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Foreword

The Oak Ridge K-25 Technology Logic Diagram (TLD), a decision suppori
developed to provide a planning document tnat relates 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. It is essential that follow-on engineering studies a:
cutput 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 volumes—Vol.1
Volume 1 provides introductory and overview information about the TLD. Volum
Volume 3 has been divided into two separate volumes to facilitate handling and

This volume contains the Technology Logic Diagrams and an index. The ine
provided before the diagrams, contains technology names and technology
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 i
Logic Diagram, Martin Marietta Energy Systems, P.O. Box 2003, Oak Ridge, TN
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am (TLD), a decision support tool for the K-25 Site, was
elates envircnmental restoration and waste management
echnologies that can remediate these problems. The TLD
the Oak Ridge Reservation and from a previous Hanford

1ssary to 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

wr separate volumes—Vol.1, Vol.2, Vol.3A, and Vol.3B.
‘mation about the TLD. Volume 2 contains logic diagrams.
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agrams and an index. The index for this volume, which is
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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
2.0. Box 2003, Oak Ridge, TN 37831-7274.
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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
relates, through the use of flow chart arrows, the environmental restoration and waste management
(WM) problems at the K-25 Site to remedial technologies. The focus of the diagram is on remedial tech-
nologies, and the status of each is considered from the standpoint of maturity, improvements over exist-
ing approaches, and applicability to specific K-25 Site problems.

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

The diagram flows from left to right, and is composed of columns of input data, or logic elements.
Each logic element flows from EM Goals. These goals are shared to varying degrees by all sections of
the U.S. Department of Energy (DOE) complex. EM Problem contains common problem areiis agreed
upon by EM and DOE, such as decontamination and decommissioning (D&D), soils and ground surface
water (RA), and waste management. K-25 Site Problem describes the site-specific problems associated
with the K-25 Site. Problem Area/Constituents contains specific K-25 Site constituents or tangible parts
of the problem that must be addressed individually. These problem areas will be formulated diffeiently for
each major section of the Technology Wiring Diagram. The Reference Requirements element refers the
reader to Vol. 1, Chapter 6, Summary of Regulatory Needs. Applicable regulations must be determined
on a site specific set of factors including exact location and planned mobility of constituent and technolo-
gy, location characteristics, exact type, quantity, and toxicity of constituents involved throughout the tech-
nology process, types and quantities of waste created, and planned manner of transportation, storage, or
disposal. Subelement specifies one of the categories used to identify the universe of activities necessary
to solve a problem. The Subelements are: Characterization, Decontamination, Dismantlement, Materials
Disposition, Robotics/Automation, and Regulatory Compliance. Alternatives describes the general or
generic technological approaches.

Technologies is the focal point of the diagram. This is a compilation of all technologies deemed applic-
able to solving the EM problem. Status is the information conceming the maturity of the technology listed
in the prior column. The categories are: Accepted—- in common use and directly applicable to the K-25
Site; Demonstration—available but not demonstrated for the K-25 Site problem; Predemonstration—-under
laboratory development; and Evolving Technology—-technology that is at conceptual or preconceptual
stage (some scientific or knowledge basis only). Science/Technology Needs indicates areas that are
related to the fundamental understanding of the scientific phenomena underying the basis for the tech-
nology. /mplementation 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( ).
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Uses of the Technology Logic Diagram: Examples
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To find all of the possible technology tools that are considered to have the most potential for
characterization work at the K-25 Site:

— Tum to the Characterization section of this volume.

— Scan each page under the column Technology for the listing of 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 all of the decontamination technologies that remove only transferrable contamination from
surfaces:

— Tum to the Decontamination section of this volume.

- Under the Alternatives, or generic technology, column find (he category Surface Cleaning

(transferrable contamination).
i All linked technologies in the adjacent Technologies column will remove transferrable
> contamination.
To find information about a specific technology:

- Refer to the index (starting on the next page) to locate the page number from the technology name.
€ — 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 rumber to Vol. 3.

For example, to locate information on plasma arc saw cutting of equipment:

Q =
°

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
) Vol.2.

XN« To find out what can be done with contaminated oil:

Y — Refer to the index at the end of this section.

Is — Notice that the index lists contaminated oil as being in the Waste Management section, pages
o 6.3-18 through 6.3-27. These pages contain the various technologies considered appropriate for

remediating the contaminated oil problem.

“* o To determine how to implement a method to remove Tc from groundwater:

fd — Find groundwater in the index of this volume.

'S — Notice that the index lists Tc in groundwater, on pages 4-11 and 4-12 of the Remedial Action
ar 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
Jr1e efforts required for these technologies.
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Chemical SUmne Cleaning:

2- 10-13, 19, 26-29, 38-37, 41-42, 48

 Chemical Treatment:

1.5, 6-15, 17-19
6.3- 1-2,4-9, 11-12, 15, 17-20, 22-33
1,3,5,7-9

Chemical Waste Management:
: 2

6.7

mistry:
2- 13, 19, 29, 41
4- 2

62- 14
6.3- 20,23,27,29-30
8

65- 1

i Chemobyk:

2-  12,27,36

{ Chemometrics:

1- 3

 Chiorides:

2- 11,19, 37
Ct:o_rhatetsi Volatile Organv: Compounds:

Chromate:

2- 1 13, 30-36, 3940
hromates
2- 1- 13, 29, 36, 39-40, 43-46

{ Chromatography:

1- 6,8-10
Cltric:
2- 1112, 27-28
Chtrox:
2- 12,28
; Classification:
1- 10
4- 8
Classlfied:
3~ 12
ays:
i 83- 3,6 18,22
i 64- 5,7
i Clean Debris:
i 87- 1
: CIF3:
P 2~ 11,19, 37
i 62- 8,10
; Cloth:
62- 1,3,11-13
85— 12
68— 1
Bl

lasting:
2- 2,8, 15, 18, 20, 30-31, 33, 40, 44,
47
3 61

P4 13

62- 14
63- 2,4,7,19,22

9,14

6.2— 5,11, 13, 17-18, 20
6.3- 13,16,20,24

{ Coating:

2—

H 48
i Collection Efficiency:
I
: Collimators:

F o
i Compact,
i 5
gcomposlte:

1-
2~

1
gllgh Capacity /

10
43-46

;;Composne Rooling:
i 2- 4348

ssed:

2-
2~

Compmsslon

2-
3-

{ Computer Based D&D Inf
: Syst

3~

6, 18, 23, 33, 4C

i Compressed Alr C

6, 18,23, 33, 4
13

Gmssor(s)

4-5, 17
11,15

Co;nputerized Image Ana
; - 3
Computers

4, 14-15

Computing:

4
6.6

6.6~

Conentrates:

4

{ Concentrating:
: 10

4-

{ Conduls:

1-

Concrete:

1-
2~

Concrete
H

 Concrete

2-

1-
6.6-
6.5

6.2
6.5~

6.3~
6.3-
6.5~

1,3

 Concentrated:

11,27,37,42, ¢
8, 11
1

Comerurated Wastes:

11

11

10-11

5, 30-36, 44, 4C
1-2,6-7,9
1-2,6

12

1-2

Cumng

Mllﬂng

Comgumuon Definktion:
E ]

" 31,43,47

1

Comahar(s)

2, 14,6-7
1-2

{ Contaminated Clothing ai.

1-2

Contaminated Concrete I

1-2
1-2

Contaminated Mercury:

32

| Contaminated Oil:

18-27

| Contaminated Solld Wast

1-2

L e

i



apacity Arms:

23, 33,40

cryoqenk: CO2 Blasting:
23,33, 40

1 D&D Information Retrieval
Y114

are:
graphy:

nage Analysis:

,37,42,48

astes:

36, 48
7,9

¥

]
‘anition:
srification:

47

87
Hlothing and Rags:
bmmte Rubble:

fercury:
)ll:
lolid Wastes:

fout

 Cytinder:
S

Contaminated Solvents:
63~ 28-32
Conlaminated Specialty Freons:
63- 3233
Contaminated Wastewater:
6.3 1-18
Corllnuou? Alr Monitoring:
1=
Control:
1- 1,1
2~ 2, 10, 22-23, 26, 29, 33, 44-48
3 2,5-6,9,12,15
4- 1
5- 1-5
Controlled Blasting
3- 2
61- 1
Convertional:
1- 10
3- 3,6, 89, 11-12
P4 9
HI - 15 .
: Conventional Disassembiy:
. 3
P65 15
: Conventional Leak Detection Meihods:
HI B 10
i Copper:
2= 1-29, 4042
F 7,10
i 62~ 1,3,810
i 65 12
: Core:
H. B 2,1
3 1,5
Cored:
N 1
: Corona Discharge:
i 4 6, 15
: Corrosion:

2~ 11,27,37,42, 48
62- 15

Corrosive:

2- 11,27,37,42,48

icr

2- 1-13, 39, 47-49
4- 4-5,12-13

| Criticallty Indices:

1- 10

ng:
3- 1-12, 15-16
5- 1-5

{ Cutting, Advanced:

3- 6-7,10-11

Cyclone(s):

2-  2,15,20, 31,43, 47
64~ 56

Cyclone Separaﬂon

6.4~

4
64- 89

Cylinders of uncertain intogrity:
: 8-9

6.4-

i Damage:

- 10
2- 3,15,21,31,41,43

Damaging:
2- 9,24

P34
Data Assessment:

1- 3, 10-11

 Data Base:

1- 1,3
2- 29, 36
3- 13-14

{ Data Collection:

1- 1,1
5- 1-6

Data Fusion:

5~ 3
Dai:!baso Mgmt. for Large Data Collections:

Decompose:
2-  21,20,32,44

DCON-1-0G:

2- 39, 48
DCON-10-0G:

2~ 11,27
DCON-11-0G:

2~ 12,27, 38
DC! .

2- 40424649
ON-20-0G:

2- 36
62- 2,8

| DCON-31-0G:

2- 9, 25, 37

 DCON-32-0G

2= 10,26, 37

| DCON-33-0G:
: 38

-0G:
P2- 14, 30
i DCON-38-0G:
2= 1, 14, 20,30, 44
: DCON-39-0G:
Po2- 2,15, 20, 30,44
. 1-6
{ DCON-4-OG:
2= 39
{ DCON-40-0G:
Po2- 2.20, 30,43, 47
: DCON-41-CG:
2= 2152031404347
: DCON-42
Po2- 3,15 21,31,41,43
: DCON-43 :
Po2- 321,31
HE 2 1-5
: DCON-43-0G:
2= 16
P2~ 32
: DCION-47-0G
Po2- 31
: DCON-48-0G
2— 31
DCON-5-OG:
2- 39
DCON-51-0G:
2- 6, 18, 23, 33, 40
H DCON-52-0G:
io2- 5,22, 33, 44,47
: DCON-53 -OG:
2- 45
DCON-53-0G:

2~ 6,23, 33,47

] v o

Decay:

DCON-54-0G:
2- 6,23,33
DCON-55-0G:
2-- 7,23,33,45, 48
DCON-56457-0G:
2~ 24,34
DCON-56-0G:
i 2- 7,18
{ DCON-57-0G
P2~ 7
DCON- :
2- 8, 18. 22,35
2- 8, 24 34
2- 13 29 38-39, 43
2—

0G:
2- 9,25, 75,41, 45,48
DCON-64-0G:

2- 19, 25, 35
DCON-66-0G:

{ 2
| DCON-5L-10-0G:

62- 5

3~ 2
6.2- 4-7
6.7- 1

{ Decantation:

6.3- 21,26-27,31
2- 11,19,37

 Decontaminated Bldgs.:

62- 12

ing:
2—- 9,24
6.8 1

Degrees of Freedom:
- 1
: Demolition:

3 1-2,5,9
6.1- 1

Demoilition Compounds:
F o 2

Depletion:
2-  2,6,15,20,31,43,47

i Desorpion:

- 9
6.2~ 1
6.3~ 12,27

Destroyed:



2- 39 = 1 3- 18 ! Electron Beam Destruction:

4- 7 DISM-36-0G: DISM-81-0G: i 64~ 2,4

8.3~ 12,15 H 3— 4,9 3- 16 i Electron Dmﬁcllon
Destruction: 1-5 Dismantiemerd Suppont: H B

2- 40,42, 46,49 : DISM-37- HI o 16 : Electron Mlcropmbe

é} ?g, }5-12 1620 : Disposal of ‘lllvnhanl reskiues from D&D,ER,and | 1-

2-  1-8, 11-14, 16- DISM-SB-OG: H operations: H ElectmnSpea ascopy For Chemical A
6.3- 9-10, 12-16, 20, 23-25, 27, 32 3- 4 6.7- 13 Po1- nay
64~ 24 DISM-40-OG: Dispersement: H Eleclmpollshm

Detergents: N 3 6 P 2= 13,28
2- 10,26 DiISM-41-0G: Dispersive: i Electrorefining:
Diamond Wire Cutting: 3~ 4 - 8 2= 10, 26, 37-38
3- 1 DISM-42-0G: Dispiay: : Electrowinning:
5— 1-5 3- 5 - 1 i 2-  10,26,38
Dltgenamlal Optical Absorption Spectroscopy: : DISM~44-OG: 3 13 i Ele1mems:
H : ; - 12,4,6,8,10
Differential Ukraviolet Absorption DIQM-45-OG 3 712 i 2~ 38
Speciroscopy: . Dispose: i 64 78
i- 8 ;DiSM—46-OG 3 8 ¢ Elution:
Dittraction: i3 6 62- 9,16 i 62— 15
1- 5 : DISM-47-0G: 6.3~ 29-30 : Enabling Technologies:
Ditfused: I 6 67- 3 < 12-16
2- 32 : DISM-48-0G: sl i Encapsulate:
Digesting: i3 6 2- 13,29,36 ioR2- 14
1- 2 : DISM-49-0G: Dissociate: 6.3- 20,23
Digestion - 6 2~ 29 i 64- 8
1- 2 : DISM-50-0G: i Dissolve: i Enclosures:
6.3- 10, 14,25,27 P8 7 i 2-  11,27,87,42,48 i3 27,16
Digttal: DISM-52-OG P4 ; End Effector Control:
- 10 | Dissolved P52
3- 13 i DISM-53-OG i 2= 10,26,38 : Energy-Dispersive X-ray Spectroscopy:
Dlgmzed : P4~ 1 H—. 8
15 |SM-54- i Distiltation: i Envirocare:
Dlgmzlng 3- 8 P 2= 43 i 6.7- 23
i 5 15 4~ 8 i Equipment interior:
Dllunon : DISM-55-0G: 6.3- 3,7,10, 13, 25-26, 29, 32-33 P2- 1-19
1- b3 8 : Drill: : Equipment Location:
Dioxide: DISM-SG-OG: H - HE 8
1-5 H 5,8, 11 : Drilled: : Eroded:
Dioxins: DISM 57-OG P 4 6 2= 1,14
2-  1-13, 39-40, 43-46 I : Drifing: : Erosion:
Direct Sampling lon Trap Mass Spectrometry: @ 5- 1 5 o= 21 i 2-3,15,21,31, 41,43
1~ : DISM-58-0G: F SR : ESCA:
Dlsassenbly i3 9 i Drums: H 4
2- 1-9, 15-16, 18-19, 24-25, 35, 40 : DISM-59-0G: S : Evaporation:
3- 3,7,10-12, 15-16 P 3 10 H 14 2= 12,28
5— 1-5 : DISM-60-0G: i Dry: 3- 1
Disassembly of Major Components: I 10 i 2-  7-8,24,34,39 4- 14
3- 10-12 : DISM-61-0G: i Drying: 63 3,7,13,33
Dlscharge N 10 i3 2 Exhaust:
1- i DISM-62-0G: ; Dry Heat: 2- 14,19
4- 6 15 3- 10 P2 8,24,34, 39 i 3 458
5~ 1 DISM-64-0G i Dry Heat Roasting: i Ex Sltu Bloremediation:
Discharged: 3- 11 P2= 8,24, 34 N 8
3- 2 DISM-65-0G i Eddy-Current: i Ex Situ Chemical:
Discharges: I 1 1 i 6= 5 . 4-10
2- 45,17, 22 :DISM-67- : Effuent: : Ex Sy Physlcal
62- 14 i 2- 15,18-19 P
6.3~ 2,4,7,19, 22 DISM-G&OG F 12 : ExSlu Rad‘obgical
DIEM-11-0G: 3- i 82— 1,4
3- 1 DISM-69-OG : Electrical Equipment: : Expanslve Grout:
DISM-12-0G: 3~ 12 I 7-12 i3 2
3- 1 : DISM-70-0G: i Electrochemical Methods: e:
5- 1-5 - 12 i 1= 5 2- 31
DISM-21-0G: i DISM-71-0G: : Electrodialysis: 3- 2,5
3- 1 HE 13 i 63 4 H
DISM-22-0G: : DISM-72-0G: ! Electrokinetic Removal: 3 1,8
3- 2 I 13 P 4= 2.5 Exposing:
DISM-23-0G: : DISM-73-0G: i Eloctrolysis: i 2= 9,24,35,42,45,48
3~ 2 i3 14 i 6.3~ 1,5,17,21,28,30 : Exposure:
DISM-31-OG: : DISM-74-0G: i Electrolyte: i 1- 6
3~ 2 i3 14 P2— 10, 26, 36-37 2~ 3,21, 31
5- 1-5 : DISM-75-0G: i Electrolytically: 3 15
DISM-32-0G: H 15 Po2- 12,27,36 i 4 8
3- 3 i DISM-76-0G: : Electromagnetic: : Extended X-Ray Absorption Fine Structure:
DISM-33-0G: i3 15 HEE C R b F 8
3~ 3 : DISM-77-0G: : Electromigration: ; Exterior:
65— 1-5 - 15 P2 36 io2- 20-29
DISM-34-0G: §DISM~78-OG: i Electron Beam: i Ext :
3- 3 16 P4 15 i 4~ 2-3,0,12
DISM-35-0G: D"%M-&O-OG i 64— 2,4 Extracted:
A e P S SRR S A S



#, WAL
ool ORA

[ won

am Destruction: 4~ 5 5~ 4 64- 5,7
.4 Extracting Hlm Gradiant Megnetic Separation:
iraction: io1=- 2 g.g: 23,6,9 HU" 3
ng: : 9, 15, 31 Gradiant M Sepemﬂon
Jroprobe: - 17 Gas Chromat hy:
Extremely 1- 810 Hlm Pressure Abmdvo Water Jot:
sctroscopy For Chemical Analysis: -1 Gas Chromatograpty Fourter Transform 7,10
3~ 45,10 I Spectroscopy: ngh Presaure Abrasive Water Jet Cutting:
gh.z;a: Fabricate: 1- 9 7,10
. 3 8 Gas Chromatography Mass Spectroscopy thh Pressure Water:
‘ng: Fabrication: 1- 2- 5,22,33,44, 47
0, 26, 37-38 3~ 89,11 Gas P| 3— 1.7. 10
ang: Faciiitate: 2- 11, 19,37 15
1,26,38 - 4 62- 8,10 HUl Preuuro Water Jet:
3~ 1516 Gas Phase Decon 10
-2,4.6,8,10 62- 19 2- 11,37 5—- 1-5
3 Failure Recovery Gasket High-Pressure Water:
-8 5 1 2- 2~ 1,20, 30, 33, 44,47
5 Femek:l1 H 57 Glglm&ga? 3 Hlm-Terrpemmm Crysiallna Materials:
jes: 4- 1-2 Glassification: Hu\-Tenpemuve Noncrystaliine Metorials:
-2-16 Femate: 3- 6
3 82- 14 Glow Discharge lonization Mass Hobgtaphic Imaging
4 63- 2,4,7,19,22 y: - 3
)23 Ferrous: 1- 3~ 13
- N Grabbler for Remotety Cutting Metals: Hot Alr:
: P62~ 1,3,10-11 3~ 5 2~ 8,24,34
7,16 Fbor Optlc Camera Systems: 5- 1-5 Hot Air St
+ Control: : Gravity Separation: 2~ 8,24
- Fber Optk: Chemical Sensors: 6.3- 26-27,32 Hot Waller:
persive X-ray Spectroscony: Grinding, Honing, 2- 6,23, 33
- Flmatbn 2- 3,16, 21, 31 i Hydraulic Retrieval
: Po2- 4. 14-20, 43 Gkt Blasting: : HERL: B E
=3 4- 2~ 1,14, 20, 30, 44 : Hydrocarbons in Soils
interior: 8.3~ 1. 4-8, 8, 14, 17-18, 21-22, 25-29, Ground Freezing: i 4 88
19 31-32 4 6 i lce Blasting:
Location: i 64~ 3,57 Groundwater: P2~ 2,20,30,43,47
1 : Fissllo Wastes: 1- 1-11 Imaging and Image Processing:
i 66~ 1 2- 149 5~ 4
14 i Fixatlon: 3- 1-16 Improved Protective Clothing and Equipment:
. 2-4,8-9,12 T4 1-16 3~ 16
,15,21,31,41,43 6.3- 1,56, 18,27-28,30 5~ 1-5 In Sttu:
: 65~ 12 6.1- 1 i~ 34, 6-11
3 : Fixed and fransferrable contaminatior: 62- 120 2~ 10-4 1, 19, 23, 26, 34, 37, 40
n S 1-5, 8-13, 20-22, 25-29 63- 133 4- 2-8,12,14
12,28 ! Flameless Thermal Oxidizers: 64- 149 In snu Al S!npplng
1 i 64~ 2,4 65~ 12
i4 : Flashlamp Cleaning: 66~ 12 In snu Blodogmdaﬂon
4,7,13,33 . 5,17,32 i 67- 13 4- -
i Fluld Systems: : 68~ 1 In Shtu Chemlcal
4,19 6.1~ 1 H Grou'\d-Pemlra!Ing Radar: 1= 4,79
5,8 Fluoboric Acid Treatmen: H 1 In Situ Physlcal
remediation: 2- 12,27,38 Group 1,0, 1- 3,10-11
3 : Fluorescence: 2 In snu Radiological:
pmical: Po1- 47,9 Groutlng 6
110 i Foaming: P4 24,8 in Sltu Vitritication:
ysical: 6.3- 8,14, 18,21,28-29, 31 Hadamard Masting for Spatial Resolution: 24,7
3 Force: 1- 1 ln-Slu Passlve Monitors:
diological: 2- 21,41 Halogenated: 1-
1] 3~ 14 82- 23,6,9,18,20 lndmmlon
Grout: 5 1-2,4-5 6.3- 9,12, 15,28.32 2~  40,42,46,49
2 Force Controi: Hand and Automated Brushing: 4~ 78
HE - 5 - 34 6.2- 34,8,11-12,16-17, 19
" : Force Limiter: Hand Brushing: 6.3 912 18, 20, 23, 25-26, 22-30, 32
2,5 5~ 2 2- 7,18 64~
Fots\:f Re!l?dion: Hagd Geinding, Honing, Scraping: Ino:-tpomugn with Asphalt:
8 =
- i Fork Lift: HOTV: Inductively Coupled Plasma - Mass
), 24,35,42, 45,48 i 61 1 5~ 4 Spodromelry
'FoumrTmMonnIMm-RodSpoamsmw Heavy Metals in Groundwater:
3 1- 4 12-13 H lnmetwery-cmplod Plasma Spectroscopy:
), 21,31 Freon: Metals in Of F
5 2- 4243 8.3 21-24 : lmom'mlon Retrieval System:
} Freons: Heavy Metals in Solis: 3 12,14
X-Ray Absorption Fine Structure: 6.3- 32-33 4 4-5 Inorganic Acid Treatments:
8 68- 1 Metals in Soivents: P2~ 11,27, 37, 42,48
Front-end Loader: 63- 29-31 ! Inorganic Membrane Separation:
20-20 6.1- 1 Haavy Medais in Water: 64- 1,34,6
: FTIR: 83- 57 Inorganic Mlcroporous Filters:
.3,9,12 1- 9 HGMS: 63- 1,4,6,8,17-18, 22 28,30,33
Fuzzy Control: 83- 3,6,18,22,28 30 64- 1,34,6
S S S T

il




N

norganics:
1- 7-8
61- 1
6.2- 1-20
64~ 67

68~ 1
inorganics In Gases:

64 67
Instruments:

1~ 6

2~ 40-42

3~ 15

65—

1-5
Insulated Copper Wiring:
2~ 40-42

Insulation:
2~ 39-40
62- 14
65~ 1-2

2~ 11,27, 37,42,48
3~ 3,6-7,11,13-14, 16
5~ -5

66~ 2
Internal Combustion:

5~ 1
lon crtomatogrmhy

{-
lon Exchange

10-13, 26-28, 38-39

4- 1, 10-11

62- 1,3,15-17

63- 2,4,7,17,30

6.4— 8

1-2

lon Exchange Media:

2- 11-12,27-28

6.2- 1,3,15-17

6.3 2,4,7,17

64 8

65~ 1-2
Ion4Exchange Treatment:

- 10

|on-exchange:

iR Thennogmphy
3-

Isolopfc Dléuilon Mass Spectroscopy:

Jackhammer Headache Bali:
3- 1

Jackhammers:
6.1- 1
Land Farmlng Bloremediation:
4~
Landfin:
6.7- 13
Laser.
1- 24,6,8
2- 4,13,16, 19, 21,29, 41
3- 3,5-8, 11, 15-16
5 1-6
Laser Ablation:
1- 2,8
3- 16
Laser Activated Chemistry:
2- 13, 19, 29, 41
Laser Cutting:
3- 3,67, 11
5- 1-5

Lazer Elchhg and Ablating:
Laser Elchhg and Ablation:

Laser lonization Mass Spectrometry:
4

1—

Laser Photo Acoustic Spectroscopy:
1-

Laser Raman Scattering

4

e
Laser Range Finders:
Laser Scanomg Partile Size Analysis:

1-
Laser Tﬂangulallon Mapping:
3- 15

Lases-Ablation inductively Coupied Plasma
Atomic Emission Spectroscopy:

1- 7
Leaching & S!

tripping:
2~ 8,24,34,39
4~ 1-3,5, 8,12, 14
62- 2,7,10-11,13, 15,17, 19
11, 13, 20, 23-24 26, 29-32

: 4

: Liquefied Gas Cutting:

ST

qu;ﬂd Chﬂ)m9 atography Mass Spectrometry:
{ Liouid Soiiation Counting:

HE.

: Luiig Reach Anms:

Po6- 1

Long-Patthr IR:

Low Temperature Separation:
63- 27
64- 1.2

Low Temperature Thermal:
4-

8-9
: Low Temperature Thermal Treaiment:
P 4 9
i Low-Leve! Mixed Waste:

67- 3
Low-Level Rad Waste:

— 1

i LPAS:

1- 4
Macroencapsulation:

65~ 1-2
Mame!lc Sepatalors:

Magnetlw
1

Ma)or Dlsmamlemam
3- 13

Man-Robol Synbwsls:
5~ 3

Massive Concrete:
3 1-2,9
Madrix Porosity:
1=

2
: Measuremert Of Natural Gamma Emitters:
H 6

1-

{ Mechanical:

2= 13 11,1416, 19:21, 30:31,37,40-
3- 3,515
5 15
81— 1

Mecharscal End-Effectors:

Mad\amm: Izﬂanbulauon
Mechanécal Mobillty:

Mechanical Substrale Surface Removal:
2- 1-3, 14-16, 20-21, 30-31, 43-44
5 1-5

Membrane Sepamtlons
4-
Mermrane Todmbgy for Sample Collection

ntration
1- 1, 6 8
MomuryhOl
8.3~
Movcuryander

63~ 17-18

| Metal Equipment

f
3- 11

Meta Equipmer Exteror

2
Metal Ex!sﬂor Surtaces:

1- 7-8

2- 4-5, 10-11, 16-17, 22, 24, 26-27, 32,

37,42, 48
5 1
2,45,7,9, 12-13
1-5
6.1- 1
1,3-14, 17-20
2,5-7,9, 11, 13, 15-16, 19-24, 29-
a3
1,3,5,7-
65 12
1
2- 13,41
4- 6
Microbal Daegradmwn:
4~
Microblal Dechiorination:

6.3- 10, 25,32
Micmgravny1 Methods:
1~ 1

; Microwave:

1- 2

2- 32

3~ 2

5~ 1-5

62- 18,20
Microwave Digestion:

1- 2

Microwave Heating:

6.2~ 18,20

| Microwave Scabbling:
P 2

Microwave 3gcml:nblng:
2-
Minimize the generation of hazardous and
mixed wastes:
66~ 1

[
Mollen Glass Combustor:
62- 1516,18,20
Moflen Sal Oxidation:
6.2~ 12-13,16,20
8.3—- 13, 16, 20, 24-25, 27, 29, 31-32
64~ 2,4,6

Mond Process:
2- 38

P62~ 7

: Monel:

io2- 1-19

i Monitor:

HE B 6

: Ol

Mossbauer Spectroscopy:
Mu}IT-Anglg Driling For Deg‘
Mu1h-l-use itamhrmzeo v
Mulﬂ-use éontalners
Munler‘s Fll

2- 39-40
NAC Process:
62- 9
Nal Floor Scannear:
1- 10
Na: Gamma Spectroscopy:
NDT For Conerete

1- 10
Neutron Activation:

I B 7
i Nevada Test Ske:

2-— 10-11, 26-27, 37
7

62- 1,3,7-10
65- 1-2

Nickel Carbonyl:
Po2- 38
: Non-terrous metal:

{ Non-radioactive Hazardots
i 66~ 2
: Non—Volatl(?4 Organics in ¢
: 2

6.4~

2- 20-36, 39-40
6.3- 18-27

{ Oll, PCBS, U, Tc, Adtinide
: 2029

2~

Olls:

2~ 24,34,39
& 8

6.2- 2-8,14, 16, 18-
6.3~ 32-33

Onéana Packaging:
Optical Mlaoscopy
0pttn|zatk1m of Sampiing
Organic Acid Treatments:

2- 1,27

Oganic Vgpor Monktoring

6.8~ 1

{ ORR Class I Low-Lovel ¥

6.7-

| Other Screp Bidg Mataric

65- 12

{ Oxddation In Gemert Kiln:

v



DaCciroscopy:
wiiing For Depth Protiling:

“ndardized Type A Packaging.

tainers:
40

EH

anner:

Spactroscopy:
“crete!

“vation:
- She:

el
-19

9-11, 26-27, 37-38,42, 48
,3,7-10

-2

-onyl:

3

- metal:

-10

Jnated:

5-32

Jnated Organics in Oif:
527

sﬂve Hazardous Waste:

9 Organics in Gases:
4

g-t, 34,39

2-8, 14, 16, 18-19
32-33

;kaglng:

‘:‘romy:

z:n of Sampling Designs:

' 8-10
13,21, 32, 40,44, 46, 49
1

1-20
2,5,7,9-16, 19-20, 23-27
1-9

jas Cylinders:

8-9
38 | Low-Level We  » Landfill:

2
rap Bkig Materials:
1.2
1in Cement Kiln:

PCBs

POBS In Solls:
: 7-8

Percepﬂon

Pysica in St

4 9
Oxygen Cutting:
3~ 4
OzoMMn-Photnwus:

8.3 12,15
Packaging ecihysiyid:
2

2- ot
62- 1,3, 1112
1 2

6.8-
Pamdo-lmhcad X-Ray Emisslon:

Partloulales in Gases:
84- 46

9
2- 30-36, 39, 41
3~ 3,7-12
4- 7-8, 16

1
2-4,18,20
9,12, 15, 24-25, 31-32

{ pCB Comaminated Wastes:

66- 1
PCB in Oik:
6.3~ 24-25

; PCB In Solverts:
63

31-32

1- 8-10
2- 13, 20-29, 34, 36, 3946
4- 7-8, 14,16
61- 1
6.2~ 1-2,4-7
8-10

i 63-
PCBs in Groundwater:

16
4-

{ PCBs In Water:

6.3- 8-10
4-5

Pefiom\anoe Oriemed Packaging:
Pmtocalic Oxidation:

o4 7

i Photolysis:

i 3 18

i Photonic Removal of Contaminants:

3 16

10
Separation

1,56, 8-9 14

roa!mem
6.3- 1,386,8,10-11, 14, 17-19, 21-22,
24-33

62- 1,4

Plasma Arc Saw:

3- 4,10

Piasma Surface Cleaning:

2- 45,17, 2

 Plasma Torch

2-  4,16,21,32,44

{ Poat

3~ 4,10
5~ 15

2- g, 15, 21, 31, 41,43, 47498

1-2
Plastic Petiet Blasting:
2- 3,15,21,31,41,43

Plastics:
6.2~ :.3. 1112

66~ 12
Porous Aluminum:
2- 37-38

Porous Nickel:
2- 37-38
62~ 1,3,78
85 12
~osltion Sensors for Manipulator and End-
Effectors:
5~ 5

loning:
3- 1,89,12
5- 16

Posiioning Accuracy:

Poel_ar 80u1rces for Mobile Platform:
Pres-;’rom:mmd Obstacle Avoidance:
Precbﬂanon

4- 12-13
62- 14
63— 2,4,7,19, 22,25, 28,30, 32

: Protective Clothing:

3- 57,11,18
62- 1,3,12113

Proximly:
Puncﬂ Coms

1- 11

i Pyrolysis:
i 82~ 5
Quque IR Thermography:

3,15

1— 1,7

61- 1

6.2- 1-13,15-20

6.3~ 1-3,18-21, 28-29, 32-33
67- 12

i 68 1
E:RADaMTecMumanl:

6.3- 1821

| RAD In Soivents:

6.3~ 28-29

 RAD In Water:

63 13

 Radioactive Elements in Gases:

64~ 78

: Radioactive Materials:

2- 10, 26,37

[ VU mer

I I e It



m

REMA

53:

REMA-7J 5 62- 14
5 ROBA-51-0G:! i 65~ 12
REMA-74 5— Scrap Metals;
5 ROBA-52-0G 6.1~ 1
FIEMA Scrap Plastic, Paper, and Cloth:
4 ROBA-53-0G
REMA-TG: Scrap Porous Nickel:
4- 4 ROBA-54-0G: 62~ 1,3,78
REMA-77: 5- 4 6.5~
4- 4 ROBA-8-0G Scrap Steel
REMA-78: 5- 1 65 -2
4- 4 ROBA-65-0G! Scrap Transite
REMA-81: 6.2~
4- 3 ROBA-66-0G. 65~ 12
REMA-82: Scrap Wood
4- 3 ROBA-67-OG: 61~ 1
REMA-83: 4 Scrubbers
4- 3 ROBA-68-0OG! 2- 11,27,37,42, 48
REMA-84: 5 5 64~ 1,3,57
3 ROBA-69-OG Seoondaly lon Mass Spectrometry:

?
e
gcn

2,8
62~ 5,11,13,17-20
63~ 13,16,20,24
Reverse Osmosis:
4- 11,13-14
63~ 1,3,6, 14 21
ROBA-1-0G:

ROBA 10-0G
1

§ROEA11OG

ROBA-12 OG:
ROBA 2-02(3:
ROBA-23-0G:
ROBA-24-0G:
ROBA-25-0G:
ROBA-26-0G:
ROBA-27-
ROBA-28-0G
[
ROBA-29-0G:
ROBA-3-0G:
ROBA-30-0G:
HOBA 31-06:
ROBA-QZ-OG:
ROBA 33—06:
5- 3
ROBA-34-0G:
ROBA
ROBA-4- X

HOBA%;)G:

{ ROBA-47-

ROBA-48-0G:
ROBA-48-0G:

i ROBA-5-0G:

ROBA-50-0G:

9-10

, 24, 39—41 44,4749
9-12, 14-16

, 7,13

-5

'

U’l-bb
W

~N-
o an

3- 3,1
Scanning Electron Microscopy:

Scrap Aluminum, Copper, and Other Non-
Ferrous Metals
6.2~ 1,3,810
65~ 1-2
Scrap Asbeslos:
62- 14
65- 1-2
8.7-
Scrap Asbestos Pipe & Insulation:

1-
Seconda:y Neutral Mass Spactrometry

63~ 8,14,17,26

Seismic Methods

Select Alpha Radionuclide Analysis By PER-
1- 7

: SEM:

1- 3

Semi-Volatile Organics in Water:
63~ 14-16

Sensor Delivery Systems

Single Human-Multiple Vehicle Contro! Static

Sludges
2- 39
4- 3
62- 1,3,17-18
Smail Long-Range Alpha Detection:

Smelt Purllication:
2- 9,25,37

PP

#2852



Paper, and Cloth:

Nickel:
,7-8

27,37,42,48

3,57

n Mass Spectrometry:
3utral Mass Spectrometry:

n
14,17, 26
ods:

fgdlomc“de Analysis By PER-

) 1Orgamlm In Water:
16
ory Systems:

9

5

-29

¥

14, 20, 30, 44
nd Sorting:
wnission:

n-Muitiple Vehicle Control Station:

3, 17-18
Range Alpha Detection:

sation:
, 25,37

125
,7-8,10

)
.89

L
3,5
-1
-49
-16

-16
-5

=20
~33
-9
?-2

2~ 39, 46
4- 1-2,8-9
6.2-

1,3 1-12, 14,17, 19
63- 2,5,
1,
3

ng:
2- 9,24, 35,42, 45, 48
62- 1

: Solvents:

1- 2

2- 9,24,35,42,45,48
6.3- 28-32

68- 1

: Sorting for Recycle:
3- 11

Spent lon Exchange Media:
2- 12,28
62- 1,3, 1517
65- 1.2

: Sponga Blasting

2- 8 18,22 35

: Siandarizs Methodology:

Statistical Melhods For Multivariate Data:
1-
Statistical Melhods for Spatially Correlated
Dat
1- 1

Statistics:
1- 1,11
Statistics, Data Collection:
. 1,11
i Steam:
2- 7,23,33,45,48
3- 7
4- 5
62- 13
63- 13,16
64- 2,4
Steam Extraction:
4- 5
Steam Stripping:
6.2- “?g
63 13
i 64— 2,4
i Steel:
2- 1-29
3~ 1-5,7,9-12
62- 1,3,10-11
85~ 1.2
: Steel Cylinders:
g 2- 1-13
HE: o 11
| Steal Metal:
2- 20
Steel Pipe:
2- 1-13
i Strippable Coatings:
P2- 9,25,35,41,45
: Stripping:
P2- 8,24 4
P3- 6
4- 14

62- 2,7,10-11,13,15,17,19
63- 11,13, 20, 29-31

64- 2,4
Strong Tight Containers:

9,1
9,11, 15, 19, 23-24, 26, 28,
9

66~ 1
Structural Steel:
2- 1, 14, 20-29
3 35,7,9
Structure:
1- 3,8,10
3— 2. 14

Stbsurlm cornphxmlon
1=

Sultur Porymer Grouting:
4~ 4

Supercritical CO2:
2- 2, 15, 20, 31, 40, 43, 47
Iasl!ng

; Supercritical CO2

2- 2,15,31,47

 Supenrtical Water Oxidation:
: 15

6.2~
63- 2526

Superheated Water:

2- 6, 23, 33, 45, 47

Stﬁs_:onedgmld Membrane:
: Surface Cleaning

2-  4-13,17-19, 22.29, 33-37, 40-42,
44-45,47-48

{ Surface Contamination:

1- 6,9
2- 9,2

 Surtace Rem a:

2- 1-5, 14-17, 20-22, 30-32, 40-41, 43-
44,47

3— 2,16
; 1-5
Synchruno;s Fluorescence:
*Te:

1- 58, 11

2- 146

- 3, 11-12

6.3 32

iTe Geochemical Behavioral Modsiig:
HE b
Tc In Groundwater:

4- 11-12

i Tc In Solis:

i 4 2

: Technetium in Water:
: 35

6.3~

{ Tachnical Resources Data Base:
14

3

8.3 12,27

Thermal Substrate Surface Removal:

2- 4-5,18-17, 21-22, 32

éThemnalealrmn:
i 4 9

6.2- 1,35,7-8, 10-12, 14-20
6.3- 3,910, 12-13, 16, 20, 23-27, 29-33
64- 24,6

i Thermite Cutting:

- 5

; Thicknass:

HEK o 4-5,7,10

i 5  §

i Thie:

i 2~ 4346
62- 1,37

TLD Anay fora Spatial Characterization:
TookAm Inertace:

Ly, Te:

5- 2
Transferrable contamination:

Tramﬂd»le Control Stations:
Tranch qu)osal
6.7- 1-2
Triangulation Mapping:
3~ 15
TRU Waste:
67- 3
Typo A Flsslle Certified Packaging:

Type A Padcage

Typo A Pamng
Type B Fbsile Certitied Packaging:

6.6~

Type B Packagng
U:

1- 1,5-10

- 1-49

3~ 2-3,6-8,11-14
4- 2,56,8, 15

5- 1,45

6.1~ 1

62- 1-2,4,6,10,12-13,17

6.3~ 1-3,6,8, 13-14, 17-18, 25, 28-29,
33

64~ 12,67

65- 2 :

66~ 2

6.7~ 2-3

{ U, Oll, Tc, PCBs, Actinides:

2- 20-29, 39-40

fu,s,cr

22 1-13,47-49

1- 57
2- 1-46

i U, Tc, Actinides:

P 2= 1-38

: U, Tc, Actinides, S, Cr:
Po2- 1-13

i U, Tc, PCBs:

2- 3942

{ UFg, Tc, Adtinides:

- 1-13

! Unira High-Pressure Water:

2~ 1,20,30
Utradittration:
6.3- 1,3,6 14,21,28,30
Uttrahigh Prgasure Water:
2- 4
UlraNgvPr:s_?m Water:
1,

Ultrasonic:
1- 2,10-11
2- 9, 11,25, 27,37,42,48
5

5
: URrasonic Cleaning:

2- 9,25

: Ulruonk: 2Exil'at:titm

Ulrasonlc Leak Detection:
1-

! Unrasonic 1R1ang|ng and Data System:
1=

Uirasound:
4- 15
Umbifical:
3- 9
5— 1,4
Umbliical Cord:




5~ 1
Underground Disposal:
6.7- 23

Ungg’fguupd Waste Relrieveble Faclitles:

323 1,83, 13-156
65~ 12

Uranium in Groundwater:
4- 911

Uranium In Solh

4-

Use of Exlsthg Equipment for Disassembly:
3-

Use of Exl?lrg Fixtures and Tooling.:
3-

Use of Existing Fixtures for Thermal Cutting:
3~ 8

UT Lanadfil:
6.7- 3

UV Enhanced Chemical Oxidation:
4~ 15

Vacuum Assisted, Reverse Flow Solvent

Extraction Methods:

1- 2
Vacuum Cleaning:
2- 35

Vacuum Extraclion:
4-
Vacuum System:
2- 1,7,14,18,20-21,31, 4
3- 2,6-7,10
Vacuuming:
2~ 18,25
Vapor Extraalon
6,9

Vemllatlon Sysiem

3- 7-12
Venting:

4- 5,8-9
Vbration:

3- 14
Video Mapplng

3

visual Dlsplay Of Statistical Information:
1-

vnrmcauon
4- 24,7

VOCs:
1- 8-10
4- 5-6, 14-15
6.2~ 1
6.3~ 12
64- 1-2
VOCs in Gases:
64~ 12
Voice Control:
5— 3
Volatiie Organic Compounds in Water:
6.3~ 10-14
Waste Curte Monltoring:
1-
Waste Dlsposal
6.1- 1
6.3~ 1,4,6,8, 17-18,22,28-31,33
64~ 1,34,6
65~ 2
6.7- 1-3
68- 1
Waste Gases of Unknown Characleristics from
D&D and RA Operations:
64- 89
Was!e Isolaxlon Pliot Plant:

6.7~
Wast;_ Mln:mlza!lon Evaluation System:
6
Waste Off-Gases from D&D, RA, and WM
Operatbm.
6.4

Waste Padmglng. Hanxdting, and
Transportation:

66~ 2
6.7- 13
Waste Processing:
8.2~ 120
6.3 133
64- 19
65- 1-2
Waste Processing Residuals:
65~ 12
Waste Stabilization:
62— 1-2 4,7-8, 10, 12-13, 15, 17,18

4-
Wavobngh Dispersive X-Ray Spectroscopy:

WDIS-101-OG:
6.7- 1
WDIiS-102-0G:
6.7- 1
WDI§-104-OG:

6.7-
WDI?-‘IOSOG:

6.7~
WDIS-106-0G:

67- 2

| Weak Beta Radionuclides:

1- 6
Waells & Pu1nch Sources:
1- 1
Wet Air Oxidation:

62- 18,20

6. 3— 8, 12 15

6.3- 915242631

{ WPRO-101-0G:

i 83~ 12,27
{ WPRO-107-0G:

| WPRO-21

| WPRO-2

08-OG:
62~ 34,8,11-12,16-17,19
6.3~ 9, 12 16, 20, 23, 25-26, 28-30, 32
64— 23

{ WPRO-108-0G:

62~ 4,7-8,16,18
6.3- 10,13,16
64 23

3-0G:
62- 12-13,16,20
63- 13, 18. 20, 24-25, 27, 29, 31-32
64~ 2,4,8
WPRO-114-0G:
8.2- 5,11,13, 17-18,20
8.3~ 13, 16 20, 24-26, 29-30, 32-33

| WPRO-115-0G:

8.2- 18,20

| WPRO-116-OG:

6.2- 15-16, 18,20
WPRO-200-0G:
6.3~ 10

| WPRO-201-OG:

63— 8,14, 17-18, 21, 25-29, 31-33
64- 3,57

WPRO-204-0OG:

6.3- 3.6,18,22,28,30
P84 7
: WPRO-

205-0G:
6.3~ 1,5,7,17,21,28,30
206-0G:

| WPRO-

63~ 1,346, 14,21,28,30

WPRO-207-0G:

6.3- 4,6,8,17-18,22,28,30

| WPRO-208:

6.3- 1

209-0G
8.3~ 2682531

6.2- 14
6.3- 2,4,19,22, 25,28, 30,32
13-0G:

8.2~ 2,7,10-11,13,15,17,19
6.3- 11, 20,23-24, 26, 29-32

| WPRO-214-0G

63— 12,15

| WPRO-215-0G:

62- 18,20
8.3~ 9,12,15
WPRO-216-0G:
862- 15
6.3- 25-26
WPRO-219-0G:
82- 19
WPRO-220-0G:
83- 27
6.4~ 1-2
WPRO-221-0G:
62- 13
83~ 13
64- 2,4

| WPRO-222-0G

6.3~ 3,10, 13, 25-26, 29, 32-33
WPRO-223-0G:
63- 3,7,13,33
WPRO0-224-0G:
6.3~ 10, 14,25,27
OG:

6.3- 3,21,24,31
WPRO-227-0G:

6.3~ 10,25,32
WPRO-300-0G:

84~ 1,34,6

{ WPRO-301-0G:

64~ 1,3,57

| WPRO-302/0G:

64- 6586

i WPRO-303-0G:

| WSTA-101-0G:

6.5~

; 1
| WSTA-104-0G:
WSTA 10503
P65

WSTA 106.06:

fy.12 mam Industrial Larv

6.7-

Zoning for Comalnmem
H— 8

il -

|
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Characterizat

The Characterization section is grouped into several subsections under the Alternz
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.” Technologies with potential in-situ application are covered in the i
laboratories.




sterization

\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, Burial Waste, and Pond Waste
nce, so that technologies with several applications are covered under the

:overed in the in-situ section, even though they may be more widely used in
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- EM Goals - -

» Cleanup
Legacy
» Prevent Future

Insult
* Develop
Environmental
Stewardship

- EM Problei

. .

P.rcv)bler.i’f Aréé/Constilliénté"

K-25.Site Problem .
Enrichment Process Buildings —ep» General Use:
These technologies can be used

to perform a wide variety of
characterizations and thus are
not directed towards a specific

problem area/constituent (see
text for more detail)

Process Support Buildings ——
Cooling Towers

Electrical and Electrical Switch
Gear

Pumping Stations

Laboratory Facilities

Special Development Facilities |

Administrative Facilities

Decommissioning  efem
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Notes:

Alndicates Technology Expected To Be Particularly
Usefut In Support Of Decontamination & Dismantlement
Activities.

v Indicates Robotics/Automation Potential

Technology L.ogic

Characterization

Reference Requirements |. -

@

for potentially applicable pro-
posed and promuigated environ-
mantal laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-reaulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

“l Su_b Elements

—® Reler to Volume1, Chapter 10~ Characterization

e O

——— Sampling,
Sample Prep

Data Collection

. Alternatives




ogic Diagram

rization

!

-

: Technologies: ™

Altér‘natives ‘ Status T

* Implémentation Needs -

v

B ] _ ‘7‘3 (
A S'ci_enceATe‘(;hnol‘o‘gy Needs

=P |iterary searches for finding

sl Optimization nt

Statistics; — Demonstration — Development costs $150K
Data Collection Sampling Lesigns v Appropriate sampling designs useiul sampling designs from
CHAR-71-0G can prevent obtaining too littie other fields. Development of
infarmation 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
Spatial Resolution vV

— Demonstration
Allows spatial resolution or

——pp» Mask designs and collimators —pm-Masks for adaptation of radio-
for specific applications. logical counters for 'arge area,

CHAR-28-0G muitiplexing measurements to Determination of scattering analysls. Development costs
be made with a single channel effects for RAD measurements. $200K.
detector. Higher signal-to-noise
ratio than with a single point

mask; allowing better sensitivity.

sl Database Mgmt. for Large — Accepted - Procedures will need to be —» HP and analytical databases

Data Collections v

Storage and retrieval of large developed that wiil ensure

exist on Site. Development costs

CHAR-72-0G amounts of data in a cost-effec-
tive manner will aliow the collec-
tion and ready retrieval of all
characterization data. This
would present fuil characteriza-
tion data to cleanup organiza-
tions, aliowing more detailed
screaning characterization, or
would ensure that expensive
characterization data is not
duplicated unnecessarily, as
well as allowing for tracking and

trending.
- Visual Display Of Statistical —#» Pre-Demonstration
Information Integration of statistics software
CHAR-73-0G and database system with
graphics display capability.
Current LANL work.
el Statistical Methods for = Acceptsd
Spatially Correlated Data vV The use of spatial statistics and
CHAR-75-0G kriging (geostatistics) has been

demonstrated successfully for
years in the mining and petrole-
urn industries. Current LANL
work.

sl Atificial Intelligence/Neural
Network v A
CHAR-22-0G

Allows control of instrumenta-
tion, data and interpretive analy-
sis based upon human logic with
the processing power and repet-
itive capabilities of computerized
systems. It could enable charac-
terization work to be performed
to be optimized on a real-time
basis. Also usetul for training.

maximum access to the data
while ensuring its integrity.
Adaptation of existing software
to allow for statistical manipula-
ticn and visual dispiay.

software is available which
comos close to meeting this
need. This system would need
to be adapted for characteriza-
tion use. 3-D GIS.

petroleum industries for use in
site characterization. Easy to
use kriging software will need to
be found or developed.

ment for data interpretation;
including trending on a real-time
basis.

$200K.

—» Geographic Information System —gm-Optimization of computing

capagcity. Development costs
$500K.

=P Adaptation from the mining and —®Optimization of computing

capacity. Development costs
$300K.

—p» Acceptad/Demonstraticn ——p»- Software and model develop- g Optimization of computer

systems depending on sophisti-
cation needed for specific appli-
cations. Development costs
$500K.

Sampiing,  —————qumm—l \1o 1t cane Tachnology for  —™ Demonstration =% System development or — sample coliection systems for
Sample Prep Sample Collection & Potentially effective in many adaptation for specific site-specific applications.
Concentration characterization and decontami- applications; validation. Development costs $200K.
CHAR-55-0G nation scanarios, particularty
including waste stream monitor-
ing. Technology has been
demonstrated for environmental
monitoring, but Is not yet accept-
ed by EPA.
mmme»-  Continuous Air Monitoring A~ Accepted. - Protocols to provide direct —# Davelopment costs $500K.
CHAR-59-0G Widely used; accepted by EPA. support to specific D&D needs.
Sensor Delivery Systems -—p» Accepted. ~—p»- See robotics and automation. —Jpm~ See robotics and automation.
CHAR-120-0G Cane Penetrometer System
(SCAPS) demonstrated at SNL
2/26/92

11
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EM Goals

« Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

. ’EM_P'r_'ol')lem.:

" .K-25 Site Problein’

Decommissioning .
(D&D)

Soils, Groundwater
and Surface Wate:
(RA)

Waste 'Management
(WM)

‘

Enrichment Process Bulidings -+ General Use:
(cont.)

Procesa Support Buildings =

Cooling Towers

Electrical and Electrical Switch -
Gear

Pumping Stations
Laboratory Facllities

Spediat Development Facilities
Administrative Facitities

. “P"roblem Arg"e_l/Cov,n‘slitu‘én S

Technology Lo«

Characteriz

Referemce Requirements . Sut{'eleméhts‘ : -
~————— Reler to Volume1, Chapter 10,~ Characterization —— ~»  Sampli
for potentially applicable pro- (cont.) Sample
posed and promuligated environ- (cont.) ;
mental laws, signed and pend- :
ing agreements for the ORR,
radiation protection standards,

DOE Orders, and non-regulatory
guidance. As site-g:xl waste-
specific characteristics are pro-
vided for each technology, spe-
cific vagulatory requireme. .., .
be specified.




Logic Diagram

:cterization

I e Altepnatives Technologies

—p»  Sampling, weip» Multi-Angle Drilling For
Sampie Depth Profiling
{cont.) CHAR-64-0G

sl \Metallographic Sample
Preparation
CHAR-67-0G

haswce. s~ Ultrasonic Extraction
CHAR-20-0G

ol [aser Ablation
CHAR-86-0G

sl Correlation Of Matrix
Porosity with Collection
Efficiency:

Standardize Methodology
CHAR-61-0G

puwnal- | 5501/Flashlamp Heating v
CHAR-87-0G

el \Vacuum Assisted, Reverse
Flow Solvent Extraction
Methods

CHAR-62-0G

sl Sampling & Mixing Methods
CHAR-81-0G

bl \ticrowave Digestion
CHAR-19-0G

. _Stat'u‘s

Demonstrated -

Uttrasonic extraction is & widely
used and EPA approved labora-
tory extraction technique. The
technique could be adapted to
more efficient sampling of
porous media surfaces.

Demonstraiicii —-
Terhnique for sampiing gofid

used In ICP-MS. This tachnolo-
gy la becoming available for field
and more general laboratory use
(see CHAR-SYL-01).

Conceptual. —
These studies would allow varia-
tions in cotlection efficiency as a
function o the porosity of the

host matrix to be understood,

this would allow better cuirela-
tion of data sets from various
structural components.

Pre-demonstration -
Potentially rapid method for
surface and subsurface
sampling for contaminants,
particutarly usetul for robotic and
sensor applications,

Conceptual. -
Solvent is infroduced through a
drifl hole into a porous host

matrix and & vacuum davice is Is
used to recaver solvent plus
contaminant through the host
matrix.

Demonstration -
Standard procadures using
portable fleld units are needed

to “mix” particulate matter

,SC|éncé;[TecHnology Needs' |

Implementation Needs ..
Development - Need to ~e Standard drilling equipment can
conduct model studies based be tailored for specific applica-
upon site specific needs. tions. Development cost $100K.
Needs procedure and protocol — Development Coets: 1K-30K,
development for specific matri- depending on application.
ces and applications.

Developmant - Need to adapt = Adaptation for specific geome-

fiow through extraction cell for tries.

surface sampling, test solvents, Equipment: $4-4K

acids an(' bases for extraction Development Costs: $250K
efficiency, and validate the

method.

Need to develop sampiing ~ —m- Development Costs: $100K
equipment, procedures and Equipment: $200K
protocols for specific field and .
laboratory applications.

Model studies and field tests —® Sample collection and analysis
to determine the effect of porosi- program to identify suspect sam-
ty. Protocols developed to pling scenarios.

ensure uniform interpretation of Development Costs: <$50K
contaminant concentrations.

Determination of sampled —» To be determined for specific
region and sampling applications.

effectiveness for specific Development Costs: >$50K

contaminant/matrix systems.

Laboratory studies for —3 Development Costs: $400K.
assessment of collection

efficiency; and development of

portable sampling systems.

Development of protocols for 3 Development Costs: $300K for
the quantitative evaluation of mixing; $300K for protocols.
homogeneity; assessment of Equipment: 15K,

commercially available and the

probable development of

portable mixing equipment.

Procedures have been devel-

oped for individual applications;

these could be expanded for

more general use.

Adaptation and optimization > Capital Equipment Costa: $22
for specific applications. to 50K per instrument

Operating Costs: <525 per test

1-2
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=K 25 Sit
Enrichment Process Buildings .
Process Support Buildings e

Cooling Towers

Electrical and Electrical Switch -
Gear

Pumping Stations

Laboratory Facilities

Special Development Facilities

e Problem * *

(cont.)

Administrative Facilities .

Decommissioning -}

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

PArobvle.n_i Are;

j-» General Use:

Technology Logic

Characterization

CthﬁtUérﬁs .Reference qureméhts | . Subelements - “Alternatives:

————— Reler to Volumet, Chapter 10,—> Characterization
for potentially applicat.ie pro- (cont)
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,

DOE Qrders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

3 Data ASSeSSMeny, weese

=3 [N Situ PhysiCal e

—» Ex Situ Physical ——
(Laboratory)




atlo o v oo,

-

pussesad-  Chemometrics vV — Accepted
CHAR-21-0G Mature but expanding technolo-
gy forextraction of trends and
components from multi-variant
data.
jesmmeap-  Auto-Correlation Optimized --g»= Domongtration —
Muitivariant Analysis v Allows spectroscopic data to be
CHAR-29-0G analyzed 8-1d interpreted with
minimury impact from noise, and
multi-variant information to be
fully utiized.
sl Stalistical Methods For —> Demonstration -
Multivariate D¢ ta v Technology approach for under-
CHAR-74-0G standing multi-variate systems.
L 0 Sty Physicll  ————p— Computer Tomograghy —p= Dovelopment. —_
CHAR-41-0G Non-destructive imaging
CHAR-60-0G technique for the determination
of nuclear waste water content.
May be useful in other decom-
missioning and environmental
remediation determinations.
Holographic iraging Accepted
—3> CHAR-46-0G —p» Technology allows in-situ mea=—is
surements of stress/strain over
farge areas, useful for risk
assessment in decontamination
and removal of large pleces of
equipment,
Laser Scattering Particle Size Accepted.
el Analysis A - Commercial equipment avail- g
CHAR-26-0G able.
Annular Denuder Accepted
Technology A No waste/low cost technology. >
el -\ 1AR-64-0G - accepted for air sampling of con-
taminants. Could be coupled
with automated measurement
technolog.
b~ Fiber Optic Camera Systems — Acceptad -
CHAR-122-0G Commercially avallable.
| Ex Situ Physical ——— sl Transmission Electron — Accept -
(Laboratory) Microscopy (TEM) Mature technology in wide-
CHAR-34-0G spread use in physical structure
and chemical analysis (the lat-
tar, in conjunction with other
technologies.)
el Scanning Electron — Accept —»
Microscopy (SEM) Mature technology in wide-
CHAR-33-0G spread use in physical structure
and chemical analysis (the lat-
ter, in conjunction with other
technologies.)
el Computerized Image ~ Accopted -
Analysis Mati:re technology in wide-
CHAR-119-0G spread use. Particularly useful
for homopeneity determination.

- Development - Nead to set up —» Software systems <$10K.

models to handle the vast data Development needs will very,
sets anticipated and to permit ($25K-200K)

real-time analysis of data, as

well as robotic input.

Development - Need to —» Software exists on site.

establish a data base of
spectroscopic responses for
site-specific applications and
rapid analysis capabilities.

Development Costs: $200K

«

Development - New methods —3» Normal implementation needs

needed to aid understanding of optimized computing capacity:

multi-variant, multi-constituent $300K.

contamination. Development Costs: Mainly
training of on-site statisticians.
Maybe a part of chemometric
implementation.

Currently under development. —pm-Computer and instrumentation

May need adaptation to Site- needs to be determined.
specific needs.
Matura Technology. Develop need field-portable units for

large scale steam-strain models—= halographic imaging of perma-
for full interpretation of nently mounted components.
Helograms. Development Costs: $300K

Adaptation to allow on-line or More Aggressive

real time monitoring of particu- —pm- Implementation Needed

lates. Development Costs: $100K
Capit«l Costs: $40-100K

Development - Need to develop Development and equipment

technology for enhanced radio- costs uncertain at the present.

logical sampling and analysis in <$100/sample.

the field.

System resolution and > Available system cost ~ $40K

portability improvement persued
commercially. Davelopment of
hardened camera for hazerdous
environments.

Sampling and protocol = Availabla now. Analysis <$500
development in conjunction with Development Coats: $200K
CHAR-DPH-37 and CHAR-

HMH-@1 and alone.

Sampling and protocol
development in conjunction
with CHAR-DPH-35,36 and
CHAR-HMH-01.

~P Available now, Analysls <$500
Developmerit Costs: $200K
per package.

—»= Avall~ble now. Analysis <$500
Deveopment Costs: $200K
per package.

Sampling and protoco!
development in conjunction
with CHAR-DPH-35,36 and
CHAR-HMH-01.
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Technology L.o¢

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each tec.\nology, spe-
cific regulatory requirements will
be specified.

—————» Refer to Volumet, Chapter 10:—» Characterization

(cont.)

Characterizi

3 In Situ ci

>3 Ex Situ
(Labora/




.ogic Diagram
erization

' Alternatives’ l "Fech"nbjogievs" »

» In Situ Chemical =—~—y———3P» |aser Photo Acoustic
Spectrascopy (LPAS, PAS)
CHAR-15-0G

oy~ | aser Raman Scattering —
CHAR-87-0G
e~  Fiber Optic Chemical o
Sensors V
CHAR-25-0G

Optical Microscopy —
CHAR-32-0G
e Fluorescence v —
CHAR-110-0OG
CHAR-92-0G
—3» Ex Situ Chemical ==yl Electron Spectroscopy For — ~—

(Laboratory) Chemical Analysis (ESCA)

CHAR-1-0G

peasee-  Auger Electron Spectroscopy =3
(AES)

CHAR-2-OG

sl Secondary lon Mass
Spectrometry (SIMS)
CHAR-3-0G

psssua-  Laser lonization Mass
Spectrometry (LIMS)

CHAR-4-OG

CHAR-93-0G

St‘ét:us" S

)

Accepted. L
Ppb detection levels for gases or
solids.

Accepted. —
Various collection geometrics

allow for rapid qualitative and
quantitative analysis.

Demonstration —
Fiber optic probes can be deliv-
ered to remote and limited

access locations. Low cost per
measurement, no waste.

Accepted
Mature technology In wide use.

Development

Sensitive technique for many
specific applications. Laser
technology would enhance
sensitivity.

tad -

Accep! )

Provides elemental and chemi-
cal state information on surface
species, Mature technology
accepted by industry,

Accapted -l
Provides elemental and spatial
profiling information in the sur-

face ragion. Mature technology
accepted by industry.

tally-
resolved information. Also U-
235M)-238 enrichment charac-
terization. Accepted by industry.

Accopted i
identification of surface ele-

ments and compounds with high
spatial resolution. Also erwich-

ment information. Accepted by

——»

Specific laser-detection
combinations for site-specific
needs. Enhancement of portable
and in-situ capabilities.

Sqi‘ence/:Techh.o‘l.ogyANgé-ds . "-'Irmb'leménfatidn Needs »

— <§99/sample.

Development Costs:

Development of standardized —jgm Instrument Casts: $300K

applications and database. Fiber
optic delivery systems for field
work.

Development Costs: $400K

Development of matched ————m- Development costs $500K. Low

waveguides and analytical
techniques which can withstand
harsh chemical environments.
Development of field portable
units.

site-specific atlas to facilitate
rapid identification, and set up
field instrumentation.

cost/measurement.

—p= Development - need to develop—gm- Normai implementation needs.

instrument Costs: @$5K
Devalopment Costs: @$100K

Work with specific contaminants =3 instrument Costs: $300K

to supplement published fiuores-
cence data. Many off-the-sheif
systam component items avail-
able. Procedures and protacol
development. Downsizing for
field use. Laser development
needed.

Development of specific
procedures and protocols.

Development of specific
procedures and protocols.

Development Casts: $400K

~—®= nstrument and staff avaitable.

Development Costs: $50K
Operating Costs:
<$500/sample

~—3»- Instrument and staff available.

Mathod Development Costs:
@$200K

Operating Costs:
<§500/sample

Development:: Need studie:s of = Instrumentation and staff avail-

model matrices to calibrate and
understand site-specific applica-
tions. Quantitative data not read-
ity availabie for elemental analy-
sis

able within MMES.
Development Costs: $200K
Operating Costs: $100-8500
per sample,

Development:: Need studies of —3 Instrumentation and staff avail-

model matrices to calibrate and
understand site-specific applica-
tions. Standardized procedures.

s L O R R R T

able within MMES.
Development Costs: $200K
Opersting Casts: <$500 par
sample.
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(cont.)



-ogic Diagram

terization

\

B Ex Situ Chemics! e
{Laboratory)
(cont.)

Alternatives =

"Technologies

sl Secondary Neutral Mass
Spectrometry (SNMS)
CHAR-7-0G

Chemical Leaching Tests
CHAR-113-0G

(NMR)
CHAR-11-0G
CHAR-58-0G

X-Ray Ditfraction
CHAR-31-0G

Electron Diffraction (ED,
SAED, LEED)
CHAR-37-0G

Isotopic Dilution Mass
Spectroscopy (IDMS)
CHAR-48-0G

Electrochemical Methods
CHAR-10-0G

Nuclear Magnetic Resonance -3

.—»

" Status

Accepted : —
A wide variety of post ionization
schemes are currently in use to
Increase the ion yield. This

method of solid state mass
spectroscopy has improved
quantitative capabilities and

would allow accurate U enrich-
ment studies to be performed.

Pre-Demonstration
Tasts of potential leachability
conducted at Famnald.

—

Acceptod —li
This mature technology can be
appiied to both liquid and solid
samples (MAS) and can provide
imaging information. This tech-
nology is very usefut for identify-

ing materials as weli as studying
materials interactions.

Accepted

Provides identification of crys-
talline phases in solid samples.
Can supply quantitative,
stress/strain, and particla size
information. Mature technology
widely used in industry

v

Accepted

Mature technology. When used
in conjunction with transmission
electron microscopy, can pro-
vide phase identification of sub-
micron particulates and impuri-
ties in host matrix. Asbestos
identification. Widely used and
accepted by industry.

Accepted -
Mature technalogy. High sensi-
tivity, particularly suited for mea-
surements of levels of fission
products (eg, Tc, {} and neutron-
capture product at feveis as low

as 107 atoms. Accepted by

industry. Technique will give
necessary precision for account-
ability analysis.

Accepted/Development -
There are a wide variety of
electrochemical technkjues (e.9.

electrogravimetry, polarography,
coulometry, voltammetry) that
can provide chemical and
materials interaction information.
These techniques could be
useful in waste treatment and
Interaction studies as well as
Identifying species present in
waste streams.

N T I

Séiepchéchﬁo(ng Needs.

—» Development of procedures,

“linplementation.Needs :

System development and
model studies for calibration of
enrichment measurements for
small particles of U.

- Capital Equipment Costs:
$500K
Development Costs: $200K

Science - Need development
and validation of site-specitic
leaching tests.

~» Development Costs: $200K

Model! studies and protocols — — Hardware: $200K-$2M

for adaptation and application of Devetopment Costs: $200K-
technology. $500K
Development - Need studies — Technology avallable.

of model site-specific samples if
quantitative analysis required.

Development Costs: $100K
Operating Costs: »$100/sam-
ple.

—p- <$200/sample
quantitative models and data- Development: $50K

base for site-specifi - scenarios..

Development - Set up to
rapidly measure U/Tc ratios to
determine extent of Tc at vari-
ous stages of the cascade
equipment.

=¥ instrumentation available.
Development Costs: $100K

Adaptation and protocols for
model studies to be performed
on complex systems.

— Hardware: $50K-$250K
Development Costs: $250K

.
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» Cleanup Legacy

* Prevent Future
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Stewardship

".. "EM Problem

(D&D)
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and Surface Water
(RA)

Waste Management
(WM)

Decommissioning .}

. K-25 Site Problem

Enrichment Process Buildings —
Process Support Buildings =
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| Problem Atea/Constituents

- General

These technology are optimized

Administrative Facilities

for characterizing radiological
materials.

- ‘Reference Requirements. |

——————» Refer to Volume1, Chapter 1

i
1
i
i
i
[
{

Technology Loi

Characterizi

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

L Radioactive Elements (U, Tc) —» Refer to Volume1, Chapter 10, ~ Characterization

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specitic characteristics are pro-
vided for each technology, spe-
cific reguiatory requirements will
be specified.

Suibe_lements o

0'—> Characterization —————ee———po Ex Sltti

(Laborg
(cont.)

|

——— InSitul




y ».”_ et ".ill..,.w. P |

——p» Ex Situ Chemical =wsomss# |on Chromatography (IC)  —#» Accept : —p~ Development - Selection and set 48~ Instruments available.
(Laboratory) CHAR-50-0G Able to quickly and accurately up of most appropriate system Development Costs: @$200K
(cont.) determine anions or cations in for site-specific needs.
solution to ppm or ppb concen-
tration. Accepted by EPA and
industry.
~——3» In Situ Radiological g Measurement Of Natural —p» Demonastration - The ability to—pe Mature technology. Adapt —p» Development costs $300K
Gamma Emitters obtain an accurate measure of existing equipment, calibrate,
CHAR-51-0G gamma emitters for determina- optimize procedures and write
tion of background levels and to protocols to obtain in-situ
monitor small changes in measurements.

concentration is very important.

psp>-  Passive Neutron —p» Accepted - Useful for all matr—»~ Calibration models for expected —w <$25 measurement
CHAR-104-0G ces for U determination. F must D&D scenarios.

be present. Should be calibrated

with similar matrix material.

Currently used to measure

uranium holdup.

s TLD Array for a Spatial —»»- Demonstration —» Commercially available ~» Ready for pilot testing. Laser
Characterization Reusable detector sheet instrumentation needs adapta- reader $60K, reusable detector
CHAR-103-0G contains 1000 pixels; detection tion for field use. sheet $225; Development costs

limit is 20 alpha rays/pixel; maps $100K.
contamination fletds.

el Nal Gamma Spectroscopy V. ——3» Accepted ¥ Correction factors methodology— High resolution Ge detector may
CHAR-106-0G 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-
instrumentation available. tors $40K; development cost
$250K. Measurement cost <$25.
s Proportional Counting v ~—P Accepted - Sensitive to =~ Development work 10 - Development cost $50K,
CHAR-108-0G 100dpm/cm2. Probes can be distinguish between U and Tc.
made large for wide areas, or Modification for vertical,
small to fit into process piping. overhead or specific Site
May be able to distinguish geometries.
between U and Tc.
hwsma- Small Long-Range Alpha ~—B= pDemonstration - Actively  — Adaptation for Site-specific % Normal implementation costs.
Detection (LRAD) A detects surfaces/objects conta~ applications, optimization of @$2-3K for equipment,

CHAR-65-0G minated at or below release methods, and development of Operating Costs @ $20/sample
limits; measures ionized air procedures and protocols. Development Costa: @$100K
drawn from containment regard-

less of shape of article. Potential
on-line measurement.

Demonstrated at Femnald.
"Electret" Passive Surface ~ —#» Demonstration - Sensitive ~—¥~ Needs equipment adaptation, —#» Development cost $200K.
Alpha Detection A {100minute exposure for evaluation and validation for
CHAR-95-0G quantification), inexpensive niche applications. Definition of
devices can be used in large limitations in mixed radiation
numbers; particularty usetul for fields.
cleanup verification,
Commerclalized for Radon
monitoring; easily adapted for
surface alpha contamination.
Potential for niche applications.
hoemsmle-  [n-Situ Passive Monitors For —»  Pra-demonstration. - Re- =¥ Thorough evaluation for use in — Commercial exoelectron reader
surface Contamination By useable TL.D-like chip small size mixed surface contamination in hand; materials testing devel-
Weak Beta Radionuclides v A detectors for monitoring Tc in areas. Testing and evaluation of opment work $300K., <$25 per
CHAR-102-0G difficult-to-access locations. ceramic exoelectron materials to detector.
Detectors can be depioyed in select most suitable type for
large numbers. Site-specific applications.
2/26/03
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L RAD (U, Tc)
(cont.)

8 Inorganics
(Metals, etc.)

| Problém Area/Constituents®

Technology Logic

Characterization

Aftern at ive

Reference Requirements - Subelements

———» Roler to Valumet, Chapter 10, —» Characterization ~—— —— Ix Situ Radiclogical -

for potentially applicable pro- (cont.) (Laboratory)
posed and promulgated environ- (cont.)
mental laws, signed and pend-

ing agreements for the ORR,

radiation protection standards,

DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements witl
be specified.

| _». ExSitu Radiological.
(Laboratory)

e Refer to Volume1, Chapter 10, —9 Characterization ———3» [0 Situ Chemical -
for potentially applicabie pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

———p» Ex Situ Chemical ..
(Laboratory)




Logic Diagram

acterization

L L’ ) . . | L ] ] 1 - ‘_.;‘{:Z,;L'.
- Alternatives’ . . .-Technologies =~ - "~ - Status - -

: 'Irhpl‘e'me'ntati'b_n Needs .

’ } ‘<.S<':ienpe‘71'echnology Needs

A . i

== [x Situ Radiological memalie- Alpha Track Etch Detection —p»~ Demonstration -3 Needs verification for surface ——m»- Small coupons cost <$5.
(Laboratory) CHAR-96-0G High sensitivity (100min for characterization; adaptation to Deployment in large numbers
(cont.) quantification at 220 Site-specific applications. will require establishment of on-
dpm/100cm2. Small size; Site chemical etching and track
deployable on lrregular and diffi- reading capabilities.

cult to access areas; can be
used in large numbers. Provides
permanent recard for cleanup.
Fully commercialized for radon

detection and manitoring.
~——p»  Ex Situ Radiol0giCal——mmmmeg-  Waste Curie Monitoring —a= Accepted —p> None. “Off-the-shelf" designs —e~ In current use.
(Laboratory) (Semi-Lab) A Good for measuring scrap handle 55-gallon drums. Larger .
CHAR-109-0G lumber for low levels of radioac- systems if needed could be
tivity. Must be used in conjunc- developed.
tion with a high resolution
gamma spectrosopy sytem to
determine atomic abundance.
pemenl-  Neutron Activation =P Accepted. = Development needed for — £quipment is expensive (.5-
(Semi-Lab) A {DOT) Currently used or the containers larger than 56- gallon 1.5M)
CHAR-107-0G determination of U; spedific for drums. Separate calibration
U235; useful in almost any standards are needed for each
matrix. Equipment is expensive. matrix,
s> Select Alpha Radionuclide ~ —» Accepted > Adaptation for Tc /8) and other —» L aboratory set up at ORNL
Analysis By PERALS A Most sensitive alpha-salective radionuclides. DOSAR facility. Could be
(Semi-Lab) analytical method available (1 adapted for rapid monitoring of
CHAR-97-0G pCiigm). Ideal for U analysis. both airbome and loose contam-
Commercially available reader ination ($20K). Development
and scintillant cocktails. cost for Tc $250K.
sl Liquid Scintillation Counting —»  Accepted » None. “Off-the-shelf” ~# |n current use.
CHAR-129-0G Mature technology in current
use.
——p I Situ Chemical ~———mumeel> X-Ray Fluorescence v — Accepted —® Downsizing for robotics —® Development cost 100K. Capital
CHAR-6-OG Accepted by the EPA for Level 1 applications equipment costs 5K-10K,
CHAR-98-0G site assessment,
rommmel= Utra-VioletVisible (UV-Vis) —m= Accepted - Model studies and agplication -~ Hardware Costs: <$200K
i Spectroscopy This mature technology can be design Development Coste: <$100K
CHAR-9-0OG used in a variety of fleld and lab-
oratory procedure for the identifi-
cation of materials. It can pro-
vide rapid screening capabilities
for sample selection.
e L aser-Ablation Inductively  —3» Demonstration —P Need to tailor to site-specific —3» Development: $500K
Coupled Plasma Atomic No waste. Robotics and automa-  conditions and validate. Equipment: $500K
Emission Spectroscopy tion potential, Demonstrated at Need to increase ablation and
CHAR-111-0G Femakd, portability. (Ames Laboratory)
- Ex Situ Chemicat Atomic Absorption — Accepted —® General lab (see text) —# Tachnology avallable.
(Laboratory) * Spectroscopy (AA, AE) In widespread routine use. Operating Cost: $25-50 per
. CHAR-76-0G Accepted by EPA. analysis

2/26/93
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* Davelop
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"L EM 'Proble‘r_mv

Decommissioning {1

Soils, Groundwater
and Surface Water
(RA)

Waste Management

Enrichment Process Buildings —

Process Support Buildings ——

Cooling Towers

Electrical and Electrical Switch -
Gear

Pumping Stations

Laboratory Facliities
Special Development Facilities

Administrative Facilities

K-25 Site Problem ..

- Inorganics (Metals, etc.)
(cont.)

B Organics
(including VOCs, PCBs)

Prob_le‘_m Area/Constituents

Technology LOJ

Reference Requirements

—— 3 Reler to Volume1, Chapter 10— Characterization™—— > Ex Situ

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements witl
be specified.

Reter to Volume1, Chapter 10 Characterization

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Subel‘emen‘ts U

Characteriz;

(Laboral
(cont.)

3 Samplin

P In Situ €
(Laboral




e e

-ogic Diagram
cerization

.

Teéhnol‘ogies .

a Aivternati\'/es

> Ex Situ Chemical———smmmell>- |nductively-Coupled Plasma —
(Laboratory) Spectroscopy (ICP)
{cont.) CHAR-77-0G

Inductively Coupled Plasma -
Mass Spectrometry (ICP-MS)
CHAR-78-0G

—

Particle-Induced X-Ray
Emission (PIXE)
CHAR-17-0G

Cold Vapor (Mercury)
CHAR-24-0G

Extended X-Ray Absorption —»
Fine Structure (EXAFS)

CHAR-30-0G

Energy-Dispersive X-ray
Spectroscopy (EDS, EDX,
EDAX)

CHAR-35-0G

Wavelength Dispersive X-Ray  gu
Spectroscopy (WDS, WDX,
Electron Microprobe)

CHAR-66-0OG

Maossbauer Spectroscopy —

CHAR-47-0G

p» Sampling, Sample Prep mesewwede- —

|

Solid Sorbent Sampling
CHAR-91-0G

Organic Vapor Monitoring v~ =3

CHAR-5-0G

p» In Situ Chemical
(Laboratory)

Gas Chromatography
(GID, IC, TC) vV
CHAR-100-0G

-—.-.

Differential Ultraviolet
Absorption Spectroscopy
(DUVAS)

CHAR-130-0G

“Status

Accepted - Multi-element
technology in widespread’
routine use.

—-

Accepted - Multi-element
technology more selective than
ICP-AES. Isotopic analysis.
Accepted by EPA,

Accepted - Mature technology —9
provides trace elemental analy-

sis with micro and mapping
capabilities. Accepted by

industry.

Accepted - In widespread —
routine use for Hg. Accented by
EPA.

Accepted - Determine bonding ~#»
structure and nearest-neighbor
interactions for non-crystalline
materials. Accepted by industry,

Accepted - Mature technology. -
(=Be) Rapid elemental or analy-

sis (quantitative for solids) in
conjunction with electron
microscopy. Can qualify small
localized areas or inclusions on

bulk materiais. Accepted by
Industry. Widely used.

Accepted - Mature technology. ~m-
rapid elemental analysis (zBe)

of solid samples, in conjunction

with electron microscopy. Can
quantify small localized areas or
inclusions in bulk materials.
Widely used, accepted by
industry.

Accepted -
Uhltra-high resolution

spectroscopy; limited to isotope
pairs with overlapping excitation
tines. The use of synchrotron
radiation is growing as a means

to broaden this technique.

Demonstration -
Allows collection & concentra-

tion of vapors,

Accept —
Used routinely in IH monitoring

of workplace atmospheres in
relations. Accepted by OSHA,
Industry.

Accepted

Used routinely for more detailed
anatysis of workplace atmos-
pheres in near-real-time,
Accepted by OSHA, EPA, indus-
try.

-
Demonstration
Prototype instrurnent procuced
reilabla data at ORNL, with
small aromatics,

 Science/Technology Needs

General lab (see text)

Development in progress to
combine with laser ablation tor
surface analysis.

General.lab (see text)

General lab (see text)

Development - Need study of
site-specific model samples to
undusted interactions for specif-
ic elements/matrix combinations
of interest.

Development of procedures,
quantitative models and data-
base for site-specific scenarios..

Development of procedures,
quantitative models and data-
base for site-specific scenarios..

" Implementation Needs

—3p» Technology avallable.

Operating Cost: $100-$150
per sample.

Technology available.
Operating Cost: $100-$200
per multi-element analysis.

= Technology avallable at outside

labs. Cost ea. $50 or more per
sample.

—p» None. Technology available.

—3» Have access to instrument at

BNL-NSLS. Sc ftware and per-
sonnel exist for interpretation of
results.

Development Costs: @$200K

—p» <$100/sample

Development: $200K

—p <$100/sample

Development: $200K

Mature technology. Database ~—» Instrument Costs: $75-$200K

and model approach develop-
ment.

Methods development for
specific applications.

Development - Need to
calibrate responses to any
unique air contaminants
expected at the site.

Oppraung Costs: $200K

= Davelopment Costs: $50K

AN

-~ Normal Implementation needs.

Instrument Costs: $3 to $6K
each
Operating Costs: Few $ per
test.

Need to develop specialized —pm- Instrument Costs: $7 to $30K

procedures for rapid identifica-
tion of suspect materials.

Ned to extend capability range
to other contaminants and
streamline prototype.

each
Dsvelopment Costs: $25-
$100K

Capital Costs: $200K
Development Costa: $200K

1-8




EM Goals

« Cleanup Legacy

* Prevent Future
insult

+ Develop
Environmental
Stewardship

K-25'Site Problem.

©EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Enrichment Process Buildings-#» Organics
(including VOCs, PCBs)
Process Support Buildings e—-g»  (cont.)

CoOling TOWers =i

Electrical and Electrical Switch»~
Gear

Pumping Stations =i
Laboratory Facilities sem————i»-
Special Development Facilitiea—»-

Administrative Facilities —————3p-

Pfo’b'lé‘m' Avrea/‘COns.tituents

Technology Logic

- Reference Requirements

~ .

P Refer to Volume1, Chapter 10,—~@» Characterization

for potentially applicable pro-
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Characterization

Subelements .

3 |n Situ Chemical e
(Laboratory)

——» Ex Situ Chemical ™"
(Laboratory)




ogic Diagram

erization

‘Alternatives ~ Technologies Status -~ | Science/Technology Needs Implementation Needs

" I Situ Chemical e Fourier Transform Infra-Red — Accepted =P Database for rapid materials —# Hardware Costs: $25K o

(Laboratory) Spectroscopy (FTIR) A muitituda of detector and sam-  identitication and mode! studies $500K
CHAR-8-0G pling devices exist to allow gas, of materials interaction. Development Costa: «<$200K
liquid, solid, and micro analysis
to be performed. This is a very
mature technique with a host of
applications to any ERWM pro-
gram.

pusmmmssap- | ONG-Path FTIR —p» Pre-Demonstration - Capable—~#> Development - Need to —¥ Moderate caplital and software
CHAR-18-0G of monitoring large areas, real- develop software to enhance development costs.

time measuremants, remote site-specific application.
sensing. Vendor units available.

sl  SAW Sensors —» Development/demanstrationr~¥ Coatings to allow detection of —#» Davelopment $300K. Device

CHAR-14-0G Fast response time direct specific gases. Desorption cost $10K.
measurement of organic vapors; devices need to be optimized for
when coupied with desarption surface characterization.

{see sampling) applicable for Extension 1o on-line process
surface contamination. monitoring.

Detection limits of ppm possibie;

can be tailored to a specific gas

or family of gases. Particularly

suitable for robotic applications.

Development of PCB sensors

under way on-Site.

l» Immunoassay (PCB) —p» Demonstrated = Development - Need for slight - Normal development and imple-
CHAR-23-0G DOEAMDField Methods Project adaptation of method for sam- mentation costs,
CHAR-99-0G has demonstrated 1ppm sensi- ples other than soils. Capital Costs: $100-$200

tivity In solls. Commercially Development Costs: $200K
avalilable test kits.
P Ex Situ Chemical — s> Synchronous Fluorescence —P Demonstrated =¥ Development - Methods needs —¥ Normal implementation casts.
{Laboratory)} (PAH) v Method currently being imple- validation for various matrices in Capital Costs: $25K

CHAR-101-0G mented at Y-12 for PAH in order to be accepled by EPA. Development Costs: $100K
groundwater.

fenmmly>-  Gias Chromatography - —P Accepted -—3- |Improved sampling protocols -—@= Capital Costs: $300K
Mass Spectroscopy (GC-MS) EPA approved techniquae for for rapid turn around analysis. Development Costs: $100K
CHAR-88-0G organic compound identification Protocols for automated instru-

can provide rapid Identification. mentation.

prmememnlpy- Gas Chromatography - —= Demonstration -3 Development - Need to develop —ge- Capital Equipment: $200K
Fourier Transform Infrared Technology demonstrated to protoacols for targeted analysis Devslopment Costs: $300K
Spectroscopy (GC-FTIR) supplement GC-MS for com- and evaluate optimum commer-

CHAR-66-0OG

pound |dentification, GC-FTIR

tavel. Rugged and portable.

cial software for site-specific

located at Y-12 and X-10, Not applications.
yet EPA approved.
s Liquid Chromatography - Demonstration ~—= Development - Need to —p» Capital Equipment: $200K
Mass Spectrometry (LC-MS) Technology demonstrated to develop and validate protocols Developnient Costs: $300K
CHAR-89-0G provide unambiguous identifica- for targeted anolytes.
tion and quantitative measure-
ment of compounds not
amenable to GC-MS. Not yet
EPA-approved,
sl  Glow Discharge lonization Accepted —p Instrumental development. - Capital Equipment: $500K
Mass Spectroscopy On site monltoring Model studies of host interac- Development Costs: $200K
CHAR-56-0G of organic compounds ina tions and interferences for
variety of host matrices with quantitative analysis.
quantitation down to the ppb

jrnrnen-  Differential Optical Accepted -~ Model studios and quantitative ——3» Capital Equipment: $200K
Absorption Spectroscopy A Best suited for long UV calibration curves for specific
CHAR-27-0G absorbers; fast response time, monitoring scenarios.
stable spectral emission, ppm to
ppb detection levels,

2/26/83
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* Prevent Future
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K-25 Site Problem

[ Enrichment Process Bulldings —» Organics

Process Support Buildings

Cooling Towers

Electrical and Electrical Switch
Gear

Pumping Stations

Laboratory Facilities

Special Development Facilities

(cont.)

EM Problem =~

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

Administrative Facilities

|- Enrichment Process —p——pp General
Buildings

~p»- Enrichment Process —p———3» General
Equipment

.| Problem Area/Constituents

———3 Materials. Classification Issues.

(including VOCs, PCBs)

e Radioactive Elements —————p»

“'Reference Requirements

Technology Lo«

Characteriz

.

"’ Subelements

Reler to Volume1, Chapter 10— Characterization ————— Ex Sit

for potentially applicable pro- (Labory
posed and promulgated environ- (cant)
mental laws, signed and pend-

ing agreemants for the ORR,

radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specitic characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Refer to Volume1, Chapter 10,~B~ Characterization ———» Physic
for potentially applicable pro- In Situ
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As <ite-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

—=# Data A

Refer to Volume1, Chapter 10, g Characterization ———————p» in Situ
for potentially applicable pro-
posed and promuilgated environ-
menial laws, signed and pend-
ing agreements for the ORR,
radliation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be .

Reter to Volumet, Chapter 10, % Characterization ——T—% Physicr
for potentially applicable pro- In Situ
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

t—— DataAc

P Characterization




! I v In | | . ool i | [

[ P Iyl

—p» Ex Situ Chemical Direct Sampling lon Trap = Demonstration —P> Methods development and —>» Hardware Costs: $100K

(Laboratory) Mass Spectrometry (DSITMS) Allows rapid determination of field testing. Development Coets: $100K
(cont.) CHAR-90-QG organics in air and possibly on
) surfaces.
On-line Supercritical Fluid —» Pro-demonstration. - Optimization for PCBs and —3» instrumentation Cost: $60K
Extraction- Multidetector Gas One commercial unit avallable hydrocarbons in a single opera- Operating Costs:
Chromatography (SFE-GC) for total petroleum hydrocarbons tion, validation and protocol < $500/sample
CHAR-115-0G in soil. Could cut analysis cost development. Development Cost: $250K
by factor of 4, reduce soivent -
contaminated waste, and
improve sample turnaround
time. Could be expanded to
PCBs and other solids. '
—3» Physical s~ NDT For Concrete —p Accepted - In-site tests for < Development - Need to —» Dovelopment of testing pian fer
In Situ CHAR-38-0G physical properties without caus- develop testing protocols for site buildings. Field testing
ing damage to existing structure. characterizing and evaluating equipinent $100K.
Accepted by induatry. large concrete structuras.
=—3> Data ASSeSSMent sweemmesemssdy- norganic Matrix-Contaminant - Pra-Demonstration - — Devalopment - Need to —b> Developnient Cc.3ts: ~ $500K
Composite Modeling Approach for developing characterize the variations ir
CHAR-39-0G understanding of cement-like cement for the various
materiais and their interactions site-specific structures and their
with other materials. matrix/c’ taminant interactiors.
Benefici... interaction with BNL.
—» INSitu  semeee——- Nal Fioor Scanner v —p» Pre-demonstration —gp- Adaptation of existing —» <325 measurement. $100K
CHAR-105-0G Not as sensitive as alphabeta instrumentation for field use. development cost.
detection; good for detection of
sub-surface radioactivity.
= Physical seswmpm——)p> Radiographic Imaging —p  Accepted —p» Need to optimize ~ollection = —» Field and laboratory systoms for
In Situ CHAR-40-0OG Digital radiography can be used parameters for specific site specific materials and geome-
to determine location and distrib- applications, and adapt image trias.
ution of deposits within cascade enhancement techniques for Equipment Cost: 7200K,
systems, as well as determine radiographic applications. Development Cost: $100K.
the status of process systems
and equipment.
Jermmeige-  Conventional Leak Detection —gm~ Accepted — Well Accepted, Needs —p» Inexpensive. Equipment Exists
Methods Tailoring tor Specific in Piant
CHAR-68-OG Applications
asmecmalipe-  Acoustic Emission — Commaercial - Tailoring for Specific —» Vacuum or Pressure Capability
CHAR-69-0OG Accepted/Developmer for Applications. Some
Depasit Development for Deposit
Location
senamell>- Ultrasonic Leak Detection A~ Demoastration == Technology available. —# Ready to go.
CHAR-70-0G Avallable low cost Equipment on site
which maybe useful i rapidly
teat for leaks In secondary con-
tainment structures such as
glove bags as well as process
systems.
3 Data Assessment smassel- Criticality indices = Accepted — Need to develop rapid-response 5 Development Coete: $100K
CHAR-44-0G The need to quickly identify software for evaluation of mate-
components that are not critical- rials, instrumentation, tools to be
ty safe. used in high assay D&D.
>
2/26/83
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- GEM, Problem:

Decommissioning
(P&D)

Soils, Groundwater -
and Surface Water
(RA)

Waste Management
(WM)

:]——> General

. Cleanup Legacy ~» Soils; Buried Waste
* Prevent Future -3 Groundwater,
Insult Surface Water
* Develop
Environmental
Stewardship

T I ' o i

- Refer to Volume1, Chapter 10, —3» Characterization

for potentially applicable pro-
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

po ' mw I | '

- Statistics,
Data Callection

e Sampling

g Data A

-3 |n Situ Physical




Logic Diagram

cterization

_ Teéhnolqgies‘.

- A|térnati\}es.j _

—  Statistics, mssndi- Ultrasonic Ranging and Data = Demonstrated —>
Data Caollection System (USRADS) This technique tracks surveyor
CHAR-123-0G position and automatically asso-
clates position with electronically
transmitted data. Measurement
density provides high rasolution
distribution data. Hasbeen used
at K-25 Site.
—® Sampling el Punch Cores —® Demonstration
CHAR-83-0G (ARID Site ID)
- Waells & Punch Sources — Accepted EPA -
CHAR-82-0G

~—p» Data Assessment =y Subsurface Complexation

CHAR-114-0G

— in Situ Physical sl Ground—Penetrating
Radar

CHAR-124-0G

- Electrical and
Electromagnetic (EM)
Methods
CHAR-125-0G

ey Seismic Methods
(Refraction, Profiling, Reflection)
CHAR-126-0G

rememnemall>- Microgravity Methods
CHAR-127-0G

—-- Magnetics
CHAR-128-0G

—» Demonstration

CHAR-45-0G
ol Tc Geochetnical Behavioral —
Modeling
CHAR-49-0G
mmmenlps- Biocompatibility Studies —

— Development

Technology allows modeling of
contaminant host interactions to
enhance understanding of envi-
ronmental transport

Demonstration

Demonstration
To assess long-term effect of
clean-up work.

Accepted -
Extremely short electromagnetic
pulse return interference by both
metallic and non-metallic

objects. Useful in locating buried
objects.

Developed thru Accepted —>
Useful for mapping site subsur-
‘ace features which influence
containment transport and which
might be migsed through drilling.
Used airborne (Oak Ridge) and

on the surtace. Could be used in
barehole applications and might

be developed for actual plume
detection.

—3> Developed thru Accepted P

Refraction and deep refiection
have been used successfully for
years; however shallow (<30m)
reflection capability is relatively
recent. Useful for identification
and mapping of geological fea-
tures which controf contaminate
migration

—
Gravity methods have been
sucessfully used in mining and
petroleum industries. Increased
sensitivity is needed for accu-

rate, unambiguous interpretation
(microgravity). Microgravity has
been used at the K-25 Site.
Accepted

Useful for detecting buried fer-
rous metal objects. Aerial survey
compieted in Oak Hidge.

e oo

_“Sciénce/T echnqlogy N"eed's.

=P Commercial Instrumentation

—p»= Development - Need to

v

*Implementation Needs

Currently being
commercially interfaced
to measurement systems.

—3System Cost;: ~ $30K

—p»-Development Cost: $100K
Available

Evaluation of the Role of
Pump Rate & Time

—p-none

—pDevelopment Costs: $100K
develop models for site - specific
contaminants and host matrices.

—3 Develop models to determine —»Development Costs: $400K

the nature of Tc with concrete,
soil, & groundwater.

= Development and validation of = Development Costs: $200K

model systems.

Improvements in depth of pene-—>Antenna

tration, signal-to-noise and sig- Development Cost: ~$400K
nal processing, particularly Systems Cost: $100K
antenna design. Could be devei- Commercial Rental equiptment
oped to measure subsurface is available.

plumes.

—>Development Cost: $:00K
System Cost: $100K
Commercial rental equipment is
available.

Development of site-specific
techniques, and data handling
and imaging methods. LLNL
developed barehole system
could be adapted for use in Oak
Ridge.

Developed shallow sources —Development Cost: $200K

should be tested. Techniques System Cost: $50K

should be adapted and used for Commercial rental equipment is
both vertical and horizontal available.

boreholes.

Development of incresed sensi- —pDevelopment Cast: $200K

tivity for rapid, cost-effective
subsurface detection and map-
ping. Site-specific development
for detection of karst cavities
and conduits.

System Cost: $60K
Commaercial rental equipment is
available.

Development of methods to min—=Dev Cost: $200K
imize interference. System Cost: $15K
Commerciai rental equipment is

avaiiable.

2/26/93
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Decontaminal

The Decontamination section addresses concepts and approaches for removing vi
the large number of combinations of contaminants and substrates, some simplificatior
accomplished by dividing problem areas into ten different groups that had common tre
transite, asbestos pipe insulation, and Munter’s Fill; porous nickel and aluminum; freo:
sheet metal, metal equipment (exterior), and copper; nickel-lined steel (interior), steel,
cylinders (materials used on the interior of process equipment, pipes, etc. and such ite




tamination | .

; for removing various contaminants from facilities and equipment. Because of

ne simplification was necessary to limit the size of the diagram. This was

had common treatment technologies: insulated copper wires and instruments;
aluminum; 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 UF gas); deposit recovery; and concrete.
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Switch Gear
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Technology Logic

Decontamination

Problern Area/Constituents. I:\Itérh..ati‘\(e:

v

Reference Requirements,

_‘Subelements:

Mechanical Substra
— Surface Removal
(fixed and transferrd
contamination)

—> Nji-Lined Stegl ————————» Refer to Volume1, Chapter 10, —® Decontamination
Equipment Interior for potentially applicable pro-
U, Tc, Actinides posed and promuigated environ-
mental laws, signed and pend-
Steel ing agreements far the ORR,
Chromate radiation protection standards,
DOE Orders, and non-regulatory

Monel guidancs. As site-and waste-

U, Tc, Actinides specific characteristics are pro-
vided for each technology, spe-

Copper cific regulatory requirements will

U, Tc, Actinides be specified.

Aluminum
U, Tc, Actinides, S, Cr

Pi
As, Chromates, Ba, Dioxins
Alumi i
U, s, Cr
i
UFg, Tc, Actinides

<}



Mechanical Substrate
Surtace Removal
(fixed and transferrable
contamination)

DCON-35-0G

DCON-36-0G

el Girit Blasting
DCON-38-0G

-¥

P>~ Ultrahigh-Pressure Water — Accepted
{up to 50,000 psi)

Technology is used by
industry to decantaminate
metal parts. Should work for
listed contaminants and sub-
strates. Unless a recycle
system is developed, waste
would be 3-5 gat water per
ft2 cleaned containing conta-
minants removed plus, per-
haps, some metal substrate.

’ Shot Blasting ————————1»- Accepted

Commaercial shot blasters
are used to remova rust and
marine growth from ship
hulls and to clean structural
steel. Decontamination fac-
tors of 10-100 can be
expected. Waste is about 0.1
Ib spent shotf2 decontami-
nated plus contaminants
removed and trace amounts
of eroded substrate.

———eei ACCOptod

Has been used for many
applications in the nuclear
industry. Technology is gen-
erally effective (DF=10-100).
Waste would be spent grit
containing abraded substrate
and removed contaminants
plus filter. Waste production
rates depend upon substrate
being decontaminated
(0.005-0.1 Ib/?)

— Development -~ To minimize

' ol . '

waste generation, a system
is needed to treat the water
so that it can be recycled.

improvement - Vacuum sys-
tems with nozzles designed
to match commonly deconta-
minated parts are needed to
minimize the spread ot cont-
amination.

tems with nozzles designed
to match commonly deconta-
minated parts are needed ¢
minimize the spread of shot
and contamination.

= |mprovement - 1) More

durable blast media are
needed to minimize wastes.
2) Better vacuum systems for
collecting blast media are
needed to minimize spread of
blast media and contamina-
tion. 3) Demonstration ot spe-
cific blast media for listed
contaminants and substrates
is needed. 4) Process
automation is needed to
improve efficiency. 5) A sys-
tem to separate contaminants
from blast media and pack-
age the wastes is needed.

W

—¥ Prior removal and disassem-

bly of contaminated equip-
ment plus an enclosed giove
box and/or room that is easily
decontaminated on the inside
is needed in which the ultra
high-pressure water (UHPW)
system will be used.

Developmant cost: $1.3M
(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/t2

—® Improvement - Vacuum sys- ——gm Prior removal and disassem-

bly of contaminated equip-
ment plus an enclosed glove
box and/or room that is easily
decontaminated on the inside
is needed in which the shot
blaster system will be used.

Development cost: $200-
1000K (Vacuum system for
each nozzle design)

Capital cost:

Shot blaster: > $50K (with
vacuum system)

Glove box: <$50K

Work room: About $250K
Operating cost: About
$0.40/Mt2

=P Prior removal and disassem-

bly of contaminated equip-
ment plus a system to sepa-
rate contaminants from blast
media and package the
wastes is needed.

Development costs: 1) More
durable blast media, 2) Better
vacuum systems, 3) demon-
stration on listed contami-
nants and media: $1-6M, 4)
Process automation: $3-4M,
5) Waste treatment and pack-
aging: About $4M

Capital cost: About $500K
Operating cost: >§2/M2

2/26/93
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+ Cleanup Legacy
* Prevent Future
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* Develop
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Stewardship

 EMProblem .

Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

—® Enrichment Process

Building
Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facilities

Special Development
Facilities

Administrative Facilities

Cooling Towers

. ‘K'.-25ASité Problém," B

Technology Lo ‘

Decontamin!

'Problefn Areé/ConSiituenté - Reference Requ_ire'rfl(ierjts; ;

— Ni-Lined Stee] ———® Roefer to Volume1, Chapter 10, —® pacontamination
Equipment Interior for potentiatly applicable pro-

U, Tc, Actinides posed and promulgated environ-
mental laws, signed and pend-

Steel ing agreements for the ORR,

Chromate radiation protection standards,

DOE Orders, and non-regulatary

Monel guidance. As site-and waste-

U, Tc, Actinides specific characteristics are pro-
vided for each technology, spe-

Copper cific regulatory requirements wili

U, Tc, Actinides be specified.

Aluminum

U, Tc, Actinides, S, Cr

As, Chromates, Ba, Dioxins
U, s, Cr

Steel Cylinders
UFg, Te, Actinides

‘Subelements

|

> Mechq?4
Surfac{
(fixed 4
contam
(cont'd]
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ogic

mination

iagram

" Alternatives : TechhologAiés" »S'tatus"

. | sciencer Technology Needs

_ '_Impieme_ntétion Needs

> Mechanical Substrate _—» Centrifuge Cryogenic CO; — " Predemonstration " Development - ¥ Frior removal and disassem-

Surface Removal Pellet Blasting Centrifuge pellet accelera- Demonstration of a practical bly of contaminated equip-

(fixed and transferrable DCON-39-0G tion has been demonstrated system with high-velocity ment and a glove box or room

cantamination) in the DOE fusion energy pellets delivered at a suffi- that is easily decontaminated

(cont'd) program. Technology will be cient rate and adequate col- in which the decontamination
likely successful with essen- lection of removed contami- will be accomplished plus
tially infinite decontamination nants. oxygen depletion precautions
tactors. Waste wauld be fil- are needed to use this tech-
ters and HEPA fiiters filled nology.

%

=== |c6 Blasting

with removed contamination
and a small amount of sub-
strate, which would aiso be
removed.

e Accopted by Industry

—3» Development -

Development cost: <$3.4M

Capital cost: '
Centrifuge CO, system:
About $200K

Glove box: <$50K

Work room: About $250K
Operating cost: About $0.25-
$0.75M2

~—3-Prior remaoval and disassem-

DCON-40-0G Efficacy of commercial sys- automation/robotics. bly of contaminated equip-
tem for this application ment and a glove box or
needs demonstration at room that is easily decontam-
K-25. Waste would be about inated in which the deconta-
14 to 18 gallons/hour waste mination will be accom-
water containing removed plished are needed to use
contaminants. this technology.

Capital cost:

Evaporator for wastewater
treatment: ~$60K.

ice blasting system: About
$180K (Add about $240K for
automatic control)

Glove box: <$50K

Work room: About $250K
Operating cost: < $1/1t2

’Supercritlcal CO, Blasting =P Ppredemonstration ~—3» Development - Investigate ™ Prior removal and disassem-
DCON-41-0G This technology is being the effect of operating para- by of cantaminated equip-

developed by a private com- meters on removal rates and ment and a glove box or room
pany. Likely to be effective removal and collection effi- that is easily decontaminated
with large decontamination ciencies for contaminants. in which the decontamination
factors. Waste would be con- Demonstrate efficacy for will ba accomplished plus
faminants and a small substrates and contaminante oxygen depletion precautions
amount of the substrate con- of interest. are needed to use this tech-
tained in a cyclone and nology.
HEPA fitters.

Development cost: $250K-
$1000K

Capital cost:
Supercritical CO; system:
$500-$1000K

Gilove box: <$50K

Work room: About $250K
Operating cost: > $2/12
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Technology Logic

Decontamination
EM Goals .- K25 Site Problem’ Problem Area/Constituents | Reference Requirements: | .- Subelements Alternatives |
- Cleanup Legacy -~ Enrichment Process —P Ni-Lined Steel ——® Refer to Volumet, Chapter 10,—— Decontamination — —» Mechanical Substrate
Building Equipment Interior for potentially applicable pro- Surface Removal i
* Prevent Future U, Tc, Actinides posed and promulgated environ- (fixed and transterrable :
Insult Process Support Building mental laws, signed and pend- contamination)
Steel ing agreements for the ORR, (cont'd)
* Develop Electrical and Electrical Chromate radiation protection standards,
: Switch Gear DOE Orders, and non-regulatory
Environmental Monel guidance. As site-and waste-
Stewardship Pumping Stations U, Tc, Actinides specific characteristics are pro-
vided for each technology, spe-
Laboratory Facilities Copper cific regulatory requirements will
U, Tc, Actinides be specitied.

Special Development

Facilities Aluminum

U, Tc, Actinides, S, Cr
Administrative Facilities

Steet Pipe
Cooling Towers As, Chromates, Ba, Dioxins

EM Problem

Aluminum Pipe
U, S, Cr

Steel Cylinders
UFg, Tc, Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)




-ogic Diagram

amination

"Alternatives

~¥ Mechanical Substrate
Surface Removal
(fixed and transferrable
contamination)
(cont'd)

“T—® Plastic Pellet Biasting

Technologies %

DCON-42-0G

P Grinding, Honing, Scraping — ™
DCON-43844-0G

B \otal Milling

DCON-45-0G

Status

—gp Accepted

Plastic pellet blasting is a
widely used alternate to
sand blasting for applications
in which it is desired to
impart minimal damage to
the substrate. Technology is
not likely to removae listed
contaminants from listed
substrates. Waste wouid be
spent plastic pellets plus any
removed contamination.

Accepted

Hand grinding has been
used successfully for smali-
scale decontamination at K-
25, Technology is success-
ful. Waste is removed sub-
strate plus contaminants.

~———g- Accepted

Milling has been used to
decontaminate individual
items at K-25. Milling will
remove any contamination
completely along with part of
the substrate. Waste will be
the top layer (up to 1/8in.) of
substrate containing the con-
taminants.

(N

=¥ |mprovement - Minimize
blast media erosion to mini-
mize waste;
autormation/robotics.

—> Improvement - A remotely
operated system for minimiz-
ing worker exposure should
be developed.

Science/ ‘Technology_ Neetls

—

implémentation Needs

——gp= Prior removal and disassem-

bly of contaminated equip-
ment and a glove box or room
that is easily decortaminated
in which the decontamination
will be accamplished plus a
system for precessing wastes
to an acceptable form are
needed to use this technolo-
ay.

Development cost: $250K-
$1000K :

Capital cost:

Plastic pellet blasting system:
About $50K

Glove box: <$50K

Work room: About $250K

Operating cost: $0.75-
$2.25/M2

Prior removal and disassem-
bly of contaminated equip-
ment and a glove box or
room that Is easily deconta-
minated in which the decont-
amination will be accom-
plished plus a system for
processing wastes to an
acceptable form are needed
to use this technology.

Development cost: $250K-
$1000K

Capital cost:

Grinder: $150 ($75K-$200K
with remote operation)
Gilove box: <$50K

Work room: About $250K

Operating cost: about $1/1t2

—® None

| ' o I

\j

Prior removal and disassem-
bly of contaminated equip-
ment is needed to use this
technology.

Capital cost: About $150K

Operating cost: About
$17.50/m2
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" EM Goals

* Cleanup Legacy

* Prevent Future
Insuit

* Develop
Environmental
Stewardship

: EM_ Problem

Decommissioning

—™ Enrichment Process
Building

Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facilities

Special Development
Facllities

Administrative Facilities

Cooling Towers

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

- K-25 Site Problem . _

Problem Areé/Constivme‘ht.s

"

~—— Ni-lined Stoel ————>>

Equipment Interior
U, Te, Actinides

Steel

Chromate

Monel

U, Tc, Actinides

Copper

U, Tc, Actinides

Aluminum

U, Tc, Actinides, S, Cr

As, Chromates, Ba, Dioxins

U, 8§, Cr

Steel Cylinders
UFg, Tc, Actinides

Reference Requirements. .

Technology Lo

Decontaming

Refer to Volume1, Chapter 10, =3 Decontamination
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agraements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
techriology, specific regulatory
requirements will be specified,

-'-Subelemehts: z




Logic Diagram

itamination

Alternavt’ives- .

Surtace Removal
(fixed and transferrable
contamination)

——>Thermal Substrate ———psmie-

._Stétusi 5

Plasma Torch  em————emme—ejpm Evolving Technology -

DCON-72-0G Conceptual - Plasma torches
exist commercially to weld
and cut materials that either
have a very high meiting
temperature or requira an
inert atmosphere 10 prevent
oxidation. Plasma torches
have not been used to
decontaminate metal but can
be expected to do so effec-
tively by melting or vaporiz-
ing the surface layer, includ-
ing the contaminants, Waste
would be vaporized or melt-
ed metal containing removed
contaminants.

i  Laser Heating ——————————e—s——pn- Pre-demonstration

DCON-73-0G Ames Laboratory has demon-
strated decontamination of
metals by surface removal on
a bench scale. Technology
should be effective for the list-
ed contaminants, The waste
would be filters and HEPA fil-
ters containing the removed
substrate and contaminants.

el Plasma Etching/Fluorination ——Bs>Pre-demonstration

DCON-76-0G Plasma surface cleaning by
glow discharges is common-
ly and effectively utilized for
cleaning high bonding ener-
gy contaminants from sur-
faces of metals prior to the
operation of fusion devices.
Technology is expected to
be effective for listad conta-
minants on fisted substrates,
but whether the plasma can
follow the irregular shapes
involved (compressors, etc.)
is uncertain. Wastes would
be the vaporized contami-
nants and substrates on pre-
filters and HEPA filtars.

e | aser Etching and Ablation =3 Pre-demonstration —

DCON-74-0G (evolving technology) - The
conceptual basls for this
technology exists, and a sim-
ilar technique Is used to
clean optical surfaces and
microelectronics. Technique
is likely to be successful.
Wastes would be removed
deposit, traces of remaved
substrate, and filters and
HEPA filters from the filtra-
tion system.

Science/ Technology Needs

Development - The efficacy
of a plasma torch in remov-
ing various organic and inor-
ganic contaminants must be
demonstrated on a bench
scale. A method for collect-
ing the removed substrate
and contaminants is needed.

improvements - Plasma
torch cleaning shouid be
adapted to robotic and auto-
matic operation.

based photothermal meth-
ods should be demonstrated
on a larger scale. Lasers
with different operating para-
meters should be tested on a
bench scale to evaluate
whether more efficient laser
systems exist.

- Science - Data on cleaning

rates for contaminants and
substrates of interest are
needed.

Development - The capabili-
ty of plasma generation and
cleaning on complex internat
surfaces of contaminated
equipmenit with large surface
areas needs to be estab-
lished.

Development - Existing
lasers, optics, and vacuum
and filtration systems need
integration into a system;
then, this system should be
demonstrated.

.- Implementatign Needs

— Prior removal and disassem-

bly of contaminated equip~
ment and a collection system
with an adequate filter sys-
tem is needed to use this
technology. An electric
power supply would be
needed.

Development cost: About
$3M

Capital cost: About $200K
Operating cost: <$2/ft?

~—p» Development - Existing laser —gg- Prior removal and disassem-

bly of contaminated equip-
ment, a glove box or a room
In which the contamination
can be accomplished, and a
collection system with an
adequate fliter system is
needed to use this technolo-
ay-

Development cost: Over $2M
Capital cost: $500K-$1000K
Operating cost: About $1/4t2

—g Normal implementation

needs and a collection sys-
tem with an adequate filter
system.

Devetopment cost: About
$10M

Capital cost: about $2M
Operating cost: $0.01-
$0.30/2

—® Prior removal and disassem-

bly of contaminated equip~
ment, a glove box or room in
which the decontamination
can be accompiished, and a
collection system with an
adequata filter system would
be needed to use this tech-
nology.

Development cost: >$2M
Capttal cost: $500K-$1000K
Operating coet: About $1/1t2
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* Prevent Future
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* Develop
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Stewardship

‘EM-Problem .

P Enrichment Process
Building

Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facliities

Special Development
Facilities

Administrative Facilities

Cooling Towers

Decommissioning

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

—p  Ni-Lin

1 T " 1 ‘
Equipment Interior
U, Tc, Actinides
Steel
Chromate

Monel
U, Tc, Actinides

Copper
U, Tc, Actinides

Alyminum
U, Tc, Actinides, S, Cr

Steel Pipe

As, Chromates, Ba, Dioxins
i {

U, S, Cr

inder
UFg, Tc, Actinides

Vi

Refer to Volume1, Chapter 10, —» Decontamination
fo. potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.

- Thermal Substrate
Removat

(fixed and transfen
contamination)
(cont.)

—— Surface Cleaning
(transferrable
contamination)




] ] s "I

~——p~ Thermal Substrate Surface
Removal
(fixad and transferrable
contamination)
(cont.)

= Surface ClaNning e
(transferrak'e
contamination)

o alim

DCON-75-0G

bestpp- Flashlamp Cleaning

DCON-77-0G

(5,000 TO 20,000 psi)
DCON-52-0G

a ik

o> Plasma Surface Cleaning-———P> Pre-demonstration

Plasma surface cleaning by
glow discharges is common-
ly and effectively utilized for
cleaning high bonding ener-
gy contaminants from sur-
faces of metals prior to the
operation of fusion devices.
Technology is expected to
be eftective for removing
deposits from listed sub-
strates, but whether the plas-
ma can follow the irregular
shapes involved (compres-
sors, efc.) is uncentain,
Wastes would be the vapor-
ized deposits plus filters and
HEPA fiiters from the coliec-
tion system.

——p» Evoiving Technology

Conceptual - Flashlamp sys-
tems are being used to clean
organic contamination from
artwork, ship huils, and pre~
cious metals. Hanford
Waestinghouse is conducting
laboratory tests of xenon
flashlamp systems for
removing radionuclide conta-
mination. Efficacy for listed
contaminants on listed sub-
strates is unknown. Wastes
would be only the contami-
nants removed from the con-
crete contained in pre-filters
and HEPA filters,

e High Pressure Water e Accepted

High pressure water blasting
has been used very suc-
cassfully to decontaminate
various large and compiex
surfaces at nuclear power
plants. Effectiveness of this
technology for the listed con-
taminants and substrates is
uncertain. DFs wiil be higher
if chemical cleaning agents
are also used. Waste would
be 4 to >100 gpm of contam-
inated waste water.

[ w Ly

K

~—3» Science - Data on cleaning ~ A collection system with

rates for contaminants and
substrates of interest are
needed.

Development - The capabili-
ty of plasma generation and
cleaning on surfaces of typi-
cal contaminated metals and
equipment with large surface
areas needs to b. estab-
lished.

——pp Science - Existing flash-

—

lamps should be tested on a
small scale for removing the
listed contaminants from
concrete.

Development - A moderate-
scale demonstration of flash-
lamp decontamination using
commercially available fiash-
lamps with the associated
vacuum: collection system is
needed.

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

appropriate filters for the
vaporized deposits would be
needed to use this technolo-
gy. An electric power supply
would be needed.
Development cost: About
$4M

Capital cost: $500K-$1000K
Operating cost. $0.50-
$2.00/t2

——p»-A vacuum collection system

would bs needed to use this
technology.

Development cost: $1-4M
Capital cost: $50K-$100K
Operating cost: $0.50-
$2.002

~—g Prior removal and disassem-

bly of contaminated equip-
ment and a glove box or room
that is easily decontaminated
in which the decontamination
will be accomplished plus a
water treatment system that
wiil allow the water to be
recycled are needed to use
this technology.

Development costs:

About $1.2M

Capital cost:

High Pressure System:
$50 - $75K

Glove box: <$50K

Work room: About $250K
Operating cost: $0.06-$2/2
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Technology Lo¢

Decontamin
K-25 Site Problem * - | Problem A'rga/Cdnstituen(s Reference Requirements: | - . Subelements
Enrichment Process —» Ni-Lined Steel ——————3p  Refer to Volume1, Chapter 10, Decontamination Surfat
Building Equipment interior for potentially applicable pro- (trans
U, Tc, Actinides posed and promulgated envi- contal
Process Support Building ronmental laws, signed and (cont.,
Steel pending agreements for the
Electrical and Electrical Chromate ORR, radiation protection
Switch Gear standards, DOE Orders, and
Manel non-regulatory guidance. As
Pumping Stations U, Tc, Actinides site-and waste-specific charac-
teristics are provided for each
Laboratory Faciiities Copper technology, specific regulatory
U, Tc, Actinides requirements will be specified.
Special Davelopment
Facilities

Aluminum
) U, Tc, Actinides, S, Cr
Administrative Facilitios i
Steel Pipe
Cooling Towers As, Chromates, Ba, Dioxins

U, S, Cr

Steel Cylinders
UFg, Tc, Actinides




. l.ilmWHth ,

-~ Surface Cleaning =————

(transferrable
contamination)
(cont.)

NA“HH‘.MM.”

CO, Blasting
DCON-51-0G

pecsnni>- Supes heated Water
DCON-53-0G

Jmumanagp- Hot Water
DCON-54-0G

v

D

e Compressed Air Cryogenic  —p~ Demonstration

This technology is commer-
cially avalable. it has been
used at nuclear reactor sites
to decrtaminats hand tools
ant. ome equipment. The
@ifie w4y + this technology for
rere. g the listed contami-
nants from the listed sub-
strates has not been demon-
strated and is doubtiul,
Wastes would be HEPA fil-
ters filled with the removed
contaminants.

Accepted

Technology is available and
has been used by industry.
The removal of tightly bound
or imbedded contaminants,
such as the listed contami-
nants on the listed sub-
strates is likely to be slight.
Waste will be 0.4 to 2.0 gpm
wastewater containing
removed contaminants.

Accepted

Flushing with hot water is
often used following scrub-
bing. The technique is hot
effective on fixed insolubte
contamination. The waste
generated is the contaminat-
od water from the flushing
operation.

e n

——3» Development -

Demonstration of the effica-
cy of this technology for the
listed contaminants and sub-
strates.

~—- Prior removal and disassem-

bly of contaminated equip-
ment and a glove box or room
that is easily decontaminated
in which the decontamination
will be accomplished plus
design and construction of a
vacuum waste-handling sys-
tem with HEPA filters to han-
dle the vaporized CO, con-
{aining the removed contami-
nants are needed to use this
technology. Oxygen depletion
precautions are also nesded.

Development costs: $750K-
$3000K

Capital cost:

CO. system: About $200K
Glove b <$50K

Work room: Abotit $250K
Operating cost: $0.40-$20/t2

=P Davelopment - To minimize —3= Prior removal and disassem-

-

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

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

I I "

R T T Y R 0 [T

bly of contaminated equip-
n:ant and a glove box or room
that is easily decontaminated
In which the decontamination
will be accomplished plus a
design and construction of a
water recycle system are
needed to use this techrnlo-
gy.

Development costs: About
$1.2M

Capitsi cost:

Superheated water systom:
About $175K

Glove bav; <§50K

Work room: About $250K
Operating cost: $0.05-$2/M?

- A water treatment system is

needed to minimize liquid
wastes from this technology.
Development cost: About
$1.2M

Caphtal cost: <$5K
Operating cost: <$1/M¢
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Decontaminat
"EM Goals - - K-25 Site Probiem "." | Problem Area/Constituents | Reference Requirements ‘Subelements. -
+ Cleanup Legacy Enrichment Process —» Ni-Lined Steel ——»  Refer fo Volume1, Chapter 10,—3» Decontamination — Surface Ch
Building Equipment Interior for potentially applicable pro- (transferral
* Prevent Future U, Tc, Actinides posed and promulgated envi- (cantd)
Insult Process Support Bullding ronmental laws, signed and
Steel pending agreements for the
* Develop Electrical and Electrical Chromate ORR, radiation protection
: Switch Gear standards, DOE Orders, and
Environmental Monel non-regulatory guidance. As
Stewardship Pumping Stations U, Te, Actinides site-and waste-specific charac-
teristics are provided for each
Laboratory Facilities technology, specific regulatory

' 'EM Problem .-

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Special Development
Facilities

Administrative Facilities

Cooling Towers

Capper

U, Tc, Actinides

Aluminum

U, Tc, Actinides, S, Cr
Steel Pipe

As, Chromates, Ba, Dioxins

Aluminum Pipe
uU,§,Cr

in
UFg, Tc, Actinides

requirements will be specitied.




Logic Diagram

itamination

“;-‘Alté.rnatives ‘

=1 Surface Cleaning
(transferrable contamiriation)
(cont'd)

' Teéhnolo‘gies. N

pe- Steam
DCON-55-0G

" ‘Status’ -

. Accepted

This technique has proven
useful, especially on com-
plex shapes and large sur-
faces. Technology is not
expected to be effective for
listed contaminants and sub-
strates. Wastes would be 0.4
to 2.0 gpm waste water con-
taining removed contami-
nants.

Popry

puaemp- Hand Brushing
DCON-56-0G

e Automated Brushing ey
DCON-57-0G

A
Brushing has been used to
clean up leose contamina-
tion at K-25 for many years.
Since little of the contamina-
tion is expected to be loose,
this technology is not expect-
ed to be effective for this
application. Waste would be
spent contaminated brushes,
HEPA fiiters from the vacu-
um system, and the removed
contamination.

Demonstration

Brushing has been used to
clean the interior of plutoni-
um-contaminated pipe at
Rocky Flats to a shiny metal.
Brushing is effective for
removing smearable contami-
nation, and less effective for
fixed contamination. The effi-
cacy of brushing for removing
the listed contaminants from
the listed substrates inside
equipment needs demonstra-
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 rermoved
by the brushing, and these
particles.

—p» Development - To minimize
waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be reused.

—T None

—~—p» Development - A test to
demonstrate that this tech-
nology will work for the listed
contaminants on the listed
substrates inside equipment
should be made before a
large capital investment is
made.

Science/fTeChnology Ne'e_ds"

) Implementation Need_é :

~——» Prior removal and disassem-
bly of contaminated equip-
ment and a glove box or room
that is easily decontaminated
in which the decontamination
will be accomplished plus a
design and construction of a
water recycle system are
needed to use this technology.

Development costs:

About $1.2M
Capital cost: '
Steam system: $50K-$75K
Glove box: <$50K
Work room: About $250K
Operating cost: $0.05-$2/t2

——p» Disassembly of contaminat-
ed equipment and scraping,
or some other dry means of
loosening most contamina-
tion, as well as a vacuum
collection system for dust
generated would be needed
to use this technology.
Capital cost: Negligible
Operating cost: $0.03-
$1.00M2

—3» Normal implementation
needs.
Development costs: $200K-
$1000K
Capital cost: $250K (Remote
System)
Opaerating cast:
For pipe interiors about
$12,000Aingar foot including
remote operation, contain-
ment, and remote viewing,
based on Rocky Flats experi-
ance.

2/26/93
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[ Problem Area/Constituents | Reference Requirements

Technology Loc¢

Decontamin}

Refer to Volume1, Chapter 10,—p» Decontamination
for potentially appticable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.
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r Logic Diagram

ontamination

ey

3 Surface Cleaning

“Alternatives’

(transferrable contamination)
(cont'd)

~ Technologies

- Sponge Blasting
DCON-58-0G

- Hot Air Stripping
DCON-59-0G

pe=»- Dry Heat Roasting =——————J
DCON-60-0OG

Status

i Accepted

Although the technology is
relatively new, it is currently
being used by, at least two
sites, including a nuclear
power plant. Extensive data
on decontamination factors
are not available, but the
aggressive sponges, which
are impregnated with abra-
sives, may be eflective for
the listed contaminants and
substrates. Wastes consist
of about 0.01 2 of biasting
media and removed contam-
inants per it2 of area decant-
aminated plus any liquid
cleaning agents that may
have been added to the
sponges.

Evolving Technalogy
Conceptual- The basic hot air
stripping technology is well
know for volatiles in liquids
and many commercial
designs are readily available,
but this technology has no
known or proposed use for
decontaminating equipment.
Hot air might remove some
technetium, but cannot be
expected to remove any
other caontaminants. Waste
would be HEPA filters and
pre-filters containing any
removed contaminants.

Demonstration @~ —»

Although dry heat (roasting)
is an accepted industrial
process, its efficacy for
removing the listed contami-
nants from the listed sub-
strates is doubtful.
Technology has some prob-
ability of success for Tc and
litle chance of success for
the other contaminants.
Waste woulkd be any
removed contaminants in fil-
ters and HEPA filters.

Science/ Technology Needs

- Development - To minimize

waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be recycled and reused
in the sponge blasting opera-
tion.

Science - Investigation of the
conditions and removal effi-
ciency for the removal of
technetium and any other
contaminants that might be
removed is needed.
Technology-Demonstration
of the removal of technetium
and any other contaminants
from process equipment is
needed. Development of an
air cleanup system for
remaving the contaminants
from the hot air is also
needed.

Development -
Demonstration of the effica-
cy of the process; develop-
ment and demonstration of
an off-gas treatment system.

“Implementation Needs

—J» Prior removal and disassem-

bly of contaminated equip-
ment and a glove box or room
that is easily decontaminated
in which the decontamination
will be accomplished plus a
wastewater treatment/recycle
system will be needed to use
this technalogy.

Development cost: About
$1.2M

Capital cost:

Sponge blasting system:

About $20K (with biasting
media wash unit)

Glove box: <$50K

Work raom: About $250K

Operating cost: about $2/#2

An off-gas collection and
treatment system would be
needed to use this technolo~
gy.

Development cost: $3-5M
Capital cost: About $200K
Operating cost: $2-$20/2

—gpm An off-gas collection and

treatment system would be
needed to use this technolo-
ay.

Development cost: $1-4M
Capital cost: About $250K
with collection and treatment
system

Operating cost: $2-20/Mt2

28
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Refer to Volume1, Chapter 10, —® Decontamination ———
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements wili be specified.

—» Surface Clearing
(t-ansferrable
contamination)
(cont'd)

3 Metal Refining

contamination)

(fixed and transferrablo R




Logic

tamination

Diagram

Alterpatives

Tééﬁn_ologies

T Surface Cleaning ————r——3 Soivent Washing ———————j
(transferrable DCON-61-0G
contamination)
(cont'd)

emmelie- Strippable Coatings

. ‘Status

.ﬁ ‘
Evolving Technology -
Conceptuat- Solvent
degreasing was used suc-
cessfully at K-25, but its use
was stopped to avoid expos-
ing workers and the environ-
ment to the hazardous sof-
vents. The effectiveness of
less hazardous solvents
wotld have to be demonstrat-
ed. Solvents are not expect-
ed to successfully remove the
listed contaminants from the
listed substrates. Wastes
would be the solvents con-
taining removed contami-
nants.

A o

DCON-63-0OG

> Ultrasonic Cleaning —e——————ie
DCON-66-OG

—»> Metal Refining  ——————yumsuel- gmgit Purification ==
(fixed and transferrable DCON-31-0G
contamination)

Technology has been used
for decontamination applica-
tions involving hazardous
and radioactive contami-
nants. Decontamination fac-
tors of one to several hun-
dred can be expected with
two applications. Waste is a
solid polymer (1mm x surface
are decontaminated) contain-
ing the removed contami-
nants.

Al

Uttrasonic cleaning has been
used for many years in the
private sector and in govem-
mant installations for remov-
ing surface contamination
from relatively smail metal
parts which can fit into an
ultrasonic bath. Ultrasonic
cleaning is not expected to
be effective for the listed
contaminants on the listed
substrates. Wastes would be
spent uitrasonic baths con-
taining any removed contam-
inates.

Demonstration

Performed by many investi-
gators on a lab scale and by
some on a large scale. U
removed to 0.01-4ppm. Tcis
not removed. Wastaes are
slags, scrubber solutions,
chemical trap materiais and
HEPA filters,

—

—p» Development - Solvents that
are less damaging to the
environment need to be
identified and their effective-
ness demonstrated.

—p» None

> Development - Dgﬁnigioq of
acceptable cleaning liquids
which (1) are not hazardous,
(2) can be separated from
the contaminants, and (3)
can be reused to minimize
secondary wastes.
Improvement - More aggres-
sive cleaning action.

Science - Demonstrate flux-
ing agent for removing Tc.
Development - Demonstrate

Tc removal on a larger scale.

Science/ Technology Needs

' Implementation Needs

—» Requires removal and disas-
sembly of contaminated
equipment and size reduc-
tion to roughly 2 tons/piece
for processing. Spent sol-
vents would have to be
“burned" at the TSCA incin-
erator.

Development costs: $1-4.5M
Capital cost: About $400K
Operating cost: About
$0.01/b

—p» Requires removal, disas-
sembly, and possibly some
size reduction of contaminat-
ed equipment.

Capital cost: <$10K
Operating cost:
$1.00-$1.40m2

—j Requires removal, disas-
sembly, and size reduction
of contaminated equipment.
Development cost: $1M
Capital cost: $10K-$100K
Operating cost: $2-$10M2 or
more

—» Requires removal, disas-
sembly, and size reduction
of equipment. Partial decont-
amination by another tech-
nique may be needed before
smelting. Standard induction
or arc furnace with off-gas
treatment system is needed.
De minimus limits are need-
ed to release the material.
Development cost: $3-5M
Operating plus capital cost is
about $1/b.

2-9
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Technology Log¢

Reference Requirements

Decontamin{

Subelements’

Nilined Steel ~ ~—————ipe  Refer to Volume1, Chapter 10,~—» Decontamination ———e——r—-jpw- Matal |

Equipment interior
U, Te, Actinides

Steel

Chromate

Manel

U, Tc, Actinides

Copper

U, Tc, Actinides

Aluminum

U, Tc, Actinides, S, Cr
Steel Pipe

As, Chromates, Ba, Dioxins

U,S, Cr

Steel Cvlinders
UFg, Tc, Actinides

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-ragulatory guidance. As
site-and waste-specific charac-
terigtics are provided for each
technology, specific regulatory
requirements will be specified.

(fixed {
contan

———p-Chemi
(fixed ¢




—3» Matal Refining

- Electrorefining -———————3» Pre-demonstration —» Development - Demonstrate 3 Smelter Is needed to cast

(fixed and transferrable DCON-32-0G Not demonstrated on a large techniques to (1) prevent Tc anodes

contamination) scale for the decontamination from plating out with Ni and Development cost: About
of radioactive materials. Tc Al; (2) reduce U contamina- $3M
plates out on the cathode. tion in refined Al; and (3) Capltal cost: About $200M

DCON-34-0G

removed from the electrolytic
solutions by ion exchange or
some other method.
Recycle of electrolytic solu-
tions will result in a solid
mixed waste bearing the
contaminants and traces of
the purified metal amounting
to roughly 2% by weight of
the metal purified.

~—p-Chemical Surface Cleaning wpmwepe- Chemical FOams ————m———jn Demonstration —p» Science - A fundamental ——p-Normal implementation
(fixed and transterrable DCON-8-0G Effectiveness for listed cont- understanding of bubble needs.
contamination) aminants and subetrates has dimensions and volume swell Development cost : $1-4M
not been demonstrated and factor is needed. Capital cost: <$50K
is doubtful. Wastes would be Development - Operating cost: $0.50-
contaminated sulfonated Demonstration of effective in $2.00/M2
detergents, synthetic wetting situ decontamination of listed
agents, and coupling agents contaminants on listed sub-
plus removed contaminants. strates with adequate control
of bubbie dimensions and
volume swell factor
w
y 226193

e L o o . i

Technology is likely to be
effective for the listed conta-
minants and substrates.
Waste would be solid mixed
waste from assumed treat-
ment of electrolyte solutions
for recycle.

el | @aCh/El@ctrowinning —s—————3pe Pre-demonetration

The method is similar to

recycle electrolytic solutions.

w—3p Development - Demonstrate

techniques to recycle the

(10 miltion Ib/yr capacity)
Operating cost: About $6/tb

~g-A de minimus standard is

needed to permit sale of the

electrorefining except the electrolytic solutions. purified metal.
metal is first dissolved into Development costs: About
solution rather than formed $500K

into anodes. Although this
process is a well established
commercial process for pro-
ducing nicke! from ore, it has
not been demonstrated on a
large scale for purifying met-
als contaminated with
radioactivity. Ni was purified
to <1 Bg/g of Tc on a small
scale. The Tc must be

Capital cost: $200M (10M
ibAyr plant)
Operating cost: $3.80/b

2-10
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Refer to Volume1, Chapter 10, g Decontamination  e——————

for potentially applicable pro-
posed and promuigated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.

—p» Chemical Surface
(fixed and transterd
contamination) 1
(cont.) i




Logic Diagram

itamination

; Alternétive’s

=1 Chemical Surface Cleaning
(fixed and transferrable
contamination)

{cont.)

-t}
¢

" " Technologies

== |norganic Acid Treatments ——»
DCON-12-0G

DCON-10-0G

ey Organic Acid Treatments = Demonstration

Status

N

Gas Phase Decon ——pi Pra-demonstration

DCON-16-0G L.ab-scale studies have
demonstrated that CiF; is
capable of effectively remov-
ing U deposits at room tem-

perat 4, Gas phase deconta-
minatio:. is expected 1o be
largely or completely effective
In removing U and S com-
pounds found in gaseous dif-
fusion and gas centrifuge
equipment. It should not be
effectiva in removing To.
Chromales, actinides, and
thorium daughter products
from the decay of U com-
pounds will not be removed.
The levels of the latter conta-
minants on much, or most, of
the substrates are expected to
be low enough that these sub-
strates will stift meet surface
release criteria. Wastes will be
spent NaF trapping material
and spent caustic scrubber
solution or tiuoride trapping
media.

Accepted —

Decontamination with nitric
acid has been used for
cleaning converters and
other large items at K-25 for
many years. Sulturic acid is
used fess often, notably to
dissolve nicket plating prior
to removing contaminants at
the nickel-steel interface.
The inorganic acids are con-
centrated, with concurent
corrosion. DFs are in the 100
range. Wastes consist of
large quantities of corrosive
wastes containing the
removed contaminants and
require treatment and dis-
posal as mixed waste.

The BNFL citric acid deconta-
mination process is currently
used by BNFL at the
Capenhurst gaseous diffusion
plant for large scale, success-
ful decontamination of
wrought aluminum, DF of 300
for U alpha and 40 for Tc beta
are reported (11.1 Bq/g
alpha, 0.04 Bg/g beta). A 2.5
hectare area of the
Capenhurst plant was decont-
aminated by this process. A
cltric acid process followed by
a sulfuric acld process is
used. Wastes include citric
and sulfuric acids containing
uranium and other metal ions
and lon exchange media can-
taining the metals. Uranium is
difficult to precipitate.

g Sciehce/‘Tec':hnOIogy Needs

- Science - Optimum process

conditions for decontamina-
tion should be established.
Development - Fuli-scale
demonstration of the decont-
amination of process equip-
ment is needed.
Development of mechanical
methods and chemical meth-
ods to remove reaction by
products so that ClF; can be
recycled are needed.

adapt modifications to the
system (scrubbers, filters,
treatment for nitrates and
heavy metals) in order to
meet regulatory require-
ments.
Science/Development-
Possible development of the
HNOgZ/MHF decontamination
method, with or without ultra-
sonic agitation.

is needed on a pilot plant
scale for waste treatments
(ion exchange columns) to
verify that we can meet our
regulatory requirements and
to evaluate the effectiveness
on the metals used by
American gaseous diffusion
plants, which differ from the
British plants.

I o oo |

Implementation Needs' '

- —gA parmitted vent will be

needed to implement this
technology. Air with trace
amounts of UFg, chiarides,
and fluorides will be vented.
Development cost: About
$5M

Capital cost: >$3M
Operating cost: About
$15,000 ( $0.521b) it a 00
converter is treated in situ.

Development- Necessary to =~~~ Normal implementation

needs.

Development Cost: $400-
1000K (Rough estimate)
Capital Cost: $4-10 million
(Rough estimate)
Although existing tacilities
may be adaptable to the acid
cleaning process, a treat-
ment {acility for corrosive
nitrate wastes will be
required.

Operating cost: Similar to the
other organic and inorganic
treatment systems.

3 Development - Development - Normal implementation

needs.

Daevelopment cost: $400-
1000K (rough estimate).
Capital cost: $4-10 million
{rough estimate).

Operating cost: approximate-
ly $300/metric ton.(BNFL
estimate)

Existing facilities may possi-
bly be adapted to this
process at K-25.
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e R6fOF 10 Volumel, Chapter 10, - Decontamination  ————eeyeeiiie-

Decontamin

(fixod;
(conty




- Chemical Surface Cleaning

(fixed and transferrable
(cont'd)

DCON-11-0G

DCON-13-0G

DCON-14-0G

]

- Caustic Treatments e e

josseip REDOX Treatments ey

LI

sy Fluoboric Acid Treatment  eejpm- Demonstration

The technology was specifi-
cally designed for D&D
(Chernoby! application) and
Is likely to be highly ffective
on most metal and metaltic
oxide surfaces. It removes
the outer layer in a controlied
and effective manner. The

with radioactive waste piated
out at the cathade and solidi-
fied in cement. Final quantity
of cament-solidified waste is
20-50 grams/equare meter of
decontamination surface.
Other waste treatment
options are possible.

Accepted
Decontamination of surface
smearable contamination
using caustic chemicals
(principally soap and water)
has been used at K-25 for
many years. Since many of
the listad contaminants are
expected to be fixed or to
have penetrated, at least
partially, into the substrate,
caustic scrubbing is expact-
od to only partiaily deconta-
minate the contaminated
substrate. Wastas would
consist of used caustic solu~
tion containing the removed
contaminants,

Demanstration

REDOX treatments inciude
Citrox (a mixture of oxalic
and citric acids), low oxida-
tion-state metal ion process,
and cerium solutions in acid.
REDOX troatments hava
been demonstrated for

——pp Development-Although the

method has seen application
at Chernobyl with good
results, development work is
needed to test applicability to
US GDP equipment,

Development-Test with
fluoride films.

Development - All REDOX
techniques will require
bench-scale testing and
small-scale demonstrations
to determine their usefulness
for decontamination of
gaseous diffusion equip-
ment.

—pp Nommal implementation
needs.

Development cost: $400-
1000K (rough estimate)
Capital Cost: 800K (1990
estimate for equipment only
for 5T/day capacity of metal) *
$4-10M (rough estimate
Including angineering & faciti-
tias)
Operating Cost:
~$300 maetric ton (assume
same as for BNFL process)

—gi A waste treatment plant is

needed to treat the waste-
water resulting from the
decontamination operation.
Capital cost: <§10K
Operating cost: >$142

—g- A system for treating the

REDOX reagents to permit

2-12
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Refer to Volume1, Chapter 10, ~pm Decontamination
for potentialty applicabie pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technalogy, specific regulatory
requirements will be specified.

~———1——» Chemical Surfacy

(fixed and transfe
contamination)
(cont'd)

contamination) ]




Logic Diagram

. itamination

Alternatives

—-—13 Chemical Surface Cleaning
(fixed and transferrable
contamination)

(cont'd)

Methods
(fixed and transferrable
contamination)

el Eloctropolishing
DCON-15-0G

L Biological
DCON-17-0G

DCON-18-0G

DCON-6-0G

pon

.| Technologies

.___.__.___»

dmeipe- |aser Activated Chemistry c——gpm-

 Statas

—g- Domc
Electropalishing is widely used
to remove radicactive contam-
inants from metat surfaces but
has not been demonsirated at
the US GDPs. The method is
very likely to be successful,
since it results in removing a
small depth of the surface.
Acidic solutions will be gener-
ated which must be recycled,
perhaps by lon exchange
methods.

Evelving Technology
-preconceptual-

Organisms that destroy
organics have been identi-
fied. Method is unfikely to
remove U, Te. Waste would
be a sludge containing
remains of bacteria + PCBs
and inorganic contaminants.
Methane is a likely gaseous
product.

Acceleration of reaction
rates for selected reactions
is proven. Small scale decon
has been demonstrated.
Waste would be prefilters
and HEPA filters filled with
removad contaminants.

L Bulk Decontamination eussesepe- Catalytic Extraction Process, » Predemonstration

Has not been used to smelt
scrap bearing radioactivity.
Liketly to reduce Ni to 0.01-4
ppm U and Al to 3-100 ppm
U or less. Tc is not removed.
Waste would be slag con-
taining contaminants pius
contaminants in a scrubber
solution or chernical'trapping
matarials.

nore rot L v ”'\"

Evolving Technology- —

g ‘

—p» Development - Some devel-
opment work is required to
apply the methad to US GDP
applications, and lo recycle
electrolytic solutiens

Science - Find culture tech-
niques that provide success-
ful decon on a lab scale.
Deveiopment - Develop
techniques that successfully
decon on large scale.
Develop equipment cost and
decon rate and cost informa-
tion.

Development -
Demonstration of vacuum
systems capable of collect-
ing removed contaminants.

—-p» Science - Method for remov-
ing Te.
Development - Demonstrate
Tc removal and improve U
removal from aluminurn.

e

|sciences Tethnology Needs

Implementation Needs -

-——gp=Normal implementation
needs
Development cost: $400-
1000K (Rough estimate)
Capital cost: not available
(can be constructed in mod-
ules easlly}
Operating cost: more expen-
sive than most other meth-
ods since items must be
subjected to electric current.

——pp Facilities for cultivating the
bacteria and disposing of the
bacterial sludige would be
needed

Developmert cost:
$300K-$600K/year

Capital cost: about $200K

Operating cost:
$0.10-$3.00/ft2

—=gp Vacuum systems capable of

collecting removed contami-

nants.

Development costs: $2M +

Capital cost:
$1-10M/machine

Operating cost: Unknown

—pn-"Off the shelf" induction or
arc furnace.
Development cost : $3-5 mi-
lion
Capital cost: ~$16 million
Operating cost: $1/ib

2-13
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~P»  Uranium Deposit Removal = Ni-Lined Steel ———————p»  Reler to Volumet, Chapter 10, —p» Decontamination ———

for Cascade Equipment for potentially applicable pro-
Interior Equipment Interior posed and promulgated envi-
U, Te, Actinides ronmental laws, signed and ;
pending agreements for the :
Steel ORR, radiation protection
U, Tc, Actinides standards, DOE Orders, and

non-regulatory guidance. As

Manel site-and waste-specific charac-
U, Tc, Actinides teristics are provided for each

technology, specific regulatory
Copper requirements will be specified.
U, Tc, Actinides

Aluminum
U, Tg, Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)




MR

- Mechanical Substrate
Surface Removal

AR | T N [ AT

wpmamalye  Shot Blasting
DCON-36-0G

DCON-37-0G

DCON-38-0G

pememale- - Scabblers/Scarifiers

oy Grit BlaSting g

__—-——_’Acm

Commercial shot blasters
are used to remave rust and
marine growth from ship
hulls and to clean structural
steel. Waste is about 0.1 ib

spent shot/t2 decontaminat-
ed, removed deposits, trace
amounts of eroded sub-
strate, fiters, and HEPA fii-
ters.

Accepted

Mechanical scabblers are
widely used. They are gen-
erally effective, but leave
some hot spots. Noise
would be a problem. Waste
would be removed daposit,
trace amounts of eroded
substrate, scabbler bits, fil-
ters, and HEPA filters,

Accepted

Has been used for many
applications in the nuclear
Industry. Technology is gen-
erally effective. Waste
would be removed deposits,
traca amounts of eroded
substrate, spent grit, filters,
and HEPA fiiters.

W

e p

systems with nozzles
designed to match deconta-
minated parts are needed to
minimize the spread of shat
and contamination.

Improvement - Scabbler
heads, vacuum systems with
nozzles designed to match
decontaminated parts, and
filters are needed to mini-
mize the spread of contami-
nation.

Improvement - 1) Better vac- o

uumfilter systems for col-
lecting blast media are need-
ed to minimize spread of
blast media and contamina-
tion. 2) A system to sepa-
rate contaminants from blast
media and package the
wastes is needed.

[REEERTIN Ty

RUITRAS

p mprovement - Vacuumflitter g Equipment must be removed

and partially disassembled.
An enclosed glovebox that
has adequate filters and is
easlly decontaminated on
the inside is needed in which
the shot blaster systam will
be used.

Developmaent cost: $200-
1000K (Vacuum system for
each nozzle design)
Capital cost:

Shot blaster: > $50K (with
vacuum system)

Glove box: <§50K
Operating cost: About

$1.0042

—=» Equipment must be removed

and partially disassembled.
An enclosed glovebox with
adequate filters that is easily
decontaminated on the
inside is needed in which the
mechanical scabbler system
will be used.

Development cost: $300-
1000K (Vacuum system and
scabbler head for each
design required)

Capttal coat:

Scabbler: > $50K (with vac-
uum system)

Gilove box: <$50K
Operating cost: About
$1.00/t2 (greater than for
shot blaster)

Equipment must be removed
and partially disassembled.
An enclosed glovebox that is
easily decontaminated on
the inside is needed in which
the grit blaster system will be
used. A system to separate
contaminants from blast
media and package the
wastes Is needed as well as
a system to adequately filter
the exhaust air.
Development coats: 1) bet-
ter vacuum/filtration sys-
tems: $1-6M, 2) Wasts
treatment and packaging:
About $4M

Capital cost: About $500K

Operating cost: >$2M2

2-14
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+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

it

EM Prohlem

' . . Tl C

—  Uranium Deposit Remove——3»- Ni-Lined Steel
for Cascade Equipment Equipment Interior
Interior U, Tc, Actinides

Steei

U, Tc, Actinides
Monel

U, Tc, Actinides

Capper
U, Te, Actinides

Aluminum
U, Tc, Actinides

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

' Il . Vo Lo I '

Refer to Volumet, Chapter 10, —3» Decontamination
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-spacific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.

1 ' o Ik

—p» Mechanical Substrab
Surface Removal




]

ol

-ogic Diagram

amination

~i. . Alternatives

Mechanical Substrate »
Surface Removal

-
CO2 Blasting
DCON-39-0G

CO2 Blasting
DCON-41-0G

DCON-42-0G

Téchnologies -

}~——3» Plastic Pellet Blasting

Status

Centrifugal Cryogenic ———p. Pre-demonstration

Centrifuge pellet accelera-
tion has been demonstrated.
Technology will be likely suc-
cesstul with essentially infi-
nite decontamination factors.
Waste would be filters and
HEPA filters filed with
removed deposits and a
small amount of substrate,
which would also be
remaved.

Supercritical =g Pre-demonstration

This technology is being
developed by a private com-
pany. Likely to be effective
with large decontamination
factors. Waste wouid be
removed deposits and a
small amount of the sub-
strate contained in a cyclone
and HEPA fiiters.

——p» Accepted

Plastic pellet blasting is a
widely used alternate to
sand blasting for applications
in which it is desired to
impart minimal damage to
the substrate. Technology is
likely to remove most, but
not all, of the deposits from
the listad substrates. Waste
would be spent plastic pel-
tets, removed deposits, fil-
ters, and HEPA fitters.

[T |

noome o

—p»- Development -
Demonstration of a practical
system with high-velocity
pellets delivered at a suffi-
cient rate and adequate col-
lection of remaved contami-
nants.

Development - Investigate
the effect of operating para-
meters on removal rates and
removal and collection effi-
ciencies for contaminants.
Demonstrate efficacy for
deposits on substrates of
interest.

Improvement - 1) Minimize
blast media erosion to mini-
mize waste; 2) Better vacu-
umffilter systems for collect-
ing blast media are needed
to minimize spread of blast
media and contamination.

Scienc;e/.TéCthI'ogy Ne_éds.

—

Implementation Needs '

— Prior iemoval and disassem-
bly ot contaminated equip-
ment and a glove box that is
easily dacontaminated in
which the decontamination
will be accomplished pius
oxygen depletion precau-
tions and adequate filtration
are needed to use this tech-
nology.

Development costs: <$3.4M
Capital cost:

Centrifuge CO2 system:
About $200K

Glove box: <$50K
Operating cost: $0.50-

$1.50/2

Prior removal and disassem-
bly of contaminated equip-
ment and a glove box that is
easily decontaminated in
which the decontamination
will be accomplished plus
oxygen depletion precau-
tions and adequate filtration
are needed to use this tech-
nology.

Development costs: $250K-
$1000K

Capnal cost:

Supercritical CO2 system:
$500-31000K

Glove box: <$50K
Operating cost: >$2A2

~—p Prior removal and disassem-
bly of contaminated equip-
ment, a glove box that has
adequate filtration of effiuent
air and Is easlly decontami-
nated in which the deconta-
mination will be accom-
plished, and a systam for
processing wastes to an
acceptable form are needed
to use this technology.
Development costs: $250K-
$1000K
Capital cost:
Plastic peliet blasting sys-
tem: About $50K
Glove box: <$50K

Operating cost: $2-$5/M2

2-15
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+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

" K-25 Site Problem

—#  Uranium Deposit Removal
for Cascade Equipment
Interior

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Problem Area/anSti'tuen’ts'

Technology L o¢

Decontamin

" Referénce Requirements

— Ni-Lined Steel ——3p»  Reler to Volume1, Chapter 10, —g» Decontamination

Equipment Interior
U, Tc, Actinides

Steel

U, Tc, Actinides
Monel

U, Te, Actinides
Copper

U, Tc, Actinides

Alyminum
U, Tc, Actinides

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
tactnsnlogy, specific regulatory
req remen's will be specified.

Subeleménts ol

J» Mechg
Surfaq




Surface Removal

|—pp- Thermal Substrate Surface |
Removal

Scraping
DCON-43-0G

DCON-72-0G

g LaSur Heating

DCON-73-0G

DCON-74-0G

—> Mechanical Substrate s~ Hand Grinding, Honing,

pmgp-  Laser Etching and Ablating = Pre-demonstration

—pp Accepted
Hand grincding and scraping
have been used successtully
for smatt-scale decontamina-
tion at K-26. Technology is
successful. Waste would be
removed subsirate and
deposits pius contaminated
HEPA filters.

wepp Plasma Torch ———————ee———3p» Evoliving Technology

Conceptual - Plasma torches
exist commercially to weld
and cut materials that either
have a very high melting
temperature or require an
inert atmosphere to prevent
oxidation. Plasma torches
have not been used to
decontaminate meta! but can
be expected to do so effec-
tively by melting or vaporiz-
ing the surface layer, includ-
ing the contaminants. Waste
would be vaporized or melit-
ed metal, removed deposits,
and contaminated filters
HEPA filters. :

————3»= Pre-demonstration
Decontamination of metals
by surface removal has been
demonstrated on a bench
scale. Technology should
be effective. The waste
would be filters and HEPA
filters containing the
removed substrate and
deposits.

—

(evolving technology) - The
conceptual basis for this
technology exists, and a sim-
Har technijue s used to
clean optical surfaces and
microelectranics. Technique

removed deposit, traces of
removed substrate, and fil-
ters and HEPA filters from
the filtration system.

g None

Development - The efficacy
of a plasma torch in remov-
ing deposits should be
demonstrated on a bench
scale. A method for collect-
ing the removed substrate
and contaminants is needed.

~3- Prior removal and disassem-

bly of contaminated equip-
ment and a glove box that is
easily decontaminated and
has HEPA filters in which the
decontamination will be
accomplished plus a system
for processing wastes to an
acceptable form are needed
to use this technology.
Capital cost:

Grinder: $150

Glove box: <$50K '
Operating cost: About $2M2

——p» Prior removal and disassem-

bly of contaminated equip-
ment, a glove box in which
the deposit removal Is
accomplished, and a collec-
tion system with an ade-
quate filter system would be
needed to use this technolo-
gy.

Development cost: About
$3M

Capital cost:

Plasma torch and coilection
system: About $200K
Glove box: <$50K
Operating cost: $0.20-$5M2

Development - Existing laser —» Prior removal and disassem-

based photothermal meth-
ods shouid be demonstrated
on a larger scale. Lasers
with different operating para-
meters should be tested on a
bench scale to evaluate
whether more efficient laser
systems exist.

~—p Development: Existing

lasers, optics, and vacuum
and filtration systems need
integration into a system;
then, this system should be
demonstrated.

bly of contaminated equip-
ment, a glove box in which
the deposit removal is
accomplished, and a coilec-
tion system with an ade~
quate filter system would
be needed to use this
technology.

_ Development cost: Over

$2M
Capital coat: $500K-$1000K
Operating cost: About $1/M2

—» Prior removal and disassem-

bly of contaminated equip-
ment, a glove box in which
the deposit removal is
accomplished, and a collec-
tion system with an ade-
quate filter system would be
needed to use this technolo-

ay.
Development cost: Over

$am
Capital cost: $500K-$1000K

Operating cost: About $1/12
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« Cleanup Legacy —» Uranium Deposit Removal —3 Ni-Lined Stee| ————= Refer to Volumet, Chapter 10, —p» Decontamination —» Thermal Substrate Suq
for Cascade Equipment Equipment Interior for potentially applicable pro- Removal
* Prevent Future Interior U, Tc, Actinides posed and promulgated envi-
Insult ronmental laws, signed and
su Sleel pending agreements for the
* Develop U, Tc, Actinides ORR, radiation protection
Envi | standards, DOE Orders, and
nvironmenta Monel non-regulatory guidance. As
Stewardship U, Tc, Actinides site-and waste-specific charac-
teristics are provided for each
technology, specitic regulatory

Copper
U, Te, Actinides requirements will be specified.

Aluminum
U, Tc, Actinides

éM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management




-ogic
amination

.+ Alternatives

" Technologies .

—» Thermail Substrate Surface === Plasma Surface Cleaning  ——ip»

Removal

DCON-75-0G

== Plasma Etching/Fluorination  «—jm
DCON-76-0OG

Flashlamp Cleaning g
DCON-77-OG

Status-

Pre-demonstration

Plasma surface cleaning by
glow discharges are com-
monly and effectively utilized
for cleaning high bonding
energy contaminants from
surfaces of metals prior to
the operation of fusion
devices. Technology is
expected to be effective for
removing deposits from list-
ed substrates, but whether
the plasma can follow the
Irregular shapes involved
(compressors, etc.) is uncer-
tain. Wastes would be the
vaporized deposits plus fil-
ters and HEPA filters from
the collection system,

Pra-demonstration

Plasma etching processes
are used in material process-
ing and microelectronic man-
ufacturing. Extrapolating
these plasma processes for
vaporizing and recovering
uranium deposits is consid-
ered feasible. Reactive plas-
ma decontamination rates
should be higher than unas-
sisted gas-phase decontami-
nation rates. Wastes would
be the vaporized deposits
plus fiters and HEPA filters
from the collection systam,

Pre-demonstration
(emerging technology) -
Flashlamp systems are
being used to clean organic
contamination from artwork,
ship hulls, and precious met-
als. Hanford-Westinghouse
Is conducting laboratory
tests of xenon flashlamp sys-
tems for removing radionu-
clide contamination from sur-
faces inside metal storage
vessels. Wastes would be
removed deposit, traces of
removed substrate, and fil-
ters and HEPA filters from
the filtration system.

Science/ Technology Needs

—p» Science - Data on cleaning

—

rates for contaminants and
substrates of interest are
needed.

Development - The capabili-
ty of plasma generation and
cleaning on complex internal
surtaces of contaminated
equipment with large surface
areas needs to be estab-
lished.

Science - Data on cleaning
rates for contaminants and
substrates of interest are
needed.

Development - The capabili-
ty of plasma etching on
deposits in complex equip-
ment with large surface
areas needs to be estab-
lished.

. Implementation Needs

- A collection system with

appropriate filters for the
vaporized deposits would be
needed to use this technolo-
gy. An electric power supply
would be needed.
Development cost: About
$4M

Capital cost: $500K-$1000K
Operating cost: $0.50-
$2.00/2

- A collection system with

appropriate filters tor the
vaporized deposits would be
needed to use this technolo-
gy. An electric power supply
would be needed.
Development cost: About
$10M

Capital cost: About $2M
Operating cost: $0.50-

$2.00/12

Development - Commercially ——gm- A collection system with

available flashlamp systems
would have to be evaluated
for possible use for deposit

removal.

appropriate filters for the
vaporized deposits would be
needed to use this technolo-
gy. An electric power supply
would be needed.

Capital cost: $50K-§100K
Operating cost: $0.50-

$2.00/M2

2/26/93
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Decontamin
EM-Goals’ . K-25Site Problem Problem Area/Constituents | Reference Requirements Subelements
» Cleanup Legacy —®  Uranium Deposit Removal ——» Ni-Lined Steg| ——————p» Refer to Volume1, Chapter 10, —3» Decontamination
for Cascade Equipment Equipment Interior for potentially applicable pro-
* Prevent Future Interior U, Tc, Actinides posed and promulgated envi-
Insult ronmental laws, signed and
Steel pending agreements for the
+ Develop U, Tc, Actinides ORR, radiation protection
. standards, DOE Orders, and
Environmental Monel non-regulatory guidanca. As
Stewardship U, Tc, Actinides site-and waste-specific charac-
teristics are provided for each
Copper technology, specific regulatory
U, Tc, Actinides requirements will be specified.

Alyminum
U, Tc, Actinides

"EM P’rObIem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WMm)

|
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T—» Surface Cleaning

CO2 Blasting
DCON-51-0G

premrml-  Hand Brushing =i
DCON-56-0G

- Sponge Blasting e
DCON-58-0G

o

g Compressed Air Cryogenic —-p»- Demonstration

This technology is commer-
clally avallable. It has been
used at nuclear reactor sites
to decontaminate hand tools
and some equipment. The
afficacy of this technology for
removing large uranium
deposits from the listed sub-
strates has not been demon-
strated. Wastes would be fil-
ters and HEPA fitters filled
with the removed deposits.

Accepted

Brushing has been used to
clean up loose contamina-
tion at K-25 for many years.
Waste would be spent conta-
minated brushes, HEPA fil-
ters on the vacuum system
of the glove box, and the
removed contamination.

—pp- Development -

Demonstration of the effica-
¢y of this technology for
removing large uranium
deposits from the listed sub-
strates.

—p» None.

—g Prior removal and disagssem-

bly of contaminated equip-
ment and a glove box that is
easily decontaminated in
which the decontamination
will be accomplished plus
design and construction of a
vacuum waste-handling sys-
tem with filters and HEPA fil-
ters to handle the vaporized
COy containing the removed
deposits are needed to use
this technology.
Development costs: $750K-
$3000K

Capital cost:

CO2 system: About $200K
Glove hox: <$50K

Operating cost: $2-$20M2

~3» Disassembly of contaminat-

ed equipment and scraping,
or some other means of
loosening most deposits
would be needed to use this
technology.

Capital cost: Negligible
Operating cost: $0.03-

$1.00/M2
Accepted » Development - 1) Better vac- _..pp Prior removal and disassem-
Although the technology is uumilter systems for col- bly of contaminated equip-
relatively new, it is currently lecting blast media are need- ment and a glove box or
being used by, at least two ed to minimize spread of room that is easily deconta-

sites, including a nuclear
power plant. Extensive data

blast media and contamina-
tion; 2) to minimize waste

minated in which the decont-
amination will be accom-

on decontamination factors generation, a water treat- plished plus a vacuum col-
are not available, but the ment system is needed for lection system with adequate
aggressive spongas, which decontamination of the wash effiuent filtration will be

are impregnated with abra- solution. needed to use this technolo-
sives, may be effective for gy.

uranium deposits on the list- Development costs:

ed substrates. Wastes con- Vacuum/filter system:
sist of spent sponges, any About $1.2M

materials (grit, washing salu- Recycle system:

tion, etc.) added to the About 1.2M

sponges, removed deposits, Capital cost:

trace amounts of the sub- Sponge biasting sys
strate, and about 0.01 #3 of tern: About $20K (with
blasting media per ft2 of mnngmediawash
area decontaminated. Glove box: <$50K

Operating cost: $2-$5m2
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+ Cleanup Legacy

- Prevent Future
Insuit

* Develop
Environmental
Ctewardship

for Cascade Equipment
Interior

. ‘EM Problem .

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Equipment Interior
U, Tc, Actinides

Stael

U, Te, Actinides
Monel

U, Tc, Actinides
Copper

U, Tc, Actinides

Aluminum
U, Tc, Actinide:,

for potentiaity applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.

—=  Uranium Deposit Removal ——p» Ni-Lined Stee| ——————p» Refer to Volume1, Chapter 10, —p» Decontamination

- Surface Cleaning e

—3 Chemical Surface Cle



MIl'

=13 Surface Cleaning weemwmmm—gp- Vacuuming
DCON-64-0G

i [ [T

L Chemical Surface Cleaning ’ Gas Phase
DCON-16-0G

DCON-18-0G

——————p» Pre-demonsiration

—eag-  AccOpted
Vacuum cleaners have long
been used to clean up loose
contamination at the GDPs.
Since little of the deposits
are expected to be in loose
form, deposits will have to be
loosened by scraping or
grinding before this technolo-
gy is used. Critically safe
vacuum cleaners should be
an effective way to pick up
deposits loosened by some
other technology. Wastes
would be the ramoved
deposit and fiters and/or
HEPA filters on the vacuum
cleaner.

—

Lab-scale studies have

demonstrated that CIF3 is
capabte of effectively remov-
ing U deposits at room tem-
perature. It shouid not be
effective in removing Tc.
Tharium daughter products
from the decay of U com-
pounds will not be removed.
Wastes will be spent NaF
trapping material and spent
caustic scrubber solution or
fluoride trapping media.

L3 Laser Activated Chemistry g Pre-demanstration

(evolving technology) - The >
conceptual basis for the
technology exists. Laser
activated chemistry is a
proven technique for accel-
erating chemical reaction
rates and for selecting reac-
tion channels with many
industriat applications, but its
use for radiological deconta-
mination is unproven.
Deposit removal is likely to
be slow, and redeposition is
expected o be a problem.
Waste will be only the
deposits removed and filters
and HEPA fitters from the
vacuum/exhaust system.

None

Science - Optimum process
conditions for decontamina-
tion should be established.
Process success on addi-
tional substrates should be
verified in the iab.
Development - Fuil-scale
demonstration of the decont-
amination of process equip-
ment is needed.
Development of mechanical
methods and chemical meth-
ods to remove reaction by-
products so that CIF3 can be
recycled are needed.

Development - Oft-the-shelf
equipment items need to be
brought together to demon-
strate an operable system.

—3p» Disassembly of contaminat-

ed equipment and prior loos-
ening of the deposits using
another technology is need-
ed to use this technology.
Capital cost: <$10K

Operating cost: >$1/2

-3~ A permitted vent will be need-

ed to implement this technol-
ogy. Alr with trace amounts of
UFg, chlorides, and fluorides
will be vented. '
Development cost: About
$5M

Capital cost: >$3M
Operating cost: About $15K
($0.52/th) for an item the size
of a 00 converter treated in
situ.

—3p»- Prior rtemovali and disassem-

bly of contaminated equip-
ment and a glove box or
room that is easlly deconta-
minated in which the decont-
amination will be accom-
plished plus a vacuum col-
lection system with adequate
effiuent fiitration will be

1:. >ded to use this
techn.Jlogy.

Development costs: Several
million dollars

Capital cost: $500-$1000K
Operating cost: About $1/2
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* 'EM Goals )

» Cleanup Legacy

« Prevent Future
Insult

* Develop
Environmental
Stewardship

'K-25 Site Problem -

EM Proble‘r‘h B

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Enrichment Process Building —
Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facilities

Special Development
Facilities

Administrative Facilities

Cooling Towers

Proble

Steel Metal

Oil, PCBs, U, Tc, Actinides
Structural Steel

U, Oit, Te, PCBs, Actinides

(Exterior)
U, Oil, Tc, PCBs, Actinides

Copper
Oil

m Ar‘ga/(‘:ohs‘timents'

Technology Log

Decontaminil

" Reference Requirenients |~

—3p» Refer to Volume1, Chapter 10, ——p» Decontamination
for potentially applicabie pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.
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—-» Mechanical Substrate
Surface Removal
(fixed and transferrable
contamination)

‘ li Con \i [T Coa Tl i
Ultra High-Pressure Water ———g»- Accepted
DCON-35-0G Technology has been used
by industry.
H’ Shot Blasting (using iron  ——j» Accepted
shot) Commercial iron shot
DCON-36-0G blasters are in use at the K-

e Grit Blasting (using sand, ———gp»
glass beads, metallic beads,

etc.)

DCON-38-0G

* Centrituge Cryogenic CO, ===
Blasting
DCON-39-0G

e ICE Blasting
DCON-40-0G

Supercritical COz2
DCON-41-0G

25 site, They are generally
effective but leave some hot
spots.

Accopted

Has been used successfully
for many applications in the
nuclear industry. Technology
is generally effective. Waste
wouid be spent grit, abraded
substrate, and remaved con-
taminants in filters and
HEPA filters,

Predemonstration
Centrifuge peliet accelera-
tion has been demonstrated
in the DOE fusion energy
program. Technology Is like-
ty succassful with essentially
infinite decontamination fac-
tors. Waste would be filters
and HEPA fitters filled with
removed contaminants and
some substrate.

Accepted by industry
Efficacy of commercial sys-
tem for this application
nesds demonsiration. Waste
would be about 14-18
galions/hour waste water
containing removed comami-
nants.

—3> Predemonstration

Likely to ba effective with

—p» Development- To minimize
waste generation, a system
is needed to treat the water
so that it can be recycled.
improvernent: Automation

—3» Improvement- Automation

Improvement- automation,
more durable blast media.
Better vacuum system
demostration.

—3 Development -

Demonstration of mobile
system with high-velocity
pellets delivered at a suffi-
cient rate and adequate col-
lection of removed contami-
nants.

> Development-
automation/robotics, espe-
cially for walls, comers, elc.

— Devslopment - Investigate
the effect of operating para-
meters on removal rates and
removal and collection effi-
ciencies for contaminants.
Demonstrate efficacy for
contaminants of interest

" . cohe

——f Normat implementation
needs.
Development Cost: $1300K
Capital cost: ~$500K
Operating cost; ~$1/M2

—»-A collection systom with ade-
quate filtration. )
Development cost: None
Capital cost: ~$50K
Operating cost: $0.10-$1/{t2

——p A collection system with ede-
quate filtration.
Daevelopment cost ~34-10M
Capital cost: ~$500K
Operating cost: <$2M2

== A cotlection system with ade-
quate filtration plus oxygen-
depletion precautions.
Development cost: ~$3.4M
Capital cost: ~$200K
Operating cost: $0.07 -
$0.75/2 (200 - 2000 ft2hr)

—g»- Normal implementation
needs.

Capital cost: $100K-$1M
Evaporator for Waste water
Treatment: ~$60K
Operating cost: <$1/Mr

= A collection system with ade-
quate fiftration plus oxygen
depletion precautions,
Development costu: $1-4M
Capital cost: $800K -
$1300K
Opaerating cost: ~$2M2
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Capper
oil

Technology Logic

Decontaminatiol

"

Reler to Volume1, Chapter 10, g Decontamination
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection
standards, DOE Orders, and
non-regulatory guidance. As
site-and waste-specific charac-
teristics are provided for each
technology, specific regulatory
requirements will be specified.

Subelements . -

~—p» Mechanical Subst
Surface Removal
(fix~t and transfet
corngmination)
(cont'd)

|——p-Thermal Substrate
Removal

(fixed and transfers.
contamination)
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Logic Diagram
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Alternatives Techﬁdlqgiés e

. Ifnplem'eniéfionNeéds_ -

Status

|Science/ Technology Needs

,

PRI R oy

e

should remove smearabile,
but not fixed contamination.
Waste would be spent plas-
tic pellets plus removed con-
tamination.

improved containment of
waste and removed contami-
nants.

—r—» Mechanical Substrate  ———pp»- Plastic Pellet Blasting —pp Accepted Development: Develop and —~— A system for processing
Surface Removal DCON-42-0G 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
impan minimal damage to mize waste; Operating cost: $0.20 -
the substrate. Technology automation/robotics; $2.15/f2

Grinding, Honing, Scraping —»= Accepted —3p» Improvement - A remotely —» Normal implementation
DCON-43844-0G Using hand grinders has operated system for minimiz- needs.
been successfully used for ing worker exposure with a Development cost:

DCON-45-0G

e

n

small-scale decontamination
at K-25, Technology s suc-
cessful. Waste is removed

Milling equipment is com-
mercially available, but no
references to its use for
decontamination have baen
found. Waste would be
removed substrate and cont-
aminants.

vacuum system for minimiz-
ing spread of contamination
should be developed.

gy to remotely operate the
equipment is needed.

" [ VT \|||‘.‘ I

Vacuum system: $200-
1000K
Remote operation: $1-4M

substrate plus contaminants, Capital Cost: $150 ($50-
500K with vacuum system
and remote operation)
Operating Cost: ~$0.50M?
b Metal Milling —p Conceptual Development - The technolo- ——gm Normal implementation

needs,

Development Cost: $3-5M
Capital Cost: $50K $360K
Operating Caost: ~$17.50/t2

l——p-Thermal Substrate Surface =y Plasma Torch e Evoiving Technology —3p» Science - Laboratory tests  —ge- Normal implementation

Removal DCON-72-0G Conceptual - Plasma torches are needed to evaluate the needs.

(fixed and transferrabls exist commercially to weld efficacy of vaporizing or Development cost: About

contamination) and cut materials that have decompasing organics, M
very high melting tempera- determine the decomposition Capital cost: About $200K
ture or require and inert reaction by-products, and Operating cost: $0.01-
atmosphere. its efficacy in suitable trapping materials. $1.00/f12
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-
ucts from the decomposition able collection and gas treat-
of organics and spailed sur- ment systems.
faces with contaminants.

—>»- Laser Heating ——eeeer DANONSIrAtION Development - Normal implementation
DCON-73-0G Currently being evaluated by Demonstration of decon. needs.
Asr Force as a method for capability of existing lasers. Daevelopment costs: $2M +
removing organic coatings Capital cost: $1-10M/machine
from metal; current systems Operating cost: ~$1/t2
are capable of ramaving 2-
mil thick coatings at the rate
of 100 {t2/r.; waste will be
prefilters and HEPA fitters
fitted with contaminants.
Y \/ 2126193
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* K-25 Site:Problem ' | Problem Area/Constituents Subelements
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]
g Thermy

» Prevent Future

" EM-Problem .

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Process Support Building

Laboratory Facilities

Special Development
Facilities

Administrative Facilities

Cooling Towers

Metal Exterior Surfaces
Qil, PCBs, U, Tc, Actinides

Copper
Oil

+ Cleanup Legacy — Enrichment Process Building —» Sheet Metal -—— Refer to Volume1, Chapter 10, ——3» Decontamination

for potentially applicable pro-
posed and promulgated enviran-
mental laws, signed and pend-

Insult _ ‘ contan
Electrical and Electrical Structural Steel ing agreements for the ORR, {cont.)
* Develop Switch Gear U, Oil, Te, PCBs, Actinides radiation protection standards, |
Envi DOE Orders, and non-reguiatory
nvironmental Pumping Stations Metal Equipment Exterior guidance. As site-and waste-
Stewardship U, Oil, Tc, PCBs, Actinides specific characteristics are pro-

vided for each technology, spe-
cific regulatary requirements will
be specified.

Ramoy
(fixed {

~g Surfac
(transh
contan
Decommissioning
(D&D)
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s 00,0550,

= Thermal Substrate Surface ———p Plasma Surface Cleaning ———3» Pre-demonstration

Removal

(fixed and transferrable
contamination)

(cont.)

» Surface Cleaning
(transferrable
contamination)

—

=

DCON-75-0G

High Pressure Watel e
DCON-52-0G

Sponge Blasting

Plasma surface cleaning by
glow discharges is common-
ly and effectively utilized for
cleaning high bonding ener-
gy contaminants from sur-
faces of metals prior to the
operation of fusion devices.
Technology is expected to
be effective for removing
deposits from listed sub-
strates, but whether the plas-
ma can follow irregular
shapes is uncertain. Wastes
would be the vaporized
deposits plus filters and
HEPA filters from the collec-
tion system.

Accepted

High pressure water blasting
has been used very success-
fully to decontaminate vari-
ous large and complex sur-
faces at nuclear power
plants, Technique is expect-
ed to be effective with a DF
of about 50 for ioosely adher-
ing contamination. DFs will
be higher if chemical cleaning
agents are also used.
Technique is expected to be
ineffective for fixed contami-
nation. Waste is 4 to >100
gpm of contaminated waste
water.

Popry

DCON-58-0G

A
Although the technology is
relatively new, it is currently
being used by, at least two
sitas, including a nuclear
power plant. Extensive data
on decontamination factors
are not available, but the
aggressive sponges, which
are impregnated with abra-
sives, may be effective for
the listed contaminants and
substrates. Wastes consist of
about 0.01 13 if blasting
media and removed contami-
nants per ft2 of area deconta-
minated plus any liquid clean-
ing agents that may have
been added.

e '

—pp» Science - Data on cleaning

—

rates for contaminants and
substrates of interest are
needed.

Development - The capabili-
ty of plasma generation and
cleaning on surtaces of typi-
cal contaminated metals and
equipment with farge surface
areas needs to be estab-
lished.

Development - To minimize
waste generation, a water
treatrment system is needed
for decontamination of the
wastewater so that the water
can be reused.

Improvement - Remote oper-
ation will necessitate the
adaptation of the high pres-
sure water and vacuum col-
lection systems to robotic
system control.

Development - To minimize
waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be recycled and reused
in the sponge biasting opera-
tion.

—pp= A collection system with
appropriate filters for the
vaporized deposits would be
needed to use this technolo-
gy. An electric power supply
would be needed.
Development cost. About
$4M
Capital cost: $500K-$1000K
Operating cost: $0.50-
$2.00/12

—~p» Normal implementation
needs.
Development cost:
Water treatment system:
about $1.2M
Remote operation: $3-4M
Capital cost: $50K-$75K
(about $250K with remote
operation)
Operating cost: $0.03-
$1.00/1t2

Capi.vi Cost:

Spor:ye blasting system:
About $20K (with blasting
media, wash unit)

Glove box: <§50K

Werk room: About $250K
Ciierating cost: About $2/#2

2/26/83
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Refer to Volume1, Chapter 10, ——p» Deconlamination em————— g Surface Cleanln{
for potentially applicable pro- (transferrable
posed and promulgated environ- contamination) |
mental laws, signed and pend- (cont.) ‘
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requiremnents witt
be specitied.
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(transferrable
contamination)
(cont.)
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el Hot Water

pueseenle- Stoam

Technologies "

€O,
DCON-51-0G

g Suparheated Water ———— o

DCON-53-0G

DCON-54-0G

DCON-55-0G

fa

27 Status

Demonstration

This technology is commer-
cially available. It has been
used at nuclear reactor sites
to decontaminate hand tools
and some equipment. The
efficacy of this technology for
removing the listed contami-
nants fram the listed sub-
strates has not been demon-
strated. Wastes would be
HEPA fitters filled with the
removed contaminants.

Accopted

Technology is available and
has been used by indug.!ry.
Technology should be effec-
tive except for fixed insoluble
contamination. Waste will be
0.4 to 2.0 gpm wastewater
containing removed contami-
nants.

Accepted

Flushing with hot water is
often used following scrub-
bing. The technique is not
effective on fixed insoluble
contamination. The waste
generated is the contaminat-
ad water from the filushing
oparation.

———— e ACCOptOd

The technique has proven
useful, especially on com-
plex shapes and large sur-
faces. Technology should be
effective except for fixed
insoluble contamination.
Waste will be 0.4 to 2.0 gpm
wastewater containing
removed contaminants.

‘| sciencer T‘ec‘hnolbégy Needs

— Development -

—p

Demonstration of the effica-
cy of this technology for the
listed contaminants and sub-
strates

Development - To minimize —

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

Improvement - Remote oper-
ation will necessitate the
adaptation of the superheat-
ed and vacuum collection
systems to robotic system
control.

= Improvement - To minimize

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

— Development - To minimize

waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be reusad.

Improvement - Remote oper-
ation will necessitate the
adaptation of the steam and
vacuum collection systems
to robotic system control.

- Implementation Needs

——p» Design and construction of a

vacuum waste-handling sys-
tem with HEPA filters to han-
die the vaporized CO, con-

taining the removed contami-
nants are needed to use this
technology. A vacuum col-
lection system with well
designed nozzles might per-
mit In situ decontamination
of assembled equipment and
structures. .
Development costs: $750-
$3000K

Capital cost:

COg system: About $200K

Operating cost: $0.50-
$1om?

Normal implementation
needs.

Development cost:

Water treatment system:
about $1.2M

Remote operation: $3-4M
Capital cost: About $175K
(about $250K with remote
operation)

Operating cost: $0.03-
$1.00ft2

—P= A walter treatment system is

needed to minimize liquid
wastes from this technology.
Development cost: About
$1.2M

Capital cost: <$5K

Operating cost: <S$1m2

—3-Normal implementation

needs.

Development cost:

Water treatment system:
about $1.2M

Remote operation: $3-4M
Capital cost: $50K-$75K

(about $250K with remote
operation)
Operating cost:
$0.03-$1.00ft2
2/26/93
2-23

IR N peopoe e
‘ I Iv?'x

nor g



IRyl VH_HA~ i

R

*Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

s EM Problem '

Decommissioning

Soils, Groundwater
and Surface Water
(RA)

Waste Management

v

: K,—25 Site Problem R

P_roplém Area/éons_mukems'

j
|
|

Technology Loj

Reference Requirements .

Decontamin
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Enrichment Process Building —» Sheet Metal ————p Relarto Volume1, Chapler 10, ——pw- Decontamination g, Surhi

Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facilities

Special Development
Facllities

Administrative Facilities

Cooling Towers

Metal Exterior Surfaces
Qil, PCBs, U, Tc, Actinides

Structural Steel

U, Oil, Tc, PCBs, Actinides
Metal Equipment Exterior
U, Oil, Tc, PCBs, Actinides

Copper
oil

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agresmaents for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characterigtics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

(trans!
contai
(cont'¢
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—g» Surface Cleaning e,
(transterrable
contamination)

{cont'd)

Brushing
DCON-56857-0G

—

Hot Air
DCON-59-0G

l—pp- Dry Heat (Roastingj————e——pp
DCON-60-0G

——pSoivent washing =———————=iin-

DCON-61862-0G

)L
-

T

1

Accepted —_—
Manual brushing has been

used to remove loose conta-
mination for years.

Demonstration - Remote
power brushing was used to
clean the interior of plutoni-
um-contaminated pipe at
Rocky Flats to shiny metal.

Since most of the listed cont-
aminants are not expected to
be in loose form, brushing is
not expected to be effective.
Wastes consist of HEPA fil-
ters an the vacuum cleaner
used to pick up the removed
contaminants.

Evolving Tachnology
Conceptual - Alr stripping
technology is well known for
removing volatiles from liq-
uids, but there is no known
use of this technology to
decontaminate metals. The
tachnology may be effective
in removing oll, PCBs, and
perhaps Tc, but probably
none of the ather listed cont-
aminants from the listed sub-
strates., Wastes wouid be
spent chemicals from gas
treatment system containing
any removed contaminants.

Demonstration

Although dry heat (roasting)
is an accepted industrial
process, its efficacy for
removing oil and PCBs from
the listed substrates needs
to be demonstrated.
Technology has a moderate
probability of success for oil
and PCBs, some probability
of success for Tc, and littie
chance of success for the
other contaminants. Waste
would be removed oils and
PCBs (and, possibly Tc).
(Qils might be combusted.)

Evolving Technology —
Conceptual - Solvent
degraeasing was used suc-
cassfully at K-25, but its use
was stopped to avoid expos-
ing workers and the environ-
ment to the hazardous sol-
vants. The effectiveness of
less hazardous solvents
would have to be demon-
strated. Wastes would be the
solvents containing any
removed contaminans.

Development - A test to
demonstrate that this tech-
nique will work is needed
before a large capital invest-
ment is made for a power
brushing system at K-25.

Development - Effective
removal of the listed contam-
inants from metals should be
demonstrated; an effective
off-gas treatment system
needs to be designed and
tested.

Development -
Demanstration of the effica-
cy of the process; develop-
ment and demonstration of
an off-gas treatment system.

Development - £olvents that
are less damaging to the
environment need to be
identified and their effective-
ness demonstrated.

—pp- Normal implementation

needs.

Manual brushing

Capital costs: <§10K
Operating costs: >$1/t?
Power system
Development costs: $200K-
$1000K

Capitai costs: Abgut $50K
($250K with remote opera-
tion)

Operating cost: >>$10/t2

—p= An off-gas collection and

treatment system is needed
for this technology. .
Development costs: $1-5M
Capital cost: Abaut $209K
Operating cost: $2-20M -

—p» An 0ff-gas coliection and

treatment system would be
needed to use this technolo-
gay.

Development cost: $1-4M
Capital cost: About $250K
with collection and treatment
system

Operating cost: $2-20/t2

~—- Requires removal and disas-

sembly of contaminated
equipment and size reduc-
tion to roughly 2 tons/plece
for processing. Spent sol-
vents wouki have to be
“bumed” at the TSCA incin-
erator,

Develorment costs: $1-4.5M
Capital cost:; About $400K
Operating cost: About
$0.017b

2-24
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Reter to Volume1, Chapter 10, ——pm- Decontamination
for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

g Surface Clean|
(transferrable :
contamination)
(cont'd)

1+ Metal Refining

(fixed and trar
contamination
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—~—i Surface Cleaning —m———ymemmaip-Strippable Coatings ——-——» Accepted ~—p None ——p» Normal implementation
(transferrable DCON-63-0G Technology has been used requirements.
contamination) for decontamination applica-

(cont'd) tions involving hazardous Capital cost: <§10K

and radioactive contami- Operating cost: $1.00-
nants. Decontamination fac- $1.40/1t2
tors of one to several hun-
dred can be expected with
two applications. Waste is a
solid polymer (1mm x sur-
face area decontaminated)
containing the removed cont-
aminants. '

bmamei \/acUUMING Accepted None Normal implementation

DCON-64-0G Vacuumn cleaners have long needs.

been used to clean up loose Capital cost: <$10K
contamination of the GDPs. .
Since the listed contami- Operating cost: <$1/1?
nants may be in loose form,
this technique could be
effective in cleaning exterior
equipment surfaces, struc-
tural steel, etc. The waste is
prefitters and HEPA filters
filled with the contaminants
and other materials that are
removed by the vacuum.

L5 Ultrasonic Cleaning Accepted Development - Definition of Requires removal, disas-

DCON-66-0G Ultrasonic cleaning has been acceptable cleaning liquids sembly, and size reduction

used for may years in the which (1) are not hazardous, of contaminated equipment,
private sector and in govem- (2) can be separated from
ment installations for remov- the contaminants, and (3) Development cost: $1M
ing surface contamination can be reused to minimize
from relatively small metal secondary wastes. Capital cost: $10K-$100K
parts which can fit into an Improvement - More aggres-
ultrasonic bath. W - ites sive cleaning action. Operating cost:
would be spent ultrasenic $2-8$10/2 or more
baths containing any
removed contaminants.

|—3» Metal Refining gl St Purification  ————————jp Démonstration Science - Demonstrate flux- ——pw Requires remaval, disas-
(fixed and transferrable DCON-31-0G Perfarmed by many investi- ing agent for removing Tc. sembly, and size reduction
contamination) gators on a lab scale and by of equipment. Partial decont-

some on a large scale, U Development - Demanstrate amination by another tech-

removed to 0.01-4ppm. Tc is Tc removal on a larger scale. nique may be needed before

not removed. Wastes are smelting. Standard induction

slags, scrubber solutions, or arc furnace with ofl-gas

chemical trap materials, and treatment system i needed.

HEPA filters. De minimus limits are need-
ed to release the matarial.
Devalopment cost: $3-5M
Operating plus capital cost is
about $1/b.

’ v —
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Reference Requirements

Refer to Volume1, Chapter 10, ——p». Decontamination

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be spacified.

Technology Lo

Decontamin

Subelements

)

—gw- Motal
(fixed
contal
(cont.,

(fixed

g Chem’

contas,

"



-ogic Diagram

- Chemical Gels

—3% Demonstration

Gel is g carrier of chemical
decontamination agents, not
an agent {tself. Expected to
be effective only for smear-
able contamination. Wastes
would be carboxymethyicel-
lulose getling agent, alu-
minum nitrate chelating
agent, wash water, acidic
chemical agent (possibly
nitric-hydrofiuoric-oxalic
acid), and the remaved cont-
aminants. Wastes are report-
edly 4-5 times less com-
pared to chemical solutions.

I R K

adequate control of bubble
dimensions and volume
swell factor.

Development: Complex gel
tormulation with a number of
compounds may be
required. Depending on its
objective, laboratory opti-
mization will be necessary.

'} Cam ' IR

L] a
amination
. - Alternatives Technologies Y Status - | Science/. Technology. Needs | Implementation Needs
- Metal Refining e Electrorefining ~——————————g» Pre-demonstration Development - Demonstrate —pm- Smeiter is needed to cast

(tixed and transterrable Not demonstrated on a large techniques to (1) prevent Tc anodes.

contamination) scale for the decontamina- from plating out with Ni and Development cost: About

(cont.) tion of radioactive materials. Al; (2) reduce U contamina- $3M
Tc plates out on the cathode. tion in refined Al; and (3) Capital cost: About $200M
Technology Is likely to ba recycle electroljte solutions. (10M Ib/yr capacity)
effective for the listed conta- Ogarating cost: About $6Ab
minanis and substrates.
Waste would be solid mixed
waste from assurmed treat-
ment of electrolyte solutions
for recycle.

e LeACh/BlECIIOWINNING e Pm—domonstnﬂop Development - Demonstrate —-B» A de minimus standard is
The method is similar to techniques to recycle the needed to permit sale of the
electrorefining except the electrolytic solutians. purified metal.
metal is first dissolved into Development costs: About
solution rather than formed $500K '
into anodes. Although this i . $200M
process is a well established m";la%s v (1M
coimmercial prceess for pro- ; .
ducing nickel from ore, it has Operating cost: $2.831b
not been demonstrated on a
large scale for purifying met-
als contaminated with
radioactivity. SEG has puri-
fied nickel to <1 Bg/g of Tc
on a small scale. The Tc
must be removed from the
electrolytic solutions by ion
exchange or some other
method. Recycle of alec-
trolytic solutions v dl result in
a solid mixed wr.ste bearing
the contamina’ s and fraces
of the purified metal amount-
ing to roughly 2% by weight
of the metal purified.
-~ Chemical Surface Cleaning uge Chemical Foams Demonstration i N .

(fixed and transferrable Eflectiveness for listed cont. ™ bogrcr /L Beamebia Normal mplamentation

contamination) a";";:";s ::d 5“25";‘:5 has dimensions and volume '
nol n demonstrated. i .
Wastes would be contamk- swell factor is needed. Development cost: $1-4M
nated sulfonated detergents, Development-Demonstration Capital cost: K
synthetic wetting agents, and of effective in situ decontam- apial cost: <350
coupiing agents. ination of listed contaminants Operating cost:

on listed substrates with $0.50-$2.00/12

= Normal implementation

needs:
Development cost: $1-4M
Capital cost: <$50K

Operating cost:
$0.50-$2.00M2

2-28
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© ‘EM Problem .-

K

Administrative Facilities

Cooling Towers

Decominissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

-25 Site Problem | Problem A'reé/Consti:tu'en'l's'ﬁ _
—P  Enrichment Process = Sheel Metal —
Building Metal Exterior Surfaces
Oil, PCBs, U, Tc, Actinides
Process Support Building
Stryctural Steel
Electrical and Electrical U, Oil, Tc, PCBs, Actinides
Switch Gear
Metat Equipment Exterior
Pumping Stations U, Oil, Tc, PCBs, Actinides
Laboratory Facilities COZQDRQ[
il
Special Development
Facilities

Technology Logi

Decontaminati

Reference Requirements’

Refer to Volumet, Chapter 10, ——3 Decontamination

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

]
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e A‘Ife'rnati‘ves,

= Chemical Surface Cleaning
(fixed and transferrable
contamination)
(cont'd)

[B
'

Tec h;iolpgie's_

pewei- Organic Acid Treatments — ———jgs
DCON-10-0G

=== |norganic Acid Treatments
DCON-12-0G

—_—

* Flucboric Acid Treatment —jp»
DCON-11-0G

"Siatus__ :

Demonstration

The BMFL citric acid deconta-
mination process is currently
used by BNFL at the
Capenhurst gaseous ditfu-
sion plant for large scale,
successful decontamination
of wrought aluminum. DF of
300 for U alpha and 40 for Te
beta are reported (11.1 Bg/g
alpha, 0.04 Bg/g beta). A cit-
ric acid process followed by a
sulfuric acid process is used.
Wastes include citric and sul-
turic acids contalning urani-
um and other metal ions and
ion exchange media contain-
ing the metals. Uranium is
difficult to precipitate.

Accepted

Decontamination with nitric
acid has been used for
cleaning converters and
other large items at K-25 for
many years. Sulturic acid is
used less often, notably to
dissolve nickel plating prior
to removing contaminants at
the nickel-steel intertace.
The inorganic acids are con-
centrated, with concurrent
corrosion. DFs are in the 100
range. Wastes consist of
large quantities of corrosive
wastes contalning the
removed contaminants and
require treatment and dis-
posal as mixed waste.

Demonstration

The technology was specifi-
cally designed for D&D
(Chernaby! application) and
is likely to be highty effective
on most metal and metallic
oxide surfaces. it removes
the outer layer in a controlled
and effective manner. The
acid can be electrolytically
regenerated and recycled
with radioactive waste plated
out at the cathode and solidi-
fied in cement, Final quantity
of cement-solidified waste is
20-50 grams/m? of deconta-
mination surface. Other
waste treatment options are
possible.

\

| Science/ Technology Neéds

——p» Development: Development

is needed on a pilot plant
scale for waste treatments
(ion exchange columns) to
verify that we can meet our
regulatory requirements and
to evaluate the eftectiveness
on the metals used by
American gaseous diffusion
plants, which differ from the
British plants.

Implementation Needs

'

-~ Waste treatment plant.

Davelopment cost: $400-
1000K (Rough estimate}

Capital cost: $4-10 mitllon
(Rough estimate)

Operating cost: ~$300/metric
ton (BNFL Estimate)

Existing facilities at K-25
may possibly be adapted to
this process .

Develcpment- Necessary to  ——pw Normal implementation

adapt modifications to the
system (scrubbers, filters,
treatment for nitrates and
heavy metals) in order to
meet regulatory require-
ments.
Science/Development-
Possible development of the
HNOJ/HF decontamination
method, with or without
ultrasonic agitation.

Development: Although the
method has seen application
at Chernoby! with good
results, development work is
needed to test applicability to
USGDP equipment.

needs.

Development cost: $400-
1000K (Rough estimate)
Capital cost: <$4-10 million
(Rough estimate)

Although existing facilities
may be adaptable to the acid
cleaning process, a treat-
ment facility for corrosive
nitrate wastes will be
required.

Operating cost: Similar to
the other organic and inor-
ganic treatment systems.

—p Normal implementation
needs.

Development cost: $400-
1000K (Rough estimate)

Capital cost: $800K (1990
estimate for equipment only
for 5T/day capacity of metal)
$4-10 million (Rough estimate
including engineering and
facilities)

Operating cost: ~$300/metric
ton

2r26/93
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" EM Problem

Decommissioning

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Building Metal Exterior Surfaces

Oil, PCBs, U, Tc, Actinides
Process Support Building

ructyr

Electrical and Electrical U, Oil, Tc, PCBs, Actinides
Switch Gear

Metal Equipment Exterior
Pumping Stations U, Oil, Tc, PCBs, Actinides
Laboratory Facllities Copper

Qil
Special Davelopment
Facilities

Administrative Facilitieo

Cooling Towers

e TR o o | i ' '

- | Problem Aréa/Constituents’

Technology Lot

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specitic characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

~ Reference Requirements .-

" Subelements "

———p Raefer to Volume1, Chapter 10, ——pm Decontamination

Decontamin

—p»- Chen,
(tixed
conte
(cont’
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i Al‘ter_rié'tivés. .

» Chemical Surface Cleaning
(tixed and transferrable
contamination)

(cont'd)

DCON-13-0G

DCON-15-0OG

DCON-14-0OG

pouemniie- £ |eCtropolishing

;Technologies :

- Caustic Treatments  eee——eemiin-

" Status”

Accepted

Decontamination of surface
smearable contamination
using caustic chemicals
(principally soap and water)
has been used at K-25 for
many years. Since many of
the listed contaminants are
expected to be fixed, caustic
scrubbing is expected to only
partially decontaminate the
contaminated surtaces.
Wastes would consist of
used caustic solution con-
taining the removed
contaminants.

F— REDOX Treatments ——————3»

P D

tration
Etectropolishing is widely
used to remove radioactive
cortaminants from metal
surfaces but has not been
demonstrated at the
USGDPs. The method is
very likely to be successful,
since it results in removing a
small depth of the surface.
Acidic solutions will be gen-
erated which must be recy-
cled, perhaps by ion
exchange methods.

Demonstration - REDOX
treatments include Citrox (a
mixture of oxalic and citric
acids), low oxidation-state
metal ion process, and ceri-
um solutions in acid.
REDOX treatments have
been demonstrated for
nuclear power plant deconta-
mination, but not for the con-
taminants of interest. DFs of
10-100 can be expected
based on experience in
nuclear power plants. With
recycie, waste is spent lon
exchange media containing
removed contaminarts.

With neutralization and
evaporation, waste is a solid
mixed waste containing the
remaved contaminants and
chemicals from the REDOX
reagents.

i e

| Science/ Technology Needs

—pp None

«—p Development: Some devel-

opment work is required to
apply the method to USGDP
applications, and to recycle
electrolytic solutions

Deveiopment - Al REDOX
techniques will require
bench-scale testing and
small-scale demonstrations
to determine their usefuiness
for decontamination of
gaseous diffusion equip-
ment.

[IERTT e g

"~ Implementation Needs_',‘ :

——p» A waste treatment plant is

—l

needed to treat the waste-
water resulting from the
decontamination operation.
Capital cost: <$10K
Operating cost: >$1/M2

Normal implementation
needs.

Development cost: $400-
1000K (Rough estimate)

Capital cost: not avallable
(can be constructed in mod-
ules easily)

Operating cost: more expen-
sive than most other meth-
ods since items must be
subjected to electric current.

—3» A systemm for treating the

REDOX reagents to permit
recycling these reagents will
be neeZed to use this tech-
nolorjy.

Devalopment costs; $2.5-
$5.0M

Capital costs: >$1M

Operating cost: $0.10-§1/42

2-28
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Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

K-25 Site Problem

Enrichment Process ~————3 Sheet Meta) —

Building
Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
Laboratory Facilities

Special Development
Facilities

Administrative Facilities

Cooling Towers

] o e

‘ Prpblém Aréa/Constituents.

Metal Exterior Surfaces
Qil, PCBs, U, Tc, Actinides
Structural Steel

U, Oil, Te, PCBs, Actinides
U, Oil, Tc, PCBs, Actinides

Copper
Oil

T} n e o

~Reference Requirements

Technology Logid

Decontaminatio

Subélgnient's .

Refer to Volumet, Chapter 10, ——» Decontamination  —————————r—pm Chemical Surfac

for potentially applicable pro-
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Ordars, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements wil
be specified.

[} o

(fixed and trans{
contamination)
(cont'd)
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» C‘hemica! Surface Cleaning ~1 —¥ Biological — e
(tixed and transferrable DCON-17-0G
contamination)
(cont'd)
peao- L3567 Activated Chemistry ————jps
DCON-18-0G
3 UV/Ozone —
DCON-19-0G
2 Bulk Decontamination *Ca\atyﬁc Extraction Process ——i
Methods DCON-6-0G

(N Moo o Cooam

Status’

Evolving Technology
Pre-conceptual - The knowl-
edge base exists tor biologi-
cal treatments of various
contaminants; however,
there is no data base tor
application of the technology
for surface decontamination.
This technology is quite like-
ly to be successtul for oil and
PCBs. It 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-
taminated layer of microbes
removed from the treated
surface.

Evolving Technology
Acceleration of reaction
rates for selected reactions
is proven. Small scale decon
has been demonstrated.
Waste would be prefilters
and HEPA filters filled with
removed contaminants.

-

Pre-demonstration

This method has been used
by the semiconductor indus-
try to decompose organic
contaminant molecules to
volatiie molecules, such as
CO2, H20, N2. Only conta-
minants that will dissociate
and react with atomic oxy-
gen to form volatile mole-
cules are removed.

Pre-demonstration

Has not been used to smeit
scrap bearing radioactivity.
Likely to reduce mild steel to
0.01-4ppm U. Tcis not
removed. Wastes would be
about 50 Ib of slag contain-
ing removed contamination
per ton of scrap metal
processed plus contaminat-
ed scrubber solution or
chemical trapping materiais.

(A ' RN

—

~——p» Science - Literature study
and bench-scale tests of
microbes on U, Tc, actinides,
and chromates.
Development - Develop
methods for applying a layer
of microbes, supplying need-
ed nutrients, and removing
the microbe layer from the
decontaminated item.

e Development -
Demonstration of vacuum
systems capable of collect-
ing removed contaminarts.

Science: Using commercial
UV/ozone hardware, labora-

tary scale experiments should

be conducted to establish
cleaning rates on removing
organic comtaminants from
different substrates and to
develop necessary tech-
niques to handle the waste
generated. Subsequently, the
equipment should be devel-
oped with a capability of per-
forming robotic, remote, and
automatic operation with
computer control.

Science - Method for remov-
ing Tc.

Development - Demonstrate
Tc removal.

T g [ A N TR

Science/ Technology Needs

Implementation Needs

~—» Facilities for cultivating the

bacteria and disposing of the

bacterial sludge would be

needed.

Development cost:
$300K-$600K

Capital cost:
About $200,000

Operating cost:
$0.10-$3.00+/M2

-—3» Normal implementation
needs.
Deveilopment costs: $2M +
Capital cost:
$1-10M/machine
Operating cost: Unknown

—3» Normal implementation
needs.

Development cost:
~$1 million ($200K
equipment, $800K staff)

Demonstration activitias:
~$2 million ($500K
equipment, $1.5 million
staff)

Capital cost: Potentially much
of the equipment used in the
demonstration could be used
in the production phase.
Uncertain additional capital
costs.

Operating cost; ~§1/1t2 (rough
estimate)

—= “Off-the-shelf” induction or

gas furnace with off-gas
treatment.

Development cost; $3-5M
Capital cost: About $16M
Operating cost: $0.93/b

2/26/93
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Technology Lo

Decontamir

N

Refeience R‘equré'mérits E : .Subele'rh'ents

Refer to Volume1, Chapter 10, Decontamination :
for potentially applicable pro- Surfe
posed and promulgated environ-
mental laws, signed and pend-
Ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific charactaristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.
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| Alternatives " 'Technologies =

©Status .’

— Mechanical Substrate —» Ultra High-Pressure Water ——.pm Accepted

Surface Removal DCON-35-0G Technology has been used
by industry. Should work on
concrete at GDPs. Unless a
recycle system is developed,
waste would be 3 - 5 gal
water per {2 concrete

cleaned containing ~0.01 ft3
concrete residue plus the
contaminants removed.

* Shot Blasting (using iron ———g» Accepted

shot) Commerclal iron shot blasters

DCON-36-0G are in use at the K-25 site,
They are generally ettective
but leave some hot spots.
Waste is ~0.01 #t® removed
cancrete (1/16" cut) contain-
ing removed contaminants
plus 0.05lb spent shot per ft2
of concrete decontaminated.

Mechanical Scabblers » Accepted
' DCON-37-0G Mechanical scabblers are

used for concrete decontami-
nation at ORGDP and eise-
where. They are generally
eftective, but leave some hot
spots. Waste is ~0.01 ft3
removed concrete (1/16" cut)

containing remaved contami-
nants per ft2 of concrete
decontaminated
» Grit Blasting (using sand, ———pw Accepted
glass beads, metallic beads, Has been used successtully

etc.) for many applications n the

DCON-38-0G nuclear industry. Tecnnology
is generaily effective. Waste
is ~0.01 ft? removed concrets
(1/16" cut) containing
removed contaminants per ft2
of concrete decontaminated

. plus spent grit.

» Centrifuge Cryogenic CO, ——
Blasting

Predemonsiration
Centrifuge peliet acoeleration
DCON-39-0G

hasg been demonstrated in the
DOE fusion energy program.
Technology is likely success-
ful with essentially infinite
dacontamination factors.
Waste would be fitters and
HEPA fiiters filled with
removed concreta dust and
contaminents.

I

- o |co Blasting
’ DCON-40-0G
tor: for this application neads
B deimonstration at K-25. Waste
- would be about 14 to 18 gal-
lons per hour waste water
containing removed comtami-
nants,

0 O PP 0 A O 0O 10 R AROE

| Science/ Technology Needs

p Development- To minimize
waste generation, a system is

needed to treat the water so
that it can be recycled.
Improvement: Automation

Improvement- Automation

Improvement- automation,
especially for walls and ceil-
ings.

—p» Davelopment-Demanstration

of mobile system with high-
velocity pellets delivered at a
sufficient rate and adequate
collection of removed conta-
minants.

Development-
automation/robotics, espe-
cially for walls, comers, etc.

» Impl'emer,‘\'tatio,n Needs

— Normal implementation

needs.

Development Cost: $1300K
Capital cost: ~$500K
Operating cost: ~$1+/12

—»= Normal implementation

needs

Development cost. None
Capital cost: ~$50K
Cperating cost: ~$0.03M2

> Improve ment - Automation = Normal implementation

needs

Deveiopment cost: None
Capital cost: ~$500K
Operating cost: < $1/t2
(More than shot blasting)

—»= Normal iImplementation

needs

Development cost: None
Capital cost: ~$500K
Operating cost; $1/Mt2

- Normal implementation

needs pius oxygen-depletion
precautions.

Development cost: ~$3.4M
Capital cost: ~$200K
Operating cost: $0.07 -
$0.75/M2 (200 - 2000 f12/Mr)

= Normal implementation
needs.

Capltal cost: $100K-§1M
Qperating cost: <$1/A?

2-30
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Logic Diagram

tamination

{cont.)

. Alternatives™; '

|~ Plastic Peliet Blasting
DCON-42-0G

DCON-43&44-0G

* Concrete Milling

DCON-47-0G

> Explosive
DCON-48-0G

‘Technologies

——3» Mechanical Substrate ——-’Supercritical COz2Blasting
Surface Removal DCON-41-0G

- ‘Status

Predemonstration

Likely to be effective with
nearly infinite decontamina-
tion factors. Waste would be
removed concrate and conta-
minants contained in a
cyclone and a HEPA fiiter.

—>

Accepted

Plastic pellet blasting is a
widely used alternate to sand
blasting for applications in
which it Is desired 1o impart
minimal damage to the sub-
strate. Technology should
remove smearable, but not
fixed contamination from con-
crete. Waste would be spent
plastic pellets plus removed
contamination.

»Grinding. Honing, Scraping g Accepted

Hand grinders have been
successfully used for small-
scale decontamination ai K-
25. Technology is successful.
Waste is removed concrete
plus contaminants and spent
emery paper or dust.

~——3» Conceptual
Concrete milling equipment is
commercially avaitable and
used on roads, but no refer-
ences to its use for deconta-
mination have been found. It
is only suitable tor use on
large horizontal surfaces.
Waste would be removed
concrete (6-25mm) and cont-
aminants.

—p» Demonstration
Explosive scrabbling has
been used at nuctear reac-
tors, but has not been
demonstrated on the build-
ings at K-25. Technology is
expecied to be successfut.
Waste would be rubble from
removing 3-4" concrete plus
removed contaminants.

Development - Investigate
the effect of operating para-
meters on removal rates and
removal and collection etfi-
ciencies for contaminants.
Demonstrate efficacy for con-
taminants of interest

Development: Develop and
demonstrate system for pro-
cessing waste.

Improvement - Minimize blast
media erosion to minimize
waste; autornation/robotics,
especially for walls, etc.;
improve containment of
waste and removed contarni-
nants.

» Improvement - A remotelly )
operated system for minimiz-
ing worker exposure with a
vacuum system for minimiz-
ing spread of contamination
should be developed.

Science/ Technology Néeqs,

-“Implementation Needs .

—p Normai implementation

needs plus oxygen depletion
precautions.

Development costs: $1-4M
Capital cost: $500K - $1000K
Operating cost: $1+/t2

A system for processing
waste to an acceptable form
is needed.

Development cost: $6.5M+
Capital cost: ~$50K
Operating cost: $0.20 -
$2.15/t2

—~g-Normal implementation

needs.

Developm.nt cost:

Vacuum system: $200-1000K
Remote operation: $1-4M
Capital Cost: $150 (350-500K
with vacuum system and
remote operation)

Operating Cost: ~$0.50/2

~— Development - The technolo- —-Normal implementation

gy to remotely operate the
equipment is needed.

» Development - Safety con-
cerns need to be resolved.
Better containment of dust
and better assurance of pre-
vention of structural damage
to the building is needed.
improvement - Better meth-
ods of applying the explo-
sives and more uniform deto-
nations that remove less con-
crete are needed.

needs.

Development cost: $3-5M
Capital cost: $50K-$363K
Operating cost: $0.02 -
$0.14/ft2

—» A certified blasting technician

and covers to contain the
dust will be needed along
with an air evacuation system
with filters

Development cost: $1-4M
Capital cost: <$50K
Operating cost: About $5/ft2
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Referenceé Requirements ', Subelements
Refer to Volume1, Chapter 10, ———» Decontamination
for potuntially applicable pro-

posed and promuigated environ-

mental laws, signed and pend-

ing agreements for the ORR,

radiation protection standards,

DOE Orders, and non-regulatory

guidance. As site-and waste-

specific characteristics are pro-

vided for each technology, spe-

cific regulatory requirements will

be specified.
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Alternatives

3 Statusu'

oe et ,

» Thermal Substrate Surface Microwave Scrubbing  ———-p» Predemonatration ~—pp Development - The develop- ___g. Normal implementation
Removal DCON-71-0G in FY 91 ORNL demanstrated ment and testing of a mobile needs.
reliable removal of nonconta- prototype microwave con- Development cost: $2.5M
minated concrete surtaces crete removal machine needs Capital cost: About $250K
using a stationary microwave to be completed. Operating cost: $0.01-
device. A mobile device is $0.73M2

under development. Since
microwave scrabbling
removes the contaminated
cancrete surface, the decont-
amination efficiency should
be essentially 100% untess
the contamination has dif- '
fused deep into the concrete.
The waste generated is con-
crete rubble with particle
diameters tying primarily In
the range of 1 to 10 mm plus
the contaminants. For a
removal depth of 10 mm,
0.03 3 of concrete rubble is

generated per fi2 of concrete
decontaminated.
= gge Plasma Torch  cee—e——eegpe  Evolving Toachnology — Science - Laboratory tests ——»- Normal implementation
DCON-72-0G Conceptual - Plasma tarches are needed to evaluate the needs.
exist commercially to weid efficacy of vaporizing or Davelopment cost: About
and cut materials that have decomposing organics, deter- $3M
very high meiting tempera- mine the decomposition reac- Capital cost: About $200K
tures or require an inert tion by-products, and suitable Operating cost: $0.01-
atmosphere. Its efficacy in trapping materials. $1.00/t2
removing various organic Laboratory tests of thermal
contaminants or to spall off stress-induced spalling of
- \ayers of contaminated con- concrete are also needed.
crete has not been investigat- Computer modeling of plas-
ed. Wastes would consist of ma-surface interactions and
materials used to trap reac- heat transfer in concrete are
tion products from the needed.
decomposition of organics Development - Plasma torch-
and spalled concrete with es having geometries and
contaminants. conditions suitable for decon-
tamination need to be devel-
oped along with suitable col-
lection and gas treatment
systems.

hwwmaip- Flashlamp Cleaning  ————gu Evolving Technology ——p- Science - Existing flashlamps __gm. A vacuum collection system

DCON-77-0G Conceptual - Flashiamp sys- should be tested on a small would be needed to use this
terns are being usad to clean scale for remaving ths listed technology.
organic contamination from contaminants from concrete. Development cost: $1-4M
artwork, ship hulis, and pre- Development - A moderate- Capital cost: $100K-$150K
clous metails. Hanford scaie demonstration of flash- Operating cost: <§1 "
Wastinghouse is conducting lamp decontamination of con- )
laboratory tests of xenon crete with the assoclated vac-
flashiamp systems for remov- uum collection system is
Ing radionuciide contaming- needed.
tion. Efficacy for isted conta-
minants an concrets is
unknown. Wastes wouid be
= ondy the contaminants
o removed from the concrete
cortained in pre-filters and
HEPA fiters.
] 2/26/93
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o EM Goa’ls-; -

+ Cleanup Legacy

* Prevent Future
Insult

» Develop
Environmental
Stewardship

. K-25 Site ‘Problem . -

R

;;_EM Pfoble,hi I

Decormmissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Enrichment Process Building —» Concrete
v

Process Support Building Te
Actinides

Pumping Stations Chromate
Qil

Laboratory Facilities PCB

Special Development

Facilities

Administrative Facllities

Cooling Towers

‘| Probtem 'Areé/Constitlué’nts Réteréhce;ﬁéquirements‘

Refer to Volumet, Chapter 10, —» Decontamination

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Technology Log

Decontaminati

R Sub’el_'efnéhis,;

g Stirface Cle




lLogic Diagram
.tamination

T Status

e

- ——pSurface Cleaning

pemalp-  High-Pressure Voin:
DCON-52-00

— g Accepted
High pressure water blasting
has been used very succees-
fully to decentaminate various
large and compiex surfaces
at nuclear power plants.
Technique is expected to be
effective with a DF of about
50 for loosely adhering conta-
mination on concrete. DFs
will be higher if chemical
cleaning agents are aiso
used. Techniqgue is expected
to be ineffective for fixed con-
tamination en concrete.
Waste is 4 to >100 gpm of
contaminated waste water.

g Superheated Water
DCON-53-0G

Accepted - Technology is
available and has been used
by industry. Technology
should be effective except for
fixed insoluble contamination
of contamination that has
soaked into the concrete. On
finished concrete, technology
may drive contaminants
deeper into substrate. Waste
will be 0.4 to 2.0 gpm waste-
water containing removed
contaminants.

— 3 Accepted
Flushing with hot water is
often used following scrub-
bing, especially on fioors. The
technique is not effective on
fixed insoluble contamination.
On finished concrete, tech-
nology may drive contami-
nants deeper into substrate,
The waste generated is the
contaminated water from the
flushing operation.

e HOt Water
DCON-54-0G

P> Steam
DCON-55-0G

> Accepted - The technique -~
has proven useful, especially
on complex shapes and large
surfaces. Technology should
be effective except for fixed
insoluble contamination or
contamination that has
soaked into the concrete. On
finished concrete, technology
may drive contaminants
deeper into substrate. Waste
wili be 0.4 to 2.0 gpm waste-
water containing removed
contaminants.

- Compressed Air Cryogenic ——P» Demonstration
CO3 Blasting This technology is commer-
DCON-51-OG cially available. it has been
used at nuclear reactor sites
to decontaminate hand tools
- and some equipment. The
efficacy of this tachnology for
removing the listed contami-
nants from concrete has not
been demonstrated and is
doubtful. Wastes would be
HEPA filters filled with the
removed contaminants,

-

- |'science/ 'T"e'chnqlogy‘Neeas

Development - To minimize
waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be reused.
Improvement - Remote oper-
ation will necessitate the
adaptation of the high pres-
sure water and vacuum col-
lection systems to rabotic
system control.

Development - To minimize g

waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
cs 1 be reused.

Improvement - Remote
operation will necessitate the
adaptation of the
superheated water and
vacuum collection systems to
robotic system control.

: I'mp'lga‘mén'tétivc_)i)‘Needs"

- Normal implementation

needs.

Development cost:

Water treatment system:

About $1.2M

Remote operation: $3-4M

Capital cost: $50K-$75K

(about $250K with remote

operation)

Operating cost:
$0.03-$1.00/t2

Normal implementation

needs.

Development cost:

Water treatment system:

About $1.2M '

Remote operation: $3-4M

Capital cost: About $175K

(about $250K with remote

operation)

Operating cost:
$0.03-$1.00/t2

Improvement - To minimize g A water treatment system Is

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

Development - To minimize —~

waste generation, a water
{reatment system is needed
for decontamination of the
wastewater so that the water
can be reused.

Improvement - Remote oper-
ation will necessitate the
adaptation of the steam and
vacuum collection systems to
robotic system control.

—3 None

needed to minimize liquid
wastes from this technology.
Development cost: About
$1.2m

Capital cost: <$6K
Operating cost: <§1/Mt2

Normatl implementation

needs.

Development cost:

Water treatment system:

About $1.2M

Remote operation: $3<4M

Capital cost: $50K-$75K

(about $250K with remote

operation)

Operating cost:
$0.03-$1.00/t2

——pu-Design and construction of a

vacuum waste-handling sys-
tem with HEPA filters to han-
dle the vaporized COp con-
taining the remuved contami-
nants.

Capital cost: About $200,000
Operating cost: $2-20M2



Technology Lo
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" EM ,Gc»ialvs. " . K-258ite Problem .- |Problem Area/Constituents {. Reference Requirements | .- Subeléments =+
. Cleanup Legacy —P» Enrichment Process Building —» Concrete =P Refer to Volume1, Chapter 10, ——gm Decontamination —  Surfi
V] for potentially applicable pro~ (conl
* Prevent Future Process Support Building Tc posed and promulgated environ-
insult Actinides mental laws, signed and pend-
Pumping Stations Chromate ing agreements for the ORR,
+ Develop Qil radiation protection standards,
; Laboratory Facilities PCB DOE Orders, and non-regulatory
Environmental guidance. As site-and waste-
Stewardship Special Development specific characteristics are pro-
Facilities vided for each technology, spe-
cific regulatory requirements will
Administrative Facilities be specified.
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Waste Management
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= Surtace Cleaning ———————esss==gp-Hand and Automated ———————» Accepted —» Development - A test to —~—»-Normal implementation

(cont.) Brushing

DCON-56&57-0G

pom——p> Hot Air Stripping
DCON-59-0G

| ————p»- Dry Heat (roasting)
DCON-60-0OG

Manual brushing has been
used to remove loose conta-
mination for years.
Demonstraticn - Remote
power brushing was used to
clean the interior of plutoni-
um-contaminated pipe at
Rocky Flats to shiny metal,
but has not been used on
concrete.

Since most of the listed cont-
aminants are not expected to
be in ioose form, brushing is
not expected to be effective.
Wastes consist of HEPA fil-
tars on the vacuum cleaner
used to pick up the removed
contaminants.

Evolving Technology
Conceptual - Air stripping
technology is well known for
reroving volatitles from lig-
uids, but there is no known
use of thig tachnology to
decantaminate cancrete. This
technology is not expected to
be efiective in r= oving the
listed contar - .. from con-
crete. Tha 0.y ‘.ance for
success wauld be «ith oils
and, perhaps, PCBs and
technetium. Wastes would be
spent chericals from the gas
treatment system containing
any removed contaminants.

Demonstration

Although dry heat (roasting)
is an accepted industrial
process, its efficacy for
removing oil and PCBs from
concrete using either flame
from a salamander blown
across concreta in situ or
roasting of concrete chunks
needs to be demonstrated.
Technology has a moderate
probability of success for ofl
and PCBs, some probability
of succass for Tc, and little
chance of success for the
other contaminants on con-
crete. Waste would be
remaoved olls and PCBs (U
and, possibly, Tc). (Oils
might be combusted.)

—

demonstrate that this tech-
nique will work for the listed
contaminants on concrete is
needed before a large capital
investment is made for a
power brushing system

at K-25.

Development - Effective
removal of the listed contami-
nants from concrete should
be demonstrated; an off-gas
treatment system needs 1o be
designed and tested.

Development -
Demonstration of the efficacy
of the process; development
and demonstration of an off-
gas treatment system.

needs.

Manual brushing

Capital costs: <$10K
Operating costs: >$1/t2
Power system
Development costs: $200K-
$1000K

Capital costs: About $50K
($250K with remote opera-
tion)

Operating cost: >>$10/t2

—p» Normal implementation

needs. .
Development cost: $1-5M
Capital cost: About $200K
Operating cost: $2-20/ft2

—j An off-gas collection and
. troatment system would b3

needed to use this technolo-

Development cost: $1-4M
Capital cost: About $250K
with collection and treatment
system

Operating cost: $2-20/?

2/26/93
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Technology Logic

- -
Decontamination
-EM Goals K-25 Site Problein Problem Area/Constituents | . Reference Requirements . “Subélements v Alternatives
« Cleanup Legacy — Enrichment Process ——————p»- Concrete ———#  Reler to Volume1, Chapter 10, =¥ Decontamination — = Surface Cleaning
Lsuitding V] for potentially applicable pro- (cont'd)
* Prevent Future Tc posed and promulgated environ-
Insult Process Support Building Actinides mental laws, signed and pend-
Chromate ing agreemants for the ORR,
+ Develop Pumping Stations Qil radiation protection standards,
. PCB DOE Orders, and non-reguiatory
Environmental Laboratory Facilities guidance. As site-and waste-
Stewardship specific characteristics are pro-
Special Development vided for each technology, spe-
Facllities cific regulatory requirements will
be specified.

Administrative Facilities

Cooling Towers

. EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
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tamination

Teéh‘nologies:' '

. Status.”

o

Science/ Technology Needs lementation Needs

—p» Surtace Cleaning None

R Vacuum Cleanin
e Vacuum Cleaning

Accepted » Normal implementation

(cont'd)

DCON-64-0G

|——»-Solvent Washing
DCON-61&62-0G

e~ Strippable Coatings
DCON-63-0G

DCON-58-0G

Vacuum cteaners have long
been used to clean up loose
contamination at the GDPs.
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.

Conceptual

Solvent cleaning of small
items has baen used at K-25,
and the cleaning of larger
areas has been demonstrat-
ed at Hanford. The use of sol-
vent cleaning has been
stopped at both sites to avoid
exposing workers and the
environment to the hazardous
solvents. Other solvents may
be avallable, 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.

A Py

Y

gy Sponge Blasting ————————jp~ Accepted

Technology has been used
for decontamination applica-
tions involving hazardous and
radioactive contaminants.
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-
tace area decontaminated)
containing the removed cont-
aminants.

Although the technology is
relatively new, it is cumrently
being used by at least two
sites including a nuclear
power plant. Extensive data
on decontamination factors
are not available. With the
aggressive spanges, which

«—3» Development - Solvents that

e

are less harmfui to health and
the environment need to be
identified and demonstrated.

—

Improvement - Develop coat- ~—==j-

ings with lower material costs
and greater ease of applica-
tion.

Development - To minimize
waste generation, a water
treatment system is needed
for decontamination of the
wastewater so that the water
can be recycled and reused
in the sponge blasting opera-
tion.

—

needs.
Capital cost: <$10K
Operating cost: >$1/t2

Sotvent off-gas callection and
treatment system would be
needed.

Development cost: $1-4.5M
Capital cost: <$100K
Operating cost: About $1/2

Normal implementation
needs.

Capital costs: Negligible
Operating cost: $1to
$1.40/1t2

Prior removal and disassem-
bly of contaminated equip-
ment and a glove box or
room that is easily decontam-
inated in which the deconta-
mination will be accomplished
plus a wastewater treatment /
racycle system will be need-
ed to use this

are impregnated with abra- technology.Development
sives this technology, may be costs: g

effective for the listed conta- About $1.2M

minants and substrates. Capital cost: Sponge blasti
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?

' o wrron

2/26/93
2-35



. EM.Goals

« Cleanup Legacy

* Prevent Future
Insult
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K:25 Site Problem-” | Problem Area/CQnstit:Uents':

' EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Technology Lo

Decontamin

]

'+ . ‘Subelements

irements " |’
.

Reference Requ

Enrichment Process g, Concrete —# Reler to Volume1, Chapter 10, ——p» Decontamination ~————pu Cher
Buiiding V] for potentially applicable pro-
Te posed and promulgated environ-
Process Support Building Actinides mental laws, signed and pend-
Chromate ing agreements for the ORR,
Pumping Stations Qil radiation protection standards,
PCB DOE Orders, and non-regulatory
Laboratory Facilities guidance. As site-and waste-
specific characteristics are pro-
Special Development vided for each technology, spe-
Facilities cific regulatory requirements will
be specified.

Administrative Facilities

Cooling Towers



Logic Diagram

tamination

' N .Alterha"tivés

. Technologies .

- Status . | Science/ Technoiogy Needs] * Implementation Needs

\

il

~——» Chemical Surface Cleaning , Caustic Treatments .y, Accepted » None ~—p A waste treatment plant is
DCON-13-0G Decontarnination of surtace needed to treat the waste-
. smearable contamination water resulting from the
using caustic chemicals (prin- decontamination operation.
cipally soap and water) has Capital cost: <$10K
been used at K-25 for many Operating cost: >§1/M?
years. Since many of the list- (<$1M2 with a riding scrub-
ed contaminants are expect- ber)
ed to be fixed or to have pen-
etrated, at least partially, into
the concrete, caustic scrub-
bing is expecied to only par-
tially decontaritinate the cont-
aminated conci >te. Wastes
would consist of used caustic
solution containing the
removed contaminants.
}—»- Biological - Evolving Technology - Science - Literalure study Facilities for cuttivating the
DCON-17-0G Pre-conceptual - The knowl- and bench-scale tests of bacteria and disposing of the
edge base exists for biologi- microbes on U, Te, actinides, bacterial sludge wouid be
cal treatments of various con- and chromates. needed.
taminants; however, there is Development - Develop Developmant cost:
not a data base for applica- methods for applying a layer $300K-$600K
tion of the technology for sur- of microbes, supplying need- Capital cost: About $200,000
face decontamination. This ed nutrients, and removing Operating cost:
technalogy is quite likely to the microbe layer from the $0.10-$3.00+/M2
be succassful for oil and decontaminated item.
PCBs. It could be successiul
for U, Tc, actinides, and chro-
mates, but these contami-
nants would remain in the
bacterial sludge. The waste
generated would be the cont-
aminated layer of microbes
removed from the treated sur-
face.
j——p» Electromigration -——» Evolving Technology ~——3 Development - Additional Normal implementation
DCON-20-0G Pre-conceptual - initial data small-scale “proof of princi- needs.
indicate 80+% removal of U & ple” tests are needed fol- Development costs: $1.7M
Te {rom concrete. Applicable, lowed by larger scale field Capital cost: About $200K
in principle, to actinides & demonstration. A treatment Operating cost: About $5/M2
chromate. Removal of ofl & system that would permit
PCBs possible, in principle, recycle of the electrolyte is
but not demonstrated. needed.
Wastes would be electrolytes
containing remaved coiitami-
nants and scrap celt compo-
nents.
’ Fluoboric Acid Treatment —» Demonstration ~——p» Development - Although the 3 Normal implementation
DCON-11-0G The technology was specifi- method has seen application needs.
cally designed for D&D at Chernobyl with good Development cost:
{Chernobyl application) and results, development work is $400-1000K
is likely to be highly effective. needed to test applicability at (Rough estimate)
it removes the outer layer in US GDPs. Capital cost $800K
a controliad and effective (1890 estimate for
manner. The acid can be equipment only for
electrotytically regenerated 5T/day capacity
and recycled with radioactive of metal)
waste plated out at the cath- $4-10M {rough estimate
ode and solidified in cement. including engineering and
Final quantity of cement- facilities)
solidified waste is 20-50 Operating cost: ~$300/metric
grams/m? of decontamination tons (assume same as for
surtace. Other waste treat- BNFL process)
ment options are possible.
2/26/93
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Technology Logic

Decontaminatior
- . EM:Goals . K-25 Site Problem ’. Problem Area/Constituents | ' Reference Requirements | . . ° Subeléments” . Alternative
- Cleanup Legacy —® Enrichment Process Building —pe Parous Nickel ——— Referto Volume1, Chapter 10, — Decontamination —————» Chemical Surface
U for potentiall; applicable pro- Cleaning Methods
» Prevent Future Tc posed and promulgated environ-
Insult Actinides mental laws, signed and pend-
ing agreements for the ORR,
« Develop Por lumin radiation protection standards,
. U DOE Orders, and non-regulatory
Environmental Te guidance. As site-and waste-
Stewardship Actinides specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will

be specified.

' EM Problem’

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water

(RA)

|-———» Metal Refining

Waste Management
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" Implementation Needs

> Chemical Surface  w—— Gas Phase Decon Pro-d tration

~—3» Science - Optimum process ——pm A permitted vent will be

Cleaning Methads

© —p» Metal Refining

DCON-16-0O7.

DCON-12-0G

ey Sielt Purification
DCON-31-0G

e £ |eCtrorefining
DCON-32-0G

by (NOrganic Acid Treatments ———Jgm

Lab-scale studies have
demonstrated that CIF3 is
capable of ettectively remov-
ing U deposits at room tem-
perature. Gas phase deconta-
mination is expected to be
largely or completety effective
in removing U compeunds
found in gaseous diffusion
equipment. It should be par-
tially effective in removing Tc.
Actinides and thorium daugh-
ter products from the decay of
U compounds will not be
removed. The levels of the
latter contaminants on much,
or most, of the substrates wilt
stili meet surface release cri-
teria. Wastes wilt be spent
NaF trapping material and
spent caustic scrubber solu-
tion or fluoride trapping
media.

Accepted
Decontamination with nitric
acid has been used for clean-
ing converters and other
large items at K-25 for many
years. Sulfuric acid is used
less often, notably to dissolve
nickel plating prior to remov-
ing contaminants at the nick-
el-steel interface. The inor-
ganic acids are concentrated,
with concurrent corrosion.
DFs are in the 100 range.
Wastes consist of large
quantities of corrosive wastes
containing the removed cont-
aminants and require treat-
ment and disposal as mixed
waste.

D \stration

oo rmlv ‘

Performed by many investi-
gators on a lab scale and by
some on a large scale. U
removed to 0.01 - 4 ppm for
Ni, 3 - 100 ppm for Al Tc not
removed. Wastes are slags,
scrubber solutions, chamica!
trap meterials, and HEPA fil-
ters containing removed cont-
aminants. Fifty Ib of slag gen-
erated/ton metal.

Predemonstration
Not demonstrated on a large
scale for the decon. of
radloactive materials, Tc
plates out on cathode with Ni.
Technology s likely to be
effective. Waste electrolyte
solutions will be a mixed
waste.

N vy BT

P

qopm

‘

conditions for decontamina-
tion should be established.

Effectiveness should be
demonstrated on small
samples.

Development - Full-scale
demonstration of the deconta-
mination of process equip-
ment is needed. Development
of mechanical methods and
chemical methods to remova
reaction by-products so that
CIF3 uvan be recycled is need-
ed.

Development- Necessary 10 ——jp

adapt modifications 1o the
system (scrubbers, filters,
treatment for nitrates and
heavy metals) to recycle
reagents to meet regulatory
requirements.
Science/Development-
Possible development of the
HNO3/MF decontamination
method, with or without ultra-
sonic agitation.

Science-
Demonstrate fluxing agent for
removing Tc.

Development- Demonstrate
improved purification for Al

Development- Demonstrale ~——#»-

techniques to (1) prevent Tc
from plating out with Ni and
Al, (2) reduce U contamina-
tion in refined Al; and (3)
recycle electrolytic solutions.

L L R [

needed to implement this
technotogy. Air with trace
amounts of UFg, chiorides,

and fiuorides will be vented.

Development cost: Abaut
$5M

Capital cost: >$3M/unit
Operating cost: About
$15,000 ($0.52/b) it a 00
converter is treatea in situ.

Norrnal implementation
needs.

Developmant cost: $400-
1000K (Rough estimate)
Capital cost: <§4-10 million
(Rough estimate)

Although existing facilities
may be adaptable to the acid
cleaning procass, a treat-
ment facility for corrosive
nitrate wastes will be
required.

Operating cost: Similar to
the other organic and ino. -
ganic treatment systems.

Standard induction arc fur-
nace with off-gas treatment
system.

Development cost: $3 - 5M
Operating plus capital cost:
~$1/b based on 8 ton electric
induction fumace.

A de minimus standard is
needed {0 allow sale of the
purified metal.

Smelter to cast anodes.
Deveiopment cost: $3 - 4M
Operating cost > $2 - 64b
Capital cost for a 10 million-
pound/y plant: $200 million
A da minimus standard is
needed fo allow sale of the
purified metal

2/26/93
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and Surface Water
(RA)

Waste Management
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Porous Nickel —
u

Te

Actinides

Porous Aluminum
U

Tc

Actinides

¥ T T

Technology Lo

-

Reference Requirements . s

'

Rafer to Volume1, Chapter 10, g, Decontamination

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
requiremants will be specifi d.
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Logic Diagram
itamination

‘.':4’

"o - Alternatives - *

Technologies - :

ST Status v

. |Science/ Technology Needs

" Implementation Needs

o > Metal Refining

____* Nickel Carbonyl__________» Demonstration Development- Demonstrate —gp NOrmal implementation

(cont.)

Methods

Mond Process
DCON-33-0G

DCON-34-0G

g~ Bulk Decontamination e Catalytic Extraction Process ——»

Level of U contamination in
Ni produced by process
demonstrated to be | pCi/g.
Process will be successtul for
Al. Tc is not removed, but
dacon levet is not document-

Although this process is a
waell estabi'shed commercial

level of Ni puritication from Tc
& other radioactive contami-
nans.

techniques to recycle the elec-
trolytic sulutions.

needs.

Development cost: $750 -
3000K

Capital cost: $600M*
Operating cost: $6/b*

*Based on a 5000 ton/y plant
ed. Uses very hazardous A de minimus standard is
materials. Waste is contami- needed to allow sale of the
nation & catalyst left behind, purified metal

o Leach/Electrowinning ————p» Predemonstration Development - Demonstrate —jm Implemertation needs:

Development Costs: about

process for producing nickel $500K

from ore, it has not been Operating plus capital cost:
demonstrated tor purifying >$4-6/b

nickel metal contaminated

with radioactive slements on Capital cost for a 10 miltion
a large scale. SEG has poundly plant: $200 million
demonstrated the method on A de minimus standard is
a small scale to purify Nito < needed to allow sale of the
1 ba/g of Tc. The method is purified metal

similar to electrorefining
Lacept the metal s first dis-
solved into sotution rather
than formed into anodes.
The Tc must be removed
from the electrolytic solutions
by ion exchange or some
other method. Recycie of the
electrolytic solutions will
result in a mixed solid waste
bearing Ni, U, Tc, and other
compounds amounting to 2%
of the NI processed.

Predemonstration- Has not «——p»-

Science- Method for remov- —»

“Off-the-shelf” induction or

DCON-6-OG been used to smeit scrap ing - Te. arc furnace with off-gas

bearing radioactivity. Likely to Development - Tc removal treatment.
reduce Ni to 0.01 - 4 ppm U and improved U removal. Development cost: $3 - SM
and Al to 3 - 100 ppm U or Operating plus capltal cost:
less, Tc is not removed. ~$1/b
Wastes would be 50 ib. of A de minimus standard is
slag containing contamination needed to allow sale of the
per ton of scrap metal purified metai
processed plus contaminated
scrubber solution or chemical
trapping materials.

2/26/93

2-38

R M 000 R 0 00 0 080000 OO 0 M 0 AR
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Decontamin

a/Constituen

- EM Goals

.. K-25 Sité Problem | Problem Are ts | Reference Requirements | . . Subelements .
L . . R Y ) : . N R . R , : .
« Cleanup Legacy —» Enrichment Process Building —e- Transite (Asbestos) - Referto Volumet, Chapter 10, —pe Decontamination —————y——1 Bulk
U for potentially applicable pro- Maeth
* Prevent Future Process Support Building Oil posed and promulgated environ-
Insuit Tc menta’ aws, signed and pend-
Special Development PCBs ing ay:eements for the ORR,
* Develop Facilities Actinides radiation protection standards,
. Chromate DOE Orders, and non-regulatory
Environmental Administrative Facilities ) guidance. As site-and waste-
Stewardship —»~ Asbestos Pipe  ——— specific characteristics are pro-
Insulation vided for each technology, spe-
Y cific regulatory requirements wilt
Tc be specified.
PCBs
— Cooling Towers >y Munter's Fill —_
As
Chromates
__— Ba
EM Problem | Dioxins
= R Asbestos
Decommissioning

Soils, Groundwater
ar d Surface Water
(RA)

Waste Management
(WM)




ogic Diagram

mination

' A'Iterhative_s

> Bulk . scontamination
Melrods

——® Solvent Extraction
DCON-1-0G

}meie Dry Heat

DCON-4-0G

|- Chemical Leaching
DCON-5-0G

DCON-6-0G

f——p» Vacuum
DCON-7-0G

Technologies

~——3 Demonstration

Technology has besan used,
but not for these contami-
nants and substrates, efficacy
needs demonstration; waste
would be solvent contaminat-
ed with removed contami-
nants.

—3» Predemonstration

Atthough roasting is an accept-
ed technique for removing
volatile contaminates from
solid surfaces, the effective
use ¢/ dry heat for these prob-
lems is uncertain and uniried.
Technique is likety to be effec-
tive for remaving oils, but not
for destroying PCB’s Tc might
be removed. Waste would be
original materials containing
originai contaminants except
for olls and, perhaps, TC and
caustic scrubber solution con-
taining Tc.

—% Predemonstration
Although chemical leaching is
an accepted technigue for
soma applications, bench
scale tests are needed to
determine which chemical
woukd be effective. Waste
would be original materials
contaminated with chemical
leachates plus chemical
leachates containing removed
contaminants or sludges, fiiter
cakes, and ion exchange resin
fram recycle system contain-
ing removed contaminants.

pip> Catalytic Extraction Process ——»

chemical trap materiais,

remove Cr+6 from transite.
Technique should also work
on asbestos pipe insulation
and Munter's filt. Technique is
not expected fo work for any
contaminant other than Cr+8.

Waste would be caustic scrub-

ber sol'n containing removed
Cr.

Accepted
Proprietary vacuum process to

Si:ienée/ Technology Needs

—pp» Development - Literature

search to determine solvent
to be used plus small-scale
demo of efficacy.
Development of waste treat-
ment system for treatment or
recycle of spent solvent.

-~ Development: Bench-scale

tests are needed to establish
which contaminants can be

removed from these materials

and what secondary waste
treatment would be needed.
The availability of engineered
equipment is judged ade-
quate if the fab studies verify
effective contamination
removal by heat.

—3» Davelopment: Bench scale
tests are needed to deter-
mine which chemicals would
be effective and what sec-
ondary waste treatment
would be necessary to recy-
cle chemicals.

= Science - Technique for Tc
removal.
Development - Demonstrate
eftectiveness for materials of
interest

—=3= None

e [ T

: Ifnplémeniétion Needs -

—P Extensive chemical process-
ing system for solvent treat-
ment with a waste treaiment
system for treatment or recy-
cle of spent solvent
Development Cost:

Efficacy demo: $200-$1000
K/application

Waste treatment: $1-4M
Capital Costs -

Solvent treatment: $20-$100M
Waste treatment: $20-$100M
Operating Cost: $5-501b

— Normal implementation
needs.
Development cost: $200-
$1000 K/material
Capital cost: $1-25M
Operating cost: $1-$101b

» “Off-the-shelf* induction or
arc furnace with off-gas treat-
mant system.

Development cost: $3 - 5SM
Capital cost: 1/2 of an inciner-
ator of equal capacity ~$16M
Operating cost: 1/3 of an
incinerator $2 - 3/b

~—#_arge blower systems are
neaded to draw a vacuum on
the building, sprayer systems
are needed to spray acid on
the materia). Canital and oper-
ating cost are cc.1sidered pro-
prietary, Rough guesses fol-
low

Cat;ltai cost: §1 -10M
Operating cost; $2 - 812

2/26/93
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+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

B EM»P‘robIem ;

K-25 Site Problem -

3 Cooling TOWErS — —mmmeereiin-

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

—» Enrichment Process
Bullding

Process Support Building

Electrical and Electrical
Switch Gear

Pumping Stations
l.aboratory Facilities

Special Development
Facllities

Administrative Facilities

v‘Problem A,"r‘eé/Cor_\s_tivtuents_

—» Enrichment Process Building - Transite (Asbestos) ——

V]

Process Support Building Oil
Tc

Special Development PCBs

Facllities Actinides
Chromate

Administrative Facilities

Asbestos Pipg =~ ———
Insulation

u

Te

PCBs

' Reference Réquirements-.

Munter's Fill
As
Chromates
Ba

Dioxins
Asbestos

——3-  |nsulated Copper Wiring
u

Te

Instruments
U, Tc, PCBs

Technology Log

Decontami

—p» Refer to Volume1, Chapter 10, ——»= Decontamination

for potentiaily 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 charcteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Refer to Volume1, Chapter 10, ~—¥» Decontamination
for potentially applicable pro-
posed and promuigated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
reguiatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech~
nalogy, specific regulatory
requirements will be specified.

" ‘Subelements .+

.—_—_-»
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ogic Diagram
mination

A’I':t'er.ﬁamevvé. ’ e 'Techholdgies' ,"Scien_ée/ _TlechnologyNged's', :

.lmplemema.tibh Needs -

Bulk Decontamination —— incineration —— Accepted ~—p None = A new incinerator would be
Methods DCON-2-0G Incineration is being used at needed to burn wastes conta-
{cont.) K-25. A new incinerator minated with enriched urani-
would ba needed because um,
the existing incinerator can-
not accept waste with more The present incinerator
than 5 ppm total uranium requires the services of about
and enrichments higher than 30 maintenance workers
one percent 235U, (maintenance mechanics,
electricians, pipe fitters,
Efticacy - The K-1435 incin- welders, and instrument
erator gives 99.99 to mechanics), their supetvisors,
99.999% destruction and 34 chemica! operators, their
removal efficiency when supervisors, and 7 engineers.
buming toxic organics.
About 8-10 years is required
Waste generated - This will for writing an environmental
depend on the design of the impact statement, holding
incinerator and the ash con- public hearings, and obtaining
tent of the waste being the necessary permits -
bumed. During a test, the TSCA permit, RCRA permit,
K1435 incinerator generated NESHAP permit, and Clean
1.1 galions of wastewater Air Act permits.
and 27 pounds of ash per .
100 pounds of waste fed. Cost: capital cost $26 million
(1987 dollars)
Operation cost $10/b (1992
dollars)
Surface Cleaning Methods —g Compressed Air Cryogenic ——jm- Demonstration «—p» Development - =¥ Prior removal and disassem-
CO_, Blasting This technology is commer- Demonstration of the efficacy bly of contaminated equip-
DCON-51-0G cially available. it has been of this technology for the list- ment and a glove box or
used at nuclear reactor sites ed contaminants and sub- room that is easily deconta-
to decontaminate hand tools strates. minated in which the decont-
and some equipment. The amination will be accom-
efficacy of this technology for plished plus design and con-
removing the listed contami- struction of a vacuum waste-
nants from the listed sub- handling system with HEPA
strates has not been demon- fiters to handie the vapor-
strated. The technology ized COg containing the
could possibly be used on remaved contaminants are
transite and Munter's fill, but needed to use this technoio-
probabiy not on asbestos gy. A vacuum coliection sys-
pipe insulation. Wastes tem with well designed noz-
would be HEPA filters filled zles might permit in situ
with the removed contami- decontarnination of assem-
nants and, possibly, some bled equipment.
removed substrate. Development costs: $750-
$3000K
Caplital cost:
CO, system: About $200K
Glove box: <$50K
Work room: About $260K
Operating cost: $2-$20/t2
Mechanical Surface Supercritical CO2 ——epp Predemonstration —®= Development - Evaluate the =~ Normal implemaentation
Removal ' DCON-41-0G Being developed by FLOW effect of operating parame- needs.
Intemational Corp.; effective- ters on the removal of various Development costs: $250K -
ness remains to be demon- contaminants from different $1000K
strated; waste will be pre- substrates Capital cost: $150K/machine
filters and HEPA filters filed Improvement - Containment Operating cost: ~ $ 242
with contaminants and vacuum recovery system

e
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* Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem’

—» Enrichment Process

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

il HWINWHI |Iiﬂmh | ol ™

Building
Te
Process Support Building
- Instruments
Electrical and Electrical U, Tc, PCBs
Switch Gear
Pumping Stations

Laboratory Facilities

Special Development
Facilities

Administrative Facilities

o o oo !

n

insulated Copper Wiring
- U

Refer to Volume1, Chapter 10, =~ Decontamination

for potentially applicable pro-
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements wiil
be specified.
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(cont.)

[ Thermal Surface Removal

———p» Surface Cleaning =

b  Chemical Surface
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mination

" Alternatives .

" Technologies

-my.. Mechanical Surface Removal——g»- Plastic Pellet Blasting

(cont.)

P Thermal Surface Removal

DCON-42-0G

———® | aser Heating
DCON-73-0G

- Surface Cleaning -3 Strippable Coatings

- Chemical Surface
Cleaning

I )

DCON-63-0G

3  Biological

DCON-17-0G

i~ L aser Activated Chemistry
DCON-18-0G

Rl o '

.. Status’ O

Accepted

Plastic pellet blasting is a
widely used alternate to sand
blasting for applications in
which it is desired to impart
minimal damage to the sub-
strate. Technology shouid
remove smearable, but not
fixed contamination. Waste
would be spent piastic pellets
plus removed contamination.

B

Demonstration

Currently being evaluated by
Air Force as a method for
removing organic coatings
from metal; current systems
are capable of removing 2-mil
thick coatings at the rate of
100 ft2/hr.; waste will be pre-
fiiters and HEPA filters filled
with contaminants.

Accepted

Technology has been used
for decontamination applica-
tions involving hazardous and
radioactive comlaminants.
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.

Evolving Technology

pre conceptuat

Organisms that destroy
PCB's have been identified.
Method is unlikely to decon.
U&Tc. Waste would be a
sludge containing remains of
bacteria + PCB's and inor-
ganic contaminants. Methane
is a likely gaseous prodtict.

—p-Evoiving Technology
Acceieration af reaction rates
for selected reactions is
proven. Smail scale decon
has been demonstrated.
Waste would be pretilters and
HEPA filters fifled with
remaved contaminants.

Science/ Technology Neé&_s

" impleiientation Needs -

—g» Development - Develop and g A system for processing

—

-

-

demonstrate a system for
processing waste.
Improvement - Minimize
blast media erosion to mini-
mize waste;
automation/robotics;
improved containment of
waste and removed contami-
nants.

Development -
Demonstration of decon.
capability of existing lasers.

improvement: Develop coat- ¥
ings with lower material costs

and greater ease of applica-

tion and effectiveness

Science - Find culture tech- -
niques that provide success-

ful decon on a lab scale.
Development - Develop tech-
niques that successfully

decon on large scale.

Develop equipment cost and

decon rate and cost informa-

tion.

evelopment -
Demonstration of vacuum
systems capable of collecting
removed contaminants.

vaste to an acceptable form
is needed.

Development cost: $5.5M+
Capital cost: About $50K
Operating cost: $0.20-
$2.15M2 for flat surfaces

Normal implementation
needs plus automation
Development costs: $2M +
Capital cost: $1-10M/machine
Operating cost: ~ $ 2/f2

Normatl implementation
needs.

Capital costs: Hegligible
Operating cost: § 1 to 1,402

A biareactor for continuously
growing new bacteria on a
large scale wauld be needed.
Insufficient information exists
1o project even order of mag-
nitude capital or operating
costs.

Davelopment costs: $3 - 10M

——ppNormal implementation

needs.

Development costs: $2M +
Capital cost: $1-
10M/machine

Operating cost: Unknown

2/26/93
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EM Goals

+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

—# Enrichment Process

D E‘MA‘»VPr.o‘blem. :

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

K-‘éS’VS'ite Probléfm‘,;

_ _P‘roblemlAre’,a‘/CcSnstiiuenis

— Insulated Copper Wiring —pm-
u

Building

Te
Process Support Building

Instruments
Electricat and Electrical U, Tc, PCBs
Switch Gear
Pumping Stations

Laboratory Facilities

Special Development
Facilities

Administrative Facilities

Lpw Enrichment Process Buliding - Ereon
Process Support Building
* Laboratory Facilities

Specia! Development
Facilities

Administrative Facilities

'Reference Requirements | -

Technology Lo

Decontamin

* Subelements™” " l

Refer to Volume1, Chapter 10, ——3» Decontamination ———————= Ch¢

for patentially applicable pro- Clei
posed and promulgated environ- (cot
mental laws, signed and pend-

ing agreements for the ORR,

radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Refer to Volume1, Chapter 10, ——p» Decontamination ~—————3» BLY
for potentially applicable pro~ =
posed and promuigated 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.
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© Alternatives

_ Technologies. . '~

=B Chemical Surface 1= Solvent Washing —
Cleaning DCON-61&62-0G
(cont.)

Conceptual

Solvent cleaning of small
items has been used at K-25
and the cleaning of larger

| science/ Tech‘r'\olbgy:Néédsu

Implementation Needs'

Solvent off-gas collection
and treatment system would
be needed.

Development cost - $1-4.5M
Capital Cost: $400K

. 3 B . b
Development-Solvents that
are less harmtul to health
and the environment need to
be identified and demon-
strated.

—

areas has been demonstrat- (4K ib. unit)

ed at Richland. The use of Operating Cost: $0.10 -
solvent cleaning has bean $1.00/b.

stopped at both sites to

avald exposing workers and
the environment to the haz-
ardous solvents. Other sol-
vents may be available, but
their effectiveness would
have to be demonstrated.

Efficacy - This method is
only effective on smearable
contamination.

Waste would be spent

solvent containing contami-
nants.

100 tb. of waste fed.

ped |norganic Acid Treatments ——3# Accepted ——» Development- Necessary to =3 Normat Implementation
DCON-12-0G Decontamination with nitric adapt moditications 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)
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 dissoive requirements. Although existing facilities
nickel plating prior {o 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- HNOS/MF 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: Simifar to
quantities of corrosive wastes the other organic and inor-
containing the removed cont- ganic treatment systems.
aminants and require treat-
ment and disposal as mixed
waste.
e Caustic Treatments ——3» Accepted None g A Waste treatment plant is
DCON-13-0G Decontamination of surface needed to treat the waste-
smearable contamination water resulting from the
usjng caustic chemicals decontamination Opﬂ'a“on.
(principally soap and water) Capital cost: <$10K
has been used at K-25 for Operating cost: >$1/M2
many years. Since many of
the listed contaminants are
expected to be fixed, caustic
scrubbing is expected to anly
partiatly decontaminate the
contaminated surfaces.
Wastes would consist of
used caustic solution con-
taining the removed contami-
nants.
" —p» Buik Decontamination ———p» Incineration ——p» Accapted ~—p» None —p Waste treatment facilities for
Methods DCON-2-0G The TSCA incinerator gives caustic scrubber solution.
99.99 to 89.9998% destruc- Development Cost: None
tion and removal efficiency Capital cost (new TSCA)
for freon Waste; 1.1 gal of Incinerator: $32M
i waste scrubber solution per Operating Cost: $6-10/b.
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EM Goals -
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* Prevent Future
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Environmental
Stewardship
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Process Support Building
Laboratory Facilities

Special Development
Faciliies

Administrative Facilities

—» Enrichment Process
Building

Process Support Building
Pumping Stations

Laboratory Facilities

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

Speciai Development
Facilities

Administrative Facilities

Cooling Towers

K-25 Site Problem .

e

—» Enrichment Process Building ——pm Ereon

Tile
Wood
As

Chromates

Ba
Dioxins

.Prob‘l'e'r'n_ Area/Conéf

Gasket Material

PCBs
u

m
U, Tc

R

fin

' ‘Reference Requirements.

—~——p» Refer to Volume1, Chapter 10,

Technology Logic

Decontamination

for potentially applicable pro-
posed and promuigated 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.

Refer to Volume1, Chapter 10, —p» Decontamination
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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

.. Ssubelements

D ——_E R

*‘Alternatives

—p» Decontamination ——————gm-  Bulk Decontamination

Methods

Mechanical Substrate .
Surtace Removal

e



ogic Diagram

mination

Altetnatives

Bulk Decontamination -
Methods

Mechanical Substrate _____
Surface Removal

Catalytic Extraction Process ——p» Pre-demonstration

DCON-6-0OG

Other (distillation,
filtration, etc.)

DCON-35-0G

Ice Blasting
DCON-40-0OG

» Supercritical CO3

DCON-41-0G

e Plastic Pellet Blasting
DCON-42-0G

_ Technologies )

: S‘tétuslv

Has not been used for freon.
Shouid be effective in
destroying freon. Waste;
about the same amount of
scrubber solution for freon.

——» Other technologies, which are

commonly used in a large vari-
ety at applications other than for
decontamination purposes could
be used to decon freon.

’ Ultrahigh Pressure Water ae—p

—

Accepted
This technology has been
used by industry.

Waste - Unless a recycle
gystem is developed, 3 - 5
gallon wastewater per sq. ft.
The wastewater would con-
tain the removed contami-
nants and about 0.01 cubic
feet of substrate per square
foot treated.

Demonstration

Efficacy of commercial sys-
tems for this application
needs demonstration.
Waste - wastewater contain-
ing removed contaminants.

Pre-demonstration

This technology is being
developed by a private com-
pany. Likely to be effective
with nearly Infinite deconta-
mination factors.

Waste would be removed
substrate and contaminants
contained in a cyclone and a
HEPA fitter.

Accepted

Plastic peliet blasting is a
widely used alternate to
sand biasting for application
in which it is desired to
impart minimal damage to
the substrate. Technology
shoutd remove smearable,
but not fixed contamination
from tite and wood. Fixed
contamination and some
substrate should be removed
from composite roofing.
Wasta would be spent plas-
tic pellets plus removed con-
tamination. Waste would
contain some wood and con-
siderable composite roofing
when decontaminating these
substrates.

_ ‘Sp‘ie'i%é/'[echndlo
i i Jv‘l

[

—pp» Development-

R

gy Needs'
Bench scale followed by

large-scale demo that
process will destroy freon.

Development - To minimize —jm-

waste generation, a system
is needed to treat the water
so it can be recycled.

Development - water recycle ———pm-

system; automation/robotics

Development - Investigate
the efect of operating para-
meters on removal rates and
removal and collection effi-
ciencies for contaminants.
Demonstrate efficacy for
contaminants of interest.

" Implementation Needs -

—

—3 “Off-the-shelf” induction or

arc furnace with off-gas treat-
ment systam.

Development cost: $3-5M
Capital cost: ~$16M
Operating Cost: $2-3/b.

Normal implementation
needs.
Development cost - $1.3M

Capital cost - ~$500K
Operating cost - ~$1/1'12

Normal implementation
needs.

Capital cost: $100K - $1M
Operating cost: <$1/sq. ft.

Normat imptementation
reeds plus oxygen depletion
precautions.

Development cost:

$1M - $4M
Capital cost:

$500K - $1000K
Operating cost: $1+4/sq. ft.

Development - Develop and s A systam for processing

demonstrate system for pro-
cessing waste.
Improvement - Minimize
blast media erosion to mini-
mize waste;
automation/robotics,
especially for walls, etc.;
improved containment of
waste, removed
contaminants, and any
removed substrate material.

waste to an acceptable form
is needed.

Development cost: $5.5M+
Capital cost: About $50K
Operating cost: $0.20-
$2.15M2

2/26/83
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'Reference Requirements:

Refer to Volume1, Chapter 10, —®» Decontamination

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pending
agreements for the ORR, radia-
tion protection standards, DOE
Orders, and non-regulatory guid-
ance. As site-and waste-specific
characteristics are provided for
each technology, specific regula-
tory requirements will be speci-
fied.
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Logic Diagram

ntamination

"' Alternatives .

Technologies

Implementation Needs

‘Status

Science/ Technology Needs

-—» Mechanical Substrate —*Shot Blasting — Accepted - Commercial iron —3pm Improvement - Automation

~ Normal implementation
Surface Removal DCON-36-0G

(cont.)

Methods

[—— Surface Cleaning

o Grit Blasting
DCON-38-0G

Blasting
DCON-39-0G

|——3» Thermal Surface Remaval > Plasma Torch

DCON-72-0G

ey High-Pressure Water
DCON-52-0G

’» Centritugal Cryogenic COp ——»

shot blasters are in use at
the K-25 Site. Behavior on
tile would be similar to that
on concrete. Not suitable for
use on gasket material.
Should be generally effective
but leave some hot spots.
Waste would be removed
substrate and contaminants
contained in filters.

Accepted - Has been used —pp

successfully for many appli-
cation in the nuctear indus-
try. Technology Is generally
effective, but not suitable for
gasket materials. Waste
would be spent grit, abraded
substrate, and contaminants
in filters and HEPA fiitars.

Pre-demonstration —

Centrituge pelet accelera-
tion has been demonstrated
in the DOE tusion energy
program. Technology is like~
ly successful with essentially
Infinite decontamination fac-
tors. Waste woukl be filters
and HEPA filters filled with
removed contaminants and a
small amount of removed
substrate.

Evolving Technology =~ —B>

Conceptual - Plasma torches
exist commercially to weld
and cut materials that have
very high melting tempera-
tures or require an inert
atmaosphere. Its efficacy in
removing various organic
contaminants or to spall off
or vaporize layers of contam-
inated substrates have not
been investigated. Wastes
would consist of materials
used to trap reaction prod-
ucts from the decomposition
or vaporization of organics,
removed substrates, and
removed inorganic contami-
nants,

Accepted

High pressure water blasting
has been used very suc-
cessfully to decontaminate
various large and complex
surfaces at nuclear power
plants. Technique is expect-
ed to be effective with a DF
of about 50 for loosely
adhering contamination.
DF's will be higher it chemi-
cal cleaning agents are also
usad. Technique is expected
to be ineffective for fixed
contamination on tile

Waste - 4 to > 100 gpm of
contaminated waste water,

needs

Development cost: 1-4 M
Capital cost: About $50K
Operating Cost: About
$0.03/#t2

Improvements - Automation; —gm A vacuum coltection 'system

better vacuum system.

Development - —

Demonstration of a practical
system with high velocity
pellets delivered at a suffi-
cient rate and adequate col-
lection of removed contami-
nants.

Science - Laboratory tests ~ —3

are needed to evaluate the
efficacy of vaporizing or
decomposing organics,
determine the decomposition
reaction by-products, and
suitable trapping materials.
Computer modeling of plas-
ma surface interactions, heat
transfer in the substrates,
and thermally induced
stresses are needed.
Development - Plasma
torches having geometries
and conditions suitable for
decontamination needs to be
developed along with suit-
able gas cotlection and treat-
ment systems.

Development - To minimize —pm

waste generation, a water
treatment system is needed
for decontamination of the
wastewater so the water can
be reused.

improvement - Remote oper-
ation will require adapting
the high pressure water and
vacuum coliection systems
to robotic system control.

with pre-filters and HEPA fi-
ters would be needed to use
this technology.
Development cost: $4-10M
Capital cost: About $500K
Operating cost: <$2M2

Normal implementation
needs {va.:uum collection
system with adequate filters)
plus oxygen-depletion pre-
cautions.

Development cost: About
$3.4M

Capital cost: About $200K
Operating cost: $0.25-
$0.75/t2

Gas collection and treatment
system is needed for this
technology. Development
cost: About $3M

Capital cost: About $200K
Operating cost: $0.01-
$1.00M2

Normal implemeniation
needs.

Development costs - water
treatment system:

about $1.2M
Remote operation:$3M - $4M
Capital cost - $50K - $75K
(about $250K with remote
operation)

Operating cost -
$0.03 - $1.00/sq. .

2-44
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Decontaminatic
l K-25 Site Problem Problem-Area/Constituents | - Reference Requirements | - Subelements
I « Cleanup Legacy ~% Enrichment Process — Tile -—— Refer to Volume1, Chapter 10, ——» Decontamination —————-———» Surface Cleani
Building Wood for potentially applicable pro- (cont.)
s Prevent Future As posed and promulgated environ-
insult Process Support Building Chromates mental laws, signed and pend-
Ba ing agreements for the ORR,
i + Develop Laboratory Facilities Dioxins radiation protection standards,
. Gaskel Matetial DOE Orders, and non-regulatory
Environmental Special Development PCBs guidance. As site-and waste-
Stewardship Facilities U specitic characteristics are pro-
- Composite Roofing vided for each technology, spe-
E Administrative Facilities U, Te cific regulatory requirements will
be specified.

Cooling Towers
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Logic Diagram

tamination

'Alkernatives . . Technologies.

Science/ Technology Needs

Implementation Needs.

—» Surtace Cleaning - Superheated Water

Accepted

- Development - To minimize

-

Normal implementation

(cont.) DCON-53 -0G 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
tion 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 - $1.00/sq. ft.
removed contaminants.
g Steam Accepted —g» Development - To minimize Normal implementation
DCON-55-0G The technique has proven waste generation, a water needs.

- Strippable Coatings
DCON-63-0G

usefut, especially on
comp;lex shapes and large
surfaces. Technology should

treatment system is needed
to decontaminate the water
for recycling.

Development cost - Water
treatment system: about
$1.2m

be efective except for fixed Remote operation: $3M - $4M
insoluble contamination or Improvement - Remote oper- Capital cost - $50K - $75K
contamination that has ation will require adapling {about $250K with remote
soaked into the substrate. the steam and vacuut;n col- operation)

lection systems to robotic Operating cost -

Waste - 0.4 to 2.0 gpm
wastewater containing the

and the cleaning of larger
areas has been demonstrat-

system control.

be identified and demon-
strated.

$0.03 - §1.00/sq. ft.

removed contaminants,
—— Solvent Washing Conceptual Development-Scivents that  —® Saolvent off-gas collection
DCON-62863-0G 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.

Development cost - $1-4.5M
Capital Cost: $400K

ed at Richland. The use of (4K Ib. unit)

solvent cleaning has been Operating Cost: $0.10 -
stopped at both sites to $1.00Mb.

avoid exposing workers and

the environment to the haz-
ardous solvents. Other sol-
vants may be available, but
their eftectiveness would
have to be demonstrated.

Efficacy - This method is
only effective on smearable
contamination.

Waste would be spent
solvent containing contami-
nants.

Accepted

This technology has been
used for decontamination
purposes in applications
involving hazardous and/or
radioactive contaminants.

Efficacy - Decontamination
factors of 100 to several
hundred.

Waste - 1 gallon of contami-
nated solid polymer /50 sq. ft.

—

Improvements - Potential
areas of improvement are
greater ease of application,
reduction of material costs,
and increased effectiveness.

P Development costs - $500K

Capital cost -<10K

Operating cost -$2-$2.4/sq. ft.

2-45
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Environmental Special Development PCBS guidance. As site-and waste-
Stewardship Facilities U specific characteristics are pro-
i i vided for each technology, spe-
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- Bulk Decontamination ==
Methods

I ol

3 Solvent Extraction
DCON-1-0G

Incineration
DCON-2-0G

-3 Biological
DCON-3-0G

K

[ . . I o

- Demonstration
Technology has been used
but not for these contami-
nants and substrates.
Efficacy - needs demonstra-
tion.

Waste - solvent contaminat-
ed with removed contami-
nants.

Accepted

Incineration is being used at
K-25. A new incinerator
would be needed because
the existing incinerator can-
not accept wastie with inore
than 5 ppm total uranium
and enrichments higher than
one percent 35U,

Efficacy - The K-1435 incin-
erator gives 89.99 to
98.999% destruction and
removal efficiancy when
burning toxic organics.

Waste ganerated - This wilt
dapend on the design of the
incinerator and the ash con-
tent of the waste being
bumed. During a test, the
K1435 incinerator generated
1.1 gallons of wastewater
and 27 pounds of ash per
100 pounds of waste fed.

Pre-conceptual
Efficacy - unknown
Waste generated - unknown

~—g Development - Literature
search to determine solvent
to be used plus small scale
demo of efficacy.

—p» None

~pp- This technology wouid have  ——ges
to be developed and scaled-

up.

The efficiency of this methed
would have to be demonstrat-
ed to the satisfaction of the
State and Federal agencies
that control the disposal of
hazardous organics and
PCBs. There is a possibility
that the organisms could pro-
“uice other toxic chemicals.

LN |

—9» Extensive chemical processing

system for solvent treatment
with a waste treatment system
for the treatment or recycle of
spent soivent.

Development cost - efficacy
demo - $200K to $1000K
/application

waste treatment - $1M to 4M

Capital costs - salvent treat-
ment -$20M-100M
waste treatment - $20M-100M

Operating costs - $5 - $50/ib

A new iiictherator wouid be
needad \0 Fum wastes conta-
~Hnated with &~ .cned urani-
um.

The present incinerator
requires the services of about
30 maintenance workers
(maintenance mechanics,
slectricians, pipe fitters,
waiders, and instrument
mechanics), their supsrvisors,
24 cheinical operators, thelr
supervisors, and ¥ engineers.

About 8-10 years s reruired
for writing a1 environmental
impact statement, toldi g
public hearings, and cbtaining
the necessary permits -
TSCA permit, RCRA pemmit,
NESHAP permit, and Clean
Alr Act permits.

Cost: capital cost $26 miltion
(1987 dollars)

Operation cost $10/ (1992
dollars)

Development costs - >$4M

capital cost - uninown
operating cost - unknown

2-48
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———3p» Refer to Volume1, Chapter 10, —» Decontamination  se———

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

———» Mechanical S
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l.ogic
‘tamination

; .
- =g Mechanical Surface
Removal

-~ Surface Cleaning

Alternatives

Diagram

: 'Tec'h'r_\blo'(_:;ies o

————» Ultrahigh-Pressure Water ——%
DCON-35-0G
Ice Blasting —
DCON-40-0G

‘ Supercritical CO, Blasting =

DCON-41-0G

=P Liigh-Pressure Water —>
DCON-52-0G
i Superheated Water —

DCON-53-0G

Status .

Accepted
This technology has been
used by industry.

Waste - Unless a recycle
system is developed, 3 - §
galion wastewater per sq. ft.
The wastewater would con-
tain the remaved contami-
nants and about 0.01 cubic
feet of substrate per square
foot treated.

Accepted by Industry
Efficacy of commercial sys-
tems for this application
needs demonstration at
K-25.

Waste about 14 to 18 gallon
per hour wastewater contain-
ing removed contaminants.

Pre-demonstration -
This technology is being

developed by a private com-

pany. Likely to be effective

with nearfy infinite decontami-

nation factors.

Waste would be removed
substrate and contaminants
contained in a cycione and a
HEPA filter.

Accepted

High pressure water blasting
has been used very suc-
cessfully to decontaminate
various large and complex
surfaces at nuclear power
plants. Technigue is expect-
ed to be affective with a DF
of about 50 for loosely
adhering contamination.
DF'’s will be higher it chemi~
cal cleaning agents are also
used. Technique is expected
to be ineffective for fixed
contamination,

-

Waste - 4 to > 100 gpm of
contaminated waste water.

Accepted

Technalogy is avaliable and
has been used by industry.
Technology shouid be effec-
tive except for fixed insoluble
contamination or contamina-
tion that has spaked into the
substrate.

—

Waste - 0.4 t0 2.0 gpm
wastewater conmtaining
removed contaminants.

o [ R NIRRT

Science/ Techn’qlogy,Néed's

waste generation, a system
is needed to treat the water
so it can be recycied.

Development -
automation/robotics

Development - Investigate
the effect of operating para-
meters on removal rates and
removal and collection effi-
ciencies for contaminants.
Demonstrate efficacy for
contaminant of interest.

Development - To minimize ~—

waste generation, a water
treatment system is needed
for decontamination of the
wastewater so the water can
be reused.

Improvement - Remote oper-
ation will require adapting
the high pressure water and
vacuum collection systems
to robotic system control.

Development - To minimize
waste generation, a water
treatment system is needed
to decontaminate the water
for recycling.

Improvement - Remote oper-
ation will require adapting
the superheated water and
vacuum collection systems
to robotic system control.

IR I IR

' Implementation Needs

—» Development - To minimize =¥ Normal implementation

needs.
Development cost - $1.3M

Capital cost - ~$500K

Operating cost - ~ $1/sq. ft.

Normal implementation
needs.

Development cost: $1.2M
Capital cost: $100K - $1M
Operating cost: <§1/sq. ft.

——p» Normal implementation
needs plus oxygen depletion
precautions.

Capital cost: $500K - $1000K
Operating cost: $1+/sq. ft.

Normal implementation
needs,

Developmant costs - waste

treatment system: about

$1.2M

Remote operation:$3M -

$4M

Capital cost - $60K - $756K

{about $250K with remote

operation)

Operating cost -
$0.03-$1.00/sq. f.

Normal implementation
needs.
Development cost - Water
treatment system: about
$1.2M
Remote operation: $3M - $4M
Capital cost - About $175K
{about $250K with remote
operation)
Operating cost -

$0.03 - $1.00/sq. ft.

-

2/26/93
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Refer to Volume1, Chapter 10, = Decontamination

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements wilt
be specified.

' ‘Subelements

Decontamin

% Surl:
(con:

f———3 Cher.
Cleas




ogic Diagram

mination

- Altefnativés‘_ B

= Surface Cleaning
(cont'd)

- Chemical Surface
Cleaning

e Steam

DCON-55-0G

== Strippable Coating
DCON-63-0G

— Solvent Washing
DCON-62-0G

~—Po- [norganic Acid Treatments =~

DCON-12-0G

' 'T'echnd.lpgies_ :

Status

Accepted —p Development - To minimize

The technique has proven
usetul, especially on
comp;lex shapes and large
surfaces. Technology should
be effective except for fixed
insoluble contamination or
contamination that has
soaked into the substrate.

Waste - 0.4 to 2.0 gpm
wastewater containing the
removed contaminants

Accepted —
This technology has been

used for decontamination

purposes in applications

involving hazardous and/or
radioactive contaminants.

Efficacy - Decontamination
factors of 100 to several
hundred.

Waste - 1 galion of contami-
nated solid polymer /50 sq. ft.

Conceptual —

Solvent cleaning of small
items has been used at K-25
and the cleaning of larger
areas has been demonstrat-
ed at Richland. The use of
solvent cleaning has been
stopped at both sites to
avoid exposing workers and
the environment to the haz-
ardous salvents. Other sol-
vents may be available, but
their effectiveness would
have to be demonetrated.

Efficacy - This method is
only effective on smearable
centamination.

Waste would be spent
sotvent containing contami-
nants pius a trace of
concrete.

Acceptad ——
Decortamination with nitric

acid has been used for clean-

ing converters and other

large items at K-28 for many
years, Sulfuric scid is used

less often, notably to dissoive
nicke! plating prior to remov-

~ ing contaminants al the nick-

ei-gteel interface. The inor-
ganic acids are concentrated,
with concutrent corrosion.
DF's are in the 100 range.

" R

Science/ TechnélOgy Needs

waste generation, a water
treatment system is needed
to decontaminate the water
for recycling.

{mprovement - Remote oper-
ation will require adapting
the steam water and vacuum
collection systems to robotic
system control.

Improvements - Potential
area of improvement is

" Implementation Needs

——g- Normal implementation

needs.
Development cost - Water
treatment system: about
$1.2M
Remote operation: $3M - $4M
Capital cost - $50K - $75K
{about $250K with remote
operation)
Operating cost -

$0.03 - $1.00/8q. ft.

—~—p» Capital cost -~ <§10K

reduction of material costs. Operating cost -

$2 - $2.4/sq. .
Development-Solvents that  — gavent oft-gas collection
are less harmful to health and treaiment system woukd
and the environment need to be needed.

be identitied and demon-
strated.

Development cost - $1-4.5M
Capital Cost: $400K

(4K tb. unit)

Operating Cost: $0.10 -
$1.00/0.

Development- Necessary to  ——p Nommal implementation

adapt modifications to the
system (scrubbers, filters,
treatment for nitrates and
heavy metals) to recycie
reagents to meet regulatory
requirements.
Sclence/Development-
Possible development of the
HNO3/MF decontamination
method, with or without ultra-
sonic agitation.

T RN TN TR

needs.

Development cost: $400-
1000K (Rough estimate)
Capital cost: <$4-10 milfion
(Rough estimate)

Although existing facitities
may be adaptabie to the acid
cieaning process, & treat-
ment facility for corrosive
nitrate wastes will be
required.

Operating cost: Similar to

the other organic and inor-
ganic treatmant systems.

TR o

oy
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Decontaminatio
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Refer to Volume1, Chapter 10, —® Decontamination ~——————3~ Bulk Decontamis

for potentially applicable pro-

posed and promulgated environ-

mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,

DOE Orders, and non-regutfatory

guidance. As site-and waste-
speciic characteristics are pro-

vided for each technology, spe-
cific regulatory requirements will

be specified.
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Logic Diagram

itamination

‘Status .- ' Implerﬁenfaﬁdn‘ Needs’

" Alternatives.. . “ Technologies

: f's‘;i;ience/ Technology Needs

—— Bulk Decontamination =W~ Incineration ——p» Accepted —p» None ——3o- A new incinerator would be
Methods DCON-2-0G Incineration is being used at needed to burn wastes conta-
K-25. minated with enriched urani-
A new incinerator would be um.
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
ments higher than one per- {maintenance mechanics,
cent 235U, 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 Air Act permits.
1.1 galions of wastewater .
and 27 pounds of ash per Cost: capital cost $26 million
100 pounds of waste fed. (1987 doliars)
Operation cost $10Ab (1992
doliars)
2/26/93
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The Dismantlement section is written to address the K-25 Site problems spefillili ¢
materials, major dismantlement (removal of equipment), disassembly of equipmgiise:
approach is the assumption that dismantlement will not, in general, depend upoliEib
tection are provided. Each section will explain the relationship of the subject to JEEEer
to follow a sequence similar to the current ongoing D&D efforts elsewhere. : ‘)
There are some basic assumptions for dismantlement including: (1) equipnihz

(2) remaining, or vestigial, contamination will have been located and characterigs o
ment will be sorted materials in forms suitable for disposal as recyclable scrap ¢
cle of materials will be desirable and/or required. !




ntlement

2ms specific to dismantlement: massive concrete, structural steel, asbestos

i equipment, and the need for other “enabling technologies.” Basic to this
2nd 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,
aaracterized before dismantlement is initiated, (3) the products of dismantle-
> scrap or waste or for disposition to complete decontamination, and (4) recy-

L e



Uk mliawbal Sl 300

e

L e gl b 8% P e

\

i

g

EM Goals "

+ Cleanup Legacy

* Prevent Future
Insult
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Waste Management
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« K-25 Sife Problem

Enrichment Process Bulldlng‘;
Process Support Buildings
Cooling Towers

Pumping Stations

Laboratory Facilities

Special Development Facilitles
Administrative Faciiities

Electrical and Electrical Switch
Gear

—

| Probleni Area/Constituents | Reference Requirements’

Technology Loc

P A.Massive Concrete ——————3m Refer to Volume1, Chapter 10, —® Dismantlement

for potentially applicable pro-
posed and promuigated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

Dismantiem

“Subelements

———P Concrete C.

p——— Demolition,




-ogic Diagram
ntlement

Alternativves

Technologies

B Concrete Culting =e—mmssm=d- Abrasive Jet (High Pressure  —e-
Water)
DISM-11-0G

* Diamond Wire Cutting -

DISM-12-0G

—# Demolition  usssmmsssespm——mp- )ackhammer, Headache Ball —p»

DISM-21-0G

Status

Demonstration
This technology has been
demonstrated but not at K-25

site. DOE sponsored devel-
opment of Programmable
Robotic manipulators. Water
can be recyclted. Concepts
for abrasive recycling with
95% spoils recoverable:
Battelle Pacific Northwest
Laboratory has successfully
demonstrated scarification
and cutting of steel reinforced
concrete. Successfully
demonstrated at West Valley
Nuclear Services, New York.
Scarfing is used by DOT on
bridges and Is illustrated on
video being used on the
Mississipel Rive- "ridge. (See
Flow Inc Video).

Demonstration >

Diamond wire cutting has been
used to cut concrete at other
nuclear facilities except at
ground level floors. Diamond
wire cutting is an indus
accepted method but with heavy
reinforced concrete will be a

high maintenance item (diamond

Impregnated sleeves, cable and
sheaves) and require water
coolant for the cable. The waste
generated will be less expen-
sive. The slurry wouid be low
level contamination or possibly
no contamination. Positioning
the cora drilling equipment and
the diamond wire cuttin,
machine will be more difficult
since there will probably be
exposed reinforcing bar.

Demonstration

This technology has been
demonstrated, And the
wrecking ball is & demotlition
Industry accepted method but
Is not recommended for cont-
aminated concrete such as
exists in most DOE facilities.
it is not practical to contain
the dust and the reinforcing
bar has to be cut by other
means.

Science /T, echnology Needs -

-~ Recovery System recyclable

abrasives needs to be
demonstrated. This will
require portable facifity if
available or pools with neces-
sarc}/ equipment to separate
and possibly decontaminate
the water and abrasive lor
reuse. The development of
this equipment; manipulators
for positionirig on the floor,
columns, and overhead: and
cleaning pools for demonstra-
tion would cost $3.5M.

Track system for maneuver-
ing core drilling machine and
diamond wire cutling machine
may be required. Exposed
reinforcing bar will have to be
manually cut in areas where
cored holes are to be located
to lower maintenance on saw.
The development and instal-
lation of the track system and
recovery system for demon-
stration will be $1.5M. The
demonstration costs include
personnel protection, clothing
and storage but not trans-
;‘gonation and burial charges.
he demonstrations will have
to be completed before a cost
payback can be evaluated.

--J» Vacuum systems to handie

dust and small to medium
ieces of concrete needs to

demonstrated. Crusher to
down size concrete pieces
needs to be demonstrated.
The development and instal-
lation of the robotics and vac-
uums systems to handle dust
and pieces of concrete and a
crusher for demonstration
would cost $1.5M.

Jmplementation Needs- -

~» Need to view videos available

from other nuclear facilities
and possibly visit sites and
evaluate recovery systems
withaout on-site demonstra-
tion. Determine what robotics
have been developed with in-
house seminar from vendors
on latest and future technoio-
gy. Robotic manipulators with
recovery system needs 10 be
able to move around on floor,
up and around concrete
columns, and overhead (the
underside of the Hoor above).
Methads of addressing cracks
in concrate, blow-through
when cutting, containment of
contaminated material, etc.
will have to be made.

Determine what robatics have
been developed with in-house
seminars from vendors on lat-
est and future technology and
determine rabatics needs.
Track needs to be developed
for demonstrations.
Manipulators with vacuum
systems need to be able to
move in two directions.
Vacuum systems will be
needed on both sides of the
fioor being cut.

Need to view videos available
from other nuclear facilities
and possibly visit other sites
to evaluate multiple head
hammer. Determine what
raobotics have been devel-
oped with in-house seminars
from vendors on latest and
future technology. Robotics
need to be able o move
around the floor, up and
around concrete columns,
and overhead.
Demonstrations need to show
how the comers and hard-to-
get areas wilt be handled.

2/26/93
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Technology Lo

Reference Requirements

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements wilt
be specified.

Dismantlei

Subelements

- A.Massive Concrele ————pm Refer to Volumet, Chapter 10, —® Dismantiement e DEMONi

(cont.)

‘o Surfac-



Logic Diagram

:ntlement

'Alternativeé

> Demolition
{cont.)

. Te(:hno.log‘,ieké

presaemnlp- Blasting
DISM-22-0G

b Demolition Compounds

(Expansive Grout)
DISM-23-0G

—— Surface Removal =ewmesssemseaiy- Microwave Scabbiing

DISM-31-0G

Demonstration
This technology has been
demonstrated and used by
the demolition industry for
g:ars. Reinforcing bar has to
cut after blasting.
Contaminated concrete will
have to be removed by scab-
bling or scartfing. All walls and
floor below ground level
should not be disturbed until
all debris has been removed
and water level tests are
complete.

Demonstration

Effective on non-reinforced or
lightly reinforced concrete.
Any rednforcin% bar wilt have
to be cut by other means. The
compound is not considered
dangerous. Contamination
controf would not be a prob-
lem since the contamination
will have already been
removed ing or
scarfing. The demonstration
would cost $500K. This
demonstration cost includes
personnet clothing and pro-
tection but not transportation
and storage.

Pre-Demonstration
Microwave scabbiing of con-
crete is in the final stage of
phase 2 of a 4 phase pro-
gramn at ORNL. Phase 3 is
scheduled for letion
MID-1994. Phase 3 will devel-
o&lergpmvod mobility. Remote
i control, vacuum waste
collection and remote con-
trolled capabilities. Phase 4
will design vertical and over-
gg'qd m as well as

im| proper
ods and configurations for
cleaning the off-gas dis-
charged by the vacuum sys-
tem. All ANS! and OSHA
standards will be met or
exceeded. Microwave scab-
bling was demonstrated.

. ‘Science /T echnology Needs

~p= Crane system for handling

large sections of decontami-
nated concrete to crusher.
Remote method of cutting
reinforcing bar. Create
method for installing lift rings
for crane handling of large
sections of debris or other
methods of moving debris to
crusher, Locate non-contami-
nated structure that will not
have to be decontaminated.
Demolish it with controlled
blasting monitoring vibrations
so that the system can be
evaluated before actually
being put into use. This
demonstration on a non-
decontaminated structure will
be $200K.

-3 Use an uncontaminated build-

ing for a demonstration. The
building would need to be
with light or no reinforced
concrete. Size, depth and
pattern of holes would need
to be determined. Method of
cutting any reinforcing bar
established. The fractured
concrete would be removed
with pavement breaker, back-
hoe or bucket loader. The dirt
underneath the floor will have
to be moved if necessary and
decontaminated or stored.

The development has already
been funded (see TTP. NO
OR-3DAA). The demonstra-
tion costs includes character-
izing walls and floor, identify-
ing reinforcing steel grid pat-
tern, building portable con-
tainment enclosures, person-
nel protection, clothing, instal-
lation and demonstration ot
the Phase 3 advanced stage
microwave machine, robolics,
and vacuum system will be
$3M. The phase 2 demon-
stration costs includes char-
acterizing walls and floor,
identifying reinforcing steal
grid pattern, building portable
containment storage, but not
transportation and burial
charges. The development
and installation of the Phase
4 system for demonstration
will be $5M.

I [ TR ST

-

‘Implementation Needs

Possibly watch and records
actual site being demolished
by controlled blasting. View
videos from demolition com-
panies and explosive manu-
facturers to see what method
industry uses to cut reinforc-
ing bar and remove large
amounts of debris.

Pattern, size depth and loca-
tion of reinforcing bar need to
be established. Means for
cutting reinforcing bar and
removing fractured section of
concrete needs to be estab-
lished. Crane facility and
crusher to reduce concrete
selection to eliminate and
voids in storage. Before dis-
turbing the walls that are
underground or the ground
level f determine exis-
tence of wet weather springs

to make sure removal won -
create a stream running B
through contaminated rubble =

or a soil. —

~p» Create a damonstration pro-

gram for the most advanced [

system for all altematives so

a true comparison can be

mada. Track system, if -

required, needs to be devel-

:red for demonstration.
anipulators with vacuum

systems need to be able to

move along floor, around

columns, up walls, and over-

L
eve al possi

could be used to consolidate _

and immobilize liquid radioac-

tive waste inside containers

for ultimate safe disposal, but _

needs demanstration.

2/26/93
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Dismantlei

Problem Area/Constiiuénpé

S'ubele‘menls o

" Reference Requirements’

" K-25 Site Problem

. ) . ) vl . .
. Enrichment Process Buildings - B. Structural Steel ———————3» Rofer to Volume1, Chapter 10,—® Dismantlement ~————® Disass«
Cleanup LegaCy for potentially applicable pro-
* Prevent Future Process Support Buildings posed and promulgated environ-
mental laws, signed and pend-
Insult Cooling Towers ing agreements for the ORR,
. Develop radiation protection standards,
) Pumping Stations DOE Orders, and non-regulatory
Environmental guidance. As site-and waste-
Stewardship Lahoratory Facilities specific characteristics are pro-
vided for each technology, spe-
Special Development Facilities cific regulatory requirements will
be spacified.
Administrative Facilities
Electrical and Electrical Switch
Gear
= EM Problem
] .
|
——® Cutling

Decommissioning -
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)
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— Disassembly

—= Cutting

—-—T-—-b Qualitative IR Thermography 3w Pre-demonstration

to detect cracks in steel
beams, unrecorded variations
in wall construction,
beam/wall discontinuities, or
soaked roofing subsurface.
DISM-32-0G

“—-p» Conventional Disassembly
{mechanical) - Mechanical

cutting, saws, grinders, etc.
DISM-33-0G

———- Nd:YAG on CO5 Laser
Cutting (removal nf major
components from the cas-

cade).
DISM-34-0G

Abrasive Water Jet Cutting
DISM-35-0G

Advantage: inexpensive,
partabie, noninvasive, pas-
sive measure. Realtime or
VCRI/Still imaging. reasonable
co ct apparatus (roughly

6 ft¥). Exceifent, initial gross
detection mathod.

Disadvantages: image often
requires trained interpreta-
tion. Emissivity differences
andJor local spurious infrared
sources may complicate
image analysis. Generation of
spent inert nitrogen gas may
complicate opseration in tight
confined space. Outdoor
measures may be weather
dependent,

Accopted

Mechanicat cutting is ac?apt-
ed. Industry standard needs
no further development.

Pre-demonstration
Technology exists in the pre-
demonstration stage at the
Penn State lied Research
Laboratory (ARL). The U.S.
Navy has funded feasibility
demonstration of the technol-
ogy for dismantlement of sub-
marine hulls. The technology
is very likely to work since
laser cutting is common in
industry.

Demonstration
Abrasive water jet cutting is a
demonsirated technology.
Advantages of this type of
cutting are:
1. The system is fiexible and
can cut many different
2 No sparks ted

. are goneral
raduclrfg?ira hazards.

Disadvantages of the abra-
sive water jet cutting are:

1. Large amounts of water
must ba recovered. This
water would likely be contam-
inated with uranium and
PCB'S.

2. Dependent on the material
t?.ging cut. depth of cut is limit-

3. This would be considered
a high pressure system rais-
ing safety concerns.

-

-

-

-

Requires natural or applied

transient or steady-state heat-

ing. Method works best with
1R-Flat background.

None.

Laser cutting usin? alaser
carried through a fiber-optic
cable or waveguide requires
demonstration. Current fiber-
optic cables cannot efficiently
transmit the wavelengths
generated by a COg laser.

Technology needs recovery
system and recyclable abra-
sives.

o

—» ATD's 2 AGA systems require

liquid nitrogen and should not
be used in a high shock envi-
ronment. Only a few hours of
sampling time battery charge,
although AC power, Is also
available. Remote or rabotic
operation possible but not
demonstrated. Need to imple-
maent current technology sys-
tem - cost ~§110K.

Needs to be demonstrated
with appropriate remote plat-
form interface.

Tooling to interface the laser
cutti;g head with the auto-
mated delivery platform
needs to be designed and
demonstrated.

A demonstration Is required
on simulated equipment for
the K-25 type facility and the
K-33 type facility, projected
cost: $3.1M.

The ability to separate conta-
mination from the water slurry
would have to be demonstrat-
ed. Otherwise, large quanti-
ties of contaminated water
would be generated making
the process undesirable.

3-3
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Dismantieg

K .
a/Constituents -

. «K4255i1¢ Problem . Problem:Aré _"Réfefeh'qe.Requiréments .-Subélvem’énts»'

« Cleanup Legac Enrichment Process Bullding-ﬂ—b B. Structural Steel  ——————p» Refer to Volume1, Chapter 10, —» Dismantlement » Cutiing IR
gacy (cont.) for potentially applicable pro- .
« Prevent Future Process Support Buildings posed and promulgated environ-
Insult mental laws, signed and pend-
Cooling Towers ing agreements for the ORR,
* Develop : Baglétbg?d protection standards,
. Pum Stations ers, and non-regulatory
Environmental pirg guidance. As site-and waste-
Stewardship Laboratory Facilities specific characteristics are pro-
vided for each technology, spe-
Special Development Facilities cific regulatory requirements will
X be specified.
Administrative Facilities
Electrical and Electrical Switch
| Gear

“EM Probvlem o

Decornmissioning -

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)




o Wil
Cutting -———‘———*Plasma Arc cutting.

(cont.)

” ) |\'W|“|IH MII e |

DISM-36-0G

DISM-37 OG

- Oxygen Cutting -
DISM-38-0G

=3 Plasma Arc Saw - this new  —9»
technological development
allows thermal cutting of steel
with wall thickness up to 300
mm tubes, bank of tubes and
geometric complicated com-
ponents. Also, this technology
can be used under water ur
to a depth of 20 meters. With
a normal plasma torch it is
not possible or at least
extremely difficuit.
DISM-40-0G

this thermal arc waterjet cut-
ting device it is possible to cut
steels up to a wall thickness
of 100 mm underwater up to
20 meters. The cutting
process is based in an elec-
tric arc between the wire elec-
tfrode and the metal sheet.
Thus metting the metal in the
work piece. The waterjet
around the wire is used to
“‘wash-a-way” the melted
material from the cutting kert.
The wire is consumed
because of the high current.
The wire has to be fed so that
the process can work continu-

ously.
DISM-41-0G

oo [ nor mor

=5 Demonstration

juessp-- Arc Saw Cutting - A

}—» Thermal arc-waterjet - with ~ —9» Demonstrated

[ " LA N " et

= Need for making process
continuous and computer
assisted have been cited.

Plasma ARC cutting is an
accepted technology in indus-
try and needs no further
development,

1. Plagmr AFIC cutting are
usually aobila and thus, can
bs 17 1Gred to the job site.
, Cut' ng can be rmed
on equir.ment in-place.

3. The system is relatively
inexpensive.

Disadvantages of the system
are:

1. Airbome contamination will
be generated that will settle
on equipment belew the cut-
ting site.

2. Uranium contamination
may be alloyed with the struc-
tural members being removed
thus making decontaminating
significantly more difficult.

ccepted ~» None
Current arc method for cutting
ﬁ'é'ldan“?:g“ of fast lﬁ&
e cutting,
Disadvantages of not n?z?hb!e
for all materials and thick cuts
may require repeated passes.

Accepted -~ N/A
Weli understood usable

agrroach but has some mate-

rial limitations and can be

labor intensive. '

Demonstration
The Plasma Arc Saw technol-
g?y enables thermal cutting
steel plates/walls indepen-
dent of its thickness in a
water depth up to 20 meters.
This was demon-
strated in cul tes up to
a thickness of 300 mm.
maximal permissible metallic
(v‘aall lhlcknefys to g%cg‘ta
eggnds only on metor
of the saw (plasma-arc)
blade. The amission of dust
and aerosol during the

(>100 mm - requires the

and re-runs in the process.

process, only s on the
meited matarial. This process
Is con by computers.

ment necessary.

TR

~p» For large steel wall-thickness

development of the large saw

-~ No additional basic develop-

— Ventilation required if not

—» Exhaust ventilation requirod.

—p» Requires transfer from devel-

—» Required possible pre-runs to

A f |

— HEPA filtered exhaust system
and a contained area for use
when cutting contaminated
material are needed.

operated under water. Blade
raquires water cooling.

opment stages (protol -
1990) to broad .(faus:%"
application. Technology is
availabie in commercial basis.

accommodata the arc water-
jet cutter to passible
room/space shortages in the
wmng‘aama. In gefwh;ral, no
m nges on the cutter
device is needed.
Commercially available tech-
nology.
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(cont.)

- Reference Requirements

Refer to Volumet, Chapter 10,~% Dismantlement

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
ciflc regulatory requiremants will
be specified.
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(cont.)
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Logic Diagram

1antlement

‘Alternatives ,

'Technologies

—3# Cutting
(cont.)

~—gp= Demolition ~——————-——» Grabbler for Remotely Cutting —jm-

~J» Advance-Lasers for Cutting
DISM-42-0G

Metals (Massive Shearing).
DISM-56-0G

sive cutter consists of an
explosive core contained in a
metal or hard plastic casing.
The cutter is chevron shaped,
so it can be directed at the
workpiece. This technique
can be used either in air or
under water. Cutting speed is
a function of how fast the
charges can be placed; this
process can cut metals up to
roughly 6 inches thick.
DISM-44-0G

g Thermite Cutting - When iron,
aluminum, and magnesium
are ignited together, the
react (“thermite reaction”)
producing temperatures up to
10,000 F. Oxygen is forced
through a lance, thus the oxy-
gen and wires can then be lit
and the torch directed by the
operator. The amount of oxy-
gen controls the flame. The
system is portable, but
requires an operator to be
close to the cutting. The torch
can be used underwater.
DISM~45-0G

Yo [ B ] (TR

e Explosive Cutting - An explo-  —gm

)

Status

— Pre-demonstration

Feasibility demonstration at
university laboratory in Navy-
funded project. Laboratory
demonstrated efficient cutting
through steel pf up to 4-in.
thickness.

Technology lends itseif well to
tele-robotic/automated
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 ((deconta-
mination), and remote loca-
tion.

Cost savm% potential is large
($800M to $1.2B) relative
manpower, protective cloth-
ing, and waste handling
reductions.

Demonatration
The technology is not avail-
able at K-25 but has been
demonstrated at other sites.
This device would cut through
metals using a remotely con-
trolled arm with a shearing
mechanism attached. The
ghabbler would be mobile so
at it could move to the job

Demonstration

This technoto?y is accepted
as a means of gross cutting.
Capital cost of this system, m
1989 dollars, was small.

Char and cutters are con-
sumablg; charges
cost$150/it. and cutter $8K
each,

Pre-demonstration

The thermite reaction is well
known and understood by the
thermite lance (an accepted
technology) is a ?ross cutting
tool not suﬂable toxic
materials. Hazards include
spatter of hot metal, noise,
metal fumes and dust. In
1989 dollars, the capital cost
for the system was $555.
Lances cost $5 each; oxygen
cost must also be added.

v Iovoamn g

~ Science /Technology Needs

=¥ Demonstrated efficacy of

fiberoptic system for either
local or remote transport of
laser beam. Demonstrate
effect on contamination.
Determine power level needs
and scale-up potential of new
systems. Develop integrated
delivery system.

The grabbler concept needs
to be for the scale of opera-
tion required. New technolo-
gies are likely not needed.
evelopment would primarily
involve mechanical design
and robotic control design.
Estimated cost: $10M

A means of buffering the
shock wave and its associat-
ed noise is needed.

- The thermite reaction needs

!

to be incorporated into a
process that can be remotely
controlled to be useful in con-
taminated environments,

NCRTET

S VI IR
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J .lmplément_a'tion Négds

Develop full-scale roto
system ($800K to

and field test ($10 ml"loﬂ) m
K-25 or K-33-type facilities.
Evaluate system economics.

The grabbler would have to
be demonstrated at a K-25
type of facility. Safety of the
equipment would likely have
to be assessed and docu-
mented

This process is ot recom-
mended for contaminated
maetals because it would be
axtremely difficult to control
the spread of airborne conta-
minants.

Robotics: charges can be
placed remately.

Exhaust ventitation is
required with this system, as
well as enhanced safety
awareness because of the
fire hazard created by the
system.

35
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. K-25 Site Problem: Problem Areé/Cdnstittxents ' Rejerqncé héquifementS',,' S,u'bele_r'ﬁenﬁ

. Cleanup Legac Enrichment Process Buildings |- C. Asbestos Removal ————pm- Refer to Volume1, Chapter 10,—® Dismantlement —=  Strippi
p Legacy for potentially applicable pro-
* Prevent Future Process Support Bulldings posed and promulgated environ-
I | mental laws, signed and pend-
nsuit Cooling Towers ing agreements for the ORR,
*» Develop radiation protection standards,
. Pumping Stations DOE Orders, and non-regulatory
Environmental guidance. As site-and wasle-
Stewardship Laboratory Facilities specific characteristics are pro-
vided for each technology, spe-
Special Development Facilities cific regulatory requirements will
be specified.
Administrative Facilities
Electrical and Electrical Switch
Gear
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Stripping _———'—* Vacuum System - the vacu-

Cutting

um system is self-contained
and mounted on a towable
trailer. The system includes a
hopper, bagging port, HEPA
filter, Self-powered vacuum
system, and large diameter
suction hose is routed to the
asbestos removal area and
transports the asbestos to the
hopper to the removal point
that can be up to 1000 ft

away.
DISM-46-0G

pewmeai>- CO, Blasting - High Pressure —gm
COg, blasting is uitra high
pressure COo that is forcad
through a small diameter noz-
Zle that creates a spray that
cuts away the surface of
material. The contaminated
surface removed will be han-
dled as waste. The remaining
pipe can then be cut up by
other methods and recycled,
reused, or disposed of locally.
The lechnolo%y is currently
available but has not been
demonstrated at the ENER-
GY SYSTEMS Oak Ridge
K-25 Plant,

DISM-47-0G

——p Glassification - Glassification
is accomplished by taking a
predetermined size of materi-
al and encasing it inside of
glass. The size of the refuse
can be linked to a machine
that is capable of reducing
larger pieces of asbestos
refuse so that it can be run
thru the glassification
process. After glassification
the fibers of the asbestos
would be encased and could
virlually eliminate air-borne
particles of asbestos during
shipping.

DISM-48-0G

|

Laser Cutting - Advanced -
laser for cutting of asbestos
matsrials - laser cutting is
accomplished with a laser
beam which thermally sears
thru the asbestos and cuts it
into pieces easily handled for
disposal. This method would
be used to cut the transite
panels from around the diffu-
sion equipment. Laser manip-
ulator could include either
grirpers or suction cups to
safely remove and stack
gieces during and after they
ave been cut.
{11SM-49-0G

~p Acce

pted .
The tachnology is currently
available and is in the use at
the ENERGY SYSTEMS Y-
12 Plant Site in Oak Ridge,
TN. This system would save
approximately 260% in the
cost of materials and labor
over the conventional
removal and glovebag opera-
tion. An example of cost sav-
ingois an area requiring 11
laborers and 4000 bags using
the conventional method
would require 4 laborars and
1500 bags using the pro-
posed automated method.

Demonstration
DOE Sponsared develop-
ment; programmable robotic
manipulators have been
developed; high maintenance
items: nozzles, hoses, and
umps. COp biasting has
demonistrated but not at
the K-25 plant site. By remov-
ing the contaminated sur-
faces which will be bagged
and disposed of, the remaln-
der of the decontaminated
pipe can be recycled or
reused. This will save $17.00
cu-ft for disposal.
Demonstrations for removing
need to be completed before
cost-payback can be evaluat-
ed. Tha recovery system
would be well suited for cont-
aminated piping.

Demonstration

Technology currently avail-
able however, it has not been
tested at the K-25 plant site.

Pre-demonstration
DOE sponsored devel
ment; programmable tic
ananlpulalorf have been of
eveloped. Laser cutting
asbastos has had laboratory
feasibility demonstration.
Preliminary results indicate
:hat cuttiungl '31 mx:;'erial resuits
n essen na disperse-
ment of fibers and leaves the
asbestos cut intertace cauter-
ized. Thus helping seal the
surface and prevent disperse-
ment of fibers during han-
dling, ND:YAG-Type lagers
should have su nt power
and can be coupled with a
fiber-optic delivery system for
ease of adapting % automat-
ed systems and for improved
safety.

—p» None required. However, this
could be integrated with alter-
native highly automated s?'s-
tems in which case it would
require additional engineering
design support.

- Vacuum recovery system
linked to robot controlled COp
blaster needs to be demon-
strated. The development of
this equipment; manipulators
for tracking pipe during
removal, remote operated
robotic manipulators and an
integrated vacuum system for
demonstration would cost
$3.5M. The demonstration
cost inciudes personnel pro-
tection, clothing and container
storage but not transportation
and burial charges.

—» Need foasibility and design
engineering to interface a
confined environment
machine equipped with a vac-
uum recovery system to
process large pieces of
asbestos into workable con-
figurations. A study will need
to be done to determine if this
would create any new, unrec-
ognized waste control or dis-
posal problems. The develop-
ment of this equipment; cut-
ter, shredder or grinder, for
demonstration would cost

- Need confirmation of negligi-
ble asbestos dispersement
and cut cauterization. Beam
containment, laser safety,
optics protection from flam-

iné;& etc., are issues to be

addressed during develop-
ment. The key issue is to sub-
stantiate that fusion of fibers
occurs and does not create
any new. Unrecognized
waste control or disposal
problems. The development
of this equipment; manipula-
tor track for laser; and grip-
pers or holding devices for
cut material for demonstration
would cost $3.5M.

~p» Operator training required on
:ihe system set-up and opera-
on.

- Need to view videos available
from other nuclear facilities
and possible visit sites and
evaluate recovery systems
without on-site demonstra-
tion. Determine what robotics
have been developed with in-
house seminar from vendors
on latest and future technolo-
gy. Robotic manipulators with
recovery system needs to be
able to move around on floor,
up and around concrete
columns, and overhead (the
underside of the fioor above).
Methods of addressing
realmow?l of ‘asbes| ’_g’os from
valves in piping. Piping
elbows, and piping very close
to walls will have to be made.

= Need to view videos available

from other nuclear facilities
and possibly visit sites and
evaluate recovery systems
without on-site demonstra-
tion. Detarmine what robotics
have been developed with in-
house seminar from vendors
on latest and future technolo-
gy.

— Need to view videos available

from other nuclear facilities
and possibly visit sites and
evaluate recovery systems
without on-site demonstra-
tion. Determine what robotics
have been developed with in-
house seminars from vendors
on latest and future technolo-
gy. Robotic manipulators with
recovery systam needs to be
able to move around on floor,
up and around concrete
columns, and overhead (the
underside of the floor above).
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Technology Logi

- Dismantiemengn
= EM Goals - . K-25 Site Problem. - Problem Atrea/Constituents . | Reference Requirements ‘Subelements | . Alternati
[ Enrichment Process Buildings 1 C. Asbestos Removal——————— Refer to Volume1, Chapter 10,—¥ Dismantlement > Cutting :
. Cleanup Leqac (cont.) for potentially applicable pro- (cont.)
= p Legacy Process Support Buildings posed and promulgated environ-
= « Prevent Future mental laws, signed and pend-
3 Insult Cooling Towers ing agreements for the ORR,
radiation protection standards,
- * Develop Pumping Stations DOE Orders, and non-regulatory
. . guidance. As site-and waste-
! Environmental Laboratory Facilities specific characteristics are pro-
= Stewardship vided for each tachnology 1e-
Special Development Facilities cific regulatory requirements will
be specifled.

Administrative Facilities

=y

Electrical and Electrical Switch

Gear
ﬁf - EM Problem
‘ - D. Major Dismantlement ———p» Refer to Volume1, Chapter 10— Dismantlement «————r————3p» Cutting, Advanced
for potentiaily applicable pro- ;
v posed and promulgated environ-
] mental laws, signed and pend-
Decommissioning -4 ing agreements for the ORRA,
(D&D) radiation protection standards,

DOE Orders, and non-regulatory,
guidance. As site-and waste-
specific characteristics are pro-
vided for each tachnology, spe-
cific regulatory requirements witi

e

be specified.
[ Electrical Equipment ———» TSCA FFCA —
(PCB Contaminated) + Complete disposition of PCB

electrical equipment. 9/94

Soils, Groundwater
and Surface Water

i
g
]

(RA)
Ly Ventilation System -~ TSCA FFCA e
(PCB Contamination) + Complete PCB Ventilation
gasket ramoval from K-29, K-31,
K-33, 8/2001

+ Complete dispoal of PCB
waste. 12/2015

Waste Management
(WM)
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Logic Diagram

smantlement

i Alternatives’ A

‘TeChnologies

S — Cutting
(cont.)

- High Pressure Abrasive
Water Jet Cutting - abrasive
waterjet removal is ultra high
pressure water with and with-
out abrasive that is forced
through a small diameter noz-
zle that creates a spray that
cuts away the surface of
material. The contaminated
surface removed will be han-
died as waste with the conta-
minated abrasives and water
to be recycled. The rem»ining
pipe can then te cui up by
waterjet cutting or ather meth-
ods and recycled. reused, or
disposed of locally. The tech-
nology is currently available
but has not been demonstrat-
ed at the ENERGY SYS-
TEMS Oak Ridge K-25 Plant.
DISM-50-0G

s =3 Cutting, Advanced ——— «—r—gm Nd: Yag and COg Laser

Cutting - (Removal of major
components from the cas-
cade).

DISM-51-03

|3 High Pressure Abrasive

Water Jet.

Abrasive water jet cutting,
with or without abrasives, is
ultra high pressure water that
is forced through a small
diameter nozzie that creates
a steam that cuts through
metal. The contaminated par-
ent material that's removed
will be segregated and han-
dled as nuclear waste with
the contaminated abrasives
and water to be recycled. The
blow through will have to be
contained by shrouds
attached to a high efficiency
vacuum system with any
other overspray, elc., con-
tained in a pool. The shrouds
will have to be designed for
specific application with the
containment pools being
portable.

DISM-52-0G

DISM-53-0G

—

-

-

—-—3 Advanced Lasers for Cutting =3

Pre-demonstration

DOE sponsored duvelop-
ment; programmabie robotic
maniﬂulalors have been
developed, water can be
recycied. Concepts for abra-
sive recycling with 95% spoils
recoverable; high mainte-
nance items, nozzies, hoses,
and pumps when abrasives
are used. Metal demonstrated
but not at the K-25 plant site.
High efficiency recovery sys-
tem a must for removal to
keep contaminated run off to
a minimum. Cracks in con-
crete will be a problem since
contamination will still be pre-
sent and will have to be
addressed. But no one sys-
tem will be ideal for avery sit-
uation,

Pre-demonstration
Technology exists in the pre-
demonstration stage at the
Penn State A;g)lled Research
Laboratory (ARL). The U.S.
Navy has funded feasibility
demonstration ot the technol-
ogy. It is very likely to work
since laser cutting is common
in industry.

Demonstrated

Abrasive waterjet cutting
development was DOE spon-
sored. Programmable robotic
manipulators have been
developed. Water and abra-
sives can be recycled with
95% spoils recoverable. Any
recyclable material accumu-
lated will save $20.00 cu-ft for
disposal.

Pre-demonstration
Feasibility demonstration at
Penn State University labora-
to!g in a Navy-funded project.
Lab-demonstrated efficient
cutting through steel of up to
4-in. thickness.

Technology lends itself well to
tele-robotic/automated
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 savin%s potential is large
($800M to £1.2 B) relative to
manpower-intense approach-
os (manpower, protective
clothing, and waste handling
reductions).

‘Science /T'e‘chnology‘ Needs

—P»- Recovery system with recy-

clable water abrasives needs
to be demonstrated. This will
require a portable facility it
available or pools with neces-
sary equipment to separate
and possibly decontaminate
the water and abrasive for
reuse. The development of
this equipment - manipulators
for tracking pipe during
removal, holding pipe during
cutting, lowering pipe after
cutting, and cleaning pools for
demonstration - would cost
$3.5M. The demonstration
cost includes: building
portable containment enclo-
sure, personnel protection,
clothing and container stor-
age but not transportation
and burial charges.

Laser cutting usm? alaser
carried through a fiber optic
cable or waveguide requires
demonstration. Current fiber
optic cables cannot efficiently
transmit the wavelengths
generated by a CO; Laser

Abrasive waterjet cutting
technology exists but high
efficiency vacuum recovery
and mobile containment sys-
tem will need to be further
developed with the shrouds.,
etc. designed for a specific
application for a demo. A
state of the art demo would
cost 3.5M and would not
include transportation or bur-
ial charges. The results of
7/92 estimates there are
200K tons of structural steel
in the K-25 “U" building alone.
There is over 3.6M lbs of
nickel in K-33. There is over
1.2M lbs of copper in the K-
33 motors alone. Most of this
material can possibly be recy-
cled with state of the art dis-
assembly and decontamina-
tion techniques.

- Demonstrate efficacy of

fiberoptic system of either
local or remote transport of
laser beam. Demonstrate
effect on contamination.
Determine power level needs
and scale-up potential of new
systems. Develop integrated
delivery system.

Implementation Needs

— Ned to view videos available

from other nuclear facilities
and possibly visit sites and
evaluate racovery systems
without on-site demonstra-
tion. Datermine what robotics
have been developed with in-
house seminar. Robotic
maniputators with recovery
system needs to be able to
move around on fioor, up and
around concrete columns,
and overhead (the underside
of the fioor above). Methods
of addressing cracks in con-
crete, below material, water,
and possibly abrasives,
remaval of asbestos from
valves in piping, piping
elbows, and piping very close
to walls will have to be made.

1. Tooling to interface the
laser cutting head with the
automated/robotic delivery
platiorm needs to be
designed and demonstrated.
2. A demonstration is
required on simulated equip-
ment for the K-25 type facility
and the K-33 type facility.
Projected cost: $5 Million.

Develop state of the art sys-
tem for demo on specific
equipment. Develop market
for massive amounts of recy-
clable steel, copper, etc.

- Develop full-scale prototype

system ($800K to $1,000K)
and field test ($7.0 million) in
K-25 or K-33-type facilities.
Evaluate system economics.

2/26/93
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Technology Lo

Dismantieg

" EM Goals’

- K-25 Site'ProbIem ' ~ Problem Area/Consti!uéhts Reference Requirements Subelements -

= Enrichment Process Buildings g D. Major Dismantlement —————p»- Refer to Volume1, Chapter 10~d» Dismantiement
. C|eanup Legacy (cont.) for potentially applicable pro-
Process Support Buildings posed and promulgated environ-|
* Prevent Future mental laws, signed and pend-
Insult Cooling Towers ing agreements for the ORR,
radiation protection standards,
+ Develop Pumping Stations DOE Orders, and non-regulatory
: guidance. As site-and waste-
Environmental Laboratory Facilities specific characteristics are pro-
Stewardship vided for each technology, spe-
Special Development Facilities cific regulatory requirements wili
be specifled.

Administrative Facilities

Electrical and Electrical Switch
Qear

L Electrical Equipment =~ —3»= TSCAFFCA J——

(PCB Contaminated) + Complete disposition of PCB

) F electrical equipment. 9/94
- EMProblem - .

Decommissioning =
(D&D)

L Ventilation System —~———jp  TSCA FFCA —
(PCB Contamination) + Complete PCB Ventilation
gasket remioval from K-29, K-31,
K-33, 8/2001
» Complete dispoal of PCB

waste. 12/2015

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)
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ogic Diagram

atlement

Alternatives

= Equipment Location

> Conventional ﬁ

Technologies.
Pasitioning of Equipment

Using Laser/Bar Codes
DISM-54-0G

bl Z0ning for Containment

(3 Zones)
DISM-55-0G

el Use of Existing Fixtures for———p»-
Thermal Cutting
DISM-56-0G

-3 Demonstration

Technology exists to precise-
ly position equipment such as
warghouse stacker cranes
using bar codes attached to
permanent buiiding features
such as columns. The
Caterpillar Company currently
markets such a system.
Assuming the philosophy of
dismantiement is the auio-
matic dismantiement of sys-
tems using robotic tool deliv-
ery platforms, when this tech-
nology will be directly applica-
is tech-

ble to our problem.
nology could save a large
amount of funding depending
upon the philosophy of dis-
mantiement assumed.

Accepted
Containment to prevent
spread of exposed contami-
nation to less contaminated
areas has been demonstrated
to be an effective cost reduc-
tion tool. At the Mound
!.aboratorg‘facimy a technique
invotving 3-Zones, “Cold,
Buffer, and Hot" is being used
to isolate contamination.
Temporary containment has
been shown to prevent
increasing contamination in
the surrounding buiiding
when removing gloveboxes.
This technology will be nec-
essary during dismantiement.
It will allow an estimated 80 -
90% of the materials to be
removed to be treated as tow
level waste. Commercial sup-
liers are available. Cost sav-
ngs would result from reduc-
tion of disposal cost for 80 -
90% of the material in the dif-
fusion facilities. Low level
waste can be disposed at
$20/cu-ft. Material exceeding
the limits for low level cost
approximately $100/cu-ft to
dispose. Assuming all build-
Ing materials can be digposed
as fow level waste the sav-
ings would be $1-2 Billion for
the older buildings.

Accepted

Technology exists in each of
the diffusion piants that per-
mits the removal of major
companents without new
equipment. The methads and
equipment have been proven
and have been in use for aver
40 years.

=P No major development need-
ed.

=P Lighter weight materials such
as honeycomb construction
may make panels easier to
handle and cheaper.
Inflatable panels may be
applicable.

- The equipment that was used
to remove Gaseous Diffusion
Equipment from the
Cascades would require
removal from storage. When
this group of jigs and fixtures
have missing parts the exist-
ing design drawings would be
required to fabricate and
replace needed components.

Séience /Technology Needs

= Major demonstration will be
required to identify the
delailed criteria for such a
system. This demanstration
would cost $5-7M but could
be a part of any integrated
dismantiement demonstra-
tion. If integrated into another
demonstration the cost would
be minor ($90 - 120
Thousand).

Panels need 1o be engi-
neered to allow reuse of pan-
els in the next dismantiement
zone. Design for enhanced
fire protection design.
Flammable materials would
be prohibited. .

=P All jigs and fixtures would
have to be located and if nec-
assary retraofitted to restore
them to working condition.
Existing jig and fixture fabri-
cation drawings would need
to be recalled from archives
where necessary.

2/26/93
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+ Cleanup Legacy

 Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem

1

Decommissioning —

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

K-25 Site Problem
Enrtchmol Process Buildings
Process Support Buildings
Cooling Towers
Pumping Stations
Laboratory Facilities
Special Development Facilities
Administrative Facilities

Electrical and Electrical Switch
Gear

Technology Logig

Problem Area/Constituents

(cont.)

i Electrical Equipment —
(PCB Contaminated)
i Ventilation System e

(PCB Contamination)

Reference Requiremeh;s

- D. Major Dismantlement ———» Refer to Volume1, Chapter 10, o

for potentiaily applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory]
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

TSCA FFCA —
« Complete disposition of PCB
electrical equipment. 9/94

Dismantlement

Subelements . ‘Alternatives . .

e Conenlional
{cont.)

i Dismantlement

TSCA FFCA
- Complete PCB Ventilation
gasket removal from K-29, K-31,
K-33, 82001

- Complete dispoal of PCB
waste. 12/2015

—— Demolition




-.ogic Diagram

:ntlement

> Conventionl
{cont.)

= Demalition

: Al’ternavtives, .

- -fTeéhnolOgies
Advanoe Automatic Fixtures, = Accepted .

Bug - O,
DISM-57-0G

, elc.

* Ptasma Arc Cutting.

DiISM-36-0G

St’atué

The cascade improvement
program completed in the
early 1980's for the diffusion
facilities used automated
positioning tools for cutting
and welding to modify steel
components including con-
verter shells. This same tool
concept can be adapted to
cuttingin the scade assum-
ing the appropnate delivery
system, technology is a
certainty to work for cutting
round piping such as diffusion
cascade piping. Careful atten-
tion will need to be paid to
shrouding the area where the
cut is taking place to avoid
spread of airborne contami-
nation. The technology can
achleve increased efticiency
of manpower and safety. Cost
savings of 50% to 70% could
be achieved over the 15-20
man-hours per cut on 30 in.
piping. This would translate to
a savings of up to $20 miltion
for one major tacility alone.

Demonstration

Plasma ARC cutting is an
accepted technology in indus-
try and needs no further
development.

1. Plasma ARC cutting are
usually mobile and thus, can
be transported 10 the job site.
2. Cutting can be perlommed
on equipment in-place.

3. The system is relatively
inexpensive.

Disadvantages of the system
are.

1. Airborne contamination will
be generated that will settie
on equipmant below the cut-
ting site.

2. Uranium contamination
may be alloyed with the struc-
tural members being removed
thus making decuntaminating
significantly more difficult.

g Grabbler/Gross Shearing and —» Demonstrated

Lifting.

DIS

-58-0G

Commercially available tech-
nology exists to adapt large
hydraulic excavator - mount-
ed shearing jaws and grab-
bing devices to readily avail-
able earth moving equipment.
This technique has been
used at the Apollo Penn D&D
project to remove structural
steel from the former NUMEC
fuel fabrication plant.

~ Science needs - None.
Development needs - None.
Improvement needs - A sig-
nificant demonstration of a
prototype will be required in
the actual environment of the
prototype will be required in
the actual environment of the
diffusion cascade. The
demonstration would need to
define the best way to power
and control the tooling in a
remote operating mode.
Integration with a robotic
deliver platform would signifi-
cantly compound the total
benefit. savings of 5-10 times
those stated under “Status”
could be reaiized.

-~ Need for making process
continuous and computer
assisted have been cited.

—p»NO new science is needed.

Science/TécHnobgy Needs B |rh‘plemeh'tation Needs -

= Roughly a man year of design

would be required to design a
ﬁrolotype (90K). The total

ardware cost would be
approximately $100K in 1982
dollars. No significant soft-
ware is required although
intarlocking with any robotics
wol |d be necessary and may
require approximately .5 man
years to design. No facilities
are needed over those exist-
ing in Oak Ridge. Re-activa-
tion of one crane bay in K-33
wouid be beneficial in that
actual testing on diffusion pip-
ing could occur. The total cost
of a prototype demonstration
would be about $1.5M. The
tooling would then be dupli-
cated. Approximately 20 dif-
ferent sizes would be
required resulting in a total
procurement cost of $500K
for the three larger facilities,
Assuming each costs
$25,000. The older facilities
would require approximately
30 different sizes at a total
cost of $450K for K-25 and K-
27 ot each costs $15K. -

HEPA filtered exhaust system
and a contained area for use
when cutting contaminated
material are needed.

~—p» A major demonstration of this

technology will be required to
determine the extent of air-
borne contamination generat-
od for a 'y?ical cutinto the
diftusion piping. Cost of such
a demonstration will be $2-
3M. Cost may be shared with
a demo for asbestos, structur-
al steel, massive concrete.
The cost to implement the
concept would be $300-500K/
if the demonstrations suc-
cessful. Robotics will be use-
ful if the excavator arm were
to be aperated remotely,
elt{uar teleoperated or umbili-
cal.

2/26/93
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* Cleanup Legacy

* Prevent Future
Insult

* Deveiup
Environmental
Stewardship

EM Problem

Decommissioning -4
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

K-25 Site Problem
Enrhmet Process Buiings
Process Support Buildings
Cooling Towers

Pumping Stations

Laboratory Facilities

Special Development Facilities
Administrative Facilities

Electrical and Electrical Switch
Gear

Components

- Electrical Equipment
{PCB Contaminated)

Lp» Ventilation System
(PCB Contamination)

Problem Areé/Const{tuents

Technology Lo

- .Disassemhly of Major e3> eferto Volume 1, Chapter 10—

~————3» TSCA FFCA

—_—

Reference Requirements

P Dismantiement
for potentially applicable pro-
posed and promulgated environ-|
mental laws, signed and pend-
ing agreemetits for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

« Complete disposition of PCB
electrical equipment. 9/94

TSCA FFCA

» Complete PCB Ventilation
gasket removal from K-29, K-31,
K-33, 8/2001

« Complete dispoal of PCB
waste. 12/2015

——nd

. 'Subelements

Dismantile
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» Cutting, Advanced

pmelpe- High Pressure Water Jet:

- With Thermal Arc Weiter Jet

besmngpe- Plasma Arc Saw. This new

L Lol
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High Pressure Abrasive onstration
Water Jet Cutting of Steel. Abrasive waterjet cutting
Abrasive water/jet cutting, development was DOE spon-

with or without abrasives is
ultra high pressure water that
is forced through a small
diameter nozzle that creates
a stream that cuts through
metal. The contaminated par-
ent material that's removed
will be separated and handled
as nuclear waste with the
contaminated abrasives and
water to be recycled. The
blow through will have to be
contained by shrouds
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-
ment pools being portable.
DISM-59-0G

-
Previously used to disassem-

ble converters in the late

1970's and early 1980's.
Cagabi!ities already exist.
DISM-60-0G

i
Cutting it is possible to cut
steels up to a wall thickness
of 100 mm. The cutting
process is based on an elec-
tric arc between the wire elec-
trode and the metal sheet,
thus melting the metal in the
waork piece. The waterjet
around the wire is used to
“wash-away" the melted
material from the cutting kerf.
The wire is consumed
because of the high current.
The wire has to be fed so that
the process can work continu-

ously.
DISM-61-0G

technological development
allows thermal cutting of steel
with wall thickness up to 300
mm. tubes, bank of tubes and
geometric complicated com-
ponents. Also, this technology
can be used under water up
to a depth of 20 meters. With
a normai plasma torch it is
not possible or at lease
extremely difficult.
DISM-62-0G

R O TN TR AT |0 (N R LRN (/R L N AU "'Hl‘”'l‘}“(“w

sored. Programmable robotic
manipulators have been
developed. Water and abra-
sives can be recycled with
95% spoils recoverable. Any
recyclable material accumu-
lated will save $20.00/cu-ft on
disposal.

Accepted

High pressure water jet fully
develo?ed. Some equipment
n'ytay stilt be available at the
site.

Demonstration
Technology cuts metailic
parts/walls up to 100 mm
thick and up to 20 meters
underwater. This thermal arc
waterjet cuts are, in general,
directed by computer numeric
controller. With additional
tooling support, cutting in sev-
eral axes of operations will be
possible. Hole piercing up to
a wall thickness of 30 mm
cauld be done also. With cut-
ting in vertical and horizontal
motion, pipes, banks of pipes,
and geometrical complicated
g?mponems cutting is possi-
e.

The plasma arc saw technol-
g?y enables thermal cutting
steel plates/walls indepen-
dent of thickness in a water
depth up to 20 meters. This
technology was demonstrated
in cuttingg;t‘es up to a thick-
ness of m. maximal
permissible metallic wall
thickness depends only on
the diameter of the saw
plasma-arc blade.

~» Abrasive walerjet cutting

[ 'l
technology exists but high
efficiency vacuum recovery
and mobile containment sys-
tem will need to be further
developed with the shrouds,
etc./designed for a specific
application for a demo. A
state of the art demo would
cost $3.5 M not including
transportation or buria
charges.

= None

- No additional basic develop-

ment necessary.

—p» Large steel wall thickness
(>100mm2 requires the devel-

opment of the large saw and
re-runs in the process.

| " W .

- Develop stats of the art sys-
tem for demo on specific
equipment. Develop market
for massive amounts of recy-
clable stesl, copper, etc.

~# Modifications may exist for
current regulatory concemns.
Schematic layout and repre-
sentation need to be
addressed.

~®> Required possible pre-runs to

accommodate the arc water-
jet cutter to possible
roomv/space shortages in the
warking area. In general, no
major changes on the cutter
device are needed.
Commercially available tech-
nology, at least in Germany.

—p» Requires transfer from devel-
opment stages to broad
industrial ication.
Technology Is available in
commercial basis.
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* Prevent Future
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(D&D)
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Process Support Buildings
Cooling Towers
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Special Development Facilities
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for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pend-
Ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for @ach technolagy, spe-
cific regulatary requirements wiil
be specified.

TSCA FFCA
+ Complete disposition of PCB
electrical equipment. 9/94

equirements | °
L ! I

TSCA FFCA —

+ Complete PCB Ventilation
gasket removal from K-29, K-31,
K-33, 8/2001

+ Complete dispoal of PCB
waste. 12/2015
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(cont.)

Nd:YAG and CO2 Laser

Conventional sy

. “Technologies

Cutting.
DISM-63-0G

-

ogic Diagram

‘Status” .

Pre-demonstration
Technology exists at the
Penn State ApRplied Research
Laboratory (ARL). The U.S.
Navy has funded feasibility
demonstration of the technol-
ogy for dismantlement of sub-
marine hulls. The technology
is very likely to work since
laser cutting is common in
industry. Cost savings of
$200M to $300M in reduction
of labor and protective cloth-
ing. A fiber-aptic or other
waveguide delivery system is

preferred but has not been
demonstrated.
Liquefied Gas Cutting: — Evolving Technology
Liquefied gas would be used Advantages may be achiaved

in @ manner similar to water
jet cutting (author's opinion).
The advantage to to such a
system woutd be similar to
C02 blasting in that removed
or cut materials would be lift-
ed from the surfaces involved
by the evaporating gas with
very little surface abrasion 1o
trap contamination.
DISM-64-0G

Sorting for Recycle ===l Shredding and Sorting

DISM-65-0G

Tooling.
DISM-56-0OG

-

pesmsaip>- (Jse of Existing Fixtures and  —»

due to the low temperatures
involved. Cutting below the
embrittlement temperature for
metals may be beneficial.
Cost advantages would be
realized in cutting equipment
where criticality safety is a
major issue. This is an issue
in 1940's vintage squip-
ment. This technique could
save 20% of the cost over
abrasive water jet cutting.

Pre-demonatration
Technology exists in commer-
clal areas to shred and auto-
matically sort materials
including sheet metal equip-
ment Sautomobilos and appli-
ances) for various purposes.
Commercial vendors have
supplied shredders to both
the X-10 and Y-12 facilities in
QOak 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 diffusion com-
pressor.
Cost Be':dhsi:d This technol-
y could provide a savings
g?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.

Accer

Technology exists in each of
the diffusion plants that per-
mits the removal of major
components without new
equipment. The methads and
equl nt have been proven
and have been in use and
impraved upon from time to
time for over 40 years. This is
an accepted

technology.

[ gy

-

D

-

e

" Scienée‘/T echn})'_log'y_ Needs -

Laser cutting usin? a laser
carried through a fiber-optic
cable or waveguide requires
demonstration. Current fiber-
optic cables cannot efficiently
transmit the wavelengths
generated by a CO5 laser.

implementation Needs" -

= 1. Tooling to interface the
laser cutting head with the
automated delivery platform
needs to be designed and
demonstrated.
2. A demonstration is
required on simulated equip-
ment for the K-25 trpe facility
and the K-33-typa facility.
Projected Costs: $5.0 M,

Cooperative effort with com- > Fyll engineering and develop-

maercial suppliers of jet cutting
and blasting equipment must
be initiated to investigate this
technology. The Hanlord
Wiring states that there is “No
known program”.

New materials of construction
are needed to allow large and
thick steel cylinders to be

processed in large shredders.

An integration of advanced
cutting techniques.

[ e

ey ‘"u I "

ment needed. Cost to imple-
ment estimated at $10 million.

= A thorough inquiry of com-
merclal vendors specializing
in shredding and sorting must
be conducted.
Cost of a demonstration to
develop this system is esti-
mated at $10-15 million.

- All jigs and fixtures would
have to be located and if nec-
essary, retrofitted to restore
them to working condition.
Existing jig and fixture fabri-
catlan drawings would need
to be recalled from archives
where necessary.

2/26/83
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Decommissioning -
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

Erichme Process Bildng
Procesas Support Buildings
Cooling Towers

Pumping Stations

Laboratory Facilities

Special Development Facilities
Administrative Facilities

Electrical and Electrical Switch
Gear

“Kj-i25.S,it’e Problem  :

> E.Disassembly of Major
Components
(cont.)

> Electrical Equipment
(PCB Contaminated)

> Ventilation System
(PCB Contamination)

"} -Problem Area/_Cénstiluéhl$‘ ' Reference Réduiremeihis

-9 F. Enabling Technologies ———3 Refer to Volums1, Chapter 6,

~——» Refer to Volumet, haplar 10, —f

for potentially applicable pro-
posed and promulgated environ-
merital laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.

TSCA FFCA
- Complete disposition of PCB
electrical equipment. 9/94

TSCA FFCA

« Complete PCB Ventilation
gasket removal from K-29, K-31,
K-33, 8/2001

* Complete dispoali of PCB
waste. 12/2015

—

—

Technoldgy Lo

Dismantle

:" . "Subeléments

# Dismantiement ——————————pm Conve.
(cont.)

for potentially appticable pro-
posed and promulgated environ-
mental laws, sighed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technalogy, spe-
cific regulatory requirermants will
be specified.
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nantilement

" Alternatives . .-
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(cont.)
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- ——» Configuration -—-———-»

Verification

Technologies' )

Advanced utomatic Fitures,
Bug-O, etc.
DISM-67-0G

Saws
DISM-68-0G

Use of Existing Equipment for ~-

Disassembly of Centrifuge
Machines. The decontamina-
tion requirements for cen-
trifuge clean-up are not
unusual to other equipment

—p Accepted

Status

The cascade improvement
program completed in the

early 1880's for the diffusion
1acllm' sl usetgo?lutot'nated ;
positioning ng for cutt
and welding to modify steelng
components including con-
verter sheils. This same tool
concept can be adapted to
fumnr:g in the casc"él ag:' issum-
ng the opriate ery
system.am technology is a
certainty to work for cutting
round piping such as diffusion
cascade piping. Careful atten-
tion will need to be paid to
shroudin? the area where the
cut is takin, rgloace to avoid
spread of airbome contami-
nation. This would translate to
a savings of up to $20 million
for one major tacllity alone.

Accepted

Technology exists in each of
the difiusion plants that per-
mits the removal of barrier
from converter assembled
bundles without new equip-
ment. The methods and
equlgment have been proven
and have been in use (and
improved upan from time to
time) for over 40 years.

Accepted

The equipment has been con-
solidated in K-1420 and
instaliation and check-out
completad. There ars people
on-site that have expertise In

decontamination. However, both machine disassembly
certain components require and decontamination tech-
special equipment and niques ualn%tho s'&edﬂc
employ special techniques uipment. Specific technical
that allow them to be cleaned information Is available but
and stored in a more effective may be classified.
manner. Disadvant; : Exact d’i‘?o-
DISM-69-0G sition of the hardware a
materials after D&D was
naver determined. The equip-
ment has been setting sever-
al years any may require
maintenance priof to being
usable.
Computer Based D&D ~——p»-Demonstration
Information Retrieval System: Status exists with FDDI! net-
Fibg(rsapintg high sp«aecil1 Inet- : Iorb?hkg the prima;yn nom-
works with correspondiny nee purpose.
servers. G sponcing FDDI neéwom ox:a’t‘sdmm
DISM-70-O Energy rstom
ovalua mr%ma mathe-
matics and 7 and
lochreiogy nilaly ooy |
requires customizing to mest
the exact distribution require-
ments of the D&D program.

[T DT H”

Science’/TééhnolOgy Needs ‘|

~p» Development needs - None.

Improvement needs - A sig-
niticant demonstration of &
prototype will be required in
the actual environment of the
diffusion cascade. The
demonstration would need to
define the best way to power
and control the tooling in a
remote operating m
Integration with a robotic
delivery platform would signif-
icantly compound the tota
benelfit. Savings of 5-10 times
those sated under “Status”
could be realized.

- Investigation of best available

cutting media. The equipment
that was used at the K-25 site
and is used at the Paducah
and Portsmouth sites to dis-
assemble gaseous diffusion
converters would require
removal from storage.

=P Requires disposal of effluent

and classified/contaminated
hardware that maets the
requirements of today's envi-
ronmental standards.

gy development needs, and
technology improvement
needs.

ey e o

nplementation Needs:

Roughly aman year f sign

would be required to design a
prototype. The total hardware
cost would be ximately
$100K in 1992 doltars. No
significant software is
required although interlocking
with any robotics would be
necessary and may require
approximately 0.5 man years

to n. No facilities are

needed aver those existing in
Oak Ridge. The tooling would
be duplicated from the proto-
type. Approximately 20 differ-
ent sizes would be required
resulting in a total procure-
ment cost of $500K for the
three larger facilities.
Assumaes each cost $25,0C0.

All equipment would have to
be located and if necessary
retrofitied to restore it to
working candition. Existing
equipment drawings

need tobae recalled from
archives where necessary.
Cost: $100K Engineering to
locate and s new
improved engineering too!
designs. 1o repair and
build new tooling.
Approximate total cost esti-
mate: $500K.

Requires compietion of the
procedures and documenta-
tion necessary to start the
facility. Equipment wouid
require full check-out and-
operational testing.

-~ Specific programs, technolo- ——# Cost of proof of principle,

amount of resources, equip-
ment, hardware, sokf)tﬂwam.
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" EM Goals -~ - K-25 Site Problem " Problem Area/Constituents - Referehceﬂequirermems . 'Subéelements
[ Enrichment Process Buildings g F. Enabling Technologies -———» Refer to Volume1, Chapter 10, -p» Dismantlement g Configuf
« Cleanup Legacy (cont.) for potentially applicable pro- itica
Process Support Buildings posed and promulgated environ-
* Prevent Future mental laws, signed and pend-
Insult Cooling Towers ing agreements for the ORR,
radiation protection standards,
* Develop Pumping Stations DOE Qrders, and non-regulatory
: guidance. As site-and waste-
Environmental Laboratory Facilities specific characteristics are pro-
Stewardship vided for each technology, spe-
Special Devalopment Facilities cific regulatory requirements will
be specified.
Administrative Facilities
Electrical and Electrical Switch
Gear
—
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Waste Management
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Logic Diagram

!antlement

¢ —p» Configuration
Verification
(cont.)

‘ ‘ Alternatives

o

_Tech",d|ogies o

As-Built Master Plan Data
Base.
DISM-71-0G

GIF Images to Enhance As-
built Documentation. The
specific technology exists in
the image analysis and desk-
top publishing disciplines.
The technology needs to be
integrated into the design and
as-built database require-
ments for its benefits to be
realized.

DISM-72-0G

. Stattlé_

-~ Demonstration

—

This technology has been
demonstrated at other sites
on a smaller scale. Currently
in Oak Ridge collection of as-
built data Is project deter-
mined and satisfies a limited
area of the plant when exist-

ing.

Elglcacy with D&D activities is
high. Tooling (drawings of)
applicable to a specific task
could be stored with the data
for that task. The repetitive
nature of the diffusion facili-
ties make this technology
even more aftractive.

Cost benefits are related to
the degree that robotics and
automation are applied to dis-
mantlement.Simulations
using the complete database
visualized could aliow prob-
tem definition prior to removat
of contaminated equipment.
Savings of 20,000 manhours
could be realized during the
start-up phase (3 yrs)of a
major dismantiement design
effort. In 1992 dollars this
would be $1.6 million.

Prv-demonstration
Technology status is in the
pre-demonstration to demon-
stration stage of develop-
ment. The concept is to take
electronic images from digital
cameras and camcorders as
well as scanned images of
commaon photographs and
enter them into the computer.
These images will be convert-
ed to GIF format for storage
and viewing and utllize graph-
ics programs for contrast
enhancement to obtain scale
measurements and allow
design personnal to evolve
designs araund 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.

" |- Science T echnology Needs

—» Inteligent system capable of

data translation and integra-
tion to common formats to
interface with the As-Built
Master Database. These
developments should reflect
in productions ar transmission
of data throughout the system
and to other databases.

A method to take electronic
photographs and have a com-
puter system convert these
photos into 3-D dimensional
engineering information is
needed. (Pre-demonstration
level).

Holographic imaging may be
a related development need.
(Pre-Demonstration).

—» There are some technology

development needs that are
required. Most of these stem
from a systems integration
set of requirements. The
selaction of the most advan-
tageous suite of hardware
and software that allow ease
of use, high accuracy and
definition, and the capability
to select and view these
images and disptay them in
publications the needs that
should be addressed in a pro-
totype system prior to initia-
tion of a program wide set of
GIF image specifications.

"'Imp|er'nventét'ion Needé ,

—~» Capability to communicate

efficiently with personne! out-
side of engineering/ at ran-
dom locations throughout the
plant areas. These individuals
would communicate “red line
change” to the database
across the network. The com-
puterized system would then
generate new graphic fea-
tures or site attributes and
accurately enter them into the
gystem.

~—» These are vague at the pre-

sent time. This technology is
one of the fastest moving in
the computer industry.
Commercial products are lit-
erally being introduced every
day In addition, I&C at X-10
is currently doing a farge
amount of image storage and
comgression techniques for
the Bureau of Engraving and
Printing and the FBI that yield
10 to 1 factor of file size
raduction with no discernable
degradation in image quality.

2/26/83
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Laboratory Facilities specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements wilt

be specified.
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. Alternatives .

Configuration
Verification
{cant.)

Technical Resources Da!
Base
DISM-73-0G

emmeegpe- Acoustical Scanning of
Drums:

Modai analysis by inputting
different types of excitation
energy (both vibration and
acoustic) into the structure

DISM-74-0G

T.echnologie‘s‘ '

and monitoring the structure.

~

=3

lLogic Diagram

‘Status

Accepted
A search found the follow
resources to be most helpful:
1. RAPIC (Remedial Action
Information Center) is a com-
prehensive source of techni-
cal information pertinent ta
DOE's Remedial Action
Programs.
2. LION (Library Information
On-line Network) is a mini-
computer system that sup-
ports on-line catalog and cir-
culation services for books,
journals and reports for all of
the MM ENERGY SYSTEMS
technical libraries.
3. ERA (Energy Research
Abstracts) are a series of vol-
umes published monthty that
lists ail energy related publi-
cations and reports.
4. NTiS CD-ROM - Availabte
at the X-10 Centrai Research
fibrary are two CD-ROM disks
which list all the documents
ublished by the National
echnical Information
Service.
5. OSTI (Ottice of Scientific
and Technical Information) -
Serves the DOE community
by collecting, processing, and
disseminating information
resulting from DOE research
as well as worldwide informa-
tion on subjects of interast to
DOE researchers,
6. X-10 Central Research
Library - This facility can do
searches on your behalf an
any technical subject but they
have a charge for connectin,
to the various databases an
a charge per printout of title
and abstracts. Contact Rabert
Conrad 574-2764 or Bill
Myers 574-6744,

Pre-demonstration

Drums, pipes runs, storage
containers, process vessels,
and other closed articles may
have large amounts of materi-
al deposited in them over
time. By measuring a force
input and accelaration of the
response, the mass of the
item can be darived. If this is
significantly different from the
design mass from the as-buift
drawina&hen the discrepan-
cy can be addressed. The fre-
quency and magnitude of the
responsa of the structure will
also be aitered due to contri-
butions of the additional
mass, This will aliow the
determination of the actual
level of the mass and also
give a clue to the type of the
mass Inside due to density
and damping of the additional
components.

IETRTN] v ]

~p» None

~g» The application to K-25 may
require some technology
improvement needs that will
require some software cus-
tomizing and optimization of
excitation techniques to yield
the best results in the least
amount of testing and analy-
sis time. The talent exists in-
house to ultimately automate
this type of testing and run it
in a knowledge based envi-
ronment that would communi-
cate its results directly into
the integrated database of the
DAD Information Retrieval
System.

Science /Tectinology Needs- Implementation Needs

~p» None

—» Implementation needs would

require 2-3 modal testing
enginaers to baseline existi
equipment and run a proof of
concept tests with various
excitation techniques on spe-
cific test articles. Integration
and application to remote
methods testing would
require designing remote test-
ing fixtures required for spe-
cific equipment, procurement
required testing and design-
ing and programmint of
instrumentation transducars,
the knowledge based

sis routine for each type ol
equipment tested (i.e., 8,
converters, valves, etc.).

instrumentation equipment for
this effort. it is anticipated that
a production system would
require an additional $300K
worth of testing instrumenta-
tion for evaluation of various
signal and data
acquisition tech .
Several co ers would
also be req for the

k base effort and
Inlortaca: Toul approx. cost
nterface. Total approx. -
$300K.
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Definition

Alte'rnative's

triangulation mapping with
laser scanning ot equipment
in contaminated areas will
establish an as-buiit database
tor the specific equipment
immediately prior to D&D.
This technology can contirm
the true as-built status and
allows decisions to be made
real-time on the status of dis-
assembly the specific equip-
ment in question. Once D&D
has been approved, this tech-
nology has established an
exact relative set of dimen-

sions for the robotic or remote

manipulations necessary to

achieve the task at hand. This

gives coordinates for remote
or robotic manipulation during
the D&D and benifits on per-
sonnel doing D&D and run-
ning the potential to haz-
ardous exposure as well as
improving speed. The instru-
ments should scan and mea-
sure the entire
compressor/rump area in
approximately 30 minutes
and relate these data to the
design and graphics data-
base.

DISM-75-0G

Technologies

Laser Triangulation Maping: - Pre-demonstration

" Status

Laser scanning and distance
mapping have been applied
in many different disciplines.
Actual integration irto a com-
puter 3-D database for
remote manipulation is proba-
biy in the pra-development
stages by commercial entar-
prises.

Qualitative IR Thermography - Demonstrated

to detect piping flaws, piping
contents, or effect of invasive
thermal techniques (e.g.
laser, torch cutting).
DISM-76-0G

Video Mapping - video (or
photographic) imaging for
configuration mapping, evalu-
ation, and control.
DISM-77-0G

[ aron

Advantage: inexpensive,
portable, noninvasive, pas-
sive measure, realtime or
VCRYstill imaging.

Reasonable compact appara-
tus (roughly 75 lbs and
6 cu ft). Excellent, initial,

ross detection method.

isadvantages: Image often
requires trained Interpreta-
tion. Emissivity differences
and/or local spurious Infrared
sources may complicate
image analysis.

Demonstration

Video images can be an
effective means of establish-
ing configuration layouts for
planning and executing work.
Digitizing video (photograph-
ic) images for establishing
basaline layouts and for com-
puter-automated comparison
of different positions with a
basaeline to characterize and
eslablish equipment differ-
ences would facilitate plan-
ning and work direction.
Comparison of mult Ie digi-
tized lmages to hlgh it-
ferences and convers of
images to line drawings is a
well-established, demonstrat-
ed set of technologis&

— Specific detailed software that

“-Science /Technology Needs

integrates the 3-D mapping to
an existing database for use
in robotic or remote manipula-
tion applications will be
required. Manipulation of the
database and adjustment/cal-
ibration of the sensors in a
real-time field mode of opera-
tion will be necessary to
achieve success of this pro-
gram.

-9 Requires natural or applied

transient or steady-state heat-
ing. Method works best with
iR=flat background.

= Technology development

needs include the assembly

of an imaging/computer sys-
tem, software development,

procedure development, and
personnel training.

oot o oy

. Implementation Needs

s

-

-

1. A development effort
between Energy Systems and
commercial systems develop-
ers will be required.
2. A resource of program-
mers, workstation computers,
lasers, 1&4C coordinators,
commercial firms, and best
efforts contracts will be
required to demonstrate this
technology.

3. After a 1-2 year develop-
mant effart with individuals
skilled in robotics, mechanical
design, electronics design,
software design, and optics
and optical mapping/ a sufti-
cient expertise should be
available lo Initiate a design
and procurement specifica-
tion for procurement of multi-
ple units to accomplish the
optimum methods of D&D uti-
lizing elther/or remote or
robotic methods.

ATD’s 2 AGA systems require
liquid nitrogen and should not
be used in a high shock or
vibratory environment. Only a
tew hours of samphn? time
per battery charge, although
AC power also available,

Resource requirements and
development needs are as
follows:

ing, computer, and
relate(? hardware (approx.

2. Sys!em mlegranon and
development (approx. $300K-

3 Deve ment personnel:
image technologist, software
specialist, project manager.
4. System functional testing.
5 9 to 15 months develop-

Degloymem Requirements:
ocedure dev t
gorﬂ documentation ($30K to

).
2. uSertra}mn?cgsz 20K
3. System replication cost (i
more lhan one system)
($60K - 80|

o “ | |
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for potentially applicabte pro-
posed and promulgated environ-
mental laws, signed and pend-
ing agreements for the ORR,
radiation protection standards,
DOE Orders, and non-regulatory
guidance. As site-and waste-
specific characteristics are pro-
vided for each technology, spe-
cific regulatory requirements will
be specified.
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Logic Diagram

imantlement

~ ‘Anternatives

-— i Configuration
Definition
(cont.)

——» Dismantiement Support —

i Techno|6gi’e$~ )

Photonic Removal of
Contaminants - removal of
contaminants by laser abla-
tion, photolysis, etc. (in-situ
removal of small quantities of
surface contaminanis).
DISM-78-0G

*Point and Direct: A semi-

automated approach to
directing the cutting, disas-
sembly, and removal of
equipment or materials.
Approach would use an oper-
ator with a light wand to iden-
tity work paths for optically

uided tools.

ISM-80-OG

‘e Improved Protective Clothing

and Equipment
DISM-81-0G

~» Evolving Technology

&

Between Tech. Dav. &
Improvement State - The
technical app. oach to surface
removal of materials and
coalings by laser ablation,
photo-induced thermal shock,
photolysis, and other light-dri-
ven means is a well-demon-
strated approach receivi
ﬁremer current attention. it
as the advantages of quickly
removing materials at con-
trolled rates and for which the
def:th of removal can be con-
trolled. A specific technique
from the area of photonics
removal would facilitate the
in-situ removal of small levels
of contaminants, thus aliow-
ing the immediate disposition
of dismantied equipment for
disposal. Thus, cost savirngs
trom lower material handiing,
avoidance of more complex
and costly decontamination
processes, and avoldance of
mixed waste ration
should be achlevable. Such
should be in

cost savi
excess of $200 million.

(conceptual) - Concept is in
g{je-proof of principle state

t, relies on off-the-shelf
components to implement.
Thus minimal development
will be needed. Should be a
good compromise where full
automation or robotics is not
achigvable or not practical.

—# Evolving Technology

Due to the large amounts of
protective clothing and equip-
ment requirad to protect
workers during the dismantie-
ment of the massive diffusion
plants a very large sum of
money has been included in
the base case estimate. This
estimate includes both direct
cost of the equipment and the
indirect cost of lost worker
efficiency due to the limita-
nor?t?y of v:ic;gr'? inthe cur; A
rentty av uipment.
total cost of over $1 Billion
r':las been estimata4d. ty

o known program curren
exist to develop specific
equipment of this nature for
the diffusion plant dismantie-
ment tasks.

-

Science /Technology Needs-

- Pre-demonstration ~———» The technology lies between

the technology development
and improvement state. It has
been demonstrated and used
outside of the laboratory but
scale-up to major implemen-
tation has not been demon-
strated. Complete develop-
ment, including a viable pro-
totype system, is estimated at
approx. $1.0 million and
requires approx. 12to 18
months.

- To implement a system would

cost between $1 and
$250K depending on desired
removal rates. Additional
requirements would be
automation or semi-automa-
tion of the device for remote
or limited man interface dur-
ing operation.

Develop proto'nype and P Prototype system should be

demonstrate. Requires inte- field tested to evaluate and

gration of hardware and mini- identity deployment needs.

mal software development. Testing could be done in con-

Cost to complete develop- junction with field demonstra-

ment is approximately $500K. tion of onae of the dismantie-
ment or decontamination
technologies.

Investigation of specific =~ ——»

requirements for the disman-
tlement of a diffusion plant
relative to criteria for this
gﬁuipment must be generat-
. Human Engineering tech-
niques must be used to
model the doning dolfing rou-
tines and new techniques
must be developed to speed
this process as well as to
specify newer materials more
capable of recycle and or
safe disposal. The cost of
such a program may be in the
$3-56 million range.
Studies must be made to plan
the dismantlement sequence
to permit design of enclo-
sures both mobile equipment
cabs and portable contain-
ments that better suit the
repetitive nature of the diffu-
sion facilities to be disman-
tled. The cost of this pro?(:am
would be in the $2-3 miilion
range.

Full engineering and develop-
ment too the equipment is
needed. Many commercial
and/or rtunities exist to
work outside the govemment
sphere to engineer and devel-
op such equipment. Most of
the work would not involve
high-tech but would require a
dedicated team with
ergonomic skills. Cost of such
a task would be ion the $6-10
million. Payback potential rel-
ative to the $1 billion estimate
within the diffusion plant tasks
could save up to 50%.

3-16
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Remedial

Remediation involves the removal of radioactive or toxic contaminants from.
polymer grouting methods to retain the contaminants and prevent the spread o
were categorized as physical or chemical. A number of chemical methods wer:




ial Action

s from soails, burial grounds, and gro’und\)vater, or of "fixation” by cement or
rread of them. Methods for removal of contaminants from soils and solids
ds were identified for removing contaminants from groundwater.

i
3
3
{A
i
ko
i




I

Jal

' “EM Goals

+ Cleanup Legacy

* Prevent Future
Insulit

« Develop
Environmental
Stewardship

d

. :I‘EM.ﬁrobl_em

Decommissioning

Soils, Groundwater —
and Surface Waler
(RA)

Waste Management
(WM)

K-25 S?te_Problém' -.'PrOblem-Aré'é/fC.onstitq_én‘t's" " Reference Requirements |

~peContaminated Soils, —p Uranium In Soils

Technology Logic
Remedial Actiogs

'Sﬁ'?ele'm_ents T - Alternati

——ee—g-Refer to Volume1, Chapter 10, - Treatment ———eee—er-P Physical Separationgi

for potentially applicable pro-
posed and promulgated environ-
mental laws, signed and pending
agreements for the ORR, radia-
tion protection standards, DOE
Orders, and non-regulatory guid-
ance. As site-and waste-specific
characteristics are provided for
each technology, specific regula-
tory requirements will be speci-
fied.

L= Chemical
Separation




~ogic Diagram
ial Action

o

. Alternatives .

b' .v'.Tec'hno"I‘ogies.

=> Physical Separation ———ysm—ge- Solids Separation

~—p» Demonstration

- Statiis

: Sqie'noe/f echnology Needs

‘ Implem'er)tatiOn.N‘éed's

~—» Development and testing with —pe Normal. Plans for handling and

REMA-11 The equipment has been tested K-25 soils. Soil characterization treating the separated fractions.
in tha mineral industry. Tests for by particulate group (contamina- Establish a suitable treatment
removal of uranium are expect- tion and characteristics needed level.
ed for the “Uranium in Soils for reparation - density, wettabili- Development/demonstration

; Integrated Demonstration.” ty, size, etc.) costs could be from a few $M to
: Wastes: Rejected contaminated perhaps $10M.
soil fractions (for further treat-
ment).
Costs: Probably moderate (<
$100/ton); likely to be used to
reduce the volume of soil requir-
ing more expensive and aggres-
sive chemical treatment.
el 5| Washing ————# Demonstration ¥ Demonstration that the uranium “P Normal. Establish a suitable
REMA-12 (for somewhat similar applica- is largely in a few size fractions. treatment level. Select neces-

tions) Soil washing separates
soil fractions by size (a subset of
physical separations but can
include some leaching). Itis
accepted in the mineral indus-
trles. Demonstration for Pu
remaval is in progress.

i‘ Demonstration tor uranium

Characterization and demon-
stration at K-25.

sary subsequent treatment
(leach, etc) steps or disposal
options. .
Development/demonstration
costs could be a few $M.

removal is planned. Waste: Con-
taminants recovered from the
soils.

Costs: Depend strongly on leach
and subsequent treatment
required, could be <$100A0n.

Predemonatration

This is a particular way to apply
soil washing and leaching. EPA
has demonstrated a unit for
other applications. Wastes:
Leach liquors (for further treat-
ment).

Costs: To early to know, per-
haps a few $100MAon.

e Mobite Washing/Leaching Unit = =P Characterization to determine

REMA-13

—P Normal. Establish treatment
soil fractions, uranium distribu- level. Select and deveiop addi-
tion, and uranium form. tional treatment steps (leach,
Demonstration with K-25 soils. etc.)
Development/demonstrarion
costs could be a lew a $M.

Chemical
Separation

Predemonstration ————————-1-1 each tests with K-25 soils and —# Establish treatment level.
(Accepted/demonstrated for separated fractions of thcse Design uranium recovery sys-
ores). Bench scale tests for soils. tems.

Fernald. Wastes: Leach solution Development/demonstration
(for further treatment, probably costs could be a few $M,

by ion exchange or solvent perhaps <$10M.

extraction using mineral or

technologies).

Costs: Uncertain, depends upon

soil separation technology avail-

able. Need to avoid consuming

too much acid-dissotving lime-

stone. Costs could be high

{>$10010n).

gy Acid Leaching
REMA-14

2126/93
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EM Goals

. -'K:25!Site Pioblem .

Technology Lo

Remedial .

, siitgéhts',

| 'P_‘rol.')lélni A‘re_'a/Con

~ Reference Requirements.’ .. Subelements  .-.

« Cleanup Legacy ~»-Contaminated Soils, —1# Uranium in Soils = Refer to Volume1, Chapter 10, —f= Treatment ———————% Chen
Buried Waste for potentially applicable pro- Sepa
* Prevent Future posed and promulgated envi- (cont)
Insult ronmental laws, signed and
pending agreements for the
* Develop ORR, radiation protection stan-
; dards, DOE Orders, and non-
Envnronmeptal regulatory guidance. As site-and
Stewardship waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.
~ EM Problem
e . . N X
Decommissioning
(D&D)
Soils, Groundwater —{§-] - Fixatic
and Surface Water
(RA)
Waste Management
= (WM)
-




w ol l“ foo il

———————reueyy  Alkaline Leaching

REMA-16

s - [N} Situ Polymer Grouting
REMA-17

——p> N Situ Vitrification
REMA-18

& Chemical —
Separation REMA-15
(cont.)
———» Water Extractant —
REMA-1
3 Electrokinetic Removal =
REMA-2
g Fixation In Situ Cement Grouting —

Predemonstration
(Accepted/demonstrated for
ores). Bench scale tests for
Femald; demonstration likely.
Wastas: Leach residue and
leach solution for recovery by
solvent extraction.

Cost: Too early to determine.
Fernald tests may pravide a
meaningful basis. Perhaps a few
hundred dollars per ton.

Demonstration

Several groups exploring the
concept. Complete systems
including uranium recovery have
not been put together. Wastes:
Recovered uranium concentrate.
Costs: Too early to estimate.
There is only a low probability
that much uranium at K-25 will
be soluble.

Could be moderate (<$100/on)
only it no complications are
found.

Pre-Demonstration
Tests have been limited to rela-
tively idealized conditions, usu-
ally small scate, often with sand
or simple sails.

Costs are very undertain at this
time, not expected to be low.
Waste volume depends upon
method for removing metals at
the electrodes, probably moder-
ate.

Accepted -

Wastes: All soil and additives
nct retumed to the ground.
Costs: Reported to be
<$100/ton) AHfects future use of
solls,

Limited in-field -

tests/demonstration.

Moderately high costs expected,
increased soil volume, lang term
stability questioned, Affects
future use of soil.

Demonstratisn -
(without uranium)

Wastes: Not applicable.

Cost: High (perhaps very high)
>$100/ton. Affects future use of
soils.

Application to soils is being test- —g. Establish treatment level.

ed (U in Soils 1.D.).

Tests and demonstrations on
soils and separated soil frac-
tions, especially on sails from
K-25.

g Study behavior of uranium in —gme=

complex sail chemistry.

—3 Much needs to be known about —#

metal specie in soils and electro-
kinetic transport. Determine
need to oxidize uranium to
improve mobility, effects of vari-
able water content, and water
flow. Develop a suitable uranium
recovery system from region
near electrodes. Establish maxi-
mum acceptable electrode spac-
ing.Tests are needed on com-
plex soils like those at K-25.
Complete systems need to be
tested, including removatl of met-
als at the electrodes.

Treatability studies for specific ~J

soils. Some question of very
long-term stability.

Treatability tests. Possible ~ —j

demonstrations.

Tasts with K-25 soils and ~ —»
uranium. Demonstration of con-
necting multiple treatment

regions. Assessment of long-

term stability and leachability.

Demonstration needed with
K-25 soils. Dasign solvent
extraction recovery system.
Development/demonstration
cosls could be a few $M,
probably <$10M.

Numerous. Establish treatment
levels,
Development/demonstration
costs could be <§10M.

Numerous. =Zstablish treatment
level. Establish s stem for
removing uranium from elec-
trode regions.
Development/demonstration
costs will probably be moderate
($1M to $10M).

Normal

Normat
Development/demonstration
costs could be low, perhaps
<$1M.

Assess presence of metals,
tanks, etc., that could inhibit
vitrification.
Development/demonstration
costs may be moderate (a lew
$<M),

2/26/93
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Technology Log#

Remedial Act)

equirements

Wisle -

———» Refer to Volumsa1, Chapter 10, =3 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

—®> Refer to Volume1, Chapter 10, — Treatment

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreaments for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guidance. As site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

- 'Subelements .

~———————3» Fixation

—p» Fixation

L—p» Chemical
Separation
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Logic Diagram

xdial Action

Alternnzlmv_es ‘_

= Fixation p EX Situ Vitrification
REMA-19

~—p» Fixation - In Situ Grouting
REMA-81

prem——P> |n Situ Vitrification
REMA-82

by Ex Situ Grouting
REMA-83

L Chemical ———————mmeserl> S0il Washing/Leaching
Separation REMA-84

' ' ' fre o e ' |

~ Technologies ' ‘

" Status

Conceptual

Wastes: Vitrified soils and addi-
tives

Costs: Expected to be exces-
sive.

Pre-demonstration -
(conceptual). Tc hasn't bee
addressed speciticly during in

situ tests.

Costs are likely to be moderately
high. Waste volume will be
moderate if the grout can be left

in situ, only some of the expan-
sion volume would have to be
treated as separate waste.

Demonstrated

For selected cases. Volatitity of
Te is in question.

Costs are expected to be high.
Probably applicable only for the
most serious problems. Waste
volume whould be small, only
concerned with off-gas treat-
ment wastes.

Pre-Demonstration

Large scale grouting has been
performed with sludges contain-
ing low concentration'; of Tc, but
Tc was only one of the target
contaminants. Retention wasin-
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.

Pre-Demonstraiion -
Demonstrated on somewhat
similar problems, apparently not
with Tc. Need to show that suit-
able removal can be achieved
and conditions affecting Tc
removal.

Cost for leaching other materials
reported to be $45 to $100/on.
Waste volume could be small it
effective concentration system is
developed.

| Lo ' W”

. '_Sciehoefr echnologly Needs

. IAr_'ﬁpIement,atio'nNeeds'

Develop suitable mixtures and —- Normal
methods. Assess stability and Development/demonstration are
leachability. likely to be several $1M.

More specific studies with Tc ~—m Normal

are needed, and effective reten- Development/demonstration
tion may be ditficult. Addition of costs are likely to total several
Tc adsorbents could be consid- M.

ered.

¥ Very limited number of tests = Normal

available. Specific tests needed
for K-25 soils and contamination
(form of Tc). Volatilization of Tc
must be assessed.

Development/demonstratioon
costs could total several $M.

More attention needstobe  —»  “lo"mal

devoted to Tc behavior, addi- . velopment/demaonstration
tives which increase retention, «z.1.d be only a few $M.
and understanding the Tc specie

in grout and mechanism for Tc

retention.

Evaluation of wasmng —p» Normal. Establish treatment
enefits for K-25 soils. Extractant level.

and ligands for Tc. Recovery Development/demonstration
and concentration methods. costs could be several $M.

2/26/93
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* K-25 Site Problem

ontaminated Soils,
uried Waste

—p—j Heavy Metals in Sails
(Hg, Cr)

.
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:| - Problem Areé‘/Const,i.t‘uen'ts B

e

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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

g

—3» Refer to Volumet, Chapter 10, ~ Treatment
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" Alternatives -

lLogic Diagram
glial Action

Fixation:

—ee- |0y Situ Vitritication
REMA-71

- In Situ Cement Grouting
REMA-72

REMA-78

pewmam————l> |n Situ Polyrmer Grouting
REMA-75

B> Ex Silu Vitrification
REMA-76

REMA-77

. ‘»Tvechn'ologies :

-3 Detmonstration

e (11 Situ Reduction and Fixation—-

—

s Ex Situ Sulfur Polymer Grouting =3

|

. Status

Bench scale tests and a few
large scale tests have been
made aimed at vitrification of
radioactive materialg, but toxic
metals and K-25 soils were not
studied intensively,

Costs have not been estimated,
but probably will be high. Waste
volume will depend only upon
the off-gas treatment required.
Volume of soil will actually
decrease.

Accepted -

Demonstrated. Offered com-
marcially.

Moderate costs reported ($30 to
§70/0n). Waste volume equi~
livent to expansion of soil,
approximately the amount of
additive used.

Predemonstration -

A concept that may work with
some metals. Coats are likely to
be low, perhaps in the range of
$100/0n. The principal question
is the effectiveness, long-term
stabifity, and regulatory accep-
tance. Waste volume would be
minimal.

Demonstration (Polymer has ~3»

been demonstrated for other
applications).

Costs not given, but likely to be
high, deperids upon maximum
seil loading in polymer. Waste
product will be largely the treat-
ed soil.

Demonatration g

Being developed for high level
wastes.

Costs liksly to be very high.
Waste product volume, high but
not Hkely to feach,

Pre-demonstraton @ ~P

Contaminant retention and long-
term stability should be good,
but this hasn't been shown.
Material costs may be moderate
to high. Wasteproduct volumes
will be high but produces littie or
no secondary waste for addition-
8l treatment.

Sciénce/Technology Needs.

> .

implementation Needs '

~p Tests to look at specific toxic —= implementation will require

metal retention and K-25 soil
compositions are needed.
M¢ sury contaminated soils will

assured understanding of the
behavior of all contaminants in
the soll during ISV.

be a particular problem. Development/demanstration
costs could be high (>$10M).
Assessment of long term —p  Normal

results. Reduction in final waste
volume.

The effectiveness of this tech- == The regulatory acceptability
nology needs to be demonstrat- needs to be determined.

ed on a long-term basis for sev- Development costs to demon-
eral toxic metals of interest at K- strate long-term stability could
25. The rate of reoxidation be saveral $M.

needs to be established.

Tests with K-25 soils and for =% Normal

long term stability. Development costs could be a
few $M.

Soth laboratory and =P Normal

engineering work with K-26 Development/demonstration

sois, Select additives, if need- costs will be high (several $M).

ed. Evaluation of retention.

Development wark with K-25 —»  Large scale testing needed.
soils. Basic research to opti- Development/demonstration
mize grout performance. cost could bg only a few $M.
2/26/83
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EM Goals v

» Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EN_I'F"roble'mk

Decommissioning
(D&D)

~»Contaminated Sails,
Buried Waste

Scils, Groundwater 3
and Surface Water
(FA)

Waste Management
(WM)

K:25 Site, Problem -

~——p~Heavy Metals in Soils

Problem Area/Constituierits -

(Hg, Cr)

Compounds (VOCs) in Soils

‘Reference Requirements’

Technclogy Logic

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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

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 characteristics
are pravided for each technale-
gy, specific regulatory require-
ments will be specified.
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——3» Refer to Volumet, Chapter 10, —pm- Treatment

- Chlorinated Volatile Organic —®» Refer to Volumet, Chapter 10, —» Treatment
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ogic Diagram
al Action

Alternatives .- -

Technologies

Chemical
Separation

i Electrokinetic Removal
REMA-73

REMA-74

= Physical ———m——smsll- |n Situ Vacuum Extraction

RYRT T

o

{Soil Venting)

Separation
REMA-31

In Situ Steam Extraction
REMA-32

R

-

- Ex Situ Soil Washing/Leaching —»

i

. Sciencé/l’etfmolbgy Needs Implementation Needs

- Status

= Normal. Establish treatment
level,
Development/demonstration
costs could be several $M.

Pre-Demonastration - Much needs to be known
Tests have been limited to rela- about metal specie in soils and
tively idealized conditions, usu- electrokinetic transport. Tesls
ally small scale, often with sand are need on complex soils like
or simple sails. those at K-25. Complete sys-
Need to establish the remaval tems need to be tested, includ-
levels and removal rates that ing removal of metals at the
can be achieved. electrodes.

Costs are very uncertain at this

time, not expected to be low.

Waste volume depends upon

method for removing metals at

the electrodes, probably moder-

ate.

Better understanding of chemi- >

cal form of metals in soil, better
leach liquors, and metal recov-
ery/concentration methods.

Norroa! Establish treatment
level.
Oevelopment/demonstratrion
costs are likely to be several $M.

Pre-demonstration

Limited work at present.

Level of removal needs to be
established for K-25 soils.
Costs will be high. Waste val-
ume is unknown, depends upon
bath leach performance and
metal recovery method. Acid
leaches will not be practical with
high limestone present.

Development -
Characterize K-25 soils for per-
meability and VOC retention.
Treatability studies and demon-
stration with K-25 soils.

Accepted/De:ionstrated  —
Technology ha been demon-
strated and ap.iied to porous
soils. Generaily appiicable only
above the water table, Waste
will be filtered and recovered
VOCs on carbon beds (or other
material) used to remove VOCs
from extracted vapors.

Operating costs: Generally low
for soil treatment (probably
<$100/ton), depends on contam-
inant and level of contamination.

Normal implementation nceds.
Suitable wells. Mobile vapor
recavery equipment to move to
different sites as needed.

Accepted/Demonstrated - Development
Has been used in EPA demon- Determine equilibrium for K-25
strations and commercial opera- soils over moderate temperature
tions. Most useful when higher range. Treatability studies and
temperatures are needed to demonstration with K-25 soils.
remove VOCs absorbed in sall;

may be helpful for some of the

less volatile VOCs. Probably

best above the water table, but

not exclusively. Waste will be fil-

tered and extracted VOCs on

adsorbent (carbon). Maximum

recycle of condensed water

needed to minimize waste

generation.

Costs: Probably moderate for

soll treatment (depends upon

soll and contaminant; perhaps

between $50 and $150/ton)

—3p= Normal implementation needs.
Both injection and extraction
welis needed,

2/26/93
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- K-25 Site Problem
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Compounds (VOCs) in Soils

Tech

Reference Requirements

—» Chlorinated VolatileOrganic ——3» Refer to Volume1, Chapter 10, Treatment

for potentialty 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

nology Lo

Remedial A

‘Subelements

P Destruc



Logic Diagram

ial Action

Alternatives

" Technologies.

_ > Physicab—
Separation
(cont.)

- Destruction

0o

= Vapor Extraction with RF
Healing
REMA-33

b~ Ground Freezing
REMA-34

mmepsssunlle- |\ Sity Biodegradation
REMA-35

Ex Situ Biodegradation
REMA-37

el Microbal Degradation with  ——ew
Methane
REMA-38

L——-——b Corona Discharge

REMA-39

‘Statusb

Pre-demonstration =3 Development —
Improvas vapor extraction with Tests and experience needed
added heat. Requires grid of with a variety of soils and condi-
drilled holes for transmitters. tions, espacially conditions at

Pilot test completed at one site.
Hardware is commercial. Waste:
Principally from adsorption beds
to recover VOCs from off-gas.
Costs are conjectural at this
time, but could be low
(<$100A0N).

Wastes will be from the oft-gas
treatment system.

Conceptual
idea has been evaluated by the-
onies and models, Limited exper-
imental tests. Wastes: This con-
cept only holds VOCs for turther
treatment; wastes depend upon
subsequent treatment.

Wastes would be associated
with the subsequent treatment
system,

Costs are only conjectural at this
time, and probable depend u the
time the soil needs !0 be frozen.
Probabi; <$100 per ton.

Pre-demonstration
{for soma YOCs and conditions).
Degradation of most petroleum-
based hydrocarbons Is accepted
technology. Degradation of chio-
rinated compounds and other
more refractory compounds is
under development. Wastes-
Minimal.

Costs: Usually low (<$100n0n),
but depends upon the problem.

Demonstrated
(for some contaminants and soil
conditions). Severai tactor
designs have been tested.
Waste: Probably only limited
biosiudge, if the treatad soll can
be retumed to the ground (con-
taing no other toxic materials).

Pre-demonstration

In laboratory test,
tetrichloroethane was the only
compound not degraded.
Potential for use in situ as well
2s ex situ. Waste volumes
shouid be minimal. Costs could
be low (<$10010n).

Evolving Conceptual.
Unknown

efficacy.
Wastes: unknown compounds
Costs: est. $100/0n.

| science/Technology Needs

-

-3 Science and development.

-

-

K-25.

appropriate conditions for K-25.
Development of complete
process systems for treating soil
after freezing.

Science and development.
Study of new organisms (natural
and altered); study of effects of
soil conditions; and study of
degradation of refractory com-
pounds, especially chlorinated
compounds. Better methods for
getting oxygen and nutrients to
contaminated regions. Tests
with K-25 conditions.

Study new organisms (natural
and altered); reactor conditions;
and degradation of more refrac-
tory compounds, especially chio-
rinated compounds. Reaction
rates are critical to holding down
size and costs of reactor.

Results need to be confirmed ——pw

and tested with a variety of sails
and conditions and extended to
high removals. The technology
does not appear ready for large
scale testing.

Identify destruction mechanism—m-

Verify degradation of VOCs.

' [N} \]I i

—» More exparimental tests under—~p

——

—

Implementation Needs

More development.
Treatment levels need to be
established.
Development/demonstration
costs could be several $M.

Total (complete) treatment con-
cept.
Development/demonstration
costs may be a few $M.

Normal, conditions of soils and
contaminants must be well char-
acterized. Treatment goals must
be known.
Development/demonstration
costs for better and more reii-
able remaval could be a few $M
(<$5M).

Normal. Treatment goals must
be known. Organism and meth-
ods for specific VOCs must be
available. Costs: Moderate, one
estimate was $165/on.
Development costs could be a
few $M.

Technology is nat ready for reli-
able cost estimates.

Development/demonstration
costs could be several $M.

Not ready ye!.

4-6
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Technology Logi

Remedial Act:

- EM Goals .. ° -K-25 Site Problem -Problem Area/Constituents | Reference Requirements Subelements, ,
+ Cleanup Legacy ~-Contaminated Soils, ~p»> PCBs in Soils ——p»- Refer to Volume1, Chapter 10, —3 Treatment """ﬁ"""’ Destruction -
Buried Waste for potentially applicable pro-
* Prevent Future posed and promulgated envi-
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.

EM Problem

Decommissioning
(D&D)

Soils, Groundwater — | |
and Surface Water
(RA)

Waste Management
(WM)

w o arn ' " . " B T R T R oy y Py [ [ T o VUL m ey Ut



Logic Diagram
dial Action

* Alternatives

AT .;Techn"ollo‘gi'e‘s'-

—d» Destruction =——————yommmm——fs=- {ncineration
REMA-51

prsmmmmdY- Bioremediation
REMA-52

[l Alkali Metal Polyethylene
Glycolate (APEG)
REMA-53

Jumermsmcsemcng-  Photocatalytic Oxidation
REMA-55

e 01 Situ Vitrification
REMA-59

-t}

o

. . Stats

Science/Technology Needs

; . -

Demonstrated. ~» Treatability tests with K-25 ~ —e
Very high PCB soil was inciner- soils. Test benefits of remaving
ated with 99.9999% destruction, soil fractions. Reliability of oper-
detectable PCBs remained. ations must be established.

Incinerator temparature and res-
idence time requirements are
specified. ’

Cost reported to ba between
$100 and $800/ton. Treated soil
not useful; may still contain toxic
metals and radioactivity.

Pre-demonstration. - Promising technique needs ~—¥»
Degradation observed in understanding ot organisms and
Hudson River sediments. effects of operating parameters.
Current studies in laboratories.

Ability to meet required treat-

ment levels is not established.

Costs could be low. In situ oper-

ations would leave little waste.

Demonstrated /Accepted = Treatability tests needed for ~—»

Developed with extensive EPA K-25 soils. Optimization needed
participation. 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.

$5001on. Waste volume wiil be
mostly the treated soil with alkali
content increased.
Development costs have been
funded largely be the GPA.

Improve removal and reliablitity
of removal.

Demonstrated for groundwater, e Operating system needed
Conceptual for soils. Current
tests of UV lights at LLNL and
elsewhere. Solar tests at LLNL.
Test include other chiorinated
compounds. Opacity of soil sus-
pension and retention of TIO2
catalyst are problems. Waste
volume should be low.

Costs are speculative, but could

-
that can handle opacate solids.
Applications to K-25 type soils
needed.

be <$100/on.

Predomonstration -~ Further testing of fate of PCBs —i
Test appear to have destroyed and parameters affecting

99.9% of PCBs. Exact destruc- destruction.

tion levels probably were difficuit

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 $M.

" 1 ny v W IREETT Cop [ ' [l [REEIN] o

llrlnp‘lg.m rv’axtl

gation Needs

Treatment leveis need to be
established.

Removai efficiencies reported
must be acceptable.

Any further demonstration need-
ed could cost several $M.

Treatment levels need to be
determined.
Development/demanstration
costs could be several $M.

Treatment level needs to be
established.

Too speculative to estimate
costs.
Development/demonstration
costs could be a few $M.

Normal

2m6ma
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* Cleanup Legacy

« Prevent Future
Insult

* Develop
Environmental
Stewardship

.E:M"Pvroblé‘ni S

Decommissioning

and Surface Water
(RA)

Waste Management
(WMm)

~Contaminated Sails,
Buried Waste

Soils, Groundwater —§-J

! K-25 Site Problem

«—3p=PCBs in Soils

" Problem Areé/Constituepfé'

3 Asbestos in Soils

- Hydrocarbans in Soils

‘Reference Requirements

Technology L oO¢

——1» Refer to Volume1, Chapter 10, —p» Treatment

for potentially applicable pro-
posed and promuigated 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

™ Reter to Volume?1, Chapter 10, Treatment

for potentially applicabie pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guldance. As site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

— Refer to Volume1, Chapter 10, B Treatment

for potentially applicable pro-
posed and promuigated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE QOrders, and non-
regulatory guidance. As site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

‘Subelements.

Remedial A

= Physical
Separati

—e—» Chemici
Separat

‘ ’ Fixation

———————" Fixation

— Destruct’




Logic Diagram
dial Action

v.AIternati‘vevs - Tgchndldg_ies

= Physical —————emm———»- | 0w Temperature Thermal

Separation REMA-56

= Chemical Solvent Extraction
Separation REMA-57
Fixation - Cement Grouting

REMA-58

P Fixation — " ————- Asbestos Fixation

_._DO'SUUC“OH

psamsecessllip>- 11 situ Biodegradation

REMA-61

el £x Situ Bioremediation

REMA-64

" Status

Pre-demonstration —

Limited tests with semi-volatile
organic compounds.

Costs not estimated, probably
high (hundreds of dollars per
ton). Waste volume, low to mod-
erate, depends upon classifica-
tion of residue and off gas treat-
ment.

Demonstrated —

(at Y-12 and elsewhera).
Kerosene salvent; PCBs con-
centrated by distillation.

Cosis reported to be half that for
incineration. Waste wili be the
cleaned soil and solvent discard.

Demonstrated

Questions remain on tong-term
stability. Good PCB retention;
water loss suggested limited life-
time.

Costs reported from ona study
to be approximately $200/0n.
Waste volume wiil be high, soil
volume plus additive volume, but
should not be leachable.

Accepted

Current handling and contain-
ment methods appear to be ade-
quate. Worker protection should
be similar to that used in other
asbestos removal operations
Cost and waste volume are like-
ly to be moderate.

Acceptad
{for lighter hydrocarbons) Often
combined with soll venting and
called bloventing.

Cost will be low, parhaps
<$100t0n. Waste volume will
be r.inimal.

Liemonstrated ~

Much industrial intereat,

Costs are likely to be moderate,
but will vary with contamination.
Waste volume witl be low if the
soil can be retumed to the
ground.

pew ' o

s Séiepodfechnolbgg Neédé '

]

Fate of PCBs needs tobe ~ —»

established. Ability to handle
high concentrations of PCBs
should be tested.

Optimization for K-25 sails and=—pm

conditions. Complete PCB han-
dling cycle ({including destruction
or disposal) should be evaluat-
ed. The degree of removal with
K-25 soils needs to be estab-
lished and compared with
requirements.

Test PCB leaching to lower g

detection limits. Explore effect
of other oils in soil and additives
used.

.- Implementation’ Neéeds.

Normal

Further development/demon-
stration costs may rquire only
low costs, perhaps <$1M.

Treatment goals are needed.
Solvent recycle and eventual
disposal needs to be estab-
lished.

Further development/demon-
stration costs could be a few
$M.

Normal

Furhter development costs
should be small (perhaps
<$1M).

Better and quicker methods —gu. Establish the needs and require-

for detecting the presence of
asbestos in soils and buried
equipment could reduce expo-
sure.

oxygen and nutrients. Better
understanding of soil structure.

ments for containment.

~g Better methods for delivering —pse Normal. Treatment goals
needed.

Organisms and reactors that ~—3 Normal

are more effective for the more
refractive hydrocarbons, usually
the higher molecular weight aro-
matic compounds.

1 [CTTIN T EL

Further development/demon-
stration costs may be no more
than a few $M.
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" 'EM Goals; -

+ Cleanup Legacy

+ Prevent Future
Insuit

« Develop
Environmental
Stewardship

. EM Problem *

Decommissioning

Soils, Groundwater -
and Surface Water
(RA)

Waste Management

(WM)

i co L
T K-25 Sit

~»-Contaminated Soils,
Buried Waste

—

 Problem’

Dy

- Hydrocarbons in Soils

= Uranium in Groundwater

Problem Area/Constifuents'

Technology Loc

: Ref‘erenvbe_ Requiremnents

.

——» Refer to Volume1, Chapter 10— Treatment
for potentially applicable pro-
posed and promulgated envi-
ronmental faws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guidance. As site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

Refer to Volumet, Chapter 10,

> tor potentially applicable pro-
posed and promuigated 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

Treatment

won

Subelements "

Remedial A«

—»  Destructi
(cont.)

——p» Physical
Separati

|- Chemic:
Separat’

- Fixation.

———e—————p» Chemic
' Separai’



-ogic Diagram

al Action

» Destruction
(cont.)

» Physical
Separation

" - Alternatives

REMA-70

ey~  Chemical Oxidation

REMA-67

Oxidation in Cement Kiln
REMA-69

e premanmcmeseep~ L OW Temperature Thermal

Treatment
REMA-65

REMA-68

3 Chemical ~——————nmsegp- SOivent Extraction

Separation

» Fixation

REMA-133

» Chemical

\J

Incorporation with Asphalt
REMA-63

Separation

=P Coagulation/Filtration
REMA-21

. "+ Technologies "

——————» Land Farming Bioremediation -

-

Soil Venting/Vapor Extraction —3m-

TR

'

- Status

Accepted

Practice for several years. Has
generated problems. Metal and
radioactive contamination may
prohibit use.

Costs are low, perhaps several
dollars/ton. Waste volume is fow
it accumulation of toxics is
avoided.

Predemonstration
Laboratory tests ware effective.
Too early to assess costs, but
are expected to be relatively
high (perhaps a few $100 per
ton). Waste volume determined
by reagents required.

Accepted

Costs should be low and waste
volume minimal. Capacity of
kiln for solids will be low.
Potential radioactivity may pro-
hibit use for K-25 solls.

Accepted

Used on soils around under-
ground tanks.

Cost reported to he $74 to $184
per ton. Wastes will be treated
soil (hpoefully clean) and off-gas
equipment.

Accepted

Common practice for light fuel
spills.

Costs are low (a few
dollarston). Waste are minimat.
Technology is usually recom-
mended when air flow to conta-
minated region can be insured.

Demonstration
Product might be treated soil
with wasted loaded extractant.

Accepted
Costs are low ($50 to $10070n).
Additional waste should be mini-
mal. Potential for radioactivity
may limit use for K-25 soils.

Pre-demonstration
Technology is commonly used
for water treatment; uranium
behavior is the question. May
not be chosen for uranium
removal, but could be important
if used for other purposes.
Treatment cost are low, like con-
ventional water treatment.
Waste volumes are likely to be
large and add significantly to
cost.

-3 Better ability to handle

-

.

-

-

"1 Science/Technology Needs )

refractive organic compounds;
avoid buildup of chiorinated
compounds and other refractive
materials.

Only limited laboratory tests —J

completed. Refractive com-
pounds were noted. Need to
assess effects on more refrac-
tive compounds.

Commercial technology for
liquids. Soils handiing should be
established.

.—»

No urgent needs. Better
characterization for low volatility
compounds and relevant soils
properties.

Better understanding of
underground air flow and
regions of contamination.

Evaluation to determine
correct solvent.

Little technical need.
Application limited by rate of
asphalt production.

Uranium behavior needs to
be assessed for most probable
operating conditions (ph, addi-
tives, etc.). Minimization of fil-
trate is needed.

Actual removal efficiencies need
to be established for K-25
waters.

‘lmplem‘ent’atioh?Nee,d S, .

—

e

—

—

-

D

Treatment levels needed.
Accumulation of toxic metals
and radioactivity may prohibit or
restrict use. Establish the
regualroy accerptability of land
farming for these sails.

Normal
Development/demonstration
cost may be a few $M or less.

Normal. Potential presence of
radioactivity could prevent use
with K-25 soils.

Normal

Normal

Normal

Normatl

May be needed for other pur-
poses. Concentrations of other
contaminates in the waste
should be determined. Waste
handling procedures should be
established.
Developiment/demonstration
costs could be several $M.

2/26/93
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Technology Loj
Remedial A

" 'EM Goals " .

- K-25 Site Problem " | -Problem Area/Constituents |- Reference Requirements .| . Subelements
+ Cleanup Legacy -»Contaminated Groundwater, —r—»-Uranium in Groundwater ~———3 Refer to Volume1, Chapter 10,— » Trealmen! ————w—— _gu Chemic
Surface Water for potentialty applicable pro- Separal
* Prevent Future posed and promulgated envi- (cont.) ;
Insult ronmental laws, signed and :
pending agreements for the
» Develop ORR, radlation protection stan-
. dards, DOE Orders, and non-
Environmental regulatory guidance. As site-and
Stewardship waste-specific characteristics
are provided for each technolo-
_ gy, specific regulatory require-

ments will be specified.

. EM Problem.

Decommissioning

Soils, Groundwater -
and Surface Water
(RA)

Waste Management
(WM)




'Logic Diagram

rdial Action

~Alternatives

——p» Chemical —e——mumessesnlly- |0n Exchange Treatment

Separation
(cont.)

REMA-22

REMA-23

Oxide
REMA-24

REMA-25

TR noenw oy

el Bi0sorption

. Technologies

P> Adsorption wtih Titanium

- Adsorption with Granular
Activated Carbon

A

Sta'i_us‘ I

—p» Demonstrated —
Systems used 1o treat water
supplies have removed uranium
effectively. Common practice in
the mining industry, but usually
with high concentration of lig-
and.

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.
Waste generation could be low if
a good regeneration method is
found.

—P Pre-demonstration -
Laboratory test indicate high
selectivities for uranium may be
possible.

Cost could be low if an efficient
but low cost (less than a few
dollars per 1000 gal.) adsorpent
is found. Waste volume wilt
depend upon the maximum ura-
nium loading that can be
achieved, probably will be mod-
erate.

—#»= Pre-demonstration ~

Technology not ready for esti-
mates. Wasta volume uvouid be
high if regeneration is not possi-
ble

Bot.h cost and waste volume
depend upon lodading capacity.
Costs could be $10 per 1,000
gal.

— Pre-demonstration -

Successful removal in smail
scale operations, testing and
treatment of drinking water. Did
reach low conentraitons in fimit-
ed tests,

Information is insutficient to pre-
dict cost, but cost wiil probably
be moderate if the solids waste
generation problem can be han-
dled. Otherwise, the cost will be
high. Waste volumes will be high
if the carbon cannot be regener-
ated. (Waste volume depends
on the maximum adsorption
capacity with K-25 waters.)

m e . R T YR

*.| Science/Technology Needs -

Evaluate resins for selectivity, —» Normal

rate parameters, and optimal Development/demonstration
operating conditions. Test with costs could be a few $M.
full list of compounds in K-25

waters without adding ligands.

Incomporation of organisms or —#»  Normal

biological material into stable Development/demonstration
forms far use in efficient costs should be a few $M, or
columns. Assess rate parame- less.

ters and operating conditions.

Low cost adsorbent production.

Maximum uranium loading at

relevant solution conditions.

Larger scale testing.

Assessment of the uranium —  Need better informeuiton on per-
specie used in the test and the formance with K-25 waters.

specie in K-25 waters. Method for regenerationor dis-
Selectivity for uranium. posal of spent beds.
Regeneration technique, if pos- Development/demonstration
sible. Maximum loading under costs could be a few $M.

K-25 conditions.

Evaluation of maximum —p» Normal

capacity for uranium from K-25 Development/demonstraiton

waters, selectivity for uranium,
effects of other water compo-
nents, and possibility for regen-
erating or concentrating the ura-
nium,

costs could be a few $M.

2/26/93
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Technology Logit¢

Remedial Actit

K-25 Site Probleny

.

' 'P‘rdblemv'l‘\’réa/Cc)“nsti'men.ts_'

R Subéienients

. Reference Requirements.

—————uncpp- Chemical ———
Separation

~p-Contaminated Groundwater, ——-Uranium in Groundwater ~———- Refer to Volumet, Chapter 10, —pm- Treatment

+ Cleanup Legac
p Legacy Surface Water for potentially applicable pro-

« Prevent Future

posed and promulgated envi-

Insult ronmental laws, signed and
pending agreements for the
« Develop ORR, rudiation protection stan-
. dards, DOE Orders, and non-
Envuronme.ntal regulatory guidance. As site-and
Stewardship waste-specific characteristics

CEM P;qblerﬁ. .

Decommissioning
(D&D)

Soils, Groundwater -
and Surface Water
(RA)

Waste Management
(WM)

—Tc in Groundwater

are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

——p» Reler to Volume1, Chapter 10, —pp» 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

(cont.)

- Chemical =
Separation




'Logic Diagram
:dial Action

Alternatives ~_‘Technologies ‘Status’ . .

: Sdi‘enéé/fechnolbgy Needs 1. vlmbl_emeﬁtatlion Needs

~—» Chemical e Reverse Osmosis —p Demonstrated —p» 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 trate and minimize eventual flows.
treated further. Usually removes waste volume. Futher development/demonstra-
most dissolved materials, not tion 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.

~—1¥ Chemical — e 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 $M.
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.

promssmremegpe- 101 Exchange —p Demonstration -~ Only bench scale tests, and -—p= 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 reach sufficiently regeneration methods needed.
low concentrations. Seek high resin capacities and
Cost information not supplied, selectivities.
probably high unless low-cost
ion exchange materials are

used. Waste volume couid be
low it good rageneration system

is availabie.
e REVETSE OSMOSIS —p» Predemonstration —p= Rejection of Tc by commercial —pe 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 $M.
contaminants from water, but it Treatment for concentrate

has not been demonstrated with shouid be determined.
Tc. Since RO is general not
selective, it would be expected
to work with Te. Costs could be
moderate, perhaps a few dollars
per 1000 gal 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.

2/26/83
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'EMGoals -

3

+ Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

Decomrussioning
(DD)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

(WM)

: f. EM Prqblemm R

K-?S‘S‘it‘é -P’rpbienﬂ :

Surface Water

-—

-=Contaminated Groundwater, ~y—3»Tc in Groundwater

) Pfob!_éfn Area/Constitdent’s'

(Hg, Cr)

- Reference Requirements

—~——3» Refer to Volume1, Chapter 10, —g» Treatment

- Heavy Metals in Groundwater —g»- Refer to Volume1, Chapter 10, —# Treatment

|
|
Technology Log¢

Remedial Ai

‘ Subelements:'

I

———————»> Chemic}
for potentially applicabte 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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

(cont.) ;

P Chemict
for potentially applicable pro- Separal
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 characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.




Logic Diagram
lial Action

- Alternatives” " Technologies

‘Status' )

. Science/T. échnoldgy Needs

v

Implementation;Néeds

~3» Chemical P Supported Liquid Membrane -3 Pre-demonstration - Basic research to determine —p» Normal
Separation REMA-124 The process can achleve large effective carriers. Design, test- Operating costs should be rea-
(cont.) concentration factors and show ing, and scale-up needed at all sonable; Extractant (carier) vol-
good selectivity when the appro- levels. Extractant loss needs umes are low and the process is
priate extractant is used. Tc was quantification. simple. Costs are unknown but
reduced form 786 to 2 pCi/L. in may be moderate, perhaps
one saries of tests. $10M/1000 gal. Development
costs could be a few $M.
L——-——-P' In Situ Reduction and Fixation —» Evolving —J» Both the ability to reduce Tc —= Even if good Tc retention is
REMA-125 In situ application. Potentially effectively in situ and the long- demonstrated, the regulatery
low cost, parhaps <$1/1000 gal. term retentior of Tc needs to be acceptance of the method must
Waste volume would be mini- established. be established. Questions are
mal. likely to involve the long-tern
stability of the retention. How
long can the Tc¢ be maintained in
the less Soluble reduced state?
Is it acceptable to leave the
radioactivity in the soil, aven if it
is not leaching?
Development and testing could
cost a few $M.
- Chemical c—me sl  Adsorption on Activated Carbom—= Accepted ~= Establish applicability to K-25 —#» Normal
1 Separation REMA-111 for similar application. waters. Evaluate regeneration Development/demonstration
Retention, cagacity, and and waste volume (bed costs for K-25 waters could be
salectibity for toxic inetais on capacity). <$1M.
K-25 waters needs to be demon-
strated.
Costs should be moderate (a
few $/1000 gal). Waste volume
depends on regeneration sys-
tem. Waste handling costs could
be high of capacities are low.
oo Precipitation —» Accepted -~ Evaluate long-term stability of—» Normal
REMA-112 for other applications. sludge and methods for handiing
Cost reported to be $353/1M gal sludge waste.

for iron precipitation. Waste
handiing for K-25 waters could
increase costs considerably.
Waste volums - large.

Because of waste volume, this is
only likely to be used for high
concentration problems.

I " Kl e

I IREIEE L . . ' o | " o
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« Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

. EM Problem

Decommissioning
(D&D)

Sails, Groundwater -4
and Surface Water
(RA)

Waste Management
(WM)

-

K-25'Site Problem.

—»Contaminated Groundwater, ~

Surface Water

Technology Logic

Remedial Actio:

w 1

Refererice Requirements |, . ‘Subel_e-m}ent‘s

_Problem Aréé/CoﬁsiitUents'

- Alternati

—p»-Heavy Metals in Groundwater — Refer to Volume1, Chapter 10, —9» Treatment ~———————3p» Chemical
(Hg, Cr) for potentially applicable pro- Separation
posed and promulgated envi- (cont.)
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
ragulatory guidance. As site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.




e

Logic Diagram
lial Action

o ostatus” "

‘Alt'gr'n‘it’ivea ‘_"Tec'hnbldg‘i'es' S

y

—p Chemical ———————fuemem—gy- Reverse Osmosis —p Accepted -
Separation REMA-113 Usually removes most dissolve
(cont.) matter; not specific for different

metals.

Moderately expensive (probably
several dollars per 1000 gal).
Treatment of concentrate will
add to costs. Waste volume
depends upon method used to
treat concentrate.

Pre-demonstration —
Method involves incorparation of
biological materials, specific to a
given contaminant, into a poly-
mer matrix. Lab and bench scale
only, to date. Essentialty com-
plete removal possible, but at
what loading?

Costs expected to be low.

Waste volume depends upon
loading capacity of biosorbent
and waste handling/regeneration
method used.

gy~ BiosOrption
REMA-114

—p Accepted =
Essentially any level of removal
is possible, but costs could
become excessive,
Capital costs for complete
mobile ion-exchange treatment
system for groundwater estimat-
ed at $786,800. Operating costs
reasonabile, but resin waste

- i0n-exchange
REMA-115

treatment costs may be signifi-
cant.
| Oxidation/Precipitation with — Predemanstration -
Qzone Technique can work only for
REMA-116 some melals. The technology is

currently mostly an idea. Costs
could be moderate, perhaps a
few dollars per 1000 gal. Wastes
would be the precipitated materi-
al and assoclated solids.
Selectivity of the precipitations
could reduce waste volume
somewhat.

i Séiénce{f ech ‘n‘ollohgy Needﬁ 1

¢
\

: . |_mb|éfﬁ

entation Needs:

Treatability tests for specific —g» Normal

waste waters. Determine Development <$tm.

degree of concentration to avoid

precipitation. ldentity methods

for handling concentrate.

Limited further development to

test new membranes and K-25

waters may be needed.

An emerging technoiogy with —g Normal

concommitant basic research Development/demonstration

needs. costs could be moderate (a few
$M).

Tests with K-25 waters. —» Normal

Evaluate selectivity. Evaluate Development/demonstration

regeneration methods and/or costs could be modest, perhaps

waste minimization. <$IM.

Much testing needed. —» Normal. Effectiveness of the

Determine co-precipitation of mathod must be established,
metals. Practical systems need handling and treatment of the
to be demonstratad with K-25 precipitates must be addressed.
waters. Cast to davelop and test the
cancept could be a few $M.
2/26/93
4-13
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Technology Lo
Remedial A

'

.U EM Gaals' . K-25 Site Problem . Problem Area/Constituents . | Reference Requirements. | .
« Cleanup Legacy -»Contaminated Groundwater, ~———»Chlorinated Volatile Organic ——3»- Refer to Volumet, Chapter 10, —p» Treatment ————————r» Physical
Surface Water Compunds (VOCs) in for potentially = 'icable pro- Separatl
* Prevent Future Groundwater posed and prc  -;ated envi-
Insult ronmental law... siyned and
pending agreements for che
* Develop ORR, radiation protection stan-
H dards, DOE Orders, and non-
Environmental regulatory guidance. As site-and
Stewardship waste-specific characteristics
are provided for each technolo-
gy, specific regulatary require-

ments - * , specified.

|- Chemice
Separati

SRR

EM Problem .

Decommissioning
(D&D)

Soils, Groundwater |
and Surface Water
(RA)

Waste Management




Logic Diagram
tdial Action

- .:Té%:'hholqg‘iesi E

=T Physical =i smmmle- In Situ Air Stripping
Separation REMA-41
L Chemical — el Adsorption on Activated
Separation Carbon
REMA-42
prmneensarn- Membrane Separations
REMA-44
3 |Lime Coagulation
REMA-46
i
]
i oy v
iy \J

e

. Status -

x4

—»- Accepted
Wall established technology.
Major questions on performance
concem effective contact of air
with all of the contaminated
water.
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 the off-gas treat-
ment system.

—» Accepted
Several small scale units
installed. Effectiveness is
demonstrated; fower costs
desired.
Capital costs should be low, per-
haps a few dollars per 1,000
gal. Operating cost and waste
generation depend upon regen-
eration/disposal procedure.
Preses. ce of FCBs or radioactivi-
ty could prohibit “off-site” regen-
eration,

~—p» Demonstrated
(several processes). Reverse
osmosis used in municipal water
and food industries.
Pervaporation is gaining uses.
Removal efficiencies needed for
K-25 waters.
Costs are low if there are not
fouling problems or membrane
degradation problems, usually
less than $1.00/1000 gal.
Waste valumes depend upon
treatmant of the reject (reverse
osmosis) stream. These
processes produce a liquid con-
centrate, not a solid waste.

Demonstrated ——pr
Standard water treatment step;
can reduce VOC content.
Adsorption on precipitate and
avaporation may be difficult to
tell apart. Removal efficiency is
uncertain. Method probabie
would not be used specifically
for VOCs.

A low cost treatment, but signifi-
cant waste generation. Direct
treatment costs will be low
(probably <$1.00/1000 gal.).
Waste handling/disposal costs
could be high. Probably of most
intarest if coagulation is needed
for other purposes; VOC
removal would be additional
benaefit.

; Im‘plzem:ent.a'tion Needs' ‘

 Science/Technology Needs

=% Most improvements could be =

made in emissions control and
minimization of wastes from
emissions control system.

= Treatability studies needed to —» Normal

determine effects of other com-
tanimants. Low cost regenera-
tion should be considered.

—p» Treatability tests needec o —p» Normal

identify potential fouling prob- Further development need for
lems. Membrane life expectan- each method, perhaps a few
¢y needed. Methods needed for $M.

handling the concentrate

stream.

Assess coagulation = Normal
of materials in K-25 waters;

explore waste treatment.

Determine fate of removal

VOCs.

2/26/93
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Technology Logic;

Remedial Actior

" EM Goals . .K-25Site Problém ~ |- Problem Area/Constituents - |". Reference Requirements | .~ Subelements
- Cleanup Legacy r-sContaminated Groundwater, ~y—»=-Chlorinated Volatile Organic ——»~ Refer to Volume1, Chapter 10, —» Treatment ——e—r——g Chemical ]
Surface Water Compunds (VOCs) in for potentially applicable pro- Separation .
* Prevent Future Groundwater posed and promulgated envi- {cont)
Insuit 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. » Destruction———mn
" EM Problem
4
Decommissioning
-
Soils, Groundwater -
and Surface Water
(RA)
=
b
Waste Management
(WM)




Logic Diagram
iial Action

" Alternatives - - » Technologies: . Status -] Science/Technology Needs
-3 Chemical o~ Chemical Dechiorination -3 Pre-demonstration — Understanding of rate —
Separation with fron Initial tasts made at one site. controlling steps and how the
(cont.) REMA-49 Merits are still spectative. rates are affected by solution
Material balances naeded. and iron properties. Good mater-
Large-scale and reulistic testing ial balances (possibly with radio-
needed, Cost are speculative, tracers) to confirm that dechlori-
but coutd be low. Waste volume nation is taking place.
will be low if residual iron is not
considerad a hazardous waste.
= Destuction —————mummmsessl»> UV Enhanced Chemical — Demonstration/Accepted  —¥ Look for interferring —
Oxidation High efficlencies achieved. components in K-25 waters.
REMA-43 Greally reduces load on carbon Avoid “fouling” of light transmit-
bed polishing system. ting surfaces.
Commerclally available.
Costs reported to be low (less
than $1.00/1000gal. Waste vol-
uma minimal.
pecemeslie- Ex Situ Biodegradation —» Demonstration =P Determine threshold of PCE =P
REMA-47 A demonstration is in progress and TCE inhibition. Better reac-
at K-25. Similar demonstrations tor designs and better under-
at other DOE sites. Removal standing of the biviogical
rates are not adequate for all processes.
compounds.
Costs are likely to be low, but
will depend upon degradation
rates {reactor size). Waste vol-
ume should be smail, excess
biological materials.
s> Chemical Oxidation — Accepted —p» Treatability tests and pilot =~ —
REMA-48 Commercially available. units recommended to confirm
Different oxidants available. rates and consumption of oxi-
Catalysts often used. dants, other materaisi will be
Costs expected to be low, a few oxidized.
dollars per 1,000 gal. depend
upon total material oxidized.
Waste voliime minimal,
f~————p Corona Discharge -——= Evolving/Preconceptual -~ Development of firm basics for—¥m
REMA-130 Destruction mechanism not technology.
understood. No performance
reported.
Waste: likely to be small,
e~ Ultrasound —3 Evolving/Preconceptual ~—» Development of firm basics for—¥
REMA-131 Costs: estimated to be a few technology.
$/100gal.
No performance reported
Wastes: likely ta be small.
P Electron Beam —3» Pre-demonstration -~ Beam current, beam voltage —pw
REMA-132 Costs may be high. requirements needed.
No performance reported

Wastes: likely to be small.

e . 1 Con n | ' e i roon RN [ A A I

|mp!emgntati}jﬁ Needs-

Normal
Davelopment/demonstration
costs couid be a few $M.

Normat

Normal
Development/demonstration
costs could be a few $M.

Normal.

Normal,
A few million for evaluation and
demonstration.

Development costs may be a
few $ miltion.

Projected capital operating costs
high.
2/26/83
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B . EN Goals o

+ Cleanup Legacy

« Prevent Future
Insult

+ Develop
Environmental
Stewardship

Suitace Water

. _EM Problem - *

Decommissioning
(D&D)

Soils, Groundwater —§J
and Surface Water
(RA)

Waste Management

'K-_.'2.5.>‘S"itePrpblem‘ .- | Problem Ar’ea/Co_nstituentSi

--Contaminited Groundwater, —y——»PCBs in Groundwater

———p» Refer to Volumet, Chapter 10, —»- Treatment

Technology Lo
Remedial A.

Reference Requirements | .~ . ‘Subelements "

- Chemice

for potentially applicable pro- Separath

posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guidance. A. site-and
waste-specific characteristics
are provided for each technolo-
gy, specific regulatory require-
ments will be specified.

- Destruct!




Logic Diagram
ial Action

N A’Itgrné(ives ' . Tec'hr"w(’iliogie_s .

“Science/Techno ogy Needls

: lmp\le’mé’htatior‘i Needs .

> Chemical —ssssasma- Adsorption on Carbon —» Accepted. —p Better regeneration and PCB —pm Normal
Separation REMA-101 Commercially available. recovery methods, preferrably Development/demonstration of
Effective, but costly. Most for use on-site. new regeneration approaches
desired removal efficiencies can could cost a few $M.

reached, at a cost.

Costs can be high if the carbon
beds cannot be regenerated but
are {reated as waste. Waste
valumes will be large if beds are

not regenerated.
» Destruction e ameroaml»- Biodegradation —p» Pre-demonstration - Better approaches to the —3» Normal
REMA-102 Uncertain probability of success. more highly chlorinated com- Development costs could be
PCBs are refractory compounds, pounds. more rapid anaerobic several $M.
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 smail. dation products.
ssmmssndlie-  Chemical Oxidation — Pre-demonstration - Insurance of complete ~== Normal
REMA-103 Work on other chiorinated com- degradation and proper Futher development/demanstra-
pounds may be helpful. UV-per- reagent doses. tion costs couid be a few $M.
oxide oxidation is nearing
acceptancs,
Wasta volume should be low.
If standard methods are for
PCBs, the costs could be low
($1 or a few dollars per 1,000
gal)
‘emmermnaip-  Chemical Dechlorination — Pre-demonstration = Understanding of rate —3» Normal
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 $M.
good material balance, and and iron properties. Material bal-
proof of dechlorination. ances with radio tracers.

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.

2/26/93
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Robotics/ Autor

The identification of the technologies required to use robotics/ automation in the d
25 was based upon the premise that the primary purpose of these technologies is to
ization, decontamination, and dismantlement. Hence, in this section of the diagram t
ing activities and no attempt to differentiate between activities was made. For examg
be equally applicable to deploy dismantlement tools.

The robotics/ automation technologies were grouped into three main categories: (
groups identified under each of the categories. Technologies were selected for this s
economy in the deployment of tools and sensors, adaptability of automated equipme:
elimination of ciothing exchange requirements, and reliability and efficiency in handlit



{ Automation

mation in the decommissioning, remedial action, and waste management at K-
inologies is to provide support for other necessary activities such as character-
* the diagram the problem areas are identified as these “other” decommission-
je. 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-
acted for this section on the basis of the following considerations: speed and
1ated equipment to repetitive tasks, ability to minimize waste by reduction or
ency in handling redundant tasks.

oo v TR [ I T o o o ' | P .‘,l"'
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» Cleanup Legacy

» Prevent Future
Insult

 Develop
Environmental
Stewardship

r

EM Pr(“)bl‘em‘.' B

Decommissioning —4-

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

* K-25'Site Problem .

Enrichment Process Buildings -t |. CHARACTERIZATION

Process Support Buildings
Cooling Towers

E'ccidical and Electrical Switch
Gear

Pumping Stations
Laboratory Facilities
Special Development Facllities

Administrative Facilities

PrQbIerh Aréa/Cdnstituen‘ts‘

Technology Logic

Robotics/Automa

- Reference Requirements

I

a. Provides methods of deploy-
ing sensars and instruments
required under Alternatives:
“Sampling,”, “in-Situ Chemical,”
and “In-Situ Physical.”

b. Provides methods for the
automation of analyticai tabora-
tory operations including
Alternatives: “Sample
Preparation,” “Data
CollectionsData Management,”
and “Ex-Situ Chemical.”

Il. DECONTAMINATION

a. Provides methods of deploy-
ing tools or pertorming opera-
tions which would increase the
efficiency of operations as in

— Alternative mechanical sub-

strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-QG), plasma torch (DCON-
72-0G), carbon dioxide blasting
(DCON-39-0G), e'c.

Iil. DISMANTLEMENT

a. Provide methods of deploying
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.

Abrasive High Pressure Water Jet
(DISM-11, 35, 52, 458-0G)
Diamond Wire Cutting (DISM-12-0G)
Microwave Scabbing (DISM-31-0G)
Laser Cutﬁ;f
(DISM-34, 42, 49, 51, 53, 63-0G)
GConventional Disassembly
(DISM-33-0G)
Advanced Automatic Fixtures
(DISM-57-0G)
Plasma Arc Cutting (DISM-36-OG)
Grabbler for Remo-gg Cutting Metals
(DISM-43 & 58-0G)
Vacuum Systems (DISM-46 & 47-0G)
Positioning of Equigmenl Usini
Laser/Bar Codes (DISM-54-0G)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
hazardous wastes, particularly
those that lead to waste forms
that are highly radioactive.
Examples of these processes
are described in WPRO-102,
E)OGQ, 112, 115, 202, 219, & 303-

V. REMEDIAL ACTION

a. Provide remotely operated or
robotic devices (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, & 111-0G.

w0 '

»

. 'Subele‘_m'énts

3

Robotics/Automation ey

L 1]

e

—

-

1A, Mechanic 1l Mc

1B. Mechanical =
Manipulation



>

ogic Diagram

utomation

- ‘Alternatives

1A. Mechanical Mobility  ~——y

o

1B. Mechanical
Manipulation

S Tébhn;ﬂl_ogiés‘ .

+ Heavy Duty (>1,000 Ibs)

+ Medium Duty (100-1,000 ibs)
+ Light Duty (<100 Ibs)
ROBA-1-0G

Pipe/Duct Crawler
A Internal  ROBA-2-0G
B External ROBA-3-0G

Bridge-Mounted
Robotic Platform
ROBA-4-0G

Power Sources for
Mobile Platform

- Batteries/Fuel Cells
« Internal Combustion
+ Umbilical Cord
ROBA-5-0G

Failure Recovery

« Redundant Drives
« Tethers
ROBA-6-0G

Long Reach Arms  ee—em——m——Jmm

(2-20 Meters)

A Heavy Duty (>500 1bs.
Payload) ROBA-9-OG

B Medium Duty (50-500 lbu.
Payload) ROBA-8-0OG

C Light Duty {<50 ibs. Payload )

ROBA-7-0G

Arms with > 6 Degrees Of we———jp»

Freedom

* Positioning Accuracy <linch
* Force Reflection

+ Modular Construction
ROBA-10-0G

(And Requirements When Ahcble) -
Wheeled/Tracked Vehicle ————pm-

[

—————

B —————

————ee -

' Sta;U_s -

Accepted }
Efficacy: High; agility may be
restricted for larger systems. Normal

2
_

deployment method for characten- would permit fewer than one opera-
zation and decontamination tasks. tor per machine.
Such vehicies are presently ih use.
Waste: Passible emission, deconta-
mination of system after use.
Pre-Dx siration P Technology Development: ————jp
Efficacy: High for mobility if obsta- « Miniaturization of Sensors/Tooling
cles arentt present. « Robatic Compatibility of Tooling
Waate: Decontamination of system * Obstruction Removal or By-Pass
after use.

» None -

Technology Development: ~———i»

+ Improved controls to allow more
autcnomy. Such improvements

Accepiad

Efficacy: High, Particularly useful
for dismantiement anc movement of
equipmer! to work cells.

Waste: Little or None

Accepted (Batteries)

Technology Improvement: ————j

+ Energy Storage Capacity
» Duty Cycle Availability

Demonstration (Fuel Colishwe—p - Cumrent Capacity/Discharge Rate
Accepted (Intemal Combustion) ——p- * Emission Control
Accepted (Umbilical Cord) 3 *None

Efficacy: High for intemal combus-
tion and umbilical; Medium for
batteries and fuel cells.

Waste: Batteries/Fuel Cells, possi-
bie chemical waste; Internal com-
bustion emissions; Decontamination
of umbilical after use.

Accepted (Redundant Drivas) ——= None

Efficacy: Medium:, Increased sys-

tem cormplexity.
Waste: Little or None

Accepted (Tethers) ——————-3p» None

Efficacy: High; Particulariy for
unciuttered areas.

Waste: Decontamination of system
after use.

Demonstration —— e

Efficacy: Medium, Accurate posi-
tioning is more difficult as sie and
payload increases. Atemative is
tele-operated system.

Waste: Possible hydraulic fiuid;
Decontamination of system after
use.

Demonstration ~wm—memee—ep Technology Development: ————3»=

Efficacy: High; Usafu: for cluttered
areas not accessible to suited
workers

Waste: Possible hydraufic fluid,
Decontamination of system after
use. Total waste volume wouid be
small (<Sgal)

Technology Development; —————jm

+ Flexible Body Control

+ End-Point Sensing

» Collision Avoidance

* Weight-To-Payload Ratio
Reduction

+ Light Weight Small Cross Section
Design (Light Duty)

+ Redundant Task Planning and
Controt
»Modular Design

+ Real-Time Master/Slave Operation

Y

‘_vlm‘p'le‘ment'étion' Needs"
S 4 o B

No unusual implementation
needs.

Development Cost: $100K-
$300K/application

Capital Costs: $75K-$300K/per
vehicle

Operating Costs: $250K-
$400K/machinelyear

No-unusual implementation
neads.

Development costs: $1-2M
Capital Costs: $250K- -
$1M/machine

Operating Costs:
$250K/machinelyear

Standardization of robotic plat
forms and improved remote
maintenance methods to miri-
mize waste generation.
Development Costs: $0K
Capital Costs: $100-
$200K/application

Improvements in batteries and
fuel cells should utilize capabifi-
ties of industrial partners. Costs
for Power Sources are included
in costs identifies for the robotic
platforms. (e.g. AUTO-1,-2,-3)

Normal implementation needs.
Capital Costs: <$50K/applica-
tion.

No identifiable development or
operating costs.

Normal implementation naeds.
Development Costs: $2-10M
Capital rosts: $1-5M/
manipulator

Operating Costa: $200-500K/
year/manipulator

Normal implementation needs.
Development Costs: $1-5M
Capital Costs: $500K-
$1M/manipuiator

Operating Costs:
$250K/manipulatorfyear

2/26/93
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- EMGoals:

Y .

_ K-25 Site Problem

i
]
i
i

Technceclogy Loj

Reference Requiréments-

Robotics/Auta

_ Subelements

* Cieanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

l-EM"‘PrfobIém =

Decommissioning

Enrichment Process Buildings -]
Process Support Buildings
Cooling Towers

Electrical and Electrical Switch
Gear

Pumping Stations
Laboratory Facilities
Special Development Facilities

Administrative Facilities

e

(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

> |. CHARACTERIZATION -

a. Provides methods of deploy-
ing sensors and instruments
required under Alternatives:
“Sampling,”, “In-Situ Chemical,”
and “In-Situ Physical."

b. Provides methods for the
automation of analytical labora-
tory operations including
Alternatives: “Sample
Preparation,” “Data
Collection/Data Management,”
and “Ex-Situ Chemical.”

Il. DECONTAMINATION

a. Provides methods of deploy-
ing tools or performing opera-
tions which would increase the
etficiency of operations as in
Aiternative mechanical sub-
strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-0G), plasma torch (DCON-
72-0G), carbon dioxide blasting
(DCON-39-0G), etc.

l. DISMANTLEMENT

a. Provide methods of deploying
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.

Abrasive High Pressure Water Jet
(DISM-11, 38, 52, &58-0G)
Diamond Wire Cutting (DISM-12-0G)
Microwave Scabbing (DISM-31-0G)
Laser Cutti
(DISM-34, 42, 49, 51, 53, 63-0G)
Conventional Disassembly
(DISM-33-0G)
Advanced Automatic Fixtures
(DISM-57-0G
Ptasma Arc Cutting (DISM-36-0G)
Grabbler for Remotely Cutting Metals
(DISM-43 & 58-0G)
Vacuum Systems (DISM-46 & 47-0G)
Positioning of Equipment Usin
Laser/Bar Codes (DISM-54-OG)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
hazardous wastes, particutarly
those that lead to waste forms
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 loaaers, 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, & 111-0G.

Robotics/Automation ———-J

(cont)

Manig

-3 1C. Mech
End-£

— 1D. Mech
Separatio
Material F

— 2A. Contr




Logic Diagram
3/Automation

“. - ‘Alternatives :‘Te(':,_hnolo‘gies

Manipulation Capacity Arms

ROBA-11-0G

~=3» 1C. Mechanical
End-Effectors

g Multi (>2) Fingered ——~————3>
ROBA-12-0G

- Remotely/Automated =3
interchangeable of

End-Effectors

ROBA-23-0G

i Tool-Arm Interface —————pm
ROBA-24-0G

- Force Limitgr i
ROBA-25-0G

- 1D. Mechanical: Automated = Magnetic Separators ————
Separation Technologies for ROBA-26-0G
Material Recovery

-3 2A. Control: Algorithms ——ssliie-  Multiple, Concurrent Mobile —3»
Platform Control
ROBA-27-0G

jeei~ Combined Mobility/Manipulation/
End Effector Control
ROBA-28-0G

v (and requirements when applicable}
18. Mechanical -—-——-L> Compact, High e

T Status. Sdieﬁbefréjchnqlb'gy Needs

Evolving Tech - Conceptual —————» Science Need: ————————»
Efficacy: Medium, Packaging of High Power Density Motors

resulting systems for constrained

areas will be difficult.

Waste: Decortamination of

hardware after use. Total waste vol-

ume would be <5 gal. per

application.

Pre-Demonstration —————————3 Technology Development: ——————jio»-

Efficacy: High with good control + Compact Distributed Sensors &
algorithms, however usefuinsss for Electronics

DA&D is limited. » Control Algorithms

Waste: Decontamination of

hardware after use.

Demonstration——————————J3» None
Efficacy: High; Particulary useful

for dismantiement tasks.

‘Waste: Decontamination of

hadware after use. Minimal waste

volkume (<5 gal.)

\j

Demonstration ——————————3»- None —
Efficacy: High; Requires cable

management for tool resources.

Particularty useful for decon. & dis-

mantiement.

Waste: Decontamination of

hardware after use. Minimal waste

volume.

Demonstration ——————ee—pn- None
Efficacy: High; Primary appfication

in automated laboratory.

Waste: Decontamination of

hardware after use.

\j

Accepted (Magnetic vs.Non- ——  None (Mag. vs. Non-Mag.)
Magnetic materials)

Efficacy: High; for separation of

ferro magnetic materials from non-

magnetic alioys.

Waste: Decortamination of

hardware after use.

Evolving Tech-Conceptual for other —pm- Science Need: (other material

Material Combinations combination)

Efficacy: TBD; If feasible, could be ‘Theoretical Analysis/Selection of
very useful for recovery of valuable, Components

ferro magnetic matevials. * Bench Scale Tests

Waste: Decontamination of + System Design for High Thru-Put
hardware after use.

Pre-Demanstration-—————————gn- Science Development; ———————pn-
Efficacy: High, greatly increases + Decentralized, Semi-Autonomous
operator efficiency, high pay-off Control

technology. + Greater Computational Thru-Put
Waste: N/A; no waste generated by

control system.

Demonstration ey Science Development: ————————7j

Efficacy: High, Increases operator * Real-Time Task Planning
efficiency for compiex geometrics. Technology Development:
Wasie: N/A; no waste generated by + Task Definition

control system. « Software Development

_Implementation Needs

No unusual implementation
needs.

Development Costs: $1-2M
Capital Costs & Operating
Costs are identified in other
technologies (e.g. AUTO-7 &9).

Normal implementation needs.
Development Cosis: $1-2M
Capital Costs: $100K-§500K
Operating Costs: Negligibie,
absorbed in system operating
costs.

Nornnal implementation needs.
Capital Costs: $50K-$100K
Operating Costs: Negligible,
absorbed in system operating
costs.

Normal implementation needs.
Capital Costs: $50K-$100K
Operating Costs: Negligible,
absorbed in system operating
costs.

Normal implementation needs.
Capital Costs: $50K-$100K
Operating Costa: Negligible,
absorbed in system operating
costs.

Capital costs: $75-$150K/
system

Development Costs: $0.5M-
$1.0M

Operating Costs:
$200K/year/system

Personnel Training on a high
fidelity simutator may be
required.

Development Costs: $1.0M-
$3M

Capital Costs: $0.5M-$1.0M
Operating Costs: $300K-
$500Kyear/system

Personnel Training
Development Costs: $0.5M-
$1.5M

Capital Costs: $0.2M-$0.5M
Operating Costs: $200K-
$300K/year/system

2/26/93
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Technology Logic |

Robotics/Automation Te

.-

nts | Reference Requirements, - Subelements . Alternatives .-
g o - : s |- S : o :

" EM'Goals _K-25 Site Problem -

1 Rroblém»Area/Corv\stith

R Enrichment Process Buildings J-» I. CHARACTERIZATION P . ) . ;
Cleanup Legacy a. Provides methods of deploy- ¥ Robotics/Automation —  2A. Control: Algorithms

. y i ing sensors and instruments (cont.) {cont.)
Prevent Future Process Support Buildings required under Alternatives:
Insult

“Sampling,”, “In-Situ Chemical,”
Cooling Towers and “In-Situ Physical.”
. Develop b. Provides methods for the
N Electrical and Electrical Switch automation of analytical labora-
Environmental Gear tory operations inciuding
. Alternatives: “Sample
Stewardship Preparation,” “Data

Pumping Stations Coliection/Data Management,”
and “Ex-Situ Chemical.”

1. DECONTAMINATION

a. Provides methods of deploy-
ing tools or performing opera-
tions which would increase the
Administrative Facilities efficiency of operations as in

L— — Alternative mechanical sub-
strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-0G), plasma torch (DCON-
72-0G), rarbon dioxide blasting
(DCON-39-0G), etc.

o Il DISMANTLEMENT
Decom{rjlzg?nlng a. Provide methods of deploying

the tools or performing the oper- X
ations necessary for t?\e disman- t—-  28B. Control: Man-Machine —
tliement of facilities or equipment Interface

to increase their cost effective-
ness or protect cleanup person-
nel.

Laboratory Facilities

Special Development Facilities

T EM Prdblem.' B

Abrasive High Pressure Water Jet
(DISM-11, 35, 52, &58-0G)
Diamond Wire Cutting (DISM-12-0G)
Microwave Scabbing (DISM-31-0G)
Laser Cutting
(DISM-34, 42, 49, 51, 53, 63-0G)
Conventional Disassembly
(DISM-33-0G)
Advanced Automatic Fixtures
(DISM-57-0G)
Plasma Arc Cutting (DISM-36-0G)
Grabbler for Remogl& Cutting Metals
(DISM-43 & 58-0G)
Vacuum Systems (DISM-46 & 47-0G)
Pasitioning of Equipment Uswzg
Laser/Bar Codes (DISM-54-OG)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
Soils, Groundwater t;]azartzgutslwadstes. paniciularly
those 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-
0G.

V. REMEDIAL ACTION

a. Provide remotely operated or
robotic devices (e.g. excavators,
front-end loaders, scrappers,
etc) to coliect the large quanti-
ties of contaminated soils for
those remedial actions
described, for example in
REMA-11, 37, 51, 63, 56, 58,
63, 64, 65, 69, 74, 76, 77, 83,
84, & 111-0G.

Waste Management
(WM)

' ' e . " "\ . v - o " I T n ' " [ oo 0 ' NI 1
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Logic Diagram

utomation Team

e Alterna,tivés"‘

v ro

~P  2A. Control: Algorithms
(cont.)

Interface

-—T>

P

= 2B. Crnirok: Man-Machin® -l

‘, T,ec-:h'nd'logies

Pre-Programmed Obstacle =~~~ Accepted ———

Avoidance
ROBA-29-0G

Programmed Motions  —e——————73p»-
(Per EPA Protocols)
ROBA-30-0G

Sample Management ———————jgie-
ROBA-31-0G

Single Human-Multiple Vehicle ~3m-
Cantrol Station
M0OBA-32-0C

Data Fusion =—————eee i
ROB \-33-0G

Teach/PlayBack =i

ROBA-34-0G

Voice Control e i
ROBA-35-0G

Man-Robot Symbiosis ——————7
ROBA-45-0G

" Hoov e

3

- Status’

o

Efficacy: High with good modet of
workspace. High pay-off technology
when combined with ROBA-27-0G.
Wasta: None

Accepted

Efficacy: High; Similar to factory
automation for analytical laboratory.
Wasts: None

Efficacy: Medium; requires special
support hardware.
Waste: Decontamination of support
hardware after use.

Pro-Demonetration —————————jpp~

Efficacy: High; Similar to ROBA-27-
OG. High pay-off technology.
Waste: N/A

Demonstration e

Efficacy: High; can compensate for
failed sensors.
Wasts: None

\)

. Scieﬁée Technology Needs _

Technology Improvement: =———Jj-

« Eftective man-machine super-
visory interface.

Technology Improvement: =3

« Ability to manipulate glassware
+ EPA approval of automated
protocols.

Technology Development: se—————j

*Increased Reliability
+ Fault Recovery

Science Development: m————————1ip-

+ Embedded Intelligence
+Mutt-Modal Interface
Technology Development:

« Effective Supervisory Control

Science Development: wmes—m——fz-

+ Data Verification
» Techniques for Functioning with
Missing Data

Science Improvement: = see————gie

+ Expansion of Performance List
Technology Improvement:
- increased Precision and Speed

Science Impravement; =13

+Language Expansion
« Muttiple Operator Recognition

Science Development. —e——————i-

»Machine Leaming
+ Dynamic Task Allocation

Implementation Needs-

No unusual implemental needs
Development Costs: $0.5M-
$1.0M

Capital Costs: $100K-$400K
Operating Costs: $200K-
$300K/year/system.

No unusual implementation
needs.

Development Costs: $0.5M-
$1.0M/protocol

Capital Costs: $200K-$400K/
protacol .
Operating Costs: $200K-
$300K/year/system.

{Note: This is an OTD Robotics
activity.)

Normal implementation needs.
Development Costs: $0.5M-
$1.0M

Capital Costs: $0.5M-$1.0M
Operating Costs: $200K-
$300K/year/system.

Normal implementation needs.
Development Costs: $1.0M-
$3.0M

Capital Costs: $0.5M-$1.0M
Operating Costs: $300K-
$500K/year/system.

No unusual implementation
needs.

Development Costs: $0.5M-
$2.0M

Capital Costs: $0.1M-$0.5M
Operating Costs: $200K-
$300K/year/system.

No unusual implementation
needs.

Development Costs: $0.5M-
$1.0M

" Capltal Costs: $200K per

system
Operating Costs: Included in
control system costs.

Specialized Operator Training
{~1MM per operator) may be
required.

Development Costs: $0.5M-
$1.0M

Capital Costs: $100-$300K/
station

Operating Costs: Included in
control system costs

Operator training may be
extensive.

Development Costs: $2.0M-
$4.0M

Capital Costs: TBD
Operating Costs: TBD

5-3
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+ Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

EM.Pt'oBIém

- .K72'5 Site érqb‘lemv

Process Support Buildings
Cooling Towers

Electrical and Electrical Switch
Gear

Pumping Stations
Laboratory Facilities
Special Davelopment Facilities

Administrative Facilities

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

WM)

Enrichment Process Buildings =+ |, CHARACTERIZATION

Problem Aré‘ev\/'Con‘st_ivt‘u‘entS"‘

Technology Lot

Robotics/Autc

Reference Requirements |

- Robotics/Automation

a. Provides methods of deploy-
ing sensors and instruments
required under Alternatives:
“Sampling,”, “In-Situ Chemical,”
and “In-Situ Physical.”

b. Provides methods for the
automation of analytical labora-
tory operations including
Alternatives: “Sample
Preparation,” “Data
Collection/Data Management,”
and “Ex-Situ Chemical.”

Il. DECONTAMINATION

a. Provides methods of deploy-
ing tools or performing opera-
tions which would increase t':¢
efficiency of operations as ir
Alternative mechanical sub-
strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-0G), plasma torch (DCON-
72-0G), carbon dioxide blasting
(DCON-39-0G), etc.

ll. DISMANTLEMENT

a. Provide methods of deploying
the tools or performing the oper-
ations necessary for the disman-
tlement of facilities or equipment
to increase their cost effective-
ness ar protect cleanup person-
nel.

Abrasive High Pressure Water Jet
(DISM-11, 25, 52, &59-0G)
Diamond Wire Cutting (DISM-12-0G)
Microwave Scabbing (DISM-31-0G)
Laser Cuni:;?
(DISM-34, 42, 49, 51, 53, 63-0G)
Conventional Disassembly
(DISM-33-0G)
Advanced Automatic Fixtures
(DISM-57-0G]
Plasma Arc Cutting (DISM-36-0G)
Grabbler for Remotely Cutting Metals
{DISM-43 & 58-0G)
Vacuum Systems (DISM-46 & 47-0G)
Pasitioning of Equipment Usm(g
Laser/Bar Cades (DISM-54-0G)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
hazardous wastes, particularly
those that lead to waste forms
that are highly radioactive.
Examples of these processes
are described in WPRO-102,
109, 112, 115, 202, 219, & 303-
0G.

V. REMEDIAL ACTION

a. Provide remotely operated or
robotic devices (e.g. excavators,
front-end loaders, scrappers,
etc) 1o 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, & 111-0G.

(cont.)

S

Subeler‘ne'nts R

— 28. Cont
Inter
(cont.)

| 2C. Coni
Tran

- 3A. Sens
Percc




~ 2B. Control: Man-Machine
Interface
{cont.)

» 2C. Control: Signal
Transmission

» 3JA. Sensors:
Perception

Fuzzy Control ——————————pp~

ROBA-47-0G

Transportable Control Stations —3- Accephed =y

ROBA-48-0G

Hard-wire (umbilical) ——————3 ACCEPABA oo

ROBA-49-0G

Microwave ——————————eeep>- Demonsirgted ——re i

ROBA-50-0G

Efficacy: Medium. Again could be

useful for supervisory control of mut-

tiple systems. Development costs

are high and applications are limited.

Waste: None

Efficacy: High, necessary for
Waste: None

Efficacy: High, Some limitation in
large cluttered areas.
Waste: Decontamination afer use.

Efficacy: High, athough may
require line-of-sight between
transmitter-receiver.

Waete: None

Radio (RF) ————eee——jp- Demonstrated

ROBA-51-0G Efficacy: Medium. Multiple units
likely needed for bandwidth
requirements.
Waste: None
Laser P ACCOPAOD v e
ROBA-52-0G Efficacy: Low, Requires line-of-
sight, hence, usefulness is limited at
K-25.
Waste: None
Vision 3 Demonstrated e
A 3D ROBA-53-0G Efficacy: Medium (both A & B)
B HDTV ROBA-54-0G Appiications may be kmited at K-25.
Maybe useful for cyinder yard
Inspections.
Waste: None
Audio (Directional) =————————jm»
ROBA-65-0G Efficacy: Medium to low,
Appications at K-25 would be
limited.
Waste: None
Force B ACCOINBY s -
ROBA-66-0G Efficacy: High for appiication in
analytical laboratory.
Waste: None

Imaging and Image Processing =3 Pre-Demonstration-————————jp-

ROBA-67-0G

Efficacy: Medium. Useful for
inspection tasks (e.g. cylinder yards)
Waste: None

o Il o ' bl b

Science Development; ——————3» No unusual implementation

« Calibration of Fuzzy Rule Bases needs.
» Emulation of Human Logic Development Costs: $1.0M-
- integration with Other Control $3.0M

Types Capital Costs: $0.5M-

$1.0M/station
Operating Costs: Negligible

Technology Development: ——= Normal implementation needs.
- Field-Hardening Development Costs: $200K-
« Improved Reliability/Durability $400K
Capital Costs & Operating
Costs: Included in system
costs.

None ~3= NoO implementation needs.
Costs are negligible.

Technology Improvement: ————m Normal implomentation needs.
+ Robust, multi-path operation in Deveiopment Costs: $600K-
reflective environment. $800K
Capital Costs: $200K/system
Operating Costs: Includéd in
cost of control system.

Technology Improvement: ———» Normal implementation needs.
+ Robust, multi-path operation in Development Costs: $0.5-
reflective environment. $0.7M
Capital Costs: <§50K/system
Operating Costs: Included in
control station costs.

None -—3»- None
Development Costs: $0K
Capital Costs: <$§50K/system
Operating Costs: included in
control station costs.

Science Development: - Normal impl tation needs.
+ Sensor Fusion Development Costs:
+ Advanced Visualization $0.5-$0.7M (3D)
Capabilities $0.3M-$0.5M (HDTV)
Technology Improvement: Capital Costs:
« Envionmental Hardening $300K per unit (3D)
$200K per unit (HDTV)

Operating Costs: Negiigible

Tech1wlogy Improvement: ———» Normal implementation needs.

+ Representation To Operator Development Costs: $0.5-

« Integration with Other Sensors $1.0M

(Sensor Fusion) Capital Costs: $200K per unit
* Increased Processing Speed Operating Costs: Negligible

Science Development: —————3= Normal implementation needs.
« Improved Tactile Sensitivity Development Costs: $200K-
$400K
Capital Costs: $200K/unit
Operating Costs: Negligible

Science Development:. ——————3» Operator Training (~3MM per
+ Processing Speed operator)
- Presentation To Operator Deveiopment Coats: $0.5-
Data/Sensor Fusion $1.0M
Capital Costs: $300K-$500K/
unit
Operating Costs: Included in
cost of control station.
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. EMGoals - .-

« Cleanup Legacy

- Prevent Future
Insult

+ Develop
Environmental
Stewardship

" K25 Site Problem .

EM Proplem

Decommissioning

Enrichment Process Buildings —
Process Support Buildings
Cooling Towers

Electrical and Electrical Switch
Gear

Pumping Stations
Labaratory Faciiities
Special Development Facilities

Administrative Facitities

H» |. CHARACTERIZATION

e e

Soils, Groundwater
and Surface Water
(RA)

Waste Management
WM)

' Problém Area/Constituents |

Technology Logi

_ Référénéé Réquirements',_

Robotics/Autom

“Subelements

a. Provides methods of deploy-
ing sensors and instruments
required under Alternatives:
“Sampling,”, “In-Situ Chemical,”
and “In-Situ Physical.”

b. Provides methods for the
automation of analytical labora-
tory operations including
Alternatives: “Sample
Preparation,” “Data
Collection/Data Management,”
and “Ex-Situ Chemical.”

Il. DECONTAMINATION

a. Provides methods of deploy-
ing tools or performing opera-
tions which would increase the
efficiency of operations as in
Alternative mechanical sub-
strate surface removal.

b. In-situ decontamination tech-
nologies that generate sec-
ondary environmental hazards,
for example, grinding (DCON-43
& 44-0G), plasma torch (DCON-
72-0G), carbon dioxide blasting
(DCON-39-0G), etc.

iil. DISMANTLEMENT

a. Provide methods of deploying
the toois or performing the oper-
ations necessary for the disman-
tlement of facilities or equipment
to increase their cost effective-
nelss or protect cleanup person-
nel.

Abrasive High Pressure Water Jat
(DISM-11, 35, 52, 459-0G)
Diamond Wire Cutting (DISM-12-0OG)
Microwave Scabbing (DISM-31-0G)
taser Cutting
(DISM-34, 42, 49, 51, 53, 63-0G)
Conventional Disassembly
(DISM-33-0G
Advanced Automatic Fixtures
(DISM-57-0G)
Plasma Arc Cutting (DISM-36-OG)
Grabbler for Remotely Cutting Metals
(DISM-43 & 58-0G)
Vacuum Systems (DISM-46 & 47-0G)
Positioning of Equipment Usiny
Laser/Bar Codes (DISM-54-OG)

IV. WASTE MANAGEMENT
Provide automated or remotely
operated methods of processing
hazardous wastes, particularly
those that lead to waste forms
that are highly radioactive.
Examples of these processes
are described in WPRO-102,
é)Oc&i? 112, 115, 202, 219, & 303-

V. REMEDIAL ACTION

a. Provide remotely operated or
robotic devices (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, B3,
84, & 111-0G.

3A. Sensors: :

$» Robotics/Automation
(cont.) Perception
(cont.)
3B. Sensors:
Control



Logic Diagram
s/Automation

.

Te,chno'logi_eé“i _ AU ] sk " Implementation Needs

“+ S Altérnatives .

) '

3A. Sensorg; el \Wall ThICkNESS g  Status: TBD - TBD —» TBOD

Perception « Ultrasonic Efficacy: TBD

(cont.) + Eddy-Current Waste: TBD

ROBA-68-0G

38. Sensors: s> Proximity —3  Pro-Damonstration-—~—we————s Tochnology Improvement: ———» Normal implementation needs.

Control ROBA-69-0G Efficacy: High for smail volume cov-  « Improved Sensor Range & Signal Development Costs: $1.0-
erage. Low for large area coverage. Quality $2.0M
May be useful to alert supervisory Capital Costs: $200K-
operator of impending collision. $300K/unit
Waste: None Operating Costs: None

jmenl>-  POSItIONING oo Pre-Demonstratione—mww——ip Technology Improvement: ———n~ No unusual implementafion

ROBA-70-0G Efficacy: Medium for high accuracy, * Improved Accuracy by Combining * needs.
reaktime navigation within building with Dead-Reckoning Deavelopment Costs: $0.5-
stnctures. $1.0M
Waste: None Capital Costs: $200K-
$300K/unit

Operating Costs: Included in
control system costs.

pmegp-  Laser Range Finders —————jp» Pre-Demonstration—————————m=- Technology Improvement: —————p=  Normal implementation needs.

ROBA-71-0G Efficacy: Medium for object recog- « Improved Reliability of Hardware Development Costs: $0.5-
nition. 3D mapping of task sites. + Data Interpretation $1.0M :
Waste: None Capital Costs: $250K/unit

Operating Costs: Negligible

peip>- Force Control ~———————# Pre-Demonstrated ~————————p Technology Improvemert. ———— Normal implementation needs.

ROBA-72-0G Efficacy: High for cartesian or joint « Improved Tactile Sensing Development Costs: $0.2-
space sensing. Medium for tactile $0.5M
sensing. Particutarty useful for labo- Capital Costs: $100K/unit
ratory sample handiing, Operating Costs: Negligible
Waste: None

|—&» Liquid/Liquid Interface Detection #» Status: TBD

-~ Science Need: ———————9 TBD

for Phase Separation Efficacy: TBD 8D
ROBA-73-0G Waste: TBD

P Flow/Mass/Volume ——————p Accepted -~ None = Normal implementation needs.

ROBA-74-0G Efficacy: High for analytical Development Costs: $0K
laboratory Capital Costs: $<20K/unit
Waste: Possible decontamination Operating Costs: Negligible
after use.

L—p» Position Sensors for «——m———gp- Accopiod > None P  Normal implementation needs.
Manipulator and End-Eftectors Efficacy: High for analytical Development Costs: $0K
ROBA-75-0G laboratory. Capital Costs: $<10K/unit

Waste: None Operating Costs: Negligible
2/26/93
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Waste Mana

j‘

s

The Waste Management (WM) section of the TLD focuses on addressing thg
ed as a result of the decontamination and decommissioning (D&D), remedial ac
tives of the WM wiring diagrams are to enumerate and evaluate the likely WM o
from most effective to least effective in managing wastes. The WM wiring diagri|
they relate to the K-25 Site D&D and RA activities: Waste Retrieval, Waste Proc
Transportation, Waste Disposal, and Waste Minimization.

It should be noted that Waste Stabilization, as used in the K-25 Site Technol
residual solid wastes and does not include pretreatment of the wastes to stabili
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'Nanagement

‘essing the technologies for 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 Probiem” areas as
faste Processing, Waste Stabilization, Waste Packaging, Handling, &

e Technology Logic Diagram, consists of processes for the final treatment of
-to stabilize them before WM operations.



'EM Goals '

* Cleanup Legacy

« Prevent Future
Insult

+ Develop
Environmental
Stewardship

Sites
« Burlal Grounds
* Acid Pits
* Retention Basins

v "_EM.P‘YQB.I-eIT‘l .

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management -
(WM)

| _K-25 Site Problem *

B - Historical Waste Disposal ——p» + RAD

+Bulk Waste in Storage Tanks
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* +Mechanical Retrieval Wheeled/Tracked Vehicles——» See Robotics/Automation
- Front-end Loader

- Backhoe
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~ Jackhammers
- Controlled Blasting
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Waste Manag

EM Goals ' K-25 Site Problem | Problem Area/Constituents Reference Requirements | - . Subelements -
. ~3» Contaminated Concrete Rubble ~3 * Decontaminated Bldgs. ~———p» Refer to Volume1, Chapter 10, —P» Waste Processing =~
Cleanup Legacy * Rubble for potentially applicable pro-
* Prevent Future ) *RAD posed and promulgated envi-
*PCBs - ronmental laws, signed and Thermal
Insuit +Organics _ pending agreements for the [~ [herm
* Develo + Inorganics ORR, radiation protection stan-
. P dards, DOE Ordars, and non-
Environmental regulatory guidance. As site-
i and waste-specific characteris-
Stewardship tics are provided for each tach-
nology, specific regulatory

requirements will be specified.

M Problem

Decommissioning
(D&D)

L—D Chemic

Soils, Groundwater
and Surface Water
(RA)

L

Waste Management -
(WM)




-ogic Diagram
anagement

‘Alternativesv' . Téc‘hn_o!ogieé

P> Waste Stabilization ——————» See Wasle Stabilization

p» Thermal Treatment g Thermal Desorption ——
WPRO-106-0G
wmenem-  Plasma Arc Fumnace —

WPRO-107-0G

~B» Chemical Trealment ee—y——p Solvent Washing
WPRO-211/212-0G

— Demonstration

S‘tatu, s

Accepted ——
This technology has been used

by industry to remove and

recaver volatiles from contami-
nated media such as soils.

The process is claimed to have

a >989% removal efficiency for
racovering volatite organic
compounds (VOCs) from soil.

The application of the process
to treat other contaminated
media (such as concrete rub-
ble) needs to be demonstrated.

Domonstration —
This is a developmental tech-
nology proposed for the
destruction of organics and the
immaobilization of non-volatile
radionuclides and toxic metals
in a glassy slag matrix, The
attractive features of the tech-
nology are that it can be used
to treat aimost any solid waste
and it does not require exten-
sive pre-treatment of the waste
feed. The negative aspect of
the process Is that it is very
energy intensive thus, it is likely
to be expensive

—
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demanstrated 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 lts rela-
tively small size, simall hold-up
volume, and rapid start-up
characteristics. This technolo-
gy when used with other waste
treatment processes would
onhance the overall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes
raquires additional RD&D.

. Science/Ti eqhndlbgy Needs

The use of the technology to

meet the site requirements
needs to be demonstrated.

Further research, deve'opment,
and demonstration (RD&D) on
the pracess to develop the
technology to deployment,
RD&D is required on the
process to determine for exam-
ple, waste destruction and
removal efficiencies (DREs),
electrode life, materials of con-
struction, power efficiency,
effluent characteristics for dit-
ferent waste feeds, and the via-
bility of the process.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

- Knowledge of process applica-

tion, funding, and regulatory
approval.

~» The RDAD effort is estimated
to require 3 years and $ 10 mil-
lion.

=P The RDAD effort is estimated
to require $ 1-2.5 million. The
payback could be significant.

2/26/03
6.2-1
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Insult
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Stewardship

. EM Problem-

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

» Contaminated Concrete
Rubble

- Scrap Transite

- Scrap Asbestos Pipe &
Insulation

—

Waste Management

K-25 Site Problem

3+ Decontaminated Bldgs. ———3 Refer to Volume1, Chapter 10, —» Waste Processing =———————#» Chemica

“Problem. Area/Constituents ‘

Technology LoOg

Waste Manag

* Reference Requirements Subelements

* Rubble for potentially applicable pro-
«RAD posed and promulgated envi-
- PCBs ronmental laws, signed and
+ Organics pending agreements for the
* Inorganics 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.
. Asbestos —— Reter to Volume1, Chapter 10,~» Waste Processing -1 Waste S
.PCB for potentially applicable pro-
+ Oils posed a;;? lgromulgate;i er:;k
. ronmen ws, signed an » .
. grAg[;nics pending agreements for the Chemice
- Inorganics 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.




Logic Diagram

.anagement

_ Alternatives

> Chemical Treatment =

e~ Gamma-Radiolysis
WPRO-100-0G

P | eaching & Stripping
WPRO-213-0G

* Waste Stabilization

» Chemical Treatment —e—m

el El0Ctro Osmocis/Migration
DCON-20-0G

- See Waste Stabilization

pes—agp. Flociro Osmosis/Migration
DCON-20-0G

Technologies .

B s

———p» Demonstration

—

—

© Science/T echnology Needs’

. Implementation Needs

Evolving Technology ——m»  Further research, deveiopment, —pe- The RD&D ettort is estimated

The radiolytic destruction ot
halogenated and aromatic
compounds at the laboratory
scale is well documented.
However, its application on an
industrial scale needs addition-
al RD&D. The process Is capa-
ble of high (>90%) destruction
efficiencies for organics.

This is an accepted technology
in industry with removai effi-
clencies greater than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Evolving Technology ——
initial data indicate 90+%

removal of uranium and tech-
netium from concrete. The
process could also be used to
remave oils and organics how-
ever, this application needs
additional RD&D.

e R

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolver are the complete
characterization of the radiolyt-
ic decompasition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility

of combining the radiolysis with

enhanced biodegradation of
the radiolytic byproducts.

to require $ 1.25-2.5 million.

Further research, development, ~pDemonstrate the effectiveness

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Some development work is
required to apply the method to
treat the site wastes.

of the technology to meet the
site requirements,

~p» Normal implementation needs.

Development costs are esti-
mated 1o be $ 400-1000K.
Capital costs: Not avallable,
Operating costs: Likely to be
more expensive than other
waste treatment methods.

Evolving Technology ————3p» Some development work is —p» Normal implementation needs.

Initiat data indicate 90+%
removal of uranium and tech-
netium from concrete. The
process could also be used to
remove oils and organics how-
ever, this application needs
additional RD&D.

required to apply the method to
treat the site wastes.

Development costs are estj-
mated to be $ 400-1000K.
Capital costs: Not available.
Operating costs: Likely to be
more expensive than other
waste treatment methods.

2/26/03
6.2-2
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* Develop
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— Scrap Transite
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Insutation
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Waste Management -
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1 Problém Area/Constituents
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Technology Logic

Waste Manageme

——————3» Reter to Volume1, Chapter 10, ~» Waste Processing

for potentialty 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 wasle-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Reference Requiremenits

*. - Subelements -

——T——b Chemical Treatment

- Alternativc

——p Thermal Treatment
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—» Chemical Treatment

~——3» Thermal Treatment

st Solvent Extraction
WPRO-211/212-0G

L——» Gamma-Radiolysis

WPRO-100-0G

—men—yema - - {NCineration
WPRO-108-0G

Sl CalcinatiorvRoasting
DCON-60-0G
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‘ ' 1 [ |
Demonstration —
Continuous soivent extraction
in counter-currant contactors
(e.g., centrifugal contactors) is
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 rapia start-up
characteristics. This tecanolo-
&y whan used witl: othe  waste
treaiment processes w. ild
enhance the overall waste
tieulment strategy. However,
the use of the technaiogy for
the treatment of solid wastes
requires additional RD&D.

Evolving Technology  ——— -jo
The radiolytic destruction of
halogenated ard aromatic
compounds at the laborataiy
scale is well documente..
However, its application on an
industrial scale needs addition-

al RD&D. The process is capa-
ble of high (>90%) destruction
efficiancies for organics.

Accepted

The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
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.

This Is accepted industrial tech-
nology for the treatment of
ores. However, its use for the
removal and destriction of oils
and organics from the site
wastes neada to he demon-
strated.

[T LI

Iy ' I I

Further research, development, =3 The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1-2.5 million. The
payback could be significant.

Further resexrch, Jdevelopment, —ps The RD&D effort is estimated

and demonstration (RD&2) cn
the process to develop the
technology to deployment.
Some of the issues to Le
resolved are the complete
characterization of the radiolyt-
ic decomposition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolytic byproducts.

to require $ 1.25-2.5 miltion.

Though an accepted technolo- —pm- Knowledge of process applica-

gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

g The use of the technology to

meet the site requirements
needs to be demoristrated.

tion, funding, and regulatory
approval. Insert 10:

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radioactive-
ly contaminated mixed wastes.
The unit was buiit at a capital
cost of § 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1892 destruction costs at
the incinerator are estimated to
be $ 10 per pound of waste
Incinerated.

—p»-The RDAD effort is estimated
to require $ 2-5 million. The
payback could be significant.

2/26/83
6.2-3
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_EM Problem, .

Decommissioning
(D&D)

Soils, Groundwater
and Surfac)e Water

(RA

' K-25 Site Problem

P Scrap Transite

P Scrap Asbestos Pipe &
Insulation

tures, gaskets)

| —

Waste Management 4
(WM)

> Other Scrap Building Materials Jm- - Debris
(e.g. wood, tile, roofing, fix-

| Problem Area/Constituents -

- Asbestos
«PCB

+ Oils
*RAD

» Organics

* Inorganics

*RAD
*PCBs

+ Organics
» Inorganics

Reference Re:

Technology Lo«

Waste Manag

——————> Refer t0 Volume1, Chapter 10,~» Waste Processing ~———————» Thermal

for potentially applicable pro-
posed and promuigated 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.

Refer to Volumet, Chapter 10, —® Waste Processing
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. A site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Subelements

———Waste S

3~ Thermal




—— Thermal Treatment (contd) ™= Catalytic Destruction

————»Waste Stabilization

f——3 Thermal Treatment

WPRO-109-0G

s> Plasma Arc Furnace
WPRO-107-0G

~——po- See Waste Stabilization

Incineration
WPRO-108-0G

e Plasma Arc Furnace
WPRO-107-0G

—

Pre-Demonstration

This technofogy has been
demonstrated to be effective
(DRE>89+%) tor the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

Demonstration

This is a developmental tech-
nology proposed for the
destruction of organics and the
immobilization of non-volatile
radionuctides and toxic metals
in a glassy slag matrix. The
altractive features of the tech-
nology are that it can be used
to treat almost any solid waste
and it does not require exten-
sive pre-treatment of the waste
feed. The negative aspect of
the process is that it is very
energy intensive thus, it is likely
to be expensive,

Accepted

The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
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 stili
required.

Demonstration

This is a developmental tech-
nology proposed for the
destruction of organics and the
Immobitization of non-volatile
radionuclides and toxic metais
in a glassy slag matrix. The
attractive features of the tech-
notogy are that it can be used
to treat almost any solid waste
and it does not require exten-
sive pre-treatment of the waste
feed. The negative aspect of
the process is that it is very
energy intensive thus, i is likely
to be expensive.

T i

i

vl [ ! ' '

Further research, development, = The RDA&D effort is estimated
and demanstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology to depioyment.

Further research, development,_g,. The RDAD effort is estimated
and demonstration (RD&D) on to require 3 years and $ 10 mil-
the process to develop the . lion,

technology to deployment.

RD&D is required on the

process to determine for exam-

ple, waste destruction and

removal efficiencies (DRES),

electrode life, materials of con-

struction, power efficiency,

effluent characteristics for dif-

ferent waste feeds, and the via-

bility of the process.

Though an accepted technolo-
gy. the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

- Knowiedge of process applica-
tion, funding, and regulatory
approval. Insert 10:

For example, the K-25 Site
TSCA incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radioactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years,
The 1992 destruction costs at
the incinerator are estimated to
be $ 10 per pound of waste
incinerated.

Further research, development, = The RD&D effort is estimated
and demonstration (RD&D) on o require 3 years and $ 10 mil-
the process to develop the lion.

technology to deployment.

RDA&D is required on the

process to determine for exam-

ple, waste destruction and

removal efficiencies (DREs),

electrode life, materials of con-

struction, power efficiency,

effluent characteristics for dif-

ferent waste feeds, and the via-

bility of the process.

2/268/83
6.2-4
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* Prevent Future
Insult

* Develop
Environmental
Stewardship

-~ EM Prob_lem-' .

Decommissioning

Soils, Groundwater
and Surface Water
(RA)

- Other Scrap Building Materials —p + Debris

(e.g. wood, tile, roofing, fix- *RAD
tures, gaskets) *PCBs

+ Organics

* Inorganics

| -

Waste Management -
(WM)

e o ' I i o " Wl o "
~—P Refer to Volume1, Chapter 10,—p» Waste Processing

for potentiatly applicable pro-
posed and promulgated envi-
ranmental 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.

| I R
o> Thermal Treatment 4
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- Themal Treatment ==

pusenpy-  Calcination/Roasting
DCON-SL-10-0G

oy Pyrolysis
WPRO-110-0G

|——p- Chem Char Process
WPRO-114-0G

ey Smelting
WPRO-111-0G

"~ .Technologies a.' "

—

.>Status‘

atraon

[R—
This is accented industrial tech-

nology for the treatment of
ores. However, its use for the
removal and destruction of oils
and organics from the site
wastes needs to be demon-
strated.

Accepted

This is an accepted industrial
process for the destruction of
organics. The process has an
organic destruction efficiency
greater than 99%.

Pre-Demonstration

This is a developmental tech-
nology based on coal char
gasification. The process is
claimed to achieve near total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metals and radionuclides,
This char residue can either be
vitrified to yield a glassy slag or
immabilized in cement.

Demonstration

D
This is accepted industrial tech-

nology for the treatment and
processing of metals. The
technology has a DRE for
organics greater than 89%.
However, its use for the
removal and separation of the
radionuclides from the wastes
requires additional RD&D. The
process could be used for the
remaoval of uranium from the
waste but it may not be sultable
for the removal of technetium.
The disadvantage is that smeit-
ing may cause the surface
radioactive contamination to
become bulk contamination of
the waste.

i n e

Sciénde/Teqhno'logy'Nee'ds :

lm’pl’e'mén‘tation Needs

—b The RD&D effort is estimated
to require $ 2-5 million. The
payback could be signiticant.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo- —pm Knowledge of process applica-
gy, the use of the technology to tion, funding, and regulatory
meet the site requirements approval.

needs to be demonstrated.

Further research, development, = The RD&D effort is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology to deployment.

The use of the technology to  —» The RD&D effort is estimated

meet the site requirements 1o require $ 3-5 million. The

needs to be demonstrated. payback could be significant
yleiding a major waste mini-
mization effort due to recovery
and recycle of the metals.

2/26/93
6.2-5
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‘Reference F!equ'irement's" -

—~——— Refer to Volume1, Chapter 10~®» Waste Processing ——® Chemic:

Technology Lo

Waste Manag

'Sybélemems' '

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.



= Chemical Treatment

s> Solvent Extraction
WPRO-111-0G

- Gamma-Radiolysis
WPRO-100-0G

DCON-20-OG

—

e

sy Electro Osmosis/Migration ———3m-

Demonstration.
Continuous solvent extraction
in countar-current contactors
(e.g., centrifugal contactors) is
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 refa-
tively smafl size, small hold-up
volume, and rapid start-up
characteristics. This technolo-
gy when used with other waste
treatment processes woutd
enhance the overall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes
requires additional RD&D.

Evolving Technology ——p»

The radiolytic destruction of
halogenated and aromatic
compounds at the laboratory
scale is well documented.
However, its application on an
industrial scale needs addition-
at RD&D. The process is capa-
ble of high (>90%) destruction
efficiencies for organics.

Evolving Technology =~

Initial data indicate 90+%
removal of uranium and tach-
netium from concrete. The
process could also be used to
remove olls and organics how-
ever, this application needs
additional RD&D.

——

Further research, development, —3» The RD&L effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

Further research, development, —pm- The RD&D effort is estimated
and demonstration (RD&D) on to require $§ 1.25-2.5 million.
the process to develop the

technology to deployment.

Some of the issues to be

resolved are the complete

characterization of the radiolyt-

ic decomposition products

under different conditions and

for different waste materials

and their relative toxicity.

Another issue is the possibility

of combining the radiolysis with

enhanced biodegradation of

the radiolytic byproducts.

Some development work is
required to apply the method to
treat the site wastes.

> Normal implementation needs.
Development costs are esti-
mated to be $ 400-1000K.
Capital costs: Not available.
Operating costs: Likely to be
more expensive than other
waste treatniant methods.

2/26/93
6.2-6
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« Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

EM Problem -

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management -
(WM)

| -

g Other Scrap Building Materials —»« Debris
(e.g. wood, tile, roofing, fix- *RAD
tures, gaskets) *PCBs

* Organics

* Inorganics

= . Nickel
+RAD
* Inorganics

- Scrap Porous Nicke!

i

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, sigr:ed and
pending agreements for !
ORR, radiation protection vtan-
dards, DOE Orders, anag tion-
regulatory guidesice. As tite-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Refer to Volumet, Chapter 10, —» Was'e Processing
for potentially applicabte 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.

—1—P Waste Stabllization

—® Thermal Treatment

——» Chemical Treatment

' ' ' boa o ' ' ' T 1 0 | [ '
————p» Refer to Volume1, Chayiter 10, —pm Waste Processing ~————————3 Chemical Treatment =
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.Alfernatives Technologies

> Chemical Treatment Leaching & Stripping

WPRO0-213-0G
- Waste Stabilization -3 See Waste Stabilization
® Thermal Treatment ———— e Smelting —
WPRO-111-0G
e Calcination/Roasting —-
DCON-60-0OG
i Mond Process —
WPRO-112-0G
e Catalytic Destruction —-
WPRO-109-0G
= Chemical Treatment - Lo2Ching & Stripping —

WPHO-213-0G

. Demonstration

. Status

This is an accepted technology
in industry with removal effi-
ciencies greater than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Demonstration

This Is accepted industrial tech-
nology for the treatment and
processing of metals. The
technology has a DRE for
organics greater than 99%,
However, its use for the
removal and separation of the
radionuclides from the wastes
requires additional RD&D. The
procass could be used for the
removal of uranium from the
waste but it may not be suitable
for the removal of technetium.
The disadvantage is that smelt-
ing may cause the surface
radioactive contamination to
become bulk contamination of
the waste.

Demonstration —
This is accepted industrial tech-
nology for the treatment of

ores. However, its use for the
removal and destruction of oils
and organics from the site

wastes needs to be demon-
strated.

Demonstration

This Is accepted technology for
the refining of nickel. However
its usa to separate the nicke!
from some of the radionuclides
{e.g., technetium) needs to be
demonstrated.

Pre-Demonstration l
This technology has been
demonstrated to be effective
(DRE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destray the
organics from solids needs
additional RD&D.

Demonstration e R
This is an accepted technology

in industry with removal effi-
ciencles greater than 98% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition

and process conditions.

Science/Technology Needs _

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
naeds to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Implementation Needs

Demonstrate the effectiveness
of the technology to meet the
site raquirements.

- The RDA&D effort is estimated
to require $ 3-5 million. The
payback could be significant
yielding a major waste mini-
mization effort due to recovery
and recycle of the metals.

The RD&D effort is estimated
to require $ 2-5 million. The
payback could be significant.

i

The technology demonstration
is estimated to require $ 1-2
million. The payback for the
process is estimated to be
greater than § 20-30 million
based on current disposal
costs.

The RD&D effort is estimated
to require $ 0.75-1.5 miilion.

-

-

s Demonstrate the effectiveness
P of the technology to meet the
site requirements.

2/26/93
6.2-7
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Problem Area/Constituents

Technology Lo«

Waste Manag

_Reference Requirements '|. . Subelements
————p Refer to Volume1, Chapter 10,—pm Waste Processing =——————p= Chemic:
for potentially applicabte pro- (contd)
posed and promulgated envi-

ronmental laws, signed and

pending agreements {or 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 raegulatory

requirements will be specified.

——p» Refer to Volumet, Chapter 10,_y,. Waste Processing Waste ¢
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and .
pending agreements for the - Therma:

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.




- ——3» Chemical Treatment

(contd) DCON-16-0G

Waste Stabilization P See Waste Stabilization

r—»ThermalTvealment gl Smelting

WPRO-111-0G

sl |NCineration
WPRO-108-0G

== Calcinatiorn/Roasting
DCON-60-0OG

———» Catalytic Destruction
WPRO-109-0G

2 RO

wemeeseshp- Gas Phase (CIF3) Treatment —pm- Pre-Demonstration

O -

Laboratory scale studies have
shown that this process can
effectively remove uranium
deposits at room temperature.
The process should also be
effective in removing other
radionuclides such as tech-
netium. However, additional
RD&D is needed to demon-
strate the full capabilities of the
process.

—p» Demonastration —
This is accepted industrial tech-

nology for the treatment and
processing of metals. The
technology has a DRE for
organics greater than 99%.
However, its use for the
removal and separation of the
radionuclides from the wastes
requires additional RD&D. The
process coukd be used for the
removal of uranium from the
waste but it may not be suitable
for the removal of technetium.
The disadvantage is that smeit-
ing may cause the surface
radioactive contamination to
become bulk contamination of
the waste.

—p» Accepted

The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
incineration can achieve DREs
greater than 99.998% for cer-
tain organics. However, addi-
tional RD&D on several
aspects of incineration is still
required.

—» Demonstration

This is accepted industrial tech-
nology for the treatment of
ores. Howaver, lts use for the
removal and destruction of oils
and organics from the site
wastes needs to be demon-
strated.

Pre-Demonstration

This technology has been
demonstrated to be effective
(ORE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

B

—-

Knowledge of process applica- —pm The RD&D effort is estimated

tion, funding, and regulatory
approval. Development and
demonstration of the optimum
process conditions and tinit
operations for the removal of
radioactive contaminants from
the wastes and for the recycle
of the reactant (CIF3).

The use of the technology to
meet the site requirements
needs to be demonstrated.

Though an accepted technolo-
gy. the use of the technoiogy to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

to require $ 5 million.

—»-The RD&D effort is estimated

to require $ 3-5 million. The
payback could be signiticant
yielding a major waste mini-
mization effort due to recovery
and recycle of the metais.

—»-Knowledge of process applica-

tion, funding, and regulatory
approval. For example, the K-
25 Site TSCA Incinerator is a
30 MMBtu/h unit that is permit-
ted to destroy low-level
radioactively contaminated
mixed wastes. The unit was
built at a capital cost of $ 26
million (1987 dollars).
Obtaining regulatory approval
for the TSCA Incinerator took
aver 8 years. The 1992
destruction costs at the inciner-
ator are estimated to be $ 10
per pound of waste incinerated.

—g»-The RDA&D effort Is estimated

to require $ 2-5 million. The
payback could be signiticant.

Further research, development, —» The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.

2/28/93
6.2-8
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K-25 Site Problem

—® Scrap, Aluminum, Copper, and — - Aluminum
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Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management

i N

| Problem A?ea/Constituents _Reference'Requireméms

3 Refer to Volume1, Chapter 1 0, —p» Waste Processing ——-———»Cmical Treats

Other Non-Ferrous Metals * Non-ferrous metal for potentially applicable pro-
(except Nickel) *RAD posed and promulgated envi-
« Organics ranmental laws, signed and
« Inorganics pending agreements for the

Technology Log

Waste Manage

Subelements

{3

Altern.

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.




Logic Diagram

lanagement

—»-Chemical Treatm ———

- Te'chnol,ogiesv.

>3- Solvent Extraction
WPRO-211/212-0G

s NAC Process
WPRO-105-0G

pmmelie-  (Gamma-Radiolysis
WPRO-100-0G

~——p» Demonstration v

——p» Pre-Demonstration

——3» Evoiving Technology

Status

Continuous soivent extraction
in counter-current contactors
{e.g., centri‘ugal contactors) is
demonstrated technology for
the separation of heavy metals
or arganics from aqueous or
organic solutions. Centrifugal
contactor based pracesses for
the separation and recovery of
radionuclides has been tech-
nology at DOE nuctear 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 smali 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.

The feasibility of the process
has been proven at the bench-
scale. If proven effective at the
industrial -scale, the process
could treat and dispose of all
the contaminated aluminum
trom D&D operations. This alu-
minum would be used in the
process to treat the radioactive-
ly contaminated nitrate wastes
in the Manford site tanks.

The radiolytic destruction of
halogenated and aromatic
compounds at the laboratory
scale is well documented.
However, its application on an
Industrial scale nesds addition-
al RD&D. The process is capa-
ble of high (>80%) destruction
efficlencies for organics.

—

§cienc@’fechﬁ¢lc}g§ Needs -

-3 Further research, developmet. —p» The RD&D eflort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

- Implementatiori Needs :

to require $ 1-2.5 million. The
payback could be significant.

Further research, development, —gm-The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

~p Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the radiolyt-
ic decomposition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolytic byproducts.

g o

to require $ 2-5 million. The
payback is expected to be sig-
nificant especially because the
scrap aluminum from the site
can be used to dispose of the
nitrate wastes in the Hanford
site tanks. This is expected to
result in significant savings due
to minimizing the wastes to be
disposed at the two sites.

~p-The RD&D effort is estimated
to require $ 1.25-2.5 million.

2/26/93
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+ Develop
Environmental
Stewardship
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(D&D)

Soils, Groundwater
and Surface Water
(RA)

K:25 Site Problem

- Scrap, Aluminum, Copper, and =» « Aluminum
Other Non-Ferrous Metals Non-ferrous metal
{except Nickel) +«RAD

« QOrganics

* Inorganics

|- Scrap Ferrous Metal ~—p- *Steel
(Iron and Steel) *RAD

+ POrganics

« Inorganics

Waste Management 4
(WM)

‘Problem Area/Constituents

Technoliogy Lo

Waste Manag

| Reference Requirements’

Refer to Volume1, Chapter 10, —g» Waste Processing
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for ihe
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
requiraments will be specified,

Refer to Volumet, Chapter 10, i
for potentially applicable pro- T v ase Processing
posed and promulgated envi-

ronmental laws, signed and

pending agreemants 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 ‘egulatory

requirements will L2 specified.

‘ ‘Svubevleme‘nts '

—————p» Chemiq

—r— Waste !

= Therms
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e P A I
~p» Chemical Tieatmen! ———emspp Gas Phase (CIF3) Treatment —=» Pre-Demonstration

DCON-16-0G

L—» Leaching & Stripping

WPRO-213-0G

—p» Waste Stabilization -——p»- See Waste Stabilization

- Thermal Treatment

e

Smeilting
WPRO-111-0G

1] ‘Ih- K

Laboratory scale studies have
shown that this process can
effectively remove uranium
deposits at room temperature.
The process should also be
effective in removing other
radionuclides such as tech-
netium. Howaver, additional
RD&D is needed to demon-
strate the full capabilities of the
process.

—— Damonstration

This is an accepted technology
in industry with removal effi-
ciencies greatar than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Demonstration
This is accepted industrial tech-
nology for the treatment and
processing of metals. The
technology has a DRE for
organics greater than 98%,
However, its use for the
removal and separation of the
radionuclides from the wastes
requires additionai RD&D. The
process could be used for the
removal of uranium from the
waste but it may not be suitable
for the removal of technetium.
The disadvantage Is that smelt-
ing may cause the surface
radioactive contamination to
become bulk contamination of
the waste.

L

i

is needed to develop the opti-
mum processing conditions.
Development and demonstra-
tion of the optimum process
conditions and unit operations
for the removal of radioactive
contaminants from the wastes
and for the recycle of the reac-
tant (CIF3).

. I [ ' il "
Further RD&D on the process g The RD&D etfort is estimated

to require $ 5 million.

Further research, development, —m Demanstrate the effectiveness

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

of the technology to meet the
site requirements.

—p» The RD&D effort is estimated

to require $ 3-5 million. The
payback could be significant
yielding a major waste mini-
mization effort due to recovery
and recycle of the metalis.

6.2-10
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+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

'EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

-

Waste Management -
(WM)

I L . AT v .
- Scrap Ferrous Metal (iron and —9 -Stee!
Steal) *RAD

+ Organics
« Inorganics

g Scrap Plastics, Paper, and
(Except PPC and rags)

- —» Referto 'Volume'1. Chaptet" 10, =9 Waste Processln:j

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-spacific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

= - Plastics, Paper, Cloth, RAD, —P» Refer to Volume1, Chapter 10, —#» Waste Processing
Cloth Organics, Inorganics

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.

T 1 i
~=—————» Chemical Treat11

?

4

=1 Thermal Treatme




il

——t———3 Thermal Treatment

Logic Diagram

Management

Alternatives

-———» Chemical Treatment

e Solvent Extraction

WPRO0-211/212-0G

e=P> | @aching & Stripping

WPR0-213-0G

puae- |ncineration
WPRO-108-0G

i~ Chem Char Process
WPRO-114-0G

, Teéhnolbgies."‘

LI

nstntlon

——p» Demonstration

—~—p-Accepted

—pp Pre-Demonstration L

" Status |

Conttnuous solvent extraction
in counter-current contactors
(e.9., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor basad 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
10 treat and recover a wide
range of contaminant concen-
hiations. 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 technoiogy for
the treatment of solid wastes
requires additional RD&D,

This is an accepted technology
in Industry with removai effi-

ciancies greater than 98% how-

ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 99.929% for cer-
tain organics. However, addi-
tional RD&D on several
aspects of incineration is stiil
requited.

This is a davelopmental tech-
nology based on coal char
gastfication. The process is
claimed to achieve near lotal
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.

[ o

| Science/T échndlogy Needs’

and demonstration (RD&D) on
the process to develop the
technology to deptoyment.

- Fyrther rasearch, development,

and demanstration (RD&D) on
the process to develop the
technology to deployment.

~—7p Though an accepted technolo-

gy. the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

- Further research, development, —#The RD&D effort is estimated

ihﬁp‘lenﬁentétibn Needs ‘

to require $ 1-2.5 million. The
payback could be significant.

~ppbemonstrate the effectiveness

of the technology to meet the
site requirements.

—P» Knowledge of process applica-

tion, funding, and regulatory
approval. For example, the K-
25 Site TSCA incinerator is a
30 MMBtu/Mh unit that is permit-
ted to destroy low-level
radloactively contaminated
mixed wastes. The unit was
built at a capital cost of % 26
mililon (1987 daltars).
Obtaining regulatory approval
for the TSCA incinerator took
over 8 years. Tha 1652
destruction nauts &8 the inciner-
ator are esonistad tobe $ 10
per pourdt of waste incinerated.

Further research, development, ~# The RD&D effort is estimated

to require $ 0.75-1.5 million.

2/26/83
6.2-11
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Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management 4
(WM)

K-25 Site Problem.

] ¢

Problem Area/Constituénts | Reference Requirements | .

B> Scrap Plastics, Paper, and  —« Platics, Paper, Cloth, RAD, -

Cloth Organics, Inorganics
(Except PPC and rags)
- Contaminated Personal —>. Cioth
Protective Clothing (PPC) and *RAD
Rags « Inorganics
» Organics

Technology Lo

Waste Mana¢

Refer to Volume1, Chapter 10, .—p» Wasta Processing
for potentially applicable pro-
posed and promuigated 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.

Reter to Volume1, Chapter 10, —p= Waste Processing
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 guidancse. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regutatory
requirements will be specified.

; ;.S_‘ubelem'en't'sv' :

P Therma

—1—p Waste

| Chemic

L Therme



= Thermal Treatment  mwsssssslipe- Molten Salt Oxidation —» Demonstration ——p» Further research, development, - The RD&D effort is estimated

WPRO-113-0G This is not a new process how- and demonstration (RD&D) on to require $ 1.4 millionfora 3
evar, 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 arganics with a
>99% efficienc. Additional ,
RD&D is required to tully devel-
op the process to treat mixed
wastes.

—p» Waste Stabilization  ~——————p» See Waste Stabilization

—p» Chemical Trealment  cosssmmeegp- Soivent Extraction —3»- Demonstration ———p» Further research, development, —gThe RDAD effort is estimated
WPRO-211/212-0G Continuous soivent 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 arganics from agueous 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 ot
the centrifugal contactor based
extraction process are its rela-
tively small size, smail hold-up
volume, and rapid start-up
characteristics. This tachnolo-
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.

—g» Thermal Treatment ——p» |ncineration ——p- Accepted ) ~—ijp- Though an accepted technolo- _ps. Knawledga of process applica-
WPRO-108-0G The EPA considers incineration gy, the use of the technology to tion, funding, and regulatory

1o be the best demonstrated meet the site requirements approval.
avallable 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 89.998% for cer- of the process technology to
tain organics. However, addi- improve its acceptability.
tional RD&D on several
aspacts of incineration is stift
required.

2/26/83
6.2-12
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K25 sife Problem 3 A ,
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*RAD

Problem Area/Const
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* Inorganics
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Technology Logif

Waste Managem

Reference Requirements .| : Subelements . * Alterna
Reler to Volumet, Chapter 10, —p» Waste Processing
tor 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 regutatory
requirements will be specified.

Therma! Tream

Refer to Volume1, Chapter 10, —p» Waste Processing
for potentiatly applicable pro-
posed and promulgated envi-
ronmentaf faws, 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,

__"__._,. Waste Stabilize

" Chemical Trea
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Management

Thermall Treatment (contd)

———pe. Waste Stabilization

Logic Diagram

e Al-terﬁ_atives

Techn‘ologie'_s

mgp- Molten Salt Oxidation
WPRO-113-0G

- Steam Stripping
WPRO0-221-0G

L—p»- Chem Char Process
WPRO-114-0G

—— See Waste Stabilization

— Chemical Treatment ———

e | aching & Stripping
WPRO-213-0G

1 " o [t

— Demonatnu

This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
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.

—» Demonstration

This is an accepted industrial
process that can remove
volatite organics with >99+%
efficiency especiafly from cont-
aminated aqueous streams.
The application of the process
to satisfactorily remove haz-
ardous and radioactive species
needs to be demonstrated.

——3- Pre-Demonstration

—

i

This is a developmental tech-
nology based on coal char
gasification. The pracess is
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.

Demonstration

This is an accepted technology
in industry with removal effi-
clencies greater than 89% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

' Science/Technology Needs

——3p Further research, development, —p» The RD&D effort is estimated

impleme n‘t"atio'n Needs~

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.4 millionfora 3
year development effort.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

—p» The RD&D effort is estimated
10 require $ 1-2 million to meet
site specific needs.

Further research, development, —gm. The RD&D effort is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology to deployment.

Further research, development, — Demonstrate the eHectiveness
and demonstration (RD&D) on of the technology to meet the
the process to develop the site requirements.

technology to deployment.

2/26/83
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—® Chemical Treatment (contd)

—p»- Thermal Treatment

- Solvent Extraction
WPRO-211/212-0G

- Precipitation
WPRO-210-0G

~——3» Bucky Ball Chemistry
WPRO-101-OG

CalcinatiorvRoasting
DCON-60-0G

—» Accepted

s

I .
- Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
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 nuctear 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 stant-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.

Precipitation technologies are
fairty mature. lron co-precipita-
tion is presantly being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant development is still
necessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
For example, precipitation
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.

Further research, development, —pu The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

meet the site requirements
needs to be demonstrated.

to require $ 1-2.5 million. The
payback could be significant.

~——ppe- Though an accepted technolo- _,. The demonstration effort is
gy, the use of the technology to

estimated to require $ 0.4 mil-
lion.

—3» Evolving Technology ~——3» Further research, development, —gm. The RD&D effort ta develop the

This is a novel technology that
has many potential applications
in fields such as mixed wastes
treatment, nuclear medicine,
tribology, and material science.
Conceptuaily, the technaiogy is
sophisticated (uses lasers) and
yet simple. For mixed wastes
treatment, the process would
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.

—=» Demonstration
This is accepted industrial tech-
nology for the treatment of
ores. However, its use for the
removal and destruction of olls
and organics from the site
wastes needs to be deman-
strated.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

—jge The use of the technology to

meet the site requirements
needs to be demonstrated.

technology is estimated to
require $ 10 million. The pay-
back is estimated to be in the
range of $ 150 million consider-
ing savings in waste treatment
and disposal costs and poten-
tial spinotfs in other fields such
as nuciear medicine and new
materials.

—p»- The RDAD effort is estimated
to require $ 2-5 million. The
payback could be significant.

6.2-14
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dards, DOE Orders, and non-
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and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.
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fanagement

-~

f

2» Thermal Treatment (contd) ~——p» Moiten Glass Combustor

——ontsoom

- Waste Stabilization

- Chemical Treatment

. Alternatives

WPRO-116-0G

——3 See Waste Stabilization

psessergy- E|ution
WPRO-104-0G

e | @aching & Stripping
WPRO0-213-0G

WPRO-216-0G

Technologies -

—» Accepted

—» Demonstration

— Demonstration

- Supercritical Water Oxidation ——9» Demonstration

~ Status

———pp Some development work is
This Is accepted industrial tech- required to apply the method to
nology for mixed wastes treat- treat the site wastes.

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 procass

are likely to be high.

——p» Demonstrate the effectiveness
This Is accepted technolagy for of the technology to meet the
the treatment of spant ion site requirements.

exchange media. However,

the site specific applications

may need to be demonstrated.

=P Further research, development,
This Is an accepted technology and demonstration (RD&D) on
in industry with removal effi- the process to develop the
ciencies greater than 99% how- technology to deployment.
ever, each application requires

additional RD&D to determine

optimum Isachant composition

and process conditions.

—P Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.
Significant development is
needed to solve the problems
of corrasion, plugging, and cak-
ing of the reactors. Overall
experience is also needed on
the specific problems that may
be assaciated with the process-
ing of particular types of
wastes. This information could
be used to deveiop a technoio-
gy database to support the
applicability and relative merits
of this promising technology.

o T T ‘ ]

Science/Technology Needs

—p» Knowledge of process applica-

lm'plemémalion Needs

tion, funding, and regulatory
approval.

—pThis technology has no unique
implementation needs.

—®Demonstrate the effectiveness
of the technology to meet the
site requirements.

~pwThe RD&D effort is estimated
to require $ 1.6 million for a 3
year development pian,

6.2-15
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ogic Diagram

nagement

. Alternatives

"~ Technologies
Thermal Treatment ey INCin@ration
WPRO-108-0G

el \\oten Salt Oxidation
WPRO-113-0G

o= Calcinatior/Roasting
DCON-60-0G

fuee Molten Glass Combustor
WPRO-116-0G

Aceeplod

——p» Demonstration

) St‘atus '

The feasibllity of the process
has been proven at the benciv-
scale. |f proven effective at the
Industrial -scale, the process
could treat and dispose of all
the contaminated aluminum
from D&D operations. This alu-
minum would be used in the
process to treat the radioactive-
ly contaminated nitrate wastes
in the Hanford site tanks. This
process would thus help treat
and dispose of two major DOE
wastes.

—p» Demonstration

This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
taminants has not been
demonstrated. One advantage
of the process is that the
process and equipment is
transportable (as opposed o a
fixed treatment facility) and can
be located near the waste site.
The process should be capable
of destroying organics with a
>89% efficlency.

Additional RD&D is required to
fully develop the process to
treat mixed wastes.

This is accepted industrial tech-
nology for the treatment of
ores. Howaever, its use for the
removal and destruction of oils
and organics from the site
wastes needs to be demon-
strated.

Demonstration

This is accepted industrial tech-
nology for mixed wastes treat-
ment. The process can
achieve DREs greater than
99%. EPA has accepted this
process as best demongtrated
available technology (BDAT)
for the treatment of hazardous
high-tevel nuclear wastes.
Operating costs for the process
are likely to be high.

i

== atalytic Destruction =~ pre-Demonstration
WPRO-109-0G This technology has been
demonstrated to be effective
(DRE>89+%) for the destruc-

tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

Ao meor oo

‘ - Sciénce/Technology VN"e’e‘ds

=g Though an accpted techolo-

——

D

Implementation Needs

—p»- Knowledge of process applica-
tion, funding, and regulatory
approval. For example, the K-
25 Site TSCA Incinerator is a
30 MMBtu/h unit that is permit-
ted to destroy low-level
radioactively contaminated
mixed wastes. The unit was
built at a capital cost of $ 26
mitlion (1987 dollars).
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 of waste incinerated.

gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Further research, development, —p»- The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.4 million fora 3
the process to develop the year development effort.
technology to deployment.

The use of the technology to

—p» The RDAD effort is estimated
meet the site requirernents

to require $ 2-5 million. The

needs to be demonstrated. payback coutd be significant.
Some development work is Knowledge of process applica-
required to apply the method to > tion, funding, and regulatory
treat the site wastes. approval,

Further research, development, —m-The RD&D etfort is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million,
the pracess to develop the

technology to deployment.

2/268/93
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" Refer to ‘Volume1, Chabier 16. - Wasté 'Processlng

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 ragulatory
requirements will be specified.

Refer to Volume1, Chapter 10, -~ Waste Processing
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.

1

____>‘ Thermal Tre‘atment‘ ¥
(cont.)

—1—® Waste Stabilization 1

|—3» Chemical Treatment




- Thermal Treatment  wemsssmssenp» Chem Char Process
{cont.) WPRO-114-0G

—3» Waste Stabilization ————p» See Waste Stabilization

L Chemical Treatment ———mmmmpps Solvent Extraction
WPRO-211/212-0G

sl | @aching & Stripping
WPRO-213-0G

e [NCineration
WPRO-108-0G

——» Pro-Demonstraton

—

This is a developmental tech-
nology based on coal char
gaslification. The process is
claimed to achieve near total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metals and radionuclides.
This char residue can either be
vitrified to yield a glassy slag or
immobilized in cement.

—-3- Demonstration

Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
arganic 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.

—— Demonstration

This is an accepted technology
in industry with removal effi-
clencies greater than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Accepted —
The EPA considers incineration

to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 99.999% for cer-
taln organics. However, addi-
tional RD&D on several
aspects of incineration is stili
required.

——

Further research, development, —gm-The RD&D effort Is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 miltion.

Further research, development, —gm- The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1-2.5 million. The
payback could be significant.

Further research, development, - Demonstrate the effectiveness

and demonstration (RD&D) on
the process to develop the
technology to deployment.

of the technology to meet the
site requirements.

Though an accepted technolo- __»Knowiedge of process applica-

gy. the use of the technology to
meet the site roquirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

tion, funding, and regulatory
approval. For example, the K-
25 Site TSCA iIncinerator is a
30 MMBtu/h unit that is permit-
ted to destroy low-level
radioactively contaminated
mixed wastes. The unit was
bulit at a capital cost of $ 26
million (1987 dollars).
Obtalning 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 of waste incinerated.

6.2-17
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B> Chemical Treatment (contd) ==wadm- Catalytic Destruction
WPRO-109-0G

Calcinatior/Roasting
DCON-60-0G

# Thermal Treatment

[~—®» Chem Char Process
WPRO-114-0G

paeip-  \Wet Air Oxidation
WPRO-215-0G

- Microwave Heating
WPRO-115-0G

———P» Moiten Glass Combustor
WPRO-114-0G

s~ Bjodegradation

~# Biotreaiment WPRO-117-0G

— Pwﬁmnn&gﬂoh ’

—3p> Demonstration

P> Demonstration

This technology has been
demonstrated to be effective
(DRE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. Howaever, its
use to remove and destroy the
organics from soilds needs
additional RD&D.

—-p»-Demonstration

This is accepted industrial tech-
nology for the treatment of
ores. However, its use for the
removal and destruction of oils
and organics from the site
wastes needs to be demon-
strated.

—» Pre-Demonstration —

This is a developmental tech-
nology based an coal char
gasification. The process is
claimed to achieve near total
destruction of the arganics and
produces an inart char residue
that contains the non-volatile
toxic metals and radionuclides.
This char residue can either be
vitrified to yleld a glassy slag or
immobilized in cement.

The process is commercially
avallable. It is capable of
greater than 89+% destruction
of some organics howaver, 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.

This is a novel technology for
the thermal treatment of
radioactive wastes. The tech-
nology is at the laboratory
scale of development,

Accepted

This is accepted industrial tech-
nology for mixed wastes treat-
ment. The process can
achieve DRESs greater than
89%. EPA has accepted this
process as best demonstrated
available technology (BDAT)
for tha treatment of hazardous
high-level nuclear wastes.
Operating costs for the process
are likely to be high.

— Evolving Technology -

This is a promising technology
for hazardous waste treatment.
The process can achieve
impressive treatment efficien-
cies for certain organics.
However, the process is slow
and may not be able to com-
pletaly destroy cerntain rafracto-
ry organics.

—

1 " ' i ' ' W
e Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—p»- The RDBD effort is estimated

to require $ 0.75-1.5 million.

_.»The RDA&D effort is estimated
to require $ 2-5 million. The
payback could be significant.

‘

Further research, development, —pm The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment,

of the technology to meet the
site requirements.

to require $ 0.75-1.5 million.

-~ Demonstrate the effectiveness —g,. The development effort is esti-

mated to require approximately
$ 1 million.

Further research, development, ~# The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Some development work is

required to apply the method to

treat the site wastes.

to require $ 2.5 miflion.

~p» Knowledge of process applica-

tion, funding, and regulatory
approval.

Further research, development, —pThe RD&D efiort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

LRl ‘ T

to require $ 1-10 million. The
payback could be significant.

2/26/93
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- Waste Stabllization
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3 Spe Waste Stabilization

—» Chemical Treatment —T= Leaching & Stripping —p= Demonstration ——p Further research, development, Demonstrate the effectiveness

LI

= Tharmal Treatment

P

WPRO-213-0G

sl Solvent Extraction
WPRO-211/212-0G

3 Transmutation
WPRO-219-0G

—lgy- Incineration
WPRO-108-0G

» Roasting/Calcinatior:

DCON-60-OG

This is an accepted tachnology
in industry with removal effi-
ciencies greater than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

—» Demongtration

Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from agqueous or
organic sofutions. 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 hald-up
volume, and rapid start-up
characteristics. This technolo-
gy when used with other waste
treatment processes would
aenhance the overall waste
treatment strategy, However,
the use of the technology for
the treatment of solid wastes
requires additional RD&D.

——3» Conceptual

The future of an industrial scale
transmutation facitity is highly
dependent on the avallability of
a permanent high level waste
repository. A “national” trans-
mutation facility would greatly
facilitate the destruction and
disposal of “problem” radionu-
clides such as technetium.

Accepted

P
The EPA consliders incineration

to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DRES
greater than 99.999% for cer-
tain organics. However, addl-
tional RD&D on several
aspects of incineration is still
required,

—> Demonstration

This Is accepted industrial tech-
nology for the treatment of
ores. However, its use for the
removal and destruction of oils
and organics from the site
wastes needs to ba demon-
strated.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

of the technology to meet the
site requirements.

Further research, development, —pm The RDAD effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1-2.5 million. The
payback cauld be significant.

Further research, development, —gm An industrial-scale national

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

t TR "o

transmutation facility would
need to be developed and built.
The cost for such a “national”
facility is estimatad t: ba in the
billion dollars rar: would
require several - tnevdd,

Knowledge of process applica-
tion, funding, and regulatory
approval.

—p» The RD&D effort is estimated

to require $ 2-5 million. The
payback could be significant.

6.2-19
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peemalp-  Molten Salt Oxidation
WPRO-113-0G

pemammed> ot Air Oxidation
WPRO-215-0G

=" Chem Char Process
WPRO-114-0G

- Microwave Heating
WPRO-115-0G

b= Molten Glass Combustor
WPRO-116-0G

W . [ PR ool

—3» Demonstration ——p» Further research, development, —m The RD&D effort is estimated
This is not a new process how- and demonstration (RD&D) on to require $ 1.4 million fora 3
ever, its application for treating the process to develop the year development effort.
hazardous and radioactive con- technology to deployment.

——p» Demonstration

—— Pre-Demonstration

—» Demonstration

——= Accepted

taminants has not been

demonstrated. One advantage

of the process is that the

process and equipment is

transportable (as opposed to a

fixed treatmant facility) and can

be located near the waste site.

The process should be capable

of destroying arganics with a

>89% efficiency. .

Additional RD&D is required to
fulty develop the process to
treat mixed wastes.

~—» Further research, development, —»The development effort is esti-
and demonstration (RD&D) on mated to require approximately
the process to develop the $ 1 mition.
technology to deployment.

The process is commercially
available. 1t Is capable of
greater than 99+% destruction
of some arganics 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.

~P» Further research, development, =P The RDA&D eflort is astimated

This is a davetopmental tech- and demonstration (PD&D) on to require $ 0.75-1.5 million,

nology based on coal char the process to develop the
gasffication. 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.

~—p- Further research, development, —»The RD&D effort is estimated
and demonstration (RD&D) on to require § 2.5 million.
the process to develop the
technology to depiocyment.

This Is a novel technology for
the thermal treatment of
radioactive wastes. The tach-
nology is at the laboratary
scale of development.

—# Further research, development, i The RD&D effort is estimated
This is accepted industrial tech- and demonstration (RD&D) on to require $ 1-10 million. The
nology for mixed wastes treat- the process to develop the payback could be significant.
ment. The process can technology to deployment.

achieve DREs greater than

98%. 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.

2/28/83
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- Contaminated Wastewater =p—» RAD in Water ————————3» Refer to Volume1, Chapter 10,—¥ Waste Processing

~ :K-25 Site Problém";' | -Problem Area/Constituents ! Reference Requirements

Technology Logi

Waste Manage

«

for potentially applicable pro-
posed and promuigated 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.

Subielements

——» Physical Treatmj

[ Chemical Treat:.




-Oogic Diagram
anagement

. Technologies”

Alternatives

Pre-Demonstration
Laboratory studies Indicate
removal efficiencies greater
than 80% for the removal of
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsomp-
tion media for the treatment of
mixed waste contaminated lig-
uids. Development would
include for example, scale-up
studies, davetopment 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.

Adsorption
WPRO-202/203-0G

-® Physical Treatment 1

Demonstration

Thae basic technology is well
established in industry howev-
er, its application to meet the
site requirements needs to be
developed and demonstrated.
Removal efficiencies for the
process are In general greater
than 90%.

josmenipe- EleCtrolysis
WPRO-205-0G

Reverse Osmasis
WPRO-206-0G

Demonstration
Reverse osmosis is commer-
cial technology for treating
aqueous streams. When prop-
erly designed and operated the
technology is capable of
greater than 99% rejectlon of
the saits. Howevar, additional
RD&D may be required to
develop membranes that meet
the site specific requirements.

-

Demonstration
Ultratiltration is also a mem-
brane separation process that
is similar to reverse osmosis.
However, it will not remove low
to intermediate molecular
waeight solutes from the liquid
stream.

pasceepys  Ultrafiltration
WPRO-206-0G

Pre-Demonstration
This is novel technology being
developed for filtration applica-
tions. Some of the advantages
of these filters are that they can
be used in severe environ-
ments, they can be readily
cleaned if they get fouled, and
they can be re-used indefinite-
ty. Their separation efficiency

e [NOrganic Microporous Filters =g
WPRQ-207

can be 99%+.
——» Chemical Treatment Chemical Fixation ———» Demonstration
WPRO-208 This process consists of fixing
the contaminants by chemical

reaction so that they can be
removed by filtration or other
separation technigues. The
process should be capable of
90%+ treatment efficiencies.

" f 0o Ll ’ 3 Vo ' o

w0

. Sciénce/Technology Needs -

B SRR

—

B

—

~

Implementation Needs.

- Further research, development, —¥ The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.25 million.

Further research, development, —pmThe RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Further research, development, —#»The RD&D effort to develop
and demonstration (RD&D) on applicable membranes is estl-
the process to develop the mated to require $ 0.75 million.
technology to deployment.

Further research, development, —amThe RD&D effort ta develop
and demonstration (RD&D) on applicable membranes is esti-
the process to develop the mated to require $ 0.75 million.
technology to deployment.

Further research, development, ~—»The RD&D effort to develop

and demonstration (RD&D) on inorganic microporous filters is

the process to develop the estimated to require $ 0.75-1

technology to deployment. million. The payback is esti-
mated ta be $20-25 million
based on significantly reduced
waste disposal costs.

—#»-The RD&D effort is estimated
to require $ 2-5 million. The
payback could be significant.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

2/26/93
6.3-1
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« Cleanup Legacy

+ Prevent Future
Insult

» Develop
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(D&D)

Soils, Groundwater
and Surface Water
(RA)

K-25-Site Problem

~» Contaminated Wastewater—

Waste Management +

—» RAD in Water

_Problem Area/Constituents

Technology L o¢

" Reference Requirements

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.

Waste Manag

- Subelements - | |

———3» Refer to Volume1, Chapter 10~ Waste Processing 71— Chemicg




~——® Chemical Treatment

el Chemical Reduction
WPRO0-209-0G

Chemical Precipitation
WPRO-.210-0G

peemealp>- Solvent Extraclion
WPRO-211/212-0G

pen- [ON Exchange
WPRO-217/218-0G

. il .
- Pre-Demonstration

This process consists of chemi-
cally reacting the contaminants
with appropriate reagents to
alter the chemical state of the
contaminants to make them
easier to remove from the fluid.
Treatment efficiencies should
generally be greater than 95%.

Demonstration
Precipitation technologies are
tairly mature. Iron co-precipita-
tion is presently being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant development is still
necessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
Far example, precipitation
using potassium ferrate has nct
been demonstrated and addi-
tional RD&D is required to
prove its applicability and per-
formance in treating the waste-
water,

Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
arganic 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
requirgs additional RD&D,

Demonstration

This is one of the accepted
methods used in industry for
treating liquids. Treatment effi-
clencies can be greater than
99% depending upon the appli-
cation, the icn exchai* @
media, and the solutes ic be
removed.

D e

D ammun '

———3» The use of the technology to
meet the site requirements
needs o be demonstrated.

——3» Further research, development, —me-The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to requira $ 1.25-2.5 million.

Demonstrate the eftectiveness —-pm-The demonstration effort is
of the technology to meet the estimated to require $‘0.4 mil-
site requirements. lion.

Further research, development, —»=The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.

technology to deployment.

—p»-Development costs are esti-
mated to be $ 1.25 million.

2/26/93
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* Develop
Environmental
Stewardship

EM Problem -

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

—

~p» Contaminated Wastewater——= RAD in Water

4+~ Technetium in Water

———p= Refer to Volume1, Chapter 10—~ Waste Processing

e

|

for potentially applicabie pro-
posed and promulgated envi-
ronmentai 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.

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreaments 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.

e nn

3 Refer to Volume1, Chapter 10— Waste Processing

—— Thermal Treatment ~

;

p Biological Treatment

—® Physical Treatment -



i i i [ 1 i ' '

— Thermal Treatment —————ymmmespe- Distillation
WPRO-222-0G

el Evaporation
WPRO-223-0G

- Biological Treatment ______g,. Biosorption
WPRO-226-0G

~—® Physical Treatment ~————powsp- Reverse Osmosis
WPRO-206-0G

s | trafiltration
WPRO-.206-0OG

——3» High Gradiant Magnetic
Separation (HGMS)
WPR0-204-0G

——p» Domonstration —
This is an accepted Industrial
process for treating liquids.
Depending upon the contami-
nant being removed, the sepa-
ration efficiency can be greater
than 89%. However, the use of
the process to meet site
requirements will need to be
demonstrated. Capital and
operating costs could be high.

Demonstration i
This Is similar to distillation and

is an accepted industrial

process for treating contami-

nated liquids. 1t 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.

Pre-Demonstration

Data in the scientific literature
suggests that given the right
conditions, this process should
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 industrial scale data on
the process.

Demonstration —
Reverse osmosis is commer-
cial technology for treating
aqueous streams. When prop-
erly designed and operated the
technology is capable of
greater than 99% rejection of
the salts. However, additionat
RDA&D may be required to
develop membranes that meet
the site specific requirements.

Pre-Demonsiration —
Ultrafiltration is also a mem-

brane separation process that

is similar to reverse osmaosis.
However, it will not remove low

to intermediate molecular

weight solutes from the liquid
stream.

Pre-Demor.stration —
The treatment is commercially
available for example, for the
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.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technotogy to deployment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—p»-Knowledge of process applica-

tion(s) and funding.

—Knowledge of process appiica-
tion(s) and funding.

The RDA&D effort is estimated
to require $ 1-3 million.

—p»-The RD&D effort to develop
applicable membranes is esti-
mated to require $ 0.75 million.

—»The RD&D effort to develop
applicable membranes is esti-
mated to require $ 0.75 million.

—p+ High Gradiant Magnetic
Separation (HGMS)

2/26/93
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1

Problem Area/Constituents

Technology Lo

Reference Requirements

far 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 guidancae. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Waste

. Subel,emen‘ts' '

> Contaminated Wastewater =19 Technetium in Water —————3» Refer to Volume1, Chapter 10— Waste Processing —ﬁ

Manag

— - Physicg
(cunt.)

—» Chemic




T3 Physical Treatment
{cont.)

prem—-

—» Chemical Treatment ——P

Electrodialysis
WPRO-206-0G

WPRO-207-0G

Adsorption
WPRO0-202/203-0G

lon Exchange
WPRO-217/218-0G

Chemical Precipitation
WPRO-210-0G

"

i [l

~—p» Pre-Demonstration

> [NOrganic Microporous Filters g

-

Electrodialysis is a variation of
a membrane separation
process that has been tried for
the removal of radionuclides
from water. The removal effi-
ciency for radionuclides is gen-
erally in the 90+% range.

Pre-Demonstration
This is novel technology being
developed for filtration applica-
tions. Some of the advantages
of these filters are that they can
be used in severe environ-
ments, they can be readily
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

Demonatration

Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more effective adsarp-
tion media for the treatment of
mixed waste contaminated lig-
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,

Demonstration

This is one of the accepted
methods used in industry for
treating liquids. Treatment effi-
ciencies can be greater than
39% depending upon the appli-
cation, the lon exchange
media, and the solutes to be
removed.

Demonstration
Precipitation technologies are
faily mature. lron co-precipita-
tion is presently being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant development is still
necessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
For example, , ~acipitation
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.

R

R

—

—

[ I ' 0 W o

Further research, development, —pm Thae RD&D effort to develop

and demonstration (RD&D) on
the process to develop the
technology to deployment.

inorganic microporous filters is
estimated to require $ 0.75-1
million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

Further research, development, —gm.The RD&D effort to develop

and demonstration (RD&D) on
the process to develop the
technology to deployment.

inorganic microporous filters is
estimated to require $0.75-1
million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
wadste disposal costs.

Further research, development, —g The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

to require $ 1.25 million,

~—p»-Development costs are esti-

mated to be $ 1.26 million.

Demonstrate the effectiveness -—igmThe demonstration effort is

of the technology to meet the
site requirements.

estimated to require $ 0.4 mil-
liors
2/26/93
6.3-4



d €0 it 2 10,02 00 (SRR OTCTTIET 1
~p»- Contaminated Wastewater —T-i— Technetium in Water ——-Refer to Volume1, Chapter 10, —» Waste Processing —————— Chemict
. C|eanup Legacy for potentially applicable pro-
posed and promulgated envi-
* Prevent Future ronmental laws, signed and
Insuit pending agreements for the
ORR, radiation protection stan-
I - Develop dards, DOE Orders, and non-
. regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
' requirements will be specified.
l ¢ EM Problem
Decommissioning
(D&D)
J
—p» Heuvy Metals in Water ———3» Refer to Volume1, Chapter 10,—» Waste Processing —» Physical
for potantially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
. dards, DOE Orders, and non-
‘ Soils, Groundwater regulatory guidance. As site-
and Surface Water and waste-specific characteris-
(RA) tics are provided for each tech-
nology, specific regulatory
l requirements will be specified.
i
Waste Management -4
i (WM)
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TR

-3 Chemical Treatment e

peeus- Chemical Fixation
WPRO-208-0G

—» Physical Treatment ————

L—-—b Solvent Extraction

WPRO-211/212-0G

* Adsorption

WPRO0-202/203-0G

ey E(eCtrolysis
WPRQ-205-0G

——» Demonstration

~—p emonsirate the eflectiveness —=The RD&D effort is estimated
of the technology to meet the to require $ 2-5 million. The
site requirements. payback could be significant.

This process consists of fixing
the contaminants by chemical
reaction so that they can be
removed by filtration or other
separation techniques. The
process should be capable of
90%+ treatment efficiencles,

Pre-Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g.. centrifugal contactors) is
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 contamirant 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
aenhance the overall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes
requires additional RD&D.

- Further research, development, —m»Tha RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

Pre-Demonstration
Laboratory studies indicate
removal efficiencies greater
than 80% for the removai of
radioactive species using varl-
ous adsorbing media. Further
devslopment 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 cperations, and the devel-
opment of appropriate media
tor the removal of various cont-
aminants.

~—3pn Further research, development, —pThe RDAD effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Demonstration ~— g Further research, development, —-The RD&D effort is estimated
The basic technology Is well and demonsiration (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 efficiencies for the

process are in general greater

than 90%.

2/26/93
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Technology Lo
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Heavy Metals in Water ————p Refer to Volume 1, Chpter 10, Waste Processing

for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
panding agresments for the
ORR, radiation protection stan-
dards, QOE Qrders, and non-
regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

) Subglehents i |

(cont.)

=3 Chemic.




@ ) 1

W

—p> Physical Treatment ——pmmjJi» Reverse Osmosis
(cont.) WPRO-206-0G

B> | J\trafiltration
WPRO-206-0G

WPRO0-207-0G

el HGMS
WPRO-204-0G

— Chemical Treatment ——* Chemical Fixation
WPRO-208-0G

puwsmsdi>-  Chemical Reduction
WPRO 209-0G

—_— 6emonsul'atlon‘

pussne-  [N0rganic Microporous Filterg——m

Reverse osmosis is commer-
cial technology for treating
aqueous streams. When prop-
erly designed and operated the
technology is capable of
greater than 99% rejection of
the saits. However, additional
RD&D may be required to
develop membranes that meet
the site specific requirements.

Demonstration
Ultrafiltration is also a mem-
brane separation process that
is similar to raverse osmosis.
However, it will not remove low
to intermediate molecular
weight solutes from the liquid
stream.

Pre-Demonstration
This is novel tachnology being
developed for filtration applica-
tions, Some of the advantages
of these filters are that they can
be used in severe environ-
ments, they can be readily
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

Pre-Demonstration
The treatment Is commercially
available for example, for the
ramoval 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.

Pre-Demonstration
This process consists of fixing
the contaminants by chemical
reaction so that they can be
removed by filtration or other
separation techniques. The
process should be capable of
80%+ treatment efficiencies.

Demonstration
This process consists of chemi-
cally reacting the contaminants
with appropriate reagents to
alter the chemical state of the
contaminants to make them
easier to remove from the fluid.
Treatment efficiencies should
generally be greater than 95%.

—

—

—

—_—

v

and demonstration (RD&D) on
the process to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

——P» The use of the technology to

meet the site requirements
needs to be demonstrated.

' [ " ' | I i
—p Further research, development, —pm-The RD&D effort to develop

applicable membranes is esti-
mated to require $ 0.75 million.

Further research, development, > The RD&D effort to deVvelop

applicable membranes is esti-
mated ta require $ 0.75 miltion.

Further research, development, —p-The RD&D effort to develop

inorganic microporous filters is
estimated to require $ 0:75-1
million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

—» Demonstration cests are esti-

mated to be $ 0.5-1 million.

Demonstrate the effectiveness —ipm-The RD&D effort is estimated

of the technology to meet the
site requirements.

to require $ 2-5 million. The
payback could be significant.

Further research, development, —»The RD&D effort Is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

s T e

to require $ 1.25-2.5 million.

2/26/93
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f, B requirements will be specified.
|
|

e :<EM£ProBI‘em
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) and Surface Water
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‘~ogic Diagram

anagement

Alt,e.rn‘at'ive.s_, g ' Technologies -

Chemical Precipitation
WPRO-205-0G

# Chemical Traatman B
{cont.)

peemnipe- Solvent Extraction
WPRO0-211/212-0G

lon Exchange
WPRO-217/218-0G

——P ThermaiTreatment s> Evaporation
WPRO0-223-0G

" W ' oy vy

‘St_'atus"i,_ Sc‘ienée/Techhology Needs l,'mp}em‘entatiq‘_‘Nei:fds"

——3p» Demonstrate the effectiveness —pm-The demonstration effort is

Demonstration
Precipitation technologies are
fairly mature. lron co-precipita-
tion is presently being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant developmaent is still
necessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
For example, precipitation '
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.

of the technology to meet the estimated to require $ 0.4 mil-
site requirements, lion.

Demonstration
Continuous sofvent extraction
in counter-current contactors
(e.g., centrifugal contactors) Iis
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centrifugal
contactor based praocesses for
the separation and recavery of
radionuclides has been tech-
nology at DOE nuclear pro-
cessing sites for over 25 years.
The technology can be applied
to treat and recaver 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 stant-up
characteristics. This technolo-
gy when used with other waste
treatment processes would
enhance the overali waste
treatment strategy. Hawever,
the use of the technology for
the treatment of solid wastes
requires additional .i&D.

- Further research, development, —pmThe RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.

technology to deployment. :

Demonstration

This Is one of the actey i
methods used In indusTy io
treating liquids. Treatr.ant .-
ciencies can be greatar -hay
99% depending upon v audii
cation, the lon exchange
media, and the solutes to be
removed.

—-m {2 usy 0! the technology to
0t the Lae requirements
nes.dn to he demonstrated.

~—p»Development costs are esti-
mated to be $ 1.25 miilion.

Demanstration ~——3» The use of the technology to
This ia similar to distiliation and meet the site requirements
is an accepted industrial needs to be demonstrated.
process for treating contami-

nated liguids. 1t is usually used

whaen the solvent is of low

value and can be disposed.

Like distillation, the operating

cosis can bé figh for certaln

applications.

—-Knowledge of process applica-
tion(s) and tunding.

2/26/93
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.. EM.Goals -

+Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

' EM Problem

Decommissioning
(D

&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management +

. Contaminated Wastewater =

+ " K-25 Site Problem

: Probiem Ar‘éa/Co_ns,t_itt‘J'e'hts'

Technology Lo

‘Reférence Recuirements’

- PBs in Water ——————————p Refer to Volume1, Chapter 10, —» Waste Processing

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.

* " ‘Subelements" "

Waste Manag

——» Physics

|~ Chemic-




I iII-‘||i~ f IIi'lI"I' ix‘

—»> Physical Treatment e F0o2ming
WPRO-201-0G

pnae-  Sedimentation
WPRO0O-201-0G

Adsorption
WPRO-202/203-0G

WPRO-207-0G

——P» Chemical Treatment e Chemical Dechlorination
WPRO-209-0G

———p» Demonstration

l——3= Inorganic hicroparous Filters g

_’

This process Is used to recover
particulatns from liquids (e.g.,
aqueous u.reams). Removal
efficiencies are generally
greater than 90%. The process
is a variation of fiitration 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.

Demonstration
Sedimentation is also a varia-
tion of filtration in which gravity
forces are used to remove the
particulates from the fluld.
Removal efficiencies should
generally be greater than 90%.

Demonstration

Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
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 lig-
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,

Demonstration

This is novel technology being
developed for filtration applica-
tions. Same of the advantages
of these filters are that they can
be used in severe environ-
ments, thay can be readily
cleaned if they get fouled, and
they can be re-used indefinite-
ly. Thelir separation efficlency
can be 99%+.

Demonstration

This process consists of chemi-
cally reacting the contaminants
with appropriate reagents to
after the chemical state of the
contaminants to make them
easier to remove from the fluid.
Treatment efficiencies should
generally be greater than 85%.

—~3p The use of the technology to

—-'P The use of the technology to

——

-~ Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

~p»-Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

Further research, development, —#mThe RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Further research, development, —gThe RD&D effort to develop

and demonstration (RD&D) on inorganic microporous fitters is

the process to develop the estimated to require $ 0.75-1

technology to deployment. million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
wacgte disposal costs.

Further research, development, ~gmThe RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25-2.5 million.
the process to develop the

technology to deployment.

2/26/93
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Waste Manageme

_ EM Goals

K-25 Site Problem. .. | Probleni Area/Canstitu ‘Subelements -

= Contaminated Wastewater ——p— PCBs in Water 3 Refer to Volume1, Chapter 10,—» Waste Processing ——» Chemical Treatmen|
« 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, specitic regulatory
- requirements will be specified.

1

EM Pro.blem' :

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

[——® The/mal Treatment =

Waste Management -

L
r

i
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— Chemical Treatment =

il

{cont.)

— Thermal Treatment

——‘ Soivent Extracifon
WPRO0-211/212-0G

-+ Gamma-Radiolysis
(WPRO-100-0G)

emmnad

bl . \Wet Air Oxidation
(WPRO-215-0G)

Incineration
WPRO-108-0G

‘ ﬁp Domonstm\l&n

—

Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
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 technolagy 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 tie technology tor
the treatment of solid wastes
requires additional RD&D.

‘ ~—g- Further research, developmer

and demonstration (RD&D) on
the process to develop the
technology to deployment.

W, —p-The RD&D eﬂoﬁ is estimated

to require $ 1-2.5 million. The
payback could be significant.

Evoloving Technology ——» Further research, development, —m»-The RD&D effort is estimated

The radiolytic destruction of
halogenated and aromatic
compounds @t the laboratory
scale Is well documented.
However, its application on an
industrial scale needs addition-
al RD&D. The process is capa-
ble of high (>80%) destruction
efficiencies for organics.

Pre-Demonstration
The process is commercially
available. Itis capable ot
greater than 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.

Accepted
The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 99.998% for cer-
tain organics. However, addi-
tional RD&D on several
aspects of incinaration is still
required.

g

—

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resolved are the complete
characterization of the radiolyt-
ic decomposition products
under different conditions and
for different waste materials
and their relative toxicity.
Another issue is the possibility
of combining the radiolysis with
enhanced biodegradation of
the radiolytic by products.

to require $ 1.25-2.5 million.

Demonstrate the effectiveness ~—®The development effort is esti-

of the technology to meet the
site requirements.

mated to require approximately
$ 1 miltion,

Though an accepted technolo- —m-Knowledge of process applica-

gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

tion, funding, and regulatory
approval.

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radioactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at
the incinerator are estimatad to
be $ 10 per pound of waste
incinerated.

2/26/93
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EM Goals | K-25 Site Problem Problem Arga{ConstitLrénts Reference Requirements Subelements:

r— Thermal

- Contaminated Wastewater—r—# PCBs in Water ———————» Refer to Volume1, Chapter 10, —» Waste Processing -
* Cleanup Legacy for potentially applicable pro- {cont) |
posed and promulgated envi-
* Prevent Future ronmental laws, signed and
Insult pending agreements for the i
ORR, radiation protection stan-
* Develop dards, DOE Orders, and non- ;
| ; regulatory guidance. As site- !
: Environmental and waste-specific characteris- i
Stewardship tics are provided for each tech-
nology, specific reguiatory
requirements will be specified.

[ S

EM Proble_rn-’

‘ | E—— Biologicaf

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

— Volatile Organic Compounds =~ Refer to Volume1, Chapter 10— Waste Processing

in Water for potentially applicable  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.

> Physical

L

Waste Management -
(WM)




(cont.)

L——p» Biological Treatment

— Thermal Treatment —————qemem=is- D;stjilation

WPR0-222-0G

- Catalytic Destruction
WPRO-109-0G

3 Aerobic Digestion
WPRO-224-0G

— Anaerobic Digestion
WPRO-225-0G

WPRO-227-0G

~———3 Physical Treatment ___.* Air Sparging

WPRO-200-0G

LT oy

' Microbial Dechlorination

—— Demonstration

_’.

This is an accepted industrial
process for treating liquids.
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 need to be
demonstrated. Capital and
operating costs could be high.

Demonstration

This technology has been
demonstrated to be effective
(DRE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

Pre-Demonstration
This is a promising technology
for destroying hazardous
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 applicabill-
ty of the process to meet the
site requirements.

Pre-Demonstration
This is a promising technology
for destroying hazardous
organics. Under the right con-
ditions, this process should be
able to achieve greater than
89% destruction of the organ-
ics. Additional RD&D is need-
ad to determine the applicabili-
ty of the process to meet the
site requirements.

Pre-Demonstration

This process is at an early
stage of development. Based
on the available information, it
appears the process should be
able to achieve destruction effi-
ciencies greater than 80%.

Accepted
This is an acceptable industrial
process with removal efficien-
cies in the 80+%

~— The use of the technology to

D

—

—

~i>Kr;owledge df p;ocess appiicé-
meet the site requirements tion(s) and funding.

needs to be demonstrated,

~~—3 Further research, development, —ge-The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—p»The RD&D effort is estimated
to require $ 1-2 million to meet
site specific needs.

Further research, development, —g-The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.5-2 million to fur-
the process to develop the ther davelop the process to
technology to deployment. meet the site needs.

Further research, development, —»The RD&D effort is estimated
and demonstration (RD&D) on to require $ 5-10 million. The
the process to develop the payback could be significant.
technology to deployment.

——3 Though an accepted technoio- g The implementation needs will

gy. the use of the tachnology to be determinec by the site
meet the site requirements requirements.
needs to be demonstrated.
2/26/03
6.3-10
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EM.Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

o

_ ' 'K-25 Site Problem.

~B» Contaminated Wastewater =

Waste Management -
(WM)

‘Problenvwl Area/Constituents

in Water

Technology Log

Waste Manage

Reference Requirements._

- VOIaie Organic Compounds > Refer to Volumef, Chapte 10, = Waste Processing

for potentially applicable pro-
posed and proraulgated 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.
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{cont.)
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Logic Diagram
Management

-

éciencefi’echno!cgy Needs -

‘. Alternatives.. - "“Tec‘hnolqgies ol Status. ‘!fnplementat‘iori‘f’N_e_agds"

°

—® Physical Treatment Adsorption Demonstration | — Further research, development, —p»-The RD&D effort is estimated

(cont.) WPR0-202/203-UG Laboratory studies indicate and demonstration (RD&D) on to require $ 1.25 million.
removal efficiencies greater the process to develop the
P
than 90% for the removal of technology to deployment.

radioactive species using vari-
ous adsorbing media. Further
clevelopment Is necessary to
develop more effective adsorp-
tion media for the treatment of
mixed waste contaminated lig-
uids. Devalopment would
include for example, scale-up
studies, development cf 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,
—3» Chemical Trealmen memmeymescege- Solvent Extraction ~——p Demonstration —pp Further research, development, —p»-The RD&D effort is estimated
WPRO-211/212-0G 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 technolugy can be applied
to treat ar.d recover a wide
range o’ contaminant concen-
traticnis. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, smail hold-up
volume, and rapid stant-up
characternistics. 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.

fomamenpe-  Stripping ——3 Demonstration ———p Further research, development, —ge-Demonstrate the effectivenesa
WPRO-213-0G This is an accepted technology and demonstration (RD&D) on aof the technoclogy to meet the
in industry with removal effi- the process to develop the site requirements.
ciencles greater than 89% how- technology to deployment.
ever, each application requires
additional RD&D to determine

optimum leachant composition
and process conditions.

v v 2/26/93
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"~ K-25 Site Problem ‘Problem Area/Constituents -| *Reference Requirements | Subelements -

* EM Goals

-pConlamlated Wastewater —y—#» Volatile Organi Compounds —-Refer to Volme1. Chapter 10, —p» Waste Processing =

. C|eanup Legacy in Water for potentially applicable pro- (cont.)
posed and promulgated envi-
« Prevent Future ronmental taws, signed and
Insult pending agreements for the

ORR, radiation protection stan-
* Develop dards, DOE Orders, and non-

: regulatory guidance. As sita-
Environmental and waste-specific charac .is-
Stewardship tics are provided for each tech-
nology, specitic regulatory
requirements will be specified.

" EMProblem '

Decommissioning

L Thermal’

Soils, Groundwater
and Surface Water
(RA)

Waste Management -




Logic Diagram

Management

Alternatives -

(cont.)

l—1 Thermal Treatment

——— Chemical Treatment ————mua Ozonation-Photolysis

WPRO-.214-0G

- \Wet Air Oxidation
WPRO-215-0G

- Incineration

WPRO-108-0G

- Thermal Desorption

WPRO-106-0G

- Technologies

—p» Demonstration
This process can be very use-
ful in destroying organics
(especially refractory organics)
in water. DREs for the process
can be greater than 30+%.
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.

= Demonstration
The process is commercially
availabie. Itis capable of
greater than 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.

- Accepted —
The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of arganics.
Incineration can achieve DREs
greater than 99.999% for cer-
tain organics. Howaever, addi-
tional RD&D on several
aspects of incineration is still

required.
- Accepted R
This technology has been used

by industry to remove and
recover volatiles form contami-
nated media such as soils. The
process is claimed to have a
>99% removal efficiency for
recavering volatile organic
compounds (VOCs) from soil.
The application of the process
to treat other contaminated
media (such as concrete rub-
ble) needs to be demonstrated.

[NERTN

Sci_énbe’f echnology Needs *

~—e—ip»- The use of the technology to

meet the site requirements
needs to be demonstrated.

—— Demonstrate the etfectiveness

of the technology to meet the
site requirements.

Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

I'mple‘mebntatio‘r_w Needs

The RDA&D effort is estimated
to require $ 1-2 million to meet
site specific needs.

—p>The development effort is esti-
mated to require approximately
$ 1 mihon.

= Knowledge of process applica-
tion, funding, and regulatory
approval.
For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radioactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at
the incinerator are estimated to
be $ 10 per pound of waste
incinerated.

—p» Knowledge of process applica-
tion, funding, and regulatory
approval.

6.3-12
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" EMGoals' - . - K-25 Site' Prablem . | Problem Area/Constituents | Reference Requirements |- ' "Subelements *
- Contaminated Wastewater —t—® Volatile Organic Compounds > Refer to Volume1, Chapter 107 Waste Processing ———t—— Thermal Treatment
« Cleanup Legacy in Water for potentially applicable pro- (cont.)
posed and promulgated envi-
* Prevent Future ronmentat laws, signed and
Insult pending agreements for the

ORR, radiation protection stan-
+ Develop dards, DOE Orders, and non-

; regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific reguiatory
~ requirements will be specified.

EM Problem

[

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management -




Logic Diagram
Management

. Alternatives : Technologies

Molten Salt Oxialion
WPRO-113-0G

i — Thermal Treatment
(cont.)

pawmeep- Chem Char Process
WPRO-114-0G

» Evaporation

WPRO0-223-0G

* Catalytic Destruction

WPRO-108-0G

Steam Stripping —-
WPR0O-221-0G
Distillation —>
WPRO0-222-0G

—p» Demonstration

Status’ - Science/Technology Needs | Implementation Needs
——® Further research, development, —#»=Tle RD& effortis asllmat
and demonstration (RD&D) on to require $ 1.4 million fora 3
the process to develop the year development effort.
technology to deployment.

Demonstration
This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
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.

Pre-Demonstration
This is a developmental tech-
nology based on coal char
gasification. The process is
claimed to achieve near total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metals and radionuclides.
This char residue can either be
vitrified to yield a glassy slag or
immobilized in cement.

——= Further research, development, —mThe RD&D effort Is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology to deployment.

Demonstration - Demonstrate the etfectiveness —=The RD&D efort is estimated
This is an accepted industrial of the technology to meet the to require $ 1-2 million to meet
process that can remcve site requiremerits. 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.

Demonstration ——p= The use of the technology to
This is an accepted industrial meet the site requirements
praocess 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 need to be

demonstrated. Capital and

operating costs could be high.

-p-Knowledge of process applica-
tion(s) and funding.

Demonstration -~ The use of the technology to
This is similar to distillation and meet the site requirements
is an accepted industrial needs to be demonstrated.
process for treating contami-

nated liquids. It is usually used

when the solvent is of low

value and can be disposed.

Llke distillation, the operating

costs can be high for certain

applications.

—»-Knowledge of process applica-
tion(s) and funding.

~—p Further research, development, —pwThe RD&D effort Is estimated
and demonstration (RD&D) on to require $ 1-2 million to meet
the process to develop the site specific needs.
technology to deployment.

This technology has been
demonstrated to be effective
(DRE>99+%) for the destruc-
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
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'Refereice Requirements. | ' ‘Subelements .-

R}

- Contaminated Wastewater =1 Volatile Organic Compounds — Refer to Volume1, Chapter 10, —¥ Waste Processing ———— Biolog|
+ Cleanup Legacy in Water for potentially applicable pro-

posed and promulgated envi-
« Prevent Future ronmental iaws, signed and

Insult pending agreements for the
ORR, radiation protection stan-
« Develop dards, DOE Orders, and non-
: regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-

nology, specific regulatory
requirements will be specified.

I~ Semi-Volatile Organics ——g» Refer to Volumet, Chapter 10, —P Waste Processing  ————————p» 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.
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Status:

Pre-Demonstration
This is a promising technology
for destroying hazardous
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.

Demonstration —
This process Is used to recover
particulates fram liquids {e g.,
aqueous streams). Removal
efficiencies are generally
greater than 80%. 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.

Demonstration
Sedimentation is aiso a varia-
tion of fiitration in which gravity
forces are used to remove the
particulates from the fluid.
Removal efficiencies should
generally be greater than 90%.

Demonstration —
Reverse osmosis is commer-
cial technology for treating
aqueous streams. When prop-
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.

Demonstration e
Ultrafiltration is also a mem-

brane separation process that

is similar to reverse osmosis.
However, it will not remove low

to intermediate molecular

weight solutes from the liquid
stream.

Pre-Demonstration
Laboratory studies indicate
removal efficlencles greater
than 90% for the removal of
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 lig-
uids. Development would
inctude for example, scale-up
studies, development of high
surface area and appropriate
particle size media for continu-
ous operations, and the devet-
opment of approprate media
for the removal of vrious cont-
aminants.
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" Science/Technology Needs

——'b

- The use of the technology to

N

’

—»The RDA&D effort is estimated
to require § 1-2 million to meet
site specific needs.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to  —m-Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

~—pDemonstration costs are esti-
meet the site requirements mated to require up to § 1 mil-
needs to be demonstrated. lion.

Further research, development, —®The RD&D affort to develop
and demonstration (RD&D) on applicable membranes is esti-
the process to develuy: the mated to require $ 0.75 miltion.
technology to deployment.

Further research, development, —»The RD&D eftort to develop
and demonstration (RD&D) cn applicable membranes is esti-
the process to develop the mated to require $ 0.75 million,
technology 1o deployment.

Further research, development, —pm-The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 miltion.

the process to develop the

technology to deployment.
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- Demonstration

This process can be very use-
ful in destroying organics
(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
tharough knowledge of the
waste to be treated is essential.
The process is comparatively
expensive for the treatment of
organics.

Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
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 based
axtraction proces s are its rela-
tively small size, small hold-up
vclume, and rapid start-up
characteristics. This technolo-
gy when used with other waste
treatment processes would
enharnce the overall waste
freatment strategy. Howaever,
the use of the technology for
the treatment of solid wastes
requires additionai RD&D.

Pre-Demonstration
The process is commerciaily
available. M is capable of
greater than 99+% destruction
of some organics however, it
may not be able to completely
destray certain refractory
organics such as halogenated
aromatics (8.g., PCB).
Prozessing costs are likely to
be high.

Evolving Technology

The radiolytic destruction of
halogenated and aromatic
compounds at the laboratory
scale is well documented.
However, its application on an
industrial scale needs addition-
al RD&D. The process is capa-
bie of high (>90%) destruction
efficiancies for organics.

[ BT n ‘\n

- The use of the technology to

) Scien,cgff echnology Neéds :

meet the site requirements
needs to be demonstrated.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

of the technology to meet the
site requirements.

and demonstration (RD&D) on
the process to develop the
technology to deployment.
Some of the issues to be
resoived are the complete
characterization of the radiolyt-
ic decomposition products
under different conditions iand
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.

—»-The RD&D effort is estimated
to require $ 1-2 million to meet

" Implementation Needs -

site specific needs,

———® Further research, development, —®»The RD&D effort is estimated

to require $ 1-2.5 million. The
payback could be significant.

-3~ Demonstrate the effectiveness —Jpm-The development effort is esti-

mated to require approximately
$ 1 million.

~—3p- Further research, development, —g=The RD&D effort is estimated

to require § 1.25-2.5 million.
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tics are provided for each tech-
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" Alternatives . ‘Technologies ~ .. ' Status:
Incineration
WPRO-108-0G

= Thermal Treatment —» Accepted
The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 99.999% for cer-
tain organ.cs. However, addi-
tional RD&D on several
aspects of incineration is still
required.

hesews- Chem Char Process
WPRO-114-0G

—p»- Pre-Demonstration
This is a developmental tech-
nology based on coal char
gasification. The process is
claimed to achleve 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.

» Moiten Salt Oxidation —» Demonstration
WPRO-113-0G

—
This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
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.

e Steam Stripping-OG -3 Demonstration ——
This Is an accepted industrial
process that can remove

volatile organics with >89+%
efficiency especially from cont-
aminated agueous streams.

The application of the process

to satisfactorily remove haz-

ardous and radioactive species
needs to be demonstrated.

Catalytic Destruction = Pre-Deinonstration ——
WPRO-109-0G This technology has been
demonstrated to be effective
(DRE>89+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

Science/T echnology Needs -

-——p= Though an accepted technolo-

gy, the use of the technology to
meet the site requirements
needs to be demoenstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Knowledge of process applica-

"’Implemeniatibh'N eds -

tion, funding, and regulatory
approval.

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radioactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at
the incinerator are estimated to
be $ 10 per pound of waste
incinerated.

Further research, development, —jam The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.

Further research, development, —p~The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.4 million for a 3
year development etfort.

Demonstrate the effectiveness —#»The RD&L effort is estimated

of the technology to meet the
site requirements.

ta require $ 1-2 million to meet
site specific needs.

Further research, development, ~—3»The RD&D effort is astimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million,
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" . Alternatives " L
Sedimentation
WPRO0-201-0G

P Physical Treatment s

ncema- Filtration
WPRO0-201-0G

WPRO-207-0G

Adsorption
WPR0-202/203-0G

bl E|octrolysis
WPRO-205-0G

fon Exchange
WPRO-217/218-0G

|——p» Chemical Treatment —==

: T%hn’ovlogies '

Damonstration

el (norganic Microporous Filters -

. _7‘:‘ Status

o

Sedimentation is also a varia-
tion of filtration in which gravity
forces are used to remove the
particuiates from the fluid.
Removal efficiencies should
generally be greater than 90%.

Demonstration
This is an accepted process for
separating solids from fluids.
The process can achieve
removal efficiencies greater
than 99%. The use of the
process to meet the site
requiremants will however,
need to be demonstrated.

Pre-Demonstration
This is novel technology being
developed for filtration applica-
tions. Some of the advantages
of these filters are that they can
be used in severe environ-
ments, they can be readily
cleaned i they get fouled, and
they can be re-used indefinite-
ly. Their separation efficiency
can be 99%+.

Pre-Demonatration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
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 exampie, scale-up
studies, devetopment of high
surface area and appropriate
particle size media for continu-
ous operations, and the devel-
opment of appropriate media
for the remaval of various cont-
aminants.

Demonstration
The basic technology is well
established in industry howev-
er, its application to meet the
sits requirements needs to be
developed and demonstrated,
Removal efficiencies for the
process are in general greater
than 80%.

Demonstration

This is one of the accepted
methods used in industry for
treating liquids. Treatment effi-
clencies can be greater than
98% depending upon the appll-
cation, the ion exchange
media, and the solutes to be
removed.

oo

i ‘W\ " e

‘Sciencé’ffgchnolog‘jy Needs’

The use of the technology to

—

D A '

e

D —

———

v

__implementation Needs .-

—p=Demonstration costs are esti-

meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

The use of the technology to  —gm-Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

Further research, development, —»The RD&D effort to develop

and demonstration (RD&D) on inorganic microporous filters is

the process ta develop the estimated to require $ 0.75-1

technology to deployment. million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

Further research, development, —»=The RD&D effort is estimated
and demonstration (RD&D) on to raquire $ 1.25 miltion.

the process to develop the

technology to deployment.

Further research, development, = The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—» Development costs are esti-
mated to be $ 1.25 million.

2/26/83
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- Contaminated Wastewater——=3 Mercury in Water =——— Refer to Volume1, Chapter 10,—% Waste Processing ~~=———=—3 Chemicgi
. Cleanup Legacy for potentially applicable pro- (cont.) . i

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-
: regulatory guidance. As site-
Environmental and waste-spacific characteris-
Stewardship tics are provided for each tech-

nology, specific regulatory
requirements will be specified.

=3~ RAD and Technetium in Oil ——» Refer to Volume1, Chapter 10,—m “+ te Processing ————————» Physicali
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 g adance. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory

l requirements will be specified.
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Physical Treatment e Centrifugation

WPRO0-201-0G

» Filtration
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—
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WPRO-201-0G
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WPRO0-207-0G

=P HGMS
WPRO-204-0G

<g—

Demonstration

A

- Status

: Scién{«_:éfl’}éqhnbldéy Needs |.

This process consists of fixing
the contaminants by chemical
reaction so that they cs.. be
removed by filtration or other
separation techniques. The
process should be capable of
90%+ treatment efficiencies.

of the technology to meet the
site requirements.

to require $ 2-5 million. The
payback could be significant.

The use o: the technology to  ——m- Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

Demonstration

This process is a variation of fil-
tration operations in which cen-
trifugal action is used to sepa-
rate the heavier components
from the lighter fluid. Removal
efficiencles are generally
greater than 95+%.

Demonstration =¥ The use of the technology to = Demonstration costs are esti-
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. tion.

The process can achieve

removal efficiencies greater

than 99%. The use of the

process to meet the site

requirements will howaver,

need to be demonstrated.

Demonstration -~ The use of the technnlogy to  —» Demonstration c..sts are esti-
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 80%. The process

is a vartation 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 elsewhera ta recov-

er the particulates.

Pre-Demonstration ~—— Further research, development, —#=The RD&D effort to develop
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 deployrment. million. The payback Is esti-
of these filters are that they can mated to be $20-25 million

be used in savere 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%+.

Demonstration = The use of the technology to  —» Demonstration costs are esti-
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 98%. However, its use to

treat mixed waste contaminat-

ed fluids needs additionat

RD&D.

2/26/93
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- Physical Treatment m—- ' Adsortion Pre-Demonstration 3~ Further esearch, development, —» The RD&D ﬂort is estimated

(cont.) WPRQ0-202/203-0G Labaratory 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 contaminatea lig-
uids. Development would
include for example, scale-up
studies, development af 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.
—p» Chemical Treatment ——* Chemical Precipitation ~——» Demonstration ——p» Demonstrate the effectiveness —m» The demonstration effort is
WPRO-210-0G Precipitation technologies are of the technology to meet the estimated to require $ 0.4 mil-
fairly mature. lron co-precipita- site requirements. lion.

tion is presently being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant development is still
necessaiy ... meet the increas-
ingly st-* :e: " -aquiatory limits
on the wa. swater ‘lischarges.
For example, precipitation
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.
el Solvent Extraction ~———» Demonstration ——P» Further research, development, —» The RDA&D effort Is estimated
WPRO-211/212-0G 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. Centrifugai
contactor based pracesses 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-
frations, The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, smalil 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 tr W of solid

requires additional RD&D.
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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.
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L Thermal Treatment

: Alt‘ern(a‘t‘i\’/es" :_

WPRO-213-0G

L——3= Bucky Ball Chemistry
WPRO-101-0G

peneupp- INCineration
WPRO-108-0G

i~ Chem Char Process
WPRO-114-0G

b Molten Satt Oxidation

WPRO-113-0G

. ,:",Tec'hnblbgigs

T Chemical Treatment Acid Stripping

«, . Status

Dr monstration
This is an accepted technology
in industry with removal effi-
clencies greater than 99% how-
ever, each application requires
additional RD&D to determine
optimum leachant composition
and process conditions.

Evolving Technology
This Is a novel technology that
has many potential applications
in fields such as mixed wastes
treatment, nuclear medicine,
tribology, and material science.
Conceptually, the technology is
sophisticated (uses lasers) and
yet simple. For mixed wastes
treatment, the process would
essentlally 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-
ranment.

Accepted

The EPA considers incineration
to be the best demonstrated
avaitable technology (BDAT)
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.

Pre-Demonstration
This is a developmental tech-
nology based on coal char
gasification. The process is
claimed to achieve near total
destruction of the organics and
produces an inert char residue
that contains the non-volatile
toxic metais and radionuclides.
This char residue can either be
vitrified to yield a glassy slag or
immobilized in cement.

Demonstration
This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
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
>89% efficiency.

Additional RD&D is required to
fully develop the pracess to
treat mixed wastes.

e

i

RN

‘Sciencé/Technology Needs

and demonstration (RD&D) on
the process to develop the
technology to deployment.

_Impiem’ent‘a‘tjo‘n, Needs .-

- Further research, development, —m Demonstrate the effectiveness

of the technology to meet the
site requirements.

Further research, development, —p The RD&D effort to develop the

and demonstration (RD&D) on
the process to develop the
technology to depioyment.

technology is estimated to
require $ 10 million. The pay-
back is estimated to be in the
range of $ 150 million consider-
ing savings in waste treatment
and disposal costs and poten-
tial spinoffs in other fields such
as nuclear medicine and new
materials.

Though an accepted technolo- —pm-Knowledge of process applica-

gy. the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its accepltability.

and demonstration (RD&D) on
the pracess to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

tion, funding, and regulatory
approval.

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radloactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 million (1987 dol-
lars). Obtaining regutatory
approval for the TSCA
Incinerator took over 8 years.
The 1892 destruction costs at
the incinerator are estimated to
be $ 10 per pound of waste
incinerated.

Further research, development, —» The RD&D effort is estimated

to require $ 0.75-1.5 million.

Further research, development, — The RD&D effort is estimated

to require $ 1.4 millionfora 3
year development effort.
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—» RAD and Tehnelium in Oil —® Refer to Volume1, Chapter 10— Waste Processing —— Biotreatment

Technology Logi

Waste Managem

.

.| - Problem Area/Constituents | . Refere_n'éé Requ'ireménts" . Subelements - -

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.

—p»~ Heavy Metals in Oil ——p»- Refer to Volume1, Chapter 10, = Waste Processing —————3 Physical Treatm
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.
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Logic Diagram

Management

-Alternatives. -

~=— Biotreatment ——

+

—3» Physical Treatment ———— gy

Biosorption

WPRO-226-0G

Centrifugation
WPRO0-201-0G

Decantation
WPRO-201-OG

Filtration
WPRO-201-0G

Foaming
WPRO-201-0G

Ultrafiltration
WPRO-206-0G

Electrolysis
WPRO0-205-0G

Te:chnplogies

i Status . ¢

————p Pre-Demonstration —
Data in the scientific literature
suggests that given the right
conditions, this process should
be able to achieve impressive
(>95%) treatment efficiencies
however, most of the informa-
tion is based on taboratory-
scale data. There is little pilot
plant or indh strial scale data on
the process.

——» Demonsiration —
This process is a variation of fil-
tration operations in which cen-
trifugal action is used to sepa-
rate the heavier components
from the lighter fluid. Removal
efficiencies are generally
greater than 95+%.

——» Demonstration e
This is an accepted process for
the separating solids from lig-
uids. The removal efficiency
for the process can vary from
80 to 90+% depending upon
the materials being separated.

—— Demonstration —
This is an accepted process for
separating solids from fuids.

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.

——# Demonstration P
This process is used to recover
particulates from liquids (e.g.,
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 etsewhere to recov-
er the particulates.

~—7 Demonstration ——
Uttrafiltration is also a mem-
brane separation process that
is similar to reverse osmosis.
However, it will not remove low
to intermediate molecular
weight solutes from the liquid
stream.

—> Demonstration —
The basic technology is well
established in industry howev-
er, its application to meet the
site requirements needs to be
developed and demonstrated.
Removal efficlencies for the
process are in general greater
than 90%.

' Science/T echr)o.lqu-Ne:ed_s"j

Further research, development, - The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-3 million.

the process to develop the

technology to deployment.

The use of the technology to  —m- Demonstration costs are esti-
meet the site requirements mated tc require up to $ 1 mil-
needs to be demonstrated. lion.

The use of the technology to  —3m- Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. fion.

The use of the technology to  —®» Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. fion.

The use of the technology to  — Demonstration costs are esti-
meet the site requirements mated to require up to $ 1 mil-
needs to be demonstrated. lion.

Further research, development, —» The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Further research, development, —3 The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million,

the process to develop the

technalogy to deployment.
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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.
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Logic Diagram
Vianagement

. Alternatives -

. Technolagies -~ | .- Status” .’

——3p» Demonstration
The treatment is commercially
available for example, for the
removal of trace impurities from
kaolin clays. Removal efficien-
cles for the process are greater
than 99%. However, it i use to
treat mixed waste contaminat-
ed fiulds needs additional
RDA&D.

peeecip>- HGMS
WPRO-204-0G

—B» Physical Treatment
(cont.)

== |norganic Microporous Filters— Pre-Demonstration

WPRO0-207-0G This is novel technology being
developed for filtration applica-
tions. Some of the advaritages
of these filters are that they can
be used in severe environ-
ments, they can be readily
cleaned if they get fouled, and
they can be re-used indelinite-
ly. Their separation efficiency
can be 99%+.

Armmmey-  Adsorption
WPRO0-202/203-0G

——3 Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
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 removai of various cont-
aminants.

— Demonstration
Precipitation technologies are
fairly mature. lron co-precipita-
tion is presently being used at
the K-25 Site Central
Neutralization Facility for sepa-
rating radionuclides from the
aqueous wastes. However,
significant development is still
necessary to meet the increas-
ingly stringent regulatory limits
on the wastewater discharges.
For example, precipitation
using potassium ferrate has not
been demonstrated and addi-
tional RD&D is required to
provae its applicability and per-
farmance in treating the waste-
walter.

—® Chemi:al Treatment === Chemical Precipitation
WPRO-210-0G

DY

‘ SCiehce/Techndlogy'Néeds_ i

———3» The use of the technology to

meet the site requirements
needs to be demonstrated.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

— Demonstrate the effectiver 2ss

of the technology to meet the
site requiremants,

I'n.1plem'entatio"_n "Nqéds _

- Demonstration costs are esti-

mated to be $ 0.5-1 million.

——® Further research, development, —® The RD&D effort to develop

inorganic microporous filters is
estimated to require $ 0.75-1
million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

———P» Further research, development, — The RD&D effort is estimated

to require $ 1.25 million.

=The demonstration effort is

estimated to require $ 0.4 mil-
lion.
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Logic Diagram

lanagement

:'Al‘w?s

—®~ Chemical Treatment

peesmape-  Solvent Extraction
WPRO-211/212-0G

- Acid Stripping
WPRO-213-0G

L~ Bucky Ball Chemistry

WPRO-101-0G

—» Thermal Treatment ‘—* Incineration

WPRO-108-0G

Technologies _

——

s .‘ "Sta'mé"‘,

Demonstration
Continuous solvent exiraction
in countar-cunent contactors
(e.g., centrifugal contactors) is
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
-ange of contaminant concen-
trations. The advantages of
the centrifugal contactor based
extraction process are its rela-
tively small size, small hoid-up
volume, and rapid start-up
characteristics. This technolo-
gy when used with other waste
treatment processes would
enhangce the overall waste
treatment strategy. However,
the use of the technology for
the treatment of solid wastes
requires additional RD&D.

Demonstration
This is an accepted technology
in industry with removal effi-
cisncies greater than 99% how-
ever, each application requires
additionai RD&D to determine
optimum leachant composition
and process conditions.

Evolving Technology
This is a novel technology that
has many poteritial applications
in fields such as mixed wastes
treatment, nuclear medicine,
tribology, and material science.
Conceptually, the technology is
sophisticated (uses lasers) and
yet simple. For mixed wastes
treatment, the process would
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.

Accepted
The EPA considers incineration
to ta the best demonstrated
available technology (BDAT)
for the destruction of arganics.
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.

g

e

| science/T echnolpgy Neédé _

——» Further research, developenl. Tha RDA&D effort is estimated

and demonstration {(RDAD) on
the process to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology tc deployment

and demonstration (RD&D) on
the process to develop the
technology to deployment.

gy, the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

“Implementation Needs

to require $ 1-2.5 million. The
payback could be significant.

~———Jp- Further research, development, —pm Demonstrate the effectiveness

of the technology to meet the
site raquirements.

Further research, development, — The RD&D effort to develop the

technology is estimated to
require $ 10 million. The pay-
back is estimated to be in the
range of $ 150 million consider-
ing savings in waste treatment
and disposal costs and poten-
tial spinoffs in other fields such
as nuclear medicine and new
materials.

Though an accepted technolo- —~Knowledge of process applica-

tion, funding, and regutatory
approval,

For example, the K-25 Site
TSCA Incinerator is a 30
MMBtu/h unit that is permitted
to destroy low-level radicactive-
ly contaminated mixed wastes.
The unit was built at a capital
cost of $ 26 miltion (1987 dol-
lars). Obtaining regulatory
approval for the TSCA
Incinerator took over 8 years.
The 1992 destruction costs at
the inclnerator are estimated to
be $ 10 per pound of waste
incinerated.
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...¢ potentially applicable pro-
posed and promulgated envi-
ronmental taws, signed and
pending =greemants 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, specitic regulatory
requirements will be specified.

far 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 specitied.
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— Chem Char Process
WPRO-114-0G

> Thermal Treatment
(e 7)

» Molten Salt Oxidation

WPRO-113-0G

~® BioTreatment ———pp- Biosorption

WPRO-226-0G

g Physical Treatment — sesessssmeds- Adsorption

WPRO-202/203-0G

_ =3 Chemical Treatment -————pmmsdis- Solvent Extraction
WPRO-211/212-0G

s> Sitripping
WPRO-213-0G

" R L

—

——

Pre-Uemonstration
This is a developmental tech-
nology based on coal char
gasification. The process is
claimed to achieve near total
destruction of the organics and
produces an Inert char residue
that contains the non-volatite
toxic metals and radionuclides.
This char residue can either be
vitrified to vield a glassy slag or
immobilized in cement.

Pre-Dernonstration
This is not a new process how-
ever, its application for treating
hazardous and radioactive con-
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
>39% efficiency.

Additional RDAD is required to
fully develop the process to
treat mixed wastes.

Pre-Demonstration
Data in the scientific literature
suggests that given the right
conditions, this process should
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 nr industrial scale data on
the process.

Pre-Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
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 wouid
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.

Demonstration .
The RDA&D effort Is estimated
to require $ 5-10 mitlion. The
payback could be significant.

Demonstration
The use of the technology to
meet tho site requirements
neaads tn be demonstrated.

[ T oy
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—P Further research, development, = The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.

Further research, development, = The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.4 million fora 3
the process to develop the year development effort.
technology to deployment.

Further research, development, —gm The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-3 million.

the process to develop the

technology to deployment.

Further research, development, —» The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 miflion.

the process to develop the

technology to deployment.

Further research, development, =3 The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback couid be significant.
technology to deployment.

Further research, development, —# Demonstrate th effectiveness

and demonstration (RD&D) on of the technology to meet the
the process to develop the site requirements.
technology to deployment.
2/26/93
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——-——D-efer to Volume1, Chapter 10-—> Waste Processing

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.

3> Jon-Halogenated Organics in —3 Refer to Volume1, Chapter 6, = Waste Processing

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 regulatary
requirements will be specified.
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Alternatives .. |- Technologies . Status N Scienéen'échnolog)‘) Needs ‘| Implementation Needs.

Chemical Treatment Chemical Precipitation -3 Demonstration ——» Demonstrate the effectiveness —b demonstration effort is

(cont.) WPRO-210-0G 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.
P S ipercritical Water Oxidatior—3 Demonstration ~———> Further research, development, =3 The RD&D effort is estimated
WPR0O-216-0G 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.

» Chemical Dechlorination — Pre-Demonstration ——P Further research, development, = The RD&D effort is estimated

WPRO-209-0G 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
technalogy to deployment,
Thermal Treatment ” Incineration ——> Accepted —— Though an accepted technolo- —® Knowledge of process applica-
WPRO-108-0G 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 significant. needs to be demonstrated, The RD&D effort is estimated
Also, PRD&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 ——3p Demonstration ——» Further research, development, —The RD&D effort is estimated
WPRO-113-0G Further RD&D on the process and demonstration (RD&D) on to require $ 1.4 million fora 3
is needed to develop the opti- the process to develop the year development effort.
mum processing conditions. technology to deployment.
fummep=  Chem Char Process ~——p Pre-Demonstration ——» Further research, development, —» The RD&D effort is estimated
WPRO-114-0G The RDA&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million,
to require $ 5 mitlion for a 3- the process to develop the
year R&D program. technology to deployment.
wame B~ Distillation > Demonstration ——P The use of the technology to > Knowledge of process applica-
WPRO-222-0G 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 =————3 Microbial Dechlorination ~———3» Evolving Technolegy ——p» Further research, devtlopment, — The RD&D effort is estimated
WPRO-227-0G Thig process is at an early and demonstration (RJ&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 80%.

l——3»- Agrobic Digestion ——p» Demonstration ——3p» The use of the technology to  —a» The RD&D effort is estimated
WPRO-224-0G This is a promising technology meet the site requirements to require $ 1-2 million 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 ~————peesed> Centrifugation ——p»~ Demonstration ~——» The use of the technology to  —» Demonstration costs are esti-
WPRO-201-0G This process is a variation of fil- 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 fiuid. Removali
efficiencies are generally
greater than 95+%.

\j 2/26/93
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-3 Non-Halogenated Organtes - Refer to Volume1, Chapler 10— Waste Processing

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.
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- Logic Diagram
- Management

“Alternatives . .7~ Technologies . SciethTéchn‘d!ogy,Needs“ mplementation Needs

=T Physical Treatmant = Decantation — 3 Demonstration ——P»= The use of the technology to  — Demonstration costs are esti-

(cont.) WPRO0-201-0G This is an accepted process for meet the ¢ .e requirements mated to require up to $ 1 mil-
the separating solids from lig- needs to be demonstrated. lion.

uids. The removal efficiency
for the process can vary from
80 to 80+% depending upon
the materials being separated.

e Gravity Separation —p» Demonstration ~gp The use of the technology to  —Jm Demonstration costs are esti-
WPRO-201-0G Sedimentation is also a varia- 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
particulates from the fiuid.
Removal efficiencies shoutd
generally be greater than 90%.

* Adsorption ~———P» Pre-Demonstration ~——P Further research, development, —The RD&D effort is estimated
WPRO0-202/203-0G The RDA&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 ——3 Demonstration ——® Funther research, development, = The RD&D effort is estimated
WPRO-211/212-0G The RDA&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.
[~ Acid Leaching ~—7»- Demonstration —P»  Further research, development, —B» Demonstrate the effectiveness
WPRO-213-0G 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.
el Gamma Radiolysis ~——p» Evolving Technology =~ —— Further research, development, —®=The RD&D effort is eslimated
WPRO-100-0G The RDA&D effort is estimated and demonstration (RD&D) on to require $ 1.25-2.5 miiiion.
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.
- Supercritical Water ——p» Demonstration -3 Further research, development, —m= Tha RD&D effort is estimated
Oxidation and demonstration (RD&D) on to require $ 1.6 million fora 3
WPRO-216-0G the process to develop the year development plan.
technology to deployment.

The RDA&D effort is estimated
to require $ 2.5 million.

—— Thermal Treatment —T====# Distillation —— Demonstration ——P The use of the technology to = Knowledge of process applica-
WPRO-222-0G 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 need to be
demonstrated. Capital and
operating costs could be high.
Incineration ——p Accepted ~——3 Though an accepted technolo- —m-Knowledge of process applica-
WPRO-108-0G 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 significant. needs to be demonstrated, The RD&D effort is estimated
Also, RD&D is required to to require $ 1.25-2.5 miltion,
develop better understanding
of the process technology to
improve its acceptability.
P Chem Char Process ——3» Pra-Demonstration -~ Further research, development, —¥ The RD&D effort is estimated
WPRO-114-0G The RD&D effort is estimated and demonstration (RD&D) on to require $ 0.75-1.5 million.
to require $ 5 mitlion for a 3« the process to develop the
year R&D program. technology to deployment.
\/ y 2/26/93
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EMGoaIs‘.. ,'; N

* Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

-"EM'-PrgbI’em' :

Decommissioning

Soils, Groundwater
and Surface Water
(RA)

Waste Management -
(WM)

3 Contaminated Oil

_K-25 Site Problem ...

: E'ro'ﬁlem‘ Area/Constituents-

Qil

= Mercury in Oil

——

Technology Logic

Waste Managemen

Reference Requirements |

[~ Non-Hangenated Organics in —® Refer to Volume1, Chapter 10,—3» Waste Processng

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.

Subelements = - Alternatives

—— Thermal Treatment -—
(cont.)

— Biotreatment

Refer to Volume1, Chapter 10,—» Waste Processing ———1——® Physical Treatment Wl

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-specitic characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

—— Chemical Treatment

———® Thermal Treatment ™



y Logic Diagram

ie Management

- Thermal Treatment
(cont)

L.

8 Biotreatment -3

3 Physical Treatment S———

 J

——3» Chemical Treatment s
L Thermal Treatment e
L

_Téi:hno|og"ies'

Molle Salt Oxidation —
WPRO-113-0G

Low Temperature Separatiorr—
WPRO0-220-0G

Anaerobic Digestion
WPRO-224-0G

Decantation ——l
WPRO-201-0G
Filtration ——

WPRO-201-0G

Gravity Separation
WPRO-201-0G

Centrifugation —
WPRO-201-0G
Chenmical Fixation —
WPRO-208-0G
Thermal Desorption —_—
WPRO-106-0G
Moiten Salt Oxidation —

WPRO-113-0G

U status

Demonstration
Further RD&D on the process
is needed to develop the opti-
mum processing conditions.

Pre-Demonstration

~——3 Further research, development, — The D&D effort is estimated

—T

This is an accepted industrial
process for the separation of
low-boiling components from
high-boiling components. The
process can achieve separa-
tion efficiencies greater than

99%.

Pre-Demonstration

-

This is a promising technology

for destroying hazardous

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.

Demonstration

—-

This is an accepted process for
the separating solids from lig-
uids. The removal efficiency
for the process can vary from
80 to 90+% depending upon
the materials being separated.

Demonstration

D

This is an accepted pracess for
separating solids from fluids.

The process can achieve

removal efficiencies greater

than 99%. The use of the

process to meet the site

requirements wiil however,
need to be demonstrated.

Demonstration

B

The use of the technology to

meet the site requirements
needs to be demonstrated.

Demonstration

—

This process is a variation of fil-
tration operations in which cen-
trifugal action is used to sepa-
rate the heavier components
from the lighter fiuid. Removal

efficiencies are generally

greater than 95+%.
Pre-demonstration

——

Development costs are esti-

mated to be $ 1.25 million.

Demonstration

—

Though an accepted technolo-
gy, the use of the technology to

meet the site requirements
needs to be demonstrated.

Also, need to develop better
understanding of the immobi-
lization cemistry and mecha-

nisms.

Pre-demonstration

——

Further RD&D on the process
Is needed to develop the opti-
mum processing conditions.

] I:sgien'ca?Tééh'nblogy Needs

" Implementation Needs *

.

to require $ 1.4 million fora 3
year development effort.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

— The RD&D effort is estimated
to require $ 1-2 miwon to meet
site specific needs.

Further RD&D on the process
is needed to develop the opti-
mum processing conditions.

—» The RD&D effort is estimated
to require $ 1-2 million to meet
site specific needs.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—» Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

The use of the technology to
meet the site requirements
needs to be cemonstrated.

—» Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—» Demonstration costs are esti-
mated to require up to $ 1 mii-
lion.

The use of the technology to
meet the site requirements
needs to be demonstrated.

—® Demonstration coste are esti-
mated to require up to $ 1 mil-
lion.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Demonstrate the effectiveness —# The RD&D effort is estimated
of the technology to meet the 10 require $ 2-5 million. The
site requirements. payback could be significant.

—®Knowledge of process applica-
tion, funding, and regulatory
approval.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development, =% The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.4 million fora 3
the pracess to develop the year devalopment effort.
technology to deployment.
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Technology Lo

Waste Manag¢

* EM Goals: " K-25 Site Problem’ - - | Problem-Area/Constituents .| Reference Requirements Subelements-
% Contaminated Solvents —® RAD in Solvents Refer to Volume1, Chapter 10, Waste Processing — > Physic
. Cleanup Leg acy (Halogenated and Non- for potentially applicable pro-
Halogenated) posed and promulgated envi-
* Prevent Future ronmental iaws, signed and
Insult pending agreements for the
ORR, radiation protection stan-
+ Develop dards, DOE Orders, and non-
i reguiatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

EM.Problem -

Decommissioning

Soils, Groundwater
and Surface Water
RA)

> Chemic.

Waste Management -4—
(WM)




Logic Diagram

Management

<t ,,s

s L}
[

Alternatives

B T'ec_hn_ojog‘iles " Status . ’

Demonstration
This is an accepted process for
separating solids from fluids.
The process can achieve
removal efficiencias greater
than 29%. The use of the
process to meet the site
requirements will however,
need to be demonstrated.

Filtration
WPRQ-201-0G

= physical Treatment

Centrifugation
WPRO0-201-0G

Demonstration —
This process is a variation of fil-
tration operations in which cen-
trifugal action is used to sepa-

rate the heavier components

from the lighter fluid. Removal
efficiencies are generally

greater than 95+%.

Demonstration —
Develop and demonstrate the
effectiveness of the WMES to
minimize site wastes and waste
disposal costs.

Foaming
WPRO-201-0G

Demonstration —
The RD&D etfort to develop
applicable membranes is esti-
mated to require $ 0.75 million.

Ultrafiltration
WPRO-206-0G

Demonstration —
An industrial-scale national
transmutation facility would

need to be developed and built.
The cost for such a “national”
facility is estimated to be in the
billion doliars range and would
require several years to build.

Electrolysis
WPRO-205-0G

HGMS
WPRO0-204-0G

Demonstration i
The implementation needs will

be determined by the site
raquirements.

inorganic Microporous Filters  —e
WPRO-207-0G

Pre-Demonstration —
The RD&D effort to develop
inorganic microporous filters is
estimated to require $ 0.75-1
million. The payback Is estimat-

ed to be $20-25 million based

on significantly reduced waste
disposal costs.

el Adsorption
WPRO-202/203-0G

Demonstration —
The RD&D effort Is estimated
to require $ 1-10 million. The

payback cauld be significant.
-——= Chemical Treatment ——T1——® Chemical Precipitation ——» Demonstration i
WPR0-210-0G The development effort is esti-
mated to require approximately
$ 1 miltion.
t—» Chemical Fixation ———» Demonstration hamae g

WPRO0-208-0G Development costs are esti-

mated to be $ 1.25 million.

i Solvent Extraction
WPRO0-211/212-0G

Demonstration -
The RD&D effort is estimated
to require $ 5-10 million. The
payback could be significant,

R SR - .
! Stience/Technology Needs

B

- Implementation Needs

—» Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

The use ol the technalogy to
meet the site requirements
needs to be demonstrated.

—p» Demonstration costs are esti-
mated to require up to § 1 mil-
lion. '

The use of the technology to
meet the site requirements
needs to be demonstrated.

—» Demonstration costs are esti-
mated 1o require up to $ 1 mil-
lion.

The use ot the technology to
meet the site requirements
needs to be demonstrated.

Further research, development, — The RD&D effort to develop
and demonstration (RD&D) on applicable membranes is esti-
the process to develop the mated o require $ 0.75 million.
technology to deployment.

Further research, development, —# The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 miliion.

the process to develop the

technology to deployment.

=P Demonstration costs are esti-
mated to be $ 0.5-1 miltion.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development, —p» Tha RD&D effort to develop

and demonstration (RD&D) on inorganic microporous filters Is

the process to develop the estimated to require $ 0.75-1

technology to depioyment. million. The payback is esti-
mated to be $20-25 million
based on significantly reduced
waste disposal costs.

Further research, development, — The RD&D effort Is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Demonstrate the effectiveness —» The demonstration effort is
of the technology to meet the estimated to require $ 0.4 mil-
site requirements. lion.

Demonstrate the effectiveness —# The RD&D effort is estimated
of the technology to meet the to require $ 2-5 million. The
site requirements. payback could be significant.

Further research, development, —# The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

2/26/93
6.3-28

AT ' ! yon ot g o o e



EM Goals

+ Cleanup Legacy

+ Prevent Future
Insult

+ Develop
Environmental
Stewardship

" EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management 4-
(WM)

- Contaminated Solvents

(Halogenated and Non-
Halogenated)

K-25 Site Probliem

- Problem A;ea/Ctht,ituents

—® RAD in Solvents

- Heavy Metals in Solvents

“ Reférence Requiirements |

3 Refer t Volum1. Chapter 10,—~¥® Waste Processing

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, specitic regulatory
requirements will be specified.

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.

Technology Logic

Waste Manageme

‘Subelements

. Alternativ

—® Chemical Treatmen{
(cont.)

-3 Thermal Treatment

~—3» Refer to Volume1, Chapter 10,—#» Waste Processing =———————# Physical Treatmant



Logic Diagram

lanagement

Status

. Alternatives

Demonstration
Tha use of the technology to
meet the site requiremants
needs to be demonstrated.

— Chemical Treatment
{cont.)

Acid Stripping
WPRO-213-0G

Bucky Ball Chemistry
WPRO-101-0G

Evolving Technology -
The RDAD effort is estimated
to require $ 2-5 million. The
payback is expected to be sig-
nificant especially because the
scrap aluminum from the site
can be used to dispose of the
nitrate wastes in the Hanford
site tanks. This is expected to
result in significant savings due
to minimizing the wastes to be
disposed at the two sites.

—% Thermal Treatment _“* Incineration

WPRO0-108-0G

Accepted S
The RD&D etfort is estimate::

to require $ 1-2.5 million. The
payback could be significant.

Demonstration ——i
Demonstration costs are esti-
mated to be § 0.5-1 miltion.

Distillation
WPRO0-222-0G

Chem Char Process
WPRO-114-0G

Pre-Demonstration -
The RD&D effon is estimated

to require $ 5 million for a 3-

year R&D program.

Molten Salt Oxidation
WPRO-113-0G

Demonstration —
Further RD&D on the process

is needed to devetop the opti-

mum processing conditions.

Demonstration —
This process Is a variation of fil-
tration operations in which cen-
trifugal action is used to sepa-

rate the heavier components

from the lighter fluid. Removai
efficiencies are generally

greater than 95+%.

=P physical Treatment Centrifugation

WPR-.201-0G

Demonstration I
This is an accepted process for
separating solids from fluids.

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.

Filtration
WPRO-201-0G

Demonstration i
Develop and demonstrate the
effectiveness of the WMES to
minimize site wastes and waste
disposal costs.

Foaming
WPRO-201-0G

' " v [ o

! ww

1 sciencerT echnology Needs

——g Further research, development, —pm-Damonstrate the etfectiveness

and demonstration (RD&D) on
the process to develop the
technology to deployment.

mplementation Needs’

of the technology to meet the
site requirements.

Further research, development, —pm-The RD&D effort to develop the

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Though an accepted technolo-
gy. the use of the technology to

meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

The use of the technology to
meet the site requirements
needs to be demonstrated.

technology is estimated to
require $ 10 million. The pay-
back Is estimated to be in the
range of $ 150 million consider-
ing savings in waste treatment
and disposal casts and poten-
tial spinotis in other fields such
as nuciear medicine and new
materials.

— Knowledge of process applica-
tion, funding, and regulatory
approval.

The RDA&D effort is estimated
to require $ 1.25-2.5 million.

—-Knowledge of process applica-
tion(s) and funding.

Further research, development, —3m-The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million

Further research, development, —# The RD&D effort is estimated

and demonstration (RD&D) on
the pracess to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

to require $ 1.4 million “ora 3
ysar development etfort.

—¥ Demonstration costs are estl-
mated to require up to $ 1 mil-
lion.

—® Demonstration costs are esti-
mated to require up to § 1 mil-
lion.

~»- Demonstration costs are esti-
mated to require up to $ 1 mil-
fion.
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Waste Manag

'EM Goals ‘

Soils, Groundwater
and Surface Water
(RA)

Waste Managementj

K-25 Site Problem

| Problem Area/Constituents - 'Referenéeyﬁéquiremenlts"_ " ‘Subelements

- Contaminated Solvents  ~—p~—I> Hevy Metals in Solvents — Reter to Volumae1, Chapter 10,— Waste Processing
. Cleanup Legacy (Halogenated and Non- for potentially applicable pro- {cont.)
Halogenated) 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-
. regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.
EM Problem
Bty "
Decommissioning
(D&D)
——» Chemic

—» Thermal




* Logic Diagram

> Management

‘Alte’rnativ'es'\

=T Physical Treatment et
{cont.)

pumslie- i trafiltration
WPRO-206-0G

pomnf- Electrolysis
WPRO-205-0G

ossmagiy- HGMS
WPRO-204-0G

+~—3» Inorganic Microporous

Filters
WPRO-207-0G

g Chemical Treatment

* Adsorption

WPRQ-202/203-0G

=== lon Exchange
WPRO0-217/218-0G

p====P Chemical Precipitation
WPRO-210-0G

pnennl- Chemical Fixation
WPRO0-208-0G

* Acid Stripping

WPRO-213-0G

r—b Thermal Treatment e

L3 Bucky Ball Chemistry

WPRO-101-0G

- |NCineration
WPRO-108-0G

t—® Chem Char Process

WPRO-114-0G

-Technologies :

‘ Domonstrallm

Status ©

The RD&D etfort to develop
applicabie membranes is esti-
mated to require $ 0.75 million.

Demonstration
The basic technology is welt
established in industry howev-
er, its application to meet the
site requirements needs to be
developed and demonstrated.
Remaval efficiencies for the
process are in general greater
than 90%.

Demonstration
The implementation needs will
be determined by the site
requirements.

Pre-Demonstration —-
The RDAD effort to develop
inorganic microporous filters is
estimated to require $ 0.75-1
million. The payback is esti-

mated to be $20-25 million

based on significantly reduced
waste disposal costs,

Demonstration

The RD&D effort is estimated
to require $ 1-10 million. The
payback could be significant.

Demonstration
The RD&D effort is estimated
to require $ 1-3 million.

Accepied
The development effort is esti-
mated to require approximately
$ 1 milion,

Demaonstration
Development costs are esti-
mated to be $ 1.25 mitlon.

Demonatration
The usa of the technology to
meet the site requirements
needs to be demonstrated.

Evolving Technology
The RDA&D effort is estimated
to require $ 2-5 million. The
payback is expected to be sig-
nificant especially because the
scrap aluminum from the site
can be used to dispose of the
nitrate wastes in the Hanford
site

Demonstration
The RD&D effort is estimated
to require $ 1-2.5 million, The
payback could be significant.

Prs-Demonstration

The AD&D effort is estimated
to require $ 5 million for a 3-
year R&D program.

D e

D e

—

L

—

——

—

—_—

| science/Technology Needs

—— Further research, evelopmenl, —» The RD&D etfort to develop

and demonstration (RD&D) on
the process to develop the
technology to deployment.

1 Imp,lemen}atiém Needs .

applicable membranes is esti-
mated to require $ 0.75 million.

Further research, development, —¥The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

to require $ 1.25 million.

—= Demonstration costs are esti-

mated to be $ 0.5-1 million.

Further research, development, —pm- The RD&D effort to develop

and demonstration (RD&D) on
the process to develop the
technology to deployment.

inorganic microporous filters is
estimated to require § 0.75-1
million. The payback is esti-
mated to be $20-25 miltion
based on significantly reduced
waste disposal costs.

Further research, development, —gm-The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to depioyment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

to require $ 1.25 million,

— Development costs are esti-

mated (o be $ 1.25 million.

Demonstrate the effectiveness —® The demonstration effort is

of the technology to meet the
site requirements.

estimated to require $ 0.4 mil-
lion.

Demonstrale the effectiveness —3»The RD&D effort is estimated

of the technology to meet the
site requirements.

to require $ 2-5 miltion. The
payback could be significant.

Further research, development, — Demonstrate the effectiveness

and demonstration (RD&D) on
the process to develop the
technology to deployment.

of the technology to meet the
site requirements.

Funther research, development, = The RD&D effort to develop the

and demonstration (RD&D) on
the process to develop the
technology to deployment.

technology is estimated to
require $ 10 million. The pay-
back is estimated to be in the
range of $ 150 million consider-
ing savings in waste treatment
and disposal costs and poten-
tial spinoffs in other fields such
as nuclear medicine and new
materials.

Though an accepted technolo- —» Knowledge of process applica-

gy, the use of the technology to

meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding

tion, funding, and regulatory
approval.

The RDAD ettort is estimated
to require $ 1.25-2.5 million.

Further research, development, —»= Tha RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.
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EM Goals -

+Cleanup Legacy

« Prevent Future
Insult

+Develop
Environmental
Stewardship

s EM“Problemi

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management 4—
(WM)

. 7K-25 Site Problem

- Contaminated Solvents
(Halogenated and Non-
Halogenated)

a

Problem Area/(':onstilue_rits,;

1_» Heavy Metals in Solvets

—# PCB in Solvents

“Reference Requirements |-

i
|
i
i
!
i

Technology Logi

Refer to Volume1, Chapter 10, Waste Processing ~—]

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 wili be specified.

Refer to Volume1, Chapter 10,—» Waste Processing
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Qrders, and non-
regulatory guidance, As site-
and wasta-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

Subelements

Waste Managen

—® Thermal Trea

tr
(cont.) :

- BioTreatment .

———1—#» Physica! Treatr

——» Chemical Treai




Thermal Treatment

(cont.) WPRO-113-0G

BioTreatment  —eme—wmee—pp Biosorption

WPRO-226-0G

=1 Physical Treatment

P> Decantation
WPRO-201-0G

- Foaming
WPRO-201-0G

r» Filtration
WPRO-201-0G

fmmemal-  AdSOrption
WPR0-202/203-0G

|— Chemical Treatment ———-—pmesssii»- Snlyent Extraction
WPRO0-211/212-0G

pames-  Gamma-Radiolysis
WPRO-100-0G

WPRO0-209-0G

enmmape- Stripping
WPRO-213-0G

sl Moiten Salt Oxidation

:’ Chemical Dechlorination

___».

Demonstration —
Further RD&D on the process

is needed to develop the opti-

mum processing conditions.

Pre-Demonstration B o
The RD&D effort is estimated

to require $ 1.5-2 million to fur-

ther develop the process to

meet the site needs.

Demonstration R
This is an accepted process for

the separating solids from lig-

uids. The removal efficiency

for the process can vary from

80 ta 90+% deper.ding upon

the materials being separated.

Demonstration —
Develop and demonstrats the
effectiveness of the WMES to
minimize site wastes and waste
disposal costs.

Demonstration —
This is an accepted process for
separating sotids from fluids.

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.

Demonstration —
The RD&D eftort is estimated
to require $ 1-10 million. The
payback could be significant.

Demonstration —
The RD&D effort is estimated
to require § 5-10 million. The
payback could be significant.

Evolving Technology -
The RD&D etfort is estimated

to require $ 2-5 million. The
payback could be significant.

Pre-Demonstration —
Knowledge of process applica-
tion(s) and funding.

Demonstration —
The use of the technology to

meet the site requirements

needs to be demonstrated.

‘

Further research, development, —9 The RD&D eftort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.4 million fora 3
year development effort.

Further research, development, —jm-The RD&D eftort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs t e demonstrated.

The use of the technology to
meet the site requirements
needs (o be demonstrated.

to requira $ 1-3 million.

~—p=Demonstration costs are esti-
mated to require up to $ 1 mil-
tion.

—®- J2moansire’. i costs are esti-
mated to require up to $ 1 mik-
lion.

—® Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

Further research, development, -~ The RD&D effont is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.25 million.

Further research, development, —¥The RD&D effort is estimated

and demanstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1-2.5 million. The
payback could be significant.

Further research, deveiopment, —»- The RD&D effort is estimated

and demonstration (RD&D) on
the process to deveiop the
technology to deployment.
Demonstrate the effectiveness
of the technology to meet the
site requirements.

to require $ 1.25-2.5 million.

Further research, development, —pmThe RD&D effort Is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.25-2.5 million.

Further research, development, . Demonstrate the effectiveness

nd demonstration (RD&D) on
the process to develop the
technology to deployment.

N O RO TR AT

of the technology to mect the
site requirements.
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6.3-31

|

(A

1



" EM Goals

Contamiat Solvents
(Halogenated and Non-

+ Cleanup Legacy Halogenated)

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

o A
% +EM Problem’
‘.‘:3",,

JeLcmmissioning

Soils, Groundwater
and Surface Water
(RA)

| .

Waste Management -

K-25 Site Problem

- Contaminated Mercury  ——e—jp-

Problem Area/Constituents

-—3 PCB i Solvents

RAD (including Tc)
in Mercury

|- Contaminated Specialty Freonsgss + Freons

«RAD
« Qils
 Metals

- Reference Requirements |

Technology Lo

Waste Mana

———— Refer to Volume1, Chapter 10, ~¥» Waste Pmcessing —_—

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 fo, each tech-
nology, specific regulatory
requirements will be specified.

3 Rafer to Volume1, Chapter 10, —pm» Waste Processing

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.

Refer to Volume?, Chapter 10, % Waste Processing
for potentially applicable pro-
posed and promulgated envi-
ronmental laws, signed ana
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-
nalogy, specific regulatory
requirements will be specified.

———— Physia




-~ Thermal Treatment * Incineration

WPRO-108-0G

emnmelpe- Molten Salt Oxidation
WPRO-113-0G

P> Distillation
WPRO-222-0G

-~~~ Chem Char Process
WPRO-114-0G

e3> Mictobial Dechlorination
WPRO-227-0G

——3- Biotreatment

eam———eJp» Gravity Separation
WPRO-201-0G

- Physical Treatment

j L Chemical Treatment Leaching

WPRO-213-0G

Chemical Precipitation
WPRO-21-0G

B ——» Thermal Treatment » Distillation

WPRO-222-0G

——P Physical Treatment ————mmeseipe- Gravity Separation
WPRO-201-0G

Filtration
WPRO-201-0G

_—>

—_—

-——-»

———

Accepted
The RD&D effort is estimated
to require $ 1-2.5 million. The
payback could be significant.

Demonstration ——
Further RD&D on the process

is needed to develop the opti-

muin processing conditions.

Demonstration —
Demonstration costs are esti-
mated to be $ 0.5-1 million.

Pre-Demonstration —
The RD&D effort is estimated

to require $ 5 million for a 3-

year R&D program.

Evoliving Technology e
This process is at an early

stage of development. Based

on the available information, it
appears the process should be

able to achieve destruction effi-

ciencies greater than 80%.

Demonastration —-
Development and demonstra-

tion of the WMES is estimated

1o require $ 3-5 million. The
savings from implementing the
system could be around § 1 bil-

tion or more.

Demonstration e
The use of the technology to

meet the site requirements

needs to be demonstrated.

Demonstration e
The development effort is esti-
mated to raquire approximately

$ 1 miltion.

Demonstration e o
Demonstration costs are esti-
mated to be $ 0.5-1 million.

Demonstration ——
Development and demonstra-

tion of the WMES Is estimated

to require $ 3-5 million. The

savings from implementing the
system could be around $ 1 bil-

lion or more.

Demonstration e
This is an accepted process for
separating solids from fluids.

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,

gy. the use of the technology to
meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to depioyment.

Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

The use of the technology to
meet the site requirements
needs to be demonstrated.

Further research, development,

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Demonstrate the effectiveness
of the technology to meet the
site requirements.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

The use of the technology to
meet the site requirements
needs to be demonstrated.

ey I Wy

~——g Though an accepted technolo- - Knowledge of process applica-

tion, funding, and regulatory
approval.

The RDA&D effort is estimated
to require $ 1.25-2.5 million.

—3» The RDA&D effort is estimated
to require $ 1.4 million fora 3
year development effort.

—®Knowledge of process applica-
tion(s) and funding.

—»The RD&D effort is estimated
to require $ 0.75-1.5 million.

—>The RD&D effort is estimated
to require $ 5-10 million. The
payback could be significant.

—3» Demonstration costs are esti-
mated to require up to § 1 mil-
lion.

~» Demonstrate the effectiveness
of the technology to meet the
site requirements.

—p» The demonstration etfort is
estimated to require $ 0.4 mil-
lion.

0y

= Knowledge of process applica-
tion(s) and funding.

—p-Demonstration costs are esti-
mated to require up to $ 1 mil-
fion.

—»- Demonstration costs are esti-
mated to require up to § 1 mil-
lion.
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Technology Logic

Waste Management

K- 25 Site Problem -]_. " Problem Area/Consntuents Reference Requlren’\ems ' Subeiements R . Aliernatives

 EM Goals_

NG

- Contaminated Specialty Freons-> + Freons —'—'—P Refer to Volume1 Chapter 10, > Waste Processmg > Physlcal Trealment —
* Cleanup Legacy *RAD for potentially applicable pro- (cont.)
» Oils posed and promulgated envi-
* Prevent Future « Metals ronmental laws, signed and
Insult pending agreements for the
ORR, radiation protection stan-
* Develop dards, DOE Orders, and non-

n regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

f—g» Chemical Treatment ‘==

'EM Problem .
. = ; Co L—-I» Thermal Treatment -

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management
(WM)

vl

o o ' Wy

Teo e rmh ' 0 " p o e



Logic Diagram

Management

Alternatives

i Physical Treatment

Technbjogiés_ :

—— |norganic Microporous Filters —#»

| (cont.) WPRO-201-0G
i
H
1
i
: * Adsormption e
: WPRO0-202/203-0G
—» Chemical Treatment ==l Solvent Extraction —

— Thermal Treatment

WPRO0-211/212-0G

gl Distillation —_—

WPRO-222-0G

WPRO-223-0G

t~—3p Chem Char Process -

WPRO-114-0G

i Evaporation e

‘ Stétu_s_' .

Pre-Demonstration -
The RD&D effort to develop
Inorganic microporous filters is
estimated to require $ 0.75-1

million. The payback is esti-

mated to be $20-25 million

based on significantiy reduced
waste disposal costs.

Pre-Demonstration Ly g
The RD&D effort is estimated
to require $ 1-10 million. The
payback could be significant.

Demonstration ——
The RD&D effort is estimated
to require $ 5-10 milllon. The
payback could be significant.

Demonstration —>
Demonstration costs are esti-
mated to be $ 0.5-1 million.

Demonstration e
Demonstration costs are esti-

mated to require up to $ 1 mil-

lion.

Pre-Demonstration ——
The RD&D effort is estimated

to require $ 5 million for a 3-

year R&D program.

|- SciencerT echnology Needs

Further research, development, —#» The RD&D eon to develop

and demonstration (RD&D) on inorganic microporous filters is
the process to develop the estimated to require $ 0.75-1
technology to deployment. million. The payback is esti-

mated to be $20-25 million
based on signiticantly reduced
waste disposal costs,

Further research, development, —mThe RD&D effort is estimated
and demonstration (RD&D) on to require $ 1.25 million.

the process to develop the

technology to deployment.

Further research, development, = The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.

technology to deployment.

The use of the technology to  — Knowledge of process applica-
meet the site requirements tion(s) and tunding.
needs to be demonstrated.

The use of the technology to  —I»Knowledge of process applica-
meet the site requirements tion(s) and funding.
needs to be demonstrated.

Further research, development, —»- The RD&D effort is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology to deployment.

2/26/93
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. EM Goals -

+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

- K-25 Site Problem -

RA, and WM Operations

' EMProblem

Decommissioning —
(D&D)

Soils, Groundwater <
and Surface Water
(RA)

Waste Management -

L

P Waste Off-Gases from D&D, —

Problem Are‘a/Constiluents

- VOCs in Gases

Technology L. o«

Waste Manag

"Reference Requirements |-

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.

_* Subelements

— Refer to Volume1, Chapter 10, —B» Waste Processing =]

> Physical

[——3 Chemical




o Chemical Treatment

ogic Diagram

nagement

* Technologies - ~‘Status

' 'A!ternati\}es o

- Physical Treatment ~—-——pew==eal» Low Temperature Separation —# Pre-Demonstration

WPRO-220-0G This is an accepted industrial
process for the separation of
low-boiling components from
high-bolling components. The
process can achieve separa-
tion efficiencies greater than
99%.

puamsalpe- INOrganic Membrane
Separation
WPRO-300-0G

— Pre-Demonstration
The RD&D effort to deveiop
inorganic microporous filters is
estimated to require $ 0.75-1

ed to be $20-25 million based
on significantly reduced waste
disposal costs.

~» Pre-Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
radioactive species using vari-
ous adsorbing media. Further
development is necessatry to
develop more effective adsorp-
tion media for the treatment of
mixed waste contaminated liq-
uids. Development would
include for example, scale-up
studles, development of high
surface area and appropriate
particle size media for continu-
ous oparations, and the devel-
opment of appropriate media

Adsorption
WPRO-202/203-0G

aminants.

- Demonstration
Scrubbers are comercially
available though need to be
demanstrated for particular
applications at K-25.

bl Scrubbers
WPRO-301-0G

sl Solvent Scrubbing

WPRO-211/212-0G

—» Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors}) is
demanstrated 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-

— Further RD&D on the process
is needed to develop the opti-
mum processing conditions.

R Scienc_dfécr‘mology‘Needsv

—The RD&D effort is estimated
to requira $ 1-2 million to meet
site spacific needs.

—gp Further research, development, —»The RD&D effort is estimated

and demonstration (RD&D}) on

the process to develop the
technology to deployment.

million. The payback is estimat-

to require $ 1.5-2 million to fur-
ther develop the process to
meet the site needs.

—pp- Further research, development, —pmThe RD&D effort is estimated

and demonstration (RD&D) on

the process to develop the
technology to deployment.

for the removal of various cont-

to require § 1.25 million.

—3p= Though an accepted technolo- —gm-Knowledge of process applica-
gy. the use of the technology to

meet the site requirements
needs to be demonstrated.

tion{s) and funding.

-3 Further research, development, —gThe RD&D effort is estimated

and demonstration (RD&D) on

the process to develop the
technology to deployment.

cessing sites for over 25 years.

The technology can be appfied
to treat and recover a wide
range of contaminant concen-
trations. The advantages of
the centritugal contactor based
axtraction process are its rela-
tively smali size, small hold-up
volume, and rapid start-up
characteristics.

' m " I " W e ' I oo

[

e

to require $ 1-2.5 million. The
payback could be significant.
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’ ‘E"'M‘Gbals

+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

*EM Problem -

Decommissioning —

Soils, Groundwater —
and Surface Water
(RA)

Waste Management A
(WM)

L

' K-25 Site.Problem .

- Waste Off-Gases from D&D, ™
RA, and WM Operations

P> VOCs in Gases

-3 Non-Volatile Organics
in Gases

,Problem A:rea/C‘onSli‘luem,s o

Technology Lo¢

—»» Refer to Volumet, Chapter 10, —» Waste Processing = ~e——————- Thermal

for potentially applicable pro-
posed and promulgated envi-
ronmentat laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Orders, and non-
regulatory guidance. As site-
and waste-specitic characteris-
tics are provided for each tech-
nology, specific regutatory
requirements will be specified.

' Reference Requirements " |-

Waste Manag

Subelements -

-~ Refer to Volume1, Chapter 10, —»= Waste Processing —r—p» Physical i

far 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 regutatory
requirements will be specified.




Logic Diagram

Management

" .1 Alternatives’ Technologies’ Status -

—p- Accepted
The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
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.

mgi-Incineration

= Thermal Treatment —
WPRO-108-0G

—® pPre-Demonstration
This technology has been
demonstrated to be effective
(DRE>99+%) for the destruc-
tion of liquid and gaseous
organic wastes. However, its
use to remove and destroy the
organics from solids needs
additional RD&D.

i C atalytic Destruction
WPRO-109-0G

- Molten Salt Oxidation
WPRO-113-0G

—» Demonastration
This is not a new pracess how-
ever, its application fo: treating
hazardous and radioactive con-
taminants has not been
demonstrated. One advantage
of the process is that the
process and equipment ig
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% efficienc. Additional
RDA&D is required to fully devel-
op the process to treat mixed

—

wastes.
b~ Electron Beam Destruction —= Pre-Demonstration
WPRO-304-0G Development work with the
compounds of interest at the
bench scale needs to be done
to justify scale-up testing.
- Steam Stripping — Demonstration -
WPRO-221-0G This is an accepted industrial

process that can remove
volatile organics with >99+%
efficiency especially from cont-
aminated aqueous streams.
The application of the process
to satisfactority remove haz-
ardous and radioactive species
needs to be demonstrated.

- Flameless Thermal Oxidizers —
WPRO-305-0G

Demonstration

Development work with the
compounds of interest at the
bench scale needs to be done
to justify scale-up testing.

—

——» Physical Treatment =~ ————» | ow Temperature Separation —*~ Pre-Demonstration

WPRO0-220-0G This Is an accepted industrial
process for the separation of
low-boiling components from
high-boiling components. The
procass can achieve separa-
tion efficiencies greater than
99%.

i

 Science/T echnology Needs

meet the site requirements
needs to be demonstrated,
Also, RD&D is required to
develop better understanding
of the process technology to
improve its acceptability.

“implementation Needs

-3 Though an accepted technolo- —jm-Knowtedge of pracess applica-
gy, the use of the technology to

tion, funding, and regulatory
approval.

Further research, development, = The RD&D effort is estimated

and demonstration (RD&D) on

the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.

Further research, development, —pm-The RD&D effort is estimated

and demonstration (RD&D) on

the process to develop the
technology to deployment.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.4 million fora 3
year development effort.

~—p» Further research, development, —pm-The RD&D effort is estimated

to requira $ 0.75-1.5 million,

Demonstrate the effectiveness —®>The RD&D effort is estimated

of the technology to meet the
site requirements.

to require $ 1-2 million to meet
site specific needs.

Further research, development,—#» The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

Further RD&D on the process
is needed to develop the opti-
mum processing conditions.

to require $ 1-1.5 million.

~—» The RD&D effort is estimated
to require $ 1-2 million to meet
site specific needs.

2/26/93
6.4-2



Technology Logic

Waste Managemet

ry

"'EM Goals i K-25 Site Problem

Problem Area/Constituents | Reference Requirements -Subelements -
- Waste Off-Gases from D&D, T Non-Volatile Organics in Gases—¥ Refer lo Volume1, Chapter 10, —» Waste Processing r# Physical Treatment
«Cleanu p Legacy RA, and WM Operations for potentially applicabte pro- (cont.)
(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-
. regulatory guidance. As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
requiraments will be specified.

EM Pro‘falem ‘

Decommissioning — L~ Chemical Treatment
(D&D)

-

A

Soils, Groundwater T
and Surface Water
(RA)

~® Thermal Treatment

| =

Waste Management
(WM)




.ogic Diagram

anagement

' Alternativés

= Physica Treatment
{cont.)

=3 Inorganic Membrane
Separation
WPRO-300-0G

b=l Filtration
WPRO-201-0G

wip- Scrubbers
WPRO-301-0G

- Sclvent Scrubbing
WPRO-211/212-0G

- Chemical Treatment

—————mi»~ incineration
WPRO-108-0G

—® Thermal Treatment

=g Catalytic Destruction
WPRO-109-0G

Technologies .

Status®

— Pre-Demonstration
The RD&D effort to deveiop
inorganic microporous fifters is
estimated to require $ 0.75-1
miflion. The payback is estimat-
ed to be $20-25 million based
on significantly reduced waste
disposal costs.

- Demonstration
This is an accepted procass for
separating solids from fluids,
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.

—» Demonstration
Scrubbers are comercially
available though need to be
demonstrated for particular
applications at K-25.

—3»- Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
demonstrated technology for
the separation of heavy metals
or arganics from aqueous or
organic solutions. Centrifugal
contactor based processes for
the separation and recovery of
radionuclides has been tach-
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 technoio-
gy when used with other waste
treatment processes would
enhance the overall waste
treatment strategy. However,
the use of the technology tar
the treatment of solid wastes
requires additional RD&D.

— Accepted
The EPA considers incineration
to be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 98.999% for cer-
tain organics. However, addi-
tional RD&D on several
aspects of incineration is still
required.

—# pre-Demonstration
The EPA considers incineration
1o be the best demonstrated
available technology (BDAT)
for the destruction of organics.
Incineration can achieve DREs
greater than 99.999% for cer-
tain organics. However, addl-
tional RD&D on several
aspects of incineration is stil
required.

Sciencé’f echnoiogy Needs. |

—3» Further research, development, —~Tha RD&D effort is estimated

~—® The use of the technology to

o

Implementation Needs

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.5-2 miltion to fur-
ther develop the process to
maet the site needs.

~—-Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

meet the site requirements
needs to be demonstrated.

Though an accepted technolo- —m-Knowledge of process applica-
gy. the use of the technology to tion(s) and funding.

meet the site requirements

needs to be demonstrated.

—p» Further research, development, —p»The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1-2.5 million. The
payback could be significant.

—P» Though an accepted technolo- —p-Knowledge of process applica-

gy. the use of the technoiogy to
meet the site requirements
needs to be demonstrated.

tion, funding, and regulatory
approval.

- Further research, development, —pm-The RD&D effort is estimated

and demonstration {RD&D) on
the process to develop the
technology to deployment.

to require $ 0.75-1.5 million.
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Technology L oO¢

Waste Manag

K-25 Site Problem ™

' Subele,niénis, ‘

i Prbblenﬁ Area/Constituents

Reference Requirements

—» Waste Oﬂ-Gaseshom DD. -7

Non-Volatile Organics in Gases ™ Refer to Volume1, Chapter 10, —®>Waste Processing =~ Thermal
« Cleanup Legacy RA, and WM Operations for potentially applicable pro- (cont.)
{cont.) posed and promulgated envi-
» Prevent Future ronmental laws, signed and
Insuit pending agreements for the
ORR, radiation protection stan-
* Develop dards, DOE Orders, and non-
i regulatory guidance. As site-
Environmental and waste-spaecific characteris-
Stewardship tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

"EM Problem

Decommissioning —{
(D&D)

H» Particulates in Gases ———— Refer to Volumet, Chapter 10, —» Waste Processing ~————r» Physical
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-
Soils, Groundwater — regulatory guidance. As site-
and Surtface Water and waste-specific characteris-
(RA) tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

L

|

Waste Management




Logic Diagram

Management

Alternatives . ‘Jechnologies | .. Status .
—» Demonstration —
This is not a new process how-
ever, its application for treating
hazardous and radioactive con-

taminants has nat 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% efficienc. Additional
RD&D is required to fully devel-
op the process to treat mixed
wastes.

Movar: Salt Oxidation
Vit ¢4 3-113-0G

—— Themal Treatment
(cant.)

> Electron Beam Destruction =3 Pre-Demonstration —
WPRO-304-0G Development work with the
compounds of interest at the
bench scale needs to be done

to justify scale-up testing.

=g Steam Stripping
WPRO-221-0G

—p»- Demonstration
This is an accepted industrial
process that can remave
volatile organics with >89+%
efficiency especlally from cont-
aminated aqueous streams.
The application of the process
to satisfactorily remove haz-
ardous and radioactive species
needs to be demonstrated.

L> Flameless Thermal Oxidizers -3 Demonstration

WPRO0-305-0G Development work with the
compounds of interest at the
bench scale needs to be done
to justify scale-up testing.

—» Pre-Demonstration
The RD&D effort to develop
inarganic microporaus filters is
estimated to require $ 0.75-1
million. The payback is estimat-
ed to be $20-25 million based
on significantly reduced waste
disposal costs.

—

——p- Physical Treatment ~————p=ip> Inorganic Membrane
Separation

WPRO-300-0G

—

- Adsorption
WPRO-202/203-0G

— Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop more elfective adsorp-
tion media for the treatment of
mixed waste contaminated lig-
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.

—

Science/T: echhql,ogy Ne_e'ds

- Implementation Neé:ds’

. I : Uy
Further research, development, —pm-The RD&D effort is extimated
and demonstration (RD&D) on to require $ 1.4 million tora 3
the process to develop the year development effort.
technology to deployment.

Further research, development, —g-The RD&D effort is estimated
and demonstration (RD&D) on to require $ 0.75-1.5 million.
the process to develop the

technology fo deployment.

Demonstrate the effectiveness . The RD&D effort is estimated
of the technology 1o meet the to require $ 1-2 million to meet
sita requirements. site specific needs.

Further research, development, —=The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-1.5 miliion.

the process to develop the

technology to deployment.

Further research, development, —@»The RD&D effort is estimated
and demonstration (RD&D) on 10 require $ 1.5-2 million to fur-
the process to develop the ther develop the process o
technology to deployment. meet the site needs.

Further research, development, —p»The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1,25 million,

the process to develop the

technology to deployment.
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- .EM Goals

+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

" EM Problem

Decommissioning —
(D&D)

Soils, Groundwater —
and Surface Water
(RA)

Waste Management -

(WM)

K-25 Site Prbbiem

- Waste Off-Gases from D&D,
RA, and WM Operations
(cont.)

L

~» Particulates in Gases

(cont))

‘Problem Area/Céhstitue

Technology Logic

Waste Manageme

s |

Reference Requirements

. . o . I N . . N
- Refer to Volume1, Chapter 10, —p» Waste Processing

for potentially applicable pro-

posed and promulgated envi-

ronmentael laws, signed and

pending w.3reements 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.

" Subelements "

-)- Phycal Treatment

(cont.)

- Chemical Treatment.




Logic Diagram

Management

Vo

.. Status

—3 Demonstration
This is an accepted process for
separating solids from fiuids.
The process can achieve
removal efficiencies greater
than 99%. The use of the
procass to meet the site
requirements will however,
need to be demonstrated.

—& Demonstration
Scrubbers are comercially
available though need to be
demonstrated for particular
applications at K-25.

. Alternatives .- " Technologies
- Filtration
WPRO-201-0G

- Physical Treatment
(cnt)

o

g Scrubbers

WPRO-301-0G

- Cyclone Separation
WPRO-302-0G

—» Evolving Technology
Application of commercially
available cyclones to specific
K-25 problems must be investi-
gated before full-scale use

L> HGMS

WPRO- 204-0G

= Demonstration
The treatment is commercially
available for example, for the

kaolin clays. Removal efficien-

than 99%. However, its use to

treat mixed waste contaminat-

ed fluids needs additional

RD&D.

- Chemical Treatment =g Solvent Scrubbing
WPR0-211/212-0G

~—3» Demonatration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
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.

\
il

non

—p» The use of t

—» The use of the technology to

v -
ot

5 'In‘\b_llementa‘tid‘n Needs. *

: 'Sc‘,;iencdl' ei:hnoiogy—Nee’B_S k

he technology to
meet the site requirements
needs to be demonstrated.

—p»-Demonstration costs are esti-
mated to require up to $ 1 mil-
lion.

—» Though an accepted technolo- —-Knowledge of process applica-
gy. the use of the technology to tion(s) and tunding.
maet the site requirements
~eeds to be demonstrated.

-~ Though an accepted technolo-
gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

—pDemonstration costs are esti-
mated to require up to $ 1 mil-
lion.

—¥»Demonstration costs are esti-
meet the site requirements mated to be $ 0.5-1 million.

needs to be demonstrated.

removal of trace impurities from

cies for the process are greater

—3p~ Further research, development, —p=The RD&D effort is estimated
and demonstration (RD&D) on to require $ 1-2.5 million. The
the process to develop the payback could be significant.
technology to deployment.

2/26/93
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EM Goals -

+ Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

Waste Off-Gases from D&D,

RA, and WhA Cperations
(cont.)

- ."EM Problem ’

Decommissioning —
(D&D)

Soils, Groundwater —
and Surface Water
(RA)

Waste Management -

K-25 Site Ffr‘o,blem '

( B

P Particulates in Gases
(cont.)

—3 Inorganics in Gases

| Problem Area/Constit ~'Reference Requirements

—p Refer to Volume1, Chapter 10, ~gm- Waste Processing

———» Refer to Volume1, Chapter 10, —» Waste Processing

Technology Lodi

Waste Manag

- Subelements Al

= Thermal Ti
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 regutatory
requirements will be specified.

——» Physical
for potentially applicable pro-
posed and promuigated 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.



Themal Treatment
WPRO-113-0G

Physical Treatment ~————wipe- |NOrganic Membrane
Separation
WPRO-300-0G

== Adsoprtion
WPRO-202/203-0G

- Filtration

WPRO-201-0G

= Scrubbers

WPRO-301-0G

=3 Cyclone Separation
WPRO-302-0G

- Molten Salt Oxidation

—p» Demonstration
This is not a new process how-
evaer, its application for treating
hazardous ani radioactive con-
taminants has not been
demonstr='ed. One advantage
of the or ;coss is that the
procas: . cod aquipment is
transporithig (as opposed to a
fixed freatment facility) and can
be located near the waste site.
The process should be capable
of destroying organics with a
>99% efficienc. Additional
RDAD is required to fully devel-
op the process to treat mixed
wastes.

—» Pre-Demonstration —

The RD&D effort to develop
inorganic microporous filters is
estimated to require $ 0.75-1
mitlion. The payback is estimat-
ed to be $20-25 million based
on significantly reduced waste
disposal costs.

—» Pre-Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
radioactive species using vari-
ous adsorbing media. Further
development is necessary to
develop mare 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 cantinu-
ous operations, and the devel-
opment of appropriate media
for the removal of various cont-
aminants.

— Demonstration
This is an accepted process for
separating solids from fluids.
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.

—> Demonstration
Scrubbers are comercially
avallable though need to be
demonstrated for particular
applications at K-25.

3= Demonstration
Application of commercially
avallable cyclones to specific
K-26 problems must be investi-
gated before full-acale use

—3»= The use of the technology to

oo ' 1 o ' ' W il ' '
—p» Further research, development, —gm-The RD&D effort ts estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.4 millionfora 3
year development effort.

Further research, development, —3-The RD&D affort is estimated
and demonstration (RD&D) on ta require $ 1.5-2 million to fur-
the process to develop the ther develop the process to
technology to deployment. rmeet the site needs.

~—P Further research, development, —3»The RD&D effort is estimated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

to require $ 1.25 rnillion.

—pwDemonstration costs are esti-
meet the site requirements mated to require up to $ 1 mii-
needs to be demonstrated: lion.

- Though an accepted technolo- —e-Knowledge of process applica-

gy, the use of the technology to
meet the site requirements
needs to be demonstrated.

tion(s) and funding.

—3» Though an accepted technolo- —Js=Demonstration costs are esti-

gy, the use of the technology to mated to require up to $ 1 mil-
meet the site requirements lion,
needs to be demonstrated.

2/26/93
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» Cleanup Legacy

* Prevent Future
Insult

* Develop
Environmental
Stewardship

. “EM Problem.

Decommissioning —H
(D&Dj)

i

Soils, Groundwater —
and Surface Water
(RA)

- Waste Off-Gases from D&D,
RA, and WM Operations
(cont.)

Waste Management «
(WM)

(cont.)

—¥- Radioactive Elements
in Gases

i ' ' It
~# Inorganics in Gases

—_— Rérer to Vofdmm. Chapté} 10, = Waste Proéesémg

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.

- Rafer to Volume1, Chapter 10, =¥ Waste Processing

for potentially applicable pro-
posed and promuigated 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
requiremsnts will be specified.

ny il [ ' "
—# Physical Treatment
(cont.)

‘—»= Chemical Treatment

————1-# Physical Treatment

-—q’




ik

.0ogic Diagram

anagement

Alte"r.na‘tives'

e wp HGMS
WPRO-204-0G

» Physical Treatment
(cont.)

= Chemical Treatment e Solvent Scrubbing

WPRO-211/212-0G

. SCrubbers
WPRO0-301-0G

B Physical Treatment

- Adsorption

WPRO-202/203-0G

L»Fil!raiion

WPRO-201-0G

Tech nbl\ogies S

[NENT

— Demonnrati

’ ‘Status

The treatment is commercially
available for example, for the

-3 The use of the technology to

meet the site requirements
needs to be demonstrated.

removal of trace impurities from

kaolin clays. Removal efficien-

cles for the process are greater

than 99%. However, its use to
treat mixed waste contaminat-
ed fluids needs additional
RDA&D.

—P Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) Is
demonstrated technology for
the separation of heavy metals
or organics from aqueous or
organic solutions. Centritugal
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 cantaminant 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.

—» Demonstration
Scrubbers are comercially
availabie though need to be
demonstrated for particular
applications at K-25.

—p~ Pre-Demonstration
Laboratory studies indicate
removal efficiencies greater
than 90% for the removal of
radioactive species using vari-
ous adsarbing media. Further
development is necessary to

~—®> Further research, development
and demonstration (RD&D) on
the process to develop the
technology to deployment.

- Sciénqeffechnolc‘)gy"Need‘s

~—p-Demonstration costs are esti-
mated to be $ 0.5-1 riltion.

, —»-The RDAD effort is estimated
to require $ 1-2.5 million. The
payback cauld be significant.

Implementation Needs -

~—3» Though an accepted technolo- —pe-Knowledge of process applica-

gy, the use of the technology to

meet the site requirements
needs to be demonstrated.

— Further research, development
and demonstration (RD&D) on
the process to develop the
technology to depioyment.

develop more effective adsorp-

tion media for the treatment ot
mixed waste contaminated lig-
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-
apment of appropriate media

for the removal of various cont-

aminants.

-3 Demonstration

This is an accepted process for

saparating solids from fluids.
The process can achieve
removal efficlencies greater
than 89%. The use of the
process to meet the site
requirements will however,
need to be demonstrated.

" . e g

=¥ The use of the technology to
meet the site requirements
needs to be demonstrated.

t i ERTRNT RN

tion(s) and funding.

, —»-The RD&D effort is estimated
to require $ 1.25 million.

—®Nemonstration costs are esti-

mated to require up to $ 1 mil-

lion.
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B 'EM G-_o'als f}

*Cleanup Legacy

* Prevent Future
Insuit

* Develop
Environmental
Stewardship

EM Problem

Decommissioning —

Soils, Groundwater —
and Surface Water
(RA)

L

. 'K-25 Site Problem' .
: T ' P . ] R R .
~p» Waste Off-Gases from D&D, ~¥ Radioactive Elements

RA, and WM Operations in Gases
(cont.)

—> Waste Gases of Unknown - Orphan Gas Cylinders

Characteristics from D&D and with No Information on
RA Operations ( some possi- Cylinder Contents

bly in cylinders of uncertain

integrity)

-

Waste Management -
(WM)

Problem Area/Constituents

Technology Lo

Waste Managg¢

‘Reference Requirements

—— Refer t Volume1, hapter 10, = Waste Processing

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 characterls-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

——— > Refer to Volumea1, Chapter 10, —» Waste Processing

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-spacific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

_Siébe|éme'njs

» Chemical g

——» Physical




Logic Diagram
Management

“Alternatives Technologies

~—» Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g., centrifugal contactors) is
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 2 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.

- Solvent Scrubbing
WPRO-211/212-0G

Chemical Tralment

=3 lon Exchange
WPRO0-217/218-0G

— Demonstration
This is one of the accepted
methods used in industry for
treating liquids. Treatment effi-
ciencias can be greater than
99% depending upon the appli-
cation, the ion exchange
media, and the solutes to be
removed.

—p»- Bucky Ball Chemistry

-~ Evolving Technology
WPRO-101-0G

This is a novel technology that
has many potential applications
in fields such as mixed wastes
treatment, nuclear medicine,
tribology, and material science.
Conceptually, the technology is
sophisticated (uses lasers) and
yet simple. For mixed wastes
treatment, the process would
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.

—p» Physical Treatment Recharacterize
WPR-303-0G

—3» Accepted

Repackage
WPRO-303-0G

—» Accepted

a Scienéefl’ echnology Needs ‘

— Funhe research, developmnt, —p»-The RD&D effort is estmated

and demonstration (RD&D) on
the process to develop the
technology to deployment.

-3 The use of the technology to

meet the site requirements
needs to be demonstrated.

and demonstration (RD&D) on
the process to develop the
technology to deployment.

meet the site requirements
needs to be demonstrated.

meet the site requirements
needs to be demonstrated.

Implementation Needs :

to require $ 1-2.5 million. The
payback could be significant.

—»Development costs are esti-

mated to be $ 1.25 million.

—3» Further research, development, —The RD&D effort to develop the

tachnology is estimated to
require $ 10 million. The pay-
back is estimated to be in the
range of $ 150 million consider-
Ing savings in waste treatment
and disposal costs and poten-
tial spinoffs in other fields such
as nuclear medicine and new
materials.

= Though an accepted technolo- —¥»Knowledge of process applica-

gy, the use of the technology to tion(s) and funding.

=¥ Though an accepted technolo- —#Knowledge of process applica-
gy. the use of the technology to

tion(s) and funding.

2/26/93
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Technology LoO¢

Waste Manag

.. EMGoals K-25 Site Problem Problem Area/Constituents , | . .Reference Requirements: “ Subelements -
—» Waste Gases of Unknown —p» Orphan Gas Cylinders ————m= Refer to Volume1, Chapter 10, —p» Waste Processing ——_ga Chemical
« Cleanup Legacy Characteristics from D&D and with No Information on for potentially applicable pro-
RA Operations ( some possi- Cylinder Contents posed and promulgated envi-
* Prevent Future bly in cylinders of uncertain (cont.) ronmental laws, signed and
Insult integrity) pending agreements for the
ORR, radiation protection stan-
= Develop dards, DOE Orders, and non-
. regulatory guidan:  As site-
Environmental and waste-specific characteris-
Stewardship tics are provided for each tech-
nology, specific reguiatory
requirements will be specified.

EM~P'ro'b|ém :

Decommissioning —H
(D&D)

Soils, Groundwater —
and Surface Water
(RA)
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Waste Management A
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Logic Diagram

danagement

“Status

 Alternatives Technologies.

—pm Demonstration
Continuous solvent extraction
in counter-current contactors
(e.g.. centrifugal contactors) is
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 ot
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.

e SOIvent Scrubbing
WPRO-211/212-0G

—po Chemical Treatment

Science/Technology Needs Impleméntation Needs

—p» Further research, development,
and demonstration (RD&D) on
the process to develop the
technology to deployment.

- The RDAD effort is estimated
to require $ 1-2.5 million. The
payback could be significant.
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+ Cleanup Legacy

* Prevent Future
Insult

+* Develop
Environmental
Stewardship

EM Problem.

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

Waste Management -
(WM)

| E—

K-25 Site Problem.

- Contaminated Solid Wastes —p»

N ) ¢ ’
- Problem Area/Constituents

Scrap Transite

Scrap Asbestos Pipe &
Insulation

Other Scrap Bldg.Materials
Scrap Porous Nickel

Scrap Aluminum, Copper, and
Other Non-Ferrous Metals
(Other than Nicket)

Scrap Steel

Scrap Plastic, Paper, and Cloth
Contaminated Clothing and
Rags

Waste UOoFo

Spent lon Exchange Media

Waste Processing Residuals

— -
Contaminated Concrete Rubble

— ot

Technology Logi

Waste Managem

Reference Requirements

- Rafer to Volume1i, Chapter 10,~~9 Waste Stabilization

for potentially applicable pro-
posed and promuigated 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.

- Sub'elemenl'sv

—— Solidification

——® Macroencapsulat

[ Microencapsulati

— Chemical Fixatios



Logic Diagram

Management

Solidification

Macroaencapsulation

Microencapsulation

Chemical Fixation

Alternatives -

P Cementitious Materials
WSTA-100-0G

WSTA-101-0G

(——p» Plastics-Thermoplastics
WSTA-102/103-0G

l——» Plastics—Thermosetting
WSTA-104-0G

Techndlogies

-

| Polymer Impregnated Concrete =

= Pre-Demonstration

e

Status.

Accepted >

This Is an accepted method for
stabilizing hazardous and low-
level radloactive wastes for dis-
posal. However, the technology
(as currently practiced) is more
art than sclence. This method
generally results in a2 0.5 to 2-
fold increase in the volume of
the final wasteform for disposal.

Evolving Technology -

This is a developmental tech-
nology that is developing an
alternate wasteform that is less
leachable (and thus more
acceptable) than cementitious
wasteforms. The polymer addi-
tion serves to waterproof the
final wastefurm thus reducing
the migration of the immobilized
contaminants into the environ-
ment. This method is also
expected to result in a one to
two-told increase in the final
wastetorm volume for disposal.

The bitumen stabilization
process is determined to be at
the demonstration level while
the polyethylene process is
determined to be at the pre-
demonstration leve! of develop-
ment. Depending upon the
wastes being stabilized, thermo-
plastic stabilization processes
result in a net decreasa in the
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.

Pre-Demonstration

This process Is especially suit-
able for stabilizing spent ion
exchange resin Beds for dispos-
al. The process does not
require high temperatures or
dried wastes and normaily
results in no net increase in the
volume of the final wasteform.
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.

~

Science/ Technology Needs .

“Implementation Needs

Though an accepted technolo- - Knowledge of process applica-

gy, the use of the technology to
meet the site requirements
needs 10 be demonstrated.
Also, need to develop better
understanding of the immobi-
lization chemistry and mecha-
nisms.

Further research, deveiopment, -3

and demonstration (RD&D) on
the process to develop the tech-
nology to deployment.

tion, funding, and regulatory
approval.

in general cementitious stabi-
lization/solidification costs range
between $ 50 to § 500 per cubic
foot of waste. These costs are
very dependent upon the
wastes being solidified, the
cementitious materials being
employed, and the performance
criteria for the wasteform.

The RD&D effort is estir'nated to
require $ 5-10 million. The pay-
back could be significant.

Further research, development, - The RD&D effort is estimated to

and demonstration (RD&D) on
the process to develop the tech-
nology to deployment.

require $ 2-5 million. The pay-
back could be significant.

Further research, development, - The RD&D effort is estimated to

and demonstration (RD&D) on
the process to develop the tech-
nology to deployment.

require $ 2-5 million. The pay-
back could be significant.

6.5-1
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« Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

_EM Problem

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
{RA)

Waste Management -
(WM)

K-25 Site Problem

= Contaminated Solid Wastas .-

_Contaminaled Concrete Rubble
Scrap Transite

Scrap Asbestos Pipe &
Insutation

Other Scrap Bldg.Materials
Scrap Porous Nickel

Scrap Aluminum, Copper, and
Other Non-Ferrous Metals
(Other than Nickel)

Scrap Steel

*rap Plastic, Paper, and Cloth
Contaminated Clothing and
Rags

Waste U02F2

Spent lon Exchange Media

Waste Processing Residuals

P‘roblem_ Area/Co‘nstitue‘rits

— —

Technology Log¢

Reference Requirements

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.

- Refer to Volume1, Chapter 10,~— Waste Stabilization

Waste

Subelernents -

Manag

Solidificaf
(cont.)

[ Macroend
(cont.)

——3 Microenci
(cont.)

> Chemical
(cont) !

n \! M



-Ogic Diagram

anagement

- Status

" Alternatives Technologies .Science/ Technology Needs ‘lm.p'leméhlation Néeds

Evolving Technology

> Solidification ] —» High-Temperature Crystalling —»

———3» Further research, development, —»The RD&D effort is estimated to
(cont.) Materials This is a developmental tech- and demonstration (RD&D) on require $ 5-10 million. The pay-
WSTA-105-0G nology which uses high temper- the process to develop the tech- back could be significant.
= Macroencapsulation atures to immobilize the wastes nology to deployment.
{cont.) in a ceramic wasteform. These

wasteforms are generally inart
and exhibit very low leachability
characteristics. Depending
upon the waste characteristics
ceramic wasteforms can result
in a significant decrease in the
volume ol the final wasteform
which can translate into signifi-
cant savings in waste disposal

= Microencapsulation
(cont.)

> Chemical Fixation
(cont.) —t

costs.
3 High-Temperature —— Pre-Demonstration ———3» Demonstrate the elfectiveness —¥» The RD&D effort is estimated to
Noncrystaline Materials This is an accepted process for of the technology to meet the require $ 5-10 million, The pay-
WSTA-106-0G the disposal of high-level site requirements. back could be significant.

nuclear wastes however, its
suitability for the disposal of
hazardous and low-level
radioactive wastes needs to be
eslablished. Because of the
high processing temperatures,
this process results in the
decreass of the final wasteform
volume. Under normal environ-
mental conditions the final
wasteform is inert and non-
leachable.

2/26/93
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+ Cleanup Legacy

+ Prevent Future
Insuit

* Develop
Environmental
Stewardship

 EMProblem’

Decommissioning
D&D

Soils, Groundwater
and Surface Water
(RA)

re

© K-25 Site Problem Problém Area/Constituents

- Radioactive & Hazardous ——— Limited Quantities of
Material Shipments radioactive materials that are

accepted quantities.

wastes having total activities
less than Type A package
limits.

wastes having total activities
less than Type A package
limits.

——» Fissile Wastes

»> 5CB Contaminated Wastes —®

Waste Management -

- Reference Requirements

I~ Non-fissile concentrated — . Refer to Volume1, Chapter 10, - Waste Packaging,

Non-fissile concentrated ————gm-Refer to Volume1, Chapter 10, g Waste Packaging,

Technology L oO¢

Waste Manag

Subelements

——— Refer to Volume1, Chapter 10, Waste Packaging, ———— Strong Ti

for potentially applicable pro-
posed and promuigated 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.

Handling, & Transportation
(WPHT)

» Multi-use
Handling, & Transportation

(WPHT)

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 specitied.

Light We’
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.

Handling, & Transportation
(WPHT)

Refer to Volume1, Chapter 10, . Waste Packaging,
for potentially applicable pro- Handling, & Transportation
posed and promulgated envi- (WPHT)
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.

——3» Light We!

Refer to Volume1, Chapter 10, P Waste Packaging, ————=POP Con
for potentially applicable pro- Handling, & Transportation
posed and promulgated envi- (WPHT)

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.
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= Strong Tight Containers————-—#» Accepted Packages —— = Accopted P> New package designs may be -~ None
WPHT- 100-0G required.

—p» Multi-use Containers  —eewpm Multi-use, standardized g Evolving Technologywm———p New stapdardized Type A pack-=#» Funding requirements fd( B&D

Type A Packaging age designs need to be devel- are estimated to be $1 million.
WPHT- 101-0G 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 materiais

needs to be developed.

—p» Light Weight Containers ————pm- Type B Packaging ———p  Accopted - New package designs and certi=®  None
WPHT-102-0G fications may be required.
Certified package design can be
identified from RAMPAC data-
base and Packaging manage-
ment Transportation System
(PMTS) database which will
identity numbers and status of
packagings avaitable under
development by EM-5621.

—» Light Weight Containers  ———3m Type A Fissile Certified g Accepted e NEW package designs and certi~gm None
Packaging fications may be required.
Type B Fissile Certified Certified package design can be
Packaging identified from RAMPAC data-
WPHT-103-0G 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 P> pertormance Oriented g Accepted ~—p New package designs may be ™ None
Packaging (POP) required.
WPHT-104-0G

2/26/93
- 6.6-1
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+ Cleanup Legacy

* Prevent Future
Insult

« Develop
Environmental
Stewardship

" EMProblem .

Decommissioning
(D&D)

Soils, Groundwater
and Surface Water
(RA)

':;-~.’K-4215;S_ile Problem = . Prbble’m l,\.rea/CQngtiiuen‘tS'
. ) L co o TN §
- Waste Packaging, Handling, =3 Asbestos
and Transportation
(WPHA&T)

Waste

> Onsite Packaging

——— Poor definition of Waste
Packaging, Handling, &
Transportation Requiraments
for Users

| §

Waste Management -
y (W)

Technology Lo B .

~Reference Requirements |

AL

for potentialty 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.

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.

for potentially applicable pro-
posed and promuigated 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.

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.

| -Subelemems.“._; A

——¥ Refer to Volumet, Chapter 10, —p» Waste Packaging, ‘
Handling, & Transportation k.

(WPHT)

= Non-radioactive Hazardous - Refer to Volume1, Chapter 10— Waste Packaging,

Waste Managjijan

@

———3POP Cofll

————POP Corg

Handling, & Transportation

(WPHT)

—— Refer to Volume1, Chapter 10, ~» Waste Packaging,
Handling, & Transportation

(WPHT)

—3» Refer to Volume1, Chapter 10, —pm Waste Packaging,
Handling, & Transportation
(WPHT)

———»0n-site A

—— e p-Define inf§




j.ogic Diagram
Management

»»'Altérvr]aﬁ‘ve‘sf ' . 'TéchﬁolOgies KR ... Status

POP Container ey Performance Oriented ———— Accepted
Packaging (POP) Group
Il and i1

WPHT- 105-0G

~———3»Borehole Disposal Performance—-p» Accepted
Oriented Packaging (POP)
Group |, I, i
WPHT- 106-0G

o] . POP Container

3 On-site Packaging ————p=Type A, Type B, Fissile, Strong —jm- Accepted 3> Now package designs may be ~»-None
A Tight, 1P, POP, and Bulk pack- required.
1 aging or packaging equivalent
in safety.
WPHT-107-0G
g Define Interfaces —~——p-User Interface —» Conceptual P NONG - implementation cost estimated
S WPHT-108-0G interface working groups need at $1M in 1992 dollars.
to be formed.
2/26/93
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e——pp New package designs may be  —B=>None
required.

———3 New package designs may be ~®Nane
required.
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* Cleanup Legacy

* Prevent Future
Insult

*Develop
Environmental
Stewardship

EM' Probler'n_

Decommissioning —
(D&D)

Soils, Groundwater —
and Surface Water
(RA)

Wasie Management
)

(WM

—1

I

rb»

[ -

. K-25 Site Problem:

X

Disposal of final residues —
from D&D, ER, and WM
operations

| Problem Area/Constituents

—» Clean Debris =—————————p» Rafer to Volume1, Chapter 10,—» Waste Disposal

-  Low-Level Rad Waste e————3jm~

Technology Logic

Reterence Requirements

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.

for potentially applicabte 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 pravided for each tech-
nology, specific regulatory
requirements will be specified.

Refer to Volumet, Chapter 10, —3 Waste Disposal

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-spacific characteris-
tics are pravided for each tech-
nology, specific regulatory
requirements will be specified.

LRI R

" Subelements

Waste Management

. AItemaAti'vves

————————Pp Landfill

3 Scrap ASbesloS  memee————3n- Refer to Volume?, Chapter 10, —» Waste Disposal ————————pm Landfill

e Trench Disposal

mo



Logic Diagram

danagement

i

. Alternatives’

""" Technologies . |- . Status’

lementation Needs

Science/ Techhology Needs

Imp
~= Landfill ~——3» Y-12 Plant Industrial Landfill —pe Accepted > None - Need regulatory approval and
Tennessee This landfill is expected to be funding
WDIS-101-0G operational in July 1993. The The wastes disposed in this
landfili has a design capacity of landfili 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 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 (WPHA&T) to the landfill.
Estimated tunding requirements
cannot bs forecast because
they are dependent upon sever-
al factors such as waste vol-
umes, tipping fees, analytical
requirements, and WPHAT

costs.
——p» Landfill ————» Y.12 Plant Industrial Landfili —# Accepted = None - Need regulatory approval and
Tennessee This landfilt Is expected to be funding
WDIS-101-0G operational in July 1893. The The wastes disposed in this
landfill has a design capacity of landfilt must meet the waste
1.5 million cubic feet and a acceptance criteria (WAC) for
design life of 43 years. the landfifl 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
landfili WAC) and waste pack-
aging, handling, and transporta-
tion (WPH&T) to the landfiil.
Estimated funding requirements
cannot be forecast because
they are dependent upon sever-
al factors such as waste vol-
umes, tipping fees, analytical
requirements, and WPHA&T

costs,
———» Trench Disposal —r—» Nevada Test Site — Accepted - None - Need regulatory approval and
WDIS-102-0G This facllity has been ear- funding
marked as one of the facilities The wastes digposed in this
for the disposal of DOE low- tandfill must meet the waste
tevel radioactive {rad) wastes. acceptance criteria (WAC) for

the landfill and obtain appraval
from the facility manager for the
disposal of the wastes.

Funding would be required for
performing waste analyses (lo
ensure compliance with the
fandfilt WAC) and waste pack-
aging, handling, and transporta-
tion (WPHA&T) to the landfiti.
Estimated funding requirements
cannot be forecast because
they are dependent upon sever-
al factors such as waste vol-
umes, lipping fees, analytical
raquirements, and WPH&T
costs.

6.7-1
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© EM Goals

+ Cleanup Legacy

* Prevent Future
Insult

+ Develop
Environmental
Stewardship

EM Problem

Decommissioning —
(D&D)

Soils, Groundwater —
and Surface Water
(RA)

D&D, ER, and WM
operations

Waste Management -
(WM)

"+ K:25 Site Problem - -

- Disposal of final residues from,

Problemn Area/Conétiiuents '

- RCRA Waste ———————8»

- Reference.Requirements

Technology L og

Waste Manag

~-p» Low-Level Rad Waste ————- Reler to Valume1, Chapter 10, - Waste Disposal

for potentially applicabie 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.

Refer to Volumet, Chapter 10, —» Waste Disposal
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-specitic characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

. \ IR 1 ' e

" Subelements .. |7 A

Trench C
(cont.)

——

—® Landfill

Landfill

Undergi



Logic

lanagement

v‘.‘AIterna(ivels

= Tranch Disposal
(cont.)

= Landfill

| andfit

Underground Disposal

Diagram

S Teé.ﬁnblogies:-

~—3p» Borehole Disposal —

WDIS-106-0G

®  ORRClass | Low-Level —— ™
Waste Landfill
WDIS-106-0G

Approved commercial landfills <
for RCRA wastes (e.g.,

Chemical Waste Management

at Emelle, AL, Envirocare in UT,
or U. S. Ecology landfill in NV).

Borehole Disposal

———
WDIS-100-0G

Pre-demonstration

Status -

i
This Is a developmental dispos-
al option that has been
endorsed by the International
Atomic Energy Agency (IAEA)
for the disposal of radioactive
wastes. The site for the facility
would be determined after eval-
uating the geohydrology and the
resulting environmental impacts
of potential sites. One potential
site is the Conasauga shale for-
mation that underlies parts of
East Tennaessee.

Pre-demonstration —
West Chestnut Ridge at Y-12
Plant

Accepted -
The strictly Resource
Conservation and Recovery Act
(RCRA) solid wastes from the

site will be disposed of in
approved commercial landfills
provided the wastes meet the
landfill's waste acceptance cri-
teria and it is economic,

Pre-demonstration —
This is a developmental dispos-
al option that has been
endorsed by the Internationa
Atomic Energy Agency (IAEA)
for the disposal of radioactive
wastes. The site for the facllity
would be determined after eval-
uating the geohydrology and the
resulting environmental impacts
of potential sites. One potentiai
site is the Conasauga shale for-
mation that underlies parts of
East Tennessee.

'Sc‘_iencel‘T‘e_chnolbgy Needs *

ment, and demonstration
(RDA&D) is required on the
method to determine its envi-
ronmental, economic, and engi-
neering acceptability. This
RD&D effort would include for
example, identifying candidate
disposal sites, the characteris-
tics of the wastes to be dis-
posed in the boreholes, and
evaluating the geohydrology of
the sites.

Research, development, and =
demonstration (RD&D) needs to

be conducted to determine the
environmentat acceptability of

this disposat option for the low-
level radioactive wastes.

None

Additional research, develop- —
ment, and demonstration
(RD&D) is required on the
method to determine its envi-
ronmental, economic, and engi-
neering acceptability. This
RDA&D effort wouid include for
example, identifying candidate
disposal sites, the characteris-
tics of the wastes to be dis-
posed in the boreholes, and
evaluating the geohydrology of
the sites.

. Implementation Needs

Additional research, develop- —3m» Estimated RD&D cost is

$2-3 million (1992 dollars)

Need regulatory approval and
funding

The facility is projected to be
ready to accept wastes in early
1999. The capital cost for the
facility is estimated to be $ 90
million (1992 dollars) and the
annual operating costs are esti-
mated to be around $ 8 million
(1992 dollars).

Need regutatory appraval and
funding

The wastes disposed in this
landfill must meet the waste
acceptanca 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 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 WPHAT
costs.

Estimated RD&D cost is
$2-3 million (1982 dollars)

2/26/83
6.7-2
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- Disposal of final residues from,
D&D, ER, and WM
operations

EM Problem

Decommissioning -
(D&D)

Soils, Groundwater —
and Surface Water
(RA)

Waste Management -

.K’-‘2“‘$_Site Problem =~

Technology Lo

Waste Manag

Reference Requirements. |

Problem Area/Constituents ,‘Subelementé

—» Low-Level Mixed Waste ———» Refer to Volume1, Chapter 10, —¥ Waste Disposal ———r—— Landfill
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 provisled for each tech-
nology, snecitic regulatory
requirer. <11 wil' be specified.

i
i
{
)

L—» Undergn

—»> TRU Waste ———————pm Roler to Volume1, Chapter 10, —» Waste Disposal
for potentially applicable pro-
posed and promulgated envi-
ranmental laws, signed and
pending agreements for the
ORR, radiation protection stan-
dards, DOE Ordears, and non-
regulatory guidance. As site-
and waste-specific characteris-
tics are provided for each tech-
nology, specific regulatory
requirements will be specified.

—————— Undergn
Retrieva



(1]

Logic Diagram

danagement

" Alternatives

~— Landfill

= Underground Disposal

-3 Underground Waste
Retrievable Facilities

e

—

—

Technologies .

Envirocare, UT Landfill

e
WDIS-104-0G
Borehole Disposal —

WDIS-100-0G

Waste Isolation Pilot Plant c—pm-
(WIPP), New Mexico
WDIS-105-0G

L ] i

: "Sia(LlS :

Accepted

Pre-demonstration
This is a developmental dispos-
al option that has been
endorsed by the International
Atomic Energy Agency (IAEA)
for the disposat of radioactive
wastes. The site for the facility
would be determined after eval-
uating the geohydrology and the
resulting environmental impacts
of potential sites. One potentiai
site is the Conasauga shale for-
mation that underlies parts of
East Tennessee.

Demonstration
This facility has been designa-
tion by DOE for the disposal
transuranic (TRU) wastes.

. NON@

—_

P

1. Scliben'(.:e/ Technology Needs

,

ment, and demonstration
(RDA&D) is required on the
method to determine its envi-

ronmental, economic, and engi-

neering acceptability. This
RDA&D etfort would include for
example, identifying candidate
disposal sites, the characteris-
tics of the wastes to be dis-
posed in the boreholes, and
evaluating the gechydrology of
the sites.

Additional research and
evaluations need to be per-
formed to obtain regulatory
approval to dispose TRU
wastes at the site.

Implementation Needs -

—p» Need regulatory approval and

Additional research, develop- —¥»

—

funding

The wastes disposed in this
landfill must meet the waste
acceptance criteria (WAC) for
the landfilt and obtain approval
from the facility manager for the
disposal of the wastes.

Funding would be required for
performing waste analyses (o
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 voi-
umes, tipping fees, analytical
requirements, and WPH&T
cosls.

Estimated RD&D cost is
$2-3 miflion (1992 dollars)

Need regulatory approval for
TRU waste disposal and
funding

Funding would be required for
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
dependant 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 Logic

Waste Manageme

.." EM Goals K-25 Site Problem | Problem Area/Constituents | Reference Requirements Subelements
. Minimize the generation of —pw * Solvents ———————————03®» Reler to Volume1, Chapter 10, —# Waste Minimization ——r——p»= * Minimize the creati
Cleanup Legacy r> hazardous and mixed wastes. «RAD for potentially applicable pro- wastes.
* Prevent Future -PCB posed and promulgated envi- « Characterize and s
Insult + Organices ronmental laws, signed and the wastes as early I
+ Inorganics pending agreements for the ation as possible to t
« Develop * Metals ORR, radiation protection stan- h:ﬁzardous waste gex.
: + Wood dards, DOE Orders, and non- * Maximize the use ¢
Environmental + Plastics regulatory guidance. As site- ardous substitutes.
Stewardship + Cloth and waste-specific characterls- + Transter potential v
« Paper tics are provided for each tech- rlals (e.g. specialty fr
+ Asbestas nology, specific regulatory other DOE plants ha
requirements will be specified. need for the material
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EM Problem ed spent materials
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- Minimize the creation of »-Demonstration = The science and lechnology

—P»General implementation needs

wastes.

» Characterize and segregate
the wastes as early in the oper-
ation as possible to minimize
hazardous waste generation

* Maximize the use of non-haz-
ardous substitutes.

* Transter potential waste mate-
rlals (e.g. specialty freons) to
other DOE plants having a
need for the material

* Seek opportunities to use con-
taminated spent materials in
other DOE applications (e.g.
contaminated metal for use in
supercoliider)

* Maximize the recycle of treat-
ed spent materials

* Sell maximum materials as
scrap as legally permitted.

* Establish acceptable Balow
Regulatory Concem (BRC) and
“de-minimus” values.

* Think Waste Minimization!

Waste Minimization Evaluation —p» Computer Software —————® noansiration
WMIN-100-0G

System (WMES)

A protatype software program
was used to analyze waste
minimization at a solvent
degreasing operation at the Y-
12 Plant. This application
showed areas where the
degreasing operations could be
impraved from a waste mini-
mization perspective.

needs are expected to be mini-
mai because incorporating the
waste minimization ethic will
not require new technoiogy but
a change in operating philoso-
phy, attitudes and behavior.

effectiveness of the WMES to
minimize site wastes and waste
disposal costs.

The science/technology needs
include for example, software
development (e.g., programing
and process simulation) and
expertise capture.

include inculcating the waste
minimization philosophy among
site persannel through educa-
tion and establishing accept-
able BRC and de-minimus val-
ues for radipactive contamina-
tion levels in potential wastes
s0 that significant quantities of
potential waste materials can
either be recycled, sold as
scrap, or disposed at lower
costs. '

e Develop and demonstrate the —» Development and demonstra-

tion of tha WMES is estimated
to require $ 3-5 million. The
savings from implementing the
system could be substantial.

2/26/93
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