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Over 230 scientists, engineers, and professional staff 
across Pacific Northwest National Laboratory (PNNL) 
provide solutions to nuclear waste management and 
environmental remediation challenges. PNNL lever-
ages research and knowledge from other programs to 
enable critical cleanup decisions. Additionally, work-
ing with our partners, PNNL has made significant Lab-
oratory Directed Research and Development (LDRD) 
investments to deliver scientifically defensible solu-
tions to the market. We do this in service to the U.S. 
Department of Energy (DOE) and in collaboration with 
government sponsors (the DOE Offices of Science 
[SC], Nuclear Energy [NE], and Fossil Energy [FE], and 
the Department of Defense [DOD]), industry custom-
ers, universities, and our fellow national laboratories. 
Rooted in broad understanding of complex systems, 
our innovations provide crucial solutions to mission 
challenges. Our strategically focused research, anal-
yses, and technological contributions are saving the 
nation millions of dollars and reducing the risks and 
time frames for cleanup of legacy waste. PNNL is com-
mitted to restoring the environment for a cleaner future.
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Figure 1. Linkages across PNNL’s integrated R&D programs and EM 
mission support spanning basic science through support to operations.

Institutional Leadership
As an Office of Science (SC) laboratory, PNNL is 
uniquely positioned to deliver the scientific and 
engineering knowledge—from basic science  
and feasibility research to large-scale demonstra-
tions and operations—that supports maturation 
and deployment of advanced technologies to 
achieve Office of Environmental Management 
(EM) mission goals (Figure 1).

PNNL leverages over 50 years of nuclear pro-
cessing and chemical separations expertise,  
and integrates it with subsurface and predictive 
science to address challenges in legacy waste  
and environmental contamination. In partner- 
ship with DOE and its contractors, PNNL plays  
a critical role in reducing the costs, risks, and 
timeline of cleanup at the Hanford Site. From 
waste immobilization and storage to contami-
nant monitoring and remediation, our scientists 
and engineers deliver safe and scientifically 
defensible systems- based solutions. Equally 
important, PNNL facilitates interactions with 
stakeholders, regulators, and the public to 
understand the risks, liabilities, and economics  
of complex cleanup challenges as the nation 
strives to protect the environment. The follow- 
ing describes key fiscal year (FY) 2018 efforts.
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Figure 2. 19 PNNL core capabilities, as recognized by SC.

PNNL is committed to stewarding the necessary 
capabilities, sponsored collectively through invest-
ments from SC, EM Headquarters (HQ), EM site 
offices, EM site contractors, and PNNL internal 
investment, to reduce the risks, time, and cost of 
resolving critical technical challenges, and enable 
the baseline and closure of environmental remedi-
ation challenges to support long-term stewardship.

As DOE’s premier chemistry, earth science, and 
data analytics laboratory, PNNL has 19 core capa-
bilities, as recognized by SC, each of which is 
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Stewarding Core 
Capabilities

composed of a powerful combination of world-
class staff, state-of-the-art equipment, and mission- 
ready facilities (Figure 2). From this foundation, 
PNNL stewards four core competencies in waste 
processing—tank waste chemistry, waste forms, 
fluid dynamics and scaling, and safety basis 
(Figure 3)—and four core competencies in  
environmental remediation—nature and extent, 
remediation science, remediation systems, and 
end states (Figure 4)—that integrate and build on 
the fundamental disciplines and core capabilities 
recognized by SC.



Figure 4. In support of EM, PNNL stewards four core competencies in environmental remediation – nature and extent, remediation 
science, remediation systems, and end states – that integrate and build on the fundamental disciplines and core capabilities recog-
nized by the Office of Science.

Figure 3. In support of EM, PNNL stewards four core competencies in waste processing – tank waste chemistry, waste forms, fluid 
dynamics and scaling, and safety basis – that integrate and build on the fundamental disciplines and core capabilities recognized  
by the Office of Science.
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Figure 5. In support of EM, PNNL stewards core facilities that enable research from atomic- through pilot-scale in support  
of waste processing.
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Stewarding Key 
Facilities

PNNL continues to invest in and expand core 
facilities and capabilities. State-of-the-art facili-
ties provide an environment that encourages 
multi-disciplinary teams and enables leveraging 
across mission and program spaces. PNNL stew-
ards core facilities in waste processing (Figure 5) 
and environmental remediation (Figure 6) that 

enable integrated, cross-disciplinary understand-
ing and development from the atomistic level 
through bench and pilot scale. This ability and 
suite of capabilities is unique within the national 
laboratory complex and allows for the continued 
development of innovative solutions from funda-
mental R&D and feasibility research to large-scale 
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Figure 6. In support of EM, PNNL stewards core facilities that enable research from atomic- through field-scale in support  
of environmental remediation.
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demonstrations that support deployment to achieve 
EM mission goals. At the heart of our EM mission 
support is PNNL’s Radiochemical Processing Labo-
ratory, which is a unique Category 2 nuclear facility. 
Its mission is to enable research with microgram- 
to-kilogram quantities of fissionable materials 
and high-curie activities of radionuclides for the 

development of technical solutions for nuclear 
waste, energy, nonproliferation, homeland security, 
and isotope production. Over the past decade, 
PNNL has invested more than $70M in infrastruc-
ture and facility upgrades, and more than $15M 
in state-of-the-art microscopic and spectroscopy 
instrumentation to support these missions.
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Figure 7. Development of next-generation nuclear process scientists 
and engineers through PNNL’s NPSI LDRD
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Committed to 
the Future

PNNL continues to invest in the nation’s future. 
First, PNNL continues to advance Laboratory 
Directed Research and Development (LDRD)  
initiative to address fundamental science associ-
ated with EM waste processing. PNNL has  
completed the third of a 5-year Nuclear Process 
Science Initiative (NPSI) to provide fundamental 
insight into the nature of interfacial chemistry in 
radiation environments as it applies to tank waste 
processing and other PNNL mission areas. Five 
LDRD projects underway are focused on phenom-
ena such as dissolution of tank waste materials, 
agglomeration of particulates in the waste stream, 
the impact of these processes on waste rheology 
and filtration, and new formulations of grout to 
better incorporate technetium. These projects 
will have broad implications for waste processing 
activities, providing insight into the effect of radi-
olysis on tank waste components and the complex 
interactions that occur during filtration and disso-
lution of critical tank waste materials. This work will 
provide a basis for EM-funded efforts to expand 
waste processing operational windows, and pos-
sibly accelerate overall waste processing timelines. 
Equally, if perhaps not more important, this initia-
tive affords the opportunity for substantial hiring, 
training, and development of the next genera-
tion of scientists and engineers knowledgeable 
in Hanford tank waste chemistry and physics. 
More than 20 junior scientists and engineers are 
participating in and benefitting from the initiative 
(Figure 7).

Additionally, PNNL is preserving historical knowl-
edge and cultivating future leaders in nuclear  
science. PNNL developed and piloted a new 



training program designed to retain historical 
knowledge and expertise critical for continued 
understanding and support to the Hanford mission 
in environmental remediation and waste processing. 
The training program specifically targets transfer-
ring expertise from distinguished technical experts, 
with unique processes knowledge and understand-
ing that is not readily found in open literature, to 
early- and mid-career professionals. The program 
takes a multifaceted approach, including (1) inter-
generational teaming of emerging leaders with 
senior leaders to foster collaboration, training, 
and education, (2) courses – senior leaders distill 
their expertise into focused topical areas and 
develop specialized courses to educate emerging 
leaders, (3) workshops – emerging leaders develop 
interactive training sessions on strategically chosen 
topics to cultivate technical and historical expertise, 
(4) shadowing – emerging leaders shadow senior 
leadership processes, procedures, meetings, and 
site visits, and (5) culture of expert development – 
organizational priority focus on developing the next 
generation of leaders for EM. The initial Phase 1 
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portion of the program focused on the Hanford 
Waste Processing Flowsheet. Specific technical 
areas covered in the workshop included History  
of Tank Waste Production, Relevant Separations, 
Tank Waste 101, Tank Farm Operations, the Inte-
grated Hanford Flowsheet, Cementitious Waste 
Forms, Waste Vitrification, and Waste Vitrification 
Melter Technology.

Lastly, PNNL is helping to develop the next  
generation of scientists and engineers through  
the Minority Serving Institutions Partnership  
Program (MSIPP). PNNL actively supports 
under-represented minority scientists and  
engineers through the MSIPP internship and 
competitive award programs. In FY18, multiple 
PNNL scientists, in collaboration with minority- 
serving institutions, responded to the MSIPP 
request for proposals in addition to the six ongo-
ing projects. These collaborations support both 
undergraduate and graduate students and sup-
port the EM mission by addressing R&D needs  
at the Hanford Site. 
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Advancing Science through 
Leadership and Collaboration
PNNL continues to provide leadership to advance our fundamental understanding of materials behavior in radi-
ation environments. To this end, PNNL and Washington State University established the joint Nuclear Science 
and Technology Institute (https://thewsu-pnnlinstitutes.labworks.org/nuclearscitech/). The mission and vision 
of the Institute are:

Mission: Understand and control how materials evolve in radiation environments—to prevent 
the use of illicit nuclear materials, resolve issues in nuclear waste management, and advance 
next-generation nuclear energy.

Vision: To be a recognized leader in education, multidisciplinary research, and innovation in 
nuclear science and technology; and to strengthen the regional workforce and attract top 
scientific talent to the Northwest.

In association, PNNL continues to advance major  
initiatives in Mastering Phenomena Associated with 
Radioactive Materials. PNNL has designed a targeted 
investment to answer fundamental questions related to 
how the structures and properties of materials in radio-
active environments evolve with time. The initiative has 
both sponsor funding (SC) and LDRD investments to 
accelerate the rate of innovation, leading to significant 
scientific advancements, technological breakthroughs, 
and new strategic partnerships with other research 
organizations. The initiative draws on a subset of 
PNNL’s core capabilities and provides a focus for  
evolution of those capabilities into the future.  
PNNL integrates experimental and computational 
approaches with testbed demonstrations to advance 
scientific frontiers that can be rapidly applied to criti- 
cal national missions in legacy waste cleanup, nuclear 
forensics, and nuclear energy. Specific lines of inquiry 
relevant to EM include:

• In situ characterization of radioactive interfacial  
systems across spatial and temporal scales

• Predictive multiscale modeling of inter- 
facial processes

This major initiative benefits from a strong partnership 
with Washington State University, which has expanded 
to include other DOE facilities and resources (e.g., syn-
chrotron light sources, the Spallation Neutron Source, 
and advanced computing facilities) that are forming 
the basis for a federated collection of scientific capa-
bilities offering unprecedented opportunities to under-
stand, harness, and exploit interfacial phenomena 
controlling solid phase transformations and signatures 
evolution during the processing of nuclear materials.

Related, PNNL provides leadership and key roles in 
Energy Frontier Research Centers (EFRCs) focused on 
the EM mission. PNNL is leading an EFRC focused on 
understanding the environments created by ionizing 
radiation and resultant radiolysis and material dam-
age that can drive chemical and physical processes 
at interfaces. The knowledge gained from this effort 
will extend our understanding of the basic chemistry 
and physics of interfacial phenomena for aluminum 
(oxy)hydroxides in harsh environments that affect the 
characterization, processing, aging, and rheology of 
high-level waste (HLW). PNNL is also a key partner in 
the EFRCs led by Ohio State University and the Univer-
sity of South Carolina, which are focused on waste form 
corrosion and novel waste forms, respectively. 
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Technical Leadership in 
Support of EM Mission
PNNL’s science, technology, and leadership are enabling critical cleanup decisions across 
the DOE complex, reducing technical uncertainty, and helping to protect human health 
and the environment. PNNL provided the technical foundations to enable critical cleanup 
decisions as well as technology development, maturation, and deployment. Our contri-
butions are aligned with EM’s mission in waste processing and environmental remediation 
and are often delivered directly in support of EM’s contractor community to support the 
baseline. Specific examples of PNNL’s leadership follow.

PNNL dedicated key technical staff to EM assignments. PNNL scientists and engineers 
served in direct, full-time positions with EM to provide technical and programmatic inte-
gration, planning, and management support. Two PNNL staff members provide direct 
support to the Savannah River Operations Office with technical and quality management 
support to the Salt Waste Processing Facility (SWPF) project. One PNNL staff member 
directly supports the Office of River Protection (ORP) with management of tank waste 
remediation technical issues and Hanford Site-wide cleanup integration. Two PNNL staff 
members serve in direct, full-time positions supporting the Washington River Protection 
Solutions (WRPS) Chief Technology Office (CTO). The staff members support strategic 
planning, technical program definition, program integration, and program prioritization 
to achieve WRPS objectives in key programs, including the Integrated Disposal Facility 
(IDF) Performance Assessment (PA), Low-Activity Waste Pretreatment System (LAWPS), 
tank vapor chemical hazards resolution, and secondary waste form development and per-
formance. Three PNNL staff members provide direct support to Bechtel National, Inc. to 
help resolve technical issues at the Hanford Tank Waste Treatment and Immobilization Plant. 
Two PNNL scientists directly support the DOE Richland Operations Office (RL) and CH2M 
Hill Plateau Remediation Company (CHPRC) in planning, technical program definition, and 
program prioritization to achieve key program objectives in environmental remediation, 
including completion of the River Corridor project and remediation of environmental con-
tamination in the Hanford Central Plateau. Through these dedicated assignments, EM 
was able to access PNNL’s technical expertise to support complex-wide cleanup efforts.

PNNL participated in the National Academy of Sciences review of the Hanford Science 
and Technology Program. PNNL conducted tours of and delivered presentations on the 
Hanford Site and PNNL laboratories and facilities, including briefings from ORP, RL, and 
site contractors WRPS and CHPRC, in support of the National Academies of Sciences, 
Engineering, and Medicine independent assessment of technology development efforts 
within EM. The assessment involved a review of EM’s technology development efforts, 
including processes by which technologies are identified and selected for development 
that could reduce long-term costs; accelerate schedules; mitigate uncertainties, vulnera-
bilities, or risks; or otherwise significantly improve the cleanup program.

PNNL and Savannah River National Laboratory collaborated to lead the development 
of an integrated plan for national laboratory support to Direct Feed Low-Activity Waste 
(DFLAW). At the request of ORP manager Brian Vance, PNNL and Savannah River National 
Laboratory jointly led the development of a national laboratory (including Los Alamos 
National Laboratory, Oak Ridge National Laboratory, Idaho National Laboratory, Sandia 
National Laboratories, as well as The Catholic University of America) recommended plan of 
capabilities, facilities, and resources to ensure that ORP is positioned for successful DFLAW 
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commissioning and transition to operations (both initial and steady-state) on the current 
project schedule. In response to this request, the laboratories developed the following: 

1. An integrated task list describing the type of work expected and a rough order of 
magnitude estimate for the tasks during each operational phase based on collabora-
tion with WRPS and Bechtel National, Inc. and benchmarking of laboratory support at 
other liquid waste operating facilities. The task list is not all encompassing for the ORP 
mission since the request was specific to DFLAW and national laboratory support; thus, 
areas outside of DFLAW such as tank closures, HLW processing, and tank retrievals 
that are not part of the DFLAW mission are not included, although these operational 
processes are critical to the overall mission and should be integrated into the overall 
funding profile as appropriate.

2. A list of laboratory competencies to perform the necessary tasks cross-walked to  
the laboratory capabilities. 

3. Estimated funding requirements by year for the DFLAW facilities and anticipated 
funding trends for the ORP mission during DFLAW operational stages, which were 
based on SRS Liquid Waste Operations benchmarking, the current ORP Mission 
Technology Development funding profile, and established River Protection Project 
task costs. 

PNNL developed 6 of the 10 finalists, including the winning concept, for the 2018 
Office of River Protection Grand Challenge Competition. PNNL developed seven 
concepts for the 2018 ORP Grand Challenge competition:

Accelerating SST Retrieval and Closure by Combined In-Tank  
Characterization, Monitoring, and Enhanced Chemical Stabilization

Carolyn Pearce

Cementitious Immobilization of Treated LAW and Ancillary  
Benefits to Risk Reduction in Cross-Site Transfer

Matthew Asmussen

Life Extension of DSTs through the Application of In-situ  
Cold Spray for Tank Repair Glenn Grant

Identification of Alt Non-Elutable IEX Media for the  
DFLAW Mission

Philip Schonewill

Deep-Sediment Diluent Injection for Improved Saltcake  
Waste Retrieval

Beric Wells

In-Tank Particle Removal using Mesofluidic Bump Arrays  
(No out-of-tank filtration required)

Leonard Pease

In collaboration with WRPS, the PNNL-led team proposal “Cementitious Immobilization  
of Treated LAW and Ancillary Benefits to Risk Reduction in Cross-Site Transfer” was 
selected as the 2018 winning Grand Challenge. This effort will provide the defensible 
technical basis for using cementitious materials for immobilization of treated low-activity 
waste (LAW) streams. 

PNNL delivers a key fundamentals of Hanford waste and waste treatment seminar 
series. Transferring the historical knowledge of the Hanford Site, PNNL developed a series 
of key fundamentals of Hanford tank waste and waste processing. The four part series – (1) 
History of Tank Waste Production, (2) Tank Waste 101: Chemistry and Physics of Hanford 
Tank Waste, (3) Hanford Flow Sheet, and (4) Vitrification of Hanford Tank Waste – was 
delivered over a dozen times to representatives from EM HQ, ORP, and WRPS.
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Transferring Technology  
and Lessons Learned
In addition to domestic leadership in nuclear waste processing and environmental remedia-
tion challenges, PNNL collaborated extensively throughout the broader federal complex 
and the international community to provide thought leadership, address complex interna-
tional challenges, and facilitate technology transfer between the U.S. and foreign countries. 
Specific examples of PNNL’s leadership in transferring technologies and lessons learned to 
the domestic and international communities follow.

PNNL delivered on schedule 130 abstracts, conference papers, presentations,  
technical reports, and peer-reviewed journal publications to support and transform  
the cleanup mission. To date, PNNL has over 94 unique projects directly from EM and 
indirectly from its contractors. Appendix A provides a complete bibliography of FY18 
publications, to date and planned by the end of the FY, in support of the EM mission. 

Waste Management Symposia. Eighteen PNNL staff members supported and partici-
pated in the annual Waste Management Symposia. PNNL hosted a booth at the Waste 
Management conference to help facilitate continue awareness of PNNL’s capabilities to 
support disposal of nuclear waste and environmental remediation across the complex. 
PNNL staff also chaired/co-chaired over 10 sessions and delivered nine presentations 
and one invited keynote. 

WASTE PROCESSING
PNNL provided support to Tokyo Electric Power Company (TEPCO) related to 
decommissioning of the Fukushima Daiichi nuclear plants. PNNL supported TEPCO 
efforts related to storage of secondary waste from contaminated water treatment. The 
slurry waste is stored in high-integrity containers and is known to generate hydrogen. 
PNNL experts in gas generation and retention in slurries are supporting TEPCO in 
designing experiments to better understand the mechanisms causing this behavior  
and to assess the potential safety issues with these containers.

PNNL is supporting Japan’s International Research Institute for Nuclear Decommis-
sioning (IRID) in their development of a canister design for transferring and storing 
fuel debris from decommissioning work at the Fukushima Daiichi site. PNNL initiated 
support to IRID through a contract with IRID member company Hitachi GE Nuclear, Ltd. 
PNNL has reviewed potential hydrogen radiolysis mechanisms that may be important 
to understanding hydrogen generation rates within canisters used to transfer and store 
recovered fuel debris. IRID-Hitachi are particularly interested in understanding the effects 
of alpha radiolysis on hydrogen generation rates. Continuation of this work will adapt 
existing radiolysis models to the unique characteristics of the fuel debris that resulted 
from the Fukushima accident. 

In support of WRPS performance-based incentive (PBI) 43.0 contract line item number 
(CLIN) 5, PNNL coordinated a visit to Japan and Fukushima in April to collect Fukushima 
experience with cesium removal and storage technologies to support ORP and WRPS 
planning efforts for using similar technologies to begin treating Hanford’s tank waste. 
PNNL organized a visit to Japan that included a senior staff member from WRPS. Recovery 
efforts at the Fukushima Daiichi site have included removal of cesium from contaminated 
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reactor core cooling water. Over the past 6+ years, more than 8 MCi of cesium have been 
captured on non-elutable ion-exchange media including crystalline silico titanate (CST) . 
CST is a leading candidate for use with Hanford’s tank waste due to its ability to work with 
highly alkaline waste. ORP is planning to deploy a tank side cesium removal (TSCR) system 
to enable initial treatment of tank waste within the DFLAW mission. Technical meetings 
were held with officials from TEPCO, Japan Atomic Energy Agency, and the Japan Nuclear 
Regulation Authority. The information obtained is helping to reduce the technical risk ORP 
faces with deployment of TSCR at the Hanford Site. 

PNNL is leading an international team of experts to determine the long-term durability 
of ancient hillfort glasses in support of the disposal of immobilized low-activity waste 
(ILAW) glass at the Hanford IDF. PNNL organized, managed, and participated in an 
excavation of the hillfort site in Broborg, Sweden, and is leading the effort to evaluate 
and analyze the samples brought back from the excavation. The team has established 
that the hillfort glass is a defensible analogue for the ILAW glass to be produced at the 
WTP. Armed with the composition of the unaltered hillfort glass, synthetic glass can be 
made that can be tested with the standard short-term durability tests. These test results 
can then be correlated to the corroded samples collected in Sweden to validate the test-
ing methods and models. The excavated glass samples provided a unique opportunity  
to conduct the first study on the “geomicrobiome” of ancient glass and how this affects 
long-term corrosion mechanisms. These mechanisms are of particular interest to the 
nuclear waste glass community, as their vitrified products will need to withstand intern-
ment in a near-surface environment on a geological time scale. 

PNNL is a key contributor and technical leader within the EM-Office of Nuclear Energy 
(NE)-international collaboration to develop a mechanistic understanding of glass corro-
sion, enabling next-generation performance models. Under PNNL leadership, a team of 
experts from six nations, six U.S. national laboratories, and several universities worldwide 
are conducting coordinated glass corrosion research to develop an international standard 
that maximizes confidence by targeting research priorities, minimizing redundancy, and 
maximizing the best expertise from each institution. The results will increase public 
confidence in models, reduce conservatism on the durability of glass when designing 
repositories, and accelerate qualification of new of waste forms. 

PNNL’s Jaehun Chun was honored by the Korean Institute of Chemical Engineers, 
U.S. Chapter, for his exceptional leadership in chemical engineering. Jaehun received 
the James M. Lee Memorial Award, which acknowledges the work of mid-career Korean 
and Korean-American scientists. The honor was presented at the American Institute of 
Chemical Engineers Annual Meeting in Minneapolis. Jaehun’s work at PNNL includes 
leadership of the Nuclear Process Science Initiative’s project focused on correlation of 
colloidal interactions and macroscopic rheology in concentrated electrolyte solutions. He 
also leads the Particle Interactions Research Goal on Interfacial Dynamics in Radioactive 
Environments and Materials, the PNNL-led DOE SC EFRC.

ENVIRONMENTAL REMEDIATION
PNNL is providing international leadership in environmental remediation through 
multiple requested engagements for the International Atomic Energy Agency (IAEA). 
At request of IAEA, Mike Truex led the development of the international guidance on the 
Definition of Environmental Remediation End States, which outlines an approach that can 
be used to make informed and transparent decisions on the mutually agreed “end state” 
for a site after remediation. The document is ultimately intended to provide the basis for 
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achieving consensus on the end state of a site so that all stakeholders involved in the deci-
sion process work from the same assumptions and the potential for misunderstanding is 
reduced as much as possible. 

• At the request of the IAEA, Bob Moore participated in the Agency mission to Jordan, 
“Enhancing National Capabilities in Investigation and Treatment of Natural Radioactivity 
in Drinking Water,” to assess the hydrogeological studies and overall information related 
to the aquifers that will be addressed in the water treatment process and adequacy of 
technology to be used in water treatment. 

• At the request of the IAEA, Dawn Wellman participated as an international expert at 
the IAEA Consultancy Meeting on Environmental Remediation and Decommissioning 
Technologies. Dawn represented the U.S. and was one of five international experts to 
participate in the meeting, which included representatives from Japan, Russia, and 
Canada. The purpose of the meeting was to define the IAEA approach and provide 
the IAEA with state-of-the-art information and a critical review of necessary information 
on appropriate technologies for post-accident situations, decommissioning (including 
case studies of decommissioned facilities), remediation (including site characterization 
and decision-making on technology selection) related to the cleanup of nuclear sites, 
and remediation of legacy sites and uranium (and other naturally occurring radioactive 
material) mining sites. The focus was primarily on technologies/techniques for practical 
operation within the over 200 member nations; however, emerging or advanced tech-
nologies that are potentially applicable to environmental remediation operations in the 
future were also addressed. The product is targeted at implementers and decision- 
makers in decommissioning and environmental remediation who need comprehensive 
information about technologies and practical approaches. 

• At the request of the IAEA, Dawn Wellman participated in the Network on Environ-
mental Management and Remediation and provided a plenary presentation titled 
“Remediation End States for Environmental Remediation at Nuclear Sites: Hanford 
Site Case Studies.” The event supports Article III of the IAEA constitution and provides 
a forum for participants to review the mission and work program of the Network and 
decide on future activities in the short and medium term.

PNNL is collaborating with Argonne National Laboratory to develop and pilot a new 
international training course for environmental remediation in support of the IAEA. 
In support of IAEA and in collaboration with Argonne National Laboratory, PNNL is con-
tributing to the management and implementation for the Constraints to Implementing 
Decommissioning and Environmental Remediation Phase II IAEA training program for 
environmental remediation across the 220 member states. PNNL supported planning 
and demonstration of a pilot 2-week course at Argonne National Laboratory. A primary 
objective of this new training program includes providing participants with a more 
comprehensive understanding of basic science and engineering principles, including 
knowledge of (1) the nature of contamination that may be associated with different 
types of sites and facilities, (2) natural environmental systems and how they function,  
(3) physical and chemical properties of contaminants and how they behave in the envi-
ronment, (4) environmental modeling methods, (5) possible engineering solutions, and 
(6) proven best practices for environmental remediation. In addition, the new program 
will train participants on project management techniques, including planning, schedul-
ing, cost estimation, budget management, and stakeholder engagement. 
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PNNL is providing national leadership in remediation of complex sites. 

• Mike Truex served as a trainer for a short course on the Interstate Technology and 
Regulatory Council (ITRC) document titled “Remediation Management of Complex 
Sites” at the 11th International Conference on Remediation of Chlorinated and Recal-
citrant Compounds. The course is a continuation of training sessions that the ITRC is 
conducting on the document. Mike is also serving as a trainer for web-based training 
sessions, with about 1000 attendees at the sessions conducted in FY18.

• Mike Truex joined the American Nuclear Society (ANS) Working Group to develop 
ANS 2.32, “Guidance on the Selection and Evaluation of Remediation Methods for 
Subsurface Contamination.” The group is developing guidance on how to determine 
whether or not to remediate subsurface residual radioactivity sources within defined 
hydrogeologic systems at nuclear facilities, both for operational and decommissioning 
stages. This standard will be built on ANS 2.17 and will provide decision criteria for 
evaluating when, where, and how to remediate subsurface contamination at nuclear 
facilities in accordance with risk and performance-based considerations. Specific guid-
ance will be provided for identifying, selecting, implementing, and monitoring the 
efficacy of remediation methods and will serve as a key resource for the U.S. Nuclear 
Regulatory Commission, U.S. states, the U.S. Environmental Protection Agency (EPA), 
DOE, the nuclear power industry (operators and contractors performing remediation 
assessments), the IAEA, the Organization for Economic Co-operation and Develop-
ment’s Nuclear Energy Agency, and American Nuclear Insurers.

In partnership with DOD and EPA: 

• PNNL is expanding the capability of electrical resistivity tomography (ERT) to moni-
toring of reactive processes during remediation. PNNL is quantifying the correlation 
between reactive processes, changes in sediment biogeochemistry, and monitoring 
responses for ERT-based monitoring approaches. This U.S. Department of Defense 
(DOD) monitoring development project will provide for enhanced volumetric monitor-
ing of in situ remedies to improve interpretation of amendment emplacement and verify 
reaction processes compared to traditional monitoring well sampling approaches. 

• PNNL is updating the soil vapor extraction (SVE) analytical tool suite. In conjunction 
with DOD, DOE, EPA, and industry, PNNL is developing additional analytical tools and 
field validation methodologies to expand the capabilities of the SVE tool suite. EPA, 
industry, DOD, and DOE are actively using these capabilities to quantify the capacity 
of the natural environment for passive management of residual volatile organic con-
taminants and to enable definition of a path for termination of active SVE operations. 

• PNNL conducted numerical fate and transport modeling to support evaluation of 
candidate source-zone treatment approaches for the Joint Base Lewis-McChord TCE 
plume. PNNL applied a PNNL-developed groundwater model to quantify the perfor-
mance of candidate technologies so that they can be evaluated for source-zone treat-
ment. The evaluation enabled consideration of source-zone treatment as a way to 
shorten the lifetime of the existing pump-and-treat (P&T) remedy, consistent with 
applying P&T exit strategies as described in P&T guidance developed by PNNL for DOE.

In partnership with the Electric Power Research Institute (EPRI), PNNL is developing 
and demonstrating the use of ERT for leak detection at nuclear power plants. PNNL is 
adapting the ERT approach applied to environmental remediation for use in leak detec-
tion. The adaptation is enabled by PNNL’s E4D code (R&D 100 Award winner), which 
accounts for metal infrastructure in analyzing ERT data, especially important because  
of the large amount of infrastructure at nuclear power plants. 
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Informing Key Decisions  
and Addressing  
Mission Challenges
PNNL uses its core competencies to solve problems challenging the successful execution 
of the baseline, resolving high-risk, high-payoff challenges, and providing the enduring 
site-specific knowledge to develop and implement solutions to long-term problems.

In FY18, PNNL executed over $25M of scope in support of 12 WRPS PBIs and special 
emphasis areas (SEAs) 1 and 8, including issues such as tank vapors and informing the 
design, operation, and safety basis for DFLAW/LAWPS. In addition, PNNL conducted 
over $6M of scope directly supporting ORP to resolve the long-term, potentially high- 
impact challenges associated with increasing the waste loading of glass waste forms.

PNNL executed over $10M of milestone-driven scope in support of RL and CHPRC to 
resolve the long-term, potentially high-impact challenges associated with soil and ground-
water remediation for the Hanford Central Plateau. These efforts supported 10 Hanford 
site milestones.

WASTE PROCESSING
In support of WRPS PBIs 42.0.1 and 42.0.3, both of CLIN 3, PNNL is developing the 
fundamental knowledge needed to advance low-temperature and low-cost waste 
forms and improve processing of Hanford’s low-activity and secondary wastes. PNNL 
is applying its expertise in mineralogy, geochemistry, material science, waste form fabri-
cation, and waste form performance to support the tank farm contractor in evaluating 
low-temperature waste forms for both WTP liquid secondary wastes, including processes 
at the Hanford Site Effluent Treatment Facility (ETF) and the Effluent Management Facility 
(EMF), and solid secondary wastes, including non-debris and debris wastes produced 
from WTP operations. The data generated and analyses are critical to qualifying these 
waste forms for disposal in the Hanford IDF and will help provide the scientific basis for 
IDF PA maintenance. The technologies can be extended to evaluate the potential for 
low-cost, low-temperature, supplemental LAW treatment options. Additionally, PNNL 
has provided significant input to WRPS and ORP on the Grout/Cementitious Waste Form 
Technology Development and Integration Plan. 

In support of WRPS PBI 42.0.1 CLIN 3, PNNL is directly supporting the WRPS CTO 
with respect to the LAW IDF PA Program. PNNL provides direct support to the CTO 
with substantial input to the WRPS CTO IDF PA program plan, which identifies critical 
data needs, identifies the testing program required to obtain the data to fill those gaps, 
integrates scope among the various technology providers, and prioritizes the overall 
program relative to programmatic objectives. The program plan discusses the testing 
programs for various waste forms, how the data generated will be integrated into the PA, 
and the critical decision points to support facility operations. 
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In support of WRPS PBIs 42.0.1 and 42.0.6, both of CLIN 3, PNNL continues to serve 
as the lead laboratory, integrating across the complex to provide the technical basis 
for the glass waste form strategy, including defining data needs and testing protocols, 
to support the IDF PA. PNNL is delivering critical PA input data (rate law parameters) for 
the enhanced glass compositional envelope through single-pass flow-through testing. 
The outcomes of this work provide flexibility for facility operations (larger compositional 
region of acceptability) and allow for higher waste loadings to be targeted for facility 
operational efficiency and to reduce mission life. Additionally, PNNL is developing alterna-
tive testing techniques or approaches to reduce uncertainty and to provide an engineering 
or bounding approach to glass dissolution. Field lysimeter testing has also been initiated 
to validate PA release model parameter estimations and reduce uncertainty in waste form 
degradation prediction in the IDF. 

In support of WRPS PBI 42.0.7 CLIN 3, PNNL established a radioactive test platform in 
the Radiochemical Processing Laboratory. PNNL used the radioactive waste processing 
test platform to develop and assess the baseline DFLAW flowsheet with respect to inte-
grated unit operations, provide process data (such as Tc speciation) to inform critical 
decisions on disposal options, and evaluate a wide variety of proposed changes to the 
baseline flowsheet (before facility implementation, lowering risks) with actual waste sam-
ples from the Hanford tank farms. Design and operational options evaluated included 
assessing changes to the DFLAW flowsheet, including dead end filtration planned for the 
LAWPS and CST media for TSCR and LAWPS. In addition, PNNL completed vitrification 
of a sample from AP-105 that was received and pretreated during FY17. This represents 
the first continuous melter of actual LAW in support of DFLAW.

In support of WRPS SEA 1, PNNL is providing technical support to understanding the 
possible pathways for water intrusion into the double-shell tanks (DSTs). PNNL is using 
the Subsurface Transport Over Multiple Phases – Water-Air-Energy (STOMP-WAE) model 
to determine the effects of the DST ventilation system on potential water intrusion through 
construction joints and possible cracks in the concrete dome. The leak detection pits on 
the DSTs were designed to detect waste leaks in the event of failure of both the primary 
tank and secondary liners. Many of the leak detection pits are subject to constant ingress 
of water that shows no evidence of tank waste. The ingress water likely exposes portions 
of the bottom of the secondary liner to either continuous water exposure or high ambient 
humidity, both of which increase the risk of corrosion of the bottom of the secondary liner 
of the DSTs. Temperature effects on two-phase flow and seasonal variation of recharge 
rate are also investigated. The results will help in decision- making that will reduce the 
corrosion of DSTs and extend their service life. 

In support of PBI 36.0.5 CLIN 2 and PBI 42.0.9 CLIN 3, PNNL completed requirement 
and specification definition, detailed design, fabrication, and effectiveness testing 
of a new confined sluicing retrieval technology the Hanford Waste End Effector (HWEE). 
PNNL assessed the HWEE for Hanford single-shell tank (SST) retrieval to address key 
actual tank waste challenges. PNNL demonstrated (1) retrieval of a mixed layered simu-
lant and retrieval of uneven simulant profiles representative of those near tank walls and 
(2) the HWEE conveyance jet pump to assess the lifting capabilities of HWEE for transport-
ing waste out of an underground tank, and (3) modified and upgraded PNNL-designed 
robotic gantry system and associated systems (e.g., tanks, high- pressure water delivery 
and valves, instruments) used at the Hanford Cold Test Facility to measure various pro-
cess parameters. The HWEE system will minimize water usage during tank retrieval to 
minimize downstream impact on tank farm volume space by using air actuated control 
valves to the high-pressure water supply system and enable cutting jets and screen clean-
ing jet to be instantaneously turned on and off. 
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In support of WRPS SEA 1 and PBI 42.0.2 CLIN 3, PNNL is serving as the test author-
ity in the maturation and qualification of ultrasonic nondestructive examination (NDE) 
technology for Hanford under-tank inspection. PNNL provided the Hanford Tank Opera-
tions Contractor with a technical basis for the selection of commercial and near-commercial 
NDE sensor technologies for Hanford tank bottom inspection and provided technical over-
sight for design and acceptance testing to ensure the inspection systems meet the func-
tional, performance, and other requirements established for the Non-visual (Volumetric) 
Nondestructive Examination Technology Development Program. PNNL is leveraging its 
expertise and experience in NDE technology development and reliability testing, systems 
engineering, and integration and data science/machine learning to support technology 
maturation and program plans that specify the integration process for the sensor and 
robotic systems (mechanical, electrical, and software). The process that will be followed 
to qualify adapted and integrated robotic NDE inspection systems for primary tank bot-
tom inspection, and the data processing and data reduction strategy that will be used to 
convert NDE inspection results, will provide flaw location and size information needed to 
inform operational decisions on remaining tank service life or repair for tank life extension. 

In support of WRPS PBI 37.0.5 CLIN 1, PNNL has provided data review and statistical 
analysis of ETF ultrasonic data in accordance with PNNL/WRPS contract 36437-288. 
PNNL is providing data review and statistical analysis in support of the WRPS program to 
perform periodic ultrasonic inspections of a number of components, including portions of 
the ETF system. PNNL receives the data, reviews the data for completeness and consis-
tency, and performs an extreme value statistical analysis plus a temporal trend analysis to 
estimate the maximum corrosion-based wall thinning, pitting, and cracking that would be 
expected over the entire system based on a limited ultrasonic test sample. This analysis is 
released to WRPS as a fully reviewed PNNL report. In 2018, a report was released based 
on inspections in 2017 plus referencing inspections performed in 2002 and 2012.

In support of WRPS PBI 37.0.5 CLIN 1, PNNL provided data review and statistical 
analysis of SY-241 DST annulus floor ultrasonic data (for SY-101, 102, and 103) in 
accordance with PNNL/WRPS contract 36437-244. PNNL is conducting data review 
and statistical analysis in support of the WRPS program to perform periodic ultrasonic 
inspections of a number of components including these DSTs. PNNL receives the data, 
reviews the data for completeness and consistency, and performs an extreme value statis-
tical analysis plus a temporal trend analysis if previous data is available to estimate the 
maximum corrosion-based wall thinning and pitting that would be expected over the 
entire system based on a limited ultrasonic test sample. The 2017 report was based on 
data acquired for the first time in 2017, so no temporal examination was possible. This 
analysis is released to WRPS as a fully reviewed PNNL report. 

In support of WRPS PBIs 42.0.8 CLIN 3 and 43.0 CLIN 5, PNNL is providing the techni-
cal underpinning for the LAWPS. PNNL completed a series of technical support activities, 
employing expertise in simulant development; crossflow filtration; ion exchange; fluid 
dynamics; and hydrogen gas generation, retention, and release to develop the technical 
underpinning for the LAWPS. While the LAWPS facility design was being transitioned to 
a set of different unit operations, PNNL remained involved in the LAWPS facility design 
revision by supporting the changes to a non-elutable ion exchange resin and a dead-end 
filtration method. PNNL is providing information to assist in maturing technologies and 
design concepts in the areas of ion exchange performance, gas generation, simulant 
development, and filtration. 
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In support of WRPS SEA 1, PNNL is defining the strategy and recommended processes 
for supporting the implementation of regular updates of the technical basis for the 
industrial hygiene program for tank vapors at Hanford. PNNL is supporting WRPS in 
defining the strategy and recommending processes for regular updates to the WRPS 
industrial hygiene program for tank vapors. The technical basis for this program is depen-
dent on sound scientific and engineering understanding and analysis of tank contents, 
sampling and analysis, transport and dispersion, real-time measurement, and toxicology 
and health effects of tank vapors. PNNL is applying its technical expertise in chemistry, 
measurement, atmospheric sciences, biology/toxicology, chemical engineering, and fluid 
dynamics to develop, test, analyze, and recommend best practices for identifying, detect-
ing, monitoring, and modeling dispersion of chemicals of potential concern, and establish-
ing necessary exposure action levels to ensure worker protection. PNNL is also supporting 
the analysis of respirator cartridge testing on vapors from the Hanford waste tanks. 

In support of WRPS SEA 1, PNNL has demonstrated vapor destruction performance 
testing on the NUCON Vapor Abatement Unit. PNNL successfully demonstrated vapor 
destruction performance testing on the NUCON Vapor Abatement Unit for WRPS. The 
demonstration quantified the ability of the NUCON system, in a controlled environment, to 
destroy many of the chemicals of potential concern that may exist in the SSTs at Hanford. 

In support of WRPS SEA 1, PNNL completed development and deployment of a data 
visualization tool to enhance the accessibility and transparency of tank vapors sampling 
data. PNNL developed and deployed a data visualization tool for tank vapors sampling 
data at the Hanford tank farms. The Tank Vapors Data Access and Visualization applica-
tion was developed for WRPS to significantly enhance the accessibility of sampling data 
for tank vapors. This application is available for public access. Datasets available through 
this application include headspace samples, samples from exhaust stacks and other emis-
sion points, and samples from outside the tanks where work could be performed. Limited 
datasets are also available from the pilot testing of real-time sensors that are part of the 
Vapor Monitoring and Detection System. 

In support of WRPS SEA 8 and PBI 42.0.4 CLIN 3, PNNL is identifying, developing, 
and establishing underlying technical bases for the River Protection Project (RPP) 
Reference Integrated Flowsheet. PNNL is using its expertise in waste chemistry and 
physical properties, fluid dynamics and scaling, waste processing technology development, 
waste form development and testing, and applied engineering solutions to identify and 
resolve technical gaps and develop innovative solutions for the baseline RPP Integrated 
Flowsheet. The technical work generated by this project closes flowsheet and operations 
gaps and realizes opportunities by providing technically defensible bases and tools used 
in establishing flowsheet strategies and modeling parameters to predict and plan the 
successful execution of the RPP waste cleanup mission. 

PNNL is closing identified data gaps associated with the impact of nitrate and nitrite 
concentrations on the prediction of gibbsite solubility with varying temperatures. 
PNNL is providing a defensible technical basis for minimizing or avoiding aluminum 
hydroxide precipitation during waste treatment and staged feed dilution by closing data 
gaps related to the impact of nitrate and nitrite concentrations on gibbsite solubility. 
Aluminum hydroxide precipitation, primarily in the form of gibbsite, is a significant risk 
to tank farm operations as a result of (1) accumulated settled solids occupying usable 
feed tank space, (2) potential solids carryover to the LAWPS, (3) possible delayed precipi-
tation fouling of the LAWPS ion exchange operations, and/or (4) transfer line deposition/ 
plugging. The work determined Al solubilities at temperatures ranging from 25 to 80°C 
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in varying concentrations and combinations of sodium hydroxide, sodium nitrate, and 
sodium nitrite from both an under-saturated and a super-saturated state with respect to 
aluminum hydroxide. These results feed into the development of an improved gibbsite 
solubility model used in flowsheet predictions. 

PNNL is developing a methodology to isolate and determine mercury speciation in 
Hanford tank waste with part per billion detection capability. PNNL is developing a 
methodology to isolate and determine mercury species in Hanford waste streams based 
on the low-level mercury methods used to isolate and quantify mercury in the environ-
ment. The work has been divided into two phases: (1) develop methods for isolating 
mercury species from the radioactive tank waste and then (2) analyze Hanford tank waste 
AP-107 for total mercury, methylmercury, and elemental mercury. Currently, there is very 
little information on mercury in Hanford tank wastes, with assumptions and speculation 
on mercury speciation throughout the flowsheet. To address this concern, the separation 
and sample pre-concentration steps associated with total mercury, elemental mercury, 
and monomethyl mercury analysis result in a concentrated sample with no or minimal 
radioactive background, thereby maximizing detection and enabling reduced handling 
and radiological safety costs. 

In support of WRPS SEA 1, PNNL is addressing safety issues associated with isola-
tion valves for double-valve isolation that have been installed in the Hanford Tank 
Farms Waste Transfer System for 10 or more years. PNNL used its expertise in Hanford 
waste characterization and simulant development to design a technically justifiable  
performance-based simulant for extended abrasive wear testing at the Multiphase Trans-
port Evaluation Loop Facility. Results from the simulant cycle tests provide WRPS with 
valve performance characteristics that can be used to evaluate candidate valve manufac-
turers and models and verify compliance with the documented safety analysis limits for 
valve seat leakage. Test efforts include assessing manufacturer valve assembly procedures 
and specifications to establish an effective baseline condition for a field-service-ready 
valve. Test results provide a technical basis for assessing the service life of valves installed 
at Hanford or selecting replacement valves to operate in an abrasive slurry environment 
for extended cycle operations (i.e., 1000 to 5000 cycles). The test methodology, infra-
structure, and results provide a technical basis to identify qualified providers and define 
and plan maintenance and equipment replacement schedules for existing infrastructure 
or for incorporation into designs for future waste processing systems. 

In support of WRPS SEA 1, PNNL is performing a structural integrity analysis of 
record to qualify the AN and AW DSTs for increased storage volume. Since 2003, 
PNNL has performed the structural integrity analyses of record for the DSTs and SSTs at 
Hanford. These analyses dictate the maximum waste level allowed in the DSTs. In 2008, 
PNNL completed a structural analysis that demonstrated that the AP tanks could safely 
store an additional 38 inches of waste, representing 720,000 gallons of additional stor-
age volume in the eight AP tanks. In 2017, WRPS requested that PNNL perform a similar 
analysis to qualify the AN and AW tanks for increased waste height. Conclusions similar 
to those of the AP analysis are expected, which could increase the storage capacity of 
the 13 AN and AW tanks by 1,170,000 gallons. 

In support of WRPS SEA 1, PNNL has performed a structural integrity analysis of the 
A-Farm SSTs to evaluate the addition of multiple large penetrations in the domes to 
facilitate easier waste retrieval. PNNL has led the structural integrity analysis to deter-
mine allowable dome load limits for A-Farm tanks to support larger penetrations that will 
permit additional waste retrieval equipment during retrieval. Penetrations provide access 
to the tank for installation of waste retrieval equipment, with larger dome penetrations 
providing a better accommodation of the waste retrieval equipment load. 
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PNNL is supporting the Tank Operations Contractor organization in providing export 
control recommendations regarding the materials, commodities, and/or information 
in support of Export Control/High Risk property. PNNL compared high-concern com-
modities against export control regulations and categorized the data sheets received from 
the WRPS Hanford property database, which totaled five lists and contained about 
13,000 items. To manage export compliance for property, an Export Control/High Risk 
Internal Compliance Plan was developed and submitted. By the end of the effort, PNNL 
will have developed an enhanced screening process that assists in identification of poten-
tially export controlled property. In addition to the planned commodity review, PNNL also 
provided ongoing support to Tank Operations Contractor for classification of property/
materials item types, large and/or unique disposition activities, and general technical and 
consulting services. An example of this was the export control recommendation for the 
spare reboiler. 

PNNL continues to support performance testing and design evaluations of the exhaust 
stack environmental monitoring instrumentation and sample collection systems for 
the WTP. PNNL evaluated EMF exhaust stack designs and led verification testing for the 
LAW facility stack. Federal regulations mandate the sampling and monitoring of releases 
from airborne radioactive substances from exhaust stacks. Sample collection systems 
must be designed to extract samples that are representative of the airborne effluent 
stream. Hence, exhaust stack monitoring is critical to WTP startup and safe operations. 

PNNL is providing waste vitrification strategies to ensure safe, efficient, and successful 
commissioning and operations of the WTP HLW and LAW facilities. PNNL has applied 
expertise in waste form development, melter processing, and waste form performance 
to increase waste loading, address troublesome component solubility limits, increase 
melting rate and waste throughput, and decrease total glass volume. In addition to the 
mission benefits, these efforts enable greater operational flexibility and efficiency, both  
in the various stages of startup and through operational upsets and challenges. Develop-
ment and implementation of enhanced glass property models and glass formulations will 
lower the cost of Hanford tank waste management by reducing the schedule for tank waste 
treatment and reducing the amount of HLW and LAW glass for storage, transportation, 
and disposal. Enhanced glass formulations may also result in more cost- effective direct 
vitrification of the HLW fraction without significant pretreatment. The advances in Al2O3 
and Cr2O3 solubility in borosilicate glasses should reduce or eliminate the need for caustic 
or oxidative leaching in pretreatment. The ability to target higher Na2O concentrations will 
translate into higher waste loadings and ultimately reduce container counts for the LAW 
integrated flowsheet. The integration of increased waste loading, reduced leaching/
washing requirements, and improved melting rates provides a system-wide approach  
to improve the effectiveness of the WTP process. 

PNNL is enabling Tc management strategies for LAW vitrification. PNNL is developing 
technologies to achieve high Tc retention in LAW glass, leveraging its technical expertise 
in vitrification and a fundamental understanding of Tc volatilization and incorporation into 
glass melt. The loading decrease is accomplished by incorporating Tc into various miner-
als directly from LAW or from off-gas solution, increasing projections of waste throughput 
and decreasing projections in glass volume. 

PNNL is enabling Raman spectroscopy for real-time, in situ chemical analysis of 
nuclear waste during Hanford tank farm and WTP waste processing operations. 
PNNL is demonstrating the candidacy for real-time chemical analysis of Hanford tank 
waste during tank farm and WTP operations. Raman (optical) spectroscopy instrumenta-
tion was selected for initial laboratory evaluation based on (1) the maturity and deploy-
ment history of OLM Raman sensors, instrumentation, and analysis algorithm/software and 
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(2) the alignment between Raman analysis capability and the chemical analysis requirements 
for LAW, which will be processed first at Hanford. The Raman spectroscopy laboratory 
evaluation is generating measurements on waste simulants needed to populate the train-
ing dataset for a chemometric model to automate the interpretation of Raman spectra 
for chemical analyte identification and quantification, both of which are ultimately neces-
sary to support tank farm and WTP waste management and processing operations.

PNNL is providing a fundamental understanding of Tc chemistry to provide solutions 
for Tc management. PNNL is using cutting edge technologies to evaluate the nature of 
Tc present in Hanford tank waste and secondary liquid waste. PNNL is using actual waste 
samples to evaluate the speciation and fate of Tc during waste processing. Using the 
information obtained from these samples, PNNL is able to develop new process flows for 
the treatment and disposition of Tc as well as the development of start-of-the-art sensors 
for identifying Tc speciation. 

PNNL is providing the fundamental understanding of radionuclide migration through 
concrete materials. PNNL developed and conducted diffusion experiments to measure 
the effect of concrete waste form properties, including iron content, carbonation, micro-
cracking, and moisture content, on radionuclide release and migration in near-field envi-
ronments representative of the arid environmental conditions at the Hanford Site. This 
knowledge provides the technical understanding necessary to assess the efficacy of the 
waste package in isolating the Category 3 low-level radioactive wastes from the hydro-
logic environment. Any failure of concrete encasement may result in water intrusion and 
consequent mobilization of radionuclides from the waste packages. 

PNNL is supporting the integration of the SWPF product into the Defense Waste 
Processing Facility (DWPF) flowsheet at the Savannah River Site. Under contract from 
Savannah River Remediation (SRR), PNNL is providing technical reviews of and oversight 
into the development of key process data and revisions to specific process control mod-
els to account for the SWPF product to be incorporated into the DWPF flowsheet. The 
SWPF product adds additional Na2O and TiO2 to the flowsheet, which required specific 
process control models to be expanded to cover the anticipated compositional region of 
interest. The integration of SWPF and DWPF could also lead to future changes or balances 
among the tank farm washing strategies, frit development efforts, and volumes of SWPF 
product transferred to the DWPF on a batch basis. The FY18 scope focused on identify-
ing candidate frit compositions for various Sludge Batch 9 options (varying in Na2O 
concentration) that would enable DWPF to target waste loadings from 26% to 36% while 
incorporating sufficient volumes of streams from SWPF and processing up to 7.2 million 
gallons per year. 

NUCLEAR FUEL AND MATERIAL MANAGEMENT
PNNL is leading actual waste testing to enable retrieval, storage, and treatment of 
K-Basin sludges. PNNL maintains the inventory of well-characterized K-Basin sludge 
samples to enable testing of future treatment options. As part of this sample steward-
ship, sludge shear strength as a function of time was measured to better understand how 
the sludge currently stored in the large engineered containers may develop strength or 
otherwise change during interim storage. Increased sludge strength may adversely affect 
sludge transfer operations. PNNL also conducted essential characterization activities of 
the K-Basin water sand filter; the results are being used for proper waste designation and 
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disposal. PNNL has supported alternatives analysis, engineering evaluations, and process 
development and process/unit operation validation tests, and will continue these func-
tions as the overall project progresses toward final sludge treatment and disposition. 

PNNL is conducting K-Basin floor sample analysis to help assess the transuranic 
(TRU)/dose ratio in support of eventual K-West Basin demolition. PNNL is quantifying 
the Pu, Am, and 90Sr content in K-Basin floor core samples. The Cs is expected to have 
preferentially exchanged into the concrete/paint layers relative to actinides and Sr. Thus, 
the high dose of 137Cs in the concrete/paint surface is not expected to correlate with the 
TRU content derived from the K-Basin sludge models. The characterization work will gen-
erate a new relationship for the concrete floor of K West Basin between 137Cs, which can 
be determined from gamma energy analysis and dose correlations, and the TRU and 90Sr 
content. These correlations will be used to properly designate the final waste form. 

PNNL is conducting estimation calculations for possible external organic contami-
nation of the Waste Encapsulation and Storage Facility (WESF) capsules. PNNL is 
estimating degradation of organic films as a function of time for the WESF capsules at 
Hanford. WESF will begin removing the capsules from the water storage and transferring 
to dry storage. Some of the Cs capsules were believed to have been contaminated with 
an oily substance prior to return to WESF in 1998. This work will support retrieval of the 
capsules from underwater storage and their transfer to dry storage. 

PNNL conducted accident thermal analyses to update the safety basis documenta-
tion for the K-Basin Sludge Transport System Transport Package. PNNL’s Radioactive 
Packaging and Transportation team modeled thermal transients for a hypothetical acci-
dent condition involving a pool fire to recertify the K-Basin Sludge Transport System 
Transport Package with an enhanced payload capacity for upcoming shipments. This 
package consists of a vessel carrying the sludge payload contained within a lead-lined 
shipping cask. This 11-foot-tall assembly sits upright on a flatbed trailer and is being used to 
transport sludge waste to the Hanford Central Plateau interim storage location at T Plant. 
This is a standard requirement for transport of large quantities of nuclear materials. 

PNNL is providing technical support to enable completion of the draft ILAW Package- 
Specific Safety Documents (PSSDs). PNNL is providing nuclear safety technical exper-
tise to support completion of the draft ILAW PSSD for CHPRC. ORP has directed WRPS 
to revise the transportation safety basis for ILAW as part of the ILAW Transportation System 
Project, T3W20. CHPRC is contracted to prepare the new PSSD. This draft will become the 
new ILAW transportation safety basis to be used in completion of design and transporta-
tion system operation. 

PNNL is providing source term estimates and atmospheric dispersion modeling in 
support of demolition of the Plutonium Finishing Plant (PFP) at Hanford. Since the 
contamination event at PFP in December 2017, PNNL staff have participated in numer-
ous meetings with staff from DOE, the Washington State Department of Health, the 
Washington State Department of Ecology, and the EPA to help plan the restart of dem- 
olition. Updated emission and dispersion modeling using the PFP facility current status, 
plans for cleanup technologies and timing, and multiple years of meteorology has been 
used to estimate potential concentrations of contaminants in air and on nearby surfaces. 
Cleanup plans are being finalized, incorporating the key model parameters to minimize 
the likelihood of future mishaps. 
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PNNL is providing radiological characterization to Hanford Site contractors using 
nondestructive assay methods and techniques. PNNL is applying nondestructive assay 
methods and techniques to support radiological characterization for Hanford contractors. 
PNNL utilized gamma spectroscopy and neutron counting techniques to conduct radio-
logical characterization of waste containers and facility components (HEPA filters, pipes, 
glove boxes, ductwork, etc.) to support environmental remediation activities with waste 
classification/disposal, transportation, environmental reporting, safeguards and security, 
work planning, and facility safety basis development. 

PNNL is providing high-range gamma and neutron radiological instrument calibrations 
to Hanford Site contractors. PNNL is using its unique gamma and neutron irradiators to 
calibrate radiation detection and survey instruments that cannot otherwise be calibrated. 
In addition to instrument calibrations, PNNL also troubleshoots and repairs radiological 
instruments and high-purity germanium detectors for the Hanford Site. Hanford contractors 
rely on these instruments and detectors to safely accomplish site remediation activities. 

ENVIRONMENTAL REMEDIATION
PNNL is developing a web-based GIS story map of groundwater plumes throughout 
the DOE complex that provides summary information on cleanup progress and remain-
ing contamination. PNNL is developing an online story map that provides online access 
to site plumes across the EM complex. The TRAC (Tracking Restoration and Closure) 
is focused on communicating cleanup status, technical challenges, and needs for site 
closure. TRAC provides relevant information on cleanup progress and closure that is 
consistent across all sites, allowing the user to view summary information across all 
sites, or examine information relevant to a particular site. This information sharing is 
needed to maintain open communications with interested parties and communicate 
efforts that ensure long-term protection of human health and the environment. 

In support of Hanford milestones M-015-110B, M-015-84, M-015-91B, and M-015-92B: 

• PNNL is reducing the extent and cost of current monitoring programs by using mod-
eling to inform autonomous data collection and geophysics to update predictive 
models. PNNL is developing relationships that relate geophysical measurements to 
measured soil properties to inform predictive models for geophysical monitoring. 
Through development of a novel approach, geophysical monitoring is being inte-
grated with predictive simulation to improve estimates of contaminant flux to ground-
water. Integrating geophysics with modeling provides a method for monitoring fluxes 
to groundwater and supports site decisions and adaptive remediation strategies. In 
addition, PNNL is validating large-scale implementation of the flux assessment tool 
using simulation of vadose contamination within the Hanford Site 200 East Area, and 
will provide a method for monitoring contaminant flux to groundwater so that potential 
flux mitigation technologies can be implemented. 

• PNNL is reducing the uncertainty associated effective monitoring of vadose zone 
contaminant sites. PNNL is identifying approaches for monitoring vadose zone fluxes 
to groundwater so that compliance can be demonstrated for residual contamination. 
The vadose zone within the Central Plateau contains large quantities of mobile con-
taminants that have not yet reached the groundwater. In situ remedies for vadose 
zone sites, monitored natural attenuation, or other passive approaches will need to 
identify monitoring appropriate to the remedy. Integrating vadose zone monitoring 
with numerical modeling will be needed to both guide remedy selection and provide 
verifiable performance targets for remedy implementation. 
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• PNNL is providing the technical leadership for conducting (Comprehensive Environ-
mental Response, Compensation, and Liability Act) treatability studies of remediation 
technologies for the deep vadose zone in the Hanford Central Plateau. PNNL com-
pleted and published the treatability test report for soil desiccation that will support 
inclusion of desiccation in future feasibility studies for the Hanford Central Plateau. 
PNNL also provided laboratory analyses and the technical basis for a treatability test 
using ammonia as a reactive gas to sequester uranium in the vadose zone. Treatability 
tests in the Central Plateau are important for demonstrating remedy feasibility, cost of 
implementation, and potential negative impacts prior to field-scale implementation. 

• PNNL is evaluating candidate technologies for remediating multiple contaminant 
sources in the deep vadose zone and mitigating flux to groundwater for the Hanford 
Central Plateau. PNNL is conducting laboratory studies of candidate vadose zone 
technologies for contaminants including uranium and 99Tc. PNNL and CHPRC evalu-
ated and incorporated this data and additional technology information into a report 
recommending future treatability studies for the deep vadose zone in the Central 
Plateau. The treatability study recommendations meet a requirement for the 200-
DV-1 vadose zone operable unit. 

In support of Hanford milestone M-015-110B: 

• PNNL provided the technical knowledge necessary to understand the attenuation 
processes controlling the behavior and fate of contaminants within the 200-DV-1 
operable unit on the Hanford Central Plateau. PNNL is advancing the development 
and utility of conventional site conceptual models to enable accurate quantification of 
current and predicted future flux of contaminants across multiple scales. Remediation 
of inorganic and radionuclide contaminants in vadose zone environments is founda-
tional for protection of groundwater. The mass flux/discharge of contaminants through 
the vadose zone is a primary factor controlling vadose zone contaminants in ground-
water. PNNL demonstrated how to incorporate this information into predictive analyses 
to understand and quantify moisture and contaminant flux in the vadose zone. PNNL 
is also providing technical consultation for interpreting the characterization data and 
information for the remedial investigation report and associated conceptual site model 
updates. Collectively, this information provides technical defensibility for groundwater 
remediation decisions and long-term predictions of contaminant fluxes to groundwater. 

• PNNL conducted hydraulic and chemical analysis of a perched-water zone in the 
Hanford Central Plateau 200-DV-1 operable unit. PNNL analyzed and interpreted 
hydraulic and chemical data under the expanded remedy operations to improve the 
understanding of the perched-water zone in support of remedy operations and opti-
mization. In addition, PNNL is conducting laboratory analyses to identify potential 
remedial alternatives for the perched-water zone, accounting for the high concen- 
trations of co-located contaminants (Tc, U, and NO3). The perched-water zone is an 
important contaminant source for the underlying groundwater. The difficult hydrologic 
setting and complex contaminant conditions need to be quantified to enable effective 
remedy application and to provide the technical defensibility needed to transition 
from the active (P&T) remedy to remedies suitable for unsaturated conditions. 
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In support of Hanford milestone M-016-119-T01: 

• PNNL provided the technical knowledge necessary to understand the attenuation 
processes controlling the behavior and fate of contaminants within the 200-UP-1 
operable unit on the Hanford Central Plateau. PNNL is enhancing the existing con-
ceptual models to improve the understanding of groundwater plume dynamics and 
support transition from active to passive remedies. PNNL quantified attenuation 
processes for key plumes in the 200-UP-1 operable unit. This information provides 
technical defensibility for groundwater remediation decisions related to transitioning 
from the current P&T remedy to monitored natural attenuation and long term predic-
tions of plume fate and transport. 

• PNNL is addressing conceptual site model data gaps to support 200-UP-1 operable 
unit 129I technical evaluation. PNNL updated the conceptual site model for 200-UP-1 with 
key data – most importantly, biogeochemical drivers for iodine speciation that previously 
were not understood – to define the iodine cycle, interactions with co-contaminants, 
source terms, inventory, and speciation to provide a technical basis to support evalua-
tion of remediation approaches for 129I. The updated conceptual model for iodine is 
not only required by the 200-UP-1 record of decision (ROD), but is also needed to 
adequately address known attenuation mechanisms that were not previously recog-
nized or accounted for in assessments. 

• PNNL is evaluating candidate remediation technologies in support of the 200-UP-1 
operable unit ROD-required 129I remedy evaluation. PNNL is evaluating potentially 
viable 129I remedies to screen remedial options and to evaluate initial scale-up and 
performance elements. While other contaminants in the 200-UP-1 operable unit could 
be addressed with an existing remedial technology, the 129I contamination requires 
additional evaluation to select an appropriate remedy or determine if a Technical 
Impracticability (TI) waiver is appropriate. The results will be used to support a go/
no-go decision for treatability testing for 129I for both in situ and ex situ applications. 
This level of technical rigor is needed to address the difficult nature of 129I contamina-
tion and to provide defensibility for the associated 129I remedy decision. 

• PNNL is developing the technical basis needed for an Applicable or Relevant and 
Appropriate Requirement (ARAR) TI waiver for the 200-UP-1 operable unit ROD- 
required 129I remedy evaluation. PNNL is providing the technical basis needed for 
obtaining an ARAR TI waiver for 129I in the 200-UP-1 operable unit by establishing a 
fate and transport tool needed for a technically defensible evaluation of candidate 
remedies and technical impracticability. Fate and transport and remedy approaches 
need to consider iodine speciation and transformations and build a defensible pro-
cess for obtaining an ARAR waiver. Remedies or potential TI waivers need significant 
technical rigor to consider contaminant plume behavior and associated controlling 
features and processes.

• PNNL is providing the technical leadership for performing groundwater tracer tests 
at two locations in the Central Plateau: (1) the 200-BP-5 operable unit in the vicinity 
of the B Tank Farm Complex, and (2) the 200-UP-1 operable unit in the vicinity of the 
groundwater interim remedial action at U Plant. PNNL is leading a sampling and 
analysis plan for tracer tests and identifying appropriate tracer analytical approaches 
and field measurement equipment. The tracer tests will provide information on aquifer 
properties that influence contaminant transport, which is critical knowledge for devel-
oping decision-making models and for identifying appropriate remedial approaches. 
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• PNNL is providing multidisciplinary expertise to support optimization of the 200W 
P&T system. PNNL is supporting several different components of the P&T system, 
including abiotic and biotic retention mechanisms, identification of potential aquifer 
impacts that may affect P&T operations, technical support to optimize biological treat-
ment processes, defining the potential for in situ biotic attenuation of carbon tetrachlo-
ride to support accelerated cleanup, screening advanced materials for treatment  
of both 99Tc and 129I to provide options for P&T system modification for an evolving 
influent stream, analyzing uranium and cyanide retention for the P&T uranium resin  
to support optimization of P&T operations and treatment of Hanford 200 East Area 
waste streams, and identifying potential unintended consequences of mixed effluents 
and their effect on the 200W P&T facility processes. 

• PNNL is analyzing biofouling constituents in new 200W P&T injection wells being 
installed in the 200-ZP-1 operable unit. PNNL analyzed aquifer sediment samples 
for microbial and chemical constituents associated with well fouling in an effort to 
determine the potential for fouling in the new injection wells. Injection wells return-
ing treated groundwater from the 200W P&T facility are becoming fouled over time, 
decreasing overall injectivity, which adversely affects operation of the 200W P&T facility. 
This understanding will enable new management approaches to decrease biofouling of 
injection wells. 

• PNNL is providing technical input to support updating the remedial design/remedial 
action work plan and performance monitoring plan for the 200-ZP-1 operable unit. 
PNNL is supporting updates to the 200-ZP-1 remedial design/remedial action work 
plan and performance monitoring plan to incorporate P&T plume remediation PA 
results and exit strategy elements. Drawing from its leadership in national guidance 
documents, PNNL is providing input to apply appropriate technical defensibility in 
the PA and use of relevant exit strategy and adaptive management approaches. 

• In support of Hanford milestone M-016-116-T02, PNNL analyzed 100-K Area P&T 
data and provided input to preparation of operable unit remedy decision docu-
ments. PNNL conducted technical basis evaluation for the 100-KR-4 K-West P&T 
system interim remedy. The analysis quantified continuing sources of Cr(VI) and poten-
tial remnant plume zones as part of assessing remedy performance and determining 
appropriate treatment optimization and exit strategies. This assessment was needed  
to provide a technical basis for evaluating soil flushing as a potential remediation 
technology for the operable unit remedial investigation/feasibility study. In addition, 
PNNL provided technical input and review of the 100-KR-4 remedial investigation/
feasibility study document. 

• In support of Hanford milestones M-015-84 and M-015-91B, PNNL provided the tech-
nical knowledge to design a sampling and analysis strategy that includes quantifying 
and interpreting attenuation processes for the 200-WA-1 operable unit in the Hanford 
Central Plateau. PNNL provided the technical basis for design of vadose zone charac-
terization to incorporate assessment of attenuation approaches. PNNL also conducted 
an evaluation to support use of ERT to address large-scale conceptual site model 
questions and to provide guidance for placement and interpretation of characterization 
boreholes. These approaches will enable attenuation processes to be incorporated 
into mass-flux-based conceptual and numerical models and improve the effectiveness 
and efficiency of the characterization process. 
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• In support of milestones M-015-110B, M-015-84, M-015-91B, M-015-92B, and M-016-
119-T01, PNNL is collaborating with Sandia National Laboratories to identify in situ 
materials that can be used as a subsurface remedial technology for 99Tc and 129I. PNNL 
is leading the identification of advanced materials that can sequester Tc and I species 
through either in situ or ex situ treatments. Chemical stabilization relies on the reduc-
tion of contaminant mobility by physical or chemical reactions with the contaminant. 
Ex situ treatments are to be employed in the P&T system, whereas in situ methods are 
designed to sequester contaminants and limit their movement in the subsurface. These 
efforts are critical to identifying viable treatment options for challenging, waste-specific 
species of Tc and I for which existing commercial methods are ineffective. 

• In support of milestone M-015-96, PNNL is providing the environmental science and 
risk and decision expertise to update the remedial investigation work plan for the 
Pre-Hanford Orchards Lands operable unit, enabling DOE to decide if pre-Hanford 
pesticides must be remediated. PNNL led the completion of the site characterization 
and draft remedial investigation report for orchard lands, and is focused on support-
ing work plans and feasibility studies. Farmstead communities existed adjacent to the 
Columbia River from 1880 to 1943 and lead arsenate was used to control pests in 
orchards during this time. 

In support of milestones M-015-110B, M-015-84, M-015-91B, and M-015-92B: 

• PNNL completed the 20+ year Prototype Hanford Barrier PA and is transitioning this 
barrier test site into long-term monitoring. PNNL is preparing the barrier site to tran-
sition into long-term monitoring following NQA-1 requirements for instrumentation 
and data collection. DOE has identified long-term surface barriers as a candidate rem-
edy for contamination in the deep vadose zone to reduce contaminant flux into the 
groundwater. The Prototype Hanford Barrier over the 216-B-57 crib was completed in 
1994, but past monitoring accounts for only about 2% of the design life. Hence, it is 
important to monitor barrier structural stability, and transition the long-term monitoring 
to the site contractor. 

• PNNL is leading an integrated, site-wide data management plan that will support site 
closure and transfer to Legacy Management. PNNL is leading the development of a 
data management program plan to support remedy management and site closure. The 
program plan presents DOE’s vision for data integration and management to support 
centralized data management and the steps needed to achieve this vision. The pro-
gram plan includes input and contributions from contractors as well as detailed eva- 
luations of relevant data and information systems that will provide the site data file 
needed for site closure and transfer to Legacy Management. 

In support of Hanford milestone M-045-59 and WRPS PBI 41.0 CLIN 2, PNNL maintains 
the T and TY tank farm interim surface barrier vadose zone soil moisture monitoring 
system, retrieves monitoring data from the monitoring system, and evaluates the data. 
PNNL is providing technical consultation in the analysis of the monitoring data and tech-
nical support. The precipitation that ends as recharge is the primary force that drives the 
vadose zone contaminant migrating downward. The T tank farm interim surface barrier 
was constructed in FY08, and that in the TY tank farm in FY10. These interim surface bar-
riers are used to intercept precipitation so that rainwater does not infiltrate into the soil. 
With a surface barrier at ground surface, the peak concentration at the groundwater is 
expected to be substantially reduced and its arrival time is delayed. 
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In support of Hanford milestone M-045-92 and WRPS PBI 41.0 CLIN 2, PNNL is pro-
viding technical support in establishing the relationship between sensor outputs 
and soil matric potential for the monitoring instruments and setting up the field data 
acquisition system with wireless data transmission capability. PNNL is leading the 
development of monitoring approaches appropriate for detecting soil moisture condi-
tions beneath interim surface barriers. Two interim surface barriers are to be constructed 
in the 241-SX tank farm to control precipitation infiltration into underground and hence 
to remove the source of the primary driving force for contaminant migration. PNNL’s 
expertise in data interpretation will support interim surface barrier performance. 

PNNL leads the national, multi-institutional Deep Vadose Zone - Applied Field 
Research Initiative to provide the scientific underpinnings and develop and demon-
strate transformational remedial strategies. PNNL continues to lead the development 
and implementation of integrated technical, regulatory, and policy frameworks to enable 
remediation of vadose zone environments. This approach integrates efforts from SC and 
DOD to enhance our understanding of vadose zone challenges and infuses investments 
from EM to develop cost-effective characterization and monitoring methods, and reme-
dial strategies, and design. The results provide a systems-based understanding of water, 
gas, and chemical exchange within this complex deep vadose zone, to drive improved 
long-term predictions of contaminant behavior, flux to groundwater, and ultimately the 
risks to human health and the environment. The initiative is critical for providing the scien-
tific and technical understanding to develop, demonstrate, and predict the near- and far-
term impact of remedial strategies that prevent contamination from reaching groundwater. 

PNNL is leveraging research on contaminant fate and transport while making vital 
scientific contributions to the ASCEM (Advanced Simulation Capability for Environ-
mental Management) initiative. PNNL is a key partner in developing the Akuna software 
for the multi-DOE national laboratory team by leveraging past investments by SC, the 
DOE Fossil Energy (FE), and NE. ASCEM is being demonstrated at the Nevada National 
Security Site to evaluate the impact of past nuclear testing. ASCEM improves our ability  
to predict the fate and movement of underground contaminants and the degradation of 
engineered materials that contribute to contaminant release, to enable remedial decisions 
with less conservatism and greater technical defensibility. 

PNNL is improving the PHOENIX groundwater toolset by adding new capabilities 
requested by users. PNNL developed an Aerial Image Toolbox to explore historical 
aerial images of the Hanford Site. In addition, PHOENIX continues to support monthly 
updates to the Remediation Dashboard to visually represent the remediation progress 
of Hanford’s groundwater treatment systems. This tool makes it easy for stakeholders, 
regulators, and others to understand the effectiveness of remedies and to see progress 
toward cleanup objectives.

PNNL is developing a suite of web-based analysis tools to meet DOE needs for 
groundwater data assessments and to support P&T exit strategies. PNNL is leading  
the development of new tools that enable users to analyze water-level or contaminant 
data and provide the technical basis for shutting down P&T systems and reaching site 
closure. The tools provide rapid online access to data and data analytics relevant to  
contaminant transport and remedy decisions, enabling identification of transition points 
from active to passive remediation.
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