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ABSTK_CT
A unique methodology, was developed for conducting an air emission inventory,
(AEI) at a DOE nuclear processing facility. This methodology involved the use of
computer-assisted design (CAD) drawings to document emission points, computerized
process drawings to document industrial processes leading to emissions, and a
computerized data base of AEI forms to document emission estimates and related
process data. A detailed air emissions inventory for operating years 1985-1991 was
recently implemented for the entire site using this methodology. One industrial area at
the DOlE Site is comprised of laboratory facilities that provide direct support to the
nuclear reactor and recover,,, operations, developmental studies to support reactor and
separation operations, and developmental studies to support waste handling and storage.
The majority of the functions are conducted in a single large building complex wherein
bench scale and pilot scale experiments are carried out involving radionuclides,
hazardous air pollutants (HAP), and other chemicals reportable under the Clean Air Act
Amendments (CAAA) and Superfund Amendments and Re-authorization Act (SARA)
Title III. The results of the inventory showed that HAP and radionuclide emissions from
the laboratory, complex were relatively minor.
INTRODUCTION
The Department of Energy (DOE) maintains a nuclear processing facility at
the Savannah River site (SRS) near Aiken, South Carolina. The SRS is bounded on the
South by the Savannah River which forms the border between South Carolina and
Georgia. The SRS covers portions of Aiken, Allendale, and Barnwell Counties in South
Carolina (more than 300 square miles) and employs 26,000 people. The primary mission
of SRS is to produce tritium, plutonium-239, and other materials for nuclear and

_- _-_

J

i

,

°

•

thermonuclear weapons. These materials are sent to DOE facilities elsewhere in the
United States for fabrication into weapons components 1.
The SRS contains five nuclear reactors constructed during the 1950's. Of these,
only the P, K, and L Reactors remained operational by 1990. These facilities are used
exclusively to irradiate target assemblies to produce special nuclear materials and are not
used to produce heat energy or electricity. The Defense Waste Processing Facility
fDWPF), started up in 1992, is the largest glassiffcation plant in the U.S. This plant will
immobilize the 34 million gallons of radioactive waste that have accumulated since 1954.
Low-level radioactive wastes, such as contaminated equipment, tools, and clothing, are
buried in the low-level waste burial ground.
Another facility at the SRS is the Savannah River Technical Center (SRTC).
The job of SRTC is to support the operations at the SRS with engineering services and
research and development.
Three major programs provide this support. Program One
provides technical support for the chemical separation processes and conducts
environmental studies. Program Two supports the reactor operations, assists in the
manufacture of fuel and target assemblies, and provides computer support services.
Program Three conducts research, helps develop new processes, and provides technical
support for radioactive waste management.
Westinghouse Savannah River Company (WSRC) is responsible for operating
the SRS. To meet current environmental goals and requirements, WSRC determined
that a comprehensive air emission inventories (AEI) was required. The technolog3'
employed was required to be consistent with other technologies and systems used at the
Site.
Procedures

and Methodologies
Standard operating procedures were developed for conducting the AEI and
car_'ing out qualiD' assurance (QA) procedures". These procedures address the
production of technical products associated with the AEI, namely, AEI field data forms
(including process data and emission calculations), computer-assisted
design (CAD)
drawings to document the locations of emission points, and process diagrams to
document the industrial process associated with each emission point. The physical
products of the AEI consisted of a large number of hard-copy files and computer files
that contain the documentation of emission points. One file folder was used to organize
the hard cop), outputs for each emission vent and each administrative vent (an air stream
that contains no pollutants) for every building.
Each emissions vent folder contained one set of AEI Field Data Forms, one
process drawing (one or more pages), a CAD drawing for the whole building, and one
set of field notes. Each administrative vent folder contained page one of seven pages of
the Field Data Form (containing basic building information) and one CAD drawing for
the building. Each fugitive emissions folder contained the same items as the emission
vent folder, namely, field data forms, CAD drawings, and a process diagram. One set of
field data forms was used to record information relating to multiple processes within the
building. For example, one building could contain surface coating operations, solvent
degreasers, welding, and abrasive cleaners and would require fugitive emissions
information on all four processes.
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CAD Drawings
One product of the AEI was a CAD drawing for each building to document
emission points and vents from buildings and to document fugitive emissions from
defined areas (e.g., an outdoor hazardous waste storage area). Intergraph software was
used to produce these drawings because the CAD drawings were to become components
of a computerized drawing system already established at the Site. The emissions data
layer was one of 43 layers of data for each building.
CAD software always produces dravAngs in 3-dimensional space, but the paper
copies required for the AEI consisted only of plan views of buildings, at the request of
WSRC. Each building drawing was a "zoom" of a larger drawing file covering one of the
geographic areas within SRS that was addressed by one task order (e.g., Central Shops,
D-Area, or Savannah River Technical Center).
For each building or defined area, a base drawing supplied by the WSRC that
provided one or more layers of data items that had already been developed, in
particular, the building outline. The air emission data were applied to these base
drawings. To help produce the air emission point drawings, algorithms were developed
for standardized features such as:
• A border for the hard copy of each building. The left border showed the
Site logo and title block, and the right border contained the company logo,
signature blocks, and drawing number.
• A legend block.
• A wind rose for each area subject to the AEI, based on wind data previously
collected at a selected meteorological station at the site.
• A pair of arrows showing North and Plant North.
The plan view of each building contained these elements:
• The coordinates of one corner of the building expressed in the SRS
coordinate system. In this system all locations are expressed as the number
of feet east and north from a reference point specific to SRS.
• Emission stacks and vents were represented by a circle or rectangle and
labeled with the emission ID code.
• A legend block listing the ID codes for all emission points on the drawing.
• A center-of-mass marker in the center of the building. All fugitive emissions
from the building were assumed to be emitted from this point.
In addition to buildings, certain outdoor areas were considered to impart fugitive
emissions. For example, outdoor plant or cheraical storage pads may leak to the
atmosphere.
The plan view of each fugitive emission area featured the following
elements:
• The area of fugitive emissions was defined by a series of 4 to 6 straight
dashed lines. The coordinates were given for each intersection of lines.
• The center of mass of the defined area was identified by a center-of-mass
marker.
• In the legend block, the identification codes and the corresponding
descriptions were listed for every fugitive source.
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Process Diagrams
A second product of the air emissions inventory was the process diagram.
These drawings documented the industrial processes assoc/ated with the air emissions
from buildings (An example of a process diagram is presented in Figure 2). A MacDraw
Program for this purpose. Each process diagram had the following characteristics:
• The d/agram showed the relationships between key components of the
industrial process. Standard symbols were used for each item of equipment.
For example, arrows showed the flow of materials through the process; solid
lines with arrows showed the flow of fluids and solids, and dotted lines with
arrows showed the flow of air leading to the ambient air.
• A special border was developed for process diagrams. The left border
showed the SRS logo and title block, and right border contained a company
logo, signature blocks, and drawing number.
• A title block showed the SRS area name, the building name or code, and
the name of the process being described.
• When a process was too complicated to be shown on one sheet, it was
subdivided into a series of related processes that could be shown on a series
of diagrams. An arrow from one process pointed to the name of a related
process show on a separate related sheet.
• When the process had changed between 1985 and 1990 (the years specified
for em/ssion estimates) information for different years were shown on the
same sketch. For example, a cross-hatch area showed an underground tank
that was present in 1985, but was removed in 1991.
,_EI Field Data Forms
The principal means of documenting data from the field and reporting these
data was the AEI Field Data Form, a series of computerized and hard copy forms, some
of which had multiple pages. The main form was called the AEI Data Form and was
used for every emission vent or area. Twenty-six subsidiary forms were used when
particular circumstances required their use, such as forms for degreasers, external fuel
combustion processes, or abatement devices such as high efficiency paniculate (HEPA)
filters. Page 1 of the AEI Data Form contained basic building and process information
and was filled out for all vents, including adm/nistrative vents. The forms were created
using Filemaker software. Once they were filled out, much of the data were entered into
an Oracle data base system. Through this system data from the forms and the CAD
drawings to be linked together in a common system, and may be cross-referenced and
retrieved.
The AEI field data forms used the SRS coding system which included a code
for em./ssion vents or stacks, a code for emission sources, a code for control devices, and
a monitor ID code. Several of these are multi-part codes, used in the following
circumstances:
• For process sketches, all codes were used. Each stack or vent was labeled
with an emission ID. Each emission source, e.g., boiler, welding table, or
paint booth was labeled with a source ID number. Each emission control
device, e.g., ESP, filter, or baghouse, was labeled with a control equipment
ID number. (A cyclone for coarse separations was considered a process
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component and was given a source ID number.) Each monitoring device,
e.g., opacity transmissometer, was labeled with a monitor I19number.
• For Field Data Forms, all codes were used.
• For CAD drawings, only the emission source 119codes were used.
Application of AEI Methodologies at SRTC
The Savannah River Technical Center (SRTC) was established in 1951 as an
applied research and development laboratory. The SRTC supports the operations at
SRS through research, development, and demonstration studies. The principal support
activities include fuel fabrication, reactor charge design and accident analysis, materials
studies, waste management, simulated tritium extraction and storage, and environmental
studies. Recently, efforts in the areas of safety studies and environmental assessment
and restoration are receiving emphasis. This section discusses the approach taken to
estimate and allocate air emissions f'or a major laboratory facility located in the SRTC
area.
_MainSRTC La_b0ra_Iory.The main laboratory work is conducted in building
773-A. As shown in Figure 1, the building occupies the majority of the SRTC area and
measures approximately 300 feet in width by 600 feet in length. The building is
composed of six wings with multiple floors housing more than 100 individual laboratory
rooms, several low and high level radiological shielded cells, several high bay areas,
several machine shops, and general admirListrative and support facilities. Because of the
complexity and radiological nature of the operations conducted in the main laboratory,
the building has a sophisticated ventilation and exhaust system. A simplified process
flow diagram showing the ventilation and exhaust system is shown in Figure 2. As
indicated by this diagram, the air emissions inventory for this building included glove
boxes, laboratory hoods, process drains, shielded cells, intermediate level cells, high bay
areas, and mechanical areas that are potential emitters of criteria pollutants, Clean Air
Act (CAA) Title III hazardous air pollutants, CA& Title VI ozone-depleting chemicals,
National Emissions Standards for Hazardous Air Pollutants (NESHAP) pollutants,
particulate matter (PM):o, and SARA Title III, Section 313 chemicals. The air streams
from these sources are collected and exhausted using three separate ventilation systems:
a standard duct system, a vacuum system, and a high and low radiological activity drain
exhaust system. The airborne pollutants in ventilation systems are controlled through the
use of multiple banks of HEPA filters, charcoal filters, and a large sand filtration device
that received air streams from the laboratory ventilation systems. A solution to estimate
source emissions had to be devised to address the multiple emission sources, multiple
types of pollutants, multiple control and exhaust systems, multiple types of pollutants,
and multiple years of varying operations.
_Estimation_and Allocation_ofNo_adionucli¢le Emissions. The nonradionuclide pollutants included in the inventory were the criteria pollutants, Clean Air
Act (CAA) Title III hazardous air pollutants, CA& Title VI ozone-depleting chemicals,
PM_0,and SARA Title III, Section 313 chemicals. The majority of non-radionuclide
emissions, however, were from the use of solvents (i.e., volatile organic compounds) and
acids.
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The field survey portion of the inventory consisted of a prearranged visit to
determine the types of sources in each wing, each section, and each individual laborator3,
room within the laboratory complex. The use of chemicals and radionuclides were
determined for years 1985 through 1991. Data obtained from this survey included the
throughput of acids and solvents. Chemical usage data were obtained from the site
survey of laboratory personnel as well as from documented inventory purchasing records.
IB_¢d on conversations with laboratory custodians and documented operating
procedures, the chemical usage data from the laboratory as a whole were apportioned to
the individual processes (e.g., glove boxes, laboratory hoods) located in each laboratory
room. If sufficient data were not available, the usage of a particular chemical was
assumed to be evenly distributed among all the processes located in the laboratory. For
the purpose of this study, the usage of solvents for operating years 1985 through 1990
were assumed to be equivalent to usage in 1991.
The methodology for estimating air emissions from various laboratory rooms of
building 773-A assumed that no fugitive air emissions occurred. This was assumed even
in those cases where the chemical was handled outside an enclosed capture device, such
as a glove box or laboratory hood. The basis for this assumption was the design of the
building ventilation system. To minimize the risk of radionuclide exposure and
contamination, many of the lab rooms were kept under continuous negative pressure. As
a resolt, any air entering the building was eventually exhausted through one of the
ventilation systems to one of the three existing stacks.
The amount of uncontrolled solvent emissions generated by the various lab
procedures was assumed to be equivalent to the total solvent throughput (i.e., 100
percent volatility was assumed). This assumption was based on the high vapor pressures
of the solvents used by the laboratories (e.g., acetone, methanol, ethanol). Typical
solvent vapor pressures were greater than 10 mm mercury. Although some of the solvent
may have been disposed into laboratory sinks, this solvent eventually volatilized and was
captured by the drain ventilation system. This assumption was also supported by tests of
waste _,'ater samples that showed low concentration levels of solvents (i.e., parts per
billion range or lower). The majority of processes had no VOC emission control device;
therefore, controlled VOC emissions were equivalent to uncontrolled emissions. For
those processes equipped with charcoal filters, a paniculate control efficiency of 95
percent was assumed, based on engineering judgement.
E_imali0nand A]10c.a.ti0nof RadJ_onu¢lideEmissiolls. Radionuclide-containing
material in the form of a gas, liquid, or solid was handled and processed in glove boxes,
intermediate level cells, radiological lab hoods, and shielded cells located in building
773-A. Radionuclide emissions from these processes were collected and exhausted using
three separate ventilation systems. The ventilation systems are also controlled through
the use of multiple banks of HEPAs, charcoal filters, and a sand filtration exhaust
device. Although the majority of releases were that of particulate matter containing
radionuclide material, gaseous radionuclide releases were also present.
As in all air emission inventory studies, actual stack monitoring data is
preferable to engineering estimate techniques and such data were used in this study. In
addition, the extremely low throughput rates (i.e., microgram to kilogram levels) and the
methods by which radionuclide containing materials were processed (e.g., typically
dissolved in solutions) meant that typical engineering air emission techniques could not
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be applied. Instead, published emission reports and monitoring data from the WSRC
Health Protection and Environmental Department were utilized. These data were used
to determine stack-specific radionuclide emissions for all operating years 1985 through
1991. To allow a proper pollution control strategy to be devised, these measured
emissions had to be allocated to the individual sources within the various laboratory
rooms.
Regardless of the extensive field survey, historical radionuclide usage
information by unit process were lacking. Furthermore, plant personnel reported that
the reported measured releases were not due to concurrent operations conducted at the
time of the release, but were caused by intermittent releases of materials lodged in the
ventilation system from previous operations. Based on this information, releases were
evenly divided among all of the sources handling radionuclide material. The estimates of
uncontrolled emissions for each process were based on the appropriate control device
present on that particular process. Based on information provided by plant personnel,
the removal efficiencies for charcoal filters controlling gaseous emissions were 99.9
percent and the efficiencies for HEPA filters and the sand filter controlling particulates
were 99.97 percent.
Eight different models were evaluated for the purpose of estimating the
contributions from all sources to the measured radionuclide emissions; however, model
selection was limited by' the paucity of data concerning chemical usage. A simple
allocation model (Model No. 1) was chosen as follows:
K - I/N.R
where:
Xj =
N =
R =

estimated source emission rate for a source in a laboratory room
number of radiological sources throughout the
total stack emission rate from all sources, as measured by stack emissions
tests.

This model assumed the following:
• The contribution of each source (e.g., gad hood, glove box) is equal
• The contribution of each source is unaffected by the way in which the
radionuclide material was processed or handled.
• The contribution of each source is unaffected by reported radionuclide
throughput
• The contribution of each source is unaffected by the activity of the
radionuclide used and its associated daughter products.
This approach is the simplest of all models. The advantages are that no additional data
and no additional steps are necessary to distribute emissions from a laboratory level to a
source level.
An Alternate __M_hod of Allocating R.a.dk'gn_uclM_
Emissions. An alternate
model that requires further information was recommended for future use at the
laboratory. It does not require as many of the simplifying assumptions of Model No. 1,
but still requires only a modest increase in data collecting, The model addresses the
emission rate from each laboratory. (L) as follows:

,t

J

3c
L, = K/=1J

(R)

£ j)(Ikj)

k=l j=l

where:
K = total number of individual alpha sources, beta-gamma sources or radionuclide
sources
J = total number of radionuclide materials associated with source k (alpha, beta.
gamma or a specific radionuclide)
Akj = specific activity of radionuclide material j (Ci/g) associated with the kth source
R = total emission rate from all laboratories
I_,j= weight of radionuclide material j (g) associated with the kth source.
Note that R and Lk may represent either total alpha, beta-gamma sources or a specific
radionuclide emission rate. The denominator in this model represents the total activity
in Curies of all radionuclides of interest present in all of the sources. The numerator in
this model represents the total activity in Curies of all radionuclides of interest in source
k. This model assumes the following:
• The source contribution is proportional to the weight of radionuclide
material present
• The source contribution is proportional to the specific activity of the
radionuclide material present
• The source contribution is unaffected by the activity of the radionuclide
daughter products
• The source contribution is unaffected by the way in which the radionuclide
material is processed.
This approach is an improvement over model No.1 because it takes into
account both the varying usage rates and the radionuclide activity of all materials
handled, data that will be collected in the near future at SRS. However, it still does not
account for the activity of daughter products formed from the decay of radionuclides and
does not take into the account the means by which the radionuclide material arc
handled. Further data collection is warranted to develop better data to more accurately
estimate radionuclide emissions when multiple process exhaust to a common stack.
RESULTS AND DISCUSSION
Selected HAPs and radioactive emissions were chosen to illustrate the
estimated actual emissions from the SRTC for a sample year (1990) to compare with
emissions estimated for the Site as a whole. Table 1 shows estimated air emissions for
the chemicals benzene, phenol, toluene, and xylene from the two main stacks at the
laboratory complex. Estimated emissions from PM10are also shown. Emissions from the
selected HAPs are small, although phenol emissions are two orders of magnitude greater
than the other chemicals. Possibly this is due to phenol being a major constituents of
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many standards used in laboratory tests. The SRTC appears to be a very nfinor
contributor to the total PM10 emissions from the Site.
According to the estimates, radioactive emissions from the SRTC are small, but
constitute a substantial percentage of some typse of total radioactive emissions from the
Site. As listed in Table 1, SRTC contributes 63.03 percent and 99.37 l_nt
of the total
alpha radiation and beta radiation, respectively. For the particular radionucl/de
plutonium 239, SRTC contributes 86.63 percent of the total em/ssions to the atmosphere.
SRTC contributes none (0.00 percent) of the radioactive emissions of cesium 137, 1.676
percent of the iodine 129, and approximately one ten-thousandth percent of the
strontium 90 emissions.
These results show that the emissions from SRTC are relatively minor in
magmtude. For HAPs these emissions are minor in comparisor_ to the total Site
emissions. Radioactive emissions are relatively low, although in some cases the SRTC
emissions are the predominant contribution from the Site. These low levels may be
considered as evidence that the high level of emissions control and filtration is working.
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Selected HAPs errdssions in tons/yr
Benzene

5.099E + 00

1.808E-03

0.04

Phenol

1.852E-02

1.092 E- 03

5.90

Toluene

1.378E + 00

5.325E-03

0.39

Xylene

1.653E + 01

4.327E-03

0.03

PM10

5.027E + 02

1.040E-06

0.02E-5

, .

Selected radioactive

,.,,.

,

5.345E-06

3.369E-06

63.03

Beta radiation

2.879E-03

2.861E-03

99.37

Cesium 137

7.892E + 03

0.000E + 00

0.00

Iodine 131

7.375E-03

1.234E-04

1.67

Plutonium 239

6.822E + 00

5.910E + 00

86.63

Strontium 90

8.876E +01

9.006E-06

1.01E-05

_
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emissions in curies

Alpha radiation
,

,

,
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Figure 1. Plan view of the Savannah River Technology Center and Building 773-A.
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Figure 2. Simplifiedprocess diagram for the ventilation system for Building 773-A.
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