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Forew

The Y-12 Plant Decontamination and Decommissioning Technology Logic Diagre
decontamination and decommissioning (D&D) problems at Bldg. 9201-4 to potential tech
Roadmap for the Oak Ridge Reservation, the Oak Ridge K-25 Site Technology Logic |
Hanford logic diagram. :

This TLD identifies the research, development, demonstration, testing, and evgI
transfer and application to D&D and waste management (WM) activities. It is essential th
studies will begin by selecting the most promising technologies identified in the TLD and
between cost and risk. '

The TLD consists of three fundamentally separate volumes: Vol. 1 (Technology
Sheets). Volume 1 presents an overview of the TLD, an explanation of the program-s
technologies. Volume 2 contains the logic linkages among environmental management
solve these problems. Volume 3 contains the TLD data sheets.

Volume 2 has been divided into five sections: “Characterization,” “Decontamin
contains logical breakdowns of the Y-12 D&D problems by subject area and identifies tec

The technology evaluations contained in these volumes are based on the best
solicited to improve the TLD data base. Please send comments to R. L. Fellows, Editor,
9201-4, Martin Marietta Energy Systems, Inc., P.O. Box 2003, Oak Ridge, TN 37831-727

|
i
!
!

September 1994
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ord

for Building 9201-4 (TLD) was developed to provide a decision-support tool that relates
logies that can remediate these problems. The TLD uses information from the Strategic
igram, the Oak Ridge National Laboratory Technology Logic Diagram, and a previous

ation needed for sufficient development of these technologies to allow for technology
follow-on engineering studies be conducted to build on the output of this project. These
/ finding an optimum mix of technologies that will provide a socially acceptable balance

valuation), Vol. 2 (Technology Logic Diagram), and Vol. 3 (Technology Evaluation Data
cific responsibilities, a review of identified technologies, and the rankings of remedial
oals, environmental problems, and the various technologies that have the potential to

on,” “Dismantlement,” “Robotics/Automation,” and “Waste Management.” Each éection
ologies that can be reasonably applied to each D&D challenge.

ormation available during compilation of the TLD. New or more accurate information is
12 Plant Decontamination and Decommissioning Technology Logic Diagram for Building
FAX 615-576-8558.
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Describes the problem areas
identified that are the
responsibility of the Y-12 EM
organizations (D&0, RA, and
WM). These problems may be at
sites other than Y-12, including
the Qak Ridge Reservation.
These descriptions coms from
the current “officlal” lists.

generated In each of these areas.

Explanation and Understanding Key

Column headings in this diagram are paragraph headings in the data shee,

Addresses a subelement-spacific
list of problems, all of which are”
traceable directly to Y-12
problems. For example, the
diagram for decontamination
defines the problems/constituents
in terms of (hazardous)
contaminants and the substrate
on which the contaminants
reside. In contrast, the
dismantlement diagram defines
the problems/constituents in
terms of substrate (massive
congcrete, structural steel, matal
equipment, etc). In both
examples, the
problemconstituent is the
dominating technical factor in
selection of technologies to
remediate the problems.

Refers to the applicable
Regulatory Compliance Chapter
in Vol. 3. Requirsments can only
be detarmined after consideration
of detailed site-, waste-, and
tachnology-specific
characteristics. Any pertinent *
milestones associated with -
remediation of the problem are _
listed.

Disposition indicates the
(proposed) disposition or end
state of the Y-12 facility or land
thatis, or contains, the problem.

Specifies the different
components that must be
addressed to soive the EM
problem. For example, D&D
activities are associated with
characterization,

decontamination, dismantlement,

disassembly, materials
disposition, robotics/automation,
and regulatory compliance. The
comparable subelements for RA
are characterization,
containment/isolation, treatment,
retrisval, materials disposition,
robotics/automation, and
regulatory compliance.

m Y-12 Problems Problem Areas/Constituents Em Subelements l




for the Technology Logic Diagram

(Vol. 3) and are described in the “Technical Approach” section of Vol. 1.

[}
Alternati\}es

|

idas the general or genaric

nology approachss to
lem remediation.

Technologies

Provides a specific technology
that may reasonably ba applied to
remediate the problem.
Technology Evaluation Data
Sheet (TEDS) Codes, located
after the technology names in this
column, refer to TEDSs in

Vol. 3. The TEDSs address each
technology in more dstail. Each
TEDS contains a single, unique
logic path from the Diagrams.

Rankings appear after the TEDS
code for each technology. The
technologies are ranked according
to the following criteria:

« Overall assessment of
usefulness (E—essential,
H—high, M—medium, L—low)

« Ranking of the site problem
{1-5 from lowest significancs to
highest)

« Time required to bring the
technology to commercial or
mature state at the site—
expressed in years.

» Cost for bringing the technology
from its present state to large-
scale commercial use (millions
{$M] or thousands {$K] of
doliars).

» Projected unit processing cost
for mature technology ($ per ft*
or other unit or N for no
astimats).

An example of a ranking follows:
H-5-5 ($3.5M;N). This technology
has a high overall usefulness; the
problem is of highest significance
to the site; the technology is
estimated to take 5 years before it
is ready for application at the site;
an approximate expenditure of
$3.5 million will be required to
bring the technology to this state
of readiness; and the unit
processing cost cannot be
projected at the present time.

Science/Technology Needs

Implementation Needs

Provides information on the status
of the preceding technology.

« In Uss—problem is in the
process of baing remediated
with this technology.

» Acceptod-—accepted by
industry and/or the problem
owner. The demonstrated
technology exists for use at the
site.

« Demonstration—technology is
available but is not damons-
trated and/or accepted for the
problem at the site.

* Predemonstration—
technology is under iaboratory-,
bench-, or pilot-scale testing.

« Evolving Technology—
technology statusis ata
conceptual or preconcaptual

]

stage.
« Conceptuat—a sciantific or
knowledge basis for the
technology exists.
* Preconceptuat—only a partial
scientific or knowledge basis of
the technology exists.

The fallowing areas further define
the applicablity of a technology to
the problem:

« Efficacy—the effectivensss of
tha technology in remediating
the problem. Normally,
quantitative measures are
given for the technalogy's
performance in standard
practics, such as
decontamination, estimating
the final dpmvem? of surface
contamination; dismantisment,
the timse to cut a 24-in. pipe;
and characterization, the
analysis time and lower
detection fimit.

« Waste—the potential output
from the technology. This

. describes the nature and
volume of both the waste and
the patentially ussful materials
(recyclable) suitable for
materials disposition
evaluation.

Lists needs in Science and
Technology where support should
be applied to develop an
“immature” technology to a field-
deployable state.

Sclence needs are related to the
fundamental understanding of the
scientific phenomena that form the
basis for the technology. These
needs are typically for laboratory
or bench-scale experiments, and,
when possible, experiments
addressing specific areas of
uncertainty are suggested.

Technology development (TD)
conversion of a scientifically
understood phenomenon into an
operating system (technology)
that can be applied to, and can
remediate an EM problem.

Technology improvement needs
relate to improvements that make
a current technology more
economical to apply, safer, and
more effective or efficient. The
demanstration of a technology on
a site-specific problem is
classified as a technology
improvement need.

If scientific needs are specified, it
should be understood that the
needs of scientific technology
development or improvement are
necessary to implement newly
developed scientific
understanding. Likewise, testing a
TD opportunity implies that
technology improvements are also
likely to be needed.

Past and currently funded
Technical Task Plans (TTP) were
correlated with the technologies. If
a match was found, “TTP Match”
appears in this column.

Covers many of the areas of
concem for technology transfer
activities. Specialized needs for
both development of a technology
and deployment of a mature
technology are identified.

Thesa needs were evaluated In
the areas of (1) resources
{financial or parsonnel); (2)-
hardware {process equipment,
dsvelopment equipment, and
computers); (3)software (models,
procedures, computer programs);
{4) facilities (labs, shops, and
buildings); and (5) education
(training classes or degraed
personnel). Only extraordinary
needs are highlighted (i.e., those
needs that would require long
lead time or unusual
procurements such as line items
for facility construction).

Technology Intagration
identifies the technologlas which
can be integrated to produce a
safer, better or cheaper
remediation system.

The cost of applying the
technology and the payback-cost
potential has been estimated.
Thers are many reasons for
payback, such as reducing the
waste volume compared to a
rafarence process, the sale of
useable products, and the
reduction of labaor compared to a
reference technology.
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|

The Charactetization section is grouped by large, genera
the following “Problem Areas/Constituents” are then identifie|
and other metals, organics, physical, PCBs, and asbestos. O
problem area/constituents are grouped by general method i lq
are grouped according to these general methods: sampling |
measurements—field; detectlon/measurements—laboratory,
methods. ;




%
rization

_-——-_—_—_——

/ inclusive “Y-12 Problems.” Within these general problems,
. general, uranium and other radioactive elements, mercury
aracterization technologies that will remediate these

he “Alternative” column. All characterization technologies
esign; sample collection; sample preparation; detection/
lata analysis/management; field methods; and laboratory
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Y-12 Problem Problem Areas.Constituents E Subelements

— Referto the Regulatory

Comnpliance chapter for
potantial applicable, proposed,
and promuigated
environmental laws,. signed
and pending agreements for
the Oak Ridge Reservation-

" (ORRY), radiation protection

stardards, DOE orders, and
nonregulatory guidance. As
site- and waste-spacific
characteristics are provided for
eacittechnology, regulatory
requirements will be specified.
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1ation and Decommissioning

Alternatl es Technologles ScienceTechnology Needs

npling Design
Iﬂl
nple Collection  ———ey—o

Sequential Sampling Plans
CHAR-252-0Y

Ranking:*
M-5-5 ($.1M;$.5Kam")

Modeling of Heterogenous
Materials Sampling
CHAR-61-0Y

Ranking:*
L-5-0 ($.3M;N)

Ultrasonic Extraction
CHAR-20-OY

Ranking:*
M-5-1 ($.2M;8$400/sample)

Sampling and Mixing Methods
CHAR-81-OY

Ranking:*
H-5-1 ($.2M;N)

Membranes for Sample
Collection and Concentration
CHAR-55-OY

Ranking:*
H-3-1 ($300K;$50/sampls)

Punch Cores
CHAR-82-0Y

Ranking:*
H-5-1 (8.3M;N)

Metallographic Sectioning and
Preparation
CHAR-67-0Y

Ranking:*
H-3-0 ($0M;<$500/sampla)

Mutti-angle Drilling for Depth
Profiling of Contaminants
CHAR-64-OY

Ranking:*
L-5-1 (8.2M;N)

Solid Sorbent Sampling for
Airborne Contaminants
CHAR-254-0Y

Ranking:*
H-5-1 ($125K;<M$50/sampla)

* Sea tha Explanation and Underslanding
Key in the front of this document for a
dascription of the ranking code/scheme.

1TPHatch

Evolving technology
(conceptual) -
TTP Match

Predemonatration
Technology not yet
demonstrated.
TIP Match

Accepled
TTP Match

Accepted
Membranes are predominantly
permaable to selected
components in mixtures

allowing separation for
accumulation or ta facilitate

analysis/datection.
TTP Match

Demonstration

Routine method for collecting
contiguous core sampla of
solid objects.

Accepted. . .

Routinely used for prearation
of metallic, ceramic; and
gsological materials.

Demonstration

Can utilize standard
commercially avallable drilling
equipment.

Demonstration

Airborns target spacies and
co-contaminants ara collected
by drawing air though tubes
packed with one or more
sorbent matarials.

Experimental site data

An experimantal design.
Models need to be
established.

A study needs to be
performed.

Testing nesds to be performed
to establish the enhancemsnt
of material retrigval from
porous media using various
solvents, acids, and bases.

Need to optimize methods for
collection of representative
samples and to mix samples
into a homogeneous state.

System development or
adaptation for specific
applications; validation.

None

Procedure development for
spacific applications are
needed; then protocals for
standardized preparation
should ba developed.

Mods! studies need to be
performed.

Reusable sorbent tube
technology needs
demonstration.

Implementation Needs

Initial planning time

Development cost: estimated
at $300K

Hardware cost:
$2-5KDavelopment Costs:
$200K. Inverse heads need to
be designed for sampling from
the floors and other horizontal
(top-side) applications.

Requires statisical sampling
design and proper laboratory
bienders, mixers, and other
equipment.

Development Costs: $250K

Sampls collection systems for

Site-specific applications.
Development Costs: $300K.

Need to acquire and setup
methods and equipment for
coring Alpha-4 sample
matrices.

Nona

Avallable at X-10, K-25.

Developmant cost: $200K
Avallable at K-25.

Depends on contaminants.
Development cost: possible
$250K

Page 1-3
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potential applicable, proposed,
and promulgated
environmental laws, signed
and pending agreements for
thia Oak Ridge Reservation
(ORRY), radiation protection
stundards, DOE orders, and
nonregulatory gmdame As
site- and wast

characteristics are provided for
sach technology, regulatory
requirements will be specified.




erization

|
Alterriatives
| ‘

Technologies Status Science/Technology Needs | Implementation Needs

Sampls Collaction _f_ Sampling Interface System for Conceptual Development of rapid heating Developmant cost: $775K
m Surface Contamination Would aliow rapid identification interface and software for rapid over 3 years.
CHAR-271-QY of PCBs in walls, floors, contaminant identification by
insulation. direct sampling ion trap mass
Ranking:* TTP Hatch spectrometry.
M-5-3 (8.775M;N)
Flashlamp Heating to Release Predamonstration Depth profiling and surface To be determined for specific
m or Desorb Surface and area sampled must be applications.
Subsurface Contaminants determined for each material. Development cost: estimated
CHAR-87-0Y Maans of sampling the plume at $150K
must be developed for each
Ranking:* analyte.
M-5-2 ($.5M;N)
Sample Preparation o Radioactive Sample Demonstration Adaptation of EPA and other Davelopment cost: $500K
Preparation Current work shows that methods and development of oach of 2 years; personne! and
m CHAR-205-0Y methods can be adapted to. new technologies for the safe facilitfes are available.
meet these needs.- . and efficient preparation of Aveilabls at X-10.
Ranking:* TTIP Match - radioactive samples for
H-2-1 ($.1M:N} analysis.
L Supercritical Fiuid Extraction of Predemanstration Extraction conditions need to Hardware cost: $30K
Organics Technology requires final be optimized for the specific Development cost: $300K.
CHAR-208-OY development. target analytes and matrices of Avallable at X-10.
TTP Match Alpha-4.
Ranking:*
L-3-1 ($.33M;$100/sample)
b—  Microwave Digestion Domonstration This technology shows much Protocols are needed to
H CHAR-19-0Y TTP Match pronmtise in reducing the optimize the digestion of
. amount of waste produced in environmental samples in
Ranking:* analyzing samples as well as praparation for subsequent
H-3-1 ($.2M,$100/sample) increasing the quality of the analytical techniques.
data obtained. Avallable at X-10.
l—— High-Pressure Ashing for Demonstration High-pressure ashing (HPA) is Soms equipment/personnst
Sample Preparation Commercially availabls, but not useful for the dissolution of currently available o develop
CHAR-203-0Y mature. organics and other difficult to new procedures, but needs to
dissolve matsrials. be expanded to meet the
Ranking:* Commercially available but Increased work load.
L-3-1 ($.1M;N) lacks sufficient validation to Estimated cost $60-120K/year
meet quality assurance (QA) for 2 years.

* See the Explanation and Understanding
Kay in the front of this document for a

of the

'y e

requirements. Some special
sample types may be at the
development stage.

Avallable at X-10.
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General

Rafer to the Regutatory
Compliance chapter for
pctential applicable, propossd,
and promuligated
environmental laws, signed
and pending agreements for
thi Oak Ridge Reservation
(ORRY), radiation protection
standards, DOE orders, and
nonregulatory guidance. As

. sita-and waste-specific -

characteristics are provided for.
sach technology, regulatory
requirements will be specified..

= Characterization




rization

1

Technologieé

I
Alterne;mves Science/Technology Needs Implementation Needs
\
stectionvMeasurement- £  Fiber-Optic Chemical Sensors Accepted A combination of waveguides Waveguidss are nseded that
pid Mathods CHAR-25-0Y Demonstration and spectroscopic techniques can withstand the harsh
Remote detection using a are neaded that have been chemical environment that may
Ranking:* variety of methods induding maiched not only for each be present in some of the
L-3-1 ($1M;$10/sampls) optical absorption, Raman other but also for spacific sampling locations.
scattering, and luminesce monitoring scenarios.
spectroscopy. The fiber optic is
used to daliver or return light to
or from the sampla. This
technology allows remots
sensing in hazardous
environments,
TTP Match
——- Portable Raman Spectrometer Demonastration Need portable equipment Equipment available at ORNL.
L CHAR-84-0Y Raman spectra provide finger (laser,ete.) for in situ use. Not assembled yet for specific
. print identification of chemical Develop methods that exploit applications.
Ranking:* specias. No direct cantact with surface enhancement and
L-5-2 ($1M;810/sample) the sample is necessary. resonance excitation for vastly
Often interfaced with fibe| improved sensitivity.
optics for remote sensing In
inaccessible areas: Hg is not
Aaman active.
TTP Match
= Portable Optical Absorption Acceptod/Dsmonstration Mature, fisld-portable it can be Implemented for site-
m Spectroscopy {OAS) Measures the transmi of technology available in IR, UV. specific. needs.
CHAR-27-0Y UV, visible, and near iR to Avallable at Y-12, K-25, and
determine the concéntration of X-10.
Ranking:* chemical species in gases,
M-3-1 ($.6M;$50/sample) liquids, or safids. OAS canbe
applied to the analysis of any
spacies that absortis
electromagnetic radiation in
the region of excitation (UV
through IR).
TTP Match
b~ Air Filtering for Particulates Accepted This is a mature sampling Avallable at Y-12, K-25, and
m Collection Encompasses several methods technology with EPA protocols. X-10.
CHAR-59-OY of monitoring particulate
loading and characteristics
Ranking:* during RA and D&D activities.
M-5-0 ($.25M,$500/sampls) Collected samples can be
analyzed for may different
species.
TTP Match
L—. Infrared Spectroscopy Accepted - No units currently exist on site. Centralized mounting areas
(Wavelength Dispersion) This method Includes long path Several vendors are marketing with robotically controlled unit;
CHAR-18-0Y (LP-FTIR), diffusa refiectance equipment. Software would allow multiple site areas
{DRIFT), and attenuated total development would enhance to ba monitored with one unit.
Ranking:* reflactanca (ATR} for sita-spacific applications. Avallable at Y-12, K-25, and
L-3-1 ($.5M;$100/sample) detarmination of compounds X-10.

found in the air, water, or on
surfacas,
TTP Match

* See the Explanation and Understanding
Kay in the front of this document for a
dascription of the i de/sch
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rization

Altern}at}ves Technologies ! “ Science’l‘echnologyNeeds Implementation Needs

etacion/Measurement—
sld Mathods
atection/Measureme:

iboratory Methods m
ata Analysis’/Management ——

Paortable Luminescence
Daetection
CHAR-92-0Y

Ranking:*
L-3-1 (8.5M;$10/sampla)

Electrochemical Methods
CHAR-10-0OY

Ranking:*
M-5-2 (8.5M;$100/sample)

Rapid Secondary lon Mass
Spectroscopy (SIMS)
CHAR-3-0OY

Ranking:*
H-5-0 ($0M;$50-400/sampls)

Ultraviolet/Visible (UV-VIS)

Spectroscopy
CHAR-3-OY

Ranking:*
H-3-0 ($.1M,;$50~200/sample)

Electrochemical Methods
CHAR-10-0OY

Ranking:*
H-5-1 ($.25M;>$100/sample)

Data Access Services
DISM-154-0Y

Ranking:*
M-5-1 ($.5M,;$200Kam)

* See the Exp

of the

and Understanding
Kay in the front of this document for a

Predemonstration

The detection of organic and
inorganic chemicals using
fluorescence,
phosphorescence, and
chemiluminescencs.

TTP Match

Accopted

Oxidizable or reducible
species, excited by a voltage
or current function in an

information about species of
interest. Selective and
sensitive sampling Is possible
in many.situations.

TTP Match:

Accepted

lonized gas impinges on
sample to exist secondary ions
that are subsequently
analyzed: )

Accspted

Avallable on site. Used often,
in routine iab analyses.

TTP Match

Accepted

Oxidizahle or reducible
specias, excited by a voltage
or current function In an.
electrical circuit and yields
quantitative and qualitative
information about species of
Interest. Selective and
ssngitive sampling is possible
in many situations.

TTP Match.

Demonstration

Tha particular network and
communications configurations
needed to support restoration
activities may not exist. Would
have to set up and
damonstrate their succassful
operation.

The technology is mature, but
may not provide absolute
identification of compounds in
complex mixtures.

.

Instrumentation and lab tests to
be performed on complex
systems are needed.

This is a mature technology.
Model studies are nesded to
calibrate for depth-profiling
studies.

Model studies and application
design.

Avallable at Y-12, K-25, and
X-10.

Adaptation and protocals for
modsl studies to be performed
on complex systems are
needed.

Some software will be
available commercially, some
will have to be developed
locally.

Hardware s avallable at Y-12
Specific techniques need
dsvelopment and procedures
written.

Avallable at Y-12, K-25, and
X-10,

Hardware cost: $50K-$250K
Development cost: $250K.

Avallable at Y-12, K-25, and
X-10.

Hardware cost: <$200K
Development cast: <$100K.

Hardware cost: $50K-$250K
Development cost: $250K.

Requirements and
specifications for such services
must be identifled and
documented fo serve as a
common reference so that
data can be accessed using a
single set of services
regardless of the type of
computer at each node on the
network.

September 1994
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General

Refer to the Regulatory
Cempliance chapter for
potential applicable, proposed,
and promuigated
ensronmental laws, signed
and pending agreements for
the: Oak Ridge Reservation
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ization

|
Alternati\}es

|

a3
alysis/Management

Technologies

“=T— Geographic Information

System for Y-12
DISM-181-0Y

Ranking:*
M-5-1 ($1M; $200K)

Computer-Based Training
Systems
DISM-191-0Y

Ranking:*
M-5-1($.3M; $100K)

Fractals Used to Select
Models for Material Transport
in Porous Media
CHAR-225-0Y

Ranking:*
L-5-2 (N;N)

Client/Server Architecture for

Database Access
DISM-157-0Y

Ranking:*
M-5-1 ($.5M; $200Kam)

Hypertext Information Systems
DISM-158-0Y

Ranking:*
L-5-1 ($.3M; $150Kam)

Spatial Sample and Data
Analysis Plans
CHAR-253-0Y

Ranking:*
M-5-5 ($.1M; §.5Kam)

* See the and Ui

Key in the front of this document for a z

of the

Accepted

Moast information, data, and
computer system components
for a basic geographic
information system (GIS) for
sach DOE site already exists
but must be integrated to mest
the needs of the environmental
restoration program.

Demonstration:

Application software is
available that permits rapid
davelopment of courses using
many media (visual, audio),
including support for a variety
of testing strategies.

Evolving

One of the early application
areas of the mathematical
cancepts of fractals and fractal
geometry has been to flowin
porous media.

Demonstration

The effactivensss and
appropriataness of a particular
architecture dasign to meet the
requirements of the restoration
activities needs to be
demeonstrated.

Demonstration

A range of products exists to
support development of
hypertext information systems
having many capabilities such
as machanisms for linking
related items, for starting
execution and controfling other
applications, and for navigating
documents for faster access fo
information.

Accepted
TTP Match

Existing technology must be
enhanced by adding a tagging
mechanism to permit the
system to be used for tracking
activities and to link
information in databases
associated with a physical
location to appropriate map
and drawing displays on
desktop computers.

Further development is
needed in the area of
authoring support.

Application of fractal concepts
to physical systems is a new
field. Models of Hg transport in
porous media could be useful
prior to Phase | & Il activities.

This technology will benefit
most from improvements in
network technology (higher
transmission speeds, improved
transmission protocals, and
data access services) needed
to supportit.

Authoring and design tools are
needed.

None

Science/Technology Needs

Implementation Needs

A large initial effort may be
required to scan and digitize
diagrams and drawings for
electronic storage and quick
retrigval or transfer across
networks.

A well-defined course
development life cycle does
not yet exist. Currently used
software engineering
davelopment life cycle
methods should work weli.

Development of software:
~$400K

Effactivenass depends
strongly on the definition,
deslign, and implementation of
the data dictionaries, data
directories, and data models
that are the essential
foundation for use of this
technology.

Hypertext information systems
must be designed with great
care to avoid problems with
maintenance (e.g., modifying
or replacing blocks of text from
which or to which many links
have been made to selected
text strings within the block).

Parsonnel and computer tims,
access to survey data. -
Available at X-10.

Page 17
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=T  General

=== Uranium

Compliance chapter for
putential applicable, proposed,
and promulgated
environmental laws, signed
and pending agreements for
the Oak Ridge Reservation
(ORRY), radiation protection
standards, DOE orders, and
nonregulatory guidance. As
site- and waste-specific
characteristics are provided for
each technology, regulatory

. requirements will be specified.

Charac

= Characterization

Pioposed fedsral (SDWA) ===  Characterization

standard for natural yranium in
drinking water is 20'ug/t, MCL.
(eguivalent to 30pCUL), Refer
fo the Regulatory Compliance
chapter for other potential
a;p!imble, plOPOSQd: and
promulgated environmental
laws, signed and pending
agreements for the Oak Ridge
Ruservation (ORR), radiation
protection standards, DOE
orders, and nonregulatory
guidance. As site- and waste-
sgecific charactsristics are
provided for each technology,

-~ rogulatory requlraments wili be

speaﬁed




rization

Alterqa ives Technologles “ Science/Technology Needs Implementatlon Needs

\nalysxslManagemem

leld Mathods

;L
L

—

Quality Control for
Measurement Processes
CHAR-250-OY

Ranking:
H-5-. 25 ($ 05M;$.5Kam)

Analysis of Censored Data
CHAR-249-0Y

Ranking:
M-5-25 ($ 05M; $0.5Kam)

3-D CAD Database of Buildings
and Structures
DISM-156-0Y

Ranking:*
M-5-2 ($2M; $300Kam)

Proportional Counter for Alpha
and Beta Activity
CHAR-108-0Y

Ranking:*
H-2-0 ($.1M;8100/sampls)

Bubble Dosimeters for Neutron
Flux
CHAR-216-0Y

Ranking:*
M-2-1 ($.2M;$15/sampls)

Inorganic Crystal Gamma-Ray
Scintillomsters
CHAR-263-0OY

Ranking:*
H-2-0 ($0; $100/sample)

Long-Range Alpha Datector
CHAR-65-0Y

Ranking:*
H-2-1 ($.4M;$100/sample)

Organic Scintilation Detectors
for Gamma Rays
CHAR-326-OY

Ranking:*
H-2-0 (N;N)

* Sea the Expl: and Und. di

Kay in the front of this document for a
description of the ranking code/schemae.

Accapted
TTP Match

Demonstration

Soma work Is availabla in the
literature. The application likely
will have to be expanded to
mest current needs.

Accepted

The basic technology isin
wide use. A varisty of
commerclal products is
available for use on systems
ranging from desktop
computers to larga
mainframes.

Accapted

Accopted

These dosimeters are an
integral part of a field neutron
dosimetry system for use
where nsutron sourcss and
shielding are not well known.
They are capable of
measuring neutron dose
equivalent in low-levsl fields
and of providing simple
spectral information.

In either singie-channel or
multichannel format, they are
available commercially. The
instrument consists of a Nal
crystal, photomuttiplier tube,
portabls battery-operated
power supply, pulse height
analyzer, and readout.

TTP Match

Demonstration

A screening devica for alpha.
datection on surfacss or
personnel. Measures ionized
air drawn from container
holding contaminated object;
irrespective of shape con bs
sensitive {o ~ 1dpm alpha.

Accopted

Useful for survay of radioactive
materials. but usually cannot be
usad to identify specifics.
Commercially available.

Data from standards
evaluations.

Computer work station with
access to appropriate data
bases.

Integration of this technology
with other supporting
technologies to provide the
high lavel of automation
needed to ensure proper
compliance with enviranmental
legislation governing
restoration activities.

This is a well-established
technology. Probes for
measuring vertical or overhead
items are needed.

The technique is well
established in measuring
neutron flux around personnel.
It must be evaluated in
potential confounding effects
in less benign environments.

Robotic technology needed for
remote contro! applications.

Measurement probes and
other devices must be
developed for specific
applications.

None

Access to quality standard
measurements.
Avallable at X-10.

Access to appropriate data
bases, computer time,
mathematical development
time, and programming time.
Availabls at X-10.

[dentification of all possible
uses (e.g., "training” robots,
visual "walkthroughs,” tags for
tracking activities) of this
technology and davelopment
of database requirements to
support them are very
important foundations for
effective use of this
technology.

Normal

Development coat: ~$200K s
needed to develop acoustic
coupler for applications
requiring real-time
measurement of neutron dose
rate and for development of a
less expensive, automated
bubble counter for reliable
procassing of passive datector
resuits.

The technology is
commercially available.
Specialized detector holders
may need to be developed for

particular applications.

Fleld testing Is needed.
Development cost: ~$300K

Normal
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ization

|
Alternat;iJes

Technologies

Status

Implementation Needs

id Msthods

baratory Methods -_—

Solid-State Detector for Alpha,
Beta
CHAR-327-0Y

Ranking:*
H-2-0 (N;N)

Alpha/Beta Detection with
Organic Solid Scintillators
CHAR-328-0Y

Ranking:*
H-2-1 (N;N)

Alpha/Beta Detection with
Inorganic Scintillators
CHAR-329-0Y

Ranking:"
H-2-0 (N;N)

Prompt Fission Neutron and
Gamma Ray Detection
CHAR-330-0Y

Ranking:*
M-2-4 (<SIM;N)

Cd Zn Te Semiconductor
Radiation Detector
CHAR-336-OY

Ranking:*
H-2-3 (<$500K;N)

Airborne Uranium Detection
CHAR-337-0Y

Ranking:*
H-2-0 ($0;<$10K/yr)

Fissile Material Locator/Profiler
CHAR-212-0Y

Ranking:*
L-2-1 (N;N)

Thermal Emission Mass

Spectrometry
CHAR-322-0Y

Ranking:*
M-2-0 ($0M;$195/samiple)

Proportional Counter for
Alpha, Beta Activity
CHAR-108-0Y

Ranking:*
M-2-0 ($. IM;$100/sample)

* See the Explanation and L

Key in the front of this document for a -

of the

Accopted .
Used for surface monitoring or
can be adapted for alrborne
alpha/beta emitters.
Commarcially availabls.

Accepted

A thin plastic scintillometear
coupled to optically sensitive
device. Components are
cammercially available.

Accepted

Inorganic crystal (e.g., Nal,
Cs!, BGO) coupled to
photomultipliers tuba or other
optically sensltive device.
Commercially avaflable.

Predemonstration .
Dstects fissile material. May
proba through thick materials.

Predemonstration

Detacts radioactive (gamma)
material.Small sensing head
can be threaded into hard to
reach places.

Accepted

a vacuum pump draws air
through a filter with continuous
monitoring for alpha activity.
Commercially available.

Demonstration

252 Cf NeutronvGamma Noise
Analysis Method. Determines
the neutron multiplication
constant without the need for
calibration at or near the
critical stata.

Accepted

Commerclally avallable and in
routine use atthe Y-12 Plant
for determining accurate
isotopic composition of very
small amounts of uranium,
Commarcially available.

Accepted

Science/Technology Needs

None

Testing of response of red-
emitting scintillators to alpha
and beta radiation.

Minimal. BGO may need
investigation.

Extensive simulations may be
required to determine efficacy
of this technique. Calibration
studies are needed.

None

None

Each new configuration needs
to be studied to determine
praper positioning of detectors
to assure accurate
measurements.

None

This is a well-established
technology. Probes for
measuring vertical or overhead
items are needed.

Norma!

Normal

Adequate shielding required,
for parsonnel protection.

Efficacy for uranium detection
needs to be determined.

None

Has been used successiully at
Y-12 and other DOE plants.

Hardware cost: $250-625K
Instrumentation is available at
Y-12

Normal

Page 1-9
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rization

1
Alternétlves Technologles Scuence/TechnoIogyNeeds lmplementatlon Needs

ihoratory Methods =™ T

Fluorescence Spectrometry
CHAR-323-0Y

Ranking:
H-2-0 ($0M;$150/sampls)

Solid-State Detector for Alpha,
Beta
CHAR-327-0Y

Ranking:*
H-2-0 (N;N)

Neutron-Induced Radioactivity
of Fissile Materials
CHAR-331-0Y

Ranking:
H-2-4 (<$1M;N)

Neutron-Induced Prompt
Gamma Ray Detection of
Uranium

CHAR-333-0Y

Ranking:
M-2-2 (<$500K.N)

Photon Electron Rejecting
Alpha Liquid Scintillation
(PERALS)

CHAR-97-OY

Ranking:
M-2-0 ($0;850/sample)

Neutron Activation Induced
Gamma Analysis
CHAR-266-0Y

Ranking:*
M-2-1 ($.2M;$300/sample)

Gamma-Ray Spectrometry
CHAR-268-OY

Ranking:*
H-2-0 ($.1M;$100/sample)

Sodium lodide-Germanium
Gamma Spectroscopy
CHAR-106-OY

Ranking:*
H-2-0 (SOM;N)

* See the Explanation and Understanding
Key in the !roln;’gl this document Iar a
jon of ¢

Commercia]ly available and in
routine usa in the Y-12 Piant.
Uses an ultraviolet source to
stimulate tha emisslonof a
wavelsngth spacdific for

dstection of uranium.

Accopted

Commercially avallable and in
routine use at the.Y-12 Plant.
The technique uses
semiconductory detectors to
obtain high-resolution energy
spectra of alpha particles.
Picogram sensitivity for
uranium and transuranics.

Predemonstration.

Neutron imadiation of & sample
containirig fissile materal
produces gamma rays that are
identified by a Ga detector.
Can be very sensitive to trace

amounts of fission product and-

u-23g.

Predemanstration

The gamma rays following the
capture or scattering of
nautrons by uranium are
detacted. No commesrcial
device Is known at this tima.

E Aceopted

Commerclally avallable. Has
the lowest datection fimit (1
pCU/g) of rapid radiclogleal .
techniques. Ideal for uranium.

Mature technology.
TIP Match

Y i ~ -
Mature technology..
TTP Match

Tl'Pllatch

None

None

Sensitivity needs to be
determined. Calibration is not
straightforward.

Simulations would probably be
required to determine the
efficacy of this technique.
Instrument could be
assembled from purchased
components.

Scintillation cocktails that are
not toxic under RCRA need to
be developed for use in
PERALS.

Startup studies to be done to
evaluate possible
interferences.

None

Correction factor methodology
needs to be published.

Hardware cost: $20K
Instrumentation Is available at
Y-12.

Hardware cost: $50K
Instrumentation is available at
Y-12,

Adequats shielding Is required
to protect personnel from
neutron source.

Capltal cost: >$100K for
assembled Instrument.

Adequate neutron/gamma
shlelding required.

A PERALS lahoratory I
already set up at tha Y-12
Plant and the ORNL DESAR
facility. It can be adapted for
rapid on-line monitoring of
both alrbome and loose
contamination..

Instrumentation and personnel
cumrently exist but need to be
expanded to meet the
expectad work foad. Estimated
cost of upgrade and expansion
$250K. Avallable at X-10 and
Y-12

Some equipment/personnel
cunrently available but need to
be expanded to meet the
expected increase in work
load. Dstector costs rangs
from $10K ta $50K. Avallable
at X-t0.

None
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assodatsd with Building
9201-4 (Afpha-4)

Mercury and other metals

for marcury in drinking water is
2 ug/_. For mercury in alr, the-
personnel exposure fimits are -
0.025 mg/m® TWA (Y-12 Ind..
Hg.) and 0.05 mg/m? (OSHA *
and ACGIH ) For EPA
exemption from regulation, the
limit at the plant property fina is
<50 pg/mS. Maximum -
acceptabla surfacs '
contamination Hg: 100 ug/100
cm? (Y-12 Ind. Hg.). Wasts *

- disposal limits=12 mg/kg at Y=
12 sanitary landfill, 4 mg/kg at
Envinxcare. Referto the
Regulatory Compliance
chapter for other potential
applitable, proposed, and
promuigated environmentat
faws, signed and pending

agreements for the Oak Ridge ~

Ressrvation (ORRY), radiation’
protection standards, DOE
_orders, and nonregulatory
guidance. As site- and waste<- *
spectiic characteristics are

provited for each technology, ’
regulixtory requirements winbs ’

- spedﬂad.

Characf

EM Goals Y-12 Problem Problem Areas;Constituents m Subelements I

= The Federal (SDWA) standard ~— Characterization



arization

Figld Mathods e

Technologies

Atomic Emission Spectroscopy
CHAR-76-0OY

Ranking:*
M-5-1 ($.2M;N)

Modeling Migration of Mobile
Mercury
CHAR-53-0Y

Ranking:*
H-5-2 (§500K:N)

Body/Biological Monitoring for
Mercury
CHAR-52-0Y

Ranking:*
H-5-N (N;N)

X-Ray Fluorescancs for in Situ
Monitoring of Toxic Heavy
Moetals

CHAR-6-0Y

Ranking:*
H-5-1 ($.2M;$25/sample)

Laser Ablation; Inductively
Coupled Plasma; Atomic
Emission Spectroscopy
CHAR-111-QY

Ranking:*
L-5-3 ($1IM;N)

Mercury Air Monitoring
CHAR-302-0Y

Ranking:
E-5-1 (<$200KN)

Surface Acoustic Wave (SAW)
Sensors
CHAR-14-QY

Ranking:
M-5-2 ($400K;<$20/sample)

Anodic Stripping Voltammetry
CHAR-338-0Y

Ranking:
H-5-1 (<$300K;<$100/samplo)

* See the Explanation and Understanding
Kay in the fm'nt of this document for a
dascriation of the ranking coda/sch

Status

Accepted .

Common excitation sourca is
an electrical discharge.
Element-specific lightis )
detected, either on film or
photo detector tubes. -
Semiquantitative but is an
excellent scrasning analysis.
TTP Match

Demonstration -
Modaling for surface
contamination measursments,

Preconceptual

Mathod to detact and measure
body contamination with
mercury is available (but low
capaclty, no indication of

- saturaten)..’ )

PR

Accepted -

Can be useful forin sttu
monitoring. of toxic heavy
mstals in paints; on surfaces,
and In soils. Porable XRF
units are commercially
avallable and have bean
widsly used for screening
painted surfaces forlead .
contamination. .’

TIP Match -

Demonstration
Integration of these three
technaloglas allows multiple
elemant analysis.

a3 LT

Several Instruments-exist In
tha market fof area’and - -
personal monitoring. Their
rellabliity must ba proven
before using.in a D&D
sltuation..
Predemonstration:
Adsomption of analyts on -
crystal surface alters speed,
frequsncy, or phase of. - -
acoustic wave, -
Demonstration -

The Instrumant Is belng.
dsveloped and tested at Y-12.
Instrument Is portable and
automated. Analytical range is
3-2000 ppb lonic Hg.:

Science/Technology Needs

The technology is well-
developed and applicable as
is.

Modsls need to be developed
that are applicable to site-
specific scenarios.

The specific technology to be
used for field monitoring is
unknown,

Mature technology for manual
applications. Excellent
candidate for automated or
robotic dsployment systems.

Improvement of the robotic
procass for site-specific
conditions (e.g., floor, wall,
ceiling) is neaded.

None

Optimization of higher
temperature, small probe unit
devices. Development of on-
line monitoring.

Minimal. In general, the
technology is ready to use.

Implementation Needs

Avallable at the Y-12 Plant.

Software and hardware are
neaded to implement the
modaling systems.

Modef studies are needed, to
correlate exposure and
quantitative analysis.

Substrate effacts need to be
studied. The lower limit of
detection for some metals on
surfaces needs to be
measured (~$200K).

Normal instrumentation
development..

Development cost: estimated
at$iM.

None

Normal

Instrument needs to be fleld
packaged.
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Management
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Mercury and other metals

Charac

— The Federal (SDWA) standa:d === Characterization
far mercury In drinking water is
2ugit.. For mercury inalr, the

- porsonnel exposure limits are
0.025 mg/m3 TWA (¥-12 Ind.
Hj.) and 0.05'mg/m> (OSHA
and ACG ind_HG. ) For EPA
eyemption from regulation, the
Hrait at the plant property lina s
<50 pg/mS, Maximum
acceptable surface
contamination Hg:.100 ug/i00.

- e (¥-12 Ind. Hg.). Waste
disposal limits: 12 mgikg at Y-
12 sanitary landfill, 4 mg/kg at
Envirocars. Refer to the.
Rugulatory Compliance

. chapter for other potential.
appiicable, proposed, and-

. promuigatad environmentat

- laws, signed and pending

- agreements for the Oak Ridge.
Rosetvation (ORR), radiation
protection standards, DOE
onders, and nonregulatory
guidancs, As site- and waste-

specific characteristicsars -
pn:vldw for éach technalogy, -
- regulatory requirements willbe~

specified.




rization

N
Alterr
erﬁ

Field Msthods

Laboratory Methods

=T Gold Amalgam Resistance
Detector
CHAR-316-OY

Ranking:
H-5-1 (<$200K;<$10/sample)

| Colorimetric Mercury Analysis
CHAR-314-0Y

Ranking:
M-5-1 (<$200K;<$50/sample)

e Piezelectric Mercury Vapor
Detector

m CHAR-313-OY

Ranking:

M-5-2 (<$400K;N)

b Neutron Induced Prompt
Gamma Ray Detection of

m Mercury and other Mstals

CHAR-333-QY

Ranking:
H-5-3 (<$600K;N)

. " b Neutron Activation Analysis for
Mercury
m CHAR-334-OY

Ranking:
H-5-2 ($400K;N)

—- Portable Mercury Headspace
= H Analyzer
. CHAR-308-OY

Ranking:*
H-5-1 (<$200K;<$100/sample)

Inductively Coupled Plasma-

H Mass Spectroscopy (ICP-MS)
. CHAR-78-OY

Ranking:*
H-5-2 ($1M;$200/sample)

Inductively Coupled Plasma

Atomic Emission Spectroscopy
m (ICP)

CHAR-77-0Y

Ranking:*
H-5-0 ($.1M;$200/sample)

* Sea the Explanation and Understanding
Key in the tmlnr of this documant for a
description of the ranking coda/sch

Accepted

Mereury vapor in alr flowing
past a thin gold wire deposits
and forms a thin goid
amalgam. The resistance of
the gold wire, a function of the
amount of amalgam presentis
monitored to quantify.the
amount of Hg presant.

Accepted

Commercially available: An
aqueous solution of mercury:
(1) forms a complex with and
organic dye; monitoring and
detection is by UV-visible
spectrometry. Hg detsction
limit is in microgram (10 Spg)
range. Simple and
insxpansive.

Predemonstration .
The device contalns a gokd-
coated plezoslectric crystal
whose oscillations chianga with
Increase In absorbed Hg. Hg
detection imit; 105 pg. .

»

Prsdemonstration. .

Natural mercuty'emits a.
characteristic gamma ray on
interaction with a neutron. The
device Is capable of probing
concrete and stesl structures
to detect marcury hidden from
vigw.

May.require sanding samples
to a reactor and performing-»

analysls there. HFIR at ORNL

has baen used for this
purpose. X

Prédemona&aﬂan L.

Uses a chemical pre-treatmaent.

followed by analysis of tha” . _
headspace mercury vapor.

Demonstration
Available, but not fully

developed. Suitable for routine

use. Applicable for muiti-

" element analysls of agueous

solutions more selectivé than
ICP-AES Hg detaction levels.

Accepted

In routine use for multielomant
analysis of methods; allows’
analyslis in the ppb rangse. Hg
detection lavel: 0.5 pg.
Accepted by EPA.

TTP Match

The reliability of the technolgy
needs to be improved.

None

Identification of interferences.
Optimizing sensitivity. Tests for
methyl mercury detection.

No commercial device exists ,
but instrument could be
assembled from purchased
components. Testing and
verification would be required.

None for detector. Depending
on application, may need to
develop portable accelerator-
based neutron source.

Reliability of the portable
analyzer under heavy use
needs confirmation.

Development is in progress to
use the technology for surface
analysis using laser ablation
techniques, and for
low~-specific activity, long-fived
radionuclides.

Applicable as is. Well-
developed technology.

tives Technologies ‘ ScienceTechnology Needs | Implementation Needs

Instrument cost: <$5K
Operating cost: <320/sample
Avallable at Y-12.

None

Overall cost: $80/test ($35/kit;
20-30 tests per person per
day)

Development cost: $250K
Capltal cost: <310K
Operating cost: <$5/sample

Adequate neutron/gamma
shielding to protact personnsl
from neutron source.

Overall Cost:>$100K for a
complets instrument.

Shielding to pratect personnsl
from neutron source.

cost: >$100K if portable local
accelerator-based neutron
source is to be daveloped.

Minimal Implementation needs

Itis now available at the Y-12
Plant.

Capital cost: $250-350K
Development cost: ~$400K.
(to extend long-lived, low
spedific activity radionucildes.)
Avallable at Y-12.

Available at Y-12.
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Mercury and other metals

Charact

= The federal (SDWA) standard
for mercury in drinking water is
2 ugiL. For mercury inralr, the
“personnel exposure limits are
0.025 mg/m® TWA (Y-12 Ind..
Hg.) and 0.05 mg/m3 (OSHA
and ACGIH. ) For EPA
exainption from regulation, the
limit at the plarit property ling is
<50 pg/mS, Maximum -
- accoptable surface
" .confarnination Hg: 100 ug/100
em? (Y=12.Ind. Hg.). Waste
- disposal limits: 12 mg/kg at Y-
12 sanitary landfill, 4 mg/kg at:
- Envirocare. Refer to ths
Regulatory Compliance
chapter for other potential
applicable, proposed, and
promuigated anvironmental
- laws, signed and pending
agreements for the.Oak Ridge
Resarvation (ORRY), radiation
protuction standards, DOE
-orders, and nonregulatory
guidance.As site- and waste-
specific characteristics are
. provided foreach technology,
regulatory | raqwmmems wm be‘
spet:ﬁed. ~

= Characterization




rization

Alternat ves Technologles Smence:TechnologyNeeds Implementation Needs

abaratory Methods™ =T~  Atomic Emission Spectroscopy
(AE)
m CHAR-76-OY

Ranking:*
M-5-0 ($.1M,;$200/sample)

—— lon Chromatography (IC)
m CHAR-50-QY

Ranking:*
M-5-0 ($.1M;$100/sample)

j— Wavaelength Dispersive X-Ray

Spectroscopy (WDS, WDX)
m CHAR-36-OY

Ranking:*
M-5-0 ($0M;$100/sample)

b Energy Dispersive X-Ray
Spectroscopy (EDS, EDX,

. m EDAX)

CHAR-35-QY

Ranking:*
M-5-0 ($0M,;$100/sampls)
. Transmission Electron

Microscopy (TEM)
m CHAR-34-0Y

Ranking:*
M-5-0 ($0M;$500/sampls)

">} Scanning Electron Microscopy
. (SEM)
CHAR-33-0OY

Ranking:*
L-5-0 ($0M;$500/sample)

. —  Cold Vapor (Mercury) Analysis

CHAR-24-OY

Ranking:*
H-5-0 ($0M;$100/sample)

- Neutron Activation/induced

Gamma Analysis
CHAR-266-0Y

Ranking:*
H-5-0 ($0M;$200/sample}

L—— Powdsr X-Ray Diffraction

CHAR-31-OY
Ranking:*
L-5-0 ($0M;>$100/sample)

——— Electron Spectroscopy for
Chemical Analysis (ESCA)

CHAR-1-OY

Ranking:*

L-5-0 (§0M,$200-600/sample)
* See the ion and Und di

Key in the Imnl of this document fvra

of the

Semiquanntaﬁve butan
excallent screening analysis.
TTP Match

Accopted: .

Can separate and quantify
tons in solution. Ppm to ppb
detaction limits.

TTP Match

Accopted

Delicate apparatus may limit
field usa. Used for quantitative
and quantitative elamantal

analysis.

Accepted ™ °

Ussablain laboramry or fleld.
Aliows rapld elemental and
quantitative analysis of solid -

samples.
TIP Ilatch

Accepted

For micro-analysis of solid
samples. In conjunction with
X-ray techniques, can give
elemental analysis.

TTP Match :

. Accepted |

Spot and broad surface
elsmental analysis

Accepted” .

This technique is based on tha
atomic absurpﬁon
spectroscopy of merdury and
is very sensitive’ and hlgh}y
selective. . .

Accapted
Detaction limit for Hg 500 -

picograms. Mature technology.

TTP Match

Accepted

Usad for idantification of
crystalling phases in solid
samples. .

Accepted

Provides semlquanmanve
sy.uface elementa) analysis and
soma chemical information.

AVllhblo at the Y-12, K-25,
and X-10.

The technology is well-
developed and applicable as
is.

We have systems available for
procass control of D&D efforts.
Avallable at the Y-12, K-25,

A detector system that is
optimized for the expected
waste streams that will be

generated needs to be and X-10.

determined.

None None
Avallable at the Y-12, K-25,
and X-10,

Mature technology. Nons
Avzilable at Y-12, X-25, and
X-10.

Mature technology. None
Avaliabls at ¥-12, K-25, and
X-10.

Mature technology. None
Available at Y-12, K-25, and
X-10.

This is a mature technology. This is a maturs technology

which needstobe partof a
mobile laboratory.
Mature technology. Startup Estimated cost of upgrade and
studies to be done to evaluate expansion $250K.
possible interferences. Available at X-10.
Mature technology. None
Avallable at ¥-12, K-25, and
X-10.
Model studies are needed to Instrumentation and personnel
identify binding energies for currently exist.
standard compounds of U for Avallable at Y-12, K-25, and
suspected matrices. X-10,
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C— Organics

[~ Moercury and other metals

— The federal (SDWA) standard

(Qils, efc.)

Characi

m Y-12 Problem Problem Areas.Constituents E Subelements '

= Characterization
for mercury in drinking wateris

2 uy/L. For mercury in alr, the

personnel exposure limits are

0.025 mg/m3 TWA (Y-12 Ind.

Hg.) and 0.05 mg/m3| (OSHA

. and ACGIH. ) For EPA-

exemption from regulation, the
limit at tha plant property iina is
<51 pg/m3, Maximum
acceptable surface
cortamination Hg: 100 ugI‘IOO
om? (Y-121nd: Hg.}. Waste .
disposal limits: 12 mg/kg at Y-
12 sanitary landfill; 4 mg/kg at
Envirocars. Refer to the
Regulatory Compliance
chzpter for other potential
appiicable, proposed, and -
promuigated environmental
laws, signed and pending -
agreemsnts for the Oak Ridge.
Reservation (ORR), radiation
protection standards, DOE
orders. and nonregulatory

provided for each teehnology
* requlatory requirements wm be-
spe)c:ﬂad.

Refer to the Regutatory ———==—  Characterization
Coinpliance chapter for
-potential applicable; proposed;
arxl promuigated -
emvironmental faws, signed
arx pending agreements for.
the Oak Ridge Reservation .-
_(ORRY), radiation protection”
standards, DOE ordars, and-
noniregulatory guidarice. As
site~ and wasta-specific’
‘characteristics are provided for

-

" each technalogy, specific

regulatory requirements will be’
specified.

—



rization

Alterpitlves Technologles Scuence,TechnologyNeeds Implementatlon Needs

Laboratory Methods —r—

Biological Monitoring for
Mercury
CHAR-52-OY

Ranking:*
H-5-0 (O;N)

Auger Electron Spsctroscopy
(AES)
CHAR-2-0Y

Ranking:*
L-5-0 (S0M;$300-800/sample)

Analysis for Mercury in Water
CHAR-303-OY

Ranking:*
H-5-0 (<$100K;<$50/sampls)

GC/ECD for Measuring
Qrganic Mercury
CHAR-311-QY

Ranking:*
L-5-0 (§0;<$50/sample)

Photoacoustic Spectrometry
(PAS)
CHAR-312-0Y

Ranking:
H-5-1 (<$200K;<$100/sampla)

Fluorescence Diagnosis of
Contaminated Surfaces
CHAR-110-QY

Ranking:*
L-3-2 ($1M;$10/sampla)

Portable Gas Chromatography
-Mass Spectrometry
CHAR-339-0Y

Ranking:
H-3-2 ($500K;<$200/sample)

* See the Explanation and Undsrstanding

Kay in the front of this document for a

dascription of the ranking coda/scheme.

Slandard lab methods in use
by Industrial Hyglene.

Accepted .

Simitar to ESCA, but mapping
of sample surface is possible.
TTP Match

Accspted .

On-ine electromstric monitors
ara commarcially avaifable.
Optical methods are also
avallable.

Acceptsd
Requires conversion of organic
Hg to a gasecus halide form.
Hg detectionlimit; S0pg. -~

N

Accepted

Potential to be tha most
sensitive for Hg in air. Hg.
detection limit: ~10 pg.

Pwdémnstratlon
TIP Match

Conceptust -
Commarcial instrument is not
available but portable gas

. chromatographs and

fransportable (ion trap) mass
spectrometers are avallabls.

None

Mature technology. Mode!
studies are needed to probe
the host/contaminant effects
for accurate depth profiling.

None. Mature technology.

None

None

Needs separation/speciation
laboratory and field tests.

Minimal. This is a technology
integration issue.

Avallable at Y-12, K-25, and
X-10.

Demonstration of electrode
reliability and calibration
scheme.

Cepitol cost: GC/ECD

devices: ~§15K
Avgllable at Y-12, K-25, and
X-10,

Dsvelopment cost: $200K
Need confirmation of analytical
quantitation over range of Hg
concantrations.

The required equipment such
as a laser (light source),
optics, datectors, personal
computers {for data
acquisition), and interfaces
must be purchased.

instrument needs to be field
packaged.
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g %\llea?eUp Legacy — All problems Organics ™ Refer to the Regulatory = Characterization
as associated with Bullding (ails, eic.) Comspliance chapter for
9201-4 (Alpha-4 potantial applicable, proposed,
* Prevent Future : ) 2:3‘ m{lﬁte‘:m igned
Insult and pending agreer;zents for
. the (Jak Ridge Reservation
« Develop (ORR), radiation protaction
Environmental ; standards, DOE orders, and . ’
Stewardship gﬂ?ﬁ%’g tguidargce.As ;
sach) tachnology, specific i
regulatory requirements will be i
specified.
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rization

|
Alternatives
\

eld Mathods —==—=T Portable Gas

m Chromatograph/Electron
Capture Detection
CHAR-100-OY

Ranking:*
M-3-0 ($.25M;$50/sample)

—— Portable Volatile Organic
Compound Detectors
m CHAR-5-0Y

Ranking:*
M-3-0 ($.25M;$10/sampls)

= Direct Sampling lon Trap Mass

m Spectrometry (DSITMS)
CHAR-90-OY

Ranking:*
M-3-2 ($.2M;850/sample)

= Gas Chromatography in the
Field
CHAR-262-0Y

Ranking:*
M-3-0 (8.25M,850/sampls)

——  Synchronous Fluorescence

I'! Screaning for Polycyclic
Aromatic Hydrocarbons

CHAR-101-QY

Ranking:*
L-3-1 ($.2M;<$50/sampls)

Absorption Spectroscopy
CHAR-27-0Y

Ranking:*
M-3-0 ($0; <$200/sample)

* See the Explanation and Understanding
Kay in the front of this document for a
dascription of the ranking code/scheme.

Accepted
TTP Match

Accopted

A quick, and inexpensive
methed to screen for the
contamination of soils based
on flame ionization or
photolonization of sampled air.
Ussful at a variety of sites
Including leaking underground
tanks pits in spiltaga.

TIP Match

Predemonstration
Method development needed.

Accopted ;
Using flame lonization,
electron capture, thermal .
conductivity, photoionization,
fiame photometric, or
thermionic detectors with gas
chromatography can
determine a varisty of
environmentally. important
analytss..

TTP Match

Demonstration/
Predemonstration

When fight of a specific
wavelangth Is directed onto a
sarnple, csrtain organic
compounds (such as PAHs)
absorty and re-emit that fight
(fluorescs) at a highsr
wavelangth. In this technique;.

. exciting and flucrascing .

wavelengths are scanned
synchronously. Analytes can
be differentiated because they
absorb and fiuaresce at dif-
ferent wavelengths.

TIP Match

Accepted

Commercially available. Can
be used in pretreatment,
freatment and post-treatment

applications: Is appiicablato  ~

organic and inorganic
cantaminant analyses.
Efficacy: fast response time,
ppm to ppb level of detecton
for sefected compounds, and
remote nondastructive fleld
analysis proven. Mixtures may
be an analysis challenge.
Wasts: none to minimal,
solvent

Standard procedures need to
be written.

Mature technology.

Methods need to be developed
for spacific applications.

Technology needs are
minimal. While improvements
can be made, in general, the
technology is ready to use.

Technology needs to be
validated in the EPA program.

Minimal technology needs.

Technologies l Science/Technology Needs | Implementation Needs
L 1 ‘ 1

We need to order GC/ECD
devicses (~$15K each).
Avallagble at Y-12.

For quick screening and
surveying, instruments are
available commercially.
Interfacing the Instruments with
an ion mobility mass
spectrometer would allow
detection of some individual
campounds (~$30K).
Avallable at X-10, Y-12,

Hardware cost: $100K;
Davelopment, training; and
implementation cost: $200K.
Avallable at X-10.

Avarletyofgas .
chromatography equipment
exisls alraady at Y~12 and may
be useful for many needs.
Available at ¥-12, K-25, and
X-10.

Hardware cost: $25K
Development cost: $200K.
Avaliable at X-10.

it can be implemented for
direct sHa/scanario needs.
Overall cost:
$10-$50/sample;
Instrumentation, $1-$100K
Mature, fieid-portable IR
technology is available; UV
technology is being developed
at ORNL.
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1 : 1 0
Alterna:tives Technologies l “ Science/Technology Needs | Implementation Needs
l [ i |

_abor atory Mathods T On-line Supercritical Fluid Predemonstration The technology requires Capital cost: $60K
Extraction-Multidetsctor Gas Technology requires final optimization for the most Devalopment cost: $250K
Chromatography (SPE-GC) development and efficient extraction and
CHAR-115-0Y demonstration. chromatography of both total

TTP Match . petroleum hydrocarbons and
Ranking:* PCBs in a single operation.
M-3-1 ($.25M,;8300/sampls)
fee  Gas Chromatography-Fourier Demonstration Specific methods for targeted Hardware cost: $200K
Transform Infrared Technology is avallable. Itis a analytes and general methods Development coat: $400K
m Spectroscopy (GC-FTIR) routing lab service that might for unknown identification need Avaliable at X-10.
CHAR-66-OY be used on a non-routine to be developed.
basis.
Ranking:*
M-3-2 ($.5M;$400/sampls)
f  Liquid Chromatography—Mass Demonstration Case-by-case development Hardware cost: $200K
Spectroscopy (LC-MS) Not yst avallable on sita for and demonstration for spacific Davelopment cost: $300K
CHAR-83-OY service work. - applications is needed. Avallable at X-10.
TTP Match
Ranking:*
H-3-1 ($.3M;$500/sample)
o Gas Chromatography—Mass Accepted Technalogy is applicable as is. Technology s avallable at
m Spectroscopy (GC-MS) Available on site, Bensfit would be derived from Y-12, K-25, and X-10,
GCHAR-88-OY TTP Match faster chromatography to
shorten analysis time.
Ranking:*
H-3-0 ($0M;$200-800/sampls)
L. Synchronous Fluorescence Demonstration Technology needs to be Hardware cost: $25K
Screening for Polycyclic Technology available. validated in the EPA program. Development cost: $200K
m Aromatic Hydrocarbons Whan light of a specific Avallable at X-10.
{PAHs) wavelength is directed onto a
CHAR-101-OY sample, certain organic
compounds (such as.PAHs)
Ranking:* absorb and re-emit that light'
M-3-1 (3.2M;$10/sampla) (fluorescs) at a higher
wavelength. In this.technique,
exciting and fluorescing -
wavelengths:are scanned
synchronously. Analytes can
be differentiated because they
absorb and fluoresce at
differant wavelengths: .
TP Match -
b~ Gas Chromatography Accepted Technology needs are A variety of gas-
CHAR-94-0Y Technology available on site. minimal. While improvements chromatography equipment
L Detection limit for organic can be mades, in general, the axists already at Y-12.
Ranking:* forms of marcury is 50 pg. technology is ready to use. Avallable at Y-12, K-25, and
L-3-0 ($0M;$300/sampls) TIP Match: X-10.
|—- Laser Ablation Organic Mass Predemonstration Develop a sampling Hardwars cost: $120K
Spectrometry Technology under methodology (perhaps using a Development cost: $300K
m CHAR-93-0Y davefopmant. wipe of the surface), and test it Avallable at X-10.
TTP Match on target compounds.
Ranking:*
M-3-1 ($.3M;< $500/sample)
— Fourier Transform Infrared Accaptod Data base for rapid materials Hardwars cost: $25K-$500K
Spectroscopy (FT-IR) Measures the absorbance identification and model Devalopment cost: <$200K
m CHAR-8-OY spactrum of the material, in the studies of materials interaction Avallable at ¥-12, K-25, and
infrared region, to identify and is needed. X-10.
Ranking:* quantify it.
M-3-1 TTP Match
($.2M,;$100~500/sampls)
* Seg the Explanation and Und! September 1994

Key in the front of this document fora
description of the rankit de/sch
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Alternat

leld Methods

Technologies

Surface Enhanced Raman
Scattering (SERS)
CHAR-265-0Y

Ranking:*
L-3-1 ($.15M;N}

Capillary Electrophoresis
CHAR-207-OY

Rarnking:
M-3-1 ($.25M;$300/sample)

Fiber-Optic Systems for
Measuring Multiple Physical
Variables

CHAR-248-0Y

Ranking:*
M-5-3 ($1M;$.25/sample
avent)

Coating Assayers
CHAR-309-OY

Ranking:
M-5-1 (<$200K;N)

Structural Sensors
CHAR-306-OY

Ranking:*
H-5-1 ($0;$1M Projact)

3-D Wind Gauge
CHAR-300-0OY

Ranking:*
H-5-0 ($0:N)

Noise Measurement
Technology
CHAR-304-OY

Ranking:*
M-5-0 (SO;N)

Radiation Gauging
CHAR-335-0Y

Ranking:
H-5-1 (<$100K;N)

* See the Explanation and Understanding
Key in the ﬁo-u’n;, of this document for a
v the h Pl

Status

Evolving
A combination of
electrochemical and

spectroscopic techniques.
TTIP Match

Demonstration

The technology Is gaining wide-
spraad acceptancs in
blomedical applications and
appears ussefutl for RA/WM.
TIP Hatch

Predemonstration

Proot of principla of this
technology can be
demonstrated in devices
sultable for use in underground

. wasta storage tanks, The

tochnology may be useful for
monitoring structural
integrities.

TTP Match

Praconceptual

Complate elemental analysis of
wall and floor surface areas..

Conceptual

Real-time sensors for
detecting stress/sirain. These
sansors would provide

- continuous "raak-time” data to

a contralized data handling
annunciator system

Accepted .
Commercially available.

Accepted - -
Commarcially available.

Accepted

Transmission measurement of
a structure Is mads with
neutrons, gamma rays, or X-
rays. Requires access to
opposita sides of a sample.

Science/Technology Needs

System development and
validation for specific needs.

Adaptation and validation for
the specific target compounds
and sample matrices at Y-12.

A rangs of applications can be
developed using this
technology.

Technolog integration.

None

None

None

None

Implementation Needs

Ovsrall cost: possibly
$250K-$400K

Hardware cost: $10K-$250K
Devalopment cost: ~$150K
Avaliabls at X-10.

Hardware cost: $30-60K
Development cost: $250K
Avaliable at Y~12, K-25, and
X-10.

This technology should lend
itsetf well to econamies of
scale in the manufacture of
rugged, ? le devices
that should require low (or no)
maintenance.

Avaliable at X-10.

Davelopment cost: $1M,
which Includes $600k for
testing implementation and
completion:

Capitol cost: <$50K

None

None

Shielding Is necessary, to
protect persannsl from
radiation source.

Overall cost: <$20K for
gamma ray based devics,
<$50K for neutran based
device.
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— All problems —  Physical
assodated with Building 8201-
4 (Alpha-4)
— PCBs

_standard for PCBs inairis 0.5 ~

Characi

Y-12 Problem Problem Areas;Constituents H Subelements |

= Retar tothe Regulatory

=" Characterization
Corapliance chapter for
potantial applicable, proposed,
and promulgated
environmental laws, signed -
and pending agreemsnts for
the Oak Ridge Reservation-
(OF:R), radiation protaction
standards;, DOE orders, and
nonregulatory guidance. As
site- and waste-spacific
charactaristics are provided for
each techinology, specific
regulatory requ! rements will be- -
specified.

The Federal (SDWA) standard =—— Characterization —_—
for PCBs indrinking wateris
0.5 ugl,, MCL The OSHA

mg/m3. Clean landfilt
requirements for PCBs in soll
are <t ppm (EPA) and <2 ppm
(Y-12 Sanitary Landfil),or "
higher with special approvak
Refsrtothe Regulatary .
Cornpilance chapter for other
potontial applicabla, proposed,
and promulgated
environmental laws, signed .
and pending agreaments for
the Oak Ridge Resservation
(OFIR), radiation protection
standards, DOE orders,and
nonreguiatery guidance. As .
sita~and waste-specific .
charactsdistics are provided for
each technology, specific
regulatory requirements will be
spedﬁecL :
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rization

[ ‘ ’ ‘
Alternzinives Technologies 1 m Science/Technology Needs | Ilmplementation Needs
\ L | 1

Laboratory Msthods 71

Fisld Msthods

ET—'ET‘———E-I

Eq

aboralory Methods  eem—ep—

Particle Size Analysis
CHAR-26-OY

Ranking:*
H-5-0 ($0M;$1000/sampls)

Optical Microscopy
CHAR-32-0Y

Ranking:*
H-3-0 ($0M;$100-800/sampls)

Partable Gas Chromatograph
/Electron Capture Dstection for
Analyzing PCBs
CHAR-100-OY

Ranking:*
H-3-0 ($0;<$50/sample)

PCB Immunoassay Kit
CHAR-99-OY

Ranking:*
H-3-0 ($0,<$100/sample)

Direct Sampling lon Trap Mass
Spectrometry (DSITMS)
CHAR-90-OY

Ranking:*
H-3-2 ($.2M,;$50/sampls)

Sampling Interface System for
Surface Contamination by
Organics

CHAR-271-OY

Ranking:*
H-3-3 $775K,N)

Chemical Reaction Screening
for PCBs
CHAR-341-0Y

Ranking:
H-3-0 (§0;86/sample)

Gas Chromatography
CHAR-94-0Y

Ranking:*
H-3-0 ($0M;$300/sampls)

On-line Supercritical Fluid
Extraction—Multidetector Gas
Chromatography (SFE-GC)
CHAR-115-0Y

Ranking:*
L-3-1 ($.25M;$300/sample)

* See the Explanation and Understanding
Key in the front of this document for a
description of the rankit da/sch

Accepted

Accepted
Useabls far wide variaty of

sampies. Requires highly
skilled operators.

Accepted
TTP Match

Accopted
As a screening mathod for
PCBs in situ.

Predsmonstration
Method development needed.
TTP Match

Conceptuatl
TTIP Match

Demonstration

Kits were tested under EPA
ausplces in EPA reglon 7 in
August 1982 and a final report
will be Issued in 1984.

Accepted
Technology availabls on site.
TTP Match-

Predemonstration
Possible uss in decon of
objects and materials, or as
efficient sample extraction
tschnique.

TTP Match

None. Mature technology.

A particle atlas of site-specific
materials is needed to allow
rapid identification.

None

None

Methods need to be developed
for specific applications.

Development of rapid-heating
interface and software for rapid
contaminant identification by
direct sampling ion trap mass
spectrometry.

Minimal. In general, the
technology is ready to use.

Technology needs are
minimal. While improvements
can be mads, in general, the
technology is ready to use.

None

In situ devices need to be
Implemented for mora
aggressive IH-HP protection of
personnet and to ensure the
control of radioactive
contamination.

Avallebla at Y-12,, K-25, and
X%-10.

A contralized Image collection
system is needed to establish
a site-specific database.
Avallable at Y-12, K-25, and
X-10.

Capito! cost: GC/ECD
devicas (~$15K each).
Available at Y-12.

The technology Is ready to
apply and should be used for
routine analyses.

Available at X-10, K-25.

Hardwars cost; $100K
Development, tralning, and
implementation costs, $200K.
Avallable at X-10.

Development cost: $775K
aver 3 years,

NA

Avarlety of gas
chromatography equipment
exists already at Y-12 and
may be useful for many needs.

Capital cost: $60K
Development coat: $250K
Technology requires final
dsvslopment and
demanstration.

Hardware cost: $5K
Development coat: $100K

September 1994
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‘ization

!
Alterna‘ti[res

' Technologies ‘ “ ScienceTechnology Needs | Implementation Needs
\ L ; ‘
horatory Msthods —T™ Optical Microscopy Accopted None Operating coat: $50/sample
CHAR-32-0Y Commercially available. Capital cost: $100K+
EPA approval method.
Ranking:
H-3-0 ($0;850/sampls)
l—— Powder X-Ray Diffraction Accepted Model studies of the complex Cost/Sample: $100
CHAR-31-0OY Commercially avaliable. Used mixtures of interest are needed Capital coat: $150K+
M| for phase identification of for quantitative analyss. Available at Y-12, K-25, and
Ranking: crystalline phases in solid X-10.
M-3-0 ($0,<$100/sample) samples.
[ Scanning Electron Microscopy Acceptsd None Cost/Sample: $100K+/sample
(SEM) Commaercially available. Used Capital cost: $75K+
m CHAR-33-QY for spot and broad surface
elemental analysis.
Ranking:
M-3-0 ($0,8500/sample)
—  Transmission Electron Accepted None Cost/Sample: $250+
Microscopy (TEM) Commarcially avallabla. Capltal cost: $150K+
CHAR-34-OY EPA approval mathod.
Ranking:
H-3-0 ($0;$500/sampls)
* See the Exp and L di Page 1-19

Kay in the front of this document for 8
description of the ranking code/scheme.
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The Decontamination section addresses concepts and af

from process equipment and building materials in Building 9
by TLDs are

1.

2.

w

©CONO O A

It was observed that exactly the same technologies were

In situ decontamination of the interior of steel and nic
and HNOs3.

In situ decontamination of the exterior of steel and nig
Hg, LiOH, H2S04, HNO3, asbestos, and PCBs.
Ex-situ decontamination of steel and nickel process e
Hg, LiOH, H2S04, HNO3, asbestos, and PCBs.
Painted concrete and clay tile contaminated with Hg,
Air contaminated with Hg. ;
Insulation and building paper contaminated with Hg, &
Packing contaminated with Hg, LiOH, H2SOj4, and Hh
Carbon chunks contaminated with Hg, LIOH, H2SOa,
Wood and sheet rock contaminated with Hg, LiOH, H;;

b

]
5
|
b
i
!

used for these two problems.

Because of the large number of variables that could affeo
team had great difficulty estimating reasonable values for thi
unit-processing cost, operating costs were based on decontezi
the decontamination of metals, the operating cost was baseo

‘technologies that were not applicable to either concrete or m

applications that would give the lowest cost. Even so, the co!
best, treated only as relative values, and not used for estima*




mination

roached for removing mercury and other contaminants
)1-4. Specific decontamination problems that are addressed

| process equipment contaminated with Hg, LiOH, H2SO4,
3] process equipment contaminated with

lipment contaminated with

>Bs, ail, U (and daughters), electrolytes, Cd, Pb, and Cr.

d U (and daughters).

)3.

1d HNO3.

Q4, HNO3,U (and daughters), asbestos, and/or PCBs.

pplicable to problems six and nine; thus a single TLD was

the projected unit processing cost, the decontamination
parameter, To achieve greater specificity for estimating the
lination of relatively large areas of concrete applicable to

n decontamination of large sections of metal. For

als, unit processing costs were estimated for the

5 given in Table 5.3 should be regarded as approximated at
g job costs.
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— Alpha4 Bullding (92014)

Problem #1
In situ decontamination of the
interior of nickel & steel
process equipment
contaminated with:

Hg

LiOH

Ho804

HNO3

— Rafeftoﬂwﬂegu(atnry

Compilance chaptar for
potential applicable, proposed,
and promuigated -
environmental laws, signed
and pending agreements for

. the Oak Ridge Rassetvation

(ORR), radiation protaction
standards, DOE orders, and

" nonregulatory guidance. As

sits- and waste-specific

- dmcterlsﬁwarepmv:dedbr

" ‘'sach lachnology, specific
- requiatory requirements will be
-~ speciied. -

Remcival of ali asbestos -
Insulation in Bullding 5201-4-
Target Date 930/97.
(Milestone No. OR270111)

- Decontamination




1ination

Alternatjves

!
i Status

Science! Technology Needs | Implementation Needs

i
lecharical Surlace Removaky=~—

Technologies

Ultra High Pressure Water
DCON-35-0Y

Ranking:*
H-5-1 ($1.3M; $1/62)

Centrifugal Cryogenic COp
Blasting

DCON-33-0Y

Ranking:*

H-5-2 ($750K; <$18)

{ce Blasting
DCON-40-OY

Ranking:*
H-5-1($750K; $82)

Supercritical CO2 Blasting
DCON-41-0OY

Ranking:*
M-5-3 (8750K; >$142)

Acceptad

Technology has besn used by
industry..

Efficacy: The decontamination
efficiency should be essentially
100% unless the .
contamination has diffused
deep into the substrate:
Waste: Unless a recycle
system is devaloped, wasts
would be 3-5 gal water/ft*
cleaned that contains the
contaminants removed.

Demonstration

Centrifuge pellet accoleration
has been demanstrated In the
DOE fusion energy program,
as a decontamination tool In’
the Y-12 facllity wasts
minimizatioh effort; and more
recently as an aircraft depaint
mechanism. - -
Efficacy: -Technology is likely

to be succasstul with vary high -

decontamination factors, for:
the inside of the large tanks
Waste: Tho wasto will be
filters and sorbents contalning
the combination of
contaminants and substrate
material.

Demaonstration

Efficacy: Efficacy of
commercial system for this
application needs
demonstration:

Waste: Wasts would be about
14 to 18 gallons per hour
waste watsr contalning.
remaved contaminants,
located inside the process'
aquipment.

Predemonstration

Efficacy: Likely to be effactive
with very high decontamination
factors,

Waste: Waste would be the
removed contaminants of Hg,
LiOH, H2S04, and HNO3 and
moderate amounts of metal
substrate contained Ina
cyclone, and/or sorbent filter.

Technology Improvement:
To minimize waste generation,
a system is needed to treat the
water so that it can be
recycled.

Technology iImprovement:
Automation, especially vertical
surfaces.

Development: Demonstration
of mobile system with high
velocity pellets delivered at a
sufficient rate and adequate
collection of removed
contaminants.

Technology Improvement:

1) Demonstration of an an-line,
real time contaminant sensor
which would minimize the
decontamination effort

and limit the waste stream; 2)
automation

Development: Demonstration
of efficacy of commercial
system.

Technology Improvement:
Automation/robotics, especially
for curved surfaces. Waste
handling improvement
required.

Development: Investigate the
effect of operating parameters
on removal rates and
efficiencies for removal and
collection of contaminants.
Demonstrate efficacy for the
intended contaminants.

A water treatment system is
nsedad to minimize liquid
wastes from this technology.
Robotic delivery will be
required to clean the inside of
pipes and equipmant,
Development cost: $1.3M
Capital cost: ~§500K
Operating cost: ~$1/4t

Design and construction of a
vacuum waste-handling
system to handls the
vaporized COz contalning the
removed contaminants. plus
oxygen-depletion precautions.
Robotic delivery will be
required to clean the Insids of
plpes and equipmant,
Development cost: <$1M
Capital cost: $100K
Operating coat: <$1/i*

A water treatment system is
neseded to minimize liquid
wastes from this technology.
Robotic delivery will be
required to clean the Inside of
pipes and equipment.

Deve!épmem cost: $750K
Cepital coat: $100K-$1M
Operating cost: ~$2/t2

Deslign and fabrication of the
vacuum waste-handling
system to handle the
vaporized CO2 containing the
removad contaminants,
Address concem for depleted
oxygen conditions, Robotic
delivary will ba required to
claan the inside of pipes and
equipment..

?ﬁvelopmm cost: $250K-
Capital cost: $500K-750K
Operating cost: $1+/it2

Page 2-3
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—=— Alpha 4 Building (8201-4)
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In situ decontamination of the
interior of nickel & stesl
process equipment
contaminated with:

Hg

LiOH

HoS0,4

HNOg3
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(Miestone No. OR270111)
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mination

P |
Technologies 1 Science/ Technology Needs | Implementation Needs

Alteﬁn%tives

Surface Cleaning Compressed Air Cryogenic Demonstration Development: Robotic delivery will be
CO2 Pellet Blasting This technology Is Evaluate technology that has required to clean the inside of
DCON-51-0Y commercially available. ithas recently been demonstrated in pipes and equipment. Design
besn used at nuclear reactor Department of Defense and construction of a vacuum
Ranking:* sltes to decontaminate hand programs regarding waste-handling system to
m M-5-1 ($250KC: $272 tools and some equipment. automation and improvements handle the vaporized COg and
-5-1 ( d ) Efficacy: The efficacy of this in pellet delivery. large volumes of air containing
technology for removing the Demonstrate efficacy for the removed deposits are
listed contaminants from the ramoving Hg, etc. from inside neaded to usa this technology.
various substrates has not of pipes and equipment. Devealopment coat: $500K
been demonstrated and Is Capital cost; : ~$200K
doubtful. Waste: Wastes Operating cost: $2-10/i2
would ba HEPA filters and
e sorbents filled with the
removed cantaminants. Large
airflaw Is required to
accslerate pellots.
High Pressure Water Blasting Accepted Improvement: To minimize A water reatment system is
DCON-52-0Y Highy pressure water, blasting waste generation, a water needed to minimlze waste.
has besn used very. treatment system is needed for Robotic dalivery will be
Ranking:* successfully to decontaminate decontamination of the required to clean the inside of
m H-5-1 (§1.2M: <$2/2) various large and.complox wastewater so that the water pipes and equipment.
-surfaces at nuclear power can be reused. Development cost: Water
plants- - Improvement: Remote treatment system: About
Efficacy: Techniqueis - operation will necessitate the $1.2M.
expected to be effective with a- adaptation of the high pressure Remote operation: $3-4M
DFof about 50 for loosely water system to robotic system Capital cost: $50K-$75K
adhering contaniination; DFs control. (about $250K with remote
will ba higher if chemical operation)
cleaning agents are also used. Operating cost: <$1.00/ft2
Waste: Wasts s 4 to >100
gpm of contaminated waste
L water,
Superheated Water Accepted . Improvement: To minimize Robotic delivery will be
DCON-53-0Y Technology-is avallable and . waste generation, a water required to clean the inside of
. has been used by industry. treatment system is nesded for pipes and equipment. Design
m Ranking:* Efficacy: Theremovalof dacontamination of the and construction of a water
M-5-1 ($1.2M; <$2/2) loosely bound Hg should be wastewater so that the water recycle system are needed to
complate, but the removal of can be reused. use this tachnology.
more tightly bound . ’ Improvement - Remote Development cost: about
contaminants is likely tobe operation will necessitate the $1.2M
ht. . adaptation of the Capltal coot: ~$175K
Wasto: Waste will bs 0.4 to superheated water system to Operating cost: $2/t2
2.0 gpm wastewater containing robotic system control.
S removed contaminants.

September 1994



» Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

* Facility —_
Decontamination
and
Decommissioning
(D&D)

* Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

* Waste
Management
(WM)

Y-12 Problem Problem Areas:Constituents E Subelements

— Alpha 4 Building (8201-4) ——

Seplember 1994

Problem #1
In situ decontamination of the
interior of nickel & stesl
process equipment
contaminated with:

Hg

LiOH

HaS04

HNOg

— Refertothe Ragdatory

Cempliance chaptsr for
pasntial applicable, proposed,
and promuigated
environmental laws, signed-
and pending agreements for
the: Ozk Ridge Resaivation
{Ol3R), radiation protection
standards, DOE orders, and

regulatory qur;memswﬂl be
spexcified. '

Reinoval of all asbestos
Instilation in Buiding 9201-4-
Target Date 9/30/97.
(Miestone No. OR270111)

== Decontamination
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ination

Alternatlves Technologles “ Science! Technology Needs lmplementatlon Needs

ifacs Cleaning

=r—— Steam Cleaning

DCON-55-0Y The techn!que has proven
usaful, especially an complex
shapes and large surfaces.
Efficacy: Technologyis
expected to be effective for Hg
but not for more tightly bound
contaminants.

Wasta: Waste will ba 0410
2.0 gpm wastewater containing
ramaved contaminants.

Ranking:
M-5-1 (s1 2M; §1-22)

Demonstration
This technology has been
used at Rocky Flats to remove
plutonium contamination from
the inside of pipes. Tests
would be needad to
demonstrals its effectiveness
for ather-contaminants on
othsrsubstrates.
Efticacy: Brushing is effective
for smearable and loose
contamination:. The interlor of
the pipes-at Rock Flatswas®
cleaned to shiny metal..
"Waste: HEPAfilters and -
adsorption canistersonthe
vacuums used to pick up the
particles of contamination and
the wom brushes.

Automated Brushing
DCON-57-OY

Ranking:*
M-3-2 (S1M; $30043)

Demonstration

The technology is readily
availabla but needs to be
demenstrated for the specific

-site conditions.

Efficacy: Has a good chance
of working for the volatile
contaminants ifa viable * -
collaction method is avaliable.
~Waste: Tho volatile*

- contaminants will ba i the
warm air.stream. A filter and
charcoal sorbent should

- remove the contaminants.and

_constitute the final waste

stream.

Hot Air Stripping
DCON-59-OY

Ranking:*
H-5-2 ($2M; $31%)

Dry Heat Conceptual

DCON-60-0OY The use of heat to increase the
vapor.pressure of semi-volatile
materials Is will known, but the
use of heat forinsiu
decontamination, withdrawal of
gases from equipment; and
treatment of the contaminated
off gases.is unproven.

- Efficacy: This process should
work for contaminants which:
can be volatifized.”

Wasta: This will initially consist
ot volatilized contaminants
along with hot alr and other
vaparized materials. The
contaminants must normally
be removed by scrubbing,
somtion, or possible filtration
before atmosphesric release is
allawed, .

Ranking:*
M-5-2 ($1M; >51/2)

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Development:

Test to demonstrate that this
technology is effective for the
problems at Alpha 4.

Development:

Investigation of the conditions
and removal efficiency for the
removal of Hg and other
volatile contaminants is
required. Development of a hot
air cleanup system is needed.

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.

Design and construction of a
water recycle system are
needed to use this technology.
Davelopment cost: about
$1.2M

Capital cost: $50-75K
Operating cost: $1-$2/12

Norma! Implementation

needs.

Development cost: $1,000K
Caplital cost: $250K
Operating cost: $300/1t of
pipe

An air cleanup system Is
needed {o usa this technology.
Development cost: ~$1M
Operating cost: $3/12
Capltal cast: $2M

An alr cleanup system s
needed to use this technology.
Developmsent.cost: $1M
Capital cast:~$1M

Operating cost: $1.00/ft2
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EM Goals Y-12 Problem Problem Areas:Constituents E Subelements l

— Relertothe Regulatory ~ ————  Decontamination

« Clean Up Legacy
Waste

* Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problems

—=— Alpha 4 Bulkiing (9201-4)

* Facility
Decontamination
and
Decommissioning

(D&D)

» Remedial Action
{RA)—Saoils,
Groundwater
and Surface
Water

* Waste
Management

Page 2-6

Problem #1
In situ decontamination of the
interior of nicke! & stasl
process equipment
contaminated with;

Hg

LiOH

HoS04

HNO3

Removal of all ashestos
Insrilation in Building 9201-4- .
Taiget Date 9/30/97.. :
(Milestone No. OR270111)

Deconu
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Thermal Surface Removal

Plasma Torch
DCON-72-0Y

Ranking:*
H-5-2 (S500K; >$2/2)

Laser Heating
DCON-73-0Y

Ranking:*
M-4-4 (8500K; >§1/2)

Laser Ablation
DCON-74-0Y

Ranking:*
M-4-4 (31M; >81/2)

Plasma Surface Cleaning
DCON-75-0Y

Ranking:*
M-5-3 ($1M; >$1.75/2)

Evolving Technology
Congcsptual

Plasma torches exist
commercially to weld and cut
materials that have very high
melting temperatures or
require an inett

Plasma torches have not been
used for decontamination.’
Efficacy: Plasmatorches
should be effective in removing
Hg, stc.

Wasts: Wastes would consist
of materials used to trap
reaction products from the
decomposition of organics,
vaporized substrate, and
removed contaminants.

Demonstration

Currently being used to
remove contamination from
matal surfaces. Curment
prototype systems are capable
of ramoving 2-mil-thick coating
atthe rats of 100 ft2/hr.
Efficacy: Likely to be effective
In removing Hg and inorganic
acids. -

Waste: Waste will be sorbents
and filters filled with
contaminants.

Prodemonstration

Several research groups at
university and government
laboratories have used the
technology to remave
radiclogical and organic
contaminants form various
surfaces. The technique is
slow to remave large deposits.
Waate: Wastes would be
remaved deposits, soma
substrate material, and
sorbents and fiters from ths off
gas treatment systam.

Demonstration-

Plasma surface cleaning by
glow discharges are commonly
and effectively utilized for.
cleaning high bonding energy-
contaminants from surfaces of
metals prior to the operation of
fusion devices.

Efficacy:. Technology is
expected to be etfective for
remaving deposits from' intedor
surfaces of process
equipment, but whather the
plasma can follow the frregular
shapas invoived is uncartain.
Waste: Wastes would be the
vaporized deposits plus filters
and charcoal sorbent from the
collection system.

Sclence: Laboratory tests are
needed to demonstrate
efficacy of vaporizing Hg, etc.,
by-products, and suitable
trapping materials. Computer
modeling of plasma-surface
interactions and heat transfer
are needed.

Development: Plasma
torches having geometriss and
conditions suitable for
decontamination need to be
developed along with suitable
collection and gas treatment
systems.

Davelopment: Current
prototype needs to be
evaluated for possible use on
contaminated areas.

Development: Existing lasers,
delivery systems, sand off gas
treatment systems need to be
integrated into a prototype
system for demonstration.

Sclence: Data on cleaning
rates for Hg and other
contaminants and various
substrates of interest are
needed.

Development - The capability
of plasma generation and
cleaning on complex internal
surfaces of contaminated
equipment with large surface
areas needs to be established.

A collection system for the
deposits would be
neaded to implement this
technology.
Devalopment cost: ~$500K
Capltal cost: ~$100K
Operating cost: $1.00/
Avallable at Y-12.

A collection system for the
depasits would be

needed to implement this
technology.
Development cost: $0.5M
Capltal cost:.
$0.5M+/machine
Operating cost: ~$1.004t*

A collection system with an
adequate off gas treatment
system would be need to
implemaent this technology.
Development coal: $1M
Capital cost: $0.5-
1M+/machine

Oparating cost: ~$1.00/1?

A collection system with
appropriate sorbents and filters
for the vaporized deposits
would be needad to use this
technology. An slectric power
supply woukt be needed.
Development cost: $1M
Capital cost: $0.5-1M
Imachine

Operating cost: > $14¢
Avallable 2t Y-12.

September 1994



EM Goals

« Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship
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Decontamination
and
Decommissioning

(D&D)

* Remedial Action
(RA)—Soils,
Groundwater
and Surface
Water

» Waste
Management
(WM)

September 1994

— Alpha 4 Building (3201-4)

Problem #1
In situ decontamination of the
interior of nickel & stesl
process equipment
contaminated with:

Hg

LiOH

HoSOy4

HNOg3

Y-12 Problem " |Problem Areas:Constituents Subelements

~— Refor to the Reguiatory

Compliancs chaptar for
potantial applicable, proposed,
and promulgated

environmental laws, signed-
and pending agreements for
the Oak Ridge Ressrvation
(ORR), radiation protection
staniards, DOE orders; and
nontegulatory guidance. As
site- and wasts-specific
charactaristics are.provided for
each tachnology, specific
regulatory requirements will be

Removal of all asbestos
Insulation in Building 9201-4-
Targe} Dats 9/30/97.
(Mastone No. OR270111)

= Decontamination
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]
AllernafiJes

Technologies

! Status

Science! Technology Needs

Implementation Needs

N

rmal Surface Removal -!—

M|

emical Surface Cleaning

Plasma Etching
DCON-76-0Y

Ranking:
M-5-3 (51 3M; 332

Flashlamp Cleaning
DCON-77-OY
Ranking:*

M-5-2 ($2M; $3/2)

Chemical Leaching
DCON-5-0Y

Ranking:*

M-1-1.5 ($500M; <§1/2)

Chemical Foams
DCON-8-0OY

Ranking:*
M-5-1 ($1M; /.5-22)

Demanstration
Flashiamp systems are being
used o remove organic
contamination from metals,
precious matals, and fragils
substrates. Hanforg- .
Westinghouse Laboratory is
conducting tests.of xenon:
flashlamp systems for
removing radlological
contamination from surfaces
lnsuda metal storags vessels.
cy: Technology k Is likaly
tobe eﬁedwa for surface Hg
contamination.
Waste: Wastes would be
removed deposits, soms
substrate material, and
charcoal sorbant from the gas
treatment system.

Predemonstration
Chemical leaching is anv
accepted technique fur some
applications.

Efficacy: Leaching with.the

proper chamicals is likely to be.

effective.. . -

Waste: Waste would be
original materials.
contaminated with chemlml
leachates plus chemical .
leachates containing removed
contaminants or.siudges; filter-
cakes, and ion exchange resin
from recycle system containing
removed contaminants.,

Demonstration”

Widsly used throughout the -
nuclear Industry. Feam js used
as a camier of chamical
decontamination agents, not
as the agent iiself. tcan be
sprayed on and wiped, insed,
orvactumed off.
Efflcacy: Effectiveness for
fisted contaminants and
substrates has not been
dsmonstrated.

Wasto: Small amount of
contaminated sulfonated
datergents, synthetic wetting
agents, coupling agents, finse
water, and drying cloth..

Predemonstration

Plasma etching processes are
used in material procassing
and microslectronic
manufacturing.

Efflcacy: Exirapolating these
plasma processes for
vaporizing and recovering Hg
is considered feasible.
Waste: Wastes would be the
vaporized deposits plus filters
and charcoal sorbent from the
collection system.

Development: Commercially
available flashlamp systems
need to be evaluated for Hg
deposit remaval.

Development: Bench scale
tests are needed to determine
which chemicals would be
effective and what secondary
waste treatment would be
necessary to recycle
chemicals.

Development: Scale-
up/development of the process
to a size appropriate for Y-12
use. The technology itself is
inexpensive, but development
of the proper chemical and
appropriate foam carrier and
scalg-up will probably require
support.

improvement: Full control
over the mean bubble
dimensions and the volume
swaell factor are needed,
indicating that some basic
research will be necessary.

Sclence: Data on cleaning
rates for contaminants and
substrates of interest are
needed.
Development- The capability
of plasma etching on deposits
in complex equipment with
large surface areas needs to
be established.

A collection system for the
vaparized deposits would be
needed to implement this
tachnology. :

mant cost: ~$2 M
Capltal cost: $50-
100K/machine
Operating cost: ~3.00/!

Extensive chemical processing
system for chemical leaching
with a wasta freatment system
for treatment or recycle of
spent chemical leaching
solution is nesded.
Devslopment cost:

Efficacy Damo: $500K

Capltal cost: $150K
Operating cost: <$1/2 or $5-
$501b

A waste troatment systems is
needed for the foam and
wastewater.

Development cost: $1M-$4M;
Capital cost: $50K
Operating cost: $0.50-$2/1¢
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== Problem #2

In-situ decontamination of the
exterior of steel and nicksl
process equipment
contaminated with:

Hg

LiOH

HoS04

HNO3

Asbestos.

—  Reforto'the Regulatory

Removal of all ashestos
Insulation in Bullding 9201-4-
Target Date 9/30/97. .
{Miastone No. OR270111).
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mination

Alternatlves Technologles Science! Technology Needs lmplementatlon Needs
i

Bulk Decontamination =———p——

Chemical Surface Cleaning —mg——

Chemical Leaching
DCON-5-0Y

Ranking:*
M-1-11/2 ( $500K; <1/2)

Vacuum (Low Prassure) with
Heat
DCON-7-0Y

Ranking:*
M-5-1 ($1M; $1.20/2)

Chemical Foams
DCON-8-0Y

Ranking:*
M-5-1 ($1M; $0.5-$2.//2)

Hypochlorite Oxidation
DCON-202-0Y

Ranking:*
Not Ranked

Predemonstration

Chemical leaching is an
accepted tachnique for soms-
applications,

Efficacy: Bench scaletests
are needad to detsrmine which
chemical would be effective
Waste: Waste would be-
original materfals
contaminated with chemical
leachates plus chemical -
lsachates containing removed
contaminants or sludgas, fitter
cakes, and lon exchange resin
from recycie system containing
removed contaminants.

Domonstration
The use of vacuum with heat is
well known to improve the - -

. removalrate for-many

contaminants. )
Efticacy: Likely to Improve’ the‘

. fata.of removal of Hg and -
: soma other contdminants, -

however, this mustbe o

"‘balanced agajnst its cost., -

Waste: sabwcomain!ng h

_remaved contaminants and -

ather volatiles or filters from a
system,

Domonastral
Widsly used throughout the .

* nuclear Industry. Foam is usad

as acartier of chemical

_decontamination agents, not ;

asmeagenmself RRcanbe .

. sprayedon a.ndwlped rtnsed

* of vacutimed off: -
',Eﬁ!eacrsﬁealvenessfuni :

" Tisted.contaminants &nd
 sybstrates has notbeen - -

demonstrated. - °

- Waste: Smaﬂamounmf .

contaminated sulfonated

" detergents, synthetic wsmng
‘agents, coupling agents, rinsé
R water. and drylng doth.

Accepted
Core process.is comme:daliy

< avaflable and.practiced ofvan
- Industrial scale, !magrated o

process nesdstober - |
damonstrated. ~ | -
Efficacy: Dependanton - °
solution flushing. efﬂclency.
Core process reduces Hg, fn
water efflusnt to <2ppb. -
Waste: Cleanup dsbrls, some.
salts, spant resin and carbon.

Development: Bench scale
tests are needed to determine
which chemicals would be
effactive and what secondary
waste treatment would be
necessary to recycle
chemicals.

Development:

The characteristics of the
spaecific contaminants must be
matched to the rate advantage
of decontamination by
volatilization under vacuum
conditions for the specific
heating applied.
Improvement: In-situ
conditions need more
streamlined designs to apply
the vacuum and heat
combination efficiently.

Development: Scale-
up/development of the process
to a size appropriate for Y-12
use. The technology itself is
inexpensive, but development
of the decontamination
chemical and appropriate foam
carrier and scale-up will
probably require support.
Improvement: Full cantrol
over the mean bubble
dimensions and the volume
swall factor are needed,
indicating that some basic
research will be necessary.

Core technology is ready to
use.

Extensive chemical processing
system for chemical leaching
with a waste treatment system
for treatment or recycie of
spant chemical leaching

. solution.

Development cost:

Efficacy Damo: $350K
Capital cost: $150K
Opeming cost: <S1/12 or §5-

Oft-gas treatment is needed to
usa this techi

: Devclopmn‘t cost: ~5250K-

cost: S22

’ Opmtin
Capital cost: $1M

Normal implamentation
requirements:

Developmeont cost: $1M-$4M;
Capltal cost: $50K

Operating cost: $0.50-$2/11%

Normal implemaentation
requirements and a fluid
delivary.and cleanup system
needs to be Integrated with
core technology
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Decontai

m Y-12 Problem Problem Areas.Constituents Subelements I

» Clean Up Legacy _ .
= Alpha 4 Building {9201-4) Problem #2 Refortothe Regulatory ~ =~ Decontamination
Waste pha " ( In-situ decontamination of the Compliance chapter for i
axterior of steel and nicke! m"ﬁd applicabis, proposed, |
* Prevent Future process equipment | promuigated
Insult contaminated with: environmental laws, signed {
Hg aﬂdm‘mg w‘w"eﬂwfof :
LiOH the Oak Ridga Reservation |
» Develop HpS04 (ORR), radiation protaction i
Environmental . HNO3 standards, DOE orders, gAnsd ;
Stewardship . Asbestos nonteguiatory guidance. As - ;
. site- and wasts-specific
characteristics ars provided for '
eacht tachnology, specific ;
regulaiory mqukememswil be ;
specified: :
Renioval otaﬂasbestos :
Instation in Bullding 9201-4- ‘
EM Problems ’ ’ Target Date 9/30/97. '
(Miostone No. OR270111) ;
« Facility . =t .o L
Decontamination oL ’
and .
Decommissioning ’ -
{D&D)

« Remedial Action o . S . '
(RA)—Soils, L ’
Groundwater -
and Surface
Water

* Waste
Management
(WM)

September 1994 :




nination

Technologles Science/ Technology Needs Implementatlon Needs

“hemical Surface Cleaning ~——

Chemical Gels
DCON-9-OY

Ranking:*
M-4-1 (31M; $0.5-$2/12)

Electropolishing
DCON-15-0Y

Ranking:*
M-4-3 ($1M; $>2/42)

The uss of chem!w! gelsis
most suited to
decontamination of largs
surfaces. Gelisusedas a
carrier of chemical
decontamination agents, not
as the agent iteelf. it Is sprayad
on componant walls; alfowed
to work; and then scrubbed,
wiped, rinsed, or-peeled off.
Efficacy: Expactad to be
sffective only for smearable
contamination.

Waste: Wastes would be
carboxymethylcaliulese gelling
agent, aluminum nitrate
chelating agent, wash watsr,
acidic chamical agent (possibly
nitric-hydrofiuoric-oxalic acid),
and the removed
contaminants, Wastes are
reportedly 4-5 times lass
compared to chemical
solutions. .

Demanstration
Electropoiishing is a surface
removal technique and the
amount of surface removed is
proportional to factors such as
current, time, and voltage.
Elsctropolishing is essentially.
a"lina> of sight” process so
cracks, cravices, areas out of
sight of , or.shadowed by, the
elettrode wifi notbe
decontaminated.Contaminated
alectrolyte must be removed
for complate decontamination
to be achieved. The elactrolyte
must be held in contact with
the outsids of the equipment.
Efficacy: Elsctropolishing is
difficult to apply to In situ
equipment.

Waste: Waste would be
removed contaminants along
with tha small amount of
substrate removed.

Development: Complex gel
formulation with a number of
compounds may be required,
depending on the objectives.
Laboratory optimization will be
necessary, with any change in
variables.

Development: Primary and
secondary waste treaiment
and solution recycle need to
be developed. Cleanup
principles (e.g., ion exchange
and filtering) are well
established, so that only
design and demonstration are
needed. For in situ conditions,
a feasible method to hold the
electrolyte in contact with the
outside of the equipment is
needed.

Improvement: Better
methods to remove the
electrolyte and contaminant
would be helpful.

Normal implementation needs:
Development cost: $1M-$4M
Caplital cost: <$50K
Operating cost: $0.50-
$2.00/1

Treatment an;d recycle of the
electrolyte is needed to
minimize wastes from this

process.
Devslopment cost: ~$400K
to $1M

Operating cost: >$2/it? with
additional capital cost.
Capital cost: $1M
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— Apha 4 Bullding (9201-4)

Problem #2
In-situ decontamination of the
exterior of steel and nickel
process equipment
contaminated with:

Hg

LiOH

H3S0,4

HNOg

Asbestos.

Conpliance chapler for
potantial applicable, proposed,
ancl promulgated .

(OFIR), radiation protection
standards; DOE orders, and
norrequiatory guidance. As -
sits- and wasts-specific
charactsristics are provided for
each tachnology, specific
tegtatory requirements will be
spacified.

Reinoval of all asbestos
insulation in Building 5201-4~
Target Date 9/30/97.
{Miestona No. OR270111)

Decont:
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Altematwes Technologles “ ScnenceiTechnologyNeeds Implementatlon Needs

Chemical Surface Cleaning =p=———

Amalgamation
DCON-16-0Y

Ranking:*
H-5-1 ($500K;N)

Biological
DCON-17-0Y

Ranking:*
L-5-2 ($500K; $0.1-$32)

Predemonstration

Although amaigamation of
mercury with metals of intarest
is well known; applicationto Y-
12 problams has not been
demenstrated. Copper and
zinc are main metals of
interest for amalgamation.
Efficacy: Mathod transforms
liquid Hg into a solid that is
often easy to recover. Method
must be used with a second
msthod such as vacuuming.
May actually be a-
disadvantage in cases where
Hg cauld be recovered for
reuse.

Waste: Resulting amalgam,
which Is unreactive, is chief
waste. Zn amalgam is ~57wi%h
Hg. The Cu amalgam is-
<7Tewth Hg. -

Evolving Technology /
tual

The knowledge base exists for-

biological treatments of various

contarhinants; however, there~ )

fs nota data base for
application of tha teclmology
for surface dacontamination.
Efilcacy: This technology is
quite likely to be successful for
HNOS and parhaps, H2S04. it
could be successful for Hg and
LiOH, but the Hg and Li would
remaln in tha bacterial sludgs.
Waste: The waste generated
would ba the contaminated

‘layer of microbes ramoved
fmmthe trea.tad surface. -

Development :

Laboratory and bench scale
assessment is needed to
determine the suitability of this
process to the Y-12 problems.

Sclence: Literature study and
bench-scale tests of microbes
on Hg, LiOH, and H2S04.
Development: Davelop
methods for applying a layer of
microbes, supplying needed
nutrients, and removing the
microbe layer from the
decontaminated item.
Available at X-10, K-25.

The avallability of a suitable
facllity to do development work
is assumed.

Development cost: $500K
(mainly personned costs)
Duration: 8 months

Capltal cost: $100K
Operating cost: NA

Fadllities for cultivating the
bacteria and disposing of the
bacterial sludge would be
needed. .

Davelopment cost: $300K-
$600K

Capltal cost: ~§200K
Operating cost: $0.10-
$3.00+12

Avallable at X-10, K-25.
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September 1894

Problém Areas:Constituents| Refe

Problem #2
In-situ decontamination of the
exterior of steel and nickel
process equipment
contaminated with:

Hg

LiOH

H2S04

HNO3

Asbestos.

Compliance chapter for
pctsnﬁaiappﬂwbie proposad,

and promeigated
environmental laws, signed

and pending agreements for
the Ciak Ridge Ressrvation

. (QRH), radiation protaction -

stanclards, DOE orders,.and
nonrguiatory guidance. As

" site- and wasts-specific
’dmmdsﬁcsampmvdadfor

each tachnology, specific
_requlatory requirements will be
- spedified.

- Ramoval of all asbestos
. insulition in Buikding 9201-4~

Targot Date 9/30/97.

(mestone No. OR270111)
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Alterna%ives Technologies ‘ Science!/ Technology Needs | Implementation Needs
| - i | ;

>hemical Surface Cleaning ——

Mechanical Surface Rernovai-‘—

Chelation
DCON-21-0Y

Ranking:*
M-4-2 (81.5M; <$1/8)

Sulfide Conversion
DCON-22-0Y

Ranking:*
M-3-1 ($500K;N)

Ultra High Pressura Water
DCON-35-0Y

Ranking:*
H-5-1 (81.3M; $1/t2)

Demonstration
The technology has been
employed at various. facility
operations and nuclear power
plant sites.
Efficacy: Excellent DFs
achieving acceptabls
decontamination levels
resulting in unconditional
releass. Easy to apply in situ
as agent acts at neutral pH
and are non-hazardous, non-
fuming, have no gas evolution
and are blodegradable.
Waste: Simple waste
minimizing treatment and
disposal as a non-RCRA
waste. Minimizes waste
through oxidative destrucﬁon
of chelate agent, partitioning
organics (including PCBS) and
concentration of radionucti des
precipitated.outinthe .
flocculent shudge which can be
further de-watered.

Evolving Techno!ooy

Must evaluate the kinatics of *
the room temperature reaction
of sulfur with elemental Hg to
form Hg S, which is not water
soluble and which Is often
easier to collect than elemental

Hag.

Efficacy: Mothod applicable
only to elemental Hg, Method
must be used with a second
mathod such as vacuuming.. -
May actuallybe a
disadvantage in cases where
Hg couldbe recovered for .
reuse.. -

Waste: The chlef waste is the
recovered HgS which is about-.
84wit% Hg.

Accepted ’
Technology has bsen used by
industry.

Efficacy: The decontamination -

efficiency should be e&eﬂﬂaﬂy
100% unless the
contamination has diffused -
deap into the substrate. .
Waste: Unless a recyda .
system is developed, wasta"
would be 3-5 gal watar/ft® that
contains the contaminants
removed.

Development: Validation of
updated chelating agents is
needed and is currently
underway at ORNL to confirm
total efficacy and economic
advantage.

Sclence/Development: Both
lab and bench scale
experiments are required to
determine the kinetics of the S
and Hg reaction at room
temperature and {o evaluate
the suitability of the method to
th Y-12 Hg problems.

Technology Improvement:
To minimize waste generation,
a system is needed to treat the
water so that it can be
recycled.

Technology Improvement:
Automation, especially vertical
surfaces.

Application equipment for in
situ decontamination. Support
personnel and equipment to
sample, analyze, davelop
appropriate concentrations,
ensure oxidation of arganics
anw:; complets partitioning

necessary.
Development cost: ~$1.5M
Capital cost: ~$1.5M
Operating cost: <$1/ft*

The required lab and bench-
scale experiments are
expacted 1o be relatively
simple. Existing equipment
and facilitles will lkely support
these activities with slight
modifications.
Development cost: $500K
(malinly parsonnel costs)
Duration: ~ 8 months
Capital cost: $100K
Operating cost: NA

A walter treatment system is
needed to minimize liquid
wastes from this technology.
Development coat: $1.3M
Capital cost; ~$500K
Operating cost: ~$1/1t
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Problem #2
In-situ decontamination of the
exterior of steel and nickel
process equipment
contaminated with:

Hg

LiOH

HyS04

HNO3

Asbaestos.

— Ra!ermﬂwRaguatory

e Decontamination

(ORRY), radiation protaction
standards, DOE orders, and

. n(weg.ﬂatorygﬂdaqce.l\s

Rixmoval of afl asbestos
insulation in Buiiding 92014~
Target Date 9/30/97.
(Mizestone No. OR270111)
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Alter;nahves Technologles Science! Technology Needs lmplementatlon Needs
\

Maechanical Surface Removalge=—

Shot Blasting
DCON-36-0Y

Ranking:*
H-4-0 ($0; $1/1%)

Commerda! iron shot blasters
are in use.

Efficacy: They are generally
effective but leave some hot
spots.

Wasta: Wasts would be spent
shot, abraded substrate, and

‘removed contaminants in

Grit Blasting
DCON-38-0Y

Ranking.
M-5-1 ($250K $2.50m2)

Centrifugal Cryogenic COp
Blasting
DCON-33-QY

Ranking:*
H-5-2 (3.75M; <§1/4%)

filters and charcoal sorbents.

Accepted

Has been used successfully
for many appllcaﬂons inthe
nuclear industry: -

Efflcacy: - Technology Is
generally effective.:

Wasta: Waste would be used
grit, abraded substrate, and
removed contaminants on
filters and charcoal sorbent.

Domonstration

Caentrifuge pellst accsleration
has been demonstrated in the
DOE fusion energy program,
as a decontamination tool in
the Y-12 facility waste . .
minimization effort, and more

E recenﬂyasananaaftdepaim

“Efficacys Technology Isfiksly .

mechanism. .

to be successful with very high
decontamination factors:.

"Waste: Tho waste wiltbe -

Ice Blasting
DCON-40-0OY

Ranking:*
H-5-1 (8.75M;)

filtars andsorbems containing
the cambinationof - -
contaminants and substrate
material.

Demonstration-

Efflcacy: Efficacy of
commoerclal system for this
application neads
demonstration. .

Waste: Wastg would be about
14 to 18 gallons per hour
waste water contalning
‘contaminiants, removad from
the process equxpmam.

Improvement: Automation,
especially for walls and
ceilings.

Improvement: automation,
especially for walls and
ceilings. Better vacuum system
demonstration. Needs system
for handling waste.

Development: Demonstration
of mobile system with high
velocity peliets delivered at a
sufficient rate and adequate
collection of removed
contaminants.

Technology Improvement:

1) Demonstration of an on-line,
real time contaminant sensor
which would minimize the
decontamination effort

and limit the waste stream; 2)
automation

Development: Demonstration
of efficacy of commercial
system.

Technology Improvement:
Automation/robotics, especially
for curved surfaces. Waste
handling improvement
required.

A collection system with
adsquate filtration and
sorption.

Devslopment cost: None
Capital cost: ~§50K
Operating cost: ~$1/4t?

A collection system with
adequate filtration and
sorption.

Davelopment cost: Nons
Capital cost: ~$50K
Operating cost: $~5/t2

Design and construction of a
vacuum waste-handling
system with sarbents and
filters to handle the vaporized
CO;, contalning the removed
contaminants. plus oxygen-
deplstion precautions.

Development cost: <$1M
Capital cost: $100K
Operating cost: <$1/it*

A water treatment system Is
needed to minimize liquid
wastes from this technology.
Development cost: $250K
Capltal cost: $100K-$tM
Operating coat: <$1/it2
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In-situ decontamination of the
exterior of stesl and nickel
process equipment
contaminated with:

Hg

LiOH

HaS04

HNO3

Asbestos.

{QI3R), radiation protaction -
standards, DOE orders, and
nanregulatory guidance. As
siter and 3

characteristics arapmvdsd for .

each tochnology, speci

,regulatoryreqv.ﬂramemswmbe

specified.

Removalofallasbes:os

insulation In Buikding 5201-4-
Target Date 9/30/97.

"(Miestone No: OR270111).
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1 :
Alternatuves Technologles j ; Status Science/ Technology Needs Implementatlon Needs
I

lechanical Surface Remov

Supercritical CO2 Blasting
DCON-41-QY

Ranking:*
M-5-3 ($0.75M; >$1/4%)

Plastic Pellet Blasting
DCON—42-0Y

Ranking:*
M=4-1 (30.2M; >$1//€2)

Hand Grinding, Honing,
Scraping

DCON-43-0Y
Ranking:*

H-5-0 ($0M; $1/°)

Predemonstration:

Efflcacy: Likaly to be effective
with very high decontamination
factors.

Wasta: Waste would be the
removed contaminants of Hg,
LiOH, H2S04, and HNO3 and
moderate amounts of matal
substrate contained ina-
cyclone, filter, and/or sorbent.

Accepted

Plastic pelfet blasting is a
widsly used alternate to sand
blasting for appfications in
wh!ch itis desired to impart
minimal damagse to the

substrate. .

Efficacy: Technology should -
remove Hg and smearable
contamination, but not fixed
contamination. . .
Waste: Wastae would ba spent
plastic pellets plus remaved
contamination.

Accepted .

Grinding with hand--held -
power grindars has besn
successfully used for smali-
scale dacontamination..
Efficacy; Is afféctiva for-
surface contamination.
Waste:, Surface area of item
being decontaminated, spent
grinding media (such as emety
paper), and the adsarption.
canisters and filters on the
vacuum system:.

Development: Investigate the
effect of operating parameters
on removal rates and
efficiencies for removal and
collection of contaminants.
Demonstrate efficacy for the
intended contaminants.
Ashestos is not considered a
viable candidate for removal
by this process.

Improvement: Davelop and
demonstrate system for
processing waste.
Improvement: Minimize blast
media erosion to minimize
waste; automation/robaotics;
improve containment of waste
and removed contaminants.

None

Design and fabrication of the
vacuum waste-handling
system with filters and
sorbents to handle the
vaporized CO2 containing the
removed contaminants,
Address concem for depleted
oxygen conditions.
Dovelopnwnt cost: $250K-

Capitnl cast: $500K-750K
Operating cost: §1+t2

A systsm’for procassing waste
to an acceptable form is
neseded.

Development cost:

(Improvements) <$0.2M
ital cost: $200K

Operating cost: >$1.0/it2

A systsm to collect and
remova mercury vaporized by
the heat generated during
grinding will be needed.
Devslopment cost: None
Capitat cast: $150 (310K with
vagcuum system)

Operating cost: $1/it2
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== Problem #2
In-situ decontamination of the
exterior of steel and nickel
process equipment
contaminated with:
Hg
LiOH
HoS04
HNO3
Asbestos.

— Roforto the Ragulatory
CornpBance chapter for
potuntial applicable, propesed,
and promuigated

environmental laws, signed.

and pending agreements for
the Oak Ridge Reservation .
{OFIR), radiation protsction
standards, DOE orders, and .
nonreguiatory guidance. As .
site- and wasts-specific
characharistics are provided for
each lachnology, specific
mgﬂmrymgﬂrmemswﬂbe
speaﬂsd.

Retnoval of aft asbestos
insulation in Building 92014+
Tarpet Date 9/30/97.
(Mieswoa No. OR270111)
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Sutface Cleaning

Automated Grinding
DCON-44-0Y
Ranking:*

M-5-3 ($1M; $1/12)

Slurry Blasting
DCON-50-0Y

Ranking:*
M-5-2 (30.5M; $1.75/42)

Compressed Air Cryogenic
CO2 Pallet Blasting
DCON-51-OY

Ranking:*
M-5-1 (80.25M; $2/2)

Conceptual

Grinding has besn
successfully used for smal}
scale decontamination. This
grinding was done with hand-
held power grinders.
Remotsly-opsrated grinding
equipment is avaliable, butno
reverences to'its use for-
decontamination have been
found.

Efticacy: s eflective for
surface contamination.
Waste: Surface area of item
being decontaminated, spent
grinding medla (such as emery
paper), and the adsorption
canisters and fillers and
sorbenton the vacuum
system.

Theusaofacombﬁvaﬂoncf
grit and water Is'well known to
effactively remove a variaty of-
contaminants. tisa: . -
moderatetyaggrassive

Emucr Likeky. tolmprovathe
decontamination rate over the
high pressure water process;
howaever, this must be
balanced againsta sllghﬂy
more complex proce

Waste: Aquaous soluﬁm of
spent grit and removed
contaminants. The inclusion of
volatiles in the solutioh is a

ma}orquesﬁm.., e

Domonetraﬁon

This technology Is - _E
commaercially avai!able it has
been usad at nuclear reactor-

" sites o decontaminate hand'

tools and some

equipment.:
Efficacy: The efficacy of this _

technology for removing the
listed contaminiants from the'.
various substrates has not
besn demonstrated. :
Wasts: Wastes would be
sorbant and filters fillad wilh
E‘::éim?"“‘“’mm

s raquired to
accelorate pellets:- .

Development:

The applicability of this
technology for
decontamination needs to be
demonstrated.

Davelopment: The
characteristics of the specific
contaminants must be
matched to the increased
removal rate for the grit
blasting concept. Separation of
the contaminants from the
aqueous spent grit matrix must
be accomplished satisfactorily.
Improvement: The on-line
recycling process may need
improvement for satisfactory
operations.

Davelopment:

Evaluate technology that has
recently bsen demonstrated in
Department of Defense
programs regarding
automation and improvements
in peliet delivery.

A system to collect and
remave mercury vaporized by
the heat generated during
grinding will be needed.
Deavsiopment cost: ~$1M
Capital cost: $250K
Operating cost: $1/112

A varisly. of commercial
enginesred systems are
available with considerable
oparating expsrianca.
Development cost: $750-
1250K

Capltal cost: >$0.5M
Operating cost: $1.75/1?

6asign and construction of a

- vacuum waste-handling

system with filters and sorbent
to handle the vaporized COp
and large volumes of alr
contalning the removed Hg
and other contaminants plus
oxygen depletion precautions
are needed to use this
technology.

Bevalopment cost: $250K
Capltal cost:

COo System: ~$200K
Operating cost: ~$2/i2
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process equipment and ed
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Hg and pending agreements for
LiOH tha Dak Ridga Resarvation
H2SO4 (ORR), radiation protaction
HNOg stardards, DOE orders, and-
Asbestos. non‘eguiztory guidance. As
. site- and wasts-specific
eadls technology; specific
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specitiod, -
Removal of all asbestos
Insulation in Building 92014~
Target Date 8/30/97.

{MIostone No. OR270111) -

September 1384,
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‘ ‘
Alterna;ti{res ‘ Technologies . 1

rface Claaning -

High Pressure Water Blasting
DCON-52-0Y

Ranking:*
H-5-1 (81.2M; <§1/12)"

Superheated Water
DCON-53-0Y

Ranking:
M-5-1 (s1 2M; <82/2)

Water Flushing
DCON-54-0Y

Ranking:*
M-5-1 (81.2M; <§1//2)

Steam Cleaning
DCON-55-0Y

Ranking:
M-5-1 (sr 2M; $1-§2/%)

b

Status

Accepted

High pressure watsr blasting
has bean used vary
succassfully to' decontaminate
various large and complex
surfaces at nuciaar power
plants |

Efficacy: Technique is
expacted fo be effective with a
DF of about 50 for loosely
adharing contamination. DFs
will be higharif chemical
cleaning agents are also used.
Technique is expected to be
ineffective for fixed
contamination.

Waste: Wasteis a4 to >100
gpm of contaminated waste
water.

Accopted i .
Technology.is available and”
has been used by industry.:
Efficacy: The removal of .
loosely bound Hg should be
complete, but the removal of
more- bound
contaminants is hkety to be.-
slight.

Waste: Waste will be 0 410
2.0.gpm wastewater containing
removed contaminants.

Accopted
Flushing with hot water is often
used fallowing scnibbing.,

Efficacy: The technlqua méy :

be effective for-the fisted
contaminants (except
asbestos).

Waste: Thewastegenemted .

s the contaminated water.from
the flushing operation.-

Accepted. . .

The technique has proven

ussful, especially on complex

shapes and large surfaces.

Etficacy: Technology is:
xpected fo ba effective for Hg.

but not for mare tightly bound |

contamifiants.

Wasta: Waste will ba 0:4 tor

2.0 gpm wastewater containinig .

removed contaminants.

Science: Technology Needs

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Improvement: Remote
operation will necessitate the
adaptation of the high pressure
water and vacuum collection
systems to robotic system;
control.

Improvement: To minimize
waste generation, a water
treatment system is neaded for
decontamination of the
wastewater so that the water
can be reused.
Improvement: Remote
operation will necessitate the
adaptation of the
superheated water and
vacuum collection systems to
robotic system control.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be recycled and reused in
the hot water cleaning
operation.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Remote operation will
necassitate the adaptation of
the steam and vacuum
collection systems to robotic
system control.

Implementation Needs

A water treatment system is
nseded to minimize waste..
Development cost: Water
troatment system: About
$1.2M

Remote operation: $3-4M
Capltal cost: $50K-$75K
(about $250K with remots
oparation)

Operating cost: <$1.00/it2

Dessgn and construction ofa
watsr recycle system|is
nesded to use this fechnology.
Development cost: about
$1.2M

Capital cost: ~$175K
Operating cost: $1-$2/2

A water treatment system Is
needed to minimize liquid
wast:'s from this technology.
Dav cost: About
$t QMW

Capital cost: <$5K
Operating cost: <$1/1t2

Design and construction of a
water recycle systemis
needed fo use this technology.
Development cost: about
$1.2M

Capital cost: $50-75K
Operating cost: $1-82M2
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Alternatlves Technologles Science! Technology Needs Implementatlon Needs

Surface Claanlng

Contamination
DCON-56-OY

Ranking:*
H-4-0 (50M; $1/12)

Sponge Blasting
DCON-58-OY

Ranking:*
m M-4-1.5 (81.2M; $2//°)

Hot Air Stripping
DCON-53-OY

Ranking:*
H-5-2 (32M; $3/12)

Hand Brushing for Surface

- sftes mdudlng anuctearpcwer\

Bmshing is a cormmon
decontamination technique.
Viaste: Adsorption canistars
on the vacuum cleaner used to
pick up the particles gensrated
by brushing and the wom
brushes:

Efficacy: Brushing is effective.
for smearable contamination,
and less effective for fixed
contamination:

Accepted

Although the tachnology is
relatively new, it is currently:_
being used by atleasttwo -

Efﬁucy Although extensive
data on decontamination
factors are not avallable, t.his .
technology fs likely to be
effective for the listed
contaminants and substrates.
Waste: Wastes consistof
ahout 0.01 {13 of blasting media
and removed contaminants per
12 of area decontaminated -

" plus any, liquid cleaning agents-

thatmay have been added:

Demonsiration-
The fachnology Is readily
avaxlabla but needs to be

demonstratedfotmespedﬁc -

site'conditions.,

‘Efﬂucy Hasagoodchancp

of working for the volatila”

- contaminants if a viablg
. collection method is avaitable..

Wasts: Tha volatile -
contaniinants will be.in the

‘warm alr stream. Filters and

sorbents should remove the
contaminants and constitute:
the final waste stream: -

None

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be recycled and reused in
the sponge blasting operation.

Development:

Investigation of the conditions
and removal efficiency for the
removal of Hg and other
volatile contaminants is
required. Development of a hot
air cleanup system is needed.

A vacuum cleaner Is needed to
plck up tha particles collected
by brushing.

Dsvelopment cost: None
Capitat cast: Negligible
Operating coat: $1.00/12

A wastewater traatment /
recycle system will be needed
{o use this technology.
Improvemsnt cost:

About $1.2M . _ .

Capital cost: Sponge blasting
system: About $20K (with

sifter systam)
Operating cost: About $2/t2

An alr cleanup system is
needed to use this technology.
Devalopment cost: ~$2M
Capital cost: $250-500K
Operating cost: $aMt2
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Alternatlves Technologles cnence/TechnoIogyNeeds Implementahon Needs

Thermal Surface Removal -1~

Dry Heat
DCON-60-0OY

Ranking:*
M-5-2 ($1M; <$1/12)

Solvent Washing to Remove
Radiological Contamination
DCON-61-0Y

Ranking:*
M-5-1 ($1M; <$1/12)

Strippable Coatings
DCON-63-0Y

Ranking:
M~4—0($0M $1.50/)

Vacuum Cleaning
DCON-64-QY

Ranking:*
M-2-0 (S0M; <80.75 /)

The use of heat fa increass the
vapor pressurs of semi-volatile
materials Is well known, but
the use of haat for surface
removal of Hg, atc. Is
unproven. °

Etficacy: This process should

- work for contaminants which

can be volatitized.

Wasts: This will Inihaﬁy consist
of volatilized contaminants
along with hot alr and other
vapérized matesdals. The.
contaminants must normally
be removed by,scrubbing,
sorption, or possibly filtration
before atmospheric release Is
allowed.

Conceptual .

Plutonium contaminated items
at Richland, WA were rinsed
with Frecn. The vendor who
suppfied tha equipment for-
Richiand tan years ago no
longerselis It ° .
Efficacy::Thisitachnique is.
mainly applicable to'loose and
smoearable contamination.
Wasts: Waste would be spent
solvent contalning removed
contaminanis.

Accepted

Technology has besn used for
decontamination appﬂmtions
involving hazardous and
radioactive contaminants.
Etflcacy: Decontamination
factors of over.90% can be
expoctsd with two applications.’
Wasts: Wasta is a solid -
polymez contalningthe ~ -
remaoved contaminants. The
average thickness of the-
applied.coating Is amm, This
may be incinerated to reduce
the final volume,

Accepted

Vacuum cleanars have long
been ugad ta clean up loose

contamination.” .

Efficacy: Any oontamlnants

which are in a loose, sofid form

will be coliected effectively ina

HEPA filter vacuum system. A

charcoal sorbent will bé

needed for Hg:

Waste: A fiiter and/or sarbent

with the collscted

contaminants.

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas remaval system.

Sclence: Solvents that are
less damaging to the
environment need to be
identified and demonstrated.

Improvement: Davelop
coating with lower material
costs and greater ease of
application.

None

An air cleanup system is
needed o usse this technology.
Developmant cost: $1M
Capital cost:~$1M
Operating cost: >$1.00/f2

Vapor-collection system
Capital coat: $300K (1980
dollarsy -

Davelopment cost: <$1Mto
Identify and demenstrate the
replacament solvent.
Operating cost: ~$1.00/12
{An average of 7.5 minutes per
itom was required when
decontaminating small items.)
Avallable in Private Sector.

Minimal Implementation
needs.

Development cost: None
Capital cost: <20K
Operating cost: >$1.50/2

Normal implsmentation needs.
Development cost: None
Capital cost: <$25K
Operating cost: <$0.75/ft2
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kesitu decontamination of the Compllance d\apterol Vol. 1
exterior of stee! and nickel for potential applicable,
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mination

N

Altel‘inatives
|

Thermal Surface Removal

—
(H

Technologies 1

Plasma Torch
DCON-72-0Y

Ranking:*
H-5-2 ($2M; $3/2)

Laser Heating
DCON-73-0Y

Ranking:*
H-52 ($2M; $are

Laser Ablation
DCON-74-0OY

Ranking:*
H-5-2 ($2M; $3n2

Flashlamp Cleaning
DCON-77-0Y

Ranking:*
H-5-2 ($2M; $3112

Evolving Technology
Conceptual

Plasma torches exist
commercially to weld and cut

" materials that have very high

melting temperatures or
require anrinert atmosphere.
Eftlcacy:. its efficacy in
ramoving various organic
contaminants or to remove
layers of contaminated metal
has not been investigated.
Waste: Wastes woukd consist
of materials used to trap
reaction products from the
decomposition of arganics,
vaporized substrate, and
removed contaminants.

Domonstration

Currently being used to
remove contamination from
meotal surfaces.

Etileacy: Likaly to be effactive
inremaving Hg and inorganic
acids. Current prototype .
systoms ara capable of
removing 2-mil-thick coatings
attherate of 100 ft2mhr.
Waste: Waste will be prefiters
and sorbent filled with
contaminants.

Demonstration

Several research groups at
university and govemment
laboratories have used the
technology to remove
radiological and organic
contaminants from various
surfacess .. <
Effieacy: The technique

slow to ramove large deposits..
Waste: Wastas would be.
removed contaminants some
substrate materials, and fiters
and sorbent from the off-gas
treatment systam.

Demonstration

Flashiamp systems are being
used to remove organic.
contamination from metals,
preclots metals, and fragile
substrates. Hanford-
Waestinghouse Laboratory is
conducting tests of xenon
flashlamp systems for.
removing radiclogicat’
contamination from surfaces
Inside metal storage vessals.
Efficacy: Technology is tkely
to be effoctive for surface Hg
contamination.

Waste: Wastes would ba
removed contaminants, soms
substrate material, and filters
and sorbent from the collection
system.

Sclence: Laboratory tests are
needed to evaluate the
efficacy of vaporizing or
decomposing organics and
determine the decomposition
reaction by-products: Hg, etc.
and suitable trapping
materials. Computer modeling
of plasma-surface interactions
and heat transfer are needed.
Development: Plasma
torches having geometries and
conditions suitable for
decontamination need to be
devsloped along with suitable
collection and gas treatment
systems.

Development: Current
prototype naeds to be
evaluated for possible use on
contaminated areas.

Development: Existing lasers,
delivery systems, and gas
treatment system need to be
integrated into a prototype
system for damonstration.

Development: Commercially
available flashlamp systems
need to be evaluated for Hg
deposit removal.

Science; Technology Needs Implementation Needs

A callection system for the
vaporized deposits would be
needed to Implement this

technology.

Development cost: ~$500K
Capltal cost: ~$100K
Operating cost: $0.01-
$1.00/1¢

Avallable at Y-12,

A collection system with
adequate off-gas.treatment
would ba needed to implemeant
this technology.

Devslopment cost: $0.5M
Capital cogt: $0.5M /machine
Operating cost: $1.00/

A collection system with
adequate off-gas treatment
would be nead to Implement
this technology.
Development cost: $1M
Capital cost: $0.5-
1M/machine

Operating cost: >$1.00/t*

A collection systern for the
vaporized contaminants would
be needed to implement this
technology.

Development cost: ~32 M
Capital cost: $50-
100K/machine

Operating cost: ~3.00/f1?
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«—  Problem #3 Ex situ
decontamination of:

Hg

a:tg%mmssjn.
H,S04, HNOg

Asbestos

Ho.Lioh, g0, HNOg,
Asbestos

Nickel Process Eq.
Hg

Nickel Process Eq,
LiOH
H2804, HNO3

Asbestos

Nickel Process Eq.
Hg, LIOH, HoS0y4, HNO3,
Asbestos

—  Referto the Regulatory
_ Compjiance chaptar for
poteritial applicable, proposad,

regulatory. mqv.ﬁramentswﬂl be
_specfiad.

Remaval of all asbestos :
insulation in Bulking 9201-4-
Targat Date 8/30/97.,
(Mitestone No. OR270111)

Initiate the design of pliot .
mercury roaster for the 9201
‘4 D&D project ~ Target Date
10/01/85. (Milestone No.
"OR270124)

Complate the construction of
the gilot mercury roaster for
_the §201-4 D&D project- -
_"Target Date 8/30/98..
(Milestone No. OR270123)

lmﬂate the deslgn of memury :

roasier for. the 9201-4 D&D
project - Targst Date -
. 10/01/97... (Milastone No.
08270115) .

Complete Des!gn of memury
. roas’er - Target Date 9/30/99.
(Milestona Ne. OR27011 6)

Begin construction of marcury
roaster for 9201-4 D&D
project - Target Dats
4/01/2000. (Milestone No.
052701 17)

Comp!ete construction of
mercury roaster for 9201-4
_D&D project - Targat Date’
'3/31/2002.. (Mtlestone No.
©OR270118)

Deconta

"Y-12 Problem Problem Areas;Constituents E Subelements I

Decontamination
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nination

Technologles “ Science/ Technology Needs lmplementatlon Needs

3ulk Dacontamination Dry Heat (Thermal Desorption) Development: Demonstration Existing furnace designs can
Aethods DCON-4-OY ThIs ls a common industrial of the efficacy of the process be used with a specific oft-gas
process when the and design and demonstration collection system for the
[ﬂ Ranking:* contaminated materials can be of an off-gas removal system. contaminants removed.
H-4-2 ($0.5M; $12/1b) taken to the thermal desorption Engineering design data is Development cost: $500K
process, buthas not bsen *  needed. Capltal cost:~$1M
used for Hg-contaminated Operating coat: >$1.00/1t2
materials.
Efflcacy: The ke Hg, should
work for contaminants which
can be volatifized. .
Waste: This will initially consist
of velatifized contaminants
along with hot air and other
combustion products. The .
contaminants must normally
be removed by sorption and
filtration bafore atmosphetic
release is allowed.
j——  Chemical Leaching Predemonstration Development: Bench scale Extensive chemical processing
m DCON-5-0OY Chemical leaching is an tests are needed to determine system for chemical leaching
- accepted technique for some - which chemicals would be with a waste treatment system
Ranking:* applications, but has notbesn- effective and what secondary for treatment or recycle of
M-1-1.5 (§0.5M; <§1/2) used for Hg-contaminated waste treatment would be spent chemical leaching
materials. . - necassary to recycle solution. .
Efficacy: Bench scalatests chemicals. Development coat:
- arg needed ta detarmine which Efficacy demo: $500K
chamical wouid be effoctive. Caplta¥costs $150K
Waates: Waste would be Operating cost: <$1/{2 or $5-
original materials.- $50/1b
contaminated with chemical
Isachatas plus chemical
Isachates containing removed
contaminants or sludges, fitter
cakes, and lon exchange resin
from recycle system containing
removad contaminants.
~~—  Catalytic Extraction Process Predemonstration Sclence: Find a suitable *Off the shelf” induction of arc
m DCON-6-OY Has not been used to smelt fluxing agent to remove Hg furnace.
matat bearing Hg - and asbestos from the melt Development cost: $5 milllon
Ranking:* cantamination. « Development: Demonstrate Capital cost: ~$16 million
M-4-4 ($5M; $0.90/1b) Efficacy: Effectivaness for the ability to remove Hg and Operating cost: $0.9/b
separation of Hg:ds unknown.. asbestos.
— Wasts: Slag containing
contaminants plus
contaminanis in a scrubber
solution and sorbents,
“—=  Vacuum (Low Pressure) Demaonstration Development: Development cost: ~31M
with Heat The use of vacuum with heat Is The characteristics of the Operating cost: $1.00-1.40/2
m wall known to Improve the spacific contaminants must be or$2ib
DCON-7-OY removal rata for many matched to the rate advantage Capltat cost: $1M
Ranking:* ?ﬁm:g“"mry o e of ldetI:ontaminagon by
. cy: improve volatilization under vacuum
M-5-1 (§1M; $1.2011%) rate of removal of soms. conditions for the specific
contaminants, howaver, this heating applied.
must be balanced against its
cost. . .
Wasts: Sorbent’ containing
removed contaminants and
other volatiles. ’
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Problem #3 Ex situ
decontamination of:

Hg
i_igﬁLEmmss_Ea.
HaS04, HNO3
Asbastos
Asbastos

Nickel Process Eq.
Hg

Nickel Process Eq,
LiOH
HpS04, HNOg

Asbhestos

Nickel Process Eq.
Hg, LiOH, HoSQ4, HNO3,
Asbestos

—_— Refeftgmgaegm * . Decontamination

Compliance chapler for--
po'ential applicable, propased,
anipromuigated

Removal of all asbesios. |
insulation in Buliding 2014~ -
Target Date /3087,
(Milestona No. oazmm
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mination

Alter‘natlves Technologles m Science: Technology Needs lmplementatlon Needs

Chamical Surface Cleaning
Methods

Chemical Foams
DCON-8-OY

Ranking:*
M-5-1 (S1M; $0.5-<82//%)

Chemical Gels
DCON-9-OY

Ranking:*
M-4-1 ($1M; $0.5-$2112)

Fluoboric Acid Treatment
DCON-11-0Y

Ranking:*
M-3-1 (31M; <§1/12)

Wldety usad throughout the
nuclear industry. Foam is used
as a carrier of chemical
decontamination agants, not
as the agent itself. it can be
sprayed on and wiped, rinsed,
orvacuumed off.

Efficacy: Effectiveness for
listed contaminants and
substrates has not besn
demonstrated.

Waste: Small amount of
contaminated sulfonated
detergents, synthetic wetting
agents, coupling agents, rinse-
water, and drying cloth.

Demonastration -

The usa of chemical gels is
most suited to ex-situ
decontamination of large ..
surfaces: Gelisusedasa. -
carrier of chamical -
dscontamination agents, not.

as the agent itself. Itls sprayed -

on component walls; allowed -
to work; and then scrubbed,
wiped, rinsed, or pesled off.
Steps lnclude scraping and.
vacuuming of solid waste
matérial, preliminary hot water
rinsing, and get spraying.
Efficacy: Expected to be
effactive only for smearable.
contamination.. - .
Waste: Wastss would be
carboxymethylceliuloss gefling,

“agent, aluminum nitrate -
. chelating agant, wash water;

acidi¢ chemicat agent (possibly.
niﬂchydmﬂuoﬁc-oxa!lc add),
and the removed

- contaminants, Wastes are

roportedly 4-5 imes lsss

compared to chemical
solutions.

Demonstration -
Technology was désigned

“spocifically for D&D. Has not

been used to remove Jisted. .
contaminants. -
Efficacy: Attacks nearly every
metal surface and metallic
oxide..Removes oxide and -
contaminated outer layer in
controllable; uniform and
efficient manner; High
dacantamination factor (DF);
howevar, high comosion.
Waste: Acidcanbe _
regeneratod elactrolytically.
Final quantity of cement-
solidified wasta i5.20-50g/m?
decantaminated metal with
reganeration; 200-500g/m? for
neutralization, precipitation

and solldifieation; or 400-
700g/m? for lon exchange with
solidification of resin.

Development: Scale-
up/development of the process
to a size appropriate for Y-12
use. The technology itself is
inexpensive, but development
of the proper chemical and
appropriate foam carrier and
scale-up will probably require
support.

Improvement: Full control
over the mean bubble
dimensions and the volume
swell factor are needed,
indicating that some basic
research will be necessary.

Development: Complex gel
formulation with a number of
compounds may be required,
depending on the objectives.
Laboratory optimization will be
necessary, with any change in
variables.

Development: Although the
maethod has seen application
at Chernoby! with good results,
development work is needed
to test applicability at Alpha-4.

A wasts treatment system is
neaded for the foam and
wastewator,

Development cost: ~$1M
Capltal cost: $50K
Operating cost: $0.50-$2/1t

Normal implementation needs:
Developmont cost: ~$1M
Capltal cost: <$50K

Opersting cost: $0.50-
- $2.004t

Fluoboric acld exhibits low
vapor pressure and requires
only standard precautions for
acid or base work The plant
can be manufactured in
modular form and Installed in
existing bulidings. Hardware
{equipment): Fabxication of all
kay plant parts from
polypropylena or from Halar-
coated metal.

* Development coat: ~$1M

Capltal cost: to set up a plant
for decontaminating 5 tons/day
of stasl was $774K, excluding
development, planning, and
bulldings. (1920 dollars)
Operating cost: will be
relatively low; this is a very
simple process.
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Problem #3 Ex situ
decontamination of:

Steel Process Eq,
Hg

Steel Process Eq.
LiOH

— Alphad Buﬁding (9201-4) -

HpS0g4, HN03
Asbestos

$Steal Process Eq.

Hg, LIOH, HoSOy4, HNOg,
Asbestos

Nickel Process Eq,

Hg

« Facility 1
Decontamination
and
Decommissioning

(D&D)

» Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

* Waste
Management
(WM)

September 1994

N : LiOH
HyS0y4, HNOg

LT - Asbestos

Nickel Procass Eq,
Hg, LiOH, HyS04, HNOg,
Asbestos

Refar to the Regulatory

Cornplianca chapmfor
potintiat applicable, proposed,
and promuigated .

Removal of all asbestos
insulation in Building 9201-4-
Taryiet Date 9/30/97.
(Mﬂustone No.ORZ?Otﬁ)

Decontamination

34




nination

I

Alterna ives

l
~hemical Surfam Cleaning
Asthods

Inorganic Acid Treatments
DCON-12-0Y

Ranking:*
M-4-0 (30M; >81/12)

Caustic Detergent Treatments
DCON-13-0Y

Ranking:*
M-4-0 (30M; >$1//2)

REDOX Treatments
DCON-14-0Y

Ranking:*
L-3-1 ($1M; >§1/42)

Hypochlorite Oxidation
DCON-202-0Y

Ranking:*
Not Ranked

Nntrk: acid deoontam!nation
has been the preferred method
at Y-12 for cleaning items in
various facility operations
since the-1940s, In addition,
the technique has been widely
used at ORNL, K-25 and
Portsmouth.

Emcacy DFs are in the 100

Wnsw Wastes consistof |
large quantitles of cotrosiva
wastes containing the removed
contaminants..

" Surface smearable

decontamination with caustic -
chamicals (scap and watsr) is
accepted tedmology andls,
used extensively at Y~-12; The
caustic hand-serubbing ..
procass was applied to-
dedning small items.
Efficacy: Caustic scrubbing is
expected to only partially
decontaminata the
contaminated surfaces. :
Waste: Wastes would consist
of used caustic sofution
containing the removed

comam!nants

'Demonstration B
REDOX tneatmams have baen
) demonstrated for nuclear. -

plant decomamfnaﬁon,
but not for the ecmamlnants of

’ Efﬁucy DFs at fo-wo can .
_be expected based
\experience in nuclear powar

plants.
Waste: With recyde. wasla is
spant sorption and ion’

. exchange madia.eonmining

removed contamiriants, With
neutralization-and evaporaﬁan
wasts ls:a sofld waste
contalning the removed
commnlnams and cham:cals
from the REDOX reagm

X
Core process !scommemaﬂy
avallable and practiced onan.
industrial scale. Integrated

"Effleacy: Dopendanton .

solttion flushing efficlancy.
Cora procsss reduces Hg in
water effluant to <2ppb. -
Waste: Clsanup debris, some
salts, spent resin and carbon.

Improvements: Adaptation of
modifications to system (i.e.,
scrubbers, filters, treatment for
nitrates and heavy metals) In
order to meet regulatory
requirements. Possible
development of HNOS/HF
decontamination methods, with
or without ultrasonic agitation.
Continuing research and
davelopment on waste
treatment, and volume
reduction.

None for removal of smearable
contamination with carbonates,
soaps, etc.

Development: All REDOX
techniques will require
demonstration to determine
their usefulness to
decontamination of Y-12
opaerations and applicability to
Hg.

Core technology is ready to
use.

Technologles Science’ Technology Needs Implementatlon Needs

Nitrate treatment facility sither
on site or accessible to
decontamination facility.
Operating cost: (>$1/t%) May
be relatively high. Nitric acid
decontamination was used
extensively at most DOE
plants, but data is not available
regarding costs. Cumently,
Portsmouth plant Is developing
a data base fo track costs, but
it will not contain historical data
Development cost:
(improvements) $400K-1M
(rough estimate)

Capitel cont: <$4M-$10M
(rough estimate)

Avalilable at X-10, K-25.

This is an established proces
that coukd be implemented at
Y-12 with no major changes.

Ope
Avallable at X-10, K-25.

A system for treating the
REDOX reagents fo permit
recycling these reagents will
be needed to use this
tachnology.

Developmaont cost: ~§1Mto
bring a REDOX
decontamination devslopment
through bench-scafe and
demonstration phases.
Capital cost: >$1M
Operating coat: >$1/1t

Normal impl{ementation
requirements and a fiuid
delivaty and cleanup system
needs {o be Integrated with
core technology
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Problem #3 Ex situ
decontamination of:
Steel Process Eq,
Hg

Steal Process Eq.
LIOH

H2804, HNO3
Asbestos

Steel Process Eq.
Hg, LIOH, Hz804, HNO3,
Asbestos

Nickel Process Eq,
Hg

Nickel Process Eq,
LiIOH
HS04, HNO3

Asbestos

Nickel Process Eq,
Hg, LIOH, HoSO4, HNO3,
Asbestos

Decont;

EM Goals Y-12 Problem Problem Areas.Constituents Subelements

Refer to tha Reguiatory
Conpliance chaptar for
potanﬂai applicable, proposed,

an! promuigated
environmental laws, signed
arxl pending agreements for
the Oak Ridge Resarvation
(ORR), radiation protection
standards, DOE orders, and
norregulatary guidance. As
sita~and waste-specific
characteristics ara provided for

, Specific
mgula:orquuramemswiﬂbe
spacified.

Deacontamination

. Rernoval of alf asbestos

insulation in Building §201-4-
Target Date 9/30/97.

" (Miestone No: OR270111)
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mination

Alternatlves Technologles “ Science/ Technology Needs Implementahon Needs
Hl

Chamical Surface Cleaning

Elsctropolishing
DCON-15-0Y

Ranking:*
M-4-3 ($1M; >82/12)

Amalgamation
DCON-16-OY

Ranking:*
H-5-1 ($0.5M; N)

Biological
DCON-17-0Y

Ranking:*
L-5-2 ($0.5M; $0.1-33/1°)

removal technique and the
amount of surfaca removed is
proportional to factors such as
current, time, and voltage.
Efflcacy: Electropolishing is
essentially a *line-of sight*
process so cracks, cravices,
areasoutof sightof,or
shadowad by, the electreds
will not be decontaminated.
Contaminated electrolyte must
be removed for complete
decontaminationtobe ° -
achleved. -~

Wasts: Wasto wouid be
rarmoved contaminants along
with the small amount of
substrate removed.

-

Although amalgamation of - .
marcury with metals of interest
18 well known, application to Y- -
12 problems arsas has not
been demonstrated. Copper
and zinc are main metals of
interest for amaigamation.
Efflcacy: Mathod transforms
liquid Hg Into a sofid that is
often easy to recover. Method
must be used with a second
method such as vacuuming.
May actually be a.
disadvantage In cases where.
Hg. could be recovered for
reuse.

Waste: Resulﬂnganmjgam.

which is unreactive; ischief

waste: Zn ama!gan; Is~-57wi%

Hg. TheCuamalaam[sm
<76wt%l~lg : :

Evolving Tochmlogy 1
Pra-conceptual

The knowledge b&a exists for
blological treatmerits of various
contaminants; however, there
is not a data base for
application of the technology
for surface decontamlnaﬁon.
Emcacy. This technology.is -
quite Bkely to be successtul for
HNOS and perhaps, H2S04. 1t
could be successful for Hg and
LiOH, buthe Hgand Li would
remain in the bacterial sludge.
Wasts: The waste gensrated
would be the contaminated
layer of microbes remaoved
from tha treated surface.

Davelopment: Primary and
secondary waste treatment
and solution recycle need to
be developed. Cleanup
principles (e.g., ion exchangs
and filtering) are well
established, so that only
design and demonstration are
needed.

improvement: Better
methods to remove the
elactrolyte and contaminant
would be helpful.

Development:

Laboratory and bench scale
assessment is needed to
determine the suitability of this
process to the Y-12 problems.

Sclence: Literature study and
bench-scale tests of microbes
on Hg, LiOH, and H2S04.
Davelopment: Develop
methods for applying a layer of
microbaes, supplying needed
nutrients, and removing the
microbe layer from the
dscontaminated item.

Normal implementation needs.
Development cost: $1M
Capital cost: $1M
Operating cost: >$2/4t

The availability of a suitable
facility to do davelopment work
is assumed.

Development cost: $500K
{mainly personnel costs)
Duration: 8 months

Capital cost: $100K
Operating cost: NA

Facflities for cultivating the
bacterla and disposing of the
bacterial siudge would be
needed.

Developmont cost: $300K-
$600K

Capital cost: ~$200K
Operating cost: $0.10-
$3.004/12

Avallable at X-10, K-25,
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Management
(WM)

Y-12 Problem

—— Apha4 Bulking (92014) —

September 1994

Problem #3 Ex situ
decontamination of:
Steel Process Eq,
Hg

Steel Procass Eq.
LiOH

H2804, HNOg
Asbestos

Steal Process Eq.
Hg, LIOH, H3S04, HNOg3,
Asbestos

Nickel Process Eq.
Hg

Nickel Process Eq.
LiOH
HaoS04, HNO3

Asbestos

Nickel Process Eq.
Hg, LIOH, HoS04, HNO3,
Asbestos

Referto the Regulatory

Removal of all asbestos
mmmaundngszom-

" Targst Date 9/30/97.

(Miestona moaz‘zum)

Decontaf

" “IProblem Areas.Constituents “Subelements l

Dacontamination
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nination

Alternatlves

Chemical Surfme Cleaning
Mathods

Metal Refining Methods

—r—

Ultraviolet Light’Ozone
DCON-19-0Y

Ranking:*
M-4-3 ($1M; $am3)

Chelation
DCON-21-0Y

Ranking:*
M-4-2 ($1.5M; <81/8)

Sulfide Conversion
DCON-22-0Y

Ranking:*
M-3-1 (30.5M; N)

Prodsmaonstration

Whila commercial systems
exist for producing ozons
using ultraviolet light, there has
been no identified application
for Hg removal.

Eftlcacy:

Ozons wilt be very effactive for-

removing surface olfs and PCB
from painted surfaces, and
various other substrates such
as steel. Mereury is vary
activated by UV.

Waste:

Tha process producss ozone
which will have to be handled
along with the existing waste
which will be gasified and will
bein modified chemical forms.

Demeonstration - o
The technology has been-
ampioyed at various facility

dacontamination lavels c
resulting in unconditional
release. Easy to apply as
agent acts at neutral pH and
ara non-hazardous, nion-
fuming, have no gas evolution
and are biodegradable.

Waste: Simple waste
minimizing treatment and .
disposal as a non-RCRA
wasto: Minimizeswaste .
through oxidative destruction.
of chelate agent, partitioning of

- orgarics (including PCBs) and

concentration of radionuclides
precipitated out In the:
flocculent shidge which can be
further de-watered.. *

Evolving Technology

Must evaluats ths kinetics of
the room temperature reaction
of sulfur with elemental Hg to-
formHg S, which is not watsr
soluble and which is often

aaslor to collect than elemental. .

Hg.

Efficacy: Msthod applicahble -
only 10 elemental Hg: Mathod
must be used with a second
method such as vacuuming,
May actualiybe a
disadvantage in cases where
Hg could be recovared for
reuse.

Wasta: The chief waste is the
recovered HgS which Is about
84 wi% Hg.

Development: Demonstration
of process and waste
collection system.
Establishment of
removal/decon rates.

Development: Validation of
updated chelating agents is
needed and is currently
undsrway at ORNL to confirm
total efficacy and economic
advantage.

Science/Development: Both
lab and bench scale
experiments are required to
determine the kinetics of the S
and Hg reaction at room
temperature and to evaluate
the suitability of the method to
the Y-12 Hg problems.

Technologles Sciencei Technology Needs Implementatlon Needs

Development. design, and
construction of & unit for ex-
situ demonstration.
Devaiopment cost: $1M
Capital Coast: $100K
Operating coat: ~$3/1t

Application equipment for
ex-sifu decuntanﬂ%n
Support personnel
equipment to sample, analyze,
develop appropriate
concentrations, ensure
oxidation of organics and/or
camplete partitioning will be
necassary. Spray booth or
dipping tank facifities with
heating capabiliities desirable
on-sita or accessible by
decontamination facility.
Development cost: ~$1.5M
Capital Coast: ~$1.5M
Operating cost: <$1/ft*

The required lab and bench-
scale experiments are
expacted to be relatively
simple. Existing equipment
and facilities will likely support
thesa activities with slight
modifications.
Development cost: $500K
(mainly personns! costs)
Duration: ~ 8months
Capital cost: $100K
Operating coat: NA
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—— Alpha 4 Bulding (6201-4)

+ Clean Up Legacy
Waste

« Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problems

» Facility
Decontamination
and
Decor)nmissioning

(D&D

« Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

» Waste
Management

September 1994

e Problem #3 Ex situ

dacontamination of:
Steet Process £q.
Hg

Stes) Process Eq.
Lod

Steel Procass Eq.
HgS0z, HNO3

Steel Process Eq,
Asbestos

Steel Procass Eq,
Hg, LIOH, HyS04, HNO3,
Asbastos

Nickel Process Eq.

Nicke! Process Eq.
Ha. £iOH, HaSOy4, HNO3,
Ashestos

Retar to the Regulatory-

Tanget Date /30/57.
(Miastone No. OR270111) _

Deconte

12 PrOblem PrOblem Areas Cons“tuen‘s H SUbelements |

Decontamination
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nination

Alternatuves Technologles Science’ Technology Needs Implementatlon Needs

Metal Reﬂn(ng Memods

Bases and Alkaline Salts
DCON-23-0Y

Ranking:*
M-4-1 (30M; $1/12)

Smelt Purification
DCON-31-0Y

Ranking:*
M-4-3 (83.5M; $0.93/1b)

Electrorefining
DCON-32-0Y

Ranking:*
L-4-3 ($3M; $6/1b)

None
CIaanmg with caustic solutions
has long been used at K-25,
Portsmouth Gaseous Diffusion
Plant, and other nuclaar sites
in the U.S. and abroad.
Efficacy: This technology Is
only effective for smearable
contamination.
Waste: Waste will be
contaminated sludges or filter
cakes rasulting form
neutralization and treatment of
wastedacontamlnauon .
soluﬁous.

Demonstration
Smeslt purification of metals
has been performed by a large
number of investigators on a
lab-scale and by soms
Investigators on a large-scale,
The matals include mild stes!,
. stainless stee, nickel, copper,
monsl, aluminum, and others.

1 Uncertain~has not

Development: Demonstrate

fluxing agents and conditions
for removing contaminants of
interest in the laboratory and

then on a larger scale.

(beenusedhpurlfymetals
fromy

Wam: Wastes are slags;
scrubber solutions, chemical
trap materials, sorbents and
HEPA filters,

Development: Demonstrate
(1) separation of Hg from

substrates of interest and (2)
recycle electrolyte solutions.

‘considared mature concerming
its use for dscontaminating
Hg-contaminatsd meta. -
because this application has-
not been astabiished.
Efflcacy:Technology is likely

“to ba effective for the listsd

contaminants and substratas, -
Waste: Waste would be solid .
waste from assumed treatment
“of elactrolyte solutions for-
recyc!e.

sax

A waste treatment system
would be needed to treat or
recycie spent decontamination
solutions from this technology.
Development cost: none
Capital cost: <$100K
{axcluding a recycle system or
waste treatment facllities)
Cperating cost: ~§$1/t

Sclentific Ecology Group
(SEG) personne! estimate the
costs of metal smelting at
roughly $0.83/1b of metal in
1892 dollars, depending on the
typs metal and configuration of
the metal, Kellogg et al.
estimated that the capital and
operating costs of smelting the
90,000 tons of DOE scrap
metal presently on hand at
K-25'could bé recaverad
through sala of the metat if a
da minimus were established.
The quantity of metals at in
Bldg. 9201-4-is probably not
sufficient ta be cost effective
unless added to this. The
technology development
needs will raquire further lab
and pilot-scale evaluation. The
davelopment costs are roughly
astimated at $3.5M.

An elsctrorefining plant would
also require a smelting and
anode forming faclity to form
the impure metal into anodes
of proper configuration. The
capital costs altogether are
estimated at $200M. The cost

" of an operating facility with a

10 million-poundlysar capacity
is estimated at $2M capital and
$6/1b operating costs, which
excoed the present value of
virtually any metal because
commerclal cofmpanies
operate on a much larger
scala..

Development cost: ~$3M.
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EM Goals

. - Refer tothe Regulato

%\',eai't‘eUp Legacy | — mphas Bulding (62014) —  Problem #3 Exsitu Complianca chapter for
decontamination of: polsntial applicable, proposed,
o anq promuigated

* Prevent Future 9 environmental laws, signed

Insult ami} pending agreements for~
Steel Process Eq, the Oak Ridge Raservation
LiOH (O13R), radiation protection.

* Develop standards, DOE orders, and
Environmental TR notiregulatory guidance. As
Stewardship 2504, FNUg site- and

characteristics ara provided for
Py F each technology, specific -
Asbestos regulatory requirements will ba
SpE .
Steel Process Eq, .
Hg, LIOH, HpSO4, HNO3, Remaval of all asbestos-
Asbestos Insulation in Building 92014~
Target Date 9/30/97. -
EM Problems Nickel Process Eq. (Misstone No. OR270111)
. Hg ’
*Fadlty . —T Lol Nigkel Process Eq,
Decontamination . LiOoH
and s -
Decommissioning E . j
(D&D) . A HaS04, HNO3
: Asbestos

(RA)—Sails,

Groundwater
and Surface

Water

* Waste
Management
(WM)

September 1994

= Remedial Action ’ R

Nickel Process Eq.
Hg, LiOH, HpSO4, HNO3,
Asbestos

Decont

Y-12 Problem Problem Areas.Constituents E Subelenients

Decontamination




ination

Y

!
Technologles ! Science: Technology Needs lmplementatlon Needs
|

Alternatl es
tal Refining Methods _
echanicat Surface Removal
sthods

Leach/electrowinning
DCON-34-0G

Ranking:*
L~4-2 ($1M; $4.1b)

Uitra High-Pressure Water
DCON-35-0Y

Ranking:
H-5-1 (s1 3M; $1//2)

Shot Blasting
DCON-36-0Y

Ranking:*
H-4-0 ($0M; $1/2)

Prodemonstration

The mathod Is similar to
elactrorefining except the
metal Is first dissolved into
solution rather than formed
inta anodes. Athough this
process is'a well established
commercial procass for
producing nickel from ore, it
has not been demonstrated on
alarge scale for purifying
metals contaminated with Hg.
Efficacy: Uncertaln-process.
has not been used to purify
metals contaminated with.Hg.
Wasts: Recycle of electrolytic
solutions will rasult in a solid
waste bearing the:
contaminants and traces of
the purified metal amounting to
roughly 2% by weight of the
metal punﬂad.

Teehnology has been used by
industry.

Efficacy: The decontaminaﬁon
efficiancy should ba essentially
100% unless the- -
contamination-has dlffused into
the substrate.

Wagts: Unless a recycle
system is developed, waste
would be 3-5 gal water/it*
clsaned that contains ~0.01 f*
matal residue, plus the
contaminants removed.

. Accepted
Commercial iron shot blasters

arainuse. -
Efflcacy:. They are generally
effective but leave some hot

spots.

Waste: Wasta would be spent
shot, abraded substrats, and
removed contaminants in
filters and charcoal sorbents.

Sclence: Evaluate process for
purifying metals contaminated
with Hg, etc.

Development: Demonstrate
techniques to recycle the
elactrolytic solutions.

Improvement: To minimize
waste generation, a systemis
needed to treat the water so
that it can be recycled.
Improvement: Automation,
aspecially for vertical surfaces.

improvement: Automation,
especially for walls and
ceilings.

A de minimus stendard is
needed to parmit sale of the
purified metal.
Development coat: >$1M
Capital cost: $200M (10M
Iovyr plant)

Operating cost: ~$4/b

A water treatment system Is
needad to minimize liquid
wastes from this technology.
Development cost: $1.3M
Capltat cost: ~$500K
Operating cost: ~$1/M

A collection system with
adaquate filtration and
sorption.

Deavelopment coat: None
Capltal cost: ~350K
Operating cost: ~$1/i
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EM Goals Y-12 Problem Problem Areas.Constituents E Subelements

« Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

—— A!pha4 Building (9201-4)

« Facility
Decontamination
and
Decommissioning
(D&D)

- Remedial Action
(RA)—Soils,
Groundwater

and Surface
Water

« Waste
Management

September 1994

Problem #3 Ex situ
decontamination of:

Hg

Steel Process Eq.
LiOH
HoSO4, HNO3

Steel Process Eq,
Asbestos

. LiOH. Hp504, HNO
Asbestos
Ei;‘k&LEmmEn.
E}%ﬁ!ﬂmﬁm
H;so4, HNO3

Asbestos ’

Nickel Process Eq.
Hg, LiOH, HyS04, HNO3,
Asbsstos

Refur to the Regulatory
Complianca chapter for
potential applicable, proposed,
and promuigated-

. Rmmalbfallasbestos

insulation in Buikding 82014~

" _Tamet Date ¥/30/97.

(Miasme No. 03270111)

Decontamination

2 JhE . R




mination

Alternatlves Technologles “ Science/ Technology Needs Implementatlon Needs

Mechamw Surface Removal

Giit Blasting
DCON-38-0Y

Ranking:*
M-5-1 (80.25M; $2.50/42)

Centrifugal Cryogenic COo
Blasting
DCON-33-0OY

Ranking:*
H-5-2 (30.75M; <$1/12)

Ice Blasting
DCON-40-0OY

Ranking:*
H-5-1 ($0.75M; $2/2)

Supercritical CO Blasting
DCON-41-0Y

Ranking:*
M-5-3 (80.75M; >$1/42)

Has been used successfully
for many applications in the
nuclear industry.

Efficacy: Technology is
generally effectiva.

Waate: Waste would be used:
grit, abraded substrate, and
ramoved contaminants on
fiars and charcoal sorbent.

Demonstration

Centrifuga pellet acceleration
has been demonstrated inthe
DOE fusion energy program,
as a decontamination tood n -
the Y-12 facility waste
minimization effort, and more
recently, as an aircraft depaint
machanism. °

Efficacy: Technology is likaiy
to be successful with very high
decontamination factors, for -
ex-sity decon of allfisted .
contaminants and for ali -
substrates except asbestos:
Wasts: The waste will be
HEPA filtars and sorbents
contalning the combination of
contaminants and substrate:
matarfal.

Demonstration

Efflcacy: Efficacy of
commarcial system for this
application needs.
demonstration. Should be
effective for cleaning most
contaminants from subsu'ates
other than-asbestos..

Waste: Wasto would be' about

14 lo 18 gallons parhour
waste water containing
removed comam!nants.

.

Prodemonstration -

Eftlcacy: Likaly o be effective
with.nearly infinite -
decontamination factors: . -
Waste: Waste would be
removed Hg, LIOH, HNO3,

and moderate amounts of
motal substrate contalned in a
cyclons, sorbent and/or a
HEPA filter.

Improvement: automation,
especially for walls and
ceilings. Better vacuum system
demonstration. Needs system
for handling waste.

Development: Demonstration
of mobile system with high
velocity pellets delivered at a
sufficient rate and adequate
collection of removed
contaminants.

Improvement:

1) Demonstration of an on-line,
real time contaminant sensor
which would minimize the
decontamination effort and
limit the waste stream; 2)
automation

Development: Demonstration
of efficacy of commercial
system.

Improvement:
Automation/robotics, especially
for curved surfaces. Waste
handling improvements
required.

Development: Investigate the
effect of operating parameters
on removal rates and removal
and collaction efficiencies for
contaminants. Demonstrate
efficacy for contaminants of
interest.

A collection system with
adequate filtration and
sorption.

Development coat}:( None

Dasign and canstruction of a
vacuum waste-handling
system to handle the
vaporized COp contalning the
removad cantaminants plus
oxygen-depletion precautions.

Development cost: <$1M
Capital coat: $100K
Operating cost: <$1/F

A water treatmant system Is
needed to minimize liquid
wastas from this technology.
Development cost: $750K
Capltal cost: $100K-$1M
Operating cost: ~$21{2

Deslign and construction of a
vacuum waste-handling
system with HEPA filters and
sorbents to handle the
vaporized CO2 containing the
ramoved contaminants, plus
oxygen depletion pmcauﬁons.
D’;Vﬂopment cost: $250K-

™ -

Capital cost: ~$500K-$750K
Operating cost: ~$1+/M2
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Decontamination

. Clean Up Legacy

« Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

» Facility —
Decontamination
and
Decommissioning
(D&D)

» Remedial Action
(RA)—Saoils,
Groundwater
and Surface
Water

- Waste
Management
(WM)

—= " Alpha 4 Building (9201-4) -

September 1994

Problem #3 Ex situ
decontamination of:

Hg

ﬁ.ﬂmss_ﬁm
HoS04, HNO3

Asbestos

o, Lot Fgboy, HNOg,
Asbestos

Nickel Process Eq,
Hg

Nickel Process £q.
LiOH

H2S04, HNO3
Nickel Process Eq.
Asbestos

Nickel Process Eq.
Hg, LiOH, HSO4, HNOg3,
Asbestos

Refuar to the Regulatory
Compliance chaptet for
potential applicable, proposed,
and promuigated:

. environmental laws, signad
- and pending agresments for

the Dak Ridge Rsservation
(ORR), radiation protection
stardards, DOE orders, and
nonregulatory guidance. As
site-and waste-specific
dwam:ls&sampmvidedmr

-eadi1 iechnology, specific

regulatory raquaranwmswiu be
specified.

Renoval ot alf asbestos

- insulation in Building 92014~

Taryet Date 9/30/97..
(Miostone No. OR270111)

Deconta

P,



rlination

l
Alterna ives Technologles 1 Smence’Technology Needs Implementatlon Needs
|

Aechanical Surface Removal

Asthods

Plastic Pellet Blasting
DCON-42-0Y

Ranking:*
M-4-1 (<$0.2M; $1/2)

Hand Grinding, Honing,
Scraping
DCON-43-0Y

Ranking:*
H-5-0 (S0M; $1/2)

Automated Grinding
DCON-44-0Y

Ranking:*
M-5-3 (SIM; $1/42)

Improvement: Develop and
demonstrate system for
procassing waste.
Improvement: Minimize blast
media erosion to minimize
waste; automation/robotics;
improve containment of waste
and removed contaminants.

Plasﬁc pellet blastingisa
widaly used altemnate to sand
blasting for applications in
which it is desired to impart
minimat damags to the

substrate.

Efflcacy: Technology should
remove Hg and smearabls
contamination, but not fixed
contamination:

Waste: Waste would be spent
plastic pelists plus removed
contamination.

Accepted - . None
Grinding with hand-held
power grindars has baen
successfully used for small-
scala decontamination.
Efficacy: Is effective for
surfaca comtamination.
Waste:- Surface area of tam
being decontaminated, spent
grinding media (such as emery
paper), and the adsorption
canisters and HEPA filters on
the vacuum system.

Conceptual
Grinding has basn
successfully usad forsmall-
scale decontamination. This
grinding was done with hand-
held power grinders,
HRemotely-operatad grinding
equipment is available, but no
revarances to its use for:
deoontammaﬁon have basn
found.
Efilcacy:. s effective for
surface contamination
Waste: Surface area of iftem
being decontaminated, spent
grinding media (such as emery
, and the adsorption ©
canisters and HEPA filters on
the vacuum system.

Development:

The applicability of this
technology for
decontamination needs to be
demonstrated.

A systam for pmcesslng waste
to an acceptable form is
neaded.

Development cost:
{Improvements) <30.2M
Caplital cost: ~$100K
Operating cost: >$1/t’

A systsm to callsct and
remova dust and marcury
vaporized by the heat
generated during grinding will
be needed.

Development cost: None
Capital cost: $150 (S10K with
vacyum gystem)

Operating cost: ~$1/12

Acollection system for the
dust and vaporized Hg would
be needed to implement this
tachnology.

Dsvelopmaent cost: ~$1M
Capltal cost: $250K
Operating cost: $1/t2
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* Clean Up Legacy
Waste

« Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

* Facility
Decontamination
and
Decor)nmissioning

(D&D

« Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

« Waste
Management

September 1954

Atpha4 Building (9201-4) —_—

Problem #3 Ex situ
decontamination of:

Hg

ﬁlgﬁLEmss.Em
HyS04, HNOg

Asbestos
m, HNOg,
Asbestos
Ei:keLErms_Em
E}g&}s{eLEms_Eg.
H:?SO4, HNO3

Asbestos

Nickal Process Eq,
Hg, LIOH, HoS0y4, HNO3,
Asbestos

Re'er to the Regulatory
Compliance chapter for

sitg- and waste-specific
charactaristics arapmv:dedfor
each technology, specific

regulatory recpirmnSwiﬂbe
spedﬁed. =

"Rotnoval of all asbestos

insulation in Building 9201-4-
Target Dato 9/30/97.
(Miestone No, OR270111)

Decont:

Decontamination

- -

e it



nination

Allerqa ives Technologles Science’ Technology Needs Implementatlon Needs

dechanical Sudace Removal
dethods

Surface Clsaning Methods =—p——

Metal Milling
DCON-45-0Y

Ranking:
M-4-0 ($0M $20m3)

Slurry Blasting
DCON-50-OY
Ranking:*

M-5-2 (30.5M; $1.75/12)

Compressed Air Cryogsnic
CO? Pellet Blasting
DCON-51-0Y

Ranking:*
M-5-1 (80.25M; $22)

Mming has bean used to
decontaminate metal items.
Additional Comments: This
technology most suitable when
there are many similar items to
be decontaminated bacause
thera is a 1/2 to 3/4h set-up
time required betwaen-
differently shaped items..The
heat gensrated by the milling
process will vaparize mercury.
Efflcacy: This tachnology Is.
100% sffective since as much
surface metal as is desired can
be removed.

Waste: The top layers (up to
1/8 in.) of the metal would be
chipped off. the canisters used
to colisct the marcury vapor
would also have to be
disposed of.

Demonstration -
The usa of a combination of
grit and water is well known to

- gffectively remove a varisty of

contaminants: Risa -
moderately aggressive

" removal

Efflcacy: Likely to improve the
decontamination rate over the
high pressure water process;
however, this mustbe
balanced against a slightly
more complex process.
Vaste: Aqueous solution of
spent grit and remaved
contaminants. Ths inclusion of
volatiles in the solution is a

_ major question:

Demonstration

*.Thistechnalogyis -

commercially available. Ithas

‘been used at nuclear reactor -
. sites to decontaminats hand

tools and seme equipment.
Efflcacy: The efficacy of this
tachnology for remaving the-
listed contaminants from
various substrates has not
been demonstrated. -

Waste: Wastes would be
sorbents and HEPA fitters filled

None

Development: The
characteristics of the specific
contaminants must be
matched to the increased
removal rate for the grit
blasting concept. Separation of
the contaminants from the
aqueous spent grit matrix must
be accomplished satisfactorily.
Improvement: The on-line
recycling process may need
improvement for satisfactory
operations.

Development:

Evaluate technology that has
recently been demonstrated in
Department of Defense
programs regarding
automation and improvements
in pellet delivery.

The contaminated equipment
must be removed and
dissembled before this
tachnology can be used.
Development cost: none
Capital cost: ~$150K
Operating cost: $20/it?

A varlety of commercial
enginsered systems are -
available with considerable
operating experience:
Devclopmsm cost: $750-
1250K° -

Capitaf cost: >$0.5M
Operating cost: $1.75/i?

Design and construction of a
vacuum waste-handling
system with HEPA filters and
sorbent ta handla the
vaporized COz and large
volumes of air contalmng the
remaved contaminants plus
oxygen depletion precautions.
Development cost: ~$0.25M
Capital cost: ~$200K
Operating cost: ~$2/it?
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« Clean Up Legacy
Waste P

» Prevent Future
Insult

» Develop
Environmental
Stewardship

EM Problems

Decontamination
and
Decommissioning
(D&D)

' « Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

- Waste
Management
(WM)

Y-12 Problem

T Alpha4 Bulding (6201-4) .

* Facility —

September 1994

Problem #3 Ex situ
dscontamination of:

Hg
Stael Process Eq,
LioH

HpSOg4, HNO3

Asbestos

Steel Process Eq.
Hg, LIOH, HoSOy4, HNO3,
Asbestos

Ei:!saLEms:ess.Eg.
Egsqa]ﬂmmssﬁm
H.ZSO4, HNOg
A;bBSIOS

Nicke! Process Eq.
Hg, LIOH, HpS04, HNO3,
Asbaestos

Refor to the Regulatory

== Compiiance chaptsrfor -
potential applicable, proposed,
and promulgated
environmental laws, signed

Remova! of alt asbestos
insulation in Building §201-4-
Taryet Date 9/30/97.
(Miustone No. OR270111)

Deconu

. Decontamination

BEAR AL TP N i

IProblem Areas.Constituents H Subelements l




nination

Alternatlves Technologles Science: Technology Needs lmplementatlon Needs

Surface cteaning Msthods

High-Pressure Water Blasting
DCON-52-0Y

Ranking:*
H-5-1(§1.2M; <§1/22)

Superheated Water
DCON-53-0Y

Ranking:*
M-5-1 ($1.2M; <$2//2)

Water Flushing
DCON-54-0Y

Ranking:*
M-5-1 ($1.2M; <$1//2)

Steam Cleaning
DCON-55-0Y

Ranking:*
M-5-1 ($1.2M; $1-2142)

Hand Brushing for Surface
Contamination
DCON-56-OY

Ranking:*
H-4-0 (30M; $1/12)

Acceptod

High pressure water blasting
has been used very
successfully to decontaminate
various large and complex
surfaces at nuclear power

plants.

Efficacy: Techniquais
expected to be effectiva with a
DF of about 50 for loosely:
adhering comaminaﬁon. DFs
will be higher if chemical
cleaning agents are-also used.
Technique is expected to be
ineffactiva for fixed
contamination.

Waste: Waste is 4 t0 >100
gpm of contaminated waste
water:

Accepted .
Tachnology Is avajlable and
has been used by industry.
Etilcacy: The remaval of
loossly bound Hg should be
complete, but the removal of
more tightly bound
contaminants s iikaly to be
slight. - -

Waste: Waste willba 0.4 to
2.0 gpm wastewater containing
ramoved contaminants,

Accepted
Flushing with hot water Is often

. used following scrubbing..

Efflcacy:- The techniqus may
be effective for tha listed
contammams {excapt
asbastos): -

Waste: -The waste genarated
is the contaminated water from
the fiushing operation.

Accapted

The technique has proven
usefid, espacially on complex
shapes and large sutfaces. -
Efflcacy:. Technology should
be effective for Hg, but not for
the more tightly bound
contaminants,

Wasts: Waste willbe 0.4 10
2.0 gpm wastewatsr containing
removed contaminants. R

tad
Brushing is a common
dacontamination technique.
Efflcacy: Brushing is effective
for smearable contamination,
and less effective for fixed
contamination,
Wasts: HEPA filters and
adsorption canisters on the
vacuum cleaner used to pick
up the particles gensrated by
brushing and the wom
brushes,

Improvement: To minimize
waste genaration, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Improvement: Remots
operation will necessitate the
adaptation of the high pressure
watar and vacuum collection
systems to robotic system
control.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.
Improvement: Remote
operation will necessitate the
adaptation of the
superheated water and
vacuum collection systems to
robotic system control.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be racycled and reused in
the hot water cleaning
operation.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Remote operation will
necessitate the adaptation of
the steam and vacuum
collection systems to robotic
system control.

None

A water treatment system is
needed to minimize waste.
Developmaent coat:

Water treatment system:
About $1.2M

Remote operation: $3-4M
Capital cost: $50K-$75K
(about $250K with remote
operation)

Operating cost: <$1.00/1t2

A water treatment system is
needed to minimize waste.
Development cost:

Water traatment system:
Abolt $1.2M

Capltal cost: About $175K
{about $250K with remote

operation)
Operating cost: ~$2,0/12

A water treatment system is
needed to minimize liquid
wastes from this tachnology.
Development coat: About
$1.2M

Capital cost: <$50K
Operating cost: <$1/M2

A water freatment system is
needed to minimize liquid
wastes from this technology.
Development cost:

Water treatment system:
About $1.2M

Caplital cost: $50K-$75K
(about $250K with remote
operation)

Operating cost: $1-2/1t2

Normal implementation needs.
Davelopment cost: none
Capital cost: Negligible
Operating cost: $1.00/t2
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Hg

Steel Process Eq,
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Steal Process Eq.
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Nickel Procass Eq.
Ashestos

Nicke! Process Eq.
Hg, LIOH, HoS04, HNO3,
Asbestos

Conpliance chapter for

potumtiak applicable, proposed,
and promuigated

Removal of alf asbestos
insulation in Buiding 9201-4-
Tanjet Date 93057, ~
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nination

i i ! ] 0
Alterna:tives Technologies } Science’ Technology Needs | Implementation Needs
| | | |

Surface Cleaning Msthods

Automated Brushing
DECON-57-0Y

Ranking:*
M-3-2 ($1M; $300/8)

Sponge Blasting
DCON-58-0Y

Ranking:*
M-4-1.5 (81.2M; $2112)

Hot Air Stripping
DCON-59-0Y

Ranking:*
H-5-2 ($2M; $/2)

Demonstration
this technology has been used
at Rocky flats to remave
plutonium contamination from
the inside of pipes. Tests
would be needed to
demonstrate iis effectivensss
for other contaminants on
other substrates.
Efflcacy: Brushing is-effective
for smearable contamination
and lass effective for fixed
contamination, The interdor of
the pipes at Rocky Flats was
cleanad to shiny metal.
Waste: HEPA fiters and
adsorption canisters on the.
vacuums used to pick up the
particles of cantamination and
the wom bushes.

Accepted- |
Although the technology is
ralatively new, it is currantly
being usad by at feast two
sites lncludlng a nuc)aarpower

Efficacy: Extensiva dataon
decontamination factors are’
not available. With the
aggressive sponges, which are
impregnated with abrasives,
this technalogy may be
effective for the listed.
contaminants and substrates.
Vasta: Wastss consist of
about 0.01 1t of blasting media
and removed contaminants por
ft2 of area decontaminated:
degraded spanges plus-any-
liquid cleaning agants that may
have besn added.

Demonstration .

‘The technology is readily
avallable but needs to be
demonstrated for the specific
site conditions. * .
Efflcacy: Has a good chance
of working for the volatile
contaminants i a viable
collection method Is avaflabls.
Waste: The volatile
contaminants will be in the
warm alr stream. Filters and
sorbents shoukd remova the
contaminants and constitute
the finaf waste stream;

Developmant:

Test to demonstrate that this
technology is effective for the
problems at Alpha 4.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be recycled and reused in
the sponge blasting operation.

Development:

Investigation of the conditions
and removal efficiency for the
removal of Hg and other
volatile contaminants is
required. Development of a hot
air cleanup system is needed.

Vacuum collection system.

Development coat: $1000K

Capital cost: $250K

piOpcnﬂng cost: $300/1t of
pe

A wastewater treatment /
recycle system will be needed
to usa this tachnalogy.
Improvement cost:

" About $1.2M

Capital cost: Sponge blasting
systam: About $20K (with
slfter system}

Operating coat: About $2/2

An alr cleanup system is
needed to use this technology.
Development cosat: ~$2M
Capltal cost: $250-500K
Operating cost: $3412
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Problem #3 Ex situ
decontamination of:

Hg

Steel Process Eq.
LiOH

HzS04, HNO3

Steel Process Eq.
Asbestos

Steel Process £q.
Hg, LiOH, HoS0y4, HNOa.
Asbestos

Nickel Process Eq.
Hg

Nickel Procass Eq,
LiOH
HoS04, HNOg

Asbestos

Nickel Procass Eq.
Hg, LiOH, HpS04, HNO3,
Asbestos

Refer to the Regulatory
Corrpliance chapter for

* potantial spplicable, propased,

and promuigated
environmental laws; slgned

Remaval of all asbestos
insulation in Building 8201-4-
Target Date /30/97.
(Mﬂestone No. 0R270111)

Decontamination




1ination

[

Alternfaiives

|
urface Cleaning Methods

Dry Heat
DCON-60-OY

Ranking:*
M-5-2 (S1M; >$1/42)

Solvent Washing to Remove
Radiological Contamination
DCON-61-0OY

Ranking:*
M-5-1 (<81M; $1/7%)

Solvent Washing to Remove
PCBs
DCON-62-0Y

Ranking:*
M-4-1 (<S1M; $112)

Strippable Coatings
DCON-63-0OY

Ranking:*
M-4-0(S0M; >$1.50//2)

The use o{ heat to increase the
vapor prassure of semi-volatile
materials is well known, but
the usa of heat for surface
removal of Hg, etc. is
unproven.

Efficacy: This procass shoulkd
work for contaminants which
can be volatilized.

Wasts: This will inftially consist
of volatilized contaminants
along with hot air and other
vaperized materials, The
contaminants must normally
be removed by scrubbing,
sarption, or possibly fillration
before atmospheric releasa is
allowed.

Conceptual. -

Plutonium contaminated items.
at Richland, WA were rinsed-
with Freon. The vendor who
supplied the equipment for
Richland ten years ago no
longersells it

Etficacy: This fechniqueis
mainly applicable to smearabls.
contamination.

Waste: Waste would be spent
solvent containing removed
contaminants.

Canceptual .

Solvent ng was .
stopped to avoid exposing the
workers and the environment
to the hazardaus solvents.
This equipment is produced by
anumber of manufacturers
and could be used withthe .
proper solvent to remove
PCBs. -

Efficacy: The tachnique is.
affective for most organics.
Waste: Wasts would be spent
solvent contalning removed
contamination,

Accepted

Technology has been used for
decontamination applications
involving hazaMous and

factors of over 80% can be
expactad with two applications,
Waate: Wasta is a solid
polymercontainingthe |
removed contaminants. The
average thicknass of the- .
applied coating isa mm. This
may be incinerated to reduce
the final volume.

Davelopment: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.

Sclence: Solvents that are
less damaging to the
environment need to be
identified and demonstrated.

Sclence: Solvents that are
less damaging to the
environment and effective in
removing PCBs need to be
identified and dsmonstrated.

Improvement: Devslop
coating with lower material
costs and greater ease of
application.

Technologles Scxence’TechnologyNeeds Implementatlon Needs

An air deanup system is
neaedad to use this technalogy.
Development cost: $1M
Caplital cost:~$1M
Operating cost: >$1.00/1t2

Vapor collection system
Development cost: <$1Mto
identify and demonstrate the
replacomant solvent.

Capitat coat: $300K (1980
dollars). -

Operating cost: ~$1/it2 (An
average of 7.5 minutes per
ftem was required when
decontaminating small items.)
Avallable in Privats Seactor.

Capital cost: $400K (1992
dollars) for a 4,000-1b capacity
unit.

Labor cost: Ons operatar for
one hour ta load, clean , and
unload 4,000 Ib of metal.

Normal Imp!amentaﬂon needs.
Developmaent cost: none

Capital cost: <20K
Operating cost: $1.50/t2
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mination

Alternahves Technologles m Science’ Technology Needs lmplementatlon Needs

Surface Cleanlng Mathods

Vacuum Cleaning
DCON-64-0Y

Ranking:*
M-2-0 (0M; < $0.75//€)

Ultrasonic Cleaning
DCON-65-0OY

Ranking:*
M-3-1 (30.4M; $7//%)

Vibration Cleaning
DCON-66-OY

Ranking:*
M-3-1 (50.5M; $6/22)

Plasma Torch
DCON-72-QOY

Ranking:*
H-5-2 ($0.5M; $2/12)

Laser Heating
DCON-73-QY

Ranking:*
M-4-4 (30.5M; <8142}

Vawum cleanars have fong
been used to clean up loose
contaminatian.

Efficacy: Any contaminants
which are in a loose, sofid form
will be collected effectively ina
HEPA filter vacuum system.
Waste: A HEPA filter and/or
sorbent with the collacted
contaminants.

Accepted

Ultrasonic cleaning has besn
usad for many years in the
private sector and in
govemment installations for
removing surface
contamination from relatively
small metal parts which can fit
into an ultrasonicbath, |
Efficacy:. Will not be effective
on Hg amalgamates. May
separate asbestos from metal
and remave chemical
contaminants. .

Waasts: Spent utrasonic bath
solufiens containing any
removed contaminants. -

Domonastration

Efficacy: Vibratory cleaning is
likely to be effective for a
variaty of Y-12 problems.
Waste: The problems of cross-
contamination within the pellet
medium and recycla of the
peliets and solution remain.

Evolving Toctmology

Congeptual. -
. Plasma torches exist .

“commercially to weld and cut
materials that have very high
melting temperatures.or .
require an insnt atmosphere.'
Eficacy: His efficacy in-

_removing Hg orvarious

organic contaminants orto
removae fayers of contaminated
metal has notbsen
investigated:” -

Waste:. Wastes would consist
of materials used to trap
reaction products from the
decomposition of organics,
and the listed contaminants,

Demonstration

Currently being qsed to
remove contamination form
matal surfaces.

Efflcacy: Current prototype
systems are capable of
remaving 2-mil-thick coating at
the rate of 100 ft2/hr. Likely to
be effective in removing Hg
and inorganic acids.

Waste: Waste will be sorbents
and HEPA filters filled with
contaminants.

None

Improvement: Definition of
acceptable cleaning liquids
which (1) are not hazardous,
(2) can be separated from the
contaminants, and (3) can be
reused to minimize secondary
wastes.

Improvement: More
aggressive cleaning action.

Development: Methods for
recycle of the pellets and
solutions must be developed.

Sclence: Laboratory tests are
needed to evaluate the
efficacy of vaporizing or
decomposing organics and
mercury and determine the
decomposition reaction by-
products and suitable trapping
materials. Computer
modeling of plasma-surface
interactions and heat transfer
are needed.

Development: Plasma
torches having geometries and
conditions suitable for
decontamination need to be
developed along with suitable
collection and gas treatment
systems.

Development: Current
prototype needs to be
evaluated for possible use on
contaminated areas.
Sclence: Systems with
different operational
paramsters (e.g., wavelength,
pulse durations) should be
evaluated as well.

Normal lmplemantaﬁon needs.
Capital cost: <§25K
Operating cost: <$0.75/1t2

Requires removal,
disassembly, and size
reduction of contaminated
equipment.

Improvements cost: $400K
Capital cost: $10K-$100K
Operating cost: $5-1

more

A bench scals demo lasting ~9
months is needed.
Development cost: $0.5M
Capltal cost: $60K
Operating cost: ~$6/it*

A collection system for the
vaporized deposita would be
needed to Implement this
tachnology.

Devslopment cost: ~$500K
Capltal cost: ~$100K
Operating cost: $2/it*
Avallabls at Y-12.

Normal Implementation needs.
Davelopment cost: $0.5M
Capital cost: $0.5M/machine
Operating cost: <$1.00/t
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Alte{nati[\/es

2y
\
ermal Surface Removal ) ;¢
athods B

Technologies

Laser Ablation
DCON-74-0Y

B Ranking:*
SN M4 (S1M; <S1/2)

Plasma Surface Cleaning
DCON-75-0Y

Ranking:*
M-5-3 ($1M; $1.75/)

Plasma Etching
DCON-76-0Y

Ranking:
M-5-3 (51 3M; sa3)

Flashlamp Cleaning
DCON-77-0Y

Ranking:*
M-5-2 (32M; $3/12)

Science/ Technology Needs

slow fo removelange de]
Waste:Waste: would be ;

B remqyeddepos]ts some .-

. substratematenal andﬁlters ;

Pnedemonstration PR
*- Plasma surface cleaning’ by4 Y

T glowd;schargesareeommonty«l

pe , Predemonstratron" S
- Plasma etchmg yrocesses are |,

»

- tsed 1o remove organlc

"." substratés. Hanford= - < -
- WesnnghouseLabcratoryxs

" and effec’nvely utilized for -
deamng -high bond' ing energ
contaminants for surfaces of .
- -metals.priorto the operatlon of
fusxon devices: ™ ¥
fﬁwcy' Technology s
- expected 1o be effectivefor:
removmg deposns from d

s

- used:in material | processing
and. mlcroelectromc’

ma
Efﬂcacy. Exhap

ng these

. plasma processe;.f’or* )

emonstratlon S i
Flashlamp systems are] bem

prec«ous*metals* and fragile

conductmg tests ofxenon-"
ﬂashlamp systems for 1
. removing radi ologml

contammauonfromsurfaces

* inside metal storage vesse!s~
Efﬂ’tzcy' Technidlogy s i fikély
< 10 be effective for surface
mercurycontammanon. .
< Waster Wastes woild be.
removett oontamxnarns;some

substraté material,‘and HEPA

filters® and sorbent frorh the off- -
gas co!lecuon system.«

Development:

Existing lasers, delivery
systems, and off-gas treatment
systems need to be integrated
into a prototype system for
demonstration.

Implementation Needs

Priof rémoval and disassembly

- = . of contaminated equipment, a

glove box in which the deposit
" removalis done, anda
collection system with
" adequate off-gas treatment

4 . “system woulgi be needed to

b xmp{ementthlstechnology

" Development cost: $1M.

Science: Data on cleaning
rates for mercury and other
contaminants and various
substrates of interest are
needed.

Development: The capability

of plasma generation and s

cleaning on complex internal
surfaces of contaminated
equipment with large surface
areas needs to be established.

Science: Data on cleaning
rates for contaminants and
substrates of interest are
needed.

Development: The capability
of plasma etching on deposits
in complex equipment with
large surface areas and curved
surfaces needs to be
established.

Development:

Commercially available
flashlamp systems need to be
evaluated for mercury deposit
removal.

- Operating cost: $34t

. Capital cost: $05~ .
- 1M/machine, .-
'Operatlng cost‘>$1 oomz

", Acollection system with

- "appropriate sorbents and filters.

" . for the vaporized dapos:ts

would be needed fo use this

. “technology. . ~

- Development cost:: FIM-
Cipital cost: $0. 5-1M
«/machiné

Operatingcost. >$1 75/&’
= Avall’able atY 12., -

: Aoonecuonsystemwrth

; appropnata filters and sorbents
for. thevaponzed ‘deposits "~
" would be- rieeded to use this
technology - Anelectiic power”
. supplywould be needed. .
“~Development cost:’ ~$1 3M
~ Capital cost:"~$1M o
Operaﬂng cost.

A collechon system forthe
M vaponzed depos:ts would be
neededto |mplament this..

* techinology. ¥ -

Development cost: $2 M-
-Capital costs $50~,
- 100K/machine -
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nination

|
Alterhaltives

Technologies
Incineration
DCON-2-0Y

Ranking:*
H-3-12 ($0M; $10/1b)

Dry Heat (Thermal Desorption)
DCON~4-OY

Ranking:*
H-4-2 (50.5M; $12/1b)

Chemical Leaching
DCON-5-0Y

Ranking:*
M-1-1.5 (30.5M; <$1/2)

Science/ Technology Needs

None

Development: Engineering
design data is
needed.Improvement may be
necessary in off-gas treatment
for acceptance.

Development: Bench scale
tests are needed to determine
which chemicals would be
effective and what secondary
waste treatment would be
necessary to recycle
chemicals.

Implementation Needs

A new mcmefator or .
modmxnﬁonsto the off-gas
Areatment system suitable for
ooniammg meyeury would be -

5 . ‘necgssary to use this

b3

lechnology The K-1435
maneramrreq(ﬁres tha~ -
services of about 30
mamtananoe workers: -, .,
(mamtenance mecbanm,

: weldefs, and instrument :
medaamcs),;ﬁlexr supemsors,

.34 chemm! operators, their
supemsar,and ’7 enginesrs.
About 8-10 years s raquired

. forwmmg an envzronmerﬂa! )

xmpac:sta!ement holding .
- public hearings, and obtammg
“tha nécessary p armits, (RCRA,

. NESHAP,and Clean AifAct) )

Davelopmem cost! hane -
Cap!taf cost’ $28M(1987
: dollars)s ; .
Operaﬁng coswsﬂmb (1992
doflars)

Exfsnng fumace conﬁguxatrons
* “$hould be dpplicdbla with a’
specvﬁc off-gas callection -

systemformaacntammams /7

o

. removed.

-7 Developmen’f cost: 3500K

R

"r

1t

. Capital cost: -$0.5M
Operat{ngcos‘l “$12/1b

Extensive chemxcal pmcewng
system for chermical !eaching
“witha, waste neatment syStem .
for tréatment or recycle of
-spant chemical leaching -
'~ solutich is nedded. -
Development cost‘ B
Eﬂm:;y Demo: $250K
Waste teatmem: $250K
Capital costz, $1.3+ 2M -
‘Qperatirig cost. <$1lﬂ2 or $$
$50/lb i

“%

i
4

1
s
,,z

3 e e

4
7

prared
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Deconta

EM Goals Y-12 Problem Problem Areas,Constituents Subelements I

« Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

—— Alpha 4 Building (8201-4)

* Facility
Decontamination
and
Decommissmnlng
(D&D)

« Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

» Waste
Management
(WM)

September 1994

Problem #4
Painted concrete and clay tlle
contaminated with:
PC8

oil

U, (and daughters)
electrolytes

Cd

Pb

Cr, and

Hg.

Reler to the Regulatory

Coimpllance chapter for
potantial applicable, proposed,
arxl promuigated
environmental laws, signed
antl pending agreements for
the Oak Ridge Reservation
(ORR}, radiation praotection
standards, DOE orders, and
norregulatory guidancs. As
site-and waste-specific
characteristics are provided for
sach technology, specific
regulatory requirements will be
spacified.

Retnoval of all asbestos
inswiation in Buiiding 9201-4-
Target Date 8/30/97. .
(Miestone No. OR270111)

Decontamination

b4



\ination

Alternat ves Technologles m Science’ Technology Needs lmplementatlon Needs

Julk Deccntanﬂnaﬁon
vMathods

hemical Surface Cleaning
ethods

Vacuum (Low Pressure with
heat)
DCON-7-0Y

Ranking:
M-5-1 {$1M $1.20/2)

Chemical Foams
DCON-8-0OY

Ranking:*
M-5-1 ($1M; $0.5-2112)

Chemical Gels
DCON-8-OY

Ranking:*
M-4-1 (S1M; $0.5-2/2)

Organic Acid Treatments
DCON-10-OY

Ranking:*
M-3-1 ($1M; N}

Demanstration

The use of vacuum with heat is
well known to improve the
ramoval rate for many
contaminants.

Efficacy: Likely to improve the
rate of removal of some
contaminants, however, this
must be balanced against its

cost.

Waaste: Sarbent containing
removed contaminants and
other volatiles.

Demonstration

Chemicat foams have been
widely used as carriers for
decontamination agents.
Efticacy: Foams should be
effective in holding .
decontamination agenisin
contact with concreta floors
and structures.
Waste:Wastes would bs
contaminated sulfonated
dstergents, synthetic wetting
agents, and coupling agents
plus ramoved contaminants.

Demonstration

The use of chemical gels is
most suited to*
decontamination of large
surfaces. Gellsusedas a
carrier of chemical
decontamination agents, not
as the agent ltself. it Is sprayed
on component walls; allowed
1o work; and then scrubbed,
wiped, rinsed;.or peeled off..
Efficacy: Expected to be
sffective only for smearebla
contamination.

Waste: Wastes would be
carboxymsthyicellulosa geliing
agent, aluminum nitrate
chelating agent, wasta water,
acldic chemical agent (possibly
nitric-hydrofiuosic-oxalic acid),
and the remaved
contaminants. Wastes are
reportedly 4-5 times lass
compared to chemical
solutions.

" Demonstration

In principal, arganic acids can
attack Hg, but organic acids
have not besn demonstrated
to be etfective an concrete or
in removing Hg.

Efficacy; Whisther organic
aclds will be effective in-
removing Hg and the other
listed contaminants from
concrata is unproven and
uncedaln.

Waste: After neutralization,
waste would be filter cakes or
sludges contalning any
removed contaminanis.

Development: The
characteristics of the specific
contaminants must be
matched to the rate advantage
of decontamination by
volatilization under vacuum
conditions for the specific
heating applied
Improvement: In situ
conditions need better designs
to apply the vacuum heat
combination efficiently.

Development: A
dscontamination agent that
removes mercury and is
compatible with foam
formulation must be found and
demonstrated.

Development: Complex gel
formulation with a number of
compounds may be required
depending on the objectives.
Laboratory optimization will be
necessary, with any change in
variables.

Development: Effectiveness
of candidate organic acids for
removing Hg and other listed
contaminants needs
demonstration on a small
scale. Waste treatment
techniques should also be
demonstrated on a small
scale.

An off-gas treatment system
would be needed.
Development cost: $500K
Capital cost: $1M
%raﬁng cost: $1.2/t%0r

A waste freatment system is
needed for the foam and
wastewatar.

Develapment cost: ~$1M
Capital cost: <$50K
Operating cost: $0.5-$2.0/t

Normal implemsntation needs:
Development cost: ~$1M
Capital cost: <$50K
Operating cost: $0.5-$2.0/4t

A suitable waste treatment
system will ba needed to
implemaent this technolegy.
Development cost: ~$1M
Capital cost: <$50K for In situ
treatment; $4-10M for an ex-
situ treatment facility and new
waste treatment facilities
Operating cost: $300/metric
ton for ex-situ treatment.
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EM Goals Y-12 Problem Problem Areas.Constituents H Subelements

—_— Rs!ertnﬁreﬂagdamw )

« Clean Up Legacy
Waste

* Prevent Future -
Insult

* Develop
Environmental
Stewardship

EM Problems

—— Alpha 4 Bullding (8201-4)

* Facility
Decontamination
and
Deoor)nmissioning

(D8D

» Remedial Action
(RA)—Saoils,
Groundwater
and Surface
Water

« Waste
Management
(WM)

September 1994

Problem #4
Painted concrets and clay tile
contaminated with:

PCB

oil

U, (and daughters)
electrolytes

Cd

Pb

Cr, and

Hg.

cheracteristics are pmvlded for
gach tachnology, specific

regu!ato:y neq«.xiretmnts will be
specified.

Reinoval of aﬂ.asbestos
Insti{ation in Bullding 92014~
Target Date 9/30/97.
(Miestona No. OR270111)

Decont:

Decontamination

e e e



nination

! !
Alterna{tives Technologies | m Science! Technology Needs | Implementation Needs
| | ‘ ‘

Chemical Surfacs Cleaning -

] Fluoboric Acid Treatment
Mathods. l

DCON-11-0Y

Ranking:*
[ﬂ M-3-1 ($1M; <$1/2)

— Inorganic Acid Treatments
DCON-12-0Y

Ranking:*
m M-4-0 ($0M; >$1/12)

= Caustic Detergent Treatmsnt
DCON-13-0Y

m Ranking:*
Wl M40 (50M; >81/12)

=—— Hypochlorite Oxidation
DCON-202-0Y

Ranking:*
Not Ranked

Demonstration

Technology was designed
spacifically for D&D.

Efficacy: it is likaly to be
highly effective. | remaves the
outer layer in a controlled and
effective manner.

Waste: The acid can be
eloctrolytically regenerated.-
and recycled with radioactive
wasta plated out to the
cathode and solidified in
cemant, Final quantity of
cement-solidified wasts is 20-
50- grams/m2 of
decontamination surface.
Other waste treatment options
are possible.

Accepted

Nitric acid dacontamination
has been tha prefarred method
at Y-12 for cleaning moetal
items in various facility
operations, but not for -
concrete, since the 1840s. In
addition, tha technique has
been widely used for metal’
decontamination at ORNL,
K-25 and Portsmoutl. |
Efilcacy: DFs are inthe 100

range.
Waste: Wastes consist of
large quantities of corresive
wastes containing the removed
contaminants.

Accepted

Surfaca smearable |
decontamination with caustic
chemicals (soap and water) is
accepted technology and is
usad extensively for many
years. Riding and powar
scrubbers are available for
floors.

Efticacy: Soaps, carbonates,
etc,, will remove smearabls,
but not fixed contamination.
Waste: Waste would bs spent
detargant solution containing
removed contaminants
(normally treated by

- neutralization and

precipitation)

Accepted

Core procass is commarclally
avallable and practiced on an
industrial scale. Integrated
process needs to be
demonstrated..

Etflcacy: Dependant on
solution flushing efficiency.
Care process reducas Hg in
water effiuent to <2ppb.
Waste: Cleanup dsbiis, some
salts, spent resin and carbon.

Development: Although the
method has seen application
at Chernobyl with good results,
development work is needed
to test applicability at Bidg.
9201-4.

Improvements: Adaptation of
modifications to system (i.e.,
scrubbers, filters, treatment for
nitrates and heavy metals) In
order to mest regulatory
requirements, Possible
development of HNO3/HF
decontamination methods, with
or without ultrasonic agitation.
Continuing research and
development on waste
treatment, and volume
reduction.

None for removal of smearable
contamination with carbonates,
soaps, ete.

Core technology is ready to
use.

A waste treatment plant is
needed to treat the waste-
water resulting from the
decontamination operation.
Development coat: $1000K
(Rough estimate)

Capital cost: $800K (1990
estimate for equipment only for
5T/day capacity of metal)
Operating cost: <51/

A treatment plant is needed to
treat the wastewater resulting
fram the decontamination
operation.

Development cost:
(improvements) $400K-1M
(rough estimate)

Capital coat: <$4-10M (rough
estimate)

Operating cost: <$1/t2
Avallable at X-10, K-25,

A wastoe treatment plant is
needed to treat the waste-
water resulting from the
decontamination operation.
Deavelopment cost: none
Capital cost: <$10K
Operating cost: >$1/t2
(<$11t2 with a riding scrubber)
Avallable at X-10, K-25.

Norma!l implemantation
requirements and a fluid
delivery and cleanup system
neads to be integrated with
core technology
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+ Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

« Facility —
Decontamination:
and
Decommissioning
(D&D)

» Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

» Waste
Management
(WM)

September 1994

Y-12 Problem

Problem #4

Painted concrete and clay tile
contaminated with:

PCB

oil

U, {(and daughters)
electrolytes

‘ Problém Areas/Constituents

Deconta

Subelements
- Refer to the Regulatory ™ Decontamination
Corrpl’ance chapterfor -~ b
potenualappﬁnble, pmposed
~and promulgated K .
;" -environmental laws, signed - -

- {ORA), radiation protection <
; standards, DOE orders, and, .

- site-and waste-specific - . -
dlaractensuware pmv:ded for
; éacl'uechnology Specific -
regulatory reqwrementswﬂl be
- spec:ﬁed\ ; . .

- x

2 Ren‘oval of aII asbestos” .
. insulation in Building 92014—
f Target Date 9/30/97. . - s
(Mﬂeslone N& ORZ701 11) !

o




nination

I

Alterrjlatives

Chemical Surface Cfeamng

Methods

Technologies -

Amalgamation

DCON-16-0Y

Ranking:* - rswell known. apphca’aon to
H-5-1 (30.5M; N} ‘12 problems areas'. has not -

- and Ziric are main mstalsof,
- mteresbforamalgamahon

“liquid, Hai irito a solid thatis
, often easyto recover. Metho
mustbe used wrth a seoon

Biological Surface Cleaning EvoIvlng Technology/ ,' W

DCON-17-OL Pre-conceptual coNTL e
.+ Therknowledge base exustsfo £
Ranking:* “,z biolpgml tréatments of.”
L-5-2 (30.5M; $0.1-3/2) b eréury, however, there is not -
- data base for appl'wt:on of N
" the techno!ogyfor surface A

decontammanon. AR
*Efﬁcacy. This technology sT T
. quite l'keiy 10 be Successful for :
“oiland PCBs: ltcotld be - -
: 4$uwessfu! fbrmercury, but -,
woufd remam inthe baclenal -

-+ Would ba the:contaminated.. .
i layer of mrcrobesxemoved
at

Chelation Demonstraﬂon N LA
DCON-21-0Y Thetechnology hasbeen L
Ranking:"

M-4-2 ($1.5M; <831/8)

’ achlevmg ;;wgpmple
decontamination fevels -
resultmg in uncondmonal .
telease. | Easym apply in situ.”
asagenracts atheutral pH © .
" and.are non—ﬁazardousl non= ¢
fummg, have.ng.gas. evolunons ‘.

~ ‘and: ‘are brodegradable. N
Waste- Srmple waste«

waste, Min inimizes ‘waste
through oxrdanve destructmn <
of chelate dgent, partitioning of. -
_organics;(including.PCBs).and
. concentration of radi onucr des -
precxprtated outinthe:? .

ﬂocculentsludgewhxch can- be .

further de—watered

Science/ Technology Needs

Technology Development
Needs:

Laboratory and bench scale
assessment is needed to
detemnine the suitability of this
process to the Y-12 problems.

Science: Literature study and
bench-scale tests of microbes
on mercury.

Development: Develop
methods for applying a layer of
microbes, supplying needed
nutrients, and removing the
microbe layer from the
decontaminated area.

Development: Validation of
updated chelating agents is
needed and is currently
underway at ORNL to confirm
total efficacy and economic
advantage.

Implementation Needs

o ‘fhe évarlab:hty of a sutable

, facility to do development work

. is assumed.

Development cost: $500K
(mainly personnel oosts)

¥ Duration: 8 honths -
Capital cost: $100K

.. Operating cost:NA

k Facﬂmes for cumvaung the

7 bacteria and dxsposmg of the’
bacte:&a.l sludge would be

Development cost~$300K-
$600K ™" ’
Capital cost: ~$200K

’ Operatlng cost. $0.10-
* $3.00¢/%

Avallable at X-10, K-25,

App!mtron equrpment forin

- Sity decontarnination; Support

personnel and equipment to
sample, analyze, develop
appropriate concentrations,
ensure, oxidation of organics.
and/or compléte partitioning

*, will be necessary.

.Development cost: ~31.5M .
.Capital cost: ~$1.5M
Operatlng cost: <$1/*
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Y-12 Problem * Problem Areas/Constituents} Reference Requirements . Subelements
« Clean Up Legacy . Alpha 4 Building ) Problem #4 Decontamination
Waste R ; Painted concrete and clay tile |
contaminated with: !
PCB :
» Prevent Future N g ool y \
Insult D U, (and daughters) b ,
- : o . electrolytes ;
= Develop gg ¢
Environmental Cr.and ¥
Stewardship 1 Hg. N
. -
H ‘
EM Problems g '
i X
sFacility
Decontamination : ,
and o ; :
Decommissioning | ! . . : !
(D&D) P : '
: ; |
i {
‘ i j
H H t
;
. : |
i, <3 |
- Remedial Action | ¥
(RA)—Soils,
Groundwater ;
and Surface
Water
; ; ‘
: :
~ ; 1
A o
5 E
] 3
t
H
“3
H
« Waste :
Management
(Wwm)
September 1994

T .



mination

I O

Alterjnlatives Technologies Science/ Technology Needs Implementaﬁon Needs
Sulfide Conversion Vo hinol Science/Development: Both ! The reqmred Iab and banch- ’
DCON-22-0Y ‘gvaly el lab and bench scale ;. scale éxpétimentsarg - /-

the room fempes ¢ experiments are required to - ‘expectedio befelatvety 2

Ranking:* K ) i 1o determine the kinetics of the S ‘ simiple. Exrsung eqmpment .y
M-3-1 (80.5M; N) T and Hg reaction at rcom H and facifities wilt fikely suppo;t« ;
g et temperature and to evaluate > theseactivities with slight .. .

the suitability of the methodto ;' - modifications? ’

the Y-12 Hg problems. R Devetopmentoost $500K .

7 {mainly personnef costs) g

; - Duration: ~Smenths . I

» . "Capital cost: $100K :,

: Opemﬁng cost. NA o

A

S

Bases and Alkaline Salts e None A was!a traatment system :
DCON-23-0Y woufd be needed io treator ., |
b usad gt ¥ & ., fecycle spent d’eeontammatlon $

Ranking:* 201STE o j 'N . solutidns fronj this technology. ¢
M-4-1 (30M; $1/42) e "+ "Development cost: none’ © 4
% _-Capital cost: <B100K " ;

" {excluding a recycle system or 4

: wasfe. treatmemfacdm%) .,

) Operaﬁng cost* -51/&’ L

Ultrahigh-Pressure Water EINESIC Technology Improvement: A water t!eatmemsystem is
DCON-35-0Y cl € To minimize waste generation, ;! needed to minimize liquid .
Ty I : asystem is needed 1o treat the ;'. wastes from this-technalogy. g

Ranking:* i a ould wor L water so that it can be ;. Developmeént, cost: 31300!( i
H-5-1 (§1.3M; $1/2) e : s recycled. Capital cost=~$500K -
- Technology Improvement: € raﬁng eosL -$1/it’ Pt

Automation, especially for ., A

walls and ceilings. 2 ‘- . , §

: 4

,: ’ ;

Shot Blasting y d N N Technology Improvement: N A colrectxon system with' ;
DCON-36-OY S s o shot, € Automation, especially for H adequate fittration” and , i
uSeatthe’ S walls and ceifings. o 'sarpuort. ‘ Ty

Ranking:* i L Efficacy; Théy ai rafly- > " Development cost: None %

H-4-0 (SOM; $1/2)

Capital cosk:~350K .. . i
Operatlng cost: ~$1m’ g

[ERERTCIN N

PIVEE IV AR TP VRG NP S S A
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EM Goals

+ Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

Decontamination
and L
Decommissioning

(D&D

» Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water

* Waste
Management
(WM)

« Facility —

September 1994

— Alpha 4 Building (9201-4)

Problem #4

Painted concrete and clay tile

contaminated with:

PCB
ail

U, (and daughters)
electrolytes

Ccd
Pb
Cr, and
Hg.

Reler to the Regulatory
Compliance chapter for
palential applicable, proposed,
and

environmental laws, signed

Romoval of alf asbestos
insidation in Building 9201-4-
Taiget Date &/30/97.
(Milsstona No. OR270111)

Decont:

Y-12 Problem Problem Areas,Constituents E Subelements I

Decontamination

PR e




lination

; | ! !
Technologies l : Status - Science! Technology Needs { Implementation Needs
| L i ) . .

lechanical Surface Clsaning

lethods

Scabblers/Scarifiers
DCON-37-0L

Ranking:*
M-3-0 (S0M; >$1/42)

Grit Blasting
DCON-38-0Y

Ranking:*
M-5-1 ($0.25M; $2.50112)

Centrifuge Cryogenic CO,
Pellet Blasting
DCON-39-0Y

Ranking:”
H-5-2 (80.75M; <§1/12)

{ce Blasting
DCON-40-OY

Ranking:*
H-5-1 (30.75M; $2112)

Supercritical COp Blasting
DCON-41-QY

Ranking:*
M-5-3 ($0.75 M; >$1/2)

Accepted
Mechanical scabblers are used
commonly for concrate
decontamination.

Efficacy: They are generally
effactive, but leave some hat
spots, Waste is-~0.01 i3
removed substrate (1/16" cut)
contalning removed
contaminants per fiof
substrate decontaminated

Accepted

Has been used succassfully
for many applications in the
nuclear Industry.

Efftcacy: Technology is
genarally effective..

Waate: Waste is ~0.01 it
ramoved concrete (1/16” cut)
contalning removed
contaminants per fi2 of
concrete decontaminated plus
spent grit.

Predsmonstration
Centrifuge pellet acceleration
has been demonstrated in the
DOE tusion energy program,
as a decontamination tool in
the Y-12 facility waste
minimization sffort, and more
recently as an alreraft depaint
mechanism.

Efficacy: Technology Is likely
to be successful with very high
decantamination factors:
Waste: The waste will be
HEPA filters and sorbents
containing the combination of
contaminants and substrate
material

Demonstration

Efflcacy: Efficacy of
commercial system for this
application needs
demonstration.

Wasts: Waste would be about
14 to 18 gallons per hour
waste water contalning
ramoved contaminants.

Predemonstration

Efflcacy: Likely to be effective
with nearly infinita
dscontamination factors.
Waste: Waste would be
removed concrets and
contaminants contalned ina
cyclong, sorbent, and/ora
HEPA filter.

Technology Improvement:
Automation, especially for
walls and ceilings.

Technology Improvement:
automation, especially for
walls and ceilings.

Development: Demonstration
of mobile system with high
velocity pellets delivered at a
sufficient rate and adequate
collection of removed
contaminants.

Development: Demonstration
of efficacy of commercial
system.Waste handling
improvements required.

Development: Investigate the
effect of operating parameters
on removal rates and removal
and collaction efficiencies for
contaminants. Demonstrate
efficacy for contaminants of
interest.

A collection system with
adequate filtration and
sorption.

Development cost: Nona
Capital cost: ~3500K (largest
size)

Operating cost: > $1/412
(more than shot blasting)

A collaction system with
adsquate filtration and
sorption.

Development cost: $0.25M
Capital cost: ~3500K (largest
size}

Operating cost: ~$2.5/4t2

Design and construction of a
vacuum waste-handling
system to handle the
vaporized CO, contalning the
removed contaminants plus
oxygen-deplstion precautions.
Development cost: <S1M
Capital cost: ~$100K
Operating cost: <$1/*
(200-2000 ft¥hr)

A water treatment system is
needad to minimize liquid
wastes from this technology.
Capltal cost: $100K-$1M
Opaerating cost: ~$2/f{2

Design and construction of a
vacuum waste-handiing
systam with HEPA filters and
sorbents to handla the
vaporized COp contalning the
removed contaminants, plus
oxygen depletion precautions.
Development cost: $250K-
M

Capital cost: ~$500-750K
Operating cost: $1+/t2

Page 2-39




« Clean Up Legacy
Waste

» Prevent Future
Insuit

* Develop
Environmental
Stewardship

EM Problems

— Alpha 4 Bulilding (9201-4)

« Facility
Decontamination
and
Decommissioning
(D&D

* Remedial Action
(RA)—Saoils,
Groundwater
and Surface
Water

* Waste
Management
(WM)

Seplember 1994

Problem #4 ==

Painted concrete and clay tile
contaminated with:

PCB

oil

U, (and daughters)
electrolytes

Cd

Pb

Cr, and

Hg.

Refer to the Regulatory
Gompliancs chaptsr for
potential applicable, proposed,
anx| promuigated
environmental laws, signed
ani pending agresments for-
tha Oak Ridge Reservation
(ORR), radiation protection
standards, DOE orders, and
nofregulatory guidance. As
site- and wasta-specific
characteristics are provided for
each tachnology, specific
ragulaio:y raqwaments will be
spexified.

Remaval of aft asbestos
insilation in Building 9201-4-
Target Date 9/30/97. -
{(Milestone No. OR270111)

¥, AN

Decont;

EM Goals Y-12 Problem Problem Areas.Constituents E Subelements

Decontarination



mination

!
Alternatlves Technologles ‘ ScnenceiTechnologyNeeds Implementatlon Needs

Machanical Surface Cleaning ——=
Mesthods

Plastic Pellet Blasting
DCON-42-0Y

Ranking:*
M-4-1 (<$0.2M; <$1/2)

Hand Grinding, Honing,
Scraping
DCON-43-0Y

Ranking:*
H-5-0 (30M; $1/2)

Automated Grinding
DCON-44-OY

Ranking:*
M-5-3 ($1M; $1/72)

Electro-Hydraulic Scabbing
DCON-46-0Y

Ranking:*
M-5-2 (<$1M; >82/12)

Plasﬂc pellet blastingis a
widely used altamate to sand
biasting for applications in
which it is dssired to impart
minimal damags to the
substrate.

Effleacy: Technology should
remove Hg and smearable
contamination, but not fixed
contamination, from concrete.
Waste: Waste would be spent
plastic pellets plus removed
contamination.

Accepted

Efficacy: Grinding with hand-
held power grinders has bssn
successfully used for small-
scale decontamination.
Waste: Waste would be
removed concrete plus
contaminants and spent emary
paper or dust.

Cancaptual

Grinding has been
succassfully used for small
scale decontamination. This
grinding was done with hand-
held power grinders Remotely
operated grinding equipment is
avallable, but no references to
Its use for decontamination
hava besn found.
Efflcacy:.The decontamination
efficlency should be essentially
100% unless the
contamination has diffused
deep into the concrete.

Wasts: Waste would be
removed contaminants and
substrate contained in filters
and sorbent,

Demonstration

EHS is an aggressive surface
removal techniqua which
controls the amount of material
remaved by the applisd pulse
enargy and its frequency.
Shock waves and cavitating
bubbles are genarated in water
by pulses to crush and crack
the concrate surface.

Efflcacy: The process Is
considered practical for
concrete with application of
robotic technology where
necassary for operator
protaction.

Waste: This is the removed
substrate containing the
contaminants.

Technology Improvement:
Develop and demonstrate
system for processing waste.
Technology Improvement:
Minimize blast media erosion
to minimize waste;
automation/robotics, especially
for walls, etc.; improve
containment of waste and
removed contaminants.

None

Development: The
applicability of this technology
to decontamination should be
demonstrated.

Development: An effective
waste handling and solution
recycle system is needed.
Improvement: The method to
contain the water and removed
material. The robotic
capabilities should be
improved where necessary.

A system for processing waste
to an accsptable form is
needed.

Devalopment cost: <§0.2M
Capitas cost: $100K
Operating cost: >$1Mt

A system to collect and
remove dust and Hg vaporized
by the heat generated during
grinding will be needed.
Development cost: None
Capital cost: $150 ($5K with
vacuum system)

Operating cost: ~$1/
Avallable at X-10, K-25.

A collection system for the
dust and vaporized Hg
deposits would be needed to
implement this technology.
Developmaent cost: ~$1M
Capitat coat: $250K
Operating cost: $1/4t

Evaluate the prototype
equipment for material removal
effectiveness with the
appropriate wasts collection
system.

Developmant cost: >$750K
Operating coat: $2/1t?
including capital cost.
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. Rufer to the Ragulatory
%l,eai?eu" Legacy | siphas Buiding(@2014) —  Problom#4 — e Decontamination
Painted concrete and clay tile potential appticable, proposed,
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* Prevent Future PCB ervironmental laws, signed
Insult oil and pending agreements for.
U, {and daughters) tha Oak Ridge Reservation
: electrolytes (CRRY), radiation protection
* Develop Cd standards, DOE orders, and-
Enwronmental Pb nonregulatory guidance. As
Stewardship Cr, and sile- and waste-specific
Hg. characteristics are pravided for ‘
ezch technology, specific 1
rejulatory reqmremants will be
specified.
Removal of all asbestos 1
insulation In Building 9201-4- ‘
Terget Date 9/30/97.
EM Problems (m!lgestone No. OR270111) :
f
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Decontamination |
and |
Decommissioning !
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{
!

» Remedial Action
(RA)—Sails,
Groundwater
and Surface
Water
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(WM)

September 1994 !
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1ination

Alternatjves

lechanical Surface Cleaning
athods

Technologles Science! Technology Needs Implementatlon Needs

Concrete Milling
DCON-47-0OL

Ranking:*
M-3-2 (<83M; $2112)

Explosive
DCON-48-0Y

Ranking:”
L-3-5 ($4M; $50/2)

Concrete Chipping
DCON-49-OY

Ranking:*
H-3-0 ($0M; $5//2)

= Slurry Blasting

DCON-50-0Y

Ranking:*
M-5-2 (50.5M; $1.75/12)

The equipmem is commercially
available, but no reference to
its use for decontamination

has been found. This
technology is suited for
horizontal surfaces only.
Efficacy: The dacontamination
sfficiency should be essentially
100% unless the
contamination has diffused
deep into the concrets.

Waats: Waste would be
removed concrete (6-25mm)
contaminants.

Demonstration

Explosiva scrabbling has been
used to decontaminate nuclear
reactors, but has not been
demonstrated for Hg
decontamination.

Efficacy: Technology is
expected to be succassful.
Wasta: Waste would be rubble
from removing 3-4" concrete

' plus removed contaminants.

Accspted

Pavement breakars and
chipping breakers have been
succassfully used to remove
contaminated concrete in the
nuclear industry.

Efficacy: Technology is
generally effective if concrets
is removed fo the depth that
the contamination has
penetrated and contamination
Is not spread by the dust

Wasto: Waste is up to 20
removed concrate/day
for a breaker and 27 f%/day for
a chipper containing removed
contaminants plus work
hammers and chippers.

Demonstration

The use of a combination of
grit and water is well known to
effactively ramove a variely of
contaminants. ltisa
moderately aggressive
removal process.

Efficacy: Likely to improve the
decontamination rate over the
high prassure water process;
however, this mustbe
balanced against a slightly
more complex

Waste: Aqusous soluﬁon of
spant grit and removed
contaminants. Tha inclusion of
volatiles in the solution is a
major quastion.

Developmaent: The technology
to operate this equipment
remotely needs to be
developed and demonstrated.

Development: Safety
concerns need to be resolved.
Better contanmaent of dust is
needed.

Improvement: Better methods
of applying the explosives and
more uniform detonations that
remove less concrete are
needed.

Improvement: Automation,
especially for walls and
ceilings, and a collection
system for chipped,
contaminated concrete.

Deavelopment: The
characteristics of the specific
contaminants must be
matched to the increased
removal rate for the grit
blasting concept. Separation of
the cantaminants from the
aqueous spent grit matrix must
be accomplished satisfactorily.
improvement: The on-line
recycling process may need
improvement for satisfactory
operations.

Normal Implementation needs.
Development cost: <$3M
Capitat cost: $50K-$363K
Operating cost: $2/t

A certified biasting techniclan
and covers to contain the dust
will be needed along with an
air evacuation system with
filters and sorbent.
Devslopment cost: $4M
Capital cost: <$50KM
Operating cost: $50/t

A dust collection system is
needed for chipped,
contaminated concrete.
Development cost: none
Capital cost: <$50K
Operating cost: $54t

A variety of commercial
engineered systems are
avallable with considerable
operating experienca,
Development cost: $0.5M
Capital cost: >$0.5M
Operating cost: $1.75/t2
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September 1994

Problem #4

Painted concrets and clay hle
contaminated with:

PCB

ail

U, (and daughters)
elactrolytes

Refur to the Reguiatory
Complianca chapter for
potential applicable, proposed,
and promuigated
environmental laws, signed
and pending agreements for
the 1Dak Ridge Reservation
(ORRY), radiation protection
standards, DOE orders, and
nonvegulatory guidance. As
site- and waste-spacific
characteristics are provided for
each tachnology, specific
regulatory requirements will be
specified.

Removal of all asbestos
insulation in Building 9201-4~
Tanet Date &/30/97.
(Milnstone No. OR270111)
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mination

Alternatlves Technologles

Surface Cleanlng Methods

Compressed-Air Cryogenic
COo Pellet Blasting
DCON-51-0Y

Ranking:*
M-5-1 (30.25M; $2//2)

High-Pressure Water
DCON-52-0Y

Ranking:*
H-5-1 ($1.2M; <$1/12)

Superheated Water
DCON-53-0Y

Ranking:*
M-5-1 (8$1.2M; <$2//12)

Water Flushing
DCON-54-0Y

Ranking:"
M-5-1 ($1.2M; <§1/2)

Demonatration

This technology is
commercially available. Ithas
been used at nuclear reactor
sitas to decontaminate hand
tools and some equipment.
Effieacy: The efficacy of this
tachnology for removing the
listed contaminants from
concrete has not baen
demonstrated and is doubtful.
Waste: Wastas would be
sorbents or HEPA filters filled
with the removed
contaminants,

Accapted
High pressure water blasting
has been used very

. succesfully to decantaminate

various large and complex
surfaces at nudear power
plants.

Efficacy: Technlque Is
expected to be effoctive with a
DF of about 50 for locsely
adhering contamination on
concrete, DFs will be higher if
chemical cleaning agents are
alsoused. Techniqusis
expected to be ineffective for
fixed contamination on
concrete.

Waste: Waste is 410 >100
gpm of contaminated waste
water.

Accepted

Technology Is available and
has been used by industry.
Efficacy: Technology should
be effective except for
contamination that has soaked
into the concrata. On finished
concrate, tachnology may
drive contamination deeper
into substrate.

Waste: Wasts willbe 0.4to0 -
2.0 gpm wastewater containing
raemoved contaminants.

Accepted

Flushing with hot watar is often
used following scrubbing,
especially on floors.

Efticacy: The technique is not
effective for the listed
contaminants. On.finished
concrete, technology may
drive contaminants desper inlo
substrate.

Waste: The waste generated
1s the contaminated water from
the flushing opsration.

Development: Automation
required for cleaning high walls
and ceilings.

Improvement: Better waste
handling.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be reused.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be recycled and reused in
the hot water cleaning
operation.

Science/ Technology Needs | Implementation Needs

Design and construction of a
vacuum waste-handling
system with sorbents or HEPA
filters to handle the vaparized
CO, containing the removed
contaminants plus oxygen
deplstion pracautions.
Development cost: ~$0.25M
Capital coat: ~$200K
Opersating cost: ~$2/it2

A water freatment system is
needed to minimize waste.
Bevelopment cost:

Water treatment system:
About $1.2M

Capltal cost: $50-$175K
Operating cost: <$1.00/t2

A water treatmant system Is
needed (o minimize waste.
Developmaent cost:

Water treatment system:
About §1.2M

Capital cost: About $175K
Operating cost: ~$2.00/t2

A water treatment system is
neaded to minimize liquid
wastes from this technology.
Development coat: About
$1.2M

Capital cost: <350K
Operating cost: <$1/2
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contaminated with: an promuigated
* Prevent Future PCB environmental faws, signed
Insult oil an pending agreements for
U, (and daughters) the Oak Ridge Resarvation
electrolytes (OI3RY), radiation protection
* Develop Cd standards; DOE ordars, and
Environmental Pb noiregulatory guidancs. As
Stewardship Cr, and site- and waste-specific \
Hg. characteristics are provided for
eath technology, specific -
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speacified. :
Ramoval of alf asbestos
insilation in Building 9201-4~
Taiget Date 9/30/97.
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Decontamination
and
Decommissioning
(D&D)

+ Remedial Action
(RA)—Soils, f
Groundwater .
and Surface
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Management
(WM)

September 1994
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lination

i

N
Alterngtives

Technologies

Science! Technology Needs

Implementation Needs

N

urface Cleaning Methods

Steam Cleaning
DCON-55-0L

Ranking:*
M-5-1 (81.2M; $1-242)

Hand Brushing Used to
Remove Surface
Contamination
DCON-56-0OY

Ranking:*
H-4-0 ($0M; $1//2)

Automated Brushing
DCON-57-0Y

Ranking:”
M-3-2 ($1M; $300/2)

Sponge Blasting
DCON-58-OL

Ranking:”
M-4-1.5 ($1.2M; $2112)

ted
The technique has proven
useful, espacially on complex
shapes and large surfaces.
Efficacy: Technology should
be effective for Hg, but not for
more tightly bound
contaminants or contamination
that has soaked into the
concrete. On finished
concrete, tachnology may
driva contaminants deeper into
substrate.
Waste: Wastewilibe0.4to
2.0 gpm wastewatsr containing
removed contaminants.

Al ted

Mm brushing has been
used to remove loose
cantamination for ysars.
Efficacy: Since mercury is
expected to be in loose form
brushing is expected to be
etfective.

Waasts: Waste consists of
HEPA filters or sorbsnts on the
vacuum cleaner used to pick
up the mercury.

Dsmonstration

This technology has been
used at Rocky Flats to remove
plutonium contamination from
the inside of pipes.

Efticacy: Testswould be
needed to demonstrate its
effectiveness for othar
contaminants on other
substrates.

Waste: Waste would be
removed contamination plus
any other loose debris.

Accepted

Although the technology is
relatively new, it is currently
being used by at least two
sites including a nuclear power
plant.

Efficacy: Extensive dataon
decontamination factors are
not available. With the
aggressive sponges, which are
impregnated with abrasives,
this technology may be
effective for decontaminating
concrets.

Waste: Wastes consist of
about 0.01 13 of blasting media
and removed contaminants per
ft2 of area decontaminated,
spent sponge plus any liquid
cleaning agents that may have
besn added.

Technology Improvement:
To minimize waste generation,
a water treatment system is
needed for decontamination of
the wastewater so that the
water can be reused.

None

Development: Tests to
demonstrate that this
technology is effective for the
problems at Bldg. 9201-4.

Improvement: To minimize
waste generation, a water
treatment system is needed for
decontamination of the
wastewater so that the water
can be recycled and reused in
the sponge blasting operation.

A wastewater treatment /
recycle system will be needed
1o use this technology.
Devalopment cost:

Water treatment system:
About $1.2M

Capital cost: $50K-$75K
Operating cost: ~ $1.00-
2.00/12

Normal implementation needs.
Developmant cost: nons
Capital cost: <$10K
Operating cost: $1.00/t*
Avallable at K-25.

Vacuum collection system
Development cost: $1M
Capital cost: $250K(remotely
operated system)

Operating cost: >$1/4t

A wastewater treatment /
recycle system will be needed
to use this technology.
Development cost:

About $1.2M

Capital cost: Sponge blasting
system: About $20K (with
sifter system)

Operating cost: About $2/12
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~=— Problem #4

Painted concrete and clay
tile contaminated with:

PCB

oil

U, (and daughters)
electrolytes

Cd

Pb

Cr, and

Hg.

Refler to the Regulatory
Coinplianca chapter for
patantial applicable, proposed,
and promuigated
environmental laws, signed
anl pending agresments for
the Oak Ridge Reservation
(ORR), radiation protection
standards, DOE ordars, and
norregulatory guidance. As
site- and

characteristics are prowded for
each technology, specific

regulatory requirements will be
specified.

Retnaval of all asbestos
Insulation in Building 9201-4-
Target Date 9/30/97.
(Milestone No. OR270111)
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nination

Allernatlves Technologles m Science/ Technology Needs lmplementatlon Needs

Surface Cleanlng Methods

Hot Air Stripping
DCON-58-0Y

Ranking:*
H-5-2 ($2M; $31/2)

Dry Heat
DCON-60-0Y

Ranking:*
M-5-2 ($1M; >81//89)

Solvent Washing
DCON-61&62-0Y

Ranking:
M-5-1 ($1M $118)

Demonstration

This technology is readily
available but neads to be
demonstrated for the specific
site conditions.

Efficacy: Has a good chance
of working for the volatile
contaminants if a viable
collection method is available.
Waste: The volatile
contaminants will be in the off-
gas stream. HEPA filters and
sorbents should ramove the
contaminants and constitute
the final waste stream
collection system matrix.

Accepted

The use of heat toincreass the
vapor prassure of semi-volatile
materials is well known, but
the use of heat for surface
removal of Hg, etc. is
unproven,

Efficacy: This process should
work for contaminants which
can be volatifized.

Waste: This will Initlally consist
of volatilized contaminants
along with hot air and other
vaporized materials. The
contaminants must normally
be removed by scrubbing,
sorption, or possibly filtration
before atmospheric release is
allowed.

Conceptual

Solvent cleaning of small items
has been used at K-25, and
the cleaning of larger areas
has besn demonstrated at
Hanford. The use of selvent
cleaning has been stopped at
both sitas to avoid exposing
workers and the environment
fo the hazardous solvents.
Qther solvents may be
avallable, but thelr
effectivaness would have to be
demonstrated.

Efficacy: This technique is
mainly applicable to smearable
contamination.

Waste: Waste would be spent
solvent containing removed
contaminants.

Development: Investigation of
the conditions and removal
efficiency for the removal of Hg
and other volatile
contaminants is required.
Development of a hot air
cleanup system with HEPA
filters and sorbents is needed.

Development: Demonstration
of the efficacy of the process

and design and demonstration
of and off-gas removal system.

Development: Solvents that
are less damaging to the
environment need to be
identified and demonstrated.

An air dleanup system is
needed to use this technology.
Develapment cost: ~$2M
Capital cost: $250-500K
Operating cost: $3/1t2

An air cleanup system is
needed to use this technology.
Development cost: $1M
Caplital cost: $250-500K
Operating cost: >$1/t2

Salvent off-gas collection and
treatment system would be
needed.

Development cost: <$1M
Capital cost: <$100K
Operating cost: ~$1.0/112
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Problem #4

Painted concrete and clay nle
contaminated with:

PCB

oil

U, (and daughters)
elactrolytes

Refor to the Regulatory
Conpliance chapter for
potsntial applicable, proposed,
and promulgated
environmental laws, signed
and pending agresments for
the Dak Ridge Reservation
(ORR), radiation protection
standards, DOE orders, and
nonregulatory guidance. As
site~ and wasta-specific

Removal of all asbestos
insulation in Buiiding 9201-4-
Tanjet Date 9/30/97.
{(Milastone No. OR270111)
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nination

Alternatlves Technologles Science/ Technology Needs lmplementatlon Needs

Surface CIearung Mathods

Strippable Coatings
DCON-63-OY

Ranking:*
M-4-0 ($0M; >$1.502)

Vacuum Cleaning
DCON-64-OY

Ranking:*
M-2-0 (S0M; <30.75/12)

Microwave Vaporization
DCON-67-OY

Ranking:*
H-3-3 (§1.4M; $3//2)

Technology has been usad for
decontamination applications
invalving hazardous and
radioactive contaminants.
Efficacy: Decontamination
factors of over 0% can be

expected with two applications.

Waste: Waste is a solid
polymer (volume = 1 mm x
surface area decontaminated)
containing the removed
contaminants. This may be
incinerated to reduce the final
volume.

Accepted

Vacuum cleaners have long
been used to claan up locse
contamination.

Efflcacy: Any ‘contaminants

which are in a looss, solid form
will be colfected effectively ina

vacuum system.

Waste: A HEPA filter and/or
sorbent with the collscted
contaminants.

Predemonstration

ORNL has fabricated and
tested a prototype microwave
concrete removal system, The
mercury vaporization
technique represents an
extension of ongoing program.
Efficacy: needstoba
established., an the potential
1o leave flioors and walls
unscathed.

Waste: The process has the
potential to generate very little
waste other than the volatile
compounds extracted with the
Hg vapor collected.

Improvement: Davelop
coatings with lower material
costs and greater ease of

application for the specific wall

surfaces of interest.

None

Requires proof of principle
experiment and prototype
development. Requires
establishment of removal

efficiency and cleaning rates.

Normal lmplementation needs.
Development cost: None
Capital cost: <20K
Operating cost: >$1.50/M2

Normal implementation needs.
Capltal coat: <$25K
Qperating coat: <3$0.75/ft?

implamentation of this system
wil} require robot mounting and
the addition of a Hg collection
system.

Development cost: $1.4M
Capltol cost: $130K

ongxeuﬁ? g o capita)

cost)
Cleaning rate: ~25/ft2/hr
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Painted concrete and clay
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PCB
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electrolytes
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mination

Altel‘natlves Technologles “ Science/ Technology Needs lmplementatlon Needs

Thermal Surface Cleaning - Microwave Scrabblmg

DCON-71-QY

. Ranking:*
O vezEzsmssum

=—  Plasma Torch
DCON-72-OL

Ranking:
H52($05M s

- Laser Heating
DCON-73-0Y

m Ranking:
M-4-4 (30.5M; <§1/2)

Pmdomonmﬁon

InFY 1891 ORNL:
demonstrated refiable removal
of nancontaminated concrets

davice Is under development.

. Efficacy: Since microwavs.

removes the-

contaminated concreta!’
surfacs, the decontamination
efficiency, should be essentially
100% unlessthe. =~ -~
contamination has diffiised
deep.into memncrata
Waste: Tha waste generated
Is concrete rubble with particls
diameters lying primarily in the
range of 1 to.10 mm plus the
contaminants. For a removal
depth of 10 mm,.0.03 fB of
“concrets fubble-is generated -
per ft2 of concrete ..
decontam!natad

Evo!vlng Yochno!ogy
Concsptual
. Plasma torchss' exist,
commefciany 1o'weid and cut
" matarials that have very high
‘menmg temparatures of
‘sequlfe an inert atmosphere.
Efficacy: lis efficacy in
removing. Hg or various
* organic contaminants orto
spall off layers of contaminated
... concrete.has. not besm
" investigated, .

Waste:: Wasteswouldeonstst .

.of materials used to trap
. reacﬁcn products fromthe
dacompodﬂon of arganics and

- spaﬂedconmate with mercury

- Demanstraton -

Currently betngused to
-remové contamination from

concrete surfaces..
Efflcacy: Current pmtotype
systoms are capabla of
ramoving 2-mil-thick coatings *
attha rato of 100 ftVhr. Likely.
to be effective in ramoving Hg
and Inorganic acids;
Wasts: Waste will be-
prefilters.orsorbents and
HEPA filters filled with
contaminants.

Development: The
development and testmg ofa
mobile prototype microwave
concrete removal machine
needs to be completed.

Sclence: Laboratory tests of
thermal stress-induced spalling
of concrete are needed.
Computer modeling of plasma-
surface interactions and heat
transfer in concrete are
needed.

Davelopment: Plasma
torches having geometries and
conditions suitable for
decontamination need to be
developed along with suitable
collection and gas treatment
systems.

Development: Current
prototype needs to be
evaluated for possible use on
contaminated areas.

Normal lmplememaﬂon nesds.
Develdpment cost: $2.5M
Capital cost: ~$250K
Operating cost: >$1/f

Normal implementation needs.
Devalopment cost: ~$500K
Capital coat: ~$200K
Operating cost: $2,00/
Avallahble at Y-12.

A collection system for the
vaporized contaminants would
be needed to implament this
technology.

Development cost: $0.5M
Capital cost: $500K/machine
Operating cost: ~$1/it*
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Painted concrete and clay ule
contaminated with:

PCB

oil
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Cr, and
Hg.

Relar to the Regulatory
Coinpliance chapter for
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Tanjet Date 9/30/57.
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lination

Alternatlves Technologles Science/ Technology Needs Implemenlatlon Needs

hermal Surfaca CJeanlng
lsthods

Laser Ablation
DCON-74-QY
Ranking:*

M-4-4 (S1M; >$1/12)

}——  Flashlamp Cleaning

DCON-77-0Y

Ranking:*
M-5-2 (82M; $3/12)

Demonstration

Several research groups at
univarsity and government
laboratories have used the
technology ta remove
radiological and arganic
contaminants from varicus
surfa

ce8. .

Efficacy: Thetechniquais
slow to remave large deposits.
Waste: Wastes would be
removed contaminants, some
substrate material, and HEPA
filtars and sorbents from the-
off-gas treatment system,

Demonstration

Flashiamp systams are being
used to remove organic .
contamination from metals;
precious mefals, and fragile
substrates. Hanford-
Westinghouse Laboratory is
conducting tests of xenon
flashlamp systems for -
removing radiclogical. .
contamination from surfaces
inside metal storage vessels.
Efflcacy: Efficacy for mercury
on concrate is unknown.
Waste: Wastes would be only
the contaminants removed
from the concrate contained in
pre-filters or sorbents and
HEPA filters.

Development: Existing
lasers, delivery systems, and
filtration systems need to be
intagrated into a prototype
system for demonstration.

Sclence: Existing flashlamps
should be tested on a small
scale for removing mercury
from concrete.
Development: A moderate-
scale demonstration of
flashlamp decontamination of
concrete with the associated
vacuum collection system is
nesded.

A collection system for the
vaporized contaminants would
be needed to implemant this
technology.

Deavelopment cost: $1M
Capltal cost: $0.5-
1M/machine

Operating cost: >$1/t

A collection system for the
vaporized contaminants would
be needed to implement this
technology.

Development cost: $2 M
Capital cost: $100-$150K
Operating cost: $3.0/i
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nination

Alternatlves Technologles m Science/ Technology Needs lmplementatlon Needs

Alr Claaning Memods

!

Adsorption
DCON-79-0Y

Ranking:*
H-4-0 ($1.3M; $200/yr)

Condensation
DCON-80-0Y

Ranking:*
H-4-0 ($0M; $6100K/yr)

Electrostatic Pracipitation
DCON-81-0Y

Ranking:*
L-4-4 ($5M; $500Kyr)

Scrubbing
DCON-82-0Y
Ranking:*

H-4-0 ($0; $10-20/7°)

Filtration
DCON-83-0Y

Ranking:*
H-4-0 ($0; $12KHyr)

Thls s lhs accepted method
for controlling marcury
emissions.

Efticacy: Over 93.5%
efficlancy.

Waste: ~150 3 Hg
contaminated sorbentlyr

* Co

No referoncas to the uss of *
this technology for.mercury on
a large.scale wera found.
Efficacy: Should be effactive
for recovering Hg.. .
Waste: The mercury fself.

Pre-con

No referances to theruse of
elecifostatic piacipitation to
remave of mercury to low-
lovels was found,,

Efficacy: Very poor: Mercury

+is very volatile, and
aloctrostatic

is
only.effectiva on conwnrnan&
in condensed forms.
Wute' Ths mercuryitself..

Accepted

Serubbing Is often used to for
alr poltution'control; but ho:
references to its Use for-.
mercury were.found. '
Efficacy: 90%. (for most
contaminants):

Wasts: ~1 galllb memury

e s
>

Accepted -

HEPA. ﬁltersare wide!y used to ’
remove contaminated panides .
ordroplets from alr...

Etficacy: Conventional HEPA
fiterg remove only asrosols’

vapor "pressure at amblent |
temperatures, HEPA. filtration
atamblent tamperature can:
only reduce the concantration
of marcufy to about12.5

mg/mS. This s above the TLV

(0.05 .
The usaofaHEPAﬁlter’

upstraam of an adsorbent trap

might be économical, Tha

HEPA filter would reduce the
amount of spent sorbent that.
would bedisposed of, and theo~
adsorbent would reduce the -
mercury concentration to the
desired value.

Waate: ~150 {9yr

Improvement: System to
recover mercury and spent
adsorbent.

Development: Large scale
demonstration.

Sclence: Tests to demonstrate
the use of electrostatic
precipitation to remove
mercury from air.
Development: Design and
testing of full-scale system.

None

None

Dwe!opmcnt {improvement)
cost: $1.3M

Capital cost: ~$20K
Operating cost:.~$200Khyr

Distiliation maybe requirad to

purify tham
Dwdopmonteoat $1.3M
Capital cost: ~$100K
Operating cost: ~$20,000/yr

Development cost: $5M
Caplial coat: <$1M -
Opemﬂngootw 000/AT

A system for treating the
scrubber solution forrelease is

. needed to uss this technology.

Caplte! coat: $200-300K
Operating cost: $10-20/AC

Devalopmorh cost: None
Capital cost: $20K
Operating cost: $12K/yr
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Y-12'Problem Problem Areas:Constituents E Subelements |

— Alpha4 Building(9201-4)

~—— Problem #6
Insulation and building paper
with Hg and U (and
daughters)

and

Problem #9

Wood and shest rock
contaminated with:

Hg

LiOH

Ho804

HNOg3

U (and daughters)
Asbestos and/or PCBs

 OR270124)
- (Miestone No. OR270123) ?
01797, (Mi:asmaNo. :

.OR2701 15)

Begtt construction of mercury

Deconta

Refir to the Reguiatory -
Compliance chapter for .
patential applicable, pmposad.
and promuigated
environmental laws, signed

and pending agresments for
the (Dak Ridge Resetvation

Decontamination

. (ORR), radiation protection -

standards, DOE ordars; and
‘nonreguiatory guidance. As. .
site- and waste-specific - -
characteristics ara provided for
eacls technology, specific

. regulatory requirements wi be

Remioval of alf asbestos

" insw'ation in Building 9201-4~

TagetDato /30097,
(MEgstona No. OR270111)

. Initizte the design of pllot . . *

mercury roaster for the 9201

4 D&D project - Target Date .
10/01/95. {Milestone No.

Compilete the construction of
the pilot marcury roaster for '
the €201-4D8D project- ™| I
Target Date 9/30/98, ’

Initiate the deslgn(ot mercury
roas’er for the 92014 D&D
project - Targst Date” - ——

Compiete Dasfgn‘qt mercury
roasier - Target Dats 9/30/99,
(Milestone No. OR270116) . ——

roas!er for 9201-4 D & project.
- Targst Date 4/01/2000. ,
(Mllestone No. OR270117)  —— i

Completa constructionof . - i
mercury.roaster for 9201-4- ‘
D&D project ~ Target Date
3/31/12002. (MilestonaNox =
OR270118) -

L g oy




ination

[ !
Altematlves Technologles i Science’ Technology Needs Implementatlon Needs
i

ulk Decontannnaﬁon

Solvant Extraction
DCON-1-OY

Ranking:*
M-1-2 (<$1M;N)

Incineration
DCON-2-0Y

Ranking:*
H-3-12 ($0M; $10/1b)

Dry Heat (Thermal Desorption)
DCON-4-OY

Ranking:*
H-4-2 ($0.5M; $12/1b}

Demonstrations

Solvent extraction is a mafure
technical field but spedific:
extractants have not bash
identified for PCB extraction,
Efficacy: An attractiva solvant,
triethylamine, has baen
evaluatad for organic:.
extraction from sludge and
found to be a very effective
solvent and one for which
Industrial pn

equipment is available. -
commercially. Not expacted to
be sffective for Hg, U,
asbestos; or.inorganic acids.
Waste: Wastss would be
spent solvent with removed
contaminants. Selvent recycle
squipment and off-gas .
treatment equipment could be
aaslly adapted for use: here
Ditficult nq apply In situ.”

Aeeemed

The lnaneraﬁon of - -
contaminated combustible.
materials is commeén in tha
nuclear industry.

Etﬂucy' Hy& vo!aﬁle
contaminants will go into the
off-gas. PCBscanbe
destroyed. Non-volatile
materials will go into the ash.
Waste: This will depend on the
daslgns of the incinerator and
the ashycontent of the waste
belngfad -

-

Demotmratlon -

) Tlﬂslsacommonlndust{ia}

process whien the ° S
contaminated materials can be
taken to the process, buthas
not bieen used for Hg~
contaminated matsrials.

" Efficacy: The'thermal

desorption process should -
work for contaminants which
canbe volatilized.

Waste: This will initlally cons!st
of volatilized contaminants:
along with hot air-and other
combustion products. The., . -
contaminants must normally
be'removed by sorption and:
filtration before atmospheric -
relsaseis allawed. -

Development: Survey and
tests of spacific extractants
applicable to PCB-
contaminated materials are
needed. A portabls “spot”
remover can be developed or
adapted from commercial
devices.

Applicability of rotary
contractor, solvent recycle
and, if appropriate bacause of
solvent selection, should be
demonstrated. An off-gas
treatment system.

None

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.
Engineering design data is
needed.

Developrnont cost: <$1M
assuming avallability of lab
scale and pilot-scale extraction
units from ORNL, and
industrial participation in demo.
No unusual costs for
deployment, since
davelopment (pliot-scale)
equipment may be used in

production.
Operating coat: NA

The system will have to bs
designed to pravent mercury
emissions,

Davclopmom coat: none
Capital cost: $26M
Operating cost: $10/b
Abaut 8-10 years will be
required for writing an
environmenta! impact
statement; halding pubfic
hearings, and obtaining the
necessary pemmits- TSCA
permit, RCRA permit,
NESHAP permit, and Clean Air
Act parmit.

Existing furnace designs can
be used with a specific off-gas
collaction system for the
contaminants removed,
Development cost: $500K
Capital cost:~31M
Operatinig cost: $12/b
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- Problem #6 R(m”om Regu!ahry
Insulation and building paper pcrl‘amia( applk:able proposed
with Hg and U (and and promuigated.
daughters) eqvironmental laws, signed
and and pending agresments for”

" the Oak Rigge Resarvation
Problem #9 (ORR), DOEOK!GI and
Wood and shest rock - nonvegulziory cudance. AS
contaminated with: - sig-and waste-spacific R
E%H e il
RS0 . ezch tachnology, specific
2904 reguiatory requirements will be

HNO3 specified: .
U (and daughters) e T s
Asbastos and/or PCBs Rimoval of af asbestos

Inaulation in Building 82014~

. TargetDate /3097, °

(MBesmeNo 05270111)

-

i
!

Decont:

EM Goals Y-12 Problem Problem Areas.Constituents E Subelements
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mination

Alternatlves Technologles m Science/ Technology Needs lmplementatlon Needs

Bu!k Deeomam{naﬁon“‘

: Swface Cleaning Methods . =y———

m M-1-1.5 ($0.5M; <§1/8)

: Rarnking:
m M-4-4 ($5M; $0.90/1b)

" Ranking:
m M-5-1 ($1M; $1.20/12)

n Ranking:
| H e ($2M s

Predemonstration

Chemical Leaching is an-
accapled techniqus for some
applications; but has not been-
used for Hg-eomamlnated
matedals: <

Efficacy: | Bench scale tests
are needed to detsmmine which
chemical would be effective. *
Waste: Waste would be™
original materials.
contaminatedmﬂ'c chemical -

~ Chemical Leaching
DCON-5-OY

Ranking:*

contaminarits o sludges, fiter
cakes; and ion exchangse resin
from recycla System containing
remcved contaminants.

— Catalytic Extraction Process
“  DCON-6-0Y

Pndemnstmﬁon

malatial bearing Hg .- -
contamination: o
Efficacy: Effeetiveness for

. separation of Hg is m!mown
‘Wasts:. stag eomaxnlng

. contaminants plus': .
contaminants in ascmbber
solubon and/or sorbents:

Demonstration
meuseofvawummm heatis
wall known to lmpmve the
removal rata for r many- -
contaminants. © T
Efficacy: Likely. to xmpmve the
rate of removal of some-*".
contaminants; however, this
must be batanced against ib

.. Wam Sorbentbontaln!ng
Lo ‘removed. contamlnanm and.
: omar vo!ahles.

)

—— Vacuum (Low Pressure with
Heat)
DCON-7-0Y

N

Dsmonsmﬁon .

The technology isreadily
avallable but needs.to be
demonstrated for the spedﬁc
site conditions.. -

Efficacy: Hasagood chanca
" of working for the volatile'
contaminants if aviable .
colfaction mattiod Is available.
Waste:.The volatile -
contaminants will beinthe
warm-alr stream, Sorbents
should remove the_
contaminants and constituta
the final waste stream..

Hot Air Stripping
DCON-59-OY

Hasnolbaenusadtoprocess ’

Development: Bench scale
tests are needed to determine
which chemicals would be
effective and what secondary
waste treatment would be
necessary to recycle
chemicals.

Sclence: Find a suitable
fluxing agent to remove Hg
and asbaestos from the melt
Development: Demonstrate
the ability to remove Hg and
asbestos.

Development:

The characteristics of the
specific contaminants must be
matched to the rate advantage
of decontamination by
volatilization under vacuum
conditions for the specific
heating applied.

Development:

Investigation of the conditions
and removal efficiency for the
remova! of Hg and other
volatile contaminants is
required. Development of a hot
air cleanup system with
sorbents is needed.

Extensive chemical pmcesslng
system for chemical leaching
with a-system for treatment or
racycle of spant chemical
leaching solution.

tcost:
Efficacy demo: $500K
Capital cost: $150K
Opefaﬂng costr<$1/1? or $5-

*Off the shelf* Induction of arc
fumace.

Development eoat $5 million
Capital cost: ~§16 million
Operating cost: $0.9b

An off-gas treatmaent system
would be nseded..

Operating eosr $21b

An off-gas treatment system
would be needsd.
Developmant cost: ~$2M
Caplital coat: $250-500K
Operating cost: $3M2
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WM

= A!pha4 Buﬂding (9201-4) — Problem #7
chkmg

Hg
LiOH
HoSO4
HNOg

« Facility —t

September 1994

- Relerto the Reguiatory
‘Complianca chapter for

and

Removal of all asbestos

insislation In Building 82014~

Target Dato S/30/97..
(Milsstone No. OR270111)

complata rem;walof

polantial applicable, proposed,
promuigated

Decont:

Decontamination

dra[nablarasidua}melwry o

fromn process
equipmentipiping ~ Target
Dale 6/30/94, (Milastona No.
OR270114) - -~

Inltiate the design of pilat

. meveury roaster for the 9201~
.4 D&D project™ Targst DAte " =1

1051/95. (Mﬁes!oneNo.
OR270126) - .

Gompletemewns!mction of

” . the pilot meycury roaster for
the 92014 D&D project- .

_Yarget Date 8/30/98.

{Miestone No. ORR70123)

Initiate the design of mercury
roaster for the 8201-4 D&D

" project- Target Dato.

10031/97.. (Miestone No.
OHR270115) .

Cornplote Deslgn of marcury .

roaster - Target Date 930/99.
(Milestone No: OR270116)

- Begin construction of mercury
roaster for 9201-4 D70 -

project - Target Date
- 4/0412000. (Milastone No.
-OR270117)-

Conplste construction of
metrcury roaster for 9201-4
D&1) project - Target DAle
.3/31/2002. (Mifestone Na.
OR:270118)

B i
R

Y-12 Problem Problem Areas. Constituents E Subelements l




nination

Alterqallves Technologles “ Science: Technology Needs Implementatlon Needs

!ulk Decontanﬁnaﬁon

Dry Heat (Thermal Desorption
Roasting)
DCON-4-OY

Ranking:*
H-4-2 ($0.5M; $12/1b)

Chemical Leaching
DCON-5-0Y

Ranking:*
M-1-1.5 (80.5M; <§1/2)

Catalytic Extraction Process
DCON-6-OY

Ranking:*
M-4-4 ($5M; $0.90/1b)

Vacuum (Low Pressure with
Heat)
DCON-7-0Y

Ranking:*
M-5-1 ($1M; $1.20/12)

. Demonstration

This Is a common industrial
process when thg ’
contaminated materials can be
taken'to the desorption -
process, buthas notbeen.
used for Hg-contamlnatad
matedals: | .

Efficacy: The roasting process
should work for contaminants
which can be volatiiized.
Waste: This will initially consist
of volatilized contaminants
along with hot alf and cthar
combustion products. The:
contaminants must normally.
be removad by sorption before
atmospheric refeass is*
afiowed: -

Predemenstration

" Chemical Leachingis an-

accepted technique for some
applications but has notbeen -
used for‘Hg oomamlna:ed
matedfals. < . .

Eﬁlcacy' Bench sca!e tssts .
are ngaded 1o determins which
chemical would ba.effective. -
Waats: Wasts would be
original materials ~ .
contaminated with chemical
leachates plus chamical .
leachates containing removed
contaminants or sludges, filter-
cakes, and ion exchange resin
from recycla system containing

. removed contaminarits.

Predemonstmion
* Hasmnot been isod to smelt
. processmataﬂalbeadngﬂg
- tontamination
- Efflcacy:. Effectlvane&for
, éeparation of Hglsunlmcwn

Waste: Slag containing.

" contaminants plus .

gmamlnamé in a srubber

o

Demonstration

Tha use of vacuum with heat is
well known to impmve the
removal.rate for mapy
contaminants. .

Efficacy: Likely.to lmprovethe~

rate of removal of s6mas-
contaminams, however, this
must ba.balanced against fts
cost. :

Wasts: Sorbent conta.imng
removed contaminants and
other volatiles.

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.
Engineering design data is
needed.

Development: Bench scale
tests are needed to determine
which chemicals would be
effective and what secondary
waste treatment would be
necessary to recycle
chemicals.

Sclence: Find a suitable
fluxing agent to remove Hg
and asbestos from the smelt.
Daevelopment demonstrate the
ability to remove Hg and
asbestos.

Development:

The characteristics of the
specific contaminants must be
matched to the rate advantage
of decontamination by
volatilization under vacuum
conditions for the specific
heating applied.

Existfng furnace deslgns can
be used with a specific off-gas
collection system for the
contaminants removed.
Development cost: $500K
Capitat cost:~$1M
Operating cost: $12/b

Extensive chemical processing
system for chemical leaching
with a system for treatment or
recycle of spent chemical
leaching sofution.
Dcve!opmntcoﬂ

Efficacy ‘demo: $500K.
‘Capltal cost: $150K
Operating cost: <$1/2 or $5-
$501b-

“Off the shelf” Induction of arc
fumace.

Davelopment cost: $5 million
Capltal cost: ~$18 million
Operating cost: $0.9/b

An off-gas treatmant system
would be needed.
Development cost: ~$1M
Capltal cost: $1M
Operating cost: $2/b
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September 1994

Removat of all asbestos.
Insulation in Buiding 8201-4-
Target Date 9/30/97.

(Miestona No.OR270111)

Decontamination




nination

Alternjtlves Technologles m Science’ Technology Needs Implementatlon Needs

Chemical Surface Cbmklg
Methods

Electropolishing
DCON-15-0Y

Ranking:*
M-4-3 (S1M; >$2//12)

Amalgamation
DCON-16-0Y

Ranking:*
H-5-1 ($0.5MN)

Biological
DCON-17-0OY

Ranking:
L-5-2 ($a 5M; $0.1-3/1%)

Electropollshlng i3 a surface
removal technique and the
amount of surface removed Is
proportional to factors sucti as
cument, time, and.voltage.’
Etlicacy: Electropolishing is
essentially a “fine of sight™

s0 cracks; cravices, -
areas out of sight of, or
shadowed by, the electrods
will pot be decantaminated.
Contaminated electrolyte must
ba removed for complete.
decontamination to be

"achisved.

Waste: Wasto would bs
removed contaminants along
with tha smali amount of

\5ubsfra&e removed.

Pndemonmﬂon
A!mough amalgamation of

“ metcury with metals of interest -

lswelllmmappllcaﬁontoY-

- {2 problems areas hasnot.

". been demonstrated: Coppar
and zinc.are main metals of
interest for amalgamation: .
Efficacy: Method transtorms
liquid Hg'into a.solid that [s-
often easy 1o recover. Mathod:
must be used with 3 second
method such as vactmming,
_Mayactuallybs a
disadvantags in cases w‘hera

Hg- cquld ba recovared for-

TBUSS..
" Waste: Resulting amalgam,
which is unreactive, is chief
_waste. Zn amalgam is ~57wt%
.'Hg. The Cu amalgam Is-
<76wt% Hg .

“

Evolving Tec!mology 2
“Pre-conceptuat .
_The knowledge basa exists for

“biological treatments of various-

contaminants; however, thera
Is not a data base for
application of the tachnology
for surface decontamination.
Efficacy: This technology Is
quite likely to bersuccessful for
HNO3 and perhaps, H2804. It

. could be successfut forHg and

LIOH, but he Hg and Li wotild:
remain in the bacteral sludge.
Wasts: Tha waste generated
wotld be the contaminated
layer ot microbes removed

{from the treated surface.

Development: Primary and
secondary waste treatment
and solution recycle need to
be devaloped. Cleanup
principles (e.g., ion exchange
and filtering) are well
established, so that only
design and demonstration are
needed.

{mprovement: Better
methods to remove the
electrolyte and contaminant
would be helpful.

Technology Development
Needs:

Laboratory and bench scale
assaessment is nesded to
determine the suitability of this
pracass to the Y-12 problems.

Sclence: Literature study and
bench-scale tests of microbes
on Hg, LIOH, and H2504.
Development: Develop
methods for applying a layer of
microbes, supplying needed
nutrients, and removing the
microba layer from the
decontaminated item.

Normal Implemeantation needs.
Development cost: $1M
Capitaf cost: $1M

Operating cost: >$2/1t?

The availability of a suitable
facility to do devetopment work
is assumed.

Development coat: $500K
{mainly porsonnel costs)
Duration: 8 months-

Cepitai cost: $100K
Opsrating cost: NA

Facilitias for cultivating the
bacteria and disposing of the
bactsrial sludge would be
needed.

Developmont cost: $300K-
$600K

Capital cost: ~$200K
Operaﬁng cost: $0.10-

$3.00+/1
Avallablo at X-10, K-25.

Page 2-52



+ Clean Up Legacy
Waste

« Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problems

Deconta

Y-12 Problem Problem Areas.Constituents Subelements I

— Alphad Buwng (9201-4) = Problem #7
Packing

Hg
‘ \ LiOH
o H3S04
HNOg

» Facility —F
Decontamination
and .
Decommissioning

(D&D)

» Remedial Action
(RA)—Saoils,
Groundwater
and Surface
Water

« Waste
Management
(WM)

Seplamber 1994
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nination

]
{
Alterna lves Technolognes i Status Science! Technology Needs lmplementallon Needs

.hermcal Surface Claaning

Hypochlorite Oxidation

bound contaminants:: .

Wasta: Wasto willbe 0410
20gpm wastewater contalning
mmoved contaminants.

Core process Is commercially
avallable.and practicad on an
Industrial scale. Integrated
process naads fa be
demonstrated.
Efflcacy:Depandant on
solution flushing efficlency.
Core procass reducss Hg in
water efflusnt to <2ppb.
Wasta: Cleanup debris, some
salts, spent resin angd carbon.

necsssitate the adaptation of
the steam and vacuum
collection systems to robotic
system control.

Core technology is ready to
use.

— Chelation Development: Validation of Appl!muon equipment for in
DCON-21-0Y The hasbaen updated chelating agents is situ decontamination. Support
m employed at various facility needed and is currantly personne! and squipment to
Ranking:* operaﬁons ard nuclear powsr underway at ORNL to confirm sample, analyze, develop
M-4-2 ($1.5M; <$1/2) plantsites total efficacy and economic appropriate concentrations,
Efficacy: Excellem DFs advantage. ensure oxidation of organics
achleving acceptable - and/or complete partitioning
docontamination levels . will be nacassary. -
resulting in unconditional Development cost: ~$1.5M
release. Easy fo apply insity Capital cost:~$1.5M
as agent acts at neutral pH Operating cost: <$1/t*
and ara non-hazarddus, nan-
luming have no gas evotuﬂon
Wuu Simipla waste
minimizing treatment and
disposal as a ron-RCRA.
wasts. Minimizeswaste
through oxidative destruction ..
. ofchelate agent, partitioning of
organics (including PCBs) and -
conceniration of ratiomclldes
precipltated outin the. - :
flaceulant shidge which m be.
furﬁxerde«watared
Sulfide Conversion Evotvlng Tochno!ogy Sclence/Development: Both " The required lab and banch-
Must evaluats the ldnaﬁwcf - lab and bench scale scala experiments are
the room tem reaction experiments are required to expecied to be relatively
: _of sulfurwith elomental Hg to determine the kinstics of the S simple. Existing equipment
M-3-1 ($0.5M:N) form HgS, whicH is not water > and Hg reaction at room and facilities will likely support
soluble and which Is often’ temparature and to evaluate these activities with slight
eas:ef to collact than elementa! the suitability of the method to modifications.
the Y-12 Hg problems. Development coat: $500K
Emacy- Method appﬁmble (mainly personnel costs)
only to elsmental-Hg. Mathod Duration: ~ 8months
must be used with a second . Capltal cost: $100K
method such as vammlng Opersating cost: NA
May actualfybea
'in cases where
Hg cou?d be racovered for
reuse. .
Waste: The dﬂef waste ls the
recoverad HgS whlch is about .
84wt°AHg T
urtace Cleaning Methods Accspted: - Improvement: To minimize A glove box or a work room
The.technique has proven waste generation, a water that Is easily decontaminated
usaful, especially on complex treatment system is needed for in which the decontamination
: shapes and large surfaces. decontamination of the wilt be accomplished plus
M-5-1 ($1.2M; $1-212) Efffcacy: Technologyls wastewater so that the water design and construction of a
expected to be aﬂecﬁve forHg can be reused. water recycle system are
but not for the more tightly Remote operation will neaded to use this technology.

Development cost: about
$1.2M

Capltal cost: Steam systam:
$50-75K

Glove box: <$50K
Wori room: ~$250K
Operating cost: $1-2/f12

Normal Implementation
requirements and a fiuld .
delivety and dsanup system
needs to be integrated with
core tschnology
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mination

1

Alter;nalnives
|

Surface Cleaning Msthods

Technologies

Hot Air Stripping
DCON-59-OY

Ranking:
m H-53 ($2M $and)

—— Dry Heat
DCON-60-0OY

Ranking:*
m M-5-2 ($1M; >81/19)

—  Ultrasonic Cleaning
’ DCON-65-OY

Ranking:
[ ws (so aM; $7142)

Vibratory Cleaning
DCON-66-OY

Ranking:*
[ ms1s0sm sem2

Status

Demonstration
The technology, is raadily -
available but nesds to be
demonstrated for the specific
site conditions.

Efficaey: Has a good chance:
of working for the volatile
contaminants if g viable -
collection method is avaliable.
Wasts: The volatile
contaminants will be in the
wam air stream. Fiters and
Sorbents shoukd remove the
contaminants and constitute:
the final waste stream.

Conceptual )

The use of haat to Increase the
vapor pressure of semi-valatile
materials is well known, but.

" the use of heat for surfacs -

removat of Hg, efc. Is-
unproven. -
Efflcacy: This process should.

_work for contaminants whlch

can  be volatilized...

Waste: This will lrﬂﬁalfycom!st
of volatilized contaminants -
along with hot air and other
vaporized materials, The~
contaminants must normally
be removed by scrubbing,
sorption, or possibly fittration
before atmospharic release is
abiowed.

Accepted. '
Ultrasonic cleanlng has been
used formany years inthe - -
private sectorandin - -
govemment instatiations for. .
removing surface
contamination from re!aﬁvaly
smallmstal parls which can fit
nta.an ultrasonic bath. .
Efflcacy: Wil not be affecuve
on Hg amalgamates, May.
separats Hg from meial and
remove chemical.
contaminants:

Waste: Spent ultrasonic baihs
containing removed -
contaminants.

Demonstration .
Efficacy: Vibratory cleaningis
likely to ba effoctive fora
varisty of Y-12 problams,
Waste The problems of cross-
contamination within the pellet
medium and recycle of the
pellats and solution

Development:

Investigation of the conditions
and removal efficiency for the
removal of Hg and other
volatile contaminants is
required. Development of hot
air cleanup system is needed.

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.

Improvement: Definition of
accaptable cleaning fiquids
which (1) are not hazardous,
{2) can be separated from the
contaminants, and (3) can bs
reused to minimize secondary
waste. More aggressive
cleaning action.

Development: Methods for
recycle of the pellets and
solution must be developed.

Science/ Technology Needs | Implementation Needs

An alr cleanup system Is
needed to use this technology.
Development coat: ~ $2M
Capitai cost: $2M

Operating cost: $/f2

An alr cleanup system Is
neadaed to use this tachnology.
Developmeont cost: $1M
Capital cost:~$1M
Operating cost: >$1.00/12

Requires removal and
disassembly of contaminated
oquipment.

Improvement cost: $400K
Capital cost: $10K-$100K
Operating cost: $5-$10/M2or
mere-

A bench scale demo lasting ~9
months is need|

Development cost $0.5M
Capital cost: $60K

Operating cost; ~36/2
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nination

Status

Alternatives

Science/ Technology Needs | Implementation Needs

Technologies |

Motal Refining Mgthods .

. :«,Ah T

Scientific Ecology Group

-~ Smelt Purification { Development: Demonstrate
DCON-31-0Y Smelt purification of metals- fluxing agents and conditions (SEG) personne} estimata the
m has bean performed by a large for removing contaminants of costs of metal amelting at

Ranking:* number of Invastigatorson a. interast in the laboratory and roughly $0.93/1b of metal in

M-4-3 ($3.5M; $0.93/1b) lab-scale and by'some . then on a larger scale. 1992 dollars, depending on the
investigators on a large-scals. {ype meta! and configuration of
The metals include mild stesl, the metal. Kellogg st al.
stainless steel, nickel, copper, estimated that the capital and
monel, aluminum, and others. operating costs of smelting the
Efficacy: Uncertain ~has not 90,000 tons of DOE scrap
besn used to purify metals motal presently on hand at
fromHg. ~ o K-25 could be recavered

- Waste: Wastes are slags, through sale of the metal # a

scrubber solutions; chemical de minimus were established.

trap materfals; and HEPA
filters. .

The quantity of metals in Bldg.
9201-4 Is probahly not

sufficient to be cost effactive
N unlass added to this. The
technofogy development
ngeds will require further lab
and pilot-scale evaluation. The
davelopment costs ara roughly
estimated at $3.5M.
— Electrorefining Predsmonstration, Development: Demonstrate An elactrorefining plant would
DCON-32-QY Eloctrorefining Is a welt- (1) separation of Hg from also require a smelting and
established commercial substrates of interast and (2) anoda forming facility to form
Ranking:* technology. However, this: recycle of electrolyte solutions. the impure metal into anodes
L-4-3 ($3M; $6/1b) techrology cannotbe . of proper configuration. The
considered matire conceming capital costs altogether are
its use for decontaminating estimated at $200M. Ths
Hg-contaminated metal operating cost 10 million-
this application has poundyear capacity is
not been e1§tabl!shad. .y estimated at $6/1b which
Efficacy: Technology Y exceeds the prasent valus of
1o be effectiva for the listed - virtually any metal because
contaminants and substrates. commercial companies
Waste: Waste would be solid operate on a much larger
wasta from assumed tredtment’ scale.
of electrolyle solutions for- Davelopment cost: ~33M.
—— Leach/electrowinning Predsmonatration . Sclence: Evaluate process for A de minimus standard is
DCON-34-0G The mathod is similar to purifying metals contaminated needed to parmit sale of the
electrorefining except the with Hg, stc. purified matal,
Ranking:* meta! is first dissolved inte. Development: Demonstrate Davelopment cost: >$1M
L-4-2 ($>1M; $4/1b) solution rather. than.formed., techniques to recycle the Capital cost: $200M (10M
into anodes. Although this’ electrolytic solutions. Ibiyr plant)
process is a well established Operating cost: ~$4/b
commerclal process for.
producing nicke! fromore, it
has not besiy demonstrated on
a large scale for purifying.
metals contaminated with Hg.
Efflcacy: Uncertain-process
has not been used to purify
mstals contaminated with Hg.
Wasts:Recycle of elactrolytic
solutions will result ih a solid
mixed waste bearing tha
contaminants and traces of
the purified meta! amounting to
roughly 2% by weight of the
metal purified.
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mination

|
Themal Surfacs Removal . .
Mathods Plasma Surface Cleaning
DCON-75-0Y

Ranking:*
Ml wmsaemsizan?)

b Plasma Etching
- DCON-76-QY

Ranking:*
M wsasramsan

"beme  Flashlamp Cleaning
- DCON-77-OY

Ranking:*
[ wsz2@msed

Predemonstration
Plasma surface cleaning by
glow dischargas are commonly
and effectively utilized for-
cleaning. higl bonding energy:
contaminants from surfaces of
metals prior to the operation of
fusion devices.

Efficacy: Technology is
axpected 1o be effective for
removing deposits from listed
substrates, but whether the
plasma can follow ths irregular
shapes involvad in the packing
material Is uncertaln.

Waste: Wastes would be
sorbents and HEPA filters from
the collection system.

Predemonstration

Plasma etching processes are-
usad in material processing .
and microslectronic.
manufactuting.” - :
Efficacy: Extrapolating these
plasma processss for
vaporizing and recovering
mercury deposits Is considered
feasible. The ability of the
plasma to etch the inside of
packing material needs to ba
demonstrated. -

Wasts: Wastes would be

Domonstration

Flashlamp systems are baing -
used to remove organic
contamination from matals,
precious metals, and fragile
substrates. Hanford-
Westinghouse Laboratory is
conducting tests of xenan
flashlamp systems for
removing radiclogical, .
contamination from surfaces

Inskia motal storage. vessals.

Efficacy: Technology is likely
to be effective for surface-
mercury contamination, .
Wasts: Wastes would be
removed contaminants, some
substrate material, and HEPA
filtsrsand sorbant from thae off-
gas collection system.

Sclence: Data on cleaning
rates for mercury and other
contaminants and various
substrates of interest are
needed.

Development: The capability
of plasma generation and
cleaning on complex intemat
surfaces of contaminated
equipment with large surface

areas needs to be established.

Science: Data on cleaning
rates for contaminants and
substrates of interest are
neeaded.

Development: The capability
of plasma etching of the
packing needs tobe
established.

Development: Commercially
available flashlamp systems
need to be evaluated for
mercury deposit removal. Also
demonstration of removal of
contaminants from inside
packing surfaces needs to be
demonstrated.

T ‘ | [ ‘
Altern:atives Technologies i Science/ Technology Needs | Implementation Needs
‘ | i ‘ ‘

A collection system with
appropriate sorbents and filters
for the vaporized deposits
would be needed to use this
technology. An elactric power
supply would ba needed.
Development cost: About
$IM- .

Capltal cost: $0.5-1M
/machine~

Operating cost: > $14
Avallable at Y-12,

A collection system with
sorbents and appropriate filters
for the vaporized deposits
would ba needed to use this
technology. An slectric power
supply would be needed.
Devalopment cost: $1.3M
Caplial cost: ~$1M
Operating cost: $¥fi2

A collection system for the
vaporized deposits would be
needed to implement this
technology.

Development cost: ~$2 M
Capltal costs $50-
100K/machine

Operating cost: ~3.00/1?
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Campliance chapter for:

patential applicabls, propesed,
promuigated

- A!pha4 Building (92014)

« Remedial Action L‘ )

= Problem #8
Hg
Carbon Chunks
LiOH

Carbon Chunks
H»804, HNOg

b
|
|
|
o ~ |
. Iniiste'the dedign cfpliot . F
|
i
I
{Milastane No. OR270123)- ’

- projuct - Target Date o

Decontamination

environmantal laws, signad
aml pending agreements for
the Oak Ridge Raservation -
(ORRY}, radiation protection
standards, DOE orders, and

specilied.

. Retnoval of alt asbesios

!
Insutation in Building 9201-4~ }
Target Date 9/30/97. f
(Miestone No. OR270111) !

mercury roaster for the 9201 - e
4 DD project - Target DAte
10/01/65, (MilestonaNo.. , -
OR270124)

Conplate the construction of
the pilot mercury roasterfor |
the 3201-4 D&D project -
Targiet Date 9/30/88:- -

. Initiate the design of mercury
roaster for the 9201-4 D&D

- 10/0197. (Milestone No. _ .
OR2'70115)

Complate Design of mercury ;
roaster - Target Date 930/99. f
i

(RA)—Soils, " {Milestono No. OR270116) .
Groundwater . . : ] .
and Surface " Begin construction of mercury
Water roaster for 9201-4 D7D
project - Target Date.-
4/01/2000. (Milestons No.
_ OR270117)
-Complete construction of-
. _ mercury roaster for 9201-4
s D&D project - Target DAte"
, 3/31/2002. (Milestone No.
- _OR270118)
1
b
\J
» Waste
Management
(WM) i
i
September 1994 :
i
i
|
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1ination

I
Alternatlves

|
utk Deeomam!naﬂon
lathods

Incineration
DCON-2-OY

Ranking:*
H-3-12 ($0M; $10/b)

Dry Heat (Thermal Desorption
or Roasting)
DCON-4-0Y

Ranking:*
H-4-2 (§0.5M; $12/1b)

Chemical Leaching
DCON-5-OY

Ranking:*

M-1-1.5 (80.5M; <$1/2)

Catalytic Extraction Process
DCON-6-OY

Ranking:*
M-L-4 (85M; $0.90/1b)

The Indneraﬂon of
contaminated combustible
materdals is common in the
nuclear industry. .
Waate: This will depend on the
designs of the Incinerator and
the ash content of the waste
being fed.

Demonstration

This is a common industrial
process when the
contaminated materials can be
taken ta the thermal desorption
process, buthas notbeen -
used for ngntamlnaxad
materials.

Efficacy: This procass shauld
waork for contaminants which
can be volatilized.

Waste: This will initially consist
of volatilized contaminants
along with hot air and other
combustion products. The
contaminants must normally.
be removed by sarption and
filtration before atmospharic
relaass Is allowed.

Predsmonstration

Chemical leaching isan
accepted technique for some
applications but has notbesn
used for Hg-contaminated

materials...

Efflcacy: Banch scale tests
ars needed to determine which
chemical would be effective-
Waste: Waste would be
original materials
contaminated with chemical
leachates plus chemical
leachatss contalning removed
contaminarnts or sludges; filter
cakes, and lon exchange resin
from recycle system contalning
removed contaminants.

Predemonatration

Has not been used to pracass
material bearing Hg
contamination,

Etflcacy: Effectivensss for
separation of Hg is uninown.
Waste: Slag containing
contaminants plus
contaminants in a scrubber
solution and/or sorbents.

Development: Demonstration
of the efficacy of the process
and design and demonstration
of an off-gas removal system.
Engineering design data is
needed.

Development: Bench scale
tests are neseded to determine
which chemicals would be
effective and what secondary
waste treatment would be
necessary to recycls
chemicals.

Science: Find a suitable fluxing
agent to remove Hg and
asbestos from the melt.
Davelopment: Demonstrate
the ability to remove Hg and
asbestos.

Technologles m Science! Technology Needs Implementatlon Needs

None

Capltal cost: $26M
Operating cost: $10/b
About 8-10 years will be
required for writing an
environmental impact
statement, holding public
haarings, and cbtaining the
necessary pamits- TSCA
permit, RCRA permit,
NESHAP permit, and Clean Alr
Act permit.

Existing furnace designs can
be used with a specific off-gas
collection system for the
contaminants removed.
Development cost: $500K
Capltal cost:~$0.5M
Operating cost: $8-12/1b

Extensive chemical processing
system for chemical leaching
with a waste treatment system
for treatment or recycle of
spent chemical leaching
solution..

Dsvelopment cost:

Efficacy Demo: $350K
Capital cost: $150K
Operating cost: <3142 or §5-
$501b

*Off the shelf” Induction or arc
fumace.

Development cost: $3-5
millien

Capltal cost: ~$16 million
Operating cost: $1/b
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mination

Alternatlves Technologles Science’ Technology Needs Implementatlon Needs

Bulk Deoomanﬁnanon

Chamical Surface Cleaning ——

Mathods

Vacuum (Low Pressure with
Heat)
DCON-7-0Y

Ranking:*
M-5-1 ($1M; $1.20/12)

Amalgamation
DCON-16-0Y

Ranking:"
H-5-1 ($0.5M;N)

Sulfide Conversion
DCON-22-0Y

Ranking:”
M-3-1 (80.5M;N)

Hypochlorite Oxidation
DCON-202-0Y

Ranking:*
Not Ranked

Domonmtlon

The use of vacuurs with heat is
well known to improve the
removal rats for many
contaminants.

EfficacyzLikely to improve the
rate of removal of Hg and
some contaminants, however,
this must be balanced against
its cast.

Waste: Sarbent comalnlng
removed contaminants and.
other volatiles.

Predsmonstration

Although amalgamation of
marcury with metals of interast
Is well known; application to Y-
12 problams amashas not
been demonistrated. Copper
and zinc are main metals of
intarest for. amalgamation.
Efflcacy: Method tfansfam'ls
fiquid Hg Into a solid that Is®
often easy to recover. Method.
must be.used with a second -
method such as.vacutming.”
May actualiybea .- -.
disadvantage In cases where
Hg could be recavared for
reuss.

Waste: Resulting amaigam,
which is unreactive, is chief
waste. Zn amalgam.is ~57wt%
Hg. The Cu amalgam is
<76wl% Hg =

Evolvlng Tec!mo;
Must'evaluate the k!netks of

 the foom temperature reaction- .

of sulfur, with elementat Hgto. -

. formrHg S, which s notwater
‘soluble-and whichis often<  ~

easler{d collect man elemental

Lo

Hg: .
ﬂucy. Method appiicable -

- only to'elemental Hg. Method
“must be used with'a second

mothod siich as vacuuming.
May actuaﬂy bea

disadvantage'in cases where

Hg could be recovered for
reuse..

Waste: The chlef wasts isthe
racovered HgS which is about
84wl Hg.

Accepted -

Cora process is .commsrcially
available-and practiced on an
industrial scale. Integrated
process ngeds obe
denionstrated. ,
Efficacy: Dopenddnt on
solution tlushing efficiency.
Core process reduces Hg in
water efflusnt to <2ppb.
Waste: Cleanup debris, soms
saits, spent resin and carbon.

Development:

The charactsristics of the
specific contaminants must be
matched to the rate advantage
of decontamination by
volatilization under vacuum
conditions for the specific
heating applied.
Improvement: In-situ
conditions need more
streamlined designs to apply
the vacuum and heat
combination efficiently.

Technology Development
Needs:

Laboratory and bench scale
assessment is needed to
determine the suitability of this
process to the Y-12 problems.

Science/Development: Both
lab and bench scale
experiments are required to
determine the kinetics of the S
and Hg reaction at room
temperature and to evaluate
the suitability of the method to
the Y-12 Hg problems.

Core technology is ready to
use.

Deva(opmont coar ~$1M

‘The avallability of a suitable
facility to do development work
Is assumed.

Dsvelopment cost: $500K

-{mainly personnal costs)

Duration: 8'months

The requlred lab and bench-
ecad be ts;va Iy

aexpected to be refative

simple. Existing

and fadllities wm erly suppon

thess activities wlth slight

modifications.

Developmont cost: $500K
(malinty personnel costs)
Duration: ~ 8months
Capital cost: $100K
Operating cost: NA

Normal implamentation
requiremsnts and a fluid
delivery and deanup system
needs to be Integrated with
cora tachnology
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mination

Altejrn[atives

Technologies

Surfacs Cleaning Method ———  Steam Cleaning
m DCON-55-0Y

Ranking:*
M-5-1($1.2M; $1-2112)

Status

Accepted

The tachnique has provan
ussful, especially on complex
shapes and large surfaces.
Efficacy: Technology should
be effective for Hg; but not for
the more tightly baund
contaminants,.

Waste: Waste will be 0.4 10
2.0 gpm wastewatsr containing
removed contaminants,

Sciencer Technology Needs

Improvement: To minimize
waste generation, a water
treatment system is needed for
dacontamination of the
wastewater so that the water
can be reused.

Remote operation will
necessitate the adaptation of
the steam and vacuum
collaction systems to robotic
system control.

Implementation Needs

A water racycle system s
nseded to use this technology.
Dsvelopment cost: Nons
Capltal costa: $50-75K
Operating cost: $212
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Dismai

The Dismantlement section is written to address the Y-1i
concrete, structural steel, asbestos materials, major disman
and the need for other “enabling technologies.” Basic to thi
general, depend upon the type of contamination as long as:
section will explain the relationship of the subject to the disn
to follow a sequence similar to the current ongoing D&D eff¢

There are some basic assumptions for dismantlement ir
decontaminated as much as practical, (2) remaining, or ve;
characterized before dismantlement is initiated, (3) the proc
suitable for disposal as recyclable scrap or waste or for disp
materials will be desirable and/or required.

!
1
|
i
i
!
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tlement
—-__-———__——I_

Plant problems specific to dismantlement: massive

sment (removal of equipment), disassembly of equipment,
approach is the assumption that dismantlement will not, in
ntainment and worker protection are provided. Each
intlement problem list. Dismantlement has been assumed
s elsewhere.

luding: (1) equipment exteriors will have been

igial, contamination will have been located and

cts of dismantlement will be sorted materials in forms
sition to complete decontamination, and (4) recycle of
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lement

Alternatlves Technologles m Science’ Technology Needs

Implementation Needs

High-Pressure Abrasive Water Demonstration Sclence development: None. Unusual nosds: Research
Jet (Massive Concrets) DOE-sponsored development. Technology improvement operational techniques.
m DISM-11-0Y Not demonstrated at Y-12. needs: Development cost: $2.5M
Efflcacy: High; useful in Need to develop a high- Capital cost: $1M
Ranking:* Mercury contaminated areas. efficiency fluid recovery Operating cost: $100/hour
H-4-2 ($250K;$700/ydB) Waste: Contaminated water system.
sturry. Amount would be
minimal.
— Diamond Wire Cutting Demonstration Sclence development: None Unusual noeds: Need vacuum
m DISM-12-OY Not demonstrated at Y-12. Technology Improvement: system,
Effleacy: High: industry Method of cutting large rebar Development cost: $.5M
Ranking:* - expected standard. must be developed. High- Capital cost: $1M
H-4-1 ($.5M,;$600/yd5) Waste: Contaminated water efficiency fluid recovery system .
slurry. Amount would be must be developed Operating cost: $600/yc>
minimal,
—  Explosive Cutting Demonstration Sclence development: None Unusual nseds: Need.to
l! DISM-13-0Y Not demonstrated at Y-12. Technology Improvements witness an actual site being
Efflcacy: Low; not wall suited Needs: demolished.
Ranking:* for thesa types of structures. Crane system to remove large Development cost: $2.0M
L-4-2 ($2M;3400cP) Waste: Contaminated water sections of cancrete. Remots Capital cost: $0.75M
slurry used to hold down dust method of cutting rebar in large 3
possible. amounts of debris is needed. Operating cost s4001yd3
—  Machanical Saws Accepted Sclence development: None Unusual needs: Personnel
m DISM-14-OY Efficacy: Medium; industry- Technology Improvement: training.
accepted standard. Vacuum system to handle the Development cost: None.
Ranking:* Waste: Saw blades, dust and/or mercury Capital cost: $350K/system
M-4-0 (None;$810/ycd) chains,coolant, efc. vaporization must be created. Operating cost: $3043
Remote-controlled manipulator
to maneuver saw blade and
large sections of concrete.
temoval High-Pressure Abrasive Water Demonstrated Sclence development: None. Unusual needs: Automated
m Jet Scarification Effleacy: Medium; can remove Technology Improvement: manipulator.
DIsM-121-OY portions of the concrate’s Develop high-sfficienc y Dsvelopment cost: $2M
surface, recovery system. Capltal cost: $1M
Ranking:* Waste: Contaminated water - .
M-4-2 ($2M;$400 ) slurry. Operating cost: $4001yd3
Jemolition =T Microwave Demalition Predemonstration Unusual needs: Need to
m DISM-15-QY In final stags of development. develop track systam.
Efficacy: Medium; will remova Science development: None Development cost: $5M
Ranking:* maoderate amounts of material, Technology improvement: Capital cost: $2M
M-4-5 ($5M;$460/yC) Wasta: No additional waste will Final phase of development. Operating cost: $17/3
be generated as a result of
utilizing this technalogy.
Demolition Compounds Demonstration Science development: None Unusual needs: Msthod of
DISM-16-OY Not demonstrated at Y-12. Technology improvement: cutting rebar must be
m Efficacy: Medium; can be used Demonstration is required developed.
Ranking:* on lightly reinforced concrete using a lightly reinforced Development cost: $250K
M-4-1 ($250K:$400/ydd) only. building. Hole geometry needs Capltal cost: $0.5M
Waste: No additional waste will to be determined. Operat .
be generatad as a result of the ing cost: $4001yo
usa of this technology.
* See the E; jon and L Page 3-3

Key inthe front of this document fora
description of the ranking code/scheme.
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lement

F
Alternahves Technologles Sciencer Technology Needs Implementatlon Needs

Demofition | -
[H]
Cutting -—
a
Demolition

Conventional Demolition
DISM-17-0Y

Ranking:*
H-4-0 ($1M;$400/2)

Grappler and Massive Shearing
DISM-18-0Y

Ranking:*
H-4-1 (None;$100/yd5)

High Pressure Abrasive Water
Jet (Walls)
DISM-19-0Y

Ranking:*
H-3-2 ($250KM;$100/hr)

Diamond Wire Cutting
DISM-20-0Y

Ranking:*
H-3-1 ($.5M;$600/yd°)

Mechanical Saws
DISM-21-0Y

Ranking:*
M-3-0 (None;$30/3)

Explosive Cutting
DISM-22-0Y

Ranking:*
L-3-2 ($2M;$400/ycR)

Demolition Compounds
DISM-23-0Y

Ranking:*
M-3-1 (8250K:5400/yF)

* See the Expianation and Understanding
Key in tha front of this documenl for a

of the

Demonstration

Not demonstrated at Y-12.
Efficacy: High; industry-
accepted standard.

Waste: No additional waste will
ba generated as a result of
utilizing this technology.

Demonstrated .
Efficacy: High; can shear and

Demonstration -
DOE-sponsared dsvelopment.
Not demonstrated at Y-12.
Efficacy: High; ussfulin
Mercury contaminated areas:.
Waste: Contaminated water
sluny., Amwntwou!d be
mlnlmal.

Domonstration.

Not desmonstrated at Y-12.
Efflcacy: High; industry-
expected standard.

Waste: Cmtamhated water
slurry. Armum wnu}d be
mmlma!. .

Acceptsd - - -
Efficacy: Mé(ium:fndus!ry» N
standard.

‘Waste: Saw uades,
dralns,cooiant. eic.

Deronstration:

Not demonstrated aty-12.
Efficacy: Low;) not practicat for
clay tile walls: ..

Waste: Contaminated water.
slurry used to hold down dustis
possible St

Demommﬁon

Not demonstratod at Y-12,
Efficacy: Madium; can be used
on lightly. rainfomd concrets
only, - -

Waste: No addiﬁonal waste will
be generaedas aresultof the
use of this technology.

Sclence development: None
Technology improvement:
Vacuum system to handle dust
must be created. Crusher to
downsize concrete sections
must be developed.

None

Science development: None
Technology improvemsent:
Need to develop a high-
efficiency fluid recovery
system. Nesd to address
contaminated cracks in
concrete.

Sclence development: None
Technology Improvement:
Method of cutting large rebar
must be developed. high-
efficiency fluid recovery system
must be developed

Sclence development: Nons
Technology Improvement:
Vacuum system to handle the
dust and/or mercury
vaporization must be created.
Remote-contralled manipulator
to maneuver saw blade and
large sections of concrete.

Sclence development: None
Technology improvement:
Remote method of cutting rebar
in farge amounts of debris

Sclence davelopment: None
Technology improvement:
Demonstration is required
using a lightly reinforced
building. Hole geometry needs
to be determined.

Unusual needs: None.
Development cost: S'IM
Capital cost: $0.5M

Operating cost: $400/t2

Unusual Noeds: VA,
Development cost: NA.
Capltal cost: $400K/system

Operating cost: $100/yd3

Unusual needs: Research
operational tachniques.
Development cos t: $.25M
Capital cost: $1M
Operating cost: $100/hr

Unusual needs: Need vacuum
system.

Development cost: $.5M
Capltal cost: $1M

Operating cost: $500/yd3

Unusual needs:Personnel
training

Development cost: Nona
Capital cost: $350K/system

Operating cost: $3043

Unusual needs: Towitness a
sita belng demolished.
Development coat: $2.0M
Capltal cost: $0.75M

Operating cost: $400/yd3

Unusual needs: Method of
cutting rebar must be
daveloped.

Development cost: $2.0M
Capitat cost: $0.5M

Operating cost: $400/yd3

September 1994



* Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

* Facility
Decontamination
and
Decommissioning

(D&D)

» Remedial Action
(RA)—Sails,
Ground Water
and Surface
Water

» Waste
Management
(WM)

September 1994
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ement

[
Alternat ves Technologles \ Status
l

amolition _r__
H
o
itting

Conventional Demolition
DISM-24-OY

Ranking:*
H-3-0 ($1M;$400/8)

Grappler and Massive Shearing
DISM-25-0Y

Ranking:*
H-3-1 (None;$100/yd3)

Microwave Demalition
DISM-26-0Y

Ranking:*
M-3-6 ($5M;517/13)

Laser Cutting
(Structural Steel)
DISM-27-0Y

Ranking:*
L-2-4 ($2.5M;$900/cut)

High-Pressure Abrasive Water
jet
DISM-28-0Y

Ranking:*
H-2-2 ($.25M;$100/hr)

Plasma Arc Cutting
DISM-29-0Y

Ranking:*
L-2-4 ($.25M;5600/cut)

Oxyacetylene Cutting
DISM-30-0Y

Ranking:*
L-2-0 (80;3150/cut)

* Seg the Explanation and Undsrstanding
Key in the front of this document fnr a
iption of the ranking

Demonatntlon

Not demanstrated at'Y-12.
Efficacy: High; industry-
accepted standard, |

Wasts: No additional waste will
be gensrated as a result of
utilizing this technalogy.

Efficacy: High; can.shear and
maneuver most-any material or
component. Cuttingis
indepandent of geometry. Does
not ailoy contaminants ta the:
process matstial.

Wasts: None.
Decontamination of - .
maniputator and asgdated
equipment.. .

Prodamomtrwon :

In ﬁnalstageofdevabmnt
Etfieacy: Madiuim; will remove
modsrate amounts of mateial.,
Vasts: Noaddiﬂona:wastewm
beganera!adasaresultof
uﬁlizmgth!stedmology

Predcmonstmlon

Efficacy: Low; can’ cut any
known matsrial.;

Contamination wﬂl be alloyad to

genarated by the process.
Equipment will be .
decontannnated aﬁer use..
Dsmanstraﬂon T
Etﬁwcy. High; cany cutany b4
known) material, steelipto: -
. thlek. Does not  atioy
cantanﬂnama tmhe process
material... : .
Waste: 2 lblmlo o# gametns
used; 1.5 ‘Galmin of liquid

waste isgenaratemﬂmwataf .

can be recycled, therefore,
reducing wasts.. -
Decontamination ot
manrpulator

Dsmonstration

Efficacy: Low; can cutonly -
conductive materials. .

Alloys contaminants to the
procass material, N
Wasto: Water at 122 ga!lhr is
usad to cool the nozzle.

. Particulate ganeration bocurs at
, 46 Ib/hr. Decontamination of

mantpulaxor

Accepted

Efficacy-tow; cuts mosﬂy
forrous metalg,

Alloys contaminants fo the
process materal.” -~
Waste: None,
Decontamination of
manipulator.

Sclence developmenl None
Technology iImprovement:
Vacuum system to handle dust
must be created.

Crusher to down-size clay tile
sactions must be daveloped.

None

Science development: None
Technology improvement:
Final phase of development.

Sclence development:

The appropriate power level for
the laser.

A fiber-optic delivery system

Sclence Development
Recyclable abrasives

A recovary system for the
abrasives and water
Technology improvement:
Longer lasting nozzles, hoses,
and intensifier pumps.

None

None

Science’ Technology Needs lmplementatlon Needs

Unusual needs: None.
Development cost: None.
Capital cost: $400K/system

Operating cost: $100/yd3

Unustisl rieeds: Need to
deve!op track System:.
Devealopment cost: $5M
Capital cost: $2M -
Cperating cost: $1743

Unusual needs:

Personnel training
Development cost:
$2M-$2.5M:

Capltal cost: $1.5M/systam
Operating cost: $300/cut of 6
inch in diameter stesel pipe.

Unusual needs: Personnel
training.

Davelopment cost. $250K
Capital cost: $700K/system
Operating cost: $100/hour of
cutting,”

Normal Implementation needs.
Development cost:r $250K
Capital cost: $50K/system
Gperating cost: $600/cut

Normal implementation needs.
Davelopment cost: Nons

- Capital cost: $2000/system

Operating cost: $150/cut

Page 3-5
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tlement

Cutting

i

5

Demalition

Thermite Lance
DISM-31-0Y
Ranking:*

L-2-3 ($75K;$150/cut)

Plasma Arc Saw
DISM-32-0Y

Ranking:
L-2-2 ($1.5M;81100/cutl)

Thermal Arc Water Jst
DISM-33-0Y

Ranking:*
L-2-2 ($1.5M;61000/cut)

Explosive Cutting
DISM-34-0Y

Ranking:*
M-2-3 ($.2M;$10K/cut)

Liquified Cryogenic Gas Cutting

DISM-35-0Y

Ranking:*
H-2-4 ($10M;$2000/cut)

Conventional Disassembly
DISM-36-0Y

Ranking:*
E-2-1 ($.2M;$300/cut)

* Sea the jon and Und

" Accepted.

Key in the !rant of this documenl for a

of the ranking

Ptodomonamtod

Efficacy: Low; can cut steel in
normal surroundings or under
water.

Waste: None:
Decontamination of
manipulator.

Domonstration
Etficacy: Low; cancutany:

. type of stesl, Cancut

" geometrically camplicated.
components. Alloys
cantamipants to the process
‘material,

Waste: Dust and asrosol from
the process; the saw blade.
Decontamination of

. manipulator.

Demonstration .
Efficacy: Low; cancutany

" Wypaoiseel.Cancut- - -

geometﬂcany compucated

- components. Alloys,
.. contaminants to ths proces

‘materidl. -

" Wasts: Dust and asrosbl from.
the'procass and the waterused

to wash tha matarlalﬁom the

- kerf.

Decontamination of
manipulator.

Domonatrawd

* Etficacy: Medium; wncutany*
- known matsrial in normal

** ‘surroundings of under waer..

" Used whera other mechanical .

. wtﬁngmeﬁodsar&
-+ impractical.

Waste: Nona. .
* Decontamination of:

: manipu!ator.

; ‘Eva{vtlrig Technology

Efffcacy: High; can cutany

known material. Does not alloy. _

contaminants ta the process. -

" material. Effective on

-hazardous matérials having a
low-vaporization temparature:
Waste:None. -
Dscontamination of
manlpulator :

Effleacy: Essential; can cutor
dismantle any material or
companent. Cutting Is'
indspendsnt of geomstry. Does
nat alloy contaminants to the
process material,.”

Wasts; Alrboma contaminants.
Decontamination of

manipulator and associated
equipment.

Science development:
A method to contain the
contamination

Sclence development:
Computer-aided process.
Technology Improvement:
A remote-controlled
manipulator.

Different sizes of saw blades
that are interchangeable

Sclence development:
Computer-aided process.
Technology Improvement:
A remote-controlled
manipulator.

Science development:

A method of buttering the
shock wave and its noise.

A method to contain the
contamination that explodes of
the material.

Science development:
Cryogenic liquid cutting.
Technology iImprovement:
A remote-controlled
manipulator.

Long tasting nozzles and
hoses.

Science development:
The capability to capture the
contaminants exiting the kerf.

Technologies 1 m Science!/ Technology Needs | Implementation Needs

Personns tralning.
Developmeont cost: $75K
Capltal cost: $1000/system
Operating cost: $150/cut

Personnel tralning.
Development cost:
$1M-$1.5M

Capltat cost:.
$1.2M-1.4Wsystem
Operating cost: $1100/cut

Personnet training.
Bevslopment Cost
$IM-$1.5M"

Capiial cost:
$1M-$1.2M/system
Operating cost: $1000/cut

Personnel tralning.
Development cost: $200K
Capltal cost: $175K/system
Operating cost: $10,000/cut

Personnel training.
Devalopment coat: $10M
Capital cost: $3.5M/system
Operating cost: $2000/cut

Unusual neods: Personnel
training..

Development cost: $200K,
Capital cost: $100K/system.
Operating cost: $10/bolt and
$300/cut.

September 1994
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lement

l
Alternatlves Technologles ‘ Science! Technology Needs Implementatlon Needs
|

Deamolition

= Grapple and Massive Sheanng . None Normal implamentation needs.
DISM-37-0Y Efﬁeacy. Essential; can shear Development cost: None.
E and maneuver most any Capliat cost: $400/system
Ranking:* material or component. Cutting Operating cost: $150/cut
E-2-1 ($.2M;$150/cut) is indepandent of gaometry. «
Doss not alloy contaminants to
the process material.
Waaste: None:
Dscontamination of
manipulator and assoclated
equipment
Removal == Conventional Remaval Accspted R None required Unusual needs: Nons
DISM-38-0Y Efficacy: Low; labor intensive required.
Waste: Protactive clothing and Development cost: Nono
Ranking:* plastic bags. Large volume. tequired, -
L-3-0 ($0;$200/R) ) Caplital cost: None required
. - Operating cost: $20.00 fi2
= Conventional/Automated Aceap None required Unusual needs: None
. Removal with Vacuum System Efﬂeacy' medIum, Industty requlred.
- m DISM-33-0Y _accop! Davelopment cost: $200K
A Wm'Plasﬂcbagsand Caplial cost: $100K
Ranking:* - protoctiva clothing. Amounts Operating cost: $2.00 ft?
M-3-1 (3.2M;$60/12) would decrsase by 70% over
conventional method.
CO, Blasting Demonstration Technology Improvements: Unusual needs: Detarmine
DISM-40-OY Not damonstrated at ¥-12 Pipe hangers close to walls. robotics avallable.
Efficacy: High; industry Pipes close to walls. Dsvelopment cost: $3.5M
Ranking:* accepted [ Capital cost: $1.2M
H-3-4 ($3.5M:820/() Wasts; Plastic bags. Amount Opomingeost $20 02
would be minimal compared to
Sodium Bicarbonate Blasting Domonstrat!on Sclence development: Uniusual needs: Personnel
DISM-41-0Y Efficacy: Medium,wm remave Recyclable blast media. tralning. Implementation of a
asbestos from a surface and A recovery system for the remote-controlled manipulator.
Ranking:* not damage the surface of tha. abrasives and water. Development cost: $300K
M-3-3 ($.3M;$100/hr) material: Production rateis 2 . Technology improvement: Capital cost: $200K/system
#2hmin. - Longer fasting nozzles, hoses Operating cost:$ 100/hour
Waste: 100 Ibs/hour of sodium. and pumps.
bicarbonate and 0.5 gpm of
- water - - ’
= Ico Blasting Demanstration Science development: Persannel tralning
DISM-42-0Y Efficacy: High; will remove A recovery system for the ice. Implementation of a remote-
asbestds from a surface and Technology Improvement: controlfed manipulator
Ranking:* minimize the alrbome Longer lasting nozzles, hoses Davelopment cost: $100K
H-3-1 ($.1M;8100/hr) contaminants. and pumps. Capital cost: $25K/system
Waste: 0.5 gpm of water.. QOperating cost:$ 100/hour
* See the Explanation and Understanding Page 3-7

Key in the front of this documant Iar a
iption of the
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laws, signed and pending -
agrasments for the Oak Ridge ©
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‘prolection standards, DOE
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lement

1
Alternallves Technologles m Science’ Technology Needs lmplementatlon Needs
|

Sutting j — High-Pressure Water Jet
DISM-43-0Y
Ranking:*
H-3-3 ($.3M;$110/hr)
——Laser Cutting
m DISM-44-0Y
Ranking:*
M-3-6 ($3.5M;$900/cut)
}—-- High-Pressure Abrasive Water
Jet
m DISM-45-0Y
Ranking:*
H-3-3 ($3.5M;$1.25/1%)
b Liquified Cryogenic Gas
Cutting
m DISM-46-0Y
Ranking:*
M-3-10 ($10M;$60/f3)
Cutting

= High-Pressure Abrasive Water
Jet
) DISM-47-OY

. Ranking:*
R 1 H-5-4 ($2.5M;$40/19)

.\ |—— Oxyacstylene Cutting
m DISM-48-0Y

Ranking:*
M-5-3 ($.5M;$5/19)

= Diamond Wire Cutting
m DISM-43-OY

Ranking:*
M-3-1 (8.5M;840/15)

— Machanical Saws
m DISM-50-0Y

Ranking:*
H-5-1 ($.25M;$20/13)

* Seg the Explanation and Understanding
Key in the Im’nr of this document for a
! ion of the ranki i fer,

Demonstration -

Efficacy: High; will remova.
ashestos from a surface and
minimize the airbome~
contaminants.

Wasts: 1.0 gpm of water.

Predemonstration.
Etficacy: Madium; potentially
usefulin cutting other -
hazardous materials such as

Waste would be rmnlmal

Demonstration.
Not demonstrated at.Y-12
Efﬂcacy' High; Industry

wm Comanﬂnatad water
slurry, Could be Substantial

 Evolving Technology

Efticacy: Medium:.
Waste: Largs volumes of gas.

Demonstration -
Not demonstrated at Y-12.
Efﬂn?gwm: industry

Waste: COmamlnaladwatar

- shury. Could be substential
yithoutrscovexy system.

Accepted o
Etficacy: Madiim; commonly
used In normal environments,

- could ba easily adapted ta.

remote operations, limited
material cutting capability.
Waste: Metals alloyed with
radiative contaminates
possrb!e.

Aeeeptad\

Efflcacy: Medium; proven
mathod in'general industry..
Could ba adapted to remote
operations.

Waste: Water is requlred to
wash away sines from cut:

Accapted -

Efflcacy: High; commeonly used
in normal environments, could
be easlly adapted to remote
operations, siow process.
Waste: None

Sclence development:

A recovery system for the
water.

Technology Improvement:
Longer lasting nozzles, hoses
and pumps/

Technology improvement:
Confirmation of negligible
dispersion

Confirmation of cut
cauterization.

Technology improvement:
High-efficiency water recovery
and recycle system must be
developed.

Improvement of wear on
nozzles, hoses, and pumps
when abrasive are used.

Sclence development:
Significant development and
demonstration required.

Technology improvement:
Davelopment of flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology improvement:
Development of flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None.

Technology improvement:
None
Sclance development: None

Technology improvemant:
Development of flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: Nons

Personngl training.
Implementation of a remote-
cantrolied manipulator.
Devsiopment cost: $300K
Capltal cost: $350K/system
Operating cost:$ 110/hour

Unusual needs: Dstermine
beam containment, lasar

Capital cost: $1.5M
Operating cost: $300/cut

Unusual needs: Detormine
robotics technology available.
Development cost: $3.5M
Capital cost: $1.1M.
Operating cost: $1.25 sq/it

Unusus! needs: Maans of
collecting and treatment of
gase generated.
Devslopment cost: $10M
Capital cost: None
Operating cost: $60/3

Unusual needs: Determine
robotics technology available.
Davelopment cost: $2.5M
Capital cost: $1.1M
Operating cost; $40 sg/ft3

Incorporate remots operations
capabhifity,

Davelopmsnt cost: $500K
Capital cost: $10K nat
including. remote manipulation
provislons

Operating cast: $5/1t3 of
waste generated

Incorporata remote oparations
capabillity;

Development cost: $500K,
Capital'cost: 10K not including
remote op. equip.

Operating cost: $40/t5.

lncorporata remote oparations

Capital cost: $10K not
including remote manipulation
provisions.

Operating cost: $20/1t3 ot
waste generated.
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m Y-12 Problems Problem Areas.Constituents Subelements I

Reiertotheﬂegu
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Waste

* Prevent Future
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« Facility B
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and
Decommissioning
(D&D)

« Remedial Action
(RA)—Sails,
Ground Water
and Surface
Water

» Waste
Management
WM
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lement

utting 1 - Advanced Automatic Fixtures,
BUG-O, etc.
m DISM-51-0Y
Ranking:*
H-5-4 ($2M;$30/15)

Split-Frame Cutoff Machine
DISM-52-OY

B

Ranking:*
H-5-3 ($1.5M;$100/cut)

- Laser Cutting

DISM-53-0Y
>
Ranking:*
L-5-6 ($4M;$50/13)

-  Plasma Arc Cutting
m DISM-54-0Y

Ranking:*
M-5-6 ($2.5M;850/19)

Advanced Laser Cutting
DISM-55-0Y

=T

Ranking:*
L-5-8 ($2.5M;$50/13)

Explosive Cutting
DISM-56-0Y

Ix |

Ranking:*
L-5-2 ($1.5M,$8K/cut

* Sea the Explanation and Understanding
Key in the front of this documenr Iora
of the

‘P &Y

Efﬂcucy- High commonly used
in normal environmants, readily
adaptable to remote
operations.

Waste: Nons

Demonstration -

Efficacy: High; commonly used
In normal environments, readiy.
adaptable to remoate
operations.

Waste: None

»‘J

Predomomtmﬂon

Efficacy: Low; commonly used
innormal envionmants, .
probably .expensive to adapt to
femote.operatiens, - . °
Waste: Matals dlloyed with
contaminates possible.

Demonstration

Efficacy: Medium; commonly
used in normal environments,
readily adaptable to remote .
operations. Cutting complex
goometries Is difficult.
Limited matefiai cutung
capability:

Waste: Metals aﬂoyed with.

contammants possiMe

Predemonatration

Efficacy: Law; under- -
development for use in normal
anvironments, probably
axpensive to adapt to ramota
operations. .

Waste: Metals a!layed with -
contaminants possible.

Demonstration -

Efflcacy: Low; difficult to
contain, not recommendead for
contaminated material.
Waste: Nona .

Technology Improvement:
None
Sclence development: None

Technology improvement:
None
Sclence development: None

Technology Improvement:
Development of a flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology improvement:
Development of a flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology improvement:
Scaling laser system to
required levels. Development of
a flexible shroud/enclosure for
ventilation of the immediate
work zone.

Science development: None

Technology Improvement: A
means of buffering the
associated shock wave.

1 |
Alternat ves Technologles E Status Science/ Technology Needs Implementatlon Needs
i

Incorporats rémote operations
capabllity.

Devdopmem cost: $1-2M.
Capital cost: $200K not
including remota manipulation

provisions.
Opering cost: $30/1t3 of waste
generated.

Incorporate remote operations
capability.

Development cost: $1.5M.
Capltal cost: $200K not
Including remots manipulation
provisions.

Opersting cost: $100/cut.

Incomarate remote operations

capability.

Development cost: $3M-$5M.
Capital cost: $200K not
including remote manipulation
provisions,

Operating cost: $50/3 of
waste generated.

lnoorporate remote operations

Capltal cost: $200K not
including remote manipulation
provisions..

. Operating cost: $50/3 of

waste generated.

Incorporate remote operations
capability.
Development cost: $2-3M

. Capital cost: $250K not

including. remote manipulation
provisions

Opereting cost: $50/43 of
wasts generated.

Incomporate remote operations
capabil

Development cost: $1.5M
Capital cost: <$100K not
including. remote manipulation
provisions.

Operzting cost: $8K/cut
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+ Clean Up Legacy WB“MH Refer to the Regulatory
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Prevent Future - Eloctrical and Elsctrical laws, signed and pending
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‘?i?uﬂc rggt_:labry requirements
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+ Facility - -
Decontamination
and o
Decommissioning
(D&D)
» Remedial Action
(RA)—Sails,
Groundwater .
and Surface .
Water
« Waste
Management
(WM)
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tlement

Alternatlves Technologles Science/ Technology Needs lmplementatlon Needs

Cutting

Conventional

Automated Conventional

Plasma Arc Saw
DISM-57-OY

Ranking:*
L-5-6 ($3.5M;850/15)

Thermal Arc Water Jet Cutting
DISM-58-OY

Ranking:*
L-5-4 ($2.5M;$40/183)

Thermite Lance Cutting
DISM-53-OY

Ranking:*
L-5-2 ($0.5M:510/8)

Liquefied Cryogenic Gas
Cutting
DISM-60-0Y

Ranking:*
H-5-10 ($2.5M:$60/13)

High-Pressure Water Jet
DISM-61-QY

Ranking:*
M-5-4 ($1.5M;$30/13)

Conventional Disassembly
DISM-62-OY

Ranking:*
H-5-3 ($0.75M;$40/83)

Grapple and Massive
Shearing
DISM-63-0OY

Ranking:*
M-5-4 ($1.5M;830/13)

* Seg the Explanation and Undarstanding

of the

Key in the front of this yocumant fora

Demonstration

Efficacy: Low; commonly used
in normal environments, readily
adaptabile fo remote
opserations.

Waste: Metals alloyed with
contaminants possible.

Demonstration

Efficacy: Low; primarily an.
under watsr {oo}; may be
cﬁffiwh to adapt for out-of-water

operation.
Waste: Motals alloyed with
contaminants possible

*Prodmmulﬂon >

Efficacy: Low; Messy
operation, may cause anoying
of contaminants with metals,

Viaste: Metals alloyed with,
radioactive contaminants. .

Evolving Technology
Effleacy: High; currently not
ready for use.

Waste: Nona

Aceeptod

Efflcacy: Medium; COmmonly
used.In normal environmants, .
‘affactive on thin-gauge matals,
readily adaptable to ramota
operations,

Aceeptod

Efficacy: High; proven
methods for ramots
enviranments, siow

Waste: None.

Demonstration
Efflcacy: Medium; commonly
used in normal environments,
readily adaptabla to remote
operations

Wasta: None

Technology improvement:
Saw design for material
thicknesses >100mm wili
require development.
Davelopment of a flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology Improvement:
None
Sclence development: None

Technology improvement:
Development of a flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology improvement:
Significant development effort
required.

Sclence davelopment: None

Technology improvemant:
Developmant of a flexible
shroud/enclosure for ventilation
of the immediate work zone.
Sclence development: None

Technology improvement:
None
Sclence development: None

Technology improvement:
None
Science development: Nons

Incorparate remote opsrations
capability.

Development cost: $3—4M
Capitat cost: $250K not
Including remota manipulation
provisions.

QOperating cost: $50/13 of
waste generated.

Incorporate remote operations
capabiltty.

Devslopmont cost: $2-3M
Capital cost: $1M not
including remote manipulation
provisions.

Operating cost: $40/1t3 of
wasta generated.”

Incorporate remote operations

capability,

Devslopment cost: $500K
Capital cost: $10K not
including remote manipulation
provisions..

Operating cost: $10/1t3 of
waste generated.

Incorporate remate operations
capability.

Development cost: $2-3M
Capitai cost: ~ $10M not
including remote manipulation
provisions.

Operating cost: ssom3 of
waste generated.

Incorporate remote opserations
capability.

Development cost: $1.5M
Capital cost: $200K not
including remote manipulation

provisions,
Operating cost: $30/1t3

Incorporate remote operations
capability.

Developmaent cost:
$0.5M-$1M.

Capital cost: $250 not
including remote manipulation
provisions.

Operating cost: $40/3 of
waste generated.

Incorporate remote operations
capability.

Dsvalopment coat: $1~-2M.
Capltal cost: $250K not
including remote manipulation
provisions.

Operating cost: $30/t3 of
waste gensrated.
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lement

Alternallves Technologles Science/ Technology Needs Implementatlon Needs

— High-Pressure Abrasive Water
Jet
m DISM-64-OY
Ranking:*
H-4-4 ($2M;$40/15)

- Diamond Wire Cutting
m DISM-65-0Y

Ranking:*
M-4-2 (32M;:$40/13)

Oxyacetylene Cutting
DISM-66-0Y

Ranking:*
L-4-1 ($.5M:$5/18)

Mechanical Saws

DISM-67-OY

Ranking:*
H-4-1 ($.25M;$20/18)

. Advanced Automatic Fixtures
[“ DISM-68-OY

Ranking:*
H-4-4 ($2M:$30/1t3)

Split Frame Cutoff Machine
m DISM-63-0Y

Ranking:*
H-4-4 (§1M;8100/cut)

* See the Explanation and Understanding
Kay in the front of this document for a
ion of the ing code/sch

Site speaﬂc demo needed with
remote manipulation and.
watarffines recovery system.
Efficacy: High; industry
accepted

Wasta: Contaminated water
slurry recovery system.

Demonstration

Site specific demo needad with
remote manipulation and
watet/fines recovery system.
Efficacy: medium; Potential in
most areas

VYasts: Water recycled; fines
dscontaminated or handled as
low feval waste.

Accepted

Industry proven.

Efficacy: Low, commonly used
in normat environmaents, could:
be easlly adapted to romote
operations, imited material
cutting capability and ised on
non-mercury contaminated -
Waste: Metals alloyed with
contaminants possible

Accopted

Industry proven. |

Efffcacy: High; commonty used
in normal environments, could
be easily adaptad to remote
operations, slow process
Waste: Fines decontaminated
of handled as low lavef waste.

 Accopted.

Industry proven.
Efficacy: High; commonly used
in normat environments, readily
adaptabla to remote operatnons
Waste: None .

Demonstration )

Site specific demo neaded with
remote manipulation. - .
Efﬂcacy. High; commonly used
in nommal environments, réadily
adaptable to remote. opefaﬂons
Waste: Nona

Technology improvement:
High-efficiency water recovery
and recycle system with Hobil
containment system for site
specific must be developed.
Improvement of wear on
nozzles, hoses, and pumps
when abrasive are used

high-efficiency water
cleaning/recycling system
developed. Msthod of
decontamination fines.

Technology Improvement:
Remote manipulators
Science development: Nons

Technology improvement:
Remote manipulators
Science development: None

Technology improvement:
Remote manipulators
Sclence development: Nons

Technology Improvement:
Remote manipulators
Sclence development: None

Unusual needs: Determine
robotics technology available.
Devslopment cost: $2M.

ital cost: $1.1M.
% s $40/1t3 of
wastagenerated.

Unusual needs: Remate
manipulators.
Dsvelopment cost: $2M.
Capltal cost: 50K

not Including remote
manipulators.

Operating cost: $40/1t3 of
wasts generated.

Incorporate ramote operations
capability,

Development cost: $500K.
Capital cost: $10K not
Including remate manipulation
pravisions.

Operating cost: $5/163 of
waste generated,

Incorporate remote operations
capability.

Development cost: $250K.
Capltal cost: $10K not
Including remote manipulation
provisions.

Operating cost: $20/t3 of
waste generated.

Incarparate remote operations
capability.

Devalopment cost: $1-2M
Capltal cost: $200K not
including. remote manipulation
provisions.

Operating cost: $30/13 of
wasla generated.

Incorporate remote operations
capability.

Dsvelopment cost: $1M
Capital cost: $200K not
Including. remote manipulation
provislons

Operating cost: $100/cut
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Alpha-4 Building (92014}

« Colex Facilities .
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« Process Support Facilides

« Elactrical and Elactrical
‘Switch Gear- - .
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« Machining Facllities,

Y-12 Problem Problem Areas:Constituents

Equipment

Refer to the Regulatory
Comptiance chaptar of Vol. 1 for
potantial appécable, proposad,
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laws, signed and pending
agrasments for tha Oak Ridge
Resmv?ﬁon (ORRY), radiaﬁon

Spec

provided for each tachnology,
spacific regulatory requirements
will e specified. .

rence Requirements Subelements
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tlement

Alternatives

|

Technologies

Laser Cutting
DISM-70-0Y

Ranking:*
M-4-6 ($5M;850/9)

Plasma Arc Cutting
DISM-71-OY

Ranking:*
L-4-6 ($3M:850/13)

Advanced Laser Cutting
DISM-72-0Y

Ranking:*
L-4-8 ($3M;850/15)

Plasma Arc Saw
DISM-73-0OY
Ranking:*

M-4-6 (S4M;$50/15)

Thermal Arc Water Jot
DISM-74-OY

Ranking:*
L-4-5 (83M;$40/15)

Thermite Lance Cutting
DISM-75-OY

Ranking:*
M-4-2 ($.5M:$10/9)

High-Pressure Water Jet
DISM-76-0Y

Ranking:*
L-4-4 ($4M;$40/5)

* See the Explanation and Understanding

of the

Key in the front of Ihls' documenl Iara

Technology undef laboratory
tests.

Efflcacy; Medium; commonly
used in normal.environments,
probably expensive to adapt to
remote operations, can't be
used on mercury cantaminated
material.

Waste: Metals alloyed with
contaminants possible.

Domonstjnﬂon

Site specific demo needed with
remota manipulation.
Efficacy: Low; commonly used

jn normal environments, readily

Waste: Matals alloyed with
contaminants possible

Predemonstration-
Ted'mo!ogy underlaboratory

'Efﬁcacy tow; Under -
" development for.use in normal

environments, probably .
expensive to adaptto remote
operations can't be used on
mercury contaminated material.
Waste: Motals afloyed with
contaminants possible

Demonstration- Site specific
damo needed with remote
manipulation.

Efficacy: High; commonly used
in normal environments, readily
adaptable o remcte operations
can't be used on mercury

. contaminated material,

Waste: Motals alloyed with
comamlm gomible

Demonstration- Site spacific
dsmo needed with remote
manipulation-and water/fines
frecovery system.

Efficacy: Low; primarily an
under water tool, may be
difficult to adapt foroutot water
opsration

Waste: Metals alioyed with

_ contaminants possible

Predemonstration-
Technalogy undsr laboratory
tests.

Efficacy: Meditm. Messy
operation, may cause alloylng
of contaminants with metals,
gross cutting tool.

Waste: Mstals alloyed with
radioactive contaminants

Prodemonstration
Technology under laboratory

tests.

Efficacy: Low; DOE Developed
Waste: Water recycied with
95% space recavety.

Technology Improvement:
Remote manipulators.
Sclence development: Fiber-
optic or ther wave guide
delivery system.

Technology Improvement:
Remote manipulators
Sclence development: None

Technol gy lmp-uv

Scaling laser system to
required levels

Remote manipulators
Sclence development: Fiber-
optic or other wave guide
delivery system.

Technology improvement:
Saw Design for material
thicknesses >100mm will
require development. Remote
manipulators

Sclence development: None

Technology Improvement:
Remote manipulators
Sclence development: Design

Technology improvement:
Remote manipulators
Science development: None

Technology Improvement:
high-efficiency water recovery
and recycle system with modil
contaniment system for site
specific must be developed.

m Science! Technology Needs lmplementatlon Needs

Incorporam remote opsrations

capability

Development cost: $3-5M
Capital cost: $200K not
including. remote manipulation
provisions

Operating cost: $5O/t3 of

- waste generated

Incorporats remots operations
I

capability

Development cost: $2-4M
Capltal cost: $200K not
Including. remote manipulation
provisions

Operating cost: $50/1t3 of
waste generated

Incorporate remote operations

capability

Development cost: $2-3M
Capltal cost: $250K not
including. remote manipulation
provisions

Operating cost: $50/t3 of
waste generated

incorporate remote operations

capability
- Development cost: $3-4M

Capltal cost: $250K not
fncluding. remote manipulation
provisions

Operating cost: $50/t3 of
waste generated

Incorparate remota operations
capabliity.

Davelopment cost: $2M-$3M.
Capltal cost: $1M not
including remote manipulation
provisions.

Operating cost: $40/ft3 of

. waste generated.

Incorporate remote operations
capability.

Developmant coat: $500K.
Capitat cost: $10K not
including remote manipulation
provisions.

Operating cost: $10/43 of
wasto generated.

Incorporate remote aperations
capability.

Development cost: $4M.
Capital cost: $1.1M.

Operating cost: 3403,
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lement

|
Alterniatives

ntoribrient x|

Technologies '

DISM-77-0Y

Ranking:*
H-4-10 ($10M;$60/13)

Shear Cutting
DISM-78-0Y

Ranking:*
H-4-1 ($250K;$50/cut)

Conventional Disassembly
DISM-79-0Y

Ranking:*
H-4-3 ($1M;540/13)

Thermoset Polymer/Thermal
Plastic Stabilization
(Entombment)

DISM-80-0Y

Ranking:*
L-3-4 (SIM;830—100K)

Groundwater Diversion
DISM-81-0Y

Ranking:*
M-3-3 (§1M;None)

Temporary Entombment/Clay
Fill
DISM-82-0Y

Ranking:*
M-3-2 ($500K:$200/13)

Permanent Entembment
DISM-83-0Y

Ranking:*
M-3-2 ($2M;3500/13)

Liquified Cryogenic Gas Cutting

Science/ Technology Needs

Demonstration- Visit similar.

T ms!allanonandevaluatesxte o

. specifi cprob!ems o

2. Efflcacy: High; sheanngwxll ~ j :
n'nmmrze ﬁ'levaponzah of -

Technology bemg used. Demo Q :
- yseof remote: mampu!atxo t
Efﬂmcy ngh‘ proven

;~ ¢ groufidwatér awaiy rom the;.
v entombedarea.
Waste*None

Thxsieohnology hasbeen used

at other sites and is proposed h

. formexm graphite reator - .
nsfer.trench fdr the purpdsg,” -
oftemporary entombment. If
portions of_building 9203-3-,
basementzs feftin place e
temporanlyth:s technolog
_ would.be useful: Efficacy *
" considered’ hlgh The-biggest .
* limitation of thustechnorogyns

Sy jeachmg ofcontaminants "

ecause hydro[ogxmsolanom

volving Technology g R
- Effi mcy~ Low;the technology -
" “depends.upon the. hydrologlcal
- isolation of the' rema;mng
basement area..

* See the Explanation and Understanding

Key in the front of this document !ora
of the

‘P Y

Technology improvement:
Significant development effort
required.

Science development:

Technology improvement:
None
Science development: None

Technology improvement:
None
Science development: None

Technology improvement:
A Test for the presence of
promoter remaining after
polymerization.

Science development: None

Commercially available French
drains are presumed to be
adequate if designed properly.
The cost of this technology is
low, and the amount of waste
generated is also low.
Prototype testing of
groundwater diversion
techniques at the DOE X-10
Site will be required before
acceptance by site D&D
officials.

Technology improvement:
Hydrologic isolation methods
for specific sites.

Science development:
Detection and collection of
leachate methods or system of
sensors if used.

Technology improvement:
Demonstration of capping,
hydrological isolation,
containment mintoring, waste
leachate detecting,
solidification/stabilization
processes, and micro
tunneling.

Science development: None

* " Incorpordte fémote operations

Implementation Needs

capability..

. Developmenrcost. $10M.

. -..Capital.cost: not known.
. Operating cost: $60/ft3 of

:, _ waste generated. -

: pevelop;nént COStr$250K.

Capitat cost: $750K plus

" foundaton; building and -

installation.. - -

’ . Opemﬁng cost: SSOIout.

. lncorporate remoteoperauons

capability.* ;
Development cost:

i ~’$0.5M—$1M .
- Capita! costt $1K not indudmg

remote man?pulanon

piovisions. . -

£ Operating éost: $40Ift3 of

waste generated, ;

T Developmentcost'$1M .

r\’

" Capital cost:S‘lZSK

- Opérating ¢ostz10% of

material cost.

Development cost. $1 M
" Capital cost:$203K ..
Opefat!ng cost: Srte spec:fc

Prototype testmg atthe DOE

- - Y=12 Plant il be requiréd prior
" to acceptance by sne D&D
officials. .. -~

Deve!opment cost:SSOOK

" Capltalcost:$1IM [ - =~
Opemﬁng costs $200/f13

’ ,lncorporate remote operaﬂons

 capability., < "

- Development: cost- $2M
* - Capltal cost: Site specific
Operanng cost: $500/463
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tlement

Technologies

Hydrautic Isolation
DISM-84-OY

Ranking:*
L-3-4 (83M;Site Specific)

Capping~~Aboveground
Environmental Barrier
DISM-85-0Y

Ranking:*
M-3-2 (None;$50//2)

Encasement—Subsurface
Waste Storage with Void
Reduction

DISM-86-0Y

Ranking:*
M-3-3 ($2M;:$200/15)

Rubblization Via Crushing
and/or Shredding
DISM-87-0Y

Ranking:*
M-3-2 (None;3100/15)

Engineered Storage For Future
Disposal
DISM-88-0Y

Ranking:*
H-3-3 ($1M;$200/3)

Modular Entombment with
Provisions for Future Removal
DISM-83-0Y

Ranking:*
M-3-3 ($500K;$100/79)

s,

et se cbid e

Concrete-Based
Solidification/Stabilization
DISM-90-0OY

“f

Ranking:*
H-3-4 (None;52004/55)

()

A0

(R LSRN I

I

lfﬂoij

Sensors for Monitoring
Entombment Integrity
DISM-91-0Y

ks

Ranking:*
H-3-5 ($150K;$2000/yr)

* See the Explanation and Understanding
Key in the front of this document for a
dascription of the ranking code/scheme.

Technology improvement: Y-
12 plant demonstration of grout
formulations for the specific
geology.

Technology improvement:
Aging test on various liners to
determine their longevity.
Sclence development: None

Science development:
Technology improvement:
Same as hydraulic isolation,
capping, solidification
stabilization process, water
diversion and sensor
monitoring technologies.

Technology improvement:
None
Science development: None

Technology improvement:
None
Science development: None

Technology improvement:
Improve embedded sensors for
in situ testing and verification.
Science development: A
method of ensuring uniform
mixing and proper stabilization
of the composite mixture.

Technology improvement:
Waste characterization
Science development:
Grout development and
complete performance
assessment including
verification of solidification
stabilization.

Technology improvement:
None
Sclence devélopment: None

Deve!opmem cost: $3M
. - Capitdl cost: §iM- .
Dperaihg cost‘ None ‘

srmingaane,
KN
ale.

Deve!opmem coat. nons. .,
‘Capftal cost: $50K . . .
ope:anng cosLﬁOlfzz o

o

PR

B P P

. Developmem cosL$2M
Caplm! cost:S1—2Mbuilding
Operatfng costx $200tf‘é3

O e

<

ﬁ‘j’l;evelopmentcost;mne
,Cap!h!cost.ss-SOOK P
Operaﬁng cost'$1001ft3 e

kN
i

A S e e e aa T S s

Deve{opmem cost- $1M
Capim! cost' smom siorage

r . . "

j oevempmentonsx ssoox

I Caphal costw$5G0K—J$2M

Z - Operaﬂng cost swo/fr’*
;e .
$ M " , - !
- ﬁévélbpmem cost: hoﬁé

,+ Capital cost: $250K—$3.6M.
& paséd tmbasement vqume of

0600063700
Operaungcost saoa/yd3 .

B R P N SO\

e, wSaal v s

"/s . . .,

< Deve!opmentcost $150K
Capita!costfsmol( Y
Operating cost' $2000/yr

[P
F R N SV VN

LS VA U

September 1994



* Clean Up Legacy
Waste

» Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problems

Y-12 Problems Problem Areas Constituents E Subelements |

Refor to the Regulatory.

Alpha-4 Building (9201-4)

« Colex Facilities

« Uranium Proeesslng Facllities
* Process Support Facilities -

« Electrical andEIecmcal s
Switch Gear’

« Development laborames
MadurﬂngFadnﬂas

Disma

Dismantlement

» Facility - . Lo
Decontamination - - -
and : P . A
Decommissioning v - : ,
(D&D) - 3 )
T i Enabling Technologies g;lartoheﬁegulakng, Dismantiement
for potential applicabie,
- 2 proposed, and
’ environmental laws, signed
.. and agresments for-
the Oak Ridge Reservation
(OFIR), radiation protaction
standards; DOE orders, and
nonreguiatory guidance. As.
site-and
~ characteristics are provided for-
eachtachnology, specific. ;-
- ireguistory requirements wil be
specified,. T 0 -
* Remedial Action B
(RA)—Soils, - B A
Ground Water P
and Surface T
Water o .
* Waste e -
Management = g .
(WM) :' ‘: A ‘r, v
September 1994

— < o ey o



lement

Alternat ves Technologles

radlsposdsmgfna . -
H
H
(V]
oid Assistance ?
—

Shredding, Sorting,
Compaction
DISM-92-0Y

Ranking:*
H-2-1 ($.75M;$100/yc5)

Engineered Storage for Future
Disposal
DISM-93-0Y

Ranking:*
H-2-4 (8.5M;$200/FT9)

Concrete Crushing
DISM-94-OY

Ranking:*
H-2-2 ($1M.:850/153)

Glassification
DISM-95-0Y

Ranking:*
M-2-5 ($5M,;$100/2)

Bar Code/Laser Tooling
Location (Enabling
Technologies)
DISM-96-OY

Ranking:*
L-3-2 ($1.75MNone)

Zoning for Containment-three
Zones
DISM-97-0Y

Ranking:*
H-3-3 ($2.7MNone)

Laser Triangutar Mapping of
Facilities
DiSM-88-0Y

Ranking:*
L-3-2 ($3M;$150/hr))

Video Mapping
DISM-93-OY

Ranking:*
H-3-2 (81.5M;$150/hr)

Computer-Based Training
Systems
DiSM-100-OY

Ranking:*
M-3-3 ($2MNone)

Emcecy'Thls iedmology will
volume reduce wasts and sort
waste.

Wasts: None- .

Efficacy: This technology Is
certain to work and could ba
used as the finat storage cask.
Waste: Nona

Demonstration .
E!ﬁcacy-l-ﬂ:gecostmngsln

disposal> - "

wma~ Vefy mm!ma!

P

. Predemonstration” .
Technology imde( laboratory

fosts..- - 3 "~

Emmy Medfum' huga cust
savinggin d!sposa! of
ccntaminaied asbesto&
w:m.. verxmhlmaL

ot
7

Demonstration-..

Need site spacific demo.
Efficacy: Low; it will precisely
focats tooting using a laser or
bar codé, therefore, nﬂrﬂmtzing

womerexposure :
Wasu None s

”,

Aeeoptod
Demcnsu'aiadtedmofogy
‘oxigts.for use-at site.
‘Efﬁmy:?rhlsteclmologywiﬂ
reduoemespraadof* 7
contamination. - -
Wants.Nme L; TR

Taae .

Domonsmuon

) Naedsimspemﬁcdem;)' A

Efficacy: Low; it wil confinm or
‘deny the frue as-built status
VWagste: Nona ,

Demonstration--

Nead sité specxﬁcdemo. .
Efficacy: it will establish- .
configuration Jayouts to.be

* used through | the D&D eﬂort.

Waste: Nong «.
Demaonstration -

Nead sito. spacific demo.
Emucy' Application soﬂwara
is availsble that permits rapid
devslopmant of coursas using
many média {visiial; audio),
including support for a varisty
of testing strafegles.

Waste: Nong

Technology improvement:
None
Sclence davelopment: None

Technology improvement:
None
Sclence development: None

Technology Improvement:
Study to dstermine size
capacity for disposal System to
process material into workable
size

Study to determine size
capacity for disposal System to
process material into workable
size

Technology improvement:
None
Sclence development: None

Technology improvement:
None

Science development:
Lighter-weight materials for
panels, or inflatable panels

Technology iImprovement:
Detailed software that
integrates 3-D mapping info an
existing data base

Sclence development: None

Technology improvement:
Assembly of an
imaging/computer system,
software development,
pracedure devslopment
Scisnce development: None

Further development is needed
in the area of authoring
support.

m Science: Technology Needs Implementatlon Needs

Development caost: $.75M
Capital coat: $1M plus
toundation, building, and
Installation

Operating cost: $1004yd®

Devdopmam cost: $.56M
Capital cost: $100K/ storage
container style-

Operating cost: $200/13

Development coat: $1M
Capital cost: $1.5M.
Opexating cost: $50/13

. ‘Unuwalmod: detarmlne

availabie robotics -

. implementations
* . Development cost: $5M
,Capital cost: $1.2M-

Oporaﬂngeosrsioosqm

Development cost: $1.75M
Capltal cost: $750K
Operating cost: None

Devslopment cost: $2.7M
Capital cost: $1IM—1.5M

' Oporaﬁnqeost:nmknown

Development cost: $3M
Capltaf cost: $1.5M
Opemﬂpg,cun $150Mmour

Devalopmant cost: $1.5M
Cepital cost: $1M
Operat!ng cost: $150mour

Awell-defined course
davelopment life cycle does not
yetexist. Currently used
software enginegring

dsvelopment ife cyde methads
should work well.

Development cost: $2M
Capital cost: $600K
Operating coat: None

* Ses tha Explanation and Understanding Page 3-15
Kay inthe front of this documant !or a

of the
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lement

I

Alternahves Technologles Science’ Technology Needs lmplementatlon Needs
i

Assistame

Enclosed Utility System

DISM-101-0Y Damonstratad techno!ogy
. exists for use at site.
Ranking:* Efficacy: High; it will reduco
H-3-0 (None;$11,000/ft) the volume and potential
spread of contaminated solis.
Waste: Contaminated sofls:
Improved Protective Clothing Evolving/Conceptual
m and Equipment Efficacy: High; it would
DISM-120-OY maximize protection.
Waste: Contaminated. - -
Ranking:* equipment and ciothing.
H-3-3 ($3MNone) .
=nginesring Assistance ——p— Point-and-Direct Tooling Evolving/Conceptual »
Positioning Technalogy at conceptual .
DISM-102-0Y stage Pre-proof of principle
Ranking:* Efﬂcacy' H&gh Rm
H-3-2 (81.5M;$100/hr) contact of workerwith- -
materidls, fow cost, saslly:
adapled to multiple uSes.
an None ..
= Computer-Based D&D Dmmtmﬁm
Information Retrieval System Efficacy: Madium. abﬂ' ity to
m DISM-103-OY access automaﬁc;a!ly necassary
 Waste:Nons 7
Ranking:* . N
M-3-2 ($2M;$150/hr) .
b—-  GIF Images to Enhance As- Predemonstration-
Technology underlaboratory

Built Documentation 1
m DISM-104-0Y tasts; Need site specific demo,

Effieacy: High; Images from

Ranking:* camipras and vidoo camaras.-
H-3-2 ($2.15M;$150/hr) wili be used for specific’ . -
Waste: Nons
- .= Project Information Access Demnmnﬂon
E . Services Noed site spadﬂc demo
s - DISM-105-OY Efficacy: High; the: technology -
s naseds to.be demonstrated .
- Ranking:* becauss of the dagree of:'
. H-3-1 ($1.5M;8150/hr) integration’ of ‘ditferent host-
computers’ requlred to suppon
. effective informaﬁon access -
across wide a.rea netwoﬂcs.
™ Network Architecture with Domnnstmﬂon Ve
m integrated Workstations Noeed sits spacific demo. g
DISM-106-OY Etficacy: Medlum; Reduced -
tme'and costfo obtalnor  °
Ranking:* transfer informations.
M-3-2 ($1.5MNone) Waste: Nona - .
ke Client/Server Access to Domonwation .
Standards and Regulatory Need site specifiddemo. -
m Guidelines Efflcacy: Madium; Componsnt
DiSM-107-0Y technologies ara.well~-  ~
established, commercially:
Ranking:* available, and affordable. They
M-3-2 ($.55M;$100/r) have.not yet been integrated.
forusein a client/server ~
environment.:
* S0 th ianation and Undk .

Keyin me front of this document fora
description of the ranking code/scheme.

Technology Improvement:
None.C

Sclence development:
None.

Technology improvement:
Design of enclosures and
personnal protective equipment
should be per the spacific
requnaments of Building 9201-

Sclence development:

Davelop prototype and
demonstrate sfficacy.

Technology Improvement: An
extensive enhancement of the
FDDI network which exists
within Energy Systems
Sclence development: None

Technology improvement:
Assembly of an
imaging/computer system,
software development,
procedure development and
requirements

Sclence davelopment: None

Technology Improvement:
Tachnology to implement such
a system is commercially
available and is found typically
in financial services companies
and some large corporations.
Sclence development: None

Technology Development:
Software acquisition; user
training.

Sclence development: None

Technology Improvement:

A product is needed that
provides network access to the
databases on CD-ROM using
the TCP/IP communications
protocols between client and
server.

Sclenca davelopment: None

Development coat: Nane
Capital cost: None
Operating Cost: $11K/A.

None

Devsiopmant cost: $1.5M
Capital cost: $500K
Operating Cost: $100/Mhour

‘ Devﬂopmonteo:t.szm

Caplital cost: $1.3M
Operating Cost: $150/hour

Development cost: $2.15M
Capltal cost: $1M
Operating Cosat: $150/hour

Computer networks, aspecially
Ethemet (cabla, fiber), need fo
ba extended throughout the Y-
12 Plant to provide a baslc
foundation for Information
access and file transfersare In
place.

Davelopment cost: $1.5M
Capital cosat; $150K
Operating Cost: $150/hour

Dsvelopment cost: $1.5M
Capital cost: $1.1M
Operating Cost: None

Automated, on-fine access to
basic reference documents is
essantial to'reducing costs and
increasing reliability of
operatians in a highly regulated
work environmant.
Davelopment cost: $.55M
Capltal cost: $200K
Operating Cost: $100/hr.
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lement

* !
Technologles 1 ; Status Science/ Technology Needs lmplementatlon Needs
|

nginearing Asistance

Data Accaess Services
DISM-108-OY

Ranking:*
L-3-1 ($.6M;$100/r)

Automated Scanning and
Conversion of Engineering
Drawings

DiSM-109-0Y

Ranking:*
H-3-3 ($.9M;$200/hr)

3-D CAD DATA Base of
Buildings and Structures
DISM-110-OY

Ranking:*
H-3-3 ($2M;$150/hr)

Client/Server Architecture for
Data Base Access
DISM-111-0Y

Ranking:*
M-3-1(8$1.75M;8150/nr)

Hypertext Information Systems
DISM-112-0Y

Ranking:*
H-3-2 ($.6M;$200/hr)

* Sea tha Explanation and Understanding
Key in the front of this document fara

of the

P c’J

Needsitespsdﬁcdamo N

Demonstratian
Naad site specific demo.

“The particular network and

communications configurations
needad to support restoration
activitles may notexist, so .
wouid have to set up and their
succassful operation
demonstrated.. .
Efficacy: Low; data access
service essential to meeting
services. -

Dsmonstration” -

Neod sito specific demo.
The basic tachnology Is well
established, Whether tha
curmrent stats of thetant can
adequateiy process the large

number of drawings needed for:

refersnce and how effecﬁyaly

. the tachnology can be

integirated with other aspacts of
automated supportneads tobe
demonstrated, -

Efffcacy: t}‘?;[e!aw&rggﬁy
stotage of ngs. .
fmprove avambllﬂy and
rellabifty, "

Aceeplod .

Demonstrated technobgy
exiats for use at site;

Tha baske tachnology isin wide

- use. A variety of commercial’

products is gvailable for use on

. systems ranging from desktop. .

CQmputerstolame

- Efficacy: High; Industry
“acceptod tecnology. .

architechire design to meet the:

" requirements of the restaration-
- acﬁwﬁesmedstobs .

demonstratad.

Demnmatton fa

-Ngod sits spocific demo;”

arange of products exisis o
support development of
hypertext information systems
having many capabiiities such’
as mechanisms for lisking -
related items, for starting. -
execution and controlling ¢ other

appbcaﬁons,andfornawgaﬁng .
- documents for.faster acess to

Tnformation. -{Authoring and
design tools are nesded.)

Efficacy: Hypertext technology
vary effactive and powerful.

Technology improvement:
Some software will be available
commercially; some will have to
be developed locally.

Science development: None

Technology improvement:
Improvements are needed in
the speed and accuracy of
converting scanned images to
graphical representations that
will meet the needs (e.g., ability
to change scale to show more
detail) of the environmental
restoration program.

Sclence development: None

Technology improvement:
Integration of this technology
with the other supporting
technologies to provide the
high level of automation
needed to ensure proper
compliance with environmental
legislation governing
restoration activities

Technology improvement:
This technology will benefit
most from improvements in
network technology (higher
transmission speeds, improved
transmission protocols, and
data access services) needed
to support it.

Sclence devslopment: None

Technology improvement:
New technology that needs
improvment.

Requirements and
spacifications for such services
must be identified and
decumented to serve as a
common referency so that data
can be accessed using a single
set of services, regardless of
tha typs of computer at each
node on the natwork.
Devalopment cost: $.6M
Capital cost: $450K
Operating Cost: $100/Mr.
Censiderable human
intervention may be required to
harxile large drawings or
drawings that cannot easily be
Iakd flat on a scanning bed.
Devalopment Cost: $.9M

‘Capltsl Cost: $360K
Opemlng Cost: $200/hr

Identification of all possible
uses (e.g., “training” robaots,
visual “walkthroughs”, tags for
tracking activities) of this
technology and development of
databasa requirements to
support tham are very
important foundations for
effective usa of this technology.
Development Cost: $2M
Capital Cost: $1.5M
Opemlnq Coat: $150/hr

Data dictionaries, data
directarias and data models are
the essential foundation for use
of this technology.
Devslopment cost: $1.75M
Capital Costl: $1.3M
Operating Cost: $150/hr

Hypertaxt Information'systems
must ba designed with great
care to avoid problems with-
malntanance (e.g., modifying or
replacing blocks of text from
which or to which many finks
have beén made to selected
taxt strings viithin the block).
Development cost: $.6M
Capfiat cost: $400K
Operating Cost: $200/hr
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tlement

[
Alternatlves Technologles Sc1ence1Technology Needs | Implementation Needs
I

]

Electronic Catalog Descriptions
and Source Locations of Site
Historical Data

DISM-113-OY

Ranking:*
H-3-3 ($.4M,;$150/hr)

Simulated Walk-through Facility
for Robotics Task Sequence
Analysis

DISM-114-OY

Ranking:*
M-3-3 ($.55M,8100/r)

Computer-Aided Task Analysis
and Procedure Preparation
DISM-115-0Y

Ranking:*
M-3-2 ($.3MNone)

Generalized Object-Oriented
Simulation Software
DISM-116-OY

Ranking:*
M-3-4 (8.5M;$150/hr)

Automated Engineering System
Life Cycle Planning
DISM-117-0Y

Ranking:*
M-3-2 ($.4M;$150/hr)

Automated System Reliability
and Safsty Analysis
DISM-118-0OY

Ranking:*
M-3-3 ($.5M;$150/hr)

Gaeographic Information
Systems for DOE Sites
DISM-118-OY

Ranking:*
H-3-1 ($.3M;$150/hr)

* See the Explanation and Und

Ksy in the front of thls documanr fora

iption of the

Demonstratad tachnology
exists for use at stie.
Efﬂcacy' High; Standard

can be used
to creats and malntain the

Inventory dalabase.

Demanstration

Need slte specific domo.
Efficacy: Medium; ltcan
actually show the simulated
method of the dismantisment of
a specific itam

Waste: None

-Demonstration

Need site specific demo.
Effieacy: Madium; This
-tachnology is used extensively
in planning by various federat
agancles, most notably the
Department of Defense in
mmta:y operaﬁons planning.’

Demonstration
Need site specific demo.
Efficacy: Medium; The-

_simulation environment is being

used currently In engoing.

studies associated with saveral-

differant nuclear reactor design:
concepis. Modules would hava.
. tobe written to mode! other
typesofsystems.,

Aceaptod
Demonstrated teehno!ogy

t. enstsforusaatsita.

Efficacy: Modium; -
.Avariety of commercial
-products devslopad ta- assist

with managing large software -

developmant processes canbe’
adapted for effective use i
olher engineering disciplines.

Acceptodlnomonstraﬂon
Naod site specific demo.
Efflcacy: Medium;

Tools for some types of
analysis are in comman use in
engineering development -
environmants for things like
software, aircraft;
communications satellites, and
medical diagnostic

Accepted

Need sita spacific demo.
Efficacy: High;

Most information, data, and
computer system companents
for a basic geographic
information system (GIS} for
each DOE sita already exists
but must be integrated to meet

the needs of the snviranmental .

restoration program,

Technology improvement:
Methods will be needed to
evaluate and sort historical
records according to their likely
usefulness.

Sclence developmant: None

Technology improvement:
None
Science development: None

Technology improvement:
More natural language analysis
tools are needed to assist with
analysis of information used for
planning, much of which is
provided in text form.

Sclence development: None

Technology improvement:
Improvements are needed
most in graphical display
support systems.

Sclence development: None

Technoclogy Improvement:
Improvements are needed to
provide new types of support in
order to satisfy regulatory
requirements.

Technology Improvement:
Few automated analysis tools
exist since much of the effort
for these analyses requires
checking for consistency,
correctness, completeness,
tolerance of designs to various
kinds of system failures, and
unintended function.

Technology Improvement:
Existing technology must be
enhanced by adding a tagging
mechanism to permit the
system to be used for tracking
activities and to link information
in databases associated with a
physical location to appropriate
map and drawing displays on
desktop computers.

Initta) implementation efforts
must focus on locating the
coliections of records and
documents of historical value.
Devsiopment cost: $375K
Capital cost: $30K
Operating cost: $150/Mhr

Devsiopment cost: $.55M
Capltal cost: $350K
Operating cost: $100/hr

Knowledge-base development
will require the largest effort,
followed by development of
oxport systems and decision
alds needod to make effective
use of the Information in the
knowledge bases..
Davelopment cost: $300K
Capliat cost: $50K-
Operating cost: Nons

Successful deployment
depends on availability of
applications programmers who
understand object-oriented
dasign and programming
principles and have experience
applying this understanding to
models of physical systsms.
Development cost: $500K
Capital cost: $150K
Operating cost: $150/r.

The usual life-cycle planning
methods must be modifled to
accommodats requirements of
appiicable environmental
lagislation which imposes
constraints and requires
additional elements ta augment
common practice,
Development cost: $.4M
Capital cost: $50K
Operating cost: $150/r.

Detalled knowledge of the
system being analyzed (its -
behavior and attributas), its
intended use; opsration, and
constraints that apply.Is
essential fo being abla to
automate any such analysis.
Developmaent cost: $.5M
Caplial cost: $50K
Operating cost: $150/hr,

A large initiaf effort may be
required to scan and digitize
diagrams and drawings for
elactronic storage and quick
ratrieval or transfer across
networks,

Development cost: $300K
Capltal cost: $100K
Operating cost: $150/hr,
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The identification of the technologies required to use rob
and waste management at Y-12 was based upon the premi
provide support for other necessary activities such as chara
this section of the diagram the problem areas are identified |
to differentiate between activities was made. For example &
equally applicable to deploy dismantlement tools. :
The robotics/ automation technologies were grouped intc
Sensors; with various sub-groups identified under each of th
the basis of the following considerations: speed and econon
automated equipment to repetitive tasks, ability to minimize!
requirements, and reliability and efficiency in handling redun

Soe

1
|
!
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cs/ automation in the decommissioning, remedial action,
that the primary purpose of these technologies is to
rization, decontamination, and dismantlement. Hence, in
these “other” decommissioning activities and no attempt
botic platform used to deploy a sensor was assumed to be

ree main categories: (1) Mechanical, (2) Control, and (3
categories. Technologies were selected for this section on
in the deployment of tools and sensors, adaptability of
iste by reduction or elimination of clothing exchange

nt tasks.
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Problem Areas:Constituents

Robotics/automation (R/A) is @  ee—eee

crosscutting technology that pro-

vides support to characterization,

decontamination, and dismantle-

ment activities. Specifically, sup-

portis provided for the following -
tasks: .
Characterization

R/A provides metheds of deploy-

ing sensors and instruments

required for in situ characteriza-

tion, monitoring, and surveying as

described by the characterization

data sheets contained in Vol. 3.

R/A provides methods for deploy-

ing tools to callect and prepare

samples for subsequent analysis

in analytical laboratoriss. These
technologies are described in

ROBA-57 and -59-OY.

R/A provides the technologies P
required for the automation of ana-

lytical laboratories as described in

ROBA-55 and -56-0OY.

Decontamination

Provides methods of deploying

decontamination tools and/or per- .

forming tasks in areas sufficiantly P

hazardous to preclude human to- -
access. R/A will also be required . . -
for those tasks that generate sec- - B ’
ondary environmental hazards, )

e.g., grinding, carbon dioxide

blasting.

Dismantlement

Provides methods of deploying

dismantlement toals and/or per-

forming tasks in areas within build-

ings or structures that are suffi-

ciently hazardous to precluds

human access.

Waste Retrieval N
R/A provides the vehicles, mobile -
platforms, or excavation systems -
necessary to retrieve radiologically

or chemically hazardous wastes or

soils. Mobile platforms suitable for

these tasks are described in Lo
ROBA-1-OY. e
Waste Sorting and Packaging

R/A provides the manipulation sys- o

tems (ROBA-16-0Y) and the End- .

of-Arm Tooling (ROBA-23 through

-26-0Y) required for the sorting

and repackaging of RH-TRU

waste.

erence Requirements

Robotics/

Subelements

== Robotics/Automation




1tomation

Alternatijves

achanical—Mobility =] Whesled/Tracked Vehicle

ROBA-I-QY

Ranking:
E-5-2 ($3M;N)

internal Duct/Pipe Crawler
ROBA-5-OY

Ranking:"
M-3-2 (SIMN)

External Duct/Pipe Crawlers
ROBA-6-OY

Ranking:'
M-3-4 ($5M;N)

Specialized Robotic
Deployment Platforms
ROBA-7-OY

Ranking:'
M-4-3 ($5M;N)

Long-Arm Deployed Robotic
Platforms
ROBA-S-QY

Ranking:'
M-4-3 ($5M;N)

Powar Sources for Mobile
Platforms
ROBA-10-0OY

Hanking:'
E-5-1 ($0.5M;N)

Failure Recovery Systems for
Mobile Platforms
ROBA-11-0Y

Ranking:'
E-5-1 ($0..5M;N)

* Seg the Explanation and Understanding
Key inthe Im'm of this documsnt Iora
iption of the rank

Etﬂmy An assential-
technology. Agitity may.be
restricted for larger systems.
Notrnal deploymant maethod -
for characterization, =
dacontamination
dismantisment.

Waste: Possibla-emissions.
Decontamination of system
after use.-

m Match’

Prodemonstmﬂon ,
Etficacy: High forstralght

runs of pipe-without obstacles;.

low if obstacles are present..
Wagte: Decontamination of:
system aftar use.

'ITP llatch

Prodsmons!raﬁon ;
Efficacy: High i’ obstacles are
notprasem' low it obstades
are present.

Wagste: Decontamlnaﬁon of
systemafteruse. © . - .
Dsmonstration . - -
Efficacy: Low for most
applications in D&D. Unique
applications may require
extensive development..
Waste: Frequent ., .
decontamination with resulting
waste flulds may be. .
necessary.

™we uat,ch\

Aceoptod e,
Etficacy: Mediunt Accurats
positioning may be a problam.-
Waste: Hydraulic fluld during
operation, Decontamination
fluids after usa.

Acceptod

Efftcacy: An essenﬁal
technology. Accepted status
means high efficacy. - -
Wasta: Batteriss, and exhaust
emisslons.

Accepted

Efflcacy: High. This{s an
essential technology that is -
wall established.

Waste: Litla or no waste:

Development:

Improved controls to aliow
more autonomy of operation.
improved design for
decontamination after use.

Development:
Miniaturization of
sansors/tooling.

Ability to negotiate around
obstructions.

Cable management system
for tethered equipment.

Development:

Robotic compatibility of
tooling.

Ability to negotiate around
obstructions.

Development:
Specialized controls and
sensors.

Improved vision systems.

Development:

Flexible body control.
End-point sensing.
Collision avoidance.
Woeight-to-payload ratio
reduction.

Improvement:

Energy storage capacity.
Duty cycle availability.
Current capacity/discharge.
rate.

Emission control.

None

I
Technologies : ScxenceTechnologyNeeds Implementatlon Needs
L

Training of operators in
advanced contral stations.
Development costs: $3.0M.

No unusual needs
Development costs: $1.0M.

No unusual needs
Development coats: $5.0M.

Cold test beds and operator
training.
Development costs: $5.0M.

Cold tast beds.
Extansive opoerator training.
Development costs: $5.0M.

No unusual needs.
Development costs:
included in costs for mobility
system’

No unusual needs.
Development costs: $0.5M.
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» Clean Up Legacy
Waste

S Alpha-4 . — Robotics/automation (F/A) is @  eeweme — : P o
?& d?af.’acmnz;ban‘dg cross cutting technology that pro- Robatics/Automation
« mareury decontamination \éides support to chalc'jagterizaﬁ?n,
* process pmant scontamination, and dismantle-
* Prevent Future « bullding, ;qgm anmze ment activities. Specifically, sup-
Insult process equipment. portis provided for the following
+ above-grade building - -+ tasks:
« Develop demolition P Characterization
Envi tal » building foundation removal R/A provides methods of deploy- - 1
nvironmenta * RA contaminated soil ing sensors and instruments
Stewardship , ’ required for in situ characteriza-
tion, monitoring, and surveying as
described by the characterization
data sheets contained in Vol. 3.
F/A provides methods for deploy-
ing tools to collect and prepare
samples for subsequent analysis
in analytical laboratories. These
. c . technologies are described in
EM Problems N ROBA-57 and -59-OY. ’
. . R/Aprovides the technologies ’ } . —
. o required for the automation of ana- - ° . R
. Facility -1 e : lytical laboratories as described in - ., .
Deacontamination - ROBA-55 and -56-0V. L 1
and o L Decontamination T oo .
Decommissioning s .. +  Provides mathods of deploying - . )
( D &D) - . decontamination tools and/or per-
. S forming tasks in areas sufficiently
. hazardous to preclude human R o
o access. R/AAwill alsoberequired - 7~ T L
for those tasks that generate sec- -~
ondary environmental hazards,
e.g., grinding, carbon dioxide
blasting.
Dismantiement
Provides methods of deploying
dismantiement tools and/or per-
. forming tasks in areas within build- .
N N ings or structures that are suffi- -
s . " ciently hazardous to preciude
A : * human access. L Lo
’ Waste Retrieval ; 0T, T
» . - R/A provides the vehicles, mobile Lo ’ .
- - B platforms, or excavation systems -
o © necassary to retrieve radiclogically o N
. or chemically hazard our wastes el T .
- .. - orsoils. Mobile platforms suitable ’ - s .
for these tasks are described in : ’

* Remedial Action - ROBA-1-OY. P o .
g’ﬁt);d%’allltse'r and . L Waste Sorting and Packaging L0 . !
Surf Wat . T A/A provides the manipulation . .

uriace vvater ) systems (ROBA-16-OY) and the ;
. End-of-Arm Tooling (ROBA-23 " . i
through -26-0Y) required for the . s

sorting and repackaging of RH- H

TRU waste. ) i

!

1

~ |

!

|

H

- |

|

|

* Waste |
Management |
(WM)
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utomation

Alterna:tives
J

Machanical—Mobiity “T

Technologies

Transportation Systems for
Mobile Platforms
ROBA-12-0Y

Ranking:*
M-3-1 ($0.5M:N)

Data/Signal Transmission
ROBA-13-QY

Ranking:'
E-5-1 (S1IM;N)

Long-Reach Manipulator—
Light Duty
ROBA-14-0Y

Flanking."
H-4-2 ($2M;N)

Long-Reach Manipulator—
Heavy Duty
ROBA-15-0Y

Ranking:'
M-4-3 ($5M;N)

Dexterous Manipulators
ROBA-16-OY

Ranking:'
E-5-1 (S1MN)

Compact, High-Capacity
Manipulators
ROBA-19-OY

Ranking:”
H-5-1 ($1M;N)

Precise Programmable
Motions
ROBA-20-OY

Flanking:'
H-5-1 ($0.5M;N)

Tool Caddies
ROBA-21-0OY

Ranking:'
H-4-1 ($0.5M;N)

Stabilization/Support
Machanisms or Booms
ROBA-22-0Y

Ranking:'
M-3-1 ($§0.5M;N)

* See the Explanation and Undarstanding

Key in the front of this documant Ior a
ion of the ranki

/o 9

|

I
Acceptad fof small robotic
platforms
Predsmonstration for large
platforms or unique devices
Efficacy: Low.
Waste: No waste. The

purpose of the technology is

to minimize decontaminﬁon*

waste..
TTP Match.

Status

Accepted

Efficacy: High..An essanﬁal~
technology. Specific
application may determine
type of systein required. -
Wasta: None.

TTP Match

Piudemonuritlon; .

Efficacy: Madium, Positioning,

accuracy and control may be

problams.
Wasts: Hydraulfc ﬂuld during -
opefatmn' decon ﬂuiﬁ aﬂar

‘lTPIlatch

Pmdemonmﬁon S
Efficacy: Low. Positioning
accuracy and control may be

problems. i
Waste: Hydraulicfluid during
operaﬁon. deoon fiuid aﬂar

mm ”. 2

Dunomtraﬂcm o
Efficacy: High‘Anasenﬁal
tachnology.

Waste: Possiblehydrauﬂc .

'ﬂulddu(ingusaanddaeon -

fluld aftéruse.. +
TP Magh . -

) Evolvlng

Efficacy: ngh,Consh'alned‘ .
access may requirethls
technology.’

Demonstration. -
Etfleacy: High: Particularly
usefut In analytical laboratory.
Waste: None. =

TIP Match

Demonstration

Efficacy: High. Will increase
efficiency of operations and
minimize wasta. -

Wastes: Decontamination after
use.

Demonstration

Efficacy: Medium. Some
applications may requira
secondaty support dus to long
reach or load balancing
requiremsats,

Waste: Minimal. Soms decon
wasts. ’

Development:

Light-weight containers for
medium- and heavy-duty
mobile platform.

Containers that can be easily
decontaminated.

None

Development:

Flexible body control.
End-point sensing.
Collision avoidance.
Light-weight, small cross
section design.

Development:
Flexible body control.
End-point sensing.
Collision avoidance.
Weight-to-payload ratio
reduction.

Development:

Redundant manipulator
planning and control.
Modular design.

Nonreplica master/slave
operation.

Cooperating and coordinated
dual-arm control.

Development:

Compact, high-output,
electrical motors.
Design/fabrication/testing of
compact arms.

Improvement:
Standardization of mechanical
interfaces.

None

Improvement:
Use of high-strength
advanced materials.

Science Technology Needs Implementation Needs

No unusual needs
Development costs: $0.5M.

Testing in representative
anvironments.
Development costs: $1.0M.

Cold test beds,
extensiva operator training.
Development costs: $2.0M.

Cold test beds, extansive
operator raining.
Development costs: $5.0M.

Operator tralning on
nonreplica master controllers,
Development casts: $1.0M.

No unusual needs.
Devefopment costs: $1.0M.

No unusual nesds.
Development costs: $0.5M.

No unusual needs.
Development costs: $0.5M.

No unusua! needs.
Development costs: $0.5M.
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Y-12 Problems

— D&D of Alpha<4 bulding: ——— Robotics/automation (FVA) is a

(9201-4) -

« characterization -

* marcury decontamination

* process equipment ramoval

« building intervals and outside
process equipment

« above-grade building
damolition ’

o building foundationremoval
* RA contaminated soil

" {Problem Areas Constituents

cross-cutting technology that pro-
vides support to characterization,
decontamination, and dismantle-
ment activities. Specifically sup-
port is provided for the following
tasks:

Characterization

R/A provides methods of deploy-
ing sensors and instruments
required for in situ characteriza-
tion, monitoring, and surveying as
described by the characterization
data sheets contained in Vol. 3.
R/A pravides methods for deploy-
ing tools to collect and prepare
samples for subsequent analysis
in analytical laboratories. These
technologies are described in
ROBA-57 and -59-OY.

R/A provides the technologies
required for the automation of ana-
lytical laboratories as described in
ROBA-55 and -56-0OY.

Decontamination

Provides methods of deploying
decontamination tools and/or per-
forming tasks in areas sufficiently
hazardous to preciude human
access. FUA will also be required
for those tasks that generate sec-
ondary environmental hazards,
e.9., grinding, carbon dioxide
blasting.

Dismantiement

Pravides methods of deploying
dismantlement toals and/or per-
forming tasks in areas within build-
ings or structures that are suffi-
ciently hazardous to preclude
human access.

Waste Retrieval

R/A provides the vehiclas, mobile
platforms, or excavation systems
necessary to retrieve radiologically
or chemically hazard our wastes
or soils. Mobile platforms suitable
for these tasks are described in
ROBA-1-OY.

Waste Sorting and Packaging
R/A provides the manipulation sys-
tems (ROBA-16-0OY) and the End-
of-Arm Tooling (ROBA-23 through
-26-0Y) required for the sorting
and repackaging of RH-TRU
waste.

erence Requirements

Robotics/i

Subelements

Robotics/Automation

T S Y Yy, W




itomation

I
Alternat ves Technologles ] Status Science Technology Needs lmplementatlon Needs
|

!edxanw—End-of-Amh =T End Effectors/Alternatives

ooling

ntrols—Algorithms

ROBA-23-OY

Ranking:”
E-5-2 ($1M;N)

End-Effector Changeout
Mechanisms
ROBA-24-OY

Flanking:'
M-3-1 ($0.5M;N)

General Gripper/Tool
Interface
ROBA-25-0OY

Ranking:*
H-4-1 (S0.5M:N)

Force-Limiting/Compliant
Machanisms
ROBA-26-QY

Ranking:'
M-3-1 ($0.5M;N)

Control Modes
ROBA-27-OY

Ranking."
E-5-N ($N,;N)

Vehicle/Mability—Driving
ROBA-28-OY

Ranking:'
E-5-1 (80.5M;N)

Vehicle/Mobility—Navigation
ROBA-29-QY

Flanking:'
M-4-1 ($0.5M;N)

Manipulation—Joint Control
ROBA-30-0Y

Ranking:"
H-4-1 ($0.5M;N)

Manipulation—Cartesian
Control
ROBA-31-0Y

Ranking:*
H-4-1(SIM;N)

Demomtuﬂon
Predemonstration for muth-
fingered grippers.

Effleacy: High, An essential
technology. Primary interface
with toals. -

Waste: Minimal.

TTP Match

Demonstration

Efficacy: Modium. Particularly
ussful if tool resource
interfaces are provided
(power, data; etc.)

Wasts: Minimal decon wasts.
TTP Match-

Accepted

Efficacy: High. Many
potential applications for
toolsensor gripping.

* Wasts: Minimal décon waste.

Demonstration
Efficacy: Medium. Wam.
Minimal

Accopted for Teleoperation
Demonstrationfor. -
Preprogramming .
Pmdemonwaﬂon for other .
modes

" Effleacy: High. An esséntial

technology.. Type of control
mode will depend on
application.. .
Waste: Nano.

Accopted” <
Eftlcacy: High: An essential

- tachnalogy. Manypotanﬁal

applications.
Waste: None.

Demonatration
Efffcacy: Madium, Primarly
required In characterization to.

specify exdct system location. ’

Waats: None.
TIP Match

Demonstration

Efficacy: Modium,
Applications may be limited.
Usags assumes desired
trajactory is known.

Waste: None.

TIP Match

Demanstration

Efficacy: Medium.
Ogerator interaction is more
Intuitive than other control
schemes.

Wasta: None

{mprovement:
Robotic compatibility of
tooling.

None

None

None

Development:
Operator assistance
technologies.

Sensor interpretation.
Task planning.
Improvement:

Better human-machine
interfaces.

Development:
Integration of driving
algorithms with human-
machine interface.

Fuzzy-logic-driving algorithms.

Development:

Path planning with
nonholonomic constraints.
Real-time sensor feedback.

Development:
Special purpose control
algorithms.

Nons

Extensive operator training.
Devslopment costa: $1.0M.

Integration and testing with
specific robotic systems.
Development costs: $0.5M.

No unusual needs.
Development costs: $0.5M.

No unusual nasds.

" Devalopmentcosts: $0.5M.

Unlversity-leve! research,
Development coata: $N.

Operator tralning.
Development coata: $0.5M.

Operator training.
Dovelopment coats: $0.5M.

University level research.
Devslopment costs: $0.5M.

No unusual nseds.
Developmant costs: $1.0M.
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Robotics/automation (R/A) isa
crosscutting technology that pro-
vides support to characterization,
decontamination, and dismantie-

ment activities. Specifically sup-
portis provided for the following
tasks:

Characterization

R/A provides methods of deploy-
ing sensors and instruments
required for in situ characteriza-
tion, monitoring, and surveying as
described by the characterization
data sheets contained in Vol. 3.
R/A provides methods for deploy-
ing tools to collect and prepare
samples for subsequent analysis
in analytical laboratories. These
technologies are described in
ROBA-57 and -59-0OY.

R/A provides the technologies
required for the automation of ana-
lytical faboratories as described in
ROBA-55 and -56-OY.

Decontamination

Provides methods of deploying
decontamination tools and/or per-
forming tasks in areas sufficiently
hazardous to preclude human
access. /A will also be required
for those tasks that generate sec-
ondary environmental hazards,
e.g., grinding, carbon dioxide
blasting.

Dismantlement

Provides methods of deploying
dismantiement tools and/or per-
forming tasks in areas within build-
ings or structures that are suffi-
ciently hazardous to preclude
human access.

Waste Retrieval

R/A provides the vehicles, mobile
platforms, or excavation systems

necessary o retrisve radiologically . )

or chemically hazard our wastes
or soils. Mobile platforms suitable
for these tasks are described in
ROBA-1-0OY.

Waste Sorting and Packaging
R/A provides the manipulation
systems, ROBA-16-0Y, and the
End-of-Arm Tooling (ROBA-23
through -26-0Y) required for the
sorting and repackaging of RH-
TRU waste.

erence Requirements

Robotics/.

Subelements I

Robotics/Automation




utomation

Altern%ﬁves
|

Control—Alogorithms — T

Controls—HumanMachine
Interface El

Technologies

Manipulation (Special-
Purpose Control)
ROBA-32-OY

Ranking:'
H-4-2 (§1.5M;N)

Manipulation (Redundancy
Control)
ROBA-33-0Y

Ranking:'
M-3-2 (§2M;N)

Combined
Mobility/Manipulation
ROBA-34-OY

Ranking:'
M-2-2 (§1M,N)

Safety (Collision Avoidance)
ROBA-35-OY

Hanking:'
H-4-1 ($1M;N)

Safety (Load/Rate Limiting)
ROBA-36-0OY

Ranking."
H-3-1($0.5M,N)

Emergency Shutdown
ROBA-37-0Y

Ranking:'
E-4-1 ($0.5M;N)

Console (Fixed/
Mobile/Suitcase)
ROBA-38-OY

Flanking:'
E-5-1 ($0.5M;N)

Consale (Data Handling
Methods)
ROBA-39-QY

Hanking:'
M-3-1 ($1M;N)

Operator Interface (Command
Input)
ROBA-40-OY

Ranking:'
H-3-1 ($0.5M;N)

* See the Expl:

Keyin the front of tlus documem Iora

of the

Pmdemonatraﬂon

Efileacy: Medium.Wiii lsad to
higher efficiancy and safety.
Waste: None.

TIP Match

Prodemonstration
Efilcacy: Madium. Arms with
greater than 6 D.O.F. may be.
required for constrained
‘aress.

Wasta: Nons:

TTP Match

Eveiving
Efflcacy: Low. Improvements

in efficloncy could be realized.

Waste: Nona.

.

Aweptod
Eﬂlcacy'Medium An: .
increass In efficiency would
be realized and patential*
damage to equipment:,
minimized, * .

Waste: None.

TIP Mateh

Accaptod

Efficacy: Medium. Potential
damage to equipment
minimized.

Waste: Nona.

Acoeptod forTeIeoperauon

. Frodemonstrationfor, =7 .

automated shutdown®

_Effleacy: High: An essential

technology to prevent

wtastmphic damage to
equipment. :

Wasta: None.'
Domonstrated for fixed or
mobile stations.

Evolving for sunwse—comm!
stations: .° .
Efficacy: High: AR essanﬂal

“technology for use of

robotica/automation.
Waste: None.

Evolving

Efficacy: Madium.

The need to procass, store,
and retriave data Is required-
for planning and controt
functions,

Waste: None.

TIP Match

Evolving

Efficacy: High. Minimizes
human error and Increases
operational efficiency.
Waste: None.

TTP Match

Development:

Advanced test-beds for testing
and evaluating candidate
algorithms.

Development:

Advanced test-beds for testing
and evaluating candidate
algorithms.

Development:
Redundancy resolution.
Real-time task planning.

None

Improvement:
Testing of load- and rate-
limiting algorithms.

None

Improvement:
Reliability and capacity of data
links requires improvements.

Development:

Design of heterogensous data
base management systems.
Integration of heterogeneous
data sources.

Data fusion.

Development:
Language expansion.
Validation of eye-gaze
measures/parameters.
Head tracking.

I
Science Technology Needs lmplementatlon Needs
|

Software development.
Development cost: $1.5M.

Software development.
Development cost: $2.0M.

Softwara development.
Development cost: $1.0M.

Uss of customized sensars.
Davelopment cost: $1.0M.

Software development,
Development cost: $0.5M.

Software Development.
Development cost: $0.5M.

Improved human-machine
interfaces.
Development cost: $0.5M.

Software defze!opment
Development cost: $1.0M.

Spedialized operator training.
Development cost: $0.5M.

September 1994



+ Clean Up Legacy
Waste

* Prevent Future
Insult

* Develop
Environmental
Stewardship

Robotics/

Y-12 Problems Subelements

Problem Areas:Constituents

ference Requirements

EM Problems

* Facility
Decontamination
and
Decommissioning

(D&D)

* Remedial Action
(RA)—Sails,
Groundwater and
Surface Water

» Waste
Management
(WM)

September 1994

» RA contaminated soil..

tion, monitoring, and surveying as
~ described by the characterization
data shests cantained in Vol. 3.
R/A provides methods for deploy-
ing tools to collect and prepare
samples for subsequent analysis
in analytical laboratories. These
technologiss are described in
ROBA-57 and -59-0Y.
R/A provides the technologies
required for the automation of ana-
Iytical laboratories as described in
ROBA-55 and -56-0OY.
Dacontamination
Provides methods of deploying
decontamination tools and/or per-
forming tasks in areas sufficiently
hazardous to preciude human
access. R/A will also be required
for those tasks that generate sec-
ondary environmental hazards,
e.g., grinding, carbon dioxide
blasting.
Dismantlement
Provides methods of deploying
dismantlement tools and/or per-
farming tasks in areas within build-
ings or structures that are suffi-
ciantly hazardous to preciude
human access.
Waste Retrieval
R/A pravides the vehicles, mobile
platforms, or excavation systems

necessary to retrieve radiologically )

or chemically hazard our wastes
or soils. Mobile platforms suitable
for these tasks are described in
ROBA-1-OY.

Waste Sorting and Packaging
R/A provides the manipulation sys-
tems, ROBA-16-QY, and the End-
of-Arm Tooling (ROBA-23 through
-26-QY) required for the sorting
and repackaging of RH-TRU
waste.

R e I e e e PP e

e i Alpha' 4'bui . Robotics/automation (R/A} is a S . ! — ——

?9%’10.4) buiding crosscutting technology that pro-

« characierization vides support to characterization,

* mercury decontamination decontamination, and dismantie-

» process equipment ramoyal ment activities. Specifically sup-

« bullding intarvals and outside port is provided for the following

process equipment. tasks:
.. m\:-gmda building . Characterization
ition : R/A provides methods of deploy- Robotics/Automation

« building foundation removal ing sensors and instruments

required for in situ characteriza-




1tomation

[

Altern?t ves
|

:enlrﬂ:g—i-lumaxmmme
E|

ensors—Perception —l_

ensors—Control ™ T

Technologies

Operator Interface (Operator
Assistanca)
ROBA-41-0Y

Ranking:'
H-3-2 ($1.5M;N)

Operator Interface
(Status/Alert System)
ROBA-42-0Y

Ranking:'
E-5-1 ($0.5M;N)

Vision/Aural Systems
ROBA-43-0Y

Ranking:'
E-5-1 (SIMN)

Range Finders
ROBA-44-0Y

Ranking."

M-3-2 ($1.5M,N)
Proximity Probes
ROBA-45-0Y
Ranking:'

M-2-2 ($1M;N)
Forca/Torque
ROBA-46-0Y
Hanking:'

M-2-1 ($0.5M,N)
Position/Velocity Sensors
ROBA-48-0Y
Ranking:'

E-5-1 ($0.5M;N)
Force/Torque Sensors

ROBA-50-0Y

Ranking:'
H-3-1 ($0.5M;N)

Proximity Sensors
ROBA-51-0Y

Ranking:'
H-3-1 ($0.5M;N)

Demonstiation for most
functions:,

Evolving for other mncuons
Efflcacy: High. Will allovs
maost efficlent operation of
*“telerobotic™ equipment.
Waste: None.

TTP Match".

Dommﬁon for most
functions: .

Evolving for other functions
Efficacy; High. An essential
technology.to pravent damage
fo equipment/iools/sensors.
Weste: None.

TTP Match

Demonstration for,3-D and
HDTV . - .
Pndemrmmion for
directional aural -
Efficacy: High. An e&senﬂal

Predemonstration .
Etficacy: Medium. Used in
collislon avoldanca'sensing .
systems; es)eda,lly for large
mankpu -

“force reﬂecﬁon to the

operalor.
Waste: None .
TIP Match,

Accepted 8
Efficacy: High for analytical
laboratory, applications or
SENSor SWoeps. Co
Waste: Nona.

s

Demonstration

Efficacy: Medium.

Force or torqus controt is
used to prevent damage to
equipment.

Waste: None.

TIP Match

Accepted for small volumes.
Predemaonstration for large
volumes.

Efficacy: Madium. Waste:
None.

Science Technology Needs

Development:

Establish validity and
completensss of knowledge
bases.

Conflict resolution.

Hybxid artificial intelligence
architectures.

Dynamic allocation of functions.

Development:
Display navigation.
Sensor/data fusion.

Development:

Sensor fusion.

Increased processing speed.
Advanced visualization.

Improvement:

Speed/accuracy improvement.

Processing speed.
Presentation to operator.

Improvement:
Increased range and
improved presentation to
operator.

Improvement:
Testing of force-sensing
systems.

None

Improvement:
Impulse force resolution.
Stability.

Improvement:
Increased range and better
signal quality.

l"'!émentation Needs

Software development
Develcpment costs: $1.5M.

Software developmant
Development coata: $0.5M.

No unusual needs
Devslopment costs: $1.0M.

No unusual needs.
Development costa: $1.5M,

No unusual needs.
Devslopment costs: $1.0M.

No unusual needs.
Development costs: $0.5M.

No unusual needs.
Development costs: $0.5M.

No unusual nesds.
Development costs: $0.5M.

No unusual nesds.
Development costs: $1.0M.

* See the E ion and Undk di
Key in the frontol tfus doeument Iora
of the
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Robotics/

Problem Areas:Constituents E Subelements ‘

EM Goals Y-12 Problems

« Clean Up Legacy
Waste

* Prevent Future
Insult

» Develop
Envuronmental
Stewardship

EM Problems

« Facility
Decontamination
and
Decor)nmissioning

(D&D

» Remedial Action

Page 4-8

D&D if Alpha 4 Bidg.
» characls n

¢ process equipment removal.
» building intervals and outside

process equipment D&D
~ shave-grade building

» building foundation removal

» RA-contaminated soil -

crosscutting technology that pro-
vides support to characterization,
decontamination, and dismantie-
ment activities. Specifically, sup-
port is provided for the following
tasks:

Characterization

R/A provides methods of deploy-
ing sensots and instruments
required for in situ characteriza-
tion, monitoring, and surveying as
described by the characterization
data sheets contained in Vol. 3.
R/A provides methods for deploy-
ing toots to collect and prepare
samples for subsequent analysis
in analytical laboratories. These
technologies are described in
ROBA-57 and -53-0Y.

R/A provides the technologies
required for the automation of ana-
Iytical tahoratories as described in
ROBA-S5 and -56-0Y.

Decontamination

Provides methods of deploying
decontamination tools and/or per-
forming tasks in areas sufficiently
hazardaus to preclude human
access. VA will also be required
for thasatasks that generate sec-
ondary emdronmental hazards,
e.g., grinding, carbon dioxide
blasting.

Dismandiement
Provides.roethods of deploying
dismaniiercent tools and/or per-
forming tasks in areas within build-
ings or stuctures that are suffi-
ciently kezardous to preciude
humanaccess.

Waste Baetrieval

R/A provides the vehicles, mobile
platforms, o¢ excavation systems
necessacy to retrieve radiologically
or chesically hazardous wastes or

soils. Unbde platforms suitable for -

these lasks are described in
ROBA-1-OY.

e Robotics/automation (R/A) is @ —m=—e

Robotics/Automation

RA)—Soils - "
&romwate'r and ' Waste Sorting and Packaging
Surface Water R/A provides the manipulation -
systeras (ROBA-16-0Y) and the
- End-ctAmn Tooling (ROBA-23 :
through -26-0Y) required for the
sorting anf repackaging of RH- :
) TRU wase. :
« Waste
Management
(WM) ’




utomation

| I
Alternatlves Technologles ] Science Technology Needs lmplementatlon Needs
i |

Sensors—Contro!

Jther Technologles -

&

Tooling Sensors
ROBA-52-0Y

Ranking:'
H-3-1 ($0.5; N}

Field Hardening
ROBA-53-0Y

Fianking:'
M-3-1 ($0.5M; N)

Integrated Automated
Analytical Laboratory
ROBA-55-0Y

Ranking:'
E-5-2 ($3M; N)

Information Management for
Sample Handling
ROBA-56-OY

Ranking:'
E-5-1 (§1M; N)

Sample Collection
ROBA-57-0Y

Ranking:'
E-5-1 ($1.5M; N)

Characterization Sensor
Integration
ROBA-58-0Y

Ranking:'
M-3-2 ($1M; N)

Sample Preparation
ROBA-59-0Y

Ranking:'
E-5-1($1M; N)

* See the Explanaticn and Understanding

Pmdomonstm}on
Efficacy: High. This.
technology is required to
prevent damage to tools or -
SENsors.

Waate: None:

TIP Match .

Deronstration

Efficacy: Madium. The abliity
1o be decontaminated Is:
essential for mechanical
davices.

Wasts: None

TTP Match

lnterpretaﬁon. Lo
Efflcacy: High. High—sample
loading in analyﬁ@l
Taborataries require maximum
use of autsmation-

‘Waste: None.

TTP Match

Demonstration.
Efficacy: High:
Wasts: None.-

Altamative,

" metfiods of phys!cal mp!a

coitecﬁonam yavailablsand -

- may be'more cost eﬂectwe.

Waste: Nona... |
'rrp Match i .

Demomtraﬂon
Eﬂlcacy High for ndn-contact
sansing. Medmmforphysiczl

sample collection/analysls.
Vasté: Nona., -
TIPMatch -
Evalving” ¢

Etilcacy: High. Wﬂlm!n!maze
work to be performed in
analytical laboratory.

Waste: Usual amount of
waste nonmally’ generated in

Development:
Davelopment/testing of tactile-
sensing sensors, force
sensors, and proximity
SBNnsors.

None

Development:

Development of Standard
Laboratory Modules (SLM) for
sample preparation, analytical
instruments, and data
interpretation.

Development:

Automatic data eniry systems.
Improved reliability and
auditabilty.

Development:

Mobile platforms to deploy
and manipulate sample
collection tools.

Suitable robotic end effectors.

Davelopment:
Signal conditioning.
Data/Signal transmission.

None

Operator training.

Development costs: $0.5M.

Testing of hardened systems.

Development costs: $0.5M.

Extensive testing of SLM's.

EPA approval of SLM,
Devsiopment costs: $3.0M.

No unusual neads
Dsvelopment costa: $1.0M.

No unusual nesds
Dsvelopmant costs: $1.5M.

No unusual needs.
Devealopment costs: $1.0M.

l Adaptation of current sample

preparation tools to robotic
devicas.
Development costs: $1.0M.

September 1994
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- Waste M:
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'

The Waste Management (WM) section addresst
likely to be generated as a result of the decontamin
ations at the Alpha-4 building. The objectives of the
WM options and to rank these options in managing
address the following “EM Problem” areas as they ri
waste processing, waste stabilization, waste packay
waste minimization.

It should be noted that waste stabilization, as us:
residual solid wastes and does not include pretreatr

tions.
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1agement
—-__-_———___

the technologies for processing the waste streams

on and decommissioning (D&D) and current WM oper-
'M wiring diagrams are to list and evaluate the likely
astes. The WM wiring diagrams were developed to

ate to the Y-12 Site D&D activities: waste retrieval,

g, handling, & transportation, waste disposal, and

 here, consists of processes for the final treatment of
nt of the wastes to stabilize them before WM opera-



« Clean up Legacy
Wastes

¢ Prevent Future
Insult

» Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning
(D&D)

Soils, Groundwater
and Surface
Water—Remedial
Action (RA)

Y-12 Site Problem Problem Area Constituents Subelements I

—=Alpha-4 == * RAD

D&D « Scrap Wood
» Scrap Metals
« Asbestos

* PCBs

« Organics

« Inorganics

» Mercury

Waste Management
(WM)

September 1994

F(e fer to the Raqu!mry
Comptianca chapter of Vol. 1
for potentially applicabls,
preposed, andpmulgated
emvironmsntal laws; signed
and pending agreements for
the Oak Ridge Reservation
“(OR); radiation protection

standards; DOE Orders; and'
" nonregulatory guidance. As
_ site- and wasts-specific

churacteristics are provided
for each technology, specific
regulatory requiremants will
bae specified. :

_Retor to the appropriate

Regulatory Compliance-
chajtterof Vol. 1 for
potantially applicable,

. proposed, and promulgated .

environmental laws, signed
and pending agresments for
the Oak Ridge Rsservation,
radiution protection -

_standards, DOE ordars, and

= Waste Retriaval

Waste Ma

NG
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Alternat%ves Technologies l “ Science/Technology Needs | Implementation Needs
| . ‘

echanical Retrigval Wheeled/Tracked Vehicles Sea Robotics/Automation
- Front-end Loader
— Backhoe
— Fork Lift

Demolltion SeaDismantiement
- Jackhammers
— Controlled Blasting

rdraulic Retrieval Fluld Systems Seo Dismantlemant

Page 5-3



Waste M;

EM Goals Y-12 Site Problem Problem Area.Constituents ference Requirements Subelements

b Alpha -4 + emmes Rubble Rafer to the Regulatory =~ Waste Processing
+ Clean up Legacy Contaminated Concrate Rubble  * Ség Gompliance chapter of Vol. 1
. Clay Tilas . 3 forpotentially applicabla,
Prevent Future ‘ « Orgarnics proposed, and promulgated
Insuit . » Inorganics environmental laws; signed —
R : * Marcury and pending onts for
Develop B  MIcs210 ring mes Resorvation:
Environmental . radiation protaction -
Stewardship . : St 'da'm,amy Wm%‘d
‘ ’ _ sile-and waste-specific
characteristics are provided
{for each technology, specific
regulatory raqunremems will”
be specified.
EM Problem
Facilities—
Decontamination
and

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Page 5-4
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i n o ‘
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Alterna:tives Technologies I Status : ScienceTechnology Needs Implementation Needs
| i

Wasta Stabilization See Waste Stabilization
Thermal Treatment Thermal Desorption
l WPRO-106-OY

Ranking:
H-2-2 ($1M; $1/1b)

= Plasma Arc Fumace
WPRO-107-0Y

m Ranking:
M-2-3 ($2M;N)

Chemical Treatmen! eme———y—— Solvent Washing
WPRO-211/212-0Y

Ranking:
H-3-2 ($2M;N)

Accspted

This technology has been used
by Industry to remove and -
recover volatiles from -
contaminated media such as:
soils. The process Is claimed
to have a >99% removal.

efficiency for recovaring volatile

organic compounds (VOGCs).
from soil.

Tha application of the process
to treat other contaminated
media (such as concrsis
rubble) needs to be

Demonstration
This is adevalopmental -
technology proposed forthe

destruction of organics and the .

immobilization of non-volatile
radionuciides and toxic metals
in a glassy slag matdix, The
attractive features of the
technology are that it can be
used to treat almost any solid.
waste and it doss not require,
extensive pre-treatment of the
waste feed. The negative
aspect of the process is that it
is very energy intensive thus, it
Is Ikely to be expensive -

Demonstration

Continuous solvent extraction |

in counter-current contactors.
(e.g., centrifugal contactors) is
demonstrated tschnology for
the separation of hsavy matals.
or organics from aqueous of -
organic solutions. Centrifugal
contactor based processes for
the separation and recovery of
radionuclidas has bean tech-
nology at DOE nuclear pro-
cassing sites for aver 25years:
The technology can be applied
to treat and recover a wide
range of contaminant concen-~
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-

tively smatl size, small hold-up -

voluma, and rapid start-up,
characteristics. This technolo-
gy when usad with other waste
treatmant processas would
enhance the overall waste
treatment strategy. Hawavar,.
the usa.of tha technology for
the treatment of solid wastes
requires additiona! RD&D.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
RDA&D is required on the
pracass to determine for
example, waste destruction
and removal efficiencies
(DREs), electrode life,
materials of construction,
power efficiency, effluent
characteristics for different
waste feeds, and the viability of
the process.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Knowledge of process
application, funding, and
regulatory approval,

The RDAD effort is estimated
to require 3 years and § 10
million.

The RD&D effort is estimated
ta requirs $.1-2.5 million. The
payback could be significant.

September 1994
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« Clean up Legacy
Wastes

* Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

l——Alpha-4 ;
., Contaminated Oorarm
Rubble

September 1994

« Rubble MTC 5210
«RAD

*PCBs

« Organics

* Inorganics

* Mercury

» Asbestos MTC 5290
«PCB

+»Oils

*RAD

» Organics

« Inorganics

« Mercury

Refer to the Regulatory
Cotnpliance of Vol. 1.for
_ potantially.appticabla,

. proposed, and promuigated .
* environmental laws, signed
“and pending agreements for
the Oak Ridge Reservation,
“radiation protection

“standards, DOE Ordars, and
nonregulatory guidance. As
site- and waste- specific.
characteristics are provided ~
for nach technology, specific.

- regulatory requirements will.
be tipecified.

'Rsﬁarto the Regulatory
< Complianca of Vol. 1 for.

.~and pending agreements for
. thaidak Ridge Reservation,
tadiaﬂonpmlaeﬂon N

- standards; DOE Orders, and

lj':saamwasm-spedﬂc

.. chatacteristics are provided . .

“for each technology, specific
_reguiatory requirements will
_be specrﬁod. .

>

—— Waste Processing

~— Waste Processing e=————
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[ ' ! l
Alternat%ves Technologies ; ScienceTechnology Needs Implementation Needs
| L | N : ‘

hemical Treatment ————===p=— Gamma-Radiolysis

aste Stabilization

hemical Treatment -

m WPRO-100-0Y

Ranking:
M-2-5 ($2M;N)

— Lsaching & Stripping
m WPRO-213-0Y

Rankng:
M-2-3 ($1M,N)

p—- Elactro Osmosis/Migration

DCON-20-OY

Rankng:
L-3-4 ($2M;N)

See Waste Stabilization

- Electro Osmosis/Migration
DCON-20-0Y

Rankng:
M-2-4 ($2M;N)

Evelving Technology

The radiolytic dastruction of
halogenated and aromatic
compounds at the labaratory
scals Is well documented.
Howaver, its application on an
industrial scala needs
additional RD&D. The procass
is capable of high (>90%)-
destruction efficiencies for
organics.

Accoptad -

This is an accepted technology
in industry with removal -
sfficlenciss greater than 99%
howaver, éach application
requires addiional RD&D to
determins optimum leachant
composition and process
Evolving Technology

Initial data indicate 90+% .
removal of uranium and
technetium from concrate. The
process could also be used to
remave oils and organics
howaever, this application needs
additiona) RD&D.

Evalving Technology

Initial data indicate 90+%
removal of uranium and
techngtium from concrete. The
procass could also be used to.
remova olls and organics .
however, this‘application needs
additional RD&D..

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the
radiolytic decomposition
products under different
conditions and for different
waste materials and their
relative toxicity. Another issue
is the possibility of combining
the radialysis with enhanced
biodegradation of the radiolytic
byproducts.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Some development work is
required to apply the method to
treat the site wastes.

Some development work is
required to apply the method to
treat the site wastss.

The RD&D effort Is estimated
to require $ 1.25-2.5 millien.

Demonstrate the effectiveness
of tha technology to meet the
site requirements,

Normal implementation needs.
Devaiopment costs are
estimated to be $ 400-1000K,
Capltal costs: Not avallable,
Oparating costs: Likaly to be
more expensive than other
waste treatment methads.

Norma! implementation needs.
Development costs are
estimated to be $ 400-1000K.
Capital costs: Not available.
Operating costs: Likely to be
more expensive than other
wasts treatment methods.
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Insuit
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Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)
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Waste M:

Y-12 Site Problem Problem Area:Constituents H Subelements I

e A!pha-4 ’ * Asbestos ~
Scrap Transite «PCB
. . « Qils
’ *RAD
[~ Alpha-4 = Organics
Scrap Asbestos Pipe & = Inorganics
lnsu!aﬁon . « Marcury
MTC 5210

Relerto 1he Regulatory
Compliance chapter of Vol. 1.
for potentiaity applicabls,.
proposad, and promuigated
environmental laws; signed,
an pending agreements for
the Oak Ridge Reservaﬁon

. radiation protaction-

standards; DOEOI‘dGI’S.

for each tachnology, specific
reguiatory requirements wilt
be specified.” \

— Waste Processing
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Alternaltives
|

Chemical Treatment ———1=——— Solvent Extraction
WPRO-211/212-0Y

Technologies

Ranking:
M-4-2 ($2M;N)

b Gamma-Radiolysis
m WPRO-100-0Y

Ranking:
M-2-5 ($2M,N)

ThennalTreatment —r Incineration
m WPRO-108-QY

Ranking:
M-4-1 ($1M;$6/1b

—— Calcination/Roasting
DCON-60-OY

Ccmﬂnuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or arganics from agueous of
organic solutions.. Centrifugal
contactor based processes for
tha separation and recovery of
radionuclides has been
technology at DOE nuclear
processing sites for over. 25
years. The tachnology can be:
applled to treat and recover a
wida range of contaminant
concentrations. The
advantages of the centrifugal
contactor based extraction
process are its relatively small

size, smalt hold-up.volume, and’

rapid start-up characteristics..
This tadmobgywhen used.
with other waste teatment .
processes would enhance the
overali waste treatmant -
strategy. However, the use of
the technology fof the,
treatmant of soﬁdwastas

Evolving Tochnology
The radiolytic destruction of
halogenated and aromatic
compounds at the laboratory
scalg is welt documented.
Howsver, its application on an
Industrial scalo needs .
additional RD&D. The procéss
is capable of high (>80%) -
dastruction etﬁdenaesfor
organm -

~3

Accepted-,

The EPA considers mcmeration
to be the best demonstrated.
avallable technology (BDAT)
for the destruction of organics.
Incingration canrachieve DREs
greater than 89.998% for
certaln organics. Howaver,
additional RD&D an several
aspects of incineration is still
required.

Demonstration

This is accepted industrial
technology for the treatment of
ares. However, its use for the
ramoval and destruction of olis
and organics from tha site
wastss needs fo be
demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the
radiolytic decomposition
products under different
conditions and for different
waste materials and their
relative toxicity. Another issue
is the possibility of combining
the radiolysis with enhanced
biodegradation of the radiclytic

Though an accepted
technology, the use of the
technology to meet the site
requirements needs to be
demonstrated, Also, RD&Dis
required to develop better
understanding of the process
technology to improve its
acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

ScienceTechnology Needs Implementatlon Needs

The RD&D effort is estimated
to require $ 1-2.5 milllon. The
payback could be significant.

The RD&D effort Is estimated
to require $ 1.25-2.5 million.

Knowledge of process
application, funding, and
regulatory approval. Insert 10:
For example, the K-25 Site
TSCA Incinerator is a 30
MMBtuh unit that Is permitted
to destroy low-level
radioactively contaminated
mixed wastes. The unit was
built at a capital cost of $ 26
miltion (1987 dollars).
Obtaining regulatory approval
for the TSCA Incinerator took
over 8 years. The 1993
destruction costs at the
Incinerator are estimated to be
$ 6 per pound of waste

The RD&D effort is estimated
to require $ 2-5 miillon. The
payback could be significant.
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— A!pha4
Scrap Transits -

— Alpha-4
Scrap Asbestos Pipe &'
Insulation

PRI
Other Scrap Bulding Materials
(e.g. wood, tile, xxing, fix-
tures, gaskets)

-PCB
+Qils
*RAD

« Organics
« Inorganics
» Mercury

« Debris MTC 5210
* RAD

*PCBs

« Organics

« Inorganics

* Mercury

Campliance of Vol. 1 for

poentially applicable,
proposed, and promulgated

environmental faws, signed

and pending agreemsnts for:

the: Oak Ridge Reservation,
racliation protection
standards, DOE Orders; and
nonregulatory guidancs. As-
sito~ and waste- specific

for each tachnology, specific
regulatory requirsments will
be spacified.

Refer to the Regulatory-

" Gonplianca of Vol for

potantially applicable,
proposed, and promulgated
environmental laws; signed.
and: pending agreemants for

the Ozk Ridge Resarvation;

radiation protection.

‘standards, DOE Orders, and .
" nonregulatory guidance. As -

site- and wasts- specific .

characleristics are provided -
for nach technology, specific

regtﬂatoryrequlrementswm
bas-peaﬁed. <

Waste M:

EM Goals Y-12 Site Problem Problem Area Constituents E Subelements
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1 : :
AlternaILives Technologies “ ScienceTechnology Needs Implementation Needs
J i | :

Thermal Treatment (contd) =T~ Catalytic Destruction
WPRO-109-0Y

Naste Stabilization

rhermal Treatment

Ranking:
L-4-3 (83M,N)

= Plasma Arc Fumace
m WPRO-107-0Y

Ranking:
M-4-3 ($3M;N)

See Waste Stabilization

—_— Incineration
WPRO-108-OY

Ranking:

H-3-1 ($1M;$6/1b)

L— Plasma Arc Fumace
WPRO-107-0Y

Ranking:
M-3-3 ($3M;N)

Predsmonstration

This technology has baen
demaonstrated {o be effective
(DRE>99+%) for the
dastruction of liquid and
gaseous organic wastes.
Howsver, its use to remove

. and destroy the organics from

solids needs additional RD&D.

Damonstration

This is a davelopmental
technology proposed for the
destruction of organics and the
immobliization of non-volatile
radionuclides and toxic metals
in a glassy slag matrix. The
attractive features of the
tachnalogy are thatit canbe
used to treat almost any solid
waste and it does not require”
extansiva pre-treatmant of the'
waste feed: Tha negative
aspect of the process is that it
is vary enargy intensiva thus, it
Is liksly to be expensive.

Accepted

The EPA considers incineration
to be the best demonsirated
available technology (BDAT)
for the destruction of organics..
Incingration can achieve DRES
greater than 99.999% for -
certain organics. Howaver,
additional RD&D on saveral
aspects of incieration is still
required,

Demonstration

This is a developmental
technology proposed for the
destruction of organics and the
Immobilization of non-volatie
radionuclides and toxic metals
in a glassy slag matrix. The
attractive features of the
technology ara that it can be
used to treat almost any solid
waste and it doss not require
extensive pre-treatment of the
waste faed. The negative
aspoct of the process Is that it
Is very snergy intensive thus, it
Is likely to be expensive.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
RD&D is required on the
process to determine for
example, waste destruction
and removal efficiencies
(DREs), electrods life,
materials of construction,
power efficiency, effluent
characteristics for different
waste feeds, and the viability of
the process.

Though an accepted
technology, the use of the
technology to meet the site
requirements needs to be
demonstrated, Also, RD&Dis
required to develop better
understanding of the process
technology to improve its
acceptability.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technalogy to deployment.
RD&D is required on the
procsss to determine for
example, waste destruction
and removal efficiencies
(DREs), electrode life,
materials of construction,
power efficiency, effluent
characteristics for different
waste feeds, and the viability of
the process.

The RD&D effort is estimated
to require $ 0.75-1.5 million.

The RD&D effort Is estimated
to require 3years and $ 10
miflion.

Knowledgs of process
application, funding, and
regulatory approval. Insert 10:
For example, the K-25 Site
TSCA Incinerator is a 30
MMBtwh unit that is permitted
to destroy low-level
radioactively contaminated
mixed wastes. The unit was
built at a capital cost of $ 26
million {1987 dollars).
Obtaining regulatory approval
for the TSCA Incinerator taok
over 8 years. The 1993
destruction costs at the
incinerator are estimated to be
$ 6 per pound of wasle
incinerated.

The RD&D effort is estimated
to require 3 years and $ 10
million.
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=+ Debris
*RAD
«PCBs

« Organics
« Inorganics
* Mercury
MTC 5210

Waste M;

Y-12 Site Problem Problem Area:Constituents H Subelements

Rater tomeRegulatory = Waste Procassing

Compilance chapter of Vol. 1.

~for poter tially applicable,

praposed, and promuigated.

. environmental laws; signed

and pending agreements for
tha Oak Ridge Reservation;
radlation protection
standards; DOE Orders; and
nonregulatory guidance. As
site- and waste-specific
churacteristics arg provided
for each technology; specific

_ requiatory requirements will
" be specified.
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‘ — ] ‘
Altern%tives Technologies Science Technology Needs Implementation Needs
l NI i ‘
Thermal Treatment T

Calcination/Roasting
DCON-60-0OY

Ranking:
H-3-1 ($1M;N)

Ii- &'v’é?a'ﬁii 0-0Y

Ranking:
H-3-1 ($1M;N)

Chem Char Process

m WPRO-114-0Y

Ranking:
M-3-7 (85M;N)

Smelting
WPRO-111-0Y

Ranking:
H-3-1 ($1M;N)

Demonstration

This is accepted industrial
technology for the treatment of
ores. Howaver, lis usa for the
removal and destruction of oils
and arganics from the site
wastes needs to be
demonstrated..

Acceptad

This is an accspted industrial
process for the destruction of
organics. The process has an
organic destruction efficiancy
greater than 89%.

Predemonstration -

This is a developmental
tachnology based on coal char
gasification. Tha process is.
claimed to achisve near total
destruction of tha organics and
produces an inert char residue
that contains the non-volatile-
toxic metals ahd radlonuclidas.
This char residue can either be-
vitrified o yield a glassy slag or
immobifized in cement.

Dsmonstration

This is accepted industrial
technotogy for the treatment
and processing of metals. The
technology has.a DRE for
organics greater than 88%.
However; its use forthe -
removal and separation of the
radionuclides from the.wastes
requlires additional RD&D. The.
procgss could be used for the
removal of uranium from.the
waste but it may not be suitable
for the removat of technetium..
The disadvantage is that
smelting may cause the
surface radioactive
contamination to becoms bulk
contamination of the waste,

The use of the technology to
meet the site requirements
nesds to be demonstrated.

Though an accepted
technology, the use of the
technology to meet the site
requirements needs to be
demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the tachnology to
meet the site requirements
needs to be demonstrated.

The RDBD effort is estimated
to require $ 2-5 million. The
payback could be significant.

Knowledge of process
application, funding, and
regulatory approval.

The RD&D effort Is estimated
to require $ 0.75-1.5 miliion.

The RD&D effort Is estimated
to require § 3-5 million. The
payback could be significant
yielding a major waste
minimization effort due to
recovary and recycle of the
me
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Y-12 Site Problem Problem Area:Constituents E Subelements

T« Debris MTC 5210
Othar Scrap Buildlng Matsrials «RAD
{e.g. wood, tlle, roofing, fix- «PCBs
tures, gaskets) « Organics

« Inorganics

* Mercury

T Refertoths Regulatory
Campliancs chapter of Vol. 1
for potentially applicabls,
proposed, and promulgated

- environmental laws; signed
ani pending agreements for

the Qak Ridge Reservation;
radiation

standards; DOE orders; and
notiregulatory guidance. As
site~ and waste-specific
cheractarstics are provided
for ea.dnemnology specific

" regulatory requiremants will

be specified. -

Waste M

= Waste Processing
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Alternan (=15 Technologies Science Technology Needs lmplementatlon Needs

\emical Treatment I Solvent Extraction

WPRO-111-0Y

Ranking:
M-3-2 ($2M;N)

~— Gamma-Radiolysis

WPRO-100-OY

Ranking:
L-3-5 ($3M;N)

Electro Osmosis/Migration
DCON-20-0OY

Ranking:
L-3-4 ($2M;N)

cominuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors} is
demonstrated technology for
the separation of heavy metals
or arganics from aqueous or
organic solutions: Cantrifugal
contactor based processes for
tha separation and recovery of
radionuclides has been
tachnology at DOE nuclear
processing sites for aver 25
years. The technology canbe
applied to treat'and recovera
wide range of contaminant
concentrations. The
advantages of the centrifugal
contactor based extraction
process are its relatively small
size, smalthold-upvolume, and
rapid start-up characteristics.
This technology s when used
with other waste treatment
processes would enhance the
overaif waste freatment -
strategy. However, theuss of
the technology for the
treatmant of solid wastes
requires additional RD&D.

Evolvlng Techno!oqy .
The radiolytic dastruction of
halogenated and ammanc :
compounds at the laboratory -
scale is wefl documented. -
However, its application.onan.
Industrial scals needs
additional RD&D. The process
is capable of high (>90%)
destruction efficiencies for
organics.

Evolving Technology

Initial data indicate 90+%
removal of uranium and
technatium from concrete. The
process could also be used to-
remove oils and organics
howaver, this application needs
additional RD&D.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the
radiolytic decomposition
products under different
conditions and for different
waste materials and their
relative toxicity. Another issue
is the possibility of combining
the radiolysis with enhanced
biodegradation of the radiolytic
byproducts.

Soms development work is
required to apply the msthod to
treat the site wastes.

The RD&D effort is estimated
to require § 1-2.5 million. The
payback coukd be gignificant.

— Tha RD&D effort is astimated

to require $ 1.25-2.5 million,

Normal implsmentation needs.
Development costs are
estimated to be $ 400-1000K.
Capital costs: Not avallable.
Operating costs: Likely to be
mors expensive than other
waste treatment methods.

Page 5-9
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Waste Ma

Y-12 Site Problem Problem Area'Constituents E Subelements

Other Serap Bulldlng Matsrials
(e.g: wood, tile, roofing, fix-
tures, gaskets)-

T« Debris
*RAD
*PCBs

« Organics
« Inorganics
* Mercury
MTC 5210

* Nicke!
*RAD

« Inorganics
*» Mercury
MTC 5190

T Refertothe Regulatory
0cmpllance of Vol. 1..

- Refer to the Regulatory”
Cempliance of Vol. 1 for -
potantially applicable,
proposed, and promuigated.
environmental laws, signed

. and pending agreements for.

the Oak Ridge Reservation,
ratfiation protaction N
standards, DOE Orders, and

nonregulatory guidance. As

sita- and waste- specific. .-

characteristics are provided ..

for each technology, specific

reudaioryraquwememsvﬁlt ;

" it determined o be a RCRA~

hazardous wasts, then the
{following muestonas may
apply.

Begin the design phase for -

the three RCRA storage

facifties for the 8201-6 D&D.

project - Target Date 10/1/97.
(N i!estone No. 0R2701 27

Ccmplete !he construcﬁon of

. tho three RCRA'storage - -

faq&ﬂes for the 82014 D&D
" project - Targat Date

- 6KI0/2005. (Milestona No.
053270128) :

Waste Processing

=" Waste Processing
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Alternatlves Technologles m ScienceTechnology Needs Implementatlon Needs

'Chemiical Treatmant —

Wasts Stabilization

Leaching & Stripping
WPRO0-213-0Y

Ranking:
M-3-2 (STM;N)

See Waste Stabilization

Thermal Treatment -1 Smelting

L

Chemical Treatment

WPRO-111-0Y

Ranking:
H-1-1 ($1M;N)

Calcination/Roasting
DCON-60-OY

Ranking:
H-1-1 ($1M;N)

I Mond Process
m WPRO-112-0Y

Ranking:
H-1-1 (81M,;N)

Catalytic Destruction
WPRO-108-0Y

Ranking:
L-1-3 (83M;N)

Leaching & Stripping
WPRO-213-0Y

Ranking:
M-1-2 ($IM;N)

Accepted

This Is an acceptad technology
in Industry with removal
efficiencies greater than 89%
howaver, each application
requires additional RD&D to
datermine optimuny leachant
composition and process
conditions.

Demonstration.

This is accspted industrial
technology for the reatment.
and processing of metals. The

‘techinalogy has a DRE for-

organics greater than 99%.
Howaver, its uss for the-
removal and separation of the .
radionuclides from the wastes
requires additional RD&D. The:

- process could be used for the

_removal of uranium from the
waste but it may not be suitable
for the removal of tachnetium.
The disadvantage Is that
smeiting may cause the
susfaco radloactive
contamination to become bulk

-contamination of the waste,

. Demonstration-

This is accepted industrial ~

technalogy for the treatment of -

ores. Howaver, its ise forthe

~remaval and destruction of. ofls:

and organics from the site
wastes needs to be
demonstrated. -

Demonstrat!on . -
This is accapted technology for

the refining of nickel. Howaver .

its use to separate the nickel

" from some of the radionuclides

{e.g., technetium) needs to be
demonstraled.

Prodemonstration

This technology has besn
demonstratad to be effective
(DRE>994%) forthe |
destruction of liquid and
gaseous organic. wastes.
However, its use to remove
and dastroy the organics from
solids needs additional RD&D.

Dsmonstration

This s an accepted tschnology
in Industry with removal
efficiencies greater than 89%
however, each application
requires additional RD&D to
determine optimum leachant
compositian and process

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requiremants
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate tha effectiveness
of tha technology to meet the
site requirements.

The.RD&D effort Is estimated
to require $ 3-5'milllion, The
payback could be significant
yiekiing a major waste
minimization effort due to
recovery and recyclo of the
metals.

The RD&D effort is estimated
to require $ 2-5 million. The
payback could be significant.

The technology demonstration
is estimated to require $ 1-2
million, The payback forthe
process Is estimated to be
greater than $ 20-30 million
based on current disposal
costs

The RD&D effort Is estimated
to require $ 0.75-1.5 million.

Demonstrats the effectiveness
of the technology 1o meet the
site requirements.

September 1994
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s«g:Nicke!

e Nickel
*RAD

« Inorganics
« Mercury
MTC 5190

Nghas.
Serap Aluminum, Copper,
and Other Non-Ferrous Metals

{axcept Nickel and Mercury)

« Aluminum

« Non-ferrous metal
*RAD

« Organics

« Inorganics

* Mercury

MTC 5190

~ Refertothe Regulatnry
Compliance of Vol. 1.

— Waste Processing —_____

Refiar to the Regulatory *
Compliance of Vol. 1 for
potentially applicable,
propassd, and promuigated
envyonmental laws, signed
and pending agresments for
the Oak Ridge Reservation,
radiation protection: .
standarnds, DOE Orders, and
nonregulatory guidance. As
site- and waste- specific .
chaacteristics are provided
for uach technology, specific -
regtiiatory requirements will

Waste Processing

-be *.peaﬂed.

If dotermined 1o be a RCRA-
hazardous wasts, then the
follcwing milestanes may
apply.

Begin thé design phase for-
the three RCRA storage
facilities for the 9201-4 D&D

_project - Target Date 10/1/97.

(Mibsstone No: OR270127).

COmp!ete tha construction of
the three RCRA storage
facilities for the 9201-4 D&D
projset - Target Date
6/3(V2005. (Milastone No
08:'70128) :
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Alterrﬁa‘tives

|
Chemical Treatment
(contd) L

NVaste Stabllization

Technologies
IR
Gas Phase (CIF3) Treatment
DCON-16-OY

Ranking:
L-1-3 ($3M;N)

Ses Waste Stabilization

hermal Treatment T Smelting

L

WPRO-111-0Y

Ranking:
H-3-1 ($1M;N)

Incineration

WPRO-108-0Y

Ranking:
M-3-1 ($1M;86/1b)

Calcination/Roasting

DCON-60-0Y

Ranking:
H-3-1 ($1M;N)

Catalytic Destruction
WPRO-109-0Y

Ranking:
L-3-3 ($3M;N)

Predsmonstration
Laboratory scale studles have
shown that this process can
effectively remove uranium
deposits at room temperature.
The process should also be«
affectiva in remaving othar
radionuclides such as
technetium. Howaver,
additional RD&D Is needed to
demonstrate the full capabiliities
of the process.

Accpeted

This is accepted industrial.
technology for the treatment
and processing of metals.- The
technology has a DRE for.
organics greater than 99%.
Howevsr; its use for the
ramoval and separation of the
ragionuclides from the wastes
requires additional RD&D. The
process couid be used for tha- -
removal of uranium from the
wasta but it may not be sultable
for tha removal of fochnstium.
The disadvantage Is that
smelting may cause the
surfaca radioactive
contamination to become bulk
contamination of the waste.

Accoapted

The EPA considers incineration
toba the best demonstrated
available technology (BDAT)
for the destruction of organics.

* incinsration can achlsve.DREs

greaterthan 83.999% for
ceftain organics. However,
additional RD&D on several
aspects of incineration is still -
required.

Demenstration = .

This Is accapted industrial
technology for ttis treatment of:
ores. However, its use for the
removal and destruction of oils
and organics from the site
wastes needs to be
demonstrated.

Predemonstration

This technology has been
demonstrated to be effective
(DRE>89+%) for the
dastruction of liquid and
gaseous organic wastes.
However, its use to ramove
and destroy tha organics from
solids needs additional RD&D.

Science Technology Needs

Knowledge of process
application, funding, and
regulatory approval.
Development and
demonstration of the optimum
process conditions and unit
operations for the removal of
radioactive contaminants from
the wastes and for the recycle
of the reactant (CIF3).

The use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted
technology, the use of the
technalogy to meet the site
requirements needs to be
demonstrated, Also, RD&D is
required to develop better
understanding of the process
technology to improve its
acceptability.

The use of the technology to
mest the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Implementation Needs

The RD&D effort is estimated
to require $ 5 million.

The RD&D effort is estimated
to require $ 3-5 million. The
payback could be significant
yislding a major waste
minimization effort due to
recovery and recycls of the
metals.

Knowledge of process
application, funding, and
regulatory approval. For
example, the K-25 Site TSCA
Incinerator is a 30 MMBtuh
unit that is permitiad to destroy
low-level radioactively
contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987
dollars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1993 destruction costs at
the incinerator are estimated to
be §$ 6 per pound of waste
incinerated.

The RD&D effort is estimated
to require $ 2-5 million. The
payback could be significant.

The RD&D effort is estimated
to require $ 0.75-1.5 million.
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Scrap Aluminum, Copper, and
Other Non-Ferrous Metals:

{excapt Nickel and Mercury)

= Aluminum Reler to the Regulatory
» Non-ferrous metals Coinpliance of Vol. 1 for
« RAD potantially applicable,
* Organics proposed, and promulgated
« Inorganics environmental laws, signed
« Mercury arxl pending agresments for
MTC 5180 the Oak Ridge Reservation,

radiation protection

standards, DOE Orders, and
noriregulatory guidance: As
sitg- and waste- specific.
characteristics ars provided
for each tachnology, specific
regulatory requirements will
be specified.

if datermined to be a RCRA-
hazardous waste, then the
following milestones may
apply.

- Beyjin the dssign phase for

the throe RCRA storage
facifties for the 9201-4 D&D
project - Target Date 10/1/97.
{Mtestone No. OR270127).

Cainplete the construction of
the three RCRA storage
facilities for the 9201-4 D&D
project - Target Dats
6/30/2005. (Milestone No.
OR270128).

Waste M

+——e Waste Processing ——————

AT AL i SOSE S et




xagement

AlternjaLives

Chemical Treah'nent—l—

Technologies

Solvent Extraction
WPRO-211/212-0Y

Ranking:
M-3-2 (82M;N)

NAC Process
WPRO-105-0Y
(for Al only)

Ranking:
M-3-3 (34M,;N)

Gamma-Radiolysis
WPRO-100-0Y

Ranking:
M-3-5 (83M;N)

Continuous solvent extraction
in counter-current contactors
(e.g., contrifugal contactors) s
demonstrated technology for
the separation of heavy metals
or organics from aquaous of
arganic solutions, Centrifugat
contactor based processes for
the separation and recavery of
radionuclides hias been
technology at DOE nuclear
processing sites for over 25
years, The technology can be
applied to treat and recover a
wide ranga of contaminant
concantrations. The
advantages of the cantrifugal
contactor based extraction’
process are its relatively smalt

size, small hold-up volume, and

rapid start-up characteristics.
This technology when used
with other waste treatment
procasses would enhance the
overall waste treatment
strategy. However, the Gse of
the technology forthe .
treatment of solid wastes
requires additional RD&D.

Predemonatration

The feasihility of the procass
has been proven at tha bench-
scale. If praven effective at the
industrial -scale, the process
could treat and dispose of all
the contaminated aluminum
from D&D oparations. This
aluminum would be used in the

nitrata wastes in the Hanford.
sie tanks.

Evolving Technology

The radiolytic destruction of
halogenated and aromatic
compounds at the laboratary
scalg is well documerited.
Howevar, its application on an
industrial scals needs
additional RD&D. The process
is capable of high (>90%)
destruction efficiencles for
organics.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

|
ScienceTechnology Needs Implementation Needs
|
Accepted

Further research, development,
and demonstration {(RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complste
characterization of the
radiolytic decomposition
products under diffsrent
conditions and for different
waste materials and their
relative toxicity. Another issue
is the possibility of combining
the radiolysis with enhanced
biodegradation of the radiolytic
byproducts.

The RD&D effort is estimated
to require $ 1-2.5 million. The
payback could be significant.

The RD&D effort Is estimated
1o require $ 2-5 million. The
payback Is expected {o be
significant especially because
the scrap aluminum from the
sita can be used to disposa of
the nitrate wastes In the
Hanford site tanks. Thisis
expected 1o resultin significant
savings due to minimizing the
wastes to be disposed at the
two sites.

The RD&D effort s estimated
ta require $ 1.25-2.5 milfion.

September 1994



Waste M;

EM Goals Y-12 Site Problem Problem Area:Constituents E Subelements ‘

» Clean up Legacy T« Aluminum MTC 5180 Relertothe Regulatory " Waste Processing —
Saap Alumlnum. Coppar, and « Non-ferrous metal Compliance of Vol. 1 for |
Wastes Other Non-Ferrous Metals. * RAD potentialty applicable, |
* Prevent Future (sxcept Nicke! and Mercury) * Organics proposed, and promuigated l
* Inorganics environmental laws, signed- !

Insult : « Msrcury anl pending agreements for

. Deve[op tha Oaledge Ressrvation,

Environmental stardards, DOE Ordars, and
. nonregulatory guidance. As
Stewardship . site- and waste- specific
. charactaristics are provided.
for sach technology, specific
regulatory requxrememswm
be bpeaﬁed. .

EM Problem

Refer to the Regul _— —_

FaCIlltleS—_ . [ Alpha-4 =+ Steel MTC 5110 —— cg,ﬁ'pﬁam o&’}gf“fg, Waste Processing ‘

Decontamination Serap Ferrous Metal - +RAD pohintially applicable,

and o {ironv and Stael) - « Organics proposed, and promulgated:

Decommissioning ‘ - « Inorganics environmental laws; signed L

(D&D) * Mercury and pending agreemsnts for {

the Ozk Ridge Reservation,
radiation protection -
standards, DOE Orders, and
nonregulatory guidance. As
shte- and waste- specific
characteristics are provided
for vach tachnology, specific-
reguiatory requlramems will -
be specified.
) It detorminad to be a RCRA-

- hazardous waste, then the -

. follawing milestones may

S PRy, :

s Baglnthedesignphasefor
L ‘the three RCRA storage
facillties for tha 92014 D&D i
D projact - Target Date 10/1/97.
] ) - {Milsstone No. OR270127).
Soils, Groundwater . - ) a
and Surface Water - Conipleta the construction of ;
(RA) the three RCRA storage - : !
)
1

{aciities for the 8201-4 D&D

projoct - Target Date

6/30/2005. (Milestone No. )
ORZ70128). :

Waste Management
(WM)

September 1994




agement

1

AIter@atives
|

Nasts Stabilization

Ihermal Treatment

. i !
| i

>hemical Treatment T Gas Phase (CIF3) Treatment

DCON-16-0OY

Ranking:
L-3-3 (83M;N)

Leaching & Stripping
WPRO-213-0Y

Ranking:
M-3-2 ($1M;N)

See Waste Stabilization

Smeslting
WPRO-111-0Y

Ranking:
H-4-1 (SIM;N)

Predemonstration
Laboratory scale studies have
shown that this process can
effectively remove uranium
deposits at room temperature.
The process should also be
effectiva in removing other
radionuclides such as
technotium. However,
additional RD&D Is naaded o
demonstrate the full capabilities
of the procsss.

Accepted

This is an accepted technology
in industry with removal
efficlencies greaterthan 98%
however, each application
requires additional RD&D to
determine optimum leachant.
composition and process-

Accepted

This Is accepted industrial
technology for the treatment
and processing of metals. The
technology has a DRE for
organics greater than 98%.
However, its use for the
removal and separation of the
radionuclides from the wastes
requires additional RD&D. The
process could be used for the
removal of uranium from the'
waste but it may not be suitable
for the removal of technetium.
The disadvantage is that
smelting may cause the
surfacs radioactive
contamination to become bulk
contamination of the waste.

Science'Technology Needs Implementation Needs

Further RD&D on the process . The RD&D effort is estimated
is needed to develop the to require $ 5 million.
optimum processing conditions.

Development and

demonstration of the optimum
process conditions and unit
operations for the removal of
radioactive contaminants from
the wastes and for the recycle
of the reactant (CIF3).

Further research, development, Demonstrate the effectiveness
and demonstration (RD&D) on of the technology to meet the
the process to develop the site requirements.
technology to deployment.
The use of the technology to The RD&D effort is estimated
maet the site requirements to require $ 3-5 million. The
needs to be demonstrated. payback could be significant
yielding a major waste
minimization effort due to
recovery and racycle of the
metals.
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+ Clean up Legacy
Wastes

« Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)
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Waste M;

Y-12 Site Problem Problem Area.Constituents E Subelements

T« Steal
s«ap Ferrous Metal (Iron and «RAD
Sleel) * Organics
« Inorganics
MTC 5110

Rafer to the Regulatory
Compiliance of Vol. 1 for
poientially appiicable,
proposed, and promulgated
envronmental laws, signed
and pending agreements for
_ the Qak Ridge Reservation,

nonregulatory guidance. As
sit- and waste- specific.
characteristics are provided
for each tachnology, specific
re¢[ulatory requiremants wilt
ba speaﬁed

if cotermined to be a RCRA-
hatardous waste; then the
following mitestones may

apply.

Bogin the design phase for
théi three RCRA storags

. facilities for the 8201-4 D&D

- praject - Target Date 10197
(Miestone No. OR270127),

e Complata the construction of
- - the: three RCRA storage-
. facilitios for the 8201-4 D&D
project - Target Date
6/50/2005. {Milestone No.
OFt270128).

-— : — Refer to the Regulatory
e "D Gampliance of Vol: 1 for
MTC 5300 polentially applkzb!a

proposed, and promulgated

; environmental laws, signed

oo and pending agreements for

. the Oak Ridge Reservation,
- - racliation protection -
- - stendards, DOE Ocders, and
- nonregulatery guidance. As
sit- and waste- specific
characteristics are provided
for each technology, specific
regulatory.requirements will
- be spacifil

3

Scrathasﬂm Papu’.a'd
(ExwptPPCandrap)

If determined to be a RCRA-
hazardous wasts, then the
following mIlestones may
apply. :

Begin the dasign phase for
the three RCRA storage
facilities for the 9201-4 D&D
project - Target Date 10/197.
{M3sstons No. OR270127).

Compiste the construction of
therthres RCRA storage
facifities for the 82014 D&D
project - Target Date
6/20/2005. (Milestona No.

T Waste Processing

Waste Processing | .

Lo A 1 S oy



ragement

1 ' !
Alterna:uives Technologies | ! Status Science/Technology Needs Implementation Needs
1 i l |

Chemical Treatment T Solvent Extraction
WPRO-211/212-0Y

Ranking:
M-4-2 ($2M;N)

Leaching & Stripping
m WPRO-213-0Y

Ranking:
H-4-2 ($1M;N)

T Incineration
WPRO-108-0Y

Thermal Treatment

Ranking:
H-3-1 ($1M;86/1b)

Chem Char Process
m WPRO-114-0Y

Ranking:
M-3-7 (85M;N)

Demonstration

Continuous solvent extraction
in counter-curvent contactors
(e.g., centrifugal contactors) is
demonstrated tschnology.for
the separation of heavy metals
or organics from aqueous or
organic sofutions. Centrifugal
contactor based processes for
the saparation and recovery af
radionuclides has been .
tachnology at DOE nuclear
processing sites for aver 25
years. The tachnology can be
applied to treat and recover a
wida range of contaminant
concentrations. The
advantages of the centrifugal
contactor basad extraction
process are iis relatively smalt
siza; smal} hold-up volume, and
rapld start-up characteristics.
This technofogy whery used
with other waste treatment
processes would enhance the
overali wasta treatment
strategy:. Howaver, the use of
the technology forthe .
troatment of s‘olid wastes

Accepted

This is an accepted technology
in industry with removal
efficlencies greater than 89%
howaver, each application
requires additional RD&D to
determine optimun {sachant
composition and process
conditions.

Accepted: .

“The EPA conslders Incinsration”
to be the best demonstrated
avallable technology (BDAT) .
for the dastruction of organics.
Incineration can achleve DREs
greater.than 99.999% for
certain organics. However,
additional RD&D on several
aspects of incineration Is still
required.

Predemonatration

This is a developmental
technology based on coal char
gasification, Tha processis
claimed 10 achieve near total
destruction of the organics and
produces an inert char residus
that contains the non-volatile
toxic metals and radionuclides.
This char residue can either be
vitrified to yield a glassy slag or
immobillized in coment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration {RD&D) on
the process to develop the
technology to daployment.

Though an accepted
technology, the use of the
technology to mset tha site
requirements needs to be
demonstrated, Also, RD&Dis
required to develop better
understanding of the process
technology to improve its
acceptability.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RDA&D effort Is estimated
to require $ 1-2.5 million. The
payback could be significant.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Knowledge of procass
application, funding, and
regulatory approval. For
exampla, the K-25 Site TSCA
Incinsrator is a 30 MMBtuwh
unit that is permitted to destroy
low-lavel radioactively
contaminated mixed wastes.
The unit was built at a capital
cost of § 26 milllon (1987
dollars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1993 destruction costs at
the incinerator are estimated to
be $ 6 per pound of waste
incinerated,

The RD&D effort is estimated
to require $ 0.75-1.5 million.
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EM Goals Y-12 Site Problem Problem Area.Constituents E Subelements

+ Clean up Legacy
Wastes

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

s =

Waste Management
(WM)

September 1994

Alpha~4 T« Plastics, Papar, Cloth, RAD, ~
Scrap Plastics, Paper, and Organics, Inorganics
Cloth MTC 5300
{Except PPC and rags)
[ Alpha4 « Cloth
Contaminated Personal *RAD
Protective Clathing (PPC) and « Inorganics
Rags | « Organics
MTC 5300

Refer to the Regulatory
Compliance of Vol. 1 for
potentially applicable,
proposed, and promuigated
environmental laws, signed
and pending agreements for
tho Oak Ridge Reservation;
radiation protection

stendards, DOE Orders, and-

nonregulatory guldance. As
sit3- and waste- specific.
charactetistics are provided.
{or each technology, specific
regjulatory requirements will
be specified.

Rafer to the Regulatory -
Caomptiance of Vol. 1 for

poientially applicable,

proposed, and promuigated -

environmental laws, signed
ami pending agresments for
the:Oak Ridge Reservation,
raciation protaction .
standards, DOE Orders, and
nonreguiatory guidance. As
site-and wasts- specific’
chiracteristics ara provided.
for each technology, spacific
regulatory requiremaents will
be specified.

if determined to be a RCRA-
hazardous wasts, then the
following milestones may -
apgly.

Beyjin the dasign pfhasefo'r .

the three RCRA storage

facilitles for the 92014 D&D
. project - Target Date 10/1/97.7
(MEestone No. OR270127). . -

~ Coinplete the construction of

the three RCRA storage
facilitias for the 92014 D&D
project-TargetDate  _
6/30/2005. (Milastona No.
OR270128).

Waste Processing

Waste M:

- Waste Processing




agement

Alternallves

hemnal Trearment

.

Technologies

Moiten Salt Oxidation
WPRO-113-0Y

Ranking:
M-3-2 (83M;N)

Nasts Stabilization See Waste Stabilization

>hemical Treatment Solvent Extraction

WPRO-211/212-0Y

Ranking:
H-3-1 ($1M;N}

Thermal Treatment Incineration
WPRO-108-0Y
Ranking:

H-3-1 ($1M;$6/b)

m ScienceTechnology Needs Implementation Needs

Demonstration

This is not a new process
howaever, its application for
treating hazardous and
radioactive contaminants has
not been demonstrated. One
advantage of the procass is
that the procass and equipment
is transpaortable (as opposed to
a fixed treatmant facility) and
can be located near the waste
site, The process should be
capable of destroying organics
with 2 >89% efficlenc.
Additional RD&D is required to
fully develop the procass to
treat mixed wastes.

Demonstration

Continuous solvent extraction
In counter-curmrent contaclors
(e.g., centrifugal contactors) is
demonstrated technology for-
the separation of heavy metals
of arganics from agueous of
organic solutions. Cantrifugal
contactor based processes for
the separation and recovery of
radionuclides has been
technology at DOE nuclear
procassing sites for aver 25
years. The technology can be
applied to treat and recover a
wide range of contaminant
concentrations. The
advantages of the centrifugal
contactor based extraction
process are its relatively small-
size, small hold-up volume, and
rapid start-up characteristics.
This technology when used
with other waste treatment
processes would enhance the
overall waste treatment
strategy. However, the use of
the technology for the
treatment of solid wastes

Accepted

The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achleve DREs
greater than 89.999% for
ceftaln organics. Howaever,
additionat RD&D on several
aspects of incineration is still
required.

Further research, development, The RD&D effortis estimated
and demonstration (RD&D) on to require $ 1.4 milllonfora 3
the procsss to develop the year development effort.
technology to deployment.

Further research, development, The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

Though an accepted Knowledge of process

application, funding, and
regulatory approval. For
example, the K-25 Site TSCA
Incinerator Is a 30 MMBtu/h
unit that is permitted to destroy
low-level radloactively
contaminated mixed wastes,
The unit was bullt at a capita!
cost of $ 26 million (1987
dollars). Obtaining regulatory
approval for the TSCA
Incinerator tock over 8 years.
The 1993 destruction costs at
the incinerator are estimated to
be $ 6 per pound of waste
incinerated.

technology, the use of the
technology to meet the site
requirements nesds to be
demonstrated, Also, RD&Dis
required to develop better
understanding of the process
technology to improve its
acceptability.
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EM Goals Y-12 Site Problem Prohlem Area/Constituents E Subelements

+ Clean up Legacy
Wastes

» Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)
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COntamlnaied Personal
Protactive Clothing (PPC) and
Rags

Alpha-4

Spent lon Exchanga Madia
{l.e. resins and spent activated
carbon} d

. Clo!h

. Inorganm
» Organics
MTC 5300

«Jon Exchange Media
«Oganics
~inorganics

«RAD

HIC 3115

Refer to the Regulatory
Compliance of Vol. 1 for
potentially appiicable,
proposed, and promulgated
environmental laws, signed
and pending agreements for
thiy Oak Ridge Reservation,
raufiation protection
standards, DOE Orders, and
naontegulatory guidance. As
site- and waste- specific
characteristics are provided

“for each technology, specific

rejulatory requirements will
be specified.

It determined to be a RCRA-
hazardous wasts, then tha
following milestones may
apply.

Begin the design phase for
tho three RCRA storage -
facilities for the 9201-4 D&D
projact - Target Date 10/1/97.
{Milestone No: OR270127).
Ceompilate the construction of
tha three RCRA storage
facilities for the 8201-4 D&D
project - Target Date
6/10/2005. (Mitastons No.
Of270128).

Refer to.the Regulatory
Ceomplianca of Vol. 1 for
potentially applicable,
propossd, and promuigated-
environmantal laws, signed
and pending agreements for
thy Qak Ridge Raservation,
ratflation protection
standards, DOE Orders, and
ponregulatory guidance. As-
sit3- and wasts- specific
characteristics ars provided
for each technology, specific:
reqjulatory requirements will
be specified.

It determined to bs a RCRA-
hazardous wasts, then tha
fofowing milestonss may
apply.

Begin the design phase for
the three RCRA storage
facilities for the 9201-4 D&D
praject - Target Date 10/1/97.
(Miestone No. OR270127).

Complete the construction of
the three RCRA storage
facilities for the 92014 D&D

project - Target Date

" Waste Processing

T waste Processing I
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nagement

1 |

Alter‘nzltives

|

Thermal Treatmsnt (contd) ¥ Molten Salt Oxidation
WPRO-113-0Y

Ranking:
M-3-2 ($3M;N)

Steam Stripping
WPRO-221-0Y

Ranking:
H-3-1 ($TM;N}

Chem Char Process
WPRO-114-0Y

Ranking:
L-3-7 (85M;N}

Wasts Stabilization See Waste Stabilization
Chemical Treatment 7 Elution
m WPRO-104-OY
Ranking:

M-3-1 (80.1M,N)
Leaching & Stripping
WPRO-213-0Y

Ranking:
M-3-1 ($0.1M,N)

Supercritical Water Oxidation
WPRO-216-0Y

Ranking:
L-3-3 ($3MN)

Technologies !

’ Status

Demonstration
This Is not a new process
however, its application for
treating hazardous and
radioactive contaminants has
not been demonstrated. One
advantage of the procass is
that the procass and equipment
is transpartable (as opposed to
a fixed treatment facility) and
can be located near the wasts
sita. The process should be-
capable of destroying arganics
with a >99% efficlency.
Additional RD&D Is required
to fully develop the process to
treat mixed wastes.

Demonstration

This is an accepted industrial
process that can remove
volatile organics with >99+%
efficiency espacially from
contaminated aqueous
streams. The application of the.
process to satisfactorily remove
hazardous and radjoactive
spedcies neads to be

Predemonstration’

This is a developmental
technalogy based on coal char
gasification. The process is
claimed to achieve.near.total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metals dnd radionuclides.
This char residue can either be
vitrified to yleld a glassy slag or
Immobilized In coment.

Demonstration

This Is aceepted technology for
the treatment of spent ion
exchange media. However,
the site specific applications
may need to be demonstrated.

Demonstration

This is an accepted technology
in industry withrremoval
efficlencies greater than 99%
howsver, each application
requires additional RD&D to
determine optimum leachant
composition and process

Deamonstration

ScienceTechnology Needs

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the praocess to develop the
technology to deployment.
Significant development is
needed to solve the problems
of corrosion, plugging, and
caking of the reactors, Ovaerall
expariencs is also needed on
the specific problems that may
be associated with the
processing of particular types
of wastes. This information
could be used to develop a
technology database to support
the applicability and relative
merits of this promising

Implementation Needs

The RD&D effort is estimated
torequire $ 1.4 milllonfora 3
year development effort.

The RD&D effort Is estimated
to require $ 1-2 million to meet
site specific needs.

The RD&D effort Is estimated
to require $ 0.75-1.5 million.

This technology has no unique
implementation needs.

Demonstrata the effectiveness
of tha technology to mest the
site requirements.

The RD&D effort Is estimated
to require $ 1.6 million fora 3
year development plan.
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* Prevent
Future
Insult

« Develop

Facilities—
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September 1994

[ Alpha-4

Spent.lon Exchange Media
{Le. rasins and spent acti-
vated carbon}

"« lon Exchange Media
« Organics

« Inorganics

«RAD

MTC 3115

Refar to the Regulatory
Cornpliancs of Val. t for
potuntially applicable,
proposed, and promulgated
environmental laws, signed
and pending agreements for
the Oak Ridge Reservation,
radiation protection.” -
standards, DOE Orders, and
nontegulatory guidance. As
site- and waste- spacific
characteristics are provided.
for sach technotogy, specific
reguiatory requirements will

"be spacified.

if determined to ba a RCRA-
hazardous waste, then the
following milestonss may
apply.

Begin the design phase for
the threa RCRA storage
{acilities for the 9201-4 D&D

projoact - Target Date 10/107.

(Milsstone No. OR270127).

Complete tha construction of
the three RCRA storage

" facilities for the 92014 D&D

projact - Target Date
6/30/2005. (Milestona No,
OR:l70128).

Waste |

EM Goals Y-12 Site Problem Problem Area/Constituents H Subelements I

T Waste Processing




lanagement

Technologies Science/Technology Needs Implementation Needs

Alternfalives
i

hemmal Treatment =T Incineration Accepted Though an accepted Knowledga of process
WPRO-108-0Y " The feasibility of the process technology, the use of the application, funding, and
has been proven at the bench- technology to meet the site regulatory approval, For
Ranking: scale. If proven effective at the requirements needs to be example, the K-25 Site TSCA
M-3-1 ($1IM;N) industrial -scale, the process demonstrated, Also, RD&D is Incinerator is a 30 MMBlwh
could treat and disposs of all required to develop better unit that is permitted to destroy
the contaminated aluminum understanding of the process low-level radicactively
from D&D operations. This technology to improve its contaminated mixed wastes.
aluminum would be used in the acceptability. The unit was built at a capita
process {0 treat the cost of $ 26 million (1887
radioactively contaminated dollars). Obtaining regulatory
nitrate wastes in the Hanford approval for the TSCA
site tanks. This process would Incinerator took over 8 years.
thus help treat and disposs of The 1993 dsstruction costs at
two major DOE wastas. the incinerator are estimated to
be $ 6 per pound of waste
. Molten Salt Oxidation Demonstration Further research, development, The RD&D effort is estimated
|'m WPRO-113-0Y This is not a new process and demonstration (RD&D) on to require $ 1.4 millionfora 3
howsver, its application for the process to develop the yoar development effort.
Ranking: treating hazardous and technology to deployment.
M-3-2 ($3M,N) radioactive contaminants has
not been demonstrated: One
advantage of the process is
that the procass and equipment
" is transportable (as opposed o
a fixed treatment facility) and
can be located near the wasts
site.. The process should be-
capable of destroying organics
with a >88% efficiancy.
Additional RD&D is required
to fully develop the process o
treat mixed wastes.
T Calcination/Roasting Demonstration The use of the technolagy to The AD&D effort Is estimated
DCON-60-OY This is accepted industria! meet the site requirements to require $ 2-5 million. The
technology for the treatment of needs to be demonstrated. payback could be significant.
Ranking: ores. Howaver, its use for the
H-3-1 ($1M;N) ramoval and destruction of olls
and organics from the site
wastss needs to ba
demonstratad,
= Molten Glass Combustor Demonstration ‘ Some developmant work is Knowledge of process
WPRO-116-0Y -This Is accspted industrial. required to apply the method to application, funding, and
technology for mixed wastes treat the site wastes. regulatory approval.
Ranking: treatment. The procass can
H-3-2 ($2MN) achieve DREs greater than
99%. EPA has accepted this
procass as best demonstrated
avallable technology (BDAT)
for the treatment of hazardous
high-level nuclear wastes.
Oparating costs for the process
are likely to be high.
| Catalytic Destruction Predemonstration Further research, development, The RD&D effort is estimated
WPRO-108-0Y This technology has been and demonstration (RD&D) on to require $ 0.75-1.5 million,
demonstrated to be effective the process to develop the
Ranking: (DRE>89+%) for the technology to deployment.
L-3-3 ($3M;N) destruction of liquid and
gaseous organic wastas.
However, its use to remove
and destroy the organics from
solids needs additional RD&D.
Steam Stripping Accepted Demonstrate the effectiveness The RDA&D effort is estimated
WPRO-221-0Y of the technology to mest the to require $ 1-2 million to meet
. site requirements. site specific needs.
Ranking:
H-3-1 ($1M:N)
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Spent lon Exchange Media

Alpha-4 .

Waste Processing Sludges
(pracipitates from water -
treatment processes)

" elon Exchange
« Organics
« Inorganics
*«RAD
MTC 3115

Sludges

*RAD

» Organic

« Inorganics
MTC 3120

Rafer to the Regulatory
Conpliance of Vol. 1.

Realer to the Regulatory
Complianca of Vol. 1 for
polentially applicable,

" preposed,.and promulgated

environmental laws, signed
ani pending agraements for.
the.Oak Ridgs Reservation,
raciation protaction
standards, DOE Orders, and
noiregulatory guidance. As
site- and waste- specific
characteristics are provided
for each tachnology, specific
regulatory requirements will
be specified.

If determined o ba a RCRA-
harardous waste, then the
following mﬂastones may.
apply.

Bepin the design phase for
the:three RCRA storage

faclfities for the 82014 D&D -

project - Target Date 1041/87.
(Miestona No. OR270127).

Complete the construction of
the three RCRA storage.
faciiities for the 92014 D&D
prejoct - Target Date
6/30/2005. (Milestone No.
OFI270128).

Waste Processing

Waste M;

== Waste Processing
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1 ! ! ! '

Alternz:nives Technologies ! { Status Science Technology Needs Implementation Needs
‘ ‘ ;
j L] | ‘

Thermal Treatment 1 Chem Char Process
(cont.) WPRO-114-0Y

Ranking:
L-3-7 ($5M;N)

’ Steam Stripping
WPRO-221-QY

Ranking:
H-3-1 ($1M;N)

Waste Stabifization See Waste Stabilization

Chemical Treatment ————T1—— gqivent Extraction
m WPRO-211/212-0Y

Ranking:
M-4-2 (§2M;N)

[~ Leaching & Stripping
WPRO-213-0Y

Ranking:
H-4-1 ($1M;N)

Predemonstraton

This is a dsvalopmental
tachnology based on coal char
gasification. The processis
claimed to achieve near total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metals and radionuclides.
This char residus can eithar be
vitrified to yield a glassy slag or
immabilized In cement.

Acceptad

Demonstration

Continuous solvent extraction
in countsr-current contactors
{e.g., contrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from agquaous or
organic solutions, Centrifugal
contactor based processes for
the separation and recovery of
radionuclides has been
technology at DOE nuclear
processing sites for ovaer 25
yaars. The-technology canbe
applied to treat and recover a
wide range of contaminant
cancentrations, The
advantages of the centrifugal
contactor based extraction
procass are its relatively smali

size, small hold-up voluma, and

rapid start-up characteristics.
This tachnalogy when used
with other waste treatment

. processes would enhance the

overall waste treatment
strategy. However, the use of
tha technology for the
treatmant of solid wastes

Demonstration

This is an accepted technology
in industry with removal
efficlencias greater than 99%
howsver; each application
requires additional RD&D to
determing optimum leachant
camposition and process
conditions.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D effort is estimated
to require $ 0.75-1.5 million.

The RD&D effort is estimated
to require $ 1-2 million to meat
site specific needs.

The RD&D effort Is estimated
to require $ 1-2.5 million. The
payback could be significant.

Demonstrata the effectiveness
of the technology to meet the
sita requiroments.
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Wast&Pmesslnq S!udges
"(precipitates from wa:ertma.t-
. ment pmeesses)

T eSludges
«RAD

« Organic

« Inorganics
MTC 3120

. Gempliance of Vol. tfor -

protection <
; standards; DOE Orders, s.nd
“-nasregulatory guidance. As
situ- and waste- specific .
. characteristics are provided' -
* for sach tachnology, specific.

. requlamryrnulremems\l'lﬂl»w

i detemﬂned to| be aRGRk
haardous waste;.then the
1ol!uwhgmiiestonasnmy
aplﬂv

Bamﬂwdesimphasefor

-'the-thres RCRA siorage

- faciitios fof the 9203-4 D&D
projact - Target Date 10/1/57:
- (Milestone No,oazmzn

Can!etam eonsh’ueﬁon of

‘thethree RCRA storage: -~ .~

- faciities forthe 8201-4 D&D"
project < Target Date - * -
" 8/3)/2005. (Mlbstons No
08270128).

Waste M

Y-12 Site Problem Problem Area Constituents E Subelements
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Alternatives
i
Chemical Treatment (contd} T~ Incineration
Bl weroosov

Technologies

Ranking:
H-4-1 ($1M;$6/b)

Catalytic Destruction
WPRO-109-0Y

Ranking:
el L-4-3 ($3M;N)

Thermal Treatment. ~—="T—— Calcination/Roasting
’ : DCON-60-0OY

Ranking:
H-4-1 (§IM;N

Chem Char Process
e WPRO-114-0Y

* v Ranking:

o L-4-3 ($IM;N)

-« =" \Wet Air Oxidation
[ werozisov

Ranking:
M-4-2 ($2M;N}

i Microwave Heating
) WPRO-115-0Y

Ranking:
L-4-3 ($4M;N)

Aeceptod

The EPA consida;s lndneraﬁon
to ba the best demonstrated .
available technology (BDAT)
for the destruction of organics..
Incineration can ach!eve DREs.
greatar than §9.999% for,
cartaln arganics. ‘Hawaver,.
additional RD&D on several
aspects of incineration is still
required. -

Prodemonstration = -
This technology has.been
demonstratedtobereﬁecﬁva

(DRES@0+%) forthe. . -~ = .
destrucﬁonuﬁrquldand .

-gaS8GUS organic wastes.

Howsver, its Gse to remove -
anddemyﬁmugmm

\souds naedsaddiﬁonal RD&D. 4

Demonstration .. - . -
Thlsisacceptedlndusﬁa!

. technology for.the treatment of

ores. However, Jts.use for the
removal and destruction of oils
and organics from tha site”
wastss needsfobe -
demonstrated. RO

Prodemonstration:: .
Thisisa devslopmental v,
teclmo!ogybasadoncoatchar
gasification. The procsss is-
claimed to achisve near total ,°
destrisction of the organics and
prodiices aninert ¢har rasidue -

" that comainshe non-vo!ame,

foxic metals and radlenuciides. .
This char residue can eitherbe
vitrified to yleid a glassy. siag or.
Immobtﬁzed ln camem. R
Demonsuation R

The procsss is commercially
available. ftis capableof. -
greater than 88+% destmcuon
of some organics howavar; it

\maynotbeablekmometely

‘'destroy cerlaln reffactory.

organics such as halogenatad ’

aromatics (e.9., PCB). .
Processing costs are likaly fo
be high.: .

Demonstration
Thisisanovet technology for
thethermal treatment of
radicactive wastes. The
technology is at the laboratory
scalg of davelopmant. -

Though an accepted
technology, the use of the
technology to meet the site
requirements needs to be
demonstrated, Also, RD&D is
required to develop better
undaerstanding of the process
technology to improve its
acceptability.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectivenass
of the technology to meet the
site requirements.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

l
| Status Science Technology Needs Implementation Needs
: )

" Knowledga of process

application, funding, and
regulatory approval. For
example, the K-25 Sita TSCA
Incinerator is a 30 MMBtwh
unit that is permitted fo destray
low-favel radioactively

- contaminated mixed wastes.

‘Tha Unit was bullt at a capital
costof § 26 milllon (1987
doflars).. Obtaining regulatory
appraval for. the TSCA
Incinarator fook aver 8 years.

. The.1883 destnuction costs at

" the incineratdr dre estimated to
be$ 6 per pound of waste

The RD&D effort is estimated
o require $ 0.75-1.5 million.

“The RD&D sffort Is estimated
0 requira $ 2-5 milfion, The
payback cauld be significant,

The RD&D effort is estimated
to require $ 0.75-1.5 miltion.

The dsvelopment effort is
estimated {o require
approximately $ 1 million,

The RD&D effort is estimated
fo require $ 2.5 million.
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Npha-4
Waste Processing Sofid -

Residuals:

=+ Residue
*«RAD

« Organics
« [norganics
MTC 5490

Reler to the Regulatory.
Compliance of Vol. 1 for
potentially applicabls,

[ and
emironmantal laws, signed
anxi pending agreements for

‘meOakRidgeReseNaﬁon
Siandarde, DOE Orders, and

nonregulatary guidance. As-
site- and waste- specific .
charactaristics are provided .
for each technology, specific
regulatory requirements wilt
be specified. '

If dotermined to be 2 RCRA-

hastardous wasts, then the.
following mdestones may
apply.

se;inﬂxedesimphasafor
the-three RCRA storage

. facliiles for the 9201-4 DAD'
preject - Target Dats 1017:

(Milestone No, OR270127).

- completemaconstrucﬁonof ’

the-three RCRA'

faclities for the 9204 D&D -

preject - Target Date:
€/30/2005, (Milestone No. -
OF270128).

Waste M

EM Goals Y-12 Site Problem Problem Area.Constituents E Subelements
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AltemTtlves
|

Thermal Treatment

Biotreatment

Waste Stabllzation -

Chemical Traatment. i~

o

Technologies

T Molten Glass Combustor
WPRO-116-0Y

Ranking:
H-4-2 ($2M;N)

Biodegradation
WPRO-117-0Y

Ranking:
M-4-3 ($3M;N)

Ses Waste Stabilization
H-3-1 ($1M;N)

Leaching & Stripping
WPRO-213-0Y

Ranking:
M-3-1 (81M;N)

Solvent Extraction

WPRO-211/212-0Y

Ranking:
M-3-2 ($2M;N)

Transmutation
WPRO-219-0Y

Ranking:
L-3-10 (§10M;N)

ScrenceTechnology Needs Implementatlon Needs

Aeeo tad.

This ls accepted | Industﬁal
technology for mxxed wastes
treatment: . Tha process can-
achleve DREs greater than
99%. EPA has acteptod this
process as best demonstrated
availabls ted‘mo!ogy (BDAT)
for the freatment of hazardous
high-level nuclear wastes.
Operating costs for the procass
are like!y tobs higlu

Evohrtnc Tochno!ogy

This is & promising- teehnology
for hazardouswaste treatment.
The process canachlave
Impressive treatmant
efficlenciss for certain ‘organics.
However,the process'is slow
and may notbe-able to
completely destroy certain
rafracmy orgamw.

Demomtraﬂon .

Thisis an acceptadtechno!ogy
in‘Industry with remaval’ -
efficiencies greater than 88%:
however, each application -~
requires additional RD&D to
dstormins optimum Jsachant
composition and process

Dsmomtraﬁm -
- Continious seivant axtraodon
In counter-cument’ conmczors “
* Hog. centnfugal contactors) ls
" demonstratad techiologyifor

Cthe separaﬁonofheavy meta!s

'}meseparaﬂonandrecovaryot

" radionuclides has been
,fted’mobgy at DOE nuglear
+ processing sies for over 25

years, The technology canbe -

appliedto 'treat and frecovera
widerange of comamrnant
.~ Concentrations. The -~
N .advamages of the‘cenmfuga!
contagtor based extraction -
‘process are iis relatively sman

" size, smalt hiold-p volume, and
rapid start:up.charactdristics.;

- This technology when used °
with other wasts treatment
proeessas would enhance the
overali waste treatment .-
strategy, Howeve, the use of
thetachnology.{ for the- -
treatmem of soBd wastes

Tha futurs of an industrial scals
transmutation facility is- highly
dependent on the-availability of
a permanent high leével waste
repository. A "national”
transmutation facllity would
greatly facilitate the destruction
and disposat of “problem?
radionuclides sich as

Some development work is
required to apply the method to
treat the site wastes.

Further rasearch, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further ressarch, davelopment,
and demonstration (RD&D) on
the process to develop the
tachnology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Knowledge of process
application, funding, and
regulatory approval.

The RD&D effort is estimated
to require $ 1-10 milion. The
payback could be significant.

Demonstrata the effectiveness
of the technology to mest the
site requirements.

The RD&D effort is estimated
to require § 1-2.5 million, The
payback could ba significant.

An Industrial-scale national
transmutation facility would
need to ba devaloped and built.
Tha cost for such a “national”
facility is estimated to be inthe .
billion dollars range and would
require several years to build.
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" Alpha-d

" Waste. Pfocesstng Soﬁd ’

Residuals

. Residue
*RAD

« Organics
« Inorganics
MTC 5490

Rafertotheﬂegularo
Campliance of Vol. 1 for
poisntially applicabls; -
proposed; andpromu!gated
environmental laws; signed
amd pending agreements | for
the: Oak Ridge Reseivation, -
raciation

protaction
standards, DOE" Ordars. and B

nonregulatory guidancs. As -

_site-and wasta- spacific

charactaristics are provided

./foreadnechnology specific .

regulatory requirements wilf

" Ifdotermined to be a ACRA-

hazardous waste, themhe

following mifastones may* - ‘.

applys .
Boxin he dosgn prase or

the three RCRA storages  ~',.°
facilitles for the. 92014 D&D

project - Target Dats 10/1/97.
(Milestone No. 0R270127)“ ;

Coinplets the cons!rucﬁon of

. the three RCRA

facilities for the 82014 pep’
project- Target Date- -

6/30/2005. (Milestona No.

OR270128)., . .

Waste M

7 Waste Procassing
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Alternatlves Technologles Science/Technology Needs Implementatlon Needs

N ‘ Incineration

hermal Trsaxment

WPRO-108-0Y

Ranking:
H-3-1 ($1M;86/1b)

[ Roasting/Calcination
DCON-60-OY

Ranking:
H-3-1 (§1M;N)

Molten Salt Oxidation
WPRO-113-QY

Ranking:
M-3-2 ($3M;N)

Wet Air Oxidation
WPRO-215-QY

Ranking:
M-3-2 ($2M;N)

Chem Char Process
WPRO-114-0OY

Ranking:
L-3-7 ($5M;N)

Tha EPA comldefs mdneraﬂon
to ba the best demonstrated :
avallable technology (BDAT)
for the destruction of organics..
Incinaration can achléve DRES
greater than £8.898% for-
certaln arganics. Howaver,
additional RD&D on several’
aspacts of Incineration is stil

Denwrmmion
This Is accepted Industdal

technology forthe treatment of

ores. -However; its usa for the:
removalanddestructionofou‘ts
andorganmﬁummnsite N
wasteeneedstobe
demonsumed

Demonmaﬂon N
This is it a riew process *
however, its application for
treating hazardous and. .
radioactive contaminants has
notbesn darmnstraxed. One *
advantage of the process is
that the process and equipment
Is transportable (as opposed to
a fixed treatmant facifity) and -
can be located naar the waste
site. The process should ba...
capable of destroying organics-
with a 389% efficlency:
Additional RD&D is requ:red
to tully deveiop the process to
treat mlxed wastas“ .- ’

Domommtion

The procassiscommerciany

available. itis capable of
greater, thar894% dastruction’
of some organiw howaver, it -

may not be able to completely )

destroy cettaln refractory.”
organics such as halogenated
aromatics (e.g., PCB). .
Processing costs are likely ta
be high. .

Predemonstration - )

This fs a developmantat
technology based on coal char
gasification. The procassis™
clalmed to achléve near total
dastruction of the organics and
produces an inart char residua
that contains the non-valatile
toxic metals and radionuclides.
This char residue.can either be
vitrified to yield a glassy slag or
immobilized In cement.

Though an accepted

technology, the use of the appllmﬂon. fundlng, and

technology to meet the site regulatory approval. For
requirements needs to be exampla, the.K-25 Sita TSCA
demonstrated, Also, RD&Dis Incinerator is & 30 MMBtuh .
required to develop better unitthat is pormitted to destroy
understanding of the procass lowrléve! radidactively .
technology to improve its contaminated mixed wastes.
acceptability. The unit was built at a capital
cost of $ 28 million (1987
doilars).” Obtalning regulatory
approval forthe TSCA
Incinerator took over 8 years,
The 1993 destruction costs at

the incinerator are estimated to
be $ 6 per pound incinerated.

The use of the technology to .The RD&D effort is estimated
meet the site requirements e $ 2-5 millioh. The
needs to be demonstrated. m cguld be significant.
Further research, development, . estimat
and demonstration (RD&D) on . g?e;?r&al)se‘iﬁ:?rx‘;lbn fora;eg
the process to develop the year davelopr.nem effort.
technology to deployment. .

Further research, development, The de,velomentaﬂort is
and demonstration (RD&D) on estimated to require

the process to develop the roxim 1 million.
technology to deployment. aop ately $ 1 mil
Further research, development, The' RD&D effort Is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require 3 0.75-1.5 milion.
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WasterceslnqSo!id -

Res!dua!s

+ Residue
*RAD

« Organics
« Inorganics
MTC 5490

Refer ta the Regulatory
Compllance chapter of Vol. 1
for potentially applicable, .
proposed, and promuigaled
eavironmantal laws; signed-
and pending agreements for

. the Oak Ridge Reservation;

rediation protection- -
standards; DOE Orders; and

charactaristics are provided -
-for each technology, specific

regulatory requirements will
b specuﬁecL .
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T i
Alterna}tives Technologles < “ Science'Technology Needs lmplementauon Needs
i |

Themal Treatment- gL Microwave Heating
WPRO-115-0Y

Ranking:
M-3-3 ($4M:N)
Molten Glass Combustor

WPRO-116-OY

Ranking:
H-3-2 ($2M;N)

Demonstration . -
This Is a novet technology for
the thermal treatment of - _
radioactive wastes. The ;
technology Is at the laboratory
scale of developmpm. o

Aeceptod

“Thisis awepted lndustﬂa:
technology-for mixed wastes
treatment.. The process can
achisve DREs greater than.
99%. EPA has accepted this:
process as best demonstrated -
availabla technology (BDAT) -
for the treatment of hazardous .
high-level nuclear wastes.
Operating costs for the procass
are liksly to be high.A

Further research, development, The RD&D effort s estimated
and demonstration (RD&D) on to require $ 2.5 million.

the process to develop the

technology to deployment.

Further research, development, Tha RD&D effort Is estimated
and demonstration (RD&D) on 15 requira $ 4-10 milllon. The
the process to develop the payback could be significant.
technology to deployment.

September 1994
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MTC 1000
MTC 1900
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~— Waste Processing

Refsr to!he Hegulatory .

forpach tachnalogy, specific

rsgldatoryraquimmwmbo- :

spe

if dotermined to be a RCRA-
hazardous wasts, then the fol-
towing milestonss may app!y

Begmhedesiqnphasetorms

threa RCRA storags facililies
for the 8201-4 DAD project -

. Tanet Dats 1011/97.

{Milastons No, OR270127}).
mmwmmn of

" the three RCRA storage fai-

ties for the 8201-4 D&D pro-

- ject ~ Targst Date £/30/2005.

(Mitsstone No. OH270!28)

Waste Mé

o A B e i




1agement

Technologies

Alternatlves i ;
C

PhysmITreannsnt ""‘"—1"— Adsorption
m WPR0-202/203-0Y

Ranking:
M-3-2 ($2M;N)

. . f— Electrolysis

: WPRO-205-0Y

© « =1 Ranking: -
S L-3-4 ($3M:N)

.~ ™ Reverse Osmosis
m WPRO-206-0Y

Ranking:
M-3-2 ($§2M;N)

I Ultrafiltration
. m WPRO-206-0Y

Ranking:
~ M-3-3($3M;N)

» *7 "+ == Inorganic Microporous Filters
oo m WPRO-207-0OY

Ranking:
Soere Y M-3-8($5MN)

hemical Treatment Chemical Fixation
h WPRO-208-OY
Ranking:

H-3-2 ($2M;N)

|
»
! Status
|

Laborato:ysmdias{ndicats

remvalefﬁaendesgreamr

- than %% for tha removal of

racﬁoacﬂvespec!esuslngm
N ;ﬁus&dsor&ngmadfa. Fwthez .

pamctes!zemdxafomonﬁm~ N
ousoperauons ‘and the devels -
:" opment o appropriata modia
) !ormeremovainfvamusoom-
anunams
D ath : .
Mhasicﬁedmo!ugy:swan .
esubﬁshadkﬁndustrthew
.- 8f; its"application tomast the .~
dtomqtﬂmmen&needstobe ‘, X

. -

N Re&emeosmosisis\zommetz‘ R
~da¥techg:o¥agylowsaﬂng .
‘agueous slreams; Whenpr;p;‘ N
eﬁydesignedm’:dopera!ed .
chncl Beot ©

gfeatermanQS%re}acﬁonot -
. the salts? Howsvar, .
RD&Dmayberaqumdm g
N deva}opmembranesthatmeet:“
thess:aspeuﬁcmqwemanis R

Demonstration
% Uliratitration is also a mem~
* brane separation process that
! issimitarto reverse osmosis,
" Howsver, it will not remove low
- to mefmed!ate malecilar -, .
« . woight; so!uies from tﬁe hqmd
sh'earn. e :

Ptedamnstraﬁon : ’

_ ‘This 1§ novet tachnology belng
dave!opedfmidnaﬁmapp!m

- tiong.. Someottmadvanmges
. of thesa filters dre that they ¢an
" be used In severs environ- -
ments,ﬁwycanbereadﬁy
deaned;fmeygetiou{ed and
ﬂwycanbete-usedmdemw .
iy Tgtéwsspamonefﬁdemy

Demdnstraﬂm N
- This Progess consists of tbdng :
tﬁe contaminants by chemical .
reaction so that theycanbe, |
. removed by fiiration or. other .
. “separation techniques. The .
., process should be mpabfa of .
90% treatment eiﬁcxemias

~

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deploymant.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, davelopment,

and demonstration (RD&D) on
the procsss to develop the -
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Science/Technology Needs Implementatlon Needs

ﬂwRD&Deﬁonisesﬁmated
taraquire § 1.25 mition.

Tha RD&D eﬁoﬂ is estxma!ed
to raqufrs$ 1 25 mition.

“The RDAD effort to develop

applicable membranes Is astl-

matgd to vequira § 0.75 milfion.

The RD&D eﬁorttu dovelop.
mambranes Is esth
matad to gequye $ 0.75 million.

Lo
e £

The RD&D offort to develop
fnorganic microporous filters is
estimated 1o require $ 0.75-1
million: Tt payback Is esti-
mated to bo'$20-25 million .
basedarg szgmﬁtzmly reduced
waste disposa! eosls :

The AD&D sfor Is estimated

to require’$ 2-5 million. The -
payback could be significant.

ESU .
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Alpha-4
Contaminated Wastewatsr

pese—s RAD in Water
MTC 1000

~——— Reforto the Regulatory
Coinpliancs of Vol. 1 for
potantially applicabls,
proposed, and promuigatsd
environmental laws;.signed
anct pending agresments for
Raservation’

. the Oak Ridge

(OHRY), radiation protection
standards, DOE Orders, and
norregulatory guidance. As
site- and waste- specific
characteristics are provided
for sach technology; specific

regulatory r‘aqulren}emswmbe\

specified.

If dstermined to be a RCRA-
hazardous wasts, then the fol-
lowing milestones may apply.

Beyjin the design phase for the
thros RCRA storage facifities
{or the 9201-4 DZD pco}ect-
Target Date- 10/1/97. :
(Miestons No. OR270127)

Cmnplatameconsuucﬁonof

. the three RCRA storage facili-

ties. for the §201-4 D&D pro~
joct- Target Date 6/30/2005.
{Milestone No. 0R270128)

- Waste Processing

Waste M

Y-12 Site Problem Problem Area Constituents H Subelements

&4




nagement

‘!

Altel;natives

Technologies
| [
- Chemical Treatment. s——————y==— Chemical Reduction
WPRO0-209-0Y

Ranking:
M-4-3 (<$1IMN)

— Chemical Precipitation
WPRO-210-0Y

Ranking:
E-5-1 (<§1M;N)

* . p— Solvent Extraction
WPRO-211/212-0Y

Ranking:
L-3-2 (82M;N)

. X j=—= lon Exchange
: WPR0-217/218-0Y

Ranking:
H-3-2($2M;N

i
[ Status ScienceTechnology Needs Implementation Needs
I

Predsmonstration

This pracess consists of chemi-
cally reacting the contaminants
with appropriste'reagents to
alter the chemical state of the
cantaminants to make them
easler to remove from the fluid.
Treatment efficiencies should
generally be greater than 85%.

Domonstration

Precipitation technologles are
fairly mature. lron co-precipita-
tion is presantly being used at
tha'K-25 Site Central
Neutrafization Facility for sepa-
rating radionuclides from the
aqueous wastes.- Howevar,
significant davelopmem is still
ngcessary to meet the increas-
ingly strlngentragu!amry limits
on the wastewater discharges.- °
For example, precipitation .
using polassium forrate has not
been demonstrated and addi

tional RDAD lsrequired to -
prova its applicabifity-and per-
formanca in treaﬂng the wa.ste-
water.

Demon:tration

Continuous solvent extraction
in counter-current contactors
(e.g., contrifugal contactors) Is
demonstrated technology for
the separation of heavy metals
or-organics from aqueaus or:
“organic solutions, Centnﬁ:gal

contactorbased processes for

the saparaﬂon and fecovery of
radioruclides has been tach-
_nology: at DOE miclear pro~*

. cassing sitesforovafasyea:s.
The technology can be applied-
to treat and recover a wide
rangs ¢f contaminant concen--
trations. Tha advantagesof

- the cantrifugal contactorbased
extraction process arejts rela-
tively synall size, small hold-ip
volums, and rapid start-up
characteristics. This'technoio-
gy when used w:th ather waste'
treatmant processes.would
enhanca the overall wasts -
treatment strategy. Howaver;
the usa.of the technology for
the treannem of solid wastes -
requires. add?pond RD&D.

Demonstration: -

This is ona of the accepted
methods used It Industry for
treating liquids: Treatment affi-
clencles can be greater than
99% depending upon the appli-
cation, the ion exchange.
media,.and the solutes to be
removed.

Further research, development,

and demonstration (RD&D) on
the process to devslop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The RD&D effort is astimated
to require $ 1.25-2.5 million.

The demanstration effort is
estimated to require $ 0.4 mil-
fion.

The RD&D effort Is estimated
to require $ 1-2.5 miliion. The
payback could be significant.

Dsvelopment costs are esti-
matsd to be $ 1.25 million.
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Y-12'Site Problem Problem Area Constituents E Subelements

~——— Waste Processing =————

—p-—=RAD in Water
MTC 1000

Rsfer to the R

Compliance af Vol. 1 for
poentially applicabls,
praposed, and promulgated
environmantal laws, signed
and pending agresments for
the:Qak Ridge Reservation
{OI3RY), radiation protection
standards, DOE Orders, and
nonregulatory guidance. As
site- and waste- specific

- characteristics are

for sach technology, specific

- regu!atory raqulremems wm be

i datennlned to be a RCRA-
hazardous wasts, then the fol-
lowmg milestones may apply.

. thres RCRA storage facilities -
- for the 92014 D&D project -
Tanjet Date 10/1/97,
(Milsstons No. OR270127); .

Complets the constructionof.
- ties for the 8201-4 D&D pro- .

* loct~Target Date 6/30/2005.
(Mitostone No. OR270128).

Refisrto &la Regulé!oty
c«rpbanca of Vol. t for .
* proposed, and prorm!gaied ‘

. - envionmentat laws, signed;
P ) andmendlngagmemamsfon

# 7 femeHeavy Metals in Water
/ : _' MTC 1900

.o = . starufards, DOE 'Orders, and.
NN . : nonnsgutatorygutdance As
chanmensﬁwarepmwded

- for each technalogy, specific
regulatory requirements will be.
specified.

 detarminedin b aRCRA-
L hazardous wasts; then the fol-
’ . N ” lowing mdestonesmayapp&y

* Begin the design phasa for the
threa RCRA storage facilities

- for tha 9201-4 D&D project -

- Target Date 10/1/97.
(Milsstons No, OR270127).

Comgists the construction of
the three RCRA storage facili-
ties for the 9201-4 D&D pro-

Joct - Targst Date 6/30/2005:

(Milestone No. OR270128).

Begin the design phase forthe.

the three ACRA storage facill- -

———— Waste Processing

Waste M




agement

Alternatives
i
hermal Treatment

Technologies

- Distillation
WPRO-222-0Y

Ranking:
M-3-0 (<1$M,N)

———— Evaporation
WPRO-223-0Y

Ranking:
H-3-1 ($1M;N)

lological Treatment Biosorption
- WPRO-226-0OY
Ranking:
L-3-5 ($5MN)

’hyﬁal’fman'nent —— Adsorption
m WPR0-202/203-0Y

Ranking:
M-3-2 (82M,N)

— Electrolysis
' l! WPRO-205-0Y

Ranking:
L-3-4 (83M;N)

Status

Domonstm!on

This is an accepted industriat
procass for treating liquids.
Depending upon the contarmi-
nant being removed, the sepa-
ration efficlency can be greater
than 98%. Howaver, the usa of
the procsss to meet site
requiremants will need to be..
demonstrated. Capital and
operaﬁng costs could be high.

Demommﬂon

This Is simildr to'distillation and
is an acceptad industriat-
procass for traating contami-
nated Hquids. Itis'usually used
when the solvent is.of low
value and can be disposed.
Like distillation, the operating:
casts can be high for certain
applicationsi~. - -

Predemonstration: " -

Data in the scientific iterature
suggests that given the right’
conditions, this process should
be able to achigva impressive.

(>95%) treatment efficlencies .

howaver, mast of the informa-
tion Is based on laboratory-
scale data. There isittle pilot
plant or industrial scale data on
the process. )

Predemonstration .
Laboratory studiss indicate -
removal efﬁdendesgreater
than 90% for the remaval of -
radioactive species using varl-
ous adsorblng media. Furthar
davelopment is necesary to -
dsvelop more effectiva adsom-
tion media for the tréatment of
mixed waste contarninated fig-
uids: Davalopmentwould
include for example, scale-up.
studies, development of high
surface area and appropriate”
particle size media for continu-
aus oparations, and tha develk
opmant of appropriate media
for the removal of various cont-
aminants.

Demonstration,

Thae baslic technology Is well
established in industry howsv-
er, its application to meet the
site raquirements naeds to be.
developed and demonstrated.
Removat efficiencies for the
process are in general greater
than 90%.

The use of the technology to
maet the site requirements
needs to be demonstrated.

The use of the technology to
maeet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to devalop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the procsss to develop the
technology to deployment.

ScienceTechnology Needs Implementation Needs

Knowledge of process applica-
tion(s) and funding.

Knowledge of pracess applica-
tion{s) and funding.

The RD&D etfort is estimated
to require $ 1-3 million.

The RD&D effort is estimated
to require $ 1.25 million.

The RD&D effort is estimated
to require $ 1.25 million,
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COntamlnaied Wastewaier

MTC 1900

Cempliancs of Vol, 1 for

" ‘potentially applicable,

proposed, and promulgated

. “environmental faws, signed
. an3pending agreements for
_-the: Oak Ridga Reservation

{ORRY}, radiation protection _
standards, DOE Orders, and
nmregu!atory guidance. As

i determined to be a-RCRA

_ harardous wasts, then the fol-

MWmBestonesmayapply
‘Bajgin the design phase for the

.. thnys RCRA storage facilities

fo the 92014 DAD project -

* Target Datg 10/1/97. -
_(Milestone No. OR270127). .

"kcémplatamecomwonot ’
- the three RCRA storage faciti-

ties for the 82014 D&D pro-

" ject- Targst Data 6/30/2005;
{Milestona No. OR270128).

T Waste Processing — |




ragement

1
Alternatives
J
Physical Treatmant
(cont)

Technologies

Reverse Osmosis
WPRO-206-0Y

Ranking:
M-3-2 ($2M;N}

Ultrafiltration
WPRO-206-0Y !

Ranking:
M-3-3 ($3M:N)

Inorganic Microporous Filters
WPRO0-207-0Y

Ranking:
M-3-8 (35M;N

High Gradient Magnatic
Separations
WPRO-204-0Y

Ranking:
M-3-2 ($2M:N)

" Chemical Treatment Chemical Fixation

WPRO-208-0Y

Ranking:
H-3-2 ($2M;N)

Chemical Reduction
WPRO-209-0Y

Ranking:

Demonstration -
Raverse osmosis Is commar- .
clal technology for treating; .
sireams.. When prop-
erly designed and operated the
technology Is capable of
greater than 93% rejection of
the:salts: Howsver, addiional
RD&D.may.be raquired fo:
develop mambranes that mest
the site specific requirements.

Demonatration

Ultrafiltration is also a mem-
brane separation procass that
is similar to reverse osmosis..
Howaver, it will not ramove low
to intermediate malecular
weight solutes ﬁom me Ilquid
straam.

Predmonwnﬁon .
This Is novs! techinology being..
developed for fitration appllw.«
tions, Some of tha advantagss’.
ofthesaﬁltefsarethatmeym
be used In severe environ--
ments, they can be readily
cleaned i they get fouled, and
they can be re-used indsfinite-
ly. Their separation afﬁuency
can bs 98%+.

Predemonstration.
‘Tha treatment is commercially
avallable for example, for the
“rémoval of trace Impurities from:
kaolin dlays, Removal efficien-
¢les for tho'process are greater .
- than 99%. However, itsuseto
treat rixed waste contaminat-
ed fluids neads addnﬂonal
RD&D .

Predemonstraﬁon o,

This process consists of ﬁxmg o
the contaminants by cheimical-
reaction o that they.can e
remaved by filtration or other
separation techniques. The
process should be capable of
90%+ treatment efficiondies.

Damonmﬂon

This process consists of cheml-
cally reacting the contaminants
with appropriate reagents fo
alter the chemical state of the
contaminants to make theay «
aasler to remove from the fluld..
Treatment efficlendias should-
generally be greater than 95%.

ScienceTechnology Needs

Implementation Needs

The RDAD effort to develop
applicable membranes is estl-
mated to require $ 0.75 million.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development, The RD&D effort to develop
and demonstration (RD&D) on applicable membranes [s esti-
the process to develop the mated to require $ 0.75 milion.
technology to deployment.
Further research, development, The RD&D effort ta develop
and demonstration (RD&D) on inorganic microporous filters is
the process to develop the estimatad to.require § 0.75-1
technology to deployment. milion. The payback s estl-
mated to be $20-25 million
" based on significantly reduced
waste dlsposal costs.
The use of the technology to Demonstration costs are esti-
maest the site requirements mated to be $ 0.5-1 million.
needs to be demonstrated.

Demonstrate the effectiveness The RD&D effort is estimated
of the technology to meet the to require $ 2-5 millon. The

site requirements. payback could be significant.
Further research, development, The RD&D etfort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

fo require $ 1.25-2.5 milllon.
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Cmtamlnated Wastewater
{cont.) .

Heavy Metals in Water
MTC 1900

Waste Mz’

T Relurtothe Regu!atmy
Compliance of Vol. 1 far
potentially applicable,
propiosed, and promuligated.
environmantal laws, signed
and pending-agreements for,
the iDak Ridga Resarvation
(ORRY, radiation protection
standards, DOE Orders, and
nonregulatory guidancs, As
site- and wasts- spacific -
characteristics are provided
for each technology, specific
reguiatory requirements will be
specified. i

I determined to be a RCRA-
hazardous wasts, then the fol-
lowing mﬂegtones may apply.

Begn the dasign phase for the
thre:s RCRA storage fadlities
for tihe 52014 D&D project -
Target Dats 10/1/97.
(Milustone No. OR270127).

T Waste Processing |

Complste the construction of
the thres RCRA storage facill-
ties for the 9201-4 D&D pro-
Ject - Target Date 6/30/2005. -
{Milestone No. OR270128).




nagement

|
Altern%tives
|

Chemical Treatment Chemical Precipitation
(cont.) WPRO-210-OY

Ranking:
E-5-1 (<S1M;N)

Solvent Extraction
WPRO-211/212-0Y

Ranking:
L-3-2 (82M;N)

— lon Exchange
- WPRO-217/218-OY

Ranking:
H-3-2 ($2M;N)

ThemalTreatment Evaporation

WPRO-223-0Y

Ranking:
H-3-1 ($1M;N)

Technologies

Demanstration ..

Pracipitation techm!ogles arg-
faly mature. lron co-precipita-
tion Is prasently being used at
the K-25 Site Central
Neutrallzation Facliity for sepa-
rating radionuclides from the
aqueous wastes. Howaver,
significant development is still
nacessary to mast the Increas-
ingly stringent regulatory fimits
an the wastewater discharges..
For example, precipitation
using potassium ferrate has not
been demonstratad and addi-
tional RD&D Is required to
prave its applicability and per-
formance i freating the waste-
water.

Demonstration .
Continuous.solvent extraction
in countar-current contactors
(e.g., centrifugal contactors) is
demanstrated tochnology for
the separauon of heavy motals
or.organics from aqueous of

. organlcsoluﬁom. Centﬁ(uqal
contactor based procemesfor
the separation and récovery of
radionuciides has been toch-
nology at DOE nuclear pro-.
cessing sitas for over 25 years,
The technology can be applied
to treat and recaver a wide -
range of contaminant coricen-
trations: The advantages of .

the centrifugal contactor based .
_extraction process are its rela~ .

tivaly small siza, smanhok!-up
volume, and rapldsrart upc-

. characteristics. This.technolo~

._ gy when used with ofhier.waste
“\treannemprocassesvmsd
enhance the overali waste®

troatment stategy. Howaver,

the usa of the technology for’
the freatment of salid wastes”
raqunres_additional RD&D

Demonstration .
This is ona of the accepled.
methods used in industry for
treating liquids. Treatment affi-
. clencles canbe greater than
99% depanding upon the appll
cation, the lon exchange:. .
media; and the solutea to be
removed.

Demonstration - .

This s similar to disﬁllauonand
is an accopled industrial-
process for treating contami-
nated liquids. 1t is usually used
when the soivent is of low
value and can be disposed.
Like distillation, the operating
costs can ba high for certain
applications.

m Science/Technology Needs Implementatlon Needs

Demonstrate the effectiveness The demonstraﬂon effortls

of the technology to meet the estimated to require $ 0.4 mil-
site requirements. lion.

Further research, development, The RD&D effort is'estimated
and demonstration (RD&D) on to require § 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

The use of the technology to Devefopment costs are esti-

mest the site requirements
needs to be demonstrated.

mated to ba $ 1.25 million.

The use of the tachnology to
meet the site requirements
needs to be demonstrated.

Knowladge of process applica-
tion{s) and funding.
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Alpha-4
COntamlna:ad Wastewater

PCBs in Water
MTC 1900
MTC 2210

T Refurlothe Regulatory
Compliance of Vol. 1 for - ~
potantially appiicabis,.
progiosed, and promuigated
environmental laws, signed
and pending agreements for
the 1Dak Ridge Reservation

{ORR), radiation protection

standards, DOE Orders, and

for each technology, specific. '
reguiatory requirements will be.

1f determined to be a RCRA-

hazsrdous wasts, then the fol-

lowing milestones mayapply

Begln the design phass forthe
thras RCRA storage facilities.
for the 5201-4 D&D project -
TamjetDate 101197 ..~ -
(Milastone No. OR270127).
Cornplate the constructionof
the three RCRA storage faciil-
ties for tfie 82014 DAD pro-
joct - Target Date 6/30/2005,
(Milastone No. OR270128).

Waste M:

T Waste Processing — |
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nagement

1 ! ! ! v
Alteﬂn.{«.\tives Technologies j Status ScienceTechnology Needs Implementation Needs
| L

Physical Treatmsnt- | Foaming

WPRO-201-0Y

Ranking:
H-2-1 ($1IM;N

Sedimentation
WPRO-201-0OY

H

L Ranking:
H-2-1 (§IM;N

H

Adsorption
WPRO-202/203-0Y

Ranking:
H-2-1 ($1M;N)

Inorganic Microporous Filters
WPRO-207-0Y

Ranking:
M-2-8 ($5M;N)

Chemical Treatment =T Chemical Dechlorination
m WPRO-209-0OY

Ranking: -
M-2-2 ($2M;N}

Demonstration -

This process Is used lo recover
particulates from liquids (e.g.,
agueous streams). Removal-
efficiencles are ganerally
groeater than 90%. The process
ig a variation of filtration In
which chemicals ara added to
the fiquid to create-a feam.

The foam traps the particu-
lates. The foam is then
processed elsswhere to recov-
er the particulates.

Demonatration

Sedimentation Is also a varia-
tion of filtration in which.gravity
{orces ara used 10 remove the
particulates from the fuid.
Removal efficienciss should
genarally be greater than 90%:

Demonstration
Laboratory studies indicata.:
removal efficiencias greater.
.than 90% fO( tha removat of
radloactive species using vari-
ous adsorbing medla. Further
_davelopment 8 necdessary to
develop more effactive adsarp-
tion media for the treatmant of
mixed waste contaminated fiq-
uids. Davelopment would
include for example, scale-up
studies, davelopment of high
surfaca area and appropriate
particle size media for continu-
ous.operations, and the devel-
t of appropriate media

opmen!
for the. nemoval of vaﬁous cont~ °

amlna.nts ¢
‘Domonmtlon .

This Is novel tecmmlogy being-"

" developed for fitration appifca--
tions. .Some of the-advantages
of these filters areihatthay can
be used in sévera.environ-
ments; thay can be readily
claaned if they get fouled, and
they canbe re-used indefinite-
'3 Thelrsaparaﬁon efficiency
can ba 99%+

Domon:traﬁon

This pracess consists of chami-
cally reacting the confaminants
* with appmpﬁate raagenis to
alter the chemical state of the
contaminants to rake them
sasler to remove from the fluld.
Treatment efficlencies should
generally be greater than 85%.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

ard demonstration (AD&D) on
. process to develop the
nnology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further ressarch, development,

and demonstration (RD&D) on
the pracess to develop the
technology to deployment.

Demonstration costs are esti-
mated o require up to $ 1 mil-
lion.

Demeonstration costs are esti-
mated to require up to $ 1 mil-
tion.

The RD&D effort is estimated
to require $ 1.25 milllon.

Tha RD&D effort to develop
Inorganic microporous filters is
estimated to require $ 0.75-1
million. The payback is esti-
mated to bs $20-25 million
based on significantly reduced
waste disposal costs.

The RD&D effort Is estimated
to require $ 1.25-2.5 milfion.
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COntam lnatad Wastewamr

[ PCBs in Water
MTC 1800
MTC 2210

.

T Rel 140] the Regulatory
Compliance of Vol. 1 for
potantially applicabls,.
pro;osed, and promulgated
environmantal laws, signed
and pending agreements for
the Oak Ridge Reservation
(QOFIR}, radiation protection .
standards, DOE Orders, and

for pach technology, specific
regulatory requirements will be
spetified,

If determined 1o be a RCRA-
hazardous wasts, then the fol-
lowing milastones may apply.

Begintbedesignphasa for.tha
- thres RCRA sforaga facilities ~

for the 5201-4 D&D project - .

. Targjet Date 10/4/57.
 (Milestons No. OR270127).

Coritplate the construction ot
the threa RCRA storage facili-

tiss for the 82014 D&B pro- .

Joct - Target Date 6/3072005. °
(Migstone No. OR270128).

Waste Ms¢

T Waste Processmg

B ey
T h e DA

AR




agement

!
|

hemical Treatmant T Solvent Extraction
ont) m WPRO-211/212-0Y

Technologies

Ranking:
M-2-2 ($2MN

Gamma-Radiolysis

m (WPRO-100-0Y}

Ranking:
M-2-5 ($3M;N)

Waet Air Oxidation
(WPRO-215-0Y)

Ranking:
M-2-2 ($2MN

harmal Treatment By | Incinsration
WPRO-108-0OY

Ranking:
E-2-1 ($1M,86/1b)

Demomtmlon co
Continuous solvent extraction
in counter-cumrent contactors
{e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from aqueous or-
organic solutions: Centrifugal
contactor bassd processes for
the saparation and recovery of
radionuclides has besn tech-
nology at DOE nuclsar pro~
cassing siles for over 25 years.
The technology can be applied
to treat and racover a wide'
range of contaminant concen-
trations. . The advantages of
the centrifugal contactor based
extraction process are its rela-
tively smali size; small hold-up
volume, and rapid start-up
characteristics. This technolo~
gy when used with other waste
treatmant processes would
enhanca tha overall waste
treatmant strategy. Howavar,
the uss of the techriclogy for.
the traatment of salid wastes
requires additiofial RD&D.

Evolving Technology-

The radiolytic destruction of
halogenated and aromatic-
compounds at the laboratary
scala is well documented.
However, its application en an
industrial scale needs addition-
al RD&D. The process.iscapa~
bleof high' (>90%rdestrucﬁqa
efﬁdendes for organ!es, -

Predemonistration .

The process s commardaﬂy
availabis. .itis capable of. ’
greater than 98+% dastruction
of soms arganics howaver, it
may not be able to complately
dastroy cartainrefractory,
organics such as halogenated..
aromatics (e.g.,.PCB}.
Processing costs ara llkely to
be high,

The EPA conslders [ncineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics,
Incineration can achleve DREs
greater than 89.893% for car-
tain-organics. However, addi-
tional RD&D on several
aspects of incineration is still
required.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the radiolyt-
ic decomposition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolytic by products.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

ScienceTechnology Needs lmplementatlon Needs

The RD&D effortis est!mated
to require $ 1-2.5 milllon. The
payback could be significant.

The RD&D effort Is estimated
to raguire $ 1.25-2.5 million.

The development effort is esti-
mated to require approximately
$ 1 million.

Knowfadge of process éppﬂca-
tion, funding, and regulatory

For example, the K-25 Site
TSCA Incineratoris a 30
MMBtwh unit that Is permiited
to destroy low-lave! radioactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of § 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1993 destruction costs at
the incinerator are estimated to
be $ 6 per pound of waste
incinerated.
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PCBs in Water
MTC 1900
MTC 2210

Volatile Organic Compounds
in Water

MTC 1900

MTC 2220

_Refar to the Regulatory

Rafor to the Regulatory-
Coraphiance of Vol. 1 for
potentially applicable,
propiosed, and promuigated
environmental laws, signed *
and pending agresments for -

‘the Oak Ridge Ressrvation
(OFR), radiation protection .
stardards, DOE Orders, and
nonregulatory guidance. As
site- and waste- specific
charactsristics are providad
for nach technology, spedific.
reguiatory requirements will be

- spatified.

if dutermined to be a RCRA-

hazardous wasts, then the fol-
lowing milestones may apply.

Bagin the design phase for the
thres RCRA storage facilitios
for tha 92014 D&D projoct -
Tanjet Dats 10/1/97. .
(Milestona No. OR270127). -

Cornplste the construction of -

' Waste Processing

the thres ACRA storage facill- -

tias for the 9201-4 D&D pro-
joct - Target Data 6/30/2005.
(Milestona No. 0R279128)‘.-

" Cosnpllance of Vol. 1 for

. potontially applicable,
proposed; and promuligated
environmental faws, signed -
and pending agreemsnts for
the Oak Ridge Reservation

. (OFIRY), radiation protection
stardards, DOE Orders, and
nonregutatory guldance. As
site- and waste- specific

- characteristics are provided
forzach technology, specific

* regulatory requirements will be
spacified. ’

Waste Processing

IS AN

Nadr oL, T



nagement

1
Alternahves Technologles ; “ Science Technology Needs Implementahon Needs
|

Thermat Tma!ment ‘ Distillation

(cont.)

Blological Treatment

Physical Treatmant

WPRO-222-0Y

Ranking:
H-2-2 ($2M;N)

™ Catalytic Destruction
. WPRO-103-0Y

Ranking:
L-2-3 ($3M;N)

Aerobic Digestion
WPRO-224-0Y

Ranking:
M-4-3 ($2M;N)

Anaerobic Digestion
WPRO-225-0Y

Ranking:
M-2-3 ($3M;N)

Microbial Dechlorination

WPRO-227-OY

Ranking:
L-2-5 ($5M;N)

[ Air Sparging
WPRO-200-0Y

Ranking:
M-4-1 ($§0.5M;N)

Domomtnﬂon

This is an accepted industrial-
process for treating fiquids.
Depending upon the contami-
nant being removed, the sepa-
ration efficiency can be greater
than 99%. Howsver, the use of
the process to'meet site; -
requlmmants will nsed taba
demonstrated. Capital and ..
operating costs could be high.

Demonstration

This technology has been
demonstrated to be effective
{DRE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
us8 {o remove-and destroy.the
organics from solids needs
additional RD&D.

Pmdomomuauon

This fs a promising technology
for dastroying hazardous
organics. Under tha right con-
ditions; this procsss shauld be
able to achleve greaterman
89% dastruction of the.organ-
ics. Additional RD&D is need-
od to determine the applicabiii-
ty ot the procass fo meet the
site requirements.

Prodamonstration

This is a promising | technology
for destroying hazardous.
organics,” Under the right can-
ditlons; this process should bé
abla to achieve greater than
99% destruction of the organ-
ics. Additional AD&D is need-
edto datermlne the applicabii-
ty of the process to mestthe
site roequirements.

Prodemonstration. | .

This process is at an early
stage of development.. Based
on the avaifable informatiom, it
appears the process should be
able to achieve destruction effi-
ciencles greater than 80%.

Accepted

This Is an acceptabls industrial
process with remaval efficlen-
cias inthe S04%

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
neads to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

Knowledge of pmcess applica-
tion(s) and funding.

The RD&D effort is estimated
to require $ 0.75-1.5 million.

The RDA&D effort s estimated
{o require $ 1-2 million to mest
site, specific needs.

The RD&D effort is estimated
to require $ 1.5-2 miliion to fur-
ther develop.the process to
meet the site neads.

The RD&D effort Is estimated
to require $ 5-10 million. The
payback could be significant,

The implementation needs will
be determined by the site
requirements.

September 1994
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[~ Volatle Organic Compounds
in Water

MTC 1900

MTC 2220

COntam!nated Wastewaler

Rufar to the Regulatory-
Compliance of Vol. 1 for
pedsntially applicable,
praposed, and promulgated
ernvironmental laws, signed
ard pending agreements for
tho Oak Ridge Resesvation
(GRR), radiation protection’
standards, DOE Orders, and
nonregulatory guidancs, As,
site~ and wasts- specific
characteristics are provided
for each technology, specific.
rejulatory requirements will be
specified. - .

if cletermined to be a RCRA-
hazardous wasts, then the fol-
loviing milestones may apply.

Begin the design phase for the
thrse RCRA storage facilitios
for the 9201-4 D&D project -
Taget Dale 1V197.
(Milestons No. OR270127).

" Complete the construction of

tha three RCRA storage facill-
tieti for the §201-4 D&D pro-
Ject - Targst Date 6/30/2005.
{Milestone No. OR270128).

Waste M

" Y-12 Site Problem Prablem AreaConstituents ference Requwements Subelements

T Waste Processing

i
|
!
|
|
%



ragement

Alternatlves

Technologies

Physical Treatmant Adsorption

{cont.) WPRO0-202/203-0OY
Ranking:
M-3-1 ($IM;N)

Chemical Treatment T Solvent Extraction
m WPRO-211/212-0Y

Ranking:
M-3-2 (82M;N)

Stripping
WPRO-213-0Y

Ranking:
M-4-2 ($2M;N)

Status

Laboratory studles indicate
removal efficiencies greater
than 90% for the ramoval of
radioactiva species using vari-
ous adsorbing media,. Further
dsvelopment Is necessary.to
develop more eftactive adsomp-
tion media for the treatment of
mixed waste contaminated lig-
ulds. Davelopment would
include for example, scale-up
studies, development of high
surface area and.appropriate.
particle size medla for continu-

ous operations, and the devel-
cpment of appropriate media
for the ramoval of various cont-
aminants.

Demonstration -
Continuous solvent extraction .
in counter-wrrenteomactms

the separation of haavymetals
or ofganics from.agqueous or
organic solutions. Gentrifugal .
contactor based processes for
the separation and recovery of
radionuclidas has been tech-
nclogy at DOE nuclear pro-
cassing sites for aver 25 years,
The tachnology can be applied
to treat and recaver a wids
range of contaminant concen-
trations. The advantagss of
the centrifugal contactor based
extraction process are its rala-
tively small size, small hold-up
voluma, and rapid start-up

characteristics. This tachnoio-

gy when used with other waste
treatment processes would
enhance the ovarall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes ..
requires additional AD&D.

Demonstration

This is an accepted tachnalogy
in industry with removal effi-
clencies greater than 98% how-
ever, each application requires
additional RD&D'to determine
optimum leachant composition
and process conditions.

Science Technology Needs

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration {(RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Implementation Needs

The RD&D effort is estimated
to require $ 1.25 milfion.

The RD&D effortis estimated
to requlre $ 1-2.5 million. The
payback could be significant.

Demonstrate tha effectiveness
of tha technology o meet the
site requirements.

Page 5-31



* Cleanup Legacy

« Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination
and
Decommissioning
(D&D)

Soils, Groundwater
and Surface
Water—Remedial
Action (RA)

Waste Management
(WM)

Page 5-32

COntamina:ed Wastewatar

[~ Volatile Organic Compounds
in Water

MTC 1900

MTC 2220

Waste M{

EM Goals Y-12 Site Problem Problem Area Constituents ference Requirements Subelements

T Roferto the Regulatory
Compliance of Vol. 1 for
petentially applicabie, -
proposed, and promulgatad
ervironmental laws, signed
ard pending agresments for -

T Waste Processing

- the Oak Ridge Reservation -

(CRRY}, radiation protection
stindards, DOE Orders, and
nenregulatory guidance. As
site- and waste- specific

‘characteristics are pmvided

forr each technology, specific

. tezulatory-requirements will be
scified. ) .

sp
If determined to be a RCRA-

‘hazardous wasts, then the fol-

lowing milestones may apply:

Begin the design phase for the -
thres RCRA storage facilities .

“for-the 9201-4 D&D project -
- Target Date 10/1/97.

(Milestons No. OR270127).

ccmp&ate mecomuucﬁon of
the three RCRA storage facill
ties for the 9201-4 D&D pro-
Ject - Target Date 6/30/2005.
(Mnlestune No. OR270128)..
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r\agement

Alterha]tives

Chemical Treatment r Ozonation-Photolysis
{cont) WPRO-214-0Y

Ranking:
L-3-3 ($3M;N)

Wet Air Oxidation
WPRO-215-0Y

Ranking:
M-3-2 ($2M;N)

Thermal Treatment Incineration

2] wPRO-108-0Y

Ranking:
H-3-1 ($1M;$6/1b)

Themnal Desorption
WPRO-106-0Y

Ranking:
M-2-2 ($1M, $1/1b)

Technologies

Demaonstration.~
Thisprocass can ba very use-
tul in destroying organics
(especially refractory organics)
inwater. DRES for the procass
can be greatar than 90+%.
Even though some organics
are easily desiroyed by the
process, they are raraly com-
pletely oxdized and may be .
converted fo other hazardous
species.. To ba successful, a
thorough knowladgs of the
wasta to be treated is essential.
The process Is comparatively
expensive forthe treatment of
organics.

Demonstration-

The process is'commarcially
avallable. {tis capable of
greater than 89+% destruction
of soms organics hawever, it
may not bs able to complately.
dsstroy cartaln refractory
organics such.as halogenated
aromatics (e.g:, PCB).
Processing oos&a.re likely to
be high, .- .

Aceoptod coo

‘The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incinaratiorr can achigve DRES
greater-than 99.839% for csr-
tain organics:, Howaver, addi-
tional RD&Don several ~
aspects of incineration is still
requlrad. o

Accepled :

‘This technology has been used
by industry to remaove and
recover volatiles form contami-
nated media such as soils. The
processis claimed to have a.
>99% removal efﬁc!ency for.
recovering volatile organic”
compounds (VOCs) from sofl,
The application of tha process:
to traat other cortaminated
madla (such'as concrate rub-
ble) neads to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Demonstrate the effectiveness
of the technology to mest the
site requirements.

Though an accepted tachnolo-

gy, the use of the technology to

meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

| :
i Status ScienceTechnology Needs Implementation Needs

The RD&D effort is estimated
to require $ 1-2 million to meet
site specific needs.

The development effort is esti-
mated fo require approximately
$ 1 milfion,

Kriowledgs of process applica-
tion, funding, and regulatory

approval.

For example, the K-25 Site
TSCA Inclnerator is a 30
MMBtuw/h unit that is permitted
1o destroy low-level radioactive-
ly cantaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1993 dsstruction costs at
the incinerator are estimated to
be $ 6 per pound of waste
incinerated.

Knowledge of process applica-
tion, funding, and regulatory
approval.
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Contaminated Wastewalet

T Volatile Organic Compounds
in Water

MTC 1900

MTC 2220

Refur to the Regulatory -
Compifance of Vel. 1 for.
potentially applicabls,
propiosed, and promulgated
environmental laws, signed

" and pending agreements for

the 1Dak Ridge Reservation
{OHR), radiation protection
standards, DOE Orders, and
nonregulatory guidance: As .

' site- and wasts- specific

characteristics are provided
for each technology, spacific
regtiatory requirements will be
speciﬁad. ’

If determined to be a RCRA-
hazirdous wasts, then the fol-

" lowing milestones may apply.

Bagin tha design phase forthe -
‘thres RCRA storage fadilitios

for the 9201-4 D&D project -
Target Date 10/1/97.
{Milostons No. OR270127).

Comrpleta the construction of
the three RCRA storage facill-
tles for the 6201-4 DAD pro-
ject~ Target Date 6/30/2005.

* (Milestone No. OR270128).

Waste Mf

T Waste Processlng




ragement

[

Altern
|

gﬁves
|

Technologles m ScienceTechnology Needs lmplemenlatlon Needs

Thermal Treatmsant T Molten Salt Oxidation

{cont)

L

WPRO-113-0Y

Ranking:
M-3-2 ($2M;N)

Chem Char Process

WPRO-114-0Y

Ranking:
L-3-7 ($5M;N}

Steam Stripping

WPRO-221-0Y

Ranking:
H-3-1 ($1M;N)

= Distillation

WPRO-222-0Y

Ranking:
H-3-1 ($1IM;N)

Evaporation

WPRO-223-0Y

Ranking:

Catalytic Destruction

WPRO-108-QY

Ranking:
L-3-3 ($3M;N)

This is not a new process how'
evar, its application for treating.
hazardous and radioactive con-
taminants has notbesn
demanstrated. - One advantage
of the process is that the
procass and equipment is
transportahle (as opposed to a
fixed treatment facility} and can
be located near the wasts site.,
The process should be capable
of dastroymg organics with a
>89% efficlency. -

Additional RD&D (srequzred to
fully develop the process to
treat mixed.wastes:

Prodemonstration

This Is a developmental tach-
nology based on coal char
gasification. The'processs.
claimed to achlsve near total
destruction of the arganics and
produces an inert char residue’
that contains the nen-volatile
toxic metals-and radionuclides.
This char rasidua can efther be-
vitrified 16 yleld a glassy sfag or
Immebilized in cament:

Damonstration

This s an accepted lndustna}
process that can remova:
volatila organics with>99+%
efficiency especially from cont-
aminated aqueous streams: -
Tha application of the process
to satisfactorily remove haz- .-
ardous and radloachvaspedes
needsm be demons(razad

Demcnstraﬂon :,5' v

This s an'accepted Industrial

process fortreating liquids.
Depending upen the contamil-
nant being removed, the sepa- -
ratich efficlency can be greater-
than 93%. However, the use of
the processto meetsite -
requirements will nood to be
demonstrated. Capitaland
operaﬂng costs'could be high.™

Demonamtlon

This Is similar to distifation and
is an accepted industral '
procass for treating contami--
nated liquids. 1t fs'usually used’
when the solvent s of low
value and can be disposed.-
Like distiltation, the operating
costs can be high'for certain
applications.

Demonstration.

This technology has besn
demonstrated to be effective-
{DRE>994+%) for the destruc-
tion of liquid and gassous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to davelop the
technology to deployment.

The RD&D effort is estimated
to require $ 1.4 million fora 3
year development effort.

The RD&D effort is estimated
to require $ 0:75-1.5 milllon.

The RD&D effort Is estimated
to require $ 1-2 million to mest
site specific needs.

Knowledge of process applica-
tion{sy and funding.

Knowledgs of procass applica-
tion{s} and funding.

The RD&D effort is estimated
to require $ 1-2 million to meset
site specific needs.
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lnaied Wastewatar.

. Volatile QOrganic Compounds
in Water

MTC 1900

MTC 2220

Semi-Volatile Organics

in Water
MTC 1900
MTC 2220

——Relxtothe Rogolatory -
 Cornpliance of Vol. 1 for

. (lastone No: ORZTON 27,

i (wm No.O'RZ?OiZS)

Waste Mi

Refut unhe Remxlabry
Compliamaof VoL 1. -

=7 Waste Processmg

b

Waste Processing

I distorined 1o bé.a RCAA-
hazardous waste, then the fol-
lowing miestones may apply.

Begin mmmmm
three RCRA storage faciities
for the 92014 DEDproject -
Target Date 101/97..-

mrﬂebhwmnoi
the' thres RCAA storage facill-
ties for the 52014 D&D pro- b
ject< Target Dads 6/30/2005.
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Alternahves

[
; Status ScienceTechnology Needs Implementation Needs

Technologies

Blological Traatmem T aam  Aerobic Digestion Prodemonstration: The use of the technology to The RD&D effort Is estimated
WPRO-224-0Y This is a promising technology meet the site requirements to require $ 1-2 million to meet
for destroying hazardous needs to be demonstrated. sits spacific needs.
Ranking: organics. Under.the right con-
L-3-2 ($2M;N) ditions, this process should be
able to achisve greater than
99% destruction of the organ-
ics. Additional. RD&D I8 noed-
ed to determine the applicabili-
ty of the process to mast the
site requirements:
Physical Treatment T Foaming Demonstration: The use of the technology to Demonstration costs are esti-
WPRO-201-OY This process Is used to recover meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. fion.

Ranking:
H-3-1 ($1M;N)

Sedimantation
al  wPRO-201-0Y

Ranking:
H-3-1 ($1M;N)

—— Reverse Osmosis
m WPRO-206-0Y

Ranking:
M-3-2 ($2M;N)

"~ Ultrafiltration
. WPRO-206-0Y

Ranking:
L-3-3 (83M;N)

Adsorption
WPRO-202/203-0Y

Ranking:
L-4-2 ($IM;N)

particutates from liquids-(e.g.,
aqueous streams), Removal
efficiencles are generally
greater than 50%. The process
is a variation of filtration in

- which chemicals ara-added to

thé liquid fo cfeats a foam.
Thsfoamu'apsmepaxﬁw-
lates. Tha foam Is then -
processéd elsswhere 1o recov--
ermepanicxﬁates.

Demonsn-aﬂon .
Sedimantation is also avaria- ©
tion of filtration in which gravity
forces are used to remova the
particulates from ths fluid.
Removal efficiencias should
generally be greater than 90%.

Demonstration

Reverse osmosis iS commer-
¢iat tachnology for treating
aqueous streams:_ When prop-

erlydes!gnedandopemtedtha:

technology is capable of
greater than 89% rejection of

the salis:. Hawever, addifonal |
"RD&D may be required to_

develop membranes that mast-
the sita specific mqwremams

Dcmonsmﬂcn : .
Ultrafiltration is also a mem-
brans separation process that
is similar to reverse asmosls.
Howsver, it will not remove low
to intermediate molecular: .
welght solutes from the liquid.
stream:

Predemonstration .
Lahoratory studies indcate
removal efficiencies greater.
than 90% for the remaval of. -
radioactiva species using varl-
aus adsorbing media.. Further
davsiopment Is necessary to

develop moro effective adsomp- -

tion media for the treatment of
mixed waste contaminated liq-
uids. Development would
include for example, scale-up
studias, devslopment of high
surface area and appropriate’
particie size media for continu-
ous opsrations, and the devel-
opment of appropriate media
for the removal of various cont-
aminants,

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstration costs are esti-
mated to require up to $ 1 mil-
fion.

The RD&D effort to davelop
applicable membranes Is esti-
mated to require $ 0.75 million.

. The RD&D effort to develop

applicable membranes Is esti-
mated to require $ 0.75 million.

The RD&D effort is estimated
to regquire $ 1.25 million.
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T Semi-Volatile Organics

COmamInated Wastewater in Water

MTC 1900
MTC 2220

T Refertothe Regulatory
Complianca of Vol. 1 for
potentially applicabla,

. propased, and promulgated

environmental laws, signed
and pending agreements for-

nonnagulatory guidanca. As
site- and waste- specific
chanicteristics are provided
for each technology, specific
regulatory raquirements will be
specified. -

If determined to be a RCRA-
hazardous wasts, theri the fol-
lowing milestones may apply.

Begin the design phase for the
threa RCRA storage facilities
for the 9201-4 D&D project -
Targat Dats 10/1/97.
(Mﬂastone No. 0R270127)

Complste the constmcﬁon of
thé three RCRA storage facili-
tles for the §201-4.-D&D pro--
joct - Target Date 6/30/2005.
(Milez:mne No. OR270128)

Waste Mq’

EM Goals Y-12 Site Problem Problem Area/Constituents E Subelements |

T Waste Processmg




1agement

Technologies

1
Alternfa{ives
|
>hemical Treatment T Ozonation-Photolysis
WPRO-214-0Y

Ranking:
L-3-3 ($GM.,N)

Solvent Extraction
m WPRO-211/212-0Y

Ranking:
M-3-2 ($2M;N)

Wet Air Oxidation
WPRO-215-0Y

Ranking:
M-3-2 (2M,N)

Gamma-Radiolysis
WPRO-100-0Y

Ranking:
M-3-5 ($3M;N)

Demonstration

This process can be very:use-
tut in dastroying organics:
(especially refractory organics)
in water. DREs for the process
can be greatsr than 80+%.
Even though somsa organics
are easily destroyed by the
process, they are rarely com-
pletely oxidized and may be
converted to other hazardous
species. To ba succassful, a
thorough knowledge of the
wasts to be treated is essential.
The process.ls comparatively
expensive for the treatment of
organics.

Demonstration

Continuous solvent extraction
in counter-current contactors
(e-g., contrifugal contactors} is
demonstrated technology for .
the separation of heavy metals
or organics from aqueous of
organic solutions. Centrifugal
contactor based processes for

* the separation and recovery of

radienuclides has besn tech-
nology at DOEnuciear pro-
cassing sites for aver 25'years.
The technology can be applied
to treat and recover a wids
range of contaminant concen-
trations. -The advantagas of
the centrifugal contactor based
extraction process are its rela-
tively smat size, smalt hold-up -
volume, and.ranid start-up-
characteristics. This technolo~
gy.when used with cther waste
treatmant procssses. would -
enhance.the overall waste

. treatment strategy. Howaver,

the usa of the technology for
tha treatment of solid wastes

. requires additional RD&D:

Predemonstration -

The process is commercially
available. itis capable of
greater than 89+% dastruction
of some organics howsvar, it-
may not be able to completely
destroy certaln refractory
organics such as halogenated
aromatics {e.g., PCB}.
Processing costs are likely to
be high,

Evolving Technology
The.radlolytic dastruction of

"halogenated and aromatic

compounds at the laboratory
scale is well documented.-
Hovrever, its applicationon an
industrial scale neads addition-
al RD&D. The process is capa-
bla of high {>90%) dastruction
efficiencies for organics.

The use of the technology to
maet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issuss to be
resolved are the complete
characterization of the radiolyt-
ic decompaosition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radialytic by products.

m ScienceTechnology Needs Implementation Needs

The RD&D e’ffoms estimated
to require $ 1-2 million to mest
sits specific needs.

The RD&D effort is estimated
to require $ 1-2.5 million. The
payback could be significant.

The devslopment effort is esti-
mated to require approximately
$ 1 million.

The RD&D effort Is estimated
to require § 1.25-2.5 milllon.
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COntamInated Wastewater

[ Semi-Volatile Organics
in Water

MTC 1900

MTC 2220

Waste Ma

Y-12 Site Problem Problem Area Constituents’ E Subelements |

T Refertothe Regulamty -7 T Waste Processing
Compliance of Vol..1 for.
potentially applicable,
proposed, and promuigatad
environmental laws; signed’
and pending agresments for
the Qak Ridge Ressivation
(ORR), radiation protaction. .
staniards, DOE Ordexs, and
nonnagulatory guidance. As’
site- and waste- specific
characteristics are provided -
for each technology; specific’
regu’aiofy mquumuswl be-

It deuermfned tobea RCRA-
hazardous waste, then the fol-
lowing mﬂestones m:y apply

Begmthedasign phnshcthe

thret RCRA storaga facikties t
for the 9201-4 D&Dprolect -

Targst Date 10/1/97.: .

{Milestone No,oazmzz)

comp!etsthe consuwinnof

the three RCHA storage facll-
ties for the 92014 DAD fro~ ~
Ject - Target Date 630/2005.-
(Milestone No. ORZ201 2%}

i




xagement

!
Alterna:tives
|

Thermal Treatment L Incineration
WPRO-108-0Y

Rarnking:
H-3-1 ($1M,;$6/1b)

Chem Char Process
WPRO-114-0Y

Ranking:
L-3-7 (85M;N)

Molten Salt Oxidation
m WPRO-113-0Y

Ranking:
M-3-2 ($2M;N)

Steam Stripping

m WPRO-221-0Y
Ranking:

H-3-1 (SIM:N)

Catalytic Destruction
WPRO-109-0Y

Ranking:
L-3-3 ($3M;N)

Technologies

The EPA eomiders Incineration
10 be the best demonstrated
available technalogy (BDAT)
for the destruction of organics.
Inciparation can achlave DRES
greater than 99.999% for car-
tain organics. However, addi-
tional RD&D on saveral.
aspecis of incineration is still
required..

Predemonstration

This is a davelopmental tech-
nology basad on coa char .
gastfication. The procass is
claimed to achieve near total
destructioryof the organics and
produces an inert char rasidue
that contains the non-volatila
toxic metals.and radionuciides.
This charresidits canvefther be.
vitrified o yield aglassy siag or

“Immobifized in cament.

Demonstration

This Is not a new process how-
ever, its application for treating
hazardous and radicactive con-
taminants has not been
demonstrated. Ona advantage
of the process is that tha -
process and equipment is
transportabls (as oppasedto a
fixed treatment facility) and can
be located near the waste site.
The process should be capable
of destroying organics with &
>99% efficlency.. |
Additional RD&Disrequxred to
fully devslop the process to
treat mixed wastes:

Demonstration :

This Is an accepted industrial
process that can remove
volatils organics with >89+%
sfficiancy espacially from cont-
aminated aqueous streams.
‘The application of the process
to satisfactorily remove haz-

ardous and radioactive species-

neods to be demonstrated.

Predemonstration

This technofogy has besn
demonstrated to be effective
(DRE>894+%) for the destruc-
tian of fiquid and gaseous
organic wastes. Howevaer, its
use to remove and dsstroy the
organics from solids needs
additional RD&D.

|
Science Technology Needs Implementatlon Needs
|

Though an accepted technalo-
gy, the use of the technology to
mget the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the procsss to develop the
technology to deployment.

Demonstrate the effectivensss
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Knowledge of process applica-
tion, tunding, and regulatory
approval,

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtwh unit that is permitted
to dsstroy low-level radicactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 mitlion (1887 dol-
lars), Obtaining regulatory
approval for the TSCA
Incinarator fook aver 8 years,
The 1883 destruction costs at
the incineratorare estimated to
be $ 6 per pound of waste
incineratad.

The RD&D effort is estimated
to require $ 0.75-1.5 million.

The RDA&D effort is estimated
to require $ 1.4 million fora 3
year development effort.

The RD&D effort Is estimated
to require § 1-2 million to mest
site specific needs.

The RD&D effort is estimated
to require $ 0.75-1.5 milllon.
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[ Mercury in Water T Rafertothe Regtilatory " Waste Processing — |
« Cleanup Legacy Contamlnated wmewatm MTC 1800 Compliance of Vol. 1 for .
. 3 R potentially applicable,

Prevent Future o ) pregosed, and promulgated

Insult - environmantal laws, signed
. X ami pending agresmants for

Develop the.Oak Ridgs Reservation -
Environmental SRR g’aﬁﬁ)- “adggf’é‘gwgd |

. ’ "da‘dsv S, N

Stewardship nonvegulatory guidance. As '
site and waste- spacific.
chiwracteristics are provided
T . for each technology, specific :
AT regulatory requirements will be ;
o specified: :

If determined to be a RCRA-
hazardous waste, then tha fol-

EM Problem o fowing milestones may apply.

Be(nnmadasignphase forthe
‘ theue RCRA storage facilities
Facilities— SRR for the 9201-4 D&D projoct -
. s L Target Date 10/1/97.
Decontamination ' -
FR i
and e ) o : {Miestone No. 08270127)
Decommissioning S Coinplete the construction of
{D&D) , S the threa RCRA storage facill-

LEEET tles for the 9201-4 D&D pro- ~
- joct - Targst Date 6/30/2005.
{Miestone No. OR270128).

Soils, Groundwater
and Surface
Water—Remedial ‘ e
Action (RA) s I

Waste Management
(WM)

September 1994
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agement

1
Altern;alives

Technologiés

|
*hysical Treatment T

hemical Treatment . 1.
M

Sedimentation
WPRO-201-OY

Ranking:
H-5-1 ($1M;N)

Filtration
WPRO-201-0OY

Ranking:
M-5-1 ($1M;N)

Inorganic Microporaus Filters

WPRO-207-0Y

Ranking:
L-5-8 (§5M;N)

Adsorptlon
WPRO-202/203-0Y

Ranking:
H-5-1 ($§1M;N)

— Electrolysis
WPRO-205-0Y

Ranking:
M-5-2 ($2M;N)

lon Exchange
WPRO-217/218-0Y

Ranking:
M-5-2 ($2M;N)

Detmonstration.
Sedimentation Is also a varia-
tion of filtration in which gravity.
farces are used to remove the
particulates from the fluid.
Removal efficiancles shoukd
generally. be greater than 80%.

Demonstration*

This is an acceptad process for
separating salids from fluids.
The process.can achisve
removal efficiencles greater
than 99%.. The use'of the
process to moet the site
requirements will howaver,
need to be damonstrated.

Predemonstration.

This is nove! technology being
daveloped for filtration applica-
tiong:. Some of the advantages
of these filters-are that they can
be used in severa environ-
ments, they can be readily .~
cieaned if they get fouled, and
they can be re-used indefinits-
ly. Thelrseparation efficiency
can be 93%+.

Predemonstration-
Laboratory studies indicate
removal sfficiencles greater
than 90% for tha removal of
radioactive spedes using vari-
ous adsorbing media. Further
development is necessary to
davelop more effective adsorp-
tion madia for the treatment of
mixed waste contaminated lig-
uids. Devalopment would -
includa for examp!e,sca!e—up
studlas, davebpmem athigh-
surface area and appropriaté:
particie size media fér.continu-
ous operations; and the devel-
opment of appropriats media
for the remaval of various oonf~
aminants, .

Demonstration/ .

The basic tschnology is well
established Iy industry howev-
or;. its application to mset the
sits requirements.needs o be
daveloped and demonstrated.
Removal efficlencies for the
process are in general greater
than 90%. .

Demonstration "

This{s ona of the

methods used In industry for
treating liquids. Treatment effi-
clencies can be greatsr than
99% depending upon the appli-
cation, ths fon exchange
media, and the solutes to be
removed.

The use of the tachnology to
mest the site requirements
needs to be demonstrated.

The use of the technology to
maet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to devalop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

| ‘
i Status . ScienceTechnology Needs Implementation Needs
I
|

Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

Demaonstration costs are estl-
mated {0 require up to $ 1 mil-
lion,

The RD&D effort to develop
inorganic microporous filters is
astimated to require $ 0.75-1
million. The payback Is esti-
mated to be $20-25 milfion
based on significantly reduced
waste disposal costs.

The RDA&D effort is estimated
to require $ 1.25 million.

The RD&D effort is estimated
to require $ 1.25 miliion.

Development costs are estl-
mated to be $ 1.25 million.
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COntemtnazed Wastewater

Alpha-4

' Contaminated Of

=" Mercury in Water

MTC 1900

RAD in Oil

MTGC 2220

T HRelertothe Regulatory
Compliance of Vol. 1..

T Waste Processing

Rafer to the Regulatory- -

Compliancs of Vol:1 for -

poentially applicable; -

propesed, and promulgated

- environmental laws, signed
and pending agreemsents for - -
. therOak Ridge Resarvation

- (Oam,mdimionmmm
standards, DOE Ordevs, and

noreguiatory guidance. As

- sito- and waste- specific .

~ characteristics are provided

for each technology, specific.

ramlatory requkamentswi be-

spocified.” -

ltce{ennimdtobeaRCRA- C ¢
hatardods waste, then the fol- .
lowing milestones may appty.

Bogin the design phass for the. !
theee RCRA storage faciliies ‘
for the 92014 D&D project - :
Tawget Date 104872~ . '
(Mlestane No: ORZZ0127). )

Waste Processing

cornpletswaccnsuucﬁonoi N

the three RCRA storage facili- .
ties for the 92014 D&D pro- . !
ject- Tamewamarawzoos . :
(mesmnsNo“OWZG) ]




xagement

Alternatlves

Technologies

Shemical Treatmant — . _____ Chemical Fixation
cont} m WPRO-208-0Y
Ranking:
M-5-2 ($2M;N)

Physical Treatment ——— 1 Centrifugation

Ial

WPRO-201-0Y

Ranking:
H-3-1($1M;N)

Filtration
WPRO-201-0Y

Ranking:
H-3-1 ($1M;N)

Foaming
WPRO-201-0Y

Ranking:
M-3-1 (§IM;N)

Inorganic Microporous Filters
WPRO-207-0Y

Ranking:
L-3-8 ($5M;N)

High Gradient Magnetic
Separations
WPRO-204-0Y

Ranking:
M-3-2 ($2M;N)

Demonstration.

This process consists of ﬁxmg
the contaminants by chemical:
reaction so that they can be
removed by filtration or other
saparation techniques. The
process should be.capable of
0%+ treatment efficiencies.

Demonstration o

This process is avaﬂaﬁon of fil-
tration operations in which con-
trifugal action is used to sepa-
rate the heavier componsnis
from the fighter fluid. Remaval.
efficiencies are genafa.lly
gtaatar than 854%..°

Damnsmﬁon ’
Thisls anaccepted pmcea for
separating solids from fluids.
The procass éan‘achlgve.-
removal efficlencies greater
than 88%. Thaussofthe:
process to mest the' site -~
requirements will however;
need to be demonstrated.

Demonstration .

This procass is used to recover.
particulates from fiquids {e.g.,
aqueous straams).- Removal
afﬁcianaesareganemny
greater than 80%:. The process
is.avariation of filtrationin_ .
which chemicals are.agded to.
the liquid to creata afoam
Thofoamtrapstheparﬂw
lates: The foam isthén ¢

. proeessadelsewhammmeov--‘

eﬂhe

_This is novel mcmwxogi;bexng :

dsveloped for fitration applica-"

tions. Some of the advantages-

of these fitters are that they can
be used in severa environ--
ments, they.can be readily> ;

cleaned if they get fouled, and .

they'can bs re-used Indefinita~
ly.. Thelr separation efﬂdency
can be 99%+ .

Demonstratlon v
Tha treatment is commerdaﬂy

available for example, forthe -

removal of trace Impurities from
kaolin clays: Removal afficien-
cles for the process are greater
than 98%. However, itsuseto’
treat mixed waste contaminat.
od fluids needs additional
RD&D,

Demonstrate the effectiveness
of the technology to mest the
site requirements.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

!
Science:Technology Needs lmplementatlon Needs

The RD&D effortis estimated
to require $ 2-5 miflion. The
payback could be significant.

Demonstratian costs are esti-
mated to require up ta $ 1 mil-
lion.

Damonstration costs are esti-
matedtorequlrauptoSi mil-
lion.

Demonstration costs are esti-
mated to requireup to $ 1 mill-
lion.

The RD&D sffort to develop
inorganic microporous filters is
estimated to requira $ 0.75-1
million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

Demanstration costs are estl-
mated to be $ 0.5-1 million.
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s

Rafarto the Regulamry
Cornpliance of Vol. 1 for
potontially applicabls, -
projased, and promulgated
environmental laws, signed

and pending agreements for -

the Oak Ridge Rsssrvation
{OFIRY), radiation protection

standards, DOE.Orders, and .

nonregulatory guidance. As
site- and waste- specific
charactaristics ars provided
for sach technology, specific
regtilatory requirements will be

If dotermined to be a RCRA-
hazardous wasts, then the fol-
lowing milestones may apply.

Bagin the design phase for the
thres RCRA storage facilities
for the 92014 D&D project -
Tamet Date 1041/97.
(Milastone No. OR270127).

Comiplate the construction of
the threa RCRA storage facill-
ties for the 9201-4 D&D pro-
ject- Target Date 8/30/2005.
{Milostone No. 0R270128)

Waste M¢

m Y-12 Site Problem Problem Area Constituents H Subelements l

- RADIn Ol
MTC 2220

Wasta Processmg




1agement

Alterr?a|tlves ies m ScienceTechnology Needs Implementation Needs
L

Technologies
Shysical Treatmant
cont.)

Chemical Treatment

=T Adsomtion
WPR0-202/203-0Y

Ranking:
M-3-1 (SIM,N

Chemical Precipitation
m WPRO-210-0Y

Ranking:
M-3-1 (81M;N)

Solvent Extraction
WPRO-211/212-0Y

Ranking:
M-3-2 ($2M;N)

Produmonstmﬂon
Laboratory studies indicate
removal efficiencias greatsr
than 90% for the removal of
ragdicactive spacies using vari-
ous adsorbing media. Further
dovelopment Is necessary to
develop more effactive adsorp-
tion mediza for the treatment of
mixed waste contaminated lig-
uids. Davejopment would
Include forexampls, scale-up-
studiegs, development of high
surface area and appropriate
particle size media for continu-
ous operations, and the devsl-
opment of appropsiate media
for the.removal of various cont-
arninams .

Dmnmﬁon Vi
Predpttaﬁmtecl'mongssare
fairly. mature.: lron co-precipita-
tion is presently being usad at -
ths K-25 Site Central: |
Neutrafization Facliity for sepa-
rating radionuclides from the .
aqueous wastss, Howsver;

significant davelopment is stift .

necessary to mest the increas-
ingly stringent ragulatory limits
on the wastewater discharges.
For example, precipitation.
using potassium ferrate has not’
been demonstrated and addi-
tional RD&D Is required to-
prova its applicability and per-

fonnanmmtreaﬁngmawasie-

water. .
Damon:trauon i

c«:ﬁnuous solvent extractim

in counter-current contactors

. (el centrifugal comtactors) is-- *

- demonstrated tachnology for
the separaﬁon of heavymetalg
" or organics from aqueous 6r

organic soluions. Centrifugal

contactor based procasses for
the’ separaﬁon and recovery of
radionuclidas has bsen tech-~
nology at DOE nuclear pro-

cassing sites for aver 25 years.-
The technology can be applied -

to treat and recovér awide.
range of contaminant coneen-
trations. The advantages of
the centrifugal contactor based
extraction | ara its rela-
tively sma!l sizs, small hold-up..
volums, : andrapidstattup
characteristics. This technolo-
gy-when used with other waste
treatment processes would
enhance the overall waste
treatment strategy.- Howsver,
the usa of the tschnology:for
the treatment of solid wastes
requires additional RD&D.

Further research, development,
and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D effortis estimated
to require $ 1.25 millien.

The demonstration effort is

" estimated to require $ 0.4 mil-

lion.

The.RD&D effort is estimated
torequire $ 1-2.5 million. The
payback could be significant.
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RADin Qil Rﬂfertothe Ragu!atory Waste Processmg

s Cleanup Legacy contam!na&ed oil MTC 2220 ccmpﬁanee of Vol. 1 for.

« Prevent Future patentially applicable,

proposed, and promulgatad
Insuit . environmental laws, signed. -

« Develop ﬁf’é’&ww"’ agl;”mmﬁonmnm
Environmental {ORR), radiation protection:
Stewardship ﬁ“’a'ds’ Dosmomemg
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;hemical Treatmeant ] Leaching & Stripping Demommﬁon Further research, development, Demonstrate tha effectiveness
m WPRO-213-0Y Thisisan aweptsd technology and demonstration (RD&D) on of the tachnology to meet the
in industry witi removal effi- the procass to develop the sita requiremants.
Ranking: ciencles greater than 9% how- technology to deployment.
M-3-1 ($TM;N) ever, each application requires
additienal RD&D to determine
optimum leachant composition
and pmeeas condtﬁons.
Bucky Ball Chemistry Evotvlnq Tachnology Further ressarch, development, The RD&D effort to develop the
WPRO-101-0Y This is a novel technology that and demonstration (RD&D) on tachnology fs estimated 1o
has many potential applicaﬁons the procass to develop the require $10 million. The pay-
Ranking: in fields such as mixed wastes technolagy to deployment. back Is estimated {o be in the
L-3-10 ($8M;N) treatment; nuclear medicine, rangs of $ 150 million consider-
tribology, and material science. ing savings In'waste treatment
Conceptually, the technology is and disposal costs and poten-
sophisticatéd. (uses fasers} and tial spinoffs In other fields such
yot simple. For mixed wastes’ as nuclear medicina and new
treatment, the procass would materials:
assentially encapsulate the. N
radicactiverand hazardous mat:-
als at the' elemental level in-.
high molecular waight carbon
cages.(called fullarenss) there- -
by lsolaﬁngmem from the amd-
romnent. - R
Thenna}Tmazmem "—r—" Incineration Aeccptod - Though an accepted technolo- Knowledge of process applica-
WPRO-108-0Y The EPA't considers incineration gy, the use of the technology to _ tion, funding, and regulatory
toba the best demonstrated meet the site requirements approval.
Ranking: avallabie techinology (BDAT) nesds to be demonstrated, For axample, the K-25 Site
H-3-1 ($1M;$6/1b for the destruction of arganics. Also, RD&D is required to TSCA Incinerator is a 30
Incinaration can achieve DREs develop better understanding MMBIWh unit that s permitted
graater than 89.999% for cor- of the process technology to to destroy lovs-level radioactive-
tain organics.. However, addi- improve its acceptability. ly contaminated mixed wastes.
tianal RD&D on saveral The unit was built at a capital
aspects of Indneraﬁon Is st cost of $ 26 million (1987 dol-
- required: - lars).. Obtaining regulatory
approval for tha TSCA
Incinsrator took over 8 years.
The 1293 dastruction costs at
the incinerator. are estimated to
- : N " be $ 6 per'pound of waste
. Incinerated.
- =" Chem Char Process Pmdemomtratl C - Further research, development, The RD&D effort is estimated
. WPRO-114-0Y Thigis adevefopmem:al taeh- and demonstration (RD&D) on to require $ 0.75-1.5 million.
R nology based on coal char the procass to develop the
Ranking: gaslfi(at!on The procass s ° technology to deployment.
L-3-7 (85MN) . claimad to achigvernear totaf,
destruction of the arganics and
produces an inert.char residue
that contains the non-volatile-
toxic matals and radionuclides:
This char fesidue can efther be
vitrified to ylold aglassy ‘slagror
Immob{hzed ln cement.
— Molten Salt Oxidation Domdmtntlon Further research, development, The RD&D effort Is estimated
WPRO-113-0Y This is not a new proeess how- and demonstration (RD&D) on to require $ 1.4 milllon fora 3
avar, its.application for treating. the procass to develop the year development effort.
Ranking: hazardous and radicactive con- technolagy to deployment.
M-3-2 ($2M;N) taminants has notbeen
denionstrated.- One advantage
of the process s that the.
procass and equipment is
transportabls. (a5 opposed to 2
fixad treatmant tacility) and'can
be located near the wasts site.
The pracess should be capable
of destroying arganics with a
>89% efficlency.
Additionat RD&D is required to
fully develop the procass to
treat mixed wastes. -
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(Mﬂ;-.stonsNo. OR270128).-

Waste Processing i

Waste M:




agement

Alternanves

Technologies ‘

I '
P Status ScienceTechgology Needs | Implementation Needs
| <

Slotreatment Biosorption Predemonstration Further resecs:~ development, The RD&D effort Is estimated
WPRO-226-0Y Data in tha scientific [iteratura and demonsir zi.2n (RD&D) on to require $-1-3 miliion.
suggests that given the right the process to develop the
Ranking: conditions,.this process should technology to deployment.
L-3-5 ($5M;N) be able to achieve impressive
(>95%) treatment efficiencies
howsvar, most of the informa--
tion is based on laboratory~
scaledata. There is little pilot
plant or industrial scals data on
the process.
*hysical Treatment T Centrifugation Demonstration The use of the technology to Demonstration costs are estl-
WPRO-201-0Y This process is a variation of fil- meet the site requirements mated to requirs up to $ 1 mil-
tration operations In which cen- needs to be demonstrated. lion,
Ranking: trifugal action is used to sepa-
H-3-1 ($0.1M;N) rate the heavier components
from the Eghter fiuld. Removal
efficiencles are generally
greater than 95+%.- .
Decantation Demonstration The use of the tachnology to Demonstration costs are esti-
m WPRO-201-OY This is an accaptad process for mest the site requirements matsd to require up to $ 1 mil-
the separating solids from liq- needs to be demonstrated. fion,
Ranking: ulds. The removal efficlency
H-3-1 ($1M;N} for the process can vary from.
80 to 90+% depending upon . >
the materials being sepa:ated.
Filtration Demonstration- The use of the technology to Demonstration costs are esti-
WPRO-201-QY This is an acceptad procass for meet the site requirements mated to require up to $ 1 mil-
separating solids from fiuids. needs to be demonstrated. lion.
Ranking: The process carn achiave
H-3-1 ($1M;N) removal efficiencles greater
than 99%. The use of the.
process to mest the site -
requiraments will howaver,
" need o be demomuated.
-k Foaming Demonstration N The use of the technology to Demonstration costs are esti-
m WPRO-201-0Y Thig process is used to' recover‘ . meet the site requirements mated to requirs up to $ 1 mil-
. partictilates from liquids (6.9, needs to be demonstrated. lion.
Ranking: 2aqueous streams); | Ramoval' .
. M-3-1(8IM;N) efficlencles are generally
greater than 0%, Ths process
I a variation of mtraﬁon n-" .
which chemicals are added 16 .
the liquid to create a foam.
The foam traps the particu-
lates. The foaniisthen - =~ .
processed elsewhare to' recov~
erthe particulates. -~
Ultrafiltration Dsmonstration .~ Further research, development, The RD&D eftort i3 estimated
WPRO-206-0Y Ultrafiltration is alse a memy- and demonstration (RD&D) on to require $ 1.25 miflion.
brana separation process that the pracess to develop the
’ Ranking: Is similar to reversd osmoss. technology to deployment.
L-3-3 (83M;N) Howsver, it will not remove low
to intermediata molecular
* weight solutes from the liquid
stream.
Electrolysis
m WPRO-205-0Y
Ranking:
M-3-2 ($2M;N)
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Alternatlves Technologies ;
P

Physical Treatment 1 High Gradient Magnetic
(cont.} Separation
WPRO-204-0Y

Ranking:
M-3-2 ($2M;N)

Inorganic Microporous Filters
WPRO-207-0Y

Ranking:
L-3-8 ($5M;N)

Adsorpt!on
m WPRO-202/203-0Y

Ranking:
M-3-1 (SIM;N)

2

Chemical Treatment o Chemical Precipitation
WPRO-210-0Y

Ranking:
H-3-1 ($1IMN)

Demomtmfon

Tha basic technology. is well-
established in industry howsv-
er, its application to mest the
site requirements needs to be
developed and demonstrated.
Removal effictencies for the
process ara.in general greater
than 90%. - .

Demomtraﬂon

‘Tha treatment Is oommerdaﬁy
available for example, for the
removal of tracs impuritias from
kaolin clays.. Removal efficien-
cles for the process are greater
than 98%. Howsver, iisuseto

. treat mixed waste contaminat-

edﬂuidsneedsaddiﬁona!
RD&D .

Prodemonstration

Thig Is novel tachnology being
daveloped for filiration applica-
tions.. Some.of the advantagss
of thess filters are thiat they can
be used in severe environ-
ments, they can be readily
cleaned if they get fouled; and
they can be re-used indsfinits-
ly. Their separation efficiency
canba99%+.. .

Demonstration-. .
Laboratotystudleslndfcat@
removal efficienciés greater
than 90% for the removal of
fadiodctive species using vari-

ous adsorbing media: .Further .

dévelopment s necessary o
develop more effective adsorp-
tion media for.the treatment of

" mixed Wasto contamlnated Iiq-
vids.. Dave!opmem would- -

._Include for example, scale-up’
studies, davelopment of high-

surlace area-and appropriate
particle size media for continu-
ous oparations, and the deve!-
opment of appropriate media
for the.ramoval of various cont-
aminants.

Demonstration” -
Precipiiation technologlés are

falrly mature. Iron co-plecipita: *

tion is presantly being usecl at
the K-25 Sita Central’
Neutratization Faciity for sepa-
rating radlonuclides from the
aqueous wastes. However,
significant davalopment Is stilt
necassary to mest tha increas-
ingly stringent regulatory limits:
on the wastewater dischargss.
Faor exampls, precipitation
usling potassium ferrats has not
besen demoenstrated and addi-
tional RD&D Is required to
prova its applicability. and per-
formance in treating the waste-
water.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
+ a3 process to develop the
-»zhnology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

[
E Status ScienceTechnology Needs lmplementatlon Needs

The RD&D effort is estimated
to require $ 1.25 milllon.

Demonstration costs are estl-
mated to be $ 0.5-1 million.

TherRDSD effort to develop
inorganic microporous filters is
estimated to require $ 0.75-1
million: The paybackis esti-
mated to be $20-25 million
based on significantly reduced
wasta disposal costs.

The RD&D effort is estimated
to require $ 1.25 million.

The demonstration effortis
estimatad to.require $ 0.4 mil-
flon.
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Alternatlves Technologles Science Technology Needs Implementatlon Needs

shemical Treatment ' Solvent Extraction

WPRO-211/212-0Y

Ranking:
L-3-2 ($2M;N)

— Washing & Leaching

m WPRO-213-OY

Ranking:
M-3-1 (S1M;N)

— Bucky Ball Chemistry

- WPRO-101-0Y

rhammal Treatment

Ranking:
L-3-10 ($8M;N)

Incineration

. WPRO-108-OY

Ranking:
H-3-1 ($1M;$6/b)

Domonmtion .
Continuous solvent extraction
In counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or arganics from aqueous or
organic solutions. Centrifugal
contactor based processes for
tha saparation and recovery of
radionuclidas has been tech-
nology at DOE nuclear pro~
cassing sites for aver 25 years.
Thetechnology can te applied
to treat and recover a wide
range of cantaminant concen-
trations. The advantages of
the centrifugal contactor based
axtraction process are its rela-
tively small size, small hold-up
voluma, and rapid startup
charactsristics. This technolo-
gy when used with other waste
treatment processes Wwould
anhancs the averall waste
treatment strategy. Howaver,
the usse of the technology for
the treatment of solid wastss
requires additional RD&D.

Demanstration .

This Is an acceptad technology
in Industry with removal effi-
ciencles greater than §9% how-
evaer, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions:

évoMng Technology
This Is a novel tachnology that.

. has many.patential applications

in flelds such as mixed wastes
traatment, nuclear medicins;.
tribolégy, and material science.
Conceptually, the technology is
sophisticated (uses fasaers) and:
yat siniple. For mixed wastes
treatment, the process would
assentially encapsulate the
radioactiva and hazardous met-
als at the elemental level in
high molecularwelght carbon
cages (called fullarenas).there-
by isolating tham from the envi-
ronment.

Accepted

The EPA considers lndnafaﬁon
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DRES
greater than 99.938% for cer-
tain organics. Howaever, addi-
tional RD&D on sevaral
aspects of incinaration Is still
required.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the procsss to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the technology to
mest the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the procass technology to
improve its acceptability.

The RD&D effon is estimated
to require $ {1-25 million. The
payback could be significant.

Dsmonstrate the effectiveness
of the technology 1o meet the
site requirements.

The RD&D effort to develop the
technology is estimated to
tequire $ 10 million. The pay-
back is estimated to be in the
range of § 150 million considar-
Ing savings in waste treaiment
and disposal costs and poten-
tial spinoffs In other fields such
as nuclear medicine and new
materials:

Knowledge of process applica-
tion, funding, and regulatory

approval.

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtuwh unit that Is permitted
to destroy low-lavel radioactive-
ly contaminated mixad wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obiaining regulatary
approval for tha TSCA
Incinerator took over 8 years.
The 1993 destruction costs at
the inclnerator are estimated to
ba $ 6 per pound of waste
incinerated.
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duuameﬁsﬂesmpwded
for each technology, specific:-
regulatory ww be _
NdetemmlnedtohuRCRA

. haitardous wasi; $én the fol- -
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Thermal Treatment I Chem Char Process
{cont) WPRO-114-0Y

Ranking:
L-3-7 (85M;N)

. Molten Salt Oxidation
m WPRO-113-0Y

Ranking:
M-3-2 ($2M;N)

BioTreatment Biosorption

WPRO-226-0Y

Ranking:
L-3-5 (85M;N)

‘Physical Treatment - Adsarption

. WPRO0-202/203-0Y
Ranking:
M-3-1 ($1M;N)

Solvent Extraction
Chemical Treatment T WPRO-211/212-0Y

Ranking:
M-3-2 ($2M;N}

| ___ Washing & Leaching
[ WPRO-213-0Y

m Ranking:
M-3-1 ($1IMN
Gamma Radiolysis

WPRO-100-0Y
L-4-5 (<$2M,High)

Prodamonstration
This is a developmental tech-
nology based on coal char

destruction of the organics and
produces an inert char residus
that contains the non-volatile.
toxic melals and radionuclidas. .
This.char residue can either be.
vitrified to yiald a glassy slag or
immobiiized in cement.

Predsmonstration

This:is not a new process how-
over, its application for treating
hazardous and radicactive con-
taminants has not been’
demonstrated. One advantagse
of the process Is that the
process and equipment is
trammnable {as opposed toca
fixed treatment faciltty) 'and can
be located near the waste site.

Tha procass should be capable.

of dastroying orga.nkmwim a
>99% efficisncy. X

Additiona! RD&D lsrequlradto
fully develop the process to« _
trsatmlxedwastas.

Predemonstrlﬂon

Data in the sclentific itsrature
sugqesmmatglyen the right
conditions, this process shouid
be able.to achieva impressive.
(>985%) treatment efficlancies.
howavec most of the Informa-
ton i based on labor,

scale data. Theioe IS itle puot

p!am«xmdmﬂalmledataon.
,thaproeess. 3 R

Prodamomﬁon NN

\ ‘Laborato:ysmdesindim:e

removal afﬁdemiesgreatet
than 80% for.the removal of
mdioactvespadesuslngvaﬁ-

6us adsarbing media, Further

development is necessaly io

develop mors effective adsorp-

tion media for the treatment of
mixed wasts contaminated lig-
uids, Deve!opmam would::

includ for example, scale-up- .

studies, davelopment of high -
surface area and appropriate

parﬂde sizo mediafor contiriu=

ous operaﬁons;and the dovel:
opment of appropriate media’
for the removal of varlous' cont-
amlnams. :

Dcmonstntfon -
The RD&D effort is estimatod
to require $ 5-10 milllon. The
payback could ba significant.

Demonstration

The usa of tha technology to
mest the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Further rasearch, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to devslop the
technology to deployment.

The RD&D effort Is estimated
to require $ 0.75-1.5 million.

The RD&D affort Is estimated
to require $ 1.4 million fora 3
year development effort.

The RD&D effort Is estimated
to require $ 1-3 million.

The RDAD effort is estimated
to require $ 1.25 milllon.

The RD&D effort Is estimated
to require § 1-2.5 million. The
payback could be significant.

Demonstrate the affectiveness
of the technology to meet the
site requiraments.
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for nach technology, specific
regulatory raquirements will be
If dotermined 1o be a RCRA-

hazardous wasts, then the fol-
lowing milestones may apply.

" Begin the design phass forthe

thres RCRA storage fadilities °

 for the 9201-4 D&D project -

Target Date 10/1/97.

 (Miostons No. ORZ70127).
" Complete the construction of

tha three RCRA storage facili- -
ties for the 9201-4-D&D pro-
fect - Target Date 6/30/2005..”
{Milostona:No. OR2701 28)
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Alternatlves Technologles ScienceTechnology Needs Implementatlon Needs

hemical Treatmant — giyg
cont.)

Chemical Precipitation
WPRO-210-0Y

Ranking:
M-3-1 (SIM;N)
WPRO-216-OY

Ranking:
L-3-3 (33M;N)

Chemical Dechlorination
—— WPRO-209-OY

m Ranking:

M-3-2 (2M;N)

‘hemnal Treatment T Incineration

WPRO-108-0Y

Ranking:
E-3-1 ($1M,86/1b)

Molten Salt Oxidation
WPRO-113-0Y

Ranking:
M-3-2 ($2M;N)

~ Chem Char Process
WPRO-114-OY

Ranking:
L-3-7 ($5M;N}

Distillation
WPRO-222-0Y

Ranking:
M-3-1 (§IM;N)

3lological Treatment ] Microbial Dechlorination

WPRO-227-OY

Ranking:
L-3-5 ($5M;N)

Aerobic Digestion
m WPRO-224-OY

Ranking:
M-3-3 (33M;N)

Supercnncal Water Oxidation

EvoMng Tod'mology
See page 6.3-15

Damonstration

The development effortis esti-
mated.to require approximately
$ 1 million,

Demonstration

Produnén&hﬁbn
Knowledge of process appllm-
tion(s) and-funding.

Accepted..

The RD&D eﬂortis esﬁnmed
to require $ 1-2.5. miﬂlon. The
payback cou%d he sigrﬂﬁcant.

Demonstration . - ¢
Further RD&D on the process
is needed to davalop the optic
mum pmcesslng con&iﬁons

Mm; ‘; ’

Pradamoustmﬂoﬁ e

Tho ADAD effart is dstimated. -

to require § 5 million for a 3- :
year R&D program: .

Demonstratlon

Demonstration costs are ssti- )

matedtobe § 0.5°1 miffon.

Evolvlng Tochno!ogy

This process isatan eaﬁy
stageot ‘development. Based

on the avafiablg ‘information; it
appears the process should be
able to achiave dastruglion effi-
clanciss greater than 80%.

Demonatraﬂnn o

This Is a promising tedmoiogy
for dastroymg hazardous
organics: Under tha right con-
ditions, this process should be
able to achlave greater than -
99% dastruction of the organ-
ics. Additional RD&D is need-
ed to detenmine the applicabill-
ty ot the process to meatthe,
site requirements.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D effort is estimated
to require $ 2.5 million.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requiremants
needs to be demonstrated.

The demonstraﬂon ‘effortis
aestimated to require $ 0.4 mil-
lion.

The RD&D effort is estimated
torequire $ 1.6 milllonfora3
yaar developmant plan.

The RD&D effort is estimated
to require $ 1.25-2.5 million.

Knovwledge of process applica-
tion, funding; and regulatory
approval. For example, the K-
25'Site TSCA Incinerator Is a
30 MMBtwh unit that Is permit-
ted to destroy-low-level
radioactively contaminated
mixod wastes. . The unit was

- builtata capital costof $ 26

million (1987 dollars).

Obtalning regulatory approval
for the TSCA Incinerator took
over 8 years. The 1993
destruction costs at the inciner-
ator are estimated to be $ 6 per
pound of waste Incinerated.

The RD&D effort is estimated

_to'require $.1,4 million fora 3

year development effart.

4

The RD&D effort Is estimated

o requira’§ 0.75-1.5 milllon,

Knowledge of process applica-
tion(s} and funding.

The RD&D sffort is estimated
to require $ 5-10 million. The
payback could be significant.

The. RD&D effortis estimated
to require $ 1-2 million to meet
site specific needs.

Page 5-45



» Cleanup Legacy

« Prevent Future
Insult

« Develop
Environmental
Stewardship

COntamtnaiedOII

EM Problem

Facilities—
Decontamination
and
Decommissioning
(D&D)

Soils, Groundwater
and Surface
Water—Remedial
Action (RA)

Waste Management
(WM)

Page 546

Non Halogenated Organics in
Qil
MTC 2220

Ram'to ﬂw

- ~ConpkanceotVol 1 for
potantially applicable,

profiosed, and promulgatad

" environmantal laws, signed-
. “and pending agresments for

the {Dak Ridga Reservation

. (ORR); radiation protection

standards, DOE Orders, and

" nonvegulatory guidance. As

site-and wasta- specific.

.- characteristics.are provided
for each technology, specific
_ reguiatory requirements will be

if detsrmined 1o be a RCRA-

* haz:rdous wasts, then the fol-

IoMmmBestonesmayapply

’»Beghthe design phase forthe
- "thras RCRA storage fadiities
- for tha §201-4 D&D project -

Tarjjet Date 10/1/97.

 (Milzstons No. OR270127). .

.+ Cotaplets the construction of
" the_three RCRA storage facill-
. Bes for the 9201-4 D&D pro- -
<joct - Target Date 6/30/2005.
(Mﬂastona No. 0R270128),

Waste Processmg

Waste M:

Y-12 Site Problem Problem Area Constituents E Subelements ‘




nagement

[

Alternatives

|

Technologies

| Physical Treatment T Centrifugation

m WPRO-201-0Y

Ranking:
M-2-1 (SIM;N)

Decantation
WPRO-201-0Y

Ranking:
4-3-1 (<$0.1M;N)

Gravity Separation
WPRO0-201-OY

Ranking:
M-2-1 ($§1M;N)

Adsorption
WPRO0-202/203-0Y

Ranking:
M-2-1 ($1IM;N)

Chemical Treatment 1 Solvent Extraction

m WPRO-211/212-0Y

Ranking:
M-2-2 ($2M;N)

Gamma Radiolysis
WPRO-100-0Y

Ranking:
M-2-5 ($3M;N)

Supercritical Water
m Oxidation
WPRO-216-QY

Ranking:
M-2-3 ($3M;N)

g T Distillation

m WPRO-222-0Y

Ranking:
H-2-1 (81M;N)

. pgypad( cgutd beslgnrﬁcganp

!
i Status
I

This processis a variaﬁon of fil
tration operations in which cen-
trifugal action Is used to sepa-
rata the heavier components’
from tha fighter fluid. Removal
efficlencies are generally:
grsater than 854%.

Domonstration..

This isanawaptedpromfar
tha separating solids from lig-
uids, The removal elficlency
formeprocessmnvaryfrom
80 to 804% depending upon -
the materials being separatsd

Demonstration ’
Sedimentation Is also a varia-
tion of filtration in.which gravity. -
forces areusadto remove the
particutates from the fluld.» < .

- Removal efficlencigs should "~ -
generallybegrea:ertrmso% .

Prademonstmﬁon Y

The RD&D offortis estimated .

- to require $ 1-10 mililon. The ¢

paybackeotﬁdbesigmﬁﬁm.

Demonstration R

The RDA&D effort is estimated .
to require $ 5-10 miliion. . The .
payback could ba significant.

Evolv{ng Technohqy o

~Thio.RD&D effortis esﬁmated

toréquire $ 2-5 millon. The .

Dsmonstration,

Demonshaﬁ

Thig Is'an mcepted lndustﬁa!
process for treating quﬂds..
Depending upon the conmmiv

nant being removed, the sepa~ |

ration efficiency can be greater
than 89%. However, the use.of.
the process to meet site- -
requirements will need to be
demonstrated. Capital and -
operating costs could be high.

The use of the technology to
mast the site requirements
needs to be demonstrated.

The use of the technology to
mast the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

= rther research, development,

= -4 demonstration (RD&D) on
'+ » process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to devalop the
technology to deployment.
Demonstrate the effectiveness
of the technology to mest the
site requirements. See page
6.3-15.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.
The RD&D effort is estimated
to require $ 2.5 million.

The usa of the technology to
maet the site requirements
needs to be demonstrated.

ScienceTechnology Needs Implementation Needs

" Damonstration costs are esti-

mated to require up to $ 1 mil-
fion.

Denwnstraﬂot{ costs are esti-

mated to require up to $ 1 mil-
flon..

Demonstration costs are estl-
matsdtoraquire upto$ 1 mil-
fion, .

"The RD&D effort is estimated

to require $ 1.25 million.

;-

The RD&D effortis estimated
{o require $-1-2.5 million. The
payback could be significant.

>

- The'RDAD effort is estimated
- to'tequite § 1.25-2.5 milion.

Ths RD&D effort is estimated
torequire $ 1.6 millionfora 3
year development plan,

Knowledge of process applica-
tion(s) and funding.
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Y-12 Site Problem Problem Area Constituents ference Requirements Subelements

COntamlna!ed Qi

Non-Halogenated Organics in
Oil
MTC 2220

Mercury in Oil

MTC 2000

Refor to the Regulatory
COmplia:pe of Vol. 1.

" Ruferts the Regulatory
Campliance of Vol. 1 for
potentially applicable,
propesed, and promulgated
environmental laws, signed-
and pending agreements for -
thu Oak Ridge Reservation
{ORRY), radiation protection.
standands, DOE Orders, and

" for sachitechnology,

specific
regjulatory requiroments will bo
spocified; - .

If Cetermined to be a RCRA-
harardous wasts, then the fol-.
lowing milestones may apply.

Bejin tha design phass for the
thnye RCRA storage fadilities-
for the 8201-4 D&D project -
Taiget Date 10/1/97.
(Milestone No. OR270127).
Completa the construction.of
the three RCRA storage facill--
ties. for the. 82014 DAD pro<-

ject:- Target Date 6/30/2005.
(Mifestnne No. OR2701 28)

" Waste Processing

Waste M

T Waste Processmg

PP AN~ -, ¥



agement

[
Alternatlves Technologles ScienceTechnology Needs Implementatlon Needs
|

hermal Treatment ' Incineration
WPRO-108-0Y

Ranking:
H-2-1 (1M;$6/1b)

Chem Char Process
WPRO-114-0Y

Ranking:
L-2-7 ($5M;N)

’ Molten Salt Oxidation
. [} werotzov

Ranking:
M-2-2 ($2M,N)

Low Temperature Separation
m WPRO-220-0Y

Ranking:
M-2-2 ($2M;N)

Siotrsatment Anaserobic Digestion

\ [ wero2240v

Ranking:
M-2-3 ($3M,N)

hysical Treatment F Decantation
WPRO-201-0Y

Ranking:
H-5-1 ($1M;N)

Filtration
WPRO-201-OY

Ranking:
M-5-1 ($1M;N)

Gravity Separation
WPRO-201-OY

Ranking:
M-5-1($1M;N)

Accepted -

The RDZD effort Is estimated

to require $1-2.5 miltion. The
payback couid be significant.

Predemonstration .

The RD&D sffort is estimated
to require $5 million for a 3-
year R&D pmgram

Demonstration -
Further RD&D on the process.
is needed to devalop the opti-
mum processing conditions.

Predemonstration -

This is an accspted industrial
process for the separation of
low-boiling companents from'.
high-boiling components. The
process can achlsve separa-
tion efficiencies greater than
99%. ., Lo

. Predsmonstration -

Thisis a promising techhology

.. for destroying hazardous -

ofganics. Under the right con-
ditions, this process should be
able toachiave graater than
99% destruction of the organ-
fcs. Additional RD&D Is need-

- edto determine maappﬁcabm-

ty of the process to mest tha
site raqulremems.

Domcnsbauon

This is an acceptad process for
the separating salids from lig-
uids. The removal efficiency.
for the process can vary from ~
80 to 90+% depending upon
the materials being saparated.

Demonstration .
This is an accepted procass for
separating solids from fiuids:
The process can achieve

removal efficlencies greater

than 99%. Theuse of the
process to meet the st
requirements will howavar,
need fo be dsmonstrated.

Demonstration

The use of the tachnology to -
meet the site requirements
naeds o be demonstrated.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements

tiom, fundxng, and regulatory ap-
proval. For example, the K-25

needs to be demonstrated, Site TSCA incinerator is a 30
Also, RD&D is required to MMBtwh unit that is permitted
develop better understanding to destroy lovr-level radioactive-
of the process technology to fy contaminated mixed wastes.
improve its acceptability. The unit was bullt at a capital
cost of $ 26 million (1987 dol-

lars). Obtalning regulatory
approval for the TSCA inciner-
ator took over 8 years. The
1933 destruction costs at the in-
cinerator are estimated to ba $6
per paund of waste incinerated.

The RD&D effort is estimated
to require $ 0.75-1.5 millian.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development, The RDBD sffort Is estimated
and demonstration (RD&D) on torequire $ 1.4 millionfora 3
the process to develop the year development effort.
technology to deployment.

Further RD&D on the process The RD&D effort is estimated
is needed to develop the opti- to require $ 1-2 million to mest
mum processing conditions. sita spedific needs.

The use of the technology to The RD&D effort is estimated
meet the site requirements to require § 1-2 miltion to meet
needs to be demonstrated. sita specific nesds.

The use of the technology to Demonstration costs are esti-

meet the site requirements mated to require up to $ 1 mil-

needs to be demonstrated. lion.

The use of the technology to Dsmonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. fion.

The uss of the technology to Demonstration costs are
meet the site requirements estimated to require up fo
needs to be demonstrated. $ 1 mitiion.
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Rs!et tothe Regulakxyt

" Compliance of Vol 1 for
potantially applicable;
profosed, and promuigated
envizonmental laws, signed

If determinsd to be a RCRA-
hazirdous wasts, then the fol
) lowingml!estonesmyapply

Bagin the design phaisa for the

- thres RCRA' storage faciities. -
‘for the 9201-4 DAD project -
“Targjet Date 10/1/97.

(Mik;smne No. 0R220127). -
Complateﬂlecomﬂudion of

the three RCRA stomoctadl-
ties for the 9201-4 D3D pro- -
Joct - Target Dale 6/30/2005.
(Mil3stone: N@ORZTOE&).

Refor to the' Reg.iabty
Compliancs of Vol. .1 lor
pottmﬁany

.. lf dutermined to ba & RCRA- -
hazardous waste, then the.fol-
lowing nﬂlestomsmay apply. . -

Besmuwdesmpnasemrm'

> three RCRA Wfadﬁﬁes
_ forthe 9201-4D2D pmpct
Tanget Date 1071807,
(Milestnne No. 0R27012‘1)

. Cmnpletet!wcas!mctbn of .
the three RCRA storage faclll-

ties for the 9201-4 D&D pro-
Joct - Target Dats 63072005,
(Ml!estone Na. 09270128)

Waste M:

Waste Processing

Waste Processing

reil Sl chds 3 400 T, SRR AN v SR ACH” R AoV Gy SN L e - R AN R A S ) AR
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ragement

| :
Alternanves Technologles Science/Technology Needs Implementation Needs

Physical Treatmsnt — -___  Centrifugation

WPRO0-201-QY

Ranking:
M-5-1 ($1M;N)

Chamical Fixation
WPRO-208-0Y

Chemical Treatment

Ranking:
M-5-2 ($2M,N

Thermal Treatment T Thermal Desorption
m WPRO-106-0Y

Ranking:
H-5-2 ($2M;$1/1b)

- Molten Salt Oxidation
m WPRO-113-0Y

- Ranking:
. M-5-2 ($2M;N)

Physical Treatment T Filtration
WPRO0-201-0OY

Ranking:
H-2-1 ($1M;N)

k Centrifugation
H WPRO-201-0Y

Ranking:
H-2-1 ($1M;N)

Foaming
WPRO-201-OY

Ranking:
H-2-1 ($1M;N)

Ultrafiltration
WPRO-206-0Y

Ranking:
M-2-3 ($3M;N)

. Electrolysis
WPRO-205-0Y

Ranking:
M-2-2 ($2M;N)

Tms process is avariwon ofﬁ!-
tration operations in which cen-
trifugal action Is used 1o sepa-
rate the heavier components
from tha fighter fluid. Removal
efficlencias are gansrally:
greater than 85+%.

Predemonstration
Development costs are esti-
mated to be $ 1.25 million.

Demonstration.

Thoughan accspled technolo-
gy. the usa of the technology to
meet the site requirements
naeds 1o be-demonstrated.
Also, need to.develop better
understanding of the immobl-
lization chemistry and mecha-
nisms.: - -

Predemonstration -

Further: RD&D on the process
is needed to develop the opti-
mum processing conditions..

Demanstration

This Is an accepted process for
separating sofids from fluids.
The process can achisve
removal efficlencies greater
than §9%. Theuseofths
processtor most tha stte”
raquirements will fhowever,
need to,padempgustmtad.
Demonstration. .

This process s avaﬂaﬁon of fi-

traﬁonoperaﬁonsinwhlchcen-.

trifugal action is used to sepa~
rate.the Heaviar components
from the lighter fluld. Removal
‘efficlencies are ygenerally’” -
greaterthan 95+%.

Dsmonstration

Devalop and demonstrats the .
sffactiveness of tha WMES to
minimiza site wastss and wasts
disposal costs.

Demonstration

Tha RD&D effort to develop
applicable membranss Is est-
mated to requirs $ 0.75 million.

Dsmonstration

An Industrial-scale national
transmutation facility would
need to be developed and built.
The cost for such a "national”
facility Is estimated to ba in the
billion doliars range and would
require sevaral years to build.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Demonstrate the effectiveness
of the technology to mest the
site requirements.

The use of the technology to
maet the site requirements
naeds to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
maest the site requirements
needs to be demonstrated.

The use of the technology to
mast the site requirements
needs to be demonstrated.

The use of the technology to
maeet the site requiremsnts
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstration costs are esti-
mated.to require up to $ 1 mil-
lion.

The RD&D sffort is estimated
to require § 2-5 million. The
payback could be significant.

Knowledgo of process applica-
tion, funding, and regulatory
appraval.

The RD&D effort is estimated
to roquire $ 1.4 million fora 3
year development effort.

Demonstration costs are esti-
mated to require up ta § 1 mil-
fion.

Demaonstration costs are esti-
matad to require up to $ 1 mil-
Tion.

Demonstration costs are esti-
mated to require up to $ 1 mil-
lion,

The RD&D effort to develop
apolicable membranes is estl-
mated to require $.0.75 million.

The RD&D effort Is estimated
to require $ 1.25 million.
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A!pha-ot
Contaminated Solvents
{Halogenatad and Non-

Halogenated) *

4

— RADIn Solvents
MTC 2200

- potentially applicable,

proposed, and promulgated

. environmental laws, signed
- arxt pending agresments for

the Oak Ridge Ressrvation
(ORR), radiation protection-
standards, DOE Orders, and
nomagu!atary guldanca. As ’

for. each tachnology, specific

regulatory requiremants will be

It de’srmined to be a RCRA-

. .hazardous wasts, then the fol-
towing mllestones may apply

Beghthe dasignphase for the-

thraer RCRA storage faciities:
for the 8201-4 D&D projoct -

. Targst Dats 10/1/97.
- (Milestons. N(?. OR270127).
. Complets the construction of
the tvea RCRA storage facili--

tles for the 8201-4 D&D pro-"

Joct: Target Date 6/30/2005..

{Milastone No. OR270128).

T Waste Processmg

Waste Ma
4

EM Goals Y-12 Site Problem Problem Area Constifuents E Subelements I

Refetto the Requlaxofy
Corrpliance of Vol. 1 for
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Alternatlves Technologles m Science/Technology Needs lmplementatlon Needs

>hysical Treatment T High Gradiant Magnetic

m Separations
WPRO-204-0Y
Ranking:
M-2-2 ($2M;N)
(M wPRO-207-0Y

Ranking:
L-2-8 ($5M;N)

Adsorption
WPRO0-202/203-0Y

Ranking:
M-2-2 ($2M;N)

Chamical Treatment T Chemical Precipitation

WPRO-210-OY

Ranking:

M-2-2 ($2M;N)
Chemical Fixation

WPRO-208-OY

Ranking:
L-2-2 (<S1M;N)

Solvent Extraction
WPRO-211/212-0Y

Ranking:
M-2-2 ($2M;N)

I Leaching & Stripping
m WPRO-213-0Y

Ranking:
M-2-1 (§1M;N)

Bucky Ball Chemistry
WPRO-101-0Y

Ranking:
L-2-10 ($8M;N)

Inorganic Microporous Filters

The xmplememabon needs w:ll
be datermined by the site
requirements.

Predsmonstration

The RD&D effort to davsiop
inorganic microporous filters is
estimated to require $ 0. 75-1
milion. Tha payback is estimat-
od to be $20-25 milfion based:
on significantly reduced waste
disposal costs.

Demaonstration

The RD&D effort is estimated
to require § 1-10 million. The
payback could be significant.

_ The devaiopment effort s esti-

mated to require approximatsly
$1 mition. .

Damonstration
Devslopmeri costs are esti-
mated to be $ 1.25 million,

Demonstration
The RD&D effortis asdmated

16 requira § 510 milion. The
‘ payback could bs sigmﬁam.

Demonstrauon

The usq of the tachnology: to
most the site requirements
needs to be demonstrated

Evolving Toehnology

The RD&D effort Is estimated
to require $ 2-5 million. The
payback is expected {0 b sig-
nificant especially because the
scrap aluminum from the site .
can be used to-dispose of the-
nitrate wastes in the Hanford
site tanks.. This is expected to
result in significant savings due-
o minimizing the wastes to be
disposed at the two sites.

The use of the technology to
mest the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technalogy to meet the
site requirements.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the procsss to davelop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstration costs are esti-
mated to be $ 0.5-1 million.

The RD&D effort to develop
inorganic microparous filters is
estimated to require $ 0.75-1
million. The payback is esti-
mated ta be $20-25 million
based on significantly reduced
waste disposal costs.

The RD&D effort is estimated
to require $ 1.25 million.

The demanstrationy effort Is
estimated to require $ 0.4 mil-
flon. .

The RD&D effort Is estimated
ta require $ 2-5 million. The
payback could be significant,

The RD&D effort Is estimated
to require $ 1-2.5 milllon. The
payback could be significant.

Demonstrate tha effectiveness
of the tachnology to meet the
site requiramsnts.

The RD&D effort to devalop the
technology Is estimated to
require $ 10 million. The pay-
back is estimated to be inthe
range of $ 150 million consider~
Ing savings in waste treatment
and disposal costs and poten-
tiaf spinotfs in other flalds such
as nuclear medicine and new
materials.
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|
Alternatlves Technologles Science:Technology Needs Implementatlon Needs
|

Thermal Treatment ! Incineration
WPRO-108-OY

Ranking:
H-2-1 ($1M,;$6/1b)

Distillation

WPRO-222-0Y

Ranking:
H-2-1 (<§1M;N)

Chem Char Procass
WPRO-114-0Y

Ranking:
L-2-7 (85M;N)

— Molten Salt Oxidation

m WPRO-113-0Y

Ranking:
M-2-2 ($2M;N)

Physical Treatment I Centrifugation
WPR-201-OY

Ranking:
H-2-1 ($1M;N)

Filtration

WPRO-201-0Y

Ranking:
H-2-1 ($1M;N)

Foaming
WPRO-201-OY

Ranking:
H-2-1 ($1M;N)}

Ultrafiltration
m WPRO-206-OY

Ranking:
M-2-3 (33M;N)

The RD&D effortis estimated
to require § 1-2.5 milion. The
payback could be significant.

Damonstration
Demonstration costs ana ost-
mated o be $ 0;5-1 million.

Predemonstration
The RD&D effort is estimated
to require $ 5 million fora 3- .
year R&D program..

Demonastration

Further RD&D on the process.
is needed to develop the opti-
mum processing conditions.

Demonstration-
This'process is a variation of fil-

tration operations in which cen--

trifugal action Is used to sepa-
rats the  heavier companents.
from the fighter fiuld.- Removal
gfficiencies are generally
greater than' 954»%.

. Dﬂnomtraﬁon - .
This.is an accepted prooessfor

separating solids from fiuids.
The process canachiave
removal efficlenciss greatar
than 99%. The use of the
process to meet the site-
requirements will however,
need to be demor}su'ated.

Demonstration . ‘
Develop and demonstrate the
effactiveness ot the WMES to
minimize site wastes and wasts
disposal costs:

Demonstration

The RD&D effort to develop
applicable membyranas is esti-
mated to require $ 0.75 million.

Though an accepted technolo-
gy, the use of the technology to
mest the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

None

Further research, development,

and demonstration {(RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
maet the site requirements
needs to be demonstrated.

The use of the technology to
maet the site requirements
needs to be demonstrated.

The use of the technology to
maet the site requirements
needs to be demonstrated.

Further research, devalopment,
and demonstration (RD&D) on
the procsess to develop the
technology to deployment.

Knowiedga of process applica-
tion, funding, and regulatory
approval, For example, the K-
25 Site. TSCA Incinerator is a
30 MMBtwh unit that Is permit-
ted to destroy low-level
radicactively contaminated
mixed wastes.. The unit was
buiitat a capital cast of $ 28
million (1987 dollars).
Obtaining regulatory approval

for the TSCA Incinerator took
over 8 years:: The-1993
destruction costs at the inciner-
ator are estimated to be $ 6 per
pound of waste incinerated.

Knowledga of process applica-
tlan{s) and funding.

The RD&D eﬁon Is estimated

to require $ 0.75+1.5 million.

The RD&D effort Is estimated
forequire $ 1.4 millilonfora 3
year development effort.

Demonstration costs ara esti-
matad to require upto $ 1 mil-
lion.

‘Demonstration costs are esti-

mated to require up to $ 1 mil-
fion.

Demonstration cosls are estl-
mated {0 require upto $ 1 mil-
fon.

The RD&D effort to develop
applicable membranes Is esti-
mated to require $ 0.75 million.
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|
AlternaTwes Technologles ScienceTechnology Needs lmplementatlon Needs
| |

hysical Treatment l Electrolysis

WPRO-205-0Y

Ranking:
M-2-2 ($2M;N)

High Gradient Magnetic

Separation
WPRO-204-OY

Ranking:
M-2-2 ($2M;N)

Inorganic Microporous
Filters
WPRO-207-0Y

Ranking:
L-2-8 ($5M;N)

— Adsorption

WPRO-202/203-0Y

Ranking:
M-2-1 ($1M;N)

Chemical Treatment T lon Exchange

WPRO-217/218-0Y

Ranking:
M-2-1 ($1IM;N)

Chemical Precipitation
WPRO-210-0Y

Ranking:
M-2-2 ($2M;N)

Chemical Fixation
WPRO-208-0Y

Ranking:

L-2-2 (<$1M;N)
Acid Stripping
WPRO-213-0Y

Ranking:
M-2-1 ($IMN)

Bucky Ball Chemistry
WPRO-101-0OY

Ranking:
L-2-10 ($8M;N)

Demomtraﬁon .

The basic technology Is well:
established in industry howev-
er, its application o mest the -
site requirements needs to be
developed and demonstrated,
Removal efficlencles for the
procass are in general greatsr
than 90%.

Demonstration.

The implementation needs wilt
be dsterminad by the site
requirements.

Prademonstration

‘The RD&D effort to develop
inorganic microporous filtters is
estimated to require $ 0,75-1
mition; The payback is esti-,
mated to be $20-25 million.
based on significantly reduced
waste disposal eosts:

Dcmomtraﬂcn .

The RD&D effortis astimated.
ta raquire $ 1-10 million. The.
payback could be significant. ..

Demonstration
The RD&D effort is estimated
to require $ 1-3 million.

Accspted

Tha.development sffort ls asti-
-mated to requira approximataty

S‘lmilﬂon

Demomtratlon .
Dsvelopment costs are esti-
mated (o be $ 1.25 millan.

Dsmonastration

The use of the technology to.
meat the site requirements
needs to be demonstrated.

Evelving Techno!ogy

The RD&D etfort is estimated
to require $ 2-5 million. The
payback is expected to be sig-
nificant especially because the
scrap aluminum from the site
can be used to disposa of the
n!trate wastes'in the Hanford
site

Further research, development,
and demonstration {RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technalogy to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The uss of the technology to
mest the site requirements
needs to be demonstrated.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Demonstrate the effectiveness
of the technology to mest the
site requirements.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D effort is estimated
to require $ 1.25 million.

Demonstration costs are esti-
mated to ba $ 0.5-1 milllon.

The RD&D effort ta develop
inorganic microporous filters is
estimated to require $ 0.75-1
milllon. The payback [s esti-
mated {0 ba $20-25 milllon
based on significantly reducad
waste disposal costs.

The RD&D effort s estimatad
to require $ 1.25 milllon:

Davelopment costs are esti-
mated to be § 1.25 million.

The demonstration effort is
estimated to require $ 0.4 mil-
fion.

The RD&D offort is estimated
to roquira $ 2-5 million. The
payback could be signiticant.

Demonstrata the effectiveness
of the technology to meet the
site requirements.

The RD&D effort to develop the
tachnology Is estimated to
require $ 10 milion. The pay-
back Is estimated to be in the
ranga of $ 150 million consider-
ing savings in waste treatment
and disposal costs and poten-
tial spinoffs in other fields such
as nuclear medicine and new
materials.
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]
|

Themal Treaimsnt T Incineration
WPRO-108-OY

Ranking:
H-2-1 ($1M,36/1b)

Chem Char Process
WPRO-114-0Y

Ranking:
L-2-7 ($5M;N

Molten Salt Oxidation
m WPRO-113-0Y

Ranking:
M-2-2 ($2M;N)
BloTreatment Biosorption
W WPRO-226-0Y

Ranking:
L-2-5 ($5M,N)

Physical Treatment ' Decantation
WPRO-201-O0Y

Ranking:
H-2-1 ($1M;N)

. Foaming
g} wPRO-201-0Y

Ranking:
H-2-1 ($1M;N)

Filtration
m WPRO-201-0Y

Ranking:
H-2-1 (§1M;N}

Adsorption
WPRO-202/203-0Y

Ranking:
H-2-1 ($1M;N)

Technologies

Demonstration

The RD&D effort Is estimated
to require § 1-2.5 milion. The
payback could be significant.

Pmdunonﬂmion

Ths RDAD effort IS estimated.
to requira $.5 million foras-
year R&D msmm

Demaonstration.

Furthar RD&Don theproeess
is naeded to devalop the.opti<
mum, pmeesslng eondnfons.

Pradunénmtion -
The RDA&D effort is estimated
1o require $ 1.5-2 milllon to tur-

ther develop the procass to
meet tha site needs.

. Demnstrauon
Thisis gn mcepted process for.

theseparaﬂngsoﬂdsfmmllq-
uids.. ‘theremovalafﬁdency
fo:thepmcesscanvaryfrom
80 to 80+% depending upan

the matsdals bomg separatecL ’

vy %

Develop anddemonstrats the ’

sffectiveness of the WMES 10
minimize site wastesand wasie
disposal costs..”

Demonstration

This is an acceptad process for
sepamng solids-from fluids; .

'Thapmeesscanam&ava

remoiral efficiencias greatar
than 99%. The use of the
process to meet tha sité. - ¢
requiremants will however,
nsed o ba dermnsttated.

Domomtmﬂon :

The RDAD effort is estimated
1o raquire $ 1:10 miliion. The
payback could be significant.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding

Further research, development,

and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the procass to develop the
technology to deployment.

The use of the technology to
mest the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
neads to be demonstrated.

‘The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

“ Science Technology Needs Implementation Needs

Knowledga of process applica-
tion; funding; and regulatory
approval. For example, the K-
25 Site TSCA Incineratoris a
30 MMBtwh uni{ that is permit-
ted to destroy low-level
radioattively contaminated
mixed wastes, The unit was
built at a capital cost of $ 28
mifion{1987 dollars), -

Obtaining regulatory approva)
for the TSCA Incinerator took
over 8’ yoars: The 1993
destruction costs at the inciner-
ator are estimated to be $ 6 per
pound of waste incinerated.

The RD&D effort is estimated
to require $ 0.75-1.5 milllon.

The RD&D effort is estimated-
torequire $.1.4 millonfora 3
year development effort.

The RD&D effort is estimated
to require $ 1-3 milon.

Demonstraﬁoncosisareesﬂ-
" nated to raquire up.to $ 1 mil-
fion.

Demonstration costs are estl-
mated to require up to $ 1 mik-
lion.

Demonstration costs are esti-
mated to require upto $ 1 mil-
lion.

The RD&b effort Is estimated
to require $ 1.25 million.
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Alternatives Technologies Science/Technology Needs Implementation Needs

The RD&D effort i estimated

i
Chemicat Treatment smee=———p—— Solvent Extraction Demonstration Further research, development,

m WPRO-211/212-0Y The RD&D effort is estimated and demonstration (RD&D) on to require $ 1-2.5 milllon. The
to require $ 5-10 million. The the procsss to develop the payback could be significant.
Ranking: payback could be significant. technology to deployment.
M-2-2 ($2M;N)
b Gamma-Radiolysis Evolving Technology Further research, development, The RD&D effort is estimated
m WPRO-100-0Y The RD&D effort is estimated and demonstration (RD&D) on to require § 1.25-2.5 million.
to require $ 2-5 million. The the process to dsvelop the .
Ranking: payback could be significant. technology to deployment.
M-2-5 ($3M;N) See page 6.3-15.
e Chamical Dechlorination Predemonstration Further research, development, Ttie RD&D effort Is estimated
m WPRO-209-0Y Knowledge of process applica- and demonstration (RD&D) on {o require § 1.25-2.5 million.
tion(s) and funding. the process to develop the
Ranking: technology to deployment.
M-2-2 (§2M;N)
=== Stripping Demonstration Further research, development, Demonstrate the effectiveness
‘ m WPRO-213-0Y The use of the technology to and demonstration (RD&D) on of the technology to meet the
meet the site requirements the process to develop the site requirements.
Ranking: needs to be demonstrated. technology to deployment.
M-2-1 ($1M;N)
Thermal Treatment- ——I_ Incineration Accepted Though an accepted technolo- Knowledga of process applica-
= WPRO-108-0Y The RD&D effort is estimated gy, the use of the technology to tion, funding, and regulatory
, E to require $ 1-2.5 million. The mest the site requirements approval. For example, the K-
Ranking: payback could be significant. needs to be demonstrated, 25 Site TSCA Incineratoris a
E-2-1 ($1M,86/1b) Also, RD&D is required to 30 MMBtwh unit that Is permit-
develop better understanding ted to destroy low-level
of the process technology to radioactively contaminated
improve its acceptability. mixed wastes. The unit was
buiit at a capital cost of $ 26
million (1987 dallars).
Ohbtaining regulatory approval
for the TSCA Incinerator took
over 8 yaars, The 1993
destruction costs at the inciner-
atorars estimated to be $ 6 per
pound of wasta incinerated.
—— Molten Salt Oxidation Demonstration Further research, development, The RD&D effort is estimated
- WPRO-113-0Y Further RD&D on the process and demonstration (RD&D) on to require $'1.4 miflion fora 3
. m is needed to develop the opti- the process to develop the year dgvelopmant effort.
Ranking: mum processing conditions. technology to deployment.
M-2-2 ($2M;N)
——— Distillation Demonstration The use of the technology to Knowledge of process applica-
m WPRO-222-QY Demonstration costs are esti- mest the site requirements tion{s) and funding.
mated to be $ 0.5-1 million. needs to be demonstrated.
Ranking:
M-2-1($1M;N)
jo—— Chem Char Process Predemonstration Further research, development, The RD&D effort is estimated
L WPRO-114-0Y The RD&D effort is estimated and demonstration (RD&D) on 1o require $ 0.75-1.5 million.
. to require $ 5 million for a 3- the process to develop the .
Ranking: year R&D program. technology to deployment.
L-27 ($5M;N)
Biotreatment Microbial Dechlorination Evolving Technology Further research, development, The RD&D effort Is estimated
WPRO-227-0Y This process is at an early and demonstration (RD&D) on 1o require $ 5-10 million, The
stage of development. Based the process to develop the payback could be significant.
Ranking: on the available information, it technology to deployment.
L-2-5 (85M;N) appears the process should be
able to achieve destruction effi-

ciencies greater than 90%.
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Alternahves Technologles Science/Technology Needs Implementation Needs

Physiml Treatment

Chemical Treatment

Themal Treatment.

———

Gravnty Separation

WPRO-201-0Y

Ranking:
H-4-1 ($1M;N)

Leaching
WPRO-213-0Y

Ranking:
H-4-2 ($1M;N

Chamical Precipitation

WPRO-210-0Y

Ranking:
M-4-2 ($1M;N)

Distillation
WPRO-222-0Y

Ranking:
M-4-1 ($1IM;N)

Demomtm!on ‘ :
Dsvelopment and damonstra-
tion of the WMES is estimated.
to require $ 3-5 million. Ths
savings from implementing the
system could be around § 1 bii-
tion or mora.

Demonatration- '
The use of the tachnalogy fo -
meet the site requirements”
needs to be demnsu'ated

Demcnstuﬁon

The deva!opmem effortis esti-

mated to require approximately
$ 1 mitlfon,

Damonmﬂon
Demonstration costs are esﬁ-
mated to be, s 0.5-1 mition.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

The use of the technology to
meet the site requirements
needs to be demonstrated.

bismonstration eosts are est-
matad to require up to $ 1 mil-
lion,

Damonstrato the effectiveness
of the technology fo mest the
site requirements.

The demonstration effort is
estimated to require $ 0.4 mil-
fion.

Knowledge of process applica-
tiori(s) and funding.
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1

Alterpatives
J

Phys}ta!‘l'reannsn! ""“'"—r'— Low Temperature Separation

Technoldgi_es

&

WPRO-220-0Y

Ranking:
M-1-2 ($2M;N)

e Inorganic Membrane

Chemical Treatment -~~~

A

Separation
WPRO-300-0Y

Ranking:
L-1-8 ($5M;N)

I Adsorption

WPRO-202/203-0Y

Ranking:
M-1-1 (81M;N)

--— Scrubbers

WPRO-301-0Y

Ranking:
H-1-1 ($1M;N)

Solvent Scrubbing
WPRO-211/212-0Y

Ranking:
M-1-2 ($2M,N)

: mdemnmnon

" Thisisan aweptedindustda!
pmcassfcrmossparewno(

ThaRD&Deﬁonwdmbp

morgmcmopcrousﬁ!tmsis~

* estimated to requife § 075-1 -
milfion. T payback is ostimats

ed tobs $20-25 mitlon based

on significantly reduced waste
disposai cosm.

Predemonsmﬁcn Y
faboraio:ysm&eebxdiealo :
remva!efﬁaendesg:aa&er
-than 90% for the removal of
racﬁoacﬁvespedasnsmgm
ot adsdrbing media,. Ferther
devebpmemxsnecemryto .
mmeﬁecﬁvaaﬂsolp

. develop: R
 Yion media for the treatmont of -
mxxedwestscomanﬁnatedﬁq«‘ o

uids:-Development would
inciude for example, scaleup

- gtudies, aavempmentomgh o

" surface area and appropriats .
pamdasizsmadfaforocnmm

ous operations, and the devel-

oemommuoa T
» Scmbbemarecomefda!!y
N avaﬂahfsthoughneedtobe

¥ Demomtfcn

- Continuous solvent extractim
Incoun{emurremcammors ‘e
egy eerﬂnfugafwﬁactms) ts:“ :

. demonstrated technology for, -

- the separathn of hoavy 1 metals: "

_contaclor based processes for

" the separation and recovesy of-*

radionuclides has been tech-
" nology at DOE nuclear pro--.-.

cassmgsnasforwzsyearsﬁ .

The technology mbaappﬁed
tutreaxandrecoverawsde

rangeoicomammantwneenw
 irations., The advantages of ~

", the céntrifugal contactor based

extraction pmcass are fts rafa-

. m@smﬁm.smaﬁw&up ;

volure; and raptd stawp
charagteristics.

Further RD&D on the process
is needed to develop the apti-
mum processing conditions.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration {RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D sffort is ostimated

" tarequire § 1-2 milfion fo meet

sxtaspedic needs.

The RD&D effort Is estimated
to require $:1.5-2 million 1o fur-
thar.develop.the process to.

'me’tmosueneeds.

'TbQRD&Daffortlsesuma!ed
. tofequsreStzsmmion

Knowfedga of prooess apphca-

‘uon(s} and unding.

,ﬁefiﬁinﬁﬁoﬁ is estimated ,
to require § 1-2.5 mitilon,. The

paybwk‘could bo significant.
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EM Goals Y-12 Site Problem Problem Area Constituents E Subelements

» Cleanup Legacy

« Prevent Future
Insult

+ Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination

Decommissioning
(D&D)

Soils, Groundwater

and —H

Wasta Oﬂ-easas from D&o, ]
RA, and WM Opaerations

Waste M:

__Raler to the Regulatoxy: . Waste Processing
T Compiancs of Vol. 1 for
potentially applicable, -
proposad; and promuigated

environmental laws, Signed. |
ami pending agreemsats for -
the Oak Ridge Reservation
-{QRRRY), radiation protection
_standards, DOE Ordars, and
“ nonregulatory. guidance: As
siter and-wasta- specific.”

. - characleristics are provided -

. for each technology, specific
regulatory requirmm ba
" spocified. T

. VOCs in Gases

and Surface T

Water—Remedial

Action (RA)
Non-Volatile Organics - Refer o the Reg;m - Waste Processing :
in Gases . Compiiance of VoL 1: - ‘ f

Waste Management f

(WM) :
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nagement

Alternatlves Technologles Science:Technology Needs Implementatlon Needs

‘Themal Tmatment

Physical Treatment

Incineration

T WPRO-108-0Y

Ranking:
H-1-1 ($1M,86/1b)

___ Catalytic Destruction

WPRO-108-0Y

Ranking:
M-1-2 ($2M;N)

| Moiten Salt Oxidation

WPRO-113-0Y

Ranking:
M-1-2 ($2M,N)

i Electron Beam Destruction

WPRO-304-0Y

Ranking:
L-1-3 ($3M;N)

Steam Stripping

| WPRO-221-0Y

m Ranking:

M-1-1 ($TM:N)

L Flameless Thermal Oxidizers

WPRO-305-0Y

Ranking:
L-1-3 ($3M;N)

Low Temperature Separation

T WPRQ-220-0Y

Ranking:
M-1-2 (§2M;N)

The EPA cons!defs indnamﬁon
to be tha best demonstrated
availabla tachnology (BDAT)
for the destruction'of organics..
Incingration can achiove DREs.
greater than 99.999% for cer-
fain organics. However, addi- -
tional RD&D on several
aspects of inclneraﬁon Is stift
required.

Predemonstration

-This technology has besen

damonstrated to be effective.
(DRE>89+%) for the destruc-
tion of liquld andgaseous
organic wastes:. Howsver, its
usa to rémave and destroy the .
organics from sofids needs

. additional RD&D.. -
\Domonmﬂon

This%notanewpmcesshow-

“even, itz application for treating

hazardous and radioactive con<
taminants has not been
‘dsmonstrated. One advantage
of the process Is that the
process and equipment is
transportable (as opposed to a
fixed treatment faciity) and can
ba located nsar the wasta site.
The process should be capable
of dastroying orgahics with a.
>89% efficienc. Additional
RD&D is required to fully. devel-
op the process to treat mixed

‘wastes..

 Biedimab o
; Deveiopmentwomwimme

compounds ot interest at the

_banch scale neéds to be done

to 1ustify scafe-up testing. -

Domonstmtlon

This s an accapted industrial
process that can remove
volatile organics with >89+%
efficiency éspecially from cont-
aminated aqueous streams. .
The application of the process
to saﬁsfadonry remove haz-
ardous and radioactive species
needs to be demonstrated.

Demonstration

Development work with the
compounds of interest at the
bench scale needs to be dons
ta justify scale-up testing.

Predemonstration

This Is an accepted industrial
process for the separation of
low-boiling components from
high-boiling components. The
process can achigve separa-
tion efficlancles greater than
99%.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Further research, development,

and demonstration (RD&D) on
the pracess to develop the
technology to deployment.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further RD&D on the process
is naeded to develop the opti-
mum processing conditions.

Knowladge of process applica-
tion, funding, and regulatory
approval. For example, the K-
25 Site TSCA Incineraforis a
30 MMBtwh unit that [s permit-
ted to destroy low-level
radloactively contaminated
mixed wastes.. The unit was
bullt at'a capital cost of $ 26
millon {1887 dollars).
Obtaining regulatory approval
for tha TSCA incinerator took
over 8years, The 1993
dastruction costs at the Inclner-
ator are estimated to ba $ 6 per
pound of waste incinerated.

The RD&D effort is estimated
to require $0.75-1.5 millian.

‘The RD&D effort is estimated
to require $ 1.4 millionfora 3

year development effort.

The RD&D effort is estimated
to require $ 0.75-1.5 milllon.

The RD&D effortis estimated
to require $ 1-2 million to mest
site' specific needs.

The RD&D effort Is estimated

to require $ 1-1.5 milllon.

The RD&D effort Is estimated
to require $ 1-2 million to mest
site specific needs.
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— Alpha-4

Waste Oft-Gases from D&D
RA, and WM Operations
{cont). -

Non—VoIahle Organics in Gases

Reterto the
COmplfancaof Vol: 1 tot.
potentially applicable,

- propessd, and promulgated

environmental laws, signed
and pending agreaments for
the Qak Ridgs Resarvation
_{ORR), radiation protection
staniards, DOEOrders, and .

pecific
regulatory requirements will ba
specified. .

" Waste Processmg
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Alternatlves Technologles m Science/Technology Needs Implementation Needs

>hysical Treatment
cont.)

Chemical Treatment-

Fhermal Treatment

——r—

Inorganic Membrane
Separation
WPRO-300-0Y

Ranking:
L-1-8 (85M;N)

Filtration

WPRO-201-0Y

Ranking:
M-1-1 (SIM;N)

— Scrubbers

WPRO-301-0Y

Ranking:
H-1-1 ($1M;N)

Solvent Scrubbing
WPRO-211/212-QY

Ranking:
M-1-2 ($2M;N)

Incineration
WPRO-108-0Y

Ranking:
H-1-1 ($1M;$6/1b)

Predemonmﬂon :

The RD&D effort ta davelop
inorganic micmporousﬁlters is
estimated to require § 0.75-1
milllon. The payback is estimat-
od to be.$20-25 milion based.
on-significantly reduced waste

Demnonstration

This Is an accepted process for
separating sollds from fluids.
The process can

removal efficiencles greater
than 99%. Theussofthe
process to meet the site
requirements wilt however,
need {o ba demonstrated.

Demonstration .- .
Scrubbers are comercially .
availabla though riced to be:
demonstrated for particular
applmﬁms at K 25‘ .

Demonstration
Continuous soiverrt exlracﬁon
l(n n;nfugal mtacl ) Is.
0. 91, [~ “con! (43}
demonstrated technology for -
the separation of heavy metals
or organics from agqueous or
organic solutions. Centrifugal
gmactor bfacé&messes hori
g separation reeovery
radionuclides has heen toch-
nology. at DOE nuclear pro-
cessing sites for over 25 years.
The technology can be apphed
toreat-and recover. awida -

. range of contaminant conceit--

trations.” The advantages-of -
the centrifugal contactor based

extraction procass are its vela- -
- tively small size, smalt hold-up -

voluma, and.rapid start-up
characteristics. This tschno!o—
gy whariused with-other waste
treatmant processes would -
enhancs the overall waste
treatmant strategy.. Howaver,
the usa of the tachnalogy for
the treatment of solid. wastes
requires additional RD&D.

Accepted

The EPA canskders Incineraﬂon
to ba ths best demonsirated-
available technology (BDAT)
for the destruction of arganics.
Incinaration can achleve DRES
greatsr than 99.999% for car-
fain organics. However, addi-
tional RD&D on'saveral
aspacts of incineration is still
required: :

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the pracsess to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the tachnology to
meet the site requirements
needs to be demonstrated.

The RD&D effort is estimated
to require $ 1.5-2 miilion to fur-
ther develop the process to
moet tha site needs..

Demonstration costs are esti-
mated to require up to $ 1 mil-
llon.

Knowledge of process applica-
tion(s) and funding.

The RD&D effort is estimated
to requirs $ 1-2.5 million. The
payback could be significant.

Knowladge of process applica-
tion, funding, and regulatory
approval, For example, the K-
25 Site TSCA Incineratoris a
30 MMBtw/h unit that Is permit-
ted to destroy low-level
radioactively contaminated
mixed wastas. Tha unitwas
bullt at a capital cost of $ 26
million (1887 dollars).
Obtaining regulatory approval
for the TSCA Incinerator took
over 8 years. The 1993
destruction costs at the inciner-
ator are estimated to be $ 6 per
pound of waste incinerated.
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Waste Off-Gases from D&D,,
RA, and WM Operations-
{cont) -

Non-Volaule Organics in Gases

~ Particulates in Gases

T Reler to.the Regumry
Campiiancs of Vol. 1for
potentially applicable,
prapessd, and promulgated
environmental {aws, signed
andd pending agreaments for
the Oak Ridger Resarwvation
(OI3R), radiation protection
standards, DOE Orders, and
nonreguiatory guidancs. As.
shte- and wasts- specific
charactaristics are provided
for sach tachnology, specific

regulatory requirements will ba -
specifiad. ~

——Rafar o the Regulatory

Complianca of Vol 1 for

_potentially applicable,

propiosed, and promulgated

“environmental laws, signed -
and pending agreements for

the Oak Ridge Ressrvation
(ORR}, radiation protection

- stardards , DOE Orders, and

" for each tachnology, specific
regulatory requirements will be.

specifiad.

T WasteProcessing — [

Waste M:

" waste Processing




jlagement

! ‘ ; '
Alterna}ives Technologies m ScienceTechnology Needs Implementation Needs

Themnal Treatment T Catalytic Destruction
cont) m WPRO-109-0Y

Ranking:
M-1-2 ($2M;N)

Molten Salt Oxidation
m WPRO-113-0Y

Ranking:
M-1-2 ($2M;N)

[~ Electron Beam Destruction
WPRO-304-0Y

Ranking:
L-1-3 (83M;N)
Steam Stripping

WPRO-221-0Y

Ranking:
M-1-1 ($1M;N)

Flameless Thermal Oxidizers
WPRO-305-0Y

Ranking:
L-1-3 (33M;N)
T Inorganic Membrane
Separation
WPRO-300-0Y

Physical Traatment

Ranking:
M-2-5 ($5M;N)

Predemonstration- :
Ths EPA considers Incineration
to ba the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can  achieve DREs
greater-than 99.999%torear-
tain organics: However; addi-
tional AD&D on several:
aspects of Incinaration is still
requiréd..

Domnstnﬁon S
Thisisnota W procem how-
‘aver, Hts application for treating'
hazardous and radioactiva con-
taminants has not been’
demonstratad, One advantage
of ths proeess isthatths -
procsss and equipment is.
transportable. (asopposediaa
fixad treatment fad(ny) and can
be located Aear the wasta'site.
The process should be capable
of dastroying organics with a
>99% efficlonc. Additional -
RD&Dis required 1o fufly devel-
opthe processto treax mixed.
wastes, '

Predemomm'aﬂon
Development waork with the
compounds of interest atthe

bench scale needs to be done
to justify s:ale-up,tssﬁnq,

Demonstration .

,Th!sisanaweptedmdusmd
'processmatcanremove

volatile organics with >894%.

gfficiency espeda!ly from cont-

aminated aqueous streams..
The application’of the process
tosaﬂsfamﬁiyremovahaz«
ardousandmdloacﬁvespedes
nsedstobedemonshaiad

Demonsfraﬁm

Deva!opment work wtth the
. "compounds of inferestat the

bench scale néeds tabe dane
to justify scale-up testing.

Predemonstration

The RD&D sffort to deveiop
inorganic microporous filters is
estimated to require $ 0.751
mifion. Tha paybackIs estimat-
ed to be 520-25 miftion based
on significantly reduced waste
disposal costs. -

The RD&D effort s estimated
to require $ 0.75-1.5 million.

Further research, development,
and demonstration (RD&D) on
the procass to develop the
technology to deployment.

Further research, development, The RD&D effort is estimated

and demonstration (RD&D) on to require § 1,4 miltion fora 3
the process to develop the year development effort,
technology to deployment.

Further research, development, The RDA&D effort Is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the procsss to develop the

technology to deployment.

Demonstrate the effectiveness The RD&D effort Is estimated
of the technology to mest the to require $ 1-2 million to meet
site requirements. site specific needs.

Further research, development, The RD&D effort is estimated

and demonstration (RD&D) on
the procass to develop the

fo require $ 1-1.5 million.

technology to deployment.

Further research, development, The RD&D effort Is estimated
and demonstration (RD&D) on to requira $ 1.5-2 million to fur-
the process to develop the ther develop the process to
technology to deployment. mest the site needs.
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Y-12 Site Problem Problem Area Constituents H Subelements I

Waste Off-Gases from D&D
RA, and WM Operations
(cont.)

" Parficulates in Gases
{cont.)

Waste M:

T Retartothe Regulatory -
Corapliance of Vol.. { for
potontially applicable;
proposed, and promulgated -
env.ronmentat laws, signed
and pending agreaments for
the Oak Ridge Ressrvation
(ORR), radiation protection .
stardards, DOE Orders; and.
nonregu!amty guidance. As

T Waste Processing

for vach technology, spedﬂc
regulatory requlrements willbe
spa(:iﬁed.
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' ‘ ' 0 | !
Alterna‘tives Technologies } § Status ScienceTechnology Needs Implementation Needs
[ L N | : ;

=TT Adsomtion

hysical Treatment
cont.)

WPRO-202/203-0Y

Ranking:
M-2-1 ($1IMN)

Filtration

WPRO-201-0OY

Ranking:
H-2-1 (S1M;N)

Scrubbers

WPRO-301-0OY

Ranking:
H-2-1($1M;N)

[~ Cyclone Separation
m WPRO-302-0Y

Ranking:
M-2-1 ($1M,N)

" ™ High Gradient Magnetic

Separation
WPRO- 204-0Y

Ranking:
L-2-2 ($2M;N})

Demonstration’. .
Laboratory studies Indicats
ramoval sfficiencias greater
than.90% for the removal of
ragioactive speciss using vari-
ous adsorbing media. Further
davelopment is necessary {a
davetop more effactive adsorp-
tion media for.the treatment of
mixed wasta contaminated fig-
ulds: Davelopment woukd-
Include for example, scale-up
studies, davelopment of high
surface area and appropriate
particle size media for continu-
ous operations, and the devel-
opment of appropriate media
for the removal of various cont-
aminants.

Demonstration -

This fs an accopted procass for
separating solids from fluids.
The process can achlaye °
ramoval efficiencies greatar
than 99%. The use of the~
process o meet the site
requirements will howsver,
need to be demonstrated.

Demaonstration

Scrubbars are comercially
availabla though nesd to be
demonstrated for particular
applications at K-25..

Evolving Technology. " .
Application of commercially
available cyclones to specific

'K-25 problems must be Investi-
gated befqra full-scale use

The treatment is commarcially:
availabla for exampls, for the
removal of trace impurites from
kaolln clays: Removal efficien-
cles for the process are greater
than 99%. Howaver, ite use to
treat mixed wasta contaminat-
od flulds needs additional
RD&D.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be dsmonstrated.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The RD&D effort is estimated
to require $.1.25 miltion.

Demonstraﬁén costs are esti-
mated to require up to $ 1 mil-
lion.

Knowledge of process applica-
tion{s) and funding.

Demonstration costs are est-
mated to require up to $ 1 mit-
lion.

Demonstration costs are esti-
mated to be $ 0.5-1 millien.
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Waste M:

m Y-12 Site Problem Problem Area Constituents H Subelements

[~ Particulates in Gases Re‘er to the Regulatory * T Waste Processing
« Cleanup Legacy Waste Off-Gasesfmm D&D, {cont)) " Compiiance of Vol. 1 for .
. RA, and WM Operations potentially applicable;
Prevent Future (cont) proposed, and promulgated .
Insult ; o environmantal laws, signed
. : - arxi pending agreements for
Devc.alop - the Qak Ridge Resatvation
Environmental . gmm
Stewardship . i notiregulatory guidancs. As
site- and waste- specific
for sach tachnology, specific
regulatory requirements will be
specified:
EM Problem .
Facilies— ‘ SRR I
Decontamination : L . ’
and = —H . A ' o
Decommissioning - . L
(D&D) o os - ST
C /‘ ) ‘ |

s & o ',?V o . 7 T PR ’ . ’

gr?(ljlsél?r;ggg dwater ’ i ™™ Inorganics in Gases Reler to the Rogulatory = Waste Processing

Water—Remedial - g:npﬁanc::;& ; for

Action (RA) . o antially .

’ . propossd, and promulgated
- - environmental laws, signed

_ aml pending agreements for -

- the Oak Ridga Resetvation - -
. (ORR), radiation protection ~ ~
, standards, DOE Orders, and,
nonregulatotygmdance As -

. " sitavand wasts- specific- -

i * characteristics ara provided

’ for sach technalogy, specific

ragmatory requfmmems willbe ~

. specified.

Waste Management
(WM)

B
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- - i :
Alterna}tives Technologies ScienceTechnology Needs Implementation Needs
| L |

Chemical Treatment Solvent Scrubbing

WPRO-211/212-0Y

Ranking:

Thermal Treatment Molten Salt Oxidation
[ werotisov

Ranking:
M-2-2 (82M;N)

Physical Treatmant ¥ inorganic Membrane
Separation
WPRO-300-0Y

Ranking:
M-3-5 ($5M,N)

Demonstration

Cantinuous solvent extraction.
In counter-curent contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of hsavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor basad processes for
the separation and recovary of
radionuciides has been tech--
nology at DOE nuclear pro--
cassing sites for aver 25 years.
The technology. can be applied
to treat and recover a wide
range of contaminant concen-
trations. The advantages-af
the centrifugal contactor based
extraction areits-rela-
tively smali size, small hold-up
voluma, and rapid start-up’
characteristics. This tachnolo-
gy when used with other waste
treatment processes would
enhance the averall waste .
treatmant . However,
tha uss of the technology for
tha treatment of solid wastes- .
requires additional RD&D.

Demonstration

This [s not a now process how-
aver, its application for treating
hazardous and radicactive con-
taminants has nof baen
demonstrated. One advantage
of the procass is that the .
process and equipment is-
transportable (as opposedto a
fixed treatment facility) and can
ba located near the wasts site.
The procsss should ba capable
of destroying organics witha.
>89% efficlenc. Additional
RD&D Is required to fully devel-
op the procass to treat mixed-

Prodemonstration -

The RD&D effort to develop
inarganic microporous filters is
estimated to require § 0.75-1
miition; The payback is estimat-
ad to be $20-25 milion based
on significantly reduced waste
disposal costs.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration {RD&D) on
the procsss to develop the
technology to deploymant.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

‘The RD&D effort Is estimated
to require $ 1-2.5 million. The
payback could be significant.

The RD&D effort Is estimated
to require $ 1.4 millionfora 3
yaar development effort.

The RD&D effort is estimated
to require § 1.5-2 million to fur-
ther davelop the process o
meet the site needs.
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Alpha-4

Waste Off-Gases from D&D
RA; and WM Operations
{cont)

Inorgamcs in Gases
{cont.)

Radioactive Elements

in Gases

Refer to the Regulatory
Comptiance of Vol. 1 for
potentially applicable,
propossd, and promulgated

. environmental laws, signed.

and pending agreaments for
the Oak Ridgs Resatvation
(ORIR}, radiation protection
standards, DOE Orders, and.

. nonregulatory guidance. As

site- and waste- spacific
charactaristics are provided
for aach technology, spaciiic

ragulatory requirements will be. ~
‘-specified.. |

’ Refer’tothe Regulatory - °

Compliance of Vol. 1 for -

. patentially applicable, .

proposed, and promulgated
environmental laws, signed
and pending agreements for
the Oak Ridge Riservation
{ORRY), radiation protection
starxlards, DOE Orders, and

" nonragulatory guidance. As

sito- and waste- specific
characteristics ars provided
for each technology, specific
regulatory requirements will be
spectied.

T Waste Processing

Waste Processing ;
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Alternaltives Technologies m Science/Technology Needs Implementation Needs
| .

Physical Treatmant 7

(cont)) m

Chemical Treatment

Physical Treatment

Adsoprtion
WPRO0-202/203-0Y

Ranking:
M-3-1 ($1M;N)

Filtration
WPRO0-201-OY

Ranking:
M-3-1 (§1M;N)

Scrubbers
WPRO-301-OY

Ranking:
H-3-1 ($1M;N)

Cyclone Separation
WPRO-302-0Y

Ranking:
M-3-1 ($1M;N)

High Gradisnt Magnstic
Separation
WPRO-204-0Y

Ranking:
L-3-2 ($2M;N)

Solvent Scrubbing
WPRO-211/212-0Y

Ranking:
M-3-2 ($2M;N)

Prodemonstration

Laboratory studies indicats.
removal efficiencias greater
than 90% for tha removal of
radioactive species using vari-
ous adsorbing media. Further
davelopment is necessary to
develop more effective adsorp-
tion media for the treatment of
mixed waste contaminated liq-
ulds. Davelopmentwould
Include for example, scale-up
studies, davelopment of high
surface area and appropriate
particle size media for continu-
ous operations, and the devel-
opment of appropriate media
for the removal of various cont-
aminants.

Demonstration .

This is an accepted process for
separating solids from fitids..
Tha process canvachieve.
removal efficlencies greater
than 99%. Theuse ofthe
process to meet tha site
recuirements will howaver,.
nead to be demonstrated.

Demonstration

Scrubbers are comercially
available though need to be
demonstrated for particular
applications at K-25.

Demonstration

Application of commercially.
available cyciones to specnﬁc
K-25 problams must be investi-
gated before full-scale use -

Demonstration :

The treatment is commemiaﬂy
avallabla for exampie; for the
ramoval ot trace impurities from
kaolln'clays. Removal efficien-
cies for.the process are greatar
than 99%. However, Hsuseto
treat mixed waste contaminat-
ed fluids naeds addstlona)
RD&D.

Demanastration '
Continuous solventextraction
in counter-current contactors
(e.a., centrifugal contactors) is
demonstrated technology for
the separation of heavy mstals
or-organics from aqueous or .
organic solutions. Centrifugal
contactor based procasses for
the separation and recovery of
radionuclides has been tech-
nology at DOE nuclear pro-
cessing sites for over 25 years.
The technology can be applied
to treat and recover a wide
range of contaminant concen-
{rations. The advantagss of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo-
gy, the use of the technology to
maet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The RD&D effort Is estimated
to require $ 1.25 million.

Demonstration costs are esti-
mated to require up to $ 1 mil-
fion.

Knowledge of process applica-
tion{s) and funding.

Demonstration costs are esti-
mated to require upto $ 1 mil-
lion.

Demonstration costs are estl-
mated to be $ 0.5-1 million.

The RD&D effort is estimated
fo require $ 1-2.5 million. The
payback could be signiticant.
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Waste M:

Y-12 Site Problem Problem Area Constituents E Subelements l

" Radioactive Elements
Waste Off-Ga.ses from | D&D in Gases
RA, and WM Operaﬂans

{cont)

T Refertothe Regulatory
Corpliancs of Vol. 1 for
potontially applicable,
projyesed, and promuigated
environmental laws, signed
and pending agreements for
the Oak Ridge Resarvation
(OFR}, radiation protection.
standards, DOE Orders, and

, specific
regulatory requiremems willbe
sperifiad.. -

" Waste Processing

b
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Alternatlves Technologles ScienceTechnology Needs Implementatlon Needs

Physical Treatment 1 Scrubbers
H WPRO-301-OY

Ranking:
H-2-1 ($1M;N)

Adsorption
WPRO0-202/203-0Y

Ranking:
H-2-1 ($IM;N)

Filtration
WPRO-201-0Y

Ranking:
H-2-1 ($§1M;N)

Chemical Treatment

Solvent Scrubbing
WPRO-211/212-0Y

Ranking:

lon Exchange
WPRO-217/218-0Y

Ranking:
M-2-2 ($2M;N)

Demomtnﬁotr

Scrubbsrs are comerda!ly
available though need tobs
demonstrated for particular
applications at K-25.

Predemonstration
Laboratory studies indicate
remaval efficlencias greatar
than 90% far-the removal of
radicactive specias using vari-
ous adsorbing media. Further
davelopment is necassary to.
dsvelop mare effactive adsomp-

tion madia for the treatment of

mixed waste ‘contaminated fig-
uids. Davelopment would
include for éxample, scale-up
studias, development of high
surface area and appropriate
particle size media-for continu-,
ous omraﬁons, and the devel-
opment of appropriate media
forthe removal of. various cont-
amlnants o

Demonmﬁon .

Thisisan accoptsd process for
saparating salids from flukds.
‘The process can achisve
removal efficiencies greater
than 99%. The.use of tha-
process to meet the site
requirements will however,
need to be demonstrated.

Demonstmion
Continugus sofvent extracuon
in counter-cunent contactors

(e.g., centrifugal contactors) Is

demonstrated tachnology for
the separation'cf heayy metals.
or organics fromaqueous of-
erganic solutions. Centrifugal
contactor based prooesses for-
the separation and recovery of
radionuclides has beentach-
nology.at BOE nuclear pro-.
cessing sites for over 25 years.
Tha.technology: can be applied
to treat and recover a wida
range of contaminant concen-
trations.. The advantages of
the centrifugal contactor basad
exiraction process ara its rela-
tivaly smalt size, small hold-up
volume, and rapidstan-up
characterisﬁw. -

Demcm‘traﬂonf

Accepted mathod used in
industry for treating liquids. .
Treatment efficlencies can be
greater than 99% depending
upan the application, the ion
exchange media, and the
solutes to be removed.

Though an accepted technolo- Knawledge of procass applica-
gy, the use of the technology to tlon{s) and funding.

meet the site requiremants

needs to be demonstrated.

Further research, development, The RD&D effort is estimated
and demonstration (RD&D) on to requirs $ 1.25 million.

the process to devalop the

technology to deployment.

The use of the technology to Demaonstration costs are estl-
meet the site requirements mated {0 require up to $ 1 mil-
needs to be demonstrated. lion.

The RD&D effort is estimated

Further research, development,

and demonstration (RD&D) on - to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

The use of the technology to Devetopment costs are esti-

meet the site requirements mated to be $ 1.25 million.

needs to be demonstrated.
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— Contaminated Solid Wastes ree——
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Contammated Concrets Rubble
Scrap Transite

Scrap Asbestos Pipe &
Insulation

Other Scrap Bldg.Materials
Scrap Porous Nickel

Scrap Aluminum, Copper, and
Other Non-Ferrous Metals
(Other than Nickel and Mercury)
Scrap Stes!

Scrap Plastic, Paper, and Cloth
Contaminated Clothing and
Rags

Spent lon Exchange Media

Waste Processing Residuals

Cornpliance of Vol.. 1 for
potontially applicable,
proposed, and promulgated
environmental faws, signed
and pending agreements for

nonregulatory guidance. As
slte: and waste- specific
characteristics are pmvided
for yach tachnology, specific

regtilatory requirements will be.

specified. -

Waste Mi

= Waste Stabilization ——
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ves Technologies m ScienceTechnology Needs Implementation Needs

(]

Alterna:l

Selldification

Macroencapsulation

Microancapsulation

Chemical Fixation

Cementitious Materials
WSTA-100-0OY

H-2-1 ($0.5M;$300/1t3)

Polymer Impregnated Concrete
WSTA-101-0Y

H-2-1 ($0.5M;$300/#t3)

Plastics-Thermoplastics
WSTA-102/103-0Y

H-2-1 ($0.5M;$300/#3)

Plastics~Thermosetting
WSTA-104-0Y

H-2-1 (30.5M;$300/#3)

Accepted .

This is an accepted method for
stahllizing hazardous and low-
level radioactive wastes for dis-
posal. Howevsr, the technology
(as currently practiced) is more
art than science. This method
generally resultsin a 0.510 2-
fold increass in the volums of
the final wastetform for disposal.

Evolving Technology

The goal is to develop an alter-
nate wastaform that is less
leachable (and thus more
acceptabla) than cementitious
wasteforms: The polymer addl-
tion serves to watarproof the
final wasteform thus reducing
the migtation of the immobilized
contaminants into the environ-
ment. This.method is also
expacted to resultinacne o -
two-fold increasa in the final
wasteform volume for disposal.

Predemonstration

Tha bitumen stabllization
process is detarmined to be at
the demonstration leve! while
tha polyethylsne process is
detarmined to be at tha
Predemonstration leve! of
development. Depending upon
the wastes being stabllized,
thermoplastic stabilization
processas resultin a net
decraass in the final wasteform
volume. The technology is not
mature and additional research,
development, and demonstra~
tion (RD&D) is needed to further
develon the technology and lis
acceptability-as a stabllization
method by the regulators.

Predemonstration

This process is especially suit-
able for-stabilizing spent ion
exchange resin beds for dispos-
al. The process does not
require high temperatures or
dried wastes and normally
results In no netincraase In the
volums of the final wasteform.
Howsver, if the method is used
to stabilize a net increase in the
voluma of the final wastsform
could result. Additional RD&D
on the procass could help
increasa its applicabliity to sta-
bilizing other wastes.

Though an accepted technolo-
gy, the use of the technology to
mast the site requirements
needs to be demonstrated.
Also, need to develop better
understanding of the immobi-
lization chemistry and mecha-
nisms.

Further research, development,
and demonstration (RD&D) on
the procass to develop the tech-
nology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the tech-
nology to deployment.

Further research, development,
and demonstration (RD&D) on
the procass to davelop the tech-
nology to deployment.

Knowledge of process applica-
tion, funding, and regulatory
approval.

in general cementitious stabl-
lization/solidification costs range
betwesn $ 50 to $ 500 per cubic
foot of waste, Thesa costs are
vary dependent upon the
wastes being sofidified, the
camentitious materials being
employed, and the performance
criteria for the wasteform.

The RD&D effort is estimated to
require § 5-10 milflon. The pay-
back could ba significant.

The RD&D effort is estimated to
require $ 2-5 milllon. The pay-
back couid be significant.

The RD&D effort Is estimated to
require $ 2-5 million. The pay-
back couid be significant.
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Y-12 Site Problem

— Contaminated Solid Wastes ——

Problem Area Constituents

Contaminated Concrete Rubbla
Scrap Transite

Scrap Asbestos Pipe &
Insulation

Other Scrap Bldg.Materials
Scrap Porous Nickel

Scrap Aluminum, Copper, and
Other Non-Ferrous Metals
Scrap Stee!

Scrap Plastic, Paper, and Cloth
Contaminated Clothing and
Rags

Spent lon Exchange Media

Waste Processing Residuals

(Other than Nicke! and Mercury){

Compliance of Vol. 1 for
potentially applicable,
proposed, and promulgated
environmental laws, signed-
and pending agresments for
the QOak Ridge Ressrvation
(ORIR), radiation protection
staniards; DOE Orders, and
nomregulatory guidance. As.

- site- and waste- specific

characteristics are provided-
for aach technology, specific
regulatory requirements will be
specifiad. -

Waste Ms

——Reter to the Regulatory

T Waste Stabilization ™ ]
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Alternatlves Technologles Science/Technology Needs Implementation Needs

High-Temperature Crystalhne Evolv[ng Technology Further research, development, The RD&D effort is estimated to
(cont.) Materials This is a developmental tech- and demonstration (RD&D) on require $ 5-10 milllon. The pay-
WSTA-105-0Y nology which uses high temper- the process to develop the tech- back could be significant.
Macroancapsulation atures to immobilize the wastss nology to deployment.
{cont} in a ceramic wasteform, These
wasteforms are generally inert
Microsncapsulation and exhibit very low leachability
(cont) characteristics. Depending
upon the waste characteristics
Chemical Fixation _| ceramic wasteforms can result
{cont) in a significant decrease in the
volums of the final wastaform
which can translate into signifi-
cant savings in waste disposal
costs.

High-Temperatura
Noncrystalline Materials
WSTA-106-0Y

Predsmonstration
This is an acceptad process for
the disposal of high-lavel

Demonstrate the effectiveness
of the technology to meet the
site requirements.

The RD&D effort is estimated to
require $ 5-10 million. The pay-
back could be significant.

nucloar wastes however, its .
suitability for the disposal of
hazardous and low-feval -

high pracessing temperatures;
this process results in the
decraase of.the final wasteform
volume. Under normal environ-
mental conditions the final-
wasteform is inert and non-
lsachable.
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Waste Ma

EM Goals Y-12 Site Problem Problem Area Constituents E Subelements I

» Cleanup Legacy — Alpha-4 :g?\lgents g::;;ﬂto the gfesglﬁogr ——— Waste Minimization
* Prevent Future Minimize the generation of +PCB potentially applicable, pro-
Insult hazardous and mixed wastes. « Organices possd, and promulgated
« Inorganics environmsntal laws, signed
» Develop « Metals - and pending agreements for
N « Wood the Oak Ridge Reservation
Environmental ‘ - Plastics (ORR), radiation protoction
Stewardship - Cloth standards, DOE Orders; and
* Paper nonragulatory guidance. As
* Asbestos site- and wasts- specific
« Mercury characteristics ars provided - ,
tor each tachnology, specific .
reguatory requirements will
be specified.

EM Problem

Facilities— . :
Decontamination ) !
and - T :
Decommissioning - ; . ;

(D&D) . - . - :

Soils, Groundwater ) . : ‘ ; §
and Surface ‘ .
Water—Remedial
Action (RA)

Waste Lianagement
{¥M)

Septembe o




1agement

[ | ¥ |
Alternaitives Technologies E Status ScienceTechnology Needs Implementation Needs
‘ L ' : ‘

» Minimize the creation of
vastes,

» Characterize and segregate
the wastes as eary in the oper-
ation as possible to minimize
hazardous waste generation

» Maximize the usa of non-haz-
ardous substitutes.

» Transfer potential waste mats-
ials (e.g. spedialty freons) to
other DOE plants having a
need for the materiat

» Sesk opportunities to use con-
aminated spent materials in
other DOE applications (e.g.
contaminated metal for use in
supercoilider)

 Maximize the recyclo of treat-
ad spent materials

» Sell maximum matsrials as
scrap as legally permitted.

» Establish acceptable Balow-
Regulatory Concern (BRC) and
‘da-minimus® values.

 Think Waste Minimizationt

Waste Minimization Evaluation=——- Computer Software
System (WMES) WMIN-100-0Y

Demonstration -

Damonstration . -

A prototype software program
was used to analyze waste’
minimization at a solvent
degreasing operation atthe Y-
12 Plant. This application
showad areas where the
degreasing operations could be
improved from a waste mini-
mization perspective..

The science and technalogy
needs are expected to be mini-
mal because incorporating the
waste minimization ethic will
not require new technology but

Ceneral implamentation needs
includa inculcating the waste
minimization philosophy among
site personnel through educa-
tion and establishing accept-

a changs in operating philoso- able BRC and de-minimus val-

phy, attitudes and behavior. ues forradicactive contamina-
tion levels in potential wastes
so that significant quantities of
potential waste materials can

efther be recycled, sold as
scrap, or disposed at lower

costs,
Develop and demonstrate the Development and demonstra-
effectiveness of the WMES to tion of the WMES is estimated
minimize site wastes and waste to require $ 3-5 milllon. The
disposal costs. savings from implementing the

The scienceftechnology needs system could be substantial.
include for exampls, software

development (e.g., programing

and process simulation) and

expertise capture.
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« Cleanup Legacy Pond Wasta Sludge

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

Facilities—
Decontamination -
and - -
Decommissioning
(D&D)

Soils, Groundwater
and Surface
Water—Remedial
Action (RA)

Waste Management
(WM)
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Waste from 9204-1 D&D oper-
ations

Refer to the Regulatory
Compifance of Vol. 1 for
potentially applicable,
_proposed, and promulgated
environmental laws, signed
and pending agreements for'
the Oak Ridge Reservation
-(ORR), radiation protection:
standards, DOE Orders, and

for each technology, specific

regiulatory requirements will
_ be spacified.

Waste Disposal
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Alter‘nz‘ltives

N

Low Level Waste On Site
(Oak Ridgs Ressrvation)

Low Lavel Waste Off Site
(DOE)

Low Level Wasts.Off Site
{Commercial)

Mixed Waste.On Sita =~ ————
{Ozak Ridge Reservation)

Mixed Waste Oft Site
{Commercial)

Mixed Waste Off Site
(DOE)

Technologies

Class L-1 Landfil
(WDIS-108)

Borehole
(WDIS-100)

Interim Waste Management
Facility (IWMF) Tumulus
(WDIS-109)

Hanford, Wa
(WDIS-108)

Nevada Test Site
(WDIS-102)

Chem-Nuclear,Bamwell, SC
(WDIS-110)

US Ecology, Hanford
(WDIS-112)

Envorocare, Clive, UT
(WDIS-104)

“Area of Contamination” con-
figuration defined under CER-
CLA and located at K1417
pad. Proposed disposal area
would consist of monolithic
blocks of stabilized waste
which would be covered with
enginesred cap

Envirocare, Clive, UT
(WDIS-104)

Mixed Waste Disposal Unit
(WDIS-113)

Hanford, WA
(WDIS-108)

Status

Predemonstration: Not cur-
rently available. Facility being
designed and developed for
1993 opening.

Predemonstration: Not cur-
rently available or being
designed. ’

Accapled: In usa at SOLID
WASTE STORAGE.
AREA(SWSA) 6at X-10.
Limited volume for storage.

Acceptad: But not available
far use. .

Azcepted: In operation.
Constraints posed by Wasts
certification and WAG may
prohibit shipments from Oak’
Ridge.

Accepted: Avallabilty
unknown.

Acceptsd: Operating -
Accapted: Oparating

Predemaonstration: She.ls

baing proposed. Nodesign or
ficensing has taken place,

Accepted: Negotiations for
access by Oak Ridge currently
ongoing.

Conceptual: No design yet

Unknown

ScienceTechnology Needs

Dsmonstration of acceptability
of trench disposal. Waste form
must be demonstrated to meet
waste acceptance criteria

Acceptability of concept needs
to be tested. Waste form must
be identified and demonstrated
to meet waste acceptance cri-
teria.

Waste form must be demon-
strated to meet waste accep-
tance criteria.

Waste form must be demon-
strated to mest waste accep-
tance criteria.

Waste form must be demon-
strated to meet waste accep-
tance criteria.

Waste form must be demon-
strated to mest waste accep-
tancs criteria.

Waste form rmust be demon-
strated to mest waste accep-
tanca criteria.

Waste form must be demon-
strated to meel waste accep-
tance criteria.

Design and testing of accept-
ability of concept necassary.
Waste form must be demon-
strated to meet waste accep-
tance criteria.

Waste form must be demon-
strated to meet waste accep-
tance criteria & LDR

Unknown

Waste form must be demon-
strated to mest waste accep-
tancs criteria.

Implementation Needs

Development cost:
Capital cost:$81 milllon
Operating cost: $8 million
annually.

Dsvelopment cost: Estimated
$3 million to damo concepl.
Caplial cost:

Operating cost:”

Not applicable

Developmant cost: Unknown
Capital cost:
Disposal cost: est. $200/#2

Development cost: Not
known |

Disposal cost: $200/18 +
Programatic and packaging,

handling, and transpostation
cost (SEE STATUS)

Development cost: Not
known
Disposal cost: Not available

Disposal cost: Not avallable
Disposal cost: $30-50/1t

Development cast: Unknown
Capital cost:
Operating cost:

Development cost: Unknown
Disposal cost: $30-50/1t3

Unknown

Dsvelopmont cost: Unknown
Capltal cost:
Operating cost:

September 1994



+ Clean Up Legacy
Waste

« Prevent Future
Insult

* Develop
Environmental
Stewardship

Y-12 Site Problems Problem Areas.Constituents E Subelements

Shipments -
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Facility
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and
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(D&D)
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Water
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(WM)

September 1994

— Alpha-4 . « Poor definition of needs =~ ~=———
Waste GenefatorlPackagmg/
Transportation interface

[— Alpha<4 . + Excepted quantities of
Radloactive Matarial radioactive materials

* Non-fissila radioactive
materials having low specific
activity (LSA)

——« Non-fissile radioactive
materials which are not
radioactive themssives but
which have radioactive
materials distributed on their
surfaces, that is surface
contaminated objects (SCO)

~— « Non-fissile concentrated
wastas having total activities
less than Type A package
limits

I~ * Non-fissile concentrated
wastes having total activities
greater than Type A package
limits

—— « Wastes containing fissile
materiat

——— Reler to the Regulatory

Waste M:

Reter to the Regulatory
Compiiance of Vol. 1.

Waste Packaging, Handling, ——
and Transportation (WPH&T)

Wasts Packaging, Handling, ——

Coinpliance of Vol. 1. and Transportation (WPH&T) .
1
Refer ta the Requlatory Waste Packaging
Cornpliancs of Vol. 1. l
Handling & Transportation
Refur to the Regulatory Waste Packaging
Compliancs of Vol. 1. ,

Handling & Transportation I

Refer to the Regulatory
Compliance of Vol..1.’

Waste Packaging ——!

Handling & Transportation ——!

Refer to the Regulatory
Compliance of Vol. 1 for poten-
tially applicable; proposed, and
promulgated environmental
laws, signed and panding
agrenments for the Oak Ridge
Ressrvation {ORR), radiation
protection standards, DOE
Qrders, and nonregulatory guid
ance, As site- and waste-spe- |__
cific charactsristics are provided -
for each technology, specific
regutatory requiraments will be
specified.

Waste Packaging

—

Handling & Transportation

——

Refer to the Regulatory
Compliancs of Vol, 1.

Waste Packaging

¢
Handling & Transportation :
1

— - -

AN/

e e . e
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Alternat]kves Technolagies i Status Science/Technology Needs Implementation Needs

sfine interfaces

H&T at minimum, in accepted
ickages

ip in bulk, unpackaged, orin
dustrial packaging (IP) (iP-1,
-2, 1P-3); ship in IP-2, da not
svalop IP-3

any altematives (e.g., manual,
echanical, automated

indling, road, rail, water
NSport)

ip in Industrial packaging (IP-

P-2, iP-3)

any altemnatives

/pe A package

any altamatives

ghtwelght containers,
ickaga certification

any altsmativas

jhiweight containars,
ckage csrtification

any altematives

Standard systems enginesring
technologies

Standard

Low-Spaecific-Activity materials
pracessing, preparation and
packaging

WPHT-102-0L

Standard

Surface Contaminated Objects
Processing, Preparation and
Packaging

WPHT-103-OL

Standard

Type A Radioactive Material
Transport Packages (Multi-Use)
WPHT-104-OL

Standard

Type B Radioactive Material
Packages
WPHT-105-OL

Standard

Type-A or Type-B Fissile
Radioactive Material Packages
WPHT-106-OL

Standard

Interface working groups
need {o be tormed

Accopted

Must svolve to comply with
new DOT/NRC regulations

Accopted .

Must evolve to comply with
new DOT/NRC regulations

Accopted

New standardized Type A
package designs need to be
developed and qualified to
meet regulations. Designs
must be user frisndly and
available to a wide variety of
users.

Accepted

Certified package design can
he idantified from RAMPAC
database and Packaging
Management Transportation
System (PMTS) database
which will identify numbers
and status of packagings-
avaliable under development
by EM-561.

Accepted

Certified package design can
be identitied from RAMPAC
and PMTS databases which
will identify numbers and
status of packagings
avallable under development
by EM-561.

Accepted

None

None

New packaging designs
required to satisfy expected
new |P-2 packaging
requirements

None

Methods for producing SCO
and for satisfying SCO
requirements and new IP
packaging requirements need
to be developed

None

An operationally efficiant multi-
use Type A package, or
packages, for radioactive
materials needs to be
developed.

None

New package designs may be
required

None

New package designs may be
required

None

$1 million (1992 dollars)

Not currently estimated

{P-2 packaging development
cost $1 million (1992 dollars)
Not currently estimated

$1-2 million (1992 dollars)

Not cumrently estimated

$1 million (1992 dollars)

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated
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EM Goals Y-12 Site Problems Problem Areas:Constituents E Subelements

. Clean Up Legacy '
Waste

(con't)

« Prevent Future
Insult

« Develop
Environmental
Stewardship

EM Problems

Facility
Decontamination
and .
Decommissioning
(D&D)

e Alpha-4 . |
Non-Radloactive Material
Shipments

Remedial Action
(RA)—Sails,

Ground Water ¢
and Surface i

« Onsite

Rad!oacﬁve Material Shipments

— « Mixed Wastes

* PCB Contaminated Wastes =

=« Asbestos

Water b

Waste
Management
(WM)

Page 5-68

~~— o« Non-Radioactive Hazardous ——
Waste

Waste M

Reler to the Regulatory Waste Packaging
Compliance of Vol. 1 for potan-
tially applicable, proposed, and
promulgated environmental
laws, signed and pending.
agreements for the Oak Ridge' . X
Resarvation (ORR), radiation Handling & Transportation
protection standards, DOE
Oniars; and nonregulatory guid-
ance. As site- and waste- spa-
cifi; characteristics are provided
for each tachnology, specific
regulatory requirements will be
specified.
Reler to the Regulatory Waste Packaging _—
Coinpliance of Vol. 1,
Handling & Transportation e
Reler to the Regulatory. Waste Packaging _—
Cornpliance of Vol. 1. ‘
Handling & Transportation =——
i
Refar to the Requlatory Waste Packaging =y
Corapliance of Vol. 1. -
l |
Handling & Transportation -
|
i
!
Refur to the Regulatary Waste Packaging — ————e———
Complianca of Vol. 1. ’ j
1

Handling & Transportation =
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agement

Alternétlves

tfsite packaging, equivalent
afaty of offsite packaging

lany altematives

Jsa package designs approved

or radioactive contents

dany alternatives

>OP contalner

Many altsmatives

PG & PG I} POP container

Many altematives

POP container

Many altemnatives

Technologies

Type A, Type B, Fissile, Strong
Tight, IP, Performance Qriented
Packaging (POP), and Bulk
packaging or packaging
equivalent in safety

Standard

Mixed waste and waste having
mora than one hazard

Standard

Performance Oriented
Packaging (POP) Packaging
Group (PG) PGll—air, vessel;
PGlil—rail, highway (if
reportable quantity), Bulk—
Strong Tight Container
WPHT-107-OL

Standard

Friable, white—POP PGIll
Friable, blue or brown—POP
PGl

WPHT-108-OL

Standard

RCRA non-bulk: POP PG|, I,
Il Specification packaging Bulk
- Strong Tight Containers
WPHT-109-OL

Standard

Science/Technology Needs

Implementation Needs

Accepted

Accopted

Accopted

Accepted

Accepted

Accepted

Accepted

Accepted

Accépted

Accepted

New package designs may be
required

None

New package designs may be
required

None

New package designs may be
required

None

New package dasigns may be
required

None

New package designs may be
required

None

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated

Not currently estimated
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Index of Y-

ABLATION: 1—11-12, 16 ADAPTED: 1-—4, 9-10 ALUMINUM:
2-—49
2—6, 18,33, 47 3-8, 11,16, 18
ABLE: 3—18 ADHERING: 2-—4, 15,29, 42
ADSOPRTION: 5-—61 AMALGAM:
5—19-21, 25,29-30, 32, 34-  ADSORBENT: 2-—48
35, 41, 44-45, 47, 53 ADSORBING: 5--23, 25,28, 31,34,37,39,  AMALGAMATES:
ABOVE: 2—48 42,44 AMALGAMATION:
ABOVE-GRADE: 438 5--55, 59, 61-62 AMBIENT:
ABOVE-GRADE BUILDING DEMOLITION: ADSORPTION: 1-—11 AMONG:
4—38 2--5, 13-14, 16,27,29-30,48  AMORTIZATION:
ABOVEGROUND: 3—14 5--23, 25,28, 31,34,37,33,  ANAEROBIC:
ABOVEGROUND ENVIRONMENTAL BARRIER: 42, 44, 46, 49, 51-52 ANAEROBIC DIGESTIC
3—14 5--55, 59, 61-62 ANALYSES:
ABRADED: 2—12, 25-26 ADVANCED AUTOMATIC FIXTURES: :
ABRASIVE: 3—3-5,8, 11 39, 11 ANALYSIS FOR MERCL
ABRASIVE WATER: 3—3-5, 8, 11 ADVANCED LASER: 3--9, 12
ABRASIVES: 2—30, 43 ADVANCED LASER CUTTING: ANALYSIS OF CENSOF
35,7 3--9, 12 ‘
ABROAD: 2—24,38 AEROBIC: 5--30, 34, 45 ANALYTE:
ABSOLUTE: 1—6 AEROBIC DIGESTION: ~ 5--30, 34, 45 ANALYTES:
ABSORB: 1—15-16 AEROSOL: 36 ANALYTICAL:
ABSORBANCE: 1—16 AEROSOLS: 2-—48
ABSORBED: 1—12 AES: 1--14 ANALYTICAL LABORAT
ABSORBS: 1—5 AFFECT: 21
ABSORPTION: 1—5, 13,15 AFFORDABLE: 316 ANALYZE:
ABSORPTION SPECTROSCOPY: AGENT: 2--7-9, 11, 19-20, 23, 35, 37,
1—5,13, 15 50-51, 53, 57 ANALYZED:
AC: 2—48 AGENTS: 2-—4, 7-9, 11, 15-16, 20, 23-
ACCELERATE: 2—4, 14 24,29-30, 35, 37, 42-43,53,  ANALYZER:
ACCELERATION: 23,12, 26, 39 55 ANALYZING:
ACCELERATOR-BASED:  1—12 AGGRESSIVE: 1--18 ANNUNCIATOR:
ACCOMMODATE: 3—18 2-—14, 28,30, 32, 40-41,43,  ANODE:
ACCOMPLISHED: 2—14,28, 41,53 54 ANODES:
ACCPETED: 5—11 AGILITY: 4-3 ANODIC:
ACCUMULATION: 1—3 AGING: 314 ANODIC STRIPPING V¢
ACG: 1—12 AGITATION: 2--21,36 ‘
ACGIH: 1—11, 13-14 AIDS: 3--18 AQUEOUS:
ACID: 2—9, 20-21, 35-36 AIR CONTAMINATED WITH HG:
551 21,48
ACIDIC: 2—9, 20, 35 AIR OXIDATION: 5--29,32,35
ACIDS: 1—3 5--19, 21
2—6, 18, 32, 35, 46, 49 AIRBORNE: 1--3, 9-10
ACOUSTIC: 1—8, 11 368 ARGC:
ACTIVATED: 2—23 AIRBORNE URANIUM DETECTION:
5—16-17 1--9
ACTIVATED CARBON:  5—16-17 AIRCRAFT: 2--3, 12, 26, 39 ARCHITECTURE:
ACTIVATION: 1—10, 12-13 3--18
ACTIVE: 1—5 AIRFLOW: 24,14 ARCHITECTURES:
ACTIVITIES: 1—5-8 AL: 2--24,55 ARMS:
2—7, 11, 23, 38, 53, 58 512 AROMATIC:
3—17-18 ALERT: 47
4—1,3-8 ALGORITHMS: 4--5-6
5—67 ALKALINE: 2--24,38 AROMATICS:
5—1 ALKALINE SALTS: 2--24, 38
ACTIVITY: 1—8-9, 12 ALL PROBLEMS: 1--3-19 ART:
567 ALLOCATION: 47
ADAPTABILITY: 4—1 ALLOY: 347 ARTIFICIAL:
ADAPTABLE: 3—9-12 ALLOYED: 3--5, 8-12 AS-BUILT:
ADAPTATION: 1—3-4, 6, 17 ALLOYING: 3--10, 12 ASBESTOS.:
2—4, 15, 21, 29, 36, 53, 59 ALLOYS: 3--5-6
4—8 ALOGORITHMS: 46

’
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2D&D TLD

2—9, 20, 24, 35, 55
5—49, 51

5—63-64
5—4,11-13,17

1—12

2—7,10, 22,37, 52, 58
2--32,54

2—7,10, 22,37, 52, 58

5—30, 47
1—6, 15, 18
3—18

Y IN WATER:

1—4, 11,14
4—3-8

Y:
4—4,7-8
2—11,23, 37,53
5—65
1—5-6
3—18
1—8,12
i—4,18
1—17
2—24, 55
2—24-25, 55
1—11

TAMMETRY:

" 1—11

1—12
2—14, 28, 41
§—23-24, 26-29, 31, 33-36,
38-39, 41-43
5—55-58, 60-62
5—4,6, 9, 12, 14-16, 18, 20
2—19, 50-51, 57
3—5-6, 9-10, 12
54,7

3—1,7-8, 15
5—3-7, 63-65, 68

ASH: 234, 49, 57
ASHING: i—4
ASSAYERS: 1—17
ASSEMBLED: 1—5,10, 12
ASSEMBLY: 3—15-16
ASSIST: 3—18
ASSISTANCE: 3—15-18
45,7
ASSOCIATED: 1—3-19
2—47
3-—4-7,9, 18
5—16
ATLAS: 1—18
ATMOSPHERE: 2—s6, 18, 32, 46
ATMOSPHERIC: 2—5,17,19, 31, 44, 49, 51,
54, 57
ATOMIC: 1—11-13
ATOMIC EMISSION SPECTROSCOPY:
1—11-13
ATORY: 1—16
ATR: 1—5
ATTACK: 2—35
ATTACKS: 2—20
ATTEMPT: 4—1
ATTENUATED: 1—5
ATTITUDES: 5—65
ATTRACTIVE: 2—49
54,7
ATTRIBUTES: 3—18
AUDIO: 1—7
3—15
AUDITABILTY: 4—8
AUGER: 1—14
AUGER ELECTRON SPECTROSCOPY:
1—14
AUGMENT: 3—18
AUGUST: 1—18
AURAL: 4—7
AUSPICES: 1—18
AUTHORING: 1—=7
3—15,17
AUTOMATE: 3—18
AUTOMATED: 1—8, 11

25, 14, 27, 30, 40, 43
3—3,7,10, 16-18
4—1,6,8

5—67

AUTOMATED BRUSHING: 2—5, 30, 43
AUTOMATED ENGINEERING SYSTEM LIFE CYCLE

PLANNING: 3—18
AUTOMATED GRINDING: 2—14, 27, 40
AUTOMATED SCANNING AND CONVERSION OF
ENGINEERING DRAWINGS:
3—17
AUTOMATED SYSTEM RELIABILITY AND SAFETY
ANALYSIS: 3—18
AUTOMATIC: 3—9, 11
4—8
AUTOMATICALLY: 3—16
AUTONOMY: 43
AVOIDANCE: 4—3-4, 6-7
BACKHOE: 5—3
BACTERIA: 2—10, 22, 37, 52

BACTERIAL: 2—10, 22, 37,52
BAGS: 3—7-8
BALANCED: 2—38, 14, 19, 28, 35, 41, 50-
51,58
BALANCING: 4—4
BALL: 5—40, 43, 49, 51
BAR CODE: 3—15
BARNWELL: 5—66
BARRIER: 3—14
BASE: 1—16
2—10, 20-22, 37, 52
3—15,17
4—6
BASEMENT: 3—13-14
BASES: 1-3,8
2—24,38
3—18
4—7
BASES AND ALKALINE SALTS:
2—24,38
BASIC: 1—7-8
2—7-8,20
3—1, 16-18
§—23, 25, 37, 42, 51
BASIS: 1—16
4—1
BATH: 2—32, 54
BATHS: 2—54
BATTERIES: 4—3
BATTERY-OPERATED: 1i—8
BDAT: 5—6-7, 11, 14-15, 17, 19-22,
29, 32, 36, 40, 43, 56-58
BEAM: 3—8
5--56, 58
BEARING: 2—19, 25, 50-51, 55, 57
BED: 3—17
BED-ROCK: 3—14
BEDS: 4—3-4
5—63
BEHAVIOR: 3—i8
5—65
BENCH: 2—7-8, 10-11, 19, 22-23, 32,
34, 37-38, 50-54, 57-58
5—56, 58
BENCH-SCALE: 2—7, 10-11, 21-23, 37-38, 52-
53, 58
5—12,17
BENIGN: 1—8
BETA: 1—8-10
BGO: 1—9
BICARBONATE: 3—7
BINDING: 1—13
BIODEGRADABLE: 2—11,23, 37,53
BIODEGRADATION: 5—5-6, 9, 12, 20, 29, 35
BIOLOGICAL: 1—11, 14
2—10, 22, 37, 52
§—25, 30, 34, 45
BIOLOGICAL SURFACE CLEANING:
2—10, 37
BIOMEDICAL: 1—17
BIOSORPTION: §—25, 41, 44, 52
BIOTREATMENT: 5—20, 41, 44, 47, 52-53
BITUMEN: 5—63

_-_-—___—
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BLADE: 3—3-4,6
BLADES: 3—3-4,6
BLAST: 2—13,27, 40
3—7
BLASTERS: 2-12,25,38
BLASTING: 2—3-4, 12-18, 25-30, 38-43
3—7
4—3-8
5—3
BLDG.MATERIALS: 5—63-64
BLENDERS: 1—3
BLOCK: 1—7
3—17
BLOCKS: 1—7
3—17
5—66
BLUE: 5—68
BODY/BIOLOGICAL MONITORING FOR MERCURY:
1—11
4—3-4
BOLT: 3—6
BONDING: 2—6, 33, 56
BOOMS: 4—4
BOOTH: 2—23
BOREHOLE: 5—66
BOUND: 2—4-5, 15,29, 43, 53, 59
BOX: 2—33, 53
BRC: 5—65
BREAKER: 2—41
BREAKERS: 2—41
BRUSHES: 2—5, 16,28
BRUSHING: 2—5, 16, 29-30, 43
BUBBLE: 1—8
2—7-8, 20
BUBBLE DOSIMETERS FOR NEUTRON RLUX:
i—8
BUBBLES: 2—40
BUCKY BALL CHEMISTRY: 5—40, 43, 49,51
BUFFERING: 3—9
BUG-O: 3—9
BUILD: 5—20, 48
BUILDING DEMOLITION:  4—3-8
BUILDING FOUNDATION REMOVAL:
4—3-8
BUILDING INTERVALS AND OUTSIDE PROCESS
EQUIPMENT: 4—3-8
BUILDING MATERIALS: 2—1
5—4,7-10
BUILDINGS: 1—8
2—20
3—17
4—3-8
BUILT: 5—6-7, 11, 14115, 17, 19-21,
29, 32, 36, 4143, 45, 47-48,
50, 52-53, 5857+
BULK: 2—8, 19, 3¢35, 49-51, 57-58
5—8, 10-11,13,67-68
BULK DECONTAMINATION: 2—8, 19, 3435, 49-51, 57-58
BURNING: 2—34
BUSHES: 2—30
BUTTERING: 3—6
BY-PRODUCTS: 2—6, 18,32
BYPRODUCTS: 5—5,9,12

CABLE: 3—16
4—3
CAD: 1—8
3—17
CADDIES: 4—4
CAGES: §—40, 43
CAKES: 2—7-8, 19, 24, 34-35, 38, 50-
51,57
CAKING: 5—16
CALCINATION: 5—8, 8, 10-11, 17,19, 21
CALIBRATE: 1—6
CALIBRATION: 1—9-10, 14
CALLED: 5—40,43
CAMERAS: 3—16
CANDIDATE: 1—11
2—13,35
4—6
CANISTERS: 2—5, 13-14, 16, 27-30
CAP: 5—66
CAPABILITIES: 1—7
2—23, 40
3—17
5-—11,13
CAPABILITY: 2—6-7, 33,86
3—56, 8-13
CAPABLE: 1—8, 12
2—6, 18,32,46
5—23, 26, 29, 32-36, 38, 40,
44
556, 58, 60
5—5-6, 9, 12, 15-17, 19, 21
CAPACITY: 1—11 .
2—24,31,36,55
3—15
43,6
CAPILLARY: 1—17
CAPPING: 3—13-14
CAPPING ABOVEGROUND ENVIRONMENTAL BARRIER:
3—14
CAPTURE: 1—10, 15, 18
3—6
5—65
CARBON: 2—1, 8,21, 36, 53, 57-59
4—3-8
5—16-17, 40, 43
CARBON CHUNKS: 2—1, 57-59
CARBONATES: 2—21,36
CARBOXYMETHYLCELLULOSE:
2—9,20,35
CARRIER: 2—7-9,20,35
CARRIERS: 2—35
CARTESIAN: 4—5
CARTESIAN CONTROL:  4—5
CASE-BY-CASE: 1—16
CASES: 2—7, 16-11, 22-23, 37-38, 52-
53, 58
CASK: 3—14-15
CATALOG: 3—i8
CATALYTIC: 2—19,50-51, 57
$5—30,33,36
556,58

5—7,18-11, 17,19

CATALYTIC DESTRU

CATALYTIC EXTRACT

CATASTROPHIC:
CATEGORIES:
CATHODE:
CAUSTIC:
CAUTERIZATION:
CAVITATING:

CD:

CD-ROM:
CEILING:
CEILINGS:
CEMENT:

CEMENT-SOLIDIFIED:
CEMENTITIOUS:
CENSORED:
CENTRAL:
CENTRALIZED:
CENTRIFUGATION:
CENTRIFUGE:
CENTRIFUGE CO2 PE

CENTRIFUGE CRYOG
CERAMIC:

CERCLA:
CERTIFICATION:
CERTIFIED:

CF:

CHAINS:
CHALLENGE:
CHANGEOUT: '
CHANGEOUT MECHA{
CHAR-1-OY: i
CHAR-10-OY: ;
CHAR-100-OY: |
CHAR-101-OY: '
CHAR-106-0Y:
CHAR-108-OY:
CHAR-110-OY:
CHAR-111-0Y:
CHAR-115-0Y:
CHAR-14-OY:
CHAR-18-OY:
CHAR-19-OY:
CHAR-2-OY:
CHAR-20-OY:
CHAR-203-OY:
CHAR-205-OY:
CHAR-207-OY:
CHAR-208-OY:
CHAR-212-OY:
CHAR-216-OY:
CHAR-225-OY:
CHAR-24-OY:
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N:5—7, 10-11, 17, 19, 30, 33,

36, 56, 58
PROCESS:

2—19, 50-51, 57
4—6
4—1
236
2—21, 24, 36, 38
3-8
240
1—9
2—1, 3347
3—16
1—11
212, 25-26, 38-39, 41-42
236
533, 36, 40, 44
58, 14, 16, 18-19, 21
220, 36
5—63
1—8
524,27, 39, 42
1—5, 17-18
538, 41, 46, 48, 50
2—3,12,26,39

=T BLASTING:
239

IC CO2 PELLET BLASTING:
239

SMS:

CHAR-248-0OY:
CHAR-249-OY:
CHAR-25-OY:
CHAR-250-0Y:
CHAR-252-0OY:
CHAR-253-0Y:
CHAR-254-QY:
CHAR-26-OY:
CHAR-262-0OY:
CHAR-263-0Y:
CHAR-265-0OY:
CHAR-266-0Y:
CHAR-268-OY:
CHAR-27-0Y:
CHAR-271-0Y:
CHAR-3-0OY:
CHAR-300-0OY:
CHAR-302-OY:
CHAR-303-0Y:
CHAR-304-OY:
CHAR-306-0Y:
CHAR-308-0OY:
CHAR-309-0OY:
CHAR-31-0Y:
CHAR-311-OY:
CHAR-312-0OY:
CHAR-313-0OY:
CHAR-314-0Y:
CHAR-316-0Y:
CHAR-32-0Y:
CHAR-322-0Y:
CHAR-323-0Y:
CHAR-326-0OY:
CHAR-327-0Y:
CHAR-328-0OY:
CHAR-329-0Y:
CHAR-33-0OY:
CHAR-330-OY:
CHAR-331-0Y:
CHAR-333-OY:
CHAR-334-0Y:
CHAR-335-0Y:
CHAR-336-OY:
CHAR-337-0Y:
CHAR-338-OY:
CHAR-339-0Y:
CHAR-34-0OY:
CHAR-341-OY:
CHAR-35-0Y:
CHAR-36-0OY:
CHAR-5-OY:
CHAR-50-OY:
CHAR-52-0OY:
CHAR-53-0Y:
CHAR-55-0OY:
CHAR-59-OY:
CHAR-6-0Y:
CHAR-61-0OY:
CHAR-64-0Y:
CHAR-65-OY:
CHAR-66-0OY:
CHAR-67-0Y:
CHAR-76-0OY:

1—3
1—5
1—11
1—3
1—3
1—8
1—16
1—3
1—11,13

CHAR-77-OY: 1—12 -
CHAR-78-OY: 1—12
CHAR-8-OY: 1—16
CHAR-81-OY: 1—3
CHAR-82-OY: 1—3
CHAR-84-OY: 1—5
CHAR-87-OY: 1—4
CHAR-88-OY: 1—16
CHAR-89-OY: 1—16
CHAR-9-OY: 1—6
CHAR-80-OY: 1—15, 18
CHAR-92-OY: 1—6
CHAR-93-OY: 1—16
CHAR-94-OY: 1—16, 18
CHAR-97-OY: 1—10
CHAR-99-OY: 1—18
CHARACTERIZATION SENSOR INTEGRATION:
48
CHARCOAL: 257,12, 17, 25-26
CHELATE: 211,23, 37,53
CHELATING: 29, 11, 20, 23, 35, 37, 53
CHELATION: 211, 23, 37, 53
CHEM-NUCLEAR: 566
CHEMICALANALYSIS:  1—13
CHEMICAL DECHLORINATION:
528, 45, 53
CHEMICAL FIXATION: 5—23, 26, 38, 48-49, 51, 63-
64
CHEMICAL FOAMS: 2-7-8, 20, 35
CHEMICAL GELS: 29,20, 35
CHEMICAL LEACHING:  2—7-8, 19, 34, 50-51, 57
CHEMICAL PRECIPITATION: .
5—24,27,39,42,45,49,5' )
54 -
CHEMICAL REACTION SCREENING FOR PCBS:
1—18

CHEMICAL SURFACE CLEANING METHODS:
2—20-23, 35-38, 52-53, 58
CHEMICAL TREATMENT:  5—4-6, 9-16, 18-20, 23-24,
26-29, 31-32, 35, 37-40, 42-
46, 48-49, 51, 53-55, 57, 60-

62
CHEMICALLY: 4—3-8
5—24, 26, 28
CHEMICALS: 1—6
2--7-8, 19, 21, 34, 36, 50-51,
57
5—28, 34, 38, 41
CHEMILUMINESCENCE: 1—6
CHEMISTRY: 5—40, 43, 48-49, 51
5—63
CHERNOBYL: 2—20, 36
CHIEF: 2—7, 10-11, 22-23, 37-38, 52-
53, 58
CHIPPED: 2—28, 41
CHIPPER: 2—41
CHIPPERS: 2—41
CHIPPING: 2—41
CHROMATOGRAPH: 1—15, 18
CHROMATOGRAPHS: 1—14
CHROMATOGRAPHY: 1—13-16, 18
CHROMATOGRAPHY-FOURIER:
1—16
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CHUNKS: 2—1, 34, 57-59 COMBINED MOBILITY/MANIPULATION:: COMPUTER-BASED D
CIRCUIT: 1—6 4—8
CLAY: 2—1, 33-47 COMBINING: 6—5-6,9, 12,29, 35
3—4-5,13 COMBUSTIBLE: 2—49, 57 COMPUTER-BASED T!
5—4 COMBUSTION: 2—19, 49, 51,57
CLAY TILE(S): 2—1,33-47 COMBUSTOR: §—17, 20, 22
3—4-5 COMERCIALLY: §—55, 57, 59, 61-62 COMPUTERS:
5—4 COMMAND: 4—6
CLAYS: 5—26, 38, 42, 59, 61 COMMAND INPUT: 4—6 CON:
CLEANED: 2—3, 5, 25, 30, 38 COMMENTS: 2—28
5—23, 26, 28, 37-38, 42 COMMERCIAL: 1—8,10, 12, 14 CONCENTRATED:
CLEANER: 2—16, 29, 43 2—3, 12, 14, 23-26, 28, 38- CONCENTRATION:
CLEANERS: 2—17,32,45 39,41, 49,55
CLEANING: 2—4-11, 14-18, 20-24, 26, 28- 3—17-18 CONCENTRATIONS:
33, 35-48, 50, 52-54, 58, 58- 5—23, 26, 34, 66
59 COMMUNICATIONS: 1—6
3—11 3—16-18
CLF3: 5—11, 13 COMPACT, HIGH-CAPACITY MANIPULATORS:
CLIENT: 1—7 4—4 CONCRETE:
3—16-17 COMPACTION: 3—15
CLIVE: 5—66 COMPANIES: 2—24,55
CLOTH: 2—7-8,20 3—16
5—63-65 COMPATIBILITY: 43,5
5—4, 14-16 COMPATIBLE: 235
CLOTHING: 3—7,16 COMPLETED: 2—46 CONCRETE CHIPPING
4—1 COMPLETION: 1-—17 CONCRETE CRUSHIN(
5—4, 15-16, 63-64 COMPLEX: 1-—6, 12,19 CONCRETE MILLING:
CM2: 1—9-14 2-—4-7, 9, 14-15, 20, 28-29, CONCRETE RUBBLE:
CM3: 1—19 33, 35, 41-43, 53, 56, 59 ‘
CO-CONTAMINANTS: 1—3 3-9 CONCRETE-BASED:
CO-PRECIPITATION: §—24, 27,39, 42 COMPLIANT: 4--5 CONDENSATION:
Cco2: 2—3-4, 12-14, 26, 28, 39, 42 COMPLICATED: 36 CONDENSED:
3—7 COMPLY: 5-67 CONDITIONING:
CO2 BLASTING: 2—3-4,12-14, 26, 28, 39, 42 COMPONENT: 2--9,20,35 CONDUCTING:
3—7 3-—4-7, 16 CONDUCTIVE:
CO2 PELLET BLASTING: 2—4, 14, 28, 39, 42 COMPONENTS: 1--3,7,9-10, 12 CONDUCTIVITY:
COAL: 5—33, 36, 40, 44 3--6, 18 CONFIGURATION:
5—8, 14, 16, 18-19, 21 5--38, 41, 46-48, 50
COAST: 2—23 5--55-56
COATING: 1—17 COMPOSITE: 3--14
2—6,17,31-32 COMPOSITION: 1--9 CONFIGURATIONS:
COATINGS: 2—17-18, 31, 45-46 5--5, 10, 13-14, 16, 18, 20, !
COCKTAILS: 1—10 31, 40,43
CODE: 1—3-19 COMPOUND: 1--8-10, 15 CONJUNCTION:
3—3-18 COMPOUNDS: 1--5-6, 9-10, 13, 15-17 CONSISTENCY: (
4—3-4,6-7 2--9,20,35,45 CONSOLE: '
COLD: 1—13 3--34,8 CONSTANT:
4—3-4 5--4-8, 9, 12, 29-35, 56, 58 CONSTITUTE:
COLD VAPOR ANALYSIS: 1—13 COMPRESSED: 2--4,14,28 CONSTRAINED:
COLEX FACILITIES: 3—3-18 COMPRESSED-AIR: 2—-42 CONSTRAINTS:
COLLECT: 2—7, 11, 13-14, 23, 27-28, COMPRESSED-AIR CRYOGENIC CO2 PELLET
38, 40, 53, 58 BLASTING: 2—42
4—3-8 COMPRESSIVE: 3—14 CONTACT:
COLLECTED: 1-3,5 COMPUTER: 1—6-8
2—16-17, 32, 45, 56 2—46,18,32, 46
COLLECTING: 1—3 3—15-18 CONTACTOR:
3—8 5—65
COLLECTIONS: 3—18 COMPUTER-AIDED: 3—6,18
COLLISION AVOIDANCE:  4—3-4, 6-7 COMPUTER-AIDED TASK ANALYSIS AND PROCEDURE CONTACTORS:
COLORIMETRIC MERCURY ANALYSIS: PREPARATION: 3—18
1—12 COMPUTER-BASED: 1—-7
COLUMN: 1—1 3—15-16 CONTAINED:
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NFORMATION RETRIEVAL
SYSTEM:
3—16
lING SYSTEMS:
1—7
3—15
1—7-8, 14
3—16-18

1—3,5

2—11, 23, 37, 48,53
1—14
2—11,23,37,53
5—4,6,9, 12, 14-15, 18, 20,
24,27, 29, 31, 35, 39, 43, 55,
57, 60-62

1—12

2—1, 3347
3—1,34,15

5—32

5—63-64

5—4-5,9

2—41

3—15

2—4

2—46

5—4-5, 32, 63-64
3—14

2—48

2—48

4—8

2—7, 18, 33, 47, 56
35

1—15

1—9

2—5, 16, 30, 44, 50, 54
4—4,6

3—18

4—5

5—66

1—5

2—9,35

3—16

5—24,27, 29, 31, 35, 39, 43
555, 57, 60-62

5—4,6,9, 12, 14-15, 18, 20
5—4,6,9, 12, 14-15, 18, 20,
24,27, 29, 31, 35, 39, 43, 55,
57, 60-62

2—3, 13, 26, 39-40, 47
4—3-8

CONTAINER:

CONTAINERS:

CONTAINMENT:

CONTAINMENT-THREE:
CONTAINS:

CONTAMINANT:

1—8

3—14-15

5—68

3—14

4—4

5—67-68

2—13, 27, 40
3—1,8,11,13

3—15

1—12

2-3,11,25,38

58, 14, 16, 18-19, 21, 33,
36, 40, 44

1—4, 9-10, 14-15, 18
2—3,7,9, 12,22, 26, 52
54,6, 9, 12, 14-15, 18, 20,
24-25, 27, 29-31, 33, 35, 39,
43, 46, 55, 57, 60-62

CONTAMINATED CLOTHING AND RAGS:

5—4, 15-16, 63-64

CONTAMINATED CONCRETE RUBBLE:

5—63-64

5—4-5
CONTAMINATED MERCURY:

3—3-4, 12

537, 47-48, 54
CONTAMINATED OIL: 2—33-47

5—38-48
CONTAMINATED SOIL: 4—3-8
CONTAMINATED SOLID WASTES:

5—63-64
CONTAMINATED WASTEWATER:

§—23-38
CONTAINMENT: 2—41

3—12
CONTENT: 2—49, 57
CONTENTS: 568
CONTIGUOUS: 1—3
CONTINUING: 2—21,36
CONTINUOUS: 1-9, 17

5~4, 6,9, 12, 14-15, 18, 20,

23-25, 27-29, 31, 34-35, 37,

39, 42-44, 55, 57, 59-62
CONTRACTOR: 2—49
CONTROL.: 1—8,13, 18

. 2—4,7-8, 15, 20, 29, 48, 53,

59

41,38
CONTROL MODES: 4—5
CONTROLLABLE: 2—20
CONTROLLED: 1—-56

2—36

5—3
CONTROLLERS: 4—4
CONTROLLING: 1—7

2—48

3—17
CONTROLS: 2—40

4—3,5-7
CONTROLS—ALGORITHMS:

4—5
CONVENTIONAL: 2—48

3—4-7,10, 13

CONVENTIONAL DEMOLITION:
3—4-5
CONVENTIONAL DISASSEMBLY:
3—6,10,13
CONVENTIONAL REMOVAL:
3—7
CONVERSION: 1—14
2—7, 11,23, 38, 563, 58
3—17
CONVERTED: 5—32,35
CONVERTING: 3—17
COOL: 3—-5
COOLANT: 3—34
COOPERATING: 4—4
COORDINATED: 4—4
COPPER: 2—7,10, 22, 24, 37, 52, 55,
58
5—4,11-13, 63-64
CORE: 1—3
2—8, 21, 36, 53, 58
CORES: 1—3
CORING: 1—-3
CORPORATIONS: 3—16
CORRECTION: 1—10
CORRECTNESS: 3—18
CORRELATE: 1—MH
CORROSION: 2—20
5—16
CORROSIVE: 2—21,36
cOs: 3—4
COUNTER: 1—8-9
COUNTER-CURRENT: 5-4,86,9, 12, 14-15, 18, 20,
24, 27, 29, 31, 35, 39, 43, 55,
57, 60-62
COUPLED: 1—9, 11-12
COUPLER: 1—8
COUPLING: 2—7-8, 20, 35
COURSE: 1—7
3—15
COURSES: 1—7
3—15
COVERED: 5—66
COVERS: 2—41
Cr: 2—1, 33-47
3—35
CRACK: 2—40
CRACKS: 2—7,9,22,52
3—4
CRANE: 3—3
CRAWLER: 4—3
CRAWLERS: 43
CREVICES: 2—7,9, 22, 52
CRITERIA: 5—63, 66
CROSS: 4—4
CROSS-CONTAMINATION: 2—32, 54
CROSS-CUTTING: 45
CROSSCUTTING: 4--3,6-8
CRUSH: 2—40
CRUSHER: 3—4-5
CRUSHING: 3—14-15
CRYOGENIC: 2—3-4, 12, 14, 26, 28, 39, 42
3—6, 8,10, 13
CRYSTAL: 1—8-9, 11-12
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CRYSTALLINE: 1—13, 19
564
csl: 1—9
Cu (COPPER): 27,10, 22,37, 52, 58
CUBIC: 5—63
CULTIVATING: 2—10, 22,37, 52
CURRENT: 1—4,6,8
2—-6-7,9, 18, 22, 32, 46, 52
31,17
43,8
5—1,10
CURRENTLY: 1—4-5,7,10,13
2—6, 11, 16, 18, 21, 23, 30,
32,37,43, 46, 53
3—10, 13, 15, 18
5—63, 66-68
CURVED: 2--3, 12, 26, 33
CUSTOMIZED: 46
CUT: 26, 18, 32, 38-39, 46
3-5-9,11,13
CUTOFF: 39,1
CuTS: 35
CUTTING: 3313
44
CYCLE: 1—7
3—15,18
4-3
CYCLONE: 2—3, 13,26, 39
559, 61
CYCLONES: 559, 61
D&D INFORMATION RETRIEVAL SYSTEM:
3—1,3-18
DAMAGE: 2—13,27,40
3—7
4—6-8
DAMAGING: 2—-17,31,44
DATAACCESS SERVICES: 1—6-7
3—-17
DATA BASE ACCESS: 3—-17
DATA HANDLING METHODS:
46
DATABASE: 1—7-8, 18
3—17-18
5—67
5—16
DATABASES: 1—7
3—16, 18
5—67
DAUGHTERS: 2—1, 33-47, 49-50
DAY: 1—12
2—20, 36, 41
DCON-1-0Y: 2—49
DCON-10-0Y: 2—35
DCON-11-0Y: 236
DCON-12-0Y: 2-36
DCON-13-0Y: 236
DCON-16-0Y: 2—7,10, 22, 37, 52, 58
511,13
DCON-17-OL: 237
DCON-19-0Y: 223
DCON-2-0Y: 2—49, 57
DCON-20-0Y: 5-5,9
DCON-22-0Y: 2—7, 11, 23, 38, 53, 58

DCON-23-0Y:
DCON-34-0OY:
DCON-35-0Y:
DCON-36-0Y:
DCON-37-0Y:
DCON-38-0Y:
DCON-39-0Y:
DCON-4-0OY:

DCON-40-0Y:
DCON-41-0Y:
DCON-42-0Y:
DCON-43-0OY:
DCON-44-0OY:
DCON-45-0Y:
DCON-46-0OY:
DCON-47-OY:
DCON-48-0Y:
DCON-49-0OY:
DCON-5-OY:

DCON-50-0Y:
DCON-51-0Y:
DCON-52-0Y:
DCON-53-0Y:
DCON-54-0Y:
DCON-55-0Y:
DCON-56-0OY:
DCON-57-0Y:
DCON-58-0Y:
DCON-59-0Y:
DCON-6-OY:

DCON-60-0Y:

DCON-61-0Y:
DCON-63-0Y:
DCON-64-0Y:
DCON-65-0Y:
DCON-66-0Y:
DCON-67-0Y:
DCON-7-0Y:
DCON-71-0Y:
DCON-72-0OL:
DCON-72-0Y:
DCON-73-0Y:
DCON-74-0Y:
DCON-75-0Y:
DCON-77-0Y:
DCON-79-0Y:
DCON-80-0Y:
DCON-81-0Y:
DCON-82-0Y:
DCON-83-0Y:
DCON-g-0Y:
DCON-11-0Y:
DCON-12-0Y:
DCON-13-0Y:
DCON-14-0Y:
DCON-15-0Y:
DCON-17-0Y:

DCON-202-0Y:

DCON-21-0Y:
DCON-2-0Y:

DCON-~31-0Y:
DCON-32-0Y:

224, 38
225, 55

2-3, 11,38

238

2-39

239

2-39

219, 34, 49, 51, 57
239

2-3, 13,39

2-40

213, 27, 40
2—14,27, 40

2—28

2—40

a—dq1

2—41

2—41

2—7-8, 19, 34, 50-51, 57
2—14, 28, 41

24, 14, 42

2—4, 15,42

242

242

243

2—16, 29, 43

25, 43

2—43

25, 16, 30, 44, 50, 54
219, 50-51, 57
25,17, 31, 44, 54
5—6, 8, 10-11, 17, 19, 21
n—44

217,31, 45
217,32, 45

254

232, 54

245

28, 19, 35, 50-51, 58
2—46

246

2—6,18

28, 18, 32, 46

26, 18, 33, 47

&35

&—20

21

=21

21

&—-7,9, 22,52
=10, 22, 52
2—8, 21, 36, 53, 58
2—1,23,37,53
2—34

2—24,55
2--24,55

DCON-35-0Y:
DCON-36-0Y:
DCON-38-0Y:
DCON-39-0Y:
DCON-39-0Y:
DCON-40-OY:
DCON-41-0Y:
DCON—2-0Y:
DCON-51-0Y:
DCON-52-0Y:
DCON-53-0Y:
DCON-54-0Y:
DCON-55-0Y:
DCON-57-0Y:
DCON-58-0Y:
DCON-61-0Y:
DCON-62-0Y:
DCON-65-0Y:
DCON-72-0Y:
DCON-75-0Y:
DCON-76-0Y:
DCON-77-0Y:
DCON-8-0Y:
DCON-8-0Y:
DE-MINIMUS:
DE-WATERED:
DEBRIS:

DEBRIS MTC 5210:
DECANTATION:
DECHLORINATION:
DECISION:
DECOMPOSING:
DECOMPOSITION:

DECONTAMINATE: .
DECONTAMINATED: !

DECONTAMINATING: ,
DECREASE:

DEEP:
DEEPER:
DEFENSE:

DEFINE:
DEFINED:

DEFINITION:

DEGRADED:
DEGREASING:

DEGREE:
DELICATE:
DELIVER:
DELIVERED:
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2—25

2—12,25
2—12,26

2—3,12

2—26

2—3,12,26

2—26

2—13,27

2—28

2—29

2—4,15,29
2—15,29

2-5, 15, 29, 53, 59
2—30

2—16, 30

2—17,31

2--31

2—-32

2—32

233,56

2—7, 33, 56

2—-7, 18,33, 56
2—7-8,20,35
2—8,20

5—65
2—11,23,37,53
2—8, 21, 36, 43, 53, 58
334

§5—7-10

5—7,9

5—41, 46-47, 52
5—28, 30, 45, 53
3—18

2—18, 32

2—86, 18,32, 46
5—5-6,9, 12,29, 35
2—4, 14-15, 21, 28-29, 41-42
2—7, 9-10, 13-14, 16, 20, 22,
27-28, 30, 37-39, 43, 45-46,
52-53

31,5, 11

4—4,8

2—17,20, 24,31, 43,55
3—7

5—63-64

2—3, 11, 40-41, 46
2—42-43
2—4,14,28

3—18

5—67

1—9-10

5—66

1—7

232,54

5—67

2—30

2—31

5—65

3—16

1—13

1—5

2—-3,12, 26,39

DELIVERY: 2—-3-4, 6, 8, 14, 18,21, 28,
33, 36, 47, 53, 58
35,12
DEMOLISHED: 3—34
DEMOLITION: 3—3-7
4—3-8
5—3
DEMOLITION COMPOUNDS:
3—3-4
DEMONSTRATIONSITE:  3—12
DEMONSTRATIONVISIT:  3—13
DENY: 3—15
DEPAINT: 2—3,12, 26,39
DEPARTMENT: 2—4,14,28
3—i8
DEPEND: 249, 57
3—1
4—5
DEPENDANT: 2—8,21, 36,53, 58
DEPENDENT. 520, 63
DEPENDING: 1—12
2—9, 20, 24, 35, 55
5—24-25, 27, 30, 33, 37, 41,
46-47, 52, 62-64
DEPENDS: 1—3,7
2—7
3—13-14,18
DEPLETED: 2—3,13
DEPLETION: 2—14, 26, 28, 39, 42
DEPLOY. 4—1,8
DEPLOYED: 43
DEPLOYING: 4—3-8
DEPLOYMENT PLATFORMS:
43
DEPOSIT: 2—7,18, 33,56
DEPOSITS: 1—12
2—4, 6-7, 18, 32-33, 40, 47,
56
5—11,13
DEPTH: 1—3-4, 14
2—41, 46
DEPTH PROFILING: 1—3-4,14
DEPTH-PROFILING: 1—6
DERIVED: 1—16
DESAR: 1—10
DESCRIBED: 4—3-8
DESCRIPTION: 1—3-19
3—3-18
4—3-4,6-7
DESCRIPTIONS: 3—i8
DESIGNED: 1—3,7
2—20, 36, 49
3—18,17
5—23, 26, 34
5—66
DESIGNS: 2--7-8, 19, 35, 49, 51, 57-58
3—16, 18
5—67-68
DESKTOP: 1—7-8
3—17-18
DESORB: 1—4

-~

DESORPTION: 219, 34, 49, 51, 57 )
5—32, 48
54
DESTROY: 5—29-30, 32-33, 35-36, 40,
43, 45, 47, 50, 52-53
5—56-57
5—6-7, 10-11, 14-15, 17, 19-
21
DESTROYED: 249
532,35
DESTROYING: 5—30, 32-36, 40, 44-45, 47
556, 58, 60
5—15-17, 21
DETAIL: 317
DETAILED: 3—15,18
DETECT: 1—11-12
DETECTED: 1—10-11
DETECTING: 1—17
3—13
DETECTION: 1—1, 3, 56, 8-16, 18
3—13
DETECTON: 1—15
DETECTOR: 1—8-13
DETECTORS: 1—8-10, 14-15
DETECTS: 1—9
DETERGENT: 221,36
DETERGENT TREATMENT: 2—36
DETERGENTS: 2—7-8,20,35
DETERMINATION: 1—5
DETERMINES: 1—9
DETERMINING: 1—9
DETONATIONS: 2—41 -
DEVELOPING: 2—21 )
DEVELOPMENT LABORATORIES: o
3—3-18
DEVELOPMENTAL: 533, 36, 40, 44
5—64
5—4, 7-8, 14, 16, 18-19, 21
DEVICE: 1—8-10, 12,17
2—46
DEVICES: 1—8, 11, 14-15, 17-18
2—6, 33, 49, 56
4—4,8
DEXTEROUS: 4—4
DEXTEROUS MANIPULATORS:
4—4
DF: 24, 15,20, 29, 42
DFS: 2—4, 11,15, 21, 23, 29, 36-
37,42,53
DIAGNOSIS: 1—14
DIAGNOSTIC: 3—18
DIAGRAM: 4—
DIAGRAMS: 1—7
3—18
5—1
DIAMETER: 35
DIAMETERS: 2—46
DIAMOND: 3—3-4,8, 11
DIAMOND WIRE CUTTING: 3—3-4, 8, 11
DICTIONARIES: 1—7
3—17
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DIFFERENT: 1—5, 15, 16

2—32

3—6, 16, 18

5—4-7,9,12,29, 35
DIFFERENTIATE: 4—1
DIFFERENTIATED: 1—15-16
DIFFERENTLY: 2—28
DIFFICULT: 1—4

2—7,9,49

3—9-10, 12
DIFFICULTY: 2—1
DIFFRACTION: 1—13, 19
DIFFUSE: 1—5
DIFFUSED: 2—3, 11, 25, 40-41, 46
DIFFUSION: 2—24, 38
DIGESTION: 1—4

§—30, 34, 45, 47
DIGITIZE: 1—7

3—18
DIMENSIONS: 2—7-8,20
DIOXIDE: 4—3-8
DIPPING: 2—23
DIRECT: 1—4-5, 15, 18
DIRECT SAMPLING ION TRAP MASS SPECTROMETRY:

1—4, 15,18
DIRECTED: 1—15-16
DIRECTIONAL: 47
DIRECTORIES: 1—7

3—17
DISADVANTAGE:

53, 58

§—8, 10-11, 13
DISASSEMBLY: 2—32-33, 54

3—1, 6,10, 12-13
DISCHARGE: 1—11

4—3
DISCHARGES: 2—6, 33,56

5—24, 27, 39, 42
DISCIPLINES: 3—18
DISM-100-OY: 3—15
DISM-101-0Y: 3—16
DISM-102-0Y: 3—16
DISM-103-0Y: 3—16
DISM-104-0OY: 3—16
DISM-105-OY: 3—16
DISM-106-0Y: 3—16
DISM-107-0OY: 3—16
DISM-108-OY: 3—17
DISM-109-0Y: 3—17
DISM-11-QY: 3—3
DISM-110-0Y: 3—17
DISM-111-0Y: 3—17
DISM-112-0Y: 3—17
DISM-113-0Y: 3—18
DISM-114-0Y: 3—18
DISM-115-0Y: 3—18
DISM-116-0OY: 318
DISM-117-OY: 3—18
DISM-118-0OY: 3—18
DISM-119-0OY: 3—18
DiSM-12-0Y: 3—3
DISM-120-0Y: 3—16
DISM-121-0OY: 33

2—7, 10-11, 22-23, 37-38, 52-

DISM-13-0Y:
DISM-14-0OY:
DISM-15-0Y:
DISM-154-0Y:
DISM-156-0OY:
DISM-157-0OY:
DISM-158-0OY:
DISM-16-0OY:
DISM-17-0Y:
DISM-18-0Y:
DISM-181-0Y:
DISM-19-0Y:
DISM-191-0Y:
DISM-20-0OY:
DiSM-21-0Y:
DISM-22-0Y:
DISM-23-0Y:
DISM-24-0Y:
DISM-25-0Y:
DISM-26-0Y:
DISM-27-0Y:
DISM-28-0OY:
DISM-29-0Y:
DISM-30-0Y:
DISM-31-0OV:
DISM-32-0Y:
DISM-33-0Y:
DISM-34-0Y:
DISM-35-0Y:
DISM-36-0Y:
DISM-37-0Y:
DISM-38-0Y:
DISM-39-0Y:
DISM-40-0Y:
DISM-41-0Y:
DISM-42-0Y:
DISM-43-0Y:
DISM-44-0OY:
DISM-45-0OY:
DISM-46-0OY:
DISM-47-0Y:
DISM-48-0Y:
DISM-49-0Y:
DISM-50-0Y:
DISM-51-OY:
DISM-52-0Y:
DISM-53-0Y:
DISM-54-0Y:
DISM-55-0Y:
DISM-56-0OY:
DISM-57-0Y:
DISM-58-0Y:
DISM-59-0Y:
DISM-60-0Y:
DISM-61-0OY:
DISM-62-0OY:
DISM-63-0Y:
DISM-64-0OY:
DISM-65-0Y:
DISM-66-0Y:
DISM-67-0Y:
DISM-68-0Y:
DISM-69-0OY:

DISM-70-0OY:
DISM-71-0OY:
DISM-72-0Y:
DISM-73-OY:
DISM-74-0OY:
DISM-75-0Y:
DISM-76-OY:
DISM-77-0OY:
DISM-78-0Y:
DISM-78-0Y:
DISM-80-0OY:
DISM-81-0Y:
DISM-82-0Y:
DISM-83-0Y:
DISM-84-0Y:
DISM-85-0Y:
DISM-86-0Y:
DISM-87-0Y:
DISM-88-OY:
DISM-89-0Y:
DISM-80-0Y:
DISM-91-0Y:
DISM-92-0Y:
DISM-g3-0Y:
DISM-94-0Y:
DISM-95-0Y:
DISM-96-0Y:
DISM-97-0OY:
DISM-g8-0Y:
DISM-99-0Y:
DISMANTLE:
DISPERSION:

DISPERSIVE:
DISPLAY:

DISPLAYS:
DISPOSE:
DISPOSED:

DISPOSING:
DISPOSITION:
DISSASEMBLY:
DISSEMBLED:
DISSOLUTION:
DISSOLVE:
DISSOLVED:
DISTILLATION:

DISTRIBUTED:
DIVERSION:
DIVERT:
DOCUMENT:

DOCUMENTATION:
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3—12
3—12
3—12
3—12
3—12
3—12
3—12
3—13
3—13
3-—13
3—13
3—13
3—13
3—13
3—14
3—14
3—14
3—14
3—14
3—i4
3—i4
3—14
3—15
3—15
3—15
3—15
3—i15

1—13

3—18

4—7

1—7

3—18

5—49, 51
5—12,17

2—28, 48

5—25, 27, 33, 49
5—65

5—12

2—10, 22, 37, 52

§—25, 27, 30, 33, 45-46, 50,
53-54

5—67

3—13-14

3—13

1—3-19

3—3-18

4—3-4,6-7

3—16

DOCUMENTED:

DOCUMENTS:

DOSE:
DOSIMETERS:
DOSIMETRY:
DOT:
DOWN-SIZE:
DOWNSIZE:
DPM:
DRAINABLE:
DRAINS:
DRAWING:

DRAWINGS:

DRAWN:
DRAWS:
DRE:

DRES:

DRIFT:
DRILLING:
DRINKING:
DRIVE:
DRIVING:
DROPLETS:
DRY:

DRY HEAT:

DRYING:
DSITMS:
DUAL-ARM:
DUCT:
DUST:

DUTY:
DYE:
DYNAMIC:
ECD:
ECOLOGY:

ECONOMIC:
ECONOMICAL:
ECONOMIES:
ECONOMY:
EDAX:

EDS:
EDUCATION:
EDX:
EFFECTORS:
EFFECTS:
EFFICIENCY:

1—9-10

2—51

3—13

1—3,7

3—18

1—7

3—17-18

1i—8

1—9

530, 33, 36
5—56

§5—7-8, 10-11, 13, 17,19
5—29, 32, 35-36, 40, 43
5—-56-58

5—4, 6-7, 11, 1415, 17, 19-
22

5—63

1—5

1—3

1—8-14, 18
2—42-43

4—5

2—48

2—5,17, 19, 31, 34, 44, 49,
51,54,57
2—5,17, 19, 31, 34, 44, 49,
51,54, 57
2—7-8,20
1—15, 18

4—4

43

2—27, 40-41
3—3-6

4—3-4

1—12

4—7

1—14-15, 18
2—24,55

5—66

2—11, 23, 37,53
2—48

1—17

4—1

1—13

1—13

5—65

1—13

4—5,8

1—8, 11,14
5—56, 58, 60
5—15

EFFICIENT: 1—4, 16, 18

2—20

47

5—67
EFFICIENTLY: 2—8, 35,58
EFFLUENT: 2—8, 21, 36, 53, 58

5—4,7
EFFORTS: 1—13

31,18
EHS: 2—40
EITHER: 1—8, 11

2—1, 21

533, 36, 40, 44

5—65

5—8, 14, 16, 18-19, 21
ELECTRIC: 28,33, 56
ELECTRICAL: 1—6, 11

3—3-18

4—4
ELECTRICAL AND ELECTRICAL:

1—6

3—3-18
ELECTRICAL AND ELECTRICAL SWITCH GEAR:

3—3-18
ELECTRO: 55,9
ELECTRO-HYDRAULIC:  2—40
ELECTROCHEMICAL: 1—8, 17
ELECTROCHEMICAL METHODS:

1—6
ELECTRODE: 1—14

2—7,9,22,52

5—4,7
ELECTROLYSIS: 523, 25, 37, 41, 48, 51
ELECTROLYTE: 27,9, 22, 24, 52, 55
ELECTROLYTES: 2—1,33-47
ELECTROLYTIC: 2—25, 55
ELECTROLYTICALLY: 2—20, 36
ELECTROMAGNETIC:  1—5
ELECTROMETRIC: 1—14
ELECTRON: 1—10, 13-15, 18-19

5—56, 58
ELECTRON SPECTROSCOPY:

1—13-14
ELECTRON SPECTROSCOPY FOR CHEMICAL

ANALYSIS: 1—13

ELECTRONIC: 1—7

3—17-18

ELECTRONIC CATALOG DESCRIPTIONS AND SOURCE
LOCATIONS OF SITE HISTORICAL DATA:

3—18
ELECTROPHORESIS: 1—17
ELECTROPOLISHING: 2—7,9,22, 582
ELECTROREFINING: 2—24-25,55
ELECTROSTATIC: 2—48
ELECTROSTATIC PRECIPITATION:

2—48
ELECTROWINNING: 2—25,55
ELEMENT: —11
ELEMENT-SPECIFIC: 1—1
ELEMENTAL: 1—13,17, 19

2—7, 11,23, 38, 53, 58

540, 43
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ELEMENTS: 1—1 ENHANCE: —5 ESTABLISHED:

318 316

56162 5—4,6,9, 12, 14-15, 18, 20,
ELIMINATION: 4—1 24,27, 29, 31, 35, 39, 43, 57,
ELSEWHERE: 3 50

528,34, 38, 41 ENHANCED: 1—7,17
ELUTION: 516 3—18 ;
EM-561: 567 556,09, 12, 29, 35 ESTABLISHING:
EMBEDDED: 314 ENHANCEMENT: 1-3,5 ESTABLISHMENT:
EMERGENCY: 4-6 316 ESTIMATE:
EMERGENCY SHUTDOWN: 4—6 ENSURE: 1—8, 18 ESTIMATING:
EMERY: 21314, 27, 40 2—11, 23,37, 53 ET: |
EMISSION: 1813 317 ETC: |

£3 ENSURING: 3—14 |
EMISSIONS: 24849 ENTOMBED: 3—13-14

£3 ENTOMBMENT: 3—13-14
EMITS: 1—12 ENTRY: I8
EMITTERS: -9 ENVIROCARE, UTAH LANDFILL: ETCH:
EMPLOYED: 211,23, 37,53 1—11-14 ETCHING:

563 566 ETHERNET:
ENABLING: 3—1, 1518 ENVIRONMENT: 1—5 ETHIC:
ENABLING TECHNOLOGIES: 217,31, 44 EVACUATION:

31,1518 316, 18 EVALUATE:
ENCAPSULATE: 540,43 540, 43
ENCASEMENT: 214 5—63
ENCASEMENT SUBSURFACEWASTE STORAGE WITH  ENVIRONMENTAL BARRIER:

YOID REDUCTION: 14

714 ENVIRONMENTALLY:  1—15 EVALUATED:
ENCLOSED: 316 ENVIRONMENTS: 1-5,8
ENCLOSURE: T-8-10 &—8-13, 18 EVALUATING:
ENCLOSURES: 216 4—4 EVALUATION:
ENCOMPASSES: +5 523, 26, 28, 37-38, 42
END EFFECTORS: 45,8 EPA: 1—4.5, 11-16, 1819 EVALUATIONS:
END-EFFECTOR CHANGEDIUT MECHANISMS: 48 EVAPORATION:

5 567, 11, 14-15, 17, 19-22,
END-OF-ARM: 438 29, 32, 36, 40, 43, 56-58 EVENT:
END-OF-ARM-TOOLING:  #-5 EQUALLY: 4—1 EVERY:
END-POINT: £-34 EQUIP: 3-8 EVOLUTION:
ENERGIES: 113 EQUIPMENT: 1-3:5, 10, 14-16, 18 EVOLVE:
ENERGY: 110, 13 2—1,3-18, 20,23, 27-28,31-  EX-SITU:

3,6, 12, 26, 33, 39-40, 56 33,36-38, 40-42, 49, 51,53-  EXACT:

516 54, 56, 58 EXACTLY:

%3 3—1,4-13, 16,18 EXAMPLE:

54,7 41,38
ENERGY DISPERSIVE X-RAYSPECTROSCOPY: 5—15-17, 21, 33, 36, 40, 44,

113 56, 58, 60
ENGINEERED: 214,28, 41 EQUIPMENT DISASSEMBLY:

31415 233,54

5665 3—1 EXCAVATION:
ENGINEERED STORAGE: 31415 EQUIPMENT REMOVAL:  2—40 EXCEED:
ENGINEERED STORAGE ROFFUTURE DISPOSAL: 31,8 EXCEEDS:

B-1415 438 EXCELLENT:
ENGINEERING: 7 EQUIVALENT: 1-8-10

19,34, 49, 51,57 5—68 EXCEPT:

51518 EROSION: 213,27, 40

=67 ERROR: 45 EXCEPTED: |
ENGINEERING ASSISTANCE: ESCA: 1—13-14 EXCEPTED QUANTITI

21618 EXCEPTED QUANTITI
ENGINEERING DRAWINGSB—37 :
ENGINEERS: 234
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S T A ——

1—3,8

2—6-7, 9, 21-22, 24-25, 33,
45, 52, 55-56

3—17

4—3

5—23, 25, 37, 42, 51

5—64

5—65

2—23,45

2—21, 24, 36,55

2—

2—24,55

1—5, 14-17

2—4,6,17-18, 21, 25, 31, 36,
40, 44, 54-55

3—3+4,8-9

4—5

2—56

2—7,33,56

3—16

5—65

2—41

1—10, 13

2—4,7, 11, 14, 18, 23, 25, 28,
32, 38, 40, 53, 55, 58
3—13,18

1—8
2—8-7, 18, 32-33, 46, 49, 56

2—20
2—11, 23, 37, 53
567
2—1, 20, 23, 26, 35
45
2—1
4—1
5—23-29, 31-32, 34, 36-40,
42-45, 47, 50, 52-53
5—55-57, 59, 61-62, 65
5—4, 67, 11, 14-15, 17, 19,
21
4—38
2—24
2—55
1—11,13
2—11, 23, 37, 53
2—15, 25-26, 29, 42, 55
5—4, 11-15
567
3: 567
3 OF RADIOACTIVE MATERIALS:
5—67

EXCHANGE:

EXCITATION:
EXCITED:
EXCITING:
EXCLUDING:
EXECUTION:

EXEMPTION:
EXHAUST:
EXHIBIT:
EXHIBITS:
EXIST:

EXISTING:

EXISTS:

EXITING:
EXPANDED:
EXPANSION:

EXPECTED:

EXPENSIVE:

EXPERIENCE:

EXPERIMENT:
EXPERIMENTAL:
EXPERIMENTS:
EXPERT:
EXPERTISE:
EXPLAIN:
EXPLANATION:

EXPLODES:
EXPLOIT:
EXPLOSIVE:

EXPLOSIVE CUTTING:
EXPLOSIVES:
EXPOSING:
EXPOSURE:

EXTEND:

2—-7-9, 19-22, 34, 50-52, 57
41

5—24, 27, 37, 51

5—62-64

54, 16-18

1—5, 11

1—6

1—15-16

2—20, 24, 38

2—20

1—6-7, 10-11, 13

2—6, 18, 23, 32, 46
3—15, 17-18

1—7

2—6-7, 11, 18-20, 23, 33-34,
38, 47, 49, 51, 53, 57-58
3—15, 18

1—7, 12, 15-16, 18
2—10, 22, 37, 52
3—15-18

3—6

1—4,8,10

1—10, 13

4—6

1—10, 13

2--4-7,9, 11, 15,17, 20-21,
23, 29, 31, 33, 35, 38, 41-43,
45, 49, 53, 56, 58

33

5—49, 51

5—63, 65, 67

5—12

1—8

3—9,12, 14

5—32, 35

5—4-5,7,9

2—14, 21,28, 41

3—18

5—16

2—45

1—-3

2—7, 11,23, 38, 583, 58

s
\
\

EXTENDED: 3—16 y
EXTENSION: 2--45 -
EXTENSIVE: 1—9
2—7-8, 16, 19, 30, 34, 43, 50-
51,57
3—16
4—3-5,8
5—4,7
EXTENSIVELY: 2—21,36
3—18
EXTERIOR: 2—1,8-18
EXTERIOR OF STEEL AND NICKEL PROCESS
EQUIPMENT: 2—1,8-18
EXTERIORS: 3—1
EXTERNAL: 4—3
EXTRACTANTS: 2--49
EXTRACTED: 2—45
EXTRACTION: 1—3-4, 16,18
2—19, 49-51, 57

5—4, 6,9, 12, 14-15, 18, 20,

24,27, 29, 31, 35, 39, 43-44,

46, 49, 53, 55, 57, 60-62
EXTRACTION-MULTIDETECTOR:

1—16
EXTRAPOLATING: 2—7, 33,56
EYE-GAZE: 4—6
FABRICATED: 2—45
FABRICATION: 2—3,13,20
4—4
FACILITATE: 1—3
5—20
FACTOR: 1—10 —
2—7-8,20 i \)
FACTORS: 2—3,7,9, 1213, 16-17, 22,
26, 30-31, 39, 43, 45, 52
FAILURE: 4—3
FAILURE RECOVERY SYSTEMS FOR MOBILE
PLATFORMS:
4—3
FAILURES: 3—18
FAIRLY: 524,27, 39, 42
FAST: . 1i—15
FASTER: 1—7,16
3—17
FDDL: 3—16
FEASIBILITY: 5—12,17
FEASIBLE: 27,9, 33, 56
FEATURES: 5—4,7
FED: 2—34, 49,57
FEDERAL: 1—8-14, 18
3—18
FEED: 5—4,7
FEEDBACK: 4—5
FEEDS: 5—4,7
FERRATE: 5—24, 27, 39, 42
FERROUS: 3—5
5—4,13-14
FIBER: i—§
3—16
FIBER-OPTIC: 15, 17
35,12
FIBER-OPTIC CHEMICAL SENSORS:
1—5

—-—-—_———_r \
)
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FIBER-OPTIC SYSTEMS FOR MEASURING MULTIPLE FLATS: 2--5,30, 43 FORMULATIONS:
PHYSICAL VARIABLES: 1—17 FLEXIBLE: 3—-8-10 FOULED:
FIBERS: 1—19 4--34 FOUND:
FIELD: 1—1, 59, 11-15, 17-18 FLOCCULENT: 2--11,23,37,53
2—49 FLOOR: 1—11,17
3—15-16 3--14 FOUNDATION:
4—8 FLOORS: 1--3-4
FIELD ASSISTANCE: 3—15-16 2--35-36, 42, 45
FIELD HARDENING: 4—8 3—14 FOUNDATIONS:
FIELD METHODS: 1—1, 5-6, 8-8, 11-12, 14-15, FLOW: -7
17-18 FLOWING: 1--12 FOUNDATON:
FIELO-PORTABLE: 1—5, 156 FLUID: 1—-4, 16,18 FOURIER:
FIELDS: 1—8 2~-8,21, 36, 53, 58 FOURIER TRANSFORN
540, 43, 49, 51 3--3-4
FILE: 3—16 4—--3-4 FRACTAL:
FILL: 3—13 5—-24, 26, 28, 34, 37-38, 41, FRACTALS:
FILLED: 2—4, 6, 14, 18, 28, 32, 42, 46 46. 48, 50 FRACTALS USED TO S
FILM: 1—1 5—--3 TRANSPORT IN PORC
FILTER: 1—9 FLUIDS: 4-3
2—3,5,7-8, 13,17, 19, 24, 5—-26, 37-38, 41-42, 47-48, FRAGILE:
26, 32, 34-35, 38-39, 45, 48, 50, 52 FRAME:
50-51, 57 §—-57, 59, 61-62 FRENCH:
FILTERING: 1—56 FLUOBORIC: 2—-20, 36 FREON:
2—7,9,22,52 FLUOBORIC ACID: 2—-20, 36 FREONS:
FILTERSAND: 2—56 FLUORESCE: 1—-15-16 FREQUENCY:
FILTRATION: 2—5,8,12,17,19,25-26,31, FLUORESCENCE: 1—-6, 10-11, 14-16
34, 38-39, 44, 47-49, 54, 57 FLUORESCENCE DIAGNOSIS OF CONTAMINATED FREQUENT:
5—23, 26, 28, 34, 37-38, 41- SURFACES: 1—14 FRIABLE:
42, 46-48, 50, 52, 57, 59, 61- FLUORESCING: 1—-15-16 FRIENDLY:
62 FLUSHING: 2—-8, 15, 21, 29, 36, 42, 53, FRONT:
FINANCIAL: 3—16 58
FINDERS: 4—7 FLUX: 1—-8
FINES: 3—11-12 FLUXING: 2—--19, 24, 50-51, 55, 57 FRONT-END:
FINGER: 1—5 FOAM: 2—-7-8,20, 35 FT:
FINISHED: 2—42-43 5—28, 34, 38, 41
FIRST: 2—25, 55 FOAMING: 5—-28, 34, 38, 41, 48, 50, 52 FT-IR:
FISSILE: 1—9-10 FOAMS: 2--7-8,20,35 FT6:
5—67-68 FOCUS: 3--18 FULL:
FISSION: 1—9-10 FOLLOW: 2—6, 56
FIT: 2—32,54 3—1 FULL-SCALE:
FIXATION: 5—23, 26, 38, 48-49, 51 FOLLOWED: 1—12
5—63-64 3—18 FULLERENES:
FIXED: 2—13, 15-16, 27, 29-30, 36, FOOT: 5—63 FULLY:
40, 42 FORCE: 4—7-8
4—8 FORCE-LIMITING: 4-5
5—33, 36, 40, 44 FORCE-SENSING: 4—7
5—56, 58, 60 FORCES: 528, 34, 37, 46 FUNCTION:
5—15-17, 21 FORK: 5—3
FIXING: 5—23, 26, 38 FORM: i—14 FUNCTIONS:
FIXTURES: 3—9, 11 2—6-7,11, 13, 17, 20, 23-24, FUNDING:
5—4,7-10 27,32, 34, 38, 40, 43, 45, 53,
FLAME : 1—15 55, 58
FLAME: 1—15 3—18
FLAMELESS: 5—56, 58 5—32 FURNACE:
FLAMING: 3—8 5—66
FLASHLAMP: 1—4 FORMAT: 1—8 FUSION:
2—7, 18, 33, 47, 56 FORMED: 2~25, 55
FLASHLAMP CLEANING: 2—7, 18, 33, 47,56 5—67 FUZZY-LOGIC-DRIVING
FLASHLAMP HEATING TO RELEASE OR DESORB FORMING: 2—24,55 FY:
SURFACE AND SUBSURFACE CONTAMINANTS: FORMS: 1—12, 16 GAINING:
1—4 2—23,48 GAMET:
FLASHLAMPS: 2—47 3—1 GAMMA:
FLAT: 3—i7 FORMULATION: 2—9, 20,35




—-—-————_

3—i4
5§--23, 26, 28, 37-38, 42
1—-5
2—14, 27, 35, 40-41, 48-49
3—16
1—7
3—15-17
4—3-8
1i—8
3—17
3—13
1—16
NFRARED SPECTROSCOPY:
1—16
1—7
1—7
ECT MODELS FOR MATERIAL
S MEDIA:
1—7
2—7,18, 33,47, 56
33—
3—13
2—17, 31
5—65
-1
2—40
4—3
5—68
567
1—3-19
3—3-18
4—3-4,6-7
53
2—5,21,30
3-8, 15-16
1—16
5—66
2—7-8,20
5—11,13
2—48
5—59, 61
540, 43
1—12
5—33, 36, 40, 44
556, 58, 60
5—15-17, 21
1—6, 12
3—18
4—6-7
54, 6-8, 11, 14-15, 17, 19-
21, 25, 27, 29-30, 32-33, 36,
40, 43, 45-48, 50, 52-54, 55-
57,59, 61-63
219, 34, 49-51, 57
54,7
2—3, 6, 12, 26, 33, 39, 56
4—8-7
4—5
2—46
1—17
5
1—8-10, 12-13, 17
5—44, 46

GAMMA-RADIOLYSIS: 5—-5-6, 9, 12, 29, 35, 44, 46,
53

GAMMA-RAY: i—8, 10

GAMMA-RAY SPECTROMETRY:
1—10

GAS: 1—6, 14-16, 18
2—6-7, 11, 18, 23, 32, 37, 486,
53
3—6, 8,10, 13
5—11,13

GAS CHROMATOGRAPH: 1—15, 18

GAS CHROMATOGRAPHY: 1—14-16, 18
GAS CHROMATOGRAPHY IN THE FIELD:

GASEQUS:

GASES:

GASIFICATION:

GASIFIED:
GASKETS:
GAUGE:
GAUGING:
GC:
GC-FTIR:
GC-MS:
GE:
GEAR:
GEL:
GELLING:
GELS:
GENERAL:

GENERALIZED:

1—15

1—14

2—24, 38, 48

5—30, 33, 36

5-~56

5—7, 10-11, 17,19
i—5

2—5

5-—-55-62

5—33, 36, 40, 44
5—8, 14, 16, 18-19, 21
2—23

5—4,7-10

1—17

1—17

1—14-15, 18

1—16

1—16

1—10

3—3-18

2—9, 20, 35

2—9, 20, 35

2—8, 20, 35

1—1, 3-8, 11, 15-16, 18
3—1,8

45

5—23, 25, 37, 42, 51, 63, 65
3—18

GENERALIZED OBJECT-ORIENTED SIMULATION

SOFTWARE:
GENERALLY:

GENERATE:
GENERATION:

GENERATOR:
GEOGRAPHIC:

318

1—1

2--12, 25-26, 38-39, 41
5—-24, 26, 28, 34, 37-38, 41,
46, 48, 50, 63-64

2—45

4—3-8

2—3-6, 11, 15-16, 25, 29-30,
33, 38, 42-43, 53, 56, 59

3—18

GEOGRAPHIC INFORMATION SYSTEM:

1—7
3—18

GEOGRAPHIC INFORMATION SYSTEMS FOR DOE

GEOLOGICAL:

SITES:
3—18
1—3

GEOLOGY:
GEOMETRICALLY:
GEOMETRIES:
GEOMETRY:

GET:

3—14

3—6

2—6, 18,32, 46

3—9

1—7

3—3-7

5—23, 26, 28, 37-38, 42

GIF IMAGES TO ENHANCE AS-BUILT DOCUMENTATION:

Gls:

GLASS:
GLASSIFICATION:
GLASSY:

GLOVE:

GLOW:

GOAL:

GOLD:
GOLD-COATED:
GOOQD:

3—16

1—7

3—18

5—17,20, 22

3—15

5—33, 36, 40, 44 -
5—4,7-8, 14, 16, 18-19, 21

2—33, 53

2—6, 33, 56

5—63

1—i2

1—12

2—S5, 16, 20, 30, 36, 44, 50,
54

GOVERNING: 1—8
3—17
GOVERNMENT: 2—6, 18, 32-33, 47, 54
GPM: 2—4-5, 15, 29, 42-43, 53, 59
3—7-8
GRADIENT: 5—26, 38, 42, 49, 51
§—59, 61
GRAPHICAL: 3—17-18
GRAPHITE: 3—13
GRAPPLE: 3—7,10
GRAPPLE AND MASSIVE SHEARING:
3—7,10
GRAPPLER: 3—4-5
GRAVITY: 528, 34, 37, 46-47, 54
GREAT: 1—7
2—1
3—17
GREATLY: 3—17
5—20
GRINDERS: 2--13-14, 27, 40
GRINDING: 2—13-14, 27, 40
4—3-8
GRIPPER: 45
GRIPPERS: 45
GRIPPING: 4—5
GRIT: 2—12, 14, 26, 28, 39, 41
GRIT BLASTING: 2—12, 14, 26, 28, 39, 41
GROSS: 3—10, 12
GROUND: 3—3,5,7,9, 11,13, 15,17
5—67-68
GROUNDWATER DIVERSION:
3—13
GROUP: 2—24,55
5—68
GROUPED: 1—1
4—1
GROUPS: 2—6, 18, 33, 47
5—67
GROUT: 3—14
GUIDE: 3—12
GUIDELINES: 3—16

_-_-___—
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Ha2s04: 2—1,3-32, 49-59 HEATING: —a HIGHER:
HAD: 2—1 2—86, 8, 18-19, 23, 32, 34-35,
HALAR-COATED: 2—20 46, 50-51, 58
HALIDE: 1—14 5—19, 22
HALOGENATED: 5—5-6,9, 12, 19, 21, 29, 32, HEAVIER: $5—38, 41, 46, 48, 50 HIGHLY:
35, 49-53 HEAVY: 1—11-12
HAMMERS: 2—41 2—21,36
HAND: 2—4, 13-14, 16, 24, 27-29, 4+—4
40, 42-43, 55 54, 6,9, 12, 14-15, 18, 20, HIGHWAY:
HAND BRUSHING: 2—16, 29, 43 24-27, 29, 31, 35, 39, 41-44, HISTORICAL DATA:
HAND BRUSHING USED TO REMOVE SURFAGE $1-52, 55, 57, 60-62
CONTAMINATION: HEAVY DUTY: 4+—4 HNOS3:
2—43 HEAVY METALS IN OIL: 5—41-44 HOBIL:
HAND GRINDING, HONING, SCRAPING: HEAVY METALS IN SOLVENTS: HOLD:
2—13,27,40 $—51-52
HAND-HELD: 2—14,27, 40 HEAVY-DUTY: 4—4 HOLD-UP:
HAND-SCRUBBING: 2—21 HEPA: 2—4-5, 17, 24, 26-30, 32-34,
HANDLE: 2—3-4, 12-14, 26, 28, 34, 39, 39, 42-48, 55-56
42 HETEROGENEOUS: 4—6 HOLDERS:
3—3-5, 14,17 HETERQGENOUS: 1—3 HOLDING:
HANDLED: 2—23 HF: 2—21,36
3—1 HFIR: 1—12 HOLE:
HANDLING & TRANSPORTATION: HG.: 1—5,7,11-14 HOMOGENEOUS:
4—1,4,6,8 &—1,3-59 HONING:
5—1, 66-68 4—3-8 HORIZONTAL:
HANDLING: 1—17 HG, PCBS, U ON STRUCTURAL STEEL:
2—3, 12, 26, 39-40, 42 3—5 HOSES:
4—1,6,8 HG: 15,7, 11-14 HOST:
5—1, 66-68 &—1, 3-59
HANFORD: 2—44 438 HOT:
5—12, 17, 49, 51,66 HG-GONTAMINATED: £—19, 24, 34, 49-51, 55, 57
HANFORD-WESTINGHOUSE: HGS: 2—7,11, 23, 38, 53, 58 )
2—7, 18, 33, 47, 56 HIDDEN: 1—12 HOT AIR STRIPPING:
HANGERS: 3—7 HIGH GRADIENT MAGNETIC SEPARATION: HOUR: f
HARD: 1—9 £—42, 51, 59, 61
HARDENED: 4—8 HIGHBOILING: £—47 HOW:
HARDENING: 4—8 £—55-56 HPA:
HARDWARE: 1—3-4, 6, 9-11, 15-18 HIGH-CAPACITY MANIPULATORS: HR:
2—20 4—4
4—8 HIGH-EFFICIENCY: 3—3-4, 8, 11-12 HUGE:
HARSH: 1—5 HIGH-LEVEL: §—17, 20, 22, 64 HUMAN:
HAVING: 1—7 HIGH-QUTPUT: 44
2—6, 18, 32, 46 HIGH-PRESSURE: 1—4 HUMAN-MACHINE:
3—6,17 2~-25, 29, 42 HYBRID:
5—65, 67-68 3—3,5, 8, 10-12 HYDRAULIC:
HAZARD: 4—4-7 HiGH-PRESSURE ABRASIVE WATER JET:
5—68 3—3,5, 8, 11
HAZARDOUS AND MIXED WASTES: #GH-PRESSURE ASHING FOR SAMPLE PREPARATION: HYDRAULIC ISOLATIC
565 1—4 HYDROCARBONS:
HAZARDS: 4—3-8 #sH-PRESSURE WATER: 2—25, 29, 42 HYDROLOGIC:
HDTV: 4—7 3-—3,5,8,10-12 HYDROLOGICAL:
HE: 2—22,52 wH-PRESSURE WATER JET: HYGIENE:
HEAD: 1—9 3—3,5,8,10-12 HYPERTEXT:
4—6 HEM-RESOLUTION: 1—10
HEADS: 1—3 HEN-SAMPLE: 4—8 HYPERTEXT INFORM/
HEADSPACE: 1—1i2 FIEM-STRENGTH: 4—4 '
HEARINGS: 2—34, 49, 57 HBHTEMPERATURE: 5—64
HEAT: 2—5-6, 8, 13-14, 17-19, 27- HEM-TEMPERATURE CRYSTALLINE MATERIALS: HYPOCHLORITE:
28, 31-32, 34-35, 40, 44, 46, 5—64 IC:
49-51, 54, 57-58 HRFTEMPERATURE NONCRYSTALLINE MATERIALS: ICE:
5—64
ICE BLASTING:

e
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1—7, 11, 15-16, 18
2—4, 15,29, 42

3—17

4—6

1—10, 13, 18

2-36

3—16

520

5—68

2—21

318

2—1, 3-32, 36, 49-59
a—11

2—9

3—3-4

54,6,9, 12, 14-15, 18, 20,
24, 27, 29, 31, 35, 39, 43, 55,
57, 60-62

1—8

1—8

2—34-35, 49, 57
3—3-4

1—3

2—13, 27, 40

1—3

2—41

3—5-8, 11

1—14

3—16

2—5, 12, 15-17, 19-20, 25,
29-31, 34, 38-39, 42, 44, 49-
51,54, 57

2—5, 16, 30, 44, 50, 54
2—3, 12, 26, 31, 39
3—3, 5, 7-8, 15-16
3—17

1—4

2—6, 18, 32, 39, 45-46
3—4-5, 7-8, 15-18
3—15

3—17

438

456

4—7

3—14

434

53

3—14

1—15-16

3—13

3—13

1—14

1—7

3—17

ION SYSTEMS:

1—7

3—17

2—8, 21, 36, 53, 58
1—13

23,12, 26, 39
3—7

2—3, 12, 26,39
3—7

ICP:

ICP-AES:
ICP-MS:

IDEAL:
IDENTIFICATION:

IDENTIFIED:

IDENTIFY:

IH-HP:

IMAGE:
IMAGES:
IMAGING:
IMMEDIATE:

IMMOBILIZATION:

IMMOBILIZE:
IMMOBILIZED:

IMMUNOASSAY:
IMPACT:
IMPART:
IMPERVIOUS:
IMPINGES:
IMPLEMENT:

IMPLEMENTATIONS:

IMPLEMENTED:
IMPLEMENTING:
IMPORTANT.
IMPOSES:
IMPRACTICAL.:
IMPREGNATED:
IMPRESSIVE:

IMPROVE:

-

IMPROVED:

1—i2

1—12

1—12

1—10

1—4-6, 8, 12-13, 16, 18-19
3—17

4—

1—1,6, 10
2—7,17,23,31,44, 49
3—17

4—1

5—66-67

1—8,13, 16

2—17, 31

5—8, 14, 16, 18-19, 21, 33,
36, 40, 44, 63

1—18

2—34, 49, 57

2—13, 27, 40

313

1—6

1—1

2—8-7, 18, 27, 32-33, 35, 40,
46-47, 56

3—16

3—15

15, 15, 18

230, 43

5—63

5—25, 41, 44

5—20

2—38, 13-14, 19, 27-28, 35,
40-41, 50-51, 58

3—14,17

5—6-7, 11, 14-15,17, 19, 21,
29, 32, 36, 40, 43, 45, 47, 50,

IMPROVED PROTECTIVE CLOTHING AND EQUIPMENT:

3—i6

S

L~

)

]
-

IMPROVEMENTS: 1—7,15-16, 18
2—4, 13-14, 21, 26-28, 32,
36, 39
3—3,7,17-18
4—6
IMPROVMENT: 3—17
IMPULSE: 4—7
IMPURE: 2—24, 55
IMPURITIES: 5—26, 38, 42, 59, 61
IN GASES: 1—5
5—55-62
IN SITU DECONTAMINATION:
2—1,3-7,11,37,53
IN SITU MONITORING: 1—11
4—3-8
IN WATER: 1—5,8-14, 18
2—8, 15, 21, 29, 36, 40, 42,
53, 58
5—23-38, 67
IN-CINERATOR: 5—47
IN-SITU: 2—8-18, 58
IN-SITU DECONTAMINATION:
2—8-18
INACCESSIBLE: 1—5
INCH: 3—5
INCINER-ATOR: 5—47
INCINERATED: 2—17,31,45
5—7, 11, 14-15, 21, 29, 32,
36, 40, 43, 45, 47, 50, 52-53,
56-57
INCINERATION: 2—34, 49,57
5—6-7,11,14-15,17,19, 21, __
29, 32, 36, 40, 43, 45,47, 5
52-53, 56-58
INCLUDE: 2—20, 24, 55
5—1, 23, 25, 28, 31, 34, 37,
39, 42, 44, 55, 59, 61-62, 65
INCLUDED: 4—3
INCLUDES: 1—-5,17
INCLUDING: 1—5,7,15
2—11, 16, 23, 30, 37, 40, 43,
45,83
3—1,8-15
INCLUSION: 2—14, 28, 41
INCLUSIVE: 1-—1
INCORPORATE: 3-—-8-13
INCORPORATING: 5—65
INCREASE: 1—10, 12
25,17, 31,44, 54
3—i4
4—4,6
5—63
INCREASED: 1—4
2—14, 28, 41
4—7
INCREASES: 4—6
INCREASING: 1—4
3—16
INCREASINGLY: 5—24, 27, 39, 42
INCULCATING: 5—65
IND: 1—11-14
INDEFINITELY: 5—23, 26, 28, 37-38, 42
INDEPENDENT: 3—4-7



_—

INDEX: 3—13 INSIDE: 2—35,7,18,30,33,43,47,  INTERVENTION:
INDICATE: 5—5,9, 23, 25, 28, 31, 34, 37, 56 INTO:
39, 42, 44, 55, 59, 61-62 INSITU: 2—5
INDICATING: 2—7-8,20 INSOLUBLE: 1—9-10
INDICATION: 1—11 INSTALLATION: 313,15
INDIVIDUAL: 1—15 INSTALLATIONS: 232,54
INDUCED: 1—10, 12-13 INSTALLED: 2—20
INDUCTION: 2—19, 50-51, 57 INSTRUMENT: 1—8, 10-12, 14
INDUCTIVELY: 1—11-12 2—34 INTUITIVE:
INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION INSTRUMENTATION: 1—6,9-11, 13, 15 INVENTORY:
SPECTROSCOPY: INSTRUMENTS: 1—11, 15 INVERSE:
1—11-12 438 INVESTIGATE:
INDUSTRIAL-SCALE: 5—48 INSULATION AND BUILDING PAPER: INVESTIGATED:
5—20 2—1, 49-50
INDUSTRY: 2—3-4,7-8,11-12,15,20,25-  INTEGRAL: 1—8 INVESTIGATION:
26,29,38-39,41-42,49,57  INTEGRATED: 1—7
3—3,7-8, 11,17 2—6,8,18,21,33,36,47, 53, INVESTIGATORS:
5—4-5, 10, 13-14, 16, 18, 20, 58 INVOLVED:
23-25, 27, 31-32, 37, 40, 42- 3—16-18 INVOLVING:
43, 51, 62 4—8 IODIDE-GERMANIUM: |
INDUSTRY-ACCEPTED: ~ 3—35 INTEGRATED AUTOMATED ANALYTICAL LABORATORY:  [ON:
INDUSTRY-EXPECTED: ~ 3—4 4—8
INEFFECTIVE: 2—15,29, 42 INTEGRATED WORKSTATIONS:
INERT: 2—6, 18,32, 46 3—i6
5—8,14,16,18-19,21,33,  INTEGRATES: 3—15
36, 40, 44, 64 INTEGRATION: 1—8, 11, 14,17 ION CHROMATOGRAP.
INEXPENSIVE: 1—12, 15 3—16-17 ION EXCHANGE MED/
2—7-8,20 4-56,8
INFINITE: 2—26, 39 INTEGRITIES: 1—17
INFLATABLE: 3—15 INTEGRITY: 3—14
INFORMATION: 1—6-8, 13 INTELLIGENCE: 47 IONIC:
3—16-18 INTENDED: 2-3,13 IONIZATION:
4—8 3—18 IONIZED:
5—16, 25,30, 41,44-45,53  INTENSIFIER: 3—5 IONS:
INFORMATION MANAGEMENT FOR SAMPLE INTENSIVE: 3—7 IP:
HANDLING: 54,7
4—8 INTERACTION: 112,16
INFORMATION RETRIEVAL SYSTEM: 4-5 IRON:
3—16 INTERACTIONS: 26, 18, 32, 46
INFRARED: 1—5, 16 INTERCHANGEABLE: ~ 3--6 IRRADIATION:
INFRARED SPECTROSCOPY: INTEREST: 1--6, 19 IRREGULAR:
1—5, 16 2-—67,10,21-22, 24, 26,33,  IRRESPECTIVE:
INITIAL: 1—3,7 37,39, 45, 52, 55-56, 58 ISOLATING:
3—18 5--56, 58 ISOLATION:
5-5,9 INTERFACE: 1-—4,18 ISOTOPIC:
INITIALLY: 2—5, 17,19, 31, 44, 49, 51, 27 ISSUED:
54,57 4--5-7 ISSUES:
INITIATE: 2—19, 34, 49, 51, 57 5--67 ;
INITIATED: 3—1 INTERFACED: 1--5 IWMF:
INORGANIC: 1—6, 8-9, 15 INTERFACES: 1--14 JACKHAMMERS:
2—6, 18, 21, 32, 36, 46, 49 446 JET:
5—23, 26, 28, 37-38, 42, 49, 5--67 JFOR:
51 INTERFACING: 1--15 JOB:
5—55, 57-58, 60 INTERFERENCES: 1--10, 1213 JOINT:
INORGANIC ACID: 2—21,36 INTERIM: 5--66 JOINT CONTROL:
INORGANIC ACID TREATMENTS: INTERIOR: 2--,3-7,30 JUSTIFY:
2—21,36 INTERIOR OF NICKEL & STEEL. PROCESS EQUIPMENT:  K-1435:
INORGANIC CRYSTAL GAMMA-RAY SCINTILLOMETERS: 2--1,3-18 K-1417: \
1—8 INTERMEDIATE: 5--23, 26, 34, 41 KAOLIN:
INORGANICS: 5—3-22, 60-61, 65 INTERNAL: 26, 33,56
INORGANICS IN GASES:  5—60-61 4-3 KELLOGG:
INPUT: 46 INTERPRETATION: 4-5,8 KERF:
INSERT: 5—6-7 INTERVALS: 4--3-8

~——

Page 9




0

3—-17
1—3,9
2—3, 6-7, 10-11, 18, 22, 24-
25, 32-33, 37, 40-43, 46-47,
49, 52, 54-55, 58
3—15
4—
5—63-64
45
3—18
1-3
2—3, 13, 26, 39
2—18, 32, 46
559, 61
1—9
2—5, 16, 30, 44, 50, 54
224,55
2—5, 56
2—17,31,45
1—10
1—4, 6, 13-15, 18
2—7-9, 19-22, 34, 50-52, 57
5—24,27,37,51
5—62-64
5—4, 16-18

- 1—13
2—21
5—24, 27,37
5—62-64
54, 16-18
1—11
1—15
1—6,8
1—6, 13
3—16
5—67-68IR:
15,15
2—12, 25, 38
5—4, 13-14, 24, 27, 39, 42
1—10
2—6, 56
1i—8
5—40, 43
3—13-14
1—8
1—18
5—29, 35
5-5-6,9, 12
5—66
5—3
3—3-6, 8, 10-12
1—19

e SO S

KEY:

KG:

KINDS:

KINETICS:

KIT:

KITS:
KNOWLEDGE-BASE:
KNOWN:

LAB:

LAB-SCALE:
LABOR:

LABORATORIES:

LABORATORY METHODS:
LABORATORY-SCALE:
LACKS:

LAID:

LANCE:

LANDFILL:

LANGUAGE:

LARGE-SCALE:
LASER:

1—3-19

2—20

3—3-18

4—3-4,6-7

1—11-14

3—18

2—7,11,23, 38, 53,58
1—12, 18

1—18

3—18

1-—8,10

2—5,7-8, 10, 14, 17,19, 22,
28, 31, 35, 37, 41, 44, 50-52,
54, 58

3—5-6, 13, 15

45

5—66

1—6, 14,16

2—7, 11, 23-24, 38, 49, 53,
55, 58

2—24, 55

1—16

2—31

37

2—6, 18, 33, 47

3—3-18

4—3-8

1-1, 6, 9-10, 12-14, 1719
525,41, 44

1i—4

3—17

3—86, 10, 12

1—11-14, 18

5—66

3—i18

4—6

2—24, 55

1—5, 11-12, 14, 16

2—6, 18, 32-33, 46-47
3-5,8-9,12, 16

LASER ABLATION; INDUCTIVELY COUPLED PLASMA
ATOMIC EMISSION SPECTROSCOPY:

111
LASER ABLATION: 1—11-12, 16
2—s8, 18, 33, 47
LASER ABLATION ORGANIC MASS SPECTROMETRY:
1—16
LASER CUTTING: 3—5,8-9,12
LASER HEATING: 2—6, 18, 32, 46
LASER TOOLING LOCATION :
3—15
LASER TRIANGULAR MAPPING:
3—15
LASER TRIANGULAR MAPPING OF FACILITIES:
3—i15
LASERS: 2—5, 18, 33,47
§—40, 43
LASTING: 2—32,54
3—5-8
LAYER: 2—10, 20, 22, 36-37, 52
LAYERS: 2—18, 28, 32, 46
LAYOUTS: 3—15
LC-MS: 1—16

LDR:
LEACH:
LEACHABILITY:

LEACHABLE:
LEACHANT.

LEACHATE:
LEACHATES:
LEACHING:

LEAD:

LEAKING:
LEAST:
LEAVE:

LEFT:
LEGALLY:
LEGISLATION:

LEND:

Li:
LICENSING:
LIFE:

LIFE CYCLE PLANNING:

LIFE-CYCLE:
LIFT:
LIGHT:

LIGHT-WEIGHT:
LIGHTER:
LIGHTER-WEIGHT:
LIGHTLY:
LIGHTWEIGHT:
LIKE:

LIMIT:

LIMITATION:
LIMITED:

LIMITING:
LIMITS:
LINE:

LINERS:
LINK:

LINKING:
LINKS:

LiOH:

55, 10, 13-14, 16, 18, 20,
31,40, 43

3—13

2—7-8, 19, 34, 50-51, 57
2—7-8, 19, 34, 50-51, 57
3—13

5—5, 10, 13-14, 16, 18, 20,
40, 43-44, 49, 54

1—11

46

1—15

216,30, 43

2—12, 25, 38-39, 45

3—13

1—17

2—10, 22, 52
5—66

1—7

3—15, 18
5—4,7

3—18

3—18

5—3

1—5, 11, 14-16
2—23

4—4

4—4

5—38, 41, 46, 48, 50
3—15

3—3-4

5—67

2—19

3—18
6—25,27,33
1—10-14, 16
2-3,12,26
3—13

3—8-9, 11
4—5,7

5—66

4—6

1—9-14
5—24, 27, 39, 42
5—67
1—11-14
2—7,9,22, 52
3—i4

1—7

3—18

1—7

3—17

1—7

3—17

4—6

2—1, 3-32, 49-59
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LIQUEFIED: 3—10
LIQUID: 1—10, 16
23,7, 10-12, 15-16, 22, 25-
26, 29-30, 37-39, 42-43, 52,
58
356
57, 10-11, 17, 19, 23, 26,
28, 30, 33-34, 36, 38, 41, 56
LIQuIDS: 1—5
232,54
5--23-25, 27-28, 30-31, 33-
34, 37-39, 41-42, 44, 46-47,
52
5-55, 59, 61-62
LIQUIFIED: 3-6,8,13
LIQUIFIED CRYOGENIC GAS:
36, 8,13
LIQUIFIED CRYOGENIC GAS CUTTING:
36,8, 13
LIST: 3—1
51
LISTED: 2—4,7-8, 14-16, 20, 24, 26,
28-30, 32-33, 35, 42, 55-56
LITERATURE: 1—8
210, 22, 37, 52
525, 41, 44
LITTLE: 245
43
525, 41, 44
LOAD: 1—4, 10
231
4—4,6
LOADAND: 5
LOADER: 5-3
LOADING: 1—5
48
LOCAL: 1—12
LOCALLY: 1—6
3—17
LOCATE: 315
LOCATED: 23
3—1
5-15-17, 21, 33, 36, 40, 44,
56, 58, 60, 66
LOCATING: 3—18
LOCATION: 1—7
315,18
45
LOCATIONS: 1—5
3—18
LOCATOR: 1—9
LONG: 1—5
2—17, 24, 32, 38, 45
31,6
—4
LONG-ARM: 3
LONG-ARM DEPLOYED ROBOTIC PLATFORMS:
3
LONG-LIVED: 1—12
LONG-RANGE: 1—8
LONG-RANGE ALPHA DETECTOR:
1—8
LONG-REACH: —4

September 1994

LONG-REACH MANIPULATOR:
i—4
LONGER: 2—17, 31
4—5,7-8
LONGEVITY: 3—14
LOOSE: 1—10
2—5,17,32,43,45
LOOSELY: 2—4, 15,29, 42
LOW LEVEL WASTE: —n
£—66
LOW LEVEL WASTE OFF SITE:
§—66
LOW LEVEL WASTE ON SITE:
§—66

LOW PRESSURE VACUUM WITH HEAT:
2—8, 19, 35, 50-51, 58

LOW PRESSURE WITH HEAT:

2—8, 19, 35, 50-51, 58
LOW SPECIFICACTIVITY: 1—12

§—67
LOW-BOILING: 5—47

§—55-56
LOW-LEVEL: —8

§—6-7, 11, 14-15, 17,19, 21,
29, 32, 36, 40, 43, 45, 47, 50,
£2-53, 56-57, 63-64

LOW-SPECIFIC-ACTIVITY: §—67
LOW-SPECIFIC-ACTIVITY MATERIALS:

$5—67
LOW-VAPORIZATION: 3—6
LOW-SPECIFIC: —12
LP-FTIR: 1—5
LSA: 5—67
LUMINESCE: 1—5
LUMINESCENCE: 1—6
EYING: 2—46
MACHINE: 2—6-7, 18, 32-33, 46-47, 56

39, 11

4—6-7
MACHINING: 3—3-18
MACHINING FACILITIES: 3—3-18
MACROENCAPSULATION: $—63-64
MADE: 1—7,15-18

3—17

4—1
MAGNETIC: 5—26, 38, 42, 49, 51, 59, 61
MAINFRAMES: 1—8

3—17
MAINTAIN: 3—18
MAINTENANCE: 17,17

2—34

3—i7
MAJOR: 2—14, 21,28, #1

33—

5—8, 10-11, 13,17
MAKE: 3—18

$—24, 26,28
MANAGING: 3—18

51
MANEUVER: 3—35,7
MANIPULATE: 48
HANIPULATION: 3—8-13

4—3-8

#—

MANIPULATOR:
MANIPULATORS:

MANNER:
MANUAL:

MANUFACTURE:
MANUFACTURED:
MANUFACTURERS:
MANUFACTURING:
MANY:

MAP:
MAPPING:

MARKET:
MARKETING:

MASS:

MASS SPECTROMET!|
MASS SPECTROSCOl
MASSIVE:

MASSIVE CONCRETE
MASSIVE CONCRETE

MASTER:
MATCHED:

MATHEMATICAL:
MATRICES:
MATRIX:

MATURE:

MAXIMIZE:
MAXIMUM:

MCL:
MEAN:
MEANS:

MEASURE:
MEASURED:
MEASUREMENT:
MEASUREMENTS:
MEASURES:

MEASURING:
MECHANICAL:



1—6-7, 15,18
2—8, 12, 19, 26, 28, 32, 35-
36, 39, 50-51, 54, 58
3—15, 17
4—5
540, 43, 67-68
1—7
3—18
1—14
3—15
1—11
1—5
1—4,6,9,14-16, 18
: 1—15
. 1—6,16
3—1,35,7,10
3—1,34
ITH HG,:
3—3-4
4—4
1—5
2—8, 14, 19, 28, 35, 41, 50-
51,58
1—7-8
1—3-4, 13,17
2—14,28,41,44
54,7
1—4-6, 10-11, 1315, 18
224, 49,55
524, 27,39, 42, 63
3—16
5—65
1—11-14
48
565
1—8-10, 18
2-7-8,20
1—4
3—8-9
4—3
1—11
1—11
1—5-6, 8,17
1—1, 89, 11
1—5,8, 16
46
1—8-9, 14,17
2—3, 11-13, 25-28, 38-41
3—3-4,6,8, 11
4—1,35,8
5—3, 67

MECHANICAL—END-OF-ARM-TOOLING:

4—5

MECHANICAL—MANIPULATION:

4—4

MECHANICAL—~MECHANISMS:

4—4

MECHANICAL—MOBILITY: 4—3-4

MECHANICAL SAWS:
MECHANICS:
MECHANISM:

MECHANISMS:

MEDIA:

MEDICAL.:
MEDICINE:
MEDIUMAND:
MEETING:
MELT:
MELTING:
MEMBRANE:

MEMBRANES:

3—34,8, 11

2—34

1—7

2—3, 12, 26, 39

3—18

1—7

3—17

4-—4-5

5—48, 63

1—3,7

2—-13-14, 16, 21, 27, 30, 40,
43

3—7,15

5—4, 16-18, 23-25, 27-28, 31-
32, 34, 37, 39, 42, 44, 55, 59,
61-64

3—18

5—40, 43, 49, 51

4—4

317

2—19, 50, 57

2—6, 18, 32, 46
5—23, 26, 34, 41
6—55, 57-58, 60
1—3

5—23, 26, 34, 48, 50

MEMBRANES FOR SAMPLE COLLECTION AND

CONCENTRATION: 1—3
MERCURY: 1—1, 11-14, 16
2—1,7, 10, 13-14, 19, 22-23,
27-28, 32-35, 37, 43, 45-49,
51-52, 56-68
3—3-4, 12-13
4—3-8
§—3-13, 37-38, 47-48, 54, 63-
65 .
MERCURY DECONTAMINATION:
4—3-8
MERCURY IN OIL: 5—38, 47-48
MERCURY IN WATER: 1—11-14
5—37-38
MERCURY REMOVAL: 2—33, 45, 56
MERCURY ROASTER: 2—19, 34, 49, 51, 57
MERITS: 5—16
MESSY: 3—10, 12
METAL: 2—1, 3, 5-7, 13, 18-20, 23-26,
28, 30-33, 36, 47, 54-56
3—14
5—65
5—4, 11, 13-14
METAL MILLING: 2—28
METALLIC: 1—3
2—20
METALLOGRAPHIC: 1—3

METALLOGRAPHIC SECTIONING AND PREPARATION:

1—3

METALS: 1—1, 11-14 ‘
2—1,6-7, 10, 18, 21-22, 24-
25, 38, 36-37, 47, 52, 55-56,
58
3—5,8-12
5—3-4, 6-16, 18-21, 24-27,
29, 31, 33, 35-36, 39-44, 51-
52, 55, 57, 60-65
METHODOLOGY: 1—10, 16
METHYL: 1—12
METRIC: 2—35
MG: 1—8-14, 18
2—48
MICRO: 3—13
MICRO-ANALYSIS: 1—13
MICROBE: 2—10, 22, 37, 52
MICROBES: 2—1i0, 22, 37, 52
MICROBIAL: 5—30, 45, 53
MICROBIAL DECHLORINATION:
5—30, 45, 53
MICROELECTRONIC: 2—7,38,56
MICROENCAPSULATION: 5—63-64
MICROGRAM: 1—12
MICROPOROUS FILTERS: 5-23, 26, 28, 37-38, 42, 49,
51, 55, 57-58, 60
MICROSCOPY: 1—13, 18-19
MICROWAVE: 1—4
2—45-46
3—3,5
5—19, 22
MICROWAVE DEMOLITION:3—3, 5
MICROWAVE DIGESTION: 1—4
MICROWAVE HEATING:  5—19, 22
MICROWAVE VAPORIZATION:
2—45
MIGHT: 1—16
2—48
MIGRATION: 1—1
§—5,9,63
MILD: 2—24, 55

MILESTONE NO. OR270111:2—3-59
MILESTONE NO. OR270115:2—19, 34, 49, 51, 57
MILESTONE NO. OR270116:2—19, 34, 49, 51, 57
MILESTONE NO. OR270117:2—19, 34, 49, 51, 57
MILESTONE NO. OR270118:2—19, 34, 49, 51,57
MILESTONE NO. OR270123:
2—19, 34, 49, 51,57
MILESTONE NO. OR270124:
2—19, 34, 49, 51, 57

MILESTONES:
MILITARY:
MILLING:
MILLION-POUND:
MIN:
MINIATURIZATION:
MINIMAL:

MINIMIZATION:

5—10-21, 23-54
3—18

2—28, 41
2—24, 55
3-5,7

43

1—9, 11-12, 14-16, 18

2—13,17, 27,40
3—3-4,7-8,15
4—4-5

5—65

2—3, 12,26, 39
5—65
5—1,8,10-11, 13
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MINIMIZED:
MINIMIZES:

MINIMIZING:
MINIMUM:
MINIMUS:
MINTORING:
MINUTES:

MIX:
MIXED WASTE:

MIXED WASTE OFF SITE:
MIXED WASTES:

MIXERS:
MIXING:

MIXTURE:
MIXTURES:

MM:
MMBTU:

MOBILE:
MOBILE PLATFORMS:
MOBILITY:

MODE:
MODEL:

MODELING:
MODELS:
MODERATE:
MODERATE-SCALE:
MODERATELY:
MODES:
MODIFICATIONS:
MODIFIED:
MODIFYING:
MODIL:

MODULAR:
MODULAR ENTOMBMENT:
MODULES:

MOLECULAR:

46
2—11, 23,37, 53

46

2—11, 23,37, 53

3—15

512, 49

5—67

2—24-25, 55

3—13

2—17, 31

1—3

255

5—23, 25.26, 28, 31, 34, 37-
39, 42, 44, 55, 59, 61-62, 66,
68

5—66

3—14

5—6-7, 11, 14-17, 19-22, 29,
32-33, 36, 40, 43-45, 47, 50,
5253, 56-58, 60, 65, 68
1—3

1—3

3—14

3—14

1—3,6, 15,19

217, 31, 45-46

5—29, 32, 36, 40, 43, 45, 47,
50, 52-53

5—56-57

5—6-7, 11, 14-15, 17, 19, 21
1—11,13

2—3, 12, 26, 39, 46

438

4—3-8

1—15

436

45

1—3,6, 11, 13-14, 16, 19
3—18

1—3, 11

26,18, 32, 46

1—3,7, 11

3—17-18

23,13, 26

3-3,5

247

214, 28, 41

4—5

2—7, 11,21, 23, 34, 36, 38,
53, 58

223

3—18

1—7

317

3—12

220

3—14

4—4

3—14

3—18

4—8

5—23, 26, 34, 40-41, 43

MOLTEN: §—15-17, 20-22, 33, 36, 40,
44-45, 47-48, 50, 52-53, 586,
£8, 60
MOLTEN GLASS COMBUSTCIR;
£§—17, 20, 22
MOLTEN SALT OXIDATION: £§—15-17, 21, 33, 36, 40, 44-
45, 47-48, 50, 52-53, 56, 58,
€0
MOND PROCESS: §—10
MONEL: 224,55
MONITORED: 1—5, 12
MONITORING: 1—5,9-12, 14,17
3—14
4—3-8
MONITORING ENTOMBMENT INTEGRITY:
3—14
MONITORING FOR MERCURY:
1—11, 14
MONITORS: 1—14
MONOLITHIC: 5—-66
MONTHS: 2~7,10-11, 22, 32, 37, 52,
54, 68
MOTIONS: 44
MOTORS: 4—4
MOUNTING: 1--5
2-—45
MTC 1000: 5-23-25
MTC 1900: 5--23, 25-38
MTC 2000: 5-—47-48
MTC 2200: 5--42-44, 48-53
MTC 2210: 5--28-30, 44-45
MTC 2220: 5--30-36, 38-41, 46-47
MTC 5110: 5--13-14
MTC 5190: 5--10-13
MTC 5190 ALUMINUM: 5--13
MTC 5210: 5--4-10
MTC 5280: 5--5,7
MTC 5300: 5--14-16
MTC 5400: 5--54
MTC 5490: 5--20-22
MULTI-ANGLE: 1--3
MULTI-ELEMENT: 1—-12
MULTI-FINGERED: 4-5
MULTI-USE: 5--67
MULTICHANNEL: 1-8
MULTIDETECTOR: 1--18
MULTIELEMENT: 1-—12
MULTIPLE: 1-5, 11,17
3—-16
MULTIPLICATION: 1—9
Na: 1—18
2—7, 10-11, 22-23, 37-38, 49,
52-53, 58
3—4
NAC: 5—12
Nal: 1—8-9
NATIONAL: 520, 48
NATURAL: 1-8-10, 12
3—18
NAVIGATING: 1—7
3—17
NAVIGATION: 45,7

%‘

NEAR:

NESHAP:
NET:
NETWORK:

NETWORK ARCHITEC"
NETWORK ARCHITEC!

NETWORKS:

NEUTRAL:
NEUTRALIZATION:

NEUTRON:
NEUTRON ACTIVATION

NEUTRON INDUCED P
DETECTION:

NEUTRON-INDUCED:

NEUTRON-INDUCED R

NEUTRONS:
NEVADATEST SITE:
NICKEL & STEEL PRO¢

NICKEL:

NICKEL PROCESS EQ.
NITRATE:

NITRATES:
NITRIC:
NITRIC-HYDROFLUOR!

NODE:
NOISE: ‘
NOISE MEASUREMEN
NON-BULK:
NON-CONTACT:
NON-FERROUS:

NON-FERROUS METAL
NON-FERROUS METAL

NON-FISSILE: »
NON-FISSILE CONCEN

NON-FISSILE RADIOAC

NON-FUMING:
NON-HALOGENATED:
NON-HALOGENATED C

|
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1—5,9
533, 36, 40, 44
5—56, 58, 60
5—8, 14-19, 21
2—34, 49,57
5—63
1—6-7
3—16-17
E:
3—16
IE WITH INTEGRATED
WORKSTATIONS:
3—16
1—7
3—16, 18
2—11, 23, 37,53
2—20-21, 24, 35-36, 38
5—24, 27, 39, 42
1—8-10, 12-13, 17
NALYSIS FOR MERCURY:
1—12
MPT GAMMA RAY
1—12
1—10
IOACTIVITY:
1—10
1—10,17
5—66
SS EQUIPMENT:
2—1,3-32,55
2—1, 3-32, 55
5—63-64
5—4,10-13
2—19-32
2—9, 20-21, 35
5—49, 51
5—12,17
2—21,36
2—21,36
-OXALIC:
2—9, 20, 35
1—6
3—17
1—9, 17
3—6
[ECHNOLOGY:
1—17
5—68
4—8
5—63-64
5—4, 11-13
5—11,13
5—63-64
5—4,11-13
567
RATED WASTES:
5—67
IVE MATERIALS:
5—67
2—11, 23, 37,53
5—46-47, 49-53
YGANICS IN OIL:
5—46-47

NON-HAZARDOUS:

NON-LEACHABLE:
NON-MERCURY:
NON-RADIOACTIVE:

2—11,23,37,53
5—65
5—64
3—11
5—68

NON-RADIOACTIVE HAZARDQUS WASTE:

568

NON-RADIOACTIVE MATERIAL SHIPMENTS:

NON-RCRA:
NON-ROUTINE:
NON-VOLATILE:

5—68

2—11,283,37,53

1—16

2—49

5—33, 36, 40, 44
5—56-58

5—4,7-8, 14, 16, 18-19, 21

NON-VOLATILE ORGANICS IN GASES:

NONCONTAMINATED:

NONCRYSTALLINE:
NONDESTRUCTIVE:
NONHOLONOMIC:
NONREPLICA:
NORMALLY:

NOTABLY:
NOTED:
NOVEL:

NOZZLE:
NOZZLES:
NRC:
NUMBER:

NUMBERS:
NUTRIENTS:
OAS:
OBJECT:

OBJECT-ORIENTED:

OBJECTIVES:
OBJECTS:

OBSERVED:
OBSTACLES:
OBSTRUCTIONS:
OBTAIN:

OBTAINED:
OCCURS:
OFF-GAS:

OFF-GASES:
OFFICIALS:
OFFSITE:
OFTEN:

OIL:

5—56-58

2—46

564

1—15

4—5

4—4

25,17, 19, 31, 36, 44, 49,
51,54,57

48

5—63

3-—-18

5—1

5—19, 22, 23, 26, 28, 37-38,
40, 42-43

2—1, 9, 20, 24, 31, 35, 55
3—17

5—67

2—10, 22, 37,52

2—5, 8, 17-19, 31, 33-35, 44,
47, 49-51, 54, 56-57
§--55-62

3—13

5—68

1—5-6

2—7, 10-11, 15, 22-23, 29,
37-38, 42, 48, 52-53, 58
2—1, 33-47

5—38-48

OlLS:

ON-LINE:

1—14-17

2—23

5—5-11, 17,19, 21
1—10-11, 14, 16, 18
2—3, 12, 14, 26, 28, 41
3—16

ON-LINE SUPERCRITICAL FLUID EXTRACTION—
MULTIDETECTOR GAS CHROMATOGRAPHY:

ON-SITE:
ONSITE:
OPENING:
OPERATE:
OPERATED:

OPERATION:

OPERATIONAL:

OPERATIONALLY:
OPERATOR:

OPERATOR ASSISTANCE:
OPERATOR INTERFACE:
OPERATORS:

OPERING:
OPPORTUNITIES:
OPPOSED:

OPPOSITE:

OPTIC:

OPTICAL:

OPTICAL MICROSCOPY:
OPTICALLY:

OPTICS:

OPTIMIZATION:

OPTIMIZE:
OPTIMIZED:
OPTIMIZING:
OPTIMUM:

OPTIONS:

OR270114:
OR270115:
OR270116:
OR270117:
OR270118:
OR270123:
OR270124:
OR270127:

1—18

2—23

568

5—66

224, 41,55
2—40, 43
5—23, 26, 34
1—6, 16

2—4, 6, 15-16, 29-30, 33, 36,
42-43, 53, 56, 59
310, 12, 17-18
4—3-4,7
5—65-66

2—32

334

4—6

567

2—31, 40
4—3-8

45,7

4—6-7

1—18

2—34

5—15-17, 21, 33, 36, 40, 44,
56, 58, 60

1—17

1—56

1—5, 14, 18-19

1—18-19

1—9

1—5, 14

3—8

1—11, 16

29, 20,35

1—3-4

1—4,13

1—12

5—5, 10-11, 13-14, 16, 18,
20, 31, 40, 43, 45, 47-48, 50,
52-53, 55-56

2—36

51

2—51

2—19, 34, 49, 51, 57
2—19, 34, 49, 51, 57

2—19, 34, 49, 51, 57

2—19, 34, 49, 51, 57
2—19, 34, 49, 51, 57
2—-19, 34, 49, 51,57
§—23-54
5—10-21

M

September 1994



—m

OR270128: 5—23-54 PAD: 5—66 PELLETS:

5—10-21 PAHS: 1—15-16
ORDER: 1—9-10, 15 PAINTED: 1—tt PENETRATED:

2—21,36 21,23, 33-47 PERALS:

3—18 PAINTED CONCRETE: 21, 33-47 PERCEPTION:
ORE: 2—25, 55 PAINTS: 1—tt PERFORM:
ORES: 5—6, 8, 10-11, 17, 19, 21 PANELS: 3—i5 PERFORMANCE:
ORGANIC ACID: 2—35 PAPER: 21, 13-14, 27, 40, 49-50
ORGANIC SCINTILLATION DETECTORS FOR GAMMA &4, 14-15, 63-65

RAYS: 1—8 PARAMETER: ot PERFORMED:

ORGANICES: 5—65 PARAMETERS: &3, 13, 26, 32, 39
ORGANICS, INORGANICS: 5—3-18, 20-22 48
ORGANICS: 1—1, 4, 14-18 PART: 1—8, 13 PERFORMING:

2—6, 11, 18, 23, 31-32, 34, PARTIALLY: -2t

37,46, 53 PARTICIPATION: 49 PERHAPS:

5 3-22, 24, 27, 29-36, 39-40, PARTICLE: 1--18

43-47, 55-58, 60-62 &6 PERMANENT:
ORIENTED: 568 £5.-23, 25, 28, 31, 34, 37, 39,
ORIGINAL: 2—7-8, 19, 34, 50-51, 57 42,44, 55, 59, 61-62 PERMANENT ENTOME
ORIGINALLY: 2—34 PARTICLE SIZE ANALYSIS: 1—18 ;
OSCILLATIONS: 1—12 PARTICLES: 1—10 PERMEABLE:
OSHA: 1—9-14, 18-19 @5, 16, 29-30, 48 PERMIT:
OsSMOsIs: 55, 9, 23, 26, 34, 41 PARTICULAR: 1—68
OTHER SCRAP BLDG.MATERIALS: 317

5—63-64 £-—16, 55, 57, 59, 61-62 PERMITS:
OTHER SCRAP BUILDING MATERIALS: PARTICULARLY: 445

5—4,7-10 PARTICULATE: -5
OTHER TECHNOLOGIES: 1—8 &5 PERMITSTSCA:

3—1,17 PARTICULATES: 1—5 PERMITTED:

4—8 £-—28, 34, 37-38, 41, 46, 58-
OTHERS: 2—24,55 €0 ‘
OUR: 4—4-7 PARTICULATES IN GASES: 5—58-60 PERSON: '
OuT: 2--7, 9, 11, 22-23, 36-37, 52- PARTITIONING: 11, 23, 37,53 PERSONAL:

53 PARTS: 2—20, 32, 54

3—12 PAS: 114 PERSONAL PROTECT'
OUT-OF-WATER: 3—10 PASSIVE: 138
OUTER: 2—20, 36 PAST: =12 PERSPECTIVE:
OUTSIDE: 2—9 =14 PETROLEUM:

4—3-8 PATH: 1=5 PG:
OVERHEAD: 1—8-9 45
OXIDATION: 2—8, 11, 21, 23, 36-37, 53,58 PAVEMENT: 2241 PGI:

5—15-17, 19, 21, 29, 32-33, Pb: 2z-1, 3347 PGll:

35-36, 40, 44-48, 50, 52-53, 335 PGIli:

56, 58, 60 PCB: 14=18 pH:
OXIDATIVE: 2—11,23, 37,53 29-23, 33-47, 49
OXIDE: 2—20 55-29, 32, 35, 44-45, 52-53 PHASES:
OXIDIZABLE: 1—6 364, 68
OXIDIZED: 5—32,35 555-7,19, 21 PHILOSOPHY: '
OXIDIZERS: 5—56, 58 PCB IMMUNOASSAY KiT:  14-18 PHOSPHORESCENCE
OXYACETYLENE: 3-5, 8, 11 PCB IN OlL: 55-44-45 PHOTO:
OXYACETYLENE CUTTING: 3—5, 8, 11 PCB IN SOLVENTS: 55:52-53 PHOTOACOUSTIC:
OXYGEN: 2—3, 13-14, 26, 28, 39, 42 PCB-CONTAMINATED: 25-49 PHOTOACOQUSTIC SP{
OXYGEN-DEPLETION: 2—3, 12, 26, 39 PCBS: 41,4, 16, 18
OZONATION-PHOTOLYSIS: 5—32, 35 o4, 11, 23, 31, 37,49-50,53 PHOTOIONIZATION: X
OZONE: 2—23 3538 PHOTOMETRIC: .
PACKAGE: 5—67-68 553-5, 7-10, 28-30 PHOTOMULTIPLIER:
PACKAGED: 1—11, 14 PCBS IN WATER: 1218 PHOTOMULTIPLIERS::
PACKAGES: 5—67 55:28-30 PHOTON: :
PACKAGING: 4—3-8 PCI: 1410 PHOTON ELECTRON

5—1, 66-68 PEELED: 229, 20, 35 :
PACKAGINGS: 5—67 PELLET: 2534, 12-14, 26-28, 32, 39- :
PACKED: 1—3 2nd2, 54 '
PACKING: 2—1,51-56 PELLET BLASTING: 254, 13-14, 27-28, 39-40, 42

E—
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2—3-4, 12-14, 26-27, 32, 39-

40, 54
2—41
1—i0
4—7
1—12
314
5—24,27,39, 42
563, 68
1—3,6
2—24,55
4—8
1—12
4—3-8
1—16
2—10, 22, 52
3—13
5—20
ENT:
3—13
1—-3
1—7
2—21, 25, 49, 55, 57
3—18
1—7
2—34
3—15
2—49, 57

5--6-7, 11, 14-15, 17, 19, 21,
29, 32, 36, 40, 43, 45, 47, 50,

§2-53, §6-57, 65
1—12
i—11,14
5—4,15-16

E CLOTHING:
5—4, 15-16
5—65
1—16
1—11-14, 16

1—14
>TROMETRY:
1—14
1—15
1—15
1—8
-9
i—10
=JECTING ALPHA LIQUID
SCINTILLATION:
1—10

PHYSICAL: 1—1,7,17-18
3—18
4—8
5—23, 25-26, 28, 30-31, 34,
37-39, 41-42, 44, 46-52, 54,
" 55-62
PICK: 2—5, 16, 29-30, 43
PICOGRAM: 1—10
PICOGRAMS: i—13
PIEZELECTRIC: 1—12
PIEZOELECTRIC: 1—12
PILOT: 2—19, 34, 49, 51,57
5—25,41,44
PILOT-SCALE: 2—24, 49,55
PIPE: 2—5,30
35,7
4—3
5—63-64
5—4-7
PIPES: 2—3-5, 30, 43
3—7
PIPING: 2—51
PITS: 1—15
PLACE: 3—13, 16
5—66
PLACES: 1—9
PLAN: 5—16, 45-46
PLANNING: 1—3
2—20
3—18
4—4-6
PLANS: 1—3,7
PLANT: 1—9-14
. 2—11, 16, 20-21, 23-25, 30,
36-38, 43, 53, 55
3—1, 13-14, 16
5—25, 41,44, 65
PLANTS: 1—9
2—4, 15, 21, 29, 42
5—65
PLASMA: 1—i1-12
2—6-7, 18, 32-33, 46, 56
3—5-6, 9-10, 12
5—4,7
PLASMA ARC: 3—5-6,9-10, 12
5—4,7
PLASMAARC CUTTING: 3—5,9,12
PLASMA ARC SAW: 3—6, 10,12
PLASMA ETCHING: 2—7, 33,56
PLASMA SURFACE CLEANING:
2—8, 33, 56
PLASMA TORCH: 2—86, 18,32, 46
PLASMA-MASS: 1—2
PLASMA-SURFACE: 2—6, 18, 32, 46
PLASTIC: 1—9
2—13, 27, 40
3—7,13
5—63-64
PLASTIC PELLET BLASTING:
2—13, 27,40

PLASTICS, PAPER, CLOTH, RAD,:

5—14-15

PLASTICS, PAPER, CLOTH, RAD, ORGANICS,
S S B —— A

INORGANICS: 5—14-15
PLASTICS: 5—4, 14-15, 65
PLASTICS-THERMOPLASTICS:

5—63
PLASTICS-THERMOSETTING:

5—63
PLATED: 2—36
PLATFORM: 4—1,4
PLATFORMS: 4—3-8
PLUGGING: 5—16
PLUME: 1—4
PLUTONIUM: 2—5,17,30-31,43
PMTS: 5—67
POINT-AND-DIRECT: 3—16
POINT-AND-DIRECT TOOLING POSITIONING:

3—16
POLLUTION: 2—48
POLYCYCLIC: 1—15-16
POLYETHYLENE: 5—63
POLYMER: 2—17,31,45

3—13

5—63
POLYMER IMPREGNATED CONCRETE:

5—63
POLYMERIZATION: 3—13
POLYMERS: 3—14
POLYPROPYLENE: 2—20
POLYURETHANE: 3—14
POND: 5—66
PONDS: 3—14
POOR: 2—48

5—67
POP: 5—68
POROUS: i—-3,7

5—63-64

5—4
POROQUS NICKEL: 5—4, 63-64
PORTABLE: 1—5-6, 8, 11-12, 14-15, 18

2—49

PORTABLE LUMINESCENGE DETECTION:

PORTABLE OPTICAL ABSORPTION SPECTROSCOPY:

1—6

1—5

PORTABLE RAMAN SPECTROMETER:

PORTIONS:
PORTSMOUTH:
POSED:
POSITION:
POSITIONING:

POSSIBILITY:
POSSIBLE:

POSSIBLY:

POST-TREATMENT:
POTASSIUM:
POUNDS:

1—5

3—3,13

2—21, 24, 36, 38
5—66

4—7

i—8

3—16

4—34
5-5-6,9, 12, 29, 35

1—3, 6, 8, 10, 13-14, 18

2—5-6, 18, 21, 32, 36, 46
3—3-4,8-12,17

4—3-4

5—65

1—17

2—9, 17, 20, 31, 35, 44, 54

1—15

5—24, 27, 39, 42
2—34
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POWDER: 1—13, 19

POWDER X-RAY DIFFRACTION:
1—13, 19

POWER: i—8

2—4,6, 11, 13-16, 21, 23, 27,
29-30, 33, 36-37, 40, 42-43,

53, 56
3—5
4—3,5
5—4,7
POWER SOURCES FOR MOBILE PLATFORMS:
43
POWERFUL: 3—17
PPC (PERSONAL PROTECTIVE CLOTHING):
5—4,14-16
PRACTICAL: 2—40
3—1,4
PRACTICE: 3—18
PRACTICED: 2—8, 21, 36, 53,58
5—63
PRE-CONCEPTUAL: 2—10, 22, 37, 48, 52
PRE-FILTERS: 2—47
PRE-PROOF: 3—16
PRE-TREATMENT: 1—12
5—4,7
PREARATION: 1—3
PRECAUTIONS: 2—3, 12, 14, 20, 26, 28, 39,
42
PRECIOUS: 27,18, 33, 47,56
PRECIPITATED: 2—11, 23, 37, 53
PRECIPITATES: 5—18-19
PRECIPITATION: 220, 36, 48
5—24, 27, 39, 42, 45, 49, 51,
54
PRECISE: 4—4
PRECISE PROGRAMMABLE MOTIONS:
4—4
PRECISELY: 3—15
PRECLUDE: 4—38
PRECONCEPTUAL: 1—11, 17
PREDEMONSTRATED:  3—6
PREDEMONSTRATIONTECHNOLOGY:
3—12
PREDEMONSTRATON:  5—18
PREDISPOSAL: 315
PREDISPOSAL STAGING: 3—15
PREDOMINANTLY: 1—3
PREFERRED: 221,36
PREFILTERS: 218, 46
PRELIMINARY: 2—20
PREMISE: 4—1
PREPARATION: 1—1,34
3—18
48
5—67
PREPARE: 438
PREPROGRAMMING: 45
PRESENCE: 3—13
PRESENT: 1—5, 12
2—7,24,34,55
43
PRESENTATION: 4—7

PRESENTLY: 2—24,55
5~24, 27, 39, 42
PRESSURE: 2—3-5, 8, 11, 14-15, 17, 19-
20, 28-29, 31, 35, 41-42, 44,
43, 50-51, 54, 58
3—4
PRESUMED: 3—13
PRETREATMENT: 1-—15
5—1
PRIMARILY: 2—46
3-10, 12
4-5
PRIMARY: 2—17,9, 22,52
4~1,5
PRINCIPAL: 2--35
PRINCIPLE: 1-—17
2-—45
3-—16
PRINCIPLES: 2—7,9,22,52
3—18
PRINT: 1-—5
PRIOR: 1-—7
2--6, 33, 56
313
PRIVATE: 2-—17, 31-32, 54
PROBABLY: 1-—10
2--7-8, 20, 24,55
3--9, 12
PROBE: 1--9, 11, 14
PROBES: 1--8-9
4--7
PROBING: 1-—12
PROBLEM #3 EX SITU DECOMTAMINATION OF::
2--19-32
PROCEDURE: 1--3
3--15-16, 18
PROCEDURE PREPARATION:
3--18
PROCEDURES: 1-—4,6,15
PROCESS EQUIPMENT:  2--1, 3-18, 51
3--5
4--3-8
5--15-17, 21, 33, 36, 40, 44,
5€i, 58, 60
PROCESS EQUIPMENT REMCOVAL:
4--3-8
PROCESS SUPPORT FACILITIES:
3--3-18
PROCESSED: 5--28, 34, 38, 41
PROCESSES: 1--8
2--7, 33,56
3--13, 18
§5--24, 27, 29, 31, 35, 39, 43
5--55, 57, 60-63

5--1,4,6,9, 12, 14-15, 18-20

PROCESSING FACILITIES: 3--3-18

PRODUCT: 1--10
3—-16

PRODUCTION: 2--49
37

PRODUCTS:

PROFILER:
PROFILING:
PROGRAM:

PROGRAMATIC:
PROGRAMING:
PROGRAMMABLE:
PROGRAMMABLE MOt

PROGRAMMERS:
PROGRAMMING:

PROGRAMS:
PROGRESS:
PROHIBIT:

PROJECT INFORMATIC

PROJECTED:
PROMISE:
PROMOTER:

PROMPT:

PROMPT FISSION NEU

PROPORTIONAL: g
PROPORTIONAL COUN
ACTIVITY: ‘
PROTECT:
PROTECTIVE:

t

J

PROTECTIVE CLOTHIN

PROTOCOLS: :
!

PROTOTYPE:
i

PROVE:
PROVEN:

PROVIDE:

PROVIDING:
PROVISIONS:
PROXIMITY:
PROXIMITY PROBES:
PUBLIC:

PUBLISHED:

PULSE:

PULSES:
PUMP:
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1—7-8

2—86, 18-19, 32, 46, 49, 51,
57

3—1,17-18

5—5-6, 9, 12,29, 35
1—9

1—3-4, 14

1—7,15-16

23, 12, 26, 39, 45
3—17-18

§—45, 47, 50, 52-53, 65

ACCESS SERVICES:
3—16
2—1
1—4
3—13
1—9-10, 12
ION AND GAMMA RAY
DETECTION:
1-9
1—8-9
2—7,9,22,52
:R FOR ALPHAAND BETA
1—8
1—10, 12, 17
3—7,16
5—4, 16-16
AND EQUIPMENT:
3—16
1—3-7
3—16-17
2—8, 18, 32-33, 40, 4547
3—13,16
5—65
5—24,27, 39, 42
1—11,15
2—5, 15, 29, 43, 53, 59
3—8, 10-11, 13
5—12,17
1--5-6, 8, 17
3—16-18

234, 49, 57
1—10

i—8

2—32, 40
2—40

1—9

PUMPS:
PUNCH:

PUNCH CORES:
PURCHASED:
PURIFICATION:
PURIFIED:
PURIFY:
PURIFYING:
PURPOSE:

PYROLYSIS:
QA:
QUALIFIED:
QUALITATIVE:
QUALITY:

QUALITY CONTROL FOR MEASUREMENT PROCESSES:

QUANTIFY:
QUANTITATION:
QUANTITATIVE:
QUANTITIES:

QUANTITY:

QUESTION:
QUICK:

QUITE:
RAD:

RAD IN MERCURY:

RAD IN OIL:

RAD IN SOLVENTS:

RAD IN WATER:
RADIATION GAUGING:
RADIATIVE:

RADIOACTIVE ELEMENTS:

RADIOACTIVE MATERIAL:

RADIOACTIVE MATERIALS:

3—5,7-8, 11
1—3

1—3

1—10, 12, 14
2—24, 55
2—25, 55
2—24-25, 48, 55
2—25, 55
t—12

3—13
4—1,4-5

1—8
1—12-13, 16
1—14

1—8, 11,13, 19
221,36

565, 67

220, 24, 36, 55
568

2—14, 28, 41
1—7,15

3—18

210, 22, 37, 52
5—23-25, 38-41, 48-50, 54
565

5-3-22

5—54

5-38-41, 48
5—48-50
5—23-25

1—17

3-8

1—1

5—61-62

1—9

5—67-68

1—8

567

RADIOACTIVE SAMPLE PREPARATION:

RADIOACTIVELY:

RADIOACTIVITY:
RADIOLOGICAL:

1—4

5—6-7, 11-12, 14-15, 17, 19,
21, 29, 32, 36, 40, 43, 45, 47,
50, 52-53, 56-57

1—10

1—10

2—6-7,17-18, 31, 33, 47, 56

RADIOLOGICAL CONTAMINATION:

RADIOLOGICALLY:
RADIOLYSIS:

RADIOLYTIC:
RAGS:
RAIL:

2—7,17-18, 31, 33, 47, 56
4—3-8

529, 35, 44, 46
5—56-6,9, 12

5—29, 35

5—5-6, 9,12

5—63-64

54, 14-16

5—67-68

RAMAN:
RAMPAC:

RANGE FINDERS:
RANGING:

RANK:

RANKED:
RANKNG:
RAPID-HEATING:
RARELY:
RATE-LIMITING:
RATES:

RATIO:
RAY:
RAYS:

RCRA-HAZARDOUS:

RE-EMIT:
RE-USED:
REACH:

REACTANT:

REACTING:
REACTION:

REACTOR:

REACTORS:
READILY:

READOUT:
READY:

REAGENTS:

REAL:
REAL-TIME:

REALIZED:
REASONABLE:
REBAR:
RECENTLY:
RECOMMENDED:
RECORDS:
RECOVER:

RECOVERED:

RECOVERING:

1—5,17

5—67

4—7

1—8

3—17

5—1

2—8, 21, 36, 53, 58

5—5

1—18

§—32,35

4—6

2—3,6-7, 13, 23, 26, 33, 39,
45, 56

4—3-4

1—9-10, 12,17

1—8, 10,17

5—10-21, 23-54

1—15-16

5—23, 26, 28, 37-38, 42
1—9

4—4

5—11,13

5—24, 26, 28

1-—18

2—8-7, 11, 18, 23, 32, 38, 46,
53,58

5—23, 26, 38

1—12

2—4, 14, 28, 42

3—13,18

2—41

5—16

2—5, 16, 30, 44, 50, 54
3—g-12

5—23, 26, 28, 37-38, 42
1—8

1—11, 15-16, 18

2—8, 21, 36, 53, 58

3—10, 13

221

5—24, 26, 28

2—3,12,26

1—8,17

4—5-6

4—6

2—1

3—3-4

2—3-4, 12, 14, 26, 28, 39
3—9

3—18

2—7,10, 22, 37, 48, 52, 58
5—24, 27-29, 31-32, 34-35,
38-39, 41, 43

5—55, 57, 60-62
5—4,6,9,12, 14-15, 18,20
2—7,10-11, 22-24, 37-38, 52-
53, 55, 58

27,33, 48, 56

5—32

5—4

_-—-___—_
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RECOVERY: 3—3-5,7-8, 11-12 RELATIVELY: 2—-1,7,11,16,20-21,23,30, REST:
4—3 32, 38, 43, 53-54, 58 RESTORATION:
5—4, 6, 8-15, 18, 20, 24, 27, 5—4, 6,9, 12, 14-15, 18, 20,
29, 31, 35, 39, 43, 55, 57, 60- 24,27,29,31,35,39,43,55, RESTRICTED:
62 557, 60-62 RETRIEVAL:
RECYCLABLE: 3—1,5,7 RELEASE: —4
RECYCLED: 2—3, 11, 15-16, 25, 29-30, 2—5, 11,17, 19, 23, 31, 34,
36, 38, 42-43 137, 44, 48-49, 51, 53-54, 57
3-S5, 11-12 RELIABILITY: 1—11-12, 14 RETRIEVE:
5—65 3—16-18 REUSABLE:
RECYCLING: 2—14, 21,28, 41 4—1,6,8 REUSE:
3—11 RELIABLE: 1—8
RED-EMITTING: 1—9 2—46 REUSED:
REDOX: 2—21 BEMAIN: 2—10, 22, 32, 37, 52
REDOX TREATMENTS: 2—21 REMAINING: 3—1,13 REVERENCES:
REDUCE: 2—17,31, 45,48 REMEDIATE: 1— REVERSE:
3—15-16 REMOTE-CONTROLLED: 3—3-4,6-8 RH-TRU:
REDUCED: 3—16 REMOTELY: 2—40-41,43 RICHLAND:
5—23, 26, 28, 37-38, 42, 49, REMOTELY-OPERATED:  2——14,27 RIDING:
51, 55, 57-58, 60 REMOVAL: 2—3-59 RIGHT:
REDUCES: 2—8, 21, 36, 53, 58 3—1,3,7-10, 14 RINSE:
REDUCIBLE: 1—6 4—3-8 RINSED:
REDUCING: 1—4 i5—4-11,13-14, 16-21, 23, 25-  RINSING:
3—5, 16 26, 28, 30-32, 34, 37-44, 46- ROAD:
5—63 48, 50-82, 55, 57, 59, 61-62 ROASTER:
REDUCTION: 221,32, 36 8EMOVER: 2—49 ROASTING:
3—14 BEMOVES: 2—20, 35-36, 46
4—1,3-4 BEMOVING: 2—1,4,6-7,10, 14,18, 22- ROBA-1-OY:
5—24,26 24, 28, 31-35, 37, 41-42, 46- ROBA-10-0Y:
REDUNDANCY: 4—56 47, 52, 54-56 ROBA-11-OY:
REDUNDANCY CONTROL: 4—6 5—11,13 ROBA-12-0Y:
REDUNDANT: 4—1,4 REPACKAGING: 4—3-8 ROBA-13-0OY:
REFERENCES: 2—40, 48 REPETITIVE: 4—1 ROBA-14-0Y:
REFINING: 2—23-25, 55 REPLACEABLE: 1—17 ROBA-15-0Y:
5—10 REPLACEMENT: 2—17,31 ROBA-16-0OY:
REFLECTANCE: 1—5 BEPLACING: -7 ROBA-19-0OY:
REFLECTION: 47 317 ROBA-20-0OY:
REFRACTORY: 5--29, 32,35 BEPORT: 1—18 ROBA-21-0Y:
5—19-21 BEPORTABLE: H5—68 ROBA-22-0Y:
REGARDED: 2—i REPORTEDLY: 2—9,20,35 ROBA-23-0OY:
REGARDING: 2—4,14,21,28 REPOSITORY: 5—20 ROBA-23-0Y.
REGARDLESS: 1—6 EEPRESENTATIONS: 3—17 ROBA-24-0OY:
317 BEPRESENTATIVE: 1—3 ROBA-25-0Y:
REGENERATED: 2—20, 36 4+—4 ROBA-26-0Y:
REGENERATION: 2—20 AEPRESENTS: 2—45 ROBA-27-0Y:
REGION: 1-—5, 16, 18 BESIDUAL: 2—51 ROBA-28-0Y:
REGULATED: 3—16 5—1 ROBA-29-0Y:
REGULATION: 1-—11-14 RESIDUALS: 5—63-64 ROBA-30-0Y:
REGULATIONS: 5—67 5—4,20-22 ROBA-31-0OY:
REGULATORS: 5—63 BESIDUE: 2—25,34,38 ROBA-32-0Y:
REINFORCED: 3—34 5—8, 14, 16, 18-22, 33, 36, ROBA-33-OY:
REJECTING: 1—10 40, 44 ROBA-34-0Y:
REJECTION: 5—23, 26, 34 BESIN: 2—7-8, 19-21, 34, 36, 50-51, ROBA-35-0Y:
RELATE: 5—1 53, 57-58 ROBA-36-OY:
RELATED: 1—7 5—63 ROBA-37-0Y:
3—17 RESINS: 5—16-17 ROBA-38-0Y:
RELATIONSHIP: 3—1 BESISTANCE: 1—12 ROBA-39-0OY:
RELATIVE: 2—1 RESOLUTION: 4—67 ROBA-40-OY:
5—29,35 RESOLVED: 2—41 ROBA-41-0OY:
5—5-6,9, 12, 16 5—-56,9,12, 29, 35 ROBA-42-0OY:
RESONANCE: 1—5 ROBA-43-0OY:
RESOURCE: 4—5 ROBA-44-0OY:
RESPONSE: 1—59,15 ROBA-45-0OY:

——
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3—14
i—6-8
3—17-18
43
1—3,7
3—16, 18
4—3-8
51,3
4—3-8
1—-3

2—7, 10-11, 22-23, 37-38, 52-

53,58

2—4-5, 15-16, 29-30, 32, 42-

43, 53-54, 59
2—14,27

523, 26, 34, 41
4—3-8

2—i7,31

2—36

5—25, 30, 34, 41, 44-45, 47

2—7-8, 20
2—7-9,17,20,31,35
2—20

5—67

2—19, 34, 49, 51,57
251,57

5—6, 8, 10-11, 17, 19, 21
4—3-8

4—3

4—3

PEEIITLLT

4—7
4—7
4—7
4—7
4—7

ROBA-46-0OY:
ROBA-48-0Y:
ROBA-5-OY:
ROBA-50-OY:
ROBA-51-0Y:
ROBA-52-0OY:
ROBA-53-0Y:
ROBA-55-0Y:
ROBA-55-0OY:
ROBA-56-OY:
ROBA-57-0Y:
ROBA-57-0Y:
ROBA-58-0OY:
ROBA-59-OY:
ROBA-6-OY:
ROBA-7-0OY:
ROBA-9-OY:
ROBOT:
ROBOTIC:

ROBOTICALLY:
ROBOTICS:

4—7
4—7
4—3
4—7
4—7

1
«©

1—8, 11

2—3-4, 15, 29, 40, 53, 59
4—1,35,8

1—5

2—3, 12-13, 26-27, 40
3—-7-8, 11,15, 18
4—1,3-8

5—3

ROBOTICS TASK SEQUENCE ANALYSIS:

ROBOTS:

ROCK:
ROCKY:
ROOFING:
ROOM:

ROTARY:
ROUGH:
ROUGHLY:
ROUTINE:
ROUTINELY:
RUBBLE:

RUBBLIZATION:
RUGGED:
RUNS:

S-4:

SAFE:

SAFETY:

SAFETY ANALYSIS:

SALE:
SALT:

SALTS:

SAME:

3—18

1—8

3—17

2—1, 5,49-50
2—5, 30, 43
5—4,7-10
2—7,11,23, 38, 53,58
5—11,13
2—49
2—21,36
2—24-25, 55
1—3, 6,9-10, 12, 16, 18
1—3

2—41, 46
5—32
5—63-64
5—4-5

3—14

1—17

43

3—14

1—4

2—41
3—8,18

4—6

5—68

3—18
2—24-25, 55

5—33, 36, 40, 44-45, 47-48,

50, 52-53
5—56, 58, 60
5—15-17, 21

2—8, 21, 24, 36, 38, 53, 58

5—23, 26, 34
2—1
3—14

SAMPLE COLLECTION: ~ 1—1,3-4
4—8
SAMPLE HANDLING: 4—8
SAMPLE PREPARATION:  1—1,4
4—8
SAMPLED: 1—4, 15
SAMPLES: 1—3-5, 12-13, 18-19
4—3-8
SAMPLING: 1—1, 3-6, 15-16, 18
SAMPLING AND MIXING METHODS:
1—3
SAMPLING DESIGN: 1—1,3
SAMPLING INTERFACE SYSTEM FOR SURFACE
CONTAMINATION BY ORGANICS:
1—18
SAND: 2—6, 13, 27, 40
SANITARY: 1—11-14, 18
SATELLITES: 3—18
SATURATON: 1—11
SAVINGS: 3—15

SAW:

SAWS:

SC:
SCABBING:
SCABBLERS:
SCALE-UP:

SCALING:
SCAN:
SCANNED:

SCANNING:

5—40, 43, 49, 51,54
5—64-65

5—12

1—1

3—3-4,6, 10,12
3—3-4,8, 11

5—66

2—40

2—39

2—7-8,20

M

5—23, 25, 28, 31, 34, 37, 39,

42, 44, 55-56, 58-59, 61-62

3—9, 12
1—7
3—18
1—15-16
3—17
1—13, 19
3—17

SCANNING ELECTRON MICROSCOPY:

SCARIFICATION:
SCARIFIERS:
SCATTERING:
SCENARIO:
SCENARIOS:
SCHEME:

SCHEMES:
SCIENTIFIC:

SCINTILLATION:
SCINTILLATORS:
SCINTILLOMETER:
SCINTILLOMETERS:
SCO:

SCRABBLING:
SCRAP:

1—13, 19
33

2—39
1—5,10,17
1—15
1—5, 11
1—3-19
3—3-18
4—3-4,6-7
4—5
2—24, 55
5—25, 41, 44
1—8,10
1—9

i—8

1—8

5—67
2—41, 46
2—24, 55
3—1

5—49, 51
5—63-65
§5—3-16

)

_—
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E

SCRAP ALUMINUM, COPPER,: SEM: 1—13, 19 SHEAR CUTTING:
54, 11-13, 63-64 SEMI-VOLATILE: 25,17, 31, 44, 54 SHEARING:
SCRAP ALUMINUM, COPPER, AND OTHER NON- 5—34-36 SHEET:
FERROUS METALS: SEMI-VOLATILE ORGANICS: SHEET ROCK:
5-63-64 5—34-36 SHEETS:
5—4, 11-13 SEMICONDUCTOR: 1—9 SHELF:
SCRAP ASBESTOS PIPE & INSULATION: SEMICONDUCTORY: 1—10 SHIELDING:
5—63-64 SEMIQUANTITATIVE: 1—11,13 SHINY:
5—4-7 SENDING: 1—12 SHIP:
SCRAP FERROUS METAL: 5—4, 13-14 SENSING: 1—5, 9 SHIPMENTS:
SCRAP METALS: 5—3-4 434,78 SHOCK:
SCRAP PLASTIC, PAPER, AND CLOTH: SENSITIVE: 1—8, 8-10, 13-14
5—63-64 SENSITIVITY: 1—5, 10, 12 SHORTEN:
SCRAP POROUS NICKEL: 5—63-64 SENSOR: 2—3, 12, 26 SHOT:
5—4 a—14 SHOT BLASTING:
SCRAP STEEL: 5—63-64 4—1,5,7-8 SHOW:
5—4,13 SENSOR INTEGRATION: 4—5, 8 SHOWED:
SCRAP TRANSITE:; 5-63-64 SENSORS: 15, 11, 17 SHOWN:
5—4-7 3-—13-14 SHOWS:
SCRAP WOOD:; 53 4—1,3-8 SHREDDING, SORTIN(
SCRAPING: 2—13, 20, 27, 40 SENSORS FOR MONITORING ENTOMBMENT
SCREEN: 1—15 INTEGRITY: 3—14 SHREDDING:
SCREENING: 1—8, 11, 13, 15-16, 18 SENSORS—PERCEPTION: 4—7 SHROUD:
SCRUBBED: 2—9, 20, 35 SEPARATE: 1—13 SHUTDOWN:
SCRUBBER: 2—19, 24, 36, 48, 50-51, 55, 232,54 SIDES:
57 5—10, 38, 41, 46, 48, 50 SIFTER:
SCRUBBERS: 221,36 SEPARATED: 232, 54 SIGHT:
5—58, 57, 59, 61-62 5—41, 46-47, 52 SIGNAL:
SCRUBBING: 2--5,15, 17,21, 29, 31, 42, SEPARATING: 5—24, 27, 37-39, 41-42, 46- SIGNIFICANTLY:
44, 48,54 48, 50, 52, 57, 59, 61-62
555, 57, 60-62 SEPARATION: 1—3, 14
SDWA: 1—8-14, 18 2—14, 19, 24, 28, 41, 50-51, SIMILAR:
SEAL: 3—14 55, 57
SECOND: 2—7,10-11, 22-23, 37-38, 52- 5—4, 6, 8-15, 18, 20, 23-31,
53, 58 33-35, 37-39, 41-43, 46-47,
SECONDARY: 1—6 51, 54, 55-62 SIMPLE:
2—7-9,19, 22, 32, 34,50-52, SEPARATIONS: 5—26, 38, 49
54,57 SEQUENCE: 31,18
438 SEQUENTIAL: 1-—3 SIMS:
SECONDARY ION MASS SPECTROSCOPY: SEQUENTIAL SAMPLING PLANS: SIMULATED:
1—6 1--3 SIMULATED WALK-THF
SECTION: 1—1 SERS: 1-—17
21 SERVE: 1-—6 SIMULATED WALK-THF
3—1 3--17 TASK SEQUENCE ANi
41,4 SERVER: 1-=7 :
5—1 3-—16-17 SIMULATION:
SECTIONING: 1—3 SERVES: 5--63
SECTIONS: 2—1 SERVICE: 1-—16 SIMULATIONS:;
3—3-5 3--17 SINCE:
SECTOR: 2—17,31-32, 54 SERVICES: 1--6-7
SEDIMENTATION: 5--28, 34, 37, 46 2--34 SINES:
SEEK: 565 3--16-17 SINGLE:
SEEN: 220, 36 SET: 1--6, 10
SEG: 224,55 2--20
SEGREGATE: 5—65 3--17 SINGLE-CHANNEL:
SELECT: 1—7 SET-UP: 2--28 SITE HISTORICAL DAT/
SELECTED: 1—3,7,15 SETUP: 1--3 SITE-SPECIFIC;
3—17 SFE-GC: 1—-18
4—1 SHADOWED: 2--7,9,22,52
SELECTION: 2—49 SHAPE: 1--8
SELECTIVE: 1—6, 12-13 SHAPED: 2--28
SELL: 5—65 SHAPES: 2—-5-6, 15, 29, 43, 53, 56, 59
SELLS: 2—17,31 SHEAR: 3--4-5,7, 13
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3—13
3—4-5,7,10,13
2—1,49-50
2—1, 49-50
4—3-8

2—19, 50-51, 57
1—8-10, 12,17
2—5,30

5—67

5—66-68

2—40

3—6,9

1—16

2—12, 25, 38-39
2—12, 25, 38-39
3—17-18

2—16, 30, 43

2—17,9, 22,52

4—4,7-8

5—23, 26, 28, 37-38, 42, 49,
51

5—55, 57-58, 60

1—i4

2—25, 28,55

3—1,13

5—23, 25-27, 33-34, 41
18,12

2—7, 11, 20, 23, 37-38, 53, 58
5—40, 43

1—6

3—18

UGH FACILITY:

3—i8

UGH FACILITY FOR ROBOTICS
YSIS:

3—18

3—18

5—65
1—8-10
2—21, 28, 36, 43, 46, 49
3—14, 18
3—8

1—6, 16

2—i

3—-17

1—8

3—18

1-3,5, 11,18

SITES:

SITU:

SITUATION:
SITUATIONS:
SIZE ANALYSIS:
SKILLED:
SLAG:

SLAGS:
SLAVE:
SLIGHT:

SLIGHTLY:
SLM:
SLOW:

SLOWER:
SLUDGE:

SLUDGES:

SLURRY:

SLURRY BLASTING:
SMALL-SCALE:
SMEARABLE:

SMELT:
SMELT PURIFICATION:
SMELTING:

SO:

SOAKED:
SOAP:
SOAPS:
SODIUM:

SOFTWARE:

1—15

2—4, 11, 14, 16, 23-24, 28,
30, 37-38, 42-44, 53
3—13,18

5—4,6,9, 12, 14-15, 18, 20,
24,27, 29, 31, 35, 39, 43, 49,
585, 57, 60-62

1—5, 11, 18

2—1,37,9, 11, 19-32, 35,
37, 49, 53

3—14

438

1—11

1—6

1—18

1—18

219, 50-51, 57

5—4,7-8, 14, 16, 18-19, 21,
33, 36, 40, 44

2—24,55

4—4

2—4,7, 11, 15, 23, 29, 38, 53,
58

2—14, 28, 41

438

2—86, 18, 33, 47

3—8, 1011, 13

520

4—8

2—10-11, 22-23, 37, 49, 52-
53

5—66

2—7-8, 19, 24, 34-35, 38, 50-
51,57

5—4,18-19

2—14, 28, 41

3—3-4, 8, 11

2—14, 28, 41

2—13, 27, 40

2—5,9, 13, 16-17, 20-21, 24,
27, 29-31, 35-36, 38, 40, 44
2—19, 24,51, 55

2—24, 55

2—24,55

5—8, 10-11, 13

1—6

2—1,3-5,7,9, 11, 15-16, 22,
25, 29-30, 38, 42-43, 52-53,
59

3—17

5—23, 26, 38

565

2—42-43

2—21, 36

2—21,36

1—10

3—7

1—4-7, 11, 18

3—15-18

4—6-7

565

M

SOIL: 1—18
4—3-8
5—4,32

SOLD: 5—65

SOLID RESIDUALS: 54, 20-22

SOLID SORBENT SAMPLING FOR AIRBORNE

CONTAMINANTS: 1—3

SOLID-STATE: 1—9-10

SOLIDIFICATION: 2—20
3—13-14
5—63-64

SOLIDIFIED: 236
5—63

SOLIDS: 1—5
5—7, 10-11, 17, 19, 30, 33,
36-38, 41, 46-48, 50, 52, 56-
57,59, 61-62

SOLUBLE: 1—9-10
2—7, 11,23, 38, 53, 58

SOLUTES: 5--23-24, 26-27, 34, 37, 41,
62

SOLUTION: 1—12-13
279, 14, 19, 21-22, 25, 28,
32, 34, 36, 40-41, 48, 50-55,
57-58

SOLUTIONS: 1—12
29, 20, 24-25, 32, 35, 38,
55
5—4, 6,9, 12, 14-15, 18, 20,
24, 27, 29, 31, 35, 39, 43, 55,
57, 60-62

SOLVE: 5—16

SOLVENT EXTRACTION:  2—49
5—4,6,9, 12, 14-15, 18, 20,
24, 27,29, 31, 35, 39, 43-44,
46, 49, 53, 55, 57, 60-62

SOLVENT WASHING: 217,31, 44
54

SOLVENT WASHING TO REMOVE PCBS:
2—31

SOLVENT WASHING TO REMOVE RADIOLOGICAL

CONTAMINATION: 2—17, 31

SOLVENTS: 1—3
217,31, 44
5—48-53, 65

SOPHISTICATED: 540, 43

SORBENT: 1—3
23, 5-8, 12-14, 17-19, 26,
28, 32-33, 35, 39-41, 45, 48,
50-51, 56, 58

SORBENTS: 2—3-4,6, 12-13, 16, 19, 24-
26, 28, 30, 32-34, 39, 42-44,
46-47, 50, 54, 56-57

SORPTION: 25, 12, 17, 19, 21, 25-26,
31, 34, 38-39, 44, 49, 51, 54,
57

SORT: 3—15,18

SORTED: 3—1

SORTING: 3—15
4—3-8

SOURCE: 1—10-12, 14,17
3—18

M

September 1994




SOURCES: i—8 SPOTS: 2—12, 25, 38-39 STRATEGIES:
4-3,6 SPRAY: 2—23
SPACE: 3—12 SPRAYED: 2—7-9, 20, 35 STRATEGY:
SPALL: 245 SPRAYING: 2—20
SPALLED: 246 SPREAD: 2—41
SPALLING: 2—46 3—15-16 STREAM:
SPARGING: 5-30 STABILITY: 3—14
SPATIAL: 1—7 4—7
SPATIAL SAMPLE AND DATAANALYSIS PLANS: STABILIZATION: 3—13-14 STREAMS:
1-—7 4—4
SPE-GC: 1—16 5—1,4-5,7,10-11, 13, 15-16,
SPECIAL: 1—4, 18 18, 20, 63-64
2—7 STABILIZE: 5—63 STRESS:
4-5 5—1 STRESS-INDUCED:
SPECIAL PURPOSE CONTROL: STABILIZED: 3—14 STRINGS:
45 5—63, 66
SPECIALIZED: 1—8 STABILIZING: 563 STRIPPABLE:
4-3,6 STAGE: 1—4 STRIPPABLE COATIN
SPECIALIZED ROBOTIC DEPLOYMENT PLATFORMS: 3—3,5,16 STRIPPING:
4-3 530, 45, 53
SPECIALPURPOSE: 4—6 STAGING: 3—i5
SPECIALTY: 565 STAINLESS: 2—24,55
SPECIATION: 1—14 STANDARD: 1—3, 8-15, 18-19
SPECIES: 1—3,5-6 2—20, 25, 55 STRUCTURAL:
5—16, 23, 25, 28, 31-37, 39, 3—3-5,18
42,44, 55-56, 58-59, 61-62 48 STRUCTURAL SENSC
SPECIFICALLY: 2—20, 36 5—67-68 STRUCTURAL STEEL
4-3-8 STANDARDIZATION: 4—4 STRUCTURE:
SPECIFICATION: 568 STANDARDIZED: 1—3 STRUCTURES:
SPECIFICATIONS: 1—6 5—67
317 STANDARDS AND REGULATORY GUIDELINES:
SPECIFICITY: 2—1 3—16
SPECIFICS: 1—8 STATE: 1—3,9 SUBMICROGRAM:
SPECIFY: 45 3—17 SUBSEQUENT:
SPECTRA: 1—5, 10 5-—24, 28, 28
SPECTRAL: i—8 STATEMENT: 2—34, 49,57 SUBSEQUENTLY:
SPECTROMETER: 15, 15 STATION: 1—8 SUBSTANTIAL:
SPECTROMETERS: 1—14 STATIONARY: 2—46
SPECTROMETRY: 1—4, 9-10, 12, 14-16, 18 STATIONS: 4—3,6 SUBSTITUTES:
SPECTROSCOPIC: 1—5, 17 STATISTICAL: 1—3 SUBSTRATE:
SPECTROSCOPY: 1—5-6, 10-16 STEAM: 2—5, 15, 29, 43, 53, 59
SPECTRUM: 1—16 5—16-18, 33, 36, 56, 58
SPEED: 1—11 STEAM CLEANING: 2—5, 15, 29, 43, 53, 59
3—17 STEAM STRIPPING: 5—16-18, 33, 36, 56, 58 SUBSTRATES:
41,7 STEEL: 1—12
SPEEDS: 1—7 2—1,3-32,55 SUBSURFACE:
317 3—1,57 .
SPENT ION EXCHANGE MEDIA: 5—4, 13-14, 63-64 SUBSURFACE WAST(
221 STEEL MTC 5110: 5—13
54, 16-18, 63-64 STEEL PROCESS EQ.: 2—19-32 SUITCASE:
SPENT ION EXCHANGE MEDIAALPHA-4: STEEL STRUCTURES: 1—12 SUITCASE-CONTROL
5—16-18 STEPS: 220 SUITED:
SPILLAGE: i—15 STIRL: 3—24, 27, 29, 32, 36, 39-40,
SPINOFFS: 5—40, 43, 49, 51 42-43 SULFIDE: .
SPLIT: I~ 5—6-7, 11, 14-15, 19, 21, 56- SULFIDE CONVERSIC
SPLIT FRAME CUTOFF MAGHINE: 58 SULFONATED: '
1 STIMULATE: 1—10 SULFUR:
SPLIT-FRAME: 39 STOPPED: 2—31,44 SUPERCOLLIDER:
SPONGE: 216, 30, 43 STORE: 3—14 SUPERCRITICAL:
SPONGE BLASTING: 2—16, 30, 43 4+—6
SPONGES: 2-30, 43 STRAIGHT: 4—3
SPOT: 1—13, 19 STRAIGHTFORWARD: 1—10
249 STRAIN: 1—17
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()

1—7 SUPERCRITICAL CO2 BLASTING: TELEOPERATION: 456

3—15 23,13, 26, 39 TELEROBOTIC: 47

546,912, 14-15,18,20,  SUPERCRITICAL FLUID EXTRACTION OF ORGANICS: TEM: 1—13,19

24, 27, 29, 31, 35, 39, 43, 57, 1—4 TEST-BEDS: 4—6

60 SUPERCRITICAL WATER OXIDATION: TETHERED: 43

23, 5,12, 16, 26, 30, 34, 44, 5—16, 45-46 THERMAL ARC WATER JET:3—8, 10, 12

50, 54 SUPERHEATED: 2—4, 15, 29, 42 THERMAL ARC WATER JET CUTTING:

5—23, 26, 34, 41 SUPERHEATED WATER: 2—4, 15,29, 42 3—10

1—13 SUPERVISOR: 2—34 THERMAL DESORPTION: 2—19, 34, 49, 51,57

3—14 SUPERVISORS: t2—34 532,48

5—1, 16, 23, 26, 28, 33-34, SUPPLIED: 2—17,31 54

36, 38, 41, 56, 58 SUPPLY: i—8 THERMAL EMISSION MASS SPECTROMETRY:

1—17 2—86, 33,56 1—9

2—46 SUPPLYING: 210, 22, 37, 52 THERMAL PLASTIC STABILIZATION:

1—7 SUPPORTING: 1—8 3—13

3—17 3—17 THERMAL TREATMENT:  5—25, 29-30, 32-33, 36, 40,

2—17,31,45 SURFACE ACOUSTIC WAVE SENSORS: 43-48, 50, 52-54

2—17,31,45 1—11 5—56-58, 60

i—11 SURFACE CLEANING METHOD: 5—4, 6-8, 10-11, 13-22

25, 16, 30, 44, 50, 54 259 THERMALTREATMENT: 527

55, 10, 13-14, 16-18, 20, SURFACE CONTAMINATED OBJECTS: THERMIONIC: 1—15

31, 33, 36, 40, 49, 51, 53, 56, 567 THERMITE: 3—6, 10,12

58 SURFACE CONTAMINATION: THERMITE LANCE: 3—6, 10,12

1—17 1—4,9-14, 18 THERMITE LANCE CUTTING:

3—1,57 27, 13-14, 16, 18, 27, 29, 3—10, 12

1—17 32-33, 43, 54 THERMOPLASTIC: 563

3—1,57 5—8,10-11,13 THERMOSET: 3—13-14

1—17 SURFACE-MERCURY: 2—56 THERMOSET POLYMER: 3—13

1—8, 12 SURROUNDINGS: 36 THICK: 1—9

2—35 SURVEY: 1—7-8 35

3—3, 14,17 249 THICKNESS: 217,31

438 SURVEYING: 1—15 THICKNESSES: 3—10, 12

1—10 4—3-8 THIN-GAUGE: 3—10

i—4 SUSPECTED: 1—13 THREADED: 1—9

4—3-8 SWEEPS: 4—7 TILE: 2—1, 33-47

1—6 SWELL: 2—7-8,20 3—4-5

3-8 SWITCH: 3—3-18 5—4,7-10

5—65 SWITCH GEAR: 3—3-18 TILES: 54

5—65 SWSA: 566 TLD: 2—1

1—11 SYNCHRONOUS: 1—15-16 TLDS: 2—1

23, 67,9, 11-13, 18, 22, SYNCHRONOUS FLUORESCENCE SCREENING FOR TLV: 2—48

25-27, 33, 39-40, 42-43, 47, POLYCYCLIC AROMATIC HYDROCARBONS: TON: 2—35

52, 56 1—15-16 TONS: 220, 24, 55

248, 14, 16, 18, 20, 23-24, SYNCHRONOUSLY: 1—15-16 TOOK: 5—29, 32, 36, 40, 43, 45, 47,

26, 28, 30, 33, 43, 47, 55-56 SYNTHETIC: 2—7-8, 20,35 50, 52-53

1—4 TABLE: 2—1 5—56-57

3—14 TACTILESENSING: 4-8 5—6-7, 11, 14-15, 17, 19, 21
STORAGE: TAGGING: 1—7 TOOL: 2—3, 12, 26, 39

3—14 3—18 3—10, 12

46 TAGS: 1—8 4—4-5

4—6 3—17 TOOL CADDIES: 4—4

2—9, 20, 35, 41 TAILS: 54 TOOLING: 3—15-16

3—3 TANK: 2—23 4-3-8

2.7, 11, 23, 38, 53,58 TANKS: 1—15, 17 TOOLING POSITIONING: 3—16

27, 11, 23, 38, 53, 58 2-3 TOOLING SENSORS: 4—3,8

2—7-8, 20,35 5—12,17,49 TOOLS: 1—7

2—7,11, 23, 38, 53, 58 TARGETED: 1—16 2—4, 14, 28, 42

565 TASK ANALYSIS: 3—18 3—17-18

1—4, 16, 18 TASK SEQUENCE ANALYSIS: 4—1,3-8

2—3, 13, 26, 39 3—18 TOP: 2—28

5—45-46 TCP: 3—16 TOP-SIDE: 1—3

5—16 TEAM: 2—1 TORCH: 26, 18, 32, 46

TECHNETIUM: 5—5, 8-11, 13 TORCHES: 2—6, 18, 32, 46
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TORQUE:
TORQUE SENSORS:
TOXIC:

TOXICITY:
TRACE:

TRACES:
TRACK:

TRACKED:

TRACKED VEHICLES:

TRACKING:

TRAINING:

TRAINING SYSTEMS:

TRAJECTORY:
TRANSFER:

TRANSFERS:
TRANSFORM:
TRANSFORMS:
TRANSITE:

TRANSLATE:
TRANSMISSION:

47
47
1—10-11
2—34

5—4,7-8, 14, 16, 18-19, 21,

33, 36, 40, 44
5—5-6,9, 12, 29, 35
1—10, 12

5—26, 38, 42, 59, 61
2—25, 55

2—21

3—3,5

1—7-8,15,18
3—3-8, 15-17
4-3-6,8

1—7

3—15

4—5

1—7

2—86, 18,32, 46
3—13, 16, 18
5—65

3—16

1—16

2—7,10, 22, 37, 52, 58
5—63-64

5—4-7

5—64
1—5,7,13,17, 19
3—17

4—4,8

TRANSMISSION ELECTRON MICROSCOPY:

TRANSMUTATION:
TRANSPORT:
TRANSPORTABLE:

TRANSPORTATION:

TRANSURANICS:
TRAP:

TRAPPING:

TRAPS:
TREATED:

TREATING:

1—13, 19
5—48
5—20
1—7
5—67
1—14

5—15-17, 21, 33, 36, 40, 44,

56, 58, 60
4—4

5—66-68

5—1

1—10

1—4, 14-15, 18

2—86, 18, 24, 32, 46, 48, 55

2—6, 18,32

5—28, 34, 38, 41
2—1, 10, 22, 36-37, 52
5—32, 35

5—65

2—21,48

§—23-27, 30, 33-34, 36-37,

39-40, 42, 44, 46

§—15-17, 21, 58, 58, 60, 62

TREATMENT: 1—15
2—3-9, 11-12, 15-16, 18-26,
29-30, 32-39, 42-44, 46-47,
49-53, 55, 57, 59
3-8
5—1, 4-22, 23-54, 55-62
TREATMENTS: 2—10, 21-22, 35-37, 52
TRENCH: 3—13
5—66
TRIANGULAR: 3—15
TRIANGULAR MAPPING: 3—15
TRIBOLOGY: 5—40, 43
TRIETHYLAMINE: 2—49
TRUE: 3—15
TSCA: §5~6-7, 11, 14-15, 17, 19, 21,
29, 32, 36, 40, 43, 45, 47, 50,
52-53, 56-57
TUBE: 1--3, 8-9
TUBES: 1--3, 11
TUMULUS: 5—66
TUNNELING: 3--13
TWA: 1--11-14, 19
TYPE: 1-—6
2--24, 55
3--1,6, 17
4-—4-5
5-—-67-68
TYPE A PACKAGE: 5-—67
TYPE-A: 5--67
TYPE-A OR TYPE-B FISSILE RADIOACTIVE MATERIAL
PACKAGES:
5--67 ’
TYPE-B: 5--67
TYPE-B RADIOACTIVE MATERIAL PACKAGES:
5--67
U-239: 1--10
ULTRAFILTRATION: 5--23, 26, 34, 41, 48, 50
ULTRAHIGH-PRESSURE: 2--38
ULTRAHIGH-PRESSURE WATER:
2--38
ULTRASONIC: 1--3
2--21, 32, 36, 54
ULTRASONIC CLEANING: 2~-32, 54
ULTRASONIC EXTRACTION:
1--3
ULTRAVIOLET: 1—6, 10
2—-23
UNIT-PROCESSING: 2—1
UNLOAD: 2—--31
UNPACKAGED: 5—67
UNREACTIVE: 2--7,10, 22, 37, 52, 58
UO2F2: 54
URANIUM: i—1, 8-10
2—34
3—3-18
5—4-5, 8-11, 13
URANIUM PROCESSING FACILITIES:
3—-3-18
URANIUM PROCESSING FACILITIES PROCESS
SUPPORT FACILITIES: 3—3-18
UT: 5—66
uv: 1—5, 15
2—23

e, g v . T ——— e ——————— e e e

UV-VIS:

UV-VISIBLE:
VACUUM CLEANING:
VACUUMED:
VACUUMING:

VACUUMS:
VAPOR:

VAPORIZATION:

VAPORIZE:
VAPORIZED:

VAPORIZING:
VEHICLE:
VEHICLES:

VELOCITY:

VELOCITY SENSORS:
VENTILATION:
VESSEL:

VESSELS:

VESTIGIAL:

VIABILITY:

VIABLE:

VIBRATION:
VIBRATORY:
VIBRATORY CLEANING
VIDEO:

VIDEO MAPPING:
VIEW:

VIRTUALLY:

VISIBLE: :
VISION:

VISUAL:

VISUALIZATION:
VITRIFIED:

VOCS:
VOCS IN GASES:

VOID:
VOLATILE:

VOLATILE ORGANIC C(
VOLATILES:

VOLATILIZATION:
VOLATILIZE:
VOLATILIZED: ‘
VOLTAGE: ,

VOLTAMMETRY:



1—6

1—12

2—17, 32,45

2—7-8,20

2—7, 10-11, 20, 22-23, 37-38,
52-53, 58

25,30

1—12-13

2—5, 17, 20, 28, 31, 44-45,
48,54

2—45

3—3-4,13

228

2—3-7, 1214, 17-18, 26-28,
31-33, 39-40, 42, 44, 46-47,
54,56

2—6-7, 18, 32-33, 56
4—3,5

438

5—3

2—3, 12, 26, 39

2—7, 18, 33, 47, 56

3—i

5—4,7

2—5, 13, 16, 30, 44, 50, 54

2—32

2—32,54

2—32,54

3—15-16

3—15

1—12

2—24,55

1—5-6

43,7

1—7-8

3—15,17

4—7

5—33, 36, 40, 44

5—8, 14, 16, 18-19, 21

5—4, 32, 55-56

5—55-56

3—14

1—15

2—5, 16, 30, 44-45, 48-50, 54

3—8

5—4, 16, 30-34, 36, 56, 58
IPOUNDS:

3-8

5—4, 30-34

2—8, 14, 19, 28, 35, 41, 50-

51,58

5—4, 32

2—8, 19, 35, 50-51, 58

2—34

2—5, 17,19, 31, 44, 49, 51,

54, 57

1—6

2—7,9,22,52

1—11

WAC:
WALK-THROUGH:
WALKTHROUGHS: 1—8

WALL: 1—11,17

WALLS: 1—4
2—9, 12, 20, 25-26, 35, 38-
42,45
3—45,7
2—5, 16, 30, 50, 54
2—1,5, 14, 17, 20-21, 27, 30-
31, 36, 40, 48
4—1
5—6-7, 11, 14-15, 17, 19, 21,
29, 32, 36, 40, 43, 45, 47, 50,
52-53, 56-57, 65
29,20
36,8
217,31, 44
54, 43-44
1—11-14
3—8,15
51, 23, 26, 28, 37-38, 40,
42-43, 48-52, 55, 57-58, 60,
64-66
WASTE MINIMIZATION EVALUATION SYSTEM:
565
WASTE OFF-GASES: 5—55-62
WASTE OFF-GASES FROM D&D, RA, AND WM
OPERATIONS:
5—65-62
WASTE PACKAGING, HANDLING, AND
TRANSPORTATION:
5—1, 67
438
51, 67-68
2—13,27,40
5—1,4-64
WASTE PROCESSING RESIDUALS:
5—4, 20-22, 63-64
WASTE PROCESSING SLUDGES:

WARM:
WAS:

WASH:
WASHING:

WASTE DISPOSAL:

WASTE PACKAGING:

WASTE PROCESSING:

5—4, 18-19
WASTE PROCESSING SOLID RESIDUALS:
5—4, 20-22
WASTE STABILIZATION: 51, 4-5, 7, 10-11, 13, 15-16,
18, 20, 63-64
WASTE-HANDLING: 2—3-4, 12-14, 26, 28, 39, 42
WASTE-WATER: 2—36
WASTEFORM: 5—63-64
WASTEFORMS: 5—63-64
WASTES CONTAINING FISSILE MATERIAL:
5—67
WATER FLUSHING: 2—15, 29, 42
WATER OXIDATION: 5—16, 45-46
WATER TREATMENT PROCESSES:
5—18-19
WATERPROOF: 5—63
WAVE: i—11
3—6,9,12
WAVEGUIDES: 1—5
WAVELENGTH: 1—5, 10, 13, 15-16

2—32

WAVELENGTH DISPERSION:

1—5
WAVELENGTH DISPERSIVE X-RAY SPECTROSCOPY:
1—13
WAVELENGTHS: 1—15-16
WAVES: 2—40
WDIS-100-0Y: 5—66
WDIS-102-0Y: 5—66
WDIS-104-0Y: 5—66
WDIS-106-0Y: 5—66
WDIS-108-0Y: 5—66
WDIS-109-0Y: 5—66
WDIS-110-0Y: 5—66
WDIS-112-0Y: 5—66
WDIS-113-0Y: 5—66
WDS: 1—13
WDX: 1—13
WE: 1—13, 15
WEAR: 3—8, 11
WEIGHT: 2—25, 55
5—23, 26, 34, 40-41, 43
WEIGHT-TO-PAYLOAD: 4—3-4
WELD: 2—6, 18,32, 46
WELDERS: 2—34
WELL: 1—4,7-8,17
2—7-10, 14,17, 19, 22, 25,
28, 31-32, 35, 37, 41, 44, 50-
52, 54-55, 58
33, 15,17
43
5—5-6, 9, 12, 23, 25, 29, 35,
37, 42, 51
WELL-DEFINED: 1—7
3—15
WELL-DEVELOPED: 1—11-13
WELL-ESTABLISHED: 1—8-9
224,55
3—16
WET AIR OXIDATION: 5—29, 32, 35
519, 21
WETTING: 2—7-8,20, 35
WHEELED: 4—3
5—3
WIDE-SPREAD: 1—17
WIND: 1—17
WIPE: 1—16
WIPED: 2—7-9,20, 35
WIRE: 1—12
3—34,8, 11
WIRING: 5—1
WITHDRAWAL.: 2—5
WITHSTAND: 1—5
WITNESS: 3—3-4
WMES: 5—48, 50, 52, 54
5—65
WMIN-100-OY: 5—65
WOOQD: 2—1, 49-50
5—65
5—3-4,7-10
WOOD AND SHEET ROCK CONTAMINATED WITH::
2—1, 49-50
WORKABLE: 3—15
WORKER: 3—1,15-16

M
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WORKERS:
WORKING:

WORKSTATIONS:

WORN:

WPH:
WPHT-102-OL:
WPHT-103-OL:
WPHT-104-OL:
WPHT-105-OL:
WPHT-106-OL:
WPHT-107-OL:
WPHT-108-OL:
WPHT-109-OL:
WPR-201-0Y:
WPRO-100-0Y:

WPRO-101-0Y:
WPRO-104-OY:
WPRO-105-0OY:
WPRO-106-0Y:
WPRO-107-0Y:
WPRO-108-0Y:

WPRO-109-0Y:

WPRO-110-0OY:
WPRO-111-0Y:
WPRO-112-0Y:
WPRO-113-0Y:

WPRO-114-0OY:

WPRO-115-0Y:
WPRO-116-0Y:
WPRO-117-0Y:
WPRO0-200-0Y:
WPRO-201-0Y:

WPRO-202-0OY:

WPRO-204-0Y:
WPRO-205-0Y:
WPRO-206-0Y:
WPRO-207-0Y:

WPRO0-208-OY:
WPRO0-208-0Y:
WPRO-210-0OY:

WPRO-211:

WPRO0-213-0Y:

WPRO0-214-0Y:
WPRO-215-0Y:
WPRO-216-0Y:

2—31, 34,44

2—5, 16, 30, 44, 50, 54
5—87

3—16

2—5, 16, 29-30

5—50

5—5-6, 9, 12, 29, 35, 44, 46,
53

5—40, 43, 49, 51

5—16

5—12

5—4, 32, 48

5—4,7

5—6-7, 11, 14-15, 17, 19, 21,
29, 32, 36, 40, 43, 45, 47, 50,
52-53, 56-57

5—17, 10-11, 17, 19, 30, 33,
36, 56, 58

5—8

5—8-11,13

5—10

5—15-17, 21, 33, 36, 40, 44-
45, 47-48, 50, 52-63, 56, 58,
60

5—8, 14, 16, 18-19, 21, 33,
36, 40, 44-45, 47, 50, 52-53

5—28, 34, 37-38, 41, 46-48,
50, 52, 54, 57, 59, 61-62
5—23, 25, 28, 31, 34, 37, 39,
42, 44, 46, 49, 51-52, 55, 59,
61-62

5—26, 38, 42, 49, 51, 61
5—23, 25, 37, 41, 48, 51
5—23, 26, 34, 41, 48, 50
5—23, 26, 28, 37-38, 42, 49,
51

5—23, 26, 38, 48-49, 51
5—24, 26, 28, 45, 53
524,27, 39, 42, 45, 49, 51,
54

5—24, 27,29, 31, 35, 39, 43-
44, 46, 49, 53

5—55, 57, 60-62

5—4, 6, 12, 14-15, 18, 20
5—5, 10, 13-14, 16, 18, 20,
31, 40, 43-44, 49, 51, 53-54
532,35

5—19, 21,29, 32, 35
5—45-46

5—16

WPRO-217-0Y:

WPRO-219-0Y:
WPRO-220-0Y:
WPRO-221-0Y:
WPRO-222-0Y:

WPR0-223-0Y:
WPRO-224-0Y:
WPRO-225-0Y:
WPRO-226-0Y:
WPRO-227-0Y:
WPRO-300-0Y:
WPRO-301-0Y:
WPRO-302-0Y:
WPRO-304-0Y:
WPRO-305-0Y:
WPRO204-0Y:
WRITING:
WRITTEN:

WSTA-100-0Y:
WSTA-101-0Y:
WSTA-102-0Y:
WSTA-104-0Y:
WSTA-105-0Y:
WSTA-106-0Y:

X-RAY:

X-RAY DIFFRACTION:
X-RAY FLUORESCENCE:

5—24,27,37, 51
5—62

5—47,55-56

5—16-18, 33, 36, 56, 58
5—251 3~0~'» 33' 45'461 50, 53'
54

5—25,27,33
5—30,34.45,47

5—30

5—25,41,44, 52
5—30,45,53
5—55,57-58, 60
555,57, 589, 61-62
5—59, &1

556,58

556,58

59
2-34,49,57
1—6.18
3—1,18

i

LLELLE

1—11,13,19
1—13; 19 }
1—18 :

X-RAY FLUORESCENCE FOR MSITUMONITORING:

X-RAY FLUORESCENCE FOR MSITU MONITORING OF

X-RAYS:
XENON:
XRF:
ZINC:
Zn:

ZONE:
ZONES:
ZONING:

1—‘m b

TOXRHEAVY METALS:
1—1M

13017

27,18, 33, 47, 56
1—th

27710, 22,37, 52, 58

)

2—3710;22, 37, 52, 58
3-318)

3185

-5
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