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PREFACE

The final report for this study has been designed to permit the reader
?asy access to specific informatdon of interest. The reader should start
by perusing the Executive Summary, wiich is separately bound, for an over-
viaw of efforts to improve the South Coast Air Basin emission inventory.
Next, we suggest that the reader check the Table of Contents of this
volume, which represents a topical outline of Yolumes I and II, to obtain
an understanding of the breadth of this study and to locate areas of
specific interest,

The reader is directed to the following sections for detailed information
on the changes made to the inventory: (1) the Executive Summary; (2)
Volume I[--Main Report, which discusses the performance of the project; and
(3) Volume II--Appendixes, which provide greater detail primarily in the
form of tables and listings.
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ABSTRACT

The purpose of tnis study was to improve the quality of the 1979 Soutn
Coast Air Basin emnission inventory for reactive organic gases and nitroyen
oxides. To address this effort, Systems Applications, Inc. as prime con-
tractor, joined with Radian Corporation as subcontractor, to utilize the
strengths of eacnh firm in the areas of emission inventory development,
emission testing and characterization, process engineering, and data base
management. The technical approach of this study team included (1) a
review of existing inventory data to identify emission source categories
and reactive species most likely to cause uncertainty in predicted photo-
chemical ozone concentrations; {2) a field survey and testing program that
provided basic data and information for revising the 1979 inventory; and
(3) the generation of an improved ROG and MO, inventory for the SOCAB that
was compatible with the modeling emission data format, Statistical
methods were applied in selecting representative facilities for the field
survey and testing program. Quality control was practiced throughout the
project, narticularly with regard to data handling and emission testing,
Changes to the inventory were within the overall estimated variation for
typical inventory emission totals. Based on the study, the 1979 total
inventory of TOG and NO, emissions was found to be qfreasonably accurate

. representation of the actual basin-wide inventory. K§ignificant changes. to

both individual source and source category emissions and to ROG speciation
were made during the study. The most significant change to the inventory
was the addition of new speciation profiles for TOG emissions which
resulted in important changes to organic gas reactivity;. Twelve recom-
mendations for quiding future activities in the area of emission inventory
development are presented in the report.
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DISCLAIMER
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and not necessarily those of the California Air Resources Board. The
mention of commercial products, their source, or their use in connection
with material reported herein is not to be construed as either an actual
or implied endorsement of such products.
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1 INTRODUCTION

This report describes a major study performed by Systems Applications and
Radian Corporation, and sponsored by the Air Resources Board (ARB), to
improve the quality of emission estimates and associated characteristics
(e.g., spatial location and speciation profiles) of the original 1979
California South Coast Air Basin (SOCAB) emission inventory. The primary
motivation for the study involved improvement in the precision of emission
estimates of reactive organic gases (ROG) and nitrogen oxides (NO,) to
better reflect actual emissions of organic gases and NO, for use in
ongoing and future modeling of photochemically reactive pollutants. The
research study involved analysis and enhancement of the gridded Modeling
Emission Data (MED) inventory prepared from the ARB and South Coast Air
Quality Management District (SCAQMD) data bases.

Over the years, various agencies have sponsored many studies to improve
emission inventories and data bases, particularly for the SOCAB. The
fundamental purposes of such work have been (1) to improve the
understanding of sources and their emissions and (2) to assist modeling

efforts aimed at establishing air quality impacts, appropriate control

strategies, and permit conditions. Throughout this work, concerns have
arisen that due to uncertainties, emission inventories may not reflect
actual emission levels into the atmosphere. Our study sought to improve
the SOCAB inventory and, where possible, to enhance all ROG and NOX
inventories in the state (e.g., through better speciation data).

SCOPE OF THE STUDY

Since the purpose of the study was to improve the original SOCAB inventory
for use in high-resolution (i.e., detailed spatial and temporal specifi-
cation) photochemical modeling activities, primary emphasis was given to
reducing uncertainty in emissions of reactive organic species. We
examined ROG and NO, emissions from stationary (both point and area)
sources. The Systems Applications and Radian study team developed four
major tasks for upgrading the MED inventory that included

guos2(a)r 2 1
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(1) A review of 1nventory'data and photochemical modeling results to
identify those source categories most 1ikely to cause uncer-
tainty in predicted ozone concentrations.

(2) A survey of selected sources in southern California to provide
basic information for upgrading emission estimates, operating
schedules, source identifications, etc.

(3) A test program for gathering improved data on organic gas
speciation,

(4) The development of an improved ROG and NO, inventory for
the SOCAB compatible with the MED inventory format.

The primary product of this project is a revised set of computer files
representing the MED inventory. To generate the upgraded set of MED i
files, a substantial body of data and information was developed during the
project. Much of this information, which has been transmitted to the ARB,
will also be useful to the state and local control agencies in improving
the emission data bases from which the original MED inventory was

derived. Moreover, several ARB staff members provided project guidance
through frequent meetings, reviews of written summaries for bimonthly
meetings, and reviews of monthly status reports.

Several other products have also resulted from this study. In addition to
this report and its appendixes, (1) a separately bound Executive Summary;
(2) supporting documentation for revisions to the inventory; and (3) the

‘key product of the study--the revised MED computer files comprising the

inventory--have been submitted to the ARB Contract Manager.

REPORT ORGANIZATION

Section 2 of this report describes both the study approach and the
original 1979 inventory to which modifications were made. Sections

3 through 6 discuss the four study tasks in the order of their per-
formance. A final section contains our conclusions and recommendations.
Separately bound appendixes provide further detail in several areas.

aqosz(a)r_z 2
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2 STUDY APPROACH AND ANALYSIS OF THE 1979 EMISSION INVENTORY

GENERAL PROCEDURES

The general study objectives were to uncover uncertainties and errors in
the inventory, and to reduce or eliminate them to improve the quality of
the inventory, particularly for photochemical modeling purposes. As
noted, we created four tasks to carry out these objectives: selection of
source categories for in-depth examination, information gathering through
surveys and testing of these categories, and improvement of the inventory
using the new information.

The study focused on the 1979 gridded SOCAB inventory for a summer
weekday. The major pollutant of interest was ROG and primary attention
was given to stationary sources. We updated the inventory wherever
possible on the basis of actual 1979 operating conditions; however, actual
1979 emission data could not always be obtained. For example, the
gasoline samples analyzed in Task 3 were collected in 1983 and 1984,
Nevertheless, the general integrity of the data as representative of 1979
conditions was maintained in the revised inventory.

DESCRIPTION OF THE 1979 SOCAB EMISSION INVENTORY

The two major components of the 1979 MED inventory are the point source
and area source files. The point source file was developed primarily on
the basis of two data files--the Emission Inventory System (EIS) file and
the Electronic Data Processing (EDP) file--that existed at the SCAQMD.

The area source file was developed to account for all emission sources not
contained in the EIS or EDP files. An understanding of how the 1979

- emission inventory was developed is important in recognizing those

components of the inventory with significant uncertainties and is valuable
during review of the approach that was taken to improve the inventory.
Therefore, derivation of EIS and EDP files are described next, followed by
a description of how they were combined and supplemented to develop the
original 1979 inventory.

guos2(a)r 2 ' 3
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Derivation of the EIS and EDP Files

The EIS File

The EIS file contains information on approximately 1000 facilities having
the largest emission rates (greater than 20 tons/year of any pollutant) in
the SOCAB. The source categorization in the EIS file is quite detailed
because emissions from each facility are divided among a number of source
classification codes (SCCs).

As part of this study, the data in-the 1979 EIS file were checked using
the 1979 SCAQMD emission fee data and the total emissions from each
facility were found to be fairly accurate. These emission totals are
based on actual 1979 activity data (e.g., throughput, fuel consumption,
etc.) and, in general, are also based on widely accepted emission factors
such as those from the EPA publication AP-42 (EPA, 1983). However, the
distribution of these emissions among the various sources and processes
that make up the facility was inaccurate in many cases. It appears from
our study that these emission totals were distributed using existing SCCs,
rather than using newly created SCCs that would make the inventory more
consistent with the emission fee data. As a result, we found that the
emissions classified by SCC in the EIS file were frequently inaccurate.
This inaccuracy, in turn, has a significant effect on the assignment of
speciation profiles. '

The EDP File

The EDP file stores information on all equipment operating under a permit
issued by the SCAQMD., This file contains data on the grid cell location
of the facility, permit numbers, emission rates (in pounds per hour),
daily and weekly operating schedules, and administrative and enforcement
information for approximately 10,000 facilities. Throughput data and
emission factors are not recorded, however.

In general, the information contained in the EDP file is not considered by
the state and local control agencies to be representative of 1979 condi-
tions. For the most part, these data are updated only when a permit is
modified or when special survey data are incorporated into the system.
This means that in many cases the emission estimates have not been updated
in over ten years. Also, because the emission estimates are made at the
time a source is permitted, these estimates are seldom based on actual
throughput data for more recent years.

guos2(a)r 2 4
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Development of the Original 1979.Inventory

The EIS and EDP data bases were merged to generate a comprehensive
inventory for the SOCAB. Because data in the EDP file for sources
emitting more than 20 tons/year were duplicated in the EIS file, and
because EIS data were considered superior for emission inventory purposes
by the agencies, the EIS file was used to generate the inventory for the
larger sources. The EDP file was used to generate emissions for all
remaining permitted sources. Ultimately, the data in these district files
were compiled in the ARB's Emission Data System (EDS) before conversion to
the MED format.

After reviewing the emission sources covered by the EIS/EDP files that
were entered as point sources into EDS, area source categories were
developed and an emission file of the complete inventory was created.
Several agency and outside-party reviews of the draft 1979 inventory then
took place and changes were made in an iterative process. (For further
details on the development of the inventory, the reader is referred to
ARB, 1982a, 1982b, 1981; SCAQMD, 1982a, 1982b, 198la, 1981b, 1980; SCAQMD,
SCAG, and ARB, 1981; Stredler, Sonnichsen, and Taback, 1979; Oliver, Hogo,
and Saxena, 1983; and Bradley, Johns, Tate, and Yotter,' 1984).

COMPOSITION OF THE MED FILES

The original 1979 SOCAB inventory was received at Systems Applications in
June 1983 and included computerized data files in MED format comprising
roughly 35,000 lines of code and emission rates for total organic gases
(TOG), NOX, carbon monoxide (C0), and sulfur oxides (SOX). Particulate
matter emission estimates were also available from the agencies but were
not transmitted. Although the goal of the project was to update ROG and
NOX emissions, some revisions were also made to CO and SOX emissions for
cases in which such changes were straightforward. The first activity
required for using these data was to read, summarize, diagnose, and format
the computerized information.

There are seven MED computer files that make up the MED data base. The
first two files contain point source and area source emissions; the format
of these emission files is shown in Table 2-1. The third file identifies
organic gas speciation profiles according to individual species and weight
percents; the profiles are corrected for molecular weight so that all
profiles ‘are expressed consistently. The fourth file contains profile
names and numbers as well as species fractions for NO, and SO,. File five
provides the correspondence between SCCs and their speciation profiles.
The sixth file, known as the chemical file, identifies organic species and
their SAROAD codes and molecular weights. The seventh file contains stack

guos2(alr 2 5
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TABLE 2-1, Format of the MED emission data files,

Field Regin Column  Type and Length Description
1 1 A8 Scenario
2 9 t14 SIC
3 13 A8 SCC (for point sources;
area sources use CES codes)
4 21 13 I (grid cell)
5 24 I3 J (grid cell)
6 27 12 Year
7 29 [2 Month
3 31 12 Day
9 33 o2 Begin hour
10 35 12 End hour
11 37 ' 19 Facility ID
12 45 15 Stack ID
13 51 12 County
14 53 I3 Air basin
15 56 . F5.0 Elevation (meters above ground)
16 61 F10.1 CO (kg/hr)
17 71 F10.1 NO, (kg/hr)
18 81 F10.1 S0, (kg/hr)
19 91 F10.1 T0G (kg/hr)
20 101 F10.1 TSP (kg/hr)

guos52(a)r 3 6



parameters for selected point sources in the inventory. For purposes of
simplicity, these MED files are often thought of in terms of three
categories: emission files, organic gas speciation files, and the stack
data file. This set of files, as revised, represents the key product of
this study and has been returned to the ARB in the same format in which it
was received. No revisions were made to the stack data file.

O0f the seven MED files, the two emission files comprise the major part of
the MED data base. The point source file identifies emission rates for
each emission point in the air basin by SIC/SCC (standard industrial
classification code/source classification code). For example, 2911/1-02-
006-01 represents an external combustion boiler burning natural gas at a
petroleum refinery. Emissions from the point source file are often
divided into an elevated and a Tow-level point source file for modeling
purposes. The second emission file represents smaller emission points
that were aggregated into common area source categories. There are
approximately 200 area source categories listed in the file by category of
emission source (CES) number; for example, CES 47449 represents gasoline
exhaust from residential utility equipment. Emission levels for each
category are identified by grid cell. Area sources are commonly divided
into two files--non-motor-vehicle area sources and on-road motor vehicles.

The speciation of TOG emissions is based on the 8-digit SCC code for point
sources and on the 5-digit CES code for area sources. For reporting
purposes in this project, we subsequently placed species in the five
reactive carbon-bond classes using a version of the carbon-bond chemical
package. These five reactive classes of organics are

0lefins
Paraffins
Aromatics
Carbonyls
Ethylene

The emission totals presented in this report include emissions from
sources located within the SOCAB, which covers Orange County and portions
of Los Angeles, Riverside, and San Bernardino counties. The grid region
consists of 5-kilometer-square cells, and the data are representative of
source operations for an average summer weekday in 1979. In addition,
emissions from all sources are disaggregated into hourly increments.
Using another file known as "category," individual emission points and
source categories in the inventory can be reported in several ways:

guos2(aj)r 2 7



Activity=-process-entrainment-dimension (APED) codes
SIC/SCC code

CES code

Control code

This level of detail permits emissions to be categorized in many different
ways, which in turn helped us to identify and analyze the various compo-
nents of the inventory. During the inventory development process, we

categorized sources and examined emission summaries using the following
codes:

Activity--related to the product or objective of a source, such as
"fabricated metal manufacturing."

Process--related to the equipment or process employed by a source,
such as "boilers and heaters."

01d inventory category (0IC)--a more generic system for categorizing
sources that relates to commonly used names, such as "dry cleaning"
and "“trains",

Control--related to the control measure affecting the emissions from
a source, such as "automobile assembly Tine surface coating."

Table 2-2 presents 1979 SOCAB emission totals in OIC format as received
from the ARB. Note that on-road motor vehicle emissions, which were not
examined during this project, are excluded from this table. Thus, "total
emissions" in the table do not reflect the sum of emissions from all
categories of sources in the region. This convention of reporting
emissions only for stationary and off-road mobile sources is consistent
with the project's focus and is followed throughout this report. Also for
reporting purposes, TOG and ROG emissions are expressed by weight equiva-
lent of methane, NOX emissions are expressed by weight equivalent of
nitrogen dioxide, and SOx emissions are expressed by weight equivalent of
sul fur dioxide.
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3 TASK 1: IDENTIFICATION OF SOURCE CATEGORIES FOR FURTHER STUDY

The purpose of Task 1 was to identify those source categories that cause
the largest potential uncertainty in downwind ozone predictions. The
product of Task 1 formed the basis for the remaining tasks, in which
sources were surveyed and tested. The improvements made to the emission
inventory for these categories accomplished the study objective of
reducing uncertainty in specific emission estimates.

Because an exhaustive study of the entire emission inventory for the SOCAB
was beyond the scope of this work, it was necessary to select from the
existing inventory certain source categories judged to contribute the most
to the uncertainty in downwind ozone predictions. The original 1979
summer weekday inventory for the SOCAB was employed to carry out this
selection process. The inventory was examined at various levels of detail
to determine the relative contribution of different components to uncer-
tainty in tnhe inventory. Information thus obtained was used to rank the
source categories on the basis of their estimated contribution to
uncertainty in downwind ozone predictions. This ranked 1ist was further
studied, and a subset was recommended for investigation during the

- remainder of the project.

The categorization scheme selected for Task 1 was based on the source
classification code (SCC--point sources) and the category of emission
source (CES--area sources) systems employed in the 1979 data base.
Although a simpler scheme based on the activity or process code, for
example, would be significantly easier to manipulate, it would not provide
a sufficient level of detail for examining source characteristics during
Task 1. Similarly, a more detailed scheme, such as the standard
industrial classification (SIC) code along with the SCC, would result in
an unwieldy number of sources (several thousand for point sources).’

THE THREE-STEP APPROACH

Overview

Task 1 was delineated into three steps, as depicted in Figure 3-1.
Because the project focused on ozone predictions, we gave greater emphasis

84052 5
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to ROG emissions . and reactivity in ranking source categories than to other
source characteristics. Thus, in Step 1 of Task 1, SCC and CES categories
were first ranked on the basis of their ROG emission_levels and OH
reactivityl the greater the ROG emissions and/or reactivity, the higher
the SCC/CES was ranked. Point sources (SCC) and area sources (CES) were
ranked separate]y on the basis of their "weignted ROG" (WROG) values until
fﬁéy‘ﬁére 1ntegrated into a s1ng]e 11st at the end of Task 1. ’

After the initial ranking of categories using ROG emissions and their
reactivity, the rankings of SCCs and CESs were revised in Step 1 on the
basis of their NO, emissions and TOG emissions. The resulting lists, at
this stage called the Step 1 lists, were broken into five or six groups of
CESs and SCCs for simplified manipulation; Group 1 was the set of CESs or
SCCs deserving the most attention., Since not all CESs/SCCs could be
studied during the project, the top source categories were planned for
examination in Tasks 2 and 3.

In Step 2 of Task 1, six source characteristics were used to ultimately
rerank categories in the top four to five groups of the Step 1 lists. The
other groups were not examined in Step 2. The uncertainty and variability
in the following six characteristics were evaluated:

Speciation profiles
Emission factors

Activity (throughput) data
Control effectiveness '
Temporal distributions

Effect of stack height on ozone model predictions

 The CESs/SCCs evaluated in Step 2 were ranked on the basis of these six
‘characteristics. The resultant six rankings were then used in conjunction

with the Step 1 lists to develop a refined ranking of CESs and SCCs in
terms of their potential for causing uncertainty in predicting downwind
ozone concentrations. Judgment was employed in determining the relative
importance of the Step 1 Tist and the six characteristics. The Step 1
1ist was considered the most important element in the final ranking; next
in importance were the speciation profile and emission factor
uncertainties; the last four characteristics were judged to affect the
final ranking to a lesser extent. Figure 3-1 contains the equation used

to develop the Step 2 lists.

In Step 3, the results of Step 2 were carefully scrutinized to formulate
the final Task 1 Tist. The CESs/SCCs in the lower groups of the Step 2

84052 5 ' 14



1ists were reviewed for possible inclusion in the final list., Identi-
fication of similar SCCs that could be surveyed as a group was also an
important consideration in the selection process. Finally, the contract
requirements influenced the final selection for the Task 1 list. The
following sections discuss each of the three steps in detail.

Step 1--Emissions and Reactivity Considerations

~Past_modeling experience has shown that the contribution of a particular
source to ozone formation is often directly related to the ROG emissions
gattr1buted to that source. Even small uncertainties and variabilities in
- the emission characteristics of relatively large sources of ROG could,
; therefore, result in large uncertainties in downwind ozone predictions.
7 However, this relationship has limitations because it does not take into
i account the differing reactivity of hydrocarbon species. For example, if
- two sources have identical ROG emission rates, but one source emits all
- olefins and the other all paraffins, then the former source would have

—more impact on ozone formation than the latter.

Therefore, we can contrive another scalar, which is a better indicator of
a source's impact on ozone formation. This is done by integrating the
concept of hydroxyl (OH) reactivity into the ROG emission estimates.

Thus, in Step 1 of Task 1, SCC and CES categories were ranked on the basis
of their ROG emission Tevels and "OH reactivity" (the speed with which the
hydrocarbon species combines with ‘the OH radical); as their ROG emissions
and reactivity increased, the SCC/CES categories were ranked higher on the
Step 1 list. The combination of mass emissions and reactivity was known

as "weighted ROG" (WROG).

The scientific basis underlying the reactivity.of organics is quite
complex. The objective of the WROG reactivity classification scheme was
to simplify the concept of reactivity by developing a numerical method
indicative of the relative contribution of each source to the overall
ozone problem. An assumption of this scheme was that no one source
dominates the urban atmosphere.

T An average hydroxyl reactivity was computed for each SCC/CES on a per-

i carbon-atom basis using the ROG species profiles and a set of OH rate

} constants. Because OH rate constants are not known for every ROG species
‘used in the profiles, we grouped species.into five reactive classes and
Eused the following set of OH rate constants, expressed as (ppm~ 1 min 1) at
\298 K, from an EPA study (Killus and Whitten, 1982).

8u052(a)r s 15



I

Reactive Species Classes and OH Rate Constants
O0lefins Paraffins  Aromatics Carbonyls Ethylene

37,000 1300 22,500 13,500 12,000

One advantage of this method is that the species classes also account for
the overall chemistry of the SCC/CES and not just the chemistry of the
initial emitted species (i.e., the secondary products of the chemistry are
also considered),

Next, we determined the relative contribution of each SCC/CES to the total
urban reactivity by comparing the individual reactivities to the overall
reactivity of the urban mix. The WROG value was then computed by com-
bining the OH reactivity of each SCC/CES with its ROG emission level, The
result of this process was two Tists of SCCs and CESs ranked on the basis
of individual WROG values. After point sources (SCC file) and area
sources (CES file) were ranked on the basis of their WROG values, source
categories were grouped to facilitate the review of these ranked lists.

Because NOX also plays an important role in ozone formation, the inclusion
of NOX emissions in the source selection process was also desirable.
Another potential limitation in relying on WROG values alone is the
possibility that source categories with high TOG emissions and low ROG
emissions could be eliminated from consideration. However, if
uncertainties in their speciation were reduced, it is possible that these
sources could have significant ROG emissions. Therefore, to consider NOX
and TOG emissions in the Step 1 ranking, all source categories in the
files were ranked for both NO, and TOG emission levels. The large
emitters of NOX were then examined for their position in the WROG ranked
1ist. If it was felt that a particular category with high NO, emissions
was ranked too low, it was moved up on the WROG ranked list. This
procedure was also repeated for sources with high TOG emissions. In
general, we found that most source categories with high TOG emissions also
had high WROG scores.

Tables 3-1 and 3-2 present the results of the Step 1 ranking for point
sources (SCCs) and area sources (CESs), respectively. In this report we
refer to these tables as the Step 1 lTists. Source categories were ranked
in descending order, with the highest priority categories appearing at the
top of these tables. Emissions of NO,, TOG, and ROG are also tabulated in
kiltograms per day. '

The method used to promote sources on the basis of their high NO, or TOG
emissions can be illustrated by an example. In Table 3-1, SCC 1-01-005-01
was originally placed between SCCs 4-02-001-99 and 3-08-007-99. However,

guos2(a)r 5 16
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its high NO, emissions--the highest among all source categories in Table
3-1--suggested that it should be placed higher on the 1list.

Sources were grouped to assist the review of the WROG ranked lists.
Grouping was also useful for selecting the sources that would be studied
in the ensuing steps of the three-step approach and for deciding the
degree of detail in which these sources would be examined. Sources in
Table 3-1.were divided into six groups and those in Table 3-2 into five
groups. The top five groups in Table 3-1 and the top four groups in Table
3-2 were studied in the remaining steps of Task 1.

Step 2--Review of Uncertainty in Other
Components of the Emission Inventory

Whereas Step 1 focused on emissions, in Step 2 we analyzed the uncertain-
ties and variabilities in different components of an emission estimate.
Because sources with high uncertainty/variability in their emissions were
expected to ascend to the top of the final Task 1 list, the uncertainty/
variability in each component of the emission estimate was evaluated in
Step 2. The results of the Step 2 process were assimilated into the Step
1 Tists to form the Step 2 lists presented in the next section. The
following characteristics were selécted for the uncertainty/variability
assessment:

Speciation profiles
Emission factors

Activity (throughput) data
Control effectiveness
Temporal distributions
Stack heights

A1l source categories in the first five groups of the Step 1 SCC list and
in the first four groups of the Step 1 CES list were ranked for uncer-
tainty in their speciation profiles and emission factors., These two
characteristics were felt to be the most important. Ranking based on the
remaining four characteristics was then performed for the first four
groups of the Step 1 SCC Tist and the first three groups of the Step 1 CES
list. A five-point (1 to 5) scale, with 5 being the most uncertain, was
used to individually rank the source categories for each of the six’
characteristics.
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Speciation Profiles

Improving the TOG profiles in the emission inventory was an important

. objective of this study. Most of the species profiles employed in the

1979 inventory were taken from the volatile organic compound (VOC) species
data manual (EPA, 1980). Information on the uncertainty associated with
each profile is presented in tnis publication as a numerical confidence
level. This confidence level generally reflects the quality of the test
data used to develop these profiles.

For each source category, we first analyzed the applicability of the
species profile selected for that particular source category. The
confidence levels attributed to the profiies were then used in conjunction
with these applicability considerations to numerically estimate from 1 to
5 the uncertainty in the speciation data for each source category. In
addition, some speciation profiles came from sources other than the VOC
data manual (Allen, 1982) and were generally judged to have a high degree
of confidence. Nevertheless, source categories assigned the speciation
profile of "unknown organic gas" were rated the most uncertain.

Emission Factors

Several documents were used to rate uncertainty in emission factors. A
report from the Air Quality Management Plan (AQMP) (SCAQMD, 198la) was
examined to establish the emission factors employed for each area source .
category. Emission factors used for point source categories were pri-
marily identified using the document describing SCCs (ARB, 1982c).
Because a majority of the emission factors are contained in the EPA
publication AP-42 (EPA, 1983), this document was also consulted and the
alphabetical emission factor uncertainty rating was recorded. On the
basis of (1) the emission factor used, (2) the AP-42 uncertainty rating
(where applicable), and (3) other considerations, an overall emission
factor rating from 1 to 5 was assigned.

Other considerations varied greatly; however, examples of these con-
siderations include

The applicability of the emission factor to the specific source
category. ' '

The Tlevel of detail of the emission factors. For example, if
emission factors for each type of asphalt were used instead of an
average emission factor for all types of asphalt, the emission
factors were considered more certain.

834052 5 28



[f the emission factor did not have an AP-42 rating, the basis for
development of the emission factor was evaluated and considered in
the emission factor rating process.

Activity Data

Uncertainty in activity data is an important element in the overall
uncertainty of an emission estimate, Activity data for point sources tend
to be more certain than those for area sources. This is because activity
data for point sources tend to be more quantifiable, e.g., as throughput
or processing rates. Activity data for area sources, however, are wmore
often estimates and tend to account for emissions not included in the
point source file,

Employing the documents used to identify emission factors, the activity
data used for each category were established. These activity data were
then rated for uncertainty. For point sources, the rating was based on a
knowledge of how the activity data are measured and how accurately records
of activity data are normally maintained. For example, if the activity
data applied to a product that would be accurately measured for sales
purposes, these data were rated as certain. On the other hand, if the
activity data were unspecified, they were rated as uncertain. For area
sources, the rating of uncertainty was based on a review of the methods
employed for developing these data. Considerations included whether the
data were measured or estimated, the possibility of double counting with a
point source category, and other judgments.

Control Effectiveness

The effect of emission controls was one of the more difficult charac-
teristics to rate for uncertainty. This was bacause there is little
documentation describing whether the emissions from a specific source
cateqory are controlled, and if so, what the control technique and
estimated effectiveness are, Therefore, a general knowledge of the
control techniques used in the SOCAB was relied on to judge the applicable
control technology for each source category.

Source categories that were considered uncontrolled were given the highest
confidence rating because the effect of their controls was certain (zero
percent). The uncertainty of control effectiveness for other source
categories was estimated using such considerations as

The extent of the range of emission control estimates commonly used
or reported in the literature; e.g., we estimated if the effect of
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controls ranged from, say, 30 to 70 percent versus those cases for
which there was wide agreement that the control effectiveness
approximated 50 percent.

The probability of breakdowns or upset conditions that would cause
a control system to operate at a reduced level of effectiveness.

Temporal Distributions

Emissions from different sources change as a function of time, These
changes are often considered on three different scales: diurnal, weekly,
and seasonal., A high-resolution inventory will characterize these changes
by temporally distributing the emissions. Inaccurate representations of
the operating characteristics of sources can lead to over- or underpredic-
tions of emissions for particular time periods. In some cases, varia-
bility in the temporal distribution of emissions is inherent because the
sources constituting a particular source category may individually exhibit
widely different operating schedules.

A recent study identified source types in the 1979 SOCAB emission
inventory with questionable temporal distributions (0liver, Hogo, and
Saxena, 1983). The findings of this study were translated into numerical
uncertainty levels for specific SCCs and CESs. Results of other studies
were also used to identify source categories with potentially uncertain
temporal distributions (Tesche et al., 1981; Oliver and Mark, 1980),
Source categories comprising such activities as vehicle refueling at
gasoline service stations and surface coating were considered to be
uncertain because of the wide variability in the temporal data for
individual sources in these categories.

Stack Heights
Emission release height is useful for segregating source categories that
should be carefully examined. The importance of effective release height

stems from the following considerations.

Elevated ROG emissions disperse and may have a smaller ozone impact,
gram for gram, than ROG emissions emitted near ground level.

Better emission-related data are generally available for elevated
sources (e.g., elevated industrial combustion processes versus
domestic solvent use).
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The tallest elevated emitters typically have low ROG mass emission
rates from their stacks.

Elevated sources are usually important emitters of NO, emissions.

To rank the effect of stack height on ozone predictions, source categories
were divided into three groups--power plants (the tallest elevated
emitters), other elevated sources, and low-level sources. Power plant
stacks were ranked as the most certain in this case and low-level sources
as the least certain.

Integration of Step 1 and Step 2 Results

The results of Step 1 and Step 2 were combined to obtain an overall
ranking of the source categories on the basis of WROG values and the six
characteristics discussed in the previous section. The WROG value was
considered to be the most important ranking criterion; speciation profile
and emission factor ratings were next; the remaining four characteristics
were deemed less important. These priorities were transformed into
numerical rankings by developing the set of weighting factors shown in
Table 3-3 for both point and area sources.

TABLE 3-3. Weighting factors used in
the Task 1 ranking process.

Weighting Factors

Inventory Point Area
Characteristic Sources Sources

WROG 15 15
Emission factor 5 5
TOG speciation 5 5
Activity data 3 4
Control effectiveness 3 2
Temporal distribution 2 2
Stack height 1 1

The WROG scores given in Tables 3-1 and 3-2 were first normalized to a
linear scale of 1 to 5, as indicated in Figure 3-1, to make the numerical
value of WROG equivalent to the value of the other rankings before the
application of the weighting factors. Furthermore, source categories
that were promoted on the WROG ranked lists because of high NO, or T0G
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emissions (e.g., SCC 1-01-005-01 in Table 3-1) were assigned a "dummy"
WROG score that reflected their revised position in the ranked 1lists. The
following equation was then used to compute a total score:

N
S, = >, WF_R .,
= TS |
where
S, = total score for source category x

Wny = weighting factor for source category x and characteristic y
(WROG, emission factor, etc.)

R

Xy uncertainty ranking for source category x and characteristic y

N = number of elements used to compute the total score

For example, SCC 4-02-999-99 has the following WR0OG value and rankings:

Emission Speciation Activity Control - Temporal Stack
WROG Factor Profile Data Effectiveness Distribution Heignt
7978.32 3 3 4 4 1 5

Using the equation, the final score for this SCC is 135.9 (7-element score
given in Table 3-4).

Tables 3-4 through 3-9 are the products of these manipulations. Values
given in the first three (Tables 3-4, 3-5, and 3-6) are for the point
source file and values in the remaining three (Tables 3-7, 3-8, and 3-9)
are for the area source file. Source categories for which the WROG scores
and all six inventory characteristics were used in computing a total score
(called the "7-element score") are presented in Tables 3-4 and 3-7 for
SCCs and CESs, respectively. Source categories in each table are arranged
by their 7-element score in descending order, The rankings of these SCCs
and CESs in the Step 1 lists (Tables 3-1 and 3-2) are also given.

Tables 3-5 and 3-8 present SCCs and CESs that were ranked using WROG
scores and two of the six other characteristics (speciation profile and
emission factor uncertainties). Source categories are thus ranked by
their "3-element score." Categories that were not ranked using any of the
six inventory characteristics are presented in Tables 3-6 and 3-9 for SCCs
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and CESs, respectively. These categories are arranged simply by their
WROG scores.

Although from the standpoint of the study objectives Table 3-4 is the most
important among the three point source file tables and Table 3-6 is the
Teast important (a similar conclusion can be drawn for the area source
file), caution should be exercised in reviewing and comparing these tables
because of the variable basis of the scores computed for categories
contained therein, The incomparability of the 7- and 3-element scores
should be particularly emphasized.

Step 3--Final Selection of Categories

Using the results in Tables 3-4 through 3-9, a list of source types was
completed and recommended for further study investigation. Source
categories were selected from both the point and area source files and
incorporated into a single list. In addition to ranking sources on the
basis of 3- or 7-element scores, a primary consideration in the derivation
of this final list was the contractual requirement to include at least one
each of the following source categories in the remainder of -the study:

Petroleum-product storage and transfer facilities
Fossil-fuel-fired power plants
Petroleum refineries

Processing plants using spray-type or hand-applied organic coatings
Manufacturing plants using organic coatings

Information contained in Tables 3-4, 3-5, 3-7, and 3-8 reveals that most
of these source categories already rank fairly high.

Survey and testing considerations were also important in making a final
selection. Since these activities would be conducted at various facili-
ties, it was desirable to carefully consider individual SCCs and CESs
during the source selection process. For example, if two petroleum
refinery SCCs were selected because of their high ranking, it might be
advantageous and cost-effective to include similar SCCs even though they
ranked Tower.

Table 3-10 identifies the general source categories (e.g., power plants,
refineries, and chemical manufacturing) and the specific SCCs and CESs
that the study team recommended for detailed investigation during the
remainder of the study. Source categories were selected from both the
point and area source files. Group 1 in Table 3-10 includes the SCCs
recommended for study in Tasks 2 through 4, Group 2 covers other SCCs

84052 b5
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that might also merit examination. Furthermore, "Other Possible Source
Types" includes certain sources of lower priority that were frequently
ranked lower in Tables 3-4 through 3-9 and were therefore not expected to
be studied.

USE OF TASK 1 RESULTS IN OTHER STUDIES

Tables 3-4 through 3-10 represent the product of the Task 1 effort; that
is, they represent the results from all three steps performed under Task
1. The categories listed in Table 3-10 as recommended source types for
study were analyzed in the remainder of the project; however, they
represent a fraction of the total number of categories shown in Tables 3-4
through 3-9. The methodology we created to rank all source categories in
the inventory, as illustrated in Tables 3-4 through 3-9, provides valuable
guidance for further studies. Most important, hundreds of categories have
now been examined and ranked for emission inventory uncertainties. These
tables can thus be used to establish priorities during the conception and
performance of future studies aimed at improving the quality of ROG and
NO, emission inventories.
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4  TASK 2: SURVEY AND INVESTIGATION OF SELECTED SOURCE CATEGORIES

SELECTION OF GRID CELLS AND FACILITIES

After identifying the source types recommended for further study, the next
task involved a survey of facilities in the SOCAB representative of these
source types. For point sources, this process involved a random selection
of grid cells, followed by a random selection of facilities for the SCCs
listed in Table 3-10, For area sources, "individual facilities" were not
listed in the inventory; by definition, each CES is a group of sources
distributed  throughout the SOCAB. Therefore, we examined the methods used
to generate the emission estimates for area sources in Table 3-10 inclu-
ding, for example, a review of emission factors, activity (throughput)
data, speciation profiles, etc.

There are several ways in which grid cells and facilities could have been
selected for the survey. In particular, we considered selecting a grid
cell in the basin, surveying it in detail, and then extrapolating the
results to other grid cells in the SOCAB. This type of survey might be
performed specifically to identify missing point sources. However, it was
felt that surveying a grid cell would not provide a significant insight
into the types of uncertainties in the inventory, nor would it allow us to
locate unreported or new sources. A major problem with this type of
survey stems from an inability to determine why a specific source
identified during the survey was not in the 1979 point source inventory.
In most cases, we felt that it would be difficult to identify the reason
for its omission from among the following possibilities,

The source was covered by the area source file (and thus was
unpermitted or exempt, but was reported in the 1979 inventory,
nevertheless).

The source had no emissions.

The source began operations after 1979 (or shut down before 1979).

The source changed its company name since 1979.
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The source, as named on the building, was a subsidiary of the company
named in the EDS data base.

The source was in the inventory, but was located in a nearby grid
cell.,

The source was inadvertently omitted from the inventory and thus was
unreported.

Moreover, because the survey represented only one grid cell from a set of
over 600 cells, there would be no method of extrapolating any "conclu-
sions" to the entire basin. For example, if all sources identified in the
grid cell matched the inventory, there mignt stiil be an important number
of unreported sources in the basin. Conversely, if several sources did
not match, this finding would tell us Tittle about the remainder of the
basin. Therefore, performing such a survey would not likely shed much
1ight on the types and quantities of systematic errors in the 1979
inventory.

Other difficulties might be encountered in carrying out this type of
survey. The existing coordinate systems are not considered accurate
enough to locate the precise grid cell of all sources from a map. In
addition, over the years we have found that even major point sources have
slightly inaccurate Universal Transverse Mercator (UTM) coordinates that
sometimes place them in a cell of the inventory adjoining their correct
cell position. With regard to the objective of the overall project, it
was also felt that the results of a survey of a single grid cell would not
lead to improved, modeling-quality emission inventories of ROG or NO,
emissions, both because of our inability to determine the cause of any
"missing" source from the results of the survey and because the survey
would not provide a means of quantifying the effects on emission levels of
sources possibly omitted from the inventory. In addition, we would not be
able to extrapolate other results from this survey to facilities in the
remaining grid cells.

Initial Selection Process

The selection process for identifying facilities to be surveyed had to
meet several requirements that included the use of data collected in later
tasks of tne project, representativeness of the survey sample, mimimiza-
tion of bias, and consideration of available resources. We chose a
procedure that involved the random selection of grid cells and facilities
so that the SCCs in Table 3-10 would be examined in depth. The number of
unique facilities in the SOCAB possessing the SCCs in Table 3-10 was first
determined by reviewing the information in the 1979 computerized
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inventory. We searched the SOCAB inventory for each SCC in the table and
kept track of the individual facilities possessing these SCCs.

We then determined a minimum number of facilities to be selected using the
grid cell and facility selection procedure. Although it would have been
desirable to survey all facilities with SCCs in Table 3-10, to do so would
have limited us to one or two source types (such as refineries) instead of
the 15 source types represented in the table. Therefore, we chose a
number for each SCC that represented the number of facilities for which we
would review EDS data and potentially survey in Task 2. This number had
to be large enough, relative to the total number of similar facilities in
the basin, to give us a representative set of facilities, and small enough
so that the total number of all selected facilities could be examined
within the available resources.

The following procedure was uséd'to randomly select grid cells and
facilities for the point source SCCs in Table 3-10.

Step 1

1.1 Randomly select a grid cell from the populdt1on of nonzero ROG grid
cells in the SOCAB.

1.2 Record the number of unique faci]ities~for each SCC of interest
(i.e., all the SCCs in Table 3-10) that occur in the grid cell.

1.3 Repeat this process until the minimum number of facilities is
obtained for eacn SCC.

Step 2

Perform the following process for each source type of interest (e.g.,
power plants, refineries, surface coating facilities, etc.).

2.1 Begin with the first SCC listed for the source type.

2.2 From the selected grid cells, define the population of facilities
that contains the SCC.

2.3 Randomly select a facility from the population identified above.

2.4 ldentify those SCCs in Groups 1 and 2 (for the source type of
interest) that occur at the chosen facility; consider that facility
selected for those SCCs.

2.5 Move to the next SCC listed for the source type.
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2.6 If the number of selected facilities for this SCC is greater than or
equal to the minimum number, move to the next SCC (and repeat Step
2.6). If it is not, repeat Steps 2.2 through 2.5 for this SCC.

2.7 Repeat this process for the SCCs in Group 1 until the number of
selected facilities for each SCC is greater than or equal to the
minimum number. These are the facilities that will be used to
investigate Group 1 SCCs.

2.8 Continue this process for all Group 2 SCCs for the source type of
interest. Repeat this process until the number of selected
facilities for each SCC in Group 2 is greater than or equal to the
minimum number.

A total of 248 unique facilities in the SOCAB, each possessing at least
one SCC in Table 3-10, were randomly chosen in a manner consistent with
the selection procedure. Data from EDS were then obtained from the ARB in
the form of turnaround documents (TADs) for each of the selected facility
identification numbers.

Review of Inventory Data for Initially Selected Facilities

After the TADs were acquired for the selected facilities, we performed a
data review to assist in the survey formulation. This review was a major
undertaking since the TADs consisted of over 5000 pages of computer output
Tisting for each facility SIC/SCC codes, emission factors, operating
schedules, annual emission rates, and so forth. At this stage we found
that the TADs provided an extensive framework for data entry, but that
often the data were missing from the framework. For example, the source
description field could be valuable for examining and understanding
nonspecific SCCs, but the field was seldom used. Nonspecific SCCs (e.g.,
3-06-999-99, petroleum industry-miscellaneous-not classified) are
frequently assigned to sources for which the details of the materials used
or the processes performed are unknown. Sources with nonspecific SCCs had
therefore been selected for investigation because of the suspected high
degree of uncertainty in their emission rates and speciation profiles, but
the TADs did not contain insightful information for these sources. We
further found little similarity between sources with the same nonspecific
SCCs. Therefore, an extrapolation of information to all sources with
nonspecific SCCs could not be carried out. However, a few sources with
nonspecific SCCs were found to represent the majority of emissions for
these SCCs.
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Final Selection of Facilities for Survey

After reviewing the TADs for nonspecific SCCs, we concluded that (1)
sources with nonspecific SCCs were a diverse group, (2) the number of
facilities for each of the nonspecific SCCs was too large to pernit a
survey of the entire population, and (3) a large percentage of the total
emissions from these SCCs came from a small number of facilities.
Therefore, the survey for the nonspecific SCCs was designed to focus on
the largest emitters for such SCCs rather than on randomly selected
facilities. For each nonspecific SCC, the emissinns from each facility
were reviewed to select the largest emitters for the survey., A
significant result of surveying these particular sources was a more than
threefold increase--to 488--in the nurmber of facility devices that were
examined during the survey.

The final set of facilities selected for the survey is presented in Table
4-1. This table, which is derived from Table 3-10, lists the SCCs, source
types, and number of facilities that were initially planned to be surveyed
or otherwise investigated in Task 2.

SURVEY OF SELECTED FACILITIES

As shown in Table 4-1, the source types to be surveyed were grouped into
higher (Group 1) and lower (Group 2) priorities. In consideration of
available resources for the task, it was decided that generally only Group
1 facilities would be surveyed., Thus, a total of 161 facilities were
selected for survey. The types of facilities selected are categorized in
Table 4-2. Investigations of more than one type of process were planned
for iany of the selected facilities. However, after comparing emission
fee data with inventory information for a number of facilities, it was
decided that each process at almost every facility needed to he
investigated, Although emission totals for facilities in the £IS file
agreed with the emission fee data, the breakdown of these emissions among
types of processes did not agree. As a result, changes in the inventory
for one process at a facility might result in less accurate information
for that facility, Therefore, it became necessary to survey the entire
facility in almost every case; this resulted in a greatly increased effort
for the project.

Questionnaire Design

Two sets of questionnaires, a cover letter, and an introduction were
developed for use in the survey. Each facility to be surveyed was sent
the cover letter, introduction, and a subset of the questionnaires
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TABLE 4-2. Types of facilities selected for the survey.

Type of Facility

No. of Facilities

Facilities from EIS File

Surface coating

Refinery

Chemical plant

Petroleum bulk plant/terminal
Tire manufacturing

Fuel oil pumping

0i1 production

Power plant

Lube 0il blending

Facilities from EDP File

Surface coating

Petroleum bulk plant/terminal

0i1 production

Chemical plant

Chemical bulk plant/terminal

Surface coating manufacturing

Gas processing or compression
plant

0il industry research
laboratory

36
14

== NN Ul

57
11

S o0 O

62
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selected specifically for the individual facility. The cover letter was
presented on ARB letterhead and signed by the chief of the ARB Research
Division, which was thought to be one of the major reasons that the survey
response rate was high, The introduction described the purpose of the
survey, the procedures to be used in completing the questionnaires, and
provided assistance regarding difficulties that might be encountered.

The first set of questionnaires (forms I-A through I-E) was designed to
investigate emission sources currently included in the inventory as well
as all emission sources that should have been included. The second set

of questionnaires (forms II-A through II-E) was designed to investigate
source categories possibly missing from the inventory. The questionnaires
were generally based on information contained in the inventory and the
SCAQMD emission fee forms, and in many cases were individually tailored to
each facility. Appendix A contains the two sets of questionnaires.

Questionnaire Form I-A: Miscellaneous Emissions--This questionnaire

was used for the majority of emission sources with nonspecific SCCs (e.q.,
chemical manufacturing-unspecified, petroleum industry-unspecified, etc.)
that orginiated from the EDP file, For these emission sources, the only
information contained in the inventory consisted of a permit identifica-
tion number, a nonspecific SCC, and an emission rate. On the hasis of
such limited information, it was difficult to formulate well-directed
questions.

Questionnaire Form 1-B: Surface Coating--This questionnaire was primarily

used for facilities involved in surface coating that originated from the
EDP file. A two-part approach was taken for these facilities. First, an
attempt was made to obtain a complete inventory of all organic materials
used at the facility in 1979. Second, each source included in the
inventory was investigated. As with Form I-A, the questions were general
in nature since a permit identification number and an SCC were the only
means of identifying the source of interest.

Questionnaire Form I-C: Facility-Specific Questions--This form was used

to ask a variety of specific questions developed with the intent of
identifying a complete emission inventory for the surveyed facility. If
the facility consisted of well-defined sources, the questions were quite
specific.

Questionnaire Form I-D: Emissions from Storage Tanks--This form was

specifically directed at entries in the inventory with SCCs for storage
tanks with unspecified contents. In general, this form was used for
facilities from the EDP file. Therefore, the information in the survey
response included both the specification of the contents of the tank and
an emission estimate representative of 1979.
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Questionnaire Form I-E: Surface-Coating-Facility-Specific Questions--This
questionnaire was similar to Form I-B except that it was used for facili-
ties from the EIS file rather than from the EDP file and consisted of two
parts. The first part was used to obtain a complete inventory of all
organic materials that were used by the facility in 1979; the second
contained specific questions that usually involved more detailed identifi-
cation of an organic material or concerned a control system at the
facility.

Questionnaire Form II-A: Fugitive Emissions--This form was directed
toward estimating fugitive emissions from various components (e.g.,
valves, pumps, compressors, etc.) that contain organic materials.

Questionnaire Form II-B: Emissions from Vacuum Trucks--This form was

used to identify facilities that used vacuum trucks to transfer organic
materials in 1979. Information that would assist in estimating emissions
from this activity was requested.

Questionnaire Form II-C: Emissions from Storage Tank Cleaning--This form
was used to identify facilities that cleaned storage tanks during 1979 and
to request information that would assist in estimating these emissions.

Questionnaire Form II-D: Emissions from Industrial Solvent and Surface
Coating Use--This form was directed toward estimating emissions from

.solvent and surface coating use at facilities whose primary business was

unrelated to these activities (e.q., refineries, bulk plants, and chemical
plants).

Questionnaire Form II-E: Stationary Internal Combustion Engines--This
questionnaire was used to identify stationary internal combustion engines
at all of the facilities in the survey and requested information that
would allow the estimation of these emissions for 1979,

Survey Procedures

Initial Contact

Five of the 161 facilities had recently been surveyed by Science Applica-
tions, Inc. as part of an ARB study of solvent use and were therefore
dropped from the survey., For facilities from the EIS file, the company
name, facility address, and a contact name generally existed in the
inventory. For facilities from the EDP file, the company name and
facility identification number were the only identifying information in
the inventory. The facility identification number for EDP facilities is

84052 8 64



iy

not used for external correspondence with companies, and company personnel
were therefore not familiar with these numbers. As a result, companies
with multiple facilities were unable to use these identification numbers
to determine which of their facilities were being surveyed,

With this information as a starting point, an attempt was made to
determine an address, telephone number, and contact name for each of the
facilities using the following sources of inforimation.

The 1982 California Manufacturers' Register publisned hy Times Mirror
Press '

The 1983 U.S.A. 0il Industry Directory published by Penn Well
Publishing Company

Telephone directories
The SCAOMD permit files,

Unce a facility phone number was identified, an initial call was made to
identify the individual who would receive the survey. This call was also
used to confirm or obtain an address to which the survey would be sent,
These initial phone calls were believed to he another reason for the high
response rate obtained in the survey; by identifying an individual
accountable for completing and returning the survey, the probahility of
obtaining responses was greatly improved,

However, two problems occurred during these initial contacts. The first
problem related to the identification of certain facilities for firms such
as oil companies with numerous facilities. One method of identifying such
facilities was through the equipment permit identification numbers.
However, in some cases, we found that the permit identification numbers
contained in the inventory were not valid; as a result, it became more
difficult to identify some facilities. A second difficulty concerned a
nunber of facilities that were temporarily or permanently out of business
and therefore could not be surveyed. In some cases, changes for these
facilities were still made on the basis of emission fee data or other
information.

Follow-up Methods

Within one month of sending the questionnaires, each facility that had
not yet responded was called, During these calls, questions nosed by the
facility contact were answered and a schedule was set for completion of
the questionnaire. Approximately once a month for the following two
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months a series of calls were placed to facilities that still had not
responded to the survey. The intent of these calls was to obtain a survey
response as soon as possible. Approximately four months after the
questionnaires were sent a final set of calls was made. During these
calls attempts were made to obtain answers from the facility contact to
key questions over the phone, if possible. As a result of this extensive
survey follow-up, facilities that did not respond to the survey were
contacted over 10 times before efforts to obtain a response were discon-
tinued.

Most Frequently Asked Questions

The survey resulted in numerous questions from individuals at the selected
facilities. A review of some frequently asked questions provides two
types of information. First, the problems encountered in responding to
the questionnaire provide some insight into possible shortcomings in the
data that were provided. Second, these same problems provide insight into
ways in which questionnaire and survey design can be improved., The fol-
Towing questions were asked most frequently.

Why is the survey being performed for 1979 and whaf do we do if 1979
data are no longer available?

What is the purpose of this survey?

The cover letter indicates that the questionnaire must be returned in
10 days. When do we actually have to return it?

How can we identify the facilities to which the questionnaires apply?
How can we identify the equipment to which the questionnaires apply?

In general, the last twc questions caused the greatest confusion because,
in many cases, the only information in the questionnaire that could be
used to positively identify the equipment or facility being surveyed was
the permit identification number. Therefore, the use of permit
identification numbers to identify equipment and facilities needs to be
clearly stated in designing these types of questionnaires.

Summary of Survey Responses

A description of survey responses and the reasons why responses were not
obtained for some of the original 161 facilities is presented in Table
4-3. We were unable to obtain responses for 25 facilities. For 20 of

84052 8 : 66



~

84052 3

TABLE 4-3. Summary of survey responses.

Response Characterization

No. of Facilities

Returned completed survey
Completed by telephone

Not deliverable or facility
closed

Facility changed ownership--
1979 records not available

Surveyed by Science Applications

No response

112

10

17

14

67
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these facilities, the questionnaire was not deliverable, the facility was
closed, or the facility had changed ownership and 1979 records were not
available. The other 5 facilities were not sent surveys, as noted,
because they had recently been surveyed as part of another study.

Of the 136 facilities that could have responded to the survey, 122
facilities responded. This represents a 90 percent survey response which
is considered to be gquite high. This high survey response-appears to be
the result of

The initial facility contact to identify a responsible individual
prior to sending the survey.

The use of a cover letter on ARB letterhead.

The comprehensive survey follow-up.

INVESTIGATION OF SYSTEMATIC ERRORS AND WEAKNESSES IN THE INVENTORY
In addition to the survey of facilities, the approach we designed to

improve the emission inventory included other investigations described in
the following paragraphs.

Review of Existing Information on Systematic

Errors and Areas of Weakness in the Inventory

Both source-specific and systematic problems with the inventory were
explored in the project. Source-specific problems are related to specific
types of sources; investigation of such problems was intended to improve
the 1979 MED inventory. Systematic errors, on the other hand, are biases
in the inventory that represent broad types of errors that might affect
several source categories. The major emphasis in Task 2 was on investi-
gating source-specific errors. Systematic errors were primarily
identified for informational purposes rather than to effect specific
changes to the data in the inventory or in EDS.

Three sources of information on systematic errors and areas of weakness in
the inventory were reviewed:

(1) The ARB's comments on areas in the emission inventory that were
considered weak or in need of improvement as described by R.
Tate of ARB in a 3 December 1982 letter.

(2) Chapter IV of the SCAQMD Technical Paper No. 1, "Overview of

Methods Used to Develop 1979 Emission Data for the 1982 AQMP
Revision," 1 December 1980.
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(3) Chapters II and IV of "Appendix No. IV-A: Final 1979 Emission
Inventory for the South Coast Air Basin, Air Quality Management
Plan, 1979 Revision", July 1982.

From our review of these three sources of information, we developed the
following summary list of areas to be examined in greater depth, many of
which were subsequently addressed during the study:

Stationary internal combustion engiﬁes that were exempt from
permitting were not included in the point source file of the
inventory. An estimate of these emissions was made by the ARB and
entered into the area source file under CES 66787. The emission
estimate and spatial allocation of these emissions appeared
questionable.

Fugitive organic gas emission estimates for oil and gas production
were made using uncertain emission factors in conjunction with o0il
and gas production rates for each field; thus these emission
estimates were also uncertain.

In many cases, the breakdown of emissions by SCC for facilities from
the EIS file was not current or accurate. The specification of most
SCCs was developed for EIS facilities in 1976 and 1977 (often by
students) using data from engineering files. The total facility
emissions were subsequently revised to represent 1979 conditions, but
the breakdown of these emissions by SCC appeared to be inaccurate.

Emissions from storage tanks were calculated using equations that
were now out of date. Revised equations from AP-42 were expected to
result in more accurate emission estimates.

Tne temporal distribution of emissions from some large sources such
as power plants had not received special treatment.

The information for facilities from the EDP file was not considered
to be accurate or representative of 1979 conditions. In general,
this information was updated only when a permit was modified or when
special survey data were incorporated into the system.

Emissions from sources operating under known rule violations and
equipment operating under variances were not included in the
inventory.

There were inconsistencies in the derivation of emission factors for
organic gases. Emission factors had been developed for HC, volatile
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organic compounds (VOC), TOG, or ROG; however, it was not clear which
of these classes of compounds were represented by a given emission
factor. As a result, the speciation profile used for a source might
not be consistent with the emission factor in terms of organic
compounds (e.g., aldehydes, methane, ethane, etc.).

There were few test data on which to base the assignment of species
profiles to source categories. In many cases, assignment was based
on a similarity in processes rather than on actual data covering the
species emitted.

The approach that was used to address systematic errors consisted of three
types of activities: (1) survey and investigation of selected facilities,
(2) investigation of selected source categories, and (3) review of species
profile development and assignment.

Survey and Investigation of Selected Facilities

This activity was designed to address weak areas in the inventory that
included

Revision of the breakdown of emissions by SCC for each of the
selected facilities.

Revision of emissions from storage tanks to represent the most recent
storage tank emission equations for each of the selected facilities.

Revision of information on facilities from the EDP file to represent
1979 conditions.

Review of data contained in the SCAQMD emission fee forms on
emissions from upset/breakdown conditions and emissions from

operations under variance,

The investigation of selected facilities also examined missing source
categories and double counting of sources.

Missing Source Categories

Faci11t1es were surveyed to determine if the following source categories
existed, but were not included in the inventory.

Fugitive emissions from valves, pumps, compressors, etc.
Vacuum trucks
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Storage tank cleaning
Industrial solvents and surface coating
Stationary internal combustion engines

Doubie Counting of Sources
In general, all types of double counting were investigated. As the

project proceeded, these investigations centered on facilities that had
been entered into the inventory from both the EIS and EDP files.

Investigation of Selected Source Categories

These investigations were performed to address specific areas in the
inventory. They included

A detailed evaluation of emissions from stationary internal
combustion engines,

Revisions to emission estimates for oil and gas production.
Development of a diurnally varying temporal profile for power plant

emissions.

Species Profile Development and Assignment

This work addressed the speciation of TOG emissions and is described in
Section 5; it consisted of the development of new profiles through testing
and the use of existing data. An effort was also made to assign the most
appropriate profile to each source category.

INVESTIGATION OF SELECTED SQURCE CATEGORIES

Three source categories were selected for in-depth investigation in
addition to the survey of selected facilities:

(1) Power plants--Information on the temporal distribution of power
plant emissions in the SOCAB was obtained and evaluated to
develop a diurnal operating profile,

(2) Stationary reciprocating internal combustion engines--Emissions
were reallocated from the area source file to the point source
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file to improve the accuracy and spatial distribution of the
emission estimates.

(3) 0il and gas production--The existing fugitive TOG emission
estimates, which were based on an emission factor and the
production rate for each field, were replaced by emission
estimates from a recent ARB study. For 0il and gas fields with
large emission rates, detailed estimates were entered into the
inventory by source category. For other fields, a single
emission estimate for each field was entered.

Power Plant Temporal Data

Because the original power plant NO, emission estimates were practically
equal from hour to hour, a new diurnal profile was developed for emissions
from external combustion sources at power plants in the SOCAB. This
temporal profile was developed from continuous-emission monitoring data
for NO, emissions from Southern California Edison (SCE) plants in the
Basin. Because emissions from SCE's facilities make up the majority of
emissions from power plants in the SOCAB, the profile was applied to the
emissions of all pollutants for each facility with the SIC/SCC combination
4911/1-01-XXX-XX in the inventory.

Hourly NO, emission data were obtained for June, July, and August of 1979
for each of SCE's SOCAB power plants. To develop a profile for an average
summer weekday, over 5000 hourly data points for weekday operations were
averaged. Every third weekday was included in the analysis, which insured
that each weekday was weighted equally. Therefore, the temporal profile
consisted of average hourly NO, emissions from weekday operations by SCE
plants in the Basin. Daily em1ss1ons for individual power plant stacks
were unchanged; the revision resulted in only a new diurnal prof11e. The
resulting temporal profile is shown in Figure 4-1.

Stationary Reciprocating Natural-Gas-Fired Internal Combustion Engines

Need for Revisions to the Inventory

An ARB survey of stationary internal combustion (IC) engines indicated
that NOx emissions from gas-fired IC engines in the SCAQMD point source
data base were underestimated due to the following four types of
occurrences,

(1) Several facilities with stationary IC engines were not contained
in the SCAQMD point source data base.
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Percent of 1979 Daily NOyx Emissions
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FIGURE 4-1. Diurnal profile developed for power plants in the inventory.
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(2) Some facilities with stationary IC engines were in the point
source data base, but no IC engines were listed for the
facility.

(3) Total fuel use for gas-fired IC engines in the point source data
base was lower than in the ARB survey.

(4) The average NO, emission factor used in the SCAQMD data base was
lower than the factor used by the ARB,

As a temporary solution to the underestimation of emissions, an area
source category was previously developed for the remaining NOX emissions
and assigned CES number 66787, as documented in an ARB technical note
dated 2 February 1983. We developed a more comprehensive solution by
entering emissions from as many IC engines as possible into the point
source file of the inventory., This resulted in a more accurate spatial
emission distribution as well as a more accurate estimate of total
emissions from this source category.

Development of Emission Factors

The first step in improving the estimates for this source category was to
review the ARB survey to determine the engine manufacturers and models
involved. Various literature sources were then reviewed to determine the
most appropriate NOx emission factors for these engines. These literature
sources included

EPA Publication No. AP-42--"Compilation of Air Pollutant Emission
Factors."

A document prepared by Engineering-Science for Southern California
Edison--"Evaluation of CARB Proposed NO, Emission Standards for
Stationary Internal Combustion Engines."

A recent report prepared for an ARB research contract--"Emission
Characteristics of Crude 0il Production in California."

On the basis of a review of the data contained in these documents,
different emission factors for several types of engines were identified.
However, the use of several different emission factors in the inventory
posed certain problems. FEirst, some categories of emission factors were
based on limited data, and thus might not be representative. Second, the
improved accuracy of using several emission factors for IC engines in
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the inventory might not justify the increased complexity of this
approach. As a result, only two categories of emission factors were
developed:

(1) An emission factor of 640 pounds of NO, per million standard
cubic feet of gas (Tb NOX/lO6 SCF) was applied to small engines
(Tess than 300 horsepower) used to drive oil well pumping
units. Small engines tend to be less efficient and therefore
have lower NOX emission factors. Moreover, these engines are
normally operated at less than 50 percent of load, which results
in substantially lower NO, emission factors. This emission
factor was developed on the basis of source test data from an
ARB study of emissions from crude o0il production operations in
California (KVB, 1933).

(2) An emission factor of 3400 1b NO,/10% SCF was used for all other
engines. This is the most widely accepted NOx emission factor
for IC engines and is contained in AP-42.

Procedure for Modifying the Inventory

The main source of information used to change the inventory was a 1979 ARB
survey of emissions from stationary IC engines. The responses to this
survey were obtained from the ARB and organized by facility. These data
were then reviewed and compared to the contents of the 1979 inventory. On
the basis of this review, three conditions were identified, each of which
required a special approach to changing the inventory.

(1) Facilities in the inventory that include emissions from
stationary gas-fired IC engines,

(2) Facilities in the inventory that do not include emissions from
IC engines,

(3) Facilities not identifiable as being in the 1979 inventory.

Prior to modifying the inventory for IC engines, all revisions for
facilities that were surveyed were made to the inventory. Using the
modified inventory as a baseline, the emissions from stationary gas-fired
IC engines were reviewed on a facility-by-facility basis. The contents of
the inventory were compared with the results of the ARB survey and with
available 1979 emission fee data to select the most appropriate emission
estimate for these engines. This estimate was then entered into the point
source file either by modifying emissions for an existing device or by
adding emissions for a new device. This process resulted in the modifi-
cation or addition of 24 devices to the inventory. These changes are
presented in Appendix B together with documentation for the revisions.
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None of the remaining facilities in the ARB survey of IC engines could be
identified in the point source file. Total emissions from these 34
facilities or combinations of facilities were therefore estimated and
included as an area source under CES 66787. The identification of these
facilities and documentation of the emission estimates are alsdo presented
in Appendix B.

0il and Gas Production

Reasons for Changes to the Inventory

The original emission estimates for o0il and gas production in the 1979
inventory were estimated by production field, The emission estimates were
developed through use of the total oil and gas production rates for each
field together with EPA emission factors for fugitive HC emissions. There
were several reasons why this approach to estimating emissions from oil
and gas production could be improved.

Large variations exist in the types and numbers of emission sources
that comprise 0il production fields. Therefore, emissions from oil
and gas production should be based on data for specific types of
sources.

The types and numbers of sources that make up oil production fields
in the SOCAB are significantly different from those in other United
States o0il fields. Therefore, relevant information applicable to
sources in the United States, such as the EPA fugitive emission
factors, may not be applicable to oil and gas production in the
SOCAB. '

Information Used to Modify the Inventory

The primary basis for modifying the inventory was information obtained
from an ARB research study (KVB, 1983). The emission estimates from tnis
study were used with some modification; however, two limitations to these.
estimates should be noted.

Storage tanks--The KVB study used data from Ventura County to develop
a number of storage tank emission models based on well populations
and gas-to-o0il ratios. Because this method may be inaccurate for
storage tank emissions, a new ARB survey of emissions from oil
production storage tanks now underway should represent a significant
improvement in the emission estimates for this source category.

. 84052 8
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Sumps--The KVB study developed models that estimated sump surface
area on the basis of well population. The correlation between sump
surface area and well population for the o0il field models was
inadequate, resulting in inaccurate sump emission estimates.

The total emission estimates for all source categories by field are
presented in Table 7,2-2 of the final report (KVB, 1983). These emission
estimates were also broken down by source category. However, the
estimates for each source category in a field were only available from the
draft report of the study. Between the draft and final stages of the
study, changes were made to the emission estimates for sumps and pits.
Therefore, to use the emission estimates by source category, the sump and
pit emission estimates had to be adjusted. Separate adjustment factors
were developed for Los Angeles and Orange counties, as shown in Table

4-4, By applying these adjustment factors to the draft sump and pit
emission estimates, estimates that were consistent with those of the final
report were obtained,

Procedure for Modifying the Inventory

Prior to modifying the emission inventory for o0il and gas production, all
revisions to the inventory for surveyed facilities were made. This
modified inventory then served as a baseline for changes specifically
related to oil and gas production. The first step was to eliminate
potential double counting of emissions from oil and gas production in the
point and area source files of the inventory. Double counting might occur
because the point source file contained some fugitive emissions from oil
and gas production, Therefore, if the emission estimates from the ARB
study of oil and gas production--which were intended to represent all
fugitive emissions from this source category--were simply entered into the
file, then double counting of emissions would occur. It was therefore
necessary to subtract the emissions that existed in the point source file

from the results of the ARB study prior to entering the new emissions into
the file.

To identify all fugitive TOG emissions from oil and gas production in the
point source file, a listing of all emissions with SIC 1311 (crude oi]

and natural gas extraction) was generated. After these estimates were
reviewed and the fugitive TOG emissions identified, two types of sources--
combustion activities and gas processing plants--were excluded. This step
was taken because these two source types were contained in other portions
of the inventory--in the point source file for gas processing plants and
in the point and area source files for combustion activities. The
remaining fugitive emissions were then subtracted from the ARB study
results, This adjustment took place in two steps.
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TABLE 4-4, Development of adjustment factors for sump and pit

emission estimates.

Information

Sump and Pit Emissions
(Metric Tons/Year)

Total emissions from
detailed sheets
(draft stage of study)

Total emissions from
final report

Adjustment factor to
be applied to detailed
sheets :

Los Angeles County Orange County
5211.7 5028.8
2232.0 1932.9

0.4283 0.3844
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(1) For point source file entries that could be identified with a
specific field, fugitive emissions were subtracted from the
appropriate oil and gas production field. Because the majority
of emissions that existed in tnhe point source file were
breathing losses from storage tanks, emissions were subtracted
from this source category in the ARB study results., The amount
of emissions that were subtracted is presented in Table 4-5.

(2) For point source file entries that could not be identified with
a specific field, adjustment factors were developed to subtract
these emissions from the ARB study results. The first step in
developing these adjustment factors was to total the point
source TOG emissions for entries that could not be identified
with a specific field. These totals were

Los Angeles County: 249.0 tons/year;
Orange County: 4.5 tons/year.

Because the emission total for Orange County was insignificant,
no adjustment factor was developed for that county. The next
step was to determine the amount of fugitive TOG emissions from
0il and gas production in Los Angeles County to be adjusted.
This amount was determined from Table 7.3-3 of the report and
was 12,575.5 metric tons/year (or 13,864.5 tons/year).
Therefore, the adjustment factor for Los Angeles County was:

13,864.5 - 249.0 _
13.864.5 = 0.9820

This factor was applied to all fugitive TOG emissions from 0il
and gas production in Los Angeles County that were entered into
the point source file of the inventory.

Once these adjustments were made, the emission estimates from the ARB
study were ready to be entered into the point source file. Emission
estimates were entered by source category for some fields and as total
emissions for other fields. All fields that had TOG emissions greater
than 500 metric tons/year (as listed in Table 7.2-2 of the report) were
entered into the inventory by detailed source type. Total fugitive TO0G
emissions from the other fields were entered as single numbers in the same
manner as in the original inventory. To enter emissions by source type,
SCCs were assigned to each of the processes in the ARB study. A 1list of
the SCC assigned to these processes is presented in Table 4-6.
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TABLE 4-5. Fugitive TOG emissions subtracted from ARB
study results by field.

TOG Emissions

Field (tons/year)
Brea Olinda (Los Angeles County) 31.0
Castaic Hills 2.1
Honor Rancho 31.5
Inglewood 8.0
Long Beach 22.0
Montebello 3.6
Rosecrans 15.8
Sansinena 4.3
Venice Beach 0.8
Wilmington ' ‘ 21.2

84052 3
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TABLE 4-6.
to process names.

Assignment of source classification codes

SCC Process Name
4-04-003-01 Tank breathing losses
4-04-003-02 Tank working losses
3—10-001—21 Well cellars
3-10-001-22 Sumps and pits
3-10-001-01 Valves
3-10-001-04 Fittings
3-10-001-11 Well heads
3-10-001-07 Pumps
3-10-001-08 Compressors
4-04-003-01 Tank breathing loss with

vapor recovery
4-04-003-02 Tank working loss with

vapor recovery
3-10-001-31 Mechanical oil water

separator
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The final step for 0il1 and gas production emissions involved special
treatment of several oil fields. These fields were either present in the
original inventory, but not in the ARB study or vice versa., The specific
ways in which these o0il fields were handled are as follows:

The Canton Creek o0il field emission estimate from the ARB study was
entered as facility 100155 in Los Angeles County.

The Kraemer oil field emission estimate from the ARB study was
entered as facility 100213 in Orange County.

The Los Angeles City oil field, which was in the original inventory
but not in the ARB study, was deleted from the inventory. It was
assumed that the emissions from this field were accounted for by
other fields in the ARB study.

Grid cell locations were identified by reviewing various maps. They
were entered into the inventory for two fields new to the inventory
and for nine other fields listed in EDS, but not contained in the MED
files because the original kilogram/hour emission estimates were
zero. These fields are shown in Table 4-7.

In summary, new TOG emission data were entered into the MED inventory for

68 0il and gas production fields. For 13 fields with TOG emissions
greater than 500 metric tons/year, detailed entries were made to the
inventory using the SCCs in Table 4-6. 1In the case of nondetailed
entries, SCC 3-10-888-01 was used; TOG emissions for up to three CES codes
for each field were replaced with a new estimate using this SCC. Changes
were made to the TOG estimates only in the point source file, Any
emissions other than TOG were retained in the MED file for fields
undergoing TOG revisions. In addition, begin and end hours used in the
inventory were always 0 and 23 for the new TOG estimates. Finally, no
changes were made to the original inventory for fields in Riverside and
San Bernardino counties.

One revision to the inventory had a major effect on TOG emissions from a
single oil field. Approximately 27.1 tons/day of TOG--representing about
20 tons/day of ROG--had been incorrectly assigned to a grid cell in Orange
County in the original inventory. This value was an overestimate of
emissions from operations in the Yorba Linda oil field (identification

code 100211), and resulted from the use of an incorrect emission factor.

This emission estimate, representing about 50 percent of the 1979 ROG
emissions from the petroleum production sector, was revised to
approximately one-tenth of its original value.
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