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DISCLAIMER

This report was.prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
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As a result of the nuclear arms race during the 50-year Cold War, the United States

(U.S.) created one of the world’s largest inventories of radioactive and hazardous waste.

Although the U.S. instituted waste management systems to convert and store waste, sig-

nificant dischargesinto the environment occurred. Among the many dangersposed by past

waste management practices are widespread contamination of soil and groundwater, leak-

ing or deteriorating containment vessels seeping radioactive and/or chemical wastes into

the soil and groundwater, and the escape and transport of airborne contaminants. These

and related issues demanded attention and illustrated the need to redirect resources from

weapons production to environmental restoration and waste management.

Office of Environmental Management
In 1989, the U.S. Department of Energy (DOE) responded to these concerns by estab-

lishing the Office of Environmental Management (EM) and delegated this office with the

responsibilityof cleaning up the U.S. nuclearweapons complex. EM’s mission hasthree pri-

mary objectives: 1) to assess,remediate, and monitor contaminated sitesand facilities;2) to

store, treaq and dispose of waste from past and current operations; and 3) to develop and

implement innovative technologies for environmental cleanup.

EM faces a challenging job. A 1997 DOE report entitled Linking Legacies stated that

DOE manages 36 million cubic meters of waste comprised of seven fundamental waste

categories: high-level, low-level, transuranic(TRU), and mixed low-level radioactive waste

aswell ashazardous, byproduct material, and “other” waste. In addition, EM has oversight

of more than 5,100 contaminated buildings and facilities awaiting decontamination,

decommissioning, and dismantling. This challenge requires the identification of tech-

nologies and scientific expernse from a variety of sources including industry, academia,

national laboratories, and the international community.

EM Office of Science and Technology

The Office of Environmental Management established the Office of Science and

Technology (OST) to conduct an aggressive program for the deployment of innovative

solutions to address DOE’s environmental remediation needs. OST investments provide

the scientific foundation for new approaches and technologies that bring about significant

reduction in risk, cost, and schedule for EM mission completion.

The mission of OST is to provide the full range of science and technology resources

needed to deliver and support frilly developed deployable technological solutions to the

environmental remediation problems faced by EM. These resources include providing

basic and applied research, technology demonstrations, and technical assistance for

deploying technologies.

Office of International Programs D Fiscal Years 1995-2000



OST programs establish, direct, and manage targeted intermediate-term research

bridging the gap between broad fundamental research that has wide-ranging applications

and needs-driven applied technology development. Through the integration of basic

research and applied research and development (R&D), as conducted by the Focus Areas,

Crosscurnng Programs, University Programs, and the Technology Integration Program,

OST expects to produce and deliver technology solutions for the major needs of its EM

customers. The Focus Areas, Crosscutting Programs, Universi~ Programs, and the

Technology Integration Program strive to engage private sector technology providers and

commercial users in developing and improving technologies to address site needs. These

programs also work with interested parties, stakeholders, and public interest groups in

assessingthe acceptability, availability,and use of improved technical solutions. They pro-

vide uniform guidance, facilitate technology transfer,and ensure that the-needs of stake-

holders are integrated into the decision-making process.

In 1994, OST identified five major problem areasto focus its technology development

activities,and establishedFocus Areas to addressthese problems.

By 1998, the FocusAreas were redefined and c-urremtlyinclz~de:

u Deactivation and Decommissioning. The Deactivation and Decommissioning Focus

Area (DDFA) provides new or improved technologies to deactivate and decommission

contaminated buildings. This includes decontaminating the metal and concrete within

those buildings and disposing of over 180,000 metric tons of scrap metal. The DDFA

through its Large Scale Demonstration and Deployment Project (LSDDP), incorpo-

rates improved technologies identified as responsive to high-priority needs. Such

demonstrations also include existing commercial technologies to provide a basis for

comparison of costs and effectiveness.

❑ High-Level Tank Waste Remediation. The T* Focus Area provides new or

improved technologies to safelyand efficiently remediate over 300 underground storage

tanks that have been used to process and store more than 100 million gallons of high-

level radioactive and hazardous chemical mixed waste.Technologies are needed to char-

acterize, retrieve, and treat the waste before radioactive components are immobilized.

Emphasis is placed on in situ or remotely handled processes and waste volume minim-

ization, R&D of technologies in this areais aimed at enabling tank farm closure using

safe and cost-efficient solutions that are acceptable to the public and fulfill the require-

ments of site regulatory agreements under the Federal Facility Compliance Act.

Office of International Programs . Fiscal Years 1995-2000
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❑ Mixed Waste Characterization, Treatment and Disposal. The Mixed Waste

Characterization, Treatment, and Disposal Focus Area provides new or improved treat-

ment systemsfor mixed radioactive and hazardous chemical waste, and processes for the

disposal of low-level and TRU waste in a manner that meets regulatory requirements.

There are over 167,000 cubic meters of mixed, low-level, and TRU wastes from over

1,400 mixed radioactive and hazardous chemical waste streams at 38 DOE sites.

Emphasis is placed on developing a cost-effective monitoring system, waste volume

reduction, and safe permanent disposal.

❑ Nuclear Materials. The Nuclear Materials Focus Area (formerly the Plutonium Focus

Area) provides new or improved technologies for safe and effective long-term storage of

nuclear materialsincluding impure plutonium oxides, interim storage of stabilized plu-

tonium residues pending disposition to the Waste Isolation Pilot Plant, and safety sur-

veillance for long-term plutonium and other long-lived nuclear material storage.

❑ Subsurface Contaminants. The Subsurface Contaminants Focus Area provides new or

improved technologies to address environmental problems associated with hazardous

and radioactive contaminants in soil and groundwater. Over 600 billion gallons of

groundwater and 50 million cubic meters of soil are contaminated at more than 5,700

locations on DOE sites.The contaminants include radionuclides, heavy metals, and haz-

ardous organic compounds. The migration of certain contaminants threatens water

resources and, in some cases, has already had an adverse effect on off-site locations.

Emphasis is placed on the development of in situ technologies to minimize remediation

costs and potential worker exposures, to improve capabilities for landfill containment,

and to implement effective and reliable subsurface barriers to contaminant migration.

Five nzq-or Crosscutting Programs address technology developnzent neeh that m-e conmon to the

Foc-Iu-Areas. Tbejve CrosscuttingPrograms are:

❑ Characterization, Monitoring, and Sensor Technology (CMST). This program

develops or improves sensors, monitors, and site and waste characterization technolo-

gies to improve worker safety, lower costs, and enable operations where no technology

currently exists for use during cleanup activities and site remediation, waste treatment

and disposal, and faciliry deactivation and decontamination.

❑ Efficient Separations and Processing. This program was established to concentrate

contaminants, and/or purify waste streams, or to down grade the waste to a form that

requires less difficult and less expensive disposal.

Office of International Programs Fiscal Years 1995-2000



D Industry Programs. This program involves private-sector entities such ascolleges, uni-

versities, not-for-profit institutions, and industry in developing, demonstrating, and

implementing improved technologies that address the needs of the EM Focus Areas,

through government contracting mechanisms and competitive procurement.

❑ Integrated Process AnaIysis. This program provides reliable, defensible information

on remediation, deactivation and decommissioning, and waste treatment systems of

technologies and their integration in order to steer the course of current technology

implementation and R&D thrustsin future years.

❑ Robotics Technology Development. This program develops robotic systems to min-

imize worker exposure while providing proven, cost-effective, and in some cases, the

only acceptable approach to problems.

OST Office of International Programs

Wkhin OST, the Office of International Programs @?) is responsible for the identifica-

tion, evaluation, acquisition, and demonstration of international technologies that can

accelerate DOE cleanup operations in conjunction with Focus Aea activities.The goal of

D? is to pursue collaborations among government organizations, educational institutions,

and private industry to identi~ technologies that can addressthe environmental remedia-

tion needs of DOE. Through international agreements, OST engages in the cooperative

exchange of information, technology, and data on technology development and demon-

strations, aswell as involvement with scientist exchanges.

D? seeks out and leverages foreign technology, data, and resources in keeping with EM’s

mandate to protect public health and the environment through the safe and cost effective

remediation of the DOE’s nuclear weapons sites.These international resources are used to

manage the more urgent risksat DOE sites, secure a safe workplace, help build consensus

on critical issues,and strengthen DOE’s science and technology program.

EM Joint Coordinating Committees

When DOE/EM engages in an international cooperative agreement, a Joint

Coordinating Committee (JCC) is established to manage the activities conducted under

the agreement. Each country appoints an equal number of representativesto serve on the

JCC, which meets annually to evaluate the status of cooperation under the agreement.

EM’s participation in eachJCC ensuresthat the areasof technical cooperation addressthe

most critical needs of the EM Focus Areas.

Finally, II? supports four JCCS. The JCC for Environmental Restoration and Waste

Management (JCCEM) was establishedin 1990 between DOE and the Ministry of Atomic

Energy for the Russian Federation. Areas of cooperation under the JCCEM include: effi-

Office of International Programs u Fiscal Years 1995-2000
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cient separations,contaminant transport and site characterization, mixed waste, high-level

waste (HLSV) tanks, TRU stabilization, deactivation and decommissioning (D&D), and

scientist exchange.

TheJCC for Science and Technology (JCCST) was establishedin March 1999 between

DOE and the Russian Academy of Sciences. The main area of cooperation under the

JCCST is subsurface contaminant remediation.

The JCC for Environmental Systems ~CCES) was established in 1995 between DOE

and the Institute for Ecology of IndustrialAreas (IETU) of the Republic of Poland. The

JCCES focuses primarily on subsurface contaminant remediation.

TheJCC for Radioactive and Mixed Waste Management (JCCRM) with Argentina was

initiated in 1996 between DOE and the National Atomic Energy Commission of the

Agentine Republic. Under the JCCRM, project areasinclude: D&D, contaminant trans-

port and site characterization, HLW tank remediation, separations,mixed waste, plutoni-

um stabilization and subsurface contamination.

In addition to thefozlrJCCs, EM s-z~pportspa~zmbips with thefollowing comztries.

II United Kingdom: Collaboration with the United Kingdom (U.K) Atomic Energy

Authority provides DOE immediate access to proven technologies in the areas of tanks

remedlation and D&D.

❑ Ctzmzda:DOE is in the process of developing a cooperative program with the Ontario

Ministry of Environment for remediation and environmental restoration in the area of

subsurface hazardous and radioactive contaminants. This collaboration will play a fun-

damental role in the initiative to establisha protocol for remediation of specific types of

soil contamination.

•I Mexico: Scientific information exchanges are being developed with the National

Institute of Nuclear Research and the Monterrey Institute of Technology and Higher

Education in characterization, modeling, and monitoring of subsurface contaminants at

sites within the DOE complex and in Mexico. Discussions on long term monitoring of

radioactive landfills in both countries are also being conducted.

H‘japa~z: Current projects with theJapanAtomic Energy Research Instituteinclude ident-

ifying and developing innovative D&D technologies. Additionally, performance assess-

ments and experimental studies are being conducted with the Japan Nuclear Cycle

Development Institute to understand the basic processes for nuclear waste disposal.

More infomzation nbozttEM IP cm be accessedat: btzp://www.mzi~zternational.fnt.edzt.

Office of International Programs , Fiscal Years 1995-2000



In 1998, EM produced Accelerating Cleanup: P@hs to Clos-ure,a detailed complex-wide

projection of the technical scope, cost, and schedule required to complete the DOE

cleanup mission, Based on these projections, siteshave identified specific science and tech-

nology needs that must be met to enable or improve cleanup, accelerate the schedule, or

reduce cost. Through a Focus Area-centered approach, EM is now integrating science,

technology, deployment activities, and cleanup projects to meet the short- and long-term

needs of the EM clean up mission. IT is assistingthe Focus Areas in incorporating inter-

national technologies to expedite cleanup of the DOE complex.

The purpose of IP’s Deploymwt Summary publication is to summarize the progress made

by IP in deploying innovative technologies for the environmental remediation of the DOE

complex and for sites of its international collaborators.

Definition Used for Technology Deployment

EM defines technology deployment as “the use of a technology or technology system

toward accomplishment of one or more site-specific DOE Environmental Management

program cleanup objectives as applied to the actual waste requiring management at the

site,” A deployment is counted as accomplished in the fiscal year (W) in which it begins.

This definition is consistentwith contributing to the accomplishment of EM’s performance

measuresand the application of technology to actualsite wastesand cleanup activities.

EM Technology Management System

EM continually works to improve the quality of deployment data. Startingin FY98, EM

began constructing Deployment Fact Sheets for every technology deployment that

occurred from FY95 through FY98. These Deployment Fact Sheets reside in EM’s

Technology Management System (TMS), with a corresponding OST Reference Number

given to each technology entry. TMS is designed to provide access to data and informat-

ion relevant to OST programs, technologies, and sites. TMS can be accessed at

http://tms.em.doe.gov.

Office of International Programs . Fiscal Years 1995-2000
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OST Technology Management System Number: 2382
Domestic Deployment Sites: Decontamination Facility, Savannah River Site,
Aiken, South Carolina
Country Developed: United Kingdom
Deployment Date: FY99

Technology Need

Many items, such as pipes, tools, fluorescent light bulbs, and small equipment, in con-

taminated areas may not become contaminated with radioactive materials during their

normal use. However, these items may be classified as low-level radioactive waste unless

they are proven to be free of contamination. For unrestricted release from a contamina-

tion area, these items must receive radiological surveysto prove radioactive contamination

is not present on any surface of the item. For items in areaswith alpha contamination, this

becomes difficult because of the very short range and poor penetration of alpha radiation.

Contamination on inaccessible surfaces, such as the internal surfaces of small diameter

pipe, cannot be measured, and therefore the surfaces cannot be released for recycling or

clean landfill disposal. The current baseline technologies used for these surveysis either a

hand probe or the smear method. For the free release of materials, 100% of the surface

area must be measured with an alpha scintillation probe to determine the total contami-

nation (fixed and transferable). In addition, the surface area must be smeared to measure

transferable contamination. The smears are counted on a calibrated gas flow proportion-

al counter.

Technology Description

The British Nuclear Fuels Laboratory (BNFL) IonSensmMonitor is an application of

the LRAD method and measuresalpha contamination on surfacesby detecting the ionized

air molecules produced by the alpha particles when they interact with ambient air. The

monitor provides a method of measuring alpha contamination in areas that are inaccessi-

ble to the hand probe and smear baseline, but accessible to the flow of ambient air.The

device includes three modular units: an input filter uni~ a component chamber, and a

detector unit. The component chamber can either be a Large Item Monitor (with an inter-

nal volume of about 1 cubic meter), or a Cut Pipe Monitor (about 2 meters long). Three

Cut Pipe Modules can be used giving the abili~ to monitor pipes and scaffold tubes up to

six meters in length. Air is drawn through the assembly,picking up the induced ions and

delivering them to the detector uniq which counts the ions and converts them to a corre-

sponding contamination level. A built-in calibration source and an onboard computer

make operation simple and straightforward.The software creates a databasethat includes

item identification, total activity, total activity standarderror, time, and date.

Office of International Programs Q Fiscal Years 1995-2000



Collaboration/Technology Transfer

The LRAD was developed at Los Alamos National Laboratory (LANL), and commer-

cialized by BNFL and named the IonSens” Monitor.

Technology Benefits

The BNFL IonSensmMonitor technology provides several benefits over the manual

hand probe and smear method used for free release surveys.

These benejts include:

❑ Reduces costs for free release surveys.

❑ Provides measurements on surfacesinaccessible to hand probes and smears.

❑ Provides computer printout of measurement data.

❑ Provides near real time analysisand display of contamination levels.

❑ Involves shorter measurement times for large items.

❑ Eliminates operator error and inconsistencies associated with baseline.

Technology CapabilitiesLLirnitations
The technology has potential for use at any DOE facili~ that has alpha producing

radionuclides and the need to dispose suspect contaminated tools and materials. The

IonSens’” technology removes the inaccuracies and inconsistencies of probing and smear-

ing because the automated detection process completely eliminates error resulting from

operator technique. The detection levels are within the range of the uranium limits.

The IonSens” monitoring system measuresalpha contamination on any surface accessi-

ble to the free flow of air.Measurement times are not dependent on the amount of surface

area and are equal for small or large surfaces.A small item [e.g., 2 inches (in.), 5 centimet-

ers (cm) diameter rod, 1foot (ft)(30.5 cm) in length] requires the same measurement time

as a 18 in. (45.7 cm) diameter valve body. The man-hours for probes and smears for the

valve body would be much longer than those for the small rod. In general, the IonSens-

system becomes more economical for larger items, or batches of small items.

The IonSens’” monitoring system measuresthe total alpha contamination present on all

surfaces of monitored items. The contamination level reported by the software is a total

reading and not a reading per unit area.

It should be noted that the pipe measurement chambers were designed for pipe sections

and not small tools and items. A measurement chamber that would give optimum results

for multiple small items could be designed if needed.

Office of International Programs u Fiscal Years 1995-2000
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Limitations on tbk tecbnolo~ include:

❑ Cannot measure beta/gamma contamination.

❑ Cannot measure components with a surface charge, e.g., plastic materials.

❑ Cannot measure surfacesinaccessible to the flee flow of air.

❑ Limits for other TRU radionuclides are lower and maybe below the detection

level of the detector.

❑ Calculations of surface area of items being monitored must be done separatelyby the

operator.

Technology Cost Savings Data

This cost analysiscompares the innovative IonSens” ~Monitor,used to surveyalphaactivi-

ty, to b~e~e technolof@ med for rzdioIo@cd surveying at DOE-Savannah River Site
(SRS).The IonSens” surveyed403 itemswith an approximateweight of 2,000 pounds, for the

LSDDP located at building 321- M at SRS. The baseline technology surveyed 132 items

from the same location.

The cost analysisconsiders only the purchase of the innovative technology equipment

and contract personnel performing the demonstration; no training costs were required.

The analysisincludes mobilization, survey activities, and demobilization.

The IonSens’” has a higher production rate than the baseline technology (2.3 times

faster than manual surveys).The innovative technology offers a 50% cost savingsover the

baseline technology for bulk items of characterization work performed during the demon-

stration. The capital cost of equipment is assumed to be amortized over a ten-year period

and adds little to the cost to survey per item (approx. $0.30/item or $1.49 per cycle). The

IonSens’” Monitor is more costly for equipment, mobilization, and demobilization than

the baseline technology. The probe and smear method is less costly for equipment, but

more costly when bulk counting of items and when monitoring cut pipe (which cannot be

done manually).

The cost of burial of low-level waste at SRS is $106.00 per cubic foot. One cubic foot is

approximately equal in cost to one multiple survey by the IonSens’”Monitor. Cut pipe and

similarobjects with inaccessible internalvoids could be measuredand cleared by the device,

thus, the IonSens’” Monitor would be beneficial in reducing contaminated waste.

The cost to survey a single item with the IonSens” Monitor maybe greater for small

items, but the difference decreases when large items are surveyed, which require more

time for hand surveying.

Office of International Programs Fiscal Years 1995-2000



lhble 1: Cost Comparisons

Technology Labor Cost Equipment Cost Total Cost

Probe and Smear Method $3.30/item N/A $3.30/item

lonSens’M (Bulk items) $1.40/item $0.30/item $1.70/item

lonSens’” (Single items) $7.00/item $1.49/item $8.49/item

Accomplishments and Ongoing Work

The IonSens’” Monitor has been successfully deployed at the Decontamination Facility

at SRS to characterize small tools, pipes, and light bulbs contaminated with alpha radia-

tion, The characterization process identified these pieces which could be released and

which ones needed to be designated as low-level waste.

Regulatory Acceptance Information
There are no Comprehensive Environmental Response, Compensation, and Liability

Act (CERCLA) or other regulatory considerations related to this technology.

The use of the IonSens’” Monitor as an alternative to the baseline requires approval by

responsible site or facility health physics departments.

Contact Information

OST Program POC:
John Duda
U.S. Department of Energy
National Energy Technology Laboratory
3610 Collins Ferry Road
Morgantown, VW 26505-0880
Phone: 304-285-4217
E-mail: jduda@netl,doe.gov

User Program POC:
Martin Salazar
U.S. Department of Energy
Savannah River Site
Building 704-K, t?O, Box A
Aiken, SC 29802
Phone: 803-557-3617
E-mail: martinsalazar@srs.gov

Office of International Programs u Fiscal Years 1995-2000
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OST Technology Management System Number: 2151

Domestic Deployment Site: Idaho National Engineering and Environmental
Laboratory, Idaho Falls, Idaho
Country Developed: Canada
Deployment Date: FY98, FY99

Technology Need

Most DOE facilities with waste canals or pools have requirements for visual inspection

of equipment and materials mounted or stored in water when preparing for D&D.

Radiological characterization of items in the pools or canalsmust be performed to dispose

of wastes properly and understand the hazards to personnel. Inspection and characteriza-

tion ofwater-cooled and moderated nuclear reactors and fuel storage pools requires equip-

ment capable of operating underwater. This equipment is often required to operate at

depths exceeding 20 feet and in relatively confined spaces. The typical baseline technolo-

gies consist of radiation detectors and underwater camerasmounted on long poles, or sta-

tionary cameraswith pan and tilt featuresmounted on the sides of the underwater facility.

In some cases, the only method of underwater viewing during characterization has been a

plexiglasswindow floating on the surface of the water.

Technology Description

The RUCS is an underwater characterizationsystem designed to perform taskssuch as

characterizationand smallpartsretrieval.It is based on a small, commercially availablesub-

mersiblevehicle.The smallsizeof thevehicle allowsit to operatein areaswhere accessis tight

or where maneuveringroom is limited.The vehicle hasunderwaterlights,a flont color cam-

era, and a rear black and white camera.It is operated over a 125 foot neutrallybuoyant teth-

er and is capable of operating at depthsup to 100 feet. The Robotics Crosscutting Program

has added an on-board compass, a depth sensor,and a gamma radiationdetector. An “auto-

depth” control featurehas also been implemented to allow the vehicle to “hover” at a user-

selected depth. A second version includes a smallmanipulatorand an ultrasonicprobe.

Collaboration/Technology Transfer

This technology was developed under the DOE Robotics Crosscutting Program and

Inuktun Services, Ltd. in Cedar, British Columbia, Canada, primarily at the Idaho

National Engineering and Environmental Laboratory (INEEL).

Technology Benefits

Benejkr of the RUCS y-tent inclade:

❑ Reduce overall costs by approximately 60’XOwhen compared to baseline technology.

Office of International Programs ❑ Fiscal Years 1995-2000



❑ Increase in worker safety because fewer personnel need to be present in the contarnina-

tionlcanal area.

❑ More effectively characterize several areas over the baseline technology because of the

RUCS’ abili~ to “fly” directly up to objects and its ability to access some areasinacces-

sible to the baseline technology.

❑ Reduce waste because less personal protective equipment (PPE) is required to perform

the work.

Technology CapabilitiesLLimitations

The RUCS is designed to perform visual inspection and gamma radiation characteriza-

tion, even in confined or limited access areas.It utilizes a forward-looking tilt color cam-

era and a Geiger Mueller tube radiation detector to get “on-the-spof’ information need-

ed to perform D&D intelligently and safely.

The only significant technology limitation is the inability of the system to gather radi-

ological characterization data horn inside verncal pipes and tubes. This is due to the fixed

horizontal orientation of RUCS’ radiation detector and the overall size of the vehicle. This

limitation could not be easily remedied.

Tech.nology Cost Savings Data

The cost to use the imovative technology is approximately 60% of the cost of using the

baseline technology. The bulk of the savings is due to the reduced labor requirements of

the RUCS. T~ically the RUCS system requires one fewer radiological control technician

for the work crew, however, the crew configurations will vary from site to site; thus affect-

ing the overall cost savings.In some cases, the RUCS system may actually cost more than

the baseline technology. This analysisassumedonly one technology operator on the base-

line crew.

The production rates for the innovative technology and the baseline technologies are

approximately equal. Any variation for site-specific conditions on production rates should

not have a significant impact in the overall cost. The innovative and baseline technologies

do not differ in their impact to worker heat srress,fatigue, and stay-time. The productivity

loss for the innovative technology differs fi-om the baseline because the loss is applied for

one worker ratherthan for two workers. Mobilization and demobilization costs will depend

on the distance that the equipment must be moved between the storage area and the-work

area.There was no substantialdifference between the RUCS system and the baseline tech-

nology in the amount of water generated, but in most cases the innovative technology

should generate lessPPE waste because of one fewer worker is needed in typically contam-

inated areas.The reduction in PPE will reduce the overall waste remediation costs.

Office of International Programs u Fiscal Years 1995-2000
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Accomplishments and Ongoing Work

The demonstration, which became a deployment, took place in a canal containing two

defueled test reactors at the INEEL TRA-660 facility in FY98. The RUCS was used to

visually survey the canal and its contents, and also to gather radiological characterization

data on the reactors and equipment on the floor of the canal. The RUCS was simpler to

deploy than the baseline approach of mounting underwater cameras or underwater radia-

tion detectors to a cable or a long (15 foot -20 foot) reach rod. Its small size and maneu-

verability allowed the RUCS to operate beneath overhead structuresand behind the reac-

tors, and it measured radiation levels 50’%0 higher than previously known because of its

ability to “fly” right up to objects. The RUCS was successfully deployed again at the

INEEL facility in FY99.

Regulatory Acceptance Information

There are no known regulations associatedwith the use of the RUCS. Its use under the

INEEL LSDDP was covered by a test plan, a radiological work permit, and a safe work

permit. It is not known whether data gathered from RUCS is suitable for regulatory pur-

poses. The datais taken with a calibrated detector, but given that the datais takenunder-

water and remotely, it may or may not be acceptable to regulators.

Contact Information

OST Program POC:
Steve Bossart

U.S. Department of Energy

National Energy Technology Laboratory

3610 Collins Ferry Road

PO. Box 880

Morgantown, WV 26507

Phone: 304-285-4643

E-mail: sbossa@fetc.doe. gov

User Program POC:
Matthew Anderson

U.S. Department of Energy

Idaho National Engineering and Environmental Laboratory

P.O. BOX 1625

MS 2220

Idaho Falls, ID 83415-2220

Phone: 208-526-4308

E-mail: matthew@inel.gov
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OST Technology Management System Number: 2241
Domestic Deployment Site: Rocky Flats Environmental Site, Building 771,
Golden, Colorado
Country Developed: United Kingdom
Deployment Date: FY98

Technology Need

Accurate methods of determining concentrations of plutonium contamination in glove-

boxes and vessels are needed to assist in work planning during dismantlement and size

reduction activities. Such work planning includes the selection of PPE, contamination

control, and TRU/low-level waste segregation. In the course of the Rocky Flats Closure

Project, approximately one thousand gloveboxes and hundreds of process vessels have

been identified as contaminated with plutonium. This equipment must be removed, size-

reduced, and disposed of as radioactively-contaminated waste.

The baseline method of in situ plutonium assayof this type of equipment is by manual

gamma-scan equipment. Using the gamma-scan equipment, the most useful radioactive

emissions are quickly absorbed by both in-box machinery and lead shielding. Therefore,

depending on the gamma modeling technique used, a potential existsto significantly over-

or under-estimate the plutonium content of the item being measured.

Technology Description

The BNFL DISPIM”’ uses passive neutron counting and 3-dimensional (3-D) imaging

to perform an in situ assayof plutonium-contaminated equipment. The DISPIM’” system

has lower sensitivity and greater accuracy than current on-site systems. Through the

Accelerated Site Technology Deployment (ASTD) program, the DISPIM”’ system will be

deployed at the Rocky FlatsEnvironmental Site to provide a means to map accuratelyplu-

tonium hold-up in process equipment awaiting D&D.

Collaboration/Technology Transfer

This technology was primarily developed by British Nuclear Fuels Laboratory, Inc.

Technology Benefits

Bene@s of this technology include:

❑ Lower sensitivityand greater accuracy than current on-site systems.

❑ Providesameansto accuratelymapplutoniumhold-up in processequipmentawaitingD&D.

❑ Offers incentives in terms of time-savings, reduced TRU waste volume, and maintain-

ing worker exposure levels to as low as reasonably achievable (ALARA).

Office of International Programs ❑ Fiscal Years 1995-2000
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Technology Capabilities/Limitations

S.w.ve pn”rnarycapabilitiesof DISPIiW’ include:

❑ Identi@ glovebox hot spots.

❑ More efficiently plan and implement size reduction strategy.

❑ More effiaentlysegregateTRU vs.low-levelwaste,reducingdisposalrequirementsandcost

H Maintain exposure levels to ALARA.

❑ Establish staff and PPE requirements.

Technology Cost Savings Data

Cost savings will be realized as a result of the DISPJM” more efficiently segregating

TRU and low-level wastes and reducing requirement costs. A more detailed cost analysis

will be completed at a later date.

Accomplishments and Ongoing Work

The DISPIM”’ was used to assaythree items in FY98: a carpentercrate holding glovebox

J-40, glovebox SR-14, and a raschigring filled tank Basedon the re.suks,the DISPJM’” was

purchasedfor continued deployment in FY99. The systemwill be used primarilyas a D&D

planning tool, but additionalapplicationsare being considered. The DISPIiV1’”is also being

used at the BNFL Sellafieldsite and at other European nuclear facilities.

Regulatory Acceptance Information

There are no regulatory concerns regarding this technology.

Contact Information

OST Program POC:
John Duda

U.S. Department of Energy

National Energy Technology Laboratory

3610 Collins Ferry Road

Morgantown, WV 26505-0880

Phone 304-285-4217

E-mail: jduda@netl.doe.gov

User Program POC:
Gary Huffman

U.S. Department of Energy

Rocky Flats, P.O. Box 928, Hwy. 93rd& Cactus

Golden State, CO 80402-0928

Phone: 303-966-7490

E-mail: gary.huffman@fets. gov

Office of International Programs . Fiscal Years 1995-2000



SystemforTraddng,Remiwmkrtbm
IExpowe,ActivhtkxandIiMlaterkils
[STREAM)

OST Technology Management System Number: 1947
International Deployment Site: Unit 4 Shelter Project, Chernobyl, Ukraine
Deployment Date: FY98

Technology Need

Several areasand facilities on DOE sites have the need for a technology that can man-

age and sort large volumes of information on areaswhere access may be limited due to

high levels of radioactive waste contamination. This information needs to be gathered and

analyzed in order to facilitate more effective D&D activities.The Unit Shelter 4 Project,

in Chernobyl faces many of these same problems found throughout the DOE complex,

particularly in the D&D of the 105-C Reactor at Hanford and the Heavy Water

Component Test Reactor at SRS. The reactor at Chernobyl is an extreme example of a

reactor needing thorough and effective D&D (ascompared to the reactors atHanford and

SRS), and STREAM was deployed at the Chernobyl site to assistin the decommissioning

planning of the damaged reactor.

Technology Description

The STREAM technology is a multi-media databasethat consolidates project informa-

tion into a single, easily accessible source for day-to-day work performance and manage-

ment tracking. Information inputs can range from procedures, reports, and references to

waste generation logs and manifests to photographs and contaminant survey maps. Key

featuresof the system allow for easyinformation organization and retrieval,versatileinfor-

mation display options, and a varie~ of visual imaging methods. These elements enhance

productivity, safety,and compliance aswell as facilitate communications with project staff,

clients, and regulators. Use of STREAM also gives visual access to contaminated areas,

reducing the number of physical entries and promoting safety and ALARA principles. The

STREAM system can be customized to focus on the information needs of a specific proj-

ect, and provides a capability and work process improvement well beyond the usual col-

lection of paperwork and independent databases.Especially when incorporated early in

project planning and implemented to the ftdlest extentj it is a systematic and cost-effective

tool for controlling and using project information.

Technology Benefits

The system represents an innovative technology that can be effectively used on any

project where there are large volumes of information, particularlyvisual information. The

systemis particularlyuseful for decommissioning, maintenance, and remedial action activ-

ities in caseswhere: access maybe limited due to hazards,waste tracking is complex, quick

Office of International Programs u Fiscal Years 1995-2000
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and easy reference to large amounts of reference information is desirable, it is important

to track hours/material use, or it is important to document information for historical ref-

erence or follow-on activities.

Technology Capabilities/Limitations

Thekg cczpabilitiesof STW m-e:

❑ Consolidates large amounts of information and various types of project information

(photographs, videos, survey maps, waste management tracking and disposition infor-

mation, procedures, reports, and similar data) into one electronic location.

❑ Provides easy location, retrieval, and viewing of information. Information can be sorted

in various ways and viewed at any STREAM workstation, printed in black and white or

color, and/or projected.

❑ AUows engineers, planners, and craft workers to “see” contaminated areasbefore entry,

reducing frequency and duration of entries.

❑ Displays data in tables, reports, and chart formats, thus allowing easy understanding of

progress and trends.

❑ Simplifies waste tracking and allows direct download of waste data to various organiza-

tions.

❑ Provides a comprehensive legacy document for historical purposes.

❑ Connects up to 50 separatecomputer workstations and assorted visual aids.

The primary limitation with STREAM is the inability to electronically export informa-

tion for use with other word processing software.

Technology Cost Savings Data

Specz~cways in which STWprovides a costbenefit include:

❑ Work package development effort was reduced by using STREAN.Ias a source of data

for the report and using photographs to avoid drawing/drafting costs.

❑ Work package reviews and approvals were conducted more effectively by reviewing the

document in a STREAM-based review meeting.

❑ Facility entry and associatedexposure (asmeasuredin man-rew 1rem= 1x 106man-rem;

annually, the average natural background radiation exposure for humans is 360 mil-

lirems or 360,000 man-rem) for the purpose of gathering data for work packages and

operational readiness review was avoided using STREAM.

Office of International Programs . Fiscal Years 1995-2000



❑ Compared to baseline costs, STREAM saved approximately $30K at a site demonstra-

tion in 1998 at the C Reactor 1SS project at Hanford (activities in costs calculations

included support preparation and approval of working packages, waste tracking, and

preparation of presentations).

Accomplishments and Ongoing Work

STREAM was successfully deployed at the Chernobyl site in Ukraine in FY98, and at

Hanford and SRS in FY97. The deployment at the Chernobyl site hasmanaged and tracked

D&D projects in a more organized, efficienq and effective manner while ensuring worker

safety,understanding, and satisfaction.

Regulatory Acceptance Information

There are no regulatory permits required to use STREAM, and no changes in regr.da-

tory requirements are anticipated that wouJd require permitting.

Contact Information

OSTProgram POC:
John Duda
U,S, Department of Energy
National Energy Technology Laboratory
3610 Collins Ferry Road

Morgantown, WV 26505-0880

Phone: 304-285-4217

E-mail: jdudat%etl.doe,gov

User Program POC:
Kelly Neal

Batelle Pacific Northwest National Laboratory

P,O, BOX999, P7-78

Richland, WA, 99352

Phone; 509-376-8830

E-mail: kelly, neal@pnl,gov

Office of International Programs ❑ Fiscal Years 1995-2000
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OST Technology Management System Number: 1847
International Deployment Site: Russia, Kazakhstan

/ Deulovment Date: FY97-—.- . .

Technology Need

Under the D&D Implementation Plan of the DOE Fernald Environmental

Management Project @EMP), non-recyclable process components and debris that are

removed from buildings undergoing D&D are disposed of in an on-site disposal facility

(OSDF). Critical to the design and operation of the FEMP’s OSDF are provisions to pro-

tect againstsubsidence of the OSDF’S cap. Subsidence of the cap could occur if void spaces

within the OSDF were to collapse under the overburden of debris and the OSDF cap.

Subsidence may create significant depressions in the OSDF’S cap in which rainwatercould

collect and eventually seep into the OSDF. DOE requires a technology that can perform

in situ component segmentation for size-reducing D&D debris in preparation for dispos-

al, including placement in an OSDF, and to minimize voids in the OSDF.

The current baseline technology used in the DOE complex is the oxy-acetylene cutting

torch. The torch is fueled by a combination of oxygen and acetylene. The oxygen and

acetylene are combined in the mixer in the head of the torch. The mixed fuel then travels

to the tip of the torch where it is lit. While the oxy-acetylene torch has performed satis-

factorily improvements are sought in areasof productivity, airborne contamination, safe-

ty, and COSt.

Technology Description
The OxY-Gasoline Safety Torch was developed by Pemogen International Ltd.,

Richmond, California. The Oxy-Gasoline Torch bums at a temperature of over 5,00~ F

and the force of the expanding gasoline flame allows for curnng under adverse conditions

(dirty, rusty,cement coatings or backing, stacksof deformed plate, 5 percent chrome steel,

9 percent nickel steel, etc.). The torch deployed is a hand-held torch with a 2.5-gallon

gasoline tank and a manifold tank system for the liquid oxygen. The Petrogen Oxy-

Gasoline Torch is also available as a machine torch, which can be mounted on track

machines, pipe cutters, and rail cutters.

Collaboration/Tecbnolog-y Transfer
Petrogen International, LTD., the major developer of this technology, has patented the

oxy-gasoline torch with patent number 1,036,590.

Office of International Programs ❑ Fiscal Years 1995-2000



Technology Benefits

The oxy-gasoline torch is similar in operation to the oxy-acetylene torch, but uses gaso-

line instead of acetylene as the fhel. The oxy-gasoline cutting technique has been around

for manyyears, but it wasnot considered a safemethod because earlier technology charged

a gasoline tankwith oxygen and piped this volatile vapor to the cutting torch. A backflash

often resultedin explosion. This current technology systemis a safe, reliable design, which

makes backflash impossible. An additional advantage of the OxY-Gasoline Torch is the

evaporation of gasoline, which acts as a refrigeration process making the torch run cooler

than conventional torches, thereby greatly extending tip life.

Additioml benefi~ of the oxy-gasoline torch incklde:

R Increases cutting speed, particularly for metal thickness greater than 1 inch.

•! Reduces airborne contamination.

❑ Readily availableand less expensive fuel.

❑ Increasesworker safety.

❑ Reduces cost of operation.

Technology Capabilities/Limitations

The key capabilitiesof the oxy-gmoline torch are:

❑ Can be used to cut steel that is in direct contact with concrete without the risk of the

concrete shattering and causing a projectile hazard.

❑ Cuts through carbon steel, including rusted steel surfaces, from 0.5 inches to 4.5 inch-

es thick.

❑ Will perform effectively at coupling distancesup to 2 inches allowing for greater flexi-

bility when curnng steel under unusual conditions.

❑ Does not produce any hazardous airborne contaminants. It only produces carbon diox-

ide and water during cutting.

Based on its demonstrated good performance, the oxy-gasoline torch does not appear to

require any ii.wtherdevelopment.

A limitation of the oxy-gasoline torch is thatit will not readily cut through stainlesssteel

due to its high resistance to oxidation. The oxy-gasoline torch will cut through thin stain-

less steel up to a quarter inch thick mostly by melting through it. At greater thickness, the

oxy-gasoline torch will cut through some forms with varying degrees of success. The oxy-

gasoline torch also cannot cut cast iron.

Office of International Programs ❑ Fiscal Years 1995-2000
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Technology Cost Savings Data

The oxy-gasoline torch shows a cost savingswhen compared to the baseline technolo-

gy, the oxy-acetylene torch. The data presented here is based on the demonstration of

these two technologies at FEMP’s OSDF. The data strive to develop realistic estimates

that are representativeof work performed within the DOE-complex. However, tbe DOE-

complex represents a wide range of working conditions at each site that directly affect the

manner in which D&D work is performed and, consequently, the costs related to each job.

At the FEMP site, the demonstrationyielded thefohuing costdata:

❑ Mobilization costs were insignificant for both technologies.

❑ The cost of performing D&D work was lower for the oxy-gasoline torch due to its lower

fuel cost and its higher productivity.

❑ Neither torch generated secondary wastes other than PPE.

❑ Demobilization costs were insignificant for both torches.

❑ Total PPE costs were identical for both torches; however, unit PPE costs were lower for

the oxy-gasoline torch because of its higher productivity.

The final unit cost ($/inch) associatedwith cutting 100 feet of 2-inch carbon steel were

evaluated. Included in this estimate was the cost for mobilization, D&D work demobi-

lization, and PPE. The unit cost for the oxy-acetylene torch was $1.12/inch, compared to

$0.64/inch for the oxy-gasoline torch. See Table 2 below for the breakdown of thesefigures:

Table 2: Cost associated with cutting 100 ft. of 2-inch carbon steel

Cost Driver Oxy-acetylene Torch OxY-gasoline Torch

Mobilization $ 0.00 $ 0.00
D&D Work

Labor $818.18 $495.41

Fuel $121.18 $ 20.20

Amortized Capital Cost $ 0.27 $ 0.50

Waste Disposal $ 0.00 $ 0.00
Demobilization’ $ 0.00 $ 0.00

PPE $408.00 $247.05

Total Cost $1347.63 $763.16

Unit Cost ($./in) $ 1.12 $ 0.64

‘These are costs that are independent of the quantity of D&D work performed.

Office of International Programs , Fiscal Years 1995-2000



Accomplishments and Ongoing Work

The oxy-gasoline torch has been deployed at more than a (

severalnon-DOE sites in the U.S. (2), Russia (l), and Kazakhs

Regulatory Acceptance Information

Data not available.

Contact Information For Russia and Kazakhstan:

OST Program POC:
Steve Bossart

U.S. Department of Energy

National Energy Technology Laboratory

3610 Collins Ferty Road, P.O. Box 880

Morgantown, VW 26507

Phone: 304-285-4643

E-mail: sbossa@fetc.doe. gov

User Program POC:
Susan Benik

Defense Special Weapons Agency

6801 Telegraph Rd.

Alexandria, VA 22310-3398

Phone: 703-810-4603

E-mail: benik@hq,dswa,mil
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OST Technology Management System Number: 1942

International Deployment Site: Puerto Rico
Deployment Date: FY97

Technology Need

Ingeneral, three types of radiation surveysare needed to support DOE D&D activities.

The first consists of surveys of hallwaysand floors as part of standardHealth Physics sur-

veillance procedures within a facility.The second uses surveysto identify the amount and

location of contamination for use by cleanup crews or by personnel planning decontami-

nation efforts. This type of survey typically requires specific measurements of the con-

tamination level and the location of these measurementson a layout of the area for use by

personnel not involved in the original measurements.The third involves surveys and doc-

umentation to be used for free-release certification of a specific area. DOE is in search of

technologies that will effectively survey and characterize contaminated wall and floor sur-

faces as well as generate data analysisof the survey.The baseline methodology to SCM is

a manual survey by trained Health Physics Technicians.

Technology Description

SCiWSIMS, developed by The Shonka Research Associates, Inc., is a motorized char-

acterization and dam analysissystem for surveying contaminated floor and wall surfaces.

Utilizing a position-sensitive, gas-proportional counter, 400 radiation measurements are

taken in an area of 1 square meter. Survey data and sample location are logged electroni-

cally as well as displayed on a liquid crystal display (LCD) screen for the operator. The

data from each survey is analyzed by the SIMS to obtain visual representations of the sur-

faces surveyed, to generate a datareport detailing the actualnumerical results,and to over-

lay the data into a computer aided design drawing.

Collaboration/Technology Transfer

Data not available.

Technology Benefits

SCM/SIMS is a complete system for surveying floors or surfacesfor alphaand beta radia-

tion contamination and can be applied to routine operational surveys, characterization

surveys, and flee release and site closure surveys. Any large nuclear site can make use of

this technology. The SCM/SIMS has maximum utility in facilities that have large areasto

survey however, even in small facilitieswith relatively irregularly shaped rooms, the use of

the SCiWSIMS should reduce costs and increase survey accuracy.

Office of International Programs ❑ Fiscal Years 1995-2000
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Some of the key udvamges of the SCM/SLMS include:

❑ SCM in conjunction with the LCD display screen is an extremely useful tool for routine

surveillance surveys.

❑ SIMS provides a unique tool for analyzing the data from SCM and for generating data

reports that can meet regulatory requirements. In addition, the system is easyto use and

to learn.

❑ The system generates automatic data reports with minimal operator intervention.

❑ The proportional counter on SCM can be easily changed so that the dimensions can be

optimized for the area being scanned.

IJThe reliability of the measured data is significantly increased because the computer

records all of the data.In addition, the system relieves the operator of much of the rou-

tine data recording and transcribing, which reduces operator fatigue and improves per-

formance.

Technology Capabilities/Limitations

SIMS is primarily oriented toward handling large datasetsgenerated by the SCM; how-

ever, SIMS can be applied to the integration of survey information from a wide variety of

measuring devices. In fact, the more survey data a site generates, the more need there is

for a system to manage it. SIMS is used for analysisand report generation and to assistin

providing usefid presentations of the data to other applications, such as electronic-based

drawings and mapping systems.

While SCM/SIMS could in principle be used for minor surveys,use of the system is not

recommended for areas of less than a few square meters or surveys with less than a hun-

dred measurement points, since the visualization of the data becomes less useful for small

data sets.

The major limitation of the system is in surveying small rooms with a large number of

obstacles. It is possible that combining manual survey instrumentation with SIMS could

reduce this problem.

Technology Cost Savings Data
The cost to perform and document a floor radiation survey with conventional radiation

monitoring equipment is considerable, depending on several factors: the complexity and

size of the room or area to be surveyed, the level and type of contamination in the room

or area, and the analysisrequirements imposed on the survey end results, such as whether

the survey is being conducted for characterization or for closure.

Office of International Programs u Fiscal Years 1995-2000
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Accomplishments and Ongoing Work

Data not available.

Regulatory Acceptance Information

Since SCM.LSIMSis designed for use when decontaminating structures,there is no reg-

ulatory requirement to apply CERCLA?s nine evaluation criteria. However, some evalua-

tion criteria required by CERCLA, such as protection of human health and community

acceptance must be considered. With respect to safety issues,the SCM/SIMS involves the

same considerations as those in standardgas proportional counter systems regularly used

by health physicists. ~Mostof these considerations involve the high-voltage of the system

and the gas cylinder, and are typical of what is routinely encountered in an industrialenvi-

ronment.

Contact Information

OST Program POC:
Steve Bossart

U.S. Department of Energy

National Energy Technology Laboratory

3610 Collins Ferry Road

P.O. Box 880

Morgantown, WV 26507

Phone: 304-285-4643

E-mail: sbossa@fetc.doe. gov

User Program POC:
Steve Green

Jacobs Engineering

125 Broadway

Oak Ridge, TN 37830

Phone: 423-220-4839

E-mail: steve.green@jacobs. com
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OST Technology Management System Number: 1840
International Deployment Site: Paldiski, Estonia
Deployment Date: FY95

Technology Need

The DDFA is responsible for developing technologies to solve DOE* challenge of deac-

tivating and decommissioning 7,000 contaminated buildings. A similar problem is being

faced by the Estonian government which recently acquired the former Soviet Union

Naval Nuclear Submarine Training Facility, which is located in Paldiski, Estonia. The

facility contains two nuclear reactors, which were shut down in 1989 for safety reasons.

Building 307 is the site’s above-ground solid waste storage facility that consists of ten sep-

aratestorage cells. The contents of Cells 1 and 5, which display the most significant radi-

ological fields are of main concern to the Estonian government. Records fkom the former

managers of the facility are incomplete, and there is significant uncertainty as to the con-

tents of the storage cells and how contaminated they are.

The baseline technology for locating and measuring radiation sources currently is man-

ual surveys by trained health physics technicians. Manual surveys are time consuming,

tedious, and directly expose the personnel to radiation. This leads to high labor costs,

unreliable data, and potentially unnecessaryworker exposures.

Technology Description
The GammaCam” System displaysthe relativestrength and location of gamma radiation

as a two-dimensional image superimposed on a corresponding visualimage. This informa-

tion can be used to locate hot spots and position shielding to minimize worker exposure.

GammaCam” consists of a portable sensor head that contains a gamrna-rayimaging system

and a TV camera. The superimposed radiation and visual images are displayed on a stan-

dard portable PC computer screen located several hundred feet from the radiation area.

The PC controls the dataacquisition time, the field of view, and the image display.

Collaboration/Technology Transfer

This deployment was planned and executed in accordance with the charter established

in the Memorandum of Understanding between the DOE and the Government of Estonia

signed in 1994. The GammaCam” technology was developed as a Technology

Reinvestment Project, fimded by the Advanced Research Projects Agency, and managed

by the DOE. DOE-Idaho executed and managed the award.

Office of International Programs o Fiscal Years 1995-2000
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Technology Benefits

Some benejh of the GmmaCanzN include:

❑ The use of the GammaCam” system in determining shielding requirements and in posi-

tioning shielding will result in a significant reduction in the radiation dose received by

operating technicians. This benefit will be more pronounced in high radiation areas.

❑ The GarnmaCam” system can provide useful information concerning the relative

strengths of the various sources and their locations fi-om outside the radiological area.

This provides usefnl information for planning a decontamination process with minimal

radiation dose to the operator. It is also possible to use miangulation to determine the

distance of the sources relative to the GammaCam” sensor.

•IThe GammaCam” system can provide information on floor and wall contamination

from outside the contaminated area.This eliminates the need for extensiveworker pro-

tection in obtaining these measurements. It will also reduce the radiation exposure to

personnel if the floors and walls were highly radioactive.

❑ Training in the setup and use of the GammaCam” is easy and can be done in a few

hours. Due to some of the characteristicsof the imaging system, a day of training in the

use of the system is required to properly interpret the resulting images.

Technology Capabilities/Limitations

Any site that needs to locate radiation sources would benefit from the use of the

GarnmaCam” system. In decommissioning a room containing glove boxes or an area con-

taining extensive piping, a gamma camera can provide useful information on the number,

location, and intensity of radiation sources. This information can be used to locate hot

spots and position shielding to minimize worker exposure. Since much of this information

is obtained with minimal radiation exposure to personnel, this is a useful tool in imple-

menting ALARA programs. The GammaCam” system enables characterization of high

radiation sources when manual surveys would be impossible because of personnel dose

constraints.

The primary weaknessesof the system are that GammaCam” cannot directly measure a

uniform radiation field, and there is a need to watch for image artifactsunder certain con-

ditions.

office of International Programs ❑ Fiscal Years 1995-2000



Technology Cost Savings Data

A significant portion of the cost is related to a one-time cost for instructing the site per-

sonnel who will operate the equipment and for mobilization and demobilization of the

equipment (where the equipment is leased). The costs for the GammaCam’” are sensitive

to the rates charged for leasing the equipment which is related to the length of time for

the lease (ratesused in this analysiswere based on a one month lease). The number of hot

spots identified will control the number of setups and surveys and affects costs substan-

tially.Additionally, the cost for shipment can vary, depending upon distance and location

of site, The time required to ship, which can vary from 3 to 10 days, will also impact the

length of time required for leasing. Another factor that can result in significant cost vari-

ation is the geometry of the area being scanned. Lower survey production ratesmay result

from columns or objects that block the view of the scanner due to additional setups or less

than optimal distances from the object. Production rates for scans at a distance of 11 feet

and 50 degree field of view were 137 ft%nirmte while scans at distances of 6 feet and 25

degree field of view were 6.2 ff/minute. Finally depending on the strength of the source,

the production rate may vary due to time required to achieve the proper resolution.

Accomplishments and Ongoing Work

The GammaCam’” has been successfully deployed at commercial U.S. nuclear facilities

for refueling and decontamination and decommissioning activities, at several DOE sites,

and at emergency response centers in Japan, in addition to the site in Estonia.

Deployments at U.S. DOE sites include Hanford, INEEL, LANL, and West Valley.

Refueling deployments at commercial U.S. nuclear sites include ArkansasNuclear One,

Wolf Creek Peach Bottom, Palisades, Fermi, Edwin Hatch, South Texas Project,

Comanche Peak Brunswick and Farley. U.S. decontamination and decommissioning

deployments include Maine Yankee, Trojan, Big Rock Poinq Millstone, and San Onofre.

Multiple systems were delivered in 2000 to the Japanese Defense Agency for nuclear

emergency response applications.

The further development of the GammaCam” lead to a 3-D gamma ray imaging tech-

nology demonstration at the U-221 facili~ in Hanford. This 3-D gamma ray imaging sys-

tem, called GammaModeler, was demonstrated as a beneficial technology for the Canyon

Disposition Initiative. This system creates 3-D representations merging gamma sources

and visual images of contaminated equipment (i.e. vessels and cells). This 3-D representa-

tion provided better information on source position and intensity. An Innovative

Technology Summary Report on the GammaModeler is planned to be issued in 2000.

Office of International Programs n Fiscal Years 1995-2000
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Gamma ray imaging has also expanded into hot cell clean up at INEEL and HLW tank

characterization at West Valley. A modified and shielded sensor head was developed and

built for deployment atWest Valley to characterize underground HLW storage tanks.It is

anticipated that this deployment will lead to additional tank farm and hot cell applications.

Regulatory Acceptance Information

Since GammaCam” is designed for use when decontaminating structures, there is no

regulatory requirement to apply CERCLAk nine evaluation criteria. However, some eval-

uation criteria required by CERCL~ such as protection of human health. The safety

issues with the GammaCam” system are limited to those routinely encountered in an

indusrnal environment.

Contact Information

OST Program POC:
Charles Nalezny

U.S. Department of Energy

EM-53 CL

19901 Germantown Road

Germantown, MD 20874-1290

Phone 301-903-1742

E-mail: charles.nalezny@rem. doe.gov

User Program POC:
Michael G. Judd

U.S. Department of Energy

Idaho Operations Office

850 DOE Drive

Idaho Falls, ID 83401

Phone: 208-526-5117

E-mail: juddmg@id.doe.gov
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OST Technology Management System Number: 2947

Domestic Deployment Site: Oak Ridge National Laboratory, Oak Ridge, Tennessee
Country Developed: United Kingdom
Deployment Date: !+00

Technology Need

Wkhin DOE there exists a need for a mobile retrieval system that can easily be moved

from tank site to tank site. Systems exist for waste retrieval, however they only have capa-

bilities of handling waste from one or two tanks.AEA Technology’s system was designed

with capabilities of handling waste from a large number of tanksutilizing proven and reli-

able technology.

Technology Description

The Mobile Waste Retrieval System is based upon AEA Technology’s patented Power

FluidicNtechnology. The puked jet agitation systemmixes sludge with supernateto enable

transferto the processing facility.The puke jet pump mixes the sludge and supernatein a

three phase mixing process including: a suction phase, a drive phase, and a vent phase.

Collaboration/Technology Transfer

The Mobile Retrieval System is an ASTD funded activity at DOE’s Oak Ridge

Reservation, and is manufactured by AEA Technology Engineering Services, Inc. Work

during this deployment was performed in conjunction with BechtelJacobs and ATG.

Technology Benefits

The use of Power Fluidics” eliminatesthe use of any mechanical or moving partsin con-

tact with the radioactive liquid or sludge and therefore requires no maintenance of con-

taminated equipment. Significant savings are achieved through the use of power fluidic

technology including:

❑ Eliminating replacement costs of worn out components.

❑ Eliminating frequent routine maintenance and associated radiation exposure.

❑ Reducing secondary waste due to worn out components and maintenance work.

❑ Reducing health physics and safety paperwork associatedwith the maintenance.

❑ Can be applied to other sites across the DOE complex.

Office of International Programs ❑ Fiscal Years 1995-2000



Technology Capabilities/Limitations

A limitation of the technology was identified at the end of the tank emptying operations

afier the systemwasleft idle overnightwithwasteinside the deliverytube. Solid debris,which

was not previously identified during waste analysis,settled out of the homogeneous mixture

and blocked the nozzle. This situationcan be readilyavoided in fi.murework by incorporating

operationalprocedures for emptying the systembefore leaving overnight. The situationwas

exacerbatedby the fact that the nozzle was originally designed for an alternativetank con-

taininga different type of wasteand therefore wasnot purpose-built for this project.

Technology Cost Savings Data

The Mobile Waste Retrieval System can be used to empty numerous waste tanks at a

particularsite and then be takento other sites across the DOE complex thatpossess a sim-

ilar need without accruing additional production, design, or manufacturing costs. It is

more cost effective in terms of plant lifetime costs to have one reliable, maintenance free

system, which has the ability to remove waste from all of the tanks.

Accomplishments and Ongoing Work

Power Fluidic pump samplersand mixers have been used in UK nuclear installationsfor

over 15 years in which time over 400 fluidic systemshave been installedwith no failures.

Numerous additional deployments are currently being developed across the DOE complex

to expand upon the 12 approximate deployments alreadyconducted in the past4 years.

Regulatory Acceptance Information

Data not available.

Contact Information

OSTProgram POC:
Kurt Gerdes
US. Department of Energy

19901 Germantown Road

1154/Cloverleaf Bldg. ‘

Germantown, MD 20874-1290

Phone: 301-903-7289

E-mail: kurt,gerdes@em. doe.gov

User Program POC:
Laurie Judd

AEA Technology Engineering Services, Inc.

1301 Moran Rd, #202

Sterling, VA 20166

Phone: 703-433-0720

E-mail: judd@aeatech,com

Office of International Programs . Fiscal Years 1995-2000
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OST Technology Management System Number: 2007
Domestic Deployment Site: Savannah River Site, Aiken, South Carolina
Country Developed: United Kingdom
Deployment Date: FYOO

Technology Need
Millions of gallons of radioactive and hazardous wastesare stored in underground tanks

across the DOE complex. To manage this waste, tank operators need safe, cost-effective

methods for mixing tank material to keep the contents homogeneous, transferring tank

waste between tanks, and collecting samples. In some cases, samples must be collected at

different depths within storage tanks containing various kinds of waste including salt,

sludge, and supernatant(liquid resulting from neutralization of HLW using caustic soda).

For well-mixed tanks and processing tanks,a single sampling depth maybe adequate.

Wkh baseline methods, a grab sampler or a core sampler is manually inserted or low-

ered into the ta~ waste is maneuvered into the sampler chamber, and the sample is with-

drawn from the tax inserted into a shielded sample cask and then transported to a labo-

ratory for analysis.The mixing pumps in the tank must be shut down before and during

sampling to prevent airborne releases.These methods require substantialhands-on labor,

cause worker exposure to radiation, cannot be performed during inclement weather, and

ofien produce non-representative and unreproducible samples.

Technology Description
The Fluidic Sampler manufactured by AEA Technology Engineering Services, Inc.,

enables tank sampling to be done remotely with the mixing pumps in operation. The

Fluidic Sampler includes a reverse flow diverter pump with a specially designed sampling

tee installed in the discharge piping that delivers a sample of the liquid through a sample

needle to a sample bottle. Sampling while the tank contents are being agitatedyields con-

sistently homogeneous representative samples and facilitates more efficient feed prepara-

tion and evaluation of the tank contents located in a shielded housing above the tank top.

Collaboration/Technology Transfer
This project is a collaborative effort involving AEA Technolo~ SRS; Pacific Northwest

National Laboratory (PNNL); DOE EM; Tanks Focus Area; the Characterization,

Monitoring and Sensor Technology (CANT) and Robotics Technology Development

CrosscuttingPrograms; and II?

Office of International Programs Fiscal Years 1995-2000



Technology Benefits

The Hnidic Smzplersbmos these benejtr over the baseline tecbnolou:

❑ Improved safety (reduced radiation exposure to personnel and the environment):

1.Keeps the sample in a shielded and sealed container at all times.

2. Eliminates the need to open a tank riser to obtain a sample.

3. Eliminates worker manipulation of potentially contaminated equipment associated

with baseline grab sampling options.

❑ Reduced cosc

1.Improved sample representativenessand reproducibility means fewer samplesneed to

be taken and analyzed to accurately characterize tank contents.

2, Increasesplant productivity by reducing maintenance and allowing plant processes to

continue during sampling (i.e., no lost processing time while tank agitators are

stopped and restarted).

•!Increased reliability/maintainability

1,Allows samples to be taken from a homogeneous mixture.

2, Eliminates maintenance because there are no moving parts.

Technology Capabilities/Limitations

The Fluidic Sampler can be designed to facilitate a wide variety of uses. Sampling can

be conducted from a number of discrete depths (depending on riser size and the pumping

application) and for large range of viscosities. This technology causesno routine release of

contaminants, and no potential impacts from transportation of equipmenq samples,waste,

or other materialsare associated with this technology.

A possible limitation of the Fluidic Sampler is that it must be used with a sludge type in

the design range of the Fluidic Sampler. The solution is to establish during the design

stage ranges for viscosity, densi~, and other pertinent properties that might be encoun-

tered for the application.

Installationof the Fluidic Sampler can be challenging, since it involves lifting the equip-

ment over the top of the tank.A plug must be opened to deploy the sampler into the tank.

The plug area must have a special tent built around it with a special air system to ensure

that airborne releases are controlled. Lifiing the sampler over the tank involves using a

crane. Working with the crane is logistically demanding and requires advance planning.

Finally sampling waste that contains volatile organics requires an alternativeapproach

to filling the sample bottle. Modifications are needed to ensure that the filled bottle con-

tainsrepresentative quantities of volatile organic constituents.

Office of International Programs ❑ Fiscal Years 1995-2000

-



1

\

I

Technology Cost Savings Data

A cost analysiswas perforrned comparing the baseline technology to the AEA Fluidic

Sampler at a demonstration that was performed at SRS in 1998. The results of the analy-

sis showed that the Fluidic Sampler will not produce a net cost saving over the baseline

technology until the fourth year of use. However, a $1.5 million dollar savingswill be real-

ized during years five through nine.

Accomplishments and Ongoing Work

The first fluidic sampler was deployed in Tank 48 (formerly an in-tank precipitation

process tank) at SRS. This sampler has been used to successfully obtain a sample of con-

tents of that tank while tank mixer pumps were in operation. A second sampler is in the

process of being installed on Td 40 (a sludge washing tank)which is also equipped with

mixer pumps.

AEA Technology Engineering Services, Inc. designed the Fluidic Sampler and holds all

patent and licensing rights.

Regulatory Acceptance Information

There are no additional state or regional regulatory permits or requirements for

deployment of this technology. DOE site plans will be in effecq key safety and baseline

operational change documents will be produced as necessary.Aspects of Fluidic Sampler

design that deal with entry or installation into a radiological controlled area (RCA) are

coordinated with Health Physics Technology and the Radiological Controls and Health

Physics Department to minimize the time spent in the RCA.

Contact Information

OST Program POC:
Ted Pietrok

U.S. Department of Energy

Richland Operations Office, K8-50

Richland, WA 99352

Phone: 509-372-4546

E-mail: theodore_p_pietrok@ rl.gov

User Program POC:
Thomas Gutmann

U.S. Department of Energy

Savannah River Site

PO. Box A, Bldg 704-S, Room 41

Aiken, SC 29802

Phone: 803-208-7408

E-mail: thomas.gutmann@srs. gov
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OST Technology Management System Number: 1511
Domestic Deployment Sites: Oak Ridge National Laboratory, Oak Ridge,
Tennessee; Savannah River Site, Aiken, South Carolina
Country Developed: United Kingdom
Deployment Date: FY98, FY99 (ORNL); FY99 (SRS)

Technology Need

Hundreds of DOE underground storage unks contain radioactive waste requiring

remediation. After many years of storage, the wastes have separated into layers of liquid

and sludge. Remediation of these tanksinvolves waste removal, transferand processing to

stabilize the radioactive and hazardous waste components for long-term disposal. The

heavy layer of sludge must be mobilized to remove it from a tank and then maintained in

suspension during transferto a processing facility.A preferred method involves mixing the

sludge with existing tank liquids rather than adding more liquids and increasing the waste

volume. This approach produces slurry that can easily be removed from a tank. Other

alternative technologies include jet pump mixers, agitator-based systems, pulsed-air sys-

tems, sluicing, air-lift circulators, arm- or crawler-based retrieval methods, and chemical

retrieval,

Technology Description

AEA Fluidic Pulse Jet Mixer was developed to mix and maintain the suspension of

solids and to blend process liquids. The mixer can be used to combine a tank’savailable

supernate with the sludge into a slurry that is suitable for pumping. The system uses jet

nozzles in the tank coupled to a charge vessel. A jet pump creates a partialvacuum in the

charge vessel, allowing it to be filled with waste. Nexq air pressureis applied to the charge

vessel, forcing sludge back into the tankand mixing it with the liquid waste.When the liq-

uid waste contains 10’ZOsolids, a batch is pumped out of the tank.

Collaboration/Technology Transfer

Major developers of this technology include AEA Technology Engineering Services,

Inc., ORNL’S Robotics& Process Systems Division, and the PNNL’s Energy Technology

Division.

Technology Benefits

The AEA Puke ~et Mixer oj&w many hmj%s over alternative technologies:

❑ The life cycle of a pulse jet mixer is 25 years, as opposed to three years for a mechani-

cal pump (replacement costs for a mechanical pump is approximately $1 million dollars).

Office of International Programs . Fiscal Years 1995-2000
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❑ The system is nearly maintenance flee because it has no moving parts inside the tank.

❑ The system can often connect to a tank using the tank’s existing infrastructure, which

will save several million dollars per installation.

H The system can be used for multiple tanksby being moved fkom tankto tank,or the sys-

tem can be used to mix sludges in multiple tanks when cross-connections to nozzles

exist.

❑ Rapid installationis possible due to amodular design,therebyminimizingworker exposure.

❑ Generation of secondary waste is minimized.

Technology Capabilities/Limitations

One limitation found was that the sludge removal at Oak Ridge was limited by the phys-

ical characteristicsof the sludge and the tank configuration.

Technology Cost Savings Data

During the deployment of the Fluidic Puke Jet Mixer at the Oak Ridge Reservation, a

cost analysiswas performed and showed the innovative technology reduced costs by 75‘XO

as compared to an alternativetechnology.

Accomplishments and Ongoing Work
InDecember 1997, the Fluidic Pulse Jet Mixer was deployed at the Oak Ridge Bethel

Valley Evaporator Service Tank (WEST) W-2 1. The deployment safely transferred

sludge and supernatant to secure storage and demonstrated the puke jet mixing tech-

nique’s applicability to DOE3 underground storage tank remediation. The waste will be

processed as part of the Melton Valley Storage Taks-Transuranic (MVST-TRU) Waste

Treatment and Disposal Project. The PulseJet Mixer retrieved between 80-90% of 6,000-

10,000 gallons of sludge and supernatantfrom Tank W-21.

In February 1999, the Fluidic Puke Jet Mixer safely transferredsludge and supernatant

from ORNIA BVEST Td C-2 and the Oak Ridge Reservation’stanksto secure storage.

The innovative technology again demonstrated the pulse jet mixing technique’s applica-

bility to DOEk underground storage tankremediation. The wastewill be processed aspart

of the MVST-TRU Waste Treatment and Disposal Project. The Fluidic Pulse Jet Mixer

retrieved 98.9’XOof 8,180 gallons of sludge and supernatantfrom Tank C-2.

In June 1999, AEA!s Fluidic Pulse Jet Mixer was installed at SRS F Tank Pump 1 to

maintain sludge solids in suspension with supernate during waste transfer operations.
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Regulatory Acceptance Idormation

The wastes generated from the AEA Fluidic Puke Jet Mixer deployment at Oak Ridge

consist of PPE, contaminated equipment and hardware, plastic sheeting and containers,

hydraulic fluids, and structural steel support and platforms. These materials must be

decontaminated or disposed of as radioactive waste.The disposal site must meet Resource

Conservation and Recovery Act Land Disposal Requirements (RCRA).

There were no regulatory issues associated with SRS’Sdeployment of the AEA Fluidic

PulseJet Mixer in F-Tank Farm Pump Tank 1.

Contact Information

OSTProgram POC:
Ted Pietrok

U.S. Department of Energy

Richland Operations Office, K8-50

Richland, WA 99352

Phone: 509-372-4546

E-mail: theodore_p_pietrok@ rl.gov

User Program POC:
Jacquie Noble-Dial

US, Department of Energy

Oak Ridge Operations Office

200 Administration Road

Oak Ridge, TN 37831

Phone: 865-241-6148

E-mail: nobledialjr@oro. doe.gov

Thomas Gutmann
U.S. Department of Energy

Savannah River Site

P,O, Box A

Bldg 704-S, Room 41

Aiken, SC 29802

Phone 803-208-7408

E-mail: thomas,gutmann@srs. gov
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OST Technology Management System Number: 85
Domestic Deployment Sites: Idaho National Engineering and Environmental
Laboratory, Idaho Falls, Idaho; Hanford Site, Richland, Washington; Oak Ridge
National Laboratory, Oak Ridge, Tennessee
Country Developed: Canada
Deployment Dates: INEEL 1998 to 2000; Hanford Site 1996; ORNL 1997 to 2000

Technology Need

During the production of nuclear weapons and reprocessing reactor fuels, HLW was

generated. This radioactive waste is currently stored in hundreds of DOE underground

storage tanksrequiring remediation. In order to effectively deactivate and decommission

these tanks, the tanks require wall inspection, waste characterization, and waste retrieval.

Improved methods and equipment are needed to characterize and monitor waste, waste

products, processing facilities, and the environment during all aspects of waste storage,

treatment, and disposal to reduce environmental, safety and health risks associated with

these activities.

Cmrent lmeline tecbnolop”esfor HLW tank n-mediation incklde:

❑ For tank inspections, in-tank cameras.

❑ For waste sampling, baseline technologies can only sample directly below (no lateral

sampling) the tank riser (portal giving access to tankwaste).

❑ For waste remediation, ‘past-practice sluicing’ is used for bulk supernateand soft sludge

only. This technology also adds a significant volume of water to the tank, increasing the

volume of seconda~ waste.

Technology Description

The LDUA is the core of a suite of technologies. It provides a mobile, multi-axis posi-

tioning system that accesses DOE?Sradioactive waste tanks through existing openings in

the tank dome. This flexible and adaptive system provides a robotic platform capable of

deploying in situ surveillance, inspection, waste analysis, and light-duty retrieval tools

called end effecters. The system is operated remotely, reducing exposure to operators and

provides significant advantages over prior methods that limited deployment of tools to

positions directly below tank access risers.

A modified version of the LDUA, the MLDU~ was developed to support retrieval

activities at the Oak Ridge Reservation. The MLDUA has the same capabilities as the

LDUAwith a slightly longer horizontal reach and greater payload capacity.The MLDUA

is skid mounted as opposed to the truck-mounted LDUA.

Office of International Programs ❑ Fiscal Years 1995-2000



Collaboration/Technology Transfer

The. LDUA was fabricated by Spar Aerospace of Brampton, Ontario, Canada with the

assistanceof numerous subcontractors. Development of the LDUA was coordinated by

Westinghouse Hanford Company and contributions were made by PNNL, INEEL, LANL,

ORNL, SandiaNationalLaboratories,andW~tinghouse SavannahRiver Company (WSRC).

SPAR Aerospace was the major developer of the MLDUA with technical direction and

oversight from ORNL, Westinghouse Hanford Company, and PNNL. The current ven-

dor is MacDonald Dettwiler Space and Advanced Robotics.

Technology Benefits

Beve@ of the LDUA inclz[de:

❑ Provides in-tank positioning capability over a large working volume for a variety of

characterization and waste retrieval tools.

❑ Limits worker exposure through remote operations.

❑ Minimizes generation of secondary wastes by performing tasksin situ.

tl System can be tele-operated or automated for repetitive or tedious tasks.

❑ Designed for use in high-radiation, chemically hostile environments.

❑ Easy decontamination and transport to multiple tasks.

Technology Capabilities/Limitations

The LDUA system was developed to provide an integrated system of technologies to

deploy tools and sensors, called end effecters, in underground storage tanks.Prior meth-

ods used at DOE tank sites were limited to positioning sensors and tools to locations

directly below access penetrations. Although these methods of examination will still be

used and are adequate for some operations, the LDUA system will greatly enhance the

DOE’s capabili~ to perform in-tank operations. The LDUA system has a flexible and

adaptive design that allows it to be used for many types of in-tank operations. The system

has the significant benefits of limiting worker exposure through remote operations and

minimizing generation of secondary wastesby performing tasksin situ. Ongoing develop-

ment of end effecter technologies for the system will provide new capabilities to support

existingprograms and to respond to new initiativesdirected towards characterization, miti-

gation of safety issues, and remediation of waste storage tanks.

Office of International Programs . Fiscal Years 1995-2000
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The system is functionally divided into major equipment subsystems and additional

ancillary and support equipment. These subsystemsinclude (1) arm and deployment sys-

tem, (2) tankriser interface and confinement system, (3) operations control center, (4) util-

ities and support systems, and (5) end effecters. Three types of LDUA deployment plat-

forms have been delivered to support specific site needs at the Hanford Site, ORNL, and

the INEEL. The Hanford Site LDUA is a truck-based system providing a light-duty pay-

load primarily focused on inspection and characterization applications. This design was

modified to provide a lighter weight trailerbased mobile platform for INEEL, due to con-

cerns on tank dome loading restrictions. Other aspects of the INEEL system are identical

to the Hanford Site LDUA. The LDUA was developed for the ORNL Gunite and

Associated Tanks (GAAT) to enable the technology to be extended to perform waste heel

retrieval operations, characterized by a 45-ft. vertical extension, 15-ft. horizontal reach,

and 200-lb. payload, it has the ability to be deployed through a 12-in. riser.

The toolbox of various end effectom deployedby the LDUA will enable tank clemmp:

❑ Remote Tank Inspection End Effecter-a non-destructive evaluation for analyzing tank

surface integrity.

❑ Stereo Viewing System End Effecter-enables stereoscopic close-up viewing of the tank

surface and features, and tank waste contents.

❑ Heel Sampling End Effecter-will obtain solid from the tank bottom.

❑ Pipe Cutting and Isolation System—will cut, clean, and cap pipes within the tank.

❑ Gunite Scarifying and Confined Sluicing End Effecters-utilizes water jets to scour

hard tank waste and tank surfaces followed by retrieval of sluicing water with entrained

waste that has been mobilized.

Technology Cost Savings Data

Although the LDUA does not directly account for cost savings the technology does

indirectly result in cost savingsrealized through the deployment of its various specialized

end effecter. For example, deployment of the Robotic Tank Inspection End Effecter

(RTIEE) results in cost benefits because the data obtained on tank structural conditions

may enable a less expensive closure option to be selected. Furthermore, if the RTIEE

reveals that tank structural integrity is acceptable, tanks with little or no waste could be

reused instead of building new tanks.The cost of a new tank at the INEEL is $67 million.

INEEL could have the need for additional tanks and the RTIEE could fulfill the tank

reuse certification need.

Office of International Programs s Fiscal Years 1995-2000



Accomplishments and Ongoing Work

Ongoing development of end effecter technologies for the LDUA will provide new

capabilities to support existing programs and respond to new initiatives directed towards

characterization, mitigation of safety issues, and remediation of waste storage tanks.

Three types of LDUA deployment platforms have been delivered to support specific site

needs at the Hanford Site, ORN_L, and INEEL. The Hanford Site LDUA is a truck-based

system providing a light-duty payload primarily focused on inspection and characteriza-

tion applications. The Hanford Site LDUA was deployed in September 1996 in T* 241-

T-106 and is being prepared for additional deployments.

The LDUA design was modified to provide a lighter weight trailer based mobile plat-

form for INEEL, due to concerns of tank dome loading restrictions. Other aspects of the

INEEL system are identical to the Hanford Site LDUA. The INEEL LDUA was

deployed in 1998 through 2000 to sample liquid waste and inspect the tank structure.

The LDUA was deployed in 1997 through 2000 at the ORNL and has successfullybeen

used to retrieve waste from several of the GAATs and is being used in ongoing operations.

Cold test of the LDUA under the GAAT Treatability Study with characterization and

waste retrieval tools as an integrated system was completed in mid FY97. Initiated in June

1997, the MLDUA was deployed at ORNL Gunite tanks for characterizationand remote

waste retrievaloperations. ORIVL demonstrated the ability to remove sufficient wastefrom

tanksto allow the tanksto be closed and enable progress on the restoration of the Bethel

ValleyWatershed. By March 1999, the arm and associatedtechnologies had removed sludge

and debris from two 85,000 gallon tanksand two 170,000 gallon tanksat ORNL.

Regulatory Acceptance Hormation

No regulatory issues or special permits were required with the use of the LDUA at

Hanford or ORNL. The main regulatory concern was the selection of hydraulic fluid

used, because small amounts leak into the tank during operation. Because the standard

petroleum-based hydraulic fluid could causeregulatory problems if enough leaked into the

tank both systems use a mineral oil-based fluid that does not present regulatory difficul-

ties. This technology addressesrequirements in CERCLA and RCRA at ORNL.

Secondary wastes generated by the retrieval equipment include used parts and deconta-

mination supplies. Except for reusable equipment, items used in the tank are considered

contaminated equipment and are disposed of as hazardous waste.

Office of International Programs ❑ Fiscal Years 1995-2000
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Contact information

OST Program POC:
Ted Pietrok

U.S. Department of Energy

P.O. Box 550

MS K8-50

Richland, WA 99352

Phone: 509-372-4546

E-mail: theodore_p_pietrok@rl. gov

Kurt Gerdes

U.S. Department of Energy

19901 Germantown Road

1154/Cloverleaf Bldg.

Germantown, MD 20874-1290

Phone: 301-903-7289

E-mail: kurt.gerdes@em. doe.gov

User Program POC: (MLDUAJ
Jacquie Noble-Dial

U.S. Department of Energy

Oak Ridge Operations Office

200 Administration Road

Oak Ridge, TN 37831

Phone 865-241-6148

E-mail: nobledialjr@oro. doe.gov

User Program POC: (LDUA)
Joe Cruz

U.S. Department of Energy

Richland Operations Office

825 Jadwin Avenue

P.O. Box 550

Richland, WA 99352

Phone: 509-372-2606

E-mail: E_J_Cruz@M.gov

Keith Lockie

U.S. Department of Energy

Idaho National Engineering and Environmental Laboratory

INTEC Waste Programs

2525 North Fremont Avenue

Idaho Falls, ID 83401

Phone: 208-526-0118

E-mail: lockieka@id.doe. gov
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OST Technology Management System Number: N/A
International Deployment Site: Western Europe
Deployment Date: FY98

Technology Need

Chlorinated hydrocarbon contamination such as trichlorethylene (TCE) and tetra-

chloroethylene (l?CE) have been used for many years by industry and the federal govern-

ment during routine operations. These compounds were disposed of in a variety of ways

that caused groundwater contamination. Based on a survey of 3% of the waste sites on

DOE lands, it can be estimated that there are over 800 plumes of TCE and/or PCE con-

taminated groundwater across the DOE complex alone. The U.S. Department of Defense

(DOD) and the private sector (as well as numerous environmental consortia in Europe)

also recognize this type of contamination as a priority.

TechnoIog-y Description

Natural attenuation (also known as intrinsic remediation or natural restoration) was

defined by Office of Solid Waste and Emergency Response of the Environmental

Protection Agency (EPA) as follows:

The term “naturalattenuation”refers to naturally-occurringprocessesin soil and ground-

water environments thatact without humanintervention to reduce the mass,toxicity,mobil-

ity,volume or concentration of contaminantsin those media. These in situprocessesinclude

biodegradation, dispersion, dilution, adsorption, volatilization and chemical or biological

stabilizationor destruction of contaminants.

Simply stated, naturalattenuation would bean accepted remedy when physical, chemi-

cal, and/or biological processes act to reduce the mass,toxicity, and/or mobility of subsur-

face contamination in a way that reduces risk to human health and the environment to

acceptable levels.

The Remediation Technologies Development Forum (RTDF) Bioremediation of

Chlorinated Solvents working group performed in-depth laboratory and field studies to

better understand and predict natural attenuation. As a result of these efforts, the RTDF

group assisted in the development of a “Principles and Practices” manual and training

course for Natural Attenuation, which together serve as a framework to evaluatenatural

attenuation of chlorinated volatile organic compounds (’VOCS) based on scientific knowl-

edge. This information has been provided to regulators and stakeholders across the U.S.

in an effort to increase the awarenessand therefore the reliability of natural attenuation.

Office of International Programs ❑ Fiscal Years 1995-2000



Collaboration/Technology Transfer

The RTDF Bioremediation of Chlorinated Solvents Working Group includes the fol-

lowing members: Dow, DuPont, EPL General Elecmic, Geosyntech, ICI, Monsanto,

Novartis, DOE, DOD, and Zeneca.

The Natural Attenuation Training Course was jointly developed and delivered by the

InterstateTechnology and Regulatory Cooperation in situ bioremediation work group.

A European version of the course was subsequently championed by ICI and the

Network for Industrially Contaminated Land in Europe. This European version of the

course is currently plamed for conversion into a distance learning package with assistance

from the UK Institute of Petroleum, ICI, the UK Atomic Energy Authority, the UK

Environment Agency, BP Amoco, and Shell.

Technology Benefits

Some of the commonly recognized benefits of naturalattenuationinclude: 1) it provides

for in situ destruction with no waste generation, 2) it is already occurring at many sites, 3)

the most toxic and mobile organic contaminarm usuallydegrade most quicldy and reliably

4) it is non-intrusive, 5) it is cost effective, 6) it is easily combined with other remedies, and

7) there is no “down time” due to equipment failures.

Tech.nology Capabilities/Limitations

Some of the disadvantagesof natural attenuation include:l) remediation time frames

may be as long as those required by groundwater extraction and treatment, 2) requires

continuous monitoring (therefore requiring careful cost estimating prior to implementat-

ion), 3) aquifer heterogeneities complicate site characterization (not unique to natural

attenuation), and 4) intermediates of biodegradation maybe more toxic than original con-

taminants.

Technology Cost Savings Data

This is difficult to provide, although in general naturalattenuationwould not be applied

ata specific siteunlessit is estimatedto be more cost effective than other potential remedies.

Accomplishments and Ongoing Work

The Natural Attenuation Training Course has been provided to over 1,500 regulators

and stakeholders across the U.S. Current efforts in Europe continue to expand the dis-

semination of this information.
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Regulatory Acceptance Information

Traditionally regulatory acceptance hurdles included the public misperception that nat-

ural attenuation was a “do nothing” approach, aswell as a lack of experience and expertise

on the part of regulators. One of the primary purposes of the training course was to pro-

vide the necessary information and expertise to regulators and stakeholderssuch that nat-

ural attenuation can be reliably applied to specific sites, thereby establishing confidence

and ultimately increasing the acceptance of this technology.

Contact Information

OST Program POC:
Skip Chamberlain

U.S. Department of Energy

19901 Germantown Road

MS1 135 Cloverleaf Building

Germantown, MD 20874

Phone: 301-903-7248

E-mail: grover.chamberlain@em. doe.gov

User Program POC:
Martin Bell

Icl
P.O.Box 13

The Heath

Runcorn

Cheshire WA74QF

United Kingdom

Phone: 011-44-1928-517-875

E-mail: martin_bell@ici. com
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OST Technology Management System Number: 2188
International Deployment Site: Katowice, Poland
Deployment Date: FY99

Technology Need

The. DOE complex faces a wide variety of environmental contamination problems,

including heavy metal contamination of soil. DOE sites at Oak Ridge, Hanford, Argonne,

SavannahRiver, Idaho, and Brookhaven all have extensive heavy metal contamination in

soils, Technologies currently do not exist to economically remove heavy metals fkom large

areas of contaminated surface soil. Existing technologies are best applied to small areas

with high levels of contamination, and are quite expensive.There is, however, a need with-

in the DOE complex for technologies that addresslow to moderate levels of soil contam-

ination over relatively large areas.

The Upper Silesianregion of Poland also has many sites contaminated with heavy met-

als due to decades of mining and non-ferrous metals smelting. Additionally, soil conditions

in many of the prime agriculturalareasof Poland do not meet national stmdards for con-

taminant concentrations, and are thus placed under restrictions. Persistent pollutants,

most notably heavy metals, are the major reason for these restrictions. Remediation of

these lands continues to be a major objective for the Polish government.

In 1995, DOE signed a Memorandum of Cooperation with the IETU, Katowice,

Poland. The overall objective of this joint international project between the United States

and Poland is to assistDOE in meeting its environmental restoration and waste manage-

ment goals. These goals are to be accomplished by developing technologies that are safer,

faster,more effective and less expensive than many of those currently in use, as well as by

encouraging the introduction and use of U.S. environmental technologies and services

outside of the United States. Developing technologies are advanced by this cooperative

association by identi@ing, evaluating and deploying Central & Eastern European tech-

nologies, as well as by field testing appropriate U.S. developed technologies in southern

Poland, In addition to the advancement of DOE environmental remediation needs, this

project will provide Poland, aswell as other countries in the region, with exposure to and

experience in U.S. site characterization, risk assessment and remediation methods and

technologies. This will enable these countries to more effectively cope with their own

environmental problems that are often pervasive and widespread due to decades of envi-

ronmental neglect.

The development and demonstration of phytoremediation of heavy metals was seen as

an ideal application for this cooperative research association.

Office of International Programs ❑ Fiscal Years 1995-2000
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Technology Description

Phytoremediation is the application (planting/growing/harvesting) of selected plant

species that are known to uptake (in proportions higher than other species) contaminants

such as heavy metals and radionuclides from soil. Phytoremediation applies to siteswhich

have low to moderate concentrations of these contaminants (but which are still of concern

to regulators and stakeholders). Since the rate of uptake is limited by the plant’s rate of

growth, phytoremediation is a somewhat slower process than more aggressive (but cost-

lier) approaches like soil excavation. The method has been shown to be effective for the

lead, copper, cesium, arsenic, cadmium, zinc, nickel, and uranium.

Phytoremediation is in an unusual state of development at the current time. The aca-

demic research behind heavy metal accumulation by plants has lead to an interest in the

commercialization of this technology for environmental remediation. Considerable

research has been conducted and reported on the laboratory-scale application of phytore-

mediation. Little information is available concerning the full-scale application. The goal

of this project continues to be the optimization of full-scale application of phytoremedia-

tion and the development and presentation of those results. It is intended that this infor-

mation will assistDOE in evaluatingthis technology for application within the DOE com-

plex. The target metal for this project is lead in soil (cadmium also is being evaluated).

Collaboration/Technology Transfer

The primary developers of this technology are Florida State University and the IETU

in Poland in collaboration with WSRC. This project initially collaborated with one of the

leading commercial developers of phytoremediation-Phytotech. Phytotech has recently

gone out of business, however the technology rights have been purchased and initial dis-

cussions are planned with the new technology holder.

Technology Benefits

The phytoremediation technology is expected to significantly lower risks. Two scenar-

ios apply 1) if, due to the baseline cost and lack of strong regulatory pressure, a soil site

with low levels of contamination is unremediated, then an exposure riskremains thatcould

be reduced through phytoextraction; and 2) compared with the baseline (excavation,

transport and disposal of contaminated soil), there will be less potential for exposure to the

contaminated soil.

This imovative technology also fills a technology gap where remediation currently can-

not be performed. Potential applications for this technology include any site with low lev-

els of metals or radionuclides in surficial soils such asArgonne, SRS, Fernald, Brookhaven,

and Rocky Flats.
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Technology Capabilities/Limitations

Phytorextraction is applicable to any site that will support plant growth and to any con-

taminantthat has been shown to be takenup by plants. Plants takeup contaminants grad-

ually and perform better in multiple crops.

Phytommcdiation is limited by certain site conditions:

❑ Site soil must be capable of supporting plant growth.

❑ The contaminants must lie within depths penetrated by roots (approx. 50 cm).

H Only the bioavailable fi-actionof soil contaminantswill be able to takenup by the plants.

Soil amendments are used to increase the portion of contaminants that are bioavailable,

however, phytoremediation will remove 100% of contamination in most circumstances.

❑ Multiple crops of plantswill be required to remove all availablecontamination. This will

result in a multi-year remediation effort in most cases.

Technology Cost Savings Data

Cost benefits are expected. For siteswith relativelylow levels of shallow soil contamina-

tion, phytoextractiontion should have a cost advantageover the equipment and labor-inten-

sive baseline approach of excavationAransport/disposal.However, even in the absence of a

cost savings,phytoextraction resul~ in the removal of contamination flom site soils. The

baseline technology transportsthe contaminated soil to a site for disposal.

Accomplishments and Ongoing Work

Phytoextraction of heavy metaIsfrom soils is being evaluatedby the IETU in Katowice,

Poland as the baseline technology for removing low to moderate levels of heavy metals

(e.g., lead, cadmium) from large areas of surface soil. This project has evaluatedphytoex-

traction at a large scale (1 hectare) using standard agricultural methodologies and equip-

ment, This large scale application was used to quanti~ the costs of a Ml-scale phytoex-

traction deployment. Current activities focus on cost reduction and process optimization.

The objective of this project is to collect information necessary to support a large scale

deployment of phytoextraction at a DOE site.

Office of International Programs n Fiscal Years 1995-2000
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FY99 activities included:

1.Evaluation of Soil Amendment Ethylenediaminetetracetic Acid (EDTA): soil micro-

bial toxicity tests were conducted for the phytoextraction amendment EDTA. The

results show that EDTA does not adversely affect soil microbial populations.

2. Management of Contmninated Crops: various methods for harvesting and disposing

of the contaminated plants were investigated. Harvesting considerations included tim-

ing the harvest to minimize material loss through plant tissueaging and decomposition,

managing the physical harvesting to maximize the recovery of contaminated material

while using standardagriculturalmethods, and handling the harvestedmaterialsto min-

imize loss and adverse impacts to human and non-human receptors.

3.Amendment Application Technology developed a mechanized approach to amend-

ment application that utilizes modified agricultural equipment and should result in a

faster, more uniform and accurate application of amendments to target soils. A design

protocol was developed and was tested under full field conditions.

4. Streamlined Site Characterization and Treatability Studies: developed an approach

that integrates site characterization and identification of optimal conditions for the pro-

posed plant species to extract the target contaminants into one step in order to facilitate

rapid decisions concerning technology feasibility,and to reduce cost and effort.

5. Soil and Plant Amendment Studies: new specialized plant species and soil amend-

ments were identified as candidatesfor the phytoextraction process, and were applied in

a field scale demonstration to evaluatetheir effectiveness and costs. Native plant species

continued to be screened for metal accumulation capabilities.

FYOOactivities include:

1.Computerized Application of Soil Amendments (Phytoremediation): development

of an automated soil amendment device to quicldy apply amendments based on soil

metal concentration, which could reduce costs up to 30%.

2.Evaluation of Novel Mercury Remediation Technology site characterization study

to identi~ an appropriate site for field testing of a new technology for reducing the

bioavailability of ionic forms of mercury in soil and groundwater.

Office of International Programs Fiscal Years 1995-2000



Regulatory Acceptance Information

Regulatory hesitancy is anticipated for phytoextraction. Work being conducted in this

project, as well as a growing interest in this technology should provide the basis for dis-

cussionswith regulators. Specific objectives of this project were designed to addresspoten-

tial regulatory concerns.

Contact Information

OST Program POC:
Skip Chamberlain
US, Department of Energy
19901 Germantown Road
MS1 135 Cloverleaf Building
Germantown, MD 20874

Phone: 301-903-7248
E-mail: grover,chamberlain@em. doe.gov

User Program POC:
Mike Kuperberg
Florida State University
2035 East Paul Dirac Drive (226 HMB)
Tallahassee, FL 32310-3700

Phone: 850-644-5516
E-mail: mkupe@mailer.fsu.edu
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OST Technology Management System Number: 2331
International Deployment Site: Czechowice Oil Refinery, Poland
Deployment Date: FY97

Technology Need

In 1995, DOE signed a Memorandum of Cooperation with the IETU, Katowice,

Poland. The overall objective of this joint international project between the United States

and Poland is to assistDOE in meeting its environmental restoration and waste manage-

ment goals. These goals are to be accomplished by developing technologies that are safer,

faster,more effective and less expensive than many of those currently in use, aswell as by

encouraging the introduction and use of U.S. environmental technologies and services

outside of the United States. Developing technologies are advanced by this cooperative

association by identifying, evaluating, and deploying Central & Eastern European tech-

nologies, as well as by field testing appropriate U.S. developed technologies in southern

Poland. In addition to the advancement of DOE environmental remediation needs, this

project will provide Poland, as well as other countries in the region, with exposure to and

experience in U.S. site characterization, risk assessment and remediation methods and

technologies. This will enable these countries to more effectively cope with their own

environmental problems that are often pervasive and widespread due to decades of envi-

ronmental neglect.

The Czechowice Oil Refinery in southern Poland, formerly the Vacuum Oil Company

(a U.S. company), has been producing petroleum products for industrial and commercial

applications for over 100 years. Disposal practices, including unlined, above ground

lagoons for process waste disposal, have contaminated soils with petroleum hydrocarbons,

and created conditions that are unacceptable under current environmental standardsin

Poland. Currently available clean-up technologies are inadequate or unacceptable due to

excessive costs, increased risks, long schedules or the production of secondary waste

streams, the need to identi~ and evaluate imovative remediation technologies is critical.

A DOE-supported bioremediation technology demonstration project was conducted at

the refinery. The biopile constructed at the refinery required subsurfaceoxygenation - the

Baroballwtechnology provided a low-cost passive approach for pumping air through the

subsurface.

Bioremediation, aspracticed in this project and implemented in the biopile, relies on the

presence of indigenous microbial communities with the capability of degrading the target

contaminan~. The approach for this technology is to identify those physical or chemical

parametersthat limit the activity of the target microbes and to then increase the availabil-

ity of the limiting factors. Oxygen is frequently a limiting factor in bioremediation. This

was true of the Czechowice Oil Refinery biopile. Oxygen is provided to the biopile by

Office of International Programs . Fiscal Years 1995-2000



pumping air through the subsurface.The baseline technology for such pumping uses com-

mercial electric blowers that provide a predetermined flow of air through a subsurfaceaer-

ation system.The Baroball” technology provides a passivepumping capabilitythatis driven

by changesin barometric pressure,andwasused in thisproject to provide oxygen to enhance

the activityof microbial communities associatedwith apetroleum-contaminated soil biopile.

Technology Description

Barometric pumping was originally developed to remove VOCS horn the soil by taking

advantageof changes in barometric pressure above and below ground. Wells screened in

the unsaturated zone have been observed to inhale ambient air and exhale soil and gas.

These natural airflows in wells are determined by baromernc pressure fluctuations, per-

meability of the subsurface, and depth of the well screen. The difference between surface

and subsurfacepressuresis the driving force for these flows. When the subsurfacepressure

is higher, contaminants naturally move upward where they can be treatetireleased. Its

design consists of a simple plastic sphere that seals the well from incoming surface air. In

the case of the biopile, the passivemovement of air through the target subsurface areawas

the objective of the Baroball’” deployment.

Collaboration/Technology Transfer

The major developer of this technology is DOWOST. Following development the

technology was commercialized. The devices used in this project were acquired commerc-

ially from a U.S. vendor.

Technology Benefits

Bemj% of the BLV-OW’” technology include:

❑ Ease of installation and low maintenance operation,

❑ Reduced costs for removing contaminants from the subsurface.

❑ Significantly increasesthe effectiveness of barometric pumping by preventing the inflow

of air into a venting well when atmospheric pressures reverse, a condition that can

reduce contaminant removal by diluting and disbursing the pollutant.

Technology Capabilities/Limitations

The Baroball” technology is capable of providing air to subsurface microbial communi-

ties, The effectiveness of this approach was documented in the Czechowice Oil Refinery

biopile project. The limiting factor in this application was the rate at which this air deliv-

er took place. The existing microbial community adjusted to the increased oxygen pres-

ence by increasing the degradation of petroleum hydrocarbon contaminants. This adjust-
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ment was less than in the actively (blower) aerated section of the biopile, however the

process was effective in both cases.The BaroballTMtechnology as deployed in the biopile

balances the additional time to reach a target remediation standard with a reduction in

consmuction and operating costs.

Technology Cost Savings Data

The cost of the Baroball’” devices themselves is negligible. The operating cost of the

Baroball’” technology is essentiallyzero (there is a need for minimal inspection and main-

tenance to maintain the performance of the seal). This is in comparison with the signifi-

cant costs of acquiring, installing, and maintaining an electric blower.

Accomplishments and Ongoing Work

This project demonstrated the effectiveness of the Barobal~ technology for passive

pumping of air as an oxygenation process for bioremediation.

Regulatory Acceptance Information

The Baroball” technology is a proven device that uses barometric fluctuations to move

air through the subsurface. The volume of this movement can be predicted from atmos-

pheric data, resulting in an accurate estimate of the performance of this “pump”. In those

situations where the potential pumping rate is acceptable for site remediation needs, the

Baroball’” is an acceptable alternativeto active pumping.

Contact Information

OST Program POC:
Skip Chamberlain

U.S. Department of Energy

19901 Germantown Road

MS1 135 Cloverleaf Building

Germantown, MD 20874

Phone 301-903-7248

E-mail: grover.chamberlain@em. doe.gov

User Program POC:
Mike Kuperberg

Florida State University

2035 East Paul Dirac Drive (226 HMB)

Tallahassee, FL 32310-3700

Phone: 850-644-5516

E-mail: mkupe@mailer.fsu. edu
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OST Technology Management System Number: N/A

International Deployment Site: Czechowice Oil Refinery, Poland
Deployment Date: FY97

Technology Need

Petroleum contaminated soils represent awidespread problem internationally.The U.S.

DOE complex contains a large number of contwninated sites, many of which have identi-

fied petroleum products among the contaminants. DOE sites with petroleum contaminat-

ion include petroleum storage facilities, historic disposal areas and landfills, which are

estimated to contain over 3 million cubic meters of buried waste. This waste exists in a

variety of forms, including petroleum hydrocarbons, and has the potential to contaminate

the environment. It is estimated that over 200 million cubic meters of soil are contamin-

ated with petroleum and other hazardous wastes.

The Czechowice Oil Rei3nery in southern Poland, formerly the Vacuum Oil Company

(a U.S. company), has been producing petroleum products for industrial and commercial

applications for over 100 years. Disposal practices, including unlined, above ground

lagoons for process waste disposal, have contaminated soils with petroleum hydrocarbons,

and created conditions that are unacceptable under current environmental standardsin

Poland, Currently available clean-up technologies are inadequate or unacceptable due to

excessive costs, increased risks, long schedules, or the production of secondary waste

streams,the need to identi~ and evaluateinnovative remediation technologies is critical.

In 1995, DOE signed aMemorandum of Cooperation with the IETU, Katowice, Poland.

The overall objective of this joint international project between the United States and

Poland is to assistDOE in meeting its environmental restoration and waste management

goals. These goals are to be accomplished by developing technologies that are safer, faster,

more effective, and less expensive than many of those currently in use, as well as by

encouraging the introduction and use of U.S. environmental technologies and services

outside of the United States. Developing technologies are advanced by this cooperative

association by identi@ing, evaluating and deploying Central & Eastern European tech-

nologies, as well as by field testing appropriate U.S. developed technologies in southern

Poland. In addition to the advancement of DOE environmental remediation needs, this

project will provide Poland, as well as other countries in the region, with exposure to and

experience in U.S. site characterization, risk assessment and remediation methods and

technologies. This will enable these countries to more effectively cope with their own

environmental problems that are often pervasive and widespread due to decades of envi-

ronmental neglect.

Office of International Programs D Fiscal Years 1995-2000
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Technology Description
This project focused on the use of a form of bioremediation known as biostimulation.

This is a process in which conditions for the growth of indigenous microbes are optimized

by supplying adequate amounts of electron acceptor(s), water and nutrients (e.g., nitrogen,

phosphorus and trace elements), to the contaminated material. Because biodegradation

rates for petroleum hydrocarbons are fastestunder aerobic conditions, maintaining ade-

quate oxygen levels and moisture control are two of the key scientific considerations asso-

ciated with this project.

The biopile process is very similar to active bioventing, where air, as an oxygen source,

and other amendments are forced through the vadose zone sediments either by vacuum

extraction or by injection to stimulate the microbial oxidation of the hydrocarbons. As the

name implies, biopiling is an ex situ process. The contaminated material is excavatedand

recombined or amended with other materialsbefore being placed in an engineered structure

to support and stimulatethe biological reactions necessaryto oxidize the hydrocarbons.

Collaboration/Technology Transfer

Parncipants in this project include: DOE-EM, IETU, Czechowice Oil Refinery, Florida

StateUniversiV, Ames Laboratory, and WSRC. DOE is the project sponsor and provides

overall project direction. The IETU is the Polish partnerin this activityand provides most

of the hands-on research activity.The Czechowice Oil Refinery provides the location for

this technology development activity.The Refinery provides on-site logistical and infra-

structural support to the project. Florida State Universi~, through a Cooperative

Agreement with DOE, provides overall project management and is the source of funding

for IETU and refinery activities.Ames Laboratory provided the expertise to plan, imple-

ment, and evaluate a site characterization effort using the Expedited Site

Characterization (ESC) methodology. WSRC, Biotechnology Group provided oversight

for the design and deployment of an innovative bioremediation technology.

U.S.-derived technologies and U.S. vendors, or their subsidiaries are used whenever

applicable. The project utilized a number of U.S. (and DOE-) developed technologies,

including ESC, direct push subsurface sampling (Geoprobe, Cone penetrometer), and

BaroBalls’”.Technology advancesresulting from this project are returned to DOE through

WSRC. Some of the knowledge gained in this project has alreadybeen applied to landfill

remediation activities at SRS.

I
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Technology Benefits

Petroleum contaminated soil is a widespread concern for DOE, other federal agencies,

and a variety of commercial interests in the U.S. and worldwide. The advances in biore-

mediation of petroleum hydrocarbons that result from this project can reduce the cost and

increase the efficiency of deploying bioremediation. Specificall~ the design advanceswill

reduce the initial costs of biopile construction, while the data on operational parameters

(e.g., aeration) will reduce the costs of operation.

Technology Capabilities/Limitations

Bioremediation has been shown to be a viable approach to remediation of petroleum

hydrocarbon contamination of soils. The advances made by this project promise to

increase the efficiency of this technology while decreasing the costs. Bioremediation, as

practiced in this project, relies on the presence of indigenous microbial communities with

the capability of degrading the target contaminants. The approach for this technology is

to identi~ those physical or chemical parameters that limit the activi~ of the target

microbes and to then increase the availabilityof the limiting factors. In this context, there

are few limitations to the application of bioremediation to the remediation of organic con-

tamination. The technology is capable of degrading organic contaminants in a wide vari-

ety of environmental settings at relatively low cost.

Technology Cost Savings Data

Collection of cost data was not a primary objective of this research-oriented project.

However, estimates of the costs of this approach to bioremediation are comparable to

other potentially-applicable technologies. The advantage of the biopile approach used in

this project is the immediate reduction in potential exposure (and therefore risk) and the

ability to deal with contamination on-site without the need for sophisticated technology.

Accomplishments and Ongoing Work

The innovative biopile design used a combination of passiveand active aeration in con-

junction with injection of nutrients and surfactantsto increase biodegradation of the very

acidic soil containing high concentrations of polynuclear aromatic hydrocarbons.

Simultaneous lab studies using soil columns were used to optimize treatment techniques

and verify field observations under more controlled conditions. This Ml-scale demonstra-

tion showed that, with minimal cosq the total mass of petroleum hydrocarbons could be
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reduced by more than 81YO(120 metric tons) over the 20 month project. During this time

the most toxic compounds were reduced to levels acceptable for multi-use resource activ-

ities. Though a variety of biodegradation monitoring methods were used, measures of

microbial number and activity (i.e., direct fluorochrome counts and dehydrogenase activ-

ity) were found to be best correlated with rates of biodegradation in the biopile. In addi-

tion, our dataindicate that passiveaeration could reach the same end point as active aera-

tion, it would just take longer. Rates of biodegradation were comparable to other prepared

bed studies of petroleum contaminated soil, i.e., 121 mg/kg soil/day (82 mg/kg soil/day in

the passive side). However, given that this material was highly weathered and very acidic

these rates are much higher than expected. Much of this increase can probably be attrib-

uted to the vegetative material added as a bulking agent, surfactant addition, and to the

aeration process.

The finding that microbial counts and dehydrogenase measurements accurately reflect

biodegradation rates suggests that these direct measurements can be used to provide real

time control of biopile operation to maximize biodegradation ratesunder a variety of con-

ditions. The cost savings from passiveaeration may provide an advantageover active aer-

ation when clean-up time is not a primary consideration. This demonstration also empha-

sized that biodegradation is initially quite rapid, but in less than 12 months requires addi-

tional stimulation via nutrient or surfactantaddition. The remediation strategiesthat have

been applied at the Czechowice Oil Refinexy waste lagoon were designed, managed, and

implemented under the direction of the SavannahRiver Technology Center/IETU team

in cooperation with the Czechowice Oil Refinery and Florida State University, for DOE.

This collaboration between DOE, IETU, and its partners, provides the basis for interna-

tional technology transfer of new and innovative remediation technologies that can be

applied to DOE sites, in Poland, and at other locations worldwide.

During the operation of the biopile, several unique indigenous microbes have been dis-

covered. Due to the long operating history of the refinery and the use of an acid cracking

process to refine the crude oil, indigenous microbial communities have adapted to the low

pH environment and low temperature climate. These conditions are of interest to DOE,

since many of DOE’.. sites have acidic wastes and are located in colder climates.

The project currently identified 36 microbial isolates, which may exhibit properties and

capabilities currently unreported in scientific literature. Microbial analysisand isolation

will provide the opportunity to determine if any of these microorganisms are unique and,

thus, patentable for use at contaminated DOE siteswith conditions similar to those found

in Poland. By identifying and patenting unique microorganisms/bioprocesses, DOE would

be ensuring that these organisms are available for use throughout the DOE complex and

the world.
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Ongoing projem include:

❑ The testing of the effectiveness of surfactantsin the biopile.

H Long-term monitoring of degradation activity following active bioremediation.

❑ A microbial patentability study.

❑ Application of the biopile technology to a mobile “bioreactor” that could be deployed

to remediate small-scale spills and Investigatively-Derived Waste (IDW) resulting horn

site characterization activities.

•ICompletion of a report on bioremediation to assistDOE in identi@ing new areas of

research through which the specific techniques learned during this deployment can be

applied to environmental remediation of the DOE complex.

Regulatory Acceptance Information

Bioremediation is a well-accepted technology for many types of organic contamination.

The advances made in this project should not result in regulatory concern. In the event

that such concerns are raised, the documentation provided by this project’s results will

assistusers in addressing regulatory concerns.

Contact Information

OST Program POC:
Skip Chamberlain
US, Department of Energy
19901 Germantown Road
MSI 135 Cloverleaf Building
Germantown, MD 20874

Phone 301-903-7248
E-mail: grover,chamberlain@em. doe.gov

User Program POC:
Mike Kuperberg
Florida State University
2035 East Paul Dirac Drive (226 HMB)
Tallahassee, FL 32310-3700

Phone: 850-644-5516
E-mail: mkupe@mailer,fsu.edu
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OST Technology Management System Number: 1522
international Deployment Site: Chalk River, Ontario, Canada
Deployment Date: FY96

Technology Need
The migration of radionuclides, toxic metals, inorganic ions and organic compounds

from a source can lead to contamination of an aquifer, and subsequently can have health

consequences on the local public. The water containing dissolved or dispersed contami-

nant species requires processing to remove the contaminants. Selectively removing haz-

ardous constituents from the contaminated water can be a major advantage because it

reduces the seconda~ wastevolumes and perhaps the reagent costs. An ideal solution is to

remove only the contaminants in the concentrating step, while allowing the reagents to be

recycled. In actual situation, however, selective removal of contaminants is difficult

because of interferences from non-hazardous species present in the waste.

The technology objective was to develop and demonstrate an improved ex-situ treat-

ment process for removing avariety of contaminants including low levels of radionuclides,

heavy metals and specific organics from groundwaters. The goal was to generate clean

effluent while minimizing secondary waste generated as a result of the treatment.

Technology Description

This process consistsof sequentialchemical conditioning, microfiltrationand dewateringby

low-temperatureevaporationandlor filterpressingto achievehigh contaminantremoval effi-

ciencies.The conditioning of the contaminatedwaterby asequentialadditionof chemicalsand

adsorption/ion exchangematerialsproduces a poly-dispersesystemof size enlargedcomplexes

of the contaminantsin three distinctconjurations: water-solublemetalcomplexes, insoluble

metal precipitationcomplexes and contaminant-bearingparticlesof ion exchangeand adsor-

bent materials.Waste volume is reduced by dewateringof the polydispersesystemby cross-

flow microiiltration,followed by gravitysettling,iilterpressingor evaporation.The bulkof the

filtrateis dischargedif it meets the specifiedtargetwater quality,or is recycled.

Collaboration/Technology Transfer
The process to remove mixed contaminants from aqueous wasteshas emerged through

a logical evolution of ideas and experience gained in particular from a co-operative proj-

ect between Atomic Energy of Canada Limited (AECL) and DOE, managed by DOE!s

Argonne National Laboratory (ANL). Versions of this process are availableunder AECL’S

trademark, CHEMICW, and are marketed in the U.S. by NATI Environmental

Technologies.

office of International Programs ~ Fiscal Years 1995-2000



Technology Benefits

A three-step chemical treatment-microfiltration sequence combined with a final dewa-

tering step should be sufficient to remove most inorganic and organic contaminants from

wateq a polishing step involving sorption columns maybe included if stringent quaky con-

trol and lower limits for contaminant levels in the treated water, and expanded use of the

treatmentto cover wider-range of contaminantsare desired.The process can be readilycom-

bined with other specialized steps thatwould be required for organic contaminantsremoval

to form an integrated treatmenttrain.The process is flexible to adapt to simpler situations

and ideal for chemistry changes under field conditions without changing equipment.

The process is suitable for continuous operation and demands less space than conven-

tional systems. Steady-stateis achieved quicldy and its modular construction provides the

convenience of trailer-mounted portability.The process can be readily adapted to a broad

range of volume throughputs and is simple to operate and control. It can process aqueous

sohmionsto produce water suitable for discharge or reuse. The process permits treatment

of waste solutions containing a variety of radioactive and hazardous species, and uses com-

mon, low-cost chemicals and other waste by-products for cost-effectiveness.

Technology Capabilities/Limitations

The CHEMIC” technology offers the customer the capability to process aqueous sohl-

tions to produce water suitable for discharge or reuse, and a small volume of secondary

waste (typically l/1000th the volume of the original process feed). The technology can be

built to be portable for use at different contaminated sites,resulting in efficient use of cap-

ital. Common, low-cost chemicals and other waste by-products are used for cost-effec-

tiveness. The process is applicable to a wide-range of waste solutions containing heavy

metals radionuclides and trace organics in various combinations in contaminated ground-

water or pond water. Contaminants that can be treated include strontium-90, cesium-137,

cobalt-60 and other trace radionuclides, acidic soil leachate containing radionuclides such

as uranium, radium or cesium-137, groundwaters and landfill Ieachates containing low

concentrations of uranium and arsenic, and fiel bay waters containing fission and activa-

tion products.

Technology Cost Savings Data

In many instances, the CHEMIC” process can outperform processes fixed-bed ion-

exchange/sorption and reverse osmosis processes. The technology is most suited for influ-

ents containing low concentrations (e.g., tens of parts-per million or below) of contami-

nants; however, it can be adapted easily to higher concentrations. In conjunction with

fixed-bed sorption columns as the final polishing step, the CHEMfC” technology can pro-

duce treated water containing contaminants in parts-per-trillion levels.
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Accomplishments and Ongoing Work

The application of this technology at the Chalk River waste management site has result-

ed in the elimination of strontium-90 activity into a surface water system transferredfrom

an unlined trench through the groundwater to a surface spring. On ayearly basisabout 0.2

Curies [7.2 x 10’ Becquerels] are removed from the groundwater discharge utilizing a 24

hour/daF 7 day/week operation.

Several feasibility studieshave been performed using versions of the CHEMIV process

to remove metal contaminants (arsenic, uranium, radium, copper, zinc) from land-fill

Ieachates,acidic mine drainage and uranium mill tailings. Techniques based on ultrasonic

and/06 mechanical cavitation have been incorporated in the process to improve contami-

nant removal efficiencies at very low contact times through another cooperative project

between AECL and DOE/EPA under the Emerging Technology Program ERP E06 dur-

ing 1993-94.

A version of the CHEMICm process is being tested for the removal of low concentra-

tions of mercury from wastewaters to two-to-three orders of magnitude less than the cur-

rent drinking water limit.

Regulatory Acceptance Information

Data not available.

Contact Information

OST Program POC:
James Wright

U.S. Department of Energy

Savannah River Site

P.O. Box A

Aiken, SC 29803

Phone: 803-725-5608

E-mail: jamesb.wright@srs. gov

User Program POC:
Shiv Vijayan (Technical); Shaun Cotnam (Commercial)

Atomic Energy of Canada, Limited

Chalk River Laboratories

Chalk River, Ontario KOJ IJO, Canada

Phone 613-584-3311, extension 3220/6080
E-mail: vijayans@aecl.ca or cotnams@aecl.ca
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Strata%winpllewT”

OST Technology Management System Number: N/A
International Deployment Site: Mishelyak River Valley, Ozyorsk, Russia
Deployment Date: FY97

Technology Need
DOE is responsible for the remediation and disposition of more than 3,700 contami-

nated sites, 1.5 million barrels of stored waste, 385,000 m3 of HLW in tanks, and nearly

7,000 facilities. The development of new characterization and monitoring technologies

that are better, faster,cheaper, and safer than existing technologies will significantly reduce

the overall cost in the environmental clean-up process.

On a much larger scale, the Ministry of Atomic Energy for the Russian Federation is

faced with the characterization of the world’s largest amounts of surface and subsurface

radioactive contmninants, located primarily in the West Siberian Basin.Wnhin this areais

Lake Karachaiwhich was used by the Mayak Production Association as an unlined surface

repository of liquid radioactive wastes from former nuclear production and separation

activities.It has a groundwater contamination problem that resideswithin a fractured rock

hydrogeological setting similar to those found at the INEEL and ORNL sites.

Technology Description

The StrataSampler~ is a device used to collect soil vapor and water samples. The

StrataSampler- is comprised of a slotted sample chamber with an inner pass-through that

allows tubing to comect to a deeper StrataSampler- in the same well casing. The samplers

are installed similar to normal well screens, but allow collection of water from several dis-

crete intervals in each hole. Up to five samplers can be installed in a typical well.

Collaboration/Technology Transfer
The StrataSampler” was developed under the CMST Program. The U.S. Patent and

Trademark Office hasissued a patent on this invention (5,775,424). The StrataSampler’Mis

exclusively licensed to TIMCO Manufacturing, Ii-Ic.

Technology Benefits

Benef.h of the StrataSamplerNinclude:

❑ The design of the device allows the collection of discrete samples from several depths

within a single borehole, minimizing the drilling costs.

❑ Use of the SmataSamplerwreduces the amount of construction materialssince each well

screen shares casing with the overlying StrataSampler”.
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❑ Installationof severalStrataSamplers”reduces the amount of IDW that must be gener-

ated and ultimately disposed.

D Drilling and waste collection/disposal costs are typically reduced by a factor of three to

five over the conventional technology.

❑ This method reduces the potential for exposure to dangerous chemicals and improves

safety as a result of reduced drilling.

Technology Capabilities/Limitations

Data not available.

Technology Cost Savings Data

Data not available.

Accomplishments and Ongoing Work

This technology is currently being used at the Barnwell County Landfill, the University

of Miami-Ohio Experimental Well Field, the M Area DNAPL Characterization project,

and Lake Karachai (Russia).

Regulatory Acceptance Information

Data not available.

Contact Information

OST Program POC:
Charles Nalezny

US, Department of Energy

EM-53-CL

19901 Germantown Road

Germantown, MD 20874-1290

Phone: 301-903-1742

E-mail: charles,nalezny@em. doe.gov

Pr;ncipal Investigator:
Ralph Nichols

U,S, Department of Energy

Savannah River Technology Center

8uilding 773-42A, Room 261

Aiken, SC 29808

Phone: 803-725-5228

E-mail: ralph.nicholst%rs.gov
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OST Technology Management System Number: 77
International Deployment Site: Czechowice Oil Refinery, Poland
Deployment Date: FY96

Technology Need

According to the OJEceof Environmental Mmuzgenzent Research and Developnzent Progwnu

Pla?z(Nov. 1998), approximately 3 million cubic meters of solid radioactive and hazardous

wastes are buried in the subsurface throughout the DOE complex. An estimated 50 mil-

lion cubic meters of soil and 600 billion gallons of groundwater are contazninatedand will

require characterization and remediation. The baseline or traditionalmethod of site char-

acterization uses a phased approach consisting of multiple sampling eventswith most sam-

ples analyzed in the laboratory. Traditional site characterization procedures conducted in

a conservative regulatory environment are usually effective but can be quite costly and

time consuzning.

The Czechowice Oil Refinery in southern Poland, formerly the Vacuum Oil Company

(a U.S. company), has been producing petroleum products for industrial and commercial

applications for over 100 years. Disposal practices, including unlined, above ground

lagoons for process waste disposal, have contaminated soils with petroleum hydrocarbons,

and created conditions that are unacceptable under current environmental standardsin

Poland. Currently available clean-up technologies are inadequate or unacceptable due to

excessive costs, increased risks, long schedules, or the production of secondary waste

streams, the need to identify and evaluateinnovative remediation technologies is critical.

In 1995, DOE signed a Memorandum of Cooperation with the IETU, Katowice,

Poland. The overall objective of this joint international project between the United States

and Poland is to assistDOE in meeting its environmental restoration and waste manage-

ment goals. These goals are to be accomplished by developing technologies that are safer,

faster,more effective, and less expensive than many of those currently in use, aswell as by

encouraging the introduction and use of U.S. environmental technologies and services

outside of the United States. Developing technologies are advanced by this cooperative

association by identi~ng, evaluating, and deploying Central & Eastern European tech-

nologies, as well as by field testing appropriate U.S. developed technologies in southern

Poland. In addition to the advancement of DOE environmental remediation needs, this

project will provide Poland, as well as other countries in the region, with exposure to and

experience in U.S. site characterization, risk assessment and remediation methods and

technologies. This will enable these countries to more effectively cope with their own

environmental problems that are often pervasive and widespread due to decades of envi-

ronmental neglect.
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Technology Description

Expedited Site Characterization (ESC) is a methodology to rapidly and cost effectively

conduct site characterization. ESC adopts the systems approach that integrates under-

standing of site geology and hydrology with contaminant analysisresults from multiple

techniques. Key characteristics include: a multidisciplinary team employing innovative

technologies, where possible, for on-site decision making, a dynamic workplan evolving

with incorporation of newly acquired data, and an emphasis on use of non-invasive and

minimally-invasive technologies to reduce investigation derived wastes.

Collaboration/TechnoloW Transfer

ESC was originally developed by A.NL, primarily for the U.S. Department of

Agriculture Commodity Credit Association for the characterization of former grain stor-

age facilities. DOE through the CMST Program funded development of an American

Standards Testing Methods guide titled, “Guide for Expedite Site Characterization of

Hazardous Waste Site”. The guide documents the implementation of ESC at DOE sites,

and is an excellent introduction to common sense, cost-effective characterization at DOE

sites.ANL and DOE have trademark (QuickSite) on the application of ANL’s ESC.

Technology Benefits

ESC demonstratesw.w.y benefits over baseline technologies.These benej2s include:

❑ Wider variety of measurement methods used:

1.Employs a diverse set of measurement techniques, with less reliance on traditional

monitoring well data.

2.More than one measurement to prove or validate each essential feature of the

conceptual model.

3. Employs innovative technologies where cost savings or data quality are improved.

R An improved rate of dataintegration. Data are continually analyzed and integrated into

the conceptual model, and the model evolves both during and between phases.

❑ A flexible, dynamic work plan allows newly acquired data to improve the conceptual

model, while impacting and optimizing subsequent characterization activities immedia-

tely (hours to days).

Office of International Programs . Fiscal Years 1995-2000
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H Potential cost savings:

1. Reduction in the number of datasamples collected.

2. Reduction in the number of monitoring wells installed.

3. Reduction in the time required to complete assessment.

4. Improved assessmentaccuracy.

5. Results that are more credible with regulators.

Technology Capabilities/Limitations

ESC is most appropriately used in thefolbnoing types of sites:

EILarge-scale projects, including CERCLA remedial investigations, and RCRA facility

investigations.

❑ Other contaminated sites where the ESC process can be reasonably expected to reduce

time and cost of site characterization when compared with traditional approaches.

The ESC approachnzay not be valid at thefollowing types of sites:

❑ Small petroleum release sites.

H Phase I real estatepropeq transactions.

❑ Contamination is limited to the near surface and there is little likelihood for migration

of contaminants into the groundwater.

❑ Cost of remedial action is less than cost of characterization.

❑ Regulators may require long-term statistical monitoring of the site or a traditional

approach involving grid-spaced monitoring wells may be more suitable.

❑ Existing statutesor regulations prohibit use of essentialfeatures of ESC.

Technology Cost Savings Data

The target for DOE characterization cost savings in the 2006 Plan budget is $1.34 bil-

lion. A demonstration of this technology was performed at the Pantex plant, and if this

demonstration is representative, then its 50% cost savings translatesinto possible DOE

complex-wide savings of $600-$700 million through 2006. The availabilityof appropri-

ate technologies and the ESC methodology allowed this project to characterize the refin-

ery site in less than one month of total time. The time required to construct and prepare

standardwells for this project would have takennearly as long. This resulted in an overall

cost savings to this project as well as improving the overall quality of the resulting data.
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Accomplishments and Ongoing Work

During the spring of 1996, Ames Laboratory deployed the ESC methodology at the

Czechowice Oil Refinery in southern Poland. The purpose of this deployment was two-

fold: 1) to provide site characterization information in support of a planned bioremedia-

tion technology evaluation, and 2) to provide a European venue for the demonstration of

this DOE-developed technology.

The site characterization data was collected in two phases. An initial, screening level

sampling plan was conducted in the early spring of 1996. This sampling campaign utilized

qualitative sampling and analysis techniques. The results of this screening activity were

used to create the initialwork plan for a full-scale ESC. In May of 1996, the ESC was con-

ducted using several DOE-developed technologies (e.g., Geoprobe) and U.S. vendors or

their subsidiarieswhere possible.

On May 27-28,1996, the DOEIEMJCCES sponsored aWsitor’s Day at the IETU and

Czechowice Oil Refinery to highlight cooperative activities and to demonstrate, for the

first time in Europe, the DOE ESC methodology for streamlining the characterization of

contaminated sites.

The Vkitor’s Day demonstration drew approximately 300 visitors including members of

DOD (U.S. Air Force) and a number of DOE contractors. Also in attendance were repre-

sentativesfrom: U.S. Foreign Commercial Service, the Polish Consul of Bratislava,U.S.

Embassy in Poland, Poland National Fund of Environmental Protection and Water

Management, Polish Academy of Sciences, Polish State Scientific Committee for

Scientific Research, Polish Ministry of Environmental Protection, Polish Natural

Resources and Forestry, Polish Ministry of Defense, Environmental Protection BaA and

Polish Ministry of Trade and Industry.

This demonstration allowed specialiststo participate in the evaluation of ESC, an inte-

gral part of the Czechowice Oil Ref3neryProject. The demonstration provided numerous

benefits to both regulators and others including a tour of the field site, a hands-on demon-

stration of advanced characterization technologies by end-users and providers, access to

ESC methodology, and interaction with environmental professionals. Vkitor’s Day also

included an open session that provided the attendeeswith a project overview and explana-

tion of the joint international projects between DOE and Poland.

Office of International Programs ❑ Fiscal Years 1995-2000
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Regulatory Acceptance Information

Because ESC explicitly includes regulatory interaction at the initiation of the project,

concerns and issuesimportant to the regulator will be addressed early in the process thus

facilitating regulatory approval. Time must be taken to insure that regulators fully under-

stand both the process and techniques to be employed in the ESC asregulatory agents are

not legally bound by the recommendations of the ESC (or any other characterization)

approach. Finally,normal drilling and sampling activitiesrequire thatIDW, such asdrilling

fluids, cuttings, and equipment decontamination fluids, be handled according to RCRA.

Emphasis on the use of non-intrusive methods and reduction of the number of subsurface

penetrationsshould minimize the amounts of IDW thatare produced.

Contact Information

OST Program POC:
Skip Chamberlain

U.S. Department of Energy

19901 Germantown Road

MS1 135 Cloverleaf Building

Germantown, MD 20874

Phone 301-903-7248

E-mail: grover.chamberlain@em. doe.gov

User Program POC:
Mike Kuperberg

Florida State University

2035 East Paul Dirac Drive (226 HMB)

Tallahassee, FL 32310-3700

Phone 850-644-5516

E-mail: mkupe@mailer.fsu. edu
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OST Technology Management System Number: 1999
International Deployment Site: Bytom, Poland
Deployment Date: FY96

Technology Need

According to the Ofice of Environnzemd Management Research and Deuelopnzent Prognm

Plan (Nov. 1998), approximately 3 million cubic meters of solid radioactive and hazardous

wastes are buried in the subsurface throughout the DOE complex. An estimated 50 mil-

lion cubic meters of soil and over 600 billion gallons of groundwater are contaminated and

will require characterization and remediation. DOE requires innovative technologies that

remotely monitor contaminated sites, identi@ contaminant “hot spots”, assistin clean up

activities,and monitor remedial progress.

In cooperation with the Polish government, DOE has an ongoing program for the study

and remediation of selected sites in the highly polluted “black mangle” area of Poland.

The lead organization in Poland is the IETU, located in Katowice, Poland.

Technology Description

This technology consists of a portable survey tool based on laser-induced fluorescence

(HI?) techniques for the detection of uranium, heavy metals, organic compounds, and veg-

etation stressdue to uptake of contaminants The system was originally built for detecting

uranium. In operation, laser light is shined on the surfaces to be examined. Energy

released from the surface in the form of fluorescence is analyzed for the presence of ura-

nium oxide molecules that may be present as a surface contaminant. Results are displayed

in real-time on a monitor attached to a laser. The laser can be operated in a panning

motion to survey large areasquickly, or used to survey discreet two foot by two foot areas

at a time. Unlike physical swipes, which must be collected from the actual surface being

surveyed, the LIF instrument can be operated up to 10 meters away from the surface being

studied. Detection of surface contamination occurs virtually instantaneously. For the

experiments in Poland, a modified version of this system designed to look at fluorescence

from plarm was used. The purpose was to follow the progress of field plots of phytoreme-

diator plants treated sequentially with two amendments designed to maximize the uptake

of certain soil contaminants. The portable system actually consisted of two subsystems:

laserinduced fluorescence imaging (LIFJ), which produced fluorescence images of the tar-

get plants in a number of spectral bands, and laser induced fluorescence specmoscopy

(LIFS), which produced reasonably high resolution spectral analysisof the emitted fluo-

rescence. The ground-based system used a standoff from the plants of about 5 feet.
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Collaboration/Technology Transfer
The developer of this technology was DOE’s Special Technologies .aboratory in Santa

Barbara, California. Groups involved in the Polish deployment included IETU, Florida

State University, Phytotech, Inc., and the Technical University of Budapest.

Technology Benefits

Benefitr of LIF include:

❑ Can detect optical signatures that are not observable by traditional remote sensing

methods.

❑ Surveys of large areas can be performed in a cost-effective manner.

Technology Capabilities/Limitations
❑ Demonstrated capability of detecting surface (soil, walls, etc.) contamination by various

materials, including specific detection of uranium.

❑ Day- or night-time operation.

❑ Portable system has been miniaturized to handheld (backpack) LIFI system, and also has

been demonstrated on low airborne flights (but only “portable” ground-based system

used in Poland).

❑ Primary limitations associated with using the laser, i.e. added complexi~, eye safety

issues for large systems, and limitation on standoff distance (no high altitude flights).

Technology Cost Savings Data

Data not available.

Accomplishments and Ongoing Work
The LIF system (including LIFI and LIFS) was deployed to the site in Bytom, Poland,

and wasused to evaluatethe condition of plots of phytoremediator plantsas the plantswere

treated with severalamendments designed to maximize uptake of certain heavy metals.

The LIT techniques are currently being used on several related projects for DOE and

for other agencies, including further plant-smessstudies, crime scene applications (foren-

sics), mine detection applications (combined with GFP technologies), and military train-

ing area impact studies.
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Regulatory Acceptance Information

Currently there are no regulatory concerns related to this survey tool.

Contact Information,
OST Program POC:
Skip Chamberlain
U.S. Department of Energy
19901 Germantown Road
MS1 135 Cloverleaf Building
Germantown, MD 20874

Phone: 301-903-7248
E-mail: grover,chamberlain@em. doe.gov

Pr;nc;pal Investigator:
John DiBenedetto

U.S. Department of Energy

Special Technologies Laboratory

5520 Ekwill Street, Suite B

Santa Barbara, CA 93111

Phone: 805-681-2240

E-mail: dibeneja@nv.doe.gov
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For additional copies of this summary, to request other publications, or

for more information on the DOE EM International Programs, contact:

Elizabeth O’Malley

International Program Manager

U.S. Department of Energy

Office of Science and Technology, EM-50

1000 Independence Avenue, SW

Room 5BOI4

Washington, DC 20585-0002

Tel: 202-586-0175

Fax 202-586-6773

E-mail: Elizabeth.Omalley@em.doe.gov

You can also learn more about DOE EM International Programs

on the Internet
@

o Www.emhnterna”tionan. ffsuneo!u

* U.S. GOVERNMENT PRINTING OFFICE: 2000 472-252/00301
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