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SAFETY ANALYSIS REQUIREMENTS

L. W. Little
Oak Ridge Natijonal Laboratory(a)
Oak Ridge, Tennessee 37830

Safety Analysis, CPCF, Hazards, SAR
ABSTRACT

Waste management projects can be impacted as a result of the safety ana-
lysis process. Safety assessments, preliminary safety analysis reports,
final safety analysis reports, and operating safety requirements: all

of these documents may be needed to sufficiently evaluate both the pro-
babilities and the consequences of safety risks identified in a process.
The identification of high risk hazards during the safety documentation
process can result in either the elimination or of corrective changes in
portions of the process design. g?ed on t?epr$?ent preparatjon of an

FSAR_for the Oak Ridge Y-12 Plant(a) Centra ution Contro
Facility, this paper will summarize safety analysis requirements and

will attempt to illustrate the reasoning behind these requirements.

INTRODUCTION

The primary purpose of the safety analysis process is to assure
that a thorough review and documentation of safety concerns for all DOE
operating activities are performed. The major emphasis lies with main-
taining control over hazardous materials and operations that pose risks
to the safety and/or health of operating personnel or the general
public. Unique and unusual safety problems are highlighted. However,
to prevent redundancy, routine industrial safety precautions are not

(a)Operated for the U. S. Department of Energy by Union Carbide
Corporation, Nuclear Division under Contract W-7405-eng-26.
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addressed in the safety analysis literature. Five major objectives have
been identifiedls2s for the overall safety analysis process, to assure
that:

1. Potential hazards are systematically identified,

2. Potential impacts are analyzed,

3. Reasonable measures have been taken to eliminate control,

or to mitigate hazards,

4, There is documented management authorization of the

operation, and

5. The funding level to accomplish an adequate level of safety

is identified.

There is some interfacing in the material presented in a safety
analysis document and in an environmental analysis document.
Particularly in waste management projects, where the presence of poten-
tially hazardous and/or toxic substances is likely, the same scenarios
may be evaluated in both review processes: atmospheric releases of
noxious gases, liquid spills, consequences of inadequate waste
treatment, etc. The difference between the two reviews is that,
generally, a safety analysis concentrates only on the personnel and
public health hazard aspects, while an environmental analysis considers
these aspects as well as the effects of wastes on the surrounding animal
and plant 1ife, climatic effects, aesthetic aspects, and the overall
ecological balance.

In order to better understand the philosophy of safety analysis,

the following basic definitions are presented:



Safety System: Generally consisting of equipment and/or hardware, a

safety system is that component of the facility that assures that opera-
tion will not pose undue safety risks. The function of the safety

system may serve to: maintain hazardous materials containment, prevent
occurrences of nuclear criticality incidents, or generally preclude the

occurrence of a significant process hazard.

Administrative Controls: Functionally similar to safety systems, admi-

nistrative controls serve to prevent process hazards from occurring.
However, personnel action is the catalyst of prevention rather than a

piece of mechanical hardware.

Configuration Control: Configuration control is a procedure taken to

identify and document all physical and functional safety characteristics
of a facility and to ensure that all changes to these systems are

controlled and documented.

Safety Assessment (SA): This brief document serves primarily as a

screening process: to determine if significant safety hazards exist in
a given project, and if so, to establish the need for further documen-

tation in the form of a safety analysis report.

Preliminary Safety Analysis Report (PSAR): This document serves to

identify the basic safety systems and administrative controls required
in the facility design and operation, and to analyze the expected be-

havior of those safety systems for all reasonable accident situations.
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Final Safety Analysis Report (FSAR): This document describes how the

safety systems identified in the PSAR were incorporated into the design,
provides detailed analyses showing that safety systems provide an accep-
table level of safety, and establishes a basis for the preparation of
the OSR. The FSAR becomes the SAR document of record.

Operations Safety Requirements (OSR): Based on the information pre-

sented in the FSAR, the OSR defines the operating conditions, safety
boundaries, and administrative controls necessary for the safe operation

of the facility. The OSR is also a document of record.

SAFETY ANALYSIS REQUIREMENTS

The effectiveness of the safety analysis effort is in some way
related to its scheduling, relative to the facility design schedule.
Figure 1 illustrates the preferred interaction between design and safety
documentation schedules. Prior to submittal to DOE for review and
approval, all forms of safety analysis documentation must be internally
reviewed by the design team, and accepted by the Safety Analysis
Committee. This committee, chaired by the Safety Department head,
includes the Plant Emergency Director and representatives from the
Operation, Engineering, and Radiation Safety Divisions.

Safety analysis documentation will be prepared for all new and
existing facilities, and all modifications to existing facilities. In
many cases, only a Safety Assessment will be required; in some cases,
such as those listed in the October 1979 “Hawkins" letter3s exceptions

are granted by the Safety Analysis Committee and a formal SA is not
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required. In certain situations, where only small, predesignated quan-
tities of hazardous materials are handled (e.g., in a laboratory), a
1imiting condition OSR can accompany the SA, and the requirement for the
SARs can be waived}. Otherwise the PSAR follows the SA, and the FSAR
and OSR are prepared to complete the safety documentation process. The
PSAR step is not relevant for existing facilities, since the opportunity
for design input at this poinp is nonexistent. The basic logic of
determining what safety documentation is required is illustrated in

Figure 2.

SAFETY ANALYSIS OF CENTRAL POLLUTION CONTROL FACILITY (CPCF)

A specific recent example of the safety documentation effort is the
FSAR for the Central Pollution Control Facility, which is part of the
1981 1ine item, Control of Effluents and Pollutants, Phase I. Because
of special DOE-ORO waivers, no PSAR was prepared for this facility;
hence, some overlapping between PSAR and FSAR requirements resulted.
Safety systems and administrative controls are identified, reasonable
accident scenarios are presented, and detailed analyses of safety levels
are performed. Following a brief description of the CPCF, a summary of
the safety analysis effort will be discussed.

The CPCF will provide for the storage, treatment, and disposal of
aqueous inorganic waste streams generated at the Y-12 Plant. These
wastes, comprising approximately a 700,000-gal. annual demand on the

CPCF, include pickling and plating shop liquid effluents, plating shop
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floor wastes, U/Be - contaminated wastewater generated in the fabrica-
tion areas of Buildings 9401-2 and 9201-5, and spent scrub solution from
the HF Scrubber systems in Buildings 9206 and 9212 (part of the same
line item).

A generalized block flow diagram of the CPCF is shown in Figure 3.
Basically, there are two paths of waste treatment in the CPCF, with a
certain amount of interaction between the paths. Dilute mopwater
characterizes about two thirds of the incoming waste solutions, and will
be treated primarily by flocculation in a reactor-clarifier system. The
more concentrated incoming waste streams will be stored in the CPCF
basement, tested in the CPCF laboratory to determine their optimum
treatment method, and batch-treated in process reactors for neutraliza-
tion and precipitation of heavy metals. The resulting reactor slurry
will be settled, then dewatered via filtration. The liquid effluents
from both the mop water treatment and the reactor/settler systems will
be discharged to a set of effluent basins and sampled thoroughly before
being released to the storm sewer as treated wastes. Sludges from the
filtration units will be drummed for disposal in existing Y-12 burial
grounds.

The CPCF will be housed in a new four story building situated
within the security fencing of the exclusion area at the Y-12 Plant.

Inherent in the safety analysis process is the evaluatjon of acci-

dent scenarios with respect to their estimated probabilities of
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12

occurrence and their consequences if the event does occur. Four cate-
gories have been established for approximating accident probability:

1) probable - event will occur several times during the life of the
facility; 2) likely - event is likely to occur sometime; 3) unlikely -
event is unlikely to occur; and, 4) remote - the probability of
occurrence is so small that it can be assumed it will not be
experienced. To qualitatively evaluate the consequences of an
occurrence, four categories are utilized: 1) catastrophic - may cause
on-site deaths or severe impact on off-site personnel; 2) critical - may
cause severe on-site injury, severe occupational illness, or major impact
on off-site personnel; 3) low - may cause minor on-site injury, minor
occupational illness, or minor impact on off-site personnel; and,

4) negligible - will not result in significant on-site injury, occupa-
tional illness, or provide a significant impact on off-site personnel.
Several groupings of the probability and consequence categories can be
made; the resulting combinations can be equated to several general
levels of risk. An example of such a risk assessment is presented in
Table 1; however, depending on the specific case in question, varying

risk levels may be assigned to probability/consequence pairs.
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Table 1: Risk Assessment Example

Probability Consequence Relative Risk Level

Medium Negligible Very low; not addressed in safety
analysis documentation

High Low Low; discussed in SARs to demonstrate
low consequence

Medium Significant Significant; lower risks insignifi-
cant, higher risks unacceptable;
analyzed at length in SARs to
demonstrate the adequacy of/need
for design features.

Remote Any level Low; not analyzed due to lack of
credibility.

Medium-High High Unacceptable; analyzed in detail in
SARs to demonstrate necessity of
prevention.

The accident scenarios addressed in the CPCF FSAR are those ini-
tiated by: failure of passive equipment when the design parameters are
exceeded; failure of active equipment to perform as required; operator
error; or, natural phenomena. Since the CPCF is by definition a chemical
waste treatment facility, quantities of toxic or hazardous substances are
usually present. Thus, in the consideration of facility hazards, the
various aspects of toxic material safety was stressed. The significant
accident scenarios were grouped in the following manner: 1) leaks,
spills, and sprays of waste solutions; 2) explosions from either the
too rapid addition of chemical reagents or the generation of explosive
gases; 3) atmospheric releases of toxic or noxious substances; 4) building

releases of toxic or noxious substances; 5) inadequate waste treatment;
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6) the loss of utilities; 7) the occurrence of an 2arthquake, tornado,
or flood; and, 8) the impact of adjacent facility operations. Each of
these scenarios was evaluated, and the risk level was determined.

As a result of the evaluation, two safety systems were identified:
1) the sealed exhaust system for the chemical storage treatment equip-
ment prevents noxious or toxic gases from entering the CPCF building;
and, 2) the heating and ventilation system is relied upon to clear the
building of any fumes resulting from a large spill. Administrative
controls identified for the safe operation of the CPCF included recom-
mendations to: require protective clothing in the process areas
hand1ing hazardous chemicals; assure communication between the CPCF
laboratory and the operating area via written instructions for treating
waste batches; adhere to restrictions on incoming waste composition;
promptly clean up any chemical spills; prevent the sludge product from
drying out and allowing dust to be a concern; and sample effluent basin

solutions prior to storm sewer discharge.
CONCLUSION

In summary, the safety analysis effort is generally documented by
the production of a safety assessment, and if determined necessary,
preliminary and final safety analysis reports and an operations safety
requirements document. In the preparation of the FSAR for the Central
Pollution Control Facility, both the probabilities and the consequences

of various accident scenarios were evaluated, and the risks of operating
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the facility were determined. Since the CPCF is a waste treatment
facility, many of the accident scenarios considered, deal with potential
waste releases, both to the immediate area and to the surrounding
environment. While the safety analysis documentation evaluates the
personnel health and safety aspects of such a release, often the same inci-
dents must be analyzed from an environmental standpoint when determining

-the overall effectiveness of the treatment facility.
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PREPARATION OF COMPUTER DATA BASES FOR
ENVIRONMENTAL PROTECLLUN

W. F. Ohnesorge and D. P. Carnes
Department of Environmental Management
Industrial Safety and Applied Health Physics Division

R. L. Haese
Computer Sciences

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
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ABSTRACT

Organizations which handle massive amounts of environmental data
must use computer data bases to keep record costs as low as practicable
and to make possible the efficient and timely assessment of the environ-
ment. This paper will review the basic steps necessary for planning,
programming, testing and documentation of a computer program.

INTRODUCTION

Computer based environmental data systems should be implemented
before increasing data and reporting requirements cause breakdowns in
data verification, report production, and manpower use. There are basic
steps to be followed in this process and this paper will attempt to
review each step. There are several reasons for advancing to computer
data bases for environmental work and these include: greater quality
assurance, savings of time and money, ease of complying with the many
varied existing regulations, quick, convenient retrieval of specific and
general environmental data by location, time interval or other para-

meter, and ease of data analysis (graphical or statistical).

*Research sponsored by the U. S. Department of Energy by Union Carbide
Corporation Nuclear Division under Contract W-7405-eng-26.
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PREPROGRAMMING STEPS

To begiq computerizing any data, all data and information must be
assembled for review. Collection information, parameters, locations,
sample types, field and analytical analysis data must be determined by
the environmentalist and the systems analyst for incorporation into the
data base structure. All existing and proposed regulations that apply
to the environmental system being computerized must be reviewed and
incorporated either into the data base structure or the programs which
run against the system. As requirements change, changes will be made to
the data base structure, the programs, or both.

Inherent to environmental data are acceptable limits for each para-
meter measured since regulations that apply to specific environmental
systems generally have rigidly defined compliance ranges. These limits
can be incorporated into th; data entry programs for earliest detection
of violations and/or data entry error trapping. This facilitates a
higher degree of quality control of environmental data and alerts super-
vision to problems that the field and lab technicians may be having.

The regular reporting programs can be structured such that they
report the environmental data according to the needs of various user

groups.
PROGRAMMING

Generally, at this time the total package is ready for the computer
programmer to begin programming. Intensive sessions occur among the
systems analyst, programmer and generator reviewing data character-
istics, present procedures and computerization objectives. The systems
analyst and programmer must become as familiar with the procedures as
the generator in order to create a useful and useable program. By
understanding the data flow beginning with the laboratory analysis
group's measurement processes, such problems as the resolution of
standardized reporting units can be affected before actual data begins

to flow through the system. Also, if the analysis group's data storage
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media is computer oriented (tape, disk, etc.), the programmer may be
able to take advantage of a direct transfer of the required data from
system to system.

During the process of creating the system, the programmer generally
uses real data to test the program modules. The generator will be asked
to supply valid and invalid data and to operate the test program. At
this time, most program problems will be uncovered and resolved. The
generator and programmer must realize that they are developing a system
highly subject to change for individuals who may be unfamiliar with the
specific data, limits and units. The system should be given a trial run
with real data, invalid data, noncompliance data and false data. If the
programs operate efficiently using the above data, then a person unfami-
liar with the data should try the programs. Usually, one or two entry
type problems will occur. This happens because the programmer and
generator are familiar with the data but others may not be aware of
different facets inherent to the data. After all testing and debugging,

the system is now ready for general use.

TRAINING AND DOCUMENTATION

Technicians will need to be trained to operate and use the computer
programs. Documentation of the programs can occur before or after the
technician has begun general use of the system. Documentation should
include operator-user instructions, programming documentation and spe-

cific use and parameter limits used to develop the program.

SUMMARY

As can be seen by the steps involved in programming environmental
data, greater quality assurance results from the computer program alert-
ing the user to violations of entered data. Savings of time and money

result from supervision being relieved of generating and calculating
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data for report purposes. With parameter limits programmed into the

computer program, complying with the many varied regulations is facili-
tated. Reports can be printed instantaneously of any violations and
invalid or false data entered by technicians. This assures that super-
vision can review those specific occurrences instead of all generated
data. More efficient data review can be accomplished by asking for a
specific location or time interval, thus speeding the review process.
In general, computerizing environmental data results in increased
quality assurance and control, better utilization of technician and
supervision time, and overall savings of time and money. Any time a
system can be accomplished more efficiently, the company involved re-
duces the risk associated with noncompliance of environmental regula-
tions. Efficient computer utilization promotes better surveillance and
immediate assessment of various processes occurring in the environment

because of processes occurring internally or externally at the plant
facility.
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THE USE OF DOE/RECON IN ENVIRONMENTAL PROTECTION

W. A, Alexander
Industrial Safety and Applied Health Physics Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
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ABSTRACT

DOE/RECON is an interactive on-line information retrieval system
which provides users rapid and easy access to a wide range of infor-
mation. The DOE/RECON system is operated by the Technical Information
Center in Oak Ridge, Tennessee for the United States Department of
Energy. The Technical Information Center develops and manages the
Department of Energy's technical information program which includes
DOE-originated information as well as world-wide literature on scien-
tific and technical advances in the energy field. To manage and make
available this large amount of information, the Technical Information
Center builds and maintains computerized data bases and disseminates
this information via computerized retrieval systems. This system has
been used to a great advantage in the field of environmental protection.

INTRODUCTION

The Technical Information Center (TIC) in Oak Ridge, Tennessee is
the national center for scientific and technical information for the
Department of Energy (DOE). TIC develops and manages DOE's technical
information program which includes DOE-originated information as well as
world-wide literature on scientific and technical advances in the energy
field. Also included is information related to socioeconomic, environ-
mental, and policy~related subjects.

To manage and make available this large amount of information, TIC
builds and maintains computerized data bases and disseminates this
information via computerized retrieval systems. This retrieval system

has been given the name DOE/RECON. Thus, DOE/RECON is an interactive

*Research sponsored by the U. S. Department of Energy by Union Carbide
Corporation Nuclear Division under Contract W-7405-eng-26.
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on-line information retrieval system which provides users rapid and easy
access to a .wide range of information.l
RECON

The acronym RECON stands for REmote CONsole, which signifies that
the system can be utilized by users at various sites across the United
States. Users can have access to RECON through telephone hookups with
teletype-compatible terminals by using the the GTE telenet network or by
dialing directly.2

DOE/RECON is relatively simple to use and requires only a small
number of commands to search through a data base. Groups (or sets) of
information related by subject, author, year of publication, etc., can
be combined and the information can be displayed on a screen or printed
on paper.

Instructions on the use of RECON can be obtained from the DOE/RECON
User's Manual. There is also an on-line tutorial program which will
provide instructions on the DOE/RECON system.

DOE/RECON DATA BASES

Four major data bases created and maintained by TIC for the RECON
system are the Energy Data Base (EDB), General and Practical Information
Data Base (GPA), Research in Progress Data Base (RIP), and Issues and
Policy Summary Data Base (ISP).3

The Energy Data Base contains scientific and technical information
covering all areas of energy and other information in the areas of
energy policy and management. GPA contains mass-distribution infor-
mation on energy and other genmeral energy information. RIP includes
current DOE and other federal environmental research and development
programs in the field of enmergy. ISP provides users an access to public
statements on energy by DOE officials, the White House, Members of
Congress, and others. Other data bases cover a multitude of subjects
including oil and gas reserves, NASA technical briefs, radiation shield-

ing codes, and many other subjects.
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There are several data bases which contain environment-related
information. The four major data bases discussed previously contain
huge amounts of environment-related informatiomn. Other data bases which
contain such information include the Environmental Mutagens, Environ-

mental Teratology, Environmenal Sciences Abstracts, and other data bases.

SUBJECT SEARCHES

A search of a data base can be performed for information on a speci-
fic subject. When dealing with a broad topic, there will be produced a
large volume of information. To make the information more specific,
broad subjects are combined with narrower subjects to produce more
specific information.

An example of a broad search would be to do a search for information
on the environment. This type of search would provide thousands of
articles, reports, etc. In the Energy Data Base alone, there are over
6,500 articles, etc., which contain information on the environment.4
To reduce this volume of information to the more specific environmental
information wanted, other narrower subjects are combined with the broad
subject — Environment. In this same data base, there are over 2,400
references dealing with milk. When the subject of environment is com-
bined with Iodine-131 the number of references is reduced to about 130,
and with all three subjects combined, the number of references is
reduced to about 40.

Information searches can also be limited by author, date, or other

limiting £factors.
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GERMINATION AND GROWTH EFFECTS OF HEXAVALENT CHROMIUM IN
OROCOL TL (A CORROSION INHIBITOR) ON PHASEQLUS VULGARIS

Patricia Dreyer Parr and Fred G. Taylor, Jr.
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

ABSTRACT

This research was designed to address the potential for germination
and growth effects in bush beans (Phaseolus vulgaris L. var. Bush Blue
Lake) from hexavalent chromium in Orocol TL, a proprietary chromated,
zinc-phosphate compound added to DOE cooling water systems for corrosion
inhibition. Studies were conducted at low and high Orocol TL concen-
trations in the soil by adjusting soil pH and the percent of organic

matter.

Germination effects were determined for seeds germinated in soils
adjusted to differing pH ranges (4-4.5, 5-5.5, and 6.5-7), levels of
organic matter (1.8, 3, and 5%), and Orocol TL amendments (control of
0, 10, and 500 pg/g chromium). Growth responses (effects) were deter-
mined from plants cultured in the same soil treatment combinations as
described for the germination study. )

High levels (500 pg/g) of hexavalent chromium in soil (as Orocol
TL) affected germination and growth, while a high level of organic
matter significantly reduced chromium toxicity on germination. At
lower chromium concentrations there was significant uptake by all plant
parts, with a corresponding reduction in biomass of leaves. Consequently,
adjustments of soil pH from 4.0 to 7.0 appear to have no significant
effect on chromium uptake in plants. Increasing the organic matter
level to 5%, while decreasing the toxicity of high chromium levels to
germinating seed, did not affect chromium uptake.

Key Words: Chromium, germination effects, growth effects, bush beans,
corrosion inhibitor, hexavalent chromium

INTRODUCTION

Closed-cycle cooling towers, which involve the use of evaporative
cooling to reject heat, have become increasingly popular as an alternative

to once-through cooling for electrical generating stations because of
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the reduced impact to aquatic systems by not returning hot water directly
to the source. However, the operation of closed~cycle cooling has the
potential for causing adverse effects to terrestrial biota from cooling
tower drift. As the demand for electrical power increases, so will the
need for cooling towers as a method of dissipating waste heat.

Depending on the quality of the makeup water and plant-specific
operational procedures, constant water treatment may be necessary to
decrease the possibility of corrosion within the cooling system. This
often necessitates the addition of corrosion inhibitors and scale
retardants. At the Department of Energy (DOE) uranium enrichment
facilities in Oak Ridge, Tennessee; Paducah, Kentucky; and Portsmouth,
Ohio; waste heat is dissipated by mechanical-draft cooling towers that
use a proprietary inorganic chromated, zinc-phosphate corrosion inhibitor
(Orocol TL marketed by Betz Laboratories, Inc.) in the recirculating
cooling water systems (Fowlkes and Webb, 1972).

A fraction of the circulating water becomes entrained as small
droplets in the exit air flow and is carried out beyond the towers as
drift. The drift contains concentrations of dissolved minerals and
chemicals similar, if not identical, to concentrations of the recircu-
lating water (Laulainen, 1978), which is maintained at 20 ug/g hexavalent
chromium (as Croz—) in the recirculating streams of the DOE uranium
enrichment facilities. Loss of recirculating water (drift) presents a
pathway for transfer of potentially toxic elements into the terrestrial
environment.

Previous research at the Oak Ridge Gaseous Diffusion Plant (ORGDP)
cooling towers provided quantitative evidence of the transfer of chromium
from drift to vegetation (detectable above background to at least
1600 m from the towers) and to soil (with above background concentrations
out to 180 m from the towers), and identified some effects of chromium
in drift on vegetation (Taylor et al., 1975; Parr et al., 1976; Taylor
et al., 1976; Taylor and Parr, 1978; Taylor, 1980). .While contamination
of vegetation from deposition of drift on aerial parts may produce a
short-term effect, accumulation of chromium in the soil poses greater

and potentially longer term consequences. Since the chromium in drift
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is in water droplets, it was hypothesized that Orocol TL dissolved in a
soil-water solution would be suitable to assess effects of chromated
drift without sacrificing chemical composition.

The purpose of this research was to determine the potential for
increasing or decreasing germination and growth effects in plants from
chromium in Orocol TL at low and high concentrations in the soil by
adjusting soil pH and the percentage of soil organic matter. In many
studies (Shewry and Peterson, 1974; Dowdy and Larson, 1975; Dijkshoorn
et al., 1979), chromium uptake by plants was found to increase in
acidic soils. However, in the presence of organic matter, hexavalent
chromium may be reduced to the less mobile trivalent form (Skeffington

et al., 1976; Cary et al., 1977b).

METHODS

The design of the experiment incorporated three levels of three
factors, organic matter, pH, and chromium concentration (added as
Orocol TL), to determine what effects the treatments, either singly or
in combination, would have on seed germination, chromium uptake, and
plant growth. Soil used for the experiment was the lower A horizon
(AZ) of a Fullerton cherty silt loam. Organic matter treatments con-
sisted of unamended soil (1.8%) and soil amended with peat moss to
raise organic matter levels to 3 and 57%.

Soil pH was measured as 4.0 to 4.5 and was used as the low pH
treatment. Soil was limed to raise pH to 5.0 to 5.5 and 6.5 to 7.0 for
the other two treatments.

Hexavalent chromium amendments (as Orocol TL) to the soil were
0 (for control), 10, and 500 ug/g. In a separate study (Parr, 1981) it
was determined that 25 to 35% of the hexavalent chromium remained
mobile in the soil with the potential of plant uptake effects at
500 ug/g. Each treatment was replicated three times.

For the germination study, five bush bean seeds (Phaseolus
vulgaris L. var. Buéh Blue Lake) were planted in each pot which con-
tained 300 g of the appropriate soil treatment. A layer of coarse

silica was placed in the bottom of the pots to provide some drainage;
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however, the pots did not have drainage holes in order to prevent the
leaching out of the chromium through watering. Percent germination at
the end of a 14-d period was recorded.

Treatment effects on seed germination were statistically analyzed
by analysis of variance. The data were transformed to stabilize the
variance using the arcsin transformation for binomial proportions
(Snedecor and Cochran, 1972) before the analysis of variance calculations.
To determine whether treatment combinations differed significantly from
each other, a multiple comparison procedure (Fisher's Least Significant
Difference Method) was used (Chew, 1977).

A separate growth effects study was conducted using the same
treatments and levels as the germination study. Nine-day-old bean

Plants (Phaseolus vulgaris L. var. Bush Blue Lake) were transplanted in

1.9 kg of the appropriate soil mixture in pots without drainage to
reduce loss of chromium throfigh watering soil. Plants were then
watered to the same moisture level and placed in the greenhouse.

Measurements of plant height were recorded every 2 to 3 d.

Leaves, stems, and roots were harvested when the plant died or at the
end of 8 weeks. Roots were carefully washed to completely remove all
traces of soil. Roots of a separate group of bean plants grown in
chromium-contaminated soil were washed once, twice, or three times,
then analyzed for chromium content to determine if additional chromium
was removed in the successive washings. The chromium concentrations
did not differ significantly with the number of washes, indicating that
surface contamination was removed in the initial wash.

Plant tissues were oven-dried (24 h) at 100°C, assessed for total
biomass, then placed in a furnace for ashing (550°C) overnight. The
ashed material was removed and cooled to room temperature and 2 mL
concentrated nitric acid added to the ash for digestion (about 15 min).
Using 0.1 N nitric acid, the solution was then washed into a funnel
lined with Whatman No. 42 ashless filter paper and diluted in distilled
water to 25 mL. Leaves, stems, and roots were analyzed for total
chromium by atomic spectrophotometry using a Perkin-Elmer Model 403

Spectrophotometer.
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The effect of Orocol TL on plant growth was determined by comparing
chromium concentrations and biomass of leaves, stems, and roots.
Statistical analyses of growth data determined that the interactive
terms did not explain a significant amount of variation, so analysis of
variance statistics were calculated using main effects only. To achieve
a normal distribution of the estimated residuals from the analysis of
variance model, a log transformation was used on each of the observed
chromium concentration values. However, no transformation was necessary
for the biomass data. After determining which main effects (chromium
concentration in soil, organic matter content, and soil pH) differed
significantly from each other, Duncan's multiple range test was used to
identify significant differences within the main effects. The 0.05
level of probability was used as the criterion for accepting or rejecting

null hypotheses in all statistical analyses.

RESULTS AND DISCUSSION

Germination Effects

Analysis of variance on germination results indicated significant
main effects due to organic matter content and chromium concentrations
along with their interaction (Table 1). Soil pH did not appear to
affect the response. Results of multiple comparison procedures (Fig. 1)
showed that seed germination between treatments containing 1.8 and 3%
organic matter were similar, whereas seed germination in 5% organic
matter was significantly higher. Germination of seeds planted in
500 ug/g Cr-VI was significantly lower than germination in soils con-
taining 0 or 10 ug/g chromium; however, the germination within the O
and 10 ug/g treatments did not differ significantly from each other.

Although there was a definite inhibition of germination in all of
the 500-ug/g chromium soil combinations, the addition of organic
matter to the 5% level significantly increased the probability of the
seeds germinating. This indicated that the addition of organic matter

might impart some ameliorating effect by reducing the hexavalent

chromium to the less toxic, trivalent species.
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Growth Effects

Effect of 500-ug/g Cr-VI amendment

In order to assess growth effects, bush bean seedlings were trans-
planted into the same soil treatment combinations used in the germi-
nation study. Beans transplanted into the soil treatment combinations
with 500 pg/g Cr-VI died within 48 hours. Leaves, stems, and roots
were collected and analyzed for chromium content. All plant parts
contained extremely high amounts of chromium (Table 2). Plant roots in
the 500-pg/g Cr treatments with a pH of 4.0 to 4.5 contained significantly
less chromium than the other treatments.

Of the 943 mg Cr-VI amended to the soil, 0.0004 to 0.110% was
transported to the leaves and 0.003 to 0.0167% remained in the roots.
Concentration factors for leaves, stems, and roots of each treatment
were determined on a dry weight basis from the ratio of the mean
chromium concentration (ug/g) in the treated plant part, minus the mean
chromium concentration (lg/g) in the controls to the chromium (ug/g)
amended to the soil. A consistent trend is evident within the 500-ug/g
Cr treatment plants with the lowest factors in the roots (2.9-7.5),
increasing in the stems (4.4-12.0), and highest in the leaves (8.1-
19.1). The quantity of hexavalent chromium present in the soil evidently
was sufficient to exceed the adsorbing and reducing capacity of the
soil and roots (Bartlett and Kimble, 1976). Enough chromium, therefore,
remained in the mobile, hexavalent state and was transported quickly

throughout the plant.

Effect of 10-ug/g Cr-VI amendment

Bean plants grown in soil amended to concentrations at 10 ug/g
Cr-VI contained significantly (P < 0.05) greater concentrations of
chromium in all plant tissues when compared to those grown in non-
amended soils, regardless of the percent of organic matter or soil pH
treatment (Table 2).

Concentrations in leaves (Fig. 2) grown in nonamended soil ranged
from 0.02 to 0.40 ug/g chromium as compared to 0.16 to 21.77 ug/g Cr in
soil amended to 10 pg/g Cr-VI.
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In the stems, chromium concentrations in controls were below
detection level to 1.70 upg/g. Stem concentrations of plants in the
10-pg/g Cr-VI soil ranged from not detectable to 24.64 ug/g chromium.

Chromium concentrations of roots of plants in the 10-ug/g Cr-VI
treatment ranged from 6.56 to 33.83 ug/g as compared to 0.28 to 7.35 ug/g
for plants in nonamended soil. Concentrations of chromium were signifi-
cantly (P < 0.05) higher than concentrations in the leaves and stems.
Previous studies have shown that plants grown in chromium-contaminated
soil or solution will take up chromium in the roots, but little, if
any, is translocated elsewhere (Myttenaere and Mousny, 1974; Wallace et
al., 1976; Cary et al., 1977a; Lepp and Eardley, 1978; Parr and Taylor,
1980).

Only a small fraction of the chromium added to the soil was
transported to the leaves and stems, with 0.003 to 0.02% of the 18.4 mg
Cr-VI added to the soil reaching the leaves and even less (0.0003 to
0.0107%) in the stems. Most (0.05-0.10%) of the chromium available to
the plants remained in the root mass. Concentration factors were
calculated for the 10-ug/g treatment. TFactors for stems and leaves
were all less than one and similar to each other. Factors for roots
were higher than for leaves and stems, but not much greater than one,
indicating little magnification of chromium from the soil. It has been
hypothesized that the roots of higher plants not only provide a barrier
to translocation of some metals within plants but function as a mechanism
for binding the chromium by absorption or adsorption (Wallace and

Romney, 1977).

Biomass of plant tissues

Biomass effects due to soil treatments were significant in the
roots and leaves but not apparent in the stems (Table 3). The
organic matter content and the pH of the soil affected root biomass
significantly. Bean roots grown in an organic matter of 57 had a
significantly greater biomass than those grown in an organic ‘matter
of 3%.
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A soil pH of 5.0 to 5.5 produced significantly greater biomass
than pH of 6.5 to 7.0. The significantly higher chromium accumulation
in the roots of the 10-ug/g treatment versus the control (0 ug/g)

did not affect the root biomass significantly. Previous studies

showed that one of the first effects of chromium was reduction of

root growth (Shewry and Peterson, 1974), although small in some

cases (DeKock, 1956). Other investigators (Hunter and Vergnano, 1953)
reported poorly developed roots in chromium concentrations greater than
10 pg/s.

Chromium concentration in the leaves significantly affected
biomass. The level of organic matter in the soil did not have a
significant effect on leaf biomass; however, the pH in the soil had
significant effects at all three levels.

The significantly higher accumulation of chromium in the leaves of
the 10-ug/g Cr treatment corresponded with a significant decrease
in leaf biomass when compared to controls in nonamended soil. Other
investigators reported a reduction in yield for plants grown in 10 ug/g
chromium in soil culture or nutrient solutions (Turner and Rust, 1971;
Shewry and Peterson, 1974; Davis et al., 1978).

It is apparent that many of the biomass effects were due not only
to the Orocol TL amendment to the soil but to the condition of the
soil. As was anticipated, plants grew best in soil conditions of high
organic matter content and a soil pH of 5.0 to 7.0. Although chromium
concentrations were significantly higher in all plant parts (leaves,
stems, and roots) for the 10-ug/g Cr treated group, only in leaf bio-

mass was there a significant decrease in yield when compared to controls.

Effect of Cr-VI on rate of growth

The effect of the 10-ug/g amendment of chromium to the soil on the
rate of plant growth was calculated to determine if there were any
significant differences due to treatment.

Growth of plants in all treatments appeared to level off arﬁund

day 41 post-treatment. Rate of growth was calculated for each plant of

each treatment by subtracting the first height measurement of the plant
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from the height measured on day 41, divided by the number of days of
growth (41). An analysis of variance comparison showed no significant

(P < 0.05) differences in the rates of growth due to treatment.

CONCLUSIONS

Numerous investigations have been conducted at the DOE uranium
enrichment facilities in Oak Ridge, Tennessee, and Paducah, Kentucky,
to determine environmental effects of cooling tower drift, and, in
particular, hexavalent chromium from Orocol TL on biological systems.
This study was designed to answer specific questions concerning the
effects of chromium in Orocol TL on the germination and growth of bush
beans in soils of various pH levels and organic matter contents.

Statements of major findings are summarized below:

(1) The chromium (Orocol TL) in the soil had a significant effect
on the germination of bush beans. That the effect was reduced with an
increase in organic matter suggests that the chromium may have been
tied up in the soil at exchange sites in the organic fraction.

(2) Excessive amounts of Orocol TL (500 ug/g Cr) were immediately
toxic to bush beans growing in all soil combinations, which may have
been related to osmotic or salt effects but which probably indicates
that the Cr-VI exceeded the reducing and adsorbing capacity of the
soil.

(3) There was significantly greater chromium concentration in
leaves, stems, and roots of the 10-ug/g chromium soil amendments.
However, concentration factors indicated the actual amount translocated
was small and that most of the chromium remained in the roots, confirming
previous studies. Although chromium concentrations were significantly
higher in all plant parts, only in the leaves was there a corresponding
reduction in biomass.

Based on the results of this study'it appears that organic matter
(1.8-5%) and soil pH (4-7) in ranges found in the ORGDP environs neither
increase nor decrease significantly the uptake of chromium from the

soil. However, chromium was taken up by all plant parts, and leaf

biomass was significantly reduced. While this investigation was
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specific for cooling towers and chromated drift, the results have
generic application for any technology where the release and subsequent
deposition of chromated residuals potentially interact with soils and

vegetation.
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STUDY OF TECHNETIUM UPTAKE IN VEGETATION IN THE VICINITY
OF THE PORTSMOUTH GASEOUS DIFFUSION PLANT

T. A. Acox
Goodyear Atomic Corporation
P. 0. Box 628
Piketon, OH 45661
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ABSTRACT

Technetium-99 was measured in vegetation and soil collected on
and near the Portsmouth Gaseous Diffusion Plant to obtain an estimate
of the soil-to-vegetation concentration factors. The concentration
factors appear to be lognormally distributed with a geometric mean of
3.4 (Ba/kg dry wt. tissue per Bq/kg dry wt. soil) and a geometric
standard deviation of18.7. A dose commitment was calculated using a
hypothetical 3.7 x 10 Bq Te-99/year release and the actual CY-1981
concentration release of Te-99. The radiological significance of
Te-99 in the terrestial food chain is substantially less than
previously believed.

INTRODUCTION

Technetium-99, a low energy beta emitter, is probably the most
notable of the several isotopes of technetium, all of which are
radioactive., Technetium-99 is a fission waste product that is
present in spent nuclear reactor fuels. It has a half-life of 2.12 x
10°

Approximately 0.84 kg of technetium-99 is produced per metric ton of
K

years and emits a beta particle with an energy of 0.292 MeV,

reactor fuel in a typical pressurized water reactor. The nuclear

fuel cyecle accounts for most of the technetium-99 released to the

T AR
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environment and the reprocessing segment of the cycle is accountable
for the majority of technetium released from this source. Other
sources include medical diagnostic practices, atmospheric detonation
of atomic weapons, and the natural fission of uranium-233 in the

environment.

The atmospheric form of technetium will generally be as the
pertechnetate ion, TCO;' Although technetium will exhibit valencies
of 0 to +7, the +7 valence state, the pertechnetate ion, ls the most
common and exists in aqueous solutions over a wide pH range.
Pertechnetate is the basic chemical form of technetium used in
nuclear medicine and the final form following the reprocessing of

spent reactor fuel elements.2

There is relatively little information available concerning what
happens to technetium in soils and plants. However, the literature
does suggest a variety of mechanisms by which technetium may react
with the organic and mineral components of natural soil systems.
These mechanisms include ion-exchange, precipitation/coprecipitation
and complexation/chelation.2 Studies performed in soil systems have
shown that precipitation may occur in soils with high concentrations
of free iron, aluminum, and siliea. Some of the studies were
performed in non-soil systems and under somewhat idealized
conditions, contributing to the difficulties in characterizing the

fate technetium in soil and vegetation.2
Background

In 1975 and 1976, two studies were conducted and results
published in an effort to characterize the uptake of technetium by
plants. Wildung, et. al., presented the results of an experiment in

which they studied the uptake of technetium in wheat and soybeans
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(Table 1).1 In the study, the soils were watered with solutions of
various technetium concentratious, It was found that at 1low

concentrations of technetium (<0.01 g Te-99/g soil), the plants were

" similar in appearance to the controls. However, at higher

concentrations (>0.1 g Te-99/g soil) toxic symptoms began to appear.
At the concentrations of technetium used, it was not clear whether
the toxic symptoms were due to radiation effects or chemical effects.
To gain some insight as to what produced the toxic effects, anion
competition studies were performed and indicated that pertechnetate
ions may be taken up as a nutrient analog. However, this does not

eliminate radiation effects as the cause of toxieity.

Table 1 Concentration Factors of Wheat and qubeans
at Various Te-99 Soil Concentrations

Concentration Factor

e, e, —

Soil Te=99 (Bq/kg dry wt. tissue per Bq/kg dry wt. soil)
Concentration Wheat Soybeans

0.001 340 380

0.01 145 138

0.1 173 67

1.0 * 376

5.0 * 380

# No growth occurred.

In 1976 Gast, et. §£L,2 published the results of an experiment
in which wheat seedlings were planted in various samples of
Minnesota soils (Table 2). These seedlings were watered with
technetium solutions ranging in concentration from 0 to 11.6 g
Te=-99/ml of solution. Additionally, studies were performed to
determine the toxic effects of technetium at very low concentrations,

ranging from 0 to 3.7 ¥ 10“ Bq Te=99 per 50 ml of solution,

I T s LV €7 ot ae et s L r 4 ritar S 7o I o " s-a i i N SR PP 2 08 sauiirantane Toan catdiboi et = b L't 270 ¢ Al
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Table 2 Concentration Factors for Wheat Seedlings in Samples
Minnesota Soils (Bgq/kg dry wt. tissue per Bq/kg dry wt.

soil)
Concentration Factor
Sample Locations Unfertilized Egﬁtilized
Bearden 830 160
Hegne 1,120 760
Hibbing 925 715
Nicollet (surface) 1,200 875
Nicollet (subsurface) 1,065 995
Omega 655 yu5
Bergland 955 800
Arveson 685 250
Waukegan 1,160 875
Zimmerman 1,055 825

Because these experiments were inconclusive as to whether the
toxicity was due to chemical or radiation effects, Gast made further
efforts to determine the cause of toxiecity. The dose rate was
calculated at 1.6 x 10-1 Sv at the highest level of added technetium.
These dose rates appear quite low when compared to the dose rates
required in other species of plants to inhibit growth. Other studies
nave shown that x-radiation exposures of 4,0-5.0 Sv are required to

produce a 20% growth inhibition.2

Prior to the mid-1970s when these two reports were published,
most of the assessment literature had been using a concentration
factor of 0.25 (Bq/kg wet weight plant tissue per Bg/kg dry weight
soil). This value was based upon a series of assumptions relating
the behavior of technetium to the behavior of iodine in the

environment.7

The concentration factors determined by Wildung1 and
Gast2 were as much as three orders of magnitude greater than the
assumed value of 0.25. These reports caused some concern among those

agencies responsible for calculating dose assessments,

Two responses were forthcoming from this concern. One response
was to get out into the field and actually take measurements from the

vicinity of the reprocessing plants. The other response pointed out
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some possible discrepancies between the laboratory experiments and
field conditions.3’ 7 The three major discrepancies are: 1) In the
laboratory experiments, the plants were not allowed to grow to
maturity. 2) The concentration of technetium was significantly
higher than one would expect to find in the vicinity of a
reprocessing plant. 3) No effort was made to reach an equilibrium

level between the soil and plant.

In 1979, a report7 was written using the generally assumed
concentration factor of 0.25 and an author-assumed factor of 50
(Bq/kg wet weight tissue per Bq/kg dry weight soil). The factor of
50 represented a middle-of-the-road value between 0.25 and the values
found in the two previously mentioned laboratory experiments. A dose
rate for individuals was calculated using both factors and an assumed
release of 3.7 x 1010 Bq Te-99/year. The dose rates calculated at a
concentration factor of 50 were found to approach/exceed the dose
rate limits promulgated by the US EPA in 40 CFR 190” for two target

organs (Table 3).

Table 3 50 Year Dose Committment (Sv)7

Concentration Factor US EPA

organ 0.5 50 Linit
Total Body 8.6 x 1078 1.2 x 107> 2.5 x 10~
Bone 1.5 x 1077 2.0 x 10 2.5 x 10~}
Kidneys 1.9 x 1077 2.6 x 10 2.5 x 10~
GI Tract 1.3 x 107 1.8x10* 2.5x 107"
Thyroid 5.7x 1070 8.0x 107 7.5 x 107

In 1980, the results of a study of the concentration of

technetium in soils and vegetation in the vicinity of the three
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gaseous diffusion plants were published (Table 4).3 The gaseous
diffusion plants are located at Paducah, KY; Oak Ridge, TN; and
Portsmouth, OH. The concentration factors at the three plants ranged
from 1.4 to 44 (Bg/kg dry weight tissue per Bq/kg dry weight soil).
The data was lognormally distributed and had a geometric mean of 9.5
and a geometric standard deviation of 2.4. The mean concentration
factor of 9.5 represents the concentration of technetium in the ‘dry
weight of tissue. If expressed as the concentration per wet weight
of tissue the concentration factor becomes 2.4 (assuming 75% of the
tissue weight is water). This factor alone would reduce the dose to
the thyroid by approximately twenty times as compared to the

concentration factor of 50.

Table 4 Statistical Summary of Soil-to—P%ant Concentration Factors
Combined from All Sampling Sites

Number of Values 24
Maximum Value (Paducah) 4y
Minimum Value (Portsmouth) 1.4
Arithmetic Mean 14
Standard Deviation 10
Standard Error 2.0
Geometric Mean 9.5
Geometric Standard Deviation 2.4
Geometric Standard Error 1.2

RESULTS

The concentrations of technetium-99 in vegetation sampled at the
Portsmouth Gaseous Diffusion Plant ranged from 34 to 27,200 Bq/kg dry
weight tissue. The technetium concentrations in the soil ranged from
34 to 12,800 Bq/kg dry weight soil. The geometric means and standard
deviations are 533 Bq/kg and 100 for vegetation, 145 Bg/kg and 52 for
soil. The large standard deviations are influenced by the higher

concentrations obtained from sampled points RIV-19 and RIV-26.
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The concentration factors were calculated by dividing the soil
concentration into the vegetation concentration. The highest
concentrafion factors were associated with sample points 19 and 26,
with the highest value at each point being 108 and 289, respectively.
The concentration factors found at the Portsmouth plant ranged from
0.1 to 289 with a geometric mean of 3.4 (Bq/kg dry weight tissue per
Bq/kg dry weight soil) and standard deviation of 4.7 (Table 5). The

wide range of data accounts for the large standard deviation.

A histogram plot of the collected data is shown in Figure 1 and
11
If a

exponential curve is the correct plot, one should be able to plot a

appears to most closely resemble an exponential curve.

straight line on logarithmic paper. A log-probability plot of the
concentration factors is shown in Figure 2. The assemblage of
factors appears to be reasonably lognormal. A correlation factor of

0.97 was obtained using a calculator program developed for normal and

lognormal distributions.12 A statistical summary is shown in Table
6.
Table 6 Statistical Summary of Concentration Factors

at the Portsmouth Gaseous Diffusion Plant
(Ba/kg dry wt. tissue per Bq/kg dry wt. soil)

Number of Values 61

Maximum Value (Point 26) 289

Minimum Value (Point 29) 0.10

Arithmetic Mean 14.0

Arithmetic Standard Deviation Lo.1

Arithmetic Error 5.1

Geometric Mean 3.4

Geometric Standard Deviation 4,7

Geometric Error 1.2

Correlation Factor "r" for Lognormal Plot 0.97
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DISCUSSION

Sampling and Analytical Procedures

At the Portsmouth GDP, the Environmental Control Department
routinely samples vegetation and soil both on and off the DOE
reservation. These samples are analyzed by laboratory personnel for

various chemical and radiological parameters.

The routine vegetation and soil monitoring program consists of a
series of monthly samples collected within the DOE reservation
boundary. These samples are identified wusing Routine Internal
Vegetation (RIV) and Routine Internal Soil (RIS) sample numbers. On
a semi-annual basis, vegetation and soil samples are collected
outside the DOE reservation boundary. These samples are identified
using Semi-Annual Vegetation/Soil (SAV/SAS) sample numbers. The

sample locations are shown in Figures 3 and 4.

The sampling of vegetation involved the collection of
above-ground vegetation using shears to cut the sample. A minimum of
500 grams of wide blade grasses is collected. No soil, roots, or
foreign matter are collected with the sample as these materials may
contaminate the sampie. As large an area as needed is sampled to

provide the minimum sample quantity.

Soil samples are collected using a shovel to obtain a
representative sample. The soil samples consist of approximately the
top two inches of soil, as free of roots and stones as possible. The
minimum sample consists of a 0.1 square meter area. Again, as large
an area as needed is sampled to provide enough soil to fill two

1/2-liter containers.

A method was developed at Goodyear Atomic for the determination
of technetium-99 in a variety of samples including vegetation and

soils (Figure 5). The method includes destruction of the organic
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materials, oxidation of all the technetium to the +7 valence state
and extraction of the technetium from the aqueous media with tributyl
phosphate. A portion of the extract is added to a scintillation
cocktail and technetium-99 activity 1is measured by 1liquid

scintillation counting.5

Dose Assessment

7 concentration factors of

In a study performed by Till, et. al.,
0.25 and 50 were used in the calculation of a dose assessment. The
atmospheric transport and deposition factors given in Table 7 are
based on an assumed 3.7 X 1010 Bq technetium per year release. The
calculated dose at each concentration factor was presented earlier.
The dose commitment for an individual was recalculated using the same
assumed release; however, the concentration factors of 9.5 (obtained
from an earlier study) and 3.4 were used. But before being used in
the calculations, the factors must be converted from the dry weight
tissue factors to the wet weight tissue factors. Assuming the
vegetation is T75% water, the concentration factors became 2.4 and

0.85, respectively.

Table 7 Atmospheric Transport and Deposition of Technetium7
, 10

Release Rate 3.7 x 10 Bq/yr.
Release Height 20 m
X/Q at 1600 m 9.9 x 1077 sec./m3
Average Annual Deposition 1.1 x 1072 m/sec.

Velocity for Wet and

Dry Processes
Deposition Rate at 1600 m 1.12 Bq/m2 day

After these changes were made, the calculations to determine the

dose were performed using the procedure outlined in USNRC Regulatory
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Guide 1.109.8

In calculating the dose commitment, the USNRC assumes
a chronic buildup of technetium for {ifteen years. However, recent
evidence shows there may be an effective half-life of technetium in
3

the soil and vegetation. Forage, harvesting, wind, rain runoff and
leaching would tend to remove technetium from the area in question.
While these effects may not change the concentration factors, they
would lower the dose received by an individual by lowering the amount
of technetium received by the individual. However, for calculations,
the fifteen year buildup has been assumed. Table 8 shows the
calecuiated concentration of technetium in vegetables, meat, and milk
and Table 9 shows the amount of technetium ingested by an individual
over a period of one‘year. The dose commitment is shown in Table 10
for all concentration factors cited. At the assumed release rate, an
individual would receive a fifty year dose of approximately 2-6% of
the limits set by the US EPA.

Using the actual release rate of technetium at the .Portsmouth
Gaseous Diffusion Plant, the technetium concentration would be that
shown in Table 11 along with the amount of technetium ingested by an
individual in one year. Based on this data, an individual would
receive the dose commitment shown in Table 12. Using the
concentration factor and release rate at the Portsmouth plant, the
average individual dose commitment would be less than 1% of the US
EPA limits stated in 40 CFR 190.

A1l of the calculations, thus far, have been performed on
vegetation found on the DOE reservation. Semi-annual soil and
vegetation samples are collected from thirty locations at varying
distances from the reservation. In the past three calendar years,
only two semi-annual vegetation samples and three semi-annual soil
samples have been found to have greater than 0.03 Bq/gram dry weight
(0.03 Bg/gram is the detection limit). The maximum vegetation

concentration is 0.07 Bg/gm dry weight and the maximum soil
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Table 8 Concentration of Te-99 in
Vegetable, Meat, and Milk at 1600 m

Concentration Ratio Vegetable Meat Milk
Dry Tissue Wet Tissue Bag/kg Bqg/kg Ba/1
1.0 0.25 8.5 4.1 4.8
3.4 0.85 24.0 11.0 13.0
9.5 2.4 63.0 28.0 33.0
200.0 50.0 1,250.0 560.0 630.0
Table 9 Intake Rate of Te-99 (Bq/yr)
Concentration Ratio i
Dry Tissue Wet Tissue Vegetables Meat Milk Total
1.0 0.25 5.6 x 105 4.4 x 102 5.2 x 10° 1.5 x 105
3.4 0.85 1.5%x 103 1.3x% 103 1.4 x 103 4.1 x 103
9.5 2.1 5.1 x 103 3.1x 103 #.1x 103 1.1x 10"
200 50 3.1 x 107 5.9 x 107 2.1 x 10° 3.0 x 10°
Table 10 50 Year Dose Committment (Sv)
Concentration
Factor |
Dry Wet Total Body _Bone Kidneys GI Tract Thyroid
Tissue Tissue
1.0 0.25 8.6x 100 1.5%x 1077 1.9 x 1077 1.3 x 1070 5.7 x 10
3.4 0.85 2.3 x 1077 4.0 x 1077 "5.1 x 1077 3.5 x 100 1.6 x 10
9.5 2.4 6.3 x ‘IO—7 1.1 % 10_6 1.4 x 10-'6 1.0 % ‘IO-5 4,2 x 10°
200 50 1.2 x 1072 2.0 x 1072 2.6 x 107 1.8 x 10" 8.0 x 10~
US EPA Limits 2.5 x 10~} 2.5 x 107 2.5 x 10" 2.5 x 10~ 7.5 x 10~
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Table 11 Yearly Intake of Technetium 99 by an Individual
Concentration Factor - 0.85 Bg/kg Wet Wk, Tissue
per Bq/kg Dry Wt. Soil Release Rate - 8.5 x 1075

Bq/yr.

Vegetables Meat Milk Total

Concentration 2.56 Bq/kg 1.24 Bq/kg 1.42 Bq/l NA
of Te-99

Intake 1.63 x 102 1.36 x 102 1.55 x 10°  4.54 x 105
of Te-99 Bq/yr. Bq/yr. Bq/yr. Bq/yr.

* Concentrations of Tec-99 were calculated using a concentratign
factor of 0.85 and the total CY-1981 release of 4.0 x 10” Bq
Te-99.

Table 12 50 Year Dose Committment (Sv)

Total Body Bone KQQneys GI Tract Thyroid
% -8 -8 -8 =7 -6
Calculated 2.58 x 10 4,43 x 10 5.66 x 10 3.94 x 10 1.72 x 10
Dose
US EPA 55 x 10 2.5x 107 2.5x 10 2.5x 1070 7.5 x 107
Limit -

* Dose was calculated using concentration factor of 0.85.

concentration 1is 0.3 Bq/gm dry weight. These detectable
concentrations of technetium did not occur at the same sample time
nor at the same sample locations. Therefore, a concentration factor

could not be calculated.

CONCLUSION

Tahere is no evidence that shows technetium has been found off of
the DOE reservation, The dose commitment presented earlier indicates
that there is no apparent risk to an individual as the result of the

deposition of airborne technetium,
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.THE QUANTITATIVE DETERMINATION OF CHRYSOTILE ASBESTOS IN BUILDING
MATERTIALS BY X-~RAY DIFFRACTOMETRY

Joseph H, Stewart, Jr., and Harris W. Dunn
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

Key Words: X-ray diffractometry, asbestos determination, building
materials

ABSTRACT

An x-ray diffractometry technique using an internal standard has been
developed for the quantitative measurement of the chrysotile asbestos con-—
tent of a wide variety of construction materials. This technique is simple
and cost effective compared with the usual need for combined x-ray powder
diffraction patterns and optical or transmission electron microscopy to
determine the asbestos content of materials. The diffractometry method is
designed to differentiate between construction materials which are not
asbestos contaminated and those which require costly special handling to
ensure employee safety. The asbestos concentration range between 0.5 and
5.0 percent was initially investigated to meet the 1.0 percent asbestos
Environmental Protection Agency National Emission Standards regulation,
and has now been extended to determine as much as 50% chrysotile.
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INTRODUCTION

The Environmental Protection Agency issued a national standard in
1977 that limits the exposure of workers using building materials contain-
ing more than one percent asbestos (% of dry weight)1 and also régulates
asbestos emissions and the disposal of material which results from renova-
tion or demolition of structures. Asbestos—contaminated materials removed
during such renovation or demolition must be specially contained and buried
in an approved landfill. Since numerous medical studies?™® have shown that
inhalation of asbestos fibers greatly increases the probability of lung
disorder, the protection of workers becomes a matter of concern. The con-
struction industry utilizes a vast array of materials that may contain
significant quantities of asbestos; these include gypsum, floor tile, wall-
board, insulation batting, firebrick, mortar, cements, acoustic tile, and
soundproofing compound.

A single method capable of quantitatively measuring chrysotile asbes-
tos at the 1% level in such a variety of materials has been developed at
the Oak Ridge National Laboratory; since 90% of the total asbestos used in
the United States is chrysotile,9 this method should be of great economic
value to the construction industry in selgcting raw materials which meet
federal regulations, in differentiating between "clean” materials and those
which require protective clothing and masks for workers, and the identifi-
cation of materials which require special disposal.

Procedures for determining asbestos in water,l0 air,ll dust layers,l?
and single fibersl3 have been described but are not applicable to this
need. Taylorlk described a diffractometer method for determining all major
forms of asbestos, but the detection limit for chrysotile was 6%, and this
concentration does not meet the EPA requirements. The ORNL has previously
utilized a relatively standard analytical protocol to qualitatively detect
the presence of asbestos in various materials:l* polarized light micros—
copy is used to determine morphology, index of refraction and birefrin-
gence; then transmission electron microscopy may be employed to detect
sub-micrometer sized fibers. Additional examination by either the Debye-
Scherrer x-ray diffraction camera, diffractometry or scanning electron

microscopy is frequently required to complete the fiber identification and
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to estimate the concentration of asbestos. Problems with these techniques
include sensitivity, specificity, fiber size, cost, length of time required
to complete an examination and, above all, adequate standards and
measurement techniques to ensure accurate quantitative analysis. The x-ray
diffractometer technique described is accurate, quantitative and cost

effective.

EXPERIMENTAL

Instrumentation

Measurements were performed with a General Electric XRD-5 air path
diffractometer using a flat pyrolytic graphite monochromator in the optical
path between the specimen and the detector. This simple optical modifica-
tion provides a significantly increased signal-to—-background ratio, com—
pared to the normal system, which improves the detection limit for lower
concentrations of asbestos. Instrument parameters used for these analyses
were: copper target x-ray tube operated at 35 keV (constant potential),
and 20 mA, graphite monochromator, 1° beam slit, 0.2° detector slit, 4°
take-off angle, operating in a step scanning mode with step width of
0.01°28, and scanning speed of 50 sec per degree. The asbestos peak with a
"d"” value of 0.736 nm and the aspirin internal standard peak with a "d@"
value of 1.125 nm were used for the analysis. The net integrated intensi-
ties were measured, using counts at the base of each peak for background
corrections The 1.150 and 1.300 26 chrysotile and the 0.720 and 0.820 26
aspirin settings were used for the background measurements. The total
scanning time for a complete analysis is approximately 4 hours; but newer

automated diffractometers can perform these same scans in much less time.

Standards

Matrix effects and differences in bulk density were expected to
cause significant variations in the net counts obtained at the asbestos
peak, based on data obtained during preliminary tests. Pressed pellet
standards were prepared at the 1% asbestos level to simulate a wide range

of common building materials: Alp03 to simulate ceramics such as
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firebrick, dimethyl oxalate to simulate cellulose and organic materials,
and gypsum to simulate wallboard and plaster. These 1% chrysotile stand-
ards were scanned and large variations in the net intensity of the asbestos
0.736 nm peak were noted. The typical alumina and dimethyl oxalate scans
are shown in Figure l. Comparison of these net accumulated asbestos counts
to the talc—-based pressed pellet calibration curve would have resulted in
apparent concentrations of 0.1, 0.2 and 3.5% asbestos in the gypsum,
alumina and dimethyl oxalate matrix standards containing 1% chrysotile
asbestos. These data conclusively demonstrated the need for-an internal
standard to compensate for these effects.

After examining several potential internal standard compounds and
methods for introducing them into specimens, powdered acetylsalicylic acid
(common aspirin) was selected. Grinding the powder into the solid specimen
was found to be more satisfactory than addition as either aqueous or alco-
holic solution. The asbestos—internal standard ratios obtained for these
same test standard materials show that the aspirin internal standard pro-
vided excellent compensation for matrix and bulk density effects (Table 1).
These ratios indicate a detection limit of 0.1%, and a quantitation limit
of 0.5% chrysotile.

Reference standards were then prepared by hand grinding weighed quan-
tities of Duke Laboratories chrysotile asbestos fibers with aspirin inter-
nal standard and talc to achieve concentratioms of 0.5, 1.0, 2.0, 5.0, 10,
20, and 507% asbestos. The standards and specimens were hand ground to as
near 200 mesh as possible (15 min) and pressed for 30 sec in a 2.54 cm
diameter hydraulic press die at 5000 pounds (34.5 x 103 pa) pressure.

The resulting discs were scanned on both sides, to average side—to—-side
variability, by the procedure detailed below.

The chrysotile—aspirin internal standard ratio was first plotted ver-
sus chrysotile concentrations of 0.5, 1.0, 2.0, and 5.0 weight percent in
tale to obtain the calibration curve (Figure 2), and a first order fit was
obtained for the range of interest. Also shown in Figure 2 are the plotted
ratios obtained for the alumina, gypsum, and dimethly oxalate 17 asbestos
standards showing the internal standard compensation for the matrix on
asbestos counting rate. The calibration range was then extended to 50%
chrysotile using additional standards of 10, 20, and 50% asbestos (Figure
3).
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Specimen Preparation

Since neither a gradient density column separation nor centrifugal
separation of suspended asbestos fibers from talec, gypsum, or other mineral
fibers was successful, we decided to develop a general preparative method,
suitable for these varied materials, leading to final measurement by x-ray
diffractometry. Organic specimens, sufficient to yield 1.00 g of ignited
residue, were weighed into tared porcelain dishes. The specimens were
ignited at 350°C for 3 hr, cooled and reweighed to determine weight loss on
ignition. Specimens of adhesive, slurries, and wet material were similarly
prepared. Ignition of the gypsum specimens at 350°C converted the gypsum
(CaS04°2H90) to the hemihydrate (CaSO4°1/2H50) form which does not inter-
fere with measurement of the chrysotile asbestos peak (Figure 4). Careful
ignition of the specimens at 350°C resulted in dry solids that were easily
prepared for analysis and did not affect the chrysotile response.

Each dry specimen was hand ground in a mullite mortar to approximately
200 mesh and 1.00 gram was weighed into a clean container. Each specimen
was then hand ground in a mullite mortar for 15 min with 0.30 grams of
aspirin internal standard, this powder was then compacted into a 2.54 cm

diameter pellet for analysis.

RESULTS AND DISCUSSION

Ma jor difficulties experienced in performing conventional quantita-
tive analysis of building materials include the physical nature of the
materials, the care needed to prepare them for analysis, interferent com-
pounds, and bulk density variatioms.

The first full set of ORNL building material specimens received for
analysis included tar-filled floor tiles, organic fiber acoustic panels,
adhesive pastes and gypsum—filled wall boards, and indicate the difficulty
in obtaining a quantitative analysis by conventional measurements. These
specimens (Table 2) were analyzed by polarized light microscopy, trans-—
mission and scanning electron microscopy, and x-ray powder diffraction
techniques to determine whether the chrysotile asbestos concentration
exceeded one percent. Specimens containing asbestos near that level were

measured by diffractometry.
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(HEATED AT 300°C)

Figure 4. Removal of gypsum interference by heating.
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TABLE 2

DESCRIPTION OF BUILDING MATERTAL SPECIMENS

Lab. Ident. Sample
3885 1
3886 2
3887 3
3898 4
3899 5
3900 6
3901 6A
3902 6B
3903 7
3904 8
3909 9
3910 10
3911 11
3912 11A
3913 12
3914 124
3915 13
3916 14
3929 15
3930 16
3931 17
3932 18
3933 19
3948 20
3949 21
3950 22
3951 23
3952 24
3885(R) 25

Material Type %

Acoustic plaster

#15 Tar saturated felt

#15 Asphalt asbestos felt

Roofing material

Sheetrock wallboard (new)

Vinyl asbestos floor tile (green)
Vinyl asbestos floor tile (gray)
Vinyl asbestos floor tile (black)
Imperial plaster board (new)
Vinyl asbestos floor tile
Acoustic plaster (Central Auditorium)
Plaster (J-241) brown coat
Plaster (B3500W) white coat
Plaster - corridor brown coat
Plaster - wall (B2010) white coat
Plaster - wall (B2010) brown coat
Gypsum plaster, brown coat (new stock)
Gypsum block (J241)

Joint cement (T. texture)

Joint cement (U.S.G.)

Synkloid cement

Acoustic tile (perforated)
Acoustic tile (mineral)

Roofing B7603

Firebrick - 3000°F

Mortar wmix - 3000°F

Flashing (wing 1 - 45008)
Masonite (new)

Acoustic plaster

Reported

% Asbestos

>1
>1
>1
>1
<1
>1
>1
>1
>1
>1
>1
>1
<1
<1
<1
<1
>1
<1
>1
<1
<1
>1
>1
<l
<1
>1
<1
<1
>1
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The plastered acoustic tile specimen from the ORNL cafeteria provided
an excellent comparison of the standard protocol analyses with the new dif-
fractometer method. Polarized light microscopic examination of the plaster
was possible only after dilute HCl leaching to remove the bulk of the non-
fibrous material. This examination and study of the fibrous filler in the
tile detected chrysotile fibers by use of matching refractive index fluids,
morphology, and the optical birefringence of the fibers.

Photographs of the specimens (Figure 5) were used to estimate the
relative percentage of the specimen area covered by the fibrous material,
and indicated that the tile contained 4-67% chrysotile. Debye=-Scherrer
x-ray diffraction powder patterns showed a definite serpentine pattern, and
indicated the concentration to be in the 3-10% range. Fibers were also
mounted and examined by scanning electron microscopy. The typical chryso-
tile morphology was evident, and the energy dispersive x-ray elemental
analysis detected the characteristic elements magnesium and silicon. The
result of ORNL diffractometer analysis of the material was 5.3%, in good
agreement with the conventional methods. Other specimens noted in Table 2
were also analyzed with similar results.

Since the standards were all prepared from Canadian chrysotile, we
prepared a 5% Rhodesian chrysotile standard in talc to test the reliability
of the ﬁethod. The analyzed value of 5.2% was in good agreement with the
known value.

The possibility of direct line interferences, with either the asbestos
or the internal standard line, must be considered whenever such diverse
materials are analyzed. A very weak diffraction line is, in fact, observed
in the talc standards at the 0.736 nm chrysotile region. While it is not
significant in any but the lowest concentrations of chrysotile, use of the
talc blank removes the 0.16 zero intercept. A study of the powder diffrac-
tion filesl5—16 indicates only a few interferent compounds which may be
logically expected to be present in the building materials of interest.

The nonfibrous serpentine, antigorite, has a strong diffraction peak at
0.729 nm that is a direct interferent with the 0.736 nm chrysotile peak.
The presence or absence of antigorite can be rapidly determined by scanning

for the 0,217 nm peak. Absence of the 0.217 nm peak indicates that the

S mmr T Dy 6, F N e e wm rpamie RTINS Rp e~




72

suswyoads STT3 OTISNOO® INYO

Jo seaae poloaTas AJwopuex omj jo sydeaSojoyd uoijloaTs Juuuedyg g 2an31y

£€8-€67L O0LOHd INY0

3
Y
i

DL

€8-¢6¥L 0LOHd TINYO



73

0.736 nm peak is chrysotile, while its presence would indicate that the
0.736 nm peak was due in part to the presence of antigorite. Examination
of the specimen with polarized light microscopy will establish whether the
serpentine is fibrous chrysotile or nonfibrous antigorite.

The Research Triangle Institute provided several samples for analysis
by the ORNL diffractometer technique. The samples had been prepared for
use in a quality assurance program administered by RTI under contract to
the U. S. Envirommental Protection Agency. The first four specimens were
from public buildings and the other (#8) was a synthetic material formu-
lated at RTI. Results of comparison analyses are shown in Table 3. The
ORNL data was in good agreement with reference data provided by RTI. Typi-
cal diffractometer scans of sample #1, #2, and #3 (Figure 6) show the
response of the chrysotile in both high and very low concentrations. The
generic term "asbestos” peak in these figures refers to the 0.736 nm chrys-
otile diffraction peak area. These scans show that even 30-40% amosite

does not interfere with the chrysotile measurement.

CONCLUSIONS

X-ray diffractometry offers a direct technique for the accurate
quantitative determination of low levels of chrysotile asbestos in a com-
plex variety of raw and finished building materials. While this method was
developed to determine the chrysotile form of asbestos, it should also be
applicable to other forms of asbestos. Potential uses of the technique
include selection of construction materials and determination of the asbes-
tos content of materials in existing structures prior to demolition or
renovation, which may be of extreme economic importance in meeting asbestos

ceiling regulations in public schools.
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TABLE 3

COMPARISON OF THREE TECHNIQUES FOR DETERMINATION OF
CHRYSOTILE ASBESTOS IN BUILDING MATERIALS

X-Ray
Polarized Light Microscopy(a) Thermogravimetric(b"d) Diffractometer
Sample (PLM) Analysis (TGA-GCA) (ORNL)
1 25% Chrysotile 247 + 47 Chrysotile 27% Chrysotile

607 Fiberglass
15Z Nonfibrous

2 Trace Chrysotile 3% + 4% 0.47%

Trace Amosite

75% Fiberglass
25% Nonfibrous

3 30%Z Amosite 1% + 47 0.1%
60% Fiberglass
10%Z Nonfibrous

4 30% Chrysotile 26% + 47 31%
55% TFiberglass
5% Cellulose
10%Z Nonfibrous

RTI FORMULATION
Sample Contents by Weight TGA-GCA Analysis ORNL Analysis
8 5% Chrysotile 7% + 4% Chrysotile 6% Chrysotile

15% Cellulose
807% Portland Cement

(a) Median values obtained in round-robin analysis.

(b) See Scalera, J. V.; "The Determination of Chrysotile in Insulation Samples
Using Combined TGA-GCA," in Proceedings of the 11lth North American Thermal
Analysis Society Conference, (1981), 2 (No. 51), 303-309.

(c) Analysis for chrysotile only.

(d) Mean + 1 standard deviationm.
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Figure 6a. Diffractometer scans of RTI specimen #l1 containing 25%
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Diffractometer scans of RTI specimen #2 containing <1%
chrysotile.
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ABSTRACT

The cooling tower cells at the PGDP are sprayed annually with a
pentachlorophenate fungicide to protect the redwood members from
fungal attack. Betz Corporation, the previous supplier of the
fungicide, has recently discontinued marketing its pentachloro-
phenate product. This action instigated the search for an
effective, EPA-approved alternative.




80

The EPA Position Document on pentachlorophenate states the pen-
tachlorophenate will be classified as a restricted use pesticide with
its application limited to certified applicators. Of the
pentachloro~phenate fungicides available, only Chapman Chemical
Company's Napchlor G is licensed by the EPA for wood spraying.

Charts reviewing the treatment parameters used in comparing and
evaluating the fungicides, results of comprehensive laboratory and
field tests used to determine operational efficiency, and comparative
cost data for annual application will be presented.

INTRODUCTION

Each cooling tower cell at the PGDP is sprayed annually, by
personnel of the Cascade Operations Division, with a 10 weight per-
cent solution of sodium pentachlorophenate (hereafter referred to as
pentachlorophenate) to protect the redwood members of the top deck
from fungal attack. Betz Corporation, the previous supplier of both
the fungicide (Betz F-16) and periodic laboratory evaluation of the
treated wood, has recently removed its fungicide and marking dye
from the market. A two-phase program was initiated to evaluate the
availability of envirommentally acceptable fungicide treatments.
The goal of phase one was to provide an alternative source
formulation of pentachlorophenate for the near future. Phase two of
this project is directed toward evaluation of alternative cooling
tower treatments should the EPA ultimately disallow treatment with

pentachlorophenate.

EXPERIMENTAL

The protection of redwood from fungal attack, provided by solutions
of pentachlorophenate, depends primarily upon the pentachlorophenate

strength of the spray solution, the surface tension of the spray
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solution, and the dryness of the wood to be sprayed. Surfactants may be
added to solutions to reduce their surface tension and enhance
penetration. Small air pockets within voids in the wood offer
resistance to efficient penetration. As the surface tension of the
penetrating solution is lowered, the resistance to penetration at the
solution/air interface is lowered and the contact of these areas is
facilitated. If the wood to be sprayed has been in service for extended
periods, these voids will have been eliminated and as long as the wood
is not allowed to dry out (cell off-stream 24 hours or more), the use of
surfactants will not be required. It should be pointed out that the
presence of the pentachlorophenate anion (CGClSO—) in water solution
serves as a mild surfactant. This phenomena is addressed later in this
section. Betz F-16, the fungicide formerly used at Paducah for spraying
cooling tower redwood, contained dispersing agents and 20.7 weight
percent pentachlorophenate. The Betz F-16 solutions were diluted with
water to 10 weight percent and an acidic (pH = 3.3) marking dye was
added in the ratio of 1 gallon dye per 500 gallons of solution prior to
spraying. An extensive vendor survey indicated only Chapman Chemical's
Napchlor G as an EPA registered alternative source of pentachlorophenate
for wood spray applications. éémples of Napchlor G were obtained and
tests conducted to determine the impact of the following parameters on
the preparation and use of this product at the PGDP.

1. Spray solution pH as a function of pentachlorophenate
concentration.

2. Impact of an acidic marking dye on solution stability (i.e.,
tendency for pentachlorophenate/dye to precipitate).
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3. Addition of surfactant to enhance penetration of fungicide into
the redwood.

The final pH of the fungicide solutions as well as solution
stability is directly related to the pentachlorophenate concentration.
It was determined that reduction of the solution pH below 9.5 would
result in partial precipitation of pentachlorophenate. The first
particles were very finely dispersed as in a colloidal solution and
would not freely settle., Precipitation of the water insoluble

pentachlorophenol occurs via the following reaction:

cl Cl Cl Cl
Cl 0~ + HT > Cl OH (WATER
INSOLUBLE)
Cl Cl cl Cl
PENTACHLOROPHENATE PENTACHLOROPHENOL

ANION (PURCHASED AS THE SODIUM SALT)

Partial precipitation reduces the available fungicide for
preservation of the cooling tower wood. During the initial field
testing of the Napchlor G, at the 10 weight percent pentachlorophenate
concentration, precipitation occurred due to the high councentration of
the acidic marking dye. Increasing the pH by the additionm of three
pounds of sodium hydroxide flakes to 300 gallons of test solution has
eliminated the precipitation. A fifteen—fold dilution of the original
marking dye concentration achieved adequate coloration of the redwood

for observation by the spraying personnel.
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To determine the impact of fungicide solution surface tension on
penetration, the reduction of surface tension provided by addition of an
anionic surfactant was first examined. Solutions of Napchlor G varying
from 10 to 12 weight percent pentachlorophenate were prepared. These
solutions were divided into equal volume portions and a high foam
surfactant* was added to a concentration of 0.5% to one portion of each.
These samples, along with a sample of Betz F-16, were submitted for
analysis of surface tension. The data are recorded in Table 1. The
Napchlor G samples without surfactants showed surface tensions
equivalent to that of Betz F-16. While additional reduction of surface
tension was supplied upon addition of the high foam surfactant, the
improvement was minimal and upon standing a tacky residue formed which
would.be an operational problem on large scale operation. From this
data and observations, the addition of a surfactant was deemed to be
unnecessary and no further surfactants were evaluated. Penetration
studies were then performed to further compare Betz F-16 and Napchlor
G solutions without surfactant.

Samples of redwood (off stream 24 hours) were sprayed with a
dosage calculated from the PGDP field spraying procedure and the sur-

face area of the samples. The data are reported in Table 2 and no

*A low foam anionic surfactant, when added to solutions of
Napchlor G in the recommended concentration of 0.5%, immediately formed
an extremely tacky residue which would present very difficult

operational problems upon use.
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apparent difference between the products was noted for depositon of
pentachlorophenate at the depths of penetration studied. Finally,
dissolution of Napchlor G pellets was found to leave approximately 5%
undissolved solids due to inerts in the formulatiom. The bulk of these
solids were found to settle upon standing for 24 hours. Particle size
data on these solids (Figure 1) indicate 5 weight percent of ihe
particles are greater than 40 microns in diameter. To prevent build-up
of solids on the spray wand nozzle, it was recommended that an in-line
strainer be placed on the withdrawal line from the mixing tank to the

solution storage tank.

CONCLUSIONS

The laboratory evaluation of Chapman Chemical's Napchlor G showed
that it was as effective as the Betz F-16 in penetration and deposition
of pentachlorophenate in redwood samples. The Napchlor G without a
surfactant was recommended for use in spraying the cooling tower wood as
a replacement for the Betz F-16 fungicide. The dye ratio has been
lowered for the Napchlor G as compared to the Betz fungicide. The
Napchlor G has been used during the 1981 fungicide spraying season.
Operations has encountered no problems with the formulation and
applicability of the fungicide. Use of the acidic marking dye
represents a small cost savings and a significant savings in operator
t ime when compared to the preparation and use of a dye of equivalent
formulation to the Betz dye which is no longer available. It was

recommended that a strainer mechanism be installed on the withdrawal
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line from the mixing tank to prevent the transfer of undissolved solids
to the solution holding tank and ultimately the spraying wand nozzle.

An operating procedure was formulated for the new material incorporating
safety considerations and mixing instructions.

The continued usage of Chapman Chemical fungicide is dependent on
federal guidelines pertaining to pentachlorophenate usage in spray
applications. EPA's position document on the usage of
pentachlorophenate has been examined and contact was made with the EPA's
Special Pesticide Review Division for further clarification. Their
position is that sodium pentachlorophenate will be classified as a
restricted use pesticide and its application will be limited to
certified applicators. Pending final EPA documentation, these findings
indicate that long-term usage of sodium pentachlorophenate for spray
application at PGDP may be anticipated. At the present time, the
compound is not limited by EPA in our NPDES discharge permit. If the
compound is banned, it appears that it will not be immediate, but rather
a gradual phase—out with allowed depletion of accumulated stores. The
second phase of the fungicide testing program calls for a long-term
testing program of alternative fungicide compounds. However, the EPA
registration number required for spraying the cooling tower wood is not
available on the remaining products. Some manufacturers are striving
for this acceptance, but the majority of products are for use as a

supplement to the cooling tower water for fungal inhibition. The
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Environmental Technology Section will periodically check the market for
newly available fungicides. It should be pointed out that the legal
usage of Napchlor G is dependent on the cell being offstream and no

water flowing through the tower distribution system.
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OFF-SITE RESPONSE FOR RADIOLOGICAL EMERGENCIES

James S. Eldridge, Thomas W. Oakes, and ngard M. Hubbard
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

and

H. Wayne Hibbitts
United States Department of Energy
Oak Ridge, Tennessee 37830

Key Words: Radiological emergencies, mobile laboratory,
environmental, accidents

ABSTRACT

Environmental radiological surveillance under emergency conditions
at off-site locations is one of the advisory functions provided by DOE
within the ORO jurisdiction. The Department of Environmental Manage-
ment of ORNL has been requested to provide sampling and analytical
assistance at such emergency response activities. We have assembled
and identified specific individuals and equipment to provide a rapid
response force to perform field measurements for environmental radio-
activity releases as a consequence of nuclear accidents. Survey teams
for sample collection and field measurements are provided along with
analytical assistance to operate the radioactivity measuring equipment
in the DOE emergency van.

INTRODUCTION

The March 1979 accident at the Three Mile Island (TMI) Nuclear
Power Plant served as a stimulus for reinforcing local emergency plans
for response to radioactivity releases. A combined DOE-ORNL team
participated in the initial response at TMI, providing assistance in

the off-site surveillance activities.l Based on experiences gained

*Operated by the Union Carbide Corporation under contract W-7405-
eng-266 with the U.S. Department of Energy.
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at TMI, we have instituted an upgrading program for radiological emer-
gency responses. A mobile laboratory outfitted with communications
equipment and a small complement of radioactivity measuring devices
presently serves as the command post for off-site responses. The Qak
Ridge Operations Office (ORO) of DOE acquired the mobile lab principal-
ly for use following -transportation accidents 1involving radioactive
shipments.

Our ongoing programs of environmental surveillance for research
and compliance programs have served as a framework for our emergency

plans.

PLANNING PRINCIPLES

We have taken the position that emergency planning should be
considered in a dynamic fashion. That is, we plan to implement
state-ofthe-art surveillance techniques and equipment into our
emergency plans as soon as practicable. The Department of Energy's
response to nuclear emergencies is governed in part by DOE Order
5500.2, "Emergency Planning, Procedures, and Response Program," August
13, 1981. OQur assistance to DOE on off-site accidents is on an
as-needed basis; however, planning for those needs encompasses
principles in use at ORNL for onsite emergencies.

Because unplanned releases of radioactivity can vary widely from
miniscule levels to that of widespread contamination, our emergency
response personnel will vary in relation to the severity of the

release. By incorporation of personnel, equipment and facilities of
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our established environmental surveillance program into our emergency
response system, we feel that many problems associated with identifica-
tion of contamination sources will be alleviated.

In a broad sense, analytical radiochemistry (a measurement science
for the qualitative and quantitative analysis of radioactive materials)
plays an important role in environmental monitoring programs at all
nuclear installations, and it is an essential feature of any emergency
response system. The techniques of high-resolution alpha- and gamma-
ray spectrometry, coupled with suitable radiochemical separation schem-
es for beta-emitter determinations are used in the environmental sur-
veillance evaluation of 1iquid and airborne releases of radioactivity.
These same techniques (possibly the same equipment) form an indispensa-
ble part of an emergency response capability. In emergency conditions,
“the analytical radiochemistry team of the environmental surveillance
program is qualified to provide the rapid response necessary to achieve
the desired analyses and identification of released radionuclides.?2

Health physics instrumentation for field use is usually designed
to determine the exposure rate of different radiation types, but it is
not generally useful for determining the identity of radionuclides
causing the exposure. Due to public concern over environmental levels
of radioactivity deposited by the September 26, 1976 nuclear test by
the People's Republic of China and concern over possible releases at
the TMI accident, it is now deemed advisable to perform field measure-
ments of radionuclide contamination with sophisticated 1laboratory

equipment capable of measuring concentration levels at or slightly
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above ambient levels.  For 1311, this implies a capability of
determining this nuclide at 0.04 to 0.8 Bg/2 in samples of milk or at
equivalent concentrations 1in vegetation, soil, or water and
4 Bq/2(10~7 yCiscm3) in air.

Low-level determinations at these concentrations requires the use
of high-resolution, high efficiency detectors and computer-based spec-
trometer systems. We have identified such systems currently in use at
ORNL and have implemented plans to move such laboratory systems to a
field location when needed. Personnel qualified to operate the labora-
tory systems are identified and are on call to accompany the instru-

ments to an off-site location if the need arises.

PRESENT CAPABILITIES

The present off-site emergency response capabilities are based
on the use of the DOE mobile laboratory as a combined laboratory/field
command post for minor contamination incidents and as a field labora-
tory for major incidents such as that tested by the annual Sequoyah ex-
ercise conducted by the Tennessee Valley Authority. The DOE laboratory
is a medium-sized recreation type vehicle outfitted with a radiotele-
phone and two transceiver systems for voice communications. The radio-
activity measuring equipment consists of a 1024-channel pulse-height
analyzer coupled to a 3 x 3-in. NaI(Te) detector housed in a lead
shield. In addition, an alpha scintillation system for gros§ alpha

measurements and an end-window G-M counter for gross beta determina-
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tions comprise the fixed laboratory equipment. Storage lockers for
portable survey instruments, TLD dosimeters, air samplers, etc. are
provided in the mobile faciity. Electrical power for the mobile
laboratory is provided by an onboard gasoline-powered generator with
sufficient output to operate all the equipment as well as the central
air-conditioning unit.

The usual field operation requires an operating crew of 3 or 4,
depending on the complexity of the exercise. The radioactivity mea-
surements usually require two people for operation of the spectrometers
and other measuring devices along with the data recording and calcula-
tional requirements. The third individual in the crew operates a sam-
ple receipt and screening station located outside the main facility.
The fourth individual in the crew serves as the radio operator and per-
forms other 1iaison as needed.

Field survey teams operate in support of the mobile Tlaboratory,
performing sample collections and field dosimetry at the direction of
the main control center for environmental surveillance. Samples of air
particulates, charcoal cartridges for 1311, vegetation, soil, or
water collected by the field survey teams are taken to the mobile labo-

ratory for analysis.

RECENT EXERCISES

Two field exercises have been conducted in which the entire

response system was tested under actual conditions. The first exercise
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consisted of a postulated release of 1311 and noble gases from the
High Flux Isotope Reactor -(HFIR) at ORNL. The emergency command center
was established at DOE headquarters in Oak Ridge and the mobile labora-
tory was sent to a site near the east end of Y-12 where it was fo be
operated as a field laboratory. Four teams of two surveyors each were
directed to various locations in and around the path of the postulated
plume of radioactivity. Air filters and grass samples were returned to
the mobile Tlaboratory for field assay. The exercise was the first
joint one in which ORNL provided operational support to the overall DOE
effort. This exercise was conducted on June 17, 1981, and gave
valuable experience to the participants.

Figure 1 illustrates the initial phase of the exercise and shows
the preparations of the field survey teams in assembling air sampling
and portable survey equipment. Figure 2 shows the portable laboratory
set-up at the Y-12 site during the course of the exercise. The photo-
graph shows the arrival of the first set of grass and air filter sam-
ples by a field survey team. Preliminary screening and sample prepara-
tion takes place on the portable table outside the laboratory. Cri-
tique of the first exercise recommended, among other things, more
reliable voice communications, more field team autonomy, and establish-
ment of an exclusion area around the mobile laboratory. (Onlookers and
visitors congregated around and in the mobile laboratory.)

A second joint exercise took place on July 7, 1981, in conjunction
with the annual emergency drill at TVA's Sequoyah Nuclear Plant. In

the emergency scenario, the reactor near Chattanooga had released
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ORNL PHOTO 1573-83

Fig. 1. Initial preparations for the June 17, 1981, emergency
exercise. Equipment assembled includes portable survey devices, air
samplers, and portable generators. The staging area was at the Federal
Building, Oak Ridge, TN.
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ORNL PHOTO 1574-83

A N e

Fig. 2. Mobile laboratory station at a field location during the
June 17, 1981, emergency exercise. The photograph depicts the arrival
of the first field survey team with air filter and vegetation samples.
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1311 to the environment, and radiological assistance from DOE-ORO
was requested in the late afternoon. The response teams at ORNL were
called by DOE at approximately 4 P.M. Within a period of approximately
two hours, a response force of DOE-ORNL personnel in a convoy of four
vehicles arrived at the Radiological Monitoring Control Center (RMCC)
at Chattanooga's Lovell Field. Because of time restrictions and a
shortage of mobile communications facilities, the mobile laboratory was
dispatched to an elevated site at Huckleberry near Daisy, Tennessee.
From that location, the mobile laboratory served as a relay station for
communications from the RMCC to the field survey teams. Thus, it was
possible to direct the DOE-ORNL survey teams to remote sampling points
by means of the radio relay from Huckleberry. This arrangement was
necessitated by the fact that the major communications from RMCC were
conducted on a public service band that was not accessible in the DOE
field units.

The Sequoyah exercise was deemed successful in spite of the
inability to directly access the communication 1links of the TVA and
state radio network. Test samples containing 1311 were success-
fully analyzed under field conditions in the exercise. The major
criticism of the second exercise was similar to that of the first: the
need for improved mobile communications. During the two-hour transit
time to the RMCC, the DOE-ORNL convoy had no contact with the emergency
center. In addition, most government vehicles do not have ordinary

radio receivers for commercial broadcasts. In a real emergency, the
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other networks would be a valuable asset to the existing communication
links. A scanner is to be placed in the van to alleviate some of these
problems, and a portable repeater is being designed by the Y-12 Plant

Radio Shop to expand the range of field team communications.

FUTURE PLANS

The ability to provide a rapid response force to an off-site
radiological emergency requires a dynamic emergency plan. This means
that extreme flexibiity must be available to tailor a response force to
a variety of low probability accident scenarios. Economic considera-
tions prevent the accumulation of sophisticated equipment dedicated to
low probability emergency use exclusively. Therefore, we are planning
to implement present and future instrument acquisitions into an overall
emergenéy response scheme. We have identified three high-resolution
gamma-ray spectroscopy systems that are transportable (in a configura-
tion such that one or two people can load the system into an ordinary
truck). Other detector systems (sodium iodide, plastic phosphors for
beta measurements, and silicon diodes for alpha spectroscopy) have been
identified for use with the transportable systems.

A state-of-the-art radiation monitoring cart has been ordered for
routine service as an air monitoring station. This assembly weighs
approximately 550 kg and is capable of measuring «- and g-radioactive
particulates, 1311, and radioactive noble gases in ambient air,

The entire assemblage is mounted on a wheeled cart and is capable of
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movement through standard doorways. In an extended off-site emergency,
this monitoring station may be rapidly deployed to a remote site that
contains electrical power. It contains CAMAC based electronics and can
transmit measured response to a remote computer.

Other portable systems, including two complete battery-powered
spectroscopy systems will be available for routine service as well as
for emergency purposes within the next few months. A Tiquid scintil-
lation counting system for tritium assays has also been identified and
can be made available for transport within 1 or 2 hours.

The cadre of emergency response individuals consists of 8 to 10
specialists capable of performing a variety of emergency procedures
including field sampling, dosimetry, and assessment. Personnel involv-
ed in the day-to-day operation of the sophisticated laboratory systems
have been informed of possible emergency needs and are available on an

emergency call list.

CONCLUSIONS

A combined DOE-ORNL response force has been established for pro-
viding off-site assistance to radiological emergencies 1involving
environmental contamination. Instrumentation and operational personnel
have been identified and have participated in two field exercises dur-
ing the summer of 1981. Continual upgrading of capabilities for assis-
tance occurs with each new instrumental acquisition in the environmen-
tal surveillance programs within the Department of Environmental

Management at ORNL.
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ENVIRONMENTAL LAWS AND REGULATIONS - POTENTIAL CHANGES

T. W. Oakes
Industrial Safety and Applied Health Physics Division
Oak Ridge Natiomal Laboratory
Oak Ridge, Tennessee

Abstract

A review of the Clean Air Act, Clean Water Act, Resource
Conservation and Recovery Act, Toxic Substances Control Act, and
Comprehensive Environmental Response, Compensation, and Liability Act
(Superfund) will be given. Recent congressional records will be
analyzed as an indication of trends in these areas. Discussion on
directions of environmental programs will be presented. A brief
analysis of the potential effects on UCC-ND will be given.

(Paper not available for print.)
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AN INITIAL EMISSION ASSESSMENT OF
HAZARDOUS WASTE INCINERATION FACILITIES

E. S. Harrington, G. A. Holton, and F. R. 0'Donnell
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
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ABSTRACT

Health and Safety Research Division, sponsored by EPA, conducted a study
to quantify emission factors from stacks, spills, fugitives, storage,
and treatment for a typical hazardous waste incinerator facility.
Engineering participated in preparing flowsheets and providing calcula-
tions for fugitive emissions. Typical block-flow diagrams were deve-
Toped for two types of hazardous waste incinerators (rotary kiln and
liquid-injector) and for three capacities (small: 1 MM Btu/hr, median:
10 MM Btu/hr, and large: 150 MM Btu/hr). Storage requiraments and sup-
port services were determined in more detail. Using the properties of a
typical waste, fugitive emissions were detemmined, including emissions
from pump leaks, valve leaks, flange leaks, and tank vents. An
atmospheric dispersion model was then employed to calculate atmospheric
concentration and population exposure estimatas. With these estimates,
an assessment was performed to determine the percentage of con-
centrations and exposure associated with selected emissions fram each
source at the incineration facility. Results indicated the relative
importance of each source both in termms of public health and pollution
control requirements.

OBJECTIVE AND BACKGROUND

The objective of this study was to provide technical assistance in
exposure and health risk assessment to the Incineration Branch of the
Industrial Pollution Control Division, U.S. Enviromental Protection
Agency (EPA) by addressing the human health and safety issues associated

with hazardous waste incineration facilities. To this end, fugitive
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emissions from pre-incinerator process equipment were quantified, and
atmospheric dispersion calculations and population exposure estimates
were performed. The results were used to determine the percentage of
concentrations and exposure associated with selected emissions and to
estimate the importance of each source in temms of public health and
pollution control. In other words, the goal was to produce generic
source terms that made some sense and could be applied to assess the
importance of emissions.

The Health & Safety Research Division (HSRD) of Oak Ridge National
Laboratory (ORNL) conducted this study. Engineering Division at ORNL
was requested to provide technical support .in the form of design of

typical facilities and calculation of fugitive emissions.

DESIGN OF TYPICAL FACILITIES

Six incineration facilities were designed. These included two
incinerator types and three capacities. The chosen incinerator types
were the rotary kiln and the liquid injector. The chosen capacities
were 1 MM Btu/hr (small), 10 MM Btu/hr (medium), and 150 MM Btu/hr
(large). These choices were based on a survey of operating incinerator
facilities.l

A block flow diagram of a typical incinerator is presented in
Figure 1. It includes the six basic areas of an incineration facility:
unloading and receiving, storage, feed, combustion, offgas, and waste

treatment (ash handling, etc.). The assumptions made in the development
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of this diagram are as follows:

1. Waste heat recovery would be economically justified in all

but the small capacity incinerators.

2. Typical off-gas systems would consist of a venturi scrubber

and a packed tower/demister, followed by an induced-draft
fan and stack.

From this block flow diagram, six process flowsheets were
developed: one for each combination of the two incinerator types and
three capacities. Figure 2 is a simplified version of one of the
flowsheets: that of the 10 MM Btu/hr rotary kiln. Agitators, valves,
instruments, etc., have been removed for the purpose of clarity.

The major differences in the flowsheets were due to the different
capacities. Only slight differences were due to the incinerator type.

The unloading areas of the small, median, and large incinerators
were designed to receive one tank truck, two tank trucks, and two tank
trucks and a railroad tank car, respectively, at one time. Spared
pumps capable of emptying the waste tankers in less than one hour and
also capable of pumping to any receiving tank were provided for each
unloading station.

Due to the small capacity, no receiving tanks were provided for the
small incinerator. The storage tanks were assumed to also function as
receiving tanks. Two tanks, one per unloading station, were provided
for the large facility. This number would allow for segregation of the

many kinds of waste such a large facility would expect to receive. Al]l
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the receiving tanks were sized to accommodate one tanker load. A pair
of pumps capable of emptying these tanks in less than one hour were pro-
vided to transfer the waste to storage tanks.

Four storage tanks were provided for each incinerator, regardless
of capacity. This number was chosen to allow for a simple segregation
scheme. Wastes would be separated into high-Btu, clean or dirty waste,
and low-Btu, clean or dirty waste. The tanks were sized to provide 14
days, 30 days, and 150 days storage for the large, median, and small
incinerators, respectively. The 30 and 150 day figures were chosen to
keep tank sizes reasonable. A pair of pumps capable of filling either
feed tank in 8-12 hours (1-1.5 shifts) were provided.

Two feed tanks were provided for all facilities. For the rotary
kiln, one tank was dedicated to waste to be fed into the kiln itself
(primary chamber), and the second to waste to be fed into the after-
burner (secondary chamber).

With the 1iquid injection, all the heat duty is in one chamber and
from one feed, but in a rotary kiln, the heat duty must be distributed
between the primary and secondary chambers, and between solid and liquid
feeds. The duty was assumed to be split evenly between the two com-
bustion chambers, and the primary duty was assumed to be split 2:1 bet-
ween liquid feed and solid feed. For example, in the 10 MM Btu/hr
rotary kiln, the duty in each chamber would be 5 MM Btu/hr. The liquid
feed to the kiln would provide 3.3 MM Btu/hr and the solid feed would
provide 1.7 MM Btu/hr. Only the large rotary kiln was designed to be

able to accept whole drums due to the physical size of the incinerator.
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Flow rates were determined by arbitrarily setting the heat content

of the feed, making assumptions about the feed density, and utilizing

the specified heat duties. The primary liquid feed to the rotary kiln

was assumed to have a heat content of 8,000 Btu/1b, the solid feed to

be 4,000 Btu/1b, and the secondary feed to be 14,000 Btu/1b. The feed

to the Tiquid injector was assumed to be blended to 10,000 Btu/1b.

Liquids were assumed to have densities of 7 1b/gal.

Other features of the designs include the following:

1.

nitrogen blanketing on the tanks to prevent contact of waste
with air (explosion/fire hazard);

pump-around systems replacing agitators on tanks larger

than 10,000 gallons for practicality;

tanks vented directly to the atmosphere; and,

redundant pumps to reduce downtime.

EMISSION FACTOR CALCULATIONS

The methodology for detemining fugitive emissions fram a typical

hazardous-waste incinerator facility consisted of the following five steps:

1.
2.
3.
4.
5.

determination of component properties;
determination of mixture properties§
determination of process operational parameters;
calculation of fugitive emission rates; and,

calculation of emission concentrations.

Although fugitive emissions were detemmined for eighteen cases (two

incinerator types, three capacities, and three wastes), atmospheric

dispersion and population exposure calculations were only performed for
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one case: the median-size rotary kiln burning an average waste. The
analysis of that waste, designated API Separator Sludge, is contained in
Table 1. The analyses of the good and bad wastes are presented in

Tables 2 and 3 respectively.

TABLE 1: ANALYSIS OF AVERAGE WASTE
API SEPARATOR SLUDGE

] CONSTITUTENT MEDIAN CONCENTRATION (ppm)
phenol 13.600
cyanide 0.001
heavy metals 642.873
ammonium salts 6.500
benzo (a) pyrene 0.004
crude oil (weight %) 22.600
water (weight %) 53.000

TABLE 2:

ANALYSIS OF GOOD WASTE

PHENOL/ACETONE DISTILLATION BOTTOM TARS

CONSTITUTENT MEDIAN CONCENTRATION (wt¥) |
acetophenone 2.65
phenol 1.05
cumyl phenol 1.15
total tars 95.15
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TABLE 3: ANALYSIS OF BAD WASTE
TRICHLOROETHYLENE/PERCHLOROETHYLENE COLUMN BOTTOMS OR HEAVY ENDS

CONSTITUTENT MEDIAN CONCENTRATION (wt%)
hexachlorobutadiene 33.8
1,1,2,2-tetrachloroethane 23.0
hexachlorobenzene 20.0
1,1,1,2-tetrachioroethane 6.3
hexachloroethane 4.0
ethylene dichloride 0.6
tetrachloroethene 4.5
beta-trichloroethane 4.5
pentachloroethane 3.3

This discussion of emission factor calculations will be concerned
with the median-capacity rotary kiln burningvthe average waste.

The basic physical properties (vapor pressure, density, etc.) of
the individual waste components were obtained either froam reference
materialsZ»3 or by calculation procedures presented in section 3 of Perry's

Chemical Engineer's Handbook (Fifth Edition)3. The major problem with

characterizing this waste was obtaining the properties of the camponent
named as "oil". Having gained information on the process fram which
this waste stream arose, and having determmined that "oil" meant "crude

0il", Petroleum Refinery Engineering (Nelson)4 was used to approximate

the physical properties of a typical crude oil. This typical oil was
assumed to be a typical U.S. crude.

Determination of the mixture properties (vapor pressure, density,
molecular weight, and heat of combustion, was, in general, accomnplished
by utilizing simple mixing rules (such as Ppijx = ZIx;Pj). Calculation
of the vapor pressure allowed the classification of the waste as a light

or a heavy liquid. If the waste's vapor pressure was less than 0.3kPa,
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it was a heavy liquid. This stream was determmined to be a light liquid.
This classification was the basis on which the choice of emission fac-

tors was made, utilizing the information presented in Table 4.

TABLE 4: UNCONTROLLED FUGITIVE EMISSION FACTORS

EMISSION SOURCE EMISSION FACTOR (kg/hr)

pumps

light liquid 0.1200

heavy liquid 0.0200
valves (in-line)

light 1liquid 0.0100

heavy liquid 0.0030
flanges 0.0003
sampiing connections 0.0150

Operational parameters that had to be determined were facility
throughput, tank sizes and dimensions, pump operating times, and equip-
ment quantities (valves, flanges, etc.). Facility throughput was calcu-
lated using the heats of combustion of the waste and #2 fuel oil to
determine the proportions and amounts of waste and oil required to
achieve the specified incinerator capacity. Nominal tank sizes had pre-
viously been chosen in this project's design phase, but actual capaci-
ties, heights, and diameters were chosen fran vendor information pro-
vided by Bethlehem Steel Corporation's Buffalo Tank Division.d This.
information consisted of standard tank sizes and dimensions and guideli-
nes for determination of tank dimensions for non-standard capacities.
A1l tanks were assumed to be vertical and to have fixed roofs. Pump

operating times (number of hours a pump would be in operation per year)
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were calculated by dividing the throughput by the pump design capacity.
Where two pumps were in parallel, it.was assumed that each would operate
hal f-time. The facility was assumed to be operational 300 days per
year. Obtaining the different equipment quantities was accanplished

using several ratios. These ratios were obtained from Organic Chemical

Manufacturing, Volume 3: Storage, Fugitive and Secondary Sources,6

UCC-ND TSCA incinerator designs, and this project's process flowsheets.
The ratios are as follows:

valves to pumps . 15:
in-Tline valves to open-ended valves
flanges to valves

instrument connections to tanks
sample connections to tanks

[o—y
[ ]

= = Oy 00O

*e e . .o

S Tl el e

Equipment quantities were calculated for the facility as a whole and for
the individual process areas (receiving, storage, feed, and fuel 0il).
The totals for each facility are presented in Table 5.

Emission rate calculations were divideq into two parts: emissions
from the various equipment types, and tank emissions. The former were
based on emission factors presented in Table 4.5 These emission factors
were based on a survey of the synthetic organic chemical manufacturing
industry (SOCMI). Utilizing the factors in combination with the pre-
viously calculated equipment quantities and pump operating times and
previous characterization of the waste as a light liquid alTowed
the determination of the emission rates. Instrument connections were
assumed to leak at the same rate as flanges, since no emission factor
was specified. Emissions from tanks are separated into breathing and

working losses. The former are affected mainly by the waste
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characteristics, tank geometry, and factors such as diurnal temperature
fluctations and paint conditijon. The latter is influenced in the most
part by waste characteristics and the number of turnovers per year
(throughput divided by capacity). The tank emissions were calculated
using existing equations.6 The total facility emissions were broken
down by equipment type, process area, and component.

The last set of calculations involved determination of the con-
centrations of the various emissions components in the "boundary layer"
above the liquid, be it a puddle on the ground or whatever. The boun-
dary layer is that portion of the atmosphere immediately above the
Tiquid. Its thickness is a few millimeters, at the most. In this
layer, equilibrium exists between the gaseous and liquid phases.
Therefore, Raoult's Law, one of the simplest equilibrium expressions,
was used to calculate the concentrations. For these calculations, the
only substances that were of significance were water and crude oil vapor
(both from the waste), and #2 fuel oil vapor. All other components of
the waste had negligible concentrations, negligible vapor pressures, or
both. Many of the components, especially the heavy metals and salts,

would be left as a solid deposit as the oil and water evaporated.

EMISSION FACTOR RESULTS

Results of the calculations for the particular case are presented
in Table 6. It should be noted that these factors are for uncontrolled

emissions.
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Table 6
Emission Factors

Area Rate(1b/yr) Percent |
unloading and receiving 570.70 3.34
storage 10,299.19 60.21
feed _ 5,377.25 31.43
fuel oil 860.89 5.03

Equipment Type

pumps 6,089.78 35.60
in-line valves 6,853.98 40.06
open-ended valves 1,442.20 8.43
flanges 461 .05 2.69
instrument connections 76.76 0.45
sampling connections 1,666.70 9.74
tanks 517.56 3.03
Constitutent
water vapor 14,745.90 86.19
crude oil vapor 1,501.24 8.78
#2 fuel oil vapor 860.89 5.03

Total = 17,108.03 1b/yr

Initial atmospheric concentrations |

considering entire facility as point source: h

water 1.245% by volume
crude oil vapor 0.013% by volume
#2 fuel oil vapor 0.017% by volume

In terms of pollution control, these results show that the most
significant area of the incinerator facility is the storage area.
Controls in this area would be the most effective in reducing total
fugitive emissions from the incinerator facility. Pumps and valves are

the most important in temms of specific types of equipment, since they
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account for over 80% of the emissions. Therefore, control of emissions
from these items, often accomplished by improved maintenance progranms,
would be most effective. However, calculations for other cases show
that the importance of tanks increases greatly as the capacity of the

incinerator increases.

POPULATION EXPOSURE ASSESSMENT METHODOLOGY

Incineration of hazardous wastes produces stack and non-stack
emissions. Because population exposure varies with emission type,
understanding the relative contribution of each emission type is par-
ticularly important. Computer modeling is one way to estimate each

contribution.

ATMOSPHERIC DISPERSION MODEL SELECTION

To calculate atmospheric concentration estimates due to emissions
of a hazardous material, the Industrial Source Complex (ISC) Dispersion
Model/ was selected. This model is a U.S. Envirommental Protection
Agency (USEPA) recommended code which was readily available and fulfills
all dispersion requirements of this study.

Industrial Source Complex Dispersion Model (ISC) is based on
modified Gaussian plume assumptions and can be used to assess the air
quality impact of emissions from a wide variety of sources associated
with an industrial complex. ISC has been evaluated by the Office of Air
Quality Planning and Standards, USEPA, and has been recanmended for such
app]ications.3s9 The ISC computer code has many capabjlities. Those

employed in this study were: (1) the abiity to specify receptor terrain
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elevations, (2) use of two area-type sources to simulate fugitive
emission releases, (3) the use of one point source to simulate stack
emissions, (4) the use of city-specific meteorology employing local air-
port annual stability array (STAR) summaries, and (5) consideration of
building-wake/stack-downwash effects on dispersion, developed fram the
actual incineration plant design. Using these ISC capabilities, ground
level annual average downwind pollutant concentration estimates were

calculated from fugitive and stack emission sources.

POPULATION SELECTION

The population base was selected to be that of the city of
Cincinnati, Ohio, where a large incinerator facility already exists. To
estimate the exposed population, the number of people per sector segment
(Figure 3) had to be détennined. This was performed by demographers at
the Oak Ridge Natjonal Laboratory using a four-step procedure. First,
based on preliminary 1980 Census data, numbers of people were assigned
to 1970 block-group/ enumeration district centroids. Next, polygons
were drawn around each centroid. In regions where many centroids
existed, each polygon area was small; where few centroids existed, each
polygon area was relatively large. Third, fran the polygon area and the
number of people assigned to each centroid, a population density was
determined. These polygon population densities were then apportioned to
a uniform 50 m x 50 m grid which covered the area of interest (a 15-km
circle centered on the incineration facility). Fourth, the number

of people per sector segment was calculated from the grid by & similar
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area/density apportionment techm’que.10 Table 7 contains these popula-
tion estimates, referenced by each sector segment's geographic centroid,
for the region surrounding the Cincinnati Municipal Sewer District (MSD)

incinerator.

ATMOSPHERIC DISPERSION MODEL APPLICATION

Using meteorological data and incinerator design, operation, and
emission release data (Table 8), the ISC computer model was run to esti-
mate downwind concentrations at 176 receptors (16 directions and 11
distances). Each receptor point was defined by the intersection of one
of eleven rings of various diameters centered around the incinerator and
one of sixteen radial lines emanating from the complex center (Figure 3).
Each radial was separated by 22.5° intervals beginning with due north
(0°) and proceeding clockwise. The eleven ring diameters were 0.2, 0.3,
0.5, 0.7, 1.0, 2.0, 3.0, 5.0, 7.0, 10.0, and 15.0 km. These distances
were chosen to span the greater Cincinnati metropolitan area.

Elevations of each receptor point were taken from topographic maps.
Due to code limitations, at receptor locations where the elevation
exceeded the stack height, the stack height elevation less 30.5 cm (1
ft) was used. Such treatment may be simplistic (as is the complex
terrain calculation algorithm of ISC) but is more Tikely to overestimate
actual concentrations than flat land assumptions; hence the elevated
receptor assumption is conservative. For example, concentration esti-
mates at 3.0 km are up to a factor of 2 higher for elevated receptors

versus flat land receptors.
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Table 8

Summary of Source Values

Coordinates Release

Source Component Size of center height
Name Representation Number (mé) (m) (m)
Stack 1 stack 1 3.4a 35.0, 0.0 27 .4
Structure 2 area sources 1 62.8 26.5, 4.0 20.1
2 62.8 18.5, 4.0 20.1
Tank Farm 3 area sources 1 455.2 -33.6, 9.5 6.1
2 455,2 -54.9, 9.5 6.1
3 455.2 -76.3, 9.5 6.1

Pollutant Emission Rates (g/s)PsC

Uncontrolledd

ControlledC

Source Component .
Name Representation Number crude Hef #2 0i19 crude Hef #2 oild
Stack 1 stack 1 .00639 .00397 .00639 .00397
Structure 1 stack 1 .0239 .0148 .00239 .00148
2 .0239 .0148 .00239 .00148
Tank Farm 3 area sources 1 .0524 .00413 .00524 .000413
2 .0524 .00413 .00524 .000413
3 .0524 .00413 .00524 .000413
Total 211 .0460 .0269 .00817

aStack diameter 2.08m, release velocity 6.4 m/s, gas temperature 366.5 K.
bStack emission rates calculated from source term methodology, assuming

99.9% control.

CFugitive emission rate calculated from waste and fuel o0il assumptions.

dyncontrolled fugitive emission releases assumed.

€90% controlled fugitive emission releases assumed.
fvapors from crude, sludge oil.

9Vapors from #2 fuel oil.
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Another employed feature of ISC is the ability to estimate the
effects of building-wake/stack-downwash phenomena on dispersion calcula-
tjons using the overall dimensions of the incineration facility as
input. The code estimates much higher concentrations (up to 300 times
higher) at locations close to the incinerator but calculates little or
no effect at distances of 2.0 km or more. Unfortunately, ISC performs
these atmospheric concentration estimates assuming wake/downwash effects
occur for all wind directions. This assumption introduces a conser-
vative bias to the concentration estimates that is difficult to
quantify. Nevertheless, we feel it is more prudent to include these
effects on ground level concentration as estimated by ISC than to ignore
them.

Downwind concentration estimates at 176 receptors were calculated
for hydrocarbon (HC) vapor releases from the hazardous waste (crude,
sludge oi1) and the fuel oil (#2). An eleven by sixteen array of con-
centrations was calculated for each of three sources. The three sources
were stack emissions, fugitive emissions from the incinerator structure,
and fugitive emissions from the tank farm area. Two conditions were
modeled: (1) uncontrolled fugitive and 99.99% controlled stack
emissions; and (2) 90% controlled fugitive and 99.99% controlled stack
emissions.

POPULATION EXPOSURE COMPUTATION

To calculate source contributions to receptor concentrations and
population exposure, a separate computer program was written. Input for

this program were the ISC computed eleven by sixteen concentration
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arrays and the ten by sixteen arrays of population. By interpolation to
the sector segment geographic centroids, the eleven by sixteen con-

centration arrays were converted to ten by sixteen arrays. These arrays
were then matched to the population arrays to calculate various exposure

results.
RESULTS

Hydrocarbon Vapor Air Concentrations

As described above, the ISC computer code was used to calculate
ground level annual average air concentrations of HC vapor at sixteen
directions and eleven distances downwind from the source.
Concentrations were calculated for stack emissions, fugitive releases
from the incinerator structure and the tank f%nn, and the sum of all
enissions from all three sources. The ISC-estimated concentrations were
then converted to sector-average or geographic centroid concentrations
for releases from each source and the total. These centroid con-
centrations for all sources are detailed in Tables 9 - 12. Tables 9
and 10 contain HC crude vapor concentration estimates for uncontrolled
and controlled fugitive emission conditions. Tables 11 and 12 contain
HC #2 o0il vapor concentration estimates for the same conditions.
Comparison of maximum centroid concentrations shows that uncontrolled
values are higher than controlled and that HC crude vapor values are
higher than HC #2 o0il vapor values. The maximum concentration occurred

at the nearest centroid (250 m downwind), ranging, for example, from
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2.861g/m3 at 11.25 to 0.842 yg/m3 at 281.25 for the "uncontrolled
crude" model run (Table 9). FEach table also shows that:the downwind
concentrations decrease rapidly with distance to less than 2% of the
maximum at the 12.5 km centroid distance.

It is not surprising that the crude vapor concentration would be
higher than the #2 oil vapor concentration because its emission value is
much larger (Table 8). What is interesting from these tables is that the
controlled fugitive emission air concentrations are uniformly about a
factor of 10 less than the uncontrolled values, meaning tht the constant
stack emissions do not contribute significantly to downwind HC vapor
concentrations and that fugitive emissions are the dominant source. An
analysis of the fraction contribution to air concentrations at 250 m and
12.5 km for the "uncontrolled crude" model run, Table 13, shows this
behavior. At 250 m, fugitive emissions from the tank farm dominate air
concentrations for most directions while stack emissions are 1% or less.
At 12.5 km, structure fugitive emissions contribute 20%, the tank famm
contributes 77%, and the stack contributes only slightly more than 2%.
Other conditions and modeling runs show similar dominance by fugitive
emissions. Thus, for the sets of conditions studied, most downwind HC

vapor air concentrations are due to fugitive emissions.

POPULATION EXPOSURES TO HYDROCARBON VAPOR

Population exposures to uncontrolled and controlled crude oil and
#2 o1l vapors are summarized in Tables 14-17. As expected, total popu-

lation exposure decreases with fugitive emission control from 2.46 x
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Table 14

SIWMARY (F EXPNSURES T~ #776d1., PERSNIS T} CrunE
AT CIMCTHmaTT S TNCTrER sl 3COiTRul LED L

COLLEFTIVE FxXPUSURE, AVERAGE [MDTVIDHAL
SNURCE PERASN=mTECROGRAMS EYPJSURE, 1ICROGKAMS
- - PER CHRIC MFTER PER Cunil METER
STRIUCTURE - S,21F 0% S.93FE=N3
TANK FARM 1 _GOF na 2,1nf=n2
8LC §NTRCES 2.36F 0 c.HiE=0c
Table 15

SUMMARY F FAP,SuRQES TI7 AJ7e4), PEESN S T Cwilnf
AT CTaCfMdATT 80 J~CISFRR sCiin Tl ER NIL

- R D gy D ED DGR AP D WL T D S R G D T WD VD AP D W T D WD U WP YD VP W T AP R T WD N W D WD WY W WD W D WS WD P WD WP WR WP Y AP W W

COLLECTIVE FYP:SU'QE, AVERAGE [MufVTonap
SNURCE PERSNINeTCRIIGPALS FXPISYRE, *» [CROGRAM3
PER CHBTC METER Pew CUIIC METFR :
QTACK 1,07 32 4, BdF =Ny
STRINCTURFE Se21lF 2 S.9%F =04
- TANK FARN 1 _9NF v P2, 1rF=n?
ALL sonkCeS 2.727E 63 Se22R =035

e an s s e — Y. . | v A g
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Table 16

SUmMMARY (IF FAPUSURES [ “77~nt, PERSHWS T, 2 L
AT CTIMCTIMAT =80 [T Fee, st WCoam T2 LFo -l

COLILECTIVE E«PISURE, AVEFRAGE TinsTvignid
SNURCE PERSNVeMTCRNGEANRS ExXP1IS:IRE, M CrRIIGR2MS
BER CHRTIL FTFE PERF CuyJC WETE®S

QTACK 2,93 02 2. 94F «try
STRICTURE 3,72F 022 3.07F=n3
TAK FARM | JHQE 1% 1.7 1E=n3

TELC SCUORCES 4,978 % Sebok="5

@ - - - D - - - W G W WG T WD W T W T UB W D - A s s e Es e wn w Em e e W

Table 17

SuMvARY [IF ExDSSIRES T10  »77adl, PEEST 3 Ti oo ATL
2T CTLELraATT 89 1 GT%FER, sCANTELLED M)
COLLERTTYE EXPOSUSE, LYE<SAGE THoT Tt
SNLRCE PERGIN= TCOIGRAS FeRSyRE, “I0eyriats

3FR Cu+4TC “FTER PER CuHiC ETER
STACK 2.53% o2 2 HRE =N
STRUCTUPE 3,22+ 92 F.n7E-N
TANK FARY { ,uGF 22 1. 70uF=n
LT SONFCES 7 ASE T mer2notd
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104 to 2.82 x 103 person-ug/m3 for crude oil vapor and from 4.97 x

103 to 7.25 x 102 person~ug/m3 for #2 oil vapor. The percentage
decrease in response to 90% fugitive control is 80% for crude 0il vapor
and 85% for #2 oil vapor. Such near-linear population exposure
decreases with control highlight the importance of fugitive emission
control.

Tables 18 through 21 summarize population exposure by concentration

level for the two HC yapors and conditions studied. These tables con-
tain a wealth of information concerning the total population exposure at
the Cincinnati site. For example, these data can be applied to either a
threshold or non-threshold health effects model to predict health
effects associated with the predicted poputation exposure. Both expo-
sure and the population associated with each concentration level can be
studied. Estimates concerning the health benefit from control of fugi-
tive emissions can be calculated by comparing the controlled and
uncontrolled values. These results show that public exposure to HC
vapors from this incinerator is low in either case, with all locations
receiving concentrations more than two orders of magnitude less than the
National Ambient Air Quality Standard for HC. Nevertheless, should car-
cinogens be present in the HC vapors, the predicted population exposure
decrease due to HC fugitive emission control may produce meaningful

public health benefits through a reduction in cancer incidence.
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CONCLUSIONS

Based on these emission calculations, and the assumption of 99.9%
destruction efficiency in the incinerator, the most important area of an
incinerator facility in regard to pollution control is the storage area.
Pumps and valves are the most important equipment types, although the
importance of tanks increases with incinerator capacity. Therefore,
control measures in these areas would be most effective.

The desire for generic emission factors reduces the accuracy of the
calculations due to the fact that detailed design is impossible and
Tocal envirommental effects cannot be considered.

Population exposure to HC vapors is dominated by fugitive emission
sources in both the uncontrolled and controlled uses. This implies that
control requirements for an incinerator facility should consider all
pollutant sources, not just the stack emission values. However,
assessing the public health significance of these HC exposures is hin-
dered by incompiete knowledge of the emission compositon. A detailed
analysis of the HC vapor could improve this shortcoming.

The emission assessment used source term data developed for a typi-
cal incineration facility operating a 10 MM Btu/hr rotary kiln, burning
a waste which was also chosen to be typical. The validity of applying
this source term data for a generic site to a specific location to draw
overall conclusions concerning relative emission importance needs to be

studied.
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RELAXATION OF SO EMISSION LIMITS
FOR THE PGDP STEAM PLANT

S. L. Shell
Paducah Gaseous Diffusion Plant
Paducah, Kentucky 42001

ABSTRACT

Kentucky sulfur dioxide emission standards for the C-600 steam plant
stacks are very stringent and necessitate the burning of very low
sulfur (0.8%) coal to meet standards. Dispersion calculations of PGDP
effluents indicated that SO; emissions have only a minor effect on
ambient concentrations and that the plant's emissions are overregulated.

A consultant was retained to explore the problem, and it appears that
relief may be obtained by seeking a State Implementation Plan revision.
This would allow the emission of more S0, from the coal-fired boilers
within the applicable restrictions of National Ambient Air Quality
Standards and the Prevention of Significant Deterioration regulation.
The potential savings to the plant by burning higher sulfur coal could
exceed $250,000 annually.

Union Carbide Corporation, Nuclear Division
Paducah Gaseous Diffusion Plant
Paducah, Kentucky

Prepared for the Department of Energy under
U. S. Government contract W-7405 eng 26
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DESIGN OF A PARTICULATE MONITORING NETWORK
FOR THE Y-12 PLANT

E. S. Hougland
Department of Civil and Environmental Engineering
University of Tennessee
Knoxville, Tennessee

T. W. Oakes and J. N. Underwood
Oak Ridge National Laboratory*
Oak Ridge, Tennessee.

Key Words

Air Quality Monitoring, Monitor Network Design,
Air Pollutant Dispersion, Computers

ABSTRACT

An Air Quality Monitoring Network Design (AQMND) with multiple
objectives is being developed for the Y-12 Plant production facilities.
The objectives are: Y-12 facility surveillance; monitoring the trans-
port of Y-12 generated airborne effluents towards either the Oak Ridge
National Laboratory or the developed region of the City of 0Oak Ridge;
and monitoring population exposure in residential areas close to the
Y-12 Plant.

A two step design process was carried out, using the Air Quality
Monitor Network Design Model (AQMND) previously used for the Oak Ridge
National Laboratory network. 1In the first step of the design we used
existing air quality monitor locations, subjectively designated loca-
tions, and grid intersections as a set of potential monitor sites. The
priority sites from the first step (modified to account for terrain and
accessibility), and subjectively designated sites, were used as the
potential monitor sites for the second step of the process which pro-
duced the final design recommendations for the monitor network.

INTRODUCTION

In order to quantify the transport and distribution of certain
particulates from the Y-12 manufacturing processes and possible
resultant population exposures, the Radiation Safety Group at the ¥Y-12
Plant and the Department of Environmental Management at the Oak Ridge
National Laboratory (ORNL) have collaborated in the design of a new

*QOperated by Union Carbide Corporation under contract W-7405-eng-26 with
the U. S. Department of Energy.
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of a new particulate monitoring network around the Y-12 Plant. This
paper summarizes the work to date, including initial design recommen-
dations and discusses possible extensions of the study to further refine
the monitoring network design.

The Y-12 Plant is located in Bear Creek Valley, about three kilo-
meters from the central business and population area of Oak Ridge. It
is separated from that area by Pine Ridge, with the exception of a small
gap in the ridge at the north-east corner of the plant reservation.
Figure 1 is a three dimensional representation of the Y-12 and Oak Ridge

area showing the complex ridge and valley terrain of the region.

STUDY METHOD

“This study was conducted using meteorological and source data pro-
vided by the Y-12 Radiation Safety Group and an Air Quality Monitor Net-
work Design Model (AQMND) developed for the design of the ORNL parti-
culate and SO2 monitoring network. The model has been fully described

1,2,3 The model is used to define a measure of the source

elsewhere.
to potential monitor site relatiomship for specified sources and poten-
tial monitor sites in the study area. The model is then used to choose
a subset of the potential sites which maximizes a measure of the total
network's ability to momnitor these sources.

A two step procedure was used in the design process. 1In the first
step, an arbitrary grid of 441 potential monitor sites was augmented by
eight sites specified by Y-12 personnel. These sites are listed in the
following table and are indicated on design plots by the associated

acronyms.
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TABLE
Monitor Sites
Site Acronym
Gamble Valley GV
Tank Farm TF
Water Plant WP
S0, Monitor - East S0E
- West S0W
South Patrol Road - East SPRE
- Central SPRC
- West SPRW

The Gamble Valley, Tank Farm and Water Plant sites were proposed for
the purpose of monitoring transport across Pine Ridge towards the popu-
lated areas of Oak Ridge. The existing 802 monitors were proposed to
monitor transport along the axis of Bear Creek Valley. The South Patrol
Road monitors were proposed for the purposes of measuring Y-12 transport
in the direction of ORNL and transport of ORNL material into Bear Creek
Valley.

RESULTS

The results of the initial design run, labeled in priority order,
are shown in Figure 2. The locations of the two major particulate
sources considered, Building 9212 and 9206, are shown by the underlined
numbers 12 and 06 on the Figure. The recommended design is enumerated
in Table 1. While none of the augmentation sites were chosen by the
computer model, some of the chosen sites were so close to the augmen~-
tation sites that no practical difference would result from using either
location. Also, reasons of security and power availability directed
that several of the model's assignments be moved, usually to an augmen-
tation site.

In the second phase of the design process, the chosen sites from the
first phase computer results, the original eight augmentation sites, and
other augmentation sites in suspected transport paths and in populated

areas were used as input to the monitor network design model. Thirteen
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sites, indicated in Figure 3, were chosen by the model. An eleven site
network was recommended. Two recommendations of the model were not
chosen. Computer sites 4, 5, and 12 were combined into one recommended
monitor locatiom.

Ground reconnaissance of the potential sites has confirmed the
suitability of the recommended sites and provided specific siting
instructions based upon physical obstructions to air flow such as build-
ings, terrain and trees. Terrain features such as ridge gaps, which
would channelize pollutant transport under stable inversion conditions
at the ridge top, were also noted. The deletions of computer-
recommended sites numbers 10, 11, and 17 of the first run for being
inside the "street-canyon" of the Y-12 plant or being too distant and in

the lee of a ridge were also confirmed.
DISCUSSION

Extensions to this design effort hinge on the following question:
Will the design be sufficiently improved by the time it must be imple-
mented to make the effort worthwhile? Refinements can be made in the
source data, meteorological data and in the atmospheric/diffusion model
used in the network design process.

Each building, 9212 and 9206, was treated as an individual point
source of equal strength Yith no appreciable plume rise. 1In fact, each
building has multiple short stacks on its roof, some with the potential
for plume rise due to air flow velocities. Treatment of individual
stacks is possible at some increase in computer execution time.

Possible improvements in meteorological data and in diffusion
model(s) used are related. The meteorological data used was a conden-
sation of seasonal frequencies of wind speed, direction and '"lapse" or
“"inversion" conditions into annual frequencies of stable (Pasquill "E")
and unstable (Pasquill ''C") categories for each wind speed and direction
class. This was sufficient for the gaussian diffusion models used, but
would not be satisfactory for a more sophisticated model of the type

needed to simulate air flow in near calm, stable conditions of
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the type that would lead to transport through the gap to the north-east
of the Y-12 Plant or across Chestnut Ridge towards ORNL. Discussions
with Y-12 personnel have also revealed the low frequency of fog, an
indicator of stable atmospheric conditions, even when fog 1is present in
most other valleys in the Oak Ridge area. This raises the possibility
that the Y-12 Plant is creating a "Heat Island" effect, further compli-
cating the modeling of diffusion of particulates in the region.

CONCLUSIONS

A monitor network design has been developed for the Y-12 Plant which
provides immediate guidance for the fullfillment of the monitoring
requirement. Extensions to the design process to improve the design
have been suggested herein. The decision of what further action to take
is pending.

The two phase process with human participation is a vivid illus-
tration of the way the computer model is intended to aid the human
decision maker, not direct his actionms.

TABLE 1
Monitor Network Design Recommendations: Phase One

Site Number ' Computer Priority Comments

1 1 Inside plant boundary

2 2 1

3 (3, 5, 7) Install close to (5~7)1line

4 4 Inside plant boundary

5 6 11

6 8 SPRW probably equally good

7 9 Along Bear Creek Road

8 12 Effectively coincident with
SOHE

9 (13-14) Effectively coincident with
TF

10 (15-19) Same area as SPRC

11 (16-20) Gamble Valley area

12 18 Off ridge line, use SPRE

13 - Use SOoN for completness

- 10 NOT RECOMMENDED

- 11 In Lee of Ridge Inside
Y-12 Plant

- 17 Too distant
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TABLE 2
Monitor Network Design Recommendations: Phase Two
Site Number Computer Priority Comments

1 1 Inside plant boundary

2 2 North of Bear Creek Road

3 3 n

4 (4, 5, 12) Just North of Bear Creek Road

5 6 Effectively coincident with
SOW

6 7 SPRW 300 meters away

7 8 Between SPRC and SPRE

8 9 TF site

9 10 Effectively coincident with
SO2E

10 11 On ridge top between SPRW
and SPRC

11 13 Gamble Valley
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EVALUATION OF TECHNIQUES FOR CONTROLLING UFg
RELEASE CLOUDS IN THE GAT ENVIRONMENTAL CHAMBER

Charles J. Lux
Goodyear Atomic Corporation
Piketon, Ohio 45661

KEY WORDS: Uranium Hexafluoride, Release, Control, Electrostatic

ABSTRACT

Studies designed to characterize the reaction between UFg and atmos-
pheric moisture, evaluate environmental variables of UFg cloud formation
and ultimate cloud fate, and UFg release cloud control procedure have been
conducted in the 1200 cu. ft. GAT environmental chamber. In earlier
chamber experiments, 30 separate UFg release tests indicated that varia-
tions of atmospheric conditions (0—40 C; 20-90% relative humidity; 2-1/2 -
5-1/2 mph wind speeds), and sample sizes (1.8-79.3 g UFg), had no signi-
ficant effect on UO,F, particle size distribution (0.5-3.0 microns),
release cloud formation (static/dynamic, gaseous/liquid release modes), or
cloud settling rates (12-16 hours). During the past year, numerous proce-
dures have been evaluated for accelerating UFg cloud knockdown in a series
of 37 environmental chamber releases. Knockdown procedures included:
coarse water spray; air jet; steam spray (electrostatically charged and
uncharged); carbon dioxide; Freon-12; fine water mist (uncharged); boric
acid mist (charged and uncharged); and an ionized dry air stream. UFg hy-
drolysis cloud settling rates monitored by a laser/powermeter densi-
tometer, indicated the relative effectiveness of various cloud knockdown
techniques. Electrostatically charged boric acid/water mist, and electro-
statically ionized dry air were both found to be very effective, knocking
down the UOoF, release cloud particles in two to five minutes. Work to
adapt these knockdown techniques for use under field conditions is con-
tinuing, taking into account recovery of the released uranium as well as
nuclear criticality constraints.
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INTRODUCTION

Tons of uranium hexafluoride (UFg) are involved in day-to-day opera-
tions of gaseous diffusion uranium enrichment plants. These plants are
designed and operated within safety parameters that take into account
the hazardous nature of UFg; and consequences to the work force and to the
public should UFg be released to the environment. Some systems within the
plants have a greater potential for UF6 releases than others due to the
nature of their operation e.g., sample withdrawal points, and UFg feed
and product withdrawal areas. 7Plant operations are therefore concerned
with nuclear safety (both criticality as well as contamination from
UFg releases) throughout the process, and these potential problem areas
should be addressed first in release control studies., Furthermore, since
the Portsmouth plant produces highly enriched uranium material, accidental
releases involve not only personnel safety, but are also of significant
monetary concern.

The containment subcommittee of the UFg cylinder handling committee
(a joint three plant effort) met in June 1974 to review gaseous diffusion
plant philosophy on UFg outleakage control, to define current control pro-
cedures and practices, to establish areas where more experimental data
were needed, and to submit recommendations which would lead to implemen-
tation of improved plantwide UFg release control procedures. On the basis
of these recommendations, technical support efforts were intiated, citing
as primary objectives testing of presently used methods of controlling a
UFg; release, and development as needed of alternative control pro-
cedures. The following tasks were defined: characterize the reaction
between UF. and water (UFg + 2H,0 + UO,F, + 4HF); and determine the
effects of environmental conditions on UFg release cloud formation and
eventual fate. These tasks were accomplished in the early phases of this
work, and are included primarily as background information.! The status
of the tasks remaining is reported in this paper. The remaining tasks
are: analyze the effects of water and/or steam sprays for aiding
UFg release cloud knockdown and recovery, with special emphasis placed on
nuclear safety; evaluate other release control methods (e.g., carbon
dioxide, non-aqueous solvents, other chemical treatments); and determine
the best methods of recovery or disposal of products resulting from
release control procedures. While aqueous scrubbers (one suggested alter-
native) may in some instances be applicable, their use relative to high
assay nuclear material containment at Portsmouth, would introduce a
neutron moderator with attendant equipment sizing (always safe geometry)
and cost factor problems,

P e B bobd o e SIS £ 07 o For i ot Attt A o hadi i A et



150

DESCRIPTION OF EQUIPMENT AND PROCEDURES

Environmental Chamber

The GAT environmental chamber has been the basic test facility around
which the bulk of activity in our containment efforts has been focused.
As it appears in Figure 1, the chamber has an approximate internal volume
of 1160 cu. ft., and measures nine by sixteen feet, by eight feet high.
The air handler system is protected from contamination by the use of acti-
vated carbon and HEPA filters, and is capable of controlling temperature
and humiditg independently in the range of -5 to 45°C, controllable to
within #0.,4°C. Observation windows are located in the sides, the door,
and the top of the chamber. Nine sealable ports are located at various
positions around the chamber for passing tubes, control cables, power
lines, ete., through the chamber walls. Sealed fluorescent lights provide
interior illumination., All interior surfaces are constructed either of
type 304 stainless steel, or of plexiglas for corrosion resistance. A
self-contained decontamination spray connected to sanitary water supply
readily cleans all interior chamber surfaces to background count.
Representative samples of the particulate UO,F, fallout resulting from
releases were obtained by means of a sampling device which may be opened
or closed remotely and which permitted timed collection of fallout
materials on inserted electron microprobe grids. Samples were sub-
sequently examined by scanning electron microscope (SEM).

Laser Densitometer

A laser densitometer device was constructed for measuring the opacity
of the UFg hydrolysis cloud formed within the chamber. A helium-neon
laser and powermeter combination mounted on opposite sides of the chamber
was coupled to a chart recorder and proved an effective means of comparing
individual releases, and provided unbiased comparison of various cloud
knockdown agent efficiencies.

UFg Release Mechanism

Tests requiring a more non-directional type of release, gave rise to
development of the present ampule type release. In this mechanism,
(Figure 2) a pre-weighed sample of UFg, sealed in a glass ampule, is
placed on a heated aluminum V-block in the chamber. A thermocouple is
attached to the ampule for external sample temperature readout, (visual
observation was also employed to determine when the sample was completely
liquified). A deadfall metal bar was released by a lanyard to break the
ampule,
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Figure 1 Environmental Chamber
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Cloud Knockdown Equipment

Initial experiments involving cloud knockdown attempts were carried
out by the application of steam, or other chemicals through a delivery
tube (fitted with a wide-area spray nozzle) extending into the chamber,
and controllable by valving on the outside of the chamber. A number of
innovations progressively ensued, beginning with isolation of the spray
system from electrical ground in order to impose an ionizing charge on the
system, and ultimately on the material being sprayed. A commercial
electrostatic spray system was later obtained through which an electrosta-
tic charge was imposed on boric-acid water solution. Further modification
involved removal of the water spray system, and installation of electri-
cally charged aluminum plates through which a stream of dry air was passed
(Figures 3-6).

EXPERIMENTAL

The experiments involved in the UFg containment studies may be cate-
gorized under gaseous and liquid UFg release modes, UOzF2 cloud knockdown
studies, and concurrent investigations.

Gaseous UFg Release Modes
Static Releases: Liquified UFg was vaporized and remotely released from a

heated sample bomb by means of a solenoid valve into a static air mass
with the chamber.

Dynamic Releases: Liquified UFg was vaporized and remotely released from
a heated sample bomb into a moving air mass. The same release and
sampling systems were used as in the static releases, but a blower with
directing vanes was installed to provide a nearly laminar cross wind of up
to five and one-half miles per hour across the release point.

Liquid UFg Release Modes

Liquid Spill Releases: Liquid spill releases were designed to simulate an
accident in which a cylinder valve was knocked from a heated cylinder;
resulting in a liquid UFg spill. This was accomplished by inverting the
heated pressure bomb, and allowing the nitrogen pressure in the bomb to
force the liquified UFg out through the solenoid valve.

Catastrophic Releases: Controlled releases attempted to simulate heated
cylinder rupture accidents. The release mechanism employed in this series
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of tests was the ampule release device previously described. Ampule
breakage proved to be very dependable and reproducible, as well as com-

pletely non-directional in releasing liquified UFg.

UFg Cloud Knockdown Studies

Prior to commencement of the UFg cloud knockdown studies, a number of
potential cloud knockdown agents were considered. Since all work in the
environmental chamber involved only tails assay material, criticality was
not a concern, although ultimate results would necessarily have to con-
sider nuclear safety as a prime factor. It was deemed necessary, there-~
fore, to identify any knockdown media which could be effective, and then
select only those which satisfied nuclear safety requirements for possible
screening tests. Among the potential cloud knockdown agents screened
were: coarse water spray, fine water mist, steam (charged and uncharged),
electrostatically charged boric acid mist (90 kV), and an ionized dry air
stream (90 kV). Relative success for each attempted knockdown procedure
was monitored both by the laser densitometer previously deseribed, and by
light beam cloud penetration devices being tested by instrumentation de-

velopment personnel in simultaneously-run experiments.

DISCUSSION OF RESULTS

Relative Effectiveness of UF; Release Cloud Knockdown Media

In the UFg; cloud knockdown studies, a total of thirty-seven releases
were observed under various conditions of temperature and humidity (air
temperature 0° to 40°C; dew point -5°C to 25°C; sample release tem-
peratures 97°C to 190°C). Ten different knockdown agents were screened.
Table 1 lists the knockdown agents tested with their relative effec-
tiveness. Steam spray, electrically isolated from ground, and statically
charged with a 5.5 kV power supply was found to be only minimally effec-
tive. Figure 7 is a composite picture of UO,F, particulate before and
after injection of electrostatically charged steam, and indicates a large
increase in particle size following steam treatment. However, this
occurrence was only repeatable in two of a total of nine release control
experiments using steam.

A 90 kV electrostatic paint spray system was obtained from the
DeVilbis Co., and filled with a boric acid/water solution. Boric acid was
added to the water not only to provide the necessary conductivity so that
the solution would accept an electrostatic charge, but also to provide a
source of boron to simulate nuclear criticality control procedures. 1In
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the first attempt, a dense release cloud was formed using a 20 gram sample
of tails assay UF6 material. Timing was started with the activation of
the spray, and in only two minutes, c¢lear-chamber conditions were indi-
cated by both the laser densitometer and the light beam penetration
apparatus. In a total of eight release attempts, complete cloud knockdown
was achieved each time. It was found, however, that the correct spray
ratio of water to air to electrostatic charge was at best difficult to
maintain. A very effective knockdown was subsequently obtained using only
ionized dry air. This successful knockdown experiment demonstrated that a
water moderated cloud knockdown spray would not be required. In a total
of nine releases, complete cloud knockdown was achieved each time in a
predictable five to seven minute period. This is compared to a statiec
UOyF, cloud settling rate of twelve to sixteen hours when no knockdown
media are used.

Table 1 Results of UFg Release Cloud Knockdown Screening Studies

Knockdown Media Results
Coarse water spray Cloud intensified
Fine water mist Cloud intensified
Steam (uncharged) No change noted
Electrostatically charged steam (5.5 (kV) Only slight clearing
Carbon Dioxide No change noted
Freon-12 No change noted
Air jet : No change noted
Boric acid mist (uncharged) No change noted
Electrostatically charged boric acid Total knockdown time = 2 min.
mist (90 kV)
Ionized dry air stream (90 kV) Total knockdown time = 5-7 min.

UO,F, Particle Size Variation

Particle size data accumulated from all tests run (63 combined total)
have been reported in many forms largely dependent on the information
required by specific inquiries. The most uniform set of data covering the
work done thus far involves samples taken five minutes after UFg release.
Very little difference was noted between individual tests in a series, or
between series compared as a group, as shown in Figure 8.
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Atmospheric Effects on UFg Release Cloud Formation/Dispersal

It has been indicated that no relationship has been found to exist
between conditions of temperature (0-409C) and realtive humidity (20-90%
RH) on UO,F, particle size distribution at conditions normally encountered
in work areas. Small chamber UFg release experiments, however, have shown
that at ultra low relative humidities (0.05% RH) unattainable in the
environmental chamber, no visible hydrolysis cloud is formed.?2 Wind con-
ditions within the confinement of the chamber have apparently aided cloud
settling (at least minimally) by enhancing the opportunity for particle
agglomeration. Similar findings may or may not occur, e.g., in an open
field situation where continuous air turbulence combines with cloud dilu-
tion to separate the particles, diminishing their opportunity for agglom-
eration.

Release Cloud Density Measurements

Cloud density measurements using a laser densitometer formed the
basis for determining the degree of success attained by each knockdown
attempt. Figure 9 is a reproduction of the cloud density chart obtained
from the first successful electrostatic knockdown. Indicated on the chart
are the times at which the samples were taken as well as the time the
electrostatic spray was activated, and the diminishing level of chamber
opacity as the cloud settled.

Photographic Studies

Throughout the entire study, photographic recording has been con-—
sidered an important segment of documentation. Normal and high speed
movies of over 50% of the releases have been produced. Film segments
spliced into longer photographic studies, have been used frequently as
visual demonstrations during project review seminars., Rapid sequence pho-
tos have been studied in detail. An example of this work is included in
Figure 10, which is a four-frame sequence from a high speed movie film
showing what actually happens during the rupture of a glass ampule con-
taining liquid UFg.

CONCLUSIONS

The following conclusions are based on studies of UFg releases in the
GAT environmental chamber:

° Reliable UFg release cloud knockdown has been demonstrated
(clear-chamber conditions re-established in five minutes after
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UFg release) by introduction of an electrostatic spray of ionized dry
air. In comparison, an undisturbed cloud requires 12-16 hours to

settle.

® No basis has been found for associating UOoF,; release cloud particle
size distribution with temperature or humidity effects at conditions
normally encountered in GDP work areas. The majority of cloud par-
ticles fall in the range of 0.5 to 3.0 microns.

® Effects of turbulence encountered within an enclosure may under some
conditions shorten cloud settling times by enchancing the possibility
for particle agglomeration. The opposite may occur in open field
situations where c¢loud dilution must be taken into consideration.

® In spite of the considerably higher density of UOyFy particulate
matter (compared with the density of air) the UFg release hydrolysis
cloud immediately rises to the enclosure ceiling followed by dif-
fusion to fill the chamber. This is in contrast to widely held opin-
ions that release clouds would tend to remain at floor level, as the
relatively high density of UO,F, (6.37 g/cc) might suggest.

Future Efforts

A recirculating air system (Figure 11) is being constructed in the
environmental chamber to draw in the UO,F; cloud, electrostatically trap
the particulate matter, and return the cleaned air to the area. In addi-
tion to evaluation of this experimental unit, industrial electrostatic
filters appear to have considerable potential for GAT application. One
such unit will provide a complete air change every four minutes. These
commercially available units are widely used in industries involving
extensive welding operations. The most promising units will also be
tested in the GAT environmental chamber.

Studies will be included in the next phase of experiments for air-
borne particle size measurements of UOsFs particulate materials as opposed
to fallout material. The difference that has been indicated by outside
consultants to exist between airborne and fallout modes of particulate
sampling could cause significant variations in the design of cloud knock-
down equipment for field use and in plume modeling analysis. Along the
same line of investigation, the capability for measuring real-time tem-
perature and pressure changes within the forming UFg hydrolysis cloud at
ballistic speeds up to 2000 measurements per second will be acquired.
These parameters have also been indicated as having possibly significant
influences on the UFg release plume characteristics. Continued testing of
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new or improved alpha particle detection equipment is also planned., One
such device, a continuous sampling strip filter, will give a measurement

of increasing or decreasing alpha particle content of an air sample as
compared to reading only the maximum accumulated reading. This device,

when interfaced with the recirculating air/electrostatic precipitator
system, should provide a completely automated UFg release protection
system, i.e., the alpha monitor set-point would trigger the electrostatic

hydrolysis cloud knockdown system.
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SCALED-UP TESTING OF ALTERNATIVE TRAPPING AGENTS FOR RADIOACTIVE
CONSTITUENTS IN PLANT VENT STREAMS

A. J. Saraceno and N, F. Reiter
Goodyear Atomic Corporation
Piketon, Chio 45661
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ABSTRACT

Radioactive discharges from the Portsmouth Gaseous Diffusion Plant
vent streams are in compliance with present standards specifying radiation
limits. Regulatory trends have become increasingly restrictive on the
maximum permissible dose to a member of the public, This could mean more
stringent controls for radioactive emissions in the future. Fixed bed
activated alumina (A1,03) trapping is currently the principal method of
limiting plant vent stream emissions of technetium and uranium to the
atmosphere. Earlier small scale tests identified pure limestone (CaCO3)
and soda-lime (NaOH-CaO) as more effective than activated Al,03; for
improved control of both radionuclides under top purge vent stream con-
ditions. These same tests showed that soft sintered (HOOOF) sodium
fluoride (NaF) was best if only uranium is present. Scaled-up testing of
these materials is being carried out, and preliminary data for technetium
removal confirm the earlier results. Data for uranium removal efficiency
are not complete as yet, but available results indicate the trapping pro-
cess is capable of significant (80-85%) uranium reduction at the 0.5 ppm
trap inlet level under prevailing test conditions. Removal efficiency for
technetium is higher compared to uranium at on-stream trap times of ap-
proximately one month, irrespective of the type trapping agent examined.
Factors affecting optimal control of radioactive constituents in plant
vent streams by fixed bed trapping operations include: bed loading, trap
change-out and recharging requirements; operating trap bank configurations
in multiple-bed modes; and stability of sorbent materials. These factors
Wwill be studied, and results will be used to define available radionuclide
emission control options.
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INTRODUCTION

Radioactive discharges from the Portsmouth Gaseous Diffusion Plant
vent streams are in compliance with present standards specifying radiation
limits (40 CFR, Pt. 190). Fixed-bed activated alumina Al,03 trapping
has been and is currently the principal method of successfully controlling
plant vent stream emissions of uranium and technetium to the atmosphere.
Regulatory trends have become increasingly restrictive concerning the
maximum permissible dose to a member of the public. This has required
more stringent controls of airborne radioactive emissions. In anticipa-
tion of even tighter standards, investigations on fixed bed trapping of
radioactive constituents started in 1979 with the goal of identifying
improved trapping agents and/or optimizing operating criteria for the
trapping systems that control uranium and technetium.l,% The multi-site
Line Item Project (LIP), "Control of Radiocactive Discharges," was recently
advanced by DOE from FY 87 to FY 86. These trapping studies will provide
part of the techology assessment LIP requirements.

Regulatory Trends

Table 1 summarizes the regulatory trends with regard to radiation
limits., In December 1979, annual allowable exposure limits for protection
of the public residing adjacent to uranium fuel cycle facilities were
tightened from the prior guideline contained in DOE MC 0524 to that speci-
fied in 40 CFR, Part 190 by the EPA. Portsmouth is still in compliance
with the more stringent limits using existing radiation dose assessment
models., Studies at ORNLZ suggest that metabolic uptake factors on which
compliance with existing limits is based should be indéreased by as much as
a factor of 100 for certain isotopes of uranium. If these proposed fac-
tors are incorporated into dose assessment models, Portsmouth may have to

Table 1 Trend of Increasingly Stringent Radiation Limits (Standards)

Standard Compliance Status for Portsmouth
Manual Chapter 0524 (DOE) In Compliance
40 CFR, Part 190 (EPA, 1979) In Compliance
New Limit Based on 100X Increase Would Not Be in Compliance Based on
in Metabolic Uptake Factor - 1980 Data Using Current Models and
Anticipated Assumptions. Reductions by 90 to

95% Required.

o Teomn L ATYRRM e rmessL v o3RS
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reduce radioactive airborne emissions by 90 to 95% to be in compliance,
using 1980 data along with current models and assumptions.3

Portsmouth Vent Streams

The four principal vent streams discharging low-level airborne
radiocactivity at Portsmouth are located at the top purge cascade, side

purge cascade, X-330 cold recovery and X-333 cold recovery areas. The
distribution of total radioactivity vented from these sources among the

radioisotopes encountered is listed in Table 2. At Portsmouth, uranium-
234 and technetium-99 accounted for 98.1% of the total airborne radioac-
tive emissions in 1980, exclusive of daughter products. (The value is 83%
of the total, if the Th-234 and Pa-234m daughter products of emitted ura-
nium isotopes are included.) By far, the bulk of the annual radiocactivity
is discharged from the top and side purge cascade vent streams as outlined
in Table 3. Continuing with 1980 data as an example, Table 4 lists the
distribution of total curies and radiocactivity due to uranium vented be-
tween the top and side purge cascade vent streams. Although annual total
radioactivity (uranium and technetium) for those two vent streams is
distributed approximately 44%-56% (top vent-side vent), the top purge
radiocactive emissions due to uranium alone are more than twice those
discharged from the side purge vent.

Table 2 Distribution of Total Curies Vented Among Radionuclides#*
(CY 1980 Data)

Isotope Percent of Total
U-234 49,7
} 98.1
Te-99 48.4
U-235 1.6
U-236 <.03
U-238 0.3

¥*The uranium daughter products Th-234 and Pa-234m are not considered in
calculating the distribution.
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Table 3 Contribution of Total Radioactivity From Vent Streams
(CY 1980 Data)

Vent Stream Locality Curies/Year Percent of'Total
Top and Side Purge 0.498 96.8
X-330 and X-333 Areas 0.0165 3.2
Other - <0.01

Table 4 Distribution of Radioactivity Between Top and Side Purge Vent
Streams (CY 1980 Data)

Percent of Percent of Total
Vent Steam Total Curies Curies Due to Uranium
Top Ly 69
Side 56 31

If the ORNL findings on metabolic uptake factors are sustained, lower
1imits on radioactive constituents in plant effluents could result. Since
inhalation is likely the principal route for biological intake, the top
and side cascade vent streams, which discharge most of the radioactivity,
are the likely candidates for improved control facilities. Compliance
with stricter regulations would also require improvement in present
sampling techniques, from a grab sample procedure to continuous montoring.
Under the assumption Portsmouth would not be in compliance with the new
(40 CFR, Part 190) limit, a tentative listing of possible solutions for
emission reductions is presented in Table 5. The studies described here
focus on the fixed bed trapping option and specifically address Items
1(a), 1(e), and 4 as listed in Table 5.

e
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Table 5 List of Alternative Solutions for Reduction of Airborne
Radioactivity

1. Improve existing systems
a. Increase trap changeout frequency
b. Alter cascade operating procedures
c. Employ more efficient trapping agents

2. Raise stack heights
3. Increase purge capacity and/or lights storage

4, Install additional banks of traps (parallel or
series)

5. Gas/liquid scrubbing processes

6. Other

Previous Studies

The composition of the top and side purge cascade vent streams con-
sists mostly of low molecular weight gaseous impurities (principally air)
which pass through Al,03 traps for final removal of traces of uranium and
technetium. 1In addition, fluorine (F,) is present as a result of the R114
degradation process. The high exothermic reactivity of F, with non-
fluorinated type trapping materials is a factor that also needs to be con-
sidered in assessing trapping performance.

A schematic of the top and side purge vents in Figure 1 shows the
mode of gas flow through fixed bed alumina Al,0; traps prior to atmos-
pheric discharge. The Al,03 traps are arranged in banks each consisting
of three parallel clusters that can be put into operation as a unit
(Figure 2). There are multiple banks of traps operating in parallel with
a typical arrangement involving three banks for the top purge vent and six
banks for the side purge as illustrated in Figure 3. Standby banks of
fresh Al,03; traps also serve as reserve and/or additional capacity to
maintain continuity of operation. Although several varieties of Al,03
are available, the trapping agent in general use at these locations since
plant startup is F-1 grade Al,03, supplied by Aluminum Company of America,
Pittsburgh, PA.
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Fixed bed trapping studies completed and reported previouslyl,“
demonstrate the following:

e The existing Al,03; plant trapping system is capable of good tech-
netium control even though the installation was specifically intended
for limiting uranium emissions.

° In small-scale side-by-side tests at the top purge vent, limestone
(CaCO3) and soda-lime (NaOH-CaO) perform better than F-1 Al1,03 for
Te-removal under the similar conditions of inlet gas composition,
flow, and on-stream time which exist. Performance comparison is
based upon the length of on-stream time during which technetium

emission was held to less than the detection limit of 0.0007 ppm.

[ ] In the small-scale tests, relative uranium removal efficiencies for
limestone and soda-lime were also superior to F-1 Al,03 as measured
by maximum uranium trap loadings. On this basis, the most efficient
material for uranium control is sodium fluoride (NaF, prepared by
heating NaHF, at MOOOF), which accumulated more uranium than any of
23 materials screened. Technetium control with NaF is relatively
poor, however, in that z 90% removal efficency is observed versus
>99% with limestone, soda-lime, and alumina.

EXPERIMENTAL RESULTS

Recent work comprises:

. Additional small-scale side-stream trapping tests to screen dolomite-
type limestones as trapping agents

° Initial efforts at evaluating the improved trapping agents on a
scaled-up basis in full-size top purge cascade vent stream traps.

Small Scale Trapping Tests

Dolomite type limestone materials (MgCalCO;],) that were examined
compare poorly to "pure" limestone (CaCO3) in technetium removal capabil-
ity as shown in Figure 4. On this basis, dolomite materials were excluded
from further consideration; however, some grades of dolomite show better
uranium loading than F-1 Al1,03; and may be recommended for full scale tests
in mixtures with other materials. Table 6 provides a complete ranking of
the best trapping materials identified for technetium control, with inclu-
sion of the most recent data. Limestone (No. 8 Waterloo, Oak Hill, Ohio,
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or 6-16 mesh Valley Quarry Co., Fredonia, Kentucky) and soda-lime (4-8
mesh, Fisher) have significantly better potential for improved technetium

trapping compared to F-1 A1,03.

Table 6 Trapping Materials Ranking for Technetium Control

Trapping Materials Relative Rank¥*
Kentucky Limestone (6-16 Mesh)** 2.1
Soda-Lime (4-8 Mesh) 2.1
Waterloo Limestone (No. 8) 1.8
Kentucky Limestone (No. 9)¥¥ 1.5
F-1 Alumina (1/4"-10 Mesh) 1.0
Plum Run Dolomite (No. 8) <.5

*Based on side-by-side comparison of on-stream time with "zero" dis-
charge. A value of one assigned to F-1 alumina corresponds to approxi-~

mately ten days of trap operation at prevailing top purge vent stream
conditions.

¥%¥Valley Quarry Co., Fredonia, Kentucky

Trapping performance for uranium removal could not be readily
measured by changes in the trap inlet/outlet stream concentrations because
of inadequately sensitive detection limits for uranium. Therefore, for
screening purposes, relative uranium loadings on the trap bed (obtained
after completion of the trapping test) were used to compare potential ura-
nium removal efficiencies of the various trapping agents. If near quan-
titative technetium removal was not simultaneously observed with high
uranium loading on the bed, the material was generally eliminated from
further testing. One notable exception to this screening process was made
for NaF prepared at 400°F ("soft-sintered" NaF), which demonstrated the
best relative uranium loading of any material tested so far. Table 7
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ranks the best trapping materials identified in terms of these observed
relative uranium loadings. The superior uranium-loading of NaF over F-1

Al,03 is consistent with UCCND results on trapping studies of UFg by these
solid sorbents.S

Table 7 Trapping Materials Ranking for Uranium Loading

Trapping Materials Relative Loading¥*

Sodium Fluoride (400°F Preparation) Ly

Kentucky Limestone (6-16 Mesh) ** 11

Soda~Lime (4-8 Mesh) 4.0
Waterloo Limestone (No. 8) 3.6
Plum Run Dolomite (No. 8) - 2.2
Kentucky Limestone (No. 9)%# 1.1
F-1 Alumina (1/4"-10 Mesh) 1.0

¥Value of one assigned to F-1 Alumina corresponds to 0.025 1lbs/ft3 after
side-by-side exposure test at vent stream conditions.

%%¥Yalley Quarry Co., Fredonia, Kentucky

Scaled-Up Testing

Scaled-up tests were conducted using standard plant trap equipment
with appropriate modifications at the X-326 top purge vent. An existing
standby bank (designated "F" bank) was equipped with flowmeters, pressure
transducers, temperature sensors, and appropriate gas sample taps for each
of the three-trap bank clusters. Although the bank operates at ambient
temperatures, temperature monitoring is essential to establish absence of
exothermic, rapid chemical conversion of the trapping materials to solid
fluoride by-products, an occurrence that is of safety concern and might
also affect trap efficiency.
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Two traps contained the experimental trapping agents, while a third
was filled with F-1 Al1,03 (Table 8). The top purge flow passed through
the test bank connected in parallel with the remaining top purge bank
traps. A front view of the modified three-cluster trap unit is shown in
Figure 5, while a side view with adjacent bank units in the background is
depicted in Figure 6. Operation, trap changeouts, and sampling of the
inlet/outlet F~bank equipment are being performed by plant operations and
support personnel,

Table 8 F-Bank Test Materials in Top Purge Vent Stream

Trap No. Run No. 1 Run No. 2
1 F-1 AIZOA Limestone, Waterloo
2 Limestone, Waterloo F-1 Al,03
3 Soda-Lime - NaF Mixture NaF

Since concentrations of uranium and technetium in vent streams are
quite low before trapping (~0.1-5 ppm for uranium and ~0.01-5 ppm for
technetium), characterization of accurate trap removal efficiency requires
adequate detection sensitivities for the radionuclides.® A summary of
gaseous uranium and technetium analytical detection limits, type of
samples obtained and target limits is shown in Table 9. As previously
stated in the discussion of small-scale trapping tests, uranium trap re-
moval efficiency cannot routinely be measured because concentrations are
very near uranium detection limits (~0.3 ppm) much of the time. By com-
bining and concentrating the daily "grab" samples over a ten-day interval
of trap operation, a tenfold increase in detection sensitivity (~0.03 ppm)
was realized permitting reasonably accurate estimates of average uranium
removal that can be expected. Uranium trap loading, which is determined
at the end of a particular run, serves as another very important parameter
of trapping agent performance. Relative uranium loading level was the
basis for screening the trapping agents during the small-scale trap

testing phase for uranium control.
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Side View of F—Bank
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Table 9 Sampling Detection Limits (ppm)

Type of Sample

Ten-Day Time - Possible Requirements
"Grab" Averaged "Grab" for Target Limits
Uranium: ~0.3 ~0.03 ~0.1
Technetium: ~0.0007 ~0.00007 -

For the initial two runs at F-bank, the materials listed in Table 8
were utilized. Technetium concentrations at the inlet and outlet to the
traps versus onstream time are presented in Figure 7 for the first run.
The average percent technetium removal efficiencies for the large and
small scale runs are compared in Figure 8. Essentially, all data qualita-
tively concur with the small scale test results obtained in prior
screening tests. Te-removal 4in order of decreasing effectiveness follows:

limestone > soda-lime/sodium fluoride mixture > F-1 alumina > sodium
fluoride. Soda-lime presented the most significant problem during execu-

tion of this field test. Severe physical deterioration (powdering) was
observed after completion of the first run and further use of this type
soda-lime materials was abandoned.

Trap efficiencies for uranium removal, measured by composite ten-day,
running-average grab samples beginning with the second test run, indicate
40-60% removal at 0.15 ppm and 80-85% removal at 0.50 ppm inlet uranium
concentrations at on-stream times of 31 and 54 days, respectively. No
significant efficiency trend is discernible between the three trap
materials at this Jjuncture of the testing. More data must be collected at
longer onstream times to discriminate between the three trapping
materials' efficiency for uranium removal from the gas phase at the con-
centration range (0.1-1 ppm) being encountered. On completion of the
trapping operation, uranium loading profiles will be determined and com-
pared with results from the small-scale tests as an additional performance
eriterion.

DISCUSSION AND CONCLUSIONS

The ranking of trapping agents based on small-scale test results
serves as a guide for selection of potentially improved materials whose
performance is being evaluated in scaled-up field tests. In general, the
relative performance of the trapping materials for technetium control is
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being qualitatively reproduced in the scaled-up field testing phase com-
pared to the small-scale side-stream test results obtained earlier. The
major difference in operating experience is physical attrition of the
soda-lime which was not observed during the small-scale tests. For ura-
nium control, there currently are insufficient data on trap performance to
allow detailed comparison of small-scale and full-scale test results.
Although performance variations among F-1 Al,03 NaF, and CaCO3z are not
being observed on the basis of uranium trap removal efficiency after
onstream times of more than 50 days, this is not necessarily inconsistent
with the ratings of Table 7 which are based on trap loading. Longer
onstream operating times may reflect performance variations that may agree
with the ratings based on relative loading. Overall, the bulk of the
information does show that uranium control will be more difficult at the
0.1-1.0 ppm trap inlet concentration level than technetium control at the
same concentration for any of the trapping agents tested. This likely
reflects the general tendency of the chemical form of technetium to more
strongly adhere on these solids compared to UFg. Nevertheless, the extent
of simultaneous uranium and technetium removal at the ppm level by a fixed
bed trapping process, offers a possible option for cost-effective improve-
ment in airborne radioactive emission control to meet more restrictive
requirements.

In addition to trap performance (radionuclide removal), a potential
trapping agent must (a) be commercially available in large-scale quan-
tities and at reasonably low cost, (b) present no operational handling
problems (deterioration), and (e¢) create no unmanageable spent waste
disposal problem. At this time, the leading material having these attri-
butes is limestone. However, more information must be collected to de-
velop and/or define onstream trap operating times, optimum trap
configurations and selection of most efficient and economical recovery
and/or disposal procedures (particularly for uranium) before selections
can be finalized.

The prinecipal conclusions of this work performed to date are as fol-
lows:

® "Pure" limestone (CaCOj3) appears much more effective than dolomite-
type limestone (MgCalCO;],) for efficient technetium control at the
top purge vent based on small-scale side-stream trap equipment tests.

'Y Data obtained in scaled-up tests of trapping agents for Tec-control
are consistent with prior results obtained in small-scale tests at
the top purge with the following observed order of decreasing
effectiveness: 1limestone > soda lime/sodium fluoride mixture > acti-
vated alumina > sodium fluoride. Pellet attrition for soda lime trap
material occurs.
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° At similar inlet concentrations (0.1-1.0 ppm range) uranium trap
efficiency is lower, and consequently, removal of uranium appears to
be more difficult to achieve compared to technetium at top purge vent
conditions using either limestone, activated alumina, or sodium

fluoride. The fixed bed trapping process still offers the potential
of a viable option for improved simultaneous radioactive emissions

control of both the uranium and technetium radionuclides.
° More data must be collected for extended onstream uranium trapping

efficiency to confirm preliminary observations from the top purge
vent tests.
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STUDY OF ORNL COAL YARD RUNOFF SLUDGE TREATMENT

T. B. Hale and R. B. Bustamante
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

Coal, Runoff, Sludge, Treatment, pH, Flocculation

ABSTRACT

The ORNL coal yard runoff treatment system being constructed as an ORNL
GPP project is necessary for neutralization and removal of iron
manganese, and suspended solids. Sludge handling is anticipated to be
an operational problem; therefore, modifications and additions are
necessary for the provision of a sludge treatment and disposal system.
This paper will address alternative considerations, evaluations, and
recommendations regarding sludge production, treatment and disposal.

INTRODUCTION

This document addresses potential modifications and additions to
the ORNL coal yard runoff treatment system presently under construction.
The system currently being constructed is located immediately southwest
of the existing coal yard and consists of an equalization pond, chemical
treatment, and a settling pond. The object of the treatment is to
neutralize the runoff and to remove suspended solids and certain ions
such as iron and manganese.

The presently designed system, which is approximately 80% camplete,
will remove solids through settling followed by neutralization with

caustic soda and additional settling. Runoff fram the coal pile is now
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being channeled to a pond divided into two sections. The upper section
acts as an equalization basin and sedimentation chamber to remove coal
fines and other suspended solids present in the fluid. Water from the
equalization section is pumped to Building 2536 and mixed with NaOH to
provide for pH neutralization. After passing tﬁrough a retention tank
in Building 2536, the fluid will be discharged to the lower portion of
the pond, where settlement will occur and the clarified liquid will be
discharged.

The proposed modifications to the system would provide more effi-

cienct handling of the sludge created by chemical treatment.

PROJECT PURPOSE AND JUSTIFICATION

Project Purpose
The purpose of this project is to provide a feasible treatment and
disposal system for sludge that will be generated by the coal yard

runoff treatment system currently under construction.

Justification
The existing system under construction is necessary to neutralize,
remove iron and manganese, and reduce the suspended solids from the ORNL
coal yard runoff to acceptable limits of the NPDES standards. However,
neutralization through the addition of NaOH creates a substantial volume
of solids with poor setting characteristics that cannot be easily
removed from the settling pond. Drainage and manual removal of the

sludge was originally planned.
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The proposed modifications provide for more efficient sludge
handling. Polyelectrolyte (flocculation aid) addition followed by agi-
tation will provide better flocculation and settling. Preliminary tests
performed by vendors?:5 have shown that the volume of sludge can
be substantially reduced by appropriate polyelectrolyte addition. After
settling, the sludge solids are to be separated from the liquid phase
through centrifugation to further reduce sludge volume and improve
handling characteristics. Final disposal of centrifuged solids at the
landfill will provide for an easy. permanent, and envirommentally accep-

table disposal.

DESCRIPTION OF PROJECT

The proposed modifications, shown in Figs. 1 and 2 are as follows:

1. As presently designed, water collected in the equalization pond
(upper basin) will be pumped into Bldg. 2536, passed through an
existing static mixer and dosed with caustic soda. At this point,
it is proposed that a polyelectrolyte will be added to improve the
characteristics of the chemical floc produced through the addition
of NaOH. A new screw-type mini-feeder will be provided for the
addition of the polyelectrolyte.

2. The existing holding tank will be modified by addition of an agita-
‘tor and power source. This will serve to convert the tank into a
flocculator to assist in the creation of floc with good settling
characteristics. From the flocculator, the liquid will be conveyed

to the Tower part of the pond for settlement.
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The total project cost for the proposed modifications identified above
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After settlement, the sludge will be pumped from the settling pond

(1ower basin) back to Bldg. 2536. A new sludge pump with appur-
tenances will be provided at the pond to accamplish the sludge
removal. The pump or its intake will be mobile to enable sludge
collection to occur at various points.

A scroll-type centrifuge will be provided to separate the solids
the sludge from the 1iquid phase. The clarified liquid will be
discharged to the receiving streanm.

The cake from the centrifuge will be pumped through the building
wall and co]lecte& in a Dempster Dumpster located outside the
bui]ding; The cake will be periodically trucked to the landfill
for final disposal.

Other modifications required in the area include piping, fence

modification, the relocation of a guard post, etc.

in

is estimated to be approximately $300,000 (fiscal year 1981, 4th quarter

dollars).

1.

CONCEPT AND ALTERNATIVES

Other alternatives considered are as follows:

Modification of System for Lime Neutralization -

tially be similar to the scheme herein proposed but with the addi-

The modification of the system for lime neutralization would essen-

tion of lime in place of NaOH. Automatic liming equipment and lime

storage area would be required.
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The modification to a lime system appears feasible from the tech-
nical standpoint. Lime is used more frequently for neutralization
than caustic soda, because it produces sludge with better settling
characteristics and is a cheaper material. Disadvantages would

be that the 1ime addition and storage area would not fit in the
existing building and building expansion would be required. In
addition, the retention tank, as modified, would be too small and a
new retention tank would have to be provided.

2. Provision of a Conventional Clarifier and Centrifuge -

A clarifier for treatment, sedimentation, and continuous sludge remo-
val coupled with the automatic liming equipment identified above
would be provided. This system would replace the existing treatment
system and use of the Tower pond for settling of sludge. Sludge
removed from the clarifier would be further dewatered by the provi-
sion of a centrifuge.

This alternative is highly desirable fram the efficiency standpoint
in contrast to the existing system which may not meet the "best
available conventional technology" requirement. This system,
however, is the most expensive alternative.

3. Addition of Pressure or Vacuum Filtration Dewatering System -
Instead of using a centrifugation system as proposed, the dewatering
systems primarily including either a vacuum filter or a pressure
filter would be provided. The vacuum or pressure filter would be
housed in Building 2536 and would use the same sludge

collection/piping system as proposed (see Figure 2).
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The technology of pressure and vacuum filtration has generally been
established by the engineering community as an accepted conventional
method for dewatering of sludges. However, in a pilot plant study
performed concerning dewatering of similar sludges at K-25, it was
found that pressure filtration and vacuum filtration were not suitable
for their particular sludges. The following conclusions were drawn
from the study.
a. Vacuum filtration had high residual volumes, low throughput,
cake cracking, and filter cloth blinding problems.
b. Pressure filtration suffered from low throughput and filter
cloth binding problems and is labor intensive.
c. Both technologies tend to be more dependent on feed charac-

teristics than is centrifugation.

Identification and éva]uation of Recommended Concept
The scheme recommended was selected because of the following:

1. It is the less costly alternative.

2. If fits the available space in Bldg. 2536.

3. It has the potential of providing the desired level of waste treat-
ment (this needs to be confirmed through additjonal development
work).

4. It utilizes the equipment and facilities which are already

available.
UNCERTAINTIES

A number of uncertainties exist, as follows:
1. The utilization of the lower pond as a settling chamber is an open

question. The pond lacks a proper sludge holding area at its
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bottom and cannot be fitted with scraping equipment. The pumping of

sludge from this pond might be an operational problem.

The use of a NaOH neutralization system is an area of uncertainty.
Sodium sludge is usually more difficult to settle and centrifuge
than calc¢ium sludge. In addition, caustic soda is several times

more expensive than lime.

The conversion of the holding tank into a flocculation basin is an

area of uncertainty since it is an adaptation.

The type and dosage of polyelectrolyte has not yet been determined.

The final centrifuge specifications must wait until the sludge to be

processed has been defined.

METHOD OF ACCOMPLISHMENT

The following development work is required:
The specific type of polyelectrolyte and the appropriate dosages
must be determined. Polyelectrolyte vendors may assist in per-
forming this service if requested to do so. This step is necessary
because the characteristics of the sludge must be known prior to the

issuance of final centrifuge specifications.

Once the sludge has been characterized, centrifuge tests must be
performed to determine the type of centrifuge that will give the
desired quality of solid-liquid separation. A desired cake moisture
content of no more than 65% is desired. Centrifuge manufacturers may
provide this type testing service through centrifuge renting
arrangements or in their laboratories if the appropriate material is

shipped.
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COMPUTERIZED MANAGEMENT OF NATIONAL POLLUTANT DISCHARGE
ELIMINATION SYSTEM (NPDES) DATA AT
OAK RIDGE NATIONAL LABORATORY

D. P. Carnes
Department of Environmental Management
Industrial Safety and Applied Health Physics Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee

S. R. Blum
Computer Sciences Division
Union Carbide Corporation Nuclear Division
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ABSTRACT

A program for computerized handling of information on quality of
wastewater discharges at three Oak Ridge National Laboratory monitoring
stations has been designed and implemented. This computer system
analyses field and laboratory data and calculates water quality statis-
tics appropriate for meeting National Pollutant Discharge Elimination
System (NPDES) reporting requirements. The interactive nature of the
program guarantees automatic identification of compliance violations for
immediate notification of the respomsible agencies. Reduction of manual
processing has resulted in cost savings and greater reporting accuracy.

INTRODUCTION

Section 402 of the Federal Water Pollution Control Act as amended in
l9771 established the NPDES permit process. This system requires
monitoring of wastewater discharges, recording of measured water quality
parameters and reporting of calculated statistics to the Environmental
Protection Agency. Oak Ridge National Laboratory (ORNL) is presently
reporting discharge data for three locations: White Oak Creek, Melton
Branch Creek and the Sewage Treatment Plant.

Two types of reports must be submitted through the Department of

Energy to the regulatory agency. These are Noncompliance Reports and

*Research sponsored by the U. S. Department of Energy by Union Carbide
Corporation Nuclear Division under Contract W-7405-eng~26.
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quarterly Discharge Monitoring Reports (Figure 1). Noncompliance Re-
ports identify violation of specific water quality limits. The
Discharge Monitoring Report for each location contains minimum, maximum
and mean statistics for each regulated parameter. These include
measures of chemical, physical, and biological water quality aspects.
Compliance with the NPDES program requires tabulation, calculation and
reporting of daily, weekly, and monthly field and laboratory analyses.
Data integrity is difficult to maintain in a manual system due to
frequent processing and transcribing of data by personnel.

Recently an interactive computer system for storage and reporting of
NPDES data (the NPDES File Maintenance and Reporting System) was de-
signed and implemented on an ORNL computer. In comparison with prior
manual procedures, use of the computer system has saved time and money
in meeting permit requirements. The authors will describe the design

and user view of the computer system.

DISCUSSION

Prior to implementation of the computer system, a completely manual
system was used for data generation, transcription and report produc-
tion. This process required personnel activity at seve.al levels to
prepare the quarterly Discharge Monitoring Report:

* Technicians manually performed all calculations to determine daily

quantities of chemicals.

* All records were handwritten.

* Senior staff reviewed and checked all records.

Technician and senior staff assembled data necessary for reports.
* The Discharge Monitoring Report was typed.

*# The final report was reviewed by senior staff.

* The report was submitted to Department of Energy (DOE).

* DOE reviewed, prepared, and submitted a final report to the regul-

atory agency.
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By contrast, the present system requires the following steps:

* As field or laboratory data are received, a technician or staff
member enters the data into the computer program from a terminal.
Derived data are generated immediately.

* The data are verified during or shortly after entry using computer
program functions.

* Discharge Monitoring Reports are generated on computer paper
following an interactive request at the terminal.

*# The reports are reviewed for any oversights.

* The reports are submitted to DOE.

* DOE reviews and submits reports to the regulatory agency.

Note that once data is entered and verified by the user, all further
data manipulations are internal to the computer system. This dramati-
cally reduces manpower costs and promotes quality assurance.

Early recognition of a noncompliance results from built-in program
checking of actual parameter values against permit limits as data is
entered. The program user is automatically notified of any mon-
compliance by both a visual message and an audible signal. This has
resulted in rapid reporting of noncompliances to supervision for prompt
corrective actions and in timely notification to the monitoring agency.
Similar procedures identify data entry errors by alerting the user when
entered values are outside valid limits or reasonable bounds.

Centralization of environmental data storage facilitates data
retrieval and review. Requests for data values from a specific day or
over any time interval can be made and answered with ease. Data
centralization also aids generation of summary reports, easing the task
of documenting massive amounts of information. Security measures
control user access to the stored data. Potential destruction of stored
data by fire or water damage is minimized by automatic generation of
backup data files each night.

One disadvantage to a computer based system is down time on the
computer. Our department's experience indicates that down time is

minimal and has not caused significant delay. However, personnel must
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be qualified to recognize raw data values indicative of problems in the

event of computer failure.

THE COMPUTER SYSTEM - BASIC DESIGN

The NPDES File Maintenance Reporting System is coded mainly in
FORTRAN for use on the DEC PDP-10 computer; however, the major report
generator modules are written in the DPL programming language. DPL is
part of System 1022, a data-base management system, which handles the
physical organization and retrieval details for the NPDES data.2 The
NPDES computer system provides for interactive data entry and retrieval
through use of a computer terminal, typically a CRT.

The technology of data-base management systems makes possible the
design of programs with the following desirable characteristics:

* New data types may be added and obsolete data types removed with-

out major program changes.

* Data may rapidly be inspected or edited.

* Programs are immune to any changes in the physical organization of

the data.
The NPDES computer system was implemented with these features, thus
reducing program maintenance time and increasing its flexibility. The
data-base consists of several permanent files (Figure 2):

* Parameter Files store all measured and calculated NPDES parameter

values.

* A "Data Dictionary" contains text definitions, units, and bounds

for each parameter.

* The Noncompliance File contains up-to-date and historical (since

7/1/81) records of each noncompliance.

The Parameter Files and the Noncompliance File are linked so that as
parameter values are updated, the Noncompliance File is updated if
necessary. The Data Dictionary ensures that the terminal user (1) has
additional information about parameters if needed, (2) is prevented from

entering invalid values, and (3) is warned immediately of a non-

compliance entry.
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ORNL-DWG. 82-9741
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PROGRAM
DATA
DICTIONARY PARAMETER
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Figure 2. Schematic of Information Flow in the Computer System



205

THE COMPUTER-USER INTERFACE

A major goal in designing a computer system for use by more than one
person is that it be '"user friemdly." Such a system is easy to use,
efficient in responding to requests, flexible enough to help confused
users, and has enough safeguards to prevent the user from making
mistakes with serious side effects. Often an expected consequence of
such a design is use of the program not only by professional staff but
also by technicians. Until now the NPDES code has been used only by the
professional staff although we anticipate technician use in the near
future.

Five features in the design of the NPDES program qualify it as a
user friendly code: '"decision tree" design, "HELP" information avail-
able at nearly every point, editing access to only one record at a time,
special signalling for noncompliance entries, and flexibility of data
entry.

The user's view of the system is a decision tree where a limited
"menu" of choices is available at different levels of the program. This
tends to be easier to use and less intimidating.

At each point at which the user must enter information (select from
a menu or enter a value), the "Help Facility" may be invoked by entry of
a question mark ("?"). This produces a message explaining the menu
cholces or describing the type of data required. Entering a dguble
question mark ("??") produces up to two pages of generalized help
information.

Several safeguards against user mistakes are provided. Changes to
more than one day's set of values (one "record") at a time is impos-
sible, dangerous requests such as deleting a record produce an extra
prompt ("Are you sure...?") before executing, and entry of parameter
values is immediately verified against up to three ranges: range of
physical possibility, range of 98% likelihood, and noncompliance
limits. Entry of data exceeding the first and broadest range produces a
prompt for reentry. Exceeding the second range causes an "Are you

sure?" type of prompt. As discussed earlier, exceeding a noncompliance
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limit produces'an "emphatic" message and an immediate noncompliance
record.

Interactive computer programs must have sufficient flexibility of
data entry to accommodate the individual styles of its users. If the
user enters a parameter value without typing a decimal point, the NPDES
program places it to the right of the last digit. However, if the user
enters the number "12.8" for a parameter defined by accuracy
considerations as an integer, the program does not reject the entry.
Instead, it replies that the integer value "13" is stored. The user
always has the option to change any prior entry, numerical or otherwise.

Special numerical forms are also considered. Procedures are in-
cluded for entering and validating missing values and values of the form
" mdl", where "mdl" is the minimum detectable level of a measured

chemical.

SAMPLE TERMINAL INTERACTIONS

Figure 3 illustrates a typical parameter data entry operation. Note
the output from the "Help Facility" and the data checking routines.
Incorrect entry of the dissolved oxygen value was detected by the
program and the user entered the corrected value below.

Figure 4 illustrates the procedure for generating the Discharge

Monitoring Report displayed in Figure 1.

FUTURE WORK

Further automation of the NPDES system may occur within a year as
bar code technology and word processing links are implemented. A bar
code printer and reader may be used to log field data on site, then
transfer it automatically to computer files; processing of samples which
require laboratory analysis may be tracked by similar technology.
Finally, the Department of Environmental Management anticipates use of a
software link from the computer to a word processor for automatic gener-

ation of noncompliance reports.
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*kkk MENU ****

Enter P (parameter data),
(violation data),

tabular output),

quit execution).

or

)
T
Q 704

Using station WOC Change to (or "X" to exit) ? 4

Using data type DAILY Change to ? &
Using date= 1/ 1/81 Change to ? 12181 &

NO DAILY DATA EXISTS FOR WOC ON 1/21/81

TYPE E (enter data this date), N (do next date), or X (exit). ? E«
Ready to enter new DAILY data for station WOC date= 1/21/81:

( 3) PH =7 6.54

(4)D0O =7 554

THE ENTERED VALUE (ABSOLUTE VALUE) OF  55.00
EXCEEDS THE VALID ABSOLUTE RANGE OF 0.1000E+00 TO 15.00

(4)DO = 7?7 5.54
5) TEMP =724
ULL NAME:Temperature UNITS:degrees C

NONCOMPL IANCE BOUNDS: NONE

To exit from this operation without changing the value, type X.
Hitting <RET> without any entry sets the parameter value to zero.

( 5) TEMP =720«
( 7) FLOSUM =7 9254
( 8) FLO 400000

DAILY DATA FOR STATION WOC DATE= 1/21/81:

(1) STATION 1 ( 2) SAMPLE_DATE 1/21/81
(3)°p 6.50 (4)DO 5.50

( 5) TEMP 20.0 ( 7) FLOSU 925
( 8) FLO 400000

Corrections to the 1/21/81 data may be made now:

TYPE L (1ist), C (change entry), D (delete), N (do next date)
LV or EV (1ist or enter violations) or X (exit) : ? Xd

Figure 3. Parameter Data Entry Operation

KEY: All user entries are underlined.
A is a carriage return entry.
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*%kk% ME NU ****x

Enter P (parameter data),

V (violation data),

T (tabular output), or
Q (

quit execution). ?T

SELECT OQUTPUT REPORT OPTION:
R Discharge Monitoring Report,
S Data Log Sheet, or,
X Exit to MENU point. ? R

Specify the time interval for these calculations:
Type starting date of interest (mm/dd/yy): ? 10-1-81 4
Type ending date or hit return for end of month: ?4
USING 10/ 1/81 thru 10/31/81

Before generating reports, do you want to check that all
noncompliances are recorded (esp. for data not entered) (Y/N) ? N

For all stations (Y/N) ?
For station WOC (Y/N) ? Y&
For station MB (Y/N) 2?2
For station STP (Y/N) ?4

Generate reports for other dates (Y/N) ? N&

ap——

Compiling report programs... please stand by...
**DEPARTMENT OF ENVIRONMENTAL MANAGEMENT**

NPDES DISCHARGE MONITORING REPORTS
N

REPORT TO TERMINAL? (Y/N) ? N«
PRINT FILE NPDES.RPT TO GET A HARDCOPY LISTING OF THE MONTHLY REPORT

SELECT OUTPUT REPORT OPTION:
R Discharge Monitoring Report,
S Data Log Sheet, or,
X Exit to MENU point. ? X«

Figure 4. Interadtive Generation of Discharge Monitoring Report
KEY: All user entries are underlined.
A is a carriage return entry.



209

SUMMARY

Computerization of the NPDES data has resulted in savings of time
and money while improving data accuracy. The creation of a '"user-
friendly" computer system was critical to the success of this pro-
cedure. Inclusion of data-base organization concepts will reduce

conversion costs for future changes.

REFERENCES

lrederal Water Pollution Control Act, as Amended by the Clean Water
Act of 1977, Published by The Bureau of National Affairs, Inc.,
Washington, D.C.

2Martin, J., Principles of Data-Base Management, Prentice-Hall, Inc.,
Englewood Cliffs. New Jersey, pp. 48-49, (1976).
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PREDICTION OF LONG-TERM IMPACT
OF PGDP CHROMATE SLUDGE LAGOON DISCHARGE

C. L. Baker
Paducah Gaseous Diffusion Plant
Paducah, Kentucky 42001

operated by
UNION CARBIDE CORPORATION

for the
U.S. DEPARTMENT OF ENERGY
Under Contract No. W-7406-eng-26

ABSTRACT

An increased interest in non-chromate based corrosion inhibition
systems has been fostered by EPA guidelines governing the disposal of
chromium contaminated wastes. Several of the more promising non-
chromate systems are being evaluated at K-25. Significant differences
exist in the chromated water treatment systems used at the three diffu-
sion plants. An area of common concern has been the long~term oxida-
tion of trivalent chromium present in the respective sludge lagoons.
Studies were initiated at Paducah to determine:

l. The discharge rate for the C-616 Sludge Lagoon.

2. The hexavalent chromium concentration in the discharge of the
sludge lagoon.

3. The chemistry of trivalent chromium oxidation under sludge
lagoon conditions.

4, The impact of the hexavalent chromium in the sludge lagoon
discharge on the full flow lagoon.

Flow diagrams showing the basic differences in the chromate
treatment systems at the diffusion plants are included.

INTRODUCTION

Recirculating cooling water (RCW) systems are used at each of the
Gaseous Diffusion Plants to dissipate the excessive heat associated with

the gaseous diffusion process. Periodic blowdowns (or removal of
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portions of the RCW) from the cooling towers are required to control the
concentrations of dissolved solids in the system. Hexavalent chromium
(Cr™) is maintained between 18 ppm and 22 ppm (as chromate, Crouz_) in
the RCW for the purpose of corrosion inhibition. Currently, the
National Pollutant Discharge Elimination System (NPDES) requires the
concentration of hexavalent chromium to be less than 0.05 ppm in liquid

effluents prior to their discharge into area surface waters.

A study of the PGDP C-616 Sludge Lagoon was prompted by several
factors. Among these factors was the possibility of more stringent EPA
guidelines on discharge levels of chromium and constraints on the use of
chromium in RCW systems. The long-term availability of chromium for use

as a corrosion inhibitor was also a factor.

In view of this, nonchromate based corrosion inhibitors are being
considered for use in the RCW systems. ORGDP personnel are presently
evaluating some of the more promising non-chromate systems. It is
currently planned to field test the most promising non-chromate alter-

native in the K-29 RCW system.

An area of common concern at the three plants has been the long-
term oxidation of trivalent chromium to hexavalent chromium in the
respective sludge lagoons. With these points in mind, a study was
initiated at Paducah to determine:

1. The discharge rate for the C-616 Sludge Lagoon.

2, The hexavalent chromium concentration in the discharge of the
sludge lagoon.

3. The chemistry of trivalent chromium oxidation under sludge
lagoon conditions.
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DISCUSSION
At this point, it is important to note that while the systems for

treating chromated water at each of the three planté are basically
similar, they do have some rather significant differences. The more
important of these differences are the location of the NPDES permit
point and the point of discharge of the sludge lagoon (accumulation
point of trivalent chromium) in relation to the area surface waters.
Simplified flow schemes for the chromated water treatment at each of the

plants are shown in Figures 1-3.

At GAT, Figure 1, the soluble hexavalent chromium is reduced to
insoluble trivalent chromium and precipitated as chromic hydroxide by
the sulfur dioxide reduction/lime precipitation method. The insoluble
trivalent chromium accumulates in the lagoons which have no direct
discharge to area surface waters, The overflow from the lagoon is
returned to the clarifier. The NPDES permit point for this system is

located at the neutralization tank outfall to the Scioto River.

At ORGDP, Figure 2, the blowdown goes to two separate treatment
systems. A large portion of the blowdown goes to the Recycle Softeners
to remove calcium and magnesium hardness. The treated RCW is returned
to the cooling towers and the sludge is sent to the clarifiers. The
other portion of blowdown goes to electrochemical units where hexavalent
chromium is reduced to trivalent chromium and precipitated as chromic
hydroxide. It is then discharged to Lagoon K-901 A. A small portion

of the soluble hexavalent chromium may be trapped in the sludge slurry
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FLOW SCHEME
FOR CHROMATED WATER TREATMENT AT GAT
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NEUTRALIZATION
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FIGURE 1
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FLOW SCHEME

FOR CHROMATED WATER TREATMENT AT ORGDP
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K-901A
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CLINCH RIVER
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FIGURE 2
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FLOW SCHEME

FOR CHROMATED WATER TREATMENT AT PGDP

| J

COOLING
TOWERS

BLOWDOWN

C-616
CLARIFIER

SLUDGE

NPDES POINT

SLUDGE
LAGOON

NORTH/SOUTH
DIVERSION DITGH LIQUID
NN >
Y
FULL FLOW
LAGOON [

S

BIG BAYOU CREEK
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FIGURE 3
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from the Recycle Softeners and clarifiers and also enter the lagoon. In
this system, the NPDES permit point is at the lagoon discharge to the

Clinch River.

The ferrous sulfate/lime precipitation method is utilized to reduce
hexavalent chromium to trivalent chromium and precipitate the trivalent
chromium as chromic hydroxide at PGDP, Figure 3. The trivalent chromium
accunulates in the C~616 Sludge Lagoon. The NPDES permit point for the
system is at the 1liquid effluent discharge of the C-616 clarifier to
the full flow 1lagoon. This discharge is joined by the contents of the
North/South Diversion Ditch (miscellaneous process discharges) prior to
entering the full flow lagoon. The overflow from the full flow lagoon

drains into Big Bayou Creek.

flow measurements and sampling of the C-616 Sludge Lagoon overflow
were initiated in July 1981. A normal flow of 17,000 gallons per day
(GPD) was determined with the flow increasing for several days following
a heavy rainfall due to increased rainwater run-off. =.he flow into the
full flow lagoon was nominal compared to a flow of approximatel:s 0.73
million gallons per day (MGD) from the clarifier liquid effluent and a
flow of approximately 0.2 MGD from the North/South Diversion Ditch.
Analysis of the samples showed existing levels of hexavalent chromium

between 0.0! ppm and 0.02 ppm in the sludge lagoon overflow.

Trivalent chromium oxidation to hexavalent chromium was briefly
examined as part of the study. Minor reactions between the chromic

hydroxide (hydrated chromic oxide) and ozone or chlorine are possible
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but probably oécur to no appreciable extent. Ozone, which is present in
air at approximately 0.02 ppm to 0.03 ppm, decomposes in water.

Chlorine reacts with the ferrous ion during treatment in the clarifier
and is essentially at O ppm when discharged into the sludge lagoon. A
50 percent excess of ferrous sulfate is routinely added in the clarifier
to ensure that all hexavalent chromium has reacted. This excess is more

than sufficient to consume any chlorine present.

During precipitation of chromic hydroxide, side reactions,
including olation and oxolation, often occur. Olation and oxolation
reactiéns connect the Cr'3 ions in chains or rings via bridging
hydroxide and divalent oxygen groups. These reactions are difficult to
reverse and increase as the length of time from precipitation of the
hydrated chromic oxide increases. Clay and dirt also bind the insoluble
trivalent chromium and inhibit oxidation. This leads to the following
assumption: -

The kinetics of trivalent chromium oxidation are such that a

hexavalent chromium equilibrium in the C-616 Sludge Lagoon has

essentially been reached and the current hexavalent chromium

concentration in the sludge lagoon overflow is approximately
constant.

Sampling will continue periodically as a precaution.

To determine the impact of the hexavalent chromium in the sludge
lagoon discharge on the full flow lagoon, all flows and concentrations
were assumed constant except for the hexavalent chromium concentration
in the sludge lagoon overflow. It was also assumed that the three

influent streams (clarifier liquid effluent, North/South Diversion
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Ditch, and sludge lagoon overflow) represent the only hexavalent
chromium sources for the full flow lagoon. Calculations showed that for
a concentration of 0.05 ppm Cr*® to be observed at the full flow lagoon
overflow, 10 to 100 times the present hexavalent chromium concentration
in the sludge lagoon overflow would be necessary. An increase of this
magnitude is highly improbable and, if occurred, would probably not be

limited to a change in only one variable.

CONCLUSION

As a conclusion of the study, no problems with the present levels
of hexavalent chromium in the sludge lagoon are seen. With oxidation of
trivalent chromium to hexavalent chromium occurring to no appreciable
extent and a safety maréin of 10 to 100 times the existing level of
hexavalent chromium, no problems are anticipated to develop with the
hexavalent chromium levels in the sludge lagoon. Little variance from
the present hexavalent chromium concentration in the C-616 Sludge Lagoon

is expected in the future.
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ORGANIC PRIORITY POLLUTANTS IN WASTEWATER
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ABSTRACT

Prior to June 1978, a collection of environmentally concerned groups
brought suit against the Environmental Protection Agency (EPA) for failing
to implement portions of the Federal Water Pollution Control Act (FWPCA).
The court decision, which has commonly become known as the "EPA Consent
Decree,"” required the EPA to publish a list of toxic pollutants to be
controlled, discharge limitations for those compounds in water effluents,
and methods for quantitating those compounds. Of the 129 compounds since
designated as priority pollutants by the EPA, 114 are organic compounds.
The gas chromatography/mass spectrometry methods of analysis, as proposed
by the EPA (methods 624 and 625), have been applied to wastewater from the
Oak Ridge Gaseous Diffusion Plant (ORGDP). All toxic pollutants identified
in the ORGDP wastewater are from the volatile fraction. The concentrations
of these organic pollutants ranged from < 10 ppb to ~ 2 ppm.

INTRODUCTION

Litigation brought against the Environmental Protection Agency (EPA) by
several environmentally concerned groups (National Resource Defense
Council, Environmental Defense Fund, et al) has resulted in the "EPA
Consent Decree.”! As a result of the Consent Decree, the EPA has
designated 114 organic compounds and 15 metals as priority pollutants and

has proposed a number of analytical methods for analysis of these pollut-
ants in wastewater using what is known as the "Best Available

Technology."2
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As a means to expedite the control of these toxic chemicals in
industrial effluents, the EPA has developed a comprehensive and complex
strategy for issusing National Pollutant Discharge Elimination System
(NPDES) permits to industrial sources. NPDES permits originated in 1973 as
an amendment to the Federal Water Pollution Control Act (FWPCA).3 The Oak
Ridge Gaseous Diffusion Plant (ORGDP) was granted a NPDES permit in 1974,
which is subject to renewal. With the advent of the Consent Decree, the
guidelines for issuing NPDES permits have been markedly changed from those

in effect several years ago.

The focus of the NPDES permits has shifted to toxic pollutants and the
EPA is modifying the permit guidelines for primary industries. Thus, the
Department of Energy (DOE) and the EPA are presently negotiating the
general rules to be followed for the issuance of the ORGDP's "second round”
NPDES permit.,

Before establishing discharge limitations and other pertinent criteria,
it was necessary to quantitatively scrutinize the plant's wastewater for
conventional and toxic pollutants. The Environmental Management group at
the ORGDP was responsible for coordinating the project, the results of
which were transmitted to the EPA by DOE to assist in establishing specific
NPDES requirements for the facility. Analytical testing was performed by
the Analytical Chemistry Department of the Technical Services Division at
the ORGDP.

This article is meant to offer a brief synopsis of the EPA proposed
methods for analysis of organic priority pollutants in wastewater and
their applications in this project. The analysis of conventional pollut-
ants (pH, suspended solids, etc), nonconventional pollutants (color, non-
toxic metals, etc), and inorganic toxic pollutants will not be presented

here.
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PROPOSED METHODS OF ANALYSIS

As a result of the Consent Decree, 15 analytical procedures, utilizing
the "Best Available Technology” have been proposed to analyze for the 114
organic priority pollutants. (See reference No. 2 for details of each

procedure——GC conditiorns, columns, etc.)

Chromatographic Techniques

Twelve methods (methods 601-612) are chromatographic techniques uti-
lizing gas and liquid chromatography (GC,LC) with specific detectors. The
twelve methods are for the analysis of twelve different classes of organic
compounds. These twelve compound classes can be further categorized
according to the methodology used to isolate them from aqueous samples.
Those compounds that are readily volatile can be removed from solution by
purging with an inert gas, This method of sample concentration known as
the Purge and Trap Technique will be discussd later. The remaining com-
pounds are classified as "extractables” and may be removed from the aqueous

matrix by routine liquid/liquid extraction techniques.

Table 1% summarizes the compound classes and the preferred detector for
the GC analysis of volatile organics. Table 2 summarizes the compound
classes and the necessary detectors for those organics amenable to

liquid/liquid extraction.

In some cases, more than one detector may be employed depending on the
degree of interferences. For example, interferences by phthalate esters
can pose a problem in pesticide analysis when the electron capture detector
is used. These interferences can be eliminated with the use of an electro-

lytic conductivity detector.
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Table 3 lists the two proposed LC methods. All sixteen polynuclear
aromatic hydrocarbons are resolved by the LC method. GC cannot resolve
certain isomeric pairs. Therefore, the chromatographic method of choice

depends on the separation requirements.

The twelve chromatographic procedures presuppose a high expectation of
finding the compound of interest. Thus a compound is considered to be
detected if a peak falls at the retention time of an authentic standard.

If the identity of a peak is questioned, confirmation by gas chromatography/

mass spectrometry is required.

Gas Chromatography/Mass Spectrometry Techniques

The gas chromatography/mass spectrometry (GC/MS) methods take a
slightly different approach to priority pollutant analysis. GC/MS is the
only available technique that can readily identify a wide variety of organ-
ics in the presence of many interferences. Thus, for purposes of GC/MS
analysis, the 114 organic priority pollutants may be divided into two major
classes--volatiles or purgeables (method 624) and extractables (method
625). The GC/MS methods are shown in Table 4. It should be noted that the
extractable fraction is further subdivided into acid and basic fractions.
Furthermore, the basic fraction contains the pesticides and the polychlo-
rinated biphenyls (PCBs). Method 613 presupposes the sample to contain
trace levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the most toxic
of the dioxins. The method details safe handling practices for TCDD.

Compound identification by GC/MS is quite specific. Detection is based
not only on retention time data but also on individual ions, which are
characteristic of the compound under investigation. A computer system is
required for continuous acquisition of mass spectral data throughout the

analysis.
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Figure 1 is an example of how an identification is made based on analy-
sis by GC/MS. Mass spectral data was recorded throughout the run and
stored on floppy disks. Under the conditions of the analysis, a retention
time of 12.6 min was characteristic of tetrachloroethylene. The specific
ions characteristic of tetrachloroethylene (m/z's 129, 131, 164, and 166)
were extracted from the GC/MS data and plotted as specific-ion-current
profiles. These ions are present and maximize at the same retention time.

Thus, tetrachloroethylene was determined to be in the water sample.

As previously stated, the chromatographic methods presuppose a high
degree of certainty that the sample contains a pollutant from a particular
compound class. The GC/MS methods 624 and 625 make no such supposition.
The mass spectrometer is used as a universal detector and thus, may be used
to screen for all chemicals on the priority pollutant 1list. For this
reason, method 624 and 625 were used in the analysis of the ORGDP

wastewater.

SAMPLING

Proper sample collection and preservation is critical and may affect
the validity of data collected during the analysis. Samples to be analyzed
for the volatile fraction (method 624) were collectd as "grab samples.”
Sample vials were filled to overflowing (zero headspace) sealed,
refrigerated, and analyzed within 14 days. The exclusion of headspace is

imperative to assure the volatiles remain in the water until analysis.

Samples collected for liquid/liquid extraction were composite samples
taken over a prescribed period of time and pooled. The samples were refrig-

erated until extraction, usually within seven days.
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SAMPLE CONCENTRATION METHODS

Purge—-and-Trap Method

The purge—and-trap technique was developed by Bellar and Lichtenberg of
the EPA and, in general, is applicable to the trace analysis of organic
compounds that have a low solubility in water and a high vapor pressure.5
The method uses an inert gas, such as helium, passing through the sample to
transfer the organics from the aqueous phase to the gas phase. The organ-
ics are collected by adsorption on a porous polymer trap which is sub-
sequently heated and backflushed with helium to introduce the organics to
the chromatographic system. This sequence of events was automated by
interfacing a Hewlett—-Packard 7675A purge-and-trap sampler to the GC/MS
system. The sequénce of events for an analysis are illustrated in Figure 2

and are described below.

1. In the standby mode, cooling air is applied to the trap while the
sample, in the purge chamber, equilibrates with room temperature. The

trap is continually purged with helium.

2. With the rotation of the eight-port valve, the volatiles are purged

from the sample to the trap.

3. After a prescribed purge time, the trap is thermally desorbed at a pre-
set temperature and backflushed into the GC. This is the beginning of

the chromatographic run.

4. After a prescribed desorption period, the trap heats to a temperature

fixed at 50°C above the desorption temperature and is purged to vent.

5. After an appropriate vent period, the sampler returns to the standby

position and is ready for another sample.
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OPERATION OF PURGE-AND-TRAP APPARATUS
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Steps 4 and 5 take place while the chromatographic run is in progress.
Steps 1 and.2 occur independently of GC operation. Thus, the purge
sequence can be initiated on a new sample while the current chromatographic
run is in progress. Automated control of this process, not only decreases

analysis time and manual errors, but also improves reproducibility.

This scheme of analysis has several potential problem areas. The
carrier gas must be ultrapure. Low-level contaminants within the carrier
gas will be concentrated on the trap and interfere with the analysis. A
second source for contamination is the sample itself. Occasionally a
sample will foam excessively when purged. If the foam enters the transfer
lines and the trap, the system will be contaminated and must be cleaned
before proceeding. A third source for error is cross contamination between
samples. This is likely to occur after analyzing samples or standards with
a high level (ppm) of volatile organics. After such an analysis, a sample
blank (organic-free water) should be run to ensure the trap has been effec-~

tively desorbed.

The chromatographic column utilized for the volatile fraction was a
6-ft glass, packed column of Carbopack C/0.1 percent SP-1000. The initial
column temperature of 70°C was held for two minutes then programmed to

200°C at 8°C/min.

Liquid/Liquid Extraction

Liquid/1liquid extraction with a low-boiling solvent is a time-honored
technique in organic analysis. It is amenable to a wide variety of com-
pounds and large concentration factors may be realized. The pH of the
water is adjusted prior to extraction in order to obtain the acid or basic
fraction. The 1 to 3-liter water sample is then extracted three times with

methylene chloride. The combined extracts are dried and concentrated.

Rt 2 0k b3 sl IR O LN ot Sl . k(A e Xopmnadin gy pive wb K diE Pl riinai Wik heos ol S S LR RGP RS SIPG st ot d ol soagssof AR Chur CHNNNE Y -
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Methylene chloride is the recommended solvent for general purpose
extractions., It is commercially available in very pure form (distilled in
glass from Burdick and Jackson) has a low toxicity, a low-boiling point,
and a polarity to attract a wide variety of organics.®

Glassware must be free of contamination. For each set of samples, a
solvent blank 1s required for verification that, not only glassware, but
solvents are free of organics. It is recommended that glassware used in
this scheme of sample preparation be isolated in storage from other labora-

tory glassware.

Extreme care must be exercised to preclude the introduction of phtha-
late esters into the saﬁple as a result of the extraction process.
Phthalate esters are common plasticizers and are ubiquitous to the average

laboratory environment.

The basic extracts were analyzed on a 6-ft glass, packed column of 3
percent SP-2250 on 100/120 Supelcoport. The column temperature was held
isothermal for 4 minutes at 70°C, the programmed to 270°C at 8°C/min.

The acid fractions were chromatographed on a 3-ft glass, packed column
of 1 percent SP-1240 DA on 100/120 Supelcoport held isothermally at 70°C
for 2 minutes, then programmed at 8°C/min to 170°C.

INSTRUMENTATION AND CALIBRATION

All samples for this project were analyzed on a Hewlett-Packard 5992
GC/MS equipped with a dual floppy disk system for data acquisition and
manipulation. The HP 5992 is equipped with software to automatically
calibrate the mass spectrometer and to optimize sensitivity and resolution
based on a perfluorotributylamine (PFTBA) standard. When using GC/MS as a

quantitative tool, ion source tuning can affect response factors. The EPA
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has suggested the use of decafluorotriphenylphosphine (DFTPP) as a con-

venient mechanism to evaluate ion source and detector response. For this
purpose, an optional “Autotune” program is provided for the HP 5§92, which
will normalize all detected spectra to the DFTPP standard. Normalized
spectra are achieved by multiplying the raw abundances by standardization

‘factors in software during data acquisitionm.

QUALITY CONTROL MEASURES

Standard quality assurance practices were utilized in this project.
These include method blanks, field replicates, field blanks, and surrogate

standards.

A method blank is an aliquot of organic-—free water which is subjected
to the same extraction and analysis process as the samples. This is to
ensure that the glassware, reagents, and extraction process are not contrib-—

uting coutaminants.

Replicate samples were periodically collected in the field. These

replicates are analyzed to ensure the integrity of the sampling process.

Field blanks were used in method 624 to ensure that no volatile or-
ganics leaked through the sample vials. A field blank is an aliquot of
organic-free water which is transported to the sampling site and back in

the same type sampling vial used for sample collection.

Surrogate standards were used in method 624 to monitor the effec-
tiveness of the purge-and-trap apparatus. Three compounds (bromo-
chloromethane, 2-bromo-l-chloropropane, and 1,4-dichlorobutane) were
spiked into each sample and standard solution analyzed by the purge-and-

trap technique. These are the surrogate standards suggested in method 624.
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Figures 3 and 4 are examples of fortified samples. A mixture of organ-
ics was spiked into a water blank and analyzed. It is interesting to note
that in this scheme of analysis, N-nitrosodiphenylamine (NDPA) decomposes
in the hot GC injection port to diphenylamine (DPA) and is detected as
such. If the water sample to be investigated is suspected to contain NDPA,
the analyst must utilize a clean-up procedure to remove potential DPA
interference. Likewise, 1,2-diphenylhydrazine decomposes on column to azo-

benzene and is detected as such.

RESULTS

Method 625

Figures 5 and 6 are typical of results obtained for the basic and
acidic extractables. Each figure is a plot of the total-ion-current chro-
matogram (TOT.AB.) and specific-ion chromatograms (ION 43, etc.). 1In
Figure 5, the baseline is an unresolved envelope under which many compounds
lie. This chromatographic pattern is indicative of a hydrocarbon oil.
Specific~ions 43 m/z and 57 m/z are characteristic of aliphatic hydrocar-
bons, and a plot of these individual ions duplicates the total-ion-
chromatogram. To insure the absence of priority pollutants, the
total-ion-current chromatogram is examined for specific~ions characteristic

of those pollutants, as previously described.

Figure 6 represents the acid fraction of a water sample and contains a
major peak. Although not a priority pollutant, mass spectral data suggests
the peak to be diethylene glycol monobutyl ether (Butyl Carbitol), commonly

used as a solvent for oils and a plasticizer intermediate.
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Although numerous organic compounds were detected in the acid and basic
fractions of the ORGDP wastewater, no compounds from the priority pollutant
list exceeded the minimum detection limits of the method. The minimum
detection limits vary (10 ppb to 250 ppb) depending on the compound.

Method 624

Numerous organics were detected in the volatile fraction of the ORGDP
waste water. These organics are listed in Table 5. The limit of detection
for this method was 10 ppb for those organics reported.

TABLE 5

Organics in Volatile Fraction of the ORGDP Wastewater#

Concentration Concentration
Compound (ppm) Compound (ppm)
Chloroform <.01 - 0.2 Benzene <.01
Trichloroethylene <.01 - >2.0 1,1-Dichloroethylene <,01 - 0.03
1,1,1-Trichloroethane <.01 = >2.0 Methylene Chloride <.01 - 1.0
Tetrachloroethylene <.01 = 0.3 S$§Methyl Ethyl Retone <.01 - 0.3
Toluene <.01 = 0.2 §Methyl Isobutyl Retone <.0l - 0.1

* Includes drainlines sampled after January 1982.
§ Not on priority pollutant list.

Figures 7 and 8 are representative of the specific characteristic
lons extracted from the GC/MS data. Also apparent 1in these figures 1is one

of the spiked surrogate standards, bromochloromethane.



246

CONCLUSIONS

The methods outlined in this paper are those proposed by the EPA and
are subject to comment and modification. Present work by the EPA and EPA
contractors is directed towards the applicability of multicomponent isotope
dilution GC/MS for the determination of priority pollutants in
industrial effluents.’ An interesting and potentially useful aspect of
this type of analysis is the ability to perform an important quality
assurance/quality control activity using the labeled analogs of the com-
pounds of interest. The close relationship between the recoveries of a
naturaily abundant compound and its labeled analog suggests the use of the

labeled species as a check on absolute recovery.

Whatever form the final regulations take, we as waste dischargers must
demonstrate our ability to monitor our effuents using the specified methods
in order to obtain a NPDES permit. Therefore, the analyst must remain
abreast with the proposed methodology and be prepared to implement them.

Laboratory personnel should also be made aware of their legal
responsibilities. Knowingly falsifying data or misrepresenting a report in
any way is a criminal act and.punishable by fines of up to $10,000 and/or

six months imprisonment.
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SPILL EXPERIENCE AT ORNL - 1978 to 1982

B. A. Kelly and B. M. Eisenhower
Industrial Safety and Applied Health Physics Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

ABSTRACT

The history of oil and chemical spills at Oak Ridge National Labora-
tory for the past four years is reported, including their causes and the
remedial measures taken. The organizational structure that has evolved
for handling spills is described, including the role of each ORNL
division in the program. Particular initiating events which have been
characteristic of more than one spill have been identified and the pre-
ventive actions taken for them described. Finally, future plans to
improve the timeliness and adequacy of spill response are discussed.

INTRODUCTION

During the four year period from 1978 to the present, ORNL's Depart-
ment of Environmental Management has responded to 60 spills - 37 of
these spills involved oil (Table 1) and 23 involved other chemicals
(Table 2). While only a small fraction of these spills had any environ-
mental significance, evaluations of the causes of spills and of ORNL's
response to them have identified areas where improvements were needed.
This paper will provide a description of these evaluations, describe the
organization that has evolved at ORNL to respond to spills, and show how
the evaluations have been and are being used to improve ORNL's per-

formance in the area of spill response.

SPILL EVALUATIONS

An analysis of the causes of the spills listed in Tables 1 and 2 is
shown in Table 3. For oils, the major cause for spills appears to be
mechanical failures. This is probably true at ORNL for two reasons:

1. After a number of o0il spills in late 1978 and early 1979, a

Laboratory-wide Waste 0il Investigation Committee was established

*Research sponsored by the U. S. Department of Energy by Union Carbide

Corporation Nuclear Division under Contract W-7405-eng~-26.



Date

7/14/78
8/3/78
11/29/78
12/21/78
1/9/79
3/4/79
3/6/79
3/15/79
7/5/79
7/10/79
7/16/79
7/26/79
7/26/79
7/31/79
8/1/79
8/2/79
10/2/79
10/15/79
10/26/79
1/4/80
2/25/80
4/16/80
4/29/80
5/18/80
6/2/80
9/26/80
2/2/81
3/4/81
5/6/81
5/6/81
7/27/81
7/27/81
8/3/81
8/8/81
9/3/81
10/6/81
1/21/82

*Causes of spills are as follows:
Container failure
Mechanical failure
Operator Error

M

c

0
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Table 1

History of 0il Spills at ORNL (1978-1982)

Location Type of 0il Quantity Cause* Reportable
4508 Lubricating 10 gal c No
2528 Coal 0il 11b C No
7000 Diesel 4 gal 0 No
7000 Mixed 50 gal C No
7802 Lubricating 1 gal c No
2519 Diesel 50 gal o NC**
3025 Hydraulic 20 gals M Yes
6010 Transformer Unknown c Yes
1503 Lubricating Unknown 0 Yes
7005 Gasoline 1 gal 0 No
2519 Hydraulic 5 gal M No
2519 Lubricating 1 gal C No
7822 Diesel 30 gal M No
7000 Diesel 2 gal c No
2519 Diesel 15 gal c Yes
0954 Hydraulic 5 gal M No
5000 Lubricating 1 gal M No
7902 Hydraulic 1 gal M No
2528 PNA 1 gal c No
7602 Lubricating 1 gal c No
7813 Hydraulic 2 gal M No
1504 Hydraulic 1 gal M No
7822 Hydraulic 2 gal M No
2536 Diesel 1 gal C No
7822 Hydraulic 4 gal M No
6010 Cooling 100 gal M Yes
1000 Diesel 5 gal c No
2525 Mixture 1 gal 0 No
3026 Transformer 1 qt. M No
3044 Mixture 20 gal C No
3012 PCB 100 gal M No
2528 Coal 0il 1 gal 0 No
6000 PCB 1 gal C No
4500-8 Hydraulic 5 gal M Yes
4500-8 Mixture Trace c No
7822 Hydraulic 1 gal M No
7000 Mixture 10 gal c NC#*

nonn

**Non-compliance - No visible sheen but a violation of NPDES permit for

0il and grease



Date
4/27/79

8/30/79
10/17/79
10/29/79
11/27/79
12/26/79
2/4/80
3/20/80
3/24/80
5/20/80
7/21/80
9/2/80
11/25/80

12/4/80
2/13/81
3/19/81
5/5/81
5/13/81
5/18/81
5/27/81
10/26/81
1/5/81
2/4/82

*
&
=]
(]
1
(7]
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Table 2

History of Chemical Spills at ORNL (1978-1982)

Location Type of 0i1

2528 Methyl
Napthalene
7001 Amyl Acetate
3019 Nitric Acid
2519 Flyash/Water
5500 Drilling Mud
4500N Developer
1000 Fluoroscein
3103 Sulfuric Acid
3544 Sulfuric Acid
3019 Paint/Water
4500~-S Mercury
4500-8 Mercury
3592 Calcium
Hydroxide

1000 Flyash
6010 Ethylene Glycol
7013 Sulfuric Acid
3119 Paint/Water
3500 Mercury
2525 Mercury
3049 Detergent
4500-S Ethylene Glycol
4500~8 Fluoroscein
7860 Cement

of spills are as follows:

Container failure

Design problem

Mechanical failure

Operator error
Unknown cause

Quantitz

10 gals

1 pt.
Trace
1000 gals
Unknown
Unknown
Trace

1 gal
16 gals
Unknown
100 g
Trace
15 1bs

1 £fe3

3,000 gals

6 gal
5 gal
Puddle
3 1bs
2 gals

20,000 gals

Trace
Unknown

Cause*

Reportable

c

ORXdoocoaonuuooan

OCO0OROCoOoOoOO®RO

No

No
No
No
No
No
No
No
NC**
No
No
No
NC**

No
No
No
No
No
No
No
No
No
NC**

**Non-compliance - Not reportable as a spill but as a NPDES permit
violation for pH.
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A, 0il

Cause
Operator Error
Container Failure

Mechanical Failure

B. Chemical

Cause
Operator Error
Container Failure
Mechanical Failure
Unknown

Design Problem

256

Table 3

Causes of Spills at ORNL

1978 1979 1980 1981
1 3 - 2
3 6 2 4
- 6 5 4

1978 1979 1980 1981
- - 4 4
- 4 2 1
- - 1 2
- - 1 1
- 2 - -

1982
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to identify where oil was stored at ORNL and to ensure that it
was contained adequately, and

2. A presentation to heighten environmental awareness was made by

ORNL's Environmental Coordinator to all Laboratory personnel;
this presentation specifically dealt with oil and its effects on
the environment.
This second reason is also a likely cause for the dramatic increase in
spills reported during 1979.

Of the mechnical failures reported, over half were caused by rup-
tured hydraulic lines. Spills caused in this way are particularly
troublesome, since they generally occur in undeveloped areas (e.g.,
construction sites), where containment of the spill is difficult to
achieve. In an attempt to prevent the recurrences of such spills,
ORNL's Plant and Equipment Division (the division responsible for main-
tenance at ORNL) was requested in 1980 to institute an inspection and
replacement program for hydraulic lines. The results of this request
have been significant -~ in the 18 months since the request was made,
only one hydraulic line failure has occurred.

For other chemicals, the pattern is completely different. In this
case, two-thirds of the spills are due either to operator errors or to
container failures. This pattern is consistent with the routine
handling that these chemicals receive and their generally nonhazardous
nature. Nevertheless, it pointed out an envirommental problem which
required addressing. ORNL's response has been both general and
specific. To handle the problem of chemical storage and disposal in
general, procedures either have been or are being written to cover
storage of chemicals in laboratories, diking of storage tanks, and dis-
posal of unwanted chemicals. Furthermore, in each specific spill event,
the cause of the spill and its consequences are brought to the attention
of the responsible division's management; in some cases, the division is
also charged for the cost of the spill cleanup.

Experience gained from the spills described above has also been used
in the continuing development of ORNL's spill response capability. The
results of this development to date are discussed in the following

sections.

20T eI Gt e R e C e, vtaumm owe m— wes e wyn e - A
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RESPONSE TO SPILLS AT ORNL

Responding to a spill involves three phases:
-~ identifying the source of a spill,
- stopping the spill at its source, and
~ cleanup of the spill area.

Problems have occurred in identifying spilled materials, especially
when the material is some form of oil. To address this problem, ORNL's
Analytical Chemical Division has obtained a sample of each type of oil
used at the Laboratory and obtained a "fingerprint" of it using gas
chromatography. With this identification system in place, responding to
an oil spill is assisted in two ways:

- when the spill is first discovered, a sample of the spilled oil
can be analyzed to identify possible sources, and
~ when a suspectéd source is determined, a second sample can be
analyzed to see if the source oil matches the spilled oil.
This system has helped personnel responding to spills on numerous
occasions.

Another useful lesson learned from previous spills has to do with
dyes - cooling lines at ORNL contain fluorescein dye which help to
identify leaks when they occur. Unfortunately, this same dye has also
been used in tracer studies and in piping system tests. The coincidence
has led, at times, to confusion about a spill's source. To avoid this
problem, when a dye is required for testing, other colored dyes (e.g.,
rhodamine) are considered.

The experience gained in responding to spills listed in Tables 1 and
2 has also helped to streamline the process of obtaining assistance from
other Laboratory divisions. To ensure a timely respounse, the divisions
responsible for operations and maintenance at the laboratory have both
appointed people to coordinate recovery from a spill and set up special
accounts to accumulate their costs in this effort. ORNL's Analytical
Chemistry Division has also appointed a coordinator to ensure that
samples from a spill are expedited through the analytical process. Such

cooperation is vital to the effective response to a spill situation.
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FUTURE WORK

While the above steps have helped both to reduce the number of
spills and to improve ORNL's response to the spills that do occur, work
is still needed, especially in two areas: inventorying storage sites
around the laboratory and education on the prevention of and respomse to
spills. Regarding the inventory of hazardous materials around the
Laboratory, a system is being developed to track such materials from the
time they arrive at ORNL to the time they are disposed of.

As can be seen from Table 3, more education is needed for the people
handling chemicals regarding their environmental hazards. Plans for
such training are currently being made. Training for people responding
to spills is also important; to this end, a computer program which can
either simulate a spill or be used as a resource in the event of a spill

is being developed. This program is the topic of the next paper.

CONCLUSIONS

Information on spills can be a valuable resource in the detection of
environmental problems. This resource has been used at ORNL to prevent
the occurrence of future spills and to enhance ORNL's spill response
capability.
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THE S5PIiI.S PROBLER
AND
APPLIED ARTIFICIAL INTELLIGEKCE

J. D. Allen, Jr.
Pro Physica, Inc.
Knoxville, Tennessee, 37922

B. A. Kelly, C. K. Johnson, and T. W. Oakes
Oak Ridge National Laboratory
Ozk Ridge, Tennessee 37830

Key_ Worgds

Artificial Intelligence, Spills, Environmental Konitoring,
Expert Systems

ABSTRACT

We aescribe an Artificial Intelligence program designed
for assisting in the 1location, assessment, and cleanup of
hazardous spills and for the training of spills personnel who
must deal with these matters. Because the program is of a
type which niay be unfamiliar to the reader, we devote somne
space to a discussion of the general attributes of the class
of Artificial Intelligence programs known as Expert Systems
ana still more to a description of the system we employ,
Carnegie-liellon's OPS5. We illustrate our discussion with a
variety of rules, some taken wuirectly from the SPILLS
progran.

INTRODUCTION

When it was announced auring the spring of 1980 that a
conferencel was to be held devoted to the evaluation of the
several so-called EXPERT systems programs, C. K. Johnson of
the ORNL programmed reasoning mnethodology panel (PRH) was
asked to prepare the test problem with which each system
would have to deal. Perhaps because so much of the work in
Artificial Intelligence (AI) has been so abstract 1in
character, it was suggestea that the test problem should be
of & more appliea nature than some of the problems with which
the various Expert Systems might previously have had to deal.
To that end C.XK. Johnson spent considerable time searching
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for a problem combining Jjust the right proportions of
elements from real world and pure research environments.
His choice was the result in part of a desire to incorporate
something of- Laboratory interest and importance which could
draw attention to the work then under way by various members
of the PRH panel. The SPILLS problem satisfied these
requirements admirably. There was a local body of spills
experts willing to collaborate in the preparation of material
for the problem, an endless pile of documentation and
literature, and a willing and able assistant in Sara R.
Jordan, one of the charter members of the PRM panel. 1In due
time there emerged a truly massive document which would soon
be the object of a week long assault by eight teams of AI
researchers and their respective EXPERT systems.

Although not one of these eight systems emerged as
clearly the best, one did prove itself so easy to use, so
generally powerful, and so broadly applicable as to attract
immediate and considerable attention. This was the
Carnegie-iiellon 0PS52 production rule system, the latest in a
series of such programs based on the work of Forgy and
McDermott3 4 5. 1In less than one week the OPS5 team produced
a program which addressed a number of aspects of the spills
problem and showed promise of dealing successfully with many
of the others. It was in response both to the OPS5 success
and to its apparent potential that the ORNL Spills group
decided to investigate extensions to the CHU "kernel" program
in the hope of producing a thoroughly competent artificial
spills expert. In the next section we discuss some of the
goals which were established for the program.

SYSTEM_GOALS

The initial goals of the SPILLS program are summarized by
the flow chart of Figure la which represents in a somewhat
abbreviated fashion the steps which a human spills expert
would take from the moment of the first report of a spill up
to, but not including, the completion of all appropriate
documentation following its cleanup. Most of these goals
have been implemented in the sense that the program has
either methods of achieving them directly or sets of
instructions for guidaing a technician in the associated
tasks. To facilitate the system's use by untrained personnel
a "help" file is being implemented which will eventually
embody tutorial information about all system functions. A
user who gets "stuck®" or who is unsure what the system is
currently doing can easily invoke the help subsystem which
will respond in a way and at a level suitable to the user's
perceived needs.

Some care has been taken from the start to ensure that an

R s Tt e T 1ol I I e et A L L T o et o anar el R it Sl o R
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intermediate goal of the system, that of training, could
eventually be satisfied. The intent here is to present a
spills trainee with a fictitious spill, letting the program
monitor his cleanup procedure and correct or advise him as
necessary. This capacity to cast the program in the role of
intelligent instructor should prove invaluable in a fiela
where there are not enough experts to provide training for
those who need it.

Farther in the future the system will be given the
capacity to fulfill all the requirements for spills
documentation automatically (Figure 1lb). This attribute can
be accommodated in part by providing a f£ill-in-the-blank mode
of operation. For the full implementation of this goal,
particularly its aspect of automatic report writing, the
system will require the incorporation of advanced natural
language processing techniques. One last goal, perhaps the
hardest to achieve, 1is the implementation of a learning
capacity which would permit the system to acquire knowledge
from its experience in dealing with new spills situations and
from stored data defining previous spills with which the
system had yet not had to deal. This acquired knowledge
would be incorporated as rules and methods for dealing with
spill types which the system would previously have been
unable to handle.

Expert Systems constitute the first broadly applicable
products of applied Artificial Intelligence research. These
systems take many forms and embody as many esoteric concepts
but it is the function of each to bring these concepts to
bear on problems in a manner which facilitates, rather than
confounds its use. The principal characterizing attribute of
all these systems is the capacity for assimilating to a
greater or lesser degree the knowledyge possessed by a human
expert. It is not surprising that the implementation of this
artificial intelligence capacity has provided nwuch insight
into the nature of human intelligence, particularly the sort
by which we recognize the quality of expertise. It has
proven remarkably difficult to extract from (even gquite
willing) experts just those attributes which so qualify them,
perhaps because expertise is so elusive a characteristic.
Far mnore than just the sum of one's acquired knowledge, it
has been defined as the embodiment in varying degrees of
instinct, rules of thumb, capacity for the educated (and
sometimes inspired) guess, all able to draw in some not well
understood but clearly synergistic way on the expert's
accumulation of facts and relationships.

We tend to regard thinking, at 1least that of the
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scientific sort, as a well structured and logical process but
in fact, much, if not most, of the (creative) thinking which
an expert does bears little resemblance to the clear and
inexorable progression by which he may 1later express the
results of his thought process, a process which, because of
its free-ranging, conceptually unbounded, "approximate"
nature has come to be referred to as "fuzzy reasoning". It
is this "fuzziness" which, because it is so difficult to
define, 1is so difficult to implement in a machine.
Nevertheless, it 1is this characteristic which the best
"Expert Systems" do attempt to emulate. Their success in so
doing hinges pivotally on the observation that much of what
the expert in any £field does involves the (probably
unconscious) manipulation of relatively small "chunks®™ of his
knowledge. There may be (almost certainly are) enormously
many of these "chunks" and the manipulations are surely
complex and numerous, but there is here the clue which makes
machine emulation possible. If a way can be found for
representing to a computer the "chunks" as separate, easily
manipulated structures, each of which was largely independent
of the rest, and if a "manipulator" program could be written
incorporating some general knowledge and some
"chunk-dependent" knowledge about the kinds of manipulations
which might prove useful, the emulation capability we seek
should be realizable. In one way or another, Expert Systems
support both of these functions to some degree.

Several schemes have been developed for performing the
"chunking" and manipulation operations suggested above. The
most "user-friendly" of these permit the construction of
programs which at first glance seem to possess no
recognizable structure at all. They appear instead to be
collections of isolated facts united more by their relevance
to the single program domain than to each other. The form of
this "fact representation” depends of course upon the system
in use but the apparent disjointed aspect characterizes them
all. Nothing resembling the orderly (algorithmic)
progression of Fortran or Basic programs can be discerned.
To all appearances the Expert System programs have been
assembled a few pieces at a time, each new piece having been
added as it occurred to the "programmer". The pieces are our
"chunks” and many of them probably have been added in just
this seemingly haphazard fashion. Note, however, that there
is no suggestion here that the "chunks" themselves are in any
way haphazard. Upon examination, it would be discerned that
each is a highly structured embodiment of some small facet of
the human expert's knowledge. Some may represent rules of
thumb, others may describe sophisticated mathematical
concepts and the techniques for their implementation, still
others might incorporate directions for modifying "chunks" or
the building of entirely new ones. It is the function of the
"manipulator" to bring order, direction, and purpose to this

L R A e e e - B
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formless mass of ‘"incremental" knowledge. Since these
concepts, "chunk" and "manipulator", will seem far more
comfortable when viewed in the context of a specific "Expert
System" than they can be in the abstract, we turn now to a
brief description of one of the most widely used, the
Carnegie-Mellon OPS5 system.

THE_QOPSS EXPERT SYSTEM

As suggested above, Expert Systems can be based upon any
of several conceptual frameworks, each resulting in a
subclass of the general type. The class of which OPS5 is a
member is known by the term which describes its most
characteristic feature, the production rule, or simply, the
production. In production systems the "chunks" of knowledge
are expressed by the production rules, the manipulation of
which is managed by a (usually) distinct "interpreter". 1In
OPS5 the rules are maintained in a part of memory called
(reasonably enough) production memory. The facts or data (or
anything else) upon which the rules may operate are stored in
another memory section referred to as working memory. The
interpreter provides the environment within which rules and
working memory can interact with each other and with the
world. A quick look at the general structures of a working
memory element and a productiion rule will suffice to suggest
how the two function together.

An OPS5 working memory element (WME) is a parenthesized
list of gquantities of the form,

(quantityl quantity2 quantity3 ..cceeeceecee...quantityN) .

The quantities can be any numeric or natural 1language
structures appropriate to the domain for which the system is
intended. Since working memory elements can be dquite long
(several hundred components would not tax the system) it is
often convenient to invoke a useful adjunct (which we discuss
only in its simplest application), the "tab" function
represented by the up-arrow symbol "“". Among other things
this facilitates a bookkeeping feature which makes OPS much
easier for most programmers to use. When this device is
incorporated the resulting OPS5 structure is known as an
"attribute-value" system. A working memory element in this
representation has the form (where "att"™ abbreviates
"attribute"),

("attl gquantityl “att2 quantity2......7attN quantityn) .
The "quantities" are still the entities of importance. The

"attribute" entries serve only a place-holding function
freeing the user from the necessity of keeping track of the
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order of occurrence of quantities which comprise the WME.
Thus, the above WHE could just as well be written as

("attN quantityN...."att2 quantity2...%attl quantityl) .

Before continuing with a discussion of 0OPS5 rules we list
a few specific examples of the working memory elements upon
which they can act. Some of these are extracted from
functioning Expert Systems, others are constructed simply for
the purpose of illustrating one or another point. The
simplest consists of but one quantity:

(start) .

A slightly more complex one which mixes “"tabbed" and
"non-tabbed" quantities might represent a member of a
collection of elements representing the physical guantity
temperature:

(temperature “value 7) .

This example collects some of the physical attributes of a
chemical compound:

(material "name benzene “molecular-weight 78 “boiling-
point "80 "molecular-formula C6H6 “color clear
“density .879) .

With this one we represent (part of) the formal structure of
an algebraic expression:
(expression "type quadratic “string x * * 2 -5 * x 4+ 2
=0) .

In this last we establish a goal for a robot (to hold a
technician at the door):

(goal “status active “want hold “object technician
“at door) .

These examples in no way exhaust the expressive power of
working memory elements but they should be sufficient to
illustrate something of their versatility. We will see how
they are accessed, modified, and even constructed by OPSS
rules as we examine rule structure in the following several
paragraphs.

An OPS5 rule, like an OPSS working memory element, is a
parenthesized list. Its structure is more extended and
complex than that of the WHME but can nevertheless be
represented by the following simple, formal expression:

TAUTITIRT T Nyt N, ANegET N germerme rreevmew van peeysy
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(p production-name
(left-hand-side-~condition=-1)
(left-hand-side~condition-2)

(left-hand-side-condition=-N)

(right-hand—-side-action-1)
(right-hand-side-action-2)

(right-hand-side-action-K)) ; K not necessarily=N.

We will not delve here into the intricacies of rule
formalism but will instead attempt to illuminate rule
structure by discussing a series of examples. We begin by
considering the following very simple, almost self-evident
one:

(p start-rule
(start)
-=>
(write (crlf) now you've done it!)).

The p identifies this as a rule (or production). The
production's name is "start-rule". The single
left-hand-side-condition (LHS) requires that there Dbe
somewhere in working memory an element of precisely the form
"(start)". The funny arrow 1lets the OPS5 interpreter
separate the (LHS) part(s) £from the right-hand-side-action
(RHS) part(s). Everything to the right of the arrow is
executed if the condition(s) of the LHS are satisfied and so
the output device (printer, CRT, etc.) performs a carriage
return line feed (crlf), and displays the indicated string.
This scarcely constitutes a remarkable result; we could have
accomplished the same thing in Basic. It is only when we
begin to introduce more complicated 1left- and right-~hand
sides that things begin to get interesting. We expand our
repertoire with the next example.

Let us suppose that the following items have been placed
in working memory:

(number “value 7)
(number “value 2)
(number “value 3)
(number :value 15)

(number “value -1)

We would like to find the element with the largest "value"
entry. The following example introduces three new constructs
which ‘permit a single rule to accomplish our task.
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(p find-largest
(number “value <v>)
—(number “value {<u> > <v>})
-=>
(write (crlf) the largest value in the set is <v>)) .

Again, the p identifies the entity as a production and the
production's name 1is "find-largest". The second 1line
requires that there be a WME whose first entry is the word
"number" and whose second is some number to which the
interpreter assigns our specified label "v". 1In the language
of artificial intelligence this assigning function is known
as binding. It is denoted in OPS5 by the first occurrence of
& given variable (here "v") within the left and right angle
brackets "<" anda ">". Remember that the up-arrow is a
bookkeeping convenience for the programmer. The OPS
interpreter skips over the associated attribute listing to
the adjoining quantity. Thus, as far as OPS is concerned,
there are only two entries in the condition element, the word
"number" and the variable <v>. Similarly, there are only two
entries in each of our working memory elements, the word
"number” and the number ,itself.

In the third line the prefix "-" indicates the negation of
the following construct. Thus, there must not be a working
memory element whose first entry is the word "number"™ and
whose second 1is the quantity represented by the curly
brackets. These brackets serve the function of imposing
conditions on the quantity associated with a given attribute.
Here we see that we bind the variable <u> (it is its first
occurrence) to the quantity associated with the attribute
"value" and compare (">") <u> with <v> to see if <u> is
greater than <v>.

Finally, the last line (the single action for this rule)
writes the indicated string, incorporating the value "v",
only for the one v value (15) satisfied by the LHS
conditions. An English paraphrase of our rule is,

If there is a VWME whose entries are the word "number" and
some number v,

and

If there is not a VIME whose entries are the word "number"
and some number u such that u is greater than v,

then

write "the largest value in the set is v" .

Those familiar with more algorithmic languages such as
Fortran and Basic will recognize that a great deal of
bookkeeping is being done here by the interpreter in order to
execute the operations implied by our simple one rule search
program. We can illustrate one or two more features of OPS
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by noting two variations which result in an even simpler
version. First, we can eliminate the curly brackets and the
variable <u>. We included them simply to introduce the
concept of conditional clauses. Since we do nothing later
with the <u> we can rewrite the third line as

-(number “value > <v>) .

OPS understands that we mean by this that there must not be a
working memory element whose value entry exceeds the value
already bound to v. A further simplification results from
the elimination of the word "number" from our LHS conditions,
for, as long as at least what is specified by them is found
in the contents of working memory, the conditions are
satisfied. Our simplified rule has the form,

(p find-largest
(“value <v>)
-("value > <v>)
-—>
(write (crlf) the largest value in the set is <v>)) .

Thus far we have seen that OPS possesses impressive
bookkeeping power and have hinted at another aspect, that of
pattern matching of LHS <condition representations with
working memory element representations. We have by no means
completed a description of rule formulation nor can we hope
to be exhaustive in our discussion of several important OPS
attributes. We choose instead to illustrate with the
following examples one of the most useful, the capacity for
self-modification, a capacity which any system capable of
supporting learning must surely possess. In the process we
shall attempt to elaborate on one or twe of the more
important aspects of rule structure.

OPS5 supports several techniques for enabling a system (a
rule set) to modify its structure in response both to its
environment and to 1its assessment of its own state. The
first of these provides a rule with the power to modify one
or more of the working memory elements to which it has
responded. Suppose that somewhere in working memory are the
elements,

(goal "want identify-chemical “status active)
(actor "name smiley “role nil) ,

and that in production memory is the rule,

(p next-task
(goal "want <task> “status active)
(actor “name <n> “role nil)

-=>
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(modify 1 "status pending)
(modify 2 "role <task>)
(write (crlf) <n>: please <task>)) .

The first condition is satisfied by binding the variable
<task> to ‘"identify-chemical", the second by binding the
variable <n> to "smiley". Thus, the rule "fires", modifying
the status entry of the first WHE to "pending" and the role
entry of the second to the quantity bound to <task>,
"identify-material”. Finally the output device would display
the string

smiley: please identify-chemical .

Out of the context of some other rules, this capacity to
alter the contents of working memory may not seem as useful
as it really is. Perhaps we can illustrate the point better
by the following example involving a more extensive set of

working memory elements and four rules which might respond to
them.,

We suppose that some hypothetical robot control OPS
system has operated for a while, performing various tasks and

depositing elements in its working memory. Among them are
these:

(robot “position x5-y7 “on floor)

(object "name wrench "position x9-y5 “weight light “on
floor)

(goal “status active “type move-to “position x8-y5)

(goal “"status active “type holds "“object wrench)

(goal “status active “type move “object wrench “to
X2-y2) .

Among many others, these rules are found in production
memory:

(p rob2l

(goal "status active “type move-to “position <p>)

(robot “on floor “position {<c> <> <p>} “holds nil)
-——>

(write (crlf) move to <p>)

(modify 1 “status satisfied)

(modify 2 “position <p>))

(p rob3l

(goal “status active “type move-to “position <s>)
(robot "on floor “position {<c> <> <s>} “holds {<w>
<> nil})
(object “name <w>)
-2
(write (crlf) move to <s>)
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(modify 1 “status satisfied)
(modify 2 “position <s>)
(modify 3 “position <s>))

(p rob70
(goal “status active “type holds “object <w>)
(object “name <w> “position <g> “on floor)
(robot “position <g> "holdas nil)

-2
(write {(crlf) pick up <w>)
(modify 1 “status satisfied)
(modify 3 “holds <w>))

(p rob90
(goal “status active “type move “object <o> “to <r>)
(object “name <o> “weight light “position <> <r>)
(robot "“holds <o>) ‘
-=>
(make goal “status active “type move-to “position
<r>)) .

With the last of the above we introduce the second
procedure for implementing self modification, the "make"
command. We will discuss it when the rule which incorporates
it fires. For the moment we put ourselves in the role of the
OPS rule interpreter to better examine the system's behavior.
We begin by looking to see which (if any) of the rules have
left hand sides which could be directly, or by some binding
of variable(s), matched to the contents of working memory.
Emulating the interpreter we enumerate by rule the LHS
conditions which are satisfied and the bindings (if any)
which are implied:

rob2l; conditioﬁ"l, <p> bound to x9-=y5,
condition 2, <c> bound to x5-y7,

rob3l; condition 1, <s> bound to x9-y5,
rob70; condition 1, <w> bound to wrench,
" condition 2, <w> bound to wrench, (forced by 1),
<g> bound to x9-y5,
rob90; condition 1, <o> bound to wrench,
<r> bound to x2-y2,
condition 2, <o> bound to wrench, (forced by 1) .

The only rule for which all conditions are satisfied is
rob21. Thus, the system writes,

move to .x%-y5 ,

and modifies conditions (1) and (2) as indicated. Upon
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completion of this "recognize-act" cycle the interpreter
repeats the process, examining the new contents of working
memory to see what to do next. We leave it to the reader to
show that the next two rules to fire are rob70 and rob90 and
that the result of firing rob70 is the writing of the string, .

pick up the wrench .

With rob%0 we do something entirely new. We "make" the
new working memory element,

(goal “status active “type move-to “position x2-y2) .

In our simple move-the-robot example we could have
accomplished the. same result by suitably "modifying" the
first condition element. In a more sophisticated case, we
might have wanted to construct a new goal only tenuously
related to the «conditions which prompted it, perhaps
incorporating substantial computation based on left hand side
variables. We might have wanted to store the state of the
system with time tags in such a way that a simple rule could
later recall those things which characterized the system at
the earlier instant. The range of possibilities is limited
only by the programmer's insight and imagination. In any
event, with the "making" of the new goal, rob3l can fire.
The system writes

move to x2-y2 ,
and modifies the left hand side conditions as indicated.

The preceeding extract from a "model" robot control
system may seem to offer little that could not be managed
with a clever Fortran program and indeed robotics programs
have been written in such highly algorithmic languages.
Since all machines are deterministic in nature there can be
no question that as long as a machine's architecture permits
a given set of actions, any language which gives access to
these actions can be used for describing and controlling any
process of which the machine is capable. The power of the
languages of Artificial Intelligence lies in the range and
freedom of expression which is their natural concomitant. It
would be instructive for the reader familiar with Basic or
Fortran to write a program to do Jjust those things
exemplified by our four rule set. It is likely that at just
the point when success seems imminent a subtle, previously
overlooked feature of OPS will be discovered which cannot yet
be accommodated. Particular difficulty will be encountered
in implementing the binding property of OPS. Even the
ability of OPS to deal freely with character strings and
numeric data will prove surprisingly frustrating. When it is
realized that a full rule set for the control of even an only
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moderately bright robot may consist of several hundred to
several thousand rules the advantages of OPS-like languages
loom strikingly.

The careful reader may have wondered what would happen if
two or more rules were satisfied at the same time. Although
there is insufficient space here to present an adequate
discussion of what is known in OPS as "conflict resolution",
it is through the effective treatment of the problem that OPS
gains much of its power. Very quickly put, OPS generally
chooses for execution the most specific rule of sev.ral which
might apply and in this way attempts to insure the greatest
relevance for the resulting action.

Our last approach to self modification invokes the OPS
function "build", a right-hand-side-action which permits a
rule to create (build) a new rule. Associated with its use
are a number of subtleties, but all that need concern us here
is the general form of a rule incorporating 1it. The
following simplified example of the formal structure should
suffice for our purposes:

(p evolve-1l
(left-hand-side-condition-1)
(left-hand-side—-condition-2)

(left-hand-side-condition-N)
-=>

(build new-rule-name
(new-rule-left-hand-side-condition-1)
(new-rule-left-hand-side-condition-2)
(new-rule-left-hand-side-condition-K)

-=>
(new-rule-right-hand-side—~action-1)
(new-rule-right-hand-side-action-2)

(new-rule-right-hand-side-action-L))) ,
N not necessarily=K not necessarily=L .

The part of this rule appearing before the first >t
has exactly the structure of a conventional OPS rule. Its
entries can be any legitimate OPS uantities and may invoke
arbitrarily complex combinations of conditional clauses,
variables, and the like. All that is reguired is that any
variable quantity which is to appear in the new rule must
have appeared here first with some binding. The RHS action
"build" constructs a new rule with the name "new-rule-name"
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(which can be a system generated variable if desired) and new
LHS 'and RHS components as indicated. These new components
can be comprised of any legal OPS expressions and again can
be of arbitrary complexity.

Although we could exhibit several examples of OPS rules
which employ the "build" function it is 1likely that in
isolation they would convey little of use. We choose instead
to present some English language paraphrases of rule building
rules which might be of wuse in the hazardous spills
environment. Not only should these paraphrases be more
readable than the OPS-coded versions, they may serve to
illustrate a point often made about good Expert Systems,
namely that if something can be expressed in a natural
language (here English), it <can be expressed in a
computationally useful way in the language of the expert
system as well. For our first example of a rule that
"learns" we choose one which, having discovered that a spills
technician persistently makes an error of a particular sort
when performing a certain task, generates a new rule which
will fire each time the technician undertakes this task to
provide him with corrective guidance.

If there is a technician named <name>

??§<name>.is engaged in task <task>

??d<task> has an associatea error type <type>

?2é<type> for <task> has an associated error limit <limit>
%2d<name> has committed <type> <n> times

And

If <n> exceeds <limit>

And

If <task> has an associated help file <help>
Then

Build a new rule
If there is a technician named <name>
and
If <name> is engaged in task <task>
Then
Output <help> to <name> .

At first glance it might seem that we have done little if
anything which could not have been done just as well without
building a new rule. But, note how very much shorter the LHS
of the "new" rule is than the corresponding side of the "old"
rule. The "new" rule subsumes a great deal and can respond
to a much simpler set of conditions, conditions it now
"knows" to be relevant to the situation with which it will,
for a while, be concerned.

7y
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The reader who has assimilated the earlier remarks about
OPS5 will perceive that even this simple example suffers from
at least two serious deficiencies which illustrate the
general difficulty of writing 1learning systems. First,
nothing would prevent the "old" rule from firing in response
to the very circumstances the new one is intended to subsume.
Thus, not only would the "new" rule never have a chance to
fire, it would 1in fact be in a constant state of
regeneration! Second, we would like to assume that the
technician will ultimately learn to do the job correctly so
that the "new" rule was no longer required. The present rule
makes no provision for detecting such advancement on the
technician's part and so would endlessly remind him of his
earlier sins 1long after he had mended his ways. Both of
these problems can be resolved by the addition of a few
simple conditions and actions. The interested reader will
find enough detail in our abbreviated discussion of OPS5 to
discover these for himself.

A particularly simple 1learning rule which could be
invoked for training the system to respond to a new chemical
can be represented in this way:

(1) If there is a set of parameters denoted by <s>

and

(2) If no rule has responded to <s> to yield an
identification

and

(3) If the instructor has identified the chemical as <c>
then
Remove (3)
and
Build a new rule
If there is a set of parameters denoted by <s>
then
Identify the chemical as <c> .

Several comments are in order |here. First, the
incorporation of the statement "remove (3)" is by itself
sufficient to insure that the "old" rule will not endlessly
refire. Second, our shorthand "<s>" for the set of
parameters is deceptive. This set must be enumerated in such
a way as to facilitate its incorporation into the LHS
condition of the new rule. Note that conditional clauses can
be incorporated into the left-handé-side elements to
facilitate the accommodation of ranges within which the
several parameters constituting <s> could fall for the
chemical <c>. We suggest without further comment that rules
can be so written as to learn with treaining to accommodate
such "tolerance" ranges, even if the ranges are characterized
by mutual functional dependencies.
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We conclude our discussion of learning with the
observation that one of the most useful techniques of the
human expert, that of reasoning by analogy, «can be
implemented in OPS56. a system embodying the capability is
able to modify methods which have been provided for dealing
with one set of tasks to permit it to deal with tasks about
which it initially has 1little if any information. A
principal prerequisite for the success of the analogical
method is the existence of readily perceivable mappings
between the two involved domains. An analogical reasoning
system must be able to detect some similarity between at
least one aspect of its domain of expertise and an aspect of
the domain for which it is expected to generate new methods.
We suggest that the various sub-domains of the spills problem
constitute prime candidates for the application of this
technique.

OPSS_AND SPILLS

In this section we discuss the application of the
techniques of the OPS5 expert system to the hazardous spills
problem and attempt in the process to elaborate somewhat on
the general methods of expert system programming. To these
ends, we exhibit a few of the rules representing some of the
major functions of the OPS5 spills program. We discuss these
in the approximate order in which they would fire during a
typical session with the program noting that in general this
order 1is dependent upon the specific details of the
particular spill.

We consider first the rule which is always the first to
fire,

(p interrupt-0
(spill)
-——>
(remove 1)
(make goal "ia (gint) “status active “want
initialize)) .

This rule fires if there exists in working memory a
working memory element matching the single component LHS
condition "(spill)". The actions invoked by the rule are
twofold. First, the working memory element (hereafter WHME)
"(spill)" is removed from working memory (WM). This is done
so that the rule will never refire (unless, of course, some
other - system action should create a new element "(spill)".
Next, a new WME is created (by "make") to define the first
system goal. This goal is assigned a uniqgue numerical
identifier, "id", by the function "(gint)", given an active
status, and a goal object (want) "initialize". If there is
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another rule in the system one of whose 1left hand side
conditions matches this new WHE and whose other conditions
(i1f any) are similarly matched that new rule will fire. Such
& rule is,

(p init-1
(goal "want initialize)
-=>
(remove 1)
(rnake goal “want library-data)
(make staff “name tom-oakes "expertise expert)
(make staff "name brian-kelly “expertise expert)
( : )
( )
( : )
(make staff “name annette-campbell “expertise
novice)) .

This rule fires in response to the goal established by
the first and performs the inaicated actions. The £first
again removes from VI the WHME which triggered the firing, the
second establishes a new goal, and the remainder generate
WIliEs defining the expert levels of staff members likely to
use the system. Note that in a sense the LES of this rule is
"unaerspecified", that not everything included in the
structure of the previously generated goal WME is found in
the LHS of this rule. This illustrates a powerful feature of
OPS5. If at least everything which is specified in a rule's
LHS condition element can be matched by the components of
some WHME, the condition element is considered "instantiated"
(an unfortunate example of AI jarcon). If all condition
elements appearing in the LHS are instantiated the rule can
fire. Although we have so far discussed only Spills rules
containing one LHS condition, these rules, of which there are
ten, are exceptions most of which are devoted to placing into
working memory various definitions and information which will
be of use during the system's operation. The last of these
"configuration” operations places in working memory the WHE,

(goal “status active "want get-data “data-pointer 1) ,
to which the following rule responds:

(p acquire-data-1
(goal “want get-data "data-pointer <dp>)
{<proplst> (property-list “data-type reporter “data-
pointer <dp> “attribute <att>)}
-(given “data-type reporter “attribute <att>)
-(help)
-=>
(write (crlf) enter the (substr <proplst> string3 inf))
(make given “data-type reporter “attribute <att> “value



277

(accept))) .

The first condition is satisfied by binding the variable.
"<dp>" to the number 1. The second is satisfied if there is
a WME whose first entry is "property-list", whose value for
the "data-type" attribute is "reporter" and whose values for
the remaining attributes can be supplied by some binding of
variables. The wvalue for "ap" is forced by the first
condition to have the value 1. The wvalue of "att" is
determined by the WME which this condition matches. The
curious looking structure of this second condition
exemplifies a very useful feature of OPS which permits the
labeling of conditions so that they may be referenced by RHES
actions. 1In this example the second condition is assigned
the variable name "proplst". Note that although the RHS
could also have referred to this condition by its numerical
position (2), any editing which moved the condition statement
from the second position would have necessitated a
corresponding editiing of the RHS.

The third condition is satisfied if there is not (=) a
WHE of the specified form, the fourth if there is not a
condition with the entry "help". When the rule fires, the
system executes a carriage return-line feed (crlf) and writes
the words "enter the" followed by a substring (substr) which
is extracted from the indicated portion of the WME bound to
the variable "<proplst>". ©Note that it is not necessary to
include "string3" in the LHS since no variable has been
associated with it. 1Its existence has been "declared" by a
mechanism we will not discuss further, that of
"literalization" of attributes. The last action makes a new
VME incorporating "reporter", the LHS quantity bound to the
variable "<att>", and a new datum read from the terminal by
the function " (accept)".

Assuming that the user has not requested help,
acquire~data-l continues to fire as 1long as there are
"property~-list" WilEs of "data-type" reporter for which
associated "given" WHEs have not yet been constructed. When
the rule (input-no-help) responsible for advancing the data
pointer to the next occupied position (whether integer or
fixed point number, it matters not) finally produces a "<dp>"
value beyond the range of "reporter" property-list WHEs, a
new acquire-data rule fires whose <characteristics are
tailored to the dialogue format suited to the text strings of
the next class of property-list WMEs (in this case,
"flow-data").

We referred earlier to the user-friendly characteristics
which have been incorporated into the spills program.