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SECTION 1

INTRODUCTION

BACKGROUND

On a nationwide basis, nonattaimment of the National Ambient Air Quality
Standard (NAAQS) for ozone is one of the most serious and widespread air
pollution problems facing the air quality management community. The Northeast
Corridor, a megalopolis of urban and suburban areas extending from Washington,
D.C. to Boston, bears a large extent of the ozone problem. The United States
Envirommental Protection Agency (USEPA), in cooperation with the northeastern
states, local agencies and Metropolitan Planning Organizations (MPOs), has
undertaken the Northeast Corridor Regional Modeling Project (NECRMP) to
develop regional and urban and ozone control strategies through the use of
photochemical air quality simulation models.

To employ a regional model, an inventory of point and area source
emissions covering the entire NECRMP study area had to be assembled and placed
into a common format. Unfortunately, existing data bases were inadequate to
either properly test or validate a regional model. To this end, USEPA's
Office of Air Quality Planning and Standards retained GCA/Technology Division
to complete an annual inventory for use in NECRMP. The study area, shown .in
Figure 1, includes the entire northeast quadrant of the United States from
longitude 69 degrees to 84 degrees West and latitude 38 degrees to 45 degrees
Norch. The Maine portion of the study area is shown in Figure 2.

OBJECTIVES

The objective of the effort reported in this volume was to assemble the
most current, comprehensive and accurate emission inventory possible for the
State of Maine. This was achieved through the cooperation of the Maine
Department of Envirommental Protection (DEP). The intent of the program was
to avoid direct contact between GCA and individual facilities in Maine.
Rather, GCA worked directly with the Maine DEP, who in turn contacted sources
when necessary. GCA reviewed the state supplied data and submitted a list of
potential errors back to the Maine DEP, who was responsible for confirming the
data or supplying corrections, as necessary. The major pollutants of interest
were VOC and NOy, although TSP, SOy, and CO emissions were also compiled
for point sources. Because of this emphasis, quality assurance checks mainly
focused on sources of VOC and NOy.
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The completed inventories were computerized for further use in the NECRMP
study. Point source data were computerized in the format specified in the
Emission Inventory. System/Point Source (EIS/PS) User's Guidel and area
source data were coded into EIS/ASZ format.

REPORT ORGANIZATION

The results of the NECRMP annual emission inventory are reported in an 18
volume set of documents. Volume I in this series describes the background of
the program and discusses the methods used to compile and verify the annual
emission inventory. Volumes II through XVI present a more detailed discussion
of each state's inventory effort. Volume XVII describes the spatial,
temporal, and species allocation factors developed to allow for the creation
of modeler's tapes from the completed iauventory. Volume XVIII presents a
summary of the point and area source inventories for the entire study area.
Also included in Volume XVIII is a detailed analysis of the overall quality of
the data base and an assessment of the data's suitability for use in the
photochemical modeling. A directory of the NECRMP annual emission inventory
reports is presented in Table 1.

-This volume, which presents a discussion of the annual emission inventory
for Maine, consists of five sections. Section 2 describes the project history
and includes a summary of the major events that relate to the Maine inventory
development. Section 3 discusses in greater detail the point source inventory
task while the area source inventory development is covered in Section 4. All
references cited in the volume are identified in Section 5. Appendices A and
B present county emissions for point and area sources, respectively. The
computer routine used to fix a ''generic" problem with the Maine data is
provided in Appendix C. The method used by GCA to calculate exhaust gas flow
rates from boilers in Maine whose point source records did not contain these
data is presented in Appendix D.



TABLE 1. DIRECTORY OF THE NECRMP ANNUAL REGIONAL
EMISSION INVENTORY REPORTS

Volume Contents

I Project Approach

II Connecticut Emission Inventory

111 Delaware Emission Inventory

v Maine Emission Inventory

Y Maryland Emission Inventory

VI Massachusetts Emission Inventory

VII New Hampshire Emission Inventory

VIII New Jersey Emission Inventory

IX New York Emission Inventory

X Ohio Emission Inventory

XI Pennsylvania Emission Inventory

XII Rhode Island Emission Inventory

X11iI Vermont Emission Inventory

X1V Virginia Emission Inventory

XV Washington, D.C. Emission Inventory

Xvi West Virginia Emission Inventorya

XVII Development of Allocation Factors

XVIII

Inventory Review and Evaluation




SECTION 2

PROJECT HISTORY

AGENCY CONTACTS

The EPA Project Officer provided agency contacts in the Maine Department
of Environmental Protection (DEP) and the Environmental Protection Agency,
Region I (EPA/Region I). The Maine DEP contact was responsible for confirming
data, supplying required corrections or additional data, interfacing with
individual sources as necessary, and concurring on the comprehensiveness and
accuracy of the final data base. The Maine DEP contact was Mr. Norm Anderson,
(207) 289-2437.

SUMMARY OF EVENTS
Summaries of major milestomes pertaining to the Maine portion of the
NECRMP annual emission inventory are provided separately for the point source

and area source data, as follows.

Point Sources

Work on the Maine point source inventory occurred between March and July,
198l. A computer tape was forwarded to the Agency in January 198l and the
data were received in early March. The completed data were forwarded to EPA
on October 5, 198l. Major milestones are identified below.

* Computer tape sent to DEP for point source data 1/05/81
° NEDS data (1979) received 3/05/81
° QA audit completed, lists of questions/problems sent

to Project Officer, agency contacts 4/02/81
° Error resolution meeting held in Augusta, Maine 5/19/81
° Point source growth factors developed 5/26/81
] Lists of outstanding questions sent to DEP,

Project Officer 5/26/81
® Remaining information sent to GCA 6/24/81



° EIS/AS master file (1979} adjusted to reflect corrections 6/30/81

® EIS/AS master file adjusted to 1980 6/30/381
° First completed Master Files (1979, 1930) sent to EPA 10/05/81
° Revised master files sent to EPA (see Text, Section 3) 3/02/82

Area Sources

Work on the Maine area source inventory occurred sporadically between
May, 1981 and April, 1982. For most of this period, GCA was awaiting
additional information from the Maine DEP, which was forwarded to GCA on
5 February 1982. Major milestones are provided as follows.

° Maine supplied some input data, identified categories 5/19/81
that would not be inventoried by the DEP

° GCA completed estimates for above categories 5/29/81
° GCA sent computer tape for Maine EIS/AS inventory 10/28/81
° Computer tape determined to have been lost enroute

from Maine to GCA 12/30/381
. GCA sent 2nd tape for Maine EIS/AS inventory 1/04/82
o Maine sent EIS/AS file to GCA 2/05/82
° Maine and GCA EIS/AS files merged 3/12/82
° Remaining categories completed, coded 4/09/82
® EIS/AS master file completed 4/15/82
° Completed Master File sent to EPA | 4/20/82



SECTION 3

POINT SOURCE INVENTORY

DATA PROCUREMENT

A computer tape was forwarded to the Maine Department of Envirommental
Protection on 5 January 198l. The point source inventory data were received
on March 5, 198l. The inventory reflected 1979 data and were supplied in NEDS
format. The tape contained data on 713 individual emission points at 437
facilities.

DATA REVIEW AND UPDATE

The Maine NEDS file was converted into EIS/PS format using the
GCA-modified version of the NEDS-to-EIS/PS Conversion Editorl described
previously in Volume 1.3 Although the point source inveatory reflected 1979
data, the NEDS file erroneously reported 1980 as the year of record. The NEDS
year of record fields were changed to 1979 prior to conversion to EIS/PS
format using the computer routine presented in Appendix C. The data were then
subjected to the quality assurance (QA) program described in Volume I.

One QA measure was to cross—check sources listed in the Directory of
Volatile Organic Compound (VOC) Sources Covered by Reasonably Available
Control Technology Requirements (RACT)®, the "Organic .Chemical Producers
Data Base'?, and the Emissions Inventory for the SURE Region6 against
those facilities included in the Maine point source inventory, to identify
possible omissions. It was noted that the NEDS ID numbers were not consistent
between the Maine and SURE® inventories. Table 2 identifies sources listed
in the above data bases, but not in the Maine inventory and the Maine DEP's
resolution of these potential omissions.

A manual review of all sources emitting more tham 100 tomns/yr of VOC or
NOy or 500 tons/yr of any criteria pollutant was undertaken. Additionally
all "error," "conditional," or '"warning'" messages resulting from the
conversion of data from NEDS format to EIS/PS format were examined.

The most frequent problems encountered were missing UTM coordinates and
stack exhaust flow rates. These problems were documented in correspondence to
the Maine DEP dated April 3, 198l. An error resolution meeting was held on
May 19, 1981 at the DEP offices in Augusta, Maine. Many of the problems were
resolved at that time. The Maine DEP provided the remaining missing UTM
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coordinates in a letter dated Jume 24, 19817, Most of the missing flow

rates were calculated by GCA using default equations with which the Maine DEP
contact concurred. These equations, and their derivations are provided in
Appendix D.

The point source data were updated to reflect the corrections by coding
NEDS update transactions in compliance with the instructions provided in
AEROS, Volume 11.8 The NEDS update transactions were edited and translated
into EIS/PS update transactions using the NEDS to EIS Conversion-Editor. The
EIS/PS Masterfile was updated using the EIS/PS update transactions and the
EIS/PS Masterfile Maintenance Program. A detailed list of the changes,
additions, and deletions performed is provided in Table 3. Updates listed in
Table 3 are in addition to the year of record problem which was addressed by
the Appendix C computer routine.

GROWTH FACTORS

The Maine point source inventory reflected 1979 data and had to be
ad justed to 1980 for the NECRMP. GCA developed growth factors to 1980 on a
2-digit SIC basis. County—-specific factors were developed for the ten SIC
codes which accounted for 90 percent of the VOC and NOy emissions in the
1979 inventory, and statewide growth factors were developed for the remaining
SICs.

Growth factors were calculated based on employment data from County
Business Patterns,g’lo using the following equation:

_ Employment 1979

F79—80 Employment 1973

G

As shown in the above equation, employment change from 1978 to 1979 was
assumed to approximate 1979 to 1980 change. This approach was used due to the
unavailability of 1980 employment information. Table 4 presents the
county—-specific growth factors used for the ten most significant SICs, while
Table 5 presents the statewide growth factors used for the remaining SICs.

As discussed in Volume 1,3 it was determined that for all states that
supplied 1979 inventories, the 1979 emissions were probably a more accurate
estimate of 1980 emissions than the adjusted emissions were. More accurate
adjustment techniques would have required significant additional resources and
were not explored. As a result, only 1979 data are reported here, although
both 1979 and 1980 data were supplied to EPA on computer tape.

RESULTS

For reporting purposes, point source emissions for Maine were aggregated
into 70 categories based on specific SCC-SIC combinations. A complete
description of the codes used to aggregate emissions is presented in Volume
I. For points with multiple SCCs, no attempt was made to split emissions
into more than ome category. In these instances, the primary SCC was used to
account for all emissioms at that point.

10
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TABLE 5. STATEWIDE GROWTH FACTORS FOR MAINE POINT SOURCES

2-digit Growth 2-digit Growth
SIC factor SIC factor
07 0.918 52 1.030
08 0.933 53 0. 987
09 0. 847 54 1.196
10 0. 800* 55 1.024
12 1.000% 56 0.942
13 1.000% 57 1.042
14 1.730 58 1.059
15 1.100 59 1.013
16 1.000* 60 1.085
17 0.999 61 1.037
20 0.942 62 1.438
23 1.072 63 1.030
25 1.211 64 1.064
27 1.041 65 1.065
29 1.000* 66 1.100
33 1.193 67 0. 640
34 1.267 70 0.936
35 1.451 72 1.016
38 0.911 73 1.146
39 1.009 75 1.028
41 0. 3836 76 1.023
42 0.924 78 1.052
44 0. 852 79 1.090
45 1.177 380 1.077
46 0. 343% 81 1.082
47 1.106 82 0.951
48 1.065 83 1.160
49 1.049 84 0.490
50 1.077 86 0.974
51 1.037 89 1.013

*No emissions represented by this SIC.
Source: GCA Calculations, 1981.
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Statewide point source emissions for 1980 are presented, by category, in
Table 6. County-specific point source emissions are presented, by category,
in Appendix A.

A list of "major" facilities was developed by totalling emissions at each
facility using a criteria of 100 tons/year of VOC or NOy to define a major
source. These facilities, and their reported 1980 emissions for all five
criteria pollutants, are presented in Table 7.

The completed Maine point source inventory was written onto computer tape
for delivery to EPA. Included on the tape, which was forwarded on October 3,
1981, were the following files.

. Original NEDS (1979) submission

° NEDS (1979) after computerized corrections

° EIS/PS Master File (1979)

° EIS/PS Master File (1980)

° NEDS (1980) (converted from EIS/PS masterfile)

. Growth factors

® NEDS update transactions

One mincr problem was detected with the completed Master Files. Sources
that were intended to be deleted remained in the file, but were '"marked for
extinction" by the Master File maintenance program. Revised 1979 and 1980

Master Files which reflected the deletions were forwarded on March 2, 1982.

Furcher evaluation of this inventory and improvements made can be found
in Volume XVII.
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SECTION 4

AREA SOURCE INVENTORY DEVELOPMENT

OBJECTIVES

The area source emission inventory task entailed reviewing area source
inventories prepared by the states for techmnical accuracy and counsistency with
EPA-prescribed procedures and developing these area source inventories where
state-developed inventories were unavailable. The major objective of this
effort was to ensure that all emissions of VOC and NO, were accounted for
and that the procedures used to develop the inventories were consistent from
state to state. It was also important that the inventories be disaggregated
into sufficient categories to allow for application of temporal and pollutant
allocation factors and the evaluation of control scenarios in subsequent
modeling efforts.

DATA PROCUREMENT AND REVIEW

The Maine DEP provided a portion of the 1979 Maine area source inventory
on May 19, 1981. At that time the DEP indicated that they would likely not be
inventorying the following categories:

) Pesticides

® Architectural Surface Coating

. Autobody Refinishing

. Small Industrial Surface Coating

The remainder of the area source inventory was received in EIS/AS
transaction format in February, 1982. The Maine EIS file did not conform to
the category numbering scheme selected for NECRMP. Rather, the Maine DEP
utilized the NEDS numbering system.11 The Maine EIS file was renumbered to
match the NECRMP category codes and was merged with the GCA data. For a
number of categories, the Maine EIS/AS files reported only emissions. The
emission factors, in these instances, were obtained from the hard copy
documentation of the area source inventory. In turn, the process rates
for these categories were derived by GCA from the DEP reported emissions and
emission factors.
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In general, the methods used by the Maine DEP in developing the area
source inventory were consistent with those reported in Volume I.
Deviations from these methods, or categories for which GCA developed the
emissions estimates, are described below.

Gasoline Marketing

Maine calculated one composite category to cover all gasoline marketing
categories. GCA back calculated gasoline sales from the DEP's emissions and
composite emission factor. The DEP's factor did not account for spillage
during ‘vehicle fueling nor transit losses, although the point source inventory
did account for vehicle fueling at bulk plants and terminals. GCA added
0.7 #/103 gallons and 0.12 #/103 gallons to cover spillage and transit
losses, respectively. Emissions were disaggregated into the four gasoline
marketing subcategories being used in NECRMP.

Architectural Surface Coating

GCA calculated emissions from Architectural Surface Coating using the EPA
emission factor13, and the 1980 Census of Population.14

Autobody Refinishing

GCA calculated emissions from Autobody Refinishing using the EPA emission
factorl3d and the 1980 Census of Population.

Small Industrial Surface Coating

GCA calculated emissions from Small Industrial Surface Coating operations
using the method outlined in Volume I.

Area Source Stationary Fuel Combustion

The Maine DEP reported area source fuel combustion by fuel type but not
by user sector. Therefore, Commercial/Institutional and Industrial Distillate
0il Combustion, for example, were included with Residential Distillate 0il
Combustion in a single composite category.

On-Highway Motorcycles

The Maine DEP did not provide an estimate of motorcycle emissions. In
developing the mobile source inventory, the VMT distribution did not account
for motorcycles. Since the actual motorcycle VMT in Maine is estimated to be
quite small, the category was not included.

DEVELOPMENT OF THE EIS/AS MASTER FILE

After emissions were verified for all area source categories on a
countywide basis, the completed inventory was coded and keypunched in EIS/AS
format and subaected to the series of computerized QA checks included in the
EIS/AS system. The completed Master File was then manually verified for
accuracy before the finalized data were written onto computer tape for
delivery to EPA.
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Table 8 presents a list of the area source categories included in the
Maine portion of the NECRMP inventory. Also identified for each category is
the type of VOC represented by the emission factor (total or reactive).

RESULTS

Regionwide totals of VOC and NOy emissions from area sources in the
Maine portion of the NECRMP study area are provided in Table 9., Countywide
summaries are presented in Appendix B.
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TABLE 8.

ARFA SOURCE CATEGORIES INVENTORIED FOR MAINE

EIS/AS
category Pollutants
number Category description inventoried
001 Stage I gasoline evaporation TVOC
002 Stage II gasoline evaporation TVOC
003 Storage tank breathing TVOC
004 Gasoline loading/transit TVOC
005 Degreasing RVOC
006 Dry cleaning RVOC
007 Architectural surface coating RVOC
008 Autobody refinishing RVOC
009 Small industrial surface coating TVOC
010 Graphic arts RVOC
011 Commercial/Consumer solvent use RVOC
012 Cutback asphalt RVOC
013 Pesticides RVOC
Gl4 On-highway light-duty vehicles RVOC, NO,
015 On-highway light-duty trucks--Class I RVOC, NOy
. 016 On-highway light-duty trucks-—-Class II RVOC, NOy
017 On-highway heavy-duty gas trucks RVOC, NO,
018 On-highway heavy-duty diesel trucks RVOC, NO,
020 Residential anthracite coal TVOC, NO,
021 Residential bituminous coal TVOC, NOy
022 Residential residual oil TVOC, NOy
023 Residential distillate TVOC, NO,
024 Residential natural gas TVOC, NO,
025 Residential LPG TVOC, NOy
026 Residential wood RVOC, NO,
027 Commercial/Institutional anthracite* TVOC, NO,
028 Commercial/Institutional bituminous¥* TVOC, NO,
029 Commercial/Institutional residual oil* TVOC, NO,
030 Commercial/Institutional distillate oil* TVOC, NO,
031 Commercial/Institutional natural gas* TVOC, NO,
032 Commercial/Institutional LPG TVOC, NOy
033 Commercial/Institutional wood/other¥ TVOC, NO,
034 Industrial anthracite¥® TVOC, NOy
035 Industrial bituminous¥* TVOC, NOy
036 Industrial residual oil* TVOC, NOy
037 Industrial distillate oil¥* TVOC, NOy
038 Industrial natural gas* TVOC, NOy
039 Industrial LPG TVOC, NOy
040 Industrial wood/other* TVOC, NO,
041 Military aircraft TVOC, NO,
042 Civil aircraft TVOC, NOy
043 Commercial aircraft TVOC, NOy
044 Railroad locomotives TVOC, NO,
045 Gasoline—powered vessels TVOC, NOy
046 Distillate oil-powered vessels TVOC, NOy
047 Residual oil-powered vessels TVOC, NOy
048 Off-highway vehicles--Gas TVOC, NO,
049 Off-highway vehicles—-Diesel TVOC, NOy
050 Onsite incineration TVOC, NO,
051 upen ourning TVOC, NOx
052 Structural fires IVOC, NOy
053 Field/Slash burning TVOC, NOy
054 Forest fires TVOC, NOy

*Included with Residential sector emissions.
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APPENDIX A
POINT SOURCES EMISSIONS BY CATEGORY FOR THE
MAINE COUNTIES IN THE NECRMP STUDY AREA

Table A-1 presents point source emissions, by category, for each of the
Maine counties within the NECRMP Study Area, which are listed below.

County EIS/NEDS County Code
Androscoggin ’ 0027
Cumberland 0277
Franklin 0445
Kennebec 0547
Knox 0595
Lincoln 0645
Oxford 0885
Sagadahoc . 1065
Somerset 1125
Waldo 1183
York 1325
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APPENDIX B
ARFA SOURCE EMISSIONS BY CATEGORY FOR THE MAINE
COUNTIES IN THE NECRMP STUDY AREA

Table B-1 presents area source emissions, by category, for each of the
Maine counties within the NECRMP Study Area, which are listed below.

County EIS/NEDS County Code
Androscoggin 0027
Cumberland 0277
Franklin 0445
Kennebec 0547
Knox 0595
Lincoln 0645
Oxford 0885
Penobscot 0907
Sagadahoc 1065
Somerset 1125
Waldo 1183
York 1325
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APPENDIX C

DOCUMENTATION OF THE COMPUTER ROUTINE USED
FOR THE MAINE POINT SOURCE INVENTORY

As described in Section 3, one ''generic' problem with the Maine point
source inventory was resolved using a computer routine. Specifically, the
year of record for the point source data was originally reported as 1930,
although the inventory actually reflects 1979 data. The routine used to
perform this correction is provided as follows.
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TABLE C-1. DOCUMENTATION OF THE COMPUTER ROUTINE USED
FOR THE MAINE POINT SOURCE INVENTORY

00000020 /+«JCBPARM (INES=20

00000030 //FIXT9 EXEC GCAEZT1

000CO040 //FILEB DD DShS&E8PAINECUNIT=SYSDASDISP =(o4PASS)y
00000CSC"// DCB=(RECFM=FBeLRECL=80¢BLKSIZE=8000)+
0Cc00CCeC /7 SPACE=(CYLo {20953 9RLSE)

0CPCOCC70 //NECS DD UNIT=TAPE16+VOL=CRETAINISER=GCA3R9)
00000060 /7 LABEL=(24+ELP) +DISP=0LD,

gpoooo0s? 7/ DCEB=(RECFM=FBeLRECL=80+BLKS EZE=1600)
C0000100 FILE MNEDS

goooci11C  YRY 20 2 N YR2#6 16 2 N CO«TYP 80 1 N
00000220 COULNT W 5 AC

00000130 9999

00000140 = tesx CARD 1 wenws

C00001SC IF (C+TYF EG 1 AND YR1I NG 79 THER

000001&C YR1 = 79

0po00C170 CCLNT = CCUNT » 1

0Qo001&0 » seae CARD 2=6 enee

00000150 IF CCoTYP NQ 1 AND YR2#6 NQ 79 THEN
co00029¢C YP2#6 = 79

00000210 CCUNT = COUNT + 1

9000¢22¢ IF FILE EQ FILE

00000230 WRITC

00000240 FINALS COUNT

00000250 //CCFY EXEC PGM=IERGENER+CONG=(44LT)
0C00026C //SYSIN DD DUmMY

0000627C //SYSPRINT DD SYSCUT=A

GOO0O02€EC //SYSUT1 DD DSN=3EMAINEIDISP=(OLDCDELETE)
00000253 //SYSUT2 DD UNITSTAPE164VOL=SER=GCA38Y9,
CCO009200 /7 LABEL=(3e8BLP) DISPS(NEweKEER)

0000021C 7/ DCB=(RECFM=FBoLRECL=80eBLKSI1ZE=1600)
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APPENDIX D

METHOD FOR ESTIMATING EXHAUST GAS FLOW RATE
FROM FOSSIL-FUEL FIRED BOILERS

The exhaust gas, or flue gas, flow rate from boilers can be estimated by
calculating the theoretical flow rate. Calculation of the theoretical flow
rate requires assumption of various fuel and boiler values. The procedure
presented here requires that only the boiler size, in Btu/hr, or the maximum
fuel firing rate, and the fuel type be known. However, if additional data are
available, they can be used in place of assumed values as will be explained.

In general, the fuel firing rate is multiplied by the stoichiometric
(theoretical) air requirement. This theoretical amount of air is then
nmultiplied by an excess air factor that is determined based on the fuel type
and the boiler type. The resulting air flow is adjusted to reflect stack
temperature and this adjusted air flow is assumed representative of actual
conditions.

STEP 1. DETERMINE TYPE AND FIRING RATE OF FUEL

If the type of fuel is not known, the calculations can not be accurately
performed. The fuel firing rate may be known if the fuel type is known. If
the fuel firing rate is not known, it can be calculated from the boiler size
by dividing the boiler size by the heating value of the fuel type. If the
heating value is not known, the values in Table D-1 can be used. 1If the type
of fuel can not be reasonably guessed when not known, or when neither the
boiler size nor the fuel rate are known, the calculation can not be performed.

STEP 2. DETERMINE STOICHIOMETRIC AIR FLOW

Multiply the fuel rate by the appropriate air rates from Table D-2 for
the fuel type in question and obtain the theoretical air flow.

STEP 3. ADJUST AIR FLOW FOR EXCESS AIR
For the fuel and furnace type in question, obtain a typical excess air

rate from Table D-3. Multiply the air flow from Step 2 by the excess air
factor (i.e., 20 percent excess air = excess air factor of 1.2).
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TABLE D-1. TYPICAL GRAVITY AND HEATING VALUE OF STANDARD
GRADES OF FUEL OILS*
Grade Gravity Weight, Heating value
no. API 1b/gallon BTU/gallon
1 38-45 6.675-6.95 132,000-137, 000
2 30-38 6.960-7.296 137, 000-141,000
4 20-28 7.396-7.787 143,100-148, 000
5L 17-22 7.686-7.94 146, 800~-150, 000
5H 14-138 7.89 -8.08 149, 400-152,000
6 8-15 8.053—-8.488 151, 300-155,900
*Source: Lindeburg, Michael R., P.E. Mechanical
Engineering Review Manual. Professional
Engineering Registration Program, San
Carlos, CA 94070. Fifth Edition, 1930.
TABLE D-2. APPROXIMATE STOICHIOMETRIC AIR REQUIREMENTS#*

Solid fuels

Fuel oils

Gaseous fuels

Anthracite 9.6 lbs air/lb fuel
Semi-bituminous 11.2

Bituminous 10.3

Lignite 6.2

Coke 11.2

No. 1 102.6 1bs air/gallon fuel
No. 2 105.5

No. 5 112.0

No. 6 -114,. 2

Natural 10.0 £t3 air/fe3 fuel
Mixed 8.0

Manufactured 4.7

Propane 23.8

Butane 31.0

*Source: Lindeburg, Michael R., P.E.
Review Manual.

Mechanical Engineering

Program, San Carlos, CA 94070. Fifth Edition, 1980.
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TABLE D-3. USUAL AMOUNT OF EXCESS AIR SUPPLIED TO FUEL

EQUIPMENT*

Excess air,

Fuel Type of furnace or burners % by weight
Pulverized coal Completely water—cooled furnace for 15-20
slag—-tap or dry-ash-removal

Partially water-cooled furnace for 15-20
dry—-ash removal
Crushed coal Cyclone furnace-—pressure or suction 10-15
Coal Stoker-fired, forced-draft, chain grate 15-50
Stoker-fired, forced-draft, underfeed 20~-50
Stoker-fired, natural-draft 50-65
Fuel oil 0il burners, register—type 5-10
Multiple burners and flat-flame 10-20
Acid sludge Cone and flat-type burmners, steam 10-15
Natural, coke- Register-type 5-10
oven and Multifuel burners 7-12
refinery gas
Blast furnace gas Dutch~oven (10-23% through grates) 20-25

and Hofft-type

*Source: Lindeburg, Michael R., P.E. Mechanical Engineering Review

Manual. Professional Engineering Registration Program,

San Carlos, CA 94070. Fifth Edition, 1980.
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STEP 4. CONVERT AIR FLOW RATE TO UNITS OF FTS/HR (solid and liquid fuel
only)

The calculations in Steps 2 and 3 yield an air flow rate at 70°F and 1
atm. pressure in units of lbs/hr. There are 13.35 ft3 of air/lb of air at
70°F and 1 atm. Therefore, multiply the air flow from Step 3 by 13.35.

STEP 5. ADJUST STANDARD AIR FLOW FOR STACK TEMPERATURE

For this step it is necessary to know the temperature of the gases in the
boiler stack. If this is not known, a temperature between 300°F and 400°F can
be reasonably assumed. Calculate the ratio:

absolute stack temperature _ 460 + stack temperature
absolute standard temperature 460 + 70

and multiply the air flow from Step 4 by the value of this ratio to obtain the
estimated exhaust gas rate.

Standardized Formulae

The overall calculation described by the above steps can be represented
by a formula for each of the fuel types as follows:

Coal:
tons 2000 1bs 13.35 £t3 460 + ,
fuel ~1bs fuel =~ air  (excess air __ air _ stk. temp, _ ft” air (0-1)
hr ton fuel 1b fuel factor) 1b air 460 + 70 hr
0il:
gallons 1lbs 13.35—ft3 460 + 3
fuel  _air _ (excess air x —3ir . Stk temp. _ ft~ air (D-2)
hr gallon factor) 1b air 460 + 70 hr
fuel
Gas:
3 3 460 + 3
ft~ fuel x ft, air (excess air x stk. temp. _ ft~ air (D-3)
hr ft~ fuel ©  factor) 460 + 70 hr

The information available in NEDS did not allow a precise estimate of
excess air. Therefore, after scrutiny of Table D-3, GCA was able to
reasonably assume the following:
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Assumed Excess air

Fuel type excess air factor
Coal 40% 1.40
0il 15% 1.15
Gas 10% 1.10

Then, by substituting the assumed excess air factors into the appropriate
equations, converting hours to minutes, and combining counstants, a set of
standardized formulae were obtained. These formula could be used to calculate
a "default" stack flow rate for those cases when the fuel type, boiler size or
fuel rate, and stack temperature were known. If the stack temperature was not

known, a value of 350°F

The development of
boilers is shown below.
calculate "default" air

was assumed.

the standardized formula for anthracite coal-fired
All the standardized formulae developed and used to
flows are presented in Table D-4.

Standardized formula for anthracite coal—-fired boilers:

From Table D-2: 9.6 lbs air/lb fuel

excess air factor: 1.40

substituting into equation D-1:

tons 2000 9.6 1bs 13.35 460 + stk. 3
fuel x lbs < air x 1.4 x £t~ air x Lemp., °F x 1 hr _ ft~ air
hr ton 1b fuel 1b air 460 + 70°F 60 min min

(2000)(9.6)(1.4)(13.35)

tons fuel = ft3 air

(530)(60)

(11.285) x (460 + stack temp., °F) x (tons coal/hr) =

x (460 + stk temp. °F) x -
hr main

3 .
£t~ air
min
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TABLE D-4.

DEFAULT EXHAUST FLOW CALCULATIONS=*

Coal (assumes 40%

Anthracite:
Semi-bituminous
Bituminous:

Lignite:

Fuel 0il (assumes

#2 oil:
#4 oil:
#6 oil:
#5 oil:

(5.093
(5.250
(5.513
(5.407

excess air)

& coke:

(11.285)(460 + stack temp. °F)(toms coal/ar)
(13.165) (460 + stack temp. °F)(tons coal/hr)
(12.107)(460 + stack temp. °F)(tons coal/nr)
(7.288)(460 + stack temp. °F)(tons coal/hr)

15% excess air)

X
X
X
X

1072) (460
1072) (460
102) (460
1072) (460

+ + + +

Natural Gas (assumes 10% excess

stack temp.
stack temp.
stack temp.
stack temp.

air)

°F)(gallons
°F)(gallons
°F)(gallons
°F)(gallons

(3.459 x 10°%) (460 + stack temp. °F)(ft3 gas/hr)

oil/hr)
oil/hr)
oil/hr)
oil/nr)

*Source:

GCA Calculations, 1981.

109



TECHNICAL REPORT DATA

(Please read Instructions on the reverse before completing)

. REPORT NO.

2.
EPA-450/4-82-013d

3. RECIPIENT'S ACCESSION NO,

. TITLE AND SUBTITLE

Northeast Corridor Regional Modeling Project Annual
Emission Inventory Compilation and Formatting
Volume IV: Maine Emission Inventory

5. REPORT DATE
September 1982

6. PERFORMING ORGANIZATION CODE

. AUTHOR(S)

Frederick M. Sellars, Michael J. Geraghty, Andrea M.
Kiddie, Barbara J. Bosy, Stephen V. Capone, LisaA. Baci

8. PERFORMING ORGANIZATION REPORT NO.

GCA-TR-82-17~G(4)

.PERFORMING ORGANIZATION NAME AND ADDRESS

GCA/Technology Division
213 Burlington Road

Bedford, Massachusetts 01730

10. PROGRAM ELEMENT NO.

71. CONTRACT/GRANT NO.
68-02-3510, Work
Agssignment No. 5

12. SPONSORING AGENCY NAME AND ADDRESS

U.S. Environmental Protection Agency, Air Management
Technology Branch, Monitoring and Data Analysis
Division, Office of Air Quality Planning and Standards,
Research Triangle Park. Noxrth Carolina 27711

13. TYPE OF REPORT AND PERIOD COVERED
Final

14, SPONSORING AGENCY CODE

15, SUPPLEMENTARY NOTES

EPA Project Officers:

James H. Southerland and Thomas F. Lahre

16. ABSTRACT

This report discusses the development of the Northeast Corridor Regiomal

Modeling Project (NECRMP) annual regional emission inventory.

The inventory

reflects 1979/1980 data and focuses on point, area and mobile source emissions of
Volatile Organic Compounds (VOC) and Nitrogen Oxides (NOx), although particulate,
sulfur oxides and carbon monoxide emissions were also compiled for point sources.
The study area includes the entire northeast quadrant of the United States from

longitude 69° to 82° West, and latitude 38° to 45° North.

the emission inventory for Maine.

This Volume discusses

17.

—

KEY WORDS AND DOCUMENT ANALYSIS

Ja.

DESCRIPTORS

b.IDENTIFIERS/OPEN ENDED TERMS

¢. COSAT!I Field/Group

Emission Inventory
Inventory

Source Inventory

Point Sources

Area Sources

Ozone

Nitrogen Oxides

Volatile Organic Compounds

18. DISTRIBUTION STATEMENT

19. SECURITY CLASS (This Report)

21. NO, OF PAGES

Unclassified

Unclassified 114
20. SECURITY CLASS (This page) 22. PRICE

EPA Form 2220-1 (Rev. 4-77)

PREVIOUS EDITION IS OBSOLETE

110




10.

11.

12.

13.

14.

15.

16.

17.

18.

19

21,

22

INSTRUCTIONS

REPORT NUMBER )
Insert the EPA report number as it appears on the cover of the publication.

LEAVE BLANK

RECIPIENTS ACCESSION NUMBER
Reserved for use by each report recipient.

TITLE AND SUBTITLE

Title should indicate clearly and briefly the subject coverage of the report, and be displayed prominently. Set subtitle, if used, in smalle:
type or otherwise subordinate it to main title. When a report is prepared in more than one volume, repeat the primary title, add volume
number and include subtitle for the specific title.

REPORT DATE
Each report shall carry a date indicating at least month and year. Indicate the basis on which it was selected (e.g., date of issue, date of
approval, date of preparation, etc.).

PERFORMING ORGANIZATION CODE
Leave blank.

AUTHOR(S)
Give name(s) in conventional order (John R. Doe, J. Robert Doe, etc.). List author’s affiliation if it differs from the performing organi-
zation.

PERFORMING ORGANIZATION REPORT NUMBER
Insert if performing organization wishes to assign this number,

PERFORMING ORGANIZATION NAME AND ADDRESS
Give name, street, city, state, and ZIP code. List no more than two levels of an organizational hirearchy.

PROGRAM ELEMENT NUMBER
Use the program element number under which the report was prepared. Subordinate numbers may be included in parentheses.

CONTRACT/GRANT NUMBER
Insert contract or grant number under which report was prepared.

SPONSORING AGENCY NAME AND ADDRESS
Include ZIP code.

TYPE OF REPORT AND PERIOD COVERED
Indicate interim final, etc.. and if applicable, dates covered.

SPONSORING AGENCY CODE
Insert appropriate code.

SUPPLEMENTARY NOTES
Enter information not included elsewhere but usefui, such as: Prepared in cooperation with, Translation of, Presented’at conference of
To be published in, Supersedes, Supplements, etc.

ABSTRACT
Include a brief (200 words or less) factual summary of the most significant information contained in the report. If the report contains ;
significant bibliography or literature survey, mention it here.

KEY WORDS AND DOCUMENT ANALYSIS
(a) DESCRIPTORS - Select from the Thesaurus of Engineering and Scientific Terms the proper authorized terms that identify the majo
concept of the research and are sufficiently specific and precise to be used as index entries for cataloging.

(b) IDENTIFIERS AND OPEN-ENDED TERMS - Use identifiers for project names, code names, equipment designators, etc. Use open-
ended terms written in descriptor form for those subjects for which no descriptor exists.

(c) COSATI FIELD GROUP - Field and group assignments are to be taken from the 1965 COSATI Subject Category List. Since the m:
jority of documents are multidisciplinary in nature, the Primary Field/Group assignment(s) will be specific discipline, area of human
endeavor, or type of physical object. The application(s) will be cross-referenced with secondary Field/Group assignments that will follc
the primary posting(s).

DISTRIBUTION STATEMENT
Denote releasability to the public or limitation for reasons other than security for example “Release Unlimited.” Cite any availability 1
the public, with address and price.

. & 20. SECURITY CLASSIFICATION

DO NOT submit classified reports to the National Technical Information service.

NUMBER OF PAGES
Insert the total number of pages, including this one and unnumbered pages, but exclude distribution list, if any.

PRICE
Insert the price set by the National Technical Information Service or the Government Printing Office, if known.

EPA Form 2220-1 (Rev. 4-77) (Reverse)



