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INTRODUCTION 

The Air Quality Utility Information System (AQUIS) is a database management system that operates 
under B A S E  IV. It runs on an IBM-compatible personal computer (PC) with MS DOS 5.0 or later, 
4 megabytes of memory, and 30 megabytes of disk space. AQUIS calculates emissions for both 
traditional and toxic pollutants and reports emissions in user-defined formats. 

The system was originally designed for use at 7 facilities of the Air Force Materiel Command, and now 
more than 50 facilities use it. Within the last two years, the system has been used in support of Title V 
permit applications at Department of Defense facilities. 

Growth in the user community, changes and additions to reference emission factor data, and changing 
regulatory requirements have demanded additions and enhancements to the system. These changes have 
ranged from adding or updating an emission factor to restructuring databases and adding new 
capabilities. Quality assurance (QA) procedures have been developed to ensure that emission 
calculations are correct even when databases are reconfigured and major changes in calculation 
procedures are implemented. This paper describes these QA and updating procedures. 

Some user facilities include light industrial operations associated with aircraft maintenance. These 
facilities have operations such as fiberglass and composite layup and plating operations for which 
standard emission factors are not available or are inadequate. In addition, generally applied procedures 
such as material balances may need special treatment to work in an automated environment, for 
example, in the use of oils and greases and when materials such as polyurethane paints react chemically 
during application. Some techniques used in these situations are highlighted here. To provide a 
framework for the main discussions, this paper begins with a description of AQUIS. 

DESCRIPTION OF SYSTEM 

The database structure, emission calculations, and several system features of AQUIS are described in 
this section. AQUIS uses some unique acronyms; Table 1 defines those used in this paper. 

Database Structure 
AQUIS stores information about sources and materials in databases corresponding to the types of 
information most frequently used by air quality managers: 

Sources and events that generate emissions; 
Control equipment and control efficiencies; 
Materials and their compositions; 
Fuels and their properties; 
Emissions, including user-entered data such as stack test results; 
Permits; 
Stacks; and 
Data linking individual records in different databases, such as links between sources, controls, 

and stacks. 
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Sources. Source data include a common data record for every source to record data, like identifier and 
location, that are kept on every source; a technology-specific data record whose content varies with the 
type of source; and usage data. Most source categories provide for multiple usage records to account for 
the use of multiple materials or fuels by a single source. Where appropriate, the usage records identify 
the material used by an ID. AQUIS uses this material ID to access the materials databases for 
information needed to calculate emissions. 

Controls. AQUIS controls pollutants by Chemical Abstracts Service (CAS) number. (Nonstandard 
CAS numbers such as particulate matter less than 10 pm (PM10) and volatile organic compounds 
(VOCs) are used to identify pollutants for which official CAS numbers are unavailable; these 
nonstandard numbers always begin with a letter.) In addition to common control data, AQUIS stores 
control efficiencies by CAS number. As this procedure is cumbersome for a large number of pollutants, 
the system uses a “surrogate pollutant” approach for most pollutants. In the chemical data files, 
individual pollutants are identified as VOCs or solids. When calculating controlled emissions, AQUIS 
uses a CAS-specific efficiency if available. Otherwise, it uses the device’s particulate efficiency for 
pollutants identified as solids and its VOC efficiency for pollutants identified as volatile organics. 

Materials and Fuels. Materials data are stored in four databases. The first stores data on the properties 
of the bulk materials. The second stores composition data typically derived from material safety data 
sheets (MSDSs). The third stores data on individual chemicals including the surrogate pollutant 
identifications. The fourth database provides the capability of calculating emissions of “categorical 
compounds,” those generic classes such as cadmium compounds defined by regulations for air toxics 
and SARA Title Et. 

Fuels data are limited to data on the bulk fuel and include the customary composition data, such as 
sulfur, ash, heat, and nitrogen contents. 

Emissions. Users can enter and store their own emission records in addition to those calculated by 
AQUIS. These emissions can be designated as the “priority” record for a particular source and pollutant. 
AQUIS uses priority records in preference to its own when calculating emissions for categories and 
when summing emissions for reports. Thus, users can, for example, override an AQUIS calculation with 
the results of a stack test. 

Permits and Stacks. Frequently used data from permits, such as renewal dates and costs, can be stored 
in AQUIS and linked to (associated with) permitted sources and controls. Stacks can be linked to 
controls and sources; the data stored include the parameters needed for modeling point, area, and volume 
sources. 

Emission Calculations 
Basic Procedures. AQUIS employs four methods of calculating emissions: emission factors, 
speciation tables, material balances, and composition. 

The U.S. Environmental Protection Agency (EPA) sanctions the ,use of emission factors and material 
balances (see the introduction to EPA’s AP-42’). Although not officially sanctioned, use of speciation 
tables and composition data is widely accepted as standard practice in developing emission inventories. 
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For most source categories, emission factors are taken from AP-42. Additional references are used for 
categories such as jet engine testing not covered in AP-42, and the factors are updated regularly. 

Speciation tables are used to calculate emissions of individual chemical species based on VOC 
emissions for fuel handling and storage sources. Species associated with VOC and particulates in jet 
engine testing exhaust are also calculated from speciation tables. The tables available in EPA’s 
SPECIATE2 database have been supplemented with additional data for jet 

Unspeciated emissions for some source categories, for example, degreasing operations and welding, are 
calculated by material balance. Users can enter quantities of the material sent to waste so that emissions 
are based on the material actually consumed at the source. 

If speciated emission factors and speciation tables are unavailable, AQUIS uses composition (weight 
percent) data to speciate emissions. For example, composition data are used for surface coating and 
degreasing operations. Generally, a material balance is used to obtain the total weight of material 
emitted, and then the composition data are used to speciate the emissions. 

If unable to complete a calculation due to missing data, AQUIS prepares a file giving the reason for the 
failure and enters the value of the emission as “NO CALCS.” Although treated as a zero when 
emissions are summed, the NO CALCS flag and the exception file provide users with the information 
needed to ensure that calculations are complete. In addition, if AQUIS includes no algorithm to do a 
calculation for a specific type of source, it enters ‘%/A” into the emission record as a flag to users of the 
necessity of completing a calculation outside the system and entering the results into AQUIS. 

Categorical Emissions. At the end of every calculation, AQUIS checks its category database. If a 
particular emittant’s CAS number is found, two categorical emissions are calculated, one for use in 
Clean Air Act (CAA) reporting and one for use in Toxic Release Inventory (TRI) reporting. For CAA 
reporting, 100 wt% of the emittant is added to the category, as suggested by staff at EPA’s Office of Air 
Quality Planning and Standards. For TRI reporting, a weight percent equal to the ratio of the atomic 
weight of the named element to the compound’s molecular weight is used as required by published 
guidelines. These two estimates are distinguished by CAS number. For example, if a source emits 
10 lb/yr of CdCl,, AQUIS includes 10 Ib/yr of CDCPD (cadmium compounds) and 6.2 lb/yr 
(= 112.44 182.41) of CDCPDASCD (cadmium compounds as cadmium) in the inventory. 

User-Defined Emission Factors. Users can provide their own emission factors and modify the AQUIS 
speciation tables. If AQUIS already has a factor for the particular emittant, the user’s factor is used in 
preference to the AQUIS factor. Users can also add factors for emittants not included in AQUIS. This 
enables users to tailor the emission calculations to local agency requirements. 

System Features 
Several noteworthy features of AQUIS are discussed here. 

Reporting Capabilities. In addition to standard reports, which include all the data for selected entities, 
users can prepare their own user-defined (ad hoc) reports in tabular format. These reports can involve 

I selecting, sorting, and summation of the tabulated data. 
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If a user-defined report involves emissions data, AQUIS provides the user with the opportunity to 
include only those pollutants on a specified list in the report. These lists of pollutants include, for 
example, the criteria pollutants, the Clean Air Act 189 air toxics, and the SARA TEU list. As supplied, 
the AQUIS list for Title IU air toxics includes the categories, such as CDCPD, based on the full weight 
of the emittant (see “Categorical Emissions” above). The list for TRI includes the category CAS 
numbers, such as CDCPDASCD, based on the fraction of the emittant associated with the named 
element (cadmium in this case). 

In addition, the system includes only the priority emission estimate when emissions are summed in user- 
defined reports, thus avoiding the possibility of double counting. If the report contains emissions but not 
emission sums, the user can choose to report all estimates or only the priority estimates. 

VOC Emissions. For calculations based on composition data, AQUIS produces two estimates of VOC, 
one based on its standard procedure and a second based on a “bottom-up” estimate. The first is usually 
based on the bulk VOC content of the material, such as the pounds of VOC per gallon of paint. The 
second adds up the speciated emissions of those constituents that are VOCs. The two estimates are 
distinguished by CAS number, VOC and VOCBYCONS, respectively. Because composition data are 
often incomplete, the bottom-up calculation is adjusted to be no smaller than the standard calculation. 
The adjustment essentially includes an “unknown VOC” equal to the difference between the standard 
VOC and the sum of all the VOC constituents in the VOCBYCONS. Source retention factors (described 
under “SPECIAL EMlSSION CALCULATIONS”) can affect VOCBYCONS but have no effect on 
voc. 
POM Emissions. In developing the AQUIS emission factor sets for combustion sources, it was noticed 
that factors for polycyclic organic matter (POM) from one reference were sometimes less than emissions 
factors for even a single POM specie from a different reference. To provide information on these 
situations for combustion sources, AQUIS also produces a bottom-up estimate of POM by adding the 
emissions of all pollutants classified as POMs. No adjustments are made to this POMBYCONS 
estimate; it is provided for information in addition to the POM estimate based on a POM emission 
factor. 

QA PROCEDURES 

To keep emission factor data and calculation procedures current, AQUIS users receive new versions of 
the system several times yearly. User experiences and changes in regulatory requirements also dictate 
changes in data to be stored and the calculation procedures. For example, AQUIS staff members access 
EPA’s CHIEF System monthly for updates on emission factors, and users and staff request 
enhancements as they use the system. In some cases, these changes require modifying database 
structures and adding new fields whose contents may depend on the contents of several existing fields. 
Accomplishing these updates while guaranteeing the correctness of calculations, maintaining the 
integrity of existing user data, and ensuring that each release can properly update all earlier versions of 
the system and databases has required close attention to the QA procedures in the written QA Plan. 

Configuration Management 
The AQUIS project team has several developers who evaluate and develop different components of the 
code. A single, archive computer is used to store two versions of AQUIS, the last official release of the 
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system and the current development version. Individual software components are approved by a 
developer and tested. Integration into the development version occurs periodically and generally 
involves integrating multiple components. Several integrations can occur before a new release is 
finalized and all incremental versions are retained. This incremental approach supports debugging by 
correcting errors in an ongoing fashion and helping to locate the error in the code. An automated system 
is used to compare development code with the last approved release code. Use of an automated system 
minimizes repetitive manual comparisons and operations and improves error detection capabilities. 

Single Source of Critical Data 
The archive computer serves as the single source of all critical data. A single person serves as archivist 
with responsibility for these data. When updates are required, technical staff receive a copy of the latest 
version of the appropriate file from the archivist, update the copy, test it, and return the updated version 
to the archivist for storage on the archive computer. Both the original file and the updated version are 
retained as documentation, and the archivist is responsible for ensuring that only the latest copies of files 
are given out for updating. Requiring technical staff to work from the latest archive copy reduces the 
chance that changes are made to outdated databases. 

A test inventory of about 300 sources is kept on the archive computer to test the emission calculations. 
It may be necessary to add new sources or new data to the test inventory as procedures are developed for 
new types of sources or changes are made in existing procedures. Whenever a new calculation algorithm 
is added or emission factors are updated, sources are added to the test inventory to check these changes. 

Because database structures can be changed between AQUIS versions, database structures resident on a 
given computer may be different after a new release is installed and run than they were under the 
previous release. To assist in the administration of these changes, copies of source databases before and 
after a particular release are maintained on the archive computer. 

Central hardcopy files of the correct emission results are also maintained. Whenever a new calculation 
procedure is developed or factors are updated, the responsible technical staff member prepares manual 
reference calculations. These are archived in the hardcopy files as permanent authentication of the 
emission calculation results. 

A single individual is responsible for a particular source category’s emission factors and for the 
materials and chemical databases. Once again, whenever emission factors are changed or additions are 
made to material or chemical data, the archive computer is used to ensure that a backup file is 
maintained and that all changes are properly accumulated. 

Testing a New Version 
When all updates and additions have been integrated into a version corresponding to a new release, the 
version undergoes QA testing. This testing has two major goals: to validate the results of emissions 
calculations and to ensure functionality and correctness. There are four principal areas of testing: 

Data and emission calculation validation, 
Minimal data set validation, 
Menu and operation validation, and 
Installation and update validation. 
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Data and Emission Calculation Validation. Every version of AQUIS is checked for correctness of 
emission calculations. The test is based on the latest archived source inventory that includes test sources 
for the updates and changes made in the version being tested. AQUIS is used to calculate a complete set 
of emission results. These results are compared electronically to the latest previously approved 
emissions results, which usually correspond to those produced by the last official release. The 
comparison program documents differences electronically and in hardcopy. 

The QA planner distributes copies of the differences to the cognizant technical person, who approves or 
disapproves the changes. Approval indicates that the change is appropriate, reflecting, for example, a 
new or updated emission factor. Disapproval sets in motion a debugging process in which the code and 
the archived hand calculations are examined and the source of the difference is eliminated. 

Copies of the difference sheets are made part of the hardcopy archive to provide an audit trail from any 
emission result back to one of the original hand calculations. 

Minimal Data Set Validation. Of all the data stored by AQUIS, only a subset is required for emission 
calculations and to make the system function properly. These required fields are highlighted on the 
screens. A set of automated tests is generated to ensure that lack of data in any one of these fields does 
not disable the system. 

For each source category, a single source with all the minimal data is identified and maintained. When a 
new version has been integrated, and any necessary data updates performed, the data for this source are 
replicated by an automated program to create a set of new sources. Each new source has a different 
required field left blank. This program uses the data dictionary, which identifies required fields and is 
updated as work on a version progresses and is maintained on the archive computer. 

After execution of the program, AQUIS is used to calculate emissions for all these sources. If any 
abnormal operations occur, such as the generation of dBASE errors or system hangups, the cause of the 
abnormality is determined and corrected. This procedure ensures that the lack of a single required datum 
will not interfere with normal system operation. 

Menu and Operation Validation. Every version of AQUIS is checked for proper operation of the 
system interface and user utilities. These tests fall principally into menu structural checks and 
functionality checks. 

Structural checks validate that selection menus, pop-ups (pick lists), and highlighted fields agree with 
documented specifications. A written outline of the menu structure is updated by the project manager 
and maintained by the QA planner. This outline includes all selection screens, report screens, print 
menus, browse screens, and display screens. Manually covering this outline through the interface 
replicates the procedures a user follows in AQUIS. Any discrepancies between the outline and the 
operation of the system are resolved prior to release of the new version. 

System functionality tests developed by the project manager and technical personnel test the operational 
and functional capabilities of the system. The scope of these tests is updated for each release. Technical 
staff provide lists of new capabilities to the project manager, who uses the release version to verify that 
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all capabilities are accessible. The manager also updates the content of the functionality tests to 
correspond to the new version. 

Whereas the structural tests verify the connectivity of the AQUIS menus, these functionality tests verify 
that each menu operates properly. Menu and pop-up selection, data entry and modification, access to 
various databases, linking capabilities, execution of emission calculations, and report definition and 
generation are among those capabilities checked and verified by this series of tests. 

Installation and Update Validation. Once a stable version has been declared, AQUIS staff members 
test the installation and update software of the new release. Installation and update processes are both 
validated on different PCs that have different configurations. Resident data developed under previous 
releases are updated and validated. Each staff member uses the system in an unstructured way. These 
tests simulate some of the ways end users might apply the system. The project manager and one other 
staff member perform more extensive tests of the new system, including tests involving large databases, 
for example, inventories with more than 1,000 sources and single sources that use more than 
1,OOO materials. The tests include additional verifications of the reporting capabilities and final checks 
of new data screens for appropriate layout and wording. 

INSTALLATION AND UPDATE PROCEDURES 

Two things can change between successive versions of AQUIS: the structure of the databases and the 
operational software. Structural changes include new databases and changes in existing databases. Each 
type of change is tracked by a version identification number. The software identification number is 
coded into the AQUIS software. The database structure identification number is contained in a database 
called the status file. If a new software version makes no changes in, for example, the database 
structure, then the structure identification number is not changed in the new version. 

When the user installs a new version, a two-step process is initiated. The first step, the installation 
procedure, leaves any existing data intact. The second step, updating, occurs the first time the user 
invokes AQUIS and makes any changes in the user’s database required for compatibility with the newly 
installed version. 

Installation 
AQUIS is distributed on diskettes that contain all files and programs necessary for either first-time 
installation or updating an existing system. 

When the installation program determines that AQUIS does not exist on the target computer, it creates 
all necessary directories, installs software files, and copies database structures to the target hard drive. 
When the system is run for the first time, the system informs the user that the database has never been 
used and checks the integrity of the database structures. As supplied, AQUIS provides users with some 
initial databases for materials, chemicals, and lists of pollutants against which reports can be run. 

When the installation program determines that a version of AQUIS exists on the target computer, it 
checks the existing directory structure, installs any new software files, and copies any update files to the 
hard drive. Some data, such as materials and chemical data, can be modified both by users and updated 
as part of a new AQUIS version. In these cases, AQUIS updates are incremental rather than total to 
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avoid interfering with data input by users. At this point, no changes have been made in the user’s 
database structures. 

Updating 
Updating occurs when the user first invokes a new version of AQUIS. After the first login, AQUIS 
determines the structure number of the user’s current data and the structure number of the newly 
installed system. If required, the user’s database structures are manipulated to accommodate any 
required database structure changes. If updates are needed, the system informs the user and requests 
permission to continue, giving users a chance to back up their current data. The update is performed in a 
series of ordered updates, the first being an update between the user’s resident version and the next 
AQUIS release and the last being an update to the newly installed version. By applying this incremental 
approach, each release of AQUIS will update a user’s data regardless of which previous version the user 
has. 

Each update is accomplished in three steps. 

The data dictionary for the new version checks the structure of each database. The data 
dictionary contains the data type and length of each field. If differences are found, the 
field definitions are applied to the user’s data. If an entire database is missing, a blank 
structure is created. This procedure allows fields to be lengthened if required and new 
source categories or other data to be added to an existing system. 

The second step manipulates existing user data. Predefined update algorithms apply to 
each version’s update and have been tested and verified during QA testing. Some updates 
will include additions to files, which depend on current user data. If user data are 
missing, defaults are supplied. Defaults are also supplied when a new required field 
whose value cannot be determined in advance is added. In such cases, the most common 
or most emissive value is used, and users are informed of the choice in the documentation 
accompanying the new release. 

After data manipulation is complete, the system databases are reindexed. 

SPECIAL EMISSION CALCULATIONS 

This section discusses three areas of current interest: fiberglasskomposites, process tanks including 
plating tanks, and “source retention profiles.” Source retention profiles function much like an add-on 
control device by reducing the amount of particular chemical constituents of a material that are emitted 
from a particular source. The profiles are useful for situations in which standard emission profiles are 
unavailable and site-specific investigations have substantiated reduced emissions of particular 
constituents. 

Emissions from FiberglassKornposite Operations 
The EPA has published a procedure for calculating emissions from polyester resin plastic products 
fabrication? Emissions from these sources consist of VOCs and individual constituents not completely 
polymerized into the final product. The VOC emissions will comprise the fraction of the initial 
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monomer (typically styrene) not consumed in the polymerizations and VOC solvents in the resin and in 
cleanup materials. 

EPA’s procedures depend on identifying the monomer and unsaturated polyester in the components 
combined to produce the polyester resin plastic. Such identifications require composition data for each 
component. Users would normally take these data from MSDSs and enter them into the AQUIS 
materials databases. Because there are no standard formats for identifying the critical components on 
MSDSs, AQUIS applies several techniques to automate their identification and to expand the EPA 
procedures to a wider range of materials. This discussion concentrates on these procedures, not on the 
EPA equations or the emissions of cleanup materials, the emission calculation techniques for which are 
available in AP-42. 

Among other data, such as density and amount of material used and disposed of, AQUIS usage records 
for fiberglasskomposites request certain category-specific data from users, including 

Identification of the material as a polyester resin, gel coat, cleanup material, or solvent; 
Specification of the fabrication process (for example, hand layup or spray layup) and the 

transfer efficiency for spray layup; 
Indication of whether the material contains a vapor suppressant; 
Identification of the CAS number of the unsaturated polyester; and 
Specification of the weight percent of styrene in the material. 

Cleanup materials and solvents are handled by a material balance corrected for material disposed of as 
waste. 

If the user is able to supply these data for polyester resins and gel coats, the EPA procedure can probably 
be applied. The following sections describe how AQUIS applies and extends the AP-42 procedures to 
calculate emissions of monomers, unsaturated polyesters, and other ingredients. 

Emissions of Monomers. The AP-42 equation for monomer emissions is essentially 

where 
Q(X) 
Usage 
Wt%-Mon 
Fract-Emit 
CFs 

= Usage * Wt%-Mon * Fract-Emit * CFs 

= emissions of the monomer with CAS number X 
= weight of material used 
= weight percent of monomer in the material 
= fraction of monomer emitted 
= conversion factors depending on the units used. 

The “Usage” includes a correction for the amount of the material disposed of as waste, if available. 

To best apply the available data, AQUIS uses a tiered approach to determine Wt%-Mon. AP-42 lists 
seven specific monomers by name, five of which have been identified by CAS number for AQUIS. 
AQUIS first examines the composition data for the material of interest, looking for two conditions. If it 
finds one of the five CAS numbers among the constituents, it uses that constituent’s weight percent as 
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Wt%-Mon. Failing this, if it finds the character string MONOMER among the names of the material’s 
ingredients, it uses that constituent’s weight percent as Wt%-Mon. In both cases, AQUIS uses the 
results of the calculation in Eqn. 1 for emissions of the chemical with the CAS number of the monomer 
constituent and also includes the emissions as a contribution to VOC. 

Secondly, AQUIS looks at the usage record and, if the user has provided the weight percent of styrene in 
the material, uses this as Wt%-Mon and calculates emissions for 100-42-5, the CAS number of styrene, 
and includes an equal emission in the contributions to VOC. If neither of the above procedures works, 
AQUIS uses the default values in Table 4.4-3 in AP-425 

The factor Fract-Emit is determined from Table 4.4-2 of A P d  based on the type of material (resin or 
gel coat), fabrication process, and presence of a vapor suppressant. 

Emissions of Unsaturated Polyesters. None of the unsaturated polyester ingredient should be emitted. 
The problem is to recognize the polyester among the listed ingredients. Review of the MSDS data in the 
Hazardous Materials Information System (HMIS) database6 showed some tendencies regarding the 
inclusion of the polyester ingredient that supported use of the following sequence in identifiing the 
pol yes ter ingredient. 

If material composition data are available and the user has listed the CAS number of the 
unsaturated polyester on the usage record, no emissions are associated with that 
constituent. If the listed CAS number is not found in the composition data, all 
constituents are treated as other ingredients as described below. 

If the user has not specified the CAS number of the unsaturated polyester, AQUIS treats 
an ingredient with the character string POLYESTER in its name as an unsaturated 
polyester, that is, no emissions are associated with this constituent. 

Emissions of Other Ingredients. AQUIS treats any remaining constituents of a material according to 
their pollutant type and the fabrication process. (The pollutant type is determined from the same data as 
the surrogate pollutant discussed previously.) Volatile organics are fully emitted regardless of the 
fabrication process. AQUIS uses a material balance with credit for the amount disposed of as waste and 
weight percents from the composition data to calculate emissions. The emissions of solid constituents 
are treated like the emissions of solids in paints applied in a paint spray booth. In fabrication processes 
other than spray layup, no solids are emitted. For spray layup, AQUIS reduces the amount calculated 
from a material balance and the composition data to account for the spray layup transfer efficiency. The 
fraction of the solid not transferred is assumed to be potentially emitted. For example, emission of an 
inorganic filler such as talc will be zero for hand layup but will depend on the layup transfer efficiency 
for spray layup. 

Emissions from Plating Tanks and Process Tanks 
The EPA AP-42 draft method7 for calculating hexavalent chromium emissions from chromic acid 
plating and anodizing operations has been incorporated into AQUIS. The algorithm is based on 
tabulated emission factors for three processes, hard and hexavalent decorative chromium plating and 
chromic acid anodizing, and depend on a number of possible in-tank and external emissions control 
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options. In-tank controls are similar, both conceptually and in programming, to the integral controls that 
are part of some other source categories in AQUIS, such as low NOX burners in boilers. 

External controls have previously been programmed in AQUIS with user-supplied control efficiencies 
and linking data to connect an emissions source to the external control. Some of the chromium emission 
factors incorporate specific external control types. These controls are physically separate from the 
emissions source, information about them might need to be reported separately, and a single control 
could possibly be connected to more than one tank. Using the factors directly would bypass the usual 
AQUIS procedure for sources with linked controls. It was considered desirable to make the chromium 
plating source category appear to the user to be similar to the other categories with regard to external 
controls. To retain the usual appearance and functionality for these controls in AQUIS, the chromium 
plating algorithm uses data from a new field in the control equipment common data record, as well as 
source data, to calculate uncontrolled and controlled emissions. The effects of control devices not 
covered by the EPA factors are calculated as they would be for any other source category. 

The EPA factors are only valid for chromium. For a complete and accurate inventory, other chemicals 
may need to be considered for other plating processes and other constituents of chrome plating baths. 
Published empirical data8 provide the basis for a more general procedure for estimating emissions from 

misting caused either by hydrolysis associated with plating or air agitation (sparging) of the liquid. The 
composition of the mist can be assumed to be the same as the bulk liquid. The data describe the mist 
evolution rate as a function of current “lost” (i.e., current that does not transport a metal ion to the 
cathode) in a plating process or as a function of the agitation air flow. Although the mist evolution from 
hydrolysis is typically much larger than that from sparging, air agitation bubbles can disrupt and 
subsume the gas evolution at plating electrodes and dominate the effects at the liquid surface. The 
transition in a plating tank from hydrolysis-dominated to sparging-dominated misting occurs at a 
relatively low air flow rate. The empirical data also describe the effects of several process parameters on 
the mist evolution rate. The general procedure described below has not yet been incorporated into 
AQUIS. 

‘ any process occurring in a liquid-filled, open-top tank, where the primary emission mechanism is 

AQUIS places process tanks and plating tanks in the same source category. The equations presented 
here apply to sparged process tanks and to sparged and unsparged plating tanks. Emissions are given by 

where 

= MR-H * c(X) * Hr-Op * L-Cath * CFs and 

= MR-S * c(X) * Hr-Op * A-Tnk * CFs 

= emissions of chemical with CAS number X from hydrolysis 
= emissions of chemical with CAS number X from sparging 
= misting rate [mV(min * m of cathode)] 
= misting rate[W(min * m2 of tank surface area)] 
= concentration of X in the solution (masshol) 
= hours of operation 
= length of the cathode for plating operations (linear units) 

(3) 
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= surface area of the tank (areal units) 
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The following sections provide equations for determining two uncorrected misting rates. Equations for 
the effects of other parameters are introduced next. Combining these equations provides equations for 
the misting rates needed to apply Eqns. 2 and 3. The equations presented below were developed from 
the reference by piecewise linear interpolation of graphs of empirical data. 

Misting from Hydrolysis. Hydrolysis arises from the portion of the plating cell current that does not 
produce plating; for plating processes using the same current, misting will be larger from those having a 
lower plating efficiency, that is, those that “lose” a larger portion of the current. The uncorrected 
misting rate from hydrolysis is given by 

(4) 

MR-H-Unc = 0.0328 * 4 for 0 rs\<50 
50 s % <lo0 
100 s 4 4 5 0  
150 s & 400 
200 5 & < 250 and 
250 s 4 rs 300 

= (0.0300 * I J  + 0.14 for 
= (0.0234 * IJ + 0.80 for 
= (0.0216 * &) + 1.07 for 
= (0.0188 * 4) + 1.63 for 
= (0.0168 * \) + 2.13 for 

where 
MR-H-Unc 
Ii 

= uncorrected misting rate from sparging ( d m i n  * m of cathode) 
= cathode current loss density (amp/m). 

No data were available for 4 above 300 amp/m. 

Misting from Air Sparging. Misting results from the rupture of bubbles of agitation air at the surface 
of the tank. At air flow rates less than 40 U(min * m2), misting from hydrolysis dominates misting from 
sparging. The following equations should not be used in nonplating, sparged tanks with air flow rates 
below 40 Umin * m2. The uncorrected misting rate from sparging is given by 

MR-S-Unc = (5.57 * 10-~  * F) + 0.01 (5) 

where 
MR-S-Unc 
F 

= uncorrected misting rate from hydrolysis [mU(min * in’)] 
= agitation air flow rate [U(min * m2 13. 

For both parameters, the area dependence in the units is the unit surface area of the liquid in the tank. 

Effect of Other Parameters. The experimental results also depended on other parameters. In 
particular, the effect of changing the following were measured: 

Temperature of the liquid, 
Surface tension of the liquid, 
Ventilation air flow across the surface of the liquid, and 
Freeboard height of the sides of the tank above the surface of the liquid. 

I 
13 

~ 
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The effects of these parameters were determined as a multiplier. Changes in the surface tension had no 
effect on the misting from air sparging. Changes in the other parameters had the same effect on both 
misting rates. 

The experimental results for a given parameter can be expressed as a series of linear equations for the 
corresponding multipliers. Cases for which the function is not strictly linear have been approximated by 
a set of linear segments. 

Effect of Temaerature. The uncorrected misting equations were developed at 50°C. Misting rates will 
be lower from tanks at lower temperatures and higher from tanks at higher temperatures. The 
uncorrected mist rate equations correspond to a liquid temperature of 50°C. The relationship between 
temperature and the misting rate multiplier is not strictly linear. A reasonable set of approximate linear 
segments follows. 

K-Temp 

where 
K-Temp 
T 

= 0.0070 * T + 0.591 for 
= 0.0079 * T + 0.564 for 
= 0.0120 * T + 0.400 for 
= 0.0199 * T + 0.005 for 
= 0.0272 * T - 0.433 for 
= 0.0290 * T - 0.559 for 

20 5 T < 30 
30 5 T e 40 
40 5 T < 50 
50 s T < 60 
60 s T < 70 and 
70 s T < 76.2 

= multiplier for the effect of temperature (dimensionless) 
= temperature of the liquid in the tank ("C). 

No data are available for liquid temperatures below 20°C or above 76.2"C. 

Effect of Surface Tension. Surface tension can be reduced by the addition of surfactants and has a 
large effect on the evolution of mist from hydrolysis. The uncorrected mist rate equation for hydrolysis 
corresponds to a plating bath with a surface tension of about 72 mN/m at 50°C. Over the measured 
range, the relationship between the misting rate multiplier and surface tension is approximately linear. 

K-ST = 0.005 * ST - 0.031 for 
= 1.0 for 

22 s ST .s 36and 
ST = 72 

where 
K-ST = multiplier for the effect of surface tension for hydrolysis (dimensionless) 
ST = surface tension (mN/m). 

No data are available for surface tensions under 22 n N m ,  above 72 mN/m, or between 36 and 
72 mN/m. 

(7) 

Effect of Ventilation Air Velocity. The rate of misting increases with increasing velocity of ventilation 
air across the surface of the liquid. The uncorrected misting rates apply when there is no ventilation air, 
that is, when the air velocity is zero. 
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K-VAV = 0.268 * v + 1.000 for 0 I v I 1.5 

where 
K-VAV 
V 

= multiplier for the effect of ventilation air velocity (dimensionless) 
= ventilation air velocity ( d s ) .  

No data are available for ventilation air velocities above 1.5 d s .  

Effect of Freeboard. The rate of misting increases when the distance between the level of the liquid in 
the tank and the tank rim (freeboard) decreases. However, increasing the freeboard above 16 cm has 
little effect on the misting rate. The uncorrected misting rates correspond to a freeboard of 16 cm. The 
effect is not linear, but a reasonable set of approximate linear segments follows. 

K-FB = -0.0634 * FB + 1.747 
= -0.0435 * FB + 1.548 
= -0.0348 * FB + 1.453 
= -0.0132 * 'FB + 1.198 
= 1.Ooo 

for 5.77 s FB < 10.00 
for 10.00 s FB < 10.92 
for 10.92 s FB c 11.81 
for 11.81 I; FB < 16.00 and 
for 16.00 2 FB 

where 
K-FB = multiplier for the effect of freeboard (dimensionless) 
FF3 = freeboard (cm). 

No data are available for freeboards less than 5.77 cm. 

(9) 

Corrected Misting Rates. The uncorrected misting rates given by Eqns. 4 and 5 can now be corrected 
for temperature, surface tension, ventilation air, and freeboard to give the corrected rates required by 
Eqns. 2 and 3. 

= MR-H-Unc * K-Temp * K-ST * K-VAV * K-Fl3 and 

= MR-S-Unc * K-Temp * K-VAV * K-FB. 

Overall Equations. Hydrolysis occurs only in plating tanks. In addition, no data exist for agitation air 
flows in excess of 1,200 U(min * m2), a regime in which misting from sparging should dominate. 
Taking this limitation and those noted in the above discussions into account, the recommended equations 
for plating and process tanks become 

for 0 5 F s 40 U(min * m2) 
for 40 I F I; 1200 
for 1200 F; and 

Qprocess (X) = Not available 
= Q S G )  
= Not available 

for 
for 
for 1200 < F 

0 I; F I 40 U(min * f in2)  
40 I F 5 1200 
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where 
QPlate(X) 

Qprocess (X) 

= emissions of chemical with CAS number X from sparged 
and unsparged plating tanks 

= emissions of chemical with CAS number X from sparged 
nonplating process tanks. 

Source Retention Profiles 
Several users have indicated the need to reduce the evaporative emissions of a limited number of 
individual chemical species obtained from the standard AQUIS calculations while leaving the emissions 
of other species unchanged. These requests have also expressed the need to reduce the emissions by 
different amounts in different sources using the same material, for example, reducing the emissions of 
several constituents of a particular grease that is used at ambient temperatures in some sources and under 
heated conditions in other sources. In such cases, users expect to have engineering estimates of the 
amount by which emissions of particular species are reduced below those predicted by a material. balance 
approach. In other words, the composition of the material not emitted is richer on a weight percent basis 
in certain constituents than the unused material. That is, certain constituents are retained by the source. 

The emissions of concern tend to be VOCs, and the situation is complicated by the users’ need to show a 
reduction in VOC concomitant with a VOC specie being retained by the source even when AQUIS may 
calculate VOC emissions from a value such as VOC content, a calculation unaffected by reducing 
emissions of a single constituent. 

To handle these situations, “source retention profiles” (SRPs) were introduced into AQUIS along with a 
calculation of VOCBYCONS discussed above. The concept of an SFW is straightforward. The user can 
define a set of profiles that give the weight percent of particular chemical species retained. These 
profiles can then be associated with a particular usage record for a particular source. When AQUIS 
calculates the emissions from the usage of that material from that source, it reduces the uncontrolled 
emissions of each chemical listed in the associated profile by the user-input weight percent: 

Q-Unc(X) = Q‘-Unc(X) if the associated SRP does not list the CAS 
number X and 
if the SRP lists X = Q’-Unc(X) * (1 - Wt%-Ret(X)) (13) 

where 
Q-Unc(X) = uncontrolled emissions of the constituent with CAS 

number X placed in the inventory 
Q’,Unc(X) = uncontrolled emissions of constituent X AQUIS would 

calculate without an SFU? 
Wt%-Ret(X) = weight percent of constituent X retained according to the SRP. 

SRPs thus act just like control devices that affect only particular chemicals. 

To continue the example, a user could apply separate “hot” and “cold” profiles to different applications 
of the same grease. The profiles might differ only in the retained percentage of a constituent of interest. 
Or, if appropriate, the profiles could be applied to sources using different materials whose emissions are 
judged to be affected by similar conditions. 
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If the constituent X is a VOC, the bottom-up calculations of VOCBYCONS on a constituent-by- 
constituent basis will show a reduction when the SRP is applied. The VOC may or may not show a 
similar reduction depending on whether it was calculated by a bottom-up procedure or from a parameter 
such as VOC content unaffected by changes in emissions of particular species. 

The concept of SRPs can also be used in other situations. AQUIS estimates emissions of isocyanates 
from polyurethane paints from the weight percent of isocyanates on the MSDS. This procedure 
overestimates isocyanate emissions, as they are largely bound by chemical reactions and only a fraction 
of them is emitted. Some MSDSs give a maximum amount of isocyanates emitted. An SRP could be 
developed using these data and applied to the polyurethane paint, thereby giving more accurate and 
reduced isocyanate emissions. 

CONCLUSIONS 

AQUIS is a system for storing frequently used information about air emission sources and materials, 
calculating source emissions, and generating reports. Since the original system was fielded, new 
regulations and changes in published emission factors and procedures have required regular updates to 
provide the user community with up-to-date capabilities. Users have also expressed the need for 
enhancements to the system. This paper has described the system, discussed some of the QA procedures 
used to ensure that system updates (including addition of new databases, addition of data to existing user 
databases, and restructuring of user databases) are accomplished without affecting the integrity of users' 
data. Extensions of published EPA procedures for polyester resin application and plating tanks have 
been described. The concept of source retention profiles included in AQUIS to handle situations in 
which particular constituents of a material are emitted at rates differing from those estimated by standard 
procedures has been discussed. 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 

' mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Table 1. Unique acronyms used by AQUIS. 

Acronym Meaning Explanation 

AQUIS Air Quality Utility The PC-based system. 
Information System 

XXCPD XX Compounds 

XXCPDASXX XX Compounds as XX 

VOCBYCONS VOC by Constituents 

The categories of compounds defined by air 
toxic regulations. XX is the chemical 
symbol of the naming element, usually a 
metal. XXCPD includes the full weight of 
the compound in the category. For 
example, 10 lb of CdC1, contributes 10 lb 
to the CDCPD category. 

The categories of compounds defined by 
TRI regulations. XX is the chemical 
symbol of the naming element, usually a 
metal. XXCPDASXX includes only the 
fraction of a compound’s weight accounted 
for by the naming element. For example, 
10 lb of CdCl, contributes 6.2 lb to the 
CDCPDASCD category. 

A “bottom up” calculation of VOC obtained 
by adding all speciated emissions that are 
v o c s .  

POMBYCONS Polycyclic Organic Matter by A “bottom up” calculation of POM for 
Constituents combustion sources obtained by adding all 

speciated emissions that are POMs. 
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