 40 C.F.R. Part 52, Subpart 1.

'l'he proposed SIP levision has been available 1ìor public review in the

Department's Division of Air Quality offices in both New Castle County and Dover since

May 20, 2014. The Department published its initial proposed revision to the

aforernentioned f)elaware SIP in the June i, 2014 Delqv,are Register of Regulalions, and

held a public hearing on June 26, 2014. Only one pel'son, Ms. Angela Marconi of tlie

Delaware Solid Waste Authority ('DSWA'), offèred cornment at the aforernentioned

healing held by the Department. At that time, Ms. Marcoui submitted formal comment

for inclusion into the record with regard to this matter, which identilied an emission data

ertor contained in the Department's initial proposed SIP revision. The Department

thoroughly reviewed its initial proposed revision (as published in the Delaware Regisler

of Regulations on .lune 1, 2014) and l-tas responded to the same filly by the correction of

this error ín the revised firial ploposed SIP revision. Ploper notice of the heating was

provided as required by law.

IL Summary of Hearinq Record:

At the time ol'the hearing on June 26, 2014, David Fees, Managing Engineer of

the Planning and Inventory Group for the Departurent's I)ivisior.t of Air Quality (.'DAQ')



offered the Department's three (3) exhibits pertaining to the proposed revision, and this

Hearing Olficer enteled them into the forrnal hearing record developed in this tnattel, to

wit: copies of the legal notice regalding the liolding of the aforementioned public

healing, a copy of the Register Notice as it appeared in Dclawale's llegister o.f

Regulalbns ou June 1,2014, ancl a oopy of Delaware's revised ltnal ploposed Slate

Lnplementation Plan (SIP) revision for meeting the Clean Air Act ("CAA") requiremenls

1òr-the 8-houl ozor.re National Arnbient Air Quality Standard (.'NAAQS') set forth by the

U.S. Environmental Prolection Agency ("LìPA") in 2008. Again, Ms. Marconi was the

only attcndee of the public hearing held on June 26, 2014, and the corection identified

by her in DSWA's comments was corrected by the Department in its revised frnal

proposed SIP revision. No other comments were received by the Deparlment in this

matter.

For the Secretary's review, and in order for the Secretary to gain a thorough

understanding of this proposed promulgation, a copy of the above-refercnced revised

proposed revision to Delaware's State Implementation Plan (SIP) for meeting the Clean

Air Act ("CAA') requirements for the 8-houl ozone National Ambient Air Quality

Standard ("NAAQS') set forth by the U.S. Environmental Protection Agency ("EPA") in

2008 are attached hereto as Appendix "4", and the same are expressly incorporated iuto

this Iìearing Off,rcer's Report. It should be noted that the Department adhered to all

appropriate I)elaware stalutes and the regulalory development process in this matter, and

that the Department has met fhe required public notioe obligalions regarding this

proposed revision. lt should also be noted that the Department has reviewed This revised

proposcd SIP revision in the light of the Iìegulatory Flexibility Act, and believes the



same to be lawful, feasible and desirable, and that the recomtneudations as proposed

should be applicable to all Delaware citizens equally.

III. ConclusionsandRecommcndations:

Based on the record developed in this matter, I couclude that the Depattnrent has

provided appropriate reasoning regarding the need for Delawate's proposed revised SIP

revision for meeting the Clean Air Act requirements for the 8-hour ozone National

Ambient Ail Quality Standard set forth by the U.S. Environmental Protection Agency in

2008. Accordingly, i tecommend promulgation of the same in the customary manner

provided by law.

Further, I recomrnend the following findings:

1. The Department has jurisdiction under its statutory authority, 7 Del C.'

Chapter 60, to make a deteltnination in this proceeding;

2. The Depaúment provided adequate public notice of the proceeding and the

public hearing in a manner required by the law and regulations;

3. Tlie Department held a public hearing in a manner required by the law and

l'egulations;

4. 'lhe Departrnent has leviewed the aforementioned ptoposed revised SIP

revision in the light ofthe Regulatory Flexibility Act, and believes the same to

be lawful, feasible and desirable, and that the recommendations as proposed

should be applicable to all Delawale citizens equally;

5. The aforementioned proposed revised SLP revision will enable Delaware to

demonstrate that the contingency requiremenls listed in Section 182(a)(l) of

the Clean Air Act (CAA) are met;



The Department has an adequate record for its decision, and no f-urther public

hearing is appropriate or necessary;

'I'he Department's proposed revised revision to Delaware's aforementioned

SIP, as initially published in the June l, 2014 Delaware Register of

Regulotions and then corrected in its revised final proposed SII'} revision, as

set forth within Appendix "A" hereto, is adequately supporled, is not arbitrary

or capricious, and is consistent with the applicable laws and regulations.

Consequently, it should be approved as a final SIP revision, which shall go

into effect ten days after their publication in the next available issue of the

Delaware Register of Regulotions; and

The Department shall submit the proposed revised SIP revision as final to the

Delaware Register of' Regulations for publication in its next available issue,

and shall provide written notice to the persons affected by the Order.

LISA A. VEST
Public Hearing Officer

6.

7,

8.
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DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL
CONTROL

DrvrsroN oF ArR QuALrrY
Statutory Authority: 7 Delaware Code, Chapier 60 (7 Del.C. Ch. 60)

GENERAL NOTICE

REGISTER NOTICE

1. TITLE OF STATE IMPLEMENTATION PLAN REVISION:
Detaware 2011 Base Year State lmplementation Plan (SIP) Em¡ssion lnventory under the 2008

Ozone National Ambient Air Qual¡ty Standard (NAAOS).

2. BRIEF SYNOPSIS OF THE SUBJECT, SUBSTANCE AND ISSUES:
This document contains Delaware's State lmplementation Plan (SlP) revis¡on for meeting the Clean

Air Act (CAA) requ¡rements for the 8-hour ozone National Ambient A¡r Quality Standard (NAAOS) set forth

by US Environmental Protect¡on Agency (EPA) in 2008.

According to Section 182(a)(1) of CAA and EPA'S ¡mplementation rule for the 2008 ozone standard
(Proposed Rule, June 6,2013,78 FR 34178), Delaware is requ¡red to submit to EPA in July 2014 a SIP

rev¡sion which compiles Delaware 2011 em¡ssions of volatile organic compounds (VOC), oxides of nitrogen
(NOx), and carbon monox¡de (CO) from five source sectors: stat¡onary po¡nt sources, stationary non-po¡nt

sources, on-road mobile sources, non-road mobile sources, and natural sources. The subject document
conta¡ns Delaware's base year emission inventory State lmplementation Plan (SlP) revis¡on under the 8-

hour ozone Nat¡onal Ambient Air Quality Standard (NAAOS) set forth by US Environmental Protection

Agency (EPA) in 2008.

3. POSSIBLE TERMS OF THE AGENCY ACTION:
None

4. STATUTORY BASIS OR LEGAL AUTHORITY TO ACT:
7 Delaware Code, Chapter 60, Environmental Control

5, OTHER REGULATIONS THAT MAY BE AFFECTED BY THE PROPOSAL:
None

6, NOTICE OF PUBLIG GOMMENT:
lnterested part¡es may submit comments in wr¡t¡ng to David Fees, Division of Air Quality, 655 South

Bay Road, Dover, DE 19901.

Statements and testimony may be presented either orally or in writing at the public hearing to be held

on Thursday, June 26, 2014, beginning at 6:00 p.m. in the auditorium, Richardson & Robb¡ns Building, 89

K¡ngs Hwy, Dover, 19901.

7. PREPARED BY:
David Fees Phone: (302) 739-9402 MaY 16,2014
Email address: ODavid. FeesaÔstate.de. us

2011 Base Year State lmplementation Plan
Emissions lnventory for VOC, NO" and CO



For Areas of Marginal Non-attainment of the 2008 Ozone NAAeS in Delaware

FINAL REPORT

Submitted to:
U.S. Env¡ronmental Protect¡on Agency

Region 3 - Philadelph¡a, PA

Prepared by:
Department of Natural Resources & Environmental Control

D¡vision of Air Qual¡ty

Em¡ssion lnventory Development Program

655 S. Bay Road
Dover, DE 19901

July XX,2O14

Section I

2011 Ozone lnventory Overview and Summary

fntroduction

This document contains Delaware's base year emission inventory State lmplementation Pfan (SlP)
revision under the 8-hour ozone National Amb¡ent Air Quality Standard (NAAOS) set forth by US
Environmental Protection Agency (EPA) in 2008.

Background and Requirements

Ground-level ozone, one of the principal components of "smog," is a serious air pollutant that harms
human health and the environment. H¡gh levels of ozone can damage the resp¡ratory system and cause
breathing problems, throat irritat¡on, coughing, chest pa¡ns, and greater susceptibility to respiratory
infection. High levels of ozone also cause serÌous damage to forests and agricultural crops, result¡ng ¡n
econom¡c losses to logging and farm¡ng operations.

In March 2008, the EPA revised the 1997 8-hour ozone NMQS of 0.08 parts per million (ppm) to
0.075 ppm (73 FR 16436). The 2008 ozone standard of 0.075 ppm is expected to provide betteÍ
protect¡ons of public health and environment. ln a final rule of May 2012, the EPA des¡gnated 46 areas in
the country as nonattainment for the 2008 ozone standard. New Castìe County of Delaware was
designated as nonattainment as a part of the Philadelphia-Wilm¡ngton-Atlantic City Margtnal Non-
Attainment Area (NAA) (77 FR 30088). S¡nce this marginal NAA is centered by the C¡ty of Philadetphia, it
is often referred to as "the Philadelphia NAA." In the same final rule, Sussex County of Deìaware was
designated as a stand-alone nonatta¡nment area, called "Seaford Marginal NpÁ," and Kent County was ¡n
attainment (77 FR 30088). The EPA made the designations of these three counties based on the¡r 2009-
2010-2011 des¡gn values, and the effectjve date of the designat¡ons were July 20,2012.

Ozone is generally not directly em¡tted to the atmosphere. lt is formed in the atmosphere by



photochem¡cal reactions among vo¡atile organ¡c compounds (VOC), oxides of nitrogen (NOx), and carbon
monox¡de (CO) in the presence of sunlight. To facilitate plann¡ng, Sections '182(a)(1) and 172(cX3) of the
CAA require all ozone non-atta¡nment areas to establish a comprehensive, accurate, and current
¡nventory of actual emissions from all sources of the relevant pollutant or pollutants ¡n the area by July 20,
2014 (i.e., two years after des¡gnation as nonattainment). Delaware has previously been designated
nonatta¡nment for ozone under the 1990 1-hour and 1997 8-hour ozone NMQSS, and has therefore been
subject to this emission inventory requ¡rement since 1990. Delaware has developed emission inventories
that meet the cr¡terìon of CAA 182(aX1) and 172(c)(3) every three years since 1990, and Delaware's
Iatest comprehensive, accurate inventory of actual emissions from all sources of VOC, NOx and CO in

the State covered calendar year 2011 .

The purpose of this SIP revision is to establish Delaware's calendar year 2011 emissions inventory,
described in this document, as ¡ts base year em¡ssions inventory under the 2008 ozone NMQS.

Responsibil¡t¡es

The agency w¡th d¡Íect responsibility for developing and submitt¡ng th¡s SIP document is Delaware
Department of Natural Resources and Environmental Control (DNREC), D¡v¡sion of Air Quaìity (DAQ),
under the Division Director, Ali Mirzakhalili, P.E.. The working respons¡bility for Delaware's a¡r quality SIP
planning falls with¡n DAQ's Planning Branch, w¡th Branch l\lanager Ronald A. Am¡r¡kian. David Fees,
P.E., managing engineer, is the principal author of th¡s document.

Project Management

The Emiss¡on lnventory Development (ElD) Program within the Planning Branch of DAQ was
responsible for preparíng the 2011 Periodic Em¡ssion lnventory (PEl) for cr¡ter¡a pollutants to include
emissions of VOC, NO" and CO summar¡zed in this report. lnternal planning began ¡n September 2011,
with focus on the 2011 point source ¡nventory report¡ng cycle taking place in March/Apîil of 2012.

The overall project manager was respons¡ble for identifying overall inventory goals, objectives, and
deadlines, inìtiat¡ng inventory planning, approving estimation methodolog¡es recommended by staff,
review¡ng emissions development work, and preparing ¡nventory reports and documentat¡on.

Point Sources

Po¡nt sources staff was responsible for the folìow¡ng:

. ldent¡fying point source inventory goals, objectives, and deadlines;

. Establishing the universe of faciìit¡es to inventory;. Overseeing the development of the survey forms and instructions;

. Providing training and guidance to industry representativesi

. Setting up the online electronic report¡ng system and work¡ng w¡th DNREC's Off¡ce of
lnformation Technology in prepar¡ng the online reporting capabilities;

. Performing a technical review of emissions data subm¡tted by fac¡lities;

. Work¡ng w¡th facil¡ty representat¡ves to correct errorsì. Managing the point source ¡nventory database; and

. Overseeing quality control of point sources data.

Non-point and Off-road Sources

Non-point and off-road sources staff was responsible for the follow¡ng:



. Research¡ng and recommend¡ng emission est¡mat¡on methodologies;. Def¡ning all s¡mplifying assumptions;. Obtaining 2011 activ¡ty data, current emission factors, and applicable control information. Us¡ng spreadsheets to calculate emissions;. Downloading and us¡ng the EDMS model for developing aircraft emissions;. Download¡ng and using the NONROAD model;. Reviewing emission calcuìations for accuracy and completeness;
" Preparing report documents; and. Compilingsupportingdocumentation.

On-road Mobile Sources

On-road mobile sources staff was responsible for the follow¡ng:

. Download¡ng the MOVES model;. Obta¡ning 20'11 vehicle m¡les traveled (VMT), vehicle reg¡strat¡on, and other mob¡le input data
from the Delaware Department of Transportation;. Obta¡n¡ng other data for inclusion in the model ¡nputs;. Preparing the input files for running MOVES;. Runn¡ng MOVES and summarizing the model outputs;. Review¡ng emissions for accuracy and completeness;. Prepar¡ng [eport documents; and. Comp¡l¡ngsupportingdocumentation.

As is noted in Sect¡on 5 of this report, DAQ is utilizing output from EPA'S Nat¡onal Emission lnventory
(NEl), vers¡on 1, run of the MOVES model.

lnventory Planning

Calendar yeal 2011 is a PEI year as def¡ned by the Air Emissíons Reporting Requirements (AERR).
The AERR specifÌes the em¡ssions data for criterÍa pollutants that are required to be reported to EPA's
NEl. A PEI requ¡res the development of emission estimates from all sources with¡n a state or local area
for all criter¡a pollutants and the¡r precursors. As such, the 2011 inventory can provide the necessary data
for the 2008 8-hour ozone NMQS base year ¡nventory.

lnventory Parameters

The ¡nventory parameters defined by the 2011 Ozone Base Year SIP inventory include the following:. lnventory yeat - 2011,. Pollutants -VOC, NOx and CO as precursors to ozoneì. Source coverage - all sources, including point, non-point, mob¡le, and non-road sources,. Spat¡al resolution - county level emissions;. Geographic coverage -New Castle County and Sussex County; and. Temporal resolution - annual and summer season weekday daily emiss¡ons.

Data Collect¡on and Management

For all source categories the gathering of local activ¡ty data represented a major task spread over
many months. For point sources, most fac¡lities reported the¡r emissions through the use of the State and
Local Emission lnventory System (SLEIS) on-line report¡ng system. Data entered into the on-line system
were transferred to a DAQ database for review and correct¡on.

M¡crosoft Excel@ spreadsheets were employed for managing act¡vity data and calculatìng emissions
from stationary non-point sources and some non-road categories. A consistent set of tabs within each



source category spreadsheet included act¡v¡ty data, po¡nt source data (if applicable, for backouts),
emlssion factors, controls, emission calculations, NEI input formats, and notes on QA'/QC proceduTes.

Em¡ss¡ons for most of the non-road vehicles and equ¡pment categor¡es were calculated using the
NONROAD2O08a model. Aìrcraft engine emissions for landing and take-offs at airports ¡n Delaware were
calculated using the Federal Aviation AdmÌnistrat¡on's Emissions and Dispersion Modeling System
(EDMS), Version 5.1.4.1.

Emiss¡ons data were transferred from SLEIS (point sources), from the non-point and non-road
spreadsheets, and from the model outputs to staglng tables in Microsoft Access- databases. These
databases were then convefted to XML f¡les via the EIS bridge tooì, and then transmitted to the EIS via
CDX web cl¡ent by December 31, 2012 to meet the reporting requ¡rements of the AERR.

lnventory Development

For point sources, DAQ developed a set of criterìa to use in establish¡ng the universe of facilities
required to report. These cr¡ter¡a are presented in the point source section of this report. Report¡ng
packages were sent to each facility meetlng one or more of the report¡ng criteria. An extensÌve amount of
review and follow up was performed on the point source data submitted by faciììties.

For non-point sources, the first main task involved gathering actìvity data for each source category. In

many cases, these data were obta¡ned from Delaware-spec¡fic soufces. ln some cases the act¡vÌty data
were developed through the allocation of a portion of a national activ¡ty dataset (i.e., nat¡onal off-road
equ¡pment populations) to Delaware. Basic demographic data were also used for some source categories
and are presented in Table 1-1. Once act¡v¡ty data were obtained, spreadsheets were developed to
manage the data and combine the activity data with the selected emission factors to obtain uncontrolled
emiss¡ons. F¡nally, for those sources where controls applied, emissions were adjusted to account for
control effic¡ency, rule effectiveness, and rule penetrat¡on,

Table Castle Sussex Counties-1. 201 for New Castle and

)emographic PaÌameter New Castle Sussex

)opulation 544.325 200,771

louseholds 205,500 80,638

-and Area (square miles) 439 950

\nnual VN¡T (million miles) 5,201 t tta

FoÍ on-road mob¡le and off-road equipment, the MOVES and NONROAD models, respectively, were
used to develop em¡ssions from these sources. ln the use of these models, activity data were included in
the morjel input fifes. For any type of data used by the model for which Delaware-specific data did not
exist, the model used the system defaults. Details about Delaware-specif ic and default parameters are
d¡scussed in the on-road and non-road sections. The models account for controls, some of wh¡ch reflect
controls specifÍc to Delaware.

Emissions Summary

The following emÌssion summar¡es present the ent¡re 201'1 emiss¡on ¡nventory for VOC, NO*, and CO
for New Castle County and Sussex County broken down by source sector. Throughout th¡s document,
annual emissions are reported ¡n tons per year (TPY) and summer season weekday daily em¡ssions in

tons per day (TPD). The totals may not match the sum of the ind¡vidual values due to independent
rounding.



-2" 2011 New Source Sector

Source

iector

Annual (TPY) SSWD (TPD)

NO" voc l¡o, co
roint 136 ,750 3.649 12.02 12.32

{on-point 4,882 1 ,324 3,425 1 1.39 11

fn-road 3,285 7 ,495 37 .489 8.85 20.65 9't.58

Non-road 1,989 3,577 20,688 7 .04 11.19 70 ae

\ll Sectors 10,992 15,146 65,251 30.30 45.97 1A5.47

Table 1

able l-3-

Source

Sector

Annual (TPY) SSWD (TPD}

voc NO, co voc NO" co
ro¡nt 815 ¿.456 +42 +.94 12.10 1 .60

!on-po¡nt 177 178 2,463 i.95 ).86 ¿.05

)n-road 2.974 +,702 28,323 3.86 14.87 78.67

'lon-road ¿,558 3,045 16.917 L47 10.02 60.50

All Sectors 9,524 10,681 48,145 28.22 37.85 142.82

Section 2

Stationary Poínt Sources

The poÍnt source inventory represents facility-spec¡fic data for larger stat¡onary sources. Emissions
data for all other source categor¡es are reported at the county level. Point sources typically include large
¡ndustrial, commerc¡al and institutional fac¡lities. Manufacturing facilit¡es, with¡n the ¡ndustr¡al sector,
comprise the majority of all reporting po¡nt sources. The ¡nst¡tutional sector includes hospitals,
universit¡es, prisons, military bases, landfills, and wastewater treatment plants.

Unlike other source sector em¡ssions which are estimated by DAQ, point source emiss¡ons data are
submitted to DAQ by the facilities. Emissions are reported at the process level and include both confined
(stack) emission points as well as unconfined (fugitive) emission sources. A key aspect of point source
data is the inclusion of facility coordinates to accurately allocate emissions spatially w¡thin a county for
purposes of performing air dispersion modeling.

The plann¡ng and execut¡on of the point source ¡nventory was accomplished in the following
chroflological orderi

. Establish the report¡ng criter¡a and fist of facilities to surveyi. Obtain ¡nventory data from facilitÌes;



. Perform adm¡n¡strative and technical rev¡ew of data rece¡ved from facilities;

. Seek resuÞmissions/corrections from facilities based on data review;

. Perform internal data manipulation (¡.e., apply rule effect¡veness, remove non-reactive VOCS,

create summer season weekday emission values); and
. Prepare inventory data files, report, and supporting documentation.

Since there may be overlap between point sources and stat¡onary non-po¡nt source categories, one
f¡nal activity requ¡red of the point source inventory staff is to provide point source back out data where
appropnate. Point source back out data includes em¡ssions, throughput, or employees, depending on the
non-point source category methodology.

The following criteria were established for defining the un¡verse of facilities to be surveyed fot 2O11 .

. Facil¡ties that held a Title V perm¡t in 201 1;

. Any facility with emissions greater than 5 TPY for VOCS or 25 TPY for NO, in 2008, 2009 or
2010, as previously reported to the DAQ inventory program; and

. Any facility that may be a significant source of emissions but for which DAQ does not have
previous ¡nventory data, or otherwise of part¡cular interest.

Based on these criter¡a, 72 facil¡ties statew¡de reported air emissions dala lot 2011. Since only New
Castle and Sussex Counties have been designated with¡n a marg¡nal non-attaÌnment area for the 2008 8-
hour ozone standard, a total of 57 facil¡ties w¡ll be presented in this report.

Emiss¡ons Summary

f able 2-1 . 2O1 .Level Emissions for New

:acility Name
voc NOr co

TPY TPD TPY TPD TPY TPD

L DuPont Hospital 1 0.01 6 10 1 0.02

\ir Liquide - Delaware City <1 < 0.0'1 0 1 < 0.01

\mtrak Maintenance Fac¡lity < 0.0'1 4 3 0

\shland Research Center (Hercules) < 0.01 2 1.01 4 o.02

qstrazeneca Pharmaceuticals < 0.01 7 ).04 7 o.02

3ASF (Ciba Specialty Chemicals) 24 007 11 1.03 24 0.06

Calpine - Christiana (Conectiv) <1 < 0.01 ).42 <1 0.0't

lalpìne - Delaware City (Conectiv) <1 < 0.01 <1 1.06 <1 < 0.01

lalpine - Edge Moor (Conectiv) 25 ).21 346 174 I '10 0.43

lalpine - Hay Road (Conectiv) ).12 602 2.19 167 0.61

lalpine - West Substation (Conectiv) <1 < 0.01 <1 ).20 <1 0.01

lhr¡st¡ana Hosp¡tal 1 < 0.01 14 l.13 11 0.05

llean Earth of New Castle 3 1.03 20 ).14 0.03

lroda (Uniqema) 4 ).01 24 0.09 ¿6 0.08

)assault Falcon Jet 14 ).03 < 0.01 1 < 0.01

)elaware City Refínery (Premcor) 1 .22 1 .072 4.51 2.14



City Terminal (Premcor) 18 0.05 <1 < 0.01 <1 < 0.01

Correctional Center - Smyrna <1 < 0.01 1.01 7 0.o2

Diamond Materials 3 ).03 ).05 ¡J

DSWA Cherry lsland Lanclfill 24 0.07 1 ).o2 3 0.05

)uPont - Chestnut Run 0.02 48 i5 5 0.0'l

)uPont - Edge Moor 5ô 0.29 27 t.08 2,051 E O'7

DuPoni - Red Lion I01 23 0. 10 JU1

DuPont Building - W¡lmington 1 < 0.01 0.06 ).03
)uPont Experimental Station ).05 180 ).76 17 ).09
luPont Stine-Haskell Lab 3 ).02 I tó 10 0.05

E-A-R Spec¡alty Composites 2 0.01 1 < 0.01 I < 0.01

Evraz Claymont Steel 69 o.20 166 0.49 346 1.03

Fisker (General Motors) < 0.01 11 0.03 0.02
:MC

3 I01 1 0.08 26 106
:ormosa Plastics 59 u to 0.10 22 1.05

FP lnternational 0.01 1 < 0.01 < 0.0'1

Johnson Controls Battery <1 < 0.01 < 0.01 2 < 0.01
(uehne Chem¡cal <1 < 0.01 2 < 0.01 < 0.01

VlacDermid 1 <001 ,1 < 0.01 < 0 01

Vlagellan Terminals 39 l.10 2 < 0.01 1 < 0.01

Micropore 01 0 0

Printpack 44 13 3 001 101

Rohm & Haas Electronic Materìals 7 ).03 4 ).o2 ).o2
iunoco 46 0. 10 54 ).14 't 11 l.10
JniveÍsity of Delaware - Newark 4 < 0.01 20 0.03 ¿o ).06
/eterans Administrat¡on Hospital <1 < 0.0'l 4 0.06 3 ).02

/Vilm¡ngton WWTP < 0.01 4 0.01 ).0'1

\,lew Castle County Total t36 3.02 ¿,750 12.02 3,649 12.32

Table 2-2. evel Emissions for Sussex

Facility Name
voc NO, co

TPY TPD TPY TPD TPY TPD

\llenharim (Allen Family Foods) <1 2

\mick Farms (Allen's Milling) <1 < 0.01 0.05 ).o2
)SWA Southern Landfill 11 ).03 +0 0.1 3 ).61



nvista 7 ).02 1.09 l0 0.06

iustin Tanks ).02 0 0

Vlountaire Farms - M¡llsboro < 0.01 ).02 o 0.02

vlountaire Farms - Selbyv¡lle 1 < 0.0'l 17 1.05 2 0.01

vlulti-Tech 8 0.04 0 0 0

lRG lnd¡an R¡ver Power Plant 17 0.09 2,352 1168 171 0.84

)SG Ship Management (Mar¡trans) 764 4.73 0 0 0

)erdue Farms - Br¡dgev¡lle 1 < 0.01 5 ).02 0.01

Derdue Farms - Georgetown 1 < 0.01 I ).02 5 001

Perdue Farms Agrirecycle < 0 01 to 1.03 <1 < 0.01

Pìnnacle Foods I < 0.01 5 ).02 0.02

Sussex County Total 315 4.94 2,456 12.10 442 1.60

Section 3

Stationary Non-Point Sources

Stationary non-point sources represent a large and diverse set of individual emiss¡on source
categories. A non-po¡nt source category is either represented by small facil¡t¡es too numerous to

individually inventory, such as commercial cooking at restaurants and fuel combustion at a variety of
small businesses, or is a common activ¡ty, such as residential open burning. Emissions from the non-point
source categories were est¡mated at the county level.

Source categories

There are a number of non-point source categories which contr¡bute emissions of ozone precursors.

These categor¡es can be grouped into several category types. These include:
. Solvent Use - Many products used by homeowners and bus¡nesses contain VOC solvents to

achieve the intended purpose of the product. Paints, cleaners, pesticÌdes, personal care
products, and inks are a few examples of products that conta¡n VOC solvents.

. Gasoline Usage - The distr¡bution and use of gaso¡ine in vehicles and other gasoline-powered
engines result in emissions of VOCs whenever the volatìle gasoline vapors are allowed to
escape.. Fuel Combustion - The combustion of fuels in industrial, commercial, institut¡onal, and

resident¡al furnaces, engines, boilers, wood stoves, and fireplaces create em¡ss¡ons of VOCs,
NOx and GO.

. Open Burning - Open burnÌng creates em¡ss¡ons of VOCS, NO* and CO. Open burning
categorìes include trash burning, prescr¡bed burning, burn¡ng of land clearing debris, wildfires,
and house and vehicle fires.

lndividual facilities are typically grouped w¡th other like souÍces ¡nto a source category. Source
categories are grouped ¡n such a way that emissions are estimated collectively using one methodology.
For the 2011 inventory, the distinct¡on between point and non-point was defined by an annual em¡ssion
threshold based on recent point source data (see Section 2 for point source criteria). Table 3-'1 lists the
source categories forwhich VOCS, NO* and CO for New Castfe and Sussex Counties were estimated.

Emission Est¡mation Methodologies and Activ¡ty Data



The 2008 Delaware Per¡odic Emission lnventory served as the starting point for non-point source
category select¡on and methodology development. New methods were appl¡ed to some exist¡ng source
categories, and emission factors were updated where ava¡lable. New methods and emiss¡on factors came
primarily from current Ernlssion lnventory lmprovement Program, Volume llldocuments and documented
pro.lects performed by the Caìiforn¡a Air Resource Board (CARB). Other sources of informat¡on included
the Comp¡lat¡on of Ai Pollutant Em¡ss¡on Ëactors, Volume I ( P42), the Factor lnformation Retrieval
Sysfem (FIRE), and several projects performed by the M¡d-Atlantic Regional Air Management Association
(MARAMA), the Eastern Reg¡onal Techn¡cal Advisory Committee (ERTAC) and EPA.

Source lnventor¡ed

VOC Emissions Only Em¡ssions of VOC, NO*, and CO

\gr¡cultural Pesticides \gr¡cultural Burn¡ng

\llvl Coat¡ngs lommercial Cooking

qsphalt Paving Commercial Fuel Combustion

\utobody Ref¡nish¡ng lndustrial Fuel Combustion

lommercial & Consumer Products Land Clearing Debr¡s Burning

)egreasing Prescr¡bed Burnìng

)ry Cleaning Residential Fuel Combust¡on

Gasoline (Petroleum) Marketing Residential Open Burning

Graphic Arts Res¡dential Wood Combustion

lndustrial Adhesives itructure Fires

lndustrial Surface Coatings /eh¡cle Fires

Traffic Markings ¡Vìldfires

Em¡ssions from most non-point source categories were est¡mated by multiplying an indicator of
collectÍve activ¡ty by a correspond¡ng em¡ssion factor. An indicator is any parameter assoc¡ated with the
activity level of a source, such as production, employment, fuel usage, or population that can be
correlated with the emissions from that source. The corresponding emission factors are per unit of
production, per empfoyee, per un¡t of commod¡ty consumed, or per capita, respectively. The basic
equat¡on that was applied to emission development for most non-point source categories is as follows:

Emissions (E) = Activity Data (Q) x Emiss¡on Factor (EF)

lf a source category had a regulatory control placed on it at the Federal or State level, thê equation
expands to the followingi

E = Q x EF x [1 - (CEXREXRP)]

where: CE = control efficiency
RE = rule effectiveness
RP = rule penetration

The control efficiency (CE) represents the typicaf emissions reduct¡on achieved as compared to the



otherwise uncontrolled emiss¡ons. A control may be a p¡ece of equipment, such as a condenser used to

recover vapor¡zed solvent, or ¡t may be an operational control, such as the use of only low VOC content
paints.
Rule effectiveness (RE) reflects the ability of the regulatory program to achieve all em¡ssions reductions

that could have been achieved by full compliance w¡th the applicable regulations at all sources at all

times. lf a rule is not being followed by all of the regulated community, then emissions w¡ll be hÌgher than

would otherwise be if there was 100% compl¡ance. As an example, wh¡le the burning of trash is ¡llegal

under any circumstances in Delaware, the practice of burning household trash in backyard burn barrels

still takes place in many rural areas of the State.

Rule penetration (RP) represents the percent of sources within a source category that are subject to
the rule that requires control, As an example, gas stations that dispense more than 10,000 gallons of
gasoline in a month are required by Delaware regulations to place vapor recovery systems on their gas

pumps. Those dispensing less than 10,000 galfons are not required to install controls. Therefore, RP is
less than '100%. ln the case of the burning of trash or leaves, no person or business is exempt, and thus

RP is 100%.

The mass balance approach was used for several source categor¡es as an aìternative to the use of

an em¡ssion factor. The mass balance approach is applicable to VOC source categories where all of the

VOC content in the products used (¡.e., paints and adhes¡ves) evaporates and is emitted as a result of the

normal use of the product. Raw mater¡al or product purchase records were used to quantify emissions.

Emissions were equated to the VOC content of the mater¡al usage m¡nus amounts leaving the site as or

in waste.

A major port¡on of the work ¡nvolved ¡n creating the 201 '1 non-point source inventory was in collecting

activity data for each souTce category. The activity data gathered was related to the type of emiss¡on

factors available and, in many cases, obtained from local sources. Surveys, letters, e-mails, and phone

calls to ¡nd¡vidual businesses to obtaìn representative data for a source category was a technÌque used

for several source categor¡es. The type of activity data and the data source for each category ¡s prov¡ded

ìn Table 3-2,

Point source backout was performed for the industr¡al and commercial fuel combustion categories and

many of the solvent usage categories to avoid double counting of emissions between point and non-point

sources. PoÌnt source fuel usage was backed out from fuel consumption data obta¡ned from the U.S.

Department of Energy's (DOE) Energy lnformation Adm¡nistrat¡on (ElA). Point source employment was

backed out from employment data obta¡ned from the Delaware Department of Labor.

Non-reactive VOCS were excluded from em¡ss¡on est¡mates. Emiss¡on factors specif¡ed as non-

methane organ¡c carbon (NMOC) in AP-42 were used when available. ln Some ¡nstances, the AP-42

emission factor was in terms of total organic carbon (TOC) and the percentage of the methane

component was ¡nd¡cated ¡n a footnote. ln these cases, the emission factor was reduced by the
percentage of methane to remove the non-reactive methane component in the emission total. For

example, for evaporative emìssions from cfude o¡1, the methane component was 15 percent. The

emission factor was reduced by 15 percent to remove methane from the calculation

Source act¡vity may fluctuate significantly on a seasonal basis. As an example, residential wood

combustion ¡s primar¡ly performed outs¡de the summeT season. Paint usage, on the other hand, is used

more often in the warmer months of the year. Because non-point source em¡ssions are generally a direct

function of source activity, seasonal changes in act¡vity levels were examined closely. Em¡ssìons were

calculated on an annual basìs. Summer season weekday (SSWD) daily emissions were developed through

the use of a temporal allocation factor (TAF) applied to the annual em¡ss¡ons. Monthly and weekly prof¡les

were used to develop the TAF. The monthly profile for each source category was developed through the

use of monthly activity data, when available, or through EPA guidance (Procedures, Volume land EllP

documents.) Most weekìy profles were developed through EPA guidance which defines activity taking place



five, six, or seven days per week. Through EPA guidance, all rAFs include the work week. A few TAFS
were developed based on the exact dates of ep¡sod¡c activity, such as firefight¡ng train¡ng burns and
wìldfires

of 2011 Non Sou tce

Source Category Activity Data Source of Activity Data

\gricultural Burnlng Acreage and vegetation type
DAQ Area Source Compl¡ance
Program

\gricultural PestÍcides Planted crop acreage De¡aware Department of Agriculture

qlM Coatings Solvents ¡n U.S. paint shipments;
U.S. Population U.S. Census Bureau

Asphalt Paving Cutback and emuls¡fied asphalt
usage

Delaware Department of
T[ansportation

\utobody Refin¡sh¡ng :mployment data )elaware Department of Labor

lommerc¡al & Consumer
)roducts Population )elaware Populat¡on Consort¡um

lommercial Cooking Population Delaware Population Consort¡um

Commercial Fuel Combustion Fuel consumption DOE Energy lnformat¡on Admin
Degreasing Employment data Delaware Department of Labor

)ry Cleaning :acility-level solvent usage
DAQ Area Source Compliance
Program

Gasoline (Petroleum) Marketing
Gasoline fuel sales; VMT through
use of MOVES (Stage 2)i
employment data (comm. PFCs)

FHWA Motor Fuel Tax
Administration; DeIDOT (Vl\4T);
Delaware Department of Labor
[employment data)

3raphic Arts Employment data Delaware Department of Labor

lndustrial Adhesives Population Delaware Population Consortium
ndustr¡al Fuel Combust¡on Fuel consumption DOE Energy lnformation Admin.

ndustrial Surface Coatings :mployment data Delaware Deoartment of Labor

-and Clearing Debris Burn¡ng
\creage dìsturbed dur¡ng road,
)ommerc¡al, and residential
)onstruction

DAQ data calculated for the
construction dust categories

rrescr¡bed Burning Acreage and vegetat¡on type
IAQ Area Source Compliance
)rogram

lesidential Fuel Combustion Fuel consumption )OE Energy lnformation Admin.

ìesidential Open Burnlng Rural households U.S. Census Bureau

ìesidential Wood Combustion )ccupied households Delaware Population ConsortÌum

itructure Fires ,lumber of structures fires
Defaware Fire Marshal and DAQ
Area Source Compliance Program

Traffic Markings U.S. paint shipmentsi U.S. and
State publ¡c road miles

U.S. Census Bureau; FHWA highway
statistics publication

'/ehicle Fires Number of vehicle fires )elaware Fire Marshal

Nildfires Acreage and vegetation type )elaware D¡vision of Forestry



Emissions Summary

Tables 3-3 and 3-4 provide county summaries of the 2011 ãnnual (tons per year, TPY) and SSWD
(tons per day, TPD) emissions for each non-point source category for New Castle County and Sussex
County, respectively, The totals may not match the sum of the individual values due to ìndependent
rou nd ing.

of 2011 Non Emiss¡ons for New Castle

Source Categories

Industrial Adhesives & Sealants

Tank Truck Unload¡ng (Stage 1)

Refueling and PFC FÌll¡ng (Stage

Tank Trucks in Transit

G a sol i n e M arketin g Act¡v¡t¡e s

Aircraft Refueling

CMV Loading and Transport



:UEL COMBUSTION

lommercial/l nstitut¡onal 18 0.03 ì2? 0.60 270 150

ndustflal 1 0.06 184 1 .20 317 0.99

ìesidential Fossil Fuel o.o2 525 0.30 0.13

ìesidential Wood 533 0.07 i0 0.01 3572 0.43

Fuel Combustion Total 699 ).19 1,302 2.11 4,37 4 2.05

OPEN BURNING

Agricultural Burning 0 lo 0 0 0 0

ìes¡dential Open Burning < 0.01 <1 < 0.01 11 l.01

-and Clearing Debr¡s Burn¡ng

)rescribed Burning 15 7 325

itructure F¡res 0.01 <1 < 0.01 14 ).03

,/ehicle Fires 1 < 0.01 I < 0.01 4 ).01

r'úildfires 0 0 0 0

)pen Burning Total 20 ).01 < 0.01 353 0.05

ti|ISCELLANEOUS SOURCES

lommerc¡al Cook¡ng 20 0.05 i2 0.14

NON-POINT SECTOR TOTAL 1,882 11.39 t,324 2.11 t,425 2.24

Table for Sussex

Source Categories
voc Nox co

TPY TPD TPY TPD TPY TPD

;OLVENT USE

\qr¡cultural Pesticides 471 1 .40

qlM Coatings 222 ).83

\sphalt Paving ).01

\uto Refinishing 44 17

lommercial & Consumer Products 459 1.30

Dry Cleaning < 0.01

Graphic Arts 14 0.05

ndustrial Adhesives & Sealants 40 0.12

lndusfiaf Surface Coating 45 ).17

Solvent Cleaning 5 )32

Traffic Markings ).06



Solvent Use Total ,388 4.45

SASOLINE MARKETING

?eta¡l Gasol¡ne Stations

Tank Truck Unload¡ng (Stage 1) 0.25

Refueling and PFC Filling (Stage

)
70

Underground Tank Breathing 47 o14

Tank Trucks in Transit 4 0.01

)ther G asol ¡ n e M a rket¡ ng Act¡v¡tie s

Aircraft Refueling 9 0.03

Marinas 53 0.17

Portable Fuel Conta¡ners 93 0.32

CMV Loading and Transporl i6 018

Sasof ine Marketing Total 15 1.34

:UEL COMBUSTION

lommercial/lnstitut¡onal 3 < 0.01 ;7 1,10 445 0.07

ndustrlal 10 0.03 180 57 149 0.47

ìesÌdent¡al Fossil Fuel 0.01 191 )17 95 0.09

ìesident¡al Wood 318 0.06 7 < 0.01 0.31

:uel Combustion Total 338 0.10 t66 1.84 2,043 0.94

)PEN BURNING

\gricultural Burning 4 0 64 0

ìes¡dent¡al Open Burning ).01 J < 0.01 50 0.05

-and Clearing Debris Burnlng ).01 0.01 75 0.21

)rescribed Burning 0 )4 0

itructure Fires 3 < 0.01 <1 < 0.01 15 ).02

/eh¡cle F¡res <1 < 0.01 <1 < 0.01 1 < 0.01

Nildfires 5 ).04 2 0.02 102 77

)pen Burning Total 28 ).06 1'l 0.03 t0l 1 .06

UISCELLANEOUS SOURCES

lommercial Cookìng 7 ).0'1 19 1.05

{ON-POINT SECTOR TOTAL 2,177 t.95 {78 0.86 ¿,463 2.05

Section 4



Non-Road Mobile Sources

Non-road mobile sources represent a large and diverse set of off-road vehicles and non-slationary
equipment. EmÌss¡on estimates of VOCs, NO, and CO for this source sector account for exhaust em¡ssions
from engine fuel combustion.

Non-road veh¡cles and equipment are grouped into four source category types for the purpose of
developrng emission est¡mates. These include:. Aircraft - Commerc¡al, military, and private aircraft are considered under this source

category.
. Locomot¡ves - Commercial line haul and yard locomotives are considered under this

source category.. Commercial Marine Vessels (CMVS) - Various types of vessels that nav¡gate the
Delaware Bay and R¡ver and the Chesapeake and Delaware Canal are included under this
source category. Recreational boats are included ¡n the next category.. Other Off-road Vehicles and Equ¡pment - All other off-road emission sources are
accounted for through the use of EPA'S NONROAD model. The NONROAD model
compiles off-road equipment pert¡nent to Delaware into the following subcategor¡es:

. Recreational(land-based);. Construct¡oni

. lndustrial,

. Lawn and Gardeni

. Agricultural;. Commerc¡al;

. Logging;

. Airport Ground Support;. Recreat¡onal Marinei and. Railway Maintenance.

lndividual equipment SCCS covered ¡n the NONROAD model are further broken down by the fuel
type, includÍng Z-stroke gasoline, 4-stroke gasol¡ne, diesel, l¡quefied petroleum gas (LPG), and
compressed natural gas (CNG).

Emission Est¡mation Methodologies

The 2008 Delaware Per¡odic Emiss¡on lnventory served as the start¡ng po¡nt for non-Toad source
category selection and methodology development. No new sources were added to Delaware's otf-road
mobile source inventory. However, a new version of the Federal Aviation Adminiskation's (FAA)
Emissions and Dispersion Model¡ng System (EDMS) were used lot 2011.

Similar to the est¡mation of stat¡onary non-point em¡ss¡ons, off-road equipment em¡ss¡ons were
estimated by muftiplying an indicator of collective activity within the ¡nventory area for a source category
by a correspondìng emission factor. The ¡nd¡cators of act¡vÌty for off-road sources ¡nclude land¡ng and
take-offs (LTOS), vessel port-of-calls, time-in-mode (Tllvis, wh¡ch are pertinent to a¡rcraft and CMVs),
gross ton miles (locomot¡ves), equipment populations and economic activity (both pertinent to NONROAD
equipment) that can be correlated with the emissions from that source. The correspond¡ng em¡ssion
factors are amount of pollutant (either grams or pounds) per unit of fuel used (locomotives and
m¡litary/commercial a¡rcraft), per LTO (air taxi and general aviation) or per unit of power output in brake
horsepower or kilowatt-hours (NONROAD equipment and CMVs, respectively).

A major portion of the work involved in creating the 2011 non-road source inventory was in collecting
activity data for each source category. The act¡vity data gathered was related to the type of emiss¡on
factors available and, ¡n many cases, obtained from local sources. More ¡nformation about gathering



activÌty data for each source category is presented below.

There are no point source data that must be backed out of the non-road mob¡le source sector. Even
though larger a¡rports may report as a po¡nt source, their reported point source emiss¡ons do not include
ground support equipment or aircraft engine emissions. Also, a¡rcraft emissions are estimated only for
LTOS that take place at a Delaware airport. Emiss¡ons from aircrafi that transit Delaware a¡rspace are not
included in Delaware's inventory.

Emissions Summary

Tables 4-1 and 4-2 provide county summaries of the 201'l annua¡ (tons per year, TPY) and SSWD
(tons per day, TPD) emissions for aircraft, locomot¡ves, commercial marine vessels, and all equipment
emissions estimated using EPA'S NONROAD model. The non-road sector is a significant contributor to

ozone precursors ¡n Delaware.

Table 4-1. Summarv of 2011 for New Castle

Source categories
voc Nox co

TPY TPD TPY TPD TPY TPD

!ONROAD Model Equipment '1 ,888 l. to 1 ,760 i.23 19,849 76.90

\ircrafl 31 109 t6 1.13 i30 1.86

-ocomot¡ves lo 1.05 1.64 +8 ).13

lommercial Mar¡ne Vessels 51 14 1 .528 1.19 161 )44

,lEW CASTLE COUNTY TOTAL 1,989 L04 I,577 11.19 20,688 79.33

Table 4-2. of Emissions for Sussex

Source Categories
voc ',1ox

lo
TPY rPD TPY TPD TPY TPD

NONROAD Model Equipment 2,507 ).34 1,738 ì.34 1 6,531 59.38

Aircraft I ).02 1 < 0.01 u59 ).78

Locomotives 2 < 0.01 1 ).06 1.01

Commerc¡al Marine Vessels 41 '11 I ,285 3.62 122

SUSSEX COUNTY TOTAL 2,558 1.47 1,045 10.o2 16,917 i0.50

NONROAD Model Equipment

DAQ used NONROAD2008a to develop 2011 annual emission est¡mates for New Castle County and
Sussex County. Most equ¡pment covered by the NONROAD model is powered by diesel-fueled
compression-ignition engines or gasoline-fueled spark-ignition engines. Engines fueled by compressed
natural gas (CNG) and liquefied petroleum gas (LPG) engines are also ¡ncluded in the NONROAD model.



Table 4-3 lists general SCCS addressed by the NONROAD model. Equipment categories are defined at
the 7-dig¡t SCC level (with recreational marine and ra¡lway ma¡ntenance being except¡ons) and specific
equ¡pment are def¡ned at the 10-digit SCC level.

To estimate pollutant emissions, the NONROAD modeì mult¡pl¡es equ¡pment populations and their
assoc¡ated activity by the appropriate emiss¡on factors. Geographic al¡ocat¡on factors (GAFs) are used to
d¡stribute national equipment populations to states/counties. These factors are based on surrogate
indicators of equ¡pment populat¡ons. For example, harvested cropland ¡s the surrogate indicator used in

allocating agr¡cultural equipment. A nat¡onal average engine activity (i.e., load factor times annual hours
of use) ¡s used in NONROAD.

To improve the accuracy of the model runs, default inputs were replaced ¡n the NONROAD model
opt¡on fifes for select parameters. In the opt¡ons packet, ¡nputs that can be replaced ¡nclude: Reid vapor
pressure (RVP), temperature, oxygenated fuel weight percent, and fuel sulfur ¡evels. Local activ'ty data
inputs, such as equipment populations or activity (e.9., hours of use or load factors), can also replace
default values in the model.

NONROAD model option files were prepared to account for temperatures and fuel characteristics
representative of each county for each of the four seasons (winter, spring, summer, and fal¡).
Temperature and fuel input values for each three-month period (December-February, March-May, June-
August, and September-November) were averaged to estimate seasonal values. Minimum, maximum,
and average temperatures per month were obtained from the Natronal Weather Service for the New
Castle County Airport and the Georgetown Airport. Table 4-4 presents a summary of county temperature
and gasoline fuel characteristics data used for each season. A sulfur content of 15 ppm for off-road diesel
fuel was used for 201 1 based on EPA requirements.



226Oxxxxxx
2260001
2260002xxx
2260003xxx
2260004xxx
2260005xxx
2260006xxx
2260007xxx
2265xxxxxx
226500'lxxx
2265002xxx
2265003xxx
2265004xxx
2265005xxx
2265006xxx
2265007xxx
2265008xxx
226501xxxx
2267xxxxxx
2267001xxx
2267002xxx
2267003xxx
2267)O4xxx
2267005xxx
2267006xxx
2267008xxx

xxx

2-stroke gasoline engines
- recreational veh¡cles
- construction equipment
- ¡ndustrial equipment
- lawn & garden equipment
- agricultural equipment
- light commercia

equipment
- logging equipment

4-stroke gasol¡ne eng¡nes
- recreational vehicles
- construction equipment
- ind ustr¡al equipment
- lawn & garden equipment
- agricultural equ¡pment
- light commercial

equ¡pment
- logg¡ng equipment
- a¡rport serv¡ce equipment
- oil field equipment

LPG engines
- recreational vehicles
- construction equ¡pment
- industrial equipment
- lawn & garden equipment
- agr¡cultural equipment
- l¡ght commercial

equipment
- airport serv¡ce equipment

2268xxxxxx
2268002xxx
2268003xxx
2268005xxx
2268006xxx
226801xxxx
2270xxxxxx
227O0O1xxY
227O002xxx
227O003xxx
2270004xxx
22700?5x\x
2270006xxx
2270007xxx
2270008xxx
2770009xxx
227001xxxx
2282xxxxxx
2285xxx015

CNG engines
- construction equipment
- industrial equipment
- ag ricultural equipment
- ìig ht commerc¡al equipment
- oil f¡eld equipment

Diesel engines
- recreational veh¡cles
- construct¡on equipment
- ¡nd ustrial equipment
- lawn & garden equ¡pment
- farm equ¡pment
- light commercÌal equipment
- logg¡ng equipment
- airport service equipment
- underground minjng

equipment
- oil field equipment

Recreational mar¡ne equipment
Railway maintenance equipment

Table 44. NONROAD Model Temperature and Fuel Characterist¡c lnput Values

County Season Oxygen
Weight %

RVP ps¡
Gasoline

Sulfur
ppm

Daily Average Temperature, oF

Minimum Maximum Average

{ew Castle Summer JO i.9 436 37 86 77

,lew Castle Autumn 3.67 l.105 46.55 50 i7 t8

tlew Castle Winter 3.79 11 JI 49.5 28 43 36

,,lew Castle S pring 3.67 l.105 4t). b5 46 55

iussex Summer 7 49.1 )7 t6

iussex Autumn 3.715 I 155 43.35 70 i1

iussex ¡úinter 3.85 3111 J/.tl 30 48 39

Susse) Spring 3.7'15 43.35 47 i5 56

Season for 2011



DAQ researched the availability of state and county-specific data to ¡mprove upon the default
equipment populat¡ons and GAFS ¡ncorporated in the model. DAQ replaced the default equ¡pment
populat¡on of recreational marine equipment with Delaware-specific data. DAQ used recreat¡onal boat
regÌstration data prov¡ded by the DelawaÍe Divis¡on of Fish and WÌldlìfe to estimate the total recreational
mar¡ne equipment population in use with¡n Delaware waters. DAQ determ¡ned this to be a preferable
approach to the NONROAD cjefault approach of a top-down allocation of the nat¡onal equipment
populat¡on. However, reg¡stratron data were not used to allocate recreat¡onal marine actrv¡ty to the county
level because residents may reg¡ster their boats ¡n one county, þut use their boats in other parts of the
State or neighbor¡ng counties.

DAQ updated GAFs for numerous equipment categor¡es. Table 4-5 provides a list of GAFs and the
associated equipment populations that use the GAFS that were updated with 201 1 Deìaware-spec¡f ic
data. For golf carts, DAQ replaced the GAFs based on the number of golf courses in each county with the
county total square kilometers of goll courses in each county. DAQ believes that golf cart usage is more
d¡rectly related to the size of each golf course than to the number of courses that ex¡st ¡n each county. lf
an equipment populat¡on is not identified in Table 4-5, then the model default GAFS were used ¡n the
2011 runs

Sample Calculat¡ons and Resu/fs

The standard NONROAD model emission equat¡on is as follows:

lexn=Eexn.A.L"P-N

= Exhaust emissions, (ton/year)
Eexn = Exhaust emission factor, (ton/hp-hr)

Table 4-5. 20 Factors

Geographic
Allocation Factor Data Source

Equipment Population

)opulation DE Population Consortium

\ircraft NOx emissions Delaware 2008 ¡nventory \irport grou nd support

lonstruction employment an(
)u¡lding permits U.S. Census Bureau lonstruction

larvested crop acres DE Department of Agriculture \gricultural

Forest harvest permit acres DE Department of Agriculture Logging

Area of golf courses Delaware State Golf Association Solf carts

Wholesale businesses DE Department of Labor lommercial

SÍngle and duplex housing J.S. Census Bureau ìesidential lawn & garden

Landscaping businesses )E Department of Labor lommerc¡al lawn & garden

Manufactur¡ng employees )E Department of Labor ndustrial

llass I Rail gross ton miles llass I Operato[s in Delaware ìâil maintenance

Rural land area J S. Census Bureau -and-based recreational

SnoMall y''leather Warehouse webs¡te inow blowers and snowmob¡les

where: lexn



= Equipment act¡vity, (hours/year)

= Load factor, (proport¡on of rated power used on average basis)

= Average rated power for modeled eng¡nes, (hp)

= Equ¡Pment PoPulat¡on

Table 4-7.2011 Sussex for NONROAD

\nnual (TPY) SSWD (TPD)

Fuel Type Equipment Category r'oc NO" co voc NO, co

3asoline Aìl Equ¡pmenl u,368 463 1 5,1 51 7 .87 '1.69 )4.42

Dìesel All Equ¡pmenl 109 1 ,157 587 ).36 11

LPG All Equipmenl 30 110 7?O l0 0.40 1.65

-t\b qll Equipment <'l I 54 <00'1 0.03 lo

dll Fuels Total ¿,507 1 ,738 16,531 t.34 5.34 t9.38

Aircraft

The aircraft source category includes emlssions from commercial, a¡r taxi, general aviation, and

military aircraft. These sub-categories are described as follows:

' Commercial aircraft are used for scheduled service transporting passengers, freight, or
bothi

. Air taxis are used for scheduled service carry¡ng passengers and/or freÌght, but are smal¡er

aircraft that operate on a more l¡m¡ted basìs than the commercial carriers;
. General aviation includes other non-military aircraft used for recreational fly¡ng, business,

personal transportation, and varlous other act¡v¡ties; and
. Mil¡tary aircraft are used by the U.S. mil¡tary in a wide range of miss¡ons

Airport-specific emissions for all aircraft sub-categor¡es were allocated to the county in which each

airport ¡s located. Where there are mult¡ple airports in a given county, the emissions were summed to
prov¡de a county-level em¡ss¡ons est¡mate. Aircraft em¡ssions are reported under the follow¡ng SCCs:

L

P
N

2011 New Castle Emissions for

Annual (TPY) SSWD (TPD)

Fuel Type Equipment Category voc Nor co voc NO" co

iasoline All Equlpmenl 1 ,726 348 18,311 6.1 8 1 .23 70.94

)¡esel All Equ¡pmeni 130 1.278 692 0.46 +52

PG All Equipmenl t2 122 12 t.43 3.01

]NG All Equipment 1 12 67 < 0.01 ).04 o.26

\ll Fuels Total f ,888 1,760 19,849 6.76 ì.23 76.90



Table 4-8. SGCs for Aircraft
scc )escriptor 1 Descriptor 3 )escriptor 6 Descr¡ptor I
2275001000 Mob¡le Sources Aircraft M¡litary A¡rcraft ïotal

¿27 5020000 v'lobile Sources A¡roraÍt Commercial Aircraft Total: All Types

¿275050000 N4obile Sources \ircrafl General Aviation Total

¿275060000 Mobile Sources \¡rcraft Air Taxi ïotal

DAQ estimated annual ajrcraft em¡ss¡ons using a combination of a¡rpod-spec¡f¡c activity data and
Federal Av¡ation Administration (FAAyEPA emission factors. Estimating a¡rcraft em¡ssions focuses on the
"mixing zone," which has a he¡ght (mixing height) equal to the thickness of the inversion layer. Air
emissions w¡th¡n th¡s zone are trapped by the inversion layer and ult¡mately affect groundlevel pollutant
concentrat¡ons. When aircraft are above the mixing zone, emiss¡ons tend to disperse and have no
ground-level effects. The aircraft operations w¡thin the m¡xing zone are def¡ned by the landing and take-off
(LTO) cycle. Each LTO cycle consists of f¡ve specific operating modes:

. Approach - a¡Ícraft operates in this mode when it approaches the âirport on ¡ts descent from
the mix¡ng height to when ¡t lands on the runway.. Taxjlidle-in - aircraft operates ¡n this mode when it taxis from the runway to the gate and turns
its engines off.. Taxi/idle-out - this period occurs fTom eng¡ne start-up to take-off as the aircraft taxis from the
gate back out to the runway.

. Take-off - this mode ¡s characterized primar¡ly by fulllhrottle operation that typically lasts until
the aircraft reaches between 500 and 1000 feet above ground, wh¡ch is when engine power ¡s
reduced.

. Climb-out - this mode begins r¡ght after the take-off mode and lasts until the a¡rcraft passes out
of the mixing height.

The operation time in each of these modes is dependent on the a¡rcraft category, local meteorolog¡cal
cond¡tions, and operatìonal considerations at a given airport. The time-in-mode (TlM) for the take-off
operating mode is the least variable.

Thefollowing are the general steps to be used to est¡mate aircraft emiss¡ons:

. Determine the mixing height to be used to define the LTO cycle;. Define the fleet make-up for each airport;. Determine airport activity in terms of the number of LTOs by aìrcraflengine type;. Select emission factors for each engine model associated wìth the aircraft fleet;. Estimate the TIM for the aircraft fleet at each a¡rport;. Calculate emiss¡ons based on aircraft LTOS, emission factors for each aircraft engine
model, and estimated aircraft Tll\4; and. Aggregate the em¡ssions across aircraft.

LTO data were obta¡ned from all a¡rports in New Castle County and Sussex County. Data on spec¡fic
aircraft and engine types were obtained only from the New Castle County airport. Table 4-9 provides the
LTO data by the four aircraft types for airports in New Castle County and Sussex County.

Table 4-9. 2011 LTO Data for New Castle and Sussex Counties



Airport lounty Category -TOs

New Castle County ,lew Castfe Military j, 180

New Castle County ,lew Castle Commerc¡al âo

New Castle County ,lew Castle Air Taxi 3,463

New Castle County 'Jew Castle General Aviation 7,305

Summit !ew Castle General Aviation +2,200

Sussex County ìussex General Aviation 34,000

Laurel ;ussex General Aviation 1,1 00

DAQ used these airport-spec¡f ic LTO data to estimate commercial and military a¡rcraft emiss¡ons

using FAA'S Em¡ssions and Dispersion Modeling System (EDMS), Vers¡on 5.1.4.'1. The model requires
deta¡led ¡nputs on a¡rcraft operat¡on by aircraft and engine type. DAQ matched the aìrcraft LTO data to the

existing aircraftlengine types ¡n EDMS, and used the default EDMS Tll\4 data. A mix¡ng height of 2,300

feet was used for both airports in New Castle County based on an isopleth chart of annual average
morning mixing heights for the continental U.S. as provided Ìn EPA's Procedures Manual. The Delaware

Army Nat¡onal Guard (DE ARNG) and the Delaware A¡r National Guard (DE ANG) operate units at the

New Castle County Airport and contr¡bute to the mil¡tary LTOS at that airport.

EDMS generates em¡ss¡ons for Vocs, No, and co ln tons per year. The model also generates

emissions for ground support equipment (GSE). However, DAQ used the GSE estimates generated from

the NONROAD model, so these were subtracted from the EDMS results. EPA fleet average emiss¡on

factors were applied to the LTO data to estimate annual general aviation and air taxi emiss¡ons.

Sample Calculations and Resu/ús

Commercial and Military Aircrafl

The equation below is the calculation of taxi and queue mode t¡me that is an airport-specific input in

EDMS.

Tax¡ and Queue Mode Time = (Airport Average Taxi-ln Time + Airport Average Taxi-Out T¡me)
EDIVIS Aircraft-Specific Landing Roll T¡me

The foìlowing is the equat¡on used in EDMS to calculate annual emissions by aircraft type for one

LTO cycle:

Eir = I [(TlM;ù 
* (FFjk/1000) " (Elrjù. (NEj)l

where:
Eij = Total emÌssion of pollutant I, in pounds, produced by aircraft type / for one LTO cycle.

TlMlr. = Time in mode for mode k, in mìnutes, for aircraft typel
FFj; = Fuel flow for mode k, in pounds per minute, for each engine used on the aircraft

type-/
El,;* = Emission index for polìutant l, in pounds of poììutant per one thousand pounds of

fuel, ìn mode k for
aircraft type /

NE; = Numberofengines used on aircrafttypel

Finally, annual em¡ssions per airport are cafculated with the following equation:



Annual Emissions for A¡rport A (tons/yo = I (E- " LTq)l/2000 lbs/ton

where:
Eì,j = annual emissions in pounds of pollutant l, produced by ai¡-craft type I per LTO cycle.
LTOsj = annual number of LTOs for aÍrcraft type j

A¡r Taxi and General Av¡at¡on A¡rcraft

The following equation is the est¡mate of air taxi and general aviation a¡rcraft emissions using LTO
data and fleet average em¡ssjon factors.

1J
'j /il,tiij

where:
E¡ = annual emissions in tons of pollutant I
LTOS = annual number of LTOs
EF¡ = default aviation fleet mix emission factor in pounds of pollutant for pollutant i

Locomotives

Railroad locomotives are a combust¡on source of emissions with most significant em¡ss¡ons occurring
where there is a concentration of ra¡lroad act¡vity (such as a large switch yard). The primary fuel
consumed by railroad locomotives ¡s dist¡llate oil (diesel fuel). Locomotives can perform two different
types of operat¡ons: Iine haul and yard (or switch). Line haul ¡ocomotives generally travel between distant
locatìons, such as from one crty to another. Yard locomot¡ves are primar¡ly Íespons¡ble for moving railcars
within a particular railway yard. Locomotive emissions are reported under the SCCS provided in Table 4-
11.

For line haul locomotives, DAQ calculated Class Ioperation emissions separately from Class ll/lll
operations. Line haul locomotive emissions for passenger trains and commuter lines were estimated to
be zero since rail service in Delaware (Amtrak and SEPTA) is electr¡c powered. Fuel consumpt¡on was
used to estimate locomotive engine em¡ss¡ons. Fuel consumption rates are usually known only for the
entire interstate operating region, therefore, it is necessary to allocate the total amount of fuel consumed
"system-wide" to Delaware and its counties.

Table 4-10.2011 Annual Em¡ssions for Aircraft

scc Aircraft
Category ;ounty

\nnual (TPY) JSWD (TPD}

/oc Nox lo /oc Nox 30

r275001000 M¡litary \,lew Castle 12 14 ).03 ).12 1.10

2275020000 Commercial ,,lew Castle <1 <1 < 0.01 < 0.01 < 0.01

2275050000 General Av¡ation !ew Castle 17 J t38 3.05 1.0'1 to/

2275060000 Air Taxi {ew Castle 2 <1 19 0 01 < 0.01 14

2275oxxxxx lotal: Aircraft {ew Castle 31 t6 630 0.09 ).13 1.86

227 5050000 3eneral Aviation Sussex .' 1 259 0.02 < 0.01 0.78



Locomot¡ves

scc Descriptor'1 DescÍiptor 3 Descriptor 6 Descriptor I

2285002006 Mlobile Sources Railroad Equipment D¡esel
Line Haul Locomot¡ves: Class
I Operat¡ons

)285002007 Mobile Sources Railroad Equtpment Diesel
L¡ne Haul Locomotives: Class
lllClass lll operations

2285002010 Moblle Sources Railroad Equipment Diesel Yard Locomot¡ves

Line Haul Locomoúives - C/ass I Operations

CSX Transportation operates Class I locomotives within New Castle County, wh¡le Norfolk Southern

operates throughout the State of Delaware. DAQ contacted these companies to obtain estimates of fuel

consumption or data to calculate fuel consumption (e.9., gross ton-miles (GTM) and gallons of fuel

consumed per GTM).

Norfolk Southern provided GTM data at the state level. To obta¡n emissions at the county level, DAQ

used the same county allocations as was used in the 2008 inventory- Norfolk Southern provided a fuel

consumpt¡on index (GTl\//fuel consumed) for the system that ¡ncludes operations ¡n Delaware. CSX

provided GTM and fuel consumpt¡on data for New Castle County, the only county in which CSX operates

in Delaware.

LÌne Haul Locomotives - Class ll/ l Operations

The Maryland & Delaware Railroad operates ¡n New Castle county and sussex county. The

Delaware Coast Line Railroad operates only in Sussex County. Both companies provided 2011 statew¡de

fuel consumption data. For the Maryland & Delaware Railroad, track miles withÌn each county were used

to allocate statew¡de fuel consumption to each county.
The system-wide fuel consumption indices, county-specific GTM, and calculated county-fevel fuel

consumpt¡on for both Class I and CIass ll/lll line-haul operations are provided in lable 4-12

Iable 4-12.2011 Locomotive Fuel Consumption Data by Gounty
I L¡ne Haul

Railroad Company Class County
Gross Ton

Miles (GMT)

System-wide
GTM/Gallon

Diesel

Fuel
Consumed,
gallons/year

,lorfolk Southern ,,lew Castle 216,496,634 1,083.52 199,808

{orfolk Southern iussex 126,647 ,379 1,083.52 1 16.885

ISX Transportation {ew Castle 688,000,000 903.75 761,275

aryland & Delaware / l !ew Castìe 2,380

úarvland & Delaware /lll iussex

)elaware Coast L¡ne il/il 1 Sussex 9,000



Yard Locomotives

Taþle 4-13 prov¡des a summary of switchyard operat¡ons and fuel consumption by rail company and
county. CSX and Maryland & Delaware prov¡ded Delaware-specific fuel consumption for 2008, wh¡ch was
assumed to remain the same for 2011. An average sw¡tchyard engine fuel consumption estimate of
32,447 gallons per yea¡- was applied based on a recent regional study coordinated through the Eastern
Reg¡onal Technical Advisory Comm¡ttee.

able 4-13.2t1 and Ëst¡mated Fuel

3lass I Switchyard Gounty
No. of Yard
Locomotives

Fuel Consumed,
qallons/vear

Norfolk Southern New Castle 13 +21 ,813

ISX Transportat¡on New Castle 3 180,000

vlaryland & Delaware New Castle ),640

vlarvland & Delaware SUSSeX 2 19,281

Sample Calculations and Resu/fs

L¡ne Haul Locomot¡ve

To determine the amount of pollutant p at the county level:
1J

where: Ep = amount of pollutant p emitted for the county in pounds
FC = fuel consumption for the county in gallons
EFo = em¡ssion factor for pol¡utant p in pounds per gallon

Yard Locomotíve

To determ¡ne the amount of polìutant p at the county-level:

Ep = Yd. FCv¿ *EFp

where: Ep = amount of pollutant p emitted for the county ¡n pounds
Yd = number of yard locomotives in the county
FCv¿ = fuel consumpt¡on per yard locomotive ¡n gallons per year
EFo = emission factor for pollutant p ¡n pounds per gallon

Tabfe 4-14. 2011 Locomot¡ves Emissions

scc
Category Descr¡ption

Gounty
Annual (TPY) SSWD (TPD)

voc Nox co voc Nox co

2285002006 llâss I Line Haul New Castle '109 30 ).02 0.30 1.08

¿285002007 Slass ll/lll Line Haul New Castle <1 1 1 < 0.01 < 0.01 < 0.0'1



2285002010 Yard Locomotives New Castle 10 123 l9 .03 34

22850020xx
Total: New
Castle

19 233 f8 ).05 ).64 ).13

2285002006 llass I L¡ne Haul Sussex ,1 13 < 0.0'1 ),04 ).0'1

2285002007 llass ll/lll Line Haul Sussex 1 4 <1 < 0.01 ).01 <001

2285002010 /ard Locomotives Sussex <1 1 < 0.01 ).01 < 0.01

22850020xx fotal: Sussex 2 21 < 0.01 ).06 ).01

Commercial Maiine Vessels

The CMV sector includes many types of vessels, such as large deep-draft vessels, barge towboats,

harbor tugs, dredgÌng vessels, ferr¡es, excurs¡on vessels, and commerc¡al fishing vessels. ln addìtion to
the numerous vessel types, each vessel type engages in different activities such as hoteling,

maneuver¡ng w¡th¡n the port, and cru¡s¡ng.

In its 1999 f¡nal rule for commercial marine diesel engines, EPA defined three categories of marine

diesel engines based on engine d¡splacement, power and revolutions per minute (rpm). Table 4-15
presents the def¡nit¡ons for each category.

EPA Marine

]ategory Displacement per cyl¡nder Power range (kW) RPM range

1 disp. < 5 liters and power ì 37 kW 37 - 2,300 1 ,800 - 3,000

5 S displacement < 30 liters 1,500 - 8,000 750 - 1,500

lisplacement ¿ 30 l¡ters 2,500 - 80,000 i0 - 900

The EPA classifies CMV emìssions by fuel type (residual and diesel) and by mode of operat¡on (port

and underway). CMVs often burn multiple types of fuel and may burn different fuels for different operating

modes or locations (i.e., near ports). DAQ used the port and underway SCCS to characterize the CNIV

emissions as listed ¡n Table 4-16. The SCC classification ìs based on the most common type of fuel

util¡zed by the vessel category. Ocean-going vessels (OGV) predominately burn intermediaie fuel oil

(lFO). DAO placed emissions from OGVs burning IFO ¡n the residual fuet SCC. This is consistent with

how petroleum product sales data are reported by the Energy lnformation Admin¡stration and EPA's

classification of fuels.

Marine Vessels

ìGC Descriptor 1 )escriptor 3 )escriptor 6 Descr¡ptor I
ì280002'100 Mobile Sources Marine Vessels, Commercial Diesel Pon em¡ss¡ons

t280002200 Mobile Sources Marine Vessels. Commercial Diesel Underway emlssrons

t280003100 Mobile Sources Marine Vessels, Commercial Residual Port emissions

1280003200 Mobile Sources Vlarine Vessels, Commercial Res¡dual Underway emissions



There are four activity modes for CMV; cruise, reduced speed zone (RSZ), maneuver, and hotel.
Underway emissions are estimated as the combined activity of cruise and RSZ modes. Port emissions
are estimated as the combined act¡vity of maneuver¡ng and hoteling modes. Emissions from ferries and
dredg¡ng are considered pod emissions since these vessels operate pr¡marily with¡n the port area.

DAQ calculated emissions for ocean-going vessels, towboats, tug-assist vessels, ferries and vessels
associated with dÍedging operations. CMV engine emissions are assumed to be a function of the
following:

. Mode of operat¡on,. Vessel type (bulk carrieÍ, tanker, towþoat, etc.);. Vessel dead weighttonnage (DWT);

. Type of engine (2-stroke, 4-stroke, or steam), and. Length of waterway segment.

Therefore, DAQ accounted for these var¡at¡ons when estimating CMV act¡vity. The four modes of
operation that are performed by vessels are defined below:

Cruise - This mode is assumed to begin 25 miles out from the port breakwater until the
vessel reaches the breakwater. The breakwater is located at the mouth of the Delaware Bay.
Cruise mode ¡s only applicable to Sussex County.
Reduced Speed Zone (RSZ) - This mode begins at the breakwater and continues unt¡l the
vessel is one to two nautical miles fÍom the berth or anchorage. The vessel ¡s assumed to
have a speed of twelve knots dur¡ng this mode. This mode ¡s also referred to as trans¡t, and
escort for towboats and tug-ass¡st vessels.
Maneuvering - Th¡s mode ¡s defined as the time the vessel slows to below four knots until
the dock lines are secure. This mode is also refe[red to as ass¡st mode for tug-assist vessels.
Hoteling - This mode is defined as the time the vessel ¡s at dock. During this mode, the
vessel operates aux¡liary engines for electr¡cal power.

The waterway segment d¡stances used to estimate activÌty and to allocate the activity to each county
were estimated from the Google Earth website in 2008 by trac¡ng the shipping channel. Segment
distances are shown in Table 4-17. The distance South is given to the breakwater at the mouth of the
Delaware Bay. The distance north is given to the Delaware-Pennsylvanla border. The distance for the
C&D Canal East is given from the Delaware-Maryland border to the entrance of the Delaware R¡ver
(Reedy Point).

The eng¡ne activity for each mode is calculated using the follow¡ng equation:

where:
Activ¡tymod"
Power
Load Factor
Time
Calls

,4,c:tr.iX 
'*o4 

: .Pûr*'e¡ 
"< 

-f-radFert*l x fì,tnr*o6 x CrdË

= activity by mode (kilowatt-hours)
= rated engine power by vessel and engine type (kilowatts)

= load factor of the engine by vessel type and mode
= time in mode per call by vessel type (hours)

= number of calls by vessel and eng¡ne type

Table 4-17. Waterway Segment Distances for the Delaware River Area

' Waterwav Seoment lD¡stance ll,lli.)ll



to¡nt South

)E/PA Border 83.8

)ceanport
)ort of Wilmington 76.1

vlagellan Terminal 75.6

)elaware City Refinery lr) tJ

l&D Canal i2.6

-at¡tude 39030' 57 .7

New Castle Co/Kent Co 8.5

Kent co/Sussex co Ão

Poinl North

Port of Wilmington 7.7

C&D Canal 1.2

Po¡nt East

C&D Canal I 3.0

Thìs calculation must be performed for both propulsion and auxiliary engines and for each mode.

Both propulsion engines and auxiliary engines are operat¡ng during cru¡se, RSZ and maneuver¡ng modes.

Only aux¡l¡ary eng¡nes operate dur¡ng hoteling. Once the activÌty is calculated, it ¡s allocated to the county
level us¡ng county allocation factors-

This approach to calculating activ¡ty of CMVS was used for all vessel types except vessels involved in
dredg¡ng activity. For dredging, the activity data used for emissions calculat¡ons was the volume of

material dredged. Details on the sources and development of activity data are provided in the following
subsectÌons.

Ocean-Gorng Yesse/s

DAQ obtained vessel call data for ocean-go¡ng vessels (OGVs) during calendar year 2011 from the

Marine Exchange for the Delaware River and Bay. Data were obta¡ned for vessels that calìed on ports in

Delaware, New Jersey and Pennsylvania. The data for the entire port area is required s¡nce the majority
of vessels pass through Delaware waters en route to other ports. The vessel call data jncluded the vessel

name, sh¡p type, DWT, pier, and the date of the calì. The sh¡p types calling on the Delaware River Area
ports ¡n 201 1 are shown in Table 4-18.

Vessels may shift between p¡ers during the same call on the Delaware River area. DAQ adjusted the
vessel call data to remove sh¡fts between piers, where possible, to avoid double counting us¡ng a
methodoìogy recommended by the staff of the Mar¡ne Exchange. Data on the eng¡ne power and engine
type (2-stroke, 4-stroke, and steam) used on OGVS were not available through the MarÌne Exchange.

Therefore, DAQ assigned eng¡ne power and engine type based on average engÌne data obtained from
other sources.

For propulsion eng¡nes, the average engine power and the eng¡ne type were obtained from the EPA

rcporl Commerc¡at Marine Activíty for Deep Sea Porfs ¡n the Un¡ted Sfafes (Deep Sea Porfs). This report



presents data for vessels that called on the Delaware River area ports during calendar year 1996. Note
that the Delaware R¡ver area ¡ncludes ports in Delaware, New Jersey and Pennsylvania, wh¡ch are
located on the Delaware River. The number of calls by vessel and engine type is presented for spec¡fic
DWT ranges. The average eng¡ne power ¡s also given.

E. Vessel fvDes C¿ on Delaware R¡ver Area Ports ¡n 201

lodes Main Vessel Type Additional Vessel Types lncluded w/ Main Type

3U Bu lk Bulk Cargo (BG), Chem¡cal (CH), Bulk (HR)

Container Container/Bulk (CB), Part Container (PC)

GC 3eneral Cargo

MS \4iscellaneous l-ivestock (LV), Tall Ship (TS)

PR )assenger

ìF ìefrigerated Cargo (Reefer) lonta¡ner Reefer (CR)

ìR ìoll on-Roll ofr (RORO) ìORO Container (RC)

TA fanker lanker (AS), Bulk Oil (BO), Chemical O¡l Tanke
CO), Gas Carrier (PG and NG)

IE Vehicle Carrier

ln order to calculate underway emissions, the number of calls (by vessel type and DWT range) had to
be allocated to each port. The ports in Delaware include the Port of Wilmington, Magellan Terminal,
Delaware City Refìnery, and Oceanport. One port ¡n New Jersey, Bermuda International on Salem Creek,
¡s located adjacent to Delaware. All other ports in New Jersey and all ports in Pennsylvania are located
north of the Delaware/Pennsylvania state line. Vessels call¡ng on New Jersey and Pennsyfvania ports
must be ¡ncluded in underway em¡ssion calculat¡ons for Delaware since the vessels travel through the
Delaware portion of the bay and river.

Table 4-19 presents the assigned propulsion eng¡ne power and the number of calls by vessel type,
DWT range and engìne type for calls on the Delaware R¡ver area in 2011. ln add¡tion to vessels traveling
¡n the Delaware River Bay and River, 256 OGVS traversed the C&D Canal to or from the Chesapeake
Bay.

Table 4-19. Average Propulsion Eng¡ne Power and the 2011 Number of Calls for OGVs Call¡ng on
the Delaware River Area NJ and P

Cod
e

)WT Range Engine
Type

Power
(hp) Calls

]od
DWT Range

Engine
Type

Power
(hp) Calls

BU < 25,000 ¿-stroke 1,665 49 ìR <15,000 2-stroke 8,280 7

3U < 25,000 4-stroke 7 ,504 I ìR <'15,000 +-stroke 8,553 7

]U 25,000
35,000

2-stroke 1,696 ìR 15,000 - 30,000 Z-stroke 12,852 1

]U 35,000
45,000 2-stroke 10,320 37 ìR >30,000 ¿-stroke 26,562

]U > 45,000 2-stroke 16,328 99 IA <30,000 2-stroke 10.008 10



< 25,000 17 .7 57 lÃo 30,000 4-sfoke 7 ,077 10

-1, < 25,000 l-stroke 10,898 84 fA <30,000 Steam 14,646 4

25,000
35,000

2-stroke 16,327 185 ÏA 10,000 - 60,000 2-stroke 12,616 74

35,000
45,000

2-stroke 34.467 fA 30,000 - 60,000 4-stroke 15,360

> 45,000 2-stroke 30,856 1ô0 TA 10.000 - 60.000 Steam 15 498 5l

15,000 2-stroke 5,784 6 ÏA i0,000 - 90,000 2-stroke 16,026 65

< 15,000 4-stroke 3,944 fA i0,000 - 90,000 4-stroke 14,305 10

ic
'15,000

30,000
2-stroke 10,456 ÏA 90,000

120,000
2-stroke 15,451 172

15,000
30,000

4-stroke 7 ,536 ÏA 90,000
120,000

Steam 3,923 4

VIS < 10,000 2-stroke 3,500 16 TA
120,000
150,000

2-stroke )_3.046 '¡ô

rilS < 10,000 4-stroke 11 .671 I TA > 150,000 2-stroke ¿5,5 59

)R < 5.000 +-stroke 16,1 08 0 IA ' 1s0,000 Steam 36,324 41

?F j,000 -'10,000 2-stroke 9,706 1'f8 TE <12,500 2-stroke 11,877 6

IF j,000 - 10,000 +-stroke 6,837 20 ,/E <12.500 4-stroke 13,1 50

ìF 10,000
15,000

2-stroke 12,500 190 ,IE 12,500 - 15,000 2-stroke '1 2,859 11

RF
10,000
15,000

1-stroke 15,672 4 ,tE 12,500 - 1 5,000 4-stroke 14,770 2

RF 15,000 Z-stroke 18,467 9 ,/E 15.000 - 1 7.500 2-stroke 13,91 1 30

,tE '17,500 2-stroke 15,224 117

Towboats and fug Ass¡sfs

Towboats are used to transport non-self-propelled vesseìs, either dry cargo or tanker barges,

throughout the Delaware River area, ¡ncluding the C&D Canal. DAQ obta¡ned data on the number of
towboat tr¡ps dur¡ng calendar yeat 2011 frcm Waterborne Commerce of the Un¡ted Sfafes. DAQ

subtracted the number of towboat trips for the Port of Wilmington (POW) and the C&D Canal from the

number of tr¡ps on the Delaware R¡ver (PA to the Sea). For towboats traveling to and from the POW and

traveìing through the C&D Canal, DAQ assumed that half the vessels travel north and the other half travel
south to/from the POW and the canal.

ln 2011, 4,452 towboat trips transited Delaware waters on the Delaware River, with a trip defined as a

one-way passage. 640 towboat trips entered or exited the Port of Wilmington, and 2,332 towboat trips
trans¡ted the C&D Canal.

Tugs ass¡st OGVs from the shipping channel to its intended berth and then back to the channel when

the vessel leaves port. This activity ¡s considered the maneuvering mode for OGVS. Two tugs are typically
required to assist an OGV with a DWT greater than 20,000 tons; for smaller OGVS, one tug suffices. The
number of tug assists (2,370 in 201 1) is directly related to the number of OGVS calling to a Delaware port.

Note that a tug assisting a vessel to Bermuda lnternat¡onal ¡n New Jersey and the piers at the o¡l



refineries in Marcus Hook, PA w¡ll requ¡re a tug to pick up the OGV in Delaware waters, thus tug assists
are included for these docks. The tug meeting time to the docking time ¡s usually within one hour.

ln addit¡on to assisting OGVS to maneuver into port, tugboats escort gas carr¡ers through the
Delaware Bay and R¡ver. Other vessels typically do not utillze an escort. Tug escort trips are ¡ncluded in
the number of towboat trips trans¡ting Delaware waters presented above. DAQ ciid not estimate emissrons
from hotel¡ng of towboats and tugs due to lack of activity data.

Vessel speeds, average maneuver¡ng and hoteling time, propuls¡on and auxiliary engine horsepower
ratings, and engine load factors for OGVS, towboats, and tugs were obta¡ned from EPA's Deep Sea Pods
and Prepar¡ng Poft Em¡ss¡on lnventor¡es. For RSZ mode, time-¡n-mode for each vessel was calculated
based on vessel speeds and waterway segment distances provided in fahÞ 4-17.

Dredging

Ma¡ntenance dredging ¡s performed rout¡nely on the Delaware River to keep the channels to the¡r
required depths. Dredging involves multiple vessels, including dredges, assist tugs, and generator barges
that prov¡de add¡t¡onal power. Estimat¡ng emissions from dredg¡ng vessel engine activity is time-
consuming. Therefore, DAQ developed emiss¡ons based on the volume of mater¡al dredged dur¡ng
calendar year 20'1 '1 rather than engine act¡v¡ty in kilowatt-hours.

DAQ obta¡ned the dredgÌng activity data from both the USACE and from with¡n DNREC. The amount
of material dredged by USACE contractors was obtained from the USACE report on dredging contracts
awarded for the year2011. DAQ also contacted the Delaware Division of So¡l and Water Conservat¡on to
obtain the amount of material dredged by the D¡v¡s¡on. Table 4-20 presents the estjmated amount of
material dredged and the type of dredge used. DAQ assumed all the dredgÌng activity is maintenance
dredgÍng. New cut dredg¡ng results Ín higher emissions, therefore th¡s assumpt¡on may result ¡n lower
em¡ssion est¡mates than are actually occurr¡ng ¡n the area,

aþle 4-20. Mater ¡al Dredqecl ¡n DelaÌvare Waters

Project Location County Type of Equípmenf
Total Mater¡al

Dredged (cubic
yards)

Philadelphia to the Sea New Castle lydraulic Dredge 549,523

Port of Wilmington New Castle lydraul¡c Dredge 440,525

Premcor Berth Maintenance New Castle lydraulic Dredge 230,000

Philadelphia to the Sea Sussex Hydraulic Dredge 142.303

Beachf¡ll - Roosevelt lnlet Sussex HydraulÌc Dredge 111,000

loastal Shoreline Protection Sussex Hopper 848,000

-ewes & Rehoboth Canal Sussex Hydraul¡c Dredge 32.000

Ferr¡es

The Cape May-Lewes Fen'y was ¡dentified as the only ferry service in Sussex County. Monthly kip
count data for the Cape May-Lewes Ferry was obtained by contacting the Delaware River & Bay
Authority. The Cape May-Lewes Ferry made 4,784 one-way hips in 2011.T¡mes for maneuvering and
idling at dock were estimated based on cruise time and round trip schedules. For summer weekday
act¡vity, DAQ obtained the average number of weekday trips during the months of June, July and August



from ferry schedules.

The Three Forts Ferry was identìf¡ed as the only ferry service ¡n New Castle County. Th¡s ferry travels
from either Delaware City, DE or Fort lVlott, NJ to Fort Delaware located on Pea Patch lsland in the
Delaware River. Monthly tr¡p count data for the ferry was obta¡ned by contacting the Delaware River &

Bay Author¡ty. The Three Forts Ferry made 2,855 one-way trips in 2011. The DelawaÍe River and Bay

Authority also prov¡ded the engine and t¡me-¡n-mode data forthe Three Forts Ferry.

Spatial Allocation

DAQ developed county allocation factors for CMV activity data based on the location of the activity on

the various waterways and length of the waterway segment. ln developing county allocation factors, DAQ

assumed that from lat¡tude 39030'to 25 m¡les beyond the mouth of the Delaware Bay, the aciiv¡ty is split
evenly between Delaware and New Jersey since the ship channel roughly corresponds to the boundary

between the two states. Above latitude 39"30', all emissions are allocated to Delaware since the ent¡re
breadth of the river is under Delaware's jurisd¡ction. Allocations were developed for each act¡vity mode,

s¡nce the act¡vity takes place in different areas depending on the mode.

For OGV maneuver¡ng and hotel¡ng modes, the activity ¡s allocated to the county in wh¡ch the port is

located. All large Delaware ports are located in New Castle County. Much of the maneuvering and

hoteting activity thus takes place to New Castle County. OGVs will also hotel at one of the several
anchorages along the shipping channel. Emiss¡ons are est¡mated for hoteling that takes place at

Delaware's anchorages.

For the RSZ mode, county allocat¡on factors were developed for the four ports in Delâware (Port of
Wilmington, Magellan Term¡nal, Oceanport, and Delaware Cìty Refinery), Bermuda lnternatìonal in New

Jersey, and from the Pennsylvania-Delaware border to the breakwater (PAJDE to the Sea)

Allocat¡ng dredging to each county was based on the r¡ver mìles ¡n each county, and split between
Delaware and New Jersey below latitude 39"30'. While the Three Forts Ferry travels to Fort Mott on the

New Jersey side of the Delaware River, at that latitude, Delaware's jurisdictional waters extend the

breadth of the river. Therefore, all act¡vity for the Three Forts Ferry was allocated to New Castle County.

Table 4-21.20 Vessel Em¡ssions

scc
lategory Descript¡on

0ounty
\nnual (TPY) SSWD (TPD)

/oc Nox co voc ,,lOx co

2280002100 )ort - Diesel New Castle J 122 14 0.01 0.04

¿280002200 Underway - Diesel New Castle tz 461 62 0.03 1 .27 o.17

2280003 100 Port - Residual Fuel Oil New Castle 172 '16 0.02 )47 0.04

2280003200 Underway - RFO New Castle 30 773 70 0.08 12 0.19

¿28000xxxx
Total: New
Castle 51 1,528 161 o.14 1.19 0.44

2280002100 Port - Diesel Sussex )J < 0.01 17 0,01

2280002200 Underway - Diesel Sussex 189 1 0.0 3 117 o12

2280003100 Port - Residual Fuel Oil Sussex 4 129 12 0.01 ).35 0.03

2280003200 Underway - RFO Sussex 7 705 c.07 ,t ô? 0.17



l28000xxxx Total:
Sussex

4',l '1,285 122 t.11 3.62 0.33

Section 5 On-Road Mobile Sources

The 201'1 on-road mobile source inventory is an estimate of vehicle em¡ssions based on actual
vehicle mìles traveled (VN¡T) on Delaware roadways ¡n 2011 using EPA'S lvloto¡' Vehicle Emission
S¡mulator (MOVES) model. Vehicles ¡nclude passenger cars, Iight-duty trucks, including sport utility
vehicles, heavy-duty trucks, buses, and motorcycles. DAQ is util¡z¡ng EPA's Nat¡onal Em¡ssions lnventory
(NEl), vers¡on 1, run of the MOVES model. Due to resource constraints, DAQ has yet to complete final
MOVES runs fol 2011. However, DAO has extensively developed Delaware-specific model inputs and
has submitted these input fÍles to EPA as part of the Air Emiss¡ons Reporting Rule (AERR) requ¡rements.
These ¡nputs will be summarized ¡n th¡s section.

The applicaþle Standard Classification Codes (SCCS) comprising veh¡cle type, roadway class, and
emiss¡on process (exhaust, evaporative, brake wear, and tire wea0 are shown in Table 5-1. As an
example, the SCC applicable to exhaust emiss¡ons from a passenger car fueled by gasoline on an urban
interstate would be 220100123X, with the "2201001" indicating that the vehicle ¡s a l¡ght-duty gasol¡ne
veh¡cle, the "23" indicating the activity ¡s occurr¡ng on an urban interstate, and the "X" indicat¡ng that the
em¡ss¡ons are exhaust em¡ssions.

Table 5-1. SCCS Included in On-road Mobile

icc
) ¡g ¡ts

Applicable
Portion ot
SCC Code

)ortion that SGC
)escribes Description

1-7 2201001 /ehicle type Lìght-duty gasoline vehicles (passenger cars)

1-7 2201020 /eh¡cle type
Lightduty gasoline trucks 1 (0-6,000 lb gross veh¡cl€
we¡ght rat¡ng IGVWRI)

7 2201040 /eh¡cle type Lightduty gasol¡ne trucks 2 (6,001-8,500 lb GVWR)

1-7 ¿201070 Vehicle type Jeavy-duty gasoline vehicles (> 8,500 lb GWVR)

1-7 2201080 Vehicfe type l\4otorcycles (gasoline)

2230001 Veh¡cle type Light-duty diesel vehicles (passenger cars)

1-7 2230060 Veh¡cle type Light-duty diesel trucks (0-8,500 lb GVWR)

1-7 2230071 Vehicle type
Class 2b heavy-duty diesel vehicles (8,501-10,000 lt
GVWR)

1-7 2230072 Vehicle type
Class 3, 4, and 5 heavy-duty d¡esel vehicles (10,001
19,500 lb GVWR)

7 2230073 '/ehicle type
Class 6 and 7 heavy-duty diesel vehicles (19,501-33,000
rb GwvR)

-7 2230074 ,/ehicle type Class I heavy-duty diesel vehicles (' 33,000 lb GVWR)

-7 2230075 r'ehicle type Diesel buses

8-9 11 ìoadway type Rural ¡nterstates

8-9 loadway type Rural other princ¡pal arterials



_o Roadway type Rural minor arterials

-9 17 Roadway type Rural major collectors

-9 19 ìoadway type Rural minor collectors

-9 21 Roadway type Rural locals

-9 23 Roadway type Urban ¡nterstates

-9 5 Roadway type Urban other freeways and expressways

-9 7 Roadway type Urban other prlnc¡paì arterials

_o 29 Roadway type Urban m¡nor arter¡als

-9 Roadway type L,rban collectors

-9 ìoadwav type Urban locals

l0 X :mission process Exhaust

10 :mlSSlOn PTOCeSS Evaporative

10 :miss¡on process Brake wear

10 T :mission process Tire wear

Delaware-specif ic lnput Data for 2011

The 20OB inventory was the f¡rst year that DAQ used the MOVES model to develop on-road mob¡le

emissions. The MOB|LE6.2 model was used prevÌously. The MOVES model allows for adjustments to a
variety of model inputs, and as such, DAQ, w¡th assistance from the Delaware Department of

Transportat¡on (DelDOT), puts forth consÌderable effort in creating a suite of county-specific ¡nput data

files. The county-spec¡fic input data types created for the 2011 inventory include VMT (by vehicle and

roadway type), vehicle registration data (vehicle populations and age distrìbutions), average speeds ¡n the

form of speed b¡n fractions (weekday versus weekend and by roadway type), and inspection and

maintenance program specifications. Each of these ¡nput data sets are discussed separately below DAO

relies on the N4OVES model defauìts for fuel parameters (formulations and supply), meteorological data

(temperature and relat¡ve humidity), ramp fractions, and weekly and daily fractions.

Veh¡cle Miles Traveled (VMT) Data

The activity data used for developing the on-road emission ¡nventory ¡s VMT. DeIDOT provided 2011

VMT data by roadway type for all counties ¡n Delaware. DeIDOT is required to subm¡t calendar year VMT

data annualìy to the Federal Highway Administrat¡on's (FHWA) Highway Performance Mon¡toring System
(HpMS). The VIVIT ¡s estimated based on data from permanent traffic count stations throughout the

county. DeIDOT's traffic count program provides daily and seasonal variation data. Additional temporary

stations provide shorter-term counts that are expanded w¡th factors derìved from appropriate permanent

count stat¡ons. Count¡ng and expansion activities are consistent with FHWA guidelines. The traffic data

submitted to HPMS are cons¡dered the most accurate VMT totals for Delaware

since the vMT prov¡ded by DelDoT is supplied by HPMS roadway type, the task of creating vMT by

MOVES road type fractions requìres mapp¡ng the twelve HPMS road types to the four MOVES road

types. The road type allocat¡ons for New Castle County and Sussex County nor 2011 arc provided in

Tables 5-2 and 5-3, respectively.

Table 5-2. New castle County VMT Fractions by Road Type



MOVES
Road Type
Code

Road Type Descr¡ption
VMT Fract¡on
by Road Type

Rural Restr¡cted Access 0 0000

Rural Unrestr¡cted Access 0.1444

Urban Restricted Access o 2940

Jrban Unrestricted Access 1.5616

lotal 1.00000

Taþle 5-3 Sussex Countv VMT Fract¡ons bv Road

UOVES
ìoad Type
-ode

Road Type Description r'MT Fractior
)y Road Type

Rural Restr¡cted Access t.0000

ìural Unrestricted Access 0.6723

Jrban Restricted Access 0 0000

Jrban Unrestricted Access 0.3277

totaf 1.0000

VMT Fract¡ons by Vehicle Type

VMT by vehicle type data are not collected ¡n Delaware, so an alternate procedure was developed
us¡ng the local registrat¡on data in calculating the VMT mixes rather than using the default MOVES VMT
distribution by vehicle type. This methodology uses national default MOVES mileage accumulat¡on data in
combinat¡on with the Delaware county-specific registration data to develop estimates of VMT by vehicle
type. The number of vehicfes reg¡stered in Delaware by model year, vehicle type, fuel type and county
was mult¡plied by the average number of miles accumulated annually by vehicles of the same age,
veh¡cle type and fuel type in the MOBlLE6.2 default mileage accumulation database. This prov¡ded an
est¡mate of VMT by vehicle age and vehicle type. These VMT estimates were then summed for all years
by vehicle type, The total VMT for each vehicle type was divided by the total calculated VMT to give VMT
fract¡ons by vehicle type. Tables 5-4 and 5-5 present the resulting VMT fract¡ons by vehicle type for New
Castle County and Sussex County, respectively.

Table 54. New Castle VMT Fractions bv Veh¡cle

MOVES
Vehicle Type

Code
Vehicle Description

VMT Fraction
by Vehicle

Type

11 Motorcycle 0.0073

1 Passenger Car 1.4636

1 Passenger Truck 1.3669



t2 Light Commercial Truck ).1232

1 lntercity Bus ).0038

+¿ Transit Bus ).0014

+J School Bus ).0019

t1 Refuse Truck ).0003

;2 S¡ngle Unit Short-haul Truck ).0077

t3 Single Unit Long-haul Truck I0007

\A Motor Home ).00 02

1 Combination Short-haul Truck ).01 1 5

Combination Long-haul Truck )01 13

lotal 1.0000

MOVES
Vehicle

Type Code
Vehicle Description

VMT Fract¡on
by Vehicle

Type

1 Motorcycle ) 01 10

,1 Passenger Car 1.3670

1 Passenger Truck ) 4242

la Light Commerciaì Truck ).1449

l1 lntercity Bus 1.0054

Transit Bus 0.0020

t3 School Bus 0.0019

1 Refuse Truck 0.0004

)2 Single Unit Short-haul Truck 0.0090

t3 Single Unit Long-haul Truck 0.0009

t4 Motor Home 0.0002

)1 Combination Short-haul Truck 0.0164

Combination Long-haul Truck 0.0168

fotal 1.0000

VMT Temporal Allocations

The MOVES model ¡nput files ¡nclude allocations of VMT by month. Monthly allocat¡on of VMT is
accompl¡shed through the use of permanent count station data provided by DelDOT. For 20'1 1, DeIDOT

provided monthly VMT data from 24 permanent count stations throughout New Castle County and 26 in

Sussex County. Each month's data for all count stations ¡n a county were summed and d¡vided by the



sum of the annual VMT recorded by the all count stations in a county. The monthly VMT fractions created
in th¡s way are prov¡ded in Tables 5-6 and 5-7.

Table -6. 'MT Allocation Fract¡ons for New Castle

Month
VMT

Fraction iilonth VMT
Fraction

,anuary 0.07 11 Iuly 1.08 78

:ebruary 0.07 59 \ugusl 1.0852

vlarch 0.0816 ieptember ) 0860

\pr¡l 0.08 38 Jctober ).0873

vlay 0.0856 November ).0848

,une 0.0890 )ecember c.081 8

County

Table 5-7. VMT Allocation Fractions for Sussex

VIonth
VMT

Fraction
lilonth

VMT
Fraction

January 1.0663 lu ly I 1070

=ebruary ).0715 \ugust 1.0998

Vìarch ).07 43 September ).0874

\pr¡l ).0802 f,ctober 1 0803

vlay t.0882 November ).0753

lune 0.o974 December ) 0725

County

Vehicle Populations and Age D¡str¡but¡ons

Veh¡cle registration data were obta¡ned from the Delaware DÌvis¡on of Motor Vehicles (DMV). The
data are a snapshot of DMV's registration database as of July 1, 2U1. fhe data show the number of
veh¡cles reg¡stered by model year for each of the 16 MOBILE6.2 veh¡cle classes. The 16 veh¡cle classes
were converted to the 13 MOVES vehicle types using a converter prov¡ded by EPA. New Castle County
and Sussex County vehicle populat¡ons by MOVES vehicle type are pÍov¡ded in Tables 5-8 and 5-9,
respectively. Veh¡cle age distribution fractions were developed for each of the 13 veh¡cle types based on
model year. Veh¡cles 30 years and older were lumped into one fraction.

Table County5-8. 011 Vehicle PoÞulat¡ons for New Castle

Yehicle
]ode Vehicle Type Numþer of

Vehicles

11 Motorcycle 13,298

1 Passenger Veh¡cle 228,976

31 Passenger Truck 144 ,526



Light Commerc¡al Truck 47 ,650

1 lntercity Bus 445

+2 Transit Bus 273

43 School Bus 1,001

51 Refuse Truck ô9

Single Unit Short-Haul Ïruck 2,988

ÐJ Single Un¡t Long-Haul Truck 209

54 Motor Home 373

1 Combination Short-Haul Truck 1 ,O87

)z Combination Long-Haul Truck 818

Table 5-9 2011 Vehicle Populations for sussex

/ehicle
;ode Vehicle Type

Number o
Vehicles

11 Motorcycle o,/oJ

21 Passenger Vehicle 82,910

)assenqer Truck 78,998

-iqht Commercial Truck 26,462

1 ntercitv Bus

42 Transit Bus 192

43 School Bus 31

51 Refuse Truck +ô

Single Unit Short-Haul Truck 1,998

Single Unit Long-Haul Truck 141

54 Motor Home 217

1 lomb¡nation Short-Haul Truck 794

)¿ lombination Long-Haul Ïruck

Vehicle Speeds

The MOVES model represents average vehicle speeds by roadway type through the use of speed bin

fractions. There are 16 speed bins with the first represent¡ng speeds less than 2.5 miles per hour (mph),

w¡th each subsequent bin having a range of 5 mph (i.e., 42.5 mph - 47.5 mph) The final b¡n represents

speeds equal to or greater thaß 72.5 mph. For 201 1, DeIDOT prov¡ded seasonal speed bin fractions for

each of the four MOVES roadway types, for each hour of the day, and for weekday and weekend dr¡v¡ng

patterns. DeIDOT estimated speeds using ihe Peninsula travel demand modeì. The model accounts for

iraffic volumes and variations in travel accord¡ng to purpose, wh¡ch impact average speeds Table 5-10

summarizes the matfix of pafametefs that results in 12,288 records for speeds ¡n each county.



Table 5-10. 201'l

lnspection and Maintenance (l/M)

The l/M programs for New Castle County include a b¡ennial onboard diagnostic test¡ng program (OBD
ll) since 2002 for 1996 and later model year vehicles. Vehicle emission computer systems are checked
for any diagnostic trouble codes present, a symptom of excess emissions which is a failing result for the
veh¡cle. Older vehicles, starting with model year (MY) 1968, are given a curb ¡dle test (MY'1968-1980) or
a two-speed idle test (MY 1981- 1995). A tailpipe probe ¡s inserted for 60 seconds to determine exhaust
concentrations of hydrocarbons and carbon monoxide. Depend¡ng on the model year, vehicles wìth an
excess em¡ssion concentrat¡on of either pollutant w¡ll fa¡l the test. Older vehicles (MY 1975-1995) are also
given a fuel system pressure test (FP) and a gas cap (GC) test. A¡r pressure is appl¡ed to the fuel system
from the fuel ¡nlet to the canister. After air pressure has been appl¡ed, pressure degradation ¡s monitored.
Vehicles fail the fuel system pressure test if it cannot ma¡nta¡n the equivalent pressure of eight inches of
water for up to two minutes after being pressurized to 14.0 10.5 inches of water. A similar pressure test is
applied io the veh¡cle's gas cap.

able -11.2011 New Castle t/M Parameters

lest Type IDLE 2500/tDLE FP&GG OBD UM Evap OBD UM Exh

lest Frequency Biennial Bienn¡al B¡ennial l¡ennial Biennial

trogram Type Test Only Test Only Test Only fest Only Test Only

illodel Years 1968-1980 1981-1995 1975-1995 1996-2003 1996-2003

Compliance Factors (%)

rassenger Vehicle )2.46 95.69 96.00 95.68 )5.68

)assenqer Truck 86.69 88.38 88.86 89.04 j7 .91

-ight Comm. Truck 26.86 78.30 78.78 78.49 74 69

Vehicles Tested (gasoline only)

tassenger Vehicle Yes Yes Yes lv"" Yes

tassenger Truck Yes Yes Yes Yes Yes

-ight Comm. Truck
up to 8,500 GVWR)

Yes Yes Yes Yes Yes

ìchool Bus No No No No No



Single Unit
Short-Haul T¡uck No !o No {o No

Single Unit
-onq-Haul Truck

No \lo No {o No

ìefuse Truck \o \,lo No {o No

lomb¡nat¡on
ìhoÌt-Haul Truck

!o !o No ,¡o No

;ombination
-onq-Haul Truck

!o ,,to No {o No

lllotor Home !o !o No No No

ntercity Bus !o !o No ,¡o No

lransit Bus ,¡o No No No No

i,lotorcycle {o No No No No

The Sussex County l/M program includes only an idle test

Table 5-12.201lSussex Countv lrM

Test Typ€ IDLE

l/M Program Years 1991-2050

Test Frequency Biennial

Program Typ€ T/O

Model Years 1981-2005

Compliance Factors (%)

Passenger Vehicl€ )4.94

Passenger Truck 88.47

Light Comm. Truck 80.97

Vehicles Tested (gasoline only)

Passenger Vehicl€ Yes

Passenger Ïruck Yes

Light Comm. Truck (up to 8,500 GVWRI Yes

School Bus No

Single Un¡t Short-Haul Trucl No

Single Unit Long-Haul Truck No

Refuse Trucl No

Combinat¡on Short-Haul Trucl No

Combination Long-Haul Trucl No

Motor Homc No



lnterc¡ty Bus No

Transit Bus No

Motorcyclc No

Controls

All MOVES+ecognized on-road control measures known to be in place in Delâware in 201 1 were
included in the MOVES emission inventory mode modeling. Local control programs include Delaware's
l/M program, the Federal reformulated gasoline program, and the Northeast Ozone Transport Region

LEV program. The MOVES model internally includes all national control programs, such as the Tier I
and Tier 2 gasoline fuel and light duty engine em¡ssion standards as well as the ultraJow sulfur diesel fuel

and heavy duty engine standards.

Two Delaware control programs, the ant¡-tampering procedures (ATP) performed at the inspections

lanes and the anti-idling regulation were not accounted for in the MOVES runs sjnce the model does not
províde for inputt¡ng these programs. For the ATP control program, vehicles that are tested are aìso

checked to see ¡f the catalytic converter, gas cap and fuel ¡nlet restrictor are present. Vehicles w¡ll fail

inspection if any of these devices are missing.

Regulat¡on 1145, Excess¡ve ldling of Heavy Duty Veh¡cles, ¡s designed to el¡m¡nate emissions ceused

by extending idling. While MOVES delineates emissions processes for extended idl¡ng, currently the

availab¡e control programs within MOVES do not account for ant¡-idl¡ng measures. Delaware currently has

no off-model method to determine emission benelits from either ATP or Reg 1145

Emissions from NEI v1

Table 5 -13.2011 Annual and SSWD Mobile Sources

;ounty
Annual (TPY) sswD {TPD)

voc NO* co voc NO, co

New Castle 3,285 7 ,495 37 ,489 20.65 91.58

Sussex 2,974 .702 28,323 1.86 14.87 78.67

County

17 DE Reg. 1157 (06101t't+l (Gen. Notice)
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Emissions Summary

New Castle Countv Em¡ssions

Source

ìector

Annual (TPY) SSWD (TPD)

voc NO, co voc NO, co

)oint t83€l t8l el 2,750 3,649 ,3€2lf2.s7l 12.02

Non-po¡nl ,882 1 ,324 3.425 11.39 2.11 2.24

On-road 3.28 5 7 .495 37 ,489 1.85 20.65 91.58

Non-road 1,989 3,577 20.688 7 .04 11 19 79.33

All Sectors f1€pe2l
110,9751

15,146 65,251
'3HI
'30.251 15.s7 185.47



f able 2-1. 20'11 -Level rm¡ssions for New

:acility Name
voc NO* co

TPY TPD TPY TPD TPY TPD

\.1. DuPont Hospital 1 001 6 10 0.02

\rr Liqu¡de - Delaware City <l 0.01 0 <1 < 0.01

\mtrak Ma¡ntenance Facil¡ty < 0.01 4 0

\shland Research Center (Hercules) '1 0.0't 2 01 0.02

\strazeneca Pharmaceuticals 1 0.01 04 0.02

3ASF (Ciba Spec¡alty Chemicals) )_4 07 11 0.03 24 006

Calpine - Christiana (Conectiv) 1 0.01 0.42 <1 0.01

lalp¡ne - Delaware City (Conectiv) <1 < 0 01 0.06 <1 < 0.01

lalpine - Edge Moor (Conectiv) )Â 0.2'l 346 1.74 1't0 0.43

lalpine - Hay Road (Conectiv) l3 0.12 i02 2.19 to/ 0.61

lalpine - West Substation (Conect¡v) 1 < 0.01 <1 0.20 <1 0.01

lhr¡stiana Hospital 1 < 0.01 14 0.13 1 0.05

llean Earth of New Castle 1.03 20 0.14 4 0.03

lroda (Un¡qema) 4 I01 24 0.09 26 0.08

lassault Falcon Jel 14 1.03 1 < 0.01 1 < 0.01

Jelaware City Refinery (Premcor) 1.22 1 ,072 451 ot/ 2.14

)elaware C¡ty Term¡nal (Premcor) to 1.05 <1 < 0.01 <1 < 0.01

)el. Correct¡onal Center - Smyrna <1 < 0.01 5 0.0'l 7 0.02

)iamond Materials 103 4 0.05 13 0.1 3

)SWA Cherry lsland Landfill 124],71 Ì0J7]t0.02I 1 0.02 3 0.05

)uPont - Chestnut Run ).02 48 0.1 5 5 0.01

)uPont - Edge Moor 99 l ro 27 0.08 2,051 5.97

luPont - Red Lion 2 1.01 zó 0.10 4 o02

)uPont Building - Wilm¡ngton <1 < 0.01 0.06 5 0.03

DuPont Exper¡mental Station I 105 180 0.76 17 0.09

DuPont Stine-Haskell Lab 1.02 9 0.1 3 '10 0.05

E-A-R Specialty ComposÌtes 2 1.01 <1 < 0.01 <1 < 0.01

Evraz Claymont Steel i9 ).20 '166 04s J4b 1.03

Fisker (Generâl Motors) 1 < 0.01 11 0.03 I 0.02

FMC 3 1.01 31 0.08 26 0.06

Formosa Pìastics 59 l.l6 0.10 )) 0.05

FP lnternational I0'1 < 0.0 1 < 0.01

Johnson Controls Battery <1 < 0.01 < 0.01 < 0.0'1

Kuehne Chemical <1 < 0.01 2 < 0.0'1 1 < 0.01

MacDermid 1 < 0.01 <1 <001 1 < 0.01



Vlagellan Terminals 39 10 2 < 0.01 1 < 0.01

vlicropore ).01

Pr¡ntpack 14 ,J 0.01 ).01

Rohm & Haas Electronic Materials 7 t.03 0,02 l.02

Sunoco 16 10 54 0.14 111 0.10

University of Delaware - Newark < 0.01 20 0.03 26 0.06

y'eterans AdministratÌon Hospital < 0.01 0.06 3 0.02

/Vilminqton WWTP < 0.01 0.01 4 0.01

lew Castle County Total t83€lf81el t3-o2lf2.e7l 2,750 12.O2 3,649 12.32

17 ÐE Reg. 1197 (061011141(Gen. Notice)




