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Final Project Report
Staff Exchange with Chemical Waste Management

Staff exchanges, such as the one described in this report, are intended to facilitate communica-
tion and collaboration among scientists and engineers at Department of Energy (DOE) laboratories, in
U.S. industry, and academia. Funding support for these exchanges is provided by the DOE, Office
of Energy Research, Laboratory Technology Transfer Program. Funding levels for each exchange
typically range from $20,000 to $40,000. The exchanges offer the opportunity for the laboratories to
transfer technology and expertise to industry, gain a pei'spective on industry's problems, and develop
the basis for further cooperative efforts through Cooperative Research and Development Agreements
(CRADAs) or other mechanisms.

Purpose/Objective

The original objective of the exchange between Pacific Northwest Laboratory (PNL) and
Chemical Waste Management, Inc. (CWM) was the transfer of PNL technology and expertise in
computational chemistry and waste fiow/treatment modeling to CWM. However, as the exchange
progressed, this objective was broadened and modified somewhat to better address the needs of
CWM. Identification and characterization of a broader portfolio of PNL's environmental remediation
technologies with a high potential for rapid application to CWM's businesses became the focus of the
exchange. This expansion in objectives resulted in a wider involvement of both CWM and PNL staff
in the exchange.

Summary of Activities

Mr. Dan Barak, the primary CWM exchange participant and other representatives of CWM
made several visits to PNL. The first visit was in August 1992. This visit focused on logistics of the
staff exchange and included some general discussions about technical areas of interest to CWM.

Mr. Barak was also linked into PNL's E-MAIL system to facilitate communication with PNL staff.

The second visit occurred over a 2-week peric_din September and October 1992. During this
visit, Mr. Barak held technical discussions regarding 14 PNL technologies (listed in Appendix A) that
were of potential interest to CWM. In addition, Mr. Barak provided technical input to PNL person-
nel on a chemical process modeling program that PNL is developing under the sponsorship of the
DOE Office of Energy Efficiency and Renewable Energy, Office of Industrial Technologies.

Of the 14 technologies discussed, Mr. Barak identified tb_ following as being of the highest
interest to CWM:

• Six Phase Soil Heating (In-Situ Heating) - a low-temperature approach (-212°F) used in
conjunction with soil vapor extraction for removal of volatile and semi-volatile organics from
soils



• High Energy Corona (Electrical Corona Destruction) - use of a high voltage coronato oxidize
organics in gas streams

• RAAS/ReOptTM - remedialinvestigationtechnology_d expert system software designedto help
remedial investigation/feasibilitystudies

• TEESTM - a catalytic techniquethat producesmethanefrom biological wastes (cellulose, food
processing, etc.)

• PST - a process for treating petroleumsludge that uses heat andpressure to break emulsions
resulting in distinctoil/water/solid phases.

Mr. Barakvisited PNL in November 1992, to obtainmore detailedinformationwith a focus on
TEES andPST. A meetingwas also held at the offices of PNL's currentlicensee for the TEES
process (Onsite*Ofsite).

After the Novembermeeting, Mr. Barakproposed to CWM managementthat serious discussions
be undertakenwith PNL with regard to the transferand commercializationof either the TEES or PST
processes. Unfortunately,in December 1992, CWM was substantiallyreorganized. As a result,
nearly all of the principalCWM staff involvedwith the staff exchange (including Mr. Barak) either
left CWM or were transferred to other divisions. Mr. Barakwas assigned to a specific project in the
Dallas, Texas, area that did not give him the opportunityto visit PNL againfor several months.
However, he continued to work within the Waste Management, Inc. (new namefor CWM)operating
companies to identify suitablecontacts to continuethe exchange activities. Candidateswere identified
in both RUST Engineeringand WheelabratorEngineered Systems. A memo from Mr. Barakto
WheelabratorregardingTEES and PST is providedin AppendixB.

Finally, in July 1993, Mr. Barak madehis final visit to PNL, along with Dr. John Northof
RUST Engineeringand Mr. Steve Uban of WheelabratorEngineered Systems. Dr. Northpresenteda
2-hourseminar on technologies built andused by RUST for waste managementand remediation
services. A copy of the materialprovided by Dr. Northis includedas AppendixC. Discussions
were held with PNL staff regarding several technologies, includingTEES, PST, Six Phase Soil
Heating, and High Energy Corona.

After this meeting, additionalinteractionson the exchange were planned. However, a substan-
tial reductionin force occurredat CWM and Mr. Barakwas forced to leave the company in
September 1993. Subsequentinteractionswere conductedwith Mr. Uban leading to a proposal to
utilize the remainingfunds from the exchange for a joint project to do a "proof-of-concept"test of the
efficacy of the PST process in treating sludge waste streams of interestto Wheelabrator.

Copies of E-MAILcorrespondence between Mr. Barakand various PNL staff are included in
AppendixD.



Significant Accomplishments

Through the exchange, a majorcompany providingenvironmentalremediationandwaste man-
agement services became muchmore familiarwith a wide variety of PNL technologies andexpertise
relevant to its business. PNL staff also had an opportunityto gain "real-world"knowledge and
understandingof practical issues in waste managementand environmentalremediation. Owing to
financial pressures within CWM (describedbelow), the objectivesof the exchange were narrowedto
focus on technologies with near-termapplicabilityto CWM's business. Substantialcommunication
and interactionswith regardto these technologies occurred, leadingto a proposalfor a follow-on
project with WheelabratorEngineeredSystems to explore the applicabilityof the PST process to
specific waste streams.

Significant Problems

During the exchange, CWM was undersignificant financial pressureas a resultof operating
losses in its waste incinerationbusiness. The initial goal of the exchange was to initiatejoint research
anddevelopment between PNL and CWM. However, CWM's financial pressuresresulted in a
change of focus to identify near-term opportunitiesto applyPNL technologies to CWM business
needs.

In December 1992, CWM underwenta substantialreorganizationthat resultedin the disbanding
of its centralized researchand developmentorganization. This reorganizationmade the transfer of
PNL technologies into applicationby CWM more difficult, becausemany of the principal individuals
associated with the exchange were either transferred to other Waste Management, Inc., divisions or
left the company.

The principal exchange participant(Mr. Barak) was assigned to a project in Dallas, Texas, that
did not allow him to visit PNL for several months. During this time, Mr. Barak continued to contact
individualswithin various divisions of Waste Management,Inc., to identify interest in cooperating
with PNL in applyingspecific technologies. Finally, in July 1993, Mr. Barak visited PNL with
representativesfrom two other Waste Management, Inc., divisions (Wheelabratorand RUST
Engineering). Approximately2 months after the visit, CWM underwenta majordownsizing and
Mr. Barak was forced to leave the organization.

Industry Benefits Realized

The reorganizationsand downsizing of CWM duringthe exchange almost certainlyreducedthe
potential benefits to industry. However, it is believed that CWM became more familiar with the
technologies and capabilities of PNL as a result of the exchange. As a result of these interactions,a
proposal for a specific cooperative projectrelatedto the PST technology was developed.



Recommended Follow-on Work

A cooperative effort is proposed between Wheelabrator Engineered Sysmms and PNL to explore
the potential transfer and application of the PST technology to Wheelabrator's business. The initial
project in the effort will focus on the ability of the PST technology to meet U.S. Environmental
Protection Agency (EPA) Best Demonstrated Available Technology (BDAT) standards. Assuming
this initial effort is successful, further efforts would focus on developing a continuous flow system for
PST that could be commercially applied.

Potential Benefits from Pursuing Follow-on Work

Most oil refineries need a new method for disposing of oil sludge. Land farming was the

standard disposal method for oil sludge until it was banned by the EPA in 1990. The only EPA-
accepted alternative has been incineration, which is costly, heavily regulated, and produces a
substantial ash stream that also requires disposal as a hazardous waste. The PST process separates
highly stable emulsified petroleum wastes into oil, water, and solids. The oil is recovered and
returned to the refinery for processing, and the water is believed to be suitable for discharge to the
refinery wastewater treating plant or to a publicly-owned treatment plant, leaving a greatly reduced
volume of solids for disposal.

If the PST process can be successfully developed and transferred into commercial application,
Wheelabrator Engineered Systems would benefit from the ability to add a new product line to their
business. More importantly, an environmentally benign alternative to existing methods of oil sludge
disposal will be available.



Appendix A

Summary List of Technologies



., _ CHEMICAL WASTE MANAGEMENT
GenevaResearchCenter

MEMORANDUM

DATE: October 27, 1992
r

TO" George Vander Velde

FROM: Dan Barak

SUBJECT: PNL Summary of Technology Presentations
i i I il

I spent two weeks at PNL in late September and early October for the staff
exchange project. During that time I received presentations on 15-20 technologies
and research areas at the lab. I have prepared a summary listing of the areas of
greatest potential interest on our part, with a very brief description of the
technology or potential fit for our needs:

• Ceramic Melter and Ex-Situ Vitrification (ESV)- Melter is used to glassify high
level radioactive wastes. ESV unit in construction at MSW incinerator for
ash in western W A.

• In Situ Vitrification - Same technology as licensed to GEOSAFE. They are
very interested in licensing to us as well.

• In Situ Heating - Lower temperature approach (~ 212°F) used inconjunction
with soil vapor extraction for removal of volatile organics from soils. Claims
to have very favorable economics (< $50/ton). We will evaluate.

• Electro Corona Destruction - Uses high voltage corona to oxidize organics in
gas streams and shows potential as adjunct/alternative to carbon and/or
catalytic oxidation. Low temperature (<100°C), no movingparts, virtually
instant on/off, etc. Late bench scale phase.

• Bioremediation- They are doing in situ studies for cleaning up Hanford. But
area of most interest was "landfill husbandry" or stimulating production of
methane from landfills by nutrient addition, leachate pumparound, etc.

• Waste Minimization - They are approaching this from a policy level looking at
Why? something is produced as much as how to minimize the in-process
waste production.

• Petroleum Sludge Treatment - Possible backup technology to
enzymes/surfactants for treatment of API separator sludge. Uses heat and
pressure to break emulsion resulting in distinct oil/water/solid phases. Needs
scale-up to continuous process and BDAT testing of effluents.

• TEES P_ocess (Catalytic gasification)- Catalytic technique which produces
metha_le from bio wastes (cellulosic, food processing, etc.). Works as much
as 4 orders of magnitude faster than anaerobic digestion. Liquid/slurry
phase process at high temp (~ 400°C)and pressure.

A.!



• Catalyst materials - Possible consulting to Advanced Waste Technology
and/or ARI for alternatives to expensive precious metals for waste treatment
and new catalyst design and testing.

• Supercritical fluid applications- These are aimed at cleaning technologies to
replace the currently used freon solvents (Boeing is involved in this).

• Waste Acid Recovery- Acid distillation process to recover clean acids.
Applications also for highly corrosive environment materials of construction.

• Advanced Simulation System Project - Next generation program to advance
the industry into the use of object oriented techniques.

• RAAS/REOPT- Remedial investigation technology evaluation expert system
software. Designed to help RI/FS studies at DOE facilities. Possible
extensions include DOE/DOD RFP preparation, RSG proposal preparations,
automated proposal review, etc.

• "Smart Plants" - Employing fuzzy logic to advise operators on corrective
control actions to mitigate process upsets and prevent permit excursions.
We have been proposing something like this for our incinerators.

This is a summary list of some of the technologies that were presented to me
during my stay. I will be going back in November, with Abid Bengali, to do a more
intensive review of the processes available for license and prepare decision
summaries for each potential technology, describing the process, state of research
(concept, bench, pilot, full etc), licensing potential and estimated
treatment/development costs.

We also have been asked to give a seminar to the computational chemistry staff at
PNL about the problems faced by our chemists. They need this to direct and
prioritize their research for DOE. This is a good opportunity for us to gain some
visibility in this effort at PNL and establish technical relationships between our
scientists c.,_i theirs.

cc: D. Ayen
S. Baker

A. Bengali
P. Dent

A.2
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Portion of Memo to Wheelabrator



Pacific Northwest Labs Technology Transfer
January 14, 1993

I

Several technologies from PNL that have potential applicability within Wheelabrator. They
are summarized here for your information:

TEES -- Catalytic Gasification for organic wastewaters and biomass

• System uses 1500-3000 p_i and 300-400°C to produce a medium btu gas
• Estimated costs $6-8/MMBtu gas produced from biomass and 4-12 cents per

gallon for organic wastewaters.
• Potential applications: water treatment at our recycling facilities, yard waste at

WMNA landfills, wood and paper pulp from recycled paper manufacture,
brewery effluent treatment, etc.

• System is already licensed to small company, but they are very willing to work
with us or sellout.

• PNL will run bench tests for us on candidate streams for $1,000 per test (pilot
scale (.5 gpm) at $5,000/test).

PST-- Petroleum Sludge Treatment

• System uses 1500-2500 psi and ~ 300°C to break water based emulsions.
• Tested on K048-52 wastes from refineries, breaks emulsion into three phases,

oil layer returned to refinery, water layer to refinery water treatment and solids
(while appearing visually clean) have not been tested for BDAT.

• System has not yet been licensed to anyone. We have the opportunity to go
for pilot scale-up with $50k WTI and $300k DOE (RFP due to DOE by Mid.
January 1993). Ultimate industry (Wheelabrator) funding in later phases
averages to 50% of total cost.

• Treatment cost estimated at ~ $25/raw ton or ~ $100-125 per filter cake ton (this
needs to be confirmed in scale-up tests).

• PNL will run tests for us on bench scale batch system for $1,000 per test (does
not include BDAT analytical).

In general we can license these and other technologies for around 50% funding. However,
most of the industry portion can be satisfied by "services in kind" and this allows us to put a
value on testing, obtaining samples, etc. Additionally, the time that we spend evaluating
and implementing the technology can count in our favor at full billable rates.

B.1
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PY*ROXTM TRANSPORTABLE ROTARY KILN INCINERATION Page 1 of 2

RUSTRemedialServicesInc.
PROCESSDESCRIPTION

The PY*ROX"xMtechnology is a transportable incinera- Flue gas exiting the kiln is directed to a refractory-lined
tion process for treating contaminated soils. The system c/clone separator for removal Of entrained particulate
consists of a rotary kiln incinerator, followed by a high matter. Thefluegasexitsthec/cloneseparatorandenters
temperature secondary combustion chamber for com- the secondary combustion chamber (SCC), where the
plete destruction of a wide range of organic contami- organic contaminants are destroyed at elevated tempera-
nants. The fluegas from the process ispassedthrough air ture. The SCC is a refractory-lined, vertical vessel
pollution control equipment prior to release to the equipped with a burner which is capable of raising the
atmosphere, flue gas temperature as high as 2200_: (for PCBs and

dioxins) to ensure complete destruction of the organic
The PY*RO_ system utilizes a refractory-lined rotary constituents.
kiln incinerator, operating at relatively high tempera-
tures (1200°F to 1600°1=),to effect the desorption of The hot flue gas exiting the SCC next enters the quench
even the most stable organic contaminants out of the tower, where it iscooled to 400°F by water spray nozzles.
soil. The rotary kiln is heated by an oxy-fuel burner The flue gas is next passed through a baghouse for the
which fires directly into the kiln, co-current to the removal of fine particulate matter. The baghouse is
direction of soil movement. The oxy-fuel burner pro- equipped with high temperature, teflon-coated, fabric
rides optimum temperature distribution and heat trans- bags. Finally, the flue gas passes through a horizontal
fer in the kiln, and minimizes the amount of fluegasand packed bed scrubber for the removal of acid gases. The
entrained dust which enter downstream equipment, cleaned flue gas exiting the scrubber is continuously
The treated soil exiting the rotary kiln falls into an monitoredanddischargedtoatmosphereviaashortvent
enclosed ash conveyor, where water is added to cool and stack.
dedust the soil.



PY*ROX TM TRANSPORTABLEROTARY KILN INCINERATION Paae2 of 2

APPLICABILITY PY*ROXTM 8212 Soecifications: (Planned)

Contaminants Treated: • 40-50 ton/hr soil throughput.
• Halogenated VOCs/SVOCs. * 160 MM Btu/hr overall thermal rating.
• Non-halogcnated VOCs/SVOCs. • 150' x 225' space requirement.

• PCBs,pesticides,herbicides PY*RO_'_ 100 Soecifications:
• Mobile system; entirely trailer mounted.Media Treated:

• Soils and other solids. * 1-2 ton/hr soil throughput.

• Sludges and liquids • 10 MM Btu/hr overall thermal rating.
• 50'x 75' space requirement.

Backoround Data: * Flow scheme sdightly different than shown in

• Treated soil meets Land Ban requirements with flgureon page I: counter-current kiln; nocyclone;
respect to organic contamination, no baghouse.

• At least 99.99% destruction/removal efficiency EXPERIENCE
for gCRA-listed organic contaminants.

• Atleast99.9999%destruction/removalefficiency Boo Creek I_PL Site. Howell Townshin. NJ:
for TSCA-listed organics (PCBs/dioxins). • Treated 25,000 tons of soil contaminated with

• Particulateloading (emissions) of 0.02 gr/dscfor paint wastes and industrial solvents.
less in stack gas. • 99.99% DRE demonstrated on naphthalene &

• HCI removal of 99% or better, carbon tetrachloride.

• SO2 removal of 90% or better. • Customer Contact:
- George Buk 908/389-3040

L_imitations: US Army Corps of Engineers

• Pretreatment required for soil particle sizes >2".
• Maximum soil moisture content of 50%, with QId Midland Products NPL Site. Ola. AR:

25% preferable. * Treated 103,000 tons ofsoil contaminated with
wood treating wastes (PCP, PAHs).

STATUS I CAPABILITIES * 99.9999% DRE demonstratedon naphthalene
& trichlorobenzene.

RKSownsandoperatestwo PY*ROXTM Transportable • CustomerContact:
Rotary Kiln Incinerationsystemsand is preparingto - CarlosSanchcz 2141655-6710
build a third system. The PY*ROXTM 8200 is currently USEPA Region 6
deployed at the Old Midland Products Superfund project.

The PY*ROXTM 100 is asmall, trailer mounted mobile Brio Refinina NPL Site. Friendswood. TX:

system, recentlyused duringthe Operation Desert Storm • 120,000 tons of soil contaminated with petro-
cleanup in Saudi Arabia. The PY*ROXTM 8212 is leum refining wastes (tars, PAHs).
currently in the preliminary design stage, and will have • 99.99% DRE to be demonstrated on naphtha-
twice the capacity of the PY*ROXTM 8200. lene & chlorobenzene.

• Customer Contact:
PY*ROXTM B200Specifications: - Ed Dondzila 713/996-8321

• 20-25 ton/hr soil throughput. Project Manager- BRIO Site Task Force
• 82 MM Btu/hr overall thermal rating.
• 125'x 200' space requirement.

l
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LT*XTM LOW TEMPERATURE THERMAL DESORPTION ....... Page 1 of 2

RUSTRemedialServicesInc.
PROCESSDESCRIPTION

The LT*XTM Low Temperature Thermal Desorption Flue gas exiting the PTU, laden with desorbed organics
technology (see diagram below) is a waste treatment and entrained particulates, is directed to high-efficiency
process that thermally separates or "desorbs" organic cydoneseparators forremoval ofmost ofthe particulates.
contaminants from soils, sludges, or other solid media. The flue gas passes from the cyclone separators to the
The volatilized organic contaminants are subsequendy secondary'treatment unit (STU). The STU isa refractory-
oxidized and the resultant flue gas is passed through air lined, horizontal drum equipped with a burner. It is
pollution control equipment prior to release to the designed to raisethe fluegas temperature to approximatdy
atmosphere. 1800"F to ensure complete destruction of the organic

constituents.

The LT*XTM system incorporates a rotary dryer primary
treatment unit (PTU) operating at relatively low The hot flue gas exiting the STU next enters the quench
temperatures (350"F to 700"F) to effect the desorption tower, where it is cooled to 375"F bywater spray nozzles.
ofthe organic contaminants into the fluegas. ThePTU The flue gas is next passed through a baghouse for
is heated by a burner which fires directly into the unit. removal of fine particulate matter. The baghouse is
The plural flights inside the PTU lift and shower the soil equipped with high temperature, teflon-coated fabric
through the hot burner exhaust and down the length of bags. Finally, the flue gas passes through a horizontal
the drum in a co-current direction. The treated soil packed bed scrubber where acid gasesare removed. The
exiting the PTU falls into an enclosed pugmill, where cleaned flue gas from the scrubber is continuously
water is introduced to cool and dedust the soil. monitored and discharged to atmosphere via a short

stack.

LT*XTM Process Flow Diagram

Burner
Contaminated Soil

F,u.o.' _ Cyclone

O}-'__ .,_JJ Primary Separators(0 _ ./ Treatment Unit

V'Feed Hoppers 0__,_. Feed TreatedConveyor Soil

Clean Flue Gas Cooling Water Particulate

so,,

BedH°riz°ntaIscrubberPaCked_ _Sohveyor__ Pug M_o_lin- TreatmentunitSec°ndary
Water

Baghouse

Quench Burner
Tower

Recirc. Pump Induced Draft Fan Particulateto Pug Mill
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LT*XTM LOW TEMPERATURE THERMAL DESORPTION PAGE2 OF 2

APPLICABILITY • 1.9secondflue gasresidencetime in STU.
• 1,800"F STU gas exit temperature.Contaminants Treated:

• Halogenated VOCs/SVOC's. • Propane or natural gas fuel.
• Non-halogenated VOCs/SVOCs. • Fully automated PLC based control system.

• 125'X 125' space requirement.

Media Treated: Soil_ and other solids.
EXPERIENCE

Backoround Data: Waldiek Aerosoace Devices NPL Site. Wall
• Treatedsoil meetsLandBanrequirementswith Township. NJ:

respectto organiccontamination. • First deploymentof the LT'X TM system,with
• At least99% destmction/removaJefficiencyfor anticipatedstartup in May, 1993.

organiccontaminanu. • Remediation of 3,000 cubic yards of soil
• Particulateloading(emissions)of0.02 gr/dscfor contaminatedwith chlorinatedvolatileorganic

lessin stackgas. compounds.
• HCI removal of 99% or better. • Estimated 40 days ofLT*X TM operations, based

• SOs removal of 90% or better, on a 10 hour/day, 6 day work week.
• Project being administered by the U.S. Army

Limitations: Corps of Engineers.
• Not applicable to TSCA wastes. • Airemissions and monitoring to complywith all
• Pretreatmentrequiredforsoilswithparticlesizes conditions of a New Jersey Department of

greater than2". Environmental Protection Air Permit
• Maximum organic conce,,tration of 5%. Equivalency document.
• Maximum soil moisture content of 50%, with < • Treated soil will be required to meet Land Ban

25% preferable, requirementsassociated with F001 - F005 wastes,
• For economic reasons, site should have at least andwiilbetransportedoff-sitetoagCRAlandf'U

5,000 tons of material, for disposal.
• Customer Contact:

STATUS/CAPABILITIES - GeorgeBuk 908/389-3040

The LT'X TM technology is fully commercial, with RRS Area Engineer, NJ Area Office
currently operating one system. The system was built in US Army Corps of Engineers
1992, commissioned in early 1993, and scheduled to
begin its first on-site remediation in May, 1993.

LT*X TM Eauinment & Performance Soees.:
• 30-35 ton/hr soil throughput.
• 50 MM Btu/hr PTU thermal rating.
• 55 MM Btu/hr STU thermal rating.
• 7-10 minutes soil residence time in PTU.

• 400-500"F soil exit temperature from PTU.



X*TRAX TM LOW TEMPERATURETHERMAL DESORPTION Page I of 2

U.S. Patent No. 4,864,942 RUST Remedial Services Inc.

PROCESS DESCRIPTION
Theorganiccontaminanuandwatervapordrivenfromthesolids

The X*TRAXTM technology (see diagram below) is a thermal are transportedout of the dryerby an inert nitrogen carriergas.
desorption processdesigned to remove organic contaminants The carriergasflowsthrough aduct to the gastreatment system,
fromsoils,sludges,andother solidmedia. It isnot an indnerator whereorganicvapors,watervapors, anddust particlesareremoved
ora pyrolysissystemanddoesnot formcombustion by-products, and recoveredfrom the gas. The gasfirst passesthrough ao/done
The organic contaminants areremoved as a condensed liquid, and a high-energy scrubber. The gas then passes through two
characterizedby a high heat (Btu) radng_which may be either condensers in series, where it is cooled to lessthan 40"F.
destroyed in a permitted incinerator or used as a supplemental
fuel. Becauseof low product temperatures (450 to 800 degrees Most of the carrier gas is reheated and recycled to the dryer.
Fahrenheit) and gas flow rates, this process is usually less Approximately5 to 10 percent of the gas is cleaned by passingit
expensive than indneration, and generally more acceptable by through a particulate filterand a carbonadsorption systembefore
the public, it is discharged to the atmosphere. The volume of gas released

from this processvent isapproximately 100 to200 timeslessthan
An externally-firedrotarydryeris used tovolatilizethe water and an equivalent capacityincinerator. This dischargehdpsmaintain
organiccontaminants into an inert carrier gas stream. The asmallnegativepressurewithinthesysternandpreventspotentiaUy
processedsolids arethen cooledwith treatedcondensed water to contaminated gasesfrom leaking. The dischargealso allows
eliminate dusting. The solids are ready to be placed and makeup nitrogen to be added to the system, to keep oxygen
compacted in their original location, concentrations between 0 and 4%.

X"I'RAXTM Process Flow Diagram

Carbon
Vent Drums
Gas

Primary Secondary
Condenser Condenser Filter

Eductor

Cyclone Low T

reheat Blower

Phase Condensate
Separation ........... Storage High T

Organics Tanks Reheat

Sludge
Waste
Feed

Rotary Dryer
Solids

Dry Product Feeder
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X*TRAX TM LOW TEMPERATURE THERMAL DESORPTION Page 2 of 2

APPLICABILITY
• Mobile unit mountedon twosemitrailers.

_ontaminam Treated: • 24" diameter, 20' long indirect-fireddryer- nominal
• PCBs, pestiddes, herbicides.
• halogenatecffnon-halogenatedVOCs/SVOCs. capacity of 5 tons perday.• Fullyengineeredoff-gascollectionand treatment system.
• mixed wastes (organic/radioactive). • Initiallyusedto providedesigndata for full scalesystem.
• mercury. Still used for larger scale treatability studies and

demonstrations.

Media Treated: Soils, sludges, other solids. • Over 90 tons of material processed since start up in
1988, including mixedwastes,PCB contamirated mils,

Backaround Data: and RCRA materials.
• Demonstrated on avarietyof soils - fromsand to very

cohesive days.
• VOCs typically reduced to • 1 ppm (BDL in many • Xq'KAX TM Model 200 - transportable production

cases).SVOCs typi_llyreduced to,: 10ppm, frequently unit foron-site cleanup of contaminated soil.
to < 1 ppm. • Nominal capacity of 125 tons perday of contaminated

• 3,000 ppm PCBs in soils reduced to • 2 ppm. soil (at 20% moisture).
Demonstrated removal effidencies of 96-99+ % for

• Indirect-fired rotary dryer with gas collection and
pesticide contaminated soils, treatment system.

• Soil mercury contamination reduced from 5,100 ppm • FirstModel200 completed in early1990, tested through
to 1.3 ppm. 1992.

IJmIIIIJTLDJ]_ EXPERIENCE
• Pretreatment to < 2" partide size.
• Maximumorganicconcentrationsof 20%. ReSolye NpL Site. North Dartmouth. MA:
• MaximumsoilmoisturecontentsofSO%,with<25% • First project for the X'TRAXTM Model 200, for

moisture preferable, remediationof over35,000 tons of PCB-contaminated
• Acceptable results may not be achievable for some soil.

contaminantsin dayey soils. • Proof-of-processtest and USEPASITE demonstration
• For economic reasons, site should have at least 5,000 were both successfullyconducted at ReSolve in May/

tons of material, with sites > 20,000 tons preferable. June, 1992.
• Operating at throughput ratesof 120-150 tons perday,

STATUS I CAPABILITIES treatedsoilPCB concentrations were an averageof 0.25

The X*TRAXTM technology is a product of 100°/o internal ppm, from a starting concentration range of 180-515
Company development - from hboratory conceptual studies ppm PCBs.• Otherorganiccontaminants, e.g.-TCEandTPH, were
through the deployment of the full.scale commercial unit. We reduced belowdetectable levels.
currentlyhave three different X*TRAXTM systemsavailablefor • Recently issued EPA SITE Bulletin on the Resolve
use and testing: demonstration is attached.

• Customer Contacts:
Laboratory Scale:

- Michael Worthy 5081635-9500
• Two systemsavailablefortreatabilitystudieson RCRA, ReSolvePRP Committee Proj. Coord.

TSCA, or mixed wastes at RRS' Clemson Technical ENSR Consulting and Engineering
Center. - Paul IL dePercin 3131569-7797

• Small, continuous flow systems(2-5 Ibsperhour) that
EPA ProjectManager

simulate the pilot and full scale hardwarein almost USEPA RiskReduction Engineering Lab
every feature.

• More than 75 studies conducted with laboratoryunits
since January 1988.
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VAC*TRAX VACUUM/THERMAL DESORPTION Page 1 of 1

RUST Remedial Services Inc.
PROCESSDESCRIPTION

The VAC*TRAX process is designed to separate organic Media Treated: Soils, sludges, other solids.
contaminants from soils and sludges, with applicability to
both mixedand unmixed wastes. Inmixed waste (organic and Backoround Data:
radioactive contaminants) applications, the VAC*TRAX • Bench-scale VOC removal efficiencies in excms of
process generatesproduct streams that areamenable to further 99%.
treatment and/or disposal via conventional methods. I.i/DRIKg.llg
VAC*TRAX is similar in concept to the X*TRAXTM thermal • Maximum organic concentrations of 20%.

desorption process, except that a vacuum environment isused • Optimum moisture content <25%, 50% maximum
to lower the process operating temperature. The intended
application of this technology is the remediation ofsites with STATUS I CAPABILITIES

smallerquantitiesofcontaminatedsoil. Most exist ing thermal TheVAC*TRAXtechnoiogyiscurrentlyinthedevelopmental
separation systems carry large overhead and set up costs, stage. In late 1992, RUST was awardeda contract through the
which limit their feasibility for smaller sites. VAC*TRAX is USDOEProgram Researchand DevelopmentAnnouncement

an economical alternative becausethesystem is small, mobile, (PRDA) program to fund this development. Pilot-scale
and requires minimal mobilization and demobilization testing of the VAC*TRAX technology will begin shortly at
activities. RRS' Clemson Technical Center. Successful treatment of

surrogates and mixed wastm at this level will lead to the
The primary component of the VAC*TRAX system is a construction, testing, and commercialization of a full-scale
stirred and jacketed batch dryer. An external heater unit mobile treatment system. This system will b: available forthe
circulates hot oil through the jacket and stirring paddles. A remediation of hazardous and mixed wastes at contaminated

heated fdter attached to the vapor outlet of the dryer separates DOE, DOD, and commercial sites.
particulate from the vapors - keeping all solids in the dryer.

After ex:ting the fdter, the vapor phase passes through a series EXPERIENCE
of three condensers, a vacuum pump, a secondary particulate
filter, and a carbon adsorption canister to capture volatilized Due to the relative infancy of this technology, experience to
organic compounds. A low flow of nitrogen inerts the dryer dateconsistsoftheinitiallaboratorystudiesontheprocessand
and carries the contaminants through the vapor handling the extensive data collected on the similar X*TRAX process.
system. It is anticipated that the PRDA program will result in the

development of a commercial VAC*TRAX system within the
APPLICABILITY next two years.

• Customer Contact:
Contaminants Treated; - William Huber 304/291-4663

• halogenated/non-halogenated VOCs/SVOCs. USDOE - Morgantown Energy Technology
• mixed wastes (organic/radioactive). Center

VAC*TRAX Proc.e_ Flow Diagram _,o F_,,,
Feetl

N2 So41
GII
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CHEM*MATRIX'MSTABILIZATION .................. Page 1.of 2

RUSTRemedialServicesInc.
PROCESSDESCRIPTION

The Chem*MatrixSMtreatmentsystemwas d_veloped by components not immobilized by normal stabilization
the company to provide a flexible treatment process to using hydraulic binders & additives. The pretreatment
meet the challenges in stabilizing the wide variety of process may handle liquid, semi-solid, aggregated and
industrial waste streams and contaminated materials to powdered wastes and can be operated as a continuous or
regula_orystandards. Whilethetreatmentsystememploys batch process.
conventional equipment and unit operations, its
uniqueness stems from its design ability to =mix and The various feed and discharge modules accommodate
match" various physical and chemical process operations variablewaste forms. These modules are reinforced with
to meet the specific characteristics and associated asophisticated processcontrol system designed to replicate
requirements ofthe incomingwaste stream (seediagram the stabilization formulation developed in thelaboratory.
below).

Equallycritical is the mixing module. Mixing isprovided
The collective process consists of two basic modules, by a high intensity, high shear continuous pugmill with
each containing a number of unit operations that can be high throughput capability for efflciendy mixing various
selected in the design to meet projected waste waste forms including solids, sludges, filter cake and
characteristics for a specific application, or combined to liquids.
provide a high degree of variability.

The pretrearment module involves capability for size
reduction, debris removal/destruction, and chemical

pretreatment, the latter for wastes containing hazardous

Chem*Matrix TM Process Flow Diagram

Control System
Metal

AGGREGAI_WASTE Removal

Feeder Metering
(_ ,, C_ Pump

To Emis=don
To Emission Control System

Control Systam -_ ' ,,I

SEMkSOLIDWASTE
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CHEM*MATRIX'"STABILIZATION ..... Paae 2 of 2

APPLICABILITY • Threefull-scale,transportablesystemsavailable,each

Contamipants Treated: with a nominalcapacityof 100 tons/hour.
• Heavy metals & radionuclides. • Four fixed units exist, one each at Chemical Waste
• Volatile & sam/volatile organics (low Management's TSD facilities at Emelle, AL;Model

concentrations). City, NY;Menomonec Falls,WI; and CID (Chicago,
ILL

Media Treated:
• Soils,sludges,oily and tarrysubstances EXPERIENCE
• Powdered and aggregated wastes. E.I. DuPont de Nemours. PomDton Lakes.
• Liquids and semi-solid materials. Na'.

• Reined/at/on of approximately 50,000 tons of
Baekaround Data: lead and mercury contaminated soils and
• Mobileor fixed bas_:operation _shootingponds",whereoff-specblastingcaps,
• Canprocessforeigndebris,inwastestream,such fuses,wires,etc.hadbeendisposedandexploded.

aswood, concrete, rubble, and metallic objects. • Excavation and pretreatment (crushing,
• Canhandlewasteswithhighvariabilityinparticle screening, etc.) performed on-site.

sizes, down to furnace dust. • Prepared material shipped to Model City facility
• Units typically sized at 100 tons/hr processing (CWM) for stabilization by Chem'Matrix TM

capacity, system, followed by disposal in secure landfill.
• Highlyautomatedsystem to facilitate replication • Project completed May, 1992.

of stabilization formulation developed in • Customer Conract:
laboratory for specific waste materials. - Bob Decker 201/835-1300

• Interferences encountered can be controlled. E.I. DuPont de Nemours

• Company Contact:
Limitations; - JesseConner 803/646-2413
• Practical limitation - waste materials must be RUST Remedial Services Inc.

amenable to pretreatment size reduction to 2" or Clemson Technical Center
less.

STATUS/CAP ABILITIES

Chem*MatrixTM is an accumulation or combination of

various unit operations that provides a comprehensive
commercial approach to transportable stabilization and
immobilization treatment. RUST can also perform
comprehensive treatability studies at its Clemson
Technical Center, to determine the optimum formulation
for the stabilization of a particular waste stream.

• Variouspretreatment processesand reagent addition
schemes can be implemented, depending on the
physical and chemical characteristics of the waste.



RAD*MATRIX RADIONUCLIDE STABILIZATION Page I of 1

RUSTRemedialServicesInc.
PROCESSDESCRIPTION

RAD*MATRIX isan ongoing control programthat has • Providetechnicallyflexibleandversatiletransportable
resulted in a number of stabilization formulations for systems to accommodate all potential waste types
low level radioactivewastes. (see diagram below).

The RAD*MATRIX program consists of several APPLICABILITY

components asrelatedto site specific, targetwaste streams. Contaminants Treated:
These components range from the R&D solidification • All radionudides
program supporting NUL waste form certification to the
subsequent process and quality control of on-site Media Treated:

stabilization servicesprior to packaging for waste form • Low level radioactive wastes dasses A, B, and C.
transport and disposal. R&D activities aresupported by ( boric acid, resins, oils, decon solutions, etc.)
RRS' Clemson Technical Center, program execution
and process control is managed by RRS'sister company, EXPERIENCE
Chem Nuclear Systems, Inc.

The RAD°MATRIX program has performedsince 1974

The ultimate objectivesofthe program canbe summarized and project examples arenumerous, involving more than
as follows: half of the nuclear power plants in the United States.

• Produce a waste form that receives regulatory " Customer Contacts:
acceptance from the NRC. - Jack Torben 315/349-2543

• Produce aformulation that results in an economical, Rod Waste Supervisor- 9 Mile Point
high waste-to-container ratio. Niagara Mohawk Power Co.

- Art Wocha 609/971-4545

Rod Waste Supervisor - Oyster Creek

RAD*MATRIX Process Flow Diagrams GPU Nuclear

Te 8aaimlN
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STIR-MELTEFF"VITRIFICATION SYSTEM Pa0e 1 of 2

RUSTRemedialServicesInc.
PROCESSDESCRIPTION

RUST employs the Stir-Melter TM vitrification systemas The molten bath is continuously stirredat a high rate to
a unique and emerging technology. Stir-MelterTM assure uniformity of the material and heat distribution
transforms hazardous and radioactive wastes into an and to accelerate melting through the shearing action of
easily handled non-leachable glass waste product. This the impeller. The nature of the process creates a quiet
technology is made available through a licensing zone within the melter which allows gases to escape,
agreement with Stir-Melter TM , Inc. and its parent producingaflnalmoltenglassproductthatisatmaximum
company, GlassTech, Inc. density and lowest volume. The molten glass ischilled in

a water bath into easily handled coarse glass granules.
In the Stir-Melter_ process,waste materials along with
glass production materials are fed into the melter retort The._ Stir-Melter TM design offers high throughput
(seediagram below). The heat to convert the feed into efficiency compared to competing technologies, lower
a stable inert glass is supplied by joule heating, i.e. heat malting temperatures and minimized off-gas volumes.
is produced through the resistance to an electriccurrent The small size of the unit enhances the practicality of a
passing through the molten glass bath. portable unit or facilitates its installation within an

existing plant.

Stir-Melter _ Process Flow Diagram

Waste Glass Ventto
Feed Materials Atmosphere

Anode Scrubber/
(Stirrer) Condenser

Gas
Overflow

Weir

Feed
Hopper/
Conveyor

Quench GlassBeads
WaterBath (Product)

(+)

Power (-) Insulation Product
Supply Cathode(Shell) Conveyor
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STIR-M.EL_,.RTM V!TRIFIC_..TIONSYSTEM __ , ....... Paae 2 ,of2

APPLICABILITY To furtheradvancetheapplicationandcommercialization

Contaminants "rraatad: of this technology, RRS' Clemson Technical Center has
, High levd/lowlevelradionudides, joined in a research pa_'tnership consisting of
• All organics. Westinghouse Savannah River Technology Center,
• All metals. Clemson University,and two commercial manufacturers.

This partnership will focus on research to refine the
Madia Tr_atad: technology for improvedapplication to theenvironmental

• Liquids. restoration industry. Research will address concerns
• Solids/semi-solids. such as applicable waste composition, glass chemistries,

optimum melter furnace design, energy requirements,
Backaround DaTa: metallurgical factors, emission controls, and the
• Incorporates waste into glass matrix, stabilization of the final waste form.
• Stirred concept allows higher processing rates

per wlume of mdter. Bench and pilot-scale units (up to one ton of glass
• Meets TCLP and other leach standards, production per day) are available for application testing

through RRS' Clemson Technical Center. Fuli-scade
Limitations; field units are not currendy available.
• Media size required to be small enough for

melter feeder (typically < 1/4"). EXPERIENCE

• Glass temperature restricted to < 2200"F by . Treatment of several non-radioactive surrogate
materials of construction of stirrer and melter samples has been demonstrated in a 1 sq. ft. pilot
(Incond-690). unit, with approximately 4,000 hours of total

STATUSICAPABILITIES operation.
• A mini-pilot unit (l/4 sq. ft.) is available for testing,

Vitrification isan emerging technology for immobilizing and is currently involved in a research program with
wastes. Although this process has been successfully used Clemson University and Westinghouse - Savannah
by the USDOE to stabilize high level radioactive wastes, River Plant.
it has received little attention to date for its potential • Customer Contact:
application to other hazardous low level radioactive or - John Plodinec 803/725-2170
mixed wastes. The Company believes, however, that the Westinghouse Savannah River Co.
basic vitrification technology offers many benefits to • Company Contacts:
mixed waste management issues. In addition to the - Ray Richards 419/536-8828
stabilization advantages, the rechnology offerssignificant Stir-Melter, Inc.
potential for waste volume reduction, the destruction of - Bob Hemmings 803/646-2413
organics, and the recoveryofmerals (precious and other). RUST Remedial Services, Inc.
It will also produce a final waste form that is highly Clemson Technical Center
manageable.



DeChlorlKGME CHEMICAL DECHLORINATION Page 1 of 1
,, ,, .- ,,,, ....... , , ,, ,, - ,, ..................... ,,,, ,,

US Patent No 7,520, 732 RUST Remedial Services Inc

PRO_ SS DESCRIPTION • TreatabilitystudiesavailableatRRS'ClcmsonTechnicalCenter.
• Nominal 100-gallon, transportable,pilot reaction system

The D- .hlod KGMEprocess isdesigned to chemically dehalogenat_ availableforstudies, or treatment of small volume waste streams.

liquid wast_ containing PCBs, dioxins, furans,and other halogenated . Largeruv.atmen t systems can be readilydesignedand assembled.
aromatic and aliphatic compounds. It isa batch process, with the
waste and reagents added to a jacketed and mixed reactor, in EXPERIENCE
quantities determined by the concentration of the halogenated

species. A thermal fluid heater is used to pump hot oil through the ReSolve NPL Site. North Dartmouth. MA:
jacket, heating the mixture to the design temperature, whereit isheld • Nominal 100-gaUon pilot system used to dechlofinate
fora preset time (_-9 hours). When the reaction mixture has cooled PCB-contaminatedoils thatwere thermallydesorbed from
to about 200"F,water isadded to quench the reaction. The contents the ReSolve soil by the RRS' X'TRAX process.
of the reactor are then transferredto a decantation tank, where the • Proof-of-proccu demonstration successfully completed in

organic and aqueous phases are allowed to separate. These two June, 1992.
streams are pumped into separate storage tanks or drums to await • In one treatment batch, PCB concentration in the oil was
ultimate disposal. All vapors from the reactor pass through a reduced from 44,000 ppm to 110 ppm, giving a DRE of

refrigeratedcondenser (40"F) and a seriesof carbon canisters prior 99.75%.
to dischargeto the atmosphere. A processschematic isshown below. • DeChlor/KG ME proven to beeffective, but not required,

for this application. Will not be used during fuU-scale
APPLICABILITY remed iation.

• Customer Contacts:

Contaminants Treated; - Michael Worthy 508/635-9500

• PCBs, dioxins, furans (halogenated organics). ReSolve PRP Committee Proj. Coord.
ENSR Consulting and Engineering

Media Treated: - Paul R. dePercin 513/569-7797

• Organic phase liquids. EPA Project Manager
• Low-moisture soils (developmental). USEPA Risk Pcduction Engineering Lab

Backaround Data;
• Bench/pilot scaleexperiments on PCB-contaminated oils

and surrogatesshow destruction efficiencies>99_8%,even

for concentrations • 150,000 ppm. DeChlor/KGME Chemical Dechiorination Proce., Schematic

UmilaIiaag
• Works best on highly chlorinated species, e.g. - Arodor _ Nitrogen

1248, 1254, or 1260. Lighdy chlorinateds require more I ""/_._nt ' [ wm°U_r _a_o--• Maximum moisture content of 5%.
Gas

Carbon
STATUS / CAPABILITIES _L_d Drum

internal Company development. Numerous bench-scale studies _ REACTOR '
have been conducted on PCBs, surrogates (chlorobenzenes), and / Comlemala
other halog_nated organic compounds. A pilot system wasdesigned 2and assembled for use at the ReSolve NPL site proof-of-process
demonstration. Current capabilities include: Wastes

(PCBs,etc.)

C. 13 TEnC.Pno_._cH



ACT*DE*CON s" RADIONUCLIDE EXTRACTION Page I of 2

PatentPending RUSTRemedialServicesInc.

PROCESSDESCRIPTION fdter;, the resulting filter cake subsequendy is flushed
ACT*DE*CON TM is a reagent technology developed to with fresh solvent and clean water prior to disposal or
facilitatethe chemical extraction process in the treatment return. The contaminated solvent, containing dissolved
of soils and other solid materials contaminated with carbonate complexes from the extraction process is
radionudides. TheassociatedACT*DE*CONSMprocess recoveredbyanionexchangeandrecydedtothetreatment
(see diagram below) combines dissolution with dilute process after fortification to account for depletedoxidant,
selective solvents, contaminant recovery and solvent chelate and carbonate ions. Contaminants removedby
regeneration to provide a continuous recirculating the ion exchange process are typically recovered in a
treatment process for the treatment of solid wasteforms highlyconcentratedformbyelutioninnitricacidfollowed
to removemultiple radionudides, indudingtransuranics, by evaporation.
and heavy metals. The process may be applied either in-
situ or ex-situ. In either application, the unique element In treating soils in-situ, the same process principles as in
of the process is the solvent chemistry, i.e. - the the ex-situ form apply. However, the recoverystep is
ACT*DE*CON sMreagent, which combines carbonate modified to accommodate high flow rates and the
recovery chemistry with a chelating agent (EDTA) and potential presence of soil fines in the solvent. This is
an oxidant (H20=). accomplished by replacing the recovery ion exchange

system with the company's Magnetic Separation
In treating soilsex-situ, the contaminated soil is fed to a (MAG*SEPTM ) technology. For in-tim applications,
dual stage (minimum) countercurrentsolventextraction the soil to be treated is surface flushed with the
system. The number of extraction stagesand the related ACT*DE*CONSMsolventwithsolventrecoverythrough
contact time is ir_dexedto the soil contamination level horizontal recovery wells. The solvent chemicals are
and the final treatment objectives. The treated material environmentally benign. Therefore, no residual
(slurry) flows from the last extractor stage to a pressure contamination will result from in-situ applications.

ACT*DE*CON TM Radionudide Extraction Process Flow Diagram

Ion

Exchange_ RegenerationSolution

Filter
• Waste

SoilFeed Extractor Extractor
#1 #2

Chemical Solvent
Adjustment_ RecoverYTank Filter RinseWater

TreatedSoils



ACT*DE,*,CONm RADIONUCLIDEEXTRACTION ............................. P.ane2 of 2

APPLICABILITY Laboratory Scale:_

• The first laboratory-scalecontinuous flowsystem
Contaminants Treated; (rated capacity of 100 Ib/hr) for application to• Strontium, cesium, technetium, radium.
• Actinides (uranium & transuranics), soils & radioactive landfill debris is under

construction at RRS' Clemson Technical Center

• Metals (barium, mercury, lead), for application on the INEL-Pit 9 Project.

Media Treated:
• Soils. Pilot & Full Scale:

• Neither pilot-so.ale nor full-scale systems are• Construction debris & production vessels.
• Military vehicles (depleted uranium), immediatelyavailable. Successful completion of

the proof-of-process demonstration for the Pit 9

Backuround Data: project will result in the design and construction-

• Performance levels to <35 pci/g for uranium & of a full-scale system.
<25 pci/g for plutonium.

• Not affected by soil type or particle size. EXPERIENCE
• Demonstratedon a varietyofsoils- from sands Araonne National Laboratory

to cohesive days. Damonstratiop:
• Bench scale testing of the ACT'DE'CON s"

Limitations: reagent technology has been witnessed by DOE
• Presence of organic contaminants will require representatives and approved byDOE'sArgonne

some adjustments in chemistry. National Laboratory.
• Variability in the characteristics and behavior of • Customer Contacts:

various soil types does require pre-testing to - Don Johnson 708/252-3392
confirm exact formulation. USDOE - Argonne National Laboratory

- Clyde Frank 202/586-6382
STATUS / CAPABILITIES USDOE - Office of Technology

DevelopmentThe ACT*DE*CON _ reagent technology was
• Company Contacts:developed by Bradtec, Inc. (United Kingdom) to support

the CEGB's fuel debris treatment program. The - Bob Hemmings 803/646-2413
technology is available to RUST for environmental Steve Hoeffner
restoration services through an exclusive license. The RUST Remedial Services, Inc. - CTC
ACT °DE*CO NsMtechnology iscurrentlybeing blended
with other proprietary and conventional RUST
technologies for adaptation to site remediation work on
DOE and other sites.

C.15 TEI_.PIK_.TEOH
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PO*WW*ER TM WASTEWATER TREATMENT Page 1 of 2

PatentPending RUSTRemedialServicesInc.
PROCESSDESCRIPTION

The PO*WW*ER _ technology (see diagram below) meets stringent discharge standards, including chronic
principally employs two conventional chemical process bioassay criteria. The resulting condensate can be used
technologies-evaporation and catalyticoxidation. These ascooling tower make-up water, boiler make-up, processl
are combined in a unique and synergistic manner to feed water, or it can be discharged.
effectivelytreat wastewaters laden with both organic and
inorganic constituents. The processprovidessignificant In addition to the unique arrangement of these
waste volume reduction while producing a high quality conventional chemical process technologies, the
and highly manageable emission or discharge, performance of the system is also indexed to the catalyst

employed in the catalytic oxidizer. This catalyst is a
The essence of the process is that the liquid waste is proprietary metal (non-precious) oxide designed to
concentrated in an evaporator by boiling off most of the withstand the fouling or activity suppression common to
water and volatile compounds (organic and inorganic), many metal oxide catalysts.
Air or oxygen is injected into the vaporized fraction and
the resulting mixture passes through a fluidized catalyst A secondary waste stream isgenerated by the process - a
bed in which organic contaminants are oxidized. Acidic highly concentrated waste (60-70% total solids). This
gases, potentially formed during the oxidation process, brine, which represents only a small portion of the
areremovedbyascrubber(wetordry). The off-gasesare original waste volume, typically can be treated through
then cooled, resulting in an overall condensate that stabilization to below TCLP characteristic limits.

PO'WW'ER TM Wastewater Treatment Process Flow Diagram
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PO*WW*ER TM WASTEWATER TREATMENT Page 2 of 2

APPLICABILITY STATUS / CAPABILITIES

Contaminants Treated: The PO*WW*ER TM technology is a product of 100%
• PCBs, Pesticides, Herbicides. internal company development. We currendy have one
• Halogenated/non-halogenated VOCs/SVOCs. laboratory scale unit and one pilot scale unit for use in
• Mixed wastes (organic / inorganic / radioactive), testing this technology.
• Mercury and various inorganic salts.

Laboratory_Scale;
Media Treated: • One system available for treatability studies on
• Wastewaters. RCRA, TSCA or mixedwastes at RRS' Clemson
• Leachates. Technical Center.

• Groundwater. • Actually a small, continuous flow, pilot plant
• Process waters and other aqueous wastes. (capacity of I gph) that simulates the pilot-scale

hardware.
Backoround Data:

• Concentration ratio (brine) from a feed of 0.5 to
2.0 wt% TDS to a concentrated slurry of 60 to • Pilot-scale system, capable of continuous flows
70 wt.%. of 15 gph, is available at Chemical Waste

• TOC oxidation efficiencies to 99.9%, with Management's Lake Charles, LA facility.
specific compound oxidation efficiencies to

99.99%, starting from feed TOCs of 500-3000

ppm. • Commercial system (3000 gph) is nearing
• Priority pollutants in product water typically completion at the WMI's new hazardous waste

non-detectable, TDS bdow 50 ppm, and acute TSDF in Hong Kong. Anticipated start up in
toxicity tests typically successful with 100% May, 1993.
product water.

• All metals in brine solution typically stabilized EXPERIENCE
below TCLP limits with conventional

stabilization technology; no priority pollutants The PO'WW'ER TM technology has been tested on
typically identified in TCLP leaching solution, landfill leachates, process wastewaters, and otheraqueous

• Typical commercial systems range in capacity waste at the company's Lake Charles, Louisiana facility.
The pilot unit was first placed in operation in 1988, andfrom 10 to 1000 gpm.
over 20 pilot scaledemonstrations have been completed.

Limitations: A successful EPA SITE program demonstration was

• Pretreatment may be requiredto control foaming recently conducted with the pilot systemat Lake Charles.
tendencies of some wastes.

• Customer Contact:

- Randy Parker 513/569-7271

USEPA Risk Reduction Engineering Lab
• Company Contact:

- Bob Hemmings 803/646-2413
RUST Remedial Services, Inc.
Clemson Technical Center

C.17 TERC.PROP.TECH



SOIL*EX TM RADIONUCLIDE EXTRACTION Page I of 2

PatentPending RUSTRemedialServicesInc.

PROCESSDESCRIPTION chemistryiswastespecific,with theextractionprocess
The SOIL*EXTM technology (see diagram below) supported by an innovative two-stage counter-current
incorporatesconstituent specific,aqueous basedchemical extraction and separation system, consisting of cyclone
extractionwithsolidsseparation, evaporation and catalytic separation and solid/liquid extraction units. The
oxidation collectively designed to separate and remove extraction process is preceded by a waste preparation
rad/onudidesandmetalsfromsolidmixedwastematerials, phase incorporating a pulper-type mixer to process the
e.g. soils and debris, while destroying volatile organic waste materials into a slurry to advance extraction
compounds. The process incorporates three integrated efficiency. Debris not sized by the pulper rotors is
process modules or subsystems: chemical extraction, collectedinadebristrapforspecialhandlingandwashing
extraction blowdown treatment and extraction sludge using recycled(treated) process waters.
dewatering.

The extraction process results in a contaminate-laden
The extraction process utilizes the company's liquid blowdown which is processed to the
ACT*DE*CONSMsolution and non-ionic surfactant PO*WW*ER TM subsystem. Evaporation of the
chemistry to promote mass transfer of specific bound blowdown results in volume reduction of 1:100 with the
contaminants (e.g. actinides, VOCs, toxic metals) into resulting vapors treated by the unit's catalytic oxidizerin
an aqueous phase for subsequent concentration of non- which volatile compounds, including chlorinated
volatile constituents and oxidation of the volatile compounds, aromatics, sulfides, ammonia, cyanides,
components (organic and inorganic). The extraction etc. are completely oxidized. Second stage vapors are

Figure 1. SOIL*EXTM Radionudide Extraction Process Flow Diagram
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SOIL*EXTM RADIONUCLIDE EXTRACTION Paae 2 of 2

treated by conventional scrubbers positioned between
the oxidizer and condenser with scrubber blowdown Limitations:

returned to the evaporator. High quality condenser • Organic loading over 15-20% may require
(product) waters arerecycledto the extractor and/or used pretreatment.
in the dewatering process for washing of non-sized • Some volatile compounds may require special
debris, additives.

The dewatering subsystem utilizes clarification for liquid STATUS/CAPABILITIES

extraction blowdown pretreatment prior to introduction SOIL*EXTM technology isamarriageofexistingcompany
tothePO*WW*ERsystemandaplate&framepressure proprietary technologies - ACT*DE*CON TM and
filtration (or centrifugation) system for treatment of PO*WW*ER TM and non-proprietary readily available
slurry sediments from the separator and clarification conventional systems. The first fully integrated
units. The final waste product is a decontaminated continuous flow pilot scaleunit is under construction at
dewatered sludge that may be disposed or recycled to RRS' Clemson Technical Center and will initiate service

other uses. during 1993.

APPLICABILITY EXPERIENCE

Contaminants Treated: • Both the PO*WW*ER TM and ACT'DE*CON sM

• Heavy metals, processes have been successfully demonstrated
• Radionudides. individually.
• Volatile organics. • Idaho National Engineering Laboratories (INEL)

Media Treated: has selected the SOIL*EX TM process for
demonstration in the remediarion of INEL's Pit 9

• Soils (all types), soils & sludges, contaminated with radionudides,
• Debris & sludges, organics, and metals.

Baekaround Data: • Proof-of-processdemonstration for Pit 9 to begin in

• Typical volume reduction • 95%. mid-1993 at RRS' Clemson Technical Center.
• Treated waste forms reflect: • Customer Contact:

- 99% organic reduction. - Doug McKenzie 208/526-2977
- 200:1 reduction in heavy metals. Idaho National Engineering Laboratories

• Process hasdistinctadvantageoverconventional " Company Contacts:
soil washing, acid dissolution and solvent - Bob Hemmings 803/646-2413
extraction systemsdue to contaminant selectivity. RUST Remedial Services, Inc.

• System flexible to accommoda,te wide variations Clemson Technical Center
in feed contaminant levels. - Bob Bloom 303/243-8800

• No secondary waste generated that requires RUST Federal Environmental Services
further treatment.
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Patent Pending RUST Remedial Services Inc.

PROCESSDESCRIPTION

E'I*X TM isa processdesignedtoremoveanddestroynitratesin _ackoround Data:
wastewatereffluents, process waters, and groundwaters. The • 99% removaland destructionof nitrates.
processcombines the well-known nitrate removaleffectiveness • Continuous flow system.
of ion exchange with the desirable waste form advantage of • Continuousregenerationofionexchangeresinenhances
electricalregenerationof the resin.This producesnearlycomplete resin life.
destruction of the nitrates to nitrogen and water. Therefore, the
processeliminates the waste management problemsassociated
with traditional brine regeneration of the ion exchange resin. • Pretreatmentmayberequiredforsomewastestoprevent

resin plugging.
Inthe process,wasteeffluent orgroundwateris pumped through • Oxides of nitrogen may be formed at electrodes, small
selectiveanion eachange columns where nitrates are removed, volumes of off-gas_ require catalytic treatment.
typically to levds that are approximately 1%of the original
concentration. The exchange column is sandwiched between STATUS / CAPABILITIES
anion permeable membranes, with an anode on one side and a

The E'I'X TM processhas beendevelopedthrough the pilot-seal.
cathode on the other. The continuous application of electrical

levelby Bradtec, Inc. RUST has acquired an exclusivelicensere,
current causesthe nitrates to migrate from the exchange resin to

E*I*XC"development and application.
theanode compartment. Here, the nitratesaresubjectedto redox

reactions to formnitrogen and water forsubsequent dischargeor EXPERIENCE
wellinjection(forgroundwaterrecycle).The processiscontinuous
flow,with continuouson-lineregenerationoftheresin resulting No field projects can be referenced at this time. However
in a steady state removal/regeneration process. A schematic of contractsareinplacetoprogresstheE'I*X TM system to full scale.
the process is shown below.

• Customer Contacts:
- Jack McKinnon 3031966-6493

APPLICABILITY George Lehmkuhi 303/966-7000

Contaminants Treated; Nitrates. EG&G Rocky Flats

Media Treated: Wastewaters, process waters, and
groundwacers.

E*I*XTM Electro-Chemical lon ExchangeProcess Flow Diagram
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MAG'SEPTM MAGNETICSEPARATION Page1 of 1

Patent Pending RUST Remedial Services Inc.

PROCESSDESCRIPTION APPLICABILITY

Magnedcsepantiontechnolo_,combinesasp_alJzedadsorbing ContaminantsTreated:
parddewith ma_eficfiJcrationto removeinorganicconsutuenu, * Heavy metals/precious metaJs.
such as radionudidesand heavymetals, from wastewaterand * Radionuclides.
groundwater.The keyinnovation in the MAG'SEP TM process MecliaTreated:
(seediagrambelow) is the adsorbing resin particles,which area • Wastewaters and groundwater.
composite of magnetite and various organic polymers. The Baekaround Data:
polymer coating is daigned to contain certain "functional • Metals removal projected to below detection limits,
groups", or to have selective magnetic seeds bound to the typically < 0.1 ppm demonstrated.
magnetite partides. The activesites, therefore, can be custom * Mercuryremovals experiencedat 99+%.
designed to treata varietyof inorganic target contaminants. * Multi-stage system enhances performance.

These resins have been effective in removing dissolvedmetals • Processratecapadtylimited bycapacityofcommercially
down to the ppb level. Since the adsorption of"contaminants available magnetic filters.
onto these partides is a surface phenomenon only, reaction • Specialized partide types forall po:ential applications
kinetics are very rapid. This allows the process to be run at not fully tested to date.
relativelyhigh flow rates - up to 2400 gpm. The process uses
commerciallyavailableequipment. STATUS/CAPABILITIES

Magneticseparation technology,withrespectto theenvironmental
Typically, wastewater or groundwater is blended with the industry, is in the development stage. Tests to date, both
magnetite and seedmaterials in a mixing chamber to effect the continuous andbatch, havebeenprindpally limited to laboratory
binding of'the targetcontaminant(s) to the magnetite. The light scale,and only severalspedalized partide typeshave been tested.
slurry is then pumped through a magnetic filter where the MAG°SEPTM has been developed through the pilot-ra_e by
magnetite (and contaminanu) are removed. Periodically, the Bradtec, Inc., and is available to RUST through an exdusive
magnetic filter must be removed from service and hacldlushed license. Since commercially available equipment is used, f'ull-
into a recoverytank, where the magnetite/contaminant bond is scaledevelopment can proceed rapidly after testing of spedfic
chemicallybrokenandessentiallyallof the magnetite isrecovered partide/wastewater chemistries.
forreuse.The contaminants remainingin theslurryarereclaimed,
treated, or disposed. Waste volumes from the MAG'SEP TM EXPERIENCE
processareconsiderablylessthan thosegeneratedbyconventional

treatment techniques, with decontamination factors ranging * Field studies conducted for confidential client
from 100 to 1000. (international predous metal refiner).

• Precious metals were removed to detection limits.
• Customer Contact:

Don Johnson 708/252-3392

USDOE - Argonne National Laboratories

MAG'SEP TM Proam Flow Diagram coa_,atm
Resin Backflusl_ Cleen

_ Re""L _ _\,._I I I . w,,,,
uloo.il,m,_i_oni ---_._--I i

ContamlnlntJ
-

Water i _ ,

Mixing
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CRYOCELLTM CRYOGENIC CONTAINMENT Page I of 2

U.S.PatentNos.4,860,544& 4,974,425 RUSTRemedialServicesInc.

PROCESSDESCRIPTION

CRYOCELL TM is a unique ground freezing process for piping connections are made and refrigerant issupplied,
the containment of radioactive and hazardous wastes. It providing a rapid temperature reduction to -35"F along
utilizes techniques similar to those that have been used the length of the piping. Perforated (non-refrigerant)
extensively in civil engineering projects for freezing piping is installed at periodic intervals to allow moisture
unstable and saturated soils during construction tasks, injection (ifneeded)duringbarrierformation,subsurface
CRYOCELL TM contains and isolates hazardous waste sampling, selectivethawing ofcertain areas offrozen soil,
in-situ by encircling the waste areawith athick barrier of and monitoring of the barrier temperature and pressure.
frozen/impermeable soil. The rate of diffusion through
the barrier is estimated as below detectable levels over a CRYOCELL TM is not affected by ground movement
10,000 year span. from settlement, earthquakes, etc., due to a special ``self-

healing" property. Internal barrier pressurewill cause
The cryogenic barrier is constructed by positioning two breaks or voids in the ice to re-freeze/fuse together. Any
staggered rowsof 6" pipes in the soil at an angle to reach liquid that begins to enter a crack or void in the barrier's
below the area of contamination, forming a "V" much sub-zero environment cannot pass through the 50-75'
like the ribsof a canoe. A double row of pipes is also wide barrier due to the phenomenon of "freeze
positioned vertically in the soil at both ends of the waste purification". Further, the barrier and its ``self-healing"
area to provide complete containment. Using a tube protection requires over 10 years of continuous shut-
within a tube design, a 3" pipe is placed inside the 6" down of the modest O&M refrigeration system before
pipes to provide return flow of refrigerant. Surface thawing to a permeable state.

CRYOCELLTM Process Flow Diagram
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APPLICABILITY

Contaminants: FullscaleCRYOCELL TM systemshavenotyet been
installed, but arebeing considered at numerous

• Organic chemical wastes. DOE facilities. The following list demonstrates
• Inorganic chemical wastes, the different types ofsites, conditions, and waste
• Mixed and radioactive wastes, types/characteristics that this technology isbeing

Soils/solids. considered for:
• Oak Ridge, TN (clean site demonstration).

Baekoround Data: • Hanford Nuclear Reservation, Richland, WA.
- • Mound, OH.• Contained area can be ! to > 100 acres.

• Contaminant concentrations are insignificant • Femald, OH.
due to virtual zero rate of permeability.

• Not effected by soil moisture content. EXPERIENCE

CRYOCELLTM technology research began in 1987,
Limitations: resulting in the two patents listed above. During the last
• Limited only by ability of piping placement in 13 years, dozens of successful groundwater freezing

soil - 1,000 foot is maximum barrierdepth for projects have been performed to client expectations by
most soils. RKK's teaming partner, FreezeWall Inc. Currently, in

New YorkCity, a seriesof fourvertical shafts each 50 feet
STATUS / CAPABILmES in diameter and 240 feet deep, areunder construction.

RUST has an exclusive licensing agreement in place with This useofcivil ground freezing isproviding the structural
RKK, Ltd(ownerofCRYOCELL TM ),andtheirteaming strength for holding back a 200 foot head of water.
partner, FreezeWall, Inc., to apply this technology at
certainsites. Servicesand/or capabilities that areavailable • Company Contacts:
include: - Chris Reno 206/653-4844

Chief Projects Manager- KKK, Ltd.
- John Donohue 201/627-3950

• Pilot-scale containment barrier constructed in President- FreezeWaJl, Inc.

1990, and operated for six months. - Dr. Greg Dash 206/543-2787
• Simulated full scale manifold, freeze pipes and Professor- Department of Physics

equipment. University of Washington
• Chemical analysis report verified no diffusion

through the barrier.
• Ten cubic yards ofsoil, spiked with 0.75 gallons

of motor oil, was contained.

• System was self-contained and maintained an
average temperature of 28"F.

C.23 _ac.Paop._



ECON-ABATOR_ FLU,!,D!ZED BED CATAL_,,C OXIDIZER,SYSTEM .... __ , ................Page I of,2

WheetabratorTechnologies,Inc.
PROCESSDESCRIPTION

Oxidation is the best method to assurethe destruction of The heart of the Econ-Abator _ Catalytic Oxidation
both chlorinated and non-chlorinated VOCs to meet System (see diagram below) is the catalytic reactor,
reguJatory emissions standards and solve VOC related through which an organic contaminated air stream is
odor problems. The Econ-Abaror n_ system oxidizes passedfor treatment prior to heat recovery/exhaust. The
VOC.s in contaminated air streams using a rugged low rcactoriscomprisedofathermalzoneandacatalystzone.
temperature non-precious metal catalyst. This design
overcomes the deficiencies which exist in conventional The thermal zone isimmediatdy up-stream ofthe catalyst
catalytic oxidation systems which resulting from theloss zone and is designed to supply catalyst pre-heat
of catalyst through attrition, requirements. If necessary, heat input up to thermal

oxidation temperature can be supplied. The catalyst
The estimated life of Econ-Abator_ catalyst is 17,520 zone iscomprised of a few inches of moving or fluid bed
hours. Catalyst is normally added on a monthly or hi- catalyst. The moving catalyst bed allows any coated
monthly basis to top off the bed, which can be done catalyst to circulate to higher temperature zones in the
without shutting down equipment. The design also bed where the coating is oxidized.
overcomes the inefficient energy utilization inherent in
thermal afterburner systems by operating at lower
temperature and handling higher VOC loading,
outweighing the smalleradvantage of a thermal oxidation
unit's lower pressure drop.

EconoAbatorm Process Flow Diagram
Exhaust

Catalyst

Addition"_Port

Catalyst

Z°ne NN_ _
Thermal

Catalyst " Zone
Support

Grid -.. Catalyst

Fume _ :: WithdrawalInlet Port

J [ PreheatBurner
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ECON,ABATORTM FLUIDIZED BED.,CATAL..YTJCOxIp!Z,E.R SYSTEM Page 2 of 2

APPLICABILITY EXPERIENCE

Contaminants: ARI's list of referencesincludes a significant number of
• Volatile Organic Compounds. major industrial firms.These companies are involved in
• Hydrocarbons (BTEX, JP4, gas,diesel, etc.), everyconceivable manufacturingsector. With respectto
• Alcohols. remedialwork,ARI has built severalrecuperativesystem
• Esters,ethers, andketones, designs for site remediation projects involving
• Alipharics and aromatics, groundwater treatment, i.e. - for the treatment of off-
. Chlorinated/fluorinated derivatives (freons). gasesfrom groundwater airstrippingand soil remediation

operations. Example remedial site applications include:

• Air streams and other gases/vapors. Wurtsmith AFB.MI:Two 1,500 SCFM units used
for destruction of chlorinated and non-

Backoround Data3 chlorinated organics from air strippers.
• Typical operating temperature range of 600"-

800"F for99+% destruction efflciencies. McClellan AFB. CA; 2,000 SCFM unit for
• Systems can operate at up to 1600"F. chlorinated organics from air stripper.

Limitations.; UDlohn Comnany. Kalamazoo. MI: Two 500
• High concentrations of chlorinated organics SCFM units installed at various soil venting

produce HCI as a reaction product, requiring a remediation sites.
wet scrubber after the Econ-AbatorTM .

• Customer Contacts:

STATUS I CAPABILITIES - George Miller 214/866-6000

The Econ-AbatorTM Catalytic Oxidation System is the Union Carbide, Garland, TX
product of years of development work by ARI - JoeSeranton 313/329-2274
Technologies, asubsidiaryofWheelabratorTechnologies, Vacumet, Inc., St Clair, MI
Inc. which holds extensive proprietary knowledge in the
area of catalytic oxidation. Commercial development of • Company Contact:
full-scaleEcon-Abator TM systemsiscomplete,withmany - Bill Sheffer 708/359-7810
systems in operation. Among the systemsdesigned and ARI Technologies, Inc.
installed to date, most are rated 8,000 SCFM or above.

The highest volume system to date is rated at 36,000
SCFM. ARI's Econ-AbatorTM system is available to
RRS for site remediation applications.



AMCEC "HYBRID" AND STATIC BED CARBONADSORPTION Page I of 2
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WheelabratorTechnologies,Inc.
PROCESSDESCRIPTION

Vapor phase carbon adsorption is a well known and with an efficiency which is typically about 95%. While
proven technology used to remove solvents or VOCs rotating, the wheel passes through a regeneration sector
from contaminated air streams (soil ventilation, air where a hot air stream (10 to 20 times lower in volume

strippers, sprung structure ventilation, etc.), with typical than the main air stream) removes and concentrates the
removal efficiencies of up to 99%. Amcec offers this VOC.,s, simultaneously regenerating the carbon. The
technology in two types of regenerative adsorption regeneration air stream is then passed co a deep bed
processes - the HYBRID system and a deep static bed carbon adsorption system or small thermal/catalytic
system, oxidation unit for final treatment.

Amcec'sinnovativeHYBRIDprocessprovidestheiowest If extremely high VOC concentrations and stringent
operating cost for on-site removal and destruction of removal efficiency requirements disallow the use of
VOCs from high volume/low VOC concentration (< HYBRID, Amcec's custom designed, conventional deep
500 ppm) air streams. The process eliminates the static bed carbon adsorption and regeneration system
possibility of VOC =breakthrough" by combining two can be utilized. Through adsorption/desorption cyde r
proven technologies, carbon adsorption and oxidation monitored by on-line analyzers and computer, each bed
(see diagram below). HYBRID's design is based on a is periodically regenerated. Acounter flow ofsteam heats
ceramic fiber honeycomb wheel, impregnated with the carbon bed and carries the desorbed VOC vapors to
activatedcarbon. AsVOC-laden air streams passthrough a condenser and liquid separation unit, for segregation
the rotating wheel (turning at 1 to 3 revolutions per and ultimate disposal.
hour), the VOCs are retained on the activated carbon,

Amcec "HYBRID" and Static Bed Carbon Adsorption Process Flow Diagram
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AM_CEC"HYBR!D",.AN,.DSTATIC,BED CARB,ONADSORPTION............... Page.2.of 2

APPLICABILITY

Contarn]pants: • Numerous systems, both HYBRID and
• Solvents or VOCs. conventional, are in operation, and more are

under construction.
• Hydrocarbons (BTEX, JP4, gas, diesel, etc.).
• Alcohols. • Majority of systems are at customer's fixed

• Esters,ethers, and ketones, manufacturing facilities.
• Ten of the installed systems are rated 100,000• Aliphatics and aromatics.

• Chlorinated/fluorinated derivatives (freons). SCFM orabove. Sitevisitscan bearrangedupon
request.

Airstreams and other gases/vapors. EXPERIENCE

Baekaround Data: Amcec's list of references includes 15 major industrial
• Amcecdeep static bed carbon adsorption systems firms involved in printing, packaging, pharmaceuticals,

(regenerated on-site with steam)range from 300 chemicals, refining, etc., that require the treatment or
to 500,000 SCFM air flows, recovery of solvents and/or VOCs. With respect to

• HYBRID system (regenerated on-site with hot remedial work, Amcec has designed and built several
air) iscost-effective for large air flows with VOC regenerativesystemsforsite remediation projecu involving
concentrations < 500 ppm. groundwatertreatment. These systems wereused to treat

the off-gases from groundwater air stripping processes.
Limitations:

• Sacrificialcarbonbedsmayberequiredupstream W.W. En_oineerinaGroupdwater Projects:
ofany carbonadsorption unit forcapturing high • 4,500 SCFM system for use at Rexairfacility in
boiling point compounds (semivolatiles). Cadillac, MI.

• 3,000 SCFM system for Goetz facility in
STATUS I CAPABILITIES Muskegon, MI currently under construction.

• Customer Contact:
Amcec, Inc., a RUST affiliate company, has 60 years

Peter Lundquist 616/942-9600experience in the application of carbon treatment
technology, and holds proprietary knowledge in the W.W. Engineering
engineering of the processes described herein. These

Ouad Granhics Lomira, W!:processesand servicesare readilyavailableto RRS forsite
remediation applications. • Static deep bed system at fixed printing facility,

rated at 500,000 SCFM.

Pilot Scale: * Customer Contact:

• A pilot scale system is available for testing - Mike Krzykowski 414/269-4700
purposes. Quad Graphics

H C.27
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WES-PHixTM IMMOBILIZATION TECHNOLOGY Page I of 2

U.S. Patent No. 4,737,356 Wheelabrator Technologies,Inc.

PROCESSDESCRIPTION The WES-PHixTM processcantreatwastein-situor in abatch
Since 1984, Wheelabrator Environmental Systems, Inc., a mode or continuous flow, in-line system which is totally
subsidiary of Wheelabrator Technologies, Inc. (WTI), has enclosed, eliminating unnecessary exposure (see processes
researched and developed practical technologies for the below). A small quantity of proprietary liquid reagent is
immobilization ofheavy metals in ash and other wastes. The injected and intimately mixed with lead- and/or cadmium-
culmination of this effort is WES-PHix TM , a cost-effective bearing wastes to form highly insoluble, mineralized metal
and reliable heavy-metal immobilization process that is up to complexes. Occasionally, a form of alkali must be addedto the
300 times more effective than cement-based processes at waste to maintain the optimum pH conditions for the WES-
controllingleadleaching. WE.S-PHixTM also reduces disposal PHixTM chemical reaction to occur.
costs by eliminating the waste bulking and weight gain
associated withthecement/silica-basedstabilization methods. The treated waste stream from the WF_,S-PHixTM process

retains similar physical and material handling characteristics

The WES-PHix TM process immobilizes heavy-metals so that as that of the waste feed. The treated waste does not cure into
the resulting treated wastes test as non-hazardous under the a brick-likeconsistency, as is the casewith manywastestreams

USEPA TCLP, the California WET, and other state and treated with high dosages of cement/silica reagent admixtures.
federal leaching tests. Furthermore, WES-PHix TM has been
confirmed as highly effective by the USEPA and various
independent labs.

W_r.S-PHixTM can be applied using these RUST Remedial Services immobilization processes

U C.28 TEI_.PROP.TEC



WES-PHix TM IMMOBILIZATION TECHNOLOGY ............. Paoe,,2 of 2

APPLICABILITY - Deep soil mixing tool, with reagent application
by injection through tool head.

f;ontaminants Treatad: l.cad, cadmium, zinc, and - Treatment to depths > I00 feet.
copper. Chem-Manix TM Stabilization:

- Transportable pug-mill system.Media Treated:

• Soils, sludges, and slags. - Capable of treating up to 100 tons per hour,
• Incinerator ash and baghouse dusts, depending on waste characteristics.

- Enclosed mixing system with waste material
• Scrap metal processing wastes, weigh belt and reagent metering.

B/mkaround Data: EXPERIENCE
• Demonstrated on a variety of solids, from ash to

metals contaminated sludges. TheWES-PHix TM processwas patented in 1988 and has been
• Heavy metal leaching reduced to I ppm or less. operated on acommercial basissince 1986. The firstfull-scale
• Effective over a wide pH range (4 to 12). installation of WES-PHix was at WTI's refuse-to.energy

facility in Claremont, NH, with continuous operations since
kJlnit/llillR_ installation. Treated ash has been subjected to daily and
• Maximum contaminant concentration limit is weddyEPToxicitytestingtomeetstringentstaterequirements.

theoretically unlimited - to date 130,000 ppm has The Company's Gloucester, NJ refuse-to-energy facility has

been tested, even more stringent testing requirements. Treated ash is
• Soils/solids 3/8" or greatermust be size reduced in a sampled each hour and composited on a semi-daily, daily,

crushing, shredding, or screening operation, weekly, and monthly basis for EP/TCLP analysis.

STATUS I CAPABILITIES To date, WES-PHix TM has successfully treated over two

Results from full scale operations and laboratory treatability million tons of waste. Wheelabrator has installed WES-
studies are available upon request. In addition, an EPA PhixTM processesat four refuse-to-energyfacilities, andseven
research program on the usage of the WES-PHix TM process commercial installations. WES-PHIXTM reagent has been
was completed in 1992. used for immobilization at a Supeffund site remediation

project in New Jersey. This project utilizes WES-PHix TM

Laborato_ S;al_: reagent and portland cement to treat 13,720 tons oflead slag.

• Bench-scale system in operation at Wheelabrator's Theleadconcentrationisreducedfromapproximatdy 130,000
contract laboratory facilities, ppm to 5 ppm. Treated waste is sampled and analyzed via

TCLP prior to disposal.

• On-site pilot studies can be arranged. • Customer Contact:
- Carlton Wiles 513/569-7795

Full-scaleWES-PHix TM ashimmobilization Project Manager- EPA Ash Solidification/
systems are in operation at many WTI refuse-to- Stabilization Study
energy facilitiesand externallicenseefacilities. RUST USEPA Risk Reduction Engineering Lab
Remedial Services,asan affiliate, offersthe capability • Company Contact:
ofperforrning either ex-situ or in-tim WES-PHi TM - Mark Lyons 603/929-3000
immobilization at a customer's site, using our Wheclabrator Environmental Systems, Inc.
proprietary applications and technologies as follows:
MecTool TM In-situ Remediation:



Bio Gro SLUDGE REUSE TECHNOLOGY Page I of 2

WheelabratorTechnologies,Inc.
PROCESSDESCRIPTION

Whedabrator Technologies, Inc. (WTI), through its The pellets generally comprise less than 10 percent ofthe
BioGroSystems, lnc.subsidiasy, offersapollution-free, original feed sludge. The pellets areround in shape, 0.5-
odor-free process to convert municipal wastesludges 6.0 mm in diameter, and contain about 5% moisture by

(bio-solids) into pathogen-free fertilizer,soilamendment weight. Asidefrombeing directlymarketable asa fertilizer,I
pellets, or dean-burning pelletized fuel. The Bio Gro the pellets can alsobe burned in an innovative Zeroiuel I
process may also be applicable for certain types of combustor. This unit does not require supplemental fad
hazardous waste.sludges. The primary feature of the (naturalgas, propane, etc.), and provides the heat forthe
patented Bio Gro-Seghers Pelletech® process is the sludge drying/pelletizing process in the Pelletech® unit.
innovative Pdletech® unit- an enclosed,vertical, indirect This providesa very cost-effective energy recycle loop for
dryer that heats/dries sludge at 212"F by circulating the overali sludge management process. Thecombusted
steam orthermal oil in aseparate dosed loop. The pellets pellet ash generally comprises lessthan 2% ofthe volume
are formed during this one-step drying process, so that of the initial sludge.
separate mechanical pelletization equipment is not
required. Became the sludge never contacts flames or
superheated gases, the unit needs no costly add-on
pollution or odor control equipment. Microorganisms
that are commonly found in wastewater are also
eliminated during the drying process.

Bio Gro Sludge Reuse Process Flow Diagram
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APPLICABILITY EXPERIENCE

The current application of the Bio Gro technologies is The Bio Gro-Seghers Pelletech® process has been
limited to the drying, pelletization and general successful in over seven years ofcontinuous operation at
management of municipal wastewater treatment plant a wastewater treatment plant in Bruges, Belgium. This
(WWTP) sludges, which are essentially non-hazardous fully automated system, owned and operated by the
and non-regulated materials. The application Seghers Engineering Company, is usedtodry, pelletize,
information given below refers only to the treatment of and combust over 60 tons (dry) of sludge daily without
these materials. However, the process may be applicable using supplemental furl, while simultaneously meeting
to certain types of hazardous waste sludges that could be stringent air emissions standards.
transformed into supplemental solid fuels for cement
kilns and/or BIFs. This would require an upgrade of the A larger Pe!letech® system,.with a nominal capacity of
air pollution control system on the Pelletech unit, and 110 dry tons of sludge per day, is currently in the design
extra monitoring to assure that permit requirements and construction phase. This system, to be located in
would be met. Baltimore, MD, will be designed, constructed, owned,

and operated by Bio Gro Systems, Inc. Bio Gro will also
Media Treated: be responsible for the marketing, sales, and distribution
• Municipal sludges and similar bio-solids, of the pelletized product. Scheduled startup for this

facility is mid- 1994.
BackaroundData:

• System capacities range from 5 to greater than • Customer Contact:
100 dry tons per day. - Bob Mohr 410/396-9828

Division Chief, Black River WWTP
l.imilalia:

• Hazardous contaminant concentrations in the • Company Contact:
sludge must be within regulatory limits. - Ann Kennedy 410/224-0022

• Foreign material must be screened and removed Bio Gro Systems, Inc.
prior to processing.

STATUS I CAPABILITIES

Bio Gro Systems, Inc. markets and distributes the
Pelletech® processand"Zerofuel" combustor and related
sludgepelletization proprietarytechnologies to numerous
municipalities for the treatment of WWTP sludges.
Full-scale Bio Gro processing systems are currently in
operation throughout the country and the world. System
capacities range from 5 to 300 dry tons per day. RRS, as
an affiliate company, can implement the full range ofthe
Bio Gro sludge treatment technologies for applicable
remedial operations.
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RUST Environment and Infrastructure
PROCESSDESCRIPTION

Soil pile bioremediation is asimple and cost-effective method Perforated piping is installed between soil layersin the pile an(
for remediating soils. The technology effectively destroys connected to a blower. Vacuum is pulled on the pile througi
organics through biodegradation, leaving behind harmless a separate network of perforated pipe. During operation, th

byproducts such as CO2and HzO. The net result is non- blower supplies oxygen to the bacteria for degradation of th
regulated soil. Soil pile bioremediation uses vacuum to petroleum contamination. Some volatile contaminants ar
provide continuous aeration to contaminated soil that has removed from the soil and transferred to the off-gas, which i
been excavated and innoculated with nutrients and bacteria, treated in a biofilter and then polished in a series of carboJ

canisters. A plastic cover prevents odor, air emissions, moistur
As shown in the diagram below, contaminated soil is placed evaporation and loss ofpassive solar heat. Nutrients, water an,
in layers on top ofa bermed plastic liner. Each layer ofthe additional bacteria can be added as needed through a pipin!
contaminated soil is sprayed with nutrients and bacteria, system installed underneath the top cover.

Soil Pile Bioremediation Process Row Diagram
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SOIL PILE BIOREMEDIATION Pane 2 of 2

• Current facility is permitted to treat 296,000 tons/

APPLICABILITY year. New facilities could easily be designed and

COlatsminams Trusted: permitted with increasedcapacity.

• Petroleum derivatives, including crude oil, no. 2 EXPERIENCE
diesel fuel, gasoline, jet fuel (JP4), heating oil, waste
oil,and motoroil. 11 Full-scalll on-site remedistion:

• TPH (Total Petroleum Hydrocarbons). • Oilpipelinespillat aCalifomiasiterequireddean-up
• BTEX (benzene, toluene, ethyl benzene, xylene), of 2,400 yds3of clay/silt soil contaminated with No.

2 diesel fuel and crude oil.

Media Troated: Soils. • Two soil piles constructed on-site.
• Samples taken at nine weeks confirmed that TPH as

Baekoround Data: diesel fuel contamination had been reduced from

• Demonstrated on a variety of soils- from sand to very 6700 ppm to 10 ppm while TPH as crude oil levels
impermeable days. had been reduced from 3000 ppm to 1000 ppm,

I

• TPH typically reduced to non-detectable levels, meeting the remediation standards.
• WinteroperationatairtemperaturesasJowas-10_F • Treated soil was recycled for construction and i

has been demonstrated using a proprietary heating landscaping purposes at another site.
system.

2} Full-scale on-site remediation:

• Remediation of a site in Indiana - 2,500 yd_ ofsoil

• Maximum organic concentrations of 10,000 ppm contaminated with 400-2000 ppm TPH as diesel
(1%). fuel.

• Maximum metalsconcentrationofl0ppm, to prevent • Two soil piles constructed on-site.
bacterial inhibition. • Afternineweeksofoperation,soilsampling indicated

• Clayey soils may need to beblended with wood chips that contamination was reduced to less than 10 ppm
orgypsum prior to treatment to improvesoil aeration TPH as diesel fuel.
capabilities. • Upon approval from state officials, the treated soil

was recycledby returning it to the original excavation
STATUS I CAPABILITIES area.

The Company has used soil pile bioremediation technology 3} Full-scale off-site commercial Soil Center;
for full-scale remediations at client sites, as well as off-site in

• ELDA Soil Center, located at the ELDA solid waste
a commercial soil treatment center, landfill in Cincinnati, OH.

On.site Remedistion; * Consists of two soil pile treatment units, each with
• Several successful full-scale field remediations have 15,000 yd3of capacity.

been completed. • Capable oftrearing and recycling 296,000 tons/year
• Sites with up to 2500 yd3of contaminated soil have of petroleum contaminated soils (non-RCRA).

been treated to meet remediation standards within • Customer Contacts:
nine weeks. - Ken Roberds 513/932-3030

Ohio Department of Transportation

Off.Site Commercial Soil Center. JerrySheeley 419/422-2121

• Established for clients who do not want on-site Marathon Oil Company
remediation. - Russ Dudeck 513/425-3414

• Asapermanentfacility, allowsclientsto take advantage Armco Steel Company
of low operating costs associated with a fixed site.
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RUS7"Remedial Services Inc.
PROCESSDESCRIPTION

The patented MecTool TM Remediation System, (seeschematic assembly. The varying diameters of the tool attachment and
below) provided by RUST Remedial Services through a extension Kelly barsallows the equipment to achieve greater
partnering agreement with Millgard Corporation, utilizes depths with ahigher working efficiency. The full-scale system
deep soildrilling equipment to incorporate remediation agents is able to treat soils and sludges to depths exceeding 100 feet,
(gases,liquids, orslurries)with contaminatedsoils and sludges, with a daily production rate of 400 to 1,200 cubic yardsper
Primarysystem components include: 10-hour shift, depending on the material consistency and

required treatment depth.
• AhighlymobUe, self-contained, crane-mounted assembly.
• A robust system of injection/mixing tools. In the treatment process, the remediation agent is injected
• Ahollow stem Kellybarwith an integralgas/fluid delivery directly into the solid matrix, at pressures up to 150 psi, and

system, mixed in-situ with the contaminated material. The agents are
• Very high torque earth drilling equipment, injecxed as aslurry, liquid, or gas. This feature, coupled with
• A shroud for containment/collection of dust and vapor the rotary and vertical movements of the injection/mixing

emissions, tool, provides for the effective penetration, distribution, and
• A computerized monitoring system for control and incorporation of the reagents with the in-place solids. The

documentation oftreatrnent, entire remediation process is performed below the
impoundment surface. The immediate work area is covered

Uniform mixing during the treatment process isaccomplished with a fiberglassshroud to minimize the releaseof fugitive dust
by the high torque applied to the mixing tool by the drill mand/or vapors which may be generated.

MecTool TM Process Schematic

Support Boom for
Rmgent

/ ReagentFeedUneFeedUne

Combustion
Enginefor

Mobile Driving
Crone _ KellyBar Hollow

I _ _hr

C.34 _._aop._



M..ECT,0,0L TM !N-SITU REMEDIATION SYSTEM Page 2 of 3

APPLICABILITY In.Situ Bioremediation

• Injection/mixingofnutrientsandoxidize_to promote
The primary application of the MecTool TM Reined/at/on

degradation of TPH and BTEX contamination by
System is for the in-situ stabilization/solidification of metals the native bacteria.

contaminatedsoils, withpozzolanicand/orothertypereagents • Repeat applications at 2-3 month intervals insures
being injected and mixed. The system can also be used for
otherapplications, such as: 1)enhancement of VOC extraction complete biodegradation.

by injection ofhot gases into the soil column, with the vapors In.Situ Neutralization

collected by the shroud assembly and treated; 2) in-situ • Neutralizing slurries injected into the waste as a final
bioremediation bythe injection of nutrients and oxidizers; 3)

or pre-treatment step (e.g. - prior to solidification).
neutralization ofacidic or basic lagoon sludges; and 4) in-situ

construction of bentonite barrierwalls. Containment Barrier Construction

• Overlapping cylinders ofgrouted soil to form a slurry
Backaround Data: wall, through injection and mixing of cement/
• In-situ treatment of soils and sludges to depths bentonitemixtures, variedtogivetherequiredstrength

exceeding 100 feet. and permeability.
• Production ratesof4O to 120 yd3perhour, depending • ln-situ construction of impermeable lagoon bottoms

on soil characteristics and depth of treatment, or floors is possible by injection of the slurry at the

• Provenmonitoring and control system insuresproper appropriate depth. Can be accomplished during
addition of reagents, other operations (e.g.- stabilization) with two reagent

• In-situ process, containment shroud, and vapor feed systems.
handling system minimize emissions.

• Thorough mixingprovided byhigh torqueand robust STATUS / CAPABILITIES
action of the tool.

The Millgard Environmental Company (MEC) is affiliated
with the Millgard Corporation, the preeminent deep

• Some swelling of the ground surface is likely, the foundation contractor in the United States, with nearly 30
extent of which is determined by the soil years experience in dealing with every kind of situation that

characteristics,the reagent proportions, and the depth can develop in subterranean settings. MEC has performed
of treatment, extensive stabilization/solidification research to develop and

test the MecTooi TM Reined/at/on System.
Stabilization April/cations

° Primarily used for immobilization of heavy metals Laboratory Scale;
and other inorganics. • Extensiveexperience inperformingtreatabilitystudies

• With certain additives, can be used to immobilize to determine the optimum formulation of reagents
low levels of organics, for the reined/at/on of the wastes.

• Two bench-scale (12" diameter mixing tools) units
Enhanced Soil Vanor Extraction are available for testing the reagent formulation
• Hot air (or steam)injection combined with vigorous developed in the treatability study.

mixing produces faster and more efficient extraction
of VOCs. • Two pilot systems availablefor on..sitedemonstrations

• Containment shroud and vapor handling system ofin-situ treatment.
minimize emissions. • Pilot unit is a smaller v,-.rsionof the full.scale system,

• Additional extraction wells, tied into primary vapor utilizing a 5' diameter mixing tool.
handling system, canbeinstallednearthedrillareato • Mobile system, mounted on 2-3 trailers.

extract vapors below grade. • On-site demonstrations, including mobilization and
demobilization, can be completed in 2-3 weeks.
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• VOC removalviawell systemenhancedduring tat
• Production systems consist of 8-12 trailers of due tosoil mixing.

equipment,utilizingaManitowoccranewithaspecial • CustomerContact:
hightorquedrillingunittoturnthe8'-12'diameter - JoeFerry 2151524-3500
mixingtools. CIBA-Geigy(PRP forTysonSite)

• Three full-scalesystemsavailable.
Wi|eonsln Fuel and LiohlLMsnitowoe. WIt

EXPERIENCE • Pilot project with full scaleequipmentto stabilize

Portsmouth Osslmus Di_usion Plant NPL Sit_ solidifycoaltarcontaminantsin',oilsandunderwater
pik_on. OH: sedimentswith cement/fly'ash/carbon/dayadmixture.
• Pilot project for the USDOE, through Martin • Barge mounted system utilized.

Marietta Energy Systems. * Soils treated to depthsof 40 feet.
• Full scaleequipmentusedtodemonstratealternative • Sedimentstreated to 25' under 12' of water using

remedialstrategiesfortreatmentofsoiicontaminated patented Aqua-MecTool, without resuspending
with TCE, TCA, heavymetals,and radionuclides, contaminants.

• Selectedstrategiesinduded: • Finalpermeability of 1.8xl 0"Tom/setand finalUCS
- Dynamicairspargingwithambient(100_F)and of 120 psi.

hot (280_1:)air. • Full scalesoils remediationscheduledfor startup in
- Oxidation by injection and mixing of 5% mid-1993.

hydrogenperoxidesolution. • CustomerContact:
- Solidificationwith cement,flyash,andactivated - JinnVenn 6161942-9600

carbonadmixture. W.W. Engineering(project consultant/

• Approximatdy 2000 ydsoftight claysoiltreated,to engineerfor WF&L)
depthsof 22 feet.

Conflderltial NPL Site. TX:
• Air spargingreduced"ICE andTCA levelsby more

than 98%. • Estimated140,000ydsofrefinerysludgesandwastes.
• VOC contamination to be stabilizein-situ using• TCLP analytes at non-detectable levels in

solidificationarea. admixture of cement and flyuh (formulation

• Projectconductedin April-May, 1992. determinedby previouson-sitepilot test).
• CustomerContact: • Multiple full scalesystemsto bedeployed.

- Robert Siegrist 615/574-1441 • Start up in mid-1993.

Martin Marietta Energy Systems • Company Contact:
- Joe Anderson 713/875-1110

Tyson Dumn #1 NPLSite. Unner Merign RUST Remedial Services, Inc.
Townshiu. PAt
• Evaluation of MecToolTM vaporextraction/ air

spargingasalternativeto currentlyoperatingpump
andtreatsystem.

• Ambientair injectedintotest area,15'xl 5'x20'deep,
adjacentto existingextractionwells.

• VOC removalover3-daytestperiodexceededremoval
viawell systemduring the previous6 month period.i

C.36 _ms,_,.nc_



Dr. John North
RUST Remedial Services

Technical Challenges Facing the Remediation _
Services Segment of the Commercial Environmental

• Industry
Dr. North will provide a real-world perspective on technical
issues facing the remediation services mdu_,_j fly.ugh an
informal presentation and discussions with PNL staff. All
interested staff are encouraged to attend.

Monday, July 19
8:30 to 10:30 a.m.

ISB-1, White Bluffs Room

Contact Bruce Harrer at ;_958 for additional informatiom
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14] From: Dan W Barak at -PNL29 10/7/92 11:22PM (4975 bytes: 90 in)
o: Patrick S Lowery at -PNL53
eceipt Requested
c: Bruce J Harrer at ~PNL29, Donna E Pearson at ~PNL29
ubject: RAAS/REOPT Followup
.............................. Message Contents ...............................

Thanks for hosting me last week and giving me the overview
of your current efforts in modeling. I am not sure how much
time I may have available to work with you in general, but
there may be several opportunities for interaction regarding
our evaluation of many of the processes that you are
modeling. Additionally some of the "smart plants" work may
offer an opportunity for collaborative work in improving the
operation of incinerators. This may be of interest to DOE
since I believe that an incinerator is planned for the TREAT
facility at Hanford.

I sent the following message to Mike White on Wednesday and
I apologize that in my haste I neglected to copy you.
(P.S. Sorry about the grammatical errors but that happens
sometimes with stream of conciousness writing.)

Mike:

I appreciate your taking the time to present the status of
your projects to me last week.

Just to refresh your memory I am here, from Chemical Waste
Management, on a one-way staff exchange to survey the
research being conducted here at PNL for possible
commercialization or other collaborative opportunities.

The programs that you are developing have numerous potential
applications in our business. I would like to get a "hands
on" opportunity to evaluate the software and provide you
with some feedback. To that end I would like to know the
possibility of getting a Beta or Demo version that I can
work with back at my Geneva office. This would allow me to
review the technical data more easily with my colleagues.
It would also afford me the opportunity to demonstrate the
system to staff members in our remedial services areas.

I think that the framework that you have designed may be
quite useful in carrying the remediation process beyond the
RI/FS stage. By extending the application of the system
into proposal preparation and submittal stages. It is too
long of a subject to discuss fully here, but I here are some
summary thoughts :

Remediations take to long to complete because there are
numerous iterative review and evaluation phases (with long
delays and time periods for each) that require EPA personnel
to fully read and comment on each and every proposal to see
that it meets the specifications and requirements of the
ROD. This leads to every cleanup being treated as "custom"
even though many are similar (i.e. PCB spills etc). I think
that DOE, Industry, EPA and the country at large could

D I



benefit from reducing the administrative and overhead type
delays and costs that result from the current manual
process. If a computer program was used to prepare the ROD
and RFP specifications then a related program could be used,
by contractors, for bid preparation and another program
could review the bid for conformity to the specification.
Such standardization offers many benefits to all the
involved parties and it allows for rapid consistent reviews,
improved bids (requiring less notices of deficiencies),
reduced resubmittal time and drastically reduced paper
shuffling (which does nothing to clean up the problem), and
finally reduced overall cost to: 1) the taxpayers (since EPA
staff are more productive) 2) reduced cost to the
responsible parties (DOE and Industry) and reduced overhead
by the contractors.

These are some of my thoughts on this issue and I think that
after I have had a chance to review the programs in more
detail that it would be worthwhile to discuss this and other

concepts for possible applications of your program in our
industry.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568
and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my home research center:

Dan Barak
Chemical Waste Management
1950 S. Batavia Ave.
Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak

D.2



[23] From: Dan W Barak at ~PNL29 11/4/92 9:09AM (2410 bytes: 44 in)
Co: Michael K White at -PNL2

Receipt Requested
uc: Donna E Pearson at ~PNL29, Bruce J Harrer at -PNL29
Subject: RAAS/REOPT interest by Chemical Waste Management
............................... Message Contents ...............................

In my previous messsage to you I expressed in retest in
evaluating and providing feedback on the software that you
are developing.

As I mentioned in my last email:

The programs that you are developing have numerous potential
applications in our business. I would like to get a "hands
on" opportunity to evaluate the software and provide you
with some feedback. To that end I would like to know the

possibility of getting a Beta or Demo version that I can
work with back at my Geneva office. This would allow me to
review the technical data more easily with my colleagues.
It would also afford me the opportunity to demonstrate the
system to staff members in our remedial services areas.

since that time I have talked to my colleagues in the
remedial services area. They have expressed a great deal of
interest in the programs and would like to get some more
detailed write-ups. There is also the possiblility of a
CRADA as the system is heading in the right direction for
another need we have in documenting the decision flow for
remediation activities.

I would like to discuss this further with you and arrange to
get a Demo/Trial version for review at our end. It is also
very possible that we could provide peer review of the
technology descriptions, decision summaries and other key
aspects of the system.

I will be at PNL Monday-Wednesday (Nov 9-11) with a
colleague, if you want to meet during that time, let me know
by contacting Donna Pearson at 375-2056. At CWM my number
is (708) 513-4568 and Fax is (708) 513-6401. You can send
me PNL mail at K2-03 or to my home research center:

Dan Barak

Chemical Waste Management
1950 S. Batavia Ave.

Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak

D.3



[14] From: Dan W Barak at ~PNL29 11/23/92 8:13AM (706 bytes: II in)

To: Janet L Bryant at ~PNL2, Michael K White at ~PNL2

Receipt Requested
cc: Donna E Pearson at -PNL29, Bruce J Harrer at ~PNL29

Subject: RAAS/REOPT Seminar on December 8-9
Message Contents ---

When I was last at PNL we spoke on the phone about a seminar
conducted with the EPA about the programs and their logic.

I have a colleague who is very interested in attending that

meeting. Could you please send me more info about it?

My Fax # 708-513-6401 voice 708-513-4568.

Thanks.

Dan Barak

Chemical Waste Management

D.4



O] From: Janet L Bryant at -PNL2 11/23/92g:58AM (1254 bytes: 22 In)
: Dan W Barak at -PNL2g,MichaelK White
: Donna E Pearson at -PNL2g,Bruce J Harrer at -PNL2g
bject: RAAS/REOPTSeminaron December8-9

MessageContents
When I was last at PNL we spoke on the phone about a seminar
conductedwith the EPA about the programsand their logic.
I have a colleaguewho is very interestedin attendingthat
meeting. Could you please send me more info about it?

My Fax # 708-513-6401voice 708-513-4568.

Thanks.

Dan Barak
ChemicalWaste Management

Dan, I'm sorry, but we seem to be miscommunicatingabout
timing and opportunities. RAAS is in a prototypingstage,
only. We are having a client testingmeeting in Decemberto
demo our latest prototypeto the client. It would be
inappropriateto have outsidersattend that meeting. I
apologizefor the confusion,and hope that this won't limit
futureopportunitieswhen they are appropriate.

janet

D.5



[14] From: Dan W Barak at -PNL29 10/7/92 11:21PM (3540 bytes: 63 in)
To: Evan O Jones at ~PNL26

Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at -PNL29
Subject: Waste Oil Recovery Process

Message Contents
I appreciate your taking the time to present the status of
your project to me last week.

Just to refresh your memory I am here, from Chemical Waste
Management, on a one-way staff exchange to survey the
research being conducted here at PNL for possible
commercialization or other collaborative opportunities.

I am interested in pursing the discussions of potential
applications of waste acid recovery to our business. To
that end I am planning to bring a colleague out here with
me, either the last week of this month (Oct 26-29) or the
first week of November (Nov 2-5). I am hoping to setup
meetings on 3-5 technologies so if you could respond as to
which dates, if any, are feasible I will respond when I hear
from the others with a proposed agenda. We would like to
spend about 1/2 day with you reviewing technical questions,
potential applications, project status, future plans and
licensing opportunities.

As I mentioned during your presentation, we have several
competing technologies in use at this time. However, there
may be situations that the process can be applied (i.e.
waste minimization, zero discharge, etc.). Additionally
upon closer review we may see applications in areas that we
had not previously considered. The extreme corrosion
resistance of the equipment is also of great interest.

It would be helpful if you could put together any
preliminary economics information as to calculations of
operating and capital costs for various loadings and
scaleups. (you can get this to me either before or at the
meeting)

Could you send through cc:mail, some ball park numbers on
research $ spent to date on this and planned future
expenditures for use as reference. What are the potential
licensing terms? How broad is the existing license of the
technology? What is the business development plan for this
process? Please send me a copy of any relevant papers or
other documents that could aid us in understanding and
evaluating the technology as well as helping us to prepare
the CWM internal business plan for our potential use of this
process.

I will probably have more questions for you later and I will
send them through this medium. If I need to communicate
with anjone else on this please send me their name and I
will copy them on this and future communications.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568

D.6



and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my research center:

Chemical Waste Management
1950 S. Batavia Ave.

Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak

D.7



[ii] From: Dan W Barak at ~PNL29 10/7/92 5:02PM (4031 bytes: 70 in)
To: Michael K White at ~PNL2

Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at ~PNL29
Subject: RAAS/REOPT review

Message Contents
I appreciate your taking the time to present the status of
your projects to me last week.

Just to refresh your memory I am here, from Chemical Waste
Management, on a one-way staff exchange to survey the
research being conducted here at PNL for possible
commercialization or other collaborative opportunities.

The programs that you are developing have numerous potential
applications in our business. I would like to get a "hands
on" opportunity to evaluate the software and provide you
with some feedback. To that end I would like to know the

possibility of getting a Beta or Demo version that I can
work with back at my Geneva office. This would allow me to
review the technical data more easily with my colleagues.
It would also afford me the opportunity to demonstrate the
system to staff members in our remedial services areas.

I think that the framework that you have designed may be
quite useful in carrying the remediation process beyond the
RI/FS stage. By extending the application of the system
into proposal preparation and submittal stages. It is too
long of a subject to discuss fully here, but I here are some
summary thoughts:

Remediations take to long to complete because there are
numerous iterative review and evaluation phases (with long
delays and time periods for each) that require EPA personnel
to fully read and comment on each and every proposal to see
that it meets the specifications and requirements of the
ROD. This leads to every cleanup being treated as "custom"
even though many are similar (i.e. PCB spills etc). I think
that DOE, Industry, EPA and the country at large could
benefit from reducing the administrative and overhead type
delays and costs that result from the current manual
process. If a computer program was used to prepare the ROD
and RFP specifications then a related program could be used,
by contractors, for bid preparation and another program
could review the bid for conformity to the specification.
Such standardization offers many benefits to all the
involved parties and it allows for rapid consistent reviews,
improved bids (requiring less notices of deficiencies),
reduced resubmittal time and drastically reduced paper
shuffling (which does nothing to clean up the problem), and
finally reduced overall cost to: i) the taxpayers (since EPA
staff are more productive) 2) reduced cost to the
responsible parties (DOE and Industry) and reduced overhead
by the contractors.

These are some of my thoughts on this issue and I think that
after I have had a chance to review the programs in more
detail that it would be worthwhile to discuss this and other

D8



concepts for possible applications of your program in our
industry.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568
and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my home research center:

Dan Barak

Chemical Waste Management
1950 S. Batavia Ave.
Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak

D.9



[12] From: Dan W Barak at ~PNL29 10/7/92 5:44PM (3490 bytes: 63 In)
To: Rodney S Skeen at ~PNL24
Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at -PNL29
Subject: Active Landfill management for enhanced methane production

.... Message Contents .........................
I appreciate your taking the time to discuss your research
with me last week.

Just to refresh your memory I am here, from Chemical Waste
Management, on a one-way staff exchange to survey the
research being conducted here at PNL for possible
commercialization or other collaborative opportunities.

I am planning to bring a colleague out here with me, either
the last week of this month (Oct 26-29) or the first week of
November (Nov 2-5). While we are not the most appropriate
audience for biotreatment process I hope to gather enough
additional information to make a case for collaboration to

our Waste Mgmt sister company (Waste Mgmt. has an active
program to recover methane from our landfills and use it to
power turbines and generate electricity for area homes). I
am hoping to setup meetings on 3-5 other technologies so if
you could respond as to which dates, if any, are feasible I
will respond when I hear from the others with a proposed
agenda. We would like to spend about an hour or two with
you reviewing technical questions, potential applications,
any suggestions you have for joint cooperation (i.e. we may
be able to provide full scale "test" landfills as "services
in kind" in exchange for your assistance), future plans and
licensing opportunities.

You can respond through cc:mail if convenient and later at
the meeting.

Also if you could put together any preliminary economics
information as to calculations of operating and capital
costs for various scenarios. (i.e. estimates of improvement
in methane production versus cost of treatments)

Could you send through cc:mail, some ball park numbers on
research $ spent to date on landfill/leachate management and
planned future expenditures for use as reference. What are
the potential licensing terms? Are there existing licenses
of the technology? Is there a business development plan for
this process?

Please send me a copy of that any papers that could aid
us in understanding and evaluating the PNL research in this
area.

I will probably have more questions for you later and I will
send them through this medium. If I need to communicate
with anyone else on this please send me their name and I
will copy them on this and future communications.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568
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and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my research center:

Chemical Waste Management
1950 S. Batavia Ave.

Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak
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[12] From: Dan W Barak at ~PNL29 10/7/92 5:31PM (3804 bytes: 70 in)
To: James L Buelt at -PNL24

Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at -PNL29
Subject: ISV/ESV Review meeting
............................... Message Contents ..............................

I appreciate your taking the time to host me in the project
presentations last week.

As you know I am here, from Chemical Waste Management, on a
one-way staff exchange to survey the research being
conducted here at PNL for possible commercialization or
other collaborative opportunities.

I am interested in pursing further the discussions of
potential applications of both ISV and ESV to our business.
To that end I am planning to bring our vitrification
specialist out here with me, either the last week of this
month (Oct 26-29) or the first week of November (Nov 2-5).
I am hoping to setup meetings on 3-5 other technologies so
if you could respond as to which dates, if any, are feasible
I will respond when I hear from the others with a proposed
agenda. We would like to spend about 1/2 day with you and
perhaps Chris Chapman and/or others reviewing technical
questions, potential applications, project status, future
plans and licensing opportunities.

We will have read the papers that provided by Chris and
the information that you gave me. Any other
suggested readings would be appreciated.

We will want to discuss the technical aspects in some
detail as well as current shortcomings of each technology
and the current research plans to address these problems. A
discussion of economics and licensing will take place as
well so that we have a detailed understanding of the
assumptions used in the estimates that we have seen the
reported numbers are calculated.

You can respond through cc:mail if convenient and later at
the meeting.

Also if you could put together any preliminary economics
information as to calculations of operating and capital
costs for various 1oadings and scaleups this would be
helpful. (you can get this to me either before or at the
meeting)

Could you send through cc:mail, some ball park numbers on
research $ spent to date on this and planned future
expenditures for use as reference. What are the potential
licensing terms? Are there existing licenses of the
technology? What is the business development plan for
this process? Could you send me a copy of other documents
that could aid us in understanding and evaluating the
technology as well as helping us to prepare the CWM internal
business plan for our potential use of this process.

I will probably have more questions for you later and I will

D.12



send them through this medium. If I need to communicate
with anyone else on this please send me their name and I
will copy them on this and future communications.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568
and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my research center:

Chemical Waste Management
1950 S. Batavia Ave.
Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak
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[12] From: Dan W Barak at -PNL29 10/6192 1:14PM (4479 bytes: 80 in)
To: Eddie G Baker at -PNL26, Douglas C Elliott at -PNL19
Receipt Requested
cc: Bruce J Hatter at -PNL29, Donna E Pearson at -PNL29
Subject: PST and TEES Followup
............................... Message Contents ..............................

I appreciate your taking the time to present the status of
your projects to me last week.

Just to refresh your memory I am here, from Chemical Waste
Management, on a one-way staff exchange to survey the
research being conducted here at PNL for possible
commercialization or other collaborative opportunities.

I am interested in pursing the discussions of potential
applications of PST, STORS and TEES to our business. To
that end I am planning to bring a colleague out here with
me, either the last week of this month (Oct 26-29) or the
first week of November (Nov 2-5). I am hoping to setup
meetings on 3-5 technologies so if you could respond as to
which dates, if any, are feasible I will respond when I hear
from the others with a proposed agenda. We would like to
spend about 1/2 day with you reviewing technical questions,
potential applications, project status, future plans and
licensing opportunities.

We will have read the paper that you provided from your
presentation dated December 12, 1991 on PST. Papers on TEES
and any other suggested readings would be appreciated.

I have not received much information on TEES except that
which was discussed in Doug's presentation. While CWM US
may have limited application due to prior licensing of the
technology, Waste Management International may have
applications in Europe that can be explored.

With regard to PST, I have read the papers/patents that Ed
provided. The licensing of the technology appears to be
somewhat encumbered by Onsite*Ofsite, and this may present
an obstacle. I described our current situation with the

competing technology evaluation. However, I think that it
is worthwhile (for many reasons) that we discuss the
technology in more detail and review of the economics and
project timetable. We have thought of some additional
markets/streams that may be candidates for the process and
will discuss those with you further.

You can respond through cc:mail if convenient and later at
the meeting.

Also if you could put together any preliminary economics
information as to calculations of operating and capital
costs for various loadings and scaleups this would be
helpful. (you can get this to me either before or at the
meeting)

Could you send through cc:mail, some ball park numbers on
research $ spent to date on this and planned future
expenditures for use as reference. What are the potential
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licensing terms? Are there existing licenses of the
technology? You have already provided me with a good
start for preparation for discussions about PST. Could you
send me a copy of any other documents that could aid us in
understanding and evaluating the other technologies (STORS
and TEES) as well as helping us to prepare the CWM internal
business plan for our potential use of this process.

I will probably have more questions for you later and I will
send them through this medium. If I need to communicate
with anyone else on this please send me their name and I
will copy them on this and future communications.

I will be here at PNL through Wednesday (Oct 7) and after
that back at our research center in Geneva, IL. My phone
number here is 375-4590. At CWM my number is (708) 513-4568
and Fax is (708) 513-6401. You can send me PNL mail at
K2-03 or to my home research center:

Dan Barak

Chemical Waste Management
1950 S. Batavia Ave.

Geneva, IL 60134

Thanks for your time. I look forward to hearing from you.

Dan Barak
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[11] From: Dan W Barak at -PNL29 10/7/92 4:49PM (968 bytes: 16 ln)
To: Douglas C Elliott at ~PNL19, Eddie G Baker at ~PNL26
Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at -PNL29
Subject: PST/STORS/TEES/TEES II meeting
............................... Message Contents ..............................

Gentlemen:

I received the information on TEES/TEES II that you sent
after I had sent you my cc:Mail message. Based on what I
have read I think that it may be worthwhile to spend a full
day reviewing the technologies (PST, STORS, TEES, TEES II),
rather than the 1/2 day that I originally proposed.

Also some additional information on the licensing situation
for TEES/TEES II would be useful.

Please let me know if this is feasible. We could split the
review days, if necessary, to accomodate your schedules.

Dan Barak

Chemical Waste Management
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13] From: Dan W Barak at -PNL29 10/30/92 2:55PM (2014 bytes: 36 In)
o: Eddie G Baker at ~PNL26, Douglas C Elliott at -PNL19, L John Sealock at
~PNLI9

eceipt Requested
c: Donna E Pearson at ~PNL29, Bruce J Harrer at ~PNL29
ubject: Meeting to Discuss PST and TEES
.............................. Message Contents ...............................

My colleague and I would like to meet with you to discuss
PST and TEES on Monday November 9. We can take a 1/2 day
for each process in either order.

I have discussed both technologies internally, and interest
has been generated along with some additional questions.

One of the major questions concerns the high temp and
pressures used by both processes from the standpoint of
safety and cost (capital and operating). Please be ready
to address this concern.

Concerns about cost (capital and operating) are many. Some
have said that they "can't imagine that it can be cost
effective" versus other options for K048-52 wastes. We
will need to discuss this further when we get together.

One of our technical VP's is interested in the technology
and may attend our dicussions if his schedule permits.

For my part I need to be able to complete a decision summary
sheet after our meeting. This will include an analysis of
the costs, status of development, efficacy of the process
(BDAT), licensing terms available, $ of research to date,
etc. Please be prepared to discuss these and other
related areas in detail.

Thanks for your assistance, and I look forward to seeing you
on the 9th. Please let me know where and when to meet so

that Donna Pearson can get the appropriate visitor badges
prepared.

Sincerely,

Dan Barak

Chemical Waste Management
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[17] From: Dan W Barak at ~PNL29 11/12/92 8:29AM (1610 bytes: 31 in)

To: Douglas C Elliott at ~PNLI9, L John Sealock at ~PNLI9, Eddie G Baker at
~PNL26

Receipt Requested
cc: Bruce J Harrer at ~PNL29, Donna E Pearson at ~PNL29

Subject: PST and TEES followup
Message Contents

Gentleman:

Paul Farber and I appreciate the time that you spent with us

discussing PST and TEES. We were very encouraged by the
candor of the discussion. It makes our evaluation go much

quicker when we can see the whole picure and we can present

our conclusions/recommendations with a much greater degree
of confidence.

A few questions came up after we were finished that I wanted

to pass along for you to include in the short write up that

you are providing:

What is the cost per million btus of gas produced in

TEES when using biomass (a ballpark range is okay and

figure 5 yr capital cost recovery)?

Please provide a cost estimate adjustment factor for
PST if the heat transfer coefficient is that of oil

rather than water, so that we can get some idea of

worst case heat transfer/recovery.

Please prepare the bill of materials and other

information necessary to get RUST to provide a cost
estimate.

Thanks again and we look forward to working with you in the
future!

Dan Barak

D.18
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19] From: Dan W Barak at -PNL29 11/18/92 6:38AM (3141 bytes: 53 in)

,riority: Urgent
'o: Eddie G Baker at ~PNL26, L John Sealock at ~PNLI9, Douglas C Elliott at
~PNLI9

_eceipt Requested

:c: Bruce J Harrer at ~PNL29, Donna E Pearson at ~PNL29, Robert S Butner at
~PNLI9

_ubject: PST and TEES opportunity

Message Contents
Gentleman:

I spoke with my VP and briefly summarized our discussions.

He agreed to present these technologies at the next

strategic growth committee meeting set for Dec ii. Prior to
that time, (with your help), I need to prepare sufficient

justification and documentation about the

potential/risks/costs/licensing etc. for TEES and PST. To

that end I will be making requests for information via!

cc:mail for the next two weeks; the sooner you can respond
the better.

Since this is gaining momentum and I need to move quickly to

preserve it I would like to get some idea of likely

licensing terms for PST and see a written summary of the

PNL position regarding TEES and TEES II for licensing

availability so that I can prepare a list of CWM/WMI

options. I will be back at PNL the 2nd week of December and

will likely try to visit Onsite*Ofsite during that same
trip.

Cost estimate for TEES: I need a detailed ranged cost

estimate for capital and operating for an organic waste

water treatment stream (that results in the 2-3 cents/gal
estimate). But I need a broader estimate with worst case

assumptions (i.e. catalyst life is one month, etc) and other

areas of possible uncertainty on the full scale system. I

need estimate for a 5 gpm and 50 gpm system. (uncertainties

on capital cost are OK just state them) I need to use this

to quantify risks of assumptions and understand sensitivity
variables for this process.

I need a similar estmate/analysis for biomass in TEES

based on $/MMBTU of gas produced. (if you can use the
Anhaueser Busch scenario as a basis for size and

feedstock that would be fine) I need to be able to quantify

the needed revenue for the feed whether it is yard waste or

brewery biomass to make the process viable. Use i0 MMBTU/hr
net gas production as a base size and show feed rate of

either yard waste (assume yard waste to be mostly grass
clippings and some leaves) or the brewery that is required

for that energy output. If convenient pick another size unit
as well.

For PST: Have you ever evaluated (Coal) Tar Sands?

I need a further breakdown of the category
"Operating Cost" on the cost estimate.

I will contact you with further questions as they develop.

Thanks for your assistance.
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Dan Barak
Chemical Waste Management
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vBallelle Proj._ Number ]3794
Pacific Northwest Laboratories Internal Distribution

EG Baker
RS Butner

oate November 24, 1992 GGNeuenschwander
LJ Sealock

To Dan Barak, Paul Farber - Chem Waste Management File

From Doug Elliott

Subiect.TE.ESProcess

This memo provides some supportinginformationon the cost analyses attached.
The first page is a summarytable of the four cases analyzed in our earlier
report,Assessmentof TEES® Applicationsfor Wet IndustrialWastes" Energy
Benefitand EconomicAnalysisReport,PNL-Tggo. The analyseswere done by
Onsite*Ofsite,Inc., based on PNL experimentalresults. The last three lines
are my own calculations,based on numbersin the report. The second page
providesa summaryof the bases used in the calculationsin the report. The
third page providessome specificcalculationsyou requested.

First, the spent grain case was adjustedto a five year life and the
cost calculatedon a S/millionBtu basis. The base cost increasedto
3.7¢/gaiusing a five year capitalrecovery. The cost per million Btu
for the gas was $6.95 or $8.50 for the net gas from the process (product
gas not used in the process). Note that the 0"0 analyseswere based on
an 80% capacityutilization,so that if 100% capacitywas achievedthe
net gas price would be $6.80/millionBtu. Also note that these costs do
not includeany credit for waste disposalcost avoided or disposal
tippingfee.

The second field includescapitalestimatesfrom Onsite*Ofsite,Inc.
Note that these estimatesare for installedunits and alreadyinclude
engineeringfees and a 35% contingency/profitfactor.

Third, I have shown that your requested10 million Btu/hr plant is about
a I/5 size plant based on the spent grain case in the PNL-7990report.

Finally,the effectof shortercatalystlifetime (one month versus 18)
is calculatedfor the spent grain case from PNL-79gO. Such a short
lifetime (maximumdemonstratedto date) would about double the costs.

I hope these calculationsare what you need for your assessmentsand
presentations.

Es4.,_>oo,(_o/eg) D.21



INFO FROM PNL-7990

Feed Cheese Whey Pomace Spent Chemical
Grain

gpd 57,400 240,000 284,000 17,300

% Solids 6 i0? 9.2 4

1.15g/m1? 1.15g/ml?

Gas yield

SCF/unit 4.5 SCF/gal ii 11.7 7.9
SCF/drylb SCF/drylb SCF/gal
10.2 9.9 correct?

SCF/gal SCF/gal

Btu/SCF 515 454 550 515

(electheat)

Total 258,300 (258,300) 2,442,000 2,808,000 50,170

SCF/d

Net SCF/d 151,116 (258300) 1,939,797 2,218,909 18,481

electrica 54 (728) 220 181 16

purchased
KWhr

(TEES+ 5+0.1 10.5+0.5 12+0.1 2.0+0.5

Frontend) +0.5 gas

Capital, 5,100,00 Ii,000,00 12,700,000 2,520,00
$ 0 0

S/unit 88.85/tpd 99,099/tp I05,833/tp 145.66

d d /gpd

Catalyst, 226 735 1030 72

ft 3 @$10/ib

LHSV 1.41 1.82 1.54 1.34

Operating

Cost 407K 849K 1,149K 1,220K 233K

$/yr no labor

2.0¢/gal 1.4¢/gal 1.2¢/gal 3.8¢/gai

Annual

Cap cost 4.6¢/gai 2.4¢/gai 2.3¢/gai 7.5¢/gai

@ i0 yr,
12% DCF

Total 6.6¢/gai 3.8¢/gai 3.5¢/gai ll.3¢/gal
Cost
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COSTING BASES FROM PNL-7990

operatingcost includeslabor,maintenance,supplies,power, catalyst,
royalty,tax, & insurance.

Basis" Capital,20 yr plant life
100,000gpd sized by 0.6 power
10% intereston borrowed
plant depreciatedat 3yr dbl declining,then 4yr straight

labor, $62,400/manyr
3 shift/day@ ! per shift

power, 7.8¢/KWhr

catalyst,18 month life
$5/Ib
74 Ib/ft3

80% capacityfactor

taxes @ 2% of capital
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COST/MILLIONBtu GASFROMBIOMASS- 5 yr CAPITALRECOVERY
I

based on spent grain case - straightline capital recovery,no interest
$1,220,000 operating [1300 t/d] [200gpm]

10% solids

($12,100,000/5) capital(w/o gas cleaningand separation)
$3.64M annualcost or 3.7C/gallon

284,000gpd x 7.8 net SCF/galx 550 Btu/SCFx 350 day/yr = 5.4 1011Btu
= 541,000MBtu

= $6.95/MBtuor $8.50/Netmillion Btu ($6.8 @ 100%
(no waste disposalcredit) capacity)

5 gpm- 50 gpmCAPITALESTIMATE

$1.IM - $5.4M per Onsite*OfsiteTEES II data (2.4 LHSV)
installed. (jan '90) (no front end feed processing)
engineeringincluded+ 35% contingency/costrecovery
(includesoverheads,taxes, insurance,initialcatalyst load)

PLANTSIZE TO GIVE 10 MILLION Btu/hr OF GASYIELD

436,364 SCF/day @550 BLu/SCF
= 20% of spent grain case
= 55,850 gpd or 250 wet ton/day (10% solids)

(39gpm) (1.15g/ml)

EFFECTOF CATALYSTCOST

18 month case is given above (18 month lifetimefor catalyst)
I month case causesfollowingchanges:
catalyst cost per year increasesfrom $254K to $4573K
operatingcost increasesfrom $I.22M to $5.54M
annual cost increasesfrom $3.64M to $7.96M
processingcost increasesfrom 3.7¢/gaito 8.1¢/gal
gas cost increasesfrom $8.5/MBtuto $18.6/MBtu
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9] From: Dan W Barak at ~PNL29 11/25/92 12:55PM (890 bytes: 15 in)
,!o: Eddie G Baker at ~PNL26, Douglas C Elliott at ~PNLI9, L John Sealock at

~PNLI9

_eceipt Requested
_c: Bruce J Harrer at ~PNL29, Donna E Pearson at ~PNL29

_ubject: PST and TEES

Message Contents

I spoke with Norm Banns and have set up a meeting on Friday
December 4 at his office near LA. I will be at PNL on the

7-9; are you available (on Tuesday 12/8 or Wednesday 12/9)
for some further discussions based on what Norm has to say

and to further refine our approch to bringing these

technologies forward within WMI/CWM?

Please let me know via reply.

Thanks

Dan Barak

Chemical Waste Management

P.S. The info from Doug has not yet come by mail ....
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[81] From: Dan W Barak at "PNL2g 11/25/92 3:33PM (758 bytes: g ln)
To: Eddie G Baker at -PNL26, Douglas C Elliott at -PNL19, L John Sealock at

"PNL19, James L Buelt at -PNL24, Christopher C Chapmanat -PNL24
cc: Bruce J Harrer at -PNL29, Donna E Pearson at -PNL29
Subject: DecemberMeeting Problem

Message Contents
Due to a sudden corporate reorganization we will not be able
to come to PNL in December.... Please disregard my previous
message. Wewill need to reschedule in January.

I apologize for the sudden change in plans but it is beyond
my control.

Dan Barak
Chemical Waste Management
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19] From: Eddie G Baker at -PNL26 12/3/92 8:54AM (497 bytes: 3 in)
'o: Dan W Barak at -PNL29, Douglas C Elliott at -PNLIg, L John Sealock at
-PNLI9

_c: Donna E Pearson at -PNL29, Bruce J Harrer at -PNL29
_ubject: Meeting on December 8 or 9

................. Message Contents ...............................
Re PST and coal tar. Any analytical information on the coal
tar you can bring would help us evaluate the application of
PST. Thanks for your hard work on behalf of PST and TEES.
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[i0] From: Dan W Barak at ~PNL29 12/1/92 5:42PM (1471 bytes: 23 in)
To: James L Buelt at ~PNL24, Christopher C Chapman at ~PNL24
Receipt Requested
cc: Donna E Pearson at ~PNL29, Bruce J Harrer at ~PNL29
Subject: Possible meeting on Dec 8 or 9 to discuss vitrification

Message Contents --
We are currently undergoing a corporate reorganization and
my last message was prompted by a decision to suspend all
December travel. The decision was just rescinded and we
have an opportunity for one last trip to PNL before the
reorg takes effect.

Our Chem-Nuclear group is starting up a haz waste and low
level tad treatibility lab at Clemson and we would like to
begin to develop information that could be followed up by
our Clemson group after the reorganization is complete.

If your schedules permit Abid Bengali (our vitrification
specialist) and I would like to meet with you and discuss
you efforts in ISV, ESV and the ceramic melter. We would
prefer to meet Tuesday morning (Dec 8) as we have a Tuesday
afternoon meeting planned. Please let me know what time is
preferred. (NOTE: If Tues AM is bad WED AM is possible)

I hope that we have the opportunity to meet with you and
discuss these technologies.

Dan Barak

Chemical Waste Management
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[I] From: Dan W Barak at -PNL29 12/8/9211:50AM(4123 bytes: 70 In)
To: TheresaM Bergsmanat -PNL40,William0 Heath at -PNL40,Jud W Virden at
~PNL40

cc: Bruce J Harrer at "PNL29,Donna E Pearsonat -PNL2g
Subject: ISH and ElectroCorona

Message Contents

Since I last met with you, my companyhas undertakena
rather substantialreorganization. I needed to wait until I
had a better idea of the next step on these technologies
before I proceeded. The situationis still very fluid, but
I think that I now have sufficientinformationto pass on to
you.

With regard to ISH: I have contactedthe people in our
remedialservicesgroup, (they have been moved to a new
company (not CWM but RUST InternationalInc.) as a result of
the reorg),and they are interestedin keepingtabs on ISH
but do not currentlyhave a candidateproject. This may
change,but at the moment this where they stand. Until the
reorg is complete (I-2mos best estimate)and the groups
have their marching orders,it will be next to impossibleto
get a committmenton any emergingtechnology. Any progress
that you make on the effectof pipes and buried drums/tanks
will help keep this moving forward. I will forwardthe
name(s)of the appropriateparties for followupas soon as I
can get them.

Corona Discharge:This technologyis at an early stage of
development. Many of the questionsthat were discussed
during our last meeting need to have answersbefore this
technologycan be seriouslyconsideredby our operating
divisionswho would use or market it. The discussionsthat
we had pointedout severalcritical areas that need
exploration.

I. What happenswhen an explosivemixtureof gas is fed to
the corona reactor?????? The answer is criticalBEFORE we

can think about corona dishcargeas a realisticreplacement
or augmentationof activatedcarbon. I realizethat this is
a chicken and egg type problem: you cannot be sure what
will happen until you try BUT no one wants to take the risk
of trying.

2. Very low detectionlevel (partper billllonrange or
nanogram per cubic meter) determinationsneed to be made
about possibledioxin and furan formationwhen chlorinated
organics are presentin the feed stream.

3. Since the flowrates,of designsto date, are relatively
low (-55 I/min) and the fixed costs of many gas analyzers
are high, the system has a fairly steep base cost which
limits its potentialapplicationin low and intermittent
flow environments;exactlythe marketswhere it seems to
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have the greatestapplicability.

4. Relatedto item 2. is a questionabout the effect of
particulatein the gas stream,it is known that the presence
of copper catalyzesdioxin formation. If particulateis a
problemthe filtration/cyclonesmust be introducedand the
adsorbedorganicon the particulatemust be treated
separately.(This impactsthe potentialapplicationfor
treatingthe gas stream exitinga thermaldesorptionunit)

There are more questionsthan these but this forms a base
list for furtherresearchefforts. I still have not
receivedthe technologysummariesthat we discussed in our
meeting. Please forwardthese as soon as is convenient.

If you have any questionsor need clarificationof any
points I will be at PNL Tuesday and WednesdayAM this week.
You can reach me thru Donna Pearson375-2056.

Thanks

Dan Barak
ChemicalWaste Management
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36] From: Dan W Barak at -PNL29 612193 5:24PM (2304 bytes: 43 ln)
_o: Bruce J Harrer at -PNL29

_eceipt Requested
=c: Donna E Pearson at ~PNL29

|ubject: Upcoming visits
............................... Message Contents ...............................

I just wanted to drop you a line to update you on our
status. It looks like we may not be able to get out there
until July.

My current project ends in June.

The Wheelabrator Engineered Systems (WES) representative
Steve Uban is still reviewing the TEES and PST information
with the International group and regardless of whether WES
decides to proceed there is interest in establishing a
relationship that may be utilized for projects of Joint
interest in the future. This Wheelabrator group includes
Johnson filtration and has one of the most advanced
fluid screen systems that I am aware of and there are
several fluid and particle flow issues that may benefit from
the resources that PNL can bring to bear to assist in
improving this. I will update with a further agenda and
seek some possible dates toward the end of June.

The RUST remedial individual Dr. John North will plan to
talk about current challenges facing the remediation
industry and he is interested in possible collaboration to
demonstrate innovative and improved remediation technologies
at DOE facilities.

I am also trying to track down one of our PhD Chemists that
is not at the Clemson facility, to have him talk to Thom
Dunning's group if possible. I will advise on my progress
in this area. He would be flying from Georgia, I assume
that this is OK travel wise?

Toward the end of June I will communicate with you again to
firm up possible dates and agendas/attendees.

Thanks for all of your assistance in this project. I have
experienced a great deal of frustration due to internal
difficulties caused by the (still) ongoing restructuring and
appreciate your patience as we muddle through this.

Thanks again.

Dan Barak
WMX Technologies <==Note new name
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