Table B-1. (continued).

Foams, sprays,

his is & proven process option. Foams, sprays

hese processes can be applied quickly and remotely to perform a

hig option is miplementable:

Closts are expected to be

Retained

misters,

fixatives,

ariety of functions—inchiding controlling odors; VOUS; dust. and other

misters, fixatives; and washers are effective at

Systeins are readily available

relatively low it standard

and washes

emissions—by creating a barrier between the work suiface and the

controlling emissions, dust, and soiirce material:

and many technolosies are

equipment is used

atmosphere, fixing loose airborne and/or settling contaniindtion to

they are also effective at decontaminating

well developed: Foams

surface, and decontaminating persontiel, the atniosphere, or equipment:

equipiment to'a certain degree, but not 100%

sbrays; misters. fixatives, an

washets can be effectively

he processes are readily available in nontoxic; nonhdzdardous

applied remotely

nonflammable; and biodepradable forms and range froim water to

polymeric mixtures: Commonly used fixatives mclude aerosol fogs an

strippable coatings, which can be used to either secure comamnation or

decontaminate the atmosphere or equipment. Aerosol fogs are used to

capture and hold airborne contaminants and prevent contanminants on the

surface from becomuing airborne. Strippable coatings can: be applied to

lean or dirty surfaces. When applied to contaminated surfaces. the

oating attracts; absorbs; and chemically binds the contammants in its

polymerie structure. When applied to clean surfaces, the coating protec

the area from contamination. Other common methods

decontamination: mclude sprays and washes are chemicals tha

an be spraye 0 wiped off

Electrostatically
charged plastic

Clectrostatically charged plastic and electrostatic curtains can be used as
barrier walls to minimize the spread of contamination from one location
to another, but do not collect dust once it becomes airborne. The
curtains can be used upstream of emission-filtering systems to neutralize
charged dust particles. Clectrostatically charged plastic can be used in
enclosures to minimize the airborne particles in dust.

Clectrostatically charged plastic is effective at
minimizing the spread of contamination from one
location to another, but not in collecting dust once it
becomes airborne.

The electrostatically charged
plastic option is difficult to
implement. Plastic sheets
would be cumbersome in an
excavation and would only
collect dust generated near the
sheet.

Costs would depend on
application and site-specific
design requirements.

Not retained—technology
not applicable to large area
retrieval actions.

In situ stabilization | 1n situ soil stabilization controls contamiination i the soil and waste flective 150G 1SV, and ground freezing would be In situ stabilization is osts vary widely Retained.
mdtrix. Grout, resin, or polymer (e.g: may be injected into the successtul at stabiliziig waste ‘and soils in place and | implementable: The depending on the stabilizing
waste to solidify it before retrieval. Other stabilizing technologies that mininmizing contaminant-control requirements implementability of the technolopy used
could be used include vitrification and ground freezing. uring retrieval actions: 15G: and ground freezing
technologies is discussed in
this table: Retrieval actionan
eguipment would have to
specifically designed to
address stabilized matri
Excavation Standar: variety of standard: heavy-const n equipment is availab: Standard tion equipment is effective at his option is implementable Capits sts depend on'the | Retaine
methods construction ove buried waste and overburden soil: Fronteend toa ackhoes erforming materia dling tasks for which wide range of equipment ype of egnipment neede
equipment enc three common types of excavation equupment that have | they were designed. but is not effective at protecting | readily available for the wide but are expected to be lo
been used to remove buried hazardons waste: The frontend loadersare | workers from exposure. In areas of contamination. tange of tasks required in relation to remote
used for digging: lifting, dimping; and hauling The backhoe is used for | standard equipment must be combined with other Xcavation methods or
trench digging and smallarea exeavations and is frequently used in tective process options miodified equipment for
backhoe and front-end loader combination: Trenchers are similar to sealed environment. The
backhoes in their function: biit have a smaller carrying capacity and thiis &M costs are expected o
wauld be tised in smdller excavation and grading applications. Doze be low i relation to remote
are tised to remove soil cover tiethods
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Table B-1. (continued).

Standard ‘onventional equiipment—-such as front-end loaders; backhoes; and Standard construction equipment is effective at hig option is miplementable Capital costs are expected to | Retained
construction trenchers—can be modified i a variety of ways to provide better petforming material-handling tasks and also at and proven in contaminated be moderate to high
equipnient wi protection to the operator in highly contaminated environments. protecting workers when combined with environments depending on project
modification Modifications may ielude (but are not linited to) a shielded cabin. contamination contro requirements:
sealed and pressurized cabin with filtered air, or d sealed and
pressurized cabin with supplied air: Shielded excavators have been us
suceesstully (e.o. Hanford). ln addition, squipment with pressurized and
sealed cabs has been successtully used (with supplied air at Niagara
Falls and filtered air at Maralinga

Remotel Remotely operated excavators have been usi fes:to remove emotely operated equipment is:effective at is option is implementable Capital costs are expected to
equipmen hazardous, pyrophoric; and radioactive wastes with remote contr emoving buried waste; as demonstrated i c nd has become more recently e moderate to highin
remote end-effectors that maintain distance between the source and the tests. However, experience with this option asa vailable for ptrchase rather relation to-other retrieval

rator. The technology to modify standard heavy equipment is igging device to remove buried waste is Hmite than for leas special process options an
ajlable. and remote excavators have been demonstrated design. depending on
jectspecific
SIENs

Remotely operated vaclitim systems are éffective
removing dry soil and small loose debris from
isolated areas: However, they have limited
etfectiveness on hard-packed clays and moist
material

Remotely operated vacuuim systeris couild remove soil-and small Toose
debris from dn isolated area. This option would niot be used to remo
the buried waste; but could be tised to remove portions of the soil
overburden or underbiirden if standard heavy equipment was not
feasible. A nozzle offers remote control and long-distarice extensio Remotely operated cranes are effectiy remoy
control operitor exposure buried waste from precise locations, at protectin
perator(s} from exposure, and for hanging ot
Remotely operated cranes could be used to remove burted waste in equipment (e.g;; monitors and miistersy over ar
precise manmer; offer ease of control; and can be stationary orportable. | excavation area: However, any riggers requiire:
here are several types of cranes available, including (80-fi} specific removals would need tected by
temotely operated gantry crane designed at the IN other pracess options

Physical Screening flerent-sized sieves and screens Separate material types inito smaller is option is effective at separating soils ot other This option is implementabl Capital costs are expected to
Treatment classification liimes: Sereening/classification equipmient includes grizzly shaker: aterials by size: Sieving/screening is a well with standard equiptent: 1t be low m relation to othet ex
and rotdry trommels: The process ean separate ot oversived materia established technology for wastewater freatment. may be ttilized remotely: sitivtreéatments: depending
pretreatment step for further processing. For separation ot so1l, sediments, and slidse and as a pretreatment Design considerations inelu o the dust control measures
contaminants, excavated soil can be passed through progressively finer step for waste processing. s value agthe sole techniques to prevent and ¢l required
Screen sizes to separate fine-srained from coarse-srained fractions: Most | method of contaminant separation is limited logging of the eqiiipment
contammnants tend tobind to so1l fines (silts and claysy rather than to
coarse components (coarse types of sand. gravel and cobble). This
process option may be used alone orin combination with other treatme
process options to reduce the volume of contaminated materials for
disposal. Standard process equipment or remotely operable. specially
designed equipment may be used in this option. Screening processes ar

ell-established techniologies used in many applications
Sizing Sizing consists of reducing the size of larger pieces of soil roc s option is effective at reducing the size of larger | Sizing is implementable fo

1er materials with cutting shredding, and/or criushing machines oil and rock particles; concrete, wood; some Tt ions of the waste
arious types ot equipment standard. to the waste processing, € 1etals; construction debris, and many other waste stream

mining. emaolition industries may be used: This equipment include; ertals: It is important as etreatment step

jaw crishers. pyra crushers; hammermills; shear shredders. an some process technologie

dual-auger shredd Standard industrial equip is robust an

proven (UIMME 200
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Table B-1. (continued).

Compaction

‘ompaction is the process of applying high pressure to the wastes to

his option’s effectiveness depends on the

“ompaction 13 implementable

Closts are expected to be low

Retained

tediice void space and achieve volume reduction. The volume reduction

characteristics of the waste material. Compaction is

in relation to other ex siti

for certain pottions of the

achieved is a function of void space in the waste, the force apphed by

well-proven treatment technology

Wwaste stream

freauments

the press, the bulk density of the material, and the spring-back

and nonnucleat industries

characteristics of the waste. Supercompactors can achieve a

lumie reduction factor for noncompactible waste and 6:to 7

comipactible waste. Volume reduction can be iimproved by p

the waste (DOL 199

iravity separation is a solid/liquid separation process that exploits a

e gravity separation option

ensity ditference between the solid= and liquidsphase densities

1s implementable. This option

Cquipment size and effectiveness of gravity separation depend on the

requires shurry formatio

olids’ settling veloeity, which is 4 function of the particle’s size, density

waste. It generates seconda

difference, fluid viscosity, and concentration: Gravity separation also i

@

wastes in the form of

wastewater.

used to remove immiscible oil phases and for classification where

@

particles of different sizes are separated. This technique is often

preceded by coagulation and flocculation to increase particle size.

thereby allowing the removal of fine particles (ER TR 2001

Magnetic
separation

Magnetic separation is used to extract slightly magnetic radioactive
particles and metals from host materials such as water, soil, or air.
Uranium and plutonium compounds are slightly magnetic, while most
host materials are not magnetic. The process operates by passing
contaminated fluid or slurry through magnetized media. The magnetized
media contain a magnetized matrix, such as steel wool, that extracts the
slightly magnetic contamination particles from the slurry. Magnetic
separation is a new technique to remove radioactive contaminants from

soil and has recently been bench-scale tested at DOL sites (FRTR 2001).

Magnetic separation is effective at removing slightly
magnetic radioactive and metal particles from water,
soil, or air, as shown in the bench-scale test. New
technology has not been tested at full scale.

Magnetic separation is
technically implementable.
This option requires slurry
formation with waste. It
generates secondary waste in
the form of wastewater.

Capital costs are expected to
be low in relation to other ex
situ treatments.

Not retained—process has
not been proven at full
scale.

Electrostatic

Clectrostatic separation of materials is based on differences in surface

“lectrostatic separation is effective atseparati

heelectrostatic separation

apital:costs are expected to

Retained.:

separation

conductivity and preferential charging and attraction of materials to an

be moderate 1 relation to

different types of materials. It is 4 proven

option is implementable

electric field of opposite charge. A variety of electrostatic separation

Materials would require

otherex treatmient:

equipment is.available; depending on the type of material to be

screening and sizing

separated. The process can beused for nonconductors, minera

(UIMME 200

processmg; recycling, and laboratory: or pilot-scale devices

347

(Carpco 2001 For mineral processing, minerals essentially are spravi
£

ith-electrons front the active electrode and develop a charge tha

=
=
5

them to the grounded rotor. ductors; however, immediately lose

==

oe and drop straight down. Semiconductors neconductor:

pinned longer; thus separating (UIMME 206

i

his process option combines a feed hopper, a conveyor belt, gamina

5

spectroscopy, and a gate to seépatate soils into catepories based on

2

@
ok

&

ary

2

gamima activity. The gamma motitoring: conveyor, atid gate syst

most effective int reducing the volume of contaminated materia

requiring treatment and disposal. when combined with other

=

technolosies: Used for design of Pit: 9. this option has been successtully

demonstrated to reduce voluimes of tadiolosically contanunated soil at

several locations (SNL 1999




“able B-1. (continued)

Flotation

Flotation separates fine-srained from coarse-srained sediment and soil

Flotation 1s effective at separating tine-siaied

his flotation option 1

Costs are expected to be low

Retained

by mcreasing differences in their settling velocities ina clarifier. The

fractions from coarse-grained fractions

implementable. This option

in relation to other ex siti

process is only applicable to contaminants that are preferentially

fectiveness of contaniination removal depen

requives slurry formation. and

freauments

partitioned on the fine-particle fraction of the soil. Coarse-graine

the degree of contaminant association with

it generates secotidary waste in

midterial settles to the bottont: while fine-prained particles rise to th

particular size fraction:

the form of wastewater.

surface where they can be recovered by skimmiers. The process is

technically implemetitable with standard process equipment

UIMME 2001

5

Chemical Fixation

emical tixation and stabilization process options immobilize

e fixation/stabilization

treatment

apita O8Ls are expected:to

radioactive and hazardous constituents in waste by mixing in additives

option is implementable

rate in relation to

@
2
o
=%
3

that bind or absorb the waste into a solid waste form. This option ma

reatability studies wo

required prior to waste packaging for shipment or storage to immobilize

nee define process

ligiids and/or contaminants. Processes use either orpanic or inorganic

ariables such as additive

additives: which either serve as.chemical bonding agents/ absorbents or

oncentrations, and mixing

times

provide containment. Additives include Portland cement, modified

sulfur lymers (DOE 1996

Seil washing

Soil washing uses an aqueous solution and detergent to remove organic
material from the surface of soil particles and separates fine particulates,
which contain most of the organic contaminants in the porous fines,
from the coarse soil. Soil washing does not destroy the organic material,
but produces three products: (1) a wastewater stream, (2) a sludge of
contaminated fine particulates, and (3) soil that may contain regulated
levels of heavy metals and radionuclides. Soil washing is applicable to
soils contaminated with a wide variety of heavy metals, radionuclides,
and organic contaminants. Additional treatment steps may be required to
address hazardous levels of washing solvent remaining in the treated
residuals. The wash solution also would require treatment and proper
disposal. Cquipment and space requirements for soil washing systems
are extensive, and soil-washing operations tend to be complex

(DOE 2000).

Removal efficiency of contaminants and
fine-grained material from coarse-grained material
depends on contaminant solubility in the wash
solution, residence time, and affinity for the matrix.
The system may not be applicable to waste streams
containing both metals and organics. Removing
organics adsorbed onto clay-size particles may
prove difficult (DOL 2000).

Soil washing is moderately
implementable. Waste must be
sized before processing;
separated contaminants require
treatment. Treatability study is
required to formulate
surfactant.

This process generates
secondary waste in the form of
wastewater.

Capital costs are expected to
be high in relation to other
ex situ treatments.
Additional costs are
required for the treatment of
separated contaminants and
secondary waste streams.

Not retained—Ilimited
application for SDA
wastes. Not cost effective
in relation to other ex situ
treatments.

Acid extraction

Acid extraction uses hydrochloric acid to extract heavy meta

Acid-extraction is effective at removing metals from

Theacid extraction option is

osts are expected to be

Retained

ontaminanis from soils: In this process. soils are first screened to

soil and sludge R U}

implementable. It requires

moderate to high'in relation

temaove coarse solids: Hydrochloric acid 1s then introduced to the soil.m

sical separation, which

to other ex situ treatments

the extraction unit. The residence time in the unit varies depending on

may. include screening; density.

Liticiency of scale 1s

aration, flotation; an

the soil type, contamiinants, and contaminant concentrations. The sail

Xpecte 2001

extractant are separated with hydrocyclone xfraction

‘magnetic separation as

mplete; the solids are rinsed with water to remove entrained acid and

etreatment. Acid extractio

metad Xiraction solution and rinse waters rierated, and the

o

generates secondary waste in

heavy metals are concentrated in a form potentially suitable for

the form of spent chemicals

recovery: During the final step, the soils are dewatered and mixed w

and wastewater

lime ‘and fertilizer to neutralize dny residual acid (FERTR 2001




_Table B-1

Solvent extraction

panic solvents are used commonly to extract contaminants ftom soil

enit extraction has proven effective in treating

The solvent extraction option

Capital costs are expected to

Retained

Solvent extraction uses a solvent to remove soliible contaminants from

so1l containing primarily orsamc contaninants such

is moderately mmplementable.

be high i relation to other

the waste (not unlike dry cleaning). Depending on site-specific

as POCBs. VOUs, halogenated solvents, and

Waste must be sized before

X sifin treatments

conditions, the process may function as a stand-alone option or in

petroleum wastes: This option s difficult to use on

processing; separated

dditional costs are

comibinatiot with other options: such 48 soliditication/stabilization

waste contaning multiple complex contaminants.

containinants require

required for the treatment

incineration; or soil washmg: Removal efficieney 1s highly variable

treatment, Treatability stu

separated contaminants an

depending on the mdividual contamitiant solubility inthe solvent

required to formulate 50

secondary waste streams

restdence time, affinity to the matrix; and moistare content.

Process generates less

secondary waste than sof

ganically bound metals can be extracted along with: the t

washing:

ntaminants, thereby creating residuals with special handlin

quirements. Traces of solvent may remain within the treate

matrix, which make icity of the salvent an important

nsideration: Secondary waste includes spent solvents (DOE

Dehalogenation Dehalogenation involves adding reagents to soils contaminated with Dehalogenation has been successfully field tested in | Dehalogenation is moderately | This technology generally is | Not retained—process not
halogenated organics and heating the mixture. The dehalogenation treating PCBs. The process option can be used, but | implementable. Treatability not cost effective for large cost effective for SDA
process is achieved through either the replacement of the halogen may be less effective against selected halogenated tests may be required to waste volumes wastes in relation to other
molecules or the decomposition and partial volatilization of the VOCs. Process meets regulatory requirements for determine the operating (FRTR 2001). available processes. This is
contaminants. This option is potentially applicable if combined with treating PCB-contaminated soil, but remaining parameters of the unit. Off-gas a very specific treatment
other processes to address inorganic and radionuclide COCs. This chlorinated organics may require further treatment. treatment is required for VOC for limited COCs.
relatively mature and simple technology operates at a low temperature Processes are slow (FRTR 2001). and dust. Dehalogenation may
with low off-gas and good destruction efficiencies for chlorinated Potential concerns include (1) further treatment of reql.lire a nitrggen bla.nl.(et to
compounds. . . avoid explosive conditions

nonchlorinated organics, (2) the amount of
- (DOE 2000; FRTR 2001).
pretreatment needed to maximize exposure of the
chlorinated compounds, (3) the ability to treat the
diversity of wastes (waste pH and moisture content
appear to be important), and (4) safety associated
with handling sodium and anhydrous ammonia and
high system pressure in a radioactive environment
(DOE 2000; FRTR 2001).
Hydrolysis The D-Plus (Sinre/DRAT) process involves the use of chemical inputs Hydrolysis is potentially effective in Hydrolysis is moderately The relative cost of Not retained—process is

to stimulate enzymes and provide a favorable chemical environment
(alkaline, reducing, anaerobic) for hydrogenation, dehalogenation, and
hydrolysis chemical reactions. The technology, which is a biochemical
process, uses heat to break carbon-halogen bonds and volatilize light
organic compounds. Other processes utilizing hydrolysis to break down
organic chemicals are primarily related to biological treatment

(EPA 1994).

bioremediation. This option employs water and
catalyst to break down organic contaminants. This is
not a commercialized process (CPA 1994).

implementable for chlorinated
organics. Treatability study is
required to demonstrate
applicability on SDA wastes.
This option is not yet available
on a commercial scale

(EPA 1994).

hydrolysis is unknown

not fully proven.




_able B-1.

(continued).

Costs are not well

Not retained—Ilimited

Reduction- Re-dox reactions chemically convert hazardous contaminants to Chemical oxidation destruction efficiency depends Re-dox is moderately

oxidation nonhazardous or less toxic compounds that are more stable, less mobile, | on the organic material treated, the oxidizing agent | implementable. Waste stream | understood, but may be application for SDA waste.

manipulation and/or inert. Re-dox reactions involve the transfer of electrons from one | used, and residence time. The effectiveness of would require demonstration competitive with
compound to another. Specifically, one reactant is oxidized (loses re-dox processes in treating wastes also depends on | to determine efficiency. Waste | incineration.
electrons) and one is reduced (gains electrons). Re-dox reactions can be | system design and operating parameters. Solids and | requires pretreatment for size
used to detoxify, precipitate, or solubilize metals or organics. Metals and | immiscible liquids are difficult to treat with some reduction and slurry
radionuclides are retained in solution and need to be treated. Chemical processes. formation. Wastewater and
re-dox is a full-scale, well-established process option. Enhanced systems precipitated sludge would
are now being used more frequently to treat contaminants in soil. This require treatment.
optign can be operated with standard process .equ.ipment .in batch or Treatability studies would be
continuous modes. However, process control is difficult if waste . . 3

. L required for a particular waste
composition varies significantly (DOL 1996). stream (DOE 1998).

Neutralization utralization is used to adjust basic or acidic waste to an acceptable pH | This process option is effective at neutralizing utralization is apital costs are expected utralization has been
range by adding alkaline waste or chemical reagents to acidic waste or 1aterials H. Corrosivity of waste am implementable. Construction be moderate in relation to retained for its value aga
vice versa. This:may be needed to reduce reacti TOSI agents may be hazardous materials must be resistant to ther ex treatment: eireatment process
process is reliable. readily available; and employs standard process MTOSIVE

uipment (DOLE 1996
Thermal neineration is widely ised to thermally destroy the orsanic constitiients | Incineration is effective for treating ofeanic waste Incitierdtion is technically 0818 ate expected to be Incitieration has been
treatment of awaste: both to reduce the vohime and to prodiice more easily nchiding PCBS, reducting waste vohime, and implementable and accepts high in relation to other retained, biit wonld be
handled ash products: High femperatives (760 to 1.200°C) volatilizé and | producine ash waste form Icineration is.a we waste foris: Frequent nonthermal ex sifn difficiilt to implement at
comibuist (in the presence of oxygen) halopenated and other refractory inderstood process with a long history of maintenance is required treatmients the INBEL die to
organics i hazardous wastes: Waste constituents that can be efficientl application in industry and DOE and DOD Secondary waste 15 senerated difticulties with past
destroyed include organic and combustible substances: Typical process operations in the form of ash. Incineration approvals for incineration
configurations melide rotary kilns, multiple hearth incinerators relies on off-gas treatment. and at this site
fluidized bed combusters, and hquid njection incineration. it has: low public acteptance:

Off-gas treatment “atalytic oxidation equipment is used for destroying contaminants m Despite its relatively ne This option is moderately apital:costs are expected to | Retaine

—catalyti exhaust gases from many remedial activities. It.can also be used for activities. catalytic oxidation is.a mat iplementable as a e moderate in relation to

oxidation destraymg contantinants in exhaust gases: from thermal treatment echriolagy, and its status as an implementable nonincineration technology for | other ex situ treatment

ystems. The catalyst aceelerates the rate of oxidation at much lower technology is well established for selected sas the oxidation of off=gas from
temperatures than those required by conventional thermal oxidation. The | streams primary thermal oxidation
OCs are thermally destroyed at temperatures typically ranging from processes
320+to 5_40 e talyt?c oxidation is.a mat_u e technology and ar Cehmial dithicilties elide
rnative to conventional thermal oxidation for many contaminated ¢ y
possible short catalyst life due

ams: However. some catalysts are subject fo d'amage by chlormated 10 offgas contaminants
hydrocarbons and some heavy metals {e o, lead) in the gas stream:
atalytic oxidation systems are subject to degra n from parti e in Applications to treatment of
the gas strea off-gas from solid waste
thermal treatment systems ar

nnkno

estitiction of halogenated compounds requires special eatalysts; special

‘materials or construction. and the addition of a thue gas scrubber to

teduce acid gas emissions
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_Table B-1

(continued)

Pyrolysis

Pyrolysis breaks down organic compounds under high temperature in an
oxygen-deficient environment. This system forms inorganics, including
heavy metals, into an insoluble solid char residue. A thermal oxidizer is
required to combust the produced volatile organics and carbon
monoxide. Equipment configurations are similar to those used for
incineration (e.g., rotary kiln, rotary hearth furnace, and fluidized bed
furnace). In Curope, pyrolysis has been used historically on tires and
polymer waste where the pyrolysis gas is used for energy recovery
(Uhamburg 2001).

Advantages over incineration are primarily lower off-gas volume and
less particulate carryover.

Pyrolysis has high destruction efficiency and is a
proven technology for some applications.

Volume reduction is less than incineration or steam
reforming due to char residue.

The process is applicable for the separation of
organics from most waste forms.

Pyrolysis is implementable,
but may not be applicable to
waste at the SDA. Secondary
waste is generated in the form
of char.

This option relies on off-gas
treatment.

Pyrolysis may have a low
public acceptance due to its
similarity to incineration.

Costs are slightly lower than
those of incineration due to
lower off-gas volumes.

Not retained—proven
applications remain
narrowly focused.

Steam reéformin:

Steam reforming operates in a reducing environment and nses

Steamn reforniing has High destruction efficiency for

Steam reforming

Retained

osts are comparable w

supersheated steani fo convert organies 1o a Hydrogen-rich synthesis gds

organic material Process option'is applicable to

those of incinerat

implementable for organic

and chlorinate compaiinds to HCL These gases can be oxidized in a

swide variety of waste forms. Applicability to

s This option petierdtes

DO 2000

thermial oxidizer or discharged directly to the dtmosphere after

diodetively coritamhinated inert solids reguires

secondary waste in the form of

emanstration (DOLE 200(

appropriate cleantp. This option can temove and destroy organic

ash and bed material, off-gas

components in d waste stream or reduce organic material to a sma

and wastewater (DOE 2000y

Tume of ash: Most radionuclides and heavy metals are retained in the

Steam reforming relies on an

ash. Typical steam reforming can take place in many different chamber

off-gas treatment systent

configurations. inchiding fhudized bed and rotary kilin. Steam reforming

Iso can be used to volatilize organics directly from waste druins to

remove and destroy organic components it the waste streant: Steant

reforming 1§ a mature process option applicable to @ wide varisty of

waste streams. The requirements for sorting and sizing waste depend on

the equipment configuration.

Supercritical water
oxidation

Supercritical water oxidation destroys organic waste with the use of an
oxidant in water at temperatures and pressures above the critical point of
water (705°F) and 218 atm. Under these conditions, organic materials
and gases become highly soluble in water—making rapid, complete
oxidation possible using water as a carrier medium. This process is a
compact, totally closed system. Waste streams applicable to this process
option must be in a liquid or slurry form and include organic low-level
radioactive waste or mixed waste. The process runs at low temperatures
relative to other thermal treatments with very low off-gas by-products
and effluents that are easy to manage. This is a relatively mature process
option with a long history of development for specific applications.
However, the high pressure and corrosiveness of the system present
safety concerns, and the process option may require substantial
pretreatment of waste to ensure that the waste is in liquid or slurry form
(DOE 2000, 1996).

This option has high destruction efficiency for
organic material and is not applicable to inorganics
and radionuclides. Issues regarding long-term
reliability and safety need to be resolved

(DOE 2000).

Supercritical water oxidation
is moderately implementable.
This option requires waste
sorting and slurry formation.
Metals precipitate as salts and
oxides, which can plug the
reactor. Demonstrations are
still needed (DOL 2000).

Costs are not well
understood, but may be
competitive with
incineration.

Not retained—Ilimited
applicability for SDA
waste forms.
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Table B-1. (continued).

Thermal

hernial desorption is a process that heats waste to volatilize waterand

Thermal desorption effectively transfers organic

hermal desorption is

hermal desorption may be

Retained

desorption

organic contaminants. Thermal desorption 18 used for soil, sludge; and

contaminants into the vapor phase where they can

implementable. Most of the

more expensive than

other solid media contaminated with organics. In most thermal

be capuired and treated: Thermal desorption may

hardware coniporients for

ineineration, depending on

desotption processes; contaminated material is fed into dryers: A carrier

pyrolyze nonvoldatile organies, depending on the

thermal desorption systems dre

245 0T vaculin systent transports volatilized water and organics to a gas

the treatnient requirenients

operating temperature. Efficiency depends on

reddily available off the shelf.

of secondary waste

treatinent systen. The drver temperatures and residence times designed

temperature, residence time, moisture content, an

Significant sorting and sizing

into these systems volatilize selected contaminants, but will typically no

matrix affinity: This is & well-known, matie

of waste are requited

oxidize them. Two common thermal desorption systems are the rotar technolopy (DOL 2000 gases; condensed Hguids
dryerand thermal screw. Rotary dryers are horizontal eylinders that can and activated carbon require
beindirect- ordirect-fired: For the thermal screw units, screw conveyors treatment (DOLE 20
or hollow augers are used to transport the medium through an enclose
trough: Hot oilor steam circulates through the auger to indirectly heat
the medinm
ication processes employ heat ve ganic materials am Vitrification high destruction efficiencies an cation 1s implementable itrification is competitivi
melt the inert materials into a glass or shg igh temperatiire: alume reduction: Some systems can treat wast nd is 2 mature technolo it incitierator optio
de: volatilize the organie constituents with few by-produets without pretreatment. This option produ his option penerate as DO 143
hese systems are primarily designed to immobilize hazardous or stable waste form: Some COCs may be volatilize nd wastewater secondar;
radioactive substances within a nonleachable; long:life; salid. and quiring treatment in an off-gas system: Offcoas waste types ation may

glass-like form that can meet shipping and storage eritéria: Materials

alumes are less than those ofincineration

tequire a pilottestof

sue eavy metals and radionticlides are incorporated into the mel DOE 200t SDA-type waste to deterinine
radiontichide partitioning
I addition to:solids; the process can be applied to waste ligui Safety and reliability concerns

dry shudge; and combustible materials:

exist reparding watéi-cooled

plasmia toreh syste

his process can operate in 3 reducing or steamereforming mode,

DOE 2000

able technologies inchide joulesheated melters, plasma torch systems

and DC arc melters (DOE 2000}

Molten metal
system

The system heats waste in a reducing mode to destroy organics and
reduce inorganics to metal ingots and slag, which produces a stable
waste form. Molten aluminum system can treat most waste forms and
materials. Off-gas systems are required and may result in secondary
wastewater, which will require treatment. Refractory lining stability
must be matched to the waste stream, and refractory life is unknown
when treating a heterogeneous mixture of waste.

The molten metal system’s ability to destroy
organics and retain metals and radionuclides needs
demonstration (DOL 2000).

The molten metal system is not
implementable. This option
requires further study and
demonstration on radicactive
waste (DOL 2000).

Capital costs are expected to
be relatively high. Costs are
comparable to costs of
incineration (DOL 2000).

Not retained—system is
not a proven technology.

Molten salt system

Organic waste and oxygen are injected into a hot molten salt bath that
provides the thermal energy to break down organic material and the
medium to enable intimate contact between oxygen and organic
fragments. The process is used for combustible liquids, slurries, and
solid particles. Spent salt is an example of secondary waste. A salt
recovery system is normally employed. Waste must be sorted and sized
to less than 0.32 cm in diameter. The technology is relatively mature,
but its long-term reliability and ability to destroy organics and retain
metals and radionuclides must be demonstrated (DOL 2000).

The molten salt system’s ability to destroy organics
and retain metals and radionuclides needs
demonstration (DOL 2000).

This option is moderately
implementable. Refractory
corrosion and failure are
issues. Salt viscosity may lead
to freezing and requires
monitoring. In addition, this
option requires sizing of waste
to <0.32 em (DOE 2000).

Capital costs are expected to
be relatively high. Costs are
comparable to costs of
incineration, but salt
recovery to reduce
secondary waste will
increase cost (DOL 2000).

Not retained—
effectiveness has not been
proven.
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_Table B-1.

(continued).

Electrokinetic Mediated Clectrokinetic treatment is an aqueous, low-temperature (<80°C) process | Mediated electrochemical oxidation’s effectiveness | Mediated electrochemical 1t is unclear whether this Not retained—not fully
treatment electrochemical that treats mixed waste by electrochemically oxidizing the organic has not been fully proven, and its ability to treat oxidation has not been fully process can be economically | proven.
oxidation components of mixed waste into carbon dioxide and water. The PCBs is uncertain. demonstrated. This option viable. The use of the
inorganic components of the waste go on to the final forms system, requires significant system remains to be
where they are immobilized. This option appears suited for destroying pretreatment. Corrosion and demonstrated in the
aqueous organic liquids, organic liquids, and some organic solids that erosion are concerns presence of radionuclides
can be pulped or slurried. Metals may be dissolved in the analyte (DOE 2000). (DOE 2000).
solution. This requires two secondary systems—acid recovery and silver
recovery—both of which are important for economic operation. It is not
clear whether recovery and reuse are possible or economically viable
with radionuclide contaminants. Off-gas system is required (DOL 2000;
FRTR 2001).
Biological Aerobic Bacteria indigenous to the soil or specifically cultured bacteria are used | Cfficiency is dependent on the contaminant as Aerobic degradation is Aerobic degradation may be | Not retained—Ilimited
reatment legradation to biologically degrade organic contaminants. Aerobic degradation, wtrient for microbial population, oxygen marginally implementable. more expensive than applicability for SDA
performed by microorganisms that require oxygen for growth, is oncentration, temperature, and pH (CPA 1994). Microbe populations are easily | incineration due to frequent | waste contaminants.
commonly used to degrade toxic organic petroleum contaminants to upset by contaminant/nutrient | shutdown and maintenance
nontoxic by-products, thereby reducing the waste volume requiring balance, oxygen concentration, | issues and additional
disposal. Aerobic process residues are usually CO, CO,, H,O0, salts, and temperature, and pH. Waste treatment requirements
biomass sludge (dead cell material). Because contaminants must be must be sized. Biomass, (CPA 1994).
available to the microorganisms, contaminants that are not water-soluble wastewater, and off-gases
are more difficult to treat. Though chlorinated organics are difficult to require treatment. Large
treat, some bacteria do degrade chlorinated organics in the course of system is needed due to slow
metabolizing other more easily degraded compounds. Several processes process time (CPA 1994).
for ex situ aerobic degradation exist, such as the use of a containment
cell, land farming, and bioreactors/composting. Aerobic degradation is a
well-developed, highly effective method to treat organic contaminants®
(EPA 1994).
\naerobic Bacteria indigenous to the soil or specially cultured bacteria are used to Zfficiency is dependent on contaminant as nutrient Process times are slower than | Anaerobic degradation may | Not retained—Ilimited
legradation biologically degrade organic contaminants. Anaerobic degradation is ‘or microbial population, oxygen concentration, aerobic degradation due to be more expensive than applicability for SDA
carried out in the absence of oxygen and yields methane, carbon dioxide, | emperature, and pH (CPA 1994). generally lower microbial incineration due to frequent | waste contaminants.
and biomass. Since the contaminants must be available to the metabolism (CPA 1994). shutdown and maintenance
microorganisms, contaminants that are not water-soluble (e.g., solids issues and additional
and immiscible organics) are more difficult to treat. Chlorinated treatment requirements
organics are difficult to treat because their degradation is not a (CPA 1994).
significant source of energy for the bacteria. Several options for ex situ
anaerobic degradation exist, including the use of a containment cell,
bioreactors, and others‘ (CPA 1994).

c. DOE-RL, 1996,

“Corrective Mcasurcs Study for the 100-NR-1 and 100-NR-2 Opcrable Units, Richland, Washington (Draft),” DOE/RL-95-111, Rev. A, U.S. Department of Encrgy, Richland, Washington, November 1996
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Onsite storage
and disposal

Temporary onsite

A containment structure must be created for onsite staging and storage

Structure would be designed to effectively contain

Tempordty onsite storage is

osts are expected 1o be low

Retdined.:

storage

of waste that has been retrieved from the SDA before the waste can be

waste and COCs durmg staging between retrieval

mmplementable.

in relation to other process

transported to either an off-Site or on-Site disposal or'ex situ treatment

amd treatmentor disposal. Secondary containtment

options within this GRA

facility. Design would be in accordance with state and federal

the stored waste wonld be requived

with consideration: to the

requirements for temporary storage facilities and would be sized as

temporary nature of this

required:to meet processmgirequirements

option

Not retained — operational
and capacity constraints.

RWMC (SDA) The RWMC is located in WAG 7 at the INEEL site and can accept This option is effective for a very narrowly focused | This option is implementable. | Costs are expected to be low
some low-level contaminated soil. However, RCRA-regulated hazardous | portion of the waste in the SDA. Additional capacity is not in relation to other disposal
materials cannot be disposed of permanently at the RWMC, and waste available to receive retrieved options.
acceptance criteria are strict (DOE-1D 2002). SDA waste. Any disposal
would require screening for
very specific acceptance
criteria (DOLE-ID 2002).
{633 he ICDE will be located in WAG 3 at the INEEL site; and the facility The 1€ effective for Jong-term disposal his option: is potentially Costs for disposal are Retained
will open and begin accepting shipments of low-level radiodctive waste | Facility is desighed with triple liner and other implementable for limited expected to be low

features for low-level radioactive waste and

Hime of low-level

in 2003 Roadways would be used for transportation

&

relation fo offsite dispos:

low-level waste

radioactive waste and nuxed

opLions

waste, depending on availabl

capacity fornon-WAG

waste, The MELW must be

treated to meet the waste

dgceptance criteria:

CFA landfill

The CFA landfill, located in WAG 4 at the INELL site, accepts
nonhazardous industrial waste from INCEL sites. Roadways would be
used for transportation.

The CFA landfill is effective for nonhazardous,
nonradioactive industrial waste.

The CFA landfill is not
implementable for LLW or
MLLW streams from the
SDA. However, the CFA
landfill is potentially
implementable for the
nonhazardous portion of
retrieved waste if it is
segregated out.

Costs for this waste stream
are expected to be low to
moderate in relation to other
disposal options.

Not retained

Engineered onsite

engineered facility wonld be constiuicted within for th

An engirieered onsite facility i effective for

his option iy potentially

osts are projected to

Retained

facility disposal of LLW and tréated MLLW. The facility would be desighed isposal of LW and tredted MELW. The approved | implementable and would lower than disposal at offsite
ceotdance with RCRA Subtitle € lined landfill réquitements witl WAG 3 ICDF design has beeri identified for this entail standard constmiction facilities
leachate collection/tréatment dnd landfill gas collection/treatment TOCEss nptio with dvailable matetials. Lea
ystems time would be requived for
he tacility would not be effective for the disposa development of waste
Uivaste: dceeptance criteria; design
approval, and constitiction
» disposal 15 facility. located in southwestern Nevada, Implementability depends on CCosts for this waste stream
radioactive industrial waste and mixed low-le theapproval of INCEL waste | are expected to be high in
Roadways wonld be used for transportation characterization procedures. elation to-other disposal
options.
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Table B-1. (continued).

his facility—located m Carlsbad, Ne: is an effective option.

hig option is miplementable: Costs for the TRU waste

Retained

defense-related, contact-handled TRU

he TSA waste 18 currentl

sfreant are expected to be

waste 15 expected to be accepted in the near futire following approval of

bemg transported to the WIP

proposed RCRA permit modification waste is aceeptable

Acceptance of SDA waste

under specific waste codes:

depends on the approval o

INEEL waste characterizati

procedires.

Barnwell is facility-=—located in Barn Implemental epends on Retaine
Manage radivactive waste. Waste 1s con the approval LEL waste

Facilit Roadways would be used for transpo: characterization procedures:

Environ his facility=-~located in Richl his option is implementable

Restor: radioactive waste; but current for low=level radioactive waste

Dispo would be nsed for tr: ort: if material is treated and

egated before shipment

he Environmental

Restoration Disposal Facili

is not currently approved

mixed waste: Implementabili

depetids on the approval of

INEEL waste characterizati

procediires

Enviroca his facility—located in Clivi Implementability depenids on
waste, mixed low-level radivac approval of INEEL waste e
reatiient options available at characterizati ti
teduction/oxidation; deactivation; i
macroencapsulation and microencapsulation:
WCES s facility==located m Andre Wi implementa epends on
storage; and disposal tacility t ility the approval EEL wast
radioactive. RCRA  and TSCA mix he characterization procedures
Radioactive concentrations inexce:
accepted for treatment. The low-level waste p
units are RCRA compliant with independent 11
atlection systems. Cells
('S is accessible by rail from
U.S: Ee his facility===tocated in Richland Implementabi epends o
tadivactive waste and uses the approval of INEEL wast

used for transportation

characterization procedires:

Yiicca Mountain is not

his facility—located m Nye

constitietion a8 a permanen

currently available for

disposal. 1t1s still under

cotistriiction




_Table B-1. (continued).

CFA = Central Facilities Area

COC = contaminant of concern

DC = dual component

DNAPL = deuse nonaqueous phase liquid

DOD = U.S. Department of Defense

DOEL = U.S. Department of Cnergy

DOEC-ID = U.S. Department of Energy ldaho Operations Office
DUS = dynamic underground shipping

EM = Environmental Management

GRA = general response action

HEPA = high-efficiency particulate air

HLW = high-level waste

HRE — Homogeneous Reactor Cxperiments (Oak Ridge)

ICDF = INECL CERCLA Disposal Facility

INCEL = ldaho National Engineering and Cnvironmental Laboratory

1SG = in situ grouting

ISTD = in situ thermal desorption
ISV = in situ vitrification

LLW = low-level waste

MLLW = mixed low-level waste

O&M = operations and maintenance

ORNL = Oak Ridge National Laboratory

PCB = polychlorinated biphenyl

RAO = remedial action objective

RCRA = Resource Conservation and Recovery Act
Re-dox = reduction-oxidation manipulation

RFH = radio frequency heating

RWMC = Radioactive Waste Management Complex
SDA = Subsurface Disposal Area

SL-1 = Stationary Low-Power Reactor No. 1

SNL = Sandia National Laboratory

SVEL = soil vapor extraction
SVOoC

TRU = transuranic

= semivolatile organic compound

TSA = Transuranic Storage Area
TSCA = Toxic Substances Control Act
VOC = volatile organic compound
WAG = waste area group

WCS = Waste Control Specialists
WIPP = Waste Isolation Pilot Plant
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