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Phoenix Energy of Nevada, LLC (PENV) and Kurion, Inc..
A Joint Partnership Development Project for Nuclear Power Plant Facilities

Design Focus: Transportable, Skid-mounted, On-Site MVS (Modular Vitrification System)
and LLRW (Low Level Radioactive Waste) Processing, Mitigation and Storage Systems,
capable of the Stripping, Capture & Transfer, and heat induced melt volume reduction of

Spent Ion Exchange Resins and Class B/C Driver Radioactive Isotopes.

Report Response Document Docket ID: NRC-2012-0218

Subject:

Phoenix Energy of Nevada, LLC - Kurion, Inc. comments and recommendations pertaining to:

“NRC September 2012 Draft Comparative Environmental Evaluation of Alternatives for Handling
Low-Level Radioactive Waste Spent lon Exchange Resins from Commercial Nuclear Power Plants
Report for Comments™.

Comments and Discussions:

Phoenix Energy of Nevada, LLC (PENV), a power and energy engineering, design and construction
Company, and Kurion, Inc., a nuclear and hazardous waste handling, processing, mitigation and
management Company (in partnership and working jointly), in a combined response to offer
recommendations and provide potential resolutions on the issues and problems identified in this
subject report; present the following solution. A fully independent & Design Engineered, compact
and portable, secure, self-enclosed, and skid mounted Processing and Storage Systems Facility. A
system capable of being fully transportable for Nuclear Power Plant On-Site transfer of spent lon
Exchange Resins and Class B/C Driver Radioactive Isotopes into an induction heat melting, volume
reduction MVS (modular vitrification system) processed, Low Level Radioactive Waste (LLRW)
facility. This aforementioned “MVS-LLRW Processing Systems Facility™ separately, individually,
collectively, and concurrently mitigates and resolves each and every one of the six (6) NRC Staff
identified, potential, and environmental impacts. (As identified alternatives for managing low-level
radioactive waste (LLRW) and spent ion exchange resins (IER’s) being generated at commercial
nuclear power plants (CNPP’s), and as discussed in this subject report).

After reading this subject “NRC September 2012 Draft Comparative Report”, the joint PENV-
Kurion Commercial Nuclear Power Plant Projects Management and Engineering Team has decided
to launch the development of their newly designed system. Readily accepting the engineering,
design, and development challenges for a unique closed loop, independent, self-contained, and
securely portable/transportable facility. A skid mounted, nuclear environment ready, low-level
radioactive waste facility for the transfer, processing and storage of spent ion exchange resins and
class B/C driver radioactive isotopes by MVS technology; reliant upon this NRC September 2012
Draft Comparative Report as the upper tier specification document for controlling the engineering,
design, technical/operations input, specifications and requirements final document.
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This “MVS-LLRW Processing Systems Facility” design consists of a minimum of:

One (1) radioactive isotope chelating eluent storage tank

Two (2) Isotope Specific Media (ISM) receiving and storage vessels

One (1) spent media transfer and MVS processing storage vessel

One (1) AMES microwave dryer

One (1) induction heat melt volume.reduction Modular Vitrification System (MVS)

Exhaust gases filtering system

Processing and transporting system

One (1) fresh water filtering, purification and recycling System

One (1) 200 KW, 480 VAC, diesel fuel powered electrical power generator

One (1) 150 psig, compressed service, dry instrument air system

One (1) fully- self-contained control room, with interconnecting and supporting valves,

pumps, piping, air monitoring, & ventilation systems.

e Total items to be installed and securely mounted on a mobile, portable, flatbed style
truck; fully transportable by means of standard sized 22° L x 8 W x 8 H long steel
frame skids.

The Kurion induction heat melt Modular Vitrification System (MVS) used in this system facility,
and for the volume reduction and vitrification process, has a successfully demonstrated and proven
volume reduction of the target radioactive isotope material. This loaded or spent Kurion Isotope
Specific Media (ISM) volume reduction is between the ranges of “5/1” to “4/1”. As an example,
this volume reduction equals and results in the capability and ab111ty to volumetrically reduce 100
gallons of loaded/spent ISM to 20-25 gallons.

This “MVS-LLRW Processing Systems Facility” process and operation is as follows:

(1) The target radioactive isotope specific chelating eluent, for example Cs-137, is pumped from
the MVS system facility radioactive isotope chelating eluent storage vessel. This eluent
travels throughout a commercial nuclear power plant low-level radioactive waste (LLRW)
spent ion exchange resins (IER’s) where high integrity containers (HIC’s) are used to strip
off, pick up and transfer the Cs-137.

(2) As this radioactive, isotope specific chelating eluent is pumped through the spent resin HIC,
the eluent strips off, picks up, and captures the Cs-137 target Class B/C Driver Radioactive
Isotope material molecules. These molecules attach to the Cs-137 isotope specific chelating
eluent molecules which are then carried off and transported out of the HIC by the eluent, to
the Isotope Specific Media (ISM) receiving and storage vessel No.l. This ISM Vessel
contains a large quantity of the primary specific target radioactive isotope media, which for
this example, is the Kurion organic Cs-137 Isotope Specific Media (ISM).

(3) As the contaminated radioactive isotope specific chelating eluent flows and filters through
the Kurion organic Isotope Specific Media (ISM), the chelating eluent is stripped off and
relenquishes the target Class B/C Driver Radioactive Isotope material molecules to the ISM.
The ISM which holds the target Class B/C Driver Radioactive Isotope material molecules,
will subsequently strip and clean the eluent of the previously attached radioactive isotope
contamination. The ISM Vessel is designed such that it has the capability to recirculate the
contaminated isotope specific chelating eluent as often as required, to strip and clean the
eluent of the targeted Class B/C Drivers Radioactive Isotopes material molecules until the
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chelating eluent is less than minimum detectable activity. Finally, this chelating eluent can
be pumped back to the chelating eluent storage tank or back to/through the plant’s
radioactive waste spent ion exchange resin high integrity container (HIC) for additional
target Class B/C Driver Radioactive Isotope material transfer processing as required.

(4) This flow process continues until the primary target (Class B/C Driver Radioactive Isotope
material molecular concentration) is reduced from the Class B concentrations to the lower
Class A concentration. At this time, and upon completion of this initial primary target Class
B/C Driver Radioactive Isotope transfer from the HIC to the ISM Vessel No. 1, this flow
process can then be repeated for the extraction and removal of the second highest Class B/C
Driver Radioactive Isotope contributor concentration, for example Ni-63. The process again
pumps from the HIC to the ISM Vessel No. 2, using a secondary type of radioactive isotope
specific chelating eluent and Kurion Isotope Specific Media (ISM), and the identified
Isotope Specific Media (ISM) Receiving and Storage Vessel No.2.

(5) This process (HIC Resin Target Class B/C Driver Radioactive [sotopes stripping, capture,
removal and transfer to the Kurion Target Isotope Transfer and Volume Reduction Induction
MVS and Storage System Facility) can be continued and repeated as required in order to
reduce the HIC Resin Isotopes Contents concentrations to levels below the Class A
concentrations required for Class “A” Classification / Re-Classification.

(6) This system, (PENV - Kurion LLRW lERs Target Isotope Transfer and Volume Reduction
Induction MVS and Storage System Facility) will successfully strip, capture, transfer and
remove, or reduce the commercial nuclear power plant low-level radioactive waste spent ion
exchange resins targeted Class B/C Driver Isotopes concentrations from their Class “B”
Classifications concentrations to Class *“A” Classification concentrations. After the LLRW
spent IER Class B concentrations are reduced to Class A corcentrations, the Class A spent
IER can then be either shipped to an off-site low level radioactive waste processing/storage
facility for further treatment or processing/storage, or it may be retained on-site for straight
unprocessed storage or volume reduction storage.

(7) The resultant contaminated Class B/C Organic Isotope Specific Media (ISM) through which
the spent IERs target Class B/C Driver Isotopes concentrations were transferred would then
remain in storage in the ISM Vessels until the total ISM volume was fully loaded and spent.
The Vessel ISM contents would then be pumped from the ISM Vessels to the Spent Media
Slurry Receiving and MVS VIT Processing Tank for short-term intermediate storage. The
process would complete with eventual volume reduction and vitrification by the Kurion
Induction Heat Melt Modular Vitrification System (MVS).

(8) Upon completion of the volume reduction and vitrification process and after the receptor can
has cooled to a safe temperature, this Class B/C spent ISM waste receptor can shall be
placed in a Class B/C Spent ISM Waste Receptors Cask for medium term, intermediate
storage until the Spent ISM Waste Receptors Cans Cask is fully loaded. This cask shall be
designed to hold twelve (12) cans. Once this multi-can Receptors Cask becomes full, it shall
be sealed and packaged for off-site shipment to a Class B/S Low Level Radioactive Waste
storage facility for long-term storage. Or it may also be retained on-site for long-term
storage, as desired.
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It is estimated that as an average, each U.S. Commercial Nuclear Power Plant will require and
conduct/perform four (4) to five (5) HIC spent IER Target Class B/C Driver Radioactive Isotopes
concentrations reduction transfers to the PENV - Kurion LLRW IERs Target Isotope Transfer and
Volume Reducing Induction Heat Melt MVS and Storage System ISM Vessels per year. In addition
to performing or conducting one (1) to two (2) spent target Class B/C Driver radioactive isotopes
concentrations loaded organic ISM MVS volume reducing vitrification processes per year. The
actual number of isotope transfers and volume reduction vitrifications performed each year by any
specific nuclear power plant site will most certainly be dependent on the number of Units and the
type, age, operating cycle, and accident/incident history of the Units on the specific Plant Site.

As demonstrated by the preceding discussions, the installation, placement and operations of one of
these LLRW IER’s Target Isotopes Transfer and Volume Reducing Induction Heat Melt MVS and
Storage Systems Facilities at any Commercial Nuclear Power Plant (CNPP) Site will Significantly:
(1) Reduce and minimize the final processed volumes of Class B and C spent ion exchange resins
(IER’s), and other types of, low-level radioactive waste (LLRW) generated by CNPP’s; (2) Reduce
the Plant on-site and off-site low-level radioactive waste (LLRW) storage are/volume requirements
and dedication; (3) Reduce and minimize the number of required Class B / C low-level radioactive
waste (LLRW) off-site over the road truck shipments; (4) Reduce, minimize, mitigate, compensate,
buffer, prevent and/or correct most of the environmental hazards, concerns, impacts, reservations,
restrictions, effects and affects associated with low-level radioactive waste byproducts generation,
processing, disposal, transporting and storage, and (5) Drastically reduce LLRW processing costs.

This IER Isotope Transfer and MVS System Facility (through its induction heat melting 4-1 volume
reduction and vitrification processes) also offers each Plant Site the option and capability of storing
all of it’s Plant Site generated Class B/C low-level radioactive waste (LLRW) material on-site until
final decommissioning, dismantling and disposal. This will virtually eliminate all Class B and C
low-level radioactive waste off-site shipments along with the processing and storage requirements
for each Plant until it’s decommissioning. This scenario significantly enhances environmental safety
and minimizes/reduces any impact of accidents on the general public, in addition to reducing the
handling, shipping, processing, and Plant storage costs for these site generated Class B and C low-
level radioactive waste materials and by-products.

Additionally, the LLRW Target Isotopes Transfer and Volume Reducing Induction Heat Melt MVS
and Storage Systems Facility processes do not produce any new or additional waste by-products and
they do not discharge any generated off-gas exhaust gases or used water into the environment’s
sewage & water systems or atmosphere. All water used during the processes is “isotope”, “solid
suspension”, and “debris strained and filtered” before being returned to the Recycled Water Storage
Tank for re-use. The exhausted off-gases, in addition to the steam and water vapor generated/
produced during the induction heat melt volume reduction vitrification processes, are returned to the
Spent Media Slurry Receiving and VIC Processing Tank which is the initial point of the vitrification
process for storage and reprocessing.

By design addition, this Target Isotopes Transfer and Volume Reduction MVS and Storage Systems
Facility does have emergency back-up exhaust off-gas treatment and straining/filtering systems that
may be used for any operations, events, emergencies, etc., when the process generated exhaust
gases must be vented to the atmosphere. Otherwise, this LLRW Target Isotopes Transfer and
Volume Reducing Induction Heat Melt MVS and Storage Systems Facility remains totally and
completely closed, isolated, independent, and secured.
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These LLRW Target Isotopes Transfer and Volume Reducing MVS Facility design features and
attributes do significantly minimize and reduce, and further safeguard against, any adverse impacts
the MVS Systems Facility and LLRW materials could have on the environment and general public.

The intended and most optimum and cost effective plan and scenario for public safety benefits and
positive environmental enhancements and impacts would be to install one of these LLRW Target
Isotopes Transfer and Volume Reducing Induction Heat Melt MVS and Storage Systems Facilities
at each commercial nuclear power plant site. This would effectively maximize the resultant benefits
of this system and minimize all negative environmental impacts and transport costs of the generated
low-level radioactive waste (LLRW), and minimize total LLRW processing cost to the CNPP Sites.

Additionally, there is an alternative fielding installation plan similar to this recommended plan that
is also available and recommended. Placement of a “regionally” located Nuclear Power Plant Site
LLRW Target Isotopes Transfer and Volume Reducing MVS Systems Facility for installation and
operation at the “Hosting” CNPP Site and use by the partnering participating CNPP Sites would be
mutually advantageous. This geographically centralized CNPP installation and operation would be
acceptable for the combined LLRW Target Isotope Transfer and Volume Reducing MVS Systems
Facility processing and storage of all low-level radioactive waste materials by the supporting Host
CNPP Site and the surrounding partnered CNPP Sites. This alternative also provides a very positive
benefit to and minimizes impacts on the environment and public safety by significantly reducing
and minimizing the volume of Class B/C LLRW materials transported outside of CNPP sites and
the required transport distance. The Benefits for the participating partnered CNPP Sites would be:
(1) Reduced LLRW processing, transport and storage costs through minimizing Class B/C LLRW
volumes and off-site shipments, transport processing and storage space requirements; (2) The safe
and secure storage of generated vitrified LLRW, and; (3) Minimizing LLRW on-site storage space
requirements which may not be available at each CNPP Site. '

A copy of the PENV-Kurion Commercial Nuclear Power Plant Low-Level Radioactive Waste
(LLRW) Target Isotopes Transfer and Volume Reducing Induction Heat Melt Modular Vitrification
System (MVS) and Storage Systems piping and process systems configuration design drawings are
provided as part of this Comments Package. In addition to these engineering design drawings, the
Facility SOLIDWORKS model, and several supporting, supplemental and amplifying information
articles and presentation documents are included with this submittal for review, use and records.

Submitter identification and Contact information:

* Preparer and Submitter: Michael Dooley

E-mail address: mdooley@phoenixenergyNV.com

Office Phone Number: 858-613-1628
Cell Phone Number: 850-417-0593
Submitting Company: Phoenix Energy of Nevada, LLC (PENV)

Company Address: 711 South Carson Street, Suite No. 4
Carson City, Nevada 89701

Partner and Contributing Company: Kurion, Inc.
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From: Nancy Zacha [mailto:editor@radwastesolutions.org]

Sent: Monday, March 04, 2013 11:06 AM

To: mdooley

Subject: Re: Subject: Radwaste Solutions Nov/Dec 2010 Article Release

Dear Mr. Dooley,

The American Nuclear Society gives the U.S. Nuclear Regulatory Commission
permission to post the following article on their ADAMS site: "Two Novel Approaches:
Lowering Waste Management Life-Cycle Costs through Onsite Volume Reduction of
Calss B and C Wastes." (from the November/December 2010 issue of RADWASTE
SOLUTIONS magazine). Please use the following wording on the first page of the post:

Reprinted with permission from the November/December 2010 issue of Radwaste Solutions ©
2010 by American Nuclear Society.

Nancy Zacha, Editor
RADWASTE SOLUTIONS magazine



Reprinted with permission from the November/December 2010 issue of Radwaste Solutions © 2010 by American Nuclear Society.

TwO NOVEL APPROACHES

Lowering Waste Management Life-Cycle Costs through
Onsite Volume Reduction of Class B and C Wastes

TARGETED REMOVAL OF CLASS-DRIVING ISOTOPES AND THE
MODULAR VITRIFICATION SYSTEM OFFER GENERATORS NEW
CHOICES FOR MANAGING THEIR WASTE AND LOWERING THEIR
LIEE CYCLE CONTS EQR ANMIBISEOSIEIGN BATT 1N A
DISPOSAL PATH UNCERTAIN WORID.

By John Raymont and
Gaetan Bonhomme

disposal site, 90 percent of the nation’s LLW generators
are seeking new means to cost-effectively disposition these
wastes without prejudicing future disposal options. If nu-

a safe, secure, and clean nongreenhouse-gas source of en-

B/C waste disposal. Here we review existing disposition
options for the approximately 15 000 cubic feet of Class
B and C wet waste (e.g., ion exchange resins, filters) gen-

generators to expand their waste management toolbox.
Prior to the closing of Barnwell, there was active com-
petition for Class B and C wastes between direct dispos-

erators, utilities were faced with storing the newly or-
phaned Class B/C waste in high-integrity containers
(HICs). (The Barnwell LLW disposal site is located in the

HICs entails using existing or new storage space, active-

tion, resolving the increased fire burden from polyethyl-
ene HICs and organic media, and incurring an accrual

charge for future transportation and disposal—collec-

tively, a high “mortgage” cost for Class B and C wastes.
Following the closure of Barnwell, generators without

disposal access have been exploring a set of evolving Class

B/C waste disposition options, including (a) onsite stor-
age; (b) altering plant practice to mitigate Class B/C waste

generation; (c) sending all media- and filter-based Class -

B/C waste to an offsite processor for blending with Class
A wastes to create a “high-activity” Class A waste for dis-

- posal at the Clive, Utah, Class A LLW disposal facility;
- and (d) shipping Class B/C wastes to an offsite processor
- for volume reduction, transfer of title and control, and in-

ith the uncertainty of Class B and C disposal
Woptions and pricing following the July 2008 loss

of access to the Barnwell Low-Level Waste Dis-
posal Facility, the sole national Class A, B, and C LLW -

definite offsite storage under a trust fund. Each of these
options comes with a life-cycle cost based on incurred and
accrued handling, packaging, storing, shipping, disposal
costs, and other risks to the generator. We evaluate these

- options against two novel onsite Class B/C disposition
- approaches:

. ® Targeted Removal of Class-Driving Isotopes: A pro-
clear power is to fully take its critically important place as

cessing logic based on utilizing extremely high perform-

- ing inorganic ion specific media (ISM) to target and re-
ergy, it must first resolve the problem of uncertain Class -

move specific isotopes that drive waste to Class B and C

- at the point of creation. The resulting volume reduction
- mitigates HIC purchases, excessive storage, storage facil-
- ity fire burden, and the need for shipments to offsite
erated annually' and present two novel approaches for -
- ® Modular Vitrification System: The MVS® employs a
- patented first-principles single-use melter internally inte-
- gral to the waste container that achieves high waste volume
al and offsite facilities selling waste volume-reduction ser-
vices at a discount off the disposal site’s gate price. With
the closing of Barnwell to out-of-Atlantic Compact gen- -
- Title 10, Part 61, and the stabilization achieved by HICs.
- The waste form is accepted at LLW disposal sites and is
- rated “best demonstrated available technology” by the
Atlantic Compact, which comprises South Carolina, New -
Jersey, and Connecticut. See Fig. 1.) But storing waste in -

processors with take-title and loss-of-control risks.

reduction. By creating a vitrified waste form, the MVS im-
mobilizes the waste into a stable form that far exceeds the
requirements of the Code of Federal Regulations (CFR),

U.S. Environmental Protection Agency.? In addition, the
MVS eliminates the need for HICs, additional storage, and

- increases in the storage facility fire burden.
ly monitoring that space, tracking activity and classifica- -

These Kurion technologies result in superior reductions
in Class B/C waste volumes while saving generators sig-
nificant life-cycle costs in the process. Also, when the two
methods are used together on certain waste streams, the
volume reduction enables the option for assured disposal,
an industry first. Both offer generators new tools for man-
aging their waste and lowering their life-cycle costs for any
disposition path in a disposal-path uncertain world, re-
gardless of whether new Class B/C LLW disposal access
becomes available in the future. By mitigating or eliminat-
ing the purchase of HICs, excessive storage, increases in fa-
cility fire burden, shipments to offsite processors, and as-
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Reprinted with permission from the November/December 2010 issue of Radwaste Solutions © 2010 by American Nuclear Society.

sociated take-title and loss-of-control risks,
these new disposition options yield the lowest
life-cycle cost while providing flexibility for
on- or offsite storage as well as future disposal
options.

Disposal Sites and Volumes

The United States principally uses a two-tier
system, LLW and high-level waste, to charac-
terize its wastes. The LLW category generally
encompasses the low- and intermediate-level
waste categories typically found in other coun-
tries. With the exception of spent fuel, federal
law precludes disposal of commercial radioac-
tive wastes at U.S. Department of Energy sites,
which is unfortunate given the significant LLW
disposal options enjoyed by the DOE.

The Low-Level Radioactive Waste Policy
Act of 1980 and the Low-Level Radioactive
Waste Policy Amendments Act of 1985 pro-
vide relief from interstate commerce laws by
allowing states to group together and form
“compacts” to control access and charge tar-
iffs for waste generators located in states out-
side the compact that desire access to an LLW
disposal site located within the compact.
(While the U.S. government regulates inter-
state commerce, the individual states are re-
sponsible for laws governing commerce with-
in their borders. Part of the laws governing
interstate commerce prohibits a state from
limiting or charging tariffs for access to its
markets by businesses located in “foreign”
states.) Figure 1 shows the current status of
the U.S. LLW compacts.

Title 10, CFR 61 classifies LLW into four
classes—Class A, B, C, and greater-than-Class
C (GTCC)—based on the concentration of
specific short- and long-lived radionuclides,
with GTCC having the highest radionuclide concentra-

* Active Disposal Sate (3)
7 Approved Compact (10)
{1 Unaffibated (10)

Note: Data & of Jasmaary 2007

Alaska and Hawad belong to the Noxthwest
Compact. Paerto Rico is unaffiliated
Soaxce: Nuclear Regulatory Conumission

Fig. 1. U.S. LLW compacts.

- 500-year environmental isolation criteria, respectively.

tions. The maximum specific activity for these isotopes
wastes containing multiple nuclides have their classifica-
Policy Amendments Act of 1985 assigned the federal gov-

Regulatory Commission and Agreement States.
Disposal of Class B and C wastes pursuant to the re-

quirements of 10 CFR 61 requires meeting 300-year and

. Using the disposal database of the Manifest Information
for each class is provided in Table 2 of 10 CFR 61, and - Management System?, the Electric Power Research Insti-
- tute (EPRI) evaluated and reported on U.S. commercial

tion determined by the sum of fractions rule. The LLRW

LLW generation by class and waste type. Excluding the

~ small amount of activated metals, the EPRI found that
ernment responsibility for the disposal of GTCC LLW
that results from activities licensed by the U.S. Nuclear -

U.S. nuclear plants generate approximately 1 million cu-
bic feet of LLW a year, with about 65 percent of the ac-

- tivity concentrated in only 15 000 ft® of Class B and C

resins and filters (80/20 by volume). With Class B/C LLW
typically packaged in polyethylene HICs for stability, this

equates to about 156 HICs annually, or 1.5

Table I. Key Class Driving Isotope Concentration | HICs per reactor. (The typical HIC for Class B/
C waste is designed for shipment in a CNS 8-
for Average 1000-MWe Reactors 1308 shippling cisk)

Parameter BWR PWR Units Table I provides typical waste stream profiles
Volume 214 109 Cubic feet for tl:{e key classification drigingdisotcz{pes gen-
Ni-63 4.03 35.75 Curies erated at U.S. reactors. It is based on data pro-
$r-90 0.15 0.09 Ciras vided in a 2009 EPRI presentation on total LLW
REY I 1' % 18' T — generated by reactor type* and allocated to Class
- - - Hries B/C resins and filters using the relative volumes
Average Class B B 10 CFR 6_1 and activities provided by the EPRI study in

10 CFR 61 Table 2 0.051 0.305 Sum of fractions | Ref. 1.
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Present Class B and C
Waste Disposition Options

C disposal access are exploring the following evolving
choices for the disposition of Class B/C wastes:
® Store Class B/C onsite. Storing waste onsite entails us-

space by the health physics organization, tracking activi-
ty and classification, resolving the fire burden increase
from the polyethylene HICs and organic media, and in-
curring an accrual charge for future disposal. In addition,
multi-year storage degrades the HIC dewatering inter-

and unprocessed resins and filters, Class B or C, serving
as a floor,” generators currently use $3500 to $4500/ft’ as
the disposal accrual basis for Class B/C wastes.® The ac-
crual charge is generally lumped into a single rate per cu-
bic foot based on the mortgage cost for the containers,
shipment, and monitored storage plus the anticipated dis-

life-cycle baseline for evaluating onsite waste storage ver-
sus alternative strategies. In a recent paper, the EPRI con-

and liability for future disposal and regulatory risk,” rein-

identifying assured disposal paths.
® Alter plant practice to mitigate Class B/C creation. Ac-

vessels, improving waste segregation, or replacing media
more frequently to keep it within a Class A classification.
Traditionally, generators simply filled demineralization

vessels to the capacity of the vessel. Short-loading refers
to loading the demineralization vessel only to the point |
required to achieve the processing objectives. The prac-
tice of replacing media more frequently has the conse- -

quence of increasing Class A waste generation, associat-
ed media/filter purchases, handling, shipments, and
disposal charges at the nationally available Clive, Utah,

the life-cycle analysis of Table IV).

® Don’t avoid creating Class B/C wastes; continue oper-
ations as normal. This alternative to direct disposal entails
shipping Class B and C wastes to an offsite processor for
volume reduction, transfer of title and control, and indef-

B/C disposal site becomes available. Given that genera-
tors cannot fully give up responsibility for wastes, they

or if no new disposal site opens.

® “Down-blend” Class B/C. This approach, pending reg-
ulatory approval (see the following), involves sending all
media- and filter-based LLW to an offsite processor for

mixing and blending the Class B/C waste streams with -

Class A wastes to create a “high-activity” Class A waste
blend for disposal at the Clive disposal site. Although this
approach is likely acceptable under strict review of the dis-
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- posal classification rules of 10 CFR 61, it runs afoul of pri-
- or NRC positions since 1981 against comingling higher
- and lower activity wastes to achieve a lower classification
- and changes decades of plant culture and stakeholder ac-
In a post-Barnwell world, generators without Class B/

cepted practices of (a) volume reduction for a given waste

- class and (b) not declaring the waste for shipment under
- 10 CFR 61 disposal classification. Finally, and more trou-
- bling for the industry, is the potential political backlash
ing existing or new storage space, active monitoring of that

by the Utah legislature if, through a “dilution” process,

- the Clive site owner were allowed to dispose of the same
- number of curies it had committed to not bring into the

state. When it acquired the Clive Class A LLW disposal

- facility in 2005, EnergySolutions assured Utah that it
- would abandon plans to expand its site’s license to include
nals, creating a potentially expensive resolution challenge
if disposal access becomes available. The accrual rate for -
disposal cost is based on the generator’s forecast for new
disposal access. With the June 30, 2008, closing gate price
for the Barnwell disposal site of $3146/ft’ for processed :

Class B/C wastes. Should EnergySolutions attempt to dis-
pose of materially the same number of curies it would
have achieved under a Class B/C license but through the
“backdoor” process of down-blending, they risk a strong
backlash by the Utah legislature, including restricting ac-

- cess to the Clive disposal site and jeopardizing the safe an-

nual disposal of 1 million fe* of waste.

- @ “Risk-informed” adjustments to disposal requirements.
- Industry has generally favored a review of the existing dis-
. posal regulations and NRC Branch Technical Position us-
- inga risk-informed approach. The hope is that this would
posal rate. This lump sum accrual charge then forms the -
- C, to be disposed of at the Clive site as Class A'. As re-
. ported by the NRC staff at the June 2010 EPRI Interna-
cluded that onsite storage represents a capital investment |

allow some of the waste, currently classified as Class B/

tional LLW Conference, the commission is being asked to

- address several LLW disposition rule changes covering
forcing the desirability of mitigating onsite storage and -
- uranium. The staff reported that the decision path has yet
- to be determined (single or combined rulings) and that
complished by either “short loading” demineralization
- cle of public hearings, feedback, etc.

down-blending, classification requirements, and depleted

rule changes could take up to five years because of the cy-

Even if the afore-mentioned options are fully utilized,
estimates show that up to 50 percent of Class B/C wet
waste still remain unresolved.”® As a result, the industry
is hoping for the creation of a new LLW disposal site that
could accept Class B and C wastes. After 15 years of ef-
fort, Waste Control Specialists (WCS) appears to be on

- a successful path to achieving approval from the Texas
- Commission to open a new LLW disposal site for the
. Texas Compact in 201 1. Since the inception of the LLRW
Class A LLW disposal site (the scenario evaluated later in

Policy Amendments Act of 1985, the United States has

- “invested” approximately $1 billion in failed attempts to
- site new LLW disposal facilities. As a result, Texas and
- WCS deserve great praise for the political and technical

leadership they have demonstrated to our nation in de-

- veloping this new and environmentally responsible LLW
inite offsite storage under a trust fund until a new Class -

disposal capacity. Because the Texas Compact” is limit-

- ed to generators in Texas and Vermont, the cost to de-
~ sign, license, construct, and operate the WCS facility
remain at risk of some form of reach-back “Superfund”
action if the commercial entity responsible for storage
fails, if policies of the state hosting the storage site change, -
- from outside the Texas Compact, justified by the cre-
. ation of a disposal option economically attractive to the
. Texas Compact generators without which, WCS testi-

must be allocated over only four reactors in Texas and
one in Vermont. As a result, in late 2009 WCS request-
ed a license amendment to allow importation of LLW

fied, the viability of the LLW disposal site is in ques-
tion.'® The June 2010 WCS compact LLW Disposal Rate
Application Package documents a $5872/ft* disposal rate
request for out-of-compact B/C waste,", significantly
higher than the closing Barnwell gate rate and the
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Illustration Showing Same Isotope Removal
Achieved Using Less High Kd Media

Higher Kd Media Results in Proportionally
Reduced Waste Volumes

239
® = 0000
Kd = 1,000 ...

Kd =100 Kd = 1,000

Fig. 2. Distribution coefficients equate media dose to achieve isotope extraction equivalence.

$3500/ft’ to 4500/ft* range used by the industry accord-
ing to EPRL®

First Novel Approach:
Targeted Removal
of Class-Driving Isotopes

icance of classification contribution, and that “selective ce-

reduce Class B waste volumes.”!! Kurion has expanded on
this logic by developing extremely high performing inor-

Class B and C waste volumes at the point of creation."
The concept of distribution coefficients is used to dis-

tinguish performance differences between competing me-

dia. The distribution coefficient is defined as Kd = S/C

- mass ratio/concentration (mg/g/mg/ml =) ml/g, where S
- = mass (or activity) of contaminant “sorbed” at equilibri-
- um per mass of sorbent and C = equilibrium concentra-
. tion (or activity) of soluble contaminant in aqueous phase.
- Stated differently, the distribution coefficient allows com-
- parisons of the amount of media dose to achieve the same
- isotope extraction result. Figure 2 provides a graphical rep-
- resentation of using two media having different distribu-

The EPRI reported that Class B is largely driven by Cs-
137, Ni-63, and Sr-90, listed in descending order of signif- -

tion coefficients by a factor of 10:1 to achieve the same lev-
el of isotope removal. Inverting this concept, the figure

- shows that an effective volume reduction of 10:1 has also
sium removal from liquid waste streams would significantly -
- of the higher distribution coefficient is required to achieve
. the result of the lower performing media. Given that it is
ganic ISM to target and remove specific isotopes that drive -
- umes, one can compare potential volume reductions of dif-
- ferent media by their distribution coefficients. The features
- and benefits of targeted removal of class-driving isotopes
- are listed in Table II.

occurred, because only one-tenth of the amount of media

the amount of media, not the isotopes, that drives resin vol-

Table IL. Features and Benefits of Targeted Removal of Class-Driving Isotopes

Features Benefits
Media Delivery e Bead media — works with existing plant demineralization systems.

e Powder — Micron-size product, a pure sorbent w/huge surface area that can be
used as Powdex-like precoat or allowing for a seeding process in a batch reactor
mode for increased performance

Safety e Eliminates off-gassing concerns from bug/bacteria on organic media

e Eliminates media fire burden hazard during onsite storage

Volume reduction

® Minimizes B/C creation during at-plant waste processing by segregation of B/C
classification drivers using significantly less media than currently possible

® Yields comparable to or improved volume reduction over streamwide averag-
ing/down-blending or thermal treatment

10 CFR 61 Compliance

® Works within present or likely future NRC Branch Technical Position revisions

® Dramatically reduced B/C safety-storage-shipping-liner-disposal costs

e Classification flexibility with option in selected cases to concentrate waste to
GTCC for disposal assurance

Economics * Lowest life-cycle cost

e Increased waste disposition competition
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The general concept of using selective media to reduce
Class B/C volumes has been around for some years.
However, the advent of extremely high performing me-
dia at pricing that justifies its use has historically not been
available, At the June 2010 EPRI International Low-Lev-
el Waste Conference, Kurion introduced results of its
program to develop extraordinarily high distribution co-
efficient ISM targeted to key isotopes.'? This media will
be commercially available in 2011 and sold at competi-
tive prices to ensure attractive life-cycle cost compar-
isons. While the referenced paper offers details of the
ISM, a high-level summary comparison is provided in
Fig. 3, which shows the ISM distribution coefficients as
tens of times to 1000 times higher than existing industry
media.

A key aspect of the ISM is that they are inorganic as
compared with conventional organic media. This has the
advantage of eliminating concern about the media as a fire
hazard burden during storage, eliminating NOx and SOx
emissions during thermal treatment, and eliminating off-
gassing from “bug”/bacteria growth during storage. Al-
though far more robust than organic media, the media ex-
periences volume reduction during thermal treatment as
the structure collapses. Because of strong molecular
bonds, however, isotopes remain captured during thermal
treatment, eliminating concerns over volatization of iso-
topes such as cesium.

The company’s development program includes the abil-
ity to manufacture its media using patent pending sorbent-
impregnated porous glass microspheres. As a result, dur-
ing vitrification the media self-supplies the glass frit

required for vitrification, thereby avoiding glass former

additions, allowing a volume reduction unavailable to oth-
er vitrification systems.

Assuming the high distribution coefficient media were
applied to an average waste stream, such as shown in Table
I, and a volume reduction of 10:1 was achieved, the cor-
responding 10:1 specific activity increase would drive all
pressurized water reactor and boiling water reactor wastes
to Class C waste. However, because Table I presents an
average over all plants and waste streams, specific waste
streams would have to be monitored if the generator’s goal
is to exceed, or not exceed, Class C.

Reprinted with permission from the November/December 2010 issue of Radwaste Solutions © 2010 by American Nuclear Society.

The resulting volume reduction mitigates HIC pur-
chases, excessive storage, and storage facility fire burden
and eliminates concerns about off-gas from bug/bacteria
growth on media and the need for shipments to offsite
processors with take-title and loss-of-control risks. As a
result, this processing strategy results in the lowest life-
cycle costs for any disposition path, storage or disposal
(see Table IV).

Second Novel Approach:
Modular Vitrification System

As an enhancement to targeted removal of class-driving
isotopes or as an onsite volume reduction of existing ion
exchange media, vitrification can be used to volume re-
duce the media and improve its waste form to eliminate
the need for poly HICs. Through vitrification, waste is
immobilized into a stable form that far exceeds the re-
quirements of 10 CFR 61 LLW or the stabilization
achieved by HICs. Unlike steam-reformed waste or
HICs, a vitrified waste form meets the overburden, stabi-
lization, and monolith requirements of HLW, making the
MVS vitrified waste form uniquely suitable for disposal
as Class B/C or GTCC. Vitrification is the preferred dis-
position choice because it offers environmental protection
beyond that which can be provided by engineered barri-
ers and/or containers.

Kurion has developed an MVS that is simple enough to
allow generators to safely perform this process onsite.
Granted eight patents, the MVS employs a mechanically
passive, first-principles, single-use melter internally inte-
gral to the customer’s waste container and achieves high
volume reduction (see Fig. 4). The self-contained system
utilizes nonintrusive inductive energy as its heat source to
avoid electrodes, thermocouples, and probes normally as-
sociated with vitrification processes and that create sec-
ondary wastes along with maintenance, safety, and cost
concerns. In addition, because the MVS does not rely on
high temperatures to ensure glass conductivity and heat-
ing as required of joule-heated melters, it is uniquely ca-
pable of utilizing low-temperature glass formations to stay
below the volatization temperatures of off-gassing iso-

topes such as cesium.
As illustrated in Fig. 4, the MVS utilizes a

1,000,000 thin-walled crucible internal to the waste con-
2 , tainer that acts as a susceptor to be preferen-
= 5 2 P2 =P
2 100,000 | tially excited and heated by induction energy.
= : g . .
& The segmented induction coils are switched on
w .
ES i0:000 or off as appropriate to follow the shallow melt
= , : . . .
Ss o I — zone as it travels upward during canister fill-
s & PP ing. A gravity feed system introduces the
= a‘:’ waste/glass mixture, or glass microspheres in
£5 the case of the Kurion version. The combina-
%5 100 | . .
28 tion of a gravity feed system and segmented
=} ) y Sy : 8
s coils ensures a mechanically passive waste pro-
% 0 cessing system.
2 A shallow melt zone is used to avoid con-
1 vective currents that could increase the energy
Existing Generic  Best Existing Kurion of the melt poql by.ejecting isotopes that easi-
Media & lon-Specific  lon-Specific lon-Specific ly volatize. This quiescent melt pool approach

{Class Drivers)  {Non-Class Drivers)

Fig. 3. Distribution coefficient comparison.

{Class Drivers)

is in sharp contrast to the long soak time or
high-energy stirring (e.g., bubblers) character-
istic of box-shaped joule-heated melters to en-
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Fig. 4. MVS schematic diagram and cutaway of stainless steel waste canister.

sure homogeneous mixing, which results in increased off- - from cutting operations). Currently, the DOE estimates
gassing. - that the stored and projected volume and activity of
The MVS eliminates the concerns associated with tra- © GTCC LLW and DOE GTCC-like waste is approxi-
ditional joule-heated melters, because all melting and glass = mately 5600 cubic meters (around 200 000 ft’) and 140
formation takes place inside the mechanically passive, sin- - million curies.!® Using the data in Table I, we find a vol-
gle-use final waste container. It also eliminates the con- - ume reduction of approximately 150:1 is required to con-
cerns with in-container joule-heated vitrification systems - vert the entire industry’s 15 000 ft* of annual Class B/C
with complex refractory designs integral to the waste can- = waste generation to GTCC. Applied over the approxi-
ister that experience melt-through and leakage of volatile © mately 30 years of remaining fleet life, this represents an
isotopes through the refractory. Furthermore, the modu- - increase to the present DOE planned GTCC inventory
lar, robust, and flexible nature of the Kurion batch ap- - by 1.5 percent. This demonstrates that there is insuffi-
proach uniquely reduces the pretreatment requirement by - cient Class B/C waste under any processing scenario to
allowing the operator to modify the glass formation and/ = have a consequential impact on the DOE planning for
or process to conform to the requirements of the incom- . GTCC disposal.
ing waste stream. - Kurion will be developing design concepts for nuclear
Aside from a small footprint and negligible off-gas, the - plant MVS systems for commercial launch end-2011. Ba-
MVS has the ability to keep the stainless steel waste can- - sic parameters include skid-mounted equipment, the abil-
ister relatively cool while processing. Kurion’s unique : ity to hang shielding, and remote and automated oper-
proprietary process keeps the waste canister exterior more . ability. Because the MVS is a scalable technology, the
than 500°C cooler than does the interior process, plus it - waste canister can be of almost any size to fit customer
doubles as a secondary containment. - needs. And because all contamination is retained inside
The use of the MVS to further reduce volumes enables - the melt zone, the exterior of the waste canister remains
the option of assured disposal by driving Class B/C © clean. Stainless steel is preferred as the waste canister ma-
waste to GTCC, which is consistent with industry prac- © terial of construction to present a durable and clean han-
tice, stakeholder support, and NRC guidance of volume - dling interface. Based on anticipated volume reductions,
reduction and disposal whenever practical. Under Sec. - Kurion is considering small stainless steel waste canisters
3(b)(1)(D) of the LLRW Policy Amendments Act of : that would have approximate dimensions of 74 inches tall
1985, the DOE is responsible for the disposal of GTCC © by 14 in. outer diameter (see Fig. 4). This size canister can
LLW that results from NRC and Agreement State-li- | accept approximately two years’ worth of vitrified media
censed activities. Reactors already routinely generate - for waste from a typical reactor, and 10 can be shipped in
GTCC waste in the form of activated metals coming -~ asingle CNS 8-120B cask shipment. Because the MVS can
from reactor components and occasional filters and me- = be started and stopped, generators would be able to top
dia (e.g., spent fuel pool filtration systems and SWARF  off unfilled canisters.
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Table III. Features and Benefits of the Modular Vitrification System

Features Benefits

Safety

® The MVS is a mechanically passive system

e All contamination is internal to the waste canister

® Negligible off-gas due to its unique ability to use low-temperature glass for-
mulations that complement its low-energy melt pool

e Eliminates off-gassing concerns from bug/bacteria on organic media

e Eliminates fire burden hazard during onsite storage

Volume reduction

® Minimizes B/C creation during at-plant waste processing by 5:1 or higher
e Smallest Class B/C volume of any alternative

10 CFR 61 Compliance

posal assurance

® Works within present or future NRC BTP revisions
® Dramatically reduced B/C safety-storage-shipping-liner-disposal costs
e Classification flexibility with option to concentrate waste to GTCC for dis-

Economics

¢ Smallest possible disposal volume, shipping and disposal costs
e Increased waste disposition competition

By processing inside a stainless steel canister and achiev-
ing 5:1 and higher volume reductions (waste stream de- -
pendent), the MVS eliminates the purchase of HICs, ad- -
ditional storage requirements, facility fire burden -
increases, shipments to offsite processors and associated
take-title and loss-of-control risks and is the sole option :
that allows assured disposal via GTCC. In combination :
with the Kurion ISM, generators could potentially fit the
balance of plant life Class B/C media-based wastesina -
single shielded onsite storage container and store until dis-
posal, avoiding the cost of additional storage and moni-
toring. As a result of these benefits, this processing strat-
egy results in reduced life-cycle costs. The features and -

benefits of the MVS are shown in Table III.

Impact on Disposal

proved to import out-of-compact waste, WCS will be

faced with larger volumes than the site was designed for

over its life. This implies reopening the
site license for amendment to addi-
tional disposal trench volume. Conse-
quently, it would open the door for in-
tervenors and the kind of politicized
scrutiny that in part caused the closure
of the Barnwell site over unfair claims
of being the nation’s radioactive waste
dumping ground. A volume-reduced

Relative Waste Volume
&
#

Life-Cycle Cost Analysis

To evaluate and rank the various Class B/C waste dis-
position options, generators should perform a life-cycle
cost analysis based on their individual situations. For the
interim, Table IV shows an example of such analysis based
on industry average waste streams listed in Table I. The
life-cycle cost analysis identifies the costs associated with
each processing step to determine the incremental dispo-
sition cost per cubic foot of media. The column on the far
right in Table IV ranks the competing Class B/C waste
disposition approaches by normalizing the cost relative to
the baseline media volume.

In compiling the life-cycle analysis in Table IV, we made

- a number of assumptions, including the relative costs of
. competing media, shipments, and processes. Because the
- vendors who offer services will benchmark against the
- baseline costs and competitor costs as market forces, our

Utility volume-reduction efforts benefit the LLW dis- -
posal sites by extending their useful life. For example, if the -
WCS LLW disposal site is opened and ultimately ap-
. for Class B/C wastes,® this analysis took a conservative

analysis took this same approach for estimating their pro-
cessing charges. Additionally, because generators cur-
rently use $3500 to $4500/f¢> as the disposal accrual basis

approach and used $3500/f¢>. Figure 5 illustrates the rela-

e A40%

vitrified waste form would allow WCS ”

to better utilize their existing disposal 30% !

trench design and avoid reopening the 20% ot ——

licensing process. In addition, by ac- 10% - -

cepting Class B/C waste stabilized at i : j .

a standard normally reserved for i e st dasins 2 Lox Sorbent s
. Y- orage Down-l 8am then -

HLW, W CS and th.e .lndus.try take a {Baseline]  orStreamwide Refarming  Improvement

proactive step to mitigate intervenor Averaging

concerns over waste immobilization
and environmental isolation.

Fig. 5. Relative storage/disposal volumes.
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Class B/C Waste Strategy

On-Site Storage
(Baseline)

Direct Disposal

Adjust plant practice to
mitigate Class B/C*

Off-Site Processing & Storage

Off-Site Down-Blending*
& Disposal

Targeted Removal of Class-
Driving Isotopes

Targeted Removal + On-Site
Vitrification

Selectively Decon Organic +
Targeted Removal + On-Site
Vitrification

Notes/Assumptions: $3500/cu-ft = Class B/C waste disposal price.
$350/cu-ft = Class A waste disposal cost.

Table IV. Life-Cycle Cost Analysis of Competing Class B/C Waste Disposition Approaches

Media Metrics

No.Type B
shipments
to Off-site
processor
(reusable

Pre-
Processing
Volume

liner)

1 cu-ft $500 n/a
1 cu-ft $500 n/a
5 cu-ft $2500 n/a
1cu-ft $500 0.01
1cu-ft $500 0.01
0. cu-ft $1000 n/a
0.1 cu-ft $1000 n/a
1.0 cu-ft $500 n/a

$500/cu-ft = Cost of ion specific media.
$15 000 = cost per disposable 120 High Integrity Container.
$18 000 = cost per Type B shipment for Class B/C wastes. Type A shipments to Clive for Class A waste at are approximately the same cost as Type B shipments to a longer distance.

Type B
Shipping

Costs to | Cost as % of

Off-site
Processor

n/a

n/a

n/a

$125

$125

n/a

n/a

n/a

Class B/C Waste Strate

Waste Processing

Waste
Processing

Class B/C
Disposal

n/a

n/a

n/a

95%

80%

n/a

n/a

n/a

Volume
Reduction

1.0:1

1.0

1.0:1

5.001

0.2:1

1.01

6.011

60.0:1

Post-

Volume

1 cu-ft

1 cu-ft

5 cu-ft

0.2 cu-ft

5 cu-ft

0.1 cu-ft

0.02 cu-ft

0.02 cu-ft

8o% = waste container net waste volume efficiency (=waste volume/disposal volume).
10 = number of MVS cannisters per CNS 8-120B shipment. HICS are one per CNS 8-120B shipment.

n/a

n/a

n/a

$3325

$2800

n/a

$1550

$2550

Processing | Processing | Waste Class

Class B/C

Class B/C

Class A

Class B/C

Class A

BWR Class B
PWR Class C

BWR Class C
PWR GTCC

BWR Class C
PWR GTCC

Disposal

Container

Size

120 cu-ft

120 cu-ft

210 cu-ft

120 cu-ft

210 cu-ft

120 cu-ft

120 cu-ft

120 cu-ft

No.

Shipments

to

Disposal**

©0.010

0.010

0.030

0.002

0.006

0.001

0.0003

0.0003

Storage & Disposal

Disposal
Waste Accrual
Container & Stg:ier::;ts Normalized
Shipping Disposal Cost 0% of Against
Costs to o :)sai) Baseline
Disposal Site P Media
Volume
$343 $4375 $438 $5655/cu-ft
$343 34375 n/a $5220/cu-ft
$982 $2188 n/a $5670/cu-ft
n/a n/a n/a
In process fee In process fee In process fee W
sm $438 n/a $3975/cu-ft
$34 $438 $44 $1515/cu-ft
$10 $133 $13 $2705/cu-ft
$10 $133 $13 $3205/cu-ft

* The scenarios “Adjustment to plant practice” (replace media more often) and “off-site down blending” are both assumed to apply similar levels of Class A dilution to mitigate Class B/C.
** Original volume used to determine the number of disposal shipments for the down blending case.

The analysis ignores HIC integrity risks during storage to methane production from bacterial action in moist organic media.

The analysis ignores storage risks changes from fire hazards caused by organic media and poly HICs.
The analysis ignores dose-to-worker costs regarding differences in materials handling, monitoring, and shipments.



tive disposal volumes of the alternative disposition paths.

have a tendency to drive up the relative costs of disposi-
tion processes that involve extra waste handling.

result in a volume reduction of 60:1. However, actual com-

bined volume reductions of greater than 100:1 are possi-
ble, allowing the generator the option to concentrate waste
to the high end of Class C or to GTCC if disposal surety -
- Radwaste Solutions, May/June 2008, p. 14.

- 2. “Land Disposal Restrictions for Third Scheduled
. Wastes, Final Rule,” 55FR22627, Federal Register (June
performing media; (b) ISM and MVS, wherein ISM is sub-

is the target.
Three cases are examined for the Kurion technologies:
(a) ISM only, wherein this media is substituted for lower

stituted for lowering performing medai and then vitrified
for further volume reduction; and (c) organic media fol-
lowed by an ISM/MSV combination. The third option is
included as a comparison of a Kurion proprietary ap-
proach to significantly volume reduce the Class B/C lia-
bility created by organic media used in primary loop

coolant purification systems—the dominant source of -
- 5. “Rate Schedule for Disposal of Non-Atlantic Compact
. Waste,” South Carolina Energy Office, Radioactive Waste

Class B/C volumes.
The three Kurion technologies yield the lowest life-cy-

cle cost regardless whether the generator must storage or
has disposal availability (see Table IV). The two options
- lutions, May/June 2010, p. 20.
unique option and ability for an assured disposal pathway,
- at EPRI Int. Low-Level Waste Conf., June 2009.

- 8 “To Blend or Not to Blend,” Radwaste Solutions, May/
- June 2010, p. 24.

achieve very high reduction of Class B/C liabilities from -
- nre.gov/waste/llw-dis
- 10. “Without Non-Compact Waste, WCS Says Disposal

where ISM and MVS are used in combination provide the

an approach that enhances the industry’s argument for new,
clean, safe, secure reactors. The third (and proprietary) Ku-
rion option also allows the generator the novel ability to

resins that are either in storage or can’t currently be replaced
by Kurion’s ISM.

In Class A-only disposal scenarios, there are practical

limitations on the amount of Class B and C waste volume - 11. S. Bushart, S. Hoeffner, and G. Elder, “EPRI Mag-

reduction that is achievable by altering plant radwaste
practice, offsite down-blending, or “risk-informed”

best served by developing their own life-cycle cost analy-

ses to evaluate various combinations of their Class B/C
- 13. Greater-Than-Class C Low-Level Radioactive Waste
- EIS Information Center: www.gtcceis.anl.gov.

- 14. Texas Compact LLRW Disposal Rate Application

. Package; www.tceq.state.tx.us/permitting/radmat/licens-

waste disposition options.

The Path to Disposal Certainty

The Kurion technologies result in high volume reduc-
tions of Class B and C wastes. Both the technologies of-
fer customers new choices for managing their waste and -
lowering their life-cycle costs for existing and future dis-
position paths (storage or disposal availability). If dispos-
al certainty is the target, the novel ability of ISM and MVS
to achieve combined volume reductions in excess of 50:1 -
- cer and Gaetan Bonhomme is vice president of Strate-

offers generators the unique option of driving selected
waste streams to GTCC. Lastly, the technologies are con-

sistent with decades of industry practice, stakeholder sup- -

port, and NRC guidance of volume reduction and dis-
posal whenever practical.

Given that the story has yet to be fully written regard-
ing the opening of new LLW disposal at WCS, their abil-
ity to import waste, and the impact of the associated jump

Reprinted with permission from the November/December 2010 issue of Radwaste Solutions © 2010 by American Nuclear Society.

- in Class B/C disposal rates on generator waste disposition
Important costs missing in the analysis in Table IV are the
handling costs and dose-to-worker costs, which would

accruals, generators should seek out disposition solutions
that are storage- and disposal-friendly with the lowest life-
cycle cost analysis. Along with avoiding the creation of

- Class B/C waste, using the new Kurion technologies can
The Kurion ISM and MVS are conservatively shown at -
their low end of volume reduction, which when combined -

help generators greatly reduce their life-cycle costs.

References

1. “EPRI Takes on Low-Level Waste Disposal Issues,”

1, 1990).

- 3. Manifest Information Management System disposal
- database: http://mims.apps.em.doe.gov.

* 4.D. James, “Waste Classification, Characterization, LLW
- Issues,” presented at EPRI Int. Low-Level Waste Conf.,
- June 2009; supplemented by a June 16, 2010, e-mail from
- James to Raymont confirming that the nickel data are “a

factor of 1000 too high.”
Disposal Program, effective July 1, 2007.
6. “On-Site Storage: Reducing the Burden,” Radwaste So-

7. L. Edwards, “EPRI LLW Program Review,” presented

9. U.S. Nuclear Regulatory Commission website: www.
sal/licensing/compacts.html.

Site Will Fail,” Radwaste Monitor, December 14, 2009, p. 2.

molecules Process Development,” presented at EPRI Int.

- Low-Level Waste Conf., June 2008.
changes to 10 CFR 61.'78 In the end, these processing ap-
proaches cannot be used for a significant percentage of
Class B/C wastes, which makes for excellent candidates -
for the Kurion technologies. Therefore, generators are - fication and Volume Reduce Orphaned Class B and C

© Wastes,” presented at EPRI Int. Low-Level Waste Conf.,

12. M. S. Denton and W. D. Bostick, “Development and
Testing of a Novel Class of Ion-Specific Media Designed
to Selectively Remove Isotopes That Drive Waste Classi-

Westminster, Colo., June 22-24, 2010.

ing/rates. =

Jobn Raymont is president and chief executive offi-

gic Planning and Initiatives, both for Kurion Inc. For
additional information, contact Raymont at jraymont@

- kurion.com.

This article is based on a presentation made at the

- 2010 EPRI Low-Level Waste Conference and Exhibi-

tion, held June 22-24, 2010, in Westminster, Colo.

22 Radwaste Solutions Buyers Guide November/December 2010



Skid mounted system w/remote
and automated operability

 All contamination retained inside
melt zone, exterior of waste
canister remains clean

* SS canister concept

— 10 can be shipped in a single 8-120B
cask shipment

— MVS® allows topping off of unfilled
canisters
* Negligible off-gas
— MVS® process mitigates

— Low temp glass formulations stay
below volitization temp




Nuclear Plant Economics
Kurion Can Eliminate Nuclear Plant Stranded Waste Liability

For background, please refer to the paper and/or presentation “Novel
Approaches to Lowering Waste Management Life Cycle Costs through On-Site
Volume Reduction of Class B and C Waste”
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Two NOVEL APPROACHES

Lowering Waste Management Life-Cycle Costs through
Onsite Volume Reduction of Class B and C Wastes

TARGETED REMOVAL OF CLASS DRIVING I1SOTOPES AND 1H I

MODUIAR VITRIFICATION SYSTEM OFFER GENERATORS NEW

CHOICES FOR MANAGING THEIR WASTE AND LOWERING THEIR

LIFE-CYCLE COSTS FOR ANY DISPOSITION PATH IN A

DISPOSAL-PATH UNCERTAIN WORLD.

By John Raymont and
Gaetan Bonhomme

wh the uncestainty of Class B and C disposal
W\‘.‘th\;m! pricing followiay the July: 2008 lows

of accews 10 the Barnwell Low - Level Waste Dis-
posal Faciliey, the sole astwnal Clas A B aad C LIW
disposal site, % percent of the aation’s LLW generators
are socking new morns 1o costefhectively dispostion these
wastes without prerudicing htune disposal optioas. f au-
choar powes povo fully ke ws critcally importans placeas
3 safe, secure, and chean nongreenhouse-ga source of en
ergy. it must first rescdve the problem of uncertsin Clase
BAC waste dispossl, Heve we roview sxming disposton
optwas for the approsimarely 15 000 cubu teet of Class
Boand £ wet waste (g, Kon exchange revins, filiers) gen
ciated pasually’ and presest twis povel spproaches for

generaor s expand therr waste mansgement wolbox
Prior 1o the closing of Barawell, there was active com
petition bor Class B and € wates besween direct dispos
Ak and offse Lacilnes selling waste volumeceduction ser
vices #¢ 4 disconnt off the disposal sie's gate price. Winh
the closing of Barnwell 1o out-of- Athate Compact gen-
eratoss, utiites were faced with gorniog the sewly or

waste in high-ntegry containery
I 55 (The Barnwell LLW disponal site w located in the
Atlantx Compact, which comprises South Carohna, New
sy, and Conmectcus See Fig 1. But stoning waste is
HICs entails using exmtimg or new worage space, active
v monnerimg tha space, 1aking activity and clessifis-
som, resolvimg the increased fire burden from polyethyi-
eme HICs and organk media, and incurring an accrual
charge for future tramsportation and disposal~<oliec
avely, & high “mongage” cost for Class B and C wastes
Following the clowre of Barawell, generators without
disponat accens have been exploring a set of evalving Class
B/C wante disposition aptions, including (4) onsite w
age, (b alieriag plant practee to mitagate Class BAC waste
generation; (c) vending all media. and filter-hased Clam
O waste 1o an offsite processor for blending with Clas
A wastes 1o crease 3 “high-activiey " Cliss A wasse for dis-

14 Radwaste Solutions Buyers Guide November/December

posal st the Clive, Utah, Class A LLW disposai fac bty
and (d)shipping Class B/C wastes 1o an offsite processoy
For voksme reduction, taneler of tile and comtrol, and i
definme oftute sorage voder 4 trust fund. Fach of these
options comes with 3 Ble-cvcle comt baved o0 incurred snd
accrued handling, packaging, sworing, shppeog, duposal
contn, and other ks to the yenerator We evaluate these
options against twe novel onsite Class B/C disposition
approaches

® Turpeted Removal of Class-Drsvimg Tsoiopes: A pro
coswing logic based on uiilizing extremely high perform
g wongank wn speciic media (I5M) 1o target and 1o
move ipeciii woopes that drive wasie to Clase B and ¢
at the pomn ol crestron. The resulting volume reduction
mitigasen FUC purchases, excesive socage, stooge fac
wy fire bicden, amd the wend for shipments to oiisite
priocessom with take: vty and lossof <ontrol risks

® Modniar Vieesficasion Spseem The MVS® emplove ¢
patented firs-principhes agle-use mebier internail
wral tor the waste containes than achieves igh wane volame
reduciion By Creaving & vitrified wante form, the MVS an
mobilives the waste mto a sable form thae far exceeds the
vequirernents of the Code of Federad Reprlacsons (CFR),
Titke 10, Pare 61, and the sabilizanon achieved by HICe
The wawe form it acepted st LIW disponal sites and is
rated ¢ demonstrated avadable vechaotogy” by the
US. Envroamental Protectaon Agescy.* In adddition, the
MVS elimanaen the aend for HICa, additional storage amd
increnses 10 the worage tacility fire burdes

e

These Kuswia tee haokopies rosul in supenor reduiions
e Clans BOC woaste volumes while saviog generstons sig
aificant Ble-cviie contn i the provess Also, when the two
methods are wed fogether on certaia waste stisams, the
sohume veduction easbles the opton for assured dmposal,
an undustey fiest. Both offer generatirs new tooks for man
agng cheir waste and kowermg thew Me-cvcle costs for say
dinponition path in & disposal path uscentam world, re
gardbews of whetber aew Clase B/C LIW duponsl acoons
becomes avatlabie w the hature. By misiganimg or eliminat
i e puicc hase of FICa, mensive maorage, increases in fs
cility fire burden, shipments 10 offsite processon, and a

0K



KURION

Isolating Waste from the Environment

Providing Customer Disposition Flexibility & Assured Disposal

%

Extraction of Classification-driving tsotope( ) off the organic media allows HIC
disposal at Clive Class A Disposal Site with the Classification-driving isotopes
transferred to Kurion’s lon Specific Media for possible Vitrification

Plant discharges Class B/C Primary Loop
organic resins to High Integrity Containers;
indefinite storage if disposal lost again

Class Drivers sent
to Demin Vessel

Injection of

: *Kurion
Decon Solution l E

=1 Organiclon
| Exchange Media
in Demin Vessel

Return clean
liquid to plant

: H?gh Intey
Container (H

Vitrify inorganic
ISM loaded with
k| activity for

#1] volume reduction
8 and stabilization

Selectively Decontammated
Organic Media now Class A

Utility’s Choice

Class B/C = 12,000 ft3/year Class C < 150 ft3 Class B/C=0 ft3



KURION

Isolating Waste from the Environment

Providing Customer Disposition Flexibility

Current — Indefinite Storage
Plant discharges Class B/C Primary Loop
Organic Resins to High Integrity Containers
for indefinite storage

Organiclon
Exchange Media
in Demin Vessel

f Clean Water

Media Loaded! '

 with Isotopes

Stranded Class B/C = 15,000 ft3/year

iR

Injection of

Kurion Solution — Assured Disposal
Selective decontamination of organic media allows disposal at Clive Disposal
Site as Class A waste with Classification-driving isotopes transferred to Kurion’s
high performance morgamc lon Specuﬁc Media for poss:ble Vltﬂf' catnon

Class Drivers sent

Decon Solution l l

;gh Integt f'
Contame

to Demin Vessel

Return clean
liquid to plant

. Vitrify inorganic
. 1SM loaded with
activity for
1ll{ volume reduction
|}l and stabilization

Class C < 150 ft3

Class C

Stranded Class B/C = 0 ft3



KURION

Isolating Waste from the Environmen

Scenario #1 — Perform all Work at Plant

Return Canister to

I Storage till Disposalt

| Plant Truck Bay
Transfer Isotopes

L DRV AN R B

oy

Strengths | ‘ | Weaknesses |
~*  Lowest cost of services |+ Plant preference to ship work off-site
* No Type B cask shipments * Dose stays in plant dose budget

Kurion partners with Service company to provide on-site Turnkey service




KURION

Isolating Waste from the Environment

Scenario #2 — Transfer ISM at-Plant, MVS Off-Site

Plat Truck Bay
Transfer Isotopes

«*Type ACask

Strengths
e ,,P!ant preference to shrp work off-site

s ted Plant effort based on plant
dewatermg equipment

Most dose moved off plant budget

it R S

e TaﬂMVS? ; np ire shipments of MVS canister + demin
e Short MVS ) pi tfhde‘angiass; loweringvoiume
‘ reduction g

I Return Canister to Plant
For Storage till Disposal

@

s mmm wes  ems oum wem

_Off-Site Facmgy .

. Customers don’t want more vendors on-site this puts dependency on
: competltors to provide on.site semces ;

Kurlon partners WIth Off-Slte service company to prowde Turnkey Servrce




WCS o B/ et aste to WCS or Return to Plant

or storagefor later decision for
direct disp@sal or vitrification to
GTCC & and DOE disposal

' Plant Truck Bay

Customer builds up
mventory of HICs

. Strengths
Plays to plant preference to ship work off-site
 Plant effort limited to shipping HIC to Off-site facility
Most dose moved off plant budget
More efficient usage of ISM

Waste volume/problematic organic HIC/media removed from site

* ® L] L] L4 -

Kurlon partners W|th Off—S:te serVIce company to prowde Turnkey SerVIce

Consohdated waste camsters intoa smgie Type B cash shipment

ﬂ,!,..-d‘

KU RIO

N

Isolating Waste from the Environment

Scenario #3 — Perform all Work Off-Site — Single Plant

Typé B Cask (1to 12 MVS
Canlsters/Cask)

Ship HICs

. ‘~ o

.

: Weaknesses

Type B cask shnpments 'T L .

 Plant storage of actwmc e
~ Mayrequire a second trip to the off-site facility for vitrification

WCS GTCC storage option rehes on WCS who is competing via direct

d;sposat Ciass B/C offenng ,

31seMm pajepijosuo)

— =

s mees  wEmw aem



KURION

Isolating Waste from the Environment

Scenario #4 — Off-site, Multiple Sites, Attribution Model

WCS Class B/C Disposal # + iy -
‘ . Type B Cask (1 to 12 MVS
Canisters/Cask)

R0 €8 0 W L WG 8 L SN

Plan

Customer builds up
inventory of HICs

B IR

Ship HICs

LR T I

Multl le plants ship
: waste to Off-Site Facility

Typé'?'c'a'sk (1 HIC/Cask)

3)SEM pajepIjosuo)

&

y

o' g

E A S
& Pl

el

Customer builds up
inventory of HICs

25

L . T R e i e

i P T n}mw i “ e (. = i - ‘ Type A Cask ™

. Strengths Weaknesses
’ Plant preference to ship work off-site i1 One Type B cask shipment per reactor
Plant effort limited to shipping HIC to Off-site facility . Requires establishment of Trust fund
Most dose moved off plant budget f % ¢ Relies on WCS who are competing via direct disposal Class B/C offering
Tall MVS® canister accepts multiple shipments of vitrified organic resins ' ' .
~ Follows Studsvik “attribution” model under TN iaw

Waste and dose moved off plant budget ‘
Consohdated waste camsters mto a surg “ Type B cash shnpment

.
°
.
.
.
L4
.

Kurnon partners with Off-Site serVIce company to provrde Turnkey Service



Scenarios

1) At-Plant Processing

.

Lowest cost of services

No Type B cask shipments

Plant preference to ship work off-site
Dose stays in plant budget

2) Spht between Plant and Off-Site

Highest cost of services
Two Type B cask shipments

Limited Plant effort based on plant
dewatering equipment

Most dose moved off plant budget

3) All Work at Off-Site Facility

Two Type B cask shipments
Plant preference to ship work off-site

Plant effort limited to shipping HIC to Off-
site facility

Dose moved off plant budget

Summary

Raturn Cnnlster to

; PhntTk Bay v

Transfer Isotopes

Plant Truck Bay g

Transfer Isotopes

UR

Isolating Waste fro

Off-Site Facility

ION

m the Environment

For Storage till Disposal

Transfer isotopes

Off-Site Facility

bosal Site

Typi ACa




KURION

Isolating Waste from the Environment

Scenario #4 — Flexible Approach

Plant Truck Ba

Transfer Class Sluice ISM into
driving Isotopes new HIC

é ~ il Type .B Cask

&

§

| , "&pe A Casgl.

Strengtis Weaknesses

*  Plant effort limited to shipping HICs and use _
of their resin sluicing and dewatering *  Two cask shipments
equipment «  Continued use of a plastic HIC

*  Flexible option still allows MVS®

Kurion partners with Off-Site service company to provide Turnkey Service




Isolating Waste from the Environment

LIKELY INITIAL CASE




KURION

Isolating Waste from the Environment

During WCS Ops, Attribution Model for ISM — No MVS

| WCS Class B/C Disposal §

nt T

Customer builds up

ﬁ ) Ak 0 L A 5 L5 N
.

g 'S

i inventory of HICs

v

3 Ship HICs i3 q ]
Bt : i 3
B i
i Multiple plants ship .
- ! EWaste to Off-Site Facili y i * . 0. I G mg X Wt Cy
3 Type B Cask (1 HIC Cask SiElving acuviy
4‘5{‘” Yo ( / ) from multiple HICs

Y into one
u; Customer builds up
i inventory of HICs
E
Ly
e
2
v
e aE W o P

- Strengths . Weaknesses

§ Plant preference to ship work off-site . One Type B cask shipment per reactor

g Plant effort limited to shipping HIC to Off-site facility L 3 o Requires establishment of Trust fund

. Most dose moved off plant budget *  Relieson WCS who are competing via direct disposal Class B/C offering

i Tall MVS® canister accepts multiple shipments of vitrified organic resins , : : '

L Follows Studsvik “attribution” model under TN law

. Waste and dose moved off plant budget
* Consohdated waste camsters mto a smgte Type B cash shipment

Plants focus on Dlrect Dlsposal o Assumes WCS IS Cost Effectlve



KURION

Isolating Waste from the Environment

Non-WCS — Perform all Work Off-Site — Smgle Plant

Transfer Class
driving activity
from multiple HICs
into one

s wmss emn §

Plant Truck Bay

Customer builds up
inventory of HICs

31SEeM pajepijosuor)

s omeae M WS e

- Strengths Weaknesses

L . Plays to plant preference to ship work off-site o
1. Plant effort limited to shipping HIC to Off-site facility '
= Most dose moved off plant budget

Type B cask shipments
4 Plant storage of activity

I s More efficient usage of ISM . May require a second trip to the off-site facility for vitrification
g . Waste volume/problematic organic HIC/media removed from site . WCS GTCC storage option relies on WCS who is competing via direct
e Consohdated waste camsters mto & smgle Type B cash shnpment : dasposal C!ass B/C offermg

WCS Won t (competitor)/U nable to Cost Effectlvely store GTCC




PHOENIX ENERGY OF NEVADA, LLC
(PENV)

SYSTEMS, PROCESSES, CONFIGURATION AND OPERATIONS
ENGINEERING AND DESIGN DRAWINGS AND MODEL PACKAGE
FOR THE

Phoenix Energy of Nevada, LLC and Kurion, Inc.
Joint Partnership Development Project For The
Commercial Nuclear Power Plant Skid Mounted

Transportable On-Site Spent Ion Exchange Resins

Class B/C Driver Radioactive Isotopes
Capture and Transfer and Induction Heat Melt
Volume Reduction Modular Vitrification System (MVS)
Low Level Radioactive Waste (LLRW)
Processing and Storage Systems Facility
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Phoenix Energy of Nevada, LLC Transportable MVS SR&R Design AutoCAD Drawing Information Released
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SHEET NOTES:

(1) ALL PIPING IS SCHEDULE 40 ~ 304 STAINLESS STEEL (SS) AT THE
CIFIED / IDENTIFIED SIZE, UNLESS OTHERWISE SPECIIED.

(2) ALL PUMPS ARE STAINLESS STEEL (SS) CENTRIFUGAL PUMPS AT THE
SPEGIFIED / IDENTIFIED SIZE, UNLESS OTHERWISE SPECIIED.

(3) THE VESSELS AND TANKS DEPIC'U) ANﬁ SPEOFED ON THIS DRAWING ARE DEPICTED
AT THEIR MAXIMUM VOLUME. MES ARE CALCULATED FROM, BASED ON,
m SET AND RESTRICTED BY M MAXWUM ALLOWABL[ EQUIPMENT SKID WEIGHTS
DIMENSIONS. THESE MAXIMUM ALLOWABLE AND TRICTED ENRID";M{NT SKIDS
£ MD

ARE AND AND CAN
SMALLER VOLUMES. HOWEVER, THESE VESSELS AND TANKS ARE NOT UPW)
SCALABLE, AND AS SUCH, CANNOT BE PROVIDED iN LARGER VOLUMES.

(4) ALL VALVES, PUMPS, PIPING, VESSELS AND TANKS DIMENSIONS, VOLUMES AND
CAPACITIES, ETC., ARE NOMINAL VALUES THAT ARE SUBJECT TO CHANGE WHEN
THE FINAL CUSTOMER SITE SPECIFIC DETAIL DESIGN IS DEVELOPED.

(5) THIS DRAWNG SHEET NOT TO SCALE ~ NO SCALE
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Phoenix Energy of Nevada, LLC Transportable MVS SR&R Design AutoCAD Drawing Information Released
and Approved By Phoenix Energy of Nevada for Publication, Reprinting and Public Distribution and Review.
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