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MESSAGE FROM THE DIRECTOR

The mission of the Technology Innovation and Development program within the DOE
Office of Environmental Management is to transform science and innovation into
practical solutions for environmental clean-up.

During fiscal year 2011 (October 2010-September 2011), EM focused upon accelerating
environmental clean-up by expeditiously filling identified gaps in available knowledge and
technology in the EM program areas.

This report describes some of the approaches and transformational technologies in tank
waste processing, groundwater and soil remediation, nuclear materials disposition, and
facility deactivation and decommissioning developed during fiscal year 2011 that will
enable EM to meet its most pressing program goals.

This report also describes fiscal year 2011 activities of the Office of Technology
Innovation and Development’s cross-cutting International Program, which facilitates
engagement with institutions in other countries to accelerate accomplishment of every
EM program area mission. EM is presently reaping benefits from, for example, an
international research program on the durability of the glass waste form for high-level
tank waste; collaboration with researchers in Chernobyl, Ukraine, on radiation ecology;
information exchange with organizations in the United Kingdom, Canada and France on
plutonium and spent nuclear fuel management; and adaptation of a technology
invented in the UK for use in decommissioning contaminated DOE facilities.

Through leadership in integration, collaboration and communication, we will accelerate
environmental clean-up and reduce costs.

s
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. ™ TANK WASTE PROCESSING

The Department of Energy’s Office of Environmental Management (DOE EM) is responsible to safely retrieve, stabilize and
dispose of about 88 million gallons of radioactive waste stored in 230 underground tanks at DOE’s Hanford, Savannah
River, and Idaho sites and close the waste tanks. The chemistry and forms of the wastes vary widely, as do the tanks con-
taining them. Conducting applied research and development to resolve unique and complex challenges is an integral part of
the tank waste program. '

The Office of Waste Processing within the Office of Technology Innovation and Development provides transformational tech-
nologies to reduce the life-cycle cost and schedule of tank waste processing by

increasing processing rates and/or efficiencies

removing material from the process flow

accelerating tank waste retrieval and closure, and
developing and reducing identified project and safety risks:

5> W =

During fiscal year 2011, waste processing technologies were matured for expeditious deployment to accelerate the tank waste
mission. Some major activities contributing to that effort are these:

Next Generation Solvent Extraction System

Fluidized Bed Steam Reforming Sodium-Alumino-Silicate Low-Activity Waste Form

Near Tank Treatment System

Joint EM-NE-International Evaluation of Long-Term Behavior of Glass High-Level Waste Form
Cementitious Barriers Partnership

Waste Processing Technical Exchange.
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Next Generation Solvent Extraction System

As part of the Enhanced Tank Waste Strategy, improving the performance of the Modular Caustic Side Solvent Extraction (CSSX)
Unit (MCU) at the Savannah River Site (SRS) was given high priority.

The MCU was designed as a pilot-scale facility to treat a small inventory of low-curie waste at limited through-put until the Salt

Waste Processing Facility (SWPF) under construction at SRS came on line. From its radioactive start-up in April 2008 until 2
the end of August 2011, the MCU has removed cesium from approximately 2 million gallons of alkaline solution. The cesium

removal is performed using an extractant called BOBCalixC6 formulated by Oak Ridge National Laboratory (ORNL). The MCU

uses centrifugal contactors to provide mechanical mixing and phase separation of the solvent and the alkaline waste. ORNL has

identified an improved solvent system using a more soluble extractant called MaxCalix, which is projected to raise the decontam-

ination factor in MCU substantially (from about 200 to more than 40,000) and to allow the continued use of MCU for processing

Full-scale contactors with associ- higher-activity waste s6lutions as well as to enhance the performance of the SWPF.

ated pumps, tanks, piping, and

an integrated coalescer in the . - : . h

SRNL EDL During fiscal year 2011, ORNL and Savannah River National Laboratory (SRNL) performed a variety of tasks to develop the Next Gen-

eration CSSX Solvent (NGCS) extraction system with the objective of deploying the new system in MCU in late calendar year 2011.

Researchers optimized the chemical properties of the solvent by performing radiation stability tests, measuring the effects of temper-
ature on solvent stability and effectiveness, studying the effects of solvent degradation impurities on solvent performance, and evalu-
ating alternate components to improve solvent characteristics. Researchers also performed a series of Extraction, Scrub, Strip tests
using both simulated and actual tank waste to evaluate the performance of the new solvent and compare it to the existing solvent.

In addition, researchers completed tests of a 2-cm centrifugal contactor apparatus with 12 contactor stages. The first test used
non-radioactive simulated waste to test the hydraulic operation of process equipment and verify the performance of the solvent
system, and the second used actual radioactive tank waste. The testing indicates that waste decontamination with the improved
solvent far exceeds the performance of the baseline solvent and meets processing targets for the new solvent.

The next development steps include using single full-scale contactors to confirm correct hydraulic operation and mass transfer at
full-scale flow conditions. In collaboration with the liquid waste contractor at SRS, Savannah River Remediation, SRNL installed
single V5 and V10 centrifugal contactors with associated pumps, tanks, piping, and an integrated coalescer in the SRNL Engi-
neering Development Laboratory (EDL) to simulate full-scale feed rates to the contactors and evaluate new coalescer designs.
Additional tests will also evaluate high- and low-flow conditions through the contactors. Preliminary data from the contactor tests
show good hydraulic operations; chemical analyses are in progress to determine mass transfer efficiency in the individual contac-
tors. Testing also includes contacting the solvent with media samples over an extended period to confirm that the new solvent is
compatible with materials of construction used in MCU and SWPF. Results from the first two contact periods are complete and
show behavior very comparable to the current solvent. .

\_
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Fluidized Bed Steam Reforming Sodium-Alumino-Silicate Low-Activity Waste Form

Supplemental treatment of low-activity waste (LAW) in addition to LAW vitrification in the Waste Treatment and Immobiliza-
tion Plant (WTP) under construction at the Hanford site is necessary to complete the tank waste clean-up mission in the
time required by the Hanford Federal Facility Agreement and Consent Order. In addition, completing tank waste processing
at the earliest practical date will realize significant cost avoidance since the life-cycle cost is strongly influenced by the
operating duration of the WTP. The chosen supplemental treatment technology will immobilize retrieved LAW into a solidi-
fied waste form. The solidified waste, as with vitrified LAW, will be disposed of on the Hanford site in the Integrated Dis-
posal Facility.

Fluidized Bed Steam Reforming (FBSR) to produce a sodium-alumino-silicate (NAS) waste form is a promising technology for
supplemental treatment of LAW at the Hanford site.

The FBSR technology invented by Thermal Organic Reduction (ThOR) Treatment Technologies (TTT) converts radioactive
liquid wastes to solid mineral particles suitable for LAW near-surface burial. Sodalite, the granular mineralized NAS waste
form produced by co-processing the waste with kaolin clay, has been shown to be as durable as LAW glass. Sodalite contains
cage-like structures that retain radionuclides so that they do not readily leach out of the FBSR waste form.

A Bench-scale Steam Reformer (BSR) was designed and constructed at the Savannah River National Laboratory in 2010 to

treat actual radioactive wastes to confirm the findings of the nonradioactive FBSR pilot-scale tests performed in 2001 and

2004 and the engineering-scale tests performed in 2008. Demonstrating the similarity of the radioactive mineral products

and their durability to the non-radioactive mineral products reveals the suitability of the waste form for disposal at Hanford

based on the 2003 Risk Assessment of Supplemental Treatment Waste Forms. 4 ' :

During fiscal year 2011, three studies using actual LAW of different constituents were performed in the BSR. For each radio-
active test, initial testing was performed on a simulant of the particular tank waste to determine the operational parameters
for the BSR. The first LAW study used LAW from Savannah River Site Tank 50 chemically trimmed to resemble Hanford’s
blended 68-tank average LAW. The next study was performed on actual waste from Hanford Tank SX-105 containing moderate
concentrations of anions such as chlorine and sulfate. Hanford #2 testing was performed on actual waste from Hanford Tank
AN-103, which is low-anion, high-sodium waste. Hanford #3 testing, of a high-chromium and high-anion mixture of Hanford
Tank AZ-101 and Tank AZ- 102 wastes, is currently scheduled to commence later in calendar year 2011.

Over the past nine months, X-Ray Absorption Spectroscopy studies have been performed at the Stanford Synchrotron Radia-

tion Lightsource located at Stanford Linear Accelerator Center National Accelerator, confirming that the sodalite minerals from
the non-radioactive and radioactive BSR campaigns do indeed sequester appropriate radionuclides and their surrogates.
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The mineral products from the non-radioactive and radioactive first LAW and first Hanford LAW studies have been tested by the
Environmental Protection Agency’s Toxicity Characteristic Leaching Procedure and by the American Society for Testing and Mate-
rials standard for determining the chemical durability of nuclear and other crystalline forms. The results compare favorably to the
results obtained on the mineral product from the 2001 and 2004 pilot-scale testing and the 2008 engineering-scale testing.

Single Pass Flow Through tests have been initiated at Pacific Northwest National Laboratory on the non-radioactive and
radioactive tests for comparison with the previous pilot-scale testing. In addition, Pressure Unsaturated Flow tests have been
initiated on the non-radioactive test from the first LAW study for comparison with the previous pilot-scale testing.

FY2011 chemical processing as well as regulatory and performance testing have been encouraging and indicate that FBSR to
produce the NAS waste form is a viable option for treatment of Hanford LAW and disposal in the Hanford IDF.

b

Kaolin + Waste

Sodalite Cage

" ® Si,Al O Oxygen
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Near Tank Treatment System

The modular Near Tank Treatment System (NTTS) will separate aluminum and cesium from Hanford tank wastes while
minimizing added sodium. Separating low-activity waste (LAW) from high-level waste (HLW) before the Waste Treatment and
Immobilization Plant (WTP) becomes operational as well as reducing the volume of waste to be processed will decrease the
duration and cost of WTP operations. The stages of the NTTS process are these:

1. HLW from Hanford’s SX or S Tank Farm consisting of radioactive sludge and supernate containing cesium and nonradioac-
tive aluminum is first treated by continuous sludge leaching to dissolve the aluminum;.the remaining leached solids are
returned to a sludge tank for HLW vitrification when the WTP starts up.

2. The liquid waste stream containing aluminum and cesium is filtered to remove residual sludge and is then treated by ion
exchange to remove the radioactive cesium; the cesium is eluted and returned to the tanks for later HLW vitrification.

3. The resulting high-aluminum LAW stream is treated by sodium extraction to retrieve sodium hydroxide--added in the first
stage to dissolve the aluminum--for recycle back to the beginning of the NTTS process.

The NTTS comprises three modules that may be deployed at or near = ]
the waste tanks: Continuous Sludge Leaching (CSL), Near Tank . gzm::: ggz::ln;te Al
Cesu_Jm Removal (NTCR), and Electrochemical Caustic Recovery.. « Recycles NaOH DssS mrﬂﬁfﬁaﬁﬁﬁ
Previously tested separately at bench scale, the NTTS technologies « Reduces Tank Waste Volume 4 "3
were successfully demonstrated at pilot scale in 2011. o Higha

. NaOH Recycle é Ceramatec
As part of the DOE EM’s Advanced Remediation Technologies (ART) & | Membrane
Program, Parsons Infrastructure and Technology Group, Inc. and R Sl [
Battelle-Pacific Northwest developed CSL and NTCR for NTTS. In I e et ' NTCR ;
2011, Parsons and Battelle demonstrated at pilot-scale the oper- | o e - High Cs RF-IX
ability of those two major subsystems of the NTTS as well as long- | — ﬂ?;’?'m (low alpha)
time steady-state operation of the integrated processes. Results of Boehmite Al L il - Hioh Ca Eliae
the CSL demonstration indicate 60-90% removal of boehmite, the ﬂ';hh e ¥ R LCSR | Inine Al Detector
principal aluminum oxide in the waste stream, which is 2 to 4 times e e e s
higher boehmite removal than can be achieved in the WTP batch Tffk"':in S0% of Original _ —% o
process. The NTCR effectively removed the cesium. Tank Sttt L sll'_;:f sha ‘

ludge wiAl ‘

The addition of sodium hydroxide during CSL increases the . SHS Eao)  —
sodium inventory of LAW. Ceramatec Inc., Salt Lake City, Utah,
has developed a process in which an electric field across a E:{:g:::::‘:: ;m;a oL ﬁzziﬂiﬂﬁﬁﬁﬂ
sodium (Na).super ionic conductor (NaSICON) ceramic membrane NTCR — Near Tank Cenkam nmr?m RF-1X — Resorcincl Formaidehyde — ion Exchange
removes sodium from LAW and supplemental waste streams. In
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2011, operation of a stand-alone Caustic Recycling Unit (CRU) employing the Ceramatec membrane successfully demon-
strated safe removal of up to 68 mole % of sodium from NTCR effluent, reducing the LAW volume by as much as 39%. The
CRU regenerated the sodium to “clean” sodium hydroxide to be recycled to CSL. ;

Next steps are to complete detailed design and construction of the full-scale, fully integrated system to be deployed at the
Hanford waste tanks to process actual waste.

Joint EM-NE-International Evaluation of Long-Term Behavior of Glass High-Level Waste Form

Glass is used worldwide to immobilize, or vitrify, high level waste (HLW) from the reprocessing of spent nuclear fuel and
targets. Radioactive constituents are chemically incorporated into molten glass, which is then decanted to large stainless
steel canisters and copled to a solid state. The world has been safely vitrifying HLW and storing the vitrified waste for several
decades; the United States has been doing so since 1996. The vitrified waste is intended for permanent geologic disposal.

To confirm that the glass waste form would continue to render the HLW innocuous for thousands of years, DOE initiated an interna-
tional research program in 2009. Charter participation came from the United States (jointly sponsored by the DOE Offices of Environ-
mental Management and Nuclear Energy), France (CEA, Nantes, AREVA), Belgium (SCK-CEN), the United Kingdom (NNL, Shef-
field), and Japan (Kyushu and JAEA); additional members have since joined. This international collaboration is developing data and
expanding understanding of the behavior of the HLW glass waste form over geologic time scales in a variety of disposal environments

Ancient Roman Glass

In 2011, the international collaboration achieved three significant accomplishments:

1. A detailed integrated plan for understanding the long-term behavior of glass and developing an.international consensus rate law
was completed and peer reviewed. ]

2. Ancient glass samples exposed to sea water for roughly 2000 years were received by United States researchers at Pacific
Northwest National Laboratory and characterized using state of the art atom probe tomography methods to determine the role
of alteration products on the long-term corrosion of glass.

3. Two-year-old static glass tests conducted to determine corrosion under near saturation conditions were terminated and characterized.

In its 2011 Waste Forms Technology and Performance: Final Report requested by DOE, the US National Research Council
notes some of the benefits of continuing waste form investigation: “Incorporating new science and technology could lead to
increased program efficiencies, reduced lifecycle costs and risks, and advanced scientific understanding of, and stakeholder
confidence in, waste form behavior in different disposal environments.”

"
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Cementitious Barriers Partnership

Sponsored by the DOE EM Office of Waste Processing, the Cementitious Barriers Partnership (CBP) works to improve under-
standing and prediction of the structural, hydraulic, and chemical performance over time frames extending from hundreds to
thousands of years of cementitious materials and waste forms used primarily in nuclear waste disposal. These cementitious
barriers are exposed_to dynamic environmental conditions that cause changes in material properties via aging, chloride attack,
sulfate attack, carbonation, oxidation, and primary constituent leaching.

The objective of the CBP is to develop a set of computational tools to reduce the uncertainties of current methodologies

for performance assessment (PA), ultimately reducing both the extent of potential future releases and the migration rate of
contaminants. Partners in the collaborative program are DOE, the US Nuclear Regulatory Commission, the US
National Institute of Standards and Technology (NIST), the Savannah River National Laboratory, Vanderbilt Uni-
versity (VU), the Consortium for Risk Evaluation with Stakeholder Participation/VU, the Energy Research Center
of the Netherlands, and SIMCO, Inc.

Recent activities to advance the CBP objective have included:

e Demonstrating the capabilities of partner software on a prototype case for CBP

e Sponsoring a test bed workshop to provide future data to validate cementitious material performance modeling

¢ Providing PA support work on cementitious material degradation specifically in support of the SRS Saltstone
Disposal Facility

e Developing a dynamic-link library (DLL) interface that will now allow external CBP codes to be integrated . =
with GoldSim allowing results to be examined probabilistically Grouting of Savannah River Site R Reactor Disassembly Basin.

 Developing initial integration of CBP state-of-the-art models that provide predictions of barrier performance over well- ' ;
defined regimes

e Developing a numerical methodology to simulate the degradation of concrete vaults exposed to aggressive sulfate-contain-
ing pore solution of the low activity nuclear wastes = :

¢ ‘Implementing experimental programs that include: 1) testing to verify or improve conceptual models of process coupling,
2) measurements of needed parameters for the new models, and 3) integration of new leaching assessment methodologies
under development by the US Environmental Protection Agency and applicable to a range of waste form types.

el e A

Greater integration and application of CBP tools is planned for fiscal year 2012. An initial version of the CBP Integrated Toolbox
containing individual modules already developed will be released. Also, an initial version of a new tool that will eventually be added
to the Integrated Toolbox will be released; developed by NIST, THAMES is designed to predict changes in physical and transport
properties of cementitious materials over time. In addition, CBP and the Advanced Simulation Capability for Environmental Man-
agement (ASCEM), described in the Groundwater and Soil Remediation section of this report, will develop a software interface and
conduct a joint demonstration using both CBP and ASCEM codes to predict performance and transport in a selected DOE facility.
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Waste Processing Technical Exchange

Since 2003, the Waste Processing Technical Exchange has been a forum for operations and engineering personnel and scien-
tists to meet and exchange recent results of ongoing field operations and technology development to accelerate the transition of
technologies from concept to field implementation.

Sponsored by the DOE EM Office of Waste Processing and hosted by the Savannah River National Laboratory, the November
2010 Waste Processing Technical Exchange drew more than 275 participants to Atlanta, Georgia to discuss efforts to accelerate
clean-up at the Savannah River, Hanford, and Idaho sites. In addition to those attending in person, about 100 others partici-
pated via inferactive live video feed. This year's technical exchange featured presentations and posters on a wide range of topics
of immediate interest, including waste retrieval, waste form development, pretreatment, facility readiness and startup, perfor-
mance assessment and operational improvements at the tank farms.

b

The turnout for this eighth Waste Processing Technical Exchange was a record. Assistant Secretary for Environmental Manage-
ment Dr. Inés Triay kicked off the proceedings. The attendees included DOE and contractor personnel from Savannah River,
Hanford, and Idaho plus personnel from six national laboratories as well as representatives from nine universities and several
government agencies.

Office of Waste Processing Director Steve Schneider (second from right), SRNL Associate Lahoratory Director for Environmental
Management Dr. Jeff Griffin (fourth from left), and SRNL organizers of Waste Processing Technical Exchange 2010

"
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GROUNDWATER & SOIL REMEDIATION

The Department of Energy (DOE) has responsibility for one of the largest and most complex groundwater and soil clean-up
missions in the world, due to the sheer volume of contaminated groundwater and soil, range of geologic settings, and diversity
of contaminant types. Within DOE sites, there are 10,000 areas needing groundwater and/or soil remediation.

During Cold War-era nuclear weapons production, the subsurface at DOE sites became contaminated with chemicals and
radionuclides due to planned waste disposal operations and unplanned spills and leaks. Many of the contaminants, including
chlorinated solvents, metals, and radionuclides, have migrated to the water table, creating large groundwater plumes. Both the
contaminated soils and groundwater plumes now require clean-up. A-great deal of work has been performed using traditional
and innovative technologies, but significant work remains to be done. Improved technologies and approaches are needed to
ensure that the clean-up is safely and expeditiously completed.

The Office of Groundwater and Soil Remediation within the EM Office of Technology Innovation and Development is respon-
sible for providing site managers with advanced technologies and approaches for remediating contaminated subsurface areas
at DOE sites. The goals are to reduce risks to the public and the environment, improve safety, and reduce remediation costs
and schedules.

Some major fiscal year 2011 activities contributing to these efforts are

Deep Vadose Zone Applied Field Research Initiative

Advanced Simulation Capability for Environmental Management

Attenuation-Based Remedies for the Subsurface Applied Field Research Initiative

Applied Field Research Initiative for the Remediation of Mercury and Industrial Contaminants
SRNL/Chernobyl IRL Radiation Ecology Collaboration.

-
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Deep Vadose Zone Applied Field Research Initiative

Remediation of chemical, metal, and radionuclide contamination in the deep vadose zone, that is, the water-unsaturated sedi-
ment below the soil and above the groundwater, is a significant challenge in several regions of the United States, particularly in
arid and semi-arid regions where the zone is the thickest. Through the Deep Vadose Zone Applied Field Research Initiative, DOE
is leveraging investments and scientific expertise from the Department, national laboratories, commercial entities, and others to
develop effective long-term solutions to one of the nation’s most difficult clean-up challenges and to protect our water resources.

During 2011, an advanced geophysical inversion code was developed through
an unprecedented collaboration of Pacific Northwest National Laboratory,
hydroGEOPHYSICS, Inc., CH2M Hill Central Plateau Remediation Contrac-
tor, and Washington River Protection Solutions, with support in imaging the
results from the Advanted Simulation Capability for Environmental Manage-
ment. Development of the geophysical inversion code culminated in a field
demonstration of its use at the BC cribs and trenches in the 200 Area at the
Hanford site in southeastern Washington State.

This geophysical imaging technology will enable scientists to locate, view,
characterize, and monitor subsurface contaminant plumes in situ; be more
certain in estimating the three-dimensional distribution of parameters that
govern groundwater flow and transport; monitor and validate remediation activ-
ities in real-time phases; and monitor post-remedial performance, including
contaminant mobilization or demobilization.

b
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Advanced Simulation Capability for Environmental Management

The DOE EM Office of Technology Innovation and Development is supporting a multi-national-laboratory effort to develop
the Advanced Simulation Capability for Environmental Management (ASCEM). ASCEM is an emerging state-of-the-art scien-
tific approach and software tool for understanding and predicting contaminant fate and transport in natural and engineered
systems. The modular and open-source high-performance computing tools will facilitate standardized assessments of perfor-
mance and risk for EM clean-up and closure decisions.

In fiscal year 2011, the ASCEM team com-
pleted Phase | demonstrations of the initial
tools, showing value to the EM community in
High Performance Computing, Data Manage-
ment, Visualization, and Uncertainty Quan-
tification. The demonstrations in FY2011
emphasized individual capabilities. In fiscal
year 2012, the Phase I demonstrations will
emphasize integration of the different capabili-
ties in the ASCEM Platform. ASCEM also will
release an initial version of the code to selected
users for the purpose of testing. A version of
the code with appropriate quality assurance is
expected in the fifth development cycle.

Also in 2011, the ASCEM team continued to
engage end-users in ongoing interactions with
the Performance Assessment Community of
Practice and the Low-Level Waste Disposal

Facility Federal Review Group and through
direct interactions with practitioners. A User Single frame of a movie showing the evolution of a uranium plume at the Savannah River Site, F-Area. The image shows the surface of the
Stetrir g ot e b= fonm ek G D = e site including seepage basins (mustard color), the stratigraphy of well bores (color coded per the legend), and uranium contamination (red).

higher level input from a programmatic and regulatory perspective. The first formal meeting was held in January 2011. The User
Steering Committee provided recommendations to the ASCEM management team. A key emphasis of the recommendations is to iden-
tify a path forward for integration of end-users in actual applications and demonstrations of the tools, which represents a shift from the
initial 2010 focus on identification of requirements to identification of opportunities for direct engagement of the developing ASCEM
tools in demonstrations at the DOE sites. Several observations and recommendations also were captured in.the August 2011 external
peer review of the ASCEM program, which concluded that the ASCEM program would be of great benefit to the EM Mission.
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Attenuation-Based Remedies for the Subsurface Applied Field Research Initiative

The focus of the Attenuation-Based Remedies for the Subsurface Applied Field Research Initiative is to develop the -
approaches, tools and technologies that will result in the long-term stabilization in a natural setting of metals (such as lead)

that are ever-lasting and radionuclides (such as strontium-90 and uranium isotopes) that last in the environment for hun-

dreds to thousands of years. To ensure the effectuality of those approaches, tools, and technologies, the initiative holistically

addresses science and technology challenges and considers regulatory, budgetary, and political challenges. -

During 2011, research centered on overcoming the challenges to conceptual model development for metal and radionuclide
contamination in the subsurface and on enhanced attenuation technology for treating radioactive iodine-129.

Research centered on developing both the approach and tools that will enable waste site owners to gather a focused data set to
understand the key characteristics controlling how a waste site will evolve over time, selecting remediation technologies, and set-
ting the stage for a cost-efficient streamlined long-term monitoring program. Savannah River National Laboratory (SRNL),
Lawrence Berkeley National Laboratory, Oregon State University, Engineering and Land Planning, and Savannah River
Nuclear Solutions (SRNS) personnel collaborated on testing field and laboratory tools to support this research. Major
advances were made toward integrated approaches to scaling sorption data from laboratory to field scales and accounting
for aquifer heterogeneity. The tools tested in these efforts included push-pull tests, use of diffusion samplers, portable
x-ray fluorescence analysis with acid-base titrations, and multiple standard and developing geophysical techniques. This
multi-year development effort is showing positive results and will continue in 2012 and 2013.

In support of remediation activities for the Savannah River Site’s F-Area Hazardous Waste Management
Facility, SRNL, SRNS, and industry collaborated on development of a novel in situ approach that mini-
mizes iodine-129 migration in the groundwater. lodine-129 is radioactive, readily soluble in water and
thus highly mobile, long-lived, and readily taken up in the human body; it therefore poses a threat of
human exposure through wells, crops, etc. In 2011, a small-scale field test was conducted, followed by
the initial field-scale deployment. While evaluation of the effectiveness of this technology on a large-scale
will be ongoing, success with the field-scale deployment enables SRS to meet another phase of the RCRA C% %
permit for this facility. g Researcher retrieving diffusion samplers

Post-field test iodine-129

"
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Applied Field Research Initiative for the Remediation of Mercury and Industrial Contaminants

The Applied Field Research Initiative for the Remediation of Mercury and Industrial Contaminants was created to map mer-
cury subsurface distribution and achieve mercury mass reduction in water at the Y-12 Nation Security Complex (NSC) in Oak
Ridge, Tennessee. Strong partnerships and leveraging of resources will accelerate and improve the translation of knowledge
from fundamental and applied science into demanstrated, field-deployable remediation technologies. The initiative is a col-
laborative effort of the DOE Office of Environmental Management, Oak Ridge Operations, the DOE Office of Science, national

laboratories, and industrial, academic, and contractor partners.

During fiscal year 2011, research focused on improving conceptual understanding of mercury fate and transport, developing
and demonstrating new methods for identifying mercury-in the subsurface, and assessing treatments for waterborne mercury.
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Conceptual model diagram for mercury at the Y-12 NSC (2011)

A new conceptual model of mercury behavior at the Y-12 NSC
was completed in March 2011 by Oak Ridge National Laboratory

* (ORNL) and Savannah River National Laboratory (SRNL). The

model identified mercury distribution and fluxes associated with
known mercury use areas and outfalls, providing a valuable refer-
ence for developing surface water remediation and source zone
removal strategies and highlighting areas requiring further study.

Characterization research was also conducted by ORNL and
SRNL to facilitate rapid, cost-effective identification of subsur-
face mercury. For example, a membrane interface probe system,
developed from commercial technology, was demonstrated to
detect elemental mercury at depths of nearly thirty feet. Soil gas
probes for detecting subsurface mercury were also assessed.
Complementary laboratory-based work used chemical extractions
and spectroscopic methods to determine mercury speciation in
soil cores collected during field studies.

Water treatment studies have been centered on sorbent-
based methods for mercury removal. Future work will ana-

- lyze the predicted impacts of proposed remediation strate-

gies on mercury fluxes, continue to elucidate the nature
and extent of mercury contamination at'the Y-12 NSC, and
investigate soil treatment methods.
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SRNL/Chernobyl IRL Radiation Ecology Collaboration

Collaborative work between the United States Department of Energy’s Savannah River National Laboratory (SRNL) and the -
Chernobyl Center’s International Radioecology Laboratory (IRL) has led to a special issue of the Health Physics Journal entitled
“Radiation Monitoring and Radioecology Research in the Chernobyl Exclusion Zone — 25 Years After the Accident” (Vol. 101, No. 4).

Under the auspices of the International Program within the DOE EM Office of Technology Innovation and Development, SRNL -
and the Ukraine’s IRL have collaborated on various research projects in the Chernobyl Exclusion Zone, which remains heavily

contaminated as a result of the 1986 accident at the Chernobyl Nuclear Power Plant. Unfit for residential or agricultural use,

the Exclusion Zone is uniquely suited for studying radionuclide distribution, movement and effect.

“Even though Chernobyl is fundamentally different from any US nuclear site, there is much we can learn in the surrounding
area,” said Eduardo Farfan, co-principal SRNL investigator for interactions with IRL. “As a result of the accident, the nearby
area has become a unique laboratory where we can observe how the environment changes and how animals and plants
change over time following contamination.” “We share a lot of the same interests with our colleagues at IRL,” said
Farfan. “They are developing techniques and technologies for cleaning up the environment in the region that might
ultimately be useful to DOE.”

Papers published in Health Physics in 2010 covering the first few studies led to interest in the special issue, which is
sponsored by DOE-EM'’s International Program and SRNL. The current papers describe research including:

e environmental radiation monitoring of the Chernobyl Exclusion Zone — history and results 25 years later

¢ astudy of the environmental problems associated with decommissioning the Chernobyl Nuclear Power Plant Cooling Pond

e astudy of the properties of certain microscopic fungi found in the Chernobyl Exclusion Zone that appear to protect
them from the effects of radiation :

e anew technique for measuring the radioactive content of live animals in their natural habitat

e astudy of Scots pine trees in the Exclusion Zone as a way of understanding the effects of chronic internal and exter-
nal radiation exposure on vegetation

e asummary of radioactive waste management.

Monument in Memory of Chernobyl

Under a new agreement signed in 2010, SRNL and IRL continue to collaborate on radiation ecology research, looking for PR

mutually beneficial projects in a variety of subjects related to radiation ecology. In one project funded by the International
Program, an SRNL expert in nature-based environmental cleanup techniques, Dr. Miles Denham, is working with IRL to study the
potential of engineered soil amendments to enhance natural decontamination processes for cleaning up the area. This project also
offers benefits to DOE, as the contaminated soils of the Chernobyl Exclusion Zone provide an excellent analogue to many of DOE’s
soil contamination problems. .

W
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NUCLEAR MATERIALS DISPOSITION

The Office of Nuclear Materials Disposition (NMD) within the DOE EM Office of Technology Innovation and Development is
responsible for managing and disposing of spent nuclear fuel and surplus nuclear material, including plutonium. As part of
this mission, NMD identifies and prioritizes technology development and collaborates with internal and external parties to
leverage resources. .

In fiscal year 2011, NMD identified technology development activities to support extended storage and drafted an accom-
panying Overview of DOE Storage Capabilities.

Also in fiscal year 2011, NMD initiated research and development activities to assure the continued safe and secure
management of ~13 metric tons of plutonium and the continued safe storage of >2,400 metric tons of spent nuclear fuel
until disposition paths are determined. In addition to utilizing expertise from the National Spent Nuclear Fuel Program and
national laboratories and incorporating advice from external oversight entities, NMD sought to build on the experience of
international partners. Those collaborations include:

US DOE/UK NDA Collaborative Nuclear Materials Management Task Plans

US DOE/UK NDA Workshop on Plutonium Management

DOE SRNL/UK University of Manchester Partnership to Evaluate Stress Corrosion Cracking of Plutonium Storage Containers
US DOE/ Atomic Energy of Canada Ltd. Spent Nuclear Fuel Collaboration

US DOE/ PURAM of Hungary Information Exchange on Spent Nuclear Fuel Dry Storage
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US DOE/UK NDA Collaborative Nuclear Materials Management Task Plans

In 2011, the United States Department of Energy (US DOE) and the United Kingdom'’s Nuclear Decommissioning Authority
(UK NDA) drafted a set of task plans describing potential collaborative research and development efforts in nuclear materi-
als management and disposition that could benefit both governments. The objective is to expedite development of more safe,
secure, cost-effective, and innovative methods for storage and disposition of nuclear materials by leveraging past experience
and technology development activities performed and planned in both the US and UK.

The DOE and NDA will seek to optimize results in nuclear materials management through exchange of technical information,
plans for near-term projects, and strategies for long-term projects.

The tasks plans identify these potential areas of collaboration regarding spent nuclear fuel handling, treatment, and storage:

b

1. Fuel drying and storage
2. Aging management
3. Non-standard fuels.

Regarding plutonium management, the task plans identify these potential areas of collaboration:

1. Continued safe storage of excess plutonium materials

2. Processing and stabilization of plutonium-bearing materials

3. Characterization of excess plutonium materials for potential use as feed into the Mixed Oxide Fuel Fabrication Facility
4. Evaluation of disposition options for excess plutonium.

The teams have shared information remotely and in a bilateral workshop on plutonium management sponsored by NMD. The
DOE and NDA are pursuing funding to undertake more substantive collaborative activities.

-

.
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US DOE/UK NDA Workshop on Plutonium Management

On April 19-21, 2011, NMD sponsored a bilateral workshop on plutonium materials management for the DOE Office of
Environmental Management (EM) and the UK NDA, which consolidates the civil nuclear assets of the UK. The workshop was
hosted by the Savannah River National Laboratory at the Savannah River Site in South Carolina. Participants included staff
from DOE-EM Headguarters, DOE-Savannah River, DOE-National Nuclear Security Administration, UK NDA, UK National
Nuclear Laboratory, Sellafield Sites Ltd, Los Alamos National Laboratory, Shaw-Areva MOX, and Savannah River Nuclear Solu-
tions. The purpose of the workshop was to review .

1. technical activities in plutonium management, including stabilization,-packaging, and long-term performance of storage containers,
2. surveillance activities, including destructive and non-destructive examination, and -
3. strategies for the disposition of the surplus plutonium, such as using immobilization and converting plutonium into mixed oxide fuel.

The two-and-a-half-day workshop also included tours of the Defense Waste Processmg Facility and the Mixed Oxide Fuel Fab-
rication Facility, which is under construction at SRS.

The EM and NDA benefited from exchanging their experience and expertise in the management and disposition of plutonium
materials. The discussions enabled assessment and understanding of the overall plutonium program strategies in the US and
UK and highlighted the key differences in the programs. The workshop also identified potential areas for collaborative research
and technology development activities between the EM and NDA, which were subsequently incorporated into the DOE/NDA
collaborative task plans. !

US and UK attendees of the Plutonium
Workshop at Savannah River Site.
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DOE SRNL/UK Univ. of Manchester Partnership to Evaluate Stress Corrosion Cracking of Plutonium Storage Containers

To build upon initial laboratory and field surveillance studies performed by the Savannah River National Laboratory (SRNL) E
and Los Alamos National Laboratory (LANL), SRNL has recently initiated collaborative research and development activities
with the University of Manchester, a public research university in Manchester, United Kingdom, to understand stress corrosion
cracking (SCC) of 300 Series stainless steel, which is used as the material of construction of plutonium storage containers.

SRNL and LANL developed an integrated corrosion program to improve the limited understanding of corrosive gas behavior
within plutonium storage containers and the potential for stress corrosion cracking. Initial laboratory and field surveillance
studies have documented the occurrence of pitting and general corrosion on the stainless steel plutonium containers. Stress
corrosion cracking is an electrochemical process triggered by the presence of an electrolyte, along with moisture, on the
container material. The tendency for corrosion is related to the composition and amount of electrolytes, such as alkaline earth
salts, in combination with a level of relative humidity that can cause deliquescence of those salts. The tendency for moisture
adsorption depends on the relative humidity of the environment inside the container, and the relative humidity depends on the
moisture content of the container, the amount and type of salts present in the container, and the temperature or temperature
gradients within the container.

The partnership between SRNL and the University of Manchester will focus analytical and experi-
mental effort on the role of humidity on SCC as it pertains to head space corrosion and as it is influ-
enced by or influences the role of salts in the containers to develop a fundamental understanding of
SCC in plutonium containers.

DOE standard stainless steel plutonium storage container

- ¥
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US DOE/ Atomic Energy of Canada Ltd. Spent Nuclear Fuel Collaboration

On June 14-16, 2011, representatives from the DOE EM Office of Technology Innovation and Development met in Canada
with representatives of the Nuclear Legacy Liability Program of Atomic Energy of Canada Limited (AECL) to discuss potential
areas of collaboration, one of which was spent nuclear fuel (SNF) disposition. During the visit, the EM delegation toured sev-
eral facilities at the AECL Chalk River Laboratory.(CRL) site. The CRL waste inventories are similar to those of US facilities but
in much smaller volumes. The AECL Tile Hole Investigation and Retrieval Project at CRL is going to transfer spent research
reactor fuel currently stored underground in vertical cylindrical concrete structures called “tile holes” to the new above-ground
dry-storage Fuel Packaging and Storage (FPS) Facility. EM has placed its Idaho National Laboratory (INL) SNF in dry storage
and plans to retrieve and package the fuel into a “road ready” condition to meet the Idaho Settlement Agreement dates of
having all SNF in dry storage by 2023 and out of Idaho by 2035. The Canadian project will be completed prior to the similar
activities at the Idaho site. EM hopes to benefit from lessons learned in AECL's use of advanced remote handling equipment
to inspect, characterize and handle spent fuel to minimize personnel risk. Reciprocally, AECL is interested in information
exchange related to underwater assay, characterization, and maintenance technologies and systems used by EM.

-

Actual FSP transfer equipment in the .
manufacturer’s facility ~
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Fort St. Vrain Modular Vault Dry Store

US DOE/ PURAM of Hungary Information Exchange on Spent Nuclear Fuel Dry Storage

The US DOE and the Public Agency for Radioactive Waste Management (PURAM), the Hungarian
national agency responsible for radioactive waste handling and disposal, established an informa-
tion exchange program in the 2009 Memorandum of Understanding (MOU) Relating to Operation of
Modular Vault Systems for Storage of Spent Nuclear Fuel. One American facility and one Hungarian
facility—the Independent Spent Fuel Storage Installation (ISFSI) Modular Vault Dry Store (MVDS)
near the former Fort St. Vrain Nuclear Generation Station in Platteville, Colorado, and the MVDS in
the town of Paks, Hungary, the location of the only Hungarian nuclear power plant— are two of the
few MVDS facilities of similar design worldwide. To facilitate the exchange of information and lessons
learned relating to the operation of spent fuel vault storage systems, each participant prepares an
annual report for submission to the other. The Director of the DOE Office of Technology Innovation
and Development submitted the 2011 FSV ISFSI Operational Experience Annual Report to PURAM
in September. The report addresses FSV ISFSI operations, technical aspects, design aspects, equip-
ment maintenance, regulatory compliance, and other areas of mutual interest.

y

SRNL-STI-2011-00640




,

DEACTIVATION & DECOMMISSIONING

The Department of Energy (DOE) is the custodian of approximately 3,000 facilities that were constructed and used over the past
65 years to develop nuclear materials for scientific, domestic, and defense purposes. Most of these facilities were designed for
specialized purposes, and over time the equipment and facilities have become obsolete. Many of the facilities are large and com-
plex, with unique design features, e.g., six-foot thick walls. Since the early days of the Manhattan Project in the 1940s through
the 40 years of the Cold War, the Department was under schedule-driven deadlines to deliver products. Old facilities were often
abandoned, as additional facilities were built for newer missions and changes in technology. When the Cold War ended, a huge
environmental legacy was revealed, including a large inventory of radiological facilities needing final disposition.

The process of taking an active/excess/abandoned facility to a final disposition end state is called deactivation and decommis-
sioning (D&D). Because of residual radioactivity and other hazardous constituents and the physical condition of EM’s facilities,
D&D presents unique hazards that must be addressed from a safety, programmatic, environmental, and technological standpoint.

The Office of Deactivation and Decommissioning within the DOE Office of Environmental Management focuses on innovative
applications and timely insertion of existing commercially available technologies, processes and hardware to identify and address
D&D risks and challenges. The program supports the development of informed facility D&D strategies; enhanced verifiability of
the efficacy of D&D operations; increased productivity and personnel safety of D&D operations; facilitation of acceptable facility
end-states, and independent verification.

Priority projects in fiscal year 2011 that are expected to produce demonstrable D&D benefits in the near future include:

Remote Sensors to Monitor In Situ Decommissioned Structures
RadBall Adaptation for EM D&D

Remote Inspection of Contaminated and Deteriorated Stacks
Innovations for Sodium-Cooled Reactor D&D =
Polymeric Hydrogels for Radiation Decontamination.
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Remote Sensors for In Situ Decommissioned Structures

The design and deployment of a sensor network to monitor an in situ decommissioned (ISD) structure -
and its contaminants is one of five thrust areas identified by DOE as key technology and/or knowledge

gaps that must be addressed to support ISD projects throughout the complex. Measurement parameters

are tied to two key data needs: verifying structural integrity of the facility and demonstrating immobili-

zation of contaminants. Sensors that monitor for strain and corrosion will provide data for performance -
models that evaluate the long-term stability of reinforced concrete. The mobilization of radionuclides

with long half-lives tends to drive risk assessments, and monitoring for fluid and contaminant mobility

within the facility will provide opportunity for cost-effective intervention before the release and detection

of contaminants at monitoring wells outside the facility. Two test beds are being constructed and oper-

ated to develop protocols for sensor installation, data collection and interpretation, and secure remote

¢ommunication prior to installation and operation of a remote monitoring system in an ISD structure.

Figure 1. The SRNL Sensor Network Test Bed consists of a solar cell  The P'Reactor at the Savannah River Site (SRS) is one of the first reactor facilities in the US DOE com-
and hattery power system, data loggers, strain gauges, tilt meters  plex to achieve an end state through ISD. During the decommissioning process, large concrete blocks
:Zg,;’;f;’gﬂ‘;;:ﬂ:ﬁijf;;Z";:ZZ;;%";:EZZv’;’;’b;;:evifl;’g e  Were removed from an exterior wall of the structure and a preliminary sensor system was designed and
initial protocols and measurement tolerance intervals for the first  deployed for structural monitoring of the concrete blocks. The ISD Sensor Network =
system deployed in an ISD structure. Test Bed at the Savannah River National Laboratory (SRNL) was established to gain
experience with installing sensors (thermistors, strain gauges, and tilt meters) on massive hardened concrete
monoliths and operating remote monitoring and communication systems to verify and validate sensor data

collected on the structural integrity of the concrete blocks (Figure 1).

In parallel to the structural monitoring performed on the concrete blocks at SRNL, a meso-scale sensor test
bed is being constructed at Florida International University (FIU) to evaluate the migration of fluid and ions
through-a grout monolith. The monitoring of fluid flow through the grouted areas of ISD structures is impor- I
tant because entombed radionuclides must move through the grout to reach the exterior of the structure. The [
test bed will be instrumented with an electrical resistivity network to produce tomographic images of high

conductivity zones, passive and active piezoceramic sensors to map fracture systems in the grout, and fiber
optic systems to measure strain, temperature, fluid migration, and ion concentrations in fluid. The systems ™ :

have been constructed and tested by the Principal Investigators and they will be installed in the FIU meso- ’s: 5";’0&, f’a ﬁg’;ﬁ’g‘gﬂ:gﬁf’iﬂ‘;j‘;’z”; Z’s”:;;}’fh
scale test bed the first quarter of fiscal year 2012 (Figure 2). purple: active/passive piezoceramic; red: fiber

optic loops; blue tubes are for introduction of
fluids. Rack will be placed in an 10 ft by 10 ft by
8 ft deep concrete cube constructed at FIU and
the cube will be filled with grout.

y
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RadBall® Adaptation for EM D&D

EM is adapting the RadBall® invented by the National Nuclear Laboratory in the United Kingdom to characterize and stabilize
conditions inside facilities prior to deactivation and decommissioning (D&D) to mitigate the risks to workers of potential radio-
logical and chemical contamination and structural deterioration.

During fiscal year 2011, Savannah River National Laboratory (SRNL) completed RadBall deployments at Oak Ridge National
Laboratory (ORNL) and the Hanford site. The ORNL deployments involved a highly contaminated hot cell and a relatively
clean hot cell into which radiation sources were inserted. These tests were successfully completed, and most sources within
the two cells were quantified with the exception of a weak source. The Hanford site tests involved dry and submerged RadBall
deployments. The objective of the submerged deployment was to characterize cesium capsules in the Waste Encapsulation
Storage Facility. These tests confirmed that RadBall could be used to characterize underwater radiation sources. In addition,
a series of tests was completed at SRNL to assess 1) the radiosensitivity of a new RadBall polymer composition, 2) effective-
ness of SRNL-developed tungsten RadBall inserts used to minimize the noise-to-signal ratio, 3) usefulness of a new optical
scanner manufactured by Modus Inc., and 4) the feasibility of submerged RadBall deployments.

SRNL has designed several RadBall accessories for future EM D&D deployments. Accesso-
ries designed in 2011 include: 1) Radially Dependent Directional Shield (RDDS™) inserts
to prevent the RadBall polymer from being overexposed; 2) Back-projected Radiation Ana-
lyzer and Cell Evaluator (BRACE™) software package, the methodology of which involves
the processing of the data obtained by RadBall to produce a 3D visual representation of the
contaminated room, its contents, and location/level of the contamination within the room; _
and 3) SourceMarker™ to display the RadBall’s data as images on the walls, ceiling, and
floor of a contaminated room using multi-color laser technology while maintaining proper
scale and aspect ratio. These three SRNL inventions—in addition to the Position and Orien-
tation Determination System (PODS™) to facilitate the spatial orientation of RadBall—have
been submitted to the U.S. Patent and Trademark Office.

RadBall®
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Remote Inspection of Contaminated and Deteriorated Stacks

Oak Ridge National Laboratory (ORNL) and Florida International University (FIU) are developing a stack characterization
system (SCS) for remote inspection of highly contaminated and structurally deteriorated stacks and stack-like structures. The
SCS is a crane-deployed remote inspection and sampling tool designed to be inserted into the top of the stack and to prog-
ress down through the stack from the top. The core mission is video inspection, radiation monitoring, smear sampling, and
core drilling of the subject stack to determine structural integrity and extent of contamination. Sample collection is managed
through two instrument bays that are pressed against the inner stack walls. The remote automated smear sampling system is
capable of collecting up to 20 samples in a single campaign. The remote core drill is capable of collecting up to six samples
in one campaign. To minimize burdensome cabling systems, the SCS is battery powered and communicates to the operator
station via wireless link. The battery pack is sized and the powered equipment designed such that the SCS will run for an
entire day. It can be completely recharged overnight.

During fiscal year 2011, the SCS mechanical and control systems were assembled and preliminary checkout was completed.
ORNL Technology Transfer initiated contact with multiple commercial companies interested in acquiring the technology for
use both within the Department of Energy community and for industrial use
wherever large stacks are used.

ORNL Technology Transfer has defined a cold test demo that will maximize

the impact and value for potential end users. SCS performance will be dem-
onstrated in the relatively clean and structurally sound ORNL Stack 7614 in
Fall 2011. ORNL has also expressed interest in the technology for use in the
inspection of its highly contaminated, structurally compromised Stack 3039 in
fiscal year 2012, which would be the system'’s first radiological deployment.

Several-useful subsets of the technology have already been identified. A crane-
deployable stand-alone camera package developed for testing radio and video
performance of the SCS components may be valuable for early rapid deploy-
ment for stack inspection. The automated smear sampler and the semi-auto-
mated core drill sampler have broad potential use across the DOE community
for any remote sampling needs.

Stack Characterization System

"
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Innovations for Sodium-Cooled Reactor D&D

During fiscal year 2011, the Idaho Cleanup Project of CH2M-WG Idaho, LLC (CWI)
advanced-an optimized baseline approach to remove sodium remaining after initial clean-
ing of the pipes and tank of the sodium-cooled Experimental Breeder Reactor Il (EBR-II)
at Idaho National Laboratory to allow D&D of the reactor. Preparation for sodium pas-
sivation moved into field-scale mock-up testing involving aqueous treatment of residual
sodium in the “yard piping” system, the piping system connecting the reactor’s interme- -
diate heat exchanger to the secondary system located in an adjacent building. In Febru-
ary, CWI successfully demonstrated the field-scale treatment of residual sodium by inject-
ing and circulating a citric acid solution through 200 feet of 12 inch diameter piping.
Citric acid was selected as the preferred reagent to neutralize sodium hydroxide resulting
from sodium-water reaction, yielding a sodium-citrate product, thus forming a buffered
system. Reaction of sodium with the citric acid solution generates hydrogen, which is
monitored with off-gas instrumentation. Based on the success of this field-scale test, CWI

. g L. . ; ; . . Photo of sodium hold-up in field-scale mock-up testing
is currently finalizing installation for full-scale treatment of residual sodium in the EBR Il potore and after treatment with citric acid

reactor vessel. This task is expected to be completed by December 2011.

Also during fiscal year 2011, an articulated boom and specialized cutting tools were success-
fully developed and deployed to size-reduce sodium-filled components of the (EBR-II).

The sodium-filled components are inaccessible with normal cutting tools and methods. For :

example, most of the targeted components consist of Y2-inch pipe and pressure transducers ;
located 32 feet below the grade only accessible through a limited number of 8-inch diameter

ports on the top head of the reactor vessel. Further complicating the size-reduction project

was the high radiation field associated with the activated components near the core region of

the reactor.

In order to facilitate size-reduction of the components while keeping worker exposure as low
as reasonably achievable, the DOE EM Office of Deactivation and Decontamination supported
development of a long-reach boom capable of positioning and manipulating various cut-
Left: Proposed articulation of a cutting tool required to breach sodium-filed  ting tools, including a plasma cutting torch and electric and pneumatically-driven grinders,
components. Right: Successful cutting of a pressure transducer in the EBR-II i, je the reactor vessel. Not only can the tool boom reach 32 feet below grade, but once it
reactor vessel using a remotely deployed plasma cutting torch. . ES L ,
is deployed, an operator can position the tool within Y4-inch accuracy to a component located
within a b-foot sweep radius. '

26 .
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Polymeric Hydrogels for Radiation Decontamination

DeconGel® decontaminant is used for remediation of radiological, nuclear, and hazardous chemical substances at DOE sites. -
The DOE EM Office of Deactivation and Decommissioning has collaborated with CBI Polymers, Inc. in the optimization of

DeconGel, which is a decontamination gel that is spread or sprayed on contaminated surfaces, allowed to dry, and then peeled

away, taking with it the encapsulated contaminants.

Pilot batch production of second generation prototype formulations (DeconGel 1108 brushable and DeconGel 1128 sprayable)

contain an additive that provides improved efficacy against cesium, transuranic waste, and hydrophobic contaminants. The

new formulations--which are non-flammable, have improved film toughness and peelability, and have reduced foaming (com-

pared to the original DeconGel 1101 and DeconGel 1121)--were successfully completed in August 2011. These formulations

were tested at the Idaho National Laboratory under the direction of the Environmental Protection Agency’s (EPA) National

Homeland Security Résearch Center through the Technology Testing and Evaluation Program (TTEP). The tests showed

improved decontamination efficacy against cesium on porous con- niptTE
crete (67% removal after 2-applications) as compared to DeconGel :
1101 (45% removal after 2 applications) and to the primary peelable
decontamination technology competitor (34% removal after 3 appli-
cations; tested by the same method under EPA TTEP).

The efficacy of the DeconGel decontaminant was
also recently demonstrated in northern Japan in
the wake of the Fukushima Daiichi Nuclear Power

Plant crisis after the tsunami and earthquake struck -

Japan on March 11. A CBI Polymers team donated Demonstration of DeconGel® for the Japan Self Defense on a chemical troop carrier with residual fixed
2p5 0.000 of D Gel d yh oy . d contamination of up to 15,000 CPM of Cs-134, Cs-137, and Co-60. DeconGel was used on metal, painted

$ o OLICCON SEinatle technica ucesan metal, rubber and glass surfaces with decontamination factors from 98% to 60%.

was involved in training various agencies includ-

ing Tokyo Electric.Power Company, the Japan Self Defense Force, Tokyo Fire Department, Japan Medical
Society, and the US Marine Corps, on the use of DeconGel. Members of CBI Polymer’s team also donated
product and technical expertise to Asahimachi Baptist School and Little Lamb Kindergarten, resulting in the
successful decontamination of radioactive contamination from the schools’ playground and outdoor surface
areas, which had been closed because of the fear of radiation since the Fukushima Daiichi Nuclear Power
Plant release.

An elementary school in Fukushima City, Fukushima, Japan
had residual fixed contamination of up to 25,000 CPM of
Cs-134, €s-137, and Co-60 on concrete, painted concrete,
steel, painted steel, unpainted wood, wood and tile surfaces.
DeconGel® was used and resulted in decontamination factors
from 99% to 55%. .

"
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Facilitating engagement with multilateral international organizations as well as gévernmental, academic, and private sector

institutions in individual nations, the International Program within the DOE EM Office of Technology Innovation and Develop-

ment expands the technical depth of the EM program to expedite environmental clean-up and waste management efforts in

the United States and in the rest of our world. . .

DOE EM'’s international engagement includes participation in international conferences and other forums, discovery and adaptation
of promising technologies developed in other countries, and initiation of multi-national collaborations to address identified interna-
tional needs as well as one-on-one collaboration with organizations in other countries on development of particular technologies.

The figure below shows some of the countries with which the EM International Program is already engaged in collaborative rela-
tionships or in which the International Program has identified collaborative opportunities to help address EM'’s technical needs.

L g -
%’?/

International Multilateral Organizations

ndia ) A =

China
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Identification of Leveraging Opportunities

EM actively participates in international conferences and other forums regarding global environmental management matters to learn the
experiences of other nations; share United States experience; become acquainted with researchers, operations personnel, and policy
makers from around the world; and identify opportunities for leveraging activities of organizations in other countries that are comple-
mentary to activities within EM.

During fiscal year 2011, for example, a delegation of officials from the DOE EM Office of Technology Innovation and
Development traveled to Moscow, Russia, for the IV International Conference and Exhibition “AtomEco —2010" on
October 28-29, 2010. AtomEco focuses on radioactive waste management, spent nuclear fuel management, facility
deactivation and decommissioning, and environmental remediation. In addition to presenting papers and otherwise
participating in AtomEco sessions, the DOE delegation met with ROSATOM, the State Atomic Energy Corporation
that incorporates more than 250 enterprises and scientific institutions of Russia, including all civil nuclear compa-
nies, nuclear weapons complex facilities, research organizations, and the nuclear-propelled fleet. The discussion con-
cerned potential collaborative activities in all areas of importance to EM. Specific discussions focused on leveraging
Russian expertise in the fundamental study of contaminant transport processes for modeling and simulation. DOE
Vuette Collazo, Director; US DOE Office of Technology Innovation and Devel- =M and ROSATOM continued the dialogue at the Waste Management Symposium in Phoenix in March 2011 and, in

opment, participates in a panel discussion with representatives of nuclear  cooperation with the DOE Office of Nuclear Energy, in the District of Columbia in August 2011.
organizations from several countries at AtomEco—2010 in Moscow, Russia.

Also during fiscal year 2011, EM initiated collaboration with Atomic Energy of Canada Limited (AECL). In June 2011, a delegation from
the DOE EM Office of Technology Innovation and Development traveled to Ontario, Canada, to meet with representatives of the AECL's
Nuclear Legacy Liability Program to discuss technology development and nuclear waste management efforts. A number of potential
areas for collaboration in waste processing, groundwater and soil remediation, deactivation and decommissioning, and nuclear materi-
als management were identified, and a path forward was developed to facilitate future collaborative efforts. During the visit, the EM
delegation toured several facilities at the AECL Chalk River Laboratory (CRL) site, which provided an opportunity to identify future col-
laboration between DOE and AECL in deploying environmental remediation technologies on actual nuclear waste. CRL has the potential
of providing a radiological pilot-scale demonstration site for EM needs, which could potentially result in key data for risk reduction in
deploying full-scale technologies in the US. The EM delegation also met in Ottawa, Ontario, with representatives of Natural Resources
Canada (NRCan), which is responsible for the funding and oversight of Canada’s environmental remediation efforts:

In September 2011, DOE EM Office of Technology Innovation and Development Director Yvette Collazo delivered the Chair's message

to the 14th International Conference on Environmental Remediation and Radioactive Waste Management in Reims, France, charging
participants from about 35 countries to “provide the scientific underpinnings for making changes...to educate and to advise policy mak-
ers at all levels of science and technology matters affecting the public interest...to preserve this planet and make it a better place to
live, starting with the environment.” Additional participants representing DOE EM organized and chaired technical sessions, took part in
panel discussions, and presented technical papers. -

N,
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Cross-Cutting Programmatic Benefits

The International Program assists DOE EM in identifying ways to accelerate tank waste processing; groundwater and soil reme-
diation; nuclear materials management; and facility deactivation and decommissioning.

DOE initiates multi-national collaborations to address identified international needs. For example, in 2009, DOE initiated

a research program involving DOE EM and DOE NE and nuclear organizations in Europe and Asia to expand understanding
of the behavior of the high-level waste glass form over geologic time scales in a variety of disposal environments. Fiscal year
2011 activities of this international research program are described in the Tank Waste Processing section of this report.

Under the auspices of the International Program, the US DOE’s Savannah River National Laboratory and the Chernobyl Center’s Inter-
national Radioecology Laboratory in the Ukraine have collaborated on various radiation ecology research projects in the Chernobyl
Exclusion Zone. Some recent collaborative projects are discussed in the Groundwater and Soil Remediation section of this report.

The DOE EM Office of Nuclear Materials Disposition is energetically seeking to build on the experience of international part-
ners. Several fiscal year 2011 NMD collaborations regarding plutonium and spent nuclear fuel management with organizations
in the United Kingdom, Canada, and Hungary are described in the Nuclear Materials Disposition section of this report.

Discovery of promising technologies developed by organizations in other countries may lead to adaptation of those technologies to
EM purposes. Fiscal year 2011 activities to adapt one such technology, the RadBall® invented by the National Nuclear Labora-
tory in the United Kingdom, for EM application are described in the Deactivation and Decommissioning section of this report.

US and UK delegations after the DOE-EM/UK-NDA
8th Standing Committee meeting during Waste
Management Symposium 2011 in Phoenix.
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CONCLUSION

Through leadership in integration, collaboration, and communication, the Technology Innovation and Development program
within the Department of Energy’s Office of Environmental Management has transformed science and innovation into practical
solutions to accelerate environmental clean-up and reduce costs during fiscal year 2011.

However, complex challenges remain, and significant advances in science and engineering are required to address both short-

and long-term challenges to achieve mission objectives. Working at the intersection of basic science and needs-driven applied

science and technology, the Technology Innovation and Development program is focused on addressing the greatest challenges
facing the Department.

Until the EM clean-up mission is accomplished, the Office of Technology Innovation and Development will continue to mar-
shal interdisciplinary research teams, collaborate with public and private partners, leverage research funding to maximize
results, and advance environmental solutions to significantly reduce life-cycle cost, schedule, and risk.
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