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III I IIII II I

The Oak Ridge K-25 Technology Logic Diagram (TLD), a decision supporl
developed to provide a planning document treatrelates environmental restorat
problems at the Oak Ridge K-25 Site to potential technologies that can remedia
uses information from the Strategic Road Map for the Oak Ridge Reservation
TLD.

The TLD technique identifies the research necessary to develop these techn_
for technology transfer and application to waste management, remedial actio_
decommissioning activities, lt is essential that follow-on engineering studies a_
output of this project. These studies will begin by selecting the most promising
TLD and finding an optimum mix of technologies that will provide a socially __
cost and risk.

The Oak Ridge K-25 Site TLD consists of four separate volumesmVol.1
Volume 1 provides introductory and overview information about the TLD. Volum
Volume 3 has been divided into two separate volumes to facilitate handlingand

This volume contains the Technology Logic Diagrams and an index. The in,
provided before the diagrams, contains technology names and technology f
locate specific technologies in Vol. 2.

The technology evaluations that are contained in these volumes are based,
able during the TLD compilation. New or more accurate information is solicit
base. Please FAX comments (615-576-8558) to R. L. Fellows, Editor, Oak
Logic Diagram, Martin Marietta Energy Systems, P.O. Box 2003, Oak Ridge, T_
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_m (TLD), a decision support tool for the K-25 Site, was
elates environmental restoration and waste management
echnologies that can remediate these problems. The TLD
the Oak Ridge Reservation and from a previous Hanford

_,ssaryto develop these technologies to a state that allows
management, remedial action, and decontamination and
ow-on engineering studies are conducted to build on the
selecting the most promising technologies identified in the

that will provide a socially acceptable balance between

,ur separate volumesmVol.1, Vol.2, VoI.3A, and VoI.3B.
mation about the TLD. Volume 2 contains logic diagrams.
nes to facilitate handling and use.
agrams and an index. The index for this volume, which is
:)gy names and technology numbers to help TLD users

in these volumes are based on the best information avail-
_ccurate information is solicited to improve the TLD data
R. L. Fellows, Editor, Oak Ridge K-25 Site Technology

_.O.Box 2003, Oak Ridge, TN 37831-7274.
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How to Use Volur
I1'111 '" I IIIIII

The Technology Wiring Diagram shows the logic linkage among the Oak Ridge K-25 Site environmen-
tal management (EM) goals, the specific environmental problems that must be solved to meet these
goals, and the various technologies that have the potential to solve these problems. The Wiring Diagram • To find ali (
relates, through the use of flow chart arrows, the environmental restoration and waste management characteriz_
(WM) problems at the K-25 Site to remedial technologies. The focus of the diagram is on remedial tech- - Turn to th
nologies, and the status of each is considered from the standpoint of maturity, improvements over exist- - Scan eac;
ing approaches, and applicability to specific K-25 Site problems. The techr

Volume 2 is divided into six major sections, or chapters. Each of these major sections contains infor- least pote
mation that addresses the logic flow in meeting the EM goal. The major sections are: Characterization- ° To find all o
-analysis of kinds and quantities of contaminants; Decontamination-process to remove contaminants surfaces:
and restore materials; Dismantlement-removal of contaminated equipment and deconstruction of facili- -Tum to th
ties; Robotics/Automation-automated equipment and processes for ali other sections; Waste - Under th
Management-handling and disposal of hazardous/toxic materials; and Remedial Action (RA)-recondi- (transferr;
tioning and reclamation of contaminated natural resources. All linke,

The diagram flows from left to right, and is composed of columns of input data, or logic elements, contamin;
Each logic element flows from EM Goals. These goals are shared to varying degrees by ali sections of ° Tofind inforrr
the U.S. Department of Energy (DOE) complex. EM Problem contains common problem areas agreed - Refer to ti
upon by EM and DOE, such as decontamination and decommissioning (D&D), soils and grouf:d surface - Turn to tt
water (RA), and waste management. K-25 Site Problem describes the site-specific problems a_sociated technical '
with the K-25 Site. Problem Area/Constituents contains specific K-25 Site constituents or tangiL_leparts the techn,
of the problem that must be addressed individually. These problem areas will be formulated diffe,ently for o For example,
each major section of the Technology Wiring Diagram. The Reference Requirements element refers the - Locate thil
reader to Vol. 1, Chapter 6, Summary of Regulatory Needs. Applicable regulations must be determined - The pag:
on a site specific set of factors including exact location and planned mobility of constituent and technolo- indicates_
gy, location characteristics, exact type, quantity,and toxicity of constituents involved throughout the tech- Vol.2.
nology process, types and quantities of waste created,and planned manner of transportation, storage, or ° Tofind out wt,
disposal. Subelement specifies one of the categories used to identify the universe of activities necessary -- Refer to tj,
to solve a problem. The Subelements are: Characterization, Decontamination, Dismantlement, Materials - Notice th_
Disposition, Robotics/Automation, and Regulatory Compliance. Alternatives describes the general or 6.3-18 thl,
generic technological approaches, reme_iatil,

Technologiesis the focal point of the diagram. This is a compilation of ali technologies deemed applic- ° Todetermine
able to solving the EM problem. Status is the information conceming the maturity of the technology listed - Find grou_
in the prior column. The categories are: Accepted-in common use and directly applicable to the K-25 - Notice th_
Site; Demonstration-available but not demonstrated for the K-25 Site problem; Predemonstration-under section.
laboratory development; and Evolving Technology-technology that is at conceptual or preconceptual Science/'-'
stage (some scientific or knowledge basis only). Science/Technology Needs indicates areas that are efforts re_
related to the fundamental understanding of the scientific phenomena underlying the basis for the tech-
nology. Implementation Needs relates to improvements that make current technology safer, more eco-
nomical, effective, or efficient.

Each technology has been prioritized according to the probability of its making significant contributions
to the D&D, RA, and WM efforts at the K-25 Site. Three categories are indicated on the diagrams by
arrows as follows: high probability (_), medium probability ( ), and low probability( ).

-i
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0- Uses of the Technology Logic Diagram: Examples3

n " TO find ali of the possible technology tools that are considered to have the most potential for
lt characterizationworkat the !<-25Site:
J" - Turnto the Characterizationsectionof thisvolume.;.
- - Scan each page under the column Technologyfor the listingof technologies.

The technology names preceded by the boldest arrows have the most potential. (Those with the
least potential have the least bold arrow.)

" • To find ali of the decontamination technologies that remove only transferrable contamination from
s surfaces:
i- - Turn to the Decontamination section of this volume.
e

- Under the Alternatives, or generic technology, column find ,he category Surface Cleaning
i- (transferrable contamination).

Ali linked technologies in the adjacent Technologies column will remove transferrable
_" contamination.

)f • Tofind information about a specific technology:
d - Refer to the index (starting on the next page) to locate the page number from the technology name.
:e - Turn to the indicated page(s) to acquire detailed information about that technology. Scientific and
d technical literature references and more detailed information can be obtained by cross referencing
_s the technology number to Vol. 3.
)r o For example, to locate information on plasma arc saw cutting of equipment:
e - Locate this technology in the index by name or technology number.
d - The page numbers for this technology are located immediately under plasma arc saw, and
)- indicates the pages (Section 3, pages 4 and 11) on which detailed information can be found in
1- Vol.2.
_)r , To find out what can be done with contaminated oil:
3' - Refer to the index at the end of this section.
ts - Notice that the index lists contaminated oil as being in the Waste Management section, pages
)r 6.3-18 through 6.3-27. These pages contain the various technologies considered appropriate for

remediating the contaminated oil problem.
_" • To determine how to implement a method to remove Tc from groundwater:

- Find groundwater in the index of this volume.
;5 - Notice that the index lists Tc in groundwater, on pages 4-11 and 4-12 of the Remedial Action
_r section. Adsorption and ion exchange are two technologies listed for Tc removal. The Status,
al Science/Technology Needs, and Implementation Needs columns give information on development
re efforts requiredfor these technologies.

D-
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AA (Atomic Absorption): Aerosol: 6.7- 1 3- 4, 10
1- 7 3- 4 6.8- 1 Banks:

Ablating,Ablation: AES: AsbestosFixation: 3- 10
1- 2, 7-8 1- 4 4- 8 Barrier.
2- 4 Agitation: AsbestosIn Soils: 3- 12
3- 16 2- 11, 27, 37, 42, 48 4- 8 Basins:

Abrasion: Airborne: Asbestos Pipe: 6.1- 1
3- 11 1- 7, 11 2- 39-40 Bath:

AbrasiveWater,JetCutting: 3- 4-6, 9, 12 62- 1-4 2- 9, 25
3- 3, 7, 10-11 Air Sparging: 6.5- 1-2 Battelle:

Absorbed: 6.3- 10 Asbestos Removal: 3- 1
4- 5 Algodthms: 3- 6-7 Batteries:
5-- 2 5- 2-3 4- 8 5- 1

Absorbers: Alkali Metal PolyethyleneGlycolate: Ash: Batlery:
1- 9 4- 7 2- 40, 46, 4g 3- 3, 15

Absorption: AlkalineLeaching: Asphalt: Bay:
1- 6-9 4- 2 4- g 3- 9

AcceptedPackages: Alloy: Assay: Beads:
6.6- 1 3- 4, 9 1- 10 2- 20, 30

AcceptedQuantities: 5- 2 Atmosphere(s): Beam:
6.6- 1 AlphaTrack EtchDetection: 1- 8 3- 3, 5-7

Acld-dissolving: 1- 7 2- 4, 16, 21, 32, 44 4- 15
4- 1 Aluminum: Atomic: 6.4- 2, 4

Actdic: 2- 1-19, 26-27, 37-38 1- 7 Bearing:
2- 13,26, 28 3- 5 2- 29 2- 10, 13, 26, 29, 38

Acid Leaching: 6.2- 1, 3, 8-10, 16 6.7- 2-3 Bed(s):
4- 1 6.3- 29-30 AtomicAbsorptionSpectroscopy: 4- 5-6, 10, 12, 15.16
6.3- 26 6.5- 1-2 1- 7 6.5- 1

Acids: AluminumPipe: Atoms: Beta:
1- 2 2- 1-13 1- 5 1- 6, 10
2- 11-12,27-28, 37, 42, 48 i Anaerobic: Audio: 2- 11,27 -

Acoustic: 4- 16 5- 4 BlecompatibilttyStudies:
1- 4, 10 6.3- 10, 27 AugerElectronSpectroscopy: 1- 11
3- 14 AnaerobicDigestion: 1- 4 Biodegradation;

AcousticEmission: 6.3- 10, 27 Auto-CorrelationOptimizedMuitlvarlant 4- 6, 8, 15.t6
1- 10 Anions: Anatysts: 62- 2-3,6, 9, 18

Acoustical: 1- 6 1- 3 6.3- 9, 15
3- 14 AnnularDenuderTechnology: AutomatedBrushing: Biological:

AcousticalScanningo! Drums: 1- 3 2- 7, 34 2- 13, 29, 36, 41,46
3- 14 Anodes: AutomatedSeparationTechnologiesfor 4- 10, 13, 15

Actinides: 2- 10, 26, 37-38 MaterialRecovery: 6.3- 3, 10, 14, 25
2- 1-40 Anolytes: 5- 2 BiologicalTmatrnent:
6.2- 13-15 1- 9 Automobiles: 6.3- 3, 10, 14, 25

Activated: Antenna: 3- 11 Bloreactor:
2- 13, 19,29, 41 1- 11 Autonomy: 2- 41
4- 10, 12, 14 APEG: 5- 1 Bioremediation:

Ac_lvatlon: 4- 7 Axial: 4- 7-9
1- 7 Apollo: 3- 11 BIo_ludge:

Adhering: 3- 9 Axts: 4- 6
2- 22, 33, 44, 47 Appllanoss: 3- 4, 10 Blosorbent:

Adsorbent: 3- 11 Bau 4- 13
4- 5, 10 ApprovedcommerciallandfillsforRCRA 2- 1-13, 3940, 43-46 Blosorptlon:

Adsorbents: wastes: Backhoe: 4- 10, 13
4- 3, 10 6.7- 2 3- 2 6.3- 3, 21,24, 31

Adsorption: Arc Saw Cutting: 6.1- 1 Blotreatment:
4- 6, 10-12, 14, 16 3- 4 Bacteria: 6.2- 18
6.3- 1,4-5,8,11,14,17,19,22,24,26, Arc-waterJet: 2- 13,29,36,41 6.3- 21,24,27,31-32

28, 30-31,33 3- 4 Baclertal: Bloventlng:
6.4- 1,4, 6-7 Arm: 2- 13, 29, 36 4- 8

AdsorptiononAcllvatedCarbon: 3- 5, 0 Bagged: Bitumen:
4- 12, 14 5- 1-2 3- 6 6,5- 1

AdsorptiononCarbon: Amrnatic.,(s): Bagging: Blade:
4- 16 4- 8 3- 6 3- 4, 10

AdsorptionwithGranu_t AcllvatedCarbon: 6.2- 2-3, 6, 9, 18, 20 Bags: Blaster:
4- 10 6.3- 9, 12, 15 1- 10 2- 1, 14

AdsorptionwtihTitaniumOxide: i As, Chromates,Ba, Dloxins: 3- 6 3- 6
4- 10 2- 1-13, 39-40, 43-46 Balance: Blasters:

Advance-LasemforCutting: As-BuiltMasterPlan Data Base: 4- 16 2- 1, 14, 20, 30, 44
3- 5 3- 13 Balances: Blasting:

Advanced,automaticFixtur{._: i Asbestos: 4- 1`5.16 2- 1-3, `5-6,8, 14-15, 18,20-22, 30-
3- 9, 12 _ 1- 5 Ball: 33, 35, 40-41, 43-44, 47
5- 1-5 _ 2- 39-40 3- 1 3- 2, 6, 1"l

AdvancedLaserstorCutting: : 3- 6-7,9 6.2- 14 5- 1-5
3- 7 ! 4- 8 6.3- 20, 23, 29-30 6.1- 1

Aerial: _ 6.1- 1 6.4- 8 Bleed:
1- 11 _ 6.2- 1-4 Bandwidth: 4- 11

6.5- 1-2 5- 4 Blow:i AerobicDigestion:
6.3- 10, 14, 25 i 6.6- 2 Bank: 3- 7, 10

I
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Blow-through: Candidate: CHAR-102-OG:
3- 1 6.7- 2-3 1- 6

Blower: Capacities: CHAR-103-O(3:
2- 39 4- 11-12 1- 6

Blown: Capture: CHAR-104-OG:
2- 34 6.8- 1 1- 6

Body: Carbonyl: CHAR-105-OG:
5- 1 2- 38 1- 10

Bonding: Carboxymethylcel: CHAR-106-0(3:
1- 8 2- 26 1- 6
2- 4-5, 17, 22 Carrier: CHAR-107-OG:

Borehole: 2- 26 1- 7
1- 11 4- 12 CHAR-108-OG:
6.6- 2 Cartesian: 1- 6
6.7- 2-3 5- 5 CHAR-109-OG:

BoreholeDisposal: Cascades: 1- 7
6.6- 2 3- 8 CHAR-11-OG:
6.7- 2-3 Case: 1- 5

J Bridge: 3- 6, 16 CHAR-110-OG:
3- 1 Cases: 1- 4

Bridge-MountedRoboticPlatform: 1- 2 CHAR-111-O(3:
5- 1 4- 3 1- 7

Brushes: Casing: CHAR-112-OG:
2- 7,18 3- 5 1- 6

3, 26, 29, 38 Brushing: Cast: CHAR-113-OG:
2- 7, 18, 24, 34 2- 10, 26, 37 1- 5

0, 12, 15-16 Bubble: Catalog: CHAR-114-OG:
2- 10, 26 3- 14 1- 11

BuckyBali: Catalyst(s): CHAR-115-OG:
6.2- 14 2- 38 1- 10

! _ 6.3- 20, 23, 29-30 4- 7, 15 CHAR-119-OG:
! Studies: 6.4- 8 CatalyticDestruction: 1- 3

BuckyBall Chemistry: 6.2- 4, 7-8, 16, 18 CHAR-120-OG:
: 6.2- 14 6.3- 10, 13, 16 1- 1
15-16 6.3- 20, 23, 29-30 6.4- 2-3 CHAR-122-OG:

5, 9, 18 6.4- 8 CatalyUcExtractionProcess: 1- 3
Buffer(lng): 2- 13, 29, 38-39, 43 CHAR-123-OG:

3- 5, 8 Cate_lllaJ': 1- 11
9, 36, 41,46 Bug- O: 3 - 8 CHAR-124-OG:
3, 15 3- 9 Cazhode: 1- 11
,, 14, 25 BulkDecontaminationMethods: 2- 10, 12,26-27, 36-37 CHAR-125-OG:
lmenl: 2- 13, 29, 38-40, 42-43, 46, 49 Cations: 1- 11
,, 14, 25 Bulk packaging: 1- 6 CHAR-126-OG:

6.(5- 2 CausticTreatments: 1- 11
Bundles: 2- 12, 28, 36, 42 CHAR-127-OG:

: 3- 12 Cauterization: 1- 11
Burial: 3- 6 CHAR-128-OG:

3- 1-2,6..7, 10 Cavities: 1- 11
6.1- 1 1- 11 CHAR-129-OG:

By-products: CD-ROM: 1- 7
2- 19,21,32, 37, 44 3- 14 CHAR-130-OG:
6.2- 2-3,6, 9 CementGrouting: 1- 8

3 Cable: 4- 2, 4, 8 CHAR-14-OG:
,24, 31 3- 1,3, 7, 11 CementltlousMaterials: 1- 9

5- 2 6.5- 1 CHAR-15-OG:
Cabs: CentrifugalCryogenicCO2 Blasting: 1- 4

_.4,27, 31-32 3- 16 2- 15, 44 CHAR-17-OG:
Cages: Centrifugation: 1- 8

6.2- 14 6.3- 18,21,25, 27-29 CHAR-18-OG:
6.3- 20, 23 CentrifugeCryogenicCO2 Blasting: 1- 9
6.4- 8 2- 20, 30 CHAR-19-CG:

Cakes: Cent_uge CryogenicCO2 Pellet Blasting: 1- 2
2- 39 2- 2 CHAR-2-OG:

Caking: Ceramic: 1- 4
6.2- 15 1- 6 CHAR-20-OG:

Calcination: 6.5- 2 1- 2
6.2- 3, 5, 7-8, 14, 16, 18-19 Cercla: CHAR-21-OG:

,20, 30, 44 Calibrate: 6.1- 1 1- 3
1- 4, 5-8 Cerium: CHAR-22-OG:

5-6, 8, 14-15, 18, 20-22, 30-31, Calibration: 2- 12, 28 1- 1
35, 40-41,43-44, 47 1- 5-7,9 CHAR-1-OG: CHAR-23-OG:
11 3- 15 1- 4 1- 9

5- 4 CHAR-10-OG: CHAR-24-OG:
Camcorders: 1- 5 1- 8

3- 13 CHAR-100-OG: CHAR-25-OG:
Camera: 1- 8 1- 4

1- 3 CHAR-101-OG: CHAFI-26-OG:
3- 13 1- 9 1- 3

I
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CHAR-27-OG: 1- 10 1- 5 1- 1
1- 9 CHAR.71-OG: 2- 39 Compact,HighCapac_' I

CH_I-26-OG: 1- 1 Chemicat LeachingTests: 5- 2
1- 1 CHAR-72-OG: 1- 5 Composlle:

CHAR-29-OG: 1- 1 ChemicalOxidation: 1- 10
1- 3 CHAR-73-OG: 4- 9, 15-16 2- 43-48

CHAR-3-OG: 1- I ChemicalPrecipitation: ComposNeRoofing:
1- 4 CHAR-74-OG: 6.3- 2, 4, 7, 19,22, 25, 28, 30, 32 2- 43-48

CHAR-30-OG: 1- 3 Chemlc,al Reduction: Compressed:
1- 8 CHAR.75-OG: 6.3- 2, 6 2- 6, 18, 23, 33, 4C

CHAR-31-OG: 1- 1 Chemical Separation: CompressedAir Cryogenl
1- 5 CHAR-76-OG: 4- 1-3, 5, 8-16 2- 6, 18, 23, 33, 4_

CHAR-32.OG: 1- 7 ChemicalSuffice Cleaning: Compression:
1- 4 CHAR-77-OG: 2- 10-13, 19, 26-29, 36.37, 41-42, 48 3- 13

CHAR-33.OG: 1- 8 ChemicalTroatment: C,_nlxessor(s):
1- 3 CHAR-76-OG: 4- ; 2- 4-5, 17

CHAR.34-OG: 1- 8 6.2- 1-b,6-15, 17-19 3- 11, 15
1- 3 CHAR.8-OG: 6.3- 1-2,4-9, 11-12, 15, 17-20,22-33 Computational:

CHAR-35-OG: 1- 9 6.4- 1, 3, 5, 7-9 5- 2
1- 8 CHAR.81-OG: ChemicalWaste Mamagement: ComputerBased D&D IN

CHAR-37-OG: 1- 2 6.7- 2 8y_em:.
1- 5 CHAR-82-OG: Chemistry: 3- 12, 14

CHAR-38-OG: 1- 11 2- 13, 19, 29, 41 ComputerSoftware:
1- 10 CHAR-83-OG: 4- 2 6.8- 1

CHAR-39-OG: 1- 11 6.2- 14 ComputerTomography:
1- 10 CHAR-86-OG: 6.3- 20, 23, 27, 29-30 1- 3

CHAR-4-OG: 1- 2 6.4- 8 Computerized:
1- 4 CHAR-87-OG: 6.5- 1 1- 1,3

CHAR-40.OG: 1- 2, 4 Chemobyl: 3- 13
1- 10 CHAR.88-OG: 2- 12,27, 36 Corrq_,ter_edImageAria

CHAR-41-OG: 1- 9 Chemometrlcs: 1- 3
1- 3 CHAR-8.9-OG: 1- 3 Computem:

CHAR-44-OG: 1- 9 Chlorides: 3- 4, 14-15
1- 10 CHAR.9.OG: 2- 11, 19, 37 Computing:

CHAR-45-OG: 1- 7 ChlorinatedVolatileOrgan¢':Compounds: 1- 1, 3
1- 11 CHAR-g0-CX;i: 4- 5 C,m'centrated:

CHAR-46-OG: 1- 10 Chromate: 2- 11, 27, 37, 42,
1- 3 CHAR-91-OG: 2- 1-13, 30-36, 39-40 4- 8, 11

CHAR-47.OG: 1- 8 Chromates: 6.6- 1
1- 8 CHAR.92-OG: 2- 1-13, 20, 36, 39-40, 43-46 CormentmtedWesles:

CHAR-48-OG: 1- 4 Chromatography: 6.6- 1
1- 5 CHAR-93-OG: 1- 6, 6-10 Concenlrates:

CHAR-49-OG: 1- 4 Citric: 4- 11
1- 11 CHAR-g5-OG: 2- 11-12, 27-28 Concentrating:

CHAR-5-OG: 1- 6 Cltrox: 4- 10
1- 8 CHAR-g6-OG: 2- 12, 28 Conduits:

CHAR-50-OG: 1- 7 Classlfioatlon: 1- 11
1- 6 CHAR-97-OG: 1- 10 Concrete:

CHAR-51-OG: 1- 7 4- 8 1- 10-11
1- 6 CHAR-98-OG: Cla_dfled: 2- 5, 30-36, 44, 4£

CHAR-55-OG: 1- 7 3- 12 3- 1-2,6-7, 9
1- 1 CHAR-99-OG: Clays: 6.2- 1-2,6

CHAR-56.OG: 1- 9 6.3- 3, 6, 18, 22 6.3- 12
1- 9 Characterize: 8.4- 5, 7 6.5- 1-2

CHAR-58-OG: 1- 10 Clean Debris: ConcreteCutting:
1- 5 3- 15 6.7- 1 3- 1

CHAR-59-OG: 4- 5 CIF3: ConcreteMIINng:
1- 1 6.8- 1 2- 11, lg, 37 2- 31

CHAR-6-OG: Characterized: 6.2- 8, 10 ContiguratlonDeflnlion:
1- 7 4- 6 Cloth: 3- 15-16

CHAR-60-OG: Characterizing: 6.2- 1, 3, 11-13 ConfigurationVerlltcatlon-
1- 3 1- 6, 10 6.5- 1-2 3- 12-14

CHAR-61.OG: 3- 2 6.8- 1 Contain:
1- 2 Chelating: CO2 Blasting: 2- 31,43, 47

CHAR-62-OG: 2- 26 2- 2, 6, 15, 18, 20, 30-31,33, 40, 44, 3- 1
1- 2 Chem Char Process: 47 4- 7

CHAR-64-OG: 8.2- 5, 11, 13, 17-18, 20 3- 8, 11 ConlaJnet(s):
1- 2.-3 6.3- 13, 16, 20, 24-26, 29-30, 32-33 Co-precipllation: 1- 7

CHAR-65-OG: ChemicalDechlodnation: 4- 13 3- 2, 14, 6-7
1- 6 4- 15-16 6.2- 14 6.6- 1-2

CHAR-66-OG: 6.3-- 8, 25, 31 6.3- 2, 4, 7, 19, 22 ContaminatedClothinga_
1- 8-9 ChemicalDechiodnaUonwith Iron: Coagulation: 6.5.- 1-2

CHAR-67-OG: 4- 15-16 4- 9, 14 ConlaminatedConcreteF'
1- 2 ChemicalFixation: Coal: 6.2- 1-2

CHAR-68-OG: 6.3- 1, 5-6, 18, 27-28, 30 6.2- 5, 11, 13, 17-18, 20 6.5- 1-2
1- 10 6.5- 1-2 6.3- 13, 16, 20, 24 ContaminatedMercury:

CHAR-69-OG: ! ChemicalFoams: Coating: 6.3- 32
1- 10 2- 10, 26 2- 48 ContaminatedOff:

CHAR-7-OG: ChemicalGels: CollectionEfficiency: 6.3- 18-27
1- 5 2- 26 1- 2 ContaminatedSolid Wast

CHAR-70-OG: ! ChemicalLeaching: Collimators: 6.5- 1-2
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Contaminated Solvents: 5- 3 i DCON-54-OG:

_;apacltyArms: 6.3- 28-32 DatabaseMgml.forLargeDataCollecllons: i 2- 8, 23, 33
ConlamlnatedSpeclaltyFreons: 1- I _ DCON-55.OG: lm

6.3- 32.33 Decompose: 2- 7, 23, 33, 45, 48 IContan'matedWastewater: 2- 21, 29, 32, 44 i DCON-56&57-OG:
6.3- 1-18 DCON.1.OQ: • ! 2- 24, 34

,rig: ConllnuousAir Monlortng: 2- 39, 48 DCON-56-OG:
I- I DCON-10.OG: 2- 7, 18

Control: 2- 11, 27 DCON-57-OG: I_'_J,33, 40 1- 1, 11 DCON-11-OG: 2- 7
CryogenicCO2 Blasllng: 2- 2, 10, 22-23, 26, 29, 33, 44-48 2- 12, 27, 36 DCON-58-OG:
23, 33, 40 3- 2, 5-6, 9, 12,15 DCON-12-OG: 2- 8, 18, 22, 35

4- 14 2- 1I, 27, 37, 42, 48 DCON-sg-oG:
5- 1-5 DCON-13-OG: 2- 8, 24, 34

ControlledBlasting: 2- 12, 28, 36, 42 DCON-6-OG: II3- 2 DCON-14-OG: 2- 13, 29, 38-39, 43
6.1- 1 2- 12, 28 DCON-60-(_:

Convenlional: DCON.15-OQ: 2- 8, 24, 34
1- 10 2- 13, 28 _ 6.2- 3, 7-8, 14, 16, 18-19 lm

l D&D InlormatlonRetrieval 3- 3, 6, 8-9, 11-12 DCON-16-OG: DCON-61&62-OG: , IN_. 4- 9 2- 11, 19, 37 2- 24, 35, 42
5-- 1-5 6.2- 8, 10 DCON-61-OG:

ire: ConvenllonalDisassembly: _17-OG: 2- 9
3- 3 2- 13, 29, 36, 41 DCON-62&63-OG: mm

graphy: 5- 1-5 DCON-18-OG: 2- 45 I
ConventionalLeak DetectionMe_hods: 2- 13, 19, 29, 41 DCON-62-OG: II1- 10 DCON-19-OG: 2- 48
Copper:. 2- 29 DCON-63-OG:

2- 1-29, 40.42 DCON-2-OG: 2- 9, 25, ."5,41,45, 48
Analysis: 3- 7, 10 2- 40, 42, 46, 49 DCON-64-OG: lm

62- 1, 3, 8-10 DCON-20-OG: 2- 19, 25, 35 |6.5- 1-2 2- 36 DCCW-66-OG:
5 Core: 6.2- 2, 6 2- 9, 25

1- 2, 11 DCON-31-OG: DCON-71-OG:
3- 1, 5 2- 9, 25, 37 2- 32 mi

Cored: DCON-32-OG: DCON-72-OG: I,37, 42, 48 3- 1 2- 10,26, 37 2- 4, 16, 21, 32, 44
CoronaDtsctB_ge: DCON-33-OG: 5- 1-5

4- 6, 15 2- 38 DCON-73-OG:
asleep: Corrosion: DCON-34-OG: 2- 4, 16,21, 41

2- 11, 27, 37, 42, 48 2- 10, 26, 38 DCON-74-OG: BIB
6.2- 15 DCON.35-OG: 2- 4, 16 IICorrosive: 2- 1, 20, 30, 43, 47 DCON-75-OG:
2- 11,27, 37, 42, 48 DCON.36-OG: 2- 5,17,22

Cr: 2- 1, 14, 20, 30, 44 DCON-76.OG:
2- 1-13,39, 47-49 DCON-37-OG: 2- 4, 17 lm
4- 4-5, 12-13 2- 14, 30 DCON-77-OG: ICriticalityIndices: DCON.38-OG: 2- 5, 17, 32
1- 10 2- 1, 14, 20, 30, 44 DCON-8-OG:

36, 48 Cutting: DCON-39-OG: 2- 10, 26
•7, 9 3- 1-12, 15-16 2- 2, 15, 20, 30, 44 DCON-9-OG: ,mm

5- 1-5 5- 1-5 2- 26 ii
Cutting,Advanced: DCON-4-OG: DCON-SL-10-OG: II3- 6-7, 10-11 2- 39 6.2- 5

_: Cyclone(s): DCON-40..OG: Debris:
2- 2,15,20,31,43,47 2- 2.20,30,43,47 3- 2

: 6.4- 5.6 DCON-41-CG: 6.2- 4-7 lm
CycloneSeparation: 2- 2, 15, 20, 31,40, 43, 47 6.7- 1 II_lPnilion: 6.4- 5-6 DCON-42-OG: Decantation:
Cylinder: 2- 3, 15, 21, 31,41, 43 6.3- 21,26-27, 31

_llcation: 5- 4 DCON-43&44-OG: Decay:
6.4- 6-9 2- 3, 21, 31 2- 11, 19, 37 lm

Cylindersof uncertaintntogrlly: 5- 1-5 DecontaminatedBldgs.: I,47 6.4- 8-9 DCON-43-OQ: 6.2- 1-2
Damage: 2- 16 Degreasing:

1- 10 DC_: 2- 9, 24
2- 3,15,21,31,41,43 2- 3,21 6.8-- 1

Damaging: DCON-47-OG: Degreesof Freedom: I
8-7 2- 9, 24 2- 31 5- 1 !1Damping: DCON-48-OG: Demolllion:
_olhlngandRags: 3- 14 2- 31 3- 1-2,5, 9

DataAssessment: DCON-5-OG: 6.1- 1
_ncrete Rubble: 1- 3, 10-11 2- 39 DemolilionCompounds: BI

DataBase: DCON-51-OG: 3- 2 I1- 1,3 2- 6, 18, 23, 33, 40 Depletion:
lercury: 2- 29, 36 DCON-52-OG: 2- 2, 6, 15, 20, 31,43, 47

3- 13-14 2- 5, 22, 33, 44, 47 Desorption:
Nh DataCollecllon: DCON-53 -OG: 1- 9 mm,

i 1- 1,11 2- 45 6.2- 1 I
_olldWastes: 5- 1-5 DCON-53-OG: 6.3- 12, 27 IIData Fusion: 2- 6, 23, 33, 47 Destroyed:

L
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2- 39 3- '1 3- 16 ElectronBeamDesiructlon:
4- 7 DISM-36-OG: DISM-81-OG: 6.4- 2, 4
6.3- 12, 15 3- 4, 9 3- 16 ElectronDiffraction:

Destruction: 5- 1-5 DismantlemenlSupport: 1- 5
2- 40, 42, 46, 49 DISM-37-OG: 3- 16 ElectronMicroprobe:
4- 6-g, 15-16 3- 4 Disposaloffinalres_JeS fromD&D, ER, and 1- 8
6.2- 1-9, 11-14, 16-20 DISM-38-OG: WM operations: ElectronSpecLoscopyForChemicalAnahr
6.3- 9-10, 12-16, 20, 23-25, 27, 32 3- 4 6.7- 1-3 1- 4
6.4- 2-4 DISM-40-OG: Dispemement: Electropolishing:

Detergents: 3- 4 3- 6 2- 13,28
2- 10, 26 DiSM-41-OG: Dispersive: Electmrefkning:

DiamondWireCuffing: 3- 4 1- 8 2- 10,28, 37-38
3- 1 DISM-42-OG: Display: Eleclmwlnnlng:
5- 1-5 3- 5 1- 1 2- 10,26, 38

DifferentlatOpticalAbsoq_lonSpectroscopy: DISM-44-OG: 3- 13 Elements:
1- 9 3- 5 DtspoaJ: 1- 1-2,4, 6, 8, 10

DifferentialUllravlolelAbsorption DISM-45-OG: 3- 7-12 2- 38
Spectroscopy: 3- 5 Dispose: 6.4- 7-8

1- 8 DISM-46-OG: 3- 8 EluUon:
Diffraction: 3- 6 6,2- 9, 16 6.2- 15

1- 5 DISM-47-OG: 6.3- 29-30 EnablingTechnologies:
Ditfused: 3- 6 6.7- 3 3- 12-16

2- 32 DISM-48-OG: Disposing: Encapsulate:
Digesting: 3- 6 2- 13, 29, 36 6.2- 14

1- 2 DISM-49-OG: Dissociate: 6.3- 20, 23
Digestion: 3- 6 2- 29 6.4- 8

1- 2 DISM-50-OG: Dissolve: Enclosures:
6.3- 10, 14,25,27 3- 7 2- 11,27,37,42,48 3- 2,7, 16

Digital: DISM-52-OG: 4- 13 EndEffectorControl:
1- 10 3- 7 Dissolved: 5- 2
3- 13 DISM-53-OG: 2- 10, 26, 38 Energy-DispersiveX-raySpeclmscopy:

Digitized: 3- 7 4- 11 1- 8
3- 15 DISM-54-OG: Distillation: Envirocare:

Digitizing: 3- 8 2- 43 6.7- 2-3
3- 15 5- 1-5 4- 8 EquipmentInterior:

Dilution: DISM-55-OG: 6.3- 3, 7, 10, 13, 25-26, 29, 32-33 2- 1-1g
1- 5 3- 8 Drill: EquipmentLocation:

Dioxide: DISM-56-OG: 1- 2 3- 8
5- 1-5 3- 5, 8, 11 Ddlled: Eroded:

Dloxtns: DISM-57-OG: 4- 6 2- 1, 14
2- 1-13, 39-40, 43-46 3- 9 DfllHng: Erosion1:

DirectSamplingIonTrap MassSpectrometry: 5- 1-5 1- 2, 11 2- 3, 15, 21, 31,41, 43
1- 10 DISM-58-OG: 3- 1 ESCA:

Disassembly: 3- 9 Drams: 1- 4
2- 1-9, 15-16, 16-19, 24-25, 35, 40 DISM-59-OG: 1- 7 Evaporation:
3- 3, 7, 10-12, 15-16 3- 10 3- 14 2- 12,28
5- 1-5 DISM-60-OG: Dry: 3- 11

DisassemblyofMajorComponents: 3- 10 2- 7-8, 24, 34, 39 4- 14
3-- 10-12 DISM-61-OG: Drying: 6.3- 3, 7, 13, 33

Discharge: 3- 10 3- 2 Exhaust:
1- 9 DISM-62-OG: Dry Heat: 2- 14, 19
4- 6, 15 3- 10 2- 8, 24, 34, 39 3- 4-5, 9
5- 1 DISM-64-OG: Dry Heat Roasting: Ex SituBioremediation:

Discharged: 3- 11 2- 8, 24, 34 4- 8
3- 2 DISM-65-OG: Eddy-Current: Ex SituChemical:

Discharges: 3- 11 5- 5 1- 4-10
2- 4-5, 17,22 DISM-67-OG: Effluent: EXSitu Physical:
6.2- 14 3- 12 2- 15, 16-19 1- 3
6.3- 2, 4, 7, 19, 22 DISM-68-OG: 3- 12 Ex Situ RedlologlcaJ:

DI_M-11-OG: 3- 12 6,2- 1,4 1- 7
3- 1 DISM-69-OG: Electrlc_ Equipment: ExpansiveGrout:

DISM-12-OG: 3- 12 3- 7-12 3- 2
3- 1 DISM-70-OG: ElectrochemicalMethods: Explosive:
5- 1-5 3- 12 1- 5 2- 31

DISM-21-OG: DISM-71-OG: Electrodlatysis: 3- 2, 5
3- 1 3- 13 6.3- 4 Exposed:

DISM-22-OG: DISM-72-OG: Elec_roklnedcRemoval: 3- 1,8
3- 2 3- 13 4- 2, 5 Exposing:

DISM-23-OG: DISM-73-OG: Electrolysis: 2- 9, 24, 35, 42, 45, 48
3- 2 3- 14 6.3- 1, 5, 17, 21,28, 30 Exposure:

DISM-31-OG: DISM-74-OG: Electrolyte: 1- 6
3- 2 3- 14 2- 10,26, 36-37 2- 3, 21,31
5- 1-5 ! DISM-75-OG: Electrolytically: 3- 15

DISM-32-OG: 3- 15 2- 12, 27, 36 4- 8
3- 3 DISM-76-OG: Electmmegnetlc: ExtendedX-Ray AbsorptionFine Structure:

DISM-33-OG: 3-- 15 1- 11 1- 8
3- 3 DISI_77-OG: Electromigration: Exterior.
5- 1-5 3- 15 2- 36 2- 20-29

DISM-34-OG: DISM-78-OG: ElectronBeam: Extractant:
3- 3 3- 16 4- 15 4- 2-3,9, 12

DISM-35-OG: D!.O,M-80-OG: 6.4- 2, 4 Extracted:

I I 11111
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_unDeatmctlon: 4- 5 5- 4 6.4- 5, 7
4 Extractlng: Gamma-Radlolym: H_hGrKm=MegnetloSeperSlon:

amctlon: 1- 2 6.2- 2-3,6, 9 6.3- 3
Extrapolating: 6.3- 9, 15, 31 HighGredlantMagneticSepwatJon

3roprobe: 2- 17 Gas _ography: (HGMS):*****
Extremely 1- 8-10 HighPressureAbrasiveWaterJet:

-tclroscopyFor ChemlcalAnalysls: . - 11 Gas ChromatographyFouderTramform 3- 7,10
3- 4-5,10 InfraredSpectroscopy: HighPressureAbrasiveWaterJet Cutting:.

_ng: F_tcate: 1- 9 3- 7,10
3, 28 3- 8 Gas _ogmphy Mm _: High Preuum Water:
"rig: Falxlcatlon: 1- 9 2- 5, 22, 33, 44, 47
0, 26, 37-.38 3- 8-9,11 Gas Phase: 3- I, 7, 10
.Jng: FadBlale: 2- 11, 19, 37 5-- 1-5
_, 26, 38 1- 4 6.2- 8,10 HighPressureWater Jet:

3- 15-16 Gas Phase De(on: 3- 10
2, 4. 6, 8, 10 62.- 19 2- 11, 37 5-- 1-5
_1 FailureRecovery: GasketMaterial: High-PressureWater:
*8 5- 1 2- 43.46 2- 1,20,30,33,44,47

Fernald: GIF Imagos: High-TemperatureCryslalllneMaterbds:5 1- 5-7 3- 13 6.5-- 2
_hnologles: 4- 1-2 Glassiflcatiml: Htgh-Tempeca_reNonclyslaline Materials:
.2-16 Female: 3- 6 6.5- 2
_: 6.2- 14 GlowOtschargelonlzellionMass Ho4ographlcImaging:

6.3- 2, 4, 7, 19, 22 SflecUoscofly: I- 3
_),23 Ferrous: I- 9 3- 13

1- 11 Grabblor forRemotelyCuffingMetals: HotAir:
: 6.2- 1,3,10-11 3- 5 2- 8,24,34
•7, 16 FiberOpticCamera Systems: 5- 1-5 Hot AirStripping:
,r Conlrol: 1- 3 GravllySeparmlon: 2- 8, 34

Fber OpticChemicalSensors: 6.3- 26-27, 32 HolWa_er:
3emive X-ray ,Spedm_noy: 1- 4 _, Honing,Scraping: 2- 6, 23, 33

Filtration: 2- 3, 16, 21, 31 HydraulicRetrieval:
2- 4, 14-20, 43 GritBlasting: 6.1- 1

_'-3 4- 9 2- 1, 14, 20, 30, 44 HydrocarbonsInSoils:
Inlerkx:. 6.3- 1,4-6, 8, 14, 17-18, 21-22, 25-29, GroundFreezing: 4- 8-9

_-19 31-32 4- 6 Ice Blasting:
Location: 6.4- 3, 5-7 Groundwater: 2- 2, 20, 30, 43, 47

FissileWasles: 1- 1-11 ImagingandImageProcessing:
6.6- 1 2- 1-49 5- 4

,14 Fixation: 3- 1-16 ImprovedProtediveClothingand Equlpmenl:
4- 2-4,8-9, 12 4- 1-16 3- 16

,15, 21, 31,41,43 6.3- 1, 5-6, 18, 27-28, 30 5- 1-5 InSitu:
6.5- 1-2 6.1- 1 1- 3-4,6-11

Fixed and translermbteoontanllnatinn: 6.2- 1-20 2- 10-11, 19, 23, 26, 34, 37, 40
_: 2- 1-5,9-13, 29-22, 25-29 6.3- 1-33 4- 2-8, 12, 14
i2, 28 FlamelessThermalOxidizers: 6.4- 1-9 InSituAir StdlR)lng:
1 6.4- 2,4 6.5- 1-2 4- 14

_4 FlashlampCleaning: 6.6- 1-2 InsituBlodegredatlon:
4,7, 13, 33 2- 5, 17, 32 6.7- 1.3 4- 6, 8

FluidSystems: 6.8- 1 InSituChemical:
4, 19 6.1- 1 Ground-PenetratingRadar:. 1- 4, 7-9
-5, 9 FluoboricAcidTreatment: 1- 11 InSituPhysical:
remediation: 2- 12,27, 36 Group I, II, II1: 1- 3, 10-11

l Fluorescence: 6.6- 2 InSituRadiological:
lmtical: 1- 4, 7, 9 Grouting: 1- 6

1-10 Foaming: 4- 2-4,8 InSituVitrlflca,on:
jtslcaJ: 6.3- 8, 14, 18,21,26.29,31 _Ma=ddngforSpat_Resolutlon: 4- 2-4, 7
] Force: 1- 1 In-BlluPaselveMonitom:
dlologloal: 2- 21, 41 I-t_ed:. 1- 6
! 3- 14 6.2- 2-3, 6, 9, 18, 20 I_:
Grout: 5- 1-2,4-5 6.3- 9,12, 15, 29.32 2- 40, 42, 46, 49

ForoeControl: HandandAutomatedBrushing: 4- 7-6
5- 5 2- 34 6.2- 3-4,8, 11-12, 16-17, 19

]1 ForceLimiter: Hand Brmh_. 6.3- 9, 12, 16, 20, 23, 25-28, 2ov-30,32
?, 5 5- 2 2- 7,18 6.4- 2-3

ForceReflectlorl: Hand (_, Hon_, S(:rq)ing: Incol_ _ Asphalt:
,8 5- 1 2- 16 4.- 9

ForkLift: HDTV: InductivelyCoupledPlasma- Mass
_,24, 35, 42, 45, 48 6.1- 1 5- 4 Spectromatmy:

FourierTransformInlra-Red_ HeavyMelalsin_ 1- 8
-_ 1- 9 4- 12-13 IndUctively-CoupledPlasmaSpedroscopy:
I, 21,31 Freon: I-_ MetalsinOil: 1- 8
15 2- 42-43 6.3- 21-24 InlomtetionRetrievalSystem:
t Freons: HeavyMatatsInSols: 3- 12, 14
X-Ray Absorp,on FineStructure: 6.3- 32-33 4- 4-5 InorganicAcidTreatmenls:
S 6.6- 1 HeavyMetatsInSolvents: 2- 11, 27, 37,42, 48

Front-endLoader:. 6.3- 29-31 Inoq]anicMembraneSeparation:
20-29 6.1- 1 HolyiBNidsinWaler: 6.4- 1,3-4,6
: FTIR: 6.3- 5-7 InorganicMicroporousFilters:
!-3, 9, 12 1- 9 : I-IGIMS: 6.3- 1,4, 6, 8, 17-18, 22, 28, 30, 33

FuzzyContn)8: " 6.3- 3,6.18.22.28,30 6.4- 1,3-4,6
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Inorganics: 1- 4 Membrane Separations: MosabauerSpectmacopy:
1- 7-8 LaserRange Finders: 4-- 14 1- 8
6.1- 1 5- 5 Membrane Tedl_4ogy for SampleCollection Multi-Ang_ DdlHngForOep
62- 1-20 LaserScattedngPartlcleSize Sunatysis: & Concentration: 1- 2
6.4- 6-7 1- 3 1- 1, 6, 8 Multi-use,standmcltzedTYI:
6.8- 1 _LaserTriangulationMapping: MercuryIn O1: 6.6- 1

InorganlcsInGases: 3- 15 6.3- 27 Multi-useContainers:
6.4- 6-7 _Laser-AblationInductivelyCoupledPlasma Mecury in Water:. 6.6- 1

Instruments: AtomicEmissionSpedroscopy: 6.3-- 17-18 Munter'sFII:
1- 6 1- 7 Metal Equipment: 2- 39-40
2- 40-42 i Leaching&Stripping: 2- 20-29 NAC Process:
3- 15 2- 8, 24, 34, 39 3- 11 6.2- 9
5- 1-5 4- 1-3,5, 8, 12, 14 Metal EqulpmenlExterior:. Nat FloorScannar:

InsulatedCopperWldng: 62.- 2, 7,10-11, 13,15,17, 19 2- 20-29 1- 10
2- 40-42 6.3- 11, 13, 20, 23-24, 26, 29-32 Melat ExteriorSurfaces: Nal Gamma Spectroscopy:

Insulation: LighlWeightContainers: 2- 21-29 1- 6
2- 39-40 6.6-- 1 Metal MIIIng: NDT ForConcrete:
62- 1-4 LimeCoagulation: 2- 3, 21 1- 10
6.5- 1-2 4- 14 Metal Refining: NeutronActivation:

Interlace: LimitedQuantNies: 2- 9-10, 25-26, 3. _ 1- 7
2- 11, 27, 37, 42, 48 6.6- 1 Metric Sample Preparation: Nevada TestSite:
3- 3, 6-7, 11, 13-14,16 LIMS: 1- 2 6.7- 1
5- 2-5 1- 4 Metals: NewMexico:
6.6- 2 LiquefiedGas Cutting: 1- 7-8 6.7- 3

InternalCombustion: 3- 11 2- 4-5, 10-11, 16-17, 22, 24, 26-27, 32, NkUned Steel:
5- I L,k:luldChromatographyMassSpectrometry: 37, 42, 48 2- 1-19

IonChromatography: 1- 9 3- 5, 11 Nickel:
1- 6 UouldSdntiflatlonCounting: 4- 2, 4-5, 7, 9, 12-13 2- 10-11, 26-27, 37_

Ion Exchange: 1- 7 5- 1-5 3- 7
2- 10-13, 26-28, 38-39 Lo_ Reach Arms: 6.1- 1 6.2- 1, 3, 7-10
4- 1, 10-11 5- 1 6.2- 1,3-14, 17-20 6.5- 1-2
6.2- 1,3, 15-17 Long-PathFTIR: 6.3- 2, 5-7,9, 11, 13, 15-16, 19-24,29- NickelCad)onyl:
63- 2,4,7, 17,30 1- 9 33 2- 38
6.4- 8 _Low TemperatureSeparation: 6.4- 1, 3, 5, 7-9 Non-ferrousmetal:
6.5- 1-2 6.3- 27 6.5-. 1-2 6.2- 8-10

IonExchangeMedia: 6.4- 1-2 6.8- 1 Non-ltssile:
2- 11-12, 27-28 Low TemperatureThermal: Methane: 6.6- 1
6.2- 1,3, 15-17 4- 8-9 2- 13,41 Non-Hatogenated:
6.3- 2, 4, 7, 17 i Low TemperatureThermalTreatment: 4- 6 6.3- 25.32
6.4- 8 4- 9 Miorobai Degradation: Non-HalogenatedOrganic
6.5- 1-2 iLow-LevelMixedWaste: 4- 6 6.3- 25-27

IonExchangeTreatment: 6.7- 3 Mkxot)lat Dechlorination: Non-mdioacUveHazardou
4- 10 Low-LevelRadWaste: 6.3- 10, 25, 32 6.6- 2

Ion-exchange: 8.7- 1-2 MkxogrevltyMethods: Non-VolatileOrganicsInC
4- 13 LPAS: 1- 11 6.4- 2-4

lR Thermography: 1- 4 Microwave: OU:
3- 3, 15 Macroencapsulatlon: 1- 2 2- 20-38, 39-40

IsotoptcDilutionMass Spectroscopy: 6.5- 1-2 2- 32 6.3- 18-27
1- 5 MagneticSeparators: 3- 2 OII,PCBs, U, Tc, Acllnkle

Jackttammer,HeadacheBall: 5- 2 5- 1-5 2- 20-29
3- 1 Magnetics: 6.2- 18, 20 Oils:

Jack_ammem: 1- 11 MlorowaveDigestion: 2- 24, 34, 39
6.1- 1 MajorDismantlement: 1- 2 4- 8

Land FarmingBioremediation: 3- 7-9, 13 MlomwaveHeating: 6.2- 2-8, 14, 16,18-
4- 9 Men-Robot Symbiosis: 6.2- 18, 20 6.3- 32-33

Landfill: 5- 3 MlorowaveScabbllng: On-_te Packaging:
6.7- 1-3 Massive Concrete: 3- 2 6.6- 2

Laser. 3- 1-2,9 Mkxowave Scrubbing: OplicatMlcrosoopy:
1- 2-4, 6, 8 MatrixPorosNy: 2- 32 1- 4
2- 4, 13, 16, 19, 21,29,41 1- 2 Mkllmtzethe generationof hazardousand OpUmlzationof Sa_llng
3- 3, 5-8, 11, 15-16 Measurement Ot NaturalGammaErnntere: mixedwastes: 1- 1
5- 1-5 1- 6 6.6- 1 OrganicAdd Treatments:

LaserAblation: Mechanical: Mobile Platform: 2-- 11,27
1- 2, 8 2- 1-3, 11,14-16, 19-21, 30-31, 37, 40- 5- 1-2 _ Vapor Monllorir_
3- 16 41,43-44, 47 Modatanalysis: 1- 8

LaserActivated Chern_ry: 3- 3, 5, 15 3- 14 O_gardces:
2- 13,19, 29, 41 5- 1-5 ModularConstruction: 6.8- 1

Laser Cuffing: 6.1- 1 5- 1 O_BJnlcs:
3- 3, 6-7, 11 MechanicalEnd-Effectors: MoltenC-JassCombustor: 1- 6-10
5- 1-5 5- 2 62.- 15-16, 18, 20 2- 13, 21, 32, 40,

Laser Etchingand _: MechanicalMenlpulation: Molten SaNOxidation: 6.1- 1
2- 16 5- 1-2 62- 12-13, 16, 20 6.2- 1.20

Laser Etchingand Ablation: M_ Mobllty: 6.3- 13, 16, 20, 24-25, 27, 29, 31-32 6.3- 2, 5, 7, 9-16, 1-
2- 4 5- 1 6.4- 2, 4,6 6.4- 1-9

Laser Heating: MechanicalRetriovat: MendProcess: OrphanGas Cylinders:
2- 4, 16, 21, 41 6.1- 1 2- 38 6.4- 6-9

Laser IordzatlonMassSpectrometry: MechanicalScabbters: 62.- 7 ORR Class I Low-LevatI,"
1- 4 2- 14, 30 Monel: 6.7- 2

Laser PhotoAcousticS!pectmscopy: MechanlcatSubstrateSurfaceRemoval: 2- 1-19 OtherScrap Bldg.Mate_
1- 4 2- 1-3, 14-16, 20-21, 30-31,43-44 Monitor. 6.5- 1-2

LaserRaman Scattering' 5- 1-5 1- 6 OxidationInCement Kiln:,

......... _ '1 ......... I, _ r, , ,I, , _11 TJ........ I_1
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4- 9 3- 4,10 4- 4

_;_,=ow: nc_,_- 5- 1.s 6.6- 1 Ige Plaatic: R_ Imaging:
_tfltngForDepth Profiling: Ozonatlon-Phot_: 2- 3, 15, 21, 31,41, 43, 47-49 1- 10
:ndatdlzed Type A Packaging 8.3- 12, 1_ 3- 5 RCRAWaste:

Packaginge<iu_'_;,_'¢ 6.5- 1-2 6.7- 2

ntelners: 6.8- 2 Plaatl¢Pellet BkBtlng: Rechamcle_ize: iPaper: 2- 3, 15, 21,31,41,43 6.4- 8
2- _..,, Plaatlcs: REDOX T_:

40 6.2- '1,_, 11-12 6.2- 1,3, 11-12 2- 12,28
:_: 6.5- 1-2 0.8- 1 ReductionAd_qXlon:

6.8- 1 Plamlcs-Thewncf)lasUcs: 4- 11

_Llmer: Particle-InducedX-Ray Emission: 6.5- 1 Reductionand Fixation: I, 1- 8 Plulk:s-The mmeetting: 4- 4, 12
Spactroecopy: ParticulatesinGases: 8.5- 1 P,edmxlanl Drives:8.4- 4-6 PlatlormControl: 5- 1
:rotate: PAS: 5- 2 Rellacllon:

, 1- 4 Poknland Oimct; 1- 11 I4allan: PasslveNeutron: 3- 16 5- 1
1- 6 PolymerGroutln¢. _ '

"Silo: PCB: 4- 2, 4 1- 11
1- 9 PolymerImpregnatedConcrete: REMA-I:
2- 30-36, 39, 41 6.5- 1 4- 2

;: 3- 3, 7-12 POP Container: REMA-101: I--el: 4- 7-8, 16 6.6- 1-2 4- 16
-19 6.1- 1 PorousAluminum: REMA-102:

6.2- 2-4, 18, 20 2- 37-36 4- 16
0-11, 26-27, 37.-36,42, 48 6.3- 9, 12, 15,24-25, 31-32 PorousNJ,ckal: REMA-103:

6.6- 1 2- 37-38 4- 18 I,3, 7-10 6.6- 1 6.2- 1,3, 7-8 REMA-104:
-2 PCBContar_nated: _.5-- 1-2 4- 16
=owl: 3- 7-12 PoslllonSensorsforManipulatorand End- REMA-11:
3 6.6- 1 Erie(tore: 4- 1

metal: PCB ContaminatedWastes: 5- 5 5- 1-5 I
o10 6.6- 1 PesllioNng: REMA-111:

PCB inOil: 3- 1, 6-9, 12 4- 12
6.3- 24-25 5-- 1-5 REMA-112:

_nated: PCB inSolvents: PositioningAccuracy: 4- 12
•5-32 6.3- 31-32 5- 1 REMA-113:

_matedOrganicsIn OI1: PCBs: PowerSourcesforMobilePlatform: 4- 13 i•5-27 1- 8-10 5- 1 REMA-114:
ctlve HazardousWaste: 2- 13, 20-29, 34, 36, 3946 Pre.ProgrammedObstacleAvoidance: 4- 13
, 4- 7-8, 14, 16 5- 3 REMA-115:

9 OrganicsinGases: 6.1- 1 Precipitation: 4- 136.2- 1-2, 4-7 4- 12-13 REMA-116:

_-4 6.3- 8-10 6.2- 14 4- 13 I'."_0-38,3940 PCBs InGroundwater:. 6.3- 2, 4, 7,19, 22, 25, 28, 30, 32 REMA-12:
18-27 4- 16 Profiting: 4- 1
U, Tc, Actinides: PCBsinSoils: 1- 2, 4, 11 REMA-121:4- 7-8 ProgrammedMotions: 4- 11

20-29 PCBsInWater: 5- 3 REMA-I,_ i24, 34, 39 6.3- 8-10 ProportionalCounting: 4- 11
8 Perception: .1- 6 REMA-123:
2-8, 14, 16, 18-19 5- 4-5 3rotectlveClothing: 4- 11
32-33 PerformanceOdented Packaging: 3- 5, 7, 11, 16 REMA-124:

ckaglng: 6.6- 1-2 6.2- 1, 3, 12-13 4- 12 I2 PhotocatalytlcOxidation: Proxlndty: REMA-125:4- 7 5- 5 4- 12
:mXKx_y: Photolysis: PunchCores: REMA-13:4 I- 11 4- 1
)n of SamplingDaslgns: 3- 16

1 PhotontcRemovalof Contaminants: Pyrolysis: REMA-130: i.dd Tmatmenls: 3- 16 6.2- 5 4- 15
11, 27 PhysicalIn Situ: Qudl=tlve lR Themmgraphy: REMA-131:

Monllortng: 1- 10 3- 3, 15 4- 15

"8ap°r 4- 1,5-8,6-9,14 1- 1,7 4- 15
PhysicalSeparation: RAD: REMA-132:

_: 6.1- 1 REMA-133: I
1 PhysicalTreatment: 4- 96.3- 1,3-6,8, 10-11, 14, 17-19,21-22, 62- 1-13, 15-20
8-10 24-33 6.3- 1-3, 16-21, 26-29, 32-33 REMA-14:
13, 21, 32, 40, 44, 46, 49 6.4- 1-8 6.7- 1-2 4- I
1 PlasmaArc cutting.: 6.6- 1 REMA-15:

1-20 3- 4, 9 RADand TechnetiumInO1: 4- 2 I2, 5, 7, 9-16, 19-20, 23-27 5- 1-5 6.3- 18-21 REMA-16:
li-9 PlasmaArc Furnace: PADin Solvents: 4- 2

qasCylinders: 6.2- 1,4 6.3- 26-29 REMA-17:
8-9 PlasmaArc Saw: RADInWater: 4- 26.3- 1-3 REMA-18:

]is I Low-LevelWz _ _.uclfiil: 3- 4, 10 i
PtasmaSudace Cleaning: _lve Elementsin Gases: 4- 22 6.4- 7-8 REMA-19:

tap Bldg.Matehals: 2- 4-5. 17, 22 4- 3RadioactiveMaterials:
1-2 PlasmaTorch: REMA-2:

i inCement Kiln: 2- 4, 16,21,32, 44 2- 10, 26, 37

I
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4- 2 REMA-73: 5- 4 6.2- 1-4
REMA-21: 4- 5 ROBA-51-OG: 6.5- 1-2

4- 9 REMA-74: 5- 4 ScrapMetals:
REMA-22: 4- 5 ROBA-52-OG: 6.1- 1

4- 10 REMA-75: 5- 4 ScrapPlastic,Paper, andCloth:
REMA-23: 4- 4 ROBA-53.OG: 6.5- 1-2

4- 10 REMA-76: 5- 4 Scrap PorousNickel:
REMA-24: 4- 4 ROBA-54-OG: 6.2- 1,3, 7-8

4- 10 REMA-77: 5- 4 6.5- 1-2
REMA-25: 4- 4 ROBA-8-OG: ScrapSteel:

4- 10 REMA-78: 5- 1 6.5- 1-2
REMA-26: 4- 4 ROBA-65-OG: ScrapTramlle:

4- 11 REMA-81: 5- 4 6.2- 1-4
REMA-31: 4- 3 ROBA-68-OG: 6.5- 1-2

4- 5 REMA-82: 5- 4 ScrapWood:
REMA-32: 4- 3 ROBA-67-OG: 6.1- 1

4- 5 REMA-83: 5- 4 ScruUber_:
REMA-33: 4- 3 ROBA-68-OG: 2- 11, 27, 37, 42, 48

4- 6 REMA-84: 5- 5 6.4- 1, 3, 5-7
REMA-34: 4- 3 ROEIA-69-OG: Seoondaty IonMasa Spectrometry:

4- 6 Repackage: 5- 5 1- 4
REMA-35: 6.4- 8 ROBA-7-OG: SecondaryNeutralMass Spectrometry:

4- 6 Resk:lue: 5- 1 1- 5
REMA-37: 2- 30 ROBA-70-OG: Sedlmenlation:

4- 6 4- 2, 8 5- 5 6.3- 8, 14, 17, 26
REMA-38: 6.2- 5, 11, 13,17-20 ROBA-71-OG: SeismicMethods:

4- 6 6.3- 13,16,20,24 5- 5 1- 11
REMA-39: ReverseOsmosis: ROBA-72-OG: SelectAlpha RadionuclideAnalysisBy PER-

4- 6 4- 11, 13-14 5- 5 ALS:
REMA-41: 6.3- 1, 3, 6, 14, 21 ROBA-73-OG: 1- 7

4- 14 ROBA-1-OG: 5- 5 SEM:
REMA-42: 5- 1 ROBA-74-OG: 1- 3

4- 14 ROBA-IO-OG: 5- 5 SerN-Volalle OrganicsInWater:
REMA-43: 5- 1 ROBA-75-OG: 6.3- 14-16

4- 15 ROBA-11-OG: 5- 5 SensorDeliverySystems:
REMA-44: 5- 2 ROBA-8-OG: 1- 1

4- 14 ROBA-12-OG: 5- 1 Sensors:
REMA-46: 5- 2 ROBA-9-OG: 1- 4, 9

4- 14 ROBA-2-OG: 5- 1 3- 15
REMA-47: 5- 1 Rubble: 5- 1-5

4- 15 ROBA-23-OG: 2- 31-32 SheetMetaJ:
REMA-48: 5- 2 3- 2 2- 21-29

4- 15 ROBA-24-OG: 6.2- 1-2 3- 11
REMA-49: 5- 2 6.3- 12 ShotBlasting:

4- 15 ROBA-25-OG: 6.5- 1-2 2- 1, 14, 20, 30, 44
REMA-51: 5- 2 S: ShreddingandSorting:

4- 7 ROBA-26-OG: 1- 1, 4-6, 9-10 3- 11
REMA-52: 5- 2 2- 1-13, 16, 24, 39-41, 44, 47-49 SignalTrarwmbsion:

4- 7 ROBA-27-OG: 3- 1-5, 7, 9-12, 14-16 5- 4
REMA-53: 5- 2-3 4- 1,3, 7, 13 SIMS:

4- 7 ROBA-28-OG: 5- 1,4-5 1- 4
REMA-55: 5- 2 6.1- 1 SingleHuman-MultipleVehicleControlStatic

4- 7 ROBA-29-OG: 6.2- 1,3-4, 8-9, 11, 17 5- 3
REMA-56: 5- 3 6.3- 1,3, 7-10, 12-14, 24-26, 28-29, 31- Sludges:

4- 8 ROBA-3.OG: 3.'_ 2- 39
REMA-57: 5- 1 6.4- 1, 3.8 4-- 3

4- 8 ROBA-30-OG: 6.5- 1 6.2- 1,3, 17-18
REMA-58: 5- 3 6.6- 1 SmaJLong-RangeAlpha Detection:

4- 8 ROBA-31-0(3: 8.7- 2-3 1- 6
REMA-5g: 5- 3 6.6- 1 SmeltPurllicatlon:

4- 7 ROBA-32-OG: Sm Management: 2- 9, 25, 37
REMA-61: 5- 3 5- 3 Smelting:

4- 8 ROBA-33-OG: Samldlng& Mb(IngMethods: 2- 9, 25
REMA-63: 5- 3 1- 1-3, 8-11 6.2- 5, 7-8, 10

4-' 9 ROBA-34-OG: Sampling,Sample Prep: SNMS:
REMA-64: 5- 3 1- 1-2,8 1- 5

4- 8 ROBA-35-OG: SAW Sem,ota: SoilVenling:
REMA-65: 5- 3 1- 9 4- 5, 8-9

4- 9 ROBA-4-OG: Saws: Sol Washing:
REMA-67: 5- 1 3- 3, 12 4- 1, 3, 5

4- 9 ROBA-46-(X3: ScanningElectronMicroscopy: Sols:
REMA-68: 5- 3 1- 3 1- 1-11

4- 9 ROBA-47-OG: ScrapAluminum,Copper, andOtherNon- 2- 1-49
REMA-69: 5- 4 FerrousMetals: 3- 1-16

4- 9 ROBA-48-OG: 6.2- 1, 3, ,.°,-10 4- 1-16
REMA-70: 5- 4 6.5- 1-2 5- 1-5

4- 9 ROBA-49-OG: ScrapAsbestos: 6.I- 1
REMA-71: 5- 4 6.2- 1-4 6.2- 1-20

4- 4 ROBA-5-OG: 6.5- 1-2 6.3- 1-33
REMA-72: 5- 1 6.7- 1 6.4- 1-9

4- 4 ROEIA-50-OG: ScrapAsbestosPipe &Insulalton: 6.5- 1-2

III I I I
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6.6- 1-2 6.6- 1 5- 2
6.7- 1-3 StructuralSteel: 1,_lsfermble ¢onlernlmlion:
6.6- 1 2- 1, 14, 20-29 2- 1-13, 20-29

Solk:lSod)enlSampling: 3- 3-5, 7, 9 T_n ElectronM_.
Paper, and Cloth: 1- 8 Structure: 1- 3, 5

Solklillcation: 1- 3, 8, 10 Transmutation:
Nickel: 6,5- 1-2 3-- 2, 14 8.2- 19
,7-8 SolidsSeparation: 4- 8 8.3-- 28

4- 1 SubsurfaceComplex=ion: T_le ControlStations:
SolventExtraction: 1- 11 5- 4

1- 2 SuffurPolymerGrouting: Trench Disposal:
}: 2- 39, 46 4- 4 6.7- 1-2

4- 1-2,8-9 SupercrlUcalCO2: TdangulatiorlMaRNng:
6.2- 1,3,8,9,11-12,14,17,19 2- 2,15,20,31040,43,47 3- 15
6.3- 2,5,7,9,11,15, 19,23-24,26,28, SupercnticalCO2Ble_: /RUWaate:

31, 33 2- 2, 15, 31,47 6.7- 3
6.4- 1, 3, 5, 7-9 SupercntloalWaterOxidation: Type A FissileC.,ertllledPackaging:

27, 37, 42, 48 SolventScrul_ing: 62.- 15 6.6- 1
_1,5-7 6.4- 1,3, 5, 7-9 6.3- 25-26 Type A Package:
n Mass Spectrometry: SolventWashing: Suped_aed Water.. 6.6-- I ,

2- 9, 24, 35, 42, 45, 48 2- 6, 23, 33, 45, 47 Type A Packaging:
• utratMass Spectrometry: 6.2- 1 SupportedLkluidMembrane: 6.8-- 1

Solvents: 4- 12 Type B FissileCertifiedPackaging:
n: 1- 2 SurfaceCleaning: 6,6- I
14, 17, 26 2- 9, 24, 35, 42, 45, 48 2- 4-13, 17-19, 22-29, 33-37, 40-42, Type B Packaglng:
_:Is: 6.3- 28-32 44-45, 47-48 6.6- I

6.6- 1 SurfaceContamination: U:
RadionuclideAnalysisBy PER- SortingforRecyde: 1- 6, 9 1- 1,5-10

J_S: 3- 11 2- 9, 2"_ 2- 1-49
Spent Ion ExchangeMedia: SurfaceRen_:,_;A: 3- 2-3, 6-8, 11-14

2- 12, 28 2- 1-5, 14-17,20-22, 30-32, 40-41,43- 4- 2, 5-6,8, 15
6.2- 1, 3, 15-17 44, 47 5- 1,4-5

OrganicsInWater: 6.5- 1-2 3- 2, 18 6.1- 1
.16 SpongeBlasting: 5- 1-5 6.2- 1-2,4, 6, 10, 12-13,17
ery Systems: 2- 8, 18, 22, 35 SynchronousFluorescence: 6.3- 1-3,6, 8, 13-14, 17-18, 25, 28-29,

StandardizeMethodology: 1- 9 33
1- 2 Tc: 6.4- 1-2,6-7

9 StatisticalMethodsFor Mullvadate Data: 1- 5-8, 11 6.5- 2
1- 3 2- 1-46 6.6- 2

5 StatisticalMethodsfor SpatiallyCorrelated t 3, 11-12 6.7- 2-3
Data: 6.3- 32 U, Oil,Tc, PCBs,Actinides:

-29 1- 1 Tc GeochemicaJBehavimalModeling: 2- 20-29, 39-40
Statistics: 1- 11 U, S, Cr:

]: 1- 1, 11 Tc In Groundwater: 2- 1-13, 47-49
14, 20, 30, 44 Statistics,Da_aCollection: 4- 11-12 U, Tc:

_d Sorting: 1- 1, 11 Tc In Soils: 1- 5-7
Steam: 4- 3 2- 1.46

_rnission: 2- 7, 23, 33, 45, 48 TechnetiumInWater: U, Tc, Actlntdes:
3- 7 6.3- 3-5 2- 1-38
4- 5 TechnicalResourcesDataBase: U, Tc, Actlntdes,S, Cr:
6,2- 13 3- 14 2- 1-13

In-MultlpleVehlde ControlStation: 6,3- 13, 16 TEM: U, Tc, PCBs:
6.4- 2, 4 1- 3 2- 39-42

Steam Extraction: 2- 18 UFL__,TC,Act.lk_des:I 4- 5 Tennessee:
Steam Stripping: 6.7- 1-3 UltraHigh-PressureWater.

3, 17-18 6.2- 13 Tethers: 2- 1,20, 30
Range AlphaDetection: 6.3- 13 5- 1 Ullraflllraflon:

6.4- 2, 4 Thermalaw,-water_t: 6.3- 1,3, 8, 14, 21,28, 30
_ion: Steel: 3- 4 UIIrahlghPressureWater:
,25, 37 2- 1-29 ThermalDesmption: 2- 43

3-- 1-5,7, 9-12 6.2- 1 Ullr_Pres_re Water.
,25 6.2- 1,3, 10-11 6.3- 12,27 2- 1,47
,7-8, 10 6.5- 1-2 ThermalSub, rate SurfaceRemoval: UUresonlc:

SteelCylinders: 2- 4-5,18.17, 21-22, 32 1- 2, 10-11
2- 1-13 "rhem_ Treatment: 2- 9, 11,25,27,37,42,48

I: 3- 11 4- g 5- 5
,8.g Steel Metal: 6.2- 1, 3-5, 7-8, 10-12, 14-20 UIImsontcCleaning:
Ig: 2- 20 6.3- 3, 9-10, 12-13,16, 20, 23-27, 29-33 2- 9, 25
,3, 5 Steel Pipe: 6.4- 2-4, 6 Ulrasonic Extraction:

2- 1-13 Tlmm_e Cutting: 1- 2
-11 SlrtppabioCoatings: 3- 5 UllresontcLeak Detection:
-49 2- 9, 25, 35, 41, 45 Thiokness: 1- 10
-16 StdppIng: 3- 4-5, 7, 10 UltrasonicRangingandData System:
-16 2- 8,24,34 5- 5 1- 11
'5 3- 6 Tile: UIIrasound:

4- 14 2- 43-46 4- 15
i-20 62- 2, 7, 10-11, 13, 15, 17, 19 6.2- 1, 3-7 Umbilical:
_-33 6.3-- 11, 13, 20, 29-31 TLD Arrayfora SpatialChamctedzation: 3- 9
I-g 6,4- 2, 4 1- 6 5- 1,4
!-2 StrongTightContainers: Tool-ArmInterlace: UmbilicalCord:

jt I I III II _ I I I I I
i v
i

!

, lp.....



I I I

5- 1 6.6- 2 62- 1,4 WPRO-301-OG:
UndergroundDisposal: 6.7- 1-3 WPRO-108-OG: 6.4- 1, 3, 5-7

6.7- 2-3 Waste Processing: 62- 3-4, 8, 11-12, 18-17, 19 WPR(_302.OG:
UndergroundWaste RetrtevebleFacNIIles: 62- 1-20 6.3- 9, 12, 16, 20, 23, 25-26, 29-30, 32 6.4- 5-6

6.7-__'. 6.3- 1-33 6.4- 2-3 WPRO-303-OG:
UOeF,: 6.4- 1-9 WPRO-109-OG: 6.4- 8

¢2" 1,3, 13-15 6.5- 1-2 6.2- 4, 7-8, 16, 18 WPRO-304-OG:
6.5- 1-2 Wasle ProcessingResiduals: 6.3- 10, 13, 16 6.4- 2, 4

Uranium inGroundwater: 6.5- 1-2 8.4- 2-3 WPRO-305-OG:
4- 9-11 Waste StabUlzmlon: WPRO-110-(3(3: 6.4- 2, 4

Uranium InSoils: 62- 1-2,4, 7-8, 10, 12-13, 15, 17, 19 62- 5 WSTA-100K:K3:
4- 1-3 6.5- 1-2 WPRO-111<3G: 6.5- 1

Use o! ExistingEquIpmerl for _: 62- 5-8, 10 WSTA-101KX3:
3- 12 62 13-15 WPR(_112.OG: 6.5- 1

Use of ExistingFixturesandToolkng.: 6.5- 1-2 62- 7 WSTA-104-OG:
3- 11 ! Weter _: WPRO-113-OG: 6.5- 1

Use of ExistingFixturesforThermalCutting: 4- 2 62- 12-13, 18, 20 WSTA-105-OG:
3- 8 _WavelengthDisqpersJveX-Ray Spedrosoopy: 6.3- 13, 16, 20, 24-25, 27, 29, 31-32 6.5- 2

UT Landlil: : 1- 6 6.4- 2, 4, 6 WSTA-108-OG:
6.7- 3 _WDIS-101-OG: WPRO-114-OG: 6.5- 2

UV EnhancedChemicalOxk_lon: :- 6.7- 1 82- 5, 11, 13, 17-18, 20 X-Ray Dtffraclion:
4- 15 i WDIS-102-OG: 6.3- 13, 16, 20, 24-26, 29-30, 32-33 1- 5

VacuumAssisted,ReverseFlow Solvent i 6.7- 1 WPRO-115-OG: X-Ray Fluorescence:
ExtractionMethods: i WDIS-104-OG: 6.2- 18, 20 1- 7

1- 2 6.7- 3 WPRO-118-OG: Y-12 Plant IndustrialLar,
Vacuum Cleaning: WDIS-105-OG: 6:>- 15-16, 18, 20 6.7- 1

2- 35 6.7- 3 WPRO-200-OG: ZoningforContainment:
VacuumExtmclion: WDIS-106-OG: 8.3- 10 3- 8

4- 5 6.7- 2 WPRO-201-OG:
VacuumSystem: Weak BetaRadionuclides: 6.3- 8,14, 17-18, 21,25-29, 31-33

2- 1,7, 14, 18, 20-21, 31,44 1- 6 6.4- 3, 5-7
3- 2, 6-7, 10 Wells & PunchSources: WPRO-204-OG:

Vacuuming: 1- 11 6.3- 3, 6, 18, 22, 28, 30
2- 19, 25 Wet Air Oxldaiion: 6.4- 7

Vapor Extraction: 62- 18,20 WPRO-205-OG:
4- 6, 9 6.3- 9, 12, 15 6.3- 1, 5, 7, 17, 21, 28, 30

VentilationSystem: WIPP: WPRO-208-OG:
3- 7-12 6.7- 3 6.3- 1, 3-4, 8, 14, 21, 28, 30

Venflng: WMIN-100-OG: WPRO-207-OG:
4- 5, 8-9 6.8- 1 6.3- 4, 6, 8, 17-18, 22, 28, 30

Vlbrallon: ! Wood: WPRO-208:
3- 14 i 2- 43-46 6.3- 1

VideoMapping: 6.1- 1 WPRO-209-OG:
3- 15 i 6.2- 1, 3-7 8.3- 2, 6, 8, 25, 31

VisualDisplayOi StatisllcaiInformation: i 8.8- 1 WPRO-210-OG:
1- 1 i WPH&T: 6.2- 14

Vltrlficetlon: 6.6- 1-2 6.3- 2, 4, 19, 22, 25, 28, 30, 32
4- 2-4, 7 : 6.7- 1-3 WPRO-213-OG:

VOCs: WPHT- 100-OG: 6.2- 2, 7, 10-11, 13, 15, 17, 19
1- 8-10 6.6- 1 6.3- 11, 20, 23-24, 26, 29-32
4- 5-6, 14-15 WPHT- 101-OG: WPRO-214-OG:
6.2- 1 6.6- 1 6.3- 12,15
6.3- 12 WPHT- 105-OG: WPRO-215-OG:
6.4- 1-2 6.6- 2 6.2- 18,20

VOCs inGases: WPHT- 106-O(3: 6.3- 9, 12, 15
6.4- 1-2 6.6- 2 WPRO-218-OG:

Voioe Control: WPHT-102-OG: 6.2- 15
5- 3 6.6- 1 6.3- 25-26

VolatileOrganicCompoundsinWater: WPHT-103-OG: WPRO-219-OG:
6.3- 10-14 6.6- 1 6.2- 19

Waste Curie Monllortng: WPHT-104-OG: WPRO-220-OG:
1- 7 6.6- 1 6.3- 27

Waste Disposal: WPHT-107-OG: 8.4- 1-2
6;1- 1 6.6- 2 WPRO-221-OG:
6.3- 1,4, 6, 8, 17-18, 22, 28-31,33 WPR-303-OG: 6.2- 13
6.4- 1,3-4,6 6.4- 8 6.3- 13
6.5- 2 WPRO-100-OG: 6.4- 2, 4
6.7- 1-3 62- 2-3, 6, 9 WPRO-222-OG:
6.6- 1 6.3- 9, 15, 24, 26, 31 6.3- 3, 10, 13, 25-26, 29, 32-33

WasteGases ofUnfmownCharacteristicsfrom WPRO-101-OG: WPRO-223-OG:
D&Dand RA Operations: 6.2- 14 6.3- 3, 7, 13, 33

6.4- 8-9 6.3- 20, 23, 29-30 WPRO-224-OG:
Waste IsolationPilotPlant: 6.4- 8 6.3- 10, 14, 25, 27

6.7- 3 WPRO-104-OG: WPRO-225-OG:
Waste MlnlmizaiionEvaiuaUonSystem: 6.2- 15 6.3- 10

6.6- 1 WPRO-105-OG: WPRO-228-OG:
Waste Off-Gasasfrom D&D,RA, andWM 62- 9 6.3- 3, 21, 24, 31

Operations: WPRO-108-OG: WPRO-227-OG:
6.4- 1-8 6.2- 1 6.3- 10, 25, 32 !

Waste Packaging,Handling,and 6.3- 12, 27 WPRO-300-OG: i
Transportation: WPRO-107-OG: 6.4- 1,3-4, 6 i• i
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Characterizat
i • I

The Characterization section is grouped into several subsections under the Altern_
Collection, Sampling, In-Situ Characterization, Laboratory Characterization, and Data
ings of General, RAD, Inorganic, and Organic Contamination.

K-25 Site problem areas were grouped to reflect common characteristics in terms
Characterization needs particular to environmental restoration activities are covered u
headings.For this preliminary volume, the technologies are listed only once, so that tei
heading "General." Technologieswith potential in-situ application are covered in the ii
laboratories.

II I I
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terization
I II II I I I I

_der the Alternatives column. These subsections are: Statistics and Data
ation, and Data Assessment. Each of these was discussed under the head-

istics in terms of size, complexity, accessibility, and expected contaminants.
are covered under Soils and Groundwater, BL:rialWaste, and Pond Waste

race, so that technologies with several applications are covered under the
:.overedin the in-situ section, even though they may be more widely used in



Technology Logic
Characterization

..EM Goals :.

m

• C le a n up EnrichmentProcessBuildings_ _ GeneralUse: _ RefertoVolume1,Chapter10,_ Characterization _ Statistics;
Legacy Thesetechnologiescan beused forpotentiallyapplicablepro- DataCollection

• P reve nt F ut ure ProcessSupportBuildings _ to performa widevarietyof posedandpromulgatedenviron-characterizationsand thusare mental laws,signedandpend-
I nsu lt Co_lngTowers notdirectedtowardsa specific ingagreementsfortheORR,

problemarea/constituent(see radiationprotectionstandards,
• Develop Electricaland ElectricalSwitch textformoredetail) DOEOrders,andnon-renulatory

E nv i ro nm e nt a I Gear guidance.Assite-andwaste-
specificcharacteristicsarepro-

S te w a rds h ip Pumpingstations vtdedforeach technology,spe-
cificregulatoryrequirementswill

LaboratoryFacilities be specified.

SpecialDevelopmentFacilities

AdministrativeFacilities
m

Decommissioning ,-
(D&D)

Notes:

AIndicatesTechnologyExpectedToBe Particularly
UsefulInSupportOf Decontamination& Dismantlement

Soils, Groundwater Activities.
and Surface Water

(RA) ,/IndicatesRobotics/AutomationPotential

Sampling,
SamplePrep

Waste Management
(WM)



ogic Diagram
rization

Statistics; : _ Optimization of _ Oemonhtradion --...liD,. Literary searches for finding _ Development costs $150K
Data Collection Sampling besigns _ Appropriate sampling designs useful sampling designs from

CHAR-71-OG can prevent obtaining too little other fields. Development of
information or spending too new statistical methods for
much money on a more than sampling design.
adequate number of samples.
Current LANL work.

Hadamard Masking for _ Demonstration _ Mask designs and collimators _Masks for adaptation of radio-

Spatial Resolution V Allows spatial resolution or for specific applications, logical counters for !arge area
CHAR-28-OG multiplexing measurements to Determination of scattering analysis. Development costs

be made with a single channel effects for RAD measurements, $200K.
detector. Higher signal-to-noise
ratio than with a singlepoint
mask; allowing better sensitivity.

Database Mgmt. for Large _ Accepted _ Procedures will need to be _ HP and analytical databases
Data Collections V Storage and retdeval of large developed that will ensure exist on Site. Development costs
CHAR-72-OG amounts of data in a cost-effec- maximum access to the data $200K.

tire manner will allow the collec- while ensuring its integrity.

tion and ready retrieval of ali Adap,ation of existing software
characterization data. This to allow for statistical manipula-

would present full chatactedza- ticn and visual display.
tion data to cleanup organiza-
tions, allowing more detailed
screening charactedzation, or
would ensure that expensive
characterization data is not

duplicated unnecessarily, as
well as allowing for tracking and
trending.

mBm]_l_ Visual Display Of Statistical _ Pre-Demonstration _ Geographic Information System ---Ii=,-Optimization of computing

Information Integration of statistics software software is available which capacity, Development costs
CHAR-73-OG and database system with comes close to meeting this $500K.

graphics display capability, need, This system would need
Current LANL work. to be adapted for characteriza-

tion use. 3-D GIS,

Statistical Methods for _ Accept_KI _ Adaptation from the mining and ---I=,'-Optimization of computing
Spatially Correlated Data V The use of spatial statistics and petroleum industries for use in capacity. Development costs

CHAR-75-OG kriging (geostatistics) has been site characterization, Easy to $300K.
demonstrated successfully for use kriging software will need to
years In the mining and petrote- be found or develop_d.
urn industries. Current LANL
work.

====_ Artificial Intelligence/Neural _ Accepted_atr_n _ Software and model develop- _Optimization of computer
Network V A Allows control of instrumenta, ment for data interpretation; systems depending on sophlsti-

CHAR-22-OG tion, data and interpretive analy- including trending on a real-time cation needed for specific appli-
sls based upon human logic with basis, cations. Development costs
the processing power and repet- $500K,
itive capabilities o_ computerized
systems, lt could enable charac-
terization work to be performed
to be optimized on a real-time
bar, is, AlSouseful for training.

Sampling, _ Membrane Technology for _ Oemonsbldion _ System development or _ Sample collection systems for

Sample Prep Sample Collection & Potentiallyeffective in many adaptation for specific site-specific applications.
Concentration characterization and dec(miami- applications; validation. Development costs $200K.

CHAR-55-OG nation scenarios, particularly
including waste stream monitor-
lng. Technology has been
demonstrated for e_wironmental

monitodng, but Is not yet accept-
ed by EPA.

Continuous Air Monitoring #. _ Accepted. _ Protocols to provide direct _ Development costs $500K.
CHAR-59-OG Widely used; accepted by EPA. support to specific D&D needs.

Sensor Delivery Systems ---li=- Accepted. _ See robotics and automation. _ See robotics and automation.
= CHAR-120-OG Cone Penetrometo" System

(SCAPS) demonstrated at SNL

1-1
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• Cleanup Legacy Enrk_TmntProcessButtd_ - -lD-GeneralUse: _ FlefertoVolume1,Chapter10,_ Characterization _
(cont,) forpotentially8ppllc=d)lepro- (cont.)

• Prevent Future Proca=SupportButld_ .--- posedandpromulgatedenvtmn* (cont.)_
men_laws,signedandpend.

Insult CooangTowers ingagreementsfortheORR, i
• Develop radmUonprotacUonstandards,

ElectricalandElectricalSwitch DOEOrders,andnon-regulatory
Environmental Gear guidance.As_te.a_waste- _:
Stewardship spac_ char_._t_ ampro.

PumpingStations videdforeachtechnology,spe-
ciflcL'_gulat0ryrequtren_,.:.:_1

LaboratoryFacilities bespecified.

SpecialDevelopmentFaclHties

Admh_Ls_ Facilities---.--.

Decommissioning _ _
(D&D)

Soils, Groundwater
and Surface WPtc_

(RA)

Waste Management
(WM)
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Logic Diagram I_:cterization

!
Sampling.... , _ Multi-AngleDdllingFor _ _" _ Development- Needto _ Standarddrillingequipmentcan
SamplePrep DepthProfiling AllOwScollectionOf_ fOr conductmodelstudiesbased betailoredforspect_ appUca- mm
(cont.) CHAR-64-OG com_ depthprofilingin uponsitespecificneeds, tions.Developmentcost$100K, IIcaseswhere,,-o_ddlb_• not

poB_Ue.

MetallographlcSample _ AcceCded _ Needsprocedureandprotocol_ DvveloCmtentCoets:1K-30K, lm
Preparation WidelyusedmethodtoIXepare developmentforspecificmatd- dependingonapplicatkxt. []
CHAR-67-OG representativecro_-sectJonsof cesandapplications. BI

rnat_dals.Valuableforeontamt-
nant_oat_(part_ depth)
dlstdbutk_ detecrntnattons.

!UltrasonicExtraction _ . -, - " . - : _ Development-Needtoadapt _ Adaptationforspecificgeome-
CHAR-20-OG Ultrl_lc extractionIs_ ',_lety flowthroughextractioncellfor tries.

usedand EPAapproved_ surfacesampling,testsolvents, Equ_: $4-41<
tow extractiontschnkll_.The acidsan(_basesforextraction Deve_ Costs:$250K IB
techniquecouldbeadaptedto efficiency,and validatethe ImoreefficientSaml_ingof method.
porousmedtasudaoee.

LaserAblation -..-_ IDultonltnld_, --,ID- Needtodevelopsampling _ _ _: $100K BB
CHAR-86-OG Tqs_lrdqgefor_ _ equipment,proceduresand EqtdlNSlmlnt:$200K Imaterialsbyablatingthe surface protocolsforspecificfieldand

followedbyanalysisofthe laboratoryapplications.
removedmaimS. C,ammW
usedin ICP-MS.Thiatechnolo- mm
gyisbecomingawdla_eforik_d Iand more general_xntofy use
(see CHAR.SYL-01).

CorrelationOfMatrix _ _. _ Modelstudiesandfieldtests _ Samplecollectionandanalysis Ill
PorositywithCollection ThesestudieswouldaJl0wvarl_ todeterminetheeffectof porosl- programtOidentifysuspectsam- IEfficiency: liOnSincollectioneffiolencyml a ty.Protocolsdevelopedto ptlngscenarios.
StandardizeMethodology functionof the_ ofthe ensureuniforminterpretationof DevelopmentCcmtll:<$50K
CHAR-61-OG hostmatrixtobeunderet0od, contaminantconcentrations.

wouldanowbettercc_e_- mn
t_n _ dataxts fromvaltous I

Lsser/FlashlampHeatingV _ _'_ _ Determinationofsampled _ To bedeterminedforspecific
CHAR-87oOG Pot_tla_yrapidmethodfor regionandsampling applications. _B

surfaceandsub_udace effectivenessforspecific Develolm1_lttCoetl: >$50K Isamplingfor contaminants, contamlnantJmatrixsystems.
parucuk_yus_ul_ roboticand
sensorapl:_:attor_.

VacuumAssisted,Reverse _ _ _ Laboratorystudiesfor _ DevelopmentCOltS:$400K. I
Row SolventExtraction Solventis inlllxlucedthlougha assessmentofcollection II
Methods ddll hole intoa porol_ host efficiency;anddevelopmentof

CHAR-62-OG maffixanda vaguumdeviceis is portablesamplingsystems.

u_d to recoversotventplus I
o__ tlvoughthehost
matrix.

Sampling&MixingMethods _ _ _ Developmentof protocolsfor _ Oevelolpm_mtP,.,o_tl:$300Kfor
CHAR-81-OG Standardproced_ettusing thequantitativeevaluationof mixing;$300t( forproto¢ok_.

portablefieldunitsam needed homogeneity;assessmentof Equipment:15K. BB
tO"mb("parlk_la_ mailer commerciallyavailableandthe IquicklyBld effectively, probabledevelopmentof
Proto¢ol_for asl_la=mellto_ portablemixingequipment.

_ Procedureshavebeendevel-
havenotyetbeendeveloped; opedforindividualapplications; li

thesecouldbeexpandedfor IImore generaluse.

MicrowaveDigestion _ _ _ Adaptationandoptimization _ CaldtalE¢lldlmle_lCostt: $22
CHAR-19-OG EffectiveI11dtgHti_ and forspecificapplications, to50K perinstnmlent

_.n_e ekmm_f=_r_s_sand_ _ prk_ o_.a._ c_=: <_ pert_ Itoma_y_.Th_Isanemem_

ofwampn)duc_In_ Ianalys_aawallas_

tllequal_yofllledala_, 2/2s/_
I-2
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m

• Cleanup Legacy EnrichmentProcessBuildings. IP_ GeneralUse: _ Referto Volume1,Chapter10,_ Characterization .._ DataAssessment,,,,=,,,=
(cont.) forpotentiallyapplica_,;epro- (cont.)

• Prevent Future ProcessSu_.dx_tBuildings..... posedandpromulgatedenviron-
mentalJaws,signedandpend-

Insult CoolingTowers ingagreemenL_forthe ORR,
radiationprotectionstandards,

• Develop E_P.-.al andElectricalSwitch. DOEOrders,andnon-regulatory
Environmental Gear guidance.As site-andwaste-

specificcharacteristicsarepro-
Stewardship Pumpingstations videdforeachtechnology,spe-

cificregulatoryrequirementswill
LaboratoryFacilities bespecified.

SpecialDevelopmentFacilities

AdministrativeFacilities

In SituPhysical ----

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Ex SituPhysical .-.-.
(Laboratory)

Waste Management
(WM)
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Data Assessment, .... Chemometrics V' _ AccqNed _ Development - Need to set up _ Software systems <$10K.
CHAR-21-OG Mature but expanding technolo- models to handle the vast data Development needs will very.

gy forextraction of trends and sets anticipated and to permit ($25K-200K)
components f;om muiti-vartant real-time analysis of data, as
data. well as robotic input.

Auto-Correlation Optimized _ Demon_rltlon _ Development - Need to _ Software exists on site.
Muitivariant Analysis v Allows spectroscopic data to be establish a data base of Development Colts: $200K

CHAR-29-OG analyzed e¢l Interpreted with spectroscopic responses for
minimun=impact from noise, and site-specific applications and
multi-variant information to be rapid analysis capabilities.
fullyutilized.

==m=l_ Statistical Methods For _ Demonatzation _ Development - New methods _ Normal implementation needs
Multivanate D_ta ,/ Technology approcch for under- needed to aid understanding of optimized computing capacity:

CHAR-74-OG standing muW-vadate systems, multi-vanant, multi-constituent $300K.
contamination. Oevelopment Colt=l: Mainly

training of on-site staUstlctane.
Maybe a part of chemometdc
implementation.

-"----.-!1_ in Situ Physical ._ Computer Tomography _ OevelOl_nnenL _ Currently under development. _ Computer and instrumentation
CHAR-41-OG Non-destructive imaging May need adaptation to Site- needs to be determined.
CHAR-60-OG technique for the determination specific needs.

of nuclear waste water content.
May be useful in other decom.

. missioningand environmental
remediation determinations,

Holographic Imaging Accepted Mature Technology. Develop need field-portable units for

CHAR-46-OG _ Technology allows in-situ mea--.ll_ large scale steam-strain models--II=,- holographic imaging of perma-
surements of stress/strain over for full interpretation of nentty mounted components.
large areas, useful for risk Helograms. Development Coati: $300K
assessment in decontamination

and removal of large pieces of

Laser Scattering Particle Size ._. Adaptation to allow on-line or More Aggressive
Analysis & _ Commercial equipment avail- _ real time monitoring of particu- _ Implementation Needed

CHAR-26-OG able. lates. Development Coots: $100K
Coet=:$4O-lOOt(

Annular DrnL,der Accepted Development - Need to develop Development and equipment

Technology A No waste/low cost technology.._llp" technology for enhanced radio- _ costs uncertain at the present.
mee_ CHAR-64-OG _ accopted for alr sampling of con- Iogical sampling and analysis in--'le" <$100/sample.

tamlnants. Could be co_pled the field.
with automated measurement

tschno_.
Fiber Optic Camera Systems _ /t_ _ System resolution and _ Available system cost ~ $40K
CHAR-122-OG Commardally available, portability improvement persued

commercially. Development of
hardened camera for hazerdous
environments.

Ex Situ Physical , ___ Transmission Electron _ /_ _ Sampling and protocol "--lm" Available now. Analysis <$500
(Laboratory) Microscopy (TEM) Mature technology in wide- development in conjunction with Development Coati: $200K

CHAR-34-OG spread use in physical structure CHAR-DPH-37 and CHAR-
and chemical analysis (Ihe lat- HMH-_I and alone.
ter, in conjunction with other

mi_ Scanning Electron _ /¢¢ept _ Sampling and protocol ""ll_Avallable now, Analysis <$.500
Microscopy (SEM) Mature technology in _ development in conjunction _t Colta: _O00K

CHAR-33-OG spread use in physical structure with CHAR-DPH-35,36 and per package.
and chemical an_ (the lat- CHAR-HMH-I_I.
ter, in conjunction with other
technoeg_.)

Computedzed Image -=..lD,. _ _ Sampling and protocol _Avall"bte now, Analysis <$500
Analysis Mature I_ in wide- development in conjunction De_ COIti: $200K

CHAR-119-OG spread use. Padtculady useful with CHAR-DPH-35,36 and per packP,ge.
_ for homogeneity detemllnation. CHAR-HMH-I_I.

--
f-3
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" K-2.5 Site. Pioblem. 'Problem,Area/Constituents :,Refere;nce ReqiJirernents , Subelements' ' "

• Cleanup Legacy Endch_entProcessBuildings- 1_ GeneralUse: _ Referto Volume1,Chapter10,''-I_" Characterization _ InSituq
(cont.) forpotentiallyapplicablepro- (cont.)

• Prevent Future ProcessSupportBuildings_ posedandpromulgatedenviron-
mentallaws,signedandpend-

Insult _ Towers , , ingagreementsfortheORR,
• Develop radiationprotectionstandards,

ElectricalandElectricalSwitch DOEOrders,andnon-regulatory
Environmental Gear guidance.As site-andwaste-
Stewardship specificcharacteristicsare pro-

PumpingStations --.------ videdforeachtec._nolegy,spe-
ctficregulatoryrequirementswill

LaboratoryFacilities ' ' bespecified. ,-

SpecialDevelopmentFacilities

AdministrativeFacilities--..--.

Decommissioning _ _
(D&D)

Ex Situ
(Labor=

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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.ogic Diagram Ierization

I
In SituChemical--.--- _ LaserPhotoAcoustic _ Accepted. _ Specificlaser-detection _ <$99/sample.

Spectroscopy(LPAS.PAS) Ppbdetectionlevelsforgasesor combinationsforsite-specific DevelopmentCoeta: BB
CHAR-15-OG solids, needs.Enhancementofportable IIand in-situcapabilities.

LaserRamanScattering _ Accepted. _ Developmentof standardized_ Im_trumentCosta: $300K i
CHAR-87-OG Variouscoilectiortgeometrics applicationsanddatabase.Fiber DevelopmentCoati: $400K Iallow for rapidqualitativeand opticdeliverysystemsfor field

quantitativeanalysis, work.

Developmentofmatched _ Developmentcosts$500K,Low IFiberOpticChemical Demonltmtlon
SensorsV Fiberopticprobescanbedeliv- waveguidesandanalytical cost/measurement. Bl

CHAR-25-OG eredto remoteandlimited techniqueswhichcanwithstand
accesslocations,Lowcostper harshchemicalenvironments.
measurement,nowaste. Developmentoffieldportable II

units. I
OpticalMicroscopy ---II=.- A¢_ _ Development- need todevelop--l_. NormalImplementationneeds.
CHAR-32-OG Maturetechnologytnwideuse. site.specificatlastofacilitate InstrumentCozta: @$5K lib

rapididentification,andsetup DevelopmentCosts: @$100K i
fieldinstrumentation. II

FluorescenceV _ Development _ Workwithspecificcontaminants_ Inltrument Colts: $300K ""
CHAR-t 10-OG Sansith/etechniquefor many tosupplementpublishedfluores- DevelopmentColta: $400K
CHAR-92-OG specificapplications.Laser cencedata. Manyoff-the-shelf •

technologywouldenhance systemcomponentitemsavail-
sensitivity, able.Proceduresandprotocol

development.Downsizingfor _-
fielduse. Laserdevelopment
needed.

Ex SituChemical ,, . ,_ ElectronSpectroscopyFor _ Accepted "-'lP" Developmentof specific _ Instrumentandstaffavailable.
(Laboratory) ChemicalAnalysis(ESCA) Provide8elementalandchemt- proceduresandprotocols. DevelopmentCe4ta: $50K

CHAR-1-OG cadstateinformationon surface OperatingCosta:
species.Maturetechnology <$500/san_le -
acceptedbyindustry.

AugerElectronSpectroscopy _ Accepted _ Developmentofspecific _ Instrumentandstaffavailable.
(AES) Provideselementalandspatial proceduresandprotocols. Method DevelopmentColts:

CHAR-2-OG profilingInformationinthesur- @$200K
faceregion,Maturetechnology Operating Co=ta:
acceptedby industry. <$500/sarnple

Secondal¥IonMass _ Accepted _ Development::Needstudie:;of_ Instrumentationandstaffavail- _l_Spectrometr,i (SIMS) Maturetechnologyelemental modelmatricestocalibrateo.nd ablewithinMMES. ICHAR-3-OG and compoundspatially- understandsite-specificapplica- DevelopmentColts: $200K
resolvedtnformatkm.AlsoU- tions,Quantitativedatanotread- OperatingCosta: $100-$500
235/U-238enrichmentcharac- ilyavailableforelementalanaly- per sample.

tertzation.Acceptedby irKlust_, sis I
II

Laser ionizationMass _ AccepIl_l _ Development::Needstudiesof_ Instrumentationandstaffavail-
Spectrometry(LIMS) Identificationofsurface(de- modelmatricestocalibrateand able withinMMES.

CHAR-4-OG men_ and(_pounds withhigh understandsite-specificappllca- DevelopmentCoils: $200K lib
CHAR-93-OG spatialresolution.Alsoend¢ll- tions.Standardizedprocedures. OperothlgC,_tl: <$500per Iment Infonnat_. Acceptedby sample.

indt_ry.

!
!
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• Cleanup Legacy Enrichment Process Buildings- I_- General Use: _ Refer to Volume1, Chapter 10, _ Characterization _ Ex Situ Chemical --
(cont.) for potentially applicable pro- (cont.) (Laboratory)

• Prevent Future Process Support Buildings -- posed and promulgated environ- (cont.) :
mental laws, signed and pend.

Insult Cooling Towers - ing agreements for the ORR,

• Develop radiation protection standards,
Electrical and Electrical Switch DOE Orders, and non-regulatory

Environmental Gear guidance. As site-and waste-

Stewardship specificcharacteristics are pro-
Pumping Stations vided for each technology, spe-

cific regulatory requirements will
Laboratory Facilities be specified.

Special Development Facilities

Administrative Facilities --

Decommissioning --
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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.ogic Diagram
terization

Ex SituChemico' ----- _ SecondaryNeutralMass _ ACcepted _ Systemdevelopmentand _ C,apit/I EquipmentColt/:
(Laboratory) Spectrometry(SNMS) Awidevarietyof postionization modelstudiesforcalibrationof $500K
(cont.) CHAR-7-OG schemesare currentlyinuseto enrichmentmeasurementsfor DevelopmentCosta:$200K

Increasetheionyield.This smallparticlesof U.
methodofsolidstatemass
spectroscopyhas improved
quantltaUvocapabilitiesand
wouldallowaccurateUenrich-
mentstudiesto bepodormed.

ChemicalLeachingTests _ Pre-Demonatratlon _ Science- Needdevelopment --lP,. DevelopmentCosts:$200K
CHARd 13-OG Testsofpotentialleachability andvalidationof site-specific ,

conductedatFernald. leachingtests.

NuclearMagneticResonance _ Accepted _ Modelstudiesandprotocols _ Hardware:$200K-$2M
(NMR) This maturetechnologycan be foradaptationand applicationof DevelopmentCosttl:$200K-
CHAR-11-OG appliedtobothliquidandsolid technology. $500K
CHAR-58-OG samples(MAS)andcanprovide

imagingInformation.Thistech-
nologyisveryusetuifor identify-
ingmaterialsas wellas studying
materialsinteractions.

X-RayDiffraction ---tD- Accepted _ Development- Needstudies _ Technologyavailable.
CHAR-31-OG Providesidentificationofcrys- ofmodelsite-specificsamplesif DevelopmentCosts: $100K

tallinephasesin solidsamples, quantitativeanalysisrequired. OperatingCoat/: >$100/sam-
Can supplyquantitative, pie.
stress/strain,andparticlesize
information.Maturetechnology
widelyusedinIndustry

ElectronDiffraction(ED, _ Accepted _ Developmentofprocedures, _ <$200/sample
SAED,LEED) Maturetechnology.Whenused quantitativemodelsanddata- Development:$50K

CHAR-37-OG inconjunctionwithb---=_smlssion basefor site-specifi scenarios..
electronmicroscopy,canpro-
videphaseidentificationofsub-
micronparticulatesandimpuri-
tiesIn hostmatrix.Asbestos
identification.Widelyusedand
acceptedby industry.

IsotopicDilutionMass _ Accepted _ Development- Set upto _ Instrumentationavailable.
Spectroscopy(IDMS) Mature technology.Highsensl- rapidly measureU/Tcratios to DevelopmentCosts: $100K

CHAR-48-OG tivity, particularlysuitedfor mea- determineextent oi Tc at vari-
surementsof levelsof fission ousstagesof thecascade
products(ag,Tc, I) andneutron- equipment.
captureproductat levelsas low
as I0zatoms.Acceptedby
industry.Techniquewillgive
necessaryprecisionforaccount-
abilityanalysis.

ElectrochemicalMethods _ Ae(_pted/Development .-'11_ Adaptationandprotocolsfor ---lP" Hardware: $50K-$250K
CHAR-10-OG Thereare a widevarietyof modelstudiesto beperformed DevelopmentCosts: $250K

electrochemicaltechniques(e,g. on complexsystems, ,
electrogmvimetry,polarography,
coulometry,voltammetry)that

providechemicaland
materialsinteractionInformation.
Thesetechniquescouldbe
usefultnwastetreatmentand
interactionstudiesaswell as
IdentifyingspeciespresentIn
wastestreams.
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Technology Loi
Characterizi

• Cleanup Legacy EnrichmentProcessBuildings.-,_ General _ Referto Volume1,Chapter10,-'1_ Characterization _ Ex Sit_(Labori
forpotentiallyapplicablepro- (conL)ii. Prevent Future ProcessSupportBuildings posedandpromulgatedenviron-

mentallaws,signedandpend- _i
Insult CoolingTowers ingagreementsforthe ORR, -i

• Develop radiationprotectionstandards, i!
ElectricalandElectricalSwitch DOEOrders,andnon-regulatory ii

Environmental Gear guidance.As site-andwaste- :!
Stewardship specificcharacteristicsarepro-

PumpingStations videdforeachtechnology,spe- i
cificregulatoryrequirementswill

LaboratoryFacilities bespecified. _

SpecialDevelopmentFacilities _ RadioactiveElements(U,Tc) _ Referto Volume1,Chapter10,_ Characterization _ InSitu
Thesetechnologyareoptimized forpotentiallyapplicablepro-

AdministrativeFacilities_ forcharacterizingradiological posedandpromulgatedenviron-
materials, mentallaws,signedand pend-

ingagreementsfortheORR,
radiationprotectionstandards,
DOEOrders,and non-regulatory
guidance.As site-andwaste-
specificcharacteristicsare pro-
vk:ladforeachtechnology,spe-
cificregulatoryrequirementswill

Decommissioning _ _ bespecified.
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



//
Ex Situ Chemical" _ Ion Chromatography (lC) _ Accept _ Development - Selection and set _ Instruments available.
(Laboratory) CHAR-50-OG Able to quickly and accurately up of most appropriate system Development Coed: @$200K BB
(conL) determine anions or cations in for site-specific needs. Isolution to ppm or ppb concen-

tration. Accepted by EPA and
industry.

!
, IIn Situ Radiological _ Measurement Of Natural _ Demonstration - The ability to--..ll_ Mature technology. Adapt _ Development costs $300K

Gamma Emitters obtain an accurate measure of existing equipment, calibrate,
CHAR-51 -OG gamma emitters for determlna- optimize procedures and write

lion of background levels and to protocols to obtain in-situ 1
monitor small changes in measurements. lconcentration is very Important.

Passive Neutron _ Accepted - Useful for ali matrl---II_- Calibration models for expected --l=-- <$25 measurement
CHAR-104-OG ces for U determination. F must D&D scenarios. II

be present. Should be calibrated lwith similar matdx material.

Currently used to measure
uranium holdup.

TLD Array for a Spatial _ Oemonltr_lon _ Commercially available _ Ready for pilot testing. Laser I
Characterization Reusable detector sheet instrumentation needs adapta- reader $60K, reusable detector li

CHAR-103-OG contains 1000 plxels; detection tion for field use. sheet $225; Development costs
limit is 20 alpha rays/pixel; maps $100K.

contamination fields. 1Nal Gamma Spectroscopy V _ Accepted -lm,,- Correction factors methodology---lm,-- High resolution Ge detector may
CHAR-106-OG Useful for U235 and U238 needs to be published, be needed to determine correc-
CHAR-112-0G detection. Can measure subsur- tion factors for absorption.

face activity. Technology and Combination Nal and Ge detec- ll
instrumentation available, tors $40K; development cost l$250K. Me6surement cost <$25.

Proportional Counting ,/ _ Accepted - Sensitive to _ Development work to _ Development cost $50K,

CHAR-108-OG 100dpnVcm2. Probes can be distinguish between U and Tc. •
made large for wide areas, or Modification for vertical, 1small to fit into process piping, overhead or specific Site
May be able to distinguish geometries.
between U and Tc.

ll

Small Long-Range Alpha _ Demomitration - Actively "-liD" Adaptation for Site-specific _ Normal implementation costs. B
Detection (LRAD) A detects surfaces/objects conta- applications, optimization of @$2-3K for equipment, lm

CHAR-65-OG minated at or below release methods, and development of Operating Costs @ $20/sample
limits; measures ionized air procedures and protocols. Development CoMa: @$100K

drawn from containment regard- i
less of shape of article. Potential ion-line measurement.
Demonstrated at Femald.

"Electret" Passive Surface _ Demcnltration - Sensitive _ Needs equipment adaptation, _ Development cost $200K. I
Alpha Detection A (100minute exposure for evaluation and validation for lCHAR-95-OG quantification), Inexpensive niche applications. Definition of

devices can be used in large limitations in mixed radiation
numbe_; particularly useful for fields.

cleanup verification. Icommerc_UizedforRadon
monitoring;easilyadapted
surfacealphacontamination,
Potential for niohe appllcatione.

lllll

In-Situ Passive Monitors For _ ,Pt_'_ - Re- _ Thorough evaluation for use in _ commercial exoelectron reader II
surface Contamination By useable TLD-like chip small size mixed surface contamination in hand; materials testing devel- ll
Weak Beta Radionuclides V & detectors for monitoring To In areas. Testing and evaluation of opment work $300K. <$25 per

CHAR-102-OG difficult-to-access kx:alkJns, ceramic exoelectron matedals to detector.

Detectors can be deployed in select most suitable type for I
large numbers. Site-specific applications. I

: 2/26/93
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Technology Logic
Characterization

,.,.,.,

• Cleanup Legacy EndchmentProcessButldings---I_ RAD(U,Tc) _ RefertoVolume1,Chapter10, --_ Characterization _ IxSituRadiological
(cont.) for potentiallyapplicablepro- (cont.) (Laboratory)

• Prevent Future ProcessSupportBuildings_ posedandpromulgatedenviron- (cont.)
mentallaws,signedand pend-

Insult CoolingTowers ingagreementsforthe ORR,
- • Develop radiationprotectionstandards,

ElectricalandElectricalSwitch DOEOrders,andnon-regulatory
Environmental Gear guidance.As site-andwaste-
Stewardship speci.ccharacteristicsarepro-

PumpingStations vialedforeachtechnology,spe-
cificregulatoryrequirementswill _ ExSituRadiological,

LaboratoryFacilities bespecified. (Laboratory)

SpecialDevelopmentFacilities

AdministrativeFacilities_
m

Decommissioning
(D&D)

Inorganics _ RefertoVolume1,Chapter10, _ Characterization,. _ InSituChemical -

Soils, Groundwater (Metals,etc.) for potentiallyapplicablepro-
" and Surface Water posedand promulgatedenviron-

(RA) mentallaws,signedandpend-ingagreementsfortheORR,
radiationprotectionstandards,
DOEOrders,andnon-regulatory
guidance.As site-andwaste-
specificcharacteristicsarepro-_
vldedforeach technology,spe-
cificregulatoryrequirementswill
be specified.

=

Waste Management
(WM) _ Ex SituChemical_

(Laboratory)



Logic Diagram
cterization

Ix Situ Radiological _ Alpha Track Etch Detection _ Demonltration _ Needs verification for surface _ Small coupons cost <$5.
(Laboratory) CHAR-96-OG High sensitivity(100mln for characterization; adaptation to Deployment in large numbers
(cont.) quantification at 220 Site-specific applications, will require establishment of on-

dpm/10Ocm2. Small size; Site chemical etching and back
deployable on Irregular and dlffi- reading capabilities.
cult to access areas; can be
used in large numbers. Provides
permanent record for cleanup.
Fully commercialized for radon
detection and monitoring,

Ex Situ Radiological , _ Waste Curie Monitoring _ Accepted _ None. "Off-the-shelf' designs _ In current use.

(Laboratory) (Semi-Lab) & Good for measuring scrap handle 55-gallon drums. Larger
CHAR-109-OG lumber for low levels of radioac- systems if needed could be '

tlvity. Must be used in conjunc- developed.
tton with a high resolution
gamma spectrosopy sytern to
determine atomic abundance.

Neutron Activation _ Ac©epted. {1_ Development needed for _ Equipment is expensive (.5-
(Semi-Lab) A (DOT) Currently used or the containers larger than 55- gallon 1.SM)
CHAR-107-OG determination of U; specific for drums. Separate calibration

U235; useful in almost any standards are needed for each
matrix. Equipment is expensive, matrix.

Select Alpha Radionuclide _ Accepted {l_ Adaptation for Tc in_)and other _ Laboratory set up at ORNL
Analysis By PERALS A Most sensitive alpha-selective radionuclides. DOSAR facility. Could be

(Semi-Lab) analytical method available (1 adapted for rapid monltonng of
CHAR-97-OG pCt/gm). Ideal for U analysis, both airborne and loose contam-

Commemlally available reader ination ($20K). Development
and scintillantcocktails, cost for Tc $250K.

Liquid Scintillation Counting _ Accepted ]1_ None. LOft-the-shelf" _ In current use.
CHAR-129-OG Mature technology in current

USe.

In Situ Chemical _ _ X-Ray Fluorescence V _ Accepted _ Downsizing for robotics ml_" Development cost 100K. Capital
CHAR-6-OG Accepted by the EPA for Level 1 applications equipment costs 5K-IOK.
CHAR-98-OG site assessment.

Ultra-VioletJV,Lsible (UV-Vis) _ Accepted _ Model studies and application _ Hardware Costs: <$200K

Spectroscopy This mature technology can be design Development Costa: <$100K
CHAR-9-OG used tn a varietY of field and lab-

oratory procedure for the Identifi-

cation of materials, lt can pro-
vide rapid screening capabillth_
for sample selection.

Laser-Ablation Inductively _ Denl<mSttltlOn _ Need to tailor to site-specific _ Development: $500K
Coupled Plasma Atomic No waste. Robotics and automa- conditions and validate. Equipment: $500K
Emission Spectroscopy tlon potential, D_monstrated at Need to increase ablation and

CHAR-111-OG Fernald. portability. (Ames Laboratory)

Ex Situ Chemical _ Atomic Absorption _ Accepted --"lD" General lab (see text) _ Technology available.
(Laboratory) Spectroscopy (AA. AE) In widespread routine use. Operating Cost: $25-50 per

CHAR-76-OG Accepted by EPA. analysis

2/26/93
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Technology Lo!
Characterizi

m

• Cleanup Legacy EnrichmentProcessBuildings-_ Inorganics(Metals,etc.) _ Referto Volume1,Chapter10,--!=_ Characterization _ Ex
(cont.) forpotentiallyappUcablepro- (Labora_

• Prevent Future ProcessSupportBuildings-.--- posedand promulgatedenviron- (cont.)
mentallaws,signedandpend-

Insult CoolingTowers ingagreementsfortheORR,
• Develop radiationprotectionstandards,

ElectricalandElectricalSwitch- DOEOrders,andnon-regulatory
Environmental Gear guidance.Assite-andwaste-
Stewardship specificcharacteristicsarepro-

PumpingStations vtdedforeachtechnology,spe-
cificregulatoryrequirementswill

LaboratoryFacilities ' ' bespecified.

SpecialDevelopmentFacilities

AdministrativeFacilities

i

'1
Decommissioning "-I--(D&D)

Soils, Groundwater
and Surface Water

(RA)

]l='-Organics _ RefertoVolume1,Chapter10,...1_. Characterization _ Samplin
(includingVOCs, PCBs) forpotentiallyapplicablepro-

posedandpromulgatedenviron-
mentallaws,signedandpend-
ingagreementsfortheORR, _ InSitu(
radiationprotectionstandards, (Laboral
DOEOrders,andnon-regulatory
guidance.Assite-andwaste-
specificcharactartstJcsarepro-
vldedforeachtechnology,spe-
ciflcregulatoryrequirementswill
bespecified.

Waste Management
(WM)



I
.ogic Diagram I;;erization

i

. : Aiternatives . . Technologies .: . .. 'Status' + r J."science/Te:chnol_jyNeeds
I

:>- EX SituChemlcai_ _ Inductively-CoupledPlasma "--),- Accepted- Multi-element .--liD,-General lab (seetext) _ Technologyavailable,
(Laboratory) Spectroscopy(ICP) technologytnwidespread OperatingCOlt: $100-$150 I
(cont.) CHAR-77-OG routineuse, persample. I

InductivelyCoupledPlasma- __lD,. Accepted- Multi-elemant _ Developmentinprogressto _ Technologyavailable,
MassSpectrometry(ICP-MS) technologymoreselectivethan combinewithlaserablationtor OperatingColt: $100-$200
CHAR-78-OG ICP-AES.Isotopicanalysis, surfaceanalysis, permulti-elementanalysis. I

AcceptedbyEPA. il
Particle-InducedX-Ray _ Accepted- Maturetechnology _ GeneraL]ab(see text) _ Technologyavailableat outside
Emission(PIXE) providestraceelementalanaiy- labs.Cost ea. $50or moreper
CHAR-17-OG siswithmicroandmapping sample. I

capabilities.Acceptedby IIindustry.

ColdVapor(Mercury) _ Accepted- Inwidespread _ Generallab(seetext) _ None.Technologyavailable.
CHAR-24-OG routineuseforHg.Acco_lodby I

EPA. I
ExtendedX-RayAbsorption _ Accepted- Determinebonding_ Development-Needstudyof _ Haveaccesstoinstrumentat
FineStructure(EXAFS) structureandnearest-neighbor site-specificmodelsamplesto BNL-NSLS.S( ftwareandper-
CHAR-30-OG interactionsfornon-crystalline undustedinteractionsforspecif- sonnelexistforinterpretationof I

materials.Acceptedbyindustry, icelements/matrixcombinations results. Iof interest. DevelopmentColts: @$200K

Energy-DispersiveX-ray _ Accepted- Maturetechnology._ Developmentofprocedures, _ <$100/sample
Spectroscopy(EDS,EDX, (:.Be)Rapidelementalor analy- quantitativemodelsanddata- Development:$200K I
EDAX) sis(quantitativeforsolids)in baseforsite-specificscenanos,. ICHAR-35-OG conjunctionwith electron

microscopy.Canqualifysmall
localizedareasor Inclusionson
bulkmaterials.Acceptedby •
Industry.Widelyused. a

WavelengthDispersiveX-Ray _ Accepted- Maturetechnology._ Developmentof procedures, _ <$100/sample
Spectroscopy(WDS,WDX, rapidelementalanalysis(=.Be) quantitativemodelsanddata- Development:$200K
ElectronMicroprobe) of solidsamples,inconjunction base forsite-specificscenarios.. •
CHAR-66-OG withelectronmicroscopy.Can |quantifysmall localizedareas or

Inclusionsinbulkmaterials.
W,de_used,acceptedby

industry. IMossbauerSpectroscopy _ Accepted _ Maturetechnology.Database _ InatrumentCosts:$75-$200K
CHAR-47-OG Ultra-highresolution and modelapproachdevelop OperatingColtS: $200K

spectroscopy;limitedto Isotope ment.
pairswithoverlappingexcitation I
lines.The useofsynchrotron Iradiationis growingasa means
to broadenthistechnique.

Sampling,SamplePrep _ SolidSorbentSampling _ Demonltratlon _ Methodsdevelopmentfor _ DevelopmentCosts: $50K lm
CHAR-91-OG Allowscollection& concentra* specificapplications. \ Itlonofvapors,

II_ InSituChemical i _ OrganicVaporMonitonngV --...lm- Accept _ Development- Needto _ NormalImplementationneeds,
(Laboratory) CHAR-5-OG Usedroutinelyin lH monitodng calibrateresponsestoany InstrumentCosts: $3 to $6K I

ofworkplaceatmospheresIn uniqueaircontaminants each I
relations.AcceptedbyOSHA, expectedatthesite. OperatingCosts: Few$ per IIindustry, test.

GasChromatography _ Accepted _ Need todevelopspecialized ._.lip. I.stmment Costs: $7 to$30K
(GID,lC, TC) ,/ Usedroutinelyformoredetailed proceduresfor rapididentifica- each I

CHAR-100-OG analysisof workplaceatmoa- tionof suspectmaterials. DevelopmentCoati: $25- lpheresin near-real-time, $100K
AcceptedbyOSHA,EPA, indus-
W.

DifferentialUltraviolet Dentonattaff4m Ned toextendcapabilityrange CapitalCosts: $200K IAbsorptionSpectroscopy PrototypeinstrumentIXOdUCad toothercontaminantsand DevelopmentCosts: $200K
(DUVAS) reliabledataatORNL,with streamlineprototype.
CHAR-130-OG smallaromatic,

!
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Technology Logic
Characterization

• EM Goals.

..m,

•Cleanup Legacy EndchmentProcessBuildlngs-II_ Organics _ Referto Volume1,Chapter10,--.11_Charactenzatlon' _y In SituChemical--..-(includingVOCs, PCBs) lor potentiallyapplicablepro- (Laboratory)
• Prevent Future ProcessSupportButldlngs....-.._ (cont.) posedandpromulgatedenviron-

mentallaws,signedandpend-
Insult CoolingTowers " _ ingagreementsfortheORR,

• Develop radiationprotectionstandards,
ElectricalandElectricalSwitch-'i_ DOEOrders,and non-regulatory

Environmental Gear guidance.As site-andwaste-
specificcharacteristicsarepro-

Stewardship PumpingStations ,, ,_ vtdedforeachtechnology,spe-
cificregulatoryrequirementswill

LaboratoryFacilities .._ bespecified.

SpecialDevelopmentFacllitles--II_

AdministrativeFacilities

Decommissioning _ _
(D&D)

Ex SituChemical
(Laboratory)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM) i

I

i i ii
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.ogic Diagram
erization

• Alternatives Technologies StatUs . "' Scienc'e/TechnologyNeeds " ]mplementation Needs

* InSituChemical , _ FouderTransformInfra-Red _ Accepted -i_ Databaseforrapidmaterials _ HardwareCosts: $25Kto
(Laboratory) Spectroscopy(FTIR) Amultitudeof detectorand sam- identificationandmodelstudies $500K

CHAR-8-OG piingdevicesexisttoallowgas, of matenaisinteraction. DevelopmentCosts: <$200K
liquid,solid,andmicroanalysis
to be performed.Thistsa very
maturetechniquewitha hostof
applicationsto anyERWMpro.
gram.

Long-PathFTIR _ Pre-Demonstration- Capable--'l_- Development- Needto _ Moderatecapitalandsoftware
CHAR-18-OG Qfmonitoringlargeareas,real- developsoftwaretoenhance developmentcosts.

timemeasurements,remote site-specificapplication.
sensing,Vendorunitsavailable,

SAWSensors --'-lD'- Oevelopment/demonstratlor_ Coatingstoallowdetectionof --'liP"Development$300K. Device
CHAR-14-OG Fastresponsetimedirect specificgases,Desorption cost$10K.

measurementoforganicvapors; devicesnee</tobeoptimizedfor
whencoupledwithdesorption surfacecharacterization.
(see sampling)applicablefor Extensiontoon-lineprocess
surfacecontamination, monitoring.
Detectionlimitsofppmpossible;
canbetailoredtoa specificgas
or familyofgases.Particularly
suitableforroboticapplications.
DevelopmentofPCBsensors
under wayon-Site.

Immunoassay(PCB) _ Dentonstrstad _ Development- Need forslight _ Normaldevelopmentandirnple-
CHAR-23-OG DOEJLMDFieldMethodsProject adaptationofmethodforsam- mentationcosts.
CHAR-99-OG hasdemonstratedlppm sensi- piesotherthansoils. Capital Costa:$100-$200

tivityInsoils.Commercially DevelopmentCosts: $20OK
availabletest kits.

Ex SituChemical , _ SynchronousFluorescence _ Demonstrated _ Development- Methodsneeds"-liP" Normalimplementationcosts.
(Laboratory) (PAH)_/ Methodcurrentlybeingimple- validationfor variousmatricesin Capital Costs: $25K

CHAR-101-OG mentedatY-12 forPAHIn ordertobe acceptedby EPA, DevelopmentCosts: $10OK
groundwater.

GasChromatography- _ Accepted _ Improvedsamplingprotocols _ CapitalCoeta: $300K
MassSpectroscopy(GC-MS) EPAapprovedtechniquefor forrapidturnaroundanalysis. DevelopmentCoizts: $100K
CHAR-88-OG organiccompoundidentification Protocolsforautomatedinstru-

canproviderapidIdentification. mentation,

GasChromatography- _ Demonatnltion _ Development- Needto develop_ CapitalEquipment: $200K
FourierTransformInfrared Technologydemonstratedto protocolsfortargetedanalysis DevelopmentCosta: $300K
Spectroscopy(GC-FTIR) supplementGC-MSfor corn- andevaluateoptimumcommer-
CHAR-66-OG poundIdenttfmation,GC-FTIR cialsoftwareforsite-specific

locatedat Y-12 andX-10, Not applications.
yet EPAapproved.

LiquidChromatography- _ Demonstration _ Development- Needto _ CapitalEquipment: $200K
MassSpectrometry(LC-MS) Technologydemonstratedto developand validateprotocols DevelopnlentCosts: $300K

CHAR-89-OG provideunambiguousidentifica- fortargetedanolytes.
tionandquantitativemeasure-
mentofcon]poundsnot
amenabletoGC-MS.Notyet
EPA-approved,

GlowDischargeIonization _ Accepted _ Instrumentaldevelopment. _ Capital Equipment: $500K
MassSpectroscopy On sitemonitoring Modelstudiesof hostinterac- DevelopmentCosts: $200K

CHAR-56-OG of organiccompoundsIna tionsandinterferencesfor
varietyofhostmatdceswith quantitativeanalysis.
quantitationdownto theppb
level.Ruggedandportable.

DifferentialOptical _ Accepted --I=,- Modelstudiosand quantitative_ Capital Equipment:$200K
AbsorptionSpectroscopyA BestsuitedforlongUV calibrationcurvesfor specific

CHAR-27-OG absorbers;fastresponsetime, monitoringscenarios.
stablespectralemlasion,ppmto
_:Ddetectionleve_.

2/26t_3
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Technology Lo!
Characteriz

n

• Cleanup Legacy EnrichmentProcessBuildings_ Organics _ RefertoVolume1,ChapterlO,---'ll_ Characterization _ Ex Slit
ProcessSupportBuildings (includingVOCs, PCBs) forpotentiallyapplicablepro- (Labort

• (cont.) posedandpromulgatedenvtron- (cont.)Prevent Future CoolingTowers
Insult mentallaws,signedandpend-

Electricaland ElectricalSwitch ingagreementsforthe ORR,
• Develop Gear radiationprotectionstandards,

DOEOrders,and non-ragulatory
Environmental PumpingStations guidance,As site-andwaste-
Stewardship LaboratoryFacilities specificcharacteristicsarepro-

SpecialDevelopmentFacilities vldedforeachtechnology,spe-cificregulatoryrequirementswill
AdministrativeFacilities bespecified.

EnrichmentProcess-- _ General _ RefertoVolume1,Chapter10,_ Characterization _ Phys_
Buildings forpotentiallyapplicablepro- In Situ

posedandpromulgatedenviron-
mentallaws,signedandpend-
IngagreementsfortheORR,
radiatlo_lprotectionstandards, _ Data A,'
DOEOrders,and non-regulatory
guidance.As _lte-andwaste-
specificcharacteristicsarepro-
videdforeachtechnology,spe-

Decommissioning - _ cificregulatoryrequirementswill
(D&D) bespecified.

RadioactiveElements _ RefertoVolume1,Chapter10,_ Characterization _- InSitu
forpotentiallyapplicablepro-
posedandpromulgatedenviron-
mentallaws,signedand pend-
ingagreementsfortheORR,
radiationprotectionstandards,
DOEOrders,andnon-regulatory
guidance.As site-andwasto-
specificcharacteristicsarepro-
videdforeachtechnology,spe-
cificregulatoryrequirementswill
be specified.

-I_ EnrichmentProcess - _ General _ RefertoVolume1,Chapter10,_ Characterization _ Phystcf
Equipment forpotentiallyapplicablepro- InSitu

posed andpromulgatedenviron-
mentallaws,signedand pend-
ingagreementsfortheORR,
radiationprotectionstandards,
DOEOrders,and non-reguiatory

Soils, Groundwater guidance.Assite-andwaste-
and Surface Water specificcharacteristicsare pro-

(RA) vialedforeachtechnology,spe-
cificregulatoryrequirementswill
be specified.

DataAc

Waste Management
(WM) _ Matenais.ClassificationIssues. _ Characterization



Ex SituChemical _ DirectSamplingIonTrap _ Demonstration _ Methodsdevelopmentand _ HardwareCosts: $100K
(Laboratory) MassSpectrometry(DSITMS) Allowsrapiddeterminationof fieldtesting. DevelopmentCoils: $100K mu
(cont.) CHAR-90-OG orgardcsinair andpossiblyon Isurfaces.

,,_ On-lineSupercriticalFluid _ P_etratlon. _ Optimizationfor PCBsand _ Instnmtecdliion Colt: $60t(
Extraction-MultidetectorGas Onecommercialunitavailable hydrocarbonsina singleopera- OperatingCoils:
Chromatography(SFE-GC) fortotalpetroleumhydrocarbons tion,validationandprotocol < $500/sample Iii
CHAR-115-OG tnsoil.Couldcutanalysiscost development. DevelopmentCoat: $250K IIby factorof 4, reducesolvent -

contaminatedwaste,and
improvesampleturnaround
time.Couldbeexpandedto
PCBsandothersolids. Ii

Physical , , _ NDTFor Concrete _ Accept.ld- In-sitetestsfor _ Development- Needto _ Developmentoftestingplanfor
InSitu CHAR-38-OG physicalpropertieswithoutcaus- developtestingprotocolsfor sitebuildings.Fieldtesting

ingdamageto existingstructure, characterizingandevaluating equipment$100K.

Acceptedbyindustry, largeconcretestructures. I
DataAssessment , ,_. InorganicMatrix-Contaminant_ Pre-Demonstration- _ Development- Needto _ Developr,lsnt C¢._: ~ $500K

CompositeModeling Approachfor developing ch,tracterizethe variationslr
CHAR-39-OG understandingofcement-like cementforthevarious ml

materialsandtheirinteractions site-specJficstructuresandtheir iiwith othermaterials, matdx/c ,taminantinteractions.
Benefic,...interactionwithBNL.

InSitu i i i "- Nal FloorScanner"/ _ Pfe-dem_'tltzq_mt _ Adaptationofexisting _ <$25 measurement.$100K JiB
Y CHAR-105-OG Notassensitiveas alphafoeta instrumentationforfielduse. developmentcost. IIdetection;goodfordetectionof

sub-surfaceradioactivity.

I
I

Physical _ RadiographicImaging _ Acclpllmcl _ Needtooptimize"ollection _ Fieldandlaboratorysystemsfor
InSitu CHAR-40-OG Digitalradiographycanbe used parametersfor specificsite specificmate#alsandgeome-

todetermineIOCaUonanddlstrib- applications,andadaptimage tdes. mm
uUonofdepositswithincascade enhancementtechniquesfor EqoipmentColt: -,.32OOK, IIsysteme,aswellas determine radiographicapplications. DevelopmentCost: $100K.
the statusof prooeaseystems

ConventionalLeakDetection--.lD,. Accepted _ Well Accepted,Needs _ Inexpensive.EquipmentExists I

i

Methods TailoringforSpecific inPlant []
CHAR-68-OG Applications

AcousticEmission _ C,ommm'd_ _ TailonngforSpecific _ Vacuumor PressureCapability I
CHAR-69-OG Accopted/Oevetoprne_for Applications.Some IIDeposit Developmentfor Deposit

Location

UltrasonicLeakDetection& _ Dm _ Technologyavailable. ---I=,. Readytogo. I
CHAR-70-OG Availablelowcosttechnology Equipmenton site BI

meybeusafula_ra_ly
test fix leaks inseco_dmycor_.
tainmentstructuressuchas mm
glovebegsas wellas proceas |Wstams.

Data_ent _ CriticalityIndices _ Accepta_ _ Needtodeveloprapid-response_ Devot_ Co4ls: $100K
CHAR-44-OG The needtoqutddyidentify softwareforevaluationofmate- BI

componentsthatare notcdtk_- rials,Instrumentation,toolstobe []
tysafe. usedinhighassayD&D. II

=,..-

IIIIIIBI

|
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• Cleanup Legacy Soils;BuriedWaste - I _ General _ RefertoVolume1,Chapter10, _ Characterization _ Statistics, =mm.,forpotentiallyapplicablepro- DataCollection
• Prevent Future ---.J posedandpromulgatedenviron-

Insult SurfaceWater mentallaws,signedandpend-
ingagreementsforthe ORR,

• Develop radiationprotectionstandards,
DOEOrders,andnon-regulatory

Environmental guidance.As site-andwaste-
Stewardship speci_ccharacteristicsarepro- _ Sampling -------.---_===

vk:ledforeachtechnology,sl)e-

L

cificregulatoryrequirementswill
be specified.

DataAssessment

Decommissioning
(O&O)

_-_ InSituPhysical

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

- !
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Logic Diagram
cterization

Statistics, _ Ultrasonic Ranging and Data _ Demonld,rated _ Currently being ---II_System Cost: ~ $30K
Data Collection System (USRADS) This technique tracks surveyor commercially interfaced

CHAR-123-OG position and automatically esso- to measurement systems.
clates positionwith electronically
transmitted data. Measurement
density provides high resolution
distributiondata. Hasbeen used
at K-25 Site.

Sampling , ,,rr_ Punch Cores "-'lD" Demonstration _ Commercial Instrumentation -.-.-I_-Development Co_t: $100K

LBmm_ CHAR-83-OG (ARID Site lD) Available
i

Wells & Punch Sources _ Accepted EPA _ Evaluation of the Role of _none
CHAR-82-OG Pump Rate & Time

Data Assessment _ Subsurface Complexation _ Demonstration _ Development - Need to ----lie.Development Costa: $100K

CHAR-45-OG Technology allows modeling of develop models for site - specific
contaminant host interactions to contaminants and host matrices.

enhance understanding of envi-
ronmental transport

Tc Geochemical Behavioral _ Demonltratlon _ Develop models to determine _Development Co=ta: $400K
Modeling the nature of Tc with concrete,

CHAR-49-OG soil, & groundwater.

,_ Biocompatibility Studies _ Demonstration _ Development and validation of _ Development Costs: $200K

CHAR-114-OG To assess long-term effect of model systems.
clean-up work.

In Situ Physical i ___ Ground-Penetrating _ Accepted _ Improvements in depth of pene----II_Antenna
Radar Extremely short electromagnetic tration, signal-to-noise and sig- Development Cost: _IOOK
CHAR-124-OG pulse return interference by both nal processing, particularly Systems Cost: $100K

metallic and non-metallic antenna design. Could be devel- Commercial Rental equlptment

objects. Useful in locating buried oped to measure subsurface is available.
objects, plumes.

Electrical and _ Developed tltru Accepted _ Development of site-specific _Development Cost: $L'00K
Electromagnetic (EM) Useful for mapping site subsur- techniques, and data handling System Cost: $100K
Methods ,'3ce features which influence and imaging methods. LLNL Commercial rental equipment is
CHAR-125-OG containment transport and which developed borehole system available.

might be missed through ddlllng, could be adapted for use in Oak

Used alrbome (Oak Ridge) and Ridge.on the surface. Could be used in

borehole applications and might
be developed for actual plume
detection.

Seismic Methods _ Developed thru Accepted _ Developed shallow sources ---_velopment Cost: $200K
(Refraction, Profiling, Reflection) Refraction and deep reflection should be tested. Techniques System Cost: $50K
CHAR-126-OG have been used successfully for should be adapted and used for Commercial rental equipment is

years; however shallow (<30m) both vertical and horizontal available.
reflection capability is relatively boreholes.
recent. Useful for Identification

and mapping of geoiogk_d fea-
tures which control contaminate

migration

Microgravity Methods _ Development _ Development of incresed sensi- _vek_ Cost: $200K
CHAR-127-OG Gravity methods have been tivity for rapid, cost-effective System Cost: $60K

sucessfullyused in mining and subsurface detection and map- Commercial rental equipment is
petroleum industries, Increased ping, Site-specific development available.
sensitivity is needed for accu- for detection of karst cavities
rate, unambiguous interpretation and conduits,
(mlcrogravity), Microgravlty has
been used at the K-25 Site.

Magnetics _ /_tsd _ Development of methods to min_velopment Colt: $20GK
CHAR-128-OG Useful for detecting buried fer- Imlze interference. System Cost: $15K

rous metal objects. Aerial survey Commercial rental equipment is
_ completed inOak Ridge. avai|able.

2/26/93
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II I I I

Decontaminat
I _ I i

The Decontamination section addressesconceptsandapproachesfor removingvi
i the largenumberof combinationsofcontaminantsandsubstrates,somesimplificatior
' accomplishedbydividingproblemareas intoten differentgroupsthat hadcommontr_

transite,asbestospipeinsulation,andMunter'sFill;porousnickelandaluminum;freoi
sheetmetal,metalequipment(exterior),andcopper;nickel-linedsteel (interior),steel,
cylinders(materialsused onthe interiorof processequipment,pipes,etc. andsuchit_

I _ I II I I I
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lamination
I II _1 lE I I I III I I I I I I I I

for removingvariouscontaminantsfromfacilitiesand equipment. Becauseof
ne simplificationwas necessary to limitthe sizeof the diagram. This was
had common treatment technologies: insulatedcopper wires and instruments;
raluminum; freon; plastic; tile, wood, gasket material, and composite roofing;
(interior), steel, Monel, copper, aluminum, steel pipe, aluminum pipe, and steel

etc. and such items that contained UF6gas); deposit recovery; and concrete.

I I III I I I I I

i

il
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LogicTech noIOgYntam,natio n

MechanicalSubstra
• Cleanup Legacy -i_ EnrichmentProcess _ NI-LinedSteel " _ RefertoVolume1,Chapter10, _ Decontamination _ SurfaceRemoval -

Building EquipmentInterior forpotentiallyapplicablepro- (fixedandtransferr=
• Prevent Future u, Tc, Actinides posedandpromulgatedenviron- contamination)

Insult ProcessSupportBuilding mentallaws,signedandpend-
ingagreementsfortheORR,

• Develop ElectricalandElectrical Chromate radiationprotectionstandards,

Environmental SwitchGear DOEOrders,andnon-regulatory
Monel guidance.As site-andwaste-

Stewardship PumpingStations u, Tc,Actinides specificcharacteristicsare pro-
vk:ledforeachtechnology,spe-

LaboratoryFacilities _ cificregulatoryrequirementswill
U, Tc,Actinides bespecified.

SpecialDevelopment
Facilities Aluminum

U, Tc, Actinides,S, Cr
AdministrativeFacilities

SteelPip_
CoolingTowers As, Chromates,Ba, Dioxins

AlumirlpmPiDe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

• ,I T



Mechanical Substrate

-..-I==,. Surface Removal = Ultrahigh-Pressure Water --'-'liD" Accepted _ Development - To minimize _ Prior removal and disassem-
(fixed and transferrable (up to 50,000 psi) Technology tsused by waste generation, a system bly of contaminated equip-
contamination) DCON-35-OG industry to decontaminate is needed to treat the water ment plus an enclosed glove

metal pads. Should work for so that it can be recycled, box and/or room that is easily
listed contaminants and sub- decontaminated on the inside

strates. Unless a recycle Improvement - Vacuum sys- is needed in which the ultra

system is developed, waste tams with nozzles designed high-pressure water (UHPW)
would be 3-5 gal water per to match commonly deconta- system will be used.
ft2cleaned containing conta- minated parts are needed to
minants removed plus, per- minimize the spread of cont- Development cost:$1.3M
haps, some metal substrate, amination. (Recycle system); $200-

1000K (Vacuum system for
each nozzle design)'

Capital cost:
UHPW system: > $500K

(with vacuum system)
Glove box: <$50K
Work room: About $250K
Operating cost: :>$2/ft2

_" Shot Blasting _ Accepted _ Improvement - Vacuum sys- _ Prior removal and disassem-

DCON-36-OG Commercial shot blasters terns with nozzles designed bly of contaminated equip-
are used to remove rustand to match commonly deconta- ment plusan enclosed glove
marine growth from ship minated parts are needed _ box and/or room that is easily
hulls and to clean structural minimize the spread of shot decontaminated on the inside
steel. Decontamination fac- and contamination, is needed inwhich the shot

tors of 10-100 can be b_astersystem will be used.
expected. Waste is about O.1

Ib spent shot/f1=decontami- Development cost: $200-
nated plus contaminants 1000K (Vacuum system for
removed and trace amounts each nozzle design)
of eroded substrate.

Capital cost:
Shot blaster:> $50K (with
vacuum system)
Glove box: <$50K
Work room:About $250K

Operating cost: About
$0.40/ft=

Grit Blasting _ Accepted _ Improvement - 1) More _ Prior removal and disassem-
DCON-38-OG Has been used for many durable blast media are bly of contaminated equip-

applications tn the nut,lear needed to minimize wastes, merit plusa system to sepa-
industry. Technology is gen. 2) Better vacuum systems for rate contaminants from blast
erally effective (DF=IO-100). collecting blast media are media and package the
Waste would be spent grit needed to minimize spread of wastes is needed.
containingabraded substrate blast media and contamina-

and removed contaminants lion. 3) Demonstration of spe- Development costs: 1) More
plus filter. Waste production cific blast media for listed durable blast media, 2) Better
rates depend upon substrate contaminants and substrates vacuum systems, 3) demon-
being decontaminated is needed. 4) Process stration on listedcontami-
(0.005-0.1 Ib/ft2) automation is needed to nants and media: $1-6M, 4)

improve efficiency.5) A sys- Process automation: $3-4M,
tem to separate contaminants 5) Waste treatment and pack-
from blast media and pack- aging: About $4M
age the wastes is needed.

Capital cost: About $500K

Operating cost:>$2/ft2

Y 2/_/_
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Technology Lo!
Decontamin

EM Goals -

• Cleanup Legacy -I_ EnrichmentProcess _ Ni-LinedSteel - _-_ RefertoVolume1,Chapter10, _ Decontamination _ Mecha_

• Prevent Future Building EquipmentInterior forpotentiallyapplicablepro- Surfac_U, Tc,Actinides posedandpromulgatedenviron- (fixeda
Insult ProcessSupportBuilding mentallaws,signedandpond- contarf

Steel ingagreementsfortheORR, (cont'cl
• Develop ElectdcalandElectdcal Chromate radiationprotectionstandards,

Environmental SwitchGear DOEOrders,andnon-regulat(_ry
Monel guidance.As site-andwaste-

Stewardship PumpingStations u, Tc,Actinides specificcharacteristicsare pro,
vk:ledforeachtechnology,spe-

LaboratoryFacilities _ ciflcregulatoryrequirementswill
U, Tc,Actinides bespecified.

SpecialDevelopment
Facilities Aluminum

U, Tc, Actinides,S, Cr
AdministrativeFacilities

SteelPioe
CoolingTowers As,Chromates,Ba, Dioxins

AluminumPiDe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



I
ogic Oiagram IIruination

I
_'_ MechanicalSubstrate"'-" _ CentrifugeCryogenicCO2_ Predemonll_retlon "-'l_Development - _ Priorremovalanddisassem- =¢,

SurfaceRemoval PelletBlasting Centrifugepelletaccelera- Demonstrationof a practical blyofcontaminatedequip I(fixedandtransferrable DCON-39-OG rienhasbeen demonstrated systemwithhigh-velocity meritanda gloveboxorroom
contamination) inthe DOEfusionenergy pelletsdeliveredata suffi- thatiseasilydecontaminated
(oont'd) program.Technologywillbe clentrateandadequatecol- inwhichthedecontamination

likelysuccessfulwithessen- lectionof removedcontami- willbe accomplishedplus _m
tiallyinfinitedecontamination nants, oxygendepletionprecautions
factors.Wastewouldbe til- areneededtousethistech- tltem and HEPAfiltersfilled nology.
withremovedcontamination
anda smallamountof sub- Developmentcost:<$3,4M .._
strate,whichwouldalsobe Iremoved. Capitalcost: ,

CentrifugeCO_system:
About$200K
Glovebox:<$50K
Workroom:About$250K IB

+ Operatingcost:About$0.25- I!$0.75/ft2

IceBlasting _ Acceptedby Industry _ Development- ---.ll_Prtor removalanddisassem- I
DCON-40-OG Efficacyof commercialsys- automation/robotics, blyofcontaminatedequip-

temforthisapplication mentanda gloveboxor
needsdemonstrationat roomthatis easilydecontam-
K-25.Wastewouldbe about inatedin whichthedeconta- I_
14 to18 gallons/hourwaste rninattonwillbeaccom- Iwatercontainingremoved plishedareneededtouse
contaminants, thistechnology.

Capitalcost: +1
Evaporatorforwastewater
treatment:,-$60K.
Iceblastingsystem:About
$180K(Addabout$240Kfor

automaticcontrol) 1

Glovebox:<$50K
Workroom:About$250K
Operatingcost:< Sl/ft2

NBI

B_.Supercritical CO 2 Blasting _ PrldenlM_ltratlon _ Development- Investigate _ Priorremovalanddisassem- I
DCON-41-OG Thiotechnologyisbeing the effectofoperatingpara- blyofcontaminatedequip-.

developedbya privatecom- metersonremovalratesand mentanda gloveboxorroom mi
party.Ukelytobeeffective removalendcollectioneffi- thatiseasilydecontaminated iwith largedecontamination cienciesforcontaminants, inwhichthedecontamination
factors.Wastewouldbe con* Demonstrateefficacyfor willbeaccomplishedplus
temlnantsand a small substratesandcontaminants oxygendepletionprecautions
amountofthe substratecon- ofInterest, areneededtouse thistech-

telrmd_ a _/cldrmand nok_. IHEPAfilters.
Developmentcost:$250K-
$1000K

Capitzdcost: 1
SupercriticalCOzsystem:
$S00-$1000K

Glovebox:<$50K
:- Workroom:About$2501(

!: I

i:.

!:
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Technology Logic
Decontamination

K_25 Site Problem " P.roblernArea/Constituents Reference Requirements Subelements I_ _ . Altm'natives
,,, . . _.

: EM Goals

• Cleanup Legacy _ EnrichmentProcess _ Ni-LinedSteel "'=.-_ RefertoVolume1,Chapter10,"---"1_- Decontamination _ MechanicalSubstrat_
Building EquipmentInterior for potentiallyapplicablepro- SurfaceRemoval

• Prevent Future u, Tc,Actinides posedandpromulgatedenviron- (fixedandtransferrable
Insult ProcessSupportBuilding mentallaws,signedandpend- contamination)

Steel ingagreementsfor theORR, (cont'd)
• Develop Electricaland Electrical Chromate radiationprotectionstandards,

Environmental Sw_tchGear DOEOrders,and non-regulatory
Monel guidance.As site-andwaste-

Stewardship PumpingStations u, Tc,Actinides specificcharacteristicsarepro-
videdforeachtechnology,spe-

LaboratoryFacilities _ ciflcregulatoryrequirementswill
U, Tc,Actinides bespecified.

SpecialDevelopment
Facilities Aluminum

U, Tc,Actinides,S, Cr
AdministrativeFacilities

SteelPiDo
CoolingTowers As,Chromates,Ba, Dioxins

AluminumPipe
U, S, Cr

SteelCylinders

Decommissioning m UF6, Tc,Actinides
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

i
r



.ogic Diagram
_tmination

MechanicalSubstrate _ PlasticPelletBlasting _ Accepted _ Improvement- Minimize _ Priorremovalanddisassem-
SurfaceRemoval DCON-42-OG Plasticpelletblastingisa blastmediaerosionto mini- blyofcontaminatedequip-
(fixedandtransferrable widelyusedalternateto mizewaste; mentanda gloveboxor room
contamination) sandblastingforapplications automation/robotics, thatiseasilydecontaminated
(cont'd) inwhichit is desiredto inwhichthedecontamination

impartminimaldamageto willbeaccomplishedplusa
thesubstrate.Technologyis systemforprocessingwastes
notlikelytoremovelisted to anacceptableformare
contaminantsfromlisted neededtousethistechnolo-
substrates.Wastewouldbe gy.
spentplasticpelletsplusany
removedcontamination, Developmentcost:$250K-

$1000K

Capitalcost:
Plasticpelletblastingsystem:
About$50K
Glovebox:<$50K
Workroom:About$250K

Operatingcost:$0,75-
$2,25/ftz

_mD'- Grinding,Honing,Scraping Accepted Improvement- A remotely Priorremovalanddisassem-
DCON-43&44-OG Handgrindinghasbeen operatedsystemforminimiz- blyof contaminatedequip-

usedsuccessfullyforsmall- ingworkerexposureshould mentanda gloveboxor
scaledecontaminationatK- bedeveloped, roomthatis easilydeconta-
25, Technologyis success- minatedinwhichthedecont-
ful,Wasteis removedsub- aminationwillbeaccom-
strafepluscontaminants, plishedplusa systemfor

processingwastestoan
acceptableformareneeded
tousethistechnology.

Developmentcost:$250K-
$1000K

Capitalcost:
Gdnder:$150 ($75K-$200K
withremoteoperation)
Glovebox:<:$50K
Workroom:About$250K

Operatingcost:aboutSl/ftz

_ Metal Milling _ Accepte¢l _ None _ Priorremovalanddlsassem-
DCON-45-OG Millinghasbeenusedto blyofcontaminatedequip-

decontaminateindividual mentis neededtouse this
itemsat K-25,Millingwill technology,
removeanycontamination
completelyalongwithpartof Capitalcost:About$150K
thesubstrate.Wastewillbe
thetoplayer(upto 1/8 In.)of Operatingcost:About
substratecontainingthe con- $17.50/!t2
taminants.

2/26/93
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Technology Lo!
Decontarnin

K-25 Site Problem', Problem Area/Constituents Subelements " ' l
•. ,, .

• Cleanup Legacy _ EnrichmentProcess _ Ni-LinedSteel _ RefertoVolume1,Chapter10,_ Decontamination _ Therrr
Building EquipmentInterior forpotentiallyapplicablepro- Surfa(

• Prevent Future u, Tc,Actinides posedandpromulgatedenvl- (fixed
Insult ProcessSupportBuilding ronmentallaws,signedand conta_

._ pendingagreementsforthe
• Develop ElectricalandElectrical Chromate ORR,radiationprotection

Environmental SwitchGear standards,DOEOrders,and
Monel non-regulatoryguidance.As

Stewardship PumpingStations u, Tc,Actinides site-andwaste-specificcharac-
tedsUcsareprovidedfor each

LaboratoryFacilities .C.d2gD._ techrJology,specificregulatory
U, Tc,Actinides requirementswillbespecified.

SpecialDevelopment
Facilities Aluminum

U, Tc,Actinides,S,Cr
AdministrativeFacilities

SteelPipe
CoolingTowers As, Chromates,Ba, Dioxins

AluminumPiDe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides t

Decommissioning m _
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

iii iii iii i

l



|
Logic Diagram ltamination

I
-- ---II_Thermal Substrate = PlasmaTorch _ EvolvingTechnology _ Development- The efficacy _ Priorremovalanddisassem-

SurfaceRemoval DCON-72-OG Conceptual.Plasmatorches ofa plasmatorchinremov- bly ofcontaminatedequip- J
(fixedandtransferable existcommerciallytoweld ingvariousorganicand inor- mentanda collectionsystem Icontamination) andcutmaterialsthateither ganiccontaminantsmustbe withanadequatetiltersys-

havea very highmelting demonstratedona bench temisneededtousethis
temperatureorrequirean scale.Amethodforcollect- technology.Anelectric
inertatmospheretoprevent ingthe removedsubstrate powersupplywouldbe Iii
oxidation.Plasmatorches andcontaminantsis needed, needed. Ihave not beenusedto
decontaminatemetalbutcan Improvements- Plasma Developmentcost:About
beexpectedto dosoeffec- torchcleaningshouldbe $3M
livelybymattingor vapodz- adaptedto roboticand auto- Capitalcost:About$200K /
ingthesurfacelayer,Includ- maticoperation. Operatingcost:<$?.Jft= IIingthe contaminants,Waste
wouldbe vaporizedor melt-
edmetalcontainingremoved

contaminants. I

LaserHeating _ Pre.demormtridion _ Development- Existinglaser _ Priorremovalanddisassem-
DCON-73-OG AmesLaborato_/hasdemon- basedphotothermalmeth- blyofcontaminatedequip- B

strateddecontaminationof odsshouldbedemonstrated ment,a gloveboxora room Imetalsbysurfaceremovalon on a largerscale.Lasers Inwhichthecontamination
a benchscale.Technology withdifferentoperatingpara- canbe accomplished,anda
shouldbeeffectiveforthelist- metersshouldbe testedona collectionsystemwithan
edcontaminants,The waste benchscaletoevaluate adequatefiltersystemis am
wouldbe riflersandHEPAtil- whethermoreefficientlaser neededtouse thistechnoio- Iterscontainingtheremoved systemsexist, gy.
subs*rateandcontaminants. Developmentcost:Over$2M

Capitalcost:$500K-$1000K

Operatingcost:AbOUt$1ttt2 B

IIPlasmaEtching/Fluorination.--.-l_Prl-demonatratlon _ Science- Dataoncleaning ---..l_Normal implementation
DCON-76-OG Plasmasurfacecleaning,by ratesforcontaminantsand needsanda collectionsys-

glowdischargesis common- substratesof interestare temwithanadequatefilter
ly andeffectivelyutilizedfor needed, system.
cleaninghighbondingener- Development- Thecapabili- Developmentcost:About Igy contaminantsfromsur- tyofplasmagenerationand $10M
facesofmetalspriortothe cleaningon complexinternal CapltaJcost:about$2M
operationoffusiondevices, surfacesofcontaminated Operatingcost:$0o01-
Technologyisexpectedto equipmentwithlargesurface $0.30/_. ii,
be effectiveforlistedconte- areasneedstobe estab- Imlnantson listedsubstrates, lished.
butwhethertheplasmacan
followtheirregularshapes
involved(compmemm,etc,) " 4lh
isuncertain.Wasteswould Ibe thevaporlzedcontami-
nantsandsubstrateson pre-
flittersandHEPAfilters.

...,.

,,, _ LaserEtchingandAblation _ !_ _ Development- Existing _ Priorremovalanddisessem- I
DCON-74-OG (evolvingtechnology)- The lasers,optics,andvacuum blyof contaminatedequip lib

conceptualbasisforthis andfiltrationsystemsneed mant,a gloveboxor roomin
technologyexists,anda slm- integrationintoa system; whichthedecontamination
liartechniqueisusedto then,thissystemshouldbe canbe aocorn_ed, anda
cleanopt,_,alsurfacesand demonstrated, collectionsystemwithan IImicroelectronics.Technique adequatefiltersystemwould '
is likelytobesuccessful, beneededto usethistech-
Wasteswouldbe removed nology.
deposit,tracesof removed Developmentcost::_=2M li
substrate,andfiltersand Capitalcost: $500K-$1000K I!HEPAfiltersfrom the fiitra- Operating¢oet: AboutSl/ft2
ttonsystem.

!
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• Cleanup Legacy _ EnrichmentProcess _ Ni-Lin_ _ Referto Volume1,Chapter10,_ Decontamination__ ThermalSubstrate

I Future Ruilding EquipmentInterior fo_potentiallyapplicablepro- Removal
• Prevent u, Tc,Actinides posedandpromulgatedenvi- (fixedandtransfer1

Insult ProcessSupportBuilding ronmentallaws,signedand contamination)Steel pendingagreementsforthe (cont.)
• Develop ElectricalandElectrical Chromate ORR,radiationprotection

I Environmental SwitchGear standards,DOE Orders,and
Monel non-regulatoryguidance.As

Stewardship PumpingStations U, Tc, Actinides site-andwaste-specificcharac.
teristicsare providedforeach

LaboratoryFacilities _ technology,specificregulatory

i U, Tc, Actinides requirementswill be specified,
SpecialDevelopment
Facilities Aluminum

U,Tc, Actinides,S, Cr
AdministrativeFacilities

SteelPioe

CoolingTowers As,Chromates,Ba, Dioxins

AluminumPiDe
U, S, Cr

UP6,Tc,Actinides
Decommissioning

(D&D)

|
!
I
I _ SurfaceCleaning, (transferrable

contamination)

Soils, Groundwater

t and Surface Water
(RA)

!
I
I
i Waste Management

(WM)

I
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Thermal Substrate Surface _ Plasma Surface Cleaning _ Pre`demonstration _ Science - Data on cleaning _ A collection system with
Removal DCON-75-OG Plasma surface cleaning by rates for contaminants and appropriate filters for the
(fixed and transferrable glow discharges is common- substrates of interest are vaporized deposits would be
contamination) ly and effectively utilized for needed, needed to use thistechnolo-
(cont.) cleaning high bonding ener- Development - The capabili- gy. An electric power supply

gy contaminants from sur- ty of plasma generation and would be needed.
faces oi metals prior to the cleaning on surfaces of typi- Development cost: About
operation of fusion devices, cal contaminated metals and $4M
Technology is expected to equipment with IPrge surface Capital cost: $500K-$1OOOK
be effective for removing areas needs to b. estab- Operating cost: $0.50-
deposits from listed sub- lished. $2.00/ft2
strates, but whether the plas-
ma can follow the Irregular
shapes involved (compres-
sors, etc.) Is uncertain,
Wastes would be the vapor-
ized deposits plus filtersand
HEPA filters from the collec-

tion system.

Flashlamp Cleaning _ Evolving Technology _..]=,,. Science - Existing flash- _A vacuum collection system
DCON-77-OG Conceptual - Flashlamp sys- lamps should be tested on a would be needed to use this

terns are being used to clean small scale for removing the technology.
organic contamination from listed contaminants from Development cost: $1-4M
artwork, ship hugs, and pre- concrete. Capital cost: $50K-$1OOK
cto_Jsmetals. Hanford Development - A moderate- Opereting cost: $0.50-

Westinghouse is conducting scale demonstration of flash- $2.00/ft 2
laboratory tests of xenon lamp decontamination using
flashlamp systems for commercially available flash-
removing radionuclide conta- lamps with the associated
minatton. Efficacy for listed vacuum collection system is
contaminants on listed sub- needed.
strates is unknown. Wastes

would be only the contami-
nants removed from the con-

crete contained in pre-filters
and HEPA filters.

Surface Cleaning = = High Pressure Wafer _ Accepted _ Development - To minimize _ Prior removal and disessem-
(transferral3e (5,000 TO 20,000 psi) High pressure water blasting waste generation, a water bly of contaminated equip.
contamination) DCON-52-OG has been used very suc- treatment system is needed ment and a glove box or room

cassfully to decontaminate for decontamination of the that is easily decontaminated
various large 3hd complex wastewater so that the water in which the decontamination
surfaces at nuclear power can be reused, will be accomplished plusa
plants. Effectiveness of this water treatment system that
technology for the listed cow- will allow the water to be
taminants and substrates is recycled are needed to use

uncertain. DFs will be higher this technology.
if chemical cleaning agents
are also used. Waste would Development costs:

be 4 to >100 gpm of contain- About $1.2M
inated waste water. Capital cost:

High Pressure System:
$50- $7SK
Glove box: <$50K
Work room: About$250K

Operatingcost:$0.06.$2_tz
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Technology Lo!
Decontamin

• Cleanup Legacy _ EnrichmentProcess _ Ni-LinedSteel _--_ Referto Volume1,Chapter10,_ Decontamination _-_ Surfal
Building EquipmentInterior forpotentiallyapplicablepro- (tran_

• Prevent Future u, Tc,Actinides posedandpromulgatedenvi- contal
Insult ProcessSupportBuildlr',g ronmentallaws,signedand (cont.I

pendingagreementsforthe
• Develop ElectricalandElectrical Chromate ORR,radiationprotection

Environmental SwitchGear standards,DOEOrders,and
Monel non-regulatoryguidance.As

Stewardship PumpingStations u, Tc,Actinides site-andwaste-specificcharac-
teristicsareprovidedforeach

LaboratoryFacilities Cooer technology,specificregulatory
U, Tc,Actinides requirementswillbespecified.

Spedal Development
Facilities

U, Tc, Actinides,S,Cr
AdministrativeFacilities

SteelPipe
CoolingTowers As,Chromates,Ba, Dioxins

AluminumPioe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioning n
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

I
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SurfaceCleaning .. - CompressedAirCryogenic _ Demonldratlon _ Development- _ Priorremovalanddtsassem-
(transferrable CO2Blasting Thistechnologyiscommer- Demonstrationof theeffica- blyof contaminatedequip- iBm
contamination) DCON-51-OG daily ava;labte.II hasbeen cy of thistechnologyforthe meritanda gloveboxorroom II(cont.) usedatnuclearreactorsites listedcontaminantsandsub- thatis easilydecontaminated

todec_,,ta_lnatehandtools strates, inwhichthedecontamination
a_ _n_J equipment.The willbeaccomplishedplus
e_'_,.v_,y_:_thistechnologyfor designandconstructionof a _._.
ren_,'4,igthelistedcontami- vacuumwaste-handllngsys- ILnantsfromthelistedsub- temwithHEPAfilterstohart-
skateshas notbeendemon- diethevaporizedCO2con-
stratedandisdoubtful, rainingtheremovedcontami-
WasteswouldbeHEPAlH- nantsareneededtousethis ii
temfilledwiththeremoved technology.Oxygendepletion IIcontaminants, precautionsarealsoneeded.

Developmentcosts:$750K-

_ $3000K I

Capitalcost:
CO2system,About$200K
Glovet¢_: <$50K
Workroom:Abo_I$250K

Operatingcost:$0.40-$20/ft2 I

SuperheatedWater _ Ar,ceptad _ Development- Tominimize _ Priorremovalanddisessem-
DCON-53-OG Technologyisavailableand wastegeneration,a water blyof contaminatedequip .dh,,=

hasbeenusedbyindustry, treatmentsystemisneeded n.:entanda gloveboxorroom i
Theremovaloftightlybound fordecontaminationof the thatis easilydecontaminated lor imbeddedcontaminants, wastewaterso thatthewater inwhichthedecontamination
suchas thelistedcontamt- canbereused, willbe accomplishedplusa
nantsonthe listedsub- designandconsln.,,,"tionof a
stratesis likelyto be slight, waterrecyclesystemare "iii
WastewillbeOA to 2.0 gpm neededto usethistechT_r_4o- IIwastewatercontaining gy.
removedcontaminants,

Oevelogmantcosts:About

$1.2M I
Capitalexit:
Superheatedwatersystem:
About$175K
Glovebox:<$50K
Workroom:About$250K ii
OperaUngcost:So.os-S2_2 |

HotWater _ Accel:4od _ Improvement-To minimize _ Awatertreatmentsystemis Bi
DCON-54-OG Rushingwithhotwateris wastegeneration,a water neededto minimizeliquid

oftenusedfollowingscrub- treatmentsystemis needed wastesfromthistechnology, B /blng. Thetechniqueis not fordecontaminationofthe Developmentcost: About
effectiveonfixedinsoluble Wastewaterso thatthe water $1.2M
contamination.Thewaste canbe recycledand reused Capitalcost:<$,51( dlb
genaratodisthecontaminat- inthehotwatercleaning Operatingcoet: <$1/1ff
ed waterfromtheflushing operation.
operation.

!
!
!
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| Technology LogDecontaminat

!
i • Cleanup Legacy _ EnrichmentProcess _ _ _ RefertoVotumel, Chapter10,----I=_ Decontamination _ SurfaceCk

• Prevent Future Building EquipmentInterior forpotentiallyapplicablepro- (transferralU, Tc,Actinides posedandpromulgatedenvi- (cont'd)
Insult ProcessSupportBuilding ronmentallaws,signedand

Steel pendingagreementsforthe
• Develop ElectricalandElectrical Chromate ORR, radiationprotection

I Environmental SwitchGear standards,DOEOrders,andMonel non-regulatoryguidance.As
Stewardship PumpingStations u, Tc,Actinides site-andwaste.specificcharac-

teristicsareprovidedforeach
LaboratoryFacilities _ technology,specificregulatory

i U, Tc,Actinides requirementswillbespecified.
SpecialDevelopment
FaciUties Aluminum

U, Tc,Actinides,S, Cr
AdministrativeFacilities

i SteelPine
CoolingTowers As,Chromates,Ba, Dioxins

AluminumPiPe
U, S,Cr

I SteelCylinder_- UF6, Tc,Actinides
Decommissioning

(D&D)

I
!
!
I

Soils, Groundwater

I and Surface Water(RA)

!
I
i

°,

i Waste Management
(WM)

-|



Logic Diagram
itamination

• ' ' ' lementation Needs 'Technologies' :Stat Science/iTechnologY Needs _

Surface Cleaning ,._ Steam ,_- Accepted _ Development - To minimize _ Prior removal and disassem-
(transferrable contamination) ! DCON-55-OG This technique has proven waste generation, a water bly of contaminatedequip-
(cont'd) useful, especially on com- treatment system is needed ment and a glove box or room

plex shapes and large sur- for decontamination of the that is easilydecontaminated
faces. Technology is not wastewater so that the water in which the decontamination
expected to be effective for can be reused, will be accomplishedplus a
listed contaminants and sub- design and constructionof a
strates. Wastes would be 0.4 water recycle systemare
to 2.0 gpm waste water con- needed to use thistechnology.
raining removed contami-
nants. Development costs:

About$1.2M
Capital cost:
Steam system: $50K-$75K
Glove box:<:$50K
Work room: About $250K
Operating cost: $0.05-$2/ft2

Hand Brushing _- Accepted _ None _ Disassembly of contaminat-
DCON-56-OG Brushing has been used to ed equipment and scraping,

clean up loose contamlna- or some other dry means of
tion at K-25 for many years, loosening most contamina-
Since little of the contamina- tion, as well as a vacuum
tion is expected to be loose, collection system for dust
this technology is not expect- generated would be needed
ed to be effective for this to use this technology.
application. Waste would be Capital cost: Negligible
spent contaminated brushes, Operating cost: $0.03-

HEPA filters from the vacu- $1.00/lt 2
um system, and the removed
contamination.

Automated Brushing _ Demonstration _ Development - A test to _ Normal implementation
DCON-57-OG Brushing has been used to demonstrate that this tech- needs.

clean the Intedor of plutoni- nology will work for the listed Development costs:$200K.
um-contaminated pipe at contaminants on the listed $1000K

Rocky Flats to a shiny metal, substrates insideequipment Capital cost:$250K (Remote
Brushing is effective for should be made before a System)

removing smoarable contami- large capital investment is Operating cost:
nation, and less effective for made. For pipe interiors about

fixed contamination. The effi- $12,000/linear foot including
cacy of brushingfor removing remote operation, contain-
the listed contaminants from ment, and remote viewing,
the listed substrates Inside based on Rocky Flats expert-
equipment i_eds demonstra- ence.
tion and is doubtful. Waste

would be spent contaminated
brushes, HEPA filters on the
vacuum cleaner used to pick
up the particles of contamina-
tion and substrate removed

by the brushing, and these
particles.

2/26/93
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Technology Lot
Decontamin

1

• Cleanup Legacy _ EnrichmentProcess -'----I_-Ni-Lined Steel _ RefertoVolume1,Chapter10,----I_- Decontamination _, _ Surfao
Building EquipmentInterior forpotentiallyapplicablepro- (transfl

; • Prevent Future u, Tc,Actinides posedandpromulgatedenvi- (cont'd
Insult ProcessSupportBuilding ronmentallaws,signedand

Steel pendingagreementsforthe
• Develop ElectricalandElectrical Chromate ORR, radiationprotection

Environmental SwitchGear standards,DOEOrders,and
Monel non-regulatoryguidance.As

Stewardship PumpingStations u, Tc,Actinides site-andwaste-specificcharac-
teristicsare providedforeach

LaboratoryFacilities Ccgggg.[ technology,specificregulatory

U, Tc,Actinides requirementswillbespecified.

SpecialDevelopment
Facilities Aluminum

U, Tc, Actinides,S,Cr
AdministrativeFacilities

SteelPiPe

EM Problem ,,
, '

CoolingTowers As, Chromates,Ba, Dioxins

AluminumPiPe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioning
(O&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Logic Diagram |ontamination

!
-' _ SurfaceCleaning --------- _ SpongeBlasting _ Accepted " _ Development- Tominimize _ Priorremovalanddlsassem- a

(transferrablecontamination) DCON-58-OG Althoughthetechnologyis wastegeneration,a water blyofcontaminatedequip
(cont'd) relativelynew,lt iscurrently treatmentsystemisneeded mentanda gloveboxor room IIbeingused by,at leasttwo for decontaminationof the thatiseasilydecontaminated

sites,includinga nuclear wastewatersothatthewater inwhichthedecontamination
powerplant.Extensivedata canbe recycledandreused willbeaccomplishedplusa ,,..=
ondecontaminationfactors inthespongeblastingopera- wastewatertreatment/recycle []
are notavailable,butthe tion. systemwillbeneededtouse IIaggressivesponges,which this technology.
areimpregnatedwithabra-
sives,may beeffectivefor Developmentcost:About
the listedcontaminantsand $1.2M i
substrates.Wastesconsist IIof about0.01 fta of blasting Capitalcost:
mediaand removedcontain- Spongeblastingsystem:
inantsper ft2of areadecont- About$20K(withblasting
aminatedplusanyliquid mediawashunit)
cleaningagentsthatmay Glovebox:<$50K IIhavebeenaddedto the Workroom:About$250K
sponges.

Operatingcost:about$2/ft2 I

Hot Air Stripping ,,.-- EvoMng Technology _ Science- Investigationof the _ Anoff-gascollectionand IDCON-59-OG ,v Conceptual-The basichotair conditionsandremovaleffi- treatmentsystemwouldbe
strippingtechnologyiswell ciencyfor theremovalof neededtousethistechnolo-.
knowfor volatilesinliquids technetiumandanyother gy.
andmanycommercial contaminantsthatmightbe Developmentcost:$3-5M Idesignsare readilyavailable, removedis needed. Capitalcost:About$200K
butthistechnologyhasno Technology-Demonstration Operatingcost:$2-$20/ft2
knownor proposedusefor oftheremovaloftechnetium
decontaminatingequipment, andanyothercontaminants
Hotairmightremovesome fromprocessequipmentis
technetium,butcannotbe needed.Developmentof an 1expectedto removeany aircleanupsystemfor
othercontaminants.Waste removingthecontaminants
wouldbe HEPAfiltersand fromthehotairis also
pre-filterscontainingany needed, iii
removedcontaminants. II

Dry Heat Roasting _ I;_m_tldratlon _ Development- _ Anoff-gascollectionand ..
DCON-60-OG Althoughdryheat(masting) Demonstrationoftheeffica- t_eatmentsystemwouldbe i

is anacceptedindustrial cyof theprocess;develop- neededtousethistechnoio.. lprocess,its efficacyfor meritanddemonstrationof gy.
removingthelistedcontami- anoff-gastreatmentsystem, Developmentcost: $1-4M
nantsfromthe listedsub. Capitalcost: About$250K
stratesis doubtful, withcollectionandtreatment
Technologyhassomeprob- system IIabilityof successforTc and Operatingcost:$2-20/ft2
littlechanceof successfor
theotheroontamtnants.
Wastewouldbeany hl
removedcontaminantsin til- IItem and HEPAfilters.

I
!
i
I
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• Cleanup Legacy --_ Enrichment Process _ Hi-Lined Steel _ Refer to Volume1, Chapter 10, _ Decontamination _ Surface Cleaning
Building Equipment Interior for potentially applicable pro- (t,ansferrable

• PreventFuture u, Tc, Actinides posed and promulgated envi- contamination)

Insult Process Support Building ronmentat laws, signed and (cont'd)
Steel pending agreements for the

• Develop Electrical and Eiectdcal Chromate ORR, radiation protection

Environmental Switch Gear standards, DOE Orders, and
Monel non-regulatory guidance. As

Stewardship Pumping Stations U, Tc, Actinides site-and waste-specific charac-
teristics are provided for each

Laboratory Facilities _ technology, specific regulatory

U, Tc, Actinides requirements will be specified.

Special Development
Facilities Aluminum

U, Tc, Actinides, S, Cr
Administrative Facilities

Steel PiDe

Cooling Towers As, Chromates, Ba, Dioxins

Aluminum Pipe
U, S, Cr

Steel Cylinders
UF6, Tc, Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Metal Refining
(fixe_
contamination)

Waste Management
(WM)

I I
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Logic Diagram
tamination

" AI tel'natives . . Tecl_nologies -;..st_us : Science/Technology Needs implementation Needs

- _ SurfaceCleaning, _-_ SolventWashing _ EvolvingTechnology- _ Development- Solventsthat _ Requiresremovaland disas-
(transferrable DCON-61-OG Conceptual-Solvent arelessdamagingtothe semblyofcontaminated
contamination) degreasingwasusedsuc- environmentneedtobe equipmentandsizereduc-
(cont'd) cessfullyat K-25,butItsuse identifiedandtheireffective- tiontoroughly2 tons/piece

wasstoppedto avoidexpos- nessdemonstrated, for processing.Spentsol-
ingworkersandtheenviron- ventswouldhaveto be
menttothehazardoussol- "burned"attheTSCAincin-
vents.The effectivenessof erator.
less hazardoussolvents Developmentcosts:$1-4.5M
wouldhaveto bedemonstrat- Capitalcost:About$400K
ed. Solventsare notexpect- Operatingcost:About
edto successfullyremovethe $0.01/Ib
listedcontaminantsfromthe
listedsubstrates,Wastes
wouldbethesolventscon.
tainingremovedcontami-
nants,

StrippableCoatings _ Accepted _ None _ Requiresremoval,disas-
DCON-63-OG Technologyhasbeen used sembly,andpossiblysome

for decontaminationapplica- sizereductionof contaminat-
tionsinvolvinghazardous ed equipment.
andradioactivecontami- Capitalcost:<$10K
nants.Decontaminationfac- Operatingcost:
torsofoneto severalhun- $1.00-$1A0/ft=
dredcan beexpectedwith
twoapplications.Wasteisa
solidpolymer(1mmx surface
are decontaminated)contain-
ingtheremovedcontami-
nants.

UltrasonicCleaning _ Accepted _ Development- Definitionof _ Requiresremoval,disas-
DCON-66-OG Ultrasoniccleaninghasbeen acceptablecleaningliquids sembly,andsizereduction

used formanyyearsinthe which(1) are nothazardous, ofcontaminatedequipment.
privatesectorand Ingovem- (2)can beseparatedfrom Developmentcost:StM
mentinstallationsforremov- thecontaminants,and(3) Capitalcost:$10K-$1OOK
ingsurfacecontamination canbe reusedto minimize Operatingcost:_?-.-$10/ft2or
fromrelativelysmallmetal secondarywastes, more
partswhichcanfitintoan Improvement- Moreaggres-
ultrasonicbath.Ultrasonic sivecleaningaction.
cleaningis notexpectedto
beeffectiveforthelisted
contaminantsonthelisted
substrates.Wasteswouldbe
spentultrasonicbathscon-
tainingany removedcontam-
inates.

MetalRefining _ SmeltPurification _ Demonstration _ Science- Demonstrateflux- _ Requiresremoval,disas-
(fixedandtransferrable DCON-31-OG PerformedbymanyInvestl- ingagentforremovingTc. sembly,andsizereduction
contamination) gatorsona labscaleandby Development- Demonstrate ofequipment.Partialdecont-

someona largescale,U Tcremovalon a largerscale, aminationbyanothertech-
removedto0.01-4ppm,Tcis nlquemay be neededbefore
notremoved.Wastesare smelting.Standardinduction
slags,scrubbersolutions, or arcfurnacewith off-gas
chemicaltrapmaterialsand treatmentsystemis needed.
HEPAfilters. De mtnimuslimitsareneed-

ed to releasethematerial.
Developmentcost:$3-5M
Operatingpluscapitalcostis
about$1/1b.

-t t
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Technology Lo!
Decontamin

• Cleanup Legacy _ Enrichment Process _ Ni-Lined Steel _. Refer to Volume1, Chapter 10,---.!l_ Decontamination _ Metal
Building Equipment Interior for potentially applicable pro- (fixed

• Prevent Future u, Tc, Actinides posed and promulgated envi- contal

Insult Process Support Building ronmental laws, signed and
Steel pending agreements for the

• Develop Electrical and Electrical Chromate ORR, radiation protection

Environmental Switch Gear standards, DOE Orders, and
M0.O.OJ non-ragulatory guidance, As

Stewardship Pumping Stations U, Tc, Actinides site-and waste-specific charac-
teristics are provided for each

Laboratory Facilities _ technology, specific regulatory
U, Tc, Actinides requirements will be specified.

Special Development
Facilities Aluminum

U, Tc, Actinides, S, Cr
Administrative Facilities

Ste_
Cooling Towers As, Chromates, Ba, Dioxins

Aluminum PiDe
U, S, Cr

Steel Cylinders
UF6, Tc, Actinides

Decommissioning
(D&D)

(fixeda
conLan

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(wa)

| I v
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MetalRefining _ Electrorefining _ Pm-demonstration _ Development- Demonstrate _ SmelterIs neededto cast mm
(fixedandtransferrable DCON-32-OG Notdemonstratedona large techniquesto (1) preventTc anodes Icontamination) scaleforthedecontamination fromplatingoutwithNi and Developmentcost:About

ofradioactivematerials.Tc At;(2)reduceUcontamina- $3M
platesoutonthecathode, tioninrefinedAI;and(3) Capitalcost:About$200M
TechnologyIslikelytobe recycleelectrolyticsolutions. (10millionIb/yrcapacity) m
effectiveforthelistedconta- Operatingcost:About$6/Ib Imlnantsand substrates.
Wastewouldbe solidmixed
wastefromassumedtreat-
mentofek,ctrolytesolutions

forrecycle. ' I

Leach/Electrowinning_ Pm-demonstration _ Development- Demonstrate ---I_.A demlnimusstandardis
DCON-34-OG Themethodis similarto techniquestorecyclethe neededtopermitsaleof the

electrorefiningexceptthe electrolyticsolutions, purifmdmetal. ImetaJisfirstdissolvedinto Developmentcosts: About
solutionratherthanformed $500K
intoanodes.Althoughthis Capitalcost: $200M(10M
processisa wellestablished Ib/yrplant) dB
commercialprocessforpro- Operatingcost: $3.80/Ib Iductngnickel from ore, lt has
notbeendemonstratedona
largescale forpurifyingmet-
alecontaminatedwith
radioactivity.Nt waspurified Ito <1 Bq/gofTcon a small
scale. TheTc mustbe
removedfromtheelectrolytic
solutionsbyionexchangeor al_
someothermethod.
Recycleof electrolyticsolu-
tionswillresultina solid
mixedwastebeadngthe
contaminantsand tracesof
thepurifiedmetalamounting []
toroughly2%byweightof Iiithe metalpudlfed.

..-._hemical SurfaceCleaning. _ ChemicalFoams _ Demonltllltlon _ Science-A fundamental ...--I_Normal implementation B
(fixedandtransferrable DCON-8-OG Effectivenessforlistedcont- understandingofbubble needs. II
contamination) aminanteandsubstrateshas dimensionsandvolumeswell Developmentcoet:$1-4M

notbeendernonstmtedand factoris needed. Capitalcost:<$50K
is doubtful.Wasteswouldbe Development- Operatingcost:$0.50- aIR
contaminatedsulf_ated Demonstrationofeffectivein $2,00/ft2 Idetergents,syntheticwetting situdecontaminationof listed
agents,and couplingagents contaminantson listedsub-
plusremovedcontaminants, strataswithadequatecontrol

of bubbledimensionsand mi
volumeswellfactor I

!
!
!
!

•
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• Cleanup Legacy EnrichmentProcess _ Ni-LinedSteel _ RefertoVolume1,Chapter10,_ Decontamination _ ChemicalSurface
Building EquipmentInterior forpotentiallyapplicablepro- (fixedandtransle_

• Prevent Future u, Tc,Actinides posedandpromulgatedenvl- contamination)

Insult ProcessSupportBuilding ronmentallaws,signedand (cont.)Steel pendingagreementsforthe
• Develop Electdcaiand Electrical Chromate ORR, radiationprotection

Environmental SwitchGear standards,DOEOrders,andMonel non-regulatoryguidance.As
Stewardship PumpingStations u, Tc,Actinides site-andwaste-specificcharac-

teristicsareprovidedforeach
LaboratoryFacilities _ technology,specificregulatory

U, Tc,Actinides requirementswillbespecified.
SpecialDevelopment
Facilities Aluminum

U, Tc,Actinides,S, Cr
AdministrativeFacilities

SteelPiDe
CoolingTowers As,Chromates,Ba, Dioxins

AluminumPipe
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
- (WM)

n •



Logic Diagram
=tamination

Alternative.s Technologies Status science/Techn01ogy Needs ImplementationNeeds

_ ChemicalSurfaceCleaning _ GasPhaseDecon _ Pre.cMmon_tratlon _ Science-Optimumprocess - _ permittedventwill be
(fixedandtransferrable DCON-16-OG Lab-scalestudieshave conditionsfordecontamina- neededto implementthis
contamination) demonstratedthatCIF3is rienshouldbeestablished, technology.Airwithtrace
(cont.) capableofeffectivelyremov- Development- Full-scale amountsof UF6, chlorides,

ingUdepositsatroomtem- demonstrationof thedecent- andfluorideswillbe vented.
perat"_, Gasphasedeconla, aminationofprocessequip- Developmentcost: About
minatio,,is expectedto be ment is needed. $5M
largelyor completelyeffective Developmentof mechanical Capitalcost::>$3M
InremovingU andS com- methodsandchemicalmeth- Operatingcost:About
poundsfoundIngaseousdfr- eds to removereactionby $15,000($0.52/tb) If a 00
fusionandgascentrifuge productssothat CIF3can be converteristreatedin situ.
equipment,ltshouldnotbe recycledareneeded.
effectivein removingTo.
Chromates,actinides,and
thodumdaughterproducts
from thedecayofUcom-
poundswillnotberemoved.
Thelevelsofthe latterconta-
minantsonmuch,ormost,of
thesub_'atesareexpectedto
be lowenoughthatthesesub.
strateswillstillmeetsurface
releasecriteria.Wasteswillbe
spentNaFtrappingmatedal
andspentcausticscrubber
solutionorfluoridetrapping
media.

inorganicAcidTreatments_ Accepted _ Development-Necessaryto _ NormalImplementation
DCON-12-OG Decontaminationwithnitric adaptmodificationstothe needs.

acidhasbeenusedfor system(scrubbers,filters, DevelopmentCost:$400°
cleaningconvertersand treatmentfornitratesand 1000K(Roughestimate)
otherlargeitemsatK-25for heavymetals)inorderto CapitalCost:$4-10 million
manyyears.Sulfuricacid Is meet regulatoryrequire- (Roughestimate)
usedlessoften,notablyto merits. Althoughexistingfacilities
dissolvenickelplatingprior Science/Development- maybe adaptabletotheacid
toremovingcontaminantsat Possibledevelopmentofthe cleaningprocess,a treat-
thenickel-steelinterface. HNO3/HFdecontamination meritfacilityfor corrosive
The inorganicacidsarecon- method,withor withoutultra- nitratewasteswillbe
centrated,withconcurrent sonicagitation, required.
corrosion.DFsare in the 100
range.Wastesconsistof Operatingcost:Similarto the
largequantitiesofcorrosive otherorganicandinorganic
wastescontainingthe treatmentsystems.
removedcontaminantsand
requiretreatmentanddis-
posalas mixedwaste.

OrganicAcidTreatments _ Demonltration _ Development- Development_ Normalimplementation
DCON-10-OG The BNFLcitricaciddeconta- is neededona pilotplant needs.

ruinationprocessiscurrently scaleforwastetreatments Developmentcost:$400-
usedbyBNFLatthe (ionexchangecolumns)to 1000K(roughestimate).
Capenhurstgaseousdiffusion verifythatwe canmeetour Capitalcost:$4-10 million
plantforlargescale,success- regulatoryrequirementsand (roughestimate).
fuldecontaminationof to evaluatetheeffectiveness Operatingcost:approximate-
wroughtaduminum.DF of300 on themetalsusedby ly$300/metdcton.(BNFL
forU alphaand40 forTcbeta Americangaseousdiffusion estimate)
are reported(11.1 Bq/g plants,whichdifferfromthe Existingfacilitiesmay possi-
alpha,0.04 Bq/gbeta).A2.5 Britishplants, blybeadaptedto this
hectarearea ofthe processatK-25.
C_ I_nt was decent-
amtnatedbythisprocess.A
citricacidprocessfollowedby
a sulfuricacidprocessis
used.WastesIncludecitric
and sulfuricacids oontalning
uraniumandothermeta/ions
andIonexchangemediacon-
_ntng themetals.Urantumis
difficulttoIxe_l_te.

2t26/93
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Technology Lo
Decontamin

!

• Cleanup Legacy _ EnrlchmontProcess_ Ni-LinedSteel _ Referto Volume1,Chapter10,_ Decontamination_ _
Prevent Future au,cUng EquipmentInterior forpotentiallyapplicablepro-• U, Tc,Actinides posedar.dpromulgatedenvi-

Insult ProcessSupportBuilding ronmentallaws,signedand
Steel pendingagreementsforthe

• Develop ElectricalandElectrical Chromate ORR,radiationprotection

Environmental SwitchGear standards.DOEOrders,andnon-regulatoryguidance.As
Stewardship Pumpingstations u, Tc,Actinides site,and waste-specificcharac-

teristicsamprovidedforeach
LaboratoryFacilities _ technology,specific=regulatory :_1

U, Tc,Actinides requirementswiltbe specified. 1
Development

Facilities _
U, Tc,Actinides,S, Cr i

AdmlnistraUveFacilities
SteedPioe

CoolingTowers As, Chromates,Ba,Dioxins _

AluminumPiPe I
U, S, Cr

SteelCylinders
UF6, Tc,Actinides

Decommissioningm ii(D&D) !

:!

Soils,Groundwater
andSurfaceWater

(RA)

WasteManagement .i,
(WM)
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oemonsvatkm _ Development-Althoughthe _ Normalimplementation
-,!_, Chemical(fixedandSUrfacetransfen,ableCleantng_ DCON-1Flu°b°dClACld-oGTreatment _ Thetechnologywasspectfl- methodhasseenapplication needs, g

contamination) caJlydesignedforD&D at Chernobylwithgood Developmentcost:$400. ,II
(co_d) (Chemobylapplication)and results,developmentworkis 10001((roughestimate)

iSIike_ttobehigh_effective neededto testapplicabilityto CapitalCost:8001<(19g0
onmostmetal_ metallic US GDPequipment, estimateforequipmentonly an
oxidesurfaces,ltremoves for5T/daycapacityofmetal) Ithe outer layer In a controlled $4-10M(roughestimate
.und_ec'tlvemanner.The Induding_ &f_,-

canbee_r_,aJly t_)
regeneratedand recycled OperatingCost: ..
withradioactivewasteplated ,$300 metricton(assume Iout at the cathode8ndso4idl- sameasforBNFL_ocess)
f_ in cement.Rr_ quant,y
of cement-solidifiedwasteis
20,50 grams/square meter of

decontaminationsurface. _1
Otherwastetreatment
opuonsare_

CausticTreatments _ _ _ Development-Testwith _ Awastetreatmentplantis iDCON-13-OG Y Derxxdamtnationof surface fluoridefilms, neededtotreatthewest=P I
smeerablecontamination waterresultingfromthe
usingcausticctwnlcm decontaminationoperation.
(pr!ndl=_ soapandwater) Capital=:st: <SIOK

hasbeenusedat K-25for Operatingcost:>$1/Tta Imanyyeam.S_;v:emanyof
Mthe _ contemtnanteare

exrec:tedto befl_edor to
havepenetrated,at least
partkCy,intothe_strate, i
caus_ sorul_no Isespect- |edtoo,_ypa_,y deoonte-
minatetheconlaminated
sUbstrate.We_es woukl

cons_tof uead(_mstiosolu- I

IREDOX Treatments _ _ _ Development- AliREDOX _ Asystemfortreatingthe
DCON-14-OG REDOX_ _ techniqueswillrequire REDOX reagentsto permit

Citrox(a ndxtureof oxidic bench-scaletestingand recyclingthesereagentswill
and_ acids),lowoxide- small-scaledemonstrations beneededto usethistech-
tion-statemetaltonprocess, todeterminetheirusefulness nology.
andceriumaoiutJoNIinacid. fordecontaminationof DevelopmentCom: $2.5_ []
REDOXtreatnlent8have gaseousdiffusionequip- $5,0M IIbeen demonstlWisdIlor ment. Capitalcoste: >$1M
nudearpowerpW_de0on=- Operatingcost:,_out$1_.mination,butno_forthecon-

temblantuof _ DFsof I
m-lOOmaybo_
be_do_ _in
nudear powerpian_ Mh
rocyc_,wam la _ Ion

___ .
removed¢_mtantnmsand II
(_m_k_s frommeREDOX |

!
. • . ,

..
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, d_,_, ,,dt_i_k _'l_i_lUu ,i;i ....

• Cleanup Legacy -._ Enrichment Process _ Ni-Lined Ste__ "-...: Refer to Volume1, Chapter 10, .---liD.. Decontamination , _ Chemical
Building Equipment Interior for potentially applicable pro- (fixed and

• Prevent Future u, Tc, Actinides posed and promulgated envi- contamination)

Insult Process Support Building ronmental laws, signed and (cont'd)
Steel pending agreements for the

_ • Develop Electrical and Electrical Chromate ORR, radiation protection

Environmental Switch Gear standards, DOE Orders, and
Monel non-regulatory guidance. As

- _ Stewardship Pumping Stations U, Tc, Actinides site-and waste-specific charac-
tedstics are provided for each

J Laboratory Facilities .G.Qgg_ technology, specific regulatoPj
U, Tc, Actinides requirements will be specified.

Special Development

Facilities Aluminum
U, Tc, Actinides, S, Cr

Administreti,m Facilities

Steel PiDe

'EM,Problem ..
: Cooling Towers As, Chromates, Ba, Dioxins

Aluminum PiPe
U, S, Cr

, Steel Cylinders

UF6, Tc, Actinides
Decommissioning

(D&D)

i

=

' Soils, Groundwater
and Surface Water

(RA)

Methods

(fixed
contamination)

; Waste ..........nnalluguww=t_rlt

(WM)



Logic Diagram
tamination

ChemicalSurfaceCleaning _ Electropolishing _ Demormtration _ Development- Somedevel- _Normal implementation
(fixedandtransferrable DCON-15-OG Electropolishingis widelyused opmentworkis requiredto needs
contamination) toremover_dloactivecontain- applythemethodtoUS GDP Developmentcost:$400-
(cont'd) inantsfrommetalsurfacesbut applications,andtorecycle 1000K(Roughestimate)

hasnotbeendemonstratedat electrolyticsolutions Capitalcost:notavailable
theUS GDPs.The methodis (canbe constructedinmod-
verylikelyto besuccessful, uleseasily)
sinceitresultsinremovinga Operatingcost:moreexpert-
smalldepthofthesurface, sivethanmostothermeth-
Acidicsolutionswillbegener- odssinceitemsmustbe
atedwhichmustbe recycled, subjectedtoelectriccurrent.
perhapsbyionexchange
methods.

Biological _ EvoivlngTechnology Science- Find culturetech- _ FacilitiesforclJItivattngthe
DCON-17-OG "- -preconceptual- _ niquesthatprovidesuccess- bacteriaanddisposingofthe

Organismsthatdestroy fuldeconona labscale, bacterialslud_aewouldbe
organicshavebeenidenti- Development- Develop needed.
fled.Methodisunlikelyto techniquesthatsuccessfully Developmentcost:
removeU, Tc.Wastewould decononlargescale. $300K-$600K/year
be a sludgecontaining Developequipmentcostand Capitalcost:about$200K
remainsofbacteria+PCBs deconrateandcostinforma- Operatingcost:
andinorganiccontaminants, tion. $0.10-$3.00/ft2
Methaneis a likelygaseous
product.

LaserActivatedChemistry_ EvolvingTechnology- _ Development- _ Vacuumsystemscapableof
DCON-18-OG Accelerationof reaction Demonstrationofvacuum collectingremovedcontaml-

ratesforselectedreactions systemscapableof collect- nants.
isproven.Smallscaledecon ingremovedcontaminants. Developmentcosts:$2M +
hasbeendemonstrated. Capitalcost:
Wastewouldbe prefilters $1-10M/machine
andHEPAfiltersfilledwith Operatingcost:Unknown
removedcontaminants.

BulkDecontamination. ._ CatalyticExtractionProcess _...j_. PmdlmtonltmUon _ Science- Methodforremov- --.-.ll_"Offtheshelf"inductionor
Methods DCON-6-OG Hasnotbeenusedtosmelt ingTc. arc furnace.
(fixedandtransferrable scrapbearingradioactivity. Development-Demonstrate Developmentcost: $3-5mll-
contamination) Ltkelyto reduceNi to0,01-4 Tc removalandimproveU lion

ppmU andAI to 3-100 ppm removalfromaluminum. Capitalcost:-$16 million
Uor less.TciSnotremoved. Operatingcost:$1/!b
Wastewouldbeslag con-
tainingcontaminantsplus
contaminantsin a scrubber
solutionor chemlc_'_ng
matedals.

2/26/93
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Technology
Decontamlnl

EM Goa!s .,.

• Cleanup Legacy _ UraniumDepositRemoval_ Ni-LinedSte_l _ RefertoVolume1,Chapter10, _ Decontamination .._ Mecha
forCascadeEquipment forpotentiallyapplicablepro- Surfac

• Prevent Future Interior EquipmentInterior posedandpromulgatedenvi-

Insult u, Tc,Actinides ronmentallaws,signedand
pendingagreementsforthe

• Develop Steel ORR,radiationprotection
Environmental u, Tc,Actinides standards.DOEOrders,and

non-regulatoryguidance.As
Stewardship Monet site-andwaste-specificcharac-

U. Tc,Actinides tedsticsareprovidedfor each
technology,specificregulatory

i ii _ requirementswillbespecified.

1
U, Tc,Actinides

Aluminum
U, Tc,Actinides

Decommissioning --
(O&O)

Soils, Groundwater
and Surface Water

(RA) +

Waste Management
(WM)

!



iJ_ LLU/1/ _lg i a_ iii, .............. ,.................... , ..
MechanicalSubstrate , _ ShotBlasting _ Accepted _ Improvement- Vacuum/filter _ Equipmentmustbe removed
SurfaceRemoval DCON-36-OG Commercialshotblasters systemswithnozzles andpartiallydisassembled, i

areusedto removerustand designedto matchdeconta- Anenclosedgloveboxthat Imadnegrowthfromship minatedpartsareneededto hasadequatefiltersandis
hullsandto cleanstructural minimizethespreadof shot easilydecontaminatedon
steel. WasteIs about0.1 go andcontamination, theinsideIs neededinwhich
spentshot/ft2 decontamlnat- theshotblastersystemwill i
ed, removeddeposits,trace beused. Uamountsof erodedsub- Developmentcost: $200-
strate,filters,andHEPAtil- 1000K(Vacuumsystemfor
ters. eachnozzledesign)

Capitalcost: i
Shotblaster:> $50K(with
vacuumsystem)
Glovebox:<$50K
Operatingcost: About

Sl ._,1_2 I
m

ScabblersJScarifiers _ Accepted _ Improvement- Scabbler _ Equipmentmustbe removed
DCON-37-OG Mechanicalscabblersare heads,vacuumsystemswith andpartiallydisassembled.

widelyused. Theyare gem- nozzlesdesignedto match An enclosedgloveboxwith a
erallyeffective,butleave decontaminatedparts,and adequatetiltersthat iseasily Isome hot spots. Noise filtersare neededto mini- decontaminatedon
wouldbea problem.Waste mizethespreadof contaml- insideisneededinwhichthe
wouldbe removeddeposit, nation, mechanicalscabtdersystem
traceamountsoferoded willbe used, I
substrate,scabblerbits,til- Developmentcost: $300- Item, andHEPAfilters. 1000K(Vacuumsystemand

scabbY,headforeach
designrequired)

Capitalco=,'t: I

Scabbier:> $50K(withvac-
uum system)
Glovebox:<$50K
Operatingcost:About
$1.0(Ott2 (gre_terthanfor mm
_t I_udar) |

Grit Blasting ,,.-- Accepted _ Improvement- 1)Bettervac- _ Equipmentmostbe removed
DCON-38-OG _ Has be(musedformclny uum/filtersystemsforcol- andpmltallydt_ls_;embied. I

applicationsInthenuclear lectingblastmediaareneed- Anenclosedgloveboxthat is Iind_. TechnologyIsglen- ed tominimizespreadof easilyde¢x_taminatedon
orallyeffective.Waste blastmediaandcontamina- theinsideis neededinwhich
wouldbe removeddeposits, lion. 2) Asystemto sepa- thegritI_zstersystemwillbe
traceamountsoferoded ratecontaminantsfromblast used. A systemtoseparate I
8ubstrate,spentgdt,filters, mediaandpackagethe contaminantsfromblast Wr
and HEPAfilters, wastesisneeded, mediaandpackagethe

wastesIsneededas weftM
a systemtoadequat_)lyfilter

exhaustair, I
Developmentcosts: I) bet- ItarvacuumRItratlon
terns: $1-6M, 2)Waste
t_tment andpacka_ng:

Capitalc_t; About
o_r=_co=:>¢#._

2/26_
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• Cleanup Legacy _ UraniumDepositRemo,ved.---_..ll_ Ni-LinedSteel _ Referto Volume1,Chapter10, _ Decontamination _ MechanicalSubstra|
forCascadeEquipment EquipmentInterior for potentiallyapplicablepro- SurfaceRemoval

• Prevent Future Intedor U, Tc,Actinides posedandpromulgatedenvi-
ronmentallaws,signedand

Insult Stee_ pendingagreementsfor the
• Develop u, Tc,Actinides ORR,radiationprotection

standards,DOEOrders,and
Environmental Monel non.regulatoryguidance.As
Stewardship u, Tc, Actinides site-andwaste-specificcharac-teristicsareprovidedfor each

g.ggggZ technology,specificregulatory
U, Tc,Actinides requirementswillbespecified.

Aluminum

U,Tc,Actinides

EM Prol_lem +. .
'

Decommissioning --
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



.ogic Diagram
mination

MechanicalSubstrate II _ CentrifugalCryogenic ::>. Pre-demonstration _ Development- _ Prior_emovalanddisassem-SurfaceRemoval CO2Blasting Centrifugepelletaccelera- Demonstrationof a practical bly ofcontaminatedequip-
DCON-39-OG tionhasbeendemonstrated, systemwithhigh-velocity mentanda gloveboxthatis

Technologywillbe likelysuc- pelletsdeliveredata suffi- easilydecontaminatedin
cessfulwithessentiallyinfi- cientrateandadequatecol- whichthedecontamination
nitedecontaminationfactors, lectionofremovedcontami- willbe accomplishedplus
Wastewouldbefiltersand nants, oxygendepletionprecau-
HEPAfiltersfilledwith tionsandadequatefiltration
removeddepositsanda areneededtouse thistech-
smallamountof substrate, nology.
whichwouldalsobe Developmentcosts: ,d$3.4M
removed. Capitalcost:

CentrifugeCO2 system:
About$200K
Glovebox: <$50K
Operatingcost: $0.50-
$1.50rft2

_ Supercritical _-- Pre-demonstration _ Development- Investigate _ Priorremovalanddisassom-
CO2 Blasting Thistechnologyisbeing theeffectof operatingpara- blyofcontaminatedequip
DCON-41-OG developedbya privatecom- metersonremovalratesand mentanda glovebox thatis

pany. Likelytobe effective removalandcollectioneffi- easilydecontaminatedin
withlargedecontamination cienciesforcontaminants, whichthe decontamination
factors.Wastewouldbe Demonstrateefficacyfor willbe accomplishedplus
removeddepositsanda depositsonsubstratesof oxygendepletionprecau.
smaflamountofthesub- interest, tionsandadequatefiltration
stratecontainedina cyclone areneededto usethistech-
andHEPAfilters, nology.

Developmentcosts:$250K-
$1000K
Cap=ialcost:
SupercriticalCO2system:
$500-$1000K
Glovebox: <$50K

Operatingcost: >$?.Jft2

PlasticPelletBlasting _ Accepted _ Improvement- 1) Minimize _ Priorremovalanddtsassem-
DCON-42-OG Plasticpelletblastingisa blastmediaerosiontomini- blyof contaminatedequip-

widelyusedalternateto mizewaste;2) Bettervacu- ment,a gloveboxthathas
sandblastingforapplications urn/filtersystemsforcollect- adequatefiltrationofeffluent
in whichlt isdesiredto ingblastmediaareneeded airandfseasilydecontaml-
impartminimaldamageto tominimizespreadofblast hatedinwhichthedeconta-
thesubstrate.Technologyis mediaandcontamination, minationwillbe accom-
likelyto removemost,but plished,anda systemfor
notall,ofthe depositsfrom processingwastesto an
the listedsubstrates.Waste acceptableformare needed
wouldbespentplasUcpel- tousethis technology.
lets,removeddeposits,til- Developmentcosts:$250K-
ters,and HEPAfilters. $1000K

Capitalcost:
Plasticpelletblastingsys-
tem: About$50K
Glovebox: <S50K

Operatingcost: $2-$5_t2

2F26/93 =
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Technology
Decontamn t

'FM Goals: ,:

• Cleanup Legacy _ UraniumDepositRemoval _ Ni-LinedSteel _ RefertoVoturnel,Chapter10, _ Decontamination
forCascadeEquipment EquipmentInterior forpotentiallyapplicablepro- Surfa¢

• Prevent Future Intedor U, Tc,Actinides posedandpromulgatedenvi-
ronmentallaws,signedand

Insult steel pendingagreementsforthe
• Develop u, Tc,Actinides ORR,radiationprotection

standards,DOEOrders,and
Environmental MQ.D_ non-regulatoryguidance.As
Stewardship u, Tc,Actinides site-andwaste-specificcharac-

teristicsamprovidedforeach
tor'._,_._,k)gy,specificregulatory

U, Tc,Actinides req_remen;swillbespecified.

Aluminum

U, Tc,Actinides

-.,-iI_ Therrd
Re_

• EM, Prq !blem.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

I

m ,,



MechanicalSubstrata _ HandGrinding,Honing, _ Accepted _ None _ Priorremovalanddisassem- i
SurfaceRemoval Scraping Handgrindingand scraping blyofcontaminatedequip- i

DCON-43-OG havebeenusedsuccessfully mentanda gloveboxthatis IIfor small-scaledecontamina- easilydecontaminatedand
tionatK-25. TechnologyIs hasHEPAfiltersinwhichthe
successful.Wastewouldbe decontaminationwillbe
removedsubstrateand accomplishedplusa system []
depositspluscontaminated forprocessingwastesto an IIHEPAfilters, acceptableformare needed

tousethistechnology.
Capitalcost:

Grinder: $150 i
Glovebox: <$50K '
Operatingcost: About$2/tt2

ThermalSubstrateSurface _ PlasmaTorch _ EvolvingTechnology _ Development- Theefficacy _ Priorremovalanddlsassem- I
Removal DCON-72-OG Conceptual- Plasmatomhes of a plasmatorchinremov- blyof contaminatedequip

existcommerciallyto weld ingdepositsshouldbe merit,a gloveboxinwhich
andcutmaterialsthateither demonstratedon a bench thedepositremovalla
havea veryhighmelting scale. A methodforcollect- accomplished,anda colloc- Itemperatureor requirean ing the removedsubstrate tlonsystemwithan ads-
inertatmosphereto prevent and contaminantsisneeded, quata filtersystemwouldbe
oxidation.Plasmatorches neededtousethistechnolo-
havenotbeenusedto gY. li
decontaminatemetalbutcan Developmentcost: About Ibe expectedtodosoeffec- $3M
tivelybymeltingor vaportz- Capitalcost:
ing thesurfacelayer, includ- Plasmatorchandcollsctfon
ingthe contaminants.Waste system:About$200K • -/
wouldbevaporizedor melt- Glovebox: <$50K []
ed metal,removeddeposits, Operatingcoat:$0.20-$5/112 IIandcontaminatedfiltersand
HEPAfilters.

!
=.----.,ll_LaserHeating _tl,_ Pr_ _ Development- Existinglaser _ Priorremovalanddtsassem-

DCON-73-OG Decontaminationof metals basedphotothermalmeth- blyofcontaminatedequip
bysurfaceremovalhasbeen odsshouldbe demonstrated merit,a gloveboxinwhich []
demonstratedona bench on a largerscale. Lasers thedepositremovalis !1scale, Technologyshould withdifferentoperatingpara- accomplished,anda colloC-
be effective.Thewaste metersshouldbe testedona tionsystemwithan ads-
wouldbe filtersandHEPA benchscaleto evaluate quatefiltersystemwould
filterscontainingthe whethermoreefficientlaser be neededto usethis
removedsubstrateand systemsexist, technology. 1deposits. . Developmentcost: Over

$2M
Capitalcost:$SOOK-$10OOK

Operatingcost: About$1nt2 I

LaserEtchingandAblating _ _ _ Development:Existing _ Priorremovaland dtsassem- /
DCON-74-OG (evolvingtechnology)- The lasers,optics,andvacuum btyofcontaminatedequip Iconceptualbasisforthis and filtrationsystemsneed merit,a glovebox inwhich

technologyexists,anda slm- integrationintoa system; thedepositremovalis
liartechniqueIsused to then,thissystemshouldbe accomplished,anda collec-
cleanopticalsurfacesand demonstrated, tionsystemwithan ade. II
microelectmnic_Technique quatefibersystemwouldbe Imaybe slow to removelarge neededto usethistechnolo-
deposits.Warns wouldbe OY.
removeddeposit,tracesof Developmentcost: Over
removedsubstrata,andtil- $2M =--
temandHEPAfiltersfrom Capitalcost: $500K-$1OOOK Ithe filtrationsystem. Operatingcost: AboutSl/ft2

mm
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• Cleanup Legacy _ Uranium Deposit Removal _ Ni-Lined Steel _ Refer to Volume1, Chapter 10, _ Decontamination _ Thermal Substrate Sut
for Cascade Equipment Equipment Interior for potentially applicable pro- Removal i

• Prevent Future Interior U, Tc, Actinides posed and promulgated envi- i
ronmental laws, signed and

Insult steel pending agreements for the
• Develop u, Tc, Actinides ORR, radiation protection

standards, DOE Orders, and

Environmental aone_ non-regulatory guidance. As

Stewardship u, Tc, Actinides site-and waste-specific charac-
tsrtstics are provided for each

._¢ggl2.0_[ technology, specific regulatory
U, Tc, Actinides requirements willbe specified,

Aluminum
U, Tc, Actinides

Decommissioning --
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



.ogic Diagram
amination

Thermal Substrate Surface _ Plasma Surface Cleaning _ Pre-demonlltration _ Science - Data on cleaning _ A collection system with
Removal DCON-75-OG Plasma surface cleaning by rates for contaminants and appropriate filters for the

glow discharges are com- substrates of interest are vaporized deposits would be
monly and effectively utilized needed, needed to use this technolo-

for cleaning high bonding Development - The capabili- gy, An electric power supply
energy contaminants from ty of plasma generation and would be needed.

-" surfaces of metals prior to cleaning on complex internal Development cost: About
the oporation of fusion surfaces of contaminated $4M

devices. Technology is equipment with large surface Capital cost: $500K-$10OOK
expected to be effective for areas needs to be estab- Operating cost: $0.50-

removing deposits from list- lished. $2.00/ft2
ed substrates, but whether
the plasma can follow the
irregular shapes involved
(compressors, etc.) is uncer-
tain. Wastes would be the

vaporized deposits plustil-
ters and HEPA filters from

the collection system,

Plasma Etching/Fluorination _ Pre-demonltration _ Science - Data on cleaning _ A collection system with
DCON-76-OG Plasma etching processes rates for contaminants and appropriate filters for the

are used in matedal process- substrates of interest are vaporized deposits would be
Ing and microelectronic man- needed, needed to use this technoto-

ufacturing. Extrapolating Development - The capabili- gy. An electric power supply
these plasma processes for ty of plasma etchingon would be needed.

vaporizing and recovering deposits in complex equip- Development cost: About
uranium deposits is consid- ment with large surface $10M

ered feasible, Reactive plaso areas needs to be estab- Capital cost: About $2M
ma decontamination rates lished. Operating cost: $0.50-

should be higher than unas- $2.00flt 2
sisted gas-phase decontami-
nation rates. Wastes would

be the vaporized deposits
plus filters and HEPA filters
from the collection system,

Flashlamp Cleaning ___ Pre-demoflltration _ Development - Commercially _ A collection system with
DCON-77-OG (emerging technology) - available flashlamp systems appropriate filters for the

Flashlamp systems are would have to be evaluated vaporized deposits would be
being used to clean organic for possible use for deposit needed to use this technolo-.

contamination from artwork, removal, gy. An electric power supply
ship hulls, and precious met- would be needed.

als. Hanford-Westinghouse Capital cost: $50K-$100K
is conducting laboratory Operating cost: $0.50-

tests of xenon flashlamp sys- $2.00/ft2
tems for removing radionu-
clide contamination from sur-

faces Inside metal storage
vessels, Wastes would be

removed deposit, traces of
removed substrate, and til-
ters and HEPA filters from

the filtration system.

2/26/93
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Technology Lo!
Decontamin

EM Goals'

• Cleanup Legacy _ UraniumDepositRemoval _ Ni-LinedSteel _ RefertoVolume1,Chapter10,_ Decontamination
forCascadeEquipment EquipmentInterior for potentiallyapplicablepro-

• Prevent Future Interior u, Tc,Actinides posedandpromulgatedenvi-
ronmentallaws,signedand

Insult steel pendingagreementsforthe
• Develop u, Tc, Actinides ORR, radiationprotection

standards,DOEOrders,and
Environmental Monel non-regulatoryguidance.As 1
Stewardship u, Tc,Actinides site-andwaste-specificcharac-

tedsticsare providedforeach
technology,specificregulatory

U, Tc, Actinides requirementswillbespecified.

Aluminum
U, Tc, Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



SudaceCleaning .,-.- _ CompressedAirCryogenic _ DemonstrlUon _ Development- _ Priorremovalanddisassem- mm
CO2 Blasting Thistechnologyis comrner- Demonstrationofthe effica- blyofcontaminatedequip- IIDCON-51-OG clallyavailable, lthasbeen cyofthistechnologyfor mentanda gloveboxthat is

usedatnuclearreactorsites removinglargeuranium easilydecontaminatedin
to decontaminatehandtools depositsfromthelistedsub- whichthedecontamination
and someequipment.The strates, willbeaccomplishedplus i
efficacyofthis technologyfor designand constructionof a Iremovinglargeuranium vacuumwaste-handlingsys-
depositsfromthe listedsub- temwithfiltersand HEPAtil-
strateshasnotbeendemon- tarstohandlethevaporized
strated. Wasteswouldbefib CO2 containingtheremoved mi.
tersandHEPAfiltersfilled depositsareneeded,to use Iwith the removeddeposits, thistechnology.

Developmentcosts:$750K-
$3000K

Capitalcost: I
CO2system:About$200K
Glovebox: <$50K

Operatingcost: $2-$20/ft2

HandBrushing _ Accepted _ None. _ Disassemblyof contaminat- B
DCON-56-OG Brushinghasbeenusedto edequipmentandscraping, IIclean up loose contamina- or someothermeansof

tionat K-25for manyyears, looseningmostdeposits
Wastewouldbe spentconta- wouldbe neededto usethis
minatedbrushes,HEPAtil- technology, mi
ters onthevacuumsystem Capitalcost: Negligible IIof the glove box,and the Operatingcost: $0.03-
removedcontamination. $1.00/ft2

!
SpongeBlasting -..- A©cq_d _ Development- 1) Bettervac- --=!_ Priorremovalanddisaasem-
DCON-58-OG "- Althoughthetechnologyis uum/filtersystemsforcol- blyofcontaminatedequip-

relativelynew,lt is currently lectingblastmediaareneed- mentand a gloveboxor li
beingusedby,at leasttwo edto minimizespreadof roomthat iseasilydeconta- Isites, Includinga nuclear blastmediaandcontamina- mlnatedinwhichthedecont-
powerplant. Extensivedata tion;2) tominimizewaste aminationwillbeeccom-
ondecontaminationfactors generation,a watertreat- plishedplusa vacuumcol-
are notavailable,butthe mentsystemis neededfor lectlonsystemwithadequate
aggressivesponges,which decontaminationof thewash affluentfiltrationwillbe Iare impregnatedwithabra- solution, neededto use thistschnolo-
sires,maybe effectivefor .gY.
uraniumdepositsonthe list- Developmentcosts:
ed substrates.Wastescon- Vacuum/filtersystem: ,==lm

sistOfspentsponges,any About$1.2M []
matedai8(grit,washingsolu- Recyclesystem: II
tlon, etc.) addedto the About 1.2M
sponges,removeddeposits, Capitalcost:
traceamountsofthesub- Spongeblastingsys
strate,andabout0.01 ft3 of tem: About$20K (with []

blastingmediawash IIblastingmediaperft̀ ?.of unit)
areadecontaminated. Glovebox: <$50K

Operatingcost: $2-$5_2 li

I

I
!
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I , ii

• Cleanup Legacy _ uraniumDepositRemoval _ Ni-LinedSteel _ RefertoVolume1,Chapter10, _ Decontamination _ SurfaceCleaning
forCascadeEquipment EquipmentInterior forpotentiallyapplicablepro-

"-Prevent Future Interior u, Tc,Actinides posedandpromulgatedenvi-
ronmentallaws,signedand

Insult Steel pendingagreementsforthe
• Develop u, Tc,Actinides ORR, radiationprotection

standards,DOEOrders,and
Environmental Monel non-regulatoryguidance.As
_!ewardship , u, Tc,Actinides site-andwaste-specificcharac-

teristicsare providedforeach
technology,specificregulatory

U, Tc,Actinides requirementswillbespecified.

Aluminum
U, Tc,Actinide.,

ChemicalSurfaceCk

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



J, Ul ,i , , , iIJ I I1_

-- _ SurfaceCleaning , _ Vacuuming _ Accepted _ None _ Disassemblyof contaminat-
DCON-64-OG Vacuumcleanershavelong edequipmentandpriorIoos-

beenusedto cleanuploose eningofthedepositsusing
contaminationattheGDPs. anothertechnologyis need.
Sincelittleofthedeposits ed tousethistechnology.
areexpectedtobe inloose Capitalcost:<$10K
form,depositswillhaveto be Operatingcost: >Sl/ft2
loosenedbyscrapingor
gdndingbeforethistechnolo-
gyis used. Criticallysafe
vacuumcleanersshouldbe
aneffectivewaytopickup
depositsloosenedbysome
othertechnology.Wastes
woukibe tperemoved
depositandfiltersand/or
HEPAfiltersonthe vacuum
cleaner.

ChemicalSurfaceCleaning _ GasPhase -.-- Pre-demonltratlon _ Science-Optimumprocess _ Apermittedventwillbeneed-
DCON-16-OG Y Lab-scalestudieshave conditionsfordecontamina- edto implementthistechnol-

demonstratedthatCIF3is tionshouldbeestablished, ogy.Airwithtraceamountsof
capableof effectivelyremov- Processsuccessonaddi- UF6, chlorides,andfluorides
lngU depositsatroomtem- tionalsubstratesshouldbe willbevented.
perature, ltshouldnotbe verifiedinthelab. Developmentcost:About
effectiveinremovingTc. Development- Full-scale $5M
Thoriumdaughterproducts demonstrationofthedecont- Capitalcost:>$3M
fromthedecayof Ucom- aminationofprocessequip- Operatingcost:About$151(
poundswillnotbe removed, mentisneeded. ($0.52/Ib)foran itemthesize
Wasteswill be spentNaF Developmentof mechanical ofa 00 convertertreatedin
trappingrnatedaland spent methodsandchemicalmeth- situ.
causticscrubbersolutionor odsto removereactionby-
fluoridetrappingmedia, productssothatCIF3can be

recycledare needed.

LaserActivatedChemistry_ Pre-demonMratlon Development- Off-the-shelf _ Priorremovalanddisassem-
DCON-18-OG (evolvingtechnology)The- equipmentitemsneedtobe blyof contaminatedequilP

conceptualbasisfor the broughttogetherto demon- meritanda gloveboxor
technologyexists. Laser strateanoperablesystem, roomthatis easilydeconta-
acl_atedchemistryisa minatedinwhichthedecont-
proventechniqueforsccek aminationwillbe eccom-
erattngchemicalreaction plishedplusa vacuumcol-
ratesandforselec_ngreec- lectlonsystemwithadequate
tionchannelswithmany effluentfiltrationwillbe
indus_alapplications,butitS =,..-_edtouse this
usefor radiologicaldeconta, tech,,_)gy.
mtnationisunproven. Developmentccsts: Sever=
Depositremoval18likelyto milliondollars
besk;r_,andredeposltlonis Capltalcost:$500-$1000K
expectedto bea problem. Operatingcost: AboutSl/ft2
Wastewillbeonlythe
depositsremovedandfilters
andHEPAfiltersfromthe
vacuum/exhaustsy_.e.
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' Technology Lo
Decontamin

• Cleanup Legacy _ EnrichmentProcessBuilding_ Steel Mefal _ RefertoVolume1,Chapter10,_ DecontaminationOil, PCBs,U, Tc,Actinides forpotentiallyappUcablepro-
" Prevent Future ProcessSupportBuilding posedandpromulgatedenvi-

Insult StructuralSt_ ronmentallaws,signedand
Electricaland Electrical U, Oil,Tc,PCBs,Actinides pendingagreementsforthe

• Develop SwitchGear ORR,radiationprotection

Environmental MetalEauioment standards,DOEOrders,and
PumpingStations (Exterior) non-regulatoryguidance.As

Stewardship u, Oil,Tc,PCBs,Actinides site-andwaste-spedticcharac-
LaboratoryFacilities tedsticsare providedforeach

technology,specificregulatory

SpecialDevelopment Oil requirementswillbespecified.

Facilities

AdministrativeFacilities

CoolingTowers

Decommissioning m
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste (wM)Management 1



, ...... llL_i....... I , ...... ii ,, II .................................. _LJ

MechanicalSubstrate _ UltraHigh-PressureWater _ Accepted _ Development-To minimize _ Normalimplementation li
SurfaceRemoval DCON-35-OG Technologyhasbeenused wastegeneration,a system needs, i
(fixedandtransferrable byindustry, is neededtotreatthewater DevelopmentCost:$1300K II
contamination) so that it canbe recycled. Capitalcost:-$500K

improvement:Automation Operatingcost:~St/ft=

I

Shot Blasting (using iron _ Accepted _ Improvement-Automation _ collectionsystomwithade- I
shot) CommerdalIronshot quatefiltration.
DCON-36-OG blastersareinuseattheK- Developmentcost:None

25 site,Theyare general_ Capitalcost:,.,$50K _J_
effectivebutleavesomehot Operatingcost:$0.10-$1/ft= lspots.

GritBlasting(usingsand,_ Accepted _ improvement-automation, _ Acollectionsystemwithade- I
glassbeads,metallicbeads, Hasbeenusedsuccessfully moredurableblastmedia, quatefiltration. J
etc.) formanyapplicationsinthe Bettervacuumsystem Developmentcost-$4-10M
DCON-38-OG nuclearindustry.Technology demostration. Capitalcost:,,-$500K

isgenerallyeffective.Waste Operatingcost:<_2.Jft= Iii
wouldbespentgdt,abraded Isubstrate,and removedcon,
tamtnantsinfiltersand
HEPAfilters,

I
_ CentrifugeCryogenicCO2_ Pllldemonib'l_n _ Development- _ Aco_lectlonsystemwithade-

Blasting Centrifugepelletaoceleror Demonstrationofmobile quatefiltrationplusoxygen-
DCON-39-OG flonhasbeenderrmnstrated systemwithhigh-velocity depletionprecautions.

intheDOEfusionenergy pelletsdeliveredata suffi- Developmentcost:,-$3.4M Iprogram. Technologyis like- cientrateandadequatecol- Capitalcost:
ly successfulwithessentially lecttonofremovedcontami- Operatingcost:$0.07-
Infinitedecontaminationtlm- nants. $0.75/ft= (200- 2000_/hr)
tore,Wastewouldbefiltem mm
andHEPAfiltersfilledwith lremovedcontaminantsand
somesubetrate.

IceBlasting _ Accelzt_Jby _ _ Development- _ Normalimplementation I
DCON-40-OG Efficacyof cornmerl:dalsys- automation/robotics,espe- needs.

temforthisapplication ciallyforwalls,comers,etc. Capitalcost:$100K-$1M
needsdemonstration.Waste EvaporatorforWastewater mm
wouldbeabout14-18 Treatment:,,,$60K |gallons/hourwastewater Operatingcost:<Sl/br
containinoremovedcontam_
nanta.

_ SupercritkcalCO2 _ _ _ Development- Investigate _ Acollectionsystemwithade- I
DCON-41-OG Likelyto beeffectivewith the effectof operatingpara- quatafiltrationplusoxygen II

nudy infinitedecontamtna- metersonremovalratesand depletionprecautions.
tionfactors.Wastewouldbe removalandcollectioneffi- Development¢ostu:$1-4M
removed¢ontal/dnan_and clenclesfor contaminants. Capitalcost:$0004(- ml
somesubetmtocontainedIn Demonstrateefficacyfor $1300K Ia cycloneanda HEPAfilter, contaminantsofinterest Operatingcost:-$2/ft=

!
|
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Technology Logic
Decontarninatiol

• Cleanup Legacy _ EnrichmentProcessBuilding_ SheetMetal _ RefertoVolume1,Chapter10,_ Decontaniinatiorl _ MechanicalSubstMetal ExteriorSurfaces forpotentiallyapplicablepro- SurfaceRemoval
• Prevent Future ProcessSupportBuilding Oil, PCBs,U, Tc,Actinides posedandpromulgatedenvi- (fixedandtr,_nsfe!

Insult ronmentallaws,signedand con,dminatlon)
ElectricalandElectrical StructuralSteel pendingagreementsforthe (cont'd)

• Develop SwitchGear U, Oil, Tc,PCBs,Actinides ORR, radiationprotection
standards,DOEOrders,and

Envirc.nmental PumpingStations MetalEquiomentExterior non-regulatoryguidance.As
Stewardship u, Oil,Tc,PCBs,Actinides site-andwaste-specificcharac-

LaboratoryFacilities tedsticsareprovidedforeach
technology,specificregulatory

SpecialDevelopment Oil requirementswillbespecified.

Facilities

AdministrativeFacilities

CoolingTowers

EM •Problem ..:.

Decommissioning
(D&D)

--.-I_Thermal Substrate
Removal
(fixedandtransfen,
contamination)

,Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

_ i



Logic Diagram
tamination

-- _ Mechanical Subr=trate m _ Plastic Pellet Blasting _ Accepted _ Development: Develop and _ A system for processing
Su_,ace Removal DCON-42-OG Plastic pellet blasting is a demonstrate system for pro- waste to an acceptable form
(fixed and transferrable widely used alternate to cessing waste, is needed,

contamination) sand blasting for applications Improvement - Minimize Development cost: $5.5M+
(cont'd) in which it Is desired to blast media erosion to mini- Capital cost: ~$50K

impart minimal damage to mize waste; Operating cost: $0.20 -
the substrate. Technology automation/robotics; $2,151ft2
should remove smearable, improved containment of
but notfixed contamination, waste and removed contami-

Waste would be spent plas- nants.
tic pellets plus removed con-
tamination.

IIII1_ Grinding, Honing, Scraping _ Accepted _ Improvement - A remotely _ Normal implementation
DCON-43&44-OG Using hand grinders has operated system for minimiz- needs.

been successfully used for ing worker exposure with a Development cost:
small-scale decontamination vacuum system for minimiz- Vacuum system: $200-
at K-25, Technology is suc- ing spread of contamination 1000K

cessful. Waste is removed should be developed. Remote operation: $1.4M
substrate pluscontaminants. Capital Cost: $150 ($50-

500K with vacuum system
and remote operation)
Operating Cost: ,..SO.SO/rf'

_ Metal Milling _ Conceptual _ Development - The technolo- _ Normal implementation
DCON-45-OG Milling equipment is com- gy to remotely operate the needs,

rnercially available, but no equipment is needed. Development Cost: $3-5M
references to its use for Capital Cost: $50K $360K
decontamination have been Operating Cost:-$17.50/ft 2
found. Waste wouldbe
removed substrate and cont-
aminants,

_Thermal Substrate Surface - _ Plasma Torch _ Evolving Technology _ Science - Laboratory tests _ Normal implementation
Removal DCON-72-OG Conceptual - Plasma torches are needed to evaluate the needs.
(fixed and transferrabl_ exist commercially to weld efficacy of vaporizing or Development cost: About
contamination) and cut materials that have decomposing organics, $3M

very high melting tempera- determine the decomposition Capital cost: About $200K
ture or requireand inert reaction by-products, and Operating cost: $0,01.
atmosphere. Its efficacy in suitable trapping materials, $1.00/ft 2
removing various organic
contaminants or to layers of Development - Plasma
contaminated surface has not torches having geometries

been investigated. Wastes and conditions suitable for
would consist of materials decontamination need to be

used to trap reaction prod- developed along with suit-
ucle from the decomposition able collection and gas treat-
of organics and spalled sur- ment systems.
faces with contaminants.

Laser Heating _, Oemomltrltlon _ Development - _._. Normal Implementation
DCON-73-OG Currently being evaluated by Demonstration of decon, needs.

A=rForce as a method for capability of existing laser_. Development costs: $2M +
removing organic coatings Capital cost: $1.10M/machine
from metal; current systems Operating cost: -$1/ft2
are capable of. removing 2-
rrdlthick coatings at the rate
of 100 ft2/hr.;waste will be
prefllters and HEPA filters
filled with contaminants.

= I 2/'26/93
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Technology Lo!
Decontamin,

• Cleanup Legacy _ EnrichmentProcessBuilding_ SheetMetal _ Referto Volume1,Chapter10,_ Decontamination _ Thern_Metal ExteriorSurfaces forpotentiallyapplicablepro- Fl_m_
• Prevent Future ProcessSupportBuilding Oil,PCBs,U, Tc, Actinides posedandpromulgatedenviron- (fixed

Insult mentallaws,signedandpend- contar
Electricaland Electrical StructuralSteel ingagreementsfortheORR, (cont.):

• Develop SwitchGear U,Oil,Tc, PCBs,Actinides radiationprotectionstandards,

Environmental DOEOrders,andnon-regulatory
PumpingStations MetalEauiDmentExterior guidance.As site-andwaste-

Stewardship u,Oil,Tc, PCBs,Actinides specificcharacteristicsarepro-
LaboratoryFacilities vldedforeachtechnology,spe-

.C,d2glZ_ ciflcregulatoryrequirementswill
' | SpecialDevelopment Oil bespecified.

1
Facilities

AdministrativeFacilities

CoolingTowers

Surfao
(trans5
contan

Decommissioning m _
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



I

_l_ Thermal Substrate Surface _ Plasma Surface Cleaning _ Pre-demonstration _ Science - Data on cleaning _ A collection system with i
Removal DCON-75-OG Plasma surface cleaning by rates for contaminants and appropriate filters for the l(fixed and transferrable glow discharges is common- substrates of interest are vaporized deposits would be
contamination) ly and effectively utilized for needed, needed to use this technolo-
(cont.) cleaning high bonding ener- Development - The capabili- gy. An electric power supply

gy contaminants fromsur- ty oi plasma generation and would be needed. I

faces of metals prior to the cleaning on surfaces of typi- Development cost: About Ioperation of fusion devices, cal contaminated metals and $4M

Technology is expected to equipment with large surface Capital cost: $500K-$1000K
be effective for removing areas needs to be estab- Operating cost: $0,50-

deposits from listed sub- Iished. $2.00/ft 2 i
strates, but whether the plas- Ima can follow irregular
shapes is uncertain, Wastes
would be the vaporized
deposits plus filters and =b
HEPA filters from the collec- Irien system.

II_ Surface Cleaning _ High Pressure Water ,,.= Accepted
(transferrable Y DCON-52-OG "- High pressure water blasting _ wasteDevel°pment'generation,T°aminimiZewater_ needs.N°rmatimplementation I
contamination) has been used very success- treatment system is needed Development cost: Ifully to decontaminate vart- for decontamination of the Water treatment system:

otJs large and complex sur- wastewater so that the water about $1.2M
faces at nuclear power can be reused. Remote operation: $3-4M

plants. Technique is expect- Improvement - Remote oper- Capital cost: $50K-$75K I
ed to be effective with a DF alien will necessitate the (about $250K with remote Iof about 50 for loosely adher- adaptation of the high pres- operation)
ing contamination. DFs will sure water and vacuum col- Operating cost: $0.03-
be higher if chemical cleaning lection systems to robotic $1.00/ft_
agents are also used. system control. I
Technique is expected to be Iineffective for fixed contami-
nation. Waste is 4 to >100

gpm of contarr, inated waste

water, i

Sponge Blasting I_- Accepted Development - To minimize t_)_,_ _,_'mplementation
DCON-58-OG Althoughthe technology is _ waste generation, a water _ n_=_;:;: /

relatively new, it is currently treatment system is needed _, ,i:,;: ¢ent cost: []
being used by, at least two for decontamination of the AELo,'t ; '.2M I
sites, Includinga nuclear wastewater so that the water

power plant, Extensive data can be recycled and reused Capi_',,i Cost:
on decontamination factors in the sponge blasting opera- Spor:_le blasting system: .I

are not available, but the tion. Abo:_t$20K (with blasting Iaggressive sponges, which medi_, wash unit)
are impregnated with abra- GJov_ box: <$50K
sives, may be effective for We_ room: About $250K

the listed contaminants and _;_r_ting cost: About $2/ft2 I=
substrates. Wastes consist of Iabout 0.01 _ if blasting
media and removed contami-

nants per ft=of area deconta-
minated plus any liquid clean- i

ing agents that may have []
been added, I

I
I
|
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• Cleanup Legacy _ EnrichmentProcessBuildlng---.-I_. SheetMetal _ Referto Volume1,Chapter10, _ Decontamination-- _ SurfaceCleanlr

J Metal ExtedorSurfaces forpotentiallyapplicablepro.- (transferrable
• Prevent Future ProcessSupportBuilding Oil,PCBs,U, Tc, Actinides posedandpromulgatedenviron- contamination)

Insult mentallaws,signedandpend- (cont.)
ElectricalandElectrical StructuralSteel ingagreementsfortheORR,

• Develop SwitchGear U, Oil, Tc, PCBs,Actinides radiationprotectionstandards,

I DOEOrders,andnon-regulatory
Environmental PumpingStations MetalEauiomentExterior guidance.Assite-andwaste-
Stewardship u, Oil,Tc,PCBs,Actinides specificcharacteristicsare pro-

LaboratoryFacilities videdforeachtechnology,spe-
cificregulatoryrequirementswill

I SpecialDevelopment Oil bespecifisd.
Facilities

AdministrativeFacilities

f CoolingTowers

,

Decommissioning
(D&D)

I
Soils, Groundwater

I and Surface Water
, (RA)

I
I
I
I Waste Management

(WM)

-I
I
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Logic Diagram
,tarnination

:.TechnolOgies "' • Status " : " : i;.cience/.TeChnology Needs I_rnplementa'ti0n Needs.

---- _ SurfaceCleaning _ CompressedAir Cryogenic _ Demonstration _ Development- _ Designandconstructionof a
(transferrable CO2 Thistechnologyis commer- Demonstrationof theeffica- vacuumwaste-handlingsys-
contamination) DCON-51-OG ciallyavailable,lthasbeen cy of thistechnologyfnr the temwithHEPAfiltersto hen-
(cont.) usedat nuclearreactorsites listedcontaminantsand sub- die thevaporizedCO2 con-

todecontaminatehandtools strates tainingthe removedcontami-
andsomeequipment.The nantsare neededtouse this
efficacyof thistechnologyfor technology.Avacuumcol-
removingthe listedcontami- lectionsystemwithwell
nantsfromthe listedsub- designednozzlesmightper-
strateshasnotbeendemon- mitinsitudecontamination
strated.Wasteswouldbe ofassembledequipmentand
HEPAfiltersfilledwiththe structures.
removedcontaminants. Developmentcosts:'$750-

$3000K
Capitalcost:
CO2 system:About$20OK
Operatingcost:$0.50-
$10/ft2

SuperheatedWater _ Accepted _ Development-To minimize _ Normalimplementation
DCON-53-OG TechnologyIs availableand waste generation,a water needs.

has beenusedbyindu,,,!ry, treatmentsystemis needed Developmentcost:
Technologyshouldbe effec- fordecontaminationof the Watertreatmentsystem:
riveexceptforfixedInsoluble wastewatersothatthewater about$1.2M
contamination.Wastewillbe canbe reused. Remoteoperation:$3-4M
0.4 to 2.0 (]pmwastewater Improvement- Remoteoper- Capitalcost:About$175K
containingremovedcontami- ationwill necessitatethe (about$250Kwithremote
nants, adaptationof the superheat- operation)

edandvacuumcollection Operatingcost:$0.03-
systemsto roboticsystem $1.00ft2
control.

HotWater ___-_Accepted _ Improvement- Tominimize _ AwatertreatmentsystemIs
DCON-54-OG Flushingwithhotwateris wastegeneration,a water neededtominimizeliquid

oftenusedfollowingscrub- treatmentsystemis needed wastesfromthistechnology,
blng.The techniqueisnot for decontaminationof the Developmentcost: About
effectiveon fixedinsoluble wastewatersothatthe water $1.2M
contamination.Thewaste canberecycledandreused Capitalcost: <$5K
generatedisthecontamlnat- inthehotwatercleaning Operatingcost: <Sl/ft2
edwaterfromtheflushing operation.
opsration.

Steam _._ Accepted _ Development- Tominimize ---.l_Normal Implementation
DCON-55-OG The techniquehasproven wastegeneration,a water needs.

useful,especiallyoncom- treatmentsystemis needed Developmentcost:
plexshapesandlargesur- fordecOntaminationof the Watertreatmentsystem:
faces.Technologyshouldbe wastewatersothatthe water about$1.2M
effectiveexceptforfixed canbe reused. Remoteoperation:$3-4M
Insolublecontamination. Improvement- Remoteoper- Capitalcost:$50K-$75K
Wastewillbe0.4 to 2.0gpm ationwillnecessitatethe (about$250Kwithremote
wastewateroontalnlng adaptationofthesteamand operation)
removedcontaminants, vacuumcollectionsystems Operatingcost:

to roboticsystemcontrol. $0.03-$1.00fl2

2/26/93
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Technology Lo!
Decontamin

• , , K-25 Site Problem Problem Area/(_onstituents Reference Requirements " Subeiements / , '

• Cleanup Legacy _ Enrichment Process Building _ Sheet Metal _ Refer to Volume1, Chapter 10, _ Decontamination ___ Surfa_
Metal Exterior Surfaces for potentially applicable pro- (trans1

• Prevent Future Process Support Building Oil, PCBs, U, Tc, Actinides posed and promulgated environ- contai

Insult mental laws, signed and pend- (cont'¢
Electrical and Electrical Structural Steel ing agreements for the ORR,

• Develop Switch Gear U, Oil, Tc, PCBs, Actinides radiation protection standards,

Environmental DOE Orders, and non-regulatory
Pumping Stations Metal Eauioment Exterior guidance. As slte-and waste-

Stewardship u, Oil, Tc, PCBs, Actinides specific characteristics are pro-
Laboratory Facilities vided for each technology, spe-

cific regulatory requirements will

Special Development Oil be specified.
Facilities

Administrative Facilities

Cooling Towers

Decommissioning m
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

;z



lt
SurfaceCleaning ..._.._ ,,.,.,.l_Brushing _ Accepted _ Development- Atestto _ Normalimplementation
(transferrable DCON-56&57-OG Manualbrushinghasbeen demonstratethatthistech- needs. II
contamination) usedtoremovelooseconta- niquewillworkis needed Manualbrushing I(cont°d) ruinationforyears, beforea largecapitalinvest- Capitalcosts:<:$10K

mentismadefora power Operatingcosts:>Sl/ft2
Demonstration- Remote brushingsystemat K-25, Powersystem
powerbrushingwasusedto Developmentcosts:$200K- II
cleantheinteriorofplutoni- $1000K Iurn-contaminatadpipeat Capitalcosts:About$50K
RockyFlatstoshinymetal. ($250Kwithremoteopera-

lion)
Sincemostofthelistedcont- Operatingcost:>>$10/112 I
aminantsare notexpectedto Ibe tn looseform,brushingis
notexpectedto beeffective.
WastesconsistofHEPAfib
tersonthevacuumcleaner lm
usedto pickuptheremoved Icontaminants.

__...l_.Hot Air _ EvolvingTechnology _ Development- Effective _ Anoff-gascollectionand I
DCON-59-OG Conceptual.Airstripping removalofthelistedcontam- treatmentsystemis needed Itechnologyiswellknownfor inantsfrommetalsshouldbe forthistechnology.

removingvotatilesfromIiq- demonstrated;aneffective Developmentcosts:$1-5M
uids,10utthereis noknown off-gastreatmentsystem Capitalcost: About$200K

useof thistechnologyto needsto bedesignedand Operatingcost: $2-20/It\ Idecontaminatemetals.The tested.

Utechnologymaybe effective
inremovingoil,PCBa,and
perhapsTc,butprobably
noneoftheotherlistedcont-
aminantsfromthelistedsub- I
strates, Wasteswouldbe Ispentchemicalsfromgas
treatmentsystemcontaining

any removedcontaminants, n

U
_Dry Heat (Roasting) I_ Oemonltration _ Development- _ An eft-gascollectionand

DCON-60-OG Althoughdry heat(roasting) Demonstrationoftheeffica- trealmentsystemwouldbe
is an acceptedIndustrial cy oftheprocess;develop- neededto usethistechnolo- I
process,Itsefficacyfor mentanddemonstrationof gy. IremovingoilandPCBsfrom anoff-gastreatmentsystem. (:)avefopmentcost: $1-4M
the listedsubstratesneeds Capitalcost:About$250K
to bedemonstrated, withcollectionand treatment
Technologyhasa moderate system I

probabilityof successfor oil Operatingcost: $2-20/ft2 Iand PCBs,someprobability
ofsuccessforTc,and little
chanceof successforthe
othercontaminants.Waste I=
wouldberemovedoilsand IPCBs(and, poas_o_yTc).
(Oilsm_ghtbecombusted.)

.-----l_Solvent washing _ EvolvlnllTechnology _ Development- E'_:lventsthat _ Requtreeremovalanddises- n
DCON-61&62-OG Conceptual- Solvent arelessdamagm,3tothe semblyof contaminated

• degreasingwasusedsue- environmentneedto be equipmentandsizereduc-
cessfullyatK-25,butitsuse k:lentilledand theireffective- liontoroughly2 tons/piece
was stoppedtoavoidexpos- nessdemonstrated, for []
ingworkersand the environ- ventswouldhavetobe Irnentto the hazardoussol- "oumed=attheTSCAincin-
vents.Theeffectivenessof erator,
lesshazardoussolvents

": wouldhaveto bedemon. DeveloT'mentcosts:$1-4,5M i
strated.Wasteswouldbethe Capitalcost:About¢A00K I• solventscontainingany Operating coen:About
removedcontaminants, =O.01Ro

_- _
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I1 "Cleanup Legacy -!_ Enrichment Process Bullding"----_- Sheet Metal _ Refer to Volume1, Chapter 10, _ Decontamination _ Surface Clean

Metal Exterior Surfaces for potentially applicable pro- (transferrable
• Prevent Future Process SuPl:_rt Building Oil, PCBs, U, Tc, Actinides posed and promulgated environ- contamination

Insult mental laws, signed and pond- (cont'd)
Electrical and Electrical Structural Steel ing agreements for the ORR,

• Develop Switch Gear U, Oil, Tc, PCBs, Actinides radiationprotection standards,

It DOE Orders, and non-regulatoryEnvironmental Pumping Stations Metal EauiDment Exte_.E_ guidance. As site-and waste-
Stewardship u, Oil, Tc, PCBs, Actinides specific characteristics are pro-

Laboratory Facilities vtded for each technology, spe-
cific regulatory requirements will

_il Special Development Oil be specified,
Facilities

Administrative Facilities

I II Cooling Towers

Decommissioning
(D&D)

I;l

Iii so,s,OrounOwaterandSurfaceWater
(RA)

I}} _ Metal Reflnin_

(fixed and trar
contamlnatlon

i') WasteManagement
(WM)

III,
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_ogic Diagram
amination

SurfaceCleaning _ StrippableCoatings _ Accepted _ None _ Normalimplementation
(transferrable DCON-63-OG Technologyhasbeenused requirements.
contamination) for decontaminationapplica-
(cont'd) ttonsinvolvinghazardous Capitalcost:<$10K

andradioactivecontami- Operatingcost:$1.00-
nants.Decontaminationfac- $1.40/ft2
totsofoneto severalhun-
dredcanbe expectedwith
twoapplications.Wasteis a
solidpolymer(1mm x sur-
facearea decontaminated)
containingtheremovedcont-
aminants.

Vacuuming _ Accepted _ None _ Normalimplementation
DCON-64-OG Vacuumcleanershavelong needs.

beenusedtocleanuploose Capitalcost:<$10K
contaminationoftt'_ GDPs. Operatingcost: <:Sl/ft2Sincethe listedcontami-
nantsmay bein looseform,
thistechniquecouldbe
effectiveIncleaningexterior
equip__entsurfaces,struc-
turalsteel,etc. Thewasteis
prefllteraandHEPAfilters
filledwiththecontaminants
andothermaterialsthatare
removedbythevacuum.

UltrasonicCleaning _ Accepted _ Development- Definitionof _ Requiresremoval,dlsas-
DCON.66-OG Ultrasoniccleaninghasbeen acceptablecleaningliquids sembly,andsizereduction

usedformayyearsinthe which(1) arenot hazardous, ofcontaminatedequipment.
privatesectorandingovem- (2)canbeseparatedfrom
mentinstallationsforremov- thecontaminants,and(3) Developmentcost:$1M
ingsurfacecontamination canbereusedto minimize
fromrelativelysmallmetal secondarywastes. Capitalcost:$10K-$1OOK
partswhichcanfit intoan Improvement- Moreaggres-
ultrasonicbath.W ctes sivecleaningaction. Operatingcost:
wouldbespentultrasr,nlc $2-$10/ft=or more
bathscontainingany
removedcontaminants.

MetalRefining .... = SmeltPurification _._ Demonttratlon _ Science- Demonstrateflux- _ Requiresremoval,dises-
(fixedandtransferrable DCON-31-OG PerformedbymanyInvestt- ingagentforremovingTc. sembly,andsizereduction
contamination) gatorsona labscaleandby of equipment.Partialdecont-

someon a largescale.U Development- Demonstrate aminationby'anothertech-
removedto0.01-4ppm.Tc is Tcremovalon a largerscale, niquemaybeneededbefore
notremoved.Wastesare smelting.Standardinduction
slags,scrubbersolutions, or arcfurnacewithoff-gas
chemicaltrapmaterials,and treatmentsystemIs needed.
HEPAfilters, De minimuslimitsare need-

edto releasethematerial.

Developmentcost:$3-5M
Operatingpluscapitalcost Is
aboutSl/lb.

2/26/93
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Technology Lo!
Decontamin

• K-2S Site Pioblem Problem Are aJCongtitlJents Reference Re( u,rements r , Subelements • "
•.. • . ' , . . . .;. •

EM Goals

• Cleanup Legacy _ EnrichmentProcessBuilding_ SheetMetal _ RefertoVolume1,Chapter10, _ Decontamination _ Metal
MetalExtedorSurfaces forpotentiallyapplicablepro- (fixed

• Prevent Future ProcessSupportBuilding Oil, PCBs,U, Tc,Actinides posedandpromulgatedenviron- contal
Insult mentallaws,signedandpend- (conL',

ElectricalandElectrical StructuralSteel ingagreementsfortheORR,
• Develop SwitchGear U, Oil,Tc,PCBs,Actinides radiationprotectionstandards,

Environmental DOEOrders,andnon-regulatory
PumpingStations MetalEauiDmentExtedo[ guidance.Assite-andwaste-

Stewardship u, Oil, Tc,PCBs,Actinides specificcharacteristicsare pro-
LaboratoryFacilities videdforeachtechnology,spe-

ciflcregulatoryrequirementswill
SpecialDevelopment Oil bespecified.
Facilities

AdministrativeFacilities

CoolingTowers

Decommissioning
(D&D)

-.-.11_Chem"
(fixed
contaJ,

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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1
.ogic Diagram Iamination

I
,..,-.l_.MetalRefining _ Electrorefining ___ Pm-demonstration _ Development- Demonstrate _ Smelteris neededtocast Ill

(fixedandtransferrable DCON-32-OG Notdemonstratedona large techniquesto(1) preventTc anodes. Icontamination) scale forthedecontaminao fromplatingoutwithNi and Developmentcost: About
(cont.) *,ionofradioactivematerials. AI;(2)reduceUcontamina- $3M

Tcplatesoutonthecathode, tioninrefinedAI;and(3) Capitalcost: About$200M
Technologyis likelyto be recycleelectrol_'tesolutions. (10M Ib/yrcapacity) ii}
effectiveforthelistedconta- OF,aratingcost:About$6/tb Imlnantsand substrates.
Wastewouldbesolidmixed
wastefromassumedtreat-
mentofelectrolytesolutions III
forrecycle. I

Leach/electrowinning _ PrtH:lemomdration _ Development- Demonstrate --,-liD,. Ade minimusstandardis
DCON-34-OG Themethodissimilarto techniquesto recyclethe neededto permitsaleof the eh

electrorefiningexceptthe electrolyticsolutions, purifiedmetal. Imetalisfirstdissolvedinto Developmentcosts:About
solutionratherthan formed $500K
intoanodes.Althoughthis Capitalcost: $200M(10M
processisa wellestablished Ib/yrplant)

commercialprccessforpro- Operatingcost: $3.80/1b 1ducingnickelfromore,lthas
1notbeendemonstratedona

largescaleforpurifyingmet-
alscontaminatedwith
radioactivity.SEG haspurl- _i
flednickelto<1 Bq/gofTc 1ona smallscale. TheTc
mustberemovedfromthe
electrolyticsolutionsbyion
exchangeor someother ii
method.Recycleofalec- Itroly'dcsolutionst,+llresultin
a solidmixedw[,stebearing
thecontamins,,tsandtraces
ofthepurifiedmetalamount- Bi
ingto roughly2% byweight Iof the metalpurified.

--,.p,.Chemlcal SurfaceCleardng_,,,ip,. ChemicalFoams _ Demomsb'ation _ Science- A fundamental _ Normalimplementation 1(fixedand transferrable DCON-8-OG Effectivenessforlistedconto understandingof bubble needs. 1contamination) aminantsandsubstrateshas dimensionsandvolume
notbeendemona_ratsd, swellfactorisneeded. Developmentcost:$1-4MWasteswouldbe contami-

natedsulfonateddetergents, Development-Demonstration Capitalcost:<$50K 1syntheticwettingagents,and of effectiveinsitudecontam- Icouplingagents, inationof listedcontaminants Operatingcost:
on listedsubstrateswith $0.50.$2.00/ft=
adequatecontrolof bubble lm
dimensionsandvolume 1swellfactor.

Iii

ChemicalGels _ Demonlls'adlon _ Development:Complexgel "-'l=_Normal implemente_on -'--"
DCON-9-OG Gel Is a carrierofchemical formulationwitha numberof needs:

decontaminationagents,not compoundsmaybe
anagentitself.Expectedto required.Dependingonits Developmentcost:$1-4M
be effectiveonlyforsmear- objective,laboratoryopti-
ablecontamination.Wastes mizationwillbenecessary. Capitalcost:<$50K t
wouldbe_xyrnethylcel-
lulosegeIllngagent,alu- Operatingcost:
minumnitratechelaSng $0.50-$2.00/ft=
agent,washwater,acidic
chom_d agent(possU_
nltric-Wdrofluodc-oxalio
acid),andtheremovedcont-
aminants.West_i arereport-
edly4-5 timesleescom-
paredtochemicalsolutions.

1,-
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Insult ProcessSupportBuilding mental laws,signedand pend- (cont'd)

StructuralSteel ingagreementsfor_ ORR,
ii • Develop Electricaland Electrical U, Oil, Tc, PCBs,Actinides radiationprotectionstandards,

JI Environmental SwitchGear DOEOrders,and non-regulatoryMetalEauiDmentExterior guidance,As site-andwaste-
Stewardship PumpingStations u, Oil,Tc, PCBs,Actinides specificcharacteristicsare pro-
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ogic Diagram
rnination

Chemical Surface Cleaning _ Organic Acid Treatments _ Demonstration _ Development: Development _ Waste treatment plant.
(fixed and _'ansferrable DCON-10-OG The I_JFL citricacid deconta- is needed on a pilot plant

contamination) mination process is currently scale for waste treatments Development cost: $400-
(cont'd) used by BNFL at the (ion exchange columns) to 1000K (Rough estimate)

Capenhurst gaseous dtffu- verify that we can meet our

slonplant for large scale, regulatory requirements and Capital cost: $4-10 million
successful decontamination to evaluate the effectiveness (Rough estimate)
of wrought aluminum. DF of on the metals used by

300 for U alpha and 40 for Tc American gaseous diffusion Operating cost: ~$3001metrtc
beta are reported (11.1 Bq/g plants, which differ from the ton (BNFL Estimate)
alpha, 0,04 Bq/g beta). A cit- British plants.

dc acid process followed by a Existing facilities at K-25
sulfuricacid process is used. may possibly be adapted to
Wastes include citric and sul- this process.
furlc acids containing urani-
um and other metal ions and

ion exchange media contain-
ing the metals. Uranium is
difficult to precipitate.

Inorganic Acid Treatments _ Accepted _ Development- Necessary to _ Normal Implementation
DCON-12-OG Decontamination with nitdc adapt modifications to the needs.

acid has been used for system (scrubbers, filters. Development cost: $400..
cleaning converters and treatment for nitrates and IO00K (Rough estimate)
other large items at K-25 for heavy metals) in order to Capital cost: <$4-10 million
many years. Sulfuric acid is meet regulatory require- (Rough estimate)
used less often, notably to ments. Although existing facilities
dissolve nickel plating prior Science/Development- may be adaptable to the acid
to removing contaminants at Possible development of the cleaning process, a treat.
the nickel-steel Interface. HNO3/HF decontamination merit facility for corrosive
The inorganic acids are con- method, with or without nib'ate wastes will be

centrated, with concurrent ultrasonic agitation, required.
corrosion, OFs are In the 100

range. Wastes consist of Operating cost: Similar to
large quantities of corrosive the other organic and Inor-
wastes containing the ganic treatment systems.
removed contaminants end

require treatment and dis-
posal as mixed waste.

Fluobodc Acid Treatment _ DemonStration _ Development: Although the _ Normal implementation
DCON-11 -OG The technology was specifl- method has seen application needs.

cally designed for D&D at Chernobyl with good

(Chemobyl application) arid results, development work is Development cost: $400-
is likely to be highly effective needed to test applicability to 10001( (Rough estimate)
on most metal and metallic USGDP equipment.

oxide surfaces, it removes Capital cost:$800K (1990

the outer layer in a controlled estimate for equipment only
and effective manner. The for 5T/day capacity of metal)
acid can be electrolytically $4.10 million(Rough estimate
regenerated and recycled includingengineering and
with radioactive waste plated _acilities)
out at the cathode and solidi-

fled In camenL Final quantity Operating cost: _K)0/rnetric
of cemenl-imlidtfled waste is ton

20-S0grarns/m2ofdeconta-
mirm.tionsurface. Other

waste treatment options are
possible.

.i_ "_.r_t_
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Technology Lo!
Decontamin

• Cleanup Legacy Enrichment Process _ Sheet M_J _ Refer to Volume1, Chapter 10, _ Decontamination _ Chen,
Building Metal Exterior Surfaces for potentially applicable pro- (fixed

• Prevent Future Oil, PCBs, U, Tc, Actinides posed and promulgated environ- cont_

Insult Process Support Building mental laws, signed and pend- (cont'
Structural Steel ing agreements for the ORR,

• Develop Electrical and Electrical U, Oil, Tc, PCBs, Actinides radiation protection standards,

Environmental Switch Gear DOE Orders, and non-regulatory
Metal Eauiom__ntExterior guidance As site-and waste-

Stewardship Pumping Stations U, Oil, Tc, PCBs, Actinides specific characteristicsare pro-
vided for each technology, spe-

Laboratory Facilities _ cilic regulatory requirements will
Oil be specified.

Speclal Development
Facilities

Administrative Fecilitieo

Cooling Towers

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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I
ogic Diagram IImination

I
]l_ Chemical Surface Cleaning - _ Caustic Treatments _ Accepted _ None _ A waste treatment plant is m

(fixed and transferrable DCON-13-OG Decontamination of surface needed to treat the waste- J
contamination) smearable contamination water resultingfrom the II(cont'd) using caustic chemicals decontamination operation.

(principally soap and water) Capital cost: <$1OK
has been used at K-25 for Operating cost: >$1/II =
many years. Since many of []
the listed contaminants are IIexpected to be fixed, caustic
scrul_ng is expected to only
partially decontaminate the

contaminated surfaces. I
Wastes would consist of
used caustic solution con-

talning the removed
contaminants.

li

-,-=l=_Electropolishing _ Demon=tration _ Development: Some devel- _ Normal implementation I
DCON- 15-OG Electropolishing i_ widely opment work is required to needs.

used to remove radioactive apply the method to USGDP
contaminants from metal applications, and to recycle Development cost: $400- j
surfaces but has not been electrolytic solutions IOOOK (Rough estimate) Idemonstrated at the
USGDPs. The method Is Capital cost: not available

very likely to be successful, (can be constructed in rood-
since lt results in removing a ules easily) li
small depth of the surface. IAcidic solutions will be (]en- Operating cost:more experP
erated which must be recy- sire than most other meth-
cled, perhaps by ion otis since items must be

exchange methods, subjected to electric current. I
IB

REDOX Treatments _ Demonstration - REDOX _ Development - Ali REDOX _ A system for treating the

DCON-14-OG treatments Include Citrox (a techniques will require REDOX reagents to permit mm
mixture of oxalic and citric bench-scale testing and recycling these reagents will Iacids), low oxidation-state small-scale demonstrations be nee,"._d to use this tech-
metal ion process, and ced- to determine their usefulness noiofly.
um solutions in acid. for decontamination of Dewtlopment costs; $2.5-
REDOX tmab'nents have gaseous diffusion equip- $5.0M

been demonstrated for ment. Capital costs: >$1M []

nuclear power plant deconta- Operating cost: $0.10-$1/ft 2 II
mination, but not for the con-
tamlnants of interest. DFs of

10-100 can be expected
based on experience in []
nuclear power plants. V_r_h IIrecycle, waste is spent ion
exchange media containing
removed contaminants.

With neutralization and []
evaporation, waste is a solid IImixed waste containing thA
removed contaminants and
chemicals from the RI'DOX

reagents. I

i

: |

,
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Technology Logiq
- Decontaminatio

EM Goals

• Cleanup Legacy _ EnrichmentProcess _ SheetMcI._J _ll,.- Refer toVolume1,Chaptert0, _ Decontamination _ _Chemical Surlat
Building Metal Exterior Surfaces forpotentiallyapplicablepro- (fixedandtrans,'

• Prevent Future oil PCBs, U, Tc, Actinides posedand promulgatedenviron- contamination)

- Insult ProcessSupportBuilding mental laws,signed and pend- (cont'd)
Str_,,.._ ing agreementstorthe ORR,

-- • Develop Electricaland Electrical U, Oil,Tc, PCBs,Actinides radiationprotectionstandards,

Environmental SwitchGear DOEOrders,and non-regulatoryMetalEauiDmentExterior guidance.Assite-andwaste-
Stewardship PumpingStations u, Oil,Tc, PCBs,Actinides specificcharacteristicsare pro-

videdforeachtechnology,spe-
LaboratoryFacilities ._ cificregulatoryrequirementswill

Oil be specified.SpecialDevelopment
Facilities

AdministrativeFacilities

CoolingTowers

r

L
Decommissioning _

(O&O)

|
!
-I
:II Soils,Groultdwater

I andSurfaceWater
(RA)

!
•--..,i_.BulkDecontai_

Methods

I
I
I Waste Management

(WM)

I
I
m
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ogic Diagram
mination

Chemical Surface Cleaning -- _ Biological _ Evolving Technology _ Science - Literature study _ Facilities for cultivating the
(fixed and transferrable DCON-17-OG Pre-conceptual - The knowl- and bench-scale tests of bacteda and disposing of the
contamination) edge base exists for biologi, microbes on U, Tc, actinides, bacterial sludge would be
(cont'd) cat treatments of various and chromates, needed.

contaminants; however, Development - Develop Development cost:
there is no data base for methods for applying a layer $300K-$600K

application of the technology of microbes, supplying need- Capital cost:
for surface decontamination, ed nutrients, and removing About $200,000

This technology is quite like- the microbe layer from the Operating cost:
ly to be successful for oil and decontaminated item. $0.10-$3.00+/ff 2
PCBs. lt could be successful
for U, Tc, actinides, and
chromates, but these conta.
minants would remain in the

bacterial sludge. The waste
generated would be the con-
laminated layer of microbes
removed from the treated
surface.

Laser Activated Chemistry _ Evolving Technology _ Development - _ Normal Implementation
DCON-18-OG Acceleration of reaction Demonstration of vacuum needs.

rates for selected reactions systems capable of collect- Development costs: $;_M +
is proven. Small scale decon ing removed contaminants. Capital cost:
has been demonstrated. $1-10M/machine

Waste would be prefilters Operating cost: Unknown
and HEPA filters filled with
removed contaminants.

UV/Ozone _ Pre-demonstration ._._.lip. Science: Using commercial ----lD.- Normal implementation
DCON- 19-OG This method has been used UV/ozone hardware, labora- needs.

by the semiconductor Indus- tory scale experiments should
try to decompose organic be conducted to establish Development cost:
contaminant molecules to cleaning rates on removing -$1 million ($200K
volatile molecules, such as organic contaminants from equipment, $800K staff)

CO2, H20, N2. Only conta- different substrates and Io
minants that will dissociate develop necessary tech- Demonstration activities:

and react with atomic oxy- niques to handle the waste ,-$2 million($500K
gen to form volatile mole- generated. Subsequently, trle equipment, $t.5 million
cules are removed, equipment should be devel- staff)

oped with a capability of per-
forming robotic, remote, and Capital cost: Potentially much
automatic operation with oi the equipment used in the
computer control, demonstrationcould be used

in the production phase.
Uncertain additional capital
costs.

Operating cost: -Sl/ft 2(rough
estimate)

_Bulk Decontamination _Catalytic Extraction Process _ Pre-demonstration -....mp. Science - Method for remov- _ "Off-the-shelf' induction or
Methods DCON-6-OG Has not been used to smelt ing Tc. gas furnace with off-gas

scrap beadng radioactivity. Development - Demonstrate treatment.
Likely to reduce mild steel _ Tc removal. Development cost: $3-5M
0.01-4ppm U. Tc is not Capital cost: About $I6M
removed. Wastes wouk:lbe Operating cost: $0.93/lb
about 50 Ibof slag contain-
ing removed contamination
per ton of scrap metal
processed plus contaminat-
ed scrubber solution or
chemical trappir=gmaterials.

2/26193
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Technology LD!
Decontamir

• Cleanup Legacy _ EnrichmentProcessBuilding _ n._ _.IP_ RefertoVolume1,Chapter10,_ Decontamination_ _ MeclU forpotentiallyapplicablepro- Surf{
• Prevent Future ProcessSupportBuilding Tc posedandpromulgatedenviron-

Insult Actinides mental laws,signed and pend-
PumpingStations Chromate Ingagreementsfor the ORR,

• Develop Oil radiationprotectionstandards,

Environmental LaboratoryFacilities PCB DOEOrders,and non-regulatoryguidance.As site-andwaste-

Stewardship SpecialDevelopment specificcharacteristi:',sare pro-
Facilities vldedforeachtechnology,spe-

cificregulatoryrequirementswill
AdministrativeFacilities bespecified.

CoolingTowers

Decommissioning m
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Wast_ Manageme' t
(WM)
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Logic Diagram
tamination I

I
Mechanical Substrste Ultra High-Pressure Water Accepted

Technology has been used waste generation, a system is needs.Surface Removal DCON-35-OG _ Development- To minimize _ Normal implementation I
by industry. Should on needed to treat the water so Development Cost: $1300K 1work

concrete at GDPs, Unless a that it can be recycled. Capital cost: -$500K gl
recycle system is developed, Improvement: Automation Operating cost: -.$1 +/1t2
waste would be 3 - 5 gal
water per _ concrete li

cleaned containing .-.0,01 ft3 !1concrete residue plus the
contaminants removed,

I)Jm_. Shot Blasting (using iron-.---.---..ll_ Accepted _ Improvement- Automation "----.liD,-Normal Implementation 1
shot) Commercial iron shot blasters needs I
DCON-36-OG are in use at the K-25 site, Development cost: None

They are generally effective Capital cost: ~$50K
but leave some hot spots. Operating cost: .-,$0,03/ft_
Waste is .-,0.01 lP removed I
concrete (1/16" cut) contain- Iing removed contaminants

plus 0,051b spent shot per ft2
of concrete decontaminated.

Mechanical Scabblers Accepted Improw ment Automation IDCON-37-OG _-.!1_ Mechanical scabblersare _ _ Normal implementationneed_

used for concrete decontaml- Development cost: None I
naUon at ORGDP and else- Capital cost: .-.$500K Iwhere. They are generally Operating COSt:< Sl/ft 2effective, but leave some hot
spots. Waste i8 ,-,0,01 ft3 (More than shot blasting)

removed concrete (1116"cut) ii
containing removed contarnl- Inantsper rf2ofconcrete
decontaminated

_Grit Blasting (using sand, _ Accepted _ Improvement- automation, _ Normal Implementation 1 '
glass beads, metallic beads, Has been used succe.,_sfully especially for walls and ceil- needs I
etc.) for many applications n the ings. Development cost: None
DCON-38-OG nuclear industry. Technology Capital cost: ~$500K

is generally effective. Waste Operating cost: Sl/ft z
is -0.01 ftaremoved concrete I
(1116"cut) containing 1removed contaminants per ft=
of concrete decontaminated

plus spent grit.

_ Centrifuge Cryogenic CO2 .._,..,..ji_j_'nO_t,l_43k_ _ Development-Demonstration -..,,.-II_Normal implementation =
Blasting Centrifuge pellet acceleration of mobile system with high- needs plusoxygen-depletion
DCON-39--OG has been democu_ated in the velocity pellets delivered at a precautions.

DOE fusion energy program, sufficient rate and adequate Development cost: -$3.4M ITechnology is likely success- collection of removed conta- Capital cost: ....$200K
ful with essentially Infinite mtnants. Operating cost:$0.07 -
dec_tamtnatlon factors. $0.75/fta (200 - 2000 ft2/hr)

Waste wouk:lbe rdtemand I

HEPA filters filled with

removed concrete dustand

_ Ice Blasting _ _ by InchJ_tty _ Development- _ Normal Implementation I
DCON-40-OG Efficacy of commercial sys- automation/robotics, espe- needs.

ter_ for this application needs cially for walls, comers, etc. Capital cost: $100K-$1M
demonstrab_n al K-25. Waste Operat_g cost:<$1/!t 2 ii

: would be about 14 to 18 gak 1 :
Iorm per hour waste water
containing removed

: rl,_ts.

_ I -
_ • _ -
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II Technology LogDec0ntarnina'

I
i • Cleanup Lega, y _ EnrichmentProcessBuilding_ ._ _ Refer toVolume1,Chapter10, _ Decontamination. _ Mechanic

U for potentiallyapplicablepro- SurfaceF
• Prevent Future ProcessSupportBuilding Tc posedandpromulgatedenvi- (cont.)

Insult Actinides ronmentallaws,signed and
PumpingStations Chromate pendingagreementsfor the

• Develop oil ORR,rad)ationprotectionstan-

n Environmental LaboratoryFacilities PCB dards, DOEOrders,andnon.
regulatoryguidance.Assite-

Stewardship SpecialDevelopment andwaste-specificcharacteris-
Facilities ticsare providedforeach tech-

nology,specificregulatory

I AdministrativeFacilities requirementswill be sp_.,.;ified.CoolingTowers

Decommissioning _ -
(D&D)

i

I

Soils,Groundwater

I and SurfaceWater(RA)

I
I
I
U Waste Management

(WM)

I
,,m-

l

_m'_m=_m_'_nm_"n"_n_mmimu_iu_u_m_euanunI_u_ee_n_|_l_e_m_a_i_m!_NiNm_i_lI_m_imN_Im_IlmllIIIIIlllllnllllII Hi



Logic Diagram
tamination

Mechanical Substrate _ _Supercritical CO2 Blasting _ Predemonstratlon _ Development - Investigate _ Normal implementation
Surface Removal DCON-41-OG Likely to be effective with the effect of operating para- needs plus oxygen depletion
(cont.) nearly infinite decontamina- meters on removal rates and precautions.

tion factors. Waste would be removal and collection effi- Development costs:$1-4M

removed concrete and conta- ciencies for contaminants. Capital cost: $500K - $1000K
minants contained in a Demonstrate efficacy for con- Operating cost: $t+/ft _
cyclone and a HEPA filter, taminants of interest

Plastic Pellet Blasting _ Accepted _ Development: Develop and _ A system for processing
DCON-42-OG Plastic pellet blasting is a demonstrate system for pro- waste to an acceptable form

widely used alternate to sand cessing waste, is needed.

blasting for applications in Improvement - Minimize blast Development cost: $6.5M+
which it is desired to impart media erosion to minimize Capital cost: ~$50K
minimal damage to the sub- waste; automation/robotics, Operating cost: $0.20 -
strate. Technology should especially for walls, etc.; $2.15/ft _
remove smearable, but not =mprove containment of
fixed contamination from con- waste and rernoved contarni-

crete. Waste would be spent nants.
plastic pellets plus removed
contaminatior_.

Grinding, Honing, Scraping -----li- Accepted _ Improvement - A remotely ----lioN.real implementation
DCON-43&44-OG Hand grinders have been operated system for minimiz- needs.

successfully used for small., ing worker exposure with a Developm Jnt cost:
scale decontamination at K_ vacuum system for minimiz- Vacuum system: $200-1000K
25, Technology is successful, ing spread of contamination Remote operation: $1-4M
Waste is removed concrete should be developed. Capital Cost: $150 ($50-500K
plus contaminants and spent with vacuum system and
emery paper or dust. remote operation)

Operating Cost: -..$0.50/ft2

Concrete Milling _ Conceptual _ Development - The technolo- _Normal implementation
DCON-47-OG Concrete milling equipment is gy to remotely operate the needs.

commercially available and equipment is needed. Development cost: $3-5M
used on roads, but no refer- Capital cost: $50K-$363K
ences to its use for deconta- Operating cost: $0.02 -
ruination have been found, lt $0.14/ft2
is only suitable for use on
large horizontal surfaces.
Waste would be removed

concrete (6-25mm) and cont-
aminants.

Explosive _ Demonstration _ Development - Safety con- _ A certified blasting technician
DCON-48-OG Explosive scrabbling has cerns need to be resolved, and covers to contain the

been used at nuclear reac- Better containment of dust dust will be needed along
tors, but has not been and better assurance of pre- with an air evacuation system
demonstrated on the build- vention of structural damage with filters

ings at K-25. Technology is to the building is needed. Development cost: $1-4M
expected to be successful. Improvement - Better meth- Capital cost: <$50K
Waste would be rubble from otis oi applying the expio- Operating cost: About
removing 3-4" concrete plus sives and more uniform deto-
removed contaminants, nations that remove less con-

crete are needed,

2/26/93
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Technology Lo!
Decontamin

'" K-25 Site Problem Probiem Area/C0nstituents Referenc* Requirements • Subelerr,ents ,. ., "

• Cleanup Legacy EnrichmentProcessBuilding_ .C_ --.lD,. Referto Volume1,Chapter10, _ Decontamination _ Therr,U forpot,_ntiallyapplicablopro- Rem(_
• Prevent Future ProcessSupportBuilding Tc posedandpromulgatedenviron-

Insult Actinides mentallaws,signedandpend-
PumpingStations Chromate ingagreementsfortheORR,

• Develop Oil radiationprotectionstandards,
Environmental LaboratoryFacilities PCB DOEOrders,andnon-regulatoryguidance.As site-andwaste-

Stewardship SpecialDevelopment specificcharacteristicsarepro-
FaciliUes vldedforeachtechnology,spe-

cificregulatoryrequirementswill

" | AdministrativeFacilities be specified.

1 CoolingTowers

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



I
ogic Diagram imination

!
1_- Thermal Substrate Surface _Microwave Scrubbing _ PtlldemOltll_t_on _ Development - The develop- _ Normal implementation

Removal DCON-71-OG In FY 91 ORNL demonstrated ment and testing of a mobile needs. B
reliable removal o! nonconta- prototype microwave con- Development cost: $2.5M IIminated concrete surfaces crete removal machine needs Capital cost: About $250K
using a stationary microwave to be complete_. Operating cost: $0.01-
device. A mobile device is $0.73/ft2
under development. Since
microwave scrabbling mremoves the contaminated
concrete surface, the decont-

amination efficiency should
Oeessentially100% unless
the contamination has dlf- IIfused deep into the concrete.
The waste generated is con-
crete rubble with particle

diameters lying primarily In
the range of 1 to 10 mm plus Ithe contaminants. For a

removal depth of 10 mm,
0.03 _ of concreterubble ts

generated per ftz of concrete n
decontaminated, II

_= _ll_ Plasma Torch _ Evotvlng Technology _ Science - Laboratory tests _ Normal implementation
DCON-72-OG Conceptual - Plasma torches are needed to evaluate the needs. mm

exist commerdaJly to weld efficacy of vaporizing or Development cost: About lib
and cut materials that have decomposing organics, deter- $3M U
very high melting tempera- mine the decomposition reac- Capital cost:. About $200K
tures or require en inert tion by-products, and suitable Operating cost: $0.01-
atmosphere. Its efficacy in trapping materials. $1.00/ft 2 am
removing various organic Laboratory tests of thermal Icontaminants or to spall off stress-induced spalllng of
layers of c_taminated con- concrete are also needed.
crete has notbeen InvestJgat- Computer modeling of plas-
ed. Wastes would consist of ma-surface interactions and m

materials used to trap reac- heat transfer in concrete are Bl,
tion products from _ needed. n
decornfmsitk_ of organics Development - Plasma torch-
and spalled concrete with es having geometries and
(_ltaminants. conditionssuitable for deeon-

/

tamination need to be devel- m
oped along with suitable cot- I!lection and gas treatment
systems.

I
!

Flashlamp Cleaning _ Evolvil_ Technology _ Science - Existing flashlamps _ A vacuum cotkcttonsystem
DCON-77-OG Conceptual - _ sys- should be tested on a small would be needed to use tl_ m

terns are beklg used to clean scale for removing thalisted technology. |oqlantc contamination from contaminants from concrete. Development co_ $I-4M
artwork, ship hulls, and pm- Development - A moderate- Capital co_t: $100K-$150K

dous metals. Hanford scaie demonstration of flash- Operating cost: <Sl/ft 2Westinghouse is ocmductlng lamp decontamination of con- am
laboratory tests of xenon crete with the associated vac- []
(kuddamp systems for remov- uum collection system is II
Ingrad,onucik_mmamlna- needed.
tk)n.Eflk_cyforI_d ¢onta-

• rntnant=on oonarme ts

unknown, Wastm _mukl be I

HEPA

--- !
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I| Technology LogiDecontaminat

JI
II • Cleanup Legacy _ EnrichmentProcessBuilding_ ._ _ RefertoVolume1,Chapter10, _ Decontamination _ SurfaceCle

U forpotentiallyapplicablepro-
" Prevent Future ProcessSupportBuilding Tc posedandpromulgatedenviron-

Insult Actinides mentaltaws,signedandpend-
PumptngStations Chromate ingagreementsfortheORR,

• Develop oil radiationprotectionstandards,

iB Environmental LaboratoryFacilities PCB DOEOrders,andnon-regulaton/guidance.As site-andwaste-
(BI

Stewardship specialDevelopment specificcharacteristicsare pro-
Facilities vtdedforeach technology,spe-

cificregulatoryrequirementswill

ii AdministrativeFacilities be specified.CoolingTowers

'1
-I

Decommissioning_
(DAD)

I

,I
!1
ILl So,,s,Groon0w_terandSurfaceWater
. (RA)

t|

II Waste Management
(WM)
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Logic Diagram
tarnination

_Surface Cleaning _ _ High-Pressure _;'.!(;_ _ Accepted _ Development - To minimize _ Normal implementation
DCON-52-OG High pressure water blasting waste generation, a water needs.

has been used very succe_o,-. treatment system is needed Development cost:
fully to decontaminate vadou._ for decontamination of the Water treatment system:
large and complex surfaces wastewater so that the water About $1.2M

at nuclear power plants, can be reused. Remote operation: $3-4M
Technique is expected to be Improvement - Remote oper- Capital cost: $5OK-$75K
effective with a DF of about ation will necessitate the (about $250K with remote
50 for loosely adhering conta- adaptation of the high pres- operation)
mination on concrete. DFs sure water and vacuum col- Operating cost:
will be higher ifchemical lection systems to robotic $0.03-$1.00/ft 2
cleaning agents are also system control.
used. Technique Is expected
to be ineffective for fixed con-
tamination on concrete.

Waste is 4 to >100 gpm of
contaminated waste water.

| _ Superheated Water ._._.lD,. Accepted - Technology is _ Development - To minimize _ Normal implementation
== DCON-53-OG available and has been used waste generation, a water needs.

• by industry. Technology treatment system is needed Development cost:
=; should be effective except for for decontamination of the Water treatment system:

fixed insoluble contamination wastewater so that the water About $1.2M

: or contamination that has c_ 1be reused. Remote operation: $3-.4_1
soaked into the concrete. On Improvement - Remote Capital cost: About $175K
finished concrete, technology operation will necessitate the (about $250K with remote
may drive contaminants adaptation of the operation)
deeper into substrate. Waste superheated water and Operating cost:
willbe 0.4 to 2.0 gpm waste- vacuum collection systems to $0.03-$1.00tlt 2
water containing removed robotic system control.
contaminants.

Hot Water ___ Accepted _ Improvement- To minimize _ A water treatment system Is
DCON-54-OG Flushing with hot water is waste generation, a water needed to minimize liquid

often used following scrub- treatment system is needed wastes from this technology.
blng,especially on floors. The for decontamination of the Development cost: About
technique is noteffective on wastewater so that the water $1.2M
fixed insoluble contamination, can be recycled and reused Capital cost: <:$5K

On finished concrete, tech- in the hotwater cleaning Operating cost: <Sl/ft 2
nology may drive contami- operation.
nants deeper Into substrate,
The waste generated is the
contaminated water from the

flushing operation.

Steam _- Accepted - The technique --miD,- Development - To minimize _ Normal implementation
DCON-55-OG has proven useful, especially waste generation, a water needs.

on complex shapes and large treatment system is needed Development cost:
surfaces. Technology should for decontamination of the Water treatment system:
be effective except for fixed wastewater so that the water About $1.2M

insoluble contamination or can be reused. Remote operation: $3._M
contamination that has Improvement - Remote oper- Capital cost: $50K-$75K
soaked into the concrete. On ation will necessitate the (about $250K with remote
finished concrete, technology adaptation of the steam and operation)
may drive contaminants vacuum collection systems to Operating cost:
deeper into substrate. Waste robotic system control. $0.03-$1.00/ff :_
wtllbe 0.4 to 2.0 gpm waste-.
water containing removed
contaminants.

Compressed Air Cryogenic _ Demonltration _ None ---Ii,,Deslgn and construction of a
CO2 Blasting ThiS technology is commer- vacuum waste-handling sys-
DCON-51-OG ciaily available, lt has been tem with HEPA filters to han-

used at nuclear reactor sites die the vaporized CO 2 con-

to decontaminate hand tools talnlng the removed contaml-
and some equlpment. The nants.

efficacy of this technology for Capital cost: About $200,000
removing the listed cofllamt. Operating cost: $2-20/ft 2
nante from concrete has not
been demonstrated and is
doubtful. Wastes would be
HEPA filters filled with the
removed contaminants.
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Decontamir

• Cleanup Legacy _ EnrichmentProcessBuilding _ ._&_9£,£0__ _ Referto Volume1,Chapter10,_ Decontamination _ SurflU forpotentiallyapplicablepro- (cont
• Prevent Future ProcessSupportBuilding Tc posedand promulgatedenviron-

insult Actinides mentallaws,signedand pond-
PumpingStations Chromate ing agreementsfor the ORR,

• Develop Oil radiationprotectionstandards,

Environmental LaboratoryFacilities PCB DOEOrders,andnon-regulatoryguidance.As site-andwaste-
Stewardship specialDevelopment specificcharacteristicsarepro-

Facilities videdforeachtechnology,spe-
cificregulatoryrequirementswill

AdministrativeFacilities be specified.

CoolingTowers

Decommissioning ---
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



I
.ogic Diagram Iamination

I
•1_ Surface Cleaning - _ Hand and Automated _ Accepted _ Development - A test to ----IP,-Normal implementation am

(cont.) Brushing Manual brushing has been demonstrate that this tech- needs.
DCON-56&57-OG used to remove loose conta- nique will work for the listed Manual brushing I

mination for years, contaminants on concrete is Capital costs: <$10K
Demonstraticn - Remote needed before a large capital Operating costs: :>Sl/ft2
power brushing was used to investment is made for a Power system

clean the interior oi plutoni- power brushing system Development costs: $200K- li
um-contaminated pipe at at K-25. $1000K I
Rocky Flats to shiny metal, Capital costs: About $50K
but has not been used on ($250K with remote opera-
concrete, tion) I

Since most of the listed cont- Operating cost: >:>$10/ft2 II
aminants are not expected to Ibe in loose form, brushing is
not expected to be effective.
Wastes consist of HEPA fil-

ters on the vacuum cleaner II
used to pick up the removed Icontaminants.

Hot Air Stripping _ Evolving Technology _ Development - Effective _ Normal implementation I
DCON-59-OG Conceptual - Air stripping removal of the listed contami- needs. I

technology is well known for nants from concrete should Development cost: $1_5M
removing volatiles from llq- be demonstrated; an off-gas Capital cost: About $200K

uids, but there is no known treatment system needs to be Operating cost: $2.20/ft 2
use of thiu technology to designed and tested. Idecontaminate concrete. This

technology is not expected to

j be effective in r_ _vtng the
listed contain -_.": from con- iii
crete. The o=,,_ ';_tce f_r Isuccess would be ,_=lhoils

a=_, perhaps, PCBs and
technetium. Wastes would be

spent cher_lcals from the gas II
treatment system containing Iany removed contaminants.

Dry Heat (roasting) _ Demonltratlon II
DCON-60-OG Although dry heat (masting) _ Development - _ An off-gas collection andDemonstration of the efficacy troatment system would bs Iis an accepted industrial ot the process; development needed to use this technolo-

process, its efficacy for and demonstration of an off- gy.
removing oil and PCBs from gas treatment system. Development cost: $1-4M
cono'ete using either flame Capital cost: About $250K
from a salamander blown with collection and treatment Iacross concrete in situ or system
roasting of concrete chunks Operating cost: $2-20/ft 2
needs to be demonstrated.

Technology has a moderate II
probability of success to_ oil Iand PCBs, some probability
of success for Tc, and little
chance of success for the

other contaminants on con- II
crete. Waste would be Iremoved otis and PCBs ( U

and, possibly, Tc). (Oils
might be combusted.)

i |

, !
i

!,
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Technology Logic
Decontamination

' " K-25 SiteProblefn Pf0blem _rea/Cons'tituentS ,ReferenCe'Recuirements .iSubeiements ' i: • :.. Alterna!iv e
,

• Cleanup Legacy Fndchment Process _ Concrete _ Refer to Volume1, Chapter 10, _ Decontamination _ Surface Cleaning
uuilding U for potentially applicable pro- (cont'd)

• Prevent Future Tc posed and promulgated environ-

Insult Process Support Building Actinides mental laws, signed and penal-
Chromate Ing agreements for the ORR,

• Develop Pumping Stations Oil radiation protection standards,
PCB DOE Orders, and non-regulatory

Environmental Laboratory Facilities guidance. As site-and waste-

Stewardship specific characteristicsare pro-
Special Development vided for each technology, spe-
Facilities cific regulatory requirements will

be specified.

Administrative Facilities

Cooling Towers

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Logic Diagram
tamination

Surface Cleaning ,_ Vacuum Cleaning ,,..._ Accepted _ None _ Normal implementation
(cont'd) DCON-64-OG r Vacuum cleaners have long r_eeds.

been used to clean up loose Capital cost: <$10K
contamination atthe GDPs. Operating cost: :>Sl/ft2
Since little of the listed conta-

minants are expected to be in
loose form, this technique is
not expected to be effective
in cleaning concrete floors at
ORGDP. The waste is a
HEPA filter filled with the con-
taminants and other materials

that are removed by the
vacuum.

..--,..,..t_Solvent Washing _ Conceptual _ Development - Solvents that _ Solvent off-gas collection and
DCON-61&62-OG Solvent cleaning of small are less harmful to health and treatment system would be

items has been used at K-25, the environment need to be needed.

and the cleaning of larger identified and demonstrated. Development cost: $1-4.5M
, areas has been demonstrat- Capital cost: <$100K

ed at Hanford. The use of sot- Operating cost: About Sl/ft 2

vent cleaning has been
stopped at both sites to avoid
exposing workers and the
environment to the hazardous

solvents. Other solvents may
. be available, but their effec-

tiveness would have to be
demonstrated. This method

would only be partially effec-
tive on smearable contamina-

tion, Waste would be spent
solvent containing contami-
nants plus a trace of con-
crete.

Strippable Coatings _ Accepted _ Improvement - Develop coat- ---,.liD- Normal implementation
DCON-63-OG Technology has been used ings with lower material costs needs.

for decontamination apptica- and greater ease of applica- Capital costs: Negligible
tions involving hazardous and tion. Operating cost: $1 to
radioactive contaminants, $1.401ft2
Decontamination factors of
one to several hundred can

be expected with two applica-
tions. Waste is a solid poly-
mer (volume = 1 mm x sur-
face area decontaminated)

containing the removed cont-
aminants.

Sponge Blasting _r Accepted __.lD,. Development- To minimize _ Prior removal and disassem-
DCON-58-OG Although the technology is waste generation, a water bly of contaminated equip-

relatively new, it is currently treatment system is needed ment and a glove box or
being used by at least two for decontamination of the room that is easily decontam-
sites including a nuclear wastewater so that the water inated in which the deconta-

power plant. Extensive data can be recycled and reused mination will be accomplished
on decontamination factors in the sponge blasting opera- plus a wastewater treatment I
are not available. W'dh the tion. recycle system will be need-
aggressive sponges, which ed to use this

are Impregnated with ebfa- technology.Development
sives this technology, may be costs:
effective for the listed conta- About $1.2M
minants and substrates. Capital cost: Sponge blasting
Wastes consist of about 0.01 system: About $20K (with

of blasting media and blasting media wash unit for a
removed contaminants per ft2 robotic system)
of area decontaminated plus Glove box: <:$50K
any liquid cleaning agents Work room: About $250K

that may have been added. Operating cost: About $2/ft=

- 2/26/93
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Technology Lo!
Decontamin

K:25Site Problem.' Problem Area/Constituents Ref'eren(:e Re(iuirements :! .,. Sul:elements i

• Cleanup Legacy EnrichmentProcess .._ ._ _ RefertoVolume1,Chapter10, _ Decontamination _ Cher
Building Y U forpotentiallyapplicablepro-

" Prevent Future Tc posedandpromulgatedenviron-

Insult ProcessSupportBuilding Actinides mentallaws,signedandpenal-Chromate ingagreementsfortheORR,
• Develop PumpingStations Oil radiationprotectionstandards,

PCB DOEOrders,at¢l non-regulatory
Environmental LaboratoryFacilities guidance.Assite-andwaste-
Stewardship specificcharacteristicsare pro-

SpecialDevelopment vtdedforeach technology,spe-
Facilities ciflcregulatoryrequirementswill

be _cified.
AdministrativeFacilities

CoolingTowers

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Logic Diagram II_tamination

!
Chemical Surface Cleaning _ Caustic Treatments ,,..._ Accepted _ A waste treatment plant Is I

DCON-13-OG "- Decontahdnatlon of surface _ None needed to treat the waste- Ismear'able contamination water resulting from the
using caustic chemicals (prin- decontamination operation.
ctpally soap and water) has Capital cost: <:$10K
been used at K-25 for many Operating cost: >$1fit2 Ban

years. Since many of the list- (<Sl/ft 2 with a riding scrub- []
ed contaminants are expect, ber) IIed to be fixed or to have pen-
etrated, at least partially, into
the concrete, caustic scrub- mmlBm

blng is expected to only par-
tially decontar,dnate the cont- Iaminated conc,:re. Wastes
would consist of used caustic

solutionoontalning the

removed contaminants, iBiological _ Evolving Technology _ Science - Literature study _ Facilities for cultivating the
DCON-17-OG Pre.conceptual - The knowt- and bench-scale tests of bacteria and disposing of the

edge base exists for biotogt- microbes on U, Tc, actinides, bacterial sludge would be
cal treatments of various con- and chromates, needed, mB

taminants; however, there Is Development - Develop Development cost: lnot a data base for applica- methods for applying a layer $300K-$6001_

tion of the technology for sur- of microbes, supplying need- Capital cost: About $200,000
• face decontamination. This ed nutrients, and removing Operating cost:

technology is quite likely to the microbe layer from the $0.10-$3.00+/ft z m
be successful for oll and decontaminated item. IPCBs, lt could be success;'ul

for U, Tc, actinides, and chro-
mates, but these contami-
nanls would remain in the I
bacterial sludge. The waste Igenerated would be the cont-
aminated layer of microbes
removed from the treated sur-

face. I
Electromigration _ Evolving Technology _ Development - Additional _ Normal implementation
DCON-20-OG Pre-conceptual - Initial data small-scale "proofof princi- needs.

Indicate 90+% removal of U & pie" tests are needed fol- Development costs: $1.7M m
Tc from concrete. Applicable, lowed by larger scale field Capita/cost: About $200K Iin principle, to actinides & demonstration. A treatment Operating cost: About $5/ft2
chromate. Removal of oil & system that would permit
PCBs possible, In principle, recycle of the electrolyte is
but not demonstrated, needed. m

Wastes would be electrolytes mm
containing removed co0_tamt- IInants and scrap cell compo-
nents.

.,,==.

Fluobodc Acid Treatment _ Demonltrldk_ _ Development - Although the _ Normal Implementation I 1
DCON-11-O(3 The technology was specilt- method has seen application needs.

cally designed for D&D at Chernobyl with good Development cost:
(Cllemobyl application) and results, development work is $400-10001( mB
is likely to be higNy effective, needed to test applicability at (Rough estimate) llt removes the outer layer In US GDPs. Capital cost $800K
a controlled and effective (1990 estimate for
manner. The acid can be equipment only for
electn_jtlcallyregenerated ST/day capacity mm
and recycled w_ radioaclive of metal) Iwaste plated outat the cath- $4-10M (rough estimate

and solidir_d in cement, including engineering and
= Final quantity of cement, factUtles)

solidifiedwaste is 20-50 Operating cost: ,..$300/metrk_ li
grams/m= of de_lnation tons (assume same as for Isurface, Other waste treat. BNFL process)

: me_opensareposs_.

I
I
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Technology Logic
Dec0ntaminatior

' EM, Goals

• Cleanup Legacy _ EnrichmentProcessBuilding -lm... PorousNickel _ll-- Refer toVolume1,Chapter10, _ Decontamination _ ChemicalSurface
U for potentialS;applicablepro- CleaningMethods

• Prevent Future Tc posedand promulgatedenviron-

Insult Actinides mentallaws, signed andpend-
ing agreementsfor the ORR,

• Develop PorousAluminum radiationprotectionstandards,

Environmental u DOEOrders,and non-regulatory
Tc guidance.Assite-andwaste-

Stewardship Actinides specificcharacteristicsarepro-
vided foreachtechnology,spe-
cific regulatoryrequirementswill
be specified.

Decommissioning m
(D&D)

Soils, Groundwater _ MetalRefining
and Surface Water

(RA)

Waste Management
(WM)
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ogic Diagram
mination

Gas Phase Decon _ Pre-demonstration _ Science - Optimum process _ A permitted vent will be
Chemical Surface --_ DCON-16-Or_ Lab-scale studies have needed to Implement thisCleaning Methods , conditions for decontamina-

demonstrated that CIF3 is lion should be established, technology. Air with trace

capable of effectively rernov- amounts of UF 6, chlorides,
ing U deposits at room tem- Effectiveness should be and fluorides will be vented.
perature. Gas phase deconta- demonstrated on small

ruination is expected to be samples, Development cost: About
largely or completely effective $5M
in removing U compo,unds Development - Full-scale Capital cost: >$3M/unit
found in gaseous diffusion demonstration of the deconta- Operating cost: About
equipment, lt should be par- ruination of process equip- $15.000 ($0.52/Ib) if a 00
tially effective in removing Tc. ment,is needed, Development converter is treated In situ,
Actinides and thorium daugh- of mechanical methods and
tar products from the decay of chemical methods to remov9
U compounds will not be reaction by-products so that
removed. The levels of the CIF3 _:an be recycled is need-
latter contaminants on much, ed,
or most, of the substrates will
still meet surface release cri-

teria. Wastes will be spent
NaF trapping material and
spent caustic scrubber solu-
tion or fluodde trapping
media.

Inorganic Acid Treatments _ Accepted _ll_ Development- Necessary to _ Normal implementation
DCON-12-OG Decontamination with nitric adapt modifications to the needs.

acid has been used for clean- system (scrubbers. filters, Development cost: $400-
ing converters and other treatment for nitrates and t000K (Rough estimate)
large items at K-25 for many heavy metals) to recycle Capital cost: <:$4-10 million
years. Sulfuric acid is used reagents to meet regulatory (Rough estimate)

less often, notably to dissolve requirements. Although existing facilities
nickel plating prior to remov- Science/Development- may be adaptable to the acid
ing contaminants at the nick- Possible development of the cleaning process, a treat-
el-steel interface. The inor- HNO3/HF decontamination ment facility for corrosive
ganic acids are concentrated, method, with or without ultra- nitrate wastes will be

with concurrent corrosion, sonic agitation, required.
DFs are In the 100 range.

Wastes consist of large Operating cost: Similar to
quantities of cormsNe wastes the other organic and inor-
containing the removed cont- ganic treatment systems.
aminants and require treat-
ment and disposal as mixed
waste.

Metal Refining _ Smelt Purification .-- DemonstraUon Science-•..- _ ,_- Standard induction arc fur-
DCON-31-OG Performed by many ilwesti- Demonstrate fluxing agent for nace with off-gas Vestment

gators on a lab scale and by removing Tc. system.
some on a large scale. U Development- Demonstrate Development cost: $3 - 5M
removed to 0.01 - 4 ppm for improved purification for AI. Operating plus capital cost:
Ni, 3 - 100 ppm for AI, Tc not ~$1/Ib based on 8 ton electric
removed. Wastes are slags, induction furnace.
scrubber solutions, chemlca_ A de mfnimus standard is
trap materials, and HEPA fit- needed to allow sale of the

tars containing removed cont- purified metal.
amlnants. Fifty Ib of slag gen-
erated/ton metal.

Electrorefining lP" Predemonltration _ Development- Demonstrate ------liD- Smelter to cast anodes.
DCON-32-OG Not demonstrated on a large techniques to (1) prevent Tc Development cost: $3 - 4M

scale for the decon, of from plating out with Ni and Operating cost > $2 - 6Ab
radioactive materials, Tc AI, (2) r_uce U contamina- Capital cost for a 10 million-
plates out on cathode with NI. lion in relined AI; and (3) poundh/plant: $200 million
Technology is likely to be recycle electrolytic solutions. A de minlmus standard is
effective. Waste electrolyte needed to allow sale of the

solutions will be a mixed purified metal
waste.

2/26/93
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Technology Lo!
Decontamirt

Meta-'-
. CleanupLegacy BuiidingEndchmentProcess ,..-"- PoroUSuNickel _ forRaferpotentiallyt°Volumel,applicableChapterpro.lO,_ Decontamination _ (conL
• Prevent Future Tc posedandpromulgatedenvio

Insult Actinides ronmentallaws,signedandpendingagreementsforthe
• Develop PorousAluminum ORR, radiationprotectionstan-

U dards,DOEOrders,andnon-
Environmental Tc regulatoryguidance.Assite-
Stewardship Actinides andwaste-specificcharacteris-

ticsare providedforeachtech-
nology,specificregulatory
requirementswillbespecifkd.

Decommissioning
(D&D)

Bu_
MX

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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I
Logic Diagram |,tamination

I
Metal Refining
(cont.) m _ NickelCarbonyl _ Demonll_ation Development-Demonstrate _ NormalImplementation IMendProcess "'- Levelof Ucontaminationin _ levelofNi purificationfromTc needs.

DCON-33-OG Ni producedby process & otherradioactivecontami- Developmentcost:$750 - Idemonstratedtobe 110Ct/Ii. nants. 3000K
Processwillbe successfulfor Capitalcost:$600M°
AI.Tc Is notremoved,but Operatingcost:$6/Ib"
deconlevel is notdocument- "Basedon a 5000ton/yplant I
ed. Usesveryhazardous A de minimusstandardis Imateril_ls.Wasteis contami- neededtoallowsaleof the
nation&catalystleft b_tind, purifiedmetal

Leach/Electrowinning -----.-lip Predecrtonltrltion _ Development- Demonstrate _ Implementationneeds: I
DCON-34-OG Althoughthisprocessisa techniquesto recycletheelec- 1

wellestabt'shedcommercial trolyticoolutions. DevelopmentCosts:about
processforproducingnickel $500K
fromore, ithasnot been Operatingpluscapitalcost: Iii
demonstratedforpurifying >$4-6/lb Inickelmetalcontaminated

withradioactiveelementson Capitalcostfora 10million
a large,scale.SEG has poundhjplant:$200million
demonstratedthe methodon Ade minimusstandardis I
a smallscaleto purifyNIto < neededtoallowsaleof the |1 bq/got Tc.ThemethodIs purifiedmetal
similarto electrorefining
_,^ceptthemetalis firstdis-
solvedintoso,hJtionrather mm
thanformedintoanodes, ITheTc mustbe removed
fromthe electrolyticsolutions
byionexchangeor some
othermethod.Recycleofthe lib
electrolyticsolutionswill IresultIn a mixedsolidwaste
beadngNi, U, Tc,andother
compounds amountingto 2%
of the Ni processed. l

Bulk Decontamination CatalyticExtractionProcess _ Predemonstration-Has not _ Science-Methodfor remov- _ "Off-the-shelf"inductionor i
Methods DCON-6-OG beenusedto smeltscrap ing- Tc. arc furnacewithoff-gas II

bearingradioactivity.Likelyto Development- Tcremoval treatment.
reduceNt to 0.01- 4 ppmU and improvedUremoval. Developmentcost:$3 - 5M
andAIto 3 - 100 ppmUor Operat_xjpluscapitalcost: II
less.Tc is notremoved. -$1/Ib IWasteswouldbe50 lb. of A de mintmusstandardis
slagcontainingcontamination neededtoallowsaleof the
pertonof scrapmetal purifiedmetal
processedpluscor_tamtnated I
scrubbersolutionor chemical 1trappingmaterials.

I
. I

i
: I

I
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| Technology LD!
Dec0ntamin

I
I • Cleanup Legacy -i_ EnrichmentProcessBuilding _ r_ (Asbestos) _ I_- RefertoVolume1,Chapter10, _ Decontamination _ Bulk

U for potentiallyapplicablepro- MPC
• Prevent Future ProcessSupportBuilding Oil posedand promulgatedenviron-

Insult Tc menta: ,lws,signedand pond-
Special Developmenl PCBs inga_j;eementsfor the ORR,

I • Develop Facilities Actinides radiationprotectionstandards,
Chromate DOEOrders,andnon-regulatory

Environmental AdministrativeFacilities guidance.Assite-andwaste-
Stewardship _ AsbestosPipe specificcharacteristicsare pro-

videdforeachtechnology,spe..

I U cificregulatoryrequirementswill
Tc bespecified,
PCBs

CoolingTowers IP_ Munter'sFil!

Chromates
Ba
Dioxins
Asbestos

!
Decommissioning --

I I (D&D)

I
I
I
I Soils,Groundwater

ard SurfaceWater
(RA)

!
I
I
I

WasteManagement
(WM)

!
I



ogic Diagrarn
mination

BulkL'_.'ontaminatton _ SolventExtraction ----II,- Demonstration _ Development- Literature _ Extensivechemicalprocess-
Met,_ds DCON-1-OG Technologyhasb_Jnused, searchtodeterminesolvent ingsystemforsolventtreat-

butnotforthesecontaml- to beusedplussmall-scale mentwitha wastetreatment
nantsandsubstrates,efficacy demoofefficacy, systemfortreatmentor recy-
needsdemonstration;waste Developmentof wastetreat- cleofspentsolvent
wouldbesolventcontaminat- mentsystemfortreatmentor DevelopmentCost:
edwithremovedcontami- recycleofspentsolvent. Efficacydemo:$200-$1000
nants. K/application

Wastetreatment:$1-4M
CapitalCosts-
Solventtreatment:$20-$100M
Wastetreatment:$20-$100M
OperatingCost:$5-50/1b

DryHeat _ PredemOmltration _ Development:Bench-scale _ Normalimplementation
DCON-4-OG Althoughroastingis anaccept- testsare neededto establish needs.

edtochniquefor removing whichcontaminantscanbe Developmentcost:$200-
volatilecontaminatesfrom removedfromthesematerials $1000K/material
solidsurfaces,theeffective andwhatsecondarywaste Capitalcost:$1-25M
use¢t dryheatfortheseprob- treatmentwouldbe needed. Operatingcost: $1-$10/tb
lemsisuncertainanduntried. The availabilityofengineered
Techniqueislikelytobe effec, equipmentisjudgedade-
tiveforremovingoils,butnot quateii thelabstudiesverify
fordestroyingPCB's"rcmight effectivecontamination
beremoved.Wastewouldbe removalbyheat.
originalmaterialscontaining
originalcontaminantsexcept
foroilsand,perhaps,TCand
causticscrubbersolutioncon-
talningTc.

ChemicalLeaching "-"lP" Pmdet_ _ Development:Benchscale "-'lD" Extsndvechemicalprocessing
DCON-5-OG Althoughchemicalleachingis testsareneededtodeter- systemforchemicallesct-mgwith

an acceptedtechniquefor minewhichchemicalswould a waste_ systemfor
someapplications,bench be effectiveandwhatsec- treatmentorrecyck)04spent
scaletestsareneededto ondarywastetreatment chemicaJleachingsolution.
determinewhichchemical wouldbe necessaryto recy- _t Cost
wouldbeeffective.Waste clechemicals. Efficacydemo:$200-
wouldbeoriginalmaterials $1000Wa_011catlon
contaminatedwithchemical Wastetmatme_$_-4M
leachatespluschemical _ Costs
leachatescontainingremoved Otem(caJleaching:$30- $150M
contaminantsor sludges,filter Wastetreatme_:$30- $150M
cakes,andionexchangeresin Operatk'=gCost:$5- $60,Ib
fromrecyclesystemcontain-
ingremovedcontaminants.

CatalyticExtractionProcess_ _ _ Science-TechniqueforTc _=Off-the-shelff inductionor
DCON-6-OG Hasnotbeenusedforthese removal, arcfurnacewithoff-gastreat-

matadabor forscraphaving Development- Demonstrate mentsystem.
radioeOlvfly.Amelhedcapable effectivenessformaterialsof Developmentcost:$3 - 5M
of_ renx)vk_Tchas interest Capitalcost:1/2of aninciner-notbeendemors_ato(LPCBs,

: oil,anddloxinsshouldbe atorofequalcapacity-$16M
decoyed.V_ththeIxoperslag, Operatingcost: I/3 ofan
Uandolheroontantnants incinerator$2 - 3/lh
shouldberemoved.Asbestce
m_t beconverfedtog_m.
WaSe_0uldbes|ag_
metako0n_m_nantsp_uacor_-
aminatedsod0beteolut_nOr -
d_mCaJtrapmSma_

Vacuum _ Acclptld _ None _ Largeblowersystemsare
DCON-7-OG Proprietaryvacuumprocessto neededtodrawa vacuumon

removeCt+6fromtransite, thebuilding,sprayersystems
: Techniqueshouldalsowork areneededtosprayacidon

onasbestospipeInsulation thematerial.Cat',;Calandoper-
andMunter'efill.Techniqueis aIIngcostarecc.tsJderedpro-
notexpectedtoworkforany prtetary.Roughguessesfob
contaminantotherthanCr+6. tow.
Wastewouldbecausl_scrub- Capitalcost: $1 -lOivi
bersorncontainingremoved Operatingco_:$2-8n_
Cro
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Technology LD,
Decontami

• Cleanup Legacy _ EnrichmentProcessBuilding -.liD,-_ (Asbestos) m _ RefertoVolumet, Chapter10, _ DecontaminationU forpotentiallyapplicablepro-
" Prevent Future ProcessSupportBuilding Oil posedandpromulgatedenvl-

Tc ronmentallaws,signedand
Insult SpecialDevelopment PCBs pendingagreementsforthe

• Develop Facilities Actinides ORR, radiationprotectionstan-Chromate dards,DOEOrders,andnon-
Environmental _n_r_strativeFacilities regulatoryguidance.Assite-
Stewardship -_- AsbestosPipe _ andwaste-specificchar"¢teris-

Insulation ticsare providedfor eachtech-
U notogy,specificregulatory
Tc requirementswillbe specifL'=}d.
PCBs

CoolingTowers _ Munter'sFill
As
Chromates
Ba
Dioxins
Asbestos

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

EnrichmentProcess _ InsulatedCOoperWidna _ RefertoVolume1,Chapter10, ----.lP- Decontamination
Building U J forpotenUallyapplicablepro-

Tc _ poeedandpromulgatedenvi-

ProcessSupportBuilding _.._J ronmentallaws,signedandInstruments pendingagreementsforthe
ElectricalandElectric_ U, Tc,PCBs ORR,radiationprotectionstart.
SwitchGear dan:Is,DOE Orders,andnon-

regulatowguidance.As site-
PumpingStations andwaste-spectf_characteris-

ticsereprovidedforeachtech-
LaboratoryFacilities no4ogy,specificregulatory

requirementswillbespecified.

Waste Management Spec_ Development
(WM) Facilities

AdrnlntstrathreFacilities



I
ic Diagram |

mination

I
Bulk Decontamination _ Incineration _ Accepted _ None _ A newincineratorwouldbe B
Methods DCON-2-OG Incinerationisbeingusedat neededtobumwastesconta- II(cont.) K-25.A newincinerator mlnatedwithenricheduranl.wouldbeneededbecause urn.

theexistingIncineratorcarp
notacceptwastewithmore ThepresentIncinerator ii
than5 ppmtotaluranium requirestheservicesofabout Iand enrtchrnentshigherthan 30 maintenanceworkers
onepercent2_U. (maintenancemechanics,

electricians,pipefitters,
Efficacy- TheK-1435Inctn- welders,andinstrument
erat(xgives99.99 to mechanics),theirsupervisors, I99.999%destructionand 34 chemicaloperators,their
removalefficiencywhen supervisors,and7 engineers.
burningtoxicorganics.

About8-10 yearsisrequired im
Wastegenerated- Thiswill forwritinganenvironmental
dependonthedesignofthe impactstatement,holding II
incineratorand theash con- publichearings,andobtaining
tent of the wastebeing the necessarypermits-
burned.Duringa test,the TSCApermit,RCRApermit,
K1435 incineratorgenerated NESHAPpermit,andClean I1.1gallonsof wastewater AirActpermits.
and27 poundsofashper
100 poundsofwastefed, Cost:capitalco6t$26million

(1987dollars)
Operationcost$10nb(1992 I
dollars) II

SurfaceCleaning Methods _ CompressedAirCryogenic_ DemonstrM _ Development- _ Priorremovalanddlsassem-
CO2 Blasting Thistechnologyis commer- Demonstrationoftheefficacy blyofcontaminatedequip-
DCON-51-OG ciallyavailable,lthasbeen ofthistechnologyforthelist- mentanda gloveboxor

usedatnuclearreactorsites edcontaminantsandsub- roomthat iseasilydeconta- II
to decontaminatehandtools strates, minatedin which the decont-
and someequipment.The aminationwillbe acoom-
efficacyofthistechnologyfor plishedplusdesignandcon-

removingthelistedcontand- structlonofa vacuumwaste- gnantsfromthelistedsub- handlingsystemwithHEPA IIstrafeshasnotbeendemon- filterstohandlethevapor-
strated.ThetB:N_ology izedCO2 containingthe
couldpossiblybeusedon removedeontamlnantsare
transtteandMunter'sfill,but neededto use thistechnoto- i
probablynotonasbes_tos gy. Avacuumcollectionsys- II
pipe insulation. Wastes temwithwe, designednoz-
wouldbeHEPAfiltersfilled zlesmightpemdtinsitu
withtheremovedcontami- decontaminationoiassern-
nantsand,possibly,some bledequipment. BI
removedsubstrm. Developmentcosts:$750- ii

S3000K =,"
Capitalcost:
CO2 system:About$200K
Glovebox: <$501<
Workroom: About$250t(

Operatingcost: $2-$20_

MechanicalSud_e _ SupercriticalCO2 _ Ptlclemonstratlon _ Development- Evaluatethe _ Normalimplementation
Removal DCON-41-OG BeingdevelopedbyFLOW effectofoperatingparame- needs.

InternationalCorp.;effective- terson theremovalofvarious Developmentcost_:$2501(-
hessremainstobedemon- contaminantsfromdifferent $1000K
st_ated;wastewillbepre- substrates Capitalcost:$150Wmacht_
filtersandHEPAfiltersfilled Improvement- Containment Operatingcost: ~ $ 2/ft=
withcontaminants andvacuumrecoverysystem

2/26R_
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• Cleanup Legacy _ Enrichment Process _ _sulated CoDoer Wiring _" Refer to Volume1, Chapter 10, _ Decontamination __ _ Mechanical Su.ace Remo_
Prevent Future Building for potentially applicable pro- (cont.)• Tc _ posed and promulgated environ-

Insult Process Support Building ._....J mental laws, signed and penal-Instruments ing agreements for the ORR,

• Develop ElectdcaJ and Electrical U, Tc, PCBs radiation protectionstandards,

Environmental Switch Gear DOE Orders, and non-regulatory
guidance. As site-and waste-

Stewardship Pumping Stations specific characteristics are pro-
vided for each technology, spe-

Laboratory Facilities citic regulatory requirements will

be specified. _ Thermal Surface Removal
Special Development
Facilities

Administrative Facilities

Decommissioning -- _ SurfaceCleaning
(D&D)

Chemical Surface
Cleaning

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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ogic Diagram
rnination

Mechanical Surface RemovaL--.i=_ Plastic Pellet Blasting _ Accepted _ Development- Develop and .._.ipp A system for processing
(cont.) DCON-42-OG Plastic pellet blasting is a demonstrate a system for :,.',_._teto an acceptable form

widely used alternate to sand processing waste, is needed.
blasting for applications in Improvement - Minimize Development cost: $5.5M+
whk_ it is desired to impart blast media erosion to mini- Capital cost: About $50K

i minimal damage to the sub,- mize waste; Operating cost: $0,20-

strata. Technology should automation/robotics; $2.15/ft 2 for flat surfaces
remove smearable, but not improved containment of
fixed contamination. Waste waste and removed contami-

would be spent plastic pellets nants.
plus removed contamination,

--II_ Thermal Surface Removal _ Laser Heating _ Demonstration _ Development- _ Normal implementation
DCON-73-OG Currently being evaluated by Demonstration of decon, needs plus automation

Air Force as a method for capability oi existing lasers. Development costs: $2M +
removing organic coatings Capital cost: $t-10M/machine
from metal; current systems Operating cost: ~ $ 2/ft2
are capable of removing 2.roll
thick coatings at the rate of

100 ft2/hr.; waste will be pre-
filters and HEPA filters filled
with contaminants.

Surface Cleaning _ Strippable Coatings _ Accepted _ Improvement: Develop coat----"il_" Normal implementation
DCON-63-OG Technology has been used ings with lower material costs needs.

for decontamination applica- and greater ease of applica- Capital costs: Negligible
tions involving hazardous and tion and effectiveness Operating cost: $1 to 1.40/ft 2
radioactive contaminants.
Decontamination factors of
one to several hundred can

be expected with two applica-
" tlons, Waste is a solid poly-

mer (volume = 1 mm x sur-
face area decontaminated)

containing the removed cont-
aminants.

Chemical Surface _ Biological _ Evolving Technology _ Science - Find culture tech- _ A bioreactor for continuously
Cleaning DCON-17-OG pre conceptual niques that provide success- growing new bacteria on a

Organisms that destroy ful decon on a lab scale, large scale would be needed.
PCB's have been identified. Development - Develop tech- Insufficient information exists
Method is unlikely to decon, niques that successfully to project even order of mag-
U&Tc. Waste would be a decon on large scale, nitude capital or operating

sludge containing remains of Develop equipment cost and costs.
bacteria + PCB's and inor- decon rate and cost informa- Development costs:$3 - 10M

ganic contaminants. Methane tion.
is a likely gaseous product,

Laser Activated Chemistry .--.....l_¥olv!ng Technology --.-ilbDevelopment - ......._ormal implementation
DCON- 18-OG Acceleration of reactton rates Demonstration of vacuum needs.

for selected reactions is systems capable of collecting Development costs: $2M +
proven. Small scale decon removed contaminants. Capital cost: Sl-
has been demonstrated. 10M/machine

Waste would be prefilters and Operating cost: Unknown
HEPA filters filled with
removed contaminants.

• I_ 2/26/93
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Technology Lo!
Decontami

• Cleanup Legacy EnrichmentProcess _ InsulatedCoooerWiring _ Referto Volume1,Chapter10, _ Decontamination _ Ch(
Building U forpotentiallyapplicablepro- Cle_

• Prevent Future Tc posedandpromulgatedenviron- (coa

Insult ProcessSupportBuilding mentallaws,signedandpend-Instruments IngagreementsfortheORR,
• Develop ElectricalandElectrical U, Tc,PCBs radiationprotectionstandards,

Environmental SwitchGear DOEOrders,andnon-regulatoryguidance.As site-andwaste-
Stewardship PumpingStations specificcharacteristicsare pro-

videdforeachtechnology,spe.
LaboratoryFacilities cificregulatoryrequirementswill

be specified.
SpecialDevelopment
Facilities

AdministrativeFacilities

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

EnrichmentProcessBuilding -._ Freon _ Referto Volume1,Chapter10, _ Decontamination _ Bt._
forpotentiallyapplicablepro- M_

ProcessSupportBuilding posedandpromulgatedenvi-
ronmentallaws,signedand

' LaboratoryFacilities pendingagreementsforthe
ORR,radiationprotectionstan-

SpecialDevelopment dards,DOEOrders,andnon-
Facilities regulatoryguidance.Assite-

Waste Management andwaste-specificcharacteris-
(WM) AdministrativeFacilities ticsare providedforeachtech-

no_/, specificregulatory
requirementswillbespecified.
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.ogic Diagram |amination

!
Development-Solvents that Solvent off-gas collection

Chemical Surface _ Solvent Washing _ Conceptual _ are less harmful to health _ and treatment system would
Cleaning DCON-61&62-OG Solvent cleaning of small and the environment need to be needed, i
(cont.) Items has been used at K-25 be identified and demon- Development cost - $1.-4.5M IIand the cleaning of larger strated. Capital Cost: $400K

areas has been demonstrat- (4K lb. unit)
ed at Richland. The use of Operating Cost: $0.10 -
solvent cleaning has been $1.00/lb. mi
stopped at both sites to IIavoid exposing workers and
the environment to the haz-
ardous solvents. Other sol-

vents may be available, but i
their effectiveness would IIhave to be demonstrated.

Efficacy - This method is

only effective on smearable li
contamination. I
Waste would be spent
solvent containing contami-

nants. , i
Inorganic Acid Treatments _ Accepted _ Development- Necessary to _ Normal implementation
DCON-12-OG Decontamination with nitric adapt modifications to the needs.

acid has been used for clean- system (scrubbers, filters, Development cost: $400-.
Ing converters and other treatment for nitrates and 1000K (Rough estimate) Ilarge items at K-25 for many heavy metals) to recycle Capital cost: <$4-10 million
years. Sulfuric acid is used reagents to meet regulatory (Rough estimate)
less often, notably to dissolve requirements. Although existing facilities

nickel plating prior to remov- Science/Development- may be adaptable to the acid iB
ing contaminants at the nick- Possible development of the cleaning process, a treat° Iel-steel interface. The inor- HNO3/HF decontamination ment facility for corrosive
ganlc acids are concentrated, method, with or without ultra- nitrate wastes will be
with concurrent corrosion, sonic agitation, required.
DFs are Inthe 100 range, i
Wastes consist of large Opera,ing cost: Similar to Iquantities of corrosive wastes the other organic and inor-
containing the removed cont- ganic treatment systems.
arninants and require txeat-

merit and disposal as mixed /11
waste. I

----II_Caustic Treatments _ Accepted _ None ----II> A waste treatment plant ts
DCON-13-OG Decontamination of surface needed to treat the waste-

-= smearable contamination water resultingfrom the

using caustic chemicals decontamination operation, i
(principally soap and water) Capital cost: <$10K III
has been used at K-25 for Operating cost: >$1/62

many years. Since many of
the listed contaminants are ii=

expected to be fixed, caustic []
scrubbing is expected to only II
partially decontaminate the
contaminated surfaces.
Wastes would consist of i

used caustic solution con- []
talning the removed contami- IInants,

Bulk Decontamination _ Incineration _ Accepted _ None _ Waste treatment facilities for
Methods DCON-2-OG The TSCA incinerator gives caustic scrubber solution. B

99.99 tO99.9999% destruc- Development Cost: None IItion and removal efficiency Capital cost (new TSCA)

for freon Waste; 1.1 gal of Incinerator: $32M
i waste scrubber solution per Operating Cost: $6-10R). mEtaL

100 lb. of waste fsd. RB

II

I
2/26/93

2-42

i
" II ........... lD i.... p, ,r , ' ,rl 'li , rll.......



Technology Logic
Decontamination

• Cleanup Legacy EnrichmentProcessBuilding_ Freon _ Referto Volume1,Chapter10, _ Decontamination _ BulkDecontaminationfor potentiallyapplicablepro- Methods
• Prevent Future ProcessSupportBuilding posedandpromulgatedenvl-

Insult ronmentallaws,signedand
LaboratoryFacilities pendingagreementsforthe

• Develop ORR, radiationprotectionstan-

Environmental SpecialDevelopment dards,DOEOrders,andnon-Facilities regulatoryguidance.Assite-
Stewardship and waste-specificcharacteris-

AdministrativeFacilities tics are providedfor eachtech°
nology,specificregulatory
requirementswillbe specified.

1
EnrichmentProcess _ Tile _ Referto Volume1,Chapter10, _ Decontamination _ _ MechanicalSubstrateL
Building Wood for potentiallyapplicablepro- SurfaceRemoval

As posedand promulgatedenvi--
ProcessSupportBuilding Chromates ronmental laws,signedand

Ba pending agreementsfor the
PumpingStations Dioxins ORR, radiationprotectionstan-

(_,ket Material dards, DOEOrders,al_ non-
LaboratoryFacilities PCBs regulatoryguidance.As site-and

Decommissioning u waste-specificcharacteristics
(D&D) SpecialDevelopment ComPositeRoofing areprovidedfor eachtechnoio-

Facilities U, Tc gy,specific regulatoryrequire-
mentswill be specified.

AdministrativeFacilities

CoolingTowers

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



ogic Diagram
ruination

_Status _echnology Needs' , Implement_

Bulk Decontamination -._ _ Catalytic Extraction Process _ Pre-demonstration _ Development- _ "Off-the-shelf" induction or
Methods DCON-6-OG Has not been used for freon. Bench scale followed by arc furnace with off-gas treat-

Should be effective In large-scale demo that ment system.
destroying freon. Waste; process will destroy freon. Development cost:$3-5M
about the same amount of Capital cost: .-,$16M

scrubber solution for freon. Operating Cost: $2-3/Ib.

_P" Other (distillation, -----I_Other technologies, which are
filtration, etc.) commonly ,Jsed in a large vari-

ety at applications other than for
decontamination purposes could
be used to decon freon.

Mechanical Substrate _ B_ Ultrahigh Pressure Water _ Accepted _ Development - To minimize _ Normal implementation
Surface Removal DCON-35-OG This technology has been waste generation, a system needs.

used by industry, is needed to treat the water Development cost - $1.3M
so itcan be recycled.

Waste - Unless a recycle Capital cost - ~$500K
system is developed, 3 - 5

gallon wastewater per sq. ft. Operating cost - rS 1/ft'_
The wastewatar would con-
tain the removed contami-

nants and about 0.01 cubic
feet of substrate per square
foottreated,

Ice Blasting _ DemonetreUon _ Development - water recycle_ Normal implementation
DCON-40-OG Efficacy of commercial sys- system; automation/robotics needs.

terns for this application Capital cost: $100K - $1M
needs demonstration. Operating ¢_st: <$1/sq. ft,
Waste - wastewater contain-

ing removed contaminants.

Supercritical CO2 _ Pre-demonstrRtlon _ Development - Investigate _ Normal implementation
DCON-41-OG This technology is being the effect of operating para- r_eedsplus oxygen depletion

developed by a private com- meters on removal rates and precautions.
pany. Likely to be effective removal and collection effi-

with nearly Infinite deconta- ciencies for contaminants. Development cost:
minatlon factors. Demonstrate efficacy for $1M - $4M

contaminants of interest. Capital cost:
Waste would be removed $500K. $1000K

substrate and contaminants Operating cost: $1+lsq, ft.
contained in a cyclone and a

: HEPA filter.

Plastic Pellet Blasting _ Accepted _ Development - Develop and _ A system for processing
DCON-42-OG Plastic pellet blasting Is a demonstrate system for pro- waste to an acceptable form

widely used alternate to cessing waste, is needed.

sand blasting for application Improvement - Minimize Development cost: $5.5M+
in which it Is desired to blast media erosion to mini- Capital cost: About $50K

Impart minimal damage to mize waste; Operating cost: $0.20-
the substrate. Technology automation/robotics, $2.15/ft 2

• should remove smearable, especially for walls, etc.;
but not fixed contamination improved containment of
from tile and wood. Fixed waste, removed
contamination and some contaminants, and any
substrate should be removed removed substrate material.

from composite roofing.
Waste would be spent plas-
tic pellets plus removed con-
tamlnation. Waste would
contain some wood and con-

siderable composite roofing
when decontaminating these
substrates.

• 2J26/9_
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Technology LD!
Decontamin

• Cleanup Legacy _ EnrichmentProcess _ Tile _ RefertoVolumet,Chapter10,_ Decontamination ,__ Mect
Building _ forpotentiallyappllcablepro- Surf_

• Prevent Future As posedandpromulgatedenviron- (con

Insult ProcessSupportBuilding Chromates mentallaws,signedand pendingBa agreementsfortheORR, radia-
• Develop LaboratoryFacilities Dioxins tionprotectionstandards,DOE

GasketMatedal Orders,andnon-regulatoryguid-
Environmental SpecialDevelopment PCBs ance.As site-andwaste-specific
Stewardship Facilities U characteristicsare providedfor

CompositeRoofjrlg eachtechnology,specificre<Jula-
AdministrativeFacilities U, Tc toryrequirementswill bespeci-

fied.

CoolingTowers

Decommissioning
(D&D)

Thel

Soils, Groundwater
and Surface Water

(RA)

Surf_-

Waste Management
(WM)

!
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!
Mechanical Substrate '-..--.- _ Shot Blasting _ Accepted - Commercial iron _ Improvement - Automation _ Normal implementation mm
Surface Removal DCON.36-OG shot blasters are inuse at needs I(cont.) the K-25 Site. Behavior on Development cost: 1-4 M '

tile would be similar to that Capital cost: About $50K

on concrete. Not suitable for Operating Cost: About
use on gasket mateflaL $0.03/ft 2 la

' Should be generally effective Ibut leave some hot spots.
Waste would be removed
substrate and contaminants
contained in filters. IB

Grit Blasting _ Accepted - Has been used _ Improvements - Automation; _ A vacuum collectlon'system I
DCON-38-OG successfully for many appll- better vacuum system, with pre-filters and HEPA fir-

cation in the nuclear indus- ters would be needed to use

try. Technology is generally this technology, m
effective, but notsuitable for Development cost: $4-10M Igasket materials. Waste Capital cost: About $500K

would be spent grit, abraded Operating cost: <$2_t 2
substrate, and contaminants
in filters and HEPA f_t_rs. BB

Centrifugal Cryogenic CO2----"IP" Pre-demormtratlon _ Development - _ Normal implementation I

Blasting Centrifuge pellet accelera- Demonstration of a practical needs (va,'.uum collection
DCON-39-OG tion has been demonstrated system with high velocity system wit_ adequate filters)

in the DOE fusion energy pellets delivered at a suffi- plus oxygen-depletion pre- mm
program. Technology is like- cient rate and adequate col- cautions. •
ly successful with essentially lection of removed contami- Development cost: About linfinite decontamination fac- nants. $3.4M
tots. Waste would be filters Capital cost: About $200K

and HEPA filters filled with Operating cost: $0.25-
removed contaminants and a $0.75/ft = BB
small amount of removed Isub, irate.

Thermal Surface Removal _ Plasma Torch _ Evolving Technology _ Science- Laboratory tests _ Gas collection and treatment
Methods DCON-72-OG Conceptual - Plasma torches are needed to evaluate the system is needed for this

exist commercially to weld efficacy of vaporizing or technology. Development IIand cut materials that have decomposing organics, cost: About $3M
very high melting tempera- determine the decomposition Capital cost: About $20OK
tures or require an inert reaction by-products, and Operating cost: $0.01-
atmosphere. Its efficacy in suitable trapping materials. $1.00/ft = li
removing various organic Computer modeling of plas- IIcontaminants or to spall off ma surface interactions, heat
or vaporize layers of contain- transfer in the substrates,
inated substrates have not and thermally induced

been investigated. Wastes stresses are needed.
would consist of materlaJs Development - Plasma IIused to trap reaction prod- torches having geometries
ucts from the decomposition and conditions suitable for
or vaporization of organics, decontamination needs to be
removed substrates, and developed along with suit- lib
removed Inorganic contami- able gas collection and treat- Inants, ment systems.

Surface Cleaning - _ _ High-Pressure Water _ Acc,l_ed _ Development - To minimize ---liP. Nomlal implementation
DCON-52-OG High pressure water blasting waste generation, a water needs.

has been used very SUC- treatment system is needed IIcessfully to decontaminate for decontamination of the Development costs - water
various large and complex wastewater so the water can treatment system:
surfaces at nuclear power be reused, about $1.2M

plants, Technique is expect. Improvement - Remote oper- Remote operatton:$3M - $4M III
ed to be effective with a OF ation will require adapting Capital cost- $50K - $751( Iof about 50 for loosely the high pressure water and (about $250t( with remote
adhedng contamination, vacuum collection systems operation)
DF's will be higher ff chemi- to roboticsystem control.
cal cleaning agents are also Operating cosl - mR
usad. Tedlnk:lue tS expected $0.03 - $1.00/sq. ft. lto be ineffective for fixed
contaminaUon on tile

Waste - 4 to > I00 _ 0f mm
oontsmlnated waste water. l
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| Technology Logi,

Decontaminati(

! • EM Goals•
• .

I • Cleanup Legacy _ EnrichmentProcess _ Tile _ RefertoVolume1,Chapter10, _ Decontamination ,_ SurfaceClean_Prevent Future Building Wood for potentiallyapplicablepro- (cont.)• As posedandpromulgatedenviron-

Insult ProcessSupportBuilding Chromates mentallaws,signedandpend-Ba ingagreementsfor theORR,

I • Develop LaboratoryFacilities Dioxins radiationprotectionstandards,
GasketMaterial DOEOrders,andnon-regulatory

Environmental SpecialDevelopment PCBs guidance.Assite-andwaste-
Stewardship Facilities U specificcharacteristicsarepro-

_. C_site Roofing videdforeachtechnology,spe-

; AdministrativeFacilities U, Tc cific regulatoryrequirementswill
bespecified.

CoolingTowers

I
Decommissioning

_,, (O&D)

I
!
I
I Soils, Groundwater

and Surface Water
(RA)

I

m

m

I
!
i

Waste Management
(WM)



Logic Diagram
tamination

Surface Cleaning .==,,=.,.=,..=1_-Superheated Water _ Accepted _ Development- To minimize _ Normal implementation
(cont.) DCON-53 -OG Technology is available and waste generation, a water needs.

has been used by industry, treatment system is needed Development cost - Water
Technology should be effec- to decontaminate the water treatment system:about
tive except for fixed insoluble for recycling. $1.2M
contamination or contamina- Remote operation:$3M- $4M
tlon that has soaked into the Improvement - Remote oper- Capital cost- About $175K
substrate, ation will require adapting (about $250K with remote

the superheated water and operation)
Waste - 0.4 to 2.0 gpm vacuum collection systems Operating cost -
wastewater containing to robotic system control. $0.03 - $1,00tsq. ft.
removed contaminants.

Steam _ Accepted _ Development - To minimize __...liD. Normal implementation
DCON-55-OG The technique has proven waste generation, a water needs.

useful, especially on treatment system is needed Development cost - Water
comp;lex shapes and large to decontaminate the water treatmentsystem: about
surfaces. Technology should for recycling. $1.2M
be effective except for fixed Remote operation: $3M- $4M
insoluble contamination or Improvement- Remote oper- Capital cost - $50K - $75K
contamination that has ation will require adapting (about $250K with remote

soaked into the substrate, the steam and vacuum col- operation)
lection systems to robotic Operatingcost -

Waste - 0.4 to 2.0 gpm system control. $0.03 - $1.00/,_1. ft.
waslewater containing the
removed contaminants.

Solvent Washing _ Conceptual -,--.lp,- Development-Solvents that _ Solvent off-gas collection
DCON-62&63-OG Solvent cleaning of small are less harmful to health and treatment system would

items has been used at K-25 and the environment need to be needed.

and the cleaning of larger be identified and demon- Development cost o$1-45M
areas has been demonstrat- strated. Capital Cost: $400K
ed at Richland. The use of (4K lb. unit)
solvent cleaning has been Operat, ig Cost: $0.10 -
stopped at both sites to $1.00/lb.
avoid exposing workers and
the environment to the haz-
ardous solvents. Other sot-

vents may be available, but
theireffectivenesswould

have tobe demonstrated.

Efficacy-Thismethod Is

onlyeffectiveon smearable
contamination.

Waste wouldbe spent

solvent containing contami-
nants.

Strippable Coatings _ Accepted _ Improvements - Potential _ Development costs - $500K
DCON-63-OG This technology has been areas of improvement are

used fordecontamination greater ease of application, Capital cost -<1OK
purpose_ in applications reductionof material costs,

involvinghazardous and/or and increased effectiveness. Operating cost -$2-$2.4/sq. ft.
radioactive contaminants.

Efficacy - Decontamination
factors of 100 to several
hundred.

Waste - 1 gallon of contami-
nated solid polymer/50 sq,ft.

.... M' _ -- _ -'- ..... , ....... _, , , ,.... "T,_-T,,"m,-,,,,,-,m,,I'E



Technology Lo!
Decontami

• Cleanup Legacy _ Enrichment Process _ Tj.L0. _ Refer to Volume1, Chapter 10, _ Decontamination _- Bulk
Building Wood for potentially applicable pro- Met_

• Prevent Future As posed and promulgated environ-

Insult Process Support Building Chromates mental laws, signed and pend-
Ba ing agreements for the ORR,

• Develop Laboratory Facilities Dioxins radiation protectionstandards,
Gasket Matedal DOE Orders, and non-regulatory

Environmental Special Development PCBs guidance. As site.and waste-

Stewardship Facilities LI specific characteristics are pro-
(_omoosite Roofing vtded for each technology, spe-

Administrative Facilities U, Tc ciflc regulatory requirements will
be spocifled.

Cooling Towers

Decommissioning w
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Bulk Decontamination ._ Solvent Extraction _ Demonstration _ Development - Literature _ Extensivechemicalprocessing
Methods DCON-1 -OG Technology has been used search to determine solvent systemfor solventtreatment n

but not for these contaml- to be used plus small scale witha waste treatment system U
nents and substrates, demo of efficacy, for the treatment or recycleof
Efficacy - needs dernonstra- spentsolvent.
tion.

Waste - solvent con_ninat- Developmentcost - efficacy mB
ed with removed contami- demo - $200K to $1000K Unants. /appUcation

waste treatment - $1M to 4M

Capital costs- solventtreat- n
ment -$20M-100M ' IIwaste treatment- $20M- 100M

Operatingcosts-$5-$50_b

Incineration _ /_=eptod _ None _ A new i,;cCneratorwould be U
DCON-2-OG Incineration Is being used at needod _o/_Jrnwastes conta..

K-25. A new incinerator "l:inated w=the," i_.chedura'_i-

would be needed because urn.
the existing incinerator can- |not accept waste with more The present Inciner_=Jor
than 5 ppm total uranium requires tlm services of about
and enrichments higher than 30 maintenance workers

one percent z_U. (maintenance mechanics,
electddans, pipe fitters, IEfficacy - The K-1435 Incin- w_isrs, and instrument

erator gives 90.99 to mechanics), their supsrvisors,
99.999% destruction and _.'_che,'dcai operators, their
removal efficiency when supervisors,and ;."engineers, mu
burning toxic organics. IAbout 8-10 years _srer',uired
W_'te generated - This will for writing au0environmental
depend on the design Of the impact statement, _o4o_,=g
incinerator and the ash con- publichearings, and obtaJrdng BI
tent of the waste being the necessary permits - Iburned. During a test, the TSCA permit, RCRA .,permit,
K1_15 incinerator generated NESHAP permit, adxI Clean
1.1 gallons of wastewater Air Act permits.
and 27 pounds of esh per i

100 pounds of waste fed. Cost:capital cost$26 million •
(1987dolisrs) INOperationcost$10/Ib(1992
dollars)

m

Biological _ Pfo-cOitce_=dt_d _ This technology would have _ Development costs - >$4M I
DCON-3-OG Efficacy - unknown to be developed and scaled-

up. capital cost - unlmown

Waste generated - unknown The efficiencyof thismethod operating co6t - unknown n
would have to be demonstrat- IB
ed to the satisfaction of the

State and Federal agencies
that control the disposal of n
hazardous organics and IPCBS` There is a possibility
that the organisms could pro-
•',_ce other toxic chemicals.

!
I
I
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I "Cleanup Legacy _ specialDevelopment _ Plastic ,..- RefertoVolume1,Chapter10, _ Decontamination _-_ MechanicalSt

Facilities U Y forpotentiallyapplicablepro- Removal
• Prevent Future s posedandpromulgatedenviron-

Insult Cr mentallaws,signedand pend-
ingagreementsfortheORR,

i • Develop radiationprotectionstandards,

DOEOrders,andnon-regulatory
Environmental guidance.As site-andwaste-
Stewardship specificcharacteristicsare pro-

videdforeachtechnology,spe-
cificregulatoryrequirementswill

I _ bespecified,

f Decommissioning --- 1
(D&D)

|

-I _ Surface

!

q,
i

-- Soils, Groundwater
and Surface Water

8. (RA)

- Waste Management
(WM)

c

!



.ogic Diagram
arnination
i

i
--lP,- Mechanical Sur/ace _ _ Ultrahigh-Pressure Water _ Accepted _ Development - To minimize _ Normal implementation

Removal DCON-35-OG This technology has been waste generation, a system needs.
used by indusbT, is needed to treat the water Development cost - $1,3M

so it can be recycled.
Waste - Unless a recycle Capital cost - ~$500K
system is developed, 3 - 5
gallon wastewater per sq. ft. Operating cost - - $1/sq. ft,
The wastewater would con.
taln the removed contami-
nants and about 0.01 cubic

feet of substrate per square
foot treated.

Ice Blasting _ Accepted by Industry _ Development- _ Normal implementation
DCON-40-OG Efficacy of commercial sys- automation/robotics needs.

terns for this application Development cost: $1,2M
needs demonstration at Capital cost: $100K - $1M
K-25. Operating cost: <:$1/sq, ft.

Waste about 14 to 18 gallon
per hourwastewater contain-
ing removed contaminants.

_1_ Supercritical COs Blasting _ Pre-demonstration _ Development - Investigate _ Normal implementation

DCON-41 -OG This technologyis being the effect of operating para- needs plusoxygen depletion
developed by a private com- meters on removal rates and precautions.
pany. Likely tobe effective removal and collection effi- Capital cost: $500K - $1000K
with nearly infinitedecontami- ciencies for contaminants. Operating cost: $1+lsq, ft.
nation factors. Demonstrate efficacy for

contaminant of interest.

Waste would be removed
substrate and contaminarlts

contained in a cyclone and a
HEPA filter.

Surface Cleaning ' ' ' ._ High-Pressure Water _ Accepted _ Development - To minimize _ Normal implementation
DCON-52-OG High pressure water blasting waste generation, a water needs,

has been used very suc- treatment system is needed
cessfully to decontaminate for decontamination of the Development costs - waste
various large and complex wastewater so the water can treatment system: about
surfaces at nuclear power be reused. $1.2M

plants, Technique is expect- Improvement - Remote oper- Remote operation:$3M -
ed to be effective with a DF arson will require adapting $4M
of about 50 for loosely the high pressure water and Capital cost - $5OK. $75K
adhedng contamination, vacuum collection systems (about $250K with remote
DF's will be higherif chemi- to robotic system control, operation)
cal cleaning agents are also Operating cost -
used. Technique Is expected $0.03-$1.00/sq. ft.
to be ineffective for fixed
contamination,

Waste - 4 to> 100 gpm of
contamina_d waste water,

Superheated Water _ Accepted _ Development - To minimize _ Normal implementation
DCON-53-OG Technology is available and waste generation, a water needs.

has been used by industry, treatment system is needed Development cost - Water
Technology should be effeo, to decontaminate the water treatment system: about

tire except for fixed Insoluble for recycling, $1.2M
contamination or contamina- Remote operation: $3M - $4M

tion that has soaked into the Improvement - Remote oper- Capit_ cost - About$175K
substrate, ation will require adapting (about $250K with remote

the superheated water and operation)
Waste - 0.4 to 2.0 gpm vacuum collection systems Operating cost -
wastewater contadnlng to roboticsystem control. $0.03 - $1.001sq. ft,
removed contaminants.

2/26/93
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Technology Lo!
Decontamin

, .EMGoails .

• Cleanup Legacy SpecialDevelopment _ Plastic _ RefertoVolume1,Chapter10, _ Decontamination _ Surf_Facilities U for potentiallyapplicablepro- (con,
• Prevent Future s posedandpromulgatedenviron-

Insult Cr mentallaws,signedandpend-
Ingagreementsfor theORR,

• Develop radiationprotectionstandards,
DOEOrders,andnon-regulatory

Environmental guidance.Assite-andwaste-
Stewardship spoc_ characteristicsarepro-

videdforeachtechnology,spe-
cificregulatoryrequirementswill
bespecified.

1
Decommissioning

(D&D)

Soils, Groundwater
and Surface Water

(RA)

Che_
Clea_

Waste Management
(WM)
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ogic Diagram
mination I

!
SurfaceCleaning ""-" _ Steam _ Accepted _ Development- To minimize --.-.I=_Normalimplementation
(cont'd) DCON-55-OG Thetechniquehasproven wastegeneration,a water needs.

useful,especiallyon treatmentsystemisneeded Developmentcost° Water IIcomp;lexshapes and large to decontaminatethe water treatmentsystem:about
surfaces.Technologyshould forrecycling. $1.2M
beeffectiveexceptforfixed Remoteoperation:$3M- StM
insolublecontaminationor Improvement- Remoteoper- Capitalcost- $50K- $75K mB
contaminationthathas ationwillrequireadapting (about$250Kwithremote Iisoakedintothesubstrate, thesteamwaterandvacuum operation)

collectionsystemstorobotic Operatingcost-
Waste - 0.4 to2.0 gpm systemcontrol. $0.03- $1.00/sq.ft.
wastewatercontainingthe JIB
removedcontaminants !1

StrippableCoating _ Accepted _ Improvements- Potential _ Capitalcost- <$101<
DCON-63-OG Thistechnologyhasbeen area ofimprovementis ml

usedfordecontamination reductionof materialcosts. Operatingcost- IIpurposesin applications $2 - $2.4/sq.ft.
involvinghazardousand/or
radioactivecontaminants.

Efficacy-Decontamination B
factorsof I00 toseveral Bm
hundred.

Waste- 1 gallonofcontami-
natedsolidpolymer/50sq. lt. II

SolventWashing _ Conceptual _ Development-Solventsthat _ Solventoff-gascollection --
DCON-62-OG Solventcleaningofsmall are lessharmfultohealth andtreatmentsystemwould

itemshasbeenusedatK-25 andtheenvironmentneedto be needed.
andthecleaningof larger be identifiedanddemon- Developmentcost- $1-4.5M --
areashasbeenclemonstmt- strated. CapitalCost:$400K
ed atRichland,The useof (4Klb.unit) --
solventcleaninghasbeen OperatingCost:$0.10-
stoppedat bothsitesto $1.00/Ib.
avoidexposingworkersand
the environmentto thehaz-
ardoussolvents.Othersot.
ventsmay beavailable,but
theireffectivenesswould
havetobedemonstrated.

Efficacy- Thismethodis
onlyeffectiveon smearatde
contan_natlon.

Wastewouldbespent
solventcontainingcontam_
nantsplusa traceof
conorete.

ChemicalSurface _ InorganicAcidTreatments_ Accsptad _ Development-Necessaryto _ Normalimplementation
Cleaning DCON-12-OG Decordaminationwtthnitric adaptmodificationstothe needs.

acidhasbeenusedfordean- system(scrubbers,filters, DevelopmentCost:$400-
ing¢mwertersandother treatmentfornitratesand 1000K(Roughestimate) IIla/geitemsat K-25formany heavymetals)to recycle Capitalcost:<$4-10
years.Sulfuricii¢tdis used reagentstomeetregulatory (Roughestimate)
lessoften,rtota_ todissolve requirements. Althoughexistingfadlitkm
nickelplatingpriorto_ Science/Development- maybeadaptaidetotheacid mB
ingcontaminantsat thenick- Possibledevelopmentofthe cleaningproeess,a trut. IIintarlace.Theinor- HNO3/HFdecontamination ment_ forcorrosive
gantoacidsare concentrated, method,withorwithoutultra- nitratewast_ willbe
withconcurrent_. sonicagitation, required.

OFsaureinthe 100range. I
Wame con=_ oflarge OperaUngme: Slmi_ to
quanm_ of oo_roCvewast_ theothero,_,_ andV_r-
coeta_._ the removedcent- g_n_treument_.
amtnantsandrequirenat-

rnentanddisposala= mixed I
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ii Technology LogiqDecontarninatio

! EM Goals.

I • Cleanup Legacy _ SpecialDevelopment _ Plastic _ Referto Volume1,Chapter10, _ Decontamination _ BulkDecontaml,

Facilities U forpotentiallyapplicablepro- Methods
• Prevent Future s posedandpromulgatedenviron-

Insult Cr mentallaws,signedandpend-
ingagreementsfortheORR,

• Develop radiationprotectionstandards,

Environmental DOEOrders,andnon-regulatoryguidance.Assite-andwaste-
Stewardship specificcharacteristicsare pro-

videdfor eachtechnology,spe-
cificregulatoryrequirementswill

! ' _ be specified.r'
j

Decommissioning m
(D&D)

I
m,

i Soils, Groundwater

and Surface Water
(RA)

I
I

I Waste Management
(WM)
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Logic Diagram
;tamination

Bulk Decontamination _ Incineration _ Accepted _ None ----]_A new incinerator wouldbe
Methods DCON-2-OG Incineration is being used at needed to burnwastes conta-

K-25. minated with enriched urani-
A new incinerator would be urn.

needed because the existing
incinerator cannot accept The present incinerator
waste with more than 5 ppm requires the services of about
total uranium and enrich- 30 maintenance workers

merits higher than one per- (maintenance mechanics,
cent mU. electricians, pipe fitters,

welders, and instrument

Efficacy - The K-1435 incin- mechanics), their supervisors,
erator gives 99.99 to 34 chemical operatorS, their
99.999% destruction and supervisors, and 7 engineers.

removal efficiency when
burning toxic organics. About 8-10 years is required

for writing an environmental
Waste generated - This will impact statement, holding

depend on the design of the public hearings, and obtaining
incinerator and the ash con- the necessary permits-
tent of the waste being TSCA permit, RCRA permit,
burned. During a test, the NESHAP permit, and Clean
K1435 incinerator generated AirAct permits.
1.1 gallons of wastewater
and 27 pounds of ash per Cost:capital cost$26 million
100 pounds of waste fed. (1987 dollars)

Operation cost $10/Ib (1992
dollars)

2/26/93
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II Dismant
i
I
i The Dismantlementsection is writtento address the K-25 Site p:oblems s

materials,majordismantlement(removalof equipment),disassemblyof
approach is the assumptionthat dismantlementwill not, in general, depend

li tection are provided. Each section will explain the relationship of the subject toto follow a sequence similar to the current ongoing D&D efforts elsewhere.
I There are some basic assumptions for dismantlement including: (1)i

i (2) remaining, or vestigial, contaminationwill have been located and characteri
ment will be sorted materials in forms suitable for disposal as recyclable scrap

i cle of materialswill be desirable and/or required.

I
I
I
I
i
I
I
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ntlement
Irl II II III I IIII III II I I

3ms specific to dismantlement: massive concrete, structural steel, asbestos
.-;equipment, and the need for other "enabling technologies." Basic to this
ond upon the type of contamination as long as containment and worker pro-
ibject to the dismantlement problem list. Dismantlement has been assumed
:re.

) equipment exteriors will have been decontaminated as much as practical,
_aracterized before dismantlement is initiated, (3) the products of dismantle-
:_:scrap or waste or for disposition to complete decontamination, and (4) recy-

, , r _lT ' II J ] , i _J ' I I'IR iq I,,, Irl , I , I I' I r, 1 I lr i i i i i, ,li i II i rl' I I I I I II II I1' '1
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| Technology Lo¢.Dismantlem

, K-25 Si(e Problem Problem Area/( :onstituents , Reference' Re( uirements ;subelements • -Aq
.I

,.,..

• Cleanup Legacy EnrichmentProcessBuildings_ AMassiveConcrete,, _ RefertoVolume1,Chapter10,_ Dismantlement _ ConcreteC,

I forpotentiallyapplicablepro-
" Prevent Future ProcessSupportBuildings posedandpromulgatedenviron-

mentallaws,signedandpenal-
Insult CoolingTowers ingagreementsfortheORR,

• Develop PumpingStations radiationprotectionstandards,

i Environmental DOEOrders,andnon-regulatory
guidance.Assite-andwaste-

Stewardship LaboratoryFacilities specificcharacteristicsarepro-
videdforeachtechnology,spe-

SpecialDevelopmentFacilities cificregulatoryrequirementswill

I AdministrativeFacilities bespecified.ElectricalandElectricalSwitch
Gear

I
,, Decommissioning

(D&D)

!
I _ Demolition,

Soils, Groundwater

i and Surface Water(RA)

I
I
i

- I Waste Management
(WM)

-I
i

i



.ogic Diagram
ntlement

,_ Alternatives . Technologies . _. Status " ' Science/Technology Needs ,Implementatior_"Needs.,

_" Concrete Cutting .... _ Abrasive Jet (High Pressure _ Demonstration _ Recovery System recyclable _ Need to view videos available
Water) This technology has been abrasives needs to be from other nuclear facilities

demonstrated but not at K-25 demonstrated. This will and possibly visit sites and
DISM-t 1-OG site. DOE sponsored devel- require portable facility if evaluate recovery systems

opment of Programmable available or pools with neces- without on-site demonstra-
Robotic manipulators. Water tion. Determine what roboticssan/equipment to separate
can be recycled. Concepts andpossibly decontaminate have been developed with In-

house seminar from vendorsfor abrasive recycling with the water and abrasive for
95% spoils recoverable: reuse. The development of on latest and future technoio-
Battelle Pacific Northwest this equipment; manipulators gy. Robotic manipulators with
Laboratory has successfully for positionirtgon the floor, recovery system needs to be
demonstrated scedfcatlon columns, andoverhead: and able to move around on floor,
and cutting of steel reinforced cleaning pools for demonstra- up and around concrete
concrete. Successfully tion would cost $3.5M. columns, and overhead (the
demonstrated at West Valley underside of the floor above).
Nuclear Services, New York. Methods of addressing ,cracks
Scarfing is used by DOT on in concrete, blow-through
bridges and is illustrated on when cutting, containment of
video being used on the contaminated material, etc.
Mississippi Rive- '3,ridge.(See will have to be made.
Flow lhc Video).

_ Diamond Wire Cutting _ Demonstration _ Track system for maneuver- _ Determine what robotics have
DISM-12-OG Diamond wire cutting has been ing core drilling machine and been developed with in-house

used to cut concrete at other diamond wire cutting machine seminars from vendors on lat-
nuclear facilities except al may be required. Exposed est and future technology and
ground level floors. Diamond reinforcing bar will have to be determine robotics needs.
wire cutting is an Industry manually cut in areas where Track needs to be developed
accepted method but with heaw cored holes are to be located for demonstrations.
reinforced concrete will be a to lower maintenance on saw. Manipulators with vacuum
high maintenance item (diamond The development and instal- systems need to be able to
impregnated sleeves, cable and lation of the track system and move intwo directions.
sheaves) and require water recovery system for demon- Vacuum systems will be
coolant for the cable. The waste stration will be $1.5M. The needed on both sides of the
generated will be less expen- demonstration costs include floor being cut.
sive. The slurry would be low personnel protection, clothing
level contamination or possibly and storage but not trans-
no contamination. Positlonthg portation and burial charges.
the core ddlling equipment and The demonstrations will have
the diamond wire cutting to be completed before a cost
machine will be more difficult payback can be evaluated.
since there will probably be
exposed reinforcing bar.

Demonstration --.]lP. Vacuum systems to handle _ Need to view videos available
Demolition I III I I :1 I _ Jackhammer,DISM.21.OGHeadache Ball _ This technology has been dust and small to medium from other nuclear facilities

demonstrated_ And the pieces of concrete needs to and possibly visit other sites
wrecking ball ts a.demolition be demonstrated. Crusher to to evaluate multiple head
industry accepted method but down size concrete pieces hammer. Determine what
Is not recommended for cont- needs to be demonstrated, robotics have been devei-
aminated concrete such as The development and instal- oped with In-house seminars
exists In mostDOE facilities, lation of the robotics and vac- from vendors on latest and
lt is not practical to contain uums systems to handle dust future technology. Robotics
the dust and the reinforcing and pieces of concrete and a need to be able to move
bar has to be cut by other crusher for demonstration around the floor, up and
means, would cost $1.5M. around concrete columns,

and overhead.
Demonstrations need to show
how the comers and hard-to-
get areas will be handled.

_26R3
3-1

...... II ..... ,r, iii ,li _ "lr" ' II ' " ' " 'l ........... ,



Technology Lo!
Dismantlet

K-25 site 15roblem ' Problem Area/Constituents ' Reference Requirements Subelements ' .
' -. _ ' • • "r

n

• Cleanup Legacy EnrichmentProcessBuildings _ A.MassiveConcrete _ RefertoVolume1,Chapter10,_ Dismantlement-- _ DemoU!(cont.) for potentiallyapplicablepro- (cont.)
• Prevent Future ProcessSupportBuildings posedand promulgatedenviron-

mental laws,signedand pend-
Insult CoolingTowers ingagreementsfor tile ORR,
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Alternatives ' ..i " ., ". TechnoiogieS .... Status ' .Science_echnology Needs Implementation Needs I
Demolition , lD Blasting _ Demonstration _ Crane system for handling _ Possibly watch and records
(cont,) DISM-22OG This technologyhes been large sections of decontami- actual site being demolished

demonstrated and used by nated concrete to crusher, by controlled blasting. View i
the demolition industryfor Remote method of cutting v_deosfrom demolition com- Iyears. Reinfomlng bar has to reinforcing bar. Create panies and explosive m_nu-
be cut after blasting, method for installing lift rings facturers to see what method
Contaminated concrete will for crane handling of large industry uses to cut reinforc-

sections of debris or other ing bar and remove largehave to be removed by scab.
bUngor scarfing. Ali walls and methods of moving debris to amounts of debds.
floorbelow ground level crusher. Locate non-contami- li
should not be disturbed until nated structure that will not IIali debris has been removed have to be decontaminated.
and water level tests are Demolish it with controlled
complete, blasting monitoring vibrations

so that the system can be i

evaluated before actually i
being put into use. This Idemonstration on a non-
decontaminated structure will
be $200K,

I
Demolition Compounds -._ Demonstration ",-lD,- Use an uncontaminated build- ---lD,- Pattern, size depth and loca-
(Expansive Grout) Effective on non-reinforced or ing for a demonstration. The tion of reinforcing bar need to
DISM-23-OG lightly reinforced concrete, buildingwould need to be be established. Means for mm

Any reinforcing bar will have with lightor no reinforced cutting reinforcing bar and Ito be cut by other means. The concrete. Size, depth and removing fractured section of
compound is not considered pattern of holes would need concrete needs to be ast;ab-
dangerous. Corttaminatlon to be determined. Method of lished. Crane facility and
control would not be a prob- cutting any reinforcing bar crusher to reduce concrete
lem since the contamination established. The fractured selection to eliminate and BB
will have already been concrete would be removed voids in storage. Before dis- Iren_:yvedby scabbllng or with pavement breaker, back- turbing the walls that are
scarfing. The demonstration hoe or bucket loader. The dirt underground or the ground
would cost $500K. This underneath the floor will have level floors determine exis-
demonstration cost includes to be moved if necessary and tence of wet weather springs
personnel clothing and pro- decontaminated or stored, to make sure removal won1 lm

tectlon but not transportation create a stream running __i
and storage, through contaminated rubble

or a soil.

Surface Removal .... _ Microwave Scabbling _ Pr_Demonstration _ The development has already _ Create a demonstration pro-
DISM-31-OG Microwave scabl0llng of con- been funded (see I-I'P. NO gram for the most advanced ,_

crete is inthe final stage of OR-3DAA). The demonstra- system for ali alternatives so
phase 2 of a 4 phase pro- tion costs includes character- a hue comparison can be
gram at ORNL. Phase 3 is izing walls and floor, identify- made. Track system, ii - -
scheduled for completion ing reinforcing steel grid pat- required, needs to be devel-
MID-1994. Phase 3 will devel- tern, building portable con- oped for demonstration.
op Improved mobility. Remote talnment enclosures, person- Manipulators with vacuum
video control, vacuum waste nel protection, clothing, instal- systems need to be able to
collection and remote con- lation and demorlstration of move along floor, around
trolled capabilities. Phase 4 the Phase 3 advanced stage columns, up walls, and over-
wilt design vertical and over- microwave machine, robotics, head. Microwave drying being --
head scabbltng as well as and vacuum system will be developed at ORNL possibly

could be used to consolidateoptimizing the proper meth- $3M. The phase 2 demon-
ods and configurattortsfor stration costs includes char- and immoblflze liquid radloac-
cleaning the off-gas dis- actedzing walls and floor, Uvewaste Inside containers
charged by the vacuum sys- identifying reinforcing steel for ultimate safe disposal, but
tem. Ali ANSI and OSHA grid pattern, building portable needs demonstration.
standards will be met or containment storage, but not
exceeded. Microwave scab- transportation and burial
btthg was demonstrated, charges. The development

and installation of the Phase
4 system for demonstration
will be $5M.

I
I
I
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EnrichmentProcessBuildings_ B. StructuralSteel _ RefertoVolume1,Chapter10,--l_ Dismantlement _ DIsass4
* Cleanup Legacy forpotentiallyapplicablepro-

m , Prevent Future Process,q,JpportBuildings posedanJ promulgatedenviron-
mentallaws,signedandpend-

Insult CoolingTowers ingagreementsfortheORR,

• Develop radiationprotectionstandards,

I Environmental PumpingStations DOEOrders,andnon-regulatory

guidance.As site-andwaste-

Stewardship LaboratoryFacilities specificcharacteristicsare pro-videdforeach technology,spe-
SpecialDevelopmentFacilitie cificregulatoryrequirementswill

bespecified.

i AdministrativeFacilitiesElectricalandElectricalSwitch
Gear

,I
I

i I Decommissioning -(D&D) _ Cuttin_

i
I
I
I

Soils, Groundwater

i andSurfaceWater
(RA)
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I
i
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Disassembly ....... _ Qualitative lR Thermography _ Prlbdemonstrltlon _ Requires natural or applied _ ATD's 2 AGA systems require

to detect cracks in steel Advantage: inexpensive, transient or steady-state heat- liquid nitrogen and should not
beams, unrecorded variations portable, noninvaslve, pas- ing. Method works best with be used in a high shock envi-
in wall construction, sive mea,sum. Realtlme or lR-Flat background, ronment. Only a few hours of
beam/wall discontinuities, or VCR/Still imaging, reasonable sampling time battery charge,
soaked roofing subsurface, corlplpactapparatus (roughly although AC power, Is also
DISM-32-OG 6 ft'a). Excellent, initialgross available. Remote or robotic

detection method, operation possible but not
demonstrated. Need to imple-

Disadvantages: image often ment current technology sys-
requires trained interpreta- tem - cost ~$11 OK.
tion. Emissivity differences
and/or local spuriousinfrared
sources may complicate
image analysis. Generation of
spent inert nitrogen gas may
complicate operation in tight
confined space. Outdoor
measures may be weather
dependent.

Conventional Disassembly _ Accepted _ None. _ Needs to be demonstrated
(mechanical) - Mechanical Mechanical cuffing is accept- with appropriate remote plat-
cutting, saws, grinders, etc. ed. Industry standard needs form interface.
DISM-33-OG no further development.

Cutting , , , , _ Nd:YAG on CO2 Laser --lm,-. Pre-demon_ration _ Laser cutting using a laser _ Tooling to interface the laser
Cutting (removal nf major Technology exists in the pre- carried through a fiber-optic cuffing head with the auto-
components from the cas- demonstration stage at the cable or waveguide requires mated delivery platform
cade). Penn State Applied Research demonstration. Current fiber- needs to be designed and
DISM-34-OG Laboratory (ARL). The U.S. optic cables cannot efficiently demonstrated.

Navy has funded feasibility transmit the wavelengths A demonstration Is required
demonstration of the technol- generated by a CO 2laser, on simulated equipment for
ogy for dismantlement of sub- the K-25 type facility and the
marine hulls. The technology K-33 type facility, projected
Is very likely to work since cost: $3.1M.
laser cutting Is common in
industry.

DemonstraUon _ Technology needs recovery _ The abilityto separate conta-
Abrasive Water Jet Cutting _ Abrasive water jet cutttng is a system and recyclable abra-DISM-35-OG minattonfrom the water slurry

demonstrated technology, sives, would have to be demonstrst-
Advantages of this type of ed. Otherwise, large quanti-

ties of contaminated watercutting are:
1. The system is flexible and would be generated making
can cut many different the process undesirable.
materials.
2. No sparks are generated
reducing fire hazards.

Disadvantages of the abra-
sive water jet cutting are:
1. Large amounts of water
must be recovered. This
water would likely be contam-
inated with uranium and
PCB'S.
2. Dependent on the matedal
being cuL depth of cut is limit-
ed.
3. This would be considered
a high pressure system rais-
ing safety concerns.

|

!
I
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• Cleanup Legacy EnrichmentProcessBuildings _ B.StructuralSteel _ RefertoVolume1,Chapter10,_ Dismantlement _-_(cont.) forpotentiallyapplicablepro- (conL)
• Prevent Future ProcessSupportBuildings posedandpromulgatedenviron-

mentallaws,signedandpend-
Insult CoolingTowers ing agreementsforthe ORR,

• Develop radiationprotectionstandards,

Environmental PumpingStations DOEOrders,andnon-regulatoryguidance,Assite-andwaste-

Stewardship LaboratoryFacilities specificcharacteristicsarepro-vlded foreachtechnology,spe-
SpecialDevelopmentFacilities clfioregulatoryrequirementswill

bespecified.
AdministrativeFacilities

ElectdcalandElectdcalSwitch
Gear

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(wM)i
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Cutting _ Plasma Arc cutting. --mb Demonstration _ Need for making process _ HEPA filtered exhaust system
(conL) - _ DISM-36-OG Plasma ARC cuffing is an continuous and computer and a contained area for use

accepted tectmoiogy in indus- assisted have been cited, when cutting contaminated 1
try and need,_ no further material are needed. 1development,
1. Plasmp. ARC cutting are
usuaih_' ._o_t_ and thus, can
t_ _._. ._;_r;,.,dto the job site.
2. Cul ,r_ _.anbe performed 1
on equi_,,'_entin-place. 13. The System is relatively
inexpensive.

Disadvantages of the system

are: I

1, Airborne contamination will
be generated that will settle
on equipment below the cut-
ting sit(_.
2. -Uranium contarntnauon
may be alloyed with the struc-
tural members being removed Ithus making decont..a.,m,inatlng
significantly mere direct.

Arc Saw Cutting _ Accepted _ None --la=,- Ventilation required if no_ 1
DISM-37 OG Current arc method for cutting operated under water. Blade

conducting work pieces, requires water cooling.
Advantage of fast cutting. Ul
Disadvantages of not usable Ifor ali materials and thick cuts
may require repeated passes.

Oxygen Cutting _ AccelP4od -.ifP. N/A _ Exhaust ventilation requir_d, i
DISM-38-OG Well understood usable Iapproach but has some mate-

rtai limitations and can be
labor intensive.

II

Plasma Arc Saw - this new _ Demonstration _ For large steel wall-thickness _ Requires transfer from devel- 1
technological development The Plasma Arc Saw technol- (>100 mm - requires the opment stages (prototype -
allows thermal cutting of steel ogy enables thermal cuttlng development of the large saw 1990) to broad industrial
with wail thickness up to 300 ol steel plates/wails Indepen- and re-runs in the process, application. Technology is
mm tubes, bank o1 tubes and dent oi its thlcknesa In a available hl commercial basle. B
geometric complicated com- water depth up to 20 meters. IIponents. Also, this technology This technology was demon-
can be used under water up strated in cutting plates t4_to
to a depth of 20 meters. With a thickness of 300 mm. The
a normal plasma torch it is maximal permissible metallic
not possible or at least wall thickness to be cut 1
extremely difficult, depends only on the diameter IIDISM-40-OG of the saw (plasma-arc)

blade. The emission of dust
and aerosol dudng the
process, only depends on the
melted .material.This process _
is con_ by computers.

Thermal arc-waterjet - with _ _SblIII_:I _ No additional basic develop- _ Required possible pre-runs to
this thermal arc water]et cut- Demonstrated tech_--_ogyof ment necessary, accommodate the arc water-

ting devicc it is possible to cut cut metallic parts/waits up to jet cutter to possible 1
steels up to a wall thickness 100 mm _ and up to 20 room/space shortages In the Iof 100 mm underwater up to meters underwater. This ther- working area. In general, no
20 meters. The cutting maJ arc-water_ cuts are in ma_orchanges on the cutte¢

process is baeed in an elec- ngem_ _c___otler.bYw_ devloe ts needed.tricarc between the wire elec- • Commercially available toch-
trode and the metal sheet, i tooling Suppo_, ¢.utr.ing nology, i
Thus meltingthe metal in the in several axis ofol_icauons, Iaround the wire is used to
"wash-a-way" the melted mm could be done alsO. +
material from the cutting kerf. Cutt_g in verlk_ and hod-
The wire is consumed zontai motion. Pipes bank of 1

lThe wire has to be fed so that
the process can work continu- hie.
OUSJy.
DISM-41-OG
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• Cleanup Legacy EnrichmentProcessBuildings -!_ B. StructuralSteel _ RefertoVolume1,Chapter10,'--I_ Dismantlement ' _ Cutting., (cont.) forpotentiaUyapplicablepro- (cont.)

Ii • Prevent Future ProcessSupportBuildings posedandpromulgatedenviron-
mental laws,signedandpond-

Insult CoolingTowers ing agreementsfor the ORR,
• Develop radiationprotectionstandards,
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Stewardship LaboratoryFacilities specificcharacteristicsarepro-videdforeach technology,spe-
SpecialDevelopmentFacilities ciflcregulatoryrequirementswill
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Cutting , _ Advance-Lasers for Cutting _ Pre-demonitration _ Demonstrated efficacy oi _ Develop full-scale prototype
(cont.) DISM-42-OG Feasibility demonstration at fiberoptic system for either system ($800K to St ,000K)

university laboratory in Navy- local or remote transport of and field test ($10 million) in
funded project, Laboratory laser beam. Demonstrate K-25 or K-33-type facilities.
demonstrated efficient cutting effect on contamination. Evaluate system economics.
through steel pf up to 4-in. Determine power level needs
thickness, and scale-up potential of new
Technology lends itself well to systems. Develop integrated
tele-robotlc/automated delivery system.
process, has low waste, can
greatly reduce manpower,and
reduce waste elimination.
Advanced lasers have poten-
tial for reduced power
requirements, use for other
D&D applloaticns ((deconta-
mination), and remote loca-
tion.
Cost savings potential is large
($80OM to $1,2Bi relative
manpower, protective cloth-
ing, and waste handling
reductions.

Demolition _ Grabbier for Remotely Cutting _ DemonstJration _ The grabbier concept needs .-lm,. The grabbier would have to
Metals (Massive Shearing). The technology is not avail- to be for the scale of opera- be demonstrated at a K-25
DISM-56-OG able at K-2510ut has been tion required. New technolo- type of facility. Safety of the

demonstrated at other sites, gies are likely not needed, equipment would likely have
This device would cut through Development wouldprimarily to be assessed and docu-
metals using a remotely con- involve mechanical design rnented.
trolled arm with a shearing and robotic controldesign.
mechanism attached. The Estimated cost: $10M
t_abbler would be mobile so

at it could move to the job
site.

Explosive Cutting - An explo- _ Dernon=tration _ A means of buffering the _ This process is rot recom-
sive cutter consists of an This technology is accepted shock wave and its associat- mended for contaminated
explosive core contained ina as a means of gross cutting, ed noise is needed, metals because it would be
metal or hard plastic casing. Capital cost oi this system, in extremely difficult to control
The cutter is chevron shaped, 1989 dollars, was small, the spread of airborne conta-
so it can be directed at the Charges and cutters are con- minante.
workpiece. This technique sumable; charges Robotics: charges can be
can be used either in air or cost$150/ft, and cutter $8K placed remotely.
under water. Cutting speed is each.
a function of how fast the
charges can be placed; this
process can cut metals up to
roughly 6 inches thick.
DISM-44-OG

Thermite Cutting - When iron, _ Pre,demonstration _ The thermite reaction needs _ Exhaust ventilation is
aluminum, and magnesium The thermite reaction Is well to be incorporated into a required with this system, as
are ignited together, they known and understood by the process that can be remotely well as enhanced safety
react ("thermite reaction") thermite lance (an accepted controlled to be useful in con- awareness because of the
producing temperatures up to technology) is a gross cutting taminated environments, fire hazard created by the
10,000 F. Oxygen is forced tool not suitable for toxic system.
through a lance, thus the oxy- materials. Hazards indude
gen and wires can then be lit spatter of hot metal, noise,
and the torch directed by the metal fumes and dust. In
operator. The amount of oxy- 1989 dollars, the capital cost
gen controls the flame. The for the system was $555.
system is portable, but Lances cost $5 each; oxygen
requires an operator to be cost must also be added.
close to the cutting. The torch
can be used underwater.
DISM-45-OG

2J26/93
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• Cleanup Legacy EnrichmentProcessBuildings_ C. AsbestosRemoval _ Referto Volume1,Chapter10,-.-.ID_Dismantlementforpotentiallyapplicablepro-
" Prevent Future ProcessSupportBuildings posedandpromulgatedenviron-

mentallaws,signedandpend-
Insult CoolingTowers ingagreementsfor theORR,

• Develop radiationprotectionstandards,

Environmental PumpingStations DOEOrders,andnon-regulatoryguidance.As site-andwaste-

Stewardship LaboratoryFacilities specificcharacteristicsare pro-videdforeach technology,spe.-
SpecialDevelopmentFacilities clflcregulatoryrequirementswill

bespecified.
AdministrativeFacilities

ElectricalandElectdcalSwitch
Gear

n

Decommissioning -
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Cutting

Waste Management
(WM)
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Stripping r Vacuum System - the vacu- _ Accepted _ None required. However, this _ Operator training required on
um system is self-contained The technology is currently could be integrated with alter- the system set-up and opera-
and mounted on a towable available and is in the use at native highly automated sys- tlon. _NB
trailer. ]'he system includes a the ENERGY SYSTEMS Y- terns in which case it would Ihopper, bagging port, HEPA 12 Plant Site in Oak Ridge, require additional engineering
filter, Self-powered vacuum TN. This system would save design support.
system, and large diameter approximately 250% in the
suction hose is routed to the cost of materials and labor
asbestos removal area and over the conventional lib
transports the asbestos to the removal and glovebag opera- |hopper to the removal point tion. An example of cost sav-
that can be up to 1000 ft ing is an area requiring 11
away. laborers and 4000 bags using
DISM-46-OG the conventional method

would require 4 laborers and I
1500 bags using the pro- Iposed automated method.

CO 2 Blasting - High Pressure _ Demonstration --ifP- Vacuum recovery system _ Need to view videos available
CO;) blasting is ultra high DOE Sponsored develop- linked to robot controlled CO 2 from other nuclear facilities BIB
pre_sure CO2 that is forced ment; programmable robotic blaster needs to be demon- and possible visit sites and Ithrough a sm-ali diameter noz- manipulators have been strated. The development of evaluate recovery systems
zle that creates a spray that developed; high maintenance this equipment; manipulators without on-site demonstra-
cuts away the surface of items: nozzles, hoses, and for tracking pipe during lion. Determine what robotics
material. The contaminated pumps. CO 2 blasting has removal, remote operated have been developed with in.
surface removed will be han- been demonstrated but not at robotic manipulators and an house seminar from vendors iNN
died as waste. The remaining the K-25 plant site. By remov- integrated vacuum system for on latest and future technolo- BIB
pipe can then be cut up by ing the contaminated sur- demonstration would cost gy. Robotic manipulators with Uother methods and recycled, faces which will be bagged $3.5M. The demonstration recovery system needs to be
reused, or disposed of locally, and disposed of, the remain- cost includes personnel pro- able to move around on floor,
The technology is currently der of the decontaminated tection, clothing and container up and around concrete
available but has not been pipe can be recycled or storage but nottransportation columns, and overhead (the /
demonstrated at the ENER- reused, This will save $17.00 and burialcharges, underside of the floor above). IGY SYSTEMS Oak Ridge cu-ft for disposal. Methods of addressing
K-25 Plant. Demonstrations for removing removal of asbestos from
DISM-47-OG need to be completed before valves In piping, Piping

cost-payback can be evaluat- elbows, and piping very close
ed. The recovery system to walls will have to be made. ==,
would be well suited for cont- Iaminatad piping.

Glassification - Glassification _ Demonltratlon _ Need feasibility and design _ Need to view videos available
is accomplished by taking a Technology currently avail- engineering to interface a from other nuclear facilities
predetermined size of materi- able however, it has not been confined environment and possibly visit sites and
al and encasing it inside of tested at the K-25 plant site. machine equipped with a vac- evaluate recovery systems Iglass. The size of the refuse uum recovery system to without on-site demonstra-
can be linked to a machine process large p,eces of lion. Determine what robotics
that is capable of reducing asbestos into workable con- have been developed with in-
larger pieces of asbestos figurations. A study will need house seminar from vendors
refuse so that it can be run to be done to determine if this on latest and future technolo- mm
thruthe glassification would create any new, unrec- gy. Iprocess. After glassification ognized waste control or dis-
the fibers of the asbestos posal problems. The develop-
would be encased and could ment of this equipment; cut-
virtually eliminate air-borne ter, shredder or grinder, for
particles of asbestos during demonstration would cost
shipping. $3.5M. IDISM-48-OG

Cutting -- _ Laser Cuttin(j - Advanced _ Pre.demonstration _ Need confirmation of negligl- _ Need to view videos available Blaser for cutt,ng of asbestos DOE sponsored develop bie asbestos dispersement from other nuclear facilities

Imaterials - laser cutting is mant; programmable robotic and cut cauterization. Beam and possibly visit sites and
accomplished with a laser manipulators have been containment, laser safety, evaluate recovery systems
beam which thermally sears develope d. Laser cutting of optics protection from flare- without on.site demonstra-
thru the asbestos and cuts it asbestos has had laboratory ing, etc., are issues to be tion. Determine what robotics
into pieces easily handled for feasibility demonstration, addressed during develop- have been developed with in- m
disposal. This method would Preliminary results Indicate ment. The key issue is to sub- house seminars from vendors Ibe used to cut the transite that cutting of material results stantiate that fusion of fibers on latest and future technolo-
panels from around the diffu- in essentially no disperse- occurs and does not create gy. Robotic manipulators with
sionequipment. Laser manip- merit of fibers and leaves the any new. Unrecognized recovery system needs to be
ulator could include either asbestos cut interface calder- waste control or disposal able to move around on floor,
grippers or suctioncups to ized. Thus helping seal the problems. The development up and around concrete BIB
safely remove and stack surface and prevent dispeme- of this equipment; manipula- columns, and overhead (the Ipieces during and after they merit of fibers dudng hart- tor track for laser; and grip- underside of the floor above).
have been cut. dling, ND:YAG-Type lasers pars or holding devices for
(:_ISM-49-OG should have sufficient power cut matedal for demonstration

and can be coupled with a would cost $3.5M
fiber-optic delivery system for am
ease of adapting to automat-

|
ed systems and for improved
safety.

|
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EnrichmentProcessBuildings _ C. AsbestosRemoval _ RefertoVolume1,Chapter10,---I_'Dismanttement ll_ Cut'dng

• Cleanup Legacy (cont.) forpotentiallyapplicablepro- (cont.)

i ProcessSupportBuildings posedandpromulgatedenviron-Prevent Future mentallaws,signedandpend-
=_ Insult CoolingTowers ingagreementsfortheORR,

radiationprotectionstandards,
• Develop PumpingStations DOEOrders,andnon-regulatory

,=z,= guidance.As site-andwaste-
9 Environmental LaboratoryFacilities specificcharacteristicsarepro-

Stewardship vided foreach technology tie-
SpecialDevelopmentFacilities cificregulatoryrequirement_will

be specified.

_) AdministrativeFacilitiesElectricaland ElectricalSwitch
Gear

D. MajorDismantlement _ RefertoVolume1,Chapter10,_ I_- Dismantlement _ Cutting,

f forpotentiallyapplicablepro-

posedandpromulgatedenviron-
mentallaws, signedand pend-

Decommissioning ing agreementsfor the ORR,
(D&D) radiationprotectionstandards,

DOEOrders,and non-regulatory
guidance.As site-andwaste-
specificcharacteristicsarepro-

" vided foreachtechnology,spe-
cific regulatory requirementswill

bespecified.

ElectricalEquipment _ TSCAFFCA

i (PCBContaminated) •Completedispositionof PCB
electricalequipment.9/94

1
Soils, Groundwater

and Surface Water
(RA)

_l_ VentilationSystem _ TSCAFFCA

(PCBContamination) •CompletePCBVentilation
gasketremoval from K-29,K-31,

" K-33,812001
•Completedispoalol PCB

waste. 12/2015

i
I Waste Management

(WM)

!
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- _ Cutting _ High Pressure Abrasive _ Pre-demonstration --_ Recovery system with recy- _ Need to view videos available
(cont.) Water Jet Cutting - abrasive DOE sponsored develop, clable water abrasives needs from other nuclear facilities

waterjet removal is ultra high ment; programmable robotic to be demonstrated. This will and possiblyvisit sites and
pressure waler with and with- manipulators have been require a portable facility ii evaluate recovery systems
out abrasive that is forced developed; water can be available or pools with neces- without on-site demonslra-
through a small diameter noz- recycled. Concepts for abra- san/equipment to separate rien. Determine what robotics
zle that creates a spray that siva recycling with 95% spoils and possibly decontaminate have been developed with In-
cuts away the surface of recoverable; high malnte- the water and abrasive for house seminar. Robotic
material. The contaminated nance items; nozzles, hoses, reuse. The development of manipulators with recovery
surface removed will be han- and pumps when abrasives this equipment - manipulators system needs to be able to
died as waste with the conta- are used. Metal demonstrated for tracking pipe during move around on floor, up and
minated abrasives and w3ter but not at the K-25 plant site. removal, holding pipe during around concrete columns,
to be recycled. The,remoining High efficiency recovery sys- cutting, lowering p_peafter and overhead (the underside
pipe can then be cut up by tem a must for removal to cutting, and cleaning pools for of the floor above). Methods
wateqet cutting or other math- keep contaminated run off to demonstration - would cost of addressing cracks in con-
eds and recycled, reused, or a minimum. Cracks in con- $3.5M. The demonstration crete, below material, water,
disposed of locally. The tech- crete will be a problem since cost includes: building and possibly abrasives,
nology is currently available contamination wilt still be pre- portable containment encto- removal of asbestos from
but has not been demonstrat- sent and will have to be sure, personnel protection, valves in piping, piping
ed at the ENERGY SYS- addressed. But no one sys- clothing and container stor- elbows, and piping very close
TEMS Oak Ridge K-25 Plant. tem will be ideal for every sit- age but not transportation to walls will have to be made.
DISM-50-OG uation, and burial charges.

Cutting, Advanced _ m _ Nd: Yag and CO 2 Laser _ Pre-demonstration _ Laser cutting using a laser _ 1. Tooling to Interface the
Cutting - (Removal of major Technology exists in the pre- carried through a fiber optic laser cutting head with the
components from the cas- demonstration stage at the cable or waveguide requires automated/robotic delivery
cade). Penn State Applied Research demonstration. Current fiber platform needs to be
DISM-51-OG Laboratory (ARL). The U.S. optic cables cannot efficiently designed and demonstrated.

Na W has funded feasibility transmit the wavelengths 2. A demonstration is
demonstration of the technol- generated by a CO 2 Laser required on simulated equip-
ogy. lt is very likely to work merit for the K-25 type facility
since laser cutting is common and the K-33 type facility.
in industry. Projected cost: $5 Million.

High Pressure Abrasive _ Demonstrated _ Abrasive waterjet cutting _ Develop state of the art sys-
Water Jet. Abrasive waterjet cutting technology exists buthigh tem for demo on specific
Abrasive water jet cutting, development was DOE spon- efficiency vacuum recovery equipment. Develop market
with or without abrasives, is sored. Programmable robotic and mobile containment sys- for massive amounts of racy*
ultra high pressure water that manipulators have been tem will need to be further clable steel, copper, etc.
is forced through a small developed. Water and abra- developed with the shrouds.,
diameter nozzle that creates sives can be recycled with etc. designed for a specific
a steam that cuts through 95% spoils recoverable. Any application for a demo. A
metal. The contaminated par- recyclable material accumu- state of the art demo would
ent material that's removed lated will save $20.00 cu-ft for cost 3.5M and would not
will be segregated and han- disposal, include transportation or bur-
died as nuclear waste with ial charges. The results of
the contaminated abrasives 7/92 estimates there are
and water to be recycled. The 200K tons of structural steel
blow through will have to be in the K-25 "U" building alone.

There is over 3.6M Ibs ofcontained by shrouds

! I attached to a high efficiency nickel in K-33. There is over
vacuum system with any 1.2M Ibs of copper in the K-

i I other overspray, etc., con- 33 motors alone. Most of this
tained in a pool. The shrouds material can possibly be recy-

" cled with state of the art dis-will have to be designed for
_ specific application with the assembly and decontamina-

containment pools being lion techniques.
i , portable.

DISM-52-OG

, ,

Advanced Lasers for Cutting _ Pre-demonitratlon _ Demonstrate efficacy of _ Develop full.scale prototype
£)ISM-53-OG Feasibility demonstration at fiberoptic system of either system ($800K to $1,000K)

local or remote transport of and field test ($7.0 million) inPenn State University labora-
tory in a Navy-funded project, laser beam. Demonstrate K-25 or K-33-type facilities.
Lab-demonstrated efficient effect on contamination. Evaluate system economcs.
cutting through steel of up to Determine power level needs

• 4-in.thlokness. and scale-up potential of new
Technology lends Itself well to systems. Develop integrated
tele.robotlc/automated delivery system.
process, has low waste, can
greatly reduce manpower,

, and reduce waste elimination.
Advanced lasers have [poten-
tial for reduced power
requirements, use for other
D&D applications (decontami-
nation), and remote location.
Cost savings potential is large
($800M to $1.2 B) relative to
manpower, intense approach-
es (manpower, protective

I clothing, and waste handlingreductions).

, 2/26/93
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Tech nology Lo
Dismantle

m Enrichment Process Buildings _ D. Major Dismantlement _ Refer to Volume1, Chapter 10_-- I1_ Dismantlement
(cont.) for potentially applicable pro-

" Cleanup Legacy Process Support Buildings posed and promulgated environ-
" Prevent Future mental laws, signed and pond-

Insult Cooling Towers ing agreements for the ORR,
radiation protectionstandards,

• Develop Pumping Stations DOE Orders, and non-regulatory

Environmental guidance. As site-and waste..
Laboratory Facilities specific characteristics are pro-

Stewardship vided for each technology, spe-
Special Development Facilities cific regulatory requirements will

be specified.
Administrative Facilities

Electrical and Electrical Switch
Gear

Electrical Equipment _ TSCA FFCA
(PCB Contaminated) • Complete disposition 0f PCB

electrical equipment. 9/94

Decommissioning -
(D&D)

Ventilation System _ TSCA FFCA
(PCB Contamination) • Complete PCB Ventilation

gasket removal from K-29, K-31,
K-33, 8/2001
• Complete dispoal oi PCB
waste. 12/2015

Soils,Groundwater
and SurfaceWater

(RA)

WasteManagement
(WM)



I
ogic Diagram

tlement I

I
_-_,Equipment Location _ Positioning of Equipment _ Demonstration _ No major development need- _ Major demonstration will be

Using Laser/Bar Codes Technology exists to precise- ed. required to identify the
DISM-54-OG ly positionequipment such as detailed criteria for such a mi

warehouse stacker cranes system. This demonstration m
using bar codes attached to would cost $5o7M but could IIpermanent building features be a part of any integrated
such as columns.The dismantlement dernonstm-
Caterpillar Company currently lion. If integrated into another
markets such a system, demonstration the cost would aB
Assuming the philosophy of be minor ($90 - 120 Idismantlement is the auto- Thousand).
matic dismantlement of sys-
tems using robotictootdeliv-
ery platforms, when this tech-
nology will be directly applica- ,,,,=
ble to our problem. This tech- Inology could save a large.
amount of funding depending
upon the philosophy of dis-
mantlement assumed.

_ Zoning for Containment -"liP" _ materials such _ Panels need to be engi-Accepted
(3 Zones) Containment to prevent as honeycomb construction neered to allow reuse of pan-
DISM-55-OG spread of exposed oontaml- may make panels easier to els in the next dismantlement

nation to less contaminated handle and cheaper. zone. Design for enhanced
areas has been demonstrated Inflatable panels may be fire protection design. Ito be an effective cost reduc- applicable. Flammable materials would
tion tool. At the Mound be prohibited.
Laboratory facility a technique
involving 3-Zones, "Cold,
Buffer, and Hot" is being used mi
to isolate contamination. ITemporary containment has
been shown to prevent
increasing contamination in
the surrounding building
when removing gloveboxes. 1BI
This technology will be nec- Iessary during dismantlement.
lt will allow an estimated 80 -
90°/=of the materials to be
removed to be treated as low
level waste. Commercial sup. mi=

' pliers are available. Cost sav- IIngs would result from reduc- ition of disposal cost for 80 -
90% of the matedal in the dif-
fusion facilities. Low level
waste can be disposed at
$201cu-ft. Material exceeding 1the limits for low level cost
approximately $100/cu-ft to
dispose. Assuming ali build-
ing materials can be disposed
as low level waste the sav-
Ings would be $1-2 Billionfor I
the older buildings. II

Conventional __ , = Use of Existing Fixtures foc---..-..IP- Accepted "-liD'- The equipment that was used _ Ali jigs and fixtures would
Thermal Cutting Technology exists in each of to remove Gaseous Diffusion have to be located and if nec- B

the diffusionplants that per- Equipment from the es,saW reb'ofitted to restore
DISM-56-OG mits the removal of major Cascades would require them to working condition. II

components without new removal from storage. When Existing jig and fixture fabri-
equipment. The methods and this group of jigs and fixtures cation drawings would need

to be recalled from archivesequipment have been proven have missing parts the exist-
and have been in use for over ing design drawings would be where necessary, iii
40 yearn, required to fabricate and IIreplace needed components.

I
!
l
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Technology Logi
Dismantlement

EnrichmentProcessBuildings ._ D. MajorDismantlement_ Referto Volume1,Chapter10,.._ Dismantlement _ Conventional

• Cleanup Legacy (cont.) for potentiallyapplicablepro- (cont.)
ProcessSupportBuildings posed andpromulgatedenviron-

" Prevent Future mental laws,signedandpond-
Insult CoolingTowers ingagreementsfor theORR,

radiationprotectionstandards,
• Develop PumpingStations DOEOrders,andnon-regulator

Environmental guidance.Assite-andwaste-
LaboratoryFacilities specificcharacteristicsarepro-

Stewardship videdforeachtechnology,spe-
SpecialDevelopmentFacilities cificregulatoryrequirementswill

be specified.
AdministrativeFacilities

Electricaland ElectricalSwitch
Gear

ElectricalEquipment _ TSCA FFCA
(PCB Contaminated) • Completedispositionof PCB

electricalequipment.9/94

Decommissioning -
(D&D)

•_ VentilationSystem _]I_ TSCAFFCA
(PCBContamination) •CompletePCBVentilation

gasket removalfrom K-29,K-31,
K-33, 8/2001
•Complete dispoalof PCB
waste. 12/2015

Soils, Groundwater
and Surface Water

(RA)

Demolition

Waste Management
(WM)



.ogic Diagram
;ntlement

::_ Conventional Advanced Automatic Fixtures, --liD,- Accepted _ Science needs - None. _ Roughly a man year of design
(cont.) Bug - O, etc. The cascade improvement Development needs - None. would be required to design a

DISM-57-OG program completed in the Improvement needs - A sig- prototype (90K). The total
early 1980's for the diffusion nificant demonstration of a hardware costwould be
facilities used automated prototype will be required in approximately $100K in 1992
positioning tools for cutting the actual environment of the dollars. No significant soft-
and welding to modify steel prototype will be required in ware is required although
components including con- the actual environment of the interlocking with any robotics
verter shells. This same tool diffusion cascade. The wot ld be necessary and may
concept can be adapted to demonstration would need to require approximately .5 man
cutting in the, scade assum- define the best way to power years to design. No facilities

are needed over those exist-ing the appropriate delivery and control the tooling in a
system. The technology is a remote operating mode. ing in Oak Ridge. Re-active-
certainty to work for cutting Integration with a robotic tion of one crane bay in K-33
round piping such as diffusion deliver platform would signifi- would be beneficial in that
cascade piping. Careful atten- cantly compound the total actual testing on diffusion pip-
tion will need to be paid to benefit, savings of 5-10 times ing could occur. The total cost
shroudi.n9 the area where the those stated under "Status" oi a prototype demonstration
cut is taking place to avoid could be realized, would be about $1.5M. The
spread of airborne contaml- tooling would then be dupli-
nation. The technology can cared. Approximately 20 dif-
achieve increased efficiency ferent sizes would be
of manpower and safety. Cost required resulting in a total
savings of 50% to 70% could procurement cost of $500K
be achieved over the 15-20 for the three larger facilities,
man-hours per cut on 30 in. Assuming each costs
piping. This would translate to $25,000. The older facilities
a savings of upto $20 million would require approximately
for one major facility alone. 30 different sizes at a total

cost of $450K for K-25 and K-
27 of each costs $15K. -

_ Plasma Arc Cutting. Demonstration Need for making process HEPA filtered exhaust system
DISM-36-OG Plasma ARC cutting is an continuous and computer and a contained area fopuse

accepted technology in indus- assisted have been cited when cutting contaminated
try and needs no further material are needed.
development.
1. Plasma ARC cutting are
usually mobile and thus, can
be transported to the job site.
2. Cutting can be performed
on equipment in-piace.
3. The system is relatively
inexpensive.

Disadvantages of the system
are:
1. Airborne contamination will
be generated that will settle
on equipment below the cut-
ting site.
2. Uranium contamination
may be alloyed with the struc-
tural members being removed
thus making dec_ntaminating
significantly more difficult.

Demolition _ Grabbier/Gross Shearing and _ Demonstrated _No new science is needed. _ A major demonstration of this
,v Lifting. Commercially available tech- technology wilt be required to

DISM-58-OG nology exists to adapt large determine the extent oi air-
hydraulic excavator - mount- borne contamination generat-
ed shearing jaws and grab- ed for a typical cut into the
bing devices to readily avail- diffusion piping. Cost of such

a demonstration will be $2-able earth moving equipment,
This technique has been 3M. Cost may be shared with
used at the Apollo Penn D&D a demo for asbestos, structur-
project to remove structural al steel, massive concrete,
steel from the former NUMEC The cost to implement the
fuel fabrication plant, concept would be $300-500W

if the demonstrations suc-
cessful. Robotics will be use-
ful ff the excavator arm were
to be operated remotely,
either teleoperated or umbili-
cal.

2/26/93
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Technology Lo
Dismantle

K-25 Site Pr'oblem _ ._ Problem Area/Constituents :leference Requirements Subelements .....
:," , ,

• LMGoals:. "

EnrichmentProcessBuildings _ E.Disassemblyof Major _ Referto Volumel, Chapter10r.--_=. Dismantlement . _ Cutting'

• Cleanup Legacy Components for potentiallyapplicablepro-
ProcessSupportBuildings posedandpromulgatedenviron-

" Prevent Future mentallaws,signedandpend-
Insult CoolingTowers ingagreeme_ltsfortheORR,

radiationprotectionstandards,
• Deveiup PumpingStations DOEOrders,andnon-regulator_

Environmental guidance.As site-andwaste-
LaboratoryFacilities specificcharacteristicsare pro-

Stewardship videdforeach technology,spe-
SpecialDevelopmentFacilities cificregulatoryrequirementswill

bespecified.

AdministrativeFacilities

Electricaland ElectricalSwitch
Gear

-._ ElectricalEquipment _ TSCA FFCA ------
(PCB Contaminated) * Completedispositionof PCB

electricalequipment.9/94

Decommissioning -
(D&D)

VentilationSystem _ TSCA FFCA
(PCBContamination) •CompletePCB Ventilation

gasketremoval fromK-29,K-31,
K-33, 8/2001

'* - Completedispoalof PCB
waste. 12/2015

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Cutting, Advanced -- _ Htgh Pressure Abrasive _ Demo_ation _ Abrasuve walerlet cuttvng _ Develop state of the art sys-
Water Jet Cutting of Steel. Abrasive waterjet cutting technology exists but high tem for demo on spec0flc
Abrasive water/jet cutting, development was DOE Sl)On- efficiency vacuum recovery equipment. Develop market
with or without abrasives is sored. Programmable robotic and mobile containment sys- for massive amounts of recy- i
ultra high pressure water that manipulators have been tem will need to be further clable steel, copper, etc. lis forced through a small developed. Water and abra- developed with the shrouds,
diameter nozzle that creates sives can be recycled with etc./designed for a specific
a stream that cuts through 95% spoils recovsrable. Any application for a demo. A
metal. The contaminated par- recyclable material accumu- state of the art demo would =Ball

ent material that's removed lated will save $20.00/cu-ft on cost $3.5 M not including
will be separated and handled disposal, transportation or burial ias nuclear waste with the charges.
contaminated abrasives and
water to be recycled. The
blow through will have to be
contained by shrouds i
attached to a high efficiency =vacuum system with any
other overspray contained in
a pool. The shrouds will have
to be designed for specific
application with the contain- n
ment pools being portable. tDISM.59-OG

High Pressure Water Jet: _ Accel_ed _ None _ Modifications may exist for i
Previously used to disassem- High pressure water jet fully current regulatory concerns.
ble converters in the late developS.... Some equipment Schematic layout and repre-
1970's and eady 1980's. may still be available at the sentation need to be n
Capabilities already exist, site. addressed. gDISM-60-OG

With Thermal Arc W¢:,terJet _ DemonslbratJort _ No additional basic develop- _ Required possible pre-runs to
Cutting it is possible to cut Technology cuts metallic ment necessary, accommodate the arc water- IB

• steels up to a wall thickness parts/walls up to 100 mm jet cutter to possible Iiof 100 mm. The cutting thick and up to 20 meters room/space shortages in the
process is based on an elec- underwater. This thermal arc working area. In general, no
tric arc between the wire elec- waterjet cuts are, Ingeneral, major changes on the cutter
trode and the metal sheet, directed by computer numeric device are needed.

thus melting the metal in the controller. With additional Comnmrcially available tech-
work piece. The waterjet tooling support, cutting in sev- nology, at least in Germany.
around the wire is used to era/axes of operatlerts will be
"wash-away" the melted possible. Hole piercing up to ___
material fromthe cutting kerr. a wall thickness of 30 mm
The wire is consumed could be done also. With cut-
because of the high current, ling Invertical and horizontal -
The wire has to be fed so that motion, pipes, banks of pipes,
the process can work continu- and geometrical complcated
ously, components cuffing is possi-
DISM-61 -OG ble.

Plasma Arc Saw. This new _ The plasma arc saw technol- -_ Large steel wall thickness _ Requires transfer from devel-
technological development ogy enables thermal cutting (>100mm) requires the devel- opment stages to broad
allows thermal cutting of steel of steel plates/walls tndepen- opment of the large saw and industrial application.
with wall thickness up to 300 dent of thickness in a water re-runs in the process. Technology..Isavailable in
mm. tubes, bank of tubes and depth up to 20 meters. This commerctal basis.
geometric complicated com- tectvnology was demonstrated
ponents. Also, this technology In cuffing plates up to a thick-
can be used under water up ness of 300mm. The maximal
to a depth of 20 meters. With permlssil:de metallic wall
a normal plasma torch it is thickness depends only on

the diameter of the sawnot possible or at lease
extremely difficult, pl_-arc blade.
DISM-62-OG

i I
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Technology Logi
Dismantlement

-- EnrichmentProcessBuildings _ E.DisassemblyofMajor .- _ Referto Volume1,Chapter10t,---_,- Dismantlement _ Cutting,Advatmed

• Cleanup Legacy Components forpotentiallyapplicablepro- (cont.)
ProcessSupportBuildings (cont.) posedand promulgatedenviron-

" Prevent Future mel-_tallaws,signedandpend-
Insult CoolingTowers IngagreementsfortheORR,

radiationprotectionstandards,
• Develop PumpingStations DOEOrders,andnon-regulatory

Environmental guidance.As site-andwaste-
LaboratoryFacilities specificcharacteristicsare pro-

Stewardship videdfor eachtechnology,spe-
SpecialDevelopmentFacilities cificregulatoryrequirementswill

bespecified.

"I ' " AdministrativeFacilities

I Electncaland Electr'ca'Switch
Gear

ElectricalEquipment _ TSCAFFCA
(PCBContaminated) , Completedispositionof PCB

electricalequipment,9/94

Decommissioning -
(D&D)

SortingforRecycle

VentilationSystem _ TSCAFFCA
(PCBContamination) •CompletePCBVentilation

gasketremovalfromK-29,K-31,
K-33, 8/2001
•CompletedispoalofPCB
waste.12/2015

Soils, Groundwater
and Surface Water

(RA)

Conventional

Waste (wM)Management 1
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ogic Diagram
ntlement

Cutting, Advanced Nd:YAG and CO2 Laser _ Pre-demo.etraUon _ Laser cutting using a laser _ 1. TooUng to interface the
(cont.) Cutting. Technology exists at the carried through a fiber-optic laser cutting head with the

DISM-63-OG Penn State Applied Research cable or waveguide requires automated delivery platform
Laboratory (ARL), The U.S. demonstration, Current fiber- needs to be designed and
Navy has funded feasibility optic cables cannot efficiently demonstrated.
demonstration of the technol- transmit the wavelengths 2. A demonstration is
ogy for dismantlement of sub- generated by a CO2 laser. required on simulated equip-.
marine hulls. The technology ment for the K-25 type facility
is very likely to work since and the K-33-type facility.
laser cutting is common in Projected Costs: $5.0 M
industry. Cost savings of
$200M to $300M In reduction
of labor and protective cloth-
ing. A fiber.optic or other
waveguide delivery system is
preferred but has not been
demonstrated,

Liquefied Gas Cutting: _ Evolving Technology _ Cooperative effort with com- _ Full engineering and develop-
Liquefied gas would be used Advantages may be achieved mercial suppliers of jet cutting ment needed, Cost to Imple-
in a manner similar to water due to the low temperatures and blasting equipment must ment estimated at $10 million.
jet cutting (author's opinion), involved, Cutting below the be initiated to investigate this
The advantage to to such a embrittlement temperature for technology. The Hanford
system would be similar to metals may be beneficial. Wiring states that there is "No
CO2 blastin9 in that removed Cost advantages would be known program".
or cut materials would be lift- realized in cutting equipment
ed from the surfaces involved where criticality safety is a
by the evaporating gas with major Issue. This is an issue
very little surface abrasion to in the 1940's vintage equip-
trap contamination, merit, This technique could
DISM-64-OG save 20% of the cost over

abrasive water jet cutUng.

Sorting for Recycle _ Shredding and Sorting _ Pre,-demonltratlon -'_ New materials of construction _ A thorough inquiry of com-
DISM-65-OG Technology exists Incommer- are needed to allow large and merctal vendors specializing

cial areas to shred and auto- thick steel cylinders to be in shredding and sorting must
matically sort materials processed in large shredders, be conducted.
including sheet metal equip- Cost of a demonstration to
merit (automobiles and appll, develop this system is esti-
ances) for various purposes, mated at $10-15 million.
Commercial vendors have
supplied shredders to both
the X-10 and Y-12 facilities in
Oak Ridge for these purpos-
es.
Efficacy; The application of
this technology will require
testing of large shredders
capable of handling items
with the structural integrity of
an axial flow diffusioncom-.
PCoressor.

st Benefits: This technol-
oOpYcould provide a savings

an estimated 20 hours per
component, For K-33 alone
this would be approximately
$2,5 million assuming 20
hours for each converter and
compressor.

Conventional " " , " = Use of Existing Fixtures and _ Accepted _ An integration of advanced _ Ali jigsand fixtures would
Tooling. Technology exists in each of cutting techniques, have to be located and if nec-
DISM-56-OG the diffusionplants that per- essary, retrofitted to restore

mrs the removal of major them to working condition.
components without new Existingjig andfixture fabd-
equipment. The methods and cation drawings would need
equipment have been proven to be recalled from archives
and have been in use and where necessary.
improved upon from time to
time for over 40 years. This is
an accepted
technology.

2/26/93
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Tech nology Lo
DismantleJ

"" EnrichmentProcessBuildings I=_ E,Dlsassemblyof Major _ RefertoVolume1,Chapter10,-- I=_ Dismantlement_ Conve_
• Cleanup Legacy Components forpotentiallyapplicablepro- (cont.)

ProcessSupportBuildings (cont.) posedandpromulgatedenviron-
" Prevent Future mentallaws,sl0nedandpond-

Insult CoolingTowers ingagreementsfor theORR,
radiationprotectionstandards,

• Develop PumpingStations DOEOrders,andnon-regulatory
Environmental guidance.As slte-andwaste-

LaboratoryFacilities specificcharacteristicsarepro-
Stewardship videdforeachtechnology,spe-

SpecialDevelopmentFacilities clficregulatoryrequirementswill
bespecified.

AdministrativeFacilities

Electricaland ElectricalSwitch
Gear

ElectricalEquipment ' _ TSCAFFCA "-'--"
(PCBContaminated) •Completedispositionof PCB

electricalequipment.9/94

Decommissioning
(D&D)

VentilationSystem _-_ TSCAFFCA
(PCBContamination) •CompletePCBVentilation

gasketremovalfromK-29,K-31,
K-33,8/2001
•Completedispoalof PCB
waste.12/2015

Soils, Groundwater
and Surface Water

(RA)

F.EnablingTechnologies _ RefertoVolume1,Chapter6, _ C0nfi!
forpotentiallyapplicablepro- .v Vertfl(
posedandpromulgatedenviron-
mentallaws,signedandpend-
ingagreementsfortheORR,
radiationprotectionstandards,
DOEOrders,andnon-regulatory
guidance.Assite-andwe_ta-
specificcharacteristicsarepro-
videdfor eachtechnology,spe-
ctficregulatoryrequirementswill

Waste Management
(WM)

• i i



I
Logic Diagram

,antlement I

!Conventional AdvancedAutomaticFixtures,_ Accepted --i_ Developmentneeds- None, _ Roughlya manyearofdesign
(cont.) Bug-O,etc. The cascadeImprovement Improvementneeds - Asig- wouldberequiredto designa

DISM.-67-OG programcompletedinthe nificantdemonstrationof._ prototype.Thetotalhardware
early1980'sforthedi_Jslon prototypewillbe (equiredin costwouldbeapproximately BIB
facilitiesusedautomated theactualenvironmentofthe $100KIn1992 dollars.No Ipositioningtoolingfor cutting diffusioncascade. The significantsoftwareIs
andweldingtomodifysteel demonstrationwouldneedto requiredalthoughinterlocking
componentsincludingcon- delinethebestwayto power withanyroboticswouldbe
vertershells.Thissametoot andcontrolthe toolingina necessaryandmayrequire
conceptcanbe adaptedto remoteoperatingmode, approximately0.5 manyears BI
cuttingin thecascadeassum* Integrationwitha robotic todesign.No facilitiesare IIingthe appropriatedelivery deliveryplatformwouldsignif- neededoverthoseexistingin
system,ThetechnologyIs a icantlycompoundthetotal OakRidge.Thetoolingwould
certaintytoworkforcutting benefit,Savingsof 5-10 times beduplicatedfromtheproto..
roundpipingsuchasdiffusion thosesatedunder=Status" type.Approximately20 differ-
cascadepiping.Carefulatten- couldbe realized, entsizeswouldberequired tBII
tionwillneedtobe paidto resultingina totalprocure- Ishroudingthe area where the mentcostof $500Kforthe
cutistakingptaceto avoid threelargerfacilities.
spreadofa]foomecontaml- Assumeseachcost$25,0(30.
nation.Thiswouldtranslateto
a savingsofupto$20 million III
forone majorfacilityalone, I

Saws _ _,....,DISM-68-OG ,_,,.-,-.ux existsineach of _ Investigationof bestavailable _lp. Aliequipmentwouldhave tocuttingmedia.The equipment be locatedandif necessary
thediffusionplantsthatper- thatwasusedatthe K-25site retrofittedtorestoreltto lB,
mrs theremovalof baffler andis usedatthe Paducah workingcondition.Existing Ifrom converterassembled andPortsmouthsitesto dis- equipmentdrawingswou_l
bundleswithoutnewequip- assemblegaseousdiffusion needtoberecalledfrom
ment,Themethodsand converterswouldrequire archiveswherenecessary.
equipmenthavebeenproven removalfromstorage, Colt: $100KEngineeringto
andhavebeeninuse(and locateandsupplynew Bl
improveduponfromtimeto improvedengineeringtool Itime) forover 40 years, designs.$400Ktorepairand

buildnewtooling.
Approximatetotalcoste.,dJ-
mate:$500K.

|
llll_lp,. Use ofExistingEquipmentfor _ /l_r.copt_l _ Requiresdisposalofeffluent "-lP- RequirescompletionoftheDisassemblyofCentrifuge Theequipmenthas beencon- and classified/contaminated proceduresand documenta-

Machines.The decontamina- soliclatedinK-1420 and hardwarethat meetsthe tionnecessarytostart the
lionrequirementsforcen- installationandcheck-out requirementsoftoday'senvi- facility.Equipmentwould am
tdfugeclean-uparenot completed..Thereare _ ronmentalstandards, requirefullcheck-outand. IIunusualto other equipment on-s_ethat ttaveexpertisein operationaltesting.
decontamination,However, bothmachinedisassembly
certaincomponentsrequire anddecontaminationtech-
specialequipmentand niqueeus/ngthe
employspecialtechniques equipment.Specifictechnical BIB
thatallowthemtobecleaned informationisavailablebut Iand storedin a more effective may be classified.
manner. Dtsadvant_: Exactdispo-
DISM-69-OG sitionofthehardwareand

materialsafterD&Dwas
neverdetermined.The equip- lm
merithasbeensettingsever- m=,
al yearsanymayrequire
maintenancepriortobeing
usable.

. _ Configuration
Verification _ CompulerBasedD&D _ _Demc=_traUon _ Specificprograms,technolo-_ Costofproofof principle,

i InformationRetrievalSystem: StatusexistswithFDDI net- gydevelopmentneeds,and amountof resources,equip-

Fiberoptichighspeednet- worksbeingthepdmarynora., technologyimprovement merit,hardware,software,
workswithcorresponding Inee fo¢_ purpose.An needs, facility,andeducatlonaJ
servers, FDDI netwod(existswithin needs.Referencerequire.
DISM-70-OG EnergySy,_tenlsandis beklg mentsthatare neededto

evaluatedthroughthemarne, deptpythetechnologysu_ ..
. maiJcsand¢,"_'_]¢_groupand cess_lly.

C&TD.The ;Oti¢,a_onofthis

rnent=of the D&DprogtW_
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Logic Diagramantlement

Configuration As-Built Master Plan Data _ Demonstration --lm,,- InteJligentsystems capable of _ Capability to communicate
Verification Base. This technology has been data translation and integra- efficiently with personnel out-
(cont.) DISM-71-OG demonstrated at other sites tion to common formats to side of engineering/at ran-

on a smaller scale. Currently interface with the As-Built dora locations throughout the
in Oak Ridge collection of as- Master Database. These plant areas. These individuals
built data Is project deter- developments should reflect would communicate "red line
mined and satisfies a limited in productions or transmission change" to the database
area of the plant when exist- of data throughout the system across the network. The com-
_ and to other databases, puterized system would then

_cy with D&D activities is A method to take electronic generate new graphic fea-
tures or site attributes andhigh. Tooling (drawings of) photographs and have a com-

applicable to a specific task puter system convert these accurately enter them into the
could be stored with the data photos into 3-D dimensional system.
for that task. The repetitive engineering information is
nature of the diffusion facili- needed. (Pre-demonstration
ties make this technology level).
even more attractive. Holographic imaging may be
Cost benefits are related to a related development need.
the degree that robotics and (Pre-Demonstration).
automation are applied to dis-
mantlernent.Simulations
using the complete database
visualized could allow prob-
lem definition prior to removal
of contaminated equipment.
Savings of 20,000 manhours
could be realized during the
start-up phase (3 yrs) of a
major dismantlement design
effort. In 1992 dollars this
would be $1,6 million,

m_D, GIF Images to Enhance As- --I,- Prb-demonatratlon _ There are some technology _ These are vague at the pre-
built Documentation. The Technology status Is in the development needs that are sent time. This technology is
specific technology exists in pre-demonstration to demon- required. Most of these stem one of the fastest moving in
the image analysis and desk- stration stage of develop- from a systems integration the computer industry.
top publishing disciplines, ment. The concept is to take set of requirements. The Commercial products are lit-
The technology needs to be electronic images from digital selection of the most advan- erally being introduced every
integrated into the design and cameras and camcorders as tageous suite of hardware day In addition, I&C at X-t 0
as-built database require- well as scanned images of and software that allow ease is currently doing a large

common photographs and of use, high accuracy andments for its benefits to be amount of image storage and
realized, enter them into the computer, definition, and the capability compression techniques for
DISM-72-OG These images will be convert- to select and view these the Bureau of Engraving and

ed to GIF format for storage images and display them in Printing and the FBI that yield
and viewing and utilize graph- publications the needs that 10 to 1 factor of file size
ics programs for contrast should be addressed in a pro- reduction with no discernable
enhancement to obtain scale totype system prior to initia- degradation in image quality.
measurements and allow tion of a program wide set of
design personnel to evolve GIF image specifications.
designs around complicated
assemblies without having to
routinely travel back to the
contaminated site for obser-
vation. The cost savings in
accuracy and time will result
in a large benefit.

2/26/93
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Logic Diagram
antlement I

I
ResourcesData _ AcceptlKI _ None _ None

Verification Base Asearchfound.thefollow
(cont.) DISM-73-OG resourcestobe mosthelpful: Iii

1. RAPIC(RemedialAction BB
InformationCenter)is a com-

Bprehenslvesourceof techni-
cal informationpertinentto
DOE'sRemedialAction

Programs. I

2. LION(LibraryInformation
On-lineNetwork)is a mini-
computersystemthatsup-
portson-linecatalogandcir-
culationsen/icesforbooks,
journalsandreportsforaliof
the MM ENERGYSYSTEMS I
technicallibraries. II3. ERA (EnergyResearch
Abstracts)are a seriesofvol-
urnespublishedmonthlythat
listsalienergyrelatedpubli" limb

cationsandreports. IB
4. NTIS CD-ROM -Available |attheX-t0 CentralResearch
libraryaretwoCD-ROMdisks
whichlistali thedocuments
_ubtishedbytheNational

Service.echnicalInformation I5. OSTI (Officeoi Scientific
andTechnicalInformation)-
Servesthe DOEcommunity
bycollecting,processing,and
disseminatinginformation _D
resultingfromDOE research =
as wellas worldwideinforma- _11tiononsubjectsof interestto
DOE researchers.
6. X-10CentralResearch
Library- Thisfacilitycando
searchesonyourbehalfon
anytechnicalsubjectbutthey
have a chargeforconnecting
to thevariousdatabasesand
a chargeperprintoutof title
andabstracts.ContactRobed
Conrad574°2764or Bill
Myers574-6744.

AcousticalScanningof _ Pm-clemonstratlon _ Theapplicationto K-25 may _ Implementationneedswould
Drums: Drums,pipesruns,storage requiresometechnology require2-3 modaltesting
Modalanalysisbyinputting containers,processvessels, improvementneedsthat will engineerstobaselineexiling
differenttypesofexcitation andotherclosedarticlesmay requiresomesoftwarecus- equipmentandruna proofof
energy(bothvibrationand havelargeamountsofmatert- tomizlngandoptimizationof concepttestswithvarious
acoustic)intothestructure al depositedin them over excitationtechniquesto yield excitationtechniquesonspe-
andmonitoringthe structure, time.Bymeasuringa force thebestresultsinthe least ciflctestarticles.Integration
DISM-74-OG inputandaccelerationof the amountoftestingandanaly- and applicationto remote

response,the massof the sistime.Thetalentexistsin- methodstestingwould
itemcanbe derived.If thisIs housetoultimatelyautomate requiredesigningremotetest-
significantlydifferentfromthe thistypeof testingandrunit ingfixturesrequiredforspe-
designmassfromtheas-built ina knowledgebasedenvi- clflcequipment,procurement

drawingsthenthedlscrepan- ronmentthatwouldcommuni- requiredtestingandall,sign- I I
cycanbe addressed.The fre- careitsresultsdirectlyinto ingandprogrammtnfof

theintegrateddatabaseof the instrumentationtransducem,
D&DInformationRetrieval

quencyandmagnitudeofthe
responseO!thestructurewtll theknowledgebasedaria!y-
alsobealteredduetocontd- System. slsroutinefor eachtypeof
buUonsofthe additional equipmenttested(i.e., pipes,
mass.This willallowthe converters,valves,etc.). II
determinationof theactual Thereexistsapproximately llevelof the mass and also $500Kworthof applicable
givea clueto thetypeof the Instrumentationequipmentfor
masslr.sidedue tode_ this effort,lt isanticipated
anddampingof theadditional a productionsystemwould
components, requireanadditional$300K Iii

worthoftestingInstrumenta-
ltionforevaluationof val_ous

signal_ =td data
acquisitiontechrdques.
Severalcomputerswould
alsobe requiredfor the Iii
know,doe baseeffortand =D&DRetrievalSystem
Interface.Totalapprox,cost-
$300K.

I
3-1,_

!
........................ I1'lr ....... , ,,.... _ "fll II II ' r_l_ _' ' J II Ilml' I pI' I II/ I1'1 I1'



Technology Logi
Dismantlement

EnrichmentProcessBuildings _ F.EnablingTechnologies_ RefertoVolume1,Chapter10,_ Dismantlement ..... _ Configuration...=..--
• Cleanup Legacy (cont.) for potentiallyapplicablepro- Definition

ProcessSupportBuildings posedand promulgatedenviron-
" Prevent Future mentallaws,signedandpend-

Insult CoolingTowers ingagreementsfor theORR,
radiationprotectionstandards,

• Develop PumpingStations DOEOrders,andnon-regulatory
Environmental guidance.Assite-andwaste-

LaboratoryFacilities specificcharacteristicsarepro-
Stewardship videdforeachtechnology,spe-

SpecialDevelopmentFacilities cificregulatoryrequirementswill
bespecified.

'" AdministrativeFacilities

ElectdcalandElectricalSwitch
Gear

Decommissioning -
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



Logic Diagram
,_ntlement

Configuration Laser Triangulation Mapping: _ Pre-demonttratlon _ Specific detailed software that _ 1. A development effort
Definition triangulation mapping with Laser scanning and distance integrates the 3-D mapping to between Energy Systems and

laser scanning of equipment mapping have been applied an existing database for use commercial systems develop-
in contaminated areas will in many different disciplines, in robotic or remote manipula- ers will be required.
establish an as-built database Actual integration irtto a com- tion applications will be 2. A resource of program-
for the specific equipment puter 3-D database for required. Manipulation of the mers, workstation computers,
immediately prior to D&D. remote manipulation is proba- database and adlustment/cal- lasers, I&C coordinators,
This technology can conhrm bly in the pre-development ibration of the sensors in a commercial firms, and best
the true as-built status and stages by commercial enter- real-time field mode of opera- efforts contracts will be
allows decisions to be made prises, tion will be necessary to required to demonstrate Ihis
real-time on the status of dis- achieve success of this pro- technology.
assembly the specific equip- gram. 3. After a 1-2 year develop-
ment in question. Once D&D ment effort with Individuals
has been approved, this tech- skilled in robotics, mechanical
nology has established an design, electronics design,
exact relative set of dimen- software design, and optics
sions for the robotic or remote and opticaJmapping/a suffi+
manipulations necessary to cient expertise should be
achieve the task at hand. This available to Initiate a design
gives coordinates for remote and procurement specifica-
or robotic manipulation during tion for procurement of multi-
the D&D and benifits on per- pie units to accomplish the
sonnel doing D&D and run- optimum methods of D&D uti-
ning the potential to haz- lizing either/or remote or
ardous exposure as well as robotic methods.
improving speed. The instru-
ments should scan and mea-
sure the entire
compressor/pump area in
approximately 30 minutes
and relate these data to the
design and graphics data-
base.
DISM-75-OG

_ Qualitative lR Thermography _ Demonstrated _ Requires natural or applied _ ATD's 2 AGA systems require
to detect piping flaws, piping Advantage: inexpensive, transient or steady-state heat- liquid nitrogen and should not
contents, or effect of invasive portable, noninvasive, pas- ing. Method works best with be used tna high shock or
thermal techniques (eg. siva measure, reaitJme or IR=tlat background, vibratory environment. Only a
laser, torch cutting). VCPJstill imaging, few hours of sampling time
DISM-76-OG Reasonable compact appara- per battery charge, although

tus (roughly 75 Ibs and AC power also available.
6 cu ft).Excellent, initial,
gross detection method.
Disadvantages: Image often
requires tr_unedInterpreta-
tion. Emissivity differences
and/or local spurious infrared
sources may complicate
image analysis.

: _ Video Mapping - video (or _ DemonstraUon _ Technology development _ Resource requirements and
photographic) imaging for Video images can be an needs include the assembly development needs are as
configuration mapping, evalu- effective means of establish- of an imaging/computer sys- follows:
ation, and control. Ing configuration layouts for tem, software development, 1, Imaging, computer, and
DISM-77-OG planning and executing work, procedure development, and related hardware (approx.

Digitizing video (photograph- personnel training. $40K-60K),
lc) images for establishing 2. System integration and
baseline layouts and for com- development (approx. $300K-
purer-automated comparison ,tOOK).
of different positions with a 3. Development I_.rsonnel:
baseline to characterize and image technologist, software
establish equipment differ- specialist, project manager.
ences would facilitate plan- 4. System functional testing.
nlng and work direction. 5. 9 to 15 months develop-
Comparison of multiple dlgl- menL
tized Images to highlight dif- Deployment Requirements:
ferences and conversion of 1, Procedure development
images to line drawings is,a and documentation ($30K to
well-estabUshed, demonstrat- 50K).
ed set of technologies. 2. User training ($101<- 20K)

3. System replication cost (if
more than one system)
(r_OK - 8010.
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3-15

....... _..... ii..... ,..... I! II1' r II '1' , ' "lllp I= ' _ "PII_ I'1'IIII ,I I _ ' Ill l ii I "



Technology Lo
Dismant

EM GOals. •

-- EnrichmentProcessBuildings _ F.EnablingTechnologies --.---.lP-Refer to Volume1,Chapter10,_ Dismantlement
(cont.) forpotentiallyapplicablepro-

" Cleanup Legacy ProcessSupportBuildings posedandpromulgatedenviron- (cont.)
• Prevent Future mentallaws,signedandpond-

Insult CoolingTowers IngagreementsfortheORR,
radiationprotectionstandards,

• Develop PumpingStations DOEOrders,andnon-regulatory

Environmental guidance.As site-andwaste-
LaboratoryFacilities specificcharacteflsticsare pro-

Stewardship videdforeachtechnology,spe-
SpecialDevelopmentFacilities cificregulatoryrequirementswill

bespecified.
AdministrativeFacilities

ElectricalandElectricalSwitch
Gear

Decommissioning -
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)"

la
......................... ,,_' ' ,_""111_,_, ".' '_,_,m'"............... I_', ,,



I
Logic Diagram i)mantlement

I
• Configuration Photonic Removal of _ Pre-decrm_=tratlon _ The technology lies between --lD" To implement a system would

Definition Contaminants- removal of Between Tech. I_av. & the technology development cost between $150K and
(cont.) contaminants by laser abla- Impmvemeni State -The and improvement state, lt has $250K depending on desired I

lion, photolysis, etc. (in-situ technical app,oach to surface been demonstrated and used removal rates. Additional Iremoval of small quantities of removal of materials and outside of the laboratory but requirements would be
surface contaminants), coatings by laser ablation, scale-up to major implemen- automation or semi-automa-
DISM-78-OG photo-induced thermal shock, ration has not been demon- lion of the device for remote

photolysis, and other light-dd- strated. Complete develop- or limited man interface dur-
ven means is a well-demon- ment, including a viable pro- ing operation. J
strated approach receiving totype system, is estimated at Igreater current attention, lt approx. $1.0 millionand
has the advantages of quickly requires approx. 12 to 18
removing materials at con- months.
trolled rates and for which the
depth of removal can be con- lira
trolled. A specif¢ technique Ifrom the area of photonics
removal would facilitate the
In-situ removal oi small levels
of contaminants, thus allow-
ing the immediate disposition
of dismantled equipment for Idisposal. Thus, cost savings
from lower material handling,
avoidance of more oomptex
and costly decontamination
processes, and avoidance of mi
mixed waste generation Ishould be achievable. Such
cost savings should be in
excess of $200 million.

Dismantlement Support _ _ Point and Direct: A semi- "-'lD" Evolving Technology _ Develop prototype and _ Prototype system should be iautomated approach to (conceptual) - Concept is In demonstrate. Requires inte- fieldtested to evaluate and
directingthe cutting, disas- pre-proof of principle state gration of hardware and mini- identify deployment needs.

lib

sembly, and removal of but, relies on off-the-shelf mal software development. Testing could be done in con-
equipment or materials, components to implement. Cost to complete develop- junction with field demonstra-

Approach would use an 0per- Thus minimal development ment is approximately $500K. lion of one of the dismantle- Iator with a light wand to iden- will be needed. Should be a ment or decontamination IItify work paths for optically good compromise where full technologies.
guided tools, automation or roboticsIs not
DISM-80-OG achievable or not practical.

!
Improved Protective Clothing _ EvoMng Technology _ Investigation of specific _ Fullengineering and develop-
and Equipment Due to the large amounts of requirements for the disman- merit too the equipment is
DISM-81 -OG protective clothingand equip., tlement of a diffusion plant needed. Many commercial

merit required to protect relative to criteria for this and/or opportunities exist to
workers during the dismantle- equipment must be general- work outside the government lment of the massive diffusion ed. Human Engineering tech- sphere to engineer and devel-
plants a very large sum of niques must be used to op such equipment. Most of
money has been included in model the doning dolfing rou- the work would not involve
the base case estimate. This lines and new techniques high.tech but would require a
estimate includes both direct must be developed tospeed dedicated learn with i
cost of the equipment and the this process as well as to ergonomic skills. Cost of such Uindirect cost of lost worker specify newer materials more a task would be ion the $6-10
efflciermydue to the Itmita- capable of recycle and or million. Payback potential rel-
lions of working inthe cur- safe disposal. The cost of alive to the $1 billion estimate
rently available equipment. A such a program may be in the within the diffusionplant tasks
total cost of over $1 Billion $3-5 million range, could save up to 50%. n
has been estlmate4d. Studies must be made to plan Ithe dismantlement sequenceNo known program currently
exist to develop specific to permit design of enclo-
equipment of this nature for sures both mobile equipment
the diffusion plant dismantle- cabs and portable contain-
merit tasks, ments that better suit the t_

repetitive nature of the diffu- Ision facilities to be disman-
tled. The cost of this program
wouk:lbe in the $2-3 million

range, i

i
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:ts from soils, burial grounds, and groundwater,or of "fixation"by cement or
}read of them. Methodsforremovalof contaminantsfromsoilsand solids
-J-Iswere identifiedfor removingcontaminantsfromgroundwater.
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Soils, _ _ UraniumInSoils ___Referto Votumel,Chapter10, _ Treatment
• Cleanup Legacy BudedWaste for potentiallyapplicablepro-
" Prevent Future posedand promulgatedenviron-
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fied.
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i



 ,ogic Diagram
ial Action

PhysicalSeparation ,,, _ SolidsSeparation _ Demonstration _ Developmentand testingwith_ Normal.Plansfor handlingand
REMA-11 Theequipmenthasbeen tested K-25 soils. Soil characterization treatingthe separatedfractions.

in themineral industry.Tests for by particulategroup(contamina- Establisha suitabletreatment
removalof uraniumare expect- tion and characteristicsneeded level.
ed for the "Uraniumin Soils for reparation- density,wettabili- Develdpment/demonstration
IntegratedDemonstration." ly, size, etc.) costscould be from a few $M to
Wastes:Rejectedcontaminated perhaps$10M.
soil fractions(for furthertreat-
ment).
Costs:Probablymoderate(<
$100/ton);likely tobe usedto
reducethe volumeof soil requir-
Ingmore expensiveand aggres-
sivechemicaltreatment.

SoilWashing _ Demonstration _ Demonstrationthat the uranium_ Normal.Establisha suitable
REMA-12 (forsomewhatsimilarapplica- is largelyina fewsizefractions, treatmentlevel.Selectneces-

tions)Soilwashingseparates Characterizationanddemon- san/subsequenttreatment
soilfractionsbysize(a subsetof strationatK-25. (leach,etc)stepsor disposal
physicalseparationsbutcan options. .
includesomeleaching),lt is Development/demonstration
acceptedinthe mineralindus- costscouldbea fewSM.
tries.DemonstrationforPu
removalis inprogress.
Demonstrationforuranium
removalis planned.Waste:Con-
taminantsrecoveredfromthe
soils,
Costs:Dependstronglyonleach
and subsequenttreatment
required,couldbe<$100/ton.

Mobile Washing/LeachingUnit -..liP- Predernonstration -'l_Characterization todetermine _ Normal,Establishtreatment
REMA-13 Thi'.,isa particularwaytoapply soil fractions,uraniumdistribu- level.Selectanddevelopaddl-

soilwashingandleaching.EPA lion,anduraniumform. tionaltreatmentsteps(leach,
hasdemonstrateda unitfor DemonstrationwithK-25soils, etc.)
otherapplications.Wastes: Development/demonstration
Leachliquors(forfurthertreat- costscouldbe a fewa SM.
ment).
Costs:To earlytoknow,per-
hapsa few $100M/ton.

Chemical _ AcidLeaching _ Predemonstratlon_Leach tests withK-25 soilsand _ Establishtreatmentlevel.
Separation REMA-14 (Accepted/demonstratedfor separatedfractionso! thcse Designuraniumrecoverysys-

ores).Benchscaletestsfor soils, terns.
Fernald.Wastes:Leachsolution Development/demonstration
(forfurthertreatment,probably costscouldbea fewSM,
byionexchangeor solvent perhaps<$10M.
extractionusingmineralor
technologies).
Costs:Uncertain,dependsupon
soilseparationtechnologyavail-
able.Needtoavoidconsuming
toomuchacid-dissolvinglime.
stone.Costscouldbe high
(>$100^on).

2/26/93
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_ Chemical ",=. Alkaline Leaching _ PmdemonstraUon ,.- Application to soils is being test- _ Establish treatment level.
Separation REMA-t5 (Accepted/demonstrated for "- ed (U in Soils I.D.). Demonstration needed with Ii
(cont.) ores). Bench scale tests for Tests and demonstrations on K-25 soils. Design solvent IFemald; demonstration likely, soils and separated soil frac- extraction recovery system.

Wastes: Leach residue and tions, especially on soils from Development/demonstration
leach solution for recovery by K-25. costs could be a few SM,

solvent extraction, probably <$10M. I
Cost: Too early to determine. IFernald tests may provide a
meaningful basis. Perhaps a few
hundred dollars per ton.

I
Water Extractant _ Demonstration _ Study behavior of uranium in _ Numerous. Establish treatment m
REMA-t Several groups exploring the complex soil chemistry, levels. |concept. Complete systems Development/demonstration

including uranium recovery have costs could be <$ t0M
not been put together. Wastes:
Recovered uranium concentrate.

Costs: Too early to estimate, tl
There is only a low probability IIthat much uranium at K-25 will
be soluble.

Could be moderate (<:$100/ton) I

only if no complications are 'l
found. I

Electrokinetic Removal _ Pte-Demonatratton _ Much needs to be known about _ Numerous. 3stablish treatment

REMA-2 Tests have been limited to rela- metal specie in soils and electro- level. Establish s_,stam for

tively idealized conditions, usu- kinetic transport. Determine removing uranium from elec- I
ally small scale, often with sand need to oxidize uranium to trode regions. Ior simple soils, improve mobility, effects of vari- Development/demonstration
Costs are very undertaln at this able water content, and water costs will probably be moderate
time, not expected to be tow. flow. Develop a suit,d01euranium ($1M to $10M).
Waste volume depends upon recovery system from region I
method for removing metals at near electrodes. Establish maxi- Ithe electrodes, probably moder- mum acceptable electrode spac-
ate. ing.Tests are needed on com-

plex soils like those at K-25.

Complete systems need to be II
tested, including removal of met- Ials at the electrodes.

Fixation = In Situ Cement Grouting _ Accepted _ Treatability studies for specific _ Normal
REMA-16 Wastes: Ali soil and additives soils. Sor_e question of very J

n(:_returned to the ground, long-term stability. ICo¢_ts:Reported to be
<$100/ton) Affects future use of
soils.

li

•....--.-_ In Situ Polymer Grouting _ Bruited In-lleld _ Treatability tests. Possible _ Normal I
REMA-17 tests/demonstration, demonstrations. Development/demonstration

Moderately high costs expected, costs could be low, perhaps
Increased soil volume, long term <STM.
stability questioned. Affects I
future use of 8otl. I

|
___ In Situ Vitrification _ Demmmtra_ _ Tests with K-25 soils and _ Assess presence of metals, I

REMA-18 (without uranium) urmblum. Demonstration of con- tanks, etc., that could Inhibit
Wastes: Not applicable, necting multiple treatment vitrification.
Cost: High (perhaps very high) regions. Assessment of long- Development/demonstration I
>$100/ton. Affectsfuture use of term stability and leachability, costs may be moderate (a few I_. $<M).
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tj Technology LogRemedial Act

li
mlnated Soils, .--.----- _ Uranium in Soils _ Refer to Volume1, Chapter 10, _ Treatment _ Fixation

li " Cleanup Legacy BuriedWaste lotpotentiallyapplicablepro-
" Prevent Future posedandpromulgated envi-

ronmentallaws, signed and
Insult pending agreements for the

• Develop ORR, radiation protection stan-

li dards, DOE Orders, and non-
Environmental regulatory guidance. As site-and

Stewardship waste-specific characteristics
are provided for each technolo-

gy, specific regulatory require-

I!il / ments will be specified, ---- Fixation

Tc in Soils _ Refer to Volume1, Chapter 10,"-'ll_" Treatment ""-
for potentially applicable pro-

!li posed and promulgated envi-

i_"DI;lil ronmental laws, signed andpending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-

:ii regulatory guidance. As site-and
waste-specific characteristics
are provided for each technolo-

Decommissioning gy, specific regulatory require-

(D&D) ments will be specified.

I
'!!

11
ta Soils, Groundwater
i and Surface Water

(RA)

I
I

_ Chemic.al
Sel_rat_n

!1

ii Waste Management

I 1
1



Logic Diagram
dial Action

t

Rxatlon _ _ Ex Situ Vitrification _ Conceptual _ Develop suitable mixtures and _ Normal
REMA-19 Wastes: Vitrified soilsand addt- methods. Assess stability and Development/demonstration are

tires leachability, likely to be several $1M.
Costs: Expected to be excas-
sive.

Fixation ...... = In Situ Grouting _ Pre.demonstration _ More specific studies with Tc _ Normal
REMA-81 (conceptual). Tc hasn't bee are needed, and effective reten- Development/demonstration

addressed specificly during in tion may be difficult. Addition of costs are likely to total several
situ tests. Tc adsorbents could be consid- SM.

Costs are likely to be moderately ered.
high. Waste volume will be
moderate if the grout can be left
insitu, only some of the expan-
sionvolume would have to be

treated as separate waste.

-.---,-------II> In Situ Vitrification _ Demonstrated _ Very limited number of tests _ Normal
REMA-82 For selected cases, Volatility of available. Specific tests needed Development/demonstratioon

Tc is in question, for Ko25soils and contamination costs could total several SM.
Costs are expected to be high. (form of Tc). Volatilization of Tc
Probably applicable only for the must be assessed.
most serious problems. Waste
volume whould be small, only
concerned with off-gas treat-
ment wastes.

___ Ex Situ Grouting _ Pre-Demonstration _ More attention needs to be _ "_,'J_mal
REMA-83 Large scale grouting has been devoted to Tc behavior, addi- ::',,;velopment/demonstratlon

performed with sludges contain- rives which increase retention, :,:+.=,Jldbe onlya few SM.
ing low concentration'; of Tc, but and understanding the Tc specie
Tc was only one of the target in groutand mechanism for Tc
contaminants. Retention wasin- retention.

creeased by grouting, and one
additive has been reported to
improve retention.
Costs are not reported, but are
expected to be at least moder-
ately high. Waste volumes
would be large, but will consist
largely of grouted soil which
passes leach tests.

Chemical ___ Soil Washing/Leaching _ Pre-Decnonltration _ Evaluation of wa_mng _ Normal. Establish treatment
Separation REMA-84 Demonstrated on somewhat enefits to( K-25 soils, Extractant level.

similar problems, apparently not and ligands for Tc. Recovery Development/demonstration
with Tc. Need t_oshow that suit- and concentration methods, costs could be several SM.
able removal cen be achieved
and conditions affecting To
removal.

Cost for leaching other materials
reported to be $45 to $100/ton.
Waste volume could be small if

effective concentration system is
developed.

2/26/93
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Technology
Remedial A

• Cleanup Legacy -II,ContaminatedSoils, m _ HeavyMetalsinSoils _ Referto Volume1,Chapter10,_ Treatment lP-
BudedWaste (Hg, Ct) forpotentiallyapplicablepro-

" Prevent Future posedandpromulgatedenvi-
Insult ronmentallaws,signedand

pendingagreementsforthe
• Develop ORR,radiationprotectionstan-

Environmental dards,DOEOrders,and non-
regulatoryguidance.As sRe-and

Stewardship waste-specificcharacteristics
areprovidedfor eachtechnolo-
gy,specificregulatoryrequire-
mentswillbespecified,

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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I
Logic Diagram Iiai Action

I
Fixation . _ In Situ Vitrification _ Demonstration _ Tests to look at specific toxic _ Implementation will require

REMA-71 Bench scale tests and at few metal retention and K-25 soil assured understanding of the li
large scale tests have been compositions are needed, behavior of ali contaminants in IImade aimed at vitTificatlonof M( "cury contaminated soils will the soildudng ISV.
radioactive materials, but toxic be a particular problem. Development/demonstration
metals and K-25 soils were not costs could be high (>$10M).

studied intensively. I
Costs have not been estimated,

but probably will be high. Waste
volume will depend only upon
the off-gas treatment requlreO. =,==_

Volume of soil will actually , ]BB
decrease. II

.... _ In Situ Cement Grouting '---I,.. Accepted _ Assessment of long term ---liP- Normal I
REMA-72 Demonsb'ated. Offered com- results. Reduction in finalwaste

mercially, volume.
Moderate costs reported ($30 to
$70/ton). Waste volume equi- 'mE
,vent to expansion of soil, IIapproximately the amount of
additive used.

, _ ,n Situ Reduction and Fixation..---lm_ PredemorlMvatiorl _ The effectiveness of this tech- _ The regulatory acceptability I
REMA-78 A concept that may work with nology needs to be demonstrat- needs to be determined. li

some metals. Costs are likely to ed on a long-term basis for sev- Development costs to demon-
be low, perhaps in the range of eral toxic metals of interest at K- strate long-term stability could
$100/ton. The principal question 25. The rate of reoxidation be several SM. lib
is the effectiveness, long-term needs to be established. IIstability, and regulatory accep-
tance. Waste volume would be
minimal.

lP
BI

In Situ Polymer Grouting _ Demonstration (Polymer has _ Tests with K-25 soils and for _ Normal
REMA-75 been demonstrated for other long term stability. Development costs could be a

applications), few SM. ""-
Costs not given, but likely to be
high, depends upon maximum

s,_.i!loading in polymer. Waste
product will be largely the treat-
ed soil.

..... _ Ex Silu Vitrification _ Olmonstnlticm _ _0,othlaboratory and _ Normal

REMA-76 Being developed for high level eb_gineeringwork with K-25 DevelopmenVdemonstration
wastes, so,;.s, Select additives, ii need- costs will be high (several SM).

Costs likely to be very high. ed. Evaluation of retention.

Waste product volume, high but
not likely to leach,

Ex Situ Suffur Polymer Grouting-lD- PTt-dr_mom_ _ Development work with K-25 -miD" Large scale testing needed.
REMA-77 Contaminant retention and long- soils. Basic research to optl- Development/demonstratlon Bl

term stability should be good, mlze grout performance, costcould be only a few SM. Ibut this hasn't been shown.

Matedai costs may be moderate
to high. Wasteproduct volumes

will be hlgh but produe(m littteor J

no secondary waste for additk)n-
al treatment.

!
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, Technology Logic
- Remedial Actio

EM Goalsi

m

• Cleanup Legacy _ontaminated Soils, w --.-II_HeavyMetalsinSoils _ RefertoVolume1,Chapter10, _ Treatment y ChemicalBuriedWaste (Hg,Cr) forpotentiallyapplicablepro- Separation
.._ • Prevent Future posedandpromulgatedenvi-

Insult ronmentallaws,signedand
pendingagreementsforthe

"=" • Develop ORR, radiationprotectionstan-
l dards,DOEOrders,andnon-Environmental

regulatoryguidance.Assite-and
Stewardship waste-specificcharacteristics

are providedforeachtechnolo-

I gy,specificregulatoryrequire-
mentswillbe specified.

r
!

Decommissioning

_, (D&D)

i "--l=="ChlorinatedVolatileOrganic _ Refer to Volume1,Chapter 10, _ Treatment _ Physical: Compounds(VOCs)inSoils for potentiallyapplicablepro- Separation
posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsforthe

--lil_--- ORR, radiationprotectionstan-
li_ dards,DOE Orders,andnon-

regulatoryguidance.Assite-and
waste-specificcharacteristics

...,. are providedforeachtechnole-
gy, specificregulatoryrequire-

I mentswillbespecified.

_-_ Sc,ils, Groundwater -
and Surface Water

--- (RA)

I
i
w

I

t

!
Waste Management

(WM)
I,

i 'i i
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ogic Diagram
al Action

Chemical - - .... _ Electrokinetic Removal _ Pre-Demonstration --]1=,. Much needs to be known _ Normal. Establish treatment

Separation REMA-73 Tests have been limited to rela- about metal specie in soils and level.
ttvely idealized conditions, usu- electrokinetic transport. Tests DevelopmenVdemonstration
ally small scale, often with sand are need on complex soils like costs could be several SM.
or simple soils, those at K-25. Complete sys-
Need to establish the removal terns need to be tested, includ-
levels and removal rates that ing removal oi metals at the
can be achieved, electrodes.

Costs are very uncertain at tns
time, not expected to be low.
Waste volume depends upon
method for removing metals at
the electrodes, probably moder-
ate.

•--'--'..----'----.1_. Ex Situ Soil Washing/Leaching _ Pm-demonstration _ Better understanding of chemJ--'i_" Nc,m,;_! Establish treatment
REMA-74 Limited work at present, cal form of metals in soil, better !evel.

Level of removal needs to be leach liquors, and metal recov- rJevelopmenUdemonstratrion
established for K-25 soils, ery/concentration methods. ¢:osLsarc likely to be several SM.
Costs will be high. Waste vol-
ume is unknown, depends upon

both leach performance and
metal recovery method. Acid
leaches will not be practical with
high limestone present.

Physical - - _ In Situ Vacuum Extraction _ Accepted/1_=_ionstrated _ Development _ Normal implementation n,=eds.
Separation (Soil Venting) Technology hs,_been demon- Characterize K-25 soils for per- Suitable wells. Mobile vapor

REMA-31 strafed and apf.._iedto porous meability and VOC retention, recovery equipment to move to
soils. Generally applicable only Treatability studies and demon- different sites as needed.
above the water table. Waste stration with K-25 soils.
will be filtered and recwered

VOCs on carbon beds (or omer
material) used to remove VOCs
from extracted vapors.
Operating costs: Generally low
for soil treatment (probably
<$100/lon), depends on contam-
inant and level of contamination.

In Situ Steam Extraction _ Accepted/Oemomztrated _ _)evelopment _ Normal implementation needs.
REMA-32 Has been used in EPA demon- Determine equilibrium for K-25 Both Injection and extraction

strations and commercial opera- soils over moderate temperature wells needed
tions. Most useful when higher range. Treatability studies and
temperatures are needed to demonstration with K-25 soils.
remove VOCs absorbed in soil;
may be helpful for some of the
less volatile VOCs. Probably
best above the water table, but

not exdusiveiy. Waste will be til-
tered and extracted VOCs on

adsorbent (carbon). Maximum
recycle of conden_._.,edwater
needed to minimize waste

generation.
Costs: Probably moderate for

_- soil treatment (depends upon
! soil and contaminant; perhaps

between $50 and $150/ton)

=_-

i
; 2/26/93
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Technology Lo!
Remedial /_

• Cleanup Legacy .,llPC,ontamlnatedSoils, _ _ ChlorinatedVolatileOrganic_ Referto Volume1,Chapter10,---.lP- Treatment _ Physic:
BuriedWaste Compounds(VOCs)inSoils forpotentiallyapplicablepro- Separ__

• Prevent Future posedandpromulgatedenvi- (cont.)
Insult ronmentallaws,signedand

pendingagreementsforthe
• Develop ORR,radiationprotectionstan-

Environmental dards,DOEOrders,andnon-
regulatoryguidance.As ,_ite-and

Stewardship waste-specificcharacteristics
areprovidedforeachtechnolo-
gy,specificregulatoryrequire-
mentswillbespecified.

Decommissioning
(D&D)

Oestru_

Soils, Groundwater -
and Surface Water

(RA)

Waste Management
(WM)

iI .......



I
Logic Diagram |ial Action

I. Alterna'tives , Tech_ologi.es. .... Status . " .S.cienceJTechnologyNeeds 'Implementation Needs
•

::>- PhysicaF _ _ VaporExtractionwithRF _ Pre..dentonstratlon _ Development _ Moredevelopment. Bl
Separation Heating Improvesvaporextractionwith Testsandexperienceneeded Treatmentlevelsneedtobe I(cont,) REMA-33 addedheat.Requiresgnd of witha varietyofsoilsandcondi- established.

drilledholesfortransmitters, tions,especiallycnnditionsat Development/demonstraUon
Pilottestcompletedatone site. K-25, costscouldbe severalSM.
HardwareIscommercial.Waste: I
Principallyfromadsorptionbeds Ito recoverVOCsfromoff-gas.
Costsareconjecturalat this
time,butcouldbelow

(<$100/ton). I
Wasteswillbe fromtheoff-gas
treatmentsystem.

GroundFreezing _ conceptual _ Moreexperimentaltestsunder-.-lP. Total(complete)treatmentcon- i
REMA-34 Idea hasbeenevaluatedbythe- appropriateconditionsforK-25. cept. i

odeSandmodels.Limitedexper- Developmentof complete Development/demonstration II
Imentaltests.Wastes:Thiscon- processsystemsfortreatingsoil costsmaybea few SM.
ceptonlyholdsVOCsforfurther afterfreezing,
treatment;wastesdependupon

subsequenttreatment. I
Wasteswouldbeassociated
withthesubsequenttreatment
system.
Costsareonlyconjecturalatthis i

time, andprobabledependuthe BB
lime thesoilneedstobe frozen. IIprobabl_,,,di;t00perton.

Destruction _- InSituBiodegradation _ Pre-demonstration _ Scienceanddevelopment. _ Normal.conditionsof soilsand IEB
REMA-35 (forsomeVOCsandconditions), Studyof neworganisms(natural contam,_ntsmustbe well char-

Degradationof mostpetroleum- andaltered);studyof effectsof actedzed.Treatmentgoalsmust i
basedhydrocarbonsle accepted soilconditions;andstudyof be known.
technology.Degradationofchlo- degradationof refractorycom- Development/demorustration
dnatedcompoundsandother pounds,especiallychlorinated costsforbetterandmerereti.
morerefractorycompoundsis compounds.Bettermethodsfor able removalcouldbe a fewSM
underdevelopmenLWastes- gettingoxygenand nutrientsto (<$5M).
Minimal. contaminatedregions.Tests -
Costs:usuallylow(<$t00/ton), withK-25conditions.
butdependsuponthep_o_.

ExSituBiodegradation _ I)emonltrated _ Scienceanddevelopment. _ Normal.Treatmentgoalsmust
REMA-37 (forsomecontaminantsandsoil Studyneworganisms(natural beknown.Organismandmeth- -

conditions),Severa_ tactor andaltered);reactorconditions; otisforspecificVOCsmustbe
designshavebeenteet_,_d, anddegradationof morerefrac- available.Costs:Moderate,one
Waste:Probablyonlylimited torycompounds,especiallychlo- estimatewas$165/ton.
blosludge,iithetreallodsoilcan rinatedcompOunds.Reaction Developmentcostsc(_ld be a
be returnedtotheground(con- ratesarecdticalto holdingdown fewSM.
rainsnoother toxicmaterials), sizeandcostsof reactor.

mm

MicrobalDegradationwith --.-lb. Pf_dentof_bition _ Resultsneedtobe confirmed_ Technologyis notreadyforreli- iMethane In laboratonjtest, andtestedwitha varietyofsoils ablecostestimates.
REMA-38 tetrichloroethanewastheonly andconditionsand extendedto Devek)pl_stratlon

compoundnotdegraded, highremovals.The technology cOStScouldbeseveralSM. m

Potentialforusein_ aswell does notappearreadyforlarge m
as ex situ.Waste volumas scaletesting. IIshouldbe minimal.Costscould
be_w (<Slo0Yton).

m

----------'-'ll_ C,oronaDischarge ---lb. Evofvtng_ual. _ Identifydestructionmechanisn_.-._=,- NotreadyyeL I
REMA-39 Unknownefficacy. VedfydegradationofVOCs. m

Wastes:unkno,_ compounda
Coats:est.$to0/ton.

I
I
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II
II Technology Logi_

Remedial Actl

I! • K-25 Site Problem .Problem Area/constituents Reference .Rec uir.ements • , Subelem, ints ' . Alte
• : ' ' ,_i , ' • ,, '

• .• ,

II • Cleanup Legacy .-I_ontamlnated Soils, ,.... _ PCBs in Soils _ RefertoVolume1,Chapter10,_ Treatment ---------- _ Destruction-• Prevent Future BudedWaste lor potentiallyapplicablepro-posedandpromulgatedenvi-
Insult ronmentallaws, signed and

pendingagreementsforthe

II .Develop ORR, radiationprotectionstan-
Environmental dards,DOEOrders,and non-

regulatoryguidance.As site-and
Stewardship waste-specificcharacteristics

areprovidedforeachtechnolo-

_ _ _ gy,specificregulatoryrequire-

'i mentswillbespecified.

EM Problem

Decommissioning

(,I ,D,D,
I!l

Iii Soils, Groundwater -
and Surface Water

(RA)

II
Waste Management

(WM)

II
" |1

|! =

II!_ " I, ,,1', , lr' rl ' ' '....... II' NI ..... ' M ' ' ' ' , _1 ,i , r I , * ...... I_'P_,li II,lit1 ii ,,'1, , _,,l'w'



Logic Diagram
dial Action

Destruction - ,_ Incineration _ Demonstrated. -1_ Treatability tests with K-25 _ Treatment levels need to be
REMA-51 Very high PCB soilwas inciner- soils. Test benefits of removing established.

ated with 99.9999% destruction, soil fractions. Reliability of oper. Removal efficlencies reported
detectable PCBs remair=ed, ations must be established, must be acceptable.

Incinerator temperature and res- Any further demonstration need-
ldence time requirements are ed could cost several SM.

specified.
Cost reported to be between
$100 and $800/ton. Treated soil
not useful; may stillcontain toxic
metals and radioactivity.

- _ ,- Bioremediation _ Pm-demonstratlor_, _ Promising technique needs _ Treatment levels need to be
REMA-52 Degradation observed in understanding of organisms and determined.

Hudson River sediments, effects of operating parameters. Development/demonstration
Current studies in laboratories, costs could be several SM.

Ability to meet required treat-
ment levels is not established.
Costs could be low. In situ oper-
ations would leave little waste.

Alkali Metal Polyethylene _ Demonstrated/Accepted _ Treatability tests needed for "-"liD" Treatment level needs to be
Glycolate (APEG) Developed with extensive EPA K-25 soils. Optimization needed established.
REMA-53 particlJpation. Reduction of 75% to insure destruction perfor-

to 99%. mance near the top of the range

Cost reported to be $200 to observed in demonstrations.
$500/ton. Waste volume will be Improve removal and reliablitlty
mostly the treated soil with alkali of removal.
content increased.

" Development costs have been
! funded largely be the GPA.

_ Photocatalytic Oxidation _ Demonltrstod for groundwater,-l_ Operating system needed _ Too speculative to estimate
REMA-55 Conceptual for soils. Current that can handle opacate solids, costs.

tests of UV lights at LLNL and Applications to K-25 type soils Development/demonstration
elsewhere. Solar tests at LLNL. needed, costs could be a few SM.
Test include other chlorinated

compounds. Opacity of soil sus-
pension and retention of TtO2
catalyst are problems. Waste
volume should be low.

Costs are speculative, but could
be <$100/ton.

In Situ Vitrification _ Predomomltration _ Further testing of fate of PCBs _ Normal
REMA-59 Test appear to have destroyed and parameters affecting

99.9% of PCBs. Exact destz'uc- destruction.

tion levels probably were difficult
to determine.

CoSt will be high. Waste volume
could be small, depends upon
off-gas treatment. Can handle
several problems. Development
costs could be several SM.

T °,?./2_3
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Technology Lo(.
Remedial A

EMGoals ..,
, .

• Cleanup Legacy -II=ContaminatedSoils, - --..II_PCBsin Soils _ RefertoVolume1,Chapter10, _ Treatment _--_ Physical

• Prevent Future BuriedWaste forpotentiallyapplicablepro- Separatiposedandpromulgatedenvi-
Insult ronmentallaws,signedand

pendingagreementsforthe
• Develop ORR,radiationprotectionstan-

Environmental dards,DOEOrders,andnon-
regulatoryguidance.Assite-and

Stewardship waste-specificcharacteristics
areprovidedforeachtechnolo-
gy,specificregulatoryrequire-
mentswillbespecified.

Chemici
Separati'

Decommissioning
(D&D) -.--=,.

Fixation

---I_Asbestos inSoils _ RefertoVolume1,Chapter10,"-'1_ Treatment lm- Fixation
forpotentiallyapplicablepro-
posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsforthe
ORR,radiationpmtect_nstan-Soils, Groundwater - -

andSurfaceWater dards,DOEOrders,andnon-
regulatoryguidance.Assite-snd

(RA) waste-specificcharacteristics
areprovidedfor eachtechnolo-
gy,specificregulatoryrequire-
mentswillbe specified.

---I_Hydrocarbensin Soils _ RefertoVolume1.Chapter10,_ Treatment _ Destruct"
forpotentiallyapplicablepro-
posedandpromulgatedenvi-
ronmentallaws, signedand
pendingagreementsfor the
ORR,radiationprotectionstan-
dards,DOEOrdem,andnon-
regulatoryguidance.Assite-and
waste-speclficcharacteristics
areprovidedforeachtechnolo-
gy,specificregulatoryrequire-
mentswill bespecified.

Waste Management
(WM)



I
Logic Diagram |Jial Action

I
Physical " Low Temperature Thermal _ Pre-demonstration _ Fate of PCBs needs to be _ Normal 1

Separation REMA-56 Limited tests with semi-volatile established. Ability to handle Further development/demon- []
organic compounds, high concentrations of PCBs stration costs may rqulre only l
Costs not estimated, probably should be tested, low costs, perhaps <$1M.
high (hundreds of dollars per
ton). Waste volume, low to mod-
erate, depends upon dassiflca. []
tion of residue and off gas treat- lment.

I
Chemical _ Solvent Extraction _ Demonstrated _ Optimization for K-25 soils ane_ll=,. Treatment goals are needed.
Separation REMA-57 (at Y-12 and elsewl'_ere), conditions. Complete PCB han- Solvent recycle and eventual

Kerosene solvent; PCBs con- dling cycle (including destruction disposal needs to be estab- 1
centrated by distillation, or disposal) should be evaluat- fished. ICosts reported to be half that for ed. The degree of removal with Further development/demon-
incineration. Waste will be the K-25 soils needs to be estab- strattoncosts could be a few

cleaned soil and solvent discard, lished and compared with SM.

requirements. I

Fixation I= Cement Grouting _ Demonstnded _ Test PCB leaching to lower _ Normal .m
REMA-58 Questions remain on long-term detection limits. Explore effect Furhter developmeflt costs Istability. Good PCB retention; of other oils in soil and additives should be small (perhaps

water loss suggested limited life- used. <$1M).
time.

Costs reported from one study

tobe,_ro,Jm=__0oo_o_ []
Waste volume will be high, soil 1volume plus additive volume, but
should not be leachable.

!
Fixation L _ Asbestos Fixation _ Accepted _ Better and quicker methods _ Establish the needs and require-

Current handling and contain- for detecting the presence of merits for containment, ii
merit methods appear to be ade- asbestos in soils and buried lquate. Worker protection should equipment could reduce expo-
be similarto that used in other sure.

asbestos removal operations
Cost and waste volume am like- 1
ly tObe moderate. t

!
Destruction _ In situ Biodegradation _ /_=¢epMd _ Better methods for delivering _ Normal. Treatment goals

REMA-61 (for lighter hydrocarbons) Often oxygen and nutrients. Better needed.
combined with so_ venting and understanding of soilstructure, l
called bioventlng. ICost will be low, perhal_
<$100/ton. Wcste volume will
be r_maL

i ___ Ex Situ Bioremediation _ L_entonMrM_l _ Organisms and reactors that --'1_ Normal 1
REMA-64 Much indusldal _ are more effective for the more Further development/demon-

Costs are likely Io be moderate, refractive hydrocarbons, usually stratlon costs may be no more
but willvary with ¢ontamk_lk_l. the higher molecular weight aro- than a few SM, lm,

Waste volume will be low if the mattc compounds. []
I_u_.

!
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| Technology LogRemedial Aq

I
I • Cleanup Legacy -_ontamlnated Soils, _ _ HydrocarbonsinSoils _ RefertoVolume1,Chapter10,-.-.-I_.Treatment _ Destructk

BuriedWaste forpotentiallyapplicablepro- (cont.)
• Prevent Future posedandpromulgatedenvio

Insult ronmentallaws,signedand
pendingagreementsforthe

I • Develop ORR, radiationprotectionstan-
Environmental dards, DOEOrders,andnon-

regulatoryguidance.Assite-and
Stewardship waste-specificcharacteristics

are providedforeachtechnolo-

i gy,specificregulatoryrequire-
mentswillbespecified.

I
I

Decommissioning

i (D&D) Physical
Separatl

!
I
I

Chemic;

I Soils, Groundwater Separat'
and Surface Water

(RA)

I _ Fixation,

i Referto Volurnel,Chapter10, Treatment--i_ Uraniumin Groundwater _ for potentiallyapplicablepro- _ _ Chemic
posedandpromulgatedenvi- Separaf
ronmentallaws,signedand

i pendingagreementsforthe
ORR,radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.Assite-and
waste-specificcharacteristics

I areprovidedforeachtechnolo-
gy,specificregulatoryrequire-
mentswillbe specified.

Waste Management
(WM)

!
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.ogic Diagram
al Action

=,- Destruction _ Land Farming Bioremediation _ Accepted _ Better ability to handle _ Treatment levels needed.
(cont.) REMA-70 Practice for several years. Has refractive organic compounds; Accumulation of toxic metals

generated problems. Metal and avoid buildup of chlorinated and radioactivity may prohibitor
radioactive contamination may compounds and other refractive restrict use, Establish the
prohibit use, materials, regualroy accerptability of land
Costs are low, perhaps several farming for these soils.
dollars/ton. Waste volume is low
if accumulation of toxics is
avoided.

Chemical Oxidation _ Predemonstratlon _ Only limited laboratory tests _ Normal
REMA-67 Laboratory tests were effective, completed. Refractive com- Development/demonstration

Too early to assess costs, but pounds were noted. Need to cost may be a few $M or less.
are expected to be relatively assess effects on more refrac-
high (perhaps a few $100 per tive compounds.
ton). Waste volume determined
by reagents required.

Oxidation in Cement Kiln Accepted Commercial technology for Normal. Potential presence of
REMA-69 Costs should be low and waste liquids. Soils handling should be radioactivity could prevent use

volume minimal. Capacity of established.
"-lD" kiln for solidswill be low. -.-I1>- _ with K-25 soils.

Potential radioactivity may pro-
hibit use for K-25 soils.

Low Temperature Thermal _ Accepted _ No urgent needs. Better _ Normal=,,- Physical ' y
Separation Treatment Used on soils around under- characterization for low volatility

REMA-65 ground tanks, compounds and relevant soils

Cost reported to be $74 to $184 properties.
per ton, Wastes will be treated
soil (hpoefully clean) and off-gas
equipment.

Soil VentingNapor Extraction _ Accepted _ Better understanding of _ Normal
REMA-68 Common practice for light fuel underground air flow and

spills, regions of contamination.
Costs are low (a few
dollarsJton).Waste are minimal.
Technology is usually recom-
mended when air flow to conta-

minated region can be insured.

Chemical _ Solvent Extraction _ Demonstration _ Evaluation to determine _ Normal

Separation REMA-133 Product might be treated soil correct solvent.
with wasted loaded extractant.

Fixation _ Incorporation with Asphalt ..--.11=_Accepted ...-I=> Little technical need. _ Normal
REMA-63 Costs are low ($50 to $100/ton). Application limited by rate of

Additional waste should be mini- asphalt production.
mal. Potential for radioactivity
may limituse for K-25 soils.

I_ Chemical
_- Coagulation/Filtration ---lm=,, Pre-demonstration _ Uranium behavior needs to _ May be needed for other pur-

Separation REMA-21 Technology is commonly used be assessed for most probable poses. Concentrations of other
for water treatment; uranium operating conditions (ph, addi- contaminates in the waste
behavior is the question. May rives, etc.). Minimization of til- should be determined. Waste
not be chosen for uranium trate is needed, handling procedures should be
removal, but could be important Actual removal efficiencies need established.
if used for other purposes, to be established for K-25 Development/demonstraUon
Treatment cost are low, like con- waters, costs could be several SM.
ventional water treatment.

Waste volumes are likely to be
large and add significantly to
cost.

2/26/93
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Technology Lo!
Remedial A

• Cleanup Legacy .,_ontamlnated Groundwater,-- .-D_UraniuminGroundwater _ RefertoVolume1,Chapter10,m-.le_Treatment _ Chemio
• Prevent Future SurfaceWater for potentiallyapplicablepro- Separal

posedandpromulgatedenvi- (cont.)
Insult ronmentallaws,signedand

pendingagreementsfor the
• Develop ORR, radiationprotectionstan-

Environmental dards,DOEOrders,andnon-
regulatoryguidance.As site-and

Stewardship waste-specificcharacteristics
areprovidedfor eachtechnolo-
gy,specificregulatoryrequire-
mentswillbespecified.

Decommissioning
(D&D)

Soils, Groundwater - -
and Surface Water

(RA)

Waste Management
(WM)



I
Logic Diagram li.,dial Action

I":..: ',' Technolocies. .. i". ' StMus. .' . ."_":, " Scieh_w'['echnologyN _.ee_s. "ilmplementation Need_ '

Chemical .... _ Ion Exchange Treatment _ Demonstrated _ Evaluate resins for selectivity, _ Normal m
Separation REMA-22 Systems used to treat water rate parameters, and optimal Development/demonstration m
(cont.) supplies have removed uranium operating conditions. Test with costs could be a few SM. II

effectively. Common practice in full list of compounds inK-25
the mining industry, but usually waters without adding ligands.
with high concentration of lig-

and. I
Cost could be low to moderate;

estimated at $6.70/1 000 gal-
lons, but could be several fold

higher. Regeneration and waste
volume could affect total cost. Bi
Waste generation could be low if IIa good regeneration method is
found.

BI

_ Bio.sorption _ Pre-demonstration _ Incorporation of organisms or _ Normal I
REMA-23 Laboratory test indicate high biological material into stable Development/demonstration

selectlvitles for uranium may be forms for use inefficient costs should be a few SM, or

possible, columns, Assess rate parame- less. m
cost could be low Iian efr¢lent ters and operating conditions. |but low cost (less than a few Low cost adsorbent production.
dollars per 1000 gal.) adsorpent Maximum uranium loading at
is found. Waste volume will relevant solutionconditions.

depend upon the maximum ura- Larger scale testing, m
nlum loading that can be IIachieved, probably will be mod-
erate.

!
Adsorption wtih Titanium _ Pm-demonstration _ Assessment of the uranium _ Need better informatton on per-
Oxide Technology not ready for estl- speci,_used in the test and the forrnance with K-25 waters.
REMA-24 mates. Waste volume _uld be specie in K-25 waters. Method for regenerationor dis- []

high if regeneration is not posst- Selectivity for uranium, posal of spent beds. IIble. Regeneration technique, if pos- Development/demonstration
Both cost and waste volume sible. Maximum loading under costs could be a few SM.
depend upon loading capacity. K-25 conditions.

Costs could be $10 per 1,000 B
gal. II

m

Adsorption with Granular _ Pre-demons_ation _ Evaluation of maximum _ Normal li
Activated Carbon Successful removal in small capacity for uranium from K-25 Development/demonstraiton IIREMA-25 scale operations, testing and waters, selectivity for uranium, costs could be a few SM.

treatment of drinking water. Did effects of other water compo-
reach low conentraltons In limit- nents, and possibility for regen- mm,,

ad tests, erating or concentrating the ura- []
Information is Insufficient to pre- nium. IIdict cost, but cost will probably
be moderate if the solids waste

generation problem can be han-
dled. Otherwise, the cost will be mm
high. Waste volumes will be high ilif _ carbon cannot be regener-
ated. (Waste volume depends
on the maximum adsorption

capacity with K-25 waters.) I

!
I

2/26/93
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I
| Technology Logi,Remedial Acti+

I+
ii Groundwater, niuminGroundwater _ RefertoVolume1,Chapter10, _ Treatment _ Chemical ----

• Cleanup Legacy SurfaceWater forpotentiallyapplicablepro- Separation
• Prevent Future posedandpromulgatedenvi- (cont.)

ronmentallaws,signedand
Insult pendingagreementsforthe

lt -Develop ORR, :.'.diationprotectionstan-

dards,DOEOrders,andnon-
Environmental regulatoryguidance.Assite-and
Stewardship waste-specificcharacteristics

areprovidedforeachtechnolo-

_!1 gy,specificregulatoryrequire-

mentswillbe specified.

in Groundwater _ Refer toVolume1,Chapter10,_ Treatment _ Chemical ----
forpotentiallyapplicablepro- Separation

'i posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsforthe

Decommissioning ORR, radiationprotectionstan-
(D&D) dards,DOEOrders,andnon.

(i, 1 regulatoryguidance.Assite+and
waste-specificcharacteristics
areprovidedforeachte+-hnolo-
gy,specificregulatoryrequire-
mentswillbe specified.

!]
Itl +o,,s,GrounOwa,erand Surface Water

(RA)

II

|I
II

Waste Management
(WM)

II
ii

-i
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Logic Diagram
;,dial Action

Chemical _--_ Reverse Osmosis _ Demonstrated _ Check the effects of other _ Can be constructed in relatively
Separation REMA-26 Concentrates the uranium in a components in K-25 waters, compact field units and may be
(cont.) solution, not a solid. Optimize treatment of concen- most helpful for treating small

Concentrate will have to be irate and minimize eventual flows.

treated further. Usually removes waste volume. Futher development/demonstra-
most dissolved materials, not lion costs should be low (possi-
specific for uranium, bly testing new membranes or
Cost for reverse osmosis unit K-25 waters) perhaps <$1M.
alone should be moderated (per-
haps a few dollars per 1000 gal-
lons), but treatment of concen-
trate may raise the total costs.

_ Chemical -- =,,.--_ Reduction Adsorption _ Predemonstration _ Better understanding of _ Normal
Separation REMA-121 Laboratory tests look interesting, mechanism and important para- Development]demonstration

Data are too preliminary to meters. Insurance that Tc will costs could be a few SM.

develop costs. Waste volume not "bleed" from colums at long
could be large if regeneration is times.
not possible.
Capital and operating cost could
be low (a few dollars per 1,000
gal).
Waste handling costs
(spentbeds) could be moder-
ates.

Ion Exchange _ Demonstration _ Only bench scale tests, and _ Normal

REMA-122 Tests made on water with only few proprietary materials Development/demonstration
numerous contaminants (includ- tested. Column design and costs could be as low as $1M.
ing Tc). Can roach sufficiently regeneration methods needed.
low concenb'ations. Seek high resin capacities and
Cost information not supplied, selectivities.
probably high unless low-cost
ion exchange materials are
used. Waste volume could be

low if good mge.,_eration system
is available.

,_ Reverse Osmosis _ Predemonatration _ Rejection of Tc by commercial _ Normal
REMA-123 Reverse osmosis has been organic and inorganic RO mem.. Cost for further development

accepted for removal of many branes needs to be established, could be a few SM.
contaminants from water, but it Treatment for concentrate
has not been demonstrated with should be determined.

Tc. Since RO is general not
selective, it would be expected
to work with Tc, Costs could be

moderate, perhaps a few dollars
per 1000 gai depending upon
the concentration of other solu-
ble materials and treatment of
the concentrate. Waste volumes

are likely to be moderate; from
treatment of the concentrated

"reject" stream.

2/26/93
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Technology Lo1Remedial

• Cleanup Legacy -._ontamlnated Groundwater, - _Tc in Groundwater _ Refer to Volume1, Chapter 10, _ Treatment
Surface Water for potentially applicable pro-

" Prevent Future posed and promulgated envi- (cont.)
Insult ronmental laws, signed and

pending agreements for the
• Develop ORR, radiation protection stan-

Environmental dards, DOE Orders, and non-
regulatory guidance. As site-and

Stewardship waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified,

Decommissioning

HeavY(Hg,cr)Metals in Groundwater _ forReferpotentiallyt°Volumel,app,.,ik:ableChapterpro.10,_ Treatment _,- ChemiC4separa_

/posed and promulgated envi-
ronmental laws, signed and
pending agreements for the i

ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guidance. As sRe-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-

Soils, Groundwater - ments will be specified.
and Surface Water

(RA)

Waste Management
(WM)



I
Logic Diagram IItial Action

!
Chemical _-- - _ Supported Liquid Membrane _ Pre-demonitration _ Basic research to determine _ Normal Illl
Separation REMA-124 The process can achieve large effective carriers. Design, test- Operating costs should be rea-

l(cont.) concentration factors and show ing, and scale-up needed at ali sonable; Extractant (carrier) vol-
good selectivity when the appro- levels. Extractant loss needs umes are low and the process is
pdate extractant is used. Tc was quantification, simple. Costs are unknown but
reduced form 786 to 2 pCI/L in may be moderate, perhaps li
one series of tests. $10M/1000 gal. Development Icosts could be a few SM.

, _ In Situ Reduction and Fixation _ Evolving _ Both the ability to reduce Tc _ Even if good Tc retention is I
REMA-125 In situ application, Potentially effectively in situ and the long- demonstrated, the regulatory

low cost, perhaps <$111000 gai. term retentior of Tc needs to be acceptance of the method must
Waste volume would be mini- established, be established. Questions are Ii
mal. likely to involve the long-tem Istability of the retention. How

long can the Tc be maintained in
the less soluble reduced state?

Is it acceptable to leave the mi-,
radioactivity in the soil, even if it lIs not leaching?
Development and testing could
cost a few SM.

I
Chemical , , _ Adsorption on Activated Carbcm--I_- Accepted _ Establish applicability to K-25 _ Normal
Separation REMA-111 for similar application, waters. Evaluate regeneration Development/demonstration m

Retention, car acity, and and waste volume (bed costs for K-25 waters could be Iselectlbity for toxic ,netais on capacity). <$1M.
K-25 waters needs to be demon-
strated.

Costs should be moderate (a dm
few $/1000 gad). Waste volume li
depends on regeneration sys- II
tem. Waste handling costs could
be high of capacities are low.

I
,, _ Precipitation _ Accepted _ Evaluate long-term stability of----l_ Normal

REMA-112 for other applications, sludge and methods for handling Bi
Cost reported to be $353/1M gsd sludge waste. Ifor iron precipitation. Waste
handling for K-25 waters could
increase costs considerably.

Waste volume - large, am
Because of waste volume, this is Ionly likely to be used for high
concentration problems.

!
I
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Technology Logic
- Remedial Actio

• Cleanup Legacy -I_ContamlnatedGroundwater,- _Hem,y Metalsin Groundwater_ RefertoVolume1,Chapter10,_ Treatment _ Chemical
SurfaceWater (Hg,Cr) forpotentiallyapplicablepro- Separation

• Prevent Future posedand promulgatedenvi- (cont.)
Insult ronmental laws,signed and

pendingagreementsfor the
• Develop ORR, radiationprotectionstan-

Environmental dards,DOE Orders,andnon-
regulatoryguidance.As site-and

Stewardship waste-specificcharacteristics
are providedforeach technolo-

. gy, specificregulatoryrequire-
mentswill be specified,

Decommissioning
(D&D)

Soils, Groundwater -
and Surface Water

(RA)

Waste Management
(WM)



Logic Diagram
lial Action

Chemical ReverseOsmosis _ Accepted _ Treatabilitytestsforspecific _ Normal
Separation REMA-113 Usuallyremovesmostdissolve wastewaters.Determine Development<$1m.matter;notspecificfordifferent degreeofconcentrationtoavoid
(cont.) metals, precipitation.Identifymethods

Moderatelyexpensive(probably forhandlingconcentrate.
severaldollarsperI(XX) ga]). Limitedfurtherdevelopmentto

-_ Treatmentof concentratewill test new membranesand K-25
add to costs.Waste volume waters maybeneeded.
dependsuponmethodusedto
treatconcentrate.

Biosorption _ pre-demonstration _ Anemergingtechnologywith_ Normal
REMA-114 Methodinvolvesincorporationof concommitantbasicresearch Development/demonstration

biologicalmaterials,specifictoa needs, costscouldbemoderate(afew
givencontaminant,intoa poly- SM).
marmatrix.Labandbenchscale
only,to date.Essentiallycom-
pleteremovalpossible,butat
whatloading?
Costsexpectedtobe low.
Wastevolumedependsupon
loadingcapacityof biosorbent
andwastehandling/regeneration
methodused.

ion-exchange _ Accepted _ TestswithK-25waters. _ Normal
REMA-115 Essentiallyany leveeof removal Evaluateselectivity.Evaluate Development/demonstration

is possible,butcostscould regenerationmethodsand/or costscouldbe modest,perhaps
becomeexcessive, wasteminimization. <:$1M.
Capitalcostsfor complete
mobileion-exchangetreatment
systemforgroundwaterestimat-
edat $786,800. Operatingcosts
reasonable,butresinwaste
treatmentcostsmaybe slgnifi-
cant.

Oxidation/Precipitationwith -.-liD. Predem_'mstmtlon _ Muchtestingneeded. _ Normal.Effectivenessof the
Ozone Techniquecanworkonlyfor Determineco-precipitationof methodmustbeestablished,
REMA-116 somemel_als.The technologyis metals.Practicalsystemsneed handlingandtreatmentofthe

currentlymostlyanidea.Costs tobe demonstratodwithK-25 precipitatesmustbeaddressed,
couldbe nmdarate,perhapsa waters. Cost todevelopandtestthe
fewdollarsper 1000 gal.Wastes conceptcouldbe a fewSM.
wouldbetheprecipitatedrnated-
alandassociatedsolids.
Selectivityofthe pce_pitations.
couldreducewastevolume
somewhat.

2/26/93
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Technology Lo¢
Remedial A

• Cleanup Legacy -I_ContamlnatedGroundwater,- ---I_ChlorinatedVolatileOrganic _ RefertoVolume1,Chapter10,_ Treatment _ Physicai

• Prevent Future SurfaceWater Compunds(VOCs)in forpotentially._ ';,'.ablepro- I SeparatlGroundwater posedandpr_. ....hatedenvi-

IInsult ronmentallaw_.._ned and
pendingagreementsfor¢he

" Develop ORR,radiationprotectionstan-
Environmental dards,DOEOrders,andnon-

regulatoryguidance.As site-and
Stewardship waste-specificcharacteristics

areprovidedforeachtechnolo-
, gy,specific.,regul_.tc,nj require-

ments. ," ' ;specified,
Chemic4
Separati

Decommissioning
(D&D)

Soils, Groundwater -
and Surfa,,::_ Water

(RA)

Waste Management
(WM)



I
Logic Diagram I;dial Action

!
Physical -----,.--.-----_._,_,_ In Situ Air Stdppmg _ Accepted _ Most improvements could be _ _,Separation REMA-41 Well established technology, made in emissions control and

IIMajor questions on performance min!mization of wastes from

concern effective contact of air emissions control system.
with ali of the contaminated

water, I

Costs are usually low, perhaps
even <$1/1,000 gal. treatment of
off-gas can be a major cost.
Waste volumes can be low,

depends upon th6 off-gas treat- ml
ment system. II

Chemical ..... _--_ Adsorption on Activated _ Accepted _ Treatability studies needed to _ Normal
Separation Carbon Several small scale units determine effects of other com-

REMA-42 installed. Effectiveness is tanimants. Low cost regenera- []
demonstrated; lower costs rien should be considered. IIdesired.

Capital costs should be low, per-
haps a few dollars per 1,000
gal. Operating cost and waste B
generation depend upon regen- IIeration/disposal procedure.
Preset. ce of PCBs or radioactivi-

ty could prohibit "off-site" regen-

eration, I

Membrane Separations --....liD,. Demonltrated _ Treatability tests needed to _ Normal ,,,,,

REMA-44 (several processes). Reverse identify potential fouling prob- Further development need for
osmosis used In municipal water lems. Membrane life expectan- each method, perhaps a few II
and food industries, cy needed. Methods needed for SM.
Pervaporation is gaining uses. handling the concentrate
Removal efflciencles needed for stream.

K-25 waters. I
Costs are low if there are not

fouling problems or membrane
degradation problems, usually
less than $1.00/1000 gal.

Waste volumes depend upon B
treatment of the reject (reverse IIosmosis) stream. These
processes produce a liquid con-
centrate, not a solid waste.

I
Lime Coagulation _ Demonstrated _ Assess coagulation _ Normal li
REMA-46 Standard water treatment step; of materials in K-25 waters; Ican reduce VOC content, explore waste treatment.

Adsorption on precipitate and Determine fate of removal
evaporation may be difficultto VOCs.

tell apart. Removal efficiency is roll
uncertain. Method probable []
would not be used specifically Ifor VOCs.

A low cost treatment, but signifi-
cant waste generation. Direct
treatment costs wlllbe low i

(probably <$1.0011000 gal.), liWaste handling/disposal costs
could be high. Probably of most
interest if coagulation is needed

for other purposes; VOC B
removal would be additional IIbenefit.

I
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Technology Logic
Remedial Actior

• Cleanup Legacy -J_ContamlnatedGroundwater,-----l_Chlorinated VolatileOrganic_ RefertoVolume1,Chapter10, _ Treatment _ Chemical
• Prevent Future SurfaceWater Compunds(VOCs)in forpotentiallyapplicablepro. SeparationGroundwater posedand promulgatedenvi- (cont.)

Insult ronmentallaws,signedand
pendingagreementsfor the

• Develop ORR, radiationprotectionstan-
Environmental dards,DOEOrders,and non-

regulatoryguidance.As site-and
Stewardship waste-specificcharactedstics

areprovidedtor eachtechnolo-
gy,specificregulatoryrequire-
mentswillbespecified.

Decommissioning
(D&D)

Soils, Groundwater - -
and Surface Water

(RA)

Waste Management
(WM)



Logic Diagram
lial Action

Chemical ,,_ ChemicalDechlorination _ Pre,<lemonltratlon _ Understandingof rate _ Normal
Separation withIron Initialtestsmadeat onesite. controllingstepsandhowthe Development/demonstration
(cont.) REMA-49 Meritsarestillspecu'aUve, ratesareaffectedbysolution costscouldbe a fewSM.

Materialbalancesn_led, andironproperties.Goodmater-
Large-scaleandre_distlctesting ial balances(possiblywith radio-
needed,Costarespeculative, tr_=cers)to confirmthatdechlori-
butcouldbelow.Wastevolume nationis takingplace.
willbe lowif residualL'onis not
considereda hazardouswaste.

Destruction _ UV EnhancedChemical _ Demonltratlon/A©cepted _ Lookforinterferring _ Normal
Oxidation Highefficlenciesachieved, componentsinK-25waters. ,
REMA-43 Greatlyreducesloadoncarbon Avoid=fouling"of lighttransmit-

bedpolishingsystem, tingsurfaces.
Commerciallyavailable.
Costsreportedtobe low(less
than$1.00/I000gal.Wastevol-
umeminimal.

Ex SituBiodegradation _ Demonstration _ Determinethresholdof PCE _ Normal
REMA-47 AdemonstrationIsinprogress and TCE inhibition.Betterreac- Development/demonstration

atK-25. Similardemonstrations tordesignsandbetterunder- costscouldbe a fewSM.
atotherDOEsites.Removal standingof theblulogical
ratesarenotadequatefor ali processes.
compounds.
Costsarelikelyto below,but
willdependupondegradation
rates(reactorsize). Wastevol-
umeshouldbesmall,excess
biologicalmaterials.

ChemicalOxidation _ Accepted _ Treatabilitytestsandpilot _ Normal.
REMA-48 Commerciallyavailable, unitsrecommendedtoconfirm

Differentoxidantsavailable, ratesandconsumptionofoxi-
Catalystsoftenused. dants,othermateraislwillbe
Costsexpectedto be low,a few oxidized.
dollarsper 1,000gal.depend
upontotalmatedaloxidized.
Wastevoh_neminimal.

CoronaDischarge _ Evolvlng/Preconceptual _ Developmentof firmbasicsfoP--.ll_ Normal.
REMA-130 Destructionmechanismnot technology. Afewmillionforevaluationand

understood.Noperformance demonstration.
reported.
Waste:likelyto besmall.

Ultrasound _ Evolving/Preconceptull _ Developmentof firmbasicsfoP--I_- Developmentcostsmaybea
REMA-131 Costs:estimatedto bea few technology, few$ million.

¢v_OOgaJ.
No performancereported
Wastes:likelytobesmall,

----------II_ ElectronBeam _ Pre-demonstration _ Beamcurrent,beamvoltage _ Projectedcapitaloperatingcosts
REMA-132 Costsmay behigh. requirementsneeded, high.

No performancereposed
Wastes:likelyto be small.



Technology Lo(.
Remedial A.

• Cleanup Legacy -.l_Contamln_tedGroundwater,-_PCBs in Groundwater _ RefertoVolume1.Chapter10, _ Treatment _-_ Chemica
• Prevent Future surface Water forpotentiallyapplicablepro- Separatl,posedand promulgatedenvi-

Insult ronmentalJaws,signed and
pendingagreementsfor the

• Develop ORR,radiationprotectionstan-
Environmental dards,DOEOrders,andnon-

regulatoryguidance.A. site-and
Stewardship waste-specificcharacteristics

areprovidedforeach technolo-
gy,specificregulatoryrequire-
mentswillbe specified.

Destructl

Decommissioning
(D&D)

Soils, Groundwater m
and Surface Water

(RA)

Waste Management
(WM)
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Logic Diagram
ial Action I

I i

_=" Chemical -- - i _ Adsorption on Carbon _ Accepted. _ Better regeneration and PCB _ Normal

Separation Y REMA-101 Commercially available, recovery methods, preferrably Development/demonstration of I
Effective, but costly. Most for use on-site, new regeneration approaches
desired removal efflclencles can could cost a few SM.
reached, at a cost.

Costs can be high if the carbon

beds cannot be regenerated but I

are treated as waste. Waste

volumes will be large if beds are
not regenerated.

Destruction ..... _ Biodegradation _ Pre-demonstration _ Better approaches to the _ Normal I

REMA-102 Uncertain probability of success, more highly chlorinated com- Development costs could be

PCBs are refractory compounds, pounds, more rapid anaerobic several SM, I

difficult to degrade, dechlorination rates. Confirm

Too early to estimate costs, presence of degradation prod-
could be low. Waste volumes ucts. Evaluate toxicity of degra-
should be small, dation products.

I
Chemical Oxidation _ P_stratlon _ Insurance of complete _ Normal

REMA-103 Work on other chlorinated com- degradation and proper Futher development/demonstra.

pounds may be helpful. UV-per- reagent doses, tion costs could be a few SM. I
oxide oxidation is nearing
acceptance,
Waste volume should be low.
If standard methods are for

PCBs, the costs could be low I

($1 or a few dollars per 1,000
gal.)

Chemical Dechlorination _ Pre-demonstration _ Understanding of rate _ Normal I =with Iron Initial tests made at one site. controlling steps and how the Development/demonstration
REMA-104 Merits are still speculative. Need rates are affected by solution costs could be several SM,

good material balance, and and ironproperties. Material bal-

proof of dechlorination, ances with radio tracers. I

Large-scale and realistic testing
needed. Costs are speculative,
but could be low. Waste volume
will be low if residual iron is not

considered a hazardous waste. I

I
I
I
I
I

2/26/93
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Robotics/Autor

_1 The identificationof the technologiesrequiredto use robotics/automation in the d
, 25 was based upon the premisethat the primary purposeof thesetechnologies is to

ization,decontamination,and dismantlement.Hence, in this sectionof the diagram t_
ing activities and no attempt to differentiatebetween activities was made. For examl:

- be equallyapplicableto deploy dismantlementtools.

_ The robotics/automationtechnologieswere grouped into three main categories: (
_I groupsidentifiedundereach of the categories. Technologieswere selected for this s

economyinthe deploymentof toolsand sensors,adaptabilityof automatedequipme,

i] eliminationof clothingexchangerequirements,and reliabilityand efficiencyinhandli_

1
I
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I II III

I Automation
ml I -- II IIIII

"nation in the decommissioning,remedial action,and wastemanagementat K-
mologies is to provide support for other necessary activities such as character-
the diagram the problem areas are identified as these "other" decommission-

:le. For example a robotic platform used to deploy a sensor was assumed to

n categories: (1) Mechanical, (2) Control, and (3) Sensors; with various sub-
9cted for this section on the basis of the following considerations: speed and
0atedequipment to repetitive tasks, ability to minimize waste by reduction or
ency in handling redundant tasks.

I I I I I
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I
I Technology LogicRobotics/Automat

!
Enrichment Process Buildings - _ I. CHARACTERIZATION _ Robotics/Automation_ _ lA, Mechanicll Mc

i • CleanupLegacy a. Provides methods of deploy-
" Prevent Future Process Support Buildings ing sensors and instrumentsrequired under Alternatives:

"Sampling,", "in-Situ Chemical,"
Insult Cooling Towers and "In-Situ Physical."

b, Provides methods for the
• Develop E',_,c,;ricaland Electrical Switch automation of analytical labora-

I Environmental Gear tory operations including
Alternatives: "Sample
Preparation," "Data

Stewardship Pumping Stations Collection/Oata Management,"
and "Ex-Situ Chemical."

l_ ,,_ Laboratory Facilities II. DECONTAMINATION

a. Provides methods of deploy-
Special Development Facilities ing tools or performing opera-

tions which would increase the
Administrative Facilities efficiency of operations as in

m Alternative mechanical sub-

I!. m strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-OG), plasma torch (DCON-

72-OG), carbon dioxide blasting

(DCON-39-OG), etc,

IU. DISMANTLEMENT
Decommissioning - - a. Provide methods of deploying

tD&D) the tools or performing the oper-

ations necessary for the disman-

tlement of facilities or equipment
to increase their cost effective-
ness or protect cleanup person-
nel.

_! AbrasiveHighPressureWaterJet

(DISM-1t, 35, 52,&59-OG)
DiamondWireCutting(DISM-12-OG)

• MicrowaveScabbing(DISM-31-OG)
Laser Cuffing

(DISM-34,42,49, 51,53, 63-OG)
ConventionalDisassembly

AdvancedAutomaticFixtures
(DISM-57-OG)

PlasmaArcCutting(DISM-36-OG)
GrabbierforRemotelyCuttingMetals

(DISM-43&58-OG)
VacuumSystems(DISM-46&47-OG)
Positioningof EquipmentUsing

I Laser/BarCodes(DISM-54-OG)IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
hazardous wastes, particularly

I!_ Soils, Groundwater those thai lead to waste forms
and Surface Water that are highly radioactive•

(RA) Examples of these processes
are described in WPRO-102,
109, 112, 115, 202, 219, & 303-
OG.

li V. REMEDIAL ACTION _ lB. Mechanical -a. Provide remotely operated or Manipulation
robotic devices (e.g. excavators,
front-end loaders, scrappers,
etc) to collect the large quanti-

li ties of contaminated soils for

those remedial actions
described, for example in
REMA-11, 37, 51,53, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
84, & 111-OG.

t
I!' WasteManagement

(WM)

I
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ogic Diagram
utornation

(AndRequirementsWhenApplicable)

lA. Mechanical Mobility _ _ Wheeled/Tracked Vehicle _ Accepted _ TechnologyDevelopment:_ No unusual implementation
• Heavy Duty (>1,000 Ibs) Efficacy: High;agilitymaybe • Improvedcontrolstoallowmore needs.
• Medium Duty (100-1,000 Ibs) restdctodfor lerger'systems.Normal autonomy.Suchimprovements Development Cost: $100K-
• Light Duty (<t O0 Ibs) deploymentmethodforchar'acten- wouldpermitfewerthanone opera- $300K/applicatlon
ROBA-1-OG za_ and decontaminationtasks, torper machine, Capltsl Costs: $75K-$300K/per

Suchvehiclesare presentlyin use. vehicle
Waste: Possiblemission; deconta- Operating Costs: $250K-
ruinationof systemafteruse. $400K/machinetyear

Pipe/Duct Crawler _ P_lon _ TechnologyDevelopment: _ No-unusual implementation
A Internal ROBA-2-OG F.Jficacy:High for mobility itObsla- , Miniatunzationof Sensors/Tooling needs.
B External ROBA-3-OG cles a,"en_ present. • Robo_ Compatibilityof Tooling Development costs: $1-2M

Waste: Decontaminationof system . ObstruclJonRemovalor By-Pass Capital Costs: $250K-
alter use. $1M/machine

Operating Coats:
$250K,Jmachine/year

Bridge-Mounted _ Acc_ _ None - _ Standardization of robotic pl_t-
Robotic Platform Efficacy: High;Particularlyuseful forms and Improved remote
ROBA-4-OG fordismantlementand movementof maintenance methods to mirJ-

equipmer,t to work cells, maze waste generation.
Waste: Littleor None Development Coats: $OK

Capital Costs: $100-

$200K/appllcation

Power Sources for TechnologyImprovement: _ Improvements inbatteries and
Mobile Platform _ Accepted (Batteries) _ • EnergyStorageCapac_ fuel cells should utilize capabili-
• Batteries/Fuel Cells _ • DutyCycleAvailability ties of industrial partners. Costs
• Internal Combustion DemonstxatJon(FuelCells)-..---...--.ll_ •CurrentCapacity/DischargeRate for Power Sources are included
• Umbilical Cord Accepted (InternalCombustion)_ , EmissionControl in costs identifies for the robotic
ROBA-5-OG _ (UmbilicalC(xd)-- __ , None platforms. (e.g. AUTO-1 ,-2,-3)

Efficacy: High for internaloombus-
tionand umbilical;Medium for
batteriesand fuetcells,
Waste: Batteries/FuelCells,pos_
ble chemicalwaste; Internalcom-
bustionemissions;Decontamination
of umbilicalafte¢use.

Failure Recovery _ ._ (RedundantDrivo_ _ None _ Normal implementation needs.
• Redundant Drives Efficacy: Medium, Increasedsys- Capital Coati;: <$50K/applica-
• Tethers tem c_rqple',dty, tion.
ROBA-6.OG Wasto: _ or None No fdentifiable development or

Acoepted (Tethers) _ None operating costs.
Efficacy: High;Particuk'_'yfor
unclutteredareas.

Waste: DecontaminatJ_of system
after use.

L
" lB. Mechanical _ Long Reach Arms _ _ _ Technology Development: _ Normal implementation needs. ,

Manipulation (2-20 Meters) Efficacy: Medium, Accurate posi- , Flexible Body Control Development Costs: $2-10M
A Heawj Duty (>500 Ibs. tioningismoredifficultassi;,eand . End-PointSensing Capital Posts: $1-5Ml

Payload) ROBA-9-OG payloadincrsases.AlternativeIs •CollisionAvoidance manipulator
B Medium Duty (50-500 Ibu. fete-operatedsystem. .Weight-To-PayloadRatio Operating Costs: $200-5001,(/

Payload) ROBA-8-OG Wasto: PossiblehydraulicfkJid; Reduction year/manipulator

C Light Duty (<50 Ibs. Payload ) Decontaminationof systemalter • light WeightSmallCross Section
ROBA-7-OG use. Dosigl3(LightDub/)

Arms with > 6 Degrees of _ Demoruittalk_n ._ Technology Development: _ Normal implementation needs.
Freedom Efficacy: High; _ _ cluttered . RedundantTask Planningand Development Coats: $1-5M

• Positioning Accuracy <1inch areasnotaccessibleto suited Control Capital Coats: $500K-
• Force Reflection workers • Modular Design $1M/manipulator
• Modular Construction Waste: Possiblehydraulicfluid, • ReaF13meMaster/Slave Operation Operating Costs:
ROBA-10-OG [_eO3rlla_ of systemafter $250K/mantpulator/year

use.Total waste volumewouldbe

2/26/93
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Technology Lo!
Robotics/Auto

i Goals

• C;uanup Legacy Enrichment Process Buildings _ I. CHARACTERIZATION _ Robotics/Automation _ lB. Mech
a. Provides methods of deploy.. (cont) Man_

• Prevent Future Process Support Buildings ing sensors and instruments
required under Alternatives:
"Sampling!,", "In-Situ Chemical,"

Insult Cooling Towers and "ln-S tu Physical."
• Develop b. Provides methods for the

Environmental Electrical and Electrical Switch automation of analytical labora-
Gear tory operations including

Stewardship Alternatives: "SamplePreparation," "Data
Pumping Stations Collection/Data Management,"

and"Ex-Situ Chemical." _ 1C. Mecli

Laboratory F_cilities II. DECONTAMINATION End-|

a. Provides methods of deploy-
Special Development Facilities ing tools or performing opera-

tions which would increase the
Administrative Facilities efficiency of operations as in

-- -- Alternative mechanical sub-
strate surface removal.• -.

,:, . ...

i.. EM"Problem" ..

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-OG), plasma torch (DCON-
72-OG), carbon dioxide blasting
(DCON-39-OG), etc.

Decommissioning _ _ IU.DISMANTLEMENT
(D&D) a. Provide methods of deployingthe toolsor performing the oper-

ations necessary for the disman-
tlement of facilitiesor equipment
to increase their cost effective-
ness or protect cleanup person-
nel.

AbrasiveHighPressureWaterJet
(L31SM-11,35,52,&59-OG)

DiamondWireCutting(DISM-12-OG)
MicrowaveScabbing(DISM-31-OG)
LaserCutting

(UISM-34,42,49,51,53, 63-OG)
Conventional Disassembly

(DISM-33-OG)
AdvancedAutomaticFixtures

(DISM-57-OG)
PlasmaArc Cutting (DISM-36--OG)
Grabbierfor RemotelyCuttingMetals

(DISM-43& 58-OG) _ lD. Mech
VacuumSystems(DISM-46&47-OG) Separatio
Posit=oningofEquipmentUsing
Laser/BarCodes(DISM-54-OG) Material F

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing

Soils, Groundwater hazardous wastes, particularly
and Surface Water those thai lead to waste forms

(RA) that are highly radioactive.Examples of these processes
are described in WPRO-102,
109, 112, 115, 202, 219, & 303-
OG.

V. REMEDIAL ACTION
a. Provide remotely operated or
robotic devices (e.g. excavators,
front-end Ioaoers, scrappers, _ 2A. Contr
etc) to collect the large quanti-
ties of contaminated soils for
those remedial actions
described, for example in
REMA-11, 37, 51,53, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
84, & 111-OG.

Waste Management
(WM)



I
Logic Diagram
/Automation 1

(and requirementswhenapplicable) IlB. Mechanical Compact, High -- _ Evolving Tech. Cormeptual_ ScienceNeed: _ No unusual implementation
Manipulation Capacity Arms Efficacy: Medium,Packagingof HighPowerDensityMotors needs. lm

ROBA-1t-OG resuttlrcjsystemsforconstrained Development Costa: $1-2M []
areasw_beciffcult. CapitalCosta& Operating II
Walm: Decofllarninatlonof Costa are identified inother

hardwareafteruse. Totalwastevol- technologies (e.g. AUTO.7 &9).
umev,ould be <5 gal.per

a,op_atJon. I

,--.-]1_ 1C. Mechanical • _ Multi (>2) Fingered _ _ _ TechnologyDevelopment: _ Normal implementation needs.
End-Effectors ROBA-12-OG Ef_lCy: Highwithgoodcontrol • CompactDistril_ted Sensors & Development Costs: $1-2M I

algonlhms,howeverusefulnessfor Electronics Capital Co_ta: $100K-$500K []
D&D is limited. • ControlAlgorithms Operating Costs: Negl_jible, 1
Wute: Decontaminationof absorbed in system operating
hardwarealter use. costs.

Remotely/Automated _ Deertonsttatto_, _ None _ Normal implementation needs. 1
Interchangeable of Efficacy: High; Particularlyuseful Capital Costa: $50K-$100K 1
End-Effectors for dismantlementtasks. Operating Costs: Negligible,
qOBA-23-OG WastJ: DecontaminalJonof absorbed in system operating

ha.'dwareafter use._ waste costs, mm
volume(<5_.) |

=_ Tool-Arm Interface- ,-":-_ _ None _ Normal impleme_itationhEMe:Is.

ROBA-24-OG Ef_lcy: High; ReqCr_ cable Capital Costa: $50K-$100K
managementfor toolresources. Operating Costa: Negligible, am
Particularlyusefulfordecon. &dis- absorbed in system operating ImanU_ent, costs.
We=le: _inaUon of
hardwareafter use. Minimalwaste
volume.

1

Force Limiter _ Demcmltration _ None _ Normal implementation needs. I
ROBA-25-OG Efficacy: High;Primaryapfdk_tion Capital Costa: $50K-$100K

in automatedlaboratory. Operating Co=ta: Negligible,

WuII: Decontaminationof absorbed insystem operating 1
hardwareafter use. costs. I

1D. MechanlcahAutomated _ Magnetic Separators _ _(Magnelicvs.Nor_----lD.- None(Mag. vs.Non-Mag.) _ Capital costa: $75-$150K/

Separation Technologies for ROBA-26-OG _ rnatedlds) _/ system I

Material Recovery Efficacy:I'.kjh; fo_separationof Development Costa: $0.5M-
ferromagneticmaterialsfrom non- $1.0M

magnet_ alloys. Operating Costs:
Wasm: Decontaminationof $200K/year/system
hardwareafter use.

EvolvingT_ forother-.-ll_ ScienceNeed: (olhermatenaJ m
Mate_alC.om_Uor_ com_na=) []
Efl_: TBD', If feasit_, couldbe ,TheoreticalAnalysis/Selectionof 1
venj usefulforrecoveryof valuable, Components
ferro magneticmatfldals. •BenchScaleTests
WulR: _tnalJon of • SystemDesign for HighThru-Put 1
hardw_e after use. 1

2A. Control: Algorithms _ _ Multiple, Concurrent Mobile _ Pm-Oelt_elWfaffon _ ScienceDevelopment: _ Personnel Training on a high
Platform Control El_acy: High, greatlyin.eases • Decentralized,Semi-Autonomous fidelity simulator may be
ROBA-27-OG Op_'alor efficiency,highpay-off Control required, 1

technology. • Greater ComputationalThru-Put DevelOpnlm_t Costs: $t .0M-
IWasle: N/A;nowaste generatedby $3M

¢ontrolsystem, cmpital Costa: $0.5M-$1.0M
OperatingCosta:$300K-

$500K/year/system 1Combined Mobility/Manipulahon/_ _ _ ScienceDevelopment: _ Personnel Training
End Effector Control _: High, Ino'easesoperant • Real-TimeTask Planning Development Colts: $0.5M-
ROBA-28-OG effk_oJ forcomplexgeometdcs. TechnologyDevelopment: $1.5M

Walt_: N/A;no waste generatedby • Task Definition Capital Colds: $0.2M-$O.5M I
cordrolsys_m. . SoftwareDevelopment Operating Costs: $200K- 1$300K/yearlsystem

2/26/93 I
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Technology Logic i
Robotics/Automation Te

m

• Cleanup Legacy Enrichment Process Buildings I. CHARACTERIZATION _ Robotics/Automation _ _ 2A. Control: Algorithms --"'1• a. Provides methods of deploy-
• Prevent Future Process Support Buildings ing sensors and instruments (cont.) (cont.)

1

required under Alternatives:
"Sampling,", "In-Situ Chemical,"

Insult Cooling Towers and "In-Situ Phycical."

• Develop b. Provides methods for the
Electrical and Electrical Switch automation of analytical labora-

Environmental Gear tory operations including
Alternatives: "Sample
Preparation," "Data

Stewardship Pumping Stations Collection/Data Management,"
and "Ex-Situ Chemical."

Laboratory Facilities II. DECONTAMINATION

a. Provides methods of deploy-
Special Development Facilities ing tools or performing opera-

tions which would increase the
Administrative Facilities efficiency of operations as in

w Alternative mechanical sub-
strafe surface removal.
b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-OG), plasma torch (DCON-
72-OG), _'_rbondioxide blasting
(DCON-39-OG), etc.

Decommissioning -- -- II1.DISMANTLEMENTa. Provide methods of deploying
(D&D) the tools or performing tile oper-

ations necessary for the disman- _ 2B. Control: Man-Machine --
tlement of facilities or equipment Interface
to increase their cost effective-
ness or protect cleanup person-
nel.

AbrasiveHigh PressureWaterJet
(DISM-11,35.52, &59-OG)

DiamondWireCutting(DISM-12-OG)
Microwav,_Scabbing(DISM-3t-OG)
LaserCutting

_DSM-34,42,49,51,53,63-OG)
ConventionalDisassembly

(DISM-33-OG)
AdvancedAutomaticFixtures

(DISMo57-OG)
PlasmaArc Cutting(DISM-36-OG)
Grabbier for RemotelyCutting Metals

(DISM-43& 58-OG)
VacuumSystems (DISM-46&47-OG)
Positioningof EquipmentUsing
Laser/BarCodes (DISM-54-OG)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing

Soils, Groundwater hazardous wastes, particularlythose that lead to waste forms
and Surface Water that are highly radioactive.

(RA) Examples of these processes
are described in WPRO-102,
109, 112, 115,202, 219, & 303-
OG.

V. REMEDIAL ACTION
a. Provide remotely operated or
roboticdevices (e.g. excavators,
front-end loaders, scrappers,
etc) to collect the large quanti-
ties of contaminated soils for
those remedial actions
described, for example in
REMA-11,37, 51, 53, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
84, & 111-OG.

Waste Management
(WM)

n ' III.... ' r_ql ' ' '' III



Logic Diagram
utomation Team

2A. Control: Algorithms -'--_ Pre-Programmed Obstacle _ Acclplld ...... _ Technology Improvement: _ No unusual implemental needs

(cont.) Avoidance Efficacy: Highwithgoodmodelof • Effective man-machine super- Development Cost=: $0.5M-
ROBA-29-OG wofks_, Highpay-off_ visory interface. $1.0M

whencoml:_ed with ROBA-27-OG. Capital Costs: $100K-$400K
Wmit=: None Operating Costs: $200K-

$300K/yearlsystem.

--._,- Programmed Motions _ _ _ Technology Improvement: _ No unusual implementation
(Per EPA Protocols) Efficacy: I._gh;Sirnilaftofactory • Abilityto manipulate glassware needs.
ROBA-30-OG automationforanalyticallaboratory. • EPA approval of automated Development Costs: $O.5M-

Wemm:None protocols, $1,0M/protocol
Capital Costs: $200K-$400K/
protocol
Operating Costa: $200t<-
$300K/year/system.
(Note: This is an OTD Robotics
activity.)

Sample Management _ Demonsb'atk_ _ Technok)gyDevelopment: _ Normal implementation needs.
ROBA-31-OG Efficacy: Medium;requiresspecial • IncreasedReliability Development Costs: $0,5M-

supporthardware. • FaultRecovery $1.0M
Waste: De_ of suppod Capital Costa: $0.5M-$1.0M

hardwareafteruse. Operating Costs: $200K-
$30OK/year/system.

2B. C_mtrol:Man-Machinn -- =_ Single Human-Multiple Vehicle _ Pr_ _'IP _ ScienceDevelopment: _ Normal implementatlon needs,
Interface Control St.':tion Efficacy: High;Sintlarto ROBA-27. . EmbeddedIntelligence Development Costs: $I.0M-

;"OBA-32-OG OG. Highpay-offtechnology. • Multi-ModalInterface $3.0M
Waste: N/A TechnologyDevek_ment: Capital Costs: $0.5M-$1.0M

• EffectiveSupewisory Contr_ Operating Costa: $300K-
$500K/yearlsystem.

Data Fusion _ Demoll_llltion _ ScienceDevelopment:_-_,- No unusual implementation
RO8 _-33-OG Efficacy: H4gh;canoompansatefor . Data Verificatio_ needs.

failedsensom. • Techniquesfor Functioningwith Development Colts: $0.5M-
Waste: None MLssingData $2.0M

Capital Costs: $0.1M-$0.5M

Operating Costa: $200K-
$300K/year/system,

Teach/PlayBack _ Accepted _- ScienceImprovement:-- _ No unusual implementation
ROSA-34-OG E_: High,stmitarIofactory • Expan_onof Performancelist needs.

automation.Requiresreliableposi- TechnologyImprovement: Development COSts: $0,5M-
lion sensors. • IncreasedPrecisionand Speed $1.0M
W_stl: None Capital Costs: $200K per

system

Operating Costs: Included in
controlsystem costs.

Voice Control _ ACCel_ _- ScienceImprovement:_ Specialized Operator Training
ROBA-35-OG El_ca_: Medium,statedimprove- . LanguageExpansion (-1MM per operator) may be

rnentneedsoouldmoveto high. • MultipleOperatorRecogni'don required.
PaJlJCuladyusefulforst4oerviSo_' Development Costa: $0.5M-
controlofmu_ple systems. $1.0M
WaMe: None Capital Costs: $100-$300W

station

Operating Costs: Included in
control system costs

Man-Robot Symbiosis _ Pre-Olmen_m/Io_ _ ScienceDevelopment: _ Operator training may be
ROBA-46-OG _: _ 1010W.S_gniflca_ • Mac_ne Learning extensive.

requiredandpotential • DynamicTaskAltocatJo_ Development Coal,: $2.0M-
app_ica_a'eare_ S4.0M
Wa=lo: None Capital COSts: TBD

Operating Colts: TBD

2/26/93
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Technology Lo(.
Robotics/Aut©

D

• Cleanup Legacy Enrichment Process Buildings - _ I. CHARACTERIZATION _ Robotics/Automation _..--ilw. 2B. Cord
a. Provides methods of deploy- (cont.) Inted

• PreventFuture Process Support Buildings ing sensors and instruments
required under Alternatives: (cont.)

Insult "Sampling,", "In-Situ Chemical,"
Cooling Towers and "In-Situ Physical."

• Develop b. Provides methods for the

Environmental Electrical and Electrical Switch automation of analytical labora-
Gear toryoperations including

Stewardship Alternatives: "SamplePreparation," UData
Pumping Stations Collection/Data Management,"

and =Ex-SituChemical."

......... _ Laboratory Facilities II. DECONTAMINATION

Special Development Facilities a. Provides methods of deploy-
ing tools or performing opera-
tionswhich would increase t!;_

Administrative Facilities efficiency of operations as i_, _ 2C. Conl
m Alternative mechanical sub- Tran_

strate surface removal.
b. In-situ decontamination tech.
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-OG), plasma torch (DCON-
72-OG), carbon dioxide blasting
(DCON-39-OG), etc.

Decommissioning _ _ III.DISMANTLEMENT
(D&D) a. Provide methods of deployingthe tools or performing the oper-

ations necessary for the disman-
tlement of facilities or equipment
to increase their cost effective-
ness or protect cleanup person-
nel.

AbrasiveHighPressureWarmJet
(DIEM-11,35,52,&59-OG)

DiamondWireCutting(DISM-12-OG)
MicrowaveScabbing(DISM-31-OG)
LaserCutting

(DIEM-34,42,49,51,53, 63-OG)
ConventionalDisassembly

(DISM-33-OG)
AdvancedAutomaticFixtures

(DISM-57-OG)
PlasmaArcCutting(DISM-36-OG)
GrabbierforRemotelyCuttingMetals

(DIEM-43& 58-OG)
VacuumSystems(DISM-46&47-OG)
PositioningofEquipmentUsing
Laser/BarCodes(DISM-54-OG) _ 3A, Sens

Perc(
IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing

Soils, Groundwater hazardous wastes, particularly
and Surface Water those that lead to waste forms

(RA) that are highly radioactive.Examples of these processes
are described in WPRO-102,
109, 112, 115, 202, 219, & 303-
OG.

V. REMEDIAL ACTION
a. Provide remotely operated or
roboticdevices (e.g. excavators,
tront-end loaders, scrappers,
etc) to collect the large quanti-
tie.."of contaminated soils for
those remedial actions
described, for example in
REMA-11, 37, 51, 53, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
84, & 111-OG.

WasteManagement
(WM)



" 2B. Control: Man-Machine _ Fuzzy Control _ _, _- ScienceDevelopment: _ No unusual implementation
Interface ROBA-47-OG EfNc_lcy:Medium, Againcouldbe • Calibrationoi Fuzzy RuleBases needs.

(cont.) usefulfor _ oontm¢of muf • Emulationof HumanLogic Development Costs: $1.0M- B
tiplesystems.Devek_ costs • IntegrationwithOther Control $3.0M IIare high and app_ are limited. Types Capital Costa: $0.5M-
Wmts: None $1.0M/station

Operating Colt==: Negligible
mB

Transportable Control Stations _ Accepted _ Technology Development: _ Normal Implementation needs. I
ROBA-48-OG Efficacy: High, necessaryfor • Field-Hardening Development Costs: $200K-

m

ac_. • Improved Reliability/Durability $40OK
Wute: None Capital Costa & Operating

Costa: Included insyste)m B
costs. II

m,-2C. Control:Signal _ _ Hard-wire (umbilical) _ Acceloda¢l..... _ None _ No inlplementation needs.
Transmission ROBA-49-OG Efficacy: High,Some limitalJonin Costs are negligible.

largeclutteredareas, n
waste: Decontaminatlonafteruse. II

Microwave _ Demonstrated _ TechnologyImprovement: _ Normal imp_rnentatlon needs.
ROBA-50-OG Efl_lcy: High,althoughmay • Robust,mul_pathoperationin Development Costa: $6(X)K-

requireline-of-sightbetween reflectiveenvironment. $800K i
transmitter-reoetv_. Capital Costs: $200K/system IIWlmm: None Operating Costa: Includ(¢l in

cost of controlsystem,

Radio (RF) _ Demonatrated _ Technok:x:jyImprovement: ,_ Normal implementation needs, i
ROBA-51-OG F.Ifk_lCy:Medium.Multipleunits , Robust,multi-10athoperationin Development Costs: $0.5- IIlikelyneeded forba='xkvid_ reflectiveenvironment. $0.7M

requirements. Capital Costs: <$5OWsystem
Waste: None Operating Costa: Included in

controlstation costs. B

IN
Laser _ Aocef3_d ___ None _ None
ROBA-52-OG Efk_'_: LOW,Requiresline-of- Developmeclt Costa: $0K

sight,herce, usefuklessislimitedat Capital Costa: <$50K/system m,m

K-25. Operating Costa: Included in []
W_: None control station costs. II

=,, 3A. Sensors: -..,------- _ Vision _ De_non_mlad II_ ScienceDevelopment: _ Normal implementation needs. IN
Perception A 3D ROBA-53-OG EN_I_Icy:Medium(bothA& B) • SensorFusion Development Costs: IB HDTV ROBA-54-OG App_alJonsmay be limitedatK-25. . AdvancedVisualization $0,5-$0,7M (3D)

Maybeusefulforcyltr¢_ yard Capabil_es $0,3M-$0,5M (HD]V)
Inspeclkx_ TechnologyImprovement: Capital Colts:
Waste: None • Envi,onmentalHardening $300K per unit (3D) ==lm

$200K per unit (HDTV) []
Operating Costa: Negligible II

Audio (Directional) _ I_ _w Techlology Improvement: _ Normal implementation needs.
ROBA-65-OG F.J_I:Scy:Mediumto low, • Rel_'esentationTo Operator Development Costs: $0.5- mm

at K-25 wouldbe • IntegrationwithOther Sensors $1,0M !limited. (SensorFusion) Capital Costs: $2OOKper unit
Waste: None • IncreasedProcessingSpeed Operating Costs: Negligible

Force _ Accepted _ ScienceDevelopment: _ Normal implementation needs. B
ROBA-66-OG Efficacy: Highfor apfl(icationin • ImprovedTactileSensitivity Development Costa: $2OOK- IIana_/t_u_oratory. $40OK

Wglltl: None Capital Colts: $200K/unlt
Operating Costs: Negligible

mN
Imaging and Image Processing _ Pl_-OecrdNl_=_, _ ScienceDevelopment: _ Operator Training (-3MM per B
ROBA-67-OG Elfin: Med_. Us_ for • ProcessingSpeed operator)

inspectionta_.s (e.g,cyflndetyards) • PresentationTo Operator Deveioprnent Costa: $0.5-
Wasto: None • _ata/SensorFusion $1,0M lib

capital Costs: $30OK-$500K/ Iunit

Operating COsts: Included In
cost of control station.

I
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II Technology LogiRobotics/Autom

I
m i

• Cleanup Legacy Enrichment Process Buildings' _ I. CHARACTERIZATION ___ Robotics/Automation /_ 3A. Sensors:

i a. Provides methods of deploy- (cont.) | Perception

• Prevent Future Process Support Buildings ing sensors and instruments L (cont.)

required under Alternatives:
"Sampling,", "In-Situ Chemical,"

Insult Cooling Towers and "In-Situ Physical."
• Develop b. Provides methods for the 3B. Sensors:

I Environmental Electrical and Electdcel Switch automation of analytical labora- Control

Gear tory operations including

Stewardship Alternatives: "SamplePreparation," "Data
Pumping Stations Collection/Data Management,"

and "Ex-Situ Chemical."

I l " Laboratory Facilities II. DECONTAMINATION

a. Provides methods of deploy-
Special Development Facilities ing tools or performing opera-

tionswhich would increase the
Administrative Facilities efficiency of operations as in

m Alternative mechanical sub-

I - strate surface removal.

i b. In-situ decontamination tech-nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-OG), plasma torch (DCON-
72-OG), carbon dioxide blasting

I (DCON-39-OG), etc.
Decommissioning _ _ IlLDISMANTLEMENT

(D&D) a. Provide methods of deployingthe tools or performing the oper-

I ations necessary for the disman-

tlement of facilities or equipment
' to increase their cost effective-

ness or protect cleanup person-
nel.

AbrasiveHighPressureWaterJet

i (DISM-11,35,52,&59-OG)i
Diamond WireCutting (DISM-12-OG)

I MicrowaveScabbing(DISM-31-C_3)
LaserCutting

(DISM-34,42,49.51,53, 63-OG)
ConventionalDisassembly

i (DISM-33-OG)

AdvancedAutomaticFixtures
(DISM-57.OG)

PlasmaArc Cutting(DISM-36-OG)
Grabbierfor RemotelyCuttingMetals

(DtSM-43&58-OG)
VacuumSystems(DISM-46&47-OG)

,m Positioningof EquipmentUsing

LI Laser/BarCodes(DISM-54-OG)IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing

Soils, Groundwater hazardous wastes, particularly

tl and Surface Water those that lead to waste forms
(RA) that are highly radioactive.Examples of these proce_es

are described in WPRO-102,
109, 112, 115, 202, 219, & 303-
OG.

II V. REMEDIAL ACTIONa. Provide remotely operated or
robotic devices (e.g. excavators,
front-end loaders, scrappers,
etc) to collect the large quanti-

I ties of contaminated soils for

those remedial actions
described, for example in
REMA-11,37, 51,53, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
64,& 111-OG.

!
1 WasteManagement

(WM)

!
__

-!1



Logic Diagram
s/Automation

-_3A. Sensors: _ WallThickness _ Status:TBD _- " _ TBD _ TBD

Perception •Ultrasonic _: "FBO
(cont.) •Eddy-Current Waits: TBD

ROBA-68-OG

3B.Sensors: _ Proximity _ _ _ TechnologyImprovement: ,._ Normalimplementationneeds.
Control ROBA.69-OG EfficaCy:_ forsmaJlvolumecoy- •ImprovedSensorRange& S_nal DevelopmentCosts: $1.0-

erage.Lowforlargeareacoverage. Quality $2.0M
Maybeusefultoalertsupervtrxxy Capital Costa:$200K-
operatorofimpendingcollision. $300Wuntt
Waste:N(_e OperatingCosta: None

Positioning _ _ _ TechnologyImprovement: ,.-"-_Nounusualimplementaiion
ROBA-70-OG Eft_'y: Mediumforhighaccuracy, , ImprovedAccuracybyCombining needs.

reaHimenavigationwithinbuilding withDead-Reckoning DevelopmentCosta:$0.5-
structures, $1.0M
WWm:None Capital Costa: $200K-

$300KJunit
OperatingCosta: Includedin
controlsystemcosts,

LaserRangeFinders _ _- _ TechnologyImprovement:. _ Normalimplementationneeds.
ROBA-71-OG Ef_scy: Mediumforobjectrecog- . ImprovedReliabilityofHardware DevelopmentCosts:$0.5-

nitlon.3D mappingoftasksites. •DataInterpretation $1.0M
Waste:None CapitalCosts: $250K/unit

OperatingCosts:Negligible

ForceControl ,-_ _ _-_ TechnologyImprovemerd:_ NormalImplementationneeds.
ROBA-72-OG Eff_lO/: Highforcartest__ joint • ImprovedTactileSensing DevelopmentCosta: $0,2-

spacesensing._ fortacBe $0.5M
sensing.PartCuladyusefulforlabo, Capital Costs: $100Wunit
ratorysamitehandling, Operating Costs: Negligible
Wa=tt:None

Liquid/LiquidInterfaceDetection_ Status:TBD _ ScienceNeed: _ TBD
forPhaseSeparation Efficacy:TBD TBD
ROBA-73-OG Wlllm:TBD

Flow/Mass/Volume _ Accepl_ _ None lm,,-Normal implementationneeds,
ROBA-74-OG Efficacy:Highforanalytical DevelopmentCost=:$OK

laboratory CapitalCosts: $<20Wunit
Waste:Possl:)ledecontamination Operating Costa: Negligible
aft_ use.

PositionSensorsfor - _ Accepted _ None _ Normalimplementationneeds.
Manipulatorand End-Effectors Efficacy:Highforanalytical DevelopmentCosts:$OK
ROBA-75-OG laboratory. Capital Costs: $<10K/unit

Waste:None OperatingCosts: Negligible

PJ'26/93
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! I The WasteManagement(WM)section of the TLD focuseson addressingth,ed as a result of the decontamination and decommissioning (D&D), remedial ao

I tivesof the WM wiringdiagramsare to enumerateandevaluatethe likelyWM 0i from mosteffectiveto leasteffectiveinmanagingwastes. TheWM wiringdiagnthey relate to the K-25 Site D&D and RA activities: Waste Retrieval, Waste Proc
Transportation,Waste Disposal,and WasteMinimization.

I lt shouldbe notedthat WasteStabilization,as used inthe K-25 SiteTechnoliresidual solid wastes and does not include pretreatment of the wastes to stabil

!
I
I
I
! ,
I
!
m i

i
I
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man ement

essing the technologiesfor processing the waste streams likely to be generat-
medial action (RA), and current WM operations at the K-25 Site. The objec-
.ely WM options and to rank these options in three broad categories ranging
ring diagrams were developed to address the following "EM Problem" areas as
!aste Processing, Waste Stabilization, Waste Packaging, Handling, &

e Technology Logic Diagram, consists of processes for the final treatment of
to stabilize them before WM operations.

I I IIII
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| Technology Logi iWaste Managem,

I
• Cleanup Legacy -_. •HistoricalWasteDisposal_ RAD ,_ • TSCAPCB FFCA _ WasteRetrieval _ •MechanicalReM

i Sites ScrapWood • RCRALDR FFCA
• Prevent Future •BurialGrounds ScrapMetals • CERCLNSARA

•AcidPits Asbestos • CleanWaterAct
Insult •RetentionBasins PCBs • CleanAirAct

• Develop •BulkWasteinStorageTanks Organics • DOEOrders

I Environmental InorganicsStewardship

I_ _ •HydraulicRetrt_i

t!

f t

Decommissioning
(D&D)

!
I

Soils, Groundwater

I and Surface Water(RA)

i
I
I
I Waste Management-

(WM)

!
!

,, , qrl_



.ogic Diagran'l
tnagement

" • Mechanical Retrieval _ Wheeled/Tracked Vehiclee------_ See Robotics/Automation

- Front-end Loader

- Backhoe
- Fork Lift

Demolition _ See Dismantlement
- Jackhammers
- Controlled Blasting

•- • Hydraulic Retrieval _ Fluid Systems _ See Dismantlement

2/26/93
6,1-1
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I •
I Technology Lo!Waste Manag

K-25 Site Problem Problem Area/ConstitUents Reference Re(uirements • .... ;. Subelements _
• ' ',i '_ . " ' ' .I

ContaminatedConcreteRubble_ • DecontaminatedBldgs. _ Referto Volume1,Chapter10, _ WasteProcessing - _ Waste

i "Cleanup Legacy • Rubble forpotentiallyapplicablepro- '
• Prevent Future • RAD posedandpromulgatedenvi-

'" • PCBs ronmentallaws,signedand
Insult • Organics pendingagreementsforthe _ Thermal

• Develop • Inorganics ORR,radiationprotectionstan-dards,DOEOrders,andnon-

I Environmental regulatoryguidance.Assite-Stewardship andwaste-specificcharacteris- "ticsareprovidedforeachtech-
nology,specif'¢regulatory

i requirementswillbe specified.

i
|

Decommissioning
(D&D)

I
I
i _ Chemic

I
Soils, Groundwater

I and Surface Water(RA)

I
I
I
I WasteManagement

(WM)

!
:!



_ogic Diagram
anagement

I== WasteStabilization-- _ SeeWasteStabilization

ThermalTreatment - _ ThermalDesorption _--II_ AcceptKI _ Theuseofthetechnologyto ---b,,-Knowledgeof processapplica-
WPRO-106-OG Thistechnologyhas beenused meetthesiterequirements tion,funding,and regulatory

byindustryto removeand needstobe demonstrated, approval.
recovervolatilesfromcontami-
natedmediasuchas soils.
Theprocessisclaimedtohave
a >99% removalefficiencyfor
recoveringvolatileorganic
compounds(VOCs)fromsoil.

The applicationof theprocess
to treatothercontaminated
media (suchasconcreterub-
ble)needsto bedemonstrated.

PlasmaArcFurnace _ Derr,ormtration _ Furtherresearch,deve'opment, -..IFPThe RD&Deffortisestimated
WPRO-107-OG Thisis a developmentaltech- anddemonstration(RD&D)on to require3 yearsand$10 mil-

noicgyproposedforthe theprocesstodevelopthe lion.
destructionof organicsandthe technologytodeployment.
immobilizationofnon-volatile RD&Disrequiredon the
radionuclidesandtoxicmetals processto determineforexam-
ina glassyslagmatrix. The pie,wastedestructionand
attractivefeaturesof thetech- removalefficiencies(DREs),
nologyarethatitcanbe used electrodelife,materialsofcon-
totreat almostanysolidwaste struction,powerefficiency,
andltdoesnotrequireexten- effluentcharacteristicsfordif-
sivepre-treatmentof thewaste ferentwastefeeds,andthevia-
feed. The negativeaspectof bilityof theprocess.
theprocessIsthatit is very
energyIntensivethus,it is likely
tobe expensive

ChemicalTreatment ----- _ SolventWashing _ DeHrnonstration _ Furtherresearch,development,-'IPPThe RD&Deffortisestimated
WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2.5 million.The

incounter-currentcontactors the processtodevelopthe paybackcouldbesignificant,
(e.g.,centrifugalcontactors)is technologyto deployment.
demonstratedtechnologyfor
theseparationof heavymetals
or organicsfromaqueousor
organicsolutions.Centrifugal
contactorbasedprocessesfor
theseparationand recoveryof
radionuclideshasbeentech-
nologyat DOEnuclearpro-
cessingsitesforover25 years.
The technologycanbe applied
to treatand recovera wide
rangeof contaminantconcen-
trations.Theadvantagesof
the centrifugalcontactorbased
extracticnprocessare Itsrela-
tivelysmallsize,smallhold-up
volume,andrapidstert-up
characteristics.Thistechnolo-
gywhenusedwithotherwaste
treatmentprocesseswould
enhancetheoverallwaste
treatmentstrategy.However,
theuseof thetechnologyfor
the treatmentofsolidwastes
requiresadditionalRD&D.

2/26/93
6.2-1
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Technology Lo!
Waste Manag

...ib_ContamlnatedConcrete
DecontaminatedBldgs. _ RefertoVolume1,Chapter10,_ WasteProcessing _ Chemlca

• Cleanup Legacy Rubble Rubble forpotentiallyapplicablepro-
• Prevent Future RAD posedandpromulgatedenvi-

PCBs ronmentallaws,signedand
Insult Organics pendingagreementsforthe

• Develop Inorganics ORR, radiationprotectionstan-dards,DOEOrders,andnon-
Environmental regulate"1guidance.As site-

Stewardship andwaste-specificcharacteris-ticsareprovidedforeachtech-
nology,specificregulatory
requirementswiltbespecified.

Decommissioning
(D&D)

} Transite _ • Asbestos _ RefertoVolume1,Chapter10,_ WasteProcessing _-----.i_- WasteS

J PCB for potentiallyapplicablepro-
Oils posedandpromulgatedenvl-
RAD ronmentallaws,signedand

& • Organics pendingagreementsforthe _ Chemic_
Insulation • Inorganics ORR,radiationprotectionstan-dards,DOEOrders,andnon-

rsgutatoryguidance.As site-
andwaste.specificcharacteds-

Soils, Groundwater ticsareprovidedforeachtech-
and Surface Water noiogy,specificregulatory

(RA) requirementswillbespecified.

WasteManagement.
(WM)



I
Logic Diagram
,anagement I

I
Chemical Treatment ' _- _ _ Gamma-Radiolysis _ Evolving Technology _ Further research, development, _ The RD&D effort is estimated

WPRO-100-OG The radiolytic destruction of and demonstration (RD&D)on to require $1,25-2,5 million. BN /
halogenated and aromatic the process to develop the Icompounds at the laboratory technology to deployment.
scale is well documented, Some of the issues to be

However, Its appllcaUon on an resolved are the complete

industdal scale needs addition- characterization of the radiolyt- BIN /
al RD&D. The process Is capa- ic decomposition products i
bte of high (>90%) destruction under different conditions and Ii
efflciencies for organics, for different waste materials

and their relative toxicity.
Another issue is the possibility .,=,,
of combining the radiolysis with ,
enhanced biodegradation of II
the radiolytic byproducts.

Leaching & Stripping -.---...._.Demonstratlon _ Further research, development, _monstrate the effectiveness l
WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the IIn industry with removal eft- the process to develop the site requirements.

clenches greater than 99% how- technology to deployment.
ever, each application requires
additional RD&D to determine m
optimum leachant composition IIand process conditions. _

Electro Osrnn_is/Mlgration "--'lP" Evolving Technology _ Some development work is -.liP- Normal implementation needs, m
DCON-20-OG Initial data indicate 90+% required to apply the method to Development costs are esti- Iremoval of uranium and tech- treat the site wastes, mated to be $ 400-1000K.

netium from concrete. The Capital costs: Not available.

process could also be used to Operating costs: Likely to be
remove oilsand organics how- more expensive than other lm
ever, this application needs waste treatment methods. ladditional RD&D.

"- Waste Stabilization _ See Waste Stabilization I
lm

,- Chemical Treatment _ _ Electro Osmosis/Migration _ Evolving Technology _ Some development work is _ Normal implementation needs.
DCON-20-OG Initial data indicate 90+% required to apply the method to Development costs are estl- mim

removal of uranium and tech- treat the site wastes, mated to be $ 400-1000K. Inetlum from concrete. The Capital costs: Not available.

process could also be used to Operating costs: Likely to be
remove oils and organics how- more expensive than other
ever, this application needs waste treatment methods, m [-
additional RD&D. I

!
I
I

I
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Technology Logi¢
Waste Managerne

, EMGoals '
. .

• Cleanup Legacy ScrapTranslte _ / _ , Asbestos _- RefertoVolume1,Chapter10,_ WasteProcessing "------ _ ChemicalTreatment•PCB forpotentiallyapplicablepro-

" Prevent Future J •Oils posedandpromulgatedenvl-
• RAD ronmentallaws,signedand

Insult ScrapAsbestosPipe& •Organics pendingagreementsforthe

• Develop Insulation • Inorganics ORR, radiationprotectionstan-dards,DOEOrders,andnon-
Environmental regulatoryguidance.Assite-

Stewardship andwaste-specificcharacterls-ticsare providedforeachtech-
nology,specificregulatory
requirementswillbespecified. 1

I

Decommissioning
(D&D)

Soils, Groundwater _ ThermalTreatment
and Surface Water

(RA)

Waste Management
(WM)



JJ,,i,liN,=il , ,, ............... , ............. .......
ChemicalTreatment ...... _ SolventExtraction "'--"lHD" Demonstration _ Furtherresearch,development,_ The RD&Deffortisestimated

WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2,5 million.The
incounter-currentcontactors theprocessto developthe paybackcouldbesignificant.
(e.g.,centrifugalcontactors)Is technologytodeployment.
demonstratedtechnologyfor
theseparationof heavymetals
or organicsfromaqueousor
organicsolutions,Centrifugal
contactorbasedprocessesfor
the separationandrecoveryof
radionuclideshasbeentech-
noiogyatDOEnuclearpro-
cesslngsitesforover25 years.
The technologycanbe applied
totreatandrecovera wide
rangeOfcontaminantconcen-
trations.Theadvantagesof
thecentrifugalcontactorbased
extractionprocessare itsrela-
tivelysmallsize,smallhold-up
volume,andraptastaR-up
char&cteristlcs.Thistechnolo-
gywl'_n usedwithothe waste
treatmentprocesses_ _ld
enhancetheoverallwaste
tre,,tmentstrategy.However,
theuseof thetechnoK_gyfor
the_eatmentofsolidwastes
requiresadditionalRD&D,

Gamma-Radiolysis _ EvolvingTechnology _=-,,.--_l_ Furtherrese;,.rch,development,_ TheRD&DeffortIs estimated
WPRO-100-OG Theradiolyttcdestructionof anddemonstration(RD&D)nn torequire$1.25-2.5 million.

halogenatedar.daromatic theprocesstodevelopthe
compoundsatthe laborat=y technologytodeployment.
scaleis welldocumentf>:L Someofthe issuestoI_e
However,itsapplicationonan resolvedarethe complete
industrialscale needsaddition- characterizationof theradiolyt-
al RD&D. The processis capa- ic decompositionproducts
bleof high(>90%) destrucZion underdifferentconditionsand
efficlenciesfor organics, for differentw._stematerials

andtheirrelativetoxicity.
Anotherissueis thepossibility
ofcombiningthe radiolysiswith
enhancedbiodegradationof
the radiolyticbyproducts.

ThermalTreatment _ "--=ll_ Incineration _ Accepted _ Thoughanacceptedtechnolo- _ Knowledgeof processapplica-
WPRO-106-OG The EPAconsidersincineration gy, theuseof thetechnologyto rien,funding,andregulatory

tobe thebestdemonstrated meetthesiterequirements approval.Insert10:
availabletechnology(BDAT) needsto bedemonstrated, Forexample,theK-25Site
for thedestructionoforganics. Also,RD&Dis requiredto TSCAIncineratoris a 30
InctherationcanachieveDREs developbetterunderstanding MMBtu/hunitthatispermitted
greaterthan99.999% foroer- of theprocesstechnologyto todestroylow-levelradioactive-
talnorganics.However,addl- improveitsacceptability, ly contaminatedmixedwastes.
tionalRD&Don several Theunitwasbuiltat a capital
aspectsofincinerationis still costof$ 26 million(1987dol-
required, lars). Obtainingregulato_/

approvalfor theTSCA
Incineratortookover8 years.
The 1992destructioncostsat
theincineratorareestimatedto
be $10 perpoundof waste
I_¢inerated.

Calclnstion/Roastlng _ Demomd_tlon _ The useofthe technologyto _i_.The RD&DeffortIsestimated
DCON-60-OG Thisis acceptedIndustrialtech- meetthesiterequirements to require$ 2-5 million.The

nologyforthe treatmentof needsto bedemonstrated, paybackcouldbe significant.
ores. However,itsuseforthe
removalanddesb'tmtionofoils
andorgan_ fromthesite
w,=.'_.J._--.,n.-,J_Jds._!0 bedemon-
_trated.

2/26/93
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Technology Lo!
Waste Manag

-IP_ScrapTransite | _- .Asbestos _ Referto Votumel,ChapterlO,--..l=_WasteProcessing _ Thermal
•Cleanup Legacy PCB forpotentiallyapplicablepro-

. Prevent Future J Oils posedandpromulgatedenvi-
RAD ronmentallaws,signedand

Insult _ ScrapAsbestosPipe& Organics pendingagreementsforthe
• Develop Insulation •Inorganics ORR,radiationprotectionstan-

dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-

Stewardship andwaste-specificcharacteris-ticsare providedforeach tech-
nology,specificregulatory
requirementswillbespecified.

Decommissioning
(D&D)

OtherScrapBuildingMaterials_ • Debris _ RefertoVolume1,Chapter10, _ Waste Processing _-_WasteS
(e.g.wood,tile,roofing,fix- •RAD forpotentiallyapplicablepro-
tures,gaskets) • PCBs posedandpromulgatedenvl-

• Organics ronmentallaws,signedand
•Inorganics pendingagreementsforthe _ Thermal

ORR,radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.,_.3site-
andwaste-specificcharacteris-
ticsareprovidedforeach tech-
nology,specificregulatory
requirementswillbespecified.

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



Thermal Treatment (contd) _ Catalytic Destruction _ Pre-Demonstration _ Further research, development, _ The RD&D effort is eshmated
WPRO-109-OG This technology has been and demonstration (RD&D) on to require $ 0.75-1.5 million, i

demonstrated to be effective the process to develop the I(DRE>99+%) for the destruc- technology to deployment.
tion of liquid and gaseous
organic wastes, However, Its
use to remove and destroy the i
organics from solids needs Iadditional RD&D.

Plasma Arc Furnace _ Demonstration _ Further research, development,__l=,. The RD&D effort is estimated 1
WPRO-107-OG This is a developmental tech- and demonstration (RD&D) on to require 3 years and $10 mil-

lnology proposed for the the process to develop the lion.
destruction of organics and the technology to deployment,
immobilization of non-volatile RD&D is required on the

radionuclides and toxic metals process to determine for exam- iii
in a glassy slag matdx. The pie, waste destruction and lattractive features of the tech- removal efficiencies (DREs),
nology are that it can be used electrode life, materials of con-
to treat almost any solid waste struction, power efficiency,
and lt does notrequire ox'ten- effluent characteristics for dif- n
sire pre-treatmant of the waste ferent waste feeds, and the via-

lfeed, The negative aspect of bility of the process.
the process is that it is very
energy intensive thus, it is likely

to be expensive, l

l
Waste Stabilization _ See Waste Stabilization

Thermal Treatment _ Incineration _ Accepted _ Though an accepted technolo- _ Knowledge of process applica- I
WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory

to be the best demonstrated meet the site requirements approval. Insert t0:
available technology (BDAT) needs to be demonstrated, For example, the K-25 Site

for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30 I
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted Igreater than 99.999% for oer- of the process technology to to destroy low-level radioa_ve-
tain organics. However, addt- improve its acceptability, ly contaminated mixed wastes.
tional RD&D on several The unit was built at a capital

aspects of incineration is still cost of $ 26 million (1987 dol- I
required, lars). Obtaining regulatory Iapproval for the TSCA

Incinerator took over 8 years.
The 1992 destruction costs at

the Incinerator are estimated to I
be $10 per pound of waste Iincinerated.

Plasma Arc Furnace _ Demonltratlon _ Further research, development, _ The RD&D effort is estimated

WPRO-107-OG This Is a developmental tech- and demonstration (RD&D) on to require 3 years and $10 mil- l
nology proposed for the the process to develop the lion. ldestruction of organics and the technology to deployment.
immobilization of non-volatile RD&D is required on the
radionuclides and toxic metals process to determine for exam-
in a glassy slag matdx. The pie, waste destruction and I
attractivefeatures of the tech- removal efficiencies (DREs), Inoiogy are that it can be used electrode life, materials of con-
to treat almost any solid waste structicn, power efficiency,
and lt does not require exten- effluent characteristics for dif-

sive pre-treatment of the waste ferent waste feeds, and the via- 1
feed. The negative aspect of bility of the process. Ithe process is that lt is very
energy intensive thus, it is likely
to be expensive.

I
!

-- 6.2-4

II
i , III , ' i ,, qpallq i _ i fl_ i J JJ JJ _ ,,,i I II i, I '1, i i , ii II



, . IL ,, ,k I , , , JI

Other ScrapBuildingMatedals._..-Ip..Debr,s _ 'Referto Volumei:'(3hapter101.-._ WasteProcessing _ ThermalTreatment
• CleanupLegacy (e.g. wood,tile,roofing,fix- • RAD forpotentiallyapplicablepro-

tures,gaskets) • PCBs posedandpromulgatedenvi-
• Prevent Future • Organics ronmentallaws,signedand

Insult • Inorganics pendingagreementsforthe
ORR, radiationprotectionstan.

• Develop dards, DOEOrders,and non-
Environmental regulatoryguidance.As site-

andwaste-specificcharacterts-
Stewardship ticsare providedforeach tech.

nology,specificregulatory
requirementswillbespecified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management-
(WM)



_ogic Diagram
anagement

Thermal Treatment _ Calcination/Roasting _ Demonstrstlon _ Theuseof the technologyto _ The RD&Deffortisestimated
DCON-SL-t0-OG Thisis acceptedindustrialtech. meetthesiterequirements torequire$ 2-5 million.The

nologyfor thetreatmentof needsto bedemonstrated, paybackcouldbesignificant.
ores. However,itsusefor the
removalanddestructionofoils
andorganicsfromthesite
wastesneedstobedemon-
strated.

Pyrolysis _ Accepted _ Thoughan acceptedtechnolo-_ Knowledgeofprocessapptica-
WPRO-110-OG Thisis anacceptedIndustrial gy,the useof thetechnologyto tion,funding,andregulatory

processfor thedestructionof meetthe siterequirements approval.
organics.The processhasan needstobedemonstrated.
organicdestructionefficiency
greaterthan99%.

ChemChar Process _ Pre-Demonstration _ Furtherresearch,development,_ TheRD&D efforttsestimated
WPRO-114-OG Thisis a developmentaltech- anddemonstration(RD&D)on torequire$ 0.75-1.5million.

nologybasedoncoalchar theprocesstodevelopthe
gasification.TheprocessIs technologytodeployment.
claimedtoachieveneartotal
destructionof theorganicsand
producesan inertcharresidue
thatcontainsthe non-volatile
toxicmetalsandradionuclides.
This charresiduecaneitherbe
vitrifiedtoyielda glassyslagor
immobilizedincement.

Smelting _ Demonstration _ Theuseof thetechnologyto _ The RD&Deffortis estimated
WPRO-111-OG Thisisacceptedindustrialtech- meetthesite requirements to require$ 3-5million.The

noiogyforthetreatmentand needstobedemonstrated, paybackcouldbe significant
processingof metals.The yieldinga majorwastemini-
technologyhasa DREfor mizationeffortduetorecovery
organicsgreaterthan99%. and recycleof themetals.
However,itsusefor the
removalandseparationofthe
radionuclidesfromthe wastes
requiresadditionalRD&D. The
processcouldbeusedforthe
removalofuraniumfromthe
wastebutitmay notbe suitable
fortheremovaloftechnetium.
Thedisadvantageis thatsmelt-
Ing maycausethe surface
radioactivecontaminationto
becomebulk contaminationof
thewaste.

2/26/93
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Technology Lo!
Waste Manag

• EM.G0als

OtherScrapBuildingMaterials---I_ • Debris _ Referto Votumel,Chapter10,---!l_ Waste Processing _ Cheml_
• Cleanup Legacy (e.g.wood,tile,roofing,fix- • RAD forpotenUaJlyapplicablepro-

tures,gaskets) • PCBs posedandpromulgatedenvl-
• Prevent Future •Organics ronmentallaws,signedand

Insult • Inorganics pendingagreementsfor the
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

Environmental regulatoryguidance.Assite-
andwaste-specificcharacteds-

Stewardship ticsare providedforeachtech-
nology,specificregulatory
requirementswillbe specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



ChemicalTreatment _ SolventExtraction ---.--liP. Oemonltratlon. _ Furtherresearch,development,_ The RD&beffortis estimated
WPRO-111-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2.5 million.The lilll

In counter-currentcontactors the processtodevelopthe paybackcouldbesignificant, i
(e.g.,centrifugalcontactors)is technologytodeployment. |demonstratedtechnologyfor
the ,separationofheavymetals
or organicsfromaqueousor
organicsolutions.Centrifugal I
contactorbasedprocessesfor lthe separationandrecoveryof
radionuclideshasbeentech-
nologyat DOEnuclearpro-
cessingsitesforover25 years, i
The technologycanbeapplied ito treat and recovera wide
rangeofcontaminantconcen-
trations.The advantagesof
thecentrifugalcontectorbased lib
extractionprocessare itsrela- Itivelysmallsize,smallhold-up
volume,and rapidstart-up
characteristics.This technolo-
gywhenusedwithotherwaste i
treatmentprocesseswould nenhancetheoverallwaste
treatmentstrategy.However,
the useofthe technologyfor
thetreatmentofsolidwastes i
requiresadditionalRD&D. I

I
I

Gamma-Radiolysis _ EvolvingTechnology _ Furtherresearch,development,--I_ TheRD&Deffortisestimated I
WPRO-100-OG Theradlolyticdestructionof anddemonstration(RD&D)on torequire$1.25-2.5 million. lhalogenatedand aromatic theprocesstodevelopthe

compoundsat thelaboratory technologytodeployment.
scaleis welldocumented. Someof theissuestobe
However,itsapplicationonan resolvedarethecomplete
industrialscaleneedsaddition- characterizationoftheradiolyt- lal RD&D. The processis capa- icdecompositionproducts
bleothigh(>90%) destruction underdifferentconditionsand
efficlenclesfororganics, for differentwastematerials

andtheir relativetoxicity, i
Anotherissueisthepossibility nof combiningtheradiolysiswith
enhancedbiodegradationof
the radiolyticbyproducts.

lm

ElectroOsmosis/Migration_ EvolvingTechnology _ Somedevelopmentworkis _ Normalimplementationneeds, i
DCON-20-OG Initialdataind!cate90+% requiredtoapplythemethodto Developmentcostsare esti-

removalof uraniumandtech- treat thesitewastes, matedto be$ 400-1000K.
netlumfromconcrete.The Capitalcosts:Notavailable, l
processcouldalsobe usedto Operatingcosts:Likelytobe Iremoveoilsandorganicshow- moreexpensivethanother
ever,thisapplicationneeds wastetreatn=entmethods.
additionalRD&D.

!
Iw
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OtherScrapBu,ldingMaterials-..-ll_. Debris _ RefertoVolumel, Ch_J,_er 10, _ WasteProcess,ng _--_Chemical'Treatment'-

. Cleanup Legacy (e.g.wood,tile,roofing,fix- • RAD forpotentiallyapplicablepro-
tures,gaskets) • PCBs posedandpromulgatedenvt-

• Prevent Future •Organics ronmentalla_'s,_§r_adand
Insult •Inorganics pendingagreementsfor_,_)

ORR,radiationprotection_tan-
• Develop dards,DOEOrders,ariarJon-

Environmental regulatoryguid_._,ce.A_;,..',lte-
andwaste-specificcharacteris-

Stewardship t_s areprovidedfor eachtech-
notogy,specificregulatory
requirementswillbespecified.

Referto Volume1,Chapter10,_ Was'e Processing _-_ WasteStabilizationScrapPorousNickel ---I_. Nickel v
• RAD forpotentiallyapplicablepro-
. Inorganics posedandpromulgatedenvi-

ronmentallaws,signedand _ ThermalTreatmentpendingagreementsforthe
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
andwaste-specificcharacteris-
ticsareprovidedforeachtech-

Decommissioning nology,specificregulatory
(D&D) requirementswillbespecified.

Soils,Groundwater
and SurfaceWater

(RA)

ChemicalTreatment

WasteManagement
(WM)



,.ogic Diagram
nagement

ChemicalTreatment ..... = _ Leaching&Stripping _ Demonstration _ Furtherresearch,development,_ Demonstratethe effectiveness
WPRO-213-OG Thisisanacceptedtechnology anddemonstration(RD&D)on ofthe technologyto meetthe

In industrywithremovaleffi- theprocessto developthe siterequirements.
cienciesgreaterthan 99% how- technologytodeployment.
ever,eachapplicationrequires
addiUonalRD&Dtodetermine
optimumleachantcomposition
andprocessconditions.

WasteStabilization _ SeeWasteStabilization

lm,-ThermalTreatment _ _ Smelting _ Demonstration _ The useofthe technologyto _ The RD&Deffortis estimated
WPRO-111-OG ThisisacceptedIndustrialtech- meetthesiterequirements to require$ 3-5 million.The

nologyfor the treatmentand needsto bedemonstrated, paybackcouldbe significant
processingofmetals. The yieldinga majorwastemini-
technologyhasa DRE for mlzationeffortdue to recovery
organicsgreaterthan99%, andrecycleof themetals.
However,itsuseforthe
removalandseparationofthe
radionuclidesfromthewastes
requiresadditionalRD&D, The
processcouldbeusedforthe
removalof uraniumfrom the
wastebutitmay notbe suitable
for theremovaloftechnetium.
Thedisadvantageis thatsmelt-
ingmaycausethe surface
radioactivecontaminationto
becomebulkcontaminationof
thewaste.

Calcination/Roasting _ Demonstration _ Theuse ofthe technologyto _ The RD&DeffortIsestimated
DCON-60-OG Thisis acceptedIndustrialtech- meetthesiterequirements torequire$ 2-5 million.The

nologyforthetreatmentof needsto bedemonstrated, paybackcouldbe significant.
ores, However,itsuse forthe
removalanddestructionofoils
andorganicsfromthe site
wastesneedstobedemon-

s_ated.

MondProcess _ Demonstration _ Theuseof thetechnologyto _ Thetechnologydemonstration
WPRO-112-OG ThisIs acceptedtechnologyfor meetthe siterequirements isestimatedtorequire$1-2

therefiningof nickel, However needstobedemonstrated, million.Thepaybackforthe
itsusetoseparatethe nickel processisestimatedto be
fromsomeof the radionuclides greaterthan $ 20-30million
(e.g.,technetium)needstobe basedon currentdisposal
demonstrated, costs.

CatalyticDestruction _ Pre.Demonstration _ Furtherresearch,development,_ The RD&Deffort isestimatedWPRO-109-OG
This technologyhasbeen anddemonstration(RD&D)on to require$ 0.75-1.5million.
demonstratedto beeffective theprocesstodevelopthe
(DRE>99+%)forthedestruc- technologytodeployment.
lionofliquidandgaseous
organicwastes, However,its
use toremoveanOdestroythe
organicsfromso_s needs
additionalRD&D.

Furtherresearch,development, = Demonstratetheeffectiveness
t1=,,-ChemicalTreatment _ Le_,ching&Stripping _ Demon=tratlon _ anddemonstration(RD&D)on _ of thetechnologytomeetthe

WPHO-213-OG This isanacceptedtechnology theprocesstodevelopthe site requirements.in industrywithremovaleffi-
cienclesgreaterthan 99% how- technologyto deployment,
ever,each applicationrequires

:, additionalRD&Dtodetermine
optimumlsachantcomposition

_ andprocessconditions.
i:

;_ 2/26/93
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Technology Lo!
Waste Manag

EM Goals

-IP,.Scrap PorousNickel .-----I_-. Nickel _.- Referto Volume1,Chapter10,_ WasteProcessing _ Chem_
• Cleanup Legacy • RAD forpotentiallyapplicablepro- (contd)

• Prevent Future • Inorganics posedandpromulgatedenvi-ronmentallaws,signedand
Insult pendingagreementsfor the

ORR, radiationprotectionstan-
• Develop dards,DOEOrders,and non-

Environmental regulatoryguidance.As site-
andwaste-specificcharacteds-

Stewardship ticsare providedforeachtech-
nology,specificregulatory
requirementswillbespecified.

Scrap,Aluminum,Copper, --.----I_-. Aluminum _ RefertoVolume1,Chapter10,,._il_ WasteProcessing Waste
andOtherNon-FerrousMetals • Non-ferrousmetal forpotentiallyapplicablepro-
(exceptNickel) • RAD posedandpromulgatedenvi-

• Organics ronmentallaws,signedand
• Inorganics pendingagreementsfor the _ Therm_

ORR, radiationprotectionstan-
dards,DOEOrders,and non-
regulatoryguidance.As site-
andwasta-specificcharacteris-
ticsare providedforeach tech-
nology,specificregulatory

Decommissioning requirementswillbespecified.
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



Ii
Chemical Treatment ._ Gas Phase (CIF3) Treatment _ Pre-Demonstration _ Knowledge of process applica- _ The RD&D effort ts estimated
(contd) DCON-16-OG Laboratory scale studies have tion, funding, and regulatory to require $ 5 million, m

shown that this process can approval. Development and Ieffectively remove uranium demonstration of the optimum
deposits at room temperature, process conditions and trait
The process should also be operations for the removal of
effective in removing other radioactive contaminants from m

radionuclides such as tech- the wastes and for the recycle mB
neUum. However, additional of the reactant (CIF3). IiRD&D is needed to demon-

strate the full capabilities of the
process.

Waste Stabilization _ See Waste Stabilization B

P,. Thermal Treatment _ _ Smelling _ Demonstration _ The use of the technology to --l_-The RD&D effort Is estimated B

WPRO-111-OG This is accepted Industrial tech- meet the site requirements to require $ 3-5 million. The
I

nology for the treatment and needs to be demonstrated, payback could be significant
processing of metals. The yielding a major waste mini-

-_ technology has a DRE for mlzatfon effort due to recovery

organics greater than 99%. and recycle of the metals. B-" However, its use for the

removal and separation of the
radionuclides fromthe wastes
requires additional RD&D. The
process could be used for the BB

=- removal of uranium from the Iwaste but it may not be suitable
for the removal of technetium.

: The disadvantage is that smelt-
ing may cause the surface J_i
radioactive contamination to ilbecome bulk contamination of
the waste.

Incineration _ Accepted _ Though an accepted technolo- --II_Knowiedge of process applica- lib
WPRO-t 08-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory Ito be the best demonstzated meet the site requirements approval. For example, the K-

available technology (BDAT) needs to be demonstrated, 25 Site TSCA Incinerator is a

for the destruction of organics. Also, RD&D is required to 30 MMBtu/h unit that is permit.
Incineration can achieve DREs develop t_tter understanding ted to destroy low-level i
greater than 99,999% for cer- of the process technology to radioactively contaminated Italn organics. However, addi- improve its acceptability, mixed wastes. The unit was
tlonal RD&D on several builtat a capital cost of $ 26
aspects of incineration is still million (1987 dollars).

required. Obtaining regulatory approval ml
for the TSCA Incinerator took Iover 8 years, The 1992
destruction costs at the inciner-

atorare estimated to be $10

per pound of waste incinerated. Ii

Calcination/Roasting mb,,- Demonstration _ The use of the technology to _.ll_The RD&D effort is estimated
DCON-60-OG This is accepted Industrial tech- meet the site requirements to require $ 2-5 million. The B

nology for the treatment of needs to be demonstrated, payback could be significant. IIores. However, its use for the
removal and destruction of oils

and organics from the site m

wastes needs to be demon- []
strated. II

Catalytic Destruction _ Pre-Demormtration _ Further research, development, _ The RD&D effort is estimated
WPRO-109-OG 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 i
(ORE>99+%) for the destruc- technology to deployment. II
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the

organics from solids needs i
additional RD&D. II

_2E/93-
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Ii Technology LogWaste Managen

Scrap,Aluminum,Copper,and _ Aluminum _ RefertoVolume1,Chapter10,_ WasteProcessing _ Chemical
• Cleanup Legacy OtherNon-FerrousMetals •Non-ferrousmetal forpotentiallyapplicablepro-

I • Prevent Future (exceptNickel) • RAD posedandpromulgatedenvl-
•Organics ronmentallaws,signedand i

Insult • Inorganics pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

I Environmental regulatoryguidance.As site-
andwaste-specificcharacterls-

Stewardship ticsareprovidedforeach tech-
nology,specificregulatory
requirementswillbespecified.

EM Problem

Decommissioning

(D&D)

|
|
I

Soils, Groundwater

I and Surface Water(RA)

I
I
I
I Waste Management

(WM)

!
i -

I



Logic Diagram
anagement

-"ll_Chemtcal Treatment--.---- _ Solvent Extraction _ Demonstration _ Further research, development, _ The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

In counter-current contactors the process to develop the payback could be significant.

(e.g., centrifugal contactors) Is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes 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-
trations, The advantages o!
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
charactedstics. This technolo-

gy 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
requires additional RD&D.

NAC Process _ Pre-Demom_tration _ Further research, development, ,-.I=_The RD&D effort is estimated
WPRO-105-OG The feasibility of the process and demonstration (RD&D) on to require $ 2-5 million. The

has been proven at the bench- the process to develop the payback is expected to be sig-
scale, lt proven effective at the technology to deployment, niflcant especially because the
industrial -scale, the process scrap aluminum from the site
could treat and dispose Qf ali can be used to dispose of the
the contaminated aluminum nitrate wastes in the Hanford

from D&D operations. This alu- site tanks. This Is expected to
minum would be used in the result in signif'mantsavings due
process to treat the radioactive- to minimizing the wastes to be
ly contaminated nitrate wastes disposed atthe two sites.
in the Hanford site tanks.

Gamma-Radiolysis _ Evolving Technology _ Further research, development, -.li=_The RD&D effort is estimated
WPRO-100-OG The radiotytic destruction of and demonstration (RD&D) on to require $1.25-2.5 million.

halogenated and aromatic the process to develop the
compounds at the laboratory technology to deployment.
scale is well documented. Some of the issues to be

However, its application on an resolved are the complete
Industrial scale needs addition- characterization of the radiolyt-
al RD&D. The process Is capa- ic decomposition products
ble of high (>90%) destruction under different conditions and
efficlencies for organics, for different waste materials

and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolyticbyproducts.

2J26/93-
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Technology Lo!
Waste Mana

EM Goals K_25 Site Problem .Problem Area/Constituen{s Reference Requirements, SubelementS "
,i ... . . . " '. '

Scrap,Aluminum,Copper,and_. Aluminum _ RefertoVolume1,Chapter10, _ WasteProcessing _ Chemic
• Cleanup Legacy OtherNon-FerrousMetals Non-ferrousmetal forpotentiallyapplicablepro-

(exceptNickel) • RAD posedandpromulgatedenvl-
• Prevent Future • Organcs ronmentallaws,signedand

Insult • Inorganics pendtngagreementsfor;he
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-

andwaste-specificcharacteris-
Stewardship ticsareprovidedforeach tech-

nology,specificregulatory
requirementswillbespecified.

RefertoVolume1,Chapter10, _ WasteProcessing m _ Waste1
ScrapFerrousMetal _ .Steel _ forpotentiallyapplicablepro-(IronandSteel) •RAD

Decommissioning •POrganics posedandpromulgatedenvi-
(D&D) •Inorganics ronmentallaws,signedand

pendingagreementsforthe _ Therrna
ORR,radiationprotectionstan-
dards,DOEOrders,andnon-
reg'datoryguidance.Assite-
andwaste-specificcharacteris-
ticsareprovidedforeach tech-
nology,specific'egulatory
requirementswillL,3specified.

Soils, Groundwater
and Surface Water

(RA)

Waste Management-
(WM)



I_,,lhJl_d,Ui,lUl..... _1............. ,* , , , ,, ........ ,, , ,&..... ,.........
ChemicalT=eatment _ GasPhase(CIF3)Treatment_ Pre-Oemonstratlon _ FurtherRD&Dontheprocess _ TheRD&Deffortis estimated

• DCON-16-OG Laboratoryscalestudieshave is neededtodeveloptheopti- to require$ 5 million. i

shownthat this processcan mum processingconditions. []
effectivelyremoveuranium Developmentanddemonstra- II• . depositsat room temperature, tion of the optimumprocess
Theprocessshouldalsobe conditionsandunitoperations
effectiveinremovingother fortheremovalof radioactive
radionuclidessuchas tech- contaminantsfromthewastes mm
netium. However,additional andfortherecycleofthereac-

HRD&Dis neededto demon- tent (CIF3).
stratathefullcapabilitiesof the
process. n

Leaching& Stripping _ Demonstration _ Furtherresearch,development,_ Demonstratetheeffectiveness I
WPRO-213-OG Thisisanacceptedtechnology anddemonstration(RD&D)on of thetechnologyto meetthe

inindustrywithremovaleft- theprocesstodevelopthe siterequirements.
cienciesgreat,srthan99% how- technologytodeployment. IN
ever,eachapplicationrequires IadditionalRD&Dto determine
optimumleachantcomposition
andprocessconditions.

WasteStabilization _ SeeWasteStabilization i

ThermalTreatment _ Smelting _ Demonstration _ The useofthetechnologyto _ TheRD&Deffortis estimated i
WPRO-111-OG Thisis acceptedIndustrialtech- meetthesiterequirements to require$ 3-5million.The IInologyfor the treatmentand needstobe demonstrated, paybackcouldbesignificant

processingofmetals. The yieldinga majorwastemini-
technologyhasa DRE for mizatloneffortduetorecovery
organicsgreaterthan 99%. andrecycleof themetals. ,=,=
However,Itsuse forthe []
removalandseparationof the Iiradionuclidesfromthewastes
requiresadditionalRD&D. The
processcouldbe usedforthe
removalof uraniumfromthe []
wastebutlt maynotbe suitable lfortheremovalof technetium.
Thedisadvantageis thatsmelt-
ingmaycausethesurface
radioactivecontaminationto J
becomebulkcontaminationof n• thewaste.

I
I
I

• I
I
I
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So'alpFerrousMetal(Ironand _ .Steel _ Referto'Volumei,Chapter10, _ WasteProcessing _ ChemicalTreatr_

• Cleanup Legacy Steel) •RAD forpotentiallyapplicablepro- ]

I •Organics posedandpromulgatedenvl-• Prevent Future • Inorganics ronmentallaws,signedand
Insult pendingagreementsforthe i

ORR, radiationprotectionstan- i
• Develop dards,DOEOrders,andnon- ii

I Environmental regulatoryguidance.Assite- !
andwaste-specificcharacteds-

Stewardship ticsareprovidedforeachtech-
nology,specificregulatory

I requirementswillbespecir._d.

,

f _

Decommissioning
(D&D)

I
I

I -.liD-ScrapPlastics,Paper,and -.-II_. Plastics,Paper,Cloth,RAD, _ RefertoVolume1,Chapter10, _ WasteProcessing _ ThermalTrealm_
Cloth Organics,Inorganics forpotentiallyapplicablepro-
(ExceptPPCandrags) posedandpromulgatedenvi-

I ronrnentailaws,signedand
pendingagreementsfor the
ORR,radiationprotectionstan-
dards,DOEOrders,andnon-

Soils, Groundwater regulatoryguidance.Assite-

I and SurfaceWater andwaste-specificcharacteds-(RA) ticsare providedfor each tech-
nology,specificregulatory
requirementswillbespecified.

!
I
I
I Waste Management

(WM)

I
i



Logic Diagram
Management

ChemicalTreatment _ _ SolventExtraction _ Demo_tration _ Furtherresearch,development,--I_The RD&Deffortis estimated
WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2.5 million.The

incounter-currentcontactors the processtodevelopthe paybackcouldbe significant.
(e.g.,centrifugalcontactors)Is technologytodeployment.
demonstratedtechnologyfor
the separationofheaw metals
or organicsfromaqueousor
organicsolutions.Centrifugal
contactorbasedprocessesfor
theseparationandrecoveryof
radionuclideshasbeentech-
nologyat DOEnuclearpro*
cessingsitesforover25 years.
Thetechnologycanbe applied
to treatandrecovera wide
rangeofcontaminantconcen-
trations.The advantagesof
thecentrifugalcontactorbased
extractionprocessare itsrela-
tivelysmallsize,smallhold-up
volume,andrapidstart-up
characteristics.Thistechnolo-
gywhenusedwithotherwaste
treatmentprocesseswould
enhancethe overallwaste
treatmentstrategy.However,
the useofthetechnologyfor
thetreatmentof solidwastes
requiresadditionalRD&D.

Leaching& Stripping _ Furtherresearch,development, _emonstrate theeffectiveness
WPRO-213-OG Thisisan acceptedtechnology anddemonstration(RD&D)on of thetechnologyto meetthe

in Industrywithremovaleffl- theprocesstodevelopthe siterequirements.
clenciesgreaterthan99% how- technologyto deployment.
ever,eachapplicationrequires
additionalRD&Dto determine
optimumleachantcomposition
andprocessconditions.

ThermalTreatment mmm=]_ Incineration _ Thoughanacceptedtechnolo- _ Knowledgeofprocessapplica-
WPRO-108-OG The EPAconsidersincineration gy, the useofthe technologyto tion,funding,andregulatory

to be the bestdemonstrated meetthesite requirements approval.Forexample,the K-
availabletechnology(BDAT) needstobedemonstrated, 25 Site TSCAInc(neratorIsa
forthedestructionof organics. Also,RD&Dis requiredto 30 MMBtu/hunitthat ispermit-
IncinerationcanachieveDREs developbetterunderstanding tedtodestroylow-level
greaterthan99.999%forcer- of theprocesstechnologyto radioactivelycontamlna!ed
tainorganics.However,addi- improveitsacceptability., mixedwastes.The u_;it_ras
tionalRD&Donseveral builtat a capitalco,_of _ _6
aspectsof incinerationis still million(1987dollars).
required. Obtainingregulatoryapproval

for the TSCAIncinoratortook
over8 years.T_ IG92
destruction_,_,_;at theinciner-
atorareest_,_tod tobe$10
per pour_ofwasteincinerated.

ChemCharProcess _ Furtherresearch,development,_ The RD&Deffort isestimated
WPRO-114-OG Thisis a developmentaltech- and demonstration(RD&D)on to require$ 0.75-1.5million.

nologybasedoncoalchar the processto developthe
gasification.Theprocessis technologytodeployment.
claimedto achieveneartotal
destructionoftheorganicsand
producesan inertcharresidue
thatcontainsthenon-volatile
toxicmetalsandradionuclides.
Thischarresiduecaneitherbe
vitdftedto yielda glassyslagor
immobilizedincement,

-1 1
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Technology
Waste Maria(

Scrap Plastics, Paper, and _. Plastics, Paper, Cloth, RAD, _ Refer to Volume1, Chapter 10, _ Waste Processing _ Therml

• CleanupLegacy Cloth Organics, Inorganics for potentially applicable pro-
(Except PPC and rags) posed and promulgated envl-

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

• Develop dards, DOE Orders, and non-

Environmental regulatory guidance. As site-
and waste-specific characteds-

Stewardship tics are provided for each tech-
nology, specific regulatory
requirements wilt be specified.

Contaminated Personal --I=_. Cloth _ Refer to Volume1, Chapter 10, _ Waste Processing -- _ Waste
Protective Clothing (PPC) and • RAD for potentially applicable pro-
Rags • Inorganics posed and promulgated envi-

• Organics ronmental laws, signed and
pending agreements for the _ Chemic
ORR, radiation protection stan-

Decommissioning dards, DOE Orders, and non-

(D&D) regulatory guidance. As site-
and waste-specific characteris-
ticsare provided for each tech-
nology, specific regulatory
requirements will be specified.

Soils, Groundwater
and Surface Water

(RA)

_e_

Waste Management
(WM)

I
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ThermalTreatment ___ MoltenSaltOxidation _ Demonsba'tlon _ Furtherresearch,development,_The RD&Deffortis estimated
WPRO-113-OG Thisisnot a newprocesshow- anddemonstration(RD&D)on to require$1.4 millionfor a 3

ever,itsapplicationfortreating theprocesstodevelopthe yeardevelopmenteffort, aB
hazardousandradioactivecon- technologyto deployment. Itaminantshas not been
demonstrated.Oneadvantage
oftheprocessisthatthe
processandequipmentis Bi
transportable(as opposedto a IIfixedtreatmentfacility)andcan
belocatednearthewastesite.
Theprocessshouldbe capable
ofdestroyingorganicswitha BB
>99%efficienc.Additional IRD&Dis requiredtofullydevel-
optheprocesstotreatmixed
wastes.

Ii

WasteStabilization _ SeeWasteStabilization I

_ Demonstration iChemicalTreatment _ SolventExtraction _ Furtherresearch,development, -ii_The RD&Deffort isestimated
"- WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2.5 million.The II: in counter-currentcontactors the processtodevelopthe paybackcouldbe signifti:ant.

(e.g.,centrifugalcontactors)is technologytodeployment.
demonstratedtechnologyfor

-" theseparationofheaw metals []
or organicsfromaqueousor IIorganicsolutions. Centrifugal
contactorbasedprocessesfor
theseparationandrecoveryof
radionuclideshasbeen tech- il_
nologyat DOEnuclearpro- !icessingsitesforover25 years.
Thetechnologycanbeapplied
totreatandrecovera wide
rangeofcontaminantconcen- lib
trations.The advantagesof =thecentrifugalcontactorbased
extractionprocessare itsrela-
tivelysmallsize,smallhold-up
volume,andrapidstart-up J
charactedstios.Thistechnolo- Igy when usedwithotherwaste
treatmentprocesseswould
enhancetheoverallwaste
treatmentstrategy.However, mB
theuseof the technologyfor Ithe treatmentofsolidwastes
requiresadditionalRD&D.

ThermalTreatment _ =_ Incineration _--_Accepted _ Thoughanacceptedtechnolo- _ Knowledgeofprocessapptioa- IWPRO-108-OG TheEPAconsidersincineration gy, theuseof thetechnologyto tion,funding,and regulatory IIto bethe bestdemonstrated meetthesiterequirements approval.
availabletechnology(BDAT) needsto bedemonstrated,
for thedestructionoforgankcs. Also,RD&Disrequiredto
IncinerationcanachieveDREs developbetterunderstanding =mi
greaterthan99.999%forcer- of theprocesstechnologyto Ztalnorganics.However,addi- improveitsacceptability.
tionalRD&Donseveral
aspectsof incinerationisstill

required. I

I
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I Technology Logt!
Waste Managem

!
-]="-ContaminatedPersonal _ * Cloth _ RefertoVolume1,Chapter10, _ WasteProcessing _ Thermall

• Cleanup Legacy ProtectiveClothing(PPC)and • RAD forpotentiallyapplicablepro- :!

I Rags • Inorganics posedandpromulgatedenvl- i
• Prevent Future • Organics ronmentallaws,signedand _!

Insult pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

! :Environmental regulatoryguidance.As site-
' andwaste-specificcharacteds-

Stewardship t_s areprovidedforeachtech- :
nology,specificregulatory
requirementswillbespecified. !

i!

IiI

Decommissioning
(D&D)

Iii _ WasteUO2F2 .--]=_. UO2F2 _ RefertoVolume1,Chapter10, _ WasteProcessing __ _ WasteStabillz=for potentiallyapplicablepro-
. Actinides posedandpromulgatedenvt-

Soils, Groundwater • Inorganics ronmentallaws,signedand

tJi and Surface Water pendingagreementsforthe _ ChemicalTreal(RA) ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.Assite-
andwaste-specificcharacteris-

til ticsare providedforeachtech-
nology,specificregulatory
requirementswillbe specified,

II

H Waste Management
(WM)

I!
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Logic Diagram
Management

TeChnologies Status _' Scienc_Technolocjy Need s Implemeniation Needs"
AI.ternatives . . .. ,

-. ___ Thermall Treatment (contd) =]_ Molten Salt Oxidation _ DemonatraUon ---..,lD. Further research, development, _ The RD&D effort is estimated
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3

ever, its application for treating the process to develop the year development effort.
hazardous and radioactive con- technology to deployment.
taminants has not been

demonstrated. One advantage

of the process is that the
process and equipment is
transportable (as opposed to a
fixed treatment facility) and can
be located near the waste site.

The process should be capable
of destroying organics with a
>99% efficiency.

Additional RD&D is required to
fully develop the process to
treat mixed wastes.

Steam Stripping _lP,-Oemonatmtlon _ Demonstrate the effectiveness -]l_The RD&D effort is estimated
WPRO-221 -OG This is an accepted industrial of the technology to meet the to require $1-2 million to meet

process that can remove site requirements, site specific needs.
volatile organics with >99+%
efficiency especially from cont-
aminated aqueous streams.
The application of the process
to satisfactorily remove haz-
ardous and radioactive species
needs to be demonstrated.

Chem Char Process _ Pre-[)emonstratlon _ Further research, development, -Ii_The RD&D effort is estimated
WPRO-114-OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1.5 million.

nology based on coal char the process to develop the
gasification. The process is technology to deployment.
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 residue can either be

vitrified to yield a glassy slag or
immobilized in cement.

,,.-- Waste Stabilization _ See Waste Stabilization

Chemical Treatment ..... _ Leaching & Stripping _ Demonstration _ Further research, development, _ Demonstrate the effectiveness

WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the
in industry with removal effi- the process to develop the site requirements.
ctenctes greater than 99% how- technology to deployment.
ever, each application requires
addiUonal RD&D to determine

optimum leachant composition
and process conditions.

2/26/93
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Technology Lo!
Waste Manag
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', _ WasteUO2F2 _ • UO2F2 _ RefertoVolume1,Chapter10,_ WasteProcessing - _ Chemic.J
forpotentiallyapplicablepro-

" Cleanup Legacy •Actinides posedandpromulgatedenvl-
• Prevent Future • Inorganics ronmentallaws,signedand

Insult pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

Environmental regulatoryguidance.As site-
andwaste-specificcharacteds-

Stewardship ticsareprovidedforeachtech-
nology,specificregulatory
requirementswillbespectf'md.

Decommissioning
(D&D)

i

Soils, Groundwater
and Surface Water

(RA)

Thermal_

Waste Management
(WM)
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Chemical Treatment (contd) i__ Solvent Extraction _ Oemonetratlo;1 _ 'Further research, development, _ The RD&D effort is estimated I

WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The
incounter-current contactors the process to develop the payback could be significant.
(e,g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or

t organic solutions. Centrifugal li
i contactor based processes for IIthe separation and recovery of

radionuclides has been tech-

nology at DOE nuclear pro-

cessing sites for over 25 years, li
The technology can be applied IIto treat and recover a wide

range of contaminant concen-
trations. The advantages of
the centrifugal contactor based IB
extraction process are its rela- IItlvely small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy when used with other waste mm
treatment processes would Ienhance the overall waste

treatment strategy. However,
the use of the technology for
the treatment of solid wastes []
requires additional RD&D. I

Precipitation _ Accepted _ Though an accepted technolo- _liD. The demonstration effort is
WPRO-210-OG Precipitation technologies are gy, the use of the technology to estimated to require $ 0.4 rail-

fairlymabJre. Iron co-precipita- meet the site requirements lion. i
tion is presently being used at needs to be demonstrated. IIthe K-25 Site Central

Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes, However, []
significant development is still inecessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
For example, precipitation i
using potassium ferrate has not Ibeen demonstrated and addi-
tional RD&D Is required to

prove its applicability and per-
formance in treating the waste. BI
water. I

Bucky Ball Chemistry _ Evolving Technology _ Further research, development, -.liD. The RD&D effort to develop the
WPRO-101-OG This is a novel technology that and demonstration (RD&D) on technology is estimated to

has many potential applications the process to develop the require $10 million. The pay- li
in fields such as mixed wastes technology to deployment, back is ostlmated to be in the Itreatment, nuclear medicine, range of $150 millionconsider.
tribology, and matedal science, ing savings in waste treatment
Conceptually, the technology is and disposal costs and poten-
sophisticated (uses lasers) and tial spinoffs in other fields such BB
yet simple. For mixed wastes as nuclear medicine and new Itreatment, the process would materials.
essentially encapsulate the
radioactive and hazardous met-
als at the elemental level in lbl

high molecular weight carbon []
cages (called fullerenes) there. i
by isolating them from the envi-
ronment.

Thermal Treatment _ Calcination/Roasting _ Demonltratlon _ The use of the technology to --.ll_The RD&D effort Is estimated i

DCON-60-OG This is accepted industrial tech- meet the site requirements to require $ 2-5 million. The

IB
noiogy for the treatment of needs to be demonstrated, payback could be significant.
ores. However, its use for the
removal and deslnJction of oils BIB
and organics from the site ni

_r wastes needs to be demon- I
strated. 2/26/93
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Waste uo2F 2' _ •UO2F2 _ RefertOVolume1',Chapter10, _ WasteProcessing _ 'TllermalTreat_

t l forpotentiallyapplicablepro-

" Cleanup Legacy •Actinides posedandpromulgatedenvi-
• Prevent Future •Inorganics ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

li • Develop dards,DOEOrders,andnon-

regulatoryguidance.Assite-
Environmental andwaste-specificcharacteds-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
requirementswillbe specified.

tl SpentIonExchanceMedia _'lon ExchangeMedia _ Referto Volume1,Chapter10, _ WasteProcessing _------I_. WasteStabUiz_
• Organics forpotentiallyapplicablepro-
. Inorganics posedandpromulgatedenvi-

I •RAD ronmentallaws,signedand _ ChemicalTreat
pendingagreementsforthe
ORR,radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-

I andwaste-specificcharacteris-
ticsareprovidedforeach tech-
nology,specificregulatory

Decommissioning requirementswillbespeclrmd.
(D&D)

I
,ii

tl Soils, Groundwater
and Surface Water

(RA)

]
II
4

tl Waste Management
(WM)



Logic Diagram
_lanagement

' Aite_'native, s ' • Technologies . .Status Scie.nceq'echnology Needs Implementation Needs
'

Thermal Treatment (contd) _ Molten Glass Combustor _ Accopt_l _ Some development work is --i_Knowledge of process appllca-
WPRO-t 16-OG This Is accepted Industrial tech- required to apply the method to tion, funding, and regulatory

nology for mixed wastes treat- treat the site wastes, approval.
ment. The process can
achieve DREs greater than
99%. EPA has accepted this
process as best demonstrated
available technology (BDAT)
for the treatment of hazardous

high-level nuclear wastes.
Operating costs for the process
are likely to be high.

Waste Stabilization _ _ See Waste Stabilization

Chemical Treatment _ Elution _ Demonltration _ Demonstrate the effectiveness -..)=_his technology has no unique
WPRO-t04-OG This is accepted technology for of the technology to meet the implementation needs.

the treatment of spent ion site requirements.
exchange media. However,
the site specific applications
may need to be demonstrated.

Leaching & Stripping _ Demonstration _ Further research, development, --I_Demonstrate the effectiveness
WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the

in industry with removal effi- the process to develop the site requirements.
clencies greater than 99% how- technology to deployment.
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Supercritical Water Oxidation ----'lP- Demonstration ..----,-lD,,- Further research, development, --I=_he RD&D effort is estimated
WPRO-216-OG and demonstration (RD&D) on to require $1.6 million for a 3

the process to develop the year development plan.
technology to deployment.
Significant development is
needed to solve the problems
of corrosion, plugging, and cak-
ing of the reactors. Overall
experience is also needed on
the specific problems that may
be associated with the process-
ing of particular types of
wastes. This information could

be used to develop a technolo-
gy database to support the
applicability and relative merits
of this promising technology.

6.2-15
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Technology Lo!
Waste Manag

• ..EM Goals

SpentIonExchangeMedia --I_-. IonExchange _ RefertoVolume1,Chapter10, _ WasteProcessing ___Thermal
• Cleanup Legacy •Organics forpotentiallyapplicablepro-

. Inorganics posedandpromulgatedenvi-
• Prevent Future . RAD ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance,Assite-

andwaste-specificcharacteds-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
requirementswillbespecified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

j
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ogic Diagram IInagement

• Alternatives " Technoloc ies Status ' Science/Tec.hnology Needs' Implementation Needs

,.
I

Thermal Treatment .-.-- _ Incineration ----lP- Accepted _ Though an accepted technolo- _ Knowledge of process applica-
WPRO-108-OG The feasibility of the process gy, the use of the technology to tion, funding, and regulatory

has been proven at the benc_ meet the site requirements approval. For example, the K- lm
scale. If proven effective at the needs to be demonstrated, 25 Site TSCA Incinerator is a II
industrial -scale, the process Also, RD&D is required to 30 MMBtu/h unit that is permit-
could treat and dispose of ali develop better understanding ted to destroy low-level
the contaminated aluminum of the process technology to radioactively contaminated i====

from D&D operations. This alu. improve its acceptability, mixed wastes. The unit was []
mtnum would be used in the built at a capital cost of $ 26 IIprocess to treat the radioactive- million (1987 dollars).
ly contaminated nitrate wastes Obtaining regulatory approval
in the Hanford site tanks. This for the TSCA Incinerator took

process would thus help treat over 8 years. The 1992 B
and dispose of two major DOE destruction costs at the'inciner- IIwastes, ator are estimated to be $10

per pound of waste incinerated.

Molten Salt Oxidation _ Demonstration _ Further research, development, _ The RD&D effort Is estimated B
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1 .,$million for a 3 II

ever, its application for treating the process to develop the year development effort.
hazardous and radioactive con- technology to deployment.
taminants has not been

demonstrated. One advantage []
of the process is that the II
process and equipment Is
transportable (as opposed to a
fixed treatment facility) and can
be located near the waste site. []
The process should be capable II
of destroying organics with a
>99% efficiency.

Additional RD&D is required to B
fullydevelop the process to IItreat mixed wastes.

Calcination/Roasting _ Demonstration _ The use of the technology to _ The RD&D effort is estimated Bi
DCON-60-OG This is accepted industrial tech- meet the site requirements to require $ 2-5 million. The Inoiogy for the treatment of needs to be demonstrated, payback could be significant.

ores. However, its use for the
removal and destruction of oils

and organics from the site
wastes needs to be demon- Istrated.

Demonstration

Molten Glass Combustor ""-lP" This is accepted industrial _ Some development work is ,..._ Knowledge of process apptica-WPRO-116-OG required to apply the method to "- tlon, funding, and regulatory

nology for mixed wastes treat- treat the site wastes, approval. []
ment. The process can II
achieve DREs greater than
99%. EPA has accepted this
process as best demonstrated I

available technology (BDAT) []
for the treatment of hazardous II
high-level nuclear wastes.
Operating costs for the process
are likely to be high.

[]
Catalytic Destruction "-'-lD" Pre-Demonstration _ Further research, development, -..il_The RD&D effort is estimated B
WPRO-109-OG 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

(DRE:>99+%) for the deatruc- technology to deployment. []
tion of liquid and gaseous IIorganic wastes. However, its
use to remove and destroy the
organics from solids needs

additional RD&D. I

I
2/26/93
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Spent k)n I_xchan'geMedia -"11_. 'Ion Exchange _ Refer to Volume1, chaPier 10', _ Waste Processing = Thermal Treatment

• Cleanup Legacy • Organics for potentially applicable pro- (cont.)
• Inorganics posed and promulgated envl-

• Prevent Future , RAD ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

• Develop dards, DOE Orders, and non-

Environmental regulatory guidance. As site-
and waste-specific characteris-

Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Waste Processing Sludges --I_.Sludges _ Refer to Votumel, Chapter 10, _ Waste Processing -- _ Waste Stabilization
• RAD for potentially applicable pro-
. Organic posed and promulgated envi-
• Inorganics ronmental laws, signed and

pending agreements for the _ Chemical Treatment -
ORR, radiation protectionstano
dards, DOE Orders, and non-
regulatory guidance. As site-
and waste.specif¢ characteris-
tics are provided for each tech-
noicgy, specific regulatory

Decommissioning requirements will be specified.
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management,
(WM)

I J



Thermal Treatment ..... _ Chem Char Process _ Further research, development, --)l_The RD&D effort is estimated
(cont.) WPRO-114.OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1.5 million.

nology based on coal char the process to develop the
gasification. The process is technology to deployment.
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 residue can either he

vitdtied to yield a glassy slag or
immobilized in cement.

Waste Stabilization _ See Waste Stabilization

Chemical Treatment _, , = Solvent Extraction _ Demonstration _ Further research, development, _ The RD&L) effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

incounter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes for

the separation and recovery of
radionuclides has been tech-

nology at DOE nuclear pro-
cassing sites for over 25 years.
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-
tivelysmall size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

Leaching & Stripping _ Further research, development, -.ll_Demonstrate the effectiveness
WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the

in industry with removal effi- the process to develop the site requirements.
cioncles greater than 99% how- technology to deployment.

J ever, each application requiresadditional RD&D to determine

I optimum leschant composition
and process conditions.

i
_ Incineration _Accepted _ Though an accepted technolo- ...II_K_ of process appltca-

_; WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory
to be the best demonstrated meet the site roquirements approval. For example, the K-

; available technology (BDAT) needs to be demonstrated, 25 Site TSCA Incinerator is a
: for the destruction of organics. Also, RD&D is required to 30 MMBtu/h unit thai is permit-
: Incineration can achieve DREs develop better understanding ted to destroy low-level

greater than 99,999% for cer- of the process technology to radioactively contaminated
taln organics. However, addi- improve its acceptability, mixed wastes. The unit was
tional RD&D on several built at a capital cost of $ 26
aspects of incineration is still million(1987 dollars).
required. Obtaining regulatory approval

for the TSCA Incinerator took

over 8 years. The 1992

destruction costs at the inciner-

ator are estimated to be $10
per pound ofwaste incinerated.

2/26/93

6.2-17



:!

Technology Loi
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Waste ProcessingSludgos _-,Sludges _ Referto Volume1,Chapter10,"-liD"WasteProcessing --
• CleanupLegacy • RAD forpotentiallyapplicablepro- !

• Organic posedandpromulgatedenvl- i
• Prevent Future . Inorganics ronmentallaws,signedand '.

Insult pendingag_reementsforthe !
ORR, radiationprotectionstan- i

• Develop dards,DOEOrders,andnon- :
Environmental regulatoryguidance,As site- :

andwaste-specificcharacterts- i
Stewardship ticsareprovidedforeach tech- i

nology,specificregulatory _ Thermal,
requirementswillbespecif'md, i

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Blotreatr_

Waste Management
(WM)
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lD,,-ChemicalTreatment(contd) _ CatalyticDestruction --.-.lm-Pr,l-I_tonltratlon _ 'Furtherresearch,development,_ll_The RD&Deffortisestimated
WPRO-109-OG Thistechnologyhasbeen and demonstration(RD&D)on torequire$ 0.75-1.5 million.

demonstratedtobe effective the processtodevelopthe i
(DRE>99+%)forthe destruc- technologytodeployment. IItion of liquidand gaseous
organic wastes. However,its
useto removeanddestroythe
organicsfromsolidsneeds []
additionalRD&D. II

ThermalTreatment _ Calcination/Roasting ----Im.Oemonstratlon _ Theuseof the technologyto _lm_TheRD&Deffortis estimated
DCON-60-OG This isacceptedindustrialtech- meetthesiterequirements torequire$ 2-5 million,The

nologyforthetreatmentof needstobedemonstrated, paybackcouldbesignificant, am
ores. However,itsuseforthe Iremoval and destructionof oils
andorganicsfromthesite
wastesneedstobedemon-
strated.

II
ChemCharProcess _ Furtherresearch,development,_ The RD&Deffortis estimated B
WPRO-114-OG This isa developmentaltech.- anddemonstration(RD&D)on torequire$ 0.75-1.5million.

nologybasedoncoalchar the processtodevelopthe mare,

gasification. Theprocessis technologyto deployment. []
claimedto achieveneartotal idestructionof theorganicsand
producesanit_,_rtcharresidue
thatcontainsthenon-volatile
toxicmetalsandradionuclides. I
Thischarresiduecaneitherbe Itvltdfied to yielda glassyslagor
immobilizedincement.

WetAirOxidation _ Demonstration _ Demonstratetheeffectiveness_ The developmenteffortis estl- B
WPRO-215-OG The processis commercially of thetechnologyto meetthe matedto requireapproximately iavailable, lt is capable of siterequirements. $1 million.

greaterthan99+%destruction
of someorganicshowever,it
maynotbeable tocompletely []
destroycertainrefractory IIorganics such ashalogenated
aromatics(e.g,,PCB).
Processingcostsarelikelyto
be high,

MicrowaveHeating _ Demonstration _ Furtherresearch,development,"lD" TheRD&Deffortis estimated i
WPRO-115-OG This is a noveltechnologyfor anddemonstration(RD&D)on torequire$ 2.5 million.

thethermaltreatmentof theprocessto developthe
radioactivewastes.Thetech- technologytodeployment. []
nologyis at thelaboratory IIscaleof development.

----..l_,- MoltenGlassCombustor _ AcceptKI _ Somedevelopmentworkts .-lm,,-Knowledgeof processapplica- ii
WPRO-1lf._-OG Thisisacceptedindustrialtech- requiredto applythe methodto tlon,funding,andregulatory Inologyformixedwastestreat- treatthesitewastes, approval.

ment. The processcan
achieveDREsgreaterthan
99%. EPAhasacceptedthis i
processas bestdemonstrated lavailabletechnology(BDAT)
forthetreatmentofhazardous
high-levelnuclearwastes.
Operatingcosts fortheprocess mm
are likelyto be high. i

-,.lm,.Biotreatment ..-.-..,----m,,-ll_ Biodegradation -'--II_'Evolving Technology _ Furtherresearch,development,--.lla,-TheRD&Deffortisestimated
WPRO-117-OG This Isa promisingtechnology anddemonstration(RD&D)on to require$1-10 million. The

forhazpJ'dOuswaste treatment, the processtodevelopthe paybackcouldbesignificant, iii
Theprocesscanachieve technologyto deployment. !impressivetreatmentefflclen-
cleeforcertainorganics.
However,theprocessis slow
andmay notbeabletocorn- m

ptetelydestroycertainrefracto- Iryorganics.
2/26/93
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Waste ProcassingSolid ' Residue _ Referto Votumel,Chapter10, _ WasteProcessing --_ WasteSta_liza

II • Cleanup Legacy Residuals .RAD forpotentially applicable pro-
• Organics posedandpromulgatedenvl- _4

• Prevent Future • Inorganics ronmentallaws,signedand
Insult pendingagreementsforthe _ ChemicalTreat

ORR,radiationprotectionstan-

II •Develop dards,DOEOrders,andnon-
: Environmental regulatoryguidance,Assite-

andwaste-specificcharacteds-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
._, requirementswillbespecified.

Decommissioning
(D&D)

1!I

Illso,,s,OrounOwa,erand Surface Water
(RA)

Itl _ TherrnalTreatm

I

Waste Management l

(WM)
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--II=- WasteStabilization , , ,._ see W_{e Stabilization

ChemicalTreatment _ _ Leaching&Stripping _ Furtherresearch,development,_ Demonstratetheeffectiveness
WPRO-213-OG Thisisanacceptedtechnology anddemonstration(RD&D)on of the technologyto meatthe

inIndustrywithremovalcfff- theprocessto developthe siterequirements.
clenclesgreaterthan 99% how- technologyto deployment.
ever,eachapplicationrequires
additionalRD&Dto determine
optimumleachantcomposition
andprocessconditions.

SolventExtraction _ Demonstration _ Furtherresearch,development,_ TheRD&DeffortIsestimated
WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on torequire$1-2.5 million.The

Incounter-curt'antcontactors theprocesstodevelopthe paybackcouldbesignificant.
(e.g.,centrifugalcontactors)ts technologytodeployment.
demonstratedtechnologyfor
theseparationofheavymetals
ororganicsfromaqueousor
organicsolutions.Centrifugal
contactorbasedprocessesfor
theseparationand recoveryoi
radionuclideshasbeentech.
nologyatDOEnuclearpro.
cessingsitesforover25 years.
Thetechnologycanbeapplied
totreatandrecovera wide
rangeofcontaminantconcen-
trations,The advantagesof
thecentrifugalcontactorbased
extractionprocessare itsrela-
tivelysmallsize,smallhold-up
volume,and rapidstart-up
characladstics.Thistechnolo-
gywhenusedwithotherwaste
treatmentprocesseswould
enhancetheoverallwaste
treatmentstrategy.However,
the useofthe technologyfor
the treatmentofsolidwastes
requiresadditionalRD&D.

Transmutation -mi,,. Conceptual _ Furtherresearch,development,_ Anindustrial-scalenational
WPRO-219-OG The futureofan industrialscale anddemonstration(RD&D)on transmutationfacilitywould

transmutationfacilityis highly theprocesstodevelopthe needto be developedandbuilt.
dependentontheavailabilityof technologytodeployment. Thecostfor sucha "national"
a permanenthighlevelwaste facilityis estlmat_Jt_ibe in the
repository.A "national"trans- billiondollarsra_ v,_ould
mutationfacilitywouldgreatly requiresevera!,:_ _,:_¢I.
facilitatethe destructionand
disposalof "problem"radlonu-
clidessuchastechnetium.

----lm,. ThermalTreatment _ _ Incineration _ Accepted _ Thoughan acceptedtechnolo-_ Knowledgeofprocessapplica-
WPRO-t08-OG The EPAconsidersIncineration gy, theuseof thetechnologyto tion,funding,andregulatory

tobe thebestdemonstrated meetthesiterequirements approval.
availabletechnology(BDAT) needstobe demonstrated,
for thedestructionoforganics. Also,RD&Disrequiredto
IncinerationcanachieveDREs developbetterunderstanding
greaterthan99.999% forcar- of theprocesstechnologyto
tainorganics.However,eddt- improveitsacceptability.
tionalRD&Don several
aspectsofIncinerationis still
required.

Roasting/Calcination _ Demon=tratlon _ The useof thetechnologyto _ The RD&DeffortIs estimated
DCON-60-OG Thisisacceptedindustrialtech- meetthesiterequirements to require$ 2-5million,The

nologyforthetreatmentof needsto bedemonstrated, paybackcouldbe significant.
ores. However,itsuse forthe
removalanddestructionofoils

andorganicsfromthesite

wastesneedstobe demon-
strated.

=
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EM Goals

WasteProcessingSolid _ •Residue _ RefertoVolume1,Chapter10,_ WasteProcessing _ Thermal
• Cleanup Legacy Residuals •RAD forpotentiallyapplicablepro-

. Organics posedandpromulgatedenvl-
• Prevent Future • Inorganics ronmontallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.Assite-

andwaste-specificcharacteds-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
requirementswillbespecified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management-
(WM)



,,, .... _ ....... iU , , , li ...... JL ..... i , iii
Thermal Treatment Molten Salt Oxidatson _ ' TheFurther research, development, RD&D effort is estimated

WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3
ever, its application for treating the process to develop the year development effort. []
hazardous and radioactive con- technology to deployment. IItaminants has not been

demonstrated. One advantage
of the process is that the

process and equipment is []
transportable (as opposed to a Ifixed treatment facility) and can
be located near the waste site.

The process should be capable

of destroying or_]anicswith a BB
>99% efficiency. I
Additional RD&D is required to
fully develop the process to

treat mixed wastes, lm

iiWet Air Oxidation _ Demonstration _ Further research, development, --IP,-The development effort is esti-
WPRO-215-OG The process is commemislly and demonstration (RD&D) on mated to require approximately

available. Ii Is capable of the process to develop the $1 million.
greater than 99+% destruction technology to deployment. BI
of some organics however, it Imay not be able to completely
destroy certain refractory
organics such as halogenated

aromatics (e.g., PCB). Bi
Processing costs are likelyto Ibe high.

Chem Char Process _ Pre-Demonstration _ Further research, development, _ The RD&D effort is esUmated

WPRO-114-OG This is a developmental tech- and demonstration (PD&D) on to require $ 0.75-1.5 million. BIB
nology based on coal char the process to develop the Igasification. The process is technology to deployment.
claimed to achieve near total

destruction of the organics and
produces an inert char residue _qB
that contains the non-volatile Itoxic metals and radionuclides.
This char residue can either be

vitdfied to yield a glassy slag or
immobilized in cement. []

Microwave Heating _ Demonstration .-...lD,. Further research, development, --II_The RD&D effort is estimated I
WPRO-t 15-OG This Is a novel technology for and demonstration (RD&D) on to require $ 2.5 million.

the thermal treatment of the process to develop the

radioactive wastes. The tech- technology to deployment. Bi
nology Is at the laboratory Iscale of development.

Molten Glass Combustor _ Accepted _ Further research, development, --I_The RD&D effort is estimated
WPRO-116-OG This is accepted industrlaJtech- and demonstration (RD&D) on to require $1-10 million. The ii

noiogy for mixed wastes treat- the process to develop the payback could be significant. Imerit. The process can technology to deployment.
achieve DREs greater than
99%. EPA has accepted this
process as best demonstrated Iii
available technology (BDAT) Ifor the treatment of hazardous

high-level nuclear wastes.
Operating costs for the process

are likely to be high. I

II
i

i

_:.
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II . Cleanup Legacy ContamlnatedWastewater---'l_ RADinWater _ Refer to Volumel, Chapterl0,--'l_ WasteProcessing

for potentiallyapplicablepro-
. Prevent Future posedandpromulgatedenvi-

ronmentaltaws,signedand
Insult pendingagreementsfor the

I1 ,Develop ORR,radiationprotecUonstan-

• dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-

andwaste-specificcharacteds-
Stewardship ticsareprovidedfor eachtech-

nology,specificregulatory

l'il requirementswillbe specified.

Decommissioning

li'J

I'i
IIi Soils, Groundwater

and Surface Water
(RA)

Ii',

ChemicalTreatt,

II
Waste Management
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_ogic Diagram
anagement

Physical Treatment "-"'-- _ Adsorption _ Pre-Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efflciencles greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsorp.
tion media for the treatment of

mixed waste contaminated liq-
uids, Development would
include for example, scale-up
studies, development of high
surface area and appropriate

particle size media for continu-
ous operations, and the devel.

opnlent of appropriate media
for the removal of various cont-
aminants.

Electrolysis _ Demonstration _ Further research, development, -....ll_The RD&D effort is estimated
WPRO-205-OG The basic technology is well and demonstration (RD&D) on to require $1.25 million.

established in industry howev- the process to develop the
er, its application to meet the technology to deployment.
site requirements needs to be
developed and demonstrated.
Removal elficiencies for the

process are in general greater
than 90%.

m]_P" Reverse _ Further research, _The RD&D effort to developOsmosis Demonstration development,
WPRO-206-OG Reverse osmosis is commer- and demonstration (RD&D) on applicable membranes is estl-

cial technology for treating the process to develop the mated to require $ 0.75 million.
aqueous streams. When prop technology to deployment.

erly designed and operated the
technology is capable of
greater than 99% rejection of
the salts. However, additional
RD&D may be required to
develop membranes that meet
the sitespecif'¢ requirements.

Ultrafiltration _ Demonstration _ Further research, development, -.--l_The RD&D effort to develop
WPRO-206-OG Ultrafiltration is also a mere- and demonstration (RD&D) on applicable membranes is esti-

brahe separation process that the process to develop the mated to require $ 0.75 million.
is similar to reverse osmosis, technology to deployment.
However, Jtwill not remove low
to Intermediate molecular

weight solutes from the liquid
stream,

Inorganic Microporous Filters _ Pre-Demonstration _-.]=_ Further research, development, -'-I_The RD&D effort to develop
WPRO-207 This is novel technology being and demonstration (RD&D) on inorganic microporous filters is

developed for filtration appllca- the process to develop the estimated to require $ 0.75-1
lions. Some of the advantages technology to deployment, million, The payback is esti-
of these filters are that they can mated to be $20-25 million
be used in severe environ- based on significantly reduced
ments, they can be readily waste disposal costs.
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

Chemical Treatment Chemical Fixation _ Demonstration _ Demonstrate the effectiveness --II_The RD&D effort is estimated
WPRO-208 This process consists of fixing of the technology to meet the to require $ 2-5 million. The

the contaminants by chemical site requirements, payback could be significant.
reaction so that they can be
removed by filtration or other
separation techniques. The
process should be capable of

i 90%+ treatment efflclencles.

2/26/93
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Technology Lc!
Waste Manag

K-25'Site Problem ". Problem AreaJConstituents Reference Requirements • " Subelements • _ 'EM Goals

ContaminatedWastewater.-._ RAD in Water _ RefertoVolume1,Chapter10,_ Waste Processing _ Chemic4
• Cleanup Legacy for potentiallyapplicablepro-
" Prevent Future posedand promulgatedenvi-

ronmentallaws,signed and
Insult pendingagreementsfor the

ORR,radiationprotectionstart-
• Develop dards,DOEOrders,and non-

Environmental regulatoryguidance.Assite-
andwaste-specificcharacteris-

Stewardship tics areprovidedfor eachtech-
nology,specificregulatory
requirementswill be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management-
(WM)



lli

Chemical Treatment _ _ Chemical Reduction _ Pre-Demonstration _ Further research, development, ,-I=_The RD&D effort is estimated
WPRO-209-OG This process consists of cheml- and demonstration (RD&D) on to require $1,25-2.5 million. []

cally reacting the contaminants the process to develop the !!with appropriate reagents to technology to deployment.
alter the chemical state of the
contaminants to make them

easier to remove from the fluid, lm
Treatment efflciencies should Igenerally be greater than 95%.

B_P- Chemical Precipitation _ Demonstration _ Demonstrate the effectiveness ---,_..The demonstration effort is
WPRO-.210-OG Precipitation technologies are of the technology to meet the estimated to require $0.4 mil- []

fairly mature. Iron co-precipita- site requirements, lion. I
tion is presently being used at
the K-25 Site Central

Neutralization Facility for sepa-

rating radionuclides from the •
aqueous wastes. However, IIsigniticant development is still
necessary to meet the increas-
ingly stringent regulatory limits

on the wastewater discharges.
For example, precipitation IIusing potassium ferrate has net
been demonstrated and addi-

tional RD&D is required to
prove its applicability and per- []
formance in treating the waste- Bwater,

•.,,'=.,,.,1_ Solvent Extraction _ Demonstration _ Further research, development, --I_The RD&D effort is estimated

WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The B
in counter-current contactors the process to develop the payback could be significant. II(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or •
organic solutions. Centrifugal IIcontactor based processes for
the separation and recovery of
radionuclides has been tech-

nology at DOE nuclear pro- •
cessing sites for over 25 years. IThe technology can be applied
to treat and recover a wide

range of contaminant concen-
trations. The advantages of •
the centrifugal contactor based aextraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-
gy when used with other waste itreatment processes would
enhance the overall waste

treatment strategy. However,

the use of the technology for m
the treatment of solid wastes Irequires additional RD&D.

,,,,.=.,,.,D_Ion Exchange _ Demonstration _ The use of the technology to -..l_Development costs are estl-
WPRO-217/218-OG This is one of the accepted meet the site requirements mated to be $1.25 million. []

methods used in industry for needs to be demonstrated, !treating liquids. Treatment eft-
clencies can be greater than
99% depending upon the appli-
cation, the ion exch,',,_".e
media, and the solutes tc he Iremoved.

B
|
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• Cleanup Legacy _ Contaminated WastewateP-- .-lm-- RAD In Water _ Refer to Volume1, Chapter 10,.---I_ Waste Processing _ Thermal Treatment -_for potentially applicable pro-

" Prevent Future posedand promulgated envi-
ronmental laws, signed and

Insult pending agreements for the

• Develop ORR, radiation protection stan-
dards, DOE Orders, and non-

Environmental regulatory guidance. As site-

Stewardship and waste-specific characteris-
ticsare provided for each tech-
nology, specific regulatory

j requirements will be specified.

Decommissioning _ Biological Treatment
(D&D)

: _Technetium in Water _- Refer to Volume1, Chapter 10_-.-ID,. Waste Processing _ Physical Treatment ,
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-

regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-

Soils, Groundwater nology, specific regulatory
and Surface Water requirements wilt be specified,

(RA)

Waste Management-
(WM)

!



Thermal Treatment . _ Distillation _ Demonstration _ The use of the technology to --.ll_Knowledge of process applica-
WPRO-222-OG This is an accepted industrial meet the site requirements tion(s) and funding.

process for treating liquids, needs to be demonstrated.

Depending upon the contami-
nant being removed, the sepa-
ration efficiency can be greater
then 99%. However, the use of

the process to meet site
requirements will need to be
demonstrated. Capital and
operating costs could be high.

Evaporation _ Demonstration _ The use of the technology to ---]P,.Knowledge of process applica-
WPRO-223-OG This is similar to distillation and meet the site requirements tion(s) and funding.

is an accepted industrial needs to be demonstrated.
process for treating contami-
nated liquids, lt is usually used
when the solvent is of low

value and can be disposed.
Like distillation,the operating
costs can be high for certain
applications.

Biological Treatment _ Biosorption _ Pre-Oemonstration _ Further research, development, ...l_The RD&D effort is estimated
WPRO-226-OG Data in the scientific literature and demonstration (RD&D) on to require $1-3 million.

suggests that given the ri3ht the process to develop the
conditions, this process should technology to deployment.
be able to achieve impressive
(>95%) treatment efficlencles
however, most of the informa-
tion is based on laboratory-
scale data. There is little pilot
plant or industrial scale data on
the process.

Physical Treatment _ Reverse Osmosis _ Demonstration _ Further research, development, ---ll_-The RD&D effort to develop
WPRO-206-OG Reverse osmosis is commer- and demonstration (RD&D) on applicable membranes is esti-

cia] technology for treating the process to develop the mated to require $ 0.75 million.
aqueous streams. When prop- technology to deployment.
erly designed and operated the
technology is capable of
greater than 99% rejection of
the salts. However, additional

RD&D may be required to
develop membranes that meet
the site specific requirements.

Ultrafiltration _ Pra-Demonsb'ation _ Further research, development, --Im,,-The RD&D effort to develop
WPRO-.206-OG Ultrafiltration is also a mem- and demonstration (RD&D) on applicable membranes is esti-

brahe separation process that the process to develop the mated to require $ 0.75 million.
is similar to reverse osmosis, technology to deployment.
However, lt will not remove low
to intermediate molecular

weight solutes from the liquid
stream.

High Gradiant Magnetic _ Pra-Demor, stratlon _ The use of the technology to "--lD,-" High Gradlant Magnetic
Separation (HGMS) The treatment is commercially meet the site requirements Separation (HGMS)
WPRO-204-OG available for example, for the needs to be demonstrated.

removal of trace Impurities from
kaolin clays. Removal efficlen-
cles for the process are greater
than 99%. However, its use to
treat mixed waste cont_._minat-
ed fluids needs additional
RD&D,

- 2/26/93
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Technology Loi
Waste Mana

• EM Goals
..

--hb Contaminated Wastewater m _ Technetium in Water --'-----._-t='-Refer to Volume1, Chapter 10,--.-!l_ Waste Processing _ Physical
• Cleanup Legacy (cont.) for potentially applicable pro- (cont.) !

• Prevent Future posed and promulgated envi-
ronmental laws, signed and

Insult pending agreements for the

• Develop ORR, radiation protection stan-
dards, DOE Orders, and non-

Environmental regulatory guidance. As site-

Stewardship and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Decommissioning
(D&D)

Chemic

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)



Physical Treatment = Electrodialysis _ Pre-Demonstration _ Further research, development, --.I=_The RD&D effort to develop aB
(cont.) WPRO-206-OG Electrodialysis is a variation of and demonstration (RD&D) on inorganic microporous filters is !a membrane separation the process to develop the estimated to require $ 0.75-1

process that has been tried for technology to deployment, million. The payback is esti-
the removal of radionuclides mated to be $20-25 million

from water. The removal effi- based on significantly reduced i
ciency for radionuclides is gen- waste disposal costs. Ierally in the 90+% range.

Inorganic Microporous Filters ._.lp,. Pre-Demonstration _ Further research, development, _.l_.The RD&D effort to develop
WPRO-207-OG This is novel technology being and demonstration (RD&D) on inorganic microporous filters is

developed for filtration applioa- the process to develop the estimated to require $ 4),75-1 I!tions. Some of the advantages technology to deployment, million. The payback is esti-
of these filters are that they can mated to be $20-25 million
be used in severe environ- based on significantly reduced
ments, they can be readily waste disposal costs. Dm
cleaned if they get fouled, and II

L_ they can be re-used indefinite-

ly. Their separation efficiency
can be 99%+.

Adsorption _ Demonltration _ Further research, development, _The RD&D effort is estimated B
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million, il

removal efficiencles greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using varl- nii
ous adsorbing media. Further |development is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated llq- I
uids. Development would !include for example, scale-up
studies, development of high
surface area and appropriate
particle size media for continu-
ous operations, and the devel- Iopment of appropriate media
for the removal of various cont-
aminants.

1Chemical Treatment _ Ion Exchange _ Demonstration _ The use of the technology to --.il_Development costs are esti-
WPRO-217/218-OG This is one of the accepted meet the site requirements mated to be $1.25 million.

methods used in industry for needs to be demonstrated.
treating liquids. Treatment eft-

i ciencles can be greater than IB
• 99% depending upon the appii- l__ caUon, the ion exchange

media, and the solutes to be
removed,

_ Chemical Precipitation _ DemonstraUon _ Demonstrate the effectiveness _._,.The demonstration effort Is i
WPRO-210-OG Precipitation technologies are of the technology to meet the estimated to require $ 0.4 mtl- mi

fairly mature. Iron co-prectpita- site requirements, lion
tlon is presently being used at
the K-25 Site Cerl_'aJ iii
Neutralization Facility for sepa-

lrating radionuclides from the
aqueous wastes, However,
significant development is still

nece.csary to meet the Increas-
ingly stringent regulatory limits Ion the wastewater discharges.
For example,, '_3¢lpttation
using potassium ferrale has not
been demons_ated and addi- I

tlonaJRD&D is required to []
prove its applicability and per- BI
formance in treating the waste-
water.

i
_3
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ContamlnatedWastewater _ .--I_-Technetium inWater -----.l_-Refer to Volume1, Chapter 10, _ Waste Processing _-_ Chemic1

I • Cleanup Legacy for potentially applicable pro-
posed and promulgated envi-

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

I • Develop dards, DOE Orders, and non-
Environmental regulatory guidance. As site-

and waste-specific characteris-
Stewardship tics are provided for each tech-

nology, specific regulatory

i requirements will be specified.

!
!

Decommissioning

, (D&D)

I
I

Hec,vy Metals in Water _ Refer to Volume1, Chapter 10,_ Waste Processing _ Physical

i for pot'_ntially applicable pro-

posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-

I dards, DOE Orders, and non-

Soils, Groundwater regulatory guidance. As site-
and Surface Water andwaste-specificcharacteds-

(RA) tics are provided for each tech-
nology, specific regulatory

i requirements will be specified.

1
l
I

I
Wasta Management

(WM)

I



ChemicalTreatment ._ ChemicalFixation _ DemonstraUon -------lm,- L)emonstratetheeffectiveness--Ira-The RD&Deffortis estimated
WPRO-208-OG Thisprocessconsistsoffixing of thetechnologyto meetthe torequire$ 2-5million. The

thecontaminantsbychemical site requirements, paybackcouldbe significant.
reactionsothattheycanbe
removedbyfiltrationor other
separationtechniques.The
processshouldbecapableof
90%+treatmentefftciencles.

SolventExtraction _ Pre-Demonstration _ Furtherresearch,development,.-.ll_-TheRD&D effortis estimated
WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on torequire$1-2.5 million.The

incounter-currentcontactors theprocessto developthe paybackcouldbesignificant.
(e.g.,centrifugalcontactors)is technologyto deployment.
demonstratedtechnologyfor
theseparationofheavymetals
or organicsfromaqueousor
organicsolutions.Centrifugal
contactorbasedprocessesfor
theseparationandrecoveryof
radionuclideshasbeantech-
nologyat DOEnuclearpro-
cessingsitesfor over25 years.
Thetechnologycanbe applied
totreatandrecovera wide
rangeofcontaminantconcen.
trations.Theadvantagesof
thecentrifugalcontactorbased
extractionprocessareitsrela-
tivelysmallsize, smallhold-up
volume,andrapidstart-up
characteristics.Thistechnolo-
gywhenusedwithotherwaste
treatmentprocesseswould
enhancetheoverallwaste
treatmentstrategy.However,
the useofthe technologyfor
the treatmentof solidwastes
requiresadditionalRD&D.

--I=,- PhysicalTreatment ------- _ Adsorption _ Pre-Demonstration _ Furtherresearch,development,_The RD&Deffortis estimated
WPRO-202/203-OG Laboratorystudiesindicate anddemonstration(RD&D)on torequire$ t.25 million.

removaleffio_enciesgreater theprocesstodevelopthe
than90°/=forthe removalof technologyto deployment.
radioactivespeciesusingvari-
ousadsorbingmedia. Further
deveiopmentis necessaryto
developmoreeffectiveadsorp-
tionmediaforthetreatmentof
mixedwastecontaminatedliq-
uids.Developmentwould
includeforexample,scale-up
studies,developmentofhigh
surfaceareaandappropriate
particlesizemediaforcontinu-
ouscperations,andthedevel-
opmentofappropriatemedia
fortheremovalof variouscont-
aminants.

Electrolysis _ Demonstration _ Furtherresearch,development,......l_TheRD&Deffortis estimated
WPRO-205-OG The basictechnologyiswell anddemonstration(RD&D)on torequire$1.25 million.

establishedin industryhowev- the processto developthe
er, itsapplicationtomeetthe technologytodeployment.
site requirementsneedsto be
developedanddemonstrated.
Removalefficienclesforthe
processareingeneralgreater

- than90%.

_ 2/26/93
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ContaminatedWastewater_ _ HeavyMetalsin Water _ Referto Volume1,Chapter10,--.-I_- WasteProcessing_ _ Physlca
• Cleanup Legacy (cont.) forpotentiallyapplicablepro- (cont.)

posedand plomulgatedenvl-
• Prevent Future ronmental laws, signedand

Insult p,andingagreementsfor the
ORR, radiationprotectionstan-

• Develop dards, OOEOrders,and non-
Environmental regulatoryguidance.As site-

and waste-specificcharacteris-
Stewardship ticsareprovidedforeachtech-

nology,specific regulatory
requirementswill be specified.

Decommissioning
(D&D)

--'--'-]l_ Chemic-

Soils, Groundwater
and Surface Water

(RA)



Reverse Osmosis _ Oemonst_tion' ' _ .... i= ....... , ,-, ,,Further research, development, ---ll_The J,,D&D effort to developPhysical Treatment
(cont.) WPRO-206-OG Reverse osmosis is commer- and demonstration (RD&D) on applicable membranes is esti- i

clal technology for treating the process to develop the mated to require $ 0.75 million. Iaqueous streams. When prop- technology to deployment.
erly designed and operated the
technology is capable of

greater than 99% rejection of

the salts. However, additional I1RD&D may be required to
develop membranes that meet
the site specific requirements.

/_...

i _ Ultrafiltration _ Demonstration _ Further research, development, "')l=_The RD&D effort to develop ..i
WPRO-206-OG Ultrafiltration is also a mem- and demonstration (RD&D) on applicable membranes is estl- U

_= brahe separation process that the process to develop the mated to require $ 0.75 million.
i is similar to reverse osmosis, technology to deployment.

However, it will not remove low
! to intermediate molecular li weight solutes from the liquid
| stream._

Inorganic Microporous Filter.e.--..-II_ Pre-Demonstration _ Further research, development, -.-)=_The RD&D effort to develop B

| WPRO-207-OG This is novel technology being and demonstration (RD&D) on inorganic microporous filters is IIdeveloped for filtration applica- the process to develop the estimated to require $ 0:75-1
tions. Some of the advantages technology to deployment, million. The payback is estl-
of these filters are that they can mated to be $20-25 million
be used in severe environ- based on significantly reduced lm -

ments, they can be readily waste disposal costs. Icleaned if they get fouled, and
-" they can be re-used indefinite-

ly. Their separation efficiency
: can be 99%+. BIB
-I

I_ HGMS _ Pre-Demonstration _ The use of the technology to -'-_,'Demonstration costs are esti-

WPRO-204-OG The treatment Is commercially meet the site requirements mated to be $ 0.5-1 million.
available for example, for the needs to be demonstrated.

removal of trace impurities from i
kaolin clays. Removal efficien- ilcles for the process are greater
than 99%. However, its use to
treat mixed waste contaminat-

ed fluids needs additional I
RD&D. II

"---')_'Chemtcal Treatment i_'__ Chemical Fixation _ Pre-Demonatratlon _ Demonstrate the effectiveness -..ll_The RD&D effort is estimated i

WPRO-208-OG This process consists of fixing of the technology to meet the to require $ 2-5 million. The
the contaminants by chemical site requirements, payback could be significant.
reaction so that they can be
removed by filtration or other
separation techniques. The
process should be capable of

g0%+ treatment efficlencles, t

IIChemical Reduction _ DemonetraUon _ Further research, development, ---II_The RD&D effort Is estimated

WPRO 209-OG This process consists of cheml- and demonstration (RD&D) on to require $1.25-2.5 million.
cally reacting the contaminants the process to develop the =.41=

with appropriate reagents to technology to deployment, i
alter the chemical state of the lcontaminants to make them
easier to remove from the fluid.
Treatment efflclencles should

generally be greater than 95%. /II

l

!

l i=
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1 • Cleanup Legacy forpotentiallyapplicablepro- (cont.)
posedandpromulgatedenvi- I

• Prevent Future ronmentallaws,signedand I
Insult pendingagreementsfor the i

ORR,radiationprotectionstan- !

_i • Develop dards,DOEOrders,and non-
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nology,specificregulatory
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ChemicalTreatment.----- ChemicalPrecipitation _ DemonstratiOn _ Demonstratetheeffectiveness .--i_The demonstrationeffortis
(cont.) WPRO-205-OG Precipitationtechnologiesare of thetechnologytomeetthe estimatedto require$ 0.4 mU-

faidymature, Ironco-preclpita- site requirements, lion.
tlonis presentlybeingusedat
the K-25SiteCenh'al
NeutralizationFacilityforsepa-
ratingradionuclidesfromthe
aqueouswastes. However,
significantdevelopmentisstill
necessaryto meattheincreas-
inglystringentregulatorylimits
onthewastewaterdischarges,
Forexample,precipitation
usingpotassiumferratehasnot
beendemonstratedandaddi-
tionalRD&Disrequiredto
proveitsapplicabilityandper-
formanceintreatingthe waste-
water.

SolventExtraction _ Demonstration _ Furtherresearch,development,.-p,-The RD&DeffortIs estimated
WPRO-211/212-OG Continuoussolventextraction anddemonstration(RD&D)on to require$1-2.5 million.The

in counter-currentcontactors theprocessto developthe paybackcouldbe significant.
(e.g.,centrifugalcontactors)Is technologyto deployment.
demonstratedtechnologyfor
theseparationof heavymetals
or organicsfromaqueousor
organicsolutions.Centrifugal
contactorbasedprocessesfor
theseparationand recoveryof
radionuclideshasbeentech-
nologyat DOEnuclearpro-
cessingsitesforover25 years.
The technologycanbe applied
to treatandrecovera wide
rangeof contaminantconcen-
trations.Theadvantagesof
the centrllugalcontactorbased
extractionprocessare itsrela-
tivelysmallsize,smallhold-up
volume,andrapidstart-up
characteristics.Thistechnolo-
gywhenused withotherwaste
treatmentprocesseswould
enhancetheoverallwaste
treatmentstrategy.However,
theuseof thetechnologyfor
thetreatmentofsolidwastes
requiresadditional_._&D.

_lon Exchange _ Demonstration _-_tI_ _'_,_.L:_ _ _le technologyto ---I_Deveiopmentcostsareesti-
WPRO-217/218-OG ThisIs oneof theac.t,_;_,;_ _:..P.*.:t_e_,e requirements matedto be$1.25 million.

methodsused inIndu_.,_/_,o, r,_r.,{__obe demonstrated.
treatingliquids.Treatr_,_n_._;.;_'.-
cienciescanbe greater_h,j,-_
99% d_pendinguponth,_a_._oi_.
cation,theionexchange
media,andthesolutesto be
removed.

ThermalTreatment _ Evaporation _ Demonitration _ The useof the technologyto _nowledge of processapplica-
WPRO-223-OG ThisIs similartodistillationand meetthesiterequirements tion(s)andfunding.

Is anacceptedIndustrial needstobe demonstrated.
processfortreatingcontami-
natedliquids,lt Is usuallyused
whenthesolventisof low
valueandcanbedisposed.

• Likedistillation,theoperating
costscan beht01_lD,"c_.'t_Jn
applications,

r 2/26/93
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Waste Mana¢

'. EVGoals " '

ContaminatedWastewater,--- _ PCBsinWater _ Referto Volume1,Chapter10, _ WasteProcessing _ Physicl
• Cleanup Legacy forpotentiallyapplicablepro-

posedandpromulgatedenvl-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,and non-

Environmental regulatoryguidance.Assite-
and waste-specificcharacteris-

Stewardship ticsareprovidedtoreachtech-
nology,specificregulatory
requirementswill be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Chemic-

Waste Management-

=
_L
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Physical Treatment , ._ Foaming _ Demonetratl0n _ The use of the technology to _Demonstration costs are esti-
WPRO-201-OG This process Is used to recover meet the site requirements mated to require up to $1 mil- BIB

particulat,_s from liquids (e.g., ==eedsto be demonstrated, lion. =aqueous u,reams). Removal
efficiencies are generally
greater than 90%. The process
is a variation of filtration in i_
which chemicals are added to Ithe liquid to create a foam.

' The foam traps the particu-
' lares. The foam Is then

; processed elsewhere to recov- lm
er the particulates. II

Sedimentation _ Demonstration _ The use of the technology to .-.l_-Demonstration costs are esti-

WPRO-201-OG Sedimentation Is also a varia- meet the site requirements mated to require up to $1 mil-
lion o! filtration in which gravity needs to be demonstrated, lion. (ii
forces are used to remove the gparticulates from the fluid.
Removal efficiencies should

generally be greater than 90%. AL

lm_l_- Adsorption _ Demonstration _ Further research, development, --II_The RD&D effort is esfimated
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million'.

removal efficlencles greater the process to develop the
than 90% for the removal of technology to deployment. A
radioactive species using vari- Ious adsorbing media. Further
development Is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated ltq- i
ulds. Development would iinclude for example, scale-up
studies, development of high
sudace area and appropriate
particle size media for continu- i
ous operations, and the devel- |opment of appropriate media
for the remowl of various cont.
aminants,

Inorganic kiicroporous Filters _ Demonstration _ Further research, development, --I_The RD&D effort to develop i
• WPRO-207-OG This is novel technology being and demonstration (RD&D) on inorganic mlcroporou_ filtersis lp

developed for filtration applica- the process to develop the estimated to require $ 0.75-1
tions. Some of the advantages technology to deployment, million. The payback is esti-
of these filters are that they can mated to be $20-25 million i
be used ,nsevere environ- based on significantly reduced nmerits, th.,_ycan be readily wa_,_edisposal costs.
cleaned if they get fouled, and
they can be re-used indefinite-

ly. Their separation efficiency i
can be 99%+. U

Chemical Treatment , _ Chemical Dechlorination _ Demonstration _ Further research, development, ---IP,.The RD&D effort is estimated
WPRO-209-OG This process consists of cheml- and demonstration (RD&D) on to require $1.25-2.5 million.

cally reacting the contaminants the process to develop the
with appropriate reagents to technology to deployment.
alter the chemical state of the
contaminants to make them
easier to remove from the fluid. .-.

Treatment efficiencies should lm'.
generally be greater than 95%. I

!

1 i
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-I=,,-ContaminatedWastewaterm _ PCBsin Water _ Referto Volume1,Chapter10,---]l_ WasteProcessing _ Chemical
• Cleanup Legacy forpotentiallyapplicablepro- (cont,)

posedandpromulgatedenvl-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

Environmental regulatoryguidance,Assite-
andwaste-specificcharacteris-

Stewardship ticsareprovidedforeachtech-
nology,specificregulatory

' requirementswillbe specified.
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Chemical Treatment ----.- _ Soivent Extraction _ Demonstration _ Further research, development, -.....i_.The RD_,D effort is'estimated
(cont.) WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic, solutions. Centrifugal
contactor based processes for
the separation and recovery of
iadionuclides 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-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

• Gamma-Radiolysis _ Evoloving Technology _ Further research, development, ---ll_.The RD&D effort is estimated
(WPRO-100-OG) The radiolyticdestruction of and demonstration (RD&D) on to require $1.25-2.5 million.

halogenated and aromatic the process to develop the
compounds at the laboratory technology to deployment.
scale is well documented. Some of the issues to be

However, its application on an resolved are the complete
Industrial scale needs addition- characterization of the radiolyt-
al RD&D. The process is capa- ic decomposition products
ble of high (>90%) destruction under different conditions and
efficlencies for organics, 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.

. Wet Air Oxidation --'-'lP" Pre-Demonstration _ Demonstrate the effectiveness _The development effort is esti-
(WPRO-215-OG) The process is commercially of the technology to meet the mated to require approximately

available, lt is capable of site requirements. $1 million,
greater th_n 99+% destruction
of some organics however, it
may not be able to completely
destroy certain refractory
organics such as halogenated
aromatics (e.g., PCB).
Processing costs are likely to
be high.

Thermal Treatment -...--.-- _ Incineration _ Accepted _ Though an accepted technolo- --I_Knowledge of process apptica-
WPRO-108-OG The EPA considers Incir=eratlon gy, the use of the technology to Uon, funding, and regulatory

to be the best demonstrated meet the site requirements approval.
available technology (BDAT) needs to be demonstrated, For example, the K-25 Site
for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted
greater than 99.999% for car- of the process technology to to destroy low-level radioactive-
tain organics. However, addi- improve its acceptability, ly contaminated mixed wastes.
tlonat RD&D on several The unit was built at a cal_tal
aspects of incineration is still cost of $ 26 million (1987 doi-
required, lars). Obtaining regulatory

approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at

" / the Incinerator are estimated to
be $10 per pound of waste
incinerated.

2/26/93
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Contaminated Wastewater--,- "liD,- PCBs in Water _ Refer to Volume1, Chapter 10, _ Waste Processing _ Thermal

for potentially applicable pro- (cont.)

• Cleanup Legacy posedand promulgated envi-

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

• Develop dards, DOE Orders, and non-

1 Environmental regulatory guidance. As site-
and waste-specific characteris-

Stewardship tics are provided for each tech-
' nology, specific regulatory

t' _ requirements will be specified.

. EM Problem:

Biologici

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Volatile Organic Compounds -----'lB--Refer to Volume1, Chapter 10,-_IID- Waste Processing _ Physical

in Water for potenttaJly appltcabl_ o-

posed and promulgated envi-

ronmental laws, signed and

pending agreements for the
ORR, radiation protection stan-

dards, DOE Orders, and non-

regulatory guidance. As site-

and waste-specific characteris-

tics are provided for each tech-

nology, specific regulatory

requirements will be specified.
c._..

I Waste Management-(WM)

i I 1 1
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Thermal Treatment _ D,st,llation _ DemonetraUon _ The use of the technology to ---_,-Knowledge of process appilca-
(cont.) WPRO-222-OG This is an accepted industrial meet the site requirements tion(s) and funding.

process for treating liquids, needs to be demonstrated. IIDepending upon the contami-
nant being removed, the sepa-
ration efficiency can be greater
than 99%. However, the use of J
the process to meet site 1requirements will need to be
demonstrated. Capital and
operating costs could be high.

I

Catalytic Destruction _ Demonstration -=-.---!_- Further research, development, ...-i_The RD&D effort is estimated B
WPRO-109-OG 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
(DRE>99+%) for the destruc- technology to deployment.
tion of liquid and gaseous
organic wastes. However, its Iuse to remove and destroy the
organics from solids needs
additional RD&D.

Biological Treatment ,_ Aerobic Digestion .---.-...._,. Pre-Demonstration _ The use of the technology to _]lm.The RD&D effort is estimated !
WPRO-224-OG This is a promising technology meet the site requirements to require $1-2 millionto meet

for destroying hazardous needs to be c_emonstrated, site specific needs.
organics. Under the right con-
ditions, this process should be lib
able to achieve greater than I!99% destruction of the organ.
ics. Additional RD&D is need-

ed to determine the applicabill.
ty of the process to meet the B
site requirements. |

Anaerobic Digestion _ Pre-Oemonetratlon _ Further research, development. -.-..liP-TheRD&D effort is estimated
WPRO-225-OG This is a promising technology and demonstration (RD&D) on to require $1.5-2 million to fur-

for destroying hazardous the process to develop the ther develop the process to IBB
organics. Under the right con- technology to deployment, meet the siteneeds. IIditions, this process should be
able to achieve greater than
99% destruction of the organ-
ks. Additional RD&D is need. •
ed to determine the appticablll- 11ty of the process to meet the
site requirements.

Microbial Dechlorination _ Pre.I)emonetration _ Further research, development, --,,ll_The RD&D effort Is estimated lEE

WPRO-227-OG This process is at an early and demonstration (RD&D) on to require $ 5-10 million. The Istage of development. Based the process to develop the payback could be significant.
on the available Information, it technology to deployment.
appears the process should be
able to achieve destruction effl.
ctencles greater than 90%. I

---- .-..lm,. Physical Treatment __ Air Sparging _ Accepted _ Though an accepted technoio- ......lp.The implementation needs will
WPRO-200-OG This is an acceptable industrial gy, the use of the technology to be determined by the site

process with removal efficlerv meet the site requirements requirements. •
cles in the 90+% needs to be demonstrated. II

i
I
i
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ContaminatedWastewater- _ VolatileOrganicCompounds_ Referto Volume1,Chapter10,_ WasteProcessing _ _ PhysicalT_
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• Prevent Future ronmentallaws,signedand _t
Insult pendingagreementsforthe

ORR,radiationprotectionstan-

I • Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-
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Stewardship ticsareprovidedforeach tech-
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Logic Diagram
Management

Physical Treatment Adsorption _ Demonstration _ Further research, development, --.ll_The RD&D effort is estimated
(cont.) WPRO-202J203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efflclencles greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vari-
ous adsorbing media. Further
development Is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated liq-
uids. Devolopment would
include for example, scale-up
studies, development ef 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.

Chemical Treatment ,, _ Solvent Extraction _ Demonstration _ Further research, development, --.l_The RD&D effol't Is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $ t-2.5 million. The

in counter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes for
the separation and recovery of
radionuclides has been tech-

nology at DOE nuclear pro-
cessing sites for over 25 years.
The technoLx:jy can be applied
to treat ar,d recover a wide

range o" contaminant concen-
tratier,s. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

Stripping _ Demonstration _ Further research, development, .-I_.Demonstrate the effectivenes_
WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the

in industrywith removal effi- the process to develop the site requirements.
ciencles greater than 99=/0how- technology to deployment.
ever, each application requires
additional RD&D to determine

optimum teachant composition
and process conditions.

v 2126Rl3
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Waste Manag

EM Goals ' '
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-_Contarntnated Wastewater_ VolatileOrganicCompounds ---.l_efer to Volume1,Chapter 10,_ Waste Processing _ Chemi_

• Cleanup Legacy inWater for potentiallyapplicableoro- (cont.)posedand promulgatedenvi-
• Prevent Future ronmental laws, signedand

Insult pending agreementsfor the
ORR, radiationprotectionstan-

• Develop dards, DOEOrders,andnon-
regulatoryguidance.Assitn-

Environmental and waste-specificcharac _s-
Stewardship tics are providedforeachtech-

nology,specificregulatory
requirementswill be specified.

Decommissioning
(D&D)

Thermal'

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Logic Diagram |

Management

I
:_ i Alternaiives .: Technologies . _+. i ii: ' ; status:_ ienc h n0!0gyNeeds !mPlemen!ation Needs

Chemical Treatment -- _ Ozonation-Photolysis _ Demonstration _ The use of the technology to -.....]l_The RD&D effort is estimated
(cont.) WPRO-.214-OG This process can be very use- meet the site requirements to require $1-2 million to meet

ful in destroying organics needs to be demonstrated, site specific needs. 1(especially refractory organics)
In water. DREs for the process
can be greater than 90+%.
Even though some organics
are easily destroyed by the IIprocess, they are rarely com-
pletely oxidized and may be
converted to other hazardous

species. To be successful, a III

L

thorough knowledge of the IIwaste to be treated is essential.

The process is comparatively
expensive for the treatment of

organics. IWet Air Oxidation _ Demonstration "---"lD" Demonstrate the effectiveness ---I_-The development effort is esti-
WPRO-215-OG The process Is commercially of the technology to meet the mated to _equlre approximately

available, lt is capable of site requirements. $1 million.

greater than 99+% destruction []
of some organics however, it Imay not be able to completely
destroy certain refractory
organics such as halogenated

aromatics (e.g., PCB). []
Processing costs are likely to Ibe high.

Thermal Treatment --_ Incineration _ Accepted _ Though an accepted technolo- _Knowledge of process applica-
WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory []

to be the best demonstrated meet the site requirements approval. Iavailable technology (BDAT) needs to be demonstrated, For example, the K-25 Site
for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted
greater than 99.999% for cer- of the process technology to to destroy low-level radioactive-

tain organics. However, addi- improve its acceptability, ly contaminated mixed wastes. .1tlonal RD&D on several The unit was built at a capital

aspects of Incineration is still cost of $ 26 million (1987 dol-
required, lars). Obtaining regulatory

approval for the TSCA
Incinerator took over 8 years. IIThe 1992 destruction costs at
the incinerator are estimated to

be $10 per poundof waste

incinerated. I
Thermal Desorption -.lh=. Accepted _ The use of the technology to _ Knowledge of process apptioa-
WPRO-106-OG This technology has been used meet the site requirements tion, funding, and regulatory

by industry to remove and needs to be demonstrated, approval.
recover volatiles form contami- []
nated media such as soils. The tprocess is claimed to have a
>99% removal efficiency for
recovering volaUte organic
compounds (VOCs) from soil. IThe application of the process
to treat other contaminated

media (such as concrete rub-

ble) needs to be demonstrated. ,/
'gl

!
I
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ContaminatedWastewater--_ VolatileOrganicCompounds_ RefertoVolume1,Chapter1_ WasteProcessing _ ThermalTreatment
, • Cleanup Legacy in Water for potentiallyapplicablepro- (cont.)

posedand promulgatedenvi-
• Prevent Future ronmentallaws, signed and

Insult pendingagreementsfor the
ORR, radiationprotectionstan-

• Develop dards, DOEOrders,and non-
Environmental regulatoryguidance.Assite-

and waste-specificcharacteris-
• " Stewardship tics areprovidedfor eachtech-
-_ nology,specificregulatory

requirementswill be specified.
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Logic Diagram
Management

Thermal Treatment _ Molten Salt Oxidation _ Demonstration _ Further research, development, -.-I_-T1=e RD&D effort is estimated
(cont.) WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3

ever, its application for treating the process to develop the year development effort.
hazardous and radioactive con- technology to deployment.
taminants has not been

demonstrated. One advantage
of the process is that the
process and equipment is
transportable (as opposed to a
fixed treatment facility) and can
be located near the waste site.

The process should be capable
of destroying organics with a
>99% efficiency.
Additional RD&D Is required to
fully develop the process to
treat m!xed wastes.

Chem Char Process _ Pre-Demonstration _ Further research, development, --tl_The RD&D effort Is estimated

WPRO-114-OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1.5 million.
nology based on coal char the process to develop the
gasification. The process is technology to deployment.
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 residue can either be

vitrified to yield a glassy slag or
immobilized in cement.

aa_- Steam _ Demonstration _ Demonstrate the effectiveness --.l_The RD&D effort is estimatedStripping
WPRO-221-OG This is an accepted industrial of the technology to meet the to require $1-2 million to meet

process that can remove site requirements, site specific needs.
volatile organics with >99+%
efficiency especially from cont-
aminated aqueous streams.

I The application of the process
to satisfactorily remove haz-

| ardous and radioactive species
• needs to be demonstrated.

_ Distillation _ Demonstration _ The use of the technology to .--llP,-Knowledge of process appllca-
| WPRO-222-OG This is an accepted Industrial meet the site requirements tion(s) and funding.
_=' process for treating liquids, needs to be demonstrated.

Depending upon the contami-
-'- nant being removed, the sepa-

ration efficiency can be greater
than 99%. However, the use of
the process to meet site
requirements will i_eed to be
demonstrated. Capital and
operating costs could be high.

tuliP.. Evaporation _ Demonstration _ The use of the technology to -..l_Knowledge of process applica-
WPRO-223-OG This is similar to distillation and meet the site requirements tion(s) and funding.

is an accepted industrial needs to be demonstrated.
process for treating contami-
nated liquids, lt is usually used
when the solvent is of low

value and can be disposed.
Like distillation, the operating
costs can be high for certain
applications,

_ Catalytic Destruction _ Demonstration _ Further research, development, .-.ll_The RD&D effort Is estimated
WPRO-109-OG This technology has been and demonstration (RD&D) on to require $1-2 millionto meet

demonstrated to be effective the process to develop the site specific needs.
(DRE>99+%) for the destruc- technology to deployment.
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

2/26/93
6.3-13



Technology Lo
Waste Mana!

Contaminated Wastewater --_ Volatile Organic Compounds _Refer to Volume1, Chapter 10._ Waste Processing _ Biologl

• Cleanup Legacy i,1Water for potentially applicable pro-
posed and promulgated envi-

• Prevent Future ronmental laws, signed and

Insult pending agreements for'the
ORR, radiation protection stan-

• Develop dards, DOE Orders, and non-

Environmental regulatory guidance. As site-
and waste-specific characteris-

Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Semi-Volatile Organics _ Refer to Volume1, Chapter 10, _ Waste Processing _ Physic
in Water for potentially applicable pro-

posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-

regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management-
(WM)
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!i: Status Implementation NeedS

Biological Treatment.,..----,--.._-,..ll_ Aerobic Digestion _ Pre-Demonstration _ The use of the technology to ---ll_The RD&D effort is estimated
WPRO.224 This is a promising technology meet the site requirements to require $1-2 million to meet g

for destroying hazardous needs to be demonstrated, site specific needs. IIorganics. Under the right con-
ditions, this process should be
able to achieve greater than

99% destruction of the organ- I
ics. Additional RD&D is need-

=ed to determine the applicabili-
ty of the process to meet the
site requirements.

Physical Treatment = Foaming _ Demonstration _ The use of the technology to ---II_Demonstration costs are esti- I
Y'PRO-201-OG This process is used to recover meet the site requirements mated to require up to $1 roll-

particulates from liquids (e.g., needs to be demonstrated, lion.

aqueous streams). Removal Um
efficienctes are generally !greater than 90%. The process
is a variation of filtration in
which chemicals are added to

the )iquidto create a foam. /
The foam traps the particu- =lates. The foam is then

processed elsewhere to cecov-
er the particulates.

Sedimentation _ Demonstration _ The use of the technology to ---liP-Demonstration costs are esti- B
WPRO-201-OG Sedimentation is also a varia- meet the site requirements mated to require up to $ t mil- E

tion of filtration in which gravity needs to be demonstrated, lion.
forces are used to remove the

particulates from the fluid.
Removal efficiencies should m
generally be greater than 90%. II

Reverse Osmosis _ Demonstration _ Further research, development, -..-I_-The RD&D effort to develop
WPRO-206-OG Reverse osmosis is commer- and demonstration (RD&D) on applicable membranes is estl-

cial technology for treating the process to devek,_, the mated to require $ 0.75 million.
aqueous streams, When prop- technology to deployment. IIerly designed and operated the
technology is capable of

greater than 99% rejection of
the salts. However, additional
RD&D may be required to Idevelop membranes that meet

the site specific requirements.

Ultrafiltration _ Demonstration _ Further research, developme_t, _The RD&D effort to develop i
WPRO-206-OG Ultrafiltration is also a mere- and demonstration (RD&D) cn applicable membranes is esti- =brane separation process that the process to develop the mated to require $ 0.75 million.

Is similar to reverse osmosis, technology to deployment.
However, it will not remove low

to Intermediate molecular
weight solutes from the liquid =stream,

IB_ll_- Adsorption _ _ Further research, development, _The RD&D effort is estimatedPre-DemonstraUon

WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.
removal elficiencles greater the process to develop the =than 90% for the removal of technology to deployment.
radioactive species using vad-
ous adsorbing media, Further
development is necessary to
develop more effective adsorp Ition media for the treatment of

mixed waste contaminated liq-
uids. Development would
include for example, scale-up

studies, development of high 1
surface area and appropriate II
particle size media for continu-
ous operations, and,the devel-
opment of appropf,ate media
for the removal of w,"lous cont- m
aminants. |
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ContaminatedWastewater_ Semi-VolatileOrganics_ Referto Volume1,Chapter10,--'lP'- WasteProcessing _ ChemicalTreatmi

I • Cleandp Legacy in Water for potentiallyapplicablepro-
posedand promulgatedenvi-

• Prevent Future ronme,_tallaws, signedand
Insult pendingagreementsfor the

ORR, radiationprotectionstan-

i • Develop dards, DOEOrders,and non-
Environmental regulatoryguidance.As site-

and waste-specificcharacteris-
Stewardship ticsare providedforeachtech-

nology, specificregulatory

. _ requirementswillbespecified.F_
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Chemical Treatment _ BB_- Ozonation-Photolysis _ Demonstration _ The use of the technology to _The RD&D effort is estimated
WPRO-214-OG This process can be very use- meet the site requirements to require $1-2 million to meet

ful in destroying organics needs to be demonstrated, sitespecific needs.
(especially refractory organics)
in water. DREs for the process
can be greater than 90+%.
Even though some organics
are easily destroyed by the
process, they are rarely com-
pletely oxidized and may be
converted to other hazardous

species. To be successful, a
thorough knowledge of the
waste to be treated is essential.

The process Is comparatively
expensive for the treatment of
organics.

_ Solvent Extraction _ Demonstration _ Further research, development, ---]i_The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant.
(e.g,, centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions, Centrifugal
contactor based processes 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-

trations. The advantages of
the centrifugal cortactor bascd
extraction proces _are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

,=..,,,,,,1_ Wet Air Oxidation _ Pre-Demonstration _ Demonstrate the effectiveness --]P-The development effort is esti-
WPRO-215.-'_G The process is commercially of the technology to meet the mated to require approximately

available, lt is capable of site requirements. $1 million.
greater than 99+% destruction
of some organics however, it
may not be able to completely
destz'oycertain refractory
organics such as halogenated
aromatics (e,g., PCB),
Processing costs are likely to
be high.

Gamma-Radiolysis _ Evolving Technology _ Further research, development, .--_..The RD&D effort is estimated
WPRO-t00-OG The radio_yticdestruction of and demonstration (RD&D) on to require $1.25-2.5 million.

halogenated and aromatic the process to develop the
compounds at the laboratory technology to deployment.
scale is well documented. Some of the issues to be

However, its application on an resolved are the complete
Industrial scale needs addition- characterization of the radiolyt-
al RD&D. The process is capa- ic decomposition products
ble of high (>90%) destruction under different conditions =_nd
efficiencies for organics, for different waste materials

:_ndtheir relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolytio by products.

_26/93
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Contaminated Wastewater_ _ Semi-Volatile Organics _Refer to Volume1, Chapter 10,_ Waste Processing _ Therm,

• Cleanup Legacy in Water for potentially applicable pro-
posed and promulgated envl-

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

• Develop dards, DOE Orders, and non-

Environmental regulatory guidance. As site-
and waste-specific characteris-

Stewardship tics are provided for each tech-

nology, specific regulatory
requirements will be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management.
(WM)
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!
Thermal Treatment _ Incineration _ Accepted _ Though an accepted technolo- -....-I_-Knowledge of process applic.a-

WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory I
to be the best demonstrated meet the site requirements approval. 11available technology (BDAT) needs to be demonstrated, For example, the K-25 Site
for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted
greater than 99.999% for cef- of the process technology to to destroy low-level radioactive-
rain organ:cs. However, addi- improve its acceptability, ly contaminated mixed wastes. 1tional RD&D on several The unit was built at a capital
aspects of incineration is still cost of $ 26 million (1987 dol-

required, lars), Obtaining regulatory
approval for the TSCA J_
Incinerator took over 8 years. IThe 1992 destruction costs at
the incinerator are estimated to

be $10 per pound of waste

incinerated. 1Chem Char Process --liD. Pre-Demonstratlon _ Further research, development, .--li_The RD&D effort is estimated
WPRO-114-OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1.5 million,

nology based on coal char the process to develop the

gasification. The process is technology to deployment, mi
claimed to achieve near total Idestruction of the organics and
produces an inert char residue
that contains the non-volatile

toxic metals and radionuclides,
This char residue can either be Ivitrified to yield a glassy slag or
immobilized in cement.

I_ Molten Salt Oxidation _ Demonstration _ Further research, development, _The RD&D effort is estimated li
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3 !ever, ;ts application for treating the process to develop the year development effort.

hazardous and radioactive con- technology to deployment.
tamtnants has not been

demonstrated. One advantage
of the process is that the Iprocess and equipment is
transportable (as opposed to a
fixed treatment facility) and can
be located near the waste site. i

The process should be capable []
of destroying organics with a I>99% efficiency.
Additional RD&D is required to
fully develop the process to

treat mixed wastes. I

Steam Stripping-OG _ Demonstration _ Demonstrate the effectiveness ----l_-The RD&D effort is estimated

This Is an accepted industrial of the technology to meet the to require $1-2 millionto meet
process that can remove site requirements, site specific needs, ii
volatile organics with >99+% tefficiency especially from cont-
aminated aqueous streams.
The application of the process
to satisfactorily remove haz- i
ardous and radioactive species IIneeds to be dpmonstrated.

Catalytic Destruction _ Pre-De;',mnMtatlon _ Further research, development, ---I_The RD&D effort Is estimated
WPRO-109-OG This technology has been and demonstration (RD&D) on to require $ 0.75-1.5 million. /li

demonstrated to be effective the process to develop the !(DRE>99+%) for the destru_ technology to deployment.
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs Iadditional RD&D.

I
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I
Contaminated Wastewater-- _ Mercury in Water _.ll_-Refer to Volume1, Chapter 10,.--.l=_ Waste Processing _ Physical Treatm(

I_ • Cleanup Legacy forpotentially applicable pro-
posed and promulgated envi-.

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

I " Develop dards, DOE Orders, and non-
Environmental regulatory guidance. As site-

and waste-specific characteris-
Stewardship tics are provided for each tech-

nology, specific regulatory

1 requirements will be specified,
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Logic Diagram
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Physical Treatment Sedimentation --.----..11> Demonstration _ The use of the technology to --._,-Demonstrmion costs are esti-
WPRO-201-OG Sedimentation is also a veda- meet the site requirements mated to require up to $1 mil-

tion of filtration in which gravity needs to be demonstrated, lion.
forces are used to remove the

part'muiates from the fluid.
Removal efficiencies should

generally be greater than 90%.

Filtration _ Demonstration _ The use of the technology to .--.l_Demonstration costs are esti-
WPRO-201 -OG This is an accepted process for meet the site requirements mated to require up to $1 mil-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal efficiencles greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

Inorganic Microporous Filters _ Pre-Demonstration _ Further research, development, "--I_-The RD&D effort to develop
WPRO-207-OG This is novel technology being and demonstration (RD&D) on inorganic microporous filters is

developed for filtration applica- the process to develop the estimated to require $ 0.75-1
tions. Some of the advantages technology to deployment, million, The payback is estl-
of these filters are that they can mated to be $20-25 million
be used in severe environ- based on significantly r_:luced

ments, they can be readily waste disposal costs.
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

IIII1_ Adsorption _ Pre-Demonstration _ Further research, --ll_The RD&D effort is estimateddevelopment,
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to r_quire $1.25 million.

removal effictencies greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vad-
ous adsorbing media. Further
development is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated liq-
uids. Development would
Include for example, scale-up
studies, development of high
surface area and appropriate
panicle size media for continu-
ous operations, and the devel-
opment of appropriate media
for the removal of various cont-
aminants.

Electrolysis _ Oemonstratlon "-----lm,- Further research, development, -.-il_The RD&D effort is estimated
WPRO-205-OG The basic technology is well and demonstration (RD&D) on to require $125 million.

established in industry bower, the process to develop the
er, its application to meet the technology to deployment.
site requirements needs to be
developed and demonstrated,
Removal efficlencles for the

process are in general greater
than 90%.

Chemical Treatment -----" _ Ion Exchan0e _ Demonsb'atloe _ The use of the technology to _ Development costs are estt-
WPRO-217/218-OG This is one of the accepted meet the site requirements mated to be $1.25 million.

methods used in industry for needs to be demonstrated.
treating liquids. Treatment effi-
cienctes can be greater than
99% depending upon the appli-
cation, the ion exchange
media, and the solutes to be
removed.

2/26/93
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ContaminatedWastewater---.--'ll_ MercuryinWater _ Referto Volume1,Chapter10,--.11_ WasteProcessing
• Cleanup Legacy for potentiallyapplicablepro- (cont.)

posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsfor the
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-

andwaste-specificcharacteris-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
requirementswillbespecified.

I_- ContaminatedOil Ib RADandTechnetiumin Oil _ RefertoVolume1,Chapter10,---lip _., _teProcessing ,_ Ph'

for potentiallyapplicablepro-
posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsfor the
ORR,radiationprotectionstan-
dards, DOEOrders,and non-
regulatoryg'Lodance.As site-
and waste-specificcharacteris-
tics areprovidedfor eachtech-
nology,specificregulatory
requirementswill be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management -
(WM)
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!
Chemical Treatment _ Chemical r.:ix:_:_:_j_ _ Demonstration _ Demonstrate the effectiveness --.il_The RD&D effort is estimated

(cont.) WPRO-208-_'_.!, This process consists of fixing of the technology to meet the to require $ 2-5 million. The am
the contaminants by chemical site requirements, payback could be significant. I!reaction so that they c_, be
removed by filtration or other
separation techniques. The

process should be capable of
90%+ treatment efflciencies. I

Physical Treatment __ _ Centrifugation _ Demonstration _ The use o: the technology to _Demonstration costs are esti-

WPRO-201-OG This process is a variation of til- meet the site requirements mated to require up to $1 mil-
tration operations in which cen- needs to be demonstrated, lion,
tdfugal action is used to sepa-

rate the heavier components ii
from the lighter fluid. Removal II
efficiencles are generally
greater than 95+%.

_ Filtration _ Demonstration _ The use of the technology to _ Demonstration costs are esti-

WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $.1 mtl- tl
separating solids from fluids, needs to be demonstrated, lion.
The process can achieve

removal efficiencles greater
than 99%. The use of the Iprocess to meet the site
requirements will however,
need to be demonstrated.

_ Foaming -'_ Demonstration _ The use of the technr_logy to _ Demonstration c_ sts are estio B

WPRO-201 -OG This process is used to recover meet the site requirements mated to require up to $1 mll- u
particulates from liquids (e.g,, needs to be demonstrated, lion.
aqueous streams), Removal

efficiencies are generally
greater than 90%, The process Iis a variation of filtration in
which chemicals are added to
the liquid to create a foam.
The foam traps the partlcu- m
lates. The foam Is then []
processed elsewhere to recov- II
er the particulates,

Inorganic Microporous Filters _ Pre-Demonstration _ Further research, development, .--II_The RD&D effort to develop
WPRO-207-OG This Is novel technology being and demonstration (RD&D) on inorganic microporous filters is i

developed for filtration appUca- the process to develop the estimated to require $ 0.75-1 II
tions. Some of the advantages technology to deployrnent, million, The payback ls esti-
of these filtersare that they can mated to be $20-25 million
be used insevere environ- based on significantly reduced IIBI
ments, they can be readily waste disposal costs. BI
cleaned if they get fouled, and ltthey can be re-used indefinite-

ly. Their separation efficiency

can be 99%+.

IHGMS _ Demormtration _ The use of the technology to _ Demonstration costs are esti-
WPRO-204-OG The treatment is commemlally meet the site requirements mated to be $ 0.5-1 million.

available for example, for the needs to be demonstrated.
removal of trace Impurities from m
kaolin clays. Removal efficten- Icies for the process are greater
than 99%. However, its use to
treat mixed waste contaminat.
ed fluids needs additional

RD&D, I

I

I 2/26/93 i
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Contaminated Oil _ RAD and Technetium in Oil "_"'D_Refer to Volume1, Chapter 10,-'--l_- Waste Processing _ _ Physical

i • Cleanup Legacy for potentially applicable pro- (cont.)
posed and promulgated envi-

• Prevent Future ronmental laws, signed and

Insult pending agreements for the
ORR, radiation protection stan-

, • Develop dards, DOE Orders, and non-
Environmental regulatory guidance. As site-

and waste-specific characteris-

Stewardship tics are provided for each tech-
nology, specific regulatory

ill_ requirements will be specified.t
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Logic Diagram
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Physical Treatment _ Adsorption _ Pre-Demonstration _ Further research, development, --lib-The RD&D effort is estimated
(cont.) WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efficiencies greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated liq-
uids. Development would
include for example, scale-up
studies, development of high
surface area and appropriate
particle size media for continu-
ous operations, and the devel-
opment of appropriate media
for the removal of variouscont-
aminants.

Chemical Treatment --_ Chemical Precipitation _ Demonstration _ Demonstrate the effectiveness ---II=,-The demonstration effort is
WPRO-210-OG Precipitation technologies are of the technology to meet the estimated to require $ 0.4 rail-

fairly mature. Iron co-precipita- site requirements, lion.
tion is presently being used at
the K-25 Site Central

Neutralization Facility for sepa.
rating radionuclides fromthe
aqueous wastes. However,
significant development is still
necessa,"v ',.. meet the increas-

ingly st_' 'e; squlatory limits
on the wu,.._w_ter :Jlscharges.
For example, precJpitation
using potassium ferrate has not
been demonstrated and addi-

tional RD&D is required to
prove its applicability and per-
formance in treating the waste-
water.

Solvent Extraction _ Demonstration _ Further research, development, _ The RD&D effort Is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes 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-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

__ requires additional RD&D.

i

i
!
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ContaminatedOil _ _ RADand Technetiumin O to Volume1,Chapter10,-']=_ WasteProcessing _ Chemic
forpotentiallyapplicablepro- (cont.)

• Cleanup Legacy posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.Assite-

andwaste-specificcharacteris-
Stewardship ticsare providedforeachtech-

nology,specificregulatory
requirementswillbe specified.

Decommissioning
(D&D)
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Waste Management- -
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!
Chemical Treatment m _ Acid Stripping _ I_monstration _ Further research, development, _ Demonstrate the effectiveness
(cont.) WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the ii

in industry with removal cfff- the process to develop the site requirements. 1clencies greater than 99% how- technology to deployment.
ever, each application requires
additional RD&D to determine

optimum leachant composition
and process conditions. =

Bucky Ball Chemistry _ Evolving Technology _ Further research, development, _ The RD&D effort to develop the
WPRO-101-OG This Is a novel technology that arid demonstration (RD&D) on technology is estimated to

has many potential applications the process to develop the require $10 million. The pay- i
in fields such as mixed wastes technology to deployment, back is estimated to be in the Itreatment, nuclear medicine, range of $150 millton consider-
tribology, and material science, ing savings in waste treatment
Conceptually, the technology is and disposal costs and poten-

sophisticated (uses lasers) and tial spinoffs in other fields such i
yet simple. For mixed wastes as nuclear medicine and new ttreatment, the process would materials.
essentially encapsulate the
radioactive and hazardous met-

als at the elemental level in i
high molecular weight carbon Icages (called fullerenes) there-
by isolating them from the envi-
ronment.

Thermal Treatment -----...,,=,.,.1_ Incineration _ Accepted _ Though an accepted technolo- -.._Knowledge of process applica- l
WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion0funding, and regulatory u.

to be the best demonstrated meet the site requirements approval.
available technology (BDAT) needs to be demonstrated, For example, the K-25 Site

for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30 ii
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted |greater than 99.999% for cer- of the process technology to to destroy low-level radloactive-
tain organics. However, addi- improve its acceptability, ly contaminated mixed wastes.
tional RD&D on several The unit was built at a capital

aspects of incineration is still cost of $ 26 million (1987 dol- i
required, lars). Obtaining regulatory Iapproval for the TSCA

Incinerator took over 8 years.
The 1992 destruction costs at

the incinerator are estimated to
be $10 per pound of waste lincinerated.

,,.,,..,,-Im_ Chem Char Process _ Pre-Demon=tration _ Further research, development, _ The RD&D effort is estimated

WPRO-114-OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1.5 million, li.
nology based on coal char the process to develop the Igasification, The process Is technology to deployment.
claimed to achieve near total
destruction of the organics and

produces an inert char residue lm
that contains the non-volatile Itoxic metals and radionuclides.
This char residue can either be

vitrified to yield a glassy slag or

immobilized in cement.

Ii_" Molten Salt Oxidation _ Demonstration Further research, development, The effort is estimatedRD&D

WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1,4 million for a 3
ever, its application for treating the process to develop the year development effort.

hazardous and radioactive con- technology to deployment, i
tamlnants has not been Idemonstrated. One advantage
of the process is that the
process and equipment Is
transportable (as opposed to a
fixed treatment facility) and can Ibe located near the waste site.

=

The process should be capable
of destroying organics with a

>99% efficiency. I

Additional RD&D is required to
fully develop the process to
treat mixed wastes,

2/26/93
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ContaminatedOil _ RAD andTechnetiumin Oil _ Referto Volume1,Chapter 10,-..-..-lI_Waste Processing _-- Biotreatment '

I • Cleanup Legacy for potentiallyapplicablepro-
posedand promulgatedenvi-

• Prevent Future ronmentallaws, signed and
Insult pendingagreementsfor the

ORR,radiationprotectionstan-

I • Develop dards,DOEOrders,andnon-
regulatoryguidance.As site-

Environmental andwaste-specificcharacteris-
Stewardship tics areprovidedforeachtech-
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_ requirementswill be specified._ Heavy Metalsin Oil _ RefertoVolume1,Chapter10,_ Waste Processing _ PhysicalTreatm
for potentiallyapplicablepro-
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I ronmentallaws, signedand
pendingagreementsfor the
ORR,radiationprotectionstan-
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nology,specificregulatory
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Logic Diagram
Management

Biotreatment _ Biosorption _ Pre-Demonstration _ Further research, development, -.---I=_The RD&D effort is estimated
WPRO-226-OG Data in the scientific literature and demonstration (RD&D) on to require $1-3 million.

suggests that given the right the process to develop the
conditions, this process should technology to deployment.
be able to achieve impressive
(>95%) treatment efficiencies
however, most of the informa-

tion is based on laboratory-
scale data. There is little pilot
plant or indt strial scale data on
the process.

Physical Treatment __ Centrifugation _ Demonairation _ The use of the technology to _ Demonstration costs are esti-

__ WPRO-201 -OG This process is a variation of til- meet the site requirements mated te _equire up to $1 mil-
tration operations in which cen- needs to be demonstrated, lion.

--- trifugal action is used to sepa-
rate the heavier components
from the lighter fluid, Removal
efficiencies are generally

greater than 95+%.

Decantation _ DemonatraUon _ The use of the technology to _ Demonstration costs are esti-
WPRO-201 -OG This is an accepted process for meet the site requirements mated to require up to $ t mil-

the separating solids from Iiq- needs to be demonstrated, lion.
uids. The removal efficiency
for the process can vary from
80 to 90+% depending upon
the materials being separated.

Filtration _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201 -OG This is an accepted process for meet the site requirements mated to require up to $1 rail-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal efficienctes greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

Foaming _ Demonatration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201 -OG This process is used to recover meet the site requirements mated to require up to $1 mil-

particulates from liquids (e.g., needs to be demonstrated, lion.
aqueous streams). Removal
efficiencies are generally
greater than 90%, The process
is a variation of filtration in
which chemicals are added to

the liquid to create a foam,

The foam traps the particu-
lates. The foam is then

processed elsewhere to recov-
er the particulates.

Ultrafiltration _ Demonatration _ Further research, development, ---I=_The RD&D effort is estimated
WPRO-206-OG Ultrafiltration is also a mem- and demonstration (RD&D) on to require $1.25 million.

brane separation process that the process to develop the
is similar to reverse osmosis, technology to deployment.
However, it will not remove low
to intermediate molecular

weight solutes from the liquid
stream.

Electrolysis _ Demonstration _ Further reseacch, development, --I_-The RD&D effort is estimated
WPRO-205-OG The basic technology is well and demonstration (RD&D) on to require $1.25 million.

established in industry howev- the process to develop the

er, its application to meet the technology to deployment.
site requirements needs to be

_ developed and demonstrated.
Removal efficlencies for the

process are in general greater
than 90%.
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Logic Diagram |Nanagement

!
Physical Treatment _ _ HGMS _ Demonstration _ The use of the technology to _Demonstration costs are esti-
(cont.) WPRO-204-OG The treatment is commercially meet the site requirements mated to be $ 0.5-1 million.

available for example, for the needs to be demonstrated. IIremoval of trace Impurities from
kaolin clays. Removal efficlen-
cles for the process are greater
than 99%. However, it ; use to di=-
treat mixed waste contaminat- Ied fluids needs additional
RD&D.

Inorganic Microporous Filter_'_l_- Pre-Demonstration _ Further research, development, _The RD&D effort to develop
WPRO-207-OG This is novel technology being and demonstration (RD&D) on inorganic microporousfilters Is Ideveloped for filtration applica- the process to develop the estimated to require $ 0,75-1

tions. Some of the advantages technology to deployment, million. The payback is esti-
of these filters are that they can mated to be $20-25 million
be used in severe environ- based on significantly reduced

ments, they can be readily waste disposal costs. []
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

Adsorption _ Demonstration _ Further research, development, ---'-]t_The RD&D effort is estimated B
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million,

removal efficiencies greater the process to develop the
than 90% for the removal of technology to deployment. /_._
radioactive species using vari- Ious adsorbing media. Further
development Is nec,es,saw to
develop more effective adsorp-
tion media for the treatment ol

mixed waste contaminated liq-
uids, Development would IIinclude for example, scale-up
studies, development of high
surface area and appropriate

particle size media for continu-
ous operations, and the devel- IIopment of appropriate media
for the removal of various cont-
aminants.

Chemk :al Treatment _ Chemical Precipitation _ DemonsttaUon _ Demonstrate the effective_ Jss -'llnl"he demonstration effort is B
WPRO-210-OG Precipitation technologies are of the technology to meet the estimated to require $ 0.4 mil- li

fairly mature. Ironco-precipita- site requirements, lion.
tlon is presently being used at
the K-25 Site Central mB
Neutralization Facility for sepa-

lrating radionuclides from the
aqueous wastes. However,

significant development is still
necessary to meet the increas-
ingly stringent regulatory limits Ion the wastewater discharges.
For exP.mple, precipitation
using potassium ferrate has not
been demonstrated and addi- li
tional RD&D is required to Iprove its applicability and per-
formance In treating the waste-
water.

!
I
I
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Logic Diagram
lanagement

Chemical Treatment _ Solvent Extraction _ Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter--cunentcontactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueou,'; or
organic solutions. Centrifugal
contactor based processes 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

-'_nge ofcontaminant concen-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

Acid Stripping _ Demonstratlon _ Further research, development, _ Demonstrate the effectiveness
WPRO-213-OG This is an accepted technology and demonstration (RD&D) on of the technology to meet the

in industry with removal effi- the process to develop the site requirements.
ciencies greater than 99% how- technology tc deployment
ever, each application requires
additional RD&D to determine

optimum leachant composition
and process conditions.

Bucky Ball Chemistry _ Evolving Technology _ Further research, development, _ The RD&D effort to develop the
WPRO-101-OG This is a novel technology that and demonstration (RD&D) on technology is estimated to

has many potential applications the process to develop the require $10 million. The pay-
in fields such as mixed wastes technology to deployment, back is estimated to be in the
treatment, nuclear medicine, range of $150 millionconsider-
tribology, and material science. Ing savings inwaste treatment
Conceptually, the technology is and disposal costs and poten-
sophisticated (uses lasers) and tial spinoffsin other fields such
yet simple. For mixed wastes as nuclear medicine and t_ew
treatment, the process would materials.
essentially encapsulate the
radioactive and hazardous met-
als at the elemental level in

high molecular weight carbon
cages (called fullerenes) there-
by isolating them from the envi-
ronment.

Thermal Treatment _=B_ Incineration _ Accepted _ Though an accepted technolo- _Knowledge of process applica-
WPRO-t08-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory

to ba the best demonstrated meet the site requirements approval.
available technology (BDAT) needs to be demonstrated, For example, the K-25 Site
for the destruction of organics. Also, RD&D is required to TSCA Incinerator is a 30
Incineration can achieve DREs develop better understanding MMBtu/h unit that is permitted
greater than 99.999% for cer- of the process technology to to destroy low-level radioactive-
rain organics, However, addi- improve its acceptability, ly contaminated mixed wastes.
tional RD&D on several The unit was built at a capital
aspects of incineration Is still cost of $ 26 million (1987 dot-
required, lars). Obtaining regulatory

approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at
the incinerator are estimated to

be $10 per pound of waste
incinerated,
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Thermal Treatment , _ Chem Char Process _ Pre-Uemonsttatlon _ Further research, development, -'-II_The RD&D effort is estimated

(c_ ' ) WPRO-114-OG This is a developmental tech- and demonstration (RD&D) on to require $ 0.75-1,5 million, lm
nology based on coal char the process to develop the IIgasification. The process is technology to deployment.
claimed to achieve near total

destruction of the organics and

produces an inert char residue
that contains the non-volatile IItoxic metals and radionuclides.
This char residue can either be

vitrified to yield a q!assy slag or

immobilized in cement. B

IIm]_" Molten Salt Oxidation _ Pre-Den_onltration _ Further research, development, "--IP"The RD&D effort is estimated
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3

ever, its applica,tion for treating the process to develop the year development effort.

hazardous and radioactive con- technology to deployment.
taminants has not been |demonstrated. One advantage
of the process is that the
process and equipment is
transportable (as opposed to a
fixed treatment facility) and can |be located near the waste site.

The process should be capable
of destroying organics with a

>99"/0 efficiency. I

Additional RD&D is required to
fully develop the process to
treat mixed wastes.

BioTreatment _ Biosorption _ Pre-Demonstration _ Further research, aevelopment, _ The RD&D effort is estimated
WPRO-226-OG Data inthe scientiF¢ literature and demonstration (RD&D) on to require $1-3 million. IIsuggests that given the right the process to develop the

conditions, this process should technology to deployment.
be able to achieve impressive LIL
(>95%) treatment efficiencies
however, most of the informa-

ltion is based on laboratory-
scale data. There is little pilot
plant or industrial scale data on

the process. IPhysical Treatment , _ Adsorption _ Pre-IDemonatratton _ Further research, development, _The RD&D effort is estimated
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efficiencies greater the process to develop the

than 90% for the removal of technology to deployment, mm
radioactive species using vad- IIous adsorbing media. Further
development is necessary to
develop more effective adsorp-
tion media for the treatment of lib
mixed waste contaminated liq- Iuids. Development would
include for example, scaie-up
studies, development of high
surface area and appropriate []
particle size media for continu- Ious operations, and the devel-
opment of appropriate media
for the removal of various cont*

amlnants. IChemical Treatment ------ _ Solvent Extraction _ Demona_ation _ Further research, development, "---]l_The RD&D effort is estimated
WPRO-211/212-OG The RD&D effort Is estimated and demonstration (RD&D) on to require $1-2.5 million. The

to require $ 5-10 million. The the process to develop the payback could be significant.

payback could be significanL technology to deployment.

IIi
Stripping _ Demonatr=dkm _ Further research, development, _ Demonstrate th effectiveness
WPRO-213-OG The use of the technology to and demonstration (RD&D) on ot the technology to meet the

meet the site requirements the process to develop the site requirements. AL
- r_=j_L,¢tn be dPxnon_raled, technology to deployment. []

|=
2/26/93

6.3-24 I

' III1 ' ' ' _' ......... "" I_1...... ' ,,, ,1 ,, ,, , ,, ,Rir ,, i , ,,mr .... , III, rl , ,, ',, , '_'



Technology Logi
Waste Managem

" "'..EM Goals

ContaminatedOil , _-- PCBinOil _ RefertoVolume1,Chapter10,---I1_ WasteProcessing _ ChemicalTreatmel
forpotentiallyapplicablepro- (cont.)

• Cleanup Legacy posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,and non-
Environmental regulatoryguidance.As site-

andwaste-specificcharacteds-
Stewardship ticsare providedforeachtech-

nology,specificregulatory
requirementswillbespecified.

1
Thermal

Decommissioning
(D&D)

Biolog

Soils, Groundwater
and Surface Water

(RA)

Non-HalogenatedOrganicsin _ Referto Volume1,Chapter6, _ WasteProcessing _ PhysicalTreatment
Oil for potentiallyapplicablepro-

posedand promulgatedenvi-
ronmentallaws,signedand
pending agreementsfor the
ORR, radiationprotecUonstart-

\ dards,DOEOrders,andnon-
Waste Management regulatoryguidance.Assitu.

(WM) andwaste-specificcharacteris-
ticsareprovidedforeachtech-
no_gy, specificrogutatory

I requirementswillbespecified.

.... n ii, rl , , , , , I_Ir' pl' , lr' ' 'lP II i rlr , , i , II n i i i , i, PI , n Iql



ogic Diagram
gernent

Chemical Treatment _ Chemical Precipitation --...----.liP- Demonstration _ Demonstrate the effectiveness .--I_-The demonstration effort is
(cont.) WPRO-210-OG The development effort Is esti- of the technology to meet the estimated to require $ 0.4 rail-

mated to require approximately site requirements, lion.
$1 million.

Supercritical Water Oxidatiow---D_ Demonstration _ Further research, development, ---II_The RD&D effort is estimated
WPRO-216-OG and demonstration (RD&D) on to require $1.6 million for a 3

the process to develop the year development plan.
technology to deployment.
The RD&D effort is estimated

to require $ 2.5 million.

IB_l_" Chemical Dechlorination _ Pre-Demonstration _ Further research, development, _The RD&D effort is e.cJtimated
WPRO-209-OG Knowledge of process applica- and demonstration (RD&D) on to require $1.25-2.5 million.

tion(s) and funding, the process to develop the
technology to deployment.

Thermal Treatment rail _ Incineration _ Accepted _ Though an accepted technolo- _ Knowledge of process applica-
WPRO-108-OG The RD&D effort is estimated gy, the use of the technology to tion, funding, and regulatory

to require $1-2.5 million. The meet the site requirements approval.
payback could be sionificant, needs to be demonstrated, The RD&D effort is estimated

Also, RD&D is required to to require $1.25-2.5 million.
develop better understanding
of the process technology to
improve its acceptability.

_ Molten Salt Oxidation _ Demonstration _ Further research, development, --i_.The RD&D effort is estimated
WPRO-113-OG Further RD&D on the process and demonstration (RD&D) on to require $1.4 million for a 3

is needed to develop the optt- the process to develop the year development effort.
mum processing conditions, technology to deployment.

Chem Char Process _ Pre-Demonstration _ Further research, development, ---lP-The RD&D effort is estimated
WPRO-114-OG The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million.

to require $ 5 million for a 3- the process to develop the
year R&D program, technology to deployment.

Distillation _ Demonstration _ I-he use of the technology to _ Knowledge of process appllca-
WPRO-222-OG Demonstration costs are esti- meet the site requirements tion(s) and funding.

mated to be $ 0.5-1 million, needs to be demonstrated.

Biological Treatment _ Microbial Dechlorination _ Evolving Technology _ Further research, dev,,Iopment, _ The RD&D effort is estimated
WPRO-227-OG This process is at an early and demonstration (RO&D) on to require $ 5-10 million. The

stage of development. Based the process to develop the payback could be significant.
on the available information, it technology to deployment.

appears the process should be
able to achieve destruction effi-

ciencies greater than 90%.

Aerobic Digestion _ Demonstration _ The use of the technology to ---II=,.The RD&D effort is estimated
WPRO-224-OG This is a promising technology meet the site requirements to require $1-2 millionto meet

for destroying hazardous needs to be demonstrated, site specific needs.

organics. Under the rightcon-
ditions, this process should be
able to achieve greater than
99% destruction of the organ-
ics. Additional RD&D is need-

ed to determine the applicabili-
ty of the process to meet the
site requirements.

Physical Treatment _ _ Centrifugation _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG This process is a vadatton of til- meet the site requirements mated to require up to $1 mil-

tration operations in which cen- needs to be demonstrated, lion.
tdfugal action is used to sepa-
rate the heavier components
from the lighter fluid. Removal
efficiencies are generally
greater than 95+%.
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" Logic Diagram I

Management

I
_ Physical Treatment = Decantation _ Demonstration _ The use of the technology to _ Demonstration costs are estl-

! (cont.) WPRO-201-OG This is an accepted process for meet the ,..e requirements mated to roquire up to $1 rail- B
the separating solids from liq- needs to be demonstrated, lion, liuids. The removal efficiency

for the process can vary from
80 to 90+% depending upon ,,=,=
the materials being separated. I

Gravity Separation _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG Sedimentation is also a varia, meet the site requirements mated to require up to $1 mil-

tlon of filtration in which gravity needs to be demonstrated, lion.
forces are used to remove the 1particulates from the fluid.
Removal efficlencies should

generally be greater than 90%.

_ Adsorption _ Pre-Demonstration _ Furthor research, development, _The RD&D effort is estimated i
WPRO-202/203-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1.25 million. IB

to require $1-10 million. The the process to develop the
payback could be significant, technology to deployment.

Chemical Treatment _ Solvent Extraction _ Demonstration _ Further research, development, -'_The RD&D effort is estimated Bi
WPRO-211/212-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1-2.5 million. The mr

to require $ 5-10 million. The the process to develop the payback could be significant.
payback could be significant, technology to deployment.

m=

Acid Leaching _ DemonstraUon _ Further research, development, _ Demonstrate the effectiveness i
WPRO-213-OG The use of the technology to and demonstration (RD&D) on of the technology to meet the IIW

meet the site requirements the process to develop the site requirements.
needs to be demonstrated, technology to deployment. lm

Gamma Radiolysis _ Evolving Technology _ Further research, development, ---_The RD&D effort is estimated B
WPRO-100-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1.25-2,5 million. wll

to require $ 2-5 million. The the process to develop the
payback could be significant, technology to deployment. i

Demonstrate the effectiveness i
of the technology to meet the IIsite requirements.

Supercritical Water _ Demonstration _ Further research, development, --I_-The RD&D effort is estimated I

Oxidation and demonstration (RD&D) on to require $1.6 millionfor a 3 i
WPRO-216-OG the process to develop the year development plan. 111technology to deployment.

The RD&D effort is estimated

to require $ 2.5 million. WR
Thermal Treatment "'- Distillation _ Demonstration _ The use of the technology to _ Knowledge of process appllca- B

WPRO-222-OG This is an accepted Industdal meet the site requirements tion(s) and funding.
process for treating liquids, needs to be demonstrated.
Depending upon the contami-

nant being removed, the sepa-
ration efficiency can be greater IIthan 99%. However, the use of

the process to meet site
requirements will need to be d

demonstrated. Capital and i
operating costs could be high. II

IIIII1_ Incineration _ _ Though an accepted technolo- --.ll_Knowledge of applicaoAccepted process
WPRO-108-OG The RD&D effort Is estimated gy, the use of the technology to tion, funding, and regulatory

to require $1-2.5 million. The meet the site requirements approval. I
payback could be significant, needs to be demonstrated, The RD&D effort is estimated IIAlso, RD&D is required to to require $1.25-2.5 million,

develop better understanding
of the process technology to

improve its acceptability. B
/IIChem Char Process _ Pre-DemonStration _ Further research, development, ---'-II_The RD&D effort is estimated

WPRO-114-OG The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million.
to require $ 5 million for a 3- the process to develop the

year R&D program, technology to deployment, i
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y Logic Diagram
le Management

Thermal Treatment _ Molten Salt Oxidation _ Demonstration ,-----,II=,- Further research, development, _ The RD&D effort is estimated

(cont.) L WPRO-113-OG Further RD&D on the process and demonstration (RD&D) on to require $1.4 million for a 3

is needed to develop the opti- the process to develop the year development effort.
mum processing conditions, technology to deployment,

Low Temperature SeparatioTT-'--I_" Pre-Demonstration _ Further RD&D on the process "--I_'The RD&D effort is estimated
WPRO-220-OG This is an accepted industrial is needed to develop the opti- to require $1-2 mi;,on to meet

process for the separation of mum processing conditions, site specific, needs.
low-boiling components from
high-boiling components. The
process can achieve separa-
tion efficiencies greater than
99%.

Blotreatment _ Anaerobic Digestion _ Pre-Demonstration _ The use of the technology to --.ll_The RD&D effort is estimated
WPRO-224-OG This is a promising te_;hnology meet the site requirements to require $1-2 mlllton to meet

for destroying hazardous needs to be demonstrated, site specific needs,
organics. Under the right con-
ditions, this process should be

able to achieve greater than
99% destruction of the organ-
ics. Additional RD&D is need-

ed to determine the applicabili-
ty of the process to meet the
site requirements.

Physical Treatment m _ Decantation _ Demonstration _ The use of the technology to --']lD" Demonstration costs are esti-
WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 mil-

the separating solids from liq- needs to be oemonstrated, lion.
uids. The removal efficiency
for the process can vary from
80 to 90+% depending upon
the materials being separated.

Filtration _ Demonstration _ The use of the technology to _ Demonstration costs are e_ti-
WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 rail-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal efficiencles greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

Gravity Separation _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG The use of the technology to meet the site requirements mated to require up to $1 rail-

meet the site requirements needs to be demonstrated, lion.
needs to be demonstrated.

Centrifugation _ Demonstration _ The use of the technology to _ Demonstration costs are estl-
WPRO-201-OG This process is a vadation of fil- meet the site requirements mated to require up to $ I mil-

tration operations in which cen- needs to be demonstrated, lion.
trifugal action is used to sepa-
rate the heavier components

from the lighter fluid. Removal
efficiencies are generally
greater than 95+%.

Chemical Treatment -,,,,,,.=,,1_-Chemical Fixation _ Pre-demonatratlon _ Demonstrate the effectiveness "--_'The RD&D effort is estimated
WPRO-208-OG Development costs are esti- of the technology to meet the to require $ 2-5 million. The

mated to be $1.25 million, site requirements, payback could be significant.

Thermal Treatment _ Thermal Desorption _ Demonstration _ The use of the technology to "-'l_Knowledge of process applica-
WPRO-106-OG Though an accepted technolo- meet the site requirements tlon, funding, and regulatory

gy, the use of the technology to needs to be demonstrated, approval.
meet the site requirements
needs to be demonstrated.I

" Also, need to develop better
understanding of the Immobi-
lization c;'lemlstry and mecha-
niums,

Molten Salt Oxidation _ Pre-demonstration _ Further research, development, --'ll_The RD&D effort is estimated
WPRO-113-OG Further RD&D on the process and demonstration (RD&D) on to require $1.4 million for a 3

Is needed to develop the optl- the process to develop the year development effort.
mum processing conditions, technology to deployment.
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-le'ContamtnatedSolvents _ RADin Solvents RefertoVolume1,Chapter10,"-'1_ WasteProcessing _ Physic
• Cleanup Legacy (Halogenatedand Non- for potentiallyapplicablepro-

Halogenated) posedand promulgatedenvi-
• Prevent Future ronmentallaws, signedand

Insult pendingagreementsfor the
ORR, radiationprotectionstan-

• Develop dards, DOEOrders,and non-

Environmental regulatoryguidance.Assite-
and waste-specificcharacteris-

Stewardship ticsare providedforeachtech-
nology,specificregulatory
requirementswill be specified.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Chemlc_

Waste Management -
(WM)
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I
Logic Diagram II

Management

I
Physical Treatment _ Filtration _ Demonstration _ The use oi the technology to _ Demonstration costs are estl-

WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 mil- B,
separating solids from fluids, needs to be demonstrated, lion. lThe process can achieve
removal efflciencies greater
than 29%, The use of the

process to meet the site •
requirements will however, IIneed to be demonstrated.

Centrifugation _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG This process is a variation of til- meet the site requirements mated to require up to $1 mil-

tration operations inwhich cen- needs to be demonstrated, lion. ' IItrifugal action is used to sepa-
rate the heavier components
from the lighter fluid. Removal

efficiencies are generally []
greater than 95+%. J

Foaming _ Demonstration _ The use o! the technology to _ Demonstration costs are esti-
WPRO-201 -OG Develop and demonstrate the meet the site requirements mated to require up to $1 mil- l

effectiveness of the WMES to needs to be demonstrated, lion.

minimize site wastes and waste Bdisposal costs,

Ultrafiltration _ Demonstration _ Further research, development, "'_The RD&D effort to develop

WPRO-206-OG The RD&D effort to develop and demonstration (RD&D) on applicable membranes is esti-
applicable membranes is esti- the process to develop the mated to require $ 0.75 million. Imated to require $ 0.75 million, technology to deployment.

Electrolysis _ Demonstration _ Further research, development, _ The RD&D effort is sstimated
WPROo205-OG An Industrial-scale national and demonstration (RD&D) on to require $1.25 million. I

transmutation facility would the process to develop the IIneed to be developed and built, technology to deployment.
The cost for such a "natLonal"

facility is estimated to be In the
billion dollars range and would
require several years to build. II

HGMS _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-204-OG The implementation needs will meet the site requirements mated to be $ 0.5-1 million.

be determined by the site needs to be demonstrated.
requirements. II

Inorganic Microporous Filters _ Pre-Demonstration _ Further research, development, _ The RD&D effort to develop
WPRO-207-OG The RD&D effort to develop and demonstration (RD&D) on inorganic microporous filters ts

inorganic microporous filters is the process to develop the estimated to require $ 0.75-1 lib
estimated to require $ 0.75ol technology to deployment, million. The payback is esti- IImillion. The payback is estlmat- mated to be $20-25 million
ed to be $20-25 millionbased based on significantly reduced

on significantly reduced waste waste disposal costs.

disposal costs, IAdsorption _ Demonstration _ Further research, development, --'lm,.-The RD&D effort Is estimated
WPRO-202/203-OG The RD&D effort Is estimated and demonstration (RD&D) on to require $1.25 million.

to require $1-10 million. The the process to develop the

payback could be significant, technology to deployment, li

II-------I1_- Chemical Treatment _ _ Chemical Precipitation _ Demonstration _ Demonstrate the effectiveness --'_,-The demonstration effort is
WPRO-210-OG The development effort is esti- of the technology to meet the estimated to require $ 0.4 mil-

mated to require approximately site requirements, lion.

$1 million. B

IIChemical Fixation _ Demon=tratlon _ Demonstrate the effectiveness "---I_The RD&D effort is estimated
WPRO-208-OG Development costs are esti- of the technology to meet the to require $ 2-5 million. The

mated to be $1,25 million, site requirements, payback could be significant.

Solvent Extraction _ Demonstration _ Further research, development, _The RD&D effort Is estimated B
WPRO-211/212-OG The RD&D effort Is estimated and demonstration (RD&D) on to require $1-2.5 million. The IIto require $ 5-10 million. The the process to develop the payback could be significant.

payback could be significant, technology to deployment.

I
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Waste Manageme

I

ContaminatedSolvents -- _ RAD inSolvents _ Referto Volume1,Chapter10,-.--i=_WasteProcessing _ Chemical
• Cleanup Legacy (HalogenatedandNon- forpotentiallyapplicablepro- (cont.)

Halogenated) posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pendtngagreementsfor the
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

Environmental regulatoryguidance.Assite-
and waste-specificcharacteris-

Stewardship tics areprovidedforeachtech-
nology,specificregulatory
requirementswill be specified.

ThermalTreatment

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA) _ HeavyMetalsin Solvents _ Referto Volume1,Chapter 10,--._,_ Waste Processing _ PhysicalTreatment
forpotentiallyapplicablepro-
posedand promulgatedenvi-
ronmentallaws,signedand
pending agreementsfor the
ORR, radiationprotectionstan-
dards, DOEOrders,and non-
regulatoryguidance.Assite-
and waste-specificcharacteris-
tics areprovidedfor eachtech-
nology,specificregulatory
requirementswill be specified.

Waste Management -
(WM)



Logic Diagram
lanagement

Chemical Treatment _ Acid Stripping _ Demonstration _ Further research, development, ---Ii_Demonstrate the effectiveness

(cont.) _ WPRO-213-OG The use of the technology to and demonstration (RD&D) on of the technology to meet the

meet the site recluirements the process to develop the site requirements.
needs to be demonstrated, technology to deployment.

Bucky Ball Chemistry _ Evolving Technology _ Further research, development, -..]i_The RD&D effort to develop the
WPRO-101-OG The RD&D effort is estimated and demonstration (RD&D) on technology is estimated to

to require $ 2-5 million. The the process to develop the require $10 million. The pay-
payback Is expected to be slg- technology to deployment, back is estimated to be in the
niftcant especially because the range of $150 million consider-

scrap aluminum from the site ing savings in waste treatment
can be used to dispose of the and disposal costs and poten-
nitrate wastes in the Hanford tial spinofls in other fields such
site tanks. This is expected to as nuclear medicine and new
result in significant savings due materials,
to minimizing the wastes to be
disposed at the two sites.

Thermal Treatment _ _ Incineration _ Accepted _ Though an accepted technolo- _Knowledge of process applica-
WPRO-108-OG The RD&D effort is estimate_; gy, the use of the technology to tion, funding, and regulatory

to require $1-2.5 million. The meet the site requirements approval.
payback could be significant, needs to be demonstrated, The RD&D efr,)wtis estimated

Also, RD&D is required to to require $1.25-2.5 million.
develop better understanding
of the process technology to
improve its acceptability.

Distillation _ Demonstration _ The use of the technology to _Knowledge of process applica-
WPRO-222-OG Demonstration costs are esti- meet the site requirements rien(s) and funding.

mated to be $ 0.5-1 million, needs to be demonstrated.

Chem Char Process _ Pre-Demonstration _ Further research, development, ---I_The RD&D effort is estimated
WPRO-114-OG The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1,5 million

to require $ 5 million for a 3- the process to develop the
year R&D program, technology to deployment.

Molten Salt Oxidation _ Demonstration _ Further research, development, _ The RD&D effort is estimated
WPRO-113-OG Further RD&D on the process and demonstration (RD&D) on to require $1.4 million '_r a 3

is needed to develop the epri- the process to develop the year development effort.
mum processing conditions, technology to deployment,

Physical Treatment - : _ Centrifugation _ Demonstration _ The use of the technology to _ Demonstration costs are estl-
WPR-.201-OG This process is a variation of til- meet the site requirements mated to require up to $1 mil-

tration operations in which cen- needs to be demonstrated, lion.

trifugal action is used to sepa-
rate the heavier components
from the lighter fluid. Removal
efficiencies are generally
greater than 95+%.

Filtration _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 mil-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal efflctencles greater
than 99%. The use of the
process to meet the site
requirements will however,
need to be demonstrated.

Foaming _ DemonatraUon _ The use of the technology to _ Demonstration costs are esti-
WPRO-20 I-OG Develop and demonstrate the meet the site requirements mated to require up to $1 roll-

effectiveness of the WMES to needs to be demonstrated, lion.
minimize site wastes and waste

disposal costs,
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ContaminatedSolvents _.-.--II_- HeavyMetalsinSolvents _- RefertoVolume1,Chapter10,---lP- Waste Processing _ Physlc_
• Cleanup Legacy (HalogenatedandNon- forpotentiallyapplicablepro- (cont.)

Halogenated) posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,and non-

Environmental regulatoryguidance.As site-
andwaste-specificcharacteris-

Stewardship ticsareprovidedforeachtech-
nology,specificregulatory

.... requirementswillbespecified.
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Decommissioning
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Soils, Groundwater
and Surface Water

(RA)

Thermal

Waste Management- -
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• Logic Diagram |

Management

!"Alternatives _ TechnOlogies" _.ience/Techn0iogy Needs " implementation Needs

Physical Treatment _ Ultrafiltration _ D_nonattaflon _ Further research, development, --..l=,-The RD&D effort to develop

(cont.) WPRO-206-OG The RD&D effort to develop and demonstration (RD&D) on applicable membranes is estl- J,
applicable membranes is estt- the process to develop the mated to require $ 0.75 million. Jmated to require $ 0.75 million, technology to deployment.

Electrolysis _ Demonstration _ Further research, development, .--II_-The RD&D effort is estimated

WPRO-205-OG The basic technology is well and demonstration (RD&D) on to require $1.25 million. []
established in industry howev- the process to develop the IIer, its application to meet the technology to deployment.
site requirements needs to be
developed and demonstrated.
Removal efficiencies for the i,
process are in general greater IIthan 90%.

HGMS _ Demonstration _ The use oi the technology to _Demonstration costs are esti-
WPRO-204-OG The implementation needs will meet the site requirements mated to be $ 0.5-1 million. []

be determined by the site needs to be demonstrated. IIrequirements,

Inorganic Microporous _ Pre-Demonstration _ Furtl_erresearch, development, _ The RD&D effort to develop

Filters The RD&D effort to develop and demonstration (RD&D) on inorganic microporous filters is []
WPRO-207-OG Inorganic mlcroporous filters is the process to develop the estimated to require $ 0.75-1 IIestimated to require $ 0.75-1 technology to deployment, million. The payback is esti-

million. The payback is esti- mated to be $20-25 million
mated to be $20-25 million based on significantly reduced

based on significantly reduced waste disposal costs. B
waste disposal costs. II

il_. Adsorption _ Demonstration _ Further research, development, --lb..The RD&D effort is estimated
WPRO-202/203-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1.25 million.

to require $1-10 million. The the process to develop the /
payback could be significant, technology to deployment. II

Chemical Treatment _ Ion Exchange _ Oemonltrstion _ The use of the technology to _ Development costs are esti-
WPRO-217/218-OG The RD&D effort is estimated meet the site requirements mated to be $1.25 million.

to require $1-3 million, needs to be demonstrated. I

gChemical Precipitation _ Accepted _ Demonstrate the effectiveness _The demonstration effort is
WPRO-210-OG The development effort is esti- of the technology to meet the estimated to require $ 0.4 rail-

mated to require approximately site requirements, lion.

$1 million, i

IIIChemical Fixation _ Oemonltration _ Demonstrate the effectiveness _The RD&D effort is estimated
WPRO-208-OG Development costs are esti- of the technology to meet the to require $ 2-5 million. The

mated to be $1.25 million, site requirements, payback could be significant.
i

IIII1_ Acid Stripping _ Demonstration "---"lD" Further research, development, _ Demonstrate the effectiveness I
WPRO-213-OG 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.
needs to be demonstrated, technology to deployment. i

Bucky Ball Chemistry ----..lp,. Evolving Technology _ Further research, development, "--II_The RD&D effort to develop the J
WPRO-101-OG The RD&D effort is estimated and demonstration (RD&D) on technology is estimated to

to require $ 2-5 million. The the process to develop the require $10 million. The pay-
payback is expected to be slg- technology to deployment, back is estimated to be in the
nificant especially because the range of $150 million consider- |scrap aluminum from Ihe site ing savings in waste treatment
can be used to dispose of the and disposal costs and poten-
nitrate wastes in the Hanford tial splnoffs in other fields such
site as nuclear medicine and new

materials. I
Thermal Treatment _ _ Incineration _ Demonatration _ Though an accepted technolo- _ Knowledge of process applica-

WPRO-108-OG The RD&D effort Is estimated gy, the use of the technology to tion, funding, and regulatory
to require $1-2,5 million. The meet the site requirements approval, lm
payback could be significant, needs to be demonstrated, The RD&D effort is estimated IAlso, RD&D is required to to require $1.25-2.5 million.

develop better understanding

Chem Char Process _ I=re-Demonetration _ Further research, development, _ The RD&D effort is estimated J

WPRO-114-OG The RD&D effort Is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million. ItOrequire $ 5 million for a 3- the process to develop the
i year R&D program, technology to deployment.
-r
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!
ContaminatedSolvents _--!_- HeavyMetalsin Solvents Referto Volume1,Chapter10,'-'1=_ WasteProcessing / _ ThermalTreabi

_1 •Cleanup Legacy (HalogenatedandNon- forpotentiallyapplicablepro- _ (cont,) i

Halogenated) posedandpromulgatedenvi- _,.

• Prevent Future ronmentallaws,signedand _
Insult pendingagreementsfor the

ORR,radiationprotect=onstan- BioTreatment

i • Develop dards,DOEOrders,and non.
Environmental regulatoryguidance.As site-

andwaste-specificcharacteris.
Stewardship ticsare providedforeachtech-

nology,specificregulatory

!l requirementswill bespecified._ PCB in Solvents _ RefertoVolume1,Chapter10,_ WasteProcessing _ PhysicaITreatr
forpotentiallyapplicablepro-
posedandpromulgatedenvi-

. ronmentallaws,signedand

pendingagreementsfor the
ORR,radiationprotectionstan-
dards,DOEOrders,and non-
regulatoryguidance,As site-

andwaste-specificcharacteds-

i ticsare providedfor eachtech-
nology,specificregulatory
requirementswillbe specified.

Decommissioning
(D&D)
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I _ ChemicalTrea_
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and Surface Water
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---'J_ Thermal Treatment _ Molten Salt Oxidation _ Demonstration _JP'- Further research, development, _ The RD&D effort is estimated

(cont.) WPRO-113-OG Further RD&D on the process and demonstration (RO&D) on to require $1.4 million for a 3
is needed to develop the opti- the process to develop the year development effort.
mum processing conditions, technology to deployment.

BieTreatment _ Biosorpticn _ Pre-Demonl_'atlon _ Further research, development, --.lip-The RD&D effort is estimated
WPRO-226-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1-3 million.

to require $1.5-2 million to fur- the process to develop the
thor develop the process to technology to deployment.
meet the site needs.

- _ Physical Treatment ...... ._ Decantation _ Demonstration _ The use of the technology to .-.ll==Demonstration costs are esti-
WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 rail-

the separating solids from liqo needs to be demonstrated, lion.
uids. The removal efficiency
for the process can vary from
80 to 90+% deper.,.tingupon
the matedaJs being separated.

Foaming _ Demonstration _ The use of the technology to _ _emonstrT',_r, costs are esti-
WPRO-201-OG Develop and demonstrate the meet the site requirements mated to ruqutre up to $1 mit-

effectiveness of the WMES to needs t, _edemonstrated, lion.
minimize site wastes and waste

disposal costs.

_ Filtration _ Demonstration _ The use of the technology to _ Demonstration costs are esti-
WPRO-201-OG This is an accepted process for meet the site requiremems mated to require up to $1 rail.

separating solids from fluids, needs '_obe demonstrated, lion.
The process can achieve
removal efficlencies greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

Adsorption _ DemonstraUon _ Further research, development, _ The RD&D effort is estimated
WPRO-202/203-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1.25 million.

to require $1-10 million. The the process to develop the
payback could be significant, technology to deployment.

Chemical Treatment _ Solvent Extraction _ Demonstration _ Further research, development, --"]_'The RD&D effort is estimated
WPRO-211/212-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1-2.5 million. The

to require $ 5-10 million. The the process to develop the payback could be significant.
payback could be significant, technology to deployment.

Gamma-Radiolysis _ Evolving Technology _ Further research, development, _ The RD&D effort is estimated
WPRO-100-OG The RD&D effod is estimated and demonstration (RD&D) on to require $1.25-2.5 mlUion.

to require $ 2-5 million. The the process to develop the
payback could be significant, technology to deployment.

Demonstrate the effectiveness

of the technology to meet the
site requirements.

i_. Chemical Dechlorination _ Pre-Demonstration _ Further research, development, _The RD&D effort Is astimated
WPRO-209-OG Knowledge of process applica- and demonstration (RD&D) on to require $1.25-2.5 million.

tlon(s) and funding, the process to develop the
technology to deployment.

Stripping _ Demonlltmtion _ _ Further research, development, _Demonstrate the effectiveness
WPRO-213-OG The use of the technology to '_ddemonstration (RD&D) on of the technology to m_,t the

meet the site requirements the process to develop the site requirements.
needs to be demonstrated, technology to deployment.
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Tech nology
Waste Mana,

" EM.Goals. " .

ContaminatedSolvents _ PCBin Solvents _ Referto Volume1,Chapter10, --_ Waste Prucessing IL_

• Cleanup Legacy (HalogenatedandNon- for potentiallyapplicablepro-
Halogenated) posedandpromulgatedenvi-

• Prevent Future ronmentallaws,signedand
Insult pendingagreementsfor the

ORR,radiationprotectionstan-
• Develop dards, DOEOrders,and non-

Environmental regulatoryguidance.As site-
and waste-specificcharacteris-

Stewardship tics are providedlo, eachtech-
nology,specificregulatory
requirementswill be specified.

,..)ec:cmmissioning
(O&D)

-_. ContaminatedMercury _ RAD (includingTc) _ Refer toVolume1,Chapter10,_ Waste Processing
in Mercury forpotentiallyapplicablepro-

posedandpromulgatedenvi-
ronmentallaws,signedand
pendtngagreementsfor the
ORR,radiationprotectionstan-
dards, DOEOrders,and non-

- regulatoryguidance.As site-

andwaste-specificchara_eris- _ Chem
ticsare providedforeach tech-

i nology,specificregulatory

requirementswillbespecified.

Soils, Groundwater
and Surface Water

i (RA)
• _ Therm
-ni

I
ContaminatedSpecialtyFreons_ • Freons _ Referto Volume1,Chapter10,_ WasteProcessing

• RAD for potentiallyapplicablepro-
. Oils posedandpromulgatedenvl-
• Metals ronmentallaws,signedan_J

pendingagreementsfor the
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
andwaste-specificcharacteds-
ticsare providedforeachtech-
nology,specificregulatory
requirementswillbe specified.

WasteManagement
(WM)

,

+!



Thermal Treatment __ _ Incineration _ Accepted _ Though an accepted technolo- _ Knowledge of process appllca-
WPRO-t 08-OG The RD&D effort is estimated gy, the use of the technology to tion, funding, and regulatory i

to require $1-2.5 million. The meet the site requirements approval. Ipayback could be significant, needs to be demonstrated, The RD&D effort is estimated
Also, RD&D is required to to require $1.25-2.5 million.
develop better understanding
of the process technology to t
improve its acceptability. II

Molten Salt Oxidation _ Demonstration _ Further research, development, --.ll_The RD&D effort is estimated
WPRO-113-OG Further RD&D on the process and demonstration (RD&D) on to require $1.4 million for a 3

is needed to develop the epri- the process to develop the year development effort. II
mum processing conditions, technology to deployment. II

Distillation _ Demonstration _ The use of the technology to --'l=_Knowledge of process applica-
WPRO-222-OG Demonstration costs are estJ- meet the site requirements rien(s) and funding. I

mated to be $ 0.5-1 million, needs to be demonstrated. I
Chem Char Process _ Pre-Demonstration _ Further research, development, ---I_-The RD&D effort is estimated
WPRO-114-OG The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million.

to require $ 5 millionfor a 3, the process to develop the I
year R&D program, technology to deployment. II

Biotreatment _-- Microbial Dechlorination _ Evolving Technology _ Further research, development, -'-]g_The RD&D effort is estimated
WPRO-227-OG This process is at an early and demonstration (RD&D) on to require $ 5-10 million. The

stage of development. Based the process to develop the payback could be significant, lm
on the available information, it technology to deployment. IIappears the process should be
able to achieve destruction effi-

ciencies greater than 90%.
/

Physical Treatment _ Gravity Separation _ Demonstration _ The use of the technology to _ Demonstration costs are esti- E
WPRO-201-OG Development and demonstra- meet the site requirements mated to require up to $1 mil- lIB

tion of the WMES is estimated needs to be demonstrated, lion.

to require $ 3-5 million. The
savings from implementing the i
system could be around $1 bil- tllion or more.

Chemical Treatment _ Leaching _ Demonstration _ Further research, development, _ Demonstrate the effectiveness

L
WPRO-213-OG The use of the technology to and demonstration (RD&D) on of the technology to meet the Imeet the site requirements the process to develop the site requirements.

needs to be demonstrated, technology to deployment.

Chemical Precipitation _ Demonstration _ Demonstrate the effectiveness _The demonstration effort is i
WPRO-21 -OG The development effort is es_- of the technology to meet the estimated to require $ 0.4 mll-

mated to require approximately site requirements, lion. , 11
$1 million.

Thermal Treatment _ Distillation _ Demonstration _ "l'he use of the technology to _ Knowledge of process appllca- _11
WPRO-222-OG Demonstration costs are esti- meet the site requirements tion(s) and funding. Imated to be $ 0.5-1 million, needs to be demonstrated.

Physical Treatment ....------ _ Gravity Separation _ Demonstration _ The use of the technology to --II=-Demonstration costs are esti-
WPRO-201-OG Development and demonstra- meet the site requirements mated to require up to $1 rail- i

rien of the WMES is estimated needs to be demonstrated, lion. Ito require $ 3-5 million. The
savings from implementing the
system could be around $1 bil-

lion or more. i

II_ Filtration Demonstration _ The use of the technology to .---Ill-Demonstration costs estl-are

WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $1 mil-
separating solids from fluids, needs to be demonstrated, lion.
The process can achieve i
removal effldencies greater Ithan 99%. The use of the

process to meet the site
requirements will however,

need to be demonstrated. B
tlp
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Technology Logic'
Waste Managemenl

• K.25 Siie•Pr0blem Problem Area/Consiituents' • ReferenceRequi'rerfients . ' Subeiements ." " . : Alternatives• EM Goals " -
, ,_

ContaminatedSpecialtyFreons,.ll_ • Freons _ RefertoVotumel, Chapter10,_ WasteProcessing _ PhysicalTreatment
• RAD forpotentiallyapplicablepro- (cont.)

° Cleanup Legacy • Oils posedandpromulgatedenvl-
• Prevent Future • Metals ronmentallaws,signedand

Insult pendingagreementsfor the
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
regulatoryguidance.As site-

Environmental andwaste-specificcharacteris-
Stewardship ticsare providedforeachtech-

nology,specificregulatory
requirementswillbespecified.

ChemicalTreatment-"

ThermalTreatment

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Waste Management- -
(WM)
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Logic Diagram
Management

Physical Treatment _ Inorganic Microporous Filters _ Pre-Demonstration _ Further research, development, ---liD- The RD&D effort to develop
(cont.) WPRO-201-OG The RD&D effort to develop and demonstration (RD&D) on inorganic mlcroporous filters is

Inorganic microporous filters is the process to develop the estimated to require $ 0.75-1
estimated to require $ 0.75-1 technology to deployment, million. The payback is estl-
million. The payback is esti- mated to be $20-25 million
mated to be $20-25 million based on significantly reduced
based on significantly reduced waste disposal costs.
waste disposal costs.

m_- Adsorption _ Pre-Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-202/203-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1.25 million.

to require $1-10 million. The the process to develop the i

payback could be significant, technology to deployment.

Chemical Treatment _ Solvent Extraction _ Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-211/212-OG The RD&D effort is estimated and demonstration (RD&D) on to require $1-2.5 million. The

to require $ 5-10 million. The the process to develop the payback could be significant.
payback could be significant, technology to deployment.

Thermal Treatment __ Distillation _ Demonstration _ The use of the technology to _ Knowledge of process applica-
WPRO-222-OG Demonstration costs are esti- meet the site requirements tion(s) and funding.

mated to be $ 0.5-1 million, needs to be demonstrated.

ml_P- Evaporation _ Demonstration _ The use of the technology to _Knowledge of process applica-
WPRO-223-OG Demonstration costs are esti- meet the site requirements tion(s) and funding.

mated to require up to $1 mil- needs to be demonstrated.
lion.

Chem Char Process _ Pre-Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-114_OG The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million.

to require $ 5 million for a 3- the process to develop the

year R&D program, technology to deployment.

_26_3
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| Technology Lc!Waste Manag

I EM Goals

WasteOff.GasesfromD&D, -.-ll_ VOCsin Gases _ Referto Volume1,Chapter10,_ WasteProcessing _ Physical

I • Cleanup Legacy RA,and WMOperations for potentiallyapplicablepro-
" Prevent Future posedand promulgatedenvi-

ronmentallaws,signed and
Insult pendingagreementsfor the

•Develop ORR,radiationprotectionstan-

I dards,DOEOrders,and non-
Environmental regulatoryguidance.As site-

Stewardship andwaste-specificcharacteris-ticsare providedforeach tech-
nology,specificregulatory

_ requirementswillbe specified.

I
I

Decommissioning _
(D&D)

I
I
!
I

Chemical,

i Soils, Groundwater-

and Surface Water
(RA)

I
I
I
I Waste Management

(WM)

!
- I

I



ogic Diagram
nagement

' Physical Treatment _ Low Temperature Separation _ Pre-Demonstration .---.II=- Further RD&D on the process --,-il_The RD&D effort is estimated
WPRO-220-OG This is an accepted industrial is needed to develop the opti- to require $1-2 million to meet

process for the separation of mum processing conditions, site specific needs.
low-boiling components from
high-boiling components. The
process can achieve separa-
tion efficiencies greater than
99%.

Inorganic Membrane _ Pre-Demonstration _ Further research, development, ---]=-The RD&D effort is estimated

Separation The RD&D effort to develop and demonstration (RD&D) on to require $1.5-2 millionto fur-
WPRO-300-OG inorganic microporous filters is the process to develop the ther develop the process to

estimated to require $ 0.75-1 technology to deployment, meet the site needs.
million. The payback is estimat-
ed to be $20-25 millionbased

on significantly reduced waste
disposal costs.

Adsorption _ Pr_Demonstration _ Further research, development, .--.]D,,.The RD&D effort is estimated
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efficiencies greater the process to develop the
than 90% for the removal of technology to deployment.

radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsorp.
tion media for the treatment of

mixed waste contaminated liq-
uids, Development would
include for example, scale-up
studies, development 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.

Scrubbers _ Demonstration _ Though an accepted technolo- _nowledge of process applica-
WPRO-301-OG Scrubbers are comercially gy, the use of the technology to tion(s) and funding.

available though need to be meet the site requirements
demonstrated for particular needs to be demonstrated.
applications at K-25.

Chemical Treatment _ Solvent Scrubbing _ Demonstration .--.lp.- Further research, development, --il_The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD& D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant,
(e,g., centrifugal contactors) is technology to deployment.
demonstrated technology for'
the separation of heavy metals

or organics from aqueous or
organic solutions. Centrifugal
contactor based processes 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 cen(en-
trations, The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
charactsristlcs.

2/26/93
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Technology LD!
Waste Manag

WasteOff-GasesfromD&D,- -"lm> VOCsin Gases _ Referto Volume1,Chapter10, _ WasteProcessing-, _ Thermal"
• Cleanup Legacy RA,andWMOperations for potentiallyapplicablepro-
" Prevent Future posedand promulgatedenvi-

ronmentallaws, signedand
Insult pendingagreementsfor the

• Develop ORR,radiationprotectionstan-dards,DOEOrders,and non-
Environmental regulatoryguidance.As site-

and waste-specificcharacteris-
Stewardship tics areprovidedfor eachtech-

nology,specificregulatory
requirementswill be specified,

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

Non-VolatileOrganics _ Referto Volume1,Chapter10, _ Waste Processing - _ Physical
in Gases forpotentiallyapplicablepro-

posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsfor the
ORR,radiationprotectionstan-

Waste Management dards,DOEOrders,and non-
(WM) regulatoryguidance.As site-

andwaste-specificcharacteris-
ticsareprovidedforeach tech-
nology,specificregulatory
requirementswillbespecified.
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Logic Diagram |Management

!
Thermal Treatment _ miD-Incineration _ Accepted _ Though an accepted technolo- _ Knowledge of process applica-

WPRO-108-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory 1
to be the best demonstrated meet the site requirements approval. IIavailable technology (BDAT) needs to be demonstrated,
for the destruction of organics. Also, RD&D is required to
Incineration can achieve DREs develop better understanding
greater than 99.999% for cer- of the process technology to
taJnorganics. However, addi- improve its acceptability. 1tional RD&D on several

aspects of incineration Is still
required.

=]_Catalytic Destruction _ Pre-Demonitratlon _ Further research, development, _ The RD&D effort is estimated i
WPRO-109-OG 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
(DRE>99+%) for the destruc- technology to deployment. =-=
tion of liquid and gaseous li
organic wastes. However, its Iuse to remove and destroy the
organics from solids needs
additional RD&D.

lID

=_ Molten Salt Oxidation _ DemonatraUon _ Further research, development, .-.-II_The RD&D effort is estimated 1
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 million for a 3

1

ever, its application lo, treating the process to develop the year development effort.
hazardous and radioactive con- technology to deployment. minim

taminants has notbeen 1
demonstrated. One advantage Iof the process is thai the

process and equipment is
transportable (as opposed to a

fixed treatment facility) and can
be located near the waste site. IThe process should be capable
of destroying organics with a
>99% efficiehc. Additional

RD&D is required to fully devel- I
op the process to treat mixed Iwastes.

Electron Beam Destruction ---I=,- Pre-Demonstration _ Further research, development, --.]_.The RD&D effort is estimated
WPRO-304-OG Development work with the and demonstration (RD&D) on to require $ 0.75-1.5 million, mim

compounds of Interest at the the process to develop the Ibench scale needs to be done technology to deployment.
to justify scale-up testing.

Steam Stripping _ Demonitration _ Demonstrate the effectiveness ---li_The RD&D effort is estimated 1
WPRO-221-OG This is an accepted industrial of the technology to meet the to require $1-2 millionto meet Iprocess that can remove site requirements, site specific needs.

volatile organics wilh >99+%
efficiency especially from cont-
aminated aqueous streams. 1
The application of the process Ito satisfactorily remove haz-
ardous and radioactive species
needs to be demonstrated.

Flameless Thermal Oxidizers _ Demoniitration --'lP'- Further research, development,_ The RD&D effort is estimated 1
WPRO-305-OG Development work with the and demonstration (RD&D) on to require $1-1.5 million. 1

compounds of interest at the the process to develop the
bench scale needs to be done technology to deployment.

to justify scale-up testing. I

II- _ Physical Treatment _ ,,liD" Low Temperature Separation _ Pre-Demonstration _ Further RD&D on the process _ The RD&D effort Is estimated
WPRO-220-OG This Is an accepted industrial is needed to develop the opti- to require $1-2 million to meet

process for the separation of mum processing conditions, site specific needs.
low-boiling components from
high-boilingcomponents. The Iprocess can achieve separn-
tion efficiendes greater than
99%.

6.4-2
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Technology Logic
Waste Managemeu

• '"FM Goalsl. K-25 site Problem Problem Area/Constituents .Reference Requirements ' .-Subelements • . ' Al ternativ,

WasteOff-GasesfromD&D,_-'-I_" Non-VolatileOrganicsin Gases---Ib_RefertoVolume1,Chapter10,---!_ WasteProcessing- _ PhysicalTreatment '
• Cleanup Legacy RA,andWM Operations for potentiallyapplicablepro- (cont.)

(cont.) posedandpromulgatedenvt-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsfor the
ORR,radiationprotectionstan-

• Develop dards, DOEOrders,and non-

Environmental regulatoryguidance.As site-
andwaste-specificcharacteris-

Stewardship tics areprovided foreachtech-
nology,specificregulatory
requirementswill be specified.

Decommissioning -- nn,,-ChemicalTreatment
(D&D)

Soils, Groundwater-
and Surface Water

(RA)

ThermalTreatment

Waste Management
(WM)



.ogic Diagram
anagement

, . .. ,

• Alternatives Technologies. Status _ : SciencerrechnologyNeeds implementation Needs
m

Physical Treatment _ ,.]=_ Inorganic Membrane "--lib" Pre-Demonatratlon _ Further research, development, .--II_The RD&D effort is estimated
(cont.) Separation The RD&D effort to develop and demonstration (RD&D) on to require $1.5-2 million to fur-

WPRO-300-OG Inorganic microporous filters Is the process to develop the ther develop the process to
estimated to require $ 0.75-1 technology to deployment, meet the site needs,
million. The payback is estimat-
ed to be $20-25 million based
on significantly reduced waste
disposal costs.

Filtration _ Demonstration _ The use oi the technology to --,.l_Oemonstration costs are esti-
WPRO-201-OG This is an accepted process for meet the site requirements mated to require up to $ I rail-

separating solidsfrom fluids, needs to be demonstrated, lion.
The process can achieve
removal effioiencies greater
than 99%. The use of the

process to meet the site
requirements willhowever,
need to be demonstrated,

I_- Scrubbers _ Demonstration _ Though an accepted technolo- _Knowledge of process applica-
WPRO-30t-OG Scrubbers are comercially gy, the use of the technology to lion(s) and funding.

available though need to be meet the site requirements
demonstrated for particular needs to be demonstrated,
applications at K-25.

Chemical Treatment _ Solvent Scrubbing _ Demonstration _ Further research, development, ---Ii_The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 milhon. The

in counter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions, Centrifugal
contactor based processes for
the separation and recovery of
radionuclides has been tech-

noiogy 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-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics, This technolo-
gy 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
requires additional RD&D.

Thermal Treatment _ _ Incineration --I_Accepted _ Though an accepted technolo.- ---.liD-Knowledge of process applica-
WPRO-10B-OG The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory

to be the best demonstrated meet the site requirements approval.
available technology (BDAT) needs to be demonstrated.
for the destruction of organics.
Incineration can achieve DREs

greater than 99.999% for cer-
tain organics. However, addi-
tional RD&D on several

aspects of incineration is still
required.

Catalytic Destruction _ Pre-Demonstration _ Further research, development, _The RD&D effort is estimated
WPRO-109-OG The EPA considers incineration and demonstration (RD&D) on to require $ 0,75-1.5 million.

lo be the best demonstrated the process to develop the
available technology (BDAT) technology to deployment.
for the destruction of organics.
Incineration can achieve DREs

greater than 99.999% for cer-
tain organics. However, addi-
tional RD&D on several

aspects ofincineration is still
required.

2126193
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Technology Lo!
Waste Manag

_Waste Off-GasesfromD&D, ganicsinGases'--'ll_RefertoVolume1,Chapter10,_Waste Processing ,_ Thermal

• Cleanup Legacy RA,and WMOperations forpotentiallyapplicablepro- (eont.)
(cont.) posedandpromulgatedenvl-

• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
regulatoryguidance.Assite-

Environmental andwaste-specificcharacteris-
Stewardship ticsare providedforeachtech-

nology,specificregulatory
requirementswillbespecified.

Decommissioning
(D&D)

ParticulatesinGases _ Referto Volume1,Chapter10, -,_ Waste Processing _-_ Physical
for potentiallyapplicablepro-
posedandpromulgatedenvi-
ronmentallaws,signedand
pendingagreementsforthe
ORR, radiationprotectionstan-
dards, DOEOrders,and non-

Soils, Groundwater - regulatoryguidance.Assite-
and Surface Water andwaste-specificcharacteris-

(RA) ticsareprovidedforeachtech-
nology,specificregulatory
requirementswillbe specified.

Waste Management
(WM)
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Logic Diagram |Management

• Alternatives.- , technologies . , " " Staius , ,, Scien'cerl'echnol.ogy Need( . Implementa on.Needs'., 1 I
Thermal Treatment ---.----_ M_,F,r Salt Oxidation _ Demonstration -....lp. Further research, development, ..--.Im_The RD&D effort is ¢3timated
(cont,) V,/+_, .I-113-OG This is not a new process how- and demonstration (RD&D) on to require $1.4 millionfor a 3 iBBI

ever, its application for treating the process to develop the year development effort, m
hazardous and radioactive con- technology to deployment. IItaminants has not been

demonstrated. One advantage
of the process is that the

process and equipment is i
transportable (as opposed to a |fixed treatment facility) and can
be located near the waste site. ,.

The process should be capable
of destroying organics with a ml_
>99% efficienc. Additional IIRD&D is required to fullydevel-

op the process to treat mixed
wastes.

Electron Beam Destruction _ Pre-Demonstration _ Further research, development, ..--l_.The RD&D effort is estimated I
WPRO-304-OG Development work with the and demonstration (RD&D) on to require $ 0.75-1.5 million. II

compounds of interest at the the process to develop the
bench scale needs to be done technology to deployment,

to justify scale-up testing. I

I!Steam Stripping _ Demonstration _ Demonstrate the effectiveness _..l_.The RD&D effort is estimated
WPRO-221-OG This is an accepted industrial of the technology to meet the to require $1-2 millionto meet

process that can remove site requirements, site specific needs.

volatile organics with :>99+%
efficiency especially from cont- taminated aqueous streams.

The application of the process
to satisfactodty remove haz-
ardous and radioactive species

needs to be demonstrated, i
II

Flameless Thermal Oxidizers _ Demonstration _ Further research, development, --,.]l_-The RD&D effort is estimated

WPRO-305-OG Development work with the and demonstration (RD&D) on to require $1-1.5 million.
compounds of interest at the the process to develop the mm
bench scale needs to be done technology to deployment. Ito justify scale-up testing.

_ Physical Treatment _ _ Inorganic Membrane _ Pre-Oen_nstration _ Further research, development, ---]=_The RD&D effort is estimated
Separation The RD&D effort to develop and demonstration (RD&D) on to require $1.5-2 million to fur-

WPRO-300-OG inorganic microporous filters is the process to develop the ther develop the process to
estimated to require $ 0.75-1 technology to deployment, meet the site needs. IImillion. The payback Is estimat-
ed to be $20-25 million based

on significantly reduced waste

disposal costs, iAdsorption _ Demonstration _ Further research, development, --..i_The RD&D effort is estimated
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million,

removal efliciencies greater the process to develop the
than 90% for the removal of technology to deployment, ali
radioactive species using vad- Ious adsorbing media. Further
development is necessary to
develop more effective adsorp-
tion media forthetreatment of mm
mixed waste contaminated llq- Iulds. Development would
include for example, scale-up
studies, development of high
surface area and appropriate an
particle size media for conttnu- Ious operations, and the devel-
opment of appropriate media
for the removal of various cont-

aminants. I

I
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Technology Logic
Waste Manageme

Waste Off-GasesfromD&D, _ ParticulatesinGases _ Referto Volume1,Chapter10, _ WasteProcessing _ PhysicalTreatment

• Cleanup Legacy RA,andWMOperations (cont:) forpotentiallyapplicablepro- (cont.)
(cont.) posedandpromulgatedenvl-

• Prevent Future ronmentellaws,signedand
Insult pendir_=3.'-3reementsfor the

ORR, radiationprotectionstan-
• Develop dards,DOEOrders,andnon-

Environmental regulatoryguidance.As site-
andwaste-specificcharacteris-

Stewardship t_csare providedforeachtech-
nology,specificregulatory
requirementswillbespecified.,i

1
_ Decommissioning

(D&D)

= _ ChemicalTreatment,

_ Soils, Groundwater
and Surface Water

(RA)

v

Waste Management
(WM)



Logic Diagram
Management

n _ Physical Treatment _ _l_Filtration _ Demonstration _ The use of the technology to _..lp, Demonstration costs are esti-
(c_nt.) WPRO-201 -OG This is an accepted process for meet the site requirements mated to require up to $1 mil-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal efficiencies greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

I_- Scrubbers --t_Demon_ratiort _ Though an accepted technolo- ---II=,Knowledge of process applica-
WPRO-301-OG Scrubbers are comercially gy, the use of the technology to tion(s) and funding.

available though need to be m=.et the site requirements
demonstrated for particular _eeds to be demonstrated.

applications at K-25.

m_- Cyclone Separation .--ll_Evolving Technology _ Though an accepted technolo- _emonstraUon costs are esti-
WPRO-302-OG Application of commercially gy, the use of the technology to mated to require up to $1 rail-

available cyclones to specific meet the site requirements lion.
K-25 problems must be investl- needs to be demonstrated.
gated before full-scale use

HGMS _ Demonstration _ The use of the technology to ---ll_Demonstration costs are esti-
WPRO- 204-OG The treatment is commercially meet the site requirements meted to be $ 0.5-1 million.

available for example, for the needs to be demonstrated.
removal of trace impudtles from
kaolin clays. Removal efficten-
cies for the process are greater
than 99°/o. However, its use to
treat mixed waste contaminat-
ed fluids needs additional
RD&D.

Chemical Treatment _ Solvent Scrubbing "--III" Demonotratlon _ Further research, development, _The RD&D effort is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require$1-2.5 million. The

incounter-current contactors the process to develop the payback could be significant.

(e,g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes 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 contamir,ant concen-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-

gy 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

requires additional RD&D.

?J26_33
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Technology Lo
Waste Manag

WasteOff-GasasfromD&D, _ ParticulatesinGases _-- RefertoVolume1,Chapter10, _ WasteProcessing _ Thermal1

• Cleanup Legacy RA,andWM Operations (cont.) forpotentiallyapplicablepro-(cont.) posedandpromulgatedenvl-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR,radiationprotectionstan-

• Develop dan:Is,DOEOrders,andnon-
regulatoryguidance.Assite-

Environmental andwaste-specificcharacteris-
Stewardship ticsareprovidedfor eachtech-

nology,specificregulatory
requirementswillbespecified.

Inorganicsin Gases _ Referto Volume1,Chapter10, _ WasteProcessing _ Physical'
for potentiallyapplicablepro-
posedand promulgatedenvi-
ronmentallaws,signedand
pendingagreementsfor the
ORR,radiationprotectionstan-
dards,DOEOrders,and non-

Decommissioning regulatoryguidance.As site-
(D&D) andwaste-specificcharacteris-

ticsare providedfor eachtech-
noiogy,specificregulatory
requirementswillbespecified.

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)
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Thermal Treatment _,=ll_ Molten Salt Ox,datoon --_ Demonatmtlon _ Further research, development, -..liD.The RD&I_ effort 0sesttmatecl
WPRO-113-OG This is not a new process how- and demonstration (RD&D) on to require $1,4 millionfor a 3 BIB

ever, its application for treating the process to develop the year development effort. Ihazardous and radioactive con- technology to deployment.
taminants has notbeen

demonstr_':ed. One advantage
of the _r :c._,._ is that the li
proces, _ a<luipment is Itranspori,_,_le (as opposed to a
fixed treatment f,=Jciltty)and can
be located near the waste site,

The process should be capable I
of destroying organics with a I>99% efflcieno.Additional

RD&D is required to fully devel-
op the process to treat mixed

wastes, i] Physical Treatment _ _ Inorganic Membrane _ Pre-Demonatratlon _ Further research, development, _The RD&D _ffort is estimated
Separation The RD&D effort to develop and demonstration (RD&D) on to require $1.5-2 millionto fur-
WPRO-300-OG inorganic mtcroporous filters is the process to develop the _herdevelop the prGce,,_sto

estimated to require $ 0.75--1 technology to deployment, meet the site needs. _1_
million, The payback is estimat- lied to be $20-25 million based

on significantly reduced waste
disposal costs.

Adsoprtion _ Pre.Demonstration _ Further research, development, ._ll_The RD&D effort is estimated B
WPRO-202/203-OG Laboratory studies indicate and demonstration (RD&D) on to require $1.25 rnUllon. qP

removal efflotencles greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vari- li
ous adsorbing media. Further Idevelopment is necessary to
develop more effective adsorp-
tion media for the treatment of

mixed waste contaminated Ik:l- mm
ulds. Development would Iinclude for example, scale-up
studies, development of high
surface area and appropriate

particle size media for continu- =lh
ous operations, and the dm/el.. |opment of appropriate media
for the removal of various cont-
aminants.

Filtration _ DemonatraUon _ The use of the technology to _emonstration costs are esti-
WPRO-201-OG This tsan accepted process for meet the site requirements mated to require up to $1 mil-

liseparating solidsfrom fluids, needs to be demonstrated: lion.
The process can achieve
removal efficiancles greater
than 99%. The use of the
process to meet the site
requirements will however,
need to be demonstrated.

Scrubbers _ Demonstration _ Though an accepted technolo- _ledge of process appllca- mm
WPRO-301 -OG Scrubbers are comercially gy, the use of the technology to tion(8) and funding. IIavailable though need to be meet the site requirements

demonstrated for particular needs to be demonstrated.
applications at K-25.

Cyclone Separation _ Demonstration _ Though an accepted technolo- .--.llb.Demonstration costs are esti- B
WPRO-302-OG Application of commercially gy, the use of the technology to mated to require up to $1 miF II

available cyclones to _oec.lfic meet the site requirements lion,
K-25 problems must be Investt- needs to be demonstrated.

gated before full-scale use I

1 n
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Waste Off-GasasfromD&D, _ InorganicsinGases = RefertoVolume1,Chapte'r10, _ WasteProcessing = PhysicalTreatment --
• Cleanup Legacy RA,andWMOperations (cont.) for potentiallyapplicablepro- (cont.)

(cont.) posedandpromulgatedenvl-
• Prevent Future ronmentallaws,signedand

Insult pendingagreementsforthe
ORR, radiationprotectionstan-

• Develop dards,DOEOrders,andnon-
regulatoryguidance.As site-

Environmental andwaste-specificcha_acteds-
Stewardship tiCsare providedforeachtech-

nology,specificregulatory
requirementswillbespecified. _ ChemicalTreatment

Decommissioning --
(D&D)

RadioactiveElements _ Referto Volume1,Chapter10, --I_ WasteProcessing _ PhysicalTreatment
in Gases for potentiallyapplicablepro-

posedand promulgatedenvi-
ronmental laws,signed and
pendingagreementsforthe
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
andwaste-specificcharacteris-
ticsareprovidedforeachtech°
noiogy,specificregulatory
requirementswillbespecified.

Soils, Groundwater-
and Surface Water

(RA)

Waste Management
(WM)

!



.ogic Diagram
anagement

Alte'i'native,. Technologies' .. • 'Staiu!' ' ._ Science/Technol0gyNeeds mplementationNeeds

,. Physical Treatment _,,,1_ HGMS _ Demonstration _ The use of the technology to ..--I=_Demonstration costs are estl-
(cont.) WPRO-204-OG The treatment is commercially meet the site requirements mated to be $ 0.5-1 million.

available for example, for the needs to be demonstrated.
removal of trace Impurities from
kaolin clays. Removal efficien-
cies for the process are greater
than 99%. However, its use to
treat mixed waste contaminat-
ed fluids needs additional
RD&D.

Chemical Treatment _ Solvent Scrubbing _ DemonstraUon _ Further research, development, ---I_The RD&D effort Is estimated
WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant.
(e.g., centrifugal contactors) Is technology to deployment.
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based processes for
the separation and recovery of
radionuclides has been tech-

noiogy 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-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up

volume, and rapid start-up
characteristics.

lm,- Physical Treatment _ _ Scrubbers _ Demonstration _ Though an accepted technolo- .---I_Knowledge of process apptica-
WPRO-30t-OG Scrubbers are comercially gy, the use of the technology to tion(s) and funding,

available though need to be meet the site requirements
demonstrated for particular needs to be demonstrated.
applications at K-25.

_Adsorption _ Pre-Demonstration _ Further research, development, ---I_The RD&D effort is estimated
WPRO-202/203-OL_ Laboratory studies indicate and demonstration (RD&D) on to require $1.25 million.

removal efficiencies greater the process to develop the
than 90% for the removal of technology to deployment.
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsorp-
tion medta for the treatment of

mixed waste contaminated liq-
uids. Development would
Include for example, scale-up
studies, development 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.

_Filtration "'1_ Demonstration _ The use of the technology to _emonstration costs are esti-
WPRO-201 -OG This is an accepted process for meet the site requirements mated to require up to $1 mil-

separating solids from fluids, needs to be demonstrated, lion.
The process can achieve
removal effic_encles greater
than 99%. The use of the

process to meet the site
requirements will however,
need to be demonstrated.

2/26/93
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Tech nology
Waste Manag,

WasteOff-GasesfromD&D, _ RadioactiveElements _ Referto Volume1,Chapter10,_ WasteProcessing "

•Cleanup Legacy RA,andWMOperations inGases forpotentiallyapplicablepro-
(cont.) posedand promulgatedenvt-

• Prevent Future ronmentallaws,signedand

Insult pendingagreementsfortheORR,radiationprotectionstan-
• Develop dards,DOEOrders,andnon-

regulatoryguidance.Assite-
Environmental andwaste-speciticcharacteris-
Stewardship ticsareprovidedforeachtech-

nology,specificregulatory
requirementswillbe specified.

Decommissioning
(D&D)

Soils, Groundwater-
and Surface Water

(RA)

WasteGasesof Unknown _ OrphanGas Cylinders _ Refer to Volume1,Chapter 10, _ Waste Processing _ Physical
CharacteristicsfromD&D and withNo Informationon forpotentiallyapplicablepro-
RAOperations( somepossl- CylinderContents posedandpromulgatedenvi-
bly incylindersofuncertain ronmentallaws,signedand
integrity) pendingagreementsfor the

ORR,radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
andwaste-specificcharacteris-
ticsareprovidedforeachtech-
nology,specificregulatory
requirementswillbe specified.

Waste Management
(WM)

!
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Logic Diagram

Management i

I
Chemical Treatment _ _ Solvent Scrubbing _ Demonstratlon _ Further research, development, .--I_-The RD&D effort is estimated

WPRO-211/212-OG Continuous solvent extraction and demonstration (RD&D) on to require $1-2.5 million. The
in counter-current contactors the process to develop the payback could be significant. ID
(e.g., centrifugal contactors) Is technology to deployment. Idemonstrated technology for
the separation of heavy metals
or organics from aqueous or

organic solutions. Centrifugal t
contactor based processes for Ithe separation and recovery of
radionuclides has been tech-

nology at DOE nuclear pro-
cessing sites for over 25 years, ii
The technology can be applied IIto treat and recover _ wide

range of contaminant concen-
trations. The advantages of

the centrifugal contactor based
extraction process are its rela- Itively small size, small hold-up
volume, and rapid start-up
characteristics.

.,lm

Ion Exchange "-'lP" Demonstration _ The use of the technology to -.-I_-Development costs are esti- I
WPRO-217/218-OG This Is one of the accepted meet the site requirements mated to be $1.25 million. lib

methods used In industry for needs to be demonstrated.
treating liquids. Treatment eft-
ctencies can be greater than []
99% depending upon the appli- Ication, the ion exchange
media, and the solutes to be
removed.

lm

Bucky Ball Chemistry _ Evolving Technology _ Further research, development, ---II_The RD&D effort to develop the !
WPRO-101-OG This is a novel technology that and demonstration (RD&D) on technology is estimated to

Iii

has many potential applications the process to develop the require $10 million. The pay-
in fields such as mixed wastes technology to deployment, back is estimated to be in the

treatment, nuclear medicine, range of $150 millionconsider- []
tribology,and material science, lng savings in waste treatment IIConceptually, the technology is and disposal costs and poten-
sophisticated (uses lasers) and ttal sptnoffs in other fields such
yet simple. For mixed wastes as nuclear medicine and new
treatment, the process would materials, mm
essentially encapsulate the lradioactive and hazardous met-
als at the elemental level In

high molecular weight carbon

cages (called fullerenes) there-
by isolatingthem from the envi- IIronment.

Physical Treatment ----._=}ll_Recharacterize _ Accepted _ Though an accepted technolo- --I_-Knowledge of process applica- ..,,=

l
WPR-303-OG gy, the use of the technology to tion(s) and funding. Imeet the site requirements

needs to be demonstrated.

=]_-Repackage --.liD- Accepted _ Though an accepted technolo- _nowtedge of process appltca-

WPRO-303-OG gy, the use of the technology to rien(s) and funding. •
meet the site requirements IIneeds to be demonstrated.

!
!
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| Technology Lc!Waste Manag,

I " EM Goals ..

waste Gasesof Unknown _ OrphanGasCylinders _ Refer to Volume1,Chapter10, -.liD.-Waste Processing _ Chemical

i • Cleanup Legacy CharacteristicsfromD&Dand withNo Informationon forpotentiallyapplicablepro-

RAOperations( somepossi- CyhnderContents posedandpromulgatedenvi-
• Prevent Future bly in cylindersof uncertain (cont.) ronmentallaws, signedand

Insult integrity) pendingagreementsfor the
ORR,radiationprotectionstan-

• Develop dards,DOEOrders,andnon-

I regulatoryguidan_ As site-Environmental andwaste-specificcharacteris-
Stewardship tics areprovidedforeach tech-

nology,specificregulatory

i requirementswiltbespecified.

I
I

:. '1 Decommissioning
i (D&D)

!,,I
i Soils, Groundwater

and Surface Water
(RA)

I
I
I Waste Management

(WM)

!
_ I

I



Logic Diagram
Jlanagement

m

• .Alternati_/es i " Technologies ' . status Science/TechnologyNeeds _ rlmplem_ntation!Needs

Chemical Treatment _ Solvent Scrubbing _ Demonstration _ Further research, development, _..)l_The RD&D effort is estimated
WPRO-211/212-OG Continuous solVent extraction and demonstration (RD&D) on to require $1-2.5 million. The

in counter-current contactors the process to develop the payback could be significant,
(e.g., centrifugal contactors) is technology to deployment.
demonstrated technology for
the separation oi heavy metals
or organics from aqueous or
organic solutions. Cenlzifugal
contactor based processes 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-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hold-up
volume, and rapid start-up
characteristics. This technolo-
gy when used wi_ other waste
treatment processes would
enhance the overall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes
requires additional RD&D.

2/26/:'..3
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II
II Technology Logi,

Waste Managem,

ii rT

K-25 Site Problem. ProblemArea/(:0nstituents Reference Re( uirements subelements . AltermEM Goals

m

li • Cleanup Legacy _ Contaminated Soltd Wastes _ Contaminated Concrete Rubble _ Refer to Volume1, Chapter 10,'--"_ Waste Stabilization _ Solidification

for potentially applicable pro-

" Prevent Future Scrap TransiLe posed and promulgated envi-
ronmental laws, signed and _ Macroencapsulat

Insult Scrap Asbestos Pipe & pending agreements for the

• Develop Insulation ORR, radiation protection stan-

II dards, DOE Orders, and non- Microencapsulatlq
Environmental Other Scrap Bldg.Materials regulatory guidance. As site-

and waste-specific characteris-

Stewardship Scrap Porous Nickel tics are provided for each tech- Chemical Fixation
nology, specific regulatory

l!l Scrap Aluminum, Copper, and requirements will be specified,
Other Non-Ferrous Metals

(Other than Nickel)

Scrap Steel

II Scrap Plastic, Paper, and ClothContaminated Clothing and
Rags

Spent Ion Exchange Media
Decommissioning

(D&D) Waste Processing Residuals

{I ' -

II
Iii _o,,s,Oroun_wa_erand Surface Water

(RA)

It wasteMana0ement
(WM)

II
-II



Logic Diagram
Management

a

Solidification _-- Cementitious Materials -lh" Accepted _ Though an accepted technolo- _ Knowledge of process applica-
WSTA-t 00-OG This is an accepted method for gy, the use of the technology to lion, funding, and regulatory

stabilizing hazardous and low- meet the site requirements approval.
Macroencapsulation level radioactive wastes for dis- needs to be demonstrated. In general cementJtiousstabi-

posal. However, the technology Also, need to develop better lization/solidificatton costs range
(as currently practiced) is more understanding of the immobi- between $ 50 to $ 500 per cubic

Mlcroencapsulation art than science. This method lization chemistry and mecha- foot of waste. These costs are
generally results ina 0.5 to 2- nisms, very dependent upon the
fold increase in the volume of wastes being solidified, the

Chemical Fixation _ the final wasteform for disposal, cementitious mater*als being
employed, and the performance
criteria for the wasteform.

Polymer Impregnated Concrete _ Evolving Technology _ Further research, development, --liD. The RD&D effort is estimated to
WSTA-t01-OG This is a developmental tech- and demonstration (RD&D) on require $ 5-10 million. The pay-

nology that is developing an the process to develop the tech- back could be significant.
alternate wasteform that is less nology to deployment.
leachable (and thus more
acceptable) than cementitlous
wasteforms. The polymer addi-
tion serves to waterproof the
final wasteform thus reducing
the migration of the immobilized
contaminants into the environ-
mant. This method is also

expected to result in a one to
two-fold increase inthe final

wasteform volume for disposal.

Plastics-Thermoplastics -I_ Pre-Demonstration _ Further research, development, _ The RD&D effort is estimated to
WSTA-102/103-OG The bitumen stabilization and demonstration (RD&D) on require $ 2-5 million. The pay-

process is determined to be at the process to develop the tech- back could be significant.
the demonstration level while nology to deployment.
the polyethylene process is
determined to be at the pre-
demonstration level of develop-
ment. Depending upon the
wastes being stabilized, thermo-
plastic stabilization processes
result In a net decrease inthe
final wasteform volume, The

technology is not mature and
additional research, develop-
ment, and demonstration
(RD&D) Is needed to further
develop the technology and its
acceptability as a stabilization
method by the regulators.

Plastics-Thermosetting _ Pre-Demonstration _ Further research, development, _ The RD&D effort is estimated to
WSTA-t04-OG This process is especially suit- and demonstration (RD&D) on require $ 2-5 million. The pay-

able for stabilizingspent ion the process to develop the tech- back could be significant.
exchange resin I_ls for dispos- nology to deployment.
al. The process does not
require high temperatures or
dried wastes and normally
results in no net Increase in the
volume of the finalwasteform.
However, if the method is used
to stabilize a net increase in the

volume of the final wasteform
could result. Additional RD&D

on the process could help
increase its applicability to sta-
bilizing other wastes.

2/26/93
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Technology Lc!
Waste Manag

• EM Goals

Solid Wastes_ Volume1,Chapter10,--'.b_ WasteStabilization
• Cleanup Legacy forpotentiallyapplicablepro-
. Prevent Future ScrapTransite posedand promulgatedenvi-ronmentallaws,signedand

Insult ScrapAsbestosPipe& pendingagreementsforthe (cont.)

• Develop Insulation ORR,radiationprotectionstan-dards,DOEOrders,andnon- Microenc
Environmental OtherScrapBldg.Maierials regulatoryguidance,Assite- (cont.)

andwaste-specificcharacteris-
Stewardship ScrapPorousNickel ticsareprovidedforeach tech- Chemica

nology,specificregulatory (cont.)
ScrapAluminum,Copper,and requirementswtll be specified.
OtherNon-FerrousMetals
(Otherthan Nickel)

ScrapSteel

".;rapPlastic,Paper,and Cloth
ContaminatedClothingand
Rags

Waste UO2F2

SpentIonExchangeMedia

Decommissioning WasteProcessingResiduals
(D&D)

m

Soils, Groundwater
and Surface Water

_RA)

Waste Management
(WM)



I
.ogic Diagram |_lnagement

I' Alternatives Technologies ' Status Sc!ence/ Technology Needs Implerhentation Needs
• ... . •

. , .,
m

Solidifm.,atton _ High-Temperature Crystalline _ Evolving Technology _ Further research, development, ---lg_The RD&D effort is estimated to
(cont.) Materials This is a developmental tech- and demonstration (RD&D) on require $ 5-10 million. The pay- I

WSTA-105-OG noiogy which uses high temper- the process to develop the tech- back could be significant. Ii
Macroencapsulatton atures to immobilize the wastes nology to deployment. II(cont.) in a ceramic wasteform. These

wasteforms are generally inert
_" Mioroencapsulation and exhibitvery low leachability

(cont.) characteristics. Depending I
upon the waste charactsdstics IIChemical Fixation ceramic wasteforms can result

(cont.) _ in a significant decrease in the
volume of the final wastaform I

which can translate into signifl- I
cant savings in waste disposal IIcosts.

High-Temperature _ Pre-Demonstration _ Demonstrate the effectiveness _ The RD&D effort is estimated to I
Noncrystalline Materials This is an accepted process for of the technology to meet the require $ 5-10 million, The pay- J
WSTA-106-OG the disposal of high-level site requirements, back could be significant, U

nuclear wastes however, its
suitability for the disposal of
hazardous and low-level i
radioactive wastes needs to be IB
established. Because of the II
high processing temperatures,
this process results in the
decrease of the final wasteform l

volume, Under normal environ- []
mental conditions the final IIwasteform is inert and non-
leachable.

!
I
I
I
I

I
I
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| Technology Lc!

Waste Manag

I K'25 Site Problem ' Problem Area/Constituents Reference Requi_eh_ents Subelements
'. , - .

m

i • Cleanup Legacy _ Radloacttve & Hazardous m _ Limited Quantities of _--Ile,- Refer to Volume1, Chapter 10,--ll_ Waste Packaging, _ Strong1"1

Material Shipments radioactive materials that are for potentially applicable pro- Handling, & Transportation
• Prevent Future accepted quantities, posed and promulgated envl- (WPHT)

ronmental laws, signed and
Insult pending agreements for the

• Develop ORR, radiation protection stan-

I dards, DOE Orders, and non-
Environmental regulatory guidance. As site-

Stewardship and waste-specific characteris-
tics are provided for each tech-
noiogy, specific regulatory

I requirements will be specified.Non-fissile concentrated _Refer to Volume1, Chapter 10, _ Waste Packaging, _ Multi-use
wastes having total activities for potentially applicable pro- Handling, & Transportation "-
less than Type A package posed and promulgated envi- (WPHT)

I limits, ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-

regulatory guidance. As site-

I and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory

Decommissioning requirements will be specified.
(D&D)

I _ Non-fissile concentrated - _ Refer to Volume1, Chapter 10, _ Waste Packaging, _!=_ Light We"
wastes having total activities for potentially applicable pro- Handling, & Transportation
less than Type A package posed and promulgated envi- (WPHT)
limits, ronmental laws, signed and

pending agreements for the

I ORR, radiation protection stan-

dards, DOE Orders, and non-
regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-

i nology, specific regulatory

requirements will be specified.

Fissile Wastes _ Refer to Volume1, Chapter 10,_.1l_ Waste Packaging, _ Light We!
for potentially applicable pro- Handling, & Transportation
posed and promulgated envi- (WPHT)

I ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non.

Soils, Groundwater regulatory guidance. As site-

I and Surface Water and waste-specific cl_aracteris-(RA) tics are provided for each tech-nology, specific, regulatory
requirements will be specified.

I _ PCB Contaminated Wastes _ Refer to Volume1, Chapter 10, _ Waste Packaging, _.IpP-POP Con.
for potentially applicable pro- Handling, & Transportation

posed and promulgated envl- (WPHT)
ronmental laws, signed and
pending agreements for the

I ORR, radiation protection stan-
dards, DOE Orders, and non.
regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-

I nology, specific regulatory
requirements will be specified.

I Waste Management-
(WM)

I

f
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Strong Tight Containers _ Accepted Packages _ Accepted _-_ New package designs may be _ None
WPHT- 100-OG required.

Multi-use Containers _ Multi-use, standardized _ Evolving Technology ,_ New standardized Type A pack...-I_- Funding requirements for R&D
Type A Packaging age designs need to be devel- are estimated to be $1 million.
WPHT- 101-OG oped and qualified to meet reg-

ulations. Designs must be user
friendly and available to a wide
variety of users.
An operationally efficient multi-
use Type A package, or pack-
ages, for radioactive materials
needs to be developed.

Light Weight Containers _ Type B Packaging _,1_- Accepted _ New package designs and certi-''!_" None
WPHT-t02-OG fications may be required.

Certified package design can be
identified from RAMPAC data-

base and Packaging manage-
ment Transportation System
(PMTS) database which will
identify numbers and status of
packagings available under
development by EM-5621.

Light Weight Containers _ Type A Fissile Certified _ Accepted _ New package designs and certi_ip. None
Packaging fications may be required.
Type B Fissile Certified Certified package design can be
Packaging identified from RAMPAC data-
WPHT-103-OG base and Packaging manage-

ment Transportation System
(PMTS) database which will
identify numbers and status of
packagings available under
development by EM-5621.

_POP Container _ Performance Oriented _ Accepted ..... ,_ New package designs may be _ None
Packaging (POP) required.
WPHT-104-OG

2/26/93
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Technology Lo
Waste Mana

' EM..G ::)als ,.' ,,

• Cleanup Legacy p,. WastePackaging,Handling,_ Asbestos _-]D,.. Referto Volume1,Chapter10, --Ii_Waste Packaging,andTransportation for potentiallyapplicablepro- Handling,&Transportation
• Prevent Future (WPH&T) posedandpromulgatedenvl- (WPHT)

ronmentatlaws,signedand
Insult pendingagreementsfor the

• Develop ORR, radiationprotectionstan-
dards,DOEOrders,and non-

Environmental regulatoryguidance.As site-

Stewardship andwaste-specificcharacteris-
ticsare providedforeach tech-
nology,specificregulatory

requirementswillbe specified.

Non-radioactiveHazardous _ Refer to Volumet, ChapterlO,----I_-Waste Packaging,
Waste for potentiallyapplicablepro- Handling,& Transportation

posed andpromulgatedenvl- (WPHT)
ronmental laws,signedand
pendingagreementsfor the
ORR, radiationprotectionstan-
dards, DOEOrders,and non.
regulatoryguidance.As site-
and waste-specificcharacteris-
ticsare providedforeach tech°
nology,specificregulatory

Decommissioning requirementswillbespecified.

(D&D) "-'-'i_'Onsite Packaging _ RefertoVolume1,Chapter10, --I_Waste Packaging, _'Jl_On.site
forpotentiallyapplicablepro- Handling,&Transportation
posedandpromulgatedenvl- (WPHT)
ronmentallaws,signedand
pendingagreementsforthe
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
and waste-specificcharacteris-
tics areprovidedforeach tech-
nology,specificregulatory
requirementswillbe specified.

PoordefinitionofWaste _ RefertoVolume1,Chapter10, _ WastePackaging, _ Define
Packaging,Handling,& for potentiallyapplicablepro- Handling,&Transportation
TransportationRequirements pocedandpromulgatedenvl- (WPHT)
for Users ronmentallaws,signedand

pendingagreementsforthe
ORR, radiationprotectionstem
dards,DOEOrders,andnon-

Soils, Groundwater regulatoryguidance.As site.
and Surface Water and waste-specificcharacteris-

(RA) ticsareprovidedforeach tech-
nology,specificregulatory
requirementswillbespecified.

Waste Management
(WM)



I
ogic Diagram II

anagement

I
--......,--.l_.Performance Oriented _ Accepted _ New package designs may be .-iZ=-None

Packaging (POP) Group required. J
II and iii liWPHT- 105-OG

I
Container "-----'ll_Borehole Disposal Performance--I_- Accepted ' _ New package designs may be -i_'None I

Oriented Packaging (POP) required.

Group I, II, III
WPHT- 106-0G J

II

Packaging "---..--'ll_Type A, Type B, Fissile, Strong --lm,.- Accepted ----,-.----lD,,- New pauKage designs may be "ll_None li
Tight, lP, POP, and Bulk pack- required. IIaging or packaging equivalent
in safety.
WPHT-107-OG

!
I

Interfaces _....._.l_.User Interface _ Conceptual _ None _ Implementation cost estimated
WPHT-108-OG Interface worldnggroups need at $1M In 1992 dollars.

to be formed, li

I

I
I
I
I
I
I'

2/26/93

6.6-2

I
, ,,_,,,, , , ,, ,,,, ,rq,,',,,r, , ,,, ,',, _r............ 'rlr'..... 'rqqjj '1 ' r_g ' IJr ' 11' ' J Bl! j ' IJ .... JJ IJ J jjl Jllll JJl ,J J



Technology Logic
Waste Management

-ii,. Disposaloffinalresidues -- _ CleanDebris _ RefertoVolume1,Chapter10,---I_ WasteDisposal _ Landfill
• Cleanup Legacy fromD&D,FR, andWM for potentiallyapplicablepro-
" Prevent Future operations posedandpromulgatedenvi-

ronmentallaws,signedand
Insult pendingagreementsforthe

• Develop ORR, radiationprotectionstan-dards,DOE Orders,andnon-
Environmental regulatoryguidance.Assite-

Stewardship andwaste-specificcharacteris-ticsareprovidedfor eachtech-
nology,specificregulatory
requirementswillbespecified.

ScrapAsbestos _ RefertoVolume1,ChaptertO,_ WasteDisposal ,__ Landfill
for potentiallyapplicablepro-

Decommissioning - posedand promulgstedenvi-
(D&D) ronmentallaws,signedand

pendingagreementsforthe
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.Assite-
andwaste-specificcharacteris-
ticsareprovidedfor eachtech-
nology,specificregulatory
requirementswillbespecified.

Low-LevelRadWaste_ ,._--_.Referto Volume1,Chapter10,_ WasteDisposal _ _ TrenchDisposal
forpotentiallyapplicablepro-

Soils, Groundwater - posedandpromulgatedenvi-
and Surface Water ronmentallaws,signedand

(RA) pendingagreementsfortheORR,radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.Assite-
andwaste-specificcharacteris-
ticsareprovidedforeachtech-
nology,specificregulatory
requirementswillbespecified.

Waste Management.

-_ (WM) [
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Logic Diagram
.anagement

Landfill _ Y-12 Plant Industrial Landfill _ Accepted -liP- None _ Need regulatory approval and
Tennessee This landfill is expected to be funding
WDIS-101-OG operational tnJuly 1993. The The wastes disposed inthis

landfill has a design capacity of landfill must meet the waste
1.5 million cubic feet and a acceptance criteria (WAC) for
design life of 43 years, the landfill and obtain approval

from the tacillty manager for the
disposal of the wastes.
Funding would be required for

performing waste analyses (to
ensure compliance with the
landfill WAC) and waste pack-
aging, handling, and transporta-
tion (WPH&T) to the landfill.
Estimated funding requirements
cannot be forecast because

they are dependent upon sever-
al factors such as waste vol-

umes, tipping fees, analytical
requirements, and WPH&T
costs.

Landfill _ Y-12 Plant Industrial Landfill _ Accepted _ None _ Need regulatory approval and
Tennessee This landfill is expected to be funding
WDIS-101-OG operational in July 1993. The The wastes disposed in this

landfill has a design capacity of landfill must meet the waste
1,5 ml,ion cubic feet and a acceptance criteria (WAC) for

design life of 43 years, the landfill and obtain approval
from the facility manager for the
disposal of the wastes.
Funding would be required for
performing waste analyses (to
ensure compliance with the
landfill WAC) and waste pack-
aging, handling, and transporta-
tion (WPH&T) to the landfill.
Estimated funding requirements
cannot be forecast because

they are dependent upon sever-
al factors such as waste vol-

umes, tipping fees, analytical
requirements, and WPH&T
costs,

Trench Disposal _ _ Nevada Test Site _ Accepted _ None _ Need regulatory approval and
WDIS-102-OG This facility has been ear. funding

marked as one of the facilities The wastes disposed in this
for the disposal of DOE low. landfill must meet the waste
level radioactive (rad) wastes, acceptance cdterla (WAC) for

the landfilland obtain approval
from the facility manager for the
disposal of the wastes.
Funding would be required for
performing waste analyses (to
ensure compliance with the
landfill WAC) and waste pack-

aging, handling, and transporta-
tion (WPH&T) to the landfill.
Estimated funding requirements
cannot be forecast because

they are dependent upon sever-
al factors such as waste vol-

umes, tipping fees, analytical
requirements, and WPH&T
costs.
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Technology LD!
Waste Manag

Disposaloffinalresiduesfrom._ Low-LevelRad Waste ,_- Referto Volume1,Chapter10,_ WasteDisposal _ TrenchE
• Cleanup Legacy D&D,ER, andWM for potentiallyapplicablepro- (cont.)

operations posedandpromulgatedenvi-
• Prevent Future ronmentallaws,signedand

Insult pending agreementsfor the
ORR, radiationprotectionstan-

• Develop dards, DOEOrders,and non-
Environmental regulatoryguidance.Assite-

andwaste-specificcharacterls-
Stewardship ticsare providedfor eachtech-

nology,specificregulatory
requirementswillbespecified.

Landfill

Decommissioning
(D&D)

RCRAWaste _ Referto Votumel,Chapter10,_ WasteDisposal Landfill
forpotentiallyapplicablepro-
posedandpromulgatedenvi-
ronmentallaws, signedand
pendingagreementsfor the
ORR, radiationprotectionstan-
dards,DOEOrders,andnon-
regulatoryguidance.As site-
andwaste-specificcharacteris-
ticsareprovidedforeach tech-
nology,specificregulatory
requirementswillbespecified,

Soils, Groundwater
and Surface Water

(RA)

Undergr_

Waste
(WM)
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I
Logic Diagram II
lanagement

I
--III" Trench Disposal _ Borehole Disposal _ Pre.demonstration _ Additional research, develop- _ Estimated RD&D cost is

(cont.) WDIS-106-OG This is a developmental dispos- ment, and demonstration $2-3 million (1992 dollars) BE.
al option that has been (RD&D) is required on the Iendorsed by the International method to determine its envi-
Atomic Energy Agency (IAEA) ronmental, economic, and engi-
for the disposal of radioactive neering acceptability. This

wastes. The site for the facility RD&D effort would include for
would be determir=edafter eval- example, identifyingcandidate =uating the geohydrology and the disposal sites, the characteris-
resulting environmental impacts tics of the wastes to be dis-
of potential sites. One potential posed in the boreholes, and
site is the Conasauga shale for- evaluating the geohydrology of aB
mation that underlies parts of the sites. IIEast Tennessee.

Landfill _ ORR Class I Low-Level _ Pre-demonatratlon _ Research, development, and _ Need regulatory approval and

Waste Landfill West Chestnut Ridge at Y-12 demonstration (RD&D) needs to funding iii
WDIS-106-OG Plant be conducted to determine the The facility is projected to be =environmental acceptability of ready to accept wastes in early

this disposal option for the low- 1999. The capital cost for the
level radioactive wastes, facility is estimated to be $ 90

million (1992 dollars) and the mm
annual operating costs are esti- Imated to be around $ 8 million

(1992 dollars).

Landfill _ Approved commercial landfills .-lm,,- Accepted _ None _ Need regulatory approval and I
for RCRA wastes (e.g., The strictly Resource funding
Chemical Waste Management Conservation and Recovery Act The wastes dlsposed in this
a{ Emelle, AL, Envirocare in UT, (RCRA) solid wastes from the landfill must meet the waste ii

or U. S. Ecology landfill in NV). site will be disposed of in acceptanca criteria (WAC) for lapproved commercial landfills the landfill and obtain approval
provided the wastes meet the from the facility manager for the
landfill's waste acceptance cri- disposal of the wastes.

teria and it ts economic. Funding would be required for mm
performing waste analyses (to lensure compliance with the
landfill WAC) and waste pack-
aging, handling, and transporta-
tion (WPH&T) to the landfill, iii
Estimated funding requirements IIcannot be forecast because

they are dependent upon saver-
al factors such as waste vol-

umes, tipping fees, analytical lbl
requirements, and WPH&T Icosts.

Underground Disposal _ Borehole Disposal ---.---I_ Pre-demon=tratlon _ Additional research, develop- _ Estimated RD&D cost is
WDIS-100-OG This Is a developmental dispos- ment, and demonstration $2-3 million (1992 dollars) I

al option that has been (RD&D) is required on the IIendorsed by the International method to determine its envi-
Atomic Energy Agency (IAEA) ronmental, economic, and engi-
for the disposal of radioactive needng acceptability. This
wastes. The site for the facility RD&D effort would include for I
would be determined after eval- example, identifying candidate luatlng the geohydroiogy and the disposal sites, the characteris-
resulting environmental impacts tics of the wastes to be dis-
of potential sites. One potential posed in the boreholes, and
site is the Co_asauga shale for- evaluating the geohydrology of
matlon that undedles parts of the sites. IIEast Tennessee.

I
!
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Waste Mana

I
of finalresiduesfrom_ Low-LevelMixedWaste _ RefertoVolume1,Chapter10, _ WasteDisposal _ Landfill

I • Cleanup Legacy D&D,FR,and WM forpotentiallyapplicablepro-"Prevent Future operations posedandpromulgatedenvi-ronmentallaws,signedand
Insult pendingagreementsfor the

ORR,radiationprotectionstan-

i • Develop dards,DOEOrders,andnon-
Environmental regulatoryguidance.As site-

andwaste-specificcharacteris-
Stewardship ticsareprovidedforeach tech-

nology,_..r_,cilicregulatory

i requirer,_:_!swiPbespecified.

I
I _ Undergn

Decommissioning

i (D&D)

i
I _ to Volume1,Chapter10,_ Disposal Undergn

TRU Waste Refer Waste
I forpotentiallyapplicablepro- Retrieva-
l posedand promulgatedenvi-

I I ronmentallaws,signedand

pendingagreementsfor the
ORR,radiationprotectionstan-
dards, DOEOrders,and non-

i regulatoryguidance.Assite-
andwaste-specificcharacteris-

I Soils, Groundwater - ticsareprovidedfor eachtech-
and Surface Water notogy,specificregulatory

(RA) requirementswillbe specified.

I
i
!

I Waste Management-
(WM)

i i
i



Logic Diagram
,/lanagement

Landfill _ Envirocare, UT Landfill _ Accepted _ None _ Need regulatory approval and
WDIS-t04-OG funding

The wastes disposed in this
landfill must meet the waste

acceptance criteria (WAC) for
the landfill and obtain approval

from the facility manager for the
disposal of the wastes.
Funding would be required for
performing waste analyses (to
ensure compliance with the
landfill WAC) and waste pack-
aging, handling, and transporta-
tion (WPH&T) to the I_Lndfill.
Estimated funding requirements
cannot be forecast because

they are dependent upon sever.
al factors such as waste vol-

umes, tipping fees, analytical
requirements, and WPH&T
costs.

Underground Disposal _ Borehole Disposal _ Pre-demonstration _ Additional research, develop- _ Estimated RD&D cost is
WDIS-100-OG This Is a developmental dispos- ment, and demonstration $2-3 million (1992 dollars)

al option that has been (RD&D) is required on the
endorsed by the International method to determine its envi-
Atomic Energy Agency (IAEA) ronmental, economic, and engi-
for the disposal of radioactive neering acceptability. This
wastes. The site for the facility RD&D offort would include for

would be determined after eval- example, identifying candidate
uating the geohydrology and the disposal sites, the characteris-
resulting environmental impacts tics of the wastes to be dis-
of potential sites, One potential posed in the boreholes, and
site is the Conasauga shale for- evaluating the geohydrology of
marion that underlies parts of the sites.
East Tennessee.

Underground Waste _ Waste Isolation Pilot Plant _ Demonstration _ Additional research and _ Need regulatory approval for

Retrievable Facilities (WIPP), New Mexico This facility has been destgna- evaluations need to be per- TRU waste disposal and
WDIS-105-OG tion by DOE for the disposal formed to obtain regulatory funding

approval to dispose TRU Funding would be required for
transuranic (TRU) wastes, wastes at the site. performing waste analyses and

WPH&T to ensure compliance
with the WIPP waste accep-
tance criteria. The estimated

funding requirements cannot be
forecast because they are
dependent upon several factors
such as waste vclumes, analyti-
cal requirements, WPH&T, and
disposal costs.

2/26/93
6.7-3
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Technology Logi(
Waste Manageme

K-25 Site Problem Problem Area/C0nstituents Reference Recuirements Subelements. .... " Alternati'
•EM Goals

• Cleanup Legacy _ Minimizethegenerationo! _ •Solvents _ RefertoVolume1,Chapter10,_ Waste Minimization-.-..--- _ • Mlntmlzethecreati_hazardousandmixedwastes. • RAD forpotentiallyapplicablepro- wastes.
• Prevent Future • PCB posedandpromulgatedenvi- • Characterizeands

Insult •Organices ronmentallaws,signedand thewastesasearlyL
•Inorganics pendingagreementsforthe atlonas possibleto=

• Develop •Metals ORR, radiationprotectionstan- hazardouswastege_

Environmental •Wood dards,DOEOrders,andnon- •Maximizetheusec
•Plastics regulatoryguidance,As site- ardoussubstitutes.

Stewardship •Cloth andwaste-specificcharacterls- • Transferpotentialv
•Paper ticsareprovidedforeach tech- rials(e.g.specialtyfr
•Asbestos noiogy,specificregulatory otherDOEplantsha"

requirementswillbespecified, needforthe material
• Seekopportunities
taminatedspentmat
otherDOE applioatk:
contaminatedmetalC
supercolllder)
• Maximizetherecyc'
ed spentmatedals
• Sellmaximummat(;
scrapas legallyperrr
. Establishacceptab{
aegulatoryConcern(_
"de-mlnimus"values.

Decommissioning • ThinkWasteMinim-
(D&D)

WasteMinimizationE
System(WMES)

Soils, Groundwater
and Surface Water

(RA)

Waste Management
(WM)

.... _!l_lrr _ . .......... ,.....



Logic Diagram
,/lanagement

• Aliernatives :Technologies iSlatus Science/Technology Needs :implementatio n Needs
• . • ,,. ..

• Minimize the creation of _-_Dernonltration - _ The science and technology ---i_General implementation needs
wastes, needs are expected to be mini- include inculcating the waste
• Characterize and segregate mat because incorporating the minimization philosophy among
the wastes as early inthe oper- waste minimization ethic will site personnel through educa-
atlon as possible to minimize not require new technology but tion and establishing accept-
hazardous waste generation a change in operating philoso- able BRC and de-minlmua val.
• Maximize the use of non-haz- phy, attitudes and behavior, ues for radioactive contamina-
ardous substitutes, tion levels inpotential wastes
• Transfer potential waste mate- so that significant quantities of
rials (e.g. specialty freons) to potential waste materials can

other DOE plants having a either be recycled, sold as
need for the material scrap, or disposed at lower
•Seek opportunities to use con- costs.
taminated spent materials In
other DOE applications (e,g.
contaminated metal for use in
supercolllder)

• Maximize the recycle of treat-
ed spent materials
• Sell maximum materials as

scrap as legally permitted.
. Establish acceptable Below
Regulatory Concern (BRC) and
"de-mlnimus" values.
• Think Waste Mlnimizationl

Waste Minimization Evaluation_ Computer Software _ Demonstration _ Develop and demonstrate the _ Development and demonstra-

System (WMES) WMIN-t 00-OG A prototype software program effectiveness of the WMES to tion of the WMES is estimated
was used to analyze waste minimize site wastes and waste to require $ 3-5 million, The
minimization at a solvent disposalcosts, savings from implementing the

degreaslng operation at the Y- The science/technology needs system could be substantial.
12 Plant. This application include for example, software
showed areas where the development (e.g., programing

degreaslng operations could be and process simulation) and
improved from a waste mini- expertise capture.
mtzation perspective.

2/26/93
6,8-1
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