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IN SITU TECHNOLOGIES FOR SITE REMEDIATION

Masood Ghassemi
URS Consultants, Inc., Long Beach, California

ABSTRACT

In situ treatment of waste and soil at contaminated sites offers an alternative
to the traditional approaches to site remediation involving excavation and
disposal or onsit'e isolation. This paper provides an overview of the capabilities
and limitations of some of the leading in situ technologies for site remediation.
The In Situ Detoxifier is presented as an example of innovative system
potentially capable of implementing a range of in situ treatment.

INTRODUCTION

Remedial actions undertaken or proposed for contaminated sites have generally
emphasized site isolation using physical barriers and/or removal of contaminated
soil and waste and their dispoal at offsite locations. There are, however, some
major limitations and concerns associated with remediation approaches which
involve waste excavation and disposal and which rely on the use of existing
technologies such as liners, caps, slurry walls, grout curtains, etc., for waste
containment. Chief among these limitations and concerns are the following:

o Despite significant improvements in the design, construction, operation, and
monitoring of containment systems such as landfills and surface
impoundments, uncertainty remains regarding the ability of these systems
to provide long-term environmental protection. Numerous cases of
containment system failures have been reported.

o Exposure of workers, the general public, and the environment to additional
risks associated with site excavation and with temporary storage,
transportation, and disposal of excavated materials.

o Scarcity of approved offsite disposal facilities and the long-term liability
and increasing costs of hazardous waste transportation and disposal.

o Increasing criticism of waste isolation and/or waste relocation at offsite
facilities as short-sighted strategies that merely transfer the problem to
future generations or to new locations.

The above limitations and concerns have promoted considerable interest in
developing, testing, and commercial use of treatment and destruction
technologies that can reduce toxicity, mobility, or volume of the contamination
rather than merely providing temporary protection via isolation and containment.
This interest is reflected in the recently enacted Superfund Amendments and
Reauthorization Act (SARA) that encourages selection of alternative remedies
and authorizes EPA to spend $98 million over 5 years (1987-1991) to carry out
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necessary applied research, development, and demonstration support programs.
EPA is now involved in the Superfund Innovative Technology Evaluation (SITE)
program to demonstrate, evaluate, and report on technologies that are applicable
to cleanup of hazardous substance spills and releases at Superfund sites. This is
a cooperative effort between EPA and the technology developers/vendors and
seeks to implement some 10 to 15 demonstration projects per year.

Treatment of contaminated soils and wastes can be accomplished via offsite or
onsite processing of excavated materials or by in situ or in-place treatment
(i.e., without excavation). In situ technologies (ISTs) offer a number of
advantages, the most important of which is the elimination of safety,
environmental, and the public health risks associated with excavation,
transportation, interim storage, and handling of hazardous wastes. Also, at sites
in highly developed areas or where contamination extends below building
foundations, certain in situ treatment methods may offer a viable alternative to
excavation which may be impractical or prohibitively expensive.

PROPOSED TECHNOLOGIES AND KEY PROBLEM AREAS

The operating principles and certain desirable features and limitations of some
of the leading ISTs are summarized in Table 1. These technologies are generally
based on processes and systems that have been developed and are used in
conventional water and waste treatment units and in mining, oil and gas, and
chemical process industries. Biological, chemical, physical, or thermal methods
are used to degrade, detoxify, extract, or immobilize contaminants in-place.
Generally, treatment agents such as air, steam, or solutions containing
surfactants, chelating agents, and bioactive materials are delivered to the
subsurface via gravity or forced systems. Recovery of the byproducts and
unused chemicals is again via gravity or forced or vacuum systems.

The ISTs listed in Table 1 are in various stages of development, with soil vapor
extraction being the only fully commercialized technology which has been used
in a large number of cleanup applications. Many of the proposed ISTs have not
yet been subjected to the rigorous testing, and independent engineering,
environmental performance, and cost analysis that are required for a
satisfactory demonstration of readiness and suitability for use in large-scale site
cleanup. Much of the available data on ISTs have been supplied by the
technology developers/vendors and have not been independently verified. This
independent evaluation and verification is a key aim of the EPA SITE program.

In general, each 1ST has the potential to serve specific site cleanup needs and
would be most suitable to specific categories of contaminants, target cleanup
levels, and cleanup schedule. Some ISTs by themselves do not provide complete
treatment and can best be used as an element of an overall remediation
program. In selecting an 1ST for a site, the technology capability and
requirements must be matched against site specific conditions and remediation
objectives. A meaningful cost comparison among ISTs is difficult since the cost
and performance data reported for ISTs are usually for differing applications
and site conditions. The reported/quoted costs for ISTs have ranged from less
than $15 to over $250 to $350 per ton of soil treated.

Effective in situ treatment requires equipment and procedures capable of doing
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TABLE 1. IN SITU REMEDIATION TECHNOLOGIES

PRINCIPLE/DESCRIPTION DESIRABLE FEATURES LIMITATIONS

N
O

Biorcclamation
Degradation of organic contami-
nants to inert or less harmful
products via action of suitable
microorganisms that are developed
in or added to contaminated soil
or groundwater. Oxygen and nut-
rients are added to the system to
support biological growth.

Soil Vapor Extraction
Application of vacuum to the sub-
surface to remove volatile contam-
inants. The vacuum may be applied
through vertical extraction wells
(low water tables) or horizontal
extraction systems (high water
table). The extracted air may re-
quire treatment before discharge
to the atmosphere. Treated air
can be reinjected into the soil

Simple, low-cost, and safe method.
Effectiveness demonstrated at many
solvent and hydrocarbon spill sites.
Simultaneous treatment of contami-
nants in the groundwater and soil.
Generation of little or no treatment
residues requiring disposal or air
emissions.

Simple, possibly low-cost, and safe
method (with proper controls).
Requires little maintenance and
operating attention.
Has been used in full-scale appli-
cations.
Can treat significant soil depths in
the unsaturated zone.
Can be an effective "source control"
measure for containing the spread of

Generally limited to applications involving
localized groundwater contamination (spills of
single solvent or petroleum based hydrocarbon
fuels).
Not applicable where the contaminants are re-
fractory or are present at toxic levels.
pH-adjusting chemicals, oxygen, and nutrients
may have to be provided.
Extensive treatability studies and subsurface
characterization are generally necessary to
establish optimum treatment conditions and the
basis for design.
Effective, proven method for uniform distribu-
tion of oxygen and nutrients in the subsurface
(especially to great depths) does not exist.
Channeling and uneven treatment may result
due to nonhomogeneity of soil and/or formation
of precipitates and biological deposits.
For contaminated soils, the application seems to
be limited to permeable soils (requires hydraulic
conductivities perhaps exceeding 10 to 10"
cm/sec).
Regulations may require treatment of water
withdrawn in surface facilities before
reinjection.
Difficult to monitor or control.

Applicability limited to cases involving volatile
compounds; low groundwater table, and loose
sandy formations.
Proper location and design of wells require good
knowledge of subsurface characteristics.
Channeling and uneven treatment may result
due to nonhomogeneity of the subsurface.
Not recommended for low hydraulic conductivity
soils (requuxs conductivities perhaps exceeding
1 0 ° to 10 cm/sec).

(Continued)



TABLE 1. IN SITU REMEDIATION TECHNOLOGIES

PRINCIPLE/DESCRIPTION DESIRABLE FEATURES LIMITATIONS

O

to provide for "closed-loop"
operation.

Air Stripping
Forcing clean air into the soil
through injection wells and with-
drawal of contaminated air through
extraction wells. The contaminated
air is discharged to an emission-control
system or is vented to the atmosphere.

Steam/Hot Air Stripping
Injection of steam and/or hot air
into the subsurface to remove
volatile contaminants. Offgas
collected at the surface or
through extraction wells for
above-ground processing. One sys-
tem, known as the Detoxifier, uses
a novel adaptation of the drilling
technology for in situ steam in-
jection and mixing.

contamination in the soil and pre-
venting release or further release of
contaminants to groundwater.
Attractive for use at sites in highly
developed areas and/or where contamina-
tion has spread to adjacent properties
or underneath buildings.

Has been tested on a pilot scale.
Other features same as those listed
above for soil vapor extraction.

Difficult to monitoi or control treatment pro-
gress and completeness.
Limited field experience and operating data
available.
Treatment rate can be very slow.

Same as those listed above for soil vapor
extraction.

General:
Enhanced volatilization and removal of
a broader range of compounds due to
application of heat.
For the Detoxifier:
Equipment design permits in situ mix-
ing and hence uniform treatment.
On-line monitoring allows for process
control and adjustment of treatment con-
ditions to achieve desired level of
cleanup.
Closed loop and mobile nature of operation.
Prototype unit demonstrated in an appli-
cation involving decontamination of sou
contaminated with hydrocarbons.
First production unit currently being
employed at a site contaminated with
chlorinated VOCs.

General:
Better understanding needed of the behavior of
the steam and of contaminant distribution
among various phases.
Potential for groundwater pollution exists.
For the Detoxifier:
Treatment depth possibly limited.
Limited field experience available.

(Continued)



TABLE 1. IN SITU REMEDIATION TECHNOLOGIES

PRINCIPLE/DESCRIPTION DESIRABLE FEATURES fATIONS

N
O
CO

Vitrification
A soil-melting technology whereby
electric current is passed between
electrodes placed in the ground.
The soil and inorganic contami-
nants are converted to a stable
glass. The organic contaminants
are pyrolized and the pyrolysis
products are combusted. Process
offgas is collected under a hood
and treated before discharge.

Immobilization
Rendering contaminants in soil/
waste less mobile by addition of
physical or chemical agents that
react with or encapsulate contami-
nants.

Soil Washing
Flushing or rinsing of contami-
nants from soil using suitable
solutions (e.g., surfactants or
chelating agents). Treatment solu-
tions can be delivered and col-
lected via gravity or forced sys-
tems similar to techniques used in
solution mining and mineral
extraction.

The product glass is very stable and
leach resistant.
May result in significant volume
reduction.
Considerable data from bench-,
engineering-, and large-scale tests
available.
System ready for deployment at sites
contaminated with metals and inorganics.

Has been successfully used in applica-
cations involving closure of liquid or
slurry ponds.
Both organic and inorganic wastes
reportedly can be handled with new pro-
prietary formulations.

Can potentially provide for recovery
of chemicals in cases involving spills
of individual chemicals or chemical
types.

Limited data available for cases involving
organic contamination.
Many of the tests conducted to date have been
in connection with radioactive-waste manage-
ment.
Available process and emissions control infor-
mation must be verified in actual application
to contaminated sites.

Proposed systems for in situ delivery and mix-
ing of chemicals not demonstrated at contami-
nated sites.
Difficult to assess long-term effectiveness based
on short-term leaching tests.

Systems for site cleanup primarily conceptual
and essentially no field experience or operating
data available.
Not feasible when complex wastes containing a
range of contaminants with different solubility
characteristics are involved.
Difficult to limit reactions to target contami-
nants.
Channeling and uneven treatment may result
due to nonhomogeneity of the subsurface.
Treatment rate can be very slow.
Difficult to monitor and control treatment pro-
gress and completeness.
Difficult to meet current requirements for
residual levels in the treated soil.
Recovered solutions can be very dilute and
large in volume and hence costly to treat and
dispose of.



all the following in a reasonably fast and cost-effective manner:

o Delivering and uniformly distributing the treatment agents within the
treatment zone (i.e., providing for effective contact between the treatment
agent and the target contaminants);

o Containing the process within the target zone and limiting the reaction to
the target contaminants;

o Continuous monitoring at the treatment zone so that necessary adjustments
can be implemented as the treatment progresses; and

o Recovering/ren icving excess treatment agents or process residues.

The above capabilities have not yet been demonstrated and may be very
difficult to achieve under field conditions with the currently available delivery
and recovery systems. Much of this difficulty is due to the following factors:

o Nonhomogeneity of waste/soil media through which the treatment agents
must be moved, which can give rise to channeling, nonuniform or
incomplete treatment, or spread of contamination to non-target areas.

o Slow treatment rate due to slow rate of fluid flow, especially in low
permeability media or where treatment can result in formation of
precipitates or biological floes.

IN SITU DETOXIFIER

A very innovative 1ST is the In Situ Detoxifier which represents an attempt by
one technology developer at addressing some of the above-mentioned delivery,
mixing, and monitoring problems. Marketed in the United States by Toxic
Treatments USA, Inc. (San Mateo, California), the In Situ Detoxifier is a
transportable unit based on an adaptation of drilling technology with a potential
capability for implementing a range of in situ treatment methods.

The heart of the Detoxifier is the "Process Tower" (see Figure 1) which is
essentially a drilling and remediation agent dispensing system, capable of
penetrating the soil/waste to depths of 25 feet or more. The process tower
consists of an assembly of two cutter/mixer bits connected to separate, hollow
Kelly bars. The bits overlap and rotate in opposite directions. The rotating
action provides for simultaneous cutting and mixing of the soil/waste material.
Remediation agents (in dry, liquid, vapor, or slurry form) can be conveyed
through the Kelly bars and ejected through feed jets and orifices into the
soil/waste at various depths during the upward or downward movement of the
drill assembly head. A rectangular shroud covers the mixing area to minimize
dust generation and capture gas and vapor released during the subsurface
treatment. In applications involving steam/air stripping of volatile contaminants,
the off gas containing the contaminants is captured in the shroud, and sent to
a trailer-mounted process train for decontamination; the clean gas is then
recycled to the treatment zone in the soil. On-line analytical instruments (e.g.,
temperature probes and hydrocarbon analyzers) continuously monitor the off gas.
The outputs are used to adjust the remediation conditions, including the time
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for treatment to achieve desired treatment objectives.

From the standpoint of equipment design and system configuration, the
Detoxifier applications can be conceptually grouped into two categories: in situ
processing only and in situ processing followed by capture and treatment of the
off gases resulting from the in situ treatment. Thus depending on *H specific
application, the Detoxifier system can consist of only the process io*er, which
contains the dispensing/mixing assembly, or the process tower followed by
equipment and unit processes for collection and treatment of the off gas and
recycling of the treated gas to the soil. An example of the first application is
the addition and mixing of remediation agents for the purpose of pH
adjustment, bioremediation, or solidification. An example of the second
application is the stripping of volatile contaminants with air and/or steam.

For applications where the in situ treatment must be followed by above-ground
processing of the off gas, the off gas treatment train can typically include
induced draft fans for gas conveyance and recycling, scrubbers for the removal
of the particulates, cooling and refrigeration system (e.g., for condensing the
bulk of the volatiles), heating coils, activated carbon adsorption units, and gas
monitoring systems. A schematic flow diagram of an off gas processing system
for applications involving air/steam stripping of soil/waste containing volatile
organic compounds is presented in Figure 2.

In actual site cleanup, the treatment of an area by the Detoxifier is on a
block-by-block basis. The area to be remediated is divided into rows and blocks,
with the process tower being moved to an adjacent block after the remediation
of a b'ock is completed. (Note: The process train and the control room are
tractor mounted. The components of the off gas treatment train and the
auxiliary support equipment are also trailer-mounted and, hence, are mobile). To
cover all of the areas to be remediated, the shroud is positioned with about 10-
percent overlap of the grid cell. With this overlap, the effective area of a
remediation block is about 30 square feet.

FIELD EXPERIENCE WITH THE DETOXIFIER

A Detoxifier prototype unit was recently field demonstrated in an air/steam
remediation application at a 10,000-square-foot site in Southern California. The
soil at this site was contaminated with petroleum hydrocarbons from leaking
underground fuel storage tanks. The total petroleum hydrocarbon (TPH) levels in
the top 25 feet of soil were generally in the 100- to 1,000-ppm range. One
segment of the site had TPH values in excess of 15,000 ppm. This first full
scale field use of the Detoxifier was primarily aimed at:

o Demonstrating the capability of the equipment for dispensing, mixing, and
recovering remediation agents in an in situ steam stripping application.

o Evaluating the adequacy of the various components of the off gas
treatment train under a range of loading conditions.

The results indicated that by adjusting the treatment conditions (i.e., the
amounts of air and steam used, and the rate and duration of treatment, the
TPH in the soil could be reduced to less than 100 ppm via hot air/steam
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stripping. The results also indicated that off gas monitoring via on-line total
hydrocarbon analysis can provide a reasonably accurate basis for assessing the
completeness of in situ treatment and hence for the decision by the operator to
move the equipment to a new block.

Based on the demonstration project results, a production unit of the Detoxifier
which is more compact than the production model and incorporates several
design improvements, has been fabricated. The first full scale site remediation
using this production unit is currently underway at a former bulk chemical
transfer and storage facility site in San Pedro, California. The soil in certain
areas at this site is contaminated with chlorinated volatile organic compounds
(VOCs), with total VOC levels ranging from less than 100 to more than several
thousands mg/kg. The remediation at this site will consist of treating some
2,000 blocks to a target depth of about 6 feet. Baseline calibration involving
remediation of some 85 test blocks is currency in progress.

ACKNOWLEDGMENTS

This paper is based on a series of recent publications by the author on in situ
treatment/destruction technologies for the remediation of contaminated sites.
These publications, are listed below and should be consulted for more detailed
discussions of the technologies reviewed:

SUGGESTED READINGS

Ghassemi, M. Innovative On-Site Treatment/Destruction Technologies for
Treatment of Contaminated Sites. In Hazardous and Toxic Materials: Safe
Handling and Disposal. Ed. H. A. Fawcett, 2nd edition. Wiley-Interscience, New
York, N.Y., 1988.

Ghassemi, M. Innovative In Situ Treatment Technologies for Treatment of
Contaminated Sites. Journal of Hazardous Materials. Vol 17, pp. 189-206, 1988.

Ghassemi, M. In Situ Technologies for Site Decontamination. Environmental &
Waste Management World:

- Part 1, Vol. 1, No. 2, July 1987, pp. 6-8.
- Parr 2, Steam Stripping, Vol. 1, No. 3, Aug./Sept. 1987, pp. 9-10.
- Part 3, Soii Vapor Extraction, Vol. 1, No. 4, Oct. 1987, pp. 9-10.
- Part 4 - Air Stripping, Vol. 1, No. 5, Nov./Dec. 1987, pp. 8-10.
- Part 5, Soil Washing, Vol. 2, No. 1, Jan. 1988, pp. 7-9.
- Part 6, Physical/Chemical Stabilization, Vol. 2, No. 2, Feb. 1988, pp. 5-7.
- Part 7, Stabilization: Vitrification, Vol. 2, No. 3, March 1988, pp. 10-12.
- Part 8, Biological Treatment, Vol. 2, No. 4, April/May 1988, pp. 7-10.

Ghassemi, M. Transportable Treatment Systems for Remediation of Contaminated
Sites. Environmental & Waste Management Worid:

- Part 1, Vol. 2, No. 7, Aug. 1988, pp. 9-11.
- Part 2, Vol. 2, No. 8, Sept. 1988, pp. 5-8.

708



Laboratory Studies to Support Microbially
Mediated In Situ Soil Remediation

Presented by

Mickey F. Arthur

Battelle Columbus Division

/7/0



LABORATORY STUDIES TO SUPPORT MICROBIALLY MEDIATED
IN SITU SOIL REMEDIATION

Mickey F. Arthur, Thomas C. Zwick,
G.Kelly O'Brien, and Ronald E. Hoeppel

ABSTRACT

The objective of this laboratory study was to evaluate the
effectiveness of hydrogen peroxide (H2O2) versus forced air (FA) for
stimulating bioremediation of fuel-contaminated soils. Soil 1 was
heavily contaminated, soil 2 was less contaminated, and soil 3 was an
uncontaminated background soil. The soils were set up in 18 soil
columns that were 39 inches in depth, and 12 inches in diameter.
Duplicate columns of the three soils received either 400 ppm H2O2, FA,
or no supplemental aeration (control). The soils were also supple-
mented with inorganic nutrients and the pH was adjusted to nearly
neutral. Parameters monitored periodically through six months of
aeration included oxidation/reduction potential (Eh), dissolved oxygen
(DO), acetone-extractabie hydrocarbons by flame ionization detection
gas chromatography (HD/GC), nutrient agar-platable aerobic bacteria,
and hydrocarbon-degrading bacteria.

All three soils contained numerous hydrocarbon-degrading bacteria.
A definite advantage of H2O2 over FA for stimulating biodegradation in
the contaminated soils (soils 1 and 2) was not observed. Neither Eh
nor DO levels were substantially improved by H2O2 compared to FA. In
soils 1 and 2, a loss of total extractable hydrocarbons was observed
through time in both H2O2 and FA treatments. This may have been the
result of soil venting, enhanced microbial activity, or a combination
of venting and microbial activity. In some cases, a temporary increase
in microbial numbers over initial levels was seen as a result of H2O2
and FA treatments.

INTRODUCTION

A naval installation fuel farm contains several underground
storage tanks that have leaked jet fuels (JP-4 and JP-5) into the
surrounding soils. An unknown quantity of fuel was released into the
fuel farm soils in the winter of 1976-1977 when a pipe between the
tanks ruptured. Some of the fuel moved through the unsaturated zone of
the soil (vadose zone) and into surface waters on the fuel farm. The
fuel farm soils are of a sandy texture and cover an impervious clay
layer. Currently, several acres of soil to a depth of approximately 30
feet are contaminated with jet fuel.
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A potentially cost-effective method for on site soil remediation
is the microbially-mediated biodegradation of fuel hydrocarbons, that
is, bioremediation. This process is an attempt to stimulate the
indigenous microorganisms to metabolize fuel hydrocarbons in situ.
While most soils contain microorganisms that are capable of degrading
hydrocarbons, factors that limit bioremediation need to be overcome.
These may include nutrient limitations, toxicity of fuel hydrocarbons
and associated contaminants, reduction/oxidation potential, inadequate
or excessive moisture, acidic or basic conditions, and oxygen
deficiency. A most important factor limiting bioremediation of
hydrocarbon-contaminated soils is the lack of oxygen to support
microbial metabolism (API, 1987).

The objectives of this research were to 1) develop a soil column
method to evaluate innovative techniques for stimulating bioremediation
of hydrocarbons in soils, and 2) use the soil columns containing
contaminated soils from the fuel farm to evaluate innovative aeration
techniques for stimulating microbial degradation of hydrocarbons in the
soils. The aeration methods examined included hydrogen peroxide (H2O2)
treatments and forced aeration (FA), versus a non-aerated control.

MATERIALS AND METHODS

Soils were excavated from the surface to 12 inches in depth from
three sites (designated sites 1, 2, and 3) at the fuel farm. Site 1
and 2 soils contained approximately 2 and 1 percent (w/w),
respectively, of fuel hydrocarbons, which consr ced of approximately 50
percent saturated and 50 percent olefinic hydrocarbons. Site 3 soil
was unexposed to liquid jet fuel and was a background soil. The soils
were stored at 4°C. Representative soil samples for each site were
air-dried, sieved (<2 mm) and characterized (Table 1).

Eighteen 39 x 12 inch columns were constructed from PVC pipe
(Figure 1). Three 11- x 2-inch tube lysimeters with porous-ceramic cups
were installed horizontally into each column at depths of 9, 21, end 33
inches. Three treatment delivery tubes (0.25 - x 0.06-inch
polyethylene) were extended from the top of the columns to depths of 4,
16, and 28 inches. The treatment tubes were approximately 5 inches
above each of the soil lysimeters and consisted of a vertical tube
connected to a circular horizontal tube containing small holes to
facilitate uniform treatment applications.

Soils were distributed into columns to a depth of approximately 38
inches. Treatment delivery tubes were installed at the appropriate
depths during column filling. To facilitate treatments, tygon (0.125 -
x 0.06-inch) tubing was connected to the delivery tubes and the other

end connected to an Ismatec® multichannel cartridge peristaltic pump.
Soil pH was adjusted to near neutrality and carbon:nitrogen and
carbon:phosphorus (C:N and C:P) ratios were amended to 60:1 and 800:1,
respectively. Lime and nutrient solutions were applied through the
delivery tubes and surface-applied to each of the treatment columns.

Duplicate treatments included FA, H2O2, and controls for each of
the three soils. Two treatment phases were included. Phase I was
initiated during the week of 7 December 1987, and was completed in
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February 1988; Phase II was initiated in March 1988, and completed in
June 1988. During Phase I for the FA treatment, moistened
(approximately 50 percent relative humidity) room air was pumped daily
into the columns at a rate of approximately 1.5 liters/hojr for 8
hours; H2O2 treated columns received hydrogen peroxide but no room air.
During Phase II, air was continuously pumped into both FA and H2O2
columns at a rate of approximately 3 to 6 liters/hour. Initially, H2O2
was applied at a concentration of 100 ppm, but was increased to 400 ppm
during Phase I and continued through Phase II. During both phases,
control treatments received Reverse Osmosis (R0) water when necessary
to maintain soils near 75 percent of field capacity.

Water samples were collected periodically from soil tube
lysimeters and were stored at 4°C until analyzed for electrode
potential and dissolved oxygen. Soil samples were periodically
removed from three different locations (top, middle, and bottom) of
each treatment and control column. Soil analyses included microbial
enumeration, and extractable hydrocarbons.

The extractable hydrocarbon content of the soils was determined
with an HP 5890 gas chromatograph (GC) with a flame ionization detector
(FID). Peaks were integrated with a Shimadzu C-R3A Integrator. Ten
gram soil samples were extracted with 100 mL of acetone by constant
shaking for 10 minutes. Ten mL of e\tract were diluted to 100 mL with
distilled water. The diluted extract was passed through a C-18 Prep-
Sep column conditioned with a 50:50 etherthexane solution. The Prep-
Sep columns were then washed with 1.0 mL of water, air-dried (5 min),
and extracted with 2.0 mL of methylene chloride into a septum-sealed GC
vial. Samples were analyzed as follows:

Column: 3% OV 101, 2 meter x 2 mm ID
Carrier gas: N2 @ 25 mL/min
Injector temp: 250°C
Detector temp: FID @ 300°C
Sample size: 1.0 pi
Temp, program: 60°C for 2 min; increased @ 10°C/min up to 240°C;
hold at 240°C for total run-time of 25 min.

RESULTS

Soils 1, 2, and 3 were sandy soils from the Organic and A horizons
of deciduous forest areas and contained 4.6, 10.6, and 2.1 percent
organic matter, respectively (Table 1). Initial soil pH for soils 1,
2, and 3 were 5.6, 5.0, and 4.7, respectively (Table 1).

Electrode potentials for soil 1 fluctuated from approximately 200
to -250 mv (Figure 2). Unless otherwise noted on the graphs, each data
point represents the average Eh for duplicate columns; missing data
are because insufficient water was available for analysis. Potentials
trended higher for the FA treatment compared to the H2O2 treatment
until the latter part of Phase II (March 1988) (Figure 2). For soil 2,
Eh potentials ranged from approximately 150 to 275 mv for the period
from September through April 1988 (Figure 2). For soil 3, soil water
volumes were limiting during Phase I, so Eh measurements were not
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always possible, but potentials (data not shown) ranged from 350 to 0
mv. As with soils 1 and 2, no one aeration treatment was superior.

In soil 1, dissolved oxygen (DO) increased to approximately 6-5,
5.5, and 2.5 ppm for the control, FA, and H2O2 treatments,
respectively, and then decreased during the end of Phase I (Figure 3).
During Phase II, increases in DO in the FA and H2O2 treatments were
observed while the control treatment showed no increase. For soil 2,
the initial DO measurement was 7.2 ppm and gradually decreased to about
5.5 ppm by the end of March 1988. DO readings for soil 3 also
fluctuated between approximately 2 and 7 ppm (data not shown).

The initial number of hydrocarbon-degrading bacteria in soil 1
was 6.2x10? CFU/g (Table 1). At the first sampling after the aeration
treatments (12 January 1988), hydrocarbon degraders increased in the
H2O2 treatment compared to the FA and the untreated controls (Figure
4). By the final sampling period, however, the number of hydrocarbon
degraders in the FA and H2O2 treatments approached the initial levels.

In soil 2, the initial number of hydrocarbon-degrading bacteria
was 2.4x106 CFU/g (Table 1). The aeration treatments had little impact
on the number of hydrocarbon degraders compared to the controls (Figure
4). That is, by the third sampling after the initiation of the FA and
H2O2 treatments, the number of hydrocarbon degraders increased in all
columns, including the unaerated controls.

The initial number of hydrocarbon-degrading bacteria in soil 3,
the uncontaminated background soil, was 2.0x106 CFU/g (Table 1), After
the aeration treatments, hydrocarbon-degrading bacteria increased to
5.7x10? CFU/g in the H2O2 treated soil collected in January 1988
(Figure 4). By the April 1988 treatment, however, the number of
hydrocarbon-degrading bacteria was greatest in the FA column^. At the
last sample, the untreated control soils had the greatest number of
hydrocarbon-degrading bacteria.

The number of aerobic microorganisms recovered varied among soils
and across aeration treatments. For soil 1, the initial number of
aerobic bacteria recovered on nutrient agar was 5.4x106 colony forming
units per dry gram of soil (CFU/g) (Table 1). The CFU/g at the first
sampling of the soil columns (10 October 1987) was similar to the
initial CFU/g (Figure 5). After the aeration treatments were
initiated, the number of aerobic bacteria in the H2O2 soil columns
increased to more than 600x10^ CFU/g. These results were encouraging
because the goal was to stimulate the number of aerobic bacteria in the
soils. However, by the third sampling, the number of organisms in the
H2O2 columns stabilized to near the initial levels, while in the
untreated control columns, the number of CFU/g increased. Finally, by
the fourth sampling period, the number of aerobic microorganisms
increased from the initial numbers in all three treatments. Thus, no
persistent stimulatory effect on microbial numbers can be attributed to
the aeration treatments.

In soil 2, the number of aerobic microorganisms from the control
treatment was substantially greater than for other treatments. The
number of aerobes in soil 3 increased dramatically in the H2O2
treatments after the aeration treatments (Figure 5). By the last
sampling, however, the number of aerobic organisms in the FA and H2O2-
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treated columns declined. Thus, the initial response to hydrogen
peroxide in all soils appears to have been an increase in aerobic
organisms followed by a decline to approximately initial levels.

Extractable hydrocarbons in aerated soil 1, relative to the
untreated soil 1 columns, decreased through time (Figure 6). These
results are represented as the total peak heights of the FID/GC
chromatograms, and expressed as a percent of the untreated soil 1
control. The results of a similar analysis of soil 2 (Figure 6) showed
a loss of hydrocarbons through time in both the FA and the H2O2
treatments. It appears that FA is as effective as H2O2 in stimulating
loss of hydrocarbons from the soils, either through microbial
degradation, the physical removal of hydrocarbons as a result of soil
venting, or a combination of microbial degradation and soil venting.
It was not obvious from a qualitative analysis of the FID/GC
chromatograms (data not shown) whether a particular fraction of
hydrocarbons disappeared more readily than another fraction. Also,
there were no obvious new peaks formed through time, which might have
indicated the production of a metabolite from hydrocarbon
biodegradation.

DISCUSSION

The addition of hydrogen peroxide had little effect on raising the
Eh or DO compared to the FA treatments. These soil column results
indicate the difficulty that may be experienced in the field when
attempting to stimulate biodegradation in highly contaminated soils
similar to soils 1 and 2. Fortunately, soils 1 and 2 represent heavily
contaminated soils high in peat and other organic matter; the majority
of the soils at the site are less contaminated than soils 1 and 2.

The results of the microbial enumeration demonstrated the
microbial viability of the soils, both in terms of nutrient agar-
platable and hydrocarbon-degrading bacteria. Interestingly, soil 3
(the uncontaminated background soil) contained a microbial profile
similar to the hydrocarbon contaminated soils 1 and 2. Therefore,
although soils 1 and 2 were highly contaminated with hydrocarbons
compared to soil 3, the recovery of similar numbers of hydrocarbon
degraders from all three soils suggests that the microflora indigenous
to soil 3 is adapted to the presence of hydrocarbons. There frequently
was a temporary increase in the number of hydrocarbon-degrading
bacteria in the H2O2 treatments. After six months of treatment,
however, the numbers of microorganisms approached the initial number of
CFU/g. In addition, increased numbers of microorganisms often were
seen in the FA treatment, as well as the H2O2 treatments. As in the
H2O2 treatment, numbers of organisms generally approached initial
levels within six months of initiation of the FA treatments.

One of the criteria for documenting biodegradation is the removal
of the parent compound with an increase in microbial biomass (Healy and
Daughton, 1986). A loss of total extractable hydrocarbons from soils 1
and 2 was shown. The loss of extractable hydrocarbons occurred in both
the H2O2 and FA treatments and thus may have been due to soil venting,
enhanced microbial activity, or a combination of venting and microbial
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activity. The results are encouraging because these soils 2 represent
"worst case" situations. Thus, it may be feasible to effect vadose
zone decontamination over much of the site with a combination of soil
venting and nutrient amendments to stimulate microbial activity.
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TABLE 1. SOIL CHARACTERISTICS

pH
NO3-N (ug/g)
TKN (%)(a)
CEC (meq/100g)0>)
Organic Matter(%)
Field Capacity(%)
TOC(%)(c)
Bacteria (x 106 CFU/g)
Aerobes
Hydrocarbon degraders

Soil 1

5.6
2.5
0.2
3
4.6

42
2.82

5.4
62

Soil 2

5.0
48
0.027
16
10.6
90
6.44

1.6
2.4

Soil 3

4.7
10
0.84
10
2.1
22
1.31

1.4
2.0

U ) Total Kjeldahl Nitrogen
(b) Cation Exchange Capacity
(c) Total Organic Carbon
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IN SITU IMMOBILIZATION OF PCBs AT PEPPER'S STEEL AND
ALLOYS SITE ESTABLISHES A PRECEDENT AS PERMANENT

REMEDY FOR NONVOLATILE ORGANICS

Leslie R. Dole

ABSTRACT

This study establishes the feasibility and the performance
characteristics of the on-site, in situ immobilization
technology used for the remediation of the 120,000 cubic
yards of heavy metal and PCB-contaminated, transformer-oil
soaked soils at the Pepper's Steel and Alloys (PSA)
Superfund site in Medley, Florida (N.W. Miami).

Until its June 1968 remediation, the PSA site was on the
National Priorities List (NPL). This 30-acre site, used
for a junk yard and scrap recovery operation, had used
transformers purchased from the Florida Power and Light
Company (FPL). Subsequently, FPL became the major
"deep-pocket" principal responsible party.

The PCB-oil and heavy metal contamination on the site
extended from 2 to 8 feet into the soils and into the
Biscayne aquifer that is the sole source of drinking water
for Miami metropolitan area. This site is up-gradient
within 6 miles of Miami's well fields.

With full disclosure to EPA Region IV, FPL planned and
conducted a formulation, testing, and modeling program that
demonstrated the safety of the monolithic grout formula
poured directly into this critical regional aquifer.
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INTRODUCTION

This study established the feasibility and performance
characteristics of the proposed on-site stabilization/-
solidification treatment technology [1] using cement-based
pozzolanic monoliths for the oily fill and peat at Pepper's
Steel and Alloys (PSA) Superfund site in Medley, Florida,
which was contaminated with both heavy metals and PCBs.

This preliminary grout development and leach-testing
program was conducted on behalf of the Florida Power and
Light (FPL) Company by the following consultants: Dr.
Benjamin J. Mason, of Ethura, on soils and sampling; Dr.
Charles R. Faust, of GeoTrans, Inc., on ground water
hydrology; and Dr. Leslie R. Dole, of QUALTEC, on
cement-based fixation technologies. Timothy J. Harrington,
P.E., of Canonie Engineers provided formulation testing,
physical testing, sample preparation, and site engineering,
and Mr. Paul E. Duranceau, of Residuals Management
Technologies (RMT), provided analytical services and leach
testing. E. B. Peacock, WASTECH, Inc., performed referee
quality assurance testing of leachabilities and physical
properties of the "as-built" monolith.

The treatment of these contaminated soils by on-site
solidification with cementitious grouts was identified by
Florida Power and Light (FPL) as a potential remedial
action alternative in its Final Report of Remedial
Investigation/Feasibility Study (RIFS) September, 1983
(Alternative Four). In FPL's February 20, 1985, letter to
the U.S. Environmental Protection Agency, this remedial
action was outlined in detail in a Draft Scope of Work
Design Program to accomplish the on-site stabilization or
fixation of the PSA soils. In the report, Energex R85-003,
the interim status of this program was reported to Region
IV of the EPA on July 29, 1985 in a letter from F. Mullins,
FPL, to J. Orban, EPA Region IV [2].

BACKGROUND

FPL evaluated several options before selecting the in situ
solidification as the remedy at the PSA site [3]. The cost
of hauling the contaminated material 850 mile3 to a
hazardous waste landfill was over $43 million, and several
thousand trucks would have had to traverse one of the most
heavily traveled interstate corridors in the eastern United
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States. Incineration was rejected vehemently by the local
citizens, and there are no incinerators which could meet
air quality standards with the high lead concentrations (to
100,000 ppm) in the site soils. Incineration would have
cost close to $25 million.

Solvent washing of the soil would have cost approximately
$16 million, but would have done nothing for the vast
quantities of heavy metals at the site. Dole then proposed
a plan to develop an in situ disposal option using
cement-based pozzolans to treat the site soils and to form
large impermeable monoliths, an option that cost $7
million.

Cement-based and pozzolanic materials are the most widely
used materials for the stabilization of chemically
hazardous and radioactive wastes because they result in (1)
low-cost waste forms that are processed with standard
"off-the-shelf" equipment, (2) waste forms that resist
leaching and degradation in many geochemical settings, and
(3) high-waste loadings with minimum waste volume increase
when the grout formulas are tailored to the specific waste
streams [4].

REMEDIAL INVESTIGATION

The soil collection plan was developed and conducted under
the direction of Dr. Mason and is summarized in Reference
1. The results of the analyses of these soils by RMT are
also included in Reference 1. This phase of the work plan
was completed, and the collected PSA samples were forwarded
to Canonie Engineers to be used in the development of
stabilization/solidification formulas.

The locations for the soil samples were selected on the
basis of the results of previous soil analyses for the
presence of oil and the PCB concentrations in the oil. The
classes of soils to be collected were (1) dry fill, (2)
oily fill, and (3) oily peat. Some of the oil collected
from the PSA site contained up to 2,000 ppm of PCBs
(Aroclor 1260). These results are summarized in Table 1.0,
below.
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TABLE 1.0 SUMMARY OF PSA SOILS

% Solid

Water
Oil & Grease
PCB*, ppm
Lead, ppm

Dry Fill

17.0
1.2

42.0
16980.0

Oily Fill

45.0
2.6

116.0
1030.0

* PCBs were Aroclor 1260

TREATABILITY

Oily Peat

107.0
3.8

44.0
836.0

The success of the proposed in situ monolith at PSA was
based on the establishment of performance objectives which
included (1) mixing and emplacement characteristics, (2)
curing rates and the timely development of adequate
physical properties, and (3) leaching of contaminants at
rates that protected the public.

A detailed formulation and testing program was developed to
screen materials and verify that the performance objectives
were achieved. The formula screening and treatability
study tasks [5] included:

Task 1 Screening of the available materials from
South Florida, based on their availability,
cost, workability, and physical properties.

Task 2 Testing compressive strength penetration
resistance, and permeability.

Task 3 Leaching and Durability Testing:

(1) EP-TOX (EPA SW-846)
(2) Modified MCC-1 Static Leach Test
(3) Modified ANS 16.1 Multi Extraction

The completion of Task 1 was reported in the interim Status
Report [2], and the results of the remaining tasks are
reported in the Final Report [1]. These studies selected
the dry-solids blend that is summarized in Table 2.
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TABLE 2.0 PSA SOIL-GROUT FORMULATION SUMMARY

Component wgt (wgt %)

1. Soil Solids 1,680 (55%)
2. Soil Water 340 (11%)
3. Cement, Portland-I 300 (10%)
4. ASTM Class F Fly Ash 450 (15%)
5. Mix Water 260 (9%)

Solids Blend:Soil Ratio 0.45
Volume Ratio of Fixed Soil <1.1

The soil-grout's overnight penetration resistance and
28-day unconfined compressive strength were over 500 and
100 psi, respectively, and were sufficient to allow
unrestricted traffic and construction over the buried
monoliths.

The constant-head permeabilities, using a modified triaxial
apparatus, on 28-day cured specimens of spiked dry-fill and
oily-peat grouts are summarized in Table 3.0

TABLE 3.0 SUMMARY OF PSA SOIL-GROUT PERMEABILITIES

Darcy Hydraulic
Permeability Conductivity

Soil-Grout (cm/s) (cm/s)

Dry Fill 1.6E-8 1.5E-11

Oily Peat 6.5E-8 6.2E-11

Since the permeabilities of the soil components at the PSA
site ranged between 10-2 and 10"*, the monoliths range
of permeability was at least 10,000 times lower than PSA
soil. Therefore, these grouts will be relatively
impermeable. So, groundwater or precipitation cannot
percolate through these stabilized masses [6].
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LEACHING

Then, two series of leach-test specimens were prepared with
spiked PSA soils. A composite PSA soil sample was prepared
from the known heavy metal "hot spots." The soils were
spiked with oil collected at the PSA site in the summer of
1983. To this oil sample, FPL's laboratory had added more
Aroclor 1260 in order to increase its PCB concentration to
3000 ppm. Based on the soils' oil and grease analyses and
using this spiked oil sample, the total oil concentrations
of the soil for the leach-test specimens were adjusted to
10 percent (PCBs to 490 ppm) based on the soil solids (see
Table 4.0). This spiking was done in order to ensure that
the treatability tests were done with samples that exceeded
any expected oil and PCB contaminations at this site.

TABLE 4.0 CONTENT OF OIL-SPIKED PSA SOIL

Water 15.6 %
Oil & Grease 10.0* %
PCB** 490* ppm (216 org.)
Lead 31,490 ppm

* Spiked with site oil with 3,000 ppm PCB added.
** PCBs are Aroclor 1260.

From the spiked soil, two series of right-circular leach
specimens with surface areas of 100 cm2 and 30 cm2 for
the organic and heavy metal leaching tests, respectively.
Then, these specimens were leached by the MCC-1 and ANS
16.1 methods in PSA groundwater. Also, the 40 CFR 261
structural-integrity and EP-TOX tests were applied.

Both the the Modified MCC-1 and ANS 16.1 methods can
measure an effective-diffusion coefficient (De, cm2/s)
that conservatively estimates the maximum credible release
rates of contaminates from the monolith [7].

The effective diffusion coefficients (De) for the
soil-grout, used in the in situ monolith at the PSA site,
are summarized in Table 5.0.
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TABLE 5.0 ANS 16.1 LEACHABILITY INDICES
SOIL-GROUTS

Element -LOG[f>e]

Arsenic 15.9
Barium >13.O *
Cadmium >11.9 *
Chromium >12.8 *
Lead 13.5
Mercury > 9.2 *
Selenium > 9.8 *
Silver > 8.4 *
PCBs** >14.0 *

* Leachate concentrations below detection limits
** PCB Aroclor 1260

The leach tests showed that only arsenic and lead were
above the detection limits in the leachates. In the fixed,
spiked-fill soil-grout, cadmium, chromium, mercury,
selenium, and silver were below the detectable limits after
28 days of leaching the cured solid. More important, these
low effective-diffusion coefficients predict infinitesimal
source-term of potential contaminates diffusing from large
in situ monoliths.

Equation 1.0 describes the general case of diffusion from a
semi-infinte solid and will conservatively predict the
maximum credible release rates from a submerged monolith

[8,9].

Equation 1.0

F = 2 x (S/V) x SQRT[De x t/3.14]
Where: F = cumulative fraction of the waste

element leached,
S = surface area of the monolith,

cm2 ,
V = Volume cf the monolith, cm3,
De= effective diffusion coefficient,

cm2/s, and
t = time, s.
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RESULTS

The PSA soil fixation blend development and testing program
has achieved the goals of the fixation/stabilization work
plan by successfully identifying a formula to fix the EPA
priority metals and PCBs in place at Medley, Florida.
Using materials from South Florida, this study selected an
initial 60/40 fly-ash/cement blend (Table 2.0) based on its
engineering properties of cost, mixability, set time,
compressive strength, and permeability.

Then, two series of leach tests verified that the
monolith's in situ performance was adequate to protect the
public's health. For example based on Equation 1.0 and the
effective-diffusion coefficients in Table 6.0, Figure 1.0
shows the cumulative leach fraction released over 1,000
years for lead, PCBs, and arsenic.

Figure 1.0 Maximum Integrated, Cumulative Fractional
Loss of Lead, PCBs, Arsenic from a PSA
Monolith (1250 ft by 260 ft by 10 ft) over
2.4 Millennia.
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When the small fractional releases from Figure 1.0 are
integrated into the PSA site hydrology and annual tropical
rainfall for the first 1,000 years [10], the resulting
maximum credible groundwater concentrations for lead (Pb),
PCBs, and Arsenic (As) are summarized in Table 6.0.

TABLE 6.0 MAXIMUM CONCENTRATIONS FIRST 1,000 YEARS

ELEMENT Concentration, ppm

Lead (Pb) 0.001

PCBs 0.0004

Arsenic (As) 0.00005

These worst-case concentrations from Table 7.0 are below
current standard analytical methods and below any known
thresholds for health effects. Therefore, based on these
conservative overprojections of the maximum credible
concentrations, FPL was permitted to treat and solidify the
PSA metals and PCBs into a monolith that was poured
directly into the Biscayne aquifer without requiring a
liner or a cap for the trench. This monolith was located
within 5 and 7 miles up-gradient from the well fields for
the cities of Medley and Miami, respectively.

The Pepper's Steel and Alloys Site is the largest superfund
site yet to be closed. It was the first Record of Decision
(ROD) to be cast after the 1986 SARA reauthorization, and
it established an innovative alternative technology for the
permanent disposal of nonvolatile organics.
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SOIL CLEANUP BY IN SITU SURFACTANT FLUSHING. I. MATHEMATICAL
MODELING AND LAB SCALE RESULTS

David J. Wilson and Ann N. Clarke
AWARE, Inc., 227 French Landing Dr., Nashville, TN 37228

ABSTRACT

Mathematical models for in situ surfactant flushing of hydrophobic organic
compounds from soil and aquifers and for flushing of samples in laboratory columns are
described. These models assume local equilibrium between the hydrophobic contaminant
adsorbed or present as liquid or solid, and contaminant solubilized in surfactant micelles
in the mobile phase. The equilibrium expression permits the inclusion qf contaminant
adsorption on the substrate. Fluid velocity fields in the vicinity of the surfactant injection
and recovery wells are calculated from the solutions to Laplace's equation satisfying
appropriate boundary conditions and having suitably located sources and sinks. These
velocity fields are then used in the mass balance equations for the volume elements into
which the region of interest is partitioned, and these equations are integrated forward in
time numerically. Results showing the effects of the model parameters are presented, and
the effects of a surrounding slurry wall on the flow lines of the surfactant solution are
investigated. Data on the solubilization of model compounds (biphenyl, naphthalene, and
p-dichlorobenzene) in sodium dodecylsulfate solutions are given; increases in solubility
of more than 30-fold are readily achieved. Elution curves for the flushing of the model
compounds from spiked fine sand and from two spiked clay soils are given. Solvent
extraction of the model compounds from loaded surfactant solution eluate is described;
reclaimed surfactant is effective in solubilizing the model compounds. Lastly, a
mathematical model for the solubilization process is presented. The relationship between
this work and the earlier studies of Ellis, Payne, and McNabb and of Nash is discussed.

INTRODUCTION

In situ methods for remediating hazardous waste sites show possibility for
reduced environmental impact, reduced costs, and removal (rather than mere containment)
of the contaminants. One of these, soil surfactant flushing, is still very much in the
development stage, but shows considerable promise. Surfactant flushing potentially has
a great advantage over simple water flushing if one is dealing with slightly soluble
organics. If the target material has a solubility of 1 mg/L, under the most favorable
conditions about 280,000 gal of water must be pumped to move 1 kg of the substance.
Surfactants increase the effective solubilities of such contaminants roughly ten to one
hundred fold. This should decrease the amount of water which must be pumped, and the
cleanup time, by a similar factor.

Ellis, Payne, and McNabb (1985) studied the cleanup of soils contaminated with
nonvolatile organics by surfactant flushing; they used aqueous nonionic surfactants for
flushing PCBs, chlorinated phenols, and petroleum hydrocarbons from soils. Removal
efficiencies of over 90% could be obtained, but they were unable to find a method for
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reclaiming the surfactant solutions for reuse, a crucial matter in the economics of the
process.

Nash (1987) carried out a small-scale field trial of surfactant flushing on an oil-
soaked fire pit at an air base in Wisconsin. Laboratory results were excellent, but the
field test was disappointing; the flushing holes tended to clog, and heavy rains interfered
with the work. Nash's field test seems to demonstrate that surfactant solutions will not
clean soils if they cannot penetrate them, as is apparently the case with soils containing as
much as 13,500 mg/kg of oil and grease.

The effectiveness of surfactant flushing in removing contaminants from soil and
aquifers is related to the ability of these substances to solubilize water-insoluble
compounds. Surfactants have a hydrophobic portion and a hydrophilic portion; this
causes them to form aggregates (micelles) at sufficiently high concentrations in aqueous
solution. The interiors of the micelles, consisting of the hydrocarbon tails of the
surfactant species, are a nonpolar phase, and therefore may dissolve substantial quantities
of nonpolar solutes which are virtually insoluble in normal aqueous solutions. By means
of this solubilization phenomenon, the maximum concentration of a hydrophobe which
can be dissolved in water can be increased manyfold.

We felt that the results obtained by Ellis and his coworkers (1985) made a strong
case for pursuing the surfactant flushing technique further. These workers used nonionic
surfactants because of their low critical micelle concentrations. We felt that this advantage
might well be outweighted by the very low solubilities of ionic surfactants in nonpolar
solvents, which might make solvent extraction a feasible method of surfactant
reclamation.

MATHEMATICAL MODELS OF SURFACTANT FLUSHING

Mathematical models for the surfactant flushing process would be helpful for
making preliminary evaluations of surfactant flushing at particular sites, for determining
where in the zone of influence cleanup may be slow, and in estimating cleanup times and
costs. We therefore constructed mathematical models for lab column flushing and field
scale flushing with injection and recovery wells. These break down into two parts; the
calculation of the aqueous flow field in the system, and the calculation of the movement
of the contaminant under the influence of this flow field.

We assume an isotropic constant permeability for the zone of interest; under
steady state conditions the velocity potential for the liquid is a solution to Laplace's
equation, and the linear velocity v of the liquid at any point is just the gradient of the
velocity potential. In a lab column the velocity is simply a constant; in an aquifer of
constant thickness containing injection and recovery wells which are superimposed upon
a constant natural flow, the velocity components of the flow field are given by

(x-
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m
(x-ai)2 + (ybi)2

where

Qi = volumetric flow rate of the ith well (negative for recovery wells)

h = aquifer thickness

v = voids fraction in the aquifer

(aj, bj) = coordinates of iJi well
vx°» vy0 = unperturbed flow velocity components

If the zone of interest is bounded by impermeable walls, to prevent possible
escape of solubilized contaminant to the surrounding region, one must solve Laplace's
equation for the velocity potential numerically, using the appropriate boundary conditions
and inserting the necessary source and sink terms to represent the injection and recovery
wells. The boundary conditions required are that the normal derivative of the velocity
potential must vanish at the walls of the domain of interest These calculations are readily
carried out on an AT clone microcomputer.

The velocity fields can be used to calculate the streamlines of the flow and thereby
to determine the effective zone of influence of one's array of injection and recovery wells.
This zone of influence is readily seen in Fig. 1. Figure 2 shows what happens if the
recovery well is improperly located with respect to the injection well; contaminated
surfactant solution is allowed to escape from the recovery well.

Figures 3 and 4 show the streamlines obtained from a pair of wells located within
a rectangular slurry wall boundary. The locations of the wells are shown in the insets,
and it is evident that one can expect removal of contaminant from the corners of this
domain to be relatively slow.

These velocity fields are next used in the actual modeling of surfactant flushing.
One of our models follows the movements of both surfactant and contaminant, but is
computationally too complex and lengthy to run on an AT or AT clone microcomputer.
The second model, constructed to eliminate this difficulty, assumes that the portion of the
zone of contamination on which one is focussing is covered by streamlines which
originate at an injection well, so that one can assume an ambient surfactant concentration
which is similar to that of the surfactant solution being injected. A distribution function
describing the partitioning of the contaminant between the mobile surfactant solution and
the stationary phase (organic liquid or sorbed material) was constructed. This is a
Langmuir-type isotherm which assumes that at high aquifer contaminant concentrations
the contaminant concentration in the surfactant solution is the saturation concentration, but
that at lower aquifer contaminant concentrations the aqueous contaminant concentration
decreases, becoming a linear function of the aquifer contaminant concentration in the limit
as both approach zero. In this way one can take adsorptive binding of the contaminant
into account. The isotherm is given by Eq. (-3).

(3)
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c = contaminant concentration in the surfactant solution after equilibration

c0 = contaminant solubility in water

m = mass of contaminant per unit volume in the soil being treated after
equilibration

C = surfactant concentration

cmc = surfactant critical micelle concentration

slope of a plot of contaminant solubility versus surfactant concentration
(above the cmc)

mj/2 = adsorption parameter; small if adsorption is weak, large if adsorption is
strong

One then partitions the zone of interest into a large number of small volume
elements and constructs the material balance equations which describe contaminant
movement between these volume elements under the influence of the surfactant flow
field. Local equilibrium is assumed. The differential equation being represented by this
system is

W (vc) (5)

We have not included any explicit dispersive terms in this; one can control dispersion by
the sizes of the volumes used in the finite difference approximation, and this was the
approach used.

An initial distribution of contaminant in the aquifer is then assumed, and the
material balance equations are integrated forward in time. Contaminant which reaches the
\ olume element containing the recovery well is assumed removed. The details of the
analysis are lengthy but straightforward. Figures 5 and 6 show the results of two model
calculations in which the zone of contamination is enclosed within a slurry wall barrier; in
both cases, the contaminated region lies in a volume through which fluid flow is relatively
rapid, and we see that contaminant removal is rapid and essentially linear with time. In
Fig. 7 the zone of contamination extends out into the corners of the enclosed rectangular
domain, as seen in the inset. Removal under these conditions is much slower and shows
a good deal of tailing. Obviously one should deploy surfactant flushing arrays and slurry
walls to avoid this sort of thing.

We have constructed a similar model for laboratory column flushing. This is one-
dimensional, with a constant flow velocity, so is much simpler than the field model. The
parameters used are the same in both models, except for the obvious differences in
geometry, so that adsorption isotherm parameters obtained by fitting lab column data to
the lab column model can be used in the field scale model. Permeability data, of course,
should be obtained in the field on undisturbed soil; this can probably be done by doing
well tests on existing monitoring wells.

LABORATORY SCALE EXPERIMENTAL RESULTS

Our experimental work has been done with three model compounds for
hydrophobic organics; p-dichlorobenzene, naphthalene, and biphenyl. The surfactant
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used, sodium dodecylsulfate (SDS) was selected because it is cheap, non-toxic, and
anionic. Anionic surfactants should adsorb much less on clays than cationic surfactants
because the sorption sites on clays are generally themselves anionic.

The ability of SDS to solubilize the model hydrophobic organics is shown in
Figs. 8, 9, and 10. Increases in effective solubilities by factors of 20-30 are readily
obtained at SDS concentrations of the order of 100 millimolar (2.9%).

We next turn to the recovery of surfactant solution for recycle. We found that
gentle extraction with hexane resulted in quite good removal efficiencies, and that the
recovered surfactant solution's ability to solubilize biphenyl was apparently identical to
that of fresh solution. Extraction which is too violent results in the formation of
persistent emulsions. We are currently obtaining results with a small counter-current
extraction column; preliminary results from our rather primitive apparatus indicate that
two hours of treatment in the batch mode with recycle of the hexane results in
approximately 90% removal of the contaminant. The apparatus is diagrammed in Fig.
11. Optimization of this method should certainly lead to a satisfactory method for
reclaiming surfactant One rather surprising point is that the hexane does not appear to be
solubilized to any extent in the surfactant solution.

Soil surfactant extraction experiments were carried out in glass permeameter
columns containing about 175 mL of spiked mixtures of clay and sand. These were
treated with 2.9% SDS solution. Results for 1:4 clay-sand mixtures containing two
different local clays are shown in Fig. 12. In these runs the flow was controlled by
gravity. In Fig. 13 we see the effect of reducing the flow rate of the surfactant to give
more time for equilibration between the solution and the adsorbed contaminant. Evidently
the rate of this process is a significant factor. One would be ill-advised to pump
surfactant solution through a contaminated zone too rapidly-one would simply be
wasting energy. Also, flow rates of surfactant solution through soils which are mostly
clay are extremely slow in packed lab columns, and are presumably comparably slow in
the field. The technique is obviously limited to soils of sufficient permeability to allow
penetration of the flushing solution in a reasonable period of time.

One might question the significance of these spiked soil studies, since the model
compounds are not PCBs, and since they have not had an opportunity to "weather in" on
the soil particle adsorption sites for several years. To meet these criticisms we are
currently carrying out lab tests on samples from a site at which contamination with PCBs
occurred several years ago. This work is now in progress.

THEORY OF MICELLAR SOLUBILIZATION

Micellar solubilization is crucial to the soil surfactant flushing process, so one
would like to have a simple theory for this to use in assessing those factors in both
surfactants and hydrophobic organics which bear on this process. Such a model, for
instance, could be used for preliminary screening of surfactants for use in flushing
operations. We have developed such a model, implemented on AT and AT clone
microcomputers. The standard free energies of micellization are estimated for the
dominant micellar species. These free energies consist of contributions from (1) the
elimination of water-hydrophobe interface on micelle formation, (2) the configurational
entropy term of the mixed micelle itself, (3) a translational entropy term associated with
the loss of translational degrees of freedom on micelle formation, and (4) an electrical free
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energy term associated with the coulombic repulsion of the surfactant ionic heads and the
modification of this repulsion by the concentration of inert salts in the solution.

Estimates of these terms can be made on the basis of Debye-Hiickel theory, molar
volumes, molecular geometries, and interfacial tensions. We have used this model to
calculate solubilization curves for our model compounds in SDS solutions. A
representative curve is shown in Fig. 14. We used our naphthalene experimental data to
determine the translational entropy term; this value was then used in calculating the curves
for dichlorobenzene, shown here, and biphenyl. Considering the simplicity of the model,
these results are probably better than we have any right to expect.

CONCLUSIONS

We conclude that, although surfactant flushing is still very much in the
development stage, it has the potential to significantly reduce costs and environmental
impacts in the cleanup of hazardous waste sites. The method should be useful for
removing both volatile and nonvolatile hydrophobics from the vadose zone and from the
zone of saturation. The method should also be readily applicable to the on-site batch
treatment above-ground of excavated contaminated soils.
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Fig. 1. Flow lines for aligned
wells in a uniform flow field.
I and R designate the injection
and recovery wells, respectively,

Fig. 2. Flow lines for misalignec
weiis in a uniform fiow field.

Fiq. 3. Fiow lines for wells en-
closed within a rectangular imperm-
eable boundary. See inset for
geometry.

Fig. 4. Fiow lines for wells en-
closed within a rectangular bound-
ary. Wells are located in opposite
coiners of the domain.
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Fig. 6. Plot of total contaminant
mass versus time for flushing with-
in a rectangular boundary.

(0 15 20x|0lsec

MID

gm

Fig. 7. Plot of total contaminant
mass versus time for flushing with-
in a rectangular boundary. Note
the extensive tailing. All para-
meters except as indicated are the
same in Figs. 5, 6, and 7.
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Fig. S. Solubility of naphthalen*
versus SDS concentration, »M.
Added NaCl (0.1 M) was present in
the runs designated by squares.
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Fig. 9. Solubility of p-dichloro-
benzene versus SDS concentration,
mM.
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Fig. 10. Solubility of biphenyl
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Fig. 11. Liquid-liquid extraction
column for surfactant recovery.
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Fig. 12. Efficiency of removal of
0.3 g of DCB from 1:4 red clay:
sand and 1:4 grey clay:sand mix-
tures (250 g> by 100 mM SDS. IT. OF SOS

Fig. 13. Efficiency of removal of
0.3 g of DCB from 250 g of 1:5
grey claylaand mixtures by 100 mM
SDS. 1 - fast drainage of column;
2 - drainage rate 100 mL/hr.
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Fig. 14. Simulation of the eolu-
bilization of DCB in SDS, by the
theory described in the text.
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ABSTRACT

The low-level waste characterization and certification
program utilized in France will be described. The French
program is comprised of several important components,
including: application of acceptance criteria; development
of a "Process Book" which describes the waste generating
process, characterizes the waste, and describes any
stabilization or other processes applied to the waste; and
conduct of a quality assurance program to ensure that wastes
continue to meet the acceptance criteria. The results of a
test program in which the French characterization and
certification process was applied to several DOE facility
low-level waste streams will be presented.

INTRODUCTION

This paper on the French low-level radioactive waste
characterization and certification program is an account of
work performed under contract for the U.S. Department of
Energy at Oak Ridge through Martin Marietta Energy Systems.
The three main components of the French waste certification
program are:

waste acceptance criteria, which will be discussed at
some length;

- the waste acceptance process, which will also be
described in some detail;

and the quality assurance program, which will be
described only briefly, but which is obviously an
important part of the overall certification program.

The LLWDDD waste stream certification exercise that was
conducted as part of a training program for ORNL personnel
in France will also be described. This exercise aimed at
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explaining the French waste certification program in terms
that were immediately comprehensible to the participants,
since it was applied to familiar waste streams.

First, it is appropriate to recall the context in which LLW
management occurs in France. At the present time, there are
51 operating nuclear power plants in France. These plants,
largely PWR's, generate over 70% of the country's
electricity. By the time the other 12 nuclear power plants
currently under construction come on line in the early
1990's, nuclear power will contribute about 80% of France's
electrical generating capacity. Obviously, the French are
fully committed to the nuclear option, and for a very good
reason: they have no other domestic source of energy
capable of supplying reasonably priced, abundant
electricity.

About 30,000 m3 of LLW are produced in France each year by
power plants and the nuclear fuel cycle industry. All of
that waste is disposed of at one surface disposal facility
called the Centre de la Manche. The Centre de la Manche
will be replaced in the early 1990's by the new Centre de
l'Aube facility in the Champagne region of France, which has
been licensed and which is presently under construction.
Given the importance of France's commitment to the nuclear
option, it stands to reason that their commitment to nuclear
waste management would be equally important.

In order to assure the safe long-term management of
radioactive waste — whether high-level or low-level,
defense or civilian — the French government created an
agency, called ANDRA, which has sole responsibility for
radioactive waste management. Specifically, ANDRA is
responsible for:

the design, construction, and operation of waste
disposal facilities (both HLW and LLW),

the definition of waste acceptance criteria,

and R&D relating to long-term waste management.

By centralizing all of the country's waste management
activities under the aegis of one agency, France was able to
effectively integrate those activities, thus making better
use of limited resources, while providing greater assurance
that proper oversight was given to the program as a whole.

REGULATORY GUIDELINES AND THE WASTE ACCEPTANCE PROCESS

ANDRA was given two primary guidelines from SCSIN, the
nuclear regulatory authority in France, relative to the
management of LLW:
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'*-? - the first requires the protection of public health and
safety and of the environment for the life of the
disposal facility and for all foreseeable
circumstances, and

the second requires the reduction of future impacts
through institutional control of the facility for a
maximum of 300 years after closure.

The first guideline directly affects the design of the
disposal facility and the integrity of the waste package
that will need to be achieved. To paraphrase it, the
guideline basically states that the disposal system —
meaning the disposal structures and the waste form — must
prevent the release of any radioactivity under all normal
circumstances. This means that the disposal system must
stabilize and immobilize the waste. The second guideline
directly affects the types and quantities of radionuclides
that may be allowed into the disposal system. Activity
limits must be imposed, in other words, on waste entering
the disposal system so as to minimize the cumulative risk
and thus the institutional control period.

In order to comply with those primary regulatory
requirements, with respect to waste forms, ANDRA developed a
three-pronged waste certification program that includes:

the development of waste acceptance criteria, the most
important criteria being stabilization and
immobilization of the waste, and limits on activity
levels;

the implementation of a waste acceptance process that
relies on the preparation of a detailed waste
acceptance file by the generator and the conduct of an
iterative waste acceptance procedure by the generator
and ANDRA; and

the establishment of a comprehensive QA program led by
ANDRA that includes verification of compliance with
criteria through audits and inspections, and that
integrates data on all waste management activities
through a computerized tracking system.

Before describing each of these components, it is necessary
to supply some basic vocabulary from the French waste
certification program. ANDRA distinguishes between two
physical waste forms: one is homogeneous waste, meaning the
waste is in small particles that can be evenly distributed
throughout a solidification matrix; and the other is
heterogeneous waste, meaning that the waste is in larger
pieces that cannot be evenly distributed through the matrix
without an additional processing step. Examples of
homogeneous waste are ion exchange resins, evaporator
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concentrates and co-precipitation sludges. Examples of
heterogeneous waste are filters and compactible waste.
Approximately 60% of the waste received at the Centre de la
Manche is heterogeneous.

ANDRA also distinguishes between two main waste container
types: one is perishable, meaning that it is considered to
have a life of less than 50 years; and the other is durable,
meaning that it is expected to have a life of 300 years or
more. An example of a perishable container is the steel
drum; an example of a durable container is the cylindrical
concrete overpack. Over 50,000 of these concrete overpacks
have been used at the Centre de la Manche in the last 10
years.

One of ANDRA's waste acceptance criteria, which will be
described in more detail shortly, calls for the
immobilization of waste with activity levels that are above
stated thresholds. ANDRA recognizes two basic
immobilization methods: one is embedding, which involves
the mixing of homogeneous waste into a solidification media
with good leach-resistance qualities until it is evenly
distributed, or embedded, in the media; the other method is
encapsulation, which involves surrounding heterogeneous
waste with material that has a low radionuclide diffusion
coefficient. In the case of heterogeneous waste, the waste
is generally stabilized — another basic waste acceptance
criteria to be described shortly — with grout prior to
encapsulation.

WASTE ACCEPTANCE CRITERIA

As mentioned, there are three primary waste acceptance
criteria in ANDRA's approach: stabilization,
immobilization, and activity limits. With respect to
stabilization, a stable waste package is defined as being in
a solid and non-dispersible form, containing as few voids as
possible, and providing long-term mechanical stability. All
waste packages must be stabilized for disposal in France,
regardless of their activity levels. The reason for this is
to produce waste packages that will withstand the loads
being placed on them by other waste packages and especially
by the disposal cap, which can be several meters thick. By
withstanding the load, the packages contribute to the
stability of the disposal cap, which lessens the likelihood
of subsidence and subsequent water infiltration, and which
therefore reduces the possibility of water contacting the
waste and transporting radionuclides to the environment.
The principle test required in the waste characterization
program to demonstrate waste form stability is resistance to
load.

With respect to the immobilization criteria for homogeneous
waste, as mentioned earlier, immobilization consists of
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embedding the waste in a solid, homogeneous, compact and
stable material that offers good long-term radionuclide
retention qualities. Immobilization is required for all
waste whose activity levels exceed 5 nCi/g of alpha, 1000
nCi/g of total beta/gamma, and 100 nCi/g for individual
beta/gamma isotopes. The principle test of adequate
immobiliation during the waste characterization program is
the long-term leaching test, which must be conducted over a
450 day period.

With respect to the immobilization criterion for
heterogeneous waste, immobilization consists of grouting and
encapsulating the waste with a material that is solid,
homogeneous, compact and stable and that possesses good
radionuclide retention qualities. The same activity levels
apply to the immobilization of both heterogeneous and
homogeneous waste — i.e., 5 nCi/g alpha, 1000 nCi/g total
beta-gamma, and 100 nCi/g for individual beta-gamma isotopes

but the principle test of heterogeneous waste
immobilization during the characterization program is the
measurement of the diffusion coefficient of the
encapsulation material in an aqueous environment.

With respect to the waste acceptance criterion concerning
activity limits, ANDRA has established limits for both
long-lived and short-lived radionuclides. For long-lived
alpha emitters, meaning radionuclides with half-lives that
are greater than 31 years, the acceptance limit is 100 nCi/g
for any individual waste package, and an average
concentration of 10 nCi/g for any disposal unit. For short-
and intermediate-lived beta/gamma emitters, activity limits
are established for each individual radionuclide as a
function of their specific radioactivity.

Bearing in mind that all waste package:? must be stabilized,
the location of the waste in the Centre de la Manche
disposal system depends on three basic things: on the waste
container, on whether the waste is above or below the
immobilization threshold, and on whether the surface dose
rate exceeds 200 mR/hr, in which case remote handling and
additional shielding are required. For example, all waste
below the immobilization threshold may be disposed of in
tumulus structures, regardless of the container type.
Higher activity waste may be disposed of in a tumulus
structure if it is in a durable container; otherwise it must
go into a monolith-type disposal structure. All waste above
the surface dose rate limit is disposed of in canyons.

THE WASTE ACCEPTANCE PROCESS

Having established basic waste acceptance criteria, it was
necessary for ANDRA to develop and implement a process
whereby each waste package type could be thoroughly
evaluated for its ability to meet the criteria, and either
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accepted or rejected for disposal well in advance of
delivery to the disposal site, and in fact before the waste
package is actually produced. The waste acceptance process
undertaken by ANDRA to demonstrate that the waste is in
conformance with acceptance criteria, and thus demonstrate
to the nuclear regulatory authorities as well as to the
public that safety requirements have been complied with,
relies principally on the generator's preparation and
ANDRA's review of a Waste Acceptance File and an Activity
Measurement File. This paper will focus on the Waste
Acceptance File.

The Waste Acceptance File prepared by the generator for each
waste type consists of three main documents:

The "Process Book" describes the waste stream, the
proposed waste treatment methods, and the resulting
waste form in detail; it is prepared following a
standard review plan developed by ANDRA and is
submitted to ANDRA for review and approval in
preliminary, provisional and final forms as more
information is acquired about the process and the waste
through the waste characterization test program.

The "Characterization File" contains a description of
the waste characterization program to be conducted by
the generator, along with detailed test reports. The
characterization program is also prepared according to
a standard review plan; the type of characterization
program depends on the type of waste, which will be
described shortly.

The "Quality Assurance Program" is the generator's own
proposed QA program for the processing of its LLW.

The "Standard Review Plan" of the Process Book is composed
of three main parts:

- the first part describes the type of facility
generating the waste and the volume of waste
generation;

the second part deals with the proposed waste
processing method, and includes detailed descriptions
of the waste sampling and analysis methods used, the
waste composition, the waste treatment process itself,
and the resulting waste form;

the third part sets forth the generator's QA program
for implementation of the process.

With respect to waste characterization testing, ANDRA
recognizes three levels of difficulty in the tests required,
according to the type of waste:
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The Level 1 test program relates to uncompressible
waste below the immobilization threshold.

The Level 2 test program relates to stabilized waste
below the immobilization threshold, and is further
divided into 2-a and 2-b levels to distinguish between
heterogeneous and homogeneous waste.

The Level 3 test program relates to stabilized waste
above the immobilization threshold, and is further
divided into 3-a, heterogeneous, and 3-b, homogeneous
levels.

ANDRA's waste characterization test program, for all levels,
is comprised of four categories of tests:

tests relating to the physical properties of the waste
form,

tests relating to the mechanical properties of the
waste form,

- tests relating to the radionuclide retention capacity
of the waste form, and

tests relating to the stability and alterability of the
waste form, i.e., its ability to maintain its
radionuclide retention capacity over time.

It should be pointed out that these tests apply to the waste
package, as well as to the waste embedding matrix or
encapsulation material.

The minimum waste characterization program for physical
properties is shown on Table I. It should be immediately
apparent that the higher the concentrations of radionuclides
in the waste, the more tests are required. Hence, the level
3 characterization program for both heterogeneous and
homogeneous waste above the immobilization threshold
requires virtually all of the 10 tests in the physical
properties category, and the same is true for the other
categories of tests. It should also be noted that this is
the minimum waste characterization program required of the
generators. ANDRA can request that additional tests be
performed, particularly for special or non-standard wastes
or wastes with activity levels nearing the acceptance limit.
However, the basic test program is established between the
generator and ANDRA early in the waste acceptance process.
Tables II, III and IV show the minimum waste
characterization programs for mechanical properties, for
radionuclide retention capacity, and for stability and
alterability.
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QUALITY ASSURANCE REQUIREMENTS

Having received waste acceptance criteria and having
successfully undergone a waste acceptance process whereby a
judgement could be made by ANDRA on the adequacy of the
waste form for disposal, the generators are free to produce
waste packages. At this time, the third major component,
relative to QA, of ANDRA's waste certification program comes
into play. Already, during the waste acceptance process,
documentation has been developed relative to the generator's
QA program and structure. In addition to QA audits, ANDRA
can control the quality of the production of waste packages
by periodic on-site inspections, either by its own agents or
by the generators' QA agents. Also, ANDRA has the
capability — and used it 20 times last year — to randomly
select finished waste packages for non-destructive and
destructive examinations in CEA laboratories.

In support of and in addition to ANDRA's QA program, a
computerized LLW tracking system was developed that links
the generators and the disposal facility operator to ANDRA.
The system functions to enable ANDRA to verify acceptable
waste forms, to manage transportation operations, to
maintain an isotopic inventory for the disposal facility and
to calculate its evolution over time, and to maintain
disposal records and generate management reports. The
tracking system therefore provides tangible, immediately
available proof that all LLW management activities — from
point of generation to final disposal — are known,
monitored and appropriately controlled, which is an
important factor in obtaining regulatory approval and public
acceptance alike.

LLWDD WASTE CERTIFICATION EXERCISE

As a means of illustrating the French waste certification
process, a training program was conducted by ANDRA and
NUMATEC with GRNL personnel, using six different LLWDDD
waste streams:

compactible waste,
decontamination and demolition waste,
drummed waste,
the emergency avoidance solidification campaign waste,
process treatment plant sludge, and
mixed waste sludges.

The exercise consisted of review of information provided by
ORNL on the waste streams and their proposed processing
methods following the standard review plan of the Process
Book, and determination of the waste type, following ANDRA's
waste classification system, and of the corresponding
characterization test program that would be required of the
generator by ANDRA if it were to be considered for
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acceptance in a French LLW disposal facility. The purpose
of the exercise was to show, on a very practical level, what
documentation and testing would be required in the French
waste certification system, and not to evolve an opinion in
the short time available on the adequacy of the waste form.

So, for example, the exercise concerning compactible waste
from various generators involved the preparation and
presentation of information concerning the waste
composition, activity levels and processing methods by ORNL
personnel; questions and requests for clarifying information
by ANDRA in accordance with the Standard Review Plan of the
Process Book; and determination and discussion of the
detailed waste characterization test program that would be
required for this waste type. In the case of compact ible
waste, the characterization program required would be level
2-a, since the waste activity is below ANDRA's
immobilization threshold, and since it is heterogeneous
waste.

CONCLUSION

In conclusion, acceptance for near-surface disposal of LLW
in France is established and documented through a program
that involves:

definition of waste acceptance criteria that encompass
and apply to all waste types;

implementation of a waste acceptance process that
involves preparation and review of detailed waste
sampling, processing and characterization testing
documentation; and

a comprehensive QA program that covers all waste
management activities from cradle to grave.

This waste acceptance program aims at satisfying French
nuclear regulatory authorities and, more importantly, the
public that radioactive waste is being safely managed at all
times. For that reason, and because it is such a coherent
program, the French LLW certification program can serve as a
useful model for the development of similar programs by
others.
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TABLE I

WASTE ACCEPTANCE PROCESS

Minimum Waste Characterization Program
for Physical Properties

[ 1 1 III

Characterization
Test

i

Porosity

Permeability to
Water

Permeability to
Gases

Density

Shrinkage

Change of State
Temperature

Homogeneity

Percentage of
Water Incorporated

Exudation of Water
Under Compressive
Stress

Percentage of the
Available Volume
Filled with Grout
in the Overpack

f
Level

1

X

X

f

A

X

X

X

Level
2

B

X

X

X

X

J.

A

X

X

X

X

X

X

X

X

X

Level
3

B

X

X

X

X

X

X

X

X

X

X
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m TABLE II

WASTE ACCEPTANCE PROCESS

Minimum Waste Characterization Program
for Mechanical Properties

H
Characterization

Test

Compressive
Strength

Behavior Under
Load

Impact Strength-
Drop Test

(.
Level
1

X

f H

Level
2

A

X

X

B

X

X

Level
3

A

X
X

X

B

X
X

X

+
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TABLE III

WASTE ACCEPTANCE PROCESS

Minimum Waste Characterization Program
for Radionuclide Retention Capacity

+ 1
Characterization

Test

, 1

Level
1

Level
2

A B

Level
3

A B

Diffusion Test

Tritium Diffusion
Test

Leach Test

Gas Release x

x

X

X

X

X
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o
TABLE IV

WASTE ACCEPTANCE PROCESS

Minimum Waste Characterization Program
for Stability and Alterability

+ H + + +
Characterization

Test

Behavior Under
Temperature
Cycling

Behavior Under
Beta/Gamma
Radiation

Sensitivity to
Water Contact

Water-Tightness
of the Package

Corrosion
Resistance

Fire Behavior

Level
1

X

X

Level
2

A

X

X

B

X

X

Level
3

A

X

X

X

X

X

X

B

X

X

X

X

X

X
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EVALUATION OF COMMERCIALLY AVAILABLE RADIONUCLIDE ASSAY EQUIPMENT
SUITABLE FOR SOLID LLW CHARACTERIZATION/CERTIFICATION

DOUGLAS F. ALLEN, Lee Wan & Associates, Inc.
WILLIAM A. GOLDSMITH, Lee Wan & Associates, Inc.

S. DIRK VAN HOESEN, Martin Marietta Energy Systems, Inc.

ABSTRACT

An evaluation of commercially available radionuclide assay
equipment was performed to determine what equipment may be used for
characterizing and certifying (through remeasurement) solid low-level
radioactive waste (LLW) generated and/or disposed of on the Oak Ridge
Reservation (ORE.). Most emphasis was placed on nondestructive
remeasurement of packaged wastes and on wastes that are difficult to
characterize due to their form. The application of these measurements
was then discussed for six specific LLW streams. Some readily available
equipment for this measurement is available but is necessarily limited
to detecting those radi ;>nuclides which are gamma ray or neutron
emitters. The future possibility of measuring "Tc through neutron
activation was also examined.

INTRODUCTION

The characterization and certification of radioactive waste is
absolutely necessary to implement a successful radioactive waste
management plan. The key factor for waste characterization is the
ability to accurately determine the radionuclide concentrations that are
present. The key factor for certification will be the ability to
determine the radionuclide concentrations in packaged waste. In most
cases the radionuclide concentrations will be determined through the use
of assaying instrumentation.

A review of commercially available equipment for the assay of
radioactive waste was conducted to determine the current state of the
art. The application of this equipment for assaying the following waste
streams was then evaluated:

• Melton Valley Storage Tanks (MVST) Emergency Avoidance
Solidification Campaign (EASC);

• sludge from Oak Ridge National Laboratory (ORNL) Process Waste
Treatment Plant (PWTP);

• waste from decontamination and decommissioning (D&D) of a hot cell;
• depleted uranium oxide waste (D-38 oxide);
• High efficiency particulate air (HEPA) filters and frames from

depleted uranium operations (D-38 HEPA filters); and
• scrap metal from K-25 gaseous diffusion operations.
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Some equipment is readily available off-the-shelf where other
equipment may be custom designed, and--in some cases--is still under
development. Typical off-the-shelf equipment for radioactive waste
includes barrel scanners [using Nal(Tl) and Hyper Pure Germanium
(HPGe)], box counters [using Nal(Tl) and plastic scintillators],
shredder/conveyor scanning systems [using HPGe, Nal(Tl), gas flow
proportional detectors, etc.]. a host of laboratory equipment for
analyzing prepared samples, and numerous hand-held instruments for
scanning the surfaces of various materials.

One of the more promising assay techniques currently under
development is neutron assay. Active neutron assay equipment capable of
measuring fissile material has been developed and is currently on the
market. The radionuclides that are most applicable to this technique
are 2 3 3U, 2 3 5U, and 239Pu. Because the technique is so sensitive for
2 3 5U, it is also applicable to depleted uranium due to the small
concentration of 2 3 SU remaining in it (—0.2%). Current research in
active neutron assay involves isotopes with high neutron capture cross
sections through the analysis of 7 rays emitted by the new isotopes
created by neutron capture. Current research in this area is being
conducted at Hanford and elsewhere. One promising application of this
technique is the assay of 99Tc and some of the transuranic (TRU)
radionuclides.

Most of the emphasis of this report is concerned with the assay of
packaged wastes due to its difficulty and its importance for
verification procedures. Soir-; discussion is also geared toward the
assay of waste streams that are difficult to assay due to their waste
form such as scrap metal from K-25 and waste from D&D of a hot cell.

EVALUATION OF METHODS AND EQUIPMENT

The assay system chosen must be capable of measuring a number of
different radionuclides in a variety of waste matrices. The relative
concentrations that should be detectable will be near the Low-Level
Waste Disposal Development and Demonstration (LLWDDD) Program's Class I
limits as shown in Table 1. Some of these radionuclides will be easy to
detect due to the strong 7-rays emitted and others that emit weak j3-
rays will be much more difficult to detect. Applicable detection
methods for these radionuclides and their relative detection limits are
als.o given in Table 1.

The types of detectors which may be used for measuring low
concentrations of solid LLW in packaged form include Nal(Tl) detectors,
HPGe detectors, plastic-scintillation chambers, and neutron assay. The
first three measure gamma radiation, and the last measures thermal
neutrons. A plastic-scintillation chamber may also be built to measure
beta in addition to gamma; however, its reliability is not knowi.. The
gas flow proportional detector is also used for beta radiation
measurement, but because beta radiation is not very penetrating, it is
not useful for packaged waste with inaccessible surfaces.
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The lower limit of detection (LLD) for these devices will depend
upon the form of the waste (e.g., bags, drums, loose, etc.), the number
and configuration of the detectors used, type of detectors used, the
level of background radiation, and the specific radionuclides to be
measured.

Commercially available solid LLW analyzers are set up to examine
waste in three basic forms. These forms include bagged waste (standard
garbage bag size), 55-gal drums, and loose material. The systems for
examining loose material are actually more suitable for use at the
generator's site. These systems generally scan the waste as it travels
on a conveyor belt, after which it is packaged in some form.

Vendors who supply this equipment tend to specialize in selective
markets. These markets include environmental monitoring, health and
safety monitoring, analytical laboratories, medical monitoring, and
waste a.csay systems. Of the 42 vendors contacted, 18 did not market
waste assay systems, and another 11 did not market any detection
devices. The remaining 13 did have off-the-shelf products suitable for
waste assay systems.

The 13 companies who do produce systems for solid LLW assay
include:

• Canberra Industries, Inc. (CT) ;
• Hydro Nuclear Services, Inc. (NJ);
• Technical Associates (CA);
• Sentry Equipment Corp. (WI);
• Pajarito Scientific, Inc. (NM);
• Helgeson Scientific Services, Inc. (CA);
• Nuclear Measurements Corp. (IN);
• Nuclear Data, Inc. (IL);
• Jomar Systems, Inc. (NM);
• Eicron Corp. (OH);
• National Nuclear Corp. (CA);
• Eberline Instrument Corp. (NM); and
• Nuclear Enterprises American (NJ).

To summarize the abilities of the systems produced by these
companies, Table 2 was developed. The specifications for the systems
shown in this table are based on information gathered from the
companies' brochures. It should be noted that the detection limits
reported for some of these systems appear very doubtful. For example,
the Sentry Model 4040 claims to be able to detect 1 mg TRU in a 55-gal
drum using HPGe detectors (i.e., 7-ray spectroscopy). Since some TRU
radionuclides cannot be detected by 7-ray spectroscopy and an order of
magnitude difference between the detection limits exists for those which
can be detected, much doubt arises over this number.

The manner in which the various manufacturers state detectable
quantities makes it difficult to correlate these numbers to the
detection of different radionuclides. When some basic assumptions are
made as to waste density and attenuation distances it is found that the
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detectable quantities reported for the box counters using plastic
scintillators are all within the same range. These quantities are in
the range of 2 to 20 pCi 137Cs per g of waste in a homogeneous waste
density matrix of 0.5 g/cc and an average attenuation distance of 30 cm
for the larger monitor and 15 cm for the smaller monitors. With these
assumptions, all 7 emitters except 2 3 8U are detectable below their
Class I limits. It should also be noted that detection limits claims
made by the various manufacturers assume low background and are
therefore liberal. Actual detection limits will probably be poorer.

The cost of a plastic scintillation box counter is on the order of
$80,000-100,000 for bagged waste. A Nal(Tl) based box counter for
examining 55-gal drums will cost on the order of $150,000. Because
Nal(Tl) is a more efficient detector than plastic, detection limits for
it can be significantly less. However, it is also more expensive than
plastic. Another advantage of Nal(Tl) over plastic is the ability to
set a particular energy window, thereby eliminating much background.

If it is desired to determine what radionuclides are present, assay
equipment using Nal(Tl) or HPGe detectors should be used. The Nal(Tl)
detector is more sensitive than the HPGe detector; however, an HPGe
detector has much better resolution, a very important feature when
examining different radionuclides with nearly equivalent 7 energies. An
HPGe detector does have the disadvantage of being microphonic.
Therefore, measurements with HPGe need to be insulated from vibration
and loud noise.

The thermal neutron count detectable in passive neutron assay is on
the order of 2 neutrons/min/L waste. Assuming an average of 2.2
measurable neutrons/fission, the detection limit for passive neutron
assay was calculated and summarized in Table 1. As can be seen, passive
neutron assay is only useful for detecting 2 5 2Cf and 2l""Cm at the
detection limit of Pajarito's neutron assay instrument.

Active neutron assay is capable of seeing much smaller quantities.
It is best suited for 2 3 3U, 2 3 5U, and 2 3 9Pu. For 2 3 9Pu, detection
limits have been reported to be near 300 pCi/ml for Pajarito's neutron
assay instrument. Based on this detectable quantity, the detection
limits for the other TRUs were calculated assuming that the rate of
neutron reaction is directly proportional to the fission reaction
thermal neutron cross-section. These values are presented in Table 1.
As can be seen, 232Th and 2 3 8U also have respectable detection limits
although their thermal neutron cross sections are very small. This is
because their specific activity levels are so low (i.e. , long half-life)
that it requires a fairly large mass to produce an appreciable level of
activity. It should be noted that because 2 3 5U is so easily detected
and because depleted U contains -0.2% 2 3 SU, the detection limit for
depleted U (~5 pCi/mL) is significantly less than it is for pure 2 3 8U.
The cost of an active neutron assay system is on the order of $250,000.

Gross beta measurements detectable by Eberline's Model TCM-1 are on
the order of 5,000 dpm/100 cm2. Since beta is easily absorbed by waste
packaging, it may only be detected if it is near the surface of the
packaged waste. Considering this, an average density of 0.5 g/100 cm2
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is assumed. This assumption gives a detection limit of 300 nCi/g for an
evenly distributed source ( a fixed-source within the package would
escape detection). This is well above the Class I levels of
radionuclides detectable by beta only, except for 1 2 1Sn. Although this
system can undoubtedly be improved, it is doubtful that it can be
improved enough to detect the other beta emitters at the levels desired.
The cost of this system is on the order of $20,000.

In addition to these radionuclide detection systems, it is
important to incorporate other measurements to make assurances that the
waste is not RCRA hazardous, or contain any other forbidden materials.
Real-time radiography is capable of detecting most forbidden materials,
some of which are RCRA hazardous. Many RCRA hazardous materials would
require opening the container for representative sampling and analysis.
Because this is not desirable, it is important to certify and verify at
the point of generation that the waste contains no RCRA hazardous
materials.

EVALUATION OF SYSTEMS AT OTHER DOE FACILITIES

Personnel at Idaho National Engineering Lab (INEL), Savannah River
Plant (SRP), Los Alamos National Laboratory (LANL), and ORR have been
contacted concerning their radionuclide waste assay abilities. Both
INEL and SRP have used box counters for examining waste in bags or
boxes. These instruments are for gross gamma detection only.

INEL was using a Curie Monitor as part of their waste monitoring
system. They had planed to purchase another Curie Monitor, lined with
perforated stainless steel rather than solid stainless steel. This
would allow for measuring some beta activity in order to improve
sensitivity, particularly for 90Sr. Past practice was to package the
waste in polyethylene bags and then into cardboard boxes 20 in. on a
side. The waste was then scanned with a GM counter to determine its
surface activity. If the surface activity was less than 1 mR/h, it was
placed in the Curie Monitor. A weighing scale is in the monitor so that
the average waste density may be determined. The detection of the
current monitor is on the order of 10-20 pCi/g. The criteria for
disposing of the waste after performing this measurement has not been
formulated. Currently INEL has been examining options other than the
Curie Monitor for waste certification.

SRP also uses a Curie Monitor similar to the one used at INEL, at
their central processing facility. The philosophy of measurement is for
gross gamma radiation counts. The detection limit of their monitor is
approximately 10 nCi/L for the boxed waste processed at the facility.
The criteria for disposing of this waste is based on the detection limit
of the monitor. If no radiation is detected (i.e., <10 nCi/L), the
waste goes to the general landfill.

LANL was chiefly responsible for developing the active neutron
assay system. The predominant radionuclide of interest at LANL is
plutonium. The neutron assay system is reportedly capable of detecting
approximately 1 mg 239Pu in a 55-gal drum (300 pCi/g) . This is below
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the LLWDDD Class I limit of 1140 pCi/g. Fcr assaying non-TRU wastes,
LANL also uses gamma ray spectroscopy. With these instruments, their
philosophy of measurement includes both quantification and qualification
for all radionuclides present.

ORNL has constructed a central waste processing facility for
assaying low levels of solid TRU waste in 55-gal drums at their Waste
Examination and Assay Facility (WEAF). The process includes the use of
three monitoring systems: real-time radiography, neutron assay, and
gamma-ray spectroscopy.

First, real-time radiography is used for the detection of
prohibited items such as pressurized gas cylinders, aerosol cans,
mercury, lead, free liquid, etc. The instrument is set up for
examining round 55-gal drums. It should also be capable of examining
square drums. It takes from 10 min to an hour to examine a drum,
depending upon the amount, type, and density of the waste in it.

Once a drum has passed the real-time radiography test, it is taken
to the active neutron assay system. This instrument is for measuring
the quantities of fissile material in the waste. Waste assay time only
takes a minute or two. The detection limit of the system is reportedly
on the order of 1 mg fissile material/55-gal drum for 2 3 9Pu.

The last step in the waste assaying system is gamma ray
spectroscopy using a single HPGe detector. This instrumentation is used
primarily for qualitative analysis (i.e., what radionuclides are
present).

Y-12 has constructed a waste assay system for examining 12-yd3

dumpsters. The only radionuclide this facility is calibrated for is
depleted uranium. However, fission product activity in several trash
dumpsters originating at ORNL was detected, resulting in their rejection
for sanitary landfill disposal and return to the generator. The
facility uses three Nal (Tl) crystals. Two crystals examine the waste
and the other is for background. With 95% confidence, the instrument
can detect 120 g of depleted uranium as a discrete source per dumpster
under most geometries. The cost of this facility is on the order of
$500,000 in today's dollars.

ASSAY EQUIPMENT FOR SPECIFIC WASTE STREAMS

Wastes from MVST EASC, PWTP sludge, and hot cell D&D will require
an initial intensive analysis including liquid scintillation to
determine which radionuclides are present. Verification of MVST EASC
and PWTP sludge may then be performed with a drum counter (for PWTP
sludge) or a system similar to the Y-12 trash monitor (for MVST EASC).
Both of these measurements may be based on the 137Cs present. Hot cell
D&D waste may be verified in a similar manner if the original analysis
shows the presence of a good y emitter or a radionuclide with a large
thermal neutron cross section for fission. If not, detailed sampling
will be necessary to perform the verification.

Wastes from D-38 HEPA filters and D-38 oxide may be characterized
initially with a box counter or a drum scanner if the waste is not dense
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(-0.1 g/cc). If the waste is dense (>0.5 g/cc), it may be assayed in
smaller quantities with attenuation distances under 4 cm or it may be
assayed using active neutron assay. Systems based on large Nal(Tl)
crystals with a fixed energy window may be able to detect D-38 at the
Class I limit with attenuation distances up to 50 cm at this waste
density. Verification measurements may best be performed with active
neutron assay with its order of magnitude better LLD.

Characterization of K-25 scrap metal may best be performed with
active neutron assay for the D-38 content. The 89Tc content will be
much more difficult to measure. The technique of activating "Tc to
100Tc with a large neutron flux and then measuring the 7-rays from the
decaying 100Tc is under investigation. Whether this system will provide
the detection limits desired is yet to be seen. This system will
probably not be available for a number of years. Until a system such as
this is available, items with internal surfaces will have to be
disassembled and each surface surveyed.

CONCLUSION

Current state-of-the-art techniques are not capable of assaying all
radionuclides in all their possible waste forms at levels below the
LLWDDD Class I limits. However, over one-half of the radionuclides are
measurable in most common waste forms. Detailed sampling of waste
contents may be required for most of the 0 emitters and a few of the
TRUs. Fortunately, most of the TRUs that require detailed sampling of
waste contents have relatively short half-lives (except 2 3 8Pu). Of the
difficult to measure radionuclides, only sgTc shows any promise of
having a technique developed for its measurement. Therefore, detailed
sampling of waste contents coupled with administrative controls must
play a major role in the characterization and certification of many of
the radionuclide waste concentrations.

Table 1. Relative LLDs (pCi/aL) of Radionuclides of concern to LLUDDDa

Radionuclide

3H
lOBe
14C
22Na
55Fe
6OC0
63Ni
90Sr
93Zr

LLD

-
-
2
4000e

1
-

10lle

detectable

W
Y
W
Y
Y
Y
Y
Y
W

LLD
passive
neutron

-
-
-
-
-
-

-

LLD
active
neutron

_
-
-
-
-
-
-

LLWDDD
Class 1
Limit

1.88 x 105

3,630
43,200
NAd

NA
14,900
47,100

924
195.000

Detectable
at limit

N
N
N
NA
N
Y
N
N
N
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Table 1 (continued)

Radionuclide

99Tc
106Ru
113mCd
121mSn
134Cs
137Cs
147Pm
151Sm
152Eu
154Eu
155Eu
232Th
233U
235U
238U
237Np
238Pu
239Pu
241Am
243Am
242Cm
244Cm
249Bk
252Cf

LLD

8
-
-
0.1
2.5

12,000*
3
1
20
6d

10"
9
250
4
1011
10"
30
4
10"
10"
.
10"

detectable

Pc

Y
Y
Y
Y
Y
Y
Y
V
Y
Y
Y
N
N
N
N
N
N
N
N
N
N
N
Y
N

LLD

passive

neutron

-
-

-

-

108

•

10*
1O3

1O8

105

108

108

.
104

400
106

0.02

LLD

active

neutron

-
-

-

•

2000
70
.01
3000(5)8
105

106.6

300
106.6
107

IOJ-J
108-5

-

LLWDDD

Class I

Limit

802
NA
2.650

1.86 x 106

NA
307
NA

2.83 x 106

639
2,280

2.48 x 106

17.8
79.2
77.1
85.7
14.5
1,910
1,140
974
323
NA

13,600
NA
NA

Detectable

at limit

N
NA
N
N
Y
Y
N
N
Y
Y
Y
Y
Y
Y
N(Y)6
Y
N
Y
Y
Y
NA
Y
NA
Y

aValues are in pCi/nL.
"These are detection limits for a box counter using a plastic scintillator.

Calculations are based on detecting 2.5 pCi/mL 137Cs with an attenuation distance
of 30 cm. These are ball park estimates. Sone nodeIs will have better LLDs.

cThose radionuclides which enit weak 0 particles were marked W and those that
do not emit any 0 particles were marked N; all others were marked Y.

% A - these values not available.
eThese values are based on an unattenuated signal from x rays. For an

attenuation distance of 30 en these values are not detectable.
^This value assume the radionuclide was separated at least 15 years ago to

allow for growth of its daughters.
S D-38, the LLD is 5 based on 2 3 5U content.
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Table 2. Co^aercially available waste assay systems

N
N
to

Vendor

Bicron

Sentry

Sentry

Sentry

Canberra

Canberra

Eberline

Hydro
Nuclear

Hydro
Nuclear

Pajarito

Model/Name

Waste Curie
monitor

Model 4020

Model 4020A

Model 4040

Model 2220B

Model 2220C

Model TCM-1

Model 960

Conveyor
Monitor System
7 and /?

Ac t ive/pas s ive
neutron assay

Detector type

Plastic

HPGe (l)a

Nal(Tl) (1)

HPGe (1)
or Nal(Tl) (1]

HPGe (2)

HPGe (2)

Gas flow
proportional
(12) (beta)

Nal(Tl) (1)

Nal(Tl) (1)
gas flow
proportional

3He
proportional
counter
(4 types)

Waste form

Bags/boxes
28 x 28 x 26

Bags/boxes
12 x 12 x 13

Bags/boxes

55-gal drums
I

55-gal drums

55-gal drums

Bags/boxes
27 x 24 x 25

Bags/boxes
30 x 30 x 28

in.

in.

in.

in.

Shredded waste,
loose

(2)

55 gal drum

Detection limit

250 dpm/100 cm2

1 g TRU/20 L

-30 dpm/20 L

1 mg TRU/208 L
(questionable)

5 g 235U/208 L

1 g 235U/208 L

5000 dpm/100 cm2

3 nCi/g

1000 dpm/100 cm2

10 mg 240Pu/208 L
(passive)

1 mg 239Pu/208 L
(active)



Table 2. Commercially available waste assay systems (continued)

Vendor

Nuclear
Data

Jomar

Jomar

Jomar

Jomar

National
Nuclear

National
Nuclear

National
Nuclear

Nuclear
Enterprises

Model/Name

Waste scanning
system

Drum segmented
7 scanner

Box counter

Slab counter

Acrive/passive
neutron
counter

WCM-1

WCM-10

WCM-35

AWM1

Detector type

HPGe (1)

HPGe (1)
or plastic
or Nal(Tl)

Nal(Tl), HPGe

Nal(Tl) (2)

3He
proportional
counter

Plastic

Plastic

Plastic

Plastic

Waste form

55-gal drum

55-gal drum

Bags/boxes
12 x 12 x 24

55-gal drum

55-gal drum

Bags/boxes
12 x 12 x 12

Bags/boxes
24 x 27 x 24

55-gal drum

Bags/boxes
24 x 24 x 30

in.

in.

in.

in.

Detection limit

Not specified

100 nCi/g Pu

<1 nCi/g

Not specified

100 nCi/g 240Pu
(passive)

Active not
specified

2 nCi 137Cs

10 nCi 137Cs

Not specified

2 nCi/kg 137Cs

aNumber of counters in instrument.
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NONDESTRUCTIVE ASSAY AND REAL-TIME RADIOGRAPHY
REQUIREMENTS FOR REMOTE- HANDLED WASTES AT THE PROPOSED

WHPP FACILITY

John T. Caldwell, Pajarito Scientific Corp., William Goldsmith,
Lee Wan & Associates, and Douglas W. Turner and
Frederick J. Schultz, Oak Ridge National Laboratory

INTRODUCTION

Nondestructive assay (NDA) and real-time radiography (RTR)
measurements of remote-handled transuranic (RH-TRU) waste
packages are complicated by typical contact gamma ray dose rates
up to 10,000 R/h. Most NDA and nondestructive examination (NDE)
instrumentation used to certify contact-handled CH-TRU wastes
cannot be operated in high gamma ray fluxes. Correspondingly,
420 kev x-ray sources and imaging devices used routinely on CH
wastes are not suitable for RH wastes. The greater than one R/h
neutron dose rates typical of some ORNL RH wastes create
additional measurement problems. The constraints of fitting all
NDA and RTR hardware into a limited portion of a multi-function
facility present yet more design difficulties. Using the same
hardware to service incoming (possibly surface contaminated) and
fully processed packages results in another complication.

One attractive option meeting all basic NDA and RTR requirements
is provided by a 6 MV electron linac--properly shielded, with
directional collimation. The linac would be the driving source
for highly penetrating RTR measurements as well as for high
sensitivity NDA measurements based on a combination of the
pulsed-neutron differential dieaway technique and the
independent pulsed-photofission method.

A Proposed NDA/NDE Equipment Layout and Facility Shielding

Requirements

Figure 1 shows the schematic layout of a linac based NDA/NDE
measurement system within the proposed Process and Packaging
Cells for the WHPP facility. This drawing illustrates the
multi-functional approach required to accomplish the combined
NDA/NDE measurements, in two adjacent rooms, using a single
linac driving source. In this particular concept the linac
head assembly is constrained to move along a linear track
parallel to one of the cell walls. The linac photon beam is
produced in a direction perpendicular to this track.
As many as four measurement stations are accommodated with this
concept: an RTR and NDA station in each cell. In this concept
two beam access ports are required to allow passage of the
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brerasstrahlung beam Into the process cell. In other concepts
both RTR and NDA stations in the process cell would be serviced
with the same beam access port.

The 6 MV electron beam is converted to bremsstrahlung spectrum
photon radiation with an internally located tungsten converter
target, with the external photon beam profile shaped to
requirements using internal lead or uranium metal collimators.
The latter not only provide proper shaping of the interrogating
beam for NDA/NDE applications but also greatly reduce building
wall shielding requirements by reduction of stray secondary
photon radiation in non-forward directions. The importance of
this at-the-source stray secondary radiation shielding should be
appreciated. Approximately two feet of normal density concrete
are required to reduce the relatively low energy off-angle
radiation dose rate from a 6 MV bremmsstrahlung source by a
factor of 100. Thus, a relatively small amount of high atomic
number shielding around the bremsstrahlung target greatly
reduces the secondary shielding requirements of off-beam axis
building walls. Commercial manufacturers of linacs for medical
and industrial applications provide properly designed secondary
target shield/collimators especially for this purpose.

The shielding requirements for the external wall intercepting
the primary bremsstrahlung beam are considerable. Calculations
indicate that a 6 MV linac producing a usable NDA/NDE
measurement beam of about 1000 R/min one meter from its internal
conversion target would require an external, normal density
concrete shield wall 60 in thick to reduce the transmitted dose
rate to one mr/hr externally, assuming the linac is operated 40
ft from the external wall. The shielding requirements escalate
rapidly with increasing energy and beam dose rate levels. For
example, a 9 MV Linac delivering 3000 R/min one meter from its
internal hremsstrahlung conversion target would require a normal
concrete shielding wall 100 in thick to reduce the external
dose rate to 1 mr/hr 40 ft away. Practical considerations of
this type lead one to the conclusion that as low an energy linac
delivering as low a beam dose rate as can be tolerated to
satisfactorily perform the RTR/NDA is the driving source of
choice.

Linac-Based NDA Measurements

A high-sensitivity NDA technique along with hardware suitable
for the routine less than 10 nCi/g assay of CH TRU wastes was
developed in the early 1980's at the Los Alamos National
Laboratory. This technology is based on pulsed- neutron
interrogation (differential dieaway method) and was first
implemented for routine CH-TRU waste (208 1 drums) certification
at the Oak Ridge National Laboratory in April, 1982.
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This same NDA technology is currently in wide-spread use
throughout the DOE defense community with 11 drum or crate-size
waste NDA units in use at 8 DOE facilities. The pulsed source
utilized for these installations is the zetatron, sealed tube
14 MeV neutron generator system. However, it should be realized
that in the original development work on the differential
dieaway technique, bremsstrahlung produced by a 6 MV electron
accelerator was also used as the pulsed neutron source. Pulsed
neutrons are produced in an insertable Be (gamma,neutron)
converter in the geometry shown in Fig. 2. Be has a
(gamma,neutron) threshold of 1.67 MeV and 6 MV electron
bremsstrahlung produces copious numbers of photoneutrons in
such a converter layer.

High-energy electron bremsstrahlung can also be used to produce
a photofission interrogation of TRU waste drums, and a prototype
NDA system based on simultaneous differential dieaway and
photofission interrogations was built and tested in 1984 using a
commercially-available electron linac in an existing facility at
Lawrence Liverraore National Laboratory (LLNL). Fig. 2 shows a
cross-sectional view of this detection system, including the Be
converter target.

We propose using a similarly designed NDA system for WHPP NDA
applications. The availability of both pulsed-neutron and
pulsed-photofission interrogations provides enhanced
discrimination of the several transuranic isotopes known to be
present in much of the DOE's RH-TRU wastes. The two NDA
station concept shown in Fig.l is readily serviced with a single
6 MV linac. The linac hardware would be located in the
packaging cell and an appropriately designed assay station in
the adjoining process cell. Incoming waste packages would be
opened in this cell and their contents screened. Thus, this
more remote NDA station serves a basic screening mission for a
variety of package sizes and types. The NDA station in the
packaging cell would be used for final TRU certification of
processed and packaged wastes. The NDA sensitivity of the
process cell unit would be somewhat less than that of the NDA
unit in the packaging cell, but more than adequate to achieve
10 nCi/g screening. The original linac development measurements
had demonstrated less than one nCi/g assay sensitivity in a
similar geometry.

Linac-Based RTR Measurements

RTR measurements are made routinely in industrial settings,
using commercially available 2-20 MV electron linacs of the type
proposed for WHPP. An excellent survey of the current state-of-
the-art in this area, as it applies to examination of RH wastes,
was performed for the DOE in 1986. The authors of this work
also performed several experimental evaluations of the various
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RTR hardware using simulated RH waste containers, including
Co-60 and Ir-192 gamma ray sources in the 1000 Ci range to
simulate typical RH waste package dose rates. Their conclusions
were that high-energy electron accelerators, including 6 MV, are
suitable for RTR certification measurements on RH wastes in
various size packages.

One general result of their study was that when the level of the
bremsstrahlung examining radiation exceeded that of the package
by a factor of three or more, excellent quality RTR images would
be obtained. This factor will determine ultimate limitations of
the WHPP RTR measurements. However, it should be noted that the
basic linac bremsstrahlung radiation is produced in about 2-5
microsecond pulses, with a typical repetition rate of 50-200 hz.
Simple gating strategies in which one or more of the RTR
components are operated in a similar pulsed fashion can be used
to increase linac-signal-to-package-background ratios. Some
development work in this area will be required to realize the
inherent signal-to-background advantages such pulsed operation
affords.

Conclusion

The WHPP facility multi-function, multi-station NDA/NDE needs
can be met with a single 6 MV electron accelerator used as the
driving source for both RTR and active NDA measurements. A
careful choice of linac size and intensity (to minimize building
shield wall requirements) coupled with efficient use of the
inherent signal-to-background advantage of pulsed operation
should make integration of a 6MV linac into the WHPP facility a
successful and cost effective venture.
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ABSTRACT

The ability to certify wastes at the Oak Ridge Y-12 Plant for the
purposes of storage or disposal is being enhanced to comply with
evolving regulatory requirements for existing facilities, and
proposed certification strategies for future waste disposal
facilities as described in the Low Level Waste Disposal
Development and Demonstration Program strategy. The Y-12 program
consists of four levels of characterization and certification
including solids/liquids determination, hazard verification,
general characterization, and quantification of concentrations of
radioisotopes. In order to enhance overall certification
capabilities at the plant several improvements to the existing
program are in progress or scheduled. These include the
construction of a new facility with improved instrumentation for
monitoring radioisotope concentrations in bulk (dumpster)
quantities, as well as improvements to an existing facility to
lower its detection limit for depleted uranium contamination.
Also included is the acquisition of waste curie monitors using
passive plastic scintillation detectors to monitor small waste
containers, and a nuclear material monitor which utilizes
thermal-neutron and fast-neutron interrogation to determine
radioiostope content.
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WASTE CERTIFICATION AT THE Y-12 PLANT

INTRODUCTION

The Y-12 Plant generates approximately 3.8 million cubic feet of solid
waste per year excluding liquids, sludges generated as result of treatment
of inorganic liquids, hazardous wastes, and mixed wastes. The solid wastes
include non-radioactive and radioactive materials which have been disposed
in landfills and burial grounds onsite. These wastes are generated by a
variety of metal fabrication and finishing operations, and the waste type
varies widely. The operations generating the waste include metal
preparation, finishing and fabrication, assembly, construction and
demolition activities, plant maintenance and utility operations,
development, and shipping and receiving operations. Typical waste
components include paper, wood, metal, metal chips, filters, rags, blotter
paper, glass, carbon, asbestos and other insulating materials, floor
sweeping compounds, brick, block, dirt, concrete, and plastic.

Historically, the characterization of the solid waste streams has been
based on a number of sources of information. The main
description/characterization/certification burden has been on the generator
who generically described the waste on the disposal forms used within the
plant. The waste streams generated on a continuous time scale by plant
operations were screened when they were initially identified and then
regularly thereafter or whenever the composition of the waste was known to
have changed. The extent of characterization for the waste streams varies
from a thorough examination of the processes which generate the waste, to
representative sampling and analyses. The waste streams which are
generated on less frequent time scales require sampling at each occurrence.
The past emphasis of the characterization has been on the uranium content
and the chemical analysis measured against Resource Conservation and
Recovery Act (RCRA) standards. Other standards which are specifically used
include those associated with asbestos, beryllium, beryllium oxide,
mercury, and polychlorinated biphenyls. Chemical sampling within the
non-RCRA streams is used to verify materials are not present rather than
identify the chemical character of the components present in the stream, so
the analytical data used to screen the wastes in the past do not provide a
listing and concentration of the components included.

In an effort to better define radioactive wastes from non-radioactive
wastes beginning in 1985 the plant initiated the use of a trash monitoring
technique (described in a later section of the report) to measure the
concentration of depleted uranium in the trash. The limit of detection for
the activity of the waste is 120 pCi/gm plus 70 pCi/gm.
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DOE REGULATIONS, LLWDDD STRATEGY AND IMPLEMENTATION
OF IMPROVED CERTIFICATION TECHNIQUES

Regulations established for management of low level waste in Department o£
Energy (DOE) order 5820.2 require that low level waste shall be
characterized on a per package basis with sufficient accuracy to permit
proper segregation, treatment, storage and disposal. This characterization
shall ensure that the actual physical and chemical characteristic and
radionuclide content are recorded and known. Mo single analytical test,
assaying technique, or generic administrative control procedure will
succeed in meeting these new requirements. Consequently, each solid, low
level waste stream and process generating them must be evaluated
individually to determine the techniques and approaches which are
appropriate.

Also, the Low Level Waste Disposal, Development, and Demonstration (LLWDDD)
Program was instituted to coordinate activities in Oak Ridge associated
with the development and implementation of new and improved radioactive
waste disposal technologies. In fiscal year 1987 the LLWDDD program issued
a draft strategy for low level waste disposal for the Oak Ridge facilities.
The strategy includes a proposal for classification of radioactive wastes
using dosed-based limits for the disposal units, which requires adequete
characterization and certification of the waste streams. In addition the
strategy calls for near-term storage of some low level waste in storage
facilities at the Oak Ridge Gaseous Diffusion Plant (ORGDP). Current
acceptance criteria for this facility include a complete waste
characterization including hazard and radiological determinations.

Until the concentration limits for various radionuclides are defined to
distinquish between non-radioactive and Class I(low concentrations)
disposal, it will not be possible to determine whether existing
certification techniques are adequete. However, in order to meet probable
requirements for disposal of wastes in new low level waste disposal
facilities, there are four levels of characterization and certification
which are planned at this time to be included in the Y-12 certification
program. An LLWDDD sponsored Certification Committee has been chartered to
assess certification requirements and any recommendations will be
incorporated into the Y-12 plan as appropriate

The first level consists of those steps, methods, and procedures necessary
to verify that wastes are solid. The current waste segregation procedures
followed by Y-12 require that waste generators separate liquids and sludges
from solids. The experience to date has shown this to be effective for the
current disposal operations. Periodic inspection of waste containers
provides a level of quality assurance that the segregation procedures are
being followed. However, the current method will not be adequate to meet
the waste acceptance criteria for future waste disposal facilities and
options. The. Oak Ridge National Laboratory (ORNL) and other Department of
Energy facilities have purchased and are using instrumentation such as real
time radiography to demonstrate and document the absence of liquids in
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waste containers. Since the methods for Liquid detection used at ORNL hav«-
been reported as satisfactory, there sre not plans for further development
activities by Y-12. The application of this type of equipment for
monitoring Y-12 wastes will be evaluated as part of a capital project
currently being considered.

The second level consists of those steps, methods, and procedures required
to establish that wastes are non-hazardous. The current procedures require-
that the waste generator identify waste stream constituents, sample waste
streams, and analyze samples to verify the absence of hazardous
constituents in the non-hazardous streams. The Environmental and Waste
Management Departments' staff provides guidance on the method of sampling
and interpretation of the results. The Divisional Environmental Officers
obtain samples and data to routinely update previous waste characterization
information. The Environmental Officers are responsible for providing
training to divisional employees to facilitate recognition of hazardous
wastes as defined bv the 40 CFR 260 regulations. In the absence of
instrumental methods for detecting hazardous characteristics in wastes, the
current methods and procedures will continue to be used to identify and
separate hazardous wastes.

The third level of certification is the identification of the waste type
and subsequent separation of those wastes into the appropriate categories.
New treatment, storage and disposal methods consistent with the LLWDDD
strategy will require a much narrower definition for a specific waste
category. The process of defining the respective waste categories will be
an iterative process involving an initial approximation of the desired
categories, a detailed characterization of the chemical, physical, and
radioactive properties and their impact on a given waste strategy,
modification of the definition based on the impacts, and then repeating the
process until the health, safety, environmental, and economic requirements
are satisfied.

The fourth level of certification involves those steps, methods, and
procedures required to determine concentration of radioisotopes present in
the waste. The radioactive constituent of principal concern at Y-12 is
uranium which appears in either depleted, normal, or enriched assay. The
instruments used to measure surface contamination on metals and equipment
at the plant are inadequate for measuring the concentrations in bulk
industrial trash. Therefore, in 1985 the plant initiated the use of the
Trash Monitoring Station 1 (TMS 1) designed for measuring depleted uranium
in bulk waste quantities to supplement the use of chemical analysis and
surface monitoring techniques. Historically chemical analysis for
radioisotopic concentrations has been utilized for those waste streams,
both solid and liquid, which are amenable to acceptable sampling and
subsequent analysis. Surface monitoring techniques using gas-filled
counters have also been used where the waste form geometry, material, and
level of contamination have been compatable with this type of
instrumentation.

However, to meet future radiological certification needs Y-12 is planning
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Co upgrade existing monitoring facilities, construct new facilities and
procure new equipment. Details of these improvements are given in the
following sections.

TRASH MONITORING STATION 1 IMPROVEMENTS

In 1985, Y-12 initiated the use of a facility designed for measuring
depleted uranium in bulk waste quantities. The purpose of the initial
facility was to obtain radioactive characteristics of a targe portion of
the Y-12 waste stream to allow gross separation of radioactive from
non-radioactive wastes. The TMS 1 facility utilizes two thallium-activated
sodium iodide crystals as gamma scintillation detectors and multichannel
analyzers (MCAs) to detect the 0.765- and the 1.001-MeV gamma rays
associated with protactinium (Pa-234ra), which is an intermediate daughter
product in the decay series uranium-238 (U-238) to uranium-234(U-234). For
each photon absorbed by the crystal a pulse of light is produced whose
intensity is proportional to the characteristic gamma energy of the
particular isotope. These light pulses are focused on a photomultiplier
tube cathode, converted into electron pulses, anplified, and fed into an
MCA. The analyzer passes on those pulses falling into a specified energy
range into a counter/cathode ray tube display for visual observation and
analysis. In addition, the signal from the MCA is fed to a minicomputer
system for signal recording and analysis.

Initial calibration studies with the TMA 1 equipment indicated an excess
and flux of background radiation which significantly impacted the
sensitivity and accuracy of the equipment output. The background
radiation comes from other uranium sources in Y-12 and naturally occurring
radiation. Subsequently two steps were taken to minimize the effect of
background radiation. First, concrete-block walls were constructed to
shield the detectors along the axis of major concern. Second, a third
sodium iodide crystal was installed to continuously monitor the ambient
background gamma radiation levels. Development work had indicated that the
use of the third crystal results in improved lower limits of detection due
to its ability to track significant changes in background gamma radiation
such as those occurring during periods of inclement weather. Prior to
installation of the third crystal background readings were routinely taken
using the main crystals which decreased the amount of time available for
monitoring dumpsters. So installation of the third crystal increased the
facility capacity in addition to improvements to the detection limits.

A calibration curve has been prepared and is used to relate the instrument
signal to the mass of uranium present in the waste. Statistical and
calibration studies have indicated that the lower level of detection is 120
grams for a given unit volume with a plus 70 grams variability for depleted
uranium at the 95 percent confidence level. The concentrations reported
are based on the measurement of a twelve cubic yard volume of uncompacted
trash which has been determined by random sampling to weigh approximately
1200 pounds. The TMS 1 is not equipped with scales, so the trash volumes
are randomly weighed at another facility to determine weight fluctuations.
In order to improve the accuracy of this measurement, future monitoring
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studies and facilities will look for ways to provide real time scait
weights or volume measurements.

As a result of development studies and further investigation, two
additional detector heads are being procured and will be installed to lower
the detection level and maintain the confidence level. Presently the two
existing crystals are aligned along one axis passing through the dumpsters.
The two additional crystals will be aligned along another major axis
passing through the containers and rotated 90 degrees from the present
crystal axis to provide detection with higher confidence levels. The added
detector heads will also afford an opportunity for reducing the length of
time required to monitor the waste which will allow an increase in the
total number of containers which can be monitored per unit of time.

TRASH MONITORING STATION 2

rrt"hile the existing trash monitoring station has served as a valuable
segregation/monitoring tool, and it is anticipated that planned upgrades
will enhance the monitoring capability of the facility, the basic design
and technology of the unit places practical limitations on the lower
detection limit and through-put of the facility. In order to assure that
the segregation and monitoring capability which is required by the LLWDDD
strategy and regulatory restrictions will be available Y-12 is planning to
construct a new bulk waste monitoring facility. This facility will feature
improved technology which should afford detection limits of uranium in bulk
containers consistent with the LLWDDD strategy, and the capacity which will
provide satisfactory confidence in the monitoring results for the entire
waste population at Y-12.

The Trash Monitoring Station 2 (TMS 2) is being planned as a fiscal year
1990 General Plant Project to monitor a variety of waste types of various
densities. The facility will be designed to monitor container sizes up to
a standard 12 cubic yard dumpster receptical. The design team is also
investigating the feasibility of monitoring very large, front-end loading
dumpster vehicles which are used for collecting non-radioactive industrial
trash. This will require that the monitoring chamber be sized to contain a
vehicle which is approximately U0 feet long and 8 feet wide. The
monitoring techniques will incorporate large, solid-plastic scintillant
detectors to obtain the high count rates necessary to measure levels of
radioactivity that are below regulatory concern. The plastics may be
arrayed on all six walls of the waste chamber to obtain nearly 4 pi
geometry. Several large plastic detectors will be installed on each wall.
The waste containers and detectors will be enclosed in a shielded chamber
in order to reduce background radiation. Shielding will consist of
concrete and lead walls, floors and ceilings. One side of the chamber will
include electrically operated doors for ease of loading the waste chamber.

The plastic detectors produce count rates from gross gamma and neutron
emissions and as such are limitrjd in evaluating the source of the
emissions. In order to better evaluate the sources the project will
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include a spectral analysis capability in the form of a portable
high-purity germanium detector. This detector will be attached to a
moveable boom which will allow all sides of the containers to be monitored.
This capability will minimize the distance between the detector and the
sources and will facilitate source location.

The containers will be loaded into the monitor via an electrically operated
trolley system. A section of the track will be fitted with a load cell to
obtain gross weight and facilitate conversion of output to specific
activity units. As with the TMS 1 output will be through MCAs to
minicomputers for data acquisition, intelligent MCA emulation, data
analysis and storage, and to printers for hard copy output.

WASTE CURIE MONITORS

The existing trash monitoring station is not accurate for wastes containing
low uranium concentrations, and while the planned upgrades for that
facility and the follow-on TMS 2 facility will help resolve that deficency,
Y-12 also plans to procure other instrumentaion for monitoring of box and
drum-size waste packages. These instruments, called Waste Curie Monitors
(WCMs), if proven to be viable with Y-12 uranium wastes will be used as a
part of the certification process both by the generator at the point of
generation and by the disposal facility operator to assure proper
certification of the waste.

The WCM, which is relatively common in the nuclear power industry, has
historically been used to detect nano-curie/gram range concentrations of
high energy fission products associated with reactor wastes. Utilizing
this technology for detection of the lower-energy uranium wastes is a new,
but promising adaptation of the capabilities of this equipment.

The WCM is basically a box-type monitor (Figure 1) which uses
solid-plastic, scintillant detectors to obtain rapid, quantitative
measurement of gross gamma emissions. The unit consists of a heavily
shielded box which has a door through which packages of wastes can be
placed within an array of six large plastic detectors. One and a half inch
thick lead shield walls serve to reduce the radiation background, while the
large detector array and k pi detector geomety provide high sensitivity
throughout the sample.

Each of the six large detectors consists of a plastic scintillant coupled
to a photomultiplier which feeds a preamplifier mounted in the tube socket
The detector signals are amplified in each of the six
amplifier/discriminator channels and then sent to the input/output
(counter) section of the WCM computer. The computer calculates various
alarm points and controls the function of the WCM. Output is through an
RS-232 port to a printer (for hard copy) and/or to an IBM PC AT with
hard disk for data storage and manipulation.
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Preliminary tests at a vendor's site have demonstrated sensitivites to
levels of 10-20 pCi/gm, dependant on waste forms, which is an order of
magnitude improvement over the current capabilities at the TMS 1 and is in
the appropriate range for future waste certification needs. In addition,
the instruments can be fitted with a sodium iodide detector for measurement
of concentration levels of added isotopes.

Y-12 has procured two WCMs and over the next several months will use the
instruments for a series of calibration and data collection studies which
will lead to a recommendation about further applications at Y-12. Accurate
calibration of the instruments with a wide variety of major wastes which
will be monitored is a key factor because the specfic activity or total
activity as generated by the WCM is a function of a calibration factor
supplied to the units microprocessor for each specific waste form.
Therefore the calibration factor considers factors including waste density,
self-shielding, contamination location within the waste form, waste form
geometry, packaging, and others. The microprocessor then relates the total
counts (less background radiation which is continuously monitored and
compensated) to the total counts seen when a known source was counted
(calibration) to provide the total activity and specific activity.

Y-12 waste forms which will be used initially for calibration purposes will
include shop trash (blotter paper, floor sweepings, wipes, gloves, etc.) in
30 gallon plastic ^ags, glass and plastic bottles surrounded by absorbent
material in 55 gallon metal drums (lab packs), 55 gallon metal drums filled
with oil, 55 gallon metal drums filled with sludge, 55 gallon metal drums
filled with metal machine turnings, 55 gallon metal drums filled with scrap
metal, and others.

It is probable that waste forms from other Oak Ridge Operation siues,
including ORNL, QRGDP, and the Paducah Gaseous Diffusion Plant, will be
monitored in the Y-12 WCMs to evaluate the instrument's sensitivity with
other waste forms. The results of these tests may lead to the use of WCMs
for certification at other 0R0 s_tes.

CRATED WASTE ASSAY MONITOR

There is a need at Y-12 for the ability to measure quantities of uranium
having assays other than depleted or normal assay. Currently visual and
instrumental screening is used to detect small quantities of enriched
uranium in waste and non-waste packages. As an improvement to the current
system, the plant has obtained an instrumental system designed by Los
Alamos National Laboratory for the purpose of measuring crate-size bulk
fissile wastes.

The instrument (Figure 2), the Crated Waste Assay Monitor (CWAM), obtains
quantitative assays of fissile containing waste by pulsed, thermal-neutron
investigation or it can also use fast-neutron investigation to determine
the amount of depleted uranium present. Neutron assav r^'-^^'inc .-...,i ,,,*,..

793



n
it

a •a
u

71
1)

"a
a

o

I

o

794



active and passive measurements of thermal and fast neutrons. Passive
measurements may only be made of radionuclides undergoing spontaneous
fission. Since the thermal neutron count detectable in passive neutron
assay is on the order of 5 neutrons/minute/gram of waste, passive neutron
assay techniques may require long counting times. In active neutron assay,
the waste is interrogated (bombarded) with fast neutrons that produce
fissions in the sample. Potential neutron sources include PuBe, Cf-254, or
the Zetatron, in which fast neutrons are produced by accelerating
tritium/deuterium molecules into a deuterium target resulting in the
release of a fast neutron from the tritium. A ten curie tritium neutron
source with a neutron flux of 10 neutron/cm2/second is the interrogator
used in the CWAM package. The neutrons released from the fission events
(spontaneous or induced) are the basis of the resultant display printout.
Active assay measurements are sensitive to fissile isotopes such as U-235
and Pu-239. Neutron signatures obtained by selectively shielding detectors
with a neutron absorber such as cadmium can be used to determine isotopic
abundances.

Neutrons are detected in the CWAM using tritium gas proportional counter
tubes. The detectors employ an exoergic nuclear reaction to produce
charged particles in the chamber gas. The production of charged particles
in the chamber gas is essential for neutron detection. The waste sample is
placed in the cadmium lined chamber, surrounded by detectors on all six
sides. The cadmium lining prevents external thermal neutrons from entering
the counting chamber. When a particular radionuclide fissions, the energy
spectrum is unique for that radionuclide. Since the detectors cannot
directly differentiate between fast and thermal neutrons, some detectors
are shielded with cadmium so that isotopic signatures can be obtained from
the fast to thermal neutron ratio. This signature and measurements such as
the time between the interrogation pulse and the fission neutron flux can
identify particular isotopes.

SUMMARY

New certification methods will be needed to certify low-level radioactive
waste generated by the Y-12 Plant due to more stringent acceptance criteria
for disposal operations. Y-12 plans to institute a certification and
characterization process with four levels which must be met. The levels
will include verification of no liquids, hazardousness, waste type and
radiological content.

To assist with the radiological determination the plant will take samples
and perform chemical analysis on those waste forms which are amenable to
sampling. The plant is also investigating the suitability of other
radiological certification equipment including:

1. TMS 1 will use sodium iodide detectors to certify gross
depleted uranium contamination in twelve cubic yard
containers.

795



2. TMS 2 will be the next generation of bulk monitoring
facility and will use plastic scintillation detectors for
improved detectability.

3. WCMs utilizing plastic scintillation detectors will be used by the
generator and the disposal facility operator to certify small
packages.

4. A CWAM will be used to certify quantities of depleted and
enriched uranium.
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ABSTRACT

The Radioactive Waste Management Project (RWMP) at the Nevada Test Site
(NTS) was recently granted interim status by the state of Nevada to
receive mixed waste (MW). The RCRA Part B permit application has been
revised and submitted to the state. Preliminary indications are that the
permit will be granted. In conjunction with revision of the Part B
Permit application, pertinent DOE guidelines governing waste acceptance
criteria (WAC) and waste characterization were also revised. The
guidelines balance the need for full characterization of hazardous
constituents with as low as reasonably achievable (ALARA) precepts.
Because it is not always feasible to obtain a full chemical analysis
without undue or unnecessary radiological exposure of personnel, process
knowledge is considered an acceptable method of waste characterization.
A balance of administrative controls and verification procedures, as well
as careful documentation and high standards of quality assurance, are
essential to the characterization and certification program developed for
the NTS.

INTRODUCTION

In 1985, a Part B Permit application for development of a MW disposal
site at the NTS was submitted by the U.S. Department of Energy/Nevada
Operations Office (DOE/NV). The proposed MW facility would be located at
the Area 5 Radioactive Waste Management Site (RWMS) and operated by
Reynolds Electrical & Engineering Co., Inc. Defense Waste Management
Department (DWMO) personnel. Interim status was granted by the state of
Nevada in September 1987, and a revised Part 8 Permit application was
submitted in September 1988. The first shipments of MW to the NTS are
anticipated to begin arriving in early FY 1989.

One of the tasks facing DWMD personnel was development of MW acceptance
criteria, as well as certification and characterization requirements.
This paper explains the NTS waste certification and characterization
program which attempts to balance the requirement to maintain ALARA
radiation exposures, and attain complete waste characterization.

1.0 BACKGROUND

The RWMS was first developed in 1961 to dispose of radioactive low-level
wastes (LLW) generated onsite as a result of the weapons testing program.
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In 1978, operations were expanded to include disposal of LLW generated at
offsite DOE installations. Department of Defense (DOD) wastes are also
accepted on a case-by-case basis. To date, over 6.5 million cubic feet
of LLW have been disposed of at the RWMS.

The RWMS is located in Area 5 of the NTS, approximately 75 miles north of
Las Vegas. The climate is arid, with about five to six inches of annual
precipitation. The water table is located approximately 800 feet below
land surface, and travel times to groundwater have been modeled to be
over 100,000 years. Low-level radioactive waste is disposed in trenches
and pits using conventional shallow land disposal (SLD) technology.
Mixed waste disposal operations, as described in the Part B Permit
application, also will use SLD. Currently, an open pit, Pit 3, has
interim status for disposal of MW. Disposal of LLW in this pit has
ceased, reserving the remainder of the capacity for MW.

The DWMD also operates a bulk waste disposal facility in Area 3, used
mainly for consolidation of wastes generated by aboveground nuclear
weapons testing in the 1950s and early 1960s. Transuranic (TRU) wastes
are retrievably stored at Area 5 pending shipment to the Waste Isolation
Pilot Plant (WIPP) in Carlsbad, New Mexico. The DWMD also has a greater
confinement disposal (GCD) operation available for wastes which are not
suited to SLD (such as high-specific-activity wastes).

2.0 REGULATIONS AND GUIDELINES

The cornerstone of the MW characterization and certification
requirements is DOE/NV NVO-185, Nevada Test Site Defense Waste Accep-
tance Criteria and Certification Requirements. Revision 5 of this
document (currently awaiting DOE/NV approval) will provide waste
generators with specific waste acceptance and certification requirements
for mixed, low-level, and TRU waste. Those requirements ensure that
radioactive waste, accepted for disposal or storage at NTS, is in
compliance with the U.S. Environmental Protection Agency (EPA) Resource
Conservation and Recovery Act (RCRA), draft DOE Order 5820.2A,
"Radioactive Waste Management/ and other DOE Orders, as deemed
necessary. Packaging requirements, to ensure compliance with U.S.
Department of Transportation (DOT) regulations, are also included in NVO-
185.

Characterization and certification requirements, as well as WAC, are
included in the Waste Analysis Plan section of the NTS RCRA Part B Permit
application. Those requirements, along with the unique hydrogeologic
environment at NTS, are the cornerstone of the DOE/NV waste management
philosophy. U.S. Department of Energy/Nevada Operations Office personnel
have been working closely with the state of Nevada on the MW issue.
Preliminary indications are that the state is considering the NTS request
for exemptions from groundwater monitoring, trench liners, and leachate
collection. However, because the Part 8 Permit application was submitted
recently, it is unknown if the application will be approved without
modification.
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3.0 WASTE CERTIFICATION AND CHARACTERIZATION PROGRAM

The approach taken by the RWMP places the burden of characterization and
certification on the generator. Extensive onsite technical reviews of
the generator's characterization and certification program will be
conducted to ensure compliance with NTS requirements. A waste
examination building with real-time radiography, assay, and package
breaching capabilities is being developed at NTS. A chemical laboratory
is being upgraded to provide for analysis of hazardous constituents in
MW. Examination and analysis will be used for verification of generator
waste analysis and certification programs; however, the burden of proving
compliance with NTS criteria is still the responsibility of the waste
generator.

3.1 Waste Acceptance Criteria

A limited range of MW will be accepted at the RWMS as restricted by the
NTS WAC, which are summarized below.

1. Waste must not contain free liquids. Waste containing liquids must
be solidified so that there is no free liquid during packaging,
handling, transport, and disposal. Ion exchange resins must be
det tered and solidified tc be considered as a solid waste. Liquid
waste solidified by the urea-formaldehyde process is not accepted.

2. Fine particulate wastes must be immobilized so that the waste package
contains no more than one weight percent of less-than-10-micrometer-
diameter, or 15 weight percent of less-than-20-micrometer-diameter
particles with radioactive contamination.

3. Radioactive gases must be stabilized or absorbed in charcoal.
Compressed gases, including unpunctured aerosol cans, are not
accepted for disposal.

4. Mixed waste concentrations must be less than those regulated under
40 CFR 268 Land Ban limits, unless waste is treated as specified
under 40 CFR 268 (Subpart D).

5. Wastes that, if combined, could cause adverse chemical reactions
(excessive heat, fire, explosion, toxic gases, or fumes) must not be
combined in individual containers or be shipped together.

6. Where possible, waste shall be treated to reduce volume and provide a
more stable waste form.

7. The following wastes are not accepted for disposal at NTS.

a. Cyanide- and sulfide-bearing wastes, in concentrations greater
than ten percent by weight as CN- or S-, because of the chance of
toxic fume generation if even mildly acidic conditions are
encountered.
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b. Explosives, pyrophoric materials, or high-heat generators.

c. No materials with a PCB concentration greater than that accepted
at municipal disposal facilities (under 40 CFR 761 Subpart Q].

d. Pathogens, infectious wastes, or biological wastes.

e. F020, F021, F022, F023, F026, FO27, or F028 wastes, unless
treated to meet the treatment standards in 40 CFR 268.41.

f. Wastes containing chelating and/or complexing agents greater than
one percent by weight, without undergoing special review and
approval by the DOE/NV Manager and state of Nevada.

g. Bulk MW. Bulk waste must be compacted and packaged before
shipment to the NTS.

8. Wastes must be placed in DOT approved containers and meet the NTS-
specific package criteria of NVO-185. All shipping, handling, and
manifesting must be in accordance with DOT and EPA regulations.

9. Reactive or ignitable waste that has not been treated, rendered, or
mixed in accordance with 40 CFR 265.312, will be reviewed for
acceptance. If accepted for disposal, incompatible waste must be
identified by the most appropriate compatibility group listed in 40
CFR 265, Appendix V. Waste can only be treated according to EPA-
approved methods.

3.2 Waste Certification Program

Waste generators must characterize and provide written certification
that all wastes meet the prescribed WAC. Technical audits and
inspections of the generators are performed to ensure that the
certification programs comply with all WAC and applicable regulations.
The objectives of certifying waste prior to acceptance at NTS is to
ensure that the waste received matches the identity of the waste
described on the accompanying shipping papers to meet the requirements of
40 CFR 264.13.

The first element of the NTS certification program is the generator
application to ship waste. This application includes general information
such as generator name and address, EPA identification number, justifica-
tion for shipment to NTS, packaging and shipping information, and a
three-year forecast of expected waste volumes. The application must
include a Waste Certification Program Plan (WCPP) which identifies items
and activities for waste processing, treatment (if applicable),
packaging, certifying, and shipping. The WCPP describes the measures the
generator will take to assure that MW shipped to NTS meets NVO-185
requirements. The generator must also submit detailed waste
characterization information identifying both chemical and radiological
hazards associated with MW in order to assure safe disposal at the RWMS.
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Detailed characterization data to be provided by the generator includes:

1. the number and location of samples collected;

2. the frequency of sample collection and analysis;

3. documentation that the number, location, and frequency of sample
collection meets EPA requirements for collection of representative
samples;

4. the methodology for collecting waste samples, and documentation that
the sample collection methodology is appropriate for the type of
waste being sampled, is an EPA-approved method, and will produce a
representative sample;

5. a description of sample containers and labels, sample preservation
procedures, and sample handling and transportation procedures;

6. a list of the laboratory analyses to be performed for each sample,
analysis methods to be used, laboratory quality control procedures;
and

7. results and interpretation of the laboratory analysis data.

Characterization activities focus on balancing the requirements for
definitive chemical and physical characterization of materials containing
both hazardous and radioactive constituents. There ^re circumstances
where sampling and analysis are not feasible for waste characterization.
Under these circumstances, techniques that rely primarily on knowledge of
raw materials, processes, and materials balance are employed to
characterize the wastes. Process knowledge is considered an acceptable
characterization technique when at least one of the following conditions
are met.

1. The waste stream is difficult to sample because of physical form.
This primarily applies to pieces of metal, such as lead shielding,
that contain hazardous constituents in their composition rather than
as a residue that could be removed for testing.

2. Sampling and analysis of waste stream could result in unacceptable
risks of radiation exposure (i.e., violate the ALARA precept of the
DOE).

3. Waste is too variable to be characterized by one set of samples,
such as drums containing protective clothing, rags, and absorbent.

Where sampling is not feasible, the generator may prepare a detailed
description, including concentration ranges for constituents of concern,
of input streams to the processes that generate the waste, as well as a
description of the waste generation process and any subsequent treatment
and handling activities that affect the waste's chemical and physical

803



characteristics. The generator must submit information and
documentation sufficient to demonstrate compliance with NVO-185 WAC.

The second element of the waste certification process is the technical
audit. A technical audit team, made up of DOE/NV and DWMO representa-
tives, visits the generator site to audit generator implementation of
their WCPP. It is required that the generator's WCPP be fully auditable
with documentation supporting all phases of waste characterization,
certification, packaging, and shipping. Unannounced surveillances and
inspections of the generator facility may be performed at the discretion
of DOE/NV, and verification sampling may be requested to ensure generator
compliance with WAC. In addition, DOE/NV may also require that the
generator supply representative samples for independent analysis. Prior
to shipment, the generator is required to affix a certification statement
to each package, certifying that the wastes contained in that package
meet NVO-185 WAC.

The technical audit process is considered vital to the process of waste
certification. High standards of quality assurance and thorough
documentation are expected of the generator to ensure compliance with
WAC, DOE Orders, and Nuclear Regulatory Commission (NRC) and EPA
regulations. The certification program balances administrative controls,
such as the technical audit, and verification procedures to obtain a high
degree of certainty. As low as reasonably achievable precepts are taken
into consideration by the certification program through the use of
process knowledge to characterize waste.

No facility exists at present for breaching packages to perform
verification; however, DOE/NV reserves the right to require verification
by an independent laboratory. There are a limited number of laboratories
which accept MW for analysis. Limits on radioactivity in HW samples are
set on a case-by-case basis depending upon the potential radiation
exposure and the nature of the chemical analysis required.

Waste examination capability is under development at NTS and an onsite
laboratory is available for chemical analyses. To date, the laboratory
has not been used for MW analysis. The laboratory is currently in the
process of developing standards and procedures delineating acceptable
levels of radiation. Should the OWMD wish to verify a generator's
analysis for a waste stream which exceeds the laboratory's acceptable
radiation levels, the sample will be sent to an outside laboratory if
possible. In cases where there is no independent laboratory willing to
perform required analyses, process knowledge will be the basis for
determining whether a given waste stream meets the NTS WAC.

4.0 SUMMARY

The DOE/NV is implementing a stringent waste certification program at the
NTS for all generators intending to ship MW. The program ensures all
waste disposed at the NTS meets DOE/NV WAC and EPA waste analysis
requirements. Verified process knowledge is an acceptable alternative to
laboratory analysis in cases where the radioactivity of the MW limits the
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analysis which can be performed on the waste. The WAC and the hydro-
geological setting of the NTS provide the basis for the proposed Mixed
Waste Management Unit design and requests for exemptions from the use of
cell liners and groundwater monitoring.
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ABSTRACT

This paper discusses institutional waste minimization options and
methods as a way of involving all levels of management in waste
minimization at federal facilities. With the passage of the
Resource Conservation and Recovery Act (RCRA) and the subsequent
Hazardous and Solid Waste Amendments (HSVA) of 1984, waste
minimization programs at federal facilities have become necessary as
well as practical, with regulatory as well as economic requirements
driving the need. Federal facility managers are developing and
implementing waste minimization programs that they feel are
compatible with their operations. Some managers rely on technical
solutions while others search for reductions through institutional
programs. The best programs combine institutional minimization
options with technical options and involve all levels of personnel
in the implementation. Program involvement increases with
education, incentives and implementation of initial technical
options.

INTRODUCTION

It is estimated that approximately 300 million metric tons of
hazardous waste are generated in the United States every year. Of
this total, approximately 30 million tons are disposed of in
landfills. This disposal practice has resulted in contaminated
groundwater which poses actual and perceived threats to human health
and the environment. The public concern this has generated has
resulted in the passage of environmental legislation such as RCRA in
1976 and HSWA in 1984. HSWA established, as a part of its
requirements, a national goal for minimizing hazardous waste
generation.

The federal government, as part of the regulated community, is in
the process of implementing waste minimization programs. Each
department in the executive branch is responsible for developing its
own waste minimization program. The Department of Defense (DoD) is
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the federal government's largest single hazardous waste generator.
DoD has set a general policy that each component service will
implement a hazardous waste minimization program, that a 50%
reduction in the amount of waste generated in 1985 will be achieved
by December 31, 1992, and that program implementation costs may be
funded under the Defense Environmental Restoration Account (DERA).

Waste minimization has been defined by the U.S. Environmental
Protection Agency (EPA) as the reduction to the extent feasible of
any solid or hazardous waste that is generated or subsequently
treated, stored or disposed. Many government agencies have viewed
waste minimization as a reduction in the amount or toxicity of
hazardous waste previously generated either by reuse, recycling, or
treatment. True waste minimization is a systems function which
reduces waste generation throughout a process. Minimization is an
operable strategy from the introduction of a hazardous material to a
process through its use in the process to its eventual disposal.
This cradle-to-grave approach is coming to be viewed as essential
for meaningful waste minimization.

The total systems approach implies two distinct types of approaches
to waste minimization. The first approach is a technical or
production approach and involves system operation. Commonly thought
of minimization techniques such as segregation, substitution,
treatment, recycling, equipment changes, and operating procedures
fall into this category. Just as important but often not as well
known or understood, is the institutional approach. This approach
often involves organizational and management programs which can be
used to further the desired goals. These programs produce a climate
within an agency or facility conducive to waste minimization. These
institutional programs require the involvement of all levels of the
organization in order to effectively integrate waste minimization.
The observations and recommendations in this paper are the result of
waste minimization projects conducted at a multitude of Air Force
and Naval facilities. These facilities have had only token formal
waste minimization programs that have not effectively used the local
talent available to reduce waste generations. The institutional
ideas presented in this paper can help harness that talent pool and
improve waste minimization efforts at federal facilities.

INSTITUTIONAL REQUIREMENTS FOR EFFECTIVE WASTE MINIMIZATION

Waste minimization through implementation of institutional
approaches requires involvement of all levels of management from the
facility manager (commander) to the process operator. Without the
direction and impetus from the top and the interest and involvement
from below, waste minimization will not work.
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Upper management must set realistic goals, develop a tracking and
reporting system, create program evaluation criteria and require
periodic and frequent status reporting. To manage this type of
progrfixn, a facility manager must understand the basic concepts of
waste minimization and be able to articulate those concepts to his
or her subordinates. Ke or she must create a specific "chain of
command" with one organization or office having primary
responsibility to manage and report.

A minimization program must have a single designated office of
primary responsibility (OPR). Multiple offices of authority create
diluted accountability, duplication of effort and bureaucratic
inertia. Funding for waste minimization becomes more difficult to
justify and administer when there are duplicate or parallel chains
of command. Organization jealousies can interfere with program
goals. A single OPR gives a commander "a single button to push."

INSTITUTIONAL IMPEDIMENTS TO WASTE MINIMIZATION

There are numerous institutional impediments to a successful waste
minimization program in federal agencies. Foremost of these
impediments is the single-year appropriation and allocation system
which is contrary in concept to effective long-term cost management.
Large equipment capital expenditures are difficult to spread over
multiple years, while construction is normally a five-year exercise.
Added to this is the difficulty in justifying expenditures for an
environmental program which is sometimes mistakenly viewed as
discretionary. The increasing costs of disposal added to the
potential savings in feedstocks make waste minimization very cost
effective, but this benefit is still not widely recognized by
facility management. Paybacks in as little as several months are
often obtainable. Waste minimization can be thought of and
justified as an economic program which can have significant positive
environmental impacts and real regulatory compliance benefits.
Process cost savings can be significant. Simple procedural changes
such as substitution, treatment and equipment modernization can
often be justified with a simple cost-benefit analysis.

Another economic incentive of waste minimization which is yet to be
fully appreciated is the decreased liability associated with land
disposal of hazardous waste. This incentive is difficult to
quantify but the costs to the federal government in responding to
the Comprehensive Environmental Response Compensation and Liability
Act (CERCLA), Superfund Amendments and Reauthorization Act (SARA)
and RCRA have been significant and are continually rising as
long-term liability costs continue to escalate. Long-term liability
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becomes a major cost when secure landfills fail (as has been seen in
California). Under those circumstances, depositors of waste bear
the burden of cleanup.

A special account, DERA, has been created within DoD to finance
environmental restoration. It is now DoD policy that limited DERA
funds can be used for waste minimization programs. This funding is,
at present, limited, as CERCLA/SARA cleanup projects tend to preempt
most of the available funds.

Although it is difficult to draw broad generalizations, we have
noticed what seem to be patterns in the distribution of attitudes
about waste minimization. Facility managers, branch chiefs, and
section chiefs (basically, upper levels of management) tend to
support changes associated with waste minimization, while shop
foremen and workers (those most directly associated with process or
shop mission) tend to be more resistant. The latter levels of
organizations can sometimes perceive the changes associated with
waste minimization as being in direct conflict with job and
productivity standards by which they are evaluated. Often, the only
effective solution to this problem is to rewrite performance
evaluation criteria to incorporate waste minimization activities.

Another institutional impediment to effective waste minimization is
the requirement for standardization of practices. This requirement
is based on the need to insure that equipment is operated and
maintained in a manner that is conducive to system reliability and
serviceability. Stringent maintenance procedures have been adopted
based on these criteria, but they often do not consider the
environmental impact of the quantity or toxicity of the waste
generated. Added to this problem is the length of time and
difficulty of changing the procedures. Technical orders (TOs)
specify use of twenty-year-old technology such as the aircraft
coating requirements seen at Air Force bases. Modern coating
systems such as water-borne acrylics and high-solids urathanes are
seldom incorporated into currently accepted procedures. Airless,
air assisted or electrostatic spraying equipment is usually not
used. Outdated TO requirements are pervasive and will require
service-wide commitments from the maintenance, supply and
environmental functional areas. Use of waste reduction technologies
will take a total commitment and several years to implement.

A final significant impediment to effective waste minimization is
the lack of understanding of what constitutes true waste
minimization. Facility managers often view waste minimization as an
"end-of-the-pipeline" program; something to be done to the waste to
reuse it, reduce the volume or reduce the toxicity. Management
sometimes fails to realize that the best approach is not to generate
the waste in the first place. Process changes and controls can be
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instituted which limit or eliminate the generation of hazardous
waste. Institutional controls can be placed on the usage of
hazardous materials and on the generation of hazardous waste and are
discussed below.

INSTITUTIONAL PROGRAMS FOR WASTE MINIMIZATION

There are numerous institutional approaches or incentives which can
be incorporated into a waste minimization program. These approaches
will reduce disposal costs by decreasing volume and toxicity,
decrease the cost of feedstock by increasing feedstock life and
decrease operating costs by improving process efficiency. Added
benefits include increased worker safety, reduced potential
liability and improved public relations. The following
institutional approaches all have one or more of the above listed
benefits.

GOAL SETTING

A waste minimization program is meaningless without performance
goals. In order to establish a realistic performance goal, a
baseline must be established on which the performance goal is
measured. A complete waste stream analysis based on the
requirements of the Combined Federal Regulations (CFRs) should be
accomplished. Establishing a baseline for waste minimization is
difficult and requires a thorough knowledge of RCRA regulations
40 CFR 260 through 40 CFR 271. This can be done as part of a waste
minimization effort, an environmental audit, or a waste management
plan development effort. All waste streams must be identified along
with the quantity of waste generated. Experience with waste
minimization studies at Air Force bases shows that waste-stream
identification and baseline quantifications are difficult.

DoD has established goals for the three armed services. This goal
is a 50% reduction of hazardous waste generated by December 31,
1992, based on a 1985 calendar-year baseline.

Waste reduction audits conducted at three Air Force bases showed
that the 1985 baseline is unrealistic. The baseline is based upon
manifest and Defense Redistribution Marketing Office data and does
not reflect numerous previously unidentified waste streams. With
the identification of these waste streams during the audit and a
subsequent environmental compliance audit, the generation rate went
up even with significant waste reduction measures implemented.
Baseline values are critical to goals and the measurement of success
of the program.
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Once realistic goals are established by the facility commander, a
reporting system under the OPR's stewardship should be developed.
This reporting system must measure performance of individual
processes vs established goals. Periodic reporting of the
performance of individual process through OPR to the facility
manager is essential to the progran.

SUPPLY SYSTEM CHANGES

The first point at which a hazardous material is introduced to a
facility is through a supply organization. This organization is
responsible for the purchase, procurement and delivery of items
necessary for the facility to perform its assigned mission. Supply
can be used as a control point to limit the amount of hazardous
material brought to a facility. Obviously the amount of hazardous
material brought to a facility will have a direct relationship to
the amount of hazardous waste generated, as this is the front end of
the pipeline.

The most general supply-related issues affecting waste minimization
are shelf-life exceedance and minimum-quantity ordering. Shelf-life
exceedance occurs when: (1) materials arrive at the on-base supply
center with little of their effective shelf life remaining, a result
of long delays in the service-level supply chain; and (2) the
algorithms used to forecast demand levels are not appropriate or
sensitive enough resulting in excess ordering of items. The supply
system delay problem requires command- or service-level action, and
it not easily dealt with at the installation. The installation can,
however, have some effect on the application of demand forecast
algorithms. Minimum-quantity ordering problems arise from
situations of two types. First, the user may need only a small
quantity (e.g., a pint), but the only issuable quantity from supply
may be much larger (e.g., 5 gal). The pint is used, the rest of the
material is disposed of as hazardous waste. Second, the user may
need a small quantity; but, to provide himself with "insurance"
against a supply system that is perceived as uncertain, will order a
much larger quantity. The first of these two problems requires both
base- and command-level actions while the second can be effectively
dealt with at the installation by education and training of users.

Air Force bases have initiated some measure of control through the
M-15 supply report. This report, generated by base supply, is a
listing of all items procured through supply that have been deemed
hazardous under Occupational Safety and Health Administration (OSHA)
rules by the base environmental engineer (BEE). The supply function
notifies BEE prior to issue whenever it receives an order which BEE
has previously judged to be acutely hazardous (Item Exception [IEX]
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Code 9). Less hazardous materials (IEX Code 8) are issued with the
BEE receiving a copy of the invoice. Since the BEE function is
primarily one of industrial hygiene, he is concerned about the
health effects of naterial on workers, not the anount of waste which
may be eventually generated. This gap in the system could be
corrected with a review by a separate authority concerned with waste
management of all IEX Code 8 and 9 items. He would determine the
necessity of the material and the volume used. Another gap in the
system is the lack of review prior to the hazardous material
arriving at the facility. Some individual Air Force base supply
systems are currently developing procedures to track and evaluate
purchase requests for hazardous material. This review will allow
for better tracking of usage, and will provide an opportunity for
material substitution and identification of excess ordering
practices.

SURCHARGE

Surcharging or taxing systems are based on the premise that the
generator must pay for waste disposal; a surcharge or tax is levied
on a material at the time of ordering. This surcharge can be a
fixed percentage of cost, a floating percentage based on toxicity,
some other measure of potential hazard or an anount based on the
disposal cost of that item. The surcharge collected would come from
the user and be placed in a fund to defray the cost of disposal.
Any monies collected in excess of disposal costs can be used to
improve the facility's hazardous waste management program. The
surcharge is a relatively popular concept because it places the
burden of disposal on the user/genarator. It also encourages waste
reduction by the user in that ic costs significantly more to use a
hazardous material. For instance, the price of a methylene
chloride/chromic acid stripper would triple if disposal costs are
factored into the user's purchase price. There is an obvious
incentive to use less stripper or to find a substitute with
substantially lower disposal costs. Administrative costs can also
be added to the surcharge cost to create a self-funding program. A
surcharge, while attractive, requires cooperation from the facility
supply, comptroller, environmental function and command.

TRAINING

Training can be used to implement and improve waste minimization.
Waste minimization training for facility managers, foremen and
process operators is a first step. Familiarizing personnel with
waste minimization techniques and procedures will enable them to
evaluate their operations and implement rudimentary waste
minimization options. Waste minimization training can be
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Incorporated into basic training in technical areas dealing with
hazardous materials. For instance, military corrosion control
specialists should receive initial technician training in the health
effects of the connon chemical they use, protective measures,
handling requirements, disposal requirements and potential waste
reduction techniques. Once informed, many will actively pursue
minimization goals.

INCENTIVE PROGRAMS

Because waste minimization is primarily driven by economic vs
regulatory considerations, incentive programs which reward
individuals for saving money are very compatible with the program.
If an employee conceives of a cost-savings waste minimization
option, the facility can provide a percentage of the saved amount to
the suggester. This form of program encourages employee involvement
in waste minimization, as an employee is auch more likely to
research and develop a waste minimization option if he or she sees
the prospect of monetary reward. A few substantial awards will
encourage involvement and provide a publicity source to further
publicize the program.

PUBLICITY

Publicity and informational programs can be implemented at a
facility. Some facilities have public affairs officers who can be
used to publicize a waste minimization program. Facility
newspapers, bulletins, and bulletin boards can all be used. In
addition, periodic commander's briefings, staff meetings, and
environmental committee meetings can all be used to publicize and
report on local waste minimization efforts. Commander/manager
involvement is essential to an effective publicity program.

PUNITIVE PROGRAMS

There are several punitive institutional approaches which can be
used to encourage waste minimization. These approaches are aimed at
making hazardous waste generation burdensome to the generator.

Rationing can be used to control the amount of hazardous material
entering a facility, but rationing is a viable option only when
there are obvious wholesale inefficiencies in a process. Rationing
can be implemented during the ordering or issuing process. Several
rationing approaches are possible: the first is an across-the-board
percentage cut; another is a percentage cut based on previous usage
rates; and the third is an individual process-specific reduction



based on an independent process evaluation. All forms of rationing
would require controls and policing actions along with penalties for
noncompliance. Rationing systems by their very nature are
considered negative and invite cheating. For this reason, a
rationing system is very difficult to justify to a facility manager.
The administrative controls are burdensome while the benefits are
not always justified. The general consensus of facility managers
interviewed was that their hazardous waste problems did not justify
the extreme of a rationing option.

The other punitive actions or programs include reporting programs,
funding penalties and increased documentation. Reporting procedures
to higher authority justifying generation requires time and effort
on the part of the generator as well as highlighting a "problem" to
a superior. The EPA and state imposed manifesting systems have this
effect even though the primary intent is a tracking system for
liability purposes. Funding limitation based on waste generation is
also a possible option. Funding penalties based on generation
rates, toxicity and/or disposal costs can be imposed by the facility
manager. Penalties would have to be balanced against mission needs
and requirements. A final punitive measure could be increasing the
documentation requirements for the use of hazardous materials.
Logs, supply documentation, and tracking can all be required to make
it a burden on the user to generate hazardous waste.

COHCUJSIOH

Waste minimization must be accomplished using a total systems
approach; an entire facility oust be evaluated to reduce waste
generation. This systems approach includes evaluating both
technical and institutional options. Institutional programs which
can have a pronounced positive effect on waste minimization include
goal setting, supply system changes, reporting systems surcharge
programs, training, incentive programs, publicity and punitive
programs. Institutional options should be part of any waste
minimization evaluation.
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Two silos, designated as K-65, at the Feed Materials Production Center,
Fernald, Ohio, contain from 1600 to 3800 curies of radium dispersed
in sludges from the early days of uranium ore processing. Above the
sludge bed in each silo, the confined air space has been found to contain
up to 37 curies of radon in equilibrium with the radium-bearing material
below. Preparations are now being made for treatment, stabilization,
and disposal of these sludges. In this connection, it is necessary
to open access ports occasionally to the atmosphere. To minimize releases
of radon and to provide a significant reduction in personnel exposure,
a radon adsorption system was designed and installed. It operates by
pulling air from one side of the silo head-space, drawing it through
calcium sulfate drying columns, then through activated carbon absorbers,
and finally discharging it back into the opposite side of the silo. The
circulation of the air is continued until the desired reduction in radon
is achieved. Field experience with this system proved its effectiveness
and established that it could be re-used after the initial charge of
absorbed radon had decayed. It is believed that this is the largest
scale application of adsorption of radon ever attempted.

•Operated for the U.S. Departnient of Energy by Westinghouse Materials
Company of Ohio under Contract No. DE-AC05-860R021600
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INTRODUCTION

The Feed Materials Production Center (FMPC) is a 1050 acre site near
Fernald, Ohio which is operated by Westinghouse Materials Company of
Ohio (WMCO) for the U.S. Department of Energy (DOE), as administered
through the DOE Oak Ridge Operations Office. The site has been in existence
as a uranium processing facility since the early 1950's. While many
operations, including the processing of uranium ore concentrates, have
been carried out it\ the past, current operations are limited to various
chemical and metallurgical processess for production reactors at other
DOE locations. Uranium ore is no longer processed here.

Dating back to the original uses of the site, there are waste storage
facilities consisting of pits, silos, tanks, and disposal areas. Two
of these storage facilities are the K-65 Silos (1 and 2), which contain
radium-bearing residues from early production activities, but to which
no new materials have been added for over 20 years. Since they are
rich in radium, the radon emmissions are a present concern. This paper
outlines a successful radon removal method which was employed to reduce
radon levels when it has been necessary to modify access ports under
containment or to work for extended periods of time on the silo domes
themselves.

K-65 SILO DETAILS

The two K-65 Silos were constructed in 1951 and 1952. They are 80 feet
in diameter and have 27 foot side walls topped with a 9 foot high dome.
The 8 inch thick concrete cylindrical walls were post-tensioned reinforced
with wire and covered by an 0.75 inch gunite coating. The 4 inch thick
concrete dome roof is reinforced with wire mesh. The K-65 Silos were
filled with radioactive residues in slurry form beginning in 1952 and
ending in 1958. The waste material was allowed to settle in the silos
and the water decanted through a series of regularly spaced decant valves.
The majority of the waste residues came from the processing of Belgian
Congo and Australian uranium ores, conducted primarily at the Mallinckrodt
Chemical Works near St. Louis and the FMPC refinery. The estimated
weight of the waste residues stored in the K-65 Silos is 9,500 tons.
Further details of the silos and their contents are to be found in Reference 6.

EXTERNAL FOAM APPLICATION

An exterior foam application was conducted in late November and early
December, 1987. The foaming consisted of applying a 3 inch layer of
rigid polyurethane foam to the outer dome surface and a 1.5 inch layer
to the dome cap. This was followed by a 45 mil waterproof, ultraviolet
resistant, urethane finish coating. The rigid polyurethane foam material
has been independently tested to have a radon diffusion coefficient
of approximately 4.0 x 10~6 cm^/sec (5), and should, therefore, reduce
radon emissions. However, the foam was necessarily applied by hand-operated
equipment, so the first usage of the installed radon absorption system
was to support reduced radiation exposure during this activity.



DESCRIPTION OF THE RADON REMOVAL SYSTEM

The radon treatment system was designed to use the best available technology
and to be capable of safely removing accumulated and continuously generated
radon gas within the K-65 silos. Primary components included carbon
beds, dehumidification beds, and a fan for circulation.

Research had been carried out to determine the most effective method
for removing the radon gas from the air space of the silos. Literature
data on radon removal from air spaces tended to support carbon adsorption
as being the most effective.

The desired process rate was achieved by operation of two canisters
in parallel. The design allowed processing to be carried out until
inlet and outlet radon concentrations indicated carbon capacity was
being approached. Flow could then be diverted through additional canisters
in sequence during the air recirculation operation to achieve required
reduction of radon. Four trains of carbon beds were provided to achieve
required adsorption capacity.

Radon adsorption onto the carbon beds is much more efficient when the
air moisture content is low. Thus, dehumidification was provided by
circulation of the contaminated air through 2 drums (500 cfm/drum) containing
calcium sulfate capable of reducing the moisture level. The amount of
calcium sulfate required (4000 lbs) was based on the assumption that
the relative humidity of the air in each silo was 100 percent at 40 degrees F.

A fan was used to draw gas from the silos through the dehumidifiers
and carbon adsorption beds. It was located downstream of the process
to reduce the possibility of untreated air escaping the closed system.
Exhaust from the fan returned to the silos as treated air. Figure 1
illustrates the basic components of the radon treatment system.

The radon treatment system was originally designed for a one-time use
for each K-65 silo. This design assumed a system airflow of 1,000 ft-fymin.,
an initial radon curie content in the air space above the residues of
37 Ci and a one-time, 10-volume turnover for each silo. It was estimated
that at least 0.4 Ci of radon would remain in the silos after treatment
because of continual generation of radon.

The controlling criterion for the radon system operation was based on
the gamma radiation exposure rates at the silo dome surfaces rather
than the radon concentration within the silos. Although the dome surface
exposure rate is proportional to the radon concentration within the
silo, accurate results can be obtained in less time by measuring the
dome surface exposure rates. The specific objective for the operation
of the radon treatment system was the reduction of the silo dome surface
radiation dose rate to less than 100 mrem/hr. Specific data concerning
the efficiency of the radon treatment in reducing silo radiation levels
are detailed below.
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K-65 RADON TREATMENT SYSTEM
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CONSTRUCTION

The construction of the radon treatment system was initiated October 5, 1987
and was completed on November 17, 1987. The major phases of construction
involved the following: construction of the treatment building and
installation of the 2 calcium sulfate drier canisters, 8 charcoal adsorption
canisters, and 2 fan units; erection of the 32-inch thick concrete block
radiation shielding wall around the treatment building; connection of
the system transfer piping; and changeout of the flanges on the silo
domes.

The most crucial phase of the construction involved the flange changeout
on the existing four manways of each K-65 Silo. Specifically, the flange
changeout involved the removal of the existing flange covers on the
silo manways and replacing them with specially designed flanges using
a containment bag procedure. The new flanges were designed to facilitate
the connection of the silos to the treatment system piping and allow
greater air flow through the manways during radon treatment. Air monitoring
data and personnel dose for the flange changeout operation indicated
minimal radiation exposure, but a slight increase in radon levels around
the changeout bags. Nevertheless, the use of the containment bag was
estimated to be more than 99.96% effective in controlling leakage and/or
diffusion of radon during the flange installation, even when the highest
sample data are used.

OPERATION

To operate the radon treatment system, a designated set of valves were
opened to provide a flow path for the air from a K-65 Silo, through
the two calcium sulfate beds, through two of the charcoal beds and then
return to the silo. After the flow path was verified and baseline monitoring
conducted, the blower unit was turned on and the pressure drop across
the fan immediately verified. The pressure drop measurement across
the blower unit was used as a continuous check to ensure that flow conditions
were stable. The treatment system operates as a closed, recirculating
system so that the radon component of the silo air volume is continuously
adsorbed onto the charcoal beds. It is estimated that an air volume
changeout took 38 minutes for K-65 Silo 1 and 48 mintues for K-65 Silo 2,
based on a system flowrate of 1000 ft3/min. and air volumes of 38,000 ft3

and 48,000 ft3 respectively.

After the radiation levels or\ the dome surface did not decrease with
continuing radon treatments, the blower unit was shut-off and all of
the system valves closed. Radiation and air monitoring was then conducted
and if the dose rates were less than 100 mrem/hr. personnel were allowed
access to the K-65 Silos.

An operation summary of the radon treatment system for the K-65 Silos
(Silo 1 and Silo 2) is outlined in Table 1. The radon treatment system
was operated five times (10.6 hours total) for K-65 Silo 1 and four
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TABLE 1

SUHNARY OF K-65 SILO RADON TREATMENT SYSTEM OPERATION

Date Operated

11/23 - 11/24/87

11/28/87

11/29/87

12/5/87

12/6/87

Date ODerated

11/30/87

12/2/87

12/4/87

12/5/87

K-65 Silo 1

Time ODerated

2025

0915

0900

0850

0900

K-65

- 0114

- 1045

- 1015

- 1050

- 1000

Silo 2

Time ODerated

0930

0900

1200

1105

- 1415

- 1100

- 1255

- 1300

Hours

Total «

Hours

Total -

ODerated

4.8

1.5

1.3

2.0

1.0

10.6 hours

ODerated

4.8

2.0

0.9

1.9

9.6 hours
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times (9.6 hours total) for K-65 Silo 2. The operation time and duration
of the radon treatment system was determined by the predicted weather
conditions, the radiation levels at the dome surface, and the readiness
of the subcontractor to carry out work on the dome surface. If the
weather conditions were predicted to be acceptable for a four hour period
and the subcontractor could be ready to work for the majority of the
four hour period, the radon treatment system was operated to reduce
the radiation dose rate at the silo dome surface to less than 100 mrem/hr.

RADIATION MEASUREMENT RESULTS

Prior to operation of the radon treatment system, baseline radiation
surveys and air monitoring were conducted. At that time, gamma dose
rates on the surface of Silos 1 and 2 averaged 193 and 232 mrem/hr.,
respectively. During the latter stages of the radon removal, these
levels fell to 55 and 68 mrem/hr. Note that the radium in the upper
portions of the silo residues provided a lower 1'isiiit for the gamma dose
rate which could not be changed. The dose rates for the silos before
the radon removal, and during the buildup of its concentration after
removal had been completed, are shown graphically in Figures 2 and 3.

During the design phase of the radon treatment system, the regeneration
rate of radon from the residues in the K-65 Silos, after radon treatment,
was calculated by using diffusion equations to be approximately 0.28
Ci/hr. Based upon the dose rate data presented in Figures 2 and 3,
the calculated regeneration rates for K-65 Silos No. 1 and 2 are approximately
0.26 Ci/hr and 0.42 Ci/hr, respectively. The higher regeneration rate
of radon in K-65 Silo 2 indicates that radon diffuses faster through
the residues or the radium concentration is higher near the surface
of the residues as compared to Silo 1.

As the gamma radiation from the radon within the silos decreased, the
radiation levels around the gas absorption system steadily increased.
The highest radiation dose was observed at the pipe inlet to the radon
treatment system (Figure 1). The dose, which was measured as high as
13,500 mrem/hr., was a result of radon daughter plateout in the calcium
sulfate dehumidifier canisters and decayed off with an approximately
30 minute half-life. Because the piping on the outlet side of the radon
treatment system (Figure 1) did not show a significant radiation dose
increase, the dehumidifier canisters were extremely effective at trapping
the radon daughters.

Continuous radon monitoring was conducted at the K-65 fenceline using
alpha scintillation devices (RGM-2) made by Eberline. The RGM-2 unit
first draws filtered air through a ZnS(Ag) scintillation cell. As the
radon contained in the air decays by alpha emission, the ionized daughters
plate out on the interior surface of the cell. The daughters decay
further, emitting alpha particles that cause scintillations to be detected.
The signals produced by the scintillation detection are electrically
processed and the results printed out n^ery hour in pCi/liter of radon.
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The data from the RGM-2 units are used directly in determining radon
concentrations in the area of the K-65 silos. The PCi/liter unit can
be converted into the Working Level (WL) unit by assuming an equilibrium
concentration of the radon daughters. For instance, assuming that the
radon daughters are in 100% equilibrium with the parent radon, then
one WL of radon daughters is equal to 100 pCi/liter of radon. At 50%
equilibrium of radon daughters, one WL is equal to 200 pCi/liter of
radon. For converting pCi/liter measurements from the RGM-2 in WL,
the most conservative approach is to assume 100% equilibrium of radon
with its daughter products.

The RGM-2 data are plotted for the first radon treatment in Figures 4a,
continuing in 4b. This is a typical example of the radon emission during
this time. It shows no significant increases in radon levels during
the treatment of the K-65 Silos. For comparison, Figure 5 shows the
radon levels at the same locations on a typical day before any of the
radon treatment was performed. (This was measured in connection with
the work on the silo flanges.) A large afternoon peak is seen, in which
more radon was detected (note differing scale) than during the radon
removal operations.

PROJECT BENEFITS

The most significant benefit of the radon treatment system operation
was a 60 - 70% average reduction in whole body radiation dose to the
personnel performing the work. In addition, a method of reducing radon
concentration within the K-65 Silos has been successfully demonstrated.
The treatment system operation will be necessary to support sampling
scheduled for the Fall, 1988, and any additional remediation work.
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FIGURE 1b
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FIGURE 5
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ABSTRACT

A successful waste minimization program must include the development
of a reliable system for tracking waste types, volumes, and generation points.
Once such a system is in place, process engineers should be capable of developing
minimization alternatives to achieve the program goals. This study involved the
development of a waste tracking system based on bar code technology. The
tracking system utilizes a dBase III Plus data base and a software program known
as "Barcode." The program assigns a bar code to each hazardous material
container at the time of receipt for use in keeping track of its location at the
facility. Bar codes can be similarly assigned for hazardous wastes at the time of
generation. Handheld bar code readers are then used to read the labels whenever
the items are shipped, received, or used. This tracking system differs from other
commercially available tracking systems in that it permits collection of data at
the unit operation level as well as at a plantwide level.

INTRODUCTION

A successful waste minimization program must include a "tracking"
system capable of providing information about trends in waste generation at the
program facility or site. This system would track waste types, volumes, and
generation points and would help managers plan and gauge the techniques
necessary to achieve waste minimization goals. Tracking systems for hazardous
material (HM) and hazardous waste (HW) are common in many facilities because

•Work supported by the U.S. Army Environmental Office through the U.S. Army
Construction Engineering Research Laboratory under Project Order MIPR
87-253.
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of such requirements as biannual reporting under the Resource Conservation and
Recovery Act (RCRA) and Title HI reporting under the Superfund Amendments
and Reauthorization Act (SARA). However, such tracking systems can frequently
only provide information for the facility as a whole and cannot identify the
individual users of HM and the individual generators of HW. A more sophisticated
tracking system is needed since waste minimization efforts can best be gauged by
monitoring HM and HW at the unit operation level. This study, conducted by
Argonne National Laboratory (ANL) under the sponsorship of the U.S. Army
Construction Engineering Research Laboratory (CERL), involved the development
of such a tracking system.

The initial step in the project was to identify the U.S. Army's most
significant types of HM and HW in terms of cost, volume, and level of
environmental hazard. This step led to the evaluation of several field operations,
including solvent degreasing, metal plating, paint stripping, and the use of
lubricating oils. A number of installations where these operations are carried out
and that are representative of HM usage and HW generation in each of the major
Army commands were then selected for review. The procurement, distribution,
and usage of HM, as well as HW generation for each of the field operations cited
above, were then evaluated.

Based on the requirements of CERL, the needs articulated by
representatives of the major Army commands, and the information collected in
the field, ANL staff members conceptualized the characteristics of an ideal
HM/HW tracking system. An ideal system should:

1. Function at installations under each of the major
commands,

2. Identify relevant physical and chemical characteristics
about HM and HW, including chemical names and
quantities,

3. Document the chain of accountability while an item
classified as HM or HW is at an installation,

4. Provide "real-time" information on the location and use of
such an item while at an installation,

5. Have a data base that is flexible, large in capacity, and
capable of producing reports, and

6. Use automated technology to minimize the cost, staff
time, and paperwork necessary to implement the system.
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SELECTION OF BAR CODE TECHNOLOGY

The ANL staff considered a variety of technologies as the basis of the
proposed tracking system. These technologies included keyboard entry, voice
recognition, magnetic cards, bar codes, and optical character recognition. The
relative advantages and disadvantages of each technology are summarized in
Table 1.

Examination of the applicable technologies suggested that bar code
technology would be the most practical for the HM/HW tracking system. Bar
coding is currently considered to be the preeminent technology of automatic
identification. The annual growth rate of sales in the bar code industry ranges
from 15% to over 30%, depending on the manufacturer; in 1987, total shipment? of
bar code equipment and supplies by U.S. manufacturers were estimated to be
$1.2 billion (Alias 1988). The literature is replete with papers describing a
multitude of uses for bar codes (Sontag 1987, Johnson 1987, Bitler 1987, Girouard
1987, and Major 1987). The U.S. Department of Defense has funded numerous bar
code technology projects in the last several years.

A variety of "off-the-shelf* bar code HM/HW tracking systems are
commercially available. The ANL staff evaluated several of these systems,
including Hazox and TRACE. Hazox is designed primarily to aid compliance with

TABLE 1 Comparison of Possible Tracking System Technologies

Labor
Require Error Human Label

Technology merits Rate Cost Readability Sensitivity

Keyboard entry high high medium readable not sensitive

Voice recogni- low high high readable not sensitive
tion

Magnetic cards medium low high unreadable sensitive

Optical low high high readable sensitive
character
recognition

Bar codes low low low readable not sensitive
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the Occupational Safety and Health Administration's Hazard Communication
Standard and as a result had limited utility for this project. The TRACE system
was developed by Fisher Scientific, Inc., to facilitate tracking and ordering
procedures for chemical reagents at laboratories. The primary disadvantage of
the TRACE system is that it focuses on HM only.

DESIGN OF THE TRACKING SYSTEM

As a result of the constraints discussed above, the ANL staff elected to
develop an original HM/HW tracking system tailored to the specific needs of the
project. The system was designed to have the characteristics of an ideal tracking
system previously discussed. The procurement and usage of HM and the
generation and handling of HW at military installations can be inordinately
complex. As a result, the ANL tracking system is flexible. It can also be easily
adapted for nonmilitary applications.

A general material/waste flow diagram is presented in Fig. 1 for
discussion purposes, although the ANL tracking system is suitable for more-
complex situations. Material is distributed from a warehouse to various
manufacturing or maintenance operations, where it is received and used in
operations that subsequently generate HW. Various combinations of on-site and
off-site handling in terms of treatment, storage, and disposal (T/S/D) are then
possible.

One difficulty in tracking hazardous items at a facility is that the same
item may initially be considered as a material but later as a waste. For example,
paint cans prior to use would be classified as HM, but cans with leftover paint, or
unused paint cans that have exceeded their shelf life, would fall under the HW
category. Also, as Fig. 1 indicates, waste can sometimes be recycled as a
material. To avoid the potential for confusion, the tracking system provides for
generating bar code labels at two times: first, when the HM is issued to the user
and, second, when the HW is initially generated.

TRACKING PROCEDURE

The hardware and software used in the tracking system are shown in
Table 2. When an item classified as HM is requisitioned from a warehouse,
information pertaining to the item is entered into a dBase III Plus data base,
called the Hazardous Material Data Base (HMDB). A software program called
Barcode then assigns a unique bar code to the item, and a bar code label is printed
and affixed to it. The bar code is retained in the data base, along with the other
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TABLE 3 Data Obtained by the Bar Code Reader at Material Waste Transfer
Points*

Transfer Point Data

Shipment of outgoing
containers

Receipt of incoming
containers

Point of material
use

Shipments by the
DRMOC off-site

Shipping cost center, sender, transporter, and
container identification

Time and date"

Receiving cost center, receiver, transporter,
and container identification

Time and dateb

User cost center, user, and container
identification

Time and dateb

Shipping organization, sender, and transporter
identification

Manifest number
Off-site T/S/D Location
Time and dateb

aFor specific applications, data items can be eliminated and/or the
cost center replaced by an identification of the unit operation.

Automatically entered by the bar code reader.

cDefense, Reutilization, and Marketing Office.

Johnson, W., Tracking at the Cordis Corporation, Identification J. (March/April
1987).

Major, M., Barcoding to Streamline Manufacturing and Reduce Costs,
Identification J. (Jan./Feb. 1987).

Sontag, R.C., Using Barcode Technology at Turkey Point to Manage Measuring and
Test Equipment, Nuclear News (Oct. 1987).
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TABLE 2 Hardware and Software Used in the HM/HW Tracking 9jntem

Hardware Software Applications

Microwand III UDL Scan specific bar codes for con-
tainer tracking

Personal Silver Coran Transmit data from Microwands
computers (PCs) to PCs

Barcode Print bar codes

dBase III Plus Maintain data bases

information pertaining to the item. Whenever the item is shipped, received, or
used, a bar code reader manufactured by Handheld Products (MicroWand III) is
used to read the bar code label and establish accountability for the item (Fig. 2).
The bar code reader transmits the data collected at each transfer point to the
dBase III Plus data base (Table 3),

When HW is generated at the unit operation level, the dBase III Plus
software is used to retain pertinent information about the waste generated in a
Hazardous Waste Data Base (HWDB). The software also produces a waste bar
code label to be affixed to each waste storage unit (tank or container). The
MicroWand III reader is used to read the HW labels when the waste is transferred
from the point of generation either to an on-site location for storage or treatment
or to an off-site location (Fig. 3). The bar code reader transmits the data
collected at each waste transfer point to the dBase III Plus data base.

Table 4 summarizes the information retained in the two data bases.
Additional information can be easily incorporated because the MicroWand III is
programmable.

SYSTEM ASSESSMENT

The cost of a full-scale implementation of the tracking system would be
approximately $15,000, including $5,000 for one PC, $2,000 for five MicroWands,
and $5,000 for the necessary software. Approximately one week would be needed
for training and three person-hours per week for database maintenance and report
generation, although the exact amount of effort would be application-specific.
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FIGURE 2 Use of the Bar Code Reader to Track HM Containers

Because of the flexibility of the dBase III Plus software, the tracking
system can be used to generate a variety of reports, including those required
under the RCRA and SARA Title III. In addition, the "real-time" information on
HM usage and HW generation is detailed enough to allow a manager to evaluate
the progress of the waste minimization program at the unit operation level. The
manager can then implement mid-course corrections in techniques or substitute
alternative techniques to meet the waste minimization goals.
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TABLE 4 Data Contained in the HMDB and HWDB

Data
Base Data

HMDB Container identification, type, size, and net weight

Material nomenclature, stock, number, and expiration date

Issue warehouse, issuer, transporter, and shipping date

Receiving center DODAACa, receiver, and date and time of

receipt

Use operation, user, and date and time of use

Date and time of transfer; sender DODAAC, building,
and name; and receiver DODAAC, building, and name

HWDB Container identification, type, size, and net weight

Waste nomenclature and stock number

Generator DODAAC, name, and building; accumulation date

Date and time of transfer, sender DODAAC, and name;
receiver building, DODAAC, and name; and transporter

Date and time of transport, off-site transporter,
off-site T/S/D location, and manifest document number

aDODAAC = U.S. Department of Defense address activity code.
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WASTE MINIMIZATION AT VANDENBERG AIR FORCE BASE -- CASE STUDIES

Nora A. Zirps and Deborah K. Shaver
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Lt. Kurt Held
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ABSTRACT

The Waste Minimization Feasibility Study for Vandenberg Air Force
Base (VAFB) covers a wide variety of operations that occur at many other
DOD facilities. Operations analyzed include component cleaning,
electroplating, paint stripping, waste oil changeout, field and paint
booth painting, photoprocessing and silver recovery, vapor degreasing,
engine flushes, and launch related operations. For the processes
analyzed, a 94 percent overall waste reduction was determined to be
feasible at an annual savings in operating and waste disposal costs of
$300,000. This initial feasibility screening indicates promising
results for waste minimization exemplified by several case studies.
However, this initial screening is only the first step in the waste
minimization process. Considerable testing of potential substitutes and
modification of Specifications and T.O.s are crucial to the successful
implementation of waste minimization technologies.

INTRODUCTION/BACKGROUND

As part of the Hazardous and Solid Waste Amendments, Congress
amended section 3002 of the Resource Conservation and Recovery Act
(RCRA) by adding subsection (b) which requires that a generator of
hazardous waste certify that he "has a program in place to reduce the
volume or quantity and toxicity of such waste to the degree determined
by the generator to be economically practicable." The hazardous waste
inventory developed for VAFB indicates that VAFB generates a total of
500,00 gallons and 400,000 pounds of hazardous waste annually. VAFB
spends millions of dollars annually to dispose its hazardous wastes.
With the implementation of the land disposal restrictions, the costs to
dispose hazardous waste are increasing every year. In recognition of
the need to address regulatory and environmental concerns and the
economic incentives to reduce waste generation, Headquarters Space
Division initiated a base-wide waste minimization study for VAFB,
addressing both Strategic Air Command (SAC) and Systems Command (AFSC)
operations.

As the costs and liabilities associated with the disposal of
hazardous wastes continue to increase, the following hierarchy is
gaining greater prominence as the optimal management strategy for
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hazardous wastes:

1. Source reduction (raw material substitution, process
modification, and scheduling);

2. Recovery (recycle/reuse);
3. Treatment (volume and hazard reduction); and
4. Disposal.

This waste minimization study classifies source reduction, recovery, and
treatment as waste minimization techniques since each of these waste
management strategies avoids total disposal of wastes and loss of feed
materials, and the associated costs. In addition to hazardous waste
minimization, this study was expanded to include minimization of
emissions and industrial water discharges to the Publicly Owned
Treatment Works (POTW).

APPROACH

The purpose of this study was to perform an operation-specific
evaluation of waste minimization technologies for the activities on
VAFB, and to develop a base-wide and base-specific waste minimization
plan that provides recommended technologies for specific operations on
VAFB. For each waste minimization recommendation, this plan estimates
expected waste reduction and the associated costs/savings. In several
cases, both short-term and long-term recommendations are made. Short-
term waste minimization technologies are typically easier to implement
but do not fully address future environmental concerns. The long-term
recommendations are generally made based on foresight into potential
future Federal, State, and local multi-media regulations and often
involve feed material substitution. Implementation of long-term
recommendations often involve: 1) testing and product development to
ensure that a suitable substitute is identified that will meet all of
the requirements specified in the material specifications; and 2)
modification of current material specifications and operational T.O.s.

This operation-specific approach required participation from the
facility personnel to identify their current operating procedures and
associated waste stream generation. Facility operating information was
gathered during a series of operations analysis facility visits. The
operations analysis facility visits served as a means of identifying
current waste minimization efforts, operations/processes which have
potential for waste reduction, and operation-specific mass balance and
procedural information (e.g., material specifications and operational
T.O.s) needed to perform the feasibility analysis for the waste
minimization alternatives.

Waste minimization alternatives for each operation/waste stream
w — _..ajyzed for technical and economic feasibility on a comparative
Dasis to determine the technologies most feasible for implementation at
VAFB. Technical feasibility of the waste minimization options was based
on their effects on product quality, yield, and productivity; their
effectiveness in minimizing waste generation; their level of development
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for the specific application (i.e., proven or experimental); their
availability (i.e., off-the-shelf); and other criteria important for
each operation. The technical feasibility analysis, therefore, required
an indepth review of the associated Specs and T.O.s to understand why
certain materials and procedures are currently used.

Those options that were considered technically feasible were
further analyzed with respect to economic feasibility to identify the
most cost-effective alternative to be recommended. Both costs and
savings may be associated with each recommended waste minimization
alternative. Costs for raw materials and waste management were
identified for the baseline conditions and the various alternatives to
determine a relative change in overall cost. Other costs include
capital investment for equipment and operating costs (e.g., utilities).
Cost credits will be realized due to lower waste disposal costs and
lower raw materials costs, when raw materials are recycled or
consumption is reduced. The costs presented in this waste minimization
feasibility study are estimates, and actual costs are likely to vary by
plus or minus 30 percent. The uncertainty in the cost and waste
reduction estimates is due to the following factors: 1) the actual
costs for raw materials and waste disposal incurred by VAFB were not
always available; 2) material flows and mass balances were uncertain and
are continuously changing; 3) actual waste stream composition data were
generally not available; 4) capital investments were based on vendor
estimates that are likely to vary depending on the actual piece of
equipment that VAFB purchases, and 5) testing and product development
costs for alternative feed materials are not included.

WASTE MINIMIZATION CASE STUDIES

For each of the case studies, a brief description of the operation
and waste stream of interest is provided, along with a discussion of the
regulatory issues related to the management of the subject waste stream.
For each waste minimization option under evaluation, the technical
feasibility issues and the costs are presented to provide justification
for the recommended action. These case studies show that waste
minimization is an effective way to reduce environmental liability while
saving money.

CASE STUDY #1 -- PAINT STRIPPING AT LAUNCH FACILITIES

Sandblasting, using silica sand, to strip paint and remove rust is
performed on all outside metal (mostly steel, some aluminum) structures
and equipment in support of space shuttle maintenance at Space Launch
Complex 6 (SLC-6), V-33, and other shuttle support areas, as well as
Titan and Atlas support at SLC-4 and SLC-3. The paints being stripped
are zinc-based paints, chlorinated rubbers (SLCs 3 and 4), and
polyurethanes (SLC 6). Approximately 732 tons of silica sand are used
for paint stripping and rust removal at the launch complexes each year
and are destroyed after one use (i.e., not recycled). The used sand
blasting material has been tested and shown to be non-hazardous.
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Although the used silica sand from sandblasting operations is not
hazardous, there are benefits associated with reducing materials
consumption, including a reduction in costs. Three substitute abrasive
materials that would reduce the amount of waste generated during
sandblasting operations as a result of increased efficiency and/or
recyclability were examined: aluminum oxide pellets, plastic beads, and
Starblast (naturally occurring staurolite sand).

Silica sand, aluminum oxide (3 times as effective as silica sand),
and Starblast (2.2 times as effective as silica sand) are all effective
on both paint and rust. Plastic beads (only half as effective as silica
sand) will work effectively on polyurethane and zinc based paints, but
are not hard enough to remove chlorinated rubber based paints and rust.

The quantity of each substitute abrasive material required to
perform the same job as the silica sand was calculated based on the
substitute material's effectiveness ratio compared to silica sand and
its recycle rate (aluminum oxide and plastic beads can be recycled 6
times; silica sand and Starblast are not recyclable). The quantity of
blasting material would be reduced by 94 percent using aluminum oxide,
67 percent using plastic beads, 55 percent using Starblast.

Silica sand is considered a health hazard; silica dust, when
inhaled, leads to silicosis. Exposure data recently taken during
sandblasting at VAF6, however, found exposure levels to be below those
considered harmful. Aluminum oxide also creates a dust when it breaks
apart; however, this dust is classified as a non-toxic, nuisance dust.
Starblast may contain up to 5 percent crystalline silica; however,
exposure studies show airborne levels of total and respirable dust and
free silica much less than those generated using silica sand.

Only the costs of abrasive materials, labor, and paint stripping
equipment (recovery/recycle equipment for aluminum oxide and plastic
beads) were used to compare the substitute blasting materials.
Substitution with aluminum oxide would reduce annualized costs by
$40,700/yr; this is the lowest cost alternative due to a high combined
recycle rate and effectiveness ratio. Annualized costs would increase
by $925,330/yr and $372,860/yr using plastic beads and Starblast,
respectively.

Aluminum oxide appears to be the most promising of the three
alternatives because it offers the following advantages over the silica
sand, as well as over the other blasting materials:

o Effectively strips paint, rust, and surface
contaminants;

o Has the lowest annualized costs due to both lower labor
requirements and lower raw material costs;

o Is recyclable; and
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o Reduces waste generation by 94 percent, thereby
requiring the minimum raw material usage of all the
alternatives examined, including the baseline.

The only disadvantage of aluminum oxide is that it may scratch and wear
the steel surface quicker than the silica sand due to Its hardness if
blasting gun nozzle pressures are not properly controlled.

CASE STUDY #2 -- SILVER RECOVERY FROM MOTION PICTURE PROCESSING FIXER

Motion pictures of launch operations are taken and developed by the
Audiovisual Squadron (AVS) at VAFB in range support and for
documentation. The motion picture processing laboratory contains five
continuous processing machines. The spent fix and washwater overflow
contain virtually all of the silver originally present on the film. The
spent fix bath overflows are piped to a single electrolytic silver
recovery unit; other bath overflows go to drains. Silver is not only
toxic, making removal desirable from an environmental perspective, but
also valuable, making recovery profitable as well. POTW discharge
limits are the primary environmental regulatory requirements associated
with the silver recovery operations at AVS. No pretreatment
requirements for photoprocessing operations have been established by EPA
or the Lompoc City POTW.

Because of the lack of effluent monitoring data, the quantity of
film processed was used in conjunction with the operating parameters of
the processors (film feed rate, fix replenishment rate, wash flow rate)
and Kodak data of silver content on films to calculate the total amount
of silver and its concentration in the fix and wash overflows. The
silver concentration in the spent fix entering the electrolytic cell is
estimated to be 3.1 g/1. The solution in the electrolytic silver
recovery unit is checked with test paper to determine the silver
concentration to the nearest 0.5 g/1. If the solution contains less
than 0.5 g/1 silver, it is discharged from the electrolytic unit to the
drain. The concentration of silver in the effluent from the
electrolytic cell is apparently less than 0.5 g/1, but presumably not
much less because the unit is run only until the silver concentration no
longer registers on the test paper; therefore, the effluent silver
concentration is assumed to be 0.4 g/1. The electrolytic silver
recovery unit is operating at 87 percent efficiency, typical for
electrolytic silver recovery units.

Cost estimates include the capital costs of recovery units
(including the planned purchase of a new electrolytic unit),
photoprocessing fixer costs, utility costs (water and sewer), and
charges for silver refining. In addition, recovered silver is a
valuable product from the process; the value of recovered silver was
assumed to be $7.40/troy oz. Interpretation of the economic feasibility
analysis should consider the sensitivity of the results to uncertain and
variable data such as the price of silver. A rise from $7.40/troy oz to
$8.60/troy oz would cause the baseline to swing from a net annual cost
to a net annual credit. Alternatives that recover more silver are
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favored by higher silver prices.

Waste minimization alternatives evaluated focus on increasing the
overall efficiency of silver recovery by adding either a chemical
recovery cartridge or electrolytic tailing unit, or recycling the fix
following silver recovery. Electrolytic silver recovery units are
rarely used alone because of their often relatively low recovery
efficiency. Additional silver recovery can be achieved by using a
tailing unit after the primary electrolytic recovery unit to remove
residual silver from the effluent.

Both the chemical recovery cartridge tailing unit and the high-
efficiency electrolytic tailing unit would be expected to reduce the
concentration of silver in the effluent to 20 mg/1, reducing the overall
quantity of silver discharged from AVS by 44 percent. The overall net
savings in annualized costs expected using a chemical recovery cartridge
tailing unit and an electrolytic tailing unit, respectively, are $270/yr
and $790/yr. Although CRCs require a substantially lower initial
investment and generally are effective at lower silver concentrations
than electrolytic units (85% removal efficiency for electrolytic units;
85% to 95% removal efficiency for CRCs), electrolytic silver recovery is
generally preferable because the silver plates out in a relatively pure
form, minimizing recovery cost.

Fix can also be desilvered continuously and returned to the
processor along with a replenishment solution rather than being used
until exhausted, desilvered, and disposed. By keeping the concentration
of silver in the fixer low by continually removing excess silver, the
amount of silver carried into the washwater by the film could also be
reduced, by as much as 67 percent. Recycling fix, following
desilvering, does not adversely affect picture quality; in fact, quality
can be increased because the silver concentration in the fix is reduced.
Cost savings are achieved through more efficient silver recovery and
lower fix consumption than in the baseline. Overall silver discharges
can be reduced by about 53 percent compared to the baseline. In
addition, the amount of fix consumed can be reduced by 50% to 75%
depending on the equipment selected. However, there is a large capital
investment required because of the need for separate silver recovery/fix
recycle systems (with tailing units) for each type of processor due to
differences in process chemistry, and the need for relatively large
systems to handle peak demands. Therefore, fix desilver/recycle system
implementation on the motion picture processors increases annualized
costs by $920/yr compared to current practices. The intermittent work
load at AVS makes the recycling option less economical than it might
otherwise be because the recycling equipment is idle when the processor
it serves is not running. In a batch process, on the other hand, flow
variability can be countered by using a holding tank to accumulate
sufficient spent fix for recovery.

Each of the alternatives is technically feasible; only processes
that are used by commercial photoprocessors were considered because of
the need to maintain and assure consistently high quality pictures.
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Based on the above analysis, the most cost-effective alternative for
waste minimization, in the form of reduced silver discharges to the
POTW, is the addition of an electrolytic tailing unit to increase the
efficiency of the primary electrolytic silver recovery unit.

CASE #3 -- OPEN TOP DEGREASER OPERATIONS

All incoming parts (e.g., valves, actuators, filters, hoses,
fittings, and pipes) received at the Component Cleaning Facility at VAFB
are degreased in an open top vapor degreaser (L 20ft x W 6ft x H 8ft)
using 1,1,1-trichloroethane, then further cleaned and treated to meet
the desired specifications. The decreasing tank has "pull-up" sectional
lids, a 1/2-inch diameter condensing coil, and a water jacket. The
degreaser consumes 3,080 gallons of 1,1,1-trichloroethane per year;
2,200 gallons of this solvent (approximately 70 percent) are lost via
evaporation during the degreasing process, and the remaining 880 gallons
are lost in the degreaser sludge.

Two alternatives for minimizing degreaser sludge and solvent
emissions from vapor degreasing operations were considered: reducing
solvent losses by installing a refrigerated freeboard chiller or by
increasing the freeboard height, and substitution of 1,1,1-
trichloroethane with an aqueous cleaner. 1,1,1-Trichloroethane is a low
photochemically reactive solvent. It is being exempted from the
Volatile Organic Compound (VOC) regulations in the State of California.
However, the EPA is in the process of reviewing 1,1,1-trichloroethane
for potential carcinogenic risks. Due to the high probability that
1,1,1-trichloroethane usage will be regulated in the future,
substitution of 1,1,1-trichloroethane with an aqueous cleaner is a
desirable alternative to consider.

Solvent losses to the ambient air can be reduced by either
installing a refrigerated freeboard chiller (i.e., a second set of
condensing coils) and/or increasing the height of the freeboard. The
freeboard is the free space above the vapor zone and condensing coils to
the lip of the degreaser and is typically measured in terms of a height
to width ratio, or freeboard ratio. Generally, degreasers are designed
with a 75 percent freeboard ratio. Long degreasers (such as the one at
VAFB's Component Cleaning Facility) should have an increased freeboard
height; however, the existing degreaser only has a freeboard ratio of
0.50. The effectiveness of these equipment modifications to reduce
solvent emissions during open top vapor degreasing is estimated to be 40
to 60 percent for refrigerated chillers, and 25 to 55 percent for the
increase in freeboard height.

Alkaline cleaning systems have been proven to produce cleaning
results comparable or superior to the systems which use halogenated
solvents. These cleaners are non-toxic, non-hazardous, and
biodegradable; this is the major advantage that aqueous cleaners have
over chlorinated solvents. A non-emulsifying cleaner (an aqueous
cleaner which separates oils and greases from the solution) can be used
along with an oil skimmer to remove oil floating on the surface of the
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cleaning solution. The wastewater generated from tank cleaning 1s
non-hazardous, assuming that there are no hazardous materials on the
received parts. However, this wastewater is slightly basic (pH « 9.2)
and must be neutralized prior to sewer discharge. By using an aqueous
cleaner, sludge generation can be reduced by approximately 70 percent,
and solvent emissions can be reduced by 100 percent. Implementation of
this conversion to an aqueous cleaner will require changes to
operational T.O.s due to process alteration and cleaner substitution.

Equipment modifications to reduce solvent losses reduce annual 1zed
costs by $5,020/yr for installation of a refrigerated freeboard chiller
and $4,390/yr for increased freeboard, compared to the baseline; these
savings are mainly the result of the reduction in solvent consumption.
Including the costs of equipment modifications, substitution of 1,1,1-
trichloroethane with an alkaline aqueous cleaner shows a decrease in
annualized costs of $ll,440/yr compared to current practices.

When all factors are considered, substitution of 1,1,1-
trichloroethane with an aqueous cleaner appears to be the best
alternative both with respect to waste reduction potential and cost
savings. Additional work, however, is needed to identify an aqueous
cleaner suitable for the Component Cleaning Facility's needs. If
testing and implementation of aqueous cleaning is expected to take a
significant amount of time, modification of the existing equipment to
control solvent emissions is recommended.

CASE #4 -- FIELD PAINTING OPERATIONS

Field painting operations are performed in support of space shuttle
ground support structures maintenance at SLC-6, Titan at SLC-4, and
Atlas at SLC-3. The paints used at the SLCs are zinc-based paints,
chlorinated rubbers, and polyurethanes. The paints used at the SLCs are
specified by the Air Force and have been selected based on a set of
unique criteria, including both technical and regulatory requirements.
Due to the marine and launch induced environment, the ground support
structures at the SLCs require coating systems be resistant to
corrosion, high temperatures and erosion, and impact. Other technical
criteria used for selection of coating systems include adhesion of
paints to the metal; coating compatibility with hypergolic propellants
and liquid oxygen; and flammability of the coatings. Other factors
considered during paint selection, but not specific to the SLCs are
cost, probable life to first maintenance, application properties,
moisture tolerance during application, shelf or pot life, bacterial
resistance, and the ease of maintenance.

The paints used on the SLCs are of two types: conventional sol vent-
borne and two-component mixtures. Both contain solvents as the carrier
fluid and as a result emit VOCs, as well as generate relatively large
quantities of paint sludge and spent solvent. The majority of the
wastes are generated due to setting prior to use or cleaning. The spray
guns are cleaned following painting operations using solvent.
Approximately 6,800 gallons of waste solvent are generated annually.
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Several different waste minimization goals were addressed in this
case study: 1) reduction in VOC emissions; 2) minimization of paint
sludge or waste paint; and 3) minimization of spent solvent.

The first alternative addresses the possibility of substituting the
existing coating systems with lower VOC reformulations of the same
coating type. Other alternatives include coating alternatives (i.e.,
water-borne and single component paints) and on-site solvent
distillation. Lower VOC paint reformulation, water-borne paints, and
single-component coating systems appear to have promise with respect to
technical feasibility, and result in significant reduction of both VOC
emissions and paint sludge. Paint replacement, however, requires
research and development to develop an adequate substitute that will
meet the paint specifications and is a long-term solution. Although VOC
emissions and paint sludge are not reduced using on-site solvent
recovery, it is advised that on-site solvent recovery be used in the
short run to reduce spent solvent generation while replacement coating
systems are being developed. Each of these waste minimization
alternatives are discussed below.

Lower VOC Paint Reformulation. Santa Barbara County Air Pollution
Control District Rule 323 establishes the maximum amount of volatile
organic compounds (VOC) allowed in paint. Further restrictions on the
amount of VOCs allowed in paint will become effective 1 September 1989.
Many coatings currently used on the SLCs will not comply with the new
regulations. VOC emissions from painting operations may be reduced
through the use of airless spray guns rather than air atomized guns;
however, this is only a short-term measure and does not address the
rulemaking. Rule 323 places a limitation on VOC emissions from paint
products, np_t from painting operations. Therefore, it is important that
paint substitutes be found which meet the new requirements. The
manufacturer of the paints used at the SLCs has formulated several new
paints to meet the new VOC requirements. Among these is a reformulated
polyurethane with VOC equal to 276 g/1 and an epoxy with VOC equal to
363 g/1; the manufacturer claims these new paints have the same
properties as the coatings being used now. The manufacturer has not
formulated new zinc-based or chlorinated rubber coatings with lower
VOCs.

To meet low VOC requirements, polymers that exhibit a much higher
percentage of solids, with lower molecular weight and viscosity, usually
must be introduced. Testing is therefore required because often, when
coatings are brought into VOC compliance, these lower molecular weight
polymers can negalively affect physical properties, including drying
time, durability or abrasion resistance, and others. In addition, low
VOC coatings will deposit a thicker film upon application. NASA is
currently beginning a 2-year test program at White Sands Test Facility
to identify all noncompliant coatings currently in use on SLC-6, select
possible replacement coatings, and to test selected coatings for
suitability for use at SLC-6.
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Water-Borne Coatings. Several of the paints used at the SLCs are
available in a water-borne form. Testing would be required to determine
the absolute compatibility of the new coating system. The concern is
primarily over the adhesive property of the water-borne coating in the
presence of contaminants. The only other problem associated with water-
borne coatings is the required drying time; it has been estimated that
water-borne coatings require 2 to 3 times more time to dry than
conventional coating systems.

The primary advantages of water-borne coatings are: 1) hazardous
waste disposal is decreased (up to 75%); 2) VOC emissions are reduced;
3) most existing application equipment and techniques can be used with
minimal disruption to production; 4) water-borne coatings are less
dependent on photochemically based solvents; and 5) depending on the
formulation, sludge from water-borne coating systems may be recycled for
reuse.

Single Component Coating Systems. Two of the paints at the SLCs,
the epoxy and the polyurethane, are two-component coating systems.
Two-component coatings usually consist of a resin and a cure, which are
mixed together prior to use. There is a setting time associated with
the paints once they are mixed, after which the paint hardens and can no
longer be used. This results in unused paint being disposed as waste.
The polyurethane has a relatively short setting time of 4 hours, the
epoxy has a setting time of 8 hours. The paints tend to set within the
spray equipment, requiring several washes of thinner to clean. These
problems could be avoided by switching to a one-component system. Waste
is reduced by 50 percent when using a single component coating system
rather than a two-component coating system.

Although a two-component polyurethane is currently used at the
SLCs, a one-component polyurethane coating produced by a different
manufacturer was previously used. The one-component paint required only
half the amount of solvents for thinning and for cleaning than are
currently used. The Air Force could specify the requirement for single
component paints in future contracts with suppliers.

On-Site Solvent Recovery. Generators of wastes deemed recyclable
must recycle those wastes or must, by request of the California
Department of Health Services (DHS), provide written justification for
not recycling them. The solvents used for field painting at VAFB
contain xylene which is cited on the list of Recyclable Hazardous Wastes
which the DHS finds to be economically and technologically feasible to
recycle.

Since the solvents are used for cleaning and thinning purposes, a
99 percent purity requirement is reasonable. In this case, a low cost,
simple distillation system is adequate as these systems can achieve up
to 99+ percent purity. Solvent waste can be reduced by about 80
percent. On-site solvent recovery is highly economical (annual savings
of $67,960/year due to reduction in virgin solvent purchase and solvent
waste disposal).
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SUMMARY OF FINDINGS ON EVALUATION OF
AQUEOUS DEGREASERS VERSUS CHLORINATED SOLVENTS

AT THE PADUCAH GASEOUS DIFFUSION PLANT

Diane Gunn

ABSTRACT

Spent trichloroetbylene (TCE), 1,1,1-trichloroethane (TC-ane), and
sludge are generated mainly as a result of vapor degreasing operations
at the Paducah Gaseous Diffusion Plant (PGDP). Additionally, small
quantities of spent chlorinated solvents are generated as a result of
small parts cleanup. These wastes are listed hazardous wastes under
Resource Conservation and Recovery Act (RCRA) regulations (40 CFR 261)
and account for greater than 50% of the hazardous waste generated at
PGDP. Additionally, some of the solvents become contaminated with
uranium which classifies them as mixed waste for which no disposal
method is currently available.

TCE and TC-ane are both associated with potential health hazards and are
subject to a number of environmental regulations. Due to health and
environmental concerns and the desire to minimize mixed and hazardous
waste generation, a study was Initiated to Identify nonchlorinated, less
toxic degreasers, perform laboratory testing of the most promising
alternatives, and initiate field testing to determine if alternate
degreasers present operational problems.

The degreaser that cleaned and protected metal surfaces best was an all-
purpose, water-based, hard surface cleaner consisting of biodegradable
synthetic detergents, inorganic builders, and a glycol ether solvent.
Additionally, this product was free-rinsing and did not leave any con-
taminants that would react with commonly used process gases. This
product is recommended as a replacement for chlorinated solvents for
many degreasing operations at PGDP.

INTRODUCTION

Degreasing operations in the plant were delineated and alternate non-
hazardous solvents were evaluated for their suitability for replacing
the chlorinated solvents. Metal cleanliness testing of eight aqueous
degreasers using ultrasonic cleaning and immersion with agitation, and
vapor degreasing with TCE and TC-ane was performed. Soils such as dust,
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fingerprints, lube oil, water-soluble oil, siHcone grease, and
petroleum-based grease were removed from Honel, copper, ml Id steel,
aluminum, and phosphor bronze. Cleanliness was determined by estimating
the surface energy of metal coupons before and after cleaning. A
Kepner-Tregoe (KT) decision analysis was utilized to determine the three
best multipurpose degreasers for the plant. Product A 1s the product
containing the glycol ether solvent described 1n the Abstract. Product
B contains micronized silica for scrubbing, ant1-foam1ng agents to
ensure low sudsing, and a deodorant to suppress odor. Product C 1s a
heavy duty biodegradable noncaustic alkaline powder containing a high
level of sequestrant.

Additional testing was performed on the top three selected degreasers to
evaluate corrosive effects of the cleaning solutions (uniform surface
corrosion and pitting) and to determine the compatibility of any
residual contamination with fluorinating gases. Again, a KT decision
analysis was performed to determine the best overall multipurpose
degreaser for the plant. This degreaser was Product A. In addition,
metal cleanliness testing was conducted to evaluate the cleaning effi-
ciency of parts cleaned In the field.

EXPERIMENTAL AND DISCUSSION

SELECTION OF METALS AND SOILS FOR TESTING

A walk-through survey of work areas in the plant was conducted to
identify and delineate the degreasing operations being conducted.
Discussion with supervisory personnel identified cleaning requirements,
cleaners currently 1n use, material of construction of Items to be
cleaned, purpose of the degreasing operations, types of soil to be
removed, degree of cleanliness required, and special cleaning
requirements.

A wide variety of metals exist that are degreased at PGDP, as well as
soils removed from the surface. Due to time constraints, all metals and
soils could not be tested. Discussion with PGDP's Materials Technology
group Indicated that 3003 aluminum, 400 Monel, A285 steel, copper, and
phosphor bronze would be most representative for testing. Discussion
with PGDP Maintenance personnel Indicated that siHcone and petroleum
distillate greases were representative of soils that were particularly
difficult to remove. Additionally, water-soluble oil, lube oil, dust,
and fingerprints were selected for testing.

SELECTION OF CLEANERS FOR TESTING

A systematic search was conducted for cleaners currently on the market
that could be used both for ultrasonic and immersion cleaning of a
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wide variety of soils from most metals. In conjunction with Industrial
Hygiene, KT criteria were developed to aid in selection of alternate
degreasers. Musts Included no halogenated solvents, solvents used must
have a higher threshold limit value (TLV) than TCE (greater than 50
ppm), no listed carcinogenic materials, flash point of cleaner greater
than 100°F, and cleaner must be compatible with the process gas system.
Wants included maximize cleaning efficiency, minimize volume of material
requiring special disposal, minimize exposure hazard to personnel,
minimize corrosion, oil easily separated from cleaner, and minimize
cost.

With these criteria in mind, eight degreasers were selected for
testing. Vapor degreasing with TCE and TC-ane was also conducted for
comparison with the aqueous cleaners.

METAL CLEANLINESS TESTING

Method of Determination of Cleanliness

One of the goals of this project was to determine the cleaning ability
of the degreasers. Metal cleanliness was determined by estimating the
surface energy of the metal before and after cleaning using a method
described by W. C. Jones in Metal Finishing (October 1985, pp 13-15).

Fabrication and Preparation of Test Specimens

In order to provide a variety of surfaces for testing, 1 1/2-in by 3-in
metal coupons were fabricated with a notch in the upper right edge, a
hole in the top center, and a center weld on one side (except copper).
The 3003 aluminum coupons had a center weld of 4043 aluminum, 400 Monel
had a Monel weld bead, and A285 steel had a heliarc TIG weld. Phosphor
bronze castellated hex nuts were also used for testing. The metals were
coated with test soils as follows:

1. Dust and fingerprints: The coupons were handled thoroughly.

2. Lube oil and water-soluble oil: The coupons were dipped in ambient
temperature oil, racked vertically, and left to drain overnight.

3. Petroleum grease: Heavy coating was sprayed on the surface and
allowed to cure at least 1/2 hour.

4. Silicone grease: Light to medium coating was spread over surface, no
curing necessary.

Samples of soils and unused cleaners were submitted for an infrared
fingerprint to provide a basis of comparison with spent cleaners and to
provide insight 1n determining disposal requirements for selected
cleaners at a later date.
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Cleaning of Test Specimens

Some test specimens were cleaned ultrasonically In a unit that was an
open tank with bottom-mounted transducers. Each cleaner was tested at
the optimum temperature (range 135°F to 150°F) and concentration
suggested by the manufacturer. Other test specimens were cleaned by
simulating immersion with agitation by using a 4-Hter beaker with a
stirring bar. Each cleaner was tested at ambient temperature and at
concentrations recommended by the manufacturer. Tap water was used 1n
solution make-ups to simulate normal operating conditions. Tap water
was used for rinsing test specimens at the end of each cleaning cycle,
and then the specimens were dried with plant air immediately prior to
taking cleanliness measurements. The remainder of the test specimens
were cleaned by vapor degreasing in the cleaning unit with TCE at 184°F
or TC-ane at 158°F.

The initial cleanliness of test specimens was measured prior to cleaning
and levels were approximately the same for each type soil tested. The
surfaces were rated on a scale of 1-11 (l-d1rtiest, 11-cleanest). All
specimens were cleaned by the above methods, removed at predetermined
time Intervals, and measured for cleanliness. All specimens were
cleaned until they reached a value greater than 11 or until the cleaning
time became excessive (I.e., greater than six hours). All tests were
performed in duplicate. Spent cleaning solutions were submitted for
Infrared analysis to determine 1f undesirable breakdown products were in
evidence. None were found.

All cleaners tested appeared to rinse freely from the metal surfaces
with the exception of a petroleum distillate product containing sur-
factant and Hmonene (Product D) which required a prerinsing step
utilizing a soap/water solution. Covers were not used on the Immersion
tank and were used only during long periods of ultrasonic cleaning to
minimize the noise generated. This allowed a build-up of atmospheric
contaminants as would be seen under normal operation. After several
days of standing unused, Product B and Product D formed gel-like
precipitates in the ultrasonic cleaner which required vigorous scrubbing
for removal. TCE and TC-ane formed sludges on the bottom of the
cleaning unit which were not easily removed, even by scrubbing. The
remainder of the cleaners appeared stable.

Selection of the Best Multipurpose Degreasers

A KT decision analysis was performed to determine the three best multi-
purpose degreasers for the plant. These degreasers were Products A, B,
and C. The KT analysis utilized criteria defined earlier in this report
with emphasis 1n the want category on maximizing cleaning efficiency,
cost/use-gallon, and rinsability of the cleaner. Other not-so-easy to
measure objectives were considered under adverse consequences.
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Products A, B, and C and a biodegradable product containing N-alkyl
dimethyl benzyl ammonium chloride and sodium metasiUcate (Product E)
removed light soil (dust, fingerprints) from all metals tested 1n 15 to
30 seconds with Immersion cleaning. Products A and C removed lube oil
from all metals tested In 30 to 120 seconds with Immersion cleaning, and
TCE 1n 60 to 90 seconds with vapor degreasing. Products A, B, and C
removed water-soluble oil from all metals tested in 15 to 30 seconds
with immersion cleaning, and TCE in 15 seconds with vapor degreasing. A
biodegradable product containing dipropylene glycol methyl ether
(Product F) removed petroleum grease from all metals tested except
copper within 300 minutes with Immersion cleaning, and TCE removed
petroleum grease from all metals tested within 435 minutes with vapor
degreasing. Product A removed petroleum grease from phosphor bronze in
135 minutes with immersion cleaning. Product F removed siHcone grease
from mild steel and aluminum 1n 300 minutes with Immersion cleaning,
while the remainder of the degreasers were relatively ineffective and
testing was stopped after 360 minutes.

Products A, B, C, E, and a cleaner containing aryl sulfonate,
phosphates, silicates, chelate (EDTA-type), alky! aryl polyether,
phosphate ester, and water (Product G) removed light soil (dust and
fingerprints) from all metals tested in 15 to 45 seconds with ultrasonic
cleaning. Products A, B, C, and E removed lube oil from all metals
tested within 15 to 120 seconds with ultrasonic cleaning, and TCE within
60-90 seconds with vapor degreasing. Products A, B, C, and G removed
water-soluble oil from all metals tested within 15 to 30 seconds with
ultrasonic cleaning, and TCE within 15 seconds with vapor degreasing.
Products A and B removed petroleum grease from all metals tested within
60 to 600 seconds with ultrasonic cleaning. Products A, B, and C
removed silicone grease from all metals tested within 960 to 2520
seconds with ultrasonic cleaning.

It is expected these cleaning times would Improve (for aqueous cleaners)
with utilization of higher concentrations of cleaning solutions.

CORROSION TESTING

Evaluation of Compatibility of Residues with Fluorinating Gases

One area of concern of cleaning with aqueous degreasers is that they may
not be sufficiently free-rinsing and may leave a residue that will react
with fluorinating gases for parts degreased and returned to plant
service. The contamination may be due to residue from the cleaner
itself, or from oils/grease adhering to the surface of the metal. This
test was designed to determine if contamination from cleaners and/or
oils and greases would react with plant gases.

866



Metal coupons of 3003 aluminum, 400 Monel, A285 steel, and copper and
phosphor bronze castellated hex nuts were cleaned by three different
methods In preparation for exposure:

1. Coupons/fittings were racked vertically and ultrasonically cleaned
for 2 minutes in fresh Products A, B, and C at the manufacturers
recommended temperatures and concentrations. Coupons/fitting; were
removed from the solutions, and without rinsing, were left to air
dry. This represented the worst case of cleaning residue left on
the metal surface due to Improper rinsing.

2. Coupons/fittings were racked vertically and ultrasonically cleaned
for 2 minutes in fresh Products A, B, and C each spiked with 5 grams
petroleum grease, 5 grams siHcone grease, 10 ml water-soluble oil,
and 10 ml lube oil at the manufacturers recommended temperatures and
concentrations. Coupons/fittings were removed from the solutions,
rinsed with cold tap water, and dried with plant air. This
represented a normal cleaning operation and would determine 1f there
was a problem due to contamination from oil on the surface of the
metal.

3. Coupons/fittings were vapor-degreased 1n TCE 1n the large degreaser
at C-400. These test specimens were used as controls in the
experiments as no reactions were expected.

Three test runs were conducted 1n which test specimens were exposed to
pure UF6, C1F3, or F2 at 300°F and atmospheric pressure. Due to time
constraints of the project, the exposure time was limited to 24 hours,
however, it was expected that any reaction would occur initially when
the gas was valved into the system. The specimens were weighed before
exposure, after exposure, and after chemical cleaning to remove
corrosion products according to ASTM G-l-81, "Preparing, Cleaning, and
Evaluating Corrosion Test Specimens." All specimens were cleaned by the
same operator and weighed on the same electronic balance by the the same
operator to minimize bias.

There were no temperature excursions observed when each of the gases was
valved into the reactor. None of the test specimens showed evidence of
charring which would have indicated that an adverse reaction had
occurred. The weight gains/losses experienced by the test specimens
cleaned in aqueous degreasers were not significantly different than
those experienced by the control specimens at each weighing. Samples of
residues from the coupons collected during chemical cleaning were
submitted for metals and fluoride analysis, and for analysis of
precipitates generated during processing of samples. There was no
indication of any unusual reaction products.

Summarizing, there was no indication of an adverse reaction between the
cleaner residue and the gases as indicated by temperature readings,
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visual observations, weight changes, or sample analyses. Additionally,
the cleaners appeared to be free-rinsing for the same above-mentioned
reasons.

Corrosion Effects of Cleaners

One concern of the usage of aqueous cleaners for degreasing is that
corrosion of the metal may occur. Testing was conducted by Materials
Technology to determine the corrosive effects of Products A, B, and C on
selected metals.

Many of the phenomena related to the corrosion of metals can be
explained in terms of electrochemical reactions. A careful scan of
potential versus current can yield corrosion rates, pitting tendencies,
and other Important data. A potentiostat/galvanostat was employed in
comparing corrosion rates and pitting tendencies for copper, phosphor
bronze, 400 Monel, 3003 aluminum, and A285 steel in Products A, B, and
C.

All cleaners tested showed acceptable corrosion rates at room tempera-
ture. At elevated temperature, corrosion rates for copper compounds
(copper and phosphor bronze) were accelerated (approximately 8.5 to 9.5
times greater for Product B, 3.5 to 5.5 times greater for Product A, and
2.5 to 3 times greater for Product C). Product A had the lowest
corrosion rates for all metal-solution systems tested, and these
corrosion rates are acceptable (less than 2 mpy). It must be remembered
that these solutions will not be in contact with metals for extended
time periods (i.e., one year).

The pitting tendency for these metal-solution systems was also examined
by cyclic polarization. The data indicated that there was very little
tendency to pit with Products B and C. With Product A, pitting is
possible 1n all materials tested except Monel. Product A vendor data
indicates that aluminum and steel have shown no pitting after one-week
exposure at 145°F. This implies that for these materials, the
initiation time for pitting is longer than a typical exposure time for
degreasing operations.

DETERMINATION OF THE BEST MULTIPURPOSE DEGREASER AT PGDP

A second KT decision analysis was performed to determine whether Product
A, B, or C was the best overall multipurpose degreaser for PGDP.
Criteria defined earlier 1n this report were utilized as well as KT
scores from the previous decision analysis for these three cleaners.
Results from corrosion testing were factored into the second analysis.
Product B (4,080) scored lower than Product A (4,272) because of the
tendency to form gelatinous precipitates and both Products B and C
(4,043) scored lower than Product A due to accelerated corrosion of
copper alloys at elevated temperatures.
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According to the KT decision analysis, the best overall multipurpose
degreaser for PGDP is Product A which contains the glycol ether solvent.

REACTIVITY TESTING OF VALVE PARTS

A study similar to laboratory studies on the evaluation of the com-
patibility of residues with fluorinating gases was conducted in which
cleaned valve parts were exposed to UF6/F2 to determine if an
undesirable reaction might occur between these gases and any residue
that may have been left Inadvertently on the parts. Valve parts were
ultrasonically cleaned for 10 minutes in fresh Product A (20 parts
water, 1 part Product A) at 140°F, rinsed with cold tap water, and
air-dried with plant air. These types of cleaning operations would
represent normal cleaning operations. Other valve parts were wiped with
TC-ane, and these parts were used as controls 1n the experiment since no
reactions were expected.

The test specimens were exposed to a mixture of UF6 (95%) and fluorine
(5%) at 300°F and slightly above atmospheric pressure (800 mm Hg). Due
to time constraints of the project, the exposure time was limited to 24
hours; however, 1t was expected that any reaction would oco<r initially
when the gas was valved Into the system. As expected, there was a
slight temperature rise when UF6 was valved Into the evacuated reactor,
and there was a two-degree temperature rise noted when the fluorine was
valved into the reactor shortly thereafter. Visual comparison of parts
cleaned in Product A with parts cleaned with TC-ane showed no
significant difference.

Summarizing, there was no indication of an adverse reaction between
residues (oil, Product A, or otherwise) and a UF6/F2 mixture as
indicated by temperature readings or visual observation. Product A
sufficiently cleaned all valve parts tested at the specified
concentrations and was free-rinsing.

FIELD TESTING

Vapor Degreasing at C-QOO

One concern of this project was that the laboratory vapor degreaser did
not produce a sufficient vapor cloud for degreasing purposes and that
previously mentioned test results would be Invalid. A series of metal
coupons (400 Monel, 3003 aluminum, copper, and A285 steel) and phosphor
bronze castellated hex nuts were thoroughly handled and fingerprinted
and vapor degreased 1n the C-400 large degreaser 1n TCE. A metal
surface 1s determined to be clean when condensate stops dripping from
the surface.

When the degreaser was up to temperature, duplicate coupons and fittings
were Immersed in the vapor layer, and after 1-minute appeared to be
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clean (no dripping); however, the metal w««s left 1n the vapor an
additional 2 1/2 minutes for a total of 3 1/2 minutes. The metal was
removed from the degreaser and metal cleanliness tests were performed
when the surface had cooled down sufficiently. The results were
compared with results from laboratory vapor degreasing tests
(three-minute cleaning).

Results were comparable for the metals tested. The laboratory model is
slightly better than the C-400 degreaser for aluminum. The following
conclusions can be Inferred from the test data:

1. Laboratory vapor degreasing can adequately simulate field vapor
degreasing.

2. Vapor degreasing in the field (C-400) does not achieve a high level
of cleanliness.

3. Aqueous cleaners such as Products A, B, and C remove this type soil
ultrasonically (~140°F) in 15 seconds (7 times faster) and by
immersion with agitation at ambient temperature in 15-30 seconds
(7-14 times faster). Coupons processed 1n these aqueous degreasers
for 15 seconds are twice as clean as coupons vapor degreased in TCE
for 3 1/2 minutes.

Degreasing with Product A at C-720

It was desirable to determine if Product A was sufficiently cleaning
parts in the field. In order to make this determination, valve parts
were ultrasonically cleaned in Product A (already in place as an
interim-use cleaner) at the C-720 Instrument Shop. Product A solution
make-up was unknown; pfi was approximately 10.5 indicating a weak solu-
tion (pH 12.1 for solution mix of 20 parts water to 1 part Product A).
The solution temperature was 70°F. There were no free-floating oils on
the surface. The four parts cleaned were two stainless steel bearings,
one gear, and one valve shaft of either brass or phosphor bronze.
Cleanliness was determined by estimating the surface energy of the metal
before and after cleaning. The cleanliness measurements were taken on
the dirtiest portion of the parts as noted by visual observation. The
parts were ultrasonically cleaned in Product A, rinsed in cold tap
water, and air-dried with plant air.

After 10 to 15 minutes ultrasonic cleaning, all parts were completely
clean except one side of the gear where a greasy film was present in
several spots. Product A had softened the grease and it was wiped away
with a clean cloth. The part was rinsed, air-dried, and cleanliness
measurements were again performed indicating a level of cleanliness
greater than 11.

Monitoring of parts cleaned in the field revealed some insightful
information:

872



1. The pH of the Product A solution needs to be checked periodically
based on the frequency of use and soil load.

2. The recommended solution temperature for ultrasonic cleaning with
Product A 1s 140±5°F. This particular solution was used at room
temperature since there were no heaters on the unit.

If the solution was used both at the proper concentration and tem-
perature, the cleaning efficiency would greatly Increase.

3. For applications In which hard-to-remove grease requires an
excessive cleaning time, contact of the grease with Product A Is
beneficial in softening the grease which can be easily wiped, and
the part recleaned and rinsed.

DISPOSAL OF PRODUCT A

Studies on disposal of Product A were Initiated Immediately prior to the
time it was in place as an Interim-use cleaner. Conversation with per-
sonnel at the Product A Company Indicates It 1s biodegradable, and an
environmentally acceptable method of disposal 1s via a municipal sewage
treatment facility after skimming free-floating oils from the surface,
removing particulate matter by filtration, and adjusting solution pH
with small amounts of waste a d d (Indications are that sulfuric a d d Is
best). After 15 years experience with this product the vendor indicates
that this method of disposal has not been a problem. Additionally, the
vendor indicates that addition of Product A to a sewage treatment system
may aid in cleaning the system.

Initial disposal options at PGDP included disposal via the C-615 sewage
treatment system, disposal via the C-616 free-flow lagoon, and
incineration, with on-site disposal being the preferred method.

During Initial studies spent Product A was analyzed for the presence of
TCE, TC-ane, perchloroethylene, uranium, and other metals to determine
if treatment other than oil skimming and pH adjustment was necessary
prior to disposal. At this time the Utilities Department vetoed the
idea of disposal at C-615 because of the possibility of contamination of
the solution with uranium or polychlorinated biphenyls (PCBs).
Environmental Compliance vetoed the Idea of disposal via C-615 and C-616
because the Kentucky Pollutant Discharge Elimination System (KPDES)
permit does not allow the disposal of nonpermitted discharges on-site at
these facilities.

At this point the emphasis was placed on developing an on-site method
for recycling/treatment of spent Product A solution. The proposed
general treatment plan included skimming oil from the spent solution,
passing the solution through activated carbon filters to trap organics
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(PCBs, TCE, etc.)f and additionally, treating the remaining uranium-
bearing solution at C-400 uranium precipitation facility for disposal.
Laboratory work was performed on filtration of spent Product A. This
solution would not vacuum filter, and with the use of a filter aid
(diatomaceous earth) filtered very slowly and foamed excessively. This
would suggest that this solution is unsuitable for vacuum filtration at
the C-400 facility; however the use of ant1-foaming agents could be
investigated. Pressure filtration with diatomaceous earth proceeded
very slowly, but eliminated the foaming problem. An experiment was per-
formed to investigate the loading factors of organics on activated
carbon filters, and this method looks very promising. Product A Company
personnel demonstrated the use of a coalescer for removal of tramp oils
from a machine coolant which would also be applicable to Product A
solution. Additionally, the vendor demonstrated use of a portable unit
that contained a rolled cloth filter for removal of particulate matter
from solution to 5 to 10 microns. The last item demonstrated was an
ultrafiltration unit for removal of water-soluble oil from solution.
Future work on recycle/treatment of spent Product A is anticipated
utilizing information gained during the above demonstrations.

CONCLUSIONS AND RECOMMENDATIONS

The degreaser that cleaned and protected metal surfaces best was Product
A which contained a glycol ether solvent. This product was free-rinsing
and there was no contamination problem from the cleaner Itself or from
oils/grease present in the solution. In the event that parts cleaned in
Product A are Improperly rinsed, there was no evidence of an adverse
reaction between cleaner residues and process gases. Corrosion data
indicates that Product A showed the least amount of general surface
corrosion of the three degreasers tested, and these corrosion rates were
acceptable.

As a result of this study, it 1s recommended that Product A replace
chlorinated solvents usage in all areas except cleaning of regulators
for bottled or produced gases (oxygen, nitrogen, argon, acetylene,
etc.), cleaning of critical electrical components (insulators,
insulation in transformer windings, etc.) and PCB clean-up.

Implementation of this recommendation would involve installation of
ultrasonic cleaners in areas such as maintenance shops in the cascade
buildings, 1n the garage, in electrical and instrument maintenance
areas, and in C-720 shops. Conversion of one of the C-400 vapor
degreasing tanks to an immersion type tank with agitation should be
explored. The use of chlorinated solvents should be on an approval
basis only and should be justified prior to approval by Environmental
Compliance and Industrial Hygiene. A 11st of approved issue points
should be applied to stores which would issue solvents to those points.
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Product A ts recommended for degreasing operations at PGDP with ultra-
sonic and Immersion cleaning for ambient temperature up to 140±5°F. For
degreasing light soils (soils from normal handling, oils, etc.) a con-
centration of 20:1 (pH 12.1) 1s recommended (20 parts water to 1 part
Product A). For heavier soils such as hard-to-remove grease, a stronger
concentration of 10:1 (pH 12.2) 1s recommended and, ultrasonic cleaning
at 145°F works best. Agitation of the solution 1s very Important for
proper cleaning. Solution pH should be checked at frequent Intervals
(determined by cleaning demand) and adjusted accordingly by addition of
either water or Product A.

Product A 1s economical to use. The current price 1s $8.15/gallon (for
single 55-gallon drum quantities). The cost of mixing a 20:1 gallon for
use 1s $0,388, excluding labor. Additionally, Product A can be treated
and recycled numerous times. The H f e of the cleaner can also be pro-
longed by proper temperature control, periodic removal of oil and
grease, use of deionized water 1n initial solution make-up to avoid
mineral build-up, or periodic pH checks with restoration of solution to
Its initial concentration.

Product A is safe to use. There Is no established TLV or flash point
associated with Product A, and no Ingredients with high health hazard
potentials.

Recycle/treatment/disposal studies on Product A should be continued in
the future. Current use of Product A in ultrasonic cleaners and
Graymill tanks has generated some drums of spent material. A central
collection facility should be designed to expedite consolidation and
recycling/treatment of spent Product A solution. As an 1nter1s> disposal
method it Is recommended that this solution be disposed of via the C-616
full-flow lagoon after proper treatment in C-409 Hazardous Waste
Treatment Facility until a comprehensive disposal scheme can be
developed. This would Involve a KPOES permit change. Suggested treat-
ment methods Include skimming of the spent solution to remove
free-floating oils, particulates filtration through bag filters or other
applicable filters, removal of organics (carbon filtration), uranium
removal (vacuum filtration with use of ant1-foaming agents, pressure
filtration, reverse osmosis, ultrafiltration, or other applicable
technologies), and pH adjustment to local regulations by addition of
small quantities of waste add (sulfuMc add 1s the best choice). The
treated solution should be analyzed for TCE, TC-ane, PCBs, uranium, RCRA
toxic metals (arsenic, barium, cadmium, chromium, lead, mercury,
selenium, and silver), zinc, Iron, aluminum, copper, nickel,
technetium-99, and gross alpha and beta.

In spite of the wide-range of objectives of this study, the following
areas of concern have surfaced and should be addressed in the
laboratory/field in the future:
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1. Studies should be conducted with Product A 1n which soiled metal
surfaces that are 1n contact (blind areas) are degreased, then
examined by Electron Spectrograph Carbon Analysis (ESCA). This
would determine how well surfaces have been degreased that are 1n
contact.

2. Efforts have been underway to determine the best recycling/
disposal method for Product A. This effort should be continued
and monitored through the P6DP Waste Minimization Subcommittee on
Investigation of Alternate Degreasing Solvents.

3. During laboratory studies of Product A disposal/recycling, dif-
ficulty was experienced in determining the oil and grease content of
the spent Product A solution using the EPA approved gravimetric
method. Components of the Product A are also freon-extractable,
resulting in inflated oil and grease numbers. Work should continue
to resolve this concern.

4. Under the scope of this project studies were performed on deter-
mining the solubilities of PCBs in cleaners in the laboratory and in
the field. A cleaner needs to be identified in which PCBs are
soluble (greater than five percent by weight) which is safe for use
around electrical equipment.

5. A test needs to be conducted in which regulators for bottled and
produced gases are cleaned in Product A and exposed to one or more
of these gases to determine if a reaction will occur.

6. If the option of converting one of the vapor degreasing tanks in
C-400 to an immersion type cleaning tank with agitation is feasible,
and studies 1n Item 1 indicate that blind areas are sufficiently
degreased, both vapor degreasers in C-400 should be converted for
Product A usage.

Implementation cf the above recommendations would eliminate the usage of
chlorinated solvents at PGDP.
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ABSTRACT

Waste minimization programs were developed for selected U.S. Air
Force (USAF) Air Training Command (ATC) bases. The primary
generators of hazardous waste at these locations are metal
preparation and finishing operations. Elements of these operations
include metals polishing, parts cleaning, surface preparation,
coating application, and coating removal that are performed in a
cyclical manner dependent upon maintenance needs. A case study of
minimization techniques applicable to metal polishing operations is
provided. The implemented options involve sludge separation,
increased efficiency rinsing, material substitution, and modified
waste disposal methods. Reduction economics and rationale are
presented for the selected design.

INTRODUCTION

In 1984, Congress passed the Hazardous and Solid Waste Amendments
(HSWA) that established more stringent technical standards for many
Resource Conservation and Recovery Act (RCRA) facilities, restricted
land disposal of certain nontreated wastes, and established
requirements for the regulated community to reduce the volume and
toxicity of the waste generated. Thus, HSWA established regulatory
requirements for generators to establish waste minimization programs
and provided an economic incentive to further this goal through the
imposition of increased technical standards and the resultant
increased cost of waste management. Several recently proposed
congressional actions would further the goal of waste reduction by a
variety of mechanisms including mandated reductions.

In the broadest sense, waste reduction includes source reduction,
recycling and waste treatment. Minimization programs should focus
on the use of source reduction techniques and recycling because
these activities are regulated to only a minimal extent. Direct
waste treatment, except in certain circumstances, is not favored
because of the regulatory controls of RCRA or other environmental
statutes such as the Clean Water Act. Source reduction may be
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defined as: (1) process elimination, (2) technology alteration,
(3) material substitution, or (4) procedural alteration. Recycling
involves use constituting disposal, burning for energy recovery,
reclamation and direct reuse.

Waste reduction programs for selected ATC bases were developed
through a process that involved base-specific audits, selected waste
stream analysis, and process-engineering design. Although numerous
base functions contribute to waste generation, one of the largest
streams results from depot-level metal finishing operations. Depot-
level finishing operations of selected aircraft components are
performed in a cyclical manner that involves removal of existing
coatings, metal cleaning and polishing, and application of new
coating systems. The frequency at which these operations are
performed is specific to the subject component to be processed.
Regularly scheduled maintenance, increased flight hours and
component failure all contribute to the frequency at which the
subject components are processed. In addition to aircraft
components, certain aerospace ground equipment (AGE) is also
processed in a similar fashion.

Coating removal is performed to allow inspection of the subject part
or due to degradation of the coating system. The second step in the
finishing cycle involves cleaning and polishing of the subject
component. These operations are performed to enhance inspection,
provide clean substrate for a new coating or to allow scheduled
maintenance. After polishing, the next step is nondestructive
inspection. Nondestructive inspection of aircraft components is
performed by x-ray photography, magnetic particle techniques or dye
penetrant techniques. The final step in the finishing cycle is
application of the new coating system. This operation involves
application of either phosphate or chromate-based conversion
solution to the bare metal, primer application, and topcoat
application.

Although each step in the finishing sequence generates hazardous
waste streams, the case study presented in this paper focuses on
metal preparation and polishing. This step was selected for
presentation because the concepts of process modification, equipment
modification, material substitution, procedural alteration, and
reclamation may be applied to this process.
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PROCESS DESCRIPTION

The primary process line in the studied metals polishing operation
consists of a series of heated and nonheated concentrated chemical
vats interspersed with nonheated rinsewater vats. A schematic that
depicts the general layout of the vats is provided in Fig. 1. The
vats are rectangular along the top with dimensions of 4.5 x 5.5 ft
and have a sloped bottom that angles from side to center at an
approximate depth of 4.5 ft to provide a total capacity of 850 gal.
The general construction of the vats is also provided in Fig. 1.
Approximately 1 ft of headspace is retained after placement of
650 gal of solution into each vat.
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Fig. 1. General Layout and Vat Design for Primary Cleaning.

Tank T-l in Fig. 1 contains an ethanolamine vat heated to -130°F
used for the removal of carbon deposits. The solution pH is
maintained at -10. The vat contents are disposed of annually and
contain extraction procedure (EP) toxic levels of Pb and Cd at the
time of disposal. Tank T-2 contains a sodium hydroxide solution
(pH -14) maintained at 190cF. As a general rule, such solutions
also contain limited quantities of sodium carbonate and surfactants
(wetting agents) that aid in the removal of oil and grease. This
bath is used for the treatment/cleaning of mild steel parts and
receives the highest loading of the chemical vats along this process
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line. The spent caustic is disposed of quarterly and the solution
contains concentrations of Cd, Cr, and Pb that are EP toxic. Tank
T-3 contains an alkaline permanganate solution of sodium hydroxide,
sodium carbonate and potassium permanganate blended with water to a
solution pH of -11. This solution is used in the polishing of
stainless steel components that have been processed in the preceding
vats. The solution is regenerated at six-month intervals with about
100 lbs of dry reagent. Contents are disposed of annually and are
considered hazardous due to EP-toxic levels of chromium and lead.
Tank T-4 is a noncirculating, nonheated bath that contains a
phosphoric acid/surfactant solution with a pH of -2. The contents
of this vat are rarely disposed of since the primary
degreasing/treatment occurs in the preceding vats. The purpose of
this solution is to provide chemical polishing to certain
components.

Each of the rinse vats (R-l, R-2, and R-3) are still rinses operated
at ambient temperature. Each vat is supplied with air agitation
that is infrequently used. The rinsewaters are discharged to the
publicly owned treatment works (POTW) on a weekly basis. Field
analysis of the wastewater indicated the rinse pH was 13, 4, and 3
for Vats R-l, R-2 and R-3, respectively. These values are
indicative of substantial carryover from the chemical vats.

In general, the processing mode may be summarized as submersion of
the component in the specified vat for approximately 1-2 hours. The
subject component is removed from the solution and transferred to
the subsequent rinse vat for 5-10 min. If additional polishing
steps are required, the component is transferred from rinse vat to
chemical solution in an alternating manner. The first three
chemical vats (T-l, T-2, and T-3) are operated at elevated
temperatures. The remaining chemical vat (T-4) and the rinse vats
are operated at ambient temperature.

The flow of parts during processing depends on the alloy used in
construction of the component. Parts constructed of aluminum alloys
are submerged in the ethanolamine vat (T-l) and are rinsed in
Vat R-l. Aluminum alloy parts are not processed in any other bath
along this primary line. Parts constructed of mild steel are
submerged in caustic (Vat T-2) and are also rinsed in Vat R-l. Mild
steel parts are processed only in these two vats. Parts constructed
of stainless steel alloys are processed by submersion in Vat T-2 for
about 1 h, followed by submersion ard rinsing in each of the
downstream vats.

Parts that are analyzed by nondestructive inspection are returned
for recleaning according to the original sequence. Parts that are
inadequately treated are also reprocessed according to the original
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sequence. Thus, in most circumstances, a part will be processed
twice and may traverse the process line up to three times.

WASTE GENERATION BASELINE

The effectiveness of waste reduction measures may be determined only
if the waste generation rates after the implementation of the
reduction techniques are measured against some baseline. The
results of the program may be monitored with respect to either
volume reductions or disposal costs.

Table 1 provides estimates of the annual volumes of hazardous waste
generated and costs associated with disposal from the studied metals
polishing line based upon the information gathered in the site
audit. Wastewater disposal volumes from the primary process line
are also included. For hazardous waste that is disposed of at a
frequency of greater than 12 months, a two-year disposal frequency
was assumed. This estimate was necessary for the ethanolamine and
phosphoric acid (H3PO4) from the primary line and is considered
valid because finishing baths are often discarded in 12- to 24-month
cycles. For these wastes, the annual disposal volume is estimated
as 50% of the total bath volume.

Table 1. Annual disposal volume and cost disposal
for waste generated in a netals polishing line

Waste types

Ethanolamine
NaOH solution
Alkaline permanganate
H3PO4
Wastewatera

Annual
volume
(gal)

325
1,625
650
325

97,500

Annual
disposal
cost

($)

3, 500
18,000
7,100
3,500
180

aThe projected cost that would result from cessation of the
indirect discharges and requirements for hazardous waste disposal is
estimated at $1,000,000.
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POTENTIAL REDUCTION OPTIONS

The alternatives considered for implementation at the studied
process line included procsss modifications, equipment
modifications, material substitutions, procedural alternatives and
an altered disposal technique for a portion of the wastes.

Process modification involves alteration of the basic processing
sequence. An example of process modification currently being
implemented by the USAF is plastic-media blasting for coating
removal as opposed to chemical stripping. Process modifications are
often implemented with material substitutions. The process
modifications that were considered for the studied polishing line
included: (1) elimination of the caustic vat, permanganate vat or
both from the line; (2) operation of the still rinses as
concentration vats that are subsequently used to regenerate the
chemical solutions; and (3) implementation of counterflow rinsing.
Elimination of several process vats reduces the volume of solution
that may potentially become waste. Use of concentration rinses
reduces wastewater volumes and feedstock requirements. Counterflow
rinsing has been demonstrated to reduce wastewater volumes in
related-type operations, reduces sludge generation in the finishing
solutions and increases rinsing system performance.

Several material substitutions separate from process modification
were also considered for implementation. The considered
alternatives included use of deionized water for initial makeup of
chemical solutions, replacement of the currenc caustic in use with
other alkaline media, and elimination of leaded fuels used in
aerospace ground equipment that is periodically cleaned and polished
along this line. Use of deionized water for initial makeup reduces
sludge that forms due to carbonates in tapwater. The caustic
currently used in this line contained additives that were considered
to increase etching of the substrate and generation of sludge in the
solution. Leaded fuels were determined to be the predominant source
of Pb in the discarded solutions.

Four equipment modifications were considered as potential reduction
options for this polishing line. Use of fog sprays or air blowers
would reduce the quantity of solution carried over by part movement
from the concentrated chemical vat to the rinse tank. Reduction in
this drag-out would extend the life of the rinsewater system. If
drag-out reduction techniques were coupled with reclamation systems,
the life of the rinse system might be extended indefinitely.
Conceptual design of rinsewater reclamation systems was developed to
determine the cost/benefit ratio of this alternative.

664



The final equipment modification considered for the polishing line
was frequent sludge removal. Sludge accumulation in the chemical
solutions reduces solution activity, increases holding times, and
increases finishing requirements downstream from the polishing line.
Frequent sludge removal has been demonstrated to extend bath
lifetimes in finishing operations by factors of 3 to 4 times the
initial life cycle. Several design options were considered for
implementation of this alternative.

Procedural alterations are often effective as waste reduction
measures in labor-intensive operations. Proper parts racking
substantially reduces the quantity of drag-out that occurs as parts
move along a finishing line. Coupled with reduced withdrawal rates
from the chemical solutions, these techniques may reduce drag-out by
up to 60 to 80%. Reduced drag-out results in increased rinse
efficiency and reduces sludge generation in downstream vats.

Another procedural alteration that was considered was neutralization
of caustic waste with some volume of phosphoric acid from Tank T-4
prior to disposal. If the EP metal concentrations in the solutions
could be maintained at reduced levels the resultant neutralization
sludge might be a nonhazardous solid waste.

SELECTED REDUCTION TECHNIQUES

The reduction techniques selected for implementation along the
polishing line combine equipment modifications, process
modifications, procedural alterations and an improved disposal
technique. The selected options were chosen on the basis of
implementability, waste reduction factors and economics.

All of the considered procedural alterations were selected for
implementation. Based on data from process studies in related
finishing industries, combination of reduced withdrawal rates and
proper parts racking will reduce drag-out volumes from
-15 gal/1000 ft2 to less than 1.0 gal/1000 ft2. These substantial
reductions in drag-out volumes will extend the life cycle of the
rinsewaters and increase the rinsing efficiency without capital
expenditures.

An altered disposal technique that involves neutralization of spent
caustic with a portion of the phosphoric acid vat contents at the
time the caustic is destined for disposal was selected for
implementation. A ratio of 2:1 to 3:1 parts caustic to phosphoric
acid was selected as an appropriate neutralization mixture. The
reaction unit was designed in a manner that avoids requirements for
RCRA permitting. Based on current disposal volume and costs,
implementation of this system will result in volume reductions of
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-65% for the waste caustic and reductions of 30% of the total waste
generated from the polishing line.

Equipment modifications of air fans or fog sprays were considered
unnecessary capital expenditures provided the recommended procedural
alterations of reduced withdrawal rates and improved parts racking
were implemented. The equipment modifications of sludge separation
from the chemical vats and rinsewater reclamation were chosen for
implementation.

The system chosen for sludge separation involved connection of a
filtration system that consists of two bag filters of differing
nominal retention capacity to each chemical vat along the process
line. The vat contents are periodically circulated through the
filtration systems by a small centrifugal-type pump. Although
periodic filtration was chosen as the mode of operation, continual
circulation could also be used.

The above system was complimented by implementation of counterflow
rinsing. Each of the rinsewater tanks was interconnected to develop
a rinsewater flow system along the polishing line. The modified
rinsewater system was connected to a unit that provides multiple pH
adjustments and filtration to remove solids that accumulate in the
rinsewater. The system is designed to monitor for total suspended
solids downstream from filtration and allows addition of fresh
makeup water and bleed-off to the POTW when solids concentrations
become elevated. This system approximates counterflow-rinsing
design and is expected to provide significant wastewater reductions.
Fig. 2 depicts the selected design.

The combined effects of the above system were estimated to provide
volume reductions of greater than 65% in the hazardous waste
generated from the current system. Waste generated from the
proposed system included filter residues from the chemical
solutions, the rinsewater system filter residues, and volumes of
chemical solution that will require eventual disposal on a reduced
frequency. Capital expenditures were estimated at less than $40,000
which provides a break-even period for the system of approximately
15 months.

This system was preferred over use of the rinse vats as
concentration tanks on the basis of cost and implementability. Use
of still rinses as concentration tanks requires that drag-out rates
be correlated to feedstock requirements. Development of these
correlations is both time consuming and difficult for operations
that involve dissimilar parts that are processed on a semicontinual
rather than continual basis. Additionally, the capital cost
required to develop a concentration tank type of system was
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estimated to be approximately double the cost of the selected
system.

The final process modification considered was elimination of the
caustic and permanganate vats from the process line. Justification
for this technology alteration was developed on the basis of cost,
performance, materials concerns and reduction in waste volumes. A
concept design was developed that utilized ethanolamine and
phosphoric/chromic acid as the polishing solutions. Excess vat
capacity that results from elimination of caustic and permanganate
solution was utilized as additional rinse capacity. However,
implementation of the proposed design would require alteration of
the governing technical order by the Air Force Logistic Command and
could not be implemented at the base level.
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Fig 2. Rinsewater and Concentrated Solutions Reclamation System.
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ABSTRACT

Remedial Investigation/Feasibility Study (RI/FS) Guidance Documents have
been prepared and distributed by the Environmental Protection Agency
(EPA) for use at Superfund sites. One goal of EPA studies is to provide
the documentation necessary to support litigation. Federal facilities
have been mandated to finance and perform their own remedial actions,
and generally have different source characteristics than EPA sites. For
these reasons, RI/FS at Federal facilities can be more streamlined and
focused, which accelerates the initiation of clean-up actions. This
paper provides supplemental guidance on the steps necessary to perform
RI/FS at Federal facilities. Comparisons will be made between the EPA
process and the process followed at Federal facilities. The rationale
for the differences between the programs will be discussed.

1. INTRODUCTION

The purpose of this paper is to provide supplemental guidance on the
steps necessary to perform Remedial Investigations/Feasibility Studies
(RI/FS) at Federal facilities. The extensive documentation required by
the EPA at Superfund sites is not necessarily needed at Federal
facilities which are financing and performing their own remedial studies
and actions. Studies at Federal facilities still follow the RI/FS
process and are consistent with the National Contingency Plan (NCP), but
are simpler studies that require less complex documentation than that
required by the EPA. A review will be made in Section 2 of the
applicable legislation and procedures used by the EPA. In Section 3,
the rationale for the differences between EPA procedures and those
followed at Federal facilities will be provided. The process allowing
Federal facilities to meet the intent of the NCP, while accelerating and
streamlining the FS process, will be delineated. The application of
Operable Units/Focused Feasibility Studies (OU/FFS) will be discussed in
Section 4. This paper is a brief summary of a larger guidance document
prepared and available from the authors.

(1) Senior Engineering Consultant, Environmental Scientist and Project
Chemical Engineer respectively, E.C. Jordan Co., Portland, Maine
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2. REMEDIATION PROCESS

2.1 APPLICABLE LEGISLATION AND PROGRAMS

The RI/FS process, as described in the NCP, is a process whereby
hazardous waste sites are characterized and remedial alternatives are
selected. In 1980, The Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA) was enacted, which required that
each department, agency, and unit of the United States (including the
executive, legislative, and judicial branches of government) be subject
to the laws, both procedurally and substantively. The guidelines set
forth by CERCLA were modified and clarified, relative to the roles of
EPA and other Federal agencies, by the Superfund Amendments and
Reauthorization Act (SARA) of 1986. As required by CERCLA/SARA, EPA and
other Federal agencies select appropriate remedial actions for
uncontrolled former hazardous waste releases using the NCP's RI/FS
process, as described in various EPA guidance manuals.

2.2 REVIEW AUTHORITY

Federal agencies have been tasked by the NCP and CERCLA/SARA
legislation, to remediate contamination at their facilities which is the
result of the release of hazardous materials from past practices and
activities; they then act as the lead agencies for these investigations
and remedial actions. SARA significantly impacts the review authority
at Federal facilities. If the Federal facility is on the National
Priorities List (NPL), the EPA is designated the primary review
authority, with the State supplying review and comment. However, as
mandated by SARA, all Applicable or Relevant and Appropriate
Requirements (ARARs) have to be addressed. In the event that State
regulations are more stringent than the Federal regulations, the State
regulations must be adhered to during the investigation and remediation
process. At non-NPL sites, including those at Federal facilities, the
State is the primary review authority. The same SARA mandated, NCP
consistent RI/FS process used at NPL sites is followed at non-NPL sites.
However, it is likely that the complexity of the documentation and
remedial action will be reduced.

3. APPLICATION OF RI/FS PROCESS AT FEDERAL FACILITIES

3.1 COMPARISONS BETWEEN FEDERAL FACILITIES AND EPA SITES

There exist both similar and differing elements between the RI/FS
process followed at Federal sites and EPA Superfund sites. The similar
elements in the basic process followed at all sites include: soliciting
public input; considering ARAR and permanent solutions; and selecting
cost effective alternatives.

The procedural differences between RI/FS programs at Federal facilities
and EPA Superfund sites relate to the needs and goals of the agencies.
The EPA has developed detailed documentation procedures for Superfund
sites to provide the backup necessary to support litigation and to
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assure that a rigorous approach has been followed to ensure
reimbursement by Potentially Responsible Parties (PRP's). Application
of EPA guidance has resulted in procedures to assure that all
technologies have been reviewed and screened, and that alternatives are
developed from this universe of technologies. At Federal facilities,
the need to support litigation is not required since the Federal
facilities have already agreed to remediate the sites. They generally
desire an expeditious clean-up to allow them to concentrate on their
assigned mission. This is often not the case with Superfund PRPs who
may wish to delay the clean-up expenditure as long as possible. Due to
these differences, the RI/FS process at Federal facilities can be
streamlined relative to the process required at Superfund sites. The
effect of these differences on each phase of the RI/FS process will be
discussed in detail below.

3.2 SPECIFIC COMPARISON BY RI/FS PHASE

3.2.1 Site Investigation/Remedial Investigation (SI/RI) Differences

Sites at Federal facilities, especially operational military bases,
usually consist of multi-source areas of low contamination. It has been
our experience that most EPA Superfund sites consist of one or two
highly contaminated sources. Confirmation at EPA Superfund sites is
relatively straight forward and usually consists of a "walk over",
possibly supplemented with subsurface test pits or isolated borings.
Most Federal facilities (and specifically military bases) contain older,
multi-source sites which have released low concentration of contaminants
over a long period of time. For such sites, fairly extensive SI field
efforts are required to confirm or deny the presence of low level
contamination. Because of this, the SI at Federal facilities generally
involves more detailed field work than that which is expected for
Superfund sites. It is expected that many of the areas identified
during the discovery phase will not become sites or represent marginal
sources of contamination which are candidates for accelerated
remediation. In both instances, there is a great likelihood that site
work will be terminated quickly. If this is not possible, there is
often times sufficient information available after the SI to proceed
directly to alternative selection and remedial design.

3.2.2 Feasibility Study .(FS) Differences

Due to for the procedural differences discussed above, the FS decision
process is simplified and the degree of documentation is reduced at
Federal facility sites. For instance, numerous technologies can be
quickly screened using engineering sense, in the same manner that
decisions are made for any other engineering or scientific project. By
screening technologies using engineering sense, the number of detailed
alternatives can be greatly reduced. As a result, Federal facility FSs
can be focused towards proven technologies related specifically to
contaminants and matrices of concern. This, in turn, significantly
reduces the study effort and the time required to initiate remediation.
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3.3 NPL IMPACT

When a Federal facility becomes an NPL site, certain actions take place
because the EPA becomes the primary review authority. To support the
relationship between the two Federal agencies, an Interagency
Agreement/Memorandum ot Understanding (1AG/M0U) is formulated to
establish the procedures to be followed during the Rl/FS process to
resolve disputes which may arise between the Federal facility and the
EPA. The EPA also requires that a schedule be published. As mandated
by CERCLA, deviations from this schedule are subject to challenges by
citizens through a civil action. The EPA also requires r.nat an
Administrative Record be maintained for public review.

If the Federal facility is not an NPL site, the review authority rests
with the State. In this case, more latitude may be available for the
Federal facility to work directly with State and local officials to
arrive at a practical solution which is consistent with State and local
practice and promulgated ARARs. Decisions are still reached based OP.
cost, effectiveness, and implementabi 1 ity, but the decision process may
be more streamlined since direct input is provided by State and local
agencies. This streamlined decision process is still a complete FS
which is consistent with the NCP.

4. OPERABLE UNITS/FOCUSED FEASIBILITY STUDIES (OU/FFS)

4.1 DESCRIPTION

At Federal facilities, there is an opportunity to further streamline the
studies and accelerate clean-up through the use of Operable
Units/Focused Feasibility Studies. The Operable Unit (OU) approach to
site remediation represents a method to accelerate the clean-up process
at a site or portions of a site while, at the same time, complying with
the overall clean-up program objectives. OUs are discrete actions that
serve as incremental steps toward a final site remedy. The assessment
necessary to support the selection and implementation of an operable
unit is called a Focused Feasibility Study (FFS). An FFS includes all
the significant components of a full-scale FS, but is often more
manageable because it addresses a more narrowly defined portion of the
site. When a "site" is a facility with a number of distinct
source/migration problems (as is often the case at Federal facilities;,
the FS team may have the option of separating the clean-up into a series
of discrete remedial activities, or O'Js. The individual problems may be
approached simultaneously or in succession until the entire site
solution is achieved. Clean-up is also initiated sooner. The OU/FFS
approach creates the opportunity to perform some site quantification
while performing the remedial action, thus making it possible to reduce
the expenses related to a separate quantification study phase. The
OU/FFS process is described further in the following section.
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4.2 OVERALL PROCESS

The overall Rl/FS process incorporating OU/FFS is shown in Figure 4.1.
As shown on the Clow chart, the question of whether to consider a
portion of the site an Operable Unit should be posed at several
different points throughout the RI/FS process. For multi-source sites,
the flow chart is followed for each source and repeated until the entire
site is addressed.

4.3 APPLICATION

Implementation of OUs may be appropriate at any site, in the event that
any or all of the following circumstances are involved: 1) an area of
the site requires stabilization to prevent further degradation of site
conditions; 2) a problem at the site precludes further investigation of
site conditions; 3) a specific matrix or contaminant at the site can
most easily be handled as a separate operable unit; and 4) the site
problem is exceedingly complex, with numerous source/migration problems.
In the latter case, a FFS may allow these problems to be dealt with
individually, making it possible to avoid production of an unwieldly FS
document.

4.4 COMPARISON BETWEEN OU/FFS AND Rl/FS.

Both OU/FFSs and full-scale RI/FSs must contain the basic elements of an
FS. These include the following: 1) some degree of risk or threat must
be confirmed and response objectives must be established; 2) ARARs must
be identified for the particular aspect of the site and proposed
actions; 3) alternatives that meet the response objectives must be
developed and evaluated; 4) alternatives must, to the extent
practicable, make use of technologies that provide permanent solutions
through treatment and/or resource recovery; and 5) selected alternatives
must be cost-effective, striking an appropriate balance between
implementation, cost, and protection of human health and the
environment.

The FS and FFS differ in the extent to which criterion are assessed.
Because an operable unit usually deals with a limited part of the
problem (e.g., contaminated soils), the alternatives can be developed
from a limited set of technologies. ARARs must be evaluated for the
specific actions to be taken. However, the result of the operable unit
need not comply with all ARARs, as long as subsequent actions at the
site will move toward that goal. The evaluation of alternatives becomes
simpler due to the limited number of technologies.

4.5 POTENTIAL DRAWBACKS OF THE OU/FFS APPROACH

There are several areas of concern to consider when taking the operable
unit approach to a site, including the following: 1) total length of
time for final site clean-up may be extended; additional time may be
required for review and implementation of each operable unit; 2) total
costs for site remediation may be greater as a result of potential
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duplication of activities performed during different operable units; 3)
project management is more complex; and 4) community relations efforts
nay be more intense since citizens need to be notified of and involved
in each remedial action choice.

4.6 EXAMPLE

A hypothetical example is described in this section to illustrate the
OU/FFS process and its usefulness at Federal facilities. Site
characteristics are described in Table 4.1, along with a comparison
between EPA Superfund site and Federal facility programs. This process
follows the flow diagram presented previously in Figure 4.1. As shown,
on the schedule presented in Figure 4.2, remediation at the Federal
facility begins at least 2 years earlier than at the traditional EPA
Superfund site. The Federal facility site will be closed out before the
traditional EPA study is completed. In addition, action to control
surface runoff can be taken before additional damage occurs.

5. SUMMARY

A summary of the points discussed in this paper is presented in Table
5.1. As discussed, the RI/FS process is followed regardless of the site
category and regardless of the principle review authority. The
following activities take place at Federal facilities which are NPL
sites: a schedule is published; an Administrative Record is maintained
for public review; and an Interagency Agreement/Memorandum of
Understanding established to delineate the procedures that will be used
if disputes arise between the Federal facility and the EPA. Federal
facilities, which are not NPL sites, will be reviewed by State
authorities. To be consistent with the NCP and effective as a decision
making tool, the same RI/FS process will be followed, although the
specific procedures used to implement the process will be more
streamlined than at EPA Superfund sites.

Most Federal facilities, (and specifically operational bases of the
Department of Defense), are significantly different than most EPA
Superfund sites. Federal facilities, and specifically operational DOD
bases, generally consist of older multi-sourced sites with low
concentrations of contaminents which have been released over a long
period of time. The Federal agencies have been mandated to assume
clean-up responsibility and are often times willing to select
remediation prior to final quantification in order to expedite the
clean-up process. At EPA Superfund sites, a detailed quantification
study and extensive documentation is necessary for potential litigation
and reimbursement. This extensive study and documentation is not needed
when dealing with a Federal facility. Because of the opportunity to
initially screen technologies, the SI/RI can be more straight-forward
and the FS more focused. Likewise, there is potential for more
aggressive use of OU/FFS during the RI/FS process. The result is that
remediation can be initiated sooner and on a more cost effective basis.
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TABLE 4.1
COMPARISON OF A TRADITIONAL RI/FS AND AN OPERABLE I'NIT/FFS

FOR AN EXAMPLE SITE

Sice Description: Seven hundred drums are located at an unlined drum
disposal site. The site is approximately 5 acres in size. Several of
Che drums are in danger of exploding. The ground is heavily stained and
surface runoff has caused a fish kill in a nearby stream. Two domestic
drinking water wells are contaminated.

TRADITIONAL RI/FS PROGRAM OPERABLE UNIT/FFS PROGRAM

(1) Operable Unit No. 1:
Drum Removal (same activi-
ties as RI/FS) .

(1) Preliminary Assessment (PA) and
Initial Sice Visit:
Emergency response (ER) is
performed to stablize the site;
Drums are removed and bottled
water is supplied.

(2) Remedial Investigation (RI): (2) Preliminary Risk Assessment:
Performed Co characterize soils, RA indicates a threat to
surface water, and groundwater. the nearby stream from

surface runoff.

(3) Risk Assessment (RA):
Performed to established
clean-up objectives.

(4) Feasibility Study (FS):
Performed to determine the
most appropriate methods for
remediating the site.
(During the course of the
RI/FS activities, a storm
causes significant surface
runoff, resulting in a
second fish kill in che
nearby stream).

(5) Final Remedy:
Solucion involves che
excavation and incineration
of contaminated soils &
sediments, pumping and
creacment of gioundwater.
A continued supply of bottled
water is supply to nearby
homes.

(3) Operable Unit No. 2, Surface
Runoff:

An FFS indicated chat the
best solucion co concrol
surface runoff is co
install a interim cap at
che sice. The cap is
inscalled.

(4) Additional Rl:
While OU No. 2 is imple-
mented, further charac-
Cerizacion of che soils
and groundwater is con-
ducted; risk assessmenc
is performed Co establish
clean-up objectives.

(5) Operable Unit No. 3, Source
Control:
An FFS indicated chat che
besc method co concrol che
source of concaminac ion t:o
che s>roundwacer is to
excavace ind cri;ac che
soils. Soils .ind cap .ire
are excavated ,ind inciner-
ated.

(6) Operable Unit No. 4 Ground-
water Treatment:

An FFS indicates che besL
method to address ground-
water contamination is to
pump and treat Che
contaminated piume. A
continued supply of
boccled water LS provided
Co nearby homes.
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TYPE OF
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YEAR 1
2 4 6 • 10 12

MONTHS

YEAR 2 YEAR 3 YEAR 4

EPA
SUPERFUND

(EPAIedNPLsHes)

FEDERAL
FACILITIES

Either NPL (EPA reviewed)

or

Non-NPL (Slate reviewed)

KEY:

ER • EMERGENCY RESPONSE

FS - FEASIBILITY STUOY

FFS • FOCUSED FEASIBILITY STUDY

GW -GnOUMDWATER

OU - OPERABLE UNIT

PA -PRELIMINARY ASSESSMENT

PRA • PRELIMINARY RISK ASSESSMENT

RD -REMEDIAL DESIGN

Rl - REMEDIAL INVESTIGATION

ROD RECORD OF DECISION

SI -SITE INVESTIGATION

RA -REMEDIAL ACTION
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TREAT.
INITIATE
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L RD J

PUMP AND TREAT

FIGURE 4.2
SCHEDULE COMPARISON
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TABLE 5.1

SUMMARY

CONSIDERATIONS DESCRIPTION

o Federal Facility Process RI/FS process the same whether
an NPL or Non-NPL site
Implementation procedures
vary

o Federal Facility Placed on NPL Action required
o Publish schedule
o Maintain Administrative

Record
o Establish IAG/MOU

o Federal Facility Differences General Site Characteristics
Multi-source

. Older
Low Concentrations
Long Release Period

Approach
Assume cleanup
responsibilities
Relieves burden for
documentat ion

Procedures
More extensive SI; RD
possible after SI
FS focused
Aggressive use of
OU/FFS
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REMEDIAL TECHNOLOGY SCREENING METHOD

John D. Young
Donald R. Watkins

CER Corporation

ABSTRACT

Determination of the most effective remediation technologies to apply to hazardous
waste sites requires analysis of complex sets of data and evaluation of trade-offs
based on limited resources. Currently, remedial technologies are in various stages of
active development, and as a result, performance and implementation requirements
are evolving continually. In many cases, no single technology represents a clearly
superior option either technically or economically based on site characteristics and
regulations that dictate remediation requirements.

This paper presents a comprehensive method to rapidly screen and evaluate reme-
dial alternatives. The purpose of the screening process is to perform the first cut at
selecting the most feasible technology (or group of technologies) for remediation of
specific hazardous waste sites. The method is a systematic guide expressed in
matrix form to indicate the technology or technologies that will do the best job at
specific sites within institutional constraints and limits of available resources. Tech-
nologies for cleaning up contaminated soils and migrating contaminant plumes in
groundwater will be considered with emphasis on technical effectiveness, implemen-
tability, and costs.

INTRODUCTION

Current methods used to screen and evaluate alternative remedial technologies rely
to a great extent on informal, sometimes intuitive assessments of what can
represent relatively complex and involved technical and environmental issues. The
basic procedure presented in this paper consists of two parts. The first step centers
on identifying the general group or type of remedial responses compatible with the
characteristics of the specific waste site. In this initial assessment, the overall, dom-
inant characteristics of the particular site are considered based on contaminant
form, mobility, and chemical reactivity. Once the general grouping is determined, in
the second step, the specific technologies comprising the group are all screened
and evaluated on their relative merits to fulfill both technical performance require-
ments and satisfy non-technical issues. Technical and non-technical issues that
need to be resolved in determining the most viable and comprehensive remedial
technology or technologies to apply to a particular hazardous waste site or group of
sites include engineering feasibility, regulatory compliance, environmental assess-
ment, public health effects, and economic aspects. No one issue stands alone. The
interrelated nature of these issues presents the need to develop a consistent
method to promote rapid screening and evaluation of remedial alternatives, provide
needed documentation, and standardize the remedial alternative (RA) selection pro-
cess.
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The purpose of this paper is to present an efficient method built around a matrix for-
mat to systematically screen RAs and shorten the time usually devoted to obtaining
the first cut selection of the most feasible technology or technologies that will effec-
tively remediate specific hazardous waste sites. The remainder of the paper will
briefly discuss (1) key contaminant characteristics that determine environmental
transport mechanisms and accumulation zones of contaminants, (2) the prominent
remediation technologies available today, (3) the criteria by which to evaluate effec-
tiveness of key technologies, (4) the workings of the matrix method itself, and (5)
significant non-technical issues, such as regulatory compliance, public health effects
and costs.

BACKGROUND

Contaminants appearing in the environment exhibit a number of characteristics. The
important characteristics that directly affect selection of alternative remedial tech-
nologies are contaminant form, mobility in the environment, and chemical reactivity.
The primary forms in which contaminants can appear are (1) in the soil adsorbed to
particles, (2) as free floating product in the subsurface, and (3) as dissolved product
in groundwater.

Contaminant mobility in the environment is the next major characteristic to consider.
The basic premise is that if it moves slowly it can be contained in place within a rea-
sonable time frame. Applicable containment technologies are physical techniques
which include earthen caps and various subsurface barriers, slurry walls, grout cur-
tains, and trenches, or hydraulic gradient control techniques which include induced
water mounding and cones of depression to contain hazardous materials in place, as
well as surface water controls. In general, containment alone is not recommended
for remedial action because it will not provide sufficient long-term environmental
protection.

Chemical reactivity plays a decisive role in the selection of remedial alternatives.
Specifically, if the contaminant is reactive, it can be chemically altered or degraded
either in situ or in a surface treatment or processing plant. Prominent techniques
center around either in situ or extraction processes. In situ treatment techniques
include bioreclamation/biodegradation, chemical techniques which include air/steam
stripping, soil flushing and detoxification, and physical techniques which include in
situ vitrification or fixation of solids and liquids in grout. Extraction and treatment
techniques require soil or groundwater extraction/withdrawal and physical or chemi-
cal treatment. For water, extraction of floating liquid product on surface waters
requires the use of skimmer equipment. Reclamation of floating and dissolved pro-
duct in the subsurface requires groundwater pumping or installation of either inter-
ceptor trenches or subsurface drains. Subsequent treatment includes biological,
chemical, and physical processes. Biological treatments generally involve repeated
commingling of microorganisms with nutrient solutions over suitable substrates.
Chemical processes rely on oxidation (air/steam stripping) and precipitation. Physi-
cal techniques utilize oil-water separators for petroleum-based products and
activated carbon filtration. For soils, surface treatment after excavation involves use
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of biological, chemical, or physical systems, which include land farming, soil flushing,
incineration, and volatilization. Extraction and disposal techniques for soils can also
include simple excavation, isolation (packaging), and disposal with little or no treat-
ment or alteration on site or off site in landfills, for example. Contaminated ground-
water may, in some cases, be removed, treated, and disposed of in on site surface
impoundments, reinjected into underground aquifers, or discharged through off site
municipal waste water treatment systems. Off site disposal of hazardous waste is
usually unattractive because of high costs and long term liability to the waste gen-
erator.

METHODOLOGY

Characteristics

The first step in screening alternative remedial technologies is to consider technical
aspects by examining the relationship between remedial technologies and the major
characteristics of the primary types of hazardous materials determined to be con-
taminating the waste site. The rationale is to indicate the general direction to be
taken to determine the most feasible remedial technology to apply. Figure 1 illus-
trates the dependence of general categories of remedial alternatives on the primary
waste characteristics, mobility and chemical reactivity.

Proceeding in the first step, hazardous compounds are considered in more detail in
terms of mobility and reactivity. Figure 2 shows the general trend of reactivity with
respect to prominent chemical groupings. Reactivity can be expected to be lowest
for metals in the environment and increase for pesticides/PCBs and semi-volatiles
with volatiles exhibiting the highest reactivity in general. One source of qualitative
indications of chemical reactivity are the Material Safety Data Sheets required for
OSHA permits.

Mobility can be estimated with more ease quantitatively compared to reactivity. One
way to do this is to consider organic carbon partition coefficient, as presented in Fig-
ure 3. Other factors relevant to geology, in particular, can include hydraulic conduc-
tivity. In Figure 3 some of the more common organic contaminants are ranked
according to their potential mobility through the environment.

Combined mobility-reactivity characteristics of the more prominent classes of
environmental contaminants are presented in Figure 4. Considerable variability is
exhibited among the entries in the matrix, but the statement can be made that, for
the contaminant types listed, reactivity generally increases with mobility. Specific
common organic contaminants appearing in Figure 3 are grouped qualitatively in Fig-
ure 5 according to general mobility and reactivity characteristics.

In applying the second step of the screening method, the basic issues that determine
applicability of specific remedial alternatives are translated into the screening cri-
teria in Figure 6 used to evaluate these technologies. The specific areas include
engineering feasibility, regulatory compliance, environmental assessment, public
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health effects, and economic issues. Each of these areas can be broken down into
pertinent elements that bear directly on the alternative technology selection pro-
cess.

The first, engineering feasibility, consists of critical examination of expected system
performance with respect to technical requirements. In other words, will the system
under consideration do the job effectively, at what confidence level, and what may
be its limitations. This requires detailed knowledge of the remedial technology
involved, site characteristics, contaminant characteristics, construction require-
ments, and maintenance requirements. Each of these elements needs to be con-
sidered in assessing the ability of the various RAs to remove chemical contaminants
present at a particular waste site or group of sites. In the feasibility stage, remedial
technologies must be judged with respect to removal capacity of volatiles, non or
semi-volatiles, pesticides or PCBs, and metals distributed at the site.

In the area of regulatory requirements, each remedial technology needs to be
evaluated with respect to the required ARARs (Applicable, Relevant, and Appropri-
ate Regulations), air permits, water discharge permits, construction/transportation
permits, and time requirements. Further evaluation requires environmental assess-
ment and determination of potential public health effects. This area includes examin-
ing effects of anticipated remedial activities on public health and ascertaining poten-
tial risks and exposure levels. Effects on air and water quality must be considered as
part of this evaluation process. In addition, potential effects on flora and fauna can
directly reflect effects on human populations. Surface land reuse may impose addi-
tional restrictions or requirements on remedial technologies or associated construc-
tion activities.

The final area to consider is costs and economic impacts. Project costs can be bro-
ken down into preliminary, pilot-scale field feasibility test costs; front-end, process
mobilization costs; unit operating and maintenance costs; and additional costs asso-
ciated with time constraints imposed by regulatory requirements. The general rela-
tionship of fixed and unit cost elements is illustrated in Figure 7 for two examples of
in situ and excavation/surface treatment techniques.

Case Study of Matrix Application

The remedial alternative screening method developed in this paper is based on a
matrix format. The preferred way to illustrate the mechanics of the method is to
present and discuss an example evaluation in a typical case study. In this case, the
site to be remediated is an area that has had fuels and solvents dumped and ignited
on numerous but irregular occasions. The site contains both soil and water contami-
nation. Characterization of the soil contamination at the particular site is consider-
ably more advanced compared to that for the groundwater and will be considered
herein for the case study. Groundwater is to be remediated under a separate pro-
gram which encompasses a larger operable unit. In general, the contaminants at this
site can be characterized as falling in the central area of the reactivity and mobility
ranges on Figure 8, which is based on Figure 5.
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Reference to Figure 1 indicates that any of the general types of remedial technolo-
gies may be applicable in this case. However, containment is not considered a
viable option in this case because of anticipated land reuse and the need to signifi-
cantly reduce or eliminate the amounts of hazardous materials present at the site.
The RA technology matrix adapted to this case is represented in Figures 9 through
13. The major screening criteria categories from Figure 6 are represented on the left
of Figure 13 with the potentially applicable technologies across the top of the matrix
form. The scoring system employed in the evaluation calls for applying a positive
unit value to a positive attribute, zero value to a negative attribute, and 1/2 to an
attribute that has some doubt associated with it but nonetheless has reasonable
chance of success in a particular case.

Figures 9,10,11, and 12 present the numerical scores resulting from detailed evalua-
tion of each technology relative to the breakouts of each major screening criteria
category. For each major category, the plus, minus and uncertain scores are valued
and the columns summed for each technology. At the end, the total score is deter-
mined for each technology considered, as in Figure 13. In this case, the screening
method identified three technologies, in situ vitrification, chemical fixation (CF) and
excavation/disposal (with CF receiving the highest rating out of those technologies
available), as viable candidates for further, in depth evaluation to determine the RA
most applicable in this particular case.

BENEFITS

Clearly this technique represents a distinct advantage in offering a factual and con-
venient framework on which to base the first cut selection of the preferred RA or
RAs. It also can form the basis for further evaluation, technical decisions, and recom-
mendations for future action. In addition, the benefits to be realized from employing
this screening method in remedial investigation activities can extend beyond obtain-
ing rapid and systematic evaluation of remedial alternatives. They include (1) provid-
ing the mechanism to document the rationale and analyses devoted to selection of
particular remedial alternatives over others, and (2) justifying specific courses of
action that are recommended and subsequently adopted in the remedial action pro-
cess.
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COMPOUNDS

Volatiles

Semi-Volatiles

Pesticides/PCBs

Metals

MOBILITY

Very Mobile —
Easily Transported

Moderate — Adhere
to Particles

Not Easily Mobilized -
Adhere to Particles

Highly Variable —
Adhere to Particles

REACTIVITY

High but Variable

Variable

Very Stable

Highly Variable

Figure 4 Mobility-Reactivity Characteristics of Major Chemical Groups
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Semi-VOCs

Metals
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PCBs
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Figure 5 Specific Chemical Types in Mobility-
Reactivity Matrix

SCREENING CRITERIA

• Engineering Feasibility

• Regulatory Requirements

• Environmental Assessment

• Public Health Concerns

• Costs/Economic Impacts

Figure 6 Screening Criteria
Categories
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ENGINEERING
FEASIBILITY ISV CF BIO RV Rl ED

PERFORMANCE

Removal of Volatiles + _ ? _ — _
Removal of Semi-Volatiles + ? ? - + ?
Removal of Pesticides/PCBs + + - - + +
Removal of Metals + + — — — +
Additional Remediation Required + + — — — +

RELIABILITY

Risk of Technical Failure ? + ? + + +

IMPLEMENTABILITY

Ease of Installation ? + + + + +

S C O R E 6 5M> 21/* 2 4 5V2

ISV = In Situ Vitrification CF - Chemical Fixation BIO * Biortmediation
RV = Removal and Volatilization Rl • Removal and Incineration
ED = Excavation and Disposal

Figure 9 Case Study - Scoring Based on Engineering Feasibility

REGULATORY
REQUIREMENTS ISV CF BIO RV Rl ED

Compliance with ARARs + + — — + ?

Air Permits — — ? — — +

Water Discharge Permits + + + + _ +

Construction Permits

(Transportation) ? ? + — - +

Time Constraints ? + + + + _

Liabilities + + ? ? ? -

SCORE 4 4V* 4 2 % 2V&

Figure 10 Case Study — Scoring Based on Regulatory Requirements
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ENVIRONMENTAL ASSESSMENT/
PUBLIC HEALTH ISV CF BIO RV Rl ED

Public Health Effects + ? ? + + _.

Effects on Water Quality + + ? + + +

Effects on Air Quality + - ? ? ? ?

Effects on Flora/Fauna — — ? + + +

Land Reuse + + + ? + +

SCORE 4 21/2 3 4 4 % 31/2

Figure 11 Case Study — Scoring Based on Environmental Assessment/Public Health Effects

COSTS AND ECONOMIC
IMPACTS ISV CF BIO RV Rl ED

Feasibility Test Costs ? ? + + — +

Mobilization Costs — + + + — +

Operating and Maintenance Costs — ? ? ? — —

Regulatory Requirement Costs — — ? ? ? —

Costs Uncertainties - + + + +

SCORE % 3 4 4 VA

Figure 12 Case Study — Scoring Based on Costs and Economic Impacts

SCREENING CRITERIA ISV CF BIO RV Rl ED

VA

3%

Figure 13 Case Study — Ranking of Remedial Alternatives for Soil Contamination
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ENVIRONMENTAL COMPLIANCE AT U.S. DEPARTMENT OF ENERGY
FUSRAP SITES

Steven D. Liedle
Bechtel National, Inc.
800 Oak Ridge Turnpike
Oak Ridge, Tennessee 37830
(615) 482-1552

Bruce W. Clemens
Bechtel National, inc.
800 Oak Ridge Turnpike
Oak Ridge, Tennessee 37830
(615) 482-1552

INTRODUCTION

With the promulgation of the Superfund Amendments and
Reauthorization Act (SARA), federal facilities were required to
comply with the Comprehensive Environmental Response Compensation and
Liability Act (CERCLA) in the same manner as any non-government
entity. This presented challenges for the Department of Energy (DOE)
and other federal agencies involved in remedial action work because
there are many requirements under SARA that overlap other laws
requiring DOE compliance, e.g., the National Environmental Policy Act
(NEPA). This paper outlines the options developed to comply with
CERCLA and NEPA as part of active, multi-site remedial action
program.

The program, the Formerly Utilized sites Remedial Action Program
(FUSRAP), was developed to identify, clean up, or control sites
containing residual radioactive or chemical contamination as a result
of the nation's early development of nuclear power. During the
Manhattan Project, uranium was extracted from ores and resulted in
mill concentrates, purified metals, and waste products that were
transported for use or disposal at other locations. Figure 1 shows
the steps for producing uranium metal during the Manhattan Project.
As a result of these activities materials, equipment, buildings, and
land became contaminated, primarily with naturally occurring
radionuclides. Currently, FUSRAP includes 29 sites; three are on the
Environmental Protection Agency's (EPA's) National Priorities List
(NPL) of hazardous waste sites.

STATUTORY REQUIREMENTS

Before CERCLA was enacted in 1980, FUSRAP activities were
conducted in accordance with the requirements of NEPA. NEPA, in
summary, requires the development and evaluation of alternatives and
a detailed analysis of environmental impacts for actions undertaken
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FIGURE 1 PATHS FOR URANIUM PRODUCTION DURING THE MANHATTAN PROJECT

by federal agencies. Support documentation for NEPA varied in
complexity from a Memorandum to File, through an Environmental
Assessment, to an Environmental impact Statement.

With the enactment of SARA, CERCLA was amended to define
responsibilities for federal agencies (specifically Section 116 of
the Act). CERCLA, in summary, requires input for a Federal Agency
Hazardous Waste Compliance Docket, a Preliminary Assessment and Site
Inspection, a Remedial Investigation/Feasibility Study (RI/FS) for
NPL sites, schedules for implementation, Interagency Agreements for
remedial action, and substantial opportunity for state and local
participation. Support documentation for CERCLA is, in general, more
structured than that previously used on FUSRAP under NEPA and
includes: Preliminary Assessment/Site Inspection documents; a Work
Plan containing a Health and Safety Plan; a Field Sampling Plan;
Quality Assurance Project Plan; and a Community Relations Plan; a RI
Report; and a FS Report containing alternatives and analysis of
public health and environmental impacts.

The challenge for FUSRAP was to develop an integrated process
that satisfied the requirements of these laws with a minimal
duplication of effort. This task was complicated by the need for
some degree of flexibility given the number and complexity of sites
in the program and actual or potential inclusion on the NPL.
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OPTIONS FOR COMPLIANCE

Integrating CERCLA and NEPA requirements produces a single
Record of Decision (ROD) for remedial action by both DOE and EPA,
minimizes duplication of effort, increases cost effectiveness,
coordinates schedules, and simplifies public and agency review.

The integrated approach consists of three phases of work (see
Figure 2), the level of which will be determined by the complexity of
the site, and to address response actions ranging from removal to
remedial actions. The phases of work include:

1. scoping/planning (for task definition, field
activities, and documentation)

2. Remedial Investigation or Site Characterization
3. Feasibility Study-EIS or Engineering Evaluation/

Cost Analysis (EE/CA)

REMEDIAL INVESTIGATION

SCOPING/
PLANNING

SITE
CHARACTERIZATION

4

1

\

r
DEVELOPMENT

OF
ALTERNATIVES

\

| i

t

TREATABILITY
STUDIES

L

1

INITIAL
SCREENING

1

OETAILEO
ANALYSIS

1

DRAFT
RI/FS-

EIS

i

i

FINAL
RI/FS -

EIS

i

R£cono
OF

DECISION
(ROO)

!
] MEDIAL {MEDIAL
DESIGN I ACTION

FEASIBILITY STUDY-ENVIRONMENTAL IMPACT STUDY

FIGURE 2 THE CERCLA/NEPA PROCESS

Three options were identified for implementing the
integrated approach at FUSRAP sites:

1. Full-scope approach (modified to provide the level of
detail appropriate for the site), integrating both
NEPA and CERCLA requirements with EPA concurrence

2. Full-scope approach (modified to provide the level of
detail appropriate for the site), integrating both
NEPA and CERCLA requirements without EPA concurrence

3. Abridged approach (i.e., former NEPA process) expanded
to address CERCLA concerns (e.g., chemical
characterization and removal action documentation)
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The primary benefit of Option 1 is that it integrates the
documentation necessary to comply with both NEPA and CERCLA.
However, there is che potential for significant, negative cost and
schedule impacts because it includes an external review and
concurrence cycle by EPA, as well as additional negative cost and
schedule impacts due to the extensive documentation requirements.

Option 2 also provides for integrated documentation; however,
the external EPA review and concurrence process is modified to an
"information only" cycle. Although the documentation requirements
for Option 2 are the same as for Option 1, the decreased role of EPA
in the review process (i.e., regarding hold points in the DOE
schedule while awaiting EPA concurrence) results in reduced schedule
durations. An additional benefit for Option 2 is that the
flexibility with regard to implementing site-specific cleanup
activities (e.g., expedited response/removal actions) which would be
under the purview of DOE rather than EPA.

Option 3, the abridged approach, is applicable to limited
response actions (e.g., removal actions) and has several associated
benefits: it includes documentation that satisfies both CERCLA and
NEPA requirements while following an approach similar to the CERCLA
removal action process; the reduced documentation requirements
commensurately reduce costs and shorten schedules in comparison to
Options 1 and 2; this option does not include an external agency
review and concurrence cycle and gives DOE greater flexibility
regarding site-specific cleanup activities.

The disadvantage of this option is that the documentation does
not provide for the type of procedures required by EPA for a
full-scope RI/FS under CERCLA, and could therefore negatively
impact project schedules in the future should the site be listed on
the NPL. Thus, applicability of this option is limited to those
response actions that have been identified as removal versus remedial
actions.

The three options satisfy the intent of both CERCLA and NEPA.
Therefore, it was recommended that FUSRAP selectively apply these
options to program sites as appropriate, rather than select one
option and apply it to all FUSRAP sites.

As a result, it has been recommended that FUSRAP apply
Options 1, 2, and 3 as outlined in Figure 3. Option 1 would be
selected for all sites on the NPL. Option 2 would be selected for
sites that are potential candidates for the NPL or have special
circumstances requiring the integrated approach. This option would
potentially minimize cost/schedule impacts should the site ever be
placed on the NPL. Option 3 would be used at all other sites.
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FIGURE 3 SUMMARY OF DECISION TREE FOR CERCLA/NEPA OPTIONS

(1) This work i s a collaborative effort of a FUSRAP working group
which included the following members: B. C. McConnel, R. C.
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ABSTRACT

Kelly Air Force Base (AFB), which was founded in 1917, is involved
in logistics and maintenance activities supporting the Air Logistics
Command. In addition, Kelly AFB hosts over 50 tenant organizations
representing the Air Force, Department of Defense, and other government
agencies. Over the years waste disposal from this complex was
conducted in a manner that led to the identification of over 30 sites
to be included in the Installation Restoration Program (IRP) after the
Phase 1 investigation.

A methodology was needed to prioritize the Remedial Investigations
and Feasibility Study (RI/FS) activities for the sites. A Strategy
Plan was developed that involved reviewing and interpreting existing
data, identifying data voids relative to site specific RI/FS
activities, and developing methodology to prioritize activities. Sites
were prioritized, and a comprehensive IRP planning document was
developed. One data deficiency was revealed - the lack of
understanding of the Basewide hydrogeologic conditions necessary to
establish an effective restoration program. A Hydrogeologic
Investigation was initiated to provide this data. This data will allow
better interpretation of the interaction of the sites, particularly
those in close proximity, and improved planning of remediation
activities.

INTRODUCTION

Kelly Air Force Base (AFB) is located in a populated area about
7 miles southwest of the center of the city of San Antonio, Texas. The
Base is also located directly over the Edwards Aquifer, which is the
sole water supply source for the San Antonio area and is, by Texas law,
a protected aquifer.
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The present mission nf Kelly AFB is major overhaul of aircraft,
aircraft engines, and associated components, which has lead to the
development of a major industrial complex at the Base, employing
thousands of people. The Base complex covers about 4000 acres. Some
of the industrial processes at the Base include electroplating,
welding, vacuum brazing, metal fabrication, heat treating, and painting
and paint removal, along with associated cleaning and inspection
processes. Through the years large quantities of chemicals were used,
and considerable quantities of wastes were generated. Large quantities
of fuels and other materials required to support operations are stored
on-site. Underground storage tanks with underground distribution
piping have been installed. Fire training areas have been built and
operated. Material and waste storage facilities have been built in
addition to the industrial process and other support facilities
necessary to fulfill the mission.

Historically, waste disposal at Kelly AFB followed typical
practices of the times. Wastes were disposed of in trenches, unlined
evaporation pits, lagoons, drying beds, and burn areas. Recently, more
sophisticated liquid waste treatment plants, collection systems, and
hazardous waste storage areas have been built and are operating.

Waste management practices have been upgraded to meet appropriate
needs and regulatory requirements. In spite of improved practices,
spills have occurred, and leaks in underground facilities have
developed. These, coupled with past disposal practices, have resulted
in over 30 sites that needed to be addressed in the Installation
Restoration Program (IRP).

OBJECTIVES

The Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA), the Superfund Amendments and
Reauthorization Act of 1986, the Air Force IRP, and other state and
federal statutes provided a mandate to investigate and remediate, as
appropriate, the adverse environmental impacts of past waste disposal
practices, spills, and other insults to the environment. The problems
facing -Kelly AFB were where to begin and how best to allocate limited
resources.

The need to develop a planned comprehensive approach to addressing
site remediation was recognized. Through the Hazardous Waste Remedial
Actions Program (HAZWRAP), NUS Corporation was tasked to develop a
management guide for the coordinated implementation of the Kelly AFB
IRP. The objectives of this task were to
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1. compile, review, and interpret all existing data on a site-specific
basis;

2. identify data voids relative to the initiation of site-specific
feasibility studies;

3. prioritize sites; and

4. assemble this work into a comprehensive planning document called
the Strategy Plan.

STRATEGY PLAN DEVELOPMENT

Considerable information on the sites already existed. Phase I of
the IRP Program, the Records Search, identified 27 different sites that
may have contributed to groundwater contamination going back to 1917.
Other sites were subsequently identified. IRP Phase II, Remedial
Investigation, data were also available.

The IRP site status was compiled identifying previous studies
completed, current Base program activities, and past remedial
activities. The studies and other available data were collected and
reviewed. Regional and Base-specific geographic, topographic,
drainage, geology, soils, and hydrology data were collected and
analyzed.

Upon evaluation of this data it became apparent that many sites
located in close proximity contributed to area groundwater
contamination in certain parts of the Base. It was also recognized
that it would be extremely difficult, if not impossible, to
differentiate and remediate individual site plumes in these areas. It
was also obvious from interpretation of the data that some upgradient
sites would need to be remediated before remediating other sites.
Three Groundwater Contamination Zones (GCZ) were established in the
Strategy Plan, and sites located in these zones were identified. A
fourth zone for all other sites not located in one of the three zones
was established at a later date.

Each identified site was described with respect to site location,
waste types, period of active use, and data available. The site data
were evaluated to determine if the site could be categorized as a no-
action or a remedial action site. Where insufficient information
existed for categorizing the site, data voids were identified, and site
investigation activities were proposed. The data on the three GCZs
were also evaluated.

Based on hydro!ogic and geologic data voids within the zones, a
Basewide Hydrogeologic Investigation with the following objectives was
recommended in the Strategy Plan:
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1. further define contamination plume limits, upgradient and
downgradient;

2. confirm and refine groundwater flow directions;

3. determine the hydraulic relationship between the groundwater and
Leon Creek;

4. determine whether groundwater contamination has migrated off-Base;
and

5. confirm the depth to the Edwards Aquifer aquiclude and obtain
necessary lithologic information.

An objective of the Strategy Plan was to prioritize sites and zones
for future investigation based on site-specific data and to compare the
sites based on specific criteria. The criteria selected were the
previously calculated Hazard Assessment Ranking Method (HARM) scores,
regulatory concerns, receptors, and land use. Based on the evaluation
criteria, four priority classifications were established:

Priority 1 - Known off-Base migration of contaminated groundwater

Priority 2 - Potential migration of contaminated groundwater to
Leon Creek

Priority 3 - Potential off-Base migration of contaminated
groundwater, and

Priority 4 - All others

Regulatory authorities were consulted and have commented on this
plan. The Strategy Plan establishes priorities for order for
addressing known zones and sites as funding becomes available. The
plan also establishes protocol for prioritizing new data on existing
sites or the addition of sites previously unknown.

HYDROGEOLOGIC INVESTIGATION DEVELOPMENT

The need for and objectives of the Hydrogeologic Investigation were
developed in the Strategy Plan. When established, the hydrogeologic
framework should facilitate individual site RIs and optimize remedial
action effectiveness. The data will also help Kelly AFB in planning
future land use, predicting groundwater flow, and transporting
contaminants should future environmental incidents occur.
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This investigation is being implemented in three stages. Stage I
involves collecting and evaluating geologic, topographic, and
hydrologic data and literature for the San Antonio area. Sources of
data include federal, state and city agencies, universities, Base
files, and field reconnaissance. A Report of Findings will be
prepared, and a work plan will specifically be developed for the second
stage of the investigation.

Stage II of this investigation will involve the collection of field
data to fill in data voids identified in the first stage. The field
data collected will be interpreted, and the Report of Findings will be
updated. If additional data requirements are necessary, Stage III will
be proposed to collect and evaluate the field data needed to complete
the investigation.

PROGRAM OVERVIEW

Kelly AFB is proceeding with the implementation of their IRP
Program in accordance with guidelines established in the Strategy Plan.

Stage I of the Hydrogeologic Investigation fieldwork is complete,
and the Report of Findings is being prepared. To further support and
use the data collected from this investigation, Kelly AFB is having an
Integrated Graphics Workstation for Environmental and Hydrogeochemical
Analysis developed, through HAZWRAP, by the Geographic Data Systems
Section, Computing and Telecommunications Division, Martin Marietta
Energy Systems, Inc.

Remedial Investigation/Feasibility Studies are under way for all
Priority 1 sites and zones. Future RI/FS work will be done on a zone
basis, focusing on groundwater remediation and source control at the
sites. Source control work will be phased according to site priorities
within the zone. Technical and cost proposals are being prepared for
Zone 1, the highest Priority 2 zone.

SUMMARY

Complex area-wide environmental problems can be addressed even when
limited resources are available. The key is to apply the resources
where the greatest needs exist. Developing a Strategy Plan allows
individual problems to be defined, their individual impacts to be
assessed on a broader scale, and priorities to be set on a consistant
basis.
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DOT/OSHA/EPA INTEGRATED DOE TRANSPORTATION TRAINING

DOUGLAS F. STANCELL & NANCY CARNES

ABSTRACT

Recent legislative, regulatory and judicial developments
affecting transportation of hazardous materials require a new
approach to regulatory compliance training which integrates the
requirements of several statutes and sets of regulations. These
developments include the Superfund Amendments and
Reauthorization Act of 1986 (SARA) requirement that DOT regulate
as hazardous materials all substances designated as hazardous
pursuant to the Comprehensive, Environmental Response,
Compensation and Liability Act (CERCLA); the reporting
requirements of the Emergency Planning and Community Right-to-
Know Act; the Hazardous Waste Operations and Emergency Response
provision of SARA sec. 126; the expansion of the OSHA hazard
communication standard to all sectors of employment; and the
increased EPA-DOT enforcement of the RCRA hazardous waste
regulations.

This paper will describe a training course developed for
DOE in the requirements of DOT, OSHA and EPA pertaining to the
transportation of hazardous materials, substances, and wastes.
The paper will discuss the methodology and approach used to
integrate and explicate the overlapping legal requirements and
the problems encountered with such an approach.

INTRODUCTION

No longer can compliance be accomplished through knowledge
and training in one regulatory agency's regulations. Those of
us in the transportation business have already seen the need for
knowledge of and training in the domestic and international
shipping regulations as they apply to hazardous materials.

Try writing a plan and conducting the training in today's
environment to comply with the various regulatory agencies
requirements in the shipment of hazardous materials.

Many shippers are tendering shipments of hazardous wastes
and substances in addition to their normal shipments of
hazardous materials. One must now be familiar with and comply
with Department of Transportation (DOT), Occupational Safety and
Health Administration (OSHA), Environmental Protection Agency
(EPA) requirements.

All three of these agencies require training for employees
who must perform their duties in the work environment where
these materials exist.
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In recognition of the need for training that addresses the
overlapping requirements of the DOT, OSHA, and EPA, the
Department of Energy is sponsoring a training workshop aimed at
addressing this issue. SAIC, under subcontract to Analysas, has
developed such a course. This paper describes the basis for the
course, approach, content, and methodologies used to present
this information in an integrated manner.

THE NEED

The transportation of hazardous wastes and substances
potentially involves regulations promulgated pursuant to six
federal statutes which are briefly summarized and described
below.

The Resource Conservation and Recovery Act (RCRA); Pub. L.
94-580, governs the generation, transport, and disposal of
hazardous wastes. EPA or authorized States administer the RCRA
program.

The Comprehensive Environmental Response and Liability Act
(CERCLA), Pub. L. 96-510, as amended by the Superfund Amendment
and Reauthorization Act (SARA), Pub. L. 99-499, provides for,
inter alia, the Federal response to spills of hazardous
substances, and imposes reporting requirements for such spills
on transporters as well as on fixed facilities. EPA administers
the CERCLA/SARA program, and has promulgated regulations at 40
CFR 300-372.

The Emergency Planning and Community Right-to-Know Acts
Pub. L. 99-499, (commonly known as SARA Title III) creates a new
list of chemicals, the "Extremely Hazardous Substances" list (40
CFR 355 App. A & B) and new reporting requirements pertaining to
spills of these chemicals in transport. In addition, spills of
CERCLA hazardous substances are also subject to SARA Title III
spill reporting requirements appearing at 40 CFR 355.40.

The Occupational Safety and Health Act (OSH Act), Pub. L.
91-596, empowers the Occupational Safety and Health
Administration (OSHA) to set regulations governing the health
and safety to set regulations governing the health and safety of
workers in the private sector. The Department of Energy
mandates compliance with OSHA standards for DOE contractors in

DOE facilities (See DOE Order 5483-1A). The OSHA Hazard
Communication Standard (HCS) requires employers to develop and
implement a hazard communication program to provide information
to their employees by means of Material Safety Data Sheets
(MSDSs), container labeling and forms of warning, and training.
Many workers in loading docks and shipping/receiving areas will
be subject to the HCS requirements.
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SARA sec. 126 authorized OSHA to set regulations governing
the health and safety of workers at CERCLA clean-up sites, major
RCRA corrective action sites, routing RCRA facilities, as well
as workers engaged in emergency response activities. These
regulations (29 CFR 1910.120) are quite specific and stringent.

The Hazardous Materials Transportation Act (HMTA), Pub. I.
93-633, authorizes the DOT to set safety regulations governing
transport workers to designate materials as hazardous, and to
promulgate regulations governing the packaging, handling,
labeling, marking, placarding and routing.

TRAINING REQUIREMENTS

The DOT, OSHA and EPA all require that workers receive
training with varying degrees of specificity. ' These training
requirements are briefly discussed below and are summarized in
Table I.

EPA Training Requirements - 40 CFR 264.16, 265.16

EPA requires the owners or operators of hazardous waste
treatment storage or disposal facilities to provide the
following training.

o All personnel must be trained within six months of
employment or assignment to a new position, and all
employees must take part in an annual review.

o The training program must be conducted by a person
trained in hazardous waste management procedures and
must include instruction which teaches facility
personnel hazardous waste management procedures
(including contingency plan implementation) relevant
to the positions in which the employees are trained.

o Personnel must be familiarized with emergency
procedures, emergency equipment and emergency systems,
including, when applicable

equipment use, repair and monitoring procedures;
automatic waste cut-off systems;
communications or alarm systems;
response to fires or explosions;
response to ground water contamination;
shutdown of operations.

Records must be kept including the following information:

o job titles and descriptions;
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o written descriptions of the type and amount of both
introductory and continuing training given for each
position;

o documentation of training completion; and

o records on current personnel must be maintained until
facility closure; records on former personnel must be
maintained for three years.

OSHA Requirements

OSHA is responsible for training under the Hazard
Communication Standard (Employee Right-to-Know) and SARA Section
126. If there is a conflict or overlap, the provision more
protective of employee safety and health shall apply [29 CFR
1910.120(a)(2)].

OSHA Hazard Communication Standard - 29 CFR 1910.1200

OSHA has expanded the application of its Hazard
Communication regulation to include all employers with employees
routinely exposed to hazardous chemicals in their workplace
(includes non-manufacturing employers) [See 52 FR 31852 (Aug.
24, 1987)]. DOE and DOE contractors are subject to this rule by
virtue of DOE Order 5480.4 which adopts 29 CFR 1910 as mandatory
as a matter of policy.

The Hazard Communication Standard requires employers to
establish programs to transmit information on the hazards of
chemicals to certain employees by means of labels on containers
(which must be consistent with those used by the DOT), material
safety data sheets, and training programs.

Training Requirements, 29 CFR 1910.1200(h)

Employees must be provided with information and training on
hazardous chemicals in their work area at the time of their
initial assignment, and whenever a new hazard is introduced into
their work area.

Employees shall be informed of:

o the requirements of this section;

o any operations in their work area where hazardous
chemicals are present; and

o the location and availability of the written hazard
communication program, including the required lists(s)
of hazardous chemicals, and material safety data
sheets required by this section.

939



Employee training shall include at least:

o methods and observations that may be used to detect
the presence or release of a hazardous chemical in the
work area (such as monitoring conducted by the
employer, continuous monitoring devices, visual
appearance or odor of hazardous chemicals when being
released, etc);

o the physical and health hazards of the chemicals in
the work area;

o the measures employees can take to protect themselves
from these hazards, including specific procedures the
employer has implemented to protect employees from
exposure to hazardous chemicals, such as appropriate
work practices, emergency procedures, and personal
protective equipment to be used; and

o the details of the hazard communication program
developed by the employer, including an explanation of
the labeling system and the material safety data
sheet, and how employees can obtain and use the
appropriate hazard information.

OSHA Hazardous Waste Operations and Emergency Response
Regulations, Interim Final Rule, 51 F 45654 (to be codified at
29 CFR 1910.120)

Section 126 of SARA directed the Secretary of Labor to
issue standards regulating the health and safety of employees
engaged in hazardous waste operations. Pursuant to Section
126(e) of SARA, interim final standards were issued on December
19, 1986 which will remain in effect until final standards are
issued.

SARA Section 126 was amended in the massive Federal budget
reconciliation bill passed by Congress in december of 1987. The
recent amendment adds a sentence to Section 126(d)(3) that
specifies that the training "certification procedures shall be
no less comprehensive than those adopted by the Environmental
Protection Agency in its Model Accreditation Plan for Asbestos
Abatement Training as required under the Asbestos Hazard
Emergency Response Act of 1986." The EPA model plan establishes
an extremely detailed outline for course content, examination,
hours and extent of training, refresher training, and
enforcement [see 40 CFR 763 (Appendix C)]. The proposed final
rule, which was published August 10, 1987 by OSHA, does not meet
the requirements of the amendment, and OSHA has delayed
promulgation of its final training requirements in response to
this amendment.
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The interim final standard, however, is still in effect
while these issues are resolved. The training requirements of
the OSHA interim final standard are summarized below:

Interim Final Training Standards (currently effective), 51 FR
45665, 29 CFR 1910.120(e)(4)

All employees exposed to hazardous substances, health
hazards, or safety hazards (CERCLA Clean-up and RCRA corrective
action sites):

o 40 hours of initial instruction off-site;

o 3 days of field experience under the direct
supervision of a trained and experienced supervisor,
at the time of job assignment;

o training must include site health and safety hazards,
use of Personal Protective Equipment (PPE), safe work
practices, use of engineering controls and equipment,
medical surveillance requirements, site control
measures, decontamination procedures and contingency
plan requirements [29 CFR 1910.120(e)];

o 8 hours of annual retraining; and

o trainers shall have received a level of training
higher than and including the subject matter of the
level of instruction that they are providing.

Managers and supervisors directly responsible for hazardous
waste site operations must receive:

o same training as employees plus an additional eight
98) hours of specialized training on managing
hazardous waste operations; and

o 8 hours of annual refresher training.

On-site Emergency Response Employees:

o same basic training as for employees involved in
CERCLA/RCRA clean-up activities; and

o additional training needed for emergency response
activities.

Routine Operations in RCRA Facilities:

o 24 hours of initial training,

o 8 hours of refresher training, and
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o the training program should enable each employee to
perform their assigned duties and functions in a safe
and healthful manner so as not to endanger themselves
or other employees [29 CFR 1910.120(o)].

Off-site Emergency Response:

o 24 hours, annual total, of monthly training sessions
and

o the training shall include the recognition of hazards,
selection, care and use of personal protective
equipment and safe operating procedures to be used at
the incident scene.

DOT Training Requirements, 49 CFR 173-177, 390-397

The DOT h;is adopted training requirements applicable to
shippers and all modal carriers. These training provisions
require instruction on the DOT hazardous materials regulations.
Motor carriers are subject to more specific requirements, as set
forth in the Federal Motor Carrier Safety Regulations (49 CFR
390-397) pertaining to drivers, and as contained in the
hazardous materials regulations pertaining to certain shipments
of flammable cryogenic liquids (49 CFR 177.816) and highway
route controlled quantity radioactive materials [49 CFR
177.825(d)].

OVERVIEW OF THE DOT/OSHA/EPA (DOE) COURSE

The content of the DOE course is structured around pre-
transport (shipper-generator) and transport (carrier-
transporter) requirements. Waste management and disposal issues
are not addressed in this course, as it is transportation
oriented. The course concentrates on hazardous wastes and
substances (including mixed hazardous and radioactive wastes)
and complements training courses offered in radioactive
materials transport.

The course is a three day course and is structured as a
workshop. The student materials consist of three volumes, a
Training Manual, that discusses the regulatory requirements, a
References Manual that contains full texts of the relevant
Federal regulations, and a Learning Exercises Manual that
contains work exercises keyed to each section of the training
manual. The Learning Exercises Manual is used throughout the
course to provide students the opportunity to use the
regulations and as a continuing monitor of student progress.
Additionally, at the end of the course a Learning Measurement
Exercise is administered and Certificates of Completion are
given to each student.
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The course instructors come from several difference
disciplines, including law, transportation and waste management.
The object of the course is to combine operational, legal and
theoretical as well as practical considerations.

The topics included in the course curriculum include:
Legal Background/Regulatory Overview; Definitions; Generator
Requirements; Use of the Hazardous Materials Table; Marking;
Labeling; Placarding; Transporter Requirements; Discharge
reporting; OSHA requirements; Training; and Enforcement and
Liability.

Areas of conflict and overlap are explored with the overall
objective of achieving "regulatory awareness." "Regulatory
awareness" is here used to mean raising sensitivities and
training attendees to determine what questions to ask, or what
problems they need to address at their facility. It is
recognized that memerization oF all the pertinent regulations is
impossible; the goal of the training workshop is to enable
students to use unfamiliar regulations by "demistitying" them
and by giving hands-on experience with the regulations through
problem-solving exercises during the course.

INTEGRATED TRAINING

Given the details of the DOT, OSHA and EPA requirements, it
is only logical to work with all these training requirements
when providing transportation training. Integrated training
will rapidly become a time and cost saving necessity, which if
well conducted, will improve the quality of training.

Four reasons to integrate DOE transportation training
programs are as follows:

1. The great majority of transport workers will need
DOT/EPA/OSHA training.

2. There is content overlap between DOT/EPA/OSHA
regulations.

3. Integrated training saves time and avoids duplicating
efforts.

4. Combining information and discussing similar
information is an effective training tool.

A DOE integrated training approach promotes learning because:

o Employees can better comprehend how to perform their
own jobs safely, efficiently, arid in compliance with
applicable regulations.
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o Employees better understand fellow workers', other
companies' and agencies' roles,

o Employees learn how other employees use similar skills
and knowledge,

o Employees can better assist and educate other workers
as to safe practices, industry regulatory requirements
and safe practices.

An integrated transportation, health and safety approach
involves integrating all the participants in the packaging,
preparation, tendering and transportation of hazardous
materials, wastes and substances as well as the emergency
response to incidents and accidents.

PLAN FOR CONPLIANCE TRAINING

A Plan or road map to provide compliance training must be
developed and followed. The plan for the informed employee of
DOT/EPA/OSHA can be integrated. All required transportation,
environmental and employee health compliance training contains
certain similar elements of instruction. For example, a
knowledge of basic statutes, definitions, material
identification, information communication, operating procedures,
emergency response activities and record keeping are all
components of any training.

DOT/OSHA/EPA training may cover all these same areas.
Covering the same type of material over and over again does not
necessarily produce a more informed employee nor is a once only
or general cursory training enough in a world where a hundred
gallon spill may result in a one million dollar cleanup, a
record keeping violation may result in a $500,000 fine or unsafe
work practices may result in an exposure lawsuit. Averting
human error, recognizing problems and avoiding compliance
violations are achieved when workers are trained in an enhanced
integrated training course.

SUMMARY

This paper illustrates the areas of overlap, the proper
sequence of training, areas where specific training is required,
and the interconnections that exist between various training
requirements.

The DOE/Contractor worker and manager must be informed-
laws, unions and liabilities requires knowledge among and
between employees/managers.

An integrated training approach is a superior training
method which can prove to be educational, efficient and cost
effective.
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ABSTRACT - DOE MODEL CONFERENCE - 1988

The Radioactive Waste Management Section, RMEP, of Ontario Hydro holds
the lead responsibility for ensuring that all operational aspects of
any Federal or Provincial legislation dealing with transportation are
properly Implemented. We provide personnel 1n the field with relevant
Information so that all applicable changes are Incorporated Into
radioactive material transportation procedures throughout Ontario
Hydro. A specific effort to Implement a training/compliance program
was started shortly before the Transportation of Dangerous Goods
regulations were Implemented 1n July 1985. Part IX of these
regulations require training of all personnel Involved 1n the
transport of dangerous goods to the extent of their Involvement. We
were faced with three major challenges, the MATERIAL the AUDIENCE and
the URGENCY. Considering these challenges there was a need for MAJOR
INITIAL EFFORT, LONG TERM UPKEEP and FEEDBACK ON EFFECTIVENESS.

947



ONTARIO HYDRO TRAINING PROGRAM FOR
SHIPPING RADIOACTIVE MATERIALS

Good afternoon ladles and gentlemen. My name 1s Janice Hudson and I
work 1n the Radioactive Waste Management Section, RMEP of Ontario
Hydro. Our Section holds the lead responsibility for ensuring that
all operational aspects of any Federal or Provincial legislation
dealing with transportation are properly reviewed. We provide
personnel 1n the field with relevant Information so that any necessary
changes are incorporated into radioactive material transportation
procedures throughout Ontario Hydro.

I would like to talk to you today about the training of Ontario Hydro
personnel to meet the requirements of the Transportation of Dangerous
Goods Regulations.

A specific effort to implement a training/compliance program was
started shortly before the Transportation of Dangerous Goods
regulations were implemented in July 1985. The regulations require
training of all personnel involved 1n the transport of dangerous goods
to the extent of their involvement.

We were faced with three major challenges:

1 . THE MATERIAL

The training material had to Incorporate the new AECB Packaging
regulations, the Transportation of Dangerous Goods regulations as
well as a series of amendments to both sets of regulations.

2. THE AUDIENCE

All of NGD shippers, carriers, and receivers of radioactive
materials as well as personnel in Research, the Regions and
Technical and Training Services Division were required to be
trained. Many people would have to be reached, keeping in mind
the frequent changes in personnel and the fact that the shipping
of radioactive material may be only a small part of their dally
job.

3. THE URGENCY

As the regulations were effective immediately, people would have
to be reached in a quick, accurate and efficient manner.
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Considering these challenges, we decided there was a need for:

MAJOR INITIAL EFFORT

LONG TERH UPKEEP

FEEDBACK ON EFFECTIVENESS

The MAJOR INITIAL EFFORT consisted of:

1. The development of a single shipping document and guidelines
cover sheet to be used throughout Ontario Hydro by all shippers
of radioactive materials. This form must accompany all
radioactive material shipments and provides information which
accurately reflects the nature of the contents and has been
designed to meet all applicable transport regulations.

2. Since July 1985, RHEP has provided workshops on the AECB
Packaging regulations and the Transportation of Dangerous Goods
regulations to all Individuals involved in the shipping process,
focussing on their specific responsibilities.

3. A series of seminars were presented by Ontario Hydro and Roberts
Dangerous Goods Consulting. Over 200 people received this
Initial training.

4. RMEP developed and control issue of the Certificate of Training
as required by Section 9.3 of the Transportation of Dangerous
Goods regulations. All Individuals who are currently Involved in
the transportation of radioactive materials and have been trained
to the extent of their involvement carry these certificates.

5. RMEP consolidated all requirements for shipping radioactive
materials into one booklet known as the Ontario Hydro Field
Guide. This booklet contains information on all AECB-approved
packages in use throughout Ontario Hydro as well as relevant
Information on any applicable transport regulations. C. Watson
will discuss this later.

The second step of the compliance process has been to establish LONG
TERM UPKEEP. The training programs for shipping radioactive materials
have been incorporated into each individual location's Radiation
Protection Training Course and has been handled recently by Radiation
Control Staff. Over 50 people have been trained to date by the long
term training program.
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LONG TERM UPKEEP

part of RPT Training Course

keep Stations up-to-date on amendments
to regulations

participate on the Transport Canada Task
Force for review of radioactive material
amendments

Finally, the last and perhaps the most important step of the
compliance process 1s to provide follow-up or FEEDBACK ON
EFFECTIVENESS to personnel involved in shipping.

FEEDBACK ON EFFECTIVENESS

review shipping documents as received

audit Station shipping procedures and
training programs for compliance

provide feedback to the shipping on any
areas of concern

In conclusion, I would like to let you know about some of the
successes 1n Transportation as a result of the Implementation of the
Transportation of Dangerous Goods regulations.

1. Shipping documentation and procedures are consistent from one
location to another. This has resulted in much improved
communication and working together to solve any problems among
the various shipping locations.

2. Ontario Hydro personnel are performing their respective roles in
the shipping process with greater confidence.

3. Personnel in the Field involved in making a shipment have been
and continue to be very conscientious in classifying, packaging,
documenting and transporting all our shipments of radioactive
materials and I would like to thank all of them at this time for
their enthusiasm in the application of the Transport Regulations.

J. Hudson
Transportation Unit
RWMS-RMEP
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ENVIRONMENTAL SAMPLING
TECHNICIAN TRAINING PROGRAM

W. Michael Moreland*
Environmental and Health Protection Division

Oak Ridge National Laboratory**
Oak Ridge, Tennessee 37831

ABSTRACT
j Oak Ridge National Laboratory (ORNL) is currently involved in extensive en-
X vironmental monitoring activities to characterize various active/inactive waste sites
that exist at the facility. There are also considerable reporting requirements that ORNL
must meet on a continuing basis in order to remain in compliance with existing permit
requirements under the Resource Conservation and Recovery Act (RCRA), the Clean
Air Act (CAA), and the Clean Water Act (CWA). Much of the environmental monitor-
ing data that is used to characterize waste sites or is required in reports is obtained by
environmental sampling technicians who must take samples at various locations
throughout ORNL as well as other DOE installations. Because of the quality control
and assurance measures included under NQA-1, ORNL has developed an Environ-
mental Sampling Technician Training Program. This presentation will describe how
the Environmental Sampling Technician Training Program was developed and review
the specific materials used in conducting the training.

INTRODUCTION

Over the past decade extensive legislation has been passed in an effort to protect public
health and the environment from the improper use, handling, transporting, treatment,
storage, disposal, and/or discharge of hazardous and radioactive substances. From the
inceptions of the Clean Water Act (CWA),1 Clean Air Act (CAA),2 Safe Drinking
Water Act (SDWA),3 Resource Conservation and Recovery Act (RCRA),4 Com-
prehensive Environmental Response Compensation Liability Act (CERCLA)'5

Atomic Energy Act (AEA), etc., came federal and state regulations as well as DOE
Orders requiring DOE contractor sites to maintain programs for monitoring the en-
vironment to ensure compliance.

*W. Michael Moreland is an employee of Moreland Incorporated under Contract No.
11X-SB176V.
* 'Operated by Martin Marietta Energy Systems, Inc., for the U.S. Department of Ener-
gy Under Contract No. DE-AC05-84OR21400.
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Many of the tasks which must be performed to ensure that compliance is maintained
require the services of the environmental sampling technician. Because of the impor-
tant role that the environmental sampling technician plays to ensure that samples are
collected and preserved in accordance with DOE quality assurance requirements, the
Technical Resources and Training Program in the Environmental and Health Protec-
tion Division at the Oak Ridge National Laboratory (ORNL) has developed an En-
vironmental Sampling Technician Training Program (ESTTP). The following will
discuss in detail how the ESTTP structure was developed and will review parts of the
curriculum (Objectives, Media, Evaluations) that have been given to the ORNL en-
vironmental sampling technicians. '

STRUCTURE DEVELOPMENT
The ESTTP at ORNL was conceived for three (3) main reasons:
- The extensive regulatory requirements for sampling
- The inability to allocate full-time staffing with sole attention to each type of sampling
requirement
- The desire to broaden the knowledge of the sampling technician so that he/she could
perform any of the job categories that exist within the ORNL Environmental Sampling
Program. In order to ensure that the environmental sampling technician understands
his/her role in maintaining the quality of the samples being taken, he/she must be given
the knowledge of what tasks must be performed to properly take a sample. The ESTTP
was developed by using a four (4) phased approach which can be linked to the Instruc-
tion System Development (ISD) Model. The four phases consisted of:

Phase I: Outlining the routine sampling job/tasks performed

Phase II: Determining the regulatory basis for each sampling job

Phase III: Developing ESTTP training modules based on Phase II

Phase IV: Developing the procedures use and OJT checklists for each sampling job

It must be conveyed that most environmental sampling programs are structured so that
a job performed by a technician most always can be tied to some regulatory require-
ment whether it be in support of CWA, CAA, RCRA, or AEA requirements.

Outlining the Job/Tasks

To determine the actual categories (regulatory basis) of sampling jobs and the as-
sociated tasks which are performed in support of each sampling job category, a detailed
review of the ORNL Environmental Monitoring and Surveillance Procedures used by
sampling technicians was performed. Once an understanding was obtained about the
types of tasks performed by the sampling technicians, field interviews were conducted.
The field interviews involved attendance in the field with the technicians so that a one-
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on-one communication could be established. The field attendance provided not only
the task data needed to develop lessons plans, but also helped to understand the
problems that can surface while taking samples. This type of information was crucial in
customizing the training materials with actual field examples.

Upon completion of the job\task outlines, it was found that the sampling jobs per-
formed by the technicians could be categorized into four broad groups:

1. Air Sampling

2. Radiological Sampling (Soil, Grass, Fish, Milk)

3. Surface Water Sampling

4. Groundwater Sampling

Lesson plans for each of the sampling jobs shown above based on the procedures
review and field task analysis were developed.

Determining Regulatory Basis

Each of the job categories determined by performing the simplified job/task analysis
under Phase I were invariably found to be tied to some regulatory requirement. All of
the job categories listed above were performed partially to support the environmental
radioactivity monitoring program required by DOE Order 5484.1 Chapter 3. However,
each job group also supports a specific federal/state regulatory requirement. For in-
stance, Air Sampling is performed to comply with regulatory requirements promul-
gated under the Clean Air Act, Surface Water Sampling under the CWA (NPDES
Program), Radiological Sampling under AEA, and Groundwater Sampling under
RCRA/CERCLA. It must be mentioned that there also is some overlap between each
of these regulatory sampling programs as required by federal/state law. Determining
the regulatory basis for each job category had a significant impact on the type of train-
ing materials that were to be developed for each module within the ESTTP. Table 1
shows each of the job categories and the corresponding regulatory requirement to
which it is tied.

Training Module Development

From the information obtained under Phases I and II, it was possible to develop a
generic training outline which was used to develop each of the training program
modules. The ORNL ESTTP was first divided into five (5) modules as shown in Table
2, so that the training materials being developed could stay focused on one terminal
objective at a time ; for example, "The Environmental Sampling Technician will be
able to properly obtain a sample to comply with Clean Water Act regulatory require-
ments."
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The generic outline which was used in the development of each of the five (5) training
modules as shown in Table 2 consisted of:

(1) Reviewing the history of the federal legislation as it relates to the specific
regulatory sampling being performed whether it be RCRA Section 3004(p) en-
titled, "Groundwater Monitoring," or CWA- or CAA-, etc., based.

(2) Identifying the specific objectives of the federal/state regulations which require a
specific sampling job to be performed such as 40CFR 264.90-264.100 for RCRA
Groundwater Monitoring.

(3) Stating definitions which are used in each sampling job category.

(4) Identifying and defining each sampling parameter that is sampled for and its im-
pact on health and the environment.

(5) Listing and describing the step by step procedure (tasks) which must be followed
in properly performing a specific sampling job, for example, NPDES sampling to
comply with CWA requirements.

(6) Reviewing the standardization and calibration procedures which must be per-
formed prior to using field instrumentation.

Developing Procedures Use and OJT Checklist
The most important performance-based training materials that can be used in deter-
mining whether or not a trainee understands the hands-on application of information
obtained in the classroom setting is the Procedures Use and On-The-Job Training
Checklists. In order to document that a trainee can meet the requirements of the ter-
minal objectives for each module, he/she must be able to properly perform a specific
sampling job in accordance with federal/state requirements. To perform such an objec-
tive requires that the trainee be able to make proper use of the sampling procedures .
For this reason, each of the modules developed under the ESTTP also includes a
Procedures Use Exercise and an On-The-Job training exercise to adequately evaluate
and document that a trainee knows how to find and use specific procedures developed
for a specfic sampling job in accordance with federal/state requirements. Appendix A
contains an example of the Module 1 Procedures Use and OJT Checklist.

CURRICULUM

Upon completion of Phases I-IV of the ESTTP development, a five (5) module En-
vironmental Sampling Technician course curriculum existed. The five modules as
shown in Table 2 include a module entitled, "Chain of Custody." This module was
added because of the high importance quality assurance and control plays in verifying
that samples are properly collected, labeled, sealed, and delivered to Analytical
Chemistry Division for analysis. Appendix B shows the enabling objectives that were
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used in one of the modules that has already been completed by the Sampling Tech-
nicians. The curriculum may soon be changed to also contain a module on sampling
theory so that the sampling technician has a fundamental knowledge of how to sample
an area, whether it be surface water or soil, in an effort to investigate, locate and charac-
terize an unknown source of contamination that may exist in an area such as in an open
field.

CONCLUSION

Throughout the development of the ORNL Environmental Sampling Technician
Training program many changes and additions have been made to cover subject mat-
ter that is essential to proper environmental sampling. In the future changes in the
federal/state regulations may force revisions and additions to the curriculum; however,
if the four (4) phased approach outlined in this paper is used, a consistency can be main-
tained in the type and quality of training material that is added or revised. Another in-
teresting aspect of the four (4) phased approach is that other federal facilities can apply
it to any job category that is found to be regulatory-based; this can result in cost savings
because of a more simplified application of the Instruction Systems Development (ISD)
Model.
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TABLE 1. ENVIRONMENTAL SAMPLING TECHNICIAN
JOB CATEGORIES

Job Category Regulatory Basis

Surface Water Sampling Clean Water Act (CWA)

Groundwater Sampling Resource Conservation and
Recovery Act (RCRA)

Air Sampling Clean Air Act (CWA)

Soil Sampling Atomic Energy Act (AEA)
Resource Conservation and
Recovery Act (RCRA)

Grass, Fish, Milk Sampling Atomic Energy Act (AEA)

TABLE 2. ENVIRONMENTAL SAMPLING TECHNICIAN
TRAINING PROGRAM

Module 1: NPDES Sampling

Module 2: RCRA Well Sampling

Module 3: Radiological Sampling

Module 4: Air Sampling

Module 5: Chain of Custody (Quality Assurance)
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APPENDIX A.

Name:

Supervisor Name:

ENVIRONMENTAL MONITORING AND
PROCEDURES USE CHECKLIST

Badge:

Badge.

SURVEILLANCE

Division:

Division:

FILL IN THE BLANKS TO THE FOLLOWING QUESTIONS:

Note: Use of Sampling Procedures is required

1. Where is the location/site of outfall #341?

2. In what building and room no. are sample collection containers prepared and stored?

3. What is the station for discharge serial #X02?

4. List the three types of weekly samples which are taken at discharge #X02.

Example'. BOO

a.

b.

c.

5. List the type of containers, volumes, and preservatives that must be used for each of the three types weekly samples
taken at discharge #X02.

Container volume Preservative

a.

b.

c.

Example: Polyethylene 1 Liter HNO3topH2.0

6. T or F: OH and Grease samples should be taken in duplicate.

7. What is the station for discharge serial #XO1?

8. List the four (4) types of monthly samples which are taken at discharge #X01.

Example: BOD

a.

b.

c.
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ENVIRONMENTAL SAMPUNG TECHNICIAN
ON-THE-JOB TRAINING CHECKSHEET

Name: Badge: Division:

Supervisor Name: Badge:

f " " " " " _Pate/lnUiaT

A. X-01 Sewage Treatment Plant

B. X-02 Coa! Yard Runoff Treatment Facility

C. X-03 1500 Area (Northwest Tributary)

D. X-06 190 Ponds Outfall

E. X-07 3544 Process Waste Treatment Plant

F. X-06 TRU/TURF Process Waste Basin

G. X-09 HFIR Process Waste Basin

H. X-11 3518 Neutralization Facility

!. Proposed NRWTF Site

J. White Oak Dam

[l. Issue and Describe Contents of Procedures for Environmental Monitoring and" Surveillance_

A. NPDES-01

B. NPDES-02

C. NPDES-03

D. NPDES-04

E. NPDES-05

F. NPDES-O6

G. NPOES-07

[lL "Procedure Performance"Checklist

A. Oil and Grease

Properly collect weekly Oil & Grease grab samples (2)
from sampling point X02 in accordance with
procedures NPDES-02 and NPDES-03.

1. Obtain G-teflon line cap (2) containers from
4500-S, room R-251

2. Attached proper preprinted label to containers

3. Add H2SO4 preservative in accordance with
procedure NPDES-02 with proper cooling (4°C)

4. Properly fill out NPDES Weekly Field Log sheet
WEEKLY-1 prepared for X02

961



Appendix B. OBJECTIVES

The RCRA Well Sampling Trainee will be able to:
1. State what the acronym RCRA stands for.
2. State what the acronym TSD stands for.
3. Identify three main objectives of the RCRA "law" used to promote the protection of health and the en-

vironment and to conserve valuable materials.
4. Identify which Subtitle under the RCRA "law" is used for Hazardous Waste Management.
5. Identify which Section under Subtitle C of the RCRA "law" is used for Standards applicable to owners

and operators of hazardous waste TSD facilities.
6. Identify which Part under Title 40 of the Code of Federal Regulations contains EPA standards for In-

terim Status Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal Facilities.
7. Identify the two ways used in determining whether a generated soiJd waste is hazardous.
8. List the four characteristics evaluated to determine if an unlisted waste is hazardous.
9. State how far back the U.S. Government has been trying to control the pollution of navigable water by

industries.
10. Define Hazardous Waste Management Unit and Solid Waste Management Unit.
11. Define what a RCRA 3004(u) site is and where the schedule of compliance for corrective action is con-

tained.
12. State what a groundwater monitoring system is used for at a facility.
13. Identify how many monitoring wells as required under 40 CFR Part 265.91 must be installed hydrauli-

cally upgradient from the limit of the waste management area.
14. List the two criteria used in determining if the number, locations, and depths of wells are sufficient to

determine the facility's impact on the quality of groundwater in the uppermost aquifer underlying the
facility.

15. Identify how many monitoring wells as required under 40 CFR Part 265.91 must be installed hydrauli-
cally down-gradient of the waste management area.

16. List the six groundwatcr quality sampling parameters as identified under 40 CFR Part 265.92b(2).
17. List the four groundwater contamination parameters as identified under 40 CFR Part 265.92b(3).
18. State the frequency that samples must be taken on each RCRA well to obtain background parameters

for the first year the well was installed.
19. State what is the first task which must be done before proceeding to a RCRA well site to take samples.
20. State how you can tell if you are located at the correct RCRA well location.
21. List the three parameters that instruments are calibrated on every day.
22. State the variances that are permitted for pH and temperature calibration.
23. Identify the instrument used to check for hydrocarbons before the well is prepared for evacuation.
24. State what is the minimum volume of water which must be evacuated from a well before sampling can

take place.
25. State what piece of equipment is used to evacuate a well.
26. Given the depth of the water column from the top of the casing, the total casing height and the casing

diameter, calculate the minimum volume of water which must be evacuated from the casing before sam-
pling. (Radius of casing is equal to 1 foot.)

27. State what techniques are used to determine if sinkers and/or floaters exist in the well.
28. State how many casing volumes must be evacuated if stabilization docs not occur.
29. List the three parameters which are used to evaluate if a RCRA well is stabilized.
30. Identify the instrument used to measure pH, temperature, and conductivity.
31. Given twelve unsequenced general tasks which must be performed to properly sample a RCRA well,

reorder the tasks into their proper sequence. (Refer to Slides 6200-10 & 10A.)
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REGULATORY BASIS

ENVIRONMENTAL SAMPLING TECHNICIAN
JOB CATEGORIES

Job Category Regulatory Basis

Surface Water Sampling

Groundwater Sampling

Air Sampling

Soil Sampling

Grass, Fish, Milk Sampling

Clean Water Act (CWA)

Resource Conservation and
Recovery Act (RCRA)

Clean Air Act (CWA)

Atomic Energy Act (AEA)
Resource Conservation and
Recovery Act (RCRA)

Atomic Energy Act (AEA)

MOD88--6A
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ENVIRONMENTAL MONITORING AND SURVEILLANCE
PROCEDURES USE CHECKUST

Name: Badge: Division:

Supervisor Name: Badge: Division:

FILL IN THE BLANKS TO THE FOLLOWING QUESTIONS:

Note: Use of Sampling Procedures is required

1. Where is the location/site of outfall #341?

2. In what building and room no. are sample collection
containers prepared and stored?

3. What is the station for discharge serial #X02?

4. List the three types of weekly samples which are taken at
discharge #X02.

Example: BOD

a.

b.

c.

Figure 1

MOD88-8
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ENVIRONMENTAL SAMPLING TECHNICIAN
ON-THE-JOB TRAINING CHECKSHEET

Name: Badge: Division:

Supervisor Name: Badge: Division:

h.Tour of Major NPDES Discharge Locations Date/Initial

A. X-01 Sewage Treatment Plant

B. X-02 Coal Yard Runoff Treatment Facility

C. X-03 1500 Area (Northwest Tributary)

D. X-06 190 Ponds Outfall

E. X-07 3544 Process Waste Treatment Plant

F. X-08 TRU/TURF Process Waste Basin

G. X-09 HFIR Process Waste Basin

H. X-11 3518 Neutralization Facility

I. Proposed NRWTF Site

J. White Oak Dam

ill. Issue and Describe Contents of Procedures for Environmental'

A. NPDES-01

B. NPDES-02

C. NPDES-03

Figure 2
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Oak Ridge National Laboratory*
Oak Ridge, Tennessee 37831

ABSTRACT

New mandates in radiological protection outlined in DOE Order
5480. II1, include changes in the methodology for determining
total radiation dose, ALARA program accountability, monitor-
ing requirements, and standards for public entrance into control-
led areas. The new order places distinct requirements
concerning training at all DOE facilities. Radiation protection
training requirements are addressed, including the effective
communication of operations changes to all employees. This
paper details the endeavors underway at ORNL in designing,
developing, and delivering the training required by the new man-
dates. Strategies taken to reach the intended goals are explained.
Efforts involve the design and implementation of the above men-
tioned radiation protection programs, a job-specific ALARA in-
structional package, and a Risk-Based Philosophy program
matched to operational changes.

INTRODUCTION

Implementation of the forthcoming Department of Energy
Order 5480.11 has caused radiation protection training at the
Oak Ridge National Laboratory to seek a higher posture. The
order, which addresses the complete radiation protection
program, necessitates that technical training encompass a more
detailed scope than required in previous regulatory charters. It
states that radiation safety training incorporate three levels of
detail to fulfill needs of general employees, radiation workers,

"Operated by Martin Marietta Energy Systems, Inc., for the US
Department of Energy under Contract DE-AC05-84OR21400.
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and radiation protection technicians. ORNL's Technical Resour-
ces and Training Group recognizes such edict and is currently
engaged in compliance endeavors. Activities include the design,
development, delivery, and documentation of pertinent training.
Focus is made on a performance-based concept linking subject
matter knowledge to company/department policies and proce-
dures and to site-specific tasks and duties. This paper details the
structure of the program and identifies those endeavors under-
way at ORNL.

PROGRAMMATIC DESIGN

STRUCTURE
All employees receive within one month of employment specific
information relative to radiation safety. As order 5480.11 dic-
tates, retraining in this general employee format is provided
either whenever significant changes occur to policies and proce-
dures or at least every two years. Table I lists the 5480.11 man-
dated radioactivity/radiation related subject areas included.
Other material included in this program is shown in Table II.
These required topics are covered by a combination of technician
training programs, facility support-group programs, and/or
general ORNL orientation training. The Laboratory has
developed and is implementing two-levels of General Employee
Training to review major health, safety, and emergency prepared-
ness2.

Table I General Employee Subject Material

• Low-level radiation exposure risks
• Risks of pre-natal exposure
• Basic radiation protection concepts
• DOE and company radiation protection policies and

procedures
• Employee and management radiation safety

responsibilities
• Emergency procedures
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Table IIORNL General Employee Training Topic Format

• General description of plant and facilities
•Job-related safety procedures
• Radiological health and safety
• Laboratory emergency plans
• Industrial safety
• Fire protection
• Security
• Quality assurance
• Environmental protection

Level I2 is being given to all employees during a safety or staff
meeting with one exercise on building-specific information. Each
employee signs and verifies that he/she has received this training
with immediate supervision confirming completion by signature.
The official copy is maintained in the employee's home division
with a copy reviewed by the ORNL General Employee Training
Coordinator. A reference guide is given to employees during this
activity. The items include:

• General Employee Training notes from video-script
• ORNL Telephone List
• ORNL Map with Facility Key
•Average Personnel Radiation Dose Worksheet
• General Employee Training Information Checklist

Level II is additional training for workers in or near radiation
facilities. It is given by the division controlling the facility with the
concurrence of the General Training Coordinator.

The order recognizes that employees designated as "radiation
workers" need a heightened understanding of ionizing radiation
hazards and radiation protection techniques. It mandates that
radiation worker training programs and retraining be established
and conducted every two years. The goal is to familiarize those
employees with fundamentals of radiation protection and iden-
tify the proper procedures for maintaining exposures as low as
reasonably achievable. Tests and site reviews evaluate and docu-
ment each employee's completion of this requirement. Unlike
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the previous order mandating only that training be established at
a sufficient frequency, 5480.11 specifies subject areas which are
listed in Table III.

Table III Radiation Worker/ Technician Subject Material

• Radioactivity and radioactive decay
• Characteristics of ionizing radiation
• Man-made radiation sources
•Acute effects of exposure to radiation
• Risks associated with occupational radiation exposures
• Special considerations of exposure to women of

reproductive age
•Dose-equivalent limits
• Mode of exposure - external and internal
•Dose-equivalent determinations
•Basic protective measures - time, distance, shielding
• Specific plant ALARA procedures
• Survey instrumentation
• Monitoring programs and procedures
• Contamination control
• Personnel decontamination
• Emergency procedures
• Warning signs and alarms
• Responsibilities of employees and management
• Radiation protection staff interaction
• Operational procedures

The third group identified for appropriate technical training
coverage are those who occupy the radiation protection tech-
nician roles. Individuals who fill these positions must complete a
program which demonstrates knowledge of their job assign-
ments. Related cognizance shall be certified by examination
prior to an unsupervised work assignment. Technical instruction
includes both classroom and applied activities, also to occur every
two years. The administration of this program is guided by docu-
ment ORNL/TM-10119, 'Technical Qualification Requirements
for Radiation Protection Personnel at ORNL"2. The document
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denotes training criteria for health physicists and identifies sub-
ject areas for inclusion in their training. Topics listed in Table III
also serve as the basis for these technicians, Table IV extends the
subject domain. Even though similar content is in the radiation
worker and the radiation protection technician specialties, the
technical depth is commensurate with assigned duties. This cur-
riculum combines the topics required by 5480.11 with site-
specific information.

Table IV Radiation Protection Technician Training Topic Areas2

• Section 1 Fundamental Mathematics, Sciences, and
Techniques

• Section 2 Health Physics Theory
• Section 3 General Principles and Administration
• Section 4 Radiation Survey
• Section 5 Radioactive Contamination Control
• Section 6 Radioactive Material Control, Transportation

and Waste Disposal
• Section 7 Health Physics Dosimetry
• Section 8 ORNL Systems/Operations/Experiments

ACTIVITIES
Recent training provided at ORNL fulfills the requirements of
the new DOE order. General Employee training sessions occur
frequently to meet the needs of new personnel. Individuals who
attend are both new hires and transfers from other Martin
Marietta facilities. The ORNL orientation program serves most
often as the host for this activity; however, department staff meet-
ings are frequently utilized. Records indicate, for example, that
in the Environmental and Health Protection Division eighty-
eight employees participated in this level of training in the first
three quarters of 19883.

Radiation worker training occurs frequently also. Sessions are
generally conducted at the various responsible divisions' con-
ference facilities. The program content is organized upon needs
identified by the division management and the Radiation Protec-
tion Training Coordinator. Information disseminated to these
employees reflects both required subject material and task
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specific details. Incorporation into the program includes changes
to radiation protection policies and procedures, dose trends,
operational discrepancies, dose reduction efforts, and other criti-
cal data. The time frame for the sessions ranges from two to four
hours, depending upon technical depth of subject material. Quite
often a series of sessions is necessary to reach the entire popula-
tion of the target audience. The number of employees who have
attended sessions conducted in the first three quarters of 1988
are3:

• First quarter - 34,
• Second quarter - 432, and

•Third quarter - 77.

Training activities for radiation protection personnel are carried
out based upon guidelines from document ORNL/TM- 10119.
Individuals who enter the technician roles must complete all in-
crements associated with their trainee status. Included are
reviews of health physics theory plus familiarization with as-
signed work areas. This includes facts and data on radiation
protection systems equipment and department policies and pro-
cedures. Upon completion of this stage the trainee will have
completed each phase of the program which includes passing a
qualification exam.

An ongoing training program exists in support of maintaining the
skills of the technicians, and professional staff also; review of
techniques and changes promulgated in the health physics area,
operational procedures, and other related data are included.
During 1988 four major subjects were addressed, including
biological effects of radiation, a contamination incident in
Goiania, Brazil, use of departmental personal computers, and
review of ORNL's ALARA program. Table V shows the person-
nel number attending the more than twenty sessions conducted.

974



Table V 1988 Radiation Protection Ongoing Training3

Subjects

Biological Effects of
Ionizing Radiation

Brazilian Incident

Utilization of Personal
Computers

ORNL's ALARA Program

PLANNED ACTIVITIES

Sessions

4

1

15

7

Attendees

42

25

41

86

DOE Order 5480.11 plays a critical role both the current train-
ing program and future activities. Sessions in radiation protec-
tion at ORNL are based upon its impact. As displayed in
preceding sections endeavors are under way to meet these needs
with both employees and systems being addressed. The order re-
quires that changes occur in the make-up of radiation protection
for occupational workers. Included are alterations in the
methodology for determining total radiation dose, monitoring
program requirements, and ALARA program accountability.
The new order ensures that workers receive details regarding
their radiation protection coverage.

Examples of planned training include reviews of a new external
dosimetry system being installed for Martin Marietta. Data is
being gathered to qualify associated personnel and to inform the
general population of the effects of this change. A risk-based
philosophy to radiation protection will accompany 5480.11 im-
plementation. It involves utilization of recommendations from
the International Commission on Radiation Protection (ICRP)
Report Number 26 . Included here will be new limits that sum
internal and external dose equivalents to obtain the Annual Ef-
fective Dose Equivalent. Exposure to skin, extremities, and lens
of the eye are not included. Other changes include limits for air-
borne concentrations, and procedural requirements for the
public entering controlled areas. Training activities will address
these, plus many other changes, that the order will generate.
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TRAINING REQUIREMENTS FOR PREPARING
HAZARDOUS WASTE SITE WORKERS

FOR INVOLVEMENT WITH MIXED WASTE

David A. Waite and Danie] S. Mantooth

ABSTRACT

In the past most of the site cleanups tnat nave occurred have
involved only hazardous chemical materials. As a result, most of tne
workers at these sites have chemical or geological backgrounds. In the
future, it is highly probable tnat many more of tne site remediation
jobs will involve radioactive materials, presenting the existing
trained workforce with new cnallenges. The purpose of tnfs paper is to
examine the training that the present workforce needs to supplement
their knowledge and experience to be properly prepared to work witn
radioactive materials when the need arises. Tne REM site worKer
characterization data used as the basis of tin's discussion were
developed through a survey of education, experience, and supplemental
training information for Ebasco and Envirosphere hazardous waste site
workers. These individuals are categorized in terms of their academic
degrees and disciplines; their experience witn hazardous materials,
personnel protection concepts, and instrumentation; and supplemental
training. The minimum requirements for working with mixed nuclear and
chemically hazardous, or mixed wastes are proposed in terms of the
three characteristics referred to earlier in tne personnel
characterization activity: education, experience and training. Tnese
requirements are derived on the basis of experience, not regulatory
guidance, and the rationale for each component is suggested. The
identification of additional training needed to prepare the REM workers
for involvement witn mixed waste is accomplished tnrougn the comparison
oF tne requirements with the existing capabilities. These comparisons
are done on the basis of the same three characteristics tnat are
utilized in the previous sections of this discussion. Tne paper is
concluded with suggestions pertaining to the most efficient and cost
effective means by which these suggestions are tailored to trie
circumstances tiiat might exist within various companies in terms of trie
capabilities to conduct the training, and tne financial and time
constraints involved.

1.0 Introduction

As progress is made in the remediation of waste sites across tne
country, tne involvement witn radicactive and/or mixed waste is
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expected to increase dramatically. For tiie most part tne current worK
force in this area is largely inexperienced in handling these
materials, coming from primarily chemical or geological oackgrounds.
Tne purpose of this paper is to examine the training tnat the present
workforce needs to supplement their knowledge and experience in order
to be properly prepared to work with radioactive materials when the
need arises.

The approach to this assessment is to: 1) characterize tne present
workforce according to education, experience and training, 2) suggest
appropriate supplemental training in radiological safety, based on the
characterization, and 3) provide suggestions for efficient and cost
effective means of implementing the suggested training.

The workforce characterization data were obtained through a survey
of Ebasco and Envirosphere hazardous waste site workers. Tnese
individuals were categorized in terms of tneir academic degrees and
disciplines, their experience with hazardous materials, personnel
protection concepts, instrumentation training and supplemental training.

The training requirements identified for working with radioactive
or mixed waste are derived largely from experience rather than
regulatory guidance although the very general training requirements
found in References 1 through 4 were used as a starting point.

Methods for implementing programs to achieve tne suggested level of
training are tailored to the circumstances that mignt exist within
various companies in terms of tne capabilities to conduct tne training,
and tne financial and time constraints involved.

?..O Sits Worker Cnaracterization

Tne data characterizing hazardous waste site workers according to
education/discipline, experience and supplemental training are
presented in Figures 1 through 4. Tin's information definitely points
to a deficiency in the area of radiological protection personnel. In
spite of the fact that 75« of the workforce have college degrees (with
35'£ of tne total at the Master's level), only 5% are degree health
physics professionals. Furthermore, only 15% of tne workforce have
received any kind of supplemental training in health physics.

The problem appears to be two-fold. Firstly, there is a lack of
workers tnat nave formal training in the field of radiological
protection. Secondly, there also appears to be deficiency in the
number of degreed health professionals qualified to conduct needed
supplementary training in tnis area. If the population studied for
this assessment can be considered characteristic of the entire
industry, it appears that tne hazardous waste workforce is comprised of

1672K
980



young (55% have five years experience or less), well-educated
individuals with almost no radiological safety background.

On the positive side, however, tin's characteristic will aid in
resolution of the problem. The high level of education, and the,
generally, technical backgrounds of tne workforce should expedite the
training process.

3.0 Training Needs

The nealth and safety (HAS) training requirements for a mixed waste
sits fall into two broad categories; general H4S training, and
specialized or advanced training. General H&S training is intended to
provide basic safety information required by every individual with
responsibilities on a mixed waste site. Specialized or advanced
training is required to provide detailed safety information on specific
sites, for individuals who have specific functions or tasks ,or those
involved in special operations tnat represent unusual or elevated
nazards.

3.1 General Health and Safety Training

General employee training requirements for workers at a hazardous
waste site are specified in Reference 1. These are expanded by the
addition of guidelines and training requirements for radiological sites
(References 2 through 4) as well as personal experience in this area to
derive the recommended training program for a mixed waste site. The
elements of a typical general employee training course are presented in
Figure 5 and described below:

t. Health and Safety Program - The development, organization, and
implementation of tne Health and Safety Program is presented in this
section. Included are be topics such as compliance witn safety
procedures, employee monitoring programs (i.e., bioassay, dosimetry,
and frisking), and individual employee commitment to safety. The
concept of keeping exposures as low as reasonably achievable (ALARA) is
appropriate for this section.

2. Hazards Assessment - All potential radiological nazards
identified in this section. The employee will be given a general
knowledge of typical hazards and risKs and appropriate actions to take
upon encountering them. A discussion of the purpose, format and
authority of tne site Health and Safety Plan (HASP) is appropriate.
Information on tne potential biological effects from and radiological
components should De provided, but in the context of relative ris<
(i.e., what is the risk of injury or death from working on a mixed
waste site when compared to working in otner industries). A discussion
of basic radiological, safety concepts should appear in tnis section,

1672K

981



including, external exposure reduction, contamination control, external
vs internal dose (and routes of exposure), and units and measures.

3. Protective Equipment - Tne various types of protective equipment
available is described in this section. Each item is discussed in
relation to appropriate use (i.e., relating the degree of protection
with the severity of potential hazard), proper use (care, maintenance,
dress/undress) and limitations of tne protective equipment.
Demonstrations in the proper use are beneficial in tnis regard. In the
case of respiratory protection devices, protection factors for each
type of respirator used for protection against both radiological and
chemical species should be discussed in deptn as well as tne importance
of proper medical clearance and mask fit.

4. Decontamination - The basic principles and techniques of chemical
and radiological decontamination should be presented in this section.
Practical experience in a controlled setting should be provided if
possible.

5. Instrumentation - A basic discussion of eacn type of survey
instrument potentially encountered in the field is conducted in this
section. The interpretation of results (e.g., what actions to take),
sources of error, instrument sensitivity and instrument limitations
should be included the in discussion.

6. Medical Surveillance Program - In this section the purpose and
implementation of the medical surveillance program is descrioed,
including, routine physical exams, fitness for duty, and routine
respirator fit.

7. Emergency Preparedness - Tne elements and organization of a site
emergency plan is discussed in this section.

3.2 Specialized Healtn and Safety Training

Specialized H&S training involves focusing the topics covered in
general training on specific radiological conditions to provide : 1)
employee orientation on a particular site, 2) training for HAS
technicians on a particular site and/or 3) H&S training for special
operations that involve unusual conditions or risk levels.

Topics tnat might be covered in a site radiological safety
orientation are summarized in Figure 6. It can be seen that these
items are all present in tne general H&S training. In this case,
nowever they will be approacned from the stand point of conditions
specific a particular site. Tne specific radionuclides are considered
along rfitn their decay modes and the matrix in *Micn tney are found to
assess tne major pathways of exposure, either internal or external.
Specific personnel protection measures, based o/i the aoove information,
are tnen presented.
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Specialized Training for H&S Technicians must go into greater
detail in some areas since these individuals have the front line
responsibility for implementation of tne H&S program. They will have
to be able to advise employees on potential hazards and appropriate
actions during both normal and offnormal operations. The technical
staff will need to be trained in detail concerning site specific
hazards. This training should include identifying potential
radionuciides, their chemical forms on the site and primary routes of
exposure. The technician should be able to qualitatively assess
radiological hazards in tne field utilizing survey instrument
readings. Training on instrumentation used on the site should be in
such depth to allow the H&S technician to select proper instrumentation
for a specific job, field check instrumentation and determine if the
instrument is functioning reliably. H&S tecnnicians should receive
adequate training to independently make decisions concerning tne
control of potential hazards to minimize personnel exposure and trie
spread of contaminated materials to the environment or individuals.
Technicians should be intimately familiar witn the site specific
radiation protection procedures. These points are summarized in
Figure 7.

Special Operations Training may be warranted for several reasons
(Figure 8), including, a cnange in radiological conditions from those
defined in the original work plan, new or modified operations, or loss
of radiological control. The purpose of special training is to verify
understanding of new or modified procedures, mitigate deficiencies by
retraining of employees and to update the workforce on potentially
changing conditions. By nature, special training cannot be
preplanned. However, the H&S group should recognize tne potential for
this requirement and be prepared to conduct this type of training if
necessary.

4.0 Implementation

Implementation of the H&S training program involves two Key
decisions on the part of management, namely, whetner to conduct
training in-house or contract outside the company and tne required
frequency of training.

Conducting training in-house is advantageous in tnat courses can be
tailored to the companies specific needs. There is greater control
over course material and the quality of instruction can be more closely
controlled. On the negative side, maintenance of a full-time training
organization can be an expensive proposition tnat is justified,
usually, by only tne largest corporations. Delegating training
responsibilities to individuals witnin the H&S organization with
different primary duties can lead to training efforts taking second
place to other concerns.

There are many companies tnat will provide training on a contract
basis. This option nas the advantage of being very cost effective
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since generally the charge is on a per person basis (althougn most
vendors do nave minimum enrollment requirements). Also, in-house
personnel can be freed for otiier tasks. The down side of contract
training is the potential for receiving a program that does not fulfill
a companies needs. Care must be taken to select vendors qualified in
the areas of interest and to meticulously outline specific areas to be
covered in the training. Given these precautions, contract training
can be the most efficient means of completing training requirements.

On the question of frequency of training, several factors nave to
be considered. Obviously, initial training in the areas of general
H&D, site orientation, and H<4$ technician training should be conducted
before work on a mixed waste site is allowed. Retraining needs to oe
given at intervals short enough to provide a timely refresher of the
material and updates on procedural changes, but yet not so frequent as
to become an unnecessary burden on employees and their management. The
exact frequency will depend in large part upon individual company and
site needs. Indicators pointing at increasing training could be poor
safety record, significant incidence of loss of radiological control,
poor ALARA practice, and occurrence of skin contamination. Also,
individuals that move from site to site often may need retraining more
often than those that spend all their time at one site. In the case of
general H&S training, a retraining frequency greater than annually does
not seem to De justified.

6.0 References

1. Code of Federal Regulations, Title 29, Part 1910.

2. Code of Federal Regulations, Title 10, Part 19. Notices,
Instructions and Reports to Workers; Inspections.

3. JSNRC Regulatory Guide 3-27, "Radiation Protection Training for
Personnel at Lignt Water Cooled Nuclear Power Plants", 1931.

4. USNRC Regulatory Guided 8.29, " Instruction Concerning RISKS From
Occupational Radiation Exposure", 1981.
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Degree

High School

Bachelor

Masters

Figure 1

WORKER CHARACTERIZATION
Education

Percent of Workforce

25%

40%

35%

Discipline

Health Physics

Industrial Hygiene

Geology

Biology

Chemistry

Physics

Figure 2

WORKER CHARACTERIZATION
Professional Discipline

Percent of Workforce

5%

40%

6%

15%

5%

5%
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Figure 3

Years Experience

0 - 5 yrs.

5 - 1 0 yrs

greater than 10 yrs

WORKER CHARACTERIZATION
Experience

Percent of Workforce

55%

30%

15%

Training

Health Physics

Hazardous Waste

Figure 4

WORKER CHARACTERIZATION
Supplemental Training

Percent of Workforce

15%

100%

Figure 5

ELEMENTS OF HEALTH AND SAFETY TRAINING
General

Health and Safety Program

Hazards Assessment

Protective Equipment

Decontamination

Instrumentation

Medical Surveillance

Emergency Preparedness
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Figure 6

ELEMENTS OF HEALTH AND SAFETY TRAINING
Site Specific Radiation Safety

Specific Radionuclides and Modes of Decay

Exposure Pathways

Contamination Control

Biological Effects

Personnel Protection Measures

Personnel Dosimetry

Instrumentation

Radiological Emergencies

Figure 7

ELEMENTS OF HEALTH AND SAFETY TRAIN IMG
Technician Radiological Safety Training

Site Specific Hazards

Hazards Analysis

Hazards Control

Instrumentation

Radiological Protection Procedures
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Figure 8

ELEMENTS OF HEALTH AND SAFETY TRAINING
Special Operations Training

Wnen

New Site Conditions

New Operations

Loss of Radiological Control

Why

Verify Understanding of Procedures
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ABSTRACT
Waste management workers are required to participate in special
training mandated by a variety of Federal laws and DOE Orders;
these include the Resource Conservation and Recovery Act
(RCRA) , Superfund Amendments Reauthorization Act
(SARA) as implemented by OSHA in CFR 1910.120)2, in addi-
tion to requirements for Hazard Communication , Radiation
Workers " , Respiratory Protection , Transportation , and
Waste Generator1'10"1 training. The Technical Resources and
Training Program is examining the course contents and mandated
requirements to determine how to best meld these requirements
into a training program that will still fulfill all requirements but
eliminate the potential for duplication of some elements in suc-
cessive courses. This approach may not eliminate all duplication
between courses, but it should result in significant savings in man-
hours demanded in a training environment which requires similar
information to meet a host of regulatory requirements. The train-
ing matrix planned for Oak Ridge National Laboratory (ORNL)
will be presented and discussed.

Identifying Training Requirements
There are many requirements for waste worker training contained
in DOE Orders, laws, regulations, guidelines and standards for in-
dustry. At present ORNL and many others attempt to cover each
of the major training requirements with a course specifically
designed to the regulation. A good example of this approach is
our complete SARA/OSHA program14. However, it is difficult
not to overtrain on those elements in these courses that overlap

•Operated by Martin Marietta Energy Systems Inc., for the US
Department of Energy under Contract DE-AC05-84OR21400

991



and to risk worker inattention to repetitive classes. ORNL is
developing and will implement compliance core curricula to cover
all environmental safety and health (ESH) mandatory training.
By clearly defining training module objectives to meet multiple
training requirements, the modules can be used in an integrated
matrix or in regulation-specific courses without sacrifice of any
relevant training objectives. While this paper reports only that
portion of the matrix applicable to our waste workers, the overall
core curricula matrix will address the training needs for all of our
workers. The overall matrix will be presented in November,
1988 . However, in an installation that deals with hazardous and
radioactive materials and wastes, and mixed wastes, a good many
of the ESH training requirements do apply to the waste workforce.

Table 1 lists several of the major DOE Orders, laws, regulations,
guidelines and industry standards that constitute the compliance
training requirements for ORNL waste facilities.
Identifying Trainee Population
In order to develop a credible training matrix that will assure that
each waste worker receives all the training required by many DOE
orders and other laws and regulations, it is necessary to develop a
definitive matrix that encompasses all waste workers at ORNL.
We have initiated this definition of workers and have in place a
preliminary description of all job positions and some rudimentary
job and task analysis. Table 2 lists the ORNL waste operations
positions that require mandatory qualification training. In fact,
with the exception of reactor operators, waste operating person-
nel are probably the most heavily regulated workers in our instal-
lation.

Preparation of Core Curriculum and Training Modules
Because we have been actively training workers in the required
subject contents , we chose to conduct a careful review of our
current ESH training programs to develop some comprehensive
training modules to meet multiple requirements. In our initial
analysis, we separated subject areas and sorted the course lesson
plans accordingly. This quickly identified overlapping require-
ments and need for different levels of training, comprehension
and comprehensiveness. Using this information we resorted the
lesson plans to standardize treatment at each selected level; this
has allowed us to develop and implement training by related
modules rather than by regulatory classification.
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Our compliance training matrix is built around five or more major
curricula. Table 3 gives a brief synopsis of the waste worker core
curriculum and shows that certain job categories and facilities
would also require other specific training to complete their re-
quirements. The core or generic portion of the waste worker cur-
riculum can be site-specific to the installation and to the facilities
at an overview level. For example, we use photographs and pro-
cedures from specific operations to illustrate how generic prin-
ciples and instructions relate to our own workplace. However, the
operational training on specific activities and procedures at each
building or facility will still be carried out at the facility by a trainer
dedicated to those operations. Because the ORNL waste opera-
tions are now a part of the Environmental and Health Protection
Division where the ESH compliance training is also based, it will
not be difficult to implement the waste worker core curriculum,
once all the course elements are developed.
Strategy for Implementing
General ESH training procedures under development require
that supervisors classify their employees into training categories.
This will facilitate our control over the appropriate trainee
population and aid our transition into a integrated training mode.
New workers will be the easiest to accommodate into the system.

Our training modules will be offered in related subject-area
groupings still to be determined and modified by experience. For
those workers who have had some of the previous training, we will
be able to credit them with any modules already earned. This will
be particularly time-effective in training new employees because
there will be a significant savings in staff time per worker without
sacrificing content or specificity. This attempt to identify generic
portions of the mandatory training will not interfere with require-
ments for job-performance-based training; operational training
will continue to be performance-based and even the compliance
training will be based on position requirements to the extent pos-
sible under the laws. Our goal is to be able to accredit an in-
tegrated ESH training program for ORNL under the new
proposed DOE Training Accreditation Draft Order22 once it is
fully operational.

The possible disadvantages in using this integrated training matrix
are the difficulties in implementing new procedures and working
through documentation so that each requalification retraining will
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occur at the proper time. Over the longer term, this should not
be a significant problem.
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Table 1. Major Compliance Requirements for Waste Workers

(0
0>

SOURCE

RCRA1

SARA/OSHA2

(CERCLA workers
covered)

DOE Orders 5480.5,
.6, and.11 5 7

Haz. Com.3"*

Respiratory Protec-
tion6

DOE Order 5480.39

DOE Order 5820.2010

DOE Order 5480.211

HAZARD
IDENTIFICATION

X

X

X

X

X

X

X

X

HEALTH
EFFECTS

X

X

X

X

PERSONNEL
PROTECTION

X

X

X

X

X

ENVIRONMENTAL
SITE CHARACTER-
IZATION/
PROTECTION

X

X

X

X

X

X

FACILJTIES/PROCE-
DURES/OJT

X

X

X

DOE Order 1540.212 X

DOE Order 49 CFR X
100-199, 39O-39913

X

X



Table 2. Waste Worker Mandatory Qualifications

QUALIFICATION REQUIRED BY

Waste Operator DOE Order 5480.5, .6, .115"7, SARA/OSHA2, RCRA

Waste/Remedial Action Operator SARA/OSHA'1

Waste Supervisor DOE Order $480.5, .8, .115-7

Waste Manager
(may overlap with Waste Supervisor)

SARA/OSHA2

Support Staff
(HP, IH, Maintenance, etc.)

DOE Order 5480.5, .6, . 11 * 7 , SARA/OSHA2,
RCRA1

Truck Drivers
Transporting Haz. Waste
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Table 3. Waste Worker Core Curriculum

(0
(0
OB

CORE
CURRICULUM*

ADDITIONAL

REGULATORY
OVERVIEWS

Hazcom*
RCRA
SARA/OSHA
5480.5, .6,-11

OPERATOR NEEDS

HAZARD
IDENTIFICATION

Radiation Haz-
ards - Gen.*
Chemical Haz-
ards - Gen.*
Safety Haz-
ards - Gen.*
Biological Haz-
ards - Gen.
Chemical/
Radioactive
Waste*

Facility-Specific
Hazard Identifi-
cation

HEALTH
EFFECTS

Radiation
Toxicology
Chemical
Toxicology
(Includes
Interacting
Effects)

Facility •
Specific

PERSONNEL
PROTECTION

Medical
Surveillance
Contamination
Control
Respiratory
Protection
Protective
Clothing

- Levels
(Demo.)
Heat/Cold
Stress
Confined Work
Spaces
Noise Stress
A LARA

Facility Proce-
dures/

High-lmpactSupplies
Hazard

Effects
(If present)

Contamination
Control/PPE/
A LARA

ENVIRONMENTAL
SITE
CHARACTERIZATION/
PROTECTION

Project
Planning

Spill Response*
Site Monitoring
Site Control/
Characterization

Facility Procedures
Containment
Policies

FACILITIES/
PROCEDURES/
OJT

Facilities-
Types,
Kinds
Packaging/
Labeling*
Marking/
Placarding*
Transportation*
Decontamination

Emergency
Response
Waste Generator

Facility Systems
Operational
Instruction/OJT



Table 3. Continued

REGULATORY
OVERVIEWS

HAZARD
IDENTIFICATION

HEALTH
EFFECTS

PERSONNEL
PROTECTION

ENVIRONMENTAL
SITE
CHARACTERIZATION/
PROTECTION

FACILITIES/
PROCEDURES/
OJT

CD
(0
(0

ADDITIONAL
WASTE/
REMEDIAL ACTION
OPERATOR NEEDS

ADDITIONAL
SUPERVISOR
NEEDS

ADDITIONAL
MANAGER NEEDS

Facility-Specific
Hazard Identifica-
tion
Risk Assessment

Facility-Specific
Hazard Identifi-
cation

MSDS Exercise

Facility-
Specific
High-
Impact
Hazard

Effects
(If present)

Facility-
Specific

Facility Proce-
dures/
Supplies
Contamination
Control/PPE/
ALARA

Facility Procedures
Containment Policies
Site Decommissioning/
Closure
Instrumentation
Laboratory

SCBA (Detailed)
Field Dressout

Facility Proce-
dures/

High-Impact Supplies
Hazard
Effects
(If present)

Contamination
Control/PPE/
ALARA

Selection of
Protective
Equipment

Facility Procedures
Containment
Policies

Potential Problem
Analysis on
Project Planning

Facility Systems
operational
Instruction/OJT
Handling Drums/
Containers
RI/FS Overview
Decon.Techni-
ques (Detailed)
and Field
Exercise

Facility Systems
Operational
Instruction/OJT

Personal Liability
How to Deal with
Media
OJT Instructor
Skills



Table 3. Continued

REGULATORY
OVERVIEWS

HAZARD
IDENTIFICATION

HEALTH
EFFECTS

PERSONNEL
PROTECTION

ENVIRONMENTAL
SITE
CHARACTERIZATION/
PROTECTION

FACIL5TIES/
PROCEDURES/
OJT

ADDITIONAL
SUPPORT STAFF
NEEDS

O
O
O

ADDITIONAL
TRANSPORTA-
TION: TRUCK
DRIVER NEEDS*

DOT Shipment Charac-
teristics

*Core Curriculum Applicable to Truck Drivers
Only When Marked with Asterisk

Facility Proce-
dures/
Supplies
Contamination
Control/PPE/
ALARA

Facility Procedures
Containment Policies

Basic Protec- Transportation •
tive Equip- Specific Emergency
ment Response

Facility Systems
Operational
Instruction/OJT
Discipline
Qualifications
Handling Drums/
Containers
RI/FS Overview
Decon.Techni-
ques (Detailed)
and Field
Exercise

Shipping Papers/
Certifications

Vehicle Prep.
Container Stor.
Inspection
Criteria
MobileEquipOp
Route & Cargo
Restr./Procs.
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UNIVERSITY PROGRAMS IN WASTE MANAGEMENT RESEARCH,
EDUCATION, AND TRAINING*

James L. Gumnick
Alfred Wohlpart

ABSTRACT

Oak Ridge Associated Universities began in 1946 as the Oak Ridge Institute of Nuclear
Studies with the mission of training practicing scientists and engineers by transferring the
advances of the Clinton Laboratories (now Oak Ridge National Laboratory) to the private
sector. ORAU has continued to promote closer university ties with DOE laboratories by
developing and managing programs directed at the entire academic community. In this
presentation, the authors will describe ongoing and planned activities designed to increase
the participation of universities in waste management, to assist in the transfer of applied
research findings, to assess the capabilities of educational institutions to fill shortages of
essential waste management professionals, and to develop and implement required
professional training programs. Research activities in hazardous waste research and
management will be described.

INTRODUCTION

Oak Ridge Associated Universities (ORAU), in its role as a DOE M&O contractor and as a
consortium of 49 member colleges and universities, is dedicated to research, training,
education and technical assistance. Through these activities, ORAU has become
increasingly aware of needs and opportunities in the field of waste management. The
national focus on remedial and preventative efforts with regard to waste management has
generated needs and opportunities which can be met most effectively through the increased
use of the resources and capabilities of the academic community. A necessary prerequisite
to addressing these needs and opportunities is communicating them to the academic
community and integrating this community more effectively into national and local waste
management research and development efforts. This paper is a part of that integrative
effort.

Communication of know-how and collaborative participation in research are two facets of a
process many of us know as technology transfer. Such transfers will strengthen education
and training in the area of waste management and will provide answers to vexing questions

•The work described in this paper was performed by Oak Ridge Associated Universities under contract number
DE-AC05-76OR00033 with the U.S. Department of Energy.
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by promoting more useful and significant research. ORAU and its member universities can
play a substantial role in these technology transfer activities by drawing on their historical
experience, contacts within the academic community, research and other programmatic
activity, and their abilities to influence the direction of related research and educational
activities. This paper reviews these areas as part of an effort by ORAU to increase the
awareness of its members, other universities, and of the participants in this meeting with
regard to ways in which we, together, can help achieve the goals and objectives of the DOE
Model.

HISTORICAL ORIGIN OF ORAU

In 1946, the Oak Ridge Institute of Nuclear Studies, the parent organization of ORAU, was
created. Its mission was to educate scientists and engineers in universities and industry
about the advances in nuclear science and technology being made at the Clinton
Laboratories, forerunner of the Oak Ridge National Laboratory (ORNL). Since that time,
ORAU has served to link members of the academic community, ORNL, and many other
federal laboratories.

Over the years, these linkages have taken many forms, including educational and training
programs, collaborative research programs, student and faculty research participation
programs, staff research, course and curricula development, fellowships, internships, and
other activities designed to promote cooperation between federal laboratories and the
academic community. The technical emphasis of these programs has grown and changed in
response to the direction of research undertaken by DOE and its predecessor organizations.

ORAU STATUS IN HAZARDOUS WASTE MANAGEMENT

In keeping with the times, ORAU is now working with federal laboratories and the
academic community in the areas of science and technology described in the DOE Model,
such as waste management and related issues in environmental protection, safety, and
health.

In 1988, such programs at ORAU accounted for $10.4 million, 27% of a $38.5 million
budget. This will grow to $11.7 million in 1989, 30% of a $39.5 million budget. In 1988,
these funds supported 36 separate projects in four major areas: research, training and
education, technical assistance, and site assessment.

Although much of this research is carried out at ORAU, a considerable amount is
conducted at universities, including programs at Historically Black Colleges and
Universities. Research programs range from health and mortality studies to inquiries into
the biological effects of hazardous waste. Radioactive waste management studies are also
conducted, including investigation of geological effects, interactions with earth properties,
and other repository-related research.
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These projects are being conducted by four divisions at ORAU: the Medical and Health
Sciences Division (MHSD); the Manpower Education, Research, and Training Division
(MERT); the University Programs Division (UPD); and the Special Projects Division
(SPD). The Institute for Energy Analysis (IEA) is developing planning and policy projects
in cooperation with the Waste Management and Educational Institute at the University of
Tennessee. Program activities in training and education include courses and seminars,
training management and support, fellowship and internship recruiting and placement, and
curriculum development and assessment.

Specific topics include radiation protection engineering, health physics, SARA/OSHA
training and training assessment, needs assessment, and radioactive waste management
fellowships, among others. Manpower studies and forecasts predict personnel shortages in
areas of critical concern to those interested in waste management, especially in the areas of
nuclear engineering and health physics. In response to these trends, ORAU has
established, with DOE support, fellowship programs in Nuclear Engineering, Health
Physics and Radioactive Waste Management which now support 48 fellows. These fellows
are in 45 different university programs among the 56 participating groups.

ORAU's technical assistance capabilities include assessment studies and direct technical
assistance in technical areas associated with hazardous waste. Often, staff or faculty
members with particular capabilities are matched with client needs.

ORAU has worked in the area of site assessment since its founding and has provided
assistance in reactor decommissioning, effluent monitoring, and environmental audit
surveys and evaluations. Work initiated as a result of radiological hazards has led to related
efforts addressing other threats and environmental insults from mixed and nonradioactive
hazards.

In all four functional areas: research, training and education, technical assistance, and site
assessment, ORAU maintains regular, technical interaction and communication with the
national academic community, including ORAU's member universities.

HAZARDOUS WASTE MANAGEMENT ACTIVITIES
IN THE ACADEMIC COMMUNITY

Introduction

The previous section described ORAU's activities in hazardous waste management in
general terms, touching briefly on technical areas. This section examines specific technical
areas of hazardous waste management being addressed in the university community. In
light of national needs, the three points of view of the academic mission are research,
education, and service.

Hazardous Waste Research Within University Structure

Most university activity related to hazardous waste is concentrated in six closely related
major areas:
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• Production/Elimination
• Distribution/Containment
• Impact/Remediation

The first pair of concerns relates to the waste stream and waste stream analysis. Subtopics
include changing methods of generation or production of wastes and evaluating alternate
processes for waste reduction or elimination. Modification of waste can occur through
changes in quantity, state, or nature. Recycling is also a promising area of research.

Relationships among the next two pairs of concerns are illustrated in Figure 1, which
shows the ways waste can be distributed after production and the effects of containment
methods. The figure also suggests areas of research in remediation methods and processes.

Figure 1. Waste Disposal Practices and Contamination of the Groundwater System.
Source: U.S. EPA, 1977. Tak-'n from Groundwater Contamination in the United States, 2nd Edition,
University of Pennsylvania Press, 1987.
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Research in hazardous waste management often requires research within particular
disciplines as well as cooperative efforts among disciplines. The specific problem area
being considered determines the appropriate approach. In general, university structure
favors fundamental or single-discipline research; however, universities have recognized the
need for interdisciplinary efforts in tackling applied problems and have developed
mechanisms to accommodate such research.

Problems that can be solved through single-discipline R&D and training in hazardous waste
management are generally addressed by such traditional areas of study as:
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• Civil engineering
• Chemical engineering
• Nuclear engineering
• Environmental engineering
• Health physics

Interdisciplinary approaches to problem-solving often originate in university organizations
identified "centers" or "institutes." In these organizations, participants are usually drawn as
required from the departmental structure. Institutes which address problems in hazardous
waste management are often concerned with problems related to:

• Water resources
• Fossil energy
• Energy
• Mining and minerals
• Agriculture
• Environment

Although these departments, schools, and "institutes" encompass most of the research,
education, and service activity in the universities concerned with hazardous waste, activity
in this area may also be found in departments of biology, botany, medicine, and
occupational safety and health.

Traditional single-discipline departments tend to stress basic research and course work and
are oriented toward the full-time student. The institutes are often more applications- and
service-oriented. They tend to promote professional training, often through continuing
education activities, workshops, or short courses.

The matrix in Figure 2 shows where the six topics described earlier are usually addressed
in the academic system. Under certain circumstances, topics may be addressed in areas
other than those indicated, depending upon faculty interest or success in securing research
support. The matrix does, however, represent general trends.
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Figure 2. Major Areas of University Hazardous Waste Research
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Figure 2. Major Areas of University Hazardous Waste Research (continued)
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EPA-Supported University Research in Hazardous Waste

Let us now examine more specific technical topic areas. Figure 1 illustrates areas of
research specified in the FY 1988 EPA Research Program Guide. The EPA's research
focus is of interest for two reasons. First, it defines the technical areas of support for
university research. Secondly, EPA requirements concerning current waste generation and
past waste disposal are being applied with increased stringency to DOE facilities.
Consequendy, we all should have an interest in what interests EPA.

Areas of hazardous waste research supported by EPA at universities include the following:

• Scientific assessment research
Methods of assessment
Risk determination and analysis
Environmental effects

• Monitoring systems research

Detection and characterization

• Health problems associated with toxicity and toxicology

• Environmental engineering
Technology waste
Materials treatment through incineration and chemical, biological, and physical
processing

• Disposal studies
Landfill and impoundment.

• Spill mitigation
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As Figure 1 suggests, there is also a need for research in the areas of environmental
processes and effects, hazard determination, and the development of transport models.
Water resource issues are also of great concern to researchers in hazardous waste
management.

When these EPA-supported research areas are compared to suggested topics in the call for
papers for this meeting, many areas of common concern appear, including:

• Waste reduction
• Characterization and certification
• Water treatment and disposal technologies
• Decontamination and decommissioning
• Site remediation
• Contingency planning arid emergency response
• Risk assessment and management
• Hazard assessment and monitoring

All of these, and other related concerns, are areas of active university research.

EPA's commitment to hazardous waste research at the university level is demonstrated by
the university research centers created by EPA to support its Exploratory Research Core
Program. The following list identifies the research topics being explored under this
program, the schools involved, and a brief description of the research being performed.

Waste Elimination: (Illinois Institute of Technology and University of Notre
Dame) Innovative technology and process modification to reduce industrial
pollutants

Intermedia Transport: (University of California at Los Angeles) Definition of
chemical/physical processes governing pollutant exchange at air-land and air-water
boundaries

Ecosystem Management: (Cornell University) Identification and application of
ecosystem principles tc environmental management problems

Marine: (University of Rhode Island) Assessment of marine ecosystem health,
emphasizing exposure of marine organisms to toxins

Advanced Control Technology: (University of Illinois, Urbana) Separation
technology, thermal destruction, biological separation, and chemical detoxification

Ground Water- (University of Oklahoma, Oklahoma State University, and Rice
University) Subsurface characterization, transport, and fate and groundwater
horizon modeling

Epidemiology: (University of Pittsburgh) Basic epidemiology methods and
airborne paniculate health effects

Hazardous Waste: (Louisiana State University) Design, construction,
maintenance, operation, and closure of hazardous waste landfills
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In addition to these, other programs have been and are being created as the academic
community realizes the increasing need for their participation in solving these problems.
For example, there are 54 State Water Resources Research Institutes throughout this
country. All of these are located at universities. They are all involved with problems of
hazardous waste management related, primarily, to surface and ground water resources.

Other Hazardous Waste Activities

On a national scale, an excellent source of general information on academic activities is "A
Survey of Graduate Education in Hazardous Waste Management," by Mackenzie L. Davis
in the Journal of Air Pollution Control Association, Volume 36, No. 9.

Based on this paper and other sources, including university catalogs, institutional profiles,
and private communication, university-level educational and training programs related to
hazardous waste were examined. In Davis1 study, 69 graduate programs in environmental
engineering were polled to determine the status of graduate education in hazardous waste
management. Of the 42 institutions responding, 30 offered courses in hazardous waste
management. It was noted that, although 74% of the respondents had educational programs
in hazardous waste management, only 69% had related research projects. A review of
ORAU's 49 member universities yielded similar results. Hazardous waste education
programs are supported by 75% of the universities, and 70% have related research
programs. The 1985 DOE report, Keys to Access, Competitiveness, and Stability, profiles
the energy research programs of 38 Historically Black Colleges and Universities. Of these
38 schools, 75% are also conducting research directed specifically at hazardous waste
management problems.

Figure 3 illustrates a composite course outline based on Davis' survey that is representative
of the course offerings in hazardous waste education programs.

Figure 3. Composite Hazardous Waste Education Course Outline

Definition of Hazardous Waste
Toxicology
Legislation/Regulations

RCRA
CERCLA
SARA

Management Alternatives
Source reduction
Good housekeeping
Process modification
Source segregation
Reuse
Recycling
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> Treatment/Pretreatment
Absorption
Extraction
Distillation
Neutralization
Oxidation

• Thermal Treatment
Combustion processes
Pyrolysis
Catalytic oxidation
Air pollution control

Land Disposal
Hydrogeology
Secure landfill design
Land treatment

Remediation

Siting

It is worth noting that these topic areas, like the EPA-supported research areas, are nearly
identical to the topics listed in the call for papers for this meeting.

As mentioned earlier, water resource issues related to waste management are of grave and
increasing national concern and, therefore, have received considerable attention throughout
the Southeast, where most of ORAU's members are located. These institutions have
developed strong technical capabilities in this area. In 1983 and 1984, Gulf Universities
Research Consortium, an association of 17 universities and 17 energy companies in the
Gulf states, identified hazardous waste as a serious threat to the nation's water resources.
The consortium strongly advocated university research into a set of high-priority topics
including:

• Ground Water Restoration Techniques
• Soil Restoration Techniques
• Deep Well Injection Criteria
• Surface Impoundment Techniques
• Artificial Recharge
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Specifically recommended research activities in these areas included:

• Assessment and monitoring
• Chemical, physical, and biological remediation
• Physics and chemistry of waste properties
• Data bases and data analysis
• Site selection and evaluation
• Geology
• Landfills
• Impoundment properties
• Economic analyses of recharge initiatives

More recently, the ORAU Council, the governing body of ORAU, recognized that the
relationship between waste and water resources was of sufficient concern to encourage
cooperative conferences on the subject. ORAU cosponsored the plenary session of the
recent conference of the North American Benthological Society at the University of
Alabama. The session was titled, "European Perspectives in Lotic (Running Water)
Ecology." ORAU is also supporting "An Integrated Approach to Hazardous Waste
Management Control," a conference being planned by Oklahoma State University.

The objective of these conferences and others sponsored by ORAU is to increase
collaborative research among universities, involvement with federal laboratories, awareness
of educational and training needs, and communication of research findings.

In preparing this paper, an interesting program was identified at one of ORAU's newest
member universities, the University of North Carolina at Charlotte (UNCC). At UNCC
there is an organization called the Southeast Waste Exchange (SEWE). The organization
was created in 1978 to serve as a clearinghouse for waste management information with the
mandate of communicating safe and economical waste management strategies to producers
of both hazardous and nonhazardous waste. This group brings together environmental task
forces, government agencies, and individual businesses to encourage resource conservation
and large-scale recycling.

SEWE provides a bimonthly catalog, listing available waste and surplus materials, waste
management services, and requests for such services. They also conduct environmental and
waste management research programs and hold conferences and workshops on waste
management issues. SEWE illustrates the kinds of things that can be done in response to
community needs and is closely tied to 22 similar organizations throughout the United State
and Canada, two of which are located at ORAU member universities.

A presentation about academic opportunities for hazardous waste education and training
given in Oak Ridge would not be complete without recognizing the outstanding local and
regional initiatives of Roane State Community College, the University of Tennessee and
Vanderbilt University.

At Roane State Community College, these initiatives have included providing short courses
in hazardous waste operations training as well as degree option programs in waste
management, industrial hygiene, and health physics. The Roane State program is one of a
kind.
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At the University of Tennessee (UT) the Waste Management Research and Education
Institute was created in 1985 for three purposes:

• To create a nationally recognized center of excellence in chemical, nuclear, and
solid waste management research and education

• To help promote the safe and proper management of hazardous waste in
Tennessee, which is essential to the environmental quality and economic
expansion of the state

• To work cooperatively with other regional institutions to help develop solutions to
waste management problems that confront the state and the nation

UT is involved in research in the areas of waste policy and environmental biotechnology
and also provides fellowships in these areas.

Vanderbilt University has created a Solid and Hazardous Waste option as part of its
graduate Engineering Program. Courses are offered in Hazardous Waste Engineering and
Radioactive Waste Disposal. The program is administered through the Department of Civil
and Environmental Engineering.

These kinds of initiatives by like-minded academic leaders can help provide trained people
to alleviate current and anticipated shortages of skilled workers for solving the problems of
hazardous waste management.

Although there are many positive signs in the area of university-based hazardous waste
research, there are also indications that the coupling of universities to the hazardous waste
problem set can be improved. As part of the research for this paper, the OSTI data base
was searched for references to DOE-supported university research on hazardous waste.
Based on the key words, "hazard," "universities," and "college," 41 references were
found. Of these references, 15 dealt with health hazards, five with radiation, four with
genetics, four with earthquakes, and two with research and development.

An article titled "Facts and Figures for Chemical R and D" in the August 22,1988 issue of
Chemical and Engineering News indicates that, between 1977 and 1987, the number of
papers in Chemical Abstracts on the subject of water wastes dropped from 23.2% to 20.4%
of the total papers on Applied Chemistry and Chemical Engineering, a 2.8% decrease. This
cannot be considered a rapidly growing field for published research.

It is also interesting to note that, of 174 paper presented at this meeting, only 10 are from
universities. An examination of training is also revealing. In a review of hazardous waste
management training programs at federal laboratories conducted using the Training
Resources and Data Exchange, it was found that, of 34 programs, 30 were developed in-
house. Although the federal laboratories have much to offer universities in terms of
continuing education and other programs, there does not seem to have been much use of
university input by the federal laboratories.

On the other hand, in a search for commercially available asbestos training courses, ORAU
found 49 training programs, 25 of which were being conducted by university-related
institutes or departments. In some areas of waste management, universities are becoming
actively involved.
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A VIEW OF THE FUTURE FROM AN ORAU PERSPECTIVE

Since 1966, 20 separate pieces of legislation and accompanying guidance have placed strict
requirements on worker health and safety and environmental cleanup. Implementation of
these new standards requires continued research and the training of workers involved in the
identification and resolution of environmental, safety, and health problems.

ORAU, through cooperation with its members and the academic community, is uniquely
qualified to perform relevant research, identify training needs, provide training, perform
environmental surveys, provide technical assistance, assist in academic outreach, and serve
as a facilitator between government, industry, and the academic community. Collaborative
efforts among divisions within ORAU and with organizations in the Oak Ridge area will
strengthen all of our abilities to successfully carry out hazardous materials programs. These
activities are highly relevant to missions of both ORAU and DOE.

In this context, ORAU sees a number of potential growth areas which address the scientific
and technical needs in the field of waste management discussed in the previous section.
These include:

• Training
• Needs assessment
• Course design and development
• Development and training/management plans
• Technology transfer
• Development of quality assurance programs
• Academic outreach (Fellowships/Internships, Research Participation Programs)
• Research
• Extension of site assessments to include a greater percentage of non-radiological

work
• Development of training materials identified in needs assessments
• Expansion of analysis of environment safety and health training requirements

beyond Oak Ridge to other DOE locations
• Technical assistance

ORAU is developing an integrated and coordinated approach to concentrating all of its
divisional and academic resources on responding to these challenges.

OBSERVATIONS AND CONCLUSIONS

Universities are moving rapidly to expand their capabilities in research, education, services,
and training in many areas related to waste management, but, because of pressures placed
upon them, it appears the industrial community has moved more quickly, especially in
areas of technological problem solving. Due to the availability of funds to address their
problems, the federal laboratories and their contractors, especially those associated with

1015



DOE, have, in many cases, become leaders in areas such as remediation, treatment, and
disposal. We must work to increase university involvement in these areas.

There is a broad spectrum of research know-how available throughout the university
community which, if shared, could accelerate progress in solving waste management
problems. As both a DOE M&O contractor and a consortium of 49 colleges and
universities, ORAU is well positioned to encourage the exchange of information, to
promote collaborative research, and to expedite solutions to hazardous waste problems.
ORAU is planning, organizing, and positioning itself for more effective interaction with all
other agents in accomplishing the goals and objectives of the DOE Model. Through these
processes, ORAU will act as a technology transfer agent for communicating Oak Ridge
know-how to the rest of the nation, especially through the university community. ORAU is
also developing projects and programs designed to actively involve the university
community more effectively in meeting the research needs of the DOE Model.
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HEALTH AND SAFETY TRAINING FOR HAZARDOUS WASTE
SITE ACTIVITIES AT OAK RIDGE NATIONAL LABORATORY:

IMPLEMENTATION OF OSHA 29 CFR 1910.120(e)

D. Allen White
Technical Resources and Training Program

Environmental and Health Protection Division
Oak Ridge National Laboratory*

Oak Ridge, Tennessee 37831-6107

ABSTRACT

Among the requirements set forth by the interim final rule,
29 CFR Part 1910.120, promulgated by the Occupational
Safety and Health Administration (OSHA) in response to the
Superfund Amendments and Reauthorization Act of 1986
(SARA), are specific provisions for health and safety
training of employees involved in hazardous waste
operations. These training provisions require a minimum of
4 0 hours of initial instruction off the site for employees
involved in corrective operations and cleanup activities at
hazardous waste sites. A less detailed training
requirement of 24 hours is specified for employees working
in more routine treatment, storage, and disposal
activities. Managers and supervisors who are directly
responsible for or who supervise employees engaged in
hazardous waste operations must complete 8 additional hours
of training related to management of hazardous waste site
activities.

Consistent with the intent of 29 CFR 1910.120, a training
program has been developed at Oak Ridge National Laboratory
(ORNL) to comply with the need to protect the safety and
health of hazardous waste workers. All hourly requirements
specified in the interim final rule are met by a
comprehensive program structure involving three stages of
training. This paper will outline and discuss the content
of each of these stages of the program. The involvement of
various ORNL organizations in facilitating the training
will be highlighted. Implementation strategies will be
discussed as well as progress made to date.

•Operated by MARTIN MARIETTA ENERGY SYSTEMS, INC. for the
U. S. Department of Energy Under Contract No. DE-AC05-
84OR21400.
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BACKGROUND

The treatment and disposal of hazardous wastes under the
Resource Conservation and Recovery Act of 19761 (RCRA), and
the Comprehensive, Environmental Response, Compensation and
Liability Act of 19802 (CERCLA) create a significant risk to
the safety and health of employees who work in these
operations. Employee exposure to these risks occurs when
employees respond to hazardous waste emergencies, when they
work with hazardous wastes during treatment, storage, and
disposal operations or when they participate in the clean-up
of abandoned waste sites. This risk of exposure and the
need for protecting employees exposed to hazardous wastes is
addressed in the Superfund Amendments and Reauthorization
Act of 19863 (SARA) , signed into law by the President on
October 17, 1986.

On December 19, 1986, the Occupational Safety and Health
Administration (OSHA), in response to Title I, Section 126,
of SARA issued an interim final rule (29 CFR 1910.120)4,
which promulgates standards for the health and safety of
employees engaged in hazardous waste operations. Along with
requirements for personal protective equipment., medical
surveillance, site characterization and control, and
decontamination procedures, the interim final rule includes
specific provisions for initial training of employees before
they would be permitted to engage in hazardous waste
operations. The intent of these training provisions is to
provide employees with the knowledge and skills necessary to
perform hazardous waste clean-up operations with minimal
risk to their safety and health.

REVIEW OF THE REGULATION

Since waste sites contain many potential hazards, workers
should be trained to (1) recognize hazards, (2) apply
appropriate work practices to minimize those hazards, and
(3) properly use respirators and other personal protective
equipment. The need to train the hazardous waste worker is
addressed in Paragraph (e) of the interim final rule 29 CFR
1910.120.

General Worker Training Reguireaents

Provisions for employees involved in operations at
uncontrolled hazardous waste sites include a minimum of 40
hours of initial instruction off the waste site, and a
minimum of 3 days of actual field experience under the
direct supervision of a trained and experienced supervisor
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at the time of job assignment. This applies to employers
and employees engaged in the following operations:

• Operations involving hazardous substances that are
conducted under CERCLA, including initial
investigations of CERCLA sites before the presence or
absence of hazardous substances has been ascertained;

• Clean-up operations involving major corrective actions
conducted under the Resource Conservation and Recovery
Act of 1976;

• Operations at hazardous waste sites tlvst have been
designated for clean-up by state or local government
authorities.

The interim final rule also regulates facilities involved in
routine treatment, storage and disposal operations as
regulated under RCRA Section 3004. These sites generally
have more routine working conditions and the hazards are
better identified and controlled than at those hazardous
waste disposal sites created prior to passage of RCRA. The
interim final rule., however, allows 24 hours as the basic
level of training appropriate to these working conditions.

Once an employee has received the required training, the
employee need not be retrained to work at subsequent sites,
even if a different employer is involved.

Supervisor/Manager Training Requirements

Under the interim final rule, managers and supervisors at
waste sites who are directly responsible for hazardous
waste site operations require the same training as that of
employees, and at least eight additional hours of
specialized training on managing hazardous waste
operations. Since these people are responsible for
directing others, it is necessary to enhance their ability
to provide guidance and to make informed decisions.

Retraining

Employees at hazardous waste operations need to be reminded
that they face the potential for serious health and safety
risks. The interim rule provides eight hours of annual
retraining on relevant matters such as review of health
hazards and the use and limitations of personal protective
equipment. This refresher training should also inform
employees of new policies and procedures and update existing
ones.
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ORNL SARA/OSHA TRAINING PROGRAM

In order to meet the specific training requirements
established by OSHA for different categories of workers, the
ORNL SARA/OSHA training curriculum has been structured into
three separate courses. Most ORNL hazardous waste workers
are involved in routine treatment, storage, and disposal
operations and require 24 hours of classroom instruction
and field exercises. For those employees who may engage in
remedial action waste clean-up operations, sixteen
additional hours or 4 0 total hours of training are
provided. Managers and supervisors involved in hazardous
waste operations receive 8 hours of training relevant to
their responsibilities in addition to the training offered
the hazardous waste workers. The structure of this training
program is outlined below:

ORNL SARA/OSHA Training for Hazardous Waste Site Activities

• Basic Training for General Site Workers (24 hours)

• Training for Remedial Action Workers (16 hours)

• Manager and Supervisor Training (8 hours)

OSHA made use of the guidance manual entitled "Occupational
Safety and Health Guidance Manual for Hazardous Waste Site
Activities"5 as an outline in preparing the interim final
rule. This manual was developed as a result of the
collaborative efforts of professionals representing OSHA,
the Environmental Protection Agency (EPA), the U. S. Coast
Guard (USCG), and the National Institute for Occupational
Safety and Health (NIOSH). These professionals, who are
knowledgeable in hazardous waste operations, worked with
over 100 experts and organizations in the development of the
criteria contained in this manual. The manual is a guidance
document intended to be used as a preliminary basis for
developing a specific health and safety program for
hazardous waste operations. It has proved to be a valuable
reference tool in development of the ORNL training program.
In fact, the major subject areas included in the training
program parallel the major chapters in the manual.

Basic SARA/OSHA Training for General Site Workers

Basic Training for General Site Workers includes major
fundamentals of industrial hygiene presented to the workers
in a format that encourages them to assume responsibility
for their own safety and health protection. Consistent with
health and safety guidelines for hazardous waste site
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activities developed jointly by NIOSH/OSHA/USCG/EPA, this
program addresses the following topics:

• Overview of Regulations

• Types of Hazards

• Sources of Information

• Toxicology

• Respiratory Protection

• Personal Protective Clothing

• Site Control

• Site Characterization

• Medical Surveillance

• Decontamination

• Emergency Response

Much of this course is concerned with recognition of the
types of hazards that may be encountered in hazardous waste
operations and what the worker may do to minimize those
hazards. General categories of hazards that are discussed
include chemical hazards, ionizing radiation, confined
spaces, noise, heat stress, cold stress, asbestos,
biological hazards, and safety hazards.

Each of the topics listed above as well as each type of
hazard has been developed into a complete training "module"
with lesson plan and supporting visual aids and/or
demonstrations. Each module contains the following types of
information:

• Learning Objectives
• Basic generic information
• Site-specific information
• Review of key points.

Several of the topics included in the Basic course are
appropriate for training a much broader audience than
hazardous waste workers. Development of stand-alone
"modules*1 imparts flexibility to the program and facilitates
additional applications of the material. For example, the
training modules on heat stress, confined space entry, and
spill response have been effectively utilized in safety
meetings and other training outside the SARA/OSHA Program at
ORNL.

While much basic generic information must be presented in
this course, modules include site-specific application of
the principles discussed. Because of a need to intersperse
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site-specific information throughout the course, extensive
use of commercially available videotapes has not been made.

Basic SARA/OSHA Training for General Site Workers is offered
monthly, with these monthly sessions accommodating 20-2 5
trainees. At the time of this writing, approximately 225
employees have completed requirements for certification at
ORNL.

SARA/OSHA Training for Remedial Action Workers

ORNL, like many other DOE sites, is embarking upon some
large scale remedial action cleanup activities. It is
anticipated that much of the site remediation and cleanup
will be performed by outside contractor personnel. Prior to
arriving on site, contractor personnel must receive forty
hours of SARA/OSHA training, with clearly defined training
plans and auditable documentation. Training requirements
are being written into contracts and provision is made for
review of this type of outside training by our Program.
Additionally these contractor personnel will also receive
from ORNL a site-specific orientation.

For those ORNL workers engaged in remedial action
activities on site, an additional 16-hour course is offered
to build upon the pre-requisite 24-hour course and meet the
forty hour training requirement. Compared to the Basic
course, this training allows more time for site-oriented
exercises, "hands-on" activities, and more intensive
practice with protective clothing and equipment involving
all of the trainees.

SARA/OSHA Training for Remedial Action Workers:

• Acquaints the trainee with various planned and ongoing
remedial action projects at ORNL,

• Provides more detailed information on site
characterization and decontamination techniques,

• Introduces trainees to risk assessment,

• Discusses handling of drums and other containers,

• Provides intensive training with the use and
limitations of a self-contained breathing apparatus,

• Gives hands-on training with the use of select
monitoring instrumentation, and

• Involves the trainee in protective clothing dress-out
and decontamination exercises.
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Because of a limited audience, Training for Remedial Action
Workers was the last of the SARA/OSHA Training Courses
developed at ORNL. At the time of this writing, the course
has been offered only one time. Class size was limited to
15 persons because of the extensive Hhands-onM training
involved. It is anticipated that this course will be
offered monthly until initial demand is met, then on an as-
needed basis as new remedial action projects get underway.

SARA/OSHA Training for Managers and Supervisors

An eight-hour course has been developed for supervisors and
managers of hazardous waste operations and waste cleanup
activities. This training begins with an overview of
factors influencing remedial action strategies at ORNL
sites. Other topics covered in this training include
Selection of Personal Protective Equipment, Emergency
Response and Community Right-to-Know, and Legal Aspects of
Worker Supervision. Handling the Press and the Media
discusses strategies to be utilized in interview situations.
An out-of-class exercise accessing the computerized Material
Safety Data Sheet System is included. Because the interim
final rule reguires three days of training in the field
under direct supervision of a trained and experienced
supervisor, a workshop in on-the-job training skills is
included, with discussions about documentation of this type
of training. A group-oriented exercise in potential
problem analysis and contingency planning applied to clean-
up of a hazardous waste site completes the day of training.

At this writing, Manager and Supervisor Training has been
conducted twice at ORNL with certification of fifteen
employees. This training will be offered in the future as
demand dictates.

Training Strategies

Because of the broad range of concepts to be communicated
and the amount of in-class instruction involved, the 24-hour
course has been structured into six 4-hour sessions given
over a two-week period. This timing permits grouping of
concepts and facilitates better learning and retention of
new information than does presenting the same information in
three full days of instruction. However, to accommodate
certain groups of shift workers who need the training, a
three-day schedule is occasionally implemented.

In development of this training an attempt has been made to
provide an optimum mix of instructors, presentation methods,
demonstrations, exercises, and drills to present the
material in a manner that holds the attention of the trainee
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and is most conducive to learning. A review of some of the
methods used follows:

Worksheets. Worksheets have been developed for several
modules such as toxicology, chemical hazards, and spill
response that allow the student to follow along and respond
to questions as the training is taking place. This approach
is particularly advantageous when a large amount of material
is being presented; questions can be used to alert the
trainee to those points of the presentation that are most
important. Also the worksheet is less intimidating than a
formal testing procedure and allows for a more relaxed
atmosphere. If needed, the sheets can be used as a review
at the end of a session.

Protective Clothing and Equipment. Protective clothing and
equipment are a major emphasis in this training program.
ORNL has workers that routinely don protective clothing and
equipment that protect against radioactive contamination,
and workers that less often need to wear protective
clothing and equipment when dealing with a potentially
hazardous chemical environment. Therefore, demonstrations
of proper equipment for the different environments are
presented and allowance is made for some student practice in
dressing out. In the basic 24-hour course the subject is
approached as demonstration activities. The 16-hour course,
however, requires all trainees to dress out in a "level C"
protection and set up a decontamination line for proper
removal of their clothing. The 16-hour training also gives
opportunity for intensive hands-on training with the use of
self-contained breathing apparatus (SCBA).

Use of site-specific photographs. A historical
perspective of ORNL waste practices is given as a part of
our site characterization training, utilizing photographs
and report descriptions of sites over several decades. This
has been a very popular session of the course, and many of
the course participants are able to add to or comment on the
material as the module is presented. This module helps the
newer workers to understand how the ORNL site has developed
over time and what types of problems may be encountered in
aging systems under renovation. Similarly site-specific
photographs highlight presentations on remedial action
strategies and project overviews.

Involvement of personnel from various areas of expertise to
conduct training and demonstrations. The SARA/OSHA training
program at ORNL has enjoyed the support of a number of
personnel from different areas of expertise such as
industrial hygiene, health physics, fire protection,
hazardous waste operations, and environmental protection.
Having an experienced and qualified "expert" discuss a topic
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or perform a demonstration commands respect of the trainee
and imparts accuracy and technical merit to the
presentation. The variety of presenters also avoids
monotony and makes the training more enjoyable. Examples of
how support personnel participate in the SARA/OSHA training
program are given below:

Presenterfs) Topic or Demonstration

Industrial Hygiene Air-purifying Respirators,
Personnel Air Monitoring Instrumentation,

Hazard Communication Labeling,
Material Safety Data Sheets

Health Physics Protective Clothing for
Technicians Radioactive Contamination

Emergency Response Emergency Response,
Planner/Coordinator Tour of Emergency Response

Facilities

Fire Department Self-Contained Breathing
Training Captain Apparatus,

Fire Extinguishers

Public Relations Handling the Press and the
Department Manager Media (Managers and Supervisors)

Risk Management Risk Assessment at Hazardous
Program Director Waste Sites (Remedial Action

Workers)

Exercises and drills. The final and summary activity for
the 24-hour Basic course is a simulated hazardous chemical
spill response involving the class in role-playing and
hands-on activity. This drill activity, videotaped by one
of the instructors, requires incorporation or consideration
of many of the topics discussed in the course. Following
the drill, the videotape is played and the class and
instructors critique their performance. Similarly, in the
16-hour course, drum handling and sampling activities are
used to involve the entire class in protective clothing
dressout and decontamination exercises.

Computer-generated transparencies. A versatile computer
graphics software package** and eight-color plotter is used
to prepare transparencies for many of the training modules.
This has proved to be extremely cost- and time-efficient for
the training program. Changes are easily incorporated as
info-iiiation requires additions or updating.
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CONCLUSIONS

The Technical Resources and Training Program has expended
considerable effort in development of SARA/OSHA Training for
Hazardous Waste Site Activities at ORNL. Much of the
material developed for this training program, particularly
the Basic 24-hour course, is generic in nature and could be
easily incorporated into other facilities' programs. To
provide these materials across the Department of Energy
(DOE) system, the Training Resources and Data Exchange
(TRADE) has worked with ORNL staff to publish materials used
in the Basic Training for General Site Workers in a TRADE
document7. This document is the first in a new line of
TRADE resources designed to provide DOE and contractor
training personnel with the tools needed to meet steadily
increasing training requirements. Subsequent documents will
include materials for supervisors/managers and remedial
action workers.
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THE RADIOACTIVE WASTE MANAGEMENT
MULTIDISCIPLINARY PROGRAM AT THE

UNIVERSITY OF ARIZONA

JAMES G. MCCRAY

ABSTRACT

This paper describes a radioactive waste management
program instituted at the University of Arizona at a
Master of Science (MS) level. The program was developed
with the coordination of five academic departments in the
College of Engineering and Mines by the joint agreement of
common core courses to be required of all participants.
The concept is to qualify the student for an MS degree in
a primary discipline with a specialty in radioactive waste
management.

BACKGROUND

One of the missions of a university is to provide the
comprehensive background necessary to prepare students to
solve societal problems. As technologies have become more
specialized it has become more difficult to support the
society requirements in multi-disciplinary efforts. A
case in point is nuclear waste disposal. The University
of Arizona has attempted to face this problem by
establishing a Radioactive Waste Management Core Program
at a Master of Science (MS) Level through the coordinated
efforts of the Departments of Nuclear and Energy
Engineering (NEE), Hydrology and Water Resources (HWR),
Civil Engineering (CE), and Mining and Geological
Engineering (MGE). The concept is to qualify the student
for an MS degree in a primary discipline (NEE, HWR, CE or
MGW) with a specialty in radioactive waste management. MS
candidates in the department of the primary discipline are
eligible for this specialty.

BACHELOR SCIENCE GRADUATE PROFILE

As in most undergraduate programs there are several routes
that could be taken by the student to achieve the Bachelor
of Science (BS) degree. In addition, the qualified MS
candidate could have received a BS at many different
schools and different programs. However, we will profile
the educational background of a typical MS candidate in
the College of Engineering and Mines at the University of
Arizona.
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The requirements to enter the College of Engineering and
Mines include demonstrated proficiency in mathematics ami
english or the required passage of specified courses. As
the student progresses through the first two years there
are specific requirements that must be completed before
certification for advancement into the upper level courses
(junior and senior). Onr of these requirements is the
passage of the Upper - Division Writing Proficiency
Examination. Throughout the teaching of the advanced
level courses an attempt is made to integrate the
education disciplines and further challenge the student by
requiring research projects and reports both in oral and
written form to prepare the student for the real world as
a working engineer.

The typical BS graduate is well grounded in mathematics -
at least through differential equations; in physics -
mechanics
of particles, solids and fluids through Quantum physics;
in chemistry - from chemical bonding through analysis of
organic and inorganic substances; in English - both oral
and composition proficiency; in General Engineering -
problem statement and solution, design definition,
computer languages and computer usage.

With these basic tools the engineering student specialized
according to his area of interest. At the University of
Arizona these areas are CE, HWR, MGE, NEE, and several
other specialties which are not in the scope of this
paper.

In addition to the specialty engineering courses there was
an opportunity for the student to take a number of social
science electives to broaden his or her educational
background. These electives can be in Western
Civilization, Literature and the Arts, Philosophical,
Social and Religious Thought, Human Development and
Behavior, Social Processes and Institutions and Languages.

On the successful completion of the required courses and
other requirements the student is awarded a Bachelor
Science in his or her specialty.

It is to the best of these graduates that encouragement is
given for them to continue their education by pursuing a
Master of Science degree. In general these are students
who have a 3.0 Grade Point Average or better and are
deemed by their respective departments as capable of
graduate work. It is from these select students in the
Departments of CE, MNE, HYDR, NEE that we recruit into the
Nuclear Waste Management Specialty Program.
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GRADUATE PROGRAM

The philosophy behind the Radioactive Waste Management
Multidisciplinary Program is to provide students the
opportunity to prepare themselves for the specialized
application of their discipline in the radioactive waste
management Job market. This has been accomplished by
coordinating the Master of Science (MS) programs of the
NEE, NWR, CE and MGE Departments at the University of
Arizona. The Departments agreed to a plan which selected
sets of common core courses to be taken by all candidates,
specialty core courses to be taken within the major
discipline and an appropriate elective course menu to
complete the graduate school requirements.

COMMON CORE COURSES

A brief description of the courses which are required to
be completed by all candidates in the program are as
follows:

A. NEE 437: Introduction to Radioactive Waste Management

This is a three unit (three hours per week) course
covering an overview of Radioactive Waste Management and
the influence of public policy and waste physical form on
design critera for storage and disposal. An important
part of this is the understanding and impact of federal
regulations on waste management systems. (3 units)

B. NEE 537: Technology of Radioactive Waste Storage and
Disposal

NEE 537 is a follow-on course (Prerequisite NEE 437)
concerning the detailed technology of the nuclear waste
streams, their processing, including waste collection,
segregation and reduction methods, and alternatives of
storage and disposal of both high-level and low-level
classes of radioactive wastes. (3 units)

C. CE 5 74: Solid and Hazardous Waste Management

This course is in the Civil Engineering Department
covering legal planning, and management aspects of solid
and hazardous wastes; an emphasis is made on the overview
of waste generation, collection, transport, processing,
recovery and disposal with particular concern of municipal
wastes (3 units)

D. HYDR 435: Hydrogeology
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This course covers the geologic and hydrologic factors
controlling occurrence and development of ground water and
is a basic course in understanding the movement of
particulates (including radionuclides) with groundwater.
(3 units)

If the student has credit for one or more of the common
core courses then this will allow selection of an
additional course(s) from the list of elective courses or
as determined by the student faculty advisor.

SPECIALTY CORE COURSES

These courses are unique to the discipline within which
the candidate is seeking the degree.

A. Civil Engineering Department

1. CE 547: Seepage and Earth Dams

This course includes the principles of flow in porous
media, analytical and approximate solutions of confined
and unconfined flow, seepage erosion piping and filter
design and earth and rock fill dam construction and design
with stability analyses (3 units).

2. CE 640: Advanced Soil Mechanics

This course covers site investigations and in situ
testing, shear strength of sands and clays, interpretation
of laboratory test results, consolidation theory, one-
dimensional infinitesimal and finite strain and slope
stability. (3 units)

3. HYDR 405: Hydrology of Unsaturated Media

This is an extremely important course, taught by the HWR
Department, for students interested in nuclear waste
disposal. It covers physical properties and processes of
unsaturated media related to storage and movement of water
and transport of contaminants. Unsaturated media, such as
the Tuff at the Nevada Test Site, is the prime candidate
for high level waste disposal. (3 units)

B. Hydrology and Water Resources Department;

1. HYDR 503: Subsurface Fluid Dynamics

This course considers kinematics and dynamics of fluids in
saturated porous and fractured media with an introduction
to free surface, unsaturated and multiphase flows. (3
units)
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2. HYDR 535: Aquifer Mechanics

This course includes Mechanics of fluid flow through
porous media and hydraulic, dispersive, thermal and
viscoelastic properties of aquifers. (3 units)

3. HYDR 603: Well Hydraulics and Pumping Test Analyses

This is a very practical course concerning wells in
aquifers, with emphasize on design and interpretation of
pumping tests (confined, unconfined and leaky aquifer
systems), fractured rock and automatic curve matching (2
units)

C. Mining and Geological Engineering Department:

1. Geological Engineering (GEN) Geomechanics

The scope of this course includes mechanical behavior of
rock and rock masses, response to load changer
(deformations, failure, discontinuity slip, in situ stress
state), rock testing, geomechanical classifications,
engineering applications, slopes, pillars and tunnels and
reinforcement design (3 units)

2. Mineral Economics (MNEC) 584

Economics of Coal, Nuclear and Alternatives Energy
Sources: This course covers reserves and resources,
economics of production, utilization and conversion,
externalities, market structure, policy issues for
alternative energy sources such as oil shale, tar sands
coal gasification and solar. (3 units)

D. Nuclear and Energy Engineering:

1. NEE 416: Radiation, Health Physics and Safety

This course includes study of health physics practices and
safety responsibilities, analysis of radiation
environments and application of basic shielding methods to
provide understanding of accepted working practices (3
units)

2. NEE 540: Reactor Theory I

This is a basic reactor course which covers fundamental of
nuclear reactor theory, introduction to the nuclear
processes occurring in a reactor, slowing down and
diffusion of neutrons in moderating materials and analysis
of bare and reflected homogeneous reactors (3 units)

1035



3. NEE 541: Power PJant Engineering

This course covers the application of fluid dynamic heat
transfer and mechanical interaction principles to the
engineering design of a power plant (3 units)

APPROPRIATE ELECTIVE COURSES

In selecting the electives a student should consider any
of the other disciplines specialty core courses in
addition to those courses listed below:

A. Aerospace and Mechanical Engineering (AME) 540: The
scope of this course is reversible and irreversible
macroscopic thermodynamics and selected engineering
applications. (3 units)

B. CE 477 {identical with NEE 477): Environmental Impact
of Energy Related Systems: This course reviews the
effects of energy development and utilization and legal
and technological approaches to environmental quality
management. (3 units)

C. CE 548: Numerical Methods in Geotechnical Engineering

This course includes statements and applications of
numerical methods based on closed-form solutions, finite
difference, finite element and boundary element methods
for problems involving soil structure interaction such as
piles, retaining walls, group piles, underground works,
seepage and consolidation. (3 units)

I). Economics ( ECON) 461: Economics of Regulated
Industr ies

The economic analysis of the regulated sector of the
American economy, including communications transportation
and energy industries and the impact of existing and
alternative public policies are covered in this course. (3
units )

E. (ECON) 514: Cost Benefit Analysis

This covers theoretical bases and empirical techniques,
consumer-producer surplus, social and private costs,
macroeconomic distortions, nonmarket goods and uses in
policy analysis. (3 units)

F. Geography (GEOG) 608: Geography and Region
Development
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This includes controls, the law of zoning, exclusionary
zoning, restrictive covenants, comprehensive plan,
environmental protection, eminent domain and nuisance. (3
units)

G. HYDR 504: Numerical Methods in Subsurface Hydrology

Finite difference and finite element methods for
subsurface fluid flow and mass and energy transport;
application to aquifers, unsaturated soils, seepage
through earth dams, geothermal systems. (4 units)

H. HYDR 596p: Hdyrogeology

Seminar to discuss topics appropriate to hydrogeology.
The specific seminar subject changes depending on need.
Past seminars have been on radioactive waste disposal,
toxic waste disposal, pollution in the Tucson basin etc...
(1 to 3 units)

I. (Geography) GEOG 609: Policy Problems in Structure
and Change

Problems presented by structure and change in modern urban
society from the standpoint of social systems analysis;
evaluation of strategy and effectiveness of public policy
and planning. (3 units)

J. NEE 417: Nuclear Energy and Power

Fundamentals of nuclear energy and radiation, engineering
applications and the basic concepts of nuclear reactors
and power systems for non NEE majors. (3 units)

K. NEE 435: Radiation Effects

Radiation effects on solids and radiation chemistry of
gases and liquids, with emphasis on effects encountered in
nuclear reactor detector and dosimeter systems. (3 units)

L. NEE 681a-b: Analytical Methods of Transport Theory

Application of the Boltzman equation to neutron and photon
transport problems, exact solutions, the methods of
singular eigenfunctions, spherical harmonic expansions,
the moments methods, integral transport theory, invariant
embedding, variational techniques and applications to
slowing-down problems.

EXAMPLE COURSE LOAD (24 UNITS):

Primary Discipline Courses Units
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A. CE NEE 437
NEE 537
CE 574
HYDR 4 35
HYDR 405*
CE 547*
CE 640
Electives**

(3)
(3)
( 3)
(3)
(3)
(3)
(3)
(3)

•Recommended courses to be selected with advisor based on
student experience and interest. **NEE 417 required if
student is not familiar with fundamentals of nuclear
energy and power.

B. HYDR NEE 437
NEE 537
CE 574
HYDR 43 5
HDYR 503*
HYDR 535*
Electives*

(3)
(3)
(3)
(3)
(3)
(3)
(6)

•Courses to be selected with advisor based on student
experience and interest.

C. GEN and MNE NEE 437
NEE 5 37
HYDRO 43 5
CE 574
MNEC 584*
GEN 427*
Electives*

(3)
(3)
(3)
(3)
(3)
(3)
(6)

•Courses to be selected with advisor based on student
experience and interest.
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SEQUENCE OF COURSES {NOT INCLUDING THESIS (6))

Semester CE*
Fall CE 547
435

HYDR
**HYDR 435

416

HYDR 405

Spring CE 574

435

HYDR 535

CE 574

Gen/MNE
Gen 427

**HYDR 435 HYDR 503 **HYDR 435

MNEC 584

CE 574

**HYDR 435 **HYDR 435

437

541

Fall
537

**HYDR 4 35

NEE 4 37

CE 640

NEE 5 37

NEE

NEE

437

537

NEE 437

NEE 5 37

**HYDR

NEE

CE 574

**HYDR

NEE

NEE

NEE

Electives(3)***Electives(6)Electives(6)Electives(3)

•one course other than core course can be dropped with
concurrence of advisor.

**HYDR 435 is taught both semesters.

***NEE 417 required if student not familiar with
fundamentals of nuclear energy and power

FUTURE DEVELOPMENTS

Negotiations are underway to include appropriate technical
summer jobs for university credit and to provide the
experience and some monetary renumeration to the students
enrolled in the Waste Management Specialty Program. It is
expected that this will encourage the input into the
program of quality students.

CONCLUSION

Our experience has shown that there is a need for college
graduates who have the education and experience in nuclear
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waste management. The Radioactive Waste Management
Program at the University of Arizona has been designed to
educate the students to support this need.
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