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Depth of experience
Welcome to the new Radwaste 

Solutions. Well, the new look 
of Radwaste Solutions. The 

magazine is still dedicated to the cur-
rent, in-depth, and insightful coverage 
of all things waste management. We just 
updated our look in an effort to improve 
readability and make 
the magazine more 
contemporary and 
attractive. Every-
one needs to update 
his or her wardrobe 
once in a while. And 
yes, I will admit, it is 
a bit about “brand-
ing,” to use an over-
worked buzzword. 

Outside of marketing circles, the idea 
of branding is often seen as somewhat 
suspect. I would hazard to guess that for 
many people it connotes the idea of im-
age over substance, a ploy of the shame-
less shill. Yet the importance of image 
should not be overlooked, particularly 
when a strong, quality product (such as 
the magazine you are holding) backs up 
that image. We do not have to look far to 
see how nuclear energy, which contrib-
utes so much to our well-being, struggles 
with an image problem. Struggles unfair-
ly, I should add.

This has real consequences for our abil-
ity to safely and securely manage our ra-
dioactive wastes, in ways that sometimes 
defy logic. I’m thinking now about North 
Dakota, where the Department of Ener-
gy is planning to conduct tests related to 
the disposal of radioactive waste in deep 
boreholes. (You will find extensive cover-
age of the DOE’s investigation into deep 
boreholes in the feature article, “Field 
Test to Evaluate Deep Borehole Disposal,” 
beginning on page 30.) Even as planning 
begins on this project, a petition in op-
position is circling among local residents 
and state officials are putting up red flags. 
Never mind that no radioactive material 
will be used during the tests and the holes 

will never be used to dispose of waste; 
simply the specter of radioactive waste is 
enough to curtail progress. It is somewhat 
ironic that this is the same state that just 
last year approved legislation to raise by 
10 times the allowable concentrations of 
naturally occurring radioactive material, 

a by-product of oil 
and gas drilling, to 
be disposed of in its 
landfills. For what it 
is worth, however, 
North Dakota is, of 
course, a big oil-pro-
ducing state.

The idea of deep 
borehole disposal 
is nothing new. The 

concept was considered as early as the 
1950s and studied in the United States 
during the 1980s. The DOE’s latest inves-
tigations into borehole disposal, however, 
are encouraging and may pave the way 
for the disposition of some smaller-sized 
defense-related waste, such  as Hanford’s 
cesium/strontium capsules. Coincidental-
ly, this issue of the magazine also contains 
a brief article on progress the Internation-
al Atomic Energy Agency is making on 
methods for disposing of sealed-source 
low-level radioactive waste in boreholes 
(page 56). Following the idea that success 
builds upon itself, the ability to safely dis-
pose of even a small amount of defense-re-
lated waste and sealed-source packages 
just may clear a path to the disposition 
of greater quantities of waste, including 
commercial spent nuclear fuel.

Deep borehole disposal, however, is 
just one option being explored for man-
aging our most problematic waste. In the 
absence of a permanent repository pro-
gram in the United States practical steps 
are being taken to ensure that spent fuel 
and HLW are managed in such a way as 
to protect the public and the environment. 
This includes the safe storage of HLW 
awaiting a path to disposal. Starting on 
page 41, researchers from the University 

of Utah and the University of Nevada de-
scribe tests done on anchors designed to 
limit damage to spent fuel casks and their 
contents during earthquakes, a real con-
cern as more spent fuel is moved to stor-
age pads for extended periods of time. It 
also means looking at ways to reduce the 
volume of HLW that must be shipped to 
a deep geologic repository. At Oak Ridge, 
research is being done on the recovery 
and possible recycling of zirconium from 
spent fuel cladding (page 52), which could 
reduce the amount of material needing to 
be disposed of as HLW by as much as 25 
percent.

In addition to the articles on HLW and 
LLW management, you will find in this 
issue two informative pieces on environ-
mental remediation efforts at DOE sites 
and a report from the 2015 RadWaste 
Summit in Las Vegas, along with the usual 
news items and other pertinent informa-
tion. As you can see, Radwaste Solutions 
still provides coverage of the important, 
complex, and interesting work being done 
in waste management, environmental 
management, decontamination and de-
commissioning, and other areas. Only 
now we have the updated looks to match 
our worthwhile content. —Tim Gregoire, 
Editor

A book should not be 
judged by its cover, 

but being stylish does 
not exclude being 

substantive.  

Editor’s Note
Comments on this issue
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Consent-based siting
As part of its strategy for the long-term storage and disposal of 

spent nuclear fuel and high-level radioactive waste, the Depart-
ment of Energy has launched a consent-based siting initiative for 
future nuclear waste management facilities. The DOE also stated 
that it intends to move forward with the development of a sepa-
rate repository for defense-related nuclear waste, as announced 
by Energy Secretary Ernest Moniz in March 2015.

The DOE’s consent-based siting initiative was announced in a 
December 21 blog post on the DOE’s website, at www.energy.gov, 
by Franklin “Lynn” Orr, undersecretary for science and energy. 
According to Orr, the initiative “represents an important step 
toward addressing this nuclear waste management challenge, so 
that we can continue to benefit from nuclear technologies.”

Aided by public input, the DOE intends to develop a detailed 
plan by the end of the year for a process that will ensure that 
communities, tribes, and states “are comfortable with the loca-
tion of future storage and disposal facilities before they are con-
structed,” Orr said. In developing its plan, the DOE will draw 
on extensive experience in storage, transportation, siting, policy, 
legislative, and regulatory issues both in the United States and 
elsewhere.

The DOE’s goals for the management of both commercial and 
defense-related spent nuclear fuel and HLW was outlined in a 
January 2013 strategy document that called for a pilot interim 
storage facility, a larger interim storage facility, and long-term 
geologic repositories. The DOE strategy is based on the recom-
mendations of President Obama’s Blue Ribbon 
Commission on America’s Nuclear Future, which 
was formed following the administration’s 2010 
abandonment of the HLW repository project at 
Yucca Mountain, in Nevada.

The DOE has requested public input regarding 
the development of its consent-based siting plan, 
publishing a notice of invitation for public com-
ment (IPC) in the December 23 Federal Register. 
Concurring with the Blue Ribbon Commission’s 
recommendation for a phased, adaptive, con-
sent-based approach to siting nuclear waste facil-
ities, the DOE said that it is requesting input about 
what considerations are important when design-
ing a fair and effective process for consent-based 
siting. According to the DOE, a top priority is to 
build on and improve existing relationships with 
states, tribes, communities, and stakeholders to 
help identify important considerations, challeng-
es, and opportunities for discussion. 

Comments are being accepted through 
June 15 and can be submitted by e-mail to 
consentbasedsiting@ hq. doe. gov, with the inclu-
sion of “Response to IPC” in the subject line; by 
mail to U.S. Department of Energy, Office of Nu-
clear Energy, Response to IPC, 1000 Independence 

Ave. SW, Washington, DC 20585; by fax to 202/586–0544, with 
“Response to IPC” on the fax cover page; or online at www.reg-
ulations.gov.

In addition, the DOE is hosting a series of public meetings 
to engage communities and discuss the development of a con-
sent-based approach to managing the nation’s nuclear waste. 

EnergySolutions to buy WCS
EnergySolutions announced in November that it will acquire 

Waste Control Specialists (WCS) of Texas for $367 million. 
The Utah-based company said it signed a definitive agreement 
in which it will pay $270 million in cash and $20 million face 
amount in Series A preferred stock and assume approximately 
$77 million of debt of WCS, a subsidiary of Valhi. EnergySo-
lutions said that it will also assume all financial assurance ob-
ligations related to the WCS business. WCS, which operates a 
low-level radioactive waste disposal facility in Andrews County, 
Texas, announced in February 2015 that it intends to apply with 
the Nuclear Regulatory Commission for a license for an interim 
spent nuclear fuel storage facility at the site. David Lockwood, 
president and chief executive officer of EnergySolutions, said 
that the acquisition will improve the company’s operational effi-
ciencies and provide a seamless supply chain. 

On November 17, two days before announcing its acquisition 
of WCS, EnergySolutions announced that it has agreed to sell its 
projects, products, and technology business—which comprises 
the company’s North American government, Europe, and Asia 

Valhi agreed in November to sell its Waste Control Specialists subsidiary to 
the parent company of EnergySolutions. Photo: WCS
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businesses—to WS Atkins, a global design, engineering, and 
project management consultancy firm based in the United King-
dom, for $318 million. Pursuant to the agreement, Atkins will 
hire approximately 650 EnergySolutions employees. EnergySo-
lutions will retain its logistics, processing, and disposal business; 
its reactor decommissioning business, including the current 
projects at Zion, Ill., and LaCrosse, Wis.; and its North Ameri-
can utility services, including liquid waste processing, fuel pool 
services, and other projects. The sale is expected to close in the 
first quarter of 2016.

WIPP Updates
Settlement agreements related to the February 2014 incidents 

at the Waste Isolation Pilot Plant near Carlsbad, N.M., have been 
signed by the New Mexico Environment Department (NMED) 
and the Department of Energy and its contractors, the DOE 
announced on January 22. The settlement agreements resolve 
NMED’s claims against the DOE and its contractors related to 
incidents at WIPP and the associated waste packaging issues at 
Los Alamos National Laboratory. The agreements provide fund-
ing and scheduling parameters for environmental projects and 
infrastructure improvements in the Carlsbad and Los Alam-
os communities. Included in the $74-million settlement is $34 

million to help the N.M. Department of Transportation make 
repairs to state roads used for the transportation of transuranic 
waste to WIPP. Improvements to WIPP’s emergency response 
capabilities will also be made. The finalized settlement agree-
ments are based on the general principles of agreement signed by 
the state of New Mexico and the DOE in April 2015. 
●● The Department of Energy announced on January 21 that its 

Carlsbad Field Office has approved a new integrated performance 
measurement baseline for WIPP that puts the initial resumption 
of waste emplacement operations in December 2016. According 
to the DOE, the new performance measurement baseline 
considers potential risks that could have an impact on the project 
and adds appropriate contingency to the schedule to help ensure 
that activities can be conducted safely.
●● Respiratory protection requirements were lifted for a 

significant portion of the WIPP underground as a result of 
radiological risk mitigation efforts by WIPP radiological control 
teams, it was announced on January 29. The change in respiratory 
protection requirements applies to all areas south of S-2520 and 
represents a milestone in the contamination mitigation efforts, 
according to the DOE. While the use of protective clothing, 
booties, and gloves will still be required in the decontaminated 
areas, eliminating the need for powered air-purifying respirators 
is expected to reduce physical stress on employees working there 
and will make performance of work activities easier and safer.

Airborne radioactivity levels in the south end of the 
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underground were mitigated through the use of a fresh-water 
spray applied to the walls and floors of the common access drifts. 
Panel 7, its associated exhaust drift, and the exhaust shaft cur-
rently are the only areas of the underground where respiratory 
protection is required to be used.

Utilities
The Nuclear Regulatory Commission has granted Entergy 

Nuclear Operations’ request for exemptions from certain emer-
gency planning (EP) requirements under 10 CFR Part 50, allow-
ing the company to alter the emergency preparedness plan for 
the closed Vermont Yankee nuclear power plant in Vernon, Vt. 
The exemptions will reflect the plant’s decommissioning status 
and become effective on April 15. The NRC issued the exemption 
package, including a safety evaluation, on December 10, 2015.

According to the NRC, once Entergy implements the exemp-
tions, state and local governments may rely on comprehensive 
emergency management (“all-hazard”) planning for off-site 
emergency response to events at Vermont Yankee, rather than 
having a dedicated off-site radiological emergency response plan 
approved by the Federal Emergency Management Agency. As 
a result, there will not be a 10-mile emergency planning zone 
identified in Vermont Yankee’s license. The plant will maintain 

an on-site emergency plan and response capabilities, including 
the continued notification of state government officials of an 
emergency declaration.

Entergy announced in December that the transfer of Vermont 
Yankee’s spent nuclear fuel from wet to dry storage will begin 
in 2017, two years earlier than originally planned. According to 
the company, the change will provide a high level of confidence 
that the transfer of all spent fuel from the plant’s spent fuel pool 
to dry cask storage will be completed by the end of 2020. The 
ability to transfer all spent fuel to two independent spent fuel 
storage installation pads by then depends on the issuance by the 
Vermont Public Service Board of a Certificate of Public Good 
authorizing Entergy to begin constructing the second storage 
pad in early 2016. 
●● Dominion Generation is seeking to amend its license to 

store spent nuclear fuel at its North Anna nuclear power plant 
as part of research into the effects of long-term dry storage of 
high-burnup nuclear fuel assemblies. Located near Mineral, 
Va., North Anna houses two pressurized water reactors with a 
combined capacity of 1,946 MWe. 

In August of last year, Dominion requested that the Nuclear 
Regulatory Commission revise the technical specifications for 
its license for the North Anna independent spent fuel storage 
installation (ISFSI). The proposed changes would allow for the 
storage of high-burnup spent fuel in a modified Areva TN–32B 
bolted-lid cask as part of the High-Burnup Dry Storage Cask 
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Research and Development Project, sponsored by the Depart-
ment of Energy and the Electric Power Research Institute (EPRI). 
According to EPRI’s test plan for the high-burnup dry storage 
project, a TN-32B cask will be loaded with intact high-burnup 
spent nuclear fuel (greater than 45 gigawatt-days per metric ton 
of uranium) with four different types of cladding: standard Zir-
caloy-4, low-tin Zircaloy-4, Zirlo, and M5. All of the spent fuel 
to be loaded into the cask is in the North Anna spent fuel pool. 

Dominion’s application to amend its ISFSI license was found 
to be acceptable for technical review by the NRC, which will 
document its findings in a safety evaluation report and an envi-
ronmental assessment. In the October 13, 2015, Federal Register, 
the NRC published notice of Dominion’s license amendment re-
quest and provided an opportunity to request a hearing or file a 
petition to intervene in the proceeding, with a deadline of De-
cember 14, 2015. 
●● The Nuclear Regulatory Commission on December 9 approved 

a 40-year license renewal for Northern States Power Company’s 
independent spent fuel storage installation at the Prairie Island 
nuclear power plant in Red Wing, Minn. Notice of the license 
renewal was published in the December 16, 2015, Federal Register. 
The renewed license expires on October 31, 2053. 

Northern States Power applied to the NRC in October 2011 to 
renew the site-specific license for the Prairie Island ISFSI. The 
original 20-year license for the Prairie Island ISFSI issued by the 
NRC in 1993 expired in October 2013. Under the NRC’s timely 

renewal policy, Northern States Power was able to continue to 
operate the ISFSI while NRC staff was reviewing the license re-
newal request. 

The application to renew the license was contested by the 
Prairie Island Indian Community (PIIC). Most of the PIIC’s 
contentions were dismissed, however, and Northern States Pow-
er reached a settlement agreement with the PIIC on the last re-
maining contention in October 2015. The NRC published the 
final environmental assessment for the 40-year ISFSI license re-
newal in July 2015 and documented the safety review in a final 
safety evaluation report, issued on December 9.

Canada
Canada’s Nuclear Waste Management Organization (NWMO), 

which is conducting a multiyear selection process to find a com-
munity willing to host a repository for the country’s high-level 
radioactive waste, has determined that Central Huron, Ontario, 
is worthy of further study as a potential repository site.   

In an October 29, 2015, press release announcing that it has 
completed the first phase of a preliminary assessment for the 
municipality, the NWMO said that based on the work it has 
completed, “Central Huron is assessed as having potential to 
meet site selection requirements for a deep geological repository 

Industry News

http://www.holtec.com


Kinectrics—and its Candesco 
Division—provide comprehensive 
nuclear waste management and 
decommissioning services based 
on practical, in-depth knowledge 
of nuclear systems, operations, 
and components.

▪	 Liquid	and	Solid	Waste	Management
▪	 Materials	and	Waste	Characterization
▪	 Radioactive	Materials	Lab/Licensed	Testing	Facilities
▪	 Site	Characterization/Groundwater	and	Soil	Sampling
▪	 Decontamination	and	Decommissioning
▪	 Nuclear	Safety	and	Licensing	Support	

kinectrics.com	 kinectrics.us	 candesco.com

NUCLEAR	WASTE	MANAGEMENT		
AND	DECOMMISSIONING	SERVICES

http://www.kinectrics.com
http://kinectrics.us
http://www.candesco.com


14 • Radwaste Solutions Spring 2016 www.ans.org/rs

Headlines

for used nuclear fuel and warrants further study.” 
Central Huron, located along Ontario’s West 

Coast on the shore of Lake Huron in Huron Coun-
ty, is one of 21 Canadian municipalities that ex-
pressed an interest in learning about the govern-
ment’s repository plan and have undergone Phase 1 
preliminary assessments. Of those, Central Huron 
and eight other Ontario municipalities have been 
identified as potential sites warranting further 
study. According to the NWMO, the preliminary 
findings do not confirm the technical suitability 
and safety of any site, and no community is being 
asked to confirm its willingness to host the proj-
ect at this point. Under Canada’s “adaptive phased 
management” approach to siting a deep geological 
repository, the preliminary assessment is the ini-
tial phase of study in a nine-step selection process. 
●● A decision on a repository for low- and 

intermediate-level radioactive waste in Canada 
was delayed until March 1 by Canada’s Minister 
of Environment and Climate Change, Catherine 
McKenna, it was announced on November 27, 
2015. The Canadian government was to make a 
decision on Ontario Power Generation’s (OPG) 
proposed repository by early December 2015. The facility would 
be located about 1.2 kilometers from Lake Huron, near OPG’s 
Bruce nuclear power plant in Kincardine, Ontario, and would 

accept LLW and ILW from the company’s Bruce, Pickering, 
and Darlington plants. In a statement, OPG said that it respects 
McKenna’s need for more time to review a joint review panel’s 

Central Huron, in Ontario on the shore of Lake Huron, will be assessed as a 
possible site for a spent nuclear fuel repository.

Industry News
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May 2015 recommendation for the approval of the repository. The 
Detroit News reported on November 28 that the project, which 
has advanced under former Prime Minister Stephen Harper’s 
Conservative Party, may be getting a new look following the 
October 2015 election of Justin Trudeau as prime minister.

United Kingdom
The Nuclear Decommissioning Authority (NDA) announced 

on October 5, 2015, that the last of the spent nuclear fuel has been 
removed from the reactors at the Oldbury nuclear power plant. 
Located in South Gloucestershire, England, Oldbury houses two 
Magnox reactors. Unit 2 was shut down in June 2011, followed by 
Unit 1 in February 2012. Defueling began in early 2013.  

According to the NDA, more than 52,000 fuel elements were 
removed from the reactors during defueling, with the last ele-
ment being removed from Unit 2 on October 4. The spent fuel 
was shipped over the following month to the Sellafield site in 
West Cumbria for reprocessing, with the final shipment of spent 
fuel due to leave the Oldbury site in early 2016. Once all of the 
spent fuel has been shipped to Sellafield, 99 percent of Oldbury’s 
radioactive inventory will have been removed, and the plant will 
move into its decommissioning phase.
●● International Nuclear Services (INS), a subsidiary of the NDA, 

announced on September 19, 2015, that it has delivered the first 
of two planned shipments of high-level radioactive waste from 
the Sellafield site to Switzerland. Three casks, each containing 28 
containers of HLW in the form of vitrified residues, arrived at the 
Zwilag storage facility in northern Switzerland on September 18. 

The HLW, the result of the reprocessing of spent nuclear fuel 
from Swiss electric utilities, was transported by ship to the port 
of Cherbourg in France and then by rail to Switzerland. INS said 
that it had contracted with Areva to safely manage the overland 
transport across France. The United Kingdom’s Vitrified Resi-
due Returns program, a partnership between Sellafield Ltd. and 
INS, is part of the NDA’s strategy to repatriate HLW from the 
United Kingdom, fulfill overseas contracts, and deliver U.K. 
government policy.
●● Sellafield Ltd., the cleanup contractor for the United 

Kingdom’s Sellafield nuclear site, announced on October 28, 
2015, that one of the site’s biggest tasks is halfway to completion, 
with 50 percent of the radioactivity having been removed from 
the site’s oldest nuclear fuel pond. 

According to the company, the milestone was achieved in 
October when the final “canned fuel” was transferred from the 
Pile Fuel Storage Pond at Sellafield to a modern handling plant 
operated by the National Nuclear Laboratory (NNL). The stor-
age pond, one of four high-hazard facilities on the site that were 
prioritized for cleanup by the Nuclear Decommissioning Au-
thority, is a relic from the Cold War, when Sellafield produced 
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material for the U.K.’s nuclear arsenal. The pond will be drained 
and demolished after its contents, which include spent nuclear 
fuel, equipment, and sludge, have been removed. 

The canned fuel consists of stainless steel cans containing fuel 
pins, pellets, and cladding waste from the Windscale advanced 
gas-cooled reactor. According to Sellafield Ltd., 191 cans con-
taining 2.5 tons of fuel were removed from the pond and trans-
ferred to the NNL handling plant. Work is under way to remove 
the remaining contents of the pond, including metal fuel, which 
is expected to be cleared by April. 
●● The National Nuclear Laboratory and the Irvine, Calif.–based 

waste technology company Kurion announced on November 17, 
2015, that they have completed the nonradioactive testing phase 
for a vitrification plant at the Sellafield nuclear site. NNL and 
Kurion formed a joint partnership in January 2014 to deploy 
a full-scale, in-container vitrification plant based on Kurion’s 
GeoMelt technology at NNL’s flagship Central Laboratory on 
the Sellafield site. 

The testing phase of the commissioning program was capped 
off with a paid demonstration for the U.K. Nuclear Decommis-
sioning Authority at the NNL Workington Laboratory nonra-
dioactive test rig facility using simulated Sellafield waste. With 
testing complete, the system will be disassembled and moved 
to the Central Laboratory for final commissioning, followed by 
commercial operation. 

According to NNL, the United Kingdom has more than 
300,000 t of intermediate- and low-level radioactive waste in 

its inventory that may be suitable for thermal treatment with 
GeoMelt. In 2016, Kurion and NNL plan to increase the total 
throughput of the system to a maximum annualized processing 
capacity of more than 200 t and evaluate the installation of ad-
ditional systems. 

Australia
The Australian Nuclear Science and Technology Organization 

(ANSTO) announced on December 6, 2015, that the first phase 
of its radioactive waste repatriation project has been completed 
with the return of Australian waste from France. 

Hef Griffiths, ANSTO’s head of nuclear services, said that the 
shipment of repatriated waste left France on October 15 aboard 
the nuclear-rated ship BBC Shanghai and arrived in Port Kem-
bla, New South Wales, on December 5. The intermediate-level 
radioactive waste was transported the following day to an inter-
im storage facility at Lucas Heights, where it will remain until it 
can be moved to the yet to be built National Radioactive Waste 
Management Facility. Australia is in the process of siting a per-
manent repository for radioactive waste. 

With a single national facility yet to be established, radioac-
tive waste generated by the country’s medical, industrial, and 
nuclear research activities is currently stored at more than 100 
locations across Australia, including hospitals, mining sites, 
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and research centers. The Australian government has initiated 
a community consultation process to identify suitable sites for 
the proposed National Radioactive Waste Management Facility. 
On November 13, 2015, the government shortlisted six sites for 

further evaluation and public consultation. The six 
sites are at locations near Sally’s Flat in New South 
Wales; Hale in the Northern Territory; Cortlinye, 
Pinkawillinie, and Barndioota in South Australia; 
and Oman Ama in Queensland. 

According to the government, each nominated 
site was subject to an objective and evidence-based 
assessment by the Department of Industry, Inno-
vation and Science, with the assistance of an inde-
pendent advisory panel and Geoscience Australia. 
The department will consult until March 12 with 
local stakeholders that have an interest in the sites 
and a final site is expected to be identified before 
the end of the year.

NRC
An audit by the Nuclear Regulatory Commis-

sion’s Office of the Inspector General has found 
that there are varying definitions of the term 
“long-term storage” relative to low-level radioac-

tive waste. Without a formal definition of the term “long-term 
storage,” NRC staff and external stakeholders are left to interpret 
its meaning, which could lead to inconsistency in inspections, 
according to the OIG.

A transport canister containing repatriated waste is secured on a vehicle for 
shipment to Australia’s Lucas Heights facility for temporary storage. Photo: 
ANSTO
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The findings were released in a September 23, 2015, report, 
Audit of NRC’s Oversight of Low-Level Radioactive Waste (OIG-
15-A-20). The audit found that the NRC has the requisite pro-
cesses in place for overseeing LLW stored at operating com-
mercial nuclear power plants, but that improvements could be 
made. Finding that NRC staff, inspectors, and management had 
widely varying definitions for “long-term storage,” the OIG rec-
ommended that the agency’s executive director for operations 
define the term in all future NRC documents or eliminate the 
term altogether.

According to the OIG, the lack of a cohesive understand-
ing regarding the meaning of “long-term storage” stems from 
changing NRC policy. Previously, the NRC had a five-year limit 
on the length of time that LLW could be stored at a nuclear pow-
er plant before it had to be shipped to a disposal facility. At that 
time, NRC guidance documents defined “long-term” as mean-
ing the life of the plant. The NRC lifted the five-year time limit in 
1994 but continued to use the term “long-term storage.” 

The OIG audit also found a lack of communication among 
NRC internal offices and regional offices pertaining to trans-
portation regulations, and that the agency’s established mecha-
nism for informing regional offices of updates to transportation 
regulations is being circumvented. To prevent inspectors from 
conducting inspections based on outdated transportation reg-
ulations, the OIG recommended that the NRC develop a mech-
anism to inform the regional offices of updates. This could be 
done through refresher training, monthly calls, or webinars, the 

OIG said.
The OIG’s report can be accessed through the NRC’s website 

at www.nrc.gov/reading-rm/doc-collections/insp-gen/.

EPA
The Environmental Protection Agency announced on Octo-

ber 1, 2015, that it has completed a record of decision (ROD) out-
lining a detailed plan for cleaning up the Nuclear Metals Inc. site 
in Concord, Mass. The cost of the cleanup is estimated at about 
$125 million.  

Nuclear Metals produced depleted uranium products, primar-
ily as penetrators for armor-piercing ammunition, and specialty 
metal products at the site, beginning in 1958. The operations re-
sulted in contaminated soil, sediment, and groundwater, accord-
ing to the EPA. The ROD explains the various cleanup options 
chosen by the EPA for the site. The EPA selected a cleanup plan 
that includes the excavation and off-site disposal of sediments 
and soil located outside of the site’s holding basin, the stabiliza-
tion of holding basin soils, and the containment of those soils 
with a vertical wall and a horizontal cover. The ROD also in-
cludes the treatment and monitoring of groundwater at the site. 
●● In a settlement with the Environmental Protection Agency, 

Energy Future Holdings has agreed to pay $2 million to clean 
up uranium mines in northwest New Mexico, it was reported by 
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the Dallas Morning News on December 2, 2015. Energy Future 
Holdings settlement with the EPA comes as part of a settlement 
with the U.S. Justice Department, which filed an objection to 
the company’s bankruptcy plans last summer claiming that 
Energy Future Holdings was trying to skirt its environmental 
responsibilities, according to the news report. An Energy Future 
Holdings subsidiary that has since closed extracted uranium 
from four mines in McKinley County, N.M., in the 1970s and 
1980s. The EPA, which estimates the cost of cleanup at $23 
million, found uranium contamination was still present at the 
mine sites decades later.
●● The Environmental Protection Agency announced on 

December 31, 2015, that an isolation barrier at the West Lake 
Landfill near St. Louis, Mo., will be installed to prevent subsurface 
smoldering from reaching radiologically contaminated areas of 
the Superfund site. The construction of the physical isolation 
barrier will be carried out under the direction and oversight 
of the EPA with support from the Army Corps of Engineers. 
According to the EPA, additional engineering controls will be 
used at the site, where a subsurface fire was detected in 2010. 
Additional controls include the installation of cooling loops to 
prevent potential impacts that could result if the smoldering were 
to come into contact with the radioactive materials contained 
in the landfill. The EPA said that it will release additional 
information, such as the location of the barrier, once plans are 
finalized.

On February 2, the U.S. Senate passed a bill that would 

transfer remediation authority over the West Lake Landfill from 
the EPA to the Army Corps of Engineers, putting the site in the 
Corps’ Formerly Utilized Sites Remedial Action Program. U.S. 
Sens. Claire McCaskill (D., Mo.) and Roy Blunt (R., Mo.) intro-
duced the bill, while companion legislation was introduced in 
the House by U.S. Reps. Lacy Clay (D., Mo.) and Ann Wagner 
(R., Mo.). Residents near the landfill and state officials have long 
sought to move oversight of the landfill cleanup away from the 
EPA.

DOE 
Hoping to conduct a deep borehole field test in North Da-

kota, the Department of Energy announced on January 5 that 
it has selected a Battelle-led team to drill a test borehole more 
than 16,000 feet deep into a crystalline basement rock forma-
tion near Rugby, N.D. The DOE is conducting research into the 
potential use of deep boreholes for the disposal of certain types 
of high-level radioactive waste. According to the DOE, the field 
test will provide insights into crosscutting subsurface science 
and engineering challenges such as drilling techniques, wellbore 
stability and sealing, and subsurface characterization. Deter-
mining the feasibility of deep borehole disposal is the goal of the 
DOE’s estimated $35-million, five-year project on approximate-
ly 20 acres of state-owned land. The research will examine the 
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hydrogeological, geochemical, and geo-mechani-
cal characteristics of the host rock at a considerable 
depth. No radioactive material will be used during 
any of the testing for the borehole project.
●● Unable to reach an agreement with the state 

over a waiver of a 1995 settlement agreement, the 
Department of Energy has canceled a shipment of 
spent nuclear fuel to Idaho National Laboratory, it 
was reported on October 23, 2015. The shipment 
was one of two deliveries of 25 spent fuel rods the 
DOE was proposing to send to INL as part of a 
research project on the characteristics and storage 
of spent fuel. Former Idaho governors Cecil Andrus 
and Phil Batt, architects of the 1995 Batt Agreement 
prohibiting the transfer of commercial spent nuclear 
fuel to INL, had opposed the shipments.

In December 2014, the DOE requested a waiver 
of the Batt Agreement. Idaho Gov. C. L. “Butch” 
Otter and Attorney General Lawrence Wasden 
indicated that the state would be willing to grant 
a conditional waiver if the DOE would take steps 
to resolve current noncompliance issues with the 
agreement. Those issues stem from the delay in the 
construction and operation of the site’s Integrated 
Waste Treatment Unit (IWTU), which was sup-
posed to begin treating nearly 900,000 gallons of 
liquid sodium–bearing waste in 2012.  

A shipment of mixed, low-level waste from Hanford is secured for treatment 
and disposal. The DOE is researching the use of plasma mass filtering to 
separate and treat radioactive waste. Photo: DOE
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The delay in the construction of the IWTU has resulted in the 
DOE’s missing deadlines set by the settlement agreement with 
the state. Wasden had said that he would not consider granting 
a waiver to allow the shipments of spent fuel, the first of which 
was to come from Dominion’s North Anna nuclear power plant, 
until the IWTU was operational and the DOE entered into an 
enforceable agreement to resolve the missed deadlines.
●● Physicists at the Department of Energy’s Princeton Plasma 

Physics Laboratory are proposing the use of a plasma-based 
centrifuge method to separate nonradioactive elements from 
radioactive waste in an effort to reduce the volume of nuclear 
waste and the costs associated with treating it. Known as plasma 
mass filtering, the new separation technique would supplement 
chemical techniques. Announced by PPPL on December 2, the 
research results first appeared in the paper “Plasma Filtering 
Techniques for Nuclear Waste Remediation,” which was 
published in the October 2015 issue of the Journal of Hazardous 
Materials (Vol. 297).

Noting the challenge of safely treating radioactive waste, Re-
naud Gueroult, PPPL staff physicist and the paper’s lead author, 
said that supplementing existing chemical separation tech-
niques with plasma separation techniques “could be economi-
cally attractive, ideally leading to a reevaluation of how nuclear 
waste is processed.”

According to PPPL, the high-throughput plasma-based 
mass separation techniques advanced at the laboratory offer 
the possibility of reducing the volume of waste that needs to be 

immobilized through vitrification. Plasma mass filtering begins 
by atomizing and ionizing the hazardous waste and injecting it 
into a rotating filter so that the individual elements can be influ-
enced by electric and magnetic fields. The filter then separates 
the lighter, less active elements from the heavier ones by using 
centrifugal and magnetic forces. As the lighter elements often do 
not need to be vitrified, processing the HLW would require few-
er high-level glass canisters overall. The less-radioactive material 
then could be immobilized in a less costly waste form, such as 
concrete or bitumen, according to PPPL.
●● The Department of Energy is seeking a 17-year delay in 

opening the Waste Treatment and Immobilization Plant 
(WTP) at the Hanford Site near Richland, Wash. In response 
to a request by the U.S. District Court for the Eastern District 
of Washington, the DOE and the state of Washington filed 
new deadlines for the WTP, it was reported in Tri-City Herald 
on November 14, 2015. Technical issues have delayed the 
construction of the WTP, otherwise referred to as the Vit Plant, 
which is being built to treat and vitrify Hanford’s approximately 
56 million gallons of radioactive liquid waste. The DOE, which 
has been reluctant to set a deadline for completing the WTP, 
has proposed bringing the plant into full operation by 2039. 
The state, however, has proposed a start-up date of 2034. 
Under a 2010 consent decree, which set certain milestones 
for the treatment of Hanford’s waste, the plant was to be fully 
operational by 2022. The DOE and the state went to the federal 
court in late 2014 seeking new deadlines in the consent decree 
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after the DOE determined it would be unable to 
meet the current deadlines.

In response to the DOE’s new deadline, the 
watchdog group Hanford Challenge called on the 
Obama Administration on November 23 to stop 
work at the WTP and immediately begin the con-
struction of 12 new underground nuclear waste 
storage tanks. The state also is asking the court to 
require the DOE to start planning and permitting 
work on new double-shell waste tanks.
●● The final pouring of grout into Tank 16 at the 

Savannah River Site was completed on September 
22, 2015, more than a month ahead of schedule, 
according to the Department of Energy. Beginning 
on June 2 of last year, contractors at the DOE’s 
Savannah River Site poured nearly 6,300 cubic 
yards of grout into the underground high-level 
radioactive waste tank as part of the process for 
closing the tank. Tank 16, which has a capacity 
of approximately 1 million gallons, is the seventh 
waste storage tank to be operationally closed at the 
site, and the fifth tank closed since 2012. Closure 
is the culmination of several extensive preparation 
and isolation activities, and the placement of grout 
to fill up the entire tank and all internal tank components is 
the final step. Tank 12 is the next older-style tank that will be 
operationally closed at SRS. Preparations for grouting Tank 12 

were completed in September of last year and contractors began 
pouring grout into the tank on January 19, according to the 
DOE. n

On January 19, cement trucks hauling specially formulated grout began 
filling Tank 12, an underground radioactive waste tank at the Savannah River 
Site. Photo: DOE
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Field Test to Evaluate Deep 
Borehole Disposal

Sandia National Laboratories has 

begun research on the potential 

use of deep boreholes for the dis-

posal of radioactive waste.

The U.S. Department of Energy has embarked on the Deep 
Borehole Field Test (DBFT), which will investigate whether 
conditions suitable for disposal of radioactive waste can be 

found at a depth of up to 5 kilometers in the earth’s crust. As 
planned, the DBFT will demonstrate drilling and construction 
of two boreholes, one for initial scientific characterization and 
the other at a larger diameter appropriate for potential waste 
disposal (the DBFT will not involve radioactive waste). A wide 
range of geoscience activities is planned for the characterization 
borehole, and an engineering demonstration of test package em-
placement and retrieval is planned for the larger field test bore-
hole. Characterization activities will focus on measurements 
and samples that are important for evaluating the long-term iso-
lation capability of the deep borehole disposal (DBD) concept. 
Engineering demonstration activities will focus on providing 
data to evaluate the concept’s operational safety and practicality. 
Procurement of a scientifically acceptable DBFT site and a site 
management contractor is now under way.

Fig. 1. Schematic of a deep disposal borehole 
depicting sealing and plugging.

High-Level Waste Management
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Field Test to Evaluate Deep Borehole Disposal

The concept of DBD for radioactive wastes is not new. It was 
considered by the National Academy of Science [1] for liquid 
waste, studied in the 1980s in the U.S. [2], and has been eval-
uated by European waste disposal research and development 
(R&D) programs in the past few decades (e.g., [3, 4]). Deep 
injection of wastewater, including hazardous wastes, is ongo-
ing in the U.S. and regulated by the Environmental Protec-
tion Agency [5]. The DBFT is being conducted with a view to 
use the DBD concept for future disposal of smaller-quantity, 
DOE-managed wastes from nuclear weapons production (i.e., 
cesium/strontium capsules and granular solid wastes). Howev-
er, the concept may also have broader applicability for nations 
that have a need to dispose of limited amounts of spent fuel 
from nuclear power reactors. For such nations, the cost for dis-
posing of volumetrically limited waste streams could be lower 
than mined geologic repositories.

Deep Borehole Disposal Concept

DBD safety relies on emplacing wastes in competent crystal-
line rock well below the extent of naturally circulating ground-
water. Whereas movement in groundwater is practically the 
only means for migration of radionuclides, if the groundwater 
has not moved for millions of years, then transport is limited 
to the mechanism of aqueous diffusion, a slow process. Diffu-
sion-limited transport is the principle of isolation for mined 
repositories proposed at depths of 500 meters in clay or shale, 
and salt. However, DBD would be situated at a 3- to 5-km depth 
(Fig. 1) in low-permeability granite or schist, and therefore the 
radionuclide migration path distance would be at least an order 
of magnitude greater than for mined repositories (e.g., 1,000 m 

in the crystalline basement vs. 150 m in clay or shale). Hence, 
DBD offers the potential for exceptional waste isolation, because 
the time for diffusive release to the biosphere is proportional to 
the square of distance.

The key to proving the potential effectiveness of DBD is to 
carefully analyze the environment at depth, to determine the 
origin and residence time of deep groundwater, and to under-
stand why it has remained isolated. Natural cosmogenic tracers 
with long half-lives such as argon isotopes and krypton-81 could 
be helpful because they can be used to estimate or bound the 
average time since a groundwater sample was at the earth’s sur-
face. Other tracers originate in the solid earth: accumulation of 
radiogenic helium, and uranium-series equilibria, are indicators 
of long groundwater residence time. The characterization bore-
hole will use state-of-the-art methods to characterize chemical 
and isotopic tracer signatures for interpretation of groundwater 
provenance and apparent age [6].

Another aspect of deep groundwater isolation pertains to 
the chemical composition of such waters, which are typical-
ly concentrated chloride brines with density from 2.5 percent 
(seawater) to more than 30 percent greater than pure water. 
Types of brine range from sodium chloride to calcium and 
magnesium chloride at higher density. The density gradient 
(fresh near the surface, concentrated at depth) is stabilizing 
and inhibits vertical flow or mixing. The inhibitive effect is 
well-known where seawater invades near-surface groundwater 
aquifers. Density stratification would tend to limit the effects 
from future perturbations to hydrologic conditions such as cli-
mate change or from early borehole heating by the waste. For 
example, ancient brines have been found in crystalline base-
ment rock over a large area of the northern plains of North 
America, an area subjected to glaciation during the Pleisto-
cene epoch.
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Several causes have been proposed 
for deep brines: water-rock interaction 
(leaching), infiltration of cryogenic brines 
from large-scale freezing of seawater, and 
dissolution of evaporites (where present). 
The cause and age for specific occurrences 
may be inferred from their composition 
(e.g., [7]) or they may be undetermined. 
The simple existence of concentrated chlo-
ride brines in the crystalline basement is 
a general indicator of great age, especially 
when no evaporites are present in the geo-
logic setting.

The presence of ancient, saline water in 
the basement suggests that waste isolation 
in deep boreholes may not depend crit-
ically on borehole seals above the waste 
disposal interval. Within the borehole 
and the disturbed rock zone (DRZ) within 
a few feet of the borehole, the permeability 
will be low and the potential radionuclide 
pathway will be long, limiting the rate 
of diffusion-dominated transport to the 
biosphere above. During the thermal pe-
riod (a few decades to hundreds of years, 
depending on waste type) there is the 
possibility for thermally driven buoyant 
convection, which seals could help to mit-
igate. After cooling, with fluid of similar 
composition in the borehole and forma-
tion reestablishing density stratification, 
the upward hydraulic gradient is likely to 
be very small or nonexistent regardless of 
the seals. Radionuclide transport under 
such conditions would be diffusion-dom-
inated and limited to long pathways and 
low permeability.

The DBFT will evaluate methods for 
sampling and testing in the characteri-
zation borehole to determine groundwa-
ter provenance and apparent age at the 
test site. The capability for safe handling 
and emplacement of waste in deep bore-
holes will be demonstrated, and borehole 
sealing materials and technologies will be 
evaluated. 

Deep Borehole Field Test

Previous Investigations

The National Academy of Sciences [1] 
identified deep injection as a promising 
method for disposal of liquid radioactive 
or mixed wastes. This was followed in the 
1960s by a campaign of injection of ce-
mentitious waste slurries into shale, near 
Oak Ridge, Tenn. The Oak Ridge dispos-
al site was shallower (about 300 m) than 
proposed for deep boreholes. It was dis-
continued in the 1980s but continues to be 
monitored [8]. 

A number of disposal options for ra-
dioactive waste were investigated in the 
1980s in the U.S., including deep borehole 
disposal of commercial spent nuclear fuel 
[2]. That study was the first to propose a 
means for emplacing strings of waste 
packages, threaded together, using a drill 
rig (drill-string emplacement). Later stud-
ies evaluated drill-string emplacement 
for the Swedish waste program [9]. R&D 
programs for deep borehole disposal have 
been ongoing for several years in the U.S. 
and the United Kingdom [10, 11]. Techni-
cal leadership for the DBFT is provided by 
Sandia National Laboratories for the DOE 
and builds on Sandia’s DBD R&D activi-
ties started in 2009 [12].

There have been hundreds of deep-in-
jection wells for wastewater and liquid 
hazardous waste in the U.S., licensed by 
the EPA [5]. Approximately 500 to 600 
wells have been put into service, with 
depths from 3,000 to 12,000 feet. The in-
jection intervals are typically separated 
from underground sources of ground-
water by multiple low-permeability con-
fining units. Injection wells have double 

Table 1. Summary of selected deep scientific drilling 
projects conducted internationally

Site Location Years Depth 
[km]

Diam  
* [in] Purpose

Kola SG-3 NW USSR 1970-1992 12.2 8 1/2 Geologic Exploration + 
Tech. Development

Fenton Hill New Mexico 1975-1987 4.6 9 7/8 Enhanced Geothermal

Urach-3 SW Germany 1978-1992 4.4 5 1/2 Enhanced Geothermal

Gravberg Sweden 1986-1987 6.6 6 1/2 Gas Wildcat

Cajon Pass 5 California 1987-1988 3.5 6 1/2 Geologic Exploration

KTB SE Germany 1987-1994 9.1 6 1/2 Geologic Exploration + 
Tech. Development

Soultz-sous-
Forets GPK

NE France 1995-2003 5.3 9 5/8 Enhanced Geothermal

SAFOD Central California 2002-2007 4(3)# 8 3/4 Geology Exploration

Basel-1 Switzerland 2006 5 8 1/2 Enhanced Geothermal

* borehole diameter at total depth
#true vertical depth

http://www.marshalltonlabs.com
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casings (double-cemented) to isolate the waste path from overly-
ing units. Final sealing and plugging of these wells follow estab-
lished procedures for oil and gas wells.

The characterization borehole, discussed below, resembles 
boreholes drilled for scientific research. Whereas oil/gas wells 
are nearly always drilled in sedimentary rock and may pene-
trate to 6 km or deeper, deep boreholes in crystalline rock are 
far fewer and are drilled for scientific R&D. Several of these deep 
boreholes drilled for scientific research are listed in Table 1. They 
are instructive for the DBFT because of the drilling and comple-
tion methods used, the states of in situ stress encountered, the 
frequency of borehole breakouts, the rock permeability encoun-
tered, production of hydrogen gas, and many other aspects.

Site Activities

Site activities for the DBFT are scheduled to begin in early 
2016 after selection of a site and a site management contractor 
[13]. Site-specific activities will begin with a phase in which 
drilling engineers, geoscientists, and support personnel plan 
the details of the initial characterization borehole. This vertical 
borehole will be drilled to approximately 16,400 ft (5 km), at a 
relatively small diameter (8.5 inches) to characterize the crystal-
line basement (Fig. 2). The drilling phase (approximately seven 

months) will include initial testing such as stem tests, hydraulic 
fracturing stress measurements, wireline logs, etc. Core will be 
obtained for 5 percent of the borehole length, in selected inter-
vals emphasizing the crystalline basement and the contact with 
overlying strata, if one exists. The characterization borehole will 
be lined with steel casing from the surface to a depth of approxi-
mately 2 km, and open hole below that for testing.

The testing phase (approximately seven months) will follow, 
involving wireline logs while pumping, specialized low-perme-
ability packer tests, tracer tests, and formation fluid sampling 
[6] (Fig. 3). The actual scope of testing will depend on borehole 
observations such as the distribution of permeability and the ex-
tent of borehole breakouts. Other tests may be performed later, 
such as a borehole heater test at depth to characterize the poten-
tial for thermally convective flow in and around the borehole.

When sufficient experience has been acquired with drilling 
and testing in the characterization borehole in the crystalline 
basement, a decision will be made whether to proceed with plan-
ning and drilling a larger-diameter field test borehole, or wheth-
er the characterization borehole can be used for the remaining 
DBFT activities. The primary purpose of the larger borehole will 
be to demonstrate drilling and construction methods that could 
be used for future waste disposal (at a different site). The combi-
nation of 17-in. diameter and total depth of 16,400 ft in crystal-
line rock is at the margin of the envelope representing worldwide 
drilling accomplishments. 

Fig. 2. Deep Borehole Field Test characterization borehole 
diameter and casing plan.

Land Surface
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Surface Borehole 
44.5 cm [17.5"] diam. 
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Fig. 3. Schematic of sampling and measurement locations 
planned for the characterization borehole.
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The field test borehole will have a guidance 
casing at constant diameter (nominally 13 3/8 
in.) from top to bottom to provide a secure 
path for emplacing test packages [14]. The up-
per 3 km of guidance casing, and the liner be-
tween 2 km and 3 km depth, will be removable 
as they would in a disposal borehole for instal-
lation of seals directly against rock. Selected 
logs and tests in the field test borehole will be 
used to test predictions based on characteriza-
tion borehole data. The hole will then be avail-
able for demonstration of emplacement and 
retrieval of test packages.

Engineering Demonstration

In addition to large-diameter deep drilling, 
demonstration activities will include the design 
and fabrication of test packages, then emplace-
ment and retrieval of a small number of pack-
ages in the field test borehole [14]. The packages 
will be thick-walled, welded vessels capable of 
resisting the down-hole pressure (9,650 pounds 
per square inch, bounded by a fluid column 
with 1.32 the density of pure water), with an 
appropriate factor of safety. Packages will have threaded and/or 
tapered plugs with welded seals and will be unshielded in order 
to maximize the volume available for waste (in a disposal ap-
plication). They will have connections on the ends, so they can 
be joined in strings if desired. The connectors can also be used 
to attach impact limiters below and latches for grappling from 
above (Fig. 4). 

Handling of waste packages at a future disposal site will require 
a shielded cask that can be upended and set onto a receiving flange 
at the borehole collar (Fig. 5). The cask must have doors at both 
ends so that the waste package can be lowered into the borehole. 

Such a cask may be designed only for package transfers to the 
borehole from transportation casks of existing designs. 

Two basic options are available for emplacing waste packages 
in the borehole: 1) lowering single packages on a modern electric 
wireline of the type used offshore and in deviated wells (Fig. 4 or 
Fig. 2) or lowering strings of packages that are threaded togeth-
er, using threaded sections of drill pipe handled with a work-
over rig (Fig. 6). The wireline method is conceptually simpler, 
whereas the drill-string method would require installation of 
more extensive equipment under the rig (“basement”) to con-
tain the equipment for threading packages together, in addition 

Fig. 5. Visualization of wireline method for waste package emplacement.

Fig. 4. Conceptual design for waste packaging with threaded ends for 
connecting packages in strings or for attachment of adapters and impact limiters 
to single packages (package length not to scale).

High-Level Waste Management
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to blowout preventers and mud handling.
A multiattribute utility study was performed to compare the 

risks and costs associated with the two emplacement options 
identified for disposal of 400 waste packages in a single, proto-
typical borehole. For each option, an event tree was construct-
ed to represent possible outcomes, including waste package 
drops, drill-string drops, and packages becoming stuck above 

or within the designated disposal zone (Fig. 7). A hazard anal-
ysis identified four types of initiating events involving package 
or drill-string drops and getting packages stuck. These top-level 
initiating events were decomposed and probabilities developed 
using fault trees. A panel of subject-matter experts developed the 
probability estimates needed for fault-tree calculations, as well 
as estimates of the probability of breaching one or more waste 

Fig. 7. Event tree for preclosure operations, wireline emplacement.

Fig. 6. Visualization of drill-string method for waste package emplacement: (left) waste package in shielded transfer cask, 
installed on carrier car to be translated under the drill rig; and (right) rig basement showing specialized equipment for assembling 
strings of waste packages, threaded together, for lowering in the borehole on drill pipe.

Field Test to Evaluate Deep Borehole Disposal
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packages during drops or fishing operations. Costs were esti-
mated for the normal and off-normal outcomes, including costs 
for fishing stuck packages, remediating contamination, and op-
portunity costs from termination of disposal operations.

The multiattribute study produced a recommendation to use 
the wireline emplacement method, because the total probabil-
ity of a breached package is estimated to be lower by a factor 
of about 55 for wireline emplacement versus drill-string em-
placement, and the cost of wireline emplacement is estimated 
to be substantially less. The lower probability of a waste pack-
age breach with wireline emplacement results because lower-
ing single packages involves much less weight and facilitates 
the use of impact limiters on every package. The formidable 
weight of a package string or a drill string is likely to breach 
waste packages in the event of an accidental drop. Costs for 
off-normal event recovery are dominated by delay and de-
contamination that would ensue from breaching a package. 
Although more trips are needed in and out with the wireline 
method, increasing the risk of becoming stuck, the trips are 
faster, and the resulting minimal risk of breaching a package 
by an accidental drop leads to the preference for wireline over 
drill-string emplacement. 

Planning for the engineering demonstration is proceeding, 
with engineering contractors performing design studies, fab-
ricating test packages, and developing a prototype handling/
emplacement system. The objective is to demonstrate the entire 
process, including test packages, handling and transfers, and em-
placement/retrieval in the field test borehole. The demonstration 
will emphasize developmental aspects unique to potential future 
waste disposal in deep boreholes. Package instrumentation will 
be used for monitoring of down-hole conditions such as package 
temperature and acceleration. The demonstration will also focus 
on the working interface between nuclear materials handling 

specialists and borehole contractors (e.g., drilling, wireline log-
ging) that would be required for future disposal operations.

Sealing Technology R&D

As discussed above, there is thought to be a need for borehole 
seals during the thermal period. Many sealing materials are avail-
able, and R&D is under way to understand the evolution of rep-
resentative materials over hundreds to thousands of years. The 
current approach is to investigate the properties and stability of 
cementitious and clay-based materials (e.g., bentonite), starting 
with cements that are used in oil and gas wells because they are 
used successfully in deep boreholes. Properties and longevity can 
be effectively studied in the laboratory without the expense of in 
situ testing. Tests of emplacement methods could be implemented 
in shallower test wells. Eventually, a field test of seal emplacement 
could be performed at full depth of up to 10,000 ft (3 km).

Technology Challenges for the DBFT

An expert panel recently indicated that the field test borehole 
is technically feasible, but field experience is limited [15]. The field 
test borehole will advance international experience with drilling 
of large-diameter, deep boreholes in crystalline rock. Another 
challenge is sampling of deep-formation water (free water and 
pore water) in sufficient quantities and with sufficient preserva-
tion of ambient quality for a range of chemical and isotopic anal-
yses. This will be accomplished using an integrated approach that 
combines available borehole methods with the use of tracers in all 
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fluids introduced to the characterization borehole.
Test packages will have a function that is unique to geologic 

disposal applications: containment with external pressure and 
corrosion at down-hole conditions (pressure, temperature, salini-
ty). Staging of shielded casks over a borehole is a new requirement, 
especially if heavy shielding is used. Lowering of waste packages 
presents challenges in controlling pressure surge in the borehole 
and in predicting package behavior in the event of a drop. 

Postclosure Performance of DBD

The basis for waste isolation performance in deep boreholes 
was summarized by Brady et al. [12]: “...physical transport of ra-
dionuclides away from HLW and SNF at multi-kilometer depths 
would be limited by: low water content, low porosity and low 
permeability of crystalline basement rock, high overburden pres-
sures that contribute to the sealing of transport pathways; and the 
presence of convectively stable saline fluids.” Crystalline rock has 
low intact porosity and low matrix permeability, because previ-
ous metamorphic or igneous processes have determined the rock 
fabric. Hydraulic permeability is dominated by fractures that 
form due to injection or tectonics, but which are at least partially 
closed by in situ stresses acting at depth. The presence of ancient 
saline groundwater is evidence for static hydrology over geologic 
time, and it resists convective circulation that might be caused by 
changes in the hydraulic head gradient (vertical or lateral), surface 
loading, or localized heating. Such stable conditions have been 
represented in idealized, generic (non-site-specific) projections 
of waste isolation performance [16, 17]. More advanced mecha-
nistic studies of potential perturbations are under way, supported 
by systematic development and screening of features, events, and 

processes (FEPs) specific to borehole disposal [12]. Some of these 
processes are discussed further below.

Thermally driven convective circulation is included in ther-
mal-hydrology simulations [18], which show that the magnitude 
and duration are likely to be insignificant. Thermal convection 
is sensitive to changes in permeability, but only if assigned much 
greater values of permeability than are expected to be present along 
potential transport pathways. Permeability is an important param-
eter to be investigated by the DBFT characterization borehole.

Corrosion of metals, cement, and other engineered materials 
is potentially significant during disposal operations (e.g., the 
first few years) when it is important that packages provide con-
tainment and that disposal zone geometry is preserved. Howev-
er, after permanent closure (i.e., after sealing and plugging of a 
disposal borehole) such containment may not be as important, 
and it is not included in current predictive models of waste iso-
lation performance. The disposal zone will eventually be filled 
with corrosion products (e.g., magnetite) and residues from deg-
radation of cements and waste forms. Consolidation of this mix-
ture may occur to the extent that any significant voids remain. 
Long-term degradation behavior of engineered materials in the 
disposal zone, and other sealing and plugging materials, is being 
addressed by laboratory studies associated with the DBFT.

Corrosion of metals in water at reducing conditions in the dis-
posal zone will produce hydrogen [3]. Some H2 will dissolve in wa-
ter at in situ pressure, but mass balance arguments show that the 
total H2 production will exceed solubility in the borehole, and that 
the rate of production might exceed the rate that H2 can diffuse 
away from the borehole (see [19]). Expulsion of contaminated flu-
id into the overburden has been proposed as the endpoint for an 
H2-generation scenario [3]. However, this may essentially be a ma-
terial selection problem, and there are slowly corroding materials 
available (e.g., stainless steel casing). Also, experience with oil and 
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gas wells suggests that well-cemented casing corrodes slowly even 
in aggressive chemical environments (with appropriate choice of 
cement). In addition, buildup of H2 pressure will eventually dissi-
pate and H2 gas generation would likely never lead to unworkable 
requirements on disposal zone completion. This issue will be ex-
amined further during the course of the DBFT.

Closing Discussion

Technical criteria for selection of the DBFT location include 
attributes such as maximum depth of 2 km to the top of the 
crystalline basement and evidence for ancient groundwater at 
depth [13]. The DBFT characterization borehole and associated 
scientific investigations are planned to determine whether these 
technical attributes exist and to demonstrate the use of state-
of-the-art methods for obtaining supporting measurements and 
samples. These activities are scheduled to get under way in early 
2016, with borehole completion by mid-2017 and down-hole sci-
entific testing in the following months. A program of sampling 
and testing activities has been prepared for planning purposes 
[6], but will be reviewed in 2016 with site management and the 
drilling contractor support team.

Planning for engineering demonstration activities is under 
way, and conceptual design will be completed in mid-2016. Fi-
nal design activities will follow, then prototype fabrication and 
testing, system integration testing, and finally field demonstra-
tion in 2018 or 2019. The demonstration will evaluate prototype 
test package performance and evaluate the selected system for 
package handling, transfer, emplacement, and retrieval. The 
demonstration will generate new information on technical per-
formance, operational efficiency and safety, and cost that will 

support a feasibility evaluation for future DBD projects.
At the conclusion of drilling, construction, down-hole test-

ing, and field demonstration activities, the DBFT boreholes and 
field site will be available for additional R&D. This might include 
transfer of ownership to an entity such as an institute or univer-
sity, to be used for down-hole testing or as an observatory.
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By Joel E. Parks, Chris P. Pantelides,  
Luis Ibarra, and David Sanders

Dry storage casks (DSCs) store spent nuclear fuel (SNF) 
rods from nuclear power plants and are placed on sites 
adjacent to the plant. These sites are known as indepen-

dent spent fuel storage installations, and regulations ensure 
adequate passive heat removal and radiation shielding during 
normal operations, off-normal events, and accident scenarios 
[1]. DSCs are a temporary storage solution licensed for 20 years, 
although they may be relicensed for operational periods up to 60 
years. DSCs are being re-evaluated as a potential midterm stor-
age solution, where operating periods may be extended to 300 
years. With DSCs storing SNF for hundreds of years the seismic 
hazard analysis results in very large horizontal accelerations and 
destabilizing effects from vertical accelerations.

DSCs are typically freestanding structures that rest on a rein-
forced concrete pad. During a large seismic event a freestanding 
DSC may tip over or experience excessive sliding, which can lead 
to a collision with another cask or other structural component 
and cause damage to the contents of the casks. This research fo-
cuses on the benefits of seismic anchorage for DSCs to reduce 
damage to the cask and its contents during a large seismic event. 
Two types of anchorage are investigated: (a) conventional bolt 
details with steel chairs, and (b) stretch-length bolt details with 
steel chairs. Both anchorage methods are depicted in Fig. 1. A 
stretch-length bolt is an anchor bolt that has a length extending 
beyond the concrete in which it is anchored.

Vertical containment structures that do not have significant 
ductility, such as DSCs, could benefit from plastic yielding of 
the anchor bolts used to connect the structure to its foundation 
[2]. The stretch length increases the lateral displacement capac-
ity of the system, and can be designed to meet the displacement 
criteria of the structure. The stretch length in this research is 
equivalent to 8 bar diameters (8D). To provide additional dis-
placement ductility to the system, a steel chair designed to yield 
is investigated and compared to a steel chair that is designed to 
remain elastic. 

To evaluate the effectiveness of providing a stretch length 
equivalent to 8D and/or a steel chair designed to yield, sin-
gle-anchor tests were performed by loading the anchor bolt 
and steel chair assembly in monotonic or cyclic shear. After 
evaluation of the single-anchor tests, a group of anchors was 
tested on a 1:2.5-scale DSC under a quasistatic horizontal cy-
clic load applied at the centroidal height. A steel ring designed 
to clamp the cask was used as part of the anchoring system. 
The experimental results are presented and compared for con-
ventional and stretch-length bolts, yielding and elastic chair 

Fig. 1. Anchor bolt chairs: (a) conventional anchor bolt; (b) 
anchor bolt with stretch length.
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details, as well as the scaled DSC in terms of load and displace-
ment capacity.

Single-anchor tests
For this research, 19-millimeter-diameter ASTM F1554 Gr. 

36 hex-headed anchor bolts were used. The 19-mm-diameter 
anchor bolts conform to both ACI 318-14 and ACI 349-13 stan-
dards [3, 4] and were chosen to provide an appropriately scaled 
anchor for the 1:2.5-scaled DSC. For an anchor bolt diameter of 
19 mm, the 8D stretch length is 152 mm.

The design of the steel chair was performed according to the 
American Petroleum Institute standard 650 [5]. This is an al-
lowable stress design, which produced a steel chair that remains 
elastic at full tensile strength of the anchor bolt. The design pro-
cedure resulted in a steel chair with 12.7-mm steel, except for the 
plate that is in contact with the DSC, which is 6.4 mm thick. A 
steel chair that yields before the full tensile strength of the an-
chor is reached was also built with 6.4-mm steel plates.

Twelve single-anchor tests were performed to evaluate four 
parameters: conventional and stretch-length bolts, and 6.4-mm 
and 12.7-mm chairs. Eight of these specimens were tested in 
monotonic shear, and the remaining four specimens were tested 
in cyclic shear. All tests were performed using a single hydraulic 
actuator that applied a horizontal load to the top 127 mm of the 
chair to simulate rotation under an overturning moment. Fig. 2 
shows the test setup used for the single-anchor tests.

Single-anchor test results

Monotonic shear

The results for single-anchor monotonic shear tests are pre-
sented in Fig. 3. For clarity, only a single experiment per steel 

chair and anchor combination was chosen, as the results were 
consistent and repeatable. The specimen identification nomen-
clature in Fig. 3 is as follows: the first letter represents the anchor 
type tested (stretch-length anchor = S; conventional anchor = 
C); the second letter represents the loading type (monotonic = 
M; cyclic = C); and the number represents the plate thickness 
used for the steel chair in millimeters. Also, experiments that 
used 6.4-mm chairs have a solid line type, while experiments 
that used 12.7-mm chairs have a dashed line type. 

As observed, stretch-length anchors and steel chairs intended 
to yield affect both lateral load and displacement capacity. By 
providing a stretch-length bolt, a yielding steel chair, or both, 
the load was reduced when compared to C-M-12.7, but the dis-
placement capacity was increased. For the conventional anchor 
cases where failure is not obvious, system failure was taken at 
the point at which a 20 percent drop in lateral load had occurred. 
Using a conventional anchor and providing a steel chair that is 

Fig. 2. Single-anchor test setup.

Fig. 3. Monotonic single-anchor test results.
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allowed to yield (C-M-6.4), the load was reduced by 15 percent 
and the ultimate displacement was increased by 1.95 times that 
of C-M-12.7. 

In contrast, when a stretch-length anchor is used along with 
a steel chair that remains elastic (S-M-12.7), the load is reduced 
by 15 percent, and the lateral displacement capacity is increased 
by 2.68 times that of C-M-12.7. This indicates that providing a 
bolt with a stretch length equivalent to 8D is more effective at 
increasing the component ductility than providing a steel chair 
that is anticipated to yield. When a stretch-length anchor is 
combined with the steel chair intended to yield (S-M-6.4), the 
load is reduced by 37 percent, and the greatest increase in lateral 

displacement capacity is achieved with an increase of 3.72 times 
that of C-M-12.7.

Cyclic shear

Results for single-anchor cyclic shear tests are presented 
in Fig. 4. Similar to the monotonic shear tests, it is clear that 
providing a stretch length substantially increases the assembly 
ductility; both stretch-length specimens reached a displacement 
of 178 mm without failure. Unlike the monotonic shear tests, 

Fig. 4. Cyclic single-anchor test results: (left) 12.7-mm chair; (right) 6.4-mm chair.
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providing a steel chair that yields did not produce a more ductile 
system for the conventional anchor case; failure of the anchor 
bolt occurred during the 64-mm displacement step for the 6.4-
mm steel chair and the 76-mm displacement step for the 12.7-
mm chair.

Anchored dry storage  
cask test

The single-anchor tests showed that combining stretch-length 
anchors with a steel chair intended to yield produces the most 
ductile anchorage system. For the 1:2.5-scale DSC, an anchor-
age system was developed that consisted of a steel clamp ring 
made up of 6.4-mm steel plates and bolts with a 152-mm stretch 
length.

To test the effectiveness of the ductile anchorage system, an 
anchored 1:2.5-scale DSC was tested under quasistatic displace-
ments. The horizontal lateral load was applied at the mass cen-
troidal height of the scaled DSC to represent the overturning 
moment from a seismic event. The scale DSC had a height of 240 
centimeters and a diameter of 105.4 cm; the center of gravity of 
the DSC is 120 cm above the ground. The number of bolts was 
determined following anchorage requirements from both ACI 
318-14 and ACI 349-13 and ensuring that the strength was gov-
erned by a ductile steel element, the anchor bolt. The design indi-
cated that 10 anchor bolts could withstand the computed equiv-
alent lateral load from a severe seismic event of 271 kilonewtons, 
based on the expected spectral accelerations of the DSC. 

The final anchorage design is shown in Fig. 5, with the bolt 
numbering sequence and direction of loading. The inner diam-
eter of the clamp ring was made slightly larger than the diame-
ter of the DSC to allow easier installation; the inner diameter of 
the clamp ring was 106.7 cm, leaving a gap of 6.4 mm between 
the clamp ring and the DSC. This 6.4-mm gap was filled with a 

high-flow grout of a compressive strength equal to 87 megapas-
cal on the day of the test.

The hysteretic response of the anchored DSC is shown in Fig. 
6. Essentially, two different experiments were performed: (i) 
when grout was present in the gap between the clamp ring and 
cask, and (ii) when there was no grout in the gap. After the 63.5-
mm displacement step, the grout in the gap between the DSC 
and the clamp ring began to pulverize, leaving a void where the 
grout once was. As the grout began to crush, a drop in lateral 
load was observed until the grout was pulverized, leaving a 6.4-
mm gap between the clamp ring and the DSC. Once the grout 
was pulverized, a large lateral displacement was needed to wedge 
the DSC in the steel clamp ring. This occurred at a displacement 
of 114 mm as the load began to increase once more. 

This response was unexpected, because instead of the DSC 

Fig. 6. Anchored DSC hysteretic response.

Fig. 5. Anchored cask: (left) clamp assembly with cask; (right) clamp assembly plan view.
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and clamp ring showing composite action, the two components 
behaved independently as shown in Fig. 7; the cask was dis-
placed 178 mm while the clamp ring remained stationary. Thus, 
the steel clamp ring successfully restrained the DSC from mov-
ing horizontally, but provided very little vertical restraint; the 
latter was due to friction between the DSC and the ring. After 
the 178-mm displacement step, the test was terminated. Due to 
the noncomposite performance of the system, it was determined 
that a retrofit of the ring design was needed to develop composite 
action.

Retrofitted dry storage  
cask anchorage

To ensure that the DSC and the clamp ring acted composite-
ly, steel stiffeners were welded to the cask and all vertical top 
plates of the ring. This method is more representative of a newly 
constructed DSC, because existing casks cannot be welded. The 
retrofitted cask was retested quasistatically in the same manner 
as the original.

Testing showed that composite action between the DSC and 
ring was achieved. Fig. 8 shows the hysteretic response of the 
retrofitted anchored DSC, which is different from the previous 
experiment due to the composite action between the DSC and 
clamp ring. This is evident by the increased lateral load of 476 
kN and the flag-shaped hysteretic response in Fig. 8. Compos-
ite action between the DSC and ring is also evident in Fig. 7, 
as no relative movement between the cask and the clamp ring 
was observed. The flag-shaped response is created due to the fact 
that the anchor bolts do not go into compression. As the rota-
tion of the cask increases due to the overturning moment, the 
bolts begin to elongate in tension. Thus, once the maximum dis-
placement is reached and the cask begins to move in the opposite 
direction, there is no resistance until the rotation of the cask is 
large enough to engage the nut of the bolts.

During the first cycle of the 63.5-mm displacement step, 
failure of the extreme east anchor bolt, bolt No. 1, occurred, 
as denoted by a green square in Fig. 8. In the second cycle of 
the 63.5-mm displacement step, bolts No. 2 and No. 10 failed 
almost simultaneously. This event is denoted by a green circle 
in Fig. 8. Failure of these bolts resulted in a lateral load capacity 
drop greater than 20 percent. Inspection of the DSC after testing 

showed no damage, while the clamp ring showed severe struc-
tural damage. Damage to the clamp ring included buckling of 
the vertical side plates at bolts No. 1 and No. 6, along with top-
plate yielding at all bolt locations.

The hysteretic response and the test observations show that 
providing anchors with a stretch length of 8D along with steel 
chairs intended to yield produces a ductile performance while 
retaining the cask in both the horizontal and vertical directions.

Conclusions
Twelve single-anchor tests were performed with eight spec-

imens undergoing monotonic shear and four specimens un-
dergoing cyclic shear. From the single-anchor shear tests it was 
found that by providing a stretch-length anchor and/or a steel 
chair that is allowed to yield, an increase in the displacement 
capacity can be achieved. When compared with a typical an-
chorage system, C-M-12.7, the displacement capacity can be in-
creased by 1.95 times when the steel chair is designed to yield; by 
2.68 times when a stretch length of 8D is used with a steel chair 
that remains elastic; and by 3.72 times when a stretch-length an-
chor is combined with steel chair designed to yield. 

Fig. 7. Anchored DSC: (left) noncomposite action; (right) 
composite action.

Fig. 8. Anchored DSC retrofit hysteretic response.
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The DSC was anchored with bolts hav-
ing a stretch length of 8D and a steel clamp 
ring allowed to yield. The results of the 
DSC test showed that the anchorage sys-
tem worked well at restraining the cask in 
the horizontal direction. However, it pro-
vided very little resistance in the vertical 
direction due to lack of composite action 
between the DSC and steel clamp ring. A 
retrofit of the steel ring was carried out to 
ensure composite action, and the anchor-
age system was re-tested. The results of the 
retrofitted anchored cask showed good 
composite action between the steel ring 
and the DSC, which produced an anchor-
age system that exhibited a ductile perfor-
mance while restraining the cask in both 
the horizontal and vertical directions.
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By Fiona Rayment 

N
uclear energy is a mature, reliable, low-carbon technology 
with a secure and abundant fuel source and is an essential 
contributor to the energy mix. In the early years of nucle-

ar energy development, up to the 1980s, a fully closed fuel cycle 
in which uranium and plutonium were separated from used nu-
clear fuel for recycling as new fuel into fast reactors was pursued 
internationally as the optimum solution. 

The decrease in the growth of nuclear energy, however, cou-
pled with the availability of cheap gas and the slower-than-ex-
pected development of commercial-scale fast reactors led to 
widespread doubts about the benefits of closing the fuel cycle. By 

the 2000s, the only countries with commercial-scale reprocess-
ing plants treating used fuel were the United Kingdom, Russia, 
and France (with Japan at that time undergoing commissioning 
of a reprocessing facility). Without fast reactors, separated plu-
tonium is either being recycled as (U,Pu) mixed oxide (MOX) 
fuel in thermal reactors (most successfully in France) or stored 
pending decisions regarding future disposition. 

Within the U.K., nuclear power has provided around 20 per-
cent of the energy mix for decades through, initially, a Magnox 
and, latterly, an advanced gas-cooled reactor (AGR) fleet of 
nuclear power plants. Throughout this period from the 1960s 
to present day, a partially closed fuel cycle had been operated 
where the used fuel from the Magnox and AGR reactors was 

reprocessed at facilities at the 
Sellafield nuclear site to recover 
valuable uranium and plutoni-
um fuel. Although the U.K. also 
has one operating pressurized 
water reactor plant, with much 
of the existing fleet coming off 
line in the next decade or so, a 
decision has been made to re-
tain a significant component of 
nuclear energy within the gen-
erating mix through (at least) 

Nuclear fuel cycles in the U.K.
Moving from a closed to open fuel cycle within the United 

Kingdom while keeping future fuel cycle options open.

Right: A National Nuclear 
Laboratory technologist works 
in the Plutonium and Minor 
Actinides (PuMA) lab at 
NNL’s Central Laboratory at 
Sellafield. The PuMA facility 
is used for actinide science 
and separations research and 
development.Fig. 1. U.K.: past, present, and future.

High-Level Waste Management Nuclear Fuel Cycles in the U.K.
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replacement of the existing 
nuclear fleet. This will mean 
the building of new nuclear 
power plants to ensure energy 
production of an additional 
16 GWe by the end of the next 
decade. 

This new fleet, consisting 
of EPR (European Pressur-
ized Reactor), ABWR (ad-
vanced boiling water reactor), 
and AP1000 reactors will not 
follow the closed fuel cycle of 
the past, and instead will fol-
low an open cycle where used 
fuel will be stored for a period 
of time once out of the reactor 
followed by final disposal in a 
geological disposal facility 
(GDF). 

Following closure of the 
THORP (Thermal Oxide Re-
processing Plant) and Mag-
nox reprocessing plants in 
2020, approximately 7,700 
metric tons (t) of used fuel are 
planned for disposal in a GDF. A further 23,500 t of fuel will be 
generated through the planned new build program in the U.K. 

In addition to this, consideration is also being given to the 
most effective method for disposition of the current U.K. plu-
tonium stockpile. This has been generated through decades 
of reprocessing operations with a prior intent for use in a fu-
ture fast-reactor program. Options being considered are reuse 

as MOX in light water reactors (reference case), reuse as MOX 
in Candu-6 technology, reuse within PRISM technology, or 
immobilization. 

It is also recognized that providing 16 GWe of capacity 
through a new build program may not be enough for the U.K., 
and as such expansion scenarios ranging from 16 GWe to 75 
GWe nuclear energy production are being considered through 
the development of a U.K. roadmap. This roadmap will explore 

Fig. 2. Predictions of total U.K. spent nuclear fuel inventory at 16, 40, and 75 GWe open cycle 
using ORION.

High-Level Waste Management
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a variety of energy scenarios and options, but it should be noted 
that the deciding factor on the type and mix of any energy pro-
gram will not be made on technology choice alone. Instead, the 
rate and direction of growth of any future energy program will 
depend on a complex mix of U.K. government policy, relative 
economics of nuclear power and other technologies, market de-
cisions, public opinion, and of course, technology choice. 

The U.K. pathway to an advanced, closed fuel cycle would 
necessarily include and begin with the current plans for 16 GWe 
of new nuclear build capacity on an open fuel cycle basis by the 
end of the next decade. Through these expansion studies, a num-
ber of power-generation and associated fuel-cycle options will 
be considered. This includes open and closed (partial and fully) 
fuel cycles and a variety of reactor technologies, including ex-
pansion of existing light water reactor capability, introduction of 
fast reactors, and the use of smaller modular reactor technology 
in combination with larger power plants. The bounding case for 
this pathway involves the construction of a series of fast reactor 
units with a combined installed capacity of up to 75 GWe by 
the middle of the 21st century, operating a closed fuel cycle in-
volving the reprocessing of fast-reactor used fuels and multiple 
recycling of plutonium. 

For open cycles, the key benefits can be summarized in terms 
of enhanced economics of the system, especially over shorter 
timeframes (60 years), and enhanced proliferation resistance, 
although this is subject to much debate at an international lev-
el. Within the U.K., however, the associated management of the 
used fuel inventory in an open cycle becomes more challenging 
with the higher energy scenarios (50,000 t and 100,000 t). 

As such, closed nuclear fuel cycles could offer a potential solu-
tion to deal with large volumes of used fuel together with opti-
mizing the sustainability of nuclear energy for decades to come. 
To achieve this, however, further advances will be required in 

reprocessing technologies that are more economical, generate 
less wastes, and offer greater proliferation resistance than tradi-
tional PUREX reprocessing technology. 

This is also the case globally, where the renewed interest in 
nuclear energy as a safe, secure, low-carbon energy source has 
led to further research into optimizing the whole fuel cycle. For 
instance, the Generation IV Forum objectives include enhanced 
safety and sustainability of nuclear electricity generation. Fur-
thermore, it should be noted that although the current global 
preference is for an open cycle, with continued reprocessing in 
France plus the growth in nuclear energy in Russia, China, and 
India, by 2050 advanced closed cycles may become the preferred 
choice for several nations once more.

For the U.K.’s future energy choices, the topic of an open ver-
sus a closed fuel cycle is one for continued debate but will depend 
on the energy required to be generated from nuclear, GDF avail-
ability, the reactor technologies of choice, and the economics of 
the system chosen. Whatever option or options might be cho-
sen, however, further research will be required to understand 
the perceived benefits of open and closed (fully and partially) 
cycles. n

Fiona Rayment is the director for fuel cycle solutions within the 
United Kingdom’s National Nuclear Laboratory, covering tech-
nology developments in advanced fuels, spent fuel management, 
asset care, safety, security, and safeguards.

This article is based on a paper presented at the 2015 Ameri-
can Nuclear Society Winter Meeting and Expo, held Nov. 8-12 
in Washington, D.C.

Nuclear Fuel Cycles in the U.K.
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By Emory D. Collins, Guillermo Daniel DelCul, 
Barry B. Spencer, Jared A. Johnson, Ronald R. 
Brunson, and Rodney D. Hunt 

After uranium, the second largest mass contained in most 
used nuclear fuel (UNF) is the zirconium in the fuel clad-
ding, commonly accounting for about 25 percent of the 

mass. In current practice, the cladding requires disposal in a 
geologic repository. Process development studies are being con-
ducted to recover, decontaminate, and possibly recycle the valu-
able hafnium-free zirconium while keeping costs of the recov-
ery process below those for current compaction treatment and 
disposal. The recovered product must contain lowered impurity 
concentrations that would allow disposal as low-level radioac-
tive waste or would be inconsequential to use in future nuclear 
applications, recognizing that the recovered zirconium will in-
herently contain Zr-93 (half-life = 1.5 million years and a weak 
beta radiation emitter). Radioactive impurities include uranium, 
transuranium elements, fission products, and activation prod-
ucts other than Zr-93. Chemical impurities include tin, niobium, 
iron, nickel, chromium, nitrogen, oxygen, and carbon.

Significant progress has been accomplished at Oak Ridge Na-
tional Laboratory (ORNL) on the development of a dry chlori-
nation process for recovery and purification of zirconium from 
UNF cladding by conversion to zirconium tetrachloride, which 
sublimes to a vapor and is then condensed as a dry salt product, 
essentially free of fuel and alloy components (impurities). The 
current laboratory testing design is shown in Fig. 1.

Development and testing

Both nonradioactive process development tests and radioac-
tive feasibility tests with actual UNF cladding hulls or fuel rods 
have been made to determine optimum processing conditions, 
equipment design, and configuration of the batch chlorination 
reactor and condenser (gas up flow, down flow, and horizontal 
flow).  Radioactive and nonradioactive impurities that are pres-
ent in the zirconium tetrachloride salt product have also been 
determined. 

Heating is initially required to raise the cladding temperature 
to the chlorination reaction temperature of 350–400 °C.  The 
reaction is highly exothermic, so once the reaction is initiated, 
cooling is required to remove the heat of reaction. The operating 
procedure has been to first heat the cladding hulls or fuel rods 
to operating temperature under a stream of argon gas to dry the 
system, and then to introduce the chlorine gas at a controlled 
flow rate as necessary to limit the reaction rate and exothermic 

heat evolution to effectively control the reaction temperature at 
the desired level.

Feasibility tests with actual UNF have demonstrated that 
impurities can be removed from UNF cladding in a process 
that produces recovered zirconium that can be handled with-
out shielding or significant dose [1, 2]. However, the feasibility 
tests with actual UNF cladding also showed that the presence 
of an apparent oxide layer on the cladding surface can cause an 
initial incubation period in the reaction of chlorine with the 
zirconium. A series of nonradioactive tests were made to deter-
mine, quantitatively, the reduction of chlorination rate due to 
the thickness of an anhydrous layer of zirconium oxide, which 
had been applied as a result of prior oxidation in air at 600 °C 
for varying lengths of time. Various treatments of the oxidized 
cladding to mitigate the reduced chlorination reaction rate were 
tested and included various pre-washings with acidic or alkaline 
liquids or by dry treatment at elevated temperatures with argon 
gas saturated with carbon tetrachloride.

Further studies of the chlorination were performed to deter-
mine the effects of reactor temperature and chlorine concentra-
tion on the reaction rate. Finally, a series of tests were completed 
to determine the effects of increasing the amount of cladding 
from 15 to 500 grams per batch and to determine the heat re-
moval requirements due to the exothermic heat of reaction in 
order to maintain the reactor temperature in the range of 350-
400 °C. In addition, product purification needs were assessed to 
determine experimental and analytical needs for future process 
development. For these studies, the glassware configuration in-
cluded a horizontal reactor and a vertical condenser (Fig. 1). The 
glass reactor was designed and built to fit a horizontal clamshell 
furnace, thus enabling visual observation of zirconium alloy 
cladding tubes during chlorination. The vertical condenser was 
modified to include rotating blades to prevent the condensed 
ZrCl4 salt powder from collecting on the walls of the condenser 
and to promote movement into the collection bottle.

R&D Progress on Recovery/Recycle of 
Zirconium from Used Fuel Cladding1

A dry chlorination process for 
the recovery and purification of 
zirconium from UNF cladding 
is being developed at ORNL.

1 This manuscript has been authored by UT-Battelle, LLC, under contract DE-
AC0500OR22725 with the U.S. Department of Energy. The U.S. government re-
tains and the publisher, by accepting the article for publication, acknowledges that 
the U.S. government retains a nonexclusive, paid-up, irrevocable, worldwide license 
to publish or reproduce the published form of this manuscript, or allow others to do 
so, for U.S. government purposes. The Department of Energy will provide public 
access to these results of federally sponsored research in accordance with the DOE 
Public Access Plan (http://energy.gov/downloads/doe-public-access-plan).
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Glassware equipment was used for all preliminary tests of 
the process, including those made to scale up the process from 
approximately 15 g/batch to 500 g/batch, the latter producing 
more than 1 kilogram of zirconium salt per batch. Metal equip-
ment, primarily nickel-plated or high-nickel-content stainless 
steel, was built for radioactive tests with actual UNF at 100–500 
g of cladding per test. The metal equipment has undergone ini-
tial testing with unirradiated Zircaloy cladding in preparation 
for the larger-scale demonstration of the process in a hot cell 
environment. Fig. 2 illustrates a potential flow sheet for hot-cell 
application in which the condenser, trapping system, and off-gas 
handling are outside of the shielded area with only the reaction 
vessel requiring shielding.

Results

The feasibility tests with actual UNF cladding showed that a 
ZrCl4 product salt can be obtained with very little radioactive 
impurities and without the need for shielding to handle the 
product. Product analyses have indicated that 10 CFR 61.55 
limits for low-level radioactive waste can be met, thus making 
disposal of the product salt as low-level waste acceptable should 
that option prove the most cost effective. However, the feasibility 
tests were made with UNF that had a relatively low burnup and a 
long cooling period. Future tests with higher-burnup UNF and 
shorter cooling periods are planned.

The major radioactive material in UNF cladding is cesium-137. 

Fig. 1. Current zirconium recovery/purification reactor design.

Fig. 2. Conceptual flow sheet for hot cell implementation. 

R&D Progress on Recovery/Recycle of Zirconium from Used Fuel Cladding
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All indications of test results have been that cesium is not vol-
atized during the chlorination of zirconium and volatilization of 
ZrCl4. The degree of decontamination of the product salt appears 
to depend on effective filtration of the gaseous ZrCl4 to capture en-
trained particulates contaminated with nuclides, such as Cs-137.

Process development tests have shown that average chlorina-
tion reaction rates of about 30 percent per hour, based on the 
initial reactor clad loading, can be achieved if adequate cooling 
capacity can be designed into the chlorination reactor and if the 
zirconium oxide layer is effectively removed.  Tests performed 
with glassware and 500 g of cladding per batch did not have ad-
equate cooling; however, average reaction rates were still accept-
able (about 10 percent per hour).

Tests with nonradioactive Zircaloy have indicated that the tin, 
iron, and niobium alloying components found in fuel cladding can 
form volatile species that accompany the ZrCl4 product. The radio-
active Nb-94 activation product in UNF cladding may be a con-
cern in higher-burnup UNF cladding; also antimony-125 in short-
er-cooled UNF cladding may be a concern. Therefore, the current 
flow sheet (Fig. 2) indicates the need for a purification step for the 
product ZrCl4 salt, and process development tests have begun to 
determine effective means for purification. Two university teams 
have been funded by the U.S. Department of Energy’s Nuclear En-
ergy University Program to study alternative methods of ZrCl4 salt 
purification in collaboration with the current lead effort at ORNL.

Conclusions

Significant progress has been accomplished on developing a 
chlorination process for removing the zirconium in UNF clad-
ding and purifying the product salt for reuse, possibly in the 

manufacture of new cladding, or at a minimum to meet spec-
ifications for disposal as low-level radioactive waste. Either end 
point will allow a significant economic advantage, since cost-
ly disposal by means of emplacement in a geologic repository 
will not be required. Currently, the UNF cladding from indus-
trial-scale reprocessing of UNF represents essentially the same 
volume of waste requiring geologic emplacement as that from 
the high-level radioactive waste fission products, so a volume re-
duction of 50 percent is possible.
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Low-Level Waste Management

Using nonradioactive materials, the International Atomic 
Energy Agency late last year tested the proof of concept 
for what it calls a promising technology for moving and 

storing low-level radioactive sealed sources. The testing was con-
ducted in Croatia and may pave the way for dealing with small 
volumes of radioactive waste around the world by disposing of 
sealed radioactive sources in narrow boreholes a few hundred 
meters deep.

While the use of radioactive sources in health care, indus-
try, and other sectors is common worldwide, many countries 
do not have the equipment or staff needed to deal with the 
sources once they are no longer usable. Under typical cir-
cumstances, a developing country using sealed radioactive 
sources may generate hundreds of disused sources with low 
levels of radioactivity over several years, according to IAEA 
estimates.

In most developing countries, sealed radioactive sources are 
stored temporarily. Some developed countries have disposal fa-
cilities close to the surface. Both of these options pose a security 
risk if the sources are not sufficiently protected. According to the 
IAEA, the new disposal method represents a long-term solution 
to this problem that will ultimately help protect people and the 
environment.

The IAEA has said that equipment tests conducted by its 

Borehole disposal of LLW
In Zagreb, Croatia, IAEA nuclear engineers have 

been testing a method of disposing of low-level 

radioactive sealed sources in boreholes.

Above: A group of IAEA nuclear engineers test a transfer 
cask designed for borehole disposal in Zagreb, Croatia, in 
November 2015. The IAEA is developing a new method for 
the disposal of low-level radioactive waste as a safe, practical, 
and secure solution to the disposal of radioactive sources, a 
problem many countries face. (Photos courtesy of Laura Gil 
Martinez and Dean Calma/IAEA)
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Before disposal, all sources are treated and repackaged 
through a process called conditioning. Once the borehole is in 
place, the conditioned sources will be loaded into a specially 
designed canister, or disposal package, which is then sealed.

The dummy tool was used to grab the canister, which in real 
operation would be loaded with low-activity sources. The tool 
is used to lift and insert the canister into the top of the transfer 
cask.

A simplified dummy grabber was designed and produced for 
the test. This is a temporary tool that will be further developed.

The sealed canisters that will be planted in the borehole have 
different sizes, depending on the dimensions of the sources 
they will contain.

Borehole Disposal of LLW
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Engineers remove the bottom shield of the transfer cask during the test, so that they could place it over the borehole.

After moving the transfer cask over the mock borehole, the disposal canister is lowered down into the transfer cask with a cable.

Low-Level Waste Management
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engineers and a Croatian radiation protection company have 
confirmed the feasibility of the borehole disposal system. The 
tested technology, developed for disused sources with low levels 
of radioactivity, relies on a robust metal platform and a mobile 
transfer cask, which is used to move the sources into the bore-
hole safely. 

“It’s simple, affordable, and can be deployed worldwide,” said 
Janos Balla, a waste technology engineer at the IAEA.

Before disposal, all sources are treated and repackaged 
through a conditioning process, which is designed to slow the 
release of radionuclides from the disposed waste package into 
the environment. When prepared according to this method for 

disposal, hundreds of sources—the typical amount gen-
erated by a developing country each year—take up less 
than a cubic meter, the size of a small wardrobe.

Once the borehole is in place, the conditioned sources 
will be loaded into a specially designed canister, or dis-
posal package, which is then sealed. The sealed canister 
will then be placed inside the transfer cask and moved 
over, and eventually into, the borehole.

According to the IAEA, increasing nuclear security 
is an important driver behind the development of the 
new method. 

“Given that disused sources remain radioactive, we 
want to limit the probability of these being reached and 
used for terrorist activities,” said Gert Liebenberg, a nu-
clear security officer at the IAEA. “Once in the borehole, 
they are no longer easily accessible to anyone.”

The original borehole idea was developed by the 
South African Nuclear Energy Corporation, and subse-
quently adapted by the IAEA to incorporate the disposal 
of sources with higher levels of radioactivity. The IAEA 
said it is ready to train experts in countries interested in 
using the borehole disposal method and provide them 
with the necessary assistance, either equipment or tech-
nical specifications, to build their own transfer cask. 
The technology to drill the hole is similar to that used to 
extract water and is widely available in most countries, 
including less developed ones. n

The borehole itself is a narrow hole drilled directly from the surface. The technology to drill it is similar to that used to extract 
water and is widely available in most countries.

A robust metal platform is required to lower low-activity sources into the 
borehole.

Borehole Disposal of LLW
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Environmental Remediation

Removing Hanford’s  
Environmental  
Contaminants

Remediation work at Hanford 
progressed in 2015, with contractors 

removing 2 million tons of chromium-
contaminated soil and treating  

2.4 billion gallons of groundwater.

A worker drains a pipe that contains liquid chromium that was added to cooling water used in Hanford reactors to prevent 
corrosion. DOE contractor WCH completed cleanup of chromium contamination at the Hanford Site in 2015. (Photos courtesy of 
the DOE.)
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As environmental remediation work continues at the 
Hanford Site near Richland, Wash., the Department of 
Energy announced in November 2015 that it has com-

pleted chromium cleanup along the Columbia River, which runs 
through the nuclear reservation.

According to the DOE, more than 2 million tons of chromi-
um-contaminated soil has been moved away from several ar-
eas near the Columbia River. Under the direction of the DOE’s 
Richland Operations Office, contractor Wash-
ington Closure Hanford (WCH) excavated 
chromium-contaminated soil from a set of 
waste sites, disposed of the contaminated soil, 
and backfilled the waste sites with clean soil. 
Work is now ongoing to restore the sites with 
native vegetation. 

The work is part of the DOE’s $2.9 bil-
lion River Corridor Closure Project. The 
220-square-mile River Corridor was home 
to Hanford’s plutonium production reactors 
and fuel development facilities, along with 
hundreds of support structures that operated 
during the Manhattan Project and Cold War 
eras.

The contaminated soil contained an esti-
mated total of 129 tons of concentrated chro-
mium chemical from the B, C, D, F, and H 
Reactor areas. The chromium-contaminated 
soil was transported, treated when necessary 
to meet disposal facility requirements, and 
disposed at the Environmental Restoration 
Disposal Facility, Hanford’s onsite, regulat-
ed disposal facility for low-level radioactive, 

hazardous, and mixed wastes.
“Removing the source of contamination is a critical step in 

protecting groundwater, and removing chromium while it is in 
the soil will significantly reduce the amount of time that our 
groundwater pump-and-treat facilities are operated,” said Mark 
French, the DOE’s federal project director for the River Corridor. 

Recently, workers near Hanford’s D and DR Reactor areas 
completed remediation of the largest source of chromium 

Soil contaminated with concentrated chromium is treated before disposal in a 
regulated disposal facility on the Hanford Site.

WCH workers excavate soil contaminated with 
chromium down to 85 feet below the surface 
near Hanford’s D and DR Reactors.

Removing Hanford’s Environmental Contraminants
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After backfilling the chromium sites near Hanford’s 
B and C Reactors, WCH workers contoured and 
revegetated the area with native grasses and plants.

The 200 West Pump and Treat System is one of six pump-
and-treat systems at the Hanford Site. Last year, DOE 

contractors treated 2.4 billion gallons of groundwater.

Environmental Remediation
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contamination near the Columbia River. The work involved 
digging down 85 feet to groundwater at three waste sites: D-100, 
D-30, and D-104. The dig sites, because of their size, were en-
gineered like open pit mines. The D-100 site covered the area 
of more than seven-and-a-half football fields at ground surface 
and about one football field at the bottom. 

“Removing the chromium contamination keeps it from being 
driven into the groundwater by rain and snow and is a major 
success for protecting the river and groundwater from future 
contamination,” said Rob Cantwell, WCH director of closure 
operations. “We take a lot of pride in knowing we are protecting 
the environment and the contamination is no longer a threat to 
the Columbia River.”

Groundwater treatment

The DOE also announced in late 2015 that it has treated a re-
cord amount of groundwater to remove contamination in the 
last year. For the 2015 fiscal year, which began in October 2014 
and runs through September 2015, Hanford workers processed 
2.4 billion gallons of groundwater through the site’s groundwa-
ter treatment facilities. 

Six pump-and-treat systems treat groundwater at Hanford 
by pumping groundwater up through wells and treating it to 
remove contaminants, before the water is reinjected into the 
ground. The groundwater contamination resulted from opera-
tions to produce plutonium from the 1940s through the end of 
the 1980s.

According to the DOE, the department set a goal for contrac-
tor CH2M Hill Plateau Remediation Company (CH2M) to treat 
2.1 billion gal by the end of FY 2015. CH2M met this key perfor-
mance goal more than a month ahead of schedule in mid-August 
and removed more than 75 t of contaminants from groundwater 
during the year.

“We’re treating more groundwater and removing more con-
tamination than any year in the past two decades of cleanup,” 
said Michael Cline, director of the soil and groundwater divi-
sion with the DOE Richland Operations Office. “Not only are we 
treating more groundwater each year, we’re also removing more 
contamination and expanding the area we’re pumping from to 
remove contamination.” 

“Our groundwater treatment programs are designed to pro-
tect the river, by slowing the spread of contamination near the 
river and preventing contamination in the center of the Hanford 
Site from making its way to the river,” said Karen Wiemelt, vice 
president of soil and groundwater remediation for CH2M.

CH2M also exceeded last year’s treatment record of 1.9 bil-
lion gal. To date, Hanford contractors have treated more than 
13 billion gal of groundwater and removed more than 200 t of 
contaminants, including nitrate, carbon tetrachloride, hexava-
lent chromium, uranium, and technetium-99. 

“We continue to find innovative ways to increase treatment 
capacity,” said Wiemelt. “As a whole, our systems are operating 
at about 113 percent of their designed capacity, and with several 
upgrades we’ll finish this year, that number will be even higher.” 

Since 2009, CH2M has more than quadrupled the ground-
water treatment capacity at the Hanford Site, from 500 million 
gal a year to 2.1 billion gal a year, according to the DOE. n

The 200 West Pump and Treat System 
treats eight contaminants of concern.

Removing Hanford’s Environmental Contraminants
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Operations to develop and manufacture components at the 
former Pinellas Plant in Florida during the nation’s Cold 
War–era nuclear weapons program released solvents to 

subsurface soils beneath the plant’s 11-acre Building 100. Re-
lease areas became sources of dissolved contamination, creat-
ing groundwater plumes that extended south and east from the 
source areas beneath Building 100 and onto private property.

After the Cold War ended, the plant was closed and the site 
was redeveloped for economic use. However, the contaminat-
ed groundwater plumes remained. Today, the U.S. Depart-
ment of Energy Office of Legacy Management (LM) continues 
environmental restoration at the site, which is now known as 
the Young-Rainey Science, Technology, and Research (STAR) 
Center.

Bioremediation proved to be a successful approach to clean-
ing up two other STAR Center areas in the past, and so enhanced 
bioremediation was chosen to treat the chlorinated-solvent 
source areas and groundwater plumes beneath Building 100. The 
remediation method used a concentrated solution of emulsified 
vegetable oil (EVO) and bacteria (Dehalococcoides mccartyi, or 
DHM), diluted with water prior to injection to maximize its 
subsurface distribution. Once introduced into the subsurface, 
the bioremediation mixture fermented and produced dissolved 
hydrogen, which the DHM used to break the bonds on contami-
nant molecules, resulting in nontoxic end products.

Building 100 is owned by Pinellas County and fully occupied 
by tenants, so remedial action could not be conducted from in-
side the building. The best option for implementing enhanced 
bioremediation beneath the building was to install injection 
wells via directional drilling, in a horizontal configuration. Also, 
remediation work was performed during the building’s second 

shift time frame to minimize disruptions to tenant activities.
In July, August, and September 2015, eight horizontal wells 

were installed (as deep and shallow pairs) to target the deep and 
shallow aquifer portions beneath Building 100 (see site map, 
above). Installation depths ranged from 13 to 32 feet below the 
surface. Horizontal well lengths ranged from 350 to 470 ft, and 
the slotted sections of each well ranged from 150 to 250 ft. The 
slot size and spacing (0.013 inch wide and 1.5 in. long, with one 
slot per 2-ft well section) were specifically designed for injecting 
EVO and DHM. The 3-in.-diameter wells were constructed of 
fiberglass-reinforced epoxy, a high-strength material that was 
chosen to limit the potential for well failure during installation.

The property landlord and tenants were kept informed during 
all field activity phases to address any concerns or questions. 
Locating subsurface utilities prior to drilling was critical to the 
project’s success, due to the shallow drilling angle (15 degrees 
below horizontal). Using a supplemental drilling navigation sys-
tem (the short steering tool) was also critical, because radio in-
terference inside the building, combined with no- or limited-ac-
cess areas, precluded sole use of the typical surface navigation 
system (see site map).

The horizontal wells were used to inject EVO and DHM in 
November 2015. Diluted EVO and DHM volumes ranged from 
4,500 to 7,500 gallons, depending on slotted well length. These 
volumes included approximately three well casing volumes of 
clean water, injected to flush the EVO and DHM from the well. 
Monitoring wells placed inside and outside Building 100 will be 
used to monitor project performance. n

 
Courtesy of the Department of Energy, Office of Legacy Man-
agement.

Bioremediation at Pinellas
In an effort to clean up plumes of contaminated groundwater,  

horizontal wells have been employed at the Pinellas Site in Florida.

Treatment area locations beneath Building 100.

Environmental Remediation Bioremediation at Pinellas
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Budgets and schedules
Federal funding, or lack thereof, was a subject of the 2015 RadWaste Summit, 
held near Las Vegas, along with updates on possible timelines for Yucca 
Mountain, consolidated interim storage, and the reopening of WIPP.

Meeting Report

Despite what at the time appeared 
to be another dismal budget pro-
cess for fiscal year 2016, cleanup 

of the nation’s legacy sites continues to be 
a top priority for the U.S. Congress with 
a considerable amount of bipartisan sup-
port. That was the message of Rep. Chuck 
Fleischmann (R., Tenn.) at ninth annual 
RadWaste Summit, held September 8-11 
in Summerlin, Nev., and sponsored by Ex-
change Monitor Publications and Forums. 
This year’s summit was the first under 
the direction of Exchange Monitor’s new 
owner, Access Intelligence, which bought 
the publication company last year.

Fleischmann, who delivered the keynote 
address via a live video link, noted that, as 
a country, we have not been as careful as 
we should have been in the past managing 
waste from nuclear defense-related work 
and that this has resulted in contaminat-
ed legacy sites. “It is our duty to work to 
clean up these sites,” he said. “These com-
munities deserve it.” While recognizing 
the contentious political environment in 
Washington D.C., Fleischmann said there 
is tremendous support among Democrats 
and Republicans in both the House of 
Representatives and the Senate for clean-
ing up the nation’s legacy sites.

Along with Rep. Ben Ray Luján (D., 
N.M.), Fleischmann is co-chair of the 
House Nuclear Cleanup Caucus, which 

raises awareness of environmental clean-
up of the country’s legacy sites and advo-
cates for resources to carry out remedia-
tion work. Fleischmann represents the city 
of Oak Ridge, Tenn., and Luján’s district 
includes the Los Alamos National Labora-

tory. Fleischmann, 
who is also co-chair 
of the House Sci-
ence and National 
Labs Caucus, said 
he is proud of the 
work the Nuclear 
Cleanup Caucus has 
done and noted that 
attendance at cau-
cus meetings is up.

Speaking less than 
a month before the start of the new fiscal 
year, Fleischmann was not optimistic that 
Congress would pass a 2016 omnibus bill. 
“Clearly the House and the Senate are 
somewhat at odds with the budget process, 
along with the administration,” he said. 
While Fleischmann said he would prefer to 
see a budget pass that addresses the current 
needs of the cleanup sites, including the 
increased funding needed to recover the 
Waste Isolation Pilot Plant in New Mexico, 
he admitted that the “easiest and safest bet 
is probably a continuing resolution.” 

In response to a question concerning the 
National Nuclear Security Administration’s 

Uranium Processing Facility (UPF) proj-
ect at Oak Ridge, Fleischmann said that 
despite the budget uncertainties there is 
funding available to complete the con-
struction of the new state-of-the-art facil-
ity by 2025. Fleischmann said the UPF is 
critical to replacing the aging facilities at 
the Y-12 National Security Complex and 
that the contractor, Consolidated Nuclear 
Security, has been diligently working on a 
redesign of the UPF.

Highlighting another bright spot for 
waste management, Fleischmann noted 
that currently there is a favorable climate 
on Capitol Hill for moving forward on the 
Yucca Mountain project. The recent court 
order to the Nuclear Regulatory Com-
mission to resume the review of the De-
partment of Energy’s license application 
for the Nevada repository, along with vo-
cal support in the House from Rep. John 
Shimkus (R., Ill.), bode well for the proj-
ect’s future, he said. While the House has 
shown it is willing to provide more Yucca 
Mountain funding, however, Fleischmann 
conceded that the Senate has not been so 
inclined to do so.

Used fUel management

While Fleischmann appeared optimis-
tic that Yucca Mountain remains very 

Fleischmann
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Meeting Report

much alive, the Department of Energy is 
continuing to work to move beyond the 
project by establishing a new adaptive, 
consent-based path to nuclear waste dis-
posal. As part of its new strategy, the DOE 
announced in March 2015 its plan to de-
velop separate repositories for civilian 
and defense-generated used nuclear fuel 
and high-level radioactive waste. William 
Boyle, director of used fuel disposition re-
search and development with the DOE’s 
Office of Nuclear Energy, discussed that 
plan during the RadWaste Summit key-
note session, “Management of Used Fuel 
and High-Level Radioactive Waste in the 
United States.”

As Boyle noted, the DOE has decided to 
develop a separate but parallel path for de-
fense and civilian waste from energy pro-
duction, where previously it was intended 
that all used fuel and HLW, from both 
civilian and defense sites, would be com-
ingled at Yucca Mountain. The reason the 
DOE decided to change strategies, Boyle 
said, is because a number of circumstances 
have changed since the original plan was 
developed. Namely, the DOE now main-
tains that the heterogeneous nature of de-
fense waste, the cessation of defense activ-
ities resulting in waste production, and the 
impasse associated with citing a repository 
make the new strategy more attractive. Cit-
ing Energy Secretary Ernest Moniz, Boyle 

said that creating a separate pathway for 
defense waste will offer the country greater 
“flexibility and optionality” to dealing with 
its inventory of radioactive waste.

Boyle said that the Obama administra-
tion requested $108 million for FY 2016 
to fund research and development of the 
dual-path plan to disposing of civilian and 
defense waste. The Office of Nuclear En-
ergy currently is conducting R&D on the 
long-term storage, siting, and transpor-
tation issues surrounding nuclear waste, 
Boyle said.

Regardless of the end path for waste dis-
posal, Boyle said the nation needs a com-
prehensive, work-
able solution, and 
that a one-size-
fits-all approach 
is not necessarily 
the best meth-
od. For example, 
Boyle noted that 
the DOE is look-
ing into using 
deep boreholes to 
dispose of some of the DOE’s inventory of 
smaller waste, including cesium capsules 
currently stored at the Hanford Site in 
Washington State. Used nuclear fuel casks, 
however, are physically too large to be 
placed in boreholes to the necessary depths, 
he said. The DOE may consider separate 

disposal options based on the physical size 
and shape of the waste container.

Consent-based siting

Following the recommendations of 
President Obama’s Blue Ribbon Com-
mission on America’s Nuclear Future, the 
Department of Energy intends to take a 
consent-based approach to siting a repos-
itory for its inventory of defense-related 
waste. The consent-based approach also 
will be used for siting an interim storage 
facility for commercial used nuclear fuel 

and high-level waste. While some com-
munities have indicated their willingness 
to host such a site, including those in West 
Texas and New Mexico, it remains unclear 
what exactly a consent-based process will 
look like in the U.S.

Timothy Frazier, a senior advisor for 

Noting that it may be easier to 
define what consent-based is by 
what it is not, Baltzer said that it 
is not just a matter of money to 
local communities.

http://roygpost.org
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the Bipartisan Policy Center, served as a 
designated federal officer for the Blue Rib-
bon Commission, which provided a very 
general definition of consent-based siting. 
Frazier, who moderated the panel discus-
sion, “Consent-Based Siting for Interim 
Storage,” said the commission was pur-
posely vague on what consent would en-
tail. “One of the reasons we were so vague 
in regard to consent-based siting is be-
cause I had 15 different people with 15 dif-
ferent views on what it looks like,” he said. 
In introducing the panel members, Frazier 
said he hoped their discussion would help 
flesh out what a possible consent-based 
process would consist of.

Rod Baltzer, president of Waste Control 
Specialists (WCS), said consent-based sit-
ing is difficult to define. “It is one of those 
things where I know it when I see it,” he 
said. In February, WCS announced that it 
intends to submit an application with the 
Nuclear Regulatory Commission to build 
an interim storage site at its facility in An-
drews County, Texas. 

Noting that it may be easier to define 
what consent-based is by what it is not, 
Baltzer said that it is not just a matter of 
money to local communities. That is, no 
amount of economic incentives will suf-
fice if a community is not willing to host 
an interim storage site. Baltzer said WCS 
is lucky in that many West Texas residents 
work in the oil and gas industry and are 
knowledgeable of energy production and 
the risks involved. They understand that 
managing radioactive waste is in many 
ways safer than oil and gas drilling while 
still enhancing the area’s economic diver-
sity (a portion of WCS fees go to Andrews 
County and the state), he said.

Baltzer also said that gaining consent, 
both locally and at the state level, cannot 
be rushed. “It is not done in a hurry,” he 
said, pointing out that WCS first began 
the process of constructing its facility for 
low-level radioactive waste in 1995. 

While the West Texas residents near 
the WCS facilities may understand what 
is involved in hosting an interim storage 
site, Monty Humble, co-owner of AFCI 
Texas, said that every community is dif-
ferent and has its own culture. In order to 
gain consent, the local community must 
be engaged, he said, adding that there is 
no common method for gaining commu-
nity consent. AFCI Texas has expressed 
interest in siting a HLW facility in Loving 
County, Texas.

Humble said he’s confident Texas even-
tually will host an interim storage site, 
whether it be in Loving County or at WCS’s 
site, if Congress and the DOE will approve 
it. “Texas is ready to go,” he said. It is not 
clear, however, that there is a willingness on 
the national level to move forward on inter-
im storage, he added. Along with finding a 
national consensus on storing used fuel and 

HLW, Humble said the two greatest threats 
to consolidated interim storage are federal 
funding and the issue of linkage, where the 
construction of an interim storage site is 
linked to the building of a permanent geo-
logic repository.

John Heaton, chairman of the Eddy-Lea 
Energy Alliance, which is working with 
Holtec International on a proposed inter-
im storage site just across the border from 
WCS in New Mexico, did not express 
much optimism that much could get done 
at the national level. “The politics are so 
contentious in Washington D.C. that it is 
hard to believe anything will get done,” he 
said. 

While Heaton stressed the importance 
of having state support for an interim 
storage site, he said that every state has its 
own idea of what a consent-based process 
involves. Heaton said the process must be-
gin with a willing community or region, 
and that it must first be known whether 
the region is geologically suitable to host 
such a site. States also must tentatively 
agree to host the site before money is spent 
on site characterization, he said.

As a cautionary tale on what can go 
wrong in a consent-based siting process, 
Eric Knox of AECOM pointed to Private 
Fuel Storage’s (PFS) consolidated inter-
im storage site in Utah. That site was 

2015 RadWaste Summit: Budgets and Schedules

http://www.nacintl.com
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developed to the point where it received a 
license from the Nuclear Regulatory Com-
mission. Yet the project was cancelled in 
2012 when PFS was unable to secure the 
necessary rights to transport used fuel to 
the site. Knox noted that it was not the 
DOE, the NRC, nor the Environmental 
Protection Agency that killed the project, 
but the Department of Interior. “You can 
have a willing host community, you can 
follow a long, arduous process, and you 
can do your due diligence, but politics in 
the U.S. make things very difficult,” he 
said. 

The lesson of PFS, Knox said, is the 
need to learn from the mistakes of the 
past, as well as to anticipate potential ob-
stacles and understand how to overcome 
them. Knox pointed to Canada’s adaptive, 
phased-management approach to siting a 
geologic repository as an example of how 
other countries are using a consent-based 
siting process.

WiPP

During the keynote session “WIPP 
Restart and Long-Term Outlook,” Ryan 
Flynn, cabinet secretary of the New Mex-
ico Environment Department, said that 
his state is committed to reopening the 
Waste Isolation Pilot Plant. Located near 

Carlsbad, N.M., the repository for de-
fense-related transuranic waste has been 
closed since February 2014 due to an 
underground truck fire and subsequent 
but unrelated radiological release from 
a breached waste drum. Flynn said that 
while both accidents were preventable, 
WIPP performed well in minimizing the 
impacts of the incidents. “This facility 
works and works really well,” he said.

Referencing a recent settlement be-
tween the state of New Mexico and the 
Department of Energy, Flynn stressed 
that his department is focused on imple-
menting corrective actions rather than on 
punishing the DOE. According to Flynn, 
those corrective actions include triennial 
reviews of the facility, enhanced training 
for workers in the nonradiological areas of 
the mine, and changes to the DOE’s waste 
characterization programs.

Also noting the DOE’s recent an-
nouncement that the department will be 
unable to meet its initial goal of resuming 
partial operations at WIPP by early 2016, 
Flynn said that it is more important to get 
the recovery work done right than open-
ing “on time.” The schedule for resuming 
WIPP operations largely depends on the 
DOE and Congress, he said, adding that 
DOE’s ability to manage its contractors in 
implementing changes also will influence 
the recovery schedule. 

Flynn indicated that WIPP may be 
able to temporarily store waste above 
ground while recovery work proceeds. 
Frank Marcinowski, deputy assistant 
secretary of waste management with the 
DOE’s Office of Environmental Manage-
ment, confirmed that the DOE is looking 
at the option of surface storage at WIPP 
for transuranic waste containers. Surface 
storage at WIPP will allow the DOE to 
move forward with removing waste from 
cleanup sites and will demonstrate to site 
states that the DOE is working to meet its 
cleanup commitments, Marcinowski said.

When the DOE could resume ship-
ments of waste to WIPP, however, remains 
uncertain, Marcinowski said. Factors that 
need to be considered before shipments 
can begin include the capability of WIPP 
to store waste and the regulatory compli-
ance of waste-generating sites, he said. n

Flynn Marcinowski

Meeting Report 2015 RadWaste Summit: Budgets and Schedules

Join the Decommissioning and  
Environmental Sciences Division

Working on projects in the nuclear decommissioning  
industry? Involved in the remediation of radiologically  
impacted sites? The ANS Decommissioning and  
Environmental Sciences Division wants you!
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in decommissioning, license termination, and the  
characterization and remediation of contaminated sites.

•	Work with industry and regulatory experts in sustainable  
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available only to members.

•	Special pricing on publications related to the  
decommissioning and environmental sciences industry.
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performance and lifetime achievement. 

Why wouldn’t you want to be a member of the DESD community?

Visit our website at DESD.ANS.org
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Kurion Inc. has appointed Jonathan 

Foster

Foster as chief fi-
nancial officer and 
David Carlson as 
senior vice president 
of tritium removal 
operations. Foster 
has served as CFO 
for a number of ven-
ture capital–backed 
companies and has 
worked for both pri-
vate and publicly 

traded organizations. Carlson was most 
recently chief operating officer and chief 
nuclear officer at Gen4 Energy.

The International Atomic Energy Agen-
cy’s board of governors has elected by 
acclamation Laércio Antonio Vinhas, of 
Brazil, chairman of the board for 2015–
2016. He replaces Marta Ziaková of Slo-
vakia. Vinhas took up his post as resident 
representative of Brazil to the IAEA and 
to the Comprehensive Nuclear Test Ban 
Treaty Organization in January 2012. 
From 1965 to 2011, he served at the Brazil-
ian National Nuclear Energy Commission 
in various capacities, including as director 
of the Institute of Radiation Protection 
and Dosimetry, head of the Safeguards 
Department, and director of nuclear safe-
ty, security, and safeguards. He has been 
a member of the Brazilian delegation to 
the IAEA General Conference and to the 
board of governors since 1990.

The Electric Power Research Insti-
tute has announced the appointments of 
Doug Esamann, an executive vice presi-
dent of Duke Energy and president of the 

company’s Midwest and Florida regions, 
and Jeff Lyash, president and chief execu-
tive officer of Ontario Power Generation, as 
interim members of its board of directors. 
Esamann will serve until April 2017, and 
Lyash until April 2016. Both will then be 
eligible for election to full four-year terms. 
Before assuming his current position with 
Duke in June of last year, Esamann served 
as president of the utility’s Indiana opera-
tions. Lyash was formerly the president of 
CB&I Power, a provider of engineering, 
procurement, and construction services for 
utilities in the United States and abroad. 

Manuel Lachaux has been appoint-
ed vice president of financial communi-
cations and investor relations at Areva. 
Lachaux joined Areva’s financial commu-
nications department in 2007 as investor 
relations manager. Since 2009, he has held 
several positions as a financial controller 
for the company’s front-end activities, in-
cluding Areva’s fuel business.

Rex D. Geveden has been named chief 
operating officer of BWX Technologies. 

Geveden

Geveden most re-
cently was executive 
vice president at 
Teledyne Technolo-
gies, where he led 
two of Teledyne’s 
four operating seg-
ments. He also spent 
17 years at the Na-
tional Aeronautics 
and Space Adminis-
tration, where he 

served as the agency’s associate admin- 
istrator.

Peter Montague has been appoint-
ed closure director of Magnox Limit-
ed’s Sizewell A site in Suffolk, England, 
succeeding Tim Watkins, who stepped 
down in November. Montague, who has 
spent most of his career in radiological 
protection and safety roles, most recently 
led the delivery of decommissioning pro-
grams at the company’s Hinkley Point A 
site in Somerset

Government
Adam Cohen, deputy director of opera-

tions at the Princeton Plasma Physics Lab

Cohen

oratory since 2009, 
has been named 
deputy undersecre-
tary for science and 
energy at the De-
partment of Energy, 
succeeding Michael 
Knotek, who retired 
on September 30. 
Cohen will assist the 
undersecretary for 
science and energy, 

Franklin “Lynn” Orr Jr., in overseeing 
the DOE’s Office of Science and several 
other DOE program offices, including the 
Office of Nuclear Energy. Cohen served as 
deputy associate director for energy sci-
ences and engineering at Argonne Nation-
al Laboratory from 2006 to 2009. 

Sandia National Laboratories has ap-
pointed James M. Chavez vice president 
of its Energy, Nonproliferation, and High 
Consequence Security Division and its 

Moving Up
People in the news
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International, Homeland, and Nuclear 
Security Program Management Unit. He 
replaces Jill Hruby, who became Sandia 
president and labs director in July. Chavez, 
who joined Sandia in 1981 as a research-
er in Intrusion Detection Systems, was 
most recently the director of the Monitor-
ing Systems and Technology Center and 
the Remote Monitoring and Verification 
Program.

Susan Pepper has been named chair of 
the Nonproliferation and National Securi-
ty Department (NNS) at Brook haven Na-
tional Laboratory. A lab employee since 

Pepper

1985, Pepper worked 
in the Department 
of Nuclear Energy’s 
Structural Analysis 
Division for eight 
years before joining 
NNS, where she 
served as liaison of-
ficer for the U.S. 
Mission to U.N. Sys-
tem Organizations 
in Vienna. After 

four years there, she returned to Brookha-
ven to head the International Safeguards 
Project Office. She was named deputy de-
partment chair of NNS in September 2010 
and interim chair in January 2015.

Glenn Tracy has moved from his posi-
tion as director of the Nuclear Regulatory 
Commission’s Office of New Reactors  

Tracy

to that of deputy ex-
ecutive director for 
materials, waste, re-
search, state, tribal, 
compliance, admin-
istration, and hu-
man capital. Since 
joining the agency 
in 1989 as a reactor 
engineer, Tracy has 
held a number of 
leadership positions 

at the NRC, including director of the Divi-
sion of Nuclear Security in the Office of 
Nuclear Security and Incident Response, 
director of the Division of Construction 
Inspection and Operational Programs, 
and deputy chief of human capital.

Utilities
Duke Energy’s board of directors has 

unanimously elected company president, 
chief executive officer, and vice chair-
man Lynn Good as its new chairman. 
Good succeeds Ann Maynard Gray, who 
remains on the board as a director. The 
board also unanimously elected Michael 
Browning, chairman of Browning Con-
solidated LLC of Indianapolis, Ind., as its 

independent lead director.

Paul Hinnenkamp has been named se-
nior vice president and chief operating offi-
cer for Entergy Corporation, succeeding 
Mark Savoff, who is retiring. Hinnenkamp, 
who most recently served as Enter

Hinnenkamp

gy’s senior vice presi-
dent for capital proj-
ect management and 
technology, joined 
the company in Feb-
ruary 2001 as vice 
president of opera-
tions support for its 
southern nuclear 
fleet and has since 
served in various ca-
pacities. Tim Mitch-

ell has been named Entergy’s acting chief 
nuclear officer, filling in for Jeff Forbes, 
who also is retiring. Mitchell, who was pre-
viously senior vice president for nuclear op-
erations, joined Entergy in 1989 as a plant 
engineer at Arkansas Nuclear One and has 
since held a number of managerial and 
leadership positions. 

Accolades
Gregg Lumetta, a chemist at the Pa-

cific Northwest National Laboratory, 
has received the Glenn T. Seaborg Ac-
tinide Separations Award in recogni-
tion of his contributions to the field of 
actinide separation, including methods 
used to treat high-level radioactive waste 
at the Hanford Site and the design and 
application of new ligands (molecules 
that bond to metal ions) to bind specific 
elements for waste cleanup applications. 
Lumetta leads PNNL’s Actinide Science 
Team and serves as the principal inves-
tigator for a Department of Energy proj-
ect seeking to develop new methods for 
separating actinides from irradiated nu-
clear fuel.

Kris Singh, Holtec International’s pres-
ident and chief executive officer and the 
inventor of Holtec’s HI-STORM UMAX, 

Singh

was recognized at 
the 36th Edison Pat-
ent Awards Ceremo-
ny and Reception, 
held on November 
12, 2015. The Re-
search and Develop-
ment Council of 
New Jersey estab-
lished the Edison 
Patent Award to rec-
ognize and honor 

New Jersey’s scientists and inventors. The 
HI-STORM UMAX patent was selected in 
the Public Health and Safety category. n

http://irobot.com/defense
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It’s Business
Contracts, business news, etc.

Business 
developments

In a deal announced on October 27, 
2015, Westinghouse Electric Company 
agreed to acquire all of the equity interests 
of CB&I Stone and Webster, the nuclear 
construction business of CB&I, Westing-
house’s consortium partner in the con-
struction of AP1000 reactors in the United 
States and China. As an offshoot of the ac-
quisition, Westinghouse is engaging Flu-
or Corporation as a subcontractor for the 
four AP1000 reactors currently being built 
in the United States. The U.S. government 
approved the acquisition on December 31.

CB&I said that it expected to receive 
cash payments from Westinghouse of 
$229 million, of which $161 million is to 
be received upon the substantial comple-
tion of the consortium’s nuclear projects, 
and the remaining $68 million upon the 
attainment of certain milestones related to 
CB&I’s continued supply of discrete scopes 
of modules, fabricated pipe, and specialty 
services to Westinghouse on a subcontract 
basis for the nuclear projects. CB&I, how-
ever, said that it anticipated incurring a 
noncash after-tax charge of approximately 
$1 billion to $1.2 billion related to a “loss 
on the transaction and the impairment of 
goodwill and intangible assets.”

As a result of the acquisition, Westing-
house now owns the business of engineer-
ing, construction, procurement, manage-
ment, design, installation, startup, and 
testing of nuclear-fueled facilities, includ-
ing the Summer project in South Caroli-
na, the Vogtle project in Georgia, and the 
AP1000 projects in China. 

According to Westinghouse, beyond 
the focus of current new-build nucle-
ar projects, the agreement supports the 

company’s growth in decontamination, 
decommissioning, and remediation ser-
vices; enhances its major nuclear project 
management and environmental services 
offerings; and adds to its extensive innova-
tion-driven engineering expertise.

Consistent with Westinghouse’s strate-
gy to grow its decommissioning business, 
the company announced on November 
2, 2015, that it has signed a contract with 
Barsebäck Kraft AB for the segmentation 
of reactor pressure vessel internals at the 
dual-unit Barsebäck nuclear power plant 
in the south of Sweden. Barsebäck-1 was 
shut down in 1999, and Barsebäck-2 in 
2005. Westinghouse said that the project 
will begin immediately and is expected 
to take about four years to complete. Me-
chanical segmentation will begin in 2016.

GE announced the completion of its ac-
quisition of Alstom on November 2, 2015. 
GE Power & Water and Alstom Power 
now have combined to form GE Power. 
Employing more than 65,000 people in 
more than 150 countries and with an es-
timated revenue of $30 billion, the newly 
formed company will be headquartered in 
Schenectady, N.Y. Steve Bolze will serve as 
president and chief executive officer of GE 
Power, which combines the attributes of 
GE’s power generation technologies, ser-
vices, and expertise with Alstom Power’s 
technology and geography. GE Power will 
serve the global utility sector as a supplier 
of total power plant and life-cycle solu-
tions that can support equipment from 
multiple suppliers. 

Irvine, Calif.–based Kurion Inc. an-
nounced on December 8, 2015, that it 
has acquired Oxford Technologies Ltd., 
a robotic and remote handling systems 
company located in the United Kingdom. 
According to Kurion, the acquisition ex-
pands the company’s existing Robotic 

Systems and Services team, which has 
delivered and designed more than 180 
systems for projects around the world, in-
cluding the technology used to investigate 
a damaged reactor at Fukushima Daiichi 
in Japan. Oxford Technologies specializ-
es in full life-cycle remote handling sys-
tems, complex plant assembly, and radia-
tion-hardened systems. Its remote systems 
have been employed at decommissioning 
sites worldwide, including Sellafield and 
Dounreay in the U.K. Oxford Technolo-
gies’ suite of technologies, client base, and 
team of more than 60 skilled engineers and 
project managers will augment the Kurion 
team and provide an established base of 
operations for the company’s continued 
expansion in Europe, Kurion said. Terms 
of the acquisition were not disclosed.

Kurion also announced on December 9, 
2015, that it has renewed licensing agree-
ments for its GeoMelt vitrification tech-
nology with ISV Japan and Daiei Kankyo. 
According to Kurion, the agreements build 
on a 20-year history of licensing the tech-
nology to ISV Japan with a goal of collabo-
rating more closely on the treatment of nu-
clear waste in Japan. Daiei Kankyo, ISV Ja-
pan’s parent company, operates a GeoMelt 
Hazardous Waste Treatment Plant in Iga 
City, Japan, for the treatment of asbestos, 
PCBs, dioxins, and other persistent organic 
pollutants. Fumio Kaneko, chief executive 
officer of Daiei Kankyo, said that the com-
pany renewed its licensing agreement to 
work more closely with Kurion, strength-
ening its position to enter the nuclear waste 
management market in Japan.

Used nuclear fuel
Westinghouse Electric Company and 

Holtec International jointly announced 
on September 16, 2015, that they have 
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signed a 10-year teaming agreement to 
provide pool-to-pad services to U.S. nu-
clear power sites using Holtec’s dry cask 
spent fuel storage technology. According 
to the companies, U.S. customers will 
benefit from the combination of West-
inghouse’s experience as a leader in dry 
storage canister welding and Holtec as the 
original equipment manufacturer service 
provider, offering cross-qualified, experi-
enced crew members to meet the growing 
demand for dry storage resources.

Areva announced on October 5, 2015, 
that its Areva TN division signed a con-
tract with Xcel Energy to provide dry 
fuel storage management services to the 
company’s Prairie Island and Monticel-
lo nuclear power plants in Red Wing and 
Monticello, Minn., respectively. Under 
the multiyear contract, Areva will oversee 
and perform the removal of nuclear fuel 
from the Prairie Island reactor’s spent fuel 
storage pool, its placement in dry storage 
casks, and its secure storage on the site’s 
existing interim storage pad. At Monticel-
lo, the company will deliver and install 10 
NUHOMS 61BTH dry fuel storage systems 
in 2017, and will manage and perform the 
pool-to-pad process to place the used fuel 
in the shielded storage modules in 2018. 
The value of the contract was not disclosed.

Areva also announced on December 22, 

2015, that Areva TN signed an agreement 
at the end of November 2015 for a strategic 
partnership with the Chinese company 
Shangai Apollo Machinery Company, a 
qualified Chinese supplier for the nucle-
ar industry. Areva said that it will work 
closely with Apollo to develop used nu-
clear fuel storage casks meeting high lev-
els of quality and safety. The agreement, 
signed in the presence of local authorities 
and utilities during an official ceremo-
ny in Shanghai, is a milestone in Areva 
TN’s localization strategy for China and 
is strongly supported by Shanghai Nucle-
ar Power Office because it represents an 
important step for the development of the 
nuclear fuel cycle industry in the country, 
according to Areva.

Ukrainian manufacturer Turboatom 
will manufacture spent nuclear fuel dry 
storage casks engineered by Holtec In-
ternational under a memorandum of un-
derstanding (MOU) signed on October 
28, 2015, in Brussels, Belgium, between 
the two companies and Energoatom, 
Ukraine’s national nuclear energy gener-
ating company. According to Holtec, the 
initial focus of the cooperative agreement 
will be on Turboatom’s manufacturing 
and supplying HI-STORM 190 vertical 
ventilated casks for Ukraine’s central 
spent fuel storage facility (CSFSF), with 

an initial order of 94 casks. According to 
Energoatom, the estimated cost of Turbo-
atom’s services to Holtec may reach $200 
million for the next 10 years, including ap-
proximately $60 million for CSFSF equip-
ment. The CSFSF is being built to store 
spent VVER fuel from Ukaine’s nine reac-
tors and is expected to be commissioned 
in 2018. According to Holtec, the MOU 
is a milestone in the company’s quest to 
localize manufacturing in Ukraine and 
develop a manufacturing ally in eastern 
Europe to serve its growing business ac-
tivities in the region.

Low-level waste
Amec Foster Wheeler announced on 

September 17, 2015, that it has been award-
ed a series of contracts from CERN, the Eu-
ropean Organization for Nuclear Research, 
to carry out radiochemical testing. Accord-
ing to the company, the work, which began 
earlier in 2015 and is ongoing, involves the 
characterization of waste components tak-
en from high-energy accelerators, includ-
ing the world’s largest particle accelerator, 
the Large Hadron Collider, located beneath 
the France-Switzerland border. Samples 
are sent from CERN’s headquarters near 
Geneva, Switzerland, for analysis at Amec 
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Foster Wheeler’s laboratories in the United 
Kingdom. The values of the contracts were 
not disclosed.

On November 24, 2015, Amec Foster 
Wheeler announced that it will use ra-
diation survey equipment to support the 
cleanup of approximately 1.2 million cu-
bic meters of historic low-level radioactive 
waste from various sites in Southern On-
tario, Canada, under a Can$1.57-million 
(about $1.14-million) contract awarded 
by Canadian Nuclear Laboratories. The 
company said that it is deploying its ad-
vanced ORION ScanPlot overland radia-
tion survey system to collect radiological 
data at the sites. As part of the Port Hope 
Area Initiative, Amec Foster Wheeler per-
sonnel are surveying approximately 175 
roads and other public rights of way.

D&D
Areva announced on September 30, 

2015, that its Dismantling and Services 
business signed a five-year contract val-
ued at several million euros with France’s 
Commissariat à l’Énergie Atomique et 
aux Énergie Alternatives (CEA) for the 
cleanup of the Atelier de Décontamina-
tion, d’Expertise et de Conditionnement 
(ADEC) facility. Located at the Saclay site 
in France’s Ile-de-France region, ADEC is 
a decontamination, appraisal, and pack-
aging facility that was originally commis-
sioned in 1962 and was shut down in 2011. 
Under the contract, Areva will restore the 
ADEC facility to radiologically clean con-
ditions. Areva Dismantling and Services 
will be in charge of the cleanup of a 2,250-
m2 area containing radioactive wastes 
stored in both solid and liquid forms.

Areva also signed a series of agreements 
worth approximately €370 million (about 
$392 million) with CEA for the manage-
ment of nuclear facilities being disman-
tled at Marcoule and for assistance with 
on-site work covering the period 2016–
2020, it was announced on December 17, 
2015. The contracts renew Areva’s coop-
eration with CEA as the former nuclear 
operator at the Marcoule site and CEA’s 
leading partner for dismantling services. 
According to Areva, the contracts concern 
primarily industrial operator services on 
behalf of the CEA, treatment of site efflu-
ents, recovery and reconditioning of lega-
cy waste, and support for CEA’s suppliers 
at facilities undergoing dismantling.

Areva announced on November 5, 
2015, that it has signed a contract with 
Électricité de France (EDF) to carry out 
preventive chemical cleaning services of 
the steam generators at the Cattenom-2 
nuclear power plant, a 91-MWe pressur-
ized water reactor in Moselle, France. 
The contract also includes the treatment 

of associated effluents. According to the 
company, the cleaning technology elim-
inates micro-deposits of iron and copper 
that may be present in the upper part of 
the steam generators, preventing clogging 
and improving the overall performance of 
the equipment. The value of the contract 
was not disclosed.

Areva also signed a contract with EDF 
for the dismantling of the vessel inter-
nals of the Superphénix reactor in Creys-
Malville, France, it was announced on De-
cember 1, 2015. According to Areva, the 
contract is worth “several tens of millions 
of euros.” The contract scope, which will 
be performed by Areva’s Dismantling and 
Services business, includes preliminary 
design, process qualification, manufactur-
ing of tools, and equipment dismantling. 
It also includes the packaging of highly 
radioactive waste. The project is expected 
to run until 2024 and will mobilize more 
than 50 people during the peak period of 
work, Areva said. 

On December 21, 2015, Areva an-
nounced that it has been awarded a con-
tract by the utility Vattenfall Europe 
Nuclear Energy to decontaminate the pri-
mary loop of the Krümmel nuclear power 
plant, located in Geesthacht near Ham-
burg, Germany. Areva said that it will 
use its proprietary decontamination tech-
niques, CORD UV and AMDA, to reduce 
the radiation level in the reactor pressure 
vessel, auxiliary systems, and piping. The 
project was to begin by the end of De-
cember 2015 and the decontamination be 
completed during the first half of 2016, ac-
cording to the company. The value of the 
contract was not disclosed.

Hitachi-GE Nuclear Energy, in To-
kyo, Japan, announced on November 11, 
2015, that it has concluded cooperative 
agreements with both Cavendish Nucle-
ar Limited in the United Kingdom and 
Areva NC S.A. in France with respect to 
boiling water reactor decommissioning in 
Japan. According to Hitachi-GE, the col-
laboration with Cavendish and Areva will 
further the company’s goals of using its 
technology, experience, and know-how to 
propose and support the decommission-
ing plans of Japan’s utilities. Hitachi-GE 
said that it will take preparatory steps 
toward the decommissioning of Japan’s 
BWRs, fully backed by the companies’ in-
ternational experience.

Environmental 
management

Enercon Services announced on Oc-
tober 20, 2015, that it has acquired Terra 
Environmental Services, of Tampa, Fla., 
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whose offerings will complement Enercon’s 
existing remediation and environmental 
services. Terra specializes in remediation 
support, including responsible party de-
termination, remedial investigation, and 
remedial design. Valued at $300 million, 
Enercon is a diversified energy consulting 
company offering engineering, environ-
mental, and management services. The 
terms of the acquisition were not disclosed.

CH2M announced on December 15, 
2015, that it has been awarded the 2016 
Gold Medal Award for International Cor-
porate Achievement in Sustainable Devel-
opment by the World Environment Center 
(WEC). The award is to be presented to 
CH2M chairman and chief executive offi-
cer Jacqueline Hinman on May 19, 2016, at 
the 32nd Annual WEC Gold Medal Gala in 
Washington, D.C. CH2M, an environmen-
tal and engineering services firm, is being 
recognized for its commitment to sustain-
ability and social responsibility throughout 
the company, including valuing ecosystems 
services, partnering with leading environ-
mental nonprofits, and acting as a global 
leader in international water initiatives. 
WEC is a global nonprofit, nonadvocacy 
organization that advances sustainable de-
velopment through the business practices 
of member companies and in partnership 
with governments and other organizations.

DOE
The Department of Energy’s Office of 

Environmental Management (EM) an-
nounced on September 23, 2015, that it has 
awarded a cost-plus-award fee contract 
worth up to $310 million to Los Alamos 
National Laboratory (LANL) contractor 
Los Alamos National Security (LANS). 
The bridge contract is for legacy cleanup 
activities at LANL and is being issued as 
part of the efforts to transition EM-funded 
legacy cleanup activities at the site, which 
was previously managed by the National 
Nuclear Security Administration. LANS 
is formed by the University of California, 
Bechtel, BWXT Technical Services Group, 
and URS Energy and Construction (AE-
COM). LANS will continue to provide sol-
id waste stabilization and disposition, soil 
and water remediation, and deactivation 
and decommissioning of defense nuclear 
facilities at LANL. The contract will have 
a one-year base period with two six-month 
option periods.

The Department of Energy announced 
on September 29, 2015, that it is extending 
its contract with Idaho Treatment Group 
(ITG) for the Advanced Mixed Waste 
Treatment Project at the Idaho Site for a 
period of six months. ITG’s contract was 
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to expire on September 30. The contract 
extension is valued at $65 million and, 
according to the DOE, is intended to ac-
commodate the department’s competitive 
procurement process for the new Idaho 
Cleanup Project Core contract. Under the 
contract extension, ITG will continue to 
characterize, certify, package, and store 
transuranic waste for off site disposal; dis-
pose of mixed low-level waste at an appro-
priate treatment or disposal facility; and 
retrieve stored waste from the site’s Trans-
uranic Storage Area-Retrieval Enclosure. 
ITG consists of BWXT Technical Services 
Group, URS Energy and Construction 
(AECOM), and Energy Solutions Federal 
Services.

The Department of Energy announced 
on October 21, 2015, that it has awarded 
a four-year contract with an approximate 
value of $31.6 million to Spectra Tech, of 
Oak Ridge, Tenn., for managing spent nu-
clear fuel storage facilities and licenses un-
der Nuclear Regulatory Commission reg-
ulations. According to the DOE, the scope 
of the facilities procurement contract in-
cludes the management and operation of 
the Fort St. Vrain independent spent fuel 
storage installation (ISFSI) in Colorado 
(including security); the management, 
operation, and oversight of the Three Mile 
Island-2 ISFSI at the Idaho Nuclear Tech-
nology and Engineering Center in Idaho; 
and management of the Idaho Spent Fuel 
Facility license. The hybrid-type contract 
has a firm-fixed-price, indefinite delivery/
indefinite quantity, and cost-reimbursable 
contract line item numbers.

On December 9, 2015, Areva an-
nounced that its subsidiary Areva Feder-
al Services has been awarded a contract 
worth $8.6 million by the Department 
of Energy for the design and fabrication 
of prototype railcars for nuclear material 
transportation. The railcars will be used 
for the large-scale transport of used nu-
clear fuel and other high-level radioactive 
waste to interim and eventual permanent 
storage facilities. According to the compa-
ny, the contract includes the conceptual 
design and dynamic modeling of HLW 
transport cask cars, as well as buffer cars, 
which provide spacing between the cask 
railcars and the locomotive. Areva will 
begin the fabrication of the prototype cask 
and buffer railcars once the Association of 
American Railroads certifies the concepts 
for HLW transport. A team led by Areva 
Federal Services will include KASGRO 
Rail, the fabricator of the only cask car 
currently certified for HLW transport, 
and Transportation Technology Center, 
a railcar dynamic modeling and testing fa-
cility. Stoller Newport News Nuclear and 
MHF Logistics will support conceptual 
design reviews. n
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Created by the American Nuclear Society in 1994, Radwaste Solutions magazine 
provides dedicated coverage of the fastest growing segment of the nuclear 
industry—worldwide decommissioning and waste management. If you are a 
professional or company working within these specialized areas of the nuclear 
industry—subscribe today!

Editorial coverage includes the generation, handling, treatment, cleanup, 
transportation, storage, and disposal of radioactive (including mixed) waste.

In the United States, this business is centered around the following industry 
subsets: (1) the Department of Energy’s remediation of its weapons production 
and research facilities; (2) civilian radioactive waste activities, including low-level 
waste disposal, the onsite storage of used nuclear fuel and high-level waste, and 
efforts to develop a deep geologic repository; (3) the management of waste from 
operating nuclear power plants and the decommissioning of plants no longer in 
operation, and (4) nonpower, non-DOE activities.

Also covered are radwaste activities outside 
of the U.S., including decontamination 
and decommissioning efforts in the 
United Kingdom and the rest of Europe, 
where plants are closing as a result of 
post-Fukushima policies. Likewise, Japan 
continues to seek technical solutions to 
the challenges posed by the cleanup of 
Fukushima, including the management 
and remediation of the large volume of 
contaminated water resulting from the 
2011 accident at the plant.

The 12th Annual Products, Materials, and Services Directory (Buyers Guide) lists 
nearly 500 worldwide companies who provide more than 165 radwaste-related 
products and services. This issue will also include editorial features on D&D.

2016 Subscription Information
Annual subscription rate of $440* includes semiannual print editions, 
Spring (March) and Fall (September), plus online access for an unlimited IP 
range of desktop users at your location. All past issues, from 1994 – present, 
are archived online and fully searchable. 

Order Online: www.ans.org/store/browse-magazines
or Phone: 1-708-579-8207 

COVER STORIES
2016 editorial topics include:

� Spent Fuel/High-Level Waste

� Low-Level Waste 

� Environmental Remediation 

� Transportation

� Decontamination and  
 Decommissioning

� 12th Annual Buyers Guide

*Extra postage fee of $20 for orders shipping outside of North America.

http://www.ans.org/store/browse-magazines


Celebrate 10 years of the Annual RadWaste Summit

The 28th Annual Decisionmakers’ Forum Brings Together Key Players

- COMING THIS FALL!FORUMS

Nearly 400 radioactive waste management professionals are expected to gather in Summerlin, NV 
for the 10th annual RadWaste Summit this September 7-9, 2016. Make sure you’re among them to 
hear from industry and Department of Energy officials on updates on the full spectrum of commercial  
and federal radioactive waste management. 

Expect: 
 - Input from several federal agencies including the DoD, EPA, U.S. Army Corps of Engineers,  
  and beyond.  
 - Time to meet and mingle with program managers, waste managers, directors, consultants,  
  engineers, site managers, and more who are working in weapons laboratories and waste  
  disposal sites nationwide 
 - High-level updates on important issues facing the industry, including the WIPP restart, FUSRAP, security at  sites across 
  the country, regulatory updates, and more.

Interested in rubbing elbows with the top decision-makers and key players in waste management? The 
28th Annual Decisionmakers’ Forum has a legacy and history of bringing together the top professionals 
in the industry to discuss the current and future state of the industry from a high-level, strategic 
perspective. This unique forum puts the top minds and decision-makers together in one room to make 
business observations, create new opportunities, and discuss policies for moving the industry forward. 

Who should Attend: 
 - C-suite executives 
 - Presidents, Senior Vice Presidents, and Vice Presidents 
 - Chairmen and Founders 
 - Senior-level scientists 
 - Top level business development executives

Visit www.radwastesummit.com for information on early bird rates!

Head to www.decisionmakersforum.com to save on your registration!

SEPTEMBER 7  9, 2016  •  JW MARRIOTT  •  SUMMERLIN, NEVADA

RADWASTE SUMMIT
THE 

http://www.radwastesummit.com
http://www.decisionmakersforum.com
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March

Mar. 6-10   Waste Management Conference (WM2016), 
Phoenix, Ariz. Sponsored by WM Symposia. Contact: Melanie 
Ravalin, WM Symposia, phone 480/557-0263; fax 520/829-3550; 
e-mail melanie@wmarizona.org; web www.wmsym.org.

Mar. 31-Apr. 3   2016 ANS Student Conference, Madison, 
Wis. Sponsored by ANS and hosted by the University of Wiscon-
sin-Madison. Contact: Matthew Jasica, Kalin Kiesling, or A.J. 
Gross, phone 608/572-7267; e-mail ansstudentconference2016@
gmail.com; web www.ansstudentconference2016.com. 

April

Apr. 4-6   World Nuclear Fuel Cycle, Abu Dhabi, Unit-

ed Arab Emirates. Organized by the Nuclear Energy Institute 
and the World Nuclear Association. Contact: Michael Jordan, 
NEI, phone 202/739-8000; e-mail mjj@nei.org; web www.wnfc.
info. 

May

May 3-5   Used Fuel Management Conference, Or-
lando, Fla. Sponsored by the Nuclear Energy Institute. Contact: 
Denise Bell, NEI, phone 202/739-8039; e-mail registrar@nei.org; 
web www.nei.org. 

May 23-26   63rd Annual Industry Conference and Sup-
plier Expo: Nuclear Energy Assembly, Miami, Fla. Sponsored 
by the Nuclear Energy Institute. Contact: NEI, phone 202/739-
8000; e-mail conferences@nei.org; web www.nei.org. 

May 23-27   International Conference on Advancing the 
Global Implementation of Decommissioning and Environ-

Calendar
Meetings of Interest

 

A Training Course on 

Facility
Decommissioning

  March 14-17, 2016   Las Vegas, NV
  November 14-17, 2016   Las Vegas, NV

Other dates are planned and being finalized.  Check 
website for additional sessions.  

Information:
Lawrence E. Boing
Facility Decommissioning TC Director
Phone 630-252-6729
Fax 630-252-7577
e-mail: lboing@anl.gov

Argonne National Laboratory
Nuclear Engineering Division – Special Projects
9700 South Cass Avenue
Argonne, IL 60439

Details at our TC website: www.dd.anl.gov/ddtraining/

EPRI 2016 Decommissioning Workshop 
June 20–21, 2016

LOEWS ROYAL PACIFIC HOTEL – ORLANDO, FLORIDA

2016 ASME/EPRI Radwaste Workshop 
June 20–21, 2016

LOEWS ROYAL PACIFIC HOTEL – ORLANDO, FLORIDA

EPRI International Low-Level Waste
Conference & Exhibit Show

June 21–23, 2016
LOEWS ROYAL PACIFIC HOTEL – ORLANDO, FLORIDA

For more details go to www.epri.com>Events
or contact Linda Nelson, CMP at 828.318.8428

or via e-mail: Lnelson@toplanahead.com

Electric Power Research Institute (EPRI), Inc.
3420 Hillview Avenue, Palo Alto, CA 94304

1.800.313.3774 • askepri@epri.com
Together...Shaping the Future of Electricity

http://www.dd.anl.gov/ddtraining
http://www.epri.com
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mental Remediation Programmes, Madrid, Spain. Organized 
by the International Atomic Energy Agency. Contact: Karen 
Morrison, IAEA, phone +43 1 2600 21317; e-mail k.morrison@
iaea.org; web http://www-pub.iaea.org/iaeameetings/2016. 

June

June 5-10   5th International Atalante Conference 
on Nuclear Chemistry for Sustainable Fuel Cycles (Atalante 
2016), Montpellier, France. Organized by LGI Consulting. Con-
tact: LGI Consulting, phone +33 1 84 16 30 73; e-mail contact@
lgi-consulting.com; web www.atalante2016.org. 

June 12-16   2016 ANS Annual Meeting, New Orleans, 
La. Sponsored by the American Nuclear Society. Contact: Don-
na Jacobs, Entergy Corporation, phone 601/368-5517; e-mail 
djacob2@ entergy. com; web www.ans.org/meetings/m_146. 

June 20-23   EPRI International Low-Level Waste Con-
ference and Decommissioning Workshop, with the ASME/
EPRI Radwaste Workshop 2016, Orlando, Fla. Sponsored by 
the Electric Power Research Institute and the American Soci-
ety of Mechanical Engineers. Contact: Linda Nelson, To Plan 
Ahead, phone 828/318-8428; e-mail lnelson@toplanahead.com; 
web www.epri.org. 

June 27-30   Radiological Effluents and Environmental 
Workshop, Newport, R.I. Sponsored by the Nuclear Energy In-
stitute. Contact: NEI, phone 202/739-8000; e-mail conferences@
nei.org; web www.nei.org. 

July

July 17-21   HPS 61st Annual Meeting, Spokane, Wash. 
Sponsored by the Health Physics Society. Contact: HPS, phone 
703/790-1745; fax 703/790-2672; e-mail hps@burkinc.com; web 
http://hps.org/meetings/meeting39.html. 

July 24-28   INMM 57th Annual Meeting, Atlanta, Ga. 
Sponsored by the Institute of Nuclear Materials Management. 
Contact: Christopher Viglione, INMM, phone 847/686-2365; 
e-mail inmm@inmm.org; web www.inmm.org. 

July 31-Aug. 4   Decommissioning and Remote Systems 
(D&RS 2016), Pittsburgh, Pa. Sponsored by the ANS Decom-
missioning & Environmental Sciences and Robotics & Remote 
Systems Divisions. Contact: D&RS 2016, e-mail ansdrs2016@
gmail.com; web http://drs.ans.org. 

And coming up (ANS meetings) � � �

2016 ANS Winter Meeting and Nuclear Technology Expo, 
Nov. 6-10, Las Vegas, Nev. 

2017 ANS Annual Meeting, June 11-15, 2017, San Francisco, Calif.

2017 ANS Winter Meeting and Nuclear Technology Expo, 
Oct. 29-Nov. 2, 2017, Washington, D.C. n

Meetings of Interest

http://wmsym.org


TARGET  
ZERO

Achieved
300,000 MH (+)

2004 –2016

E-mail: ADND@AmericanDND.com
Visit: www.AmericanDND.com 
Call: 866-699-5515 

Experience where it matters most:
PLANNING � DESIGN � EXECUTION

Looking for Safe and Compliant Decommissioning Services?
Please, check us out: www.AmericanDND.com

Safety is Job #1

American Demolition and Nuclear Decommissioning
It’s no accident your project is performed safely when you hire American DND, Inc.

1
2 

YE
AR ANNIVERSAR

Y

http://www.americandnd.com


http://www.westinghousenuclear.com



